WO 2008/128121PC /U82008/060140 SMAC MIMETIC DIMERS AND TRIMERS USEFUL AS
ANTI-CANGER AFRNES Technical Field The field of the invention isglimekanpshtimer-like small
molecule promoters of apoptosis. The compounds of the invention have a linking group that connects
two or three binding domains, each of which contains two essential amide groups. These compounds
mimic the activity of the protein known as SMAC, and are thereby able to promote the initiation of
apoptosis. The compounds are therefore useful in treating conditions where initiating apoptosis is

desirable, suc I ' ' , Art i VS a central role
in the deveIop?nl\(Z:%t%rlleglt ﬁgﬁg@l@%gg#%?- gw Sné?ﬁwﬂaﬁﬁ%%ﬁ?# of apoptosis is

a hallmark of cancer and autoimmune diseases, wheréas excessive activation of cell death is
implicated in 15neuro-degenerative disorders such as Alzheimer's disease. Pro-apoptotic
chemotherapeutic drugs provide a recent appspgehitpi@ercoming the clinical problem of drug
resistance; see, e.g. Makin et al., Cell Tissue Res. (July 2000) 301(1):143-152 ("Apoptosis and cancer

chemotherapy"). TheTRe¢hanigmmefaropiosis ieenserveathastiss spatiesnrdlexesuiadwith a
20cascade of sequential activation of proteases called caspases. Once activated, these caspases are
reshonsible foP P BRESRAH J@%\?SS&’%‘F‘?B%&B@&@S%‘?HBB?V&ﬁ&ﬁ%‘?%éé‘fgl?ﬁ%ﬁﬁﬁm‘gfév%%d to cell
death. IAPs (ijpibites-BindnQpiesisipsotasHegiilate mpapiasis bysdnkibitingieaspapes Tassta protein
called SMAC ('SMAC' stands for second mitochondria-derived activator of caspases, and is a
mitochondrial $3PRYEA Wt@%ﬁ%ﬁfﬁ’b‘?@ﬁﬁlﬁ@tﬁ VBB %gr\gﬁ]été‘él%ﬁgﬁp éei’l&‘ﬁ?i?i%. The
protein SMACdrambeaRshondtica tThipdpeoviideTrrr ey sdARramtkisfoaliaveditn e aikgy regulator of
apoptosis in mammals. See Duy, et al., Cell (2000) 102:33-43; Verhagen et al., Cell (2000) 102:43-53;
and Vucic et af OBHERSere i) a’a"@@%ﬁ?ii‘q‘-f‘ﬁ?lﬁ‘-‘f PN I%M&E%ﬂggﬁlﬁgéﬁt%s and mimetics
haye been shgwadg similarly inhibit IAPs, and promote caspase activation. IAPs are components of
TNFR (tumor necrosis factor receptor), so IQP inhibitgrg can divert TN1-1( signaling from an
Nfl(13-mediated pro-inflammatory signal, t e matory apoptotic signal. 5Defective
apoptosis regulation gan confer resistance to many current treatment grotocols, leading to tumor
growth. This may OCCRPEEY Pi%%htaoqreél\t}“é‘ié"%ré‘gé‘%n‘{%‘fébpmem RO e B AP

multi-cellular organisms. Abnormal inhibition of apoptosis is a hallmark of cancer

and autoimmune diseases, whereas excessive activation of cell death is implicated in
15 neuro-degenerative disorders such as Alzheimer’s disease. Pro-apoptotic
chemotherapeutic drugs provide a recent approach to overcoming the clinical problem
of drug resistance; see, e.g. Makin et al., Cell Tissue Res. (July 2000) 301(1):143-152
(“Apoptosis and cancer chemotherapy”).
The mechanism of apoptosis is conserved across species and executed with a
20 cascade of sequential activation of proteases called caspases. Once activated, these
caspases are responsible for proteolytic cleavage of a broad spectrum of cellular
targets that ultimately lead to cell death. IAPs (inhibitor-of-apoptosis proteins)
regulate apoptosis by inhibiting caspases; and a protein called SMAC (‘SMAC’
stands for second mitochondria-derived activator of caspases, and is a mitochondrial
25 protein) binds to and inhibits IAPs, and thereby promotes caspase activation.
The protein SMAC has been shown to inhibit a wide variety of IAPs, and is
believed to be a key regulator of apoptosis in mammals. See Du, et al., Cell (2000)
102:33-43; Verhagen et al., Cell (2000) 102:43-53; and Vucic et al., Biochem. J.
(2005) 385(1):11-20. N-terminal SMAC-derived peptides and mimetics have been



IAPs, which inhibit the caspases that would otherwise initiate apoptosis. Alternatively, deregulation can
occur as ijﬁ#ﬁ rproduction of the SMAC peptides that act to inhipit JHB QchivifysPeficiency of
SrvIAC can thus allow TAP to to prevent apoptosis from occurring when it should, and a SMAC
mimetic like the present compounds can replace the activity of SMAC and thus promote desired
apoptosis. Debatin, et al., WO 03/086470, describes SMAC-peptides as therapeutic agents useful
against cancer and autoimmune diseases; they are reported to act by 15sensitizing the cells toward
TRAIL-induced,or anticancer drug-in d apgptosis. (TRAIL stands for TNF related
apoptosis-indu%ll‘r)]\é”ﬁé%ﬁlé‘}f%r 1‘3%@%%@3?585%?8%‘8& (§a§3§~5§ afgdﬂsl%&f}ffla-rfMM. Debatin
provides in viveoayideaos tHaNERAGnducesotie fecadicateptoof, sertAip uitotsrsueh disgtioblastoma
tumor models j imals \fﬁvhe? admin] qd i@.c?rgbinqti%n witht'(l)'IRA{Lnﬁ\ﬂcciordin ttl(_) Debatin,
20aggressive ceer‘fIﬁl(:f\1 8%/68%} {hicnredy 1f“roempd(%rglguaII:ftltriIcl)an of Sigha in% Zb% ways, commonly fail
to undergo apopiastsiabendhgyatbeigvse would, allowing rapid and abnormal tissue growth.

Bogkbrader, et al., diégl?s%effica? of SMAF mimic compounds on breast cancer %?ll lines when used
. . . . clive a t f10n can confer resistance to ma T
in conjunction with T A S

or etdjﬁ) Oales, 'SPWhen &8 d M celsthd expressn'?lFSB\I?Le%t r%?gﬁl\?g y high
levels. 250ncqgete RORS)IRY: #3BindB88Mwth. TBimsilady cactoadingetolDebatiregigfastsimfpoptosis

regulation playlg Sexvliglc%in thb%t thogenesis of aut%ngmune disordgs inc{uding lupus erythematodes

disseminatus and rheuma (I)llhd arthiite. ACCor flrﬁg‘ﬁ)?,u comp%%%esl{ﬁg?r%ﬁlﬁ?g %Sésactivity of SMAC can

treat some of thétafiedizigf derciydatiditionsoc¥iOa? @084 1RSI 2DBRECHIIS200860d 801AC A recent U.S.

Patent Applicatio S,2005/0197403, cribes dipaeric com with good.activity,as promoters
of apoptosis. T%egqé(cl)éns] 6%5 r%ﬁ%tﬂé%}él%\l%v(%?nﬁc év-%:% ht%ﬁ?llﬁberé%u ps m%(%of %131/ %lfi"nil(]g?‘?#égtxl)s% %roadly
ddgcribed. Angtleerihi. Sropatantipplicatiomgis 0061002434, debtNbesismal hkelésule compounds

having 5activity related to promotion ofla oa’ltosist. However, V}ihile tk}ge latter reference mentions that

) > o%re(sjent corﬁé%unds can re aE? € activ (t)\ﬁo \é%{!é aindt uﬁ gromog.: désired .
dimeric compaounds can be used, noné of the compounds it discloses have a dimeric structure, nor is
there any indicgitgnasfswhat type of dimers to explore. Several recent patent applications, for example,

US 2006/0025347, U 005/01974 069063, U 6/0014700, WO 2005/094818, and
WO 102008 007701, BEEITr tren LoD FOR LS ERCE IR U OB

monomeric |ARgahibiters;lghoetnohdeseribaigdimeniastiistares tRigaleseoédite mvbpntion The
present invention relates io noyel compaunds havind /RoRIRSIn RIPAIRUNAEIES R YR ithout being
bound by theory, appeatr to originate in their a Hlnty to
(TRAIL stands for TNF related apoptosis-inducing ligand). See also Li, et al.,
Science (3 Sept. 2004) 305:1471-14744. Debatin provides in vivo evidence that
SMAC induces the eradication of certain tumors such as glioblastoma tumor models
in animals when administered in combination with TRAIL. According to Debatin,
20 aggressive cancer phenotypes, which result from deregulation of signaling pathways,
commonly fail to undergo apoptosis when they otherwise would, allowing rapid and
abnormal tissue growth. Bockbrader, et al., disclose efficacy of SMAC mimic
compounds on breast cancer cell lines when used in conjunction with TRAIL or
etoposide, or when used in cells that express TRAIL at relatively high levels.
25 Oncogene (2005) 24:7381-7388.
Similarly, according to Debatin, defects in apoptosis regulation play a key role
in the pathogenesis of autoimmune disorders, including lupus erythematodes

disseminatus and rheumatoid arthritis. Accordingly, compounds that mimic the

activity of SMAC can treat some of the effects of such conditions.



15mimic SMAC. These compounds are believed to bind to two or three separate domains in the
baculoviru‘?,ip%g' R%)E(ipeat (B1R) domain within the proteins referred to BTt R008/060140
(inhibitor-of-apoptosis) proteins, which regulate apoptosis by inhibiting caspases. The compounds are
dimer- or trimer-like, in that they possess two or three structurally similar binding domains. In many
embodiments, each 20binding domain includes a ring that is substituted by at least one aryl-containing
group -W-X, -W'-X" or -W"-X". These binding domains are linked by a linking group, and while similar,

the domains need not be |derﬁlsg?:$k%%§%g§éq£%§%%& ?%gin&go ains are the same, so the

molecule is symmetri Lisstit P one ‘aspect, the inven Fonespr(lnle}l%cs a compound of
formula (1): D-€QrhpQind} ()i st¥datca Phasnaoeutteallyfapoppisivl e BaltcomippdrateHorentwlwereof, WO

2008/128121PCT/US2008/060140 wherei b,isO r 1, each O, Q' and Q", if present, independently
representsor f{fﬁg ,'Wﬂé*’ﬂ&l&%éﬁ%?f %ni[ﬁed%f)\e%gg%ﬁ?hﬁ%p%%n%%?}%ﬁﬁ%%éé &??&eg g%‘; or optionally
substituted Cl-E8chetesphdkyil0riyS BA0OARI (BR)-de bRy smalfF fizQeculeH(Ryforordy EHA)GNH-,

wherein R is H. C1-C4 alky] or C3-C4 heteroalkyl: .or ope or more.of ‘and Q" may be a bond when
L Cg ?Iz_)tey t % ?F)é ?&% zf éy%tter

mprises aar?ﬂé}ty re repr0 reor%rtlé)%\%Ilooptid ot ylsSUbsﬁm%\ég’dY rocar yrelrier]ﬁer, optionally

containing fromdrBdietéraatoms setecped fdsnniNbe wad, Souehichinkenpsind iatisnwinslength When
counted along the shﬁgrtesﬁt path between. Q.and (% ordga%rgg S W Ototr EF atnsg., %h ?nd reach D, D'
and D", if pres%‘fels? [ 18?—:‘ebgnsérélﬁﬁ§/r%’e eCt&d rond ﬁéngroup consis ?ngy Yowherem 8){31%]'%) Ra and RI,
is independently FL 8c@:1a1Sartiopl p@i2nCpalikenipinor for example, US 2006/0025347,
US 2005/0197403, WO 2006/069063, US 2006/0014700, WO 2005/094818, and WO
10 2005/097791, each of which is incorporated herein by reference in its entirety,

disclose monomeric TAP inhibitors, but do not describe dimeric structures.

Disclosure of the Invention

The present invention relates to novel compounds having apoptosis promoting

effects that, without being bound by theory, appear to originate in their ability to

15 mimic SMAC. These compounds are believed to bind to two or three separate
domains in the baculovirus inhibitory repeat (BIR) domain within the proteins
referred to as IAP (inhibitor-of-apoptosis) proteins, which regulate apoptosis by
inhibiting caspases. The compounds are dimer- or trimer-like, in that they possess
two or three structurally similar binding domains. In many embodiments, each

20 binding domain includes a ring that is substituted by at least one aryl-containing
group -W-X, -W’-X’ or -W”-X”. These binding domains are linked by a linking
group, and while similar, the domains need not be identical. In certain embodiments,
the binding domains are the same, so the molecule is symmetric about its linking
group.

25 In one aspect, the invention provides a compound of formula (I):

D Q L Q D’

@
[ v ] b

or a pharmaceutically acceptable salt or hydrate form thereof,

3




C2-C8 alkynyl, or a heteroform of one of these, each of which may be optionally substituted; or is
optionally substituted phenyl; each Rl is independently H or optionally substituted CI-C8 alkyl; each Z
independently rglyssgRig@p optionally substituted CI-C6 aminoalkyl 20gropgr/us20@aeh 6, where
present, independently represents CI-C8 alkyl, =0, OR, NR2, OC(0)R, NRC(0)R, NRSO)R. or COOR,
wherein each R is independently H. Cl -CS alkyl or Ci -CS heteroalkyl, and wherein two Y groups can
cyclize to form a 3-6 membered ring that can be saturated, unsaturated or aromatic, and which ring
may WO 2111181128121PCT/L32008/060140 include a heteroatom selected from O, S and N as a
ring member and may be wptienallys subs;tjtuted each W. where present, independently represents

an optionally substituted CICO al yte I CGQ ete oalk ne; 5each & dvt&g:r Qre%ﬁ{&,e
independently represents “Ah o%’t nari uﬁsp{u? Hée]%?ﬁ rlngfg {Setggpr]t comprlsﬁg at least one

aromatic ring and ug¢b Rous hnéb@nndtomsﬁa,elemdlﬁonbm@eéﬂd@%EUS\YthOHﬁ@mﬁér and can
represent either a smgsﬁtaejd%p@ggggﬁgaﬁxgh& Q@HP obpg I’@;l(bpgmbe@g@yc@{g(wp&that are

both attached to the same atom of W, provided that each X comprises at least one aryl or heteroaryl |

Oring; eaeh n, where(pF&s - 1§V#Fd@ﬁeﬁdéﬁtlyco% WRR T Wh R TR LrignR Bty 0-4; and

each R6, where pr@e%d'Q'WQMW%eQL@&@KY& @brfgl?2 aryl or CS- C12 arylalkyl ora
heteroform of one of these, each of which ma tlon | bicyclic or

cpts p titut gllés }tUteQSG % naﬁl
tricyclic ring system comph§ﬁ?§eé% ar 8 ttlr?g Bé}l saturate partiafly Unsa u’ra ed 1ing fused to a
C5-C6 aryl or C5-Céohetieraafydmine ienichwing ssistem fmcpayl‘bé)eﬁmécﬂqefdltdlrmwgemlthﬁough any

available position on the sefurated or alQMalcHRgMYItRE RERYSa-Rah ShRnd, in @ Regd D' are not
both of the formula %8 60 .
10 orQ and Q7; an

each D, D’ and D", if present, is independently selected from the group

consisting of

g’ Q

~ YV z rlu he /lL R
Do O Re,  Ra /"I Rb z N
T & N n 0 0,
z N N\/ z N g H
SR
Rb . R' o ; s and N,
n i ¥ ; P fr'i S)\f;i x/w@
{Yim )

R6/‘“\ - i
15 wherein each R, and R;, is independently H, or C1-C8 alkyl, C2-C8 alkenyl or
C2-C8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted; or is optionally substituted phenyl;
each R' is independently H or optionally substituted C1-C8 alkyl;
each Z independently represents an optionally substituted C1-C6 aminoalkyl
20 group.
each Y, where present, independently represents C1-C8 alkyl, =0, OR, NR,,
OC(O)R, NRC(O)R, NRSO,R or COOR, wherein each R is independently H, C1-C8
alkyl or C1-C8 heteroalkyl, and wherein two Y groups can cyclize to form a 3-6

membered ring that can be saturated, unsaturated or aromatic, and which ring may



In some embodiments, of formula (1), when b is 0. D and D' are not both of the formula W 1

2008/128%&@&%/%&%908/0601411 In another aspect, the invention proyides;aeeeupd of formula
(IA); D-O-L-0 -D (IA) or a pharmaceutically acceptable salt or hydrate form thereof, 5wherein b is 0 or

1; each Q, Q' and Q", if present, independently represents -0- or -NR -, where each R2 is
independently H. optionally substituted Ci -Cs alkyl or optionally substituted CI-C8 heteroalkyl; or
4CH2-, -C1(OR)-, -CI1(R)-, -C1-120-, -CHOW- or -(CH2)4N14-, wherein R is H, Clalkyl or C1-C4

e AT AR AR A
heteroatoms sgleoted] framhshtdednd S. which linker is 1-18 atoms in length when counte_d along th_e
e e e R 0 B s e SR BB
wherein each K¢ ahkyRireisrindepémdent iyl lareC1-C8 alkyl, C2-C8 alkenyl or C2-C8 alkynyl, or a
hetgroform of one o {iges, SARNCTMISD e AR RPN HRetSH: AR B lndndgegndenty Hor
Cy ring system comprising at least one aromatic ring and up to four heteroatoms
selected from N, O and S as a ring member, and can represent either a single 5-15
membered cyclic group or two 5-10 membered cyclic groups that are both attached to
the same atom of W, provided that each X comprises at least one aryl or heteroaryl
10 ring;
each n, where present, is independently 0-3;
each m, where present, is independently 0-4; and
each R, where present, is independently H, C1-C8 alkyl, C5-C12 aryl or C5-
C12 arylalkyl, or a heteroform of one of these, each of which may be optionally
15 substituted; or is a C8-C14 bicyclic or tricyclic ring system comprising a 5- or 6-
membered saturated or partially unsaturated ring fused to a C5-C6 aryl or C5-C6
heteroaryl ring, which ring system may be attached to nitrogen through any available

position on the saturated or aromatic ring;

with the proviso that, when b is 0, D and D’ are not both of the formula

x=—"
20 "

In some embodiments, of formula (I), when b is 0, D and D’ are not both of

the formula




5each Z independently represents an optionally substituted CI-C6 am noallcyl group. each,
where present, independently represents CI-CS alkyl, =0, OR, NR2, OC(0)R, NRC(0)R, NRSO2R or
COOR, whereingaeydriisiirdependently H, CI-C8 alkyl or C heteroalkyl, ard-manraesnémaoY groups
can cyclize to form a 3-6 10membered ring that can be saturated, unsaturated or aromatic, and which
ring may include a heteroatom selected from 0. S and N as a ring member and may be optionally
substituted; each W, where present, independently represents an optionally substituted C C6
alkylene or CI -C6 heteroalkylene; 15each X, where present, independently represents an optionally
substituted C5- C20 ring system comprising at least oneXarggatic ring and up to four heteroatoms
selected from N, 0 and S as a ring member, and can represent either a single 5-15 membered cyclic
group or two 5- 10 membered cyclic groups that ﬁe bagh atta ) the same atom of W, provided
that each X comprises at least one aryl or heteroaryl 2Qkrgneach n, where present, is independently
0-3; each m, where present, is independen )1\1 eé&;m ~where present, is independently
H, CI -C8 alkyl, C5-C12 aryl or CS-C12 arylalkyl, or a hetgroform of ne of these, each of which may
be optionally 25substituted; or is a C8-C14 bieyclic ordricyclic riﬁ@“‘system comprising a 5- or 6-

membered saturated or pehr)tial(l))( unsaturathed‘ rine% fused to a G5 T%% QF i%ﬁnﬁ@ %gt)groaryl ring,

: . 1 Rer ect, the invention provi co%%
which ring system may be aftac ed'td nitrogen through any available position on the saturated or
aromatic ring; WO 2008/128121Pa/ERO08RBUTAT With thePproviso that, when b is 0, D and D" are
not both of the formula In another aspect, the 'TW ntion Tovides a compdund of formula (11) D-U

1} oeomesomams D'l
Q b

or a pharmaceutically acceptable salt or hydrate form thereof,
5 whereinb is O or 1;
each Q, Q’ and Q”, if present, independently represents —O- or -NR?-, where
each R? is independently H, optionally substituted C1-C8 alkyl or optionaily
substituted C1-C8 heteroalkyl; or ~CH;,-, -CH(OR)-, -CH(R)-, -CH,0-, -CH(R)O- or
—~(CH,)sNH-, wherein R is H, C;-C4 alkyl or C;-C, heteroalkyl; or one or more of Q,
10 Q’ and Q” may be a bond when L comprises a ring;
L represents an optionally substituted C1-C24 hydrocarbyl linker, optionally
containing from 1-8 heteroatoms selected from N, O and S, which linker is 1-18
atoms in length when counted along the shortest path between Q and Q’, or Q and Q”,
or Q" and Q”; and
15 each D, D’ and D”, if present, is independently selected from the group

consisting of




5or a pharmaceutically acceptable salt or hydrate form thereof; wherein D is selected from the group

consistin 2008128 Wherein each R., and Rh is independently H, or CI -68akgl(s8sba8@kenyl or
10C2-C8 alkynyl, or a heteroform of one of these, each of Which may be optionally substituted; or

optionally substituted. phenyl; Rl is independently H or optionally substituted CI-C8 alkyl; Y, where
present, independently represents C1-C8 alkyl, =0, OR, NRi, 00:0)R, NRC(0)R, NRSO2R or COOR,
wherein each R is independently H, C1-C8 15alkyl or Cl -C8 heteroalkyl, and wherein two Y groups

can cyclize to form a _3-6 membergd ring-that.can be saturated, pnsaturated o5 aromati d which

ring may include a hé%g%% o?ﬁwsﬁe%c%rel% Fom | g?%%%?\ﬁ%? é()rllr%tpns"léér%%gerl’% ?rn%aj}%éé? %%%?onally

substituted; WQ-CQC8k1agl 21 R GFAIS2008/0601 dDthese, \aaclvé mehprie sent biedpemdbntly represents

an optionally sgulgsttj%ug%g CI-Co alkylene or CI-Co heteroalkylene; X, where present, independently
y

represents an‘gpﬁéﬁla substituted C5-C20 ring system comprising at least one aromatic ring and up

to four heteroatoms selgcRid Ginftepardetanid & astwniddymerstitetednd -€fhatlplesent either a single
5-15 membered cyclic gr r two, 5-10 membered cyclic ups.that C a the same
]55 g??a%lg 611%61’1&. rE‘g)IaGtSFeH{S an gECﬁOX%[gY’ ﬁu%malt%% &%%hﬁﬁ \%Iilp

atom of W, provided th comprise ast one ary eteroaryl ring; ea , Where present,
is independengyo0p3; each m, where present, is independently 0-4; and 10each Ra, where present, is

nependenty 1, SO G A AR TR g ose oac
or 6- memberéd EaNRateRIGICD RitidMS (hBatu EHIR i nghfusiacetolaRC5- B8 @ panydl et G 3100 Heteroaryl ring,
e o Y=L P P g HRRNSEHISMALERLIBIPNOD 2 A AIRIANE L RRORI Y e saturated or
10 membered ring that can be saturated, unsaturated or aromatic, and which ring may
include a heteroatom selected from O, S and N as a ring member and may be
optionally substituted;
each W, where present, independently represents an optionally substituted C1-
C6 alkylene or C1-C6 heteroalkylene;
15 each X, where present, independently represents an optionally substituted Cs-
Cyo ring system comprising at least one aromatic ring and up to four heteroatoms
selected from N, O and S as a ring member, and can represent either a single 5-15
membered cyclic group or two 5-10 membered cyclic groups that are both attached to
the same atom of W, provided that each X comprises at least one aryl or heteroaryl
20 ring;
each n, where present, is independently 0-3;
each m, where present, is independently 0-4; and
each R®, where present, is independently H, C1-C8 alkyl, C5-C12 aryl or C5-
C12 arylalkyl, or a heteroform of one of these, each of which may be optionally
25 substituted; or is a C8-C14 bicyclic or tricyclic ring system comprising a 5- or 6-
membered saturated or partially unsaturated ring fused to a C5-C6 aryl or C5-C6

heteroaryl ring, which ring system may be attached to nitrogen through any available

position on the saturated or aromatic ring;




Z is an optionally substituted CI-CO ami.noalkyl group wherein the amine may be in a protected or
unprotected form; and U represents -0R8, -0C(0)R8, -0S02R8, C=0, -0C(0)0OR8, -COORS, -NR82,
azido or halo, wheseoeasir8 is independently H, or Cl -C8 alkyl, C1.-C8 atkarifo@1662380 C8 alkynyl,
C5-C12 aryl, C5-C21 arylalkyl, or a heteroform of one of these, each of which may be optionally
substituted; or CI-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl or C5-C21 arylalkyl, or a
heteroform of one of these, each of which may be optionally substituted. In another aspect, the
invention provides a compound of formula (1A) DU (11A) or a pharmaceutically acceptable salt or
hydrate form thereof; wherant® issekedted froen the Gidapddensisnagbeth\withe formula
2008/128121PCT/US2008/060140 wherein each Ra and Rh is independently H, or CI -C8 alkyl,
C2-C8 alkenyl or C2-C8 alkynyl, or a heteroform of one @f these, each of which may be optionally
5substituted; RI is independently H or optionally substitt (CH8 alkyl; Y, where present,
independently represents CI -C8 alkyl, r-0, OR, NR,, OC(0)R, NRC(0)R, NRSO2R or COOR, wherein
each R is independently H, CI-C8 alkyl or CI-C8 hete ~and wherein two Y groups can cyclize to
form a 3-6 10membered ring that can be saturated, unsatura ed or aromatic. and which ring may
include a heteroatom selected from 0, S and N | as ember and may be optionally substituted;
W, where present, independently represents an optlo aIIy bstituted CI -C6 alkylene or CI-C6
heteroalkylene; 15X, where present, independently"r nts an optionally substituted C5-C20 ring
system comprising at least one aromatic ring and up to four heteroatoms selected from N, 0 and S as
a ring member, and can re res nt either a single 5-15 membered ¢ r or two 5-10 membered
cyclic groups that are botII| L4 th 31 gélﬁggmcfoﬁgovf({% provﬁﬁqJ Ctgt‘?gt%égc @lgomprises at least
one aryl or heteroaryl ring; 20each n, where present, i®indepdhdently 0-3; each m, where present, is
independsently 0-4; and

or a pharmaceutically acceptable salt or hydrate form thereof;

wherein D is selected from the group consisting of

R
™ o z fl“ aHb /U\ P
© Ry Ra ‘
Rt Q ) /—
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‘ N \/ z N o) NH
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wherein each R, and R, is independently H, or C1-C8 alkyl, C2-C8 alkenyl or
10 C2-C8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted; or optionally substituted phenyl;
R! is independently H or optionally substituted C1-C8 alkyl;
Y, where present, independently represents C1-C8 alkyl, =0, OR, NR,
OC(O)R, NRC(O)R, NRSO;R or COOR, wherein each R is independently H, C1-C8
15 alkyl or C1-C8 heteroalkyl, and wherein two Y groups can cyclize to form a 3-6
membered ring that can be saturated, unsaturated or aromatic, and which ring may
include a heteroatom selected from O, S and N as a ring member and may be

optionally substituted;




each R6, where present, is independently H, CI-C8 alkyl, C5-C12 aryl or C5- C12 arylalkyl, or a

heteroforn\)% W&/ Igﬂeise, each of which may be optionally substl',t I[?ﬂéﬂ)rogﬁ 9()9%-014 bicyclic
or tricyclic ring system comprising a 5- or & 75membered saturated or partially unsa urazied ring fused

to a C5-C6 aryl or C5-C6 WO 2008/128121PCT/US2008/060140 heteroaryl ring, which ring system
may be attached to nitrogen through any available position on the saturated or aromatic ring; Zis
an optionally substituted C1-C6 aminoalkyl group wherein the amine may be in a protected or

unprotected form; angfg U reé)yqsents -OR8, -OCf)E)O})R{B, -0S502R8 _C@ OC‘%(?%‘OF%% g%ﬁRS -NR82,
azido or halo, where &4ch KE R GRL UHISBRRIRTHFRF S ARy nadvARRiiEs €S ynyl,
C5-C12 aryl, CBkgRheasylaliylo deetoateyifoem of one of these, each of which may be optionally
substituted: or CI-C8$k§,I C2-C8 alkengl, C -Ct alkynyl, Ct:5-C12 arﬁ%ﬁr CE-S:Z% a:éla yl, or a
neteroform of one of eSS BaRITSPHIER Ay TO6E BBTOHaRY STHRTRIREACTN LG eF Sepect, the
invention proviteg & oempouijdisihfosmedat Ghe xromatierinphadngaesutcalyeccepiadlelaalidor hydrate
form thereof, 1 Whi}r]eié %?g R.,R..,RDb agd Rb s ind%éendentl H. or.CI-Cg @%I;él CZ-C% alkenyl or
C2:04 alkynyl, 678 ReterBtori'df i Bt thase Bach b ﬁ%‘?{lh?é@eﬁe? SPwRAN JOBSIREREY:; or is
optionally substiteied plwprndtwo seBCm¥recty cindiepandpntharepresanisi{ch<ddoathykarnty, OR, NR2,
OC(0O)R, NRC(%)R, O2R .or%%OR, lgrein each F\t’[%:s iﬂnde%en%en H. CI-C8 alkyl or 20CI-CS
heteroalkyl, an Whetein fb V@% ab?%?\fk/) 883‘398?%%3 Fr TS %Y Hgers Fi]ﬁ]&’that can be
saturated, unsaturateehol ayerhatioranahwisiohdspghdeay yriide a heteroatom selected from 0, S and N
as a fing member and may be optonally SO ently 0-4; and
10 each R®, where present, is independently H, C1-C8 alkyl, C5-C12 aryl or C5-
C12 arylalkyl, or a heteroform of one of these, each of which may be optionally
substituted; or is a C8-C14 bicyclic or tricyclic ring system comprising a 5- or 6-
membered saturated or partially unsaturated ring fused to a C5-C6 aryl or C5-C6
heteroaryl ring, which ring system may be attached to nitrogen through any available
15 position on the saturated or aromatic ring;
Z is an optionally substituted C1-C6 aminoalkyl group wherein the amine may
be in a protected or unprotected form; and
U represents —OR®, -OC(O)R®, -OSO,R?, C=0, -OC(0)OR?, -COOR®, -NR?,,
azido or halo, where each R® is independently H, or C1-C8 alkyl, C1-C8 alkenyl, C1-
20 C8 alkynyl, C5-C12 aryl, C5-C21 arylalkyl, or a heteroform of one of these, each of
which may be optionally substituted; or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl,
C5-C12 aryl or C5-C21 arylalkyl, or a heteroform of one of these, each of which may
be optionally substituted.
In another aspect, the invention provides a compound of formula (IIA)

25 D—U (IIA)

or a pharmaceutically acceptable salt or hydrate form thereof;

wherein D is selected from the group consisting of




each W and W' independently represents an optionally substituted C | -C6 25alkylene or C | -C6
heteroalkylene; WO 2008/128121PCT/US2008/060140 each X and X' independently represents
an optionally supstitsigehéor CEO ring system comprising at least one aromgtiyuigosne 4p to four
heteroatoms selected from N, 0 and S as a ring member, and can represent either a single 5-15
membered cyclic group or two 5-10 membered cyclic groups that are both attached to the same atom
of W or W', provided that each X and X' comprises at least one aryl or heteroary,71 ring; each Q
and Q' independently represents -0- or -NR2-, where each R2 is independently H, or optionally
substituted 0 -C8 alkyl, or optionally substituted CI - C8 heteroalk)?l; or one or both of Q gnd Q' may be
a bond when L comprises airing; each n.and n' is ind endemLI%/Oo ; Ff),@ach m and iii' j !

independently 0-4;5" eqch Rpand Rris i deFiS ?ﬂenﬂ/yH r optipnally|substituted CI-C8 alkyj: each Z
and Z' independe £ r ents an optiona, fituged"Cl -C® apgainQalkyl group; aﬁ@l?/\lg{
represents an ofption sukﬂ cl-c24 hydrocarby! linker, optionally containing from I -

heteroatoms selected+from N,Orand’s, Whi?:h linkerst

8 atoms wherc8ugtethalong the
shortest path between Q and Q'. In another aspect, the invention proyides a compqm?ormula
(111): x! 20or a pharmaceutically acceptable salt or hydrate form-thereof, wherein each Ra, RE, ,
RED and Ryv is independently H, or CI-CS alkyl, C2-C8 alkenyl or C2-C8 alkynyl, or a heteroform of
one of these, each of which may be optionally substituted; each Y and Y' independently

represents Cl -CS alkyl, =0/hoRD kiR RoeofRIs- Do fsNRy RRS 6 2R OISO ER HAKSH 8ach R is
independently H, Clc£Ssaliyhr, Gl-GSthieteraalkyhcasidnahiceaiin Bra M -améygrovgssan;cyclize to form

a3-6 5 substituted;
R' is independently H or optionally substituted C1-C8 alkyl;
Y, where present, independently represents C1-C8 alkyl, =0, OR, NR.,
OC(O)R, NRC(O)R, NRSO;R or COOR, wherein each R is independently H, C1-C8
alkyl or C1-C8 heteroalkyl, and wherein two Y groups can cyclize to form a 3-6

10 membered ring that can be saturated, unsaturated or aromatic, and which ring may
include a heteroatom selected from O, S and N as a ring member and may be
optionally substituted;

W, where present, independently represents an optionally substituted C1-C6
alkylene or C1-C6 heteroalkylene;

15 X, where present, independently represents an optionally substituted Cs-Cyo
ring system comprising at least one aromatic ring and up to four heteroatoms selected
from N, O and S as a ring member, and can represent either a single 5-15 membered
cyclic group or two 5-10 membered cyclic groups that are both attached to the same
atom of W, provided that each X comprises at least one aryl or heteroaryl ring;

20 each n, where present, is independently 0-3;

each m, where present, is independently 0-4; and

each R®, where present, is independently H, C1-C8 alkyl, C5-C12 aryl or C5-
C12 arylalkyl, or a heteroform of one of these, each of which may be optionally
substituted; or is a C8-C14 bicyclic or tricyclic ring system comprising a 5- or 6-

25 membered saturated or partially unsaturated ring fused to a C5-C6 aryl or C5-C6

10



WO 2008/128121PCT/US2008/060140 membered ring that can be saturated, unsaturated or aromatic,
and Which‘g%gz(WthEpde a heteroatom selected from 0, Sand N as a Iipgm% gymay be
optionally substituted; each W and W' independently represents an optionally substituted CI
-C6 5alkylene or CI -C6 heteroalkylenc; each X and X' independently represents an optionally
substituted C5-C20 ring system comprising at least one aromatic ring and up to four heteroatoms
selected from N, 0 and S as a ring member, and can represent either a single 5-15 membered cyclic

group or two 5}-110 membered nilfe iC. rog{{g?gthat are bgttigc%ttg hed to the same atom of.ll%%}% or W',

provided that eg&%-%rginr&% (%mcérlrée%s 25t 6ne %ry S hie 8rrcl)lg}0 er1|1ntg51;r OUEACh' TR "

independently pegtesemishOsansiddbr whergieantyR2 is independently H, or optionally substituted

CI-CS alkyl, or optionally substituted CI-CS he ny l; or one or both of O and.Q' may be a bond
e L comprises a f A AR TR G e e LG A L e oty 0-4;
each Rl and Rbé¢sindppendahtly udppeptioniitynsabdtituted CI-CS alkyl; each Z and Z' independently

represents an optionally substitute I-C&?Fg ipeal roup; and t tiqnay
subgstituted C1-C24 h%re@ég%%%fﬁsm@fegﬁ: opti ﬁgﬁy’éégg%gih%fgﬁfog{?@ Eeiéroa;on%z’se ected from N,
0 and 5, whichaliftkeoiidldl Svatoemmah Rhigtinddpen cotiytel aldHg@heklybres((iitkbetivédn Q and Q'.
In another aspegt,he inveRtian.proyides a comagnnd of fymula (@), WO 2008A28IR1RETIV

3 i&'salt Or wherein each

S2008/060 1 40 or a pﬁarmaceutlc ly-accéptable’s ydrate form thereof,
Ra, Ra', Ram RhjdRbmagd&iytisrinide pandiemnti;| hrat CCES1alkyl2a28 GEalkery2 at C2k@g/alkynyl, or a

heteroform of hese, whi ay b5 tionally substityted; or is optignally substituted
phenyl, eagﬁg, ‘agtﬁdj ﬁ%%é%%%@’é%%%&g%'-ég%}ﬁﬁgﬁﬁs%ﬁ%%ﬁg,%ﬁ yNRC(O)R,

NRSO2R or CaxQRtiwrhdresnteacitdd.is independently H, CI-CS alkyl or CI-CS heteroalkyl, and

wherein two ¥ or ' gjoups ean. elz6 o foum.a 3.0 memAeisd Ing et anhig pturated,
unsaturated or aromatic, and w ring may
X X

W W
T1 O ) ( [@)] T1'
Z\[( N\g‘ N\/ \/N N z e
e, D i
g™
o) Rb m Rb’ O

or a pharmaceutically acceptable salt or hydrate form thereof,

15 wherein each R,, Ry, Rp and Ry is independently H, or C1-C8 alkyl, C2-C8
alkenyl or C2-C8 alkynyl, or a heteroform of one of these, each of which may be
optionally substituted; or is optionally substituted phenyl;

each Y and Y’ independently represents C1-C8 alkyl, =0, OR, NR,, OC(O)R,
NRC(O)R, NRSO,R or COOR, wherein each R is independently H, C1-C8 alkyl or

20 C1-C8 heteroalkyl, and wherein two Y or Y’ groups can cyclize to form a 3-6
membered ring that can be saturated, unsaturated or aromatic, and which ring may
include a heteroatom selected from O, S and N as a ring member and may be
optionally substituted;

each W and W’ independently represents an optionally substituted C1-C6
25 alkylene or C1-C6 heteroalkylene;

11




10include a heteroatom selected from 0, S and N as a ring member and may be optionally substituted;
each W. W' and W" independently represents an optionally substituted CI-C6 alkylene or CI-C6
heteroalkylene ve@aetns2xi2and X" independently represents an optionally Stxtita6e06B84C20 15ring
system comprising at least one aromatic ring and up to four heteroatoms selected from N, 0 and S as
a ring member, and can represent either a single 5-15 membered cyclic group or two 5-10 membered
cyclic groups that are both attached to the same atom of W, W' or W", provided that each X. X' and X"
comprises at least one aryl or heteroaryl ring; each Q, Q" and Q" inde&;endently represents -0- or

-NR2-, where each R2 is fadefeidentipdeperfsaoany sypsneicrbtssyitgrbhtiénalSubstituted

C1-03 Sheteroalkyl;ka0e.afRke 21LsnandRutinaybedhapdonherkosompsisesea fivg: each n, n’
and n" is independently 0-3; each m, m' and m" is independently 0-4; each RI, Rl.and RI' js
independently H or%pﬁ&ﬂ%ﬁﬁ%ﬂﬁ&ﬁﬁ%@i’-@@ Ay FPESEH ?fif‘rﬁr‘?a“%ﬁ %E‘Hd’é%‘?%%%f@c f optionally
substituted C1-C6 }famiraaiky grawmisne cyclic reprpsantsis: GdthGR4chydiro darbyrhtinken, @ptionally

containing from 1-8 heteraatoms.selected fr ~0 and 5, which i IS 1- in. length when
cou ntedrga?long the 85\#6) rlfé;\?t’ 85%1%%%%&%% ) %{%{}8& gﬁ@%%ﬁ%%ﬁr%ﬁ%%%a%’éﬁ? p%éo?égfﬁg/ E]sléj%stituted.
15In another aspect, the ieasrftiendgediidereadearhpepiseraf fopmeal\BA) where each R” is

independently H, or optionally substituted C1-C8 alkyl, or optionally substituted C1-
C8 heteroalkyl; or one or both of Q and Q’ may be a bond when L comprises a ring;
each n and n’ is independently 0-3;
10 each m and m’ is independently 0-4;
each R' and R' is independently H or optionally substituted C1-C8 alkyl;
each Z and Z’ independently represents an optionally substituted C1-C6
aminoalkyl group; and
L represents an optionally substituted C1-C24 hydrocarbyl linker, optionally
15 containing from 1-8 heteroatoms selected from N, O and S, which linker is 1-18
atoms in length when counted along the shortest path between Q and Q.

In another aspect, the invention provides a compound of formula (1A):

Ko, W’/X
Ri o) O RT‘
| |
N N
z N \/ \/ N z (1A)
T T T T
(Y)m (Y
o Rb Rb’ o
20 or a pharmaceutically acceptable salt or hydrate form thereof,

wherein each R,, Ry, Ry and Ry, is independently H, or C1-CR8 alkyl, C2-C8
alkenyl or C2-C8 alkynyl, or a heteroform of one of these, each of which may be

optionally substituted;
each Y and Y’ independently represents C1-C8 alkyl, =0, OR, NRy, OC(O)R,
25 NRC(O)R, NRSO,R or COOR, wherein each R is independently H, C1-C8 alkyl or

C1-C8 heteroalkyl, and wherein two Y or Y’ groups can cyclize to form a 3-6

12




or a pharmaceutically acceptable salt or hydrate form thereof, wherein Ra is FI and Rh is R5;
R5isH, o é’\% ﬁa I C2 C8 al enyl, C2-C8 alkynyl, or phenyl, each of pﬁ@ptionally
substituted; eac represents CI-C8 alkyl, =0, OR, NR2, OC(01R, NRC(0) R or COOR,
wherein each R is independently 11. CI-C8 alkyl or CI-C8 heteroalkyl; W represents an optionally
substituted CI-C6 alkylene or Cl -C6 heteroalkylene: 25X represents an optionally substituted C5-C20
ring system comprising at least one aromatic ring and up to four heteroatoms selected from N, 0 and S
as aring WO 200 /12 121PCT/US 08/060 40 member and can repr ither a single 5-15
membered cyéﬁgrﬁ bﬁnﬁl\ﬂ}f’é G ReitbEs cyc fléugr%%dp%ltﬁ PR HS ﬁswﬁ ?heagto §'tHe same atom
of W, provideditbhide adhie¥roaroprisgéscaidéash aneSand O heteinambnibgr and may®aepresents -0- or
-NR2-, where each IS i endently H, or optionally 5substituted C1-C8 alkyl, or optionally
substituted C1 2P RAH SR E f%gf may be a bond when L comprises a ring; m is 0-4; p is 2-3; Z
represents an optionadyswoatitligd icdependamino@ikylsgnaLy; epibnblly sidprasentsd-CHC14 alkylene,

C 1.-Cl4 alken LI e, Cl- | CSCl2arylene. C5-C21 arylalkylene. C5-C21 arylalkenylene,
5-C21 ary P@ﬁ@?e%e&#@rﬁ%trga IH?t%lroﬁjnn of one of these, each of which may be optionally

substituted. In praehrﬁobemﬁo(ihmg:atﬁiaitigrmmi@aéﬁﬁhiap;tm@ﬂlfsﬁt&mmmal@l@mpgof the

formula -CH(R2 NR41 where 12t31 iISH, orano tlonally bstltu I -C8 %ﬁ}/l or 1Ff»ocp%|onally
substituted CI- é%t%?mng AR S(St(?féerae dimé car(l)%ryc IZCW iﬁi onan aglacent

nitrogen atom 1, formdah &MlﬁngIMaﬂbﬁUMéd@Z&pyeémgmhm hasiingeS-10 ringnbresaderdjavhich
ﬁé?;}{)ﬂlt% r?]rsogg{m?ag%p ?\gﬁ]agll,\lﬁ %’15133'1 ra’;mdg gr[r,'olajli%?soq}lattl ity ltﬂ)loth a%%&%%t?or}h]é %azrirgedr!lttlc())r?l%f
10 W or W’, provided that each X and X’ comprises at least one aryl or heteroaryl ring;
each Q and Q’ independently represents ~O- or -NR*-, where each R” is
independently H, or optionally substituted C1-C8 alkyl, or optionally substituted C1-
C8 heteroalkyl; or one or both of Q and Q’ may be a bond when L comprises a ring;
each n and n’ is independently 0-3;
15 each m and m’ is independently 0-4;
each R and R" is independently H or optionally substituted C1-C8 alkyl;
each Z and Z’ independently represents an optionally substituted C1-C6
aminoalkyl group; and
L represents an optionally substituted C1-C24 hydrocarbyl linker, optionally
20 containing from 1-8 heteroatoms selected from N, O and S, which linker is 1-18

atoms in length when counted along the shortest path between Q and Q’.

In another aspect, the invention provides a compound of formula (2):

13



20In some embodiments of formula (3A), each R4 is independently H, or an optionally substituted
CI-C8 alky, %H %IM substituted CI-C8 heteroalkyl, and the two R4 groy 909%‘ mt pgen can
cyclize to form an optionally substituted azacyclic group having 5-10 ring members, |c azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1-2 additional heteroatoms
selected from N. 250 and S as a ring member. WO 2008/128 12 1PCT/U S2008/0601 41) In another
aspect, the invention provides a compound of formula (3): or a pharmaceutically acceptable salt or
hydrate form thereof, Swherein FgéE H, or CI-C8 alkyl, C2-C8 alkenyl or >@2 -C8 alkynyl, each of which
may be optionally substituted:; ea
NRSO2R or COOR, Wheigeln gach R isNndependently |- 1 CI-C8 aI yI or CI -68 heteroalkyl

W represents an optiona y Sub¥i g; X represents an

optionally substityted CST\CZO r d up ie four
member, tt./presen ither aygingle 5-15
&rsuc/gmups thatgre bt atiached t the same atom

heteroatoms selectégfrom
membered cyclic grolip or tw

of W, provided that 18each Xfeomprises at"least onefand or heteroaryl ring; B® Q refresents --0- or
-NR2-, where each R2 is independently H, or optiona|ly substituted CI-C8 alkyl, or optionally
substituted C I -C8 heteroalkyl; or Q may be a bond wwvhen L comprises a ring; mis 0-4; 20p is 2-3; Z
represents an optionally substituted CI-C6 amtn%l | group; and

( )11” (2)
Ra"

Rb" N
o) ; Qg W
N o /
N X
R

nz

or a pharmaceutically acceptable salt or hydrate form thereof,
wherein each R,, Ry, Ry, Ry, Ry and Ry is independently H, or C1-C8 alkyl,
C2-C8 alkenyl or C2-C8 alkynyl, or a heteroform of one of these, each of which may
5 be optionally substituted; or is optionally substituted phenyl;
each Y, Y’ and Y” independently represents C1-C8 alkyl, =0, OR, NR,
OC(O)R, NRC(O)R, NRSO;R or COOR, wherein each R is independently H, C1-C8
alkyl or C1-C8 heteroalkyl, and wherein two Y or Y’ groups can cyclize to form a 3-6
membered ring that can be saturated, unsaturated or aromatic, and which ring may
10 include a heteroatom selected from O, S and N as a ring member and may be
optionally substituted;
each W, W’ and W” independently represents an optionally substituted C1-C6
alkylene or C1-C6 heteroalkylene;
each X, X’ and X” independently represents an optionally substituted Cs-Cao
15 ring system comprising at least one aromatic ring and up to four heteroatoms selected
from N, O and S as a ring member, and can represent either a single 5-15 membered

cyclic group or two 5-10 membered cyclic groups that are both attached to the same

14




L represents a CI-C14 alkylene, C1-C14 alkenylene, CI-C14 alkynylene, C5- C12 arylene, C5-C21 aryl
allcylene, Go5Grd Ayia{kenylene, or C5-C21 arylalkynylene linker, or a hglefafQbmai@ng of these,
each of which may be optionally substituted. WO 2008/128121PCT/US2008/060140 In yet another
aspect, the invention provides a compound Of formula (4); or a pharmaceutically acceptable salt or
hydrate form thereof, 5wherein R5 is H. or Cl -C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl, each
of which may be optionally substituted; each Y represents C1-C8 alkyl, =0, OR, NR2, OC(0)R,

NRC(0)R, NRSO2R %p R,wherein.ea g‘ is nde é%/,H Cl-C8 | gr CI-C8 heteroalkyl;
W represents %tr? %p%mnél%&%lbﬁitu%%vﬁéé %I??ﬁ%%%pgr (P fgﬁl&rel?gsa%y ear%%e?ne a]5¥1r((31|oresents an
optionally substitatear @5+20 ring system comprising at least one aromatic ring and up to four

heteroatoms selected fr 0 and.\S.as ari ember, and can represent.either g single 5-15
membered cyclic groﬁ%c%rr&tv’?/&g §-‘190 é?éﬁ%?lé cr:lr%/]glii:ﬁ rr%gtej’rpl)tsS tk:(gt are ﬁotH \évg%gf:%%a (?th% same atom
of W, provideditepeifseaty X, cptipridhssabieastolel {03 dk eterpappiailygsubsti@tedirédedts -0- or
-NR2-, where each 123.s independentl tionally,substituted Cl -G8 alkyl or optionally substituted
AT C8 heterom e B by e e L e S O P ™ i
or an optionally substituted, 61aG8Elkyhotepptiderally GGbstituted CI-C8 heteroalkyl, and R3 can cyclize
with R4 on an adjaceggcr}wlitrngg?gna%gpnn%,t% gg%egj an.o tf' gjﬂy substituted azacyclic group having 5-10

0
. ! , eéndent ) X
ring members, which azacyclie group may saturate , Unsaturated or aromatic, and may contain 1-2

additional 25heteroaterrs R&I8 teddidiNinOepedd8raly dlrimgphiensblersubstituted C1-C8 alkyl;
each Z, 7’ and 7 is independently an optionally substituted C1-C6

10 aminoalkyl group; and
L represents a C1-C24 hydrocarbyl linker, optionally containing from 1-8
heteroatoms selected from N, O and S, which linker is 1-18 atoms in length when
counted along the shortest path between Q and Q’, and which linker may be
optionally substituted.

15 In another aspect, the invention provides a compound of formula (3A):

X\W
O,
A o
T B T
o Fb ¥)m P

or a pharmaceutically acceptable salt or hydrate form thereof,
wherein R, is H and Ry is RS;
R’ is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl, each of
20 which may be optionally substituted;
each Y represents C1-C8 alkyl, =0, OR, NR,, OC(O)R, NRC(O)R, NRSO;R
or COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyl;
W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene;
25 X represents an optionally substituted Cs-Cy ring system comprising at least

one aromatic ring and up to four heteroatoms selected from N, O and S as a ring

15




WO 2008/128121PCI/US2008/060140 each R4 is independently H, or an optionally substituted ClI
-C8 alkyl %MQQﬁyyl;Pbstituted CI -C8 heteroalkyl, and the two R1 groupéﬁ%sgg& )a'ﬁﬂ)ﬂen can
[o

cyclize to form an optionally substituted azacyclic group having 5-10 ring members, w azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1- 52 additional heteroatoms
selected from N, O and S as a ring member; and L represents a CI-C14 alkylene, C1-C14
alkenylene, CI -C14 alkynylene, C5- CI2 arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or

C5-C21 arylalkynylene linker, or a heterofoim of one ese,.each of which may pe gptignally
substtuted, n SHTEHOHE] SEREEITE UGN buiclt S BaLS B FrHRL ) (5 47
pharmaceuticallyrabeeidtailéisgibopdtydraie ferintharkaf to thdkariseHicon GI-8alkyikl<d2:@8 alkenyl,

C2-C8 alkynyl, or.ppenyl, each of which may be optionally substituted; each Y represents
ClI -C8 alkyl, :Bé(glg, ?\%’fn&ﬁﬁt Rﬁ@@ﬂyﬁﬁggﬁ? fﬁgP%OR, wherein each R is independently
CI-C8 alkyl or CI -C8 Qatgreatkyl,—O- o/-MRfesehtscandpROnaiylsphstiniedChCHataine or Cl -C6

het lkylene; . X t tionall bstituted C5- i t iSi t least
aroimatic rng SRR TR MO ST T BT 20 aBeh and cam

represent eithéadingta b-darpesaberdc:cyclic group or two 5-10 membered cyclic groups that are

both attached to the same atom of W, provided that each X comprises at least one aryl or heteroaryl
ring; Q repre&l}h@i - or -NR2-, where each R2 is independently H, optionally substituted ClI
-C8 alkyl or optionallypsuhastifuted CI-C8 heteroalkyl; or Q may be a 25bond when L comprises a ring;

mis 0-4; WO 2008/128121PC171182008/060 ., . R3 isH, or an.optionally substituted CI-CS alkyl or
bstituted (Sjlé)é Ball%gﬁ%

optionally substituted BRE Sr%%l?@/ BRRE AN cyclize with RA-6n %‘fgégﬂ nitrogen atom to

foiith an optionally sulbstipitedmazacyticCigralkyleaw)itl 5-10 akgnyieneh€rs,(WhietkkprdeyetiC group may
be saturated, ynsatirated pr atomalle, RN ¥ CPARIN AR 8NN ¢5.c21 arylalkynylene
linker, or a heteroform of one of these, each of which may be optionally substituted.
In preferred embodiments of formula (3A), Z is a C1-C6 aminoalkyl group of
the formula -CH(R»)NR",, where R’ is H, or an optionally substituted C1-C8 alkyl or

15 optionally substituted C1-C8 heteroalkyl.

In other embodiments, R” can cyclize with R* on anv adjacent nitrogen atom to
form an optionally substituted azacyclic group having 5-10 ring members, which
azacyclic group may be saturated, unsaturated or aromatic, and may contain 1-2
additional heteroatoms selected from N, O and S as a ring member.

