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I N inducing apoptosis in cancer cells. The inability of cancer cells to execute an

~apoptotic program due to defects in the normal apbptotic machinery is thus often
associated with an increase in resistance to chemotherapy, radiation, or
immunotherapy-induced apoptosis. Primary or acquired resistance of human canéer
of different origins to current treatment protocols due to apoptosis defects is a major
problem in current cancer therapy (Lowe et al, Carcinogenesis 21:485 (2000);
Nicholson, Nature 407:810 (2000)). Accordingly, current and future efforts towards
designing and developing new molecular target-specific anticancer therapies to

improve survival and quality of life of cancer patients must include strategies that



cancer cells represents a highly prom sing therapeutic

strategy for new anti cancer drug design. 100031 Two
webk@gasw260f central negative regul ators of apoptDEER07/010924

have been identified. The first class of regulators

iIs the Bcl-2 famly of proteins, as exenplified by two
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proteins (Adans et al., Science 281:1322 (1998);
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negatlve regul ation oflLﬁEopt 0sis in both the death
r ec épfRpllone and {BRUSE HPtEHISHRAt Rt Y5 SYRRYESS apgptosis induced by a

pat DHEY Sariell, AF aBb’ﬁlSﬁé %uh aﬁncﬁdﬁ@ GRnTNGAAREAE gents, radiation, and

apopt osi s i nhi bi tor directly binding and potently
| nhiubmppﬁ@etawe@cmg?lb of the caspase family of
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Biol. Chem 273: 77 Deveraux et al

388am00g alligfothy: IAsuwe@berél Holoijste 0é. 4gepigsis 6(215§9(¥)001), LaCasse et

DeV‘Ei A% %en@l 17 3 0dg); HLiaR&hi of L999) Bsz\Sé*ﬁJe;hnz% 7787 (1998);
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Deveraux et al., EMBO J. 18:5242 (1999); Asselin et al., Cancer Res. 61:1862

(2001)). XIAP plays a key role in the negative regulation of apoptosis in both the
death receptor-mediated and the mitochondria-mediated pathways. XIAP functions
as a potent endogenous apoptosis inhibitor by directly binding and potently
inhibiting three members of the caspase family of enzymes, caspase-3, ;7, and -9
(Takahashi et al., J. Biol. Chem.»273 7787 (1998); Deveraux et al., Nature 388:300
(1997); Sun et al., Nature 401:818 (1999); Deveraux et al., EMBO J. 18:5242
(1999); Asselin et al.,, Cancer Res. 61:1862 (2001); Riedl et al., Cell 104:791



(2001); Chai et al., Cell 104:769 (2001); Huang et
al., Cell 104:781 (2001)). XIAP contains three
whawalianseé us i nhi bi tor of apoptosis repeat (BIRT/US2007/010924
domains as well as a GCtermnal RING finger. The
third BIR domain (BIR3) selectively targets caspase-
9, the initiator caspase in the mtochondrial pathway,
whereas the |linker region between BIR and Bl R2
i nhi bits both caspase-3 and caspase-7 (Sal vesen et
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| i gnan Lioma. (Wa echf et al Cel | t

l‘fgr é“ ?OP‘KOi‘@@g asgg‘l}’l“g i’e Srpresigd; iy é’ril ‘g%%'sm human
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1:1051 (2002)). XIAP is overexpressed in non-small cell lung cancer (N SCLC) in
patients and has been implicated in pathogenesis of NSCLC (Hofmann et al., J.
Cancer Res. Clin. Oncol. 128:554 (2002)). Expression of XIAP and lack of down-

regulation of XIAP upon treatment with cisplatin have been implicated in cisplatin

resistance of human ovarian cancer (Li et al., Endocrinology 142:370 (2001); Cheng



3 WD 2007/ 130626 PCT/ US2007/ 010924 et al., Drug

Resi st. Update 5:131 (2002)). Taken together, these
walaio13sggest that XI AP may play an i nportantP€DUS2007010924

resi stance of several human cancers to current

t herapeutic agents. [0008] Apoptosis is not a single

process, rather, it is involved with a nunber of

di fferent, sonetinmes interconnected, signaling

pat hways Iead| ng to cell degradation. The pathways

| nvet védDmg Reqis Updatead: lﬁbl(ZﬁQif)) aPalptnotoigsthdn hesg datn suggest that
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( Medeomr et AdivatiofeMBQ@hd .prd-apdptBdc (At /Deceptbi by MR AIL jinduces the

éé@%@@% aﬁ%ﬁ'ﬁ%@ﬁ%@ﬂ@&% Cagﬂge SIS wiiagpggists of receptor

t he FAISOtak Gn aﬁEﬁt@ﬂG@sSﬁkeﬁbt al, Wnunk@dz 611%2600)1 RE)g et al., J. Biol.
because of its selective targetl ng of cancer cells

whe (g AFSt25067 FBPOVSI andd sgspaserd B39 AelnitAlon FagRpse oOnce DISC is
TRAIfém(eﬁS B&%ﬁé"eZS 1s‘55ut§J[%ocess%ﬁ|aﬁﬂ @Btivitdd Qﬁ Qﬁlu(:éc?&%)umnty (Medema et
Wl czak 157 (1999))- Syst

adniohi 5{‘43&? 1’ o’rﬁ BIO4TRAPY); Muzipeitfed. B! k@’eg’%afze7 3 f%?aG (1998)).

[odiol ecti verah ik hhd igBRerhie@ %lﬁéant GRleRd3t ){@ Oﬁétalfltﬁa@ Gancer therapeutic
turmrs and. pr ol on%lge'r;ig survival in mce czak
(

(Frgach et %ngf 19@9@1?99)A|heﬁ@4§g h)fmd_ecg&ﬁ targetmg of cancer
Spe%ﬁg Giler %/aslﬁhwm LRSS t§ B0 GBlistaltto! FRAIA(shkenazi e al,

ot hers”’ reS|st Kim et .
Can§eren%§8163935(1998) Walcza.k et al., Nat. Med 5 157 (1999)) Systemic

administration of TRAIL has proven to be safe and effective at killing breast or

colon xenografted tumors and prolonging survival in mice (Walczak et al, Nat.
Med.5:157 (1999)). Although TRAIL can specifically kill many types of cancer
cells, many others display TRAIL-resistance (Kim et al., Clin. Cancer Res. 6:335
(2000); Zhang et al., Cancer Res. 59:2747 (1999)). In addition, cancer cells have



(2000); Zhang et al., Cancer Res. 59:2747 (1999)). In
addi tion, cancer cells have 4 WO 2007/130626
weERO/uU8BRO7/ 010924 been killed by applicati on PET/US2007/010924
ant i bodi es (nonocl onal or polyclonal) that
specifically recognize either TRAIL-R or TRAIL-R2.
[0011] Nunerous nechani sns have been identified as
potential factors responsible for TRAIL-resistance.
Such mechani sns exi st at a nunber of |evels, including
at bediekilled dytapplitatioal of amtibodike (donarlére et polyclonal) that specifically

post - m toch dry I a,,the DISC |evel. For
exahprPeMZF § ero—#ﬁ‘égzgjsdé-@ﬂggﬁ#a%i on (Teitz et al.,
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59: 2747 1999; Kat aoka et al . | munol .  161:

( 19%0@) RO S xammiGe rlotse Pl saspass- §tea‘mewenﬂﬁwz etv{éh 1@%’ Med. 6:529
- Shgnth bhal, J CFMEn&efIW‘Zggﬁ (G9%)Y. 00 RighDs§Ression of the

flbroblasts are@gartlcu arly sensitive to receptor-
medeeiidar EBAGEoiphiitovenrotein éeFLIPD nifdn ef alp: @38 Cancer Res. 6:335

(2 O é)\)?] . §§Xx§% %Jt all pI ?&r?t‘ey aﬁésa @9327&]‘7 1 §@‘I ﬁa@f)fa @ QM. J. Immunol.

i nclu ort sp | ce varlant cF ,
| ond6¢:39p6 (1298)\makepancerglis pegistants to FERA o cKels R have shown that

t hathEﬁthﬁcqgétl éﬂllﬁ'ggq]gﬁ{ys?nrﬁgﬁcﬂ%pop %‘gka{lﬁggasghssltwe to receptor-

becone resi st ant i's a
res metdlatéd amiptesis (Ydh etrm‘d ilmpwdity d 21583 (2000h B¢verdt|spReeSvariants of

(Bi ng¢fp al FEBS. | et 7 (2002).
At R BBl & SoRCulRe e SPORES: ggd @ longer splice

candadaite cFOIP4u rmlt hase Ibeext |s~1newdeﬁtah GRidEﬂteﬁment embryonic mouse

n bR bgeiq sl 4 RARRUERL BpBugic 45 3 sl Bf retroviral-

c a n mrdlatai transduetioresf FLAPIS (Bin 2palt AEB.S Lem UOtITY2002)).

[003& h dr u ‘1@@@5&5{?@&“ Irf:l\é'gse(%s atqoréecnt].?ilp{t prtﬁxﬁﬁ}lg%gndl\yate for tumor-

| 11 géleaxiveOdealti efc@ptot UED Ao qi.6) @indades dpOp@ERif¥Rrantially in tumor
t hera eut| c effect. . However, both radi at | on and

che A0y imaereal tigiies) Bany cances cels wepesistggdo gpgptosis-inducing

genﬁh@s' ¥s @M&is@&ﬂaﬂd‘vep Q554 RisBlt, drélidrhdht with §uchadr'ilg§Gﬂen requires co-
exists for an agent_ that can sel ecti vel y

ef f tEREMNL W@eﬂﬁgﬁm@e ang/QRBYIOtOXi¢ %h%w@lé F%ethw a therapeutic effect.

apopiRedver, | BN GhAGHSH YA chEmBiRFaplRY ificitLside effects, and are
receptor antibodies, w thout al so senS| izing .

sur gewarailyavaidecddipossibles.  Such an agent woul d ~al so be
[Odig':ﬁﬂgl f Ghu§ eéjﬁgé g%( iS5 fol aﬁ'lvﬁéé: Jt Bt & sgé&ﬂ'e f Jﬁ@féﬁt y sensitize

nl Yy assocl at w th use or recep t
apo turoor eells dmsadectivepapoptasissindieipg dwgsgsuclhes TRAIL or TRAIL receptor

O 0 R LB G Al 9B e ot

m t elsbdredusefal dor redadingodri praventingfthe drug resistance commonly associated
with the use of receptor-mediated apoptotic cancer drugs, thus improving their
effectiveness and eliminating the need for combination therapies.

[0014] Recently, Smac/DIABLO (second mitochondria-derived activator of
caspases) was identified as a protein released from mitochondria into the cytosol in
response to apoptotic stimuli (Budihardjo er al., Annu. Rev. Cell Dev. Biol. 15:269
(1999); Du et al., Cell 102:33 (2000)). Smac is synthesized with an N-terminal



caspases) was identified as a protein released from
m tochondria into the cytosol in response to

wa@pwptatee€ stinmuli (Budi hardjo et al., Annu. RewT/US®DT/010924

Dev. Biol. 15:269 (1999); Du et al., Cell 102:33

(2000)). Smac is synthesized wwth an NNterminal 5 WO

2007/ 130626 PCT/ US2007/010924 mtochondrial targeting
sequence that is proteolytically renmoved during

maturation to the mature pol ypeptide. Smac was shown

to dthitoe:hbhqrial nagetng sequchcethaPisaproteotytivaly [révReverhduring maturation
di sg u%tle hre t2)Ilndelp?g t%nqgcs aagesﬁ \%nqofcﬁgé tlgtigle%ct with XIAP and
casf)ase 2TV RGN mEC 16 4 potent oen ogenous

I nhioktet dAP@fand(ltd\BlsnEpiQHﬁi birlidg‘i”g tbeﬂslbasbs am] facilitate caspase activation.

ex ri mental three-di nens structures of the
: M3G A PRIEYT CBEOREPY ! B%'?FE}P%S’( gﬁ%‘% Snac protein and

[omspt i de IHigR redoR@RIM kY, é?ﬁﬁhtaldﬁieefdﬂneﬁﬁoﬁai;leﬁﬁu'ﬁmr,es of the BIR3

J. Biol Chem 275: 361 2 (2th ; Wi et al 1[1
408 d@g)@gl e W I pp@]@feé Wt g%éc ngtglpn?r}ﬁapeptl ¢ have recently been
tet H@féﬁaidede(sﬁn eeg., (A Broyalchkmo 2|7|5(36159rﬁ6l‘iﬂ WoEQ al, Nature

reco%nl zes a surface groove on t

d 0 mfioﬁ 1898 13009)) Eigwadh The Bi-termingliteggpsrtisis i Sﬁrgac (Ala-Val-Pro-lle,
i nt g %G\}I"Ict@ii(%‘ﬂg N@@B%Eom 2 sﬁ%&@&%@ve dhehe BIR3 domain of XIAP

i nteracti on between and caspase-9 has al so been

showkrongh |snwalvby¢rgg¢n-bwhngi grateractipns. et vim glepiyéaalycontacts.  The

ATF’ URAsThRY Sodeh {Ho%m t Ive f
E-Iil E‘%A Q)eNQF cas ase 5 tﬁ'%;a&ﬂ9 feds o involve four

same surface groove
on réesddusis F(ealai@“h&Pm-PEE\ﬂErﬁaTPF (SRQrID NORN e thegmino terminus of the

con *ngfl:sg%%lg ?fgﬁlgpgge ﬁlletsmg gﬂ'gtce %gg%@e){n?ﬁlgtm3 domain. Several

cat a Caspase-
caspemat Studoes have etawmdmgmldegxcgnsum that Stae mgmbw@ethe catalytic
of the

' . K I
AN TNETIES N N Cp—

lomli

(ZOQﬂé Jsurfa&d bf] thenBIK? dmﬁztm piBkieeti &r jal.ptki Gell Biol. 152:483 (2001)
i nt actlo he Sma raction is nediated

by %Vquﬁre‘Q?nﬁﬁméﬁgéghgfj&@i *on the Smac protein

a weltmigeS mRd protéid-phsteif’ ﬁx@é&&ctﬁﬂlst hige BirR%-BOARI Mteraction is
of XIAP. The Kd val ue of Smac pe i de AVPI é?é a“ﬁ'g

NO. rq_c)dx tegd Ry Aanl}( fQpr-amjng amfi residy %thft}ea&p"n?c piptein ajwell- -defined
the ARLL SrooV&6n the Biet Bofltth of RIAR he KiRakue of Smac peptlde AVPI
wel | -defined interaction site is ideal for the desig

of (RBR-FRPIQ:4kto YR (Ki kel-4 v isrpsseadially the same # ﬁlﬁeénamre Smac
t he g%tem 00.427R0n . Thill WEI- dEQlQéW]}\te‘i\a&ﬁH siteqs fRAPISR the design of

e V\,hl ch’consists of the first four am no

aC| alonm;mdee%vg—h&wsme@eglﬁqylmqt)rylrw therindingof $magdo XIAP.
l]SmaC LRLRA rpgprrl&ﬁ)l@ Stificdeplide, R?lfﬁbh @Sné&s fo?‘il'lé kit t6ur amino acid

raceIIuIar I ver s ' recently shown
sensresndum (\fdvli’b(ﬁﬁQtImrNO tlafghe m«wmmmmaﬁﬂsmcutgthwﬂ to a carrier

0| BB o090 007 By g v
Nat llmaof\/adls i3 mm&mﬁgr)ant glioma cells in vivo to apoptosis induced by death
receptor ligation or cytotoxic drugs (Fulda et al, Nature Med. 8:808 (2002)).
Importantly, this Smac peptide strongly enhanced the anti-tumor activity of
Apo2L/TRAIL in an intracranial malignant glioma xenograft model in vivo.
Complete eradication of established tumors and survival of mice was only achieved
upon combined treatment with Smac peptides and ApoZL/TRAIL. Of significance,

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



Importantly, this Smac peptide strongly enhanced the
anti-tunor activity of Apo2L/ TRAIL in an intracranial
woradorgsmed gl i oma xenograft nodel in vivo. Cop@l/esm®07/010924
eradi cation of established tunors and survival of mce
was only achi eved upon conbined treatnment with Smac
peptides and Apo2L/ TRAIL. O significance, Snac
pepti de does not have detectable toxicity to nornmnal
brain tissue. 6 WD 2007/ 130626 PCT/ US2007/010924
[0013918] A Ascamd rcea rindépedé@ﬂrsd&iyt alse shywed that shlutinbd consisting of
that es co |st1n ur 1o
m ot BB ot R oSl et b Be Brlopiels BBl gthered 10 o
t 0 aifféetehtf @ineet pdjb&ﬂé |eﬂharme4bthajmde¢thmwfmj>oph:els| anduth¢ lang term anti-

of a osis apd the.l term a roliferat.ive
of  FEREegtve; SlFah " Chofb e, dFEHR aRigs At indidipe paclitaxel,

pacletdpdsrie; SNeIfRATI diﬁaoréﬁ‘iblﬁsin MICF-7axa rd!ﬁ)érclhtﬂnarﬂbreast cancer cell
MCF-7 and ot her hunman reast cancer ézz)l)lT lin

et dines i g o). S, Biginhom 2 iSR6,3055) ThitHGTE ptpggiRively showed
CONGhAHME dhdd1A¥earetthe pristlaAAPmandulal &itpeks Br@hée tldes in cells.

rimary nol ecul ar_ targets for these peptides ip ce

10019b19] * A A Hhird siydyashawrshihipt th dmag mswEee e Sbﬁe‘teneN-temmal
fir3Lsi®RNQBhBFH 'Boﬁ‘}éﬂr%mﬁf‘esl‘e%?&l thetdpepRsothe act1v13' and reversed the
pol yargi ni ne restored tThe apoi)t osone activit
rev @pg@esus wesistaprgpnonssmal celt ngecangembAoq ﬁalllq (ang et al., Cancer
I un eI I n
?g%gé) ?Ht 39%p %@s gsm%h?gh Y %s%ﬁ%’?gﬁﬁé for  the defect in
t he aaep@eqme nctl\apomdomeesa@mqf icaspase dctsmypmelééﬁ%wlbf When used

Cont b ol hERRERRY > 1o RO RRERIC Bmae pegtide regressed

peptramer w&ssedzvot wrthrhtylueomﬂme rtoxicity wiaken| {ogether, these recent
muri.n Take et her, these rec
o den ot e 6601k PHERE el ATPRRT SEBle, cgllpermeable Smac
st alshitgeticeinhy ravegaédteth&apeutioTporhtial foaythé axeatrgmtadf human breast
t hera eutig ﬂ\ﬁtgx?tlajf for the treatnment of hunman
br e £81°°T @K 8 §° 8t {8t ypes of cancer. [0020]
[0028pt | de- h&@ede-blivdbirt}ﬂslsoraraee ussefull tdololts diaci@dtel Cthe airti-apoptotic
unction of LAPs and the rol

the antj-apagp of
g Apﬁ“‘i“‘ﬁloi“e?g &ég S ofind athgeroleeof s[4S  th RIRIRES o fgu‘i"i“&“*r cells to

agerhémotietapRatid lagentbasBat peptidelBaees 1hlﬂbﬁ&@el'ha§ed%?dl €have intrinsic
intrinsic limtations as &tentlally usef ul

t hediptaiions ag petentiallyrpeaful thepapentic agants- ndhergdimiatiqns include their

pooqoosﬁhé11$%€@aahit Iahy p’ya;i i 9o §t£b1MnyOII§lEé\:p'1h'tBé/se three published
I ndeed, in these three published studies using

Srra@ms*a@e!efnpae‘ﬁmpa@aﬁﬁimqmﬁﬂe ashibiters, Hhemeptides haddoths fysed to carrier
f us I, emrelativel
cel P lté‘?ensrggb A the%&%%@célggg@m e?uszoow 010924



[0021] U.S. Published Application No. 2005/0197403

di scl oses dineric Smac
w0 200R130626 R H N R2. R6 \N R8
K& RS R3 ORs" N\R6. R2 NH
are sel ected from hydrogen,
nmet hyl , and hydr oxyl ;
optionally substituted nethyl
substituted ethyl; R3 and R3

R5- R§, and
opt PBH‘&PF)?OWBP

el ecte
@?goggﬁﬁﬁ hally
jonal l'y
tionaH
onal | y]
y |inki
7i, or

op
- opt
| ent|
or R

i mtat

overcome th I_RASIi C
__ipven

abl e salt therelof.

RS /~ OR3
R7*

are selected f
and optionally

m meti ¢ conpounds of fornula

R 4rQ/¥S1041010924
wherein R and R
optionally substituted

R2 and R2

rom

are selected from CH2,
[oogt] O andl. S PdBIis}&laﬂ Applicaticn . 2040197408 CisalosesNdimeric Smac
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substituted alk

y substituted al k
substi t ut ary
ng s RO, or

a R%\ R8

[ 0022
i of ptide-b
ti on'R*nvoles t he

yl,
nyI
ynyl

| : an
R7, fi

| To
ased

ors, ahe plTesent

of bi v | ent d:onf OoR@ati o
O gFH

or thef rREPpPONINg ce
response toygenetiRC |es
apoptosi s (sych as anti

f ac r in the o

desi gn
onstriai ned Smac
TI ONRQQ23° It is
ability |of cancer| cells
under go jJapopt osi s| i n
exposf e~y | nducers of
agent® and Jradi atfon) is
d 8 R?

nal l'y ¢
E | NVEN
the in
s to

ons or
cancer

hset an

wherein R' and R" are selected from hydrogen, optionally substituted
methyl, and hydroxyl;

R? and R* are selected from optionally substituted methyl and optionally
substituted ethyl;

R? and R* are selected from CH,, NH, O and S;

R4 and Ry are selected from CH and N;

R>-R®, and R>-R¥ are selected from hydrogen, optionally hetero-, optionally
optionally

substituted alkyl, optionally substituted alkenyl,

optionally hetero-,
hetero-, optionally substituted alkynyl, optionally hetero-, optionally substituted
aryl; and
L is a linker covalently linking R2, R® RS or R7, with R, R”, R® orR”,
or a pharmaceutically-acceptable salt thereof.
[0022] To overcome the intrinsic limitations of peptide-based inhibitors, the present
invention involves the design of bivalent conformationally constrained Smac

mimetics.

SUMMARY OF THE INVENTION

[0023] It is generally accepted that the inability of cancer cells or their supporting
cells to undergo apoptosis in response to genetic lesions or exposure to inducers of

apoptosis (such as anticancer agents and radiation) is a major factor in the onset and



WO 2007/ 130626 PCT/ US2007/ 010924 progressi on of
cancer. The induction of-apoptosis in cancer cells or
wo b@rn3sepporting cells (e.g., neovascul ar ceP¢BHUSW07/010924
the tunor vascul ature) is thought to be a universal
mechani sm of action for virtually all of the effective
cancer therapeutic drugs or radiation therapies on
the market or in practice today. One reason for the
inability of a cell to undergo apoptosis is increased
ex ppexpsessivnarfcancer u e dodustion fof apdgosip d0Canterérdls or their supporting
pr ?%&F‘st (e'. .Vggéx}.ag@ul Ogetllgngltﬁé %ﬁnap%scﬁl)é’iﬂg)u{sech%ght to be a universal
ani mal s &t Fering rrom cancer or . ot
hy pe'rqohmhtrﬁecrfaddtma for szmncbellysalb of dhe eﬁfsawaaemmeti titeespeutic drugs or

with .dys atlo tosis to.t eutica
of { BT ki % gre Bt 6 Mage® OuRe P ispash fol e nabitiy of
t hak cknlfd bhdergd 8pdpidsid isandredse@lexprdBsonand ad@uhiulztthﬁ of IAPs.

(003] TS 58 REEv! nyBRREL PGPS BelRRABIT o iPERS suffeing from

OVekafdet Viot Y oftfer O\HSHEPPRS1 BRIV 8 Qlﬁsolrd%) oan@ﬁsféﬁsefseﬂﬁﬁfmated with
sucB ceIIs as pop ulatloq_t nore s tptlbletot e
cel AYHESHIAUSM 9% APRBtostst o, thepansptical CEreetig amapats of drug(s) (e-g.,

dr uggalrmoleddlttthNinh{tey @R tﬁﬁctm—mﬁ & BRNill RMEHel Bi8kased cells or
contenpl ates that inhibitors of satisfy an unnet

nee SURROTtRG, eclisr ayrightrfthese cslls hose cer&ﬁb@fi supyiedl is dependent on the
ei t BeEraliMaTY o@@%r@kﬁﬁe@srl o"i‘SIA'F@)" QhaBF Fe0del ‘%ubl{‘ Qfi§ as a population
apoptosis iI'n cancer cells dependent on LAP function,

or iese sushepiblstte thel celh dsathdndesing agtévity pHpasieen theraneutic drugs or
ot h [ nt

;o i oL TR ey R0GRIon, D ARBHICS T Wil Ris of 1aPs
pr opatisfy om vfmeheceh o the tichtsnant stup\pbmw aness| types, either when

sSus £
Corr%(glge R redta% %(rbo?llr{eégé}gﬁo dmﬁacegr %ﬁ%&?l on%’g %ﬂs dePendent on IAP
an fnichieh, ot mdeheadinoinisyered i at teenpoaal cretatiohghippeitlt iother cell death-

dru radi ati gn thera aI Sne. n cer n
o e g PeteRGE R o RliteR APFahYs SB o fenger @ ereater
an| padpertion tolf thetdaﬂbapealsl Oﬂlshpp@ﬁﬁ/eodeillvamﬁmwme ©® eXecuting the
ound .of the present ention course

ant PORTRHS PIRLAR OMRAL %8 r?°BFB¥b‘l?gB§g %“’B?’é‘gf‘e?fo‘ieﬁ}ﬁd? an animal
res ﬁemg oﬁrydmrtlﬁ therdagadr tbgﬁpéutiﬁ drﬁg stifddiadioh gHérSpy alone.

conpared_to those treate t he .conmpoynd or )
[00231 i cancdR oY SREAFHERty ﬁ’\?ﬂéf‘% Hiyenfion. %‘i‘?é’r""v&é‘iﬁmem of animals

bec e thbRipe@idaay ReGctiv/ Bhourit bE a 2BAPb AR 6f thBHesBAXY ilvention and a
of all cells that express | APs, the proportion of

cel PRUTERf ansanticancst geryt xkdintiontRTedugss st HiErieT Himpgy sfponse and
I N ERSIRANS& P it RECHRRRIAPS tSmbRdd b Qﬁoseaﬁf&itt\!d WittPfhe compound or
anti cancer drugs/radiation is increased

Al t émfamweqiwgs/fwt@@nqmmd?%ﬁnothﬁrewav,e%@mlsq e egompsynds lower
cangRe, t f

CherBr SRl BranbRIORAT RIS R SPRs2IDs: B 3fropildn o cells that
ant pecsassénlly guenutes the/ anoptesil progoam tin rpspensr to thehapapsesss inducing
tu [

dogg&gr ﬁgﬂgﬁéﬁ?&g ﬂg@j’ra{gﬁg{gﬁé H 151 g%e%?lg n&ﬂ?ﬂ’xmél%ntﬁle compounds of
t hethopresent amveatibn gambe weed mwlilmradmtmdmjgm efrallower, and therefore

less toxic and more tolerable, dose of an anticancer agent and/or radiation to produce

the same tumor response/clinical benefit as the conventional dose of the anticancer
agent/radiation alone. Since the doses for all approved anticancer drugs and

radiation treatments are known, the present invention contemplates the various



radi ation treatnments are known, the present invention
contenpl ates the various 9 WO 2007/130626
weEOUsBRO7/ 010924 conbi nati ons of them w th PEEUS2007/010924
conmpounds of the present invention. Al so, since the
conmpounds of the present invention act at least in
part by inhibiting | APs, the exposure of cancer cells
and supporting cells to therapeutically effective
anmounts of the conpounds can be tenporally linked to
coi reompenagions of Hemawithithe sompowwisiof thepressas guantiphe Also, since the
apo [ I e .
o Paiefndl BFRTHAACRENIGR b8 b Feull Tl RN b 1aPs, the
admespsture bfigarichecadspdsuppatisg otlls focthprapsditally effective amounts of

invepntion in connectjon W,th.certain.tenpor.al
ol abt SHEORPHE AR tboibolRlld § CoupTl il the attempts of cells to
t hereapaié ithe Ppapobis efrogiddd) 26 | redponse rte sthatanticxeset iagent or radiation
relates to_Smac mnetics that are, useful .for .
i nhitBSTaPY; gT Ys, & SQIRE 6% 9d18?enfsApﬁlmrB§tgxi1%ﬂ)grf&mpos1nons of the present
I Ncrigamitiod #nhEorfiRBEG Iwith )éeﬂiincﬁhgﬂrdl Oreldtiduciips provides especially
apoptosis. In one particular enbodi nent, the Smac
m metheasions ShrapRIGGRIRCUGFS formula I1: XW_---Y DN V

{002 Al T2prBset Hivertion Mlates fo SMac nfhetics ARl WefifMfor inhibiting
and A ' are’i ndegendent |y selected fromthe group )
condhaaptigtyopf MrBrrsgains anshincpergingythe seasitivily of o&llkfe inducers of
and a%bpt%@ismnzgxgg 4)3139:@?3@ Wd%&go?ﬂeoégﬁg%%etﬁ:@ dqr@%'ompounds of

are I ndependently selected fromthe group consisting
of Houmygdh,

. ‘ D J
X Y ‘
\W/ | ‘

Vi T—U
A - \A2 K
:Z

D r

X Y ' '
| “‘L |
. v '
A1'/ \sz L T—U

II

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

10



optionally substituted al kyl and COR , wherein A2 is

absent when Vis 0 and A2 is absent when Vis 0; V
warna7N3@mee i ndependent |y sel ected fromthe groRQI/US2007/010924

consisting of N, CH and O; Wand W are independently

selected fromthe group consisting of CHand N, X and

X are independently optionally substituted G -3 al kyl;

Y and Y' are independently selected fromthe group

consisting of CONR, C(OO (CR R2),_3, wherein one

or nord:z @ Ay etgpindepsndeetly seleeted drdsy the gugy congiting of hydrogen,

option E%!%? 1 i.ona HHE '

het er o‘ggrt%/(?ﬁ;a R Qgé}%' gl}(gf inlrgi dé(;{)}gn’g‘crgfrﬁrlgfyal éle?éeafgt e t\@reg r}f} s 0 and Az

t he grisapsaymdieatM' igOpf optionally substituted

al kyl epyl n 4 L )

i nde pe{r%cilé1 ﬁlfkin % résl(e;i?g%%zn)gamﬁ/ %e'}én%{%ﬁa%xgﬁl}% %f:oc;%ﬁgcloéfllsﬁﬁg; %?N’ CHand O;

opt i onW and W8 afesihdépehdehth] seldcendyfrorankke &Gk R@ndsting of CH and N;

Rsb- ( R.q;,, T and T e i.ndependent | | ected from
the o Sapucs ats Rrpehashl CopUraiE MbRng BaBiof R O
CR R2, Yomid afadrk Vindepeadéritlyt eclectad famy cthe cgrooptdonsisting/ of CONR',
subst i tesocyclic, optionally substituted aryl
ona opt RS ER B i Rios A Y EObPYih & tplated by O, S or
ih n S e peNRé,rﬁﬂtﬁangg& %ﬁtﬂltég;}m zirhﬁ)t _;gmlunlmy emghft_é(: B?e?ﬁryl;

ydr ogen, ; \ : , _opti.opa substitute )
al kyl gﬁn‘ﬂ‘dogt i Adependepyy iselrekd 2P the £roHp 9nsiAkPs of optionally
ar e i ngdppeRtRikyledyl and ¢BRMRFY-RPS(CRIREgS;ed fromthe
group consisting of hydrogen, %gtl onal l'y substituted .
al kyl 7 8p#ibriap Mydepgpentyyselertech fnge iR igour spRYfting gf optionally
subst i fusketitddeiiRyBE Ghil ¢CR'RBL-RINEER IR ql;JbSt i tuted
aryl, optionally substituted %eteroary and Z;, each

R2, R3Tawd Raargrindeneadensiyosakeqted femetheegroup giopsiging of C=0, C=S,
group eoRRi'std Ng Oofir! NYG'RYC Rt SR Rabd i Hutsl PSLhd, :
al kyl , o% onal Iéy’/ sub’stﬂii{ iL}t’e pggr o8€§c %tc,é opt})qﬁgﬁp’y OPtI?nally
subst i substditdde heterocydlid, optiopaliy substijuted lasyli angd eptienrajlly substituted
and opfd.gaalyyy substituted heteroaryl; Rsa and RSb
are independently selected fromthe group consisting
of C=0J @dsy’ a&NRCPeQenﬂy sefectednfioxBRhR2groap ctodsistengy of hydrogen,
L NKETNRONBIGRN kLSl QStifled iy gndRBptidnally &BStitdted aryi;
phar mageuntp awd § yredodegehdditly &l t s or prodrugs thereof.
. eza(c):gﬂljig’ ggezgef génut%%()g(r)gépogb%%lzs%ng of hydrogen, optionally substituted

alkyl, optionally substituted carbocyclic, optionally substituted heterocyclic,

optionally substituted aryl, optionally substituted heteroaryl and Z;

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

R** and R™ are independently selected from the group consisting of C=0, C=S, -
C=NR', S, O, NR' and CR'R?; and

Z is a linker covalently linking one of A, Y, D, J, T and U with one of A, Y,
D', J', T and U’

or pharmaceutically acceptable salts or prodrugs thereof.
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[0027] The invention relates to conmpounds represented
by Formula 11, which are inhibitors of | AP proteins.
wab@7itsnseqti on relates to the use if the conporemESwhH7/010924
the invention to induce apoptosis in cells. The
invention also relates to the use of the conpounds of
the invention for sensitizing cells to inducers of
apoptosis. The conpounds are useful for the
treatnment, amelioration, or prevention of disorders
[0028% ponsi Videtigventibuctelases tsf cemppennsisirepresdrited) byt FprmalayIl, which are
di s Bitors %??A?f}%g{eiréedﬂg%nvgff%%ergﬂkégttb Qge if the comllglounds of the
apoptosis, 1nc ro era |ve | Seases
as oaveagon td mduce rapapmsxeniwdllsweﬂihs invengon @lqoaletaﬂs toahe use of the
be used to tr te I_.prey ncer
's EREPabits PEBly 1 eRueT S RenstinE BHECho HFERES of Bprosis. Tne
(e. gompblaisearehiseful afioe the heamens,i ahélidratiérg brapriedéntion of disorders
resi stant., hor.npne, res st ant, @‘%?EHllke) | n ot %
enb SFPARTIYS © (AdUioRpY ﬁB%PtB‘é‘h 6 ¢§- tdiggers characterized by

hypaw&gahhﬁ@{ afh ffst@t&é,@ , 6A61a8ing A peRkdlefetativd diseases such as cancer. In
over expressi on of 1 APs. [0028] The present invention

pr oFHRIR sHPadiments FhGa‘FOT’&R%’BE!% caR ('9ﬁ§~‘566r?ﬁrt¥e§F rigagliorate, or prevent

COMRRMRA i iF ehdfitiBritdd by r&jstdIRE Q@%Hﬁée? Fhdripiet (& gt thRe which are
amount to induce apoptosis in cells or to sensiftize

cel chermerepig@nt evadiationagprsistansi Bormagoogsistand. apd athej k). In other
1|‘ur ERBbdPiaYd, dée &Bﬂlﬁoxﬁﬂgpédns bE gus%dcmgﬁ %yﬁérpﬁﬁff@ﬂéh@e diseases

and i nstructions for admnistering the conpound
an shiraeikrizeryy ovarexpregsion QfﬂﬁPénal I Y contain ot her

rapeut C
L

DRAPPINESu OB} rmrlg Urle aﬁh@hpwtmhléy effagrbte amaunt ko n@m@apomosxs in

of n. [0031] Figure ‘

2 S§%oﬂh'§€x|§§1 ;ebée I on o gﬁfa %S? i n MDA- MB- 231, :
[ORRM_E- 3WheSKvaniod famtieOpoAiRies klEsI ¢mnm}s1@—m1Mpound of Formula II

088 iy o 94 SR8 6] L5800 e v iy

[ OOBﬁﬂloﬂ%llg'uuﬁﬂalﬂAat&éi siivoapentie agehtspielgl, oativhnee| dgents or apoptosis-
glbn MDA- \B- 231 (A), NDA-MB-453 (B), and PC- 3

(CD‘Q?"%?“S?ggﬁF164 in conbination with TRAIL. [0034]

Figure 5 shows the inhibition of cell growmh in

csplat i oP RHEE D BIETICN S HE DRCA Y
cisplatin dﬁ ito &]Fﬁg '&Ub@a% S%S
i nduction of apoptosis by SH 164 in the NDA-MB-231
[0030kast cEngee lcehdw Itheigompgtitive binding of Smac mimetics to XIAP BIR3
protein.
[0031] Figure 2 shows the inhibition of cell growth in MDA-MB-231, MAMLE-
3M, SK-OV-3 and OVCAR-4 cells by SH-164.
[0032] . Figure 3 shows the induction of cell death in MDA-MB-231, MAMLE-3M,
and OVCAR-4 cells by SH-164. .
[0033] Figures 4A-4C show the inhibition of cell growth in MDA-MB-231 (A),
MDA-MB-453 (B), and PC-3 (C) cells by SH-164 in combination with TRAIL.
[0034] Figure 5 shows the inhibition of cell growth in MDA-MB-231 cells by SH-

-

164 in combination with cisplatin or mitoxantrone.
[0035] Figure 6 shows induction of apoptosis by SH-164 in the MDA-MB-231

breast cancer cell line.
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WD 2007/ 130626 PCT/ US2007/ 010924 DETAI LED DESCRI PTI ON
OF THE I NVENTI ON [ 0036] The present invention rel ates
w0 eoobitsmbent conformationally constrai ned conpoUOsz07/010924
represented by Fornmula I, which are m netics of Smac
and function as inhibitors of |IAPs. These conpounds
sensitize cells to inducers of apoptosis and, in sone
i nstances, thensel ves induce apoptosis by inhibiting
| APs. Therefore, the invention relates to nethods of

sensi ti ziDETAILED DESCRIPTION @BOPHEIN VENTION
met hods of i nducing apoptosis in cells, conprising

tacti the cells ound. o
OUERE 250 e B! L b, B SO o0k lfaly consrainea
The compyards reprebetitédby Foshalads witichieid@dfettds dffSewdd 4@, function as
aneliqratin reventing dlsorders in.an an

or | . )
¢ hatnibiors oF baRS TheseSommatieds wisibee Zpliogasucers of apoptosis and, in

COMRéing | iNGtaACH] MHendselvied qndd& dpBtAN BRIin@baREPRUWMI Gherefore, the
Formula |1 and an i nducer Po ptosis. Such disgrders
1

i nciRNgBtipR gelates Her metheds Z’&:Febﬁl aingy<eils 40| indpesss of apoptosis and to
APORLARAdE 81 thdulRFe apdiRbRE iR delI8T coPriINE " RRRICRAS R cells with a
of I1APs. [0037] The_term "1 AP proteins,” as used
her epmpoprg ef Eomyla Hyalppmoninmomianatsm itk an indices efspoptosis. The
1 A F Red B I &1&{1 d

i mﬁﬁgﬂ{lgﬁ lﬁﬁ;(lfe% gé QﬂeFtJ mﬂo&s OAP- tﬂl%' e 1 I'E#]Q;r preventing disorders
TSI APan Knmnml tlwape r@mmxw t9, mldumqn ofi a.nbp@msaspmprﬁmg admmlstenng
and [D S
o0 o B el DO LY SENDIRRPLAN gl OE°Shch iondrs
abemthde theve tharadftenfeNAy & dysrdgulgtidropt apoptdeis and those characterized
pro% %&%pn%ﬁgﬂ LAP el evated | evel s of | AP

rot ncel'ls as conpared to simlar
[0030] r es po%ertg'rm OIAP pait¢ins,Dgs asdd loerbinsredorpite asy kgowm ssimber of the

| ev enc ns ,or.  havi. b

| v Gl JEeRp e R R NG Rk nef B8 RRAP, crap1,

| evelAP-2f MIRYAR, HEALOTSDAP,| RPAP) NIAGP Nsuroivir, dineh, SILEE2, apollon and
IAPE@@@%EInS in a cell include, but are not I|n1ted

rn blotting using | AP protein anti bodi es,

[o038unohi lsmffacﬁaﬁm ‘mbreﬁpiebﬂdﬁ ofRIa\NﬂAddnEi Deds hekin)uefetS o an elevated
aC| i fication, or et ection .

g‘?‘i"gp? hE-Ba2oetrRt %stxgla| (B andllr&@rp%ﬂ@?ngror%n(ﬂ and/or to

_cel efevh@d1ovelES ETAY Pidtdn{sh @t cdlker RWffafediolimilal &ffresponding non-
proteins, so also is the.relative |evel of |AP

pr oPathelogica! seHe rexpressing dipsel levelssplymRNAg sAspding| P proteins or

(e. ﬂavm? r&sﬁﬂ@%l?b'fQA?Cﬂ)rb?elﬁ@”Méfh&fs%? degttiNg tHY Rvels of mRNAs

such bal ance of these two are such

t hatencq;dem&wf pmwmi @r lervnlé afd)E| protsinstineg qeflpnclydeythait agg not limited

t hetcp MResRAPLRL §§ng% gﬁom gﬂt%o%g‘es%ﬁpﬁistochemlcal methods,

suffi’cient to cauUse to execlte

apoptd giethqsks of nugleieratidipmpli Bedtignee dicsct RN Adddtection.  As important as

depgnd r. | ‘

CEOBRLARE LAY O B BN Wl overrors
IAP proteins, so also is the relative level of IAP proteins to other pro-apoptotic

signaling molecules (e.g., pro-apoptotic Bcl-2 family proteins) within such cells.
When the balance of these two are such that, were it not for the levels of the IAP
proteins, the pro-apoptotic signaling molecules would be sufficient to cause the cells
to execute the apoptosis program and die, said cells would be dependent on the IAP
proteins for their survival. In such cells, exposure to an inhibiting effective amount

of an IAP protein inhibitor will be sufficient to cause the cells to execute the
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of an I AP protein inhibitor will be sufficient to

cause the cells to execute the 13 WD 2007/130626
weERO/U8BRO7/ 010924 apopt osi s program and di e. PATIUS2007/010924

the term "overexpression of an | AP protein" also

refers to cells that, due to the relative | evels of

pro-apoptotic signals and anti- apoptotic signals,

under go apoptosis in response to inhibiting effective

anounts of conpounds that inhibit the function of .| AP

pr otappptesis poeB e ahdadie.e Mips, the tarmaivyerexargssivh ofad IAP protein” also

an n " - fer
t nor SSBLE ol Ui o2 18368 SREHEL foud oPork pofll, signals and anci
an d/ap()ptm:)b etgmlaar unddreo apeptbsis it meqpousad@) inhitathg@ effective amounts of

thera ..used in the
tre&P ﬂ{m%if Béﬁ’ tgf’ﬁf'glg? ?/E&%I 3%1@%3 such as

[o639pcer ( eThg. terrhd) “arivandcs JagentO @A Yardthantardrug Prasdised) hérein, refer to
.as used _herei n, refers to athar macoltgcgi cal |

I.na
or p%: [RFEBp RS (eity GhPPAIDREPRNES | FAPGug: RS molecular
bi Ottliéifﬁ‘ﬁéuﬁfzraﬁﬂﬁﬂmﬁﬁ FadiatRirf HRFapidsP ON lsaFpe&ill SnRfventions, used in the

enzymatic) within t he targ1 et phyS| ol ogi cal systemto

r el deedtEnens pf hyperprphiferptive disgases BICR RERIEA(S-§-, in mammals).
[004BYSi Ol OOk Alel Y « 87 LAl hefif G FRIRY A HarRhdodgically inactive

the prodrug into t he act ive drug. Prodrugs are

des idgrivetiveooloy paresirEdmes inelagule skat gequiras digfransformation (e.g., either

sta | f i

b Ogggrlﬁt%ﬂ%mﬁ I‘?)ifye‘hh%aué aﬁglrﬁ;’i th?@%‘;gg gffystléﬁo%l?é eé)}asggrﬁ S release, or to
act icopavert (g-nenzymatically, phiysio aaycmeﬁ@mallyndsmmgagnetwally) the
gro t r ly.S Ses
et Prediedipq o Rife| ARl | IHEIREE afe JHRREERCER oibffome problems
var waaaemhai ovithd gtabilety, taescitf, ledcmﬁmdgﬁphm ohdingited bioavailability.
gr gllagg\égmceheuggﬂg&% Hseet aboL tC Caru%: oqgcu‘le %gﬂ:pluﬁ{ y chemical

pro v ceutt ci 1 y Vi'vVo of

vi t rrﬁasw”rgnglbhp)(elgn,dze ggups thlat/ oév;essﬂslywmqipresses the activity of the drug).
tions or under

h | dj t
oy ki Prtemsd FotimbeS Bre, CRRRIES) OF (PRTAINGY i Fyppounds that have

(e. Qz,mu;ﬁh@&rahwwl 8hde@N mdibdlio J esatiti e, Exem?lary prodrugs become
dehydrogenation, glycosylation), Prodrugs often offer

 adv RhETRRSSuRAl, petYel 3 yivo9rs B ira Ush theY jdpglergoggolvolysis under

del ?ﬁ?ﬁof@&ﬂ%@nﬂlﬁohb Qr TRAIBRY| é}ﬁyﬁfaﬁ@rﬂe@ﬁda(lgﬁ €rCotfer biochemical
Bun Desi gn of = Prodrugs, pp. 7-9,

El sévmonnm er §agn (1 Phssphoayletia, | véwﬁmaenw o giahy@fogenauon
Che g wokYalén) DrP'xQ)dF&‘g%' (bena(g@erEZd'%% €§SI) @Fqsolﬁ’tﬂhty?’ 2st0dompatibility,

Academ ¢ Press, San ~ Diego,
pr o@m@baxeﬁcrlemge e ithe mmmdtamv@gmya@h é%eeegger%undgard Design of

pr e@@&ftﬂg@% r 9393t2'1% qgls ﬂhsﬁe%agﬁ( §5|3 Q’ldssllll\t The Organic

al coho | owér , prepar ed
r eaditiepristaf of rIémgaDemgn aod cDmgnvbgtamu o tfﬁ?Za&OIarﬁqaéemm Press, San

basi rayp ct ‘?.‘[1) g‘
b2yl APRBSF S 0l S HDBeR s son o s
t er mprépainedt h}acwtibn alif Iparenc aeids abithea suitable alashaldeg., a lower alkanol),
herein, refers.to any,. . . . .
amides prepared by reaction of the parent acid compound with an amine, or basic
groups reacted to form an acylated base derivative (e.g., a lower alkylamide).
[0041] The term “pharmaceutically acceptable salt,” as used herein, refers to any
salt (e.g., obtained by reaction with an acid or a base) of a compound of the present
invention that is physiologically tolerated in the target animal (e.g., a mammal).

