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in many types of human pathologies, including developmental disorders, cancer, autoimmune

diseases, as well as neuro-degenerative disorders. One mode of action of chemotherapeutic

drugs is cell death via apoptosis.

{0003] Apoptosis is conserved across species and executed primarily by activated
caspases, a family of cysteine proteases with aspartate speciﬁcity in their substrates. These
cysteine containing aspartate specific proteases) (“caspases™) are produced in cells as
catalytically inactive zymogens and are proteolytically processed to become active proteases
during apoptosis. Once activated, effector caspases are responsible for proteolytic cleavage of
a broad spectrum of cellular targets that ultimately lead to cell death. In normal surviving cells
that have not received an apoptotic stimulus, most caspases remain inactive. If caspases are
aberrantly activated, their proteolytic activity can be inhibited by a family of evolutionarily
conserved proteins called IAPs (inhibitors of apoptosis proteins).

[0004] The IAP family of proteins suppresses apoptosis by preventing the activation of
procaspases and inhibiting the enzymatic activity of mature caspases. Several distinct



i nhibiting protein), Bruce, and survivin, have been identified, and they all
exhibit anti- apoptotic activity in cell culture. IAPs were originally
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synthesized as a precursor molecule of 239 amino acids; the N-terminal 55 residues serve as

the mitochondria targeting sequence that is removed after import. The mature form of Smac
contains 184 amino acids and behaves as an oligomer in solution. Smac and various fragments

thereof have been proposed for use as targets for identification of therapeutic agents.

[0006] Smac is synthesized in the cytoplasm with an N-terminal mitochondrial
targeting sequence that is proteolytically removed during maturation to the mature polypeptide
and is then targeted to the inter-membrane space of mitochondria. At the time of apoptosis
induction, Smac is released from mitochondria into the cytosol, together with cytochrome c,
where it binds to IAPs, and enables caspase activation, therein eliminating the inhibitory effect
of IAPs on apoptosis. Whereas cytochrome ¢ induces multimerization of Apaf-1 to activate

procaspase-9 and -3, Smac eliminates the inhibitory effect of multiple IAPs. Smac interacts
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and NL-IAP Thus, Smac appears to be a master regul ator of apoptosis in
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bl adder cagfgotiefipbutlci d¥@ss. TRIMIL binds its cognate receptors and activates the caspase cascade

utilizing adapter molecules such as FADD. Currently, five TRAIL receptors have been
identified. Two receptors TRAIL-R1 (DR4) and TRAIL-R2 (DR5) mediate apoptotic
signaling, and three non-functional receptors, DcR1, DcR2, and osteoprotegerin (OPG) may

act as decoy receptors. Agents that increase expression of DR4 and DR5 may exhibit
synergistic anti-tumor activity when combined with TRATL.

[0010] The beneficial effects of TRAIL production have been shown in several types
of cancer. For example, intravesical instillation of the BCG vaccine induces a Thl immune
response, resulting in the production of anti-tumor cytokines, including TRAIL, and the
infiltration of the lesion with immune cell and is the first line of therapy for the treatment of

superficial bladder cancer. In vitro studies indicate that interferon alpha (INF-a), which in
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circulating | evel of osteoprotogerin, a decoy receptor for TRAIL, is also
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commonly called “DNA sensors” mediate DNA repair, cell cycle arrest and / or apoptosis by

phosphorylating a large number of substrates, including several downstream kinases.

[0014] Platinum chemotherapy drugs belong to a general group of DNA medifying
agents. DNA modifying agents may be any highly reactive chemical compound that bonds
with various nucleophilic groups in nucleic acids and proteins and cause mutagenic,
carcinogenic, or cytotoxic effects. DNA modifying agents work by different mechanisms,
disruption of DNA function and cell death; DNA damage/the formation of cross-bridges or
bonds between atoms in the DNA; and induction of mispairing of the nucleotides leading to
mutations, to achieve the same end result:. Three non-limiting examples of platinum

containing DNA modifying agents are cisplatin, carboplatin and oxaliplatin.
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[0018] Additionally, it has been shown in U.S. Application No. 10/777,946 to
McLendon et al. entitled “IAP-Binding Cargo Molecules and Peptidomimetics For Use In
Diagnostic and Therapeutic Methods” filed on February 12, 2004, herein incorporated by
reference in its entirety, that a cargo molecule can be attached to a N-terminal Smac
tetrapeptide peptidomimetic.

SUMMARY OF THE INVENTION

{0019] The present invention provides compounds which mimic the tertiary binding
structure of Smac to IAPs or activity of the N-terminal portion of Smac. Stereoisomers of the
mimetic compounds described herein are also encompassed in the present invention. The
invention also provides methods of using these mimetics to modulate apoptosis and further for
therapeutic purposes. The invention also provides intermediates and methods for using these
intermediates for the preparation of compounds which modulate apoptosis by mimicking the
tertiary binding structure of Smac to IAPs or activity of the N-terminal portion of Smac.

[0020] A compound of the present invention having the general formula (I):



1 ~~" Rlob (CH2)" Rab ROb wherein RI and R2 are independently H,

tert-but oxycarbonyl, benzyl oxycarbonyl, acetyl, trifluoroacetyl, alkyl,
opt i onakyy26velesiohi uted al kyl, or 1 Rsa R5b  Na' N or Rsbit¥ustéodoetoes where R5a
and R5b are independently H, alkyl, cycloal kyl, cycl oal kyl al kyl,

het er ocycl oal kyl, aryl, arylal kyl, heteroaryl, heteroaryl al kyl; or each
optionally-substituted with hydroxyl, nercapto, hal ogen, am no, carboxyl,
al kyl, hal oal kyl, al koxy, or alkylthio or R5a and R5b are independently
optional |l y-substituted wi th hydrtxyl Jrergapt o, hal ogen, am no, carboxyl

al kyl, haloal kyl, alkoxy, or al ks ', optionally, RSa and R5b are
connected by an al kyl ene, al ken S &l ynyl ene bridge of 2 to 12 carbon
atoms or an optionally-substituted en@vaalkenylene, al kynyl ene bri dge
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benzyl oxycar bonyl, acetyl, trifluoroacetyl, alkyl, |ower alkyl,

optional ly-substituted alkyl, or R a R7b WRea\H~ or Rsb'H~ 0 0 where R7a
and R7b are independently H al kyl, cycloa kyﬁpbhaloalkyl; or RSa and R7a
and R8b and R7b can independent!ly or to her forma ring such as an
aziridine or azetidine ring; -6 W 2006/0 QJPCT/U82006/007068 R8a and
R8b are i ndependently H, hydroxyl Rzl " qul, aryl al kyl, cycl oal kyl ,

cycl oal kyl al kyl , heteroaryl, or heter fﬁalkyl wherein each al kyl, aryl,
arylal kyl, cycloal ky), cycloalkylal kyl ,"gsheteroaryl, and heteroarylal kyl is
optionally-substituted with hal ogen, hydfoxyl, nercapto, carboxyl, alkyl,
al koxy, whefefOR1 and RYJ ire dadependsitly 1) de/RBatoRRArtBaY, dokkyldRybarbanyl,i dedgpendent | y
or together forma ring such as _an_aziridine or azetidine ring; a and Rib
are i ndgpBwemesstylyalkyl, ?&PBQ@I‘\%“"%‘RW?“‘&‘P 91, arylal kyl, amino, arylanino,

aryl al kyl am no, hydroxy, al kyl oxy, aryloxy, arylal kyl hydroxy, dial kyl am no,
am do, sul fonam do, or aniﬂkpo; mand n are in@ggendently 0, 1, 2, or 3

Rea\ N ) : or RGb\N Yy
H S H

A}

0

where R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalky!, heterocycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl; or each optionally-substituted with hydroxyl,
mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio or R52 and R5b are
independently optionally-substituted with hydroxyl, mercapto, halogen, amino, carboxyl,
alkyl, haloalkyl, alkoxy, or alkylthio; or, optionally, R5a and RS5b are connected by an
alkylene, alkenylene, alkynylene bridge of 2 to 12 carbon atoms or an optionally-substituted
alkylene, alkenylene, alkynylene bridge of 2 to 12 carbon atoms where one or more carbon
atoms are replaced with N, O, or §;

R6a and R6b are independently H, tert-butoxycarbonyl, benzyloxycarbonyl, acetyl,
trifluoroacetyl, alkyl, lower alkyl, optionally-substituted alkyl, or

R.a R;b
0 0]

where R7a and R7b are independently H, alkyl, cycloalkyl, haloalkyl; or R8a and R7a and

R8b and R7b can independently ot together form a ring such as an aziridine or azetidine ring;
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X and Y are independently O, N, S, or C=C, and R9a, R9b, Rl0a, RI (b are

| ndependent lé%‘BH? al kyl , optionally-substituted al kyl, aryl t eroar

h |,
optionally- aryl, heteroaryl, or R9a and R10a, ?QHES@HQEWP%%/ or
in parallel wth ROb and R10b, can be linked by 4 to 8
optionally-substituted atonms such as C, N, O, or S, to forman aromatic or
non-aromatic ring; and when WA and Wb are coval ently bound, Wa and W are a
bond, al kyl R8e, amgll Kby |aeeindepenéantly| dhe hydoyyl, akyl) adridy| enylalkyl, cycloalkyl,

aryl al kyl al kyl epe, .heter oar yl [ | .al kvl ene, or
optionall y-%’%jkgpﬁy{aﬂiygg'e{ﬂ% e%eh?%g%%wle@?éﬁleﬁ r?w&nagﬂtﬁrg}a#\kyéfcyﬁlo?lgﬂiz
car bon at onsycWatkytalky@nhetegoatyr endc detetvarddlioyts isabptisrafly-atadtuvddt lvithl, hilogeny S;

and R la and | b are independ | v absent, H,. al kyl,

bt onal | y- GBSV G CRYPOH AR Ao ARG GEEa o0 RTpgnd BSmwd mi 1
toget her fORM g iAdsUARABY ordbieRbY iR rit JAYRNYANRiriddke cthaketdmeymgky! ene chain
of 2 to 12 carbon atons where one or nore carbon atons are optionally
replaced with N, 0 or S;. When Wa_and W are not covalently bound, W and
W are indeRéndehiR3p gee [Mdepgndenily Hy halogen. plkyleogrylcapilalkydn, 3ming, LTHRmINGy |
toget her fogdf.aiiaaliky! & | KARION CarylBk kY BBIARANydRbxy, bWy R, K Wnfdde
chain of 2 trglaﬁ car Bon?gt(%%s gdr? ag' gapl)-{i J(‘))kﬁal ?Sjy g’?t%t Pt edmgl kyl éne,

al kenyl ene, sudforgmidpbcremidino;al kyl oxyal kyl ene chain of 2 to 12 carbon atoms
where one or nore carbon atons are optionally replaced wwth N, 0, or S; or
Wais H d ; e\ . and W and Rl la together are a bond,
al kyl ene, a?’kaeﬁgylagenlg?épﬁ{ieyr%&b"elﬁg(f)gr';r’yI , aryl al kyl ene, aryl al kyl al kyl ene,
heteroaryl, heteroarylal kyl ene, or an optionally-substituted alkyl ene,

al kenyl ene, Xang Yraze mdependently QiN, 2, o1l°3(; apdr bon at ons where one or nore
carbon atons can be -7 WO 2006/091972 PCT/ US2006/ 007068 replaced with N,

0, or S an i Sli@ﬂih thmnal Ly AT d Y.

hydr oxyal kyﬁ,gﬂa#%ix[}g%gy : [8%2 %de%ﬁgﬁtgr ﬁgr%%g’l ﬁgﬁgrﬁgg'@%ﬁg%@eg&% erl,

i nvent i on i beterhwaryl, roptionadlytshibstituserh aryht heteroasyl, or RsoanddB1eH, indepensientient in

I nvention w r.. Qqt chem | @l gl ' Lpd to
and acti va&ﬁ{lfiw e gé{;@ ’ocralf@f.lﬁ'%ﬁd' E(%ig oﬁ%%néﬁ%—g%ggfé&% ag@ﬁs;lbl\c%% &
attenti on NeOpmty,yo foem ansematic biwonkdrodativginghatd many cancer cell types are
sensitive to TRAIL-induced apoptosis, while nost normal cells appear to be

resistant t hi Lan. of TRALL. . TRAl Lo reskst ant | ls ar.se . by a
vari ety of &hénf ﬁae%fdt lvrr"'tc;l)c AT “JnB?‘lFf@r n F%‘st%faret ﬁg)%rrlééc%@%nre: ah(ﬁ?%%ﬁe/ehce of
decoy recepilkymyleney aeplereeplgikgess caylalkyhlkyRnehheteroanp dtemafytdlkylstieD genan
caspase- 8 bindi ucin | SC formation, In TRAIL resistange, Snmac i netics
ey oase. ¢ ufRtoBE sl a e, R paeaiesper Al T2 daRn GBI W
the clini cabneCof mpdratdaftidh Mbméhire eplh@d ®1REG! € 4r0Sband NETgagRd RAPPREST i C
activity in TRAIL resistant tunors, inproved clinica

independently absent, H, alkyl, optionally-substituted alkyl, hydroxyalkyl, alkoxyalkyl; or

Rl1la and R11b together form an alkylene, alkenylene, alkynlyene, or alkyloxyalkylene chain

of 2 to 12 carbon atoms where one or more carbon atoms are optionally replaced with N, Q,

orS;

When Wa and Wb are not covalently bound, Wa and Wb are independently be H, C], Br, F,
alkyl, CN, CO;H; and R11a and R11b together form an alkylene, alkenylene, alkynylene, or
alkyloxyalkylene chain of 2 to 12 carbon atoms or an optionally substituted alkylene,
alkenylene, alkynylene, or alkyloxyalkylene chain of 2 to 12 carbon atoms where one or more
carbon atoms are optionally replaced with N, O, or S; or Wa is H, Cl, Br, F, alkyl, CN, CO,H
and Wb and R11a together are a bond, alkylene, alkenylene, alkynylene, aryl, arylalkylene,
arylalkylalkylene, heteroaryl, heteroarylalkylene, or an optionally-substituted alkylene,

atkenylene, alkynylene chain of 2 to 12 carbon atoms where one or more carbon atoms can be

-7-



response, increased response duration, and ultimtely, enhanced patient
survival rate. In support of this, reduction in XIAP levels by in vitro
ant i senseo baogadyent has been shown to cause sensiti zaptpiisfos kst ant
mel anonma cells and renal carcinoma cells to TRAIL (Chawl a- Sarkar, et al.
2004). The Smac m netics disclosed herein bind to | APs and |nh|b|t their
I nteraction with caspases therein potentiating TRAIL-induced apoptosis.

0022 f t.h di
conbi neFRBFATEh iy §5Se ARk KB AL OF T/ AipboreaRsa e Ed e nont nal

target 1gdroxPalRyl, ATkewBaIkGE, i s overexpressed in a high proportion of bladder
cancers. In studies using antisense Xl AP, bl adder cancer cells were

sensi tized fhgn1 Rimmeh&ﬁmamcof%eﬁés%nﬂ iReHAGDR B m@ﬂ@ﬁbamcscoﬂnimﬁﬁa@sf ed cells
t hrough the TRAI L pat hway. The present invention prow des m nmetics for

use Wi ﬁqmm@@&qfélreemysenhmwwenm i BRATG| of @ther chesniead oy @h&gtqﬂhmtswh@ tu. The
Smac  Ghig) iahd 4 g?‘sﬁé cafeegm;t% Gpidh erggaggﬂclﬁstlla@el‘e&f&ﬁ&ﬁafaﬁle%e{apc' ne by

enhancing the effects | TRAIL" ge in response to e vaccl ne. [0023]
Siml arebgntlymsmfrﬁlel forsling that mamyneamcertdell tyRAlare sansitive tp ARAPi-ifugedobser ved
in mel ren | L-2. Since
I L-2 i %8&@5’ ‘Kﬁle g no(ﬁ%% ceﬁ?aﬁﬂeﬁﬁ%e?%é%%ﬂtﬁgﬁg@oessI on, ﬂ‘t \r,:‘ghg i tion of

t r eat nesitanti dells maya_szwbyaagzaﬁetyldfaiffdrent neelinisns ifetadingloveof the resdptor) ead to a

nor e eff|C|Q§§ clinical response. ﬁFﬂ qgther enb?dlnent of the present
i nvent P& \f’P%’sfe@%PHB“ (P TIPS I oyhieh cpmngtes forzymogen,faspase-

L opoi SgfamE duft bIS@rﬁnﬁa@ioﬂomm feslshibd, SR Rhigeti6s inBl‘éhHé'tﬁﬂoﬁEél?Ct
Topoi sonerase inhibitors inhib rep l'i cation and repair her eby

pr onot $eAgtiEiBotst TRALL leading_tg meﬁbsﬂbgqmzh@dm%zwshw@swhlhhw been used

as che H&FE& I Zaggg SO
darrage‘g@ra In |Ei€t‘|ﬂé§g&§ﬁﬁ nzymga%tw{ g{? are rgegﬁfa?ggiﬁrg %@% repalr
pr ocessspoﬂeenm‘rcnsed respmpmrdmaﬁoncymd)uhlmaﬂﬂy,cen&me&mbeﬁtrsumvdieram tbchondri a

i bt SpET of i xERlor . KDEW TGRS BY b Wico RN TRARAPHAIER b SO A0
g c:moh ahkcu;anstité?aha@ of &@ﬁtuizrmt: rgflgkcmgﬁa calls |aﬁ@tmhmcm¢gmw1@wTRB[sP (G:?elﬁﬁg- and
diflo 1@%2?{)01 2@3& %é@aflmlaesgssﬁleﬁgﬂ iﬁﬁﬁl&f%bmﬁ ﬁf@efe&w t theif

ant hr aﬁ%&d&ﬁ&?wntﬁ@ﬂp&@ﬁ’%ﬁhb@ﬁeﬁﬂ@hﬂ% TRAMW & poplosis, 9y with the Smac
mmetics of the inventionin a nmu t|-reS|stant glioblastona cell |ine

(798G, br q@@;tzbwn&%ﬂw{laﬁbddm%'\@ 3 bivenAt] OMBE | AinctROCRE wdedCinl OVCAR- 3)
anong ot hers her topoi sonerase inhibitors include, for exanple,

Acl aci eegrhjretion AithcBGES: vrcpiae itivatmentuplobladdes icancey oXdABD thei nominal | target of ne,
epiru bStﬁa!lon infietfds M to@?x@ﬂ%réﬁ@@ in {a ‘ﬂ%%%ﬁ&n&ﬁ 8f Dfalidef TRA TR snitfies! Mfng NVENt i ON,

t he chenot erapéut iC | - neop
antisense XIAP, bladder cancer cells were sensitized to chemotherapeutic agents inducing

apoptosis of effected cells through the TRAIL pathway. The present invention provides Smac
mimetics for use with BCG therapy in superficial bladder cancer/ carcinoma in siftu. The Smac
mimetics disclosed herein will enhance the effects of BCG vaccine by enhancing the effects if

TRAIL generated in response to the vaccine.

[0023] Similarly, Smac mimetics will augment the TRAIL induced apoptosis observed
in melanoma and renal cell carcinoma patients being treated with IL-2. Since IL-2 induces NK
cell activity enhancing TRAIL expression, the addition of treatment with a caspase-9 activator,

such as Smac mimetic, will lead to a more efficious clinical response.

[0024] Another embodiment of the present invention provides Smac mimetics which
act synergistically with topoismerase inhibitors to potentiate their apoptotic inducing effect.

Topoisomerase inhibitors inhibit DNA replication and repair, thereby promoting apoptosis and



agent may be a platinum contai ning conpound. In one enbodi nent of the

I nvention the | ati num cont ai ni ng conpound is cisplatin. Csplatin can
syner gi ze V\AW%Z‘QG’%@ peptidom netic and potentiate the | HF/BFOPSH7H8 an
LAP, such as but not limted to XIAP, clAP- 1, c-1AP-2, M-1AP, etc. In

anot her enbodi ment a pl ati num cont ai ni ng conpound is carbopl atin.
Carboplatin can synergize with a Snac peptidom netic and potentiate the

i nhi bi ti onpt beéh bedlas icﬁﬁh&ﬂéﬂ?&her%ﬁ@@%eﬂti Mrépgfbotreraseinhibitotd PHBmbte BNAAP- 2,
M.-1 AP, etc. In_ anaqther enbodi ment a platinum containing compound is

oxal i pl at | $gmagp by dnbibiting the spzymes that are required up the BNAwRAIH BICES 0 AISENS™E: and
potenti ate e B f i | 24 ,; [y | AP,
cl AP- 1, c?"kgﬁfkgﬁ}ﬂ%&&@@%@csrﬂ?o% 7fhelnr%?d§‘r1%%‘lﬁl§rmtg%ocgp(r%%tﬁ%dlg%‘itnt eeH;B%\t/Heént i on,
t he chenot DNAajanags causesrityi toprasopiesase inhibitegeent t hat synergi zes with a conpound
according to the present invention is a taxane. Taxanes are anti-mtotic,
m totic inhi bit[6025] dopotsamerasebiohibitgre lof ethi thatType Iagiass t(camplethenirs dopatedande but

B g 0 L R e L T S R e
T "o el o), o et bogeezssi
suppr gssi offt Fq%?ﬂ“ﬁdwngﬁoeaﬁ{]%)e&ﬁyn%’ﬁsﬂn% “ﬂﬁﬁi & TS SAERREESPh M ct i on
of taxane jnfertidnGR Al hdlfilredifar (ghiSblastohe ol WRe (B9 BRAS, cafidts ind IMDAMB-

al kal oi ds, col chicine, and cryptophycines, which inhibit tubulin

pol yneri zat3ldnand\pvarian gensee §ing (@VEARHB), amgre atbersc ePihgr fapojsemenass inhibiiges of
a{3- -9 / P 0 ' . ol i ns
Chat play PEgae stdalfiel Kobufualikin A ChnSokl el e AR RE BN T o
functi on oépithieing pidditaxantaseuri ng the integrity of the segregated DNA
Therefore, they represent an effective target for cancer therapy. 100291 In
anot her enbodi @] In amthagmtiodinteat ofi diei inednéion,tthe chamathanapiestidmbipieoplastic

pat hway and/ or causes the release of Smac, or cytochrane c om t he

it ononar SESTEEY Bha P SpSRn Py Sompoughoin Ut FERPAFEN oS TerelBon ey .
[0030] A cplatiundtdoffinidg ofpBEndaPt éighatiniet CipRtifl SanC ReReEibe e Ul | Sthant i

neopl asti ¢ agent, and/ oy radiatjon_therapy of any type that actjvates the
intrinsic mp%gﬂ)&lweﬁg%d PYientRtRlest Jt’c"l‘fé’fﬁ’é%%"‘bﬁs%sm ligited te KA S nor e

effecti ve appigRoN MIQIARS bEOY i AndtHEFOEmbsditnbi®: a PHRnuMCHARAE Bokipsind [ er act
with I AP's,” such as XI AP, clAP-1, clAP-2, M.-W ~etc., and bfock the I'AP
medi at ed i eAnbaplatinon Cerboplplin tcaw isynergizé avith anfmare peptidominselicasnd potemtistd shet i ¢
agents andf.ps; gL | : ' Y kX pbdi € i i yating
the intrinsi éd°g‘g*£%%‘é5?’c‘5§§§ﬁg’ayby‘k:"é% I'ng {Obig%%’gat%gﬁéggﬁg%éﬁ %ZB% tﬁAs i's
descri bed amotheprembdditmant! a platinony, coptriming wempeundf is tdxaliplatine n{The mxplipdatindean

conbi nat | Osny%er%gze %vié%mgcegépg&rypn% i¢ afd' got%ntiate the inhibition of an IAP, including, but
not limited to, XIAP, cIAP-1, ¢c-IAP-2, ML-IAP, etc.

[0027] In another embodiment of the invention, the chemotherapeutic /anti-neoplastic
agent that synergizes with a compound according to the present invention is a taxane, Taxanes
are anti-mitotic, mitotic inhibitors or microtubule polymerization agents. Taxanes include but
are not limited to, docetaxel and paclitaxel.

[0028] Taxanes are characterized as compounds that promote assembly of microtubules
by inhibiting tubulin depolymerization, thereby blocking cell cycle progression through
centrosomal impairment, induction of abnormal spindles and suppression of spindle
microtubule dynamics. The unique mechanism of action of taxane is in contrast to other
microtubule poisons, such as Vinca alkaloids, colchicine, and cryptophycines, which inhibit

tubulin polymerization. Microtubules are highly dynamic cellular polymers made of of-
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chenot her apeuti c/ anti - neopl asti c agent and/or radiation which provide a
synergi stic action against unwanted cell proliferation. This synergistic

action bwioweesio@as@nac peptidom netic and a chenot her apguibediorogaeop! astic
agent and/or radiation therapy can inprove the efficiency of the

chenot her apeuti c/anti -neopl asti c agent and/or radiation therapy, This wll
allow for an increase in the effectiveness of current

chenot her apeuti c/ anti,- ne tic agents, or, .radi.atiqn treatnent. a,low ng the
dose of“%f’ﬁ ap @Wﬁ@a‘ﬁgﬁﬁsgﬁﬁtn@f’x £% JPIsS g, gu flS?DS’ BaerﬁaP%{ﬁ@r'é‘d%hct her ei n
provi diofi@niB@idh #ndrametiad beakd vsindles hdgrse Hedintaprias ofiehd semegatedoDBIA, Ol er abl e
dose of chtem)t her apeut i c/ gnti-neopl asti c agent and/or radiation therapy.

[ 0031] Thereioss, Hsy rerresyntan Fileptivg dargetifor cancey ¥s, the principles of the

i nvention are_ described hy referring mai % to, an epbodi hent thereof. In
addi tion, i 90Nens enothes ‘?T’(})%d&é%e@l"i YW agpnt XPEF‘?HY%“’% & i IHESIGAPQPIO8C oy e set

forth b&h@ﬁ@ﬁx’id/&ocaﬁée@,"théj?d&sé BOSAHGRr ciBERbRE RNELH ShePinithéRdniriy RAY then. |t
wi || be apparent however, to one of ordinary skill in the art, that the

i nvent ipotantiah jo astsysergistical iowvith 2 Bwee mimetict ati on to these specific details. In
other instances, well known nethods and structures have not been descri bed
in detail st9038] Aocombinatignnef es Samac| pepsidomimetict awd | g \champiberapeyticBRii PTI ON OF

THE FI . ' A | ChJ . l.at. i_pdd affinity
of a STEBTREF pLcit spdyCreaib dRrfh Y ang Sl 8 cRbbolf o cibteRE 0

I nvent ipathwhys oflthdreBiake of Srmadgayprovile a\iioi2 ffedtde kppidad It/ daSizé) ] oo 68

fl ourescenc ol ar.i,zatian assay. . ,1s sho 00 Lncrease in

bi ndi nag@f f%e'Pﬁp"tlgPP flomiefc Wgeéa%"?’rgte@? %éf“%l ?%%ﬂ%% ﬁ%gsﬁh{&%gw%@ﬁt i de.

[ 00331 efei, Sand2bloBk ahé) TAPN nfebRad Nihhibiteonh 8f fapbptbsis afhilehétRenotiEbpenticiRbiics of the
present invention follow.ng a_single dose |Intravenous admnisgration of 1

ngl kg PePPlase agente anl/ps Tadiggign (herapy kills petivelyy Arviding cells By rashvating e et i cs
t est ed i 34hbplotid patﬁwﬁyslegdiﬂ% gog%ogigggaﬂ@cém&a&bwi& LRbibéH e QbaRt i ¢ Of

the present invention to sel _ antagoni ze proliferation of an ovarian
cancer belew} embodim@ns of/i®. inyentiph iprovideTconsbinasipns ohe SSea pepidominiac andpl ays

ti anl i . t. f . |
T PR RAREA RS BhRGAOGEN b RRBE R Froffle S bRRR oA
tSEaC rr'ngﬁthst't gnwmfct:dgce{mmralfﬁﬁfrméz\rlme %%syhhgls?@mtbnlthemfm lacﬂmacil " prtpbdaom inis t ?ng E(r)] t
e apo otl e ectls,, . ‘e saySs r cell. rolirreratl on reyeal e a
W Ve BrebestottieRihntipsanlastics ARa andgy | iption Weny St OV e R o s
pept i defficieaty 6f the dhBiRotherdpéiiticianti-nedplastit agdndRad/bhfadiseibh sheidpye THESwWallant to

the antiproliferative effects of the Srrﬁc nd]rretic; of . the_invention. In
cont r adtow §5 ap inepas)in the gffectiveness of qumentishemetheppeRie/Atirpeaplastigegeats@is a 1000

fol d i RRBR QreafndnP 811GWIhE REO | dod e bR kHleY EneRiotiREdpeutic/anti-neoplastic agent to be
lowered, therein providing both a more effective dosing schedule as well as a more tolerable

dose of chemotherapeutic/anti-neoplastic agent and/or radiation therapy.

[0031] For simplicity and illustrative purposes, the principles of the invention are
described by referring mainly to an embodiment thereof. In addition, in the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the invention. It will be apparent however, to one of ordinary skill in the art,
that the invention may be practiced without limitation to these specific details. In other
instances, well known methods and structures have not been described in detail so as not to

unnecessarily obscure the invention.

DESCRIPTION OF THE FIGURES

[0032] Fig. 1 is a graph depicting the relative binding affinity of a Smac tetrapeptide
(AVPI) and a potent Smac mimetic of the present invention to XIAP BIR-3 using a
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resulting in a 100-fold increase in the cell killing as detected by t he
corresponding loss in colony formati on. DETAI LED DESCRI PTI O\I% 61 |t nust
al so be not 1802138 ysed herein and in the appended cl alprﬁérm g?ﬁﬁgul ar
forms "a", "an", and "the" include plural reference unless the context
clearly dictat es ot herwi se. Unl ess defined otherwi se, all technical and
scientific terns used herein have the sane neanings as commonly under st ood
by one of ﬂmﬂésamcy pélatitdtion lassajneRamﬂts sidwedauzh00Nnfpld iedcizeds bandingl affinigr of

equi val ent t hose desc .pe used in the practice or testing
of enbodi e gF‘écB‘Fm‘?tﬁéelﬁ glﬁkge Sﬁ‘gt he preferred methods are now

descri bed. All | i cat.i ons refere ment i d herein a

i ncor por at ed byl0 &é?gige déa ﬁﬂﬁ‘fﬂq‘ﬁﬂ‘%et&%ﬂﬂﬁ@ ’?{9’ @W%ﬂogﬁeaﬂ’i‘mm

admi ssi on fhbghioh E'cﬂlo'\nﬁﬂged”ﬁmgwdéﬁ iftberRill ddhiRfahGorfdtiGHgke insdiah Risald Mdwr € by
virtue of prior invention. [0037] As used herein, the term "about" neans

plus or mi¥ie apboboys halflifeforthe mumetics feslede of the nunmber with which it is
be| ng used. Therefore, about 50% nmeans in the range of 45% 55% [00381
"Al kyl " means d0934}MFigdds veraphshomns bl abilenaf e fneas r@rneUﬁgéﬂﬂ*awﬁ@wlwntl@

R e o Y i R Ty SR R SRR )

as part of assaypthesSmat arimetid displaysantidancet prdpgitesatmhcenithtionsithay hayeomwtefioct omay be
a saturated "p%ldéalcﬁr bﬁlil chaj however al so incl udes unsat urat ed hydrocarbon
carbon chH o1t 5 ing MBG7P-a i no and aI kynyl ami no". Exanpl es of
particul ar al ky u I ncl,ud n- pro J sopropyl, .n-
butyl, iso-but bo:%i%lf %tﬂ‘?/ h‘F %Fﬁ%ﬂ‘ac 'Emp%ﬁlh [ BX’& cells

2, 2- di et hihidka8 Yeen @h(hai()d be Zesmwt Iﬁykﬂ%eiﬁo)iiohc ?e.ﬁctﬁldfelmmum.éays Iforh@iﬂlt yl,
3- heptyl 2- et hyl hexy and the like. The terns "l ower al kyl" "

al kyl " and’m]éfeWP“ We&le@ ghas when MPA-MBIRE celly @ Lrath FApRESSLLIRS: a@@dtreated

i nt er changgablyy S:ﬁéé ﬁ@?ﬂ@oxﬂﬁ&e‘ﬂ&”of 15 h¥ntioh EHtl?pr lalone HROPAIRPYAre rSidHnP RS QRY !
1-butyl, sec-buty t-butyl. Unl ess speci , Substituted, alkyl groups
may cont ai wtlpwélfemtws effieets eéth@rSnfaomnmsutbgf the mmn%omwm@hnwy \ﬁ@ntﬂwwm or
di TTerent . ot A RlrinatiBh it TR Ferd W%gk 1644 go(fd ?nlc@éée i @#ﬁ% are
not |imitet cyanonet hyl’, 0X hyI
pr opi onyl oneytﬂmtgunl a 180vidid Iimjréayé mn tharcblbﬂqr]lmg Iay H¢tecte(hbpdlque(tﬁsﬁbqndmg loss in

car boxypr falk | oxycar bonyhnet hyl , al |yl oxycar bonyl am nonet hyl ,
carbannyldgg tﬁvw%' “%et hoxynet hyl , ethoxynethyl t- but oxynet hyl,

acet oxynet hyl, chl or onet hyl , ' ore yl, trifluoronethyl, 6-
hydr oxyhexyl , 2,4-dichloro (n- 0- propyl ),

E. 1 A D5 i1
e o e e, B S L s BB

cycl obut yl sfigdulyy Iforms “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 admission that the invention is not entitled to antedate such disclosure by

virtue of prior invention.

[0037] As used herein, the term “about” means plus or minus 10% of the numerical
value of the number with which it is being used. Therefore, about 50% means in the range of
45%-55%.

[0038] "Alkyl" means a branched or unbranched, saturated or unsaturated (i. e. alkenyl,

alkynyl) aliphatic hydrocarbon group, having up to 12 carbon atoms unless otherwise
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cycl opentyl met hyl , and cycl ohexynet hyl groups, as well as the
correspondi ng-et hyl , -propyl, - butyl, -pentyl, -hexyl groups, etc. Particul ar

substi t utsaxhodbytbs are substituted nmethyls e. g, a netpgtuSioastorassest i tuted
by the sane substituents as the "substituted Cn-Cm al kyl" group. Exanples

of the substituted nethyl group include groups such as hydroxynet hyl,
protected hydroxynethyl (e. g. tetrahydropyranyl oxymethyl), acetoxynethyl,
car banoyl oxynet hyl , trifluoronethyl  chloronethyl, carboxynethyl,

br ormrremgrﬁedaﬂﬂwn @BRskestDattof anatleg éqrm; forexample Lallerlarsing!,ithesallyl portion may-p) |
second INB'EQ t C
secondgy z(in tertl arcfllﬂ%% érl]]g{él z'l;?%ré’\gf also:nn%drl%gé\é@ ﬁ%ﬁﬁ?&g&;ﬁ%’ry am ne,

di aryl aiming,suclr b aIHeyylmmohenndnﬂH(yn}almir@I k yxemplee .of Rartiquir| dlkyl sgroupsdar y and

bheny! JHIE Megur SOV LRPrE i RYE e B uvhra Ao oo Fo and
Teans. o o8 By x et e o ot topd. v methe. number
of car LB yﬁﬂb‘?‘ryg lﬁ‘F ’?II V}(?H’Hf {k?'g' "Cg'gé "gﬂ'it?é’dl a\YﬂSﬂ% ®4 carbon
at oms. Bafohi fidthe? arés ongﬁ-@k'spﬁnd aﬁhudﬁrcahtﬁg@my t@aﬁ&ahhﬁéthylbuﬁﬂe rlydmpyl

phenant hrenyl, naphthacéenyl, and l"iesee e. book of

Cheni stisgprgpivh spclopropylal -butyli yectimty] oeétbutrlabI swspzc@g@swlm% a@sybgms(:m ar
enbodi I ed aryl
denot egﬁ gcoﬁe rP‘?ﬂé %%rdﬁ?%ﬁgér%uﬁts?*ﬁﬁlﬁyuw@ew t &J 41%%2%‘%%91972
PCT/ US2sfaie mvmsutmeé alkyl\groupshincede, buiuu‘e mot 11m1wétcsmwtohteﬂn'hmﬂxcmﬁﬂsén, unl ess
ot herwi.s f from ogen hydr, ox rot ected

hydr oxy %WEWS&‘ i tPbyIoRye yll’( SB%’R{“ gloﬁfm@' I??I}’} )ﬂ’oxéarPE’fﬁe%’yg’s Cl - C6
al kgxy)cmﬁoﬁyeltW1ﬁx§arboayﬂiepwh g ﬁll@dcﬁ@é@big@&ﬁémﬂy, ang{]ohlpeaymyhnhnonwﬂgnh gcted

car boxynet hy ydy oxyme , protecte r oxymet hy m nomet

pr ot ect"gg’“m&}?]l‘)ﬁﬁﬁg‘{‘ﬂyl me{hp%l)frped& 1o n"é‘?qweg‘éfj ky1 sllHt‘Pﬁﬂ"fp%(& ﬁ.setoxymg/thyl

aryl sul dfith 1n9mmolﬁf&t§a1 %M&h&hﬁUHmewnmynoa- RRieGiyReNE) Y H-dichloth (nOr Ot her

gr oups speCIfled One of nore met hyn (CH) ‘and/or et hyl ene (CHZ) groups in

t hese Swisd) 2taming Gsorpsppyl) - whalwlwﬁbrll andttheylikg. {The alkyk group smayplsos as t hose
d t t t
it oAt i ATRGEy L ol SRRl e OB, Bl DR, 1S O
br onop hemippentylmethiyl, and p&v&whpkylnﬁﬂ:@k ghioups, av welhenthe coﬁesﬁomﬂmgwthylgptmpyny-l

3, 4-di ¢hl hI h |, .3z h I I

34 di CPBITRO e Ean, o BRART mringh AR BR e e IR R & e 11 ke: a
mono- orméthyl (g mbyﬁtutbhejyyﬂhe Gamel putssﬂmbnta&s 4heh Yibstitytpd ©nyCm aBeyl'hyp@dapxyphenyl ,

2 4-di hydr oxyp t.he protected-h deri atlv s the eof and the |ike;
i t (RIS o7 e b ten Taedhv] i it GG pioh 2 WO BBRGRy PR, or

ex anpl ey dfoxyﬁmpprp@egy Iema%drs;syeaﬁuox@memm&t&wmemylpbﬁﬂb&haﬂéﬁmﬁwch as
4- et hyl Ehen yl di nmet phenyl 4- (iso-pr opyI )

phenyl i u@mthplhélﬂgmomegwl earngmﬁml bawewpthyl dnd nod%meﬂxyl
[0039] "Amino" denotes primary (i. e.-NH2), secondary (i. e.-NRH) and tertiary (i. e. -

NRR) amines. Particular secondary and tertiary amines are alkylamine, dialkylamine,
arylamine, diarylamine, arylalkylamine and diarylalkylamine. Particular secondary and

tertiary amines are methylamine, ethylamine, propylamine, isopropylamine, phenylamine,

benzylamine dimethylamine, diethylamine, dipropylamine and disopropylamine.

[0040] "Aryl" when used alone or as part of another term means a carbocyclic aromatic
group whether or not fused having the number of carbon atoms designated or if no number is
designated, up to 14 carbon atoms. Particular aryl groups include phenyl, naphthyl, biphenyl,
phenanthrenyl, naphthacenyl, and the like (see e. g. Lang's Handbook of Chemistry (Dean, J.
A, ed) 13" ed. Table 7-2 [1985]). In a particular embodiment an aryl group is phenyl.
Substituted phenyl or substituted ary] denotes a pheny} group or aryl group substituted with
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and the like; a nDno or di (al koxy) phenyl group, for exanple,
3, 4-di et hoxyphenyl , 3- net hoxy-4-benzyl oxyphenyl, 3- nethoxy-4-

(1- chl or oneM}30p6/ ﬁE@ony phenyl, 3- ethoxyphenyl, 4- (i SREHGH68600748eny!
4- (t- butoxy) phenyl, 3-ethoxy-4-nethoxyphenyl and the like; 3-or

4-trif|uoronethy|pheny|; a nono- or dicarboxyphenyl or (protected carboxy)
phenyl group such 4-carboxyphenyl,; a nono-or di (hydroxynethyl) phenyl or

(Er ot Iect edonehwtr @frw%drwr)ﬁvataﬂﬁmueﬁtu@ﬁbsaﬁ udlesd Btheringgt spekihyd] Toxynaédey |(F,
phenyl or

hyd hy| h | d h | h |
or (prot ecﬂa@ral:iﬂ V’Irfﬁ)(%cte%hﬁ% Yl?ﬁgﬂri]‘)é Hggzﬂ%gﬁﬁgﬁéﬁg I%?r%kyﬁn@ iy Zeni-

(protected QEyTeS f no) )
phenyl sucz:Illﬁ'aar&sl 3- ntl\}ﬁkwnetgﬁﬁpwﬁf Qﬁrb@xmﬁﬁtec%[()i S!rilrbé,% Al ifg&ﬁ)ﬁ{eﬁigll Qﬂ){é&é@

"substit ut @dqumnwl, rlwgroetmﬂlyl di proteeted t dryémxmethyll. @nunqmeﬂmer @rqtm:d
substituen I ffer xanpl €, hydro

chl or o- 4- h{l/%rngﬁlgtp})l 1gnyl g-m {(ﬁﬂet ’4 bronlﬁgﬁdgﬁbwhﬂi et hyl - 2- waipﬁﬁenyl
3- hydr oxy- Heterﬁctytcl}d@tf&ﬂiﬂdmm&, Heyetdoyilyt, 4ryd, o ottepfrenyd specified One@r tnokeemethgnenel |
as trisubsgjtut phenyl s where the substituents are differ for
exanmpl e 3- I@Imﬁ&rwﬁﬁ%%%fsmm Wythese SHPSHIRERL Mayoin M be Substitited With 2

et hoxy - 4- GeiiéY 4oy astheke @BYdted Aavé. BxY¥npRE BPthe @dﬂﬂ"dhs&tmswpﬁanw%mdemﬂ Ry
groups where the substituents are different such

3- net hoxy- Betdismpited) to eynanorasidi (hale)-phee yaroup guel ng,?-&hhmhe%r% jbEQrephenyl, 4-
substitute r 2 Nyl .nl henyl ,
3 et hoxy HEpRbA, 28(Raofy 2 STGIQBIBRA, » 4 SRABSRAATY] shicropliaAYIOph Ny
3- et hoxy - 4bromeplepyh ¥yrbrogtienyl3 M-dnbmmomnmmmmmhbwzoﬂmmﬂ

diethoxyphe I netho -4-b nz | oxyRhenyl . 3- met hoxy- t hyl )
benzyl oy Sy S 4 by At ko B TP e oo RNV ot f oy
am nophe nyhy@cﬁ@pﬁ&yl 2Addikgtiraypheriyl, Wprﬁﬁkte@-hﬁ&oﬂedéﬂvbﬁ\tels tthelrend and thi likéa
substituents specjified herein, for exa wth or 3 bst|t ents, in
the sane nBRRBHeY SRS TIoh o d o8] fpHg ?ﬂyg %i?n BBy fira PR "ne

radi cal as ﬁ@;ﬂxeﬁﬁr =Y Ehoh%I LIﬂeGkoé‘rf 81kG1 Chhen{A @dﬁb §déﬁcﬁé Qflﬂéthylﬁlﬁah I, &

branched or unbranched hydr ocar bon radi cal containing froml to 3 car bon

at ons, dimethyiphed, 2-flmﬂnészlm1zsl é- (ispeprapyle pkenyodcethylphenyl, an@-yrepyliopienyl
I
((C112) 2)6 ‘f@an%%“ﬁ@“%)rrzm% B PLRYD DA e Rk, S BBIERERE - | |,
10, nore pmeﬂlex;ab-lbynzylovcwlﬁnylc anbo nnezllhcmym ](Oahlbtomluﬁ) i benzytbxziphenybne3-
di cal | udes f t t I d, br

(nbr anched SPepant 3 Caparonst pimsh s K2 g dbsih. KeBloh 4rBEo R HEdhg

from | tothe lﬂ{HbS-tot ueifliGromb by herB0s hioho! 66 dichdsyyphenyl afli(prdtedted Rafox§)0 t0 a
roup, having 1-10 carbon_atons, preferably

EEI’?L'QI - 23&3 llt;é'ﬁggt%wfré d-'cgq%éxwgwﬂ,g 2 MR-l (B o metyD bR orSpRETh ent 5
can incl Udﬁ’yMynﬁﬁﬁl)ncﬁheﬁ)Ilmshﬁfi bo shogfotb@da t RRirdiyinéthy®’ OptRayl 1043L4iThe
term al ken radi cal’ as used herein’includes referénce to a branched, cyclic
éydroxymethyl) phenyl; a mono-or di (aminomethyl) phenyl or (protected ammomethyl)
phenyl such as 2- (aminomethyl) phenyl or 2, 4- (protected aminomethyl) phenyl; or a mono-
or di (N- (methylsulfonylamino)) phenyl such as 3- (N- methylsulfonylamino)) phenyl. Also,
the term "substituted phenyl" represents disubstituted phenyl groups where the substituents are
different, for example, 3-methyl-4-hydroxyphenyl, 3- chloro-4-hydroxyphenyl, 2-methoxy-4-
bromophenyl, 4-ethyl-2-hydroxyphenyl, 3-hydroxy-4- nitrophenyl, 2-hydroxy-4-chlorophenyl,
and the like, as well as trisubstituted phenyl groups where the substituents are different, for
example 3-methoxy-4-benzyloxy-6-methyl sulfonylamino, 3- methoxy-4-benzyloxy-6-phenyl
sulfonylamino, and tetrasubstituted phenyl groups where the substituents are different such as
3-methoxy-4-benzyloxy-5-methyl-6-phenyl sulfonylamino. Particular substituted phenyl
groups are 2-chlorophenyl, 2-aminophenyl, 2-bromophenyl, 3- methoxyphenyl, 3-ethoxy-
phenyl, 4-benzyloxyphenyl, 4-methoxyphenyl, 3-ethoxy-4- benzyloxyphenyl, 3,4-
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hydr ocar bon, or unbranched hydrocarbon radical of 2 to 30 carbon atons
containing at | east one carbon-carbon double bond, such as ethenyl,

n- pr openwaq 2006000mPenyl , n-butenyl, isobutenyl, t- bUteﬁ&bUSﬂﬁ&&ﬂMi
decenyl, tetradecenyl, hexadecenyl, eicosenyl, tetracosenyl d e like.
The term | ower al kenyl includes an al kenyl group of 2 to 10 carbon atons,
preferably 2 to 5 carbon atons, containing at | east one carbon-carbon

doubl e d. The bl,e nd |nd endent |y
have a ‘ﬁ?tg ORYPHWh mg%ﬂﬁr%tﬁj’rg ?0%“%&3% st| xg’dkl gf ﬁgﬁg’ﬂ’%‘%*g °8¥er s to an
al kenylplkgm gahethtfxyl-@w&l:clh&irhﬂét}éjrl) Qﬁﬁnyﬂ)o:dyaﬁﬁmﬂgly{] sﬁltblngd }amlﬁphaqbsgmﬂpse n} S L hat
can inclu t. are no Imite ose for the a roups. [0044] The
Cor m ol RS, P Emiap o o brbusd Wit o plbSguents aep e LR b P Rod. of
unbr anchg HEBAGEHARAL! RdhERnehandEid RutsaRfed k1 grdup@m 2 to 30 carbon atons
and at |east one carbon-carbon doubl e bond. "Lower al kenyl ene" includes an

al kenyl ene g6RYPTRE tegmt é?kﬂ&xe radiB1%s Rs& Rér&h! idclddel Qeépenseafob@al-ﬁhai&al

cont ai ni ng one carbon-carbon doubl e bond. Substituted al kearé ene radi cal

ref er s sabuaed brahobad orprbranghedlbydrenarbop wadical camtpining fropu b t¢130 icargon plomsi to 5

or oups Ao SGple etSEnP o dnlele CHILHE phBub R ERb Gl

branc hedethjrlpropyleiw(QCH@@H@h) r@idH) £ abxybanei ((@HZ)@}, canii2thealibo nLewarnakglenk at | east
one triple,bond nts in e al roups of 2 to 6 carbon
at ons. tACIBOST D aligtae E‘nggpg’o@e m°i€1’m'ff‘£?g&d t?ééé‘%@l% S-pCT/ US2006! 007068

For subst ¢ 00 Sspbied, ofi0ns” tiea peblEs oot  achipt Pl 1| 7

di functirgfeaéd & dbEMEKRbIQkyleHe Tadied! ol gnwm%bgo catbhﬁhfbnfs%ﬂ@nhﬂh@ﬁoﬁf om2 to
Cc

12 carbon atons and_at |east one carbon-carbhon trip sone

embodi @Wr@%ﬁ&%%ﬁﬁéﬂkﬁtw dallylenegadicalprefer to to %‘“éﬂktb\‘@ﬁ alésylsn%mmc@h one
tripl
bt | (0 having SDShckbh ot bt W@‘a‘ﬁ“?ﬁ*@%@%‘ﬂsgﬂ%%“%wdetemcym.c

gr oup" , substiduentsoBubstifuetits canriatludedny eteeibt lithited torthasy farythe alkylgroupket er ocycl o"

al one and when used as a noiety in a conplex group such as a .
het er ocycl 0d0043] Theteomplkeayleadica ds ised derefreingleddsirgfesende toeﬂuancmed,a;wlimno- :

: t I t d L het
non’ ar ONGITRYT o mEGHHEE G- RimaL RaBH U0 B0 BRBMiaPe OB 1 om s
L ot abOLt:ne 1éarbom@.ﬂ&hp mtsublela\/rtmhd, tsheh ras ng:haiytln rra-pw;enjtzlarlhfmomﬂlt,) a’gbutbxgta,sz hone
et erog su r or. o n arti.cul ar enbodi nen e
gr oup %B?&glﬁé‘t‘tg@ﬂ octegyly deeeryly &%&mgylw@%% 3, Cisosey L {ER5ER Mg has 0
to 2 dublige 180 em e kel idclARAER LRI lgRSiphr th@Qm%oﬁj%Blsepr@fBﬂg and the
nitrogen or sulfur heteroa a@%@ﬂ optionally be oxidized . O S2),

and any2 t9 § cafen afpmse Pmlblﬁg rﬂﬁ}e egtshanycathen deyble ond.z Bap om!aort mem ar
nNoN- ar QiRoh SarfdGh A6GAY 5ot nhdYSheEnd RAP AN I of RO MHon. Substituted

alkenyl radical refers to an alkenyl radical or lower alkenyl group having from 1 to 5

substituents that can include but are not limited to those for the alkyl groups.