20 In some embodiments of formula (3A), each R* is independently H, or an
optionally substituted C1-C8 alkyl or optionally substituted C1-C8 heteroalkyl, and
the two R* groups on one nitrogen can cyclize to form an optionally substituted
azacyclic group having 5-10 ring members, which azacyclic group may be saturated,
unsaturated or aromatic, and may contain 1-2 additional heteroatoms selected from N,

25 O and S as a ring member.
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Sheteroatoms selected from N, O and S as a ring member; each R4 is independently H, or an
optionally Wz%y}ﬁglg{CS alkyl or CI-C8 heteroalkyl group, and the two R roes @aqne nitrogen
can cyclize to form an optionally substituted azacyclic group haying 5-10 ring members, which
azacyclic group may be saturated, unsaturated or aromatic, and may contain 1-2 additional
10heteroatorris selected from N, O and S as a ring member; L represents a CI-C14 alkylene, CI-C14
alkenylene, C1-C14 alkynylene. CS-C12 arylene, C5-C21
arylalkylene, C5-C21 arylalkenylene, (H C5-C2t1 arylalkynylene Iinkerd or a het r(é%rm of one of these,
each of which may b no%}% iz I%f%%ﬁ Ot8d I EhbtREY 855%5831 five Iilnv%nt(f(r)rr)rlmp?o Ides a monomer of
formula (6), and 15methods ofusing them for the~prgparation of\compounds of formula (1)-(5), (7)-(9),
(IA) and (3A): or a pharmacgutically acceptable salthor hydrate form thereof, 20wherein each Ra and
RI, is independently H. or Cl

i -C8 dlkyl or 25CI-C8 hetérnoalk wherein two Y groups can cyclize
to form a 3-6 membered ring\that can be saturated, ungaturated Og aromatic, and which ring may
include a heteroatom selected ¥rom O, S and N as a ring member and may be optionally substituted;
W represents an optionally substituted Cl -CO alkytene or CI -Co heteroalkylene; X represents an
optionally substituted C5-C20 ring system comprising at least one aromatic ring and up to four
heteroatonis selectedbfraphiptendiSlas @capabieralery apdtaarfaeprdssent either a single 5-15

megbeed o wouh et R 9 TeRDRES R auAg o rebel et e same o
which may be optionally substituted;
each Y represents C1-C8 alkyl, =0, OR, NR;, OC(O)R, NRC(O)R, NRSO,R
or COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyt;
W represents an optionally substituted C1-C6 alkylene or C1-C6
10 heteroalkylene;
X represents an optionally substituted Cs-Cy ring system comprising at least
one aromatic ring and up to four heteroatoms selected from N, O and S as a ring
member, and can represent either a single 5-15 membered cyclic group or two 5-10
membered cyclic groups that are both attached to the same atom of W, provided that
15 each X comprises at least one aryl or heteroaryl ring;
Q represents —O- or -NR*, where each R* is independently H, or optionally
substituted C1-C8 alkyl, or optionally substituted C1-C8 heteroalkyl; or Q may be a
bond when L comprises a ring;
m is 0-4;
20 pis 2-3;
Z represents an optionally substituted C1-C6 aminoalkyl group; and
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
Cl12arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.
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m is 0-4; Rl is H or optionally substituted CI-C8 alkyl; Z is an optionally substituted CI-C6 aminoalkyl
group; an r ents -Ole, -0C(0)R5, -0S02R8, C=0, -0C(0)0RS, P 95? 8—%@4%, azido or
halo, Whekgégﬁ/ﬁgsgfsﬁisndependently H, or CI -C8 alkyl, CI -C8 alkenyl, CI-QC?S a Eg/r{y , C5-C12 aryl.
C5-C21 arylalkyl, or a heteroform of one of these, each of which may be optionally substituted; or
CI-CS alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl or C5-C2I arylalkyl, or a heteroform of one of
these, each of which may be optionally substituted. In another aspect, the invention provides a
compound of formul (% R1 Rh: or a phgrmaceutically acceptable salt or hydrate form thereof, 21
WO 20(18/128121P21‘r ?béﬂief& a?ﬁé%ﬁ{“é%%##ﬁ‘éﬁ%g) ARTREME iﬂ%ﬁoﬁ%“ﬁzae%?/ H or CI-CS

alkyl, C2-CS alkenyl or C2-C8 alkynyl, or a hetetefoym of one of these, each of which may be

can be saturated, unsaturate ay indlude a hetematom selected from 0.
S and N as a ring me bér2dnd maylfbe optignally substituted,; epresents an optionally substituted
CI-C6 alkylene or C | -G6 heteroalkylene; -;-SX represents an opfignally substituted C5-C20 ring
system comprising at least one aromatic ring and up to four heteéroatoms selected from N, 0 and S as
a ring member, and can represent either a single 5-15 membered cyclic group or two 5-10
15membered cyclic groups that are both attached to the same atom of W. provided that

or a pharmaceutically acceptable salt or hydrate form thereof,

5 wherein R’ is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl,
each of which may be optionally substituted;
each Y represents C1-C8 alkyl, =0, OR, NR», OC(O)R, NRC(O)R, NRSO:R
or COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyl;
W represents an optionally substituted C1-C6 alkylene or C1-C6
10 heteroalkylene;
X represents an optionally substituted Cs-Cyo ring system comprising at least
one aromatic ring and up to four heteroatoms selected from N, O and S as aring
member, and can represent either a single 5-15 membered cyclic group or two 5-10
membered cyclic groups that are both attached to the same atom of W, provided that
15 each X comprises at least one aryl or heteroaryl ring;
Q represents —O- or -NR*-, where each R? is independently H, optionally
substituted C1-C8 alkyl or optionally substituted C1-C8 heteroalkyl; or Q may be a
bond when L comprises a ring;
m is 0-4;
20 pis2or3;
R’is H, or an optionally substituted C1-C8 alkyl or optionally substituted C1-
(C8 heteroalkyl, and R’ can cyclize with R* on an adjacent nitrogen atom to form an
optionally substituted azacyclic group having 5-10 ring members, which azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1-2 additional

25 heteroatoms selected from N, O and S as a ring member;
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X comprises at Ieast one aryl or heteroaryl ring; Q represents -0- or -NR2-, where R2 is H, CI -C8
alkyl or CI g I each of which may be optionally substituted,; esents
-CH2-, -CH( g& 12)- -CH20-, -C1-1(R)0- or -(CHANI1-, 20Where|PnCEniIsSzlil)05&(%16%’23%{i alkyl or
C1-C4 heteroalkyl; or one or both of Q and Q' can be a bond where L comprises a ring; nis 0-3; mis
0-4; each R1 and R is independently H or optionally substituted CI-C8 alkyl; 25each R6 is
independently H, CI-C8 alkyl, C5-C12 aryl or C5-C12 arylalkyl, or a heteroform of one of these, each of
which may be optlonall bstitu d o |s 8- C14 bi I cI |c r S comprlsmg ab5-or
6-membered saturate& %aﬁl}:ﬂ PRts utlfgtectigrllr?lé1 fiséd % &Eg%é &Pl géﬁf& ﬂeteroaryl ring,
which ring syst@mmbetattaﬁbﬁwte@ﬁﬂmmmlhm@m atwtamelﬁégiemsmmmenim%&aumated or
30aromatic ring; WO 2 08/128121P gY 2(3911%%/(3601401 eachp and endeg represents
an optionally sOSSHTERd BT RO AR S tis S A a5, REQAR Ay 2 ylene, eé[ Cl4
alkenylene,alkymyd@neaSstc M@mytemsﬁ&éfeﬁlmgdalkgtm @&q@ﬂ&, arr;daﬂe@mdenm or C5-C21

arylalkynylene 5I|é1é<er or ergeertoeart%fogrge pfor efr%fnyﬁ of WhICh 1 may b be oHtlonaIIy substituted. In
ther aspecl2 i on prov eS‘a compoun rmu a &6ra p arl’naceutlcally acceptable

salt or hydrate form tmefq:o:rﬁ;sents a CWﬁJérleaﬂk@m}e Rd-and thergzlanl@méhd?émamynﬂneﬁﬁ -CS-alkyl,

C2-C8 alkenyl ero f on fth se ea hIC eoptlonally
substituted; or(?s{ %1 olzﬁléﬁy%l%{g{[u%a enyl E%nag%éﬁy& <egy r}%d%peng{e t%/ rtl:ag% s CI-C8 alkyl,
=0, OR, NR2, Dk(0) By NREAOFR:nNGT SD26F dre@O@Eh wfhetiih maptb&olamdémﬂbenﬂydd Cl -C8 alkyl
or CI-CS heteroalkyl and hergin G, ohe' i AISHRS RNk S 3HHIS HRg LRSS,

R“ZN)\”/

or a pharmaceutically acceptable salt or hydrate form thereof,

R’ is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl, each of

=

\ } "'/,,//
T\
>
o RIITITS o
w
Pt o4
oi
X
w

\\\\\é

NR?,

(9]

Qe e

=

Im

% ,x
<

Yim
10 )

which may be optionally substituted;
each Y represents C1-C8 alkyl, =0, OR, NR,, OC(O)R, NRC(O)R, NRSO,R
15 or COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyl;
W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene;
X represents an optionally substituted Cs-Cy ring system comprising at least
one aromatic ring and up to four heteroatoms selected from N, O and S as a ring
20 member, and can represent either a single 5-15 membered cyclic group or two 5-10
membered cyclic groups that are both attached to the same atom of W, provided that
each X comprises at least one aryl or heteroaryl ring;
Q represents —O- or -NR*, where each R? is independently H, optionally
substituted C1-C8 alkyl or optionally substituted C1-C8 heteroalkyl; or Q may be a
25 bond when L comprises a ring;

m is 0-4;
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15 to form a 3-6 membered ring that can be saturated, unsaturated or aromatic, and which ring may

include a rﬁ I elected from O, S and N as a ring member and ma i g bstituted,
each W an %§1§§§é§%ldently represents an optionally substituted C|-C6§. yllé)#él)%gﬂ tYIIE@6

heteroalkylene; 20each X and X' independently represents an optionally substituted C5-C2,0 ring
system comprising at least one aromatic ring and up to four heteroatoms selected from N, 0 and S as
a ring member, and can represent either a single 5-15 membered cyclic WO
2008/128121PCT/US2008/060140 group, or two 5-10 membered cyclic. groups that are both attached
to the same atom of \B‘%? W’?bi‘B\ﬂHg%WﬁH‘t %&éﬂtkt?ﬂ'l?k@gomﬁﬂiggg%‘f%&%ﬁ? o SHWTC&@ teroaryl
ring;  Q repEsapisoAker, NRR-, awherriR? isit, IC i Ch alirbeantGltegdieiesanikybeash of which
may be optionally substituted; 5Q' represents -CH2-, -Cl| -, -CH(R)-, -CH20-, -CH(R)O0- or
oy GRATBR R A o EAEA VBt MAE G DB BEAFD AT can be a
bond where L gasprises i agifachinsansare dod3o@adb, amanehintds @id ;1L Deachifiaand R is
independently H or optionally substituted Cl -C8 alkyl; . each Z and Z' independently represents an
optidnally subStFEF eRERSHS (?5%@@!.@%%8%@%%&8 °H C1-C14 alkylene, C | -C14
alkenylene, CI-C14 aliganykerie ifdopdadienaryigne:; SSopahatylalkytenedCs-CRlaarylakkenyiehe, or

C5-C21 arylalkynylene 15linker, or a hetergform of one of these, each of which may be optionally
substituted. In ?‘fS’Eﬂ%&&g%’@é]ﬂ?’tﬁ%di YR pFERBES A VAR SHHSYRLTS [8): (%h%“

optionally substituted azacyclic group having 5-10 ring members, which azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1-2 additional
10 heteroatoms selected from N, O and S as a ring member;
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, CS5-
Cl12 arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene
linker, or a heteroform of one of these, each of which may be optionally substituted.
In another aspect, the invention provides a monomer of formula (6), and
15 methods of using them for the preparation of compounds of formula (1)-(5), (7)-(9),
(1A) and (3A):

Xy
l I

N N
T \/i |
Rb (V)

0] Ra

(©)

or a pharmaceutically acceptable salt or hydrate form thereof,

20 wherein each R, and R, is independently H, or C1-C8 alkyl, C2-C8 alkenyl or
C2-C8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted; or is optionally substituted phenyl;

each Y independently represents C1-C8 alkyl, =0, OR, NR,, OC(O)R,
NRC(O)R, NRSO,R or COOR, wherein each R is independently H, C1-C8 alkyl or

25 C1-C8 heteroalkyl, and wherein two Y groups can cyclize to form a 3-6 membered

20



or a pharmaceutically acceptable salt or hydrate form thereof, 20wherein each Ra,Rb and Rb is

independ H or Cl-C8 alkyl, C2-C8 alkenyl or C2-C8 alkynyl, or a het these, each
of which ri%%y %%Oégrl)%lc}%%”y substituted; or is optionally substituted phenyl?ge&gﬂgzg(gsz(&%%nd Y'

independently represents CI-C8 alkyl, =0, OR, NR2, OCCOIR, NRC(0)R, NRSO2R or COOR, wherein
each R is independently H, CI -C8 alkyl or 25Ci -C8 heteroalkyl, and wherein two Y groups can cyclize
to form a 3-6 membered ring that can be saturated, unsawrated or aromatic, and which ring may

include a heterpatom selected from 0. S and N as a ring member and may be optionally substituted; W
represents an OpESHAIRFR B SAURE CRESHIRIESS FrBRts ﬂﬁé‘% yiBp&ray f i)‘llfff)rgti:'sents an

optionally subsiidie:&:h-EROENGSYSEN saiVHsing & laasienemdramatie sigoandyup to four
heteroatorns selected from N, 0 and S as a ring member, and can represent either a single 5-15
membered cycﬁ’i’é’%ﬂ%ﬁf)dbr two 5-10 membered cyclic groups that are both attached to the same atom
of W, provided that 16X epragiisesnad jaashioneudkyitorchateroaryldingie or €a€Q and Q'
independently represents -0- or -NR2-, where R2 is H, CI-C8 alkyl, CI -C8 alkenyl, or CI -C8 allzynyl,
or & heterofor6P8AE BFiese, each of which may be optionally substituted: or one or both of Q and

Q' can be a bond whexedpeesnpy isespisinglyloeadrand-Cisirds pach mmpgimgaﬁe@st each RI
represents an BN CURRHNLA Cio R RSO S IO SIEENE A BTEC14 alkylene,
CI-C14 alkenylassbeil Ga¢alkypiiene «@%r G 1 gy N femERidarytalkylene £663110
e R Slomste ke, 2 Lol Lol LY, Saah e may
10 each X comprises at least one aryl or heteroaryl ring;
n is 0-3;
m is 0-4;
R' is H or optionally substituted C1-C8 alkyl;
Z. is an optionally substituted C1-C6 aminoalkyl group; and
15 U represents ~OR®, -OC(O)R?, -OSO,R?, C=0, -OC(0)OR?, -COOR?, -NR?,,
azido or halo, where each R® is independently H, or C1-C8 alkyl, C1-C8 alkenyl, C1-
C8 alkynyl, C5-C12 aryl, C5-C21 arylalkyl, or a heteroform of one of these, each of
which may be optionally substituted; or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl,
C5-C12 aryl or C5-C21 arylalkyl, or a heteroform of one of these, each of which may
20 be optionally substituted.
In another aspect, the invention provides a compound of formula (7):
A
Rb

R’ N pA
X
N — W
O

R Q ©
l In HN
N
z N \/ o (7
l QL Q'
Rb Y
O Ra

N
Rﬁ/ \RG

or a pharmaceutically acceptable salt or hydrate form thereof,
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In another aspect, the invention provides compounds of formula (10): or a pharmaceutically

acceptablgggs% ,{/f%ﬁiﬁte form thereof, wherein each 12,, Ra, Rb and RbP'tsﬁmgﬁﬂ]gmgﬁqu H or CI-C8
a ch of whi

alkyl, C2- enyl or C2-C8 alkynyt, or a heteroform of one of these, ea ich may be
optionally substituted; or is optionally substituted phenyl; each Rl and RI' is independently H or
optionally substituted ChC11 alkyl; each R6 and R6. is independently H, C1-CS alkyl, C5-C12 aryl
or C5-C12 arylalkyl, or a heteroform of one of these, each of which may be optionally 10substituted; or

is a C8-C14 bicyclic or tricyclic ring system comprising a 5- ar 6- membere ur partially
unsaturated ring fuse‘ﬁhﬁf%’ & aréﬁ’o %‘-‘énégﬁé%é%é%m“ﬁﬁ&‘?mc?ﬁ ﬁrﬁlggg% é’rﬁtﬁ%‘;%)e attached to
nitrogen througitany evatabieapogiidroon leesdtiratetbae afaraticericy pf which @agh® and Q'
independently represents -CH2-, -CH(OR)-, -CH(R)-, -C1120-, 15-CH(R)0- or -(CH2)4NH-, wherein R
is H, C1-C4 alRPHSPEY BRYLpE Rk f 8?%?1@1 B‘%tfﬁtlgft gﬁ‘ﬁn(gl’can be a bond where L comprises a
ring; each Z and Zad¢hdepenrgentdynteprepentaarCoplivaiiy stOsHRIedR:] oCBGRinoalkyl group;

:?ﬁene, CSEﬁmm IO 1%%@2@%}%5?%%%?&@ ’f%(}cgﬁfﬁ&; n%t?%%el% CSSrIZS ﬁ;tzeroform
of one of these; eaghefydiciimay beopiionalyysphsijuted.c WO 200812 8 B2 REMk82008/060140
In another aspg%, t ha% clg}ll rétis%?u a{t%\(/li,dl?ﬁc’sgt%?gl eo cl;]ld z?rgrfllzc{ct)ircrp%?l g)vjlglch ring may include a
heteroatom selected from O, S and N as a ring member and may be optionally
substituted;
10 W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene;
X represents an optionally substituted Cs-Cy ring system comprising at least
one aromatic ring and up to four heteroatoms selected from N, O and S as aring
member, and can represent either a single 5-15 membered cyclic group or two 5-10
15 membered cyclic groups that are both attached to the same atom of W, provided that
X comprises at least one aryl or heteroaryl ring;
Q represents -O- or -NR?*-, where R” is H, C1-C8 alkyl or C1-C8 heteroalkyl,
each of which may be optionally substituted;
Q’ represents —CH»-, -CH(OR)-, -CH(R)-, -CH,0-, -CH(R)O- or -(CH;)sNH-,
20 wherein R is H, C;-C, alkyl or C;-C4 heteroalkyl;
or one or both of Q and Q’ can be a bond where L comprises a ring;
nis 0-3;
m is 0-4;
each R' and R' is independently H or optionally substituted C1-C8 alkyl;
25 each R® is independently H, C1-C8 alkyl, C5-C12 aryl or C5-C12 arylalkyl, or
a heteroform of one of these, each of which may be optionally substituted; or is a C8-
C14 bicyclic or tricyclic ring system comprising a 5- or 6-membered saturated or
partially unsaturated ring fused to a C5-C6 aryl or C5-C6 heteroaryl ring, which ring
system may be attached to nitrogen through any available position on the saturated or

30 aromatic ring;
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or a pharmaceutically acceptable salt or hydrate form thereof, wherein p is 2-3; wherein Ra and Rb
are indep C I-CS alkyl, C2-C8 alkenyl or C2-CS alkynyl, or 2 %g m6fgne of these,
each of W%?C %rﬂré%%g{éptionally substituted; or is optionally substituted p Qny;/?;ERI I§S/ H or optionally
substituted CI -C8 alkyl; each R6 is independently H. CI-C8 alkyl, CS-CU aryl or CS-C12 arylalkyl, or
10a heteroform of one of these, each of which may be optionally substituted; or is a C8- C14 bicyclic
or tricyclic ring system comprising a 5- or 6-membered saturated or partially unsaturated ring fused to
a C5-C6 aryl or CS-CGCQXe roaryl ring, which ring system may be tac‘%()a .fo nijt through any
available position on % zﬂﬂ%éd‘%q%&%ﬁ%ﬁ@ﬁ%%’%i% raélpcr)étslg% $e. ﬁ%tuf?élgg%%% -CH(R)-,
-CH20-, -CH(R)monwfiegsingrasd, C1-C4 alkyl or C1-C4 heteroalkyl; or Q can be a bond when L
comprises a ring; Z is an optionally u@ it e(iCI- ininoalkyl group; L represents a
CI-C14 alkylene, Cl - i%ﬁ%(%‘ﬁf/l%gjf i}]Cglliiy fiyn @%ﬁé&gﬁfgé&@% %@éﬁng‘rﬁglkwene,
C5-C2 | arylalkamdenenQra35cQ 2 hratylkikynyl €sedinkerylalkadydtecofor@h «f Dine dhthesdesach of
whjch may be optionally substituted. WO 2008/128121RPCT/11 S2008/060 | 40 or a pharmaceutically
acéiptable sa rg?ehy%rrgllzefgf %roefo(fflﬁ?%stgﬁsgr %aﬁ |00r§a‘ﬁ91%uB%%ﬁ%bt%apgpgégzﬂﬁgf%& r%qpresents Cl
-C8 alkyl, =0, OR, NR2 aa{&) B PR G )y MRGOARvaieC DR puitet efnf eachl R #3:independently H,
or C1-C8 alkyl or C1-C8 heteroalkyl, each of which may be optionally sybstituted; W represents
C=0. C=S, or an optionally substituted C2-€6 alkylene or optionally subjstituted C2-C6 heteroalkylene;

O Ra N
W!
; 7/ ~,
T
(Y')m'

or a pharmaceutically acceptable salt or hydrate form thereof,

wherein each R,, and Ry, is independently H, or C1-C8 alkyl, C2-C8 alkenyl or

10 C2-C8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted; or is optionally substituted phenyl;
each Y and Y’ independently represents C1-C8 alkyl, =O, OR, NR,, OC(O)R,
NRC(O)R, NRSO,R or COOR, wherein each R is independently H, C1-C8 alkyl or
C1-C8 heteroalkyl, and wherein two Y or Y’ groups on one azacyclic ring can cyclize
15 to form a 3-6 membered ring that can be saturated, unsaturated or aromatic, and which
ring may include a heteroatom selected from O, S and N as a ring member and may be
optionally substituted;
each W and W’ independently represents an optionally substituted C1-C6
alkylene or C1-C6 heteroalkylene;
20 each X and X’ independently represents an optionally substituted Cs-Cy ring
system comprising at least one aromatic ring and up to four heteroatoms selected from

N, O and S as a ring member, and can represent either a single 5-15 membered cyclic
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10X represents an optionally substituted C5-C20 ring system comprising at least one aromatic ring

and up toég r ms selected from N, 0 and S as a ring member, a‘h;@r t either a
single 5-1 r%érraﬁé?ered&%ychc group or two 5-10 membered cyclic groups that are‘i)ot ggl(tetgched to the

same atom of W, provided that X comprises at least one aryl or heteroaryl ring; 15Q represents -CH2-,
-CH(OR).-, -CH(R)-, -CH20-, -CH(R)0-, or -(CEI2)4NH-, wherein R is H, or Ci-C, alkyl or CI-C4
heteroalkyl; or Q can be a bond where L comprises a ring; n is 0-3; m is 0-4; 20Z represents an

optionally substituted C1-C d W 200 /128121P T/U82008/06014
represents a CﬁlefﬂOéIW?e??e&ml e@aﬁﬁy%(?fg%lcegg’u@i 8E ?étﬁ% o BEFYRASRNA 021

arylalkylene, C§- &ZWaryingae&lemeewhcﬁa&QXawkawmlan&dm ker, arybdnétesodarm ohgne of these,
formula (13) (Vo8 BT8P Ao URELN abiop o L e RAt e, wherei
eachRt, and Réuds aﬁebﬁﬁemd@mryel-d;mdﬁhﬂg&aﬂsmlm@a -C8 alkenyl or C2-C8 alkynyl, or a
ahmyt: each R and W TARB el Ty B o g Sl e C L T ept S 1Ee
wherein R is H, C;-Cy alkyl or C4-C4 heteroalkyl;
or one or both of Q and Q’ can be a bond where L comprises a ring;
each n and n’ is 0-3;
each m and m’ is 0-4;
10 each R! and R" is independently H or optionally substituted C1-C8 alkyl;
each Z and Z’ independently represents an optionally substituted C1-C6
aminoalkyl group; and
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
Cl2arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene
15 linker, or a heteroform of one of these, each of which may be optionally substituted.
In another aspect, the invention provides a compound of formula (9):

|>m’

ENGS'SN
ZT%@ L

®

or a pharmaceutically acceptable salt or hydrate form thereof,

20 wherein each R,, Ry, R, and Ry, 1s independently H or C1-C8 alkyl, C2-C8
alkenyl or C2-C8 alkynyl, or a heteroform of one of these, each of which may be
optionally substituted; or is optionally substituted phenyl;

each Y and Y’ independently represents C1-C8§ alkyl, =0, OR, NR,, OC(O)R,
NRC(O)R, NRSO;R or COOR, wherein each R is independently H, C1-C8 alkyl or

25 C1-C8 heteroalkyl, and wherein two Y groups can cyclize to form a 3-6 membered
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each Y and Y' independently represents CI-C8 alkyl, :7-0, OR, NR2, OC(0)R, NRC(0)R, NRSO2R or

COOR, w i is independently H, or Cl -C8 alkyl or CI-C8 heter hich may be
Rftieie RRRYS AT,

optionally su each Q and Q' independently represents -0- or sH,CI
-C8 alkyl, CI-C8 alkenyl, or CI-C8 alkynyl, or a heteroform of one of these, each of which may be
optionally substituted; or one or both of Q and Q' can be a bond where L comprises a ring; each n and
n'is 1-3; 20each m and m' is 0-4; each Z and Z' independently represents an optionally substituted
CI-C6 aminoalkyl group; and represents a C1-C14 alkylene, CIl-C14 alkenylene, CI-C14
alkynylene, C5§1@1@%@8W5,%§f@£ Hﬂ?fﬁﬂ{ﬁfgﬁ&r é@%"?’&?ﬁ&%ﬁ?l@ﬂ%,@yé%q 1 &ryl alkynylene
25linker, or a hetenotasm ofleneddidhese seachrohwhichymrnbereptianalipsupssidied. WO
2008/128121PC-1/11S2008/060 140 In one aspect, the invention provides compounds of formula
(13A): ors’ébﬁﬂ%ceutically acceptable salt or hydrate form thereof; and including any

stereoisomeric forms Wetpedients avlgtRINEachbéaneE Y UndepardrAd\LF€presents an optionally
sub§tituted CI-CS alkyl, C5-C12 aryl, C5-C20 aryialkyl, or a heterofomi of one of these; or is =0, OR,
SR;’S(0)R, S0ZRCS gﬂﬁf’NR,, OC(0)R, NRC(0)R, NRCOOR, NRC(0)NR.2, NRSO2R, CN,
CcO)NR2, C(0)R, CORRpNQZoahalaionhieyeaiibeaaheR ¢5-10 i nagpendantyniSing Stadgyt, C5-C12

aryl or C5-C20 arylalkyl, or a heteroform of one of these each of which may be optiopally substituted;
or is any other %%@tﬂ SHEHIE F8 AP Graaigms Sﬁgﬁt&‘%\;h%% ’@/ané)glagadi%ps on the same
ring can cyclizedenfosm adamesnheneditieg dhaigas-he saivtaied dyokalkikaled.ofargmatic, anti
which ring may iSinclude ong heteroatom selected fram 0, S and N as a ri ember and may be

; e gy i

optionally subsTTRRF: %(29/,% HRURR G SSEh AR W’%ﬂbep%?éﬂ%ﬁﬁf’gh% 4% yl: each
RajRa, R, andXRtprpindeperdearihe Hiyobhetedalkiuing3-C7 cycloalkyl,

each Q and Q’ independently represents -O- or -NR*-, where R” is H, C1-C8
alkyl, C1-C8 alkenyl, or C1-C8 alkynyl, or a heteroform of one of these, each of
which may be optionally substituted; or one or both of Q and Q’ can be a bond where
L comprises a ring; |
15 each n andn’ is 0-3;
eachm and m’ is 0-4;
each R' and R' is independently H or optionally substituted C1-C8 alkyl;
each Z and Z’ independently represents an optionally substituted C1-C6
aminoalkyl group; and
20 L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
C12 arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.
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C2-C8 alkenyl C2-C8 alkynyl, C5-C12 aryl, C5-C20 arylalkyl, or a heteroform of 20one of these, each
of which lly substituted; or Ra and Rb, or Ra, and Rb. PR gﬁ)@}ﬁg&lggether with
the carboﬁ@% ’?Pﬂ;ﬁ?h they are attached to form an optionally substituted 3-7 membered ring,
optionally containing one heteroatom selected from N. 0 and S as a ring member; Q is -0- or -NR2-,
and Q' is -0- or -NR2H wherein Q and Q are 25independently selected, and where each R2 and R2 is
H, CI-CS alkyl, CI-CS alkenyl, WO 2008/128121PCT/US2008/060140 or CI -CS alkynyl, or a

heteroform of one of hese each of which may. be optiopally substit ? oro oth of Q and Q'
can be a bond where E%Qr%lﬁhg%%eg Hﬁ Y mn 1§n Sy f"r\%/) Ounég:-ncf f(in?ue @1@ and m'is

independently 0-4; ch Zzand Z' mdepende reppesents an optionally substituted Cl -C6
aminoalkyl group: and represents an optionallyubstituted Cl -C24 hydrocarbyl linker, optionally

containing from 1 -8 heterpawfits selected from N, 0 nd
counted along the shor'[,esbtJ t een Q and Q; B'roviso that L does not comprise a
disulfide bond. In another aspect, the invention d:riowdes compound of formula (13B):

or a pharmaceutically acceptalple salt or hydrate form thefeof; and 15including any stereoisomeric
forms thereof; wherei th™and Y' independent ents an optionally substituted C I - CS
alkyl, C5-C12 aryl, C5-C20 arylalkyl, or a heteroform ¢f one of these; or is =0, OR, SR, S(0)R, SO2R,
SO2NR2, NR2, OC(0)R, NRC(0)RINRCOOR, NRC(MNR2, NRSO2R, CN, C(0)NRg, C(0)R, COOR,
NO2 or halo, wherein each R [ Ikyl, C5-C12 aryl or C C20 arylalkyl, or a
heterofonn of

‘which linker is | to 18 atoms in length when

NRE, NRE,

or a pharmaceutically acceptable salt or hydrate form thereof,
wherein each R,, Ry, Ry and Ry, is independently H or C1-C8 alkyl, C2-C8
5 alkenyl or C2-C8 alkynyl, or a heteroform of one of these, each of which may be
optionally substituted; or is optionally substituted phenyl;
each R' and R" is independently H or optionally substituted C1-C8 alkyl;
each R® and R® is independently H, C1-C8 alkyl, C5-C12 aryl or C5-C12
arylalkyl, or a heteroform of one of these, each of which may be optionally
10 substituted; or is a C8-C14 bicyclic or tricyclic ring system comprising a 5- or 6-
membered saturated or partially unsaturated ring fused to a C5-C6 aryl or C5-C6
heteroaryl ring, which ring system may be attached to nitrogen through any available
position on the saturated or aromatic ring;
each Q and Q’ independently represents -CH,-, -CH(OR)-, -CH(R)-, -CH,0-,
15 -CH(R)O- or (CH;)4NH-, wherein R is H, C;-C; alkyl or C;-C; heteroalkyl; or one
or both of Q and Q” can be a bond where L comprises a ring;
each Z and Z’ independently represents an optionally substituted C1-C6
aminoalkyl group; and
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
20 C12arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.
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one of these; or is any other substituent suitable for an alkyl group; and wherein two Y or Y' groups
on the same.ri clize to form a 3-6 membered ring that can be satp&%g%gzm%m%ted or
aromatic,lgﬁéi@v%%?mgﬁ%}é may include one heteroatom selected from 0, S and N as a ring member and
may be 25optionally substituted; each m and m' is independently is 0-4; each n and re is
independently 0-3; each R', R2, RI' and R2' is independently H or optionally substituted CI-CS alkyl;
each Ra,12",, Rb, Rb', R3A,WA, R4A and R is independently ft, or C1-C8 5alkyl, C3-C7 cycloalkyl,

C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C5-C20 arylalkyl, or a heterpform of ane of these, each of
which may be option Iﬁ%%%%lii?ﬁ{)g&’é)e 1XV|S%F§H&’ RY! %1%4%%8’ Rb %Eoeg% %P%??{ﬂ')\, orRand 124°c
may be taken together with the carbon atom:to which they are attached to form an optionally
substituted 3-7 10membered ring optionall){ containing ope heteroatom selected from N, 0 and S as a
ring member; each Z and Z' is inflegendentiy an onally, substituted C1-C6 aminoalkyl; each J and J'
independently represents -CI2-, CW (CX¥-11)®-,-C1-1(12")G-ororwherein r is 1-4, each Ciis 15
independently 0, NR', or S. andjwhereinieach R" is indepemdently H, or CI-Cs alkyl or
C1-C8heteroalkyl; or one or both of J and Iy & bondiwhere K comprises a ring: and K
represents an optionally substituted Cl -C20 hydrocarbyl linker, optionally containing from 1-6

heteroatoms selected from N, O\and S. whiejy linkepls 1 to 14 20atoms inilength when counted along
the shortest path between .1 and F;

or a pharmaceutically acceptable salt or hydrate form thereof,
wherein p is 2-3;

5 wherein R, and R, are independently H or C1-C8 alkyl, C2-C8 alkenyl or C2-
C8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted; or is optionally substituted phenyl;

R' is H or optionally substituted C1-C8 alkyl;
each R® is independently H, C1-C8 alkyl, C5-C12 aryl or C5-C12 arylalkyl, or

10 a heteroform of one of these, each of which may be optionally substituted; or is a C8-
C14 bicyclic or tricyclic ring system comprising a 5- or 6-membered saturated or
partially unsaturated ring fused to a C5-C6 aryl or C5-C6 heteroaryl ring, which ring
system may be attached to nitrogen through any available position on the saturated or
aromatic ring;

15 Q represents —CH;-, -CH(OR)-, -CH(R)-, -CH,0-, -CH(R)O- or «(CH,)4;NH-,
wherein R is H, C;-C; alkyl or C;-C4 heteroalkyl; or Q can be a bond when L
comprises a ring;

Z.is an optionally substituted C1-C6 aminoalkyl group; and
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
20 C12 arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.
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with the proviso that K does not comprise a disulfide bond. In another aspect, the invention provides a
compounq‘%fzci)%%glg): or a pharmaceutically acceptable salt or h%@}ﬁsf&r@(}&qﬁgof; and
including any Steredisomeric forms thereof; wherein each Y independently represents an optionally
substituted CI-C8 5alkyl, C5-C12 aryl, C5-C20 arylalkyl, or a heteroform of one of these; or is =0, OR,
SR, S(0)R, SO2R, S02NR2, NR2, OC(0)R, NRC(0)R, NRCOOR, NRC(0)NR2, NRSO2R, CN,
C(0)NR2, C(0)R, COOR, NO2 or halo, wherein each R is independently H, C -CS alkyl, C5-C12 aryl or
C5-C20 arylalkyl, or a heteroform of one of these; or is. any other su stiﬁ ent suitable for an alkyl
group: 10in is 0-4: n i G0 RHRECH G@V%lfhodbﬁré)ﬁﬂ%ﬁtﬁ?ﬁWPB {i8 gfm?]é’ﬁ]% ted CI-C4 alkyl;
each Ra, Rb, R3A and R4A is indgpendently Hz or CI-C8C3-C7 cycloalkyl, C2-C8 alkenyl, C2-C8
alkynyl, C5-C12 aryl, C5-C20 aryfalkyl, or a 15heteroform\of one of these, each of which may be
optionally substituted; Z is a 1-ayninoalkyl gr epresehtad by the formula -CIHR3)NR42; each
R7 is independently H, or an optionally sulsstituted ®€1-C8 akyl or Ci-Cs heteroalkyl group, and the two
R4 groups on one nitrogen cary cyclize to form an optionally\substituted 3-8 membered azacyclic ring,
which azacyclic ring may be 2(saturated, tu or argmatic, and may contain 1-2 additional
heteroatoms selected from N, p and S as ring thember$? each R3'$H, or an optionally
substituted C1-C8 alkyl or Ci-Gs heteroalkyl group, and R3 ¢an cyclize with R4 on an adjacent

nitrogen atom to form an optionally substitut membergd azacyclic ring, which azacyclic ring may
be 25saturated, unsaturated or arématic, ajd may/contain 1-2 additional heteroatoms
In
)m

—

l 3
(Y

or a pharmaceutically acceptable salt or hydrate form thereof,
R' is H or optionally substituted C1-C8 alkyl;

5 Y represents C1-C8 alkyl, =0, OR, NR,, OC(O)R, NRC(O)R, NRSO:R or
COOR, wherein each R is independently H, or C1-C8 alkyl or C1-C8 heteroalkyl,
each of which may be optionally substituted;

W represents C=0, C=S, or an optionally substituted C2-C6 alkylene or
optionally substituted C2-C6 heteroalkylene;

10 X represents an optionally substituted C5-C20 ring system comprising at least
one aromatic ring and up to four heteroatoms selected from N, O and S as a ring
member, and can represent either a single 5-15 membered cyclic group or two 5-10
membered cyclic groups that are both attached to the same atom of W, provided that
X comprises at least one aryl or heteroaryl ring;

15 Q represents ~CHj-, -CH(OR)-, -CH(R)-, -CH,0-, -CH(R)O-, or -(CH2)sNH-,
wherein R is H, or C;-C4 alkyl or C;-Cy heteroalkyl; or Q can be a bond where L
comprises a ring;

nis 0-3;
m is 0-4;

20 Z represents an optionally substituted C1-C6 aminoalkyl group; and
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selected from N, O and S as ring members; J is selected from the group consisting of -Cl2-,
-CH(W)-, - - - CH(R")G-, wherein r is 1-4, each 0 is independ NR'. and wherein
eachR'is %gg%%l egr%%/ H or CI-C4 alkyl; or J can be a bond where K co%%lﬁggggsﬁgﬂgnd WO
20(18/128121PCT/1JS2008/060140 K represents a CI-C10 alkylene, C3-C10 cycloalkylene,
C2-C10 alkenylene, C2-C10 alkynylene, C5-C12 arylene, or C5-C20 arylalkylene, C5-C20
arytalkenytene or C5-C20 arylalkynylene linker, or a heteroform of one of these, each of which may be
optionally substituted; Swith the prayvisg. that K does not comprise a disulfide bond. In a further aspect,
the invention providegée&'ﬁﬁ%ﬁﬁ(&)ﬁ?&r I%D(%l'éffagﬁegygm?ﬂé&é Elﬁéﬁﬂi}”ﬁi&?bepé le salt or
hydrate form tiergefywherem €ach-RhaRibn? (S iadapevidarilyleher snethyt? 1aRa&a a6 RaA are El;
each Rh and R4A is independently H, or Cl -C8 alkyl, C3-C7 cycloalkyl, C2-C8 alkenyl, C2-C8 alkynyl,
C5-C12 aryl, CBUES0°RAIENPIBI A HetBFAtb AT 57 OF RIS Rt ROIRIRH P EE Uptionally
substituted; In Znistizeil 233 010RKH GFRtEhreRradenteechbyding terotiaitaCIRB)NR42; 15each R3
and 124 is independently H or C1-C4 alkyl; J is selected frc\){m the group consisting of
-CE11-,-(CF12),C4-, and - CH(R"G-, WH Fein r is 1-4. each & is independently Q or NR’, and wherein

each R'is independentigaH or Crb -C4 /al r J can be g bpnd whesg K corpri s a ring; and K
e, C2}C10 alkynylene,
ne lalRynyylen 1gpker, ora

represents a CI-C1[) alkyle C

C5-C12 aryleng,0r a le

heteroform of one of thelse, eachjof which may be optionally substituyted:; With the proviso that K does
not comprise a disulfidesbond, g o R

5 O

or a pharmaceutically acceptablé salt or hydrate form thereof,
wherein each R, R,-, R, and Ry, is independently H or C1-C8 alkyl, C2-C8
alkenyl or C2-C8 alkynyl, or a heteroform of one of these, each of which may be

10 optionally substituted; or is optionally substituted phenyl;

each R' and R" is independently H or optionally substituted C1-C8 alkyl;

each Y and Y’ independently represents C1-C8 alkyl, =0, OR, NR,, OC(O)R,
NRC(O)R, NRSO,R or COOR, wherein each R is independently H, or C1-C8 alkyl or
C1-C8 heteroalkyl, each of which may be optionally substituted;

15 each Q and Q’ independently represents -O- or -NR*-, where R* is H, C1-C8
alkyl, C1-C8 alkenyl, or C1-C8 alkynyl, or a heteroform of one of these, each of
which may be optionally substituted; or one or both of Q and Q’ can be a bond where
L comprises a ring;

eachnandn’is 1-3;
20 each m and m’ is 0-4;
each Z and Z’ independently represents an optionally substituted C1-C6
aminoalkyl group; and
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
Cl12arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

25 linker, or a heteroform of one of these, each of which may be optionally substituted.
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WO 2008/128121rcuuS2008/060140 In another aspect, the invention provides a compound
selectedfm tke-g{94 P consisting of: or a pharmaceutically acceptable,gglfQnhysiatgform thereof. In
another aspect: the invention provides compounds of formula (14): or a pharmaceutically acceptable
salt or hydrate form thereof, wherein p is 2 or 3; R5 is H, C1-C8 alkyl, C2-C8 alkenyl,
C2-C8 alkynyl, or phenyl, each of which 10may be optionally substituted; WO
2008/128121PCT/US2008/060140 Q represents -0- or -NR2-, where R2 is H, ClI -C8 alkyl or Cl
-C8 heteroalkyl, each of which ma tionally. ubstltuted r d where L comprises a
ring; Z is an optlongl:ﬂy subs‘%ﬁﬁtﬁr{ée&é %?éoon ﬁ%a %Orglgﬁugﬂr%d glfgrepresgéjfg 53’;1 CI-C14 alkylene,
C1-C14 alkenylene, CI-C14 alkynylen&)&S- C12 arerne(YQ?nE -C21 arylalkylene, C5-C21
arylalkenylene, CZl ar Ialky linker, ora h m gf one ofélges each of which may be

5 r
optionally substlt ted n hera pect t e mventlon rowd scom oupds of fprmula (15); 131.
Z (13A)

Q'—L—Q

or a pharmaceutically acceptable salt or hydrate form thereof; and including
5 any stereoisomeric forms thereof;
wherein each Y and Y’ independently represents an optionally substituted C1-
C8 alkyl, C5-C12 aryl, C5-C20 arylalkyl, or a heteroform of one of these; or is =0,
OR, SR, S(O)R, SO;R, SO;NR,, NR;, OC(O)R, NRC(O)R, NRCOOR, NRC(O)NR,,
NRSO-R, CN, C(O)NR,, C(O)R, COOR, NO, or halo, wherein each R is
10 independently H, C;-Cg alkyl, C5-C12 aryl or C5-C20 arylalkyl, or a heteroform of
one of these each of which may be optionally substituted; or is any other substituent
suitable for an alkyl group;
and wherein two Y or Y’ groups on the same ring can cyclize to form a 3-6
membered ring that" can be saturated, unsaturated or aromatic, and which ring may
15 include one heteroatom selected from O, S and N as a ring member and may be
optionally substituted;
each R' and R' is independently H or optionally substituted C1-C8 alkyl;
e;ich Ra, Ry, Ry and Ry is independently H, or C1-C8 alkyl, C3-C7 cycloalkyl,
C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C5-C20 arylalkyl, or a heteroform of
20 one of these, each of which may be optionally substituted; or
R, and Ry, or R, and Ry may be taken together with the carbon atom to which
they are attached to form an optionally substituted 3-7 membered ring, optionally
containing one heteroatom selected from N, O and S as a ring member;
Q is —O- or -NR*, and Q’ is -O- or -NR*-: wherein Q and Q’ are
25 independently selected, and where each R? and R” is H, C1-C8 alkyl, C1-C8§ alkenyl,
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or a pharmaceutically acceptable salt or hydrate form thereof, wherein 123 and Rb are
independently 1-1 or CI-C8 alkyl, C2-C8 alkenyl or C2-CS alkynyl, or a heteroform of one of these,
each of which nvay esaptienally substituted; or is optionally substituted ph&aylysBesesd Reé and RI' is
independently H or optionally substituted CI-C8 alkyl,; each R6 is independently H. C | -C8 alkyl,
C5-C12 aryl or C5-C12 arylalkyl, or a heteroform of one of these, each of which may be optionally
substituted; or is a CS-C14 bicyclic or tricyclic ring system comprising a 5- or 6-membered saturated or
partially unsaturated ring fused to a C.5-C6 aryl or C5-C6 heteroaryl ring, which ring 20system may be
attached to nitrogerthroG§hiEmyyhvaitdisisrpésiion o tidhsagurath @Tores marbiPRjioNgO

2008/128121PCT/1J82008/0801400; botX §eRTese S GleCE iy lwrGe DRoMRZsQERIR, NRC(O)R,
NRSOZ2R or COOR, wherein each R is independently H, or CI-C8 alkyl or CI-C8 heteroalkyl, each of

which may be optionally stAs&th@ted is indepengsiifhiatients -0- or -NR2-, where R2 is H, optionally
substituted CI-C8 alkyl 5Sos#ptinaadynsibistitpted LA y08iheteroalkyl; Q' represents --CFI2-,

-CH(OR), -Cfl(R)-, -CH20-, - REP - orwherein Ris H, C1-C4 ?k |.or Ci-C4heterpalkyl; or one or
both of Q@ and Q' can be aeg%hn 3\1/({]/ e%n fl(%:egr%lgﬁ%te%rgprrﬁﬁf%ﬁ ST OIX%?X Slg{)(g%h%te(}%{gg Zand Z'
independently representslapl gptipnatly substituted C1-C6 aminoalkyl group; and L represents a

CL-C14 alkylene, CI-CLéalkgpylane, Clefsidhlonylens G5 912 a6ene GRC L anakylene.

C5-C21 arylalkenylene, or C5-C21 arylalkynyiene 15linker, or a heterofonn of one of these, each of
which may be optiofeifyiaimsdiemddd hsamaires sdpred, Tra vEridn prdvrldessisddands of formula

(16): atoms in length when counted along the shortest path between Q and Q’;
10 with the proviso that L does not comprise a disulfide bond.

In another aspect, the invention provides a compound of formula (13B):

or a pharmaceutically acceptable salt or hydrate form thereof; and
15 including any stereoisomeric forms thereof;
wherein each Y and Y’ independently represents an optionally substituted C1-
C8 alkyl, C5-C12 aryl, C5-C20 arylalkyl, or a heteroform of one of these; or is =0,
OR, SR, S(O)R, SO5R, SO;NR,, NR,, OC(O)R, NRC(O)R, NRCOOR, NRC(O)NR;,
NRSO,R, CN, C(O)NR,, C(O)R, COOR, NO; or halo, wherein each R is
20 independently H, C;-Cs alkyl, C5-C12 aryl or C5-C20 arylalkyl, or a heteroform of
one of these; or is any other substituent suitable for an alkyl group;
and wherein two Y or Y’ groups on the same ring can cyclize to form a 3-6
membered ring that can be saturated, unsaturated or aromatic, and which ring may
include one heteroatom selected from O, S and N as a ring member and may be
25 optionally substituted;
each m and m’ is independently is 0-4;
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m or a pharmaceutically acceptable salt or hydrate form thereof, wherein Ra and Rh are
independ -CS alkyl, C2-C8 alkenyl or C2- 20C8 alkynyl, or a %@[ﬁg%ﬁg/{%%}e of these,
each of Wef\l?c 2@%§gzgptionally substituted; or is optionally substituted phenyl; each R and RI' is
independently H or optionally substituted CI-C8 alkyl,; each R6 is independently H, CI -C8 alkyl,
C5-C12 aryl or C5-C12 arylalkyl, or a heteroform of one of these, each of which may be optionally
substituted; or is a CS-C14 bicyclic or tricyclic ring system comprising a 5- or 6-membered saturated or

Spartially unsaturated ring fused to a, C5-C6 aryl or C5-C6 heteroaryl ring, which ring system may be
attached to nitrogen througﬁ%‘f aa\}]éjilgb]%lﬁggﬁ? ﬁq%lrt? ¥E16é3siaturated or aromatic ring; each Y

and Y' independentlyetepreSeRtsiCl a8 Rkl iRpOReNR 2 QGR) By MR EEYRyNRSOCR or COOR,
wherein each R is.independently H, or CI-C8 alkyl or 10CI-C8 heteroalkyl, each of which may be
optionally sub {ed; W' represents an optionally substituted C1-C6 alkylene or Ci-C6
heteroalkylene; XacaRedentR arRopRdhatt swistituder! € & 020 perglsysier) eofipfising at Least

ons aromat R ARG [ eiroranR Rcid e s radageer, and con
both attached soylhrk game: dkaanadb i of imddedhihrat sdotomiprisels mblebsbotienallyl or heteroaryl ring;
Q represents -0- or. _N%_" where R2 is H, optionally substituted CI-C8 alkyl or optionally substituted
CI-C8 heteroalI* P86 tSpresents -CH2-, -CH(OR)-, -CH(R)-, -CH20-, -CH(R)0- or -(CH2kNH-,
wherein R is H, C4-CH alkyRo; B1454 Retardalad; Y ooekorbath B O mag Q) 'tdam begatlond when L
comprises a g%velglct%en c%rr‘t()jog sztsc)r%_‘tgc; S ‘f&%é"? grerzn z;tit%c?féf to form an optionally substituted 3-7
10 membered ring, optionally containing one heteroatom selected from N, O and S as a
ring member;
each Z and Z’ is independently an optionally substituted C1-C6 aminoalkyl;
each J and J” independently represents —CHj-, -CH(OR’)-, -CH(R’)-, -
(CH,),G-, -CH(R’)G-or -CR’=CR’~ or -C=C-, wherein r is 1-4, each G is
15 independently O, NR’, or S, and wherein each R’ is independently H, or C;-Cs alkyl
or C;-Cg heteroalkyl; or one or both of J and J’ can be a bond where K comprises a
ring; and
K represents an optionally substituted C1-C20 hydrocarbyl linker, optionally
containing from 1-6 heteroatoms selected from N, O and S, which linker is 1 to 14
20 atoms in length when counted along the shortest path between J and J;

with the proviso that K does not comprise a disulfide bond.

In another aspect, the invention provides a compound of formula (2):

Ra Rb
O

(13C)

T e
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25each Z and Z' independently represents an optionally substituted CI-C6 aminoalkyl group; and L
represent%g@%é% 1kylene Cl-C14 alkenylene, CI-C14 alkynylene, C.p¢ 9{?5%()%5)’(1@6‘,1‘3()(35 -C21
arylalkylene, Cb5- arylalkenylene, or C5-C21 arylalkynylene linker, or a%eteroform of one of these,
each of which may be optionally substituted. WO 2008/128121PCT/US2008/060140 In another
aspect, the invention provides monomers of formula (17) and methods of using them for the
preparation of compounds of formula (7), (10)-(11) and (15): or a pharmaceutically acceptable salt or
hydrate form thereof, wherein Ra and Rb are independently 1-1 or CI C8 alkyl, C2-C8 alkenyl or

C2- C8 alkynyl, or a heteroform of ane of thes aII substituted; or is
optionally substltuteaobﬁéﬁ? nﬁfelét acc %b g!ﬁ Vi{lﬁ/f? t&f&/](?é fky? 188 nﬁpﬁe
independentlyakty ﬁh@@ﬁl&yh@ﬁ;ﬁﬁ&l&&bﬁr C5 C12 arylalkyl, or a heteroform of one of these, each

of which may be optionally, subst - Or i 8 Cl4 blcycllc rtr| cI|c r|n omprising a 5-
or 6-membered satur‘é{ 8X 4t %aash Ilifl ¢ er%ura ed e%resﬁjseantg 681611?(’ e(yfg&%nbb eteroaryl ring,
whéch ring sysﬁﬁmln@(bezattybhﬁimmEtrpkgﬁ{ytmougi&tamjmmﬁbkmp(ﬁsitwel; onithe(sddlrated or

or o, where a K M S RaCp RNy Vo E K ot e RN EPIRY, co-cz a

gS C(::821|Er?/l%?R&[Dzi&h@mrdf@mm&ﬁ(ﬁ@mi@@amdﬁ@mm wiryebhecapti®nally substituted; or
I alky 8 alken ary, alk I or a hetergform of one
of these, each'd Wﬁ?cér?’}n y Zg?o%fg)n}%}x gggiute ég\&%gfégé %%3 /ffq%rfbégl%o 40

Z is an optionaihe mﬁldsetmtedﬁahﬁﬁlmﬁnnbalmngwmmn blﬂeyhgnm@,may be in a protected or

ulqrotected form, In 5 ther aspect, the invention provides a monomer of formula (18) and
methods of using therr% Yor the preparation of compounds of formula (8), (12) and t16):
nis 0-3;

each R' and R* is independently H or optionally substituted C1-C4 alkyl;
each R,, Ry, R** and R** is independently H, or C1-C8 alkyl, C3-C7
cycloalkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C5-C20 arylalkyl, or a
15 heteroform of one of these, each of which may be optionally substituted;
Z.is a 1-aminoalkyl group represented by the formula —CH(R)NR*;
each R* is independently H, or an optionally substituted C;-Cs alkyl or C;-Cs
heteroalkyl group, and the two R” groups on one nitrogen can cyclize to form an
optionally substituted 3-8 membered azacyclic ring, which azacyclic ring may be
20 saturated, unsaturated or aromatic, and may contain 1-2 additional heteroatoms
selected from N, O and S as ring members;
each R’ is H, or an optionally substituted C;-Cs alkyl or C;-Csg
heteroalkyl group, and R’ can cyclize with R* on an adjacent nitrogen atom to form an
optionally substituted 3-8 membered azacyclic ring, which azacyclic ring may be
25 saturated, unsaturated or aromatic, and may contain 1-2 additional heteroatoms
selected from N, O and S as ring members;
J is selected from the group consisting of —-CH,-, -CH(R’)-, -(CH,),G-, and -
CH(R’)G-, wherein ris 1-4, each G is independently O or NR’, and wherein each R’

is independently H or C1-C4 alkyl; or ] can be a bond where K comprises a ring; and
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or a pharmaceutically acceptable salt or hydrate form thereof; and including any stereocisomeric forms
thereof; w or optionally substituted CI -C8 alkyl; 10Y repres?;tg % gﬁxl —O OR,
NR2, OC(&GQ%@&{;%)% NRSO,R or COOR, wherein each R is indepen ent()ﬁ ?@rﬂ 68 alkyl or
CI-C8 heteroalkyl, each of which may be optionally substituted; and wherein two Y groups can cyclize

to form a 3-6 membered ring that can be saturated, unsaturated or aromatic, and which ring may
include a heteroatom selected from O, S and N as a ring member and may be 15substituted; W

represents C=0, C=S, or an ptlonal r.Ci-Cq het ene;
represents an optionally su tfﬁﬁreﬁe %5(1.[)%[’ g %ﬁézltlg%eggé]ger@e nﬁcgﬁaﬂfiﬁngh%%%atlc ring and up
to four heteroailtws/elea&EridnlNy 3 rnd, Sf‘aﬁ:azrmglﬁ&membﬂzam@nafyr@mds&mmther a single

5-15 membered cyclic oup or red C C|IC sth taregboth tached tq the same
atom of W, pr VR HEPBBEN G o A AL ARIEST LR ar R Sary ARG A1, 5
20081128121Bmmwﬁwtmnslﬁﬁabmt&ﬂempresents -0128, -0C(0)R8, -0S02R8, C=0,
-OC§(0)0R8 -COORS, &R@Z azido ggabaéo Wher each R8 |sdl‘(J?A endthIyH or C1-C8 alkyl, C1-C8
alkenyl, CIC8 aIkynyI 193 OPS/FO f (z)frsylté yP%PrlSFléltelr% orm o? orie of these, each of which
may be optionally subistittitediconpkeC Shallopte @R1CHralkésyd, GRyio8mllofrfpknih-C 3P aryl or C5-C21
arylalkyl, or a heteroform of one of these, each of which may be optionally substituted; with the proviso
that U is not isopropyl; &nhd is lau),optl tally substituted CI-C6 minoalkyl group wherein the
amine may be in a profected o i [ [
monomers of formula (19) aat m
and (13)-(16):

(13D)

or a pharmaceutically acceptable salt or hydrate form thereof;
wherein each R'and R? is independently H or methyl;
10 R, and R are H;
each R, and R* is independently H, or C1-C8 alkyl, C3-C7 cycloalkyl, C2-C8
alkenyl, C2-C8 alkynyl, C5-C12 aryl, C5-C20 arylalkyl, or a heteroform of one of
these, each of which may be optionally substituted;
Zis a 1-aminoalkyl group represented by the formula ~CH(R*)NR™;
15 each R® and R” is independently H or C1-C4 alkyl;
J is selected from the group consisting of —-CH,-, -CH(R’)-, -(CH,),G-, and -
CH(R’)G-, wherein r is 1-4, each G is independently O or NR’, and wherein each R’
is independently H or C1-C4 alkyl; or J can be a bond where K comprises a ring; and
K represents a C1-C10 alkylene, C3-C10 cycloalkylene, C2-C10
20 alkenylene, C2-C10 alkynylene, C5-C12 arylene, or C5-C20 arylalkylene, C5-C20
arylalkenylene or C5-C20 arylalkynylene linker, or a heteroform of one of these, each
of which may be optionally substituted;

with the proviso that K does not comprise a disulfide bond.
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(Y)m ora pharmaceutically acceptable salt or hydrate form thereof, wherein Ra and Rb are
independ rgz/ @5&8 alkyl, C2-C8 alkenyl or C2- 15C8 alkynyl, or a Ifé 95%&;0%@ of these,
each of which'may be optionally substituted; or is optionally substituted RI IS 11 or optionally
substituted CI-C8 alkyl; Y represents Cl -C8 alkyl, =0, OR, NR2, OC(0)R, NRC(O)R NRSOZ2R or
COOR, wherein each R is independently H, or CI-C8 alkyl or CI-C8 heteroalkyl, 20each of which may
be optionally substituted; and wherein two Y groups can cyclize to form a 3-6 membered ring that can
be saturated, unsatur, aromatic, and which rln ay include a m s ected from 0.S
and N as aring memge?%r%&e hig C(te? tshu nthuQ g Er‘nccl’sm(])’%n é R %h
2008/128121%11&152@0&/060140 Il represents --OR8 -0C(0)R8, -0S02R8, C=0, -0C(0)0RS,
-COORS, -NR82, azido or halo, where each R8 is mdependently H. or Cl- C8 alkyl, CI C8 alkenyl, C C8
alkynyl, C5-C12 aryl, ’

optionally substlguted or ¢I-C:8 al

kyn l, 505 2 aryl or C5-C21 arylalkyl,
or a heteroforai ofvne f thede, IIyosu fitutgd; 3pd o= Z is an optionally

substituted CI-C6 aminoal 1€ the-ams tected orunprotected form.
In another aspect, the inventign prewdes monomers of formul& (19 d 10methods of using them for

the preparation of compounds of formula (13A)-(13D):

Hs HaG
CHa O HSCA/CHS
\_/U\ o Y\ )J\r
m AN A A A,
; N
O H ; and
HSCQ/CW

p H
C N }F}l‘)%N\CHs
L N\/\ CHs

or a pharmaceutically acceptable salt or hydrate form thereof.

O fHim

5 In another aspect, the invention provides compounds of formula (14):
0 RS
)J\ N
z N
i (14)
0
o) Q——L
p

or a pharmaceutically acceptable salt or hydrate form thereof,

wherein p is 2 or 3;
R’ is H, C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl, each of which

10 may be optionally substituted;
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R3AALIA NV(1 9A) R2 or a pharmaceutically acceptable salt or hydrate form thereof; and including

any stereqj ' s thereof; wherein each Y independently represe Stk I ly, substituted
CI-Cs 15(()3@-8591@321%%,{%5@20 arylalkyl, or a heteroform of one of these; gr is :g&bg&ﬂ%é S(O)R,

SO2R, SO2NR2, NR2, OC(0)R, NRC(0)R, NRCOOR, NRC(0)NR2, NRSO2R, CN, C(0)NR2, C(0)R,
COOR, NO2 or halo, wherein each R is independently H. C1-C8 alkyl, C5-C12 aryl or C5-C20
arylalkyl, or a heteroform of one of these; or is any other substituent suitable for an alkyl group; 20and

wherein two Y groups.on the same rin A cyclize to fo 3- ber (f ing that can he saturated,
unsaturated or arom;%é,%ﬁaﬁ{}\}ﬁfc T ﬁg g may %ﬁ%?ﬁ%gq oﬁgqu}?g%%@sg e(% ‘é@%%berﬁ’ 4 @{%]hd N as a
ring member asatimaywbechpiignisd!ysidistiiviedistinied-4r Q\an2R08HhA8 WHRETL #dSPOBBIA60140 n is
0-3; each Rl and R2 is independently Il or optionally substituted Cl -C8 alkyl; each Ra, Rb R3A and

R4A is indepehtféntly fl, or 0 -CS alkyl, C3-C7 cycloalkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-0 2 aryl,
C5-C20 arylalkyl, or &z5hetespfioimlof wibetiof thie6e ; @aamoioaliichenoay; adptionally substituted; or

Ra and Rb, or R3A and R4A ma n.together, with the carbon which the attached
to form an optionally gtﬁ&fﬁﬁ%%ﬁ )ég?r?ek(rgﬁlekrﬁ %?né%%@%ﬁﬁ?%&ﬁ&%ﬁ%%& (%Ifgi%% b?nrﬁselected
from N, 0 and &saayieng, (i8rGDeLrV abpiesertS-£Cl.aG 5 kickyletd; 680 ee2 v alkyd]iGasGRalkenyl,

c2-c8 1Oheter1?n yé?,%"h ezt_e?o oall‘lnl%yo (l)’nggf %Src]a?te%rc%acl) X)V%Iélgr%_ac}:/ %gr {br%?lgfcs%%s}& ﬁ?gg.aryl’

In another aspect, the invention provides compounds of formula (15):

R1
Ra' I

Ym N z

Q Ro Ra /— Rb’ T

/H\ N ))n o)
z T N HN o)
R o)
o/

~ o (15)

Q—L—Q
10 RG/N\RG
or a pharmaceutically acceptable salt or hydrate form thereof,
wherein R, and Ry, are independently H or C1-C8 alkyl, C2-C8 alkenyl or C2-
(8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted; or is optionally substituted phenyl;
15 each R and R" is independently H or optionally substituted C1-C8 alkyl;
each R® is independently H, C1-C8 alkyl, C5-C12 aryl or C5-C12 arylalkyl, or
a heteroform of one of these, each of which may be optionally substituted; or is a C8-
C14 bicyclic or tricyclic ring system comprising a 5- or 6-membered saturated or
partially unsaturated ring fused to a C5-C6 aryl or C5-C6 heteroaryl ring, which ring
20 system may be attached to nitrogen through any available position on the saturated or

aromatic ring;
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C5-C20 arylalkyl or C5-C20 heteroarylalkyl, each of which may be optionally substituted with -OR9,
-OC(O)R9,§§ %g@ %i , -OC(010R9, -COOR9, - NR92, azido or halo, Whg RAG 0@36}ﬁmdependently
II, or C1-C éu cy ﬁ(% é alkenyl,-C8 alkynyl, C5-C12 aryl, C5-C21 arylalkyﬁf,eror a heterofomi of one of
15these, each of which may be optionally substituted; and Z is an optionally substituted CI-C6
aminoalkyl group wherein the amine may be in a protected or unprotected form. The compounds of the
invention synergize with TRAIL (TNF-related apoptosis inducing ligand), with etoposide, with

TRAIL-related substances includi a TRAIL.r anti o] - ith anti-cancer drugs
to overcome the apo}%é%%ﬂ‘?%ﬁ%i@%ég(:ﬁl\%%’6flcc):’aspas m@#&?@k p@%@%ﬁ% '}giﬁlg bound by
theory, the preSeniR.onteetindscar belielpdrideady iy, binding SallkAPythis(H deemting AP from
binding to and inhibi in%.c&sr%as S. Tthis fr1 es h%.tcatlsgases to initiate apoptosis. Accordingly, the
compounds ofeﬁ%l MvERtion ¢an Sr(t)aprnlS{lé1 a\{)ts)% 8<i8' i 75cells that are abnormally resistant to it, which
are typically pathogeqicaedsents -CFanr eX@mpleheenRjos koo dchelinvebtinontéddDbe apdiptbsis in
gligblastoma cell culture, typically at pi lar concentrations. The compounds provide new adjuvant
ch(eglr)notherape%rtf)cpstlpor%ail #%Pg{%%%gﬁ’gﬁ%%ﬁ%%aﬂﬁqr resist programmed cell death by
over-expressing 1APQreatpias:nthe(dormpolHiidRare-Sia bR, plothase-(EdiRaDt, BOaOH fig¢l-membrane
permeant. The %OmPOIﬂ“ld re n t%}/ tpenﬁq es ggtotﬂxig, WO 2008/128121PCT/TJS2008/060140
however, they% "blieved to dpeta eq()yO over 6meinéoﬁlr(§?’e’ctive mechanisms that some pathogenic
cells such as cancer celiscusebtatpoév@nhdppbptosis: Abooddiigly lthertprevetianialgo provides methods
and compositions for enhfj\ cing apoptosis of pathogenic cells using pro-apoptotic dimer-like or
(rimer-like 5 small molétulds that are referred to as SMAC mimetics. The invention also includes
pH&rmaceutical compasiidds comprising at least one compound of any of formulae (1)-(5) and (7)-(16)
admixed with at least one pharmaceuticall ceptable excipient. Also included armaceutical
compositions compriéelzh%1 ; ?gérzaéﬁéjegg%%ﬁﬁé%f ff'cs)eflrlﬁh éleOFE?‘Zall?/, ?‘iqﬁt,lt f}:A\CB%arg_(ﬁFlBA)-(13D)
admixed with ableasiloyied@phanhaceutically acceptable excipient.

L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
C12arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene
15 linker, or a heteroform of one of these, each of which may be optionally substituted.

In another aspect, the invention provides compounds of formula (16):
(Y)m

9  Rb  Ra z
)]\ N/— ))n at /K
z T \ ~ o
R! 0] 0

O/\
N
Y

(16)

X
C

or a pharmaceutically acceptable salt or hydrate form thereof,
wherein R, and Ry, are independently H or C1-C8 alkyl, C2-C8 alkenyl or C2-
20 C8 alkynyl, or a heteroform of one of these, each of which may be optionally

substituted; or is optionally substituted phenyl;
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Compounds of the invention are useful for the treatment or amelioration of cancer, inflammation, or

autoimmu&lpo(y'ﬁ%;?gﬁlmovided herein are methods for the use of a dim%&i%ﬁfg%ﬁ&?dé&?d\/'/*c mimetic
for the trea

compoun tment or amelioration of cancer, inflammation, or an autoimmune disorder,
wherein the 15dimeric or trimeric SMAC mimetic compound is a compound as defined in any one of
formulae (1), (IA), (1), (1A), (2)-(5), (7)-(13), (13A), and (14)-(16). In other embodiments, the invention
provides methods for the use of the compounds of the dimeric and trimeric SMAC mimetics of the
present invention for enhancing Qf-inducing apoptosis. In another a t, the jnvention provides
pharmaceutical ZOco?ﬁfjgﬂiSﬂ% %orﬁgpﬁqsﬁ%% 8?%%%:0&0 fr%)g?!“ﬂcysg@g r%fia‘éeéié&(?o#%’}mnd, useful for
die treatment or amedigraiSriihdapesictiiam G atos abranCiuihmyne disdrdenrandiat,least one
pharmaceuticalg ac%ﬁ)tabl exc(i%i%nt, wheéei tl}(la }gimeri or tr@mergrsr\gé%%gni&netic %o&pound is a
Compound as HEHREH ARy G LATSTnGISE (1 IAT, L1, 1 A5 LS 18 LS Pa Ry SR8 (14)-(16)
In some embadiméitsclibeplraryobcelitical tampositiosiagur thesrinahmebatdé astuomedaalditional cancer
therapeutic whose §<gctivit tis.s%/ er.gjé?d o pote&giﬁgd S'Y th% M@E@ rgjrge 'c,%cti\\éi,% C%\fll;lrﬁe compounds
of the inventioRE %‘fﬂ' LRSI SdRonal tancer th raoﬁeu ICS incfulc?e%vllthgm limi atlo%,
antimetabolitesy(ecth eytatabinesikdlaragiogeb tiuargh2isgeoxylabith pesgemoitabinatipdrdxryurea and
30methotrexate), DNA active agents (e.g. Neomycin, chlorambucil, cisplatin and WO
2008/128121%’6@/060140 cyclophosphamide), intercalating agents (e.g. adriamycin and
mitoxantrone), proteinasyiithasisyinhidipesdendy repsparagbses elkolbk€XiMRIENGhd QUXOHT/CIN);

topoisomerase inhihitars | cl .g..camptothegin, topotecan and irinotec nd Type Il
class (e.g. eto%é&ﬁ@?%rﬁ ogs@eﬁé)ﬁtﬁé\%ﬁlﬁh%ggse,“gﬁ?ﬁqua%}éI}Hggpglﬁdﬁ %tg% dﬁﬁ)%?)gg%%ﬁ%rotubule
iniibitors (e.g.CbClaxedrpalklithxatcofcenit, majchicipesnelhbtabtiti@tadd vincristine), kinase inhibitors

(e.g. flavopiridol, stayrasporin and hydroxystaur ri rugs that affect flsp90 (e.g. geldanomycin
and geldanomycin dK/aﬁl’l}?/le@ss?Péscj?él?lg&g%}éjarﬁesgéﬁggg\%g?ang %fr(ﬁll e%%i%rgé dr%tibody fragments that
selectively binddierbldR9@neand/or radiation therapy. In some 10embodiments, the additional cancer

therapeutic agent is TRAIL. etoposide, a TRAIL receptor antibody, allsp90 inhibitar. TNIl-u or TNIF-13.
The general method-?cg)%rléell?ﬁ%sﬁrci?ﬁél%?]?ﬁl Sg%sgp%%ﬁi%gé%%@ r%e%b?ﬁge E%SB%P%%R%%%%S%) cell with
an effective amoeintahatiSMAC I mimetic foontpoenodicoptieriadie ddiionvéd OyathieSstep ahdetecting,

dgly, e s e e e e el e o
having one of thendaditionsidescuipethdiereibab tinhetieatbd omalletrotetl By, pSMAC hinetic.
X’ comprises at least one aryl or heteroaryl ring;
Q represents -O- or -NR*-, where R” is H, optionally substituted C1-C8 alkyl
or optionally substituted C1-C8 heteroalkyl;
20 Q’ represents —CH,-, -CH(OR)-, -CH(R)-, -CH,0-, -CH(R)O- or «(CH;)sNH-,
wherein R is H, C;-C4 alkyl or C;-C, heteroalkyl;
or one or both of Q and Q’ can be a bond when L comprises a ring;
eachnandn’ is 1-3;
each m and m’ is 0-4;
25 each Z and Z’ independently represents an optionally substituted C1-C6
aminoalkyl group; and
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
C12arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.
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In preferred embodiments, the cells are in situ in an individual diagnosed as in 20need of an apoptosis
promoting&;&gﬁ&gﬁ%ﬁ?d the contacting step is effected by adininistering RWI\?MMW
pharmaceutical composition including a therapeutically effective amount of the SMAC mimetic,
wherein the individual may be subject to concurrent or antecedent radiation or chemotherapy for
treatment of: a neoproliferative pathology. In particular embodiments, the pathogenic cells are of a
25tumor, such as glioblastoma, astrocytoma, breast cancer, prostate cancer, lung cancer, pancreatic
cancer, gastric cancer, colan cancer, gvarian cancer, renal cancer, hepatoma, melanoma, lymphoma,
or sarcoma. iﬁ %‘b‘cﬁ%ﬁ'ﬁp 8?&6%8%%%%?%% eestrggﬁgnal%sp?g@ﬁ élr%m&i}gcells or cells of
tissue subject igepaiitogenin nflemmatibs prgloidutofmupiynd widervariety of BDdisepses involve
such pathogenig inflammation, including rheumatoid arthritis, WO 21108/128121PCT/US2008/060140
diabetes, asth ),'Iupus, myasthenia gravis, Graves disease, inflammatory bowel disease (e.g.
Crohn's disease, ulcerative colitis and related conditior), pelvic inflammatory diseases, chronic
obstructive pulmonary disease (COPD), chronigabroncr‘itis, pneumoconiosis, pulmonary emphysema,
interstitial lung fibrosis, allergic 5rhinitis (hay_levey), inflagnmatary cardiovascular diseases (e.g.
congestive heart failure and ischemia/reperfusiondrjuries),ygtherosclerosis (including coronary artery
disease), stroke, neurodegenerative diseases, such as Alzlieimer's disease, multiple sclerosis and
amyotrophic lateral sclerosis (ALS), neuroinflam ory disgeases, organ transplant rejection,
autoimmune hematological disorders, psoriagis; scletddoma, 10chronic active hepatitis, primary Hilary
cirrhosis, glomerulonephritis, uveitis and keratpconjunctivitis. The subject compositions encompass
pharmaceutical compositions containing a th icatly effectiv; amount of an active, dimer-like or
trimer-like SMAC mimetic as described abdve in ge form, ahtl a pharmaceutically acceptable
15carrier. In some embodiments, such compositionfs also contain an additional therapeutic agent, such
as an anti-neoproliferative chemotherapeutic ageny,_in addition to the SMAC mimetic. Modes of
Carving Out the Invention The present inventiqm/may understood more readily by reference to the
20following detailed description of the preferred embodiments of the invention and the

5 or a pharmaceutically acceptable salt or hydrate form thereof,

wherein R, and Ry, are independently H or C1-C8 alkyl, C2-C8 alkenyl or C2-

C8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted; or is optionally substituted phenyl;
R' is H or optionally substituted C1-C8 alkyl;
10 each R® is independently H, C1-C8 alkyl, C5-C12 aryl or C5-C12 arylalkyl, or
a heteroform of one of these, each of which may be optionally substituted; or is a C8-
C14 bicyclic or tricyclic ring system comprising a 5- or 6-membered saturated or
partially unsaturated ring fused to a C5-C6 aryl or C5-C6 heteroaryl ring, which ring
system may be attached to nitrogen through any available position on the saturated or
15 aromatic ring;
U represents ~OR?, -OC(O)R?, -OSO,R®, C=0, -OC(O)OR?, -COOR?, -NR?,,
azido or halo, where each R® is independently H, or C1-C8 alkyl, C1-C8 alkenyl, C1-
C8 alkynyl, C5-C12 aryl, C5-C21 arylalkyl, or a heteroform of one of these, each of
which may be optionally substituted; or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl,
20 C5-C12 aryl or C5-C21 arylalkyl, or a heteroform of one of these, each of which may
be optionally substituted; and
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Examples included herein. It is to be understood that the terminology used herein is for the purpose of
describingvﬂg%}%g1 odiments only and is not intended to be limiting. ItisfHthglsigshe ¢ nderstood
that unless specifically defined herein, the terminology used herein is to be given its traditional
meaning as known in the relevant 25art. As used herein, the singular form "a", "an", and "the"
include plural references unless indicated otherwise. For example, "a" dimcr includes one of more
dimers. WO 2008/128121PCMJS2008/060140 As used herein, a "therapeutically effective
amount’ s an amony tequired o roduce 8 deeiier eraRSHS Sfieg! 1N asoHe SXfiem,enimal. or
human, that is being sougﬁt,pe.g., a researcher or clinician. Lﬁfherore, the term “therapeutically
effective amounrtimmegansany anwapnitededfoas.compared to a corresponding subject who has not
received such amount, resylts in improved treatment, healing, prevention. or loration of a disease,
disorder, or side effe%t, %1}o§1 el %{:Sétll‘? %ﬁgepa%gnogrgg{/%rsmc?elghbegr%r%?rf }cﬁggglgeﬁ rgfé isaogéder. The term
also includes withidts faojre: aeoufits théfectpeddoaniiancepnondrad fofoysivlo eal [2hatidn.