Salts of the compounds of the present invention may be derived from inorganic or

14



salt (e.g., obtained by reaction with an acid or a

base) of a conpound of the present invention that is
w@bogitaleogi cal |y tolerated in the target ani maPCT/ESHH07/010924

a mamual ). Salts of the conpounds of the present

i nvention may be derived frominorganic or 14 WO

2007/ 130626 PCT/ US2007/010924 organic acids and

bases. Exanples of acids include, but are not linmted

to, hydrochloric, hydrobromc, sulfuric, nitric,

per ongami¢ acidsuangd |b@sesrralliaqampl<psh@§ Hsigdsi mcludgl ;hslélar@ not limited to,

I ach| c I

tart g?;l‘ogﬁﬁ)ﬂcél{ (llr?br ?31 %ﬂﬁ&rc E’nﬁia e&g?kﬁgﬁgcﬁxﬁf%g maleic, phosphoric,

et hatwslicf dactes, faioylic, sbecin@i ctoluemlegnsudfons| fagtaric, acetic, citric,

napht egul fonl c.,acid

R i thang i fonis TARERT BeRagRy i . i B, hilSthatenc.2-
t helﬁﬁHbMe,Sbemh&iemikf@rut: lacid| and the dikpl ﬂﬂuﬁ' acfdsysdﬁh as oxalic, while not in

ed.in the preparation of . salts useful ;
R BRI (Bhefibie St e laRhPYeddn the preparation of
I NVeAltd asefandd infepinediaftdah beAnihg Chd cympoarBiofihe id@hton and their

addi |on sal.t 004 EX es of bases include, but
o o hesrace iy P AE AR HEREP P g s0dt um

[0d2dlr OXi deExanipléAdt tiSeLidbhude MRitadre (6t EimitedRY ABGIIUARtal (e.g., sodium)
hydr oxi des, ammmopni a, and corrpounds of . fqQrmul a NW+

whe hafroxidess atkaling earth, metal, (.. gnpgnesiunpohydrexides, ammonia, and
Exagsh@sufds Stabirtulh NWY'Y whebdth VRILCNPAIKYT, Bhd 81 1ike:

acetat e, adipate, alginate, aspartate, benzoate,
[0048hzenes lﬁ’faafmi%eof sAlEinelude bubarg pat limited te:qacetate, adipate, alginate,

CanBola %%g'féhotf xfné%[il%ﬁate Clb?éui’fﬁt%m BRERIO PLRAR, Ccamphorate,

di gI uconate tate, ethanesul fonate,
fu rr@a@pborSfllfMe pt amdap@tmgﬂpymmqého sp idigleconate,  dodecylsulfate,

sz)n 8 atg e, %‘a&gr oXxy e?ﬁ%ﬁes u F?eb n gtl%ehﬁ) 38 pl%ate hemisulfate,

nal élapmnoate,sl}dxancmte rmldraieebuirrﬁldn,abégdc 2-hydroxyethanesulfonate, lactate,
2-na | en f n
pal nngag%ag’é‘, y ggfllgi!ﬁa?rée’ lﬂes&\ﬁrr}aaei, g%htgé?nesuﬁbnate nicotinate, oxalate,

per su
pi Cipalnegate)i pedtinate, m&ﬂfmaphenylmpmnmt epicrate; tpmﬁlet,e propionate,
t hi oc and the

T E M TRV R

conmpésalasinofudt agiopk @f et canfainds ofl thegsrpsenn ite@ntiért Compounded with

S 2 U SR ity Nl i RE, (PBReY Ry Al group),

us e ang &ld Isked fFdr liReraputitiowinel salé of the coipdends dﬂw@ﬁfeeaﬂ invention are

are cont d, as bein har maceut i aII .

acc &pRSAIP iang%aiﬁag ngelﬁlﬁa 3GEeP ﬁﬁ%%v ;iglts of acids and
ar e pasys- tﬁﬁtaém%ﬂaﬁﬁhédm@ﬂ?yeﬁ&c%?{asldm)iy alspOfihd Qsk, lféleexample in
for exanple, in ‘the preparation or purlflcatlon of

ph arﬂi‘l%léréﬂi‘ﬁaﬁ‘a'll pyp%‘y@apa Bf a Phamaseptically aoeeptabls, EDIPB?%d

[ood4afer apeutyeClrh yrdrhftic iy 2Bt Ve am&nt *SRIuRAI RN, refers to that
refers to that anount of the therapeutic agent
suf emeushef ths thempeytiq sgeatsuffisiont te resylt ippmedioratigncof one or more
Sy ”E%@gﬁm%f ofia HsSRIHLSr preleR AV atenftdY 8P AoRderObr Gause regression

di so cause regreSS|on
of the disorder. For example, -with respect to the treatment of cancer, a

therapeutically effective amount preferably refers to the amount.of a therapeutic
agent that decreases the rate of tumor growth, decreases tumor mass, decreases the
number of metastases, increases time to tumor progression, or increases survival

time by at least 5%, preferably at least 10%, at least 15%, at least 20%, at least 25%,
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of the disorder. For exanple, with respect to the
treatnment of cancer, a therapeutically effective
wa@ewansoops ef erably refers to the anount . of aPCT/US2007/010924
therapeutic agent that decreases the rate of tunor
growt h, decreases tunor mass, decreases the nunber of
net ast ases, increases tine to tunor progression, or
increases survival tine by at |east 5% preferably at
| east 10% at |east 15% at |east 20% at |east 25%
15 ‘dﬂeﬁﬁ(BU%,%G%t B&Xd, bBRa@ﬁ%MOﬁZdasaﬂS%easteaﬁCBE%,aat least 55%, at

Ieat3,9 east,, 40% t 0 l,ea o
eeaggg()/éwsgﬁ legft 3% /é’agﬁ fe ()]Qd/e ast lggs t%G/a O?t lqclatsf?%?g ta% least 85%, at
70°/deaat90%,8&ttlea§59’6%abr atdest 180% at | east 85% at
st 900 Iea,st 95%, or, at |.east ,100% 045] The .
(0G4 o e TS Sentiacs g eatifigne a8 s PHEie e: to making
r ef @rohgh MRK ad@inisttdtioauetha st kg, ratb@poed af Formula II), an
first agent (e, g ,..a compound of For mnul

ani Agma)roraa ccél | Withtonam agtmal e s?ﬁ?F@’@&sE’éE‘%‘?’BI’ESP°BP“’C to the

DI §iJISSPANSHaE (2, bRsnotirPbP sdtarabtiS b GhSaspEetdof: cellular function
promnotion or ret ardation of an aspect of cellular

f unérqleshing, Bey net Hepiteduto, (r6Hl divisiqre geellograwghy proliferation, invasion,
di V'aﬁ%ﬁ@cnegﬁl br Qﬂ Wiy o ra%'ebctrﬁf &HehPNThd %ﬁiz% effect of a first agent

angi ogenesi s popt03|s of & second a%g

senonta targel ceﬂfcectbedﬁe%sufqdrqstthagieﬁ@renmmat amgeded:bIOIoglcal effect
can [

b OI( Og %ﬁ?‘ﬁbjﬂfi(ﬁp of'Tet gtl.gltl ff?a%ﬁ«%?«?cé nd?o(.trehrﬁlék aq{rug& ?ldmclugmg, but not
an gbzgp@dttoocﬁelbslomhmrorxtqmqno mwamnumgmmenbm, ar@poptosis) observed
I ”!u%&?' the adbiflidra®oR Wt s &{oﬁ Bk R%d'\ﬂ%{ﬁ(ﬁlt Ydministration of the
angi bgenesl's, or apoptosis obgerved. tpon

adnifintsigestt iTha refpoass ef trecseagjtined vélt harahd mmtalsedjby at least 10%, at
ad ti f fi I t e

t hg]l seﬁ%‘?‘?i zegea& qo"’c%\tnle%se 4|t0 &’?agg%aesa-ggﬁ’ a??‘?eas 1(35/l cast 70%, at
at léasa&Q%Zﬂ%easi@OFVeasﬂeaSOl’/OO%,t atIleaa;StlS@%?/at hhstlZE)G%, at least 350%,

ot Rariot00%, o gk Pt st Pl denst A Pedfist 500% over the

200%spaﬁsellﬁaﬁetatﬁ5ﬁ)8é;oftmﬁlrseagéntsoo% at | east 350% at
| east 400% at le 450% or. at |east 500% over .the
[Oq"égponseq-gﬁ aa atign of caPQRLQS g Asnpsed di§ER, Tefers to any

ter Hberf’étﬁwheﬁxuﬂﬁt mntyoéf BREP pRsispositidf) US&M EUfdélgo cell death via
refers ta a% aberration'in the ability of

(e.g.
pr e@PENes-+ Dysnesylation of @poptasie igyessedpted yeith Ar indyced by a variety of

apopbRhtiéns, IMsluafig &lr eRarRble ARARIARHUDE &s&@éﬁc ea% EQystemic lupus
with or induced by a variety of conditions, udi ng

f or eRsbaTAtesusathegMaAidh arthty eaeft-yersus-jost dsgféfee rwx,asﬂwma gravis, or

| UpKsser&ly SHSIFBIes U&roﬁxh%ﬁ%ﬂia%r?rmﬁit{dﬁ '(e.g., psoriasis, asthma or
gr af versus host " di sease, myasthénia gravis, or

S o§retm'sdisgased; dweyrpralifewstive disardeantreg- ofapnars 3l icell dymphomas, or T
(e Gen 1D hbgh)S vifh$ iR Gh 8fs. %gofmrse r@ﬁﬂ&% or HIV), and other

yper pr fer at ive disor
I ynpbmmgns such s astdoarthgiyp hadrathproselierasis. i hfSlaeulddmsnoted that when

(e. the dpﬁéﬁﬁﬁt’ibrp QPlthhPc%H b}p rﬂs&ma@& dwptfl hae viral infection, the viral

infection may or may not be detectable at the time dysregulatlon occurs or is
observed.  That is, viral-induced dysregulation can occur even after the
disappearance of symptoms of viral infection.

[0047] The term “hyperproliferative disease,” as uséd herein, refers to any condition

in which a localized population of proliferating cells in an animal is not governed by

16



conditions such as osteoarthritis and atherosclerosis.
It should be noted that when the dysregulation is
wo pabaas@2dy or associated with a viral infectiPel/Usive7/010924
viral infection nay or may not be detectable at the
time dysregul ation occurs or is observed. That is,
viral -induced dysregul ati on can occur even after the
di sappearance of synptons of viral infection. [0047]
The term "hyperproliferative di sease,” as used herein,
r ef gresugual ﬁmitacionwl of inormali growtth.c IExanipbesadi hyerproliferative disorders

ooviifids” Byl sghilses B B0SBri oo B RiBlonh AR e tike.

usuakoplasin tlﬂtsaldntb bd bamgﬂalf igdoed hot dmxdengd ésvasion or metastasis and

CSTRER F oF PRSP GBS T RRERREe PR dhat the cell can

| i Kéavale nEOMsESM ﬂéglﬁ@hﬂgtﬁbd@esthﬁjﬁhr@ﬂ lﬂypdrpldgasls nOtform of cell
under o i nvasi on or netastasis a gnant, if it

e B EMEp: JPvaIHBEetn ARFEE ot S0 GURBeT (1 o e, faprean without

t hesrgﬁiﬁcaﬁtailtemwﬁel%u%eﬂu&sﬁﬁh@uom embtmsim aORREM of controlled cell
struct ures. per lasia is a

pr o BT ARvdHCh AD% FxRerRf @Hymﬁﬁr@a@,@eﬁi ﬁelé éP‘PSt‘ﬁ‘ﬁﬁ%JgF gngther type of
a t ifdsentRlieddei@n W thout significant alteration in
structure or function. Metaplasia is a form of

[0648ht r ol | ddrecrathologicahverpwth ofhaetivagak lymyphoidfce}ly|afien results in an

di f t
| BEBEREAL SR bRt i i, Wb, e

act i'agomemigengrordere gefers ¢ taan ¢aaditiansin whagh an orgamsm produces

Ut ARG d REE o SRR B SRR molecuts, oo

d| ssshes.” Nexhelnmtm axnynmiem dift a'uctninilmunmmd:slmr@ns andadé smtoimmune

progduce ant i bodi es. or ChLECQ e
t he &R R 1c sHepng, 2 autr?b CuF epatm éerger ] th isease & 3¢ nl'g%\ nephropathy,
Non eéliaei tSphgs, e)chnmicesfaa’guautwdmmqe Chiokhntsd ehsbase’,]cldedﬁatomyosms

ggﬁ gbforgyagglg g'g% \é%:rls}cl:b g%rengl%%g;hﬁ ve's ggF?sgg %ﬁn&g}to s thyroiditis,

chr Cdibﬁatﬁﬁtthﬂjﬁﬂxﬁ:)&fdﬁéﬁiﬁ@urﬁr@hncl&n%lm €qultiple sclerosis, myasthenia
dermat onyositis, _fibronyalgia, af.t ver sus
di sEFYE: PRORipsiss THPWRANG fe PF% ug RSy d?‘il?rgé erma, Sjogren's

| di opdirbie, gﬁf&ﬂbwis@aﬁnaaa@wgml biabbres) uMertisg, colitis, vitiligo,
mul tiple sclerosis, nyasthenia gravis, psoriasis,

rhe fl}ed‘lﬁeever rheumatl c arthritis, sclerodernmn,

[ooﬁppgr en’ qhesyrﬂdf‘ lasfiy Ais€a¥el” dsUiRBE hefeyit, R td S abnormal growth
type | diabetes, ulcerative colitis, V|t|I o, and

t heof eglls, bepzm@*fr reRIgR G197 0anEeHoNE)AT  rRalignani{Eancerols).

[0048fd her qing ’terfr?f‘aﬁftﬁnéo?sl@ﬂbf aBON O I REe IR QYN refE t& By Sompound that
bei ng either benign (non-cancerous) or mal i gnant

( carciands the profifsosipn, Brravtheprspreadiaf atagsicd (e8¢ malignant) neoplasm.
[0033] used %re%r{lns ‘rp@é\ﬁ:'hﬁ” t &CQ&MIF&?WCJ’&%BH,” as used herein, refer to

a decrease in the occurrence of pathological cells (e.g., hyperproliferative or
neoplastic cells) in an animal. The prevention may be complete, e.g., ihe total
absence of pathological cells in a subject. The prevention may also be partial, such
that the occurrence of pathological cells in a subject is less than that which would

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

which are involved in modulating (e.g., inhibiting, decreasing, increasing,
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retards the proliferation, growmh, or spread of a
targeted (e.g., malignant) neoplasm [0051] The terns

w0 progstanseg " " preventing,” and "prevention," asPCEES2007/010924
herein, refer to a decrease in the occurrence of
pat hol ogi cal cells (e.g., hyperproliferative or
neopl astic cells) in an aninmal. The prevention may be
conplete, e.g., the total absence of pathol ogical
cells in a subject. The prevention may al so be
par tpramptisgcapoptdsas. tHxempbesurfr epeptost-mpdulathg @gents include proteins
cells,. c n [
cccurtichh Bkt & het® dohy WAL 1k SO0, $aneBER, TRAMP,
t er MNBRIp IS, lehz),dDRét DR, DRt BRG, EADUZeahdnBIR| Gther examples of

refers 1o ol.ve ul
(e. gapop o n?) ({' tleic‘tbng S%e&tse égchué llnur%carrga%?qn%%e‘i 35\/@%!&1 Fas hgand
2007&&38&25 t@@ﬁéfMZﬁ&bﬂ&ﬁ@N]ﬁ)rﬁmﬂyl:’e®pt6rp,ofﬁ‘R(A<ILs(a]so known as

pr ot %21‘ (p?g %8%@9-;' o n itn}s;onlgﬁ HeLljlg%er po&mlonal agonistic

not dnitibbdies) $OTRAIB/IKIDID Tm BINE, 33, BXRK, BARS, Akt CAD, PI3
, DR4, DR5, DR6, FADD, and R P. O her exarﬁl es of

apod%‘%‘isiecp%cﬂﬁ‘ﬂéiaﬁ??@e PEring: Mequiriing asptsfirgadiyrinclude agonists and
i mdnethohfits DRFENF-aamilydaddp tor@anququfesfaBﬂlyF #2hdPS Apoptosis-

and other TNF famly receptors TRAIL (al so known as
ApoZnodulating agenip ST Rapluble erBrembrang bownd (e.g. ligand or receptor).
?Rgﬁﬁk%égr apb Ig_ Qllsxﬁé)cﬁﬁﬁ’t!i ga%%ﬂ{ssﬁrb Gnditkd @pﬂioiﬁeswo‘csuch as TNF or a
P13 THF selsted ligand, am{ﬁllceladm@s@RMélmd MF@sICR95nbigand, a TNFR-1
agquggngr&aﬁ{)(m ncl ude agoni sts and antagonists of
TNF fam1y receptors and TNF family |igands.

[09%3pt osi sThemmdnhlws nf 1Age of sherpyesprt inyentisineargrcompounds having the

QHBQ . ligand or receptor). Preferred
apgg%05|sﬁnn ?iflng agents are inducers of apoptosis,
such as TNF or a TNF-related ligand, particularly a
TRAMP |igand, a Fas/CD95 ligand, a TNFR-1 |igand, or
TRAIL [0053] The inhibitors of IpAPs of the present
i nvention are npoundsYhaV|ng he al Formul a
I[1: XWN VT ‘\AIL/AZ O

V TV
A(//\'\A2 o}

1
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N, 2 O01l 18 WO 2007/130626 PCT/ US2007/ 010924
wherein: A, and A ' are independently selected from

W b@7g8weg consi sting of hydrogen, optional |l yPCT/US2007/010924
substituted al kyl and Z;, A2 and A2' are independently
sel ected fromthe group consisting of hydrogen,
optionally substituted al kyl and COR, wherein A2 is
absent when Vis 0 and A2 is absent when Vis 0; V
and V' are independently selected fromthe group
consi swheggisf N, CH and 0; Wand W are independently

sel ect gd dﬁ.a o Lhe; freBLtflef Y Feuea Grfth ! J:\J)nsmérzg%q hydrogen,

X are i'h pendent ptionally substitut
Y and thlcmaﬂwsubb@pandielkvl gnds3] ected from the group

consi st ng.o R r

or rmr}e‘ @lg—ﬂ Az o%g\llsndggm%glf l%ace? %r%_tﬁ gvéml S’ g&%ﬁmg of hydrogen,

opt | ona;btliqnaﬂybﬁtbstﬂruté@ dikgt yrid G@R‘,owhemnam is abststwitent\eds O and A’
D an ore i ndependently sel ected from

het er oar

t he gr’&%s%n’%hc? Oof optionally substituted

al Iéyl enydndawrchré ﬁFeﬁaMenW&léﬁﬁ&RAMe @r(ﬁi]]ﬁ:oﬂms&ﬁ@off’ N, CH and O;
i ndepepdent |y sel ecte om t roup consisti.ng o _
oty Dol S W aptnicrndently SElcR, PO iRe GoNP SN HAthe of CH and N;

RSb- ( CR3RA)X!; areT uﬂeﬁenﬁenﬁty epﬁdiﬁﬁpeﬁﬂmﬁt‘ea 3812861 ed f rom
the group consi sting C=S CNR, S, O,

Yoptd %aarwnémfimtm aslegsd 5 cibe cgmet‘iOBﬁé‘I“I‘%/ of CONR',
S “bSt | EHORS! (ORI RPRSYFhérein &ﬁterH@ﬂekYHfgﬁé‘Bfaé Eaif Breplatkd by O, S or

and opt | qnal I y substituted heteroar U are

i ndepeNgergntipnaldy sebstimted a %oxgmaéy é‘é‘?ﬁéﬁ“‘é?‘i‘ hefetopryl;

hydr 0gpnand ¥~ aB2 inddBendentr 'seﬁﬁédoﬁ@hml }thesglkaﬁa'éo%l@@ng of optionally
al kyl and optionally subs%’ ;. N, m p and q

are i n&}é]@emﬁ@hitlkyle@ﬂ@ndéﬁghli R s( {Re&t sed fromthe
group gopgi ﬁtz{rPQn@épeEXg{t%Eaect&ptft) %{e %éﬁip%hén’sﬁrﬁd of optionally

al kyl , optiona ted car optiona

subst i $1disewt¢dealbyleny@h1ddCR "RPs-ROMECRIRYqabst i t ut ed

aryl, eptijopally. ubs K roa and _

R2. R3 anéi 4ar§rm8epeg L uly dgeg?‘it%} gre [t:l¥egrofup c%hglﬁﬁ‘gg of C=0, C=S§,
group €eh&i'sts,n@, oNR ,hﬂk‘ﬂé,emptxopillyon;abimu&dbsirbbqtchd optionally

al kyl, su%D {'u? da Let%ro%ggl%,lotplgoggll)g %{Jlk))s(%%t%clilag'yl and optionally substituted
heteroaryl;
U and U’ are independently selected from the group consisting of hydrogen,
NR'R?, OR!, SR!, optionally substituted alkyl and optionally substituted aryl;
n, m, p and q are independently 0-5;
each R! is selected from the group consisting of hydrogen, optionally substituted
alkyl, optionally substituted carbocyclic, optionally substituted heterocyclic,
optionally substituted aryl, optionally substituted heteroaryl and Z;
each R%, R® and R* are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted aryl and optionally
substituted heteroaryl;
R>® and R® are independently selected from the group consisting of C=0, C=S,
C=NR', S, 0, NR! and CR'R?; and
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optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted
whedoensmes/| ; R5a and R5b are i ndependently selBCT/E82007/010924
fromthe group consisting of CCO, CS, C=NR, S, 0,
NR and CR R2; and 19 WD 2007/ 130626
PCT/ US2007/ 010924 Z is a linker covalently |inking one
of Al,; ¥, Db J, Tand Uwith one of A', Y, D, J',
T and U ; or pharnmaceutically acceptable salts or
pr odr ugds allmkeotoval é@@iydinking and of ApeY, Bod ane i with one of A", Y,
IinksDB,\yjhh L# .Ina further enbodinent, Z links D
with D22 Jp X #4Urther enbodinent, Z links Uwith U .
In a fuflﬁﬁae;haeaﬁhaﬁinmptame saislof ﬁoahgsitMaﬂEndent Iy

sel ected frao chtha n.+.in 3. 0r ) i
O her - 1BRUBHRFHER odpmawd méfﬁywrfbibeka@mrﬁgﬁr embodiment, Z links

sel qeiveth BT aMaOfupther dmbotitheht) & lifkstU GittSUYL. In d furfher embodiment, n
~further enbodinent, n and m are |ndependently sel ect ed

f r orfd m azg indepensiently selegtrd froms Ont suchothat p +afish @ & [n a further
I nd%&ﬁi&ﬁﬁi&‘éﬂt)/% 2/ QCdre %&épeﬁa&t@rk@lebtea%tdm{d P sﬁ'cl’gtHa{Sp +qis 1.

1. In a further enbodi nent, further

enbduiarfirther ephogimentRp and m gre mdmméﬁntbmf&ﬁt%ﬁ?m (=4|such that n +
;f] d‘ﬁ{r/'?sl 3 bet %Pfri] B; Pﬁa@@&g ng@é&'ﬂ?{eséebl%d hio 2 204 1Ssu9h'mat p+qisl.
i nddpentiether ymbediswnsdT fis 6inQ-hén agfugther eroh@dlmenth o$ NR'R% Ina
hyd b bsh it

ydr, e?ﬁ%dﬁ’rﬂ ?R: rrLngﬁ“ﬁeﬁl{l' H:krﬁ %Bé&nm&?%?& dﬁg\m W is CH

anot er partlcu egrl itors o
of tahd Vpisébeht a fiirthee minbodinzng A oamio@%ahs mcﬂep‘eodmlyaselected from the

I Il ]
e Shafordispil gy qydien ) Qicorifbefinedti, ™2,
[0055]Y D, Id, anmhekl partid\flar ebibod¥menyX' theYinhiitors Bf BARE BP the present
have engenra{ree nj s‘% 88 PP a 191 phar maceutically
accep & A TP OF ?)? d’ﬁ?@‘g jereof . [00561 In
anot her particul ar enbodi nent, the inhibitors of |APs
of the present I nvention are con‘poun%s of fornmula IV

20 o Ay
\[—J »Y .V
W/Y‘y 4]>' N»\<N Yv A2

i J'>,_Dv X'

R? I
wherein Ay, A2, V, W, X, Y, D, J, Z, A/, Ay, V, W', X', Y', D', J and R? have
the meanings as above; or pharmaceutically acceptable salts or prodrugs thereof.
[0056] In another particular embodiment, the inhibitors of IAPs of the present

invention are compounds of formula I'V:
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WD 2007/ 130626 PCT/ US2007/010924 0 Al | Y, V, U ~
D X1'-A2. J' Z X\ DJ | NA-v\ A2 0 T-U IV
wohb@rasw2al, A2, V, W X, Y, D J, Z T, U Al PCT/BR007/010924
vV, W, X, Y, D, J, Tand Uhave the neanings as
above; or pharnmaceutically acceptable salts or
prodrugs thereof. [0057] In another particular
enbodi ment, the inhibitors of | APs of the present
i nvention are conpounds of formula V: U", T, it NO
X\ WY DZED Y1 N/ X, - Vi A-VA2 OOR2 V-A' A2 V
wherein Ali A2, V, W X D J, Z A, A2, vV, W,
X, Yy, D, J, T U and Yve tRe meani ngs as
above; or pharmaceqricalMy adcept ¥¥l'e yglits or
prodrugs therepj” [ 0068 Danoidier parficul ar
enbodi nent, intéernedi atés us)éful or maki ng | APs of
the present invention are cgmpounds of formula XlI1:
21 WD 2007/ 130626 PCT/ U82007\( 010924 R7 D' HN

X D—
\‘,’V’Y N—]J\
A1/V\ T—U
A

v

wherein Ay, A2, V, W, X, Y, D, J,Z, T, U, A/, A, V', W, X', Y', D', J', T' and
U' have the meanings as above; or pharmaceutically acceptable salts or prodrugs
thereof. '

[0057] In another particular embodiment, the inhibitors of IAPs of the present

invention are compounds of formula V:

U'<

X
x D /D' ,
wov— T 7 Y
v N N o X
ATV \ V'-A4'
A2 O O R2 AZ'I

\%

wherein A}, A5, V, W, X, Y,D,J,Z, A/, Ay, V, W, X, Y", D', J', T', U’ and R®
have the meanings as above; or pharmaceutically acceptable salts or prodrugs
thereof.

[0058] In another particular embodiment, intermediates useful for making IAPs of

the present invention are compounds of formula XIII:
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NT-UO XIIl wherein: D' is (CR R2)nRS-(CRSR4)m J
is selected fromthe group consisting of optionally
waaistaeed ed al kyl enyl and (CR R2)p R5b_( CR3REQTIUS2007/610924
selected fromthe group consisting of CO C=S, C=NR,
S, 0, NR, CRR2, optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted
heteroaryl; Uis selected fromthe group consisting of
hydrogen, NR R2,OR, SR, poptionally substituted
al kyl and optionaNy subsj ;n, m p and ¢
are i ndependently each R, R2, R3
and R4 are independently m t he group
consi sting of hydrogen, o bstituted al kyl,
optionally substituted car , Long) I'y
substituted heterocyclic, Optionally substituted aryl
and optionally substit ut €d heteroaryl; R5, is Xl
selected fromthe group consisting of CCO C=S, C=NR,
S, 0, NR, CR aR2a, NCOR8 and NCO2R8; R a and Rea are
i ndepewheawiny sel ected fromthe group consisting of

hydr ogen BOXYsc bgQ, optionally substituted

al kyl gBobst(icg%I% }“iﬁ/sﬁggﬁﬁﬂt ed carbocyclic, optionally

sugst T ﬁﬂiedlﬁai ﬁi’oﬁgﬂfé £1oup gl&tﬁi;i@ﬂiﬁg by olﬁﬁkhﬁil]jgt dubstituddydlkylenyl and
and opi .o jitute eteroaryl; R5b is

sel ect@%‘a{mﬁ?ﬂg&gﬁ&a’p consisting of 0, S, NR,

CR R2, T 5 flectedSramthe @B confetingoSetOctes, CxNR 1410, NR', CR'R?,
group consi sting of hydrogen, CO2R7a and . o
COCH( RIioRely sytetistped, carRegydlis, eptjamatly qubstigned Refegrcytle, optionally
consi s§ubeuRid LPI drAGPtoMalby Abistifudddaitbtarb i,

optionally substituted carbocyclic, optionally 12 ) .
subst i Vuisegelreted Begic the: groip iconuisting o ubglregem MRJky| OR', SR,
and op} t%ﬁh%!ub%%ﬁ&d &%gﬁeﬂxﬂ?&hm}'} YbstigdedWy1; '
2007/ 130626 PCT/ US2007/010924 R/b is optionally

subst | Bub.dyamdiq gredpfigpendently selected from 0-5;

each R', R?, R® and R* are independently selected from the group consisting of

hydrogen, optionally substituted alkyl, optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted aryl and optionally
substituted heteroaryl;
R*® is selected from the group consisting of C=0, C=S, C=NR', S, O, NR!,
CR'""R**, NCOR® and NCO,R";
R'® and R are independently selected from the group consisting of hydrogen,
hydroxy, azido, optionally substituted alkyl, optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted aryl and optionally
substituted heteroaryl; '
R is selected from the group consisting of O, S, NR‘, CR'RZ, C=0, C=S and
C=NR'; ‘
R7 is selected from the group consisting of hydrogen, CO,R™ and
COCH(R™)N(R")CO,R"; ‘
* R™ is selected from the group consisting of optionally substituted alkyl,
optionally substituted carbocyclic, optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted heteroaryl;
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R7c is selected fromthe group consisting of hydrogen
and optionally substituted alkyl; and, R8 is
wa@edoeasmwes f rom t he group consi sting of opti onaPCHUS2007/010924
substituted al kyl, optionally substituted
carbocyclic, optionally substituted heterocyclic,
optionally substituted aryl and optionally
substituted heteroaryl. [0059] In a further
enbodln%nt R7a is t-butyl. In a further enbodi nent, n
is 1, RiiisoptignaktgsubssiteboRs alyd RS i s benzyl. In a
furt he 7e 0] : :
from t qu?%g%g‘g ?)lrr(])g} {Sﬁ? %rb&p g&%ﬁ%xof@ygg}ggg é)%ﬁgﬁéﬁly substituted
opti ondkyly substituted heteroaryl and Rea is
hydroge% [ 0060] Useful alkyl groups include
strai gfﬂ} chai ned or branched Cl1-18 al kyl groups,
especi Rl liy sabddnad ,fraah hghle gmxppy:bnsiitingpk)dip(y;btionhlljausqblstituted alkyl,

secb nt Xyl roups,. . The.term .. .
"ol ky! ety SF e g St ooy Pohsgiplia EeReyetic, optionally
cont ai Juibbgruded a?:yl asldw nénaupsdbedrumﬁ%@ml groups as
(00% xenmplified by d . Q61£ Useful %nngaougt 1,
q At ude éleﬁaf?@mreem iBgp oB g5 hhetdq g fuyrghegjepabodiment, n is 1, m is
gr ogpR>° ;& NTRGJReHl dnvt % iR RMEyl. ﬂﬁ%ﬂﬁﬁuér erhB&IMERERY? is CR'"R*, R'*is
butenyl i sobut enyl, and hexen [ 00621 The term

" al RIASIER feom fhe dreep |sensistng e%( éwgrq ; éZ@Pv%ndeﬂthnaﬂy substituted
radhg@} ra[nuq@a FHvARS al kene as exenplified by
Siite: Lkl

ful alk nyI groups are C2_18
lOO&lﬂky nyl é%ssﬁwlk%@@eﬂsanw @ 6131kt Chainedyriranched Cylig alkyl groups,
but ¥§Bé|01all§r}get%§p leﬁmy}mgyp w&;rém%utyis %E&bupyy cd-Baltkyhnd 3-hexyl

groups are I"cal cycl oal kyl” ‘groups

| ncmscﬁpm@kylew ¥Q§Q¥lﬁ§/?‘ dl\@}@n @B@hf%dpcal containing 1, 2, 3 or 4
cyc I tyl ﬁH?CP d nor bonyl . '
[ OO%@Fgfglgwgr%gg%r%%ggﬁnc oye (Sé—? T4 aryl ,
[008dpeci al [Usefith _eaiybnylng@luphylhg:ludp mmwht-h:lhemyﬂ or branched C,.,g alkyl
b1 pRERTrepro T FERI P som et stms. iogbutpyl, and hewenyl.
[0d6] er oar Wheg}eﬁﬂ Palkengletiele as s hikreirb e¢teny to] 4 hiiealstit, radical derived
nap 2 th| eny.l el furyl, pyranyl,
OBy 1 Wkens b e Dy CRafHRR PR

e e v T et
pyr b %W’M Y‘Eiz‘%'mﬁ’? i ndol i zi nyl, isoi ndolyl,

[0034} | ndol Wsefil nél@idblkyl Erddpe Qkey/IC;. spHydl&ukyl Typlcal cycloalkyl groups

4H qui nol i zi_ nyl, isoquinolyl, quin al zi
napHIAe BYSIgRroPYuiHE LRI Vhy FYCleReHh 34 F}‘ﬁ}PE F oPralehs yl adamantyl

car @ad gborny?- car bol i nyl, 23
[0065] Useful aryl groups include Cg.14 aryl, especially phenyl, naphthyl,

phenanthrenyl, anthracenyl, indenyl, azulenyl, biphenyl, biphenylenyl, and fluorenyl
groups.

[0066] Useful heteroaryl groups include thienyl, benzo[b]thienyl, naphtho[2,3-
bjthienyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl,
phenoxanthenyl, 2H-pyrrolyl, pyrrolyl, imidazolyl, triazolyl, pyrazolyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, indolyl,
indazolyl, purnyl, 4H-quinolizinyl, 1isoquinolyl, quinolyl, phthalzinyl,
naphthyridinyl, quinozalinyl, cinnolinyl, pteridinyl, carbazolyl, p-carbolinyl,
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WD 2007/ 130626 PCT/ US2007/010924 phenant hri di nyl,
acridinyl, perimdinyl, phenanthrolinyl, phenazinyl,
w0 s@vhs@mzol yl, phenot hi azi nyl, isoxazolyl, furEwaszn7/010924
phenoxazi nyl, 1, 4-di hydroqui noxal i ne-2, 3- di one,
7-am noi socoumarin, pyrido[1,2-a]pyrimdin-4-one,
1, 2- benzoi soxazol - 3-yl, benzi m dazol yl, 2-oxindolyl,
and 2-oxobenzi m dazolyl. Were the heteroaryl group
contains a nitrogen atomin a ring, such nitrogen atom
may phmdnﬂlridmylf acridiof/l1, aperihidmyi dpherlanguqlirwl,pyhd:rdyinyl isothiazolyl,
N 0X| [ di.n
t he Phren 9 1 pbhindt el PPREy . icRuipoxatine.23-
nmor Glcaiekyl-amlhaisﬁmmarﬂﬂ p}l‘ﬂﬂlopatia}ﬁynmlkl}ddﬂ@nyj 1,2-benzoisoxazol-3-yl,

oot PoveimiGRS et Sttt i Chorbenart el Shtrespdfdteroary! group

hal @ontams @ahilkisherDatoReined dagyduch rnwsg&n a’tdimhﬁ%)ybe in the form of an N-
optionally substituted with ong re | qw

hal GXI9yF-&- 8PYREYEN P96 PYFGURE N-oxife RgAmidiny ot B jand the ke,

o0&} | onal loptiake Tshﬁét'&%iilté/\ﬁlﬁdl‘udm 8nélorNBbe: laWBr hﬂbk)ébldo haloalkyl;
hal oal kyl and ary &Woups heteroaryloxy optlonm

sub&yonyk alkmyk caﬁlea L thstegoalbyle petgraalkynyl; pgy dmtlﬂ}?l)(y substituted

and yafty |on9r&uf?§ore Riwe XMicyl | kerd ! th@alk?f rt Héteroadyli ngrups aryloxy
am no; %Joxy arylacyloxy tionally substltute

wi t lpptierallyrsubstitatedoyish ong Rymoreh wez [l hajeplkdy 91 heteroaryl groups;
gro l5.{c¥1‘ilr(1y(:)ld hpt@%lp(%mﬁ)‘ﬁgﬂ? Xkﬁ’%fﬂutgﬁtvblgp 8hd ¥r m@tlb&lhﬁt Qﬂiyl haloalkyl,

with o or nore or hal oal k
gr o@pé anfl ereynse heterpanyloky nmlmallwbbttittlwwﬂwm om@r@lower alkyl,

het 2’? 6’%&3’? oaﬁ%’e,g& ﬁ\b o’nglﬁ%y s%lgg]t %ltar%mgpam(’)né amino; acyloxy;

nor arjlanoémxyad;ﬂt;dn,allh aubminlnydi wﬂrmhemryhogrlowps alkyl, haloalkyl, and aryl
partially het er.oc t [ |

sub&FUPst U d1 tl;r%]h mglox%olptloflyl V%su s%( %llt?do Y tfé I%glg Pk ))é’ro,re lower alkyl,
and haR)rqﬂ h@mabkyl%roml; hemfdcyclmmmk)ualdﬂ ambstltuted w1th one or more lower

gst % O Qé]!f)lﬁ F@% ?%élug)gﬁ}?groc ﬁt))lé% % ona lg sugsqg'uted with one
any oeo‘mire ntlowenk alkyl, vitthoalkyf r agd b@ﬂ)G@-odﬁef phrtially unsaturated
sat ated or rtially saturated carboc cl

o e Neerasioeyp T onticraY SBsuEr et S perrors it AIGT haloaliyl, and
cyclapal kotyd; mir@iRs unﬁa@’ateasmmbm@lkﬁaxy optionally substituted with

cycloheptenyl and cycloocteny bocycl i c, grou

al sOPF & MRTE lgWeLpkYhApiaayls %&‘,’eﬂy[) g{quaﬁ,aﬂi/gny cvalent linker (vide
subgfpguted aryl groups such as, tetralin. [0069]

Usef ul "hal o or hal ogen groups |nclude fluori.ne,

(00681 or i ne, quﬁdmwa@%dow dartiedy saqnweted) camBemyslic gmRyplR cycloalkyl
and gf"(ln.ﬁﬁé e&éﬁr%réﬂovgr QURRIN BCERISaIREN Prodre sﬁ@@‘é? ‘cyclopentenyl,
mentd oned kyl groups substituted b
t he cadobqntmﬂtandn@(plc@@tqwl arGarbogychio pgoens h%@ en@aﬁ«y |groups having

o o RBhHly ABhUERT AflUIRRRRY plignel ! 20f
[0058] 10 al Kysefujrhalgper laldeeni gronpsdnélyde fluonime, chlorine, bromine and iodine.
[0070] Useful alkylaryl and alkylheteroaryl groups include any of the above-
mentioned C;.i3 alkyl groups substituted by any of the above-mentioned Cq 14 aryl
groups or heteroaryl groups. Useful values include benzyl, phenethyl and
naphthylmethyl. .
[0071] Useful haloalkyl groups include C;.jo alkyl groups substituted by one or

more fluorine, chlorine, bromine or iodine atoms, e.g., fluoromethyl, difluoromethyl,
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nore fluorine, chlorine, brom ne or iodine atons,

e.qg., fluoronethyl, difluoronethyl, 24 WO 2007/130626
weOUsBRO7/ 010924 trifluoromethyl, pentafl uoP@EUR007/010924

1, 1 -difluoroethyl, chloronethyl, chlorofluoronethyl

and trichloromethyl groups. [0072] Useful heteroalkyl

groups include C1L_10 al kyl groups contai ning one or

nore nitrogen, oxygen or sulfur atons, e.qg.,

- CH2CH20CH3, - CH20H, - CH2CH2NH2 and - CH2CH2NHCH3

gr otnifuorpR#d], Usefprntdfbroesatylkyny| 1grdiffperdettyliude chloromethyl,

C2_18 alkynyl grou containkn or nore nitrogen,

oxXy g@r‘?‘%ﬁf‘y"sfé‘lnf‘ﬁ‘r‘/ Pa’?dé%?‘”%‘?*a?%hy? @9%1%2 CCH. [0074]
[0072¢f ul  alUwefyl hgtedogikyli grobpstiachndy g1 alklys proups eontbinignene or more

of the C1 10 al kyl roups nentj e. 5]

s cPToms g SPIEL SRR F BacCBaE PP LRl G A iy HaNH, and
one -@H,CHeNBCH zralgsy! groups nentioned above. Al so

i ncl uded _are the suy]foxi des and sul foneﬁ%{gf such

10073ky | t hi Fsghddsteroqllsymd | sreipst FludriCads gHITYPsEiPRRY frfyaining one or
car bony hafdgda, & gsk bl s@furaioml:#, KyyocHat¢anoyl)

attached to an amno nitrogen, e.g., acetamn do,

[0954bpi onaHebl alkeryagoppsindese peracarypstigmieddy one of the Cy.io alkyl
hex ] cl | as aryl-substituted C2-6
gg%gm§@9n§¢awe.

sub ed ac groups. [0077] Useful acyl oxy groups
[0075¢ any ®iseuladiylthie|gkeupsyinglude sulfkresubsttuiad bk png¢ obthe Ci.io alkyl

gro n%u);)? 6rgenticfn% %o@é Y A1&° ﬁkﬁ.@)ég n%)él lotgé %H%Jgﬁté% gnﬁl isElgf)nes of such

but y, pentanoyl oxy, Xy an
[ 00aBJvltizegnobipsar yl acyl oxy groups include any of the

[0(?7r I gro YPAl® erhic%n %go%go}gg%u\%u Q%ngtlﬂgxg@dé)? s a\%ll 0;5 taH§ Cis acyl

acyl oxy groups menti-on _
di clialbaratydnzastdcbed/, to2, Gr darhinoomotregenoy k@xy asetdmido, propionamido,

2,6-dj-(tyrifluoronethyl)., benzoyl pxy ,gr oups 007 )
s oPilnakainied CheE S enlide. REREBVRINpR R B3 A hbstituted Cos
,  WeebstitwteRacylpgouggl2 are C1. 10 al kyl or cycl oal kyl
s as.defined above. [0080], Usef sat urate r
@0 P R AERs et e gy e sarel prRh ) HiEhed o an oxy (09
t et rgediynlr efgr doihyloRy,r abdtbxy,PippEFibAbyIvky, BuR@bYIokNY |pentanoyloxy,

pyrrolidinyl, imdazolidinyl, imdazolinyl,
i nd&‘F?‘W}O"iysa&Fl%%mi‘%yl , qui nuclidinyl, norpholinyl,

0078pChr omankkul arglaé oupB)h@a@¢ by B khe Ayl s MYdntioned above
[tetronoyl and ﬁrgtrgangfglﬁgrpgups. [(%g%l] Usg?,u aryl ene

gr osplstitiied uge @Y1,tarthf eaeylors p&EuRs| yngmtiensd edove, e.g. 2,6-
dichlorobenzoyloxy,  2,6-difluorobenzoyloxy and  2,6-di-(trifluoromethyl)-

benzoyloxy groups.

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

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

[0081] Useful arylene groups include Cg,4 arylene, especially phenylene,
naphthylene, phenanthrenylene, anthracenylene, indenylene, azulenylene,

biphenylene, biphenylenylene, and fluorenylene groups.
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napht hyl ene, phenant hrenyl ene, ant hracenyl ene,
i ndenyl ene, azul enyl ene, bi phenyl ene,
whephesiskenyl ene, and fl uorenyl ene groups. 25 REX/US2007/010924
2007/ 130626 PCT/ US2007/ 010924 [00821 Usef ul
het er oaryl ene groups include disubstituted heteroaryl
groups such as 2,5-thienylene, 2,4-imdazoyl ene, and
1,3-triazolylene. [00831 Throughout the specification,
groups an optional substituents thereof are chosen to
[0g820vi de ﬁsmldletmbwleas ambsdonlpdcj dtbslbstit()@sélmt@oaml groups such as
Iinée 1en éne be %geﬂaln hF3|nve len i ncl ude any
bi var %ov an AR 1 SSmm 2nbodi ment's, the
[0083I]1ker [ S['lﬂouig}mht theo spedifiaitionp fgrdagisveae npfioneﬂmhbStﬁ)uents thereof are
. The Ilnkerlh¥%1cally aas a Iqﬁgth of from about
5 ar‘f QIR RIS HaRIF morgiFs AR ing standard

[0083pd | engtdialeabdinkb@! @st mdyr Be Rised &h aht Vinvdnfion! llneklﬂé any bivalent
has a Ienqth of from about 10 aﬁgitrons t o about

an(\:}é‘f?‘f’i‘;}ﬁ%t nkgr. I someembodimen nket-is a)CORRgyous © am of between 5

CONMRhd $6Satéths.! ?ﬁ@lmﬁ&&rﬁfcﬁ hBeh &8l ¥f froMlabout 5 angstroms to about
heterocyclic m)lett)é{1 er enbodj ments, the linker

i s dPepeTeas using s@pdad b@ﬁédﬁ?ﬂ%ﬁﬂ‘? angles. Mpfﬂ@efqr%bly, the linker

NON 13y M RdHghE Af- frdCabdutkES ABMrdiRs 39YatdRe 50f ahd\&ofRNY In certain
known honobi functi onal and hét erobi functi ona

| i nlegbodingends, e dinker) comppigee gt 19q58 one 7argl hetrgoaryl, or heterocyclic

ggm 7 In @th%% %m@ggrmértsg Q@e ﬂrﬁc%r 156?%%&%5%’. 1R ofi? eéﬂ%diments, the
1,431, 6,512,101, 880, 270 856, 571,

5 g2inke05s rOnemmtricalp 213@ liger may1be Gy, one of the many known

5, 1@1%m%%?ﬂmal a1 agﬁshet%ﬁ)%bfr\bgté%i ClEhlJe?s ' n§&r P&E S atg%, P¥atent Nos.

reference I'n | s ent i'n anot he
enbdoﬂ(l’réﬁﬂ 6,867,10hk &:921e669¢ oM P06,482,a 65 8@@993, ®759,509, 6,521,431,

‘ ou
o d%% e 9]89%96’ $985%§‘71 ?8?%,8(% 5362[%%4@ séfsé’lé%é’ 5,212,075,
i s 6,165,923, BR40%548)hcRiwhich m;tdc)tp@ened)by redevenceninkitsl entirety
r . further co ri s

thls enbo ment he |i %
0GB b odf AR RoRI B Ep Bt et g BoRR S, GRS, or R CO-
S eC @chpdbcind tm/rahylamaayAlel D& Ror omxidcmgl dng¢ of Ay, Y, D', ' Tor U
substi t ut ed,, al @;n one of .the
car W%Pogr;s @“\Age% engpp deyer aliyl: In this
by moarmemr ahQ hr&er l\ﬁl@an o@mﬂrﬁe@ a aga@hlﬂwmﬁmow RPenef the first
groups. es of such linkers include, wthout

I'i migrenn awt cﬁ ofj theysecqyl groug whighymay pnaludg ap oppopal{y substituted
" PQI]@lene group wherein any one of the carbon atoms of the alkylene group may be

substituted by one or moreO, S, NR'O", arylene, and heteroarylene groups.

Examples of such linkers include, without limitation:
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WD 2007/ 130626 PCT/ US2007/010924 O Ph Ph O /jljI\ N/

NNN" NENN==N OPh Ph 0O HNNNH N=NN=N Ph O
wee@midesdb H N N= N N=NOPh Ph O HI H PEMUBLOD/#10924

NNPh O NONN H O Phrsis 28 W 2007/130626

PCT/ US2007/ 010924 0 O ~/ ; and [00861 I n anot her

enbodi nent, the |inker may conprise a carbonyl group

bound to any one of A, Y, D, J, T or Uand any one

of A1', Y, D, J', T or U, and further conprise an

al kyl ene, pol yal kyl ene or aral kyl glycol group bound

to thg carggonyl groups. Exanples of such glycols

J\MM@My%

E)J\ )\@N/\/\/ ﬁ/k )J\f

gﬁ(nﬁ/\°A<\:/N\"vtu/H\€;

R o
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bl ock copol yners of pol yoxyet hyl ene and
pol yoxypropyl ene gl ycol, diethylene glycol,

wao eioetisnskene gl ycol, tetraethyl ene glycol, di ppOpys®nE010924
gl ycol, thioethylene glycol, and pentaethyl ene,
hexaet hyl ene, hept aet hyl ene, oct aet hyl ene,
nonaet hyl ene, and decaet hyl ene gl ycols. Particul ar
exanpl es of these glycols include ethylene glycol;
1, 2- propyl ene glycol; 1, 3-propanedi ol ;
2, 4-di net hyl - 2- et hyl hexane- 1, 3, di ol ;
2, 2-di nmet hyl - 1, 3- propanedi ol ;
2- et hyl - 2- but yl - 1(3—propaned|ol 2-ethyl -2-i utyl -
1, 3- propanedlol 1f|3- but anedi ol ; 1, 4-but anedi gl :
1,5 pent anedi Hﬁ
2,2-4-trinmethyls 1, 6- hexanedi ol ; "thi odi et hanol . )
1, 2- cycl ohexanedi net hanol ; 1, 3- cycl ohexanedi net hanel ;
1,4-cyc|ohexanedinethanol; 2,2,4,4-tetranethyl - 1, 3-
cycl obut anedi ol ; p-xylyl enedi ol , 2, 3-napht hal enedi ol
and 2, 7-napht i@ enedi ol . Exanples of diamno O
compounds i ncl yde 1, 3- bIS (2, 4-
di am nopheno
2, 4-di am nGL5- nethylphenoxyethanol;'
2, 4- di am nodi phenyl am ne; 2, 4-di ami nophenol ; 2, 4- ; and
di am nophenol ; 2, 4-di am nophenoxyet hanol ;
2, 6- bi s(2-hydroxyet hoxy)-3,5- 29 WD 2007/ 130626
PCT/ US2007/ 010924 py®i di nedi ami ne; O

2, 6-di am nopyri di ne; |
2, 6-di net hoxy-3, 5-p I penN2- fﬁs
chl oro-5-nitro- HEderoxyethyI p- phenyTenedi ani e,

2-chl or o- p- phenyl enedi am ne;
2- am nonet hyl - p- aninophenol and
4, 5-di am no-| - neth yrazole Exanpl es of
[0086] no- hy di GR9theb g gqﬁggenp rth¢ ligker may comprise a carbonyl group bound to

2- athPQnd JtYA! XYY, TIbNE ardt £ G Sf AP &F ABNENQY or U, and further
2- am no- 4- hydr oxyet hyl am noani sol e; 2- ani no- 4-

hydlcgwétswnammm pebyalkylanefort asalkyhglycol group bound to the carbonyl

?&%6]&(& & (ﬁ"sEg}E %eﬁgg%ﬁ% E%ZLy%tﬂg/lgen o?}‘oxm)rogylene and

e an
g r obpockb eqm!ymgrsani/ poilxexyéthplene YandDpolyox fpropylene rglycohy diethylene

comBiiesh egencgebidh isyaient A, dilbile slisel piocthytens

est elycahiad. peEbaathylems he)n‘ae&ytehe,dh@mathylerm; Ioutdethylene nonaethylene
PSSP 8 ey RS PR B £ b e tyien
1, 2 gBycbol;i E2-@Irep§11€neegigccgr d)ﬁpproplme«:li‘ol; g 4|-d1t1redtidl-(2€dhjd§aexane-l 3,diol;
oY LRI SRR S S BPRGEILE grc.2 b
m rrﬂt:!_-pro@aimmlnds3_4_bn_tanedxohl w,aLtﬁnﬁnedidludt,:’upemaﬂ'éaﬁolSma@-hexanediol;
T MBS COMOUGE, L SO SRELGr Y PE LTE S o, 13

to byﬂdhéﬁnbﬁﬂ&tm@ll i nnumyblohb;&nleaﬁﬁmm on 9p.4 AEéiramethyl 1,3-

and c ases enbaqdi nent ,
ar e ¥R ml?loﬁawﬂﬁ%f&f@t B AP Aen A heind 2.7 naphthalenediol
enbetbiBNs, thefSmac dafRbi €S d@mpounds include 1,3-bis-(2,4-

diaminophenoxy)propane; 2,4-diamino-5-methylphenetol; 2,4-diamino-5-

methylphenoxyethanol;  2,4-diaminodiphenylamine;  2,4-diaminophenol; 2,4-
diaminophenol; 2,4-diaminophenoxyethanol; 2,6-bis(2-hydroxyethoxy)-3,5-
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not contain any naturally occurring amno acids. In a

further enbodinent, the Smac mnetics do not contain
wa@e7pspeéd de bonds. Exanpl es of known Smac m nRCT/US2007/010924

conpounds that are useful as starting materials in the

present invention include the follow ng: [0090] WO

2005/ 069888 di scl oses Smac pepti dom neti c conpounds of

formula VI: R OH NTJ, VI HNN OR2 Z-R3 or a

pharmaceutically acceptable salt or prodrug thereof,

V\herpaq'ridinedi%,mihs, Cz,gzdiainlfu;dpyddh{éi 2 mdhmahdxw-s SR®yridinediamine, 2-

nggct%li]?eru Qs r%[ﬁJ 2 %gg? tpy e%PenlyyeInX&l oal )ljl 1. )H/{oro-p-pheny]enedlamme

het a-ﬁmrmlmetlwl Iﬁhrh;dolphémﬂoam;d 4[Rdiamito-amadthglpgrazole.  Examples

unbr gnched. al, k or subst ed o .

s SRGETRPGFORY,y om Rt P R 2 EE s ppOregyPoriding;  2-amino-3-
al kit }ﬁ:lhaﬁr yl; 30 Mﬂﬁaﬂﬁ&&hmlh&ﬂ&u ;010924 Y2-amino-4-
is (CH2)0-3, mherel one or nore carbon can

r ep|%¥é§aws9wbqﬁ@ne%mfﬁ%? sulfie and Zoamine-&ehiere- éamfr?lbfrﬁnol

[o@ssggen St dndther 3RMHoBIN R IBB 1inkBOma %ofh‘bng@ﬁﬁoxygen or ammo group
rogens in CH2 %roups can bg‘”r@ﬁ aced a branched

or (hobpd e pRYoBe RYA1oY. Pydy Ter a‘@fones t'i Yutked'of or U', and

uns l’fgﬁhértd&rﬁﬁlls@ @ﬁlac@h@é %{I\Imgt&edl@srtéiafi%}md@{)r ester amide. Examples
aI kyI heteroary (CH2) 14,

s;p.@)hgiegsuc@gqaqd jgpgpqu;d,gadlplc acid and the like.
[Oté g i ggﬁg &t %-6 WWN%NH él—l%fb _triazol- 4,5-ene group
( CH2yhick Mmsﬁw@@mygloaddmpn O€riPydpageWR gfaiY Oh an azide group.
Myj rein 'ﬁx hﬁk&'rﬁn&&sdto birt! '&Q{) eq}u% 53 lcog{?ounds into a bivalent

| oal k substltute or unsubst uted
aI kysltxacguqu h’Etee Somcymimetic gbinpbixatsejoieady togefheddidy B the same or

2005 9894 discloses Spac minetic co
%6 eﬁg g 13Ny, Smdce ,mlkqe;{]c\ﬁqmprg)ung%own to bind to IAPs and

or ITU
inhibit the 1nteract10n of IAPs and caspases. In one embodiment, the Smac mimetics

are conformationally constrained. In another embodiment, the Smac mimetics do
not contain any naturally occurring amino acids. In a further embodiment, the Smac
mimetics do not contain any peptide bonds. Examples of known Smac mimetic

compounds that are useful as starting materials in the present invention include the

following:
[0090] WO 2005/069888 discloses Smac peptidomimetic compounds of formula VI:
1 .
: /N
H,N N Y Vi
o R,

Z_R3

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R, is C, . alkyl or C,_; haloalkyl;

R; is branched or unbranched alkyl or cycloalkyl or substituted or unsubstituted aryl,
alkylaryl, heteroaryl, or alkylheteroaryl;