[0044] The term alkenylene radical includes reference to a difunctional branched or
unbranched hydrocarbon radical or group containing from 2 to 30 carbon atoms and at least
one carbon-carbon double bond. "Lower alkenylene" includes an alkenylene group of 2 to 10,
more preferably 2 to 5, carbon atoms, containing one carbon-carbon double bond. Substituted
alkenylene radical refers to an alkenylene radical or lower alkenyl group having from 1 to 5

substituents that can include but are not limited to those for the alkyl groups.

[0045] The term alkynyl radical or group refers to straight or branched chain
hydrocarbon radical having 2 to 12 carbon atoms and at least one triple bond, some

embodiments include alkynyl groups of 2 to 6 carbon atoms that have one triple bond. A
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pyrrolidinyl, oxiranyl, oxetanyl, tetrahydrofuranyl, 2,3- dihydrofuranyl,

2H pyranyl, tetrah dropyranyl thiiranyl, thietanyl, tet r ahydr ot hi et anyl
aziridinyl, W0 29064¢ yq - et hyI -2- pyrrolyl, piperazinyl &OB@?WH‘? nyl .

A" het er ocycl oal kyl " gr oup Is a heterocycle group as defined above covalently
bonded to an al kyl group as defined above. [0047] Particular 5-nenbered

het erocycl es contai ning a sulfur or oxygen atomand one to three nitrogen
at ons i ncl watstitultddentigmyl wﬂBmtauaend; hn'/camthréb spbstiwehtst 43i defindd- @1 yubstiduted iatky]

t hi adi azol yl suc d 4-t hi adi,azql - 55yl ,
oxazol yl s&EWPH q&’(‘ﬁ'ﬁf’ m‘%“‘k?ﬁ re a"i‘é%%}?‘q’gﬂlﬂwﬁ@ berangﬁed%yﬁmcarbxn

3, 4- oxadi azRdin 5omammgrﬁdmil2 t&lzlcﬁmﬂatamhncﬁambast a@rdammloafboﬁmmem eanéi ng

het er ocycl es_cont ai ni ng ni t rogen toms [ r]QcI ude i m dazol Br
i ni dazol - 2spodiments ipplyde %‘u‘é}ﬁmﬂeﬂi BEOUPH O ?r"P &7%500g._gjpms with png t%wie Koyl
and 1, 2, Ahyciagdd a 'Iﬁmﬁiene \ﬂﬂ%hﬁﬁ{&éoiv&ﬂ of kb ﬁfbsﬂt‘iﬁrt)t@ﬁg acdiied 501'Yslubst1tuted
Partlcul ar benzo-fuse nbered heterocycles are enzoxazol - 2-yl,

benzt hi azolalkgl gtoupsnd benzi mi dazol - 2-yl. Particul ar 6- menbered het erocycl es
contain one to three nitrogen atons and optionally a sul fur or oxygen atom
for exanpl e py[ﬂﬂdﬂ "Hegaradychie ;gpqup'd 2'heterocypict,d-"Betgtopycdeld Phatérocyclyl'y| or

pyrim dyl y md2 im'd-4- l: triazinyl ch a
3,4-triazin- eg ?ycgdﬂa[ %{]} Psig Ah2 4 ty mp%/‘?olr‘}d/)éei‘i g{wp Ssuﬁﬁﬁs 5§é{er°°y°?°aﬁ<yl
pyridazi n- Cgrmb, awwdsdayrmmgeabﬁumi téﬂ:teﬁi any¥ @lionoRt bignad krjcyslid) Ssatuirdtéds dr

het erocycl es, and further _-15 2006/ 091972 PCT/ US2006/ 007068 xanlgl es of
the 5-and GPHEHBEScAOMaly stetoapd) JF SRARAXRata,5PE Baing, dhy e P

Patent No deé}gr%?e%; é&l%l?al I Grofd 518b B §h i afimsQ whete G Big Aodhs AbddArbdnadGR!

refers to al kyl i cal 5§ bearing an aryl substituent and have from about 6
to about 2®ea§ta¢rm>heterpm (nitrageny Sulfah gpoRegenbndn anppréewba godimend the &OUP anges

and, Spect ! ol RS o OefePdshf. O3B 10K Slebheretin bt B8 ARA 1ondsbnfBout 12

carbon at ons el ng pre erre groups canh be optionally

substi t ut edr 7Nncmlbqr¢d nngngaseﬂetm:ﬂ doubld bardachad the nitgempt eulﬁind'mwyda;oms may

napht hyl met hy!l hen hy| rsRheny! net hyl enyl et h

di phenyl et I‘???{(.’da b%”t#'?%fg% %r%ﬁ’ﬁ@& a%dr S%qugf”?@’(?%{o&ﬁi" %‘F\ag ?ﬂ%oﬁﬁ} AL

substi t u[entq&atenmﬁehle Pa'ﬁf(c)allarohoﬁ-hﬂoﬁanglr hetproaywled e fihohedd ] fradrpkalingt |(mwm>| kh?b)lsyl

groups. [0049 oa ar radi ca oup refer 0ac

radi cal fu?@'a%]f‘ﬁy yl, gg’fﬁﬁi’y’l Wﬁ‘i“ﬂg‘ P drsﬁlb)idf"tf\‘l‘?“% é‘%@)‘l‘dent ly

ubst it ut ederahirbpsioh KA Uiiny, tte@ahyamhamyazml AUElGiBfIONdER0G 1 WD
n

atons in como oal k ra9|cal rou nore specifically
i ncl udes r @yeplghquparazingl aﬁérmm%ni éd@tw%@laa 5@@&& p chelgreyrler gravr A

consi sti ngggﬁnéa%o‘;gcomgﬂ yrgogggqtbqngﬁgi %‘g‘t‘f%sﬁdéﬁ%nd”%"@nd havi ng from about 3

to about 14 carbon atons co subconbi nati ons of

d ar t
about 7 car bon WOsTL P n%f%p@%?%é?%@%% FHPRF e Phmick o Bl oo °

or fused riteghree nitrogen atoms include thiazolyl, such as thlazol-Z-yl and thiazol-2-yl N-oxide,

thiadiazolyl such as 1,3, 4- thiadiazol-5-yl and 1, 2,4-thiadiazol-5-yl, oxazolyl such as oxazol-
2-yl, and oxadiazolyl such as 1, 3,4-oxadiazol-5-yl, and 1, 2,4-oxadiazol-5-yl. Particular 5-
membered ring heterocycles containing 2 to 4 nitrogen atoms include imidazolyl such as
imidazol-2-yl; triazolyl such as 1,3, 4- triazol-5-yl, 1, 2,3-triazol-5-yl, and 1, 2,4-triazol-5-yl,
and tetrazolyl such as 1H-tetrazol-5-yl. Particular benzo-fused 5-membered heterocycles are
benzoxazol-2-yl, benzthiazol-2-yl and benzimidazol-2-yl. Particular 6-membered heterocycles
contain one to three nitrogen atoms and optionally a sulfur or oxygen atom, for example
pyridyl, such as pyrid-2-yl, pyrid-3-yl, and pyrid- 4-yl; pyrimidyl such as pyrimid-2-yl and
pyrimid-4-yl; triazinyl such as 1, 3,4-tiazin-2-yl and 1, 3,5-triazin-4-yl; pyridazinyl such as
pyridazin-3-yl, and pyrazinyl. Substituents for optionally substituted heterocycles, and further
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structures. The rings can optionally be substituted with one or nore of the
substituents for the alkyl groups. Exanples of cycloal kyl groups include,
but are WatwhddhéBd to, cyclopropyl, cyclobutyl, cycl greangsshes/doysssohexyl,
cycl ooctyl, and adamantyl. A substituted cycloal ky] group wll contain one
or nore substituents as defined for substituted al kyl groups. [0051]

Cycl oal kyl al kyI radi cal nore specifically refers to al kyI radi cal s bearing
an cycloalk stltuent and ,havi ng from apqut 4 to arbon at ons
(and al ¥2%¥B *‘%Pﬂ‘i‘? e O-merRbeTe R TR dﬁﬁ‘éss‘?ﬁf%f"&?l@@sb ‘g‘ﬁ‘eﬁ' &eﬁh mbers of
car bon 1§ QMR 1931t6 W) DrutitelindrePdn about 6 to about 12 carbon atonms being
preferred and can include but are not linited to met hyl - cycl opr opyl ,

met hyl cycl oheggs) mﬁmﬂ ﬁﬁaéhpaéeér@tbeaw radibdls Bedrihls-anYdr} 108X thend aRY Rive

Cycl oal kyl al’kyl "radi cal or group can be optionally substituted with one or
nor e s ufser abawé Atte abus20tcaebon afoms (ardbalpeombinations ard smpeombinatiangriof emgeso

ot o, R et of Bl o Mol Vit 07 oyt OB 12 MRRA AL

when uslmihgapreﬁenmj étrylalkyl fgrmqmpdaaxbeg oplignally cdubsiuted. Nen-timitngy kxdniples gr oup,

f I t t th
unber Dok Siresameley e Sapb kvt BB Rebrh PSS oM oo
ring cogdajiphefifethyll & éﬁ&tﬂ:@@&é@w %rdﬁﬁ'ﬁllﬂ%ﬂl@ﬁ/ &ﬁ?ﬁ&&re butstiuente oh ¢hef Our

het er oat ons sel ect ed fromthe gr ou rogen, oxygen, and sulfur (hang's

Hal t dbo®¥ a5 plkhraurasdefined for F?g 01‘9? the definition are any bicyclic
groups where an of the above het er oar rings, are fused to a benzene ring.
The"Tol ow 10 Gyeloglkylan radie! o FRHp VS 4p {ayRloRT eredierlyFsgh ey

thi enyl 208 rﬁf‘““ﬂ%%ﬁié%ﬁ““f‘ﬁ%?ﬁ?@?mﬂ# Sy A oo O )
i soxaz odygloalkyland awyd iggdup hﬁhnauvcaatmhyncomm azol yl, tetrazol yI hai at i azol yl,

oxatriazolyl, pyridyl, pyrimdyl, pyrazinyl, pyridazinyl, t hi azi nyl ,
oxazi nyl , t [P0seL ﬁlyclpalkidi auflicati mylgrowxauirazspngiﬁpalb'i tiroludes ngclfqrencdi toa 2 nyI :

t hi : di
|O)r§1adalz | ny{i'lEmt g&ﬁg‘é{i géé%/brolcﬁfaﬁlﬂlaﬁ?f%lhgo ‘Rféﬂﬁﬁ O?nggyér ?‘e raz%ﬁ lﬂalﬁer}yS b]
pyri dazstnnythrearadd maﬁngyﬂromaa%;omeﬁ Ito about U@tnmbdmsmﬂls c(emd whtdombinatidmer areixanpl e

Bgﬂ;gi(?qzu ab ggé?é é/ﬁ d'ﬁg gp%‘r‘f chI a )é)g"cgqbgl? gtzo(l)l}sh g‘giln thy tlrdm about 3
Parti c%%&m ﬂ&trwnoaamé Selhé\ ﬁ-dféiﬁbd Multrih bwc@ire@mw be bridged or fused rm

(car boxynet hyl) - 5- net hyl - 3- thiazol - , 4- (car boﬂ%’gmat hyI% rret hyl -
3- t hi az¥muctprey, dmgamgpﬁonaiybezsuhsttmwmaﬁ ormgre ofghe or th

5 e ) e “dmpice of ISR Shp e’ pEE bl ity E#ﬂ%fﬁ i

sodi um walotutylzcmnsowy c;@clnlmxrﬂl/ byc:lqoctyia and admml -A wb;ntuteﬂ ;ygoaikﬂmtuﬁzl yI l1,
3, 4- ,
54 Sia‘ai"%i%%ms,onx pr e hopbacods s defhif ?ﬁdsk@*@‘te@alﬁlt%&gaf ol sy
2-thiol - é&bﬁl chla:giq"él @y%?ad?’cal’ 2 gprggltﬁhyli referg to alkyl racflcallsagéa%m o-yl,

2- am no- 1
cycloalkyl substituent and having from about 4 to about 20 carbon atoms (and all combinations

and subcombinations of ranges and specific numbers of carbon atoms therein), with from
about 6 to about 12 carbon atoms being preferred and can include but are not limited to
methyl-cyclopropyl, methylcyclohexyl, isopropylcyclohexyl, and butyl-cyclohexyl groups.
Cycloalkylalkyl radical or group can be optionally substituted with one or more substituents
for the alkyl groups including but not limited to hydroxy, cyano, alkyl, alkoxy, thioalkyl, halo,
haloalkyl, hydroxyalkyl, nitro, amino, alkylamino and dialkylamino.

[0052] "Heteroaryl" alone and when used as a moiety in a complex group such as a
heteroarylalkyl 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
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tetrazol - 5- yI 1-nethyl -1H tetrazol-5-yl, 1-(I-(dinmethylamno) eth-2-yl)-I
Htetrazol 1- (’car boxynethyl )-I H-tetrazol-5-yl,

1- (car boxyné”(%}‘?“f’-oaﬁ% etrazol -5-yl sodium salt, 1- (methyl BGI/U8H0§007068
acid)-IHtetrazol-5-yl, I- (methylsulfonic acid)-IHtetrazol-5-yl sodium
salt, 2-methyl-] H-tetrazol -5-yl, 1, 2,3-triazol-5-yl, 1-nethyl-

2,3-triazol -5-yl, 2-nmethyl-1, 2,3- triazol-5-yl, 4-methyl-1,

2, 3-tri azolfrorr ¥he topﬂ)ﬁi‘ ﬁct&roytbmkl-seledtb&lﬁonﬁﬁﬁ%&dﬂ@XMtragen( Bxy@eh dal)d pif dang's 3- vl ,

g- Eig; gizgﬁﬁl ﬁg fﬁhemlsfyzlsupga Eﬁ{lflgqualﬁﬁﬁ Q,e]fgntlon a axP)y lgllcy%hé g¥0ups where any
6- di oxo- 4- ik hyove hbfehf&?-yl nm%s Yo fubed tb 2 befzch&tnahYRY olkbwirlg ﬂﬁgwstmismfb) - 5,

6- di oxo-as-tri azin- di hydr o- 5- oxo- 6- hydroxy- astri azin- 3tl¥t
€ term

2, 5-di hydr @Xanﬂk%ofesfhe }nlytaﬁowy (‘&lsether ﬁlebgtlwteé o;IUﬂ@tbﬂImml)s ghoups denoted by

2, 5-di hyd 6 s 2e I

25 di hydr on G BRI SCHE TS SRR birBti, BELS ibinierSGh HBA boragolfl
ge':] hgxy g rtmtzb}yll ﬁadiazoly]z micﬁazply,l @g&o@lhmm%zﬁﬁbxmmolm , yTidyl3pyrimidgl, 5-

i ro- oxo sotriazin- |

6. i et hy1 BV R Wi o SiadipVh sy T, SRty figyeciny,

8- am not et rdamhﬁyl[ bxathiabihyl; pwalzﬂ@zltnmﬁmyilnyl Avxatidati@yl) aithiadiagin gy Fi’mldazolmyl
of ' het eroaryl "i ncl.ude

(car boxy e A yRIOPSTTIAGL o hySORTRR A HeabeIg < Bifdeainy] s punyh, a5 well as”

3, 4-tri azolwrrovused?- B‘@ﬁ\mﬁmsl fgr 4-eehiupi@ O! berzdagolyl+ ﬁe%héfﬁf@@' - Benz¥thiazolyl
1-nethyl-IHtetrazol -5-yl, 1- (di met hyl am no) et h- 2-yl) - TH-tetrazol - '?3y|

1- -17 VO HewsttislizpylrCT/ Uévzmagglwbes (bamm idegolly| ) - R t et r aindelyl- y| |
1-(carbo I I Nk C d) - | H-
et r azol - L Tareblaly tlet BEASRRiae: s BAGMRER, fontborh BRYPS ST SO
2, 3-triazol2-g; w ,(cathbokymbthyl)-5 mbﬂlylhl);cﬁ-ﬂndipﬁz-gﬂ cxdiur- sait hyl2—4aﬂnﬂirazdz§ yl— 3—y|
5. dit hydr o SRS it Ts Wornod sty ln e EYSh: Ui 4B Cvdidhy, >
2, 5- g' hydr g'rzﬁ mezem@i hx@m&ztry@mm@i%gmam rhoBtu)ﬂ salf, at«raamya rfléthyl 15- b]
pyr| azi n- %%gﬁﬁg m note a (0] yr| Zi n-

"1 nhi bitor" é-yéo QRO 'IYE HL> retieradiazelr ISI? gl b rﬁé—eacwéﬁZﬂlgS aslp 2rap
proteins t QuERSRAREDL ‘i’t?JIJ&ﬁad?izol’l@Jth ﬁﬂ%éﬁcﬁézo% y@rlegﬂﬂthﬁdfaﬂﬂ s-pm-giigiiion of

apoptosis 3|>/AaanIAP protein, binds to an [AP BIR donmeln in a

manner si midthiadipzelhEylaat (f@ethléﬂm)riaﬂ b tb@dlazﬁrﬁ-ﬂf 2-gmino- Lt%ﬂmﬁ}uﬁl‘%&l Af- Smac
t hi bi t | t
i (I’)IC; Bdle Ioot Oﬁyféggn%ﬁa)geel@{éc}%l I(L)%%g}(tl ég%wﬂa ceu ?-%)af accep?aiba d

acid addit l(canbcsrarhmﬁlyr)elf eHstem'azot-Bnylse ls(adrbcscymmyl)-lHetbmaml-ﬁ-lyb sdsﬂmh ogalktal 1-
effectiven

bi ol ogi cal | 918%’?( 315(5) )ts]flgle % é‘% { ?ﬁ?@ﬁ andw\j\%'g%ﬁﬂséy git?fjhlgl lth as

hydr ochl or lzcmaﬁylciH-Iau@bnbrme C2,3a64-d- s-wl ~Hieth§1-8C 2 3 triliicl] 5iyE, 2édethyl-ganiioni c
aci d, phosphor’gé’flm d and the I|ke and, organi c acids Sy2 be sel ected from
"o ¥y

al i phati c, T30 Ylel, 28rt5azalooy pyrgdi2-yinaxide, Sraethosyfc (1-exide)pyrdazy | i c,
apg sglnf gnggylgdi-ﬁ?d%@)?yp?ﬁd&[ﬁl?P it Sy 1F43dSUGT) 1 2dheth9IpHi &4, Ay REEHIEmAL4-h,

| | |
prop 14,5 6-tetrahydro—5 6-dioxo-4-methyl-as-triazin-3-yl, 1, 4,5, 6-tetrahydro-4- (formylmethyl)-

5, 6-dioxo-as-triazin-3-yl, 2,5-dihydro-5-oxo0-6-hydroxy- astriazin-3-yl, 2,5-dihydro-5-oxo-6-

hydroxy-as-triazin-3-yl sodium salt, 2,5-dihydro-5-o0x0-6- hydroxy-2-methyl-astriazin-3-yl
sodium salt, 2,5-dihydro-5-o0xo-6-hydroxy-2-methyl-as-triazin-3- yl, 2,5-dihydro-5-0x0-6-
methoxy-2-methyl-as-triazin-3-yl, 2,5-dihydro-5-oxo-as-triazin-3-yl, 2,5- dihydro-5-oxo-2-
methyl-as-triazin-3-yl, 2,5-dihydro-5-oxo0-2, 6-dimethyl-as-triazin-3-yl, tetrazolo [1, 5-b]
pyridazin-6-yl and 8-aminotetrazolo [l, 5-b] -pyridazin-6-yl. An altenative group
of"heteroaryl"includes; 4- (carboxymethyl)-5-methyl-1, 3-thiazol-2-yl, 4- (carboxymethyl)-5-
methyl-1, 3-thiazol-2-yl sodium salt, 1, 3,4-triazol-5-yl, 2-methyl-1, 3,4-triazol-5-yl, 1H-
tetrazol-5- yl, 1-methyl-1H-tetrazol-5-yl, 1-(1-(dimethylamino) eth-2-yl)-IH-tetrazol-5-yl, 1-
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acid, gluconic acid, lactic acid, pyruvic acid, oxalic acid, malic acid,

mal ei ¢ acid, maloneic acid, succinic acid, fumaric acid, tartaric acid,
citric awiohoodéheyati ¢ acid, ascorbic acid, glutam c agicyyeobdidoasss! i ¢ aci d,
benzoi c acid, cinnamc acid, nmandelic acid, enbonic acid, phenylacetic

aci d, nethanesul fonic acid, ethanesulfonic acid, p-toluenesulfonic aci d,
salicyclic acid and the like. [0055] The terms "mnmetic,” "peptide m netic"

[0 a paPerRmeDt | JPHERDT " or WHCRRREPREL ROFEERe SRSt ne

terti ar(&lfeﬂiyﬁdlf&ﬂc ls&m II-I—LtétﬁazOYS gLtk ﬁmgtyylailfoams?iuquetétrml-s-\ye s&ﬁmlTsﬁE or
proteln uncti ona o I.nal ng not | or . act ese
pept i dé» A3riEegol3-Ylnkt L?@QS te"fagﬁ‘%ﬂ’érq?iﬁlﬁl‘?ﬁ sthylaeiragiord -yl Xo%tg’f‘{ a9~ des, as
wel | ag. ﬁg,@xfueﬂg%ag%rmos WG Rridstn-3HR 3, S-H?B}rﬁﬁlrﬂ-&od(; B%YTE-Eﬁe‘ﬂﬁﬁl-aﬁs furt her

descri be used hereln the terns "pharnaceuticall ﬁ
accept atmﬂeﬂ-?» -yl p@dmm(ﬂabgz éd!hyslm-i-cﬂ@rﬁamdéﬂxhﬁme@thiléaﬂ yly tatragale dhs

are usoPTPLRRLEE S8 PRI I B p bR, T ar e Capanie of
18 VO 200648 ﬁ%%m% S PRRP cBRFARE w AL S REE oI g ¢ ot

t he productl esira Si1 ol ogrca suc ausea,

di zzi ngseteins a:sdaspase p@&eisrar evhithyeduceq @Qﬁﬂvbnts Bhecivihiblitiog 'of Wmslssl@chni AP
ns to admnister. a era eutlc irectly

conjunction wt p

O P, oh hich pinds, o (2 B 30l in e et S ok FBRoLeipdl | oot
wher ebypotita df BRiaaRRES CrddftiE Sniaéeb IhhitMACAdtioh BLarl IAFEUE tO which it is
targeted. [0058] As used herein "subject” or "patient' 'refers to an ani nal

or manmmal i WSHP"FIanad%ﬁcaﬂ?hcdebﬁbk%dlt@'anlﬂ&kﬂﬁdih a6id%hnd BRke a&éﬁt’io’iﬁsaltﬁ ow, pig,
sheep, 8oat chi cken, nonkey, rabbit nmouse, etc. [0059] used

her ei n,"Pharmaceutipally; n@eaﬁgbletmd aﬁé‘&ﬁ% S8 & agféﬁt to thase zels tvhieh émnn tsnbat ,
anel i on [ Mot b
ot eniolgiedt cEHeRonls, bR EHERisS B U ROL Boect AE WA e ol LRGSO o7
apopt oaﬂmrwm dnddausblmeﬂormezﬁem inof @@R04cidshsuch @8 mdrochimeptadst hnydatbhrgmsf fective
anmount " Qar I ve.ampunt ' d | nt er changeabl y
ana - refeefl Pl SE M R Yarp® ot oenfificaloh e B, iR orasilc 4RSS
i nvent inmy. bel-‘selecteﬂa‘mni aliphatid, lcgclegliphitice adomﬁnefafrzdxphamehamuydhcpéarboxyhher apeutic
conpound | redet e n1ned t cal cul at.ed t.o achieve the desired effect,
er " apd SOFARIESIFRSER f QSETHfACUS SHOTSIOMC ag, $96HE A RIPBIONS 356k 83§ apopt osi 5
prefer %bid}’ Ta¥orfi hﬁﬂ,nﬁéﬁd‘ﬂmﬁ-fbyrdvm:’adld] hixBlid b6, VAR HRAEIE aclIDERIGERT er abl y
by |nh|b|t|ng an | AP binding to a caspase. [00611"M metics" or

pept i @6 ﬁaésm@s'wldafww eI ctartaricasid sitRifacid asnartis agid, pscehic anidneiEIBiga
Struct UeQ biltGnili@ acid Obenz618 Bl AGnddREd fcid, ARG J6R0 _mbbfic ta@nﬁ,eﬁheﬁ&lﬁ?é?ﬁ' onal

structure
acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicyclic acid and the

like.

[0055] The terms “mimetic,” “peptide mimetic” and “peptidomimetic” are used
interchangeably herein, and generally refer to a peptide, partial peptide or non-peptide
molecule that mimics the tertiary binding structure or activity of a selected native peptide or
protein functional domain (e.g., binding motif or active site). These peptide mimetics include
recombinantly or chemically modified peptides, as well as non-peptide agents such as small

molecule drug mimetics, as further described below.

[0056} As used herein, the terms “pharmaceutically acceptable”, “physiologically
tolerable” and grammatical variations thereof, as they refer to compositions, carriers, diluents

and reagents, are used interchangeably and represent that the materials are capable of
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of a selected peptide. The peptide notif provides the mnetic conpound wth
the desired_ biological activity, i.e., binding to | AP, Wnerzi Q{Q@ F ndi ng
activity of MM ¢ conpound is not substantially red§dEP20HANM8 of t en
the sanme as or greater than the binding affinity of the native peptide on
which the mnetic is nodel ed. For exanple, in the mnetics of the present

I nvention, we have found that X3 and X4 can be quite non-peptide |ike.

Pept i doni nadnbiistratiomyon ds mammah swithowtdtié pradnetioncbfuralesimblespliysiologial efferksance
their therﬁgﬁutic a ﬁj i.catio such. as_.increased cell perneability, greater

affinity aigrar naseHEomeshdaslh 8 8RYE4PH ol ogical half- [ife. [00621 M netic,
specifically, p . dom neti,c desi strategies,are readi ly avail.abl.e in the
art and can be @ﬁé‘}lh gﬂ’aﬁlﬁ éﬂ“‘-}‘d‘ﬁ‘%ﬁ‘géoﬁ‘lﬂnﬁﬁg “B?’@s‘gﬁrﬁp?“%ﬁgﬁf?sotﬂ aggnggs?erep_ g.,
Ri pka & R Hsapbiic’ direclP inté 102 BntoBh @drget Aissubddr #PLAmihRB 2 BEMPoutietto dl patiefdur r .

. Chem Bi oP. 1, 114-119, 1997; Hruby & Balse, Curr. Med. Chem 9,
945-970, 2wberpby thp theppawic positivelynpactshessue tg whighikisdwaetedhat is partially or
conpl etely nog&g&tzi de, but m mcs the peptide backbone atom -19 WO
2006/ 091972 P doorsedhaeis “sybjeet Qropatisnl etsrpleias aningl gemgmpyghicuiging.
| i kew se m,m : ngtd ' shige : i amj:NO
acid resi S‘B\g‘sn?)t @\%ér {gf ﬁ%%ggb%;dté ﬁérrﬁ’%’ Egvlv, %lg’nsés,‘ ’ga a;t? afé%l%e%pﬁoﬁ?’or\éss’?g?a,t’

t hi oam de, mouse; eeni de, reduced carbonyl, di nethyl ene and ket onet hyl ene
bonds, are known in the art to be generally useful substitutes for peptide
bonds in the coji§5%]uAstisedhaxéinpthe terms therapewticd ngeats geggentoilizedtoi tost, cambather

cl ass of peptidam netics.conprises a small..non-peptide nolecul e.that binds
o amot hey TREITRSTEH JORION BT P oH o Pt szpPoRy “EbpeRt ot

m netic of thelpeestrtiinveéftidnempé digkted Y6 bro@ided dpoptosis,and titks celp@datilom meti cs has
arisen from conbinatorial chemstry and the generation of massive chem cal
l'ibraries. ThespognrBeatins “théigbutiady taéetive! SARMEAL B5“sffective ahfiayhs used

structural]ly unrelated tg the native peptide, possess_ necessary funcH onal
groups posMEEBnERY e ueed dniseshansgably @nd o) te gn cmpauet 9E a themspiia Aempay.

m metics Ofohiimemt! dfOhe ?i’esﬁg%{'éﬁﬁoﬂ. %%&a&p@é}%h%hfﬁég‘?ﬁicalwgﬂ’f&%ive amount of a

Tetrapeptidon netics of t i nvention are ype “di scl osed and cl ai ned
in US Pat etherapenticgompourglgs a peedetermined arhount od@dated to achieve therdesicdlioet be.ed i n

q g . o ; B .
i ot i oot ey el EBbob L SE) b och W blosisBiitebly b Bt G5 B
M neti cs OIAR inhibitivmef Fpdpidsisn tioregpreferably diySnlabieing aeIAR biading Tdwecaspaset i cs

described herein are suitably small, and since structural features in ,
relation to thel006¥ ‘Mimgiics orgfpaptidondmetiost|are cirthatict eompoands bavigle tomed ety

of mnetic,conpounds nay be synthesized., , Added advantages of .conpounds of
Chis of ze SERGE SRS O 20 FRIBPRRHSY TOER JaEuLTo8 S Brarfmepmip aLagege
del i very tef 5etle@tédfeptide.dhs peptidel Mot proiaeslthk nigietic RbMPEInAERTh tHehdesired

TAP- bi ndi ng_ Pept | des, of the invention are nodified to L
iological activity, 1.e., binding to IAP, wherein the binding activity of the mimetic compound

D

is not substantially reduced, and is often the same as or greater than the binding affinity of the
native peptide on which the mimetic is modeled. For example, in the mimetics of the present
invention, we have found that X; and X4 can be quite non-peptide like. Peptidomimetic
compounds can have additional characteristics that enhance their therapeutic application, such
as increased cell permeability, greater affinity and/or avidity and prolonged biological half-
life.

[0062] Mimetic, specifically, peptidomimetic design strategies are readily available in
the art and can be easily adapted for use in the present invention (see, e.g., Ripka & Rich, Curr.
Op. Chem. Biol. 2, 441-452, 1998; Hruby et al., Curr. Op. Chem. Biol. 1, 114-119, 1997;
Hruby & Balse, Curr. Med. Chem. 9, 945-970, 2000). One class of mimetic mimics a
backbone that is partially or completely non-peptide, but mimics the peptide backbone atom-
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produce peptide mnetics by replacenment of one or nore naturally occurring
side chains of the 20 genetically encoded am no acids, or D am no acids

wi th ot hgig Bbflew16hai ns, for instance with groups such @syadXydnoégner

al kyl, cyclic 4-, 5-, 6-, to 7-nmenbered al kyl, am de, am de | ower alkyl,
am de di (Il owner al kyl), |ower al koxy, hydroxy, carboxy and the | ower ester
derivatives thereof, and with 4-, 5-, 6-, to 7-nenbered heterocyclics, For
exanpl e, praline anal ogs, can be pade in which the ring_ size of the praline
resi duelor-atoahand semprises Fids ereupp dat likeyvise migtic e functiopslisy pEthe cide gravpgPHups can
be sat ufatgilyOhmis 3L’ Rkidtks, aREverdl YPSAbL LRinGiCal 663s,PE g2 QIR thibestdd!

non-aronati c. Heterocyclic groups can contaln one or nore nitrogen, oxygen,
and/ or thingmgdeuretthamide oaduped carbompslimethylenosandtketpmethydent hondsdere khewn i azany| |
i m dazo} i dinyl | m | eorabfl | i | sQt:hi j y
mor phol tilhﬁyaftr}%geﬁeggen%ﬁﬂﬁ\lg%f?ﬁn%u)b%ﬁ%%ggﬁI%/eﬁ?{&e %‘l%% rlgzt?%\%r% e‘fﬂgﬁqﬁﬂ%ﬁ%}é& azinyl),
pi per i diebistast. [@ptidongietics. dithothgri qieas iofl peppidompyetivn ybmprises azimajll non-peptide
pyrazolidj nyl, trzolin .azol yl , . pyridazinyl ridy. rimdinyl,
D ol 1 Pl e e o i bl Fots it RO sk et ko 1

t hi azol yimetichb ¢l nativei papaaRNOVetplotee - dthss of 2pbpHiBORRBiIc) hh9 Gdisen from

PCT/ US20061007068 t hi om)rﬁgol I no), and triazolyl, These heterocyclic groups
can be mbinstarial gherpistry, Aad, fergeneration of mawsive chemicgl, Hbratess | Blgse wenegdlly ¢ he
substit ; k h unfei Mati H r
unsubstit téﬁﬂgﬁégﬁeﬁlgﬁ%’? ?g_’o@né%getdii@gﬂ%gg_ual so&ﬁg)vtélga?r%nﬁéjo ci%tﬁrog_%issgues t hat
have beersqesstmyrfincdionsl groupisfriositionsd qrho sprpeptjdeascatfeld te serve a8 {"topegraphical”

bi oti nyl ati.gon t he .14 QR: 1O LE t leties..[ 0Q66] The
ot osent mEhpf Bie ool Belde IRip8 e, R (88, Bonf), "FlesBplifohifesioy 8l

St r uct uiheertibn aitad tHedype disclesed aed glaimbd indiS PitentNd. /992,063 to8hi et b0 of Snac.
Stereoi soners of the mnetic conpounds described herein are al so
enconpassed [0063] Fichap becedeimonstvded in @ccordaee withh reniréseit inventiopthavthe @5P-net hods

of usi Jhese mnetics to nodul ate apoptosis.and further for therapeutic
pur pose F&‘%Beﬂt‘??ﬁe‘ﬁt"iuﬂﬁu“aq thge PB‘?/‘F“B@@L?P °é?“|’i'§?l‘?%‘ip<9§t°ﬁlﬁ8?ﬁeé]§'hods for using

these inter Lates for the pre ti.on of ,conpound I ch, modul ate

apopt osi s bJWﬂeﬁa% Phdhe ¢ Tt e mﬁﬁ“ﬁcﬁ?%"@%cﬂ? ér\g@'f dUEStEsAPs or
act i vi t gesétibell Meredtt 4r€ EuTtabB snidfl] Arld¥hce btnRfRA] feht@R6 Tl reldlion 6 MedAP Gmdigt N t he
present invention, a conpound of the present invention having the general

f or mul agreave ¥rg wallshatekerizedz 4 Wide varety tafppimatin compopgds maypbe synthesized.

Added advantages of compounds of this size include improved solubility in aqueous solution

and ease of delivery to selected targets in vivo.

[0065] In one embodiment, the IAP-binding peptides of the invention are modified to
produce peptide mimetics by replacement of one or more naturally occurring side chains of the
20 genetically encoded amino acids, or D amino acids with other side chains, for instance with
groups such as alkyl, lower alkyl, cyclic 4-, 5-, 6~, to 7-membered alkyl, amide, amide lower
alkyl, amide di(lower alkyl), lower alkoxy, hydroxy, carboxy and the lower ester derivatives
thereof, and with 4-, 5-, 6-, to 7-membered heterocyclics. For example, proline analogs can be
made in which the ring size of the proline residue is changed from 5 members to 4, 6, or 7
members. Cyclic groups can be saturated or unsaturated, and if unsaturated, can be aromatic
or non-aromatic. Heterocyclic groups can contain one or more nitrogen, oxygen, and/or
sulphur heteroatoms. Examples of such groups include the furazanyl, imidazolidinyl,
imidazolyl, imidazolinyl, isothiazolyl, isoxazolyl, morpholinyl (e.g. morpholino), oxazolyl,
piperazinyl (e.g. 1-piperazinyl), piperidyl (e.g. 1-piperidyl, piperidino), pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolidiny! (e.g. 1-
pyrrolidinyl), pyrrolinyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl, thiomorpholinyl (e.g.
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b RRb Y R~ Rtob (CHz" Rob R3b wherein R and R2 are independently H
tert-but oxycarbon benzyl oxycar bonyl, acetyl, trlfluoroacet 2
optional | y- WQH&?Q’%&W@d al kyl, or Rya R5b R5a\H~ or Rsb\ HEPCIHY 'WP@F R5a
and R5b are independently H, alkyl, cycloal kyl, cycl oal kyl al kyl,

het er ocycl oal kyl , aryl, aryIaIkyI, heteroaryl, het er oaryl al kyl or each
optional |l y-substituted with hydroxyl, -21 WD 2006/091972 PCT/ US2006/ 007068
mer capt o, thitnagsholine)rambtriazodylb Thyde, heferdcytlic frah;fsaiak}bb subtiteeadyor vasubstitielit hi o;

mer apt 3”"1@%9@%25@;132%8%30% SSBstafoRf an o i kot BB, SHYEBRIQH ¢ hi o
or, opti ongbktitute®arumasktihed FHefylC FRPAIInTEhelds xaay aldd KWeQifino aduk RI3iALE Bat

al kynyl ene bridge of 2 to 12 carbon atons or tionally-substituted

al kyl ene, %ﬂvké’ﬁ‘;ﬂ esmically mpdificd by Pbpspagwla@pmzsu! nationchipfifatispotrdhewddiionone or
nmore car bog h%f&ﬁ&ﬁ&%éced with N, 0, or S; R6a and R6b are

| ndependent |y tert-but oxycarbonyl, benzyl oxycarbonyl, acetyl,

trifluoroacetyl | i 7a
R7b Rsa H- or [??sﬁ] H@L pg %ﬁel Vee?l{egl)@gw;m%%i glgdelll}i% I'n epengent F’thlfrﬁ/ bgainf’ﬁ
cycl oal ky| struktakeoaf] Saydc; to APRSactvity ke Nrtekmiirg lportiod oRShlacaEteraoikeqneusdléﬂtel y or
t oget her formarl aziridine or azetidipe ring,. a_a R8b
b 1 ndepeRE SR HRod el Babf, i R prRomPERtd ) b8 Rrpitftmfon”"The

cycl oal kyl ﬁllvénﬁlon ahelpﬁﬁ'ﬁi%ﬁ wiethodd ofhﬁin@rth&é yisbtiosito hﬂ@&ﬁl@ieﬁp&gﬂ@dis aidlﬁﬂtherifdirw
aryl al kyl, cl gal k cl,oal kyl heteroa nd tE ‘if’rfrﬁ ar, I kyI S
opti onal | ytP B"é’FFtP ?PSV\A inyen Videgpigrme F%Q’E‘t’&e Lo (v} g &k y 1 |

al koxy, aninfemediatek faﬂrm{d)preﬁatﬁﬁ%f@aﬂp&ms ¥hsthRRGAS apdﬁ&hs%}nmidﬁ%ﬂg gent | y

or together forma ring such as an aziridine or azetidine rin R3a and R3b
are i ndepelstiant bipdipg S‘ﬂﬁ%@ﬁsmﬂéltkws axagtivityf sheiteryinal pertion of Smas ani no,
aryl al kyl am no, hydroxy, al kyloxy, aryloxy, arylalkyl (fldroxy di al kyl am no,
am do, [0067] In accordance with the present invention, a compound of the present invention

having the general formula (I) is provided:
R;a

Ry 108
CFoni_

R1’N (R

R,b

RZ*N (CH,), R;b

R;b
wherein R1 and R2 are independently H, fert-butoxycarbonyl, benzyloxycarbonyl, acetyl,
trifluoroacetyl, alkyl, optionally-substituted alkyl, or

R.a R:b

] 5
H o H

where R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,

Rgsa~

aryl, arylalkyl, heteroaryl, heteroarylalkyl or each optionally-substituted with hydroxyl,
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sul fonam do, or am dino; mand n are independently 0, 1, 2, or 3; X and Y
are independently 0, N, S, or C=C, R9a, ROb, Rl0a, R10b are independently H,
al kyl , wepPlobdaby- substituted al kyl, aryl, heteroarYer/us2006/007068
optionally-substituted aryl, heteroaryl, or R9a and RlOa, 2| ndependently or
in parallel with ROb and R10b, can be linked by 4 to 8
optional |l y-substituted atons such as C, 0O, or S to forman aromatic or

N,
- tic.ring -22 2006/ 2 PCT/ US2006/,007068 d W
Coval dHFETAPk, SelsHeh i S, A BRI e e ARAFRE g ricrna Kotk ene.
aryl, ad daiekddntn dpticdayty-hbstutddwiiehrirotyg iéeay, haloged, ared, khrdbigl) ene, or an

optional | y-substituted al kyl ene, al kenyl ene, al kﬁnél ene chain of 2 to 12
car bortlkgdorloaliyd: gkoxy, Ot FHKYHBIoe 05 0ntgRalln e adnRER A penneeted WtaR N, 0, or

S, an b enk HEAREBASNG 1 SRSEN or Iy- i
opti o%gﬂléy?’sﬂgéshtyﬁnh’t aelgﬁgll I?yl N yd?oxgallmkyl , a%tﬂ‘gi' al {;(Iy‘{;ai %rsubslt?llmt?da and Rl Ib
t oget lbleyleer atkenylent.lalyapilene bidasmfi2eted 2 cariopratgranwherg ong ok fogxgaabady | ene chai n
of 2t e one or nore carbon atons are, optionally,

repl a@god&%\nu%%&’%?&o\?mg?o\é@ en WA and Wb are not covalently bound, Wa and
Wo are independently be H d, Br, F, alkyl, CN, CO2H, and Rlla and R 1|Db

t oget Rfia fand nRGn ant kipdensadently k Hnylersrbutoxaitdrhonyl, e henzylowycagbduyl, oxsetilky| ene

chain g t 2 0 . Qr t || stituted al kyl ene,
alkenﬁvéﬁ%?mgw ?ﬁ%ﬁéﬁgga%&egﬁ%g?ggg%sﬁ@%@ﬁé“@ﬁgin of 2 to 12 carbon atons
where one or nore carbon atons can be replaced with N, 0, or S; or WA can
be H d, Br, F, alkyl, ,AC0ZH and W and RRH a together are a bond,

al kyl ene, alkenylen?a al kyinyl ene, aryl, %ylal yl ene, aryl al kyl al kyl ene,
heteroaryl, heteroa y?éN ylepé, or%an opta | bstituted al kyl ene,

al kenyl ene, al kynyl ene thainlof 2 to 12 carltbn atlons where one or nore
carbon atons can be replacéa with N, 0, or 5, afd RIlb is absent or H,

al kyl, .optional ] y-substituted. a hydroxyal kyl . al koxyal kyl . [ 00681 The
cormolMFEE REE ST hireiERLr . cRiGHRY Rrafion BEHR Bhand o ne i oo
and i rgbrand @78 casintiéienddndy or tbheth@rfomeaiing suchak boaitidifie ockestidiherggsi omer s of
each disclosed conpound. Generally, the conpounds of the present invention

inclu tertr tide. mnetics gf Snac, .coyelently attached di s of
t et rapept i é g‘?ﬁeﬁecémﬁmé?ﬁ@ aﬁd W%E"bentaﬁ?’t Macﬁ@ﬁﬁﬁgnﬁmﬁ?@i’ of
t et r apEbaIRAalkyITRétEOaryR for BotBGarylilyD diheRirSeadh ik @8R, diyIaRY], 6fcloallar ei n t he
substantially 1dentical tetrapeptide in netics are covelently bound. [00691

The expaptlidaliy hetareards apd) befrrasnulafieyl - coptiogaliyrmbetitpied With hadoge® pr oduce

the qga%gayugﬂ%mfaﬁtwéaﬂsﬂxﬁ; LkSE dikoky, Rnind ek bt bPR8MNd N3 A0%PMAS29, herein
i ncorporate
v can indegendently or together form a ring such as an aziridine or azetidine ring;

R3a and R3b are independently H, halogen, alkyl, aryl, arylalkyl, amino, arylamino,
arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino, amido,

sulfonamido, or amidino;
m and n are independently 0, 1, 2, or 3;
X and Y are independently O, N, §, or C=C;

R%a, R9b, R10a, R10b are independently H, alkyl, optionally-substituted alkyl, aryl,
heteroaryl, optionally-substituted aryl, heteroaryl, or R9a and R10a, independently or in
parallel with R9b and R10b, can be linked by 4 to 8 optionally-substituted atoms such as C,

N, O, or S, to form an aromatic or non-aromatic ring;
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reference in its entirety. Suitable peptides and peptidom netics are al so
described in U S. Application No. 11/184,503 filed July 15, 2005, ent itled
"LAP Bi ndi ng Conpounds"” based wupon U.S. Provisional Application

60/ 588, 050 M@ &#Wo/9WN2 15 2004, the disclosures of which %@HUW@P@?MOGS

I ncorporated by reference in their entireties. [00701 The binding affinity
of conpounds enbodies in the present invention to the XLAP was determ ned
as described by N kol ovska-Col eska, Z. et.al. (Analytical Biochemstry -23
WO 2006/ 09 19Heh R@ET4ldSABO4E @valaly §ond4Wa andl Wh3d2:a2bdnd? dlkylens,i aikpngleugr i ety

Concentr ot PUREYSRe. BAE Faliae ABTOOHIAS S, sy raomrdaliaind o el o

peptide (AysREGEINhsHAmRd Akiddneaditte neMlqunyréhé\E’hﬁh B82 k@12 dhbdH diomé whdrei N 100
L of O. 1MAtFt>igt ass?ﬁm Phospﬁg?e buf frfe}/gle pH 7,5 containing 100 g/ m_bovine

y- gl obul i n.one 5| MeFi q@gbqnn%tarﬁat%rbe rﬁPJéCﬂSoWﬁh. aPi 6h Syand il lprang Rlibeare

measured o f d
em ssi on fﬁP&géﬂ(ﬁ{l@ S\e/n ues reﬁﬁ Sﬁ?ﬁiedta? rg(m ‘1%”"}"?‘%?@ ﬁlg? ﬁdr?omn ri near
| east - squarRidaandiRyHi wgqthﬁrrfgm}!m;lhﬂmt ﬂkw&nne,'l’&i@mnpmn taﬂtelloem@c)rlen@@diainher ein

afford KD es~in.the ran of Kn < , =
1-10 M (C;/q'IZL{O 2 IR%"@‘&%“BRA %)%Pn%%‘é‘?%%f"%ﬁy ﬁﬁﬁsfe'kp‘ﬁ?n%—} plpc %N@ P), P4
K," HlWene,orBt N, water IH--~1HA 7 4 KkF
2-(2-Brono-6-fluoro-1Hindol-3-vlinmethyl)-p)irolidine-1-carboxylic acid

tert-butyl t 2 100711 N 3.2 q,=17. | ). s ad o ution
cont ai ni ng V?ﬁ?rgﬁ/&(a A“_rLbialﬁ “°ﬁﬁl¥?‘?"ﬁﬁ3hb‘tﬂe% w(%%gﬁo ‘Eéaﬂgﬁgt?yegeeﬁegﬁgs ’(r)lé'act i on
m xture wasallygaineCOZH; @H/R1 2 a8PR B torethdrdorm? atalkyleid) alkenyeieNilkylylenana! ysi s
reveal ed corrpl ete consunption of I. [TLC analysis, 4:1 hexanel/ Et OAc, R48) =

0.4 ; Ra2) alkiexyplkylepgs chaiBcot dn tori bt G?TB"W%&T eeptiogallynishlstiuted; allylengt ur e
t hen pour eCLllEéﬂSrl@néi aﬁc?ﬂgﬂéﬁ% &f all?jlé:dgﬁl%yﬁﬁé chaitl¥¥ 235 29 ¥&bo\RtSmS W&n%%n%ltxﬁor%o 15%
Et OAc/ hexane to af f of as a white solid. MR (DVBO, 300
MHz) 511. %arbos atomsicpan by r@éace mthM)O. orSc)Qr W, cag be 31, £14 Br, Fm)(yl ENg&OeH 1H),
399 (I b 3y 224 Kl oBtther e § o, dkcifieh bbb, iyt artalSrend) -

' ' ary’rlalicylallcylex’le, heteroaryl, heteroarylalkylene, or an optionally-substituted alkylene,

alkenylene, alkynylene chain of 2 to 12 carbon atoms where one or more carbon atoms can be
replaced with N, O, or S; and R11b is absent or H, alkyl, optionally-substituted alkyl,
hydroxyalkyl, alkoxyalkyl.