ASéJsed herei 1é§.ubject" refers to a human or animal subject. In certain 10preferred embodiments, the
subject is human.”  As used herein, "hydrocarby] residue” refers to a residue which contains only
carbon and hydrogen, unless otherwise provided.Jhe residue may he aliphatic or aromatic,
straight-chain, cyclic, branched, saturated or urﬁﬁal\l;ratedwor any combination of these. The
hydrocarbyl residue, when so stated, howeveZma Qc’ontain heteroatoms in addition to or instead of
the carbon and hydrogen members of the hydrocarhyl|group itself. Thus, when specifically noted as
containing or optionally containing heteroatoms,the rocarbyl group may contain one or more
heteroatoms as indicated within the "backbone" ofjthe hydtocarhyl residue, and when optionally

substituted, the hydrocarbyl residue may also have one or more carbonyl 20groups, amino groups,

hydroxyl groups and other suitable su ts ther described herein in place of one or more
hydrogens of the parent hydrocarhyl residue. /As sed herein, the terms "alkyl,” "alkenyl" and
"alkynyl" include straight-chain, branched-¢hain \anti ¢yclic monovalent hydrocarbyl radicals, and

combinations of these, which contain only C and H WHeh they are unsubstituted. Examples include
25methyl, ethyl, isobutyl, tert-butyl, cyclohexyl, cyclopentylethyl, 2-propenyl, 3-butynyl, and the like.
The total number of c@fB&h%ﬁ%‘%ﬁ“@H&ﬁ%‘{f@ﬁaﬂ%ér'iﬂtigl’s‘@ﬁ%’é’l‘i?rfég%lg&ﬁ%@&%%‘ﬁé‘?@., when th
group can contain 4p.Le;lemearhemAlamsdrmay be described as 1-10C or as CI-C10 or as C1_10.

When heteroatoms (typically N, 0 and S) are allowed to replace carbon atoms of an alkyl, alkenyl Or

alkynyl group, 30as intheteroRikin HrouprirgrbyaibstEutst hliBatsydescribing the group, though stil
W@ 2008/128121PCk/52Q08/069148 alkyl, =0, OR, NR, OC(O)R, NRC(O)R, NRSO:R or

COOR, wherein each R is independently H, or C1-C8 alkyl or C1-C8 heteroalkyl,
each of which may be optionally substituted; and wherein two Y groups can cyclize to
form a 3-6 membered ring that can be saturated, unsaturated or aromatic, and which
ring may include a heteroatom selected from O, S and N as a ring member and may be
15 substituted;
W represents C=0, C=S, or an optionally substituted C,-C alkylene or C»-Cq
heteroalkylene;
X represents an optionally substituted C5-C20 ring system comprising at least
one aromatic ring and up to four heteroatoms selected from N, O and S as a ring
20 member, and can represent either a single 5-15 membered cyclic group or two 5-10
membered cyclic groups that are both attached to the same atom of W, provided that
each X comprises at least one aryl or heteroaryl ring;

nis 0-3;
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written as e.g. C1-C6, represent the sum of the number of carbon atoms in the group plus the number
of such he t are included as replacements for carbon atoms j f in being
described,{%%?llc}:%ﬁ,st galkyl, alkenyl and alkynyi substituents of the inveﬁi?ﬁ%%%gﬁo t21&10C (alkyl)
or 2-10C (alkenyl or alkyny1l). Preferably they contain 1-8C (alkyl) or 2-8C (alkenyl or alkynyl).
Sometimes they contain 1-4C (alkyl) or 2-4C (alkenyl or alkyny1). A single group can include more
than one type of multiple bond, or more than one multiple bond; such groups are included within the
definition of the term "alkenyl" when they contain at least one carbon-carbon. double bond, and they
are 10included Within%léeéé m "alkynyl" when they contain at least one carbon-carbon triple bond.

Alkyl, alkenyl and alkynydgesers -aORGftOTsOMRTLOSDIR the -sate it iaIGREN SUBRIULNR hakes sense
chemically. Typical substituents incl but are nat limited to, halg, =0, .=N-CN, =N-OR, =NR, OR,
NR2, SR, SC)2RI&H: 2Wﬁﬁ%‘&5’fz‘téz, 18N Efﬂ%f?a&l 6‘68@%&@&,&'&%?@&5‘ -E6NR2,
(OCR, COR, aritaN@zint@e@in eathd3-Sindepandenily. tcofcanadtyin€af G eetardadkyl, CI-C8
acyl, C2-CS heteroacyl, C2-C8 alkenyl, C2-C8, het enyl -C8 alkynyl|, C2- eteroalkynyl,
CoE1 2 aryl, S ALY T ST AH LA 2 R SO asht it S 5 IS o
selected from ldda; EDasNo OO -ERIQR1ARGO R, ANRRt2rdBhrin SOAR' o SO RZ;INR 'SRIZRMANR'CONR'2,
NR'COOR', NR'COR', CN, COOR', CONR'2 00CR', COR"and NO2, wherein each R' is independently
41, CI-C8 alkyl?@%’ﬂgfé}l(%%'ﬁ? |W&g'§§ }?f%‘é:%’%g{elrso Oct)}lg,oéfgo-@ "8Vl or C5- C-12 heteroaryl.
Alkyl, alkenyl and alkyhigl groppsncily albstivetstibstitechin Sk@ oy WB2r&s thetendacyhagS-Cl 2

aryl or C5-C12bheteroag(r)yéél,eea(ilch~ of W‘h%Cht ccfp be substituted by the substituents that are appropriate for
the particular gr%tlﬂ’).a protegtg e%%ﬂ%llf“, I e(r)géllkenyl", and "heteroalkynyl" and the like are defined

sirhilarly to the correspoaditigihyirecatiad {atkyloalkenydandamibyeyt)ddioups bt Ihenthetero’ terms
refer to groups that contain.one or more heteroatoms selected from Q. S and N an inations
thereot, withn e BE0R G L P PRET e SO S B oA cng ik
alkenyl, or allynyl group is replaced by one of WO 2008/128%21PCT/US2008/060140 the specified
heteroatoms to form a heteroalkyl, eteroglkenylior hete yl group. Preferably, each heteroalkyl,
heteroalkenyl and heteroalkynyl grollp contains/only 1-2 heterodtoms as part of the skeleton of
backbone of the heteroalkyl group, ik&., not insluding substituents that may be present. 5The typical
and preferred sizes for heterofgrms of ;
the corresponding hydrocarbyl groups, and the subjstituents that may be @tsent on the heteroforms
are the same as those described above for the hydtocarbyl groups. Where such groups contain N, the
nitrogen atom may be present as NH or it may be optio sulstituted if the heteroalkyl or similar
10group is described as optionally substituted. Where Slich grouHs contain 5, the sulfur atom may
optionally be oxidizedOtlo Sanr §cce)gtiléa Ilesgcgth{-:-%lyﬁiisseﬁn(gjgagggf ngg re; s)oen%of chemical stability, it is
also understood that, Unless Otherwise gpecﬁ%a, suc groa,ps o hot include more than two
contiguous heteroatowbasip&t ofdtike heterdaikyllohidy] althdugh alitdxO 08 plkeaylbe pizsent on N
or%as ina nitr@

80arlkyny1, or a heteroform of one of these, each of which may be optionally

substituted; or is optionally substituted phenyl;

R' is H or optionally substituted C1-C8 alkyl;

Y represents C1-C8 alkyl, =0, OR, NR,, OC(O)R, NRC(O)R, NRSO;R or
COOR, wherein each R is independently H, or C1-C8 alkyl or C1-C8 heteroalkyl,

20 each of which may be optionally substituted; and wherein two Y groups can cyclize to
form a 3-6 membered ring that can be saturated, unsaturated or aromatic, and which
ring may include a heteroatom selected from O, S and N as a ring member and may be
substituted;

nis1-3;

25 m is 0-4;
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15sulfonyl group. Thus -C(0)Nt12 can be a C2 heteroalkyl group substituted with =0; andcan be a C2
heteroalkxl,g Q?@H%E"'f replaces one.ca.rbon, N replaces one carbon an%%ﬁ’%%%ﬁg with two =0
groups, ile "alkyl" as used herein includes cycloalkyl and cycloalkylalkyl groups, the term
"cycloalkyl" may be used herein to specifically describe a carbocyclic non- 20aromatic group that is
connected via a ring carbon atom, and "cycloalkylalkyl" may be used to describe a earbocyclic
non-aromatic group that is connected to the base molecule through an alkyl linker. Similarly,

"heterocyclyl" may be used to desgribe n-aromatic ic Qro, entay tlegstkone
heteroatom as a ring gmﬁseef’&na%%a’tT@&%h@c@%%ﬁgﬁﬁﬁ%égg @i(téﬁrihgé g@rﬁn O(falﬁ%e 2yclic group,
which may be Zias bk lanel WietereaysRaikyhdapaydoatisel to désCiibikglchl  Graikprtai$-connected
to another molggule thr alkyl lj The sizes and substituents.that gre suitable for the
R e T S s s s

cycloalkyl, cyc o) roc groups are the same as those described

above for alkyhgiiohpsaylhesidentla eyeltaliadatcyd bi(ettolcycdyatiylkgnalif @eCEriiemtie total
number of carbgn atoms 30 rbon atoms plus heteroatoms that replace ca toms of an alkyl,
alk%]nyl, alkyngll%'c@c%gmycﬂ?r%@eaﬁ }ap?{o}ft{fgoﬁ ¥ tl%%é) Ihnrérée%liﬁrg,n %?st%l gér’rﬁ?sc %Ps%g“?rfgé%u edengs that
contain a doulle deichartwdsasitedgaad the ring is not aromatic. As used herein, cycloalkyl may also

include bridged carbogyclic ring systems, such as the adamanty] ring system. 5As used herein, "acyl"
encompasses group c%ﬁ{b?%ﬁg?&%ﬁry asfkgﬁflta icélny , a )?r% }%ar{}/ﬁycirgéryf)a%% Ya0ich ARAthed at one of
the two availableival@noepasisiongaftaceat fomyl carbon atom, e.g., -C(=0)R where R is an alkyl,

alkenyl, alkynyl, aryl, or arylalkyl group, and heteroacy! refers to the carres ng' roups wherein at
least one carbon othé? ﬁ%lé}r{\ilﬁ%eg t a%tbnfl CaF nglr(l) Bs’beén rrneoﬁgrélgfig 6)3 taf? ngqear g%%rg%%osen 10from N,
0 ad S. Thustetesdaocyuiiciudtes; for gxamiyesatoF) ORnandinG (GNRRIasIwal-83D):
-C(=0)-heteroaryl. Acyl and Beteroacyl groups are bonded to any group or molecule to which they
arc attached through the open Vale of th@&icarbonyl carbon atom. Typically, they are C1-C8 acyl
groups, which include formyl, aggtyl, pi yl, andpenzoyl, and 15C2-C8 heteroacyl groups, which
include methoxyacetyl, ethoyyCarbenyt; an ridingyl. The hydrocarbyl groups, aryl groups, and
heterofomis of such groups that comPrise an acyl or h terdioy! 5Up can be substituted with the
substituents described herein as gengrally sy{fable sufjstituents/or each of the corresponding
component of die acyl or heteroacyl grou;ﬁ " tic Sty '\'/aryl" moiety refers to a monocyclic

or fu.sed bicyclic moiety having the well-kyown ¢ aracteriséfiécs of aromatlcilg};9 amples include phenyl

and naphthyl. Similarly, "heteroaromatic” a L ;rclaroaryl" fer to such monocyclic or fused bicyclic
ring systems which contain as ring members one or more heteroatoms selected from 0, S and N. The
inclusion of a heteroatom permits 25aromatiéﬁ§Win 5-membered rings as well as 6-membered rings.

Typical heteroaromatic systems include monocyglic C5-C6 aromatic groups such as pyridyl, pyrimidyl,
pyrazinyl, pyridazinyi 0 {rr‘a@.‘r‘i‘ﬁ‘}%ﬁ%ﬁlﬁﬁﬁm ?5%‘3?%@%%%?}’65 azrghe/l, ?Hfggoﬁiﬁ?ig{ﬁ é%%f‘;%l I3)§azolyl,

isoxazolyl, imidazclcoiazokticivadiadalyofoxadiazolyl, and tetrazolyl rings, and the fused bicyclic

moieties formed wherein each Y independently represents an optionally substituted C1-C8

15 alkyl, C5-C12 aryl, C5-C20 arylalkyl, or a heteroform of one of these; or is =O, OR,
SR, S(O)R, SO;R, SO:NR;, NR;,, OC(O)R, NRC(O)R, NRCOOR, NRC(O)NR3,
NRSO;R, CN, C(O)NR,, C(O)R, COOR, NO;, or halo, wherein each R is
independently H, C,-Cs alkyl, C5-C12 aryl or C5-C20 arylalkyl, or a heteroform of
one of these; or is any other substituent suitable for an alkyl group;

20 and wherein two Y groups on the same ring can cyclize to form a 3-6
membered ring that can be saturated, unsaturated or aromatic, and which ring may
include one heteroatom selected from O, S and N as a ring member and may be

optionally substituted;

m is 0-4;
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30by fusing one of these monoeyclic groups with a phenyl ring or with any of the WO

21108/12%}8%50% %9%008/060140 heteroaromatic monocyclic groups toppfms%%og&gobicyclic

group such as indolyl, benzimidazolyl, indazolyl, benzotriazolyl, isoquinolinyl, quinolinyl,
bentothiaz,olyl, benzofuranyl, benzothienyl, benzisoxazolyl, pyrazolopyridyl, quinazolinyl, quinoxalinyl,
cinnolinyl, and the like. Any monocyclic or Fused ring bicyclic system 5which has the characteristics of
aromaticity in terms of electron distribution throughout the ring system is included in this definition. It
also includes bicyclic groups \1/\3”8)(?5(? at least the ring which is directly attached to the remainder of the
molecule has the characteristics of aromaticity, even though it may be fused to a nonaromatic ring,
such as tetrahydronaghthiRl! imdaiyls fiutnenmylemihyithe: ipgiobaMy pidatitntee Cihg $ydtens contain 5-12
ring member atoms, Pref aet&l%/ & maneayclic heteroaryl groups.contain 5-6.kng,members, and the
bicyclic heteroaryls c%‘ln%lei%al -12 rinénr(nemt%%%rsl. Lpengref/]lef:;[r? ’ﬁ£§£%%f¥r%§é%é§7nay be optionally
substituted wittyel vdkigty(¢f-6i80diitught€ EIRIdIiRgnS]; CS-alkY IaGR-CB @XKenylaB2ECH alkynyl, C.5-C12
aryl, Cl- 15CS acyl, and heterofanps of these, each of which can itself rther substituted; other
sué'stituents fohreglérlrﬁ@lﬁa ﬂ?e?élreo(g:}/ﬁ?rsl%igﬁ%s%c Ude ﬁréighb&ﬁp%ﬂﬁﬁ%ﬁgg%éé gleNRZ, NRSOZ2R,
NRCONR2, NRCOOR, NRBQR; BN, .BORR nGONR2LODOR;th€ (@) R, thadaNO2 awherein each R is
independently 11, CI-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 h teraalkenyl, C2-C8 alkynyl,
C2-C8 20hete¥g’(}]alﬁ<§{nhﬁ?]é@-%?f%aer%%g%{@fﬁ Rékié)%arlngy u%g t@%ﬁ%l%ﬁ%‘?}%ﬁ "E21 heteroarylalkyl,
and each R is @ptiondlycsubstitngechashdeseribaddbaed formalkyl@roups aPrefepredtmptional
substituents when present on an ary] « eroaryl ring include opti _%?I hal ated alkyl (C1-C4),
optionally halogenate%slé 13)??/‘?&f-%t%rg]ﬁigﬂé,%m(;g??&\ﬁa-( ?fat g)n I%Hﬁi??l\%/ e?éeggach Ris
indeépendentlyhElennakindlalkPCBhaksulystitile0t droapsidyran, 41§ Ot hetedanyd tRdagtemayybf course

be further subgtituted with, f1&; grouRs AssHIRSSNRTEIN A3 RGP 108 8RS WRsShaiguP that
substituted with ~OR’, -OC(O)R’, -0SO,R’, C=0, -OC(0)YOR’, -COOR’, -
NR92, azido or halo, where each R’ is independently H, or C1-C8 alkyl, C1-C8
alkenyl, C1-C8 alkynyl, C5-C12 aryl, C5-C21 arylalkyl, or a heteroform of one of

15 these, each of which may be optionally substituted; and

7. is an optionally substituted C1-C6 aminoalkyl group wherein the amine may
be in a protected or unprotected form.

The compounds of the invention synergize with TRAIL (TNF-related
apoptosis inducing ligand), with etoposide, with TRAIL-related substances including

20 a TRAIL receptor antibody or TNF-¢, and with anti-cancer drugs to overcome the
apoptosis-inhibiting activity of caspase inhibiting proteins. Without being bound by
theory, the present compounds are believed to act by binding to IAP, thus preventing
IAP from binding to and inhibiting caspases. This frees the caspases to initiate
apoptosis. Accordingly, the compounds of the invention can promote apoptosis in

25 cells that are abnormally resistant to it, which are typically pathogenic cells.

For example, compounds of the invention induce apoptosis in glioblastoma
cell culture, typically at picomolar concentrations. The compounds provide new
adjuvant chemotherapeutics for cancers, particularly those that resist programmed cell
death by over-expressing IAP proteins. The compounds are stable, protease resistant,

30 and freely membrane permeant. The compounds are not by themselves cytotoxic,
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comprises the substituent. Thus, For example, an arylalkyl substituent may be 30optionally substituted

on the ary|,porfi ith, substituents described herein as typical for aryl gr, | i be further
substitute é%zttaﬁg/}gg&%ortion with substituents described herein as typiclg#g@g%&é%gﬂggalkyl
groups. "arylalkyl" and "heteroarylalkyl" refer to aromatic and heteroaromatic ring systems
which are bonded to their attachment point through a 5linking group such as an alkylene, including
substituted or unsubstituted, saturated or unsaturated, cyclic or acyclic linkers Typically the linker is ClI

-CSalkyl or a hetero Eorggrn? th(—;-r%i(%l‘ These linkers gnaﬁl also include a c.arbon%/é%{o%A hus making them
able to provide SUELHTuETS 4 HA'SES & RRTENS LY PHEeR) HrP SRCEr A AEBAN éf“i‘h an arylalkyl or
heteroarylalkykgriatipathayche: 100ptiastally Substitidiecuaitto the wamespiostituents described above for

aryl groups. Preferably, an arylalkyl group includes a phenyl ri optionall substituted with the groups
Gefined above for oy GrOUREE R BT CRURABHE BT PRSP CRRdied with one o

two _CI-(t:4faIk>érgrmt@ﬁ_ gomgm@temafb&ﬁa@iogmi\ggmmhg alloyhpseticroaticy tng{@up&isi@ﬂ:?mlﬁonally
cyclize to form a ring such as cyclopropane, 15di e, or oxacyglopentane. imilarly, a
retbroanyllkyl B AR R O S, NI G1E Kexol Srn SR thdt - tnally
;s#bts_tltutedbwtl_ttbhmﬁlg&eum éjﬁﬁﬁtﬁibﬁﬁﬁ?ﬁmmﬁ' isin@sétitléﬁsﬂsiﬁy(p@apomﬂryﬁ gtn@ruﬁsiflia?m&&ll alkyl_einc
at is =substityted or is ifuted with one or fwo CI-C4 a roups or heteroalkyl groups, or i
includes 20 arl bEBEN LULLHIE LRI e O AR Byl BT
beteroalkyleneAtatiis: rslebstitupadrorais stibdtifoigsbwitberenpiisin Cl-Bdsathd amedendalkyl groups,
where the alkyl or heteroalkyl groyps can opti I {ze to Form a ring such as cyclopropane,
dioxolane, or %%Vf?&@%@%&? We@hﬁé%@@iﬁ%%\m%P&ﬂ%a% U&scribed as optionally
138ubstituted, phersubstiticahtacogyddean @jtien the alkyl or heteroalkyl portion or on the aryl or
heteroaryl portion of tg%!groug. Ttiesubstituents optio 4alll Eresent on the al% or heteroalkyl portion
are the same as thos 8eH %Sdo B%%@YSPS%F&S&?% gé g}%ﬁﬂ?;afﬂ}ee‘%tu%s? éWféllb%}i8 ally present
on the aryl or hetexgaiyl poriatcare the wameas teseldeskridédkahewdfarandigodspsrgenerally. WO

2008/128121PCT/1J52008/060140 . cArylalkyl" groups as used herein are |-iydrocarbyl groups if
oy oo e ST B S RS R T o B R e s . vione

or similar linkesimkhissasi deozyhgrau midaamdtatyl atkyh grovimand: phemtet whdsetn @&-arylalkyl,
"Heteroarylalkyl" as.described.a efers to a moiety comprising an aryl group that is attached
ihlgugh 2 ik ST0 8 TN RO IS R R St B SR R SOt 6 18 51 Thotety or
one atom in thélimkilag gnodpis @ heterpatontsel@sidd iroA, dantis(Id)e heterearylalkyl groups are

described heref ASGRANG 9.1, 9 MDD, oL IR B . n9 ok ombineg and ey
dimeric and trimeric SMAC mimetics of the present invention for enhancing or
inducing apoptosis. In another aspect, the invention provides pharmaceutical

20 compositions comprising a dimeric or trimeric SMAC mimetic compound, useful for
the treatment or amelioration of cancer, inflammation, or an autoimmune disorder,
and at least one pharmaceutically acceptable excipient, wherein the dimeric or
trimeric SMAC mimetic compound is a compound as defined in any one of formulae
@, TA), (1), (1A), (2)-(5), (7)-(13), (13A), and (14)-(16)

25 In some embodiments, the pharmaceutical compositions further include at
least one additional cancer therapeutic whose activity is synergized or potentiated by
the SMAC mimetic activity of the compounds of the invention. Examples of such
additional cancer therapeutics include, without limitation, antimetabolites
(e.g. cytarabine, fludaragine, 5-fluoro-2’-deoxyuridine, gemcitabine, hydroxyurea and

30 methotrexate), DNA active agents (e.g. bleomycin, chlorambucil, cisplatin and
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10groups linked through a heteroalkyl linker; heteroaryl groups linked through a hydrocarbyl linker
such as a %WE d heteroaryl groups linked through a heteroalky!l ”PBWUé%H?/ gghgxample,
C7-hetero%vri§la y W%u d include pyridylmethyl, phenoxy, and N-pyrrolyimethoxy. "Al?<y|ene" as used
herein refers to a divalent hydrocarbyl group: because it is 15divalent, it can link two other groups
together. Typically it refers to -(ClIs)"- where n is 1-14 and preferably n is 1-8, though where specified,
an alkylene can also be substituted by other groups, and can be of other lengths, and the open
valences need nat be at opposite ends of.a chain. Thus -CTllI?vie)- and.-C(Me)2- may also he referred
to as aIkerne§ M és()]%g?f%hé)&clﬁ%l)g?‘%ﬁf)célﬁl(t:]ﬁ%ggte%ﬁo(ﬁ?%paaﬁ{wpdglyﬁnanénvﬁlé)\jlgg P? 8?%5?&?%/,6 & three-atom
linker that is anyalkyldnmbiieiups fereXampleagafeys, tyd divalengrod purowlyidh)the available valences

for attachment to qther groups are separated by three atoms such as ACH2)3-, i.e.,. the specified
ngth reproso RS D PAT RO Aok e St LT G VA MR S e R mier of
atoms in the hyadotasbyl growge. . {idp)2idwaehdpthvitba thrandraiom inkencsinoethe®5available
valences are separated by only ane atom. Where an alkylene group is substityted,.the substituents
incﬁjde those @(g%ga}?;yﬂr)?%(én (r)rﬁcéﬂ&tlméir]%g%lslgé?r 35' it)élgaegaegr%gﬂfgt%ﬂgx- (ggﬁelnshg% example of a
one-carbon subigtittitéetalkytehstidéharevinsrdasciibechasinhdaturated, fhe@lkylehe group may contain
one or more double or triple bonds, and may be referred s.alkenylene group,if it contains at least
[i% a c? 8 9 s?é % [’Ra? ﬁci@é% 6({?,% a%gtlJanoma/

one carbon-cat BOR SRUBte BO AU Srag Al R Yyiene Group it ontains ofie Carbon-carbon

triple bond.  ariti gtédeadkylenel @s useck herdiicis defiedisiimiays tmthencbrréspondindadkylene
groups, but the "hetero' terms.refer to gro 31%1 ontain one.or. moye Sheteroatoms selected from O.
S and N and c%oral e ?o%%?ﬁ%?@%ﬁeé%tgﬁ%&:ﬁ)e Sé?ék ’oanngﬂl }rgérsri%%%??ﬁ%eéﬁé’as one carbon atom of a
cdrfespondingeatityléme:grouirisddiplace d by andoitheticpeciiad TiRielbatomssiddorfikAibteroalkylene

group. Thus, - C(-=0)N1-l- is.an gxample 0&  twoscarbon stjituted heteroalkylene, where N replaces
one carbon, and &’ %rs‘h usl%ﬂ(liﬁfeael\;iﬁﬁ:a i 1-n:h.‘ %%’lﬁ)ﬁ? * Q}S\hr?yiﬁgr?g" as used herein refers to divalent or

trivalent aromatic or hétaegarematiceting systamsithat aréndocidgdpottesis attaphivesnhpeinis through a
bond. "Arylalkylene" as used herein refers to divalent o triyalent aromatic and heteroaromatic ring
cvatoms which 418 BRI S el SRR PR B R e TG SFoupe, mluing
substituted or upsubsiijuieiihwaduratdd aepnsdtucated, direlid aacddaeytiolinkérsnimbBpme
embodiments, (e g k}"i%@%z'ﬂs%kfr’? adotofie bt Hlseatta%'ga?‘te%qﬁ.” 9 may QEJSI%H@Q J%u%‘ﬁ grvlalkenylene
group if it contains at least oné carbon-carbon double bond, or as an arylalkynylene group if it contains
at least one caidorniganpan dikgdedsonch Typicaly teedadkylehaitakeens Ga+C8latkylendR00r a
heteroform thepeof, These Rkers. Ma% /3o ngld e%qu%olnzyrllgﬁoe%%(f%lfls akigg ejn able to
provide substitientestich as an acy of he eroacyl moiety. Forexamp e,-(a(‘:qélyisl -%r-C(O)(Cl—lZ)Z-
and -C1-12-ArSBHZC angnetamples of arylalkylene groups.
In preferred embodiments, the cells are in situ in an individual diagnosed as in
20 need of an apoptosis promoting treatment, and the contacting step is effected by

administering to the individual a pharmaceutical composition including a

therapeutically effective amount of the SMAC mimetic, wherein the individual may

be subject to concurrent or antecedent radiation or chemotherapy for treatment of a

neoproliferative pathology. In particular embodiments, the pathogenic cells are of a

25 tumor, such as glioblastoma, astrocytoma, breast cancer, prostate cancer, lung cancer,
pancreatic cancer, gastric cancer, colon cancer, ovarian cancer, renal cancer,
hepatoma, melanoma, lymphoma, or sarcoma.
In additional embodiments, the target cells are pro-inflammatory cells or cells
of tissue subject to pathogenic inflammation and/or autoimmunity. A wide variety of

30 diseases involve such pathogenic inflammation, including rheumatoid arthritis,
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"Heteroarylalkylene" as used herein is defined similarly to the corresponding 25arylalkylene group, but
contains o%%m%%gieteroatoms, selected from O, S and N and combingfigrathed R ithin the
alkylene residue or the aromatic ring; thus at least one carbon atom of a corresponding alkylene group
or one carbon atom of the aromatic ring is replaced by one of the specified heteroatoms to form a
heteroarylalkylene group. For example,-(Cl12)2NIIC(0)-Ar-C(0)NIWCII2)2- and - 30C112-pyridyl-C112-
are examples of heteroarylalkylene groups, In general, any aLkyl, alkenyl, alkynyl, acyl, or aryl or
arylalkyl group or any heterofarm of one of these groups that is contained in a substituent may itself be
optionally subé%%%é%b%ﬁ Hﬁﬁgﬁgf’S%élﬁ%lj%nﬁ%s‘%n?gﬁé’%%ﬂrees 6111 %%‘ésgélg%lgg}f?&zor{%glg‘gﬁﬁilar to those
recited with regaxddo(the pliohaly sisbatitudntsathentstiesnd thinbdubsiiitients, advinot otherwise

described. Thus,where an embodiment of, for example, le is alkyl, this ay, optignally be
substituted by YHE PR Sse&B%s[irtT%]J@ﬁPsl CIiglpeSt zf§ éep L%Igi]i(r)ﬁlgmsfy %%‘?%@jv@gre) tfég(?ﬁlgkes chemical
sense, and wherethisid pesumadeamdesiv)ipe tive sig e diptity providec: feuitihEl atigyfipersse aBaggialkyl
substituted by al.kyl or by alkenyl would simply extend the ypper limit of carbon 10atoms for these
em odiments,%}ﬂﬁlfsdﬁ%%% &t dlenﬁ i) Héallﬁléﬁ%‘ggp SWeillre%ri,R; gﬁsﬁs&&ﬁﬁ%%%yeﬁﬁ%{gryl, heteroaryl,
amino, hydroxyaialkoxyd((StheiatkylyrfelionSnanidsthetlikepvetarits s dimdluicie caithiarthetscope of the
invention, and the atoms (ﬂf these substituent groups are not counted in the aumber ysed to describe
the alkyl, alken i’%f%.’ﬁ}f) i%’tH%l g é%rl?ﬁraé\é%nge I sWRere no humber of substituents is specified,
each such alkydclatkseinyinabsipytr @it branykgikoupniay.He optioidlyrsubstitudéd avith argamber of
substituents accordi?%to its availakgle valen S %le(i)niga ﬁ{o% 15%;# kn%\r/vgspriggigloeéogachemical
stability; in parﬂrgﬁfg a rllﬁjce)?tfﬁg’s%ug%nﬁ%lg?ﬁay%e opﬁona y Su Stittited with Tiuorine atoms at any or
alliof the availabienialenteshenataiheniatombijifary20ekasypigomertidatgrioforntastissed herein refers
to a (led vative of a roup such.as an alkyl, aryl, or acyl, wherein at least. one carbon atom of the
designated callﬁ%%gg)c%:l?(l:l- %Cltjlr})’ 535 been replaced by a heteroatom selected from N, 0 and S. Thus the
heteroforms of alkenyThalkyinyktaoybpasylicandayigiyd pherhetenaatky/kdnatesdgalkenyhi2Bheteroalkynyl,
heteroacyl hetefoary, and petereaniall, rspestivelys hisundgrsioed iNAl uRsA piherwise
specified, no nfor® than two N, 0°or S atoms are or marily connec ed sequentially, except where an
0X0 group is athaiched to NeanrBdo dboveamitreage Suifonyidpgiiprmaceutically “Opdetally substituted” as

used herein indicates {hat the papfigular 9roup,or 300rauRs LANG JSESHREd MR RGVe no
non-hydrogen stibStituentd 6rthe group or

therapeutic agent, such as an anti-neoproliferative chemotherapeutic agent, in addition

to the SMAC mimetic.

Modes of Carrving Qut the Invention

The present invention may be understood more readily by reference to the
20 following detailed description of the preferred embodiments of the invention and the
Examples included herein. It is to be understood that the terminology used herein is
for the purpose of describing specific embodiments only and is not intended to be
limiting. It is further to be understood that unless specifically defined herein, the
terminology used herein is to be given its traditional meaning as known in the relevant
25 art.
As used herein, the singular form “a”, “an”, and “the” include plural

references unless indicated otherwise. For example, “a” dimer includes one of more

dimers.
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WO 2008/128121PCT/US2008/060140 groups may have one or more non-hydrogen substituents. If
not otherwji ified, the total number of such substituents that may bei,e% t{)&?ﬂ?ﬁ%' to the
number ﬁslfg%%@ﬁ%qg}esent on the unsubstitutcd form of the group being described. Where an
optional substituent is attached via a double bond, such as a carbonyl oxygen (=0), 5the group takes
up two available valences, so the total number of substituents that may be included is reduced
according to the number of available valences. "Halo", as used herein includes fluor, chloro, bromo
and iodo. Fluor and chloro Eg}e)pf.ten Qrgﬁerred..'irﬁ)' vinﬁf“ as used he{,eig agefé{:-nrnsé totl\llellz towhere an
amino is described a8*18°§UBSHH Y GF UIHSTANY SUBSTGER e 4R SRS ES Kherein
each R' and Rpisdinctependeatiyidreniscartiatkyh alkany] satkymykaay], anyhuoraarytatkid group or a
heteroform. of one of these groups, and each of the alkyl, alkenyl, alkynyl, acyl, aryl, or aryl:alkyl
groups or hetetof 8 oAE 0 %%éeéegaﬂgﬁﬁlsolgc &%%ﬁ%ly Eﬁtggﬁfb &d t\/Hn I'ticfﬁg & gg?ﬁgﬁéiﬁescribed
herein as suitafifedigvdhencarire spanding dotypeatof titdups Thefernd alsccinatupesifogashivherein R' and
R" are linked together to form.a 3-8 emberef'd_rin ‘which rpae(??r satltuergétzlg wnsaturated or aromatic
and which contaiR<4> 3 NEEFASTOATS HIBRENaERt SEISBRE Yo N U A S iRy Members, and
which is optionalhnstibstitiviedf withsthecs dbstitieenis désefibed asasidtadlecfor ttkydtgraups or, if NR'R"
IS an aromatic group, it is op i‘onallésubs itut@d 'Wi]tlh th 20 lSJbSti(':[ %{étss q 81%ri1?sesd as, typical for
heteroaryl grodpgancenElt fl HISCHSH OLHISALICL o SR SO YR WREILE &fi2iSroup containing at
least one nitrogemassa:fibgiatom cthere ndhedd idupiid attedHedddothe base molecule through a
nitrogen atom of the azacyclic ring. Typically these azacyclic groups are 3-8 membered monocyclic
rings or 8-12 membe%?j'glleccl/gﬁbuf%’se%%?ﬁ%l sf/%r,}teerrsr%). %quw%ri%lcglc |8{%xjnr%?usf)1 8%ﬁ'n§l rﬁ%&glﬂwan four ring
members can pptiofady imeddilecone thddiilgoal lhétereatom selected from N, 0 and S, and an azacyclic
group having more than six ring members can optionally include one.Or two.additional heteroatoms
selected from N, 0 an‘%séfsﬁébf%g’lﬁz, gﬁﬁégg%%%ﬁcpegsrlgﬂﬁ igc%%ﬁ?gr%rrﬁélt%f zi’ﬁg %‘u%%r%%résc%f% groups
can optionally betsubstiduiedrvgth sinkstitv@nis ifwapana@ds Uiiablesidnalkyly droulysh aligpical examples
of azacyclic groups include pyrrolidi.ne, .pynolidinone, pi rigine marphali.ne, thiomorpholine, and
piperazine. In 8&?%3\ 1%%%%%% e & Cé%gfl%rﬁ% S?Oﬁ%%%ne 8ra%smﬁa %feé?g\gi%neyd that at least one
ring nitrogen atombminiarfivectmem érebring: s thecrithog evheancanrelabdivevpoimaf attachment to
th d‘?ase molecule. Examples of aromatic systems that capn be azacyclic 5groups include pyrrole,

imi azole, pyrac%lfél} ?ﬂ%ﬁ%i%t%rpfnlcrl‘oa\%&mn%( é)riﬁl\llse%ﬁ |or01?p{%18vclareso %éﬁ(eﬁcrbﬁ/aéoén% If}?ﬁ]nlé? ?kI%e¥
compounds of fiasmypdas: b angt¢LAv)ithaf. pdasess tierospediiied] stnootdrad lyogivaitan himding domains. In
many embodiments, each bindin 1c}iomain includes a,monocycl.ic or fused bicyclic rin stem that is
substituted by gp ﬁggg%r?émé?ﬁ/ }(r:lgn (?Bltlenri%agtOgljrrl(s)1;{5,6 ?‘R?d)r(ocflﬁ% segg}lﬁ%fﬁlaylﬁ%lo?ﬁ%%ng g}egrf?%léed by a
linking group, ard:whitersimilaiitaedorthingnedodkdtobe”idé ttichydvcettgincsivibo dimenitsof formula
(), each binding domain is, the sa ogl}e molecule is symmetric about its_linkin The
apoptosis-pro gﬁlﬁaa@grﬁ%%%ﬁgse%} gfhn"(u g?ﬁr%ﬁé?sel%f %f)}'a?r%os%%%ﬁ%ee%r e%rgr?ba%{%ﬁﬁglrein as
'digters'. Theseerdimerahimel gdeupothyslymxyletrimips and other suitable substituents as further

described herein in place of one or more hydrogens of the parent hydrocarbyl residue.
As used herein, the terms “alkyl,” “alkenyl” and “alkynyl” include straight-
chain, branched-chain and cyclic monovalent hydrocarbyl radicals, and combinations
of these, which contain only C and H when they are unsubstituted. Examples include
25 methyl, ethyl, isobutyl, tert-butyl, cyclohexyl, cyclopentylethyl, 2-propenyl,

3-butynyl, and the like. The total number of carbon atoms in each such group is
sometimes described herein, e.g., when the group can contain up to ten carbon atoms
it may be described as 1-10C or as C1-C10 or as C;_1o. When heteroatoms (typically
N, O and S) are allowed to replace carbon atoms of an alkyl, alkenyl or alkynyl group,

30 as in heteroalkyl groups, for example, the numbers describing the group, though still
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15dimers formed containing two identical monomers of, e.g., formula (6), or formula (17), or formula

(18), or fora;m I%&%/?ls?zsi well as unsymmetrical dimers. The unsymmetricaﬁ%@@@ﬁﬁ&ntain two

non-identical’monomers of a single class (e.g., both are compounds of form ey may
contain monomers selected from different classes, e.g., a monomer of formula (6) with a monomer of
formula 20(17) or (18) or 09). In other embodiments, the apoptosis-promoting compounds of
formula (.1) are sometimes described herein as 'turners', when b is 1. These “trimers' include both
symmetric (rimers formed containing three identical monomers of, e.g.. formula (6), or formula (17), or
formula (18), o‘?"fﬁf‘?ﬂtﬂ%@(@glég%éﬁljégsﬁ%%%ﬁf&r?? %ﬁﬂf&g?lé%fﬁ?ébﬁﬂﬁ?ﬁ?ﬁé?rf@ﬁ@mrs may
contain three poisigenticabmonemescafasinglaioss (@dgudall arespiropacmndsefdatpula (6)), or they
may contain monomers selected from one or twaq or three different classes, e.g., one or two monomers

of formula (6) AHRABHEBF Rt OBABRENESRIRG! (17) or (18) or (19). WO
20081128121PCT/US29ASAC Q4 AIKy, nicampaundsyal fampula@idwoes tvesiamidatshntaining

binding domains, D, D! and D", are linked together by a link depicted as when b is 0, or
o R N A e e b e e b i S
this linkage cap-gomyriseynbmekeus! alteonativassthiatcasmineludeca ehain shatsayirersubstituted and

may be saturated or unsaturated; it may alsq include a combination of cyclic and acyclic features, in
frequent emboBiBHES, £ FUBHSSHRRD SISO Sl R BiPcE Hlﬂisml%gé’rfbﬁlcffnlﬁé)ffoptionally

containing frorthin®hetatoapams seleatec: frarps NrdianddSd whish linkae s tid8atomsimlength when
counted along the shortest path between Q and Q', or QO and Q", or Q' and Q". In compounds of
formula (1), each<&” ‘Q%W?W}@lﬁr%‘sl&ﬁﬁ MRy ﬂXPPQp?}%‘SélﬁtEO- > 3Pgl\t?%y,3&}\ﬁ1ere each R2
is independentlychhdeptivinahytisbstiutadyaiICSvabyiiayaphodally Rubstitetedoh8rbeteroalkyl; or-
CH(OR)-,-CH20-, -CH(12)0- or -(CH2)4NEI-, wherein R is H, C1-C.4 alkyl or C1-C4heteroalkyl; or one
or more of Q. &@ﬁ&’@’dmay be a bond when L comprises a ring. Each amide-containing binding

domain, D, D' and D" Anhgrelpeasenid islipaepandpntiestlestaditnithe gioupiconsistingtof
substitution makes sense chemically. Typical substituents include, but are not limited
to, halo, =0, =N-CN, =N-OR, =NR, OR, NR;, SR, SO;R, SO,NR,, NRSO,R,
15 NRCONR;, NRCOOR, NRCOR, CN, COOR, CONR,, OOCR, COR, and NOa,
wherein cach R is independently H, C1-C8 alkyl, C2-C8 heteroalkyl, C1-C8 acyl, C2-
(8 heteroacyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8
heteroalkynyl, C5-C12 aryl, or C5-C12 heteroaryl, and each R is optionally
substituted with one or more groups selected from halo, =0, =N-CN, =N-OR’, =NR’,
20 OR’, NR’;, SR’, SO;R’, SO,NR’,, NR’SO,R’, NR’CONR’,, NR’COOR’, NR’COR’,
CN, COOR’, CONR’,, OOCR’, COR’ and NO,, wherein each R’ is independently H,
C1-C8 alkyl, C2-C8 heteroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C5-C12 aryl or C5-
C12 heteroaryl. Alkyl, alkenyl and alkynyl groups can also be substituted by C1-C8
acyl, C2-C8 heteroacyl, C5-C12 aryl or C5-C12 heteroaryl, each of which can be
25 substituted by the substituents that are appropriate for the particular group.
“Heteroalkyl”, “heteroalkenyl”, and “heteroalkynyl” and the like are defined
similarly to the corresponding hydrocarbyl (alkyl, alkenyl and alkynyl) groups, but
the ‘hetero’ terms refer to groups that contain one or more heteroatoms selected from
O, S and N and combinations thereof, within the backbone residue; thus at least one

30 carbon atom of a corresponding alkyl, alkenyl, or alkynyl group is replaced by one of
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WO 2008/128121PCT/US2008/060140 wherein each Ra, Rb, Ri, Z. Y, W, X, ii m, and R6 are as
further de ith the proviso that, when b is 0, D and D' are not (}‘Qﬁ ula0 5In
some emboé(rjzn@n@ o%\é\f/ rmula (1), when his 0, D and D' are not both of the formula f,ﬂﬁ%
compounds of formula (I) where 1) is 0, the amide binding domains D and D' may be the same or
different. In certain embodiments, they are different, meaning 10that their backbone structures are
different. In other embodiments of formula (1), the amide binding domains D and D' are the same,
meaning that their backbone structures are the same, e differentially substituted.
In further embgﬁb Riliates §|%%%%W&?ﬁd c?c?%l%geﬂno &1& gp%ayrggfggﬂ( g&?‘elgﬁ%rﬁgw identical
backbone strugtun@s }aﬁﬁemayutgaﬁemtmahﬁqbshmﬂmké@haptblﬁewﬁmmylm@mqmtsmﬁfmmulae M,
when b is 0, bot gD are of the form In co ds oaff ulaé) ere b is 1, the amide
binding domalﬂg b, ? ﬁ%‘%ﬁ%g%@gﬁ%&% e&;ﬁergﬁ ¢ ra‘ SRBodMEnE Wy are different,
meaning that the, bmtkbdméiﬁg@ﬁh&fﬁﬁe@iﬂh&t@ﬁ{p@f@;ﬁé@nD and D" are dlfferent In 5 other

empodiments or formyla (i) where b is 1, the amide binding. domai ame,
megnlng that their ba S(g}%céﬁﬂ?: UPES %{Feei g%saf%%ha O%rrﬁstﬁpgﬁl end’l arent Ife?ff)lfysubstltuted
In further embeggchimsnis; gm&ﬂelllyiﬂﬂﬁmgrd@ma“m& dbr&@plo@dlnmmnm@e dgdenticahbalekbone
structures, bearlg% |dent|c substlpuents In so eemb%{dlments fformula%) each I?rﬁgand Rhis

mdependentlyﬁq WisgeL TG I}ber“(]: (ﬂfglsaﬂ{y f Py R 98%0 M Shie of these,
each of which shayebfeopianaliyculbgtifuseds. oW&m*ptmnhlgtcsqhsmnmd Fhéemryitaeh Rbia dependently

H or optionally subatited CLCRANIL, Ang sacIAIRIS RESRE & ERRRRSRYS i preferred
10 group is described as optionally substituted. Where such groups contain S, the sulfur

atom may optionally be oxidized to SO or SO; unless otherwise indicated. For
reasons of chemical stability, it is also understood that, unless otherwise specified,
such groups do not include more than two contiguous heteroatoms as part of the
heteroalkyl chain, although an oxo group may be present on N or S as in a nitro or

15 sulfonyl group. Thus ~C(O)NH,; can be a C2 heteroalkyl group substituted with =O;
and —SO,NH- can be a C2 heteroalkylene, where S replaces one carbon, N replaces
one carbon, and S is substituted with two =0 groups.

While “alkyl” as used herein includes cycloalkyl and cycloalkylalkyl groups,

the term “‘cycloalkyl” may be used herein to specifically describe a carbocyclic non-

20 aromatic group that is connected via a ring carbon atom, and “cycloalkylalkyl” may
be used to describe a carbocyclic non-aromatic group that is connected to the base
molecule through an alkyl linker. Similarly, “heterocyclyl” may be used to describe a
non-aromatic cyclic group that contains at least one heteroatom as a ring member and
that is connected to the molecule via a ring atom of the cyclic group, which may be C

25 or N; and “heterocyclylalkyl” may be used to describe such a group that is connected
to another molecule through an alkyl linker. The sizes and substituents that are
suitable for the cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl
groups are the same as those described above for alkyl groups. The size of a
cycloalkylalkyl or heterocyclylalkyl group describes the total number of carbon atoms

30 or of carbon atoms plus heteroatoms that replace carbon atoms of an alkyl, alkenyl,
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Each Z in compounds of formula (I) independently represents an optionally 15 substituted CI

-C6aminoq#}g5%(§)/g£g frequent embodiments, each Z represents a 1-aryj %MO§MQ§IWent. In
erred embo I((R3

certain pre iments. Z represents a group of' the formula --Cl NR41, where R3 and R4
are as further described herein. In more preferred embodiments, each of R3 and R4 is independently
selected from H and CI - C4 alkyl. In particularly preferred embodiments, one R4 is H and the other is
methyl. 20Where present, each Y in compounds of formula (I) independently represents CI -C8 alkyl,

O R R R NS B SR s eadh R s ndeprndenlul, ©1-C8 aly!
or CI -C8 hetefk > ahd Wherein e gréjups can Cyclize to form a 3-6 membered ring that can be
saturated, unsatigratied osrasamadioytdadadioh tirng andynnaiutie dnhesaroaiomasédectediboim 0, S and N

as a ring memper 25anﬂ\I be optionally substituted. Each m, where present, is independently 0-4;
in many embo fehts) ¢ %Iorpi},%iﬁa glé}:%&]é).g\rlb er%jcﬁ?eg‘g%@fsq%& é%ﬁ@s’\f\}iﬁ as‘?ﬁé)
20081128121 R@ahik$A008/GeL40 In compounds of formula (1), each W, where present,

independently represgnts an QP“O”@QX ?uggéitutegsgel;cro algglener.g{nCIéggl eltear&a{lk lene. In certain
pretferred embodiments. {7 co%%lﬁSes an aml(c)irélgnme@[)% =Y %Havher prese%f, indepéndently
represents an giptionaly s ubsiitindd Gadic2Dattaghsysteoncomijpeisingaatikdst vreraropnationing and up

to four beteroatpms selected from N, () and S asaJing member, and.can represent either, a single
5-15 memberet 8)%1{ Od‘réucﬁlof) ?m%‘@lfﬁhé%@?i% %@8’[%%1%8383 allt ga@%e%%thﬁagﬁg iﬁé‘&y %b the same
atom of W, pravideddhal eaatp Xawod mpeisesaticasttonkanydrerpobeténgamdupagvinrspedificst
embodiments, X re rigsen¥ a B}her% | ring, or fwo. gleﬁlg% gine%srgt%ggfg fo }tlhgelso%r%e acﬁicl)omegf W, or a
1Otetrahydronz(:l)f)lﬁt%yr S glny arrilng%i’/% e%rw],yeach of which may be oplYonaﬁy Substitiited In
cditipounds of fiormMa( EhescH RE, wiveoecytéselnt]ds iiodepandently (HO0(DBaakkylCGCHIINR. aryl or
C5-0 2 arylalkyl, or g het r(gf8 m (Bf one of these, each of which may be optionally substituted; or is a
C8-C14 bicycli%:saﬁrlélﬁc ic ﬁné s%/gigﬁ%y 5comprising a 5- or 6-membered saturated or partially
unsaturated ring fused ¢gl ardSe €O @l oo TS a@6bheterbmryhyirgowphicmohggystewhmby he attached

o irosen vSgal 0 Lol R0 s S S A ey gppodimes
diphenylmethythpyrcyitiefiyhcol pairdyettivh imcBpledific30smigtiprerits; onel leés F5Flandlthe. other
Eesets o PRl eSS Y g sl atached o
(1) are also suitahitéfoyifoiine lay ik).aBsihgronpeoanytigrofiferamd adt) otmmamidecbontaipiiyaiomains
are linked togethier by, &,INk398 ARG ATO LKA GRN.GRIRMIEE AY B nes
described herein as generally suitable substituents for each of the corresponding
component of the acyl or heteroacyl group.
20 “Aromatic” moiety or “aryl” moiety refers to a monocyclic or fused bicyclic
moiety having the well-known characteristics of aromaticity; examples include phenyl
and naphthyl. Similarly, “heteroaromatic” and “heteroaryl” refer to such monocyclic
or fused bicyclic ring systems which contain as ring members one or more
heteroatoms selected from O, S and N. The inclusion of a heteroatom permits
25 aromaticity in 5-membered rings as well as 6-membered rings.
Typical heteroaromatic systems include monocyclic C5-C6 aromatic groups
such as pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, thienyl, furanyl, pyrrolyl,
pyrazolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, triazolyl,
thiadiazolyl, oxadiazolyl, and tetrazolyl rings, and the fused bicyclic moieties formed

30 by fusing one of these monocyclic groups with a phenyl ring or with any of the
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alternatives that can include a chain that may be optionally substituted and/or unsaturated; it may also

include a %9 Sbgﬁ f cyclic and acyclic features. In many embodimengs.ffespsiadi L represents
a Cl-C24 hy rocar é linker, optionally containing from 1-8 heteroatoms selected from N, 0 and S. In

compounds of formula (1), L represents a linker between Q and Q' that is 1-18 atoms in length when
counted along the shortest path (by atom count) between Q and Q'. L may be optionally substituted as
described herein with substituents that are suitable for its structure. 5In some embodiments, I. is an

optionally substituted and/or unsaturated Cl C14.alkyle -Cl4 heteroalk ene. r.example, L
may represenig gg\ar&ﬁu&l@qg(ﬁ%ycgf ETAL aﬁl%éri]())/ rer%/e@g 8(@%} am/(ChC muqln\f(er of ag qg%éroform of
one of these, érahiofidubithl alaheydpbianaily sobdtitsbedine frel uentcdmplotmmentsatolglsubstituted

with one or mqre ca bon ubsti 0), to for linker r 100ne.or fnore acyl groups.
In certain eml:?& ér E tlrarlﬁ ?C(% Pb/u Gt ceﬁ’rglyaatzo X %%%%E}Haééﬂﬁ Ctlng the two

available valempem&an@ddmum’qer ofdatonsken l@mgt’@maysluemmjsbdmnhglbthy;,hhagrsteunnecting the

[ncser of atoms in. Iﬁa%g Ifnefome e Sp ents L is 2-8 atoms in

tw available v r}}rﬁs an evz?cr{em faromaticity 1 cciron
length, countln‘ﬁé (jlst Iglsdﬁor es patﬂ Between ncer ain emb |ments I. can also

include one ortmongﬂmﬂam:atmmswalﬁctedlémmd\inammeﬁnbmdeglsmtnnbid@ebacyiwsxlflde linkage.
In compounds of form 1), L can be sub tlt te ents Iud 1 d it can comprise
one or more n%ougg‘gg? é ??theaﬁa aH8enat'c c&4 %é( %({ ('119 Cf_ﬁﬂ

inkage onnects ere L comprises at least
one ring that |Srpﬂdstmlfedra&mmthmEM%tapaﬂy(bycatdmughunt)mx)hﬂMmk}@aand Q.0

and/or Q' in formula (1 can be a hond as well as fth structures des bed herein for Q
and Q', Wherenl % ‘B t1c rm suc tgiraﬂésdrondaﬂ%%c%%&ﬁeﬁ reng y(ﬁyfﬂ% (Ii

fises ® Ying, t fie fing may etero aryl, or heteroaryl, and
ma§ be furtherByhsiityiebl: Suchyritgsmaydie ﬁltémagmyﬁwﬁmnicto Ihefernbds tharbocyclic,

heterocyclic, aromatic etemar matic, eac ich may be 250ptionally substituted Such
rings can be cOnHEE (? ‘fo ero%?’orglf'u@)s “Wh %1rne le AN %réf)r%rsl%el}% gh é’ ol S}{tte rlﬁr égcan be
connected by hentaon8-Q oim@ndirgleths.to the carbon to WhICh Q or Q' is attached), at any ring position,

ond i m b e e es i ot el pAm s R lfens o
atoms in WO Wi@ﬁ&ﬁﬂ&ﬂﬁ@&@@%/ﬂﬁﬂlm -C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C1-
15 C8 acyl, and heteroforms of these, each of which can itself be further substituted;
other substituents for aryl and heteroaryl moieties include halo, OR, NR;, SR, SO2R,
SO,NR5, NRSOsR, NRCONR;, NRCOOR, NRCOR, CN, COOR, CONR;, OOCKR, -
C(O)R, and NO,, wherein each R is independently H, C1-C8 alkyl, C2-C8
heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8
20 heteroalkynyl, C5-C12 aryl, C5-C12 heteroaryl, C5-C21 arylalkyl, or C5-C21
heteroarylalkyl, and each R is optionally substituted as described above for alkyl
groups.
Preferred optional substituents when present on an aryl or heteroaryl ring
include optionally halogenated alkyl (C1-C4), optionally halogenated alkoxy (C1-C4),
25 halo, -NH,, -OH, -CN, -NO,, and NR,, where each R is independently H or C1-4
alkyl.
The substituent groups on an aryl or heteroaryl group may of course be further
substituted with the groups described herein as suitable for each type of group that
comprises the substituent. Thus, for example, an arylalkyl substituent may be

30 optionally substituted on the aryl portion with substituents described herein as typical
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length, and preferably 2-8 atoms in length. For example, L could be a 1,3- disubstituted aryl or

heteroarylmosgfzglwten-l,4-diy1 linker Frequently, the ring whighyis;ea¥dsrfsh1if substituted
by carboxy groups which form the point of attachment to Q or Q', such that an ester or amide linkage is
formed 5by the bond between Q/Q' and L. In preferred embodiments, L comprises an optionally

substituted 5- or 6- membered aromatic or heteroaromatic ring. In specific embodiments. L comprises
at least one optionally substituted phenyl, pyrazole or triazole ring. In some embodiments, L comprises

an optionally substituted phenyl or pyridyl.10ring that may be _2-3?5 bstituted, or 1.3-disubstituted, or
bt by R & ek (NI B8 e RS et
separated fronddiweibiHeyconeas oy phaieatoitblthfiradé yhehodesl in L. In other embodiments, L

comprises an optionally substitute razinyl..triazinyl, pyrazolyl, or thiophenyl ring, each of which may
be optionally substitu é%‘;l ra &’ur%ﬁ%ﬂag#@ga?r{ngﬁ %r,( a¥8%$n1¥(|c}ﬂséé@éaﬁotf 1eaI%fu"?)(héngptionaIIy substituted
triazole ring thattsearmofitbeitinkestbetvelkinQuartendedRingeiwhitivloonmp s péroogthe linker. L. may

be optionally stituted to the extent such substitution makes chemical,sense, Preferred optional
subgstituents w Héﬁ“ﬁﬁéé%?ﬁ %%%ar{fnaélva\l/%%%n&rl%fﬁ@én psélrlfsglf?ﬁelrﬂ?ﬁggsg S)%g(%fiéa %ﬁ%% (Cl -
20C4), TCFS, -ﬁk@Eiﬂ;‘dnaﬂop-@wPo;NQ@h{ONkmsNmﬁyiwﬂla}rehedtrhcﬂ is (Hidegediddnttya lheairi©1-C4 alkyl.
In certain emb Odlm&ré}se()?{ f%r&%l% I%gst n&&r@ %33%1%8.0( I(t}lg)r %II 155%%%% %csi I%Q((I%netﬁr n;i\rylalkylene
group, or a heteroform of one of these, to whic an are attached.”For example, I'can be
-C1-12-Ar-C11®ig G (@A (d)sit808sAs- 803:yt @ (D)tpaoyl-moiashere Ar represents an optionally
substituted 5- or 6-membered aromatic .or. heteroaromatic ring..Jn s odiments, L. comprises a
phenyl ring that may ) fﬁfglls%q%ﬁﬁltgdlf%% f:??d% r%‘@ﬁ%f%é ,%?@%@d%%@ llf)ﬁltg]ﬁ\ b trél_e groups Q
antDQ', which maiphé!disetiytatte ohitid tte taenringboti menythée sapardtdu frolvr thiglrimgupy.one or more
atoms that are included in L. 1n other embodiments, .. comprises 30an. optionally. substituted 5- or
6-membered h%]iee%]%%@ysf ’r?ﬁg%rﬁﬁ%ﬁ?r%%)y %6%@%?% lhw@%&gyffé@ﬁE@@E@%@&%&%&MO 1-4
heteroatoms sgleotediffimd\iboaniciSuas aroing admidel-018 ilkenethidadimewhisiituiedmpiises an
optionally substituted C3-C10 cycloalkylene.rin In certain iments, 1. j ne or
more triazole rlsrllltlgjg&vg t?c th&éf geodi?gé}tlﬁgt gc ﬂé I?Hgsé)zac?gﬁgc%iergthPgﬁ’g‘ﬁ%g@%sﬁgﬁg and/or Q'

or which may be Bettachied thoopghaarppliofele grhetdrofikylermniirkeh 4s pdeificranthodiments, L

comprises two é{laz?zlleerlg s,gach gtte%(%ggzed directly to an azacyclic core through the bonds Q and Q',

wherein the two tazole rings are separated by an optionally substituted, saturated or unsaturated
alkylene or heteroalkyiengagouphasertoyrahalayylervepoidiyrabBinnebréginadmdodimantsyofiformula (1),
QL-Q - repreﬁ&@%ﬁﬁ‘&&&%r&éstel'se&ﬁ%%Jéﬁ?ﬂs%%éﬂl'c%}‘%’@%@{ﬁé‘Qéoups described above as
substituents typical on aryl groups and a C1-C8§ alkylene that is unsubstituted or is
substituted with one or two C1-C4 alkyl groups or heteroalkyl groups, or it includes
20 an optionally substituted phenyl ring or C5-C6 monocyclic heteroaryl and a C1-C8
heteroalkylene that is unsubstituted or is substituted with one or two C1-C4 alkyl or
heteroalkyl groups, where the alkyl or heteroalkyl groups can optionally cyclize to
form a ring such as cyclopropane, dioxolane, or oxacyclopentane.
Where an arylalkyl or heteroarylalkyl group is described as optionally
25 substituted, the substituents may be on either the alkyl or heteroalkyl portion or on the
aryl or heteroaryl portion of the group. The substituents optionally present on the
alkyl or heteroalkyl portion are the same as those described above for alkyl groups

generally; the substituents optionally present on the aryl or heteroaryl portion are the

same as those described above for aryl groups generally.
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0000 wherein each q is independently 0-8, and each aromatic, heteroaromatic and heterocyclic

ring is optwy % ted In certain embodiments, the ring that comprlﬁeiam%?%f\?ggbstituted

with one or more substituents selected from the group consisting of -OH or NH?. In
particular embodiments, -Q-1,41- represents a stmcture WO 2008/128121PCT/US2008/060140
wherein R is -OH, -OMe, halo, NO2 or NI-L. In certain preferred embodiments. R is OH. OMe or NH2.
In other preferred embodiments, -Q-L-Q'- represents a structure 5 In other embodiments,

e(ri klj_ogl'r-nraenr;rsesents Zgrr Lé) qﬂggf se(l)elcted fro he f0||2(l)W g 000 " In still further
-Q-1,-(2Ye) =P etiigite t‘ﬁr SFSHte&er Bi3WhE GBUES wo
2008/128121 RGIbKGAA68/amd 240described by the total number of carbon atoms in the ring and
alkylene or similar tinker. Thus a benzyl group is a C7-arylalkyl group, and
phenylethyl is a C8-arylalkyl.