R; is branched or unbranched alkyl or cycloalkyl or substituted or unsubstituted aryl,
alkylaryl, heteroaryl, or alkylheteroaryl;
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0 Z-R2 or a pharmaceutically acceptable salt or
prodrug thereof, wherein: R is Cl-2 alkyl or C-2

whadooabdeyé ; R2 is branched or unbranched al kyl P@r/US2007/010924

[0q9io)

cycl oal kyl or substituted or unsubstituted aryl,

al kylaryl, heteroaryl, or alkylheteroaryl; X is CONH

CH2O, CH2NH, CH2S,.or (CH2)1.3i VY, is (CH2)1_5,

wherein one or nore carbon can be replaced by one. or

nore heteroatons sel ected from oxygen, sulfur, and

nit r&bger(CP&Duj; owlgerein pe @rhmdreogerbon cam Bel2reglacep dycane or more
E;C[ Ieger% (gmf séﬁeaeé’ a”Ch,t?fﬁeg{jsu‘inL ";]‘gdﬁ%%ggg u‘%‘ oD e g more hydrogens
aI Ky el groilm @hdﬂ:rryb],acc:d byh Ibyddchééooambthnch‘éﬁ allql or cyclic alkyl or

by 8;\%5“2‘?&%]? rgr(;i‘s g?tél erDIIi(e C gtgr Cag T all{c/%‘l t%lgo%gyl and
sul fauis, CONHN IGHZOJQQGHCEJJCKGH];&@T(OT‘QDIQGWH@H@S 3, (@H2)13S(CHz)o.3,

ol kg PHRERE R | JPHER S Neia@rtare GHaralifRORRTRSy.  (cma

ar y |3NH“U(bJN H(Ek‘la)oh S(CHHRNHC(SINFRICH L oL (CHb Y |3NR40@|12% -3, wherein
3 CO\IH CH2

( CHB 15 lg’g{lgl}qg)q; @braneég&ba kylml_q(yacgilél gr subs 1tute<2 or unsubstltuted aryl,

OoBalk el NHSO02( CH2) 0- 3, (CH2) 1-
3NHC(%) NE&%% %1 bga ) 1- i S) NH( CH2) 0- 3, or

9894 djselosesSmag mipetooTnpapss ef formula VII:

PCT/ US2007/ 010924 R i's branched or unbranched al kyl
or cycloal kyl or substituted or unsubstituted aryl,
al kyl aryl, heterofyl, or yal kyl hetgroaryl . (00921 WO
2006/ 010118 di scl pses Sngc m I C corrpounds of
fornula VIII: g, Nk-r ZY XYl or
pharmaceutically accepta N or prodrug Yﬂereof
wherein: A is NRLR2, or RIRZR3\ R1, R2, and R3 are
i ndependent |y hydrogen orp opti onal Fy—ﬁabst ituted C1_8
al kyl, C2_8 al kenyl, or C2.8 aI kynyl, in which one or

more carbons can _ be re CcC=0, . C=S
het &F Rbamacspicallypereriph esaol RrRdrug thereqts dﬁ@rw mor e

hydiRQgeas., hikyfbt C, SiidosikylCH3 groups can be repl aced by
fluorine, gr anch or unbranched_al ky

cy iRt RImehasTOOFBIshrd ksl psoralion oLPysHnsdgy wpsioted .
het RRAYI, heRFoiK ¥l NRYMERASHI; OF

X is CONH, CH,0, CH,NH, CH;S, or (CH32):.3;

Y, is (CHy);.s, wherein one or more carbon can be replaced by one or more

heteroatoms selected from oxygen, sulfur, and nitrogen, and one or more hydrogens
in CH; groups can be replaced by a branched or unbranched alkyl or cyclic alkyl or
substituted or unsubstituted aryl, alkylaryl, heteroaryl, or alkytheteroaryl;

Y, is (CHy):.s, wherein one or more carbon can be replaced by one or more
heteroatoms selected from oxygen, sulfur, and nitrogen, and one or more hydrogens
in CH; groups can be replaced by a branched or unbranched alkyl or cyclic alkyl or
substituted or unsubstituted aryl, alkylaryl, heteroaryl, or alkylheteroaryl; and

Z is CONH, CH,0, NHCO, (CH3)14, (CH2)1-3CONH(CH3).3, (CH2),.3S(CHz)o.3,
(CH2)1.3NH(CHz)o.3, (CH3)1.sNHCO(CHz)o.3, (CH2)isNHSO(CHa)os, (CHo)i.
3sNHC(O)NH(CHj3)y.3, (CH2)1sNHC(S)NH(CH3)o-3, or (CH3),-3NR’(CH3)o.3, wherein
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OR4, SR4, or NRAR5; R4, and R5 are independently
hydr ogen or optionally substituted Cl-4 al kyl, C2.5
wa@bdengde2s or C2_5 al kynyl, in which one or norRCTHSDOTIB10924
can be replaced by a heteroatomselected fromO, S,
and N, or optionally substituted aryl, alkylaryl,
heteroaryl, or al kylheteroaryl; or any two of Rl, R2,
and R3 taken together with the nitrogen to which they
are attached forma heterocyclic group, in which one
or Kgriebrarhwhorainbranched bikyl epdyabatkybpr subs@iut&l-S; unsnbstituted aryl,
het € and N, with the proviso
t hat%h%ﬁa&[r?}g%er %%\t g)rmglli( g%r% ]t ed fromthe nitrogen
[0022pm by aVO HHS0 HOMDS disclmsesssm& msmetts congdolupds of formula VIII:
substituted Cl4 al kyl, C24 al kenyl, or C24 al kynyl,
wherein one or nore hydrogens can be replaced by
fluorine; u|saM1qqo C(S)O, C(S)NH, C(NH)NH, or
(CH2) 1.5, wherein one or nDr ca ns can be repl aced

by a heteroaton1se ed fr S, and N, Vand Ware
i ndependently (CA2)1 5| reln on nor e car bons
can be replaced by C—O c=5,-oN heteroaton1se|ected
fromO, S, and N, and one or nore WO 2007/ 130626

PCT/ US2007/ 010924 hydrogens in CH2 grbups can be
repl aced by a branched or unbranched alkx+n9
cycl oal kyl , an optionally substituted ary al kyl aryl
heteroaryl, or alkylheteroaryl or OR4, SR4, or
NRARS; |s o naII bstltute Cl,18 C2_18
ol keRpPhasace Rk e ble St St tursal persinr 51 o
oneppﬁrmmﬁg sﬂanﬁgRgan be replaced by C=O C=S, or a
hetero ton1se|ecte gqlo S, and N, an

d one or
hy dFogBas™ i oHe | i Ry P ERAR SPLITBLY PRSIEN Cig alloL, Cras

a brarkePedrar,. guﬁlﬁilﬂﬁchﬁ‘i'lﬁ’dl'k&ﬁe 8F nforé lcaoky |canéb|% replaced by C=0,
opti ona Iy substituted aryl, alkylakﬁ het eroaryl, or
%P& Rgd

al kiR CERAIPatoB seloripd oge jog My fydiggens in CH,
Z i £ cf5 Grodpsfan @Eﬁgivl a&dd®y, ﬂgémg"u%raﬁéigd I%r'cv.glbranched alkyl or

hydrogen or "optionally substituted Ci
al kengipalkyl aupprorallyswpstitutgdgugaalkylagyl, Pretpioasicer alkylheteroaryl, or

APpPldEakikg °Q>H§RI@OO5/0234042 di scl oses compounds
acco#%ing to formula IX: R3 0 H
R4, and Rs are independently hydrogen or optionally substituted Ci.4 alkyl, C;.s

‘alkenyl, or Caos alkynyl, in which one or more carbons can be replaced by a
heteroatom selected from O, S, and N, or optionally substituted aryl, alkylaryl,
heteroaryl, or alkylheteroaryl; or :

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

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

U 1s CONH, C(0)O, C(S)0O, C(S)NH, C(NH)NH, or (CH>),.5s, wherein one or more
carbons can be replaced by a heteroatom selected from O, S, and N; A
V and W are independenﬂy (CH3)1s, wherein one or more carbons can be replaced

by C=0, C=S, or a heteroatom selected from O, S, and N, and one or more
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R,,~NURS NI RZORIIXwherein RLis H Cl-C4
al kyl; Cl-C4 al kenyl; Cl-C4 al kynyl or C3-C10
weyoosleke! whi ch are unsubstituted or substiPpct/Esz00R210924
is H Cl-C4 alkyl; Ci1-C4 al kenyl; Cl1-C4 al kynyl or
C3-C10 cycl oal kyl which are wunsubstituted or
substituted; R3is H -CF3; -C2F5; Cl1-C4 alkyl; C1-C4
al kenyl; Cl1-C4 al kynyl; -CH2-Z or R2 and R3 together
with the nitrogen forma het ring; Zis H -O4 F, d;
CHCBydro@Eﬁs in CHRGaroup<lel@t be rrepl@eiObly aRHIahsht@lOlCﬂ!ﬂJranched alkyl or

;t rkalﬁ pa lkxl;, b af hzgij sg.{l})léﬁ\{tgqu%]f}'lcj'?(%’%[g)e ggtgx‘ rlﬁkylheteroaryl, or
(CIEIE%QSRa adr)N&R},nd (CH2) O 6 het wherein al kyI '

cyclpal k e r te
Sﬁb if u%/%?bf‘“aa% IE‘Q) P%\f(t%) %ﬂ% ) 9}'1 Cz.8 alkynyl, aryl, or
- N( R8fker )w(zlgra}llo& G3- rﬁarecyﬁb&ad kxd Jbe- Nﬁ)f&%}d by C=0, C=S, or a

C(C(O ¢ ( o hen1¥| A Né}R%P Ig(d%p gp%)(;r more hydrogens in CH, CH; or
- A OH:Qslo ):ﬂn @e@gplﬁzedfuﬁ laOs¥hkoHed or unbranched alkyl or cycloalkyl, an

0-0 ph O (CH2)
] 8( ep@n s@i:et‘tgp enly’/ _a&y = )h @F@)(r)_[l gr eﬁcytl}pteroaryl or ORy, SRy, or
cychgg -0 O) 33 WO 2007/ 130626

PCT/ USZ 7/010924 (CH2) 0- 6- pheny! :
-O OCKHeHM:1- 6- het; wherein al kyI cycl oal kyl and

Prgerr?élrs gﬁizﬁc—@@@bﬁsﬁﬁiék 89@?1‘1\&1{%90' het is a 5-7

| eterocyélic ring containing 1-4 heteroatons
sel &isdydfagsmoropti@adlydubstitated £h48l Mbm@t dqr§sedikynyl.

l.ng syst [ g . t e 7
OSFS, StyefS, PRILES LRS! 05° FodepTRObe fieses compounds

sel ec¢oedl1ngrtomml;ulﬁlx and S, which heter ocycl i c r| ng or

fused ring systemis unsubstituted or substituted on

a carbon or nltrogenRat om R8 igH -CH3; -CF3; -CH2OH

or -CH2Cl; R9 and R p are each ijhdependently H Cl-C4

al kyl; C3-C7 ®y¢l oal ; =NCH2) 03—@®&{ cycloal kyl;

(CH2)O 6- phenyl [NWher ggh al , cycl oal kyl and phenyl

are unsubstitut ed| or slubstituted, or RO and R10

together with theRnitrdden fdamhet; R5 is HIX

Cl1- C10- al kyl ; aryl; phenyl; C3-C7 cycl oal kyl ;

( Clvlﬁm)eilelﬁ IGSrsCFI c,ycm,oakWIcl (N ﬁlkeﬁljflc) (HI-(quhlk&ﬁyﬂ or Cs- Cm cycloalkyl
-( 8;%;(81 %&H“E‘( L tict or sulf)gtltuge%HZ ) 0_6-phenyl;
R; is H; C,-C4 alkyl; Ci-C4 alkenyl; C;-Cs4 alkynyl or C3-Cyo cycloalkyl which are
unsubstituted or substituted;
R; is H; -CF3; -CyFs; C-C, alkyl; Cy-C4 alkenyl; C;-C4 alkynyl; -CH;-Z or R, and
R; together with the nitrogen form a het ring;
Z is H; -OH; F; Cl; -CH;; -CF3; -CH,Cl; -CH,F or -CH,OH;
R; 1s Ci1-Ci¢ straight or branched alkyl; C,-C,s alkenyl; C,-C;¢ alkynyl; or —C3-Cjo
cycloalkyl; -(CHz2)1.6-Z1; -(CH2)o.6-aryl; and -(CH,)o.¢-het; wherein alkyl, cycloalkyl

and phenyl are unsubstituted or substituted;

Z, is -N(Rg)-C(0)-C;-Cyo alkyl; -N(Rs)-C(O)-(CH2)16-C3-C7 cycloalkyl; -N(Rs)-
C(0)-(CHz)o-c-phenyl; -N(Rs)-C(O)-(CHz)1-6-het; -C(O)-N(Ro)(Rio); -C(0)-O-C;-
Cio alkyl; -C(0O)-O-(CH3)14-C3-C7 cycloalkyl; -C(O)-O-(CHz)o.¢-phenyl; -C(0O)-O-
(CHy),¢-het; -O-C(0O)-C;-Cyo alkyl; -O-C(O)-(CHy3),.6-C3-C7 cycloalkyl; -O-C(O)-
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4- phenyl ) 2; -(CH2)o-6-CH(phenyl)2; -indanyl;
-C(O-Cl-C10 alkyl; -C(O-(CH2)1-6-C3- Cr7-cycloal kyl;
WO 8{0dn306@H2) 0_6- phenyl ; - (CH2) o- 6- C( O) - phenyl ; PCT/US2007/010924
-(CH2)0.6-het; -C(O- (CH2)1-6-het; or R5 is a residue
of an am no acid, wherein the al kyl, cycloal kyl,
phenyl and aryl substituents are unsubstituted or
substituted; Uis as shown in structure XX R7 R6
(RA)n-Rc :::-i--- X wherein n=0-5; Xis -CHor N Ra
and (RH2)asehenyl e peraéEht(GHANRs-Det; syhesein Nalkylo reyoloaikyl gnd phenyl are

al k¥+‘ ‘M%g{u%dworoslagst&{uegpre of the carbon atons in the

e replaced by a heteroatom sel ect ed
f r oheﬂl,s aS- @me\hbe&edjhmcgcltdmgd:dnydmmgyl - beteroatoms selected from N,

uns stlt ted or bstl ut d; .S selected,f
i Relég 851 grxzng SySten }_IPCB}(.{I% aémlagst one 5-7
Rd E@)‘nﬁdﬁ@th@foc&ﬂidmag (b)bﬁiaﬁﬁhg)l 200t éeterosi@ne selectBd from N, O,

? Eg ap& §n§(grqu? é(iyc gle}ﬁélfor%‘l%mg sggtglﬂglsgltntgat@g?u%& gr substituted on
| ndgmr&lnytr&egrat&n 34 WD 2007/ 130626
PCT/ US2007/ 010924 Re is CL 8 al kyl or alkylidene, and

Re WriltH: rfelsn€FunsdbOH eutddedi substituted;, Qis N
0 §9 a§£l @)10 a&reagl( Qd%berﬁfehtlﬁ‘?-ﬂ (30‘[@4 ﬂkﬁ w@tdﬁ%ﬁ&l Q(CHz)l.s-Cg C7

unsubstituted aryl or are each

| ndé}zﬁ@ﬁ%ﬂﬁfﬂt FHCHLo- s-meuzi, h«rrm alkxu cmlqallaylwyrimyl argppsubstituted

Cgsub@hgt@d Y Ry ané W%%e&eﬁlﬁih&m%ged mn het;
-O -aryl; ; phenyl -

2 ool ) s -Ch ot aaIk GG i Cs-Cr cycloalky; -
QARG By st 18 o
a: tyiphenﬁd)zyI-(Cldﬂz)(@AfCH[Ilﬁw;lyl)hemdl@lﬂ Eﬂé@)l—@yﬁ:mﬂbylerﬁ(o)r(CHz)m-Cs-
o S BHShR EUDr AR (U ST HER, s

- O QIHgH ¢-het; kotl Rs o aRgsienel de anf ammoaacnd,ng/hsmire theedlkyl, cycloalkyl,

OIS B8 My By St et

1, 3di Baxchawein aruchke K:al kyl - OH;, where al kyl, al kyl ene
or arylene may be wunsubstituted or substituted with
one or nore hal ogens, R(}L R-OCI -C6 al kyl, -S-Cl -

7 6

Ry’ (Ra)n—R¢

(Rp)a—Rg™. X

wherein n=0-5;

Xis-CHorN; ,

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

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

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

p and q are independently O or 1;
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C6 al kyl or -CF3; or Dis -N(Rh) wherein Rhis H Cl_7

al kyl (unsubstituted or substituted); aryl; -OQCl-7
w@y®hosleke/| ) (unsubstituted or substituted); PCT/US2007/010924

C(O-Cl-C10 alkyl; C(O-Co-Cl10 alkyl-aryl; C0-ClI-CIO

al kyl; GO Co-CO0 alkyl-aryl or SO2-Cl - d o-al kyl;

S02-(Co-d o-al kylaryl); R6, R7, R6 and R 7 are each

i ndependently H, -Cl1-Cl0 al kyl; -Cl-C10 al koxy;

aryl -Cl- Cl O al koxy; -0OH, -0-Cl1-C10 al kyl;

- ( CIR2)i§ (a5 @BcyLor alkyliderekyid Re @hfidbHRRp b6 unsupistitutqshasrspbstituted;

- ( . tarn O .1 6-het; -ORIl; -C(O-R11;

- C(ngsr]\’ﬁ’%’;?’(%?%?r(ﬁ%Rl 1)(RI2); -SR1; -S(O-RL1;

- S( AQr2afd Ay, axﬁ(sﬁbﬁmlﬁaﬂ ‘me?s,ubstMEteki-aSﬂ@rmeRlz wher ei n

al k yel oal kyl .a # e unsub 0

sub il e are g engpadn B it T Bl 9 -0-Cr

f or 1, galkiy G(CH Hb-60s- cE%lc'l_vc&faﬂcle D-6CH,)b hdepepktant; Iayfylkbhenyl-phenyl

Cl 3Lt oL e R BT SO N S N

g(H?R(. I@{ﬁn@&s@@)zcuﬁl ostck)ylglfilllri(zo) ANR1-8(O)-Riz; S-C1-Cio alkyl
S ek dieric Cr-Rlioviteesip uglrkg{]ygy%}wlkyl het and aryl are
C( GhsubfstiBkdd Or f@ﬁﬁsututé‘é S)sd;lcpogail rsoz-c. C, alkylphenyl; -O-C;-Cs4
- C7 cycl oal k
o ( eikz;,cpré{%m RY form u{l&fﬂ%ﬁbﬁmheﬁ oF ar -
t@OﬁC‘?'}yAIkyléfg ot -dr{iekd O ClH- ‘at@l , -8(0),- where r is 0-2;

C(S) ( wherein aI cloal kyl and aryl
ar e lpAsh 4“Fut<§d Cbn al,kwb&ﬂtw@tp 26 lmdkﬂﬁreie For2 agylgne may be

a Sl&ﬁén{ﬂshHﬁéH of Bﬁ&tnﬁ%ﬁ With @€ %r H&Q%BRJ EnsOdeFI N®).C,-Cs alkyl, -S-C)-

nol ec across a | rane;
t ogé&ishadkylpt HCF41eombt mo@Hthtvmnr@orRﬂn hetH; €67 ‘a!lkyl (unsubstituted or

200 .PCT/ US20807/ (=Y .

ubsPRRED: St PREL] St WRSREKRAAS: biluen): co)-cru

subsatkyﬂ UEED)-Cy-Cio a&ybaryﬂrdﬂé)-ﬂﬂ@b iallodn€ 0ol @p talidyl farygnor SO,-Ci-
0 -O-Cl-C6 al kyl, - S-C1-C6

al k%l“’%ﬁ(yképf @u@’gtl cycl oal kyl substituents of

R11 RanﬁhFRI.?_araI R'7$llﬂ)82tdhtlﬂ(ﬂ@ﬂﬂ(ﬂ§ﬁtl@ﬁé -@Il Gi‘riaraﬂcyl -C1-Cio alkoxy, aryl -C,-

o1 oo S RGO CleCtor ks Tefpn s Lol LH B 0G0 s aryls

CF%her@ﬂﬂ -€®H§)tusihut e‘D-WCHEMla-HN aDRIu,ofC(beJRIaﬁdcm)ZN(Rn)(Rn) -

P oNCHaDBbeh: S ony Ok D APk O HReBfg: -MEn-S(O)Rux

nit hmereu@lmkyi Qo Sk land Gylodrk Wns@bitituted or substituted; and Rs, Ry, R's

-C(O CA-aryl, or pharmaceutically acceptable
sal %dBWéia@(S’P “‘T‘G@@Lff’"@ agnppstsBhed Appl i cati on No.

200R, P3Rd RQ3adi ingdpea@mtioIPoradsaill; -{exyl-a; 6, cyBalkyl; -(CHa)o.
6-(CH)o.1(aryl);2; -C(0)-C,-Cjo alkyl; -C(O)-(CHz)16-C3-C7 cycloalkyl; -C(O)-O-
(CHy)o¢-aryl; -C(O)-(CHa)o.6-O-fluorenyl; -C(O)-NH-(CH,)p.¢-aryl; -C(O)-(CHaz)o.¢-
aryl; -C(0)-(CH>);.¢-het; -C(8)-C,-Cjpalkyl; -C(S)-(CH>);.¢-C3-C7 cycloalkyl; -C(S)-
O-(CHy)p-6-aryl; -C(S)-(CH3)p-s-O-fluorenyl; -C(S)-NH-(CH>)g¢-aryl; -C(S)-(CHa)o.
s-aryl; -C(S)-(CH3)1.6-het; wherein alkyl, cycloalkyl and aryl are unsubstituted or
substituted; or R, and R,; are a substituent that facilitates transport of the molecule

across a cell membrane; or R;; and R); together with the nitrogen atom form het;
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REBNRS ""J'YRA~NRSN,,, RL X2 L R4- X+ Rz Xl
wherein X1 and X2 are independently O or S; Lis a
Whemwd/ 13068 X3) -, -C(X3)NRL2 or -C(X3) O wherei nPCBUSR0T010924
or Sand R12 is Hor R1l; Rl is alkyl, a carbocycle,
car bocycl e-substituted al kyl, a heterocycle or
het erocycl e- substituted al kyl, wherein each is
optionally substituted with hal ogen, hydroxyl,
mer capt o, carboxyl, al kyl, hal oal kyl, al koxy,
al kyVteodin threyalkylagvbstituents tof & 11 and/R1amdy bhensytstitupéd olRubstituted by
is alkyl . \ Kk a a k
" naps oo ety Sl sefeb e B R Ay b gerd Oty S ,-Co atk. -
R4 &€Q,-R4 aluykor fl&pendent |y H, al kyl, aryl, aral kyl,

cycl oal kyl . cycl pal kyl al kyl eter |, or_ ..

ot entuiied sSURRBIL StbBnishty of BSY RARKY ote. Hlbstinged by one or more
VV: Lhuiib‘ﬂihﬁkgﬁlsele&tgd ety la OpET 6 &gtdhc; quld%OXl)(Mt;] Hlldgeh; OH; -0O-C-Cg
al ko LN nitro; and R5, are eac

i ndé‘ﬁ%’}ﬁdg%l'& alkyt °ra1cff§i ?“%536 VD 2007/ 130626

PCTiskisstioktéd RERRE 4r al f R, [HafMd R d¥ Isubsiitéted Bl lohe dndhore substituents
sol vates thereof. [00951 U_S. Published Applicatiaon

No. solgefed dommhalosdt Syfroxys Crbmabirhdsi-64 alkpyy:mifra; -4y -O-C(0)-Ci-

>F\(>I I Ca‘lill?&l aﬁ@-&@)_@l_(ﬂ_a@'arylﬁa' Rs R3 X2 NRS X3 A
or pharmaceutically acceptable salts thereof.

[0094] U.S. Published Application No. 2005/0261203 discloses compounds of
formula XI: ‘
Re
R3 N
Rs
Rs N Rs'N Ry
\\T X, S
X4 R, XI

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

L is a bond, -C(Xg)-, -C(X3)NR 3 or —C(X;3)O- wherein X31s O or S and Ry is H or

Ry;

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

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

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

heteroaryl; '

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

R; is H or alkyl;

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

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

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

R;s and Ry are each independently H or alkyl;
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wherein X1, X2 and X3 are independently O or S; Y is
(CHR7),,, O or S; wherein nis 1 or 2 and R7 is H,
whadoenae2e al kyl , aryl, aral kyl, am no, aryl anP€DUS2007/010924
al kyl am no, aral kyl am no, al koxy, aryl oxy or
aral kyl oxy; Ais a 5-nmenber heterocycle conmprising 1
to 4 heteroatons optionally substituted wth am no,
hydr oxyl , mercapto, hal ogen, carboxyl, am dino,
guani di no, al kyl, al koxy, aryl, aryloxy, acyl,
acyl|Raxy H eratkdm no, al koxycar bonyl am no, cycl oal kyl,
al k¥mt h%lls'an I %Yva? tfxereéﬁ’ al kyl sul fonyl , .
am nosul'tony am nosul fonyl, al kyl sul fonyl am no
[0095]a het dJ. Scwblbélshad‘leﬁqgﬂmataﬂn Nal RQO&/O(’&]II%WOdeisdngs, compounds of
arqu@¥ sgy acyl oxy, acylanino, cycloalkyl and
het ‘98 ‘substitution is optionally substituted
wi t h hydroxyl, hal ogen, nercapto, carboxyl, alKkyl,
al koxy, hanaIkyI am no, nR{Js o0, Ypyano, cycloalkyl

aryl or a heterocy e; Rk |s arp{d R2 t oget her
forma 5-8 nber Q(I ng; | kyl , ycI oal kyl ,
cycl oal kyl al I _ky N-a pet ergeycl e or

het er ocy®Yyl al k gF optyronal | Y\ substituted with

hydr oxyl, mercapto, hafogen]l "amn car boxyl, al kyl,
hal oal kyl , al ko® or al kyl t¥i o; NRsr al kyl ; R4
and R4, are independently H, hydrbxyl, &nino, alkyl,
aryl, aral kyl, cycloal kyl, cycloal kyl ¢
heteroaryl, or heteroarylal kyl wherein\ea
aryl, aral kyl, cycloal kyl, cycl oal kyl al kyl,
het @ I tlonally

et sy g %ﬁ“ﬁ%}‘%‘?f?@ mer capt o,

car BOICHRD kYD or 8t P«im;mn ar$ her@nahdRy sk, Rﬂog@n dlk®b  aryl, aralkyl,

2 B0 o HRBS AR ptin, Bnildhe, R A AR

H, A Irsyh S-rmembenhetaroaydy compnidingal t<s4a‘mhrezubmatop30nally substituted
there Certa of t npou of the o

or o2t SPHbenPH B Hnynefite: EoERkr SPEEopgiaine, guanidino, alky,
i nclatkdixyg aBdt argidxyl acyTE asyloxiy)eaclavend,i ﬂlaoiyw}hmd_@mhd» cycloalkyl,

L N T R o -
bolt Plﬁﬁllﬁllfﬁh?ﬁﬁ‘ldih@ oigh hetefaeyclef wheieih dehfz&l@lﬁﬂlmiﬁ adyl, aryloxy, acyl,
we S the I VI AU oners tha

. sepdFRPLEY Ay L%‘?‘B?r@’ CFO(? ]ﬁ’E ‘ﬁ)bgtef%éffleeﬂ‘l StWé'ilgn 1rpiAnglly substituted

t hosaAtohydrkkyll hhl’éog&n’ﬂ @mer@ififto, (ROSKA], AIRYK QKGR nhaloalkfrl amino, nitro,
enbodi ments of the invention the conmpound of Formu

|| ic¥ang gyeleplkyl, P’fﬂﬁff‘l‘?@teﬁ?"dﬁlﬁ consi sting of

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

“al kyl xin

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

RyisHoralkyl,

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

Rs, and R are each independently H or alkyl;
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Ph H\;H N\ NNOONOM DPh NNHNsNPh (j ) O

~NO /// H- HO HNOQPh NeNHOHHN NNNONON
WOR@7MBI2NH O Ph O NH O- NH N*N O O PhN N Nedd/HS2br/010924

HN 0 0~ HNC 38 WD 2007/130626 PCT/US2007/010924 N=N

0, M N~N ONN H\ ONHHV -NHHNOHO N -N

Off- N&NI5 N N-'\\ OHHV -NHHNO -N OO0 p N Ph

Ph OONHN N\Vt-N "*- NN~ WNH<-"NO iNHHOO

/|~
R, and Rg are each independently H, alkyl, aryl or aralkyl;

and salts and solvates thereof.

. [0096] Certain of the compounds of the present invention may exist as stereoisomers
including opticél isomers. The invention includes all stereoisomers, both as pure
individual stereoisomer preparations and enriched preparations of each, and both the
racemic mixtures of such stereoisomers as well as the individual enantiomers that
may be separated according to methods that are well known to those of skill in the
art.

[0097] In certain embodiments of the invention the compound of Formula II is

selected from the group consisting of:

Ve
o) \N\/\ N N\ﬂ)\
_NH o ,
., /
NH
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ONPh Ph O ON HN
NH/ NPh PhOON
wORN7NBI2¢Ph Ph 0 O N
_HNO ~NH O NN N=
O O NH NN N==N H N
PCT/ US2007/ 010924 N
NENNNNO NHPh P

Ph
h

/
HN

o] N Ph Ph O o Hm/k
o 0. :
\‘/U\N Y NN\,N/\/ ~ o T~ \/\N/Y\N \ I
_Nn H o) N=N N=N H

o) N Ph PhoO o f HN
)Y\ /\/O\'JO\/\N N
S NN LN O 0
_~NH O N N
/
o) Ph Ph O H HN
%N o NN\,N/\/O\/\N AN N \n)\
_Nu P o N=N N=N H ©
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INHHO ONPh P |
NNNHNONONNHOO'NHHNHI | 051-) 10 ..1 0 NH
WOR0703@26 N N ON N ~-? Ph2HCHNOC 0 NH HN 0 COMETHPIA7/010924
00 HO HNC ~NH HO 0 O NI N~ N Ph2HCHNGS 0 NH HN

0 CONHCHPh2 O O HO HN/ NH HCl 40 WD 2007/ 130626

PCT/ US2007/ 010924 OO0 N~ N ~'--~ N, PhyHCHNOC O NH

HN 0 CONHCHPh2 p O HCI HNC NH HCl P~h ON'; ( p O gN
H

h OON NONHNN-~ 1TINHHONN

/_\ N/\ O-// HHN NVAe N N=N O NHAC NH IO Ph N=N Ph
N O -~ =< NHN/ NON ~NHHO NNNNHOHHN
H
S ROy S S
=z NN
N NH N v 7 N N
B TR N=N =~ H ©

/s
HN

_NH HN .
0] O
SN )JM/[L a8
N N ]
N k N
PhoHCHNOE ¢ iy N 5  CONHCHPh,
fo) o
Lo
HCI HN /NH HCI
\
0 o
O:\\ﬁN/LK/\/\/W/U\N
N N
pHeHNOE  J G HN_<0 CONHCHPh,
[o) . o]
Hotun, NH HCI
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N=N N=N Ph ON, OON/ Ph HPhN-- O N~AHp e-NPh H
H,NHHNC N=N NN Ph <sfNOONPh PRI, NQ'HHOGP
woR@w1306dH HNC r * O 1 N eh OO NH AN _N\NPE&MUS20M7/010924

,NHHO OHNNNNHNOHA?OH 00 HN Ph Ph O

~A"N~-N~0O NN~N-N Il N Ho ,--,,NHHO O HN=N\"J N=N
H ) 0 41 WD 2007/130626 PCT/ US2007/010924 HN~~CH O
NPhPh OON HONHHOONH NNNNHO FF 60 H
HNC N~ 0 ON NO-NHI NNN-\NO NHHON:NNNH

FFHN OOHO ‘“)k/\/\/“\/—\
C e

PhoHCHNOC & i HN
o

S CONHCHth
o)

HCI HN( NH HCI

. Jﬁr

QWQD»WWWH Qﬁx?

L= T S G
3 7z /

\l)]\” p \{\N/\/\/N = NS H"\\ N)J\/
_NH N=N N=N o HN._
>
N=N "~ N=N
N\/\/OWN
—2 _

Ph Cl‘\l\ 0 (o] ( _N Ph
Ph/'\”/&o J ‘NJ\/ \‘)J\” ;/\\”)\Ph

N=N =
N A O AN
Ph N )Ol\/ o N Ph
PN 9 NTY \fu\N 0 N Ph
H o H o fn omn F o H
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NrD NE"H I N-. T NHHONNNNJIO FFHHW-OH

0QNOONNHN'--i\lN/N~NHO,,,,NHHOONZN'-I N=N
wWoL®7/150686 H HN~, OH O 0 O- iN O ~~NH N \/ NedqU/HS1007/010924
HO~NH HONNNO NN~ Ph Ph OHINH N OQNHNNII

HN, HO NNNNHO 42 W 2007/130626
PCT/ US2007/ 010924 N Ph H* Ph OH o/ AN O *"N~-NNN pi
-NH HN=NN=NH, 10 Ph Ph OHHNNH i\ ON- O NHN

NHH OO N NN HI 0 WN OIN i NPh Ph CHOpNHI i H
HI i "OOHHN ,NH -~/ 0
an ~_OH
o (D m _ o o N
PRt aaCang e bete 8

F F

[ \|N/> . 0 0, n "

NPT NS Ny P To('\
_NHH o N=N N=N )
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OPhPhON, , ONHHO N\l HUAHHO OH1 Il S OO
Ph Ph ON* HONH I 0O HOO H,NHO NNNNH HHNPh HH
WER00D1506RIN' N NH --N u ONO O ,"NH H O O r&MUS1000010924

NN
NN HNO PhOPhOON HY QNNHNVN N ,ANO

,,NHHO NNNNHNO 43 WO 2007/130626

PCT/ US2007/ 010924 ON Ph Ph 0 OH HN \/~ 1~ Ll p NH

1i N~/\O-/AN*/~N NJ ,NH H O N=N N=N SH-199 O Phh Ph
OONHN ONNHH -YII N,NHHONNNNNO-~O

~.~ Ph Ph 0 O N, KNP - HN

Ph O H
\)’\Nd \\—Nl-Ji\/\ «N\O/\/\/\N/Y\N&N\n)\
AW H NN H N )0

7

°QQ AN «'\/QQ
Qi R

,

2

-~

HN
o] N Ph Ph o o H
\‘/lLN NF)‘Y\N/WOM’N/V\N
NH H o N=N NN H ¢ N o}
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HO ONHNNN=NHE\/INHN OCN- Ph Ph OONH HN

HO O. NHHN-~*2Z- ZN) O NHo Ph Ph 0O OHHN ,NHO
WORNM7NBI2N and O ONE ON 1! NHO O Nom 0 \ PCHUSIOOM10924
HOHN NH NH HO 01H ~ HC or the free base thereof

or anot her pharmaceutically acceptable salt thereof.

44 WO 2007/ 130626 PCT/ US2007/010924 [0098] The

compounds of this invention may be prepared using

met hods known to those of skill in the art.

Speci fically, ng?ﬁggé_ th Fornula II can be
prepared as il is P
t he -Exanpl es. l Ow9] 'Tant as ect of %ﬁ/k
present inventi on i's t conpound§wmﬁ Formul a |

i nduce apoptosis and also potentiate the induction of
apoptosis in response to apoptosis induction signals.
Therefore, it is npl at ed that these conpounds -
sensitize cell st i Cc Ps of gopt05|s i ncl udihn N
cel I's that arq)$s i Geho~T Rdteef s—T e T

i nhi bitors of-NthE preQent Pﬁbentlon can be udd¥ t% .
i nduce apoptosis in any disorder that can be treated, ’
anel i orated, or prevented by the induction of

apoptosis. Thus, the esent invention provides _
conposi ti ons ﬂﬁkEQ;sar targeting animals o o "™ [\
characterlze‘aqéfﬁggné?pr ’\”T/\T7$fbrﬁ“e“m“\L%J

some of the eﬁﬁodrﬁénts “t he ceIIs (e.g., cancer</\*,

cells) show el evated expression |evegls of |AP

proteins as conpared to non-pathol ogi cal sanpl es
(e.g., non-cancerous cells). In other enbodinents,

the cells operatgf_ nanlfest el evat ed expreSS|on e
l evel s of |AP byf'Vv k;tue of executing th® ¢ o erl\

apopt osi s prdg yMﬂ \/\HAZ:i;_j o

or the free base thereof or another pharmaceutically acceptable salt thereof.
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response to an inhibiting effective anount of a

conpound of Formula |, said response occurring, at
wo e@gtidioms part, due to the dependence in such P€I/US200T1010924
AP protein function for their survival. [0100] - In

anot her enbodi nent, the invention pertains to
nodul ati ng an apopt osi s- associated state which is
associated with one or nore apoptosis-nodul ating
agents. Exanpl es of apoptosis-nodul ati ng agents
[00983| ude, The cempounds of ihis irention niRyHeQPepared TRARRNEtiidiEs known to

B G Sy B s

Bcl -iRustiabedl, byBhAX ex8Aplary AdattiorlSAbthedH-arkplaase, PP1, an

pase pyroteins. O he ents invol ved.i he
ORIt | Y TBRTAEE Brpoatf e B aer I SR febFoimpounds of Formua 1
apoﬁﬁdlﬁ:!esa;ﬂi’pgosfﬁ 9fd i 0163 lpdﬁwltiat’éxlﬁﬁghﬂﬁcti(ﬂf of apr(])ptosis in response to
apopt osi s- nodul ati ng agents include agents, t
act iaPPRYpsis gpductipfesizpals. ¢ t@l‘?_éj%fﬁ% it tsoﬁ%‘éﬁ‘PPléf‘?doﬁ‘abf‘hese compounds
Whi GBrsiaN cARAW fldRicaB Uit soptosis) iAcladiRpeclls thites8rfeSidtant to such
apopt osi s- nodul ati ng_agents are inducers of .
apopdigess.  shieh1AB itgrs of the-nreseat daventiganean be used to induce
par t,| 4B T [ R i ,
TNERP |8H":° ?‘é b B ot "érﬂ?FﬁiAellr Ltggt{]galno?]e t?én‘ﬁ%ggﬁ‘gn‘gﬁ'%%g?n%ﬁf’ fevented by the
t he induepioni ofi apeptesisl nEhusotke pfesenfeinveptiers @ravides compositions and
i nv L : LiSeANe i .
or ggﬂi%lg%rﬁgg#gﬁo %@lgﬁ Jligltrl]aélg%tl ons éga(ril\gé/r %’?’red{s{sr%g%gm protein. In
st atsemei of te canbodinents, the, cellsrig/vetanger sells) show elevated expression

i nclyudi [ . rinar

i e A5 08 AP brcfihs ac SRl b hon RS RISl R (0 in-cancerous

200 ZeN S0 6o thaT £10B2difieh 6] @g2dells peptehationglle snamifest elevated expression

anenabl e reat ment or, praphyl axis.,using. the present . ;. .

ot Hois ghinp aaBilB by Sl GPuteling M IBCol plRefi dha aying in

| i strespontdh@s eandirtibsisiag affedtico rathdunore a i conipodad , ofbBoérmula 1, said

is not limted.to, breast cancgr, pgostate, cancer

|y S FRORRSC BRSUTIRENTeleast 1pRREY diie to'ths ieppndepgs o, such cells on IAP

cangesteinheisifor thed Jugvieslt nel anonmm, ovarian cancer,

brai.n cancer, primary, brain carcinoma, head-neck . )
080 cer, driamst r@%&é‘%@’c‘oﬁﬁ,‘nv‘i”}t\?@rpe@éﬂ?#, mgfulating an apoptosis-

CanGgdocidiestaf¥Blhich 8¢ hssbbidebdG#E 8he of Affte @popt8&imodulating agents.
car cl nonsm, breast carci noma, ovarian car cl nonm,

. ( . lung
car dxaBwies of Apeptogistmodylatingcagentsipeiide. by presnotilippigsd to, Fas/CDOIS,

cer VIFCAMPS andk TOIMHR {,eBRLC WS, ISREC DRITEHRS)] BAGBAS, RIP, TNFo, Fas
carci noma, pancreatic carcinoma, stomach carci nonm,

col digapdrt antihogigs 0 ERAM R Ined RAlGeR21 BolrZ.naitdy BAX, BAD,
car o @?ﬁD,t ﬁiér ﬂngséf P! Qﬂg%agﬁég @tgﬁﬁl . éﬂfe?'a@gxlf@’i?volved in the
el oma, nulti MOW@ adrenal carcinoma, “rena
cel linigigtien, risigio adatipn phasciafewaptosisdrenlad indudedx Examples
car %Ef%gﬂgmsig-‘?ﬁécﬂﬁ‘&% &%ﬂ&riﬁéﬁxh& G5!l the %Bﬁviﬂrks%ﬂ@é}tor change in
car cil nol carci nong, cnori ocarcinoma, mnyco
f ungonckagratiom off griacht, dappeodBite apoptosisen\a sdfject. Preferred apoptosis-
modulating agents are inducers of apoptosis, such as TNF or a TNF-related ligand,
particularly a TRAMP ligand, a Fas/CD9S5 ligand, a TNFR-1 ligand, or TRAIL.
[0101] In some embodiments, the compositions and methods of the present
invention are used to treat diseased cells, tissues, organs, or pathological conditions
and/or disease states in an animal (e.g., a mammalian subject including, but not

limited to, humans and veterinary animals). In this regard, various diseases and
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hyper pl asi a, | eukem a, acute |ynphocytic |eukem a,
chronic | ynphocytic | eukem a, acute nyel ogenous

wo ewRasicaq chroni c nmyel ogenous | eukem a, chr onPCT/US2007/010924
granul ocytic |eukem a, acute granul ocytic |eukem a,
hairy cell |eukem a, neuroblastoma, rhabdomyosarconms,
Kaposi's sarcomm, polycythem a vera, essenti al
t hronbocytosis, Hodgkin's disease, non-Hodgkin's
| ynphoma, soft-tissue sarcoma, 0Steogenic sarcong,
pri mathplogies rag lagienkble doritrmatmeent or ptdphmbkissxsmmhe aresentpethods and
like, T and dj.at ed aut e
i nf |°8HW8§‘8P y d| §e3% Sl {"rlﬁ et mg mgﬁyogfe&’p??%?%%g?egt and, conditions
di sdadeades, &htDShodl&gﬁéd?t@bté&Et mneh, piostass canaac l&mphoma skin cancer,
di seases, .and the like. In sone en‘ﬁ?Pl mants1
can®BPCERLS SANSERrEpIn SIGEE MEAROME: DR{igpITt My ﬁ“"’B? Hparian cancer,
enbeghifetinger, tphEndifriein %bin‘énﬁ@ﬂﬁ@d—&fe@]&kﬁdce’ﬂ @lioma, glioblastoma,

resistant to gngicancer ents 0 In so

b TR AME PG S viaal aflging el e psd i Feck carcinoma,
t he préRieasidon®) ovaian Baiditiga, Aing RErdMMd@eE YmdlR¥EN lin@Ncarcinoma,
include, but are not limted to i nfectigns caused by

vi r OVEEIS' JHBI0Br jSATVISal n GRrCnePy plestishlar faripma,, hladdgg” carcinoma,

|'i K§yanér@a@3 karef¥enL N HAHE Biréin8fnal RE1dRA Ea6iRbmiaN pesttdtiRNcarcinoma,
provi de methods for adm nistering an effective anount
of ZeBdoERRY eHrcimemay (thyPid fgranoma §tonphageal carcinoma, myeloma,
add'ntn!llgﬂ &aﬁﬁﬁpﬁﬁ hl AEEmA, irBedl et ancug'rﬁa, BRAometrial carcinoma,
limte erapeutic "antineopl astics,
apodeeniak cnﬁq:umtqmrgn@gmahgnar&mammeem Gnswlipgoma, malignant carcinoid
ant i f
R
i nt dryperplasom leukehigracnidiyoiphecydisi leskemidscionic lymphocytic leukemia,
200 038 PR TR0 856 e BB, Brpic gramoic
t he laaktehtals anﬁt_et @amﬂmnt leukenid, | rhmryl ndbekdepkd:rhm, neuroblastoma,

t t { t Li
o HaORPESP 5D ParK Ao LT REFOUE R YRR Sy PR faagmbocytosis,
as H@ipkigs tdigdase,| RdhEHodpRi dgmphoina) )mﬁetiseﬁé i ¢hé®ma, osteogenic

(o, Satoodih, primermicelbUlar i, ShdeohaReaiin Rtk e dike. T and B cell

( e gnednﬂ@éisyﬂiﬂtoxﬂﬁmﬁf& HisBReb,CS) infRGAN4EHL hadisehdes;  infections;
with a Bcl-2 famly

, oI| oneri ze or | ex
prot ratiye BléSFaseé; &B b gergrngeaqq ﬁlogé,eyﬁsgular diseases, and

ant ighel m&e qﬂtdomeosms&meaﬁt meew#a@xl bél&%eln@masare metastatic. In
pl ati num CO ounds; nonocl onal cl onal

ant Mg]mnag@m@gngms thﬁpqqggﬂq:eé@ b@m tg?@ € f§Sistant to anticancer agents.

A' cancep, dLHgs, erﬁg&ilﬂl%ntsdefrﬁ&:cﬂoﬂg suitdf?&| By treatment with the
i onucl'i des; biological response nodifiers (e.qg.,

| nt exofrepositiong en@ methady-of) the am@enhtnerpmwkmhldeebgt are not limited to,
| L- 0 t Y. SRt I.€
o g AL L0 LA 5 SR PRAL ke ke

[Ot03f er entSamwé oampedigientsal of- tthangprasenti rioventieoi Provide methods for

administering an effective amount of a compound of Formula I and at least one

additional therapeutic agent (including, but not limited to, chemotherapeutic
antineoplastics, apoptosis-modulating agents, antimicrobials, antivirals, antifungals,
- and anti-inflammatory agents) and/or therapeutic technique (e.g., surgical

intervention, and/or radiotherapies).
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gene therapy reagents (e.g., antisense therapy
reagents and nucl eotides); tunor vaccines;

w@n@rogmeeesi s i nhi bitors; proteosone inhibitorBCT/NF20B010924
nodul at ors; anti- CDK conpounds; HDAC i nhibitors; and
the |ike. Numerous other exanples of chenotherapeutic
conpounds and anticancer therapies suitable for
co-administration wth the disclosed conpounds are
known to those skilled in the art. [0105] In preferred

[0 odi ment shurabri @%ﬁ@t&bl@gehQ@ceromﬂt%@r%\geme@p!mst for use in the
i nd 0
apory 08 o} BH.sBhGn BRI thdeqd St Cpepl A ch Bl Ehtemplates, but s
(e. guot Iuitealy o, agemmmtrataons of ofneraus rasticagast @gbms fsach @s: agents that

I E. {
e

TRAI(E:gR1 enzynidsAlahd R&)tibddnesas diologickli tmanstice. @: g., gossypol or BH3
epidermal growth fac recept or (EGFR) Ki e . .