[0068] The compounds encompassed in the present invention include both Smac
mimetics and intermediates therefor. The present invention includes stereosiomers of each
disclosed compound. Generally, the compounds of the present invention include tertrapetide
mirmetics of Smac, covelently attached dimers of tetrapeptide mimetics of Smac and covelently
attached homodimers of tetrapeptide mimetics of Smac. Homodimers are those mimetics

wherein the substantially identical tetrapeptide mimetics are covelently bound.

[0069] The experimental schemes below are related to the schemes used to produce the
compounds first disclosed in PCT Publication No. WO 2004/007529, herein incorporated by
reference in its entirety. Suitable peptides and peptidomimetics are also described in U.S.
Application No. 11/184,503 filed July 15, 2005, entitled “IAP Binding Compounds™ based
upon U.S. Provisional Application No. 60/588,050 filed July 15, 2004, the disclosures of

which are herein incorporated by reference in their entireties.

[0070] The binding affinity of compounds embodies in the present invention to the
XIAP was determined as described by Nikolovska-Coleska, Z. et.al. (Analytical Biochemistry
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1,4-Bis-[2-(6-Fluoro-1Hindol -3-yl nmethyl)-pyrrolidine-I|-carboxylic acid
tert-butyl ester] benzene (4): 10072] A solution containing 2 (3.3 g, 8.3
nmol ) (25 m), EtOH (25 nL), and water ( ssed under
hi gh vgcrbu%rrgwﬁg%% 4.5 g, 32.5 mmol ), 3 (0.97 g, Sépé%y?%[@g 61091972
PCT/ US2006/ 007068 rrrml), and (Ph3P)4Pd (0.29 g, 0.25 mml) were added and
the resulting m'xture was stirred at 100 C for 5 h. [TLC analysis, 4:1
hexanef Et OCAc, 2) =0.5; RK4€,|—031 The reactigon mxture was filtered
t hr ou@R04, gﬂom B ugingjacvarigy ofiprogericeybstrates andoisreparehaxadke The
Filtrahg, \Aﬁﬁefgpwﬁ&fsr&h@&umstmes@ btsiﬂepw%he&@ﬁthpsw ﬂﬁ&eéexn zEJ ash silica
gel chronat ography 20% Et CAc/ hexane) to afford 3. M% as an
off V\}abQIGiPQPh%(AbURIP k(6 FaatNED)| and 40 nM of\KIAR- Btml@rl oon (BT i5180065-8. 4 (m

o ool St ol ety Byged b s Sl X o By gk Rudilln, 017 17

0 F Followirg iidubatioh,Nhe olarixeion MWiuedd(mP) W medbréd bn a Victor’V using a
1,4-Bis-{2-]142- Acet ox eth fIl , . .
- 6- | 4foner Peitation Jilt ‘-"B;?F‘irétﬁ?ﬂ)?m epigsinn; ftege Iosocuauss Wrry detergiined fm eyt v

esterjy gﬁgﬁrg\/}gmﬁ@ar IJaQtQ»'a{-fgresT &aﬁtsﬁ‘iﬁﬂ@'ﬁhﬂ@a@an@g%ﬂ@@oﬁ@otﬁlﬁs gescllll;etp ol ) in

anhydr was added a sol ution of I n DVF

(10 rrLE)relaafoId(KD vﬁhwsme@zctrmnsnﬂimﬁ)é nMA4),d 'ﬂ(&/édl lch&)x Kpatl- thMent

terrpe %ﬁw hen re-cooled to 0 C. A solution containing 5 (2.8 g,
Dri ‘'mL) was added to the reaction mxture and the ice bath

vvas rem)ved foll ow ng addition. ﬁsjher h at anbient tenperature, LC M5 and
TLC anal yses reveal ed conplete tion of 4. [TLC analysis, 2:1

hexane/ Et OAc, RK4) = 0.4; R (6) = 0.8]. The reaction m xture was cooled to
0 C and saturated aqueo s]NH4C1 wagsccl,added T &\product was extracted with

di ethyl ether. The GT%“G(N /ract s were- wat er, brine, dried over
anhydrous Na2SO4, fi¥yepPed, concent @ rude product was
purified by NP-HPLC (silica '

1.4 g of 6 as

{FyPYPd, K,CO,,
icluene, EtOH, water

[0071] NBS (3.2 g, 17.9 mmol) was added to a solution containing 1 (5.4 g, 17.0
mmol) in CCl; (50 mL). The heterogeneous reaction mixture was heated to reflux (80-85 °C)
for 2 h at which point TLC analysis revealed complete consumption of 1. [TLC analysis, 4:1
hexane/EtOAc, R(8) = 0.4 ; R{2) = 0.5]. The reaction mixture was cooled to ambient
temperature then poured onto a column of silica gel. The product was eluted with 10-15%
EtOAc/hexane to afford 4.4 g (65%) of 2 as a white solid. 'H NMR (DMSO, 300 MHz)
311.74 (s, 1H), 7.56 (m, 1H), 7.02 (d, J= 9.3 Hz, 1H), 6.88 (m, 1H), 3.99 (m, 1H), 3.22 (m,
2H), 2.97 (m, 1H), 2.58 (dd, J=13.5, 9.3 Hz, 1H), 1.9-1.5 (4H), 1.40 (s, 9H) ppm.

2-(6-Fluoro-1H-indol-3-vlmethyl)-

benzene (4):

[0072] A solution containing 2 (3.3 g, 8.3 mmol) in toluene (25 mL), EtOH (25 mL),
and water (1 mL) was degassed under high vacuum. K,CO; (4.5 g, 32.5 mmol), 3 (0.97 g, 5.8
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an off-white solid. "H NWR (CDC13, 300 MHz) 87.68 (in, 2H), 7.54 (s, 4H),
7.12 (in, 94 (m 211), 4.25 (m 4H), 4.14 (m 6H)

2.60 (dd, JWHb’QOG@91T§ 8 Hz, 2H), 1.90 (s, 611), 1.83 (m 1’§F6Usi°°?’}‘ﬂ4°§8(m
24H) ppm -25 WO 2006/ 091972 PCT/ 1JS2006/ 007068 Schene 11l F F O AcO*J ACO
'O ~%4N OAC TFA, CMOAc ONO11 | FF F N B.NTi ~OH NVP AcO HATU OFw

/- NHOOG6 f F Acetic acid 2-(2-14-Fl . _

- ( 2- acet oxymeDhand)(PBP)Pd §-22 835 wmiohiwer@addedandhipt resilting guxture.- was|stirred at

henyl | - 6- I.n l.) hy

Poo7a1 A SR BE ST, FPeREAYORSRE S 05 IREDYOAF IR rebdon o)
to 0 C. Thikhfrs watjiltqmisthmﬂ@hd shorapqﬂl qfeilice gelradd Wasimede&aﬂ:ti%ﬁt@mhablmv@d to
warmto a ed un ana J

conpl ete g@r"fg{% i’:‘ ﬁﬁwldfdblé %ﬂ(‘j}f "?ﬂ\{‘? 'Y 0.7;
Rf(7) 0. @O%TEt@A%ﬂiem) tovﬁmd emgv(ed%@ Bfa as ambﬁrwhnevmgmyaluefes@ndsdhhe 'Hesi due
was dlssolved i n Et OAc. hed tw ce w th _saturated

aqueous Na%%hé"ﬁgm)teﬁ 60$14|(1@ ZIﬂag @dﬁhlzﬁéd" yq@é&fg{)wa@gé@ Wer"qu ;
back- t
Nazson | AT 98, R0 e 6 230 S 13615 e b DVT e O O

yel | ow solid which was used w t hout further purifi cat ion. 1H NWR (CDC13,
300 MHz) 88.05 (dd, J = 8.4, 5.4 Hz, §H)e erf-56 (s, 411), 7.13 (dd, J = 9.9,
2.4 Hz, 2H), 6.99 (m 2 . 4.51 (m 211), 4.26

(m 4H), 4.15 (m 411), : 34(3)9(?18 4%)Hj Sbﬁﬁl

(m 2H), 1.89 (s, 611),
1- (2-tert-but oxycar bonvl am @ i ) yr rolidin-

1.4-Bis-{Acetic acid 2-13%

1.4-Bis-{2-[1-(2-Acetoxy-ethyl)-6-fluoro-1H-indol-3-ylmethyl]-pyrrolidine-1-carboxylic

acid tert-butyl ester}benzene (6):

{0073] To a suspension of 60% NaH (0.67 g, 17.0 mmol) in anhydrous DMF (10 mL)
was added a solution of 4 (3.0 g, 4.2 mmol) in DMF (10 mL) at 0 °C. The reaction mixture

was allowed to stir at ambient temperature for 1 h then re-cooled to 0 °C. A solution
containing 5 (2.8 g, 16.8 mmol) in DMF (5 mL) was added to the reaction mixture and the ice
bath was removed following addition. After 2 h at ambient temperature, LC/MS and TLC
analyses revealed complete consumption of 4. [TLC analysis, 2:1 hexane/EtOAc, R¢(4) = 0.4;
Ri(6) = 0.8]. The reaction mixture was cooled to 0 °C and saturated aqueous NH4Cl was
added. The product was extracted with diethyl ether. The ether extracts were washed with
water, brine, dried over anhydrous Na;SOq, filtered, and concentrated. The crude product was
purified by NP-HPLC (silica gel, 10-100% EtOAc/hexane over 30 min) to afford 1.4 g of 6 as
an off-white solid. '"H NMR (CDCl;, 300 MHz) 87.68 (m, 2H), 7.54 (s, 4H), 7.12 (m, 2H),
6.94 (m, 2H), 4.25 (m, 4H), 4.14 (m, 6H), 3.4-3.1 (6H), 2.60 (dd, /= 9.6, 13.8 Hz, 2H), 1.90
(s, 6H), 1.83 (m, 2H), 1.7-1.3 (m, 24H) ppm.
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2-vlmethyl | -6-fluoro-indol-1-vl)-ethyl ester}benzene (8): 100751 A sol ution
containing Boc-L-tert-Leu-OH (0.82 g, 3.54 mmol) and HATU (1.41 g, 3.70
nmol ) i s NW (15 nlL) was cooled to O C. Aft '
nethyl&@?%ﬂ@%g @H(o 46 g, 0.5 nL, 4.54 mol) was adde§&§ﬁ§”@kﬁpﬁg§. After 15
m n, solution containing 7 (1.10 g, 1.61 nmml) in DCM (10 nm.) was added
and the reaction mxture was allowed to warmto anbi ent tenperature over 16
h at which point TLC anal ysis 2§3th\0 06/ 091972 PCTI US2006/ 007068

reveal ed conpl ete consunption of angl ysis, 2:1 hexane/ EtOAc, R1(7) =
0.01; R1(8) = 0.8]. S reagt i mxture diluted wi th diethyl ether and

washed once with dil ute”agye HCl, five t¥igs vmth wat er to renobve excess
NVP, once with saturatgd{aguéous NaHCO3 and Mt i e} dried over anhydrous
Na2SO4, filtered, &fd copernhfrat edractine &Fude fuct was purified by
NP-HPLC(siIica gel, 00 % Et &Ac/ hexane oweé O mp) to afford 1.3 g (73%

58.05 (dd, J= 5.4, 8.4
Hz, 21), 7.56 (s, . H, 6.98 (m 213), 5.43
(d. 1 =9.9 H, 213" ¢ A, 2H) . 4.26 (m' 6 .17 (m 6H), 3.2-3.1 (m

8H), 2.41 (dd, J= 12, 13 Hz, 2M §$4%£:L5Mggb4wq éﬁ3¢f,N
(] 0} ~~

18H), 1.04 (s, 18H) ppm Schene | VN
ONEN Oe a FF O Yegrepil0 Me N HATU, N6 NWRA, RM NW CA a
..—..——'-..—..'———, AcO

~I
%;%L‘f _one

Acetic acid 2-(2-{4-[1-(2-acetoxy-ethy]}-6-fluoro-3- lidin~-2-ylmethyl-1H-indol-2-v1]-
henyl}-6-fluoro-3-pyrrolidin-2-ylmethyl-indol-1-yl)-ethyl ester (7):

[0074] A solution containing 6 (1.4 g, 1.58 mmol) in DCM (20 mL) was cooled to 0
°C. TFA (5 mL) was added via pipette and the reaction was allowed to warm to ambient
temperature and monitored until TLC analysis revealed complete consumption of 6 (~2 h).
TLC analysis, 10% MeOH/DCM, Rf{(6) = 0.7; R{7) = 0.2. The solvent was removed on a
rotary evaporator and the residue was dissolved in EtOAc. The EtOAc solution was washed
twice with saturated aqueous NaHCO3 and once with brine. The combined aqueous washes
were back-extracted with EtOAc and the organic extracts were dried over anhydrous Na2S04,
filtered, and concentrated to afford 1.2 g (quant.) of 7 as a yellow solid which was used
without further purification. 1H NMR (CDCI3, 300 MHz) 58.05 (dd, J = 8.4, 5.4 Hz, 2H),
7.56 (s, 4H), 7.13 (dd, J = 9.9, 2.4 Hz, 2H), 6.99 (m, 2H), 4.60 (d, J = 9.9 Hz, 2H), 4.51 (m,
2H), 4.26 (m, 4H), 4.15 (m, 4H), 3.63 (m, 2H), 3.54 (m, 2H), 3.5-3.3 (m, 4H), 2.41 (m, 2H),
1.89 (s, 6H), 1.8-1.5 (m, 6H), 1.43 (s, 18H), 1.09 (s, 18H) ppm.

2-ylmethyl |-6-ﬂuoro-1ndol-1 -yl}-ethyl ester}benzene (8):
[0075] A solution containing Boc-L-fert-Leu-OH (0.82 g, 3.54 mmol) and HATU (1.41
g, 3.70 mmol) in anhydrous NMP (15 mL) was cooled to 0 °C. After 15 min, N-
methylmorpholine (0.46 g, 0.5 mL, 4.54 mmol) was added via syringe. After 15 min, a
solution containing 7 (1.10 g, 1.61 mmol) in DCM (10 mL) was added and the reaction

mixture was allowed to warm to ambient temperature over 16 h at which point TLC analysis
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--( 1B F ,\ O Acetic acid 2-{2-(4-(1-(2-acetooxy-ethyl)-3-f]-(2-am no-3

3-di net hyl - but yryl ) - pynol i di n- 2- 006/007068
vI met hyl | O Mool 5 yl }- nhenyO- 3- f 1- ( 2- ani no- 3T ¢/ VS2
3-di net hyl -butyryl)-ovrroli | n- 2-vlnmethvl]-6-fluoro-indol-I-yl}-ethyl

ester (9): (00761 A solution containing 8 (1.3 g, 1.17 nmol) in DCM (5 nl)
was cooled to 0 C.. 20% TFA in DCM (25 plL) was added vi a'&apette and the
react i on wegaled qomplele sansyraptian 7 [ Rty sBeti) dexangE AR M F O @/t i | TLC
anal ysi s @.ﬁ%@&cﬁmﬁ&r@ wa® BRHEDVitR eyl Gherland whdhed bhée WA Squedd 0

McOH DCM % = 0.7, R(9) = 0.3. The _solvent was renpoved on a rotary
evapor at oHCh fiye times wath iwates taveemoye exessyMBy ompe-_with aturaied savgousdHe@e and: ~ wat er

/0.1% v/ X / 0 8 60A 8
W01 iR w0t il NSO ek by ¥ L TRE e fioGhe Vb
product - cimifiad biy INP-HPEC t(sibeasgel,- 1271 00 RX0GGHR84R 4% e P0G 26 affidrd 4 208 §73%)er e

| ed t i zed wit t HCOB. T
Cr act odob 24 GHFUAe s ¢ HONUHERCE 3 FOED b5 R dmeabt BB i o
h = % ul =1 f : 759 f
05 an oy TR b R R B AP 7Sl S 41, 570 O

2H), 7.51426(m.AH), 4.77 (g 65 3.23)7 (g 8H), 21 (ddi)/ = 12,43 Hzp?H 438 (s, SDEL. 1S 4H) |

4.16 (m : : (m 2H), 2.39 (m 2H), 1.91 (s, 6H),
1.8-1.4 @Hi%ﬁ?’,é’l%‘ﬁm(%‘?@%ﬁ@g’m 1.4-Bis-{Acetic acid
2-[3-(1-f2-(2-(tert-butoxycarbon 11@?’%‘%@,“ no) - pr opi onyl am nol -
3,3-dinethvl-butyryll}}-pyrrolidin-2-ylInmethyl)-6-fluoro-indol-I-yll-ethyl
ester}benzene (10): [00741 A solution gontaining Boc-L-N(M)Al a-CH (0.27 g,
1.32 nntol) and HATU (0.54 W;i n anhyus NyP (15 L) was cool ed
to O T. After 15 mn, N neEFH) olei ne (0.17 g % { 1.68 mmol) was
added vi a syringe. Afte;co/w“ || Sol ution cor i 9 .50 g, 0.55
mmol) in DCM (10 nL) was add e was allowed to warm
to anbient tenperature oyer 363h atowhi ch poi ol Lysiks reveal ed

conpl ete consunption ag_ig‘,{o fahal ysis, 3:2 he F§Ac, R1(9) = 0.01;
R1(10) = 0.5]. The ion mjy et hyl ether and
washed once with dil'ute aquedus >mgl, five tines withwater to renove excess
NVP, once with saturated aqueous NaHCO3 and bri@e,y_plri ed over anhydrous
Na2SO4, filtered, and concentrateds_The crude prodect was purified by
NP- HPLC (silica gel, 10-100%EtOAc/ % 39, mn) to afford 0.64 ¢
(91%9 of 10 as an off-white solid. ] RN 13, 300 MHz) 58.05 (m 2H)
7.58 (br s, 4H), 7.13 asLewddd) . £:97 (U W\, 4.75 (m 211), 4.60 (d, J
9.3 Hz, 211), 4.50 (mO4™ME o5 (m A1}), 4.16 (m 4H), 3.70 (m 2H), 3.57
(m 2H), 3.5-3.2 (m 4H), 2.85 (N, 12/,\/2@42 (m 2H), 1.88

Mﬂ
<

8 F

2-yimethyll-6-fluoro-indol-1-yl}-ethyl ester (9):

[0076] A solution containing 8 (1.3 g, 1.17 mmol) in DCM (5 mL) was cooled to 0 °C.
20% TFA in DCM (25 mL) was added via pipette and the reaction was allowed to warm to
ambient temperature and monitored until TLC analysis revealed complete consumption of 8
(=2 h). TLC analysis, 10% MeQH/DCM, R{(8) = 0.7; R(9) = 0.3. The solvent was removed
on a rotary evaporator and the residue was purified by RP-HPLC (Method: Solvent A: water
w/0.1% v/v HOAc, Solvent B: ACN w/0.1% v/v HOAc. Dynamax Microsorb C18 60A 8 p,
414 mm x 25 cm; Flow: 40 mL/min; Detector: 254 nm). The product-containing fractions
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(s, 6H, 1.8-1.4 (m 8H), 1.52 (s, 18H), 1.33 (m 6H),1.04 (br s, 18H ppm

-28 WD 2006/ 091972 PCTI US2006/ 007068 Schenme VF Ma N J~-- ~/N/ ACO~/ AaO
\ / TFA, DCM | ~QQN~OACOAC O,N/ N0 M, ~~a -( =

rJN agq. NéQ]lP““%’é}—FHo oH N~N MH92 p\ NNI F 1. 4P§F}§:’S§@8§&°§8 aci d
3-di net hvi - 2- (2- met hvl am no- pr opi onvl am no) - butvrvil - pyr

ool i di n-2-vl net hyl }-6-fl uoro-indol -1-yl Lyl ester)benzene (11): [00781 A
sol ution containing 10 (0.64 g, 0.5 nmol) in DCM (20 nL) was cooled to O T.
TFA (5 miere padedoaaid aeutraliaedowitle satwratad aquehes Ndi@@j ohhepedust Weswedratied wathm t o

ambi ent e ure_and nitor TL naI 5| S dteSY ete

o omsamp TR g B 3ot rh Yk Yefed S brink Pl el BhiR ofey BERG, BOEBITLE o0
and the ah@&:bﬁbéﬁtr%ﬁlstopaffdﬂﬂ mesﬂ g)wsm dﬂF!Lﬁ ax(bmvhm soh“ml VENMR: (CRClgr300/ 0. 1%
v/ v HOAc, Solvent B: max M crosorb Cl8 60A 8 p,
41. 4 mnMHQBSS&%(thI-B\Aﬁ 14§ 7%251) b’é]t@cﬁ%}* 7. 1’25&’ A, 7%@ 2 8¢ dm. 2Bht ai ni ng

fractlorhSz act@@] %@@hﬁgw(ﬂi Bﬁ?dz%@?e Org B (219 HYAHSPKS gzd%4 _ The

product wa t OAc 'and \ni C x ished with
bri ne, c(ml,éZH) h%(s d8M)yphmous Na2SO4, filtered, and concent rated to afford
OSOg(93°/c)_0f I_I as an off-white SO|Id 'HNNR(CDCISl 300 Miz) 88.04

3 3—dlmethv1—butvndl-nvrro 1d1n-2-ylmethyl)-6-ﬂuoro—mdol—l yll-ethyl ester}benzene (10);

[0077] A solution containing Boc-L-N(Me)Ala-OH (0.27 g, 1.32 mmol) and HATU
(0.54 g, 1.43 mmol) in anhydrous NMP (15 mL) was cooled to 0 °C. After 15 min, N-
methylmorpholine (0.17 g, 0.2 mL, 1.68 mmol) was added via syringe. After 15 min, a
solution containing 9 (0.50 g, 0.55 mmol) in DCM (10 mL) was added and the reaction
mixture was allowed to warm to ambient temperature over 16 h at which point TLC analysis
revealed complete consumption of 9 [TLC analysis, 3:2 hexane/EtOAc, R(9) = 0.01; R(10) =
0.5]. The reaction mixture was diluted with diethyl ether and washed once with dilute aqueous

HCI, five times with water to remove excess NMP, once with saturated aqueous NaHCQO; and
brine, dried over anhydrous Na;SQs, filtered, and concentrated. The crude product was
purified by NP-HPLC (silica gel, 10-100% EtOAc/hexane over 30 min) to afford 0.64 g (91%)
of 10 as an off-white solid. 'H NMR (CDCl,, 300 MHz) 58.05 (m, 2H), 7.58 (br s, 4H), 7.13
(m, 2H), 6.97 (m, 2H), 4.75 (m, 2H), 4.60 (d, J = 9.3 Hz, 2H), 4.50 (m, 2H), 4.25 (m, 4H),
4.16 (m, 4H), 3.70 (m, 2H), 3.57 (m, 2H), 3.5-3.2 (m, 4H), 2.85 (br s, 6H), 2.42 (m, 2H), 1.88
(s, 6H), 1.8-1.4 (m, 8H), 1.52 (s, 18H), 1.33 (m, 6H), 1.04 (br s, 18H) ppm.
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(m 2H), 6.99 (m 2H), 4.60 (d, J = 9.3 Hz, 2H), 4.57 (m 21f), 4.24 (m
4H), 3.73 (m 2H), 3.55 (m 21P, 3.41 (m 2H), 3.30 (m 2H) 308 (m
21-1), 2.40 (s, 611), 2.38 (m 211), 1.87 (s, 611), 1.8-1. (2 I—2

(br s, 18HYOP8M/091P3 WO 2006/ 091972 PCT/ US2006/ 007068 PCT/US2006/00706

14-Bi s- (N-(1-(2-(6-Fluoro-I|-(2-hvdroxv-ethyl)-IHindol-3-vlnethyll-pyrrolidi
ne-l - carbonyll-2.2-dinmethyl-pronvl)-2-nmeth | am no-vropi onam de}benzene
(12): 100791 Aqueous NaOH (1 M 5 nm, excess) was added at 0 Cto a solution
containing 11 (0.48 g, 0.44 mol ) i&hemeN (5 nL). Follow ng the addition,
the ice bath was renoved and the reaction m xture was stirred at anbient
tenperature for 1 h. The reaction m xture diluted with water/Et OQAc and
the layers were separated. The organl c ngvms waghed with brine, dm‘eed

over anhydrous Na2SO4F SI due_wa if i ed
by RP-HPLC (Method: So = ? _ﬂMO 1%

tered an Htrated The
&g 1% v/ v HOAC
v/v HOAc. Dynamax Mcro y 0‘)\2%? S, 41 4 mmx 25 40 rl/ m n;
co

Det ector: 254 nn. T/hg/p Odug i ni ng fractlonMN(r: pool &
and | yophilized to abford 0=35.g o ?% Eflocé&‘hent FNDE solid. ' H NWVR

(CDC13, 300 Mz) 8 ppm MR ( CDC13, 57. 8- 811), 7.11 (m

2H), 6.95 (m 2H), 7 9.3, 211), 44- ~3A 3.4 (m
8H), 3.2-3.0 (m 3i ' Nm 14H). 2.38 ( (m 12H),
1.29 (d, J= 6 (s, 181-1) pp a : Ri b Reb
R%)Xle4b Ja%ﬂ{/\b L 0 Ra N -Ryg H 'RlasRyaRaa

#nd R7b are |ndependent1l y H alfkyl,

Rl2a Exa [00801 vmere
R7a.and R8b and R7bmean |ndependently or

cycl oal kyl , I‘bal kyl; or R8a and

e or azeﬁ_{‘r‘ng ring;
ag. NaOH, MeOH R }—X‘

{0078] A solution containing 10 (0.64 g, 0.5 mmol) in DCM (20 mL) was cooled to 0
°C. TFA (5 mL) was added via pipette and the reaction was allowed to warm to ambient
temperature and monitored unti] TLC analysis revealed complete consumption of 10 (~2 h).
The solvent was removed on a rotary evaporator and the residue was purified by RP-HPLC
(Method: Solvent A: water w/0.1% v/v HOAc, Solvent B: ACN w/0.1% v/v HOAc. Dynamax
Microsorb C18 60A 8 p, 41.4 mm x 25 cm; Flow: 40 mL/min; Detector: 254 nm). The
product-containing fractions were pooled and neutralized with saturated aqueous NaHCO;.
The product was extracted with EtOAc and the organic extract was washed with brine, dried
over anhydrous Na;SO,, filtered, and concentrated to afford 0.50 g (93%) of 11 as an off-white
solid. 'H NMR (CDCls, 300 MHz) 88.04 (m, 2H), 7.83 (d, J= 9.3 Hz, 2H), 7.55 (m, 4H), 7.12
(m, 2H), 6.99 (m, 2H), 4.60 (d, J = 9.3 Hz, 2H), 4.57 (m, 2H), 4.24 (m, 4H), 3.73 (m, 2H),
3.55 (m, 2H), 3.41 (m, 2H), 3.30 (m, 2H), 3.08 (m, 2H), 2.40 (s, 6H), 2.38 (m, 2H), 1.87 (s,
6H), 1.8-1.3 (m, 16H), 1.04 (br s, 18H) ppm.
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100811 R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl,
cycloalkyl cycl oal kyl al kyl, heteroaryl, or heteroaryl al kyl wherein each

al kyl , I kyl', cycloalkyl, cycloalkylal kyl
het er oary 21’01)(6?(?’931%72 optionally- subst ituted with hal ogenr}%%%%oﬁ?fgw 091972

PCT/U82006/007068 hydr oxyl , mercapto, carboxyl, alkyl, alkoxy, am no, and
nitro; or R8a and Rrva and R8b and R7b can |ndependently or together forma
ring such and R5b are
Srfplf A 7cl oal kyl ,
|onaIIy substituted
.hal oal kyl, al koxy,

aryl, aes S
wth hydrox rrercapt
or al kyl thi é’ ’7%]

am o car hoxyl , aJ kyI

r AQUGORS gﬁ%ﬁ% ﬁg%gﬂg,eegicesg)r@awge #d ‘Rep 2salufign eentaipidg c onnect ed

by an g} %uh@@e@ 4@&&&ﬁd1yinemeon (9'&@”)@098@1&%@16’9&1&&, a'xetl@e Geth Sk PQRolOME  OF
optional I'y-stbsti t ut ed al kyl ene, “al kenyl ene, yqﬁeene bridge of 2 to 12

car bon and tegeagtion mixivre was smdeat@mbmt]temu)Mr@@n 1lile w&a@xymwmerwam 0, or
S, (00 , H a,
. Gyl vl EROAF SR e et w G 0] L Rl B REREER i
CCoH:  pefg ﬂkieﬁﬁaeranﬂyd%&b szOu,rfdem dmhcdn;zertttateldal’ﬂgeemdml wagl puridiey by

21 a1 SRR lomonNahepl AT Per /6.5 Y HEN, Rohatf BAdy P laiiikioft agy
and Y ifyﬂmhﬂﬁﬁﬂ&ﬂ%b‘lﬂG@A Ny, 43.4 Bin £25 ©m; FRABEY nitlmis Beickidr! 2 543mﬁT e absent
or independently H, alkyl, optlonally-substltuted a d%Ed()dldroxya kyl,

al koxy3hg ytodu@momamhrw frastions) wase pered; iiiorer andriyephikided yo Naofyl2ane,

or ¢ cAbare BHE R B SRTERE oo Rt ooBorsy ' NGBS 4ChCRa 73 NG,

t oget h@gy gay£(m, SDNI.11 Sk YHEBDS (3], REN.EN@, J & Ky iyl mf;Mawl(m 6aptgoaryl, or
an optionally-substituted al kyl ene, al kenyl ene, al kynylene chain of 2 to 12
car bon 3t @mSrE2 . bt D, A6r24 Gar 19Eh, b iih2gd. &p1 DA LaPh AE 0, or S

-31 WO %qu@ qQ%% H%ﬂ) 006/ 007068 n n $ g .aaaaar m.. w~a ~ h~
Ke a '~~’~ﬁ§ 3 a2 a- H

HS M SIPr SO 0 no 1,4-pheny| HHSIPr SMe H
HHHAExgmhies_S-l\/b SIPr s 0O0nme dam HHSIPr SM HAHHA (CHCH

Example |
[0080] where R7a and R7b are independently H, alkyl, cycloalkyl, haloalkyl; or R8a
and R7a and R8b and R7b can independently or together form a ring such as an aziridine or
azetidine ring;
{0081] R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, arylalkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl, and heteroarylalkyl "is optionally-substituted with halogen,
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3HSNESIPr S00as CGH2CH2 HH S-iPr SMM HHHHA 4 HS M $IPr SO
0 no 1,4-p iPr HHHHHA 6 HS M SiPr S NNNH1 4-phenyl H
HSIPr S Béb?ﬂﬂjA 7 HS M StBuSOO se 1,4- phesyfcwz@“f’%ﬁaé Me H
AHHA 8 M SMe S-tBs SO O no 1,4phesyl HH S-tBu SM M HHAA 9 H
SEt S-tBu SO0 O no 1,4-phenyl HH StBu SEt HHHHB 10 M@ S-Me S IPr S
0 0no 1,4-phenyl HH S IPr SM M HHHA Il HSE SiPr.s 00 no

1, 4- pheny Ihydfoxylsmemapte. earbqyyl, afiyh alkoxy,canine and nitrquox R8a@ng Ry asd R3prasdy| H H
cHPac S- M7l clh Habefidents MogemMerora Heie Such o8 aft ziskdine BNERYdind Tifg; eHex S-Me Me
o h A RO gty dbbefidentty obfossty no 1, 4-Bhenyl H H eAex Eiding b D S (2R
15 Me S 'VEEb %Jaé 4t lindehdiabitf 1 Sa) Raftyt] HelodiRyi
s-|PrSNNH[603§‘p¥Qith ﬁﬂsﬁbpr indepdide %ﬁ@l\/@y‘fﬂ%ﬁ@c%— Rk

dds yl H HeracySealieyl Hatyll, Farilalkyl, lIigteitary, hete@sva@lk)&; bt kadH optionpliyesupktitiiedi cHex

S-Me Me H F t Hex S, N N.H. 1, 4: HoeHez SMe. H HF H A
50 Ve & Mt TR marcgplds l“’%ﬂg‘ﬂhé‘ﬁ , S AR Rl Y, o Bufifinis: Bt 7\ ¢

S-Ve S Pl BodbeNthnibos)-(h 0| and R5tSrésuesSaioddhcdioaibf i akyehe alBndnd/e S Ve
S-Bu RN N H 4 4-phesy S-tBu S Me Me SMe SiPr SN

HHB HHZ23
N H 1, 4- pritkapylens wfrzswa ¢4gbop o Ar ﬁoqeayguwgméeqz gkylgnay aleepyleney phony)

,9- S St ht&uéngfﬁné\ﬁndg eldf t@‘lZQa@on %%rﬁé&l%@@@éeo&lr%&% cE@IﬁHﬁ%&%ﬁ%@?@;ﬁ&m H H
S{2R S-(2R- 4-phenyl HHE OB S-Me Me
1) S—SV(IQIFNZB%NEEtO—l) SNNHI4phenyIHHEIOBS—I\/EI\/EHFHA

[0083] R12a, R12b, R13a, R13b, R14a, and R14b are independently H, Cl, Br, F,
alkyl, cycloalkyl, hydroxy, alkoxy, amino, alkylamino, cyano, or CO.H;

[0084] R3a and R3b are independently H, halogen, alkyl, aryl, arylalkyl, amino,
arylamino, arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino,
amido, sulfonamido, or amidino;

[0085] X and Y are independently O, N, S, or C=C;

[0086] R11a and R11b are absent or independently H, alkyl, optionally-substituted
alkyl, hydroxyalkyl, alkoxyalkyl; or R11a and R11b together form an alkylene, alkenylene,
alkynlyene, or alkyloxyalkylene chain of 2 to 12 carbon atoms where one or more carbon

atoms can be replaced with N, O, or S;

[0087] Wa and Wb together are a bond, alkylene, alkenylene, alkynylene, aryl,
heteroaryl, or an optionally-substituted alkylene, alkenylene, alkynylene chain of 2 to 12

carbon atoms where one or more carbon atoms can be replaced with N, O, or S.
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00 StHu SM M FHHA HHA42 H

S S 41 Me S-Me S-tBu RN N H 1, 4- phenyl
2R SM M HFHA CH EOB-33 W

SMe S{2R- S NN CHL 1, 4-phenyl HH S
2006/ 09197 W Tpp 0D 61007068 EtOH) OH u) -FTI C Hz H POEUEDOFR0TSESN N CHa
1, 4-phenyl HHEOH S-M M HF HA QA S (2R 44 Me S-Me 6tUR- S N N CHa
1, 4-phenyl HHEOH S-M M HF HA OH C S{2R CHa S-(2R 45 H S-Me Et OH)
SNNCHal4phenyIHHEtO—|SI\/EIVEHFHA OAc 46 M S-Me S-IPr S NN
CH, 1A-phenyl HIH SIPr S Me HIF HIA CHIE]-‘HA-a 77M381|\/ES-IP45NN
CH, 1, 4-ppenyl EL-IDF HEIH A QA SAR'J.\. S-Me1S-t SIN N
CH, 1, 4- phenyh HsH, | %&e S Men Mg |HeF |HouH uGr | @85 MewS) Me | St Bol 8NN CH
1, 4- pheny| HH .S-tBe Me Mel HIF [H A |CAe S[ZFF— QHIm S42R 50 Me IS- M Etgd" S N
N CM 1, 4- pheny = MeHEHA QW) kmm#gs S-teg § NN
CAa 1, 4- pheny e 'Hrflt'* 1>ggl%a SMeNMR HF |HiBeeyOVE | 1 | 0B | sMe | Me (B | F |14
n)
27 | Me | sMe | SCR 1 5 iN|{N| H |14ph o | sme Mo lnl ¢ lula
- EtOH) s4-phenyl | H H Etg)l-[ e e
SR 5| 5 | S-@R-
28 | Me | S-Me EtOH) R NJ|N H l14-phenyl | O { O [ EtOH | SMe | Me |H! F | H| A
H| H )
s | &
29 | Me | S-Me | S-iPr R N{N H 1.4-phenyl | O 0 S-IPr | S-Me | Me | H F |H{A
‘ H| H
S| s-
30 ( Me { $-Me | S-tBu R NI|N H 14-phenyl | O | O | S4Bu | SSMe | Me | H| F | Hj A
H| H
S-QR- S-QR-
31 | Me | §-Me gom | 5 | N N|{ H !14phenyl { H| H Et())H SMe |Me |H| F [H] A
32 [ Me | s:Me | SR o InIN| H | Laph o
- EtOH) ,4-phenyl | H H Et'gB SMe | Me | H F IHIA
S-2R- S-(2R-

33 | Me | S-Me | EtOBn s N|N H l4phenyl | H | H | EtOB | $Me | Me |[H| F {H!| A

34 | Me | $-Me | S-tBu R N[N H 1,4-phenyl StBy | S-Me ({Me {H] H [ H ] A

To%
oy

35 | Me | 5-Me | S-iPr 5 NN H l4-phenyl | H | H | S-Pr { $Me | Me | F | H |H | A

36 | Me | SSMe | S-tBy R N|N H 1,4-phenyl § ?{)- StBuy | SMe  Me H| H [H| B
R-| R-

37 | Me | SMe | S-iPr R NN H 1,4-phenyl g Ol SiPr | SMe [ Me {H|( H {H|B

38 | Me | S-Me | ScHex s NN H 1d-phenyl | H H cl-sl';x SMe | Me lH[ F | H{ A

39 | H {SMe{ScHex [ § | NI{N| H ! 1d4phenyl | H | H cﬁ;x SMe | H [H| F [H{A

5| 5

40 | Me | S-Me | SdPr R NN H 1,4-phenyl | O 0 SPr [ SMe | Me | F/ H | H| B
H H
5| 8-

41 | Me | §-Me | S-tBu R NI|N H Idphenyl | O | O | $tBu | S-Me ( Me | F{ H [ H| A
H| H

42 | H | §-Me SR s N|{N|cH, [L4phenyl | H| H | 5(R-|SMe | Me |H| F |H| A

-(2R- CH: EtOB
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CH 52 M SM S-IPr SNNCHa 1, 4-phenyl HHS-iPr SM M HF
CH 53 HS M SIPr SNNCHa 1,4-phenyl HH S-IPr SM HHFHA

Ove CHa
54 M S-Me S-tGu S NNCH 1,4-phenyl HH S-tBu S-Me M FHHA OH cut 55
Me S MEWQ 200987 N CH, 1,4-phenyl HH S-1Pr S Me Mo RGHYSZN6/M8968 (oR cH,
S-(2R56 Me S-Me EIAi) SNNCHa 1,4-phenyl HHEtOOH S-Me M FHHA OH)
57 M S-Me S-IPr SNN M 1,4-phenyl HH S-IPr SM M HF HA 3-(2R 58 Me
S-Me EUOR§ N NEdm T, 4- phqyolﬂ = alls HIJN HOTVETS-ME]S-tBu S
N N 1.4-ghenyl HH S CEC)J:LFH 60 M -t Bu R NIN |CHB
1, 4- phe yl Hi -4 (R W& (H, ] - V\ﬁ’ SJNP PCT1US20061007068
Me O—|LIY4/£ L6'1 lﬁh/d BRQH) [y SR% 0 P@H 4"-"%@ H 1Pr HZ'P ﬂﬁi ? 00881
Furt her B anHo|es- R2b RIA\ Rab /|0 H by (\~ | bl /U \/~1| 0 Ri1b-X
* o C
R5b 44 MBQ S- Me llﬁ.ﬁ; OS R\Pﬁ Cﬂél 1(?4—phe21yl !H\ EB L%—%‘:l S-Me H F H| A
OH )
SR CH; S-2R-
5| H | sMel gt s [N([N Sﬂ: 1d-phenyt [ H | H m?u SMe |[Me |H| F |H|A
CH;
46 | Me | S-Me | S-iPr S NI{N | CH, | 1d-phenyl | H H SiPr { $Me | Me {H| F | H A
OH
. CH;
47 | Me | SMe | s9pr | § |N|NjCH; {tdphenyt | H { H | S4Pr | SMe | Me |H| F |H | A
OAc
CH;
487 | Me [ S-Me | StBu | S |N|N| CH; [14phenyl | H | H | S4Bu | SMe |Me |H| F |H| A
OH
CH;
49 | Me | SMe | S4Bu | § |N|N| CH |1d4phenyt | H | U | StBa |SMe [ Me |H| F [H| A
OAc
S-(2R- o o | SaR
50 Me | S-Me EtOH) Y NIN]|] CHy 1,4-phenyl { H H EtOH | S-Me | Me | H F H| A
OMe )
CH,
51 (Me |SMe| StBa | § |N|N| CH |14phenyl | H|{ H | 5tBu | SMe | Me |H| F |H| A
OMe
CH,
52 | Me | S-Me | S-iPr Ay N | N | CH; | 14-phenyl | H H SiPr | SMe | Me (H| F |H| A
OMe
CH;
53 | H |SMe| $Pr | § |N{N| CH, |14phenyl | H | H | S4Pr [SMe | H [H| F |H| A
OMe
CH,
54 Me | S-Me S-tBu LY N|N gl:l; 1,4-phenyl | H H StBu | S-Me | Me | F H H| A
CH,
55 Me | S-Me S-iPr 5 NN Cl.l[l: 1,4-phenyl | H H SPr | §&-Me | Me | F H H| A
0
SR CH; S-CR-
36 { Me | S-Me E-tg)l-l‘)' s N|N|CH: | 14-phenyl f H | H { EtOH | SSMe | Me | F| H [H{ A
OH )
57 [Me [S-Me | SiPr | § |N{N| Me | 14phenyl | H | H | 5-Pr |5-Me | Me |H| F |H| A
S-2R- Sar
58 | Me | S-Me EtOH) s N|N| Me | ld-phenyl | H | H Et())l-l SMe | Me |H| F |H|A
59 | Me | S-Me | S-tBu § N|N| Me |14-phenyl { H | H | StBu [ SMe | Me |H| F [ H| A
@ [ Me| . | EtBu | R |N|N| cH | Lipheayl | H | H | R-Bu Me |H| F [H|C
- CH; R-
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N R7a a Rla Rl13a Rl2a Exanple 2 [0089] Wwerein R7a and R7b are

i ndependently H, al kyl, cycloal kyl, hal oal kyl; or RBa and R7a and R8b and
R7b can i ndpa6BHOTY or together forma ring such as an REZHVSHPHUOTEnE
azetidine ring; [0090] RSa and R8b are independently H, hydroxyl, alkyl,
aryl, arylal kyl, cycloal kyl, cycloal kyl al kyl, heteroaryl, or

het eroaryl al kyl wherein each al kyl, aryl, arylal kyl, cycl oal kyl,

cycl oal kyfrarkyT T weef er oar yI',| apd {hat er oar yTjal h;yl S optMeonaI y-subst]t it ed
with hal dgenl,  hydroxyl | nericaptad _carboxyll, | A /. _anmiino | ahd
nitro; or| ARBanand,R7amnd R8O and nRY bepaw imdletpénldern.l,& bt { Bk Hexr | 5drm a
ring suchl as| an} azi Fi di ne or] aret)i di ne ring; [0091] wher el R54 and |[R5p are

i ndependentTy H, al kyT,” cycloal kyl,” cycloal kylal'kyl', ~ heterocycl oal kyl,

aryl, arylalkyl, heteroaryl, heteroarylal kyl; or each optionally-substituted
wi th hydroxyl, mgmﬂﬂ,@,EMmen am no, carboxyl, alkyl, haloal kyl, al koxy,

or alkylthio; or, in sone instances, the R5a and R5b residues are connected
by an al kyl ene, al kenyl ene, al kynyl@be of 2 to 12 carbon atons or
optional |l y-substituted al kyl eneg,pal klenyl ene, be;ﬁaeh bridge of 2 to 12

carbon atons where one or nore car
S, -35 WO 2006/ 091972 PCT/ US20Q5460
Rl4a, and Rl4b are mdependentlyRI—‘!i
al koxy, am no, al kyl am no, cyano,or 0951 R3a and Rib are

i ndependently H, hal ogen, alkyl, aryl, \aryhal kyl, am no, arylam no,

aryl al kyl am no, hydroxy, al kyl oxy, aryl XY, r8ryl aI kyl hydr oxy, di al kyl am no,
am do, sul fonam do, or am dino; [00941 '3’ Y are independently 0, N, S, or
C=C; [00951 Rl la and RI |b are indepe de tly absent, H, alkyl,

optional |l y-substituted al kyl, d%/dr Q _@I la<oxyal kyl; or Rila and R IDb

atoms annbe ®pl aced with N, 0, or
5 a, Rl12b, R13a, R13b,
%I Ryl , cycl oal kyl, hydroxy,

toget her form an al kyl ene, al /kynl ¥ene, or aI kyl oxyal kyl ene

chain of 2 to 12 carbon at qys reoone Or yATOY € Rm:’ar bon atons can be
replaced with N, 0, or S % B Va and Wb get her are a bond, al kyl ene,
al kenyl ene, al kynyl ene, &Y Ra het er oar yl, ¢r &paoptional |l y-substituted

al kyl ene, al kenyl ene, al kynyl ene chain of 2Rgd 12 carbon atons where one or
nore car boBxahpsle® can be replaced with N, 0, or S. at,

[0089] Wherein R7a and R7b are independently H, alkyl, cycloalkyl, haloalkyl; or R8a
and R7a and R8b and R7b can independently or together form a ring such as an aziridine or
azetidine ring;

[0090] R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, arylalkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl, and heteroarylalkyl is optionally-substituted with halogen,
hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, and nitro; or R8a and R7a and R8b and

R7b can independently or together form a ring such as an aziridine or azetidine ring;

[0091] where R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl; or each optionally-substituted
with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio; or,
in some instances, the R5a and R5b residues are connected by an alkylene, alkenylene,
alkynylene of 2 to 12 carbon atoms or optionally-substituted alkylene, alkenylene, alkynylene
bridge of 2 to 12 carbon atoms where one or more carbon atoms can be replaced with N, O, or
8;
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a dwwzi kas3' ai 1,4 62 HHI1Si S OOon phony HH1pr HHHHH
B 62HHlan SNHOHH 1,4 HHHFHB phony HHMJ1 1,4- 63 HM tan

S NH CU Hligo MHHF H B [00971 Furt her

2006/ 09199‘675%%5{%?_{06/ 007068 R12b R13b b Rob RIP / \ %%?27‘96@9% R3b
R3W0R " N-R,a Rea Rra Rl3a Rua Exanple 3 [0098) Wherein R7a and
R7b are independently H alkyl, cycloalkyl, haloalkyl; or RBa and Rra and

el U R e R TR R M

aryl, araa) éyb!lbalk RydesityK Wlkoxy, Qtiﬁiooﬂkﬂﬂyrhﬁlb kWano kete,maryl, or

heteroarylalkyl erein each al kyl, aryl, aryl aIkyI cycloalkyl

cycl oal kyl al kydoa) R} emaar meaﬂﬂeﬁbﬁaﬁﬂxgaﬂymbgéﬂ dl@lo&tyl oftglaliyt, Simb) t ut ed

wi t h hal ogen, hydroxyl, neruapto, carboxyl, al koxy; am no, and
nitro; oarylRBmoaraylskelamine, RBEroxNd alkRisyc atrwlﬁmeamhli@ﬂwsoxw diadgdammige. f or m a

ring suc I, azetidine ring; [00100] Rsa and RSb are

[ ndepend%nnﬁﬁ?ygll??rﬁﬂ ({(& hﬂﬁldﬂﬁ oal kyl, cycl oal kyl al kyl, heterocycl oal kyl

aryl, aryl al F Ry 1. or each optionally-substituted

W th hydro?<ylﬂ’ldgr‘r1]35ke&nﬁ W%%A%&ﬁ&rﬁfy@l\y Saué%r%oxyl , al kyl, hal oal kyl, al koxy,

or alkylthio; [0(@’5] Rl1a and R11b are independently absent, H, alkyl, optionally-substituted alkyl,
hydroxyalkyl, alkoxyalkyl; or Rl1la and R11b together form an alkylene, alkenylene,
alkynlyene, or alkyloxyalkylene chain of 2 to 12 carbon atoms where one or more carbon

atoms can be replaced with N, O, or S;

[0096]) Wa and Wb together are a bond, alkylene, alkenylene, alkynylene, aryl,
heteroaryl, or an optionally-substituted alkylene, alkenylene, alkynylene chain of 2 to 12

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

EL n

58 $

E‘ o P §§ - % o r- = g = ~ - - 5

2 |8 |§ |8 |85 |x|~E s 2|28 B|B|2(2|24
5 14- P

62 H H iPr s 010 na ph:ny H H iPr H H|H|) H|H|B

T
5 cncnl, | b 5-
@ | BB g | s | NN GE™ heny | B E g B W B F B
63 | | Me | F s |[N|N| CHCH 1114- Hig |5 Miu|(u|riuln
tBua OAc pheny tBu | e

[0097] Further Examples:
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I n some instances, the R5a and R5b residues are connected by an al kyl ene,

al kenyl ene, al kynylene bridge of 2 to 12 carbon atons or

opti onal | y-wahsasioowsred al kyl ene, al kenyl ene, al kynyl ene bCradgenehoides 0 12
carbon atons where one or nore carbon atons can be replaced with N, 0, or
S; [00101] R12a, R12b, R13a, R13b, Rl4a, and Rl14b are independently H d4,
Br, F, alkyl, cycloalkyl, hydroxy, alkoxy, am no, alkylam no, cyano, or
CO2H, [00102] R3a and R3b are indepeggdently H, hal ogen, alkyl, aryl,

arylal kyl, amno, arylamno, atplalkylam no, hydipxyRrgal kyl oxy, aryl oxy,
aryl al kyl hydr oxy, di al kyl am no, sul f onarg dg;—Nor am di no; [00103] Xis
0, N S or CC -37 WO 2006/ 01942 P& 'o‘ul 06 [00104] Rla and R Ib
are independently absent, H al Kyl, loppiogal Yy=subStituted al kyl,

hydr oxyal kyl , al koxyal kyl; or Rita A R kD t of¢t her form an al kyl ene,

al kenyl ene, al kynlyene, or al kyl oxyal -~

chain of 2 to 12 carbon atons
where one or nore carbon atons can be %pl:ged with N, 0, or S; [001051 wa
and Wb together are a bond, alkylenBf al xenyl ene, al kynyl ene, aryl,
het eroaryl, or an optionally-substit d Wl kyl ene, al kenyl ene, al kynyl ene

chain of 2 to 12 carbon atons ,y;@er re carbon atons can be
replaced with N, 0, or S. a npm of ena 64 Me Me Ipr S N CH,
lo pheo HHi Me Me HF H A I

A- #R S N CH ACH O pheu HH @
HHHFHB Y1-S 1,4- S He tB S N 10 phe®r HHtB Me Me HF H A
UYl SO S CHCHOIA SReS 6Rake Me |Pr S Mie's HH1pr S, M HF HA
IPr S N CA ~H10 1ph,4ei HHipr HHHF H CR,#6 HHS_ VI

Example 3

[0098) Wherein R7a and R7b are independently H, alkyl, cycloalkyl, haloalkyl; or R8a
and R7a and R8b and R7b can independently or together form a ring such as an aziridine or
azetidine ring;

[0099] R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, arylalkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl, and heteroarylalkyl is optionally-substituted with halogen,
hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, and nitro; or R8a and R7a and R8b and

R7b can independently or together form a ring such as an aziridine or azetidine ring;

[00100] RSa and RSb are independently H, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl; or each optionally-substituted
with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio; or,
in some instances, the R5a and R5b residues are connected by an alkylene, alkenylene,
alkynylene bridge of 2 to 12 carbon atoms or optionally-substituted alkylene, alkenylene,
alkynylene bridge of 2 to 12 carbon atoms where one or more carbon atoms can be replaced
with N, O, or S;

[00101] R12a, R12b, R13a, RI3b, R14a, and R14b are independently H, Cl, Br, F,
alkyl, cycloalkyl, hydroxy, alkoxy, amino, alkylamino, cyano, or CO;H;

[00102] R3a and R3b are independently H, halogen, alkyl, aryl, arylalkyl, amino,
arylamino, arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino,

amido, sulfonamido, or amidino;

[00103] X is O, N, 8, or C=C,
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S 14- S69 M M US S NCHIHH20 ph® HHtB M M HF HA uyl uR S
CHICHIO R 7D M Me IPr S NAc ph" HH1Pr M M HFHA YI SIA S 71 M
MetBSI\b SheuHHtBMeMeHFHB YI Scheme VI. OCOH 1. SWM IO 5
/ 0T. TA %FIB?? %'}éhanoeexlate, ~0- -- co FA 01 13 1£GHER06/(8H063eft nte
~ 0" _OH bt50JEA -- ~1 Ova 15 10 -38 V\D 2006/ 091972 PCT/ US2006/ 007068
See I\/acor J. E; Bl ank D. H; Post, R J.; Ryan, K Tetrahedron Lett.