5 “Heteroarylalkyl” as described above refers to a moiety comprising an aryl
group that is attached through a linking group, and differs from “arylalkyl” in that at
least one ring atom of the aryl moiety or one atom in the linking group is a heteroatom
selected from N, O and S. The heteroarylalkyl groups are described herein according
to the total number of atoms in the ring and linker combined, and they include aryl

10 groups linked through a heteroalkyl linker; heteroaryl groups linked through a
hydrocarbyl linker such as an alkylene; and heteroaryl groups linked through a
heteroalkyl linker. Thus, for example, C7-heteroarylalkyl would include
pyridylmethyl, phenoxy, and N-pyrrolylmethoxy.

“Alkylene” as used herein refers to a divalent hydrocarbyl group; because it is

15 divalent, it can link two other groups together. Typically it refers to —(CHy),- where n
is 1-14 and preferably n is 1-8, though where specified, an alkylene can also be
substituted by other groups, and can be of other lengths, and the open valences need
not be at opposite ends of a chain. Thus —CH(Me)- and -C(Me),- may also be
referred to as alkylenes, as can a cyclic group such as cyclopropan-1,1-diyl.

20 However, for clarity, a three-atom linker that is an alkylene group, for example, refers
to a divalent group in which the available valences for attachment to other groups are
separated by three atoms such as (CH,)s-, i.e., the specified length represents the
number of atoms linking the attachment points rather than the total number of atoms
in the hydrocarbyl group: -C(Me),- would thus be a one-atom linker, since the

25 available valences are separated by only one atom. Where an alkylene group is
substituted, the substituents include those typically present on alkyl groups as
described herein, thus —C(=0)- is an example of a one-carbon substituted alkylene.
Where it is described as unsaturated, the alkylene group may contain one or more

double or triple bonds, and may be referred to as alkenylene group if it contains at
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Q-N/IV-0 (CH,) cr--NN/N O wherein each q is independently 0-8, and each aryl or heteroaryl ring
and alkyleﬁ%%@#ﬁ E(gftlonally substituted. In other embodiments. L 5@}3%;&%&&{3ﬁtlonauy

substitut ene or CI-C14 heteroalkylene which may be saturated or unsaturated. For
example, T. can be -(CH2)c where g is 1-8, and may be optionally substituted with groups suitable for
an alkyl group. In certain embodiments, the alkylene chain is substituted with one or two carbonyl
oxygens (=0). When L is unsaturated, it is sometimes a CI-C14 alkenylene or CI-C14 alkynylene linker.

For example, n be 1,4-but-2-enylen H2-C1- 1— -CH2-); 1,10-deca-4,6-di ne
({CHASC ISR S RO g . LR R AEByL S5 A By

substituted vetsionabeme bdhasidtear also include one or more heteroatoms, for example it can be
-C1-12-0- CIL- or -(C 2)IN ArC(0)NIRCI12)2- bstlt d ver ion of one of these. In some
embodiments, -O-L- U TAEPRLEVRSR St JoEhBEctel Hooh SR e St e
2(1118112812M6T¢hSROOBIOBAIAO mthfBOtEtﬁls rc{Whergmu@ac]mqasnmdepemdemdyco -8, and each
alkylene group may be naII ubs The s rou rib d

co%pounds 0 tﬁlﬁ)ﬁfgr&!}) ?Br L |ﬁlgo?ﬁﬁlourh‘§so 0 Il%’ger]rfﬁ(ﬁ a f GP %ks)n&) -(5),
(7)-(16), (3A) aaﬂcﬁieS/éhus at IIcﬁammpowm afdnudd 4Jc)mea@hr@agndl@lama)gmd@per@muda¢ represent

-0- or -NR2-, where e R2 is endent racCl-C4 aI I In some e odlments Qand Q' are
the same. In's %8&% Sdlj?ﬁé%n% eeécrﬁa(?ér?do(goﬁn ﬁlpﬁtef nf(%mugo ments each Q and Q'

may independ@ﬂﬂ@mﬁes&mt@ch&pdawhem\&ommmmmrmgi hetspedifitcambddira@ts, each Q and
Q' |ndependentI)I/ﬂ%%ggeosn%n(;[g]f OliloQ[(l:i dv¥hlesn81libcg mpri s\%stha‘t1 'eSStrSQe triatole ring.

10 “Arylene” as used herein refers to divalent or trivalent aromatic or
heteroaromatic ring systems that are bonded to their attachment points through a
bond.

“Arylalkylene” as used herein refers to divalent or trivalent aromatic and
heteroaromatic ring systems which are bonded to their attachment points through

15 alkylene linking groups, including substituted or unsubstituted, saturated or
unsaturated, cyclic and acyclic linkers. In some embodiments, the alkylene linking
group is unsaturated, and may be referred to as arylalkenylene group if it contains at
least one carbon-carbon double bond, or as an arylalkynylene group if it contains at
least one carbon-carbon triple bond. Typically the alkylene linker is C1-C8 alkylene

20 or a heteroform thereof. These linkers may also include a carbonyl group, thus
making them able to provide substituents such as an acyl or heteroacyl moiety. For
example,—(CH;),C(O)-Ar-C(O)(CH;),- and -CH;-Ar-CH,- are examples of
arylalkylene groups.

“Heteroarylalkylene” as used herein is defined similarly to the corresponding

25 arylalkylene group, but contains one or more heteroatoms, selected from O, S and N
and combinations thereof, within the alkylene residue or the aromatic ring; thus at
least one carbon atom of a corresponding alkylene group or one carbon atom of the
aromatic ring is replaced by one of the specified heteroatoms to form a
heteroarylalkylene group. For example,-(CH;),NHC(O)-Ar-C(O)NH((CH,),- and -

30 CH,-pyridyl-CH,- are examples of heteroarylalkylene groups.
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The same groups described here ibr Q and Q' in compounds of ‘formula (1) are also suitable for Q. Q',
and Q", i mpounds of formulas (2)-(5), (9) and 15(13), and {Qr B R nds of
formulas ( §9§71 (%'j) -(16). In compounds of formula (1), n and n’ caﬁndependently be 0-3,
and in some embodlments n and n' are the same. in certain embodiments, n and n' are each selected
from 1 and 2 and can be the same or different; in specific embodiments, n and n' are both 1. In
compounds of formula (1), each of (Y). and (Y")"1, represents one or more substituents optionally
present on the nitrogen-contajnin ch.of m and 'is0-4.1Inc unds of formula (1),
each of the nitrogen- %ﬁ?&ﬂ%g rlggék ! a[lk a}fferp ;1/5?‘;‘8 Strtlufilr-:-\tlj1 EBAE P@nﬁnélwlfs |noleypendently
selected from libe:siubstitoénis déﬂmﬁe@dwssﬂrmas soﬁmMecﬁmraaikbkgmmmMseidample each Y and
Y' may 10independentl prese % OR, NR SI C(0 2R or COOR,
wherein each RI¥ Hﬂ?@y (‘:‘% g% %(yfu%sﬁuég%e g?ona%}rf A IElers%“‘a%rrfb N Snbod |?n%nts two Y or
Y" groups on alﬁiﬂgietcnltrowmmtamlngagmg grmppmayycs;mmmfotmmsewmafehb unsaturated or
argmatic ring h V|n 3-6 r|n bers. an jonally. containin one he to N, O or S) as aring
mgrrrr]ber and 153UE errllrtrsg&uem r:}rneénvtlsscmay bE% o%pt:%lnamy JSabsti uefeg (ﬁ? s?rtlf)ab(e)substrtuents as
described herersrumpleer&ertﬂilnyEmmmmemgmlfoomnlla bﬂ:)auhsanniembarmehermmeg In many

embodiments, each of m g aS em r%olrS rﬁcrg bodr einqﬁzluldsemrrbre arrnd— landm=m'
= 0. In some e%‘ln o&?ﬁ’eﬁt erem an mnare ,eac g %6\? are fhe same. The groups

described hereihdar (fiaddeY nist ooﬂwmmmmoﬁrfmmma}(ﬂ@vaiedal@ammtyﬁevﬁnsv &t aniklyY", where

present, in com oundt% (%for L1Ia§ ké %21}1 éQ}%pl%é?&?ﬁ)sh&l% (116 él%ndlp(')§) gl‘zﬁ) In such

compounds, eacS“fum mY dnd'w pres n , are cOmpounas of formula (1), each Ra, R. Rb
and Rb" is mdapeml&mtlyelsle ahatoalarkm @ﬁd@ﬁraikmﬂgdhﬁod @bﬁﬁdﬂ@m&l }hrvaahet,erhrfyirm of one of

these, each of which may h tron lly substi uted i tlon 523 nyé ome
embodiments, BHem]ftfﬁ?égnﬁélﬁ ﬁr%ﬁ&’ﬁ% o‘fﬂ]er |é§é(f? ééll%t alﬁ :C4’alkynyl and
one of Ra, andukbilis ]ﬂgeandrﬂnid)etﬂnemoeﬁwmﬂralkylec@ﬁeﬁjﬂtw@maemzmmﬂsl812008/060140
alkenyl, or C2 4 alk ther embodiments nd R1 d the r is cyclohexyl
or optionally su sgtrtu’t}gaj( 1‘?\ {OUPSEGy %%‘rﬁﬁ%%"ﬁ Jo o?um”[ﬂl §r(E§eeacé_lf§rEb P %ﬁr’ndependently fl
or optionally srab@tgmeﬁccg-ﬁsmlkg&lmbpx@eimd@eﬂbodrments Ri and RI' are H 5Each of Zand Z' in

cqmpounds of formulg (1 |s inde nde tl onaII tituted CI-C alkyl group. This can
bg%a Cl -Co alkyl group atis sug\%%u?e é{blstﬁt %egalss,ts Re aersriur?g%r%cr})l gn(a/rs optlg?r/ally substituted

with one or mmkmbbmgmmsﬂ@b@md@muan&ﬁﬁmuamalkgd gioup nimysmet embodiments, 7 and
7'canbeal- a%stl ueXl AR rlfé: rt]oaﬁc's avm?ng eva oeﬁcr:] sl grﬁdl maargoiggf x%’r'l %ul)\irn principles of

chemical stability; in particular, any of these groups may be optionally substituted

with fluorine atoms at any or all of the available valences on carbon atoms, for

20 example.

“Heteroform” as used herein refers to a derivative of a group such as an alkyl,
aryl, or acyl, wherein at least one carbon atom of the designated carbocyclic group has
been replaced by a heteroatom selected from N, O and S. Thus the heteroforms of
alkyl, alkenyl, alkynyl, acyl, aryl, and arylalkyl are heteroalkyl, heteroalkenyl,

25 heteroalkynyl, heteroacyl, heteroaryl, and heteroarylalkyl, respectively. Itis
understood that, unless otherwise specified, no more than two N, O or S atoms are
ordinarily connected sequentially, except where an oxo group is attached to N or S to
form a nitro or suifonyl group.

“Optionally substituted” as used herein indicates that the particular group or

30 groups being described may have no non-hydrogen substituents, or the group or
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10aminopropyl, where the amine group is substituted with one or two optionally substituted CI-C8 alkyl
groups, arkg(r)n%x ? Ple substituted with a CI-C8 acyl or heteroacy! group-¥haSyRisahgmbodiment,
each of Z an Is 1-aminopropyl, or .1- aminoethyl, or aminomethyl, or 1-methylaminopropyl, or
1-methylaminoethyl, or methylaminomethyl. Alternatively, Z or Z' can be 1-ethylaminomethyl or 1-
15ethylaminoethyl. In certain embodiments, 7 and 7' are the same. Where 7 or Z' has a chiral center
adjacent to the carbonyl to which it is connected, the chiral center may have either the (R) or the (S)
configuration. For specifi embodlments it |s etimes prefer blyﬁn the absolut onflguratlon In
specific embodinénts 2 i& Cg%(ﬁf)no e Srmu Fﬁoéﬁq(ﬂg Z@ as fur her iSacrite 1I'Lﬁ:eréln 20The

same groups deseosibeshfaba ahsuZh isubsinpoundatohigrbeyle (i) taregualabléréoninErandl7", where

present, in compounds of for lae (1,A iu@ (;;:3 and{ g% %X%% r{n gompo ng%gf @rmula (1), each W
and W' mdepe?‘l&%ﬁﬁ}%?e%% %%fh%p |ona y SubStitu f&% §Ik ene or heteroalkylene
linker to Whlch@ptmn%iﬁhstmmmhedtt&aeh mﬁW@mﬁlW&ancfmmhIas(@asbim@épmyganﬂy@blected o)

they can be the same |fferent In some odlment W, are S ny
embodiments, eneagﬁ \f\? R i Stea with 2 0° Ih eccteo alrr%ue% s aftm}tg[nggt%t%?w and W' may
be representedrme%ﬁé(ﬁ)NRK@Hﬂmuwdheceoeénig pish0Rming efiehaRalddnciémendently 11, or CI-C4-
alkyl or CI-C4 heteroa‘u%l) ,,\/V(g)u%e élrgmgéﬁé:TﬁTsr%ogﬁ(%O%mmo ElnIéalch off}f and X' in
compounds of formul represents ac rng syétem comprising at ?e St one aryIf or heteroaryl
group and up tehforr hretefieatprisisedected from N, 0 and S as a ring member, and can be a single

5-15 membered cycli¢ grau or it c&ph%ee}r\{voe . Qorﬂﬁ@bter{ed c{xcll groups. st?@é argt %Ogl attached to a
single 5atom of W or ach ‘ot tiese cyclic groups ca be'a smg?e rng, a ring system, or
linked rings suéhﬂamwtné’l’yhgfqup)r@mstdaadtyu@al(fhtbﬁaaﬂm)(hchmddsé\&l@étmhe@lanm@aﬁ’include up to
four heteroatomsp elgtle efr)%n doi\l ?Pm 18 a gﬁé ﬁée%( ? aeff( aCh {X(erld ﬁlfgf COmprise an
aryl or heteroary rng, which ¢an mbnoc clic blcyc I’ea onen a bicyclic

group is aromagrouﬂz(amralhetamfemesémetwbtﬁei@gmqmbmédacycblﬁt]gw@ﬂlgfbrdkﬂiadt Hihymlleast one of
them comprlses Ior heé%ﬁoa}r Ir| eC|f|c mbodiments, each X independently

nd
e
comprises an opY y LB 1r|1r11eLerO Wo p())h((e)rrllglorlngessg on Sé%oo or W', which can

be substituted arbgiteted bmﬁh\tpheulyitrtngﬂ;s@iesadnd(hamimmntalﬂmﬂepmd@mgpeommlse a fused
rlnl%system havmg t¥vor(%8 . gtgprgsal% l{]r? \fu%%saforms wherein R” and R” are linked together to
form a 3-8 membered ring which may be saturated, unsaturated or aromatic and which
contains 1-3 heteroatoms independently selected from N, O and S as ring members,
and which is optionally substituted with the substituents described as suitable for alkyl
groups or, if NR’R” is an aromatic group, it is optionally substituted with the
20 substituents described as typical for heteroaryl groups.

As used herein, an ‘azacyclic’ group refers to a heterocyclic group containing
at least one nitrogen as a ring atom, wherein the group is attached to the base
molecule through a nitrogen atom of the azacyclic ring. Typically these azacyclic
groups are 3-8 membered monocyclic rings or 8-12 membered bicyclic fused ring

25 systems. An azacyclic group having more than four ring members can optionally
include one additional heteroatom selected from N, O and S, and an azacyclic group
having more than six ring members can optionally include one or two additional
heteroatoms selected from N, O and S. Typically, an azacyclic group is non-aromatic,
and such azacyclic groups can optionally be substituted with substituents that are

30 suitable for alkyl groups. Typical examples of azacyclic groups include pyrrolidine,
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saturated 5-6 membered ring fused to a 5-6 membered aryl ring, each of which can be substituted on
either or bth. rings. X and X' are independently selected, and may be the ifferent, In specific
embodime&%@,%‘Z&?1 {;re sometimes the same. When X and/or X' compﬁé@?sa @%(e Hembered
saturated ring fused to a 5 or 206 membered aryl ring, in some embodiments, X is attached to W
through an atom in the saturated ring, in specific embodiments, each X and X' is independently a
tetrahydronaphthyl, indanyl orlitiorenyl ring system linked to nitrogen of W or W' through an open
valence on the saturated ring of the tetrahydronaphthyl, indanyl or flugrenyl ring system. In certain
embodiments, JCBH{PBRYs BRe BHAvIURINGHGS; BYSrPaRR die MW TRERS iA@Y each aryl

ring is attachedmiitheatighnakecrinakeaiheanaen-ehivic Fproexampa: i sasermpgdiments, -W-X
comprises an arglalkyl roup, such as benzyl, 1-phenylethyl, or diphenylmeth The aryl or

..
heteroaryl ring TH'8A ST e 46! B ABYTMTERRS Hiay e S o RMIREST R HE ?ﬁr}@ﬁ%ﬁtﬁbstituents

when present aaRAMEE 6F (hetereanyblingdhatisnsflipatroldaotiX sinetusekal art il kivha ydtid
heteroalkyl, C1-C4 alkenyl, CI-4 WQ 2008/128121PCT/US2008/060140 heteroalkenyl, CI-C4

alkyhyl,-4 hetefSSHRyMATERONIRY: BRIERIFRPEEIK, BEH RS 5Nyl C5-12 heteroaryl, C5-12
arylalkyl, C5-12 heterogrylalidtiangiaidendere-eachiRl isitneenepdentyendi oEhatkohGirC4
heteroalkyl, C5-C12 aryl, CS-CU heteroaryl, C5-C12 iarylalk_ l, or C5-C12 heteroarylalkyl, each of
which may be AMH&P SUBSRRESEIYA Grotrss Sebia %rs’l@i&@éﬂﬁifgggﬁ%}ﬁ%réﬂf’éﬂyalkyI or
arylalkyl substigagnidmasnecaptionallydluonaatec-nnitba alkybppition: Mea prefelitetnsubstituents
when present on an aryl or heteroaryl ring that is part of X include C1-4 alkyl, C1-4 alkoxy, CF3.
OCF3, halo, N&Y3 BN JBSA LRy égbféﬁshoﬂéeiﬁﬁfé{ﬁ@ﬂbﬂéﬂﬂ‘y% ﬁiobchYl\f’A Ik Fi%ﬁ% Pcular
enligodiments @botheicompunkestaf thikiveatiam, M Xvaned i, repreéseata geodpafibe form
-C(O)NR(C1-IR)pX or ~-C(O)NR(CHR)pX', where each p is 0-2, and each R is jndependently Il or a
C1-C8 alkyl grétiftifite 'W@fﬂﬁ&%ﬁfgﬁ’&r}tb % %%P‘EP%% SAChP A HRS BB AR YRS Some
embodiments, thiinblate ik -2 nafe-the samedhiougts theygan he different. In preferred 15
embodiments, each X and X' independently comprises one or two phenyl groups, or a
tetrahydronaphthy!, int2h i G ALISRIRAY &ﬁ%ﬂﬁkgg%ﬁ}aéﬁmﬂz{ﬁ%ﬁ%ﬁﬂﬁ an open valence
on the saturateghriiegrédlestetbetiydionaphthiyheistaniber fuokesylHingisystensyhmpneierred
enig;)diments of. the compounds of the inve(getion, -W-X and W'- 20X’ represent a grou ?r;the form
-C{O)NH((HR) PR HREETR G TR S S P A5 BRRAMATR Yubstit ?é‘&“ﬂﬁ&l?’i Bthe¥preferred
embodiments, ¢W3yXoangMirX represenhalgiaopn af thelfermGANIHCH(Bimaswinaee Ph' is optionally
substituted phergl. in further é%refewrred embodiments, -W-X and W'-X' r‘gq%risentg%lgri%p of the form
_C(O)NII-AF, whETERPTEISH SR SR SR B AR SHIAYT Ry SH SRR ORISR PABI BEIR i S0 the amide
nitrogen througte. gne@hthe ataipsundthel satwiatedring; thoe sameogtaupadesceibedidorew, X and X' in
B A R sl for ot U 218 i SHE RS b gefgPounds o
20 (17) or (18) or (19).

In other embodiments, the apoptosis-promoting compounds of formula (I) are
sometimes described herein as ‘trimers’, when bis 1. These ‘trimers’ include both
symmetric trimers formed containing three identical monomers of, e.g., formula (6),
or formula (17), or formula (18), or formula (19), as well as unsymmetrical trimers.
25 The unsymmetrical trimers may contain three non-identical monomers of a single
class (e.g., all are compounds of formula (6)), or they may contain monomers selected
from one or two or three different classes, e.g., one or two monomers of formula (6)

with one or more monomers of formula (17) or (18) or (19).
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WO 2008/128121PCT/US2008/060140 The same groups described here for compounds of formula (1)
are also suitable for compounds of formulae a), (I1A), (1A), (2)-(5), (7)-(16), (3A) and (13A). In
compounds of feomulg1t®)2three amide-containing domains are linked togetf&UB3peNMAkafe depicted
as Q-L(-Q")-Q', wherein L is defined as above for 5compounds of formula (1). In many embodiments, L
comprises a C5-C12 arylene or C5-C21 arytalkylene group, or a heterolorm of one of these, each of
which may be optionally substituted. In preferred embodiments, L comprises a tri-substituted 5- or
6-membered aryl or heteroaryl ring. In specific embodiments, Q-1.(-Q")-Q' represents a structure
selected from the following eponpundapidrsmudadh BV thEeperaGRPoNIARTBAER HRMHYring is
optionally substituted with 112 groupsiealesiadepn Glitedealkiecd s dalkoxyy Ghand bale. In
compounds of formula (2), each Q, Q' and Q" may independently represent -0- or NP!-, where each
R2 is independentl{XFbr & ¢-88 SRy BISGI-C8 iSheteroalkyl, which may be optionally substituted. In
some embodiments, each of Q, Q' pre-QU)may-indepaeddently'be a bond when L comprises a ring. In
certain embodiments, Q, Q" and Q" are the same. In specific embodimentgyeach of Q, Q" and Q" is
-NH-. In other specific embodiments, each of|Q, Q' and (J" represents a bond. In specific
embodiments, each of Q, Q" and Q' is a bon w(?ﬁen L Comrises 20one or more triazole rings. In
compounds of formula (2), n, n* and n" can independently be 0-3, and in somé embodiments n, n* and

n" are thg same. In Spedf}&s%@tlﬁgg H&%ﬂ%%d%%?&n"%‘oﬁl S&c@@geﬂ'{b@dﬁnents, dﬁ‘&ﬁ%%@ldms of formula (2),
e

(Y)™ (V)",, and (Y")mii, where present, are defined as described above for compounds of formula (1).
Each of m, in' and ietmhssrauprersent] giagthessbat sandaphesie mBuaishia s PoiREHA ) 284eh of in, in'
and m" is the same iR GRHARKIRPIDRM S MY iNsdmane: MedmPn\Mbere anyioim, In' or m" is
other than zero, each Y, Y' and Y" present is independently selected from th suﬁ;tti.ttugééé suitable for
alkyl groups as desiFHsHe EHGRs: I FIRehEBREL S o TS 12 A KA RS R € ""Rb; Rb, and Ry,
is independently H onCi@adky}] wiich spaynadyoptionaity Swbstitt iedertmeomeenbbdiments, 12,, Rai

e 204 7,80 S0, 1L LI, 4D RO oy sl
between Q and Q’, or Q and Q”, or Q” and Q”.
In compounds of formula (I), each Q, Q” and Q”, where present,
independently represents —O- or -NR?-, where each R” is independently H, optionally
substituted C1-C8 alkyl or optionally substituted C1-C8 heteroalkyl; or -CHy-, -
15 CH(OR)-, -CH(R)-, -CH,0-, -CH(R)O- or —(CH,):NH-, wherein R is H, C;-C, alkyl
or C1-C, heteroalkyl; or one or more of Q, Q” and Q” may be a bond when L
comprises a ring.
Each amide-containing binding domain, D, D* and D”, where present, is

independently selected from the group consisting of

Xy . cx]')m . & . )j\ R
BEARP ><r/— T
" N I o
Z N N z N © g NH
TQZV < LT 1 L ]
o] Ra i ! o f.‘,\? ’ f‘i i X/W
(Vi
n

20 RE R
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each RI. RI. and 11,1- is H. Each of Z, Z' and Z" in compounds of formula (2) is independently an
optionally %wﬁgl%‘l-CG) aminoalkyl group, as described for formulagdd} Rsegg@ERPodiments,
7, 7" and Z" can be a Eaminoalkyl group such as the groups 15described above for formula (1). In a
typical embodiment, each of Z, 7" and 7" is | - aminopropyl, or Eaminoethyl, or aminomethyl, or
1-methylaminopropyl, or 1- methylaminoethyl, or methylaminomethyl. Alternatively, each 7, 7" and 7'
can be 1- ethylaminomethyl or 1-ethylaminoethyl. In certain embodiments, Z, Z' and 7" are the same.
Where Z. 7' or 7" has a chiral center gdjagent rbonyl t ich it is 20connected, the chiral
center may have eithg%rlﬁ%%l?ﬁﬁl%r%ﬂ’eﬁ(% cb%figﬂtgﬁﬁrkg}’s%ga icareerﬁf)oﬁétl?tng%rn(%é}fﬁ% sometimes
preferably in theréi);configuration. In compounds of formula (2), each W, W' and W" independently
represents an optionally, s bst[tuted\%}l-C alk%léles r Cl.-C6 heterqalkyl linker to which X, X' or X"
is attached. In some gnl)é%é%eirlﬁlé)ﬁftlss? ?W%%% ‘ﬂzre ﬁ?éi sﬁarﬁree; i tﬁn)glr%o eemp%ga?rﬁr%ents, each of W,
W"and W" is substituted with C=0. In certain embodimgnts, each of W, W' and W" may be represented
as -C(0)NR(CHR)p-, where each p is 0-2, and each R jis independently H, or CI-C4 alkyl or CI-C4
heteroalkyl. Each of X, X' and X" in compotndsof formula (2) represents an optionally
30substituted C5-C20 ring system comprising at least one|aryl or heteroaryl group having up to four
heteroatoms selected from O, N and S as aring m

two phenyl rings, each of which may be optionally substjtuted, on one atom of W, W' or W"; or each of
X, X"and X" comprises a tetrahydronaphthyf indanyl or Iliorenyl group, each of which can be
optionally substituted on either or both rings.
saturated ring fused to a 5 or 6 membered aryl ring, in soMe embodiments, each X, X' Or r is attached
to W, W' or W" through an atom in the saturated ring. "The aryl or heteroaryl ring in any of these
embodiments may bdbptidasiytadiaaaited! ftmgioUpsidwadibdd Bsaprekt rrsdsiibeiitints when
present on an grykting.that is part of X or X' for compounds for foimula (1). In some embodiments,
substiments on an aryl or heteroaryl ring that is part of x, X' or X" include methyl, methoxy, trill
uoromethyl and halo. X, X' and X" in formula (2) can B&the same or different; in some embodiments

they are the same. In some embodiments pf f%rmula (2) each of -W-X, -W-X"and -W"-X"
represents a group of the form -C(0)NR(CHR)pX, i X represents one or two phenyl
groups, tetrahydronaphthyl, indanyl oerIuoren)%)t, eac ich may be optionally substituted, and R is
independently H or a CI-C8 alkyl group\kI. gér ar i us‘?o or 1, and each R may be H or
methyl. in specific embodiments, each of HWV-X. W|- "X" is the same and represents a group
of the form - C(O)NR(CHR)pX, where p is@, X is tetrahydronapfithyl and each R is H. Compounds

of formula (3A) contain two or three amino acid-derived binding domains that have the same formula,
but may differ in sterddetisnRRiRrAsFdeompd (R adsradiin BdigAyideib B Erg damaing band w, x, v

and Z are as dpsgiibeddarcompaynggdrinuia thrandéaibiniemorneuidsiofdermua4any, Ra is H,
and Rb is R5, where R5 is H, or CI-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, oriohen [, each of which
3 Oﬁlifl

m&Y be optionMt SMEEMAERLIA YRt RENBERIRTEN S &hﬁ?ﬁﬁﬁ’é’?%‘)‘mﬁ g a6))-dfsbodiments,
L in compoundgafifosiulad abmeRIeseSR Gb-(d 4:aliyRagnibd-GldualkemdenaeGield

alkynylene linker, or a heteroforrn of one of these, each of which. may be option ally substituted. In
other embodin?éﬁ@eéﬁfﬁﬁwﬁ]ﬂgo(%f@Yéﬁ?é%ﬂg%@@J@i&SBWFgﬁEdCér-‘é’ﬂhﬂylaIkylene, C5-C21

arylalkenyleneQihcaitheantsalinenailinkesneliss heteroformef sorietdbaseoepeRriag which may he
optionally substituted. Cogﬁgounds of formula g}3) contain two_or three amino acid-derived binding

5domains that HE0EHEPeRa TS AL BY A s il hsSHIRGN®: For compounds of formula

(3)15p is 2 or 3, and MyfhrbfedentbabiinéAte AaasMIEY {diaampoupds formulp (4 and/or (2). In
preferred embodiments of formulae (3), p is 2. In many embodiments, L in compounds of formulae

(3)-(5) represeH“t% erea 4 alkylene, ClI -C14 alkenylene, or GI -C14 alkynylene linker, or a heteroform
of one of
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10these, each of which may be optionally substituted. In other embodiments of formulae (3)-(5), L
represent$,Gaébg 3[ylene, C5-C21 arylalkylene, C5-C21 arylaikenylengy©g&aibashalkynylene
linker, or a heteroform of one of these, each of which may be optionally substituted. Compounds of
formula (4) contain two or three amino acid-derived binding 15 domains that have the same formula
anti stereochemistry. For compounds of formula (4), pis2 or 3, and m, Q, L, W, X, and Y are as
described for compounds formula (1) and/or (2). In preferred embodiments of formula (4), p is 2.
Compounds of formula (5) contain two amino acid-degived binding domains that have the same
formula and opposite stereochemistry. For compounds offormula 20(5), m, Q. L, W, X, and Y are as
described for compounds formula (1) and/or (2). o For compounds of formula (3)-(5), RS is H. or
Ci-C8 alkyl,-CS alkenyl, CI-C8 alkynyl, or phehyl, e&c¢ch of Which%hay be optionally substituted. In
certain embodiments, R5 is selected from m [, eyl ri\‘ggiyl isopropyl, eyelopropyl, n- butyl,

isobutyl, sec-butyl, tert-butyl, propyn-3-yly€yclohegyl, or ph - raFor compounds of formula (3)-(5),
m is 0-4. Frequently, mis 0 or 1, and whafe m is i&)often(vo, i -C4 alkyl or CI-C4 alkoxy. In
preferred embodiments. Q is -NH- or a béhd. Ra  In many embodiments of formulas (3)-(5). W is
an amide tinker. i CotaATBANTEN WK oRESFALS -G ANRGHRIL Hoigia ip 0, L or 2 and
each Ris 30H or a GI -C4 group. In specific embodiments, -X represents an optionally
substituted phem/lDln@%@ﬁbﬁpﬁ@@bhdé&&i@cﬁ@@%@ﬁ@mm%m grawaiggbHGEWhich may be
optionaly subgilyfed. . GHARICHARNAM JrdADK| arg POIPrERVEBrauR kel org nitrogen

atom of W through an open valence on the saturated ring of the tetrahydronaphthyl mdanyt or

flubrenyl ring sybsterembRBrivefreiUlerayla {5y bess bas il otharraptiobiamns dstiaine dAP-@Bdalkyl or
optionally subsyiyiRa ! it Neteraalio araun AdirAR APATRIL.AY Bz e IINAIGHPERY f an R4 Is

other than H. in certain prefeired emBodiments, R3 is H or a CIC4 alkyl group such as methyl, ethyl or

propyl. Each Rain odtliac(dipBy (Sl)‘i)l%lllﬁ&ébéﬁdéﬂ%wll PoOaALBsHEn AT fintedrroasdB alkyl or
optionally subsiituied; ¢l ;6:8 AGiEraalkiknli- V8 LRAGIRURH AMNEL, BRing identical substituents,

In some embodiments of formula (I), each R, and Ry, is independently H, or

10 C1-C8 alkyl, C2-C8 alkenyl or C2-C8 alkynyl, or a heteroform of one of these, each

of which may be optionally substituted; or is optionally substituted phenyl. Each R’
is independently H or optionally substituted C1-C8 alkyl, and each n, where present,
is independently 0-3. In preferred embodiments, each R'isHand nis 1.
Bach Z in compounds of formula (I) independently represents an optionally

15 substituted C1-C6 aminoalkyl group. In frequent embodiments, each Z represents a
1-aminoalkyl substituent. In certain preferred embodiments, Z represents a group of
the formula ~—CH(R3)NR42, where R? and R are as further described herein. In more
preferred embodiments, each of R’ and R” is independently selected from H and C1-
C4 alkyl. In particularly preferred embodiments, one R is H and the other is methyl.

20 Where present, each Y in compounds of formula (I) independently represents
C1-C8 alkyl, =0, OR, NR,, OC(O)R, NRC(O)R, NRSO,R or COOR, wherein each R
is independently H, C1-C8 alkyl or C1-C8 heteroalkyl, and wherein two Y groups can
cyclize to form a 3-6 membered ring that can be saturated, unsaturated or aromatic,
and which ring may include a heteroatom selected from O, S and N as a ring member

25 and may be optionally substituted. Each m, where present, is independently 0-4; in

many embodiments, m is 0 or 1, and each Y, where present, is the same.
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H are present on one nitrogen atom, they can optionally cyclize to form an optionally substituted

azacyclic g{;g%&ﬁ\égﬂgp-lo ring members, which azacyclic ring may be styradeshskiagatyirated or
aromatic, and may contain 1-2 additional heteroatoins selected from N, 0 and S, as further described

herein. In certain preferred 15embodiments, each R4 is independently H or a CI-C4 alkyl group, such
as methyl, ethyl or propyl. In another aspect, the invention relates to monomers of formula (11),
useful for the preparation of the dimers and trimers of the invention. A suitable monomer is a molecule

that can he readily cavalently linked.to a second or, third monomer molecule 20whi e identical
or different, to form e? %i%)renr}?}éﬁ%dér? d&?)n%lrl-lﬁigl %re ?ﬁhrrt?gfﬁ}ggrgmﬁ%nr% ilrrrlfge c %%)er%{g}éﬁ%ga aggl 1S%ascribed
above. Accordinglyticoaiipeubsdgwnddrgacstdienther predembitsentioeinclddedainer, trimer,
dimer-ike and g mer-jke mojecules and menomerlc iiermediates naelul (. {15 sypihesis of such
dimeric and trifheric compounds. Afso provPJe are methods ofyéyr‘ltﬁes&ing sueh cﬁm’er, trimer,
75dimer-like aidi¢riendesike myotecolesfropmondhosmbsigitte (heCiatesy Théeeinventjiorsimpwides

mopomers of formula (if) D-U (11) wherein D.is selected from.th isting. of Q

20 8/128121&8?‘\5@%6%%%%&2@ 4 o OB AT rgﬁ?"é@,@éf %%%%?%?@n%ﬂgr%%ﬁg\gregas hither
defined hereinmenten podnas epfesenukztiyr anth@ds ard optiobeiyl sybistigtey GG arinialky!
5group Wherein the amine may be in a protected or ynprotected form Lin compounds of formula
(I1) preferably c%er%ngﬁlsgegscg%%a%rtog S('et uar?gﬁ%qﬁgﬁg%gﬁ% %ﬁaét%c%% St()g(ren Ssargé tg fcl'gvrlir]l)g(g}nt @n@gﬁomer
directly to anotleh Xenomeseoathasisoapaylerdfamdarngoing. réactiorifivithmiedihentholecule that will

b dt tt having | ( Jinked togeth
e used 0 connel e o A Manamers. £3E0 HAYING&.J(0HB HPLESEN| Al can bejinked together

using 10conventional tr a mers of formula Hit may together directly or by
reHetion with artadditionapttyponedatiyatifoyrystpartcatthel Wikeh may be Phiisnaliyepresents at least
one functional groun gg(pable of undergoing chemical reaction with another molecule. For example, U
can represent a tnctional group such as -OR8, -0C(0)R8, -0S02R8, C=0, -0C(0)0R8, -COORS,
-NR80, azido or halo,loctneplikedwhiciermath( R nds perde pissent.os GragmlkyilJil.€$-alkenyl, Cl

C8 allkynyl, CoEig A CTE a4 A I 2LARAIST UL IRRL ARG A SPERE PR, cach of
which may be optionally substituted; or is a C8-C14 bicyclic or tricyclic ring system

15 comprising a 5- or 6-membered saturated or partially unsaturated ring fused to a C5-
C6 aryl or C5-C6 heteroaryl ring, which ring system may be attached to nitrogen
through any available position on the saturated or aromatic ring. In certain
embodiments, each R® independently represents H, methyl, or optionally substituted
benzyl, phenethyl, diphenylmethyl, pyridylmethyl, or pyridylethyl. In specific

20 embodiments, one R®is H, and the other represents an optionally substituted
tetrahydronaphthyl, indanyl or fluorenyl ring system attached to nitrogen through an
open valence on the saturated ring.

The same groups described herein for formula (I) are also suitable for formula
(IA).

25 In compounds of formula (1), two amide-containing domains are linked
together by a linkage depicted as —Q-L-Q’-. This linkage can comprise numerous
alternatives that can include a chain that may be optionally substituted and/or
unsaturated; it may also include a combination of cyclic and acyclic features.

In many embodiments of formula (1), L represents a C1-C24 hydrocarbyl

30 linker, optionally containing from 1-8 heteroatoms selected from N, O and S. In
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of which may be optionally substituted. Alternatively, Il can be an optionally substituted CI-C8 alkyl,
C2-C8 alkg‘;}ylzo%i ﬁlkynyl group, C5-C20 aryl or CS-C20 arylalkyl grq;tpr/%%&%gggmrm of one of
these. 20In some embodiments, IJ represents a Cl -CS alkyl or C5-C12 aryl group substituted with
halo, azide, -COOH, -NH2, -OH, or -0,802R, where R is CI-C4 alkyl, CF3, or optionally substituted
phenyl; in other embodiments, U comprises a terminal alkene or a terminal alkyne. in certain preferred
embodiments, U is -N[12, azicle, CHIGECH, -NH(CHZ2),CECH or NHC(0)(CH2),C=CH, where r is 1-2, -
CII(R)YOCH2CA _H, where R.is H or methyl, or U is (C112)1Ar, where t s(é) or 1.and, Ar represents a
phenyl ring suB%Eﬂ%?Sangﬁ?é 0, ?Cgﬂ’o}“r %-/%i))lfﬂfents %%%ﬁeﬁw%rﬁ\gﬁ%r %nzgy n%gg‘é%qcﬁg\r%{l%%freaction
using conditiorms hmedikmdwm dnutine daatdogdbnnbkettes npatiothereontainingtstishea funetdgdal §roup U to

another S molecul% Thcfa foll wing _xatm Ie%1 are.i)n%l ded for.llustlgaltiverﬁurgo_ es only nd are not

. mag COé) naﬁ subsiitute ]a% escrbe '%Iwre Wwith Subs d\t eNts t %Sare sul a&re o
intended to represent or limit the scope of the subjéct matter claimed herein. A person of skill in the an
would understéamdthatwawide variety of chemical reactions would be suitable to provide the

compounds of the invention. In some embpdiments, monomers undergojing dimerizaton, or
trir:]gerization 1OConta:|i§1 %ﬁbf%’ré)mg L(}ﬁrg %tr%a glFoatﬂlpo sq?n%T%ﬁ%]gﬁ%ﬁ%%e&gﬁ)eorﬁgn?ﬁéni‘?z}ﬁégglnal groups. U,
in monomers Whtestjoihg dim€Eiizdtid haoertrithelizatidroaes tmplsahmay repitbareathd fUihétional groups,
U, are d'fferenéu‘;?‘%‘{]esoﬁl‘? Tfi]EEEyri%%%f‘&?.ﬁ‘Pz{‘%TQeﬁgeVg iﬁ%&{ SETIERI RSP O secondary
amine and a monomer containing a-carboxylic acid or acyl halide, which undergo an acylation or
amide 15couplingseeactior! teHiolnman rnuipkkshakgdwisniercth dthEe@mitotithetitsecaty dzide containing
monomer can under cloaddition with a.monomer in which U comprises. an alkyn orm a dimer
wherein the Iini%sﬁégn%gégs at trazo éerfr?él?ony ISnucSe[} 3%1%?(% d?tronrg(g?g, atﬁleg%ﬁéélgﬁj%{%ups, U, are
théGame. For exampieréwoydmingeontaining monomers of formula all may undergo reaction with a
diacid, 20which may be optionally activated.as a diacyl halide, mixed anh rdridlﬁf activated ester, a
bis-sulfonyl halide, or?{%%e |dg,1 ?g%%%l en§’ |r%13esryv1\%%ér/téllrcl ibggtn}l%ncseggg ﬁ)é%né 1“}%(3 a(.‘I‘"ak%-sulfonamide
linkage. In othepembhdirttenspthvetabmividcooatasingddonomhershagyre actanjth advideid, triacyl
halide or tr's's%ER&Xfl QalIc?flftt%eg%%irw:mn%%%t%?ngl?eoyv@g%\/gﬁ%“é ONn&lc &?.%Q'Q%Htﬁnﬁ‘{%%%?”omers
containing a terminal 25alkyne can undergo cc%pper catalyzed cross-coupling reaction to give a linker
comprising a hiseacetylengtmoletgroe twbedimingd, dlke AeS coonai ningnadnometsnmalpuntiergo

caunergo e B oL oA ker
comprises twoitriaz dleaingenin S0additforalertbadiriehts dwe mbmemdes: contHidingrkageminal
alkyne can react with I compounds of formula (1), L can be substituted by substituents including
rings, and it can comprise one or more rings as part of the linkage that connects Q and
Q’ together. Where L comprises at least one ring that is part of or is fused to the
20 shortest path (by atom count) connecting Q and Q’, Q and/or Q’ in formula (1) can be
a bond as well as any of the other structures described herein for Q and Q. Where L
comprises a ring, the ring(s) may be cycloalkyl, heterocyclyl, aryl, or heteroaryl, and
may be further substituted. Such rings may be alternatively referred to herein as
carbocyclic, heterocyclic, aromatic or heteroaromatic, each of which may be
25 optionally substituted.
Such rings can be connected to Q and/or Q’ (or, where Q and/or Q’ represents
a bond, the rings can be connected by the bond Q or Q’ directly to the carbon to
which Q or Q’ is attached), at any ring position, and it may be attached either directly
or through an optionally substituted intervening alkylene or heteroalkylene group,

30 provided the shortest path (by atom counting) between Q and Q’ is 1-18 atoms in
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WO 2008/128121PCT/IJS 2008/060140 third molecule containing a his-azide to form a dimer wherein
the linker mg§ﬁ§8 \yp triazole rings. Compounds of Mrmulae (6pap4cbddsidcdand (19A)

represent specific embodiments of monomers of formula (II) which are useful for the preparation of
5dimer, trimer, dimer-like or timer-like compounds. U in compounds of formula (6) represents at
least one functional group such as--OR8, -0C(0)R8, -0S02R8, C=0, -0C(0)0OR8, -COORS, -NR82,
azido or halo, or the like, where each R8 is independently H, or CI-C8 alkyl, CI-CS alkenyl, CI-CS

lkynyl, C5-C12 aryl, C5-C21 arylalkyl, h n of ft Oof which b
zpt)i/grilally subjé?ﬂ%ﬁg’ ;norpclf(%&rgtg gﬁ%?éﬁ%%% %%T}?;rg] ?é%ga%l@ﬁ]’y e%%]%qi%haa]}y?o\r/vcgcgf );ry(lealkyl,

or a heterofornti aftetieefithetser baechoaf yi/hitkemay Henoptibdalliyklibktituted. In other embodiments, U
can be an optionally substituted CI-C8 alkyl, C2-C8 alkenyl, C2-C8 alk - ryl or
fu Lﬁl){é{ﬁ:e rfg%nw ¥ch 18 %?rt%](?il lf lﬁ shlg:s%%t t%d%éy rg%égg?&é&oggs %chfl

CS-C20 arylalkyl grodlp(chl)lfré cro of one ese. In preferred nts, U Is - 15Nil2,

azide, or -NH(©tx RjePEGCH DatNEIT{@)(GHR)OCQE Glch, thitere asisribRamideNiokogrdsd @htedmula (6)
may be linked together directly or by.reaction with an additional component that forms part of the
Iin??ér, L. In fretc)fﬁqéﬁnctl%eorﬁ ({;) ?Vrﬁgeerrllté,))t(%e In Ifé'r comprises one or more carboxylate groups such that an
ester or amide linkagipridematicoybtiervoniel Qdompdiss @-bpRotalbosupsiimtis! §f fortula (6), n, m,
Ra, Rh,W, X, Y and Z are as described for compounds,of I g}g@l&% £34),4n many
embodiments gqu%rr%rgﬁaa(rg)@ %ﬁe%ré‘é%gﬁ?é}rg%%?eﬁégdSégnﬁﬁgé%{lge%&&?ﬁn the art would gppreciate
that appropriateaamine qratestinguprsips de vdrp depelding eadke figctionality present in the
particular monomer. Suitably prptected ine in UO%?., 1‘191 5 @d ﬁég Mmates:{&9-
tert-butoxycarbonyl, l?gr%%ﬂ%)%%\:%?%%ﬁ%n}o?gnﬁﬁ%f %o é%rgcﬁlﬁé gﬂ}/?oxygarbgnyltgﬁ@y
(tndlkylsilypethinybarboyby; tardoxdstitesd@y] Hdibsdylat, wifllérdkobsjilutsdifondmides,
phthalimides. Schiff base derivatives, ang the like, . &;gvg Qp S B?eﬁ’ri?&%ht :
together by regcrz%%stﬁtﬁna ﬁﬂ’r(‘j)v Mo ehgﬂ (3’ §(§%§ﬁ%¥n€}tﬁ8€gt€ etgst twoﬂ‘geac%{\gg cént rs, such as the
reaction of twotlaming ktpntaivingomaetomedisiwith ivatbde/ldilmidaztiertenfbasimanealcontaining
linkage; the reaction. of two amine, containing. mengmers with. id on diagylihglidstq form a
his-amide cont%ﬁﬁllﬁaﬁ?ﬁI?ggoéﬂ%%%r%asgtlgﬁtg?ﬁ%yam ’colntém cg}monognl’ers wﬁl# a é.gsu onyl halide
to Wm a his-sufohaiiae dnkagdcomtiensdiyctidntofitods izidaBe ontbisimgenioroaeanginih 24

DT Sety ene SEmPSHNSHILIRATY & AMELYISIE Aot is P SPERTMERRAIRAYFmPrises o
Q.

Rings which comprise part of the linker, L., may be optionally substituted to
the extent such substitution makes chemical sense. Preferred optional substituents
when present on a ring which comprises part of L include alkyl (C1-C4), alkoxy (C1-

20 C4), -CFs, -OCF3, halo, -OH, -NO,, -CN, or NR;, where each R is independently
H or C1-C4 alkyl.

In certain embodiments of formula (1), L. comprises an optionally substituted
arylene or arylalkylene group, or a heteroform of one of these, to which Q and Q" are
attached. For example, L can be -CHz-Ar-CH,-, —C(0)-Ar-C(0O)-, —SO2-Ar-SOs-, -

25 C(O)-Ar- or —Ar-, where Ar represents an optionally substituted 5- or 6-membered
aromatic or heteroaromatic ring. In some embodiments, L. comprises a phenyl ring
that may be 1,2-disubstituted, or 1,3-disubstituted, or 1,4-disubstituted by the groups
Q and Q’, which may be directly attached to the ring or may be separated from the
ring by one or more atoms that are included in L. In other embodiments, L comprises

30 an optionally substituted 5- or 6-membered heteroaryl ring, which may contain from
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Alternatively, three monomers may be brought together by reaction with a fourth molecule containing
at least thigg s6a61H4g [enters to form a trimer or imimerlike molecule. Fopexampigsieaedion of three
amine containing monomers with, e.g. 101,3,5-tricarhoxybenzene, or an activated form thereof, can he
used to form a trimeric molecule wherein each binding domain is attached to the
1,3,5-tricarboxybenzene linker through an amide bond. When an unsymmetrical dimer of formula (1) is
desired, two monomers having complementary functional groups can be combined. For example,
Locyaioaddition pfa onomeL.coniaiing R0 @2lds (2,20 alivhrsaRtIiG-MAAMRBRK Qe used to
provide dimers wherein %ﬂe ?ln?(mg group comprises a triazoie ring. For compounds of formula (7)-(19),
each of m, m' LngomhRascRan Rpti®ia]IR $ybstituRed VW3- W1 OcyxtodlkylensdiBg. where present, are as
described for compounds of formulae (1)-(5). In e ' : r I ndmis O
or 1. Where 20m is 1'111\?% ?%3&3@& ;@%&é?%ﬁg{éﬁ%%é%%%ﬁ%? I%%%%g %e‘zﬁrigﬂhﬁkﬁj JOIéjlor
compounds offfioratiylat(d@w)] eabh ofacyahe, enratRaiRb IRh @RI, REd/ayQN\or ) elymzy &ad Z', where
present, are as, described f S ) In ' ere present, n
is %Zmd m is Oacgér%iﬁ%%er?)eu %‘ %8%5 @%%%eoq%egﬁ%y%lgﬂé}&%ge eﬁéﬁ?hgg%%%?ngegﬁt@? I%él?ﬁtgy Igl' are H. 25In
certain embodimeptsof foertiidad?):(@)s (xeh atdcle)disactlarid/on weyelisresrrifirastetient a group of
the form 4_1(Q)N IR) 1. Where. ea is, Q- RS %IM r {a-C4 alkyl or CI-C4
heteroalkyl. Inq%)élr%%ﬂgr%b dl%%%r{?slgg%tg' grt%%)r%qg}i%:%ﬁ%%%%%%%ﬁe h)(;%a}%some
embodiments, subtiXi@ddsaisxedrer tihes santed nlpyédaeredhetatsediyientsgreaproXtarm X' is
30independentl Qne %EM phenyl groups, each of which may be optionally substituted, oris a
tetrahydronapﬁt yl, indanyl or illuorenyl ring system linked to nitrogen of W or W' through an open
vdlence on the saturdteckrinig ofrthedisteatyol dpiapiithid).inQamf orrfipisentid #iigusisiem.  For
compounds of formula. 0)- (15 (17), where present, each R6 and/or R6' is
independentIySﬁc?‘%?J%J-(ﬁ?:rgg(Z g?k&jle %ﬁ@ﬁ%@@g@c&cu arylalkyl, or a heteroform of one of these, each
of which may be optionally substituted; or is a C8- C14 bicyclic or tricyclic ring system comprising a 5-
or 6-membered saturated or partially unsaturated ring fused to a C5.-C6 aryl or C5-C6 heteroaryl ring,
which ring system may he attached to nitrogen through any available position on the saturated or 10
aromatic ring. In preferred embodiments, one of R6 and R6' is H, and the other is a
tetrahydronaphthyl, indanyl or fluorenyl ring system attached to the nitrogen atom through an open
valence on the saturated ring. For compounds of formula (7)-(16). L represents a CI-C14 alkylene,
C5-C20 arylene or C5-C20 arylalkylcne linker, or a heteroform of one of these, each of which
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15may be optionally substituted, and wherein the alkylene portion may be saturated or unsaturated. L
may be oRtignally sidpstituted with substiments suitable For its nature, ang ayshgiiig@combination
of cyclic and acyclic features. In some embodiments, L comprises at least one ring that is part of or is
fused to the linker that forms the shortest path between any two () and/or Q'. Such rings may be
saturated, unsaturated 20or aromatic, and may contain from 1-3 heteroatoms selected from the group
consisting of N, 0 and S. In certain embodiments. , I, is symmetric about its central atom (if the chain
connecting the two available valenes is an odd number of atoms in I%ngth) or its gentral bond (if the
chain connecting the an even nu ber of atons |n length)j{ Frequently, L is
3-6 atoms in length, eSt path b c include one or
more heteroatoms select¢ he same

heteroalkyl. In certait Adkyhen L comprises a

ring. In some embodimg IL comprises a triazole ring.
In other embodiments, Q is -NHA . = <ylene linker,
which may be saturated or unsatura efiibodiments, Q' is -0-19-and L rgpresents an

optionally substituted C2-C8 alkylené Iinker which may be saturated or unsaturated. In further
embodiments, Q' is a bond where L comprise§ an aryl ring§iIn certain gmbodiments of formula (7) and

0-5. In other embodlments L comprlses a triazole r For compounds of Tormula (9), each of Q and
Q' independently represefits -0- 150r- NR2 , Where R2 is mdependentlyor optionally substituted Ci -C8
or optionally substituted and Q' can be a bond where L
comprises a ring, In certai on Wh%re’l(?m é@@@zole ring. In

o (CHz)g™NH 0
/ /
o(H2C) (CHa)q Q a
/ /
q I HN==(CHgq

Tz
o]

© G e} e}
wherein each ¢ is independently 0-8, and each aromatic, heteroaromatic and
heterocyclic ring is optionally substituted. In certain embodiments, the ring that
comprises part of L is substituted with one or more substituents selected from the
5 group consisting of —OH, -OMe, halo, NO; or NH..

In particular embodiments, -Q-L-Q’- represents a structure
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20CH2-, -CH(OR)-, -ClI(R)-, -CH20-, -CH(R)O0- or -(CH2)4N1l-, wherein R is H. C1- C4 alkyl or C1-C4
heteroalkxl,vngg }p_i'?lﬁmbodiments, Q and/or Q' can independently be aopgdwhanéecRMPrises a
ring. In some embodiments Q and Q' are -ClI2- and L is a C5-C12 arylene or C5-C20 arylalkylene
linker, or a heteroform of one of these, each of which may be optionally substituted, In certain
embodiments of formula (10), Q and/or Q' represent -CH2- and L represents an optionally substituted
CI-C8 alkylene or C1.-C8 heteroalkylene linker, which may be saturated or unsaturated. In other
embodiments, Q and/or Q' represent a bond when L compgises an aryl. ring. In further embodiments,
Q and/or Q' represent -(ClI2)4NH- and L comgfises one ormore amide groups. WO
2008/128121PCT/US2008/060140 For cempquridsofformula (10), each R6 and/or R6' is
independently H, C1-C8 alkyl, C5-C12 aryl or C5-
of which may be optionally substituted; or is a C8-Gl44icyclic or tricyclic ring system comprising a 5-
or 6-membered saturated or partially unsaturated ring fused to a C5- C6 aryl or C5-C6 heteroaryl ring,
which ring system may be attached to nitrogen through any available position on the saturated or
aromatic ring. In prefemeggrrbrdiganteeealRE@Ne:-RB1js hl,cepditheretiesds a tetrahydronaphthyl
indanyl or fluorenyl ring system attached to the nitrogen atom through an open valence on the
saturated ring.ewgirﬁﬁ?%p&ﬁ&g}&@mﬂfﬂlﬁ), pis 2 or 3, and Q. L and R6 are as described for
compounds of formulg, (@@)+ ifrsermeal embediments, Q-is-§ anehtecamprigescaiteisubstituted phenyl ring.
For compounds of formula (12), Q is represents -CH2-, -CTI(OR)-,- Cl20-, -CH(R)O0- or --(ClI2)4NII-,
wherein R is H, CL-C4 alkyl or C1-C4 heteroallgyl. 15In certain embodiments, Q can independently be
a bond when L comprises a ring. In preferred empodiments. Q s -(CHi)4NH- and L comprises a
tri-substituted phenyl ring. For compouritls of fgfrm 13)/each of Q and Q" independently
represents - 0- or -NR2-, where R2 is independently_ll, 8r optionally substituted CI-C8 alkyl, Cl- 20C8
heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-@8 alkyn§l or C2-C8 heteroalkynyk or one or both
of Q and Q' can be a bond where L comprises a ring. In certain embodinlents § anme' are the same.
In prefen:ed embodimeAECEERRUBCERd Q- TehreLEMESNER SFURN GRat TP R Miprises one or
more triazole riggswiheganpe groups are suitable for compounds of formula (13A). 25For compounds
of formula (14), p is 2 of 3. In gertain embodiments, R5 is C1.- C8 alkyl or C1-C8 heteroalkyl. In
preferred embodiments, R§AS tert-butyl. In jome embodjments of fgrmula (149, L is an optionally

3 k r a heteroforin of one of
these. In certain embodyr cogprises o ore triazolexrings: me embodiments, 30Q is
-NR2-, wherein R2 is |

In still further embodiments, -Q-L-Q’- represents a structure selected from the

10 following group:
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In compounds of formula (13A), two amide-containing binding domains are linked together by a
linkage degigteg@.8b1Q’"- As Further described herein for specific embogifagnisoidsdinkage can
comprise numerous alternatives that can include a chain that may be substituted and may be
saturated or unsaturated; it may also include a combination of cyclic and acyclic features. In some
embodiments of formula (13A), L represents an optionally substituted CI -C24 hydrocarbyl linker,
optionally containing from 1-8 heteroatoms selected from N. 0 and 5, which linker is 1-18 atoms in
length when counted along the sht&rtest path b%gn Q and Q'_1QIn certain embegdiments, L is a Cl
-C12 alkylene, C3-C]2“%ycloal ne, C2- GX2{alkenhylene, or %2- t-2-alkynylene ligker, or a
heteroform of one of , ea which may ' ftuted. In Fre@fﬁkembodiments, L
is an optionally substituted a€yelic CI-C12 alkylene, which may be saturateoPGfNun%?urated (i.e., an
alkenylene or alkynylene). 15In certain embodiments, such alkylene linker is preferably unsaturated,
and may be an alkynylene IinL<er In some embodiments, L ig symmetric, and frequently L is 6-10 atoms
in length, counting alo%q_thNe/s test F\gby atom coQuﬂQ/b?t een Q and ( ./Tn\ggtéain embodiments,
L can also include one or mwg(e\ter s selected from an td ot include a disulfide
linkage. 20L can be substituted by $tbstituents including rings, and it can comprise one or more rings
as part of the linkage that connects Q and Q' together. Where L comprises at least one ring that is part
of or is ['used to the shor@iu%gh (by atom couynt) c#nheetifig Q and Q',(C(Qz)q@%or Q' in formula (13A)
can be a bond as well as gny of\the g strygture cribed herein for ©) an | Q. 25Where L
comprises a ring, the rArTg"ég) mak be\carbbcyclic, heterocyclic, aromatfic ok heteroaromatic, each of
which may be optierally gtibstituted. Such rings cai’be connected6'Q,and/or Q (or, where Q and/or
Q' represent a bond, the rings can be connected by the bond Q or Q' directly to the carbon to which
Q/Q' are attached), at any ring posjtiom, and m.ay be attached either directly or through an
30intervening alkylcne or heterQ@mQup, provided yw%hortest patfLthy atom WO
2008/128121PCDUS2008/060140 gnd Q' consists of 1-k8-atoms, anti preferably
1-14 atoms or '110 atoms, i ipKen L, mey be optionally substituted
al substituents when present on
a ring which comprises part of &’include alkyl (C1-C4), alkoxy (C1 , -CF3, -0CF3, halo;-OH, -NO2,
CN, or Nie, where R 1 05 Cdcfet Rlilopen MSIPLVEN bCROL0P R RAMGRISH Al HIRpIUaled
arylalkylene linker, comprised of an aryl ring and an alkylene group, or an aryl ring and two alkylene
groups combingllyleacigobwictrimvag besoptidmally substituted. For example, it can 10 be -0-12-Ar-,
“(CH2)2-Ar-(ClI12)2-, (@ A asflate Al Hae VRSB LR SRR B PC PG Margled aromatic

or heteroaromatic ring. Lean also include one or more heteroatoms, for example, it can’be - CH2-Ar-0-

or-NH-Ar-CH2o0f d-§UBshitsnsa s leiorvbidnadorip sserie e srmpeiitested fdrpm e 3 a) Lg48 -0- or
“NW-, and Q"i5.-Or G Rl PRV ¢ & AN\ AE dpasRandanilyarlacisth aadRachRia0iR2 is

independently H,
an alkyl group. In certain embodiments, the alkylene chain is substituted with one or

two carbonyl oxygens (=0). When L is unsaturated, it is sometimes a C1-C14
alkenylene or C1-C14 alkynylene linker. For example, L. can be 1,4-but-2-enylene (-
10 CH,-CH=CH-CH,-); 1,10-deca-4,6-diynylene (-(CH,)sC=C-C=C(CH,)s-; 1,7-hepta-
1,3-diynylene (-C=C-C=C(CH,)s-; or an optionally substituted version of one of
these. L. can also include one or more heteroatoms, for example, it can be -CH,-O-
CH,- or «(CH,),NHC(O)ArC(O)NH(CH,),- or a substituted version of one of these.
In some embodiments, -Q-1L-Q’- represents a structure selected from the

15 following group:
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or Cl -C8 alkyl, CI-C8 alkenyl, or CI-C8 alkynyl, or a heterolorm of one of these, each of which may be
optionally Wﬁﬁ%’}ﬁ 18 one or both of Q anti Q' can be a bond where L %ﬁ’?ﬁﬁ% RAdingy In preferred
embodiments, Q and Q' are -NR2- and -NR21, respectively, where 20each R2 and R2' is
independently 11, or CI-C8 alkyl, CI -C8 alkenyl, or CI -C8 alkynyl, or a heteroform of one of these, each
of which may be optionally substituted. In compounds of ilionnula (i3A), each Wand le is
independently Il or optionally substituted CI-C8 alkyl, preferably CI-C4 alkyL In certain embodiments,
each le and RI' is independently H or methyl. 75In forpula (13A), each Ra, Rb, Ra, and Rt, is

independently H, or CI-GB alkylz C3-C7 cycloalkyl, C2{C8 alkenyl, §2-C8 alkyn OI, C5-C12 aryl, C5-C20
f Se, each\qQf whith_may he optignally suﬁ@ﬁé&?dn certain

arylalkyl, or a heterofo

embodiments, the twd R-gréups orjjone catbon atom, i.e9 Ra afid Rb,®r R& and may be taken
together with the carbon atoin to which they are attached to form an WO
20081128121PCT/US2008/060140 optionally substituted 3-7 membered ring, optionally containing
one heteroatom selected from N, 0 and S as a riAg. anﬁber. Ea a "i mpounds of
formula (13A) inde%end tly represents an optionally/substituted CI-C6 aminoalkyl group. In frequent
embodiments, each Z ang Z' represents a 1-aminoalkyl substituent. In some embodiments, 7 and 7'
may comprise an optiona Stecied armm p. Amino dtaups in Z and Z' may be suitably
protected as, for example, carbamates (e.g. tert: ycarbor%ﬂpmﬁ\%
fluorenylmethyloxy-carbonyl, allyloxycarbonyl or/(trialkylsilyl)ethoxycarbonyl), carboxakpides (e.g.
formyl, acyl or trifluoroacetyl), 10sulfonamides, Phthalimides. Schiff base derivatives, and the like.