P i\ st G b Er SBneREe abi S HlgE it a Bel-2 family
Ki ngfi6tein NKidBI t4r , Bhk;brakdlaigs; gilRytaling a@ga{ts r &ﬁﬂ’i}ﬂlrﬁbr antibiotics;
(FGFR% ki nase i nhi bi tor, qlatelet-derive_d ‘\gt

f actBHMeROepissSy omengy: HIHHNE | RAPBPYRSS: mRgogeRalAgr  polyclonal

ki nasgbbdibd ok EO ra'imb()él‘é@ rboﬁﬁlgﬁiegaﬁﬁ:) anticaider SBO toxms defensins),

nol ecul es; anti bodi es (e. HERCEPTIN, RIT

ZEVAPTIRS: Bpnacidss) Reolog iTegnonse gRadifiers (g 2, intertetons (e.g., IFN-0)
ral %Hflﬁ@ﬁetﬁﬁﬁ’s %f)ethlagfdlﬁﬁHgﬂl@ﬂiﬁs}%géﬁs $hematopoietic growth
fl ut am de, |ca finasteride

ani rfagPist QSﬂaﬁnﬂaré lnfl@teo%i‘?az?ﬂ“ed‘f%l’ﬂ?t’@éfnﬂ i(e-8s talrEanggptinoic acid);
cyclQpxaaa erez%e&&o{% 2) antiS&isbi thefa ?,y(ﬁagen,ts GRE erﬁﬁl%'olades) tumor

mel oxi cam non-steroi dal " anti-inflammtory
dr ugecEingsA|apgiogenesi inhititory rrateesqmel intyghitqre: HF;KB modulators; anti-

o

hy drebgpotiletapsytic @ENpETS @@mean@ﬁﬁtbaxpjﬂﬁ smm:z co-afifhinistration

PEDI Bh‘,l:% s@ﬁo%eﬁ’%/n az o(%;alrg%g,g&é)m?’ﬁyeo n| so?one

[Omsednl sorIa préﬁa&bd]ﬂﬁbodnden“fﬂl\dlﬁﬁéﬁicbj agem:dcmapnsrr agents that induce or

rapeutlc dr ri not ecan TOSAR), .. .
PR B0P G SRR AN 2EAP 5SS, e Up O gy not limited to
dex andibtiors qeg,, Xiragsiagining er,alyNVU@T)'AmnoN Hedfdsis factor (TNF)-related
CIS at|n oxa
b o R e S Bii F G iisangs TRALL, anivodic
be?/a@rfzmmlb,m BAXgKERE.M) mg%)mhmbw l(@E., Séfidétial Growth factor
nol ecul es; es and .cytoki nes; staurosporine
and TE9BGr| EEF R oRee PR Yasghingererbot s RSPt HY GFR) kinase
CONi§ibitdr fibrebaht \bmcﬁctﬁf rdcBftoP (JRGER) kina&y/ BAIYiQR, platelet-derived
provi de a_conpound of Forpmula 11 and at |east one

ant |g-“PM9ef3§FQSI feFeRiaE (FROFR) kipaseniohitest ard Rgenibl kinase inhibitors
sel gaichd kr emEwEENt | BtisdaRN tfioleditd; Mhabsdikd 6@.g. . ANERCEPTIN,
nat lJRrITlUXAN, ZEVALIN, and AVASTIN); anti-estrogens (e.g., raloxifene and
tamoxifen); anti-androgens (e.g., flutamide, bicalutamide, ﬁnasteridé,
aminoglutethamide, ketoconazole, and corticosteroids); cyclooxygenase 2 (COX-2)
inhibitors (e.g., celecoxib, meloxicam, NS-398, and non-steroidal anti-inflammatory
drugs (NSAIDs)); anti-inflammatory drugs (e.g., butazolidin, DECADRON,
DELTASONE, dexamethasone, dexamethasone intensol, DEXONE, HEXADROL,
hydroxychloroquine, METICORTEN, ORADEXON, ORASONE,
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products (e.g., herbs and other plant and/or ani nal
derived conpounds). [0107] Alkylating agents suitable
WO 200703826 N t he present conpositions and et hoRGT/US2007/010924
i nclude, but are not limted to: 1) nitrogen nustards
(e.g., nechloretham ne, cyclophospham de, ifosfam de,
nmei phal an (L-sarcolysin); and chloranbucil); 2)
et hyl eni m nes and net hyl nel am nes (e.g.,
hexamet hyl nel am ne and thiotepa); 3) alkyl sulfonates
(e @xyplenbutakzems, ; PEDIAPRES) o phemdbytazane, RARQIHNHe prednisolone,

ana PEtPissrS, ERELRRE, AR ARBEAR LIl Ehiler Reblbliepeutic dmgs

(e ‘de.g., deinatetay (DAMHTOEAR), CPT-11, fludarabine (FLUDARA), dacarbazine

T eSS 2108 SR ] YRR, i Rncp,

pr es;&aﬁ plaGRTPIFJ, t dsxdSubicid, @eﬁllaﬁstﬁnd:,nsdrwiemﬂb,ugemhﬁb Nbévacizumab,

%B&Eﬁfﬁ% &@&6{3;?‘% léglo'%ﬁgé g)é(ge%lgesge ctepa%liigsx gxtu? cytokines;
fI URtadEdsp6tihe, (abd thd ligg our aci | ; 5-FU), floxuridine
f | uor ode- oxyuridi ne; FudR nd cyt ar abi ne ¢ t
10196} i nosi a@txyl other eg') OSB'F?I{‘% 'g‘ﬁaﬁ%é‘?s’("é’n@ and 85 o the present
- ITET GRARINABH pkd\Bdd 8 coRBbeRPbPPOmIL 1T ﬁrdl\ﬂ?)leasf bhogdtaRipRproliferative
(6-thioguanine; TG, and pentostatin (

deo®y @gpmqp}aépﬁ)agent[sgmgfl ti'(pfnsqllf)rlpthgﬁgeﬁésp antimetabolites, and natural
emb Qb iR R.g q{%%@nhedtﬁ&qﬂmgna% aﬁlﬁnaq? didi vl @nifunii$e
in the con‘posn tions and nethods of the present
(0107 ent i orAlkiilating @genstsuiiztle den usei inithe @ﬂﬁ@m 9ompasitiag and methods
al kg i.ne [ | )
poﬂ 8’% ?l]ﬁotgroe’mn}é{s ri?‘llu@éf & 1 \415))% denﬁ‘&é’téréé @% nﬁ‘lhlorethamme

epi et opos and teni
3) @Nclpph@ﬂphamlctee ifpsfarnidlet inmedphydam (La@tmh@@t iand D;vhlorambucﬂ), 2)

D A HBl ks SR DO Ban it (Y B et AXSINIRE e thiotepa); 3)
(m taﬁtﬂcsﬂf(ﬁ)a)qs 4¢.genbysudfany;e 4y. mtxbscasrpar a(ngnasa)musu@ (BCNU);

b|oIo i cal 1se_nodi fier nterfe on-.a
) PSP et iy (Bl BBy g Sreflodil Gdprozotociny;
( CI anBDBP)ri@enesqargh Aakabazine (BTIGAiMehyRiezinoimil- z(zﬁldg:ax;boxalmde)
WO 20Q7/ 130626 P / US2007/.010924 mto ntron )th
[0 stitut scmlgagn @entsh)pap PE?}* Slg a for use’in ‘the present
met Rphipysitions aal mdefouy addlwRS bltearg not mhaeatdzaz; ifokc acid analogs (e.g.,
(N- et hyl hydr azi ne I;%% 0) adrgnocortl cal
suppReatETae (@mgthopigr (Pé’"ﬁ“ ippppnalRgs (e fluorouracil (5-

am mRgkMirgdihi TSLF@),, fibkhridiadr @ﬂﬁkﬁ'@ﬂé—bféﬁﬂcﬁﬁ&l ¢udR®. Gnd cytarabine

predni sone); 12) progestins_( hydr oxy ?rogesterone

capregpgne rréfﬂbé}ﬂ?&e% edfdr de PHE‘E_? ata%ak’&‘h d(§:@geBteFeaptopurine  (6-
acetdedptoputine S4- M:I‘Q)ertﬁlcfgﬁaﬁne (6%heIghdhint; M®Stdmd pefdstatin (2°-
et hi nyl estradl ol ); 14) antiestrogens (e. g ,

t amsiePrxgefermpsin))-andr ogens (e.g., testosterone

[OEUﬁp' onatyg sﬁnq"ufth&oéﬂm ltngﬁ@ n&)em&@raﬁerﬂﬁlb ?gﬂ@ Qfitable for use in the

, flutam de): and 17) gonadotro in easi ng
hor reomwositigh®gprd nethgds of @@mr@ﬂepﬁ@yennon 1nclude but are not limited to: 1)

vinca alkaloids (e.g., vinblastine (VLB), vincristine); 2) epipodophyllotoxins (e.g.,

etoposide and teniposide); 3) antibiotics (e.g., dactinomycin (actinomycin D),
daunorubicin (daunomycin; rubidomycin), doxorubicin, bleomycin, plicamycin
(mithramycin), and mitomycin (mitomycin C)); 4) enzymes (e.g., L-asparaginase);
5) biological response modifiers (e.g., interferon-alfa); 6) platinum coordinating

complexes (e.g., cisplatin (cis-DDP) and carboplatin); 7) anthracenediones (e.g.,
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(0110] Any oncolytic agent that is routinely used in a

cancer therapy context finds wuse in the conpositions
wanpa7ietebo©ds of the present invention. For exam@li/es200ne10924

U.S. Food and Drug Adm nistration naintains a

formul ary of oncolytic agents approved for use in the

United States. International counterpart agencies to

the US. F.DLA rmaintain simlar fornularies. Table |

provides a |ist of exenplary antineoplastic agents

apprrmivadnfrone)us&) i subttiteted. Sireabhd@e.g., s hydiloggunea);t B¢ methylhydrazine

wi | | reci ate that e "nrodyct, | abel s" Ii T, 0 .
o | RERNES REE . PBtrhiine, ALEHPIYGRERE; MY, 0§ difenocortical
i ndisappressants dgsgng inftbanent (ot -DOIX) ciah;x dammogartethlmlde) 11)

the like, f th | a
Al Sé’]glfeélgﬁ?wgr t‘EPS‘%fE en'p %‘ﬁa%“gf é,i) P%?Wl Crge, hydgoxyprogesterone

descapraatd, nﬂedr&@ipkdg%stb&ﬁxeM& iafdl eﬁég%udfmrhczaate) 13) estrogens (e.g.,
| ent uzumab_ Ca M_I.l enni um an LEX. I Qu anti
r‘gi o%eM)mm

CD52
ant 9bSRystlbgsty efmd ethinyl ceytiges SiPRBE| (§c§-n tamoxifen); 15)

Panrglijogehd 62RJ tENGHEBRE lﬁégi&lla‘ic ah#l Gluoxymesterone); 16) antlandrogens
(9-cis-retinoic aci Al | opuri nol _yl opr

G axegnifitamidgk anﬂaéggeaqr@ﬁoﬁ?mnscmm@ heumong analogs (e g leuprohde)
[orsy " azol of B, 4nIPyd hgend il 4s RRinély el iR aR@hker hrapy context finds

nonosodi umsalt)” Al ttetam ne exal én US Bi osci ence,

Wés tuse {INbrj cNmpRgitinns apd melh@simfsiﬂlnweszn@nsemmnaﬁon example, the U.S.

4 C :) r <l ldr lh)

Bi o?g | enceI]Si‘?lgt'},Sh(grﬁlentlTtétloIl md (3- aam%fblr F%nglgé(:]okgé&% approved

di hyfeir nsyem quémheﬁ §ta(®stlete)n)atmlswm@‘pm Agemdieketo the U.S.F.D.A.

ASt, 0l ésc al1"31’)1e 1 rov1des a list of exemplary antineoplastic
(1, enzenedlac onrtrilé, )

a' tagemaappdoybd 5Gr(llbbl-1n lthe UW.| 'ﬂfhm;t SkﬂledDE the art will apprec1ate that the
1,2.4- vA eni ¢ trioxid .

o1 Pk AR foaulFRd On el SfhgFoldg HERE Rt doscrbe approved
El s ﬁ)ﬁmcd\?ﬁmsj«]diu@lnfodnaﬁon, tbxieRly data, aritetha ke ofoy thetdxamplary agents.
type EC-2) Witehouse Station, NJ 49 WD 2007/ 130626

PCT/ US2007/ 010924

Table 1
Aldesleukin » Proleukin Chiron Corp., Emeryville, CA
(des-alanyl-1, serine-125 human interleukin-2)
Alemtuzumab Campath Millennium and ILEX
(IgG1lx anti CD52 antibody) Parmers, LP, Cambridge, MA
A litretinoin [Panretin Ligand Pharmaceuticals, Inc.,
(9-cis-retinoic acid) San Diego CA
Allopurinol iZyloprim GlaxoSmithKline, Research
(1,5-dihydro-4 H -pyrazolo[3,4-d]pyrimidin-4-one Triangle Park, NC
monosodium salt)
Altretamine [Hexalen [US Bioscience, West
(NL,NLN',N',N",N",- hexamethyl-1,3,5-triazine-2, 4, 6- Conshohocken, PA
triamine)
Amifostine ' [Ethyol 'US Bioscience
(cthanethiol, 2-[(3-aminopropyl)amino]-, dihydrogen
hosphate (ester))
Anastrozole Arimidex AstraZeneca Pharmaceuticals,
(1,3-Benzenediacetonitrile, a, a, a', a'-tetramethyl-5-(1H- LP, Wilmington, DE
1,2,4-triazol-1-ylmethyl))
Arsenic trioxide Trisenox Cell Therapeutic, Inc., Seattle,
WA
Asparaginase Ispar Merck & Co., Inc.,
(L-asparagine amidohydrolase, type EC-2) IE 'Whitehouse Station, NJ
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3CG Live TICE BCG Organon Tekni ka, Corp.,

(l'yophilized preparation of an attenuated strain. of
wo@enohame2dNC Mycobact eri um bovis (Bacill us PCT/US2007/010924

Cal nette-Gukin [BCE, substrain Montreal) exarotene

capsul es Targretin igand Pharmaceuticals (4-]

1-(5,6,7,8-tetrahydro-3,5,5, 8, 8-pentanet hyl -2 na

thalen 1 ether | benzoic acid) bexarotene gel ar retin

Li and Pharmaceuticals_ Bl eonycin_ 3l enoxane

ri sfsiGeer s Squi bb Co. yt ot oxi ¢ [YE¥ &&FeplOrgteon Teknika, Corp.,
ant (%?Rﬁ‘t‘iztdsf’r??f"aw@ £ qgnuate s myces ver t [Purhpp NG
bl egffiErs M&;ﬁ;‘(ﬂwﬁf‘gﬁ Ereffe B’“"@%ﬁ i|t abi ne Xpl oda

OCh arbrent EBdules O~ | T UOT U= e OX ) TR o, — Lxgbhd#hb%aceuncals
R}1305 161, sakaBRtk S, 5 B8 BobidoRbiyMer s $qui bb  (plat | num
d| a JtReny ! etHengyehautidnedi car boxyl atjo( 2-)

O ] oeafoRndge?) ) Carnustine 3CNU, Bri Tapdretieler §i hisimaceuticals

(1 [B¥eolpysn2-chloroeth 1 -1-nitrosour ¢&e®@xa@iU [Bristol-Myers Squibb Co.,
Car (fy&taxiseIiprepfidpagtibio rP6§’a"r?d bo | %‘gl ant d i adplY> W&f er
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gém stine with ?ol SprOs m%O Im‘l lag%l Wafer |Guil Pharmaceuticals,

- b- adenosi ne A F | nstitute, rita fsq:timore,MD

WC cQEEHR&Dnam de Lyt oxan_, Br i ST Ol - WéEetebrr Ul DBearle Pharmaceuticals,

( 2- [hisgb-L-abhpsrestsy (vitwsdnelhyl)atr ahydr o- 2H 13[ERglandosar
pyrazol-1-yl]
benzenesulfonamide)
Chlorambucil , [Leukeran GlaxoSmithKline
(4-[bis(2chlorethyl)amino]benzenebutanoic acid)
Cisplatin [Platinol iBristol-Myers Squibb
(PtC1,HN-)
Cladribine Leustatin, 2- .W. Johnson Pharmaceutical
(2-chloro-2'-deoxy-b-D-adenosine) CdA esearch Institute, Raritan, NJ
Cyclophosphamide Cytoxan, IBristol-Myers Squibb
(2-[bis(2-chloroethyl)amino] tetrahydro-2H-13,2- [Neosar
oxazaphosphorine 2-oxidé monohydrate)
Cytarabine. Cytosar-U harmacia & Upjohn
(1-b-D- Arabinofuranosylcytosine, CoH;3N305) Company
cytarabine liposomal DepoCyt Skye Pharmaceuticals, Inc.,

San Diego, CA
Dacarbazine IDTIC-Dome [Bayer AG, Leverkusen,
(5-(3,3-dimethyl-1-triazeno)-imidazole-4-carboxamide Germany
(DTIC))
[Dactinomycin, actinomycin D Cosmegen Merck
(actinomycin produced by Streptomyces parvullus,
CeaHggN12016)
Darbepoetin alfa Aranesp IAmgen, Inc., Thousand Oaks,
(recombinant peptide) CA
daunorubicin liposomal DanuoXome [Nexstar Pharmaceuticals, Inc.,
((8S-cis)-8-acetyl-10-[(3-amino-2,3,6-trideoxy-4-L-lyxo- Boulder, CO
. |hexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-

trihydroxy-1-methoxy-5,12-naphthacenedione
hydrochloride)
Daunorubicin HCI, daunomycin Cerubidine  [Wyeth Ayerst, Madison, NJ
((1 S,3 §)-3-Acetyl-1,2,3,4,6,11-hexahydro-3,5,12-
trihydroxy-10-methoxy-6,1 1-dioxo-1-naphthacenyl 3-
amino-2,3,6-trideoxy-(alpha)-L- lyxo -hexopyranoside
hydrochloride)

50



oxaza hos horine 2-oxi de nonoh drate Cytarabine
Cytosar-U harnmacia & Upjohn (1 -b-D Arabinofuranos |c
wQ@3ise26 COHLN 0S Conpany yt arabi ne | i posonmal PEPUSN7/010924

Skye Pharnmaceuticals, Inc., San D ego, CA
Dacar bazi ne TI C-Done 3ayer AG Leverkusen,
(5-(3,3-dinethyl-1-triazeno)-im dazol e-4-carboxam de

Germany (DTIC)) actinonycin, actinonycin D Cosnegen
Mer ck (acti nomycin_produced by Streptonyces

par { 20 16) Dar bepoet@rnakal f a [Srragvedyr., Hopkinton, MA

Ang azY . bilnant pep Lde) CA

daul® Zd?ecard r‘||3harme'1cia & Upjohn
Company

Pha

(( 8 P . OT Bt COX Jivétnib- Pa¥r¥aceuticals, Inc.,

O- Bridgewater, NJ

tri ndi on.e o
%2 l!-‘ & !A . !? S Adriamycin, |Pharmacia & Upjohn
S) - g: JE %‘B{ &, ) ‘%{bi& Company

tri )33 Oty Sox)is Gzéaﬁllthac @%@- 1|- napht hakenyl 3-

A QT Bnﬁe)trl deoxy- (aI pha)-L- |yxo[-hexopyrpnoside

, hygex@adicor i de) 50 WO 2007/ 130626 PClAdds@(av/ [PRD@R4h & Upjohn
eni|eukin diftitox Ontak Seragen, |ng¢FS Hopki [feopeny VA
(re,on‘oi nant pepti de) exrazoxane Zi nglesaverohar ci a &
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Conpany 1 |Pa2| nedl one ocet axel Taxotlere vent nlo park, CA
PhafgricfiHolor@propioraldC . Dromostanolo [Eli Lilly & Company,

( 2R BB5HyBrogaTdn0tlyl-3a-plaeiant-3-5@:pedpionse) Y-t er t - bidishapolis, IN
est Eromo&doubgewmimate NJ 13-ester Wi th [Masterone o om. Palo Alto, CA

5b- RPO-epoxy-12a_4 7h 10h_13a- injection
[Elliott's B Solution Elliott's B Orphan Medical, Inc
Solution
Epirubicin Ellence [Pharmacia & Upjohn
((8S-cis)-10-[(3-amino-2,3,6-trideoxy-a-L-arabino- Company

hexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-
trihydroxy-8- (hydroxyacetyl)-1-methoxy-5,12-
naphthacenedione hydrochloride)

poetin alfa Epogen lAmgen, Inc
|?rccombmant peptide)
[Estramustine Emcyt Pharmacia & Upjohn
(estra-1,3,5(10)-triene-3 l7-d|ol(l7(beta))- 3-[bis(2- Company -

chloroethyl)carbamate] 17-(dihydrogen phosphate),
disodium salt, monohydrate, or estradiol 3-[bis(2-
chloroethyl)carbamate] 17-(dihydrogen phosphate),
disodium salt, monohydrate)

Etoposide phosphate Etopophos Bristol-Myers Squibb
(4'-Demethylepipodophyllotoxin 9-[4,6-O-(R)-
cthylidene-(beta)-D-glucopyranoside], 4'-(dihydrogen
phosphate))

ctoposide, VP-16 Vepesid Pﬁstol-Myers Squibb
(4'-demethylepipodophyllotoxin 9-[4,6-0-(R)-ethylidene-
(beta)-D-glucopyranoside])

Exemestane |Aromasin Pharmacia & Upjohn
(6-methylenandrosta-1,4-diene-3, 17-dione) Company

Filgrastim [Neupogen = |Amgen, Inc
(r-metHuG-CSF)

floxuridine (intraarterial) [FUDR Roche
(2'-deoxy-5-fluorouridine)

Fludarabine Fludara Berlex Laboratories, Inc.,
(fluorinated nucleotide analog of the antiviral agent Cedar Knolls, NJ
vidarabine, 9-b -D-arabinofuranosyladenine (ara-A))

Fluorouracil, 5-FU Adrucil ICN Pharmaceuticals, Inc.,
(5-fluoro-2,4(1H,3H)-pyrimidinedione) [Humacao, Puerto Rico
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tetrahydro-6,9,11-trihydroxyhydrochloride, (7S- cis ))
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sal t, nop

thycin OB & Upjohn

Company
oh drate

Ifosfamide
- |[(3-(2-chloroethyl)-2- [(2-chloroethyl)ammo]tetrahydro-
2H-1,3,2-oxazaphosphorine 2-oxide)

TFEX

Bristol-Myers Squibb

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

Irinotecan HCI Camptosar Pharmacia & Upjohn
((4S)-4,11-diethyl-4-hydroxy-9- [(4- piperi- Company
dinopiperidino)carbonyloxy]-1H-pyrano[3', 4'": 6,7]
indolizino[1,2-b] quinoline-3,14(4H, 12H) dione
hydrochloride trihydrate)

enalidomide [Revlimid Celgene
3-(4-amino-1-oxo 1,3-dihydro-2H-isoindol-2-yl)
piperidine-2,6-dione
Letrozole [Femara [Novartis
(4,4'-(1H-1,2.4 -Triazol-1-ylmethylene) dibenzonitrile)
Leucovorin [Wellcovorin, |[Immunex, Corp., Seattle, WA
(L-Glutamic acid, N[4[[(2amino-5-formyl1,4,5,6,7,8 - Leucovorin
hexahydro4oxo6-pteridinyl)methyllamino]benzoyl],
calcium salt (1:1))
[evamisole HCI [Ergamisol Janssen Research Foundation,
((-)-( 8)-2,3,5, 6-tetrahydro-6-phenylimidazo {2,1-b} Titusville, NJ
thiazole monohydrochloride C;,H,>N-S-HCI)

omustine CeeNU Bristol-Myers Squibb

(1-(2-chloro-ethyl)-3-cyclohexyl-1-nitrosourea)
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sal | M__Ewg,gﬁmm% Dublin, CA
i s- % g‘é N?_ @% éy%% éé ﬁ u- Ar ﬂ) Pr c}dﬂfﬁ:lny_ NBrissol-Myers Squibb
ace S ARLYNS i ﬂ@@) droX urea Hyfrca
Bri le&kanwyrﬁr S un' bb [Novantrone |[Immunex Corporation
(1,4-dihydroxy-5,8-bis[[2- [(2-
hydroxyethyl)amino]ethyl]lamino]-9,10-anthracenedione
dihydrochloride)
[Nandrolone phenpropionate Durabolin-50 {Organon, Inc., West Orange,
NJY
INofetumomab Verluma oehringer Ingelheim Pharma
G, Germany
Oprelvekin [Neumega Genetics Institute, Inc.,
(IL-11) Alexandria, VA
Oxaliplatin » Eloxatin Sanofi Synthelabo, Inc., NY,
(cis-[(1R,2R)-1,2-cyclohexanediamine-N,N’] [oxalato(2- INY
-0,0’] platinum) ]
[Paclitaxel TAXOL -|Bristol-Myers Squibb
(58, 20-Epoxy-1,2a, 4,78, 108, 13a-hexahydroxytax-11-
en-9-one 4,10-diacetate 2- benzoate 13-ester with (2R, 3
S)- N-benzoyl-3-phenylisoserine)

|Pamidronate Aredia [Novartis
(phosphonic acid (3-amino-1-hydroxypropylidene) bis-,
disodium salt, pentahydrate, (APD))

Pegademase Adagen [Enzon Pharmaceuticals, Inc.,
((monomethoxypolyethylene glycol succinimidyl) 11 - 17 (Pegademase {Bridgewater, NJ
-adenosine deaminase) |Bovine)

egaspargase Oncaspar [Enzon
(monomethoxypolyethylene glycol succmlmldyl L-
asparaginase)
[Pegfilgrastim [Neulasta Amgen, Inc

(covalent conjugate of recombinant methionyl human G-
CSF (Filgrastim) and monomethoxypolyethylene glycol)

Pentostatin [Nipent Parke-Davis Pharmaceutical
Co., Rockville, MD
[Pipobroman Vercyte Abbott Laboratories, Abbott
Park, IL
licamycin, Mithramycin [Mithracin Pfizer, Inc., NY, NY

(antibiotic produced by Streptomyces plicatus)
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ropanetricarboxylate (1:1))

[Temozolomide [Temodar Schering
(3,4-dihydro-3-methyl-4-oxoimidazo[5,1-d]-as-tetrazine-
8-carboxamide)

teniposide, VM-26 Vumon Bristol-Myers Squibb
(4'-demethylepipodophyllotoxin 9-[4,6-0-(R)-2-
thenylidene-(beta)-D-glucopyranoside])

Testolactone Teslac Bristol-Myers Squibb
(13-hydroxy-3-0x0-13,17-secoandrosta-1,4-dien-17-oic
acid [dgr ]-lactone)

Thioguanine, 6-TG [Thioguanine {GlaxoSmithKline
(2-amino-1,7-dihydro-6 H - purine-6-thione)
Thiotepa Thioplex Immunex Corporation

(Aziridine, 1,1',1"-phosphinothioylidynetris-, or Tris (1-
laziridinyl) phosphine sulfide)

Topotecan HCI Hycamtin (GlaxoSmithKline
((S)-10-[(dimethylamino) methyl]-4 ethyl-4,9-dihydroxy-
1H-pyrano[3', 4': 6,7] indolizino [1,2-b] quinoline-3,14-
(4H,12H)-dione monohydrochloride)

Toremifene Farcston [Roberts Pharmaceutical Corp.,
_[(2-(p-{(Z)-4-chloro-1,2-diphenyl-1-butenyl]-phenoxy)- [Eatontown, NJ
IN,N-dimethylethylamine citrate (1:1))

[Tositumomab, I 131 Tositumomab [Bexxar Corixa Corp., Seattle, WA
(recombinant murine immunotherapeutic monoclonal
1gG,, lambda anti-CD20 antibody (I 131 is a
radioimmunotherapeutic antibody))

[Trastuzumab Herceptin Genentech, Inc
(recombinant monoclonal IgG, kappa anti-HER2
lantibody)
Tretinoin, ATRA : [Vesanoid Roche
(all-trans retinoic acid)
racil Mustard [Uracil [Roberts Labs
Mustard
Capsules
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13-acetate, 17AAG, 852A, ABI-007, ABR-217620, ABT-751, ADI-PEG 20, AE-
941, AG-013736, AGRO100, alanosine, AMG 706, antibody G250, antineoplastons,
AP23573, apaziquone, APC8015, atiprimod, ATN-161, atrasenten, azacitidine, BB-
10901, BCX-1777, bevacizumab, BGOOOOI, bicalutamide, BMS 247550,
bortezomib, bryostatin-1, buserelin, calcitriol, CCI-779, CDB-2914, cefixime,

g. Examples include, but are not limited to, 3-AP, 12-O-tetradecanoylphorbol-

cetuximab, CGO0070, cilengitide, clofarabine, combretastatin A4 phosphate, CP-
675,206, CP-724,714, CpG 7909, curcumin, decitabine, DENSPM, doxercalciferol,
E7070, E7389, ecteinascidin 743, efaproxiral, eflomnithine, EKB-569, enzastaurin,
erlotinib, exisulind, fenretinide, flavopiridol, fludarabine, flutamide, fotemustine,
FR901228, G17DT, galiximab, gefitinib, genistein, glufosfamide, GTI-2040,
histrelin, HKI-272, homoharringtonine, HSPPC-96, hul4.18-interleukin-2 fusion
protein, HuMax-CD4, iloprost, imiquimod, inﬂiximab,‘ interleukin-12, IPI-504,
lestaurtinib, leuprolide, LMB-9 immunotoxin,
lonafarnib, MB07133, MDX-010, MLN2704,

monoclonal antibody 3F8, monoclonal antibody J591, motexafin, MS-275, MVA-

irofulven, ixabepilone, lapatinib,

luniliximab, .mafosfamide,
MUCI1-IL2, nilutamide, nitrocamptothecin, nolatrexed dihydrochloride, nolvadex,
NS-9, O6-benzylguanine, oblimersen sodium, ONYX-015, oregovomab, OSI-774,
panitumumab, paraplatin, PD-0325901,
pirfenidone, pixantrone, PS-341, PSC 833, PXD101, pyrazoloacridine, R115777,

pemetrexed, PHY906, pioglitazone,
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i toxantrone ovantrone nmunex Corporation
1, 4-di hydroxy-5,8-bis[[2- [(2

wharosses hyl ) am no] et hyl ] am no] - 9, 10- ant hr acePerdUs2987/010924
di h drochl ori de) androl one phenpropi onate Durabolin-50
Organon, Inc., Wst Oange, J ofetunomab Verl uma
3oehringer Ingel heimPharma G German QOprel vekin
eumega Genetics Institute, Inc., |[IL-11 Alexandria, VA
Oxaliplatin loxatin Sanofi Synthelabo, Inc., Ny,
( ci RADIW, xm)pimage,gpbtcshmyecinagpoghachNANEIosfagn giretesy, PhuMab 2C4,
e} .nk.at i numh.. | taxek_ la5hosBM 69, AR »
(51%51%)- p‘%xgabféggﬁ Sz)f?%f-lié%%ulﬁ&%gihhg%dhy ro%g}tégg@?m’ SGN-40,
| eso@fanls, SRAN7dVAce3EIF12- SHONEAE esub8rogdamlideni yroxamic  acid,
5 égi’s lsa(r)rvg,z t{a}aybst{%tg ﬁzg%ﬁr}_ %rli]ell,gg% 1:1i|8§r?§e%rlsli1% 1m%%ﬁgﬁ%3% immunotoxin,
( 3- amdlidomlidd)y dttroxysdfasipry | i tifdfuenibhi Sirapabamonl, UNTEKI2B86, trabectedin,

gﬁ 2&%‘2‘%&%’%‘%&} ﬁ%%?:ez Fﬁg?%ﬁﬁﬁ%ﬁe ’ﬂ"a eg&%@@ﬂwg}@m, VNP40101M,

gl yeelochlif@bivikidystat, 1¥X-680{ rDBeg3glerBea 78 izde@da! @hd zosuquidar
NJ -ade(ﬂgsi ne_ deam nase) Bovi ne) egaspargase Oncaspar
nzoftthydiprieadsoxypol yet hyl ene gl ycol succi ni mi dyl L

[0oa2)ara i rRse Rk Uetansd idea@iphion toF MiEiber laBénts and other therapeutic
(coval ent _conj u_gate of reconbi nant nethi onyl human G

CSF agfits, thevs RliAd IRdho AR HBTeSITed (1A Ay Bimgley of] ipstructive manuals
ent gsdladihg leL%Gfbtt lingitdeernDad PhyR34"Rpest Refdrencend to Goodman and

Rockvi I | e, I pobroman_Ver cyte Abbott Laboratories,
Abb&iiimagys"Phapmaceutical Basis of Therapeutics” tenth edition, Eds. Hardman et al.,

2002.

[0113] The present invention provides methods for administering a compound of
‘Formula II with radiation therapy. The invention is not limited by the types,
amounts, or delivery and administration systems used to deliver the therapeutic dose
of radiation to an animal. For example, the animal may receive photon radiotherapy,
particle beam radiation therapy, other types of radiotherapies, and combinations
thereof. In some embodiments, the radiation is delivered to the animal using a linear
accelerator. In still other embodiments, the radiation is delivered using a gamma
knife.

[0114] The source of radiation can be external or internal to the animal. External
radiation therapy is most common and involves directing a beam of high-energy
radiation to a tumor site through the skin using, for instance, a linear accelerator.
While the beam of radiation is localized to the tumor site, it is nearly impossible to
avoid exposure of normal, healthy tissue. However, external radiation is usually
well tolerated by animals. Internal radiation therapy involves implanting a radiation-
emitting source, such as beads, wires, pellets, capsules, particles, and the like,.inside
the body at or near the tumor site including the use of delivery systems that
specifically target cancer cells (e.g., using particles attached to cancer cell binding
ligands). Such implants can be removed following treatment, or left in the body

tnactive. Types of internal radiation therapy include, but are not limited to,
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l'icamycin, Mthramycin ithracin Pfizer, Inc., NY, NY
(antibiotic produced by Stre tomces licatus 53 WO
WQRB71180626 PCT/ US2007/ 010924 orfinmer sodi um RIDUSI07/610924
Q.T Phot ot herapeutics, Inc., Vancouver, Canada
Procar bazi ne atul ane Si gna Tau Pharnaceuti cal s,
N-i sopropyl - - (2-net hyl hydrazi no) - p-t ol uam de I nc.,
Gai t hersburg, MD nonoh drochl oride Quinacrine
At abrine Abbott Labs (6-chloro-9-( |
- metbinadhythedipyt hgterseinhingyadiatiop) amravavigy etrhdatiers riadiomremunotherapy,
sburi Se: El i tek Sanofi - Synt hel abo, Inc.,
(r eCBHISHT peptide) Rituxi mab Rituxan Genentech,
[0115¢. , SourHe &Sifnal (hey @pbiohally reddive ChdBOsensiticéodie)g., metronidazole,

Franci scq, Sar granpsti r oki ne | munex r -
(reé’b‘ﬁ‘b‘?‘a%ﬂ?épeﬂftfad@'}e re ‘(‘5’2 ocliFayeBSar ‘ﬂ%?‘%ﬁ%‘ﬁgl%’ (TudR),
[UFJ( @Jit?ohinl{iaa;zw,)t ozsl_ews)ti&tedgeqx?‘oma@zolégorrpamyisgingloledgmes, [[(2-
met hyl ni t r osoani no) car bonyl.] .am po] - a(an .
ol LCE SRR i e LTt Sl kAl Jeoailige derivatives
Scl esaocirBicy oA Relec P UEytotodhhs, MaalShddfated GONA ligand, 1,2,4

anoxi fen 4ol vadex AstraZeneca Pharnaceuti cal s o )
(( Z}’an%nﬂl,’? _qquqﬂﬁe @yrplgrpl_r@gm% qenﬁyﬁgyﬁﬁ( ﬂu_om’ne-'qontammg nitroazole

di mgkhviieelandehRenide hY Al @tikarhid’, 3-ackiBine-intercalator, S5-thiotretrazole
anetricarboxlate (1:1)) enpbzol om de enbdar Scheri ng

(3, dedvatins o3 Futet [R4-t0agols o e -diaitegimidgzole  derivative, hydroxylated

;/S ]rrg%&BPﬁé% s gﬁ‘%ﬁ%ﬁ’é C gxaigt?}é@h,d etiﬁf)%tﬁﬁ’é ' qﬁtros\éwc?a? mercaptopurine,
methotrexate, fluorouracil, bleomycin, vincristine, carboplatin, epirubicin,
doxorubicin, cyclophosphamide, vindesine, etoposide, paclitaxel, heat
(hyperthermia), and the like), fadioprotectors (e.g., cysteamine, aminoalkyl
dihydrogen phosphorothioates, amifostine (WR 2721), IL—I, IL-6, and the like).
Radiosensitizers enhance the killing of tumor cells. Radioprotectors protect healthy
tissue from the harmful effects of radiation.

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

[0117] The total dose of radiation administered to an animal preferably is about .01
Gray (Gy) to about 100 Gy. More preferably, about 10 Gy to about 65 Gy (e.g.,
about 15 Gy, 20 Gy, 25 Gy, 30 Gy, 35 Gy, 40 Gy, 45 Gy, 50 Gy, 55 Gy, or 60 Gy)
are administered over the course of treatment. While in some embodiments a
complete dose of radiation can be administered over the course of one day, the total

dose is ideally fractionated and administered over several days. Desirably,
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(4' - denet hyl epi podophyl l otoxin 9-[4,6-0-(R)-2 then
|idene beta -D- luco ranoside estol actone Tesl ac
w@eoogtizle2dyer s Squi bb PCT/US2007/010924

(13- hydr oxy- 3-o0xo0-13, 17-secoandrosta- 1, 4-di en-17-0i C
acid [dgr ]-lactone) hioguanine, 6-TG hi oguani ne
d axoSm thKline (2-amno-1,7-dihydro-6 H -
puri ne- 6-t hi one) Thi ot epa hi opl ex | munex Cor porati on
(Aziridine, 1,1',| "-phosphinothioylidynetris-,
Tr i sadietherapyds ﬁdmnpﬁe@émvneﬂ@momss@f ab prasteabont mays e.g., at least 5,
ycamt i a t Kl 4 cShe1Q@H [ 41 et Ly

th“?fll]% jh >fﬁ3?1 i‘sf( ﬁszdrsgk)ssige &érja%%[(%' 5@?&9@?@ t 1-8 weeks).
i ndcﬂqcmmnglb',la Ziaﬂ}' dqx;c mfl nadv@tl@l will epeprisel Mrmmatd)nékﬁ Gy (e.g.,

dr O%ﬂh&ri 85, 955811 ERGRFEL P sRNY S &,PRBTBCL WY 83 Gy, 3.8 Gy, 4
( 2 ((iy [4.2)GH- axh# 61 Gy, ﬂ‘eﬂ:ﬁpﬁig riyi! -Gy ljeige ny$ - Gk ndhhe) daily dose of

Eglt ?ﬁ‘i}ﬁtﬁ%ﬁofi‘grie ﬁxgﬁcieﬂ n‘g uce egru%bc' i tﬁbgarréélte& Léus. If stretched

Seatovkea p%d (xfa&ﬁdﬁﬁlpﬂéfetabrw{sl e adminisetddesape dhy,Cthereby allowing

nongcl onal &, | a t| - 0 anti body is_a

oG8 ARG ettt ithe SUCFoth ¢ PRI Tefe | For cxample,
- Geneadifdh ddsirably(ik ﬁ&ﬁmétaﬂaﬂton@mteﬁﬁﬁ.‘e dag$5 an AP Administered on 2
antl -HER2 antjbody) retinoin, ATRA Vesanoi d Roche

(al 199Y%af08 ¢ashi Weeke of cirepmenle i thengh talloavingi 3 (daypn 9 est per week.
Labsiodizt, ahdiatibRRaN |b%5ad5fﬁm\é@ré’ep@ya§‘@%ﬁ62 days/week, 3 days/week, 4
PCT/ US2007/ 010924 al r ubi ci n

N- t [dRYYWER ad cdaySatRekarfy drYS/Week, venl @Haf edays(veqely depending on the
ANt BbBnal’sr Wneds( dSarfmy ﬁ))t'egﬁal 81de effects Radiation therapy can be

[1,2,3,4,6, I1- hexahydro-2,"5,12-t c}/rox
initiated at any time in the therapeutic perlo Preferably, radiation is initiated in

week 1 or week 2, and is administered for the remaining duration of the therapeutic
period. For example, radiation is administered in weeks 1-6 or in weeks 2-6 of a
therapeutic period comprising 6 weeks for treating, for instance, a solid tumor.
Alternatively, radiation is administered in weeks 1-5 or weeks 2-5 of a therapeutic
period comprising 5 weeks. These exemplary radiotherapy administration schedules
are not intended, however, to limit the present invention. |

[0118] Antimicrobial therapeutic agents may also be used as therapeutic agents in
the present invention. Any agent that can kill, inhibit, or otherwise attenuate the
function of microbial organisms may be used, as well as any agent contemplated to
have such activities. Antimicrobial agents include, but are not limited to, natural
and synthetic antibiotics, antibodies, inhibitory proteins (e.g., defensins), antisense
nucleic acids, membrane disruptive agents and the like, used alone or in
combination. Indeed, any type of antibiotic may be used including, but not limited
to, antibacterial agents, antiviral agents, antifungal agents, and the like.

[0119] In some embodiments of the present invention, a compound of Formula II
and one or more therapeutic agents or anticancer agents are administered to an
animal under one or more of the following conditions: at different periodicities, at
different durations, at different concentrations, by different administration routes,

etc. In some embodiments, the compound is administered prior to the therapeutic or
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nmet hoxy-6, 11-di oxo-[[4 2,3,6-trideoxy-3 [(t rifl uoro

acetyl)-am no-a-L-1yxo-hex o pyranosy |I] oxy I ] -2-
wa@piwhawenyl | - 2- oxoet hyl pent anoate) i nbl asti NBCT/US2007/010924

Leurocristine elban Eli Lilly C46Hs6N40i oH , SO4
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oI e@nt catcer ag@mt,m.o%cl,amm ZonBs B2,evdBthoyrs, 1, 2, 3, 4, 5, or 6 days, 1,

o B Sy ek B0 stk nRARBROF AR Ml cunliO BBk agent. In

| cancer agen
i nclsoshe enthodaneds, thfhb@hpdnmdes laémnustdmdtalﬁb'r thet theraphdicer anticancer

antlcancer IVIt urre Y, PRI oV b

e "R SBodie-dnd g 1Raer AT L8 PETeom ook Rep? © da! 1,2,3, or
COURkeRKP aﬁter fekhiaktratioR be thﬁldﬁfogﬂd:dﬂgigemm Iaéonid) efnbbdiments, the
new uses.  Ex | es i nc|lude, but are not mted

IO IO L CTCE TR R R T M——
852/n Aberlft/ sci¥dbted] 520, théBa_orﬁﬁéundA@ ﬂﬁﬁn&&sred-\Edaﬂy while the
941, AG 013736, AGROL00, al anosine, . AMG 706, antlbody

G25 (heraRfutin<B FRHSAIGRS 28enh S asksmaisterpd ONee & HE ek, AEE FYEY two weeks,

at i Phtdery”thbel Gbek it Jrosfial Sibry 33aC wekkld. NGn d#er embodiments, the
10901, BCX-1777, bevaC|zunab B&)0001, bi cal utam de,

BNV compoud is abminissased prcet yessk avhile. the therapqugiciqs anticancer agent is
cal %H}nrlﬁlgderedqgll' 7 éfee %elg Phite &l Yo Weeks CodE hree weeks, or

0, engltlde cl of d&rabi ne, “conbretastatin A4
pho@phgpweery@mrmszoa CP-724,714, CpG 7909,

[0 C u mn 'ch{? as Torls. nul}l?EM\Qe’ P%ﬂ)géj %%&ﬂn@é@tﬁ% oincl\hdlézg’? Qompositions .

ectel roxira
'EKB vﬂ@exn@mmmmdn of ﬂ@mreﬂenmnlyent'm arglcpmidined in an amount which is

fenr gl BE éﬂ%! %! 1.0 t
f ot SHe Ieﬁtg ac %ggg& ,Légggﬁ?‘f.“?%%{dl“gl r?a@%i?@arg determination
genio topnm,al gingkosf effed/e aBidunBOdleach tostpoetntris within the skill of the
HKIE% g h [(rin |ne
hul 4.1 yP ?ﬁm F@% n19 S nbe apd;%fl lesgjéﬁed ﬁu’l‘}ﬁmm e.g. humans, orally
i | opt asdose moqmzﬁud 500 miglkigy lorrab ,equiviakent emount dPthe pharmaceutically
| Pl -504 be e, lapatipib, . )
| copatrpitt B el 487 SF B mERBL bfing mammal being treated for
| onaﬁ@mtrb ,redpbﬁstd/dt %o ireductiomfof abapiosie., PMB&EAB133about 0.01 to about 25
ant 588G SSSATY ABEERHFIE, VeSS SmeRA, MEe] €5, soch dhsorders. For
ni | whtedthekulan iihjeCEH)IhO ABQL isNgendfll Bt 4%€ @ne-half of the oral dose. For
di hydrochl ori de, nol vadex
example, a suitable intramuscular dose would be about 0.0025 to about 25 mg/kg,
and most preferably, from about 0.01 to about 5 mg/kg.

[0121} The unit oral dose may comprise from about 0.01 to about 1000 mg,
preferably about 0.1 to about 100 mg of the compound. The unit dose may be
administered one or more times daily as one or more tablets or capsules each
containing from about 0.1 to about 10, conveniently about 0.25 to 50 mg of the
compound or its solvates.

[0122] In a topical formulation, the compound may be present at a concentration of
about 0.01 to 100 mg per gram of carrier. In a preferred embodiment, the compound

is present at a concentration of about 0.07-1.0 mg/ml, more preferably, about 0.1-0.5

mg/ml, most preferably, about 0.4 mg/ml.
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I NVaimefistetddes |2ﬂﬁl thdapamhaf ac!hhéj)% fHeg Wendeadp&bbw Fdt example,
a tunor site through the skin using, for instance,

i nedministEionr B8y b iPREEniSTE RBFHBROM B IMEVERPYSs intramuseular,

| oc @httARHtIn@all REank&EFRIal, ShicRal, iihtratiedd€ainkthclafROSHitRh&al or topical
to avoid exposure of normal , healthy tissue. "However

ext &Pviay- Alisanativebn or sopeyreantly, adgeinistiaipn maYele By the oral route. The
ani Blape ddHhiaide@bd VAN BL idePerdddft 8Pdn iy aby eﬁealth and weight of the
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[0126] The pharmaceutical preparations of the present invention are manufactured

in a manner which is itself known, for example, by means of conventional rﬁixing, :
granulating, dragee-making, dissolving, or lyophilizing processes. Thus,
pharmaceutical preparations for oral use can be obtained by combining the active
compounds with solid excipients, optionally grinding the resulting mixture and
processing the mixture of granules, after adding suitable auxiliaries, if desired or

necessary, to obtain tablets or dragee cores.
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el e%&x'hggﬁn&@}ﬁ e Rirh &?aﬂlﬂes \tvﬁfcg : frixed: with ﬁ]lers such as lactose,

81 1 ncor por at her ei n eference In 1t
ent bmsitegs) suciitas S@frﬂmt andjpr lumcmts @ncltamtabeoamagemum stearate and,

P2 bty S o Bt DAL L S O3 e oty
t ar gessolyed lor sxgmsdd!(blramitabkajhmads tsuxh @k tfytry oils, or liquid paraffin. In
addition, stabilizers may be added.

[0129] Possible pharmaceutical preparations which can be used rectally include, for
example, suppositories, which consist of a combination of one or more of thé active
compounds with a suppository base. Suitable suppository bases are, for example,
natural or synthetic triglycerides, or paraffin hydrocarbons. In addition, it is also

possible to use gelatin rectal capsules which consist of a combination of the active
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[0117] The total dose of radiation adm nistered to an
animal preferably is about .01 Gay (Gy) to about 100
w@007Bees pref erably, about 10 Gy to about 65 ByT/{82097/010924
about 15 Gy, 20 Gy, 25 Gy, 30 Gy, 35 Gy, 40 Gy, 45 Gy,
50 Gy, 55 Gy, or 60 Gy) are adm nistered over the
course of treatnment. Wiile in sone enbodi nents a
conpl ete dose of radiation can be adnm ni stered over
the course of one day, the total dose is ideally
fr acbimman@ veithd aabiaseni Rassibixl base rmaaexirzds anclydy.s for -example, liquid
DeS|r 007/ 20 PCTEUS2A0 7/ Q10924
r adi'of 8%(%(1637 ?OI%?Z%C ﬂyéxr)édorcﬂ/ gf:oc‘):ﬁrr ;oegof at
[013®4 st achﬁtaBlecfaymulaaoxys for @hreh&:aaﬂtadﬁnmsﬁ‘atxolﬂpcmdﬁ adUeous solutions

25 d&lé \g% abo uble salts and

21, 28, 32 35 42
1-8 Oﬁ?@%"e cﬂg’é)&%ﬁl%‘é’l gaterse 'gl?lF3°’quér (0] A

Wi | lalleiap Isb Rt oAf [1h Gxdid itiing |sUsp1:n§on@]o( theQictive abmpbunds as appropriate

1Gy, 0%)’8%“02(%@9%&0? %} %er 2 méﬁe@l &%?ék%ng%F% solvents or

(v@hﬁlas idclde f48y)oils] R eﬁlallnbhé S&&fhe(bﬁl of atithéticofatty acid esters, for
should be sufficient to induce deftru tion of t

t ar G¥#Bale; gihyl olepte artrighycerades o5 pabyeHhylae glycol; 4;95 AfPERYS injection

pr efsﬁﬁ%lﬂk]}éné fnadyUonBif sibsidrRie s WhidheY¥red s/ thetshﬁdo@ﬁy of the suspension
the animal to rest and the effects of

theruafdygq, ofop eexaapls, zeodiunr rarkoxymsthy] cellylnsat P‘Eﬁl?lml “and/or dextran.
deS'cg@mnxuy %h@%@hﬁ&ﬁﬁﬁ?a@&c@n&@rpﬁﬁ&%éﬁée days, and .

m nistered on ays, for each week of )
[013rléat mentThetthmcebt;oraNWnsg)fzhl@ay‘se@pnrﬂ&forg@nlatvsbm@ferably as oils,

days ﬁ&?xﬁébgﬁmgﬁg alﬁg tﬂg ;ﬁﬁ}%aﬂ°€g"5g’ﬁg x?)?\‘ggt]é'cagriers Suitable
days;hweaek lnCéudeaneIalda)ﬁs/mJ@et@I odfspehite mgtro turh(white soft paraffin),
ani 'f)? cfﬁexkggﬁgr}ﬁ{s o%tr}ﬁfsss aﬁ’iprgal HiY aHE thl?%\lt Jt'n%hecﬁigg %Velglt alcohol (greater

effe at'ron efapy can be
ti mlhamCﬂ e Thherefpered carrigey aro dhosE’mefwdxidbﬂly acnmlummt is soluble.
is i

f or rwélsﬁitgrﬁas%gﬁgelguFu?eaants ]ané( ﬁréti(% a(Elams r%aagfno b'eslﬁ(ﬁ{l%cd as well as

I on er apeu
For a@m&tﬁ'ﬁlhpamhg dokiriod Iﬁ'ag&nadrrf desiriedr Addlltmnalge Imin&leﬁna]r penetration

:Ngel%‘EWSt ?’é‘gI‘?%gemlg pem‘hgﬁ& Jpégﬂgof orng H}?ﬁ}? IRamples °,f such

Al t ehhaidersdan, berfaGhdin OS. Pat. Ndmzwsst 8I&®ahd 4n,4mekz 1-5
or weeks 2-5 of a ther

ORBIkS.  THOER S RPN A OB PR PR AVRIFS (floineral ofl, self-

scheguli§gyin@bEeshak dndtveateies whieayiRture tHe dckive tindrBdent, dissolved in
present inventiaon. [01181 Antim crobial therapeutic

agerftssnatbameyns of pr ol sweh asalmosd eileiradmizeh it &PiGe! exagaple of such a
Pr eedim i MRNWhieh inddesaB8RE 40 pats waer, kbblt 20 %Jeswax about 40

or otherwi se attenuate the function of m crobial
or ganarts myneraloiband,akapt 1 partghmpndigilany agent
[o£3%}t enpl %ﬁ@ntzrﬁsn‘? e oHAMaRA iy \hixi a scﬁGltlérm)%QQb@sl'e ingredient in

agents incl ude are not limted natural and
synteheagetableril prabtaseimond il werm |S<P|1F§ pBfaffin o plhewingghe mixture

(€. Qo rcolffA Q%l@:ﬁ)exa%tlé 9f 98 an ointment is one which includes about 30%
almond oil and about 70% white soft paraffin by weight.

[0134] Lotions may be conveniently prepared by dissolving the active ingredient, in

a suitable high molecular weight alcohol such as propylene glycol or polyethylene
glycol. ‘
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nucl ei ¢ acids, nmenbrane di sruptive agents and the

i ke, used alone or in conbination. Indeed, any type
w@booansieké ot i ¢ may be used including, but not PCHUSEA7/010924

to, antibacterial agents, antiviral agents, antifunga

agents, and the |like. [0119] In sone enbodi nents of

the present invention, a conpound of Fornmula Il and

one or nore therapeutic agents or anticancer agents

are admnistered to an aninmal under one or_ nore of ,
[0138 f ol | chhenfpllovning exanples ate idustrativenbutpratiliseitiag: ¢fethe method and

at (fg oSitidRL og H[eﬁéxje?é?ﬁ‘ in\%htigﬁ.f fhef Eﬁita%?@ﬁﬁ%afﬂ'c%bm&d adaptations

by diftrerent adm m stration routes, etc. In sone :

enbadithe marigty oh condtipauas pasameeisiameatly gnpauntgred in ¢lingcal therapy

t her ageut.i,c_or . P 2

ant 1R o Sl ¥l ihed e dhe 2 og Sl 8395 g scope of the

18 Howemsionl, 2, 3, 4, 5, or 6 days, 1, 2, 3, or 4

weeks prior to the adm nistration of the therapeutic

or anticancer agent. In sone enbodi nents, the

conpound i s adm ni st ered BXtAMRILE It her apeutic or

anti cancer agent, e.g., 0.5, 1, 2 3, 4, 5, 10, 12, or

18 hours, 1, 2, 34.4. 5 .6,d . 2..3, or 4

weeks after the agﬁ?%?§§9gppgﬁm§¥%9ﬁéng%t?%ancer

agent. In sone enbodi nents, the conpound and the
[0136dr apeut Genenal Mathodsi MR spestra ware aeqhitedi at tagpretdn frequency of 300

con en ; A di f f 0 I .

con'pq%i&%d ysxg%?lntcﬁll sg'{lgérj Lé‘f(f %g:&l%d Wﬁg{%ﬁgo'o@ H%ngq ?;at g (7-26 ppm),
or PiRAPJ33 1gqpent of PHAIGH.79 ppey) @d indeme] stawkaeds, ckemical shifts
every t d c [ hr.ee or_onc .

cverte [ coitls STEE Pl GERRRr @R e S etidigrane 6716
I s apm)rasintermatistandarda Qpidal vétatienst ere tneasurpé at rodpnotemperature.
anti cancer agent is admnistered daily, once a week,

onc very three weeks, or once
eve%%gﬁﬁr%\ggﬂgﬁg%ﬂgﬁg&ggg jositions within the scope
this i ng i pel I 08 H ' .