1992, 33(52 8011-
2-(2- Et hf)xy)ca[QQiBNlelPi asd }ubl?/raFeoI‘qdﬂP‘“ﬂée‘lﬂ-Yc%l?sB’@fxﬁu%kﬂcpﬂ‘qnéulf‘ﬂﬂlﬁ'ﬂwedest er

T head
(14): %ﬁ@%}dﬁﬁa@ ﬁmeﬂﬁh@@l Srorng Aaatfmm@i Jtﬁ@%ig%ﬁg:agﬁﬁg? %&Fﬁp over hea

stirred a | et was charg chl ori de
(130 ni afiynlyeg$ oruillRy oxryabﬂme elwo Ofr@)to l‘zmﬂml atong Whergsongow| mretaarbons C, A

sol ution, of in DCM (30 nL) was added dropw se. After
30 min, HY %96%’%"?% 9% (40 g, 0.20 mol) in DCM (200 ni L) vvas

23?3? [ g:}opw i&slgﬁtweoﬂlm £ rggﬁglf\ 330% gl#yfgce%%ngﬁ%aﬁgwygem and

Stirri NnthewpsarydO6f hﬂ%@londll?rsuﬁ’ﬁumdﬂalﬂcw&le reficliens) dlkytlylene cheis ¢f 2hoqR, white
slurry]. TLC analysis revealed no remai n| ng,. st rtlg]g material [1:1

hexane/ E@@qeawmmyeme@rmorw&ﬂﬂ dtanpsan bereplaged with &, Oy %t i on i xt ure was

di luted with DCM (200 )_a washed successively with HQO 1 M CL,
sat urat ¢d NgHCOB, and I‘EI= el The | ayler pas|drifed |over 294, [ filltered,
and conpcentyrated tjo af §&rd] ctude 2-ff grnyl - pyritol ijdi ne-l{-c rbo&yl gqcid
tert-bui)g dsatger.._.( Owg §"'A ap 2oi | %ch was.;uzse:d W tlhoy tnfuather
purifi chtd on. &' HEN Rﬂ(cé@ 380 MHz)%59| 80| Bd) R | = % |1 EH) & j¥20- 4. 03
(m 113), 3.160-B.<40 &M 200} P crlns. [0V ( 4\%) 1143 \(}‘8 _ppm [ 100107] A
2 L, 3-pelkedt pomd 1b0kt5nep"1 | ask dqﬂf“ kghd i h'r%nueq hBadFst fr f Y land
5- cuemo | M 5-
65 H H | o s N Acl ph:n HiH L, |H|H]|HITF H B
Y
5 s [
66 | Me| @) s N CHCH:O pl;:n SR plMel | F|H| A
s | s cacmo | M s | 5
67 |Me| oo | bl S [N Y pl;:n H B | peiMe! B F R A
s cpemo | U s
68HHIP;_SNH’pb:i|HHIP;HHHFHC
y
s‘ 1,4" S'
69 | Me| o ®| 5 N CHCHO pl;:n B H|@ e M| w | FlH| A
| s chcn0 | M- s | &
70 Me Me iPr s N Ac pl;:n H H iPr | Me Me H F H A
5- 4 5
no|me| @) s N CH.CH:0 pl;:u Hin e e lmMe|m|F|H] B
Scheme VI

j& =
== R = R
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nitrogen inlet was charged with NaH (60% 10.0 g, 0.25 nol) and anhydrous
THE (200 (}é To the stirred m xture was sl owy added
triethyl ph Bﬁgqq@ayé'%ate (53.8 g, 0.24 nol) over 20 m nuP€L/USHOSHYTEY on of

crude 2-fornyl-pyrrolidine-I-carboxylic acid tert-butyl ester (40 g, 0.20
mol) in THE (75 nL) was added dropw se. The solution turned orange and the

1 TLE%% Eapon Pl ) o PR 5 Rt X6 el L A oot BORRLL ©

di luted wi tOAc and brine and the Iayers wer e separated. The Et OAc | ayer
was washed filtered, and
concentr at &8 ‘used Wit hout

further urifl t| 300 9 . 82 (d,
111), 4. 56. 4. 3 IHEP&@)L 311'% @3‘{“ as ?qﬁ‘gp%dz‘ﬁg" ‘g"g}ﬁj‘duffleﬂ a98((m
| H), 1. 91-plrdpén ik189 wakidhargbd $dth(Ssohfich,of Jexﬂ?l &lﬂond%"()ﬂ@ﬂﬂ) g, 0.26 mol) in DCM

2-(3- Hydroxg/q_propenyl) nyrrolidine-1-carboxylic acid tert-butyl ester (15):

[001081 A @¢mly H@eﬁ@aﬁ%waﬂcm&f@nﬁ& "€y dsRolutien ofaMSH A %Qa%?errwa d8

t d | gl ut i
vas cool e T ABGH] Vafddialtbonide hael s hiffd shisft ot oS R 020 RIS, (1 O
et her at e (IBOMKR0OO ﬁL?@ramﬂd)ad dﬂipwnse eAfien I¥min; TBAWRPADSY. OIDﬂaell #vas added to the

PCT/ US200610Q706 t d.for 3 M i 600
L 0.6, moPoRRs The ot ay FehRied pan i bererh (i) hssteing e bommied - 75
C for 2 h fendo trhia{NB: Gedctign Whikkurd=wa\a thitQ0 whitd )shemgr BT ﬁhﬂyﬁ@réﬂrbﬂ&h&bge

remai ni ng reagent. The reaction m xt ﬁ e was allowed to warm_to_ -

reaction rFREGNG sprtngmatenal i1 fiss BASy Re@d) Fr bfnRdaldsiyde) | oQIGJOf TI“"M
HCI . The rgagbh %ﬂxﬂ}exﬁé‘sr (ﬁlu‘fﬁswﬁﬁ ipeing g0l b)) Bdivaiila el afdy Rk 10! diM to

di ssolve alum num salts. | ayers were separat ed and the organi c phase
was was hedi@h@@te@@dvl‘éalicowanﬁ bin¢. utTee DM daiver MEs, drigd taver Nagh@aphltered, anle DCM

| ayer was f t was
LYol e hldita Y oBRE P Hoth LS HonaRT SROCHN & FrmlSabE RG2S |
15 as a yQin| dill\lwlﬁbﬂ whBised withOo0furitiey perifivatidn/ STFENMR m@g,aﬂoemm 50 (R(24) =
0. 8; R1152 H%439416
iy wasmwmcmlb 3@03160@@1)&@04@)7(11124@21(49@ 5H) pem 5 0573, 03
(m 111) 1.92-1 é 21) 1.78-1.62 ( [(h

T oner 25, (3. Mol RAZL A Tordy sk oo ormsen sk bauidied avith Arearistaend Frred

ter - but Yl 8dieh ndvis &%w%mm(m #6.0905 ricl) bnkactlyarBids THPlod FLPOM

(100 nL) was ad triethyl am ne 100 nirol ). The sol u
was cool edla e (Stl@thmmrnmahahwbuaddcd\yieﬂmlﬂmspmochta’@ 63-8a QZﬁLmolBeweurﬁBI ) in

(E)(c)]r\lﬂsfjﬁgt :T:')t?l] ﬁ%? 1?(1?0?&1%% cThde, %tfmg 8}5{‘%%3' -C oxy?c ¥1§1d tert%vgrfl &er @8?' ete

0.20 mol) in THF (75 mL) was added dropwise. The solution turned orange and the stirring
was continued for 1 h until no aldehyde remained by TLC analysis [1:]1 hexane/EtOAc,
Ry(aldehyde) = 0.6; R{14) = 0.8]. The solution was diluted with EtOAc and brine and the
layers were separated. The EtOAc layer was washed with 1M HCI, brive, dried over
anhydrous Na;SO;, filtered, and concentrated to afford 14 (67 g) as a yellow oil which was
used without further purification. 'H NMR (CDCl;, 300 MHz) 86.92-6.76 (m, 1H), 5.82 (d,
1H), 4.56-4.32 (m, 1H), 4.254.12 (m, 2H), 3.48-3.27 (m, 2H), 2.20-1.98 (m, 1H), 1.91-1.72
(m, 2H), 1.43 (s, 9H), 1.25 (t, 3H) ppm.

2-(3-Hydroxy-propenvl)-pyrrolidine-1-carboxylic acid fert-butyl ester (15):

[00108] A 2 L, 3-necked round bottomed flask equipped with an overhead stirred was
charged with 14 (67 g, 0.20 mol) and DCM (400 mL). The solution was cooled to -78 °C. To
this solution was slowly added boron trifluoride etherate (30 mL, 0.20 mol). The reaction
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0.2; RE(16) = 0.6]. Brine was added and the product was extracted wth DCM
(3 x 50 m.). The organic extracts were conbi ned and washed with 1 N HC1,
water, brine, dried over anhydrous Na2SO4, filtered, and concentrated to

af ford 2WQ2496/89197% whi ch was used without purificati oRCTURRRRATPEOCI3, 300
MHz) 54.4-4.0 (m 211), 3.42-3.21 (m 311), 3.0 (s, 311), 2.00-1.6 (m
411), 1.42 (s, 911) ppm Schene VU NHAC Pd(OAC)" (n9UANCJ Br NaH, 1le NCO,
NaHCO' 85 C OF 17 1le "Acl MWON, MOHNH 1 p\ MF -40 WO

2006/ OQJxﬂﬁﬁlreP@Id tdﬁ?dalOﬁfLGO?ﬂﬁB D]:BMB(I[ REat IDCM,%ObrmI:r,DO Smdl)mas)aqhhdmyla

-am no nvI nol i.di ne-| -.cakrbo I but

[00110} %’h“%’f‘ "t‘)ﬁtﬁo}“ﬁ& ‘(@é ghz%“d ?’5“‘?“'# ﬁ‘i@f@{&% @F (150
m) at @L)Qveﬁm aﬁdml&hwgemﬁnmgmg@ﬁcqmamahnaﬁm(xhﬁe uﬁsamov@m t6.whgmiol ) in
smal | portions. After , a solution of crude nesy]ate (approx 0.19

mol ) i n OMF G 2Eherﬁsyctwa§mm5rewaﬁ GAREFHEL Y guseched By, ﬂ@rﬁﬂf%ﬁﬁ %@Hlt!«?adﬁf diMn
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Na , red, an entr cI uc url as
silica F’&ﬂﬁ‘ﬁl@ ¥3 8H2 55 %%ﬁ@dﬂ%@ﬁbﬁ F‘\é\rB]d @ /%{&gg d an
il. T | ! 7 18 =
2L, g s o Sl g
5. 39 (appDddi]5-484 qm)2H])3.4-325 (m.I2H) 2 92 (o7s, (LED,02.0f41 93] (m Hp 1.923.8 @, 1H),

4 24 7 5 13.8 Hz, 1 3. 32 o2H), 1.90
(mazfﬁl’rl*r%s %ﬁ& e 1(%?(‘% ‘2’%@5’1"“1 57 (m 1H). N 43 (m grrno pE')m (m
t2 egg- Qﬁte t y [ﬂ M%Ehanesu nVQI&ID%O‘B/elngﬁ Dm()fl&menY'cal%OXqucqgld te’? % tt‘)’f)cs¥| I ¢ aCI d
it

[00109] To a solution of 15 (19 g, 84 mmol) in DCM (100 mL) was added
triethylamine (10 g, 13.9 mI, 100 mmol). The solution was cooled to 0 °C and
methanesulfonyl chloride (9.6 g, 6.5 mL, 84 mmol) in DCM (20 mL) was added dropwise.
After 1 h, TLC analysis revealed complete consumption of 15 [1:1 hexane/EtOAc, R{(15) =
0.2; R(16) = 0.6]. Brine was added and the product was extracted with DCM (3 x 50 mL).
The organic extracts were combined and washed with 1 N HCI, water, brine, dried over
anhydrous Na;SO;, filtered, and concentrated to afford 21.4 g of 16 which was used without
purification. "H NMR (CDCls, 300 MHz) 84.4-4.0 (m, 2H), 3.42-3.21 (m, 3H), 3.0 (s, 3H),
2.00-1.6 (m, 4H), 1.42 (s, 9H) ppm.

Scheme VII

NHAG Pd(OAc), (n-Bu).Ncl

(L%[ Tt o {%
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19 1001111 Under a nitrogen atnosphere, a solution of 18 (66 g, 0.15 nol) in
anhydrous DMF (350 nl) was charged with (n-Bu)4NC (41.5 0.15 nol),

K2CO8 (20. 8VQ200009197hp| ), NaHC2 (10.2 g, 0.15 mol), andP@HUE3RL6/7PE 35 g
0.015 nol) at anbient tenperature. The heterogeneous m xture was i nmersed
in a pre-heated (85 C) oil bath. After | h, TLC analysis revealed sone 18
remai ned therefore m)re cat aI yst (1 g) was added After 1.5 h anot her
char ge of2-EalAd : A L 2 : heati ng,
18 had béﬂ]&r_mmbﬂtiélﬁé.l y consurred by TLC anal ysr S [TLC anal ysis, 2% McOH DCM
Rf (1S) 0.7; R(19) 0.8]. The warmreaction m xture was transferred to
an ice water [62k18] t EO@GMPEUMOHOP/UNQH (9Wgt®r231mi)h1ybnleﬂmw DM (150 ImIgr ed

th h f I h dth
] Ero A g R e A b mol My e AifE (7, 83360l ol 1 s orsioid "RRe?0 | D€
g r2 i ge, dr hed sgtuﬁm aﬂv\&ﬁdé ﬁwsylmasquprﬁitr Ih(l 132 e:cd)t) ?hrm@c(ao e?lt)r wheadded IﬁfafN ﬁ/rR d

. (0] cru I C e W ou ur er uri cat.i on.
(cba 3 %ewm%sﬁa@e fiom erha b Thereagiign nvxtm yasnal iorra;‘ towasml gy g =
§ 414817anggent ]ttﬁlperé’tul%:’bv@fﬂtﬁl{k F')The%g{)ﬂ&toﬁrﬂttx&%&)was 3ec%%leﬁntb 0 é’(b")eu'rd %aé?ul&vapp dd,

9H) ppm quenchegby Zlmgd@m! of bnmmrcl;sztmere(b by dwddlkt?on of dllute aqueous Cl1 until
2- (6- Fl but yl
st or (S Ly RS EEAAH s et Pl 8 w3 b Abicheptiea Y

MeOH ( 48Dhendranimphascwad eathédsederal hlﬂcp,mtﬂuwaﬂdamemdvd\]DI\/fFllfbllm@d byawashibged i n
one porti After.30 mn al veal e et e ,con tron of
st ar !tol ng" ﬁ]ht”é’?q gpe ciﬂeéaal?ym(&a §(§4 ax%[‘ﬁ eg&ategmigydep@ W¥Rz0 =
0.8]. Thﬁmﬂea@ymgh mostgéraum&ogtepﬁyr@lswedz%m&@mwalaﬁama &m@duct was

extracted with The DCM extr rine, dried
over anh";”cﬂ‘b@ﬁa@é@ﬁlss Il h?"éﬂ?!ﬁtol%(-‘n&(é@m@ﬁt Réyéd:()q' r&(l&t UdH]erdM was

nexane/ ELy 08 ) o4 ty 17 AT SR, SRR AR b 4P R 0.3 82 300
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S~ OT 33 0 =1 20 F u
2-(1-Acetyl-6-fluoro-1H-indol-3-ylmethyl)- -carboxylic acid tert-butyl ester
(19):

[00111] Under a nitrogen atmosphere, a solution of 18 (66 g, 0.15 mol) in anhydrous
DMF (350 mL) was charged with (#-Bu)4NCl (41.5 g, 0.15 mol), K,CO; (20.6 g, 0.15 mol),
NaHCO; (10.2 g, 0.15 mol), and Pd(OAc); (3.35 g, 0.015 mol) at ambient temperature. The
heterogeneous mixture was immersed in a pre-heated (85 °C) oil bath, After 1 h, TLC analysis
revealed some 18 remained therefore more catalyst (1 g) was added. Afier 1.5 h, another
charge of catalyst (0.6 g) was added. Afier an additional 1.5 h of heating, 18 had been
completely consumed by TLC analysis [TLC analysis, 2% MeOH/DCM, R«(18) = 0.7; R«(19)
= (.8]. The warm reaction mixture was transferred to an ice water bath to cool then diluted
with diethyl ether and filtered through a pad of celite. The solids were washed with diethyl
ether and the filtrate was washed several times with water to remove DMF then once with
brine, dried over anhydrous Na,SO,, filtered, and concentrated to afford 52.5 g of crude 19
which was used without further purification. 'H NMR (CDCl;, 300 MHz) 38.18 (m, 1H), 7.60
(m, 1H), 7.18 (m, 1H), 7.05 (dt, J = 2.4, 8.7 Hz, 1H), 4.13 (m, 1H), 3.41 (m, 1H), 3.33 (m,
2H), 3.17 (app dd, J = 14.1, 38.1 Hz, 1H), 2.61 (s, 3H), 1.83 (m, 3H), 1.69 (m, 1H), 1.49 (s,
9H) ppm.

4]-



Oa TSAF, THE /OCH pTBG TEA 0O ~ O 7023 F 24\ | p
2-[1-i2-(tert-Butyl-dineth 1~yl oxyl -ethyll-6-fluoro-|Hindol-3-vhnethyll
pvaol i di ne-1- car boxyl ic acid tert-butyl ester (22): [00113 Under a

ni trogen WOMBWINEE " a solution of 20 (3.0 g, 9.42 mmol PAIFS24MNMELs DvF
(40 nL) was added via addition funnel to a mxture of 60% NaH (0.45 g, 11.3
mmol) in DMF (10 nL) at 0 C. After | h, bromde 21 (2.47 g, 2.22 nL, 10.3
nmol ) in DVF (5 nL) was added V|a syrlnge After 30 mn, the reaction

mi xt ur e Ae(8-FheoronhH-indol-; dipglqarboxylie agiditer-hutykester B30)addi t i onal 30
m n. The reaction was quenched by the addition of satur aqueous NH4ACL
and dil uted quﬁzlmaﬁém““‘?‘h%p"&’%‘ﬂﬁéﬂldw&%(@)@)ﬂ&&aéﬂ‘tﬂﬂ@ﬁl\@%éi&’3& Igtwasr and
the co t renove
OV, b P ) AL ON (PN 1RSI S et b St Al TEGT 20

af ford 4nagsis teoealed . 90mﬁlet22 consymptigre| bbvxstutlhg wiriatehialalTLGs exhalyisish 032 furt her

P e CERRREOBE RO L0 T, ke o G The e milifidhugs pluiioB WEE § 071
110). 0180 il thoprodut i extild ¥aa2 BOM.2¢ DCNS ki@ s “’"“‘ . 188
(br s, iﬂé"}lq qve(sanhmorw (&)’2159 tetedly) and, copseniragrg. ( ﬂ% §H}d% gFo (“éas 9H) ,

0.23-0. LfisdbBd entd 20ORY of snhca Fel and chromato%a phed (80% to 65% hexane/EtOAc) to
2-f6- Fluorollb{thdrox-et -1 Hi ndol vl met hvl | - nvrrolidi ne-I"-carboxyli

c acid taford315lg pf 2kas athick 2 'HNRAGDCY, 360 MHz)A8.4bfrai Hilkd.6357.34(mo g,
'?'efrzanm]%%’t y@%@hgxlﬂ’ﬁrﬁ 1-5{(;}‘5? é§9 q}%/lzlérll\ﬁ%f%ﬁ’oi Eéj:‘*hg ,(m’lﬁl)h%r‘éﬁllwa(gi’ 3%deed Vi a

syringe.2.74t2.63 (nd, 161), r.mth,dﬁbpnﬁm(segﬂ)mm.ﬂc anal ysis [3:1 hexane/ Et QAc,
Rt(22) = 0.7; R(23) = 0.1 ] therefore diluted with EtOAc. The Et OAc

sol ution was washed twice with 1 MHC, water, brine, dried over anhydrous
Na2SO4, filtered, and concentrat edSéemefiard 3.9 g of 23 (>100%

contam nated with some TRS-containing inpuriti as a g@an-colored oil which
was used wi thout furthe uri~f cat i QRme H NVR 7800 MHz) 57.59 (br s,
1H), 7.01-6.85 (m : 4.17—;@2—@#) N90 s, 211), 3.38-3.31 (m
2H), 3.15 (dd, J= 1.4 6 ,,68?&%—;) 9-1.72 (m 4H), 1.47
(d, J=10.9 Hz, 9H) ppm Y 16- Fl Goro | -[ 2-(t ol uene- 4- sulfonyl oxy)-ethyl)-1
H i ndol - 3-yl meth v1l- pyrrol iine-1- garboxvlic agig terf-butyl ester (12):
1001151 Tri et hyl amd™82™ 1. 1§<¢ o Ll gn{)’ added to a sol ution
of 23 -7< Y A o

n E 2 F

2- {1-[2-(tert-Butyl-dimethyl-silanylox v)-ethyl]-6-fluoro-1 H-indol-3-ylmethyl} -pyrrolidine-1-
carboxylic acid tert-buty! ester (22):

[00113] Under a nitrogen atmosphere, a solution of 20 (3.0 g, 9.42 mmol) in
anhydrous DMF (40 mL) was added via addition funnel to a mixture of 60% NaH (0.45 g, 11.3
mmol) in DMF (10 mL) at 0 °C. After 1 h, bromide 21 (2.47 g, 2.22 mL, 10.3 mmol) in DMF
(5 mL) was added via syringe. After 30 min, the reaction mixture was warmed to ambient
temperature and stirred for an additional 30 min. The reaction was quenched by the addition
of saturated aqueous NH,Cl and diluted with water. The product was extracted with diethyl
ether and the combined ether extracts were washed several times with water to remove DMF,
brine, dried over anhydrous Na;SO4, filtered, and concentrated to afford 4.49 g (quant.) of 22
as a yellow oil which was used without further purification. TLC analysis [3:1 hexane/EtQOAc,
R«(20) = 0.4; R{(22) = 0.7). 'H NMR (CDCl3, 300 MHz) 57.68 (m, 1H), 7.12 (d, J = 3.3 Hz,
1H), 7.03 (s, 1H), 6.98 (t, /= 3.2 Hz, 1H), 4.26-4.23 (m, 3H), 4.05-3.99 (m, 2H), 3.55-3.27 (m,
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(3.4 g, 9.38 mol ) in anhydrous DCM (50 nL) at O C followed by the addition
of p-TsCl é‘% 79 %19 9. 38 nmol ) and DVAP (0.12 g, 0.94 m"mlé Af ter
the reacti war med to room tenperature. Upo]izl WHWP@W@
consunption of 23 (- 30 m n at anmbient tenperature), the reaction mxture
was diluted wwth DCM and washed twice with 1 MHCI, brine, dried over
anhydrous Na2SO4, filtered, and concentrated. The crude tosylate was
pur| fied WE)LAS msiH) t88 Guls, 4H); b6E(HHAJRB (€8 1H),Hed@hed En D) 0.95 (saPHpr d
.67 g (760/91&%&@4{ %@s a Whl te foam whi ch _was honbgeneous by TLC anal ysi s
[3 1 hexan = R1(24) = 0. 3] "H NWR (CDC13 300 MHz)
5764745 K- 5 2 . 85.. : 8, . Hz,
113), 6.79 3 s 5 ] ‘" ) 08 s, 1H),
3.34 (br d—ﬁé@%‘-"—ézélz 211) 3.20.3.09 (m 1H . 264257(m 1H), 2.36 (s,

111), 1.75 (br 4 06/ 091972

bCT) Uszo06 90 SRMIAES Aspltion cehibining 30, PRE 198, tmafiay anfy oY RIF P ml) b N
20 F D 25 wis doofedfto ONC] FFhra-nFhftyltmidofiumfluoridle (£ M in THF, 14 mL, 14 mmol) was
1.2-Bis[2-(6-Fluoro-lHindol-3 ylnethvl)-pyrrolidine- | Zcarboxylic acjd
tert- butyladéi"(@iifyﬂ"éﬁ-héﬁér{!25‘)95‘“‘{306‘1@812 wl&%ﬂ@b@ﬁiﬁéﬁe&m Jor 5)‘34 g,

8.50 mmol )07'R.&3P¥@rl?tl§r%dﬁg@d wmaht@AcOrﬁemc%gﬁﬁgn M%ﬂk& %c%uﬁ@ (2. 47

g, 7.75 nmol via addition funnel , the reaction
m xt ur e waM HClamstenrbrige, drigd pvernh@irbus NaSQ¢Milterad, ambyoncmtratedoo affords3.% @l uti on

i on sl 08§18 Foamles o1 o T ugis Bapyelf) o ool fed PP
mat eri al s msiséd/ﬁﬁhdwfuﬂa& puifithtithl éHmMRqCDw,, S(bo)MlHSt) masm@ds 1<H)Q7 cnwer 2 h.

After 2-3 h at._ 0 C, the reaction was addi tion of saturated
aqueous NI-QHCI?‘I'D'ﬂ‘l]eQ"’rH%%r%Dm%gOﬂﬁflst&}@d3\3\§'@ﬁlcﬂme¥%lrl3156({141Jr‘ dda4 @diZeiHand t he

| ayers wer t e [ several tinmes with water
y %?\iﬁzpqmﬁbﬁi‘ﬁn%}h {47 8¢ 1 129 gﬁm

to renove hen once with brine, dri e hydr ous Na2804 filtered,
and .

arboxyhc acid tert-butyl ester (12):

[00115] Trethylamine (1.13 g, 1. 56 mL, 11.2 mmol) was added to a solution of 23
(3.4 g, 9.38 mmol) in anhydrous DCM (50 mL) at 0 °C followed by the addition of p-TsCl
(1.79 g, 9.38 mmol) and DMAP (0.12 g, 0.94 mmol). Afier 30 min, the reaction mixture was
warmed to room temperature. Upon complete consumption of 23 (~30 min at ambient
temperature), the reaction mixture was diluted with DCM and washed twice with 1 M HCl,
brine, dried over anhydrous Na;SQ,, filtered, and concentrated. The crude tosylate was
purified by flash silica gel chromatography (3:1 hexane/EtOAc) to afford 3.67 g (76%) of 24
as a white foam which was homogeneous by TLC analysis [3:1 hexane/EtOAc, R(23) = 0.1;
R(24) = 0.3]. 'H NMR (CDCl;, 300 MHz) 87.64-7.45 (m, 3H), 7.11 (t, J = 2.5 Hz, 2H), 6.85
(dd, 7= 0.8, 3.3 Hz, 1H), 6.79 (s, 1H), 6.73 (t, J = 3.6 Hz, 1H), 4.25 (s, 4H), 4.08 (br s, 1H),
3.34 (br d, J = 9.6 Hz, 2H), 3.20-3.09 (m, 1H), 2.64-2.57 (m, 1H), 2.36 (s, 1H), 1.75 (br s, 4H),
1.53 (s, 9H) ppm.
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concentrated. The crude product was purified by normal phase HPLC (10-100%
Et CAc/ hexane over 30 mn) to afford 3.27 g (70%9 of 25 as a white foam which
was homgeneo TLC anal ysis [3: 1 hexane/ Et OAc (two developnent s),

RL(20) = .é?"ﬁék%’l 0.55; Rt (25) = 0.5). 'HNWR ( cDCRST/U3gheef)

57.61-7.52 (m 111), 6 82 (t, J 9. 6 Hz, 111), 6.68-6.61 (m 111),
6.48-6.46 (m 111), 4.34 (s, 211), 3.93 (n1 111), 3.34-3.26 (m 211),
3.17-3.01 (m 111), 2.05 (m 111), 1,70-1.58 (m 4M 1.50 (s, 9H ppm
1.2-Bis[2-(6-Fluoro-1Hindol-3-ylnethyl)-Dyrrolidine]ethane (26): [001171
Trifluoroacetic acid (2 nL) was adS8edmatIXO C to a sol ution containing 25
(3.27 g, 4.93 mmol) in DCM (10 nL). After 3F an addltlonal portion of TFA
(2 nL) was added t he reaction was conpl V\/ltb>\ld h. The sol vent was
removed on a rotarym ar atNarheand resid P ssmlosved i n DCM and
washed twice w £k 3at ur oncelysdth brine, dried over
anhydrous Na2S filje and cgfféntr to afford -44 WO 2006/ 091972
PCT/ US2006/ 007068 26 as a yeIIo oam wh Fma§’used wi t hout fi uther
purification, )H NVR ( 3, 300 MHz) 87.31 (ddi~d~n= 5.1, 8.7 Hz, 111),
6.92 (s, 1H), 6.77 (ddd = 2.4, 9.6, 11.1 Hz, (ed, J = 2.4, 9.9

Hz, 1H), 4.41 ( . 55w m , 3.01-2.96 (m
1H, 2.92 (d, § 2.15-1.Fgg(( .é‘ 84 (m 2H),

1, %-BIS(Z 2 FoY
pr o-1 Hi ndol - 3-yl net hvl

1.76-1.67 (m 1H)
2-Trifluoro-I-[2-(6- rro’TidinI-yI] et hanonek

ethane (27): [00118] At 0 C, TFAA (2.17 g, 1.44 nL, 10.3 nmmol) was added to

2 SOl 1 05 Bkt Bk 3o RO o MEALAA BRI i ! ¢
2. -0 IO ) (50 m).

he reaction mxture |s dlluted W th DCIVIand washed tw ce

\Il\lmaégoiat :‘Jlr ?E gle@ugﬁﬂéc gﬁgﬁ’r%t eC/eN%éB gggr&ébﬁ pur W(gﬂgy flash
silica mjalat @ K€ ovestaddedip Isylutjdn of 2(1)(2147lg,h’l—:-7dianmioﬂi maymt(ao @E)oml additién g ( 82%
(e bl At bl SR RIREERG sl R R
9.0 °G, krsdlutio® o Btdsylsted d4 € 65=g,17 6h mﬂoﬁ in DRIFO(20iAnL) v&dd)add&l tﬁZhe(dﬂH anién 1. 8,

102Hz B 6.44 (s, , 4.36 (s, 2H), 4.29-4.28 ( 60 (app t,
= 7.2 Hgolutyy) from @aadéawn gl Asﬁer B8 min, jonly;sfarfing materi nkd@seweibg YC14.1 He,

:?ye- - al%?ysi]s ﬁérefo(‘érhloa@ warmefi2i010 T8 obdP 2 B After- BT hlatTPoE, he ILtid Whas SChene X
quenched by the addition of saturated aqueous NH4Cl. The mixture was diluted with diethyl

ether and water and the layers were separated. The ether layer was washed several times with
water to remove DMF then once with brine, dried over anhydrous Na;SQ;, filtered, and
concentrated. The crude product was purified by normal phase HPLC (10-100%
EtOAc/hexane over 30 min) to afford 3.27 g (70%) of 25 as a white foam which was
homogeneous by TLC analysis [3:1 hexane/EtQAc (two developments), Ri(20) = 0.8; R(24) =
0.55; R{25) =0.5]. "H NMR (CDCls, 300 MHz) 57.61-7.52 (m, 1H), 6.82 (t, J = 9.6 Hz, 1H),
6.68-6.61 (m, 1H), 6.48-6.46 (m, 1H), 4.34 (s, 2H), 3.93 (m, 1H), 3.34-3.26 (m, 2H), 3.17-3.01
(m, 1H), 2.05 (m, 1H), 1.70-1.58 (m, 4H), 1.50 (s, 9H) ppm.

1,2-Bis[2-(6-Fluoro-1H-indol-3-ylmethyl)-pyrrolidinelethane (26):

[00117] Trifluoroacetic acid (2 mL) was added at 0 °C to a solution containing 25
(3.27 g, 4.93 mmol) in DCM (10 mL). After 3 h, an additional portion of TFA (2 mL) was
added and the reaction was complete within 1 h. The solvent was removed on a rotary
evaporator and the residue was dissolved in DCM and washed twice with saturated aqueous

NaHCO;, once with brine, dried over anhydrous Na,SQ, filtered, and concentrated to afford
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27 FN-\ f f F 1-(2-13 10-Difluoro-14-[1-(22

2-trifl l'idin-2-ylnethyll-6 7-di hydro-
2. 4. 32 ORI Ul Mot hyl 1 -pvrrol i din T-y1)-2 2. 2.t | FETGORB98 Msone

(28): [00119] Acyclic diner 27 (2.66 g, 4.06 nml) was dissolved in neat
TFA (25 nlL) at anbient tenperature. After 3 h, the solvent was renoved on a
rotary evaporator and the resultant residue was_ di §so| ved in Et QAc, washed

tw ce witR6ewa Iﬂllawé'dar&(e}’lh@bl)’bﬂs msadorigoutfucther pirificationi & NMR (€BChy300 MHR), dr ous

Sl? zgtogreoﬁe @%r nd%lsffr)\%dlei?ﬁeﬁ?gg aﬁ{’/gﬁpg‘é\,&r %54%1{ rﬁﬁ 15121;6445@%1

i i
0 a re
i ndol yI i ngf?f?ﬁ%és (¢Hes ‘g) z3§§5° ij)ulr?611 %@P ’n]e7‘¥£é$ (}t‘/té’é’madded DDQ

(1.10 g, 4,84 rrrml i.n one portion. After - the react on mxture was
di | ut ed wi4-B-Eas VEVD 1 —"‘"""f‘ cridzl WS -“' 1 SHMCHs wer e
washed V\ntm&&c and the f||trate was vvashed flve tlrres with saturated

aqueous NaHCO3, then once wt i_ne. The conhi ned aqueou‘i‘ washes were

re-extracted tQPEISIwiAtD E?@EAén@ he béhEineld-3 gweplhives addedaior & solatien gr i ed
over anhy g pisinNag 968 of |4|9§erﬁﬁg} vakd &Oﬂeﬁ'&ﬁc{aﬁyﬁﬁ ﬁ'a_lﬁepIEJIélﬁestepB’ RRgHEh was

purified by flash silica gel chronatography (4 hexanel Et OAc) "to afford

1.94 g l(m%g,z @tmbs%“ ﬁ)mnw@ indCM (ﬂtm?vlnAﬁer %bnmﬂmmhon\mxtmnbg@msbus by
TLC _
anal y Sk i ana AL UL Ry bl WRLOAL Shocsfy Gl el )

0. 55]. orescerit
easi |y puanHydets big,S0;| ﬁlwrai iaﬂdlt cmicblittraltﬁagﬂmtcngtee;dedtkte@h* purified by dlash silivdhi t e

solid. ' 88. dd, J.= 5 , 1), .7.03-6.93
(m 2H), gé}‘ﬁr@mglj thégg b Qﬁt%‘; (9 Afford, 46 z a?@/’%sw@s@ﬂf Q;WqF&h
3. 75- 3. 69 vwhihom 7 i) d = @15 9
S oS Sqves ozlji-%egeoﬁ bé' Tﬁciﬂaal?m [2 hexﬁteﬁftOAe 1;;(%6) [Vl IWR;(?’?) d%e .
1pA) \ M\(CBC 300 M!tle)vékﬂ@(ddﬂd‘ﬁﬁ 4054@%\1117, 684 md J 7 1.8, €34 10.5 Hz,

1H), 6.62 (dd, J = 1.8, 10.2 Hz, 1H), 6.4 (s, 1H), 4.36 (s, 2H), 4.29-4.28 (m, 1H), 3.60 (app t,

J =72 Hz, 2H), 3.23 (dd, J = 2.4, 14.1 Hz, 1H), 2.51 (dd, J = 9.9, 14.1 Hz, 1H), 1.92-1.84

(m, 2H), 1.72-1.66 (m, 1H), 1.57-1.56 (m, 1H) ppm.

Scheme X

i < 1, TFA (neat) F

2 DDQ

[00119] Acyclic dimer 27 (2.66 g, 4.06 mmol) was dissolved in neat TFA (25 mL) at
ambient temperature. After 3 h, the solvent was removed on a rotary evaporator and the
resultant residue was dissolved in EtOAc, washed twice with saturated aqueous NaHCO3, once
with brine, dried over anhydrous Na;SQ,, filtered, and concentrated to afford 2.65 g (quant.) of
the diastereomeric indolylindolines as a yellow foam. [TLC analysis: 3:1 hexane/EtOAc,
R#27) = 0.3; R(indolylindolines) = 0.6-0.7].
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~OYNN F X]Ja
3.10-Di fluoro-13, 14-bi s-uvrrolidin-2-ylmethyl -6.7-di hvdro-pyrazino[l.

4. 3-a9di |‘Q@%@6,09¥@,2 100121] A mixture containing 28 (1. I) and
K2CO3 (2. 05 . mmol) in MOH (60 nL) was heated atp?'é.g%éﬂ%lﬂ%% gm)h The

reaction mxture was cooled to anbient tenperature and diluted with Et OAc
and water. The | ayers were separat ed and the aqueous phase was extracted

th ti i th Et .Th nmbj d wth
ori ne, i eol AN ohg aetie Rk iBng EXe AR iolip S50 or o
1.57 g (5046L )’@a@&@@&@@@ﬁ%%@%ﬁﬁﬂ&ﬁﬂﬂﬁz %on(ﬂﬂéﬁ-sh Bk relti@bmxkmye! | ow

solid which was used out. furt her pur| i cation. TLC anal ysis, 1:1

hexanel pasdilutedpitl) 1A and fiferay) through g pad-ofj crlifr (esplids werg washed withes (m
4. 31

211) S%gg %gﬂpﬂlgﬁlﬂﬂ%te wgfo‘\aashgd ﬁ%ﬁ%@iﬂ?&hﬁ@t@@a&m Nal@Céh'ﬂZen okéé)vaﬂé o7 (|(?1

1H), 1. 88ng nThﬂmnbine@&q@muS mal)‘ahes wegre(axfradtediiwipgpwi E:t(mc mth(e@mbimdw I\/Hz)

8160.6 (d, .J 238, F 0 120.
(4.3, fhay tragfs iR il dvgp arfyofoys NeSGL Siopd Spd Kdnopdled. d Bhiad: 7205
HZ) 5 Prdductdkaspurifidd by flash Qlica3fel chroRdtography(4:1 hexane/EtOAc) to afford 1.94 g

b oty R13%, % (5P ) ASeAns ST WA e iy qmmogencoud by 1L amalyss (a1

1. 2- a: 4 péeanie/BHDAL RYindbB1hHSBIN 0.650v7: IRQ(*:B)CLI= D%sj( “NBY hﬁ@g{ddué’t 2.2’-biindole

met hyl _provyl]-carbanmi ¢ acid tent- buty ester 122] A sol ution
cont ai nk3%) iBguite fyerescepy qnd. ig 9 eagily punified hy Mjuratgn mﬂlueeaeniz Bmdg M@Eétom"ml ) in

ﬁﬂhygrggﬁ?naohépyﬁl\%h%hgdﬁwgb?ﬁ 90@1\&%1{%&%}8%&5%’] SIPll-EP%Hé con’[ a| n?n8129

(0.70 gfm, 2HB2.407@).) = o0 BYRH)M M.QmV\H-B 402 &d] Jon 6.0tH 1R T3-5069 ifinX2H), e Was

Fevear ed Ao BrotBo im0 158 i uBichaeydedm S0 Tkl 8™ R (50)

= 0.01; pp#30) = 0.5]. The reaction mxture was diluted with diethyl ether
and wasﬁed once with dilute aqueous HO, five tinmes with water to renove
excess NWP, once with saturated aqueous NaHCO3 and brine, dried over
anhydrous Na2SO4, filtered, and c@pgspixpted. The crude product was
purified by flash silica gel fpchromatography (3:1 kexane/ EtOAc) to afford
1.09 g (83% of 30 as a palgyellowsolid. "H N CDC13, 300 MHz) 58.04
(dd, J = 5.1, 8.7 Hz, 1H ) ¢ = 9.3 Hz, 111), 4.50
(m 1H), 4.49 (d, J= M. 3 Hz, 111), 4.11 (m
2H), 3.67 (dd, J= 3. .73 (app t, J =12.9
Hz, 1H), 1.99 (dd, J ::;ﬁp (m 211), 1.43 (s,
911), 1.01 (d, J =7.2 311)

Bog-L-Val-OH
HATU, DIPEA
NMP

ino[1.2-a:4.3-a'ldiindole

[00121] A mixture containing 28 (1.94 g, 2.97 mmol) and K;CO; (2.05 g, 14.8
mmol) in MeOH (60 mL) was heated at 60 °C for 1.5 h. The reaction mixture was cooled to
ambient temperature and diluted with EtQAc and water. The layers were separated and the
aqueous phase was extracted three times with EtOAc. The combined organic extracts were
washed with brine, dried over anhydrous Na,SO;, filtered, and concentrated to afford 1.57 g
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ppm 13C NMR (CDOI 3, 75 MHz) 8171.2, 160.4 (d, Jc-F = 238 Hz), 155.7, 136.6
(d, Jc-F = (LE@ 127.2, 124.8, 122.0 (d, Jc.F = 9.7 08.5
(d, Jc.F = "ﬁ‘ﬁ?)"% 295.0 (d, Jc.F = 26.3 Hz), 79.4, 57.%}@&2@?’“@9@,
41.7, 31.8, 29.7, 28.4, 28.3. 23.8, 19.7, 17.7 ppm -47 D 2006/ 091972

PCTI USZOOG/ 007068 Scheme XI1 N TFA, pGMH,NO O4Nl HF NI J NHF 30 31

0 _1N) B6LN(PA* AWOH HATLL DIPFA, MWP p O ry~ ONHF MaNk 4 O
2- Am no- | {quanti)iof 29 s & geltom gotid Jehiabtwap lusas withou§ Suthenporification ThCraselysis, 1B, 10- di

fl uoro-6. Zi o I I i din-
|-Vl )-3-?%8&%/?@{5‘{ R h‘%@o‘@%f‘ HRMEICBER 3"#an i lfﬁ’o‘;b%), 1.27
mol ) in PeMd 26 gk H eH), 59 @ t,(J:E)s’BHzTE (#31s) 2H1f,$937d(@ed, AH)a3pupette and
t he reactlon was nonitored unti] TLC SIS reve 3#@ teféonsunptlon
of 30 (-21H) 33114@ dHhisist 1507 57t B ey 389, L8 28 4B . S5 P The
sol vent n ra; t e spelived in
Et OAc. T\ATC c ﬁt?%n ?lg%g\(g fwi ggg ?r}ﬁ% gbgtzlrj t"gg a}é%%g%)s %ZIEK'IB and
once Wt h25)4|12@8 (ﬂhe'olcermLZth) 40%8,0108.9\6ls Hes =\ldrteHol OF 3e(dt Jact @6.3vHDh Et OAc
and the organj t dri ed over anhydrous Na2SO4, filtered, and
concentralsg'g"t%agﬁb#@&é.ﬁg\é@%?f’wﬂant ) of 31 as a yellow solid which was
used without further purification. 1H NVMR (CDC1l3, 300 Hz) 58 09 (dd, J=
5.1, 8.7 6. - 1 .50 (d 3.7 Hz, 1H),

4.11 (m 1HpE%- . o . (app t,
J= 12.6 szlﬂ Q10 ‘ %a v FOIHINEG- t-CATORH 241 (m
111), 1. hyl-psopylhearbamio eciditant-butyiosten(30%5 Mz) 5174, 3 171 4 160 6 (d,
Jc.F = 232.5 Ha) 1368(d JC.F 127. 4 (d g
125.0, 122.4 (0123 @ solgtiop m}amnlw%-h-%@ﬂr(%? g, &ﬂanQzﬂné%l)‘U (b3 2 (4,
JCF = g334 mmol)manhydrousNMP(4 mL) was cooled to 0 °C. After 15 min, DIPEA (045 g,

0.61 mL, 3.50 mmol) was added via syringe. After 15 min, a solution containing 29 (0.70 g,
1.52 mmol) in NMP (4 mL) was added and the reaction mixture was allowed to warm to
ambient temperature over 2 h at which point TLC analysis revealed complete consumption of
29 [TLC analysis, 2:1 hexane/EtQAc, Rg29) = 0.01; R(30) = 0.5]. The reaction mixture was
diluted with diethyl ether and washed once with dilute aqueous HCI], five times with water to
remove excess NMP, once with saturated aqueous NaHCO; and brine, dried over anhydrous
NazSQOs, filtered, and concentrated. The crude product was purified by flash silica gel
chromatography (3:1 hexane/EtOAc) to afford 1.09 g (83%) of 30 as a pale yellow solid. H
NMR (CDCls, 300 MHz) 68.04 (dd, J = 5.1, 8.7 Hz, 1H), 6.98 (m, 2H), 5.33 (d, /= 9.3 Hz,
1H), 4.50 (m, 1H), 4.49 (d, /= 8.1 Hz, 1H), 4.24 (dd, J= 7.2, 9.3 Hz, 1H), 4.11 (m, 2H), 3.67
(dd, /=3.0, 13.5 Hz, 1H), 3.56 (m, 2H), 2.73 (app t, J = 12.9 Hz, 1H), 1.99 (dd, /=7.2, 13.5
Hz, 1H), 1.70- 1.17 (m, 2H), 1.43 (s, 9H), 1.01 (d, J = 7.2 Hz, 3H), 0.98 (d, J = 7.5 Hz, 3H)
ppm. *C NMR (CDClL, 75 MHz) 8171.2, 160.4 (d, Jo.s = 238 Hz), 155.7, 136.6 (d, Jor =
12.0 Hz), 127.2, 124.8, 122.0 (d, Je.r = 9.7 Hz), 109.2, 108.5 (d, Jor = 24.0 Hz), 95.0 (d, Jor
=26.3 Hz), 79.4, 57.7, 56.9, 47.3,41.7, 31.8, 29.7, 28.4, 28.3, 23.8, 19.7, 17.7 ppm.