In preferred embodiments, each Z apd Z' represents a Laminoglkyl substituent of the formula
-CT(IONW1), wherein R3 an¢| R4 ar¢ as further described herdin. In some sijch embodiments, each
R4 is independently H, or tig 1 tituted C1-C8 0 10 ubstituted Ci-C8
heteroalkyl group, and thé two R6 groups on ofle nitrogen an cyclize to form ar'optionally substituted
3-8 membered azacyclic ring, which azacyclic ring may be saturated, unsaturated or aromatic, and
may contain 1-2 additiopal heteroatoms selected from N, 0 and S as ringymembgys. Each R3 is H, or
an optionally substituted| C1-C§ alkyl '
cyclize with R4 on an ’LQ K
ring, which azacyclic ring may fe saturated, ufisaturafed or
heteroatoms selected from N, 0 and S as ring membgjs, In

independently H or C:1-C4
P y wherein each q is independently 0-8, and each alkylene group may be

q

optionally substituted.
The same groups described here for L. in compounds of formula (1) are also
5 suitable for L in compounds of formulae (I), (IA), (1A), (2)—(5), (7)-(16), (3A) and
(13A).
In compounds of formula (1), each Q and Q" may independently represent ~O-
or -NR*-, where each R? is independently H, or a C1-C4 alkyl. In some embodiments,
Q and Q’ are the same. In specific embodiments, each Q and Q’ is -NH-. In other
10 embodiments, each Q and Q’ may independently represent a bond when L. comprises
aring. In specific embodiments, each Q and Q’ independently represents a bond
when L comprises at least one triazole ring.
The same groups described here for Q and Q’ in compounds of formula (1) are
also suitable for Q, Q’, and Q”, if present, in compounds of formulas (2)-(5), (9) and
15 (13), and for Q in compounds of formulas (7)-(8) and (14)-(16).
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25In compounds of fonnula (13A), where present, each Y and Y' independently represents an

optionallygiPsiisiies &l -C8 alkyl, C5-C12 aryl, C5-C20 arylalkyl, or a hejgrefpsmRiRpgef these; or is
=0, -OR, -SR, -S(0)R, -SO2R, -SO2NR2, -NR2, - OC(0)R, -NRC(0)R, -NRCOOR, -NRC(0)NR2,
-NRSOZ2R, -CN, -C(0)NR2, - C(0)R, -COOR, -NO2 or halo, wherein each R is independently 14, CI-Cs
alkyl, CS- 30C.12 aryl or C5-C20 arylalkyl, or a heteroform of one of these; or is any other WO
2008/128121PCT/US20081060140 substituent suitable for an alkyl group; and wherein two Y or Y’

groups on the same fing G YEIZR 1010111 AT MEMREIPALR Al R Saialed ppsaturated

or aromatic, and which Tin may Inclu ne heteroatom selected from as a ring member
and may be sabstitditednts n &eoh arcarhd sanre cdmpotmdsrobddimenss (23Rl is” integaehdently 0-4, and

each n and v i PRGN s3I R QSRL SRR AR SLAANG b iy gach m and m
isOorl,and Y and T, if present, are the same. In"a particularly preferred embodinient of formula
(13A), Q and @aré anedoMiR21, respectively, and L represents an optionally substituted CI-C24

nelbrostoms seleciot TR D Ao S AT AT 1 100l KAt B Ay deaibed herein
for compoundsubffisvaniieolivnd)y (3Bt nicErtaitogivedimenisgtissempennhdy of tid imvention
e L O AL A RSN L
(13A) are -NR@{ enehtlyRMbstitespbclivelyYamnd 1. tepréepamdeatlinkdediadifigithie substituents
formula:- CRIARbelf et R ITIC o 1P AGHAI0RG RELRID I GAMPQHATS Gffprmula (138), the
ge described as can comprise 20nanferous alternatives that can include a chain that may
bé&ubstitutediadependynidky represent C1-C8 alkyl, =0, OR, NR,, OC(O)R, NRC(O)R, NRSO,R or
COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyl. In
certain embodiments, two Y or Y” groups on a single nitrogen-containing ring groups
may cyclize to form a saturated, unsaturated or aromatic ring having 3-6 ring
members and optionally containing one heteroatom (N, O or S) as a ring member, and
15 such ring embodiments may be optionally substituted with suitable substituents as
described herein.
In certain embodiments of formula (1), m and m’ are the same. In many
embodiments, each of m and m’ is either O or 1. Specific embodiments include m =
m =1and m=m’ =0. In some embodiments where m and m’ are 1, each of Y and
20 Y’ are the same.
The groups described herein for Y and Y’ in compounds of formula (1) are
also suitable for Y, Y’, and Y, where present, in compounds of formulas (1A), (3A),
(2)-(9), (12)-(13), (15)-(16), and (18)-(19). In such compounds, each of m, m’ and
m”, where present, are (-4.
25 In compounds of formula (1), each R,, Ry, Ry and Ry is independently H, C1-
C8 alkyl, C2-C8 alkenyl, or C2-C8 alkynyl, or a heteroform of one of these, each of
which may be optionally substituted; or is optionally substituted phenyl. In some

embodiments, one of R, and Ry is H, and the other is C1-C4 alkyl, C2-C4 alkenyl,
C2-C4 alkynyl and one of R, and Ry is H, and the other is C1-C4 alkyl, C2-C4
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saturated or unsaturated; it may also include a combination of cyclic and acyclic features. In

compounds 5 farnyia(13B), K represents an optionally substituted CICZ28-hygkagarsylipker,
optionally containing from 1-6 heteroatoms selected from N, 250 and S. which linker is 1-14 atoms in

length when counted along the shortest path between J and 1'. In some embodiments, K is symmetric,
and frequently I. is 6-10 atoms in length, counting along the shortest path (by atom count) between J
and J'. In certain embodiments. K can also include one or more heteroatoms selected from N, O and S.

but does not include a disullfide linkage., WO 2008/12 PCT/ 2008/06 . . Some

em bodiments%?ﬁgﬁm Sfa%%) ?i}ié}fré‘gfeé%ﬂ@eé %?%81 @%ﬁ%fegr:}ng , %éga %%% %%g%gff)k%ﬂgr%% C2-C10
alkenylene, (220 ialkyripleng] CSe@tidmiiends@miaPphanylalkylene, C5-C20 arylalkenylene or
C5-C20 aryl alkynylene linker, or a heterof f one ofithesg,eac i y be optionally
substituted; with the %Irg\(}fggd% %??Ogc%%n%ﬂ fn%??ég aa&(gu fl&z?gg%%ﬁéﬂ%%]ﬁ e(>)<pample, K can be
-(FL)k- Wheredpt@haﬂymbs@a%ﬂ&dpﬂ&mﬁﬂﬂ%ﬂfﬁt&ﬂﬂﬁb@i@@ﬂ%@fe@é Roran Hikyl group. Some
saturated embodimepts, of K incl 1.3-propylene. -1.4-but 1.9- 1.6-hexylene, or
,4-§;:chlohexylene, ea?caﬁ%f) gv%i% H(%:nl gd;r{lj%gs}tgllﬁ(}%e(g]tlﬁrgg}% n%%n%%%?r%é%@%%eﬁ (:]L%tg?ﬁ%g%e chain is
substituted witltonicubrdwa-€C4rbonybakyd ens=0yhis capben Klis ardlaylgated, thdsisometimes a
C2-C10 alkenylenge, or C2-C10Q alkynylene linker, So | d imer include
I,4-but—2-enylgﬁgstlt8£§%%:Z%%%Iﬁé%%,lﬂ? rtba-PL,%l-%%%?%ﬁ%g&%@g%&%ﬁfgﬁ)ﬁeﬁbuta—l,3-
diynylene (-C@&@€sghor amgptionsihisubstisticcvergioardlbpegonthede sthsaenitBalisocivslude one or
more heteroatpms sglected from N, O S. IS sybsti it is freq ituted with
one or two :Ot,ihaé]l(gf%iéggeaﬁ(ylf%lﬁ)%{?{(grh%g‘t!%\/%{}ggeé% g‘:g F%%Erﬂé %tgglé{/?l %ﬂlib%:a l?g gubstituted
byGubstituemasnmehpdipylsingsyatic iméare conpriseubndtoiethoith tngutvearpddrhdinkage that
connects J and J' together, e K 20compri I ring | t phor s fused to the
shortest path uésélgogrtﬁ{gﬂn é::%ﬁﬁ#; ltPr}a%J %a?r{%sl?ﬁfgr%aﬁ)ér Qﬁhli%%mgﬁﬁ% gg%‘ég Iz)altljbond as well
as any of the dtherstryictuves. deseitijnsdaheraimdondharmddh, ofhersl K cerhisesmaing, ¢hé-ring(s) may

be carbocyclic mh{etgg cyclic, aromati ] | I ilanally substituted.
& et a%g mﬁ% %%/%gtg(ﬁor, ﬁﬁﬁbﬁﬁ%}cﬁc':or}“éf %%)@(}ggrr%%&%%ﬁd ,gtli]e rliJngsI éJan be

Such rings 25can be connected to ereJa
connected by thetligdmuianghglredtiietoativeloarbon 40 whibh tslydrameartibd oad any ring position,

and may be a%%‘;fig& ther 9%%%9&9{&@&%&?@&1@%&@ ipg.alkylens. o Retgraaikylens,graup,
provided the shortest path gby atom counting) between J. ancle consists of 1-14 atoms, and preferably
1-10 atoms orchigahtemsr adjacent to the carbonyl to which it is connected, the chiral center may
have either the (R) or the (S) configuration. For specific embodiments, it is
sometimes preferably in the (S) absolute configuration. In specific embodiments, Z is
a group of the formula —CH(R3)NR42, as further described herein.
20 The same groups described for Z and Z’ in compounds of formula (1) are
suitable for Z, 7’ and Z”, where present, in compounds of formulae (1A), (2)-(3) and
(6)-(17).
In compounds of formula (1), each W and W’ independently represents an
optionally substituted C1-C6 alkylene or C1-C6 heteroalkylene linker to which X or
25 X’ is attached. Each of W and W’ in formula (1) is independently selected, so they
can be the same or different. In some embodiments, W and W’ are the same; in many
embodiments, each of W and W’ is substituted with =0O. In certain embodiments,
cach of W and W’ may be represented as ~C(O)NR(CHR)p-, where each p is
0-2, and each R is independently H, or C1-C4 alkyl or C1-C4 heteroalkyl.
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WO 2008/128121PCT/US2008/060140 In certain embodiments, K comprises at least one

carbocyclig, Jisfergeyplic, aromatic or heteroaromatic ring that is part of opispfygefdadhgdinker which
forms the shortest path between J and 1'. In specific embodiments, K comprises at least one optionally

substituted phenyl or triazole ring. 5In some embodiments. K comprises a phenyl or pyridyl ring that
may be 1,2- &substituted, or 1,3-disubstituted, or | ,4-disubstituted, by the groups J and J', which may
be directly attached to the ring or may be separated from the ring by one or more atoms that are

included in K. in compounds.of f ula (13B), each of 1 and J'.independe represents --
1OCH2-,-CH(0R')-,E?€?3 )?ifg-"&‘%{ ')18goﬁﬂé’ﬁaé&&b“?‘fq&g?-f%h%ﬁgﬁgﬁ ?@%1@?6&3‘2# Gis
independentlys@stNR con s smgl avhastimeacyl R’ istierdepa ndentiynon@itCBatihdion@ba8 heteroalkyl;
or one or both of J and J' can he a hond where K comprises & ring.. i ln.preferc
embodiments,’%égﬁ%gé% gnléli)) iﬁrc]i%%oear?daerﬁ% Iggfg%% r%r%at e f%é%hegclosnggﬁr%%ﬁ%?ﬁ -CH(R")-,
-(Cl12),G-, and:r@id () Gegmtirerneiny- id) tndimbachl GyidiinglependentiyedohNRiched twheredleeach R' is

independently H or C1-C4 alkyl.. . In particulatly preferred embodiments, each nd J'is

in ependentIyaE&tE-i?;s)\),c%?\%LkzOE %Crh - I—ﬁfﬁei\sl?lﬁ)sal\%\//%%eor%p F—?@%fg ﬁ%rsﬁg%ﬁﬁgbgﬁ%ﬁ%\égnds of formula
(13B), each RétehRbidinidepengienthh s ortoptid gadyps Ubstitudty Glad8Xakiad, prefarbbly CI-C4 alkyl.
In certain embodients, ach, R A1 K13 RERRNGSI QL mEl Yy o R (B2 138), each Ra,
Rb, Rai and RB &R ependen%ly ﬁ or CF-8 élllky, e cycloalkyl, &% aT enyl, C2-C8 alkynyl,
C5-C12 aryl, G5-€20dykatkylecorahefersfotinvof oneuistheserdachatwhighrmaywiadptionally
substituted. In certain embodiments, the twa R-groups on one G NI .RDb, or Ra,
and Rh' may bbee {aken célectﬁ(rarrgmfﬁit%g car 8?1 %t%%wgttggv%rﬁgh (t)%aeg)l}?’ gg}égg?t'g%:%l@dl %?f%?rﬁr%‘wqg; optionally
sustituted 3-pnierabecpcsimg HeptiohAliyeodrizihing longrtetansatidad sedeateehftomelef Ghand S as a

ring member. WO 20082/1%221§11201IP%£{118 008/060140 In compounds of formula (13B), each R2 and

R2'is indepen‘d%rﬁﬂgﬁglsor optionally substituted C1-C8 alkyl, preferably CI -C4 alkyl In preferred
embodiments, each R2 spadifR2cisbindepeandently o ethgkpendently comprises an
optionally substituted phenyl ring; or two phenyl rings on one atom of W or W’,
which can be substituted on one or both phenyl rings; or each X and X’ can
15 independently comprise a fused ring system having two aromatic rings or having a
saturated 5-6 membered ring fused to a 5-6 membered aryl ring, each of which can be
substituted on either or both rings. X and X’ are independently selected, and may be
the same or different. In specific embodiments, X and X’ are sometimes the same.
When X and/or X* comprises a 5 or 6 membered saturated ring fused to a 5 or
20 6 membered aryl ring, in some embodiments, X is attached to W through an atom in
the saturated ring. In specific embodiments, each X and X’ is independently a
tetrahydronaphthyl, indanyl or fluorenyl ring system linked to nitrogen of W or W’
through an open valence on the saturated ring of the tetrahydronaphthyl, indanyl or
fluorenyl ring system. In certain embodiments, X comprises one or two aryl rings,
25 preferably one or two phenyl rings; and each aryl ring is attached to W through a
terminal carbon atom of W. For example, in some embodiments, -W-X comprises an
arylalkyl group, such as benzyl, 1-phenylethyl, or diphenylmethyl.
The aryl or heteroaryl ring in any of these embodiments may be optionally
substituted. Preferred substituents when present on an aryl or heteroaryl ring that is

30 part of X or X’ include C1-C4 alkyl, C1-4 heteroalkyl, C1-C4 alkenyl, C1-4
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Each R3A,4R A, R324. and Rix in formula (13B) is independently H, or CI-C8 5alkyl, C3-C7 cycloalkyl,

C2_—CS alk%{)kxlmc(}%-lgé] IkynyI,IC5-C1.2 aryl, 95-020 a_rylalkyl, ora heteroﬁrm‘%fzg&ﬁog&%ese, each of
which may be optionally substituted. in certain embodiments, the two R-groups on one carbon atom,

i.e., R3A and R4A, or Rik' and R4A' may be taken together with the carbon atom to which they are
attached to form an optionally substituted 3-7 membered ring, optionally 10containing one heteroatom
selected from N, O and S as a ring member. Each Z and Z' in compounds of formula (I13B)

independently represents an optionally substituted CI-C6 amingalkyl grou e t embodiments,
each 7 and Z' P&‘E‘Z’rré)saeﬁ %yg’l ?’-% ’f?fb%?%@ substi ueegﬁlt(.)ziln% &r aﬁ%ﬁ%&dﬁ%{eﬁfs&gag@%nd 7' represents
a group of the MBICTH(RIINRBL? WereinyR2 5+1Q te-dntkal G6st2ibedrbaforprafemed
embodiments of formula (é:% . . In some em@ iment c& 4 is independently H, or an
optionally sub LRI T Ch kgt B ERONANy L kA IR T ST Shoee 2l the o R4
groups on oneanitrdg®&d tah ayshard O et anybypliohahy Sub$ithiten 3:§atleyhbexédod zadyhlic ring,
whigh azacyclic ring may be saturated, unsaturated or, argmatic, and 20may contain 1-2 ?1(1 itional
hetgroatoms sg}%%tge%?ﬁo}rﬁll\??%sgtnuée ‘géﬁ}i%ﬁ)?ﬁér‘% 1%1@9%} 'If—fa% 'RETs H%Y aehr%rpl)tallng]aal §ysubstituted
C1-C8 alkyl ormpitighaditlyl substiiivtechG - eoheterdb Kl @ioupd andiR Aleghpeydire WithrdR4 on an
adjacent nitrogen,alor (0 foat an optionally substituted 38 memberod agacxolic fing yinich az.acylic
ring may be saturated, Unsaturated or aromatic, and may contain t-2 additionaf heteroatoms selected
from N, 0 and SdsdingIndeatibér§:1h4 pliedesradteniiddiniehisNeach R 2ah iNR4 iehindependently H or
Cl-Cd alkyl. . in ﬁeﬁ:i é%t n]gogm%t&ﬁkepch R3 and R4 is independently Il or CI-C4 alkyl. In

?s, gach RY'|

preferred embddime s’lndepeyn‘dently H or methyl, and R3 is selected from methyl, ethyl,

n-pPopyl, isopropyl, cyalpprdpyhrribbivyinsobutyithsceinptyindndf3Beartvbutidn, WO-X and W’-

2008/128121PL T/US2008/060140 . . In com ﬂg ég la ( Igﬁl ent, each Y and Y'
s defined a5 10 AR TR TLSAY Shth 1S TGRS o5 el e e
independently &x& mifrequend embddimedtpcedaitipfth @nd(i-SElalgachron@nthreeisathor 1, and Y and
Y', if present, areghgirsh%n e mbodjimen e compo r}qjs 8f the inv%ntion have the

o h
formula (13C),ev%é)re|n easét?\lf,dm%,%,’e; Ro RIRi éﬁ%}“f?ﬁﬁg i§

me gmbodiments, -
i§ s detinéd for cémpounds of
formula (13B). W-Xlamléerrehemiodimentsoffohmutar{ b3@){femain dhRieaddd? is independently H

cabh of R and F HRe SN o 4 LB LR cooante bl S e ca
alkynyl, C5-C1@_m§xb(cm5}@hﬁly},yﬂmﬂlaybdmrdlhm@m]l omg ofvam h‘flkhés_te ,rmacge(_)f(wwcﬁlmag/hbe
omsonaly bl R A T A AR AT R i
ring system.
In preferred embodiments of the compounds of the invention, -W-X and W’-
20 X represent a group of the form ~C(O)NH(CHR)Ph’, where R is H or Me, and Ph’ is
optionally substituted phenyl. In other preferred embodiments, -W-X and W’-X’
represent a group of the form —C(O)NHCH(Ph’),, where Ph’ is optionally substituted
phenyl. In further preferred embodiments, -W-X and W’-X’ represent a group of the
form —C(O)NH-Ar’, where Ar’ represents a tetrahydronaphthyl ring system,
25 preferably bonded to the amide nitrogen through one of the atoms in the saturated
ring.
The same groups described for W, W’, X and X’ in compounds of formula (1)
are suitable for W, W, W”, X, X’ and X”, where present, in compounds of formulae

(1A), (2)-(9), (12), (16) and (18).
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embodiments, each 123 and R4 is independently Il or C1-C4in preferred embodiments, each le is
independegily,loeh eshyl, and R3 is selected from methyl, ethyl, n-propyhdsariaR¥leéstPrropyl,
n-butyl, isobutyl, sec-butyl, and tert-butyl. In compounds of formula (13C), J is selected from the group
consisting of - 20CH2-,-CII(R")-, -(CHAG-, and -CH(W )6-, wherein r is 1-4, each Ci is independently 0
or NR', and wherein each R' is independently I-1 or C | -C4 alkyl; or j can be a bond where K
comprises a ring. In preferred embodiments Jis -Cl12-, -C1-120- or CH2N(R') where R'is Il or
methyl, 25In compounds of formula 3C re ents a Cl- k 3-C10 ycloalkylene
C2-ClI 0 alkenylene, gg 0% aﬁ{" enctgC ary ecr?é‘”lPSEY% fii];l%ry}( ﬁare
arylalkenylenesoit®b m(laryJaﬂnm;déﬁmmm (br ﬁfhht@rﬁﬁo(ﬁidﬁbr(é)dflﬁﬁeé?&\bamh (dﬁWhich may be
optionally substituted. In s ecifi od| ormul 1 K co rises a Cl-C6, alkylene,
30C1-C6 aIkenernedIor 8%“ ene E% other ém 2 llgsefl%g?‘%%
2008/128121R€g61h«82@08¥ﬁﬁ@gdﬁe}arym Vg h(s@ﬁ)r@tedvbﬁn@nshlmdﬁm@&m@wﬁm kylene linker.
M specific embodiment ri n optionall t d rt 81N n some
embodiments, el com(go??n%s o@ﬁﬁ?n@erﬁ& " ﬁ%/eoqﬂms?%ﬁrgm%la grg & g?ezﬁ eécﬁ?le\]oénd Kis as
defined for cofipeihtsrefdbpicutag(8B)caachs(E@80)ym of hn@@ﬁtbeﬁmdscmﬁbwhmh 130% each R1 and

R2 is independeit Bl LY T REleeg sumndimens. saghol KA BR RS o

compounds of(ﬂ))rm eac an eac 4A'1SIn ependently I, or
C1-C8 alkyl, asaq@mbw«bamp@meaaawmg, mz,ieef_i_@awxwgdlmﬁsc@zlw”m _@20caeytalkyl, or a
heteroform of gne_of these, ea C tionally substituted. In a preferred embodiment,

each of Rh ané?—g t?sfeiﬁelgﬁteeg entt V‘{Qé&f@g%ﬁg 3-C7 cycloalkyl group. In another aspect,
the invention provide§ monomeric cofipounds of formulae {L9) and (19A),
to prepare compoun 'l' of formulae (1

m, n, Ra, Ri" R1, B i

d methods of using them

N Q
H

10 ;

wherein each q is independently 0-8, and each phenyl ring is optionally
substituted with 1-2 groups selected from C1-C4 alkyl, C1-C4 alkoxy, CFs and halo.
In compounds of formula (2), each Q, Q’ and Q” may independently represent
~O- or NR*-, where each R is independently H or a C1-C8 alkyl, or C1-C8
15 heteroalkyl, which may be optionally substituted. In some embodiments, each of Q,
Q’ and Q” may independently be a bond when L comprises a ring. In certain
embodiments, Q, Q” and Q” are the same. In specific embodiments, each of Q, Q’
and Q” is -NH-. In other specific embodiments, each of Q, Q’ and Q” represents a
bond. In specific embodiments, each of Q, Q” and Q’ is a bond when L comprises
20 one or more triazole rings.
In compounds of formula (2), n, n’ and n” can independently be 0-3, and in
some embodiments n, n’ and n” are the same. In specific embodiments, each of n, n’

andn”is 1.
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In certain embodiments of formula (19A), Z is often a protected amine, as further described herein.

One of sk%@2%§/ﬂ§l\ypuld appreciate that appropriate amine protecting ggoyps,adXa@iy depending
on the functionality present in the 20particular monomer. Suitably protected amines may include, for

example, carbamates (e.g. tert-butoxycarbonyl, benzlyoxycarbonyl, fluorenylmethyloxycarbonyl,
allyloxycarbonyl or (trialkylsilyeethoxycarbonyl), carboxamides (e.g. formyl, acyl or trifluoroacetyl),
sulfonamides, phthalimides, Schiff base derivatives, and the like. In compounds of formula (19A), V

represents a CI-C8 alkyl, CI-C8 25heteroalkyl, C2-C8 alkeny| ;01 heteroalken -C8 alkynyl,
C2-C8 heteroalkynyﬁ%?%ﬁ%ugfél ;géwdh(gt)éfggm?\égq‘c g?ﬁé’fky‘f\lo?r&gf&sg tP%\e?t‘ﬁ”eroarylalkyl,
each of whichdwiyederoftioniiyl shbstitisiechwithuR D -DOOIR Y] - (B0RROMCE) a10IRE0)0R9,

-COORS5, -NR92, azido or halo, gvh?r ach R9 is ig&g}g@eﬂqggpy or ( E{@g QA‘&{'DF#:%? Ehlﬂenyl, Cl-C8
these, each of whic

alkynyl, (15-Civ éarﬁé’,r(égqt’gff a?y élky} ora he é’ro orm of one o may be

optionally substitusetle samPrdfeccetisubstitdentnwherciprésenmdnnd inélisde Wdeoxyhyoptionally

substituted amino, azido, alkylsullonate, arylsullonate, halo, acyl, carbonyl, and l. In specific
em odiments,n%/ is r&l—fﬁ(‘.&ie\( 67@1%6 ?ﬁéﬁlgza n@iplfﬁf:?erc}ﬁrisé%%égéﬁ%%%gag&ewoégr
compounds ofiormbiaienths) anc{tahrQlkepweepisisGleseribiiR2havbere R2 is independently H, or
optionally substituted, CI-C8 or optionally substituted G1.5,C8hetgroglkyl: and Q' represents -CIL,
_CH(OR)-, -CH(R)-, -(1138%¢ fﬁjpo%éli% 233?3?1%f‘w1%é?[§ri E"?sﬁhxﬁ‘fﬂd %Ikyl or Crei heteroalkyl.
In certain embiadipentsndfyfbhmulde (3 5)landwith Qarklop@cely independértystmea bond when L
comprises a ring, In,frequent embodiments, @ represents -NR2-, r j hyl.1in certain
embodiments,ef%b %dg%%lrﬁsdqv%ﬂﬁgfé ?_négfﬁ’ﬁ‘ﬁ%gg,ag?‘%%‘ié{ib’zag%%ﬁé‘%@%g%%gg%gﬁﬁéﬁ ring. In
other embodimeni’! @ isdetaderdhosdledsddmpriBesndr{ dptindiy:sulstifoted optodiaikyisne or
heteroalkylen%ggo%p, ﬁ/hichdrﬁayisbfgI saturated or unsaturated. For compounds of formula (17), Ra, Rb,
Rl and Z are as ch—:‘scﬁ” ed for compounds of formulae (1)-(5), and R6 is as defined for compounds of
formulas (10) and (1Dad¢h ofiahy emmidodlinrentsyustyr ebémudpiorectedegindendmimoalkyl group.

optionally substituted (C1-C6) aminoalkyl group, as described for formula (1). In
some embodiments, Z, 7’ and 7 can be a 1-aminoalkyl group such as the groups
15 described above for formula (1). In a typical embodiment, each of Z, 7’ and Z” is 1-
aminopropyl, or 1-aminoethyl, or aminomethyl, or 1-methylaminopropyl, or 1-
methylaminoethyl, or methylaminomethyl. Alternatively, each Z, 72 and Z” can be 1-
ethylaminomethyl or 1-ethylaminoethyl. In certain embodiments, 7, 7’ and Z” are the
same. Where Z, Z’ or Z” has a chiral center adjacent to the carbonyl to which it is
20 connected, the chiral center may have either the (R) or the (S) configuration. For
specific embodiments, it is sometimes preferably in the (S) configuration.
In compounds of formula (2), each W, W’ and W” independently represents
an optionally substituted C1-C6 alkylene or C1-C6 heteroalkylene linker to which X,
X’ or X” is attached. In some embodiments, W, W’ and W” are the same; in many
25 embodiments, each of W, W’ and W” is substituted with C=0. In certain
embodiments, each of W, W’ and W’ may be represented as —C(O)NR(CHR)p-,
where each p is 0-2, and each R is independently H, or C1-C4 alkyl or C1-C4
heteroalkyl.
Each of X, X’ and X" in compounds of formula (2) represents an optionally

30 substituted C5-C20 ring system comprising at least one aryl or heteroaryl group
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20For compounds of formula (18),m, n, W. X, Y and Z are as defined for compounds of formulae

(2)-(5). Fr. g&)réymgﬁqpresents a protected CI-C6 aminoalkyl group.  Jz0¢6@mRRKGHs of formula
(17) and (18), U represents CI-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, or C5-C21

arylalkyl, or a heteroform of one of 25these, each of which may be optionally substituted. In some
embodiments, U comprises a terminal alkene or terminal alkyne. In preferred embodiments of formula
(17) or (18), U is -0-12C=-CH, -CH(R)OCH2C-=CH, where R is H or methyl, or U is (CH2),Ar, where i

is 0 or 1 and Ar represents a phenyl ring substjtuted wi lo,.-Qll or -OTf. WO =~
2008/1281215&?@%%8%3?8‘%‘&%8‘%?@&%%8&%%erﬁg?mﬂfé‘?l%ﬁsF%a’fl %fn%e %nd Z are as
defined for codepatimesiof foonpsae (i1J-16)imfwtdiik ) défipecffocdempodimtm of formafaX(6). In
prefen-ed emhadi ts, Uis -NHL or -NH(CE12),C=-Cll where r is 1-2. In frequent em iments, 7,
Feprosents a froiie TR BruibaR o o g Bl e e e S R R .
Y and Z are asfdefintchfay feropuianélB) saindi RR}IRG) anddR4rané WefiMedrad forfeadiutd KL.3B). V in
formula (19A) yepresents a C 1.-C8 alk -C8 heteroalkyl, C2-C8 alke C2-C8 he enyl,
c2.C8 alkynyl’ c@%%‘%&%ﬁﬁ?ﬁﬁyﬁ?&g&gi‘éﬂ%@, &[53 %%Fe%re%lé’rrf ygéld&'ﬂ% %%Yy a‘ﬁfﬁ ﬁo)l?ﬂc<:5-czo
heteroarylalkytaedehopfivvhith swizsibecdpiioaiiiyr bdSobstitiged with -012.9, -0C(0)R9, -0S02R9, C=0,
-0C(0)0R9, -COOR9,-NR92, azido.or halo, where each R9 is independently or 8.adkyl, Ci -C8
alkenyl, CIC8 alkynylx,Vggr-lg%’ZQ ar(y)/ll, SQ&eras’Fﬁlgﬁﬁ} ((é)rr%e éjteerfo g?rlﬁng goglr%[lgfE %1%%%0 aeaéc%II of which
may be optionalyesitizstiduted ring, in somemibsboienentsiciwid, of thre€ isananterstoforula (6),
formula (17), for 18), formula (19) or formula (19 ich me or. different are
reacted to pro(c)ﬁJ[g’:%,ugll‘r%()(:?r%(}:1 &r 5%&&%&%@%?@@ é@hg\lgﬁ%gglgr%pg é?ltavr\?o Hgﬁ%ﬁgis of formula
(17) may be rehctedbgiuacadimay bé forimulalf]Oibstifadutd g rarperdéncplis RaFureexeathple, two
o TR A DSt SRR B A L AP Re LS BN PP oo For
Hs-acetylene fin age. In other Bimbodiments, threeemonorers of formula (1 ay be reacted to give a
trimer of formutaid), Wherespris: 3nhahothes, entbodionenonthnee yhonbetwees ot forgribid (18) may be
feioeoatiitih o oty il AN U et LR e e e O
may be reacted 1o givé a diner of formula ) or . In'some such 25embodiments, each U
represents -Nlin GorshllléMB)can bAtha famher dxdenple, ia snowembodinfientsuley 279 te(@B)anay be
reacted with a monomer of formula. (6) to provide aniin tigal digersof formyla ¢7) or (8),
rzlggectively. For exa%ﬁfé@‘éﬁ%r{h?ygﬁé%%tﬁtgﬁ%%n%orh%sr’n%exré%rgir%u a (?L@?)}g)r 18r)n§}ay e reacted with

an azido contamingncrognarnofformisien 61 1@ phR(CE R )dineh80op fo bl X (Ppws¢s); wiserein L

comprises a tr{%zoollj ér'E@ groups, tetrahydronaphthyl, indanyl or fluorenyl, each of which may be

optionally substituted, and R is independently H or a C1-C8 alkyl group. In certain
embodiments, g is O or 1, and each R may be H or methyl. In specific embodiments,
20 each of -W-X, W’-X’ and —-W”-X" is the same and represents a group of the form —
C(O)NR(CHR),X, where p is 0, X is tetrahydronaphthyl and each R is H.
Compounds of formula (3A) contain two or three amino acid-derived binding
domains that have the same formula, but may differ in stereochemistry. For
compounds of formula (3A), pis2or 3, and m, Q, L, W, X, Y and Z are as described
25 for compounds formula (1) and/or (2). In compounds of formula (3A), R, is H, and
Ry is R®, where R’ is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl,
each of which may be optionally substituted. In preferred embodiments of formula
(3A), p is 2. In many embodiments, L. in compounds of formula (3A) represents a
C1-C14 alkylene, C1-C14 alkenylene, or C1-C14 alkynylene linker, or a heteroform

30 of one of these, each of which may be optionally substituted. In other embodiments
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WO 2008/128121PCT/US21108/1160140 in a further example, two monomers of formula (19A)
may be re%%@ﬁgqﬂde a compound of formulae (13B)-(13D). Thew&dﬂggﬁmwe invention
es each di

typically contain one or more chiral centers. 'The invention expressly inclu astereomer, as
well as each enantiomer of 5 each diastereomer of the compounds described and mixtures thereof,
particularly racemic mixtures of single diastereomers such as the ones described, and highly enriched
enantiomers having an enantiomeric excess (ee.) of greater than 90% or greater than about 95%.

Substituent gropyps m fé include one ormore.chiral centers, and each enantiomer and
diastereomer 8#' %)géléﬁg éﬁtu%ﬁetgrgsse%%ﬁ §§ " n%& ﬁ%lse ’tﬁg}ggfﬁﬂg %ﬁ(ﬁgﬂfdgg 'v(\fql%ﬁin the scope of

the invention. Siyhiladyylene e WO oinds/ ke présenty theccantpaundscanfekistirsdné cases as
either cis or tra s(@sﬁomergé] the.invgntio% includes each isomer individually as well as mixtures of

isomers. MereY;V/ 4 é’)r(l%%p SR BPLEIL SRS

t%‘l“ﬁ ounds of the invention, Table 3 and 15Table 4 illustrate
a number or compoutdsnpbiokinolate(han Bl A)nikheseccantpod nasne prebaat selddtelingreferred

species, and oiﬁgr%raﬁpet |e,§that hnclude ombina%t?l]ons of(tlt}? features |althe com@ollmds specifically

s that h: the same 1ormu ut ma [Ter 1 stereochemisty, Q
deplcted are also pre?erre dﬁ)ﬁe compouan% 0] ein nflon may be ISOPallJtedyaS salts where an

ionizable congrouisuciamal badicrainher G, andarh @xylic\RCIH, ¥ presénic Bheldauéntibn includes
20the salts (_)f these com 8%(;5 % at 7 aﬁ’fdﬁ)h Ern leu];[ig}grll gncl%%?rtﬁlemcsoo iterio §é : ch salts are
well known in Ff;;e arl%?pang inchl €, fo xampﬁz, )sgﬁspo?am ic'groups Torme %Wgﬁc% Rufith organic
or inorganic basels, mndysatib@fitasic, rowpsfprnads by feaction @Bithiongariccatsindigdhid acids, as
g 2 e coupHenE G N or c RS CHEI D e nEoRbE el uees
hyldroxide, etctheatkating efasthichetalyhdopxiced] fenghbsifucalcilmytheagmbsidimestcof, and hydroxides of
cumu, AL oo SATBS laruac baseo o cpld el imehaine
arylalkenylene, or C5-C21 alkynylene linker, or a heteroform of one of these, each of
which may be optionally substituted.
Compounds of formula (4) contain two or three amino acid-derived binding
15 domains that have the same formula and stereochemistry. For compounds of formula
(4),pis2or3,andm, Q, L, W, X, and Y are as described for compounds formula (1)
and/or (2). In preferred embodiments of formula (4), p is 2.
Compounds of formula (5) contain two amino acid-derived binding domains
that have the same formula and opposite stereochemistry. For compounds of formula
20 (5),m, Q, L, W, X, and Y are as described for compounds formula (1) and/or (2).
For compounds of formula (3)-(5), R”is H, or C1-C8 alkyl, C1-C8 alkenyl,
C1-C8 alkynyl, or phenyl, each of which may be optionally substituted. In certain
embodiments, R’ is selected from methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-
butyl, isobutyl, sec-butyl, tert-butyl, propyn-3-yl, cyclohexyl, or phenyl.
25 For compounds of formula (3)-(5), m is 0-4. Frequently, m is O or 1, and
where m is 1, Y is often =0, C1-C4 alkyl or C1-C4 alkoxy. In preferred
embodiments, Q is ~INH- or a bond.
In many embodiments of formulas (3)-(5), W is an amide linker. In certain
embodiments, -W-X represents -C(O)NR(CHR),X, where pis 0, 1 or 2 and each R is
30 H or a C1-C4 alkyl group. In specific embodiments, -X represents an optionally
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30dicyclohexylamine, N,N'-dibenzylethylenediamine, etc. Examples of inorganic acids WO
ZQQ8/12.8]\%6I?%£/H§§908/06014Q tha_t could be used include hydroc_hlor.m@,zp(ys%ga%mic aciq,
nitric acid, sulfuric acid, phosphoric acid, etc. Examples of organic acids include formic acid, oxalic
acid, acetic acid, tartaric acid, methanesulfbnic acid, benzenesulfonic acid, malic acid,
methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, etc. Also 5included are salts with
basic amino acids such as arginine, lysine, ornithine etc and salts with acidic amino acids such as
aspartic acid, glytamic acid, etc.. The compounds of the invention can be used to prepare
pharmaceutica%uccs)trlnrnf)lgéli |I(})l%%ycgrlﬁ%iﬂlrr1tg aP %a%g grl?gscaotrtﬁ%oe@nt % 5%?9%? orPrr?lljelgé’ ﬁ%‘%ﬂ% (1A), (3A),
(2)-(5), (7)-(16ytacid fE3Ar B DhaSuchteam posibions: camabgdoptupizkyl fordb@yagoug eonditions and
routes of admipistration usinngféige%n(;e tthatvis wideler&\l)%ﬁ‘on%or such RUIpOses it luding
Remington's ‘Armacettical C|%nc0e§,nilali(«)e%?ne%tff%n, ac Iﬁl%lﬁrh?ﬁagelt‘é., aston; BPA, which is
incorporated hereiatby refergnie (cihé ebmpesitighschmprsdlaccanponpdysfdime invention admixed

with) at least one phartaaceutically acceptable excipient, and preferably. wit least pne such excipient
15c?ther than water o?ig glo(i\(}lenr}yls%@ﬂ (gspﬁl\ﬁgée %OOJI'F]% (():%%ﬂ%%ﬁ%s S SO}?ttlh%glal r;&\tl]é?i%&e?éoguitable to
treat a wide vaspetynaflganberisutal gariciilarctoelk grersujiaiid tartreaiomalisobyakt@matigiioblastoma,
breast carcinoma, melano rostate carcinoma, pancreatic carcinoma, hepatocellular carcinoma,
colon carcinon%?ﬁé)?l‘g sl%}ar}ngeﬁ grﬁll rn%ﬁr-ls%aﬁlccgﬁt tn rg%%g%o%_o%aﬁ ﬁ%aécgmbsgﬁno <'of the invention
are also suitabl&! tditséarvagriouh astakvyiunt disonders; particularly rheumatoid arthritis, lupus,
vaseuliti.s, gIomeruIogggjhﬂtjsmt%/do_e-Igié:il}{lzéeotre{?]3 qerigigognsdgrﬁ ' , myast igniﬂ g%i%h&géllain-Barre
syndrome, and infections with au OIMMUne e gc s'Such as AID , malarta, Chagas 5|sease, and Lyme
didéase. 25Th€ taifipdiyids optivediyentistitard A3tOR beeiroaliylvdfyweyRiqictheyhdegend for their
activity on potqntiation. of he, effects,of ather effeclors, which may. banatural sndogenaus substances,
or they may be additions herapeutic §tbataNees For e amp eng/f € mimics have been Shown to
strongly potentiabetthecdcthaitydic THRAlL few etg peEideny nemnberadmhiivis tereyche cagdimglybthe
compounds of the 30invention may be used in conjunction with or in.combination with an additional
therapeutic ha\slzl%r%t% |’C%%S€el%ré%§c %,a @l%%l%’d%ﬁélﬁaa)f ﬁ?&?%%& |caclcﬁalr?11 %%a?algﬁﬂg ,a %Ornlltscan be a
radiation treatrs@atidd/frere Bn@dditidnad Anugeisdastimbtidtersdn it s typicaliydmedhown to have
cytqstatic, cytotoxic or antineoplastic activity.. These agents include, for example, antimetabolites such
asiizéys/tarabine,?ﬁrj1 3rér8ﬁ1negf’§3%oro-lé'l 88%}&%/6&?%r%?%%ﬁig%%ﬂéﬁt%}g}l&%%a@mmeet{rl:j]g rexate; DNA
active agents suicyl as deyhycin, chlorambucil, cisplatin, cyclophosphamide, intercalating agents such
as adriamycin and mijoxaniranc: Igteln syAUhesiS NIRRT e as brashAAANISE pyplgpeximide,
purom.ycin; topoisomerase INAIbIOFS Such as camptot%ecm or topotecan; topoisomerase 11 inhibitors
such as etoposioepanuitgnipadite; dnicrotabdileimers of the invention. A suitable monomer is a

molecule that can be readily covalently linked to a second or third monomer molecule
20 which may be identical or different, to form a dimer, trimer, dimer-like or trimer-like

SMAC mimetic compound as described above. Accordingly, compounds

encompassed in the present invention include dimer, trimer, dimer-like and trimer-like

molecules and monomeric intermediates useful for the synthesis of such dimeric and

trimeric compounds. Also provided are methods of synthesizing such dimer, trimer,
25 dimer-like and trimer-like molecules from monomeric intermediates.

The invention provides monomers of formula (II)

D—U (I)

wherein D is selected from the group consisting of
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10inhibitors such as colcemid, colchicines, paclitaxel, vinblastine and vincristine; and kinase inhibitors
such as flavopiridol, staurosporin, and hydroxystaurosporine. Preferred additional drugs for
co-administrationonithstteicompounds of the invention include those that af€TUB2¢38G0(Heat-shock
protein 90). Suitable 1-1.sp90 inhibitors include ansamycin derivatives such as geldanomycin and
geldanomycin derivatives 15including 17-(allylamino)-17-desmethoxygeldanamycin (17-AAG), its
&hydro derivative, 17-AAGHSs, and 17-amino derivatives of geldanamycin such as 17-
dimethylaminoethylamino-17-demethoxy-geldanamycin (17-DMAG), 11 - oxogeldanamycin, and
5,6-dihydrogeldanamycin, which are disclosed in U.S. Pat. Nos. 4,261,@89; 5,387,584; ahd 5,932.566,
each of which is incorporatéd herein by 20rgfergnce, fither S«g]t[ab{ 0 inhibitors i eradicicol
C

and oximes and othier gnalo ereof, discloged in/.Soga, et af, Curp Cancer Drug Targets (2003)
3) 42:128 4: and in Moulit <|. Amer.

3:359369. and.in tlat, AngewrnChent (

Chem. Soc. (gﬁf) 1276999- oe'i; purine&deriv tiveg/ sych as PU3, PY24FC| and POH6B4 (see
Chiosis et al., ACS Chem. Biol."(2006) 1(5):279-28 d those Aisefo38d in PCT Agplication No.
WO 2002/0236075; related heterocyclic derivatives disclosed in PCT Application Ne."WO,
2005/028434; and 3,4- diarylpyrazole compounds disclosed in Chelngset at, Bioorg. Med. Chem. Lett.
(2005) 15:3338-3343. Antibodies or antibody fragments that selectively bind to Hsp90 may also be

administered as drugs to cause inhibition of Hs 9§+ dcanb used in combinatign with the
compounds of the inventiowewml%b’l% %%’ﬂlﬁ@ Wiio) flum%ﬁl’a ﬁrlélle(ea?(ea%etlgrs such as

TRAIL, a TRAIL receptamaniibdadyt, fendulNTLaahd iF N43icanlblsotbetadiinistéredias:tilgs for this
purpose, and are alsp prefgiied fe Al agive [aareqie el fieag BrAdas YYhere a compound of the
4 \

. : - 't
invention'is utilized o pgtgn%fg%ré the effects of 5another therapedtic, the two agents may be

co-administered, or they maiplsenririfistefengtpabaneieiblere i edhipnstPasdHNgRd so the

two agents act Con%w@g@mra%@] wentia borAcsardinghoibegrapasiticnaehibsoinventiandnclude at
least one compound of formulae (1), .(IA), (1 A), (3A), (1)-(5), 7%1-416), and ( 13A)- (I3D) and can

optionally include orf&P8P YrBdergRiIBARATVRRSUE Bl BaliE DL PR St Eh LBt et limited
to, those disclosed abavee Sisntardys, thehmethqdscedipel inventiominalutelmethodstdierdng a subject

diagnosgrl as In need, ol Heaim ant onniammaten.andiereansents fepted Ml alaast one
compound of the invention, and'is simultaneously or concurrent?y treated with one %r more of the
additional therapeutitragbns esesibedrabovediBionionainestshaheweTnpo oh s drkicédmpositions

of the invention may be prepared }&%g&ﬁ@ﬁﬁ%%ﬂi&a@h%ﬁaﬁm%%miﬁ agavieistratiencerdopical or local
administration. Systemic formulations include those designed for injection _
chemical reaction with another molecule. For example, U can represent a functional
group such as ~OR®, -OC(O)R?, -OSO,R®, C=0, -OC(OYOR®, -COOR?, -NR,, azido
15 or halo, or the like, where each R® is independently H, or C1-C8 alkyl, C1-C8 alkenyl,
C1-C8 alkynyl, C5-C12 aryl, C5-C21 arylalkyl, or a heteroform of one of these, each
of which may be optionally substituted. Alternatively, U can be an optionally
substituted C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl group, C5-C20 aryl or C5-
C20 arylalkyl group, or a heteroform of one of these.
20 In some embodiments, U represents a C1-C8 alkyl or C5-C12 aryl group
substituted with halo, azide, -COOH, -NH; —OH, or -OSO;R, where R is C1-C4 alkyl,
CF;, or optionally substituted phenyl; in other embodiments, U comprises a terminal

alkene or a terminal alkyne. In certain preferred embodiments, U is -NHo,, azide, -

CH,C=CH, -NH(CH,),C=CH or NHC(O)(CH,),C=CH, whereris 1-2, -
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(e.g., intramuscular, intravenous or subcutaneous injection) and those prepared for transdermal,
transmucQgsgl,QlsAR #ministration. The formulation will generally 20inclyde,adiygsfoadm well as, in
some cases, adjuvants, buffers, preservatives and the like. The compounds can be administered also
in liposomal compositions or as microemulsions. Injection methods are sometimes appropriate
routes for administration of the compounds for systemic treatments and sometimes also for localized
treatments. These include methods for intravenous, intramuscular, subcutaneous, and other methods
for internal deliyg et byoess R dIkass) and daunal hasters {0 ARSI IDe craposiiien directly into
the subject's I|V|ng ISSUES. > WIS Injection, formulations can-be prepared in conventional forms
as liquid solutidnsepresespangiong omassotidforngigultalole fd solutdldi. or suspension in liquid 30prior
to injection or as emuylsiong, Sytable.excipients eliden i, SxamPle Rl Saliney dgsiase. glycerol
and the like. Such co‘mpoéﬁlons may &1S0 corftain amounts OF nontoxic auxﬁlllary substances such as
wetting or emisifiging agentsegtd uifering agentsanshthelikactoohl aspdorlésamplécsodium acetate,
sotbitan monolayrat d so forth. Varjous sustai I ) ve also been
deﬁsed and C%)Liggu% iﬁ]zc}é%j?é.\lllj; Vthe Somp ofS% Soff ueH %ﬂ/@%tﬁ(ﬁ%’% gg,& fgg%&%&rﬁéﬁeg; lz.ngga?F?atent No.
5,624,677. Theopiesantdompositonsciimbahstitioas inf Souehubirivolidtrelesed deliviery Systems
where approprigie, Systemie aminisiafion mavalsn el d el poninasive mEfods such
10as the use & suppositories, ransdermaflpatc es, transmucosa d ivery and intranasa
administrationwOuhl belpuitibiratiaprisidks thes witaiefod cohtipounvds tofithe invention, which are more
robust than the SMAC peptide itself and a EE a l i0available. Suitable
forms include syru ps%:%%%ﬁ I%%ltbfa%é@egfé%irﬁot %ﬁﬁég %%@%r?%%%%%%g%ﬁ%%]t @eug%%%é%%%ion of a
pafticular routecoft@dliffistrationdfopsatirenpsubjedh atiekirmidaibmés wdhadishitionel grdimsry level of
skl In the art. 7o/, SRR SHLR ASERAS 2. HARASIARLIS ATIENAPRLORIALE Where the subject
experiences nausea an vomlfllng tghat%rec Ldes effective oral de ivery, Transdermal patches are
commonly capable oWdetieatiaduaatomabiea:peldasuaidisbyendvibe ssvaretinaysepretes 20specific
locus. and are flus, ulabig,fof yRises whers iese Sflecthai, desliednirpnmuggpal delivery is
also approprlalgé or some of the compositions and methods o tIXe invention. Thus the compositions of
the invention maytdeiagminiderglctras musyballidsindischnddogy and fbtonl atiemidrethods that are

kn@wn in the art, 25For administrati I gll- e}am&_sﬁj& ts, dhe dosage of a.camppound of the
inrl/%ention is tygi(c)zlgfénf be%%)g rﬁﬁg%rfg? aéﬁgarﬁl?ﬁ{gtré@én. However, (?é)sage'levg%?lasr’e hiéhly dependent on
the nature of thentaimdiionothercorrditionloitheyphtieditithevjiligresnanhenénpriiitibner, and the

frequency and.giads ol ATV e R REAN AR APBRARRLAUSH SRPAUALR R N the skil of

an ordinary artisan, and may
In certain embodiments, the functional groups, U, are the same. For example,

two amine containing monomers of formula (II) may undergo reaction with a diacid,
20 which may be optionally activated as a diacyl halide, mixed anhydride, activated
ester, a bis-sulfonyl halide, or the like, to provide a dimer wherein L comprises a bis-
amide or bis-sulfonamide linkage. In other embodiments, three amine containing
monomers may react with a triacid, triacyl halide or tris-sulfonyl halide, to give
trimeric compounds. In still other embodiments, two monomers containing a terminal
25 alkyne can undergo copper catalyzed cross-coupling reaction to give a linker
comprising a bis-acetylene moiety, or two terminal alkene containing monomers may
undergo dimerization via an olefin metathesis reaction. In further embodiments, two
azide containing monomers can undergo reaction with a bis-acetylene containing
molecule to form a dimer wherein the linker comprises two triazole rings. In

30 additional embodiments, two monomers containing a terminal alkyne can react with a
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accomplished by starting at a relatively low dosage and increasing the dosage until an acceptable

effect is aghieyufd: 2512 reauency of administration of the compounds of theJRveRionsaR also be
readily determined by one skilled in the art using well known techniques. For 5example, the patient

may be administered a low dosage of a compound or composition of the invention at a low frequency
such as once per day or less often; and the dosage and/or frequency of administration may be
systematically increased until a desired effect is achieved in the patient Many suitable monomers are

readily prepared own methods |n Iudln gt exte(nswe iltel ure describing synthesis
of peptides an% (l%} Eemr]n‘lame Qu %lﬁes of the syntﬁeglré.eg)t)v certaln molnno(r%ecr(énéprleslenscluded herein.

Representativevmnonariensraye shown in Table 5. The invention includes monomers of formula (6)

and methods of usm%such monomers tl A gér}eﬁ @pé)@%sa%f I Ieésp gﬁlghgé) Eétcd 7) (9). Certain

amine and 15azide con%nlng monomers ¢ ass and 7. It will be
understood thambmmaemtmubmnemassra”sﬁlnglﬂiaﬁéfemmsmluteﬁnkémmetstemeuhenﬁstry could be
masde by varyln the chlrah&{ of tq star mrg %enal%utlll%gd Or through standard functional group
manlpulatlons W |ch are Known to those of skill ih the art. For example, double-inversion of the
4-hydroxyl substituerf ﬁﬂmnqmpdﬂjnﬁfbtmﬂahémemeeegts ly tasylatoimireatrentwpituéddide,

followed by dIS acemgﬁtgww arajgn) Broy ﬁ@ﬂ@é@h@omﬁgund Awhere the 2- and

4- substltuents ave the réla ans sterezochemlstry g&@t@ other suitable m%nomers can be
prepared by nhethodsttiedilarestronenahn ﬂhelarndémref@“rtkyd%n@tlﬁﬁd@ém&haklﬁg hé dbenpbunds of

formuta (1) IMYoeR LSRN LRI Ct;%et%? At tgt@ ttt%ﬁ@'&c HE£Aining at
least two reactive cen For exarriple compoun( § orm here L comprises a bis-amide
linker can be mfephredmyydemmdtywdaam@confélﬁﬁﬁgaﬂwh@ﬁé@ efidoryhul2(6% with a diacid,
which may be tiona ated a vyl h mix n tiy, s-sulfonyl
halide, or the i ey Ylic (?(()cr{n%o rftI sscn;%a(a%? < %myetnca%%o?%ﬁ%@%%ﬁ%%ncﬂﬁghé t‘f%%g%on is
illustrated in Sehariness h@d}ﬁldﬁaﬁmnmounc& dh feherulenR)lithres. Amine lwontaipingaipnomers of

formula (6) mayb b ea&t&ii tﬁlg lr?tg%? K@EVF o (SQQ dgl%&;gu yﬂEESSC,ZO t%(f@]p%gnds of formula

(2) haV|ngad|ace enlc in [ can be m de, as des arran, e
2005/019740:{’2@'@mtehztrggqammtgdemﬁmr%wmgfnhm grepeficzedfecanbogipeergall. is - The

ﬂ § chlgeenrlt(;tl:gn %tjglilJ Sl.sCZcrye%f/ﬁen|(5| gﬁgfﬁ%ﬁ %@# Svide 1 Iél pa%r{t?a &E%ﬁy E{lﬁu fa&ttea(;ylﬁlr? ker
compounds. THermoetykeriddinkity(Grougstm ém@éémdagbr@ydwadbhtmnqteatwmhs For
10example, Cya%{%%gﬂitgggl %%%B&Q@n?[h%tq'&'%g%ﬂ?thtlgérﬂfflge?f Lo i ’Ih“t?&&ﬁlaﬂt’ iélﬂlgg'diments,
the linker comprises one or more carboxylate groups such that an ester or amide
linkage is formed by the bond Q-L and/or Q’-L.
20 In compounds of formula (6), n, m, Ra, Ry, Rl, W, X, Y and Z are as described
for compounds of any of formulae (1)-(5) and (3A). In many embodiments of
formula (6), Z represents a protected amine. One of skill in the art would appreciate
that appropriate amine protecting groups may vary depending on the functionality
present in the particular monomer. Suitably protected amines may include, for
25 example, carbamates (e.g. tert-butoxycarbonyl, benzyloxycarbonyl,
| fluorenylmethyloxycarbonyl, allyloxycarbonyl or (trialkylsilyl)ethoxy-carbonyl),
carboxamides (e.g. formyl, acyl or trifluoroacetyl), sulfonamides, phthalimides, Schiff
base derivatives, and the like.
Two monomers may be brought together by reaction with a third molecule

30 containing at least two reactive centers, such as the reaction of two amine containing
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alkyl his-azide provides fused triazoles, In addition, two azido monomers of formula (6) may

undergo d‘i,{‘,rbeﬂﬁ]gmgﬁpncomitantly with cycloaddition with a his-acetylengopnaigingqpplecule, to

form a dimer wherelin the linker comprises two triazole rings. Alternatively, an azide 15containing
monomer of formula (6), may undergo cycloaddition with an acetylene containing monomer to form a
dimer containing a triazole ring as part of the linker. A wide variety of methods for forming such
dirneric compounds are known in the art, and may be employed with suitably ifunctionalized

monomers. Lo ShmRLe, i shbstiloth oY QLAY UYL groRS MAMNS. RCiad g, form ary
inflates or 20other suitable functional groups, which may undergo cro s-cou% ing reactions, for

example with alkynestiodemtgimerimstroratusesitiDndiefigkilt inathe laatideonltorecadmzanidat such

compounds ma n%%il%r nflyrthe{h%h%gycal tr{apsformatlons for.examg(l)e é%g%l%%rbgg_mplete

hydrogenationC o form en%ﬁ%r safura?é)é1 ﬁhﬁé’?{“ﬁﬁﬁiﬁgﬁtﬁfﬂ‘ﬁnﬁyﬂf’oxﬁ or amino substituted
monomers masy Hienglkyddittdof 60125 e kasvypléonvithietickeg propdugsdic thalide sy toafadm other linkers or
otner funetiona e mnanese R A anonem s A dmelisalan g wimerizarian reactions.
and may be further madified after dim.erization or trimerization Alkylamine containing monomers may
undergo dimefatipretyn furtvad reatlicwaptive atwingicenlterjfgy. example by N-alkylation, acylation,
sullonylation, or 30cm-bamaylation, to produce dimers wherein the link r enls,as Q-L.-Q° WO
2008/128121PCT/U tdg%é’(ﬁiyélgh é(e)?n%(r)%%nsleéﬂssu g’fﬁ%&%ﬁﬁ%@%ﬁ%n gﬁlgé,%iluvlvffoaﬁamide or urea.
In addition, alkiauthineotaariorensimay ardergdreactionyoqendeis e ddditie tainerongniaes-containing

o oofie SRR oh I MAEROR QU RETRG, AXALUATRRNITLAoRRIOY g LS © provies

t
acetylene containing monomers. e invention includes monomers’o
ofiising such ihdiemerstx yhakecoonopeunds aeido vuad <38 cin (EDYdCe fzin algohetiand alkynyl
containing monomers.can be PrepRiad s SNOWRn SRS & (eftain aming. ad.a7lde containing
monomers can be prepared as hown'in Scheme 10. any other suitable monomers can be prepared
by methods thhtkee throwh in AitketandOne preferred method for making the compounds of formula

(138) involves reactiagyof twe manomers. &f IRHIM (AR & RS Qlss WS faRtaining at least two
reactive centers.
having complementary functional groups can be combined. For example,

15 cycloaddition of a monomer containing an azide to an alkyne-containing monomer

may be used to provide dimers wherein the linking group comprises a triazole ring.
For compounds of formula (7)-(19), each of m, m’, n, n” R,, Ra, Ry, Ry, Rl,

Rl’, W, W, X, X’ Y, Z, and 7’, where present, are as described for compounds of

formulae (1)-(5). In many embodiments, where present, nis 1 and mis 0 or 1. Where

20 m is 1, Y is frequently =0O. In preferred embodiments, R'and R are 1.

For compounds of formula (19A), each of m, m’, n, n” Ry, Ra', Ry, Ry, R], RI’, ‘
W, W', X, XY, Z, and 7Z’, where present, are as described for compounds of
formulae (1)-(5). In many embodiments, where present, nis 1 and mis 0 or 1. Where
m is 1, Y is frequently =0. In preferred embodiments, R'and R are H.