OB porhae it BF B Bud cubGAIRPR] CHACE, QU Figfi. for the minor

i n anbstrate)rwaswidided EDYC (et £ per aminbo@rawy) HEOBti(1 d eq per amino group)

i nten 1. e. ile ind,vidual needs vary. o~ . . -

dot g SAPHRBRG el Smind i (O ap i BT SO 2 Govitp stimns. The

of ewmxhure ovgscatieretl at oot thimpetahee Skt bighhourk@nd ahdén condensed. The

Typi_cal | t he. ounds e.admnistered to '

i due yas Pt e chtgmaloilarhy s hE PR 0025 ¢ o

50 ny/ kg, or an equival ent anmount of the

pharGraceal pracgting B @dickshabistryyal t t hereof, per day of

t he body weight of the mammal being treated for

(08 or der sTa aspbitionaf €eSOntidcmisonLbvaapdded)ssodium L-ascorbate (2
Pr efe ?.a%¥ n&%‘i’é“wa&’ 'SQH‘IKCBQJ.I‘\%P% ccﬁg\' tupf%[dktg Hr%thp éll w. To a solution

adm ni stere to treat, aneliorate, or preve uc
di s®fdks tvo Falstratestin anetonettidy of Ajnecthylpropandle(20osg/mils for the minor

gen ﬁsl AAR:Ts) 5 ﬁlf %,I%rgi g .
oo atal WEHadRl i e Bl bl B Sapli R Lagpapee 01 aof
0. 0@ Qq0 paibduteq 28f oy loginor substrate). The mixture was stirred at room
temperature overnight and then extracted with dichloromethane three times. The
combined organic layer was washed with brine, dried over Na;SO4 and condensed.

The residue was purified by chromatography to give the product.
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and nost preferably, fromabout 0.01 to about 5 ng/kg.
[0121] The unit oral dose may conprise from about 0.01

W eooahansee 1000 ng, preferably about 0.1 to abpeit/Us®07/010924
ng of the conpound. The unit dose may be adm ni stered
one or nore tines daily as one or nore tablets or
capsul es each containing fromabout 0.1 to about 10,
conveniently about 0.25 to 50 ng of the conpound or
its solvates. [0122] In a topical formulation, the
c onpaenechl pegcedare T cdepndtectioncof@ovdent rati on of  about
0.01 to 100 ng per gramof carrier. In a preferred

[0 odi merilq a sblation wp thenshbsirate pn emtipnob (2Gmg/mL) was added a solution
conc gl f th0.0%411, O , r . .
CONIHERY PSR P20l p il T Bppign yes sived t room
abouémpPerdture bvérnighDatiih20 @eNndede&P® g theFeodict.010924
[0123] In addition to adm nistering the conpound as a
raw chem cal, the conpounds of the invention may be
admi ni stered as part of EXHdVIRICE®R ical preparation
contai ni ng suitable pharmaceutically acceptable

carr, L Sl,N Cpyl xiliaries which
F aci PR U0 2 o R S BN 128 o
par at i |16 N ryestB 4 b ey s P& ERC | @af hxyy .

mg{rOZf er ablcg(,;}ﬁ?%@d%r ep ragi ﬁ%ﬂn:ﬁg p%?tlﬁgu%gtril ;?ﬁt Irl%zs e e synthesized

pr epaeerdingto Sghéwhlcan be administered orally or

topically and which can be used for the preferred

type of adm nistration, such as tablets, dragees,

sl ow rel ease | ozenges and capsul es, nouth rinses and

nout h washes, gels, liquid suspensions, hair rinses,

hair gels, shanpoos and al so preparati ons which can be

adm ni stered rectally, such as suppositories, as well

as suitable solutions for admnistration by

i ntravenous infusion, injection, topically or orally,

contain from about 0.01 to 99 percent, preferably

fromabout 0.25 to 75 percent of active conpound(s),

together with the excipient. [0124] The pharnaceutica

conmpositions of the invention my be adm nistered to

any ani mal which may experience the beneficial effects

of the conpounds of the invention. Forenpst anobng

such animals are mammal s, e.g., humans, although the

invention is not intended to be so limted. O her

ani mal s include veterinary animals (cows, sheep,

pi gs, horses, dogs, cats and the like). [0125] The

conpounds and pharmaceuti cal conpositions thereof may

be adm nistered by any neans that achieve their

i ntended purpose. For exanple, admnistration may be

by parenteral, subcutaneous, intravenous,

I ntramuscul ar
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i ntraperitoneal, transdermal, buccal, intrathecal,
intracranial, intranasal or topical routes.

wWQ@\doensmeé vel y, or concurrently, adm nistrati oPCTH$200E010924
by the oral route. The dosage adnministered will be
dependent upon the age, health, and weight of the
reci pient, kind of concurrent treatnent, if any,
frequency of treatnment, and the nature of the effect
desired. [0126] The pharmaceutical preparations of the
pr eswhemedyventi on are manufactured in a manner which
is itself knoyn for exanple. by neans mqj&onventi onal

m xi ng, granulasi ng, dr ageesitaki ng, _di Vigg, or
proces-se hus, -p‘har@gaﬁc\g:%

| yophi | i zi[ag])
preparations fbr oral e 2can be obtai ndd by conbi ni ng

the active conpound <f5 oM th solid %;_gm b ent s,
optional l'y gr|n ng (he resul ti '
pr ocessi reg —ttre ture of—Yfra s, after add

suitable auxiliafies, if desired or necessary, to
obtain tablets or dragee cores. 60 WO 2007/ 130626

PCT/ US2007/ 010924““"&%)‘1271 Sui t abl é‘“éé(:l i ents aref in
partlcuzlap—f@/\( cwr&—sa@é?( NPT e e

| act ose or sucrOsg, mannitol Sor bi tol MEel | ul'gzse
preparati ons and/or cal cium phosphates, for exanple
trical cium ptesphate or cal ci um Wefrogen phosphat e, as
wel | as such as st aergN for
exanpl e, ~f X< eMs wheat ~starc

potato staréh, gelatin, tragacanth, nethyl cel I uI ose,
hydr oxypr opyl net h)ghzcel I ul ose, sodium

car boxymetshy! and,{ Qr pol Y mone.
I f desired, di h as
t he above- nenti oned st ar ches and al so

car boxynet hyl -starch, cross-1inked pol yvinyl
pyrrolidone, a#e, or al ginic acieesrg salt thereof,

such as somﬁt&e Ayxi | re, above all,
f1 ow r egul ng %thd_l_ﬁbrmr\,e)@%

silica, talc,Mstearic acid or salt% thereof, such as
magnesi um st earate or cal ci um st ear aje, and/ or

pol yet hyl ene Xl y¢col . Dragee core ded
Sui tab#)é'co’é‘t g/s whi ¢l Ng MH%W& st k,(p
gastric juices. For t | s pur pogg, concentrated

sacchari de solutlons may be used, which may

opt |R§ﬁ°a'fsla . E‘gﬁ'g’ A Ygflﬂ?g gr‘;a"wdc“ Etﬁ'alc'ézc'z “{NFPS y*o” 95%: (b) Na“+
DY T o B e, B0 BV GREo O] S e S T e AT B
di 0Xio6kethy! ehhacqm Pd- cseJ MEDH:GNGCI1ZEREE iv. NG dwmbbeeovmogasbb @i. 3, CuSO,, (+)

sol \?‘E‘!H’t‘ *sasmbats@rs%'hfa ihcv Rg!tlﬂ“@s;’?d:w(? Heﬂ*de?cif%(tve Pteramx(?opaﬁv'cﬂ':fg
14 % a
coal ] el R, R Al heon Do dPG, brbrresh SRS D, G 15, o (o~
SUi tabh Eas&hd, tH;08©0 PI. eparoax 1,43 eSbO T:i.Gﬁ&Jver two s:eps
acetylcellul ose phthalate or
[011dir oxy prispectivet prpitection| of obe pmirvalgroey iar é-mulglmeol 1 with
St Uft&ﬁugrroa lec%Q éde e% a‘%jo PZt glﬁﬂgtlénag} ? With propargyl bromide
dr agee Coat
yielded an alkyne 3. Reactxon of 2 W1th methanesulfonyl chloride followed by

substitution of the resulted mesylate with NaN3 furnished an azide 4. Cycloaddition
of 3 and 4 under the catalyzation of CuSO4-(+)-sodium-L-ascorbate followed by
removal of the trifluoro acetyl groups afforded a diamine 5.

[0142] Alkylation of 2 with benzyl 2-bromoethyl ether followed by hydrolysis of
the benzyl protecting group furnished an alcohol. Reaction of this alcohol with
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identification or in order to characterize

conbi nations of active conpound doses. [01281 O her
w@bariswseat i cal preparati ons which can be usedrOr/Ek1097/010924

i nclude push-fit capsules nmade of gelatin, as well as

soft, seal ed capsules nmade of gelatin and a

pl asticizer such as glycerol or sorbitol. The push-fit

capsul es can contain the active conmpounds in the form

of granules which nmay be nmixed with fillers such as

I actmsthaneSbifmjsé rcslﬂemdm felbovetdaby sebstitatien of thellsesultadtesylate with

SN, e L RO ES LU SR P B unacl B A8 Hiom of CusO-

are (M-@cf)diﬁﬂnbL-}&scaibae dbl\lf@\decbby serspel o€ the ’mﬂnorct adsty groups afforded
Iqu|$ hasfatty oils, or liquid paraffin. In
addi% 6‘??‘“ ‘abi | i zers may be added. [01291 Possibl e

[opdmr rracetmmﬁpdmrwspadsadyhﬂfeﬁzw acdordiap tboud peclioety aé;ioyted method

i ncl ude | e, supposijaori i ¢ch.cqnsj st
a cc(ﬁ‘BFr?éta oﬁe’(Sf’ﬁ'g’)T@” et et 66-[7%0915 t{gag@gm\ﬁé'd%g K compo‘md 8
Wi t hyith S&RBESE UoRRSEf prupdraill etisdPPR30t &)y yRd8&E an alkyne 9.
are, for exanple natural or synthetic trlél yceri des

or ey ?afdidﬁlqw‘a@%@aii owader the gafatveatign of CupQe4jlsppdium-L-ascorbate
POSStofibFed By HifoGE bFiHe"Bdcel%fécnﬁ% %@ affvhiea d daRme30.
of a conbination of the active 2007/ 130626

OBH Us20079mpeoBil1 wessyitherzead acsoringtocourpyedppily reported method
bas E(Sﬁﬂte?fd aférdﬂégwmgettécr.? r46: fg’g@b% )] 'Aﬂﬂqutlon of 11 with propargyl

triglycerides, polyethyl eneg or paraffi
hydrhmmclmnslde{i @msmgynsm aSyeloadsitien af 2@@ 23t with 1 eq of 12 under

 Paraft eidly 800l 0F BhSall A diEhde: AMRLYSALHEY RitSoval of the Boc
e active conp ounds 1n wat er - so orn1 for

exarmb@ptlm@npsaffmdleé agligmiped8d al kal i ne sol utions.
I n addi ti on, suspensions of the active conpounds as
appr ty oily injection suspensions may be
adnﬁ%@%?%rgd Suitabl e I'ipophilic solvents or
vehi cl es i ncl atty oils, for exa sesane oil,
or synthetic fattylacyd esters, for
ol eate or tri ~des or po%yethyl
Aqueous B SUSPEeBAI ONS NEYHcARM aln s
whi ch i ncrease {pg)V|SCOS|ty of the sque93|on
i nclude, for exanple, sodium carboxynethyl cellul ose,
sorbitol, and/or Optionally, the ensi on

may al so contginfstabiTiyers, [013 mm cal ,
conposi ti onﬁ [ entipn are ffor H
pr ef er abl-y NS, N.cr IDkéroNS N-6§ Nt pnt §Nan
the like by thotte of appridpriat e call'\’_le\e:rs Sui Habl
carriers include vegetable or mneral oils, white
pet r ol at weagerts hrd sonditipns: #3)f108) Pd-chmanrhieg 106raj @) i aibsine,
or oils, Em, helBt NaNglisupdopylegiyl aroihe.diH St,; ivNGHE! iml ¢ afivabne,
(gr eat er MeQirhiii. CpGoc-Nimethyt alfeine, &P G A1Q5LN. N-dipeprenyissy!
in whi chaming. GEeFleidv-tNgFAdn BAdigxanes ol ubl e.
Emul sifiers, stabilizers, hunmectants and anti oxi dants
[OM5) al so @@npﬁmqj%d:aggaevm;heaiged according to literature reported methods

(Duggan et al., Org. Biomol. Chem., 3:2287 (2005)) (Scheme II). Reduction of the

C-C double bond and hydrolysis of the benzyl ester in compound 14 gave an acid
15. Condensation of 2.2 eq of 15 with the above diamines respectively followed by
removal of the Boc protecting groups gave four ammonium salts. Condensation of
these salts with L-N-Boc-N-methyl alanine respectively followed by deprotection of
the Boc protecting groups afforded the bivalent Smac mimetics DQ-24, SH-143,
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agents inparting color or fragrance, if desired.

Addi tionally, transdermal penetration enhancers can
wheooerrplieassed i n these topical formul ati ons. ExXeempUsm0n610924

such enhancers can be found in U S. Pat. Nos.

3,989,816 and 4, 444,762. [0132] Creans are preferably

formulated froma mxture of mneral oil, self-

enmul si fying beeswax and water in which m xture the

active ingredient, dissolved in a snmall amunt of an
oi | SHdH2and SHdAY dhe efficiensymfxthe symhetjgpschgmeden pgshecompound is
of i's one which includes about 40 parts
wat Zs'?{gagg%a%%?nparts beeswax, about 40 parts m neral
oil and about 1 part alnond oil. [0133] QG ntnents may
be formul ated by m xing a [ of the active
ingredient in a vegetabl eq%%]?t'?a‘gh as alnond oil with
warm soft paraffin and allowing the m xture to cool.
A typical exanpl d of Nate an oi nfigkd{fs.ioyenbne whi ch

i ncl udes about 30%__al nond oil| ankbuabteps) 70P6 white
soft paraffin by wei ghQ-240134] LotiGns may| be

conveni ently preparedSHy48i ssgl vi ng €he actj ve
ingredient, in d suigrllse hi gh nol eul ar wei ght

al cohol such as propym@ngzgl y¢ol or g3ol yet hyl ene

gl ycol . 62 WD 20077 130626 PCI7 USZ00/7 010924 [0135]
The foll owi ng exanples are illustrative, but not
limting, of the method and conpositi of the

present invention. O Héf2 sﬂ% nodiyri<at i ons and
adapt ati ons of , N/ i t+ons~and
par anet ers nor ncountered in cli nlther apy
and which are obwgtds to thoseskilled i e art are
Wi thin the ?\’g\ﬂrrt and sco&g;é the invention.
[0346dy nt hes s NMREBOC MHE. SRELINP Rtl 63 1HD1 368 b%%érnali*H) 7.28-7.20
Vet hads: )NWBGSP@ﬁrﬁasPI\FMG)saWSH(&edH?t4 Q3?J9H)n4 36 (m, 2H), 3.50 (m,

fre&uenp fts aré reporfe
e §NMR©@MHB,CQ§4@1§ 1(4'3 %lébﬁf 132G§§ZI-1I®2)2§312§197 129.70,

s I
gpg)r%rzgaz P%‘p#@‘ﬁﬁ?@@?@g%ﬁde ??1’ ?3%%?3%6/@%&0 ppm ,
CD3OD (49.00 ppm, or 1,4-dioxane (67.16 ppm as

i nternal standards. ti cal rotations wer asured at
roomtenperature. n%rciaH ocedure A (c knsat i on) :
[0137] To a sol NS D3 6 CH2C12

(20 mg/nL for t i nor subshrate) wasyaglded EDC (1.1
eq per am no group) HOBt (Z. 1 eq per am no group)

[og{]ﬁo'\' N- d B%g&ﬁ%hgﬁr&ﬂe s 7S, A8h, 3L 938, 7.22-7.13
(m, SH), 7.12-7.05 (m, 2H), 4.55-4.29 (m, 6H), 3.85-3.75 (m, 1H), 3.75-3.56 (m,
5H); '*C NMR (75 MHz, CDCl;): § 143.51, 133.88, 133.63, 129.83, 129.61, 129.52,
129.38, 127.36, 127.32, 125.59, 70.89, 70.20, 69.25, 63.42, 54.62, 54.39, 50.49.

[0148] 'H NMR (300 HMz, CDCly): § 7.55 (s, 1H), 7.40-7.08 (m, 9H), 5.90 (brs,
1H), 5.24 (brs, 1H), 4.74 (s, 2H), 4.34 (t, J = 7.1 Hz, 2H), 4.23 (d, ] = 2.4 Hz, 1H),
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m xture was stirred at roomtenperature for eight
hours and then condensed. The residue was purified by

wa@e boootrstteegr aphy to give the product. CGeneral prPODES00T010924
B (click chemstry): [0138] To a solution of CuS™ (10
ng/ m.) was added (+)-sodium L-ascorbate (2 eq). The
m xture was shaken until the color turned to bright
yellow. To a solution of the two substrates in
acetonotrile or 2-nethyl propanol (20 ng/nL for the
m n@r96 @ubsthhte) 2HA2 .42 Ged =t hdé Hu, dH)p2182 inx 2l el .43 (brs, 9H);

Cho SRS S RRIADP3URa Y, Tefie ST 18534 0F Joflss, 12850,

t enpevaﬁunm Qﬂeﬂﬁ’y ot 12m86,t 1e67,e73.16,CTLBIW62.81, 58.06, 57.37, 49.37,

dic hree tinmes. The conbined organic
Iaygrlog\/vagf‘ ‘'wWth brine, dried over Na2SO4 and

[oe®pdensed. The residue was purified by chromatography
to give the product. 63 WD 2007/ 130626
PCT/ US2007/ 010924 Ceneral procedure C (deprotection
of BocNH 0139] To a solution of the substrate |n NH2

net hanGI 20 rrg/ m.) was added a solution of HG
A

a ox M 10- 28=¢y per BocN=Nhe sol ut

ed a gQm en‘pgra}/ e @@Er%i%?wan t hen
condensed t© givVe tHe p oduct E 22 Synthesis of
DQ 24, SH 143, SH 155 and SH 142 [ 0140] Conpounds
DQ 24, SH 143, SH 155 and SH 142 were synthesi zed

[omnqor di ngmnwﬁz:ln:wneMHz RDUG): 030 XR0HRK 7.38-7.12 (m, 10H), 7.08-6.99
CT/ US Q924 S
ot 0 41, § 917 (o i T s A R AR B O AR 18 (m, 41D,
I\ 178 (th) 4M3; S NMECOZFMNER ODCL:): & 144.10, 139.59, 137.31, 132.04,
131.80, 131.72, 129.70, 129.64, 127.47, 65.29, 60.60, 52.51, 34.08, 33.18.

BocN~ F

12

[0151] 'H NMR (300 MHz, CDCl;): 8 7.40-7.18 (m, 5H), 7.15 (brs, 4H), 6.45 (brs,
1H), 4.24 (d, J = 2.4 Hz, 2H), 3.90 (d, ] = 1.9 Hz, 2H), 3.55 (t, ] = 6.3 Hz, 2H), 2.72
(dd, T = 8.9, 7.4 Hz, 2H), 2.77 (t, ] = 2.4 Hz, 1H), 2.04 (t, ] = 1.9 Hz, 1H), 1.92 (m,
2H), 1.43 (brs, 9H); '>C NMR (75 MHz, CDCly): 5 155.17, 140.92, 139.85, 136.99,
128.76, 128.53, 128.40, 128.22, 127.22, 80.68, 80.58, 79.86, 74.19, 70.26, 69.16,
58.01, 34.75, 31.79, 30.99, 28.23. '

Ph ' Ph
HZN/ , _N ”/\/_\N/\/\
NP~ O NN N
Ph
13
[0152] '"H NMR (300 MHz, D,0): 8 7.50 (s, 1H), 7.33 (s, 1H), 7.23-7.03 (m, 17H),

6.99-6.92 (m, 6H), 6.80-6.68 (m, 4H), 5.38 (s, 1H), 5.34 (s, 1H), 5.10 (s, 1H), 4.08
(s, 2H), 4.08 (¢, J = 6.8 Hz, 1H), 3.99 (s, 2H), 3.92 (t, J = 6.8 Hz, 2H), 3.02 (t, J =
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2el 6 Nf 1 7\NO\ / / NNFfO12 NHBoc NHBoc N=N

N3 8 NH2 NH2 h N=N N=N 10 NHBoc BocN~ 1/ |/ OH 11
wa2oo7@sneedr H2N11 N=N 1 | HN N=N/ NH2 13 Ph PQEHS®NT/610924

and condititons: (a) i. trifluoroacetic anhydride,

Et 3N, CH2Cl 2, rt: ii. NaHCO3. McOH, 95% (b) NaH,

propargyl brom de, DMF, 92% (c) i. MsCl, Et3N;, ii.

NaN3, DMF, 100 C, 85% over two steps: (d) i. 3. CuSO4,

(+)- sodium L-ascorbate, CH3CN-H20 3:1; ii. 2N Li OH,

1, 4-cd2 dleadehH200 1t, 1, = 748%1oy2H), 1207 &t &ps7.3 (K2, 2H), RAM.(t, J = 7.3 Hz,

e, oo LHOTE U, Fifen gl OO il o o e,

(f) D,0)35 MmESW, 162199, 1ddidymiB16s o182 £41.0530KL612037.05, 134.70,

3:1; i N Li OH 4-di oxane- H20_ 1- % OV

ot o920 760 1 23 ARaTT Sehah 1B ALq B TR g 2s, 12716,
(L- ?Seermtles.wtﬁ%w&@.gﬁé 69.%&2 gﬂ.)sgj 22.8_5? @fﬁﬂf&zoz 49.98, 40.52,
+)-sodi um |- rhate. o I I in
1.4-3c}'r7g3<§h§!0’ ?@@.3%9‘%-59069)%%, propar gyl brom de.

DMF, 82% (j)1. 8 (2.2 eq). CQuS»4, )- sodium

L-ascorbate. CH3CN-H20 3:1, ii 4N HCl in 1, 4-dioxane,

MeOH, 62% over two steps. [01411 - Sel ective

protection of the am no groupQta# L- phenyl gl yci nol 1
with trifluoroacetic anhydride gave an al cohol 2.

Al kyl atio (th propargyl brom de vyielded™a
al kyne 3. of Ph wi t h nRtianesphf onyl c¢hl orijde
f ol | owdid i tutionpf the kesullted m O

M at e
Wi t ur Nished-MH 3zi de’4. choaddi-ty on 70T %IJK/
; H 0 :
and 4undbr the catal yzation of 0 -
CuSO4- (+) - sodi um L-ascorbate foll owed by renoval of HN
the trifluoro acetyl groups afforded a diam ne 5.
(01531421 Al 'H/NMR ¢300MEZ, B0k Hea7\s, Hp7 I8k h¢th, BiHes.32 (m, 1H),

oAl G, 55 R L 56D 057 B, 579

65 2H), 3.60 (m, 2H), 2.55 (s, 3H), 2.53 (s, 3H), 2.25-1.80 (m, 4H), 1.79-1.61 (m, 7 H),
1.60-1.45 (m, 9H), 1.40-1.38 (m, 4H), 1.37 (d, J = 7.5 Hz, 3H), 1.33 (d, J = 7.2 Hz,
3H); "*C NMR (75 MHz, D,0): & 173.82, 173.65, 172.34, 172.29, 144.94, 138.64,
137.46, 129.41, 129.25, 128.87, 128.23, 126.91, 126.88, 125.73, 72.14, 63.14, 62.15,
61.16, 60.96, 57.28, 54.14, 53.64, 53.34, 51.10, 35.94, 32.94, 32.33, 31.31, 27.95,
25.86, 21.99, 15.60.

SH-143
-~
o) N Ph N=N H O H HN
O\A/ N\/\O/\r N N \n/'\
H © 3 Ph N 0
_NH
[0154] 'H NMR (300 MHz, D,0): § 7.50 (s, 1H), 7.30-7.08 (m, 10H), 4.95-4.80 (m,

3H), 4.75 (m, 1H), 4.47 (s, 2H), 4.39 (m, 2H), 4.32-4.10 (m, 4H), 4.35-4.08 (m, 4H),
3.66-3.50 (m, 4H), 2.55 (s, 6H), 2.22-1.43 (m, 24H), 1.39 (m, 6H); '’C NMR (75
MHz, D;0): § 173.71, 172.30, 169.52, 143.92, 138.73, 129.07, 128.18, 126.96,
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WD 2007/ 130626 PCT/ US2007/010924 net hanesul f onyl

chloride foll owed by substitution of the resulted
wore®yhatees Wi t h - NaN3 furni shed azi de 6. Cycl oapidi/usmn7/010924

of 6 with 3 under the catal yzation of CuSO4-

(+)-sodi um L-ascorbate foll owed by renoval of the

trifluoro acetyl groups afforded a diamne 7. [0143]

Compound 8 was synt hesi zed according to our. previously

reported nethod (Sun et al., Tetrahedron Letters,

46: 10353( 2283) 72-3Ly@H. %c@ilﬁ 62.20f 62.3Ap6LIAs, 7.2 3340, 53.24, 51.14,

| ded
an aPegnas Q8 BT RR S s R ShE R ™

catal yzati on of CuSO4-(+)-sodiumL-ascorbate followed

by renoval of the Boc proteSH-h% groups afforded a

di am ne 10. [0144] Conpound 11 was synthesized

accor grmo\tQ our previously reported nethod (§Hn et f N

al. 0 et r ahedr it Letters, 46: 7015 (2005)). Al kyl at
0 v brom; e |ell~d=e‘dua/n\$@e N2 E/’\
Cy it o'addl?lca)n of & , under

the catal yzati on of CuSO4-(+)-sodi um L-ascorbate

| owed ! t Bge t S -
mfﬂ?orded gylallf\g?n‘qud 11vgf1z [bzﬁ)) 97293(%%136 7@6-6952069 S10H), 685 (d, J

COOBH) BacH, ©- 0 18 053H#H 4BQN7BK(s, F%Hm 65dnH ZPNH4©8 (s, 4H), 4.22

T'OL/OQ DH) E'ogﬁl t%—l)of Oﬁ?g‘?&t %l—ﬂng ﬁoﬁdhﬁb %%1 l}(&m 36H);, C
N Nwma;srw A SatANEs, 10w 272 07, 143K 41.56, 140.08, 139.74,
- | i ,
e P8t 1RO T Sl R SRR, R, ST, o0, stz
HCI 40198 36.08] IH2TSB2. 470345]7 I:bmpmm, 24.83a25.28, 21.99, 15.78.

synt hesi zed according to literature reported nethods
(Duggan et al., Og. Bionol. Chem, 3:2287 (2005))

(Schenme 11). Reduction C- ubI e bond and
hydrol ysis of the benzy?‘tl ?gﬁeen o g'pound 14 gave an

aci . Condensation of 2.2 eq ppf 15 with the above

di am rip respect ively foI | oned ,Bo/@ H \',‘i
prgregt in g ps ga{f ggr{@;@fﬂﬂm sakits. U Ay
HLCondens%lt on s with L-N Boc- N net hyh N }0

al ani ne respectively foI | oned by deprotection of th d

Boc pr ot ectl ng groups afforded the bival ent Snmac
[0¥/6het i cs H@IMR (399 Milz, CDCL3): 6 7.92 (brd, J = 8.4 Hz, 2H), 7.82 (brd, ] = 8.4

Hz, 2H), 7.49 (s, 1H), 7.45-7.06 (m, 28H), 6.21 (s, 1H), 6.19 (s, 1H), 4.90 (m, 2H),
4.85 (s, 1H), 4.75 (m, 2H), 4.62 (s, 2H), 4.33 (t, J = 7.1 Hz, 4H), 4.20 (m, 2H), 3.82
(s, 2H), 3.49 (t, J = 7.1 Hz, 2H), 3.06 (m, 2H), 2.70-2.55 (m, 8H), 2.38 (s, 6H), 2.30-
1.35 (m, 28H), 1.30 (d, J = 6.9 Hz, 6H); '*C NMR (75 MHz, CDCls): & 174.16,
172.05, 169.69, 145.37, 141.64, 140.60, 139.70, 139.15, 139.11, 128.60, 128.56,
128.50, 127.59, 127.47, 127.32, 127.29, 127.27, 127.02, 122.22, 121.52, 69.87,

. 66.39, 64.35, 60.15, 59.75, 59.18, 56.78, 53.41, 49.41, 49.26, 42.65, 36.71, 35.97,
35.12, 32.03, 31.59, 31.55, 31.09, 24.91, 24.06, 23.20, 19.44.
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66 WO 2007/130626 PCT/ US2007/010924 SH 142 and
SH 155. The efficiency of the synthetic schene for
weaoh/1swepound is shown in Table 2. TABLE 2 NeemeUYioet/e0924
(% over four steps) D Q24 61 SH 143 62 SH 155 59
SH 142 55 NH2 NNN NH2 NO,' s [0146] 'H NWR (300 Mz,
CDC13): 6 7.50 (s, 1H), 7.38-7.20 (m 3H), 7.28-7.20
(m 2H), 7.26-7.05 (m 5H), 4.98-4.75 (m 2H), 4.23
(s, 2H), 4.36 (m 2H), 3.50 (m 2H); 13C NMR (75 MHz,
CDA 3): 6 143.78, 133.54 EXZMPIEB30. 26, 129. 97,
129.70, 129.62, 127.47, 127.10, 126.40, 69.89, 63.23,
S4. 8¢ntheds QPSH51?5648H M#s%F’Nsé\“é?h 134 [sﬁJH%k sﬁh'ﬁ%ﬁn&%@f)lm
MHz, ~ CDC13) . 1.32-7
[0175g§2 7. 1%orﬁgauné§')SH ia)éZSﬁ 153, (?m 1§¢‘|)SH416E[)5$FI-?&> (9A-166 and SH-

(75 Ierew(mgs}zed@cmslr&to SPQS‘“SQH 133. 63, 129. 83,
129.61, 129.52, 129.38, 127.36, 127.32, 125.59,
70. 82hek@1RO, 69.25, 63.42, 54.62, 54.39, 50.49. NHBoc

NN i1 N9 [0148] "H NMR (300 HVZ, CDCL3): 6 7.55
(s, 1H), 74070 m 9H) 590(brs | HNH524
(brs, 1 H), 74( R (t, & 2H)
4.23 (d, J = , -6-7——\60 2007/ 1

PCT/ U82007/ 01

15 —2~ \‘/1?\ N jh\ _b
N N S
o ~
_NBoc! o H
. 18 :
Bh Bh <j\1 ]o
\‘)k NJ\(\N Llnker——N/\/\N—Q{ & N
_NgocH NN NTN © SN

Reagents and conditions: (a) i. 17, EDC, HOBt, N,N-diisopropylethyl amine,
CH,Cly; ii. 4 N HCl in 1,4-dioxane, MeOH; iii. L-N-Boc-N-methyl alanine, EDC, HOB,
CH,ClI,, 78 % over three steps; (b) i. diazide, CuSQ,, (+)-sodium L-ascorbate, t-
BuOH--H,0 3:1, ii. 4N HCI in 1,4-dioxane, MeOH.

[0158] The chiral amine 17 can be prepared according to literature reported methods
from compound 16 [Messina, et al., J. Org. Chem., 64:3767 (1999)]. Condensation
of acid 15 with chiral amine 17 followed by deprotection of the Boc protecting
group with HCI in methanol yielded an ammonium salt. Condensation of this salt
with L-N-Boc-N-methyl alanine furmnished intermediate 18. Cycloaddition of 18
with corresponding diazide under the catalyzation of CuSO4-(+)-sodium-L-ascorbate
respectively followed by deprotection of the Boc protecting group gave designed
bivalent Smac mimetics SH-156, SH-158, SH-159, SH-164, SH-165, SH-166 and
SH-167. The efficiency of the synthetic scheme for each compound is shown in

Table 3.
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2.96 (t, J = 7.3 Hz, 2H), 2.49 (t, J = 2.4 Hz, 1H),
2.22 (m 2H), 1.43 (brs, 9H): 13C NMR (75 HM,
WEDO1330628 154. 93, 144.26, 141.98, 140.15, 139POHPS2007/010924

128.54, 128.50, 127.36, 127.22, 127.07, 122.56,
79.67, 79.16, 74.89, 62.91, 58.06, 57.37, 49.37,
31.94, 31.44, 28.25. [0149] NH2 NH2 N=N N=N N N 10
[0150] 'H NMR (300 MHz, CDC13): 5 7.52 (s, 2H),
7.38-7.12 (m |OHF, 7.08-6.99 (m 4H), 6.92-6.79 (m
AH), 5.42 (s, 2H), 4.40 (STABLE¥.02 (m 4H), 2.18
(m 4H), 1.78 (m 4H); 13C NMR (75 MHz, CDC13): 5
144. 10, 139.59, 3% "%N 13264431 434 72,

129.70, 129.64, [127. 47,85, 29, " 40 51%32‘?‘@1, 34. 08,
33.18. BocN~ 17 3 13): 8
7.40-7.18 (m 5t 25l 6. . 1H),

4.24 (d, J = 2. bz SHyIS& 9o (g 16571 9 Wy, 2H)
3.55 (t, J = 6.3 Hz, SHYI5% 70 l(dd_@l=8d 7.4 H,
2H), 2.77 (t, J|=2.4SH164 H) |2 0463, J o 1.9 Hz,
1H), 1.92(m 2H). 1.8B-1drs. oMf): 13% NMVR (|75 Mz,

CDC13): 6 155.17, 140SH?2166139.8%, 1365899, 128. 76,
128.53, 128.40, [128. 28H-1677. 22, |80. 6839 80. 5§, 79. 86,
74.19, 70.26, 69.16, 58.01, 34.75, 31.79, 30.99,
28.23. Ph Ph HZN N N N~ NJ\iO | H N=N NH2 Ph
13 [0152] 'H NVR (300 ~—8 7.50 (s, 1H), 7.33
(s, 1H), 723703(mol . 9926. 9P m 6H),
6.80-6.68 (m 4H) 8( R 34 1H), 5.10
(s, 1H), 4.08 (s\ ' =NEH 8 1H), 3.99
(s, 2H), 392té Ho  3.02 (t, J = 68 WO
2007/ 130626 PCT/ TR '30\7/ 010924 2 Hz, 2H), 2.30 (t, J
= 7.3 Hz, 2H), 2.17 (t, J = 7.2 He, 2H), 2.11 (t, J
7.3 Hz, 2H), 1.89-1.80 (m 2H), 1.78-1.62 (m 2H),
[0159%8- 1. 35H(NMRKB00 Mz NVBO(:J56 N#5 (brd, J = 8.5 Hz, 1H), 7.50-7.44 (m,

2H), 7.38-7.23 (m, 3H), 6.90 (brs, 1H), 5.95 (dd, J = 8.5, 2.4 Hz, 1H), 4.80 (m, 1H),
4.64 (dd, J = 8.4, 6.2 Hz, 1H), 4.60 (brm, 1H), 4.15 (m, 1H), 2.88 (s, 3H), 2.62 (m,
1H), 2.53 (d, J = 2.4 Hz, 1H), 2.20-1.70 (m, 5H), 1.51 (brs, 9H), 1.56-1.05 (m, 9H);
BC NMR (75 MHz, CDCly): 8 171.99, 170.95, 169.73, 138.96, 129.03, 128.55,
127.53, 82.13, 73.25, 60.03, 59.47, 50.32, 45.21, 36.94, 36.30, 32.36, 30.48, 28.80,
25.29, 24.42, 23.45, 14.16.

SH-156
: ’
o~ &A ;oo o KN
N O SO X \I‘(k
\‘)L” S )—NH N=|\iN o N/:Y\H NN S
_NH o N=N
[0160) 'H NMR (300 MHz, D,0): § 7.58 (s, 2H), 7.29-7.13 (m, 10H), 6.08 (s, 2H),

4.70 (m, 2H), 4.38 (m, 4H), 4.27 (m, 2H), 4.22 (m, 2H), 3.85 (m, 2H), 3.73 (m, 4H),
3.32 (m, 4H), 3.25 (m, 4H), 2.58 (s, 6H), 2.25-1.48 (m, 22H), 1.40 (d, J = 7.0 Hz,
6H), 1.39 (m, 2H); '*C NMR (75 MHz, D,0): & 173.36, 172.32, 169.56, 148.12,
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D20): 8 163.46, 162.99, 144.04, 143.16, 141.81,
141.56, 137.61, 137.05, 134.70, 129.75, 129. 64,
wda 20758762429, 54, 129.41, 129.28, 127.64, 127.4BCT/US2007/010924
127.28, 127.16, 126.49, 125.00, 118.54, 114.67,
68.74, 65.33, 62.55, 58.06, 50.20, 49.98, 40.52,
31.70, 31.60, 30.98, 30.67, 30.42, 29.96. DQ 24 ON
Ph NNPh ONO NON-p NNII O'N HH\ ,NHOHHN
[01531 'H NVR (300 MHz, D20): 6 7.77 (s, 1H)
7 7839.221 10932,1 CBY. 54,51 BR4G,m 241H), ,69.98, $9. 1568 H) 62.07, 61.07, 57.20,

%éﬁ)zisggﬁtg‘gs(?ﬁ ’35%93%)?6635%131 3§7§]‘5%§l(3°7 3%;[1563
253(s 3H), 2.25-1.80 (m 4H), 1.79-1.61 (m 7 H),

1.60-1.45 (m 9H), 1.40-1.38H-b$84H), 1.37 (d, J = 7.5
Hz, 3H), 1.33 (d, J = 7.2 Hz, 3H): 13C NMR (75 Mz,

D20) : , 173.65, 172.34, 172.29, 144.94, : HN
138.®%4 , BP9 41, 129.25, 128.87, 128’“230 o H

6 L /7\2,/134,_6,3 L4~
60196,4 57. @8 14 64 53. 34, 51. INSS 5{4 o)
32Ng4, 32, 33, ©31. 31 25.86, 21.99, 15.60.

SH 143 O Ph NNHOOHH'I\I NNN-O~N~\O~N!\I H
ot 1 O i LEZHO A (00 B0 0 o
4.7%. XQT(m,l}l)I), 4B3844.14dm, 3H), 3853, 2H), 263 (4 480D, 3.33 s, 4H), 2.55 (s,
(0 2803 1ob ot 1 3803 99 B Bl odies gfp? o v
VHz MB20D.O3 37133731, 1722830169180 153,151 43923, 123807328.53, 127.38,

et/ R0 T B1oB A0 (01 05, 37 8112 808093, 33,3234, 3132,

62. 27,78625.0%, 21693,05,6367. 20, 53. 40, 53.24, 51. 14,
50.42, 35.96, 32.99, 32.32, 31.32, 27. 89, 25. 08,
21.94, 15.63. SH- 155 SH-159

%Q% Ny w%

[0162] 'H NMR (300 MHz, D;0): § 7.51 (s, 2H), 7.28-7.04 (m, 10H), 6.04 (s, 2H),
4.70 (m, 2H), 4.39-4.15 (m, 8H), 3.82 (m, 2H), 3.70 (m, 4H), 2.56 (s, 6H), 2.20-1.45
(m, 22H), 1.40 (d, J = 6.9 Hz, 6H), 1.38 (m, 2H); *C NMR (75 MHz, D,0): &
173.28, 172.22, 169.52, 148.14, 139.30, 129.31, 128.48, 127.33, 124.36, 68.99,
62.04, 61.06, 57.21, 51.10, 50.42, 50.35, 35.93, 33.06, 32.35, 31.32, 27.81, 25.09,
21.93, 15.64.
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OPh " Ph OONHNN NNHNMNNNHO /NHHOON,>
p~N [01551 "H NWR (300 MHz, D20): S 7.29 (s, 2H),
WO 200480692 (m 10H), 6.85 (d, J = 8.0 Hz, 4HPCBUSRB07/010924
(d, J =8.0 Hz, 4H), 5.78 (s, 2H), 4.65 (m 2H), 4.38
(s, 4H, 4.22 (m 2H), 4.08 (m 2H), 3.95-3.73 (m
6H), 2.55 (s, 6H), 2.21-1.28 (m 36H); 13C NWR (75
MHz, D20): 6 179.33, 172.64, 172.07, 144.32, 141.56,
140. 08, 139.74, 129.15, 127.99, 127.69, 127.53,
101@1 85, 6% II:I:MRGQOQ)MHEP@D 55771(11@; 2HF,. 73lﬁ 685.(n ,10H), 6.65 (s, 4H),

%@8 %5 2%2 ﬁ (éngizzx %(m,s%{qzl osz-”fm %%nzgl 74 (amy GH), 284 (m,

Ph @HY, BIS4 (5, @HIN2.28R1.04 Kn/ 38K); N> CmMR\m MHe-R-®): 8 172124, 171.83,

\ NG, Ph, 1.0
o691 48 8. Vg3, T8alnagi G2s 551 PRt 133 o870, 60.72, 57.20,
8 4 S115, S0Hg6, 0,169 3608, b4, 3264537306061, 283, 28T 28.20, 27.60,
#?16719 (s, | H, 4.90 (m 2H, 4.85 (s, 1H)),

§5( M. 4.62 (s, 2H), 4.33 (t, J = 7.1 Hz, 4H),
420(m 2H), 3.82 (s, 2H), 3.49 (t, J = 7.1 Hz, 2H),
3.00 (m 28, 2,70-2.55 (m SBGS2.38 (s, 6H), 2.30.
1.35 (m 28H), 130(d J =6.9 H, 6H); 13C N\R (75
MHz, CDCL3) 172, 05 '169. 69, 145. 37, N
141. 64, #4Q. 60, | gn 1 9. 15, ~239. 11, 128h600 HW/'\
128.5 Y/ﬁ*é %ﬁ\
127. 270 1. 0201 N"éé 52. 69, 87, g6, 35 o

53.41, 49, 41, 49.26

42.65 36.71, 35.97, 35.12, 32.03, 31 59, 31.55,

60. 15- N9, 75 59. 8. 56,

311109, 24 o/

B4 Usoo0 5 SIS 1300 Mt 8 255, 28, A0S s 1681, 6.85 (5, 41,
SH— 158 (sSPH)59 1S g:4H344. GSI(FDJ.BH) ‘6’2—5 !1t66—a7121 I'BHZIHQ'A 10 (m, 2H), 3.82
[01 n , H1

oy 16k BRI e J2041 S0 1> S0y O RMR 72 Wz, D200 5 173.04,
to SoBAGe 16D149, SERSHE 189.08, T55.382129.27, 128.82, 128.51, 129, 40, 123.90,

62.92, 60.92, 57.19, 53.62, 51.05, 50.39, 35.88, 33.05, 32.28, 31.32, 27.66, 25.06,

21.91, 15.64.

1

SH-166

- CR F w

[0165] 'H NMR (300 MHz, D,0): & 7.59 (s, 2H), 7.28-7.10 (m, 10H), 6.02 (s, 2H),
4.65 (m, 2H), 4.29 (m, 2H), 4.22-4.08 (m, 6H), 3.82 (m, 2H), 2.53 (s, 6H), 2.20-1.42
(m, 26H), 1.40 (d, J = 7.1 Hz, 6H), 1.35 (m, 2H); "“C NMR (75 MHz, D,0): &
173.35, 172.29, 169.53, 148.20, 139.07, 129.31, 128.54, 127.36, 124.06, 62.05,
61.03, 57.19, 51.11, 50.32, 50.05, 35.92, 33.02, 32.33, 31.31, 27.76, 26.68, 25.06,
21.93, 15.63.
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Ref. 16 17 15 a OQMN Ph b HONBoc OH 18 O N Ph
Ph ON OH O HN-Linker-NH "~ O"N NBoc ON=NN 7--N O
woRdN13d8e@gent s and conditions: (a) i. 17, ED®CHOIB007/010924

N, N-di i sopropyl ethyl amne, CH2CI2; ii. 4 NHC in

1, 4-di oxane, MeOH, iii. L-N Boc-N-nethyl alanine, EDC,
HOBt, CH2Cl2, 78 % over three steps; (b) i. diazide,
CuS™, (+)-sodiumlL-ascorbate, t- BuOH-H20 3:1, ii.

AN HCl in 1, 4-di oxane, MeOH. [0158] The chiral am ne

17 can be prepared accordi n§H-b67 i terature reported

met hods from conpound 16 [Messina, et al., J. Og.

Chem , 64737 1999)]. Condensation of acid 15 with N
chiral @nj ol FBwed by deprotection of the Boc o H

pr ot Wmmﬂ’\net/hanew,@ \n/'\
amonfunHsal tQ ndensafi on of this salt gmth H N ] O

L- NBoc- N- net hyl al ani ne furni shed internediate 18:
Cycl oaddition of 18 wth correspondi ng di azi de under

cat ahyz S + e
wf&ipect i vl¥1I IQM‘IQF? M%Eb%lg)é %Zﬁs‘g%iﬁi_ﬁﬁwg& 10H), 6.07 (s, 2H),
Df OHe (mn@fm 63p (gdved Géiz @mﬁm 25idvH] @nteHNAS4tmaH)C3 55 (s, 6H),

St 7o 1 Fhamer d d gty Db E A R0 ERS (. 260, 1.05-

eaclo.gsopm@Hy Pe mwnsu MHZ]TBeO® 8173713, W22 280 T64.386128.22, 139.18,

Ctepdy afedsd 837 46k Tute BB bibe slisgtfin, S22 soes 3591,

33.03, 32.34, 31.32, 29.35, 27.86, 25.40, 25.09, 21.90, 15.64.

EXAMPLE 4

Synthesis of SH-153 and SH-172

[0167] Compounds SH-153 and SH-172 were synthesized according to Schemes IV
and V. ‘
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SH- 165 59 SH-166 58 SH-167 59 Ph N N NH BocN H 0

18 10159] 'H NWVR (300 MHz, CDC13): 8 7.75 (brd, J =
w@2®7H062dH), 7.50-7.44 (m 2H), 7.38-7.23 (nPCBH$2007/010924

6.90 (brs, 1H), 5.95 (dd, J = 8.5, 2.4 Hz, 1H), 4.80

(m 1H), 4.64 (dd, J = 8.4, 6.2 Hz, 1 H), 4.60 (brm

1H, 415 (m 1 H, 2.88 (s, 3H), 2.62 (m 1H), 2.53

(d, J = 2.4 Hz, 1H), 2.20-1.70 (m 5H), 1.51 (brs,

9H), 1.56-1.05 (m 9H); 13C NMR (75 Mz, CDCI13): 5

171.99, 170.95, 169.73, 3d8ng6lV:129. 03, 128.55,

127.53, 82.13, 73.25, 60.03, 59.47, 50.32, 45.21,

36.94, 36.30, 32.36HQ0.48, 28.80, 25.29, 24.42,

23.45, 14.16. SH 156 Ph Ph 0O OHHN N ONNN NH

H O N=MgN=N&H O [0160] (300 MHzZothERlee Bomets (45%)

(s, 2H), 7.29-7.13 ( .08 (s, 2H), 4.70 (m

2H), 4.38 (m 4H), 4. m , 4.22 (m 2H), 3.85

(m 2H), 3.73 (nPogiHiN 0 37(MPBAH) , 3.25 (m

2.58 (s, 6H), 2.25-1.48 &;F.%o 22H), 1.40 (d, J =

6H), 1.39 (m 2H); 13C'RFEELI5 Mz, D20): 8 b

172.32, 169.56, 148.12, \7@ WO 2007/ 130626

PCT/ US2007/ 010924 139.21\'129. 32, '128. 54,

124.51, 69.98, 69.75, 68.97, 62.07, 61.07, ¥57. 20,
51. 13HO. 46, 50.41, 35.94, @3.01, 32.35, 31.31,

Reagents and coditions: (a) 9-BBN, THF, then H,O, (35% in water), 3 N NaOH;
(b) Dess-Martin periodinane, CH,Cl,, yield for 20 33%, yield for 21 62%; (c)Dess-
Martin periodinane, CH,Cl,, 96%; (d) NaBH3;CN, MeOH, H,S80, (cata.), 94%.

[0168] Borohydrogenation of the C-C double bond in compound 14 by treatment
with 9-BBN followed by oxidation of the resulted borane by alkaline H,O, gave a
mixture of four alcohols. Alcohol 19 can be separated from the other three isomers
by chromatography and its structure was confirmed by X-ray analysis. Oxidation of
the mixture of the other three isomers by Dess-Martin periodinane yielded two
ketones 20 and 21 which can be separated by chromatography. Reduction of ketone
20 by NaBH;CN in the presence of a catalytic amount of H,SO, furnished alcohol
22 as a single isomer. Oxidation of alcohol 19 by Dess-Martin periodinane also

gave ketone 20, so the structure of alcohol 22 was also confirmed.
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4.70 (m 2H), 4.38-4.14 (m 8H), 3.85 (m 2H), 3.63
(m 4H), 3.35 (s, 4H), 2.55 (s, 6H), 2.22-1.45 (m

W@y 136262 (d, J = 7.1 Hz, 6H), 1.40 (m 2H); PABTSNNRI10924

[0169]

(75 Mz, D20): 6 173.31, 172.28, 169.54, 148.15,
139.23, 129.30, 128.53, 127.38, 124.45, 69.85, 68. 90,
62.05, 61.05, 57.20, 51.12, 50.39, 35.93, 33.03,

32.34, 31.32, 27.78, 25.07, 21.93, 15.63. SH 159 0 N
Ph Ph OOHHN 1 HONHN N1- N N O ~NH O Ne=N N=N
101621 ' H NVR (300 MHz, D2Spherfie V:51 (s, 2H)

7.28-7.04 (m 10H), 6.04 (s, 2H), 4.70 (m 2H)
4.39-4.15 (m 8H), 3.82 (m 2H), 3.70 (m 4H) R _56x
(s, 6H), 2.20-1.45 (m 22H), 1.40 (d, J = .9 He,

6H), 1.38 (m 2H): 13C NVR (75 Mz, DR0): % N 73. 28,
172,22, 169.52, 1¥8. 14, 139.30, 129.31, 12

Ho.a122 5035~ 35.93, 33. 0%,
25.09, 21.93, 15.%4~( S 164.
0 NH N NN N_BogHid BOO7Z39626  BocHN
PCT/ US2007/ 010924 101631 “H NMR 300 MHz, EQO)

7.40 (S’ 2H) 2?5 rn¢ vmfo!.uq_g S 6. 65 (S ﬁ‘é A
(s, 2H), 4.65 &rﬁ%ﬂg;&/ﬂéﬁ&o mte%éH) 4.08 ( 26 i'n'?%%é,
3.92-3.74 (m 6H), 2.84 (m 4H), 2.54 (s,

2.28-1.04 (m 38H); 13C NMR (iéj&ggg D20 fN5 172. 24,
171.83, 169,34, 148.50, 139 Yo7

128.53, 127.43, 122. 92
50. 86, 50, 15, 08
28.63 28 57, 18,20, 2
Ph Ph O O H HKY

25. 20, 15. 71.
NHBoc BocHN

27 (S, S), 79%
28 (R, R), 81%

N=N N=N

—d . <::L :ﬁ\// 0 N 'III
NN 4§ N Y‘LN 0 N
H O H & omn M © H |

SH-172 (S,S), 74% over three steps
SH-153 (R,R), 72% over three steps

Reagents and conditions: (a) i. 10% Pd-C, H,, MeOH; ii. (R)-(-)-1,2,3,4-tetrahydro-1-
naphthylamine, EDC, HOBt, N,N-diisopropylethyl amine, CH,Cl,; iii. MsCI, N,N-diisopropylethyl
amine, CH,Cl,; iv. NaN3;, DMF; (b) propargy! ether (5 eq), CuSO,, (+)-sodium L-ascorbate,
AcCN:t-BuOH:H,0 2:2:1, t; (c) 23 or 24, CuSO,, (+)-sodium L-ascorbate, t-BuOH:H,0 1:1, rt;
(d) i. 4 N HCl in 1,4-dioxane, MeOH, ii. L-N-Boc-N-methyl alanine, EDC, HOBt, N,N-
diisopropylethyl amine, CH,Cly; iii. 4 N HCl in 1,4-dioxane, MeOH.