47-



22.5 Hz), 58.0, 47.3,41.9,30.0,28.5,28.5,24.1, 19.9, 17.6 ppm Penultinmate

I nternmedi ate (32): 1001241 A solution containing Boc-L-N(M)Ala-OH (0.49 g,
2. 45 nmmol (0.98 g, 2.56 mmmol) in anhydrous N cool ed
to 0 C \?9%6{5@@?‘% DI PEA -48 WD 2006/ 091972 PCT/ USZ%&?‘%&%gm?O.BS g,
0.47 m., 2.69 mmol) was added via syringe. After 15 mn, a solution
containing 31 (0.77 g, 1.17 innol) in NMP (4 nL) was added and the reaction
m xture was allowed to warm to anbient tenperature over 2 h at which point
TLC anal ysis reveal ed conpl ete con:ﬂghmeKﬂ of 31 (TLC analysis, 1:1
hexane/ Et OAc, R1(31) = 0.01; 0.5]. The reactifon m xture was
diluted with diethyl ether shed once w th dil aqueous HCl, five
times with water to rempve l[exgess NWP, once rated aqueous NaHCO3
and brine, dried over Oan ar OUS NaZS@fAncan oncentrated. The

crude product was p nedc’ y f adsh stTica gely graphy (1:1
hexane/ Et OAc) to af

’* of 32 as% owsolid. I H NW
(CDCl 3, 300 MHz) 58. 05(, , N55-6.90 (m QA m 311), 4.13 (m
113), 3.70- 3.52 (m 4H) (m 211), 2.72 J=11.1 Hz, 1H), 1.70
(m IH, 1.64 (s, 3H)), >p.’53(s=°9H) 1. 45-

] 5(m 28), 1,34 (d, J= 7.0 He,
3H), 1.05-0.88 (m 6H) ppm 13C NWVR ( GDGl (D MHz) 8171.3, 170.4, 160.4
(d, Jaj = 232.5 Hz), 136.6 (d, Jc-F, = ‘;27 2, 124.7, 122.1, 109.2,
108.5 (d, Jc-F = 22.5 Hz), 95.0 (m, ¥ Hz), 57.8, 55.5, 47.4, 41.7,
31.6, 29.9, 29.7, 28chymeddn8, 19 5™ ] @, heme XIII N Mg TFA. DCM
~HI N J1 ~ Na‘u‘k@.fﬂi(.\gf? ODNFRF, HN 32 Me " O

N- (1-f2- (3. 10-Di | uor o- 14- (1-f 3/ /Tﬁ

(2- met hyl ami no- ur opi onvl am nol - but yrw1= nvrm i din-2-vhnethvl| -6

7-di hvdro-pvrazinofl.2-a;4 3-a'ldii -1 3-vl rretﬁ'yll-pytrolldl ne-| -
carbonyl | - 2- net hyl - pomvl } - 2- met hyl atfno- pr oni onam de (33): 1001251 A
solution containing 32 (0.92 g, 0.89 mMmmol) in DCI\/I(15 m) was cooled to O

T. TFA (3 Nhino"Pe- A9 Y2 nfind2s gt gglounti 1 TLC
anal ysi s dihydro-pyrazino[1,2-a:4.,3-a"ldiindol-13-yimethyl}-pyrrolidin-1-v1)-3-methyl-butan-1-one

(31)%:

[00123] A solution containing 30 (1.09 g, 1.27 mmol) in DCM (20 mL) was cooled
to 0 °C. TFA (4 mL) was added via pipette and the reaction was monitored until TLC analysis
revealed complete consumption of 30 (~2 h). TLC analysis, 10% MeOH/DCM, Rg(30) = 0.5;
Ri(31) = 0.4. The solvent was removed on a rotary evaporator and the residue was dissolved
in EtOAc. The EtOAc solution was washed twice with saturated aqueous NaHCO; and once
with brine. The combined aqueous washes were back-extracted with EtQAc and the organic
extracts were dried over anhydrous Na;SO4, filtered, and concentrated to afford 0.83 g (quant.)
of 31 as a yellow solid which was used without further purification. 'H NMR (CDCls, 300
MHz) 88.09 (dd, J = 5.1, 8.7 Hz, 1H), 6.97 (m, 2H), 4.52 (m, 1H), 4.50 (d, J = 8.7 Hz, 1H),
4.11 (m, 1H), 3.71 (br 4, J = 11.1 Hz, 1H), 3.51-3.32 (m, 2H), 2.74 (app t, J = 12.6 Hz, 1H),
2.30 (br s, 4H), 1.92 (m, 1H), 1.68 (m, 2H), 1.41 (m, 1H), 1.03 (m, 6H) ppm. ’C NMR
(CDCl3, 75 MHz) 8174.3, 171.4, 160.6 (d, Jo.r = 232.5 Hz), 136.8 (d, Jcr = 7.5 Hz), 127.4 (d,
Jor=3.7 Hz), 125.0, 122.4 (d, Jo.r = 7.5 Hz), 109.6, 108.7 (d, Jor = 22.5 Hz), 95.2 (d, Jcr =
22.5 Hz), 58.0, 47.3, 41.9, 30.0, 28.5, 28.5,24.1, 19.9, 17.6 ppm.

Penultimate intermediate (32):

[00124] A solution containing Boc-L-N(Me)Ala-OH (0.49 g, 2.45 mmol) and HATU
(0.98 g, 2.56 mmol) in anhydrous NMP (4 mL) was cooled to 0 °C. After 15 min, DIPEA
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reveal ed conplete consunption of 32 (--3 h). TLC analysis, 10% MeOH DCM
RK32) = 0. = 0.3. The solvent was renoved on a [ vapor at or
and the reé?]gue &aﬁ%al ssolved in EtOAc. The Et OAc sol ut'g&%iﬂﬂ&g@ﬁ@d tw ce
Wi th saturated aqueous NaHCO3 and once wth brine. The conbi ned aqueous
washes were back-extracted with Et QAc and the organic extracts were dried

over anhydrous Na2SO4, filtered, and concentrated to afford 0.73 g of -49
WO 2006/ 0013372 0RCTHIL)S06hel) /e6addedt vidsyrdge. Rifter ¢ 5 mde, gsohdivotconaming dli f i ed

vl v Honc. Ot e i Sahe oot snd e itk e B, 1 1 1

Det ect or : toAfibienh fempétaure boat 2ck atowlitinpeihtTOLE aﬂayslmsieawmntﬁldwtmumpudnh

vashoa wPCH B wabas L Tt @%ﬁ&ﬁ”n@eﬁ&fﬁ) 10 olHe Earion BREBIR T at e

The resi diygs fiffed v@iﬂﬁﬁ&hﬂ%e'r BncPo SnBd m\ﬁfmymk %ﬁwﬁ@h@tﬂdﬁ&e&hﬁéﬂ wWith Watiat er

unti | cI oudy, frozen, and Iyophilized to afford 33 as a flocculent, white
solid. ' Hommmoyeweess N onee Yitlgsangated aggouy NgHOP) andbrivg, qrigd g vergnhydzous, 3,

10 5, He. Aiko,d Gﬁ@gﬂg’ 3 Hoegl feﬁ 3t @%&&i)ﬁs p@ﬁigéqﬂpﬂ%uwazg& (app

J = 6. auommgrhmy (12. RRafe/EtOAs) hafBrdi0.92 BHI6%2 ofl 32 g2 palblysllaky Solid( rfH

?%f 55 (0 ik ot o ashol Tt 206 02, 4 Ul b0 1

(2g2 ?OHZ)_B sigﬁ &H)(@lsz gx&FZH) Z7§§Af%;)t;.fiﬂ 14H£,C11—I)31Cld:m, }3271 bills, 3H)121553Qs 12% 3
Hz) 6% 49H), 4 7*591 255(51 3H).4134(d, J=z 10 HapT), 1§i 0783 (39 50) rpw. él(C EMR)(CQ@;J

19. 6, 18. t = 6 t+/ | es:
,aa R, aaﬁ?g'ﬁ{p‘) %ﬁ% ﬁgeac 186’@( n“ic(é?a ??d 513{"%2( ﬂag(é\/{d Jc?7+ ﬁ? Iizg%é%b e’lr)rpNeS"
RSb R b RiZ2bi, 109.2) 10@.55da00¢ © 22.5 H@pﬂiﬂd,\me&gm R7Zpn samgistz,War é@l1.7, 31.8,

[ ndepende£|9t'$ 9I;,i 2{?&'&‘%8 § Xcllsooall)plgll haoal kyl ; or

Scheme X1

pyrrolidin-2-yimethyl}-6,7-dihydro-pyrazino[ 1,2-a:4,3-a"ldiindol-13-vimethyl)-pyrrolidine-1-
carhonyl}-2-methvl-propyl} -2-methylamino-propionamide (33):

[00125] A solution containing 32 (0.92 g, 0.89 mmol) in DCM (15 mL) was cooled
to 0 °C. TFA (3 mL) was added via pipette and the reaction was monitored until TLC analysis
revealed complete consumption of 32 (~3 h). TLC analysis, 10% MeOH/DCM, Rg{32) = 0.4;
R¢(33) = 0.3. The solvent was removed on a rotary evaporator and the residue was dissolved
in EtOAc. The EtOAc solution was washed twice with saturated aqueous NaHCO; and once
with brine. The combined aqueous washes were back-extracted with EtOAc and the organic

extracts were dried over anhydrous Na;SOy, filtered, and concentrated to afford 0.73 g of
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R8a and R7a and R8b and R7b can independently or together forma ring such
as an aziridine or azetidine ring; [00128] R8a and R8b are independently H,
hydr oxyl yl, arylal kyl, cycloalkyl, cycloalk roaryl,
or heter gﬂdﬁ)ﬁ/b 13?{ wherein each al kyl, aryl, aryl al kyl 1%'@5}(3 (l%‘ia’?‘t’g‘%"e

cycl oal kyl al kyl , heteroaryl, and heteroarylal kyl is optionally-substituted
with hal ogen, hydroxyl, nercapto, carboxyl, alkyl, alkoxy, am no, and
nitro; or RBa and R7a and R8b and R7b can i ndependently or together forma

ring suwhdead3. afhagiude gioductoyas prafiedibn BPrHNC (Method:\Eo!padéy: (aey »20.1%
PCTI US200 7Q6 RS ' I I
cycl oal Y&?@@?gPﬁg?t%%ﬁé(&%gﬁgﬁgéﬁg?%%Mﬁggélfgagréyﬁg 'I?%lgﬁyr%‘txer oaryl,

het er oazy/ém) Kyl 40 mIgai) Depciof R itn)s Uit prédiice Gontathih ) flaytibne weke ditied apt o,

hal ogen, , am no, car boxyl | kyl, hal oal kyl, al koxy, or al kylthio;_ or,

opt i onaVitly satyeaied aqpeops pakC 3@%‘?\ FeEacted W BIOAR- k?F‘-’eﬁ@Aca‘?"ﬁééW"éﬁ’éa,Sh%q kynyl ene
of 2 t Owile brind! BRH %@&n&wﬁrgep% : ), | MtePddD Shil | dbhehtralely | EHE restduteR™d €ne,

al kynyl ene bridge of 2 to on atons where one or nore carbon atons
can be dissolveddd aimipimym @moynt of A(DN1dibredrwith, watep yntilRelondy, Figpen, madia, and
R14b are i,ndenen tly H, I, B l, k I , koxy,
am no, ‘i?&h;‘lﬁzé’ﬁﬁ%gﬁ&gy%%? f@? C@I—Wﬁt@fnsaﬁq'oﬁw @gﬁa&nﬁbﬁl\@xéﬁeﬁﬁ# ependent |y
E, dhal qggrlelz,a:f.kW(app aﬂ,y,lf =23/ W.al—]lﬁy}}i), l&ﬁbgipp dtas z !ZaUEB:Hz, _al-ly,lzlaﬁwblgm'.no,
ydroxy, _al kyl oxy, aryloxy, ar I 0X a m no, am dao,

SUl f onatBddis DAt £ (medile 338 6 A K7 Hs 1), € (@) 250, 149 op BT RS 72 e
S-Me Et [ r i | S-Me Me
§F H AR S M B ES, RO PR U . LR, 5T
S-a'r S-MelOB (m HHH1A3 @6/ #E-03iB8H) B3Hmy 6H)Spwe. V& NMR (GTCL, 77 MHzZS- Ve S- Me

S HH S, HB VB Et O5- S M FHA

Et OH) AR IR ol afer T8 s i TR B =1 S R {F e Iy & 1) 4
Et OS- SH2%k, Vo2 ¥ (& JE: A 7.8HZ)H109. 510817 (& JorH 22 BH 21951210, T:lH =22 . 8B2z)\60.8; Ve S- s8U
S HH SR oM 8800, 55 b 417,88 005.620%, 15.915%, Ts 1 o Macs xpeciring, mg= 1 A

[415.6] (M + 2)+2.

[00126] Examples:

Example 4:
[00127] Wherein R7a and R7b are independently H, alkyl, cycloalkyl, haloalkyl; or
R8a and R7a and R8b and R7b can independently or together form a ring such as an aziridine

or azetidine ring;

[00128] R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, and heteroarylalkyl is optionally-substituted with
halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, and nitro; or R8a and R7a and

R8b and R7b can independently or together form a ring such as an aziridine or azetidine ring;
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84 M S-Me S-tBUS HH S tBu SSM M HF H 85 M S-Me S-dHex S H H S-cHex

A
Ve S e S MBI S Th S e e H P H A 51 v 200k Dyt ) 57

HA
PCT/ U52006/ 007068 88 Me | | S-Me E(OW) ROH SSOH EtOne) SSMe M HF H A 89
IVES—IVEEV\BSU)RO SOHE~,R) S M IVEHFHB 90|VES—IVEEtOVIRO—|S—O—|
E42S' S-Me Me FHA 91 M RM S:i S HH S R M M HF H 92 Me

| P
S-Me R[Pr S HOPMQM AkSacande Rob e Fﬂqflpeidegt@/ 179 #mer wqi?aﬂslecwl%lkxi#lkxlt Me Me
HFHC | R
Rab- N N ohgg%é@ot? L S5 @1?@5%&8%)1 3] heoarfiofRy R S opfilily-shhbohinifed
[ ndependemﬂlynydtoxyll mtcpptgybyﬂmn,ka}mmo h:gtb@]gylkylkyl baloalmaalhm, pydkﬂﬂuo R8b and

R7b can |n t oget | he

nzoti di neop gLy o st B ora g "Bl atEcty RO RS R B 2% )

ﬁr yl, ary }:a&bélzy hto\l;\ag%t%pﬁ@hdilﬂlhsubftﬁlﬁé@&ﬂ(&lﬂh@ld(kénlyleriataikmre)ié bndlgek of 2 to 12
eteroary erein each a aryl a al ky

cycl oal kyF‘"’g*’?{%mmﬁ%’ EF 84 Of morg fef ‘be‘lt’é'?’%wedm%e ﬂ‘%t@/(ﬁ?ﬁ I'1y-substituted

with hal ogen I OX ner.capt o, al kyl , al kox m and

nitro; or @H# ﬁ@ﬁ@lhgl%&uﬁgﬁk@na‘i‘%ﬁé‘ﬂbﬁaéﬁ‘ﬁ@?‘%ﬂu Hg@?fﬁ:‘r Fforma

ring SUChaﬁ?l ildy'l h?&z'&ﬁy,%'[koﬂfeaiﬂlﬁkl ARkylahiish, c* Bl@ombandnd RoSb are

i ndependently H al Ky cycloal’kyl, cycloal kylalkyl, ~ Reterocycl oal kyl,

aryl, aryl al kyjooidyiset daykis Qﬁtﬁagﬁﬁa@nﬁ&kﬂ'm&gﬁea&ﬂ%'agméxk st | tut ed

W th hydroxgm, mer capt o, m no, - car bo ., al koxy,

or al kyl t hiyming,, arybﬂwiaynm I hydredya alkidoxys barglony,c eryiedlilexdray, amalb}'lhyiﬂene
al kenyl engy I Miﬂ?ag m?du}o 12 carbon atonms or optionally-substituted
al kyl ene, 1d§én ’?’ene yny ene bri dge of 2 to 12 carbon atons where one
or nore —atPns ar—be; cﬁjl acedrwth N—BTor—5—

Plgls |2 |dfc|2 s |8 |5 |83z |z/|3

72 | Me | S-Me ggﬁ) s H H gtgﬁ; sMe| Mo [ H [ F | H | A

73 | Me | SMe | S-Pr s 3] H SiPr |[SMe| Me | H | F | H A

74 H | 5-Me | S-Pr 5 H H SiPr |[§Me| Me | H | F | H A

75 | Me | S-Me | SHPr s H H SiPr |SMe| Me | F | H | H A

76 | Me | 5-Me H s H H H SMe | Me { H | F | H B

77 Me | S-Me §-Me s H H S-Me §S-Me | Me H F H B

78 | Me | S-Me gt-gfl) s H H g;gfl) sMe|Me | H | ¢ | H A

79 | Me | &Me | 5Bt s H H SEt |SMe| Me | H | F | H A

80 | Me | S-Me g;gg) s H H gtgfl) SMe | Me | F | B | H A

81 H H S-iPr 5 H H SiPr H H|HI F | H B

82 Me | S-Me S-sBu Ry H H S-sBu S-Me | Me F H H A

83 Me | S-Me S-cHex 5 H H S-cHex S-Me | Me F H H A

84 | Me | 5-Me | S-Bu 5 H H 5tBu |SMe | Me | H | F | H A

85 Me | S-Me S-cHex s H H S-cHex S-Me | Me H F H A

86 | Me | SMe g;gf[) R | ou | som g;gﬁ; sMe | Me | H { F | H A

87 | Me | SMe | Sipr R | S |son| swr [sMe|Mme | H [ F | B[ A
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-52 WD 2006/ 091972 PCT/ US2006/ 007068 1001361 Rl12a, R12b, R13a, R13b, Rl4a,
and R14b are i ndependent ly H d, Br, F, alkyl, cycloalkyl, hydroxy,

al koxy, _am yl am no, cyano, or (C021-1; and [0013 i b are

[ ndepena‘é&?[ro{?/o?—}w al ogen, al kyl, aryl, arylalkyl, am ng%T/ﬁg%?@&o@o,

aryl al kyl am no, hydroxy, alkyl oxy, aryloxy, arylal kyl hydroxy, di al kyl am no,

am do, sul fonam do, or am dino. Stereochem KB Ent ry RSa R7a R5a at Position

R3a R3b-—RBh-R7h—R8h—R12H1-3—Rid—Rapge——84 hbS—S—(2R—SH 2 R~ M RH

HA M B QHe B0 Abmsdhefe Xow WY&MG)OH" o} MEATEN P 1 Ha\lHAF HN JZ~'
F 76 29 Bijs- (Boc-Al |yl allvcine) - cont ai ni ngSpelci es| (34) 1001381 A sol ution
cont ai Ni By |Bac-|Lsaal nﬁg’ff y-®H (@ 11508, 9“3‘35 newl |) mandaHATU | 40{ 2@ g} 0.53
nol ) jin anhydrous 3 nm.) was rool gd PEI C. After 1D ni n,

diisop et hyt gminaggs0 1 TG o) JomYl yringe; After 5
mn, a sgl t‘lhor SEMH gnEDHN ngg12_9 ©8. M&' PFES ﬁL was| added

and th t‘ilrnm ture-f Aeﬂ_t_ terp over 16
h at whi &h p%‘frtk'“ﬁcﬁhal ysis Yevehl ed tiF(;r of | 2 [TLC
anal ysi:j"f‘mn Cv? Gi‘fe‘%mrrr«(ﬁf— T T fidgTled with
di et hyl et her_ gnd shed |once | t h| sat ur at ed |aqueus |NaHCOB.| onte w th

di | ut e| atpugols [H%E, | KB tlwi €e WH h| bEi ne, 28 i |gtMoy Me aﬂhyo’rcu§ NaZSOd,

filter &d - nd—lcondentra d—TFhe crydenroducit-—a oue-f h\l R—HR| C

LI B ~ 3 s — > SO TT o oToOTtT LA L= 5=y A xr Lam L

(Dynamax M crosorb C18 60A 8, 41.4 mmx 250 mm Fl ow 40 rrL/mn Det ect or:
254 "m 20-100% gradi ent of ACNNwater wth 0.1% AcOH over 30 mn). The

pr oduct - contlﬁqlﬁfﬁﬂ rtheg EXR@RIES wer e dil uted with Et QAc, washed with saturated
aqueous NaHCGO3, drled over anhydrous Na2SQ4, flltered and concentrated to
afford 0.067 g (73% of 34 as a IlghtRIIdw solid. "H NWR (CDC13, 300 WMHz)
58.06 (dd, J = 5.4, 8.7 Hz, 1H), 7.0®%- @ fa 2H), 5.88-5.79 (m 1H), 5.42
(d, J = 8.4

N o
Rl R,a Rub
Rb Rysb
Ryb
Rub“u \ Rsb Ryb Fe2

Example 5
[00133] Wherein R7a and R7b are independently H, alkyl, cycloalkyl, ﬁa]oalkyl; or
R8a and R7a and R8b and R7b can independently or together form a ring such as an aziridine

or azetidine ring;

[00134] R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, and heteroarylalkyl is optionally-substituted with
halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, and nitro; or R8a and R7a and

R8b and R7b can independently or together form a ring such as an aziridine or azetidine ring;

[00135] R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl; or each optionally-substituted
with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio; or,
optionally, R5a and R5b are connected by an alkylene, alkenylene, alkynylene of 2 to 12
carbon atoms or optionally-substituted alkylene, alkenylene, alkynylene bridge of 2 to 12

carbon atoms where one or more carbon atoms can be replaced with N, O, or S;
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Hz, 1H), 5.19-5.11 (m 2H), 4.49 (dd, J = 6.9, 15.9 Hz, 2H), 4.16-4.08 (m
1H), 3.65-3.41 (m -53 WD 2006/091972 PCT/ US2006/ 007068 3H), 2.75 (app t,
J = 12.9 Hz, I—OI) 54-2.35 (m 2H), 175168(m3|—|) 1.46-1.43 (m 9H),
1.21-1.19 (W92 Gh?l%ibm Mass spectrum mz = 877.7 (M + NBGTUSIH8¢{RGTFR68X\
-~~-ON O Gubbs' cat 1st gen. F ~ 34 DCM A HHH../ NN~O 101 NO N~ -
35 (olefin Isoners, 1.5:1) F R ng Cosing Metathesis (RCM Product (35):
[00139] To a solution of 34 (0.067 g, 0.08 mmol) in anhydrous DCM (30 nlL)
wals /agided t hejgoil36jt RyacRiaL, mraﬁmbsklmtaﬂd R34 AR 1ﬁddpﬁndeﬁt1%)l:{ m;cDBr, F;Lf2I
nol e/ 0) at erat ur e reaction mxture eat ed under refl ux
for 6 h atl 1%29%%“9@3’*@@ é’ﬁ%"%ﬁ“gm peyREIRY chape: oL QAL A0G g nateri al .
Addi ti onal G ubbs' catal yst é)? 009 mmol, 11 ol a/%)b' \‘{\ﬁ?sl t.hen, added to
the reaction ni%{3tle Rig ind R gre ‘E‘ﬂ@e%‘iﬂﬂﬂléﬁ halogen il 2yl ATl ly ABInOr yde

resi due Was1Ruhb, hShiEYaniRo, HRYdofyS Q%ylog,ova@ﬁ&gng@lf;mymylommm@ over
20 min) to afford’the desired oléfins I n7i soners and 24 ngy)
as a sepaemifiogsylfopemide, spmidisyner s (unassi gned ol efin georretry) as |ight
yellow solid [TLC naIVS|s 1.1 hexane/EtOQAc, R)(34) = 0.7; Ri(35) =
0.6]. 35 | sorfer NMVR ( Stexedchem 300 |VHz ) 57.8«0 (app |t = 9. 0 [Hzg, 1H),
700" (ad B e, R (e actogfon (g Ko RS L7 | Kb Ri2 [ 1 PRI, i
5.62 (app d, =17.8 Hz, 1 5 56 (brls, |1H), 4.79 (m| 1H), 4| 5644.47 (m
2H), 4. 1P~fadpth—3—=rsBRo T He— 385 tdge =136 131 5+ 4+

3. 52-3. 40 fim| Mej|, o5 WSC o M |( M ﬁ;ﬁf,, ~4sMel 48 (i 2B | 1470{1. 64
(m 4H),| 1.44 (s,| 9} 1.0¥-1.05 (m 21H) gpm 'Mass {spe¢trum |m z |= 849)7
(MtNa) +. 35 Tsonmer B: ™H (CDCT3, 300 ) 57. (br s, , .0 (dd, J
1.5, 9.3 Hz, 111), 6.92 (ddd, J —s%hém Qr@, 11.1 Hz, | H), 5.66 (br s, 1

Hy, 5.56 (app d, J = 7.5 Hz, 111), 4.80 (br s, 111), 4.62-4.51 (m 2H),
4.17-4.09 (m 1H), 3.75-3.58 (m 3H), 2.69-2.60 , 2.47 (app d, J =
15.3 Hz, 1H) 1.69 (m 3 ppm Mass spectrum

: 1.45 (s, 9H), 1.1§
mz = 849.7 (M+ Na)+
Boc-L-aliyl-Gly-OH 0
HATU, DIPEA

R N _
T,

ol

Bis( Boc-Allylglycine)—containing Species (34)
[00138] A solution containing Boc-L-allyl-Gly-OH (0.115 g, 0.53 mmol) and HATU
(0.20 g, 0.53 mmol) in anhydrous NMP (3 mL) was cooled to 0 °C. After 10 min,
diisopropylethylamine (0.1 mL, 0.58 mmol) was added via syringe. After 5 min, a solution
containing 29 (0.11 g, 0.23 mmol) in NMP (3 mL) was added and the reacﬁon mixture was
allowed to warm to ambient temperature over 16 h at which point TLC analysis revealed
complete consumption of 29 [TLC analysis, 5% MeOH/DCM, R«(29) = 0.4]. The reaction
mixture was diluted with diethyl ether and washed once with saturated aqueous NaHCO3, once
with dilute aqueous HCI, and twice with brine, dried over anhydrous Na,SO,, filtered, and
concentrated. The crude product was purified by RP-HPLC (Dynamax Microsorb C18 60A
84, 41.4 mm x 250 mm; Flow 40 mL/min; Detector: 254 nm, 20-100% gradient of ACN/water
with 0.1% AcOH over 30 min). The product-containing fractions were diluted with EtOAc,
washed with saturated aqueous NaHCO;, dried over anhydrous Na;SQ,, filtered, and
concentrated to afford 0.067 g (73%) of 34 as a light yellow solid. '"H NMR (CDCl;, 300
MHz) 88.06 (dd, J = 5.4, 8.7 Hz, 1H), 7.02-6.92 (m, 2H), 5.88-5.79 (m, 1H), 542 (d, / = 8.4
Hz, 1H), 5.19-5.11 (m, 2H), 4.49 (dd, J = 6.9, 15.9 Hz, 2H), 4.16-4.08 (m, 1H), 3.65-3.41 (m,
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WD 2006/ 091972 PCT/ US2006/ 007068 Schenme XVl Hi, PdIC O i F 35 EtOAM ~-ia -
"~ 00110 H 36 Al kyl-linked Product (36): [00140] To a solution of olefin
35 I sonmer, 0.02 mol) in EtOAc (5 mM.) was ad % 25 ny).
The react‘yéﬁgf}n‘%ﬁ)gg%ge was shaken under a H2 at nosphere u%ﬁ%@(ﬁa{ﬁﬁ%ﬁé
apparatus (-45-50 PSI). After 2.5 h, TLC analysis reveal ed unreacted
starting material. Additional 5% Pd/C (20 ng) was then added and the

m xture was_agai n subjected r.ogenaf | usi arr._apparatus. After
L5 b 3D, A0S e S Rt B2 oA g, Sty o8 it L6 18 o her o
rinsed w4 Ct  FV1hss spdcBuMBH/ZCO87geniM 2\gh-i N vacuo to give 36 as a

| i ght y\é\%?g&v@ggﬁlgp 81014%] 5 Isoner B (24 ng, 0.03 mmpl ) was subjected to
the same reaction conditions and wWekdaoxyrocedures as described for |soner
A. The product (36) was conmbined wth that fromthe hydrogenation of |soner
A. Conpound 36 was isolated as a |light\yegllgwgsolid (35 ng, 85%. [TLC
anal ysis, 1:1 hexane/ Et OAc, R1(36) = O>f}i/’] TNH—fN R (CDC13, 300 MHz) 57.85
(dd, J = 5.4, 8.1 Hz, 1I—CQ}J S‘,7f9g)en(dd, J =298 9N9 A1), 6.92 (ddd, J =
2.4, 9.2, 11.1, 1H), 5.70%duh 9 = 7.8 Hazy ;ﬁ y.78 (m 111),
4.57-4.51 (m 2H), 4.13-4.09 (m 1%’,’ 3ﬁ7 \ 7 3.6, 12.9 Hz, 111),
3.53-3.41 (m 2H), 2.49 (app t, J ﬁ-lﬁz (m 3H), 1.46
(a, 9H), 1.08-1.02 (m 1H), 0.93-0.39 fmo ‘ Ss spectrum mz =
851.7 (MtNa)+. -55 WD 2006/ 091972 PCTUUS20 068 Schene XVIIQ H, N. 1|1
Y~i F HNZ36 TFADCM' ON 37 F ,Era88, AkY! ked Di ami ne (37):

i
F

Ring Closing Metathesis (RCM) Product (35):

[00139] To a solution of 34 (0.067 g, 0.08 mmol) in anhydrous DCM (30 mL) was
added the first generation Grubbs’ catalyst (9.2 mg, 0.01 mmol, 12 mol%) at room
temperature. The reaction mixture was heated under reflux for 6 h at which time TLC analysis
revealed mostly starting material. Additional Grubbs® catalyst (7 mg, 0.009 mmol, 11 mol%)
was then added to the reaction mixture. After 2 d, the solvent was evaporated and the crude
residue was purified by NP-HPLC (SiO,, 20% hexane/EtOAc to 100% EtOAc over 20 min) to
afford the desired olefins 35 (olefin isomers: 15 mg and 24 mg) as a separable mixture of
isomers (unassigned olefin geometry) as light yellow solids. ([TLC analysis, 1:1
hexane/EtOAc, R«(34) = 0.7; R«35) = 0.6]. 35 Isomer A: '"H NMR (CDCls, 300 MHz) 57.80
(app t,J = 9.0 Hz, 1H), 7,00 (dd, J = 1.5, 11.07 Hz, 1H), 6.92 (ddd, J = 2.1, 9.3, 11.2 Hz, 1H),
5.62 (app d, J = 7.8 Hz, 1H), 5.56 (br s, 1H), 4.79 (m, 1H), 4.56-4.47 (m, 2H), 4.12 (app d, J =
6.9 Hz, 1H), 3.85 (dd, J = 3.6, 13.5 Hz, 1H), 3.52-3.49 (m, 1H), 3.41 (m, 1H), 2.73 (m, 1H),
2.45-2.40 (m, 2H), 1.70-1.64 (m, 4H), 1.44 (s, 9H), 1.07-1.05 (m, 1H) ppm. Mass spectrum,
m/z = 849.7 (M+Na)+. 35 Isomer B: "H NMR (CDCls, 300 MHz) §7.85 (br s, 1H), 7.0 (dd, J
= 1.5, 9.3 Hz, 1H), 6.92 (ddd, J = 2.4, 9.3, 11.1 Hz, 1H), 5.66 (brs, 1H), 5.56 (app d, J = 7.5
Hz, 1H), 4.80 (br s, 1H), 4.62-4.51 (m, 2H), 4.17-4.09 (m, 1H), 3.75-3.52 (m, 3H), 2.69-2.60
(m, 2H), 2.47 (app d, J = 15.3 Hz, 1H), 1.69 (m, 3H), 1.45 (s, 9H), 1.18 (m, 1H) ppm. Mass
spectrum, m/z = 849.7 (M + Na)+.
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100142] A solution containing 36 (0.035 g, 0.04 mmol) in DCM (10 nL) was

cooled to T. TFA (1 nmL) was added via pipette and the I
al | oned towgaaﬁﬂﬁq/‘f%é&nbi ent tenperature and nonitored untﬁcﬁﬂ%@%@ga ?/si s
reveal ed conpl ete consunption of 36 (-1 h). The solvent was renoved on a
rotary evaporator and the residue was dissolved in EtOAc. The EtOAc
sol ution was washed twice with saturated agqueous NaHCO3 and once with brine.
The conbi ned aqueous washes were b&dlemgfYhcted with Et OAc and the organic
extracts were dried over anhydrous NaZ%EﬁLLE\er ed, and concentrated to
afford 0.025 g (quant.) of 37 as a yell/ow/S0t s ch was used w t hout
further purification. 'H NMc(CDC 3, 300 M%){ 87. (m 1H), 7.00 (dd,
J =21, 9.9 Hz, 1H), ;6. 91E®Addd, J =.2.4, 9.3 1H), 4.81 (m IH,
4,52 (d, J = 8.1 Hz, 111), 4. 13-4.0%§7 QH) 3.79-%.76 (m 2H), 3.42-3.39
) 9 (m 4

(m 2H), 2.50 (app t, J = 12.9 Hz, 1.65-1.61 (m 3H),
1.33-1.24 (m 4H), 1.09-1.03 (m | X 1 H ppm Mass
spectrum mz = 315.3 (M+ H+/2; nlz = 629.5 H +. Scheme XVIU M O F
HATU, DI PFA NMP 37 rN~ 0 O N 38 F Bi s-B#c- N(
Macrocvcl e (38): [00143] A solution containing Bog-N nethyl-L-A a-OH (0.022

g, 0.11 mmjg%_ &4 P (j@ 03 g, 0.09 mmol) in anhydrous NWMP (4 nlL) was
cooled to l:lﬁﬂ fer 5 mh, diisopropylethylamne (0.05 ni, 0.29 mmol) was
added vi a syrirp@R0] Ath&rsotith bf oRfifl 35 ULidnR A (BmYD 8P BRADCHhIHGAC (5 mL)

0. 025 NWP (3 nmL) was

PCT/ US2006/ 007068 ~ containing 37 (0.025 g, 0.04 nmol) in
added andvastaddeda¥e PEEH(2AimE)ulhe wagtiongnixwewas thakemrundern Hnsimesmhereaiingaat ur e

over 24 i i C i ﬁﬁgq]! &l i of 37
[ TLC ana%%?%%m' Q%Z%ﬁiﬁ%}tg%sﬁlfﬁgw eact | on&e(?ngéﬁé e a{tv\é/a}sm'di | ut ed
with di ethAddii@nhefs RAC (RG meg) wasc éreni ddded andrthe exlixtng oas saghiaH@bRctedntoe Wit h
dilute aqueous HCl, .and twice with, hri . dried.over hvdr,ous ,
F11 ter ed tampndish usfe B giatf Fopardiyh. A%k P S B S RIVHSE e i,
used w t hadtthd solidh @erepinsed wiREIOWe. THeok1G0@ wik Yorkentidred\in YRy tolgivel36 as a

light yellow solid.

[00141] 35 Isomer B (24 mg, 0.03 mmol) was subjected to the same reaction
conditions and workup procedures as described for Isomer A. The product (36) was combined
with that from the hydrogenation of Isomer A. Compound 36 was isolated as a light yellow
solid (35 mg, 85%). [TLC analysis, 1:1 hexane/EtOAc, R(36) = 0.3]. 'TH NMR (CDCls, 300
MHz) $7.85 (dd, J = 5.4, 8.1 Hz, 1H), 7.00 (dd, J = 1.8, 9.9 Hz, 1H), 6.92 (ddd, J = 2.4, 9.2,
11.1, 1H), 5.70 (8, J = 7.8 Hz, 1H), 4.79-4.78 (m, 1H), 4.574.51 (m, 2H), 4.13-4.09 (m, 1H),
3.75 (dd, J = 3.6, 12.9 Hz, 1H), 3.53-3.41 (m, 2H), 2.49 (app t, J = 12.3 Hz, 1H), 1.68-1.62
(m, 3H), 1.46 (s, 9H), 1.08-1.02 (m, 1H), 0.93-0.89 (m, 1H) ppm. Mass spectrum, m/z = 851.7
(M + Na)+.
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O TFADCM38 HH N FI OON Nv 99 F Mcrocyclic Smac Mnetic (39):
[00144] A solution containing 38 (0,035 g, 0.04 nmmol) in DCM (10 nL) was
cooled t (1 n) was added via pipette and th

al | oned t@dv)\z/é]&r{?%gﬁanbl ent tenperature and nonitored uﬁ% ﬁé’é?m??anx@yy S
reveal ed conplete consunption of 38 (-2 h). The solvent was renoved on a
rotary evaporator and the residue was dissolved in EtOQAc. The EtQAc

sol ution was washed twi ce with saturated agueous NaHCO3 and once with brine.
The conbi ned aqueous washes were prderee SMIF acted with Et OAc and the or gani c
extracts were dried over anhydrous Na2g4,| filtered, and concentrated to
afford 39 as a yellow solid. The crude pfodyCty was purlfled by RP-HPLC
(Dynanmax M crosorb C18 60A 8g, 41.4 nm x \250 }-r =-ow 40 nmJm n; Det ect or
254 m, 20-100% gr adi ent of ACN water w¢h 0.4 H over 30 rrin). The
product containing fractions were diy, W th ODAc and washed with
saturated aqueous NaHCOZ, drdaeeh over apnhydro S, filtered, and
concentrated. The material was di ssolove@ i mum amount of ACN,
diluted with water, frozen, and |yophili ‘ i
flocculent solid (0.002 g). "H NWVR (GDC13, 3 58.16 (app d, J = 8.1
Hz, 1 H, 7.90-7.86 (m 1 H), 7.00 (app d, J F 8.7 Hz, 1 H, 6.93 (ddd,

J
3.0, 7.5,Fr&g@$inkmmﬁn§@7§m 2H), 4.52 (d, J = 8.4 Hz, 1H), 4.11 (d, J

8.4 Hz 9, 12.9 Hz, 1H), 3.51 (m 1H), 3.44 (m 1H),

3.11-3.09 (moohh& Ks%ﬁm(:ﬁcoxﬂ!rﬁxmgbﬁ%@eiasémOﬂhﬁegﬁﬂmmm&h&ﬁ&@/ 007068
1.25 (m 81D, 8594 I—Q1 sspectrum mz =
400.5 (NpO°E: %(1 mL)ﬂyeS @dde‘iwlﬂ pipgits and tho yeap ?TMWS ﬂépwe (togenn o ambigd| es: 1] a

R3 Rita t@nﬁerat‘ﬁ‘e%&ll mitordd vntil TLC analysis revealed complete consumption of 36 (~1 h).

The solvent was removed on a rotary evaporator and the residue was dissolved in EtOAc. The

EtOAc solution was washed twice with saturated aqueous NaHCO; and once with brine. The
combined aqueous washes were back-extracted with EtOAc and the organic extracts were
dried over anhydrous Na;SQy, filtered, and concentrated to afford 0.025 g (quant.) of 37 as a
yellow solid which was used without further purification. 'H NMR (CDCls, 300 MHz) §7.92-
7.87 (m, 1H), 7.00 (dd, J = 2.1, 9.9 Hz, 1H), 6.91 (ddd, J = 2.4, 9.3, 11.1 Hz, 1H), 4.81 (m,
1H), 4.52 (d, J = 8.1 Hz, 1H), 4.13-4.09 (m, 1H), 3.79-3.76 (m, 2H), 3.42-3.39 (m, 2H), 2.50
(app t, J = 12.9 Hz, 1H), 1.89 (m, 4H), 1.65-1.61 (m, 3H), 1.33-1.24 (m, 4H), 1.09-1.03 (m,
1H), 0.94-0.82 (m, 1H) ppm. Mass spectrum, m/z =315.3 (M + H)}+/2; m/z = 629.5 (M + H)+.