25 In certain embodiments of formula (7)-(9), (12) and (16), -W- and/or -W’-,
where present, represent a group of the form —C(O)NR(CHR),-, where each p is 0-2,
and each R is independently H, or C1-C4 alkyl or C1-C4 heteroalkyl. In certain
embodiments, p is 0 or 1, and each R may be H or methyl. In some embodiments, -
W-X and -W’-X are the same. In preferred embodiments, each X and X’ is

30 independently one or two phenyl groups, each of which may be optionally substituted,

81




For example, compounds of formula (13B) where J-K-F comprises a his-amide linker can be prepared

by acylati(w %}%9 Mrﬂe-containing monomers of 15formula (19A) with g diagid,yhigh fpay be
optionally ac ivateé as a diacyl mixed anhydride, activated ester, his-sul fon yl halide, or the like. Such

compounds may be symmetrical or unsymmetrical. This reaction is illustrated in Scheme 10.
Compounds of formula (13B) having a linker K comprising a diacetylenic moiety can he made, as
described by Harran, et al., US 2005/0197403, by dimerizing 20two acetylenic monomers of formula

(19A) in the presence of a copper salt,.as shown.in Scheme 9. The acetylenic.Jinkin s can be
readily modified td %F%tr uhéleg roOtFI)Fl8 rﬂ ﬁ?ﬁ’je%‘;g or e(f(rzzlnfrlﬁlp é:,n (Y’g{g}%%é’ %ﬁ%@&%ﬁﬁ%ﬂlécl)f)%%%gﬁgtﬁ:%cetyl.enic
compounds providestige padiehyvalchdlyosaterateddinkemgar freundshydronaphityd acktylénic linking
groups may also undergp cycloaddition reactions. For 25example, cycloaddition reactions of a
bis—aeetylenic%fi %?%P%) §I%yfi(§33() with an alkyl bis-azide will provide a linker containing two triazole

rings. In addition, Hura-ezipoumisridiversudd (Grnilla-(19A) vpyndrdéygeldimerizatiore@dncomitantly

with cycloadditign wjth a bis-acetylene containi ecule, rm a dimer.wherein the linker
corglprises two rigrﬁ((f)}l%l%ng%s,l ﬁ@:ﬁ%@%&ﬁ%ﬁ?ﬁ%ﬁggﬂﬂ% ?6@%%&5‘5?@%%2‘6@%%@0% containing
monomer of fanelaf¢hBAY, enayfuhdergadyoloabldliamwiit gniacsiylemes contedining moiemer to form

& dimer contaipinga igzole ring as part of the ket . Aolamine containing mopomers may
undergo dimerization jby URther feaction &t the amine certer, for example by N-alkylation, acylation,
sulfonylation, gac@bamoylatiand tngrodud eodirdérs vingteinthe(linkagenegrasentedcsiidgK-I'
comprises a substituted amine, qr an amide snﬂ?:ona ide or urea. . Preparation of the compounds
of the inventioR f oM %agigér%%hc%scoar%oégg(ﬁ%%c f%%ﬁéa%i ral\éa}#aqej?ﬁé)é)ss%ﬁgv%ﬂ ti%netﬁ%ua{?il.e igéordingly,
syHihesis of thesenadmpogins iscteithit chbaticaty, skitl of Bieuattk ‘Syriheti¢ trettotts for making

e L e L S e S
tr_ea_ted with aaflﬂrmgle_mcaimt m&mmgmmamwdupigd to Roc-Tle-OH to r_nake . By re_peating the
S o e S PSR AR s ey of e
position of the prdline wa$5+€A0 cey 4tk flescdmine, tor gilieteohiopourdid of these, each of which
15 may be optionally substituted, and wherein the alkylene portion may be saturated or
unsaturated. L may be optionally substituted with substituents suitable for its nature,
and may include a combination of cyclic and acyclic features. In some embodiments,
L comprises at least one ring that is part of or is fused to the linker that forms the
shortest path between any two Q and/or Q’. Such rings may be saturated, unsaturated
20 or aromatic, and may contain from 1-3 heteroatoms selected from the group
consisting of N, O and S. In certain embodiments, L is symmetric about its central
atom (if the chain connecting the two available valences is an odd number of atoms in
length) or its central bond (if the chain connecting the two available valences is an
even number of atoms in length). Frequently, L is 3-6 atoms in length, counting along
25 the shortest path between Q and Q’. L can also include one or more heteroatoms
selected from N, O and S, but does not include a disulfide linkage. The same groups
are suitable for compounds of formula (13A).
For compounds of formula (7) and (8), Q represents —O- or -NR*-, where R” is
independently H, or optionally substituted C1-C8 or optionally substituted C1-C8
30 heteroalkyl; and Q’ represents —CH;-, -CH(OR)-, -CH(R)-, -CH,0-, -CH(R)O- or —
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WO 2008/1.28121PCT/US2008/060140 Scheme I. Synthetic Schemes 2 -5:

By taking advantage

of the copQ,%q ?éed azide-alkyne 13+21 cycloaddition, the compo gT\/U‘é%ﬁ 810 be used to

syntheS|ze a serles (0]

crized compounds VIl or VIII On the other han , compound VI can be

coupled with di-acid or its derivatives by the amide formation reaction to make a number of dimerized
compounds IX or trimerized compounds X. Scheme 2: WO 2008/128121PCT/US2008/060140

Scheme 5: Scheme 6: 1. Isophthaloyl dichloride TEA, DOM 2. HCI/Dioxare WO
2008/12812“3(%-{4 Lg%(?os,}?gr%%n4?{§scﬂe?3e€4 alkyl or C;-C4 heteroalkyl. In certain
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25

embodiments, Q and/or Q’ can independently be a bond when L comprises a ring.

In some embodiments of formulas (7) and (8), Q is a bond where L. comprises
a triazole ring. In other embodiments, Q is -NH-, and L represents an optionally
substituted C1-C8 alkylene linker, which may be saturated or unsaturated. In certain
embodiments, Q’ is ~CH,-and L represents an optionally substituted C2-C8§ alkylene
linker, which may be saturated or unsaturated. In further embodiments, Q’ is a bond
where L, comprises an aryl ring.

In certain embodiments of formula (7) and (8), L represents an optionally
substituted C2-C8 alkynylene linker. For example, L. can be an optionally substituted
bis-acetylenic linker, such as -(CHz)q-C=C-C=C-(CHy)g- or -C=C-C=C-(CHy)C(O)-
where q is 0-5, or an arylalkynyl linker, such as -Ph-C=C-(CHz)¢- where q is 0-5. In
other embodiments, L. comprises a triazole ring.

For compounds of formula (9), each of Q and Q’ independently represents —O-
or  -NR”, where R? is independently H, or optionally substituted C1-C8 or
optionally substituted C1-C8 heteroalkyl; or one or both of Q and Q’ can be a bond
where L comprises a ring. In certain embodiments, Q represents a bond where L
comprises a triazole ring.

In compounds of formula (10), each of Q and Q’ independently represents —
CH;-, -CH(OR)-, -CH(R)-, -CH,0-, -CH(R)O- or -(CH,)sNH-, wherein R is H, C;-
C, alkyl or C;-C4 heteroalkyl. In certain embodiments, Q and/or Q’ can
independently be a bond when L comprises a ring. In some embodiments Q and Q’
are —CH,- and L is a C5-C12 arylene or C5-C20 arylalkylene linker, or a heteroform
of one of these, each of which may be optionally substituted.

In certain embodiments of formula (10), Q and/or Q’ represent —CH,- and L.
represents an optionally substituted C1-C8 alkylene or C1-C8 heteroalkylene linker,
which may be saturated or unsaturated. In other embodiments, Q and/or Q” represent
a bond when L comprises an aryl ring. In further embodiments, Q and/or Q’ represent

—(CH,)4NH- and L comprises one or more amide groups.
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HN n N1:1:1°1 0 NHBocBocHN-#.-41.< |. HCI.Dioxane 2. Bcc-NMe-Ala-OH EDC, HOST, DMF 3.

HC1.Diox \%51? %9%8/128121PCT/132008/O60140 Synthetic Scheme§§r9(- 5 &gmg@unds of
20 . 200
formulae (%ﬂ:ﬁan é -D) were prepared according to Schemes 8-10. A protectgd monomer of formula

(19) was prepared as shown in Scheme 8. Amide coupling of the free carboxylic acid from Scheme 8
with an amino alkyne derivative provided a monomer of formula (19A). Cross-coupling of two terminal
alkyne monomers provided a diynyl linked dimer of formula (13A), which was hydrogenated to give a

dimer with a SaturateP%lrk Xl)%]peoﬂg g E)'f 'ocl:’pn%%e('ﬁ)),sgyc%r&% a?nd/or R® is independently H, C1-C8
alkyl, C5-C12 aryl or C5-C12 arylalkyl, or a heteroform of one of these, each of
which may be optionally substituted; or is a C8-C14 bicyclic or tricyclic ring system
comprising a 5- or 6-membered saturated or partially unsaturated ring fused to a C5-

5 C6 aryl or C5-C6 heteroaryl ring, which ring system may be attached to nitrogen

through any available position on the saturated or aromatic ring. In preferred
embodiments, one of R® and R® is H, and the other is a tetrahydronaphthyl, indanyl or
fluorenyl ring system attached to the nitrogen atom through an open valence on the
saturated ring.

10 For compounds of formula (11), pis 2 or 3, and Q, L. and R® are as described
for compounds of formula (10). In some embodiments, p is 3 and L. comprises a tri-
substituted phenyl ring.

For compounds of formula (12), Q is represents —CH,-, -CH(OR)-, -CH(R)-, -
CH,0O-, -CH(R)O- or «(CH,)4NH-, wherein R is H, C;-Cy alkyl or C;-Cy4 heteroalkyl.

15 In certain embodiments, Q can independently be a bond when L comprises a ring. In
preferred embodiments, Q is ~(CH,)sNH- and L comprises a tri-substituted phenyl
ring.

For compounds of formula (13), each of Q and Q’ independently represents —
O- or -NR?-, where R” is independently H, or optionally substituted C1-C8 alkyl, C1-

20 C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl or C2-C8
heteroalkynyl; or one or both of Q and Q’ can be a bond where L. comprises a ring. In
certain embodiments, Q and Q’ are the same. In preferred embodiments, each of Q
and Q’ represents —-NH- or -N(Me)- where L. comprises one or more triazole rings.
The same groups are suitable for compounds of formula (13A).

25 For compounds of formula (14), p is 2 or 3. In certain embodiments, R’ is C1-
C8 alkyl or C1-C8 heteroalkyl. In preferred embodiments, R is tert-butyl. In some
embodiments of formula (14), L is an optionally substituted and/or unsaturated C1-
C14 alkylene or C5-C20 arylalkylene linker, or a heteroform of one of these. In
certain embodiments, L comprises one or more triazole rings. In some embodiments,

30 Q is -NR*-, wherein R” is H or methyl.
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In compounds of formula (13A), two amide-containing binding domains are
linked together by a linkage depicted as Q—L—Q’. As further described herein for
specific embodiments, this linkage can comprise numerous alternatives that can
include a chain that may be substituted and may be saturated or unsaturated; it may
also include a combination of cyclic and acyclic features.

In some embodiments of formula (13A), L represents an optionally substituted
C1-C24 hydrocarbyl linker, optionally containing from 1-8 heteroatoms selected from
N, O and S, which linker is 1-18 atoms in length when counted along the shortest path
between Q and Q’.

In certain embodiments, L is a C1-C12 alkylene, C3-C12 cycloalkylene, C2-
C12 alkenylene, or C2-C12 alkynylene linker, or a heteroform of one of these, each of
which may be optionally substituted. In frequent embodiments, L is an optionally
substituted acyclic C1-C12 alkylene, which may be saturated or unsaturated (i.e., an
alkenylene or alkynylene).

In certain embodiments, such alkylene linker is preferably unsaturated, and
may be an alkynylene linker. In some embodiments, L. is symmetric, and frequently L
is 6-10 atoms in length, counting along the shortest path (by atom count) between Q
and Q’. In certain embodiments, L. can also include one or more heteroatoms selected
from N, O and S, but does not include a disulfide linkage.

L can be substituted by substituents including rings, and it can comprise one or
more rings as part of the linkage that connects Q and Q’ together. Where L comprises
at least one ring that is part of or is fused to the shortest path (by atom count)
connecting Q and Q’, Q and/or Q’ in formula (13A) can be a bond as well as any of
the other structures described herein for Q and Q’.

Where L comprises a ring, the ring(s) may be carbocyclic, heterocyclic,
aromatic or heteroaromatic, each of which may be optionally substituted. Such rings
can be connected to Q and/or Q’ (or, where Q and/or Q’ represent a bond, the rings
can be connected by the bond Q or Q’ directly to the carbon to which Q/Q’ are
attached), at any ring position, and may be attached either directly or through an

intervening alkylene or heteroalkylene group, provided the shortest path (by atom
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0"-NrD H3Ce,,,1 H $CNH CH3HkiC ClI-is0 0 ...NH HOHO; HN, HsCCH3 Synthetic Scheme 10:

Scheme %ﬁ%ﬁ&é}?&%}?e preparation of azicio-containing monomer of forggijl%ém%wf%ch was
y 10

reduced to thé corresponding amino-containing monomer and dimerized rmation of amide bonds
between two monomers units and a benzene dicarboxylic acid, to provide a dimer of formula (13A).
WO 2008/128121PCT/US2008/060140 Scheme 10 _Nt-00,

counting) between Q and Q’ consists of 1-18 atoms, and preferably 1-14 atoms or 1-
10 atoms.

Rings which comprise part of the linker, L, may be optionally substituted to

the extent such substitution makes chemical sense. Preferred optional substituents
5 when present on a ring which comprises part of L include alkyl (C1-C4), alkoxy (C1-
C4), -CFs, -OCF;, halo, -OH, -NO,, -CN, or NR,, where R is H or C1-C4 alkyl.

Alternatively, L can be a saturated or unsaturated arylalkylene linker,
comprised of an aryl ring and an alkylene group, or an aryl ring and two alkylene
groups combined, each of which may be optionally substituted. For example, it can

10 be —~CH,-Ar-, «(CHj),-Ar-(CHy),-, -C(O)-Ar-C(O)-, or -CH,-Ar-C=C-, where Ar
represents a 5- or 6-membered aromatic or heteroaromatic ring. L can also include
one or more heteroatoms, for example, it can be — CH,-Ar-O- or—-NH-Ar-CH;- or a
substituted version of one of these.

In compounds of formula (13A), Q is -O- or “NR* ,and Q’ is -O- or —NRT-,

15 where Q and Q’ are independently selected, and each R*and R* is independently H,
or C1-C8 alkyl, C1-C8 alkenyl, or C1-C8 alkynyl, or a heteroform of one of these,
each of which may be optionally substituted; or one or both of Q and Q’ can be a
bond where L. comprises a ring;

In preferred embodiments, Q and Q’ are -NR*- and -NR* -, respectively, where

20 each R? and R* is independently H, or C1-C8 alkyl, C1-C8 alkenyl, or C1-C8 alkynyl,
or a heteroform of one of these, each of which may be optionally substituted.

In compounds of formula (13A), each R'and R' is independently H or
optionally substituted C1-C8 alkyl, preferably C1-C4 alkyl. In certain embodiments,
ecach R and R" is independently H or methyl.

25 In formula (13A), each R,, Ry, R, and Ry, is independently H, or C1-C8 alkyl,
C3-C7 cycloalkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C5-C20 arylalkyl, or
a heteroform of one of these, each of which may be optionally substituted. In certain
embodiments, the two R-groups on one carbon atom, i.e., R, and Ry, or Ry and Ry

may be taken together with the carbon atom to which they are attached to form an
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ound 104, described ii Examples 43- 49. WO 2098/L28141 achgme 11 COO
EA, DMF PCT/US2008/060140 &

optionally substituted 3-7 membered ring, optionally containing one heteroatom
selected from N, O and S as a ring member.

Each Z and 7 in compounds of formula (13A) independently represents an
optionally substituted C1-C6 aminoalkyl group. In frequent embodiments, each Z and
7’ represents a 1-aminoalkyl substituent. In some embodiments, Z and Z’ may
comprise an optionally protected amino group. Amino groups in Z and Z’ may be
suitably protected as, for example, carbamates (e.g. tert-butoxycarbonyl,
benzlyoxycarbonyl, fluorenylmethyloxy-carbonyl, allyloxycarbonyl or
(trialkylsilyDethoxycarbonyl), carboxamides (e.g. formyl, acyl or trifluoroacetyl),
sulfonamides, phthalimides, Schiff base derivatives, and the like.

In preferred embodiments, each Z and 7’ represents a 1-aminoalkyl
substituent of the formula ——CI—I(R3)NR42, wherein R? and R* are as further described
herein.

In some such embodiments, each R* is independently H, or an optionally
substituted C;-Cs alkyl or optionally substituted C;-Cs heteroalkyl group, and the two
R® groups on one nitrogen can cyclize to form an optionally substituted 3-8 membered
azacyclic ring, which azacyclic ring may be saturated, unsaturated or aromatic, and
may contain 1-2 additional heteroatoms selected from N, O and S as ring members.

Each R® is H, or an optionally substituted C;-Cs alkyl or optionally substituted
C;-Cs heteroalkyl group, and R’ can cyclize with R* on an adjacent nitrogen atom to
form an optionally substituted 3-8 membered azacyclic ring, which azacyclic ring
may be saturated, unsaturated or aromatic, and may contain 1-2 additional
heteroatoms selected from N, O and S as ring members. In preferred embodiments,
each R’ and R* is independently H or C1-C4 alkyl.

In compounds of formula (13A), where present, each Y and Y’ independently
represents an optionally substituted C1-C8 alkyl, C5-C12 aryl, C5-C20 arylalkyl, or a
heteroform of one of these; or is =0, -OR, -SR, -S(O)R, -SO:R, -SO;NR,, -NR3, -
OC(O)R, -NRC(O)R, -NRCOOR, -NRC(O)NR3, -NRSO;R, -CN, -C(O)NR3, -
C(O)R, -COOR, -NO, or halo, wherein each R is independently H, C;-Cs alkyl, C5-
C12 aryl or C5-C20 arylalkyl, or a heteroform of one of these; or is any other
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Compound 104 NH HOI Scheme 12 WO 2008/128121PCT/US2008/060140 Scheme 12 describes

the synthegi % 9 nd 51, described in Examples 1. 3,5-Pyroi az-Pisayhndicspcid EDC,
HOST, DIPEA, %.#—IaiDCM 84.5% for 3 steps Scheme 13 WO ”

2008/128121PCT/US21108/060140 Scheme 13 describes the synthesis of compound 57, described in
Examples 1. 5-Amino-Isophthalic Acid EDC, HOST, DIPEA. DMF 2. HCIIDCM

substituent suitable for an alkyl group; and wherein two Y or Y’ groups on the same
ring can cyclize to form a 3-6 membered ring that can be saturated, unsaturated or
aromatic, and which ring may include one heteroatom selected from O, S and N as a
ring member and may be substituted.

5 Each m and m’ in compounds of formula (13A) is independently 0-4, and each
n and n’ is independently 0-3. In frequent embodiments, each of n and n’ is 1, and
eachmandm’isOor 1, and Y and Y, if present, are the same.

In a particularly preferred embodiment of formula (13A), Q and Q’ are ~NR*
and -NR” -, respectively, and L represents an optionally substituted C1-C24
10 hydrocarbyl linker of the formula —CR*R*)-J-K-J-C(R** R*)-, optionally
containing from 1-8 heteroatoms selected from N, O and S, wherein R’ A, R4A, R*,
R* J, )’ and K are as further described herein for compounds of formula (13B)-
(13D).
In certain embodiments, the compounds of the invention have the formula
15 (13B). In compounds of formula (13B), each of Y, Y’, m, m’, n, n’, Ra, Ry, Ry, Ry,
Rl, Rl’, 7 and 7. are as described for formula (13A). In compounds of formula (13B),
Q and Q’ in formula (13A) are ~NR* and -NR?-, respectively, and L represents a
linker having the formula -C(R3 AR4A)—J -K-J ’—C(R3 AR™)-, as described herein.
In compounds of formula (13B), the linkage described as J-K-J’ can comprise
20 numerous alternatives that can include a chain that may be substituted and may be
saturated or unsaturated; it may also include a combination of cyclic and acyclic
features.
In compounds of formula (13B), K represents an optionally substituted C1-
(20 hydrocarbyl linker, optionally containing from 1-6 heteroatoms selected from N,
25 O and S, which linker is 1-14 atoms in length when counted along the shortest path
between J and J°. In some embodiments, K is symmetric, and frequently L is 6-10
atoms in length, counting along the shortest path (by atom count) between J and J”. In
certain embodiments, K can also include one or more heteroatoms selected from N, O

and S, but does not include a disulfide linkage.
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70.9% for 3 steps NH HOJHN,.. Scheme 14 WO 2008/128121PC171.1S21108/960140 Scheme 14

describes is, of compound 32, described in Examples 64-70, HO4 EDC,
iR (SR

HOBT Roe H2 N \724NNs404 H2, Pd MeOH NHNH il1. HC oe-Tie-OH EDC,
HOBT DIPEA, DMF 2. Boc-NMe-Ala-OHN34.0.4 ‘

In some embodiments of formula (13B), K represents a C1-C10 alkylene, C3-
C10 cycloalkylene, C2-C10 alkenylene, C2-C10 alkynylene, C5-C12 arylene, C5-C20
arylalkylene, C5-C20 arylalkenylene or C5-C20 arylalkynylene linker, or a
heteroform of one of these, each of which may be optionally substituted; with the

5 proviso that K does not comprise a disulfide bond.

For example, K can be —(CH,)x- where k is 1-8, and may be optionally
substituted with groups suitable for an alkyl group. Some saturated embodiments of
K include 1,3-propylene, 1,4-butylene, 1,5-pentylene and 1,6-hexylene, or 1,4-
cyclohexylene, each of which can be substituted. In certain embodiments, the

10 alkylene chain is substituted with one or two carbonyl oxygens (=0).

When K is unsaturated, it is sometimes a C2-C10 alkenylene or C2-C10
alkynylene linker. Some unsaturated embodiments of K include 1,4-but-2-enylene (-
CH,-CH=CH-CH,-), 1,4-buta-1,3-dienylene (-CH=CH-CH=CH); 1,4-buta-1,3-
diynylene (-C=C-C=C-); or an optionally substituted version of one of these. K can

15 also include one or more heteroatoms selected from N, O and S. When K is
substituted, it is frequently substituted with one or two =0, halo, C1-C4 alkyl, -OR or
~NR,, where R is H or C1-C4 alkyl.

K can be substituted by substituents including rings, and it can comprise one
or more rings as part of the linkage that connects J and J* together. Where K

20 comprises at least one ring that is part of or is fused to the shortest path (by atom
count) connecting J and J’, J and/or J” in formula (13B) can be a bond as well as any
of the other structures described herein for J and J’.
Where K comprises a ring, the ring(s) may be carbocyclic, heterocyclic,
aromatic or heteroaromatic, each of which may be optionally substituted. Such rings
25 can be connected to J and/or J* (or, where J and/or J” represent a bond, the rings can
be connected by the bond J or I’ directly to the carbon to which they are attached), at
any ring position, and may be attached either directly or through an intervening
alkylene or heteroalkylene group, provided the shortest path (by atom counting)

between J and I’ consists of 1-14 atoms, and preferably 1-10 atoms or 1-8 atoms.
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1. HCI/DCM EDC, HOBT, DMF RoeBee 1. 5-Aminolscohthalic Acid EDC, HOBT, DIPEA, DMF 2.
HCVDCMBQ. i fos s 5teps  General Methods: WO 2008/128121PCT/WsgeQ8iBoRhdsh  NMR

spectra were acquired at a proton frequency 400 MUz. Il chemical shills are reported with MeiiSi (0.00
ppm), CHC13 (7.24 ppm) or CDAIOD (3.3 ppm) as internal standards. 13C chemical shifts are
reported with CDC13 (77.23 ppm) or CD30D (49.00 ppm) as internal standards. HPLC analysis
used an AG1LENT(r) LC/MS instrument (1100 series) with an AGILENT(r)ECIAPSETNI XBD-C18

column (4 6 x 150 mm, 5 micron,pa kinﬁg erating at a_ flow rate of 1.00 in, A linear
acetonitrile/water gra@igﬁﬁt%%gnl}sggﬁn\}ﬁ Sg%g%nlll%s&slﬁl telg%:?wt go%v%%%ﬂ%t% é@%\?%ﬁgc’:%ﬁngposition was
20% 10acetonitriteatincrehsingami00ivor agetionitsiipaovet a0snhinng dfeethh diteley wbitb Gotracdtoni.trile for
5 min., the compasition was returned t Zoof%acet nitrile, over 2 min, and hel h position for 3
min. to complg e %8{3%%%%%6&%\?\%\%? rJn‘onl osrg%p%%ﬁg?%?g%n\}ﬁt%%%f) g&%%‘nﬁé %é%ﬁ%r?m. Standard
abbreviations epaansdy tutotighodptve @xparimeitaisections and will 15be understood by one of skill

(1LOy:ethyl acetats (LA, DR ate TS ED ) o g Bt vt
N-Hydroxybentiethszole{HO BB diidopropylethyldrdineb@itmay;, byalykax@sdintatdilamishopropyl)
carbodiimide fydroenionde, (GRS 39 m, RigPoNg S (T Ao I TR YRR ¥SATROBY ibieC)™
atoms that are included in K.
In compounds of formula (13B), each of ] and J* independently represents —

10 CH,-, -CH(OR’)-, -CH(R")-, -(CH,),G-, -CH(R")G-, or -CR’=CR’- or -
C=C-, wherein r is 1-4, each G is independently O, NR’, or S, and wherein each R’ is
independently H, or C1-C8 alkyl or C1-C8 heteroalkyl; or one or both of J and I’ can
be a bond where K comprises a ring.

In preferred embodiments, each J and J’ is independently selected from the

15 group consisting of ~CHz-, -CH(R”)-, -(CH»),G-, and -CH(R")G-, wherein r is 1-4,
each G is independently O or NR’, and wherein each R’ is independently H or C1-C4
alkyl.

In particularly preferred embodiments, each of J and J” is independently —CH,-
, -CH,0- or -CH,N(R)-, where R’ is H or methyl.

20 In compounds of formula (13B), each R'and R" is independently H or
optionally substituted C1-C8 alkyl, preferably C1-C4 alkyl. In certain embodiments,
each R’ and R is independently H or methyl.

In formula (13B), each R,, Ry, Ry and Ry is independently H, or C1-C8 alkyl,
C3-C7 cycloalkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C5-C20 arylalkyl, or

25 a heteroform of one of these, each of which may be optionally substituted. In certain
embodiments, the two R-groups on one carbon atom, i.e., R, and Ry, or R and Ry
may be taken together with the carbon atom to which they are attached to form an
optionally substituted 3-7 membered ring, optionally containing one heteroatom

selected from N, O and S as a ring member.
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20triphenyl phosphine (PP1-13); methyl t-butyl ether (MeOtBu); N-methyl morpholine (NMM); copper

() iodide Ixﬂ%%gy%?mine (TEA); dichloromethane (DCM); sodium azige{Nahaydtiflygroacetic acid
(TEA); palladium on charcoal (Pd/C); lithium borohydride (LiBIL); potassium carbonate (K2CO3);

benzenethid. (PhSH); sodium hydride (Nall); copper (ll) acetate (Cu(OAc)2); dimethylsulfoxide
(HMSO). 25Amino acids are referred to herein using the standard 3-letter code; e.g., alanine is
sometimes referred to herein as Ala, and tert-leucine may he referred to as Tie. General Procedure A

(for deprotection of Bock Toa ‘o{ ign of the, substrate in methyle hloride was added
trifluoroacetie 30aci5)10 ‘8651’8%1 Irlggr%ft%)r%%% E?eg?’llhdggo u%(?l {v{?alss é’ﬁ%@ﬁ“ﬁ? Pg%r%?toelmperature for 2-3

WO 200 /1281#iaaliJs52008¢8661418 Hkyhpdefaomitp et Oy thinyllayepoticorihtography (TLC). After
all the startingem%tec{jal has be%rk@qna%aed .the sol erﬁ ﬁn(gr trgligHé),tioacetic acid were removed under

reduced pressunPe ?olérll\elté the’Gesired prodlljscfn Bheral Proceddre (for deprotection of Boc): 5To a

solution of the substrEtfeﬁerﬁﬁ*eﬂh‘)‘/fteﬁéAélaimﬁﬂéAWaﬁk&ddéd (1GR)is diidxperel¢atly Hogy 6YF68m
tergperature. The sqlpn s S0 3 [0 (BPERRUE,FQL 12 A0 TV py TLC. Afer al

the starting ma as'been consume e sotvents an ere removed under reduced
pressure. The aesdidkg was lyaphifized 46 give tik:se sizell grodudi. ioGengrabfibcedure C (for
hydrolysis of th rggt%ll tg@:i io £ n\rflv%ltls-sglrrq% S l_Jtir(()){ll of gh% Suct::)a% rate '_8 a rinixt t@ of 5:1
MeOH/11,0 was adde (ti T OE RRENS Irrihg for %urs?ﬁanlélfwas added unti the pH = 4.
EtOAC was usedd®R&xtradt theypddRitichanchthelconbirte ongnite ayerenuers washad With brine and
dried over Na,SO4. The solytion was concentrated u duced 15pressure to give the desired
product. Genefal E;}%%}ée u{r%ga%ﬁr??odrnp?gﬁgrrlgﬁ RO g%%%%5e me@é’ rgivrélﬁgéﬁpr%gjﬁ%&ture of the acid (1
ed( and aminewsakifing eng)hicdatatsSeatat éracdSdHOWE (i alrieg.nandEIPEA (2.25 eq.) in this
order. After 5-10 min (1.1 e9.) was added. The mixt s stirred for 1 hour at OC. then slowly
20warmed up to roorﬁé‘n%pgpétl%e&éﬁa%ﬁ?%ﬁoﬁgo gﬁgﬂ%ﬁ%@}{@tb&%@gpﬁagp ﬁeﬁ%nraggtion mixture
was concentratptwmdersvastiumaed THe Césiduronlisiditoted Withr¢lit@At cantbiiashed dyHOasdlution (1

) saureed Ve et Tnoan e o R e,
preparation of mmickes)s a group of the formula ~CH(R*NR",, wherein R” and R" are as described
15 for preferred embodiments of formula (13A).
In some such embodiments, each R* is independently H, or an optionally
substituted C;-Cjg alkyl or optionally substituted C;-Cg heteroalkyl group, and the two
R* groups on one nitrogen can cyclize to form an optionally substituted 3-8 membered
azacyclic ring, which azacyclic ring may be saturated, unsaturated or aromatic, and
20 may contain 1-2 additional heteroatoms selected from N, O and S as ring members.
Each R is H, or an optionally substituted C;-Cg alkyl or optionally substituted
C1-Cg heteroalkyl group, and R? can cyclize with R* on an adjacent nitrogen atom to
form an optionally substituted 3-8 membered azacyclic ring, which azacyclic ring
may be saturated, unsaturated or aromatic, and may contain 1-2 additional
25 heteroatoms selected from N, O and S as ring members. In preferred embodiments,
each R? and R” is independently H or C1-C4 alkyl.
In specific embodiments, each R’ and R* is independently H or C1-C4 alkyl.
In preferred embodiments, each R* is independently H or methyl, and R is selected
from methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, isobutyl, sec-butyl, and
30 tert-butyl.
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To a well-stirred mixture of the acid substrate in DMF at 0 C, was added HORT (1.1 eq), DIPEA (1.5

eq) and E% g%m%/ n this order. After 10 minutes, the 118 WO 2008/1g81 23 RGsldkhe££08/060140
free amine substrate é 1 eq) was added. The mixture was stirred for 1 hour at OC, then slowly

warmed up to room temperature and stired for 18 hours at room temperature. The reaction mixture
was concentrated under vacuum. The residue was diluted with EtOAc and washed by Hel solution (1
N), saturated NaHCO3 solution 5and brine. The organic phase was dried over NalSai and

concentrated under reduced pre to t ired product. eral descr of in vitro and in
Vivo assays The §1  vitreband aJ) (%S?](L{J}:\%na{lcti |1(§ls§ Zif t?llglg n"ic georllLJ{h %%eghe clln%i#tlccl)%tlr%egy be determined

using techniques fibratepe( kh@Wlaachtheaart.nE’ds mméemuamékbr@c@nm ahd @nisogene (2005)

24:7381-7388.di clg&enas?e s grﬁdeetueern Bm of the eff ct of S% '"85%% usq%%}ell gulture
or dition to guidance

assays and in Vitf assay caspase activa ion n;&cccirda ngly, ina
symptomology) meh,tameln‘t’wntdh Yieifpmpouds, thc)mpusmons and methods of the invention can be
opitored by metho own %t e art fort determlnln thffects gf Sl}éla gtgg%e&c 1%ompounds

t oun ¢ Imvention
5The following exampPes aréincluaed ?(’Jr St tlve p oses onl y and are not intended to represent

or Ilmlt the scapé(©y, thbeseibjeatimatiar cldmdrl, hBteRY, ,415/5 mefyind Z is as defined for
4-azido-1-(61-2- gnert b%toxyfarbopyéﬁ%% 0)- 3,3-dintrolidine-2-carbox late 20 Compound Il was
treated with trifiiOFORCEtc acid usin ‘general procedure A to deprotect the HOC group. The
resulting trilluoroacetin acifesaid wabebumples ¢6 formula (13C), each of R and R* is

independently H or methyl, nis 1, and m is O or 1. In particularly preferred

10 embodiments, R, and R** are H, and each of R, and R* is independently H, or C1-C8
alkyl, C3-C7 cycloalkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C5-C20
arylalkyl, or a heteroform of one of these, each of which may be optionally
substituted.

In compounds of formula (13C), Z is a 1-aminoalkyl group represented by the

15 formula ~CH(R3)NR42, wherein R® and R* are defined as above. In specific
embodiments, each R? and R” is independently H or C1-C4 alkyl. In preferred
embodiments, each R* is independently H or methyl, and R’ is selected from methyl,
ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, isobutyl, sec-butyl, and tert-butyl.

In compounds of formula (13C), J is selected from the group consisting of —

20 CH;-, -CH(R)-, -(CH,),G-, and -CH(R*)G-, wherein r is 1-4, each G is
independently O or NR’, and wherein each R’ is independently H or C1-C4 alkyl; or J
can be a bond where K comprises a ring.

In preferred embodiments, J is -CHs-, -CH20- or -CHoN(R’)-, where R” is H
or methyl.

25 In compounds of formula (13C), K represents a C1-C10 alkylene, C3-C10
cycloalkylene, C2-C10 alkenylene, C2-C10 alkynylene, C5-C12 arylene, C5-C20
arylalkylene, C5-C20 arylalkenylene or C5-C20 arylalkynylene linker, or a heteroform
of one of these, each of which may be optionally substituted.

In specific embodiments of formula (13C), K comprises a C1-C6 alkylene,

30 C1-C6 alkenylene, or C1-C6 alkynylene linker. In other embodiments, K is a C5-C12
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WO 2008/128121PCT/1J S2008/060140 Hoc-Tie-Ofl using the general procedure D to prepare the

title compQygd Rk Exanrle 1. 1H NMR (CDO3): consistent with proposed gigidifisideade )methvl
4-azido-1-(ES)-2-Bert- butoxycarbony1( meth yOarnino unman am idomethvlbutanos v oll d ne-2-

carhox vlate H3C, N"..4; Cri\ 0 H3C4-CH3 CH3 The title compound of Example 1 was treated with
trifluoroacetic acid using the general procedure A to deprotect the BOC group. The resulting
trifluoroacetic 10acid salt was coupled to Boc-N-Me-Ma-OH using the general procedure D to prepare

(-5 1 PR T B e A o veroicin-1
-v1)-3,3- d|methlyxboximobufénezﬁpmmm)oataomlﬂ)wpammtwm@wymmmmg 5 HQCCH3

In some embodiments, the compounds of the invention have the formula

(13D), wherein each Z, J and K is as defined for compounds of formula (13B) and
5 (13C).

In compounds of formula (13D), each R and R? is independently H or methyl.
In preferred embodiments, each of R'and R is H.

In compounds of formula (13D), each of R, and R* s H, and each R} and R*
is independently H, or C1-C8 alkyl, C3-C7 cycloalkyl, C2-C8 alkenyl, C2-C38

10 alkynyl, C5-C12 aryl, C5-C20 arylalkyl, or a heteroform of one of these, each of
which may be optionally substituted. In a preferred embodiment, each of Ry, and R™
is independently a C1-C8 alkyl or C3-C7 cycloalkyl group.

In another aspect, the invention provides monomeric compounds of formulae
(19) and (19A), and methods of using them to prepare compounds of formulae (13)

15 and (13B)-(13D). In compounds of formulae (19A), each of Y, m, n, Rq, Ry, Rl, R?,
R*, R* and Z is defined as for formula (13B).

In certain embodiments of formula (19A), Z is often a protected amine, as
further described herein. One of skill in the art would appreciate that appropriate
amine protecting groups may vary depending on the functionality present in the

20 particular monomer. Suitably protected amines may include, for example, carbamates
(e.g. tert-butoxycarbonyl, benzlyoxycarbonyl, fluorenylmethyloxycarbonyl,
allyloxycarbonyl or (trialkylsilyl)ethoxycarbonyl), carboxamides (e.g. formyl, acyl or
trifluoroacetyl), sulfonamides, phthalimides, Schiff base derivatives, and the like.

In compounds of formula (19A), V represents a C1-C8 alkyl, C1-C8

25 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8
heteroalkynyl, C5-C12 aryl, C5-C12 heteroaryl, C5-C20 arylalkyl or C5-C20
heteroarylalkyl, each of which may be optionally substituted with ~OR’, -OC(O)R’, -
0SO,R?, C=0, -OC(0)OR’, -COOR’, -NR,, azido or halo, where each R” is
independently H, or C1-C8 alkyl, C1-C8 alkenyl, C1-C8 alkynyl, C5-C12 aryl, C5-
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- CH3 The title compound of Example 2 was treated with Li011 using the general procedure C to

hydrolyze 8 %%h&ke ter. The resulting acid was coupled to (R)- tetrahy '\Eﬂog{{-g%gg@gﬁmne using

the genera procedure to prepare the title compound of Example 3. tH consistent
with proposed structure. 10 tert-but 1 (S 1 SSAS -4-aminoR2,3.4-tetrah vdron a Ththal en- 1-
vlcarbamo 13,3-dimeth-oxobutan-2-vlamint 1-oxoan- 2-yl(methyl)carbamate 121 WO
2008/128121PCTIUS2008/060140 To a solution of the title compound of Example 3 (1.7 g, 2.9

mmol) in 10.6 ¢ T dr lg?% was adde Ph3P 765 t room tgmgeratuEh\éWater (78.3 L,
4.35 mmol) Wa E‘ \‘Nf‘s%e%.ﬁ %%IP &Fo% e r%awas a Iowedn?d/ i P YE How-s at room

temperature. A,ﬁbinmnewre of water/MeOtBu was added to quench 5the reaction. The two phases
were separated. The %lfeouds Osﬁgase was xtracted by E{QOAc 1tvg E][ gnd then the E mblned organic
phase was washed bg e, RS ulilrpg%sl(fon\ (A nd ROHEE AV SIS I PEticed pressure. The
residue was chiidimaiagiaphiad, aniddicakgtlubiting withy HADAE, lihk S8d0ytockBSonyie@idmethylene

chl%nde to give t etltlle compoun 9earln hlégtgo;%;nsllléelsgw Ia}ll\lgws(cgﬁ&ﬁalgoowlstent with

proposed strucire®
-CH,OCH,(C=CH.

For compounds of formulae (15) and (16), Q represents —O- or -NR?-, where
R* is independently H, or optionally substituted C1-C8 or optionally substituted C1-
C8 heteroalkyl; and Q’ represents —CHy-, -CH(OR)-, -CH(R)-, -CH,0O-, -CH(R)O- or
10 —(CH,)4NH-, wherein R is H, C;-C;4 alkyl or C;-C4 heteroalkyl. In certain
embodiments of formulae (15) and (16), Q and/or Q’ can independently be a bond
when L comprises a ring. In frequent embodiments, Q represents -NR*, where R is
H or methyl. In certain embodiments, Q’ is a bond where 1. comprises a C5-C12
arylene or C5-C12 heteroarylene ring. In other embodiments, Q’ is —CH,- and L
15 comprises an optionally substituted C2-C8 alkylene or heteroalkylene group, which
may be saturated or unsaturated.
For compounds of formula (17), R,, Re, R! and Z are as described for
compounds of formulae (1)-(5), and RS is as defined for compounds of formulas (10)
and (11). In many embodiments, 7 represents a protected C1-C6 aminoalkyl group.
20 For compounds of formula (18), Rl, m, n, W, X, Y and Z are as defined for
compounds of formulae (1)-(5). Frequently, Z represents a protected C1-C6
aminoalkyl group.
For compounds of formula (17) and (18), U represents C1-C8 alkyl, C2-C8
alkenyl, C2-C8 alkynyl, C5-C12 aryl, or C5-C21 arylalkyl, or a heteroform of one of
25 these, each of which may be optionally substituted. In some embodiments, U
comprises a terminal alkene or terminal alkyne. In preferred embodiments of formula
(17) or (18), U is -CH,C=CH, -CH(R)OCH,C=CH, where R is H or methyl, or U is
(CHy)Ar, where tis 0 or 1 and Ar represents a phenyl ring substituted with halo, -OH
or -OTT.
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The title compound or Example 3 (500 mg, 0.86 mmol) was dissolved in a 1:1 mixture of t-butanol and

water (30
1,6-hepta

) emperature. NMM (118 pL, 1.08 15 1), Cul (8 ) and
Johigar (118 p mmol), Cul (325 ARATAN an

0.43 mmol) were added in this order. The suspension was vigorously stirred at

room temperature for 24 hours. The reaction mixture was diluted with Me01-1 and filtered through a
CET ATE(r) pad and rinsed with MeOH. The combined filtrate was concentrated under vacuum. The
remaining aqueous solution was extracted by EtOAc three times. The organic phase was dried over

sodium sulfate and concentrated un reduc ressyre,.The resj
S2008/060140 was c% c}e lf 2%51 R

- compounds Of form ue %’g 200 e/“ %%%}PCTH
At €lutl gvx’/ilﬂlu’ Et Ac,(}hen 585 15 15%

or a
romatographed on silic

MeOl-Emethyleneghladidef tty giud db €1 )il 6 )canddo un dsats Anathifer soldhNM& (CD@h8)a condistent with

proposed stru
chloride was t

cture. The title compoupd.of E | 4 10 mg, 0.33 in 1 tnL methylene
Péﬁ?%lae\?vi%ﬁjﬁﬂwfd}c)s)’(anles Cﬁ@flzfﬁﬁ?@%éf%_ég é”ﬁﬁé?él%%géﬁfgeﬁ%&give the title

compound as anbbiterselid. MR ICRGLIpccanSisiEtamitioplopasedrstructure. WO
20Q8/128121PCT/US2008/1160140 . . The ti nd,ef Example 3.(500 mqg, 0.86 mmol) was
di S% %2 ds mi ormy a&?é%rﬁo q{ o Pi‘@pané?» are Rﬁ\%ﬁﬁl&fg Q

olved in a 1:1 mixturé or t-butand

and wat nil,) &t ro émperature. iL. 1.08

mmol), Cu] (82amgyl@.4®mmadlRAR’ 128 thynydiierdend (G mbl O ABMMbinierewdadded in this

order. The sus ion was vigorqu irre OC, for 24 .. the Sreactign mixture was
éﬁ @ﬁap friftsee%a%h *gagg%?‘é( ’I%%%%qﬁgt lé)ﬁ%r( ?ﬁsé%%%%igaﬁ’fgﬂ@ combined filtrate
was concentradiegontien yp€lais Thengmaihits ageealls splutic nGl2 sugktaTE 2oy Et0Ay three

diluted with M

times. The or
The residue w

R R R R A E RS IEIY Sma e 10856

M&011/methylerischlerdeto-gdR’ the @) BSMmPSInR 5 aWhit SONORM, NMRREDER3): consistent
with proposed structure. The title compeund of Example 5 (46 0 iniml thylene
R ARG oS B s e n et B b

15chloride wadtreatd

oxane he general procedure B 10 give the title

g

compound as & paleyelloissolid.atd, NIFHR ZC B{lk)k gorsisfenewitimproposed shesetwah of

15

20

25

30

which may be optionally substituted.

In some embodiments, two or three monomers of formula (6), formula (17),
formula (18), formula (19) or formula (19A), which may be the same or different, are
reacted to produce dimeric or trimeric SMAC inhibitors.

For example, two monomers of formula (17) may be reacted to give a dimer of
formula (10) or formula (11), wherein p is 2. For example, two monomers of formula
(17) in which U comprises a terminal acetylene moiety may be coupled to form a bis-
acetylene linkage. In other embodiments, three monomers of formula (17) may be
reacted to give a trimer of formula (11), where p is 3.

In another embodiment, three monomers of formula (18) may be reacted to
give a trimer of formula (12). In a further embodiment, two monomers of formula
(19) may be reacted to give a dimer of formula (13) or (14). In some such
embodiments, each U represents ~NH, or -NH(Me).

As a further example, a monomer of formula (17) or (18) may be reacted with
a monomer of formula (6) to provide an unsymmetrical dimer of formula (7) or (8),
respectively. For example, an alkyne containing monomer of formula (17) or (18)
may be reacted with an azido containing monomer of formula (6) to provide a dimer

of formula (7) or (8), wherein L. comprises a triazole ring.
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The title compound of Example 4 (600 mg, 1.08 mmol) was dissolved in methylene chloride (25 mL) at

OC TEA (%f%g%s/]m%%gﬁnmol) was added and the mixture was stirred for %@%M%ﬁq{jsophthaloyl
109 mg, 0.54

dichloride mmol) was added. The reaction mixture was kept stirring for 1 hour at 0 C,
and then slowly warmed up to room temperature and stirred overnight. Water was added to quench
the reaction. The two phases were separated and the aqueous phase extracted by methylene chloride
twice. The combined organic phase was washed by HC1 solution (1M), saturated Nat-1CO3 solution
and brine. The orgar&ic &geg%ée was dri?d over sodium s(l)JIlf{Slte aﬁng ggtchentraﬁ%q u@%@r (r)educed
pressure. ‘The resid 8 {had ﬁ?Sr’%%%’g%%%%%ﬁ“ﬁé% g‘eﬁrgfu%mgwi o C, the /% to 10%
Met/ld/methylenrey il aridenimanddhivtitieleompBidas) a white solid. ‘Il NMR (CDC13): consistent with
proposed structure. , The title compo d of Ex?miple QCQ%ZC%%Q.?& nO11mH(13I ,inc }%.51@(;_ @l%thylene
chloride was treated “RERORANE ?ﬁerﬁﬁ) ,)Wsllng}fhe genera procecfure% to gglvé the title
compound as Bhwhite:sotif ckipMWR (EEEES achniistentowith, propdses strbeumgiomer of The title
compound of Ex le 4 (400 mg, 0.72 mmor!\%w s diss Iveﬁl in ]&]Ofrr?]e@ le c%f%ori e, (15 mL)at0 C.
TEA (125 pl., 6?5%%% r\‘?’voanébéé)get%eé:ﬁ) e é?eﬁﬁld%ﬁfél BT %8@8 14 : ixture was
stirred for 10 micertoovhictuit:Sob-Berizehatricarbenybikblotice (63 dagrrh@l shbiyvas added. The
reaction mixture was kept stilling for 1 hour at 0C and then slowly warmed up.to r emperature and
stirred overnigﬂ’ﬂlﬁ%eék Fé%&%gﬁl mio’x%&?lén\%gg it Egr\?ﬁ{hcg e eé’t'\ﬁulﬁﬁa rgaé grlﬂilegg%éﬁen washed by

HO solution (I}asattiraieddalio 3Ssblutiornagdbpinedfdsolgahidephese wmasdiiedlover sodium

sulfate and concentrated under reduced pressure. 't he re '%L}Je was chromatographed on silica gel.,
eluting with Z%Gfgeib%“%l% /?ﬁlgf%ﬁénr% %ﬁgrll‘clf’e?etrgogrlr\l/% ?hsfle ite %“oﬁiﬂ%%ﬂr?é aaSSV g@vﬁte solid. 1H
NIV1R (CDCl3)ixanusisterbivite plopokelddtrittinrgie scopEhg thteicompountiofiBExampiere1 (410 mg,

0.22 mmol) in 0.5 methylene chloride was treated with .110/dioxane (4M, 0.5 mit.) U the general
procedure B té? %‘il\l/)?ag’lt-‘%%“ﬁlt eX 15’0%%8% 55 AV Ql‘tlgésso(f@ ?ﬁlﬁﬁlA‘h*?E‘B&aféi888%1‘5@}?2%% %Sroposed
15structure. \WOn2808H2B121RETIAIBA008406 0do40eT heltitiduadmpowel of Bxamgpie (80 mg, 0.14
mmol) was dissolved in methylene chloride (4 mL) at O C. IIOBT (20 mg, 0.15 mmol) and TEA (47 pt,
0.34 5mmol) wéte added, followed by the addition of glutaric acid (8.8 mg, 0.67 mmol). The mixture

was stirred for 10 mnMitoclyhishk 2D (129 5soheyt @ Ko mymutidwak thel dectnTibe Miérwmdixtur(_a was kept
oo o L b0 i AR TERi i S ETE e ad la, The
saturated Nalll€f@&ent selected preferred species, and other species that include combinations of
the features in the compounds specifically depicted are also preferred.
The compounds of the invention may be isolated as salts where an ionizable
group such as a basic amine or a carboxylic acid is present. The invention includes
20 the salts of these compounds that have pharmaceutically acceptable counterions.
Such salts are well known in the art, and include, for example, salts of acidic groups
formed by reaction with organic or inorganic bases, and salts of basic groups formed
by reaction with organic or inorganic acids, as long as the counterions introduced by
the reaction are acceptable for pharmaceutical uses. Examples of inorganic bases
25 with alkali metal hydroxides (e.g., sodium hydroxide, potassium hydroxide, etc.),
alkaline earth metal hydroxides (e.g., of calcium, magnesium, etc.), and hydroxides of
aluminum, ammonium, etc.
Examples of organic bases that could be used include trimethylamine,
triethylamine, pyridine, picoline, ethanolamine, diethanolamine, triethanolamine,

30 dicyclohexylamine, N,N’-dibenzylethylenediamine, etc. Examples of inorganic acids
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10 solution and brine. The organic phase was dried over sodium sulfate and concentrated under
reduced p{ga%ﬁ?qxgﬁlresid.ue Was.chroma.u)graphed on silica gel_, eluting&m%(ﬁgg then 2% to
8% Me01-1/methylene chloride to give the title compound as a white solid. NMR (CDC13): consistent
with proposed structure. WO 2008/128121PCT/U 82008/060140 The title compound of Example
13 (45 mg, 0.037 mmol) in 0.2 rnLmethylene chloride was treated with 1,10/dioxane (4M, 0,2 mL)
using the general procedure B to give the title compound as a white solid. 111NMR (CDC13):
consistent with propo stmct-ure. ompound 4-t us-hydroxy-(L)-N-Bo¢-Praline was coupled
to (10-tetrahyé¥§ib%9§§%%ﬁ§§ érrﬁ%lgeugygégﬁhgoélgn%%g? % gé%% 8?3—:-{1 at%xﬁ(rné)[ﬁécré}‘%ﬁéSi?(%]'%%mpound.F:H
NMR (CDC13}cohnsgistphtidthcpiogosdtk stnpbivng o\d40i 200841281L@E PETid 33008080140
N3sr.-\S-IN ¢b0Q |-13C tCH3. Lt r'tlfq.a solutio hof thel}jtle compound of Eﬁam ‘I,e‘lcg&l ﬁza%kflz mmol) in
DCM (120 mE?C TESWas Gaded Lf%%‘(# ?nlfn‘géum%ltlﬁ)‘? Vs ?Ln@.rbeﬁumﬁné%%c}nmo Was @dded
slowly and themesgtatiexg: Sohiti anidvas stimedh HoOC foidSphednsn&Miminio @iveas delded. The mixture
was washed by IICI splution (1 N), saturated NaHCO, solution and brine, The organic phase was dried
ov§r Na2Sa4 gfﬁc ucégﬁ%erﬁtsr%{%e bgrk}jjélfg el ulcneodar(j‘lressgllifr% %ebr%glﬂ"?ép rude %neléy’lg?éeé%%ﬁl %il, which
was used immediatelthwithibuafurtb eciplurfichbsnsfdrecoicwagldissohvadde®MS0 (180 mL) and NaN3
(5.5g, 84 mmol) was ?gded. Alter(peaftit dg at 90&:0}‘105&8 Qg%rsgdt e %Jlu}iGO was cocﬁe to room
temperature. Water ( RORREY S Jaed and the mikture Was exira ?edpw%mé%}&cctawice, The

combined organiaphdsenyasnwasingcbydstinee doiedoverdagBddand keriteitigted Ahder reduced

pressure to give fhe title compound a Ite id. 1t1. NMR (CDC13): cpnsistent with proposed
structure. @#‘}é (tt‘}t% §5§0 Q gﬁj@d %]T%E?)gr&p?é% w%lgb%}gg{ggg\?\}ﬁwnﬁg&nu% N é)sttlﬁlé Zgg r?élrpal procedure
A 16 &protect tharBBCgrditionT hadresulting Idhisattatias eoiupleddenBo dlexOHdeknglthé general

procedure D tq prepare the fitle compound NMR (GREL3Y consisiui il rReqsgd ucture.

Mack Publishing Co., Easton, PA, which is incorporated herein by reference. The
compositions comprise a compound of the invention admixed with at least one
pharmaceutically acceptable excipient, and preferably with at least one such excipient

15 other than water or a solvent such as DMSO.

The compounds of the invention are suitable to treat a wide variety of cancers.
In particular, they are suitable to treat neuroblastoma, glioblastoma, breast carcinoma,
melanoma, prostate carcinoma, pancreatic carcinoma, hepatocellular carcinoma, colon
carcinoma, and small-cell and non-small cell lung carcinoma.

20 The compounds of the invention are also suitable to treat various autoimmune
disorders, particularly rheumatoid arthritis, lupus, vasculitis, glomerulonephritis, type-
I diabetes, pernicious anemia, myasthenia gravis, Guillain-Barre syndrome, and
infections with autoimmune effects such as AIDS, malaria, Chagas disease, and Lyme
disease.

25 The compounds of the invention are not on their own very cytotoxic: they
depend for their activity on potentiation of the effects of other effectors, which may
be natural, endogenous substances, or they may be additional therapeutic substances.
For example, SMAC mimics have been shown to strongly potentiate the activity of
TRAIL or etoposide when co-administered. Accordingly, the compounds of the

30 invention may be used in conjunction with or in combination with an additional
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H3C H3C O0H3C'0 CH3 C H3 The title compound of Example 17 was treated with HO using the

general pr. g 1§ Bldeprotect the BOC group. The resulting HO salt V\ﬁsf [@% RPC-
NMe-Ala- ugil{r% t?we general procedure D to prepare the title compound. ill NMR 10?CDC13):

consistent with proposed structure. H3C cFyil-13 "To a solution of the title compound of
Example 18(2.62 g, 4.5 mmol) in 100 mL MeOH, was added 10% Pd/C (262 mg, 10% w/w) at room
temperature under 1\1-3 atmosphere. The mixture was then charged with a hydrogen balloon and
stirred for 8 WO 2008/1 8121PCT/U8200§/060 40 ho s at rf)g}]rgrtem%%ratu%% A(fiter all tlle starting

material has bglgﬁagslﬁslﬁmaé’ér,l%ﬁlélth(ﬁ‘%cuerreewgcstSAlteurce}Hat roﬁélﬁ EPTY (ﬁflpa andfeonCentrated
under reduced:prdssuradiagivieradviiie. Siiobasath editieona mjpog nda dnd thiti BRI (G DG §Bicatinsistent

with proposed structure. . The title compound.of Example 19.(600.rug. 1.08 mmol) was dissolved in
DCM (25 mL) 8?#@9’1"%&0(5%6 ﬁﬂoit_%gﬁcrﬁéﬁét Wasd'at %lé] Ogr]fﬁ(t]r%é (?%li‘g(%#g"re]rv%%‘gscs errgcﬁ for 10 min, to

which isophthateyihdicitoridenihR9 augmbtdbinacl)ovas agtaedit) Mkkureactioh fiuisto® was stirred for
1 he%)ur at0C tkhen slow @/ Warmedt%{ &g oom temgerat%e and t%tnis%ngz}/ceEmlgaht. Water. was added to

vl . \
guench the rea&tion e o %lﬁ%lses we elgéﬁgrraat’elal%n%t]i%xea agueous p Vgseg%latlsssélﬁpré%ted by DCM

twice. The conbhined/crgahicphdseilyvas piashesdiyph® olmiidn {iMicdatuatedttadtdAGOB solution and
brine, The organic Blhase was dried over sodium sulfgte.anﬂ]ﬁg)centr%ted 5 under. reduced pressure.

The residue wi mc%ré/rcﬁgt%ngrgldﬁoé( ndﬁogﬁiéjéogt%ﬁ? é}ﬁ]ttln%m&wlf JAC the 36 16 19 RE6H/DCM to give
the title compatinrtbasxamitiitepaahidydikl, MiptRs(GEES) iubgistentalith proposddcstracture. WO
20118/128121&)%(3?6%&%12; 91%%%%%?8% 11 inhibitors such as etoposide and teniposide; microtubule
10 inhibitors such as colcemid, colchicines, paclitaxel, vinblastine and vincristine; and
kinase inhibitors such as flavopiridol, staurosporin, and hydroxystaurosporine.
Preferred additional drugs for co-administration with the compounds of the invention
include those that affect Hsp90 (heat-shock protein 90). Suitable Hsp90 inhibitors
include ansamycin derivatives such as geldanomycin and geldanomycin derivatives
15 including 17-(allylamino)-17-desmethoxygeldanamycin (17-AAG), its dihydro
derivative, 17-AAGH,, and 17-amino derivatives of geldanamycin such as 17-
dimethylaminoethylamino-17-demethoxy-geldanamycin (17-DMAG), 11-
oxogeldanamycin, and 5,6-dihydrogeldanamycin, which are disclosed in U.S. Pat.
Nos. 4,261,989; 5,387,584, and 5,932,566, each of which is incorporated herein by
20 reference. Other suitable Hsp90 inhibitors include radicicol and oximes and other
analogs thereof, disclosed in Soga, et al., Curr. Cancer Drug Targets (2003) 3:359-
369, and in Yamamoto, et al., Angew. Chem. (2003) 42:1280-1284; and in
Moulin, et al., J. Amer. Chem. Soc. (2005) 127:6999-7004; purine derivatives such as
PU3, PU24FCI and PUH64 (see Chiosis et al., ACS Chem. Biol. (2006) 1(5):279-284
25 and those disclosed in PCT Application No. WO 2002/0236075; related heterocyclic
derivatives disclosed in PCT Application No. WO 2005/028434; and 3,4-
diarylpyrazole compounds disclosed in Cheung, et al., Bioorg. Med. Chem. Leit.
(2005) 15:3338-3343. Antibodies or antibody fragments that selectively bind to
Hsp90 may also be administered as drugs to cause inhibition of Hsp90, and can be

30 used in combination with the compounds of the invention.
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[-12N "The title compound of example 22 is commercially available, (Tt could also be prepared

from 4-tra%31¥&r§;i%-l(z’ll.)-N-Boc-ProIine: H. Mamsawa et al., Bioorg. Medp 8606505}t 2d-4 15, 2002).
OCH3H3CO "l1IN 0 H30CH3 H30 ¢ H3H3c CH3 The title compound of Example 21(2.5 g, 10.2

mmol) was dissolved in DCM (100 ml..) at 0 C. TEA (2.13 mi., 15.3 mmol) was added and the mixture
was stirred 10for 10 min, to which isophthaloyl dichloride (1.02 g, 5 mmol) was added. The reaction
mixture was stirred for 1 hour at 0 C, then slowly warmed up to room temperature and stirred

overnight. Water wa ded to quench the regction. two phases were epaéaf%ngnd the aqueous

phase extracted by é%?}l’ 3vi(c’:e?(alkj e élcl)?iﬁ?isnzg %%aﬁﬁ:qﬁﬁység\?f Eovlvgrslﬁg%(%yaﬁl 1 solu%i%rﬁ(?M),

saturated NanTBB-gchitigisodmndad hinintered he dngarfier phagemwasedrisbaovelssqotitipreddfate and

concentrated under redgped pressure to give the title compound as a white solid. 114 NMR (CDC113):
dBIRssHc. o giued

consistent with Proposed Structire. M28121PCT/U 82008/060140 H3C_KOCH3 H3C

CH3Fd3c C133 TW hesolutionpofuthedideecompaondsoftEixadnipl@2nfBit gheoehfensipin THF (100 m1)
was added 1,431- 4r ?fclo rgjg- 'Z%hncLHnODainertl\{\éo bat%hec% at.0 ICiS,tA(\afrtg(g the reaction,mixture was stirred at
m ,TIEI gf& ﬁ/ ad%denc}{1

> \ b )
0 Cfor 12 hour@lsr,l,O SolltigiT Was Slow 0 quen’c(f1I tthgyrrenéléloen, The mixture was

then extracted doynkitxde drcpartimswiitie dembirechotganic phasedwashvawsegdytsaturated NaHCO3

solution and brine drieq over sodiun%gglg‘%te &ragncgngﬁntrated underr(? ced pressur (o) egive the title
; S

congurren 1. S€, 1 cC DOSILIONS O € Invenuon in .
compound as a W%I e SOIIY . 1N ﬂﬁﬁlﬁ COI’I%I%[GH'[ Waly[]ﬁ1 propose ructure. 0 a solution of

the title compoatriclasf cﬁwmmm;s;)ﬁﬁd(ﬁfgﬂzrguﬁaﬁﬁob[m&w,(@amm}ima@ adteddhEAlBNE4 ml 13 2
mmol) at OC. 0.93 mL, 12 ol s slowly adde d the resulting solution.was stirred at 0C
for 1 aurs. 20/ 1D BN AL A s S A e R S e revea
NdHCO3 solutibergra tirinehEscborganicrpitab® whssdied loved Na2SORimddronbenteghedsunder

purication. 150 S AL B ERIE e R L e L o hoating
at 90C for 4 hdisrsinthersoititioravias cooled itoi20rabmi tie at persitane . cdapentd®nihy wasrdded and the
mixture was exﬂl %esqr%\{ﬁpaneously or concurrently treated with one or more of the additional
therapeutic agents described above.
15 Formulations of the compounds and compositions of the invention may be
prepared in a manner suitable for systemic administration or topical or local
administration. Systemic formulations include those designed for injection
(e.g., intramuscular, intravenous or subcutaneous injection) and those prepared for
transdermal, transmucosal, or oral administration. The formulation will generally
20 include a diluent as well as, in some cases, adjuvants, buffers, preservatives and the
like. The compounds can be administered also in liposomal compositions or as
microemulsions.
Injection methods are sometimes appropriate routes for administration of the
compounds for systemic treatments and sometimes also for localized treatments.
25 These include methods for intravenous, intramuscular, subcutaneous, and other
methods for internal delivery that bypass the mucosal and dermal barriers to deliver
the composition directly into the subject’s living tissues.
For injection, formulations can be prepared in conventional forms as liquid

solutions or suspensions or as solid forms suitable for solution or suspension in liquid

30 prior to injection or as emulsions. Suitable excipients include, for example, water,
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WO 2008/128121PCT/US20081060140 Et()Ac twice. The combined organic phase was washed by
brine, driegQugsdN3sp4 and concentrated under reduced pressure. TheggsgideRWago140
chromatographed On silica gel, eluting with 30% to 90% EtOAcillexane to give the title compound as a
pale yellow solid. Il NMR (CDC13): consistent with proposed structure. The title compound of
Example 24(1.5 g, 2.4 mmol) and toluene sulfonyl cyanide (888 mg, 4.9 mmoO were mixed in a sealed
tube. The solids were then heated to 90C and melt to a dark brown color liquid. After stirring for 24
hours at 90C, the 10,mixture was cqoled to room erature. Add 3 n [ e the solids.
The residue Wsélqsl%tﬁr%%g ga’rgﬁ'ﬁégjqoﬁns&: Itl%% lglge[,' eﬁeﬂflnéovrﬁﬁﬁ) %8% %ﬁﬁ%%ﬁ%"/{w&#@‘g%g% give the title
compound. 1lnNMRCDAI)y sobsistert with proposeg Structlsdyivy@gR008pIPBISaRET/If
S2008/060140 To a solution of die title compound of Example 25940 mg, 0.96 mmol) in CliLeN
(30 mi) was &6 ROL B THo0 Mo 5 S e ente s R e e e e
suspension was added by PhSH (0.79 mL, 7.7 mmol). After stirring for 12 hours at room temperature,

thareaction mixture yas ueNEhed pYNBCOR SEVPIES Sollien Te a.ahases arpgeparatec

and the aqueous phase was extracted combined organic phase was washed by
brine, dried oveiliNe? 8 tha docopeentsatt the ndentadu ciet plasswapThél iesidiem ias

chromatograp ili el, eluting with-30% % Et0 X ) give die title compound as a
white solid. 11%’%%55?((: fgfsﬁglrl%(igé?gr?ts wit Spgr%rgg%gﬁgs%%f:c{tyu?g&p& r%(iei{n‘?theé%grgﬁpound of
Example 26 (185 figy0ys8:mnvdipin GRmopirill€M was treated with HC1/Dioxane (4M, 0.4 ml.) using the
general procedure B {0 deprotect the B u e result] 0, 1 %gﬁﬁﬁq g&%’tﬂ%’%h‘cﬁ% mg,
0.37 mmol) was disséwgﬁlc Sﬁ{ﬁfﬁ%ﬁ%ﬁ%&{%&ga@%g?g o%/ge s%;%gon was é%,ded IIOBST (50 mg, 0.37
mifiol) and DIRERG 147 qflsppp84itmines) tiantuisrorderatalitsr BaminwtesaEBGGYTE md 10t3Rasahol) was

added. The reaclion miiute Wa G 0140908 0GR SIUNMASE HP R AR, (emperature

and stirred for'18 hours at foom temperature, The reaction mixture was concentrate er vacuum.
The residue wabidiutedwithr2BuEtOrie sl SMsKepkbiidd @scHolnt eme(thn) adatuteged NalICO3 solution

and brine. The AR ARa Y -%%ie%ﬁz{ﬁfe MazRG AR sanpenpteiundaLiedssaigssure to

give the desirerﬁopro uc 13): consistent with proposed structure. 136 W
2008/128121 RETTuE20081DB80M40t.  The title compound of Example 27 was treated with [IC1 and

thepn coupled to Boc-NMe-Ala-OH using a similar pr ‘ he title
coPr%]pound 14 to prep%':flee% 1%%& eag%?r{]%%u%ﬁ %g%ﬁ%%gﬁ?ﬁ%ﬁ? uct§ v%'gsg%é?sc}%%?ggg?gphed on silica gel,
eluting with 308%lica8684 EweB oritleixathe codgiveythey eltiel st potidaas FaviskesplidRINR (CDC13):

consistent wi.g pioposed UGy oo SR AMPRHIA A Examale eRmasdeaiRdavith HO using

the general procedure B to give the title comp as a white solid. 11 NMR (CDC13): consistent with
proposed struetiteromiting that precludes effective oral delivery. T ransdermal patches are

commonly capable of delivering a controlled-release dosage over several days or to a

20 specific locus, and are thus suitable for subjects where these effects are desired.