Hydrolysis of the benzyl esters in 19 and 22 followed by condensation of the
resulted acid with (R)-(-)-1,2,3,4-tetrahydro-1-naphthylamine yielded two amides
(Scheme V). Reaction of these two amides ‘with methanesulfonyl chloride followed
by substitution of the resulted two mesylates with NaN; furnished two azides 23 and
24. Cycloaddition of these two azides with excessive amount propargyl ether under
the catalyzation of CuSOj4-(+)-sodium-L-ascorbate gave two alkynes 25 and 26.
Cycloaddition of 23 and 24 with these two alkynes respectively furnished
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HOONNNNHNO [01641 'H NMVR (300 MHz, D20):
6.7.55 (s, 2H), 7.19-7.05 (m 10H), 6.85 (s, 4H),
WG2®3/1826 2H), 5.15 (s, 4H), 4.65 (m 2H), 4. 2BCT/US2007/610924
7.2 Hz, 2H), 4.10 (m 2H), 3.82 (m 2H), 2.54 (s,
6H), 2.12-1.20 (m 30H); 13C NMR (75 MHz, D20): 6
173.04, 172.16, 169.49, 148.55, 139.08, 135. 38,
129. 27, 128.82, 128.51, 127.40, 123.90, 62.92, 60.92,
57.19, 53.62, 51.05, 50.39, 35.88, 33.05, 32.28, .
31. 3pmppundgs 272and)@8. Rengoval 10f. the Basiprewcting (growpspin these two

00 c%@mwg%?:b@(f#d%s@z@ Ng%ﬂ-l‘g%%dgﬁtx{i%ﬁ?lfngiaﬁih‘e yielded two

10Hp@mides) 2R¢moval f the BagLpromctifigheroups o these tMd) amides gave SH-153

4.22-4.08 . 382 (m 2H), 2.53 (s, 6H),
2. 2§f’§.sgl§%1rﬁesq’g%%e§y'1.4o (d, J = 7.1 Hz, 6H), 1.35
(m 2H); 13C NMR (75 Mz, D20): 6 173.35, 172.29,
169. 53, 148.20, 139.07, 129§i3’ 128. 54, 127. 36,

124. 62.05, 61.03, 57.19,1.11, 50.32, 50.089
35.(92, 82, 32.33, 31.31, 7

" 78\_26. 68, 25.06, (.
21.193, 35.63. 74 WD 2007/ 130626 P 2007/,010924
SH- Ph Ph 0O OHHN N NH HO N=N -
BagHiy | OBnNVR (300 NaeHND20)G $ oBa (s, BeshiN - o o7 ~OBn
7.28-7,42° (m 10H), 6.07 (s, 2H) .65 (m 2H), 4.30
1 19 mixtire of three
(t, J =8.8 Hz, 2H), 4.25-4.10 (m 6H), 3.84 (Mingibe

2.55 (s, 6H), 2.23-1.95 (m 4H), 1.95-1.45 (m 22H),
1.40 (d, J = 7.0 Hz, 6H), 1.35 (m 2H), 1.05- 0.85 (m
[0819); 13C TdVRs¢IREoMeE cobpOnd 34 (72538 3 muRIPH 50 64, 66¢dry THF was

146 e 418, W g, A 3 S e s v
33. 0&fluxzd.fad]2 B11.8S2pL 893 38 NaDH 8@uti&5aﬁkﬂ2 nd500H,0; solution (35% in
é&k %v(;a’éer %Vaggdde%l\)/g\lﬁ%e%t O%tgﬁesrl v§ar91fings {_c!; r]c')%rsn taexq{:[l)erature and stirring
for 2 h, the mixture was extracted with ethyl acetate by three times. The combined
organic layer was dried over Na;SOj and then condensed. The residue was purified
by chromatography to give compound 19 (330 mg, 25%) and a mixture of three
other isomers (580 mg, 45%).
[0171] Chemical data for compound 19: '"H NMR (300 MHz, CDCI;): 6 7.40-7.28
(m, 5H), 5.43 (brd, J = 7.8 Hz, 1H), 5.28, 5.18 (ABq, J = Hz, 2H), 4.67 (t,J = 8.4
Hz, 1H), 4.65 (m, 1H), 4.20 (m, 1H), 3.96 (m, 1H), 2.45-1.60 (rﬁ, 10H), 1.38 (brs,
9H); "“C NMR (75 MHz, CDCl;): & 172.38, 170.83, 155.13, 135.39, 128.58,
128.40, 128.34, 79.70, 70.63, 67.14, 60.13, 56.16, 50.70, 45.22, 32.67, 31.70, 28.35,

27.34.
HO -0 .
o O
(R — S8R
BocHN O o OBn BocHN 0O o OBn BocHN 0 S OBn
' 19 20 21
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[0167] Conpounds SH 153 and SH- 172 were synthesi zed
according to Schenes IV and V. 75 WO 2007/ 130626

wWEMNUSBRO7/ 010924 Scheme 1V: HO 14 a N + ot PET/USINTE10924

isomers (4599 BocHN OOBn O 19 (2599 b HOOO N

N+ N BocHN O O OBn BocHN 0.0 OBn BocHN 00 OBn 22 20

21 Reagents and coditions: (a) 9-BBN, THE, then H202

(35%in water), 3 N NaOH  (b) Dess-Martin

peri odi nane, CH2Cl 2, yield for 20 33% vyield for 21

[0822k (c) DE@@ somnouwf migtlire s ghre€higmners obgiged ehove (570 mg, 1.3

’E\Blgllrg E%m& r)olélena{n ﬂc;%§§{zt%£v% éd%%ﬁé’esi@%ag%ilpﬁn%%nane (690 mmol, 1.56

14 hym'tol)enh'dmn temperhtlur@ 'BBi\ini)nhieON\ﬁscttibgedcaXtMHmnemberamre for2h
the r t ed b kal i ne H202 m xt ure .

of 1 DerC ORISR ShE| RguE on Pl B oS PPy to sive
ot h&forﬁ}hfuﬁ& 20906 1rig, 28%) ahd 21E3 30N E P58 RNCompsund 19 can be oxidized

structure onfirmed b ray anal ysis. Oxidation
of tf’r?@“’rﬂo?’[‘%?ﬁnb?‘etsﬁ'@eﬂ%lé ‘three isoners by

[0PE3ys- Mar t CRerARb] @4th Hameonipiindexh: tll‘\DNMIet(@(DIEMI-Zi) @nd1$15 7.40-7.28
whi ch can be separated by chraonmat og ép%%lq Reduct i o

ot G STy (REBHECR A HAHD. 3128 SqEdAHG. 4 o211 RED. 4.62 (1, 7 =

amou 1S 1H3S94 77, ﬁ!—ﬁ@dﬁhpqml 3. 022« aﬁq)aﬁonﬁb@(m 8H), 1.83 (m,
i somer. (xidation of alcoh NAr t
per | 15 Aefe(ney B, lgﬁv@r%éﬁ)me @d‘“%%(l%hﬂ’& ﬁR@b} & HF1.37, 172.20,

al conglo3 swas ¢k593 CPﬂsde" ri%@ 4176251\@22%’34 1@70?’?660 53; 56.06, 53.39,
PCT/ us2007/ 010924 " Sche
52.88, 36.79, 32.36, 30.18, 28 22 27. oo

[0174] Chemical data for compound 21: '"H NMR (300 MHz, CDCls): & 7.40-7.20
(m, 5H), 5.49 (brd, J = 7.7 Hz, 1H), 5.17 (s, 2H), 5.09 (m, 1H), 4.52 (t, J = 8.5 Hz,
1H), 4.22 (m, 1H), 3.08 (dd, J = 12.7, 4.5 Hz, 1H), 2.92 (m, 1H), 2.60 (mn, 2H), 2.36-
1.72 (m, 6H), 1.43 (brs, 9H); '’C NMR (75 MHz, CDCl;): § 207.72, 170.93,
170.15, 154.74, 135.58, 128.37, 128.30, 128.14, 80.00, 66.67, 60.10, 59.74, 52.13,

48.52, 39.65, 34.18, 32.36, 28.21, 26.90.

Q HQ
N _— N
BocHN BocHN
O o OBn o) o OBn
20 22
[0175] To a solution of compound 20 (160 mg, 0.37 mmol) in 15 mL of methanol

was added NaBH3CN (120 mg, 1.9 mmol) and 3 drop of H,SO4 (98%) at -15 °C.
_ After stirring at the same temperature for 4 h, 10 mL of water was added and the
mixture was extracted with ethyl acetate (30 mL x 4). The combined organic layers
were dried over Na,SO; and then condensed. The residue was purified by
chromatography to give compound 22 (147 mg, 92%).
[0176] '"H NMR (300 MHz, CDCl;): § 7.30 (brs, 5H), 5.45 (brd, J = 8.4 Hz, 1H),
5.20, 5.10 (ABq, J = 14.1 Hz, 2H), 4.85 (m, 1H), 4.48 (m, 2H), 4.13 (m, 1H), 3.16
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4"N N BocHN ON' BocHN OON 23 S form 64% over

four steps 25 S form 68% 24 R form 62% over four
weL@pa3®@es R form 66% N=N N=N N N N o O NHBeCT/Bsmbii10924

OO0ON 27 (S, S), 79%28 (R, R, 81 % N=N N=N

N~/~~O4N dy NOO NHBOOHHO OH NH HNC SH 172

(S,S), 74% over three steps SH 153 (R R), 72960ver

three steps Reagents and conditions: (a) i. 10% Pd-C

H2, MeOH, ii. (R-(-)-1,2,3,4-tetrahydro-1-

naplﬁbﬂs,yllﬁm P2~ TR (OB, 138 (brs, i) OpGI NMR [(78NHe, CDCL): &

0*287%30' Hl Rgﬁ%%%?g’ ﬁéﬁ%%ﬁ%é%@hY%% 19,'“{%?6(;(57;70, 66.87, 59.74,

CuS&4.00( 5). 65,0@.6@39:1&608@&9&30 28C0ON27ABUCH: H20 2: 2: 1,
rt; (c) 23 or 24, CuSO™4, (+)-sodium L-ascorbate,
t-BuOH H20 1:1, rt; (d) i. 4 NHC in 1,4-di oxane,
MeQH, iiHQL-N-Boc-N-nethyl alanine, BRQC, HOBt, N, N

di i soprop yl amne, CHC 2; iii. in

1, 4- di oxahe, [0169] Hydrolysisof t nzyl
esters i d 22 fol | ewed- by condensatippn of t
resul ted gei _
(R) - BorHMN, 2, mahydro-l-napBbeNam e% e
am des (ScEg Reaction of these t ded wi
nmet hanesul f chlorlde followed by su itution o

the resulted tmo nmesyl ates with NaN3 furni shed two

[01"’727.! des 23aghlutéh o@/&ﬁ&ﬁﬂg'lb'(@m ﬁfg, bh@%ﬁmbmn QO'IHE ®f CH,Cl; was

EXCESSIVE armunt propar et her under

cat aﬂ%iamp fengahlqgnde. @ rah» P-5mmebp ihe Sg&v@ntw cooled to 0
al kypeg,# 5116?1”@ 22§hL o@)/ﬂll‘@@qgéﬂrb?%leﬂglle&an@r\gaszﬁd&dt Bropwise. The

~these two al kynes respectivel rni shed
200711%% pucS fs@qr/e@sﬂz@wmqmggamr%&fpwrm@ thory cgpdpnsgd.  The residue

(I?g %8 fﬁﬁ ?foﬁé}n%{? g)ﬁg % \{erag{ri:)%\%{lhﬁ LS Solu¥iBn of thl'S mesylate
L- I\Iide)QnNL afmiethanal wag qt;t;le9|5@|r(jg df 10% Pd-C. After the mixture was stirred
at room temperature under H; for 3 h, the catalyst was filtered off and the filtration
was condensed to yield an acid. The acid was dissolved in 10 mL of CH,Cl,. To
this solution was added (R)-(-)-1,2,3,4-tetrahydro-1-naphthylamine (60 mg, 0.4
mmol), EDC (77 mg, 0.4 mmol), HOBt (55 mg, 0.4 mmol) and 0.3 mL of N,N-
diisopropylethylamine subsequently. The solution was stirred ét room temperature
overnight and then condensed. The residue was purified by chromatography to
furnish an amide. To a solution of this amide in 5 mL of DMF was added 0.2 g of
NaNi;. The mixture was stirred at 110 °C for 6 h and then partitioned between 60
" mL of ethyl acetate and 15 mL of brine. The organic layer was dried over Na;SO4
and then condensed. The residue was purified by chromatography to give
compound 23 (132 mg, 68% over four steps).

[0178] 'H NMR (300 MHz, CDCl3): & 7.30 (m, 1H), 7.20-7.03 (m, 3H), 6.81 (brd, J
= 8.2 Hz, 1H), 5.50 (brd, J = 8.4 Hz, 1H), 5.18 (m, 1H), 4.65 (m, 1H), 4.48 (m, 1H),
4.35 (m, 1H), 3.84 (m, 1H), 2.80 (m, 2H), 2.45 (m, 1H), 2.30-1.78 (m, 13H), 1.45
(brs, 9H); '3C NMR (75 MHz, CDCl3): 8 171.19, 170.26, 154.87, 137.18, 136.41,
129.07, 128.73, 127.28, 126.16, 79.56, 60.47, 59.30, 54.47, 50.79, 47.57, 40.40,

33.19, 32.56, 29.83, 29.02, 28.32, 27.82, 25.43, 19.74.
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am des. Renoval of the Boc protecting groups in these
two am des gave SH 153 and SH 172, respectively. HO

W7/ @dodé + QN BocHN O O OBn BocHN O O OBn Bor¢INUSIN07/010924
OBn 14 19 m xture of three isomers [0170] To a
solution of conmpound 14 (1.25 g, 3 mmol) in 50 nL of
dry THE was added 9 niL of 9-BBN solution (0.5 Min
THF, 4.5 Mol ). After the solution was refluxed for
12 h, 1.5 nmL of 3 M NaCOH solution and 2 nL of H202
solution (35%in water) was added dropwi se at 0 C
Afteréx\ﬁ:ni ng to roomtenperature and,stirring for 2
, xture was extracted with ethyld acetate by

three ti . conbi ned organic | ayer ried
over hen condensed. The reésidue|wa

purifi Omat ogr apny Tto give ¢ (33
ng, 25% ] xture of three other rs\ (580
nmyBogEiy . 7é @n cal data fcﬁOQJ'thpou N N
(300 MHz, 13): 6 7.40-7.28 (m 5H), 5.4 brél J
7.8 Hz, 1 5.28, 5.18 (ABgq, J = Hz, 2I—|) 4.67 (t, J
= 8.4 Hz, 1H) 465(m 1H), 4.20 (m 1H), 3.96 (m

: 2.4 S mpoun
R, 2t i s S iomonn

128 frpgn cqmaomﬂ 22763?/@0vqcfoaestem 14, 60.13, 56. 16,
70, 45 8 A7
R oo DS <ol itd, €BiAs 2 (R TUHE 745, 2D, o6 (m, 1),
21 678 (ol 2Ho 8.3 336 28D .43 0820077 D204 H)| 519 A, 1éDa4.54 (m, 1H),

I f_
280\%45%’@78 ‘7'391-115” ﬁflﬁ 49%5)Em ?@??Lbf?rﬂg‘i_g&‘)%%' er‘i 1), 2:48-1.50 (m,
. Dessl4khy 1142 ﬁHS,I Bid);nane WO (FiovHz1 CHECIJ)m@)Il)ﬂe&Z rige7, 154.94,
h
T 80T HAErA 190, 138 o S8 SPR0 3, e, 0,

was 407, #2 2a, 1n.74,MoByregraphgl 128.25, 26.08¢ borpeund 20
(160 ng, 28% and 21 (330 ng, 58% . Conpound 19 can be
oxi di zed

O\/\
N3 N
, N
BocHN 0 NS O
O H
23 BocHN %
[0181] To a solution of 20 mg of CuSO4 in 2 mL of water was added 40 mg of (+)-

sodium L-ascorbate. The mixture was shaken until the color turned to bright yellow.
This mixture was added dropwise to a solution of compound 23 (120 mg, 0.24
mmol) and 0.2 mL of propargyl ether in 3 mL of acetonitrile and 3 mL of +~-BuOH at
room temperature. The mixture was stirred at the same temperature overnight and
then partitioned between 60 mL of CH,Cl, and 15 mL of brine. The organic layer
was dried over Na,SO,; and then condensed. The residue was purified by

chromatography to give compound 25 (105 mg, 74%).
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to conpound 20 in the sane nmethod. [0173] Chem ca
data for conpound 20: 'H NWVR (300 MHz, CDC13): 6
wQ2000A30628 (m 5H), 5.42 (brd, J = 8.2 Hz, 1HCT/BSD87/010924
5.18 (ABq, J = 12.2 Hz, 2H), 4.62 (t, J = 8.4 Hz,
IH, 437 (m IH, 3.13 (m | H, 3.02 (t, 1H)),
2.50-1.98 (m 8H), 1.83 (m 1H), 1.60 (m IH); 1.38
(brs, 9H); 13C NWMR (75 Mz, CDO 3): S 211.37, 172.20,
170.94, 154.92, 135.23, 128.56, 128.41, 128.22, 79.81,
[0882] 17, 60HEBMEA308 MH3, GDCl;)53. B84 (861H),7.B2(861H), 7.18 (m, 2H),

21 M R oedpe dRT 58 087 < 71 HEEES s in. 1,

5 49, 16o¢d, 1H),2.70 (s, 1), BH5-4.52 Xih, (381), 248, (d5] 692 @nHz, 2H), 2.80 (m,

(dd 2H§ 32592&’71 o é%ifz 1, %)4]5 E%éém( ﬁ\%ﬂg)%‘& @%@%0% NMR (75

2H) Mﬁz,i%b‘:Dd,).VB (m 6ﬁH)704B 434(7I9r 343 3B) 13435 NI, 129.11, 128.59,
170, 15, 154, 74,

MHz, CDClB%:
1961883638647, 12585539 oo, BSbchL-96 6 Ep9.1p, 5749, 465,
59 %&29527 333;41 98.33%3 39.49531.34, 381 5, 38, 19628.28. 33181, 20.06.
O HO " N'QN™ BocHN O O OBn BocHN O O O3n 20 22
[0175] To a solution of conpound 20 (160 ny, 0.37
mmol) in 15 nL of nethanol was added NaBH3@N 0 ng,
1.9 mol ) and 3 drop of HZSO4 (98% at -1% C ~ After
stirriQg at the sanme tenperature for 4 W\J0 nL of
wat er s added and the mxture was exygcted with
(30 mL x 4). The conbi ned orgagic |ayers

wer e 4 and t hen condensed esi due
was pur at ogr aphy—t=0 gi ve donpo 22
( 1E0eHNy, NVR (300 MHz, CDGH3y: 6\ 7.3

(brs, 5H),p45- 457 (brd = 8.4 Hz, H)BocHy 20,0 %
(ABq. J =44 1 Hz, 28, 4.85 (m | H . 4.48 (g 2H',
4.13 (m | H), 3.16 79 WD 2007/ 130626
PCT/ US2007/ 010924 (brs, 1H), 2.42-1.45 (m 10H), 1.38

[0183]S, 9H)CorhpPsunhiNI WS syvithesiZelGA e sdme théthodGis tHat fodSompound 25
155. 06, 135. 43 28.27. 128.15. 79.36. 67.70,
66. éfﬁmé’s@m?aundégye%}ﬁ%%f)ﬁs 43.62, 32.12, 31.82,

[01&]30 281—1231M127(30@ MH 8BCLY: bl 7.59¢EN 1D, @. 3B BoHN. G (m, 2H),
N7 od (m, 1H), 6.68 (brd, J = 8.2 Hz, 1H), 5.48 (brd, J = 8.3 Hz, 1H), 5.15 (m, 1H),
4.89 (m, 1H), 4.72 (m, 1H), 4.70 (s, 2H), 4.56-4.35 (m, 2H), 4.14 (d, J = 2.3 Hz,
1H), 2.80 (m, 2H), 2.58-1.55 (m, 15H), 1.43 (brs, 9H); °C NMR (75 MHz, CDCl):
8 170.83, 170.60, 155.02, 144.76, 137.22, 136.29, 129.03, 128.79, 127.31, 126.32,
120.18, 79.86, 79.18, 74.97, 62.97, 61.36, 60.02, 57.52, 57.22, 49.65, 47.76, 43.81,
32.84, 32.72, 30.50, 29.92, 29.01, 28.29, 26.56, 19.86.

23 + 25 —

[0185] To a solution of compound 23 and 25 in 3 mL of acetonitrile and 3 mL of t-‘
BuOH was added a mixture of 20 mg of CuSO4 and 40 mg of (+)-sodium L-
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19 23 [0177] To a solution of conpound 19 (170 ng,
0.39 mol) in 10 nL of CH2Cl2 was added

woredonaswsal f onyl chloride (0.05 ni, 0.6 nmol).PdneEs2007/010924

solution was cooled to O C and then 0.2 nL of

N, N- di i sopropyl et hyl am ne was added dropw se. The

m xture was stirred at roomtenperature for 4 h and

t hen condensed. The residue was purified by

chromat ography to give a nesylate. To a solution of

t hi siscaabgtean @ mLof Waterl. Tie mixtiegnwds stisrsd st dewin 5@nperawike overnight
10%_P After { o]

t errpe? atg Ilrltl% necp wfeoIri %rg W\f\,acf’%éf-l (3{1 z{gd I?tmrL Sf'brine. The organic
fil tleyee dwas ﬂnahdvtxhhlaiS(DI nad itien cmakns&dndéhse'dmdme was purified by

Loy magsey © Saf foraione Gl |

[0188) (-) - TH2NYE-(Bed NHydCDd)naphthys, aaH ) §.406 (n1RH),07.49 (m, 4H),

%)

o 70! 1o 2K, (bt { T blsy PO 72 0P sl dfa et 919 (e, 21D,

The 4513_4 i @H) WRE7 $4, |4H)9dhﬁ7t (ThO9M) L £8P, JLLIBES Hz, 2Hf) 2.79 (m, 4H),
t” and then condensed. ,The residue was

over ni 13
by &ﬁ%hé%@\s 2B 5 G RO e N 5 Mg Bl b5, 170.48,

of tiRhkyganudgol 35 391 1@6 3@'\/529@8 aldé%é in 391 Qﬁs 3blafr|§2 60, 79.66,
The mixture was stirred for 6 h and

par 63469 $8$0p 6P HEe A4-60 5#@7&7 8%‘}/1 9%.(:—’&%% é%f’r?d 39513nL29 21, 29.09,
of bigipess Therphgani c layer was dried over Na2SO4 and

t hen condensed. The residue was purified by

chromat ography to give conpound 23 (132 ny, 68% over

four steps). [0178] IH NVR (300,M\Kz, CDCld 5 7.30

(m 1H), 7.20-7.03(m 3H), 6&1&%90?%?\.82 Hz, |
H, 5.50 (brd, J = 8.4 Hz L 4. 65

(4 | +H)z6 4.48~(m Q% m | H, 3.84 (
5 ( | 2.30-1.78 ,
\( 78 MHi8oEDCL 30N 174, 1

H, 2.80 (m 2H),
1.45 (brs, 9H);
170. 26, 154. 87, 18" 1®6.41, 129.07, 128.7 ,O
127. 28, 126.16, 79. 56 60. 47, 59 30,2854, 47, 50.79,
47 57, 40.40, 33.19, 32.56, 29.83, 29.02, 28.32,
4382, 2
4 Usooss e 2% v R e R RS gt s iayorrompound 27
H from compouiR4 @skdvbund 24 was synt hesized in the

OB, SCUMRGR I e LD B SRRSO, F0. (o

S 763D, 660 (i) J <78.0FHL,BHR 48 (brdd € 81 Hig) 2H), 5.16 (m, 2H), 4.89 (m,
2H), 4.73 (m, 2H), 4.70 (s, 4H), 4.52-4.33 (m, 4H), 2.78 (m, 4H), 2.56-1.58 (m,
28H), 1.43 (brs, 18H); *C NMR (75 MHz, CDCl3): & 170.89, 170.51, 155.01,
137.22, 136.25, 129.03, 128.81, 127.33, 126.35, 120.21, 79.87, 63.85, 61.38, 60.03,
57.27, 49.65, 47.75, 43.86, 32.85, 32.73, 30.51, 29.21, 29.03, 28.30, 26.54, 19.84.

N=N N=N
A N\/\/O\A/N
g G o o X
T TS Ay
_NH  HN_
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6.77 (brd, J =83 Hz, I H), 543 (brd, J =8.2 Hz, 1
H, 516 (m 1 H, 454 (m 1 H, 4.48 (t, J =7.5
wo2007h3derg 4. 25 (m | , 3.52 (m | H), 2.80 ¥am/udp7/010924
2.48-1.50 (m 14H), 1.42 (brs, 9H); 13C NWR (75 MHz,
CDC13): S 171.02, 170.07, 154.94, 137.11, 136. 33,
128.98, 128.76, 127.20, 126.23, 79.76, 61.17, 60. 35,
56.99, 49.85, 47.47, 42.20, 32.74, 29.84, 29.14,
29.01, 28.25, 26.08, 19.76. O N3 NL N QNN BocH 4 O
(0BIN' 23 HdBasoltich Of Ebhipound 27 in 2ml| 6fl Bitthafiol was added 1 mL of HCI
solutjon o . f,.CuS in 2 .0of wat er. s . added
20, aphpn (s R Sicng, hed sSosRh W Sl F808 emperature
shaleeBrmightiandtthén cstldensddu rTietretsidu® WagBuspeatiédis 5 mIhoBCH,Cl,. To

m xture was added dy.opw to ution. of

T dhiso g o5 4Bl N gng-Ribes-aarnd EOFP MBS ana NN-
in %ii%pr@f:yléﬁx?%@ﬁh_&f mhe naikehrd wis sﬁf’rgﬂ aBb@Iﬁh &mpdr@ArS overnight and
t enper at ure. e.mxture was sfirred at the sane . .

t enpREatandeEnssde riegrtidugiyas Pmﬁ% ChiOmstRETeIY Resite ghemide. To
M @fsofdieoani ahfid8hn §fmD bF Rfbthahlde wak daddd1 kily 6f HOMaSlution (4 N
dried over Na2SO4 and then condensed. The residue was

pur ii® ilgtidigyrane)n r Bigaselutiom Mips sHITg \ab reQIRERErabse oyemight and then
MY, 48 d8nsedio % 2R0E/SEBq928s BSdit WaRG9¢(. 019 28mpbGHdBeas purified by
1 H NMR (300 , CDC13): 6 7.64 (s, 1% 7.39°(m |

H) , HPL@ tongiveHyure 7produgtmThe gfpdiegt san (fhama 7300 -ofgsglvent A (water
HZ, — Z : 3 i 9%

. byl 0y by Byl e Bk d Bt s or e
(d, td S5%oflsdivent2Adjand 2589 of sglvertbih 252mg0 Amalytical IPPUC showed the
Hz, 1 H). 246 63 (m 14H), 1.48 (brs, 9H); i3C. NWR

(75P ; 55'&% 6 170.63, 170.48, 154.79, 143.58,

137.35, 136.30, 129.11, 128.59, 127.36, 126.41,

122.65, 79.71, 79.31, 74.87SH6P7D6, 60.83, 59.13,

57.49, 54.65, 53.29, 47.84, 41.98, 34.53, 32.49,
31. 26, 30.15, 29.10, 28.934‘,‘ 25,81, 208:R6. N3 N N-N N

N N\/)_/ NN,
N
“'NH HN— ~NH
"NH BNT N N
O
g
[0190] 'H NMR (300 MHz, D,0): & 7.85 (s, 2H), 7.22-7.02 (m, 8H), 4.98-4.79 (m,

4H), 4.80-4.60 (m, 4H), 4.52 (s, 4H), 4.28 (t, J = 8.7 Hz, 2H), 3.82 (m, 2H), 2.72-
2.50 (m, 10H), 2.48-1.55 (m, 28H), 1.45 (d, J = 7.0 Hz, 6H); >C NMR (75 MHz,
D,0): & 173.57, 171.59, 169.27, 138.30, 136.14, 129.54, 128.56, 127.82, 126.61,
124.46, 62.79, 61.98, 59.66, 57.28, 55.45, 53.24, 48.38, 41.25, 31.93, 31.32, 31.11,
29.86, 28.81, 27.24, 20.27, 15.64.
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BocHN O ON' 24 HBocHN OO0 N H 26 [01831 Conpound

26 was synthesized in the sane nethod as that for
w@oovpasnses 25 from conpound 24 (yield 73% . [ ORGHWLS20bI7/010924

NVMR (300 MHz, CDC13): 6 7.59 (s, IH, 7.36 (m 1H),

7.13 (m 2H), 7.04 (m 1 H), 6.68 (brd, J =8.2 Hz, 1

H, 5.48 (brd, J =83 Hz, 1 H, 515 (m 1 H, 4.89

(m 1H), 4.72 (m 1H), 4.70 (s, 2H), 4.56-4.35 (m

2H), 4.14 (d, J = 2.3 Hz, IH, 2.80 (m 2H),

2.58-1.55 (m 15H), 1.43 (bRH-1%3H); 13C NWR (75 Mz,

CDC13): 6 170.83, 170.60, 155 02, 144.76, 137.22,

136.29, 129.03, 128.79, N=N. 31 O 26 B2y 120. 18,

79.86, 79.18, 74.97, 62 ¥ QZ 57.52,

57.22, 49 A7. 76,—43. 81, 32 8 0. 50,

2FMHN25 i n \BN

‘and 3 nL of ﬁ:—\\gugﬂ vvas)&elQed a mX/.u;%
CuS™ and 40 ng of (+)-csodium L- 827WDOW2007/ 130626
PCT/ US2007/ 010924 ascorbate in 2 nL of” water. The
xture was stirred at rogmtenperature overni
[mtgﬂén par t3H7 |16§1e‘8390é¥%‘°eﬁ‘1zeé0%§’eo?a”@-|ﬁ@‘§nﬁ?ld‘s °ro$ﬂ 172 from
bri Rempdligd #8.9ani ¢ | ayer was dried over Na2SO4 and
t hen con densed. The residue was pur

0334 onat ogHalﬂMM OMFEz, Qe ofi P53 %Hb 7¢2° %8%6] 8H), 4.92-4.74 (m,
gll\/lfgtz §§ ngZﬁ 7@265(m &ﬁ); 37(364(% (m)saH)&z .52 (m, 12H),
oH) 2 n%,gs ((B% dsH)J 1,9971 55 g, 1@@) 151(51(91 (Im 781z, 6]41),75'3C NMR (75
( m 1\2th D%O?78 (2. 9@'01’714584716(9"78641'3)3:234 138,06t ,129 46( §2B.57, 127.78,
| 8H)126 3301209, 62582&/;% S6C0R:89)58. 14, ﬁ%’o‘-”sﬁo 427‘&)8 3@, 42. 62 . 49, 31.30,

154, 1. 6 129. 06, 128. 62,
127 ég?’g%FlBlI%E%OZO%g Kot 63. 66, 60.80, 59.06,

54.65, '53.27, 47.80, 41.93, 34.49 32.49, 30.13,
29.21, 29.09, 28.32, 25.7%AMPIBS

Synthesis of SH-146

[0193] Compound SH-146 was synthesized according to Scheme VI.
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N=N NN 24 + 26 ON' N N-\\ O 'NHBoc BocHN O FW \ 6

28 [0187] Conpound 28 was synthesized in the sane
woredonosheas t hat for conmpound 27 from conpoundP@EUS2UA7/010924

26. [0188] 'H NWR (300 MHz, CDC13): S 7.61 (s, 2H),

7.38 (m 1H), 7.20-6.99 (m 6H), 6.60 (brd, J = 8.0

Hz, 2H), 5.48 (brd, J = 8.1 Hz, 2H), 5.16 (m 2H),

4.89 (m 2H), 4.73 (m 2H), 4.70 (s, 4H), 4.52-4.33

(m 4H), 2.78 (m 4H), 2.56-1.58 (m 28H), 1.43 (brs,

18H); 13C NMR (75 MHz, CDCE&hemesVi:70.89, 170.51,

155. 01, 137.22, 136. 25 129 03, 128. 81 127. 33,

126. 35, 120. 2INHTSCR7, 63.85, 61.3 \ 57 27,

49. 65, 47, 43,86, 43. 8% 32.73, 30

29. 03, 28 26.54, 19.84. N=N N=

NH HN H O+ SHs172 83 WO 2007P48%26 o

PCT/ US2007/ 010924 [0189] To a sol ution o? corrgﬁ)und 27

in5 nm of nethanol \Has added I nL of HO solution (4

N in 1, 4-di oxane) solution was stirred at room

tenperature over n/ght and then condensed. The residue

was suspended i % n of CH2C12. To this mxture was

added L-N-net hyf= C- cal amhne, ED&N HOBt and N, N

di i sopropyl et hyl am vva,s stirred at room

tenperatgre ov ﬂan t hen conden The residue

was purified by chr tography to gbv ' . a

solution of this amde in 5 nL S added

m. of HO solution (4 N in 1,4- ) . \Jh ‘Iut

was stirred at roomtenperature overanht amd t'hen

condensed to give crude SH BH44s a salt with HC .

Thi s conpound was purified by HPLC to give pure

product. Rémgegtsadd emditioasn(al) . @M UGKH) 04-diexdne£3D 14 (ivigt EDC,

ot af necH OB Y bl e B e e e

(acetoni tﬁi‘%% iii. ddg';ﬁ-#\}?met;f?:lgmﬁe EDC,HOBt, N,N-diisopropylethyl ami;re,

CH,Cly; iv. 4N HCl in 1,4-dioxane, MeOH, 55% over four steps.

[0194] Removal of the trifluoroacetyl protecting group in compound 3 followed by
condensation of the resulted amine with acid 15 gave an amide 29. Cycléaddition of
azide 24 with alkyne 29 under the catalyzation of CuSQs-(+)-sodium-L-ascorbate
followed by removal of the Boc protecting groups afforded an ammonium salt.
After condensation of this salt with L-N-Boc-N-methyl alanine, the Boc protecting
groups were cleaved by treating with HCl in methanol to afford the bivalent Smac
mimetic SH-146.

| Ph
N— | gz
(o) =
BocHN 5 Y NG 7
- 0
29
[0195] 'H NMR (300 MHz, CDCL3): § 7.75 (brs, J = 7.4Hz, 1H), 7.32-7.15 (m, 5H),

5.53 (brd, J = 7.1Hz, 1H), 5.08 (m, 1H), 4.73 (t, ] = 6.6 Hz, 1H), 4.60 (m, 1H), 4.19
(brs, 2H), 4.12 (m, 1H), 3.80 (m, 2H), 2.62 (m, 1H), 2.45 (t, J = 2.3 Hz, 1H), 2.23-
1.65 (m, 4H), 1.55-1.10 (m, 16H); "*C NMR (75 MHz, CDCL): & 172.20, 169.94,
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to 55% of solvent A and 45% of solvent in 25 mn.

Anal ytical HPLC showed the purity is over 95% SH 172
WORMN7DBMM <ON N H-\ 0 "NH HN -NH HNH O 0 ErT/051007/010924

[0190] 1H NWR (300 MHz, D20): 8 7.85 (s, 2H)

7.22-7.02 (m 8H), .4.98-4.79 (m 4H), 4.80-4.60 (m

4H), 4.52 (s, 4H), 4.28 (t, J = 8.7 Hz, 2H), 3.82 (m

2H), 2.72- 2.50 (m 10H), 2.48-1.55 (m 28H), 1.45 (d,

J =7.0 H, 6H); 13C NWR (75 MHz, D20): 8 173.57,

171.158 03169935 12887,3127.486120405, T9B%49.28234%4, 72.23, 59.76, 59.27,

o5, 7834 295 ST 38 44 1290 203705 43023l 1T 25
20 86, 2881 27,24 20 27 1564 84 VO 2007/ 130626
PCT/ US2007/ 010924 SH153 NN ONN NJ-/ N ON' N H-~
O-'NHHN -NHHN OH OO @y f0191] SH 153 vas

synt hesi zed. in the same sequence as that for SH 172
from conpoynd. 28. [0192] "H NMR (300 MHz, D20): 8

7.95 (s, 2H) 7~ 7NBO-6.95 (m 8H), 4.92-4.74 (m 6H),
4.59 (s, 4@55 (m 2H), 4.27 (m 2H), 3.86 (m

2H), 2.78-953m 12H), 2. 42 N=08 (m 8H), 1.99-1.55
(m 18H), ( Pr. 0 (
020) 8 71\58,);1@/6? ,

[0196] 'H NMR (300 MHz, D,0):  7.84 (s. 1H), 7.40-7.25 (m, 6H), 7.24-7.02 (m,
3H), 4.98-4.85 (m, 4H), 4.74 (m, 2H), 4.53 (s, 2H), 4.30 (m, 2H), 4.27 (m, 1H),
3.97-3.80 (m, 2H), 3.78-3.65 (m, 2H), 2.92 (m, 2H), 2.56 (s, 3H), 2.55 (s, 3H), 2.35-
1.45 (m, 26H), 1.43 (d, J = 7.0 Hz, 3H), 1.38 (d, J = 7.0 Hz, 3H); °C NMR (75
MHz, D,0): 5 173.88, 173.59, 172.24, 171.57, 169.52, 169.26, 143.92, 138.65,
138.31, 136.20, 129.51, 129.12, 128.48, 128.17, 127.80, 126.95, 126.60, 124.24,
72.30, 63.35, 62.21, 61.98, 61.05, 59.61, 57.27, 57.19, 55.46, 53.35, 53.20, 51.12,
48.41, 41.21, 35.95, 33.00, 32.34, 31.30, 29.83, 28.80, 27.94, 25.08, 21.91, 20.30,
15.62.

EXAMPLE 6

Synthesis of YP-317, YP-381, YP-383 and YP-385

[0197] Compound YP-317 was synthesized according to Scheme VII. -
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126. 57, 123.39, 62.82, 62.56, 60.59, 58.14, 57.13,

50. 49, 48.38, 42.62, 32.49, 31.30, 29.84, 29.53,
wQ300783062¢. 86, 20.20, 15.61. EXAMPLE 5 Synt heBCEHUS$007/010924

SH 146 [0193] Conpound SH- 146 was synt hesi zed

according to Schene VI. 85 WD 2007/130626

PCT/ US2007/ 010924 Schene VI: NHCOCF3 a QN Ph O BocHN

OHO29 H~ N HN._ OOOPh N=N "I NbHO NHDO
H O SH 146 Reagents and conditions: (a) i. 2 N LiCOH,
1, 4-di oxane: H20 1:1; ii. 15, EDC, HOBt,

N, i sopropyd et hyl am\ne, CH2Cl 2, 88% ower two
SOEPRT COPH I - —ade )GUQ;}TCQG)-BLSGéi—Hm ~anC OrHatRy LI
- t-Bubry20 TVTT i~ 4NBRICly,i n 1, 4z dlipxanes  HEOH i

L- N- Boc- N- net hyl al ani ne, EDC, HOBt,

N, N- di i sopropyl et hyl am ne,—~ CH2ClI 2; iv. 4N in
1.4-ioxane\ MeOH 55% 0 boskEPs. [01941 é&ggg
oun

of thd tiy fIUEB4edeyl proflecting gebup iff c
f obsdwved by 3sconden§®$W°t he_result YO with
acid 15 gave an am dz9. NHged oadftli t | (o¥ e NN \dode 22
wi th al ky 29 under the catal yzation of

i -asco ol | oned dpy._.r v of
t he Boc[pr teg#?gﬁ%“ gr ou¥|c3I a-ta_]??'/\rr?ied ag a Wt.
ATt ér ationﬁr’th?\}—qat W th L- N- BOg= t hyl
al arbsag gggoﬁoc"pr ot BeHNng o COO"Bu  BochN™ 5 COOtBu

37 38

Cbz~y, - Cbz- ‘ N
h . L N . N -1 . L N

H,N" | COOMe BocHN ¢ COOMe BocH O COOH
39 40 41

Zz
g
N
/

Cbz~ Nw Cbz< N .
k ! m

BocHN” |, CONHCHPh, H,N© 5 CONHCHPhy
42 43

Cbz~ HN

>N b CONHCHPh, ~N >N o CONHCHPh,
: H : H
4“4 45

. G U2

4

N Ph,HCHNOC ;NH HN o CONHCHPh,
Boc 0 N o= _°
/N\_;/U\N o  CONHCHPh, Boc—N N-Boc
: H 46 \ / 47
N~ < > N
C‘q HN
—9 . phHCHNOE 4 Rn uN 5 CONHCHPh,
o:g —2=0
NH
AN / YP-317
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groups were cleaved by treating with HC in nethanol
to afford the bivalent Smac mnetic SH 146. Ph N
w@owHBMEG O 29 [01951 "H NMR (300 MHz, CDCL3pCT/6S2007810924
(brs, J =7.4Hz, IH), 7.32-7.15 (m 5H), 5.53 (brd, J
=7.1 H, 1 H, 508(m 1H, 473 (t, J=6.6Hz, 1
H, 460 (m 1H, 4.19 (brs, 2H, 4.12 (m 1H), 3.80
(m 2H), 2.62 (m 1H), 2.45 (t, J = 2.3 Hz, 1H), 2.23-
1.65 (m 4H), 1.55-1.10 (m 16H); 13C NWMR (75 Mz,
CDCERgagents1 and? Gondfittbn34, (a)8GeBuRlOitickBY6iPE chloride, N,N-
PCT/diiSa$108916thgP dthine] Ne@glent Ihicthde; 18B10%, PA-Z7.Méthanol, Ha,
127.88% ovél.th8,steps; @P BoéDHlz)-OH, FHC HOBS, N8 didsopropylethyl
58. 3thin§2 Mifthylerde QGhlorife; 4@) B2MFetrdButytamménidmh fluoride in
24. Y& rd¥8ranStelidf drUleQx NE7 PP Rved t&o Phteps; () NDedd-Niktin
H/ Npefbo nQné‘WI@eth Qﬂa@@ﬂalor{de'\w@’/‘(, 39010%izpd-B2 Mléth&hol . B4 64%;

é%j")Ben%%ﬂQhYOr forintle, 6$ﬂd1u1¥1 Pcatbdddtd M 4-dibRane, 95%; (h)

iBnch")Metﬁax?xﬂ m B&d hnhylirki2, u%H)blcanbc;’iﬁtc 1,4-
( m d%')gane"'ﬂ?"}o EIVH) ste _9' 3. l@OL{tHﬁmz dro§1d%8m'3 1B, 1,4-
( m lm&lﬁl}me €s. BB, NN-

17é

ane 3’12% (gkm
%’us rﬁ 1 myl IJ(eﬂ) 1 'ch‘ioride %_%VCI‘?’{_\QO sép§8(l) 4 M
iDMR eth ﬁaoc-N-methyl

m Ya%c gﬂoﬁ?% %ﬂdu ’chlorlde 78%

143 . { lé %‘ Zﬁ 5%‘7 -dlbromo-p-

1285 i pucl 2B 9. ol Sodium

;; Car 2d1 ane eg ’41\}2 @ lf g l 4 dloxane
. 0

35. ,eth ‘51 /3’% e 0. 29.83. 28 80. 27. 94

[0193)

08, 21@%01319'3?1 was ﬁép@r%d in six steps from pyroglutamic acid (compound
30) by the published. methods (Zhang et al., Org. Lett., 4:4029-4032 (2002); (b)
Polyak e al, J Org, Chem. 63:5937-5949 (1998)). The hydroxyl group in
compound 31 was protected with TBS to yield compound 32. The benzyl protective
group was removed by catalytic hydrogenation to yield amine 33, which was
coupled with Boc-Dap(Z)-OH to give amide 34. The TBS protective group in.
compound 34 was removed by 1 M tetrabutylammonium fluoride in tetrahydrofuran
to yield alcohol 35, which was then oxidized to aldehyde 36 by Dess-Martin
Periodinane. Removal of the Cbz protective group in compound 36 by catalytic
‘hydrogenation, intramolecuiar condensation of the desired amine with the aldehyde
and subsequent reduction of the resulted enamine were carried out in one pot to give
bicyclic compound 37. Amine 37 was protected with Cbz protective group to yield
compound 38. The Boc protective group in compound 38 was removed and tert-
butyl ester was converted to methyl ester by treating with thionyl chloride in
methanol to give compound 39. The amine group was protected with Boc protective
group to yield compound 40. Methyl ester 40 was transformed to carboxylic acid
41, which was condensed with aminodiphenylmethane to form amide 42. The Boc
protective group in compound 42 was removed to give free amine 43, which was
coupled with L-N-Boc-N-methyl alanine to yield amide 44. The Cbz protective
group in compound 44 was removed by catalytic hydrogenation to give amine 45,

which was treated with a,0’-dibromo-p-xylene to yield compound 46. Compound
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EXAMPLE 6 Synt hesis of YP-317, YP-381, YP-383 and
YP-385 [01971 Conpound YP-317 was synt hesi zed
wa@ewonslicng t o Schene VII. 87 WO 2007/ 130626 PCT/US2007/010924
PCT/ US2007/ 010924 Ref. I O N COOH N COOL-Bu a N
COO-Bu b Hsix steps 30 HO Bn 31 TBSO Bn 32 COOt - Bu
¢c NCOOL.-Bu d NCO&x-Bu JH 'r1  TBSO 33 TBSOO 34 HOO
35 CbzHN NHBoc CbzHN NHBoc N COOL-Bu HN CbzHgN e -1 -
O- ~Of N a- 36 BocHN O COOL-Bu BocHCOO - Bu ChzHN
NHBE6 87 88ated with chim@obd 4h a@dzsodihih NcEbOMiB e HgiveNthe protected

OOy o ok s R By BB ol gl amer -
42 337Cbz- N HN eoc ONnNn Boc O~N O N O CONHCHPh2 N

(019NN 15,6) §'9%53-8%6 (m, 1H), 7.18-7.22 (m, 8H), 7.06-7:08 (m, 4H),
6.02-6.05 (m, 1H), 5.30-5.36 (m, 1H), 4.59 (m, 1H), 4.52 (m, 1H), 4.27 (s, 2H),
3.78-3.86 (m, 2H), 3.53-3.58 (m, 2H), 2.99 (t, J = 2 Hz, 1H), 2.56 (s, 3H), 2.32 (m,
1H), 1.84-1.92 (m, 1H), 1.67-1.75 (m, 4H), 1.35-1.37 (d, J = 7Hz, 3H); “C NMR
(D0) & 173.93, 170.13, 167.90, 163.54, 163.07, 140.74, 140.62, 132.39, 130.59,
129.39, 129.26, 128.40, 128.13, 127.85, 127.58, 118.58, 114.72, 62.98, 61.07, 59.03,
58.25, 57.10, 56.42, 55.26, 54.18, 47.98, 31.65, 31.24, 30.98, 27.01, 15.42; HRMS
Found: [M+H]" 1057.6057 (calcd 1057.6028).

[0200] YP-381, YP-383 and YP-385 were synthesized in a similar fashion via

acylation of compound 4S5.

YP-381

) NWN

i ’
a e
CONHCHPh,

pngHcHNOG ¢ HN O
o o
it

HC! HN /NH HCI
\

[0201] 'H NMR (300 MHz, CD3;0D, TMS) & 8.94-8.91 (d, J = 7.9 Hz, 1H), 7.37-
7.24 (m, 10H), 6.17-6.14 (d, J = 8.2 Hz, 1H), 4.58-4.55 (m, 1H), 4.24 (br, 1H), 3.99-
3.90 (m, 2H), 3.50-3.38 (m, 1H), 2.70 (s, 3H), 2.65-2.40 (m, 2H), 2.31 (m, 1H),
2.09-1.78 (m, 6H), 1.61 (m, 2H), 1.56-1.53 (d, J = 7.0 Hz, 3H), 1.32 (s, 4H).
BCNMR (75 MHz, CD;OD) & 176.5, 175.9, 173.2, 169.6, 143.0, 129.6, 128.8,
128.2, 62.7, 58.2, 53.7, 34.4, 33.4, 32.3, 31.8, 30.3, 28.3, 26.1, 16.2. HRMS: calcd.
m/z for [M+Nal]* 1143.6371; found 1143.6387.

YP-383
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a--- NNNN - . N Ph2HCHNOC O NH HN O CONHCHPh2

Boc ON O=~...,0 CONHCHPh2 N O N-Boc H 46 Boc-N / 47
WOROThEIR26 g - Ph2HCHNOC O NH HN O CONHCHPh2 O=PE€F/US2000010924

HN / YP-317 88 WD 2007/ 130626 PCT/ US2007/010924

Reagents and conditions: (a) tert-Butyldinethylsilyl

chloride, N, N diisopropylethyl am ne, Methyl ene

chloride; (b) 10% Pd-C, Methanol, H2, 88% over two

steps; (c) Boc-Dap(Z)-0H EDC, H(Bt

N, N-di i sopropyl et hyl W oride; (d) 1
M Tet r abut yl a i umN [ vorTd ydrlo ran,

Tet r ahydr of ur over two steps; —Eges -Martin
peri odi na'?'l*e*CHNRﬁ | ene chloride, 96% 'C'F a.0% PEE?
Met hanol , H2, 649%°=\(g) Benzyl chl orof. mate, Sodi um
bi car bonat e, 1, 4ndiudxane, 95% (h) Thi 9my+10_l chl ori de,
Met hanol ; (i) Boc anhydride, Sodium bi carbonate, 1, 4-
di oxane, 71% over two steps; (j) 2 M Lithium hydroxide

ot Nk DR sl PRI BOSEPSL080, 616 G, 1)

chl arsade, szlﬂ%lmen 2UWOr,STIEP $:.02-3p94my 1 iy d19geeo2 (m, 1H), 3.90-3.87

"\ b€ @ SR i SB12 3¢ (. 260, 234232 m, 1,
N, Ndzotzs sqpr(ﬁmsmt hysks 1a513 (E,JCWI\TE{‘{EGBIH? ,ahd®(s, 8810) ‘7“{&%1\411 (75 MHz,
over WO S ano

o IR TR 85, 17h8n L3 Boif in HAr 98 128 8, 128.2 837, 582, 537

1, 43dinxsmg; 3( 3@Wd2§3, 26adi1¢M. BRME:beNad.em/z for [M+Na]*
1, 4- di oxane; drogen chioride in 1,4-di oxane,

Met Hdﬁbﬁ“@éf%‘ é]f71t %% steps. [01981 Conpound 31 was
prepared in six steps from pyroglutam c acid (conmpound
30) by t he published nmethods (Zhang et al., Og.

Lett., 4:4029-4032 (2002); (M)38%Polyak et al., J. Og,
Chem 63: 5937- 5949 (1998)). The hydroxyl group in

Ph,HCHNOC & Jyn HN io( CONHCHPh;

o) (o]

HCI HN /NH HCI
\

[0203] 'H NMR (300 MHz, CD;OD, TMS) & 8.95-8.93 (d, J = 8.1 Hz, 1H), 7.37-
7.24 (m, 10H), 6.17-6.14 (d, J = 8.0 Hz, 1H), 4.58-4.56 (m, 1H), 4.24 (br, 1H), 3.99-
3.92 (m, 2H), 3.82-3.70 (m, 1H), 2.70 (s, 3H), 2.62-2.40 (m, 2H), 2:33 (m, 1H),
2.04-1.75 (m, 6H), 1.60-1.56 (m, 2H), 1.55-1.52 (d, J = 7.0 Hz, 3H), 1.34-1.30 (m,
2H). PCNMR (75 MHz, CD3OD) & 176.5, 175.8, 173.3, 169.7, 143.0, 129.6, 128.8,
128.2, 62.7, 58.2, 53.7, 34.5, 33.4, 31.7, 30.2, 28.3, 26.2, 16.1. HRMS: calcd. m/z
for [M+Na]* 1115.6058; found 1115.6055.