Scheme XVIII

S L Jj,u
Boc-N-Me-Ala-OH
) HALL& DIPEA /Lrn

F

Bis-[Boc-N(Me)-Alanine]-containing Macrocycle (38):

[00143] A solution containing Boc-N-methyl-L-Ala-OH (0.022 g, 0.11 mmol) and
HATU (0.03 g, 0.09 mmol) in anhydrous NMP (4 mL) was cooled to 0 °C. After 10 min,
diisopropylethylamine (0.05 mL, 0.29 mmol) was added via syringe. After 5 min, a solution
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(;11~\(\ONZ Rlb R19p O NH Ryb R12b Reb,0 .. R7b Exanple 6 [001461
Wherein R7 re i ndependently H, al kyl, cycl oal ky ;o or
R8a and R7gwg¥‘|h§6"@gn:nd R7b can i ndependently or toget her&%ﬁ%@%ﬁﬂég such
as an aziridine or azetidine ring; [00147] R8a and R8b are independently H,
hydroxyl, al kyl, aryl, arylalkyl, cycloal kyl, cycloal kyl al kyl, heteroaryl,
or heteroaryl al kyl wherein each al kyl, aryl aryl al kyl, cycl oal kyl,

cycl oal kyk@{thxﬂn 3h Gee m)grmdm mie) RSP QﬁiHL) %H@él:ldédsanﬁﬁﬁé &aaiownﬁmbesmg ut ed

wi th hal ogen, hyd roxy mer capto, car 02% , al kox am_no, and
nitro; or ag@ﬁﬁda OafRbIeIdBmpeTatuRy ves 24 B ﬁﬁyﬂi@hd@ﬂtl]} poalysierenealed or m a

ring such Cgrﬁ&en cﬁ%ﬁéu qul?]%f 8% [’?E@ta'nglggig 5"}]‘6 flgeoi{%&sﬂgs)@o@] bafigl readfion

al kyl ene, ene kKynyl'ene gr an optionally
substit ut eﬂxtatek\vds dileted amtheiwﬁbé ather and VaaISkgdfn;dce methgnmuprd@nuf&uﬁ dlaHCEaobem

at ons; I ) e Q) fon u de
(S5 or Ut e gt et hd Bed St oiie) gt ot Mol NS 0R i and
optional | )torﬁ:uﬂitwtedttutgﬁd 38aya yelmwdxla{%yrhgaliiﬂuclheﬁsersahwmhqut ﬁiilthmqsmﬁbgtioal kyI ene
group; an am no or substituted am no group; an oxygen atom 100149] in and n
are independently 0, 1, 2, or 3; [OGkhéhpe RIRa, R12b, R13a, R13b, Rl4a, and
R14b are independently H d, Br, F, allkyl, cycloalkyl, hydroxyl, alkoxy,
am no, al yaam no, cyano, or CQ2H; andﬁefpgiﬁ%a and R3b are independently
H, hal ogen, alkyl, aryl, arylalkyl, anito,; aryrs aryl al kyl am no,
hydroxy, al kyl oxy, aryloxy, arylalkyl hydroxy) di 4 Ao, am do,
sul fonam do, or am dino. - %8 ¥ 2006/8&;972 CT/ 007068 Ke Entry R8a
4 A

R7a in nz R3a Rb 11788 /9] M M 11Z-CH+CH H
HM M HFHA 96 M M 1 1 E-CH@H IH H M | A 97 M M | |

-CH2CH3- HHM M FHHA 98 M M 1716 e M HFHA 99 HM
I I -85- HHM HHF HA

39

Macrocyclic Smac Mimetic (39):

[00144] A solution containing 38 (0.035 g, 0.04 mmol) in DCM (10 mL) was cooled
to 0 °C. TFA (1 mL) was added via pipette and the reaction was allowed to warm to ambient
temperature and monitored until TLC analysis revealed complete consumption of 38 (~2 h).
The solvent was removed on a rotary evaporator and the residue was dissolved in EtOAc. The
EtOAc solution was washed twice with saturated aqueous NaHCO; and once with brine. The
combined aqueous washes were back-extracted with EtOAc and the organic extracts were
dried over anhydrous Na,SO,, filtered, and concentrated to afford 39 as a yellow solid. The
crude product was purified by RP-HPLC (Dynamax Microsorb C18 60A 8y, 41.4 mm x 250
mm; Flow 40 mL/min; Detector 254 nm, 20-100% gradient of ACN/water with 0.1% AcOH
over 30 min). The product-containing fractions were diluted with EtOAc and washed with
saturated aqueous NaHCO;, dried over anhydrous Na,SOg, filtered, and concentrated. The
material was dissolved in a minimum amount of ACN, diluted with water, frozen, and
Iyophilized to afford 39 as a white flocculent solid (0.002 g). 'H NMR (CDCl;, 300 MHz)
58.16 (app d, J = 8.1 Hz, 1H), 7.90-7.86 (m, 1H), 7.00 (app d, J = 8.7 Hz, 1H), 6.93 (ddd, J =
3.0, 7.5, 9.0 Hz, 1H), 4.80 (m, 2H), 4.52 (d, J = 8.4 Hz, 1H), 4.11 (d, J = 8.4 Hz, 1H), 3.79
(dd, J = 3.9, 12.9 Hz, 1H), 3.51 (m, 1H), 3.44 (m, 1H), 3.11-3.09 (m, 1H), 2.46 (s, 3H), 1.35-
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100 e nme I | -CHOHCHOH- HHM M HHHA 101 M M| | -CH CH S-CH
SOH M M HF HA 1001521 Further Exanples: R Zb Rib ~~e6 R'D 00 RO RP
Rab 1J t welpoodoas7 F1 Pb H N O ~' Rraa 1J H ~ Rea R adiugs2063/008068 Exanpl e
7 [001531 Wherein R7a and R7b are independently H, alkyl, cycloal kyl,

bal oal kyl ; or R8a and R7a and R8b and R7b can independently or together
forma ring such as an azitidine or azetidine ring; 1001541 R8a and R8b are
I ndependeyat pr f I r lg +

cycl oal ﬂ?(}’ﬁ P) 1het erggr yolﬁé(gg &néslef?)oaps ng%yFw\%gr’ g?’zﬁ:l: ggdcﬁm k%lwzar yl,
aryl al kyl799. 7@4}*0&&@321 TdhE+ datkyl al kyl , heteroaryl, and heteroarylal kyl is
optionally-substituted with hal ogen, hydroxyl , hercapto, carboxyl, alkyl,

al koxy, am n{l0145ld Exammples: or R8a and R7a and R8b and R7b can independently
or together forma ring such as an azirdine or azetidine ring; 1001551 R5a
and R5b are independently H, alkyl, cyquaoal %l , cycl oal kyl al kyl ,

het erocycl oal kyl, aryl, aryl al kyl, ' I R, J1eteroary| al kyl; or each
optional |l y-substituted wif¥ r ox Br_capt 6, hal ogen, am no, carboxyl,

al kyl , hal oal kyl, al koxy, orH alk§ll t K- , yoptionally, R5a and RSb are
connected by an al kyl ene, al kejiyl'eng, ¥/l epe of 2 to 12 carbon atons or

optional | y-substituted al kyl ene, ({3) kynyl ene bridge of 2 to 12
carbon atons where one or nore ca@at

s replaced with N, 0, or S;
-59 WD 2006/ 091972 PCT/ US2006/ 007Q68 R B’g’ R12b, R13a, R13b, Rl4a,
and Rl4b are independently H d gycl oal kyl , hydroxy,
al koxy, am no, al kyl am no, cyano,g NHCD R

Ry b-.n “'R;b

Example 6

(00146] Wherein R7a and R7b are independently H, alkyl, cycloalkyl, haloalkyl; or
R8a and R7a and R8b and R7b can independently or together form a ring such as an aziridine
or azetidine ring;

[00147] R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, beteroaryl, or heteroarylalkyl wherein each alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, and heteroarylalkyl is optionally-substituted with
halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, and nitro; or R8a and R7a and

R8b and R7b can independently or together form a ring such as an aziridine or azetidine ring;

[00148] Z is a bond; an alkylene, alkenylene, alkynylene group of 1 to 6 atoms; or,
an optionally substituted alkylene, alkenylene, or alkynylene group of 1 to 6 carbon atoms; a
sulfide (-S-), sulfoxide (-SO-), sulfone (-SO3-), or disulfide (-SS-) group; an aryl, arylalkylene,
heteroaryl, heteroarylalkylene, or an optionally substituted aryl, arylalkylene, heteroaryl,

heteroarylalkylene group; an amino or substituted amino group; an oxygen atom;
[00149] m and n are independently 0, 1, 2, or 3;

[00150) RI2a, R12b, R13a, R13b, R14a, and R14b are independently H, Cl, Br, F,
alkyl, cycloalkyl, hydroxyl, alkoxy, amino, alkylamino, cyano, or COH; and

[00151]) R3a and R3b are independently H, halogen, alkyl, aryl, arylaikyl, amino,
arylamino, arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino,

amido, sulfonamido, or amidino.
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[ 00157] R3a and R3b are independently H, hal ogen, alkyl, ary], arylalkyl,
am no, aryl am no, arylal kylam no, hydroxy, alkyloxy, aryloxy,

aryl al kyl h roxy, di al kyl am no, am do, sulfonam do, or am di no. Amwm
EamaaX" YOI ~~ a~ d a aa 2 102 HS M S4Pr SI—P(FLF/QSI“WO@WEI\/EH
FHA 103|\/ES—NE ESS\R- SHHEros; SM M HFHA 104 HS M SiPr s HH
S-iPr SM M HHHA 105 M S-Me S42RH) SHHS8 (2R SM Me HHHA Eto
106 H SIVE Et01 S HH E102E7 S-Me HHHH A 107 M SMe S—lPr S HHS-IPr S-M

M HH 1023'?1*7"- STt Pr—SH A SIPr STEC AR HTR AT 109 VB S- Bt &y VWPr s
HH S | prros| mes Ne‘lawﬂ H{H A 110 26 S Mp B G FH | S Poish NEUH| RIS B4 |1 Baneely
S-Me S11y] S H HIS Asyl SMe Me HF[HA|112 (Ve SV S 1Pf RIOH o & ¢H
S-i Pr Sty tA 15— Mol SSPURR Dt oS- Ve vew H e HAgs— s-
114 Me B-Me(totBtBY) R OR OH EtCtgu) & Me Me HIF H|A 115 Mt S-Me §-(2S- IR S
S. S (25%5 Ve Bk H F|H A EEQBEROH OR Bt OH) H116% 382/5@“842'11% RS- AS
S (22- S MelMe H E{H A tQve) O ON E(Que) 117 Me IS M ELOVEYL R OH.
Et Ove) & Ve [Nt 1M [H A f>—(2 Th¥E ve 6 fe 5 For MR|S™ ON's] B0 112 sime
Me H F H-a 1 BT PohermeRer00 WO 2006/ 491972 1PET 1 US20067 PGra68 NN N
iI\-.NAN BaNH/ n ~|r BOCNHO 40 41 r NHBoo

99 H Me 1 1 S8- H H Me H H F H A

00 | Me | Me | 1 | 1 -CH(OHCR(OH)- H [Ty Me | Me | H H | H A

101 Me Me 1 1 ~CH,CH,- §-OH S-O0H Me Me H F H A

[00152) Further Examples:

R,a

Example 7

[00153]) Wherein R7a and R7b are independently H, alkyl, cycloalkyl, haloalkyl; or
R8a and R7a and R8b and R7b can independently or together form a ring such as an aziridine
or azetidine ring;

[00154] RBa and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, and heteroarylatkyl is optionally-substituted with
halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, and nitro; or R8a and R7a and

R8b and R7b can independently or together form a ring such as an aziridine or azetidine ring;

[00155] R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl; or each optionally-substituted
with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio; or,
optionally, R5a and R5b are connected by an alkylene, alkenylene, alkynylene of 2 to 12
carbon atoms or optionally-substituted alkylene, alkenylene, alkynylene bridge of 2 to 12

carbon atoms where one or more carbon atoms can be replaced with N, O, or §;
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NNO NN OBocNHH42 NHH ON/ N=N ONN HNHO- 44 Preparation of
2-Amno-N-[ I-(2-11-f 6-(3-11-[2-(2-am no-prouionylamno)-3-neth vl-

but vrvil - i n-2-yl met hyl }-indol -1-y) - hexa- 2. 4-di yn -

H i ndol - Bﬁél%rrlé%'l‘%';/ IZI - nvrrolidine-I-carbony |-2-nethyl- prl);egjr/})]/#zfmrllorogg?onanri de
(43): A

(15-12-Methyl -1 S-[25--(1-prop-2-vnvl -1 Hindol-3-yl methyl)-pvrmidine-I-carbo
nvl |- pronvl carbanoyl }-ether-carbamc acid tert-butyl ester (41): [001581 To
a sol uti on of00486]( OR 1280 Rg2b, R132.0R ko R)l 42, rand B 4b 2renimiiepsadenttsl db ), Br.dhar gy

o, a1o" - Al Rt Bron aEles bbRahRe S CMERE, on st ure v
. . 7 |
Feactton m xNiReAc PRERS) o RiteRindby, Frofoat 4, 495 URD, Bule's | 50

m.) . Theriniiyb, agddlatlenime) hadiogy,welkelonms Bsdbxy taiyluliylaydroky,i dietkghaehingr i ed
over anhgdgoga N%IZHOﬁP fi.!j,tered, and concentrated. The crude product was

purified eeDC13, 300 MHz) @ 88.0 (s, 1H), 7.9 (d, J = 9.9
Hz, 1H—7,38 (c+3 =99 Hz 111} 7 3.7 1 (m 368 (m I 4.8 (s,
211), 4.62] (m1H),| 4.5-4]4 (m 1K), g.4-4.o (m 2H), 3{7-35 (m 2H), 3.4
(m 1H), 2{5 (m 1H, 2. 443, 1K), R.2-1.8 (m 4H), 1.48 (k, 9H), [183% (d,
J= 9.9/H,{gHl .« 1.108 (d, | £ 5.5k, {311)g 0.95 4 d,| §= b5 Ha, |3H) |#pm]| - 61
VO 2006/209]L872 %CT] %32005 068|ZZB Lt “ CRERE

(1-fi- (21} @6] (S%{I-{-*Zt(z-te‘frt-ﬁﬁuﬂoti}ﬁb r b&WV I ad- Meopitbtly Ay Hnilné

- 3- et - byl -loyerol b di-n-2y et byl | isndn! IEPRVATA|

hexa- 2| 4%d| Ynyisel HiSEo0l - 3 & mt Hy| i o | sMe Mo | R} F || oA
pyrrol iidine-13carbonyl)- - met hyli- pr pyylicar bampyl | -let hy| } - clar bgdni ¢ |aci d
tert-butil | dsy e $iP10015%1 To B sdf uft | Hr of s4% (O0AH g, HO.JOR7|rAntol ) in

acet onittit-ewg2 - HBS B

and t h¢ Wep¥t if $ien %e was i mrefispd in wompP
refluxed fpr 5 mn. Watet was then hdded the rdacti on Im xtlure|(2 ) and
t he prqduct S Xt re®ed wig h [t PAC ,{3x3§§2ﬂ°¢ smihe proaqilc et gactg [were
washed|wi th agueous "RERAOH (5 rnl), hater,“BPi he ar[d dr{ed pver anhydrgus

Na2S04 |t AM;E\/L%FW TR0 ConGETT T ar e i O ok U shide Bk oter prapiuciTHEINVR
30 :

- added— Mmgr-ﬂ(plﬁ#&;ei-ai-&jfﬂ 0Z0{-g—0.3 1)
i “pi Stedt &d bid patH B-118010) and

(cpc13] 30b .| 58.0 (s,
108 | B | SEt S-1Pr 5 H | H SiPr SEt | | H | B | H | A
109 | Me | SEt SiPr 3 H | " SAiFr SEt | Me | H | H | B | A
S(25- S-G5-

110 Me | S-Me E(OH) 8 H H E{OH) S-Me Me H F H A
111 ) Me | §-Me S-Allyl s H H S-Allyl S-Me Me H F H A
12 | Me | &Me | siiPr R s. 1 S sibr {SMe | Me | H | F | H | A

OH OH
13 | Me | $Me | SsBu R 5 1 5 SsBu | SMe | Me | H | F | H A

OH | OH

114 | Me | sMe | S35 §- 1 S5 | S8

EtOE8v) R on | on | Eomy | SMey Me § H | F [ H | A
115 | Me | S:Me ES;‘()Zf[-) R on | on g;gf[‘) sMe{ Me | H | F | B | A
116 | Me | S:Me g“gx:;) R ou | on E‘fg\,ﬁ) SMe | Me | H | F | B | A
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118 | Me | S:Me g;gf,; R o | on g;gﬁ; sMe | Me | H | F [ H | A

Scheme XX
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2H), 7.9 (d, J= 9.9 Hz, 211), 7.38 (d, J= 9.9
(m 2H), 4.8 (a, 411), 4.62 (m211), 4.5-4.4 (m 2H), ),
3.7-3.5 (W04§%5“91%724 (m 2H), 2.5 (m 211), 2.2-1.8 ( §C§ﬁ§§2&?’“%§’3§
18H), 1.35 (d, J= 9.9 H 6H), 1.05 (d, J= 5.5 Hz, 6H), 0.95 (d, J 5.

6H) ppm C. 2-Am' no N--[1-(2 f146-(3-{1-(2-(2-am no-pxopi onyl am no)
3-net hyl -buryl .)- pvrrolldln 2 ylmethyl}-indol-1-yl)-hexa-2.4-di3nyil-|

H i ndol - 3-yl net hyI 1- pyrr pne-1- carbonvf - 2- roropyl | - proni onam de
(43): [001601 Toas U|o f #H (0.030 g, %r\( h BEM (S L) was
added TFA (1 nl) an eact' nlxtureﬁfga rre roomtenperature
for 30 mn. Aquesudi—~ (3 was teel ged to th

H, 2H), 737 1 (m 6H), 6.8

eaction m xture.
The reaction mxture was dbncentrated, dil uted wi #h wat ér, and the product
was extracted with DCM (3 x 30 ). The orga extracts were washed with
water, brine and dried over an drous Na2SO4. e sol yenf WAEF enpved on

rotary evaporator and the /p% e ase HPLC. 'H
NVR (DVBO, 300 MHz)=68.009(s N (dS=4" 2 , 7.38 (d, J=9.9
Hz, 211), 7.3- 7.1 (m §9)~ , 4.8 (s, " 4.62 (m211), 4.5-4.4

(m2H), 4.4-4.0 (m '7-3.5 414) 23.4 (m 2H), 2.5 (m 2H),
2.2-1.8 (m 811), 135(d J= 9.9 Hz, 6H), 1.05 (d, J= 5.5 Hz, 611), 0.95
(d, J= 5.5 Hz, 6111) ppm [001611 Exanples: - V\02006/09 72

PCT/ US2006/ 007068 Rlzb Ida R | ~ HHob™ N Rs"@a/l /| NNRib

HN RaNi OR.a W Rb =bExanplie s ]d/\heremR?aand
R7b are |ndependentiy H <l 4 | kyl ,™ y ; R8a and R7a and
er forma riny such as an aziridine

R8b and R7b can i ndep fy or o
or azetidine ring; [00163] R8a and R8b are i¢hdependently H, hydroxyl, alkyl,
aryl, arylal kyl, cycloal kyl, cycIoaIkyIaIkyI, het eroaryl, or

heteroarylalkyl wherein each al kyl, aryl, arylal kyl,

propylcarbamoyl}-ethyl)-carbamnic acid terf-butyl ester (41):

[00158] To a solution of 40 (0.150 g, 0.319 mmol) in THF (2 mL) was added
propargyl bromide [0.06 mL, 0.410 mmol, (80% wt/toluene)] followed by NaH [0.015 g, 0.410

mmol, (60% dispersion in mineral oil)]. The reaction mixture was stirred overnight at room

temperature, Water (2 mL) was added to the reaction mixture and the product was extracted
with ethyl acetate (3 x 30 mL). The ethyl acetate extracts were washed with water, brine and
dried over anhydrous Na,;SOy, filtered, and concentrated. The crude product was purified by
HPLC. 'H NMR (CDCl;, 300 MHz) : 38.0 (s, 1H), 7.9 (d, J = 9.9 Hz, 1H), 7.38 (d, /= 9.9
Hz, 1H), 7.3-7.1 (m, 3H), 6.8 (m, 1H), 4.8 (s, 2H), 4.62 (m 1H), 4.5-4.4 (m 1H), 4.4-4.0 (m,
2H), 3.7-3.5 (m, 2H), 3.4 (m, 1H), 2.5 (m, 1H), 2.4 (s, 1H), 2.2-1.8 ( m, 4H), 1.48 (s, 9H), 1.35
(d, J=9.9 Hz, 3H), 1.05 (d, J= 5.5 Hz, 3H), 0.95 (d, /= 5.5 Hz, 3H) ppm.
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cycl oal kyl, cycl oal kyl al kyl, heteroaryl, and heteroarylal kyl is

optional ly-substituted with hal ogen, hydroxyl, rrercapto car boxyl al kyl ,
al koxy, ? Apsh nitro; or R8a and R7a and R8b and /&Hg@endently
or together forma ring such as an aziridine or azet|d| ne r| ng; 164] Rb5a
and R5b are independently H, alkyl, cycloal kyl, cycl oal kyl al kyl,

het erocycl oal kyl, aryl, arylal kyl, heteroaryl, heteroaryl al kyl; or each
optional | y- substltute i1 h drox I qercapto hlqgrg apgi po, carboxyl,
al kyl , nBdaildgdl- Af2-(Zstertlutoxycarh Rino-propionylaming)-2-MgVs 4 R5h ar e
connect &2 as\ ey alidin2yliethy ] 3124700 e Hndod-3rpmetlyl is a1 hon at oms or
0pt|0na| ‘l.. 108 1 2 HIIAG L] --"' 'g .:!."bg(.:," 11218 ) ‘_.'l“‘g PHAWECSESE 2 to 12
carbon adeahs vvhere one or nore carbon atons can be replaced with N, 0, or S;
[00165] R12a, R12b, R13a, R13b, Rl4a, and Rl14b are independently H d, Br,
F, alkyl, cipe13shi i&na solienek$l (194008P,072 mmel) inackipnitmile(d midyweradded CopH;
[00166] , d d Y. ity ryl al kyl

am no, (ﬁrﬁgﬁ m a‘g&% Wq Eyﬁg%gﬁgﬁkhyﬁrh'o?(lg%ﬁﬁéyIn(1)xy, évraflﬁ%e:rseﬁ we

aryl al kyllehgathdomybathl ('a](]k))f[lalanmmﬂuxahfodd min | Watea wiasl thenarddedriadite agactioml [ 00167]

W and ' dently H,_ O - CPH..E e -~ ~
1= 5" o §2 o288 B s Sxasig.only BRUAR xR s a1 5"
S Mo S tisie \ashid-bth Hgadbus MELOPL (3 L vhter) bk andiol@a0 b 0940 KaoSO,

PCT/ U82006/ 007068 M H A 12}_@1 S-Me, S-1 HS-IPr M Scherre

XxI 7 ( fiered, and conggnicated i alfigd fis e produgt. ' H %IMWD@;,/B‘OO MHg) : 38.0
2H), 7.9 (d, /= 9.9 Hz, 2H), 7.38 (d, J = 9.9 Hz, 2H), 7.3-7.1 (m, 6H), 6.8 (m, 2H), 4.8 (s,
4H), 4.62 (m 2H), 4.5-4.4 (m 2H), 4.4-4.0 (m, 4H), 3.7-3.5 (m, 4H), 3.4 (m, 2H), 2.5 (m, 2H),
2.2-1.8 (m, 8H), 1.48 (s, 18H), 1.35 (d, /= 9.9 K, 6H), 1.05 (d, J = 5.5 Hz, 6H), 0.95 (d, J =
5.5 Hz, 6H) ppm.

catbonyl)-2-methyl-propyl}-propionamide (43):
[00160] To a solution of 42 (0.030 g, 0.029 mmol) in DCM (5 mL) was added TFA

(1 mL) and the reaction mixture was stirred at room temperature for 30 min. Aqueous
NaHCO; (3 mL) was then added to the reaction mixture. The reaction mixture was
concentrated, diluted with water, and the product was extracted with DCM (3 x 30 mL). The
organic extracts were washed with water, brine and dried over anhydrous Na;SO4. The solvent

was removed on rotary evaporator and the product was purified by reverse phase HPLC. 'H
NMR (DMSO, 300 MHz) 8.0 (s, 2H), 7.9 (d, J = 9.9 Hz, 2H), 7.38 (d, / = 9.9 Hz, 2H), 7.3-
7.1 (m, 6H), 6.8 (m, 2H), 4.8 (s, 4H), 4.62 (m 2H), 4.5-4.4 (m 2H), 4.4-4.0 (m, 4H), 3.7-3.5
(m, 4H), 3.4 (m, 2H), 2.5 (m, 2H), 2.2-1.8 (m, 8H), 1.35 (d, /= 9.9 Hz, 6H), 1.05(d, /= 5.5
Hz, 6H), 0.95 (d, /= 5.5 Hz, 6H) ppm.

[00161] Examples:
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() liyNOr ~1/ ~~ 48 0 N p~~HOr~" 1 ~\ v ~O 50 n 0 v~ 1J g~N
\' N 51 Preparation

of N-11-Cycl ohexyl-2-12-(1-12-[2-(3-11-12-cycl ohexyl -2-(2-net hyl am no-

pr opi ony] aﬂﬁ%?é%?é%’[lyl ]-pvrrolidin-2-vlmethvl 1.-indol - | -&qT-"Z%%HWI’“ﬁét hyl }-1
H i ndol -3- ynetbyl)-oolidin-1-y11-2-o0xo-ethyl}-2-nethyl am no-proni onam de
(51): Conpound (46): (001681 At 0 C, NaH (60% 0.025 g, 0.62 nmmol) was added
to a solution of indole 45 (0.17 g, 0.56 mmol) in anhydrous DMF (5 ).
After 1 h, bronoethyl ether (0.16 g, 0.68 ) and n-Bu4NCl (0.021 g, 0.05
mmol ) were added in rapid suagession. Th o tion mx¥yrerdas allowed to
slowy warmto anbi ent tenpe wasqcofityntled for -64 WO

t ;
2006/ 091972 PCTI US2006100,7/068 « ' . react,i vvaHue hed by the
g%}a« N/jﬁ\ﬁ?e/ W% extracted with

addition of saturated S
di et hyl ether. The cg&‘vﬁed et he Facts wer e hed repeatedly with
water to renove exe@SspDVMF then bryas, gnd dried over anhydrous Na2SO4,
filtered, and concentrated. The cgldd€’ product was conbined with material
formed under simlar reaction conditions (0.11 g 45, 0.36 nmol) and
purified buxﬁ?ﬂg@l phase HPLC (10-100% Et OAc/ hexane) to afford ) 0.18 g of
46 as a colorless oil and 0.18 g of the nono-al kylated indole. '"H NWVR
(CDC13, 300 M‘t@hl@l- Ahereii R 7aMnd 3o, ard indSpehd&hfl (HDal]é‘l‘Do cRafkPL RalBflkflor 2H) ,
413 (m 811), 3.62 (br s, A4H), 3.40-3.15 (m AH) .Gg(m 2H), 2.04 (br s,
4H), 1.53RBaand limfyi(liﬁ&ﬁnd@e?ﬂvm indepepontly[qydagster Rrms HAE Wieh av# winding 46
(0.18 g, mol) in DCM (8 nL) was cooled to O C Trifluoroacetic acid
(2 n) vvagrégta&mpgﬂrﬁi the reaction m xture was maintained at 0 C for 1 h.

The reaction e e Iyl S a S
Naro0s and. -t nCOAPH S HAC dad YRA ard B dEbthac Y iy, Badfiol> k10, AMAHD
extract s vlamlnds bdoaliiyldikyd,cheterdiaiCoBhetdroarplalkybwhercineeaehr alkylhymt, agdalljd2 SO4,

The or udecPIRaI Tl Prgrnl, m PfigoHaon oh RRoRaBfofrotiel W

halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, and nitro; or R8a and R7a and

R8b and R7b can independently or together form a ring such as an aziridine or azetidine ring;

[00164] R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl; or each optionally-substituted
with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio; or,
optionally, R5a and R5b are connected by an alkylene, alkenylene, alkynylene of 2 to 12
carbon atoms or optionally-substituted alkylene, alkenylene, alkynylene bridge of 2 to 12

carbon atoms where one or more carbon atoms can be replaced with N, O, or S;
[00165] RI12a, R12b, R13a, R13b, R14a, and R14b are independently H, Cl, Br, F,
alkyl, cycloalkyl, hydroxy, alkoxy, amino, alkylamino, cyano, or CO;H;

[00166] R3a and R3b are independently H, halogen, alkyl, aryl, arylalkyl, amino,
arylamino, arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino,

amido, sulfonamido, or amidino; and

[00167] Wa and Wb are independently H, Cl, Br, F, alkyl, CN, or CO,H.

E o @
& @ By
S' ] ] o ] g - o o -] ) & o ~ m - -]
E|8| 2| 8 | EEE | |2 |d|B| Q8 |E|B|2|=2]|&]q
< )
&8
19 | Me | SMe | S-Bu s H|H |H|H|sou|5 M [ H|H]|H]|A
s | &
120 | Me | §Me | S-cHex s H{H [H|H| o |ye| ™M | H|[H HA




(CDC13, 300 MHz) 58.49 (br s, 2H), 7.57 (app. d, J = 8.2, Hz, 2H),
7 26 7.052 (m 6H), 6.82 (s, 2H), 4.11 (m 8H), 3.57 (m 4H), 3.29-2.96 (m

@s/df 728H) ppm PCT/US2006/00706

[2 (2 {15‘@ ? ? 1 (2-tent-But oxycar bonyl am no- 2-cycl ohe>/<[§/sl acet y? pvrroli
di n- 2-

yl methyl|-indol -1-yl)-ethoxy)-ell]- 1H-| ndol - 3-yl rrethyl I -pvrrol idin-1-yl)-1-

ycl ohex__2- o-ethyll-carbamc ac ert-bytyl ester (. 1001701 _Ta 3
sol ut i dnizcqrtea) snp sherBoc- eycl oHeqﬂ |§dimng 5.0, bj,me0. 3511 miol] )1 h a
anhydr ous Z L) was added HATU (0.15 g, 0.38 miol) and

N- et hyl norpholine (0.042 g, 0.42 mmol ). After 15 mn, 47 (0.075 g, 0.16
nmol ) in anhydrous NVP (2 nlL) was SchélgedXand the reaction m xture was
stirred for 16 h. The reaction mxture was diluted with water and the
product was extract wi th diethyl et The gonbi ne t her extracts were

washed repeatedly w NPy r| , dried over
d. The deo duct was
c/ he) to afford 0.085 ng of

N
anhydrous Na2s04, i |
purified by nor el Bhase

48 as a colorless oilg 'H NVR (CDC13, 300 MHz)467.87 (d, J= 7.62 Hz, 2H),
7.27-7.10 (m 6H), 6.84.(s, 2H), 5.36 ( J=9.37 Hz, 2H), 4.45 (m 2H),
4.30 (app. t, J=6.4 2H) , ~4°48~4, 12 611), 3.70-3.58 (m 6H), 3.35
(dd, J= 14.0, 2.9 FHzT H- 2006/ pdg7H PCTI US2006/ 007065 211), 2.41 (dt,
J =11.1, 2.3 Hz, 211), .57 201), 1.44 (s, 1811), 1.37-1.07 (m
10H) ppm
2- Amino-1-(2-(1-[2-(2-13-
vlil-indol-I- yl

- et hoxy) - et hyI]--LI=|-L—ndog\;‘ '}\-’uyr Ry i - g 2- cycl ohexvl - et hanone
(49): [00171] A sol uti daycont al ny 48 F514(08 nmmol) in DCM (8 nl)
was cooled'to 0 C. TrPTPubroaceti cid ) was d and the reaction

m xture was maintained at 0 C for 304in. An addltlonal portion of TFA (1
m.) was added and the action m xture was _stisrxed for 1 h at 0 C. The
reacti on was quenched \n¢ ref..tﬂ\,addl tilo @saturat ed aqueous NaHCO3
and the product was"ext t a4l h Et Q> —The-6onbi ned organi c extracts were
~washed wth ag. NaHCOZ® bpi ne, i ed r anRydfeus Na2SO4, filtered, and
concentrated to afford 0.068 g~of 49 &S a pale yeIIow oil. The crude
product was used di rectly ™ the next reacti o I\/R (CDC13 300 MHz)
57.90 (d, J= 7.6 Hz, P 3M-J7. 12 Am? 3. : = 14 Hz, 211),
4.47 (m mnor rotomner ( : --. Iz—p 280(m 2H)

2.42 (m 2H), 20403&% 3DH) fef (50)¢ [Mgiz] To a sol ution

cont ai ni ng N Boc- N: yI ai ani ne ( .04 og 0. 19 nhydrous NNW ( 2
m.) was added HATU 883 g, 0.21 mmol ) and N-nethyl m)rph ine (0.024 g,
0.23 mml ). After 15 mn 9 (0.068 g, 0.09 mml) anhydrous NWP (2 nl)

WwWas
J§_n

I -(Z-é“r'ri no- 2- cycl ohexvl -acetyl )-p)rmidin-2-yl meth

N

Compound (46):

[00168] At 0 °C, NaH (60%, 0.025 g, 0.62 mmol) was added to a solution of indole
45 (0.17 g, 0.56 mmol) in anhydrous DMF (5 mL). After 1 h, bromoethy! ether (0.16 g, 0.68
mmol) and n-BugNCl (0.021 g, 0.05 mmol) were added in rapid succession. The reaction

mixture was allowed fo slowly warm to ambient temperature and stirring was continued for
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added and the reaction m xture was stirred for 16 h. The reaction m xture
was diluted with water and the product was extracted w ' I her

The conbi n¥@ B4¥1¥%8xtracts were washed repeat edl y wthtp%a-?lgﬁa({&ﬁmogﬁove
excess NWP, brine, dried over anhydrous Na2SO4, filtered, and concentrated.
The crude product was conbined with material forned under simlar reaction
conditions (0.05 g 49, 0.06 mmol) and. purified by normal phase HPLC (10-
100% Et )C)Arﬂhhamam&bﬁézpwﬁ‘ quenched dyrthe afdithl ofSatarated|aqiidoas NHICI and the phddudt CDC1 3,
300 MHz vy Foul.06. Hz, 211),. .7.27-7.08 611 8 4.70
(m 2H), %a%%;ﬁeqé)cgwﬂg diethyl etheg TﬁE 3]'21?&113(12 etherfgtreq(.ﬁ ws gshe @aaté,ijy mﬁ) 6H)

3. 76-3. 60uft todikdove 3xks (IMIF bzznesa%d( Sried®bler aRhfkBous No,SO) filtdro®Band 55 (m
20H),1.51 (s, 18H), 1.33 (d, J= 7. 6H), 1.30-0.98 (m 10H) ppm -66 WO
2006/ 091 9prequiraied;sTbe swée PoBiget wq@n@f@ﬂo’ﬁéumpte;zal[fgnn@ ungley similac {egctlon

) et M P sy o L 0

et hyl | - 1I—EtDak¢diex31e)/tm:ffdtgr I))& Bvg 0O 16 ds a-cblorless 011 and 0.18 g of the mono-alkylated

ot ai ot rgoslp, (B 0VBGE DS JoBAANEL TR BRirde sy ) e Ble b

Trifluoroagenilg (ﬁ&CBH) @%2%9 vm; Rdoled s gadati) e 639@G 2HN.04 4] S1)AI3 (5,

mai ntai ned _at 0O he 'reacti on was quenched by the careful addition
of satur aksé‘BPPB?queous NaHCOB and the product was extracted with Et OAc. The
conbi ned organic extracts were washed with aq. NaHCO3, brine, dried over
anhydr ous Ceupmand (47):| t ered, and concentrated. The crude product was
purified by reverse phase HPLC (10-100% ACN water = w 0.1% HOAc) to afford
0.047 g of 51.[0¢68t Assolutiphicentainingidg (9.8 goﬂb\zmmoy)dpmw&mlawas cpoledioR

(150 9L ehnsfilad G h gL P e e kol bty s 200, 722

6.6 Hz, Zfd) 1 h4 The re(anqlom&) quefich8d by the cmM)adeﬁotBin ahaged uquedl!s]NqH(E)mCIZ 91

(41 g Sy S, 2 confink o o i it i ppm

[00174] BNaQOg $)nnR dHed) ovéfanRydrous NiESORHltgred Nl ddntenbdated b affdvd 61076 gRefaR |

and Rrb o hop et ‘?vacxaﬁmRo i gt v ect i e s, 1 AR )
and R8b aﬂt‘i)ﬁ%@%ﬁﬂ)%%@%ﬂ?@ﬁ)ﬁ?f(abﬁ%yhﬁé 2f 85,7918, 1.269.039 ¢, 689), 8132

aziridine or azetidine ri
(s, 2H), 4.11 (m, 8H), 3.57 (m, 4H), 3.29-2.96 (m, 6H), 1.95-1.58 (m, 8H) ppm.

[2(2-{1-[2-(2-{3-[1-(2-tert-Butoxycarbonylamino-2-cyclohexyl-acetyl)-pvrrolidin-2-
ylmethyll-indol-1-yl}-ethoxy)-ethyl]-1H-indol-3-yimethyl} -pyrrolidin-1-yl)-1-cyclohexyl-2-
oxo-gthyl]-carbamic acid tert-butyl ester (48):

[00170]) To a solution containing N-Boc-cyclohexylglycine (0.09 g, 0.34 mmol) in
anhydrous NMP (2 mL) was added HATU (0.15 g, 0.38 mmol) and N-methylmorpholine
(0.042 g, 0.42 mmol). After 15 min, 47 (0.075 g, 0.16 mmol) in anhydrous NMP (2 mL) was
added and the reaction mixture was stirred for 16 h. The reaction mixture was diluted with
water and the product was extracted with diethyl ether. The combined ether extracts were
washed repeatedly with water to remove excess NMP, brine, dried over anhydrous Na;SOs4,
filtered, and concentrated. The crude product was purified by normal phase HPLC (50-100%
EtOAc/hexane) to afford 0.085 mg of 48 as a colorless oil. 'H NMR (CDCl;, 300 MHz) §7.87
(d, J=17.62 Hz, 2H), 7.27-7.10 (m, 6H), 6.84 (s, 2H), 5.36 (d, J= 9.37 Hz, 2H), 4.45 (m, 2H),
4.30 (app. t, J= 6.4 Hz, 2H), 4.18-4.12 (m, 6H), 3.70-3.58 (m, 6H), 3.35 (dd, /= 14.0,29 Hz
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[00176] R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl,
cycloalkyl cycl oal kyl al kyl, heteroaryl, or heteroaryl al kyl wherein each

al kyl , kyl, cycloal kyl, cycloal kylalkyl,
het er oary (%?q?ﬁ)%%? optionally-substituted with hal ogen, é'ﬁﬁgﬁwqu mer capt o,

car boxyl, al kyl, al koxy, amno, and nitro; or R8a and R7a and R8b and R7b
can independently or together forma ring such as an aziridine or azetidine
ring;, [00177] R5a and. R5b are i ndependently H, alkyl, cycloal kyl,

cycl oal &¥), &2kl Kdt, Jrretlérlo@yic HaalRyl 2.041 57, (mar%ﬂlfﬁl kyhé (sha8i)y; da¥yl 97 (m,
heteroa &ihpﬂﬁl or each optionally-substituted wth hydroxyl, nercapto,
hal ogen, car boxyl, al kyl, hal oal kyl, al koxy, or alkylthio; or, -67
WO 2006/ 091972 PCT/ US2006/ 007068 optionally, R5a and Rob are connected by
an al kyl ene, al kenyl ene, alkynylene of 2 to 12 carbon atons or

OptlOnagiéﬂiﬂgi%izgiingifg ] al kyn Jen- pri dge. Qf 2 to 12
carbon a£= 1-52:62- PEFES : _ e Yaies FAd e IGO0 or S
[00178] Yii-sthoxyseshyl]-EH-dadol-ivimethy rln el ‘ 49): ad, Br,
F, alkyl, cl oal k hydroxy, aIk anlno alkylan1 yano, CO2H,;
[00179] RBZ‘: éﬂh’ﬂh b&/ a??g?@éﬁgfﬁ%fﬁgqﬁ g é%igf’iﬂr 13 DM | ?3 |§115|W383P91P%| kyl

am no, 1A 3¢ aMifibrofeel Al Yds B Yhe #n giiMturedlas! ididtained at

aryl al k%/thydroxy, I?ZII al kyllatndq ng) aer]n do, sul for?am do, or am di nI(I)1 gnd [ 001801

V& and $@fossde mind Aseddisionalporionf TFA(1 L) wasiadded ad thersastion mixgre ¥29 Ve S- Me
R R v T L e T o T A
S- (2R NaHCBH; lind theSproduct Sraktextrigtdd Withi BEEDAEt Ot k2ibivied s:gmicsmmm Svert H H H

T26 e whed aad. Neflo o sty i (e i NeolF B 40 oottt 8. S 1 1

H H S<Heford-0\58HE @49"a§‘|a/bale]y%ﬂo%ﬂ$ m @ud‘d‘b’t&d@t htraH ubbd‘Hﬂcﬂ&Qﬁ feadt M a H H
A 131 HS-Me S-1Pr S HHH Pr S-Me SIPr SHH

H H S- Preastioge 'REVMR (ﬂmlm30<lkiéizh/§7 80 (\s’ef s "[@DHZSZH) FL|3H7H2§HP|6H$ G4 @ F HHA
134 H H Sebex 15, 5] dd7 tooshitd: ftdthed), 7,19 @, 4H), 3.66-3.36 (m, 8H), 2.80 (m, 2H),

2.42 (m, 2H), 2.04-0.83 (m, 30H) ppm.

Amide (50):

[00172] To a solution containing N-Boc-N-methylalanine (0.041 g, 0.19 mmol) in
anhydrous NMP (2 mL) was added HATU (0.083 g, 0.21 mmol) and N-methylmorpholine
(0.024 g, 0.23 mmol). After 15 min, 49 (0.068 g, 0.09 mmol) in anhydrous NMP (2 mL) was
added and the reaction mixture was stirred for 16 h. The reaction mixture was diluted with
water and the product was extracted with diethy! ether. The combined ether extracts were

~ washed repeatedly with water to remove excess NMP, brine, dried over anhydrous Na,SQy,
filtered, and concentrated. The crude product was combined with material formed under
similar reaction conditions (0.05 g 49, 0.06 mmol) and.purified by normal phase HPLC (10-
100% EtOAc/hexane) to afford 32 mg of 50 as a colorless oil. 'H NMR (CDCls, 300 MHz)
57.86 (d, J = 7.6 Hz, 2H), 7.27-7.08 (m, 6H), 6.84 (s, 2H), 4.70 (m, 2H), 4.58 (app. t, J= 7.6
Hz, 2H), 4.19 (m, 2H), 4.15-4.04 (m, 6H), 3.76-3.60 (m, 6H), 3.37 (m, 2H), 2.83 (s, 6H), 2.42
(m, 2H), 1.98-1.55 (m, 20H), 1.51 (s, 18H), 1.33 (d, /= 7.0 Hz, 6H), 1.30-0.98 (m, 10H) ppm.

-66-



135 M@ SM HSHHHHHSM MM HFHC 136 M S-Et E~- SHHHHEta -
SEt M HFHC 137 M SSMe SSHex SHHHH SeHex SSMe Me M HH A 138 H H
S-Hes S H WORMG/AHPE HHHHHB 139 HS M S-tHex S HRBYIPSINGQWOISE S e H
HHHA 140 Ho SMe SSteu SHHHHSIB. SM M HFHA 141 Me S Me
Steu SHHHHS amS M M HHHA 142 HS-Me SeBu SHHHHStBU S-Me H
HHHA 143 Me SSMe S-tiex SHHHHS Hes S—IVEHHHHA 144 Me S-Me

S-t Hex Syﬂlhtﬁoﬁe%%?gﬂﬂhtﬂﬁ A[2- Sohb 3= Yom &k Ani B~ S Me Me
HHHB ce}l n=2-yme i - -indo ; “: dif1- - H
-68 WO 200§&4. _%;!ggéw G- L 0GR ami . ' 5b~NH R7b
Rb* NO Ra bl Rz R P R sb OSNNRQa RBa R7a

R sa Rlaa EX@HP* % 10 saﬂﬁa@%my}hﬁ on(OW(%zag'do 5’5750“@,5&) ammrqsi%m)l Wadl

al kyl, cycl oal hal oal kyl ; a and R7a and R8b and R7b ca

i ndependeiiﬂkﬂlltilfi tﬁr 0t (Sbet'fﬂiﬂuofcwﬁmcaaqid g mhic M’a&sldémi and rtheg mehorbmvstzr@t V& ne

;Ir Slgal LSP&%ﬂalﬁﬁgaéﬁ)ﬁ %ggy}glr 2‘5 %qﬁ%%krw%%lﬁg &3 og?{gﬁ[ 98&@“1 e't er oar y a;{

wher ei n eamqieow NyHCOpand the pm;zlhalday Iextracted with EtOAc. The combined organic extracts
were washed with aq. NaHCOs;, brine, dried over anhydrous Na;SQ,, filtered, and
concentrated. The crude product was purified by reverse phase HPLC (10-100% ACN/water
w/0.1% HOAC) to afford 0.047 g of 51:2HOAc as a white solid following lyophilization. 'H
NMR (DMSO, 300 MHz) §7.91 (d, /= 8.7 Hz, 2H), 7.71 (d, J= 7.8 Hz, 2H), 7.32 (4, /= 7.5
Hz, 2H), 7.05 (m, 2H), 6.99-6.92 (m, 4H), 4.39 (app. t, J= 6.6 Hz, 2H), 4.15 (m, 6H), 3.57 (m,
4H), 3.52-3.23 (m, 4H), 3.06-2.91 (m, 4H), 2.46 (s, 6H), 2.31 (m, 2H), 2.15 (s, 12H), 1.91-1.65
(m, 12H), 1.55-1.49 (m, 8H), 1.07 (d, /= 7.0 Hz, 6H), 1.16-0.93 (m, 10H) ppm.