Transmucosal delivery is also appropriate for some of the compositions and
methods of the invention. Thus the compositions of the invention may be
administered transmucosally using technology and formulation methods that are
known in the art.

25 For administration to animal or human subjects, the dosage of a compound of
the invention is typically 10-2400 mg per administration. However, dosage levels are
highly dependent on the nature of the condition, the condition of the patient, the
judgment of the practitioner, and the frequency and mode of administration. Selection

of a dosage of such compounds is within the skill of an ordinary artisan, and may be
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The following examples are included for illustrative purposes only and are not intended to represent or

limit the sgaps 9§ he sybiect matter claimed herein. (11.)-Proline mgthylestaiwascoupled to
N-Boc-a-tert-butyl-glycine using the general procedure D to prepare the title compound, 1H NMR

(CDC13): consistent with proposed structure. H3C% N CH3 0 0 30 CHs CH3 The title compound
of Example 30 was treated with HO/Dioxane using the general procedure B to remove the BOC group.
The resulting IICI salt was coupled to Boc-NMe-Ma-OH using the general procedure D to prepare the

titte compound. 1H R (CDC13): copsistent with Rroposed stru .= ItH3 %-- The title
compound of %Cfgrr%’\ﬁ\eé%efg \%ggq Fﬁ%ﬁ%8[]&.{%%%‘6&#%‘5%?‘%%%%@%%% L%pg%%:n ?J%&CQ,Stéﬁ? r(l)lil/%e the
methyl ester awdegiabltheffiiticicanipoumid. 11-1 NMR 5(CDCE): consistent with proposed structure.

whe acided Nall (41 HS 0 o AT AL R e gre i AR > THE
readily determined by one skilled in the art using well known techniques. For
5 example, the patient may be administered a low dosage of a compound or
composition of the invention at a low frequency such as once per day or less often;
and the dosage and/or frequency of administration may be systematically increased
until a desired effect is achieved in the patient.
Many suitable monomers are readily prepared by known methods, including
10 the extensive body of literature describing synthesis of peptides and peptide mimetics.
Examples of the synthesis of certain monomers are included herein. Representative
monomers are shown in Table 5.
The invention includes monomers of formula (6) and methods of using such
monomers to make compounds of formulas (1)-(5) and (7)-(9). Certain amine and
15 azide containing monomers can be prepared as shown in Schemes 1, 6 and 7. It will
be understood that similar monomers possessing different absolute or relative
stereochemistry could be made by varying the chirality of the starting materials
utilized, or through standard functional group manipulations which are known to
those of skill in the art. For example, double-inversion of the 4-hydroxyl substituent
20 on compound I in Scheme 1, e.g., by tosylation, treatment with iodide, followed by
displacement with azide anion, would provide an isomer of compound II where the 2-
and 4- substituents have the relative trans stereochemistry. Many other suitable
monomers can be prepared by methods that are known in the art. A preferred method
for making the compounds of formula (1) involves reaction of two monomers of
25 formula (6) with a third molecule containing at least two reactive centers.
For example, compounds of formula (1) where L. comprises a bis-amide linker
can be prepared by acylation of two amine containing monomers of formula (6) with a
diacid, which may be optionally activated as a diacyl halide, mixed anhydride,
activated ester, bis-sulfonyl halide, or the like. Such compounds may be symmetrical

30 or unsymmetrical. This reaction is illustrated in Schemes 4 and 6. For compounds of
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10minutes and was added by the propargyl bromide solution (80% w% in toluene, 153 pL, 1.03 mmol).

The reactigi, Bxdurz was stirred for 1 hour at 0C, then slowly warmed upge#RQmdgipeipture and
stirred for 4 hours at room temperature. The reaction was quenched by 1IC1 solution (0.5 N, 2 mL) The

mixture was extracted by EtOAc twice. The combined organic phase was washed by saturated
NaHCO3 solution and brine, dried over Na/SO4 and concentrated under reduced pressure to give the
title compound. 'll NMR (CDC13): consistent with proposed structure. WO

2008/128121RCTATS20081060140 . The fitle ¢ f e . 4.03 mmol) in 1
1. DM WA B G R csm e SRS MRS B pet T 2 e
5Bee group. TthieqigsidtingtNE hssloamdtHehitteeccdmpound 28 (387 mg, 0.94 mmol.) was dissolved in

DIME (10 mL) at OC. To the ahove soluti re.%%de HOBT (139, . mal), and, DWEA (404
pi-, 2.32 mmol). After %?r?ﬁ?egs? @&%f@gﬁga‘f an(?}ﬁ%%ﬁvea{lsg %&E%%ﬁ%%ﬁé%@%%%r%&t%re was
stirred for 1 heurdat@dethen Slowly, warh &t AO06/£d 8 Bmpedanerezand stirreet ¥ami@ hours at room
temaperature. 10't he reaction mixture ‘ centrated under vacuum. The residue was diluted with
Etl§Ac and washed %3(/’1[848 {;hcﬁL?trlgsﬁ?(ie\ll\yﬁﬁsgﬁ?%eg%aHC03 solution and brine. The organic phase

was dried over Na2S0O% ane doncdntkangdumge craduoed hresstidied giveatdecttiéheompound. 111
NMR (CDC13); consistent with, proposed structure. : 1 f 4 (290
( )im(f(ce):lrflss I%o?(ﬁéé%xgﬂp rgﬁﬂ%}%‘%ﬁg@%g&&@ Rf é%c A%%%é%@r?@ Y }%u%)c(l?@glﬁc?’ (

mg, 0.5 mmol) was diss nil N7 to whic mg, 0.5 mmol) was added.
The suspensignovak WQa008/1281MYRATAISPIIBIGedIMGuNEated to 90C and gently reftuxed for

termperature, quenan Ly oL ML e e A By A LS S, mbined
ordanic phasecwasriedyoverldiESO4Actinus sordeintratty ame dimedot &dprésslravithan crude product
alkyl bis-azide provides fused triazoles.

In addition, two azido monomers of formula (6) may undergo dimerization
concomitantly with cycloaddition with a bis-acetylene containing molecule, to form a
dimer wherein the linker comprises two triazole rings. Alternatively, an azide

15 containing monomer of formula (6), may undergo cycloaddition with an acetylene
containing monomer to form a dimer containing a triazole ring as part of the linker.

A wide variety of methods for forming such dimeric compounds are known in
the art, and may be employed with suitably functionalized monomers. For example,
hydroxyl substituted aryl or arylalkyl groups may be modified to form aryl triflates or

20 other suitable functional groups, which may undergo cross-coupling reactions, for
example with alkynes, to form dimeric structures. One of skill in the art would
recognize that such compounds may undergo further chemical transformations, for
example, partial or complete hydrogenation to form alkenyl or saturated linkers.

Additionally, hydroxyl or amino substituted monomers may be alkylated, for

25 example with allylic or propargylic halides, to form other linkers or other
functionalized monomers. Such monomers can undergo dimerization or trimerization
reactions, and may be further modified after dimerization or trimerization

Alkylamine containing monomers may undergo dimerization by further
reaction at the amine center, for example by N-alkylation, acylation, sulfonylation, or

30 carbamoylation, to produce dimers wherein the linkage represents as Q-L-Q’
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5was chromatographed on silica gel, eluting with 50% EtOAc/Hexane and then pure EtOAc to give the
title compqgtg.oéxl]ilZHMR (CDClB_): consistent_with proposed st_ructure. %Q%gﬁlﬁg/ﬁg@%ound of_
Example 35 (216 mg, 0.19 mmol) in 04 mL DCiM was treated with HCA/Dioxane (4M, 0.8 mi.) using
the general procedure B to give the title compound. 11-1 NMR (CDC13): consistent with proposed
structure. 15To a solution of the title compound of Example 36 (20 mg, 0.02 m.mot) in 2 ml, MeOH was
added I'd/C (2 mg, 10% w/w) at room temperature under N3 atmosphere. The mixture was charged
with a hydrogen balloon an sttitrrte for.12 hourg ol dro(g{%'([)em e é‘g‘%rﬁfe@ftﬁ{ gdld'gltj(e) starting material
had been consUMBH THé fHix ﬁr%%vgglﬁ]ilt%r%rdafhroug?f a eﬂ%é%rgfpad and concentrated under reduced
pressure to givékiylartithe aomg@acrsonitiiNitiR(CEAL3) tepnsisdentlvitioploposenatructure. ONF1
H3C11.1 11 CH3 . . To.a solution of die Boc-Ircyclohexylglycinol g, 4.1 mmol) | M (15 ml)) was
cided TEA (0T O A0t e () ST bt hs added
slowly and thesolutinpawad stitide at PO foke Advoyleicldoatedaciionamixbgre was diluted with 15 mL
DC%\/I The mixture Wa.%}\l/yashec;\.lto)éHg %gl‘uti(())go 1el}l),()??(gu%?d Nﬂ?cacg r%géﬁggsrl(%qg‘igryine. The
organic phase was dried over Na2SO2Gh ' condentrate un’c?e? reduced pressure to gl\% the crude
mesylate as arwih mvhichnaasasaddrmgdiatétyoivithout dsithids yrorifidatjori . cTaencilovbsl dissolved in
HMSO (20 mléa to V\[{hiCht NaN3 (540 mg, 8.2 rgmogavrvea ag(éigg\%%?weeatigg éte7tz%%: gror{igehours, the
solution was cog‘ig&iy o0 ro6m ltnegnp%l}g ure.wla}t)erp ML) Was added and the mixture was extracted
with EtOAc twiead Bhelcomixhedearganiaghase hegsaepashied biyosrine, siriedhovuér Na2S04 and
concentrated under reduced pressure to give the title compound. Il NMR 13); consistent with
proposed structure. & 58(5%‘1%%@ %%85@?0%%&% dregb?’h%% ‘éd%%ﬁ%‘%%h%%‘&”&%%mp|e 38
(654 mg, 2.44 thenot) iR preikrRC Maas! treated i hhkl @hipioxds ef( dvinslatll} Bsimythegeneral
procedure B to remove the Boc group. The resulting HC1 salt.and the title compound of Example 3
(919 mg, 2,22 ?ﬁ%%r% “v&’érszw |sr£8f\%)er8 in Bigtg)/r?ﬂgérru\?%? 8&&?5@}%@285&8 SShtion W ratf %ﬁ??ed HORT
(330 mg, 2.44 mvonebctind OIREA (956 RE, 5.49 mmol). After 5 minutes, EDC (468 mg, 2.44 mmol)
was added. The reacion [piduiie was, stied fpr oul ALAG. (e sipmy waimed g fo room
temperature and stirred Tor 12HouTs at room temperature. The reaction mixture was concentrated
under vacuum aiitiderésidueawvas gitttaddithaEyltierantitwashedebsori@rsojuion¢h®ly, gaturated

NgtlCO3 solutipn a %{ . The organi ase wa dri%g over Na2,S04 and,concentrated under
rea(}i%ced pressg%nfg%i' eg]fﬁe“ﬁ eac(gr%ﬁ(gu%%;cﬁww&ﬁo( B?ﬂ% :%%lﬁgigffelﬁgt ia/vclit]ﬁc r%ﬁp%lgaeed structure.

mixed anhydride, activated ester, bis-sulfonyl halide, or the like. Such compounds
may be symmetrical or unsymmetrical. This reaction is illustrated in Scheme 10.
Compounds of formula (13B) having a linker K comprising a diacetylenic
moiety can be made, as described by Harran, et al., US 2005/0197403, by dimerizing
20 two acetylenic monomers of formula (19A) in the presence of a copper salt, as shown
in Scheme 9. The acetylenic linking groups can be readily modified to produce other
linkers; for example, catalytic hydrogenation of such bis-acetylenic compounds
provides the partially or fully saturated-linker compounds.
The acetylenic linking groups may also undergo cycloaddition reactions. For
25 example, cycloaddition reactions of a bis-acetylenic dimer of formula (13A) with an
alkyl bis-azide will provide a linker containing two triazole rings.
In addition, two azido monomers of formula (19A) may undergo dimerization
concomitantly with cycloaddition with a bis-acetylene containing molecule, to form a

dimer wherein the linker comprises two triazole rings. Alternatively, an azide
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H3C CH3 GHS3 To a solution of the title compound of Example 39 (1.03 g, 1.83 mmol) in 18 ml., MeOH
was addec{,\ggé&%g%%?l%ﬁg, 10% w/w) at room temperature under N2 PC@}m&W&r@J he mixture
with a hydr te

was charge ogen balloon and stirred for 8 hours 20at room temperature. Alter all the
starting material had been consumed, the mixture WO 2008/128121PCT/US2008/060140 was filtered
through a Celite pad and concentrated under reduced pressure to give the title compound. 111 NMR
CDC13): consistent with proposed structure. 113C H3CNH 1-111.4"/Cr<HCC3HH: CH3,,CH3 NO 0

HCN-r rCH3 1-13Cri CH3CH3  The title ¢ ound of Example 40 (250 mg, 0.44 mmol) was
dissolved in DENTEEHHR) AR R O@UL?E?%% %%&]‘}lwgéoa??’&i%ﬁ%ﬁéogo u Ilqoahmv%l/(éles&sTP |1r1r%ed for 10
min, to which isopfathalgyhehiohteridef(4n mdint:22omaini) yuasiadeedinbhs peactibmaniixitne was stirred

for | hour at O C, slowl im .RI i ight. \/
o i Ring bR HOR GRS RIS a5 A6l uench the

reaction at the amine center, for example by N-alkylation, acylation, sulfonylation, or
5 carbamoylation, to produce dimers wherein the linkage represented as J-K-J°
comprises a substituted amine, or an amide, sulfonamide or urea.
Preparation of the compounds of the invention from such precursors can be
achieved using methods known in the art. Accordingly, synthesis of these compounds
is within the ordinary skill in the art. Synthetic methods for making selected

10 compounds of the invention are also provided herein.

Synthetic Scheme 1:

Compound 11 was prepared according to H. Marusawa et al., Bioorg. Med.
Chem. (2002) 1399-1415. 1I was treated with acid to deprotect the Boc group and
coupled to Boc-Tle-OH to make III. By repeating the similar Boc deprotection and
15 coupling steps, Compound IV was synthesized. Hydrolysis of the methyl ester and
amide formation gave the corresponding peptide V. The azide group on the 4 position

of the proline was reduced to free amine to give compound VI
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and the aqueous phase was extracted by DCM twice, The combined organic phase was washed by
HICI solution (iM), Saturated NaHCO3 solution and brine. The organic phase was dried over sodium
sulfate and conentnag¢adsurider reduced pressure. The residue was chwm&GUEptvesloodisilica gel,
eluting with 50% 1-TexanetEtOAc, 15then pure DOAC to give the title compound. Il NMR (CDC13):
consistent with proposed structure. WO 2008/128121PCT/US21108/116111411 a'Ak, o CH, HNH3
CH3CH30H-I-1 H3C:HCIHO HN, CH, The title compound of Example 41 (69 mg, 0.057 mmol) in
0.1 mL DCM was treated with HCI/Dloxane (4M, 0.25 mL) using the general procedure B to give the
Stitle compound. 1H NMR(BEE13): consistent with proposed structure. Example 3 At 0C, to a
well-stirred mixture of 4-trans-hydroxy-(L)-N-Boc-Proline (log, 1043.2 mmol) in 200 mL DMF was

added HORT (6.13 %454 mmol), D1PEA (11“% §§ % .mmol) and ED N dr4R-4 mmol) in this
order. After 10 minute Ctetrahydro--raphth ine (6.5 mt45#mmot)was added. The mixture
was stirred for 1 hour at Q¢;, then slowly warmed upom room temperatur tirred for 12 hours at

room temperature. The reaction mixture was concentrated under vacuum'’tontssentiove the DME. The
residue was diluted with [ItOAc (150 mL) and washed by IIC1 solution (1 N), saturated NaHCO3

solution and brine. The organi¢/phase was dried over Na2&04 and concentrated under reduced
pressure to give the title compay: (crude yield 15.2 g).

without purification. Thh@ produc ol relative puNty was cQ

o5 o
N A

I
A

Synthetic Schemes 2 — 5:

By taking advantage of the copper(I) catalyzed azide-alkyne [3+2]
5 cycloaddition, the compound V was able to be used to synthesize a series of
dimerized compounds VII or VIII. On the other hand, compound VI can be coupled
with di-acid or its derivatives by the amide formation reaction to make a number of

dimerized compounds IX or trimerized compounds X.

Scheme 2
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Example 44 To a solution of the title compound of Example 43 (15.2 g, 42 mmol) in DCM (120
mL) was added TEA (7.7 mi., 55 mmol) at 0C. Methyl sulfony! chloride (3,92 mL 06 mmol) was added
slowly and the sahosiiegasistirred at OC for 5 hours. 50 mL DCM was addBaT/TR#etute was
washed by IIC1 solution (1 N), saturated NaHCO3 solution and brine. The organic phase was dried
over Na2S04 and concentrated under reduced pressure to give the crude mesylate as an oil, which
was used immediately without further purification. The oil was dissolved in DMSO0 (180 mL), to which
NaN3 (5.5g, 84 mmol) was added. After heating at 90C For 8 hours, the solution was cooled to room
temperature. Water (100 808822 added and the mixture was extracted with EtOAc twice. The
combined organic phase was washed by brine, dried over Na2SO4 and concentrated under reduced
pressure to give the title gompound (cruc{ﬁweld 15.2 g). The crude wasjus®d directly in next step
without purification. The predéitst and relatiye pyrity was confirmed by LOA#S. W 0
2008/128121P(§J]/U8200 060140 Exampl 5\To a solution of the titte pound,pf mple 44
(11.49, 29.5 mmo %mL DCM was adf /Dioxane (4N, M mL, 118 mmol)yatxoom
temperature. The tiolowas stirred at roomigmperature for 3 hourg ang metitor, LC-MS. After

all the starting redhad beemconw the> solvents-and HClger re%@éed,dnd%r reduced

pressure to give heNquee amine salt (9.48 g). %ﬁé resultlng amin 1,(9.48 0) and
N-Boc-a-tert-bu lycine (6.5 g, 28. @ Nol) was dissolved in 5 ml\‘ DM
(3.99 g, 29.5 mmohand DIPEA (11.6 mkA66.4 mmol) were added. CAftar 5 mines, EDC (5.66 g, 29.5
mmol) was addedy_[he réiaction mixturgwgs stirred for 1 hour at 0 C, {ﬁéb sioyharmed up to room
temperature and stirred for 12 hours at room temperature. The reaction mixture was concentrated
under vacuum to remove the DME, The residue 15was diluted with EtOAc (200 mL) and washed by
[ICI solution (1 N), saturatech&adCO3 solution and brine. The organic phase was dried over Na9S04
and concentrated under reduced pressure to give the title compound (crude yield 14.8 g). The crude
was used directly in next without purification. The product :xlatlve puri s confirmed by
HN

0 r&*, to which IIOBT

LC-MS. 20 Example 46
"'NH

m HOT(R')TOH o
N © o O N wN)k(H) N N o
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To a solution of the title compound of Example 45 (14.8g) in 30 m11, DCM was added 1IC1/Dioxane
(4N, 28.1 mi" 112 mmol) at room temperature. The solution was stirred at room temperature for 3
hours and morwtorewdnzs1@-MS. After all the starting material had been cofSURT@SHEYBIvents and
HC1 were removed under reduced pressure to give the free amine salt. The resulting amine salt
and N-Boc-N-methyl-alanine (5.4 g, 26.8 mmol) was dissolved in 225 ml, DMF at 0C, to which HORT
(3.8 g, 28.1 mmol) and DIPEA (11 ml", 63.2 mmol) were added. After 5 minutes, FDC (5.4 g, 28,1
mmol) was added. The reaction mixture was stirred for 1 hour at OC, then slowly warmed up to room
temperature and stirred fOEE2RSUrs at room temperature. The reaction mixture was concentrated
under vacuum to remove the ME The residue was diluted with EtOAc (180.t.) and washed by LICI
solution (1 N), saturated NallCO3 solution and brine. The organic phase @. rleﬁ over Na2S04 and
concentrated under reduegd pressure. The residue was chroma gd @ T ca eI @utlng with
30% to 95% EtOAc/Hex@neglgradually to give the title compots 4 g, 77.6% ed on
the beginning starting ma | 4-trans-hydroxy-(L)-N-Boc-gxdline). The produmt a Iatl urlty was
confirmed by"'e-MS. 'kiIMR (C11/03): consistent with prop stru ur

2008/128121PCIR 08/060140 Example 47 To a soluﬂm m@*@q ound of E pIe 46
(14.9 g, 25.6 mmot) in 100 5mL MHEOK] WS eidded 10% Paie> (1.49 g, 10% \/w) at room télBerature
under N? at éré) The reaction mikfure WasTﬁé’n“Vacuu 0 charged ith a hydrogeWBaIIoon
and stirred fo:furs at room temperature. After all the sjarting materlal has en

mixture was filtered through a CEETTEA pad and concentrated ungier reduceg/pressure
white solid as tifle compound (crude yield 14,0 g, 10 98%). Theicr{ide;wa mrectly in next
step without purticatioh. The product and relative purity was ¥onfirmed W&GQ/IS H NMR (CDCI3):
consistent with proposed structure. Example 48 WO 2008/128121PC?1<1~%»§20@8/060140 The title
compound of Example 47 (2.0 g, 3.6 mmol) was dissolved in DMF (36 mr.) at 0 C. HORT (551 mg, 3.6
mmol) and 5-amino-isophthalic acid (352 mg, 1.8 mmol) were added, followed by the addition of
DWEA (0.94 mL, 5.4 mmol) and EDC (609 mg, 3,6 mmol) The reaction mixture was stirred for 1 hour
at 0 C, and then slowly warmed up to room temperature and stirred overnight. DMF was removed
under vacuum and the residue was diluted with 40 mL EtOAc. The resulting solution was washed by
[IC1 solution (1M), saturated NaHCO, solution and brine. The organic phase was dried over sodium
sulfate and concentrated under reduced pressure. The residue was chromatographed on silica gel,
eluting with 50% to 95% EtOAc/Hexane, 10then 2% to 15% MeOH/DCM gradually to give the title
compound (1.38 g with 95% purity and 364 mg with 90% purity, 71.8%). The product and relative
purity was confirmed by LC-MS. IIl NMR (CDCL13): consistent with proposed structure. Example 49
15To a solution of the title compound of Example 48 (1.38 g, 1.08 mmol) in 10 mL DCM was added
FICA/Dioxane (4N, 4.2 mL, 16.8 mmol) at room temperature. The solution was stirred at room
temperature for 3 hours and monitored by LC-MS. After all the starting material had been consumed,
the solvents and HCI were removed under reduced pressure to give the free amine salt as an pale
yellow color solid, which 20was dissolved in 18 mL water, The above solution was filtered through a
0.45um syringe filter and lyophilized to give the title compound as an off white foam-like solid (1.24 g,
70.3% for 3 steps from title compound of Example 4). The product and relative purity was confirmed by
LC-MS. 1JINMR (CDC13): consistent with proposed structure.
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Example 50 At 0 C, to a well-stirred mixture of 4-trans-hydroxy-(L)-N-Boc-Proline (11.56 g, 50
mmol) in 250, Rl dA35,yvas added HOBT (6.76 g, 50 mmol) DTPFA (13 1p@é3,03m&h4nd EDC
(9.58 g, 50 mmol) in this order. After 10 minutes, D-amethylbenzyl amine (6.36 mL, 50 mmol) was
added. The mixture was stirred for 1 hour at OC, then slowly wtumed up to room temperature and
stirred for 12 hours at room temperature. The reaction mixture was concentrated under vacuum to
remove the DIAL The residue was diluted with EtOAc (150 mL) and washed by HD solution (1 N),
saturated NallCO3 sc&gﬁpﬂqea@d brine. The organic phase was dried over Na2SO4 and concentrated
under reduced pressﬂrﬁc‘gﬁe the tide compound (crude yield 15.95 g). The crude was used directly
in next step without purificatiog, The product and relative purity was confirmed
WO 2008/128121PCT/US2008/08Q140 Toa tion of the title compouna
-47.7 mmol) imPCM (150 m dded TEA (8. @ 6% TS5t at oC. @
(4,44 mL. 57.3 impkcoas d-stowly'@ndthesblution-was-stirred BL0G Sfarskours. 50 mL DCM
was added, The Mixture wagka$hed by SBlytion (1 N), saturate%{‘lggbrCQZ solution and brine.
The organic phaseB?/‘f/as dried over Na),S(X apgd concentrated under reducNgg p?essure to give the
crude mesylate as a white foam-like solid, which was used immediately withpyt further purification.

The solid was dissolved in HMSO (200 mL), to which NaN3 (6.20 g, 95.4 m @Eg%m?qdded. After
10heating at 90C for 8 hours the solution was cooled tg room temperature. aim? 60 mL) was
added and the mixture wag exfracted with EtOAc twice combined organjc phase was washed by
brine twice, dried over Na2 ‘ uced pressure to gjveithe title compound
(crude yield 17.5% hey ¢ was used ditegtly in e ep without purificatigfi. §he product and
relative purity was 15¢ omed by LC-MS. Exa 20d@idsolutigp or the #ee.eompound of
Example 5117.54g} -4Y,7 mmql) i3, 30,5 DCM wWas addediErTHigkan 35.8 mi., 140.3 mmol) at
room temperature? Tife soluti j a m ?empe#awpe—fer—4 houys aAd monitored by LC-MS.
After all the starti terial had been consu ‘"the solvents and Fe removed under reduced
pressure to give tﬂﬁ rRe amine salt (15.89 g). W) 2008/128121PCT/U $2808/0601411

N
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The resulting amine salt (2.48 g, -7.44 mmol) and N-Boe-u-tert-butyl-glycine (1.94 g, 8.4 mmol.) was
dissolved in 75 mL DAV at 0 C, to which HORT (1.14 g, 8.4 mmol) and DIPEA (3.3 mL, 18.9 num])
were added. Afsgp200simstes, EDC (1.61 g, 8.4 mmol) was added. The reakGdsaRN@\WaS stirred for
1 hour at OC, then slowly 5warmed up to room temperature and stirred for 12 hours at room
temperature. The reaction mixture was concentrated under vacuum to remove the DMF. The residue
was diluted with EtOAc (50 mL) and washed bysolution (1 N), saturated NaHCO3 solution and brine.
The organic phase was dried over Na2S0.1. and concentrated under reduced pressure to give the title
compound (crude yield 4.8ch¥n(0The crude was used directly in next step without purification. The
product and relative purity was confirmed by LC-MS. Example 53 15 To a solution qf the title
compound of'Example 52 (_Af\ngc;ngng,g?ZHﬁ%n 30 mbrBREM wah added Il ioxane (4N 5.6 mL, 22
4 mmol) at roonﬂ%ﬁ%amrﬁrmsgoluti R OSMtreh atroom te@ﬁﬁ%mﬁ’g s and monitored

mom————G—

by LC-MS. After al the stastingawraterial hadheen consumed, thae 'Stfventk and were reamoved
20under reduced pressure t§°give the free amine salt. The resulting amine salt and
N-Boc-N-methyl-alanine (1.67 g, 8,2 mmol) was dissolved in 74 mL, DMF at @,h@*IMI%‘mDQ&IOBT (.11
g, 8.2 mmol) and DIiPEA (3.2 mL, 18.4 mmol) were added. After 5 minutes, D@éﬁgé %, 8.2 mmol)
was added. T action mixture was stirred for 1 h t 0C, then slowly warmed up to room
temperature a@zﬁrr difor 12 hours at room Empe fe. The rqution mixture was concenirated
under vacuum to rémave the DMF. The residligiwas dilutedawith E50AC (50 mi)~and washed by 1ICI
solution (1 N), saturat atico Iutiom__zﬂ@d@rine.ﬂﬁé’."ﬂ?&%ic p@u sheried o

concentrated under regucgd preSsur He stcéue was chromategraphed ilica gel, elutiPRy with
30% to 95% EtOAc/ff8%ane gradually te give the fitle compound (3.8 g, 87.4% for 7 steps based on the
beginning starting material 4-trans-hydroxy-(L)-N-Boc-Proline). 't he product and relative purity was
confirmed by LC-MS. Example 54 To a sklutiotsidbthe title compound of Example 53(3,48 g, 6.2
mmol) in 100 mL MeOll, was added 10% Pd/C 3%15‘5@?@;‘3;116% w/w) at room temperature under N2

atmosphere. The reaction mixtur@éﬁs then vacuumed, charged with amogen balloon and stirred

for 8 hours at room temperature. r ajfthe starfing material hagtice sumed, the mixture was
filtered through a CELIffl@ pad and cencgitrated under reduced préssure to give a white solid as the

titte compound (crude yield 3.3 g, -100%)’@,,]' e ¢rud s used.diséctly in next step without
purification. The product and relative puitywas’e M, Ili NMR (CDC13): consistent
with proposed structure. WO 2008/128121PCT/US52008060140 Example 55
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The title compound of Example 54 (2.445 g, 4.61 mmol) was dissolved in 5DMF (46 mL) at O C.
1-TORT (623 mg, 4.61 mmol) and 3,5-pyratole dicarboxylic acid monohydrate (402 mg, 2.31 mmol)
were added, fojpwadshyshe addition of DIPEA (1.00 mE, 5 76 mmol) and BOQ$884/%1g4%.61 mmol)
The reaction mixture was stirred for 1 hour at 0 C, and then slowly warmed up to room temperature
and stirred for 12 hours at room temperature. DME was removed under vacuum and the 10residue
was diluted with 30 mL EtOAc. The resulting solution was washed by HO solution (1M), saturated
NallCO2, solution and brine, "l he organic phase was dried over sodium sulfate and concentrated
under reduced pressure. Thelxesi§ueewastchiromatographed on silica gel, eluting with 50% to 90%
EtOAcillexane, then 2% to 10% MeOH/DCM gradually to give the title compound (1.756 g with 96%
purity and 15788 mg withGousgafinR s75043e ThepidddcPARG FePAERASI I EY HAS WorfFiEY by LCMS.
IFINMR (CDC12): qosistentwitidiRrResed struchire (1VY R.2008/E28 124RGT [V S2618/860140  To a
solution of the title compound of Example 5‘5%.7}5%,@ 48 mmol ir%5.9th5argrgnl%%l\gﬂ\</vag added
FIC1/Dioxane (4N, 28650 RS Yhiol S MY D AR TRESONHBANAL Stired at room
temperature for 4 hasisagne proeitdrechbyobEr MSorAfidr AP e Stastingupiaignbiadbees consumed,
the solvents and I-IC| were remaved under r r ' | It as an white
color solid, which w%{s(ya isSolved in 10 mL ﬁaﬁtgﬁgﬁﬁéﬁﬁ%ﬁ%‘%g’?ﬁ’ﬁu v%/%%sﬁfgillth’rg’gltgﬂh%%%h a 0.45um
syringe 10 filter, rifsedogithtodaeeiveiedizse Wophiizeaeslietiége compound as a white foam-like
solid (1.51 g, 84.5% for 3 steps from title compound of Example 4). The product and relative purity was
confirmed by LC-MS. IHN§Re06:3C13): consistent with proposed structure. Example 57 15
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At 0C, to a well-stirred mixture of 4-trans-hydroxy-(L)-N-Boc-Proline (11.56 g, 50 mmol) in 250 mL
DME was added HOBT (6.76 g, 50 mmol), MITA (13.1 nit, 75 mmol) and EDC (9.58 g, 50 mmol) in this
order. After 10 wintsg282a- WO 2008/128121PCT/US2008/0611140 meb&fibsHp0akithe (6.36 mL,
50 mmol) was added. The mixture was stirred for 1 hour at OC, then slowly warmed up to room
temperature and stirred for 12 hours at room temperature. The reaction mixture was concentrated
under vacuum to remove the DMF. The residue was diluted with EtOAc (150 mL) and washed by HC1
solution 5(1 N), saturated NaHCO3 solution and brine. The organic phase was dried over Na2SO4 and
concentrated under reduéshegtedsure to give the title compound (crude yield 15.95 g). The crude was
used directly in next step without purification. The product and relative purity was confirmed by IL-MS.
10Example 58 N34,04(ND CH3 0/0 \:xCH3 H3C CH3 To a solution éf’).}ll(‘a,ml/e\co ound of
Example 57 (15.§’T4 4, -47 7 mmo ) in [@%\50 mL) was added TEA4&:32 mi,, 58.7 mmot),at OC.
Methyl sulfonyl chloride #.44 mL. 57.3 mmiol) wa dded slowly andtheso0 ‘Utio@as stirred at 0C
15for 5 hours. 50 MY BCMwasadded. T mixture was-washed by HY 8blution {1 N), saturated
NaHCOS3 solutibfefid brine. The ordgtc phase was dried over NaZS@#and concentrated under
reduced pressure & give the crude mesyiate as a white foam-like sqfity, which was used immediately
without further purification. The solid was dissolved in [WS (200 mlJi-te, which NaN3 (6.20g. 95.4
mmol) was added. After 20heating at 90C for 8 hours, the sqlution Wis cooled to room temperature.
Water (100 iird,) was added anfﬁ%b;{rulxt,l.w%\w&extrar\tg@th EtOAc twice. The combined organic
phase was washed by brine twice, dNLed) over Na3S0O4 g@nd concentrated under reduced pressure to
give the title compound (crude yigld/17..54 g). The cruderwas used directly in next step without
purification. The_prodyct and relagiv%@rity was 25c0 c¢l by LC-MS..\WO ‘

&

2008/128121PCT/U82008/069%40 Example 59 oy CH
Hzc NH HN Cﬁcm
C%&“\“CHB HSCW/KO 8
N z0 OYN\CH
HaC \f ! 3
5 HsC
O\K(C:}:s HsCﬁ

Svynthetic Scheme 10:

Scheme 10 describes the preparation of azido-containing monomer of formula
5 (19A), which was reduced to the corresponding amino-containing monomer and
dimerized by formation of amide bonds between two monomers units and a benzene

dicarboxylic acid, to provide a dimer of formula (13A).
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To a solution of the title compound of Example 58 (17.54 g, -47.7 mmol) in 35 mL Dcm was added
HC1/Dioxane (4N, 35.8 mL 140 3 mmol) at room temperature. The solution was stirred at room
temperature Wpo4obowrs and monitored by LC-MS. After all the starting mB€aYIa2hEdP déh consumed,
the solvents and IIC1 were removed under reduced pressure to give the free amine salt (15.89 Q).
10The resulting amine salt (1.605 g, -.482 mmol) and N-Boc-Isoleucine (1.26 g, 5.43 mmol) was
dissolved in 54 mL DMF at 0C, to which HORT (831 mg, 5.43 mmoll and DIPEA (2.13 ml" 122 mmol)
were added. After 5 minutes, EDC (1.04 g, 5.43 mmol) was added. The reaction mixture was stirred
for 1 hour at 0C, then stsiy&dfmed up to room temperature and stirred for 12 hours at room
temperature. 15The reaction npixture was comcentrated under vacuum to remove the DME. The
residue was dilyted with EtOAq (3 ) and washed by solution (1 N), sa;%%%H £0%
solution and bring. The organi¢ phase ywasdried over NaZzS0g and concentrated u reduged
pressure to gi9erme tittecomppund<riite yield2:505 g). The'crude was used ly in néxt step
without purifisatton. The produ :t%ielative 20purity Wef&c%nfirmed by LC-MS,- W@
2008/12812TRET/US2008/060140 &xample 60 H3CCH Bt H3C' CI-13 U.-M%&SCHCZHB Toa
solution of the tick compound of Example 597(2.505 g, -4.82 mmol) in 8 5m| .BCM was added
1-10/Dioxane (4N, 4 mL, 16 mmol) at room temperature. The solution was stifféd at room temperature

for 3 hours and monitored by LC-MS. After all the starting material had been consumed, the solvents
and FIC1 were removed under redzeg%/pressure to give the fe alf.
Na "~ N N ¥
Hs N I NH2 b H NoOE
HaC o & JH H
HaCi\V)\O O 0%, C}“@
— Tk — D .
HsCu A,
N ey uy, CHs
/& HaC NH HN Lo

/T\ ° C*(‘g)ﬁ,‘\\\cm e
HsC CH
3 CHs 3

N O N
e Y one

Scheme 11 describes the preparation of the compound 104, described in

Examples 43- 49.
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The resulting amine salt and N-13oc-N-methyl-alanine (1.08 g 5 31 mmol) 10was dissolved in 53 ml.
DMF at 0C, to which HOBT (813 mg, 5.31 mmol) and D1PEA (2.08 mt., 11.9 mmol) were added. After
5 minutes, EDGx@ B2g1148;31 mmol) was added. The reaction mixture was Btimveszios/dséaur at 0C, then
slowly warmed up to room temperature and stirred for 12 hours at room temperature. The reaction
mixture was concentrated under vacuum to remove the DMF. The residue was diluted 15with EIOAc
(30 ml.) and washed by HCI solution (I N), saturated NaHCO1 solution and brine. The organic phase
was dried over Na2S0O4 and concentrated under reduced pressure. The residue was
chromatographed on silicademeliting with 30% to 95% EtOAc/Hexane gradually to give the title
compound (2.23 g with 96% purity and 0.28 g with 87% purity, 84.8% for 7 steps based on the
beginning starting material 4-tras- 20hydroxy-(14-N-BQc-Proline). The product and relgtive purity was

confirmed by LC- MS. WO 200/122121PCDU8200 140 Example 61 To a sol @ of the title
compound ofdéxample 60 (2.2 mmol) in 80 5mtyie9Il] . Wes, artdedvl0% Pd/C (R

g, 10%
w/w) at room tewgture under\tFatmagphere. The'res etién ik wag then vacyt

ed, charged
with a hydrogen bafloorraid stisred der 8 houfm temperature. After all g tgrting material has
been consumed, thig mixture WAiRdFed thro R a GELITEO pad and concentrafed ¥nder reduced
pressure to give a white solid as the title compouad (crude yield 1.98 10g). The drasde was used
directly in next step without purification. The product and relative purity was confirmed.Byjetz-MS. | H
NMR (CDC13): consistent with proposed structure. Example 62 WO 2. B%%TEH%)HF
2008/128121PCT/US2008/06Q140 The title compound of Example 61 (1.98 g, .7§1wﬁmrﬁ)§:was
dissolved in DMF (37 mL) a @ HOBT (566 mg, 3,73 mmpl) gnd 5-amino-isophthalic acid (338 mg,

1.86 mmol) were added, followedt 3 mI" 5.5 mmol) and (709 mg,

3.73 mmol). The ggaction i . MN
1. HCI/DCM N HN
N O N O 5 Boc-NMe-Ala-OH m
o Hz, Pd/C, MeOH EDC, HOBT, DMF
B 0 « N O

O NH O NH 77.6% for 7 steps 0
oy j'nm from the beginning SM NHBoe
i !
Boc Boc
1. 5-Methoxy-Isophthalic Acid

EDC, HOBT, DIPEA, DMF
2. HCI/DCM
70.3% for 3 steps
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. OCH;
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Scheme 12
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5and then slowly warmed up to room temperature and stirred for 12 hours at room temperature. DMP
was removed under vacuum and the residue was diluted with 30 mL EtOAc. The resulting solution was
washed by HCIwolmimnAgi2v), saturated NaHCO3 solution and brine. The Begarsiz¢iiegelvas dried
over sodium sulfate and concentrated under reduced pressure. The residue was chromatographed on
silica gel, 10eluting with 50% to 90% EtOAc/Hexane, then 2% In 15(7) MeOH/DCM gradually to give
the title compound (1.17 g with 97% purity and 764 mg with 90% purity, 81.2%). The product and
relative purity was confirmed by LC-MS. il NMR (CDC13): consistent with proposed structure,
15Example 63  To a stthewa b deectibsieteompbemtbrerampiedéodesaioed o7 ammiet) in 8 mL
DCM was added 1-j@Mioxane (4N, 3.9 mE, 15.6 mmol) at room temperature. 20The solution was

stirred at room temperature for 4 hours and monitored by LC-MS. After all the starting material had
been consumed, the solvents ag NGHCI were remove er reduced pressure to give ree amine
salt as an white color solid, w |ch dissolved in 8 ater. vdae@hayeusolution wasAdtered
through a 0. 45ane WO 20 A 281%&PCT/US 8/060-Mk:fiREECrIN ed Wlth wajer twice and
lyophilized to give_the ﬁﬂ@*tonngLh s a WHI like soli@{I03g. 70.9% s from title

compound of lea le 4). The;pn’m antl re N e pyrity was confirmed by L S MR (CDC13):
consistent with proposed structure. Example 64 Boc At OC, to a well-stirred mixtusg. of
4-trans-hydroxy-(1,)-N-Boc-Proline (10 g, 43.2 mmol) in 200 mL DME was added HQBT. &Qo?mg 0,454
mmol), NITA (11.9 10mL, 68,1 mmol) and EDC (8.7 g, 45.4 mmol) in this order. Aft lzmcmmdtes (R)-
tetrahydro-I-naphthylamine (6.5 ml, 45.4 mmol) was added. The mixture was stirred foé&%)\ ;at 0C,

then slowly warmed up to ro mperature and stirred for ours at room tempejature. The
reaction mixture was concen d under vacuum to remov DME The residue Huted with
EtOAc (150 mL) %ng washed 11.C1 15 solutiop (1 N), satyrated NallCO3 solution rine. The
organic phase was NasSai and concent ubler feduced pressure to givelthe title

compound (crude yie 5. t9). The crude was usem i mepetep wit urification. The
product and relatixﬁ%dggd/vas confimned:by LC—%amﬁ@@Hgﬁ@w
2008/128121PCTH18X008/068+46 - N O

O NH NH 87.4% for 7 steps 0
© from the beginning SM
oy ¢ ¢ NHBoc

"”f
{
Boc

1. 3,5-Pyrazole Dicarboxylic Acid
EDC HOBT, DIPEA, DMF

2. HC/DCM
84.5% for 3 steps

HNj E 5 MHINH

A 0
O N W”Nw N0
N—NH
NH HIN ”/<

R \7/)\ Compound 51

_NH HCI HCH HN_

Scheme 13
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N3y \LiiN LNir%0 c.\0O CH3 HAH3 To a solution of the title compound of Example 64 (15.2 g, 42
mmol) i.n DCM (120 mL) was added TEA (7.7 mL, 55 mmol) at 0 C. Methyl sulfonyl chloride (3.92
5ml.. 50.6 mmolyavassadeied slowly and the solution was stirred at 0 C for B¢U$20080611#0DCM was
added. The mixture was washed by IIC1 solution (I N), saturated NallCO3 solution and brine. The
organic phase was dried over Na2SO4 and concentrated under reduced pressure to give the crude
mesylate as an oil, which was used immediately without further purification. The oil was dissolved in
DMSO0 (180 10nth), to which NaN3 (5.5g, 84 mmol) was added. After heating at 90C for 8 hours, the
solution was cooled to rodishtem pé ratarbeyWatsy oo nel rompeanbed daseriprs inikiiranigas extracted
with EtOAc twice. The gombined organic phase was washed by brine, dried over Na2S0O4 and
concentrated under reduced pressure to give the title compound (crude yield 15.2 g). The crude was
used directly in next step without 15purification. The froduct and relative purity was ¢ med by
LC-MS. Example 66 WO 2008/I§8T31PCT/US20081¢811140vsci, Te@, @@@lution of t e compound
of Example 65%114g, 29.5 mmol)S80 m|, DCM was aAdded HENDIRANe 4N, 29.5 i, 118 mmol)
at room temperature- Wsmstwre ro‘?ln temperature Tor 3 holl d'fonitored by
I-MS. After all the %tartlng m ema,l been eggisu “- the solvents and HOwgre Removed under
reduced pressure to give the free amine salt (9. 4‘@@) The resulting amine sajt{9.48 g) and
N-Boc-ortert-butyl-glycine (6.5 g, 28.1 mmol) was dissolved in 250 mi., DMF at 0C, to whjich HOBT
(3.99 g, 29.5 mmol) and D1PEA (11.6 mlI" 66.4 mmol) were added. After 5 minutes,| EB£-I(&66 g, 29.5
mmol) was added. The reactign mixture was stirred for 1 hour at 0 C, then slowly 1 Wgﬁs% dbup to
room temperature and stirre( 12 hours at room temper . The reaction mixtufe was
concentrated under vacuum teA#emove the DME. The resid as diluted with EtOAc (200

and

washed by HC1 HJtIOI‘] (1 N)\saturated NaHCQq solutlon d brine. The organic phase dried
over Na9S0O4 and C ed under reduced pre give the title compound (crude Jfeld 14.8
g). 15The crude was d iectly in next step with k ur catubﬁ!/%he Pro&luct d relatiye purity was
OC-|
confirmed by EC-M$. Example 6i,, pac, MeoH o EDC, HOBT, DMF
- N O
NH NH 84.8% for 7 steps
O Oj from the beginning SM 0
M"” gy N H B oC
A
Boc
1. 5-Amino-lsophthalic Acid
EDC, HOBT, DIPEA, DMF
2, HCVDCM
0.9% for 3 steps
"INH
o %, 0O O
O"I/ N N O
N N \i'
SN
o NH HCI HIN
o
oY O Compound 57
_NH HCI HCI HNw_

Scheme 14
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To a solution of the title compound of Example 66 (14.8g) in 30 ml, DCM was added IICl/Dioxane (4N,
28.1 mL, 112 mmol) at room temperature. The solution was stirred at room temperature for 3 hours
and monitored Wy thddS2s8dter all the starting material had been consume® ¢H&/ IR 4ind HCI were
removed under reduced pressure to give the free amine salt. WO 20081128121PCT/US2008/060140
The resulting amine salt and N-F3oe-N-methyl-alanine (5.4 g, 26.8 mmol) was dissolved in 225 mL
DMF at OC, to which FIOBT (3.8 g, 28.1 mmol) and DIPEA (11 mL, 63.2 mmol) were added. After 5
minutes, EDC (5.4 g, 28.1 mmol) was added. The reaction mixture was stirred for 1 hour at OC, then
slowly warmed up to 5rodiehtarpérdgemibanestins ool SN e ol ibRE AP Yhe reaction
mixture was concegirated under vacuum to remove the DMF. The residue was diluted with EtOAc (180
mL) and washed by 1IC1 solutign (1 N), saturated NaHCO3 solution and brine. The organic phase was
dried over NtbSO4 and concengated under reduced preSsure. The residue was chroffiatigraphed on
silica gel, eluting with 30% to -ﬁ@ tOAc/Hexane gradéiually: togivethectitle compoungA14,9g. 77.6%
for 7 steps b&Sed-an the begining arting material 4-prans-hydidky2t2-N;Roc-Proling), The product
and relative purity \ @E'F‘nfirrES R “MS.” NCDC13) consistent wi Ked Structure.
cHtH3 To a solutiogogf the titleieesrarund of {mp 67 (14.9 g, 25.6 mmol) 000mL MeOH, was
added 10% Pd/C (1.49 g, 10% w/w) at room tenmgaerature under N2 atmosphere.gEhe reaction mixture
was then vacuumed, charged with a hydrogen balloon and stirred for 8 hours at rogm tepapgrature.
After all the starting material has been consumed, the mixture was filtered through p2CGe4-TERH) pad
and concentrated under reduced pressure to give a white solid as the title compound &?ﬁ%@@M@Id 14.0
g, WO 2008/128121PCT/U 8/060140 98%). The etud s used directly in ngxt step without
purification. The product an fye purity was confirmed MS. Il NMR (CDCI3 nsistent with

proposed structugg, Exam%IS

N
> 1. HC/DCM 3 HN
N © N O 2 Boc-NMe-Ala-OH m
MO Hs, Pd/C, MeOH #O 3 EDC, HOBT, DMF N )
O NH 0 NH 77.6% for?syeps,SM
e _\j‘"«; from the beginning NHBoG
N N

\
Boc

Boc
1. 5-Aminc-Isophthalic Acid
EDC, HOBT, DIPEA, DMF
2. HCI/BCM
80.0% for 3 steps

HN% 8” NH
O, O . O ﬁ O
O, N iy N N O

N H

i T
, K

NH NH, HCI HN
o

'®) 0 Compound 32
_NH HCI HCH HN

z

(General Methods;

116




The title compound of Example 68 (3.29 g, 5.91 mmol) was dissolved in DMF (60 ml) at 0 C. HOBT
(799 mgq, a,glzmmggﬁpd 5-amino-isophthalic acid (535 mg, 102.95 mmohWar&:adRe14¢llowed by
the addition of DTPEA (2.3 mL, 13 3 mmol) and EDC (1.13g. 5.91 mmol). The reaction mixture was
stirred for 1 hour at 0 0(7, and then slowly warmed up to room temperature and stirred overnight. DMF
was removed under vacuum and the residue was diluted with 100 mL EtOAc. The resulting solution
was washed by HC1 solution OM), saturated NaTICO3 solution and brine. The organic 15phase was
dried over sodium sulfate and concentrated under reduced pressure. The residue was
chromatographed on silica gel, eluting with 50% to 90% EtOAc/Hexane, then, 2% to 10% MeOH/DCM
gradually to give the NiéReopapon M3 AW SEL94)T e [ipadenayatit) AdiBve behfpitdls confirmed by
LC-MS.NMR (GRCHD: SanaistapiniiR.RioneRas sijueira, %ﬂz%ﬁf&%@ﬁi@mgw )

m
S2008/060140 Example 70 Toa solution of the title compoun Exam_zple 69 (3.17 g, 2.52 mmol)
in 10 mL DCMswasadd st ibioxarraqaisabshifiogaiaronied ro8ht lenipefatd M Solution was

stiged at roorra:ﬁm@%@ t@;n% hours.andMepiiered by LC-MS. After ail the starting material had

been consumed, the solvents and HO were removed@under reduced pressure to give the free amine

salt as an pale yelloWBdloraselicsioiet svadeibsdedlin M Sins wapsnt ThEAsevess ofiifioh was filtered
through a 0.450syRinge filterpandyephiliead to give hestitleeAmRoynd @sARoff yhite foam-like

solid (2.81 g, 80,0% for 3 steps from title compound of Example 4). The product and relative purity was

confirmed by PEEMSIRIMR (CBCA8RcbASiBtbANith prosdseoRiiEigra e giad PAPEBIR)
Bindina/Interagtion asayoso THRIaciRm Retween mimetss andABswas exRmiped by

GST-mediated pull-down assays. Approximately 0.4 mg of a recombinant I-AP fragment (second and
thif BIR motifsePMERY, inpisariagdobd)mlseatisone rHiimias é@SWQﬁéﬁ‘p?@@gﬂw and incubated

with 0.5 mg of, meliglahrled Mimelics AL SN IEFPE A RH]E M acetonitrile over 2 min. _
2008/128121PCT/US2008/060140 extensive washing with an assay buffer containing 25 mM lris. pll

8.0, 150 mM Nacheldrt thah vapRotinRiien Droinne compieis 1Betitde WrestWArIRRIEE glutathione
and visualize%?@%@%%ﬂﬁw@pm%gﬂq{g{ng. This assay demonstrates that the tested

mimetics specifically bind LAP. Each assay includes as an internal reference the compound of
formula: Standard abbreviations are used throughout the experimental sections and will

15 be understood by one of skill in the art. For example, hydrochloric acid (HCI); lithium
hydroxide (LiOH); methanol (MeOH); water (H20); ethyl acetate (EtOAc¢); sodium
sulfate (NaxSOy); dimethylformamide (DMF); N-Hydroxybenzotriazole (HOBT);
diisopropylethylamine (DIPEA); 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDC); sodium bicarbonate (NaHCO3); tert-butoxycarbonyl (Boc)s;

20 triphenyl phosphine (PPhs); methyl t-butyl ether (MeOtBu); N-methyl morpholine
(NMM); copper (I) iodide (Cul); triethylamine (TEA); dichloromethane (DCM);
sodium azide (NaN3); trifluoroacetic acid (TFA); palladium on charcoal (Pd/C);
lithium borohydride (LiBH,); potassium carbonate (K,COs); benzenethiol (PhSH);
sodium hydride (NaH); copper (II) acetate (Cu(OAc),); dimethylsulfoxide (DMSO).

25 Amino acids are referred to herein using the standard 3-letter code; e.g., alanine is

sometimes referred to herein as Ala, and fert-leucine may be referred to as Tle.

General Procedure A (for deprotection of Boc):

To a solution of the substrate in methylene chloride was added trifluoroacetic

30 acid (5 eq) at room temperature. The solution was stirred at room temperature for 2-3
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Reference compound Fluorescent Polarization Assay Increasing concentrations of SMAC compounds
are inCUbWZdehgﬁ% of 10labeled peptide (fluorescein labeled 1 Omerpeptids,witANP! 4 amino
acids at its N terminus -Alexa Fluor 488) and truncated MAP containing only B1R1, BIR2, and B1R3
domains at room temperature for 1 hour. Fluorescence reading, indicative of the bound portion of the
labeled peptide, is measured in milipolarization units (mP). The more compound added, less
fluorescein labeled peptide bind to the protein due to the 15competitive binding and less fluorescence
signal is released. Based on this principle, we obtain t alue that evaluates compound's
binding affini%/grfna%%oéggb%?s%fgh K& ﬁygﬁ5?%%5%%&52%&?&%%3@%gﬁtgf} fHe sact:%%gﬁe activated
by the additiomaf HealtddsTR ¢ty dugho thentvitod hofidoia sasivasedpathevayn dvdd anBBoellswe use to
make cell extract eXfl‘ , ss.hégléugr X!A—E& her(]ce after addition of clATP in Dela S 100, the induced WO
2008/128121PETY ﬁig(?%]d / difﬁl(fbca]%]f))aggé is blocked by IAPs. Taking advantage of this feature,
we use 100nM of synthetic SMAC mimetic compound to test its ability to eliminate IAPs in the Hela
S100 and fully induce CaSigaeb 4y JeproeeligmebBemsay is carried out at 30C, incubating
100nM compounds with 30ug of Hela 5100, 1ImM dATP, 10uM Caspase3 fluorogenic substrate
(Caspase3 Substratelip, FIsRIrgarE heogduasteshmeBrRHE i dhe readdit i ¢a8pase-3 activity
represented by;rglatlvefuoreganic sniteripichissenprder kinelicaluntheSions itnipgansegion of the

curve for each compound is calculated. Percent activity data is presented by comparing activity of the
test compoundord with aedivignéomse ?éffgiéﬁcé%rﬁ]éé%%%ﬁ%gﬁé@é@hé}ét s HE86Ain vitro. The
ratio or each Sypth&iieAOMREUNY ' SIORENRISHSNG RIap&QTRARIR! rAflerts dna/ilg caspase-3
activation ability of compounds. Cell Viability Assay in 11CC461 Celts HCC461 cells plated in 96 well
plates at 5x1047prhidErdENsity Bk dpelEddivCI550X synthetic SMAC mimetic compounds (final
concentration range between 30uM and 0.001uM). After 48hrs incubation at 37C. and 5% (()2, viability

ofithe cells are measysge-AIng-EriRTAliteralionIReage ticWsth+l agsay: kit (Roche Cat 4#11 644 807
001).

To a well-stirred solution of the substrate in a mixture of 5:1 MeOH/H,O was
added LiOH at 0°C. After stirring for 18 hours, IN HCI was added until the pH = 4.
EtOAc was used to extract the product and the combined organic layers were washed
with brine and dried over Na,;SO,. The solution was concentrated under reduced

15 pressure to give the desired product.

General Procedure D (for preparation of amides):

To a well-stirred mixture of the acid (1 eq.) and amine salt (1.1 eq) in DMF at
0°C, were added HOBT (1.1 eq.) and DIPEA (2.25 eq.) in this order. After 5-10 min,
EDC (1.1 eq.) was added. The mixture was stirred for 1 hour at 0 °C, then slowly
20 warmed up to room temperature and stirred forl8 hours at room temperature. The
reaction mixture was concentrated under vacuum. The residue was diluted with
EtOAc and washed by HCl solution (1 N), saturated NaHCOs3 solution and brine. The
organic phase was dried over NaySO. and concentrated under reduced pressure to give

the desired product.

25 General Procedure I (for preparation of amides):

To a well-stirred mixture of the acid substrate in DMF at 0 °C, was added

HOBT (1.1 eq), DIPEA (1.5 eq) and EDC (1.1 eq) in this order. After 10 minutes, the
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WST-1 assay principle: The tetrazotium salts are cleaved to formazan by 20cellular enzymes. An
expansionwb%g;:%g?r of viable cells results in an increase in the overglqgaikabssidniigchondrial
dehydrogenases in the samples. This augmentation in the enzyme activity leads to an increase in the
amount of formazan dye formed, which directly correlates to the number of metabolically active cells in
the culture. Quantification of the formazan dye produced by metabolically active cells by using a
micropl ate (HASA) reader at 420-480nm. Synergism of TRAIL and SMAC Mimetic compounds in
PANC-1. cells PANC-| cell ed.n 96 lp _ / ell I -treated with
100nm com poflfﬁ%gr?(l)?eﬁ%{%sg? %ﬁéafaﬁ%) E\)Z%OS (a;‘\%%dT egzg st%?@% ﬂa{fégtgg r\}/%%(u%%o(p#@
2008/128121 REEH/LISRDOBLAB0U4D EOXN TR K{nalicondettrsidnrdf dewenieesn2400ng/mi and
0.08ng/m1l). After 48%1 bation at 37C and %0/ iahili S- j using Cell
Proliferation R%glé’éﬁ% rssqﬂgieégé%tt? it%(llgcl)lé e a%oﬁ%}igﬁ%%%gdgg%%éggn p%[rigsllc%?%ge?v%ge%n viability of
cells when trediddadithi iRANAalankwaeisusby hE trelatech WithDT Returated i SNspAG apimetic
compound gives i SInSfQloN BIEt S v T REPRICIRIELING Ieae M spiisap cleaved to
forrhatan hy céfidlar enzymes.”An expansion in the number of viable cells results in an increase in the
overall activityesmitedhqidrigledtirddogredasies in the samples. This augmentation in the enzyme
activity leads to an increase in the amount of formazan 10dye formed, which directly correlates to the

number of metabolically agliug cels ipihs evltie.,Luanificaion.althe formazan dye produced by
metabolically active cells by using a microplate (ELBA.) reader at 420-480nm. Representative Biodata

15Representative bioggsay Jatruding,assansaescribad sbExaunples aQ andddoddnakeherovided in
Tables 1 and 2. Each table represents the data From a different experiment, using the reference

compound desiBERIEEIERE RS R hfEF FRIRERTL gDl oE oyfggple.
209028121 PCRYSRPAROEPLAW ncogene (2005) 24:7381-7388 discloses assays for determination

of the effect of SMAC mimics using cell culture assays and in vitro assays for caspase

activation. Accordingly, in addition to guidance from symptomology, treatment with

the compounds, compositions and methods of the invention can be monitored by

methods known in the art for determining the effects of SMAC mimetic compounds.
15 The following examples are included for illustrative purposes only and are not

intended to represent or limit the scope of the subject matter claimed herein.

(25.48)-methyl 4-azido-1-((8)-2-(tert-butoxycarbonylamino)-

3.3-dimethylbutanoyl)pyrrolidine-2-carboxylate

N3

HaC CH3ZN10000H3
2N

Ox L NH

HsC O
20 H;C CHg

Compound T was treated with trifluoroacetic acid using the general procedure

A to deprotect the BOC group. The resulting trifluoroacetic acid salt was coupled to
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Representative Biodata Ki (ii Nlin FP assay % Activity at 100nNI IC50 (.1N1) in cell viability assay in

iCC461 LA HRAIL in PAM-1 ng/m1 Compound No.  IC50 for pRreYshemhésiso
TRAIL+100nm compound Ref op( 0.35 100 0.082 >2400 36.71

Boc-Tle-OH using the general procedure D to prepare the title compound of Example

1. '"H NMR (CDCls): consistent with proposed structure.