EXAMPLE 7
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compound 31 was protected with TBS to yield conmpound
32. The benzyl protective group was renoved by

w@ 200al13t6e€ hydrogenation to yield am ne 33, wWhPCHUSHE7/010924
coupled with Boc-Dap(Z)-OH to give anmi de 34. The TBS
protective group in conpound 34 was renoved by 1 M
tetrabutyl ammoni um fluoride in tetrahydrofuran to
yi el d al cohol 35, which was then oxidized to al dehyde
36 by Dess-Martin Periodinane. Renoval of the Cbz
protective group i Symatbesioof8im36Miynetiatiateyhediates
" hydr ogenation, intranol ecul ar condensation of the
desired amne with the al dehyde and subsequent
red the resulted enamne were carried out in
one%%%%gggeglve bi cyclic conpound 37. Am ne 37 was

protected with Cbz protective group to yleldma%QEE@FEKL

38. T‘gT%L rotective ngggoﬁi_ ound, 38 COOMe
r emo@e r\anoccg%'?t- butyl Z8srernnas FMWe_t—TJI %&

ester by treating with thlonyE:chIorlde in

to glve:@onpound 39. The am ne group was protecte

wi th Boc protect|v roup to yield co nd 40.
Met hyl egter 4 Wds NraﬁQB&Fned;to cd?ngg“gg§>a0|d
41, which wqé) @ Wi th an1nod|p hane to-
form am de 4 he \Bgc. protective sge N CcePPdeind

42 was renoved to glve free am ne 43, mhlch was
coupled with L- N- Bo&? N-net hyl alanine to &leld am de

49

44. The Cbz protective oup in conpound S
renoved by cat df eDaMe on t 0 ginke am he M5,
whi ch 4%as$reated with a_a' -dlbronﬁfp-xylégkﬂ{% i el d
conpound. 46. CS&PMNINdT 89 WO 2007/ 13088%HN COOMe

PCT/ US2007/ 010924 46 y&889°r eat ed wi th conpoqu 45 and
sodlun1b|carbonate to gi ve the rotected dlner 47

agﬁ&s @Etﬂ éa l H EDC, HOBt, |
d.”%f a@égo, ( '"% @%erfmsg% gém ;ﬁ;:g zgzt,, o
C, -

in mlod e’ C H 50% ov two steps.
4.52(ml ,427(s 2H) 378386(m 2H)
3.53-3.58 (m 2H), 2.99 (t, J = 2.56 (s

[ozi)@: i: gé‘hﬂf”ggxt{ug%s j)%':{84' Lied (smsm Cnm_fgl %%Béliwg i Ycheme VIIL

173 Codsnpoliid 483na)£|.lﬁe7p19ﬁared (ﬁBﬁGé steﬁﬁﬁoﬁﬂpyr&élﬂta?ﬁic acid 30 according to
140. 62, 129. 39,

[ogrpsited mpetheds Goer @B Zhai J5guiogaCy 3V anp Wy, ¥, by Hruby, V., 1.
59. @Bg. Lof, 2002,57 (20, 4649-4032 515(1 2D, P§1¢ald . £hd. Bbell, W. D. J. Org,
31. 30. 98, 27.01, 15.42; HR Found

L0595 emswf?%aq oo b mipimen b Bisgbrangim Vbt 7 form

YP- 33 otk @hé Yt srasrbd@d (kdtiodisebBid #11).f Rehidal ¥ the Boc group in 48

acyl ati on of conpound 45.
followed by condensation with N-a-(tert-butoxylcarbonyl)-N-B-(benzoxylcarbonyl)-

L-diamino-propionic acid (Boc-Dap(Z)-OH) gave amide 49. Ozone oxidation of the
C-C double bond in 49 yielded aldehyde 50. Cleavage of the Cbz group in 4, intra-
molecular condensation of the resulting amine with the aldehyde group and
subsequent reduction of the enamine were realized in one pot to give compound 51.
In this transformation only compound 51 was obtained and there was no detectable
formation of its isomer, suggesting that the amino aldehyde from the minor isomer

does not cyclize under these conditions.
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YP-381 O ON N ~ NN Ph2HCHNOCC O NH HN O
CONHCHPh2 O =~., O HCI HNC / NH HCI [0201] 'H NMR (300
WO /18630D, TMS) S 8.94-8.91 (d, J = 7.9 Hz, P&H/1US2007/010924
7.37- 7.24 (m | OH), 6.17-6.14 (d, J= 8.2 Hz, |
4.58-4.55 (m | H, 4.24 (br, IH, 3.99- 390(m 2H)
3.50-3.38 (m IH), 2.70 (s, 3H), 2.65-2.40 (m 2H),
2.31 (m 1H, 2.09-1.78 (m 6H), 1.61 (m 2H),
1.56-1.53 (d, J = 7.0 Hz, 3H), 1.32 (s, 4H). 13CNWR
[0205% MHz, HRBOMradord 8. the C1& . double7Boml in &9, @ith19BBN followed by

129, é‘fkaﬁ% Sxllgtiod 67 e reSfliph bpltipcatipided pleolivI€ 62 SEnidation of 52 with

f or Dpdvk-INddrtin bbﬁ@dlﬁ&?dfurﬁxshmﬁ alrihikBuré 38 fwo ald'éhﬁ& wahWeas cychzed

2007/ 30626 PCT/ USZOO 0 0924 O N N Ph2
SHC iR tepgpmaind &l e coBgotma s pilar to 1,

( 30QIuMkig A ﬂ'gQB@ﬁBonﬂ_Nﬁ)n osllyoaérsznﬁ?w(agrbb&md)i 6 16 (s,
[040}_6?”) > g'malytepal (j%nt‘a tjpr mpgur%Sé m’SO? (FI)_ %79%1-1((513) 'H NMR
> 3%(39 i IﬁD@rDHgI%)%% 4§&br3Fb §833 1’2/%)13{)’34 dmn 21|ﬁi), 4 52 (t, J=9.0
J =Hz, 4By 23@1 30744, 36y 3.2 3E:N )(3/841(}!42“{) ‘b@}d J=13.6,
5> 146, 95Hz1g)5 2395 (%X 31}? 2316;9(3116 114)43 .99, (n421$1)61 8%2187$(m 3H), 1.66 (m,

128.
30. 4H)28 A3, (b% 931) 5.’63 NMIF-IIQ'MSMHEI @HCIH{TM%@ 1[7§A44Ma} 30.60, 155.16,

1171966849 45058190 LhTch. 868, 4672 38015, 9 Ps, 29.64, 28.29, 26.98.
[0207] Analytical data for compound 53: [0] %5 — 23.2 (c = 1.0, CHCl3); 'H NMR
(300 MHz, CDCl;, TMS) & 5.23 (brd, J = 8.0 Hz, 1H), 4.79 (m, 1H), 4.65 (dd, J =
9.7, 8.2 Hz), 4.22 (m, 1H), 3.74 (s, 3H), 3.02-2.80 (m, 4H), 2.38-1.70 (m, 9H), 1.43
(brs, 9H); *C NMR (75 MHz, CDCl;, TMS) & 173.38, 171.59, 155.09, 79.68, 62.03,
59.82, 53.72, 53.15, 52.48, 50.09, 34.66, 34.55, 29.47, 28.31, 27.33.

EXAMPLE §

Synthesis of SH-188, 189 and 190
Scheme IX
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N ~1 N~ N- Ph2HCHNOCC 0 NH HN 0 CONHCHPh2 O O HC

HNC NH HCl [0203] 'H NWR (300 MHz, CD3CD, TMS) S
W@2548693 (d, J = 8.1 Hz, 1H), 7.37- 7.24 (mPAT/O6H0p7/010924

6.17-6.14 (d, J = 8.0 Hz, 1 H, 4.58-4.56 (m 1 H),

4.24 (br, 1 H), 3.99- 3.92 (m 2H), 3.82-3.70 (m 1H),

2.70 (s, 3H), 2.62-2.40 (m 2H), 2:33 (m 1H),

2.04-1.75 (m 6H), 1.60-1.56 (m 2H), 1.55-1.52 (d, J

= 7.0 Hz, 3H), 1.34-1.30 (m 2H). 13CNMR (75 MHz

CD3 S 176.5, 175w8, 173.3, 169.7, 1
128% 2, @}\@\5 53. 7, a34. SHQVS?S?QI)@
o al c r
P 60@850‘?'6und 1115. 60 EW%ES@K/P g“‘? 9103%
2007/ 130626 PCT/ U$2G(7/ 010924 Synt hesi ss@f=3Smac
Mnetic Internediates Schene M 11 7"COO ™ N COOH
COOVe a H Boc ChzHN HBoc 49 b p~c _COOMe C
HN N CbzHN,O BOEHN p 50 51 COOMVe HN 49

d Ne N CozHN KiNBocC 52 2 53 Reagents
and condi tions: nga) XQ\I HCl l]“ E gl oxane,

net hanol ; ii. Boc- Dap(z}gn_’q-l EDC,
Qo

\/U\NH &NH /©/\NH\\ I} Nl'/!u\/
o]

(CHz)n—NH NH-(CH)n N~

)
! )
’

(CH,)NHCbz

SH-188 n=3,X=0,
SH-189 n=3,X =S,
SH-190 n=4,X=0

Reagents and conditions: (a) EDC, HOBt, N,N-diisopropylethylamine, CH2Clp; (b) i. 4 N HCI in 1,4-dioxane,
MeOH; ii. (S)-N-Boc-N-methylalanine, EDC, HOBt, N,N-diisopropylethylamine, CH2Clg; iii. 10% Pd-C, Hz, MeOH;
(c) thiophosgene or triphosgene, CH»Cl; ii. 4 N HCl in 1,4-dioxane, MeOH.

[0208] Condensation of acid 15 with amine 54 or 55 gave amides 56 and 57
respectively (Scheme IX). Removal of the Boc protecting group in 56 or 57
followed by condensation of the resulted ammoniums with (S)-N-Boc-N-methyl
alanine yielded two amides. Removal of the Cbz protecting groups in these two
amides furnished amines 58 and 59. Condensation of 58 or 59 with 0.5 eq of
triphosgene afforded two ureas. Removal of the Boc protecting groups in these two
ureas provided SH-188 and SH-190, respectively. Condensation of 58 with 0.5 eq
of thiophosgene gave a thiourea. Removal of the Boc protecting group in this
thiourea yielded SH-189.

EXAMPLE 9

Synthesis of SH-202
Scheme X '
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N, N- di i sopropyl et hyl am ne, CH2Cl 2, 52% over two steps;
(b) 03, then PPh3, CH2Cl2, 90% (c) H2, 10% Pd-C,

WO 200 @B62611% (d) 9-BBN (2 eq), THF, reflux, 12¢T/Us1eeT010924
3 N NaCH (2 eq), 35%H202 (2.5 eq), 0 C - rt, 85%
(e) i. Dess-Martin periodinane, CH2CI 2; ii. H2, 10%
Pd-C, i-PrOH, 50% over two steps. [0204] The '
synthesis of internmediates 51 and 53 is shown in
Scheme VII1. Conpound 48 may be prepared in five
steps from pyr ongXtZ%m c aC| d bﬁaaccor diemg to o reported
met hods ( seefCT ang ﬁ‘(j“zme\/\r\@ang“w
Ying, J.; Hruby . Lett., 2002, 4 (23),
4029" 4032 and g‘%y F ang @ W D, J. Og,
Chem 1998, 63 ﬁv&}mﬁ,s\,a\m of tvvo
dlastere0|so°ﬁers i the ngornﬁ % Sonel™&s the mgj or
product (ratio is ut.4:1). Renoval of)/;>he Boc group

in 48 followed § cohp nsati on w th o

N-a- (tert-but W Deigrangben, afbonyl ) -

L- di ami no- pr opisani'c §cpd“(Boc Dap( Z)™- gdvenrani de

49. Ozone oxidation of the CH4doubl e bond in 49

yl el ded algehy b) acid 15 ;0"8@‘)5!9)308?.\!‘0 N)-dnf?-d'W;% CH lptLt:lq:gP “,
i Ntra- NDIIBEuing eob O G EH findrt) Blanbd. EDC (NEBL, mé’a. g@anﬁm ne

with the éﬁ“ﬁl%ﬂ}?déc'gfﬂﬂ?ﬂ =N (o] subsequent reductl on of
the enam ne were realized in one pot to give compound

1038Mlai nod SHATEHER AREHD UeOBIGHRE o G SRPogRd g0 vith 112-

| Som@bronfodg@esiht figldwial byt feencval dsuotha hﬁi@ﬁt)tda:etyl @ioupgave diamine 61.

m nor i somer Qes | t hese. conditi on
on eSO a8 90 YN P S P 1D S ed e $1 Rembval of the Boc
Hy dripbeeddd glra)ugi it BB f6ldwasptendeAsiion fwiftd () VB oR-MBBNthy] alanine

foll ovved al i ne oxidatjion_of the resulted borane
af f cfPHlé%Peélaé’oﬁB1d§ ghemeyal phithe Bogrpretscijpg group in this amide provided
DessgfyBpbi n peri odi nane furnished a m xture of two '
al dehydes, which was cyclized in the sanme procedure
as that for conpound 51 to give conpound 53. Siml ar
to 51, during this tran nIy one i soner was
obt ai ned. [0206] Anal ytlég}?AWaﬁ]or compound 51: [a]
20D - 30.2 (c = 1.7, CHC13); '"H NWR (300 MHz, CDC13i
TM5) S 5.45 (brd, J =8.0 Hz, IH), 4.67 (m | H, 4.52
(t, J = 9.0 Hz, | Skinthedis28Stmac Mi)eticdn®amediateSH) ,
3.20((m 2H), 2.94 (m IH, 2.74 (dd, J = 13.6, 10.9
Hz, 1), 2.35 (m I H, 2.14 (m | H, 1.99 (m 1H),

1. 8&8Bche¢ XIm 3H), 1.66 (m | H), 1.43 (brs, 9H); 13C
NVR (75 MHz, CDC13, TMS) 8 173.42, 170.60, 155. 16,
79.68, 59.46, 58.39, 54.92, 52.44, 46.72, 37.45,
32.15, 29.64, 28.29, 26.98. [0207] Analytical data for
conpound 53: [a] 20D - 23.2 (¢ = 1.0, CHC13); IH NWR
(300 MHz, CDC13, TMs5) 8 5.23 (brd, J = 8.0 Hz, 1H),
4.79 (m 1H), 4.65 (dd, J = 9.7, 8.2 Hz), 4.22 (m
1H), 3.74 (s, 3H), 3.02-2.80 (m 4H), 2.38-1.70 (m
9H), 1.43
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(brs, 9H); 13C NMR (75 MHz, CDC13, TMs) 8 173. 38,
171.59, 155.09, 79.68, 62.03, 59.82, 53.72, 53.15,
wG2004830620. 09, 34.66, 34.55, 29.47, 28.31, 27.B3I/US2007/010924
EXAMPLE 8 Synthesis of SH 188, 189 and 190 Schene |X
93 WD 2007/130626 PCT/US2007/010924 NH2 i N +
()~~a(Cl-2),,NHCbz a BocHN COOH BocHN O, -NH 15 54 n =
356 n=31-11 (CH2),,NHCbz 55 n=457n=4b O- c
"~~NHNONO O ,-NBoc 58 n = 3 (CH20NH2 59 n= 4 ON
=~NNHQQO NH X I NH\(&S‘NH(CHZ)n NH/\glﬁ_ CROMe
HNC8188n3X-O = §,7 §90
4,K% 0 ?%'égen‘t_’am“ynglt:ggﬁ (&) ERGw
N, N- d,j sopropyl et hyl am ne 8CH2CI2 (b) 1. 4 ,_)gg(i L&

1, 4- di oxane MeOH, H. (S) N- Boc- N- met hyl al ani ne, EDC,
HOBt | Mnbopyl et hyl aninfe, C2; iii. i

MH,  (c) +Hi-ophosigenengy’ tri phésgenMN
CH2CIGBsHN T 4N HO in 1, 4. di aoe ddesdel. [ 02081 ~OOH
Condensat i OBef acid 15 wit e 54 or 55 gave ,4°
am des 56 anl®l 57 respectlvely Scheme I X). Rermval of
t he Boc pr ting group in 56 5] folowedly

condensg8®on he resulte mmn uns
I aﬁa’nine | d t wo amdes N

(-S}=N- Boc-
Renoval ReN" t he OZN'Bkot eRiN-Rg gf oupsi HI—t hesenr W NHR
am nes 58 afd 59. Mdeﬁatlgm'ﬁof 58 ©

am des furn€she
or 59 with 0.5 eq of

Reagents and conditions: (a) i. 4 N HCl in 1,4-dioxane, methanol; ii. Boc-Dap(Z)-OH, EDC, HOBt, N,N-
diisopropylethylamine, CH,Cly; (b) O, then PPh,, CH,Cly; () Hz, 10% Pd-C, i-PrOH; (d) i. CbzCl, NaHCO3, 1,4-
dioxane,; ii. 3 N LiOH, 1,4-dioxane then 1 N HCI; (e) i. amine, EDC, HOBt, N,N-diisopropylethylamine, CH,Cl,;

ii. 4 N HCl in 1.4-dioxane, methanol; iii. (S)-N-protected amino acid, EDC, HOBt, N,N-diisopropylethylamine,
CH,Cly; (f) i. diacid (0.5 eq), EDC, HOBt, N,N-diisopropylethylamine, CH2Cl,; ii. 4 N HCl in 1,4-dioxane,
methanol.

[0210] A novel and efficient method for the synthesis of key intermediate 41 is
presented in Scheme XI. Compound 48 may be prepared in five steps from
pyroglutamic acid 30 according to reported methods (see: (1) Zhang, J.; Xiong, C.;
Wang, W.; Ying, J. and Hruby, V., J. Org. Lett., 2002, 4 (23), 4029-4032 and (2)
Polyak, F. and Lubell, W. D. J. Org, Chem. 1998, 63, 5937-5949) as a mixture of
two diostereoisomers with the R form isomer as the major product (ratio is about
4:1). Removal of the Boc group in 48 followed by condensation with N-o-(zert-
butoxylcarbonyl)-N-B-(benzoxylcarbonyl)-L-diamino-propionic acid (Boc-Dap(Z)-
OH) gave amides 49. Ozone oxidation of the C-C double bond in 49 followed by
reduction with PPh; yielded aldehyde 50. Cleavage of the Cbz group in 50, intra-
molecular condensation of the resulted amine with the aldehyde group and
subsequent reduction of the enamine were realized in one pot to give the désired
compound 51. Protection of the amino group followed by hydrolysis of the methyl
ester in 51 furnished acid 41.

[0211] . Condensation of 41 with different diamines gave a series of amides.
Removal of the Boc protecting groups in these amides followed by condensation of
the resulted ammonium salts with (S)-N-protected amino acids yielded a series of
amides 63. Removal of the protecting groups in these amides afforded our designed

bivalent Smac mimetics 64.
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tri phosgene afforded two ureas. Renoval of the Boc

protecting groups in these two wureas provided SH 188
wW@oeh7/$s06200, respectively. Condensati on of 58 RET/OSWNB010924

eq of thiophosgene gave a thiourea. Renoval of the

Boc protecting group in this thiourea yielded SH 189.

EXAMPLE 9 Synthesis of SH 202 Schene X 94 WO

2007/ 130626 PCT/ US2007/010924 Ph Ph Ph F3000HN-1110H

H2N' 1- ~Q( CH2) 120~- ~NH2 b - 60 61 QN Ph Ph gN~ c

BocHNN-Q( CH2) t 20, /, -0\ ONHBoc H62 HOO ON Ph

Ph N, ~qg N QNCXCH2)120 N HNC H 0 0 HHBO O NH SH 202

Reagents and conditi ons: MMPLENH-I (2.5 eq),

1, 12-di bronododecane, DVMF; ii. 3 N UGH, 1, 4- dioxane;

(b) acid 15 (2.2 eq), EDC, HOBt, N Nd

i sopropyl et hyl am na31VAENTZ;SNIAC MIMETNCHCI

1, 4-di oxane, MeOH, H. (S)-N Boc-Nnethyl aianine, EDC,

HOBt, N, N-dii sopropyl ethylamne, CH2ClI2; IN 4 N HCI ,

1, 4- d| OX@Nes QH. [02091 Substltutl on of SOdI
(alcoholtate ¢ f rom_coppoun ith 1,9 2 )J\/\(Q

d rogl‘(/)de@ é‘if ol owed em)valN the "_\\ o i
trifluoroacetyl group gave deesi ne 61. Condensatl on

of 61 with 2 eq of acid 15 yielded an.am de 62.

Renoval of the Boc protecting groups in 62 foll owed
[03x2] condersEati7en vvn t h (BYRNBoHMzTE DM ): 818aT0 (3¢2H), 8.32 (d, J = 8.0

O R e BT Sl S B § 7.0 1, 210, .2

Synthept 0 HZOMAY, A8 MR, QHYNA 80 TRE 28HESF.50 (m, 2H), 4.27 (t, J = 7.1 Hz,
4H), 3.95 (m, 2H), 3.30-3.08 (m, 4H), 2.60 (t, J = 2.61 Hz, 4H), 2.45-2.25 (m, 2H),
2.12-1.20 (m, 36H); '*C NMR (75 HMz, CDCl): § 170.78, 170.41, 170.14, 169.88,
148.00, 140.45, 138.98, 136.19, 128.53, 128.44, 127.68, 127.56, 127.28, 123.70,
121.67, 121.55, 119.13, 118.57, 111.29, 110.25, 59.98, 59.06, 54.01, 50.40, 50.20,
50.01, 47.76, 35.93, 34.61, 31.74, 29.53, 29.09, 28.08, 24.83, 23.30, 22.95, 20.82;

2 C\N% ™ N\_)N\/\/\ G«D 0
PR e e At
SH-175

[0213] SH-175: 'H NMR (300 HMz, D,0): & 7.87 (s, 1H), 7.71 (s, 2H), 7.30-
7.11 (m, 10H), 6.05 (s, 2H), 4.64 (m, 2H), 4.35-4.16 (m, 10H), 3.81 (m, 2H), 2.60 (t,
J = 6.2 Hz, 2H), 2.54 (s, 6H), 2.10 (m, 2H), 1.98 (m, 2H), 1.75-1.42 (m, 34H); '*C
NMR (75 HMz, D,O): 6 175.85, 174.79, 172.08, 150.63, 147.37, 141.60, 131.85,
131.09, 129.93, 128.50, 126.79, 64.57, 63.53, 59.73, 54.54, 53.66, 52.90, 52.59,
38.49, 35.57, 34.90, 33.93, 31.29, 30.32, 28.96, 28.65, 27.63, 27.38, 25.24, 24.49,

18.22.
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Schenme XI 95 WO 2007/ 130626 PCT/ US2007/ 010924
\ N -000Me O~N~_OOOH N~ _COOMe a H Boc ChzHN O 30 48

Z

WORBoa306% J-r "''N COOVe HN CbzN N b O _ N d pQbpsiio7/010924
BocHN COOVe COOH NHBoc O BocHN 0 50 51 41 O O ChzN
"-~N-Linker Ne Nf ~N N RIHN O NHR2Z RHN-~\ O NH HN-

-NH HN' "0 NHR 63 0 64 0 /O 0 Reagents and
conditions: (a) i. 4 NHCl in 1.4-di oxane, nethanol;
ii. Boc-Dap(Z)-0OH, EDC, H(Bt N, N-
di i sopropyl et hyl am ne, ’o (gzz , then PPh3,
CH2Cl 2; (c) H2, 10% P : \ Cbzd ,
NaHCOB, 1, 4- di oxa@ i i 3 N L|0H 1, 4%¢oxane then 1
N HCl; (e) i. H(Bt
N, N-di i sopro CI\Z)HNI Phi N
1, 4- di oxane, mstﬁanol | [ |/N*( S) |-'"N\pr otecte m no
acid, EDC, HOBt, N, N-diisoprogyimt hyl anmi ne, CHC 2;
(f) i. diacid (0.5 eq), EDC, HOBt,
N, N-di i sopropyl et hyl am ne, CH2CI 2; ii. 4 N HCl in
[0214]}- di OXxSEB176:net halHoNM}g(azomm nDY@®): ands «k,f 21), ent0-6.67 (20H),
fo Si in i at
or cao Gatth AU S oty 7ty 5o PepaPam 2ED. 2:53 G
fi veHyt 2Rs-13®En, PYHYYIC NNMR € MI&D Bg@pr&ilmgﬂzom 00, 169.10,
reported nethods (jsee (5_7 Zha)\/fg2 E
wand®3-Qv> 1441,4}99,145 Oakrd-4%: UBy-90 7.58, 1@7939 %ﬂo 625165124, 59.43,
4 (337, 3028-4HAR2 53nd, 4226, ﬁoizgakal!:zé.e&dzu@qlslsz. w
D. J. Og, Chem 1998, 63, 5937-5949) as a m xture of
two di ostereoi soiners with the R formisoner as the
mej or product (ratio is ab ). Renoval of the

le]

Boc group in 48 foll o conde vs%on Wi th
N-a-(tert- g 25—
but oxyl car bonyl ) - Nf"F gagyl);iéh‘ be NJ)TE"L- di am no-pro
pi oni ¢ acid (Boc- Dap(Z) She77
[0215] SH-177: 'H NMR (300 MHz, D,0): § 7.62 (s, 2H), 7.15-6.90 (20H),

5.90 (s, 2H), 4.75 (m, 4H), 4.43 (s, 4H), 4.39 (m, 4H), 3.83 (m, 2H), 2.80 (s, 6H),
2.46 (m, 2H), 2.22-1.90 (m, 8H), 1.75-1.43 (m, 10H), 1.36 (d, J = 8.4 Hz, 6H); >C
NMR (75 MHz, D;0): 8 175.14, 173.74, 172.25, 146.86, 144.06, 143.66, 131.72,
131.66, 130.55, 130.21, 129.97, 125.60, 65.46, 64.63, 62.98, 60.36, 59.70, 52.87,
45.02, 34.98, 33.87, 32.30, 30.26, 18.17.

RN
Q N Bh 9 o NI
_ /\/\ ~— e NS ~ j])

\‘)‘N (o NH N NN NN Y

_NH H o NN H

[0216) SH-178: 'H NMR (300 MHz, D,0): & 7.88 (s, 2H), 7.46-7.30 (m,
10H), 6.19 (s, 2H), 4.78 (m, 6H), 4.42 (m, 2H), 4.30 (m, 2H), 3.90 (m, 2H), 3.74 (m,
4H), 3.60 (m, 4H), 3.52 (m, 2H), 3.28 (m, 2H), 2.64 (s, 6H), 2.40-1.56 (m, 24H),
1.49 (d, J = 7.0 Hz, 6H); *C NMR (75 MHz, D,0O): & 176.14, 174.90, 172.10,
151.28, 141.51, 131.90, 131.19, 130.01, 127.32, 64.64, 63.61, 59.73, 58.06, 53.68,
52.96, 52.05, 47.49, 38.50, 35.53, 34.90, 33.89, 30.35, 27.61, 24.48, 18.18.
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OH) gave am des 49. Ozone oxidation of the C C double

bond in 49 followed by reduction with PPh3 yiel ded
wa@baehswes 50. Cl eavage of the Cbz group in 50, PCHUSEN7/010924

nol ecul ar condensation of the resulted amne with the

al dehyde group and subsequent reduction of the

enam ne were realized in one pot to give the desired

compound 51. Protection of the am no group foll owed by

hydrol ysis 'of the nethyl ester in 51 furnished acid

41. [02111 Condensation of 41 with different diam nes

gave a series of des Removal of the Boc | . _on

protecting gr tfhese anmides f ol trope

condensat i on™ é:;‘%-w)@ﬁy“e&m_gﬁﬁ m's h*‘ﬁmh

(S)- N-pro'toé\ted ami no acids yj.g ded a se

am des 63. Renpbval of the protecting groups in these

am des afforded our designed bivalent Snac mnetics
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[0%47\]/ ALEI\IyI'\%SﬁM%\?:;M%I\/EEh?ﬁ%é?&T M#?ZQ% )04 %213: ﬁi()“"ﬂeﬁ é'é_'xm, 10H), 6.19

o N (W25DOA K@, GHD, snrzmzmzqzq (13H2111734 05 (mmﬁe) @33t(t, J = 5.1 He,

, 8

4}§D§8¥)((EJ §17sz Cﬁi&?'s% &, 88) (ho dn 4(}% 940HF60 (m, 24H), 1.50
3y 4‘(d,(b 7047 GHIC DR (gszaHz( D205 &186.05+-674. %)172 00, 151.25,
4.8 4

Cha S, 5390 1%121&“13@@,,12?2}8_43: OS%??go,? 5%, Shis0) s8.06, 53.69,
(t 52.95, 3264, $0:67,4)56, 3843, 5.9%, 4K, 2034, 2260, 2414208.46.
(m 36H); 13C NMR (75 HMz, CDOI3): S 170.78, 170. 41,

170. 14, 169.88, 148.00, 140.45, 138.98, 136.19,
128. 53, 128. g 7. Fﬁ8 127. 56, 127. 28,,,,,133 7OH My OH

121. 67, 124 W ,NMF@_MW wrng 98,
59. 06, 5O " 50 40, 59. 20, 01, &M 78,

34.61, 31.74, 29.53, 29.09, 88008, 24.83, 23. 30
22.95, 20.82; OPh NN Ph pl O N~NHNON ~D"* jt" NH
HONNNNOHHN, K SH175 \ [0213] SH175: 'H N
lﬂ%mo Hve, SHxA89: 6 7HNNMR (309 MHz7D:Q), 5 740 (3. 73@), 7.30-7.10 (m,
]1{)8?0 6362"%,1 1? 06'51%)% ﬁﬁ%gf(’ztt% o), £5D.4.30 @n; 41):84.20 (m, 2H),
4.19-4.02 (m, 8H), 3.80 (m, 2H), 3.13 (m, 2H), 2.40-1.12 (m, 42H); 3C NMR (75
MHz, D,0): & 172.79, 170.36, 169.39, 148.33, 139.54, 129.24, 128.55, 127.41,
123.46, 61.91, 60.88, 60.28, 57.02, 56.06, 50.99, 50.38, 49.08, 48.13, 35.98, 34.26,

33.10, 32.32, 29.20, 27.85, 25.11, 21.95, 16.84.

é HN

o o H
/U\Q% AINT— — N »— \f('\
L 3‘“ O W

SH-181

[0219] SH-181: 'H NMR (300 MHz, D,0):  7.87 (s, 2H), 7.31 (m, 4H), 7.08
(m, 4H), 6.16 (s, 2H), 4.82-4.72 (m, 6H), 4.50 (m, 2H), 4.26 (m, 2H), 3,88 (m, 2H),
3.78 (m, 4H), 3.68 (brs, 8H), 2.61 (s, 6H), 2.36-1.53 (m, 24H), 1.50 (t, J = 7.0 Hz,
6H); *C NMR (75 MHz, D;0): § 176.03, 174.85, 172.05, 163.45, 151.16, 137.40,
131.90, 127.33, 118.51, 64.59, 63.58, 59.73, 58.02, 53.64, 52.30, 51.87, 47.26,
38.48, 35.53, 34.86, 33.85, 30.27, 27.60, 24.47, 18.16.
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J =6.2 H, 2H), 2.54 (s, 6H), 2.10 (m 2H), 1.98 (m
2H), 1.75-1.42 (m 34H): 13C NMR (75 HMg, D20): &
waI®78562d74. 79, 172.08, 150.63, 147.37, 141. 6OCT/US2007/010924
131.85, 131.09, 129.93, 128.50, 126.79, 64.57, 63.53,
59.73, 54.54, 53.66, 52.90, 52.59, 38.49, 35.57,
34.90, 33.93, 31.29, 30.32, 28.96, 28.65, 27.63,
27.38, 25.24, 24.49, 18.22. 97 WD 2007/ 130626
PCT/ US2007/ 010924 N=N N=N Ph ON O O N Ph  Ph' J~ HB 0
OHNOPh NHHNCFi SH 176 [02141 SH 176: 'H NMR
(300 MHz, D20): 8 7.48 (s, 2H), 7.10-6.6%7 (20H), 5.84
(s, 2H), 4.65 (n] , 4.55 (m 2H), 4. 4 16 (m
8H), 3.80 ( .53 (s, 6H), 2. 25- (n] 25

13C NVR_ L%?\ )i/lzggig_/ill\
143. 67, AN zi:ad‘ 129 127, 9%
57. 67

127.39,7124.10, 62.76, 61.948 59 43,
55 oo 53. 20, 41 26, 32.12, 31.31, 26.98, 24 69
N --N qooth~tNN0Ph HOHNHH
[lmﬂb SH— 1ﬁﬂ11§%151 SH MR 309 Mtz B6Y): #1461 Edh), 7623 (m, 4H), 6.78

7 G%m QH%%'%_% (h; 4151)%199@(21@3")4 oén%h%f,% 322@ 2}fb Zﬁs((m 2H), 4.10-
(S 3613 (m, 6§*)486(1r(f 611%)22 12Q3 ﬂmgﬁz Hn "GNMR 1’ 57541_{; 430) 5 172.53,

R

143 66@8 $320730.94,130.28,649-31303 5%, 3442, 38,221 32,3¥7 31.33, 29.41, 27.95,

125 , 6 63, 62.98. 60.36, 59.70, 52.87,
E}gq“ 2?83 15€é87 32.30, 30.26, 18.17. O HNC Pl~ \

PhOONNO NHN~NNNH- -N-~INO

F .
OH
© © n N
N\n/'\
Nﬁ\/\N’\—N N—/‘N’\/\N »‘ I
HO/\/NH

SH-183

[0221] SH-183: 'H NMR (300 HMz, D-0O): & 7.87 (s, 2H), 7.38-7.22 (m, 4H),
7.12-6.99 (m, 4H), 6.17 (s, 2H), 4.85-4.74 (m, 6H), 4.34 (m, 2H), 4.27 (m, 2H), 3.98
(m, 2H), 3.80-3.65 (m, 8H), 3.55 (s, 8H), 3.10 (m, 2H), 2.37-1.40 (m, 30H).

H
HO/\’NH SH-184

[0222] SH-184: 'H NMR (300 MHz, D,0): § 7.62 (s, 2H), 7.20 (m, 4H), 6.90-
6.70 (m, 4H), 6.69-6.50 (brs, 4H), 6.19 (s, 2H), 4.72 (m, 2H), 4.50-4.28 (m, 4H),
4.20-3.80 (m, 6H), 3.12 (m, 4H), 2.22-0.98 (m, 42H).

SH-185

~ /’\ RNNNWN/Y\ ﬂ%/
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NH HO N=N N=NH SH 178 [02161 SH 178: 'H NMR (300
MHz, D20): 8 7.88 (s, 2H), 7.46-7.30 (m 10H), 6.19
W@ 2007286626 4. 78 (m 6H), 4.42 (m 2H), 4.30 (mPQHYS2007/010924
3.90 (m 2H), 3.74 (m 4H), 3.60 (m 4H), 3.52 (m
2H), 3.28 (m 2H), 2.64 (s, 6H), 2.40-1.56 (m 24H),
1.49 (d, J = 7.0 Hz, 6H); 13C NWR (75 MHz, D20): 8
176. 14, 174.90, 172.10, 151.28, 141.51, 131.90,
131.19, 130.01, 127.32, 64.64, 63.61, 59.73, 58.06,
[0233]68, 5YHMOERS:52. 0B MMRIQ30BEINe, [86)58,7.6%.(802H), 7.26-7.10 (m,

et UEB00T00d0h 7R @it 8 G R ARSI ('S .83 o 200,

~1IN-2:5k- K, 61D, 2.20-1D2 (1f#HY, 2 .§60 2.3 ImSBMHY,.0.98-46.80\m, (128D); *C NMR

'(VIS_I,Z ! (5%%-?1@3 %5213371!@&?’21?3&02? tli?.é%#ﬁ&é@ﬁb(ﬁfblgg;s,l?zs.so, 127.43,

0512(3"81 Zslzl)oo 80.09, §7.20J5F09, SDW 50. 44#%) .08, gl.gg,t 312%%31.32, 29.52,
m .40-1.
(m 2234% 28126567 7(d§5 322%1%2@3 513C NVR (75 Mz,
[oB2f): 8 176.15, 174.92, 172.00, 151.25, 141.51,
131.90, 131,19, 130.07, 127.28, 64.64, 63.60, 59. 57
58. 60, 580m 69, 52. 95 52.14, 50.67, #4556, &
38.49, 3p- A7 5O 2 AN 1R
Ph O N HY " °éH O"“Nl NHN\sag\IHOON’T\IN
HO,--.,,NH H SH 180 102181 SH- 180: 'H NMR (300 MHz,
D20): 8 7.60 (s, 2H), 7.30-7.10 (m 10H), 6.68 (s,

[02&9} 6. 155(151.862H) ZHMMKn 3(20‘|)HM§ 5)305L 807 Ssn(s4lzbi) 7.20-6.90 (m,

( m ‘Z)&ﬂr? 6§‘46 ?{hé O(Snﬁ %,12}4)4721@@ %R)R“@Ps(m MI&) 459(()11 2§0), 3.95 (m,

172. G 1 13
7. tgf? 3]18§ﬁ;(nﬁ?H)1?g>§3@;6 )él& B3 03%19; QGH% 12@2-6475 (nB 14H); *C NMR

56. 085 HHzoD0kP b 88,0 19ei0, 4@1 gg 1%156@8142;;@ gez 312131 63, 130.92,
33. 10,2 13%.52%2300, 54.50. 6%, 199 7415923 359843863, 38.20, 35.90,

34.85, 34.28, 33.87, 32.69, 32.05, 31.73, 30.20, 29.07, 27.76, 24.49, 18.23.

[o] N Y
P e

7/
Fh Ph o o H H N
_ MNWN U N \(H
Nood™ j=n N:T\H N 0

SH-187

HN } ~NH

[0226] SH-187: 'H NMR (300 HMz, D;0): 5 7.56 (s, 2H), 7.40-7.05 (m,
16H), 7.02 (m, 2H), 6.90 (m, 2H), 6.78 (m, 4H), 6.11 (s, 2H), 4.75 (m, 2H), 4.49 (m,
2H), 4.25 (m, 4H), 4.20 (m, 2H), 3.98 (m, 2H), 3.84 (m, 2H), 2.49 (s, 6H), 2.38 (m,

4H), 2.24-1.22 (m, 36H).
ﬁ m—m« O\/\/ W@AN_\\ OQ )kl/

SH 188

[0227] SH-188: 'H NMR (300 HMz, D,0): § 7.10-6.92 (m, 10H), 6.85 (m,
4H), 6.70 (m, 4H), 5.85 (s, 2H), 4.65 (m, 2H), 4.32 (m, 2H), 4.06 (m, 2H), 3.82 (m,
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F i i HHNC ON~ ONNJd ~~ N/, NN -NHHOO
N=N N=N H SH 181 [02191 SH 181: 'H NWVR (300 Mz,
w@20y13826. 87 (s, 2H), 7.31 (m 4H), 7.08 (mP@&MyUS2007/010924
6.16 (s, 2H), 4.82-4.72 (m 6H), 4.50 (m 2H), 4.26
(m 2H), 3,88 (m 2H), 3.78 (m 4H), 3.68 (brs, 8H),
2.61 (s, 6H), 2.36-1.53 (m 24H), 1.50 (t, J = 7.0 Hz,
6H); 13C NWR (75 MHz, D20): 8 176.03, 174.85, 172.05,
163. 45, 151.16, 137.40, 131.90, 127.33, 118.51,
64. 59), 53458, 49, 234 @8632, 2.58 (i 415 22.80;1.50L (187 34H); '*C NMR (75

T ML R

/ HPN27N6 =r27.46, Qsﬂ‘ﬂ;s 6ol¥7, 57.08,.30.94\39N2-35.90 I3 D3 .49, 31.60, 31.33,
~ ~102201 SH 182" " H NVR (300 MHz, D20): 5

H
7 627(7§ 2519, 2179123‘5(@% 4H), 6.78 (m 4H), 6.53 (m
4H), 6.12 (s, 2H) 4.70 (m 2H), 4.32 (m 2H), 4.18
(m 2H), 4 1o 83 (m 6H), 2.61 (s, 6H) 1.03
(m 42H) MHz, D20): 8 172. 5,3€,§1)

169. 39, N 48' 139. 38, 134.
128. 42, Hﬁo o gl el 6 $vbgd§f58% 50H2N\
49. 59, 35 99, 34.42, 33.22, 3% 32, 31.33, 29.41,

27.95, 25.14, 21.99, 15.66.s#sF 6HNOH O 1 N p N-AN

uN~\N~N~N~~NIpI HOY, NH H O N=N N=N H C\J

[0228] SH-189: 'H NMR (300 HMz, D,0): & 7.18-6.99 (m, 10H), 6.95 (m,
4H), 6.80 (m, 4H), 5.90 (s, 2H), 4.72 (m, 2H), 4.36 (m, 2H), 4.13 (m, 2H), 3.89 (m,
2H), 3.30 (brm, 4H), 2.63 (s, 6H), 2.30 (m, 4H), 2.12-1.18 (m, 34H).

[0229] SH-190: 'H NMR (300 HMz, D;0): 8 *C NMR (75 HMz, D;0): &
7.15-6.93 (m, 10H), 6.95 (m, 4H), 6.79 (m, 4H), 6.85 (s, 2H), 4.74 (m, 2H), 4.36 (m,
2H), 4.13 (m, 2H), 3.88 (m, 2H), 2.80 (m, 4H), 2.58 (s, 6H), 2.36-1.08 (m, 42H).

[0230] SH-191: 'H NMR (300 HMz, D,0): & 7.75 (s, 2H), 7.40-7.20 (m,
10H), 6.16 (s, 2H), 4.74 (m, 2H), 4.36 (m, 2H), 4.32-4.20 (m, 6H), 3.89 (m, 2H),
2.95 (t, J = 6.6 Hz, 4H), 2.64 (s, 6H), 2.32-1.20 (m, 38H).

NHH

Q—NH N/\-/\/OMN/Y\N?«)D

SH-198
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SH 183 [ 02211 SH183: 'H NMR (300 Hw™EZ, D20): 8 7.87
(s, 2H), 7.38-7.22 (m 4H), 7.12-6.99 (m 4H), 6.17
W@ 2007286626 4. 85-4. 74 (m 6H), 4.34 (m 2H), 4. 2FCT/B$2007/010924
2H), 3.98 (m 2H), 3.80-3.65 (m 8H), 3.55 (s, 8H),
3.10 (m 2H), 2.37-1.40 (m 30H). FF / HHN~--COH
Ni -~N NH~N NN p ONII NHHOONNNNHO Ho,-
SH 184 [ 02221 SH 184: 'H NMR (300 MHz, D20): 6 7.62
(s, 2H), 7.20 (m 4H), 6.90- 670(m4H) 6. 69-6. 50
[0Z31s, 4H)SHA989 (s, 'HZI-}HMR4(3(X) (HMzZH)O)%amm (9,821(1m730712 (m,

21 v0ry R0 PSP b i 1355710160 554 . 200
HNC 3H1 © (hEAHEH:. 486, SH) 2.200020/0n 288y, T3IB6EH, 2H); *C NMR (75 HMz,
Cg;&%"%%w? 2147342021%515@8?4%% Méﬁ%éé&’ 01723“%4 127.40, 124.04,
2H) 704207%9(631 62, 669885ﬁr19 §H)10 9095 3b.44) 0135, @3)97 33.06, 32.36,
1 sé113'93@9<5"a1 28515347 36%8) 2550 3% 10,08 SThE kS 67,75
HVE, D20):- 8 177.43, 173.05, 172.22, 148.26, 139. 29,

129. 28, 128.5Q, 127.43, 123.81, 62.00, 60.99, 57. 20
51. 08, 50.4 U>40=,h 36 00, 33.06, 32. 36,:,h 3lL. %2, H

29. 52,
15. 65. \%&2'74] bzgh Ph rO HHV _ NHH N=G| O“éﬂ”@
)

SH 186 [0225] SH 186: 'H NWVR'('300 HMz, D20
(s, 2H) 720690(m 10H), 6.61 (s, 4H), 6.08 (s,

OFR 4y 87 Syl kg p20b " 7B gy "pily 720702 o,

36H)101-ﬂ), 825Qs 75H1 mM.69 4d) 2H)3C30IMR, 26)541A4.09020) 6HY 3.84 (m, 2H),

174.8 17 5 )

151 %8 (1A 3157 G153, 75,080 &in, 15555755 NNER 45 i, ) 3 173.02,

59. 442.13316%49,92479A, 13808312938, 108.5351 901, 124.14, 70.25, 66.87, 61.93,
60.90, 57.18, 50.97, 50.22, 36.01, 33.08, 32.37, 31.40, 29.33, 28.23, 27.74, 25.11,
22.62,21.97, 15.70.

\‘/‘L (':‘(\%—NNN’\/O\/\/\ONN’_\;I‘N%W?\
SH-200 N=N |

[0233] SH-200: 'H NMR (300 HMz, D,0): & 7.77 (s, 2H), 7.22-7.08 (m,
10H), 6.05 (s, 2H), 4.65 (m, 2H), 4.37-4.22 (m, 6H), 4.16 (m, 2H), 3.82 (m, 2H),
3.48 (m, 4H), 3.08 (m, 4H), 2.52 (s, 6H), 2.16-1.42 (m, 30H), 1.01 (m, 4H); *C
NMR (75 HMz, D,0): & 173.11, 172.16, 169.49, 148.01, 139.10, 129.32, 128.56,
127.38, 124.62, 70.59, 68.39, 66.87, 61.96, 60.95, 57.19, 50.73, 50.24, 35.98, 33.09,
32.36, 31.40, 27.77, 25.43, 25.12, 21.96, 15.69.

_ B »
ph Ph O wHY g
: 1 0, N
@ ./Y\N -
_NH “ NN NN RO °

SH-201
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34.85, 34.28, 33.87, 32.69, 32.05, 31.73, 30.20,
29.07, 27.76, 24.49, 18.23. NPh Ph OO0 HH NH VII
W0 2007/1806ps i N-"N HIN N O 1 HN NH O N=N N=N SPE1/852007/010924
[0226] SH-187: 'H NMR (300 HMz, D20): 6 7.56 (s, 2H),
7.40-7.05 (m 16H), 7.02 (m 2H), 6.90 (m 2H), 6.78
(m 4H), 6.11 (s, 2H), 4.75 (m 2H), 4.49 (m 2H),
4.25 (m 4H), 4.20 (m 2H), 3.98 (m 2H), 3.84 (m
2H), 2.49 (s, 6H), 2.38 (m 4H), 2.24-1.22 (m 36H).
[0134 h o (smznlJ NHEHNOIR! (BOOHBMML) DYOY: S HEBHONG) 2HQ740670 (m, 20),

%‘2’%@ ?%828%),;;%;'49?%? 2(%.,)4 2'?>'2?Z dj{f)oz,, 284, 281)g3.98 (m, 2H),

(S 32321)(m4k}§52@mw24ﬂ 2403220 @, 1), 4.06 (m 2H),
3.82 (m 101 WO 2007/ 130626 PCT/ US2007/ 010924 2H),

2.74 (m 4H), 2.54 (s, 6H), 2.15 (m 4H), 2.02-1.20

(m 34H) 1 (75 HVe, D20): 6 172.36, 171.92,/
169. 41, % 11°4Q, 141 15, 139. 21, 229 Y'\
127. 66, \1 g8, 60787, 57718, 5079,
35.99, 33" 20 32 49, 31. 60, §2233, 27.79,
21.91, 15.69. 0 ih Phn 0 ~NHHOp NH'I i N~/N HBO O
H"N- | 1 s SH189 [0228] SH 189: ' H NVR (300 HM,
[omq)) 6 BH08: 99 (' NMR)(306.BSlz( B,0)48)7,35786 () 10H), 5.02 (m,

'25130 294\, 2%{524 3 722%%% %%)4%95%1 é?)(ﬁs énﬂ) 4H), 3.34 (m,

3@1—(),[12 648, 61D, 22—831 pl) (r(m’.64l$)4 HC NMR~7PHNR, BLD)- § 175.35, 174.62,
172.04, 141.98, 131.60, 130.66, 129.70, 75.84, 73.59, 64.68, 63.33, 59.74, 55.57,
53.55, 38.93, 35.65, 35.05, 33.93, 32.55, 32.31, 30.64, 28.86, 27.85, 24.68, 18.29.

[0236] SH-206: 'H NMR (300 HMz, D,0): § 7.44 (s, 2H), 7.30-6.80 (m,
10H), 6.49 (s, 4H), 5.99 (s, 2H), 4.63 (m, 2H), 4.28 (m, 2H), 4.06 (m, 2H), 3.92 (m,
2H), 3.80 (m, 4H), 2.55 (s, 6H), 2.28-0.95 (m, 42H); *C NMR (75 HMz, D;0): §
175.04, 174.33, 171.97, 150.65, 143.08, 141.97, 131.63, 131.00, 130.59, 129.60,
126.25, 64.31, 63.33, 59.74, 53.47, 52.92, 38.47, 36.87, 35.85, 34.86, 33.87, 31.85,
30.42, 27.65, 24.52, 18.26.

O G )J et 2
, . \g‘NH HCI 0{1

SM-410
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IHNH ' Hp O NHN; NHO00 HHH SH 190 [0229]

SH 190: 'H NMR (300 Hwvz, D20): 6 '3C NWR (75 HV,
wW@2®y/13826 7. 15-6.93 (m 10H), 6.95 (m 4H), 6.7Cr/{83007/010924

4H), 6.85 (s, 2H), 4.74 (m 2H), 4.36 (m 2H), 4.13

(m 2H), 3.88 (m 2H), 2.80 (m 4H), 2.58 (s, 6H),

2.36-1.08 (m 42H. ONPh HHPh OOHHN NQ-NH

UNNNk _NHHON=NON=NHO SH 191 [0230] SH191: 'H

NVR (300 Hwz, D20): S 7.75 (s, 2H), 7.40-7.20 (m

IOH), 6.16 (s, 2H), 4.74 (m 2H), 4.36 (m 2H),

ol & 2 SRR oyl 2k ot o
H Hi\24H\), 116N, F2HD), #. 73Nirk) ZH)y#4.53 GuNMH)N-NDG6-SH3 (9§ 8H)R 3.37-3.27 (m,

VR 06 S o ovay SH). 430 By 2 S5 TR o, 1.5 (e vy

1O-|)‘3C@~IMR (\scORKY,, 380 85 HZNS )4, 14232 1698, 269.6, 142.2, 142.0, 139.3,

S U T B A s

Hmt 31.4020)9, 263178317, 172.22, 169.53, 148.15, 139. 16,
129.732, 128. 54, 127.40, .124.04, 70.20, 69.63, 62.01,
60.98, 57.19, 51.10, 50.82, 50.63, 50.35, 35.97,

33.06, 32.36, 31.37, 29 27.77, 26. 48,
25.80, 25.10, 22.58, 21. @ﬁﬁ&gl%N p N~h Ph OON
JHQ-NHNNN=NHNO SH—199[0232] SH-199: ' H NMR

(300 Hvz, D20): 8 7.73 (s, 2H), 7.20-7.02 (m
Binding of Inhibitors to XIAP BIR3

[0238] In order to test the binding ability of the bivalent Smac mimetics to IAP

proteins, a sensitive and quantitative in vitro binding assay using the fluorescence

. polarization (FP) based method was developed and used to determine the binding
affinity of Smac mimetics to XIAP protein (Nikolovska-Coleska et al., Anal
Biochem. 332:261-73 (2004)). For this assay, 5-carboxyfluorescein (5-Fam) was
coupled to the lysine side chain of the mutated Smac peptide, AbuRPF-K-(5-Fam)-
NH, (termed SM5F). The K4 value of the binding of SMSF peptide to XIAP BIR3
protein was determined to be 17.92 nM, showing that this peptide binds to the
surface pocket of the XIAP protein with high affinity. The recombinant XIAP BIR3
protein of human XIAP (residues 241-356) fused to His-tag was stable and soluble,
and was used for the FP based binding assay.