[00174] Examples:

Example 9
[00175] Wherein R7a and R7b are independently H, alkyl, cycloalkyl, haloalkyl; or
R8a and R7a and R8b and R7b can independently or together form a ring such as an aziridine

or azetidine ring;

[00176] R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, and heteroarylalkyl is optionally-substituted with
halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, and nitro; or R8a and R7a and

R8b and R7b can independently or together form a ring such as an aziridine or azetidine ring;

[00177] RS5a and R5b are independenily H, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl; or each optionally-substituted
with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio; or,
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cycl oal kyl, cycl oal kyl al kyl, heteroaryl, and heteroarylal kyl is
optionally-substituted with hal ogen, hydroxyl, nercapto, carboxyl, alkyl,
al koxy, amvmeeosapd7ni tro; or R8a and R7a and R8b and R7pcsaRzdondenendent |y
or together forma ring such as an aziridine or azetidine ring; [00183] R5a
and R5b are independently H, alkyl, cycloal kyl, cycl oal kyl al kyl,
het erocycl oal kyl, aryl, arylal kyl, heteroaryl, heteroaryl al kyl; or each
optionally-substituted w th hydroxyl, nmercapto, hal ogen, am no, carboxyl,
al kyl, hapeenaly Roapd,Ryb agy C%ﬂﬂwwf ﬁmp alfyleneqalkenyiene) gliimdeneof2 kB2 ar e
connecte | ey Kk r tons or
opti onal ??/ljaéﬁ b{sbtnlﬁ t Jlf}-t gﬁﬁgﬂ(ﬁdg@k%&%{ %@F’eﬂgﬁﬁﬁ%ﬂiﬁ%}%ﬂ%bﬁﬁgﬁoif)%; 1?0 12
car bon atarhen gthws wheieene pr moresathan bioms sewbereplacedowith NpDagrdd with N, 0, or S
[001841 Rl12a, R12b, R13a, R13b, Rl4a, and Rl 4b are independently H C, Br,
F, alkyl, cyH0d78lkyR12ahRd2lR132.0R1dbx R]14a and & 14b rfeyindependently fhkd, BoF, CO2H;
-69 WO 2Q 9 R Q/.0, .R3b are independently
H, hal ogé‘ﬁ(?{’ g?é(ﬁl,gyl’ah y 0';2?,;331%9{% %ﬁg’%éwa%%&ég&?ﬁg% (ggz,ch’ar yl al kyl am no,
hydr oxy, al ky | 0% ryl alkyl [ dial kyl.am no ) do..
sul f onam do, Lo(rai?rh Zlﬁ%ao?n%%@g%l%%%ﬂmﬁ}a P8° ﬁ?d%‘%’é’n gtﬂla%??’ ﬁn:mOBr , F,
al kyl, ChiyldkiRd], apiulkfl&nihs,/ hydoky alkgloky,| bryloxgetabylilkilaydroay) dialkylatri,
al kenyl ene, alﬂﬁﬁ)glﬁéene, or,.. al kyl oxyal kyl ene chain of 2 to 12 carbon atons
or opti ofEfqoys idpe Qrapbdineidlene,  ai kenyl ene, al kynl yene, or
al kyl oxyal kyl ene_chai n of % to, 12 carbon_atons_where one or nore carbon
atons can be 988 ccWagnd re fndependently &1, £ L Py F, gl @, ¢QH. 7 wi2 2 147 H
Pr H H H

>
S-Me S S CH CCHH= HHS 1P M HHHHA 148 M S S-ellex HH

S H CH |H HIS Hdx Me H H 149 Me B- S-1BuU HH S QH G St Be Me
HHS CH CHOH) HHilw H
GH H B ELogl N
Ao
Me
Me

cheri_
n,

v | b [tafueftajufttalia] ta |oafeealefiajmlleafiafial tr | ta {uae,|[BXexEoch
&
11 L

D
U=

C IR E B E A E B P F B R B F I E R ==%a_—._
=
3

SR T R EAE R o e R IR A R R '“:%UIII >

H=A| CHO

mHHHA [(RR 158 H S-M H
S® CHECH( R H E | F¥H| A CH

CH( OH) CHE (%) 151 HegS-Me

H (54)1 2R 2R |1%2 MRS Me
Me H S-cHex S-Me
Me S-cHex S-Me

-

R R BB A BT B E A R B ESE - - ==ﬂﬁ1

Hr 122 S-Me S-cHex
123 S-Me S<Hex

. S(2R- S-(2R- |
124 Me S-Me EtOH) EtOH) §-Me Me
S-(2R- S-(2R-
125 Me S-Et E{OH) EtOH) S-Et Me

S-cHex S-Me Me
S-cHex S-Me Me
S-cHex S-Et Me
S-cHex S-Me H
S-cHex S-Me Me
S-iPr S-Me H
S-iPr S-Me Me
S-iPr S-Me Me

126 Me S-Me S-cHex
127 Me S-Me S-cHex
128 Me S-Et S-cHex
129 H S-Me S-cHex
130 Me S-Me S-cHex
131 H S-Me S-Pr
132 Me S-Me S-iPr
133 Me S-Me S-iPr

134 H H S-cHex S-cHex H H

135 Me S-Me H H S-Me Me
S<{2R- S-(2R-

136 Me S-Et EtOH) EtOH) S-Et Me

137 Me S-Me S-cHex S-¢Hex S-Me Me

138 H H S-cHex S-cHex H H

S—<Hex S-Me H
S-tBu S-Me Me
S-tBu S-Me Me
S-iBn S-Me H
S-cHex S-Me H

139 H S-Me S-cHex
140 Me S-Me S-tBu
141 Me S-Me S-tBu
142 H S-Me S-tBn
143 Me S-Me S-cHex

- LR E A E R E T R A R E R AR RS E A AR - i IGQ
OIT O

e o o o o ey s e e e o | o} em

E AR EA PP ES B T E o] ol ol LT ET R I :n:ng

o b | B L R AT S GG - - - e st

w [»[e>e ] 0 lalalElieieleeeE] e | e =

144 Me S-Me S-cHex S-cHex H H
S-(2R- S-2R-
145 Me S-Me EtOH) EtOH) S-Me Me
§- s-

=

S-Me Me

=]
=]
g
&
Z
2
o

=
=
»

146 | Me | S-Me | (CH:LNH
2
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153 M S-Me -Hex HH S CH CH CH HH-Her M M HHHB CHCHZOCH 154 Me
S-Me cHex OCH CHH-Hex M M HHHA H CH CH 155 Me S-Et
eHexHHsu’égf@ESEﬁg‘BHHeHexE M HHHB HE H,m,OCHP‘F\TéU%ZORFéOO@ﬁﬂlHS
CH OCH CHH- 156 A H CH CHOCH 157 M@ SSEt E~EHHH S ,CH2OCH CHH B
H 158 Me S-Me ellex HHS 0) HO, HHA 159 Me S-Me eHex HH S C(O O H
HH-Hx S- MM HHHA 168 Me S-Me EroHH H S CH2CHL HHE OHMe Me HH H A
161 Me S- N®thet edaBplgs2CH3CH2 H H 2R S- M HH H B FEton CH, DOH Me [00188]
Further Exanples: -70 WD 2006/091972 PCTI US2006/ 007068 Rob HNyR7b 0 NH

Rob IYONRI2b R bR13b Ra /W RP 0Roa}~('N\A{_|N/R;b1a Rl1ib ~H O /
Rl4a Rsa Rra \ R138 Rl2a Exanple 11

RE gy
g

O

R,,b
Rsa Rab
O / s:
H_?’N
N— H

Example 10
[00181] Wherein R7a and R7b are independently H, alkyl, cycloalkyl, haloalkyl; or
R8a and R7a and R8b and R7b can independently or together form a ring such as an aziridine

or azetidine ring;

[00182] R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, and heteroarylalkyl is optionally-substituted with
halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, and nitro; or R8a and R7a and

R8b and R7b can independently or together form a ring such as an aziridine or azetidine ring;

[00183] RS5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl; or each optionally-substituted
with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio; or,
optionally, R5a and R5b are connected by an alkylene, alkenylene, alkynylene of 2 to 12
carbon atoms or optionally-substituted alkylene, alkenylene, alkynylene bridge of 2 to 12

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

[00184] RI2a, R12b, R13a, R13b, R14a, and R14b are independently H, Cl, Br, F,
alkyl, cycloalkyl, hydroxy, alkoxy, amino, alkylamino, cyano, or CO;H;
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[001891 Wherein R7a and R7b are independently H, alkyl, cycloal kyl,
hal oal kyl ; or R8a and R7a and R8b and R7b can i ndependently or together
forma ri an aziTidine or azetidine ring; [O R8b are
! 2504/091938 9; EPRS 24380 7064
|ndependgﬁgly &, hydr oxyl, al kyl, aryl, aryl al kyl, cyc?oaﬁ%&@?

cycl oal kyl al kyl , heteroaryl, or heteroaryl al kyl wherein each al kyl, aryl,
aryl al kyl, cycloal kyl, cycl oal kyl al kyl, heteroaryl, and heteroaryl al kyl is
optional |l y-substituted w hal ogen,. h oxyl, nmercaptq, catboxyl, alkyl,

al koxy, ani nd%01§8H kS? ra\BAil,i thP alf\%é{’dgmdﬂ’fé'dgnﬁg/l"?@b a@"ﬂﬁ aﬁgba‘é@h‘yﬁ)’n%%‘ﬁ%ndent ly

or togethAimfne! rnrﬁalkylaﬂirﬁayq{ydﬁﬁz,aran@wxw AexyOr arg iRy, dMiyldRRdd1] R5a
and R5b are independently H ' al kyl, cycloal kyl, cycloal kyl al kyl",

het er oc yaBliém [swfenamigoy pr amidipoa| kyl , heteroaryl, heteroaryl al kyl; or each
optional |l y-substituted wth hydroxyl, mercapto, hal ogen, am no, carboxyl,
al kyl, hal 0all®8186] afWennd Whareandependently Hyl, BT,iFnaMerN?QQBHh@és, the R5a and
R5b residues are connected by an al kyl ene, al kenyl ene, al kynylene of 2 to
12 carbon at 408183 Bpla andIRibsigpethert frmdam |aliglanae alkgndensy | lyeng, kgmy| ene

rep acedigfeySigeg? WRA"of £B, 5l S, P uERIORRARARR, AOIRE o/,

ar e i ndeajlieadend, hlkyhlyerd, pr fkyloxyalkybink ghain 0f/2 koot éaybon diytds whste oaé komyre ami no,
al kyl am ng},o c?/ano, gr %l_éa %@1@831 é;@a and R3b are independently H,
hal ogen, @EPR J1OMS LAY, pe FERIARCVIIAY: Yaffitho, aryl anino, aryl al kyl am no, hydr oxy,
o : . :
PA

al kyl ge—arH-exy—arabiod-hydrexy—dia-oHamme—pam-ge—sulfenam-ge; or
am di no; 71 WD 2006/ 091972 /U8290610070§8 100194] Kig O NS, |@t C=C
O 1 g E - I
[00199] EViagi's B [Clgldrs Fe A%yl &N ¢OBH $q01§61 53 bgehtgb |+
al kyl ,| Bpt | opaf | y|- subgti tut eds &llkyl hydr oxyarl Kyl , [alkexyal Kyfl = [ ] W
and RI_| a togethdr are a |bond, alkylene| al kenyl ene.| al kynyl ene, aryl
aryl allkyd lenel saeyl airkyl &l |k gne,| Hefiloar wl | et eppar § alkyl enen pa an
opti or dilsi V=S 'LSJ,bti t oL et t iriﬁ);—i ETTE, cHmG Y| &g, - ol i%nyi et d.ll:‘l of 721012
car bor &t [o¥s] GHEr|<BRa br| Morle’ daongmen 3t Sng T4 HE ruol Xead®wi Fhi 8 (4] or
S. W-|asg ¥ jasMal. s 4 # |~na |ss 1 GG lan i w {168« MeySt Me B0 W [ BS|@
CH, CH,[CAZHH E QF SVB V§ H H H[D _@&lip3 Ve _S{VE [SSFEX| & p U [VCHZCF AIHIS-
: 5. r | H| H | 5| cmcoiom | B | H iPr BH| H|F|H|A
He S|{NE® ME IHSMe | AP CH(OH)CH, Me
2R- (R.R)- Ww | 5
151 [ Me | SMe | 8 | B | B | 8 gg;gxl{lgocg)‘ H | B | gos I me|™Me| B[ F {H A
152 | Me | sme | 2 5| u |5 Cﬂfgﬁa)}l) H{u| 2 |5 |m|a|F|ula
EtOH CHOECH, E©OH | Me
153 | Me §-Me cHex H H S CH,CH,CH, H H cHex- :!; Me H H H B
CH,CH;OCH s
154 [Me | SMe | cHex | H | H | 5§ | CHOCHC | H | H | cHex | y- [ Me | W | H | H [A
H
CH.CH.O0CH -
155 (Me | SEt | cHex | H | H | § | ,CHOCHC | H | H | cHex | 2 [Me | H | H [ H |B
H.
. CH.CH.OCH A
156 | Me | S:Me [ pio | H | H [ s ,cn,g::mc H | H | 2o (el Me| B H|H A
CH,;CH,OCH
157 | Me | SEt Eztg-ll H| H |5 ,C}‘l,gfrn,c H | H Eztg-u gt Me | H | H | B |B
158 | Me| SMe | cHex | H | H | s C(&’fz&’g)m H | H| cHa |5 (Me| H | H | H A
159 (Me | SMe | cHex | H | H | § C(O)S;H‘C( H | H| cHex 13;3 Me | H | H| H |aA
160 | Me | SMe | 2o | H | B [ 5| cuon g | u| & M m || KA
2R- CH,CH,CH, 2’| &
161 | Me | sMe | pon | H H s ’CHI 3 H H oM | Me | Me | H H H|B

[00188] Further Examples:
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[00198] In manmalian cells activation of the caspases is achieved through at
| east two i ndependent nechani sns which are initiated by_distl pases,
but resul tYPRM&1972¢t i vati on of common executi oner (effggigéyﬁéégﬁgies. I'n
addition to the cytochrone ¢ activated nmechani sm (sonetines referred to as
the "intrinsic death pathway'), the '"extrinsic death pathway' is a
mechani sm by whi ch the caspase cascade is activated via activation of a
death receptor located on the cell menbranB® Exanpl es of death receptors
include DR4, DR5 and TNF-RlI (as wel |l as WNhespmenbers of the TNF group of
cytokine receptors). The corresponding lig nds are TRAIL and TNF-a,
respectful ly. Binding of pro-caspase-8 toOthey death receptor induces
aut o-activation wherein the inhibitory pro-dénmajin of pro-caspase-8 is
cl eaved and renoved. Caspase-8 is releasé&bggqﬁbthe receptor and can then
activate effector caspases (caspase-3, -6, and asRi;h the caspase-9
initiated pathway, the result is the prqieal ¥¥ic\cl age of cellular
iabosi s. [ 001991 The
present invention is directed ge¢herally to Sngg, pepfidgnm netics, nethods of
S\Wa [ B9 t hods of making the
pepti dom netics descri bed oveX In/~‘= embodi ment of the current invention,
Smac peptidom netics rei edi\togas Smac mnetic) act as
chenopot enti ati ng age he Oterm JchEnopot enti ating agent” refers to an
agent that acts to hgﬁre sf the sensitiw of an organism tissue, or cel
to a chenical conpound, of treatnment gagely "chenotherapeutic agents" or
"chenp drugs" or radiation treatnment. ©ne enbodi ment of the invention is the
-72 WO 202&/09&312 PCT/ 1152006/ 007068 therapeutic conposition of a Snac
m netic. r enbodi nent of the invention is the therapeutic

conposi tion of m netiLc L.ch can ac S enopot.ent.i at .ng agent
and a biol ogﬂ?;@?%%‘éﬁ%#h%?‘&ﬁg g _?RdteB'?y Pga]ﬁ:(g]r F%‘ﬁ?aalﬂ?ro&%p(ygr%odi nent
of the i nR®NnH RYaiafid R8b &Rl RIS cAf inddpehdehily BOtoksAE folk @np sich a¢iad @zifidine
adm ni stering a Smac peptidom netic. Another enbodi nent of the invention is

a nmet hod BRZGUGHICHNEI ng tunor growth in vivo by adninistering a Smac ninetic
and a bi ol ogic or chenotherapeutic agent or chenoradi ation. Another

embodi nent of [@HA0} nR8atndn Ri8k arenindppeadetlyt He qhydrexvh plah el wiylikyl cancer

by admi ni ' g%ag, i ' f j ' \ 0]

combi nat |°§%ﬁémlk?gc}é [ |lo§’| ’caélt&garrﬂ’ 8{12‘%&9&2 agelﬂh?%ﬁg%déﬁ?mgr’qgﬁfe 1raa_ 'ati on.

[ 00200] |ayclealkylefeyeloaliylalksl dietezonrylofand rhetepoasgdalityl im eptenabiysubstiiutedbivith

bi ol ogi c n rapeuti nt s+ hat n m nisd.er

concurr emalb?e@/i}iyﬁgggg%%?ﬁa t?%ié&lygc Iljealﬁoé‘ ’kafﬁ%?’i %g Iﬁg%’né}sliéapafngﬂvaéﬂn&al oi ds,
anti - t unmoR8beantl RYb ohn indepeadéntlyet migethértfesn a tinpaichasel akhding odizBiding ing; hor nonal
agents, NSAIDs, growth factors, cytokines, mtotic inhibitors and

conbi nati ons @0019kesRS5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl,

heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl; or each optionally-substituted

with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio; or,
in some instances, the R5a and R5b residues are connected by an alkylene, alkenylene,
alkynylene of 2 to 12 carbon atoms or optionally-substituted alkylene, alkenylene, alkynylene
bridge of 2 to 12 carbon atoms where one or more carbon atoms can be replaced with N, O, or
S;

[00192] RI12a, R12b, R13a, R13b, R14a, and R14b are independently H, Cl, Br, F,
alkyl, cycloalkyl, hydroxy, alkoxy, amino, alkylamino, cyano, or COH;

[00193] R3a and R3b are independently H, halogen, alkyl, aryl, arylalkyl, amino,
arylamino, arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino,

amido, sulfonamido, or amidino;
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[ 00201] I n another enbodi nent of the present invention, the cells are in
situ or in an individual, and the contacting step is affected by

admi ni st ey rmaceuti cal conposition conprising ally
effecti nggﬁlggﬂ?gqgfﬁ the Smac mnetic wherein the indivi ?uéaﬁﬁéﬂg@ggbe&sub ect
to concurrent or antecedent radiation or chenotherapy for treatnent of a
neoprol i ferative pathol ogy. Pathogenic cells are of a tunor such as, but not
limted to, bladder cancer, breast cancer, prostate cancer, |lung cancer,
pancreatic caf@EHl 6%1‘§tq’ Sc%‘rf;: :», colon cancer, ovarian cancer, renal
cancer, hepatonmm, nel an nphone,_ _sarcong, and conbi nati ons t hereof.
However, the [OB1Y5 Mﬁ%ﬂszﬂg ]%feFﬂlr]%!rct:I%{i(FQé‘B tumor cells used in tum)r cel |
cul ture. [00202] Smac m netics may al so be used to treat_autoi nmun

di seases. | n 806l & 1btis shsest ¥sHs aliofeceptionplyrpubstitytedyalbyls hyé’é’?‘é@l‘lél in the
ability glgo,gjak?.nate self-reactive cells of the immune systemdue to
apoptosis résistance are considered to play a key role in the pathogenesis
of aut oi mmun a t that the
cells of thewgn%%rﬁnsewg alsléxgr#ér {t}gregﬂgntlg &Eg%%@?]%l ts%eg‘:? agflls and
mol ecul eaybikybhne,ewlaikyladkyﬂmk hetﬂmswésshetﬂsub'laﬂqytpné,non 13 cnbaemadlyfsubs:bmtcd t he

latter. f.allu f thpse self re ve,cells t 0s | eads
to the lprésta([hep)g?p of %Ci ?%SF O?ﬁomo‘ﬁﬁ% e°’§l??af %?1 have
been idegtbmf;bﬁﬂbdra%lmﬁ@wmﬂmmo@lsseases such as systenic |upus erythematosus
or rheumatoid arthritis. -73 WO 2006/ 091972 PCTI US2006/ 007068 1002031 In
one enpod[neft the paft hogen furtiher 1 nclfu apnornpl 'y prolllferatln ells
such a NQs ¢ any laut oi ameige| dijsease o Al sepses éC} aresrne sL & to

3 eJ>§i on | As| & | mBnblerd of 2t |h@ -2

m |y

at Pusitipn

g

Qf LL

apopt opigs| &g =tp #he @vem}%
Exa

of proteinps. autoi nedijseases ijncl ugle hut ar no|
l'imted—t i

pl es| of |su

T f Mﬁcaac vthtas—rireutratord -akt'“ it aagT etrfc—tpus
er yt heptit p¥tis SMShawmy s 'bvnd ofe OW’%n(Yr offe| €cal lcfHbs e Ra¥ ratidl %
syndr ok#& O Mg &y reblex TR A L@%—e&—ag Yoo s Med Moyl Mil 0 H | A

vasculltls ( Mor bus Wegener S) and Sjogren's syndrorre renal di seases such

as C3oodpasture's syndrone, dl y- progressi ng gl onmerul onephritis and
menbr ano- pro|WP@ﬁ&t|weﬂa&mﬂ%@P&F@1@§m%% tﬁ%@:ﬂﬁﬂf i pisPd Huonghatdeast such

as type- bydlifidpdnAsnt MedhahiShy MenifP akCRERAdd BPRAd Y capiled Bt Rsulf G Qaler mal
dystrophy (APECED), autoi nmune par at hgrm dism pernicious anem a, gonad

i nsuf f i chativaton pﬂp@pmmeéemmys(effwﬁ cﬂﬂspéseshyﬁiblﬂtiﬂiypledelthe cHaePmOt®’

Ly O A 3o @R ol 1Pl BB e 8 oL 36302 G3HE D5 RO Gina! 0201

bul | ous penphi gor'd pes gestationis ernol ysi's osa erythena
nul ti f or deatinpgtivray’ is  recldnseclsewhich die aspasp casordeyis lactiuawdyvia:aativhﬁmi of a

Cype. 2. BRATRPEdcaidon ity eHOTangres xemilss of iechecal e oRe B i &

scl er osi §nd TNF-RI (as well as other members of the TNF group of cytokine receptors). The

corresponding ligands are TRAIL and TNF-q, respectfully. Binding of pro-caspase-8 to the
death receptor induces auto-activation wherein the inhibitory pro-domain of pro-caspase-8 is
cleaved and removed. Caspase-8 is released from the receptor and can then activate effector
caspases (caspase-3, -6, -7), and as in the caspase-9 initiated pathway, the result is the

proteolytic cleavage of cellular targets by the effector caspases and the induction of apoptosis.

[00199] The present invention is directed generally to Smac peptidomimetics,
methods of making Smac peptidomimetics and uses thereof including methods of making the
peptidomimetics described above. In one embodiment of the current invention, Smac
peptidomimetics (herein referred to as Smac mimetic) act as chemopotentiating agents. The
term “chemopotentiating agent” refers to an agent that acts to increase the sensitivity of an
organism, tissue, or cell to a chemical compound, or treatment namely “chemotherapeutic

agents” or “chemo drugs” or radiation treatment. One embodiment of the invention is the
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nyast heni a gravi s, myasthenic Lanbert-Eaton syndrome, acquired neuronyotony,
Qi | | ai n- rome (Mull er-Fischer syndrone), stiff ,
cerebel | ar%@gﬂ@gﬂi on, ataxia, opsokionus, sensoric n&ﬂ@%&ﬁ%&qz@g‘a

achal asi a, bl ood di seases such as autoi nmune henolytic anem a, idiopathic

t hronbocyt openi ¢ purpura (Mrbus Werl hof), infectious diseases wth

associ at ed aut oi mune reactions such as AIDS, Ml aria and Chagas di sease.

[ 002041 Piﬂair etebin?adm&p@msmm Bifeid) C ANRAESCEMINithdiR op tiRS@Méntion i€ fHel ON
i ncl ude er ape ef fect.ive anqpynt of a Spac mneti.c in d(])@age form

i call
and a phaﬁhﬁ‘&B%\?P F%‘&P‘I’s}m“é’% & Spag Frimens, whichcan gptgs; chempgotentialing qeept 3
i nhi bits ltngﬁgﬁﬁlt dr\ehinfotRdrafiitié Afnt b tdiatio. OARS B mEvRRRINP of the uﬁ%ﬁﬁ&]ﬁ@ a

enbodi nment resent I nvention are COI’TpOSI tions containi ng a

t her apeut methdd of mhlbﬁmgutmeormufhtm Wo &y shminivieringta Smacrpegidamimetior fnether a
har maceu L | or

Chort nor SEimst gf FReARA: &Aool b BRI Hful0 f aliflichingd

I nhi bits $iha adinetic tayld(]f bamoguAl%: cﬂhmsmempamnt agent oapcﬂpmomndmtlemd Andtherci ng

the effectiyvenes t.he chenot hera eti and/ or I ot her apy., [ 00205

et hods oFIMRERTSHE of e MNEERaT P oMo b FoLiarPg A G LA P SO ST o o
al so_encospas shfhetidd bhqlepFﬁsmtmwamntaldae é@Néh icombiAaEonD Witha &idlegicdlier ted to
conbining a therapeutically effective anount of the Smac minetic with a
phar maceu¢hcagtherapguticagent or ghemoradigtient . - 74 WD 2006/ 091972 PCT1US2006/ 007068
[00206] I n an enbodi nent of the invention a therapeutic conposition for

pronot i ng apop#8200% In apeaferprd Ambodimept ef the presort inyestion. syitable kiglegical and

Can bo- 1 AErefeRiio ths def ol b} EffnisefiEocrdinat (i SHI° AT lpqrite 1A

enbodi menalkylating A@Mrplm adkalpidd, anti-mimdP-dhtibloticsy 4dndintetabolitesybtogoisemeraset he LAP

o et hod BHORPE: TP e oA B BRI oY XPte AU LR P ORM Bl n

adm ni st r dmiantiofs @fthéser apeutically effective anobunt of a Snac
peptidom netic is delivered to the patient, and the Smac peptidom netic
binds to at I[oamn] Ol adofilRr cﬂnﬁoﬁmentﬁiftﬂﬁiﬂr&ﬁﬁ inVéitiohAlle 6813 abein $tABr inl an

anot her e he LAP. can I.LAP.. I.n, anot hey enbodi nent the LAP can
cl AP-1 or ngwiﬂ ang °§°?Wﬁé@émfmta¢qlﬁéteﬂw haTmaeeueAl COPPRSItoRp
types. Themiprisigch ﬂﬁﬁépédﬁﬁ:ill}ﬁéffécﬂ% elBurdt T 1RO RAAE rEietic 3Rt BieliBdividtal

chenot her apeuti € agen Theé chenot herapeutic agent can be, but is not
limted tné}{ balmmpgtmr@nag@m or apievqdemit raistion o5 chemetheremynfr tepatment of iacs,

t axanes, c r [ totic

I nhi bi tors top0| so drﬂglégyl i N b 19@91% ﬁg&tijﬁmoggur%%gs%g@ﬁ@ lﬁﬁgé(gt%%ardgé

[ m"runormdcalnedr; hgashgemtes prosdté uiumer, gmltg/\d:dncéraparmreatlc cyook i gastsic camper, colon

nonst er oi dal anti=infl ammat or,y cor’rp
cancer, ovarian cancer, renal’ cance

Oﬁe%(ajtsoma, melanoma, lymphoma, sarcoma, and
combinations thereof. However, the cells may also be immortalized tumor cells used in tumor

cell culture,

[00202] Smac mimetics may also be used to treat autoimmune diseases. 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 autoimmune diseases. Autoimmune diseases are 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 self-reactive 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 erythematosus or

rtheumatoid arthritis.
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[00208] Smac minetics are preferably adm nistered in effective anpbunts. An
ef fective anount is that anount of a preparation that al one or together

with furt{gy,/es697, Produces the desired response. Thi W&Jﬂf& only
sl owi ng t he progreSS| on of the disease tenporarily, alt oug pref erably, it

i nvol ves halting the progression of the disease permanently or del aying the
onset of or preventing the disease or condition fromoccurring. This can be
nonitored by routine nmethods. CGenerally, doses of active conpounds woul d be
f rom about qomosmﬂkgn@ambdﬁmentdhqmmlfgﬂ!mﬁnﬂw abhbrrriaélyelxtpi'é‘cnaﬁng t hat

doses ra 0 500 [ kg ref venously,
intr arrus%egl '?ﬁ %2) oﬁ?r}ya """ e WSJ"ase Qle%lgegﬁées vag?% %rg aInij%a%\ #’1 & ?%? i ons
per day. to'liheo'&dmpi’dsabﬁ af IAP: djfmeﬁﬂhers&‘nf&he Bl fastdlyi dﬁ;iratems: aExampiﬁsr of such

si mul tanegus wi th, subse r to chenpt her a r adi at. on so

![ ﬁngsas T‘ﬁ@m"a’?@rﬂﬁeﬁiﬁ d’b‘a‘ﬂ% 3{‘;;"’%%5?{ Bg‘ltf‘gg;?n &P l?gﬁ’;] Eé& 2% ﬁ?‘;ﬁgf mto
€ SMBCariifpith! SRENIE UL NSBRPR! sndronfel (ORES T ¥¥dfdnie® defy, I n

clinical trial gﬁwl | teﬁ;@ne ssgem ?&p ranges for optilﬁﬁfal tgt%:r apeut iC

ef fect fRaynaedn ayn@pﬁlpeasqpbagfgle Aysmaiidite sekngigeinsia)s tdﬁmﬁt‘?}'éb’osﬁtsot"é%lms and

adm ni st aad b tive and

safe gges depgmgpﬁ%l [ggé?l g%@%ﬁl}ty ﬂggﬂﬁeiﬁégﬁk{%ﬁ ngdﬂhs, ve eé%ﬁ%o

initi aI adnﬂmpmgnﬁngjlbmemmm alﬂhmembmwmfmenglsmmlqmphmlsmol will

be regul accordin t he att cI inic

consi der tn! qﬂé’ 17 gisees rsélolégs 2@8% c@%’:%gé’t “3?11%“5'85?023'5“% ?af‘gﬁlamt he -75

\O/I\D 2006/ é&ﬂgﬁﬁﬁaf . lP@”E Q@Etcl?lﬁbﬁd &utoﬁimunqa@mmﬂmﬂf hlﬁml pemimiuermemﬁ, dobad N
uration, of the tr t seyerity of the as treate

For exanBF‘kfﬁ‘”S“‘a'oé Ba o&g‘%‘ y ‘iﬁ%?qsﬁo#ﬁé'ﬂ ofos yrB %%fr

admi ni st et edéﬂié}"&kin aiseats& AR As 'ﬁgrhﬁﬁéus p.ﬂgéﬁ%r 3thons Jpeh%hj:kg hémeslay,

nore pre eraly 50 to day, in twto four (preferably two) divided
doses, taesw@qmeemm@lygs dxmlnsa mdnmﬂﬂmt@nlﬁlfqmrramr, (livey) disegsae swbeRs out  of

L ce. ki il A, il YRRBIAR Hrifiepnta S| AR Aok LN

event th response I a subject 1Is |ns ditra ses
appl i ed, hdpamaewpc}@,sm:(rg rscleifoSmg tchoﬂetlgmsh mglltrenal eﬂwws lsn}chaasdmﬁlhplle esnkerosispr e

| ocal i zed d ve out | o tent that t ati ent
tol er anc@y?fere%ﬂ éerﬁm a%g\egl %Bmd%m r‘?ﬁ‘frg?lgﬁm?}b (g't'H%)

app(r]I opr Ih Bireé syirirame c(Mﬁﬁmansclﬁi smﬂ@ndﬁffngéeneyrﬂkdnye, c&édhiemérﬂaglenedm | S

use that .i s est safe dose ,accqrdi t.0.,soun i ca nment .
Those of SticnicklGuisi ApRotc, SurRathy, ;e PR GHenc FaERoED & SdHBEES Dot | ent
may i nsi ﬁémdl_'ﬁﬁrhn&niaoiﬂﬂfpaﬂlﬁbﬂﬂron%cﬁéﬁ cHurs M Erbh O W eFIRSK), Gi¥ectioRa aRBes

psychol ogi c reasons, or for virtually any other reason. [00211] A variety
of ~adni n\vilk pssegigpd Mwnamcmlsv@tﬂSeﬂDﬁhMabaﬁ@ndeh@as fisepse. sel ected will
depend, of course, on the partlcular chenot her apeutic drug sel ected, the
severity of t[ﬂmdbn@ neu@éa Iirgmpesitiens engerapassed hydbe present ipvention inglpde

t her apeuy jiferaphiftlchRF ¥ifectiPamount of a Smac mimetic in dosage form and a pharmaceuticaily
acceptable carrier, wherein the Smac mimetic inhibits the activity of an IAP, thus, promoting

l-:

apoptosis. Another embodiment of the present invention are compositions containing a
therapeutically effective amount of a Smac mimetic in dosage form and a pharmaceutically
acceptable carrier, in combination with a biological or chemotherapeutic agent and/or
radiotherapy, wherein the Smac mimetic inhibits the activity of an IAP, thus, promoting

apoptosis and enhancing the effectiveness of the chemotherapeutic and/or radiotherapy.

[00205] Methods of making pharmaceutical compositions containing Smac mimetics
are also encompassed in the present invention and include but are not limited to combining a
therapeutically effective amount of the Smac mimetic with a pharmaceutically acceptible

exipient.

“74-



met hods of the invention, generally speaking, may be practiced using any
node of admnistration that is nedically acceptable, neaning any node that
produces effective levels of the active conpounds w thout causing
clinical | yWhHEBHZb! e adverse effects. Such nodes of aRGH/HSW0G/@IIGN

I nclude, but are not limted to, oral, rectal, topical, nasal, intradermal,
I nhal ation, intra-peritoneal, intravesical or parenteral routes. The term
"parenteral " includes subcutaneous, intravenous, intramuscular, or

i nfusion. | ntr@ygoEpuUInah embbditeRtSTUhdinvétich QShaiRuti® ddrhpdaition foryprémotigb! e f or
pur poses of the present invention. [00212) In one aspect of the invention, a

Smac pept PRRFHASiter therapaitigallycsffestite araoust Af a Spac pepfidopimen thabbinds fog dgast
0101 091 Cabnlare b RALBRAIN e MIPRLPLOKIARILPLIALA BitbodiRBa HOTAP BAVES sel Y

af fect normal tissues, e sensitizing tunor cells to the additional
chenot her ¥elAR. clranothert émhodjmant hedAL cavié PIAPabor ALK iy at fyrthes embadithehly

theory, i ld ., a a t because of this tunor specific induced

apopt osi s?‘emﬁgbbeaﬁ@%ggﬂggegi de effects such as inappropriate

vasodi l ation o o re. mninmzed. Preferabl the co | tion or. t hod
i s desi gned to{og?%w@@?gfrﬁ”?a{’? %‘ﬁ B N 8‘2!‘“‘;{“3? at'ﬁ'ﬁ’%'? tog%f’%tg'g a Batient"™
chenot her ap@utdofdition i fedd dierédfl wherRirngimihigtratibi ofiasthetpengcaly dffectbie amopar t i on
of the Smaf; gl%pt i domi netic. prior to _chepothe %peut ic or, radi ati.on therapy.
The radi aPf »AMEhRSPHAYMIMEHE fesfelivered insthe patispt 20¢;Bievimas peRgidoBgety binds to at

PCTI US200@h0Qa088p. mhtaRinbediniatthe FAREHR HeSXIAP Y in AfothétChitd8iheAFhP 8AR c the

therapeutic reginen to further potentiate the tunor cell killing by the

Smac pept PeldH-HE. | lp.anptbeenbpdiment thedAR gan olAP=hboelivPeht ks afurtheyembadiment

i nvention Smp l qet) cs. ar ) Ni r ' rer‘! ' ' u?gg nd
f or m of tngr apy cfgﬁc uﬁﬁﬁlgﬁbw ﬁgépsl [ ;Bge"g&?dodqn%gcon Q?E*éﬁ‘gﬁyﬂ‘ésgﬁ% e Pf rom
r adi at i onadihistrptjon chemmithetpertia pgent.piild chdynotherapedtivagentycan be fvatristnelimpied and

combi nati ons reof. [002141 t.i -cancer chenpot her apeuti c, agents
oot o ekl hgenty | DR A BBy BEtehy hETIGHL 2850, agent
t hat specidon6ddday Anfibediéss ElucBRbIB6IAE,C niitofis Uihhibitorss Slopsischitilase NT | inlibitbrdl 1S

not limted o alkylating agents, plant al kal oids, antitunor ant,ibiotjcs,
ant i et ab&ppisewerase Jl inhiytorss Bmumosmodnlating,pgeatsscallylar axopy faglors, eytalingse and

busul f an, HgafPaRd 3hé-thilan@idR séhhfmaE Nl or anbuci |, cisplatin,

cycl ophothom’ de, dacar baziarg, h@grret hyl mel am ne, ifosfam de, |onustine,

mel phal an, meciyhsgt Nl Rimate! drp ! ik AblyPidERIsRAG BE efSldvEPiRARE N An

t enozol oni de, {ohﬂ)ﬁepa, cur?imrmsti ne,ﬁé&%}éyax@ﬁ set oposieg%, v?rl not ecan,

pacl i t axekffectiveamopitde that winqunti ofta preparationtthatsalomee or Vogathes with , fustlien slosdshi ne,

bl eonmyci n ct inomy.ci daunogfubi cin pifubicin, hydr ur i.dar ubi ci n,

i tonyci nProies SRR esrBAs P g BrvolyBRbly i ind e HEAS O e difkAle

cl adri bi nempowiridy, although pfelfatatdy, dbinneyesthhltiap cherpaegrbssichlof fidrdisdhseperngmentyt abi ne,

mer capt opur i qe,. t hot rexat e, nel arabi.ne, gerret [exed, pentost a.h;ln

t hi oguani ﬂ%c,ie aying the onset of or preventing the disease or condition from occurring. s 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. It is expected that doses ranging from 50-500

mg/kg will be suitable, preferably intravenously, intramuscularly, or intradermally, and in one
or several administrations per day. The administration of the Smac peptidomimetic can occur
simultaneous with, subsequent to, or prior to chemotherapy or radiation so long as the

chemotherapeutic agent or radiation sensitizes the system to the Smac peptidomimetic.

[00209] 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 clinician considering such factors as age, condition and size of the patient, the
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canpt ot hecan, topotecan, BNP 1350, SN 38, 9-am no-canptothecan, |urtotecan,
gi mat ecan, difl onotecan, doxorubicin, epirubicin, idarubicin, nenorubicin,
m t oxant rQne éé antrone, etoposide, and conbi nation égk}ﬁ 076302151
Smac m rre%c@o @%éscri bed herein may al so be adm ni stersPe cozﬁgﬁrﬂ r7&e6%tly

wi th i nmunot herapeutic agents. | munot herapy includes the adm nistration of
an imunol ogically active agent selected frombacillus Cal nette-Guerin

(BCG, interferon, and other agents that specifically activate the i mune
syst em dimagfrepidamimgtig petercicsalig dutstipn h thedrestment andothe seyepitipafbthe disease

Phar mac | C 0 LidORsS. ' ' af i
addi ti oﬁ“gf“gb?ééfegg | Be e AL %ﬁ%%ﬁﬁ%?%?ﬁ%@% dé’?;}%gﬁgaléﬁtbe (a"!?fhlf ra)
and/ or radnird$tiation offyom B engdRH80 mg/day, preferahlyohty 100 mg/day, hodelpoeferablytshe

adm ni stration of a Smac, npnetic e .term .. pharnmaceutjcally-accept abl e
carrier't }t@bu@ﬁ@%e‘f@wﬁ Wen}:fr‘l‘g (Bﬁ‘?ger%’?y r‘i‘ﬁ?e)eg]'&ﬂ‘?ga‘f(’?‘ffr o IECE t'ﬂﬁéor Fogitd
fill ers,ndithitentitBerdpy (€RG afSwheki dub of thitdeSteaRCAIeb betof 68 videks) aidlyalsode
adm nistration into a human. The term"carrier" denotes an organic or

i nor gani"éeq-ngr edient, natural or synthetic, wth which the active
ingredient is conbined to facilitate the application.. The conponents of -77

WO 2006/ 0919 102BAIT/ 1nthe sBpm Ghas GeresRones 1oia PrRICCE it neufficienngldhe imipl doggse
capabl e aaa@ééggmggﬁggsey(&@fﬁéﬁw Righd? Qo b§ &k fheter mbi@ Focaftcaieivery RRE)L | ON,

and with in a manner suqh that there is no Interactlon whi ch
woul d s urheytbergmiployed to thsaxtent thet the patient| tolérancemennits. Miltiplef dogescner dpyY@®17] The

del i very_ syst f f.he jnventjon ar ' d to iknclud | me-r.el eased,
ol ayoa <oRPRREIR 15 echifle cbioele a8 fEF4H, BF G SpdfiGlicially, Apbrfinda

del i veridoge 13fuskd)ethdbrig)the highést daf8idoRdt accordinputo Sowid Mmeditl judgmbnwi ThoseUdff | ci ent
tinme, to cause sensitizatjon, of e site to be, treated. A Snac

pept | dorFIBATY Sy tiseart Walumdstaggs Horeysro Mot PHePLBIER OHHVBMA Bendefet i onal
ant i - cang eslerahle dbseFbr SR feabds] PspohologitallreBiosit 6 or Cigtlatfyatlybitee RAE

adm ni strations of the Snac peptidom netc conpound, increasing convenience

to the subj eqéo2apd Ahﬁa}rﬁp’h%f GldfnistAfien BRYs AR Rwikblel! Thé padidhlar Bhdiel O
e

certain conpositions o present invention. [00218] Many types of rel ease

del i ver yelgted oyl dependy \pdi Jourse.cupaid the earticulas qhemethergpeutisy drug selectedi e i n t he
art and . ' ' ' UGkhng but

ot |1 Py BF 45 it g MY ot Yoo h\RgPHGTRN fof HERELA LBy !

copol yoxmstlddesef tigolinvenitomn| grotmrllp sspegking embye rtenpuetcedpusipg ranjosstier dof, .
ol ynor Satumeah ol il ecdBebh BRI piI BRCARICS Brdtnp el 29 "
5, 075, 1G9 theletive/eompoaydst veiiboutibausing biiticelly unaccepably adverydffeti9s Sudimbder e:

P e SrShde, 4 ST e i e P e
syst ens;infu¥dtidf, infra-poritbiRAE intbARit4) @r parenteral routes. The term “parenteral” includes

subcutaneous, intravenous, intramuscular, or infusion. Intravenous or intramuscular routes are

o

particularly suitable for purposes of the present invention.

[00212] In one aspect of the invention, a Smac peptidomimetic as described herein,
with or without additional biological or chemotherapeutic agents or radiotherapy, does not
adversely affect normal tissues, while sensitizing tumor cells to the additional
chemotherapeutic/radiation protocols. 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 composition 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
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based systens; wax coatings; conpressed tablets using conventional binders
and excipients; partially fused inplants; and the |ike. Specific exanples

i ncl ude, bMOWPEIHBI2 |inmited to: (a) erosional systens iRCTEN2006/Q0AS8acti ve
conmpound is contained in a formwithin a matrix such as those described in
U S. Pat. Nos. 4,452,775, 4,667,014, 4,748,034 and 5, 239,660 and (b)

di ffusional systens in which an active conponent perneates at a controlled

rate fro | [ : ; nd
57554, agoretpoiRaiRy spif sy 8P IR P oF i Horasbhiy robiile o RitheP
some of \phiestitathe hmatapelbkillingrbyithpSmen peptidomin{e0219] Use of a long-term
sustai ned rel ease i nplant may be desirable. Long-term release, are used
herei n, nmeans[00Rtd] tIhealiemativenembediments tof (tbe edrrem dneentiom g¥ulact minietics \ase

t herapeutic. lL.evel s of the.acti.ve ingredi ent for at.|east .30 days nd

pr ef er abPYMBESIeR, In comgbinatipl, Wit sﬁgfcg'f‘ﬁgﬁmf of dieLapy; Wﬁugﬁgsbuglﬂgﬁ&%#?&ﬁonom to
those of s@ofidl NBEmpys ktlbdted Hirotd @adidtion afherapy) Cinkifighotteedy, Photolignaii elRegpysy st ens
descri bed above. [00220]. The pharnaceutical conpositions may conveniently be
pr esent e§hSRORRY and gembiaations EERY may be prepared by any of the nethods
wel |l known in the art of pharmacy. -78 WO 2006/ 091972 ,PCT/H%SZO,%/ 007068
Al methods i OR1Me Awmicancer, chamatherapgitiny agonts admimjstersd) dn comhinptign sWith at i on
with a c N=IE t ' : ' edi

exi pi ont Sriep ahinkclEl mp” B k) kBB il a0 pRiBEARSAR WRGHBAC RS O

i nti mat elegllspamidnugiluds tub is net limited tooatioyating dgemnts, plans elkialeidsomtimer aatibiotiefui d

carrier, .a.finely divjded.solid canrer Iy DO nd I f sary,
shapi ng taﬁ&éme%hotll)%e&’cf‘ I.Id ?@BEQTPI"?% l@hﬂé&)’ésnglggﬁdwgn%ﬂ%@ eetbpﬁl\?fgﬂ‘t Fagﬁc’?p?ﬁxé

di meri c peapiustieichBianstaicile sigglathe tyclapiméphontide, Cduafrbmeige, iekdmethylmelamine,

phar maceytical]y.accepti bl xipient. [002221 Conpositions suitable,for
par ent er éﬁtoséﬁ#en loggystine, Wlﬁﬁ.ﬁ’?e%e@ﬂ?‘i"? Pﬁﬂﬂg’g’ s PRICHIPE12Ry ﬁggltgzocm, .
pr epar at igio8fonide; MRBRPA iRithistihe, dbcARRI! etboside, PFBecRE PabIRHE, Bhikdpide, Whi ch
is preferably isotonic with the blood of ‘the recipient. This aqueous

pr epar at iVBITIFHDg, yinblgstinen vindesinea cinprelbing tleoriyeinn destinpseysing sdaygombicinab| e
di sper si RE;— G d'rgg,l@&e i o er] |l ect abl e
prepar atilzt'l rﬁlﬂgﬁdg’ﬁhﬁay be éqg%gg?@’e Il|§1nj f@c?gb@go%%%ﬁ?O%E%rag’usa%)‘letﬁg#@ﬁ in a
non-t oxi capsaitabittee rdddripinec cyprattines Gidacabine, dituosmiracdnt floxusidinex gawkitabines a
sol ution iencal 3. hut ane dtirol Arme% the acceptabl e vehi Iﬁes d solvents

t hat may"bé pté’ﬁlbl?l}fyedmgq‘% %ﬁ%r,n ?Pé'éer'sp% 5 On,p%?f Bot o8& um
chl ?)ri dgc&ﬁbwﬁfb@lﬂ, topBteedhgl BNFO msctj), SNGH,Lj%amiﬁnb-&ﬁﬂpt@ﬂkﬁanﬁﬂtﬁto@&w%ﬁlhﬁmbll | yd
enpl oye a solvent or, suspending nedjum For, this ur pose, an an
fixed oi @ t‘ﬁé“’éﬁ‘ﬁP 8 EPEYITR myyﬁtnhéﬁm@“hﬁﬁbﬁawxg}@gﬁ,y@éwa e, | n
addi ti on etohadidey amrCdomtibimmt6hs thére¢d! €1 C acid may be used in the preparation of
injectables. Carrier formulation suitable for oral, subcutaneous,

i ntravenous, [0db1% MUY Bimetidh Gs dRERDA RbiR a9 A%0 be administered concurrently

with immunotherapeutic agents. Immunotherapy includes the administration of an

immunologically active agent selected from bacillus Calmette-Guerin (BCG), interferon, and
other agents that specifically activate the immune system of affected patients and combinations
thereof.

[00216) Pharmaceutical compositions. In one embodiment of the invention, an

additional biological, chemotherapeutic or anti-neoplastic agent (infra) and/or radiation may
be added prior to, along with, or following the administration of a Smac mimetic. The term
“pharmaceutically-acceptable carries” 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 to facilitate the application. The components of
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can be found in Rem ngton's Pharmaceutical Sciences, Mack Publishing Co.,
Easton, PA which is incorporated herein in its entirety by reference

thereto. 100 ddi ti onal chenot herapeuti c agents. C‘nféry i c agents
sui t abl e“%b’r"%g’ﬁéﬁ n conbi nation with the present inventi oﬁ%ﬁ%@ﬁﬂ@e but are
not limted to the chenotherapeutic agents described in "Mdem Phar macol ogy
with Cinical Applications”, Sixth Edition, Craig & Stitzel, Chpt. 56, pg
639- 656 (2004), herein incorporated by reference inits entirety. This
refer encxge Pmﬁaédaﬁsal Qbmmtidimfsap@gqpmg of ubg'mlg tcO-nhiggilb(_ﬂl d&t(ljl&hkﬁié)ﬁchleg oagﬁawt s,
antimetabolites, anti-tupor antjbiptics, ant -derived product.s such as

t axanes , Presauh ppention, and ity Fa“i‘g‘éﬂlﬁ"’s mng, syFh that Bhets; g dlegateraghien gihchneous

agent's Sysiid aibstahieMly Fadlr hEUBREH pR@acealibdlkEhgs. | rmunonodul ating agent s
such as interferons; and cellular growmh factors. Gther suitable

classificati qeRi1rpr TROGIREREHARAY b the ABRMGch drf BbidRd 18 {nefulds timehibiRide@r s and

nonsteroi dal = ant’i-estrogeni ¢ anal ogs. Ot her suitable chenotherapeutic
agent s idelayedicelqasp o8 suntainedseelenseadrliveny| systemms isuetothet thei dediveringnefi ietsras and any

7ol case TAPRAeC Sk HtoR b AR RHIASA i i Ghia PREmBRBEEPHICIRE) C070e0.

[ 002241 tipedi A Smaxpephi@sainsdtic suayttehised ini @hjugttiml witinthdatiemetdier midéionalc agent s

include, but are nat limted.to,,cisplatin, carjusti BCN

5F1 our GuseRder cestpty) aeit Goaer raeh Sipdhtin SBH e skl Ao of ghee

daunor ulgmdcpepidbnilineti compousts kitpdaiihe 6aiveniehd@RO tiRGAbject MH AROstyditianPad i t axel ,
vincristine, tapoxifen, TNF-al pha, TRAILL, interfergn (i,n both its al pha and
bet a f orfa)be particniagly suitable f&hﬁF‘%ﬂl"ﬁW&f’%’F‘l‘?ﬂSGf' HePresptdavetioax anpl es of suitabl e
chenot herapeutic agents include nitrogen nustards such as cycl ophospham de,

al kyl  sul f of¢fi248] ~Many bmst phreleasedeliyery syyiemeare availahlecnd knowp fosthese of
ant A00N! Gidifiary RN iR St ARERay bPYdell Th tHeBn@RAI A predit Riv6N ihdlfding but
ns act’ al ol

bl eonycins, i tonycins, nonycins, plicanycin, vinca al S,
epi podopiey| linitesik it spolymerapase, systameso sueh iaeop@lg(‘{acudagbwlaig),naw;lyoaalateg.gens ,

andr ogens rogestins, | utejnizing [ on octy L d tetate,

hydr oxyLPro §,P‘§@8‘ haZ’ i 5%tg"ja%’l(§3§it aﬁ@?orﬁg)fgt%’t hy?lngéé?ﬁyﬁ’& Eariffb‘gl a?qdn,

m t oxantgobyashydrides) CMivtedapsibdsi diakl fasegoing\plyintedd eontainifif dndge lafendestritiedrih,euki ns,
frigrastjmand s grlglrm ti no, t%era eutic conpo igtions al so include

ot her %‘é’fagl,plel’ife. - Py 8’(% : %TFQ? e ofysfe_ﬁ‘@ a%QF"‘S@B%P?‘HH?‘W‘%F“E@?poundS
or  agerhs afe: fipiddmcRfag Werdlh siuch 48 BIR 1R @idletefdl et BRKFaRS GcillPbr R0

i ntravesi cal treatnent. . NSAIDS may al so be used in conmbination with the

Smac i rfatsisach ay moperdipndsiEhglyserides hydragel dalsaseesystems:| Sylastie sysiams; ipgptidend

non- sel | 3V, -oad Bdhkbi L B ' '@@ﬁ*& .ot her apy

pr ot oc oﬁisa%édA ?:Itig;?%(’q‘zh% %{hﬂ,#,}%é@grg?s‘g{i met Lgﬂég%r{)vgfltﬁngﬁ!t S;mg%;@gﬁgﬂ% esent

i nvent i qartially figed dmplapts; ahwintherdike.c Spévificagmamplep ihdudes buk dre noblimied tcofajwi t h

ggle lrmé; %\?ésﬁgnhlﬂ_sg/ft%s B v@ﬁirch B lehive t}ogn%%ﬁn i tcor%i%dj 1?191' form %V%gint aom}atq']i@sgclz}} ast ufror
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 described 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.

[00219] 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.

{00220] 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.
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exanple, but not limted to, radiation therapy (or radiotherapy) is the

nmedi cal usgmf%)&&gi Ing radiation as part of cancer treatnent to control
mal i gnant &t P99 i table for use in enbodi ments of t HEHIM/07068

i nvention. Although radiotherapy is often used as part of curative therapy,
It is occasionally used as a palliative treatnment, where cure is not
possible and the aim is for synptomatic relief. Radiotherapy is conmonly
used for the t: . . ; amary therapy. |t
s al so oA e &b ok TR bRnghi iy e il S0dpRIHIR Clref BREE
The nost castitutes toneror siote amessaryvingledients oo txipicatsy Imgendlcths tcompositinns are
prostate cance rectal. cancer ead & neck cancers ynecal ogi.cal .tunors,
bl addor o BRBEPS B4Ry RIS JMERE EITR] coRboushiBn S it S Lt 1 o
the | ocal ligeid carref a Meelyvdidided tsblid k&rmied, Withoth, @ntleerd, Hé neadsany,i dapifig ehads al so
I nclude the draining |ynph nodes. It is possible but uncommon to give
radiother&H@“@o the whol e body, or entire skin surface. Radiation therapy
is usually given daily for up.to 35-38 fractions, (g daily dose is a
fraction). Thel082Z}y In ong prapordiment ff dhesinyggntigny thedimery PERdOmImPHES desstipehw

back, repgj,(werag:&mgﬁmfalﬂh%ﬁqe@*aﬁ%c?ﬂfg&gﬂiem. Three mai n divisions of

radi ot herapy are external Dbeam radi ot’herapy or ‘tel etherapy, -80 WD

20061091972 P@ﬁ%@iogg&ﬁggﬁgﬁs sliaBe W DREARY] fminRadtRd czﬁwn@e%g%%nme]t@rapy

and unseal ed rapy, which are a sul tabl e exanples o

t r eat ment stgrilstaqueshis preparitionnfeshenopatentiatingagentThe. Sindd peptidamimetie), whishtio t he
position of .t r.adi ati g ource: external. is t si de the bod whi | £ seal ed
and unseapéege r@’i’ﬁ rlﬁzogom? %ﬁ’o?ﬁepl&ﬁ/ ‘ﬁa‘%‘e rRAPIEYc ¢ ?‘3‘&5 ARTRYS Qfep%?{ R E1Ed®®

i nt er nal | Yormidtagedhatchrdingpte Brsoddre thethodd Qsifig auitable) dispérkiyig ott watthgdgdnad aid whil e
unseal ed sources are iﬁ#ected,Lnto t he body. AdninL%traLiqn.of tqe_Snac
pept i doni AEPPRAMEAReRfE.c fpe Sesils iniegiable pirparptionalsa may pea sgale ipieciehlg seluiont ocol .