(28.4S)-methvl 4-azido-1-((8§)-2-((8)-2-(tert-

5 butoxvcarbonvl{(methyl)amino)propanamido)-3.3-dimethylbutanoyl)pyrrolidine-2-

carboxylate

The title compound of Example 1 was treated with trifluoroacetic acid using
the general procedure A to deprotect the BOC group. The resulting trifluoroacetic
10 acid salt was coupled to Boc-N-Me-Ala-OH using the general procedure D to prepare
the title compound of Example 2. 'H NMR (CDCl5): consistent with proposed

structure.
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12 0.40 104 0.002 >2400 24,14 3 0.30 108 0.026 >2400 36.66 14 0.44 86 0.026 >2400 26.55 ¢ 0.45
WO 2008/128121 PCT/US2008/0660140

tert-butyl (S)-1-((S)-1-((28,48)-4-azido-2-((R)-1.2,3.4-tetrahydronaphthalen-1-

ylcarbamoyl)pyrrolidin-1-y1)-3,3-dimethyl-1-oxobutan-2-ylamino)-1-oxopropan-2-

vl(methvl)carbamate

N3

H
CH
C 3 N

Hy N
o o ©
j/NH
HaC.
\N 2

s
o=,
H C/$ CHg
% CHy

5
The title compound of Example 2 was treated with LiOH using the general
procedure C to hydrolyze the methyl ester. The resulting acid was coupled to (R)-
tetrahydro-1-naphthylamine using the general procedure D to prepare the title
compound of Example 3. 'H NMR (CDCls): consistent with proposed structure.
10

tert-butyl (8)-1-((S)-1-((28.48)-4-amino-2-((R)-1,2.3.4-tetrahydronaphthalen-

1-vlcarbamovl)pyrrolidin-1-y1)-3,3-dimethyl- 1 -oxobutan-2-ylamino)-1-oxopropan-

2-vl(methyl)carbamate

HoN

CHs N

HsC N
chM 8
Oj/NH ©
HaC.,
N "'a,,,
o=
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16 0.009 >2400 16.82 6 0.40 115 0,074 >2400 26.57 7 0.50 9 0.019 >2400 25.40 18 0.15 107 0.033
WO 2008/128121 PCT/US2008/060140

To a solution of the title compound of Example 3 (1.7 g, 2.9 mmol) in 10.6
ml. dry THF was added PhsP (765 mg, 2.9 mmol) at room temperature. Water (78.3
ul, 4.35 mmol) was added drop wise and the reaction mixture was allowed to stir for
16 hours at room temperature. A 1:1 mixture of water/MeOtBu was added to quench
5 the reaction. The two phases were separated. The aqueous phase was extracted by
EtOAc twice, and then the combined organic phase was washed by brine, dried over
sodium sulfate and concentrated under reduced pressure. The residue was
chromatographed on silica gel, eluting with EtOAc, the 5% to 15% MeOH/methylene
chloride to give the title compound as a white foam-like solid. "H NMR (CDCl):

10 consistent with proposed structure.

CH }z& H,C ~T%
¥ \— — ©°
/{g"% 3

CH

The title compound of Example 3 (500 mg, 0.86 mmol) was dissolved in a 1:1
mixture of t-butanol and water (30 mL) at room temperature. NMM (118 uL, 1.08
15 mmol), Cul (82 mg, 0.43 mmol) and 1,6-heptadiyne (49 pL, 0.43 mmol) were added
in this order. The suspension was vigorously stirred at room temperature for 24 hours.
The reaction mixture was diluted with MeOH and filtered through a CELITE® pad
and rinsed with MeOH. The combined filtrate was concentrated under vacuum. The
remaining aqueous solution was extracted by EtOAc three times. The organic phase

20 was dried over sodium sulfate and concentrated under reduced pressure. The residue

122




>2400 13,75 19 0.45 120 0.007 >2400 26.9 20 0.222>2400 1388.10 0.101>2400 36.12 ...",. 220.>
WO 2008/128121 PCT/US2008/660140

was chromatographed on silica gel, eluting with EtOAc, then 5% to 10%
MeOH/methylene chloride to give the title compound as a white solid. 'H NMR

(CDCl3): consistent with proposed structure.

5 HCI HCI

The title compound of Example 5 (410 mg, 0.33 mmol) in 1 mL methylene
chloride was treated with HCl/dioxane (4M, 1.2 mL) using the general procedure B to
give the title compound as a white solid. 'H NMR (CDCl;): consistent with proposed

structure.

10

CH HsC ™8
Y N— N ©
0 5 O)‘O
HSC/{\CH H CHg
CH 3C .
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WO 2008/128121PCT/1JS2008/060140 Representative Biodata Ki (uM) in EP assay (515 Activity

at 100nM %%O%H]fcell viability assay in HCC461 Synergy with TRARARFEANGiRgmM1
Compound No. [C50 for TRAIL IC50 for TRAIL+100nm compound Ref cpci 0.15

The title compound of Example 3 (500 mg, 0.86 mmol) was dissolved in a 1:1
mixture of f-butanol and water (20 mL) at room temperature. NMM (118 pL, 1.08
mmol), Cul (82 mg, 0.43 mmol) and 1,3-diethynylbenzene (57 pL, 0.43 mmol) were
added in this order. The suspension was vigorously stirred at 60 °C for 24 hours. The

5 reaction mixture was diluted with MeOH and filtered through a CELITE® pad and
rinsed by MeOH. The combined filtrate was concentrated under vacuum. The
remaining aqueous solution was extracted by EtOAc three times. The organic phase
was dried over sodium sulfate and concentrated under reduced pressure. The residue
was chromatographed on silica gel, eluting with EtOAc, 5% MeOH/EtOAc and then
10 8% MeOH/methylene chloride to give the title compound as a white solid. 'H NMR

(CDCls): consistent with proposed structure.

HCI HCI

The title compound of Example 5 (468 mg, 0.36 mmol) in ImL methylene
15 chioride was treated with HCl/dioxane (4M, 1.2 mL) using the general procedure B to
give the title compound as a pale yellow solid. "H NMR (CDCl): consistent with

proposed structure.
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0.063 >2400 26.03 23 0.05 0.002 >2400 6.05 24 0.35 0.021 >2400 7.86 25 0.25 0.024

10

WO 2008/128121

PCT/US2008/060140
j . £""NH
ts,
O .""HWKQ”/H-"OA 8]
N N
o 4 4 o
HsCu P . o ,7<CH3
HC 6 )\‘ ’ ’ )/Qch CHa
Y . 0

N

o~ P
HsC/(\CH H o%\ CHg
CH; ° 5 CH,

The title compound of Example 4 (600 mg, 1.08 mmol) was dissolved in

methylene chloride (25 mL) at 0 °C. TEA (226 pL, 1.62 mmol) was added and the

mixture was stirred for 10 min, to which isophthaloyl dichloride (109 mg, 0.54 mmol)

was added. The reaction mixture was kept stirring for 1 hour at 0 °C, and then slowly

warmed up to room temperature and stirred overnight. Water was added to quench the

reaction. The two phases were separated and the aqueous phase extracted by

methylene chloride twice. The combined organic phase was washed by HCI solution

(1M), saturated NaHCO3 solution and brine. The organic phase was dried over

sodium sulfate and concentrated under reduced pressure. The residue was

chromatographed on silica gel, eluting with EtOAc, the 3% to 10% MeOH/methylene

chloride to give the title compound as a white solid. "H NMR (CDCls): consistent

with proposed structure.
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>2400 5.71 26 0.32 0.023 >2400 14.78 2 0,25 0.082 >2400 60.94 28 0.23 0.002 >2400 6.66
WO 2008/128121 PCT/US2008/060140

The title compound of Example 9 (632 mg, 0.51 mmol) in 1.5 mL methylene
chloride was treated with HCl/dioxane (4M, 2 mL) using the general procedure B to

5 give the title compound as a white solid. "H NMR (CDCls): consistent with proposed
structure.
CH
HSC\LCSHB CH

Heg M NH o N O
e e
CHg N HoG it ©
o - H % CH;
o N A
N\\ll )\ OHgC CH3
H ™
HsC
HoC  CHe

The title compound of Example 4 (400 mg, 0.72 mmol) was dissolved in
10 methylene chloride (15 mL) at 0 °C. TEA (125 pL, 0.9 mmol) was added and the
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29 0.24 0.005 >2400 5.00 30 0.29 0.008 >2400 5.60 0.34 0.003 >2400 5.98 0.23

10

15

WO 2008/128121 PCT/US2008/060140

mixture was stirred for 10 min, to which 1,3,5-Benzenetricarbonyl trichloride (63 mg,
0.24 mmol) was added. The reaction mixture was kept stirring for 1 hour at 0 °C, and
then slowly warmed up to room temperature and stirred overnight. The reaction
mixture was diluted with 50 mL methylene chloride and then washed by HCI solution
(1M), saturated NaHCO; solution and brine. The organic phase was dried over
sodium sulfate and concentrated under reduced pressure. The residue was

chromatographed on silica gel, eluting with 2% to 10% MeOH/methylene chloride to

give the title compound as a white solid. 'H NMR (CDCls): consistent with proposed
structure,
CHy
L cH,
N O

HaC, NH O N
HaC—B\mm f@
CHs N HeC
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The title compound of Example 11 (410 mg, 0.22 mmol) in 0.5 mL methylene
chloride was treated with HCl/dioxane (4M, 0.5 mL) using the general procedure B to
give the title compound as a white solid. "H NMR (CDCls): consistent with proposed

structure,
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The title compound of Example 4 (80 mg, 0.14 mmol) was dissolved in
methylene chloride (4 mL) at 0 °C. HOBT (20 mg, 0.15 mmol) and TEA (47 uL, 0.34
5 mmol) were added, followed by the addition of glutaric acid (8.8 mg, 0.67 mmol).

The mixture was stirred for 10 min, to which EDC (28.5 mg, 0.15 mmol) was added.
The reaction mixture was kept stirring for 1 hour at 0 °C, and then slowly warmed up
to room temperature and stirred overnight. The reaction mixture was diluted with 50
mL methylene chloride and then washed by HCI solution (1M), saturated NaHCO;

10 solution and brine. The organic phase was dried over sodium sulfate and concentrated
under reduced pressure. The residue was chromatographed on silica gel, eluting with
EtOAc and then 2% to 8% MeOH/methylene chioride to give the title compound as a
white solid. "H NMR (CDCl3): consistent with proposed structure.
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The title compound of Example 13 (45 mg, 0.037 mmol) in 0.2 mL methylene
chloride was treated with HCl/dioxane (4M, 0.2 mL) using the general procedure B to
5 give the title compound as a white solid. 'H NMR (CDCls): consistent with proposed

structure.

L
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Hsc* CHs
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Compound 4-trans-hydroxy-(L)-N-Boc-Proline was coupled to (R)-tetrahydro-
10 I-naphthylamine using the general procedure E to prepare the title compound. 'H

NMR (CDCls): consistent with proposed structure.
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To a solution of the title compound of Example 15 (15.2 g, 42 mmol) in DCM
(120 mL) at 0 °C, was added TEA (7.7 mL, 55 mmol). MsCl (3.92 mL. 50.6 mmol)

5 was added slowly and the resulting solution was stirred at 0 °C for 5 hours. 50 mL
DCM was added. The mixture was washed by HCI solution (1 N), saturated NaHCO;
solution and brine. The organic phase was dried over Na,SO4 and concentrated under
reduced pressure to give the crude mesylate as an oil, which was used immediately
without further purification. The oil was dissolved in DMSO (180 mL) and NaN3

10 (5.5g, 84 mmol) was added. After heating at 90 °C for 8 hours, the solution was
cooled to room temperature. Water (100 mL) was added and the mixture was
extracted with BtOAc twice. The combined organic phase was washed by brine, dried
over Na,SO, and concentrated under reduced pressure to give the title compound as a

white solid. "H NMR (CDCls): consistent with proposed structure.
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The title compound of Example 16 was treated with TFA using the general
procedure A to deprotect the BOC group. The resulting TFA salt was coupled to Boc-
Tle-OH using the general procedure D to prepare the title compound. 'H NMR

(CDCl3): consistent with proposed structure.

5
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The title compound of Example 17 was treated with HCI using the general
procedure B to deprotect the BOC group. The resulting HCl salt was coupled to Boc-
NMe-Ala-OH using the general procedure D to prepare the title compound. 'H NMR
10 (CDCls): consistent with proposed structure.
HoN
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To a solution of the title compound of Example 18 (2.62 g, 4.5 mmol) in 100
mL MeOH, was added 10% Pd/C (262 mg, 10% w/w) at room temperature under N»
15 atmosphere. The mixture was then charged with a hydrogen balloon and stirred for 8

131



H "IN O NH Hs,CH3 HN- HCI 70 0 N O HN H3C1 -CH H3C3 0 -NH HCI .>(N O
WO 2008/128121 PCT/US2008/060140

hours at room temperature. After all the starting material has been consumed, the
mixture was filtered through a CELITE® pad and concentrated under reduced
pressure to give a white solid as the title compound. "H NMR (CDCls): consistent

with proposed structure.

The title compound of Example 19 (600 mg, 1.08 mmol) was dissolved in

DCM (25 mL) at 0 °C. TEA (226 uL, 1.62 mmol) was added and the mixture was
stirred for 10 min, to which isophthaloyl dichloride (109 mg, 0.54 mmol) was added.

10 The reaction mixture was stirred for 1 hour at 0 °C, then slowly warmed up to room
temperature and stirred overnight. Water was added to quench the reaction. The two
phases were separated and the aqueous phase was extracted by DCM twice. The
combined organic phase was washed by HC1 solution (1M), saturated NaHCO3
solution and brine. The organic phase was dried over sodium sulfate and concentrated

15 under reduced pressure. The residue was chromatographed on silica gel, eluting with
EtOAc, the 3% to 10% MeOH/DCM to give the title compound as a white solid. Be|
NMR (CDCls3): consistent with proposed structure.
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The title compound of example 22 is commercially available. (It could also be
prepared from 4-trans-hydroxy-(L)-N-Boc-Proline: H. Marusawa et al., Bioorg. Med.
5 Chem. 1399-1415, 2002).
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The title compound of Example 21 (2.5 g, 10.2 mmol) was dissolved in DCM

(100 mL) at 0 °C. TEA (2.13 mL, 15.3 mmol) was added and the mixture was stirred

10 for 10 min, to which isophthaloyl dichloride (1.02 g, 5 mmol) was added. The
reaction mixture was stirred for 1 hour at 0 °C, then slowly warmed up to room
temperature and stirred overnight. Water was added to quench the reaction. The two
phases were separated and the aqueous phase extracted by DCM twice. The combined
organic phase was washed by HCI solution (1M), saturated NaHCO3 solution and

15 brine. The organic phase was dried over sodium sulfate and concentrated under
reduced pressure to give the title compound as a white solid. 'H NMR (CDCls):

consistent with proposed structure.
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To a solution of the title compound of Example 22 (3.1 g, 5 mmol) in THF
(100 mL) was added LiBH, (540 mg, 25 mmol) in two batches at 0 °C. After the
5 reaction mixture was stirred at 0 °C for 12 hours, 50 mL 1N HCI solution was slowly
added to quench the reaction. The mixture was then extracted by EtOAc three times.
The combined organic phase was washed by saturated NaHCO; solution and brine,
dried over sodium sulfate and concentrated under reduced pressure to give the title

compound as a white solid. 'H NMR (CDCl): consistent with proposed structure.
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To a solution of the title compound of Example 23 (2.81 g, 5 mmol) in DCM
(35 mL), was added TEA (1.84 mL, 13.2 mmol) at 0 °C. MsC1 (0.93 mL, 12 mmol)
was slowly added and the resulting solution was stirred at 0 °C for 1 hours. 20 mL
15 DCM was added. The mixture was washed by HCI solution (1 N), saturated NaHCO3

solution and brine. The organic phase was dried over Na,SO,4 and concentrated under
reduced pressure to give the crude mesylate as an oil, which was used immediately
without further purification. The oil was dissolved in DMSO (45 mL). NaN3 (1.3 g,
20 mmol) was added. After heating at 90 °C for 4 hours, the solution was cooled to

20 room temperature. Water (40 mL) was added and the mixture was extracted with
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EtOAc twice. The combined organic phase was washed by brine, dried over NaySOy4
and concentrated under reduced pressure. The residue was chromatographed on silica
gel, eluting with 30% to 90% EtOAc/Hexane to give the title compound as a pale
yellow solid. "H NMR (CDCl3): consistent with proposed structure.
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The title compound of Example 24 (1.5 g, 2.4 mmol) and toluene sulfonyl
cyanide (888 mg, 4.9 mmol) were mixed in a sealed tube. The solids were then heated
to 90 °C and melt to a dark brown color liquid. After stirring for 24 hours at 90 °C, the

10 mixture was cooled to room temperature. Add 3 mL. DCM to dissolve the solids. The
residue was chromatographed on silica gel, eluting with 30% to 95% EtOAc/Hexane

to give the title compound. "H NMR (CDCls): consistent with proposed structure.
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To a solution of the title compound of Example 25 (940 mg, 0.96 mmol) in
CH3CN (30 mL) was added K,CO3 (800 mg, 5.8 mmol) at room temperature. While
stirring, the white suspension was added by PhSH (0.79 mL, 7.7 mmol). After stirring
for 12 hours at room temperature, the reaction mixture was quenched by NaHCO;

5 saturated solution. The two phases were separated and the aqueous phase was
extracted by EtOAc twice. The combined organic phase was washed by brine, dried
over Na;SO4 and concentrated under reduced pressure. The residue was
chromatographed on silica gel, eluting with 30% to 95% EtOAc/Hexane to give the

title compound as a white solid. 'H NMR (CDCls): consistent with proposed structure.
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The title compound of Example 26 (165 mg, 0.19 mmol) in 0.2 mL. DCM was
treated with HCl/Dioxane (4M, 0.4 mL) using the general procedure B to deprotect
the Boc group. The resulting amine salt and Boc-Tle-OH (86 mg, 0.37 mmol) was

15 dissolved in DMF (4 mL) at 0°C. To the above solution was added HOBT (50 mg,
0.37 mmol) and DIPEA (147 pl., 0.84 mmol) in this order. After 5 minutes, EDC (72
mg, 0.37 mmol) was added. The reaction mixture was stirred for 1 hour at 0 °C, then
slowly warmed up to room temperature and stirred for 18 hours at room temperature.
The reaction mixture was concentrated under vacuum. The residue was diluted with

20 EtOAc and washed by HCI solution (1 N), saturated NaHCOj3 solution and brine. The
organic phase was dried over Na,SO4 and concentrated under reduced pressure to give
the desired product. "H NMR (CDCls): consistent with proposed structure.
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The title compound of Example 27 was treated with HCI and then coupled to
Boc-NMe-Ala-OH using a similar procedure as was used to prepare the title
5 compound 14 to prepare the title compound 15. The crude product was

chromatographed on silica gel, eluting with 30% to 95% EtOAc/Hexane to give the
title compound as a white solid. 'H NMR (CDCls): consistent with proposed

structure.
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The title compound of Example 28 was treated with HCI using the general
procedure B to give the title compound as a white solid. 'H NMR (CDCl3): consistent

with proposed structure.
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The following examples are included for illustrative purposes only and are not
intended to represent or limit the scope of the subject matter claimed herein.
OYOCHQ
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HeC O
HC
5 (L)-Proline methyl ester was coupled to N-Boc-o-tert-butyl-glycine using the
general procedure D to prepare the title compound. '"H NMR (CDCl5): consistent with
proposed structure.
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10 The title compound of Example 30 was treated with HCl/Dioxane using the

general procedure B to remove the BOC group. The resulting HCI salt was coupled to
Boc-NMe-Ala-OH using the general procedure D to prepare the title compound. 'H
NMR (CDCl3): consistent with proposed structure.

138




H'O0,NHHa /1VP NH ho HN .3/4y-LC HN., HO1 WO 2008/128121PCIM S2008/060140
RECORD

WO 2008/128121 PCT/US2008/060140
OH
CHz N
Hac O
HaC*KgO
oj,NH
Gk,
by
Hoe” [ ogHs
The title compound of Example 31 was treated with LiOH using the general
procedure C to hydrolyze the methyl ester and give the title compound. 'H NMR
5 (CDCl3): consistent with proposed structure.
I O/\
NH H
HaCu O
HaC
CHs
At 0°C, to a solution of Boc-L-cyclohexylglycinol (250 mg, 1.03 mmol) in 3
mL THF was added NaH (41 mg, 1.03 mmol). The suspension was stirred for 5
10 minutes and was added by the propargyl bromide solution (80% w% in toluene, 153
uL, 1.03 mmol). The reaction mixture was stirred for 1 hour at 0°C, then slowly
warmed up to room temperature and stirred for 4 hours at room temperature, The
reaction was quenched by HCl solution (0.5 N, 2 mL). The mixture was extracted by
EtOAc twice. The combined organic phase was washed by saturated NaHCO3
15 solution and brine, dried over Na,SO, and concentrated under reduced pressure to

give the title compound. "H NMR (CDCls): consistent with proposed structure.
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The title compound of Example 33 (287 mg, 1.03 mmol) in 1 mL. DCM was
treated with HCl/Dioxane (4M, 2 mL) using the general procedure B to remove the
5 Boc group. The resulting HCI salt and the title compound 28 (387 mg, 0.94 mmol)
was dissolved in DMF (10 mL) at 0°C. To the above solution were added HOBT (139
mg, 1.03 mmol) and DIPEA (404 pL, 2.32 mmol). After 5 minutes, EDC (197 mg,
1.03 mmol) was added. The reaction mixture was stirred for 1 hour at 0°C, then
slowly warmed up to room temperature and stirred for 12 hours at room temperature.
10 The reaction mixture was concentrated under vacuum. The residue was diluted with
EtOAc and washed by HCI solution (1 N), saturated NaHCO3 solution and brine. The
organic phase was dried over Na;SO, and concentrated under reduced pressure to give

the title compound. 'H NMR (CDC13): consistent with proposed structure.
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The title compound of example 34 (290 mg, 0.5 mmol) was dissolved in 16

ml CH3CN, to which Cu(OAc), (91 mg, 0.5 mmol) was added. The suspension was
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heated to 90°C and gently refluxed for 30 minutes. When all the starting material was
consumed, the reaction mixture was cooled to room temperature, quenched by 2%
NH:'H,O solution and extracted by EtOAc three times. The combined organic phase
was dried over Na,SO, and concentrated under reduced pressure. The crude product
5 was chromatographed on silica gel, eluting with 50% EtOAc/Hexane and then pure
EtOAc to give the title compound. 'H NMR (CDCl3): consistent with proposed

structure.
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10 The title compound of Example 35 (216 mg, 0.19 mmol) in 0.4 mL DCM was

treated with HCl/Dioxane (4M, 0.8 mL) using the general procedure B to give the title
compound. 'H NMR (CDCls): consistent with proposed structure,
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15 To a solution of the title compound of Example 36 (20 mg, 0.02 mmol) in 2

mL MeOH was added Pd/C (2 mg, 10% w/w) at room temperature under Na

atmosphere. The mixture was charged with a hydrogen balloon and stirred for 12
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hours at room temperature. After all the starting material had been consumed, the
mixture was filtered through a Celite® pad and concentrated under reduced pressure to

give the title compound. "H NMR (CDCls): consistent with proposed structure.
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To a solution of the Boc-L-cyclohexylglycinol (1 g, 4.1 mmol) in DCM (15

mL) was added TEA (0.71 mL, 5.1 mmol) at 0 °C. Methyl sulfonyl chloride (0.37 mL.
5.1 mmol) was added slowly and the solution was stirred at 0 °C for 3 hours. The
reaction mixture was diluted with 15 mL DCM. The mixture was washed by HCI

10 solution (1 N), saturated NaHCOj3 solution and brine. The organic phase was dried
over Na,SO, and concentrated under reduced pressure to give the crude mesylate as
an oil, which was used immediately without further purification. The oil was
dissolved in DMSO (20 mL), to which NaN3 (540 mg, 8.2 mmol) was added. After
heating at 70 °C for 6 hours, the solution was cooled to room temperature. Water (20

15 ml.) was added and the mixture was extracted with EtOAc twice. The combined
organic phase was washed by brine, dried over Na»SO4 and concentrated under
reduced pressure to give the title compound. "H NMR (CDCl5): consistent with

proposed structure.
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The title compound of Example 38 (654 mg, 2.44 mmol) in 2.5 mL DCM was

treated with HCl/Dioxane (4M, 5 mL) using the general procedure B to remove the

5 Boc group. The resulting HCI salt and the title compound of Example 3 (919 mg, 2.22
mmol) was dissolved in DMF (40 mL) at 0°C. To the above solution were added
HOBT (330 mg, 2.44 mmol) and DIPEA (956 pL, 5.49 mmol). After 5 minutes, EDC
(468 mg, 2.44 mmol) was added. The reaction mixture was stirred for 1 hour at 0 °C,
then slowly warmed up to room temperature and stirred for 12 hours at room

10 temperature. The reaction mixture was concentrated under vacuum. The residue was

diluted with EtOAc and washed by HCI solution (1 N), saturated NaHCO; solution
and brine. The organic phase was dried over Na,SO4 and concentrated under reduced
pressure to give the title compound. '"H NMR (CDCls): consistent with proposed

structure.

15

To a solution of the title compound of Example 39 (1.03 g, 1.83 mmol) in 18
mlL MeOH was added Pd/C (103 mg, 10% w/w) at room temperature under N
atmosphere. The mixture was charged with a hydrogen balloon and stirred for 8 hours

20 at room temperature. After all the starting material had been consumed, the mixture
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was filtered through a Celite® pad and concentrated under reduced pressure to give

the title compound. "H NMR (CDCls): consistent with proposed structure.
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The title compound of Example 40 (250 mg, 0.44 mmol) was dissolved in
DCM (8 mL) at 0 °C. TEA (93 uL, 0.66 mmol) was added. The solution was stirred
for 10 min, to which isophthaloyl dichloride (45 mg, 0.22 mmol) was added. The

reaction mixture was stirred for 1 hour at 0 °C, slowly warmed up to RT and stirred

overnight. Water was added to quench the reaction. The two phases were separated

and the aqueous phase was extracted by DCM twice. The combined organic phase

was washed by HCI solution (1M), Saturated NaHCO3 solution and brine. The

,,» ItSO HN

organic phase was dried over sodium sulfate and concentrated under reduced pressure.

The residue was chromatographed on silica gel, eluting with 50% Hexane/EtOAc,

then pure EtOAc to give the title compound. 'H NMR (CDCls): consistent with

proposed structure.
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The title compound of Example 41 (69 mg, 0.057 mmol) in 0.1 mL DCM was
treated with HCl/Dioxane (4M, 0.25 mL) using the general procedure B to give the
5 title compound. 'H NMR (CDClL,): consistent with proposed structure.

Example 43

"%, HN
B
o
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At 0°C, to a well-stirred mixture of 4-trans-hydroxy-(L)-N-Boc-Proline (10 g,
10 43.2 mmol) in 200 mL DMF was added HOBT (6.13 g, 45.4 mmol), DIPEA (11.9
mL, 68.1 mmol) and EDC (8.7 g, 45.4 mmol) in this order. After 10 minutes, (R)-
tetrahydro-1-naphthylamine (6.5 ml., 45.4 mmol) was added. The mixture was stirred
for 1 hour at 0 °C, then slowly warmed up to room temperature and stirred for 12
hours at room temperature. The reaction mixture was concentrated under vacuum to
15 remove the DMF. The residue was diluted with EtOAc (150 mL) and washed by HC1
solution (1 N), saturated NaHCOQOj3 solution and brine. The organic phase was dried
over NaySO, and concentrated under reduced pressure to give the title compound
(crude yield 15.2 g). The crude was used directly in next step without purification.

The product and relative purity was confirmed by LC-MS.
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Example 44

5 To a solution of the title compound of Example 43 (15.2 g, 42 mmol) in DCM

(120 mL) was added TEA (7.7 mL, 55 mmol) at 0 °C. Methyl sulfonyl chloride (3.92
mL. 50.6 mmol) was added slowly and the solution was stirred at 0 °C for 5 hours. 50
mL DCM was added. The mixture was washed by HCI solution (1 N), saturated
NaHCOj3 solution and brine, The organic phase was dried over Na,SOy4 and

10 concentrated under reduced pressure to give the crude mesylate as an oil, which was
used immediately without further purification. The oil was dissolved in DMSO (180
mL), to which NaNj3 (5.5g, 84 mmol) was added. After heating at 90 °C for 8 hours,
the solution was cooled to room temperature. Water (100 mL) was added and the
mixture was extracted with EtOAc twice. The combined organic phase was washed

15 by brine, dried over Na,SOs and concentrated under reduced pressure to give the title
compound (crude yield 15.2 g). The crude was used directly in next step without

purification. The product and relative purity was confirmed by LC-MS.
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Example 45

N
HN

CH; "N
HgCM 0
HaC ©

OXNH
HaC O

Hac CH3

To a solution of the title compound of Example 44 (11.4g, 29.5 mmol) in 30
mL DCM was added HCl/Dioxane (4N, 29.5 mL, 118 mmol) at room temperature.
The solution was stirred at room temperature for 3 hours and monitored by LC-MS.
After all the starting material had been consumed, the solvents and HCI were removed
under reduced pressure to give the free amine salt (9.48 g).

The resulting amine salt (9.48 g) and N-Boc-a-tert-butyl-glycine (6.5 g, 28.1
mmol) was dissolved in 250 mL DMF at 0 °C, to which HOBT (3.99 g, 29.5 mmol)
and DIPEA (11.6 mL, 66.4 mmol) were added. After 5 minutes, EDC (5.66 g, 29.5
mmol) was added. The reaction mixture was stirred for 1 hour at 0 °C, then slowly
warmed up to room temperature and stirred for 12 hours at room temperature. The
reaction mixture was concentrated under vacuum to remove the DMF. The residue
was diluted with EtOAc (200 mL) and washed by HCl solution (1 N), saturated
NaHCO; solution and brine. The organic phase was dried over Na;SO4 and
concentrated under reduced pressure to give the title compound (crude yield 14.8 g).
The crude was used directly in next step without purification. The product and relative

purity was confirmed by LC-MS.
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To a solution of the title compound of Example 45 (14.8g) in 30 mL. DCM
was added HCl/Dioxane (4N, 28.1 mL, 112 mmol) at room temperature. The solution
was stirred at room temperature for 3 hours and monitored by LC-MS. After all the
starting material had been consumed, the solvents and HCI were removed under
reduced pressure to give the free amine salt.

The resulting amine salt and N-Boc-N-methyl-alanine (5.4 g, 26.8 mmol) was
dissolved in 225 mL DMF at 0 °C, to which HOBT (3.8 g, 28.1 mmol) and DIPEA
(11 mL, 63.2 mmol) were added, After 5 minutes, EDC (5.4 g, 28.1 mmol) was
added. The reaction mixture was stirred for 1 hour at 0 °C, then slowly warmed up to
room temperature and stirred for 12 hours at room temperature. The reaction mixture
was concentrated under vacuum to remove the DMF. The residue was diluted with
EtOAc (180 mL) and washed by HCI solution (1 N), saturated NaHCOj3 solution and
brine. The organic phase was dried over Na,SO, and concentrated under reduced
pressure. The residue was chromatographed on silica gel, eluting with 30% to 95%
EtOAc/Hexane gradually to give the title compound (14.9 g, 77.6% for 7 steps based
on the beginning starting material 4-trans-hydroxy-(L)-N-Boc-Proline). The product
and relative purity was confirmed by LC-MS. 'H NMR (CDCl3): consistent with

proposed structure.
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Example 47
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To a solution of the title compound of Example 46 (14.9 g, 25.6 mmol) in 100
5 mL MeOH, was added 10% Pd/C (1.49 g, 10% w/w) at room temperature under N»
atmosphere. The reaction mixture was then vacuumed, charged with a hydrogen
balloon and stirred for 8 hours at room temperature. After all the starting material has
been consumed, the mixture was filtered through a CELITE® pad and concentrated
under reduced pressure to give a white solid as the title compound (crude yield 14.0 g,
10 98%). The crude was used directly in next step without purification. The product and
relative purity was confirmed by LC-MS. 'H NMR (CDCl3): consistent with proposed

structure,

Example 48
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The title compound of Example 47 (2.0 g, 3.6 mmol) was dissolved in DMF
(36 mL) at 0 °C. HOBT (551 mg, 3.6 mmol) and 5-amino-isophthalic acid (352 mg,
1.8 mmol) were added, followed by the addition of DIPEA (0.94 mL., 5.4 mmol) and
EDC (609 mg, 3.6 mmol). The reaction mixture was stirred for 1 hour at 0 °C, and
5 then slowly warmed up to room temperature and stirred overnight. DMF was removed
under vacuum and the residue was diluted with 40 mL EtOAc. The resulting solution
was washed by HCI solution (1M), saturated NaHCO3 solution and brine. The organic
phase was dried over sodium sulfate and concentrated under reduced pressure. The
residue was chromatographed on silica gel, eluting with 50% to 95% EtOAc/Hexane,
10 then 2% to 15% MeOH/DCM gradually to give the title compound (1.38 g with 95%
purity and 364 mg with 90% purity, 71.8%). The product and relative purity was
confirmed by LC-MS. 'H NMR (CDCl3): consistent with proposed structure.
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Example 49
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HN—CH, HaC—NH O
HCI HCl
15 To a solution of the title compound of Example 48 (1.38 g, 1.08 mmol) in 10

mL DCM was added HCl/Dioxane (4N, 4.2 ml,, 16.8 mmol) at room temperature.
The solution was stirred at room temperature for 3 hours and monitored by LC-MS.
After all the starting material had been consumed, the solvents and HCl were removed
under reduced pressure to give the free amine salt as an pale yellow color solid, which
20 was dissolved in 18 ml water. The above solution was filtered through a 0.45um
syringe filter and lyophilized to give the title compound as an off white foam-like
solid (1.24 g, 70.3% for 3 steps from title compound of Example 4). The product and
relative purity was confirmed by LC-MS. 'H NMR (CDCl,): consistent with proposed

structure.
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Example 50
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At 0°C, to a well-stirred mixture of 4-trans-hydroxy-(L)-N-Boc-Proline (11.56
2, 50 mmol) in 250 mL DMF was added HOBT (6.76 g, 50 mmol), DIPEA ( 13.1 mL,
75 mmol) and EDC (9.38 g, 50 mmol) in this order. After 10 minutes, D-a-

10 methylbenzyl amine (6.36 mL, 50 mmol) was added. The mixture was stirred for 1
hour at 0°C, then slowly warmed up to room temperature and stirred for 12 hours at
room temperature, The reaction mixture was concentrated under vacuum to remove
the DMF. The residue was diluted with EtOAc¢ (150 mL) and washed by HCI solution
(1 N), saturated NaHCO; solution and brine. The organic phase was dried over

15 Na,SO, and concentrated under reduced pressure to give the title compound (crude
yield 15.95 g). The crude was used directly in next step without purification. The
product and relative purity was confirmed by LC-MS.

Example 51
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To a solution of the title compound of Example 50(15.95 g, ~47.7 mmol) in
DCM (150 mL) was added TEA (8.32 mL, 59.7 mmol) at 0 °C. Methyl sulfonyl
chloride (4.44 mL. 57.3 mmol) was added slowly and the solution was stirred at 0 °C
for 5 hours. 50 mL. DCM was added. The mixture was washed by HCI solution (1 N),
saturated NaHHCO; solution and brine. The organic phase was dried over Na,SO, and
concentrated under reduced pressure to give the crude mesylate as a white foam-like
solid, which was used immediately without further purification. The solid was
dissolved in DMSO (200 mL), to which NaN; (6.20 g, 95.4 mmol) was added. After
heating at 90 °C for 8 hours, the solution was cooled to room temperature. Water (100
mL) was added and the mixture was extracted with EtOAc twice. The combined
organic phase was washed by brine twice, dried over Na;SO, and concentrated under
reduced pressure to give the title compound (crude yield 17.54 g). The crude was used
directly in next step without purification. The product and relative purity was

confirmed by LC-MS.

Example 52

by
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To a solution of the title compound of Example 5117.54 g, ~47.7 mmol) in 30
mL DCM was added HCl/Dioxane (4N, 35.8 ml., 140.3 mmol) at room temperature.
The solution was stirred at room temperature for 4 hours and monitored by LC-MS.
After all the starting material had been consumed, the solvents and HCI were removed

under reduced pressure to give the free amine salt (15.89 g).
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The resulting amine salt (2.48 g, ~7.44 nimol) and N-Boc-a-tert-butyl-glycine
(1.94 ¢, 8.4 mmol) was dissolved in 75 mL DMF at 0°C, to which HOBT (1.14 g, 8.4
mmol) and DIPEA (3.3 mL, 18.9 mmol) were added. After 5 minutes, EDC (1.61 g,
8.4 mmol) was added. The reaction mixture was stirred for 1 hour at 0°C, then slowly
warmed up to room temperature and stirred for 12 hours at room temperature. The
reaction mixture was concentrated under vacuum to remove the DMF. The residue
was diluted with EtOAc (50 mL) and washed by HCI solution (1 N), saturated
NaHCOj3 solution and brine. The organic phase was dried over Na;SO, and
concentrated under reduced pressure to give the title compound (crude yield 4.0 g).
The crude was used directly in next step without purification. The product and relative

purity was confirmed by LC-MS.

Example 53
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To a solution of the title compound of Example 52 (4.0 g, ~7.44 mmol) in 30
mL DCM was added HCl/Dioxane (4N, 5.6 mL, 22.4 mmol) at room temperature.
The solution was stirred at room temperature for 3 hours and monitored by LC-MS.
After all the starting material had been consumed, the solvents and HCI were removed
under reduced pressure to give the free amine salt.

The resulting amine salt and N-Boc-N-methyl-alanine (1.67 g, 8.2 mmol) was
dissolved in 74 mL DMF at 0 °C, to which HOBT (1.11 g, 8.2 mmol) and DIPEA (3.2
ml., 18.4 mmol) were added. After 5 minutes, EDC (1.57 g, 8.2 mmol) was added.

The reaction mixture was stirred for 1 hour at 0 °C, then slowly warmed up to room
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temperature and stirred for 12 hours at room temperature. The reaction mixture was
concentrated under vacuum to remove the DMF. The residue was diluted with EtOAc
(50 mL) and washed by HCI solution (1 N), saturated NaHCO3 solution and brine.
The organic phase was dried over Na,SO, and concentrated under reduced pressure.

5 The residue was chromatographed on silica gel, eluting with 30% to 95%
EtOAc/Hexane gradually to give the title compound (3.8 g, 87.4% for 7 steps based
on the beginning starting material 4-trans-hydroxy-(L)-N-Boc-Proline). The product
and relative purity was confirmed by LC-MS.

10 Example 54
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To a solution of the title compound of Example 53 (3.48 g, 6.2 mmol) in 100

mL MeOH, was added 10% Pd/C (348 mg, 10% w/w) at room temperature under N>
15 atmosphere. The reaction mixture was then vacuumed, charged with a hydrogen

balloon and stirred for 8 hours at room temperature. After all the starting material has

been consumed, the mixture was filtered through a CELITE® pad and concentrated

under reduced pressure to give a white solid as the title compound (crude yield 3.3 g,

~100%). The crude was used directly in next step without purification. The product
20 and relative purity was confirmed by LC-MS. 'H NMR (CDCls): consistent with

proposed structure.
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The title compound of Example 54 (2.445 g, 4.61 mmol) was dissolved in
DMF (46 mL) at 0 °C. HOBT (623 mg, 4.61 mmol) and 3,5-pyrazole dicarboxylic

acid monohydrate (402 mg, 2.31 mmol) were added, followed by the addition of
DIPEA (1.00 mL, 5.76 mmol) and EDC (884 mg, 4.61 mmol). The reaction mixture

was stirred for 1 hour at 0 °C, and then slowly warmed up to room temperature and

stirred for 12 hours at room temperature. DMF was removed under vacuum and the

residue was diluted with 30 mL EtOAc. The resulting solution was washed by HCI

solution (1M), saturated NaHCO; solution and brine. The organic phase was dried

over sodium sulfate and concentrated under reduced pressure. The residue was

chromatographed on silica gel, eluting with 50% to 90% EtOAc/Hexane, then 2% to

10% MeOH/DCM gradually to give the title compound (1.756 g with 96% purity and

788 mg with 90% purity, 87.5%). The product and relative purity was confirmed by
LCMS. 'H NMR (CDCly): consistent with proposed structure.
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Example 56

HN—CH, HaC—NH
HCI HCl

To a solution of the title compound of Example 55 (1.756 g, 1.48 mmol) in 5.9
5 mL DCM was added HCl/Dioxane (4N, 2.96 mL, 11.8 mmol) at room temperature.

The solution was stirred at room temperature for 4 hours and monitored by LC-MS.

After all the starting material had been consumed, the solvents and HCl were removed

under reduced pressure to give the free amine salt as an white color solid, which was

dissolved in 10 mL water. The above solution was filtered through a 0.45pum syringe

10 filter, rinsed with water twice and lyophilized to give the title compound as a white

foam-like solid (1.51 g, 84.5% for 3 steps from title compound of Example 4). The

product and relative purity was confirmed by LC-MS. 'H NMR (CDCls): consistent

with proposed structure.

Example 57
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At 0°C, to a well-stirred mixture of 4-trans-hydroxy-(L)-N-Boc-Proline (11.56
g, 50 mmol) in 250 mL. DMF was added HOBT (6.76 g, 50 mmol), DIPEA (13.1 mL,
75 mmol) and EDC (9.58 g, 50 mmol) in this order. After 10 minutes, D-a-
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methylbenzyl amine (6.36 mL., 50 mmol) was added. The mixture was stirred for 1
hour at 0 °C, then slowly warmed up to room temperature and stirred for 12 hours at
room temperature. The reaction mixture was concentrated under vacuum to remove
the DMF. The residue was diluted with EtOAc (150 mL) and washed by HC1 solution
5 (1 N), saturated NaHCOj5 solution and brine. The organic phase was dried over
Na,SO, and concentrated under reduced pressure to give the title compound (crude
yield 15.95 g). The crude was used directly in next step without purification. The

product and relative purity was confirmed by LC-MS.

10 Example 58

Ng

HN® “CH,
OXSHB
HsC CHs
To a solution of the title compound of Example 57 (15.95 g, ~47.7 mmol) in

DCM (150 mL) was added TEA (8.32 mL, 59.7 mmol) at 0 °C. Methyl sulfonyl
chloride (4.44 mL. 57.3 mmol) was added slowly and the solution was stirred at 0 °C

15 for 5 hours. 50 mL. DCM was added. The mixture was washed by HCI solution (1 N),
saturated NaHCO; solution and brine. The organic phase was dried over Na,SO4 and
concentrated under reduced pressure to give the crude mesylate as a white foam-like
solid, which was used immediately without further purification. The solid was
dissolved in DMSO (200 mL), to which NaN3; (6.20 g, 95.4 mmol) was added. After

20 heating at 90 °C for 8 hours, the solution was cooled to room temperature. Water (100
mL) was added and the mixture was extracted with EtOAc twice. The combined
organic phase was washed by brine twice, dried over Na;SO, and concentrated under
reduced pressure to give the title compound (crude yield 17.54 g). The crude was used
directly in next step without purification. The product and relative purity was

25 confirmed by LC-MS.
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Example 59

HaC

S To a solution of the title compound of Example 58 (17.54 g, ~47.7 mmol) in
35 mL DCM was added HCl/Dioxane (4N, 35.8 mL, 140.3 mmol) at room
temperature, The solution was stirred at room temperature for 4 hours and monitored
by LC-MS. After all the starting material had been consumed, the solvents and HCI
were removed under reduced pressure to give the free amine salt (15.89 g).

10 The resulting amine salt (1.605 g, ~4.82 mmol) and N-Boc-Isoleucine (1.26 g,
5.43 mmol) was dissolved in 54 mL DMEF at 0°C, to which HOBT (831 mg, 5.43
mmol) and DIPEA (2.13 mL, 12.2 mmol) were added. After 5 minutes, EDC (1.04 g,
5.43 mmol) was added. The reaction mixture was stirred for 1 hour at 0 °C, then
slowly warmed up to room temperature and stirred for 12 hours at room temperature.

15 The reaction mixture was concentrated under vacuum to remove the DMF. The
residue was diluted with EtOAc (30 mL) and washed by HCI solution (1 N), saturated
NaHCO; solution and brine. The organic phase was dried over Na,SO, and
concentrated under reduced pressure to give the title compound (crude yield 2.505 g).
The crude was used directly in next step without purification. The product and relative

20 purity was confirmed by LC-MS.
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Example 60
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To a solution of the title compound of Example 59 (2.505 g, ~4.82 mmol) in 8
mL DCM was added HCl/Dioxane (4N, 4 mL, 16 mmol) at room temperature. The
solution was stirred at room temperature for 3 hours and monitored by LC-MS. After
all the starting material had been consumed, the solvents and HCI were removed
under reduced pressure to give the free amine salt.

The resulting amine salt and N-Boc-N-methyl-alanine (1.08 g, 5.31 mmol)
was dissolved in 53 mL DMF at 0 °C, to which HOBT (813 mg, 5.31 mmol) and
DIPEA (2.08 mL, 11.9 mmol) were added. After 5 minutes, EDC (1.02 g, 5.31 mmol)
was added. The reaction mixture was stirred for 1 hour at 0 °C, then slowly warmed
up to room temperature and stirred for 12 hours at room temperature. The reaction
mixture was concentrated under vacuum to remove the DMF. The residue was diluted
with EtOAc (30 mL) and washed by HCI solution (1 N), saturated NaHCO3 solution
and brine. The organic phase was dried over Na,SO, and concentrated under reduced
pressure. The residue was chromatographed on silica gel, eluting with 30% to 95%
EtOAc/Hexane gradually to give the title compound (2.23 g with 96% purity and 0.28
g with 87% purity, 84.8% for 7 steps based on the beginning starting material 4-trans-
hydroxy-(L)-N-Boc-Proline). The product and relative purity was confirmed by LC-
MS.
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Example 61
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To a solution of the title compound of Example 60 (2.23 g, 4.0 mmol) in 80
5 mL MeOH, was added 10% Pd/C (223 mg, 10% w/w) at room temperature under N»
atmosphere. The reaction mixture was then vacuumed, charged with a hydrogen
balloon and stirred for 8 hours at room temperature. After all the starting material has
been consumed, the mixture was filtered through a CELITE® pad and concentrated
under reduced pressure to give a white solid as the title compound (crude yield 1.98
10 ). The crude was used directly in next step without purification. The product and

relative purity was confirmed by LC-MS. 'H NMR (CDCls): consistent with proposed

structure.
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The title compound of Example 61 (1.98 g, 3.73 mmol) was dissolved in DMF
(37 mL) at 0 °C. HOBT (566 mg, 3.73 mmol) and 5-amino-isophthalic acid (338 mg,
1.86 mmol) were added, followed by the addition of DIPEA (0.966 mL, 5.5 mmol)
and EDC (709 mg, 3.73 mmol). The reaction mixture was stirred for 1 hour at 0 °C,
and then slowly warmed up to room temperature and stirred for 12 hours at room
temperature. DMF was removed under vacuum and the residue was diluted with 30
mL EtOAc. The resulting solution was washed by HCI solution (1M), saturated
NaHCOj solution and brine. The organic phase was dried over sodium sulfate and
concentrated under reduced pressure. The residue was chromatographed on silica gel,
eluting with 50% to 90% EtOAc/Hexane, then 2% to 15% MeOH/DCM gradually to
give the title compound (1.17 g with 97% purity and 764 mg with 90% purity,
81.2%). The product and relative purity was confirmed by LC-MS. "H NMR (CDCly):

consistent with proposed structure.

Example 63
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To a solution of the title compound of Example 62 (1.17 g, 0.97 mmol) in 8
mL DCM was added HCl/Dioxane (4N, 3.9 mL, 15.6 mmol) at room temperature.
The solution was stirred at room temperature for 4 hours and monitored by LC-MS.
After all the starting material had been consumed, the solvents and HCI were removed
under reduced pressure to give the free amine salt as an white color solid, which was

dissolved in 8 mL water. The above solution was filtered through a 0.45um syringe
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filter, rinsed with water twice and lyophilized to give the title compound as a white
foam-like solid (1.03 g, 70.9% for 3 steps from title compound of Example 4). The
product and relative purity was confirmed by LC-MS. 'H NMR (CDCls): consistent

with proposed structure.

Example 64

HO.. HN
e
o
HaC CHSCHa
At 0°C, to a well-stirred mixture of 4-trans-hydroxy-(L)-N-Boc-Proline (10 g,
43.2 mmol) in 200 mL DMF was added HOBT (6.13 g, 45.4 mmol), DIPEA (11.9
10 mL, 68.1 mmol) and EDC (8.7 g, 45.4 mmol) in this order. After 10 minutes, (R)-
tetrahydro-1-naphthylamine (6.5 mL, 45.4 mmol) was added. The mixture was stirred
for 1 hour at 0 °C, then slowly warmed up to room temperature and stirred for 12
hours at room temperature. The reaction mixture was concentrated under vacuum to
remove the DMF. The residue was diluted with EtOAc (150 mL) and washed by HCl
15 solution (1 N), saturated NaHCO3 solution and brine. The organic phase was dried
over Na,SO, and concentrated under reduced pressure to give the title compound
(crude yield 15.2 g). The crude was used directly in next step without purification.

The product and relative purity was confirmed by LC-MS.

20 Example 65
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To a solution of the title compound of Example 64 (15.2 g, 42 mmol) in DCM
(120 mL) was added TEA (7.7 mL, 55 mmol) at 0 °C. Methyl sulfonyl chloride (3.92
mL. 50.6 mmol) was added slowly and the solution was stirred at 0 °C for 5 hours. 50
mL DCM was added. The mixture was washed by HCI solution (1 N), saturated
NaHCO3 solution and brine. The organic phase was dried over Na;SO4 and
concentrated under reduced pressure to give the crude mesylate as an oil, which was
used immediately without further purification. The oil was dissolved in DMSO (180
mL), to which NaN; (5.5g, 84 mmol) was added. After heating at 90 °C for 8 hours,
the solution was cooled to room temperature. Water (100 mL) was added and the
mixture was extracted with EtOAc twice. The combined organic phase was washed
by brine, dried over Na,SOy4 and concentrated under reduced pressure to give the title
compound (crude yield 15.2 g). The crude was used directly in next step without

purification, The product and relative purity was confirmed by LC-MS.

Example 66
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To a solution of the title compound of Example 65 (11.4g, 29.5 mmol) in 30
mL DCM was added HCl/Dioxane (4N, 29.5 mL, 118 mmol) at room temperature,
The solution was stirred at room temperature for 3 hours and monitored by LC-MS.
After all the starting material had been consumed, the solvents and HCI were removed
under reduced pressure to give the free amine salt (9.48 g).

The resulting amine salt (9.48 g) and N-Boc-o-tert-butyl-glycine (6.5 g, 28.1
mmol) was dissolved in 250 mL DMF at 0°C, to which HOBT (3.99 g, 29.5 mmol)
and DIPEA (11.6 mL, 66.4 mmol) were added. After 5 minutes, EDC (5.66 g, 29.5
mmol) was added. The reaction mixture was stirred for 1 hour at 0 °C, then slowly
warmed up to room temperature and stirred for 12 hours at room temperature. The
reaction mixture was concentrated under vacuum to remove the DMF. The residue
was diluted with EtOAc (200 mL) and washed by HCl solution (1 N), saturated
NaHCOj; solution and brine. The organic phase was dried over Na,SO,4 and
concentrated under reduced pressure to give the title compound (crude yield 14.8 g).
The crude was used directly in next step without purification. The product and relative

purity was confirmed by LC-MS.
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To a solution of the title compound of Example 66 (14.8g) in 30 mL. DCM
was added HCl/Dioxane (4N, 28.1 mL, 112 mmol) at room temperature. The solution
was stirred at room temperature for 3 hours and monitored by LC-MS. After all the
starting material had been consumed, the solvents and HCl were removed under

reduced pressure to give the free amine salt.
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The resulting amine salt and N-Boc-N-methyl-alanine (5.4 g, 26.8 mmol) was
dissolved in 225 mL. DMF at 0 °C, to which HOBT (3.8 g, 28.1 mmol) and DIPEA
(11 mL, 63.2 mmol) were added. After 5 minutes, EDC (5.4 g, 28.1 mmol) was
added. The reaction mixture was stirred for 1 hour at 0 °C, then slowly warmed up to
room temperature and stirred for 12 hours at room temperature. The reaction mixture
was concentrated under vacuum to remove the DMF. The residue was diluted with
EtOAc (180 mL) and washed by HCl solution (1 N), saturated NaHCO3 solution and
brine. The organic phase was dried over Na>SOy4 and concentrated under reduced
pressure. The residue was chromatographed on silica gel, eluting with 30% to 95%
EtOAc/Hexane gradually to give the title compound (14.9 g, 77.6% for 7 steps based
on the beginning starting material 4-trans-hydroxy-(L)-N-Boc-Proline). The product
and relative purity was confirmed by LC-MS. "HNMR (CDCls): consistent with

proposed structure.

Example 68

H,N
H
Ho 5 @WN

H3C O
Q (@)

NH
HoCo,
N %

%,

OA CHg

o)
HaC CHs
3 CH,

To a solution of the title compound of Example 67 (14.9 g, 25.6 mmol) in 100
mL MeOH, was added 10% Pd/C (1.49 g, 10% w/w) at room temperature under N
atmosphere. The reaction mixture was then vacuumed, charged with a hydrogen
balloon and stirred for 8 hours at room temperature. After all the starting material has
been consumed, the mixture was filtered through a CELITE® pad and concentrated

under reduced pressure to give a white solid as the title compound (crude yield 14.0 g,
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98%). The crude was used directly in next step without purification. The product and
relative purity was confirmed by LC-MS. 'H NMR (CDCls): consistent with proposed

structure,

Example 69

HIN E "NH

e,
o N, O

%O
HaC NH H 'r/(C He
HoC HCHE HSC>/£OH30 -

CHg

© ’C—CHa Hac—n>\

£ Tk
HaC™ I™CH, Hac”1 “CHe

CHs CHs

The title compound of Example 68 (3.29 g, 5.91 mmol) was dissolved in DMF
(60 mL) at 0 °C. HOBT (799 mg, 5.91 mmol) and 5-amino-isophthalic acid (535 mg,
2.95 mmol) were added, followed by the addition of DIPEA (2.3 mL, 13.3 mmol) and
EDC (1.13 g, 5.91 mmol). The reaction mixture was stirred for 1 hour at 0 °C, and
then slowly warmed up to room temperature and stirred overnight. DMF was removed
under vacuum and the residue was diluted with 100 mL EtOAc. The resulting solution
was washed by HCI solution (1M), saturated NaHCO5 solution and brine. The organic
phase was dried over sodium sulfate and concentrated under reduced pressure. The
residue was chromatographed on silica gel, eluting with 50% to 90% EtOAc/Hexane,
then 2% to 10% MeOH/DCM gradually to give the title compound (3.17 g, 85.4%).
The product and relative purity was confirmed by LC-MS. 'H NMR (CDCl,):

consistent with proposed structure.
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To a solution of the title compound of Example 69 (3.17 g, 2.52 mmol) in 10
mL DCM was added HCl/Dioxane (4N, 5 mL, 20 mmol) at room temperature. The
solution was stirred at room temperature for 3 hours and monitored by LC-MS. After
all the starting material had been consumed, the solvents and HCI were removed
under reduced pressure to give the free amine salt as an pale yellow color solid, which
was dissolved in 18 ml. water. The above solution was filtered through a 0.45um
syringe filter and lyophilized to give the title compound as an off white foam-like
solid (2.81 g, 80.0% for 3 steps from title compound of Example 4). The product and
relative purity was confirmed by LC-MS. 'H NMR (CDCls): consistent with proposed

structure.

In Vitro IAP (BIR) Binding/Interaction Assay

Interaction between mimetics and IAPs was examined by GST-mediated pull-
down assays. Approximately 0.4 mg of a recombinant IAP fragment (second and third
BIR motifs of XIAP) is bound to 200 ml of glutathione resin as a GST-fusion protein

and incubated with 0.5 mg of radiolabeled mimetics at room temperature. After
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extensive washing with an assay buffer containing 25 mM Tris, pH 8.0, 150 mM
NaCl, and 2 mM dithiothreitol (DTT), the complex is eluted with 5 mM reduced
glutathione and visualized by SDS-PAGE with Coomassie staining.

This assay demonstrates that the tested mimetics specifically bind IAP. Each

5 assay includes as an internal reference the compound of formula:

Reference compound

Fluorescent Polarization Assay

Increasing concentrations of SMAC compounds are incubated with 2nM of
10 labeled peptide (fluorescein labeled 10mer peptide with AVPI 4 amino acids at its N
terminus -Alexa Fluor 488) and truncated XIAP containing only BIR1, BIR2, and
BIR3 domains at room temperature for 1 hour. Fluorescence reading, indicative of the
bound portion of the labeled peptide, is measured in milipolarization units (mP). The
more compound added, less fluorescein labeled peptide bind to the protein due to the
15 competitive binding and less fluorescence signal is released.
Based on this principle, we obtain the K; value that evaluates compound’s

binding affinity.

In Vitro Caspase-3 Activation Assay

20 Caspase3 in most cell extracts can be activated by the addition of ImM dATP
through the mitochondria caspase pathway. Hela S3 cells we use to make cell extract

express higher XIAP, hence after addition of dATP in Hela S100, the induced
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caspase3 is blocked by IAPs. Taking advantage of this feature, we use 100nM of
synthetic SMAC mimetic compound to test its ability to eliminate IAPs in the Hela
S100 and fully induce Caspase3 activity. The In Vitro Caspase3 assay is carried out at
30°C, incubating 100nM compounds with 30ug of Hela S100, 1mM dATP, 10uM
5 Caspase3 fluorogenic substrate (Caspase3 Substrate II, Fluorogenic, #235425 from
Calbiochem). The readout is caspase-3 activity represented by relative fluorogenic
unit, which is recorded kinetically. The slope in linear region of the curve for each
compound is calculated.
Percent activity data is presented by comparing activity of the test compound
10 with activity of the reference compound in Caspase-3 activation assay in vifro. The
ratio of each synthetic compound’s slope versus the slope of control reflects in vitro

caspase-3 activation ability of compounds.

Cell Viability Assay in HCC461 Cells

HCC461 celis plated in 96 well plates at 5x10* /ml cell density are treated with
15 50X synthetic SMAC mimetic compounds (final concentration range between 30uM
and 0.001uM). After 48hrs incubation at 37°C and 5% CO, | viability of the cells are
measured using Cell Proliferation Reagent WST-1 assay kit (Roche Cat
#11 644 807 001).
WST-1 assay principle: The tetrazolium salts are cleaved to formazan by
20 cellular enzymes. An expansion in the number of viable cells results in an increase in
the overall activity of mitochondrial dehydrogenases in the samples. This
augmentation in the enzyme activity leads to an increase in the amount of formazan
dye formed, which directly correlates to the number of metabolically active cells in
the culture. Quantification of the formazan dye produced by metabolically active cells

25 by using a microplate (ELISA) reader at 420-480nm.

Svnergism of TRAIL and SMAC Mimetic compounds in PANC-1 cells

PANC-1 cells plated in 96 well plates at 5x10% /ml cell density are pre-treated
with 100nm compounds for 4hrs at 37°C and 5% CO, The cells are then treated with
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50X TRAIL (final concentration range between 2400ng/ml and 0.08ng/ml). After

A8hrs incubation at 37°C and 5% CO, viability of the cells are measured using Cell

Proliferation Reagent WST-1 assay kit (Roche Cat #11 644 807 001). Comparison

between viability of cells when treated with TRAIL alone versus when treated with
5 TRAIL + 100nm SMAC mimetic compound gives us synergism picture.

WST-1 assay principle: The tetrazolium salts are cleaved to formazan by
cellular enzymes. An expansion in the number of viable cells results in an increase in
the overall activity of mitochondrial dehydrogenases in the samples. This
augmentation in the enzyme activity leads to an increase in the amount of formazan

10 dye formed, which directly correlates to the number of metabolically active cells in
the culture. Quantification of the formazan dye produced by metabolically active cells

by using a microplate (ELISA) reader at 420-480nm.

Representative Biodata

15 Representative bioassay data using assays described in Examples 30 and 32-34
are provided in Tables 1 and 2. Each table represents the data from a different
experiment, using the reference compound described in Example 71 as an internal

reference.

20

25
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Representative Biodata

1Cs0 (uM) in
Ki (uM) in % Activity cell viability . ) . - .
FP assay at 100nM assay in Synergy with TRAIL in PANC-1 ng/m!
HCC461
ICso for
Compound 1Cs0 for , v
No. TRAIL TRAIL+100nm
compound

Ref cpd 0.35 100 0.082 >2400 36.71
12 0.40 104 0.002 >2400 2414
13 0.30 108 0.026 >2400 36.66
14 0.44 86 0.026 >2400 26.55
15 0.45 116 0.009 >2400 16.82
16 0.40 115 0.074 >2400 26.57
17 0.50 92 0.019 >2400 25.40
18 0.35 107 0.033 >2400 1375
19 0.45 120 0.007 >2400 26.95
20 0.222 >2400 1388.10
21 0.101 >2400 36.12
22 0.263 >2400 >2400
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5
Representative Biodata
| 1Cs0 (uM) in
Ki(uM)in | % Activity | cell viability | Synergy with TRAIL in PANC-1
FP assay at 100nM assay in ng/mi
HCC461
IC50 for
Compound 1Csp for ‘
No. TRAIL TRAILA+100nm
compound
Ref cpd 0.15 0.063 >2400 26.03
23 0.05 0.002 >2400 6.05
24 0.35 0.021 >2400 7.86
25 0.25 0.024 >2400 571
26 0.32 0.023 >2400 14.78
27 0.25 0.082 >2400 60.94
28 0.23 0.002 >2400 6.66
29 0.24 0.005 >2400 5.00
30 0.29 0.008 >2400 5.60
31 0.34 0.003 >2400 5.98
32 023 0.015 >2400 6.09
The compounds of Examples 6, 8, 10, 12, 14, 29, 36, 37, 42, 49, 56, 63, and
10 70 will mimic the activity of SMAC, and are thus useful in the treatment of disorders

that can be treated with SMAC or a SMAC mimetic, such as those disorders discussed

herein,

Using methods similar to those described in the Examples, the compounds of

Table 3 and Table 4 can readily be prepared and shown to be SMAC mimetics,
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The following embodiments are provided as non-limiting examples only. The
foregoing examples are provided only to illustrate the invention, which further
includes those combinations and modifications that are apparent to one of ordinary

skill from the present disclosures.
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Representative Embodiments