[0239] Thé dose-dependent binding experiments were carried out with serial
dilutions of the tested compounds in DMSO. A 5 ul sample of the tested samples
and preincubated XIAP BIR3 protein (30 nM ) and SMSF peptide (5 nM) in the
assay buffer (100 mM potassium phosphate, pH 7.5; 100 pg/ml bovine gamma
globulin; 0.02% sodium azide, purchased from Invitrogen™ Life Technology), were
added in Dynex 96-well, black, round-bottom plates (Fisher Scientific) to produce a
final volume of 125 pl. For each assay, the bound peptide control containing
recombinant XIAP BIR3 protein and SMSF (equivalent to 0% inhibition) and free
peptide control containing only free SMSF (equivalent to 100% inhibition) were

included. The polarization values were measured after 3 hrs of incubation when the

105



10H), 6.05 (s, 2H), 4.65 (m 2H), 4.30 (m 2H),
4.22-4.08 (m 6H), 3.84 (m 2H), 3.08 (m 4H), 2.52
W@ 2007858626 2. 25-0. 90 (m 42H); 13C NWR (75 HVz, PCR0%2008010924
173.02, 172.13, 169.49, 147.91, 139.07, 129. 31,
128.55, 127.41, 124.14, 70.25, 66.87, 61.93,. 60.90,
57.18, 50.97, 50.22, 36.01, 33.08, 32.37, 31.40,
29.33, 28.23, 27.74, 25.11, 22.62, 21.97, 15.70. O
pp Ph OOHN NIh"IINO NH1 NO -NHHONN
SH— Dipding reach¢dopglibrSin 2og amHJIstA(RBaDWz (TeaoYJ.S gnc., Research

m zl'{h?l,gleilk%lﬁ,_ &C%%I%%%E{ﬁg‘, thi ?T%Egl % co Eﬁrft?aéloégl zvrlrlﬁch%% of bound

2H) ,pepﬁdﬂSs (dliﬁplat:bu,, were0 8etermindd) froifl. % Dl¢tsysibgnonlinear least-squares

éZCl)f)ana 5575 Gt igin oy Qleelen, 35l CIGHPAD PRISM software

129 .(BZaphPa8 SB&waré,ZﬂcﬁﬁanD%o,ﬁQA)jO. 59, 68.39, 66.87,
61. 96, 60.95, 57.19, 50.73, 50.24, 35.98, 33.009,
32.36, 31.40, 27.77, 25.43, 25.12, 21.96, 15.69. N Fah
Ph OONHV N-— i -NHEXAMPNE13~I1C HN\-/-H O N=N
SH 201 N=N HN p 103 WD 2007/130626 PCT/ US2007/ 010924
[ 02341 SH 2PiiprésténskApolaBia6ti diivhaseDDinding assag fo KIAP Prdtein
7.40-6.70 (m 20), 6.16 (s, 2H), 4.75 (m 2H), 4.49
(m 2H), 4.25 (m 4H), 4.20 (m 2H), 3.98 (m 2H),
[031(34 (m R@mao?nﬁﬁne(ls ,waﬁH)xcu&td&lechﬂ.lr(‘nm XAAF) proldhh (F¥sidues 120-

%55 .IQI esc&%H tla_l%g%?ls af aée%% peptide, called
5 OZSn(tz{BZ F Z(D‘JB,nM) Zﬂﬂ(erﬂacEH)n thé. a3ay( B fferHl 00 %M7pdtdi§,sxum phosphate,

m 2 m 4
( o %HY 5 ég%gﬁ’%)vc?ﬁ gasl(arpﬁ glophin m@éé%(r%o%w u&ﬂfﬁ Bynex 96-wel,
175 p3k, ¥ddadBottorm 1lated (Fidkek Sfentilft). 69madBP. \555 determined to bind
129. 70, 75.84, 73.59, 64.68, 63.33, 59.74, 55.

53. SElAR Wit Ksvaps of352 M. Ber eash agsays she e%tfyis included XIAP and
30. Gnac2F %@ptld’y(eé&lvalgﬂt 8% irﬁnl%%on), and Smac-2F only (equal to 100% of

inhibition). The polarization values were measured after 2 hours incubation, using

the Ultra plate reader. The ICsp value, the inhibitor concentration at which 50% of
bound tracer is displaced, is determined from the plot using nonlinear least-squares

analysis. Curve fitting is performed using GraphPad Prism® software.

é)épr

Bivalent
" PY? 8

tracer
[0241] When tested in the binding assay, bivalent Smac mimetic SH-164 had an

Smac2-F
T TW—FAM
ICsp of 1.9 + 0.5 nM (FIG. 1). This was more than 500-fold better than the binding

affinity of the monovalent Smac mimetic SH-122 and >5000 times more potent

106



OhPhON f~N7 11 p N NHNNN " HH 0Oj1~ 0

.-NH ON N NN N N SH 206 [02361 SH 206: 'H NWMR (300
woRe7/18%09 . 8 7.44 (s, 2H), 7.30-6.80 (m 10HCT/6S2097/010924

(s, 4H), 5.99 (s, 2H), 4.63 (m 2H), 4.28 (m 2H),

4.06 (m 2H), 3.92 (m 2H), 3.80 (m 4H), 2.55 (s,

6H), 2.28-0.95 (m 42H); 13C NWR (75 Hwkz, D20): 8

175.04, 174.33, 171.97, 150.65, 143.08, 141.97,

131.63, 131.00, 130.59, 129.60, 126.25, 64.31, 63.33,

59. THan 8% Aprdh D&, p&Bide/AVIG. (SEQ B5.189; 134.Blgse data suggest that

33 Y al@]téngac demeﬂzsowa a65 2 %‘fs(aoﬁ_ﬁslfw tiﬁjtyq\l'l‘he binding

104 AhiBO 31 ARNG&I Bﬁﬁlddﬁgﬁﬁzlrﬂikﬁﬂé’ﬂare [(0R3Tled SMT4BIR:4.
'H NMR (MeOHd4, 300 MHz) S 8.91 (m 2H), 7.37-7.13
(m 24H), 6.16 (m 2H), 4.73 (m 2H), 4.53 (in, 2H),
4.06-3.73 (m 8H), 3.37-3.27raba4 6H), 2.92 (m 6H),
2.68 (m 6H), 2.30 (m 2H), 2.05-1.81 (m IOH), 1.55
(m 6H); 13C NVR (MeOHd4, 300 M Hz) S 174.4, 172.3,

169.3, [168.6, 142.Z, 1420, I39]3, I1B%hding TRBiTics

128.5, [127.8, 127 pame27.3, 61.8, 57. 3,1058A B3 8.

46.6, 34.9, 32.4, 31.4, 30.9, 27.3, 15.Gc, RARFLE 12
YP-245P3 1-10
YP-246P 0.1-1
YP-330 <0.1
YP-337 <0.1
YP-350 <0.1
YP-356 <0.1
YP-376 <0.1
YP-377 <0.1
SM-401 <0.1
SM-402 <0.1
SM-403 <0.1
SM-404 ' <0.1
SM-405 <0.1
SM-406 <0.1
SM-407 <0.1
SM-408 <0.1
SM-409 <0.1
SH-207 <1

EXAMPLE 14

Cell Growth Inhibition by Bivalent Smac Mimetics

[0242] The effect of SH-164 on the growth of various cancer cell lines was tested.
Cells were seeded in 96-well flat bottom cell culture plates at a density of 3000
cells/well with a tested compound and incubated at 37 °C in an atmosphere of 95%
air and 5% CO; for 4 days. The rate of cell growth inhibition after treatment with
different concentrations of the compound was determined using a WST—S kit (2-(2-
methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2, 4 disulfophenyl)-2H-tetrazolium
monosodium salt; Dojindo Molecular Technologies, Inc., Gaithersburg, Maryland).
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Bi nding of Inhibitors to XIAP BIR3 [0238] In order to
test the binding ability of the bivalent Smac m netics
W@ 2007/ABb62¢r ot ei NS, a sensitive and quantitati VECT/IIS2007/010924
vitro binding assay using the fluorescence
pol ari zati on (FP) based nmet hod was devel oped and used
to determne the binding affinity of Smac mnetics to
XI AP protein (N kol ovska-Col eska et al., Ana
Bi ochem 332:261-73 (2004)). For this assay,
5-cav Sﬂ)‘)@/ﬁvlam addksk:a&ianﬁﬁaﬂ -deacgntiation of d 094 ®dedch welk and then the plates

%3;3%165@% d %517 %{"—&0 r}te%?;'#ﬁeaf ed S”%%?ge&f{g Sampples was measured at

t he 450 ﬁhgm(gfa GIYBIRADGM:M Rehd)er)(l\ﬁﬂ’ecﬁilaRBDe‘pbe)t eThe vacentration of

determ ned to be 7 92 0 J tide

bi e {STeh ORGP ot RN G BV b S (ERR WS peloulated by
hi gféoﬁhfpahﬂgtabsoﬂ'ﬁﬁcer &¢ QifitfeRRat collsABBItS cells Ok@itddl @fith the tested
human XI AP_(resi dues 241-356) fused to Hi s-tag was

st alSPEPYHM-sol ubl e, and was used for the FP based

[(02437di Ng aFR&Y tesled 23 ihstthe MIOASMIRPENAGRAN Bidast daficer cell lme and the
experinments were carried out with serial dilutions

t he M AMRe-33b msbanede ¢eil s SH-h6% exhibiteds i [ eso o lt‘h@M (FIG 2). In
t eStaﬁthi%ﬂ”@Hel%4 i¢afdo Qr;ﬁ)'té?ﬁ HQH&%Q 1%%&%r§ld%)€r9:ﬁx%e@ 'chl (ﬁgs (FIG. 2).
nM ) and SVbF peptide (5 nM in the assay buffer

‘nM pot assi um phosphat e, pH 7.5; 100 gg/m bovine ganna

gl obulin; 0.02% sodi um a ﬁ%§&¥4pﬂi§p§sed from

I nvitrogenTM Li fe Techno wer e added in Dynex
96-wel I, bl ack, round- botton1p|ates (Fi sher
SC|ent|f|c) to, produce a__ final Lane of 125 For
each assay, {MBCHORAHCHR R"F‘@’é’yc%ﬁ’la f S%ﬁﬂ\’é‘mﬁ“ﬁﬁ |
reconbi nant Xl AP BI R3 protein and SMSF (equivalent to
0% inhibition) and free peptide control containing

[0y fr eelToNElipyeRfu P04 induceoesh death i VRGPS Goee cell lines was

i ncl r A s 1
AT TGV DRLOhY a5 et Bl in we

PCT/plgeoar! orobatad abd hi iy an@aehmeeeqqf P3%raiuandig¥erfgO2 without or
an Ul. o

o TSGR AT Sa0a e, Mok TERRU TRk (rvivoger
whi ForpOSsion) b/@smlded p@pheteuemescqil sppbdurd, SHgi6é was shown to be an

det ¢ rftmcp\%déj 0 & B 11°3ea?1§ %vﬁ]x%n 1008 ith MBI R L MAMLE-3M,

anal§/srs ormed usi ng
PRI SHH@WCM é ceﬂﬁFdﬁh B?)adhﬁm‘ch\masee SH-h¢4 indBeet &ileapd 70% cell death

CA) . EXAMPLE 13 rescence- pol ari zati on- based
bi it REeRe o oL BT O or n [02401 A Smmc i et i ¢
was i ncubated with human XI AP protein (residues 120-

356) (10 nM and a quorE§€&Rk#YJ§?gged Smac- based

bi val ent peptide, called

Effect of Combinations of Bivalent Smac Mimetics and
Other Agents on Cell Growth Inhibition

[0245] To test the ability of bivalent Smac mimetics to sensitize cancer cells to the
growth inhibiting effects of other agents, cell growth inhibition assays were carried
out with various agents alone or in combination with increasing doses of bivalent
Smac mimetics. Exposure of MDA-MB-231 (2LMP) breast cancer cells to TRAIL
alone resulted in an ICsp of 2.2 ng/ml (FIG. 4A). Combination of TRAIL and SH-
164 lowered the ICso for TRAIL significantly, with TRAIL in the presence of 100
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Smac2-F (0.5 nM as the tracer in the assay buffer

(100 mM pot assi um phosphate, pH 7.5; 100 ug/m bovine
w@20ma3gko©bul i n; 0. 02% sodi um azi de) i n Dynex BGFW&1007/010924

bl ack, round-bottom plates (Fisher Scientific).

Smac2-F was determned to bind XIAP with a Kd val ue

of 1.2 nM For each assay, the controls included Xl AP

and Smac2-F peptide (equivalent to 0% inhibition),

and Smac-2F only (equal to 100% of inhibition). The

pol aM 83t-1&hhevinges Ier of GHA8 mekul. aftsimilar rasult svas seen with MDA-

| e BB rellP llfber LR, WhEleAnPA R BohE RGP En IR BLEBB0 ng/mi and the

val ue e tof "conceéntration
bourcdnibira:cien afSTRIASplaad )0 1 8+ lévtnhiadean iCanef he nglmok (FIG. 4B).

east uar es nal ysi s, r filtti
S NP e AR opa B P s, TRAGE qiprd P an 100 of
N NE{S@O n@mNvhile TRIAADLin M Prebente of 16madL SH-164Had\eri ICspof 2 ng/ml
~NH Al 1 When S t he bindi.ng a , .
o v A A G kel & Spuleg Aldhtlless Voukly Feed §HR Blecombination
NM GFMTRAM andT M0G0 WRE SAPTZE hivadg ak ACt o3P Al Inhéghtrast 500 nM
the blndln% afflnlty of the nonoval ent Snac m netic _

doven the Cofd ReMent 106 WD 2007/ 130626
[0 / USZOQsH-Q 8@%4 alsBasstéfor R aBNAY to¥anfeiei giewdMBhibitory effects

Q | D NO These data_suggest that bival ent Snac
tly‘sclmcr FAPCUS 3ESPEIFisHl Ht 814 BitgxafronEp When tesied on MDA-

aCt iNBI251 (PR Reh&Dbrealtf daRidd Qs OSHAA 4t ap&ﬂ{centratlon of 100 nM
bi val ent Smac m netics are present ed in Table 4. Table

2 Bioe SRR FRIItDEBOW LRI EPraaSAPOtBIARns (KD Sy iThese data indicate

that bivalent Smac mimetics are capable of sensitizing cells to the growth inhibitory

effects of a variety of cancer-treating agents.

EXAMPLE 17

Apoptosis Assay

[0247) Analysis of apoptosis was performed using an apoptosis detection kit
(BioVision Research Products, Mountain View, CA) according to the manufacturer's
protocol. Briefly, cells were treated with Smac mimetics for 12 hours, harvested and
washed with ice-cold PBS. Cells were stained with Annexin V-FITC and Propidium
iodide (P.1.) for 15 minutes at room temperature in the dark and immediately
analyzed by FACS calibur flow cytometer (Becton Dickinson, Erembodegem,
Belgium). Cells that were stained Annexin V (+) and P.I. (—) were considered early-
stage apoptotic cells. Cells that were sfained annexin V (+) and P.I. (+) were
éonsidered late-stage apoptotic cells and cells that were stained annexin V (-) and

P.L. (+) were considered necrotic cells (FIG. 6).

EXAMPLE 18
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YP-245P3 1-10 YP-246P 0.1-1 YP-330 <0.1 YP-337 <0.1

YP-350 <0.1 VYP-356 <0.1 VYP-376 <0.1 YP-377 <0.1
wEk4030620. 1 SM 402 <0.1 SM 403 <0.1 SM 404PRDUS2007/010924

SM 405 <0.1 SM 406 <0.1 SM 407 <0.1 SM408 <0.1

SM 409 <0.1 SH 207 <1 EXAMPLE 14 Cell G owh

I nhibition by Bivalent Smac M netics [02421 The effect

of SH 164 on the growth of various cancer cell |ines

was tested. Cells were seeded in 96-well flat bottom

cel | culBindmgpriffihities & XBAP @nd hétivitids i3 @61 gravethlishibition

with a tested conmpound and i ncubated at 37 Cin an

at mosphere of 95% air and 5% CQ2 for 4 days. The rate
[ozafsg cel | gr{anbiddinghaffinitidntoaKILP dndeaitivaits in édll growth inhibition of

ferent concentrations of the conpound was

det SmacTREMeISS 98¢ preyaytedingfablg 5. (2.

met hoxy- 4-ni trophenyl) - 3- (4-nitrophenyl)-5-(2, 4

di sul f ophenyl )-2Htetrazolium nonosodi um salt;

Doj iTeltle Mol ecul ar Technol ogies, Inc., Gait hersburg,

Maryl and). 107 WO 2007/ 130626 PCT/ US2007/ 010924

WET-8 was added at a final concentration of 10%to

each well, and theng; | atjes ICSR¥aduencybajesh @huad? €
for 2-2 hrs. The ab§ookﬁgg of t HeMdanpl q's Vg 1)
measur ,(CampoumsO s‘;antges ULTRAS T-@ssay H WST-assa
(Mol ectl ar Devi cg SI cen{MBRA-dBof %? g
conpound that i nm bi ceI I{ grov@3i)by 50% ( vvas
cal cul at egylyus <50 <100

SH-143 <50

SH-146 <50

SH-153 <10 <1000

SH-155 <10 <100 <100

SH-156 <10 <1000 <1000

SH-158 <10 <1000 <1000

SH-159 <10 <1000 <1000

SH-164 <10 <10 <10

SH-165 <10 <1000 <1000

SH-166 - <10 - <1000 <1000

SH-167 <10 <10 <10

SH-172 <10 <1000

SH-173 >10,000 >10000 >10000

SH-175 <50 - <100 <100

SH-176 <10 <100

SH-177 <10 <100

SH-178 <100 <10,000

SH-179 <100 - <10000

SH-180 <100 <1000 <1000

SH-181 <100 <10000

110



conpari ng absorbance in untreated cells and the cells
treated with the tested conpound. [02431 Wen tested
w@garnse2¢ he MDA- MB- 231 human breast cancer cePCT/U52067/010924

and the MAMEL-3M nel anoma cell |ine, SH 164 exhibited
an 1C50 of 1.4 nM(FIG 2). In addition, SH 164 is
al so a potent inhibitor in several other cancer cell

lines (FIG 2). EXAWPLE 15 Induction of Cell Death by
Bi val ent Smac M netics [0244) The ability of SH 164 to

i nduce[ celi} ;deathh in_ygsioug cancejycell |linesyas
testediusing -a Trypan ue gell wviability assay 0.3

106 ce ISSH\EBE sieeded10m 6 We

at 37
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det er m
ef fect
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Smetlti net i ¢

rratt UII w—th—
sure

of I\/DA-‘W%-_}?:{;_(_ZIL %)lreast
al one resu tpd iin_an Q0 of

Conbinatlmz«le RAI L <aod SH—
TRAI L srgmficamtty, wth TRAFC T the p
Vi ng

108 VO 20072950606 PEEPOR2007/ 010 nM $ht 1621009

an |1 C50 af 90908 na/ whgp A sifm larqygsul t |was sggn wit

VDA- MB- JJ—S—\AL—%F@ TRALL gl onre ha

an | CG5p &H2060 |ng/ n¥108Qd the cebiinati gn of<ICRAI L

and 10p Tog had C30 of ng/ M (FIG 4B)-
C- %‘3% é&@ car céﬁp

When PC rost cer s welle used, TRAl
al one hadymR4s C50 of <1300 ng/ M uppl e TRAIL in the

presen-\n nf 1n0 16A In"nl n 1 CEN ~f 12

Nl Ll FaY ol
IIIVI T LU LILLE A¥ UTT T OJIU \W A | e Ilul LILILI
(FIG #QOYP-8B 122 hadl® sini|l ar aftthough|l ess <|d@t ent
ef f ect he
hah 8 an

compypattory — of T apd 100
SH-122 [ C50 0of 30 (ng/m n_comtrast QQQ nM
YP-385
SM-410

canceéldcel I ?F_E?‘ T%OL

2 2 nn/nd
164<110wer ed t he km@ for
esence gl 10

=)

-

LJ_

<10 <10 <10
<500 <500

<100

[0249] Having now fully described the invention, it will be understood by those of
skill in the art that the same can be performed within a wide and equivalent range of
conditions, formulations, and other parameters without affecting the scope of the
invention or any embodiment thereof. All patents, patent applications and

publications cited herein are fully incorporated by reference herein in their entirety.
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SH-1
was

49 did not lower the 1C50 of TRAIL. [02461 SH 164
al so tested for its ability to enhance the growth

w0 nivrhsdees y ef fects of the chenot herapeutic apEnUS2007/010924

ci sp

latin and m toxantrone. Wen tested on MDA- MB-231

(2LMP) human breast cancer cells, SH 164 at a

conc

entration of 100 nM sensitized the cells to

growth inhibition by both agents (FIG 5). These data

I ndi
sens

cate that bivalent Smac minetics are capabl e of
itizing cells to the growth inhibitory effects of

WHAMRIS €LAIMELR 8icer -t reati ng agents. EXAMPLE 17
Apopt osi s Assay [02471 Anal ysis of apoptosis was

1

Rese

. pehefoomponind bavigg fiermpledi:osi s detection kit (Bi oVision

arch Products, Muwuntain View, CA) according to the

manuf acturer's protocol. Briefly, cells were treated

W th
w th
V- Fl
roo
by F
Er em
Anne
stag

ice-cold PBS. Cells were snangd W th Annexin
TC and Prog&diun1 i gdi de (
t enper at ure~NLn tH€ dar d imediately analy¥ed
ACS cal i bur flgw cyt oneter cki nson,
pbodegem  Bel gilum . Cells that were stained

xin V (+) and-P  (-) were//consideredTearuy-

e apoptotidicel | s;/ALCells tHat were stained annexin

Smac minetics for 12 hours, harvested and masIed

c1.) Jor—45 m nutes at

and D 1| /+\ \WRnr o concidarod | ot~ ct Aann

V (+l u:lu T \ l
apoptotic cells and cells t

(-)
6) .
Bi nd

vWwoeT O UUHUI oCTCTUOU— T arc— ot gt

at were stained annexin V
and P.1. (+) were considered necrotic cells (FIG
EXAMPLE 18 109 WD 2007/]130626 PCT/ US2007/ 010924
ing affinities to XIAP gnd activities in cel

growth inhibition [02481 The binding affinities to

Xl AH

m netics arexpresented,in Tab

I C50
vl ~
SH 1

and activities in cell grgwth inhibition of Spac
. @ 5 Binding

val ues IéBGwyakUES (Tim| Coppound IC to

s In W5T-assgy In WST ass [n 1MB- SK-Ov; 3

42 <50 <100 $H 143 <50 SH )46 <50

AV
U'
A1'/ \Az' T

I

wherein: A

A, and A,' are independently selected from the group consisting of hydrogen,
optionally substituted alkyl and Z;

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

V and V" are independently selected from the group consisting of N, CH and O;
W and W' are independently selected from the group consisting of CH and N;

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

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

D and D' are independently selected from the group consisting of optionally
substituted alkyleny! and (CR'R?),-R**-(CR*R*)m;
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SH 153 <10 <1000 SH 155 <10 <100 <100 SH 156 <10

<1000 <1000 SH 158 <10 <1000 <1000 SH 159 <10 <1000
W1@003068H 164 <10 <10 <10 SH 165 <10 <1000 <BROD0S2007/010924

SH 166 <10 <1000 <1000 SH 167 <10 <10 <10 SH 172 <10

<1000 SH 173 >10, 000 > 10000 >10000 SH 175 <50 <100

<100 SH 176 <10 <100 SH 177 <10 <100 SH 178 <100

<10, 000 SH 179 <100 <10000 SH 180 <100 <1000 <1000

SH 181 <100 <10000 110 WO 2007/ 130626

PCT/ US2Qdnd/ Dlﬁeﬁﬁdeﬁdd&r&& sdloCted Iftorm 1the Sbhu 8Bnsiidf of optionally.

<10,000 St 184 <100 <10 <100 0 <10 <10
. SH 186SuHtutadalkylen 1@]’7‘ gl)egg%%égo‘gg@ >10000
SH- 188T<&QDT<4&0maé;§&deﬁlw 38 9cted Gt 1RO gfol@ocongislnﬁg Qf C=0, c—-s

<100 <10 <10 _SH 191 ,<100, <100 <100 SH 198 <100 <10
<10 SHY, 8.0 Q1R R §—|2CﬂP“9?61 X 19ystityteg carbocyclic, optionally

substituted heterocyclic, optionally substituted aryl and optionally substituted
heteroaryl;

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

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

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

each R, R® and R* are independently selected from the group consisting of
hydrogen, optionaHy substituted alkyl, optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted aryl and optionally
substituted heteroaryl;

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

Z is a linker covaleht]y linking one of A}, Y, D, J, T and U with one of A", Y',
D, J, T'and U'; '

or pharmaceutically acceptable salts or prodrugs thereof.

2. The compound of claim 1, wherein Z links D with U'. |

3. The compound of claim 1, wherein Z links D with D".

4. The compound of claim 1, wherein Z links U with U’

5. The compound of claim 1, wherein n and m are independently selected from 0-4

such thatn + mis 3 or 4.

6. The compound of claim 1, wherein p and q are independently selected from 0 and 1

such thatp +qis 1.
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SH 201 >10, 000 >1000 >1000 SH 202 <100 <10 <10
SH 206 <1000 <1000 <1000 YP-317 <100 <100 YP-343 <100

W 1®0/1x182881 <10 <10 <10 VYP-383 <10 <10 <10 NMPr/B88507/010924
<10 <10 <10 SM 410 <100 <500 <500 [02491 Havi ng now
fully described the invention, it wll be understood
by those of skill in the art that the sanme can be
performed within a wi de and equi val ent range of
condi tions, formulations, and other paraneters w thout
affecting the scope of the invention or any

enbaodi ment th atents, patent
7- and THSUESITROAE O%OCI%W éd“ﬁ]&:eél -1 emf N 1)r/1§|g]g(r:1 g%"f} ecéed from 0-4
by rsaélefianae- meis S or 4 and paind geareiinddpenddrtlly éé@cted from 0 and 1 such
2007/ 130626 FCT/ US2007/ 010924 WHAT IS CLAIMED I S: 1.
The RMpbBY havi ng Formula 11 D XV\//Y N | A/ A2 0
T-U ZD XX\W J. N4 A'~" , 2 11
wherein: A and_ Al' are |nde en%ently sel ected from
8. t he ThiesomROYRd PEERHY 7oPherel bth=C- opt i onal | y
substituted al kyl and Z

9. The compound of claim 8, wherein U is NR'R”.
10.  The compound of claim 9, wherein R*® is CH,.
11. The compound of claim 1, wherein Y is CONH, W is CH and V is N.

12. The compound of claim 1, selected from the group consisting of:

Ph o)

HN
e
Ph = (o] HN
i )\,O \N\/\O H < H\U/‘\
\*u I D StenNy
_NH
/
L
© NH N=N
o) Ph \/\/N
0
. )\/
N N N R
O H ' NH
HN e
o)\'
HN—
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A2 and A2' are independently selected fromthe group
consi sting of hydrogen, optionally substituted al kyl
w@n 782 wherein A2 is absent when V is 0 aneiCHBS2007/610924

absent when Vis 0; V and V are independently sel ected
fromthe group consisting of NN, CH and 0; Wand W

are independently selected fromthe group consisting

of CHand N, X and X are independently optionally
substituted C -3 alkyl; Y and Y are independently

sel ected fromthe grouppesi st ong ofNQQVR , C(OQ

(CR R2), _3, wherein ong/or,/ e (\,HQ—%gups can be
Dy, 0, S or NRN optionally Bat t ut ed aryl

|y, uted heteroaryl; D e
Iy@ecte fromthe group consisti f
) I al kyl enyl and
007/ T3U626N N
PCT/ USZOO?H)lQRg J an are mdey&d&ntly K1 eft
fromthe group consistOng of optiondl ly@gsubstituted

al kyl enyl and (CR R2) p-R5b-(CR3R4)q; T and T are
i ndependent |y sel ect e,d/rﬁlr om bhe gNQHlp consi sting of

C=0, CS, CNrR, S, ,@,/ |opt| onal l'y
substi- d carb opt| onaI Py N t| t ut ed
het er o0&y ptlo aIIy substi tuted ryI

opti ¢nal y stitufed heteroaryl; and
i ndependdnt | y setettgd ﬁngmthe\g,;p :E
hydr ogen, H 2, OR R, opti ol y su@stcf ed

al kyl and optlonallyosub tituted/ar n, in, p and g
ar e |ndependently 0-5; each R is se ected fromthe ’
group |ng of hydrogen, optionally substltuted

al kylg opt I IF’y substituted carbocyclic, optiBngl| v
sulgs,t/”i\k cI ic, N;&ptl onahiwm ¢ \\_/ 71/‘\
aryL,H ldpt |?)nafl eac
R2. R3 and R4 are |ndependently selected fromthe

group c ng of hydrogen, optionally substituted s
aI kylg ppti an | yetsubstituted carbocyclic, amtionally “7;'\‘\
st ter. |/s\/opg/|~o Suh 't 1 ary
Mﬁ onad | Y Nlbstit uted hetcselfldafyl an& N o)
arer Hndependent |y sel'ected fromthe group “consi st
of GO CS, C=NR, S 0, NR and CRR2; and Zis a
i nker V IyIinkingoneof A, Y, D J, Tand U N
wth gn ofA', , J', T and U; Ph ©O o H\ﬂ/k
o}
YHOVWMwM%SO
H H
_NH

3 N e
HN
g L wg T A “m/'\
\A)LN o) NMNN\—Q_/\/\N/\/\” N s
_NH " o N=N N=N
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or pharmaceutically acceptable salts or prodrugs

thereof. 2. The conpound of claim1l, wherein Z |inks
w2mrtiboekh 3. The conpound of claim 1, wherei PCRZUSi00k610924

Dwith D. 4. The conmpound of claim1l, wherein Z

links Uwth U 5. The conpound of claim1, wherein n

and in are independently selected fromO0-4 such that

n+ms 3or 4. 6. The conpound of claiml1l, wherein p and

g are independently selected fromO and 1 such that
[ 2007/ 130626 PCT/ US2007/ 010924 7. The HN/

. | ai)m 1Phwher ei n d mare |mdeptende(51t I y H
M 4 ;LL%D\ ﬂ—@‘cm\ oL 4 \ﬂ/'\
q \al/ekmndep deDtiNH ST et ed 0 Qh sith >t o

p+oniHs 1. 8.7 TRe conp®idl of claim 7,NuNerein
C=0. 9. The conpound of claim8, wherein Uis N
10. The conpound of claim9, wherein R5b is CH2. 1 1 P
claiml1, wherelnYlsC(]\IH Wis CH HN

fro onsi ;
NEN PhN-~ N O 0N Ph N: o OHH
N_NH 8 H Ph” NOO I--NT!LT'@)NH NH NN b P

oy

PhoHCHNOG ¢ [y HN' o CONHCHPh,
fe) o)
HCI HN NH HCI
\ /
o o)
O jN/LK/\/\/\N/u\N/_lV\?
- N ) N
PhaHCHNOE ¢ HN) 50: CONHCHPh,
e NH HCI
\ /
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HNH HN O OOHN 114 WO 2007/ 130626

PCT/ US2007/ 010924 WNO N -NONNHO "' NHHN --NH HN
w@dag7/13020 O 0 N -N O~---IJN NcN5s H ~ ~ 0 "IMA/HB007/010924
-NHHNOH O>0 OHHN O ~ Ph OH-it\ 1Ol Ph,

[T ON NNsNHNO ,NHHOp I/ NJ/ViO-N~1 % N Ph

Ph OOHOHNHNONNO NHON=NN=NNPhPh OON
HN O~ HOHNPNNNNNO I-NHONPhPhOOH

HN- Yk 5 o
QTR

Ph,HCHNOC ¢ Jn HN & CONHCHPh,
o o}
HCI HN /NH HCI

=N en Oq 0
PN N A~ - 7
\)LN' \\ x I\/_ N N TN 67 N/LK_/
N=N H o :
N HN

N o _AUN
Ph Cl!l\ jL o] [\ I\>\ Ph
NS d N W by e
_NH  HN__ .
N:N =N
\~N\/\/O\/K/N
Ph C‘q JO]\/ o N Ph
Ph/k,'}'"io 0 {“, H N ©Og H)\Ph
_NH  HN_ .
-
o N\ N Th £h I Q HHB'I\
ST I YIRS NN S, T
_NH H (o] H NN N=N H ‘
>
s ~_OH
ol Ph Ph o o HMY
P N AN A )\_»N\n/'\
NOONTTS DN YONTN NN NS, T
ho~-NH H o H N°N NN H
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N Q@ Ph2HCHNOG 0 NH HN O CONHCHPh2 O O HCI HNj H
HCl 116 WD 2007/ 130626 PCT/ US2007/010924 O 0 N r N~

WERRATHEERC NH HN O CONHCHPh2 O 0-~. ..., O HEIT/HBC0MH0924

HC pl, ell \NN O OT NHN NHAC NN NEN O NHA, NH O
Ph NN NNPh ONO --j/x "Hp /%N Nei H '~ O Nonl
~NH O NN NN OHHN N=NN=NPh N 1O ONPh Ph HB
Op HN-JANQ NPh HHNCHNENNENPh OO NPh PhN
OO'H,AHp NPh NHHNCH~~Ph Ph OHHNC N '~

~N NN =N N I'i N-~YI - N OH~NNH”? OH HNT
\K?LrHN\ I'}E%N - e S
e N o o//_NH NN N\ / NN H N ‘l o
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0 Ph Ph OOHHNN~~ NIrk NO-NNNN7 HII ~~ NHH
H NEN NEN 0 HO 117 WO 2007/ 130626 PCT/ US2007/ 010924
WORbo7 @620 Ph Ph O N HO NH H O O NH~ NN NN N QPCRUSR200010924
HHN ~~ AN~~N N~~N N ON-\ O ~Ji -NH~J NO ~NHHO
NENNNHI JFF i I H pl. NIl OOH N NHOO
“NHS NN NENH M~I1 O F F HH\N~~OH N OONN NH
~---NN--*NH HO,NHHOONNNNNO FF (5-0 H
HN--,_ OH ON” - nOI~HpH

—

N )

OQ% . Ph O o HTH(NK
MR

-
\Q )\ F"h 0 o HN
g H NHA /\NW\/WN/Y\

HN N </\d
>
[/— HN/
Q N % B2 o N
\/U\N>_\<0 A_O o\/-\N)'\N/\\__/ \[('\
Ny H | j ©
5
TN

OMV\Q)\//‘EO\HU

N (o
SRS
\j‘NH HCI

\N~‘
H HCI

or the free base thereof or another pharmaceutically acceptable salt thereof.

13. The compound having formula XIII:
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Np NHONNNNHOONPh eh 0OON~ H NNHHNHO
NEN NN H O 11 118 WD 2007/ 130626 PCT/ US2007/ 010924 eh
wa@@7iBaddé p N Ph N O-NHY "N N 'T H , NH H O N=RCINEB2007/010924
Ph Ph 0O ONHNC NH / OON-NH~' MAN N O 11 ~-~HN J NH
HONNNNH-OPhPh~N O HI / HHOOHHN Hp NH
4H pN NHy OO/NPhPhO HONHHYHI i Hp
OHHN ,NHS Pheh 0O ONO NHONGpPpN- AN\ /

NHHONLNHNH HHONPh HHPh OH HN

R7 D"

\ J

HN

N
T—U
O _ XIII
wherein:

D" is (CR'R?)y-R*-(CR’R*)1n;

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

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

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

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

each R', R*, R’ and R* are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted aryl and optionally
substituted heteroaryl;

R is selected from the group consisting of C=0, C=S, C=NR!, S, O, NR/,
CR"R?, NCOR® and NCO,R?;

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

~ hydroxy, azido, optionally substituted alkyl, optionally substituted carbocyclic,

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

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

R7 is selected from the group consisting of hydrogen, CO,R™ and
COCHR™)NR™)CO,R;
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~/[\i NNj~NONO NONHN7O .NHHp NNONNH
HN PhpHpNPh O NHNOO ,NHHONNWNHQ
WA 1® 7062007/ 130626 PCT/ US2007/ 010924 t Ol i \ PU/@R20PT010924
ON Y,N-( NHONNNHHOO NENNNHNI O SH199 O
NPh Ph OONHN NNHNN ~-NHHOONNNNHNOO
Ph Ph OONHHNNH ~ANOUN NNN~NOHN NHHO
NENNNF 1 JHN ONPh PhOH!AHHHMN UNA-O
.~NHO CN-Ph Ph OHHj O NO/ _NH/ NN N-L~
, NH H R7*NisN shlebtednftomo the group consisting of optionally substituted alkyl,

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

R is optionally substituted C,_3 alkyl;

R’ is selected from the group consisting of hydrogen and optionally substituted
alkyl;

and, .

R® is selected from the group consisting of optionally substituted alkyl,
optionally substituted carbbcyclic, optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted heteroaryl.

14.  The compound of claim 13, wherein R7is t-butyl.

15, The compound of claim 13, wherein nis 1, m is 2, R*is NCO;R® and R? is benzyl.

16.  The compound of claim 13, wherein R is CR'R%, R'?is selected from the group-
consisting of hydroxy, azido and optionally substituted heteroaryl and R* is

hydrogen.

17. The compound of claim 13, selected from the group consisting of:
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NON N~1 pNNOp0O HOOHNI ~OH ~~NHHC OH
HCl or the free base thereof or another

w@barisweaut i cal |y acceptable salt thereof. 13PCT82007/010924
conmpound having forrmula XIl11: 120 WD 2007/ 130626
PCT/ US2007/010924 R7 D' HN T -U O XIII wherein: D'
is (CRR2)"RSa-(CR3R4)m J is selected fromthe group
consi sting of optionally substituted al kyl enyl and
(CR R2)P-RSb-(CR3R4)q; T is selected fromthe group
consisting of CCO C=S, C=NR, S, 0, NR, CR Rz,
optional ly substituted carbecyclic, optionally
substituted heterocyclic, Q%Li ly substituted aryl

e

and optionally substi eth eroalyly, Uis selected
fromthe group consf i%r%?g NR R2, OR ,

SR, optionally sub '|tutedH 3£tionally
substituted aryl; n, in, p aggtr re’i M pendent |y

sel ected fromO0-5; each R, , and R4 are

i ndependently selected fromtWe group consisting of
hydr ogen, optionally substittited alkyl, optionally
substituted carbocyclic, optionally substituted

het erocyclic, optionally substituted aryl and
optionally substituted teroaryl; Rya is selected
fromthe group consistin =NR, S O,
NR , CR aR2a, M§§§$ ; d Rea are

i ndependent |y sel d from 9 sting of
hydr ogen, hydroxy, azido,H [ ubstit ut ed

al kyl, optionally substitut optionally

substituted heterocyclic, tuted aryl
and optionally

ionally s

.
b

H.N o) CONHCHPh;

>

|
\#/Oer\,)k” %, CONHCHPh,
o)
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substituted heteroaryl; R5b is selected fromthe group
consisting of 0, S, NR, CRR2, CO C=S and C=NR;
wR700743®ed ected from the group consisting of hpCrO§®N7/010924
C2R7a and COCH(R )N(R a) CO2R7a; 121 WD 2007/ 130626
PCT/ US2007/ 010924 R7a is selected fromthe group
consisting of optionally substituted al kyl,
optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl
and optionally substit®ted heteroaryl; R7/b is
optionally substituted Cl, 3 alkyl; R7c is selected
fromthe group consisti hydrogen and optionally
substituted alkyl; and, is selected fromthe
ubstituted al kyl,

optionally substituted car optionally
substituted heterocycl”c, epti ony substituted aryl
and optional |y subsgityf edlh oar The
conmpound of claiﬁﬁigfﬁaﬁ_reim R | 6§ﬁéé?§ﬂ. 15. The
conpound of claim'13,0wherein nis 1, mis 2, R50 is
NCO2R8 and R8 is benzyl. 16. The compound of claim
13, wherein R5c is CRlaR2a, Rlais selected fromthe
group consisting of hy Xy, azido and optionally
substituted heteroaryl an a s hydrogen. 17. The
compound of claim 13, sellected fyomthe group

consisting of: O N! O Oll»s N O/ HN 00
00 122 VO 2007/ 13062 0
" H .

*
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WO 2000130686 HN Q ° N foyNJLN O CONHCHPh2 H O RCBUND07/010924
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HOOO HQON HO0OO ONQN. ~HOH fOO NOQ
0Ol NCOOH O N HOQN/ ONO _Y, HO/ O 124 WO
WQO®71380626 PCT/ US2007/010924 HN O N Z/ - 6/ 1PCHUSI007/010924
N3 OON OH Yc--HNS OCNH OH ON 11 NNON
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A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

19. A method of inducing apoptosis in a cell comprising contacting the cell with a
compound of claim 1.

20. A method of rendering a cell sensitive to an inducer of apoptosis comprising
contacting the cell with a compound of claim 1.

21. The method of claim 20, further comprising contacting the cell with an inducer of

apoptosis.
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Yol-H NNN ON Yol-H OH 125 WD 2007/ 130626

PCT/ US2007/ 010924 HN OHOO HNO~N ~-N\OO >-/0O
wo2@7/1806D6 BocHN 00 OBn and O N BocHN O OBn PAX/i82007%010924

phar maceuti cal conposition conprising a conpound of

claiml and a pharmaceutically acceptable carrier.

19. A nethod of inducing apoptosis in a cell

conprising contacting the cell with a conmpound of

claim1. 20. A nmethod of rendering a cell sensitive to
22an i Ticumethodf ofagieipd @3) whewipsaidiinducec ofitapoptosig i$ hechemotherapeutic

cell with a conmpound of claim1l. 21. The nethod of

cl ai¥®8b, further conprising contacting the cell with

an inducer of apoptosis. 126 WO 2007/ 130626

23|.3CT/ 'lLf‘lSéang /o ]69 21%i4m 21, wherein said inducer of apoptosis is radiation.

24. The method of claim 21, wherein said inducer of apoptosis is a tumor necrosis factor

(TNF), a TNF-related ligand, or an agonist of TRAIL-R1 or TRAIL-R2.

25. The method of claim 24, wherein said TNF-related ligand is selected from the group
consisting of a TRAMP ligand, a Fas/CD95 ligand, a TNFR-1 ligand, and TRAIL.

26. The method of claim 25, wherein said TNF-related ligand is TRAIL.

27. The method of claim 25, wherein said agonist of TRIAL-R1 or TRAIL-R2 is an
| antibody. ' |

28. A method of treating, ameliorating, or preventing a disorder responsive to the
induction of apoptosis in an animal, comprising administering to said animal a

therapeutically effective amount of a compound of claim 1.

29. The method of claim 28, further comprising administering an inducer of apoptosis.

30. The method of claim 28, wherein said inducer of apoptosis is a chemotherapeutic
agent.

31. The method of claim 29, wherein said inducer of apoptosis is radiation.

32. The method of claim 29, wherein said inducer of apoptosis is a TNF, a TNF-related
ligand, or an agonist of TRAIL-R1 or TRAIL-R2.

33. The method of claim 32, wherein said TNF-related ligand is selected from the group
consisting of a TRAMP ligand, a Fas/CD95 ligand, a TNFR-1 ligand, and TRAIL.
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22. The nmethod of claim 21, wherein said inducer of
apoptosis is a chenotherapeutic agent. 23. The net hod
w@Roochsiers 21, wherein said i nducer of apopt osiBCT/ES2007/010924
radi ati on. 24. The nmethod of claim 21, wherein said
i nducer of apoptosis is a tunor necrosis factor
(TNF), a TNF-related |Iigand, or an agonist of TRAIL-Rl
or TRAIL-R2. 25. The nethod of claim 24, wherein said
TNF-related ligand is selected fromthe group
34 congihg mdligoddf daiiRANRviidérgiardid BNF-aslatedpahd geMRIA TR
TNFR-1 ligand, and TRAIL. 26. The nethod of claim 25,
wherein said TNF-related ligand is TRAIL. 27. The
3s5met hod Akth6d fBidm 3N whéreth §ad gagiebs TRILTRY A:-TRAIL-R2 is an
or TRAIL-R2 is an antibody. 28. A nethod of treating,
ane@P%Wﬁb@ng, or preventing a disorder responsive to
the induction of apoptosis in an animal, conprising
adm nistering to said animal a therapeutically ) )
36ef f dbei methadoefnelagn 28, cwhersimn seidf digprdpinrespopsyyve tpdhe induction of
nmet 6 ad : . ri sing adm ni stering
an ?ﬁ%ﬁgéﬁﬁ%fhg%%é?gg#gﬁnﬁgggggﬁe nmet hod of claim 28,
wherei n said inducer of apoptosis is a
che i,C. . g o > L 1° v
3Tonentr A eangst i 30 Mereillaid WpHRORRRQE el thcer.
The met hod of claim 29, wherein said inducer of

- APORL 0SI S, | TNF,.a TNE:-rel L . . . .
380 0onrerged hpeisoy by i EhShagld HB e 1f dapinistered prior to
cl aisadd3Rducshef spaptesid.d TNF-rel ated |igand is sel ected
fromthe group consisting of a TRAMP |ligand, a
Fas/ CD95 ligand, a TNFR-1 |ligand, and TRAIL. 127 WO
39200 ht306R6d RE LI 0%) WD 2¢hid 3dmpditnel ofthid 10fs adnainistered after
33, wherein said TNE-related ligand is TRAIL. 35. The
met 8¢ 18 “cffﬁfi?ﬁo.?ﬁ?mﬁ\her ein sai d agoni st of TRAIL-R1
or TRAIL-R2 is an antibody. 36. The nmethod of claim
28, wherein said_disqgrder, responsive to the induction . .
400f  Thsopetwids of Slaimy¢Be wﬁ}em*?f%rgtcr’woavi é’js%l.amé?l. igjpgministered
et kgdcbfentllyalith $0d indde& I apsptosishyperproliferative
di sease is Cancer. 38. The nethod of claim 28, wherein
sai d conmpound of claim1l is adm nistered prior to
41521 Gy L AIGLEF REarfdBORhERbrating br p?@\eenﬁﬁ% hag pefpréliRtdiivé Risease in an
wherei n said conpound of claiml is adm nistered after,
sai animalycemposingpdpinstesng to said animal a therapeutically effective amount

of a compound of claim 1.

42. The method of claim 41, further comprising administering an inducer of apoptosis.

43. The method of claim 42, wherein said inducer of apoptosis is a chemotherapeutic
agent.

44. The method of claim 42, wherein said inducer of apoptosis is radiation.

45. The method of claim 42, wherein said inducer of apoptosis is a TNF, a TNF-related
ligand, or an agonist of TRAIL-R1 or TRAIL-R2.
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40. The nethod of claim 28, wherein said conpound of
claiml is admnistered concurrently with said
w0 pbaass20f apoptosis. 41. A nethod of treati NBCT/US2007/010924
anmeliorating, or preventing a hyperproliferative
di sease in an animal, conprising admnistering to
said aninmal a therapeutically effective anobunt of a
compound of claim1l. 42. The nethod of claim41,
further conprising adm nistering an inducer of
46ap0|dflmsrh@hod 48claifh GSnwhb@m oiid TN&Frelad] ligdndrieselegted rom the group
i nducer. .of e u '
The conflﬁtmdg 0 aWﬁ H and gﬂ%é@%%%%ﬁh%g‘gﬂla 9?1@5:@ %d TRAIL.
apopt05|s i's radlatlon 45. The net hod of cl ai m 42,

47ine e of PgRAC. SheraR RUETNEr BieSaigint iR AL

TRAIL-R2. 128 WD 2007/ 130626 PCT/ US2007/010924 46. The
met hod of cl aim 45, mhereln sai.d TNF-r fe
4850| decmeppe Rt fi flamyf 6upyhe%fh§?1§ﬁgﬁ§wa>? ﬁr‘éﬂw@l mrng%éﬁ R2 is an
a FaslibdBp |igand, a TNFR-1 ligand, and TRAIL.
The nmet hod of claim 46, wherein said TNF- related
ligand is TRAIL. 48. The nethod of claim45, wherein
49521 ARINGKSS oPLailTAY L el Wl fepatf/ digabd R
949. }ﬁe nethgd 8% cl a|n1zlsahhe ei'n éal ' oo
hyperproliferative disease is cancer. 50. The nethod
of claim 49, wherein said conmpound of claim1lis
502dMTHesh&h6d oPElafth 400 wheRiflsdith dxapburRf o PR 9S4 8dmmdstered prior to
The met hod of clai m49, wherein said conpound of claim
1 i saddndvres phrraptesiter sai d i nducer of apopt osi s.
52. The nethod of claim49, wherein said conpound of
claiml1 is admnistered concurrently with said

i nducer of apoptosis. 53. A kit conprising a conmpo
Slof  dihgimethod o qlam #dcvherra said camapyids of Fiatg L %ﬁmlmstered after

CONRRIANHdERr 8PapHptd®d.. 54. The kit of claim 53,
further conprising an inducer of apoptosis. 55. The

kit of claim54 wherein said inducer of apoptosis is a
chenot herapeutic agent. 56. The kit of claim 55,

sowher@ieNmeaiod bf‘%ﬁlr 49f vARARA ORid cbim 1p@ul:l-(i\":of 8laim 1 is administered
TNF-rel at ed i gand, or an agonist of TRAIL-RI or

TRAlcen@zTenﬂzwmaz@Uwﬂlwmfzeomslﬁusz007/ 010924

53. A kit comprising a compound of claim 1 and instructions for administering said

compound to an animal.
54. The kit of claim 53, further comprising an inducer of apoptosis.
5S. The kit of claim 54 wherein said inducer of apoptosis is a chemotherapeutic agent.

56. The kit of claim 55, wherein said inducer of apoptosis is a TNF, a TNF-related
ligand, or an agonist of TRAIL-R1 or TRAIL-R2.
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57. The kit of claimb56 wherein the TNF-rel ated |igand
is selected fromthe group consisting of a TRAMP
wo p@anshe2@ Fas/ CD95 |igand, a TNFR- 1 |igand, apdr/URAb1/010924
58. The kit of claimb57, wherein said TNF-rel at ed
ligand is TRAIL. 59. The kit of claim56, wherein said
agoni st of TRAIL-RI or TRAIL-R2 is an antibody. 60.
The kit of claim53, wherein said instructions are for
adm ni stering said conpound to an aninmal having a
57hy pderikit ioff ediaitri ¥6 wheareiasthe TWF-rétatedk ligaraf isc beddectedrom the group

‘fggrch'lsqstf’nag' G VREMY BiindCh 2t D dY $583 % TRFR3] igknid, and TRALL.
58. The kit of claim 57, wherein said TNF-related ligand is TRAIL.

59. The kit of claim 56, wherein said agonist of TRAIL-R1 or TRAIL-R2 is an
antibody.

60. The kit of claim 53, wherein said instructions are for administering said compound

to an animal having a hyperproliferative disease.

61. The kit of claim 60, wherein said hyperproliferative disease is cancer.
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