[00226] TRe sispbiionvd £ nblkdxst g&%ﬁteﬂan aQkptablS iiluettCdr’ RAPRRL, | f0€ cxMPT, JasaNd a
potent Smac _mnetic (Entr(}( 17) to AP BIR-3 is shown in Figure 1 This
figure revetian imd, Adulase diolncAswse the apseptablegvebidlesnand, solyventp thab mayobey

I ncr ease, ' is . . ' . t gt tide.

[ 00227] Tﬁ@i"r?g%]farlgir?”g“b %3‘?%%%@6"?&{3%@#&"&9%&?&% aﬁd’{‘@ﬁ@y 123,
was exanstesl, fixedapilsare catventiodalijoemplbped wsaciolBmhor suspaling mediurd. Fgr ks
Figure 2 shows that, t termnal elimanatiaon half life is to.

o o e PG ey TP gt e o Rl Aot df dkBlybidep.ln

| ongest hadditidr, Fatty abﬁ@_&ﬁcgﬂ asBleit agit aaly bagﬂed:mpﬁ_pmﬁ@uéﬂ iajet@ables. - Ogeipt ast i c
agents ang ragi.ation, . ipduce apoptosis by activating the extrinsic or
intrinsi c?%fw& o uitabler ﬁwy@ S"%ﬁ‘&“@%é”%’fﬁ@“ﬁ“ﬁé‘?‘ﬁf’g{] e ARITIFEAtGNS or s of

apopt ot i Ccif 8¢ @und i K¥mingtoR?s BhakiMéutiche SRR ed, Nadl PEMishitg GRNOPLsRSH, PA the
conbi nati on_of chenot herapeufics/anti-neoplastic agents and radiation with
Smac ni nethich isineaperaisd hereiyin s entizety by refirencs thegetp] i t at e apopt osis. To show
the synergistic

{00223]) Additional chemotherapeutic agents. Chemotherapeutic agents suitable for

use in combination with the present invention, 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 reference
in its entirety. 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, miscellaneous 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 nonsteroidal
anti-estrogenic analogs. Other suitable chemotherapeutic agents include toposiomerase I and
IT inhibitors, kinase inhibitors and any agent capable of activating the extrinsic or intrinsic

apoptotic pathway or release of Smac from the mitochondria.
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effects of Smac mnetics with comon chenot herapeutic agents, a panel of
diverse tunor cell lines was selected and representative conpounds from
vari ous I.8id-¢ Ccl asses of chenot herapeutics, as
radiatioﬁaégﬁﬁhﬁéﬁfed. [00229] A 72 hour MT assay, asm%?g@gg%gﬁy escri bed
by Hansen, M B., Nielsen, S. E , and Berg, K ((1989) J. Immnol. Mthods
119, 203-210) and incorporated herein by reference inits entirety, was
used to differentiate between a specific versus non-specific effect on cel
Killing by Sigfras] Sbdefifc cRirfibd be S Goblhi® i dopbhsafal® Iintic! |
plates in beggnﬁédﬁﬁnlcoﬂ?a[ning 10% T ot &l bS@?necseru aﬁbuﬁgﬁ (20, 000
per wel |ipcledegdbutaoampatimited toy eisplatih cammustie (BCNIHeSflourounigi} (5-FElicytambirsunds

dded ' ti - 003- . d
vt 2055, e SO BB oSl AhGoR) BRI °,
reagent etéposité)qracliabobd, dvinopistimes banvexlifen, aNNF-alpha, WRATES intéfeeori (in bbthtiesdalplia 37C f or
h ) h d of, the, i bat | ' ' | i f.
S bt o g DO BNNRS i S Sennll B 1
vel s WagedbRtp@tic Usdell ncliide’ AioBé® muosiakd\Gueld O/ Q?cl,ﬂl&ﬂ%sﬁﬁ}ﬂidé,sm 007068

reader (Victorz 1420, Wallac, Finland) at 535 nm Cell ‘'survival ( was
cal cul atsstongjes; qitrogontepswiethyleaigrings, omasmes; (feolget ratagenisthve IPHringrednglog® cont r ol

wel | s) - et ke Fof t . ' rian
cancer ?gﬁl R’Qﬁlén%%lg&(:ﬁ@ﬁcg% ﬁaEEU Ibf@&@ é&%’efﬂl@m&g&é ﬁ%eg&g%a%sr’]%i?%g?&g’el I

cont r ol .viteiagalkaoids,s ppemiopydiotaZints; yaxbsad, iglucod@ticaids) xL-aspamgimases cdstrogenait

killing tynor cells then negatjve controls. while normal (non- tunorigenic)
cel I s r AHEROReTS Hropasting Jute ot harmpnes, opiteotids 8 efptsy BYQOmpirety Biorat3Aben  r at | on
t hat r eshitdténe] Rexbtthidmelantife, carboplatiif] nitox artione]| Adriobldndlhatiudiad} levdikiEsle! he
dose-response Cur\él’iﬁ[ ros%es the 50% CS go,i nt si‘;\&% G gphPad Prism These
resul t s 1BGHEERS Wt ui@ﬁa Igrastim; and safgrap salrlhdcﬁan RPCUHF, comPRitigns akso { he

treat menfcidde SRACREMBErS NG, GRerBAPTRATEPYS Bl TNF %ég;i@faﬂﬁ‘l id%*bo&‘}iﬂoﬁnds or
chenot herapeuti cs. 1002321 Annexin V/ Propi di um | odi de Stai ni ng- To show t he

abi | i ty agentsauch as BGRwhich indudermintbesinploghemokines fllawiignintyavesigdrtesgtyrent
oot hi ik _ - oF . T .
br ot 0 oI PTDs: R, Bsf bE i, BETbIRAGE G o S icBuc B EPHEAE blsbfon®

concent raat imaysnobide Setelctive andmon-seléaive TR ithilsitors; nele¢dxdrandeofdest. fr om t he
assay plate by trypsinization. Cells were then pelleted and resuspended in

assay buf f er [{0228)p| Rediofbgrapyrprasdaatst uAedjtiondliyn dix Eaverd] arethodrembiodiments afdi de
were added to the cell preparations.and .incubated for,1 hour j.n the dark at
f oom t erffePITtdnveanPn Ja NEa REPHIOBIBEES SITRAGREY BRHed B LPmIciODAD s
t hen addfembPadidion or WaRr caiddr irBR@mSRTRbIOSINASA t8TAkiYE eembrevldiraw e, YF&Y flow

cytonetry. In the P(e_sence of .Smac m netics apoptosis was strongly, pronoted,
as 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 commonly used for the treatment of tumors. It may
be used as the primary therapy. It 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 applied just to the localized area involved with the
tumor. Often the radiation fields also include the draining lymph nodes. It is possible but
uncommon 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,
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assessed by annexin/Pl staining and analyzed by flow cytonetry. The
anplification in the number of apoptotic cells (Annexin V

posi ti ve/ pVERET20di de negative - |ower right quadraCT/EB20G6APT068
ant agoni sts as conpared to control was dose dependent and due to the

I nducti on of apoptosis and not via increasing the proportion of necrotic
cells. (002331 The chenopotentiating effect Smac m netic usi ng nel anona

cells that haye been own to resi st.ant othea otic fects of
TRAI L, a heprDte TRy abéi?fqgé%‘i”&éacp ‘?’éﬁﬁ%&‘a anddiisealed sopyoe JAIQUFFARY. iich ag3fin1) |
Assays f ogitaie bxalfphds| of e tiriet protytol u@ﬂﬁépteseﬁl ifvnéion. 41116 gverhed rélheto wWaen
VDA- MB- 231 cells, a breast cancer cell line, were treated 4\:vl\'énsh a. Snac

pept i doni kAsitios obthe gafiation seures; Shternghis Oytside th bady, Whils sealed andpnsealedssonteeant t o
the anti poghinkR Eﬁ‘hésvﬁdlogétfv@%a?erﬂi délh}%reﬁrfﬁﬁrdﬂlfmtﬂr&hgﬁe%gf séalrea%hfceﬁarel n

contrast, when was used in nbi nati on wt here was a 1000
fol d i ncrusaally mraa;tbrblaém whileounsealedasauyass eref giected dutalthe bagly. |Acﬂr@1m§tmhommfd

55 V0> bRt BY s Bt & ‘ﬁéf’hgm%c 5?‘%?*’%3’5%’?335 nmetc 2o
|(Eglt (r:gt gz%of: (fﬂgi I'Iﬁ%/éﬁﬁt?’l @émﬁn {F T l kf a%ﬁ & §fi%&ﬁ€%ﬁ ﬁnﬁt % nat i on

wi t h TRAIdmachiRetic eEmem &ﬂMEQSBIR-B ﬁd ﬂlowhfin Bigyire BOTHK BRiré revéaldMbAmutked 31
cells after 4 _ hours. wi.ith Entry 121 al one so failed to induce

si gni f i caRreaspdnbding aﬂ:“ﬂ'idp? M {penegss, ) of ﬂ@eﬁma%mﬂy Enfry 1Jgplptvese, a
conbi nat i @OSAkc ERfeptigd. t h Entry 121 resulted in a 4 fold increase in
apoptotic activity after 4 hours [002341 The ability of cells to formviable
col oni es was e 0 tyr ofmaund in

t he presence ng sglﬁéggalg??é o ‘Sﬁ%%&feu‘%h%ﬁﬁplhﬁ?g?@m% F‘Iﬁéqare seeded
at 100 cedxpmingdin swat.| TheVadose ftmhtth $aqmimetic was Hmglke. gFlaumZ showis that thehe

mediumis,_re Y e nty f our_hou d tlcs at
Vartous eiER SERBOTha WG of b ibhronpicy S Bfort SRS ek YTy

test, thelmmg&mlbﬁgaswhtare removed and replaced with 2 m. of growth

medi um The plates are returned to the incubator for 7-10 days at which

time the col or[()mshaBﬁ)kb’giédli ald e:ﬂemah&hpduﬁaﬂﬁnula&opnkﬁcs apéxts z&fdl Qidiaﬁdﬁi ch can
be count ed | ates are stained with a 0, 01% c)%,
rsé“ d with

sol ution } aPXR}‘Eﬁ'S Qx ACthEERE g exiriisicrdy iriRtiE GROPtatifeP

tap wat ermﬁﬂbﬂb@"@ié@e iHibitore oF CiB@ﬂtoti‘cr pioteths VIAPPStanddEHuSd rediifve 1he bk ORI es are
counted. Inhibhition data were anal ézed usi ng the signoidal dose-response

(varl abl e3Pgpig#s) the ggmbingtion af ch epFl?SéﬂW(@blwauents&mﬂvmmhmsa Di ego,

Th
Uit decr Sas et bk GORCSRLERLLTN GRyHRkeIBopblE Yo Bow e SRfdE' O
wi t hout affeoty of §ﬂ®c2ﬁﬁiletﬁy mthggmms cbd:muihatq:tum sdentspppenebafidivens temompdelit heci n,

two exanples of . . -
Mines was selected and representative compounds from various mechanistic classes of

chemotherapeutics, as well as gamma radiation were tested.

[00229] A 72 hour MTT assay, as previously described by Hansen, M. B., Nielsen,
S. E., and Berg, K. ((1989) J. Immunol. Methods 119, 203-210) and incorporated herein by
reference in its entirety, was used to differentiate between a specific versus non-specific effect
on cell killing by Smac mimetics. Briefly, SK-OV-3 cells were seeded in 96-well plates in
McCoy’s medium containing 10% fetal bovine serum albumin (20,000 per well) and incubated
overnight at 37 C. The next day, test compounds were added at various concentrations (0.003-
10 M) and the plates were incubated at 37 °C for an additional 72 hrs. 50 microliters of
Smg/mL MTT reagent was then added to each well and the plates were incubated at 37°C for 3
hours. At the end of the incubation period, 50 microliters of DMSO was added to each well to

dissolve cells and the optical density (OD) of the wells was measured using a microplate
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t opoi sonerases inhibitors in a cytotoxicity study in T98G cells. The highest
anmount of synergy is 50 - 60% nore cell death than would be expected by
addi ng t og&d bRkobfe, cytotoxicity of each conpound al OnePCB%EiHOIS@OﬁE@W t hat
bot h topotecan and canptothecin can act synergistically wmth a Smac mnetic
of the invention, such as Entry 1, for an enhancenent of apoptosis. The
total synergistic volunme was 457, wth the greatest synergi sm bei ng about
30% 40% nore cell death than woul d be expected by addi ng together the

i ndi vi dugdad&@n@ictarid 420, GpsilaecBinlaty) &t335imn.t CeB sulBaIES) vt dajculatedrts) the

t opoi snerase i nhi bitor, such as topotecan. [00236] To father assess

pot ent i afollP™IRE ¢HUa¥PT nt er actions a matrix of the pernmutations of two-fold
serial dilutions of each drug and a Snac_mnetic were tested as well as the
activity of each conpedrdOR Ehsted yellhimesn OPsgntaehwells) Xd00ac Syner gy |1
(Prichard, MN., K R Aseltine, and C. Shipman, Jr. 1993. MacSyner H.
User's manual [00&3]y . Smac mimaticgamry 11ArwasAestest ysingraneovayia canrenfelh 1$?a§%¥t axel
and the ' ] | ' P . :

PCT/ US20 61%0@8%1{@%\?&%%%& lgee saﬂ?ali&t%gis%gcf .Oﬁiﬂg\@ﬁ g%glss'? 8&%{)@#@%’% 11sﬁylfqler ay
det ect ed 1060003 morOeffastive ht killing bwmtor cells dwnenegative| cangralshwhilea normali(rprbe
expect ed_hy addi t oget her e.cytotoxicity of either conpound al one.

[ 00237] ?Hé%{’r%%%‘ﬁ%gsé%“r%%‘fﬂ?%&?%t inhibit mitotsis by hindering

depol yneri zat of .t m ¢r.ot ybul ased spindl e, These d re

gener at ed by togg:ﬂ]ng gﬁ?iﬂugef%@gr%é% &?ﬁ%ﬂ%‘g‘gftéonc@ﬂlh{?ﬁaﬁa%ggr@’ \Qﬁa(’f‘fﬂftaxel,
and a Snderived 1 ichlulatifCthe beiNEWhdré the dosea@sponscdhgeetrss &y the bEd tCSpointtugingbout
500.0 nM Fpgli’ (Ent.ry &_52, t he dosage rgnge Was,aboug,?é%)&ﬁ%o bout, ,8000. 0
nM The (5teRFad rwR.glhese esply sHegeshaliot ame mimetss thaysindgp XIAL AR BAUSAM of
action OfheRfeRnleRtHR ARG itttk ROMBATRAMIYLT it Soriithdt% SHthl RemB@efapeddicfidi Ng t0 DNA
and interfering wwth its repair nechanism eventually |leading to cell

deat h. The sy ] [ 1 ; ' e oW GRa 16 Sof CAR- 3
cells was t@@ngu%meﬁ%%hé@i’aﬁé%ﬁnﬁ?@ﬁéqg%@%ﬁs 40 E%_I;E.SCr)B(?/)zlirrt%roef‘ ?gﬁ/ deat h
t han wouldmpticsdg diice apapjosisa danergn Velliordsesin dseghieayanate staigingywast pesfaohed: onpound
alone. T t ' Yerad: Ny h O, C ' f

ci opl at 1 Bty W6y YR RnBARES Hrbllodt (ngheh, PaiBhn PR, ORE AUt UABT B o
0.0 to alvaridus tofeehtfdliofs dFSmacanintatits for 1224 htshandotherayeowed fyemlesassdyqilite 500. O
to about  32,000.0.nM _The total s rgisgic vol was t 434. Simlar
{ests. wePd 1YRSREEITeCHIS Hettben SHRRPLRTD FruiPeids o fosks, WhLss deaplied W et os.
Syner gy BRhieeHred. SAnﬁexixpwpaﬂdimema&ﬁ Godidenivel aded té &l repdrationk -and 00239]
Thi s potent syner% makes pagssi ble the use of _the Smac peptidom netics,

whi ch ar &cpbatedsfor Jobour dn dhe dark; atgper dempraaturer Fellawing, they meubation additional
o Lo . By g
anti umﬁff-grf(ﬁ@pmq?fs fﬂéezagaggecgﬁ ‘?AU% | { arldl tH3 bAshidsOwate Ghly 208G mealaB 81 N an

carboplatin ow t he
flow cytometry. In the presence of Smac mimetics apoptosis was strongly promoted, as

assessed by annexin/PI staining and analyzed by flow cytometry. 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.

[00233] The chemopotentiating effect Smac mimetic using melanoma cells that have
been shown to be resistant to the apoptotic effects of TRAIL, a chemotherapeutic drug
(Chawla-Sarkar. Clin. Cancer Res. (2001). Assays for cell proliferation (MTT assay, Figure
4) revealed that when MDA-MB-231 cells, a breast cancer cell line, were treated with a Smac
peptidomimetic of the invention, Entry 1, alone the cells were resistant to the antiproliferative
effects of the Smac mimetic of the invention. In contrast, when Entry 1 was used in
combination with TRAIL there was a 1000 fold increase in the antiproliferative effect resulting

in a 100-fold increase in the cell killing as detected by the corresponding loss in colony
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| owering the required dose of the poorly tolerated anti-tunor conpounds

and/ or by Jjnprovin the responses rate at the nmarketed doses. 1002401 The
present mW%P%‘i‘?l?q@ not linted to the enbodi nents descfiCHAFH246@07068
exenplified above, but is capable of variation and nodification within the
scope of the appended clains. -84 What is clainmed is: 1. A conmpound of
formula (11): R3a CH2)mR9a RL Ga N RL X~Rl11 a Wa (Il) Ib YRlIb R2-'N

(C2)n 14f gﬁRgsP codﬁ%b udamﬂha{cr@ﬁ Qfﬁhlecgt ﬁz%bm ?ﬁlm hteteSilfs:
wherein are | ependent | tert ar bonyl ,

benzyl ox y(datn bmhyhown&mwe no tanm-ptql..ucﬁmtaceicyvlty of Enyclry 62 plone ealin yorsbibationt ut ed

al kyl , ndent |y
Ty i g A

OFL i Ional IhOuss}JEsTneatuileﬁd wi/tli fEri&ydﬂDb(ydrl]onerrErsﬁaﬁﬂédd thail;ﬂmn ,sngmoil“lcm apopaisisoxyl

a oa | 0; R6a a R6 I.nde ent H,
ter%/ but oé???f&’ﬁ 16%%#2‘#)10 ﬁ?ﬂtfas"aé mat‘f’? |°? a}‘,’gﬁga{%?ya]:zﬁyl ,

| over Nal) @,eéuue@ in p@fdl@mailehsé-lﬁ upcﬁﬁdtrctawﬂtyadﬂwh hots - 85 R7a R7b R8a R8b N .
~ or

[00234] The ability of cells to form viable colonies was analyzed by adding various
concentrations of the compound in the presence and absence of 0.4 ng/ml of TRAIL. Briefly,
cells are seeded at 100 cells per well in a 12 well format in 2 ml of growth medium. The
medium is removed after twenty-four hours and replaced with Smac mimetics at various
concentrations in growth medium with 1% DMSO. After 72 hours on test, the concentrations
are removed and replaced with 2 ml. of growth medium. The plates are returned to the
incubator for 7-10 days at which time the colonies have multiplied to at least 10 cells per
colony which can be counted by eye. The plates are stained with a 0.01% crystal violet
solution ( wt : vol. in H;O) for thirty minutes. The plates are washed with tap water to remove
any residual crystal violet, dried and the colonies are counted, Inhibition data were analyzed
using the sigmoidal dose-response (variable slope) equation in GraphPad Prism (GraphPad
Software, San Diego, CA). The 50% inhibitory concentration (ECsp) was the drug
concentration that decreased the enzyme activity by 50% relative to control samples without
drug,

[00235] Symergy was observed with topotecan and campiothecin, two examples of
topoisomerases inhibitors in a cytotoxicity study in T98G cells. The highest amount of
synergy is 50 — 60% more cell death than would be expected by adding together the
cytotoxicity of each compound alone. Results show that both topotecan and camptothecin can
act synergistically with a Smac mimetic of the invention, such as Entry 1, for an enhancement
of apoptosis. The total synergistic volume was 457, with the greatest synergism being about
30%-40% more cell death than would be expected by adding together the individual Smac and

topotecan cytotoxicities, between Entry 1 and a topoismerase inhibitor, such as topotecan.

[00236] To futher assess potential drug-drug interactions a mairix of the
permutations of two-fold serial dilutions of each drug and a Snac mimetic were tested as well
as the activity of each compound alone using a program called MacSynergy I (Prichard, M.N,,
K.R. Aseltine, and C. Shipman, Jr. 1993. MacSynergy II. User’s manual. Univ. of Michigan,
Ann Arbor). The synergy with paclitaxel and the Smac peptidomimetic Entry 122 in
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HH O Owhere R7a and R7b are independently H, alkyl, cycloal kyl, or

hal oal kyl ; R8a and R8b are independently H, hydroxyl, alkyl, aryl,

aryl al kyl weeaek@abyy! . or  cycloal kyl al kyl, wherei n eachp@f/k¥doosadHés

aryl al kyl, cycloal kyl, or cycloal kylalkyl is optionally-substituted with
hal ogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amno, or nitro; R3a
and R3b are independently H, hal ogen, alkyl, aryl, arylal kyl, am no,

aryl am no, arylal kyl am no, hydroxy, alkyloxy, aryloxy, arylalkyl hydroxy,

di al kyl abV@AR3acelldoyas tesied odherhighestaamaunt df symergy detebted &r B0 1; 20% awldchy ar e

i nd dently N =C d Qa | i d to 8 .
e bt en BT 0 Ro2S b Rl Bt
ring; RO&thandnipolid bk, | i nked by 4 to 8 optionally-substituted atonms such as

C N O, or S to forman aromatic ring; Wa and W are a bond, al kyl ene,

al kenyl ene, gbisny! qaganedhinglcompbiids tay it mitotsd [bg Hindefh& MeMmeratid
opt i onal Ity-subst I tuted al kyl ene, al kenyl ene, al kynyl ene chain of 2 to 12
0

carbon aefothe misetukele hasedqspindlp afhesq (flatay evrae ngangraigd By kigsting various

optional | v It meH \ | kwl | y g0 OnMpound
of claim c‘r'.(?)#il'gtt‘i ides df'f%)(rsrru gﬁ%ﬂﬁa@: ﬁ@%&@aa &%g nﬁ'%gé R?aﬁlgﬁxebﬁhg) (T(% g R1
X~Rlla rdadgedifion) atout G\ t¢ about 50P.(onE2 Fer BaiGHR2nthedéage range was about 125.0 to

about 8000.0 nM, The total synergistic volume was about 170.

[00238] The mechanism of action of platinum containing compounds is believed to
be by binding to DNA and interfering with its repair mechanism, eventually leading to cell
death. The synergy with cisplatin and the Smac peptidomimetics in OVCAR-3 cells was
tested The highest amount of synergy is 40 — 50% more cell death than would be expected by
adding together the cytotoxicity of each compound alone. These data were generated by
testing various concentrations of cisplatin and Smac mimetics drugs. For cisplatin the dosage
range was about 0.0 to about 166,500.0 nM. For Entry 122, the dosage range was about 500.0
to about 32,000.0 nM. The total synergistic volume was about 434. Similar tests were
performed with the combination of carboplatin and Smac mimetics. Synergy between a Smac

peptidomimetic, Entry 122, and carboplatin.

[00239] This potent synergy makes possible the use of the Smac peptidomimetics,
which are IAP antagonists, to improve the efficacy of the marketed anti-tumor compounds
(such as but not limited to paclitaxel, cisplatin and carboplatin). This effected will allow the
lowering the required dose of the poorly tolerated anti-tumor compounds and/or by improving

the responses rate at the marketed doses.

[00240] 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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R3b R12b R13b or a pharnmaceutically acceptable salt thereof, wherein Rl and
R2 are, independently, H, tert-butoxycarbonyl, benzyl oxycarbonyl, acetyl,
trifluoroacetyl, alkyl, optionally-substituted al kyl, or a conpound of
formula: Rba RBb R6a R6b~ or N HH O O where R5a and R5b are

i ndependently H, al kyl, cycloal kyl, cycl oal kyl al kyl, aryl, or arylalkyl; or
each optionally-substituted with hydroxyl, nercapto, hal ogen, am no,

car boxyl, al kyl, hal oal kyl, al koxy, or alkylthio; R6a and R6b are

i ndependenWhyt isiclaireed isbut oxycar bonyl , benzyl oxycar bonyl, acetyl,
trifluoroacetyl, alkyl, lower alkyl, or optionally-substituted alkyl, or a
conpound of formula; -87 R7a‘ﬁa59 ﬁga 3b " N'" Nor HH O O where R7a and
R7b are independentﬁy ﬁfm§PQ9?,o (e gfﬁﬁl, or hal oal kyl; R8a and R8b are

i ndependently H, hydroxyl, alkyl, aryl, arylalkyl, cycloalkyl, or

cycl oal kyl al kyl , wherein each al ky®a aryl, arylal kyl, cycloal kyl, or

cycl oal kylal kyl, is optionally-sybstituted with hal ogen, hydroxyl,

mer capt o, carboxyl, alkyl, al koxy;~anm nogrea or Ri%®ro; R3a and R3b are

i ndependently H, hal ogen, al kyl, ar§9?%ary al Kyl , am no, aryl am no,

aryl al kyl am no, hydroxy, al kyl ox ryl oxy/=aryl al kyl hydr oxy, dial kyl am no,
am do, sulfonam do, or amdin 7 e 1xX. and Y are independently N
or C=C, Rl2a, R12b, Rl13a, R13b, Rl4a, R14 ) iﬁﬂ@bendently, H d, Br, F
al kyl, cycl oal kyl, hydroxyl, al koxy, am no, {al kyl am no, cyano, or CO2H, W
and W together are a bond, alkylene, alkenylgne, al kynyl ene, aryl,
aryl al kyl ene, aryl al kyl al kyl ene, or an optiopally-substituted al kyl ene,

al kenyl ene, al kynyl ene chai n of (11 Wb

Jn s _R11b
~ /\ —
N (CHz)n
ROb R10b
R3b

or a pharmaceutically acceptable salt thereof,

wherein R1 and R2 are independently H, tert-butoxycarbonyl, benzyloxycarbonyl, acetyl,
trifluoroacetyl, alkyl, optionally-substituted alkyl, or

R5a R5b

O

where R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl, aryl, or
arylalkyl; or each optionally-substituted with hydroxyl, mercapto, halogen, amino,
carboxyl, alkyl, haloaikyl, alkoxy, or alkylthio;

R6a and R6b are independently H, tert-butoxycarbonyl, benzyloxycarbonyl, acetyl,
trifluoroacetyl, alkyl, lower alkyl, or optionally-substituted alkyl, or
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2 to 12 carbon atons; and Rl la and R |b are independently H, alkyl,
optional |l y-substituted al kyl, hydroxyal kyl, or al koxyal kyl. 3. The conpound
of claiml, wherein X and Y are identical, the substituents R and R2 are

i dentical, the substituents R3a and R3b are identical, the aromatic ring
formed by substituents R9a and RlOa is identical to the aromatic ring

formed by the substituents R9ba and R10b, and the substituents Rila and RiIb
are identical. -88 4. The compound of claim1l1, of fornula (IV) Rl12a Rl13a

R3a Rl4a CH2ZImR5a N O X~R§]7? NH O HN WV (1V) EJ/ R7a Wb ~ Y/ Rll b
R7b / N~N~(CH2)" R146 RBb~ / N" RSb HORD b R13b or a
phar maceutical |y acceptable galt thereof where R3a and R5b are

(cyclaab | al , or arylalkyl; or

| 6gen, ani no,

i ndependently H, al RgR,_cyc
each optional |l y-substitutNd wit
car boxyl, al kyl, hal oal kyl, al ko)y, or alkyltHo;

0 0
where R7a and R7b are independently H, alkyl, cycloalkyl, or haloalkyl;

R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl, cycloalkyl, or
cycloalkylalkyl, wherein each alkyl, aryl, arylalkyl, cycloalkyl, or cycloalkylalkyl is
optionally-substituted with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino,

or nitro;

R3a and R3b are independently H, halogen, alkyl, aryl, arylalkyl, amino, arylamino,
arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino, amido,

sulfonamido, or amidino;
m and n are 1;
X and Y are independently N, or C=C;

R9a and R10a are linked by 4 to 8 optionally-substituted atoms such as C, N, O, or S, to

form an aromatic ring;

R9b and R10b are linked by 4 to 8 optionally-substituted atoms such as C, N, O, or §, to

form an aromatic ring;

Wa and Wb are a bond, alkylene, alkenylene, alkynylene, aryl, arylalkylene,
arylalkylalkylene, or an optionally-substituted alkylene, alkenylene, alkynylene chain of

2 to 12 carbon atoms; and

R11a and R11b are independently H, alkyl, optionally-substituted alkyl, hydroxyalkyl, or
alkoxyalkyl.

2. The compound of claim 1 of the formula (II):
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where R7a and R7b are independently H, alkyl, cycloal kyl, or hal oal kyl; R8a
and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl, cycloalkyl,
or cycloal kyl al kyl, wherein each al kyl, aryl, arylal kyl, cycloal kyl, or
cycl oal kyl al kyl is optionally-substituted wi th hal ogen, hydroxyl, nercapto,
carboxyl, al kyl, al koxy, amno, or nitro; R3a and R3b are independently H,
hal ogen, al kyl, aryl, arylal kyl, amno, arylam no, arylalkylam no, hydroxy,
al kyl oxy, aryl oxy, aryl al kyl hydroxy, dial kyl am no, am do, sul fonam do, or
am dino; X and Y are independently fypa or C=813889 mand n are 1; Rl2a, RI12b,
R13a, R13b, Rl4a, R14b are independentNy H/ C, Br, F, alkyl, cycloalkyl,
hydr oxyl , al koxy, am no, al kyl am no, cy CO2H, WA and W are a bond,
al kyl ene, al kenyl ene, al kynyl , aryl al-iRli4ene, aryl al kyl al kyl ene, or
an optionally-substituted alkyl eté)al gne, al kynylene chain of 2 to 12
carbon atons; and R la and [ g ndently H, al kyl,
optional | y-substituted alkybq Y yl, \or al koxyal kyl. 5. The conpound
of claim4, wherein the al &il or al | y-Substiat uted alkyl of Rya and
R5b i ndependently is selected fromnethyl Y ethyl, isopropyl, isobutyl,
sec-butyl, tert-butyl, cycloalkyl, aryl, or arylalkyl. 6. The conmpound of
claim4, wherein R7a and R7b is independeffdy selected from nethyl,
fluoronet hyl, difluoronmethyl, etitwl, fluorpethyl, and cycloal kyl. 7. The
conpound of claim4, wherein the optional I substituted al kyl of Rb5a and
R5b is independently selected from al koxyl ated and hydroxyl ated al kyls. 8.
The conpound of claim 1, wherein R3g.and Bgb.areR!bndependent|y sel ected
fromH, hydroxy, alkyloxy, aryloxys al am np, dial kyl am no, am do,
sul fonam do, or amdino. 9.g,The equpound J aim2, wherein R3a and R3b are
i ndependently sel ected from FN hydesyy, oxyrnﬁgyloxy, al kyl am no,

0.

di al kyl am no, am do, sulfonamJo, /or am he conpound of claim 2,
wherein the optionally substitute | kyl 5a and R5b i ndependently is
sel ected from al koxyl at ed and hydr oxgdbat ed

al kKyls. 11. The conpound of claim
4, wherein the optionally substituted alibyl of RR8Ba and R5b i ndependently is

sel ected 1 om Al ko kal gl it iRt o0 @kt >

wherein R1 and R2 are, independently, H, fert-butoxycarbonyl, benzyloxycarbonyl,

acetyl, trifluoroacetyl, alkyl, optionally-substituted alkyl, or a compound of formula:

R5a R5b

where R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl, aryl, or
arylalkyl; or each optionally-substituted with hydroxyl, mercapto, halogen, amino,
carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio;

R6a and R6b are independently H, tert-butoxycarbonyl, benzyloxycarbonyl, acetyl,
trifluoroacetyl, alkyi, lower alkyl, or optionally-substituted alkyl, or a compound of

formula;
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-90 12. The conpound of claim4, wherein R3a and R3b are selected from H,
hydr oxy, al kyl oxy, aryloxy, alkylam no, dialkylam no, am do, sul fonam do, or
ai nidino. 13. The compound of claim1l, of fornula (V): Rl2a Rl3a R3a Rl4a
CHOM Rba NON_ Rlla NHHNO (V) WA RBa RfraWw 0 N Rllb R7b CH2)n Rl4b
RBb™ N 11 r RSb O R b R125 13b or a pharmaceutically acceptable salt

t hereof, where R5a and R5b are independently H, alkyl, cycloal kyl,

cycl oal kyl al kyl, aryl, or arylalkyl; or each optionally-substituted with
hydr oxyl , mercapto, hal ogen, F?ﬂ‘ no, carboxyl, al @b’ hal oal kyl , al koxy, or
al kyl thi o; where R7a and R7b jare i ndependently H, ‘dl'kyl, cycl oal kyl, or

hal oal kyl ; R8a and R8b are independently H, hydroxyl, alkyl, aryl,

aryl al kyl, cycl oal kﬁ&a\% oal kyl al ky@8b. wher eilq_each_al kyl , aryl,

aryl al kyl, cycl oal kyl, orN€ycl oatkkyl al ®yl is >SQption y-substituted with
hal ogen, hydroxyl, mercapto, carpoxyl, alkyl, @l koxy, |[{am no,

o) 0]
where R7a and R7b are independently H, alkyl, cycloalkyl, or haloalkyl;

R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl, cycloalkyl, or
cycloalkylalkyl, wherein each alkyl, aryl, arylalkyl, cycloalkyl, or cycloalkylalkyl, is
optionally-substituted with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino,

or nitro;

R3a and R3b are independently H, halogen, alkyl, aryl, arylalkyl, amino, arylamino,
arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino, amido,

sulfonamido, or amidino;
m and n are 1;
X and Y are independently N, or C=C;

R12a, R12b, R13a, R13b, R14a, R14b are, independently, H, Cl, Br, F, alkyl, cycloalkyl,

hydroxyl, alkoxy, amino, alkylamino, cyano, or CO,H;

Wa and Wb together are a bond, alkylene, alkenylene, alkynylene, aryl, arylalkylene,
arylalkylalkylene, or an optionally-substituted alkylene, alkenylene, alkynylene chain of

2 to 12 carbon atoms; and

R1la and R11b are independently H, alkyl, optionally-substituted alkyl, hydroxyalkyl, or
alkoxyalkyl.

3. The compound of claim 1, wherein X and Y are identical, the
substituents R]1 and R2 are identical, the substituents R3a and R3b are identical, the
aromatic ring formed by substituents R9a and R10a is identical to the aromatic ring
formed by the substituents R9ba and R10b, and the substituents R11a and R11b are

identical.
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or nitro; -91 R3a and R3b are independently H, hal ogen, alkyl, aryl,
aryl al kyl, am no, arylam no, arylal kylam no, hydroxy, alkyl oxy, aryl oxy,
aryl al kyl hydroxy, dial kyl am no, am do, sulfonam do, or am dino; mand nare
1; Rl2a, R12b, R13a, R13b, Rl4a, Rl14b are independently H C, Br, F, alkyl,
cycl oal kyl, hydroxyl, al koxy, am no, alkylam no, cyano, or CO2H and Wa and
Wb together are a bond, al kyl ene, al kenyl ene, al kynyl ene, aryl,
aryl al kyl ene, aryl al kyl al kyl ene, heteroaryl, heteroaryl al kyl ene, or an
optional | y-substi t ut£dTat kyhgsigd of dlakenysfeBgaula(ikynyl ene chain of 2 to 12
carbon atons; and Rl la and RI |b are independently_H al kyl,
optional |l y-substituted al kyl, hydroxyal kyl Riz oxiajkyl 14. The
conpound of claim 13, wherein the opti8ally syb tuted al kyl of Rb5a and

i i | ated al kyls. 15.
2 eégéy fromH, hydroxy,
sul f onam do, or
Y are identical, the
a and R3b are

The conpound of claim 13, wherein R3g a
al kyl oxy, aryl oxy, al kylam no,_ _di al kyl a
am di no. 16. The conpound of i m 2 N-w
substituents R and R2 are® dent X
identical, the substituent d R Ib arexAdentical, the substituents
R12a and Rl12b are |denﬁ& tHe substituents R13a and R13b are identica
and the substituents Rida and Rl4b are identical wal7. The c@npound of claim
4, wherein X and Y di% |deﬁwbcal t he substituenﬂs R5a and R5b are
|dent|cal t he substituents R7a and R7b are identWweal, the substituents RBa
and R8b are identical, the substituents R3a and R3p are identical, the
substituents Rl la and R |b are identical,

are identical, the substituents Rl a and ﬁﬁBb are i dentical and the
substituents Rl4a and RI¥ are Hide -92 18 he compound of claim 13,
wherein X and Y are identilcal, Nke” su St thémsnd P are identical,
the substituents R7&and R7byare iyenti t he Ituents R8a and R8b
are identical, the substqtuenis, iYuents :caland R3b are
identical, the substituents s , the substituents
R12a and R12b are identical, the substituentsRRP3a and 3b are identical
and the SUQISQ bﬁa%géeﬁti&l@aac@é}?able salt thereof,

where R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl, aryl, or
arylalkyl; or each optionally-substituted with hydroxyl, mercapto, halogen, amino,
carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio;

where R7a and R7b are independently H, alkyl, cycloalkyl, or haloalkyl;

R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl, cycloalkyl, or
cycloalkylalkyl, wherein each alkyl, aryl, arylalkyl, cycloalkyl, or cycloalkylalkyl is
optionally-substituted with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino,

or nitro;

R3a and R3b are independently H, halogen, alkyl, aryl, arylalkyl, amino, arylamino,
arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino, amido,

sulfonamido, or amidino;

X and Y are independently N, or C=C;
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R14b are identical. 19. The conmpound of claim1l wherein Wa and Wb are either
a bond, ~-ai or 20. The conpound of claim3 wherein Wa and Wb are either a
bond, or 21. The conpound of claim2 wherein Wa and W are either a bond,
or \ / . 22. The conpound of claim 16 wherein WA and Wb are either a bond,
or \ / . 23. The conpound of claim4 wherein Wa and Wb are either a bond,

or 24. The conpound of claim 17 wherein Wa and W are either a bond, or \ /
. 93 25. The conpound of claim 13 wherein WA and Wb are either a bond, or \
/[ . 26. The conpound of claim 18 wherein Wa and W are either a bond, or \
[ . 27. Théndpapolind of claim1, selected from M, HM HN CO f O M
M HNNH M N MF yNHH ,, M M

R12a, R12b, R13a, R13b, R14a, R14b are independently H, Cl, Br, F, alkyl, cycloalkyl,

hydroxyl, alkoxy, amino, alkylamino, cyano, or CO,H;

Wa and Wb are a bond, alkylene, alkenylene, alkynylene, aryl, arylalkylene,
arylalkylalkylene, or an optionally-substituted alkylene, alkenylene, alkynylene chain of

2 to 12 carbon atoms; and

R1la and R11b are independently H, alkyl, optionally-substituted alkyl, hydroxyalkyl, or
alkoxyalkyl.

5. The compound of claim 4, wherein the alkyl or optionally-substituted
alkyl of R5a and R5b independently is selected from methyl, ethyl, isopropyl, isobutyl,
sec-butyl, tert-butyl, cycloalkyl, aryl, or arylalkyl.

6. The compound of claim 4, wherein R7a and R7b is independently
selected from methyl, fluoromethyl, difluoromethyl, ethyl, fluoroethyl, and cycloalkyl.

7. The compound of claim 4, wherein the optionally substituted alkyl
of R5a and R5b is independently selected from alkoxylated and hydroxylated alkyls.

8. The compound of claim 1, wherein R3a and R3b are
independently selected from H, hydroxy, alkyloxy, aryloxy, alkylamino, dialkylamino,

amido, sulfonamido, or amidino.

9. The compound of claim 2, wherein R3a and R3b are independently
selected from H, hydroxy, alkyloxy, aryloxy, alkylamino, dialkylamino, amido,

sulfonamido, or amidino.

10.  The compound of claim 2, wherein the optionally substituted alkyl
of R5a and R5b independently is selected from alkoxylated and hydroxylated alkyls.

11. The compound of claim 4, wherein the optionally substituted alkyl of

R5a and R5b independently is selected from alkoxylated and hydroxylated alkyls.
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-94 M, NHZ HNOO FN HNNHNDb ™ F NHHNJI ~M M, 1HM HNOO F
N HNNH NF OONH JJ M\ HM -95 Mo, H N\M HNO O O

12.  The compound of claim 4, wherein R3a and R3b are selected from
H, hydroxy, alkyloxy, aryloxy, alkylamino, dialkylamino, amido, sulfonamido, or

amidino.

13. The compound of claim 1, of formula (V):

R12a R13a

R3a

R14a

, (V)
/ 2 Wa
Réa R7a \
0 N
R7b H /}
N N CHz)n

R8b—__ —==

H R&b

or a pharmaceutically acceptable salt thereof,

where R5a and R5b are independently H, alkyl, cycloalkyl, cycloalkylalkyl, aryl, or
arylalkyl; or each optionally-substituted with hydroxyl, mercapto, halogen, amino,
carboxyl, alkyl, haloalkyl, alkoxy, or alkylthio;

where R7a and R7b are independently H, alkyl, cycloalkyl, or haloalkyl;

R8a and R8b are independently H, hydroxyl, alkyl, aryl, arylalkyl, cycloalkyl, or
cycloalkylalkyl, wherein each alkyl, aryl, arylalkyl, cycloalkyl, or cycloalkylalkyl 1s
optionally-substituted with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino,

Or nitro;
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R3a and R3b are independently H, halogen, alkyl, aryl, arylalkyl, amino, arylamino,
arylalkylamino, hydroxy, alkyloxy, aryloxy, arylalkylhydroxy, dialkylamino, amido,

sulfonamido, or amidino;
m and n are 1;

R12a, R12b, R13a, R13b, R14a, R14b are independently H, Cl, Br, F, alkyl, cycloalkyl,

hydroxyl, alkoxy, amino, alkylamino, cyano, or CO,H; and

Wa and Wb together are a bond, alkylene, alkenylene, alkynylene, aryl, arylalkylene,
arylalkylalkylene, heteroaryl, heteroarylalkylene, or an optionally-substituted alkylene,

alkenylene, alkynylene chain of 2 to 12 carbon atoms; and

Rlla and R11b are independently H, alkyl, optionally-substituted alkyl, hydroxyalkyl, or
alkoxyalkyl.

14. The compound of claim 13, wherein the optionally substituted alkyl of
R5a and R5b independently is selected from alkoxylated and hydroxylated alkyls.

15.  The compound of claim 13, wherein R3a and R3b are selected
from H, hydroxy, alkyloxy, aryloxy, alkylamino, dialkylamino, amido, sulfonamido, or

amidino.

16. The compound of claim 2, wherein X and Y are identical, the
substituents R1 and R2 are identical, the substituents R3a and R3b are identical, the
substituents R11a and R11b are identical, the substituents R12a and R12b are identical,
the substituents R13a and R13b are identical and the substituents R14a and R14b are

identical.

17.  The compound of claim 4, wherein X and Y are identical, the
substituents R5a and R5b are identical, the substituents R7a and R7b are identical, the
substituents R8a and R8b are identical, the substituents R3a and R3b are identical, the
substituents R11a and R11b are identical, the substituents R12a and R12b are identical,
the substituents R13a and R13b are identical and the substituents R14a and R14b are

identical.

-2 .
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N M HNNH 111111 NM OONHF M\ Jr N HM M,, H N
NM M HNOH HNH M Mee NH Me NJr H"Me -97 M H i
Fr~\lr

18.  The compound of claim 13, wherein X and Y are identical, the

substituents R5a and R5b are identical, the substituents R7a and R7b are identical, the
substituents R8a and R8b are identical, the substituents, the substituents R3a and R3b are
identical, the substituents R11a and R11b are identical, the substituents R12a and R12b
are identical, the substituents R13a and R13b are identical and the substituents R14a and
R14b are identical.

19.  The compound of claim 1 wherein Wa and Wb are either a bond,

20.  The compound of claim 3 wherein Wa and Wb are either a bond,

or : .

21, The compound of claim 2 wherein Wa and Wb are either a bond,

22.  The compound of claim 16 wherein Wa and Wb are either a bond,

or : .

23.  The compound of claim 4 wherein Wa and Wb are either a bond,

24.  The compound of claim 17 wherein Wa and Wb are either a bond,
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M NHNNH NMF ~NHMlI JN HM MgH HW- O | OM FN HNI
NH OHN M F OONH Ml N H"Me -98 Me,. H N HNO O F M NHO
25.  The compound of claim 13 wherein Wa and Wb are either a bond,

26.  The compound of claim 18 wherein Wa and Wb are either a bond,

T

27.  The compound of claim 1, selected from:

N\
Me

.

-94 .



HNNH OH 1 /

1 N
HO HN OH HO NH

Ve F OONH M\ Jr N HM Ml H N HNM F M N I
OHN M F OONH Ml NJr HM -99 Me(g H N\M HN O
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NHM MH N HN
F O\ NH M\ N H M

M HNHOOH NH M Me MB~

\ OH NH M N MF 0OM YNI

_Z2
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H\~0 O FM NHO HNNH OHI / NM  F OO0- NH Ml HM Ml H NM
HN~O0 FMe NI O HNNH OHI /1 NMF 00~NH Ml JJJ] N HM - 101
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—

0 F\/\r~

JJT M\ N H~~M M N M

e\ N

HMe HNNO

0O )NHMH M

Mei



-102 Me* H N M F H\N- p 1/r M / NM HNI \ / NH M| / 111111 N
M OM NHF\ Jr HMe M" HMe HMW OO M NM M HNOH HONH M M
N MpO NH M\
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NH HN( O F ~~\\/rte\ NJ'" / HO HOHNNHOCH OHMBF ONH HN and ne
Me , or a pharmaceutically acceptable salt thereof. 28. A pharmaceutical
conposition conprising a conpound of claim4, or a pharmaceutically
acceptabl e salt thereof, and a pharmaceutically acceptable excipient. 29. A
pharmaceutical conposition conprising a conpound of claim 13, or a

phar maceutical ly acceptable salt thereof, and a pharnaceutically acceptable
excipient. - 126 30. A pharmaceutical conposition conprising a conmpound of
claim 23, or pharmaceutically acceptable saltwhereof, and a
pharmaceutical |y acceptable excipient. 31. A ph: ceutical conmposition
conprising a conpound of claim 24, or pharnmag icdfly acceptabl e salt

t hereof, and a pharnaceutical ly agccept abl es eXci ppent. 32. A pharnaceuti cal
conposi tion conprising a conpbuR claim or pharmaceutically
acceptable salt thereof, and a BCETN | acceptable excipient. 33. A
phar maceuti cal conposition conpris ,Of claim

NH
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26, or pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable excipient. 34. A pharmaceutical conposition conprising a
conmpound of claim 27, or pharmaceutically acceptable salt thereof, and
pharmaceutically acceptable excipient. - 127
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and Me/ , or a pharmaceutically acceptable salt
thereof.
28. A pharmaceutical composition comprising a compound of claim 4,

or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.

29. A pharmaceutical composition comprising a compound of claim
13, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.

- 126 -



30. A pharmaceutical composition comprising a2 compound of claim
23, or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.

31. A pharmaceutical composition comprising a compound of claim
24, or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.

32. A pharmaceutical composition comprising a compound of claim
25, or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.

33. A pharmaceutical composition comprising a compound of claim
26, or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.

34. A pharmaceutical composition comprising a compound of claim
27, or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.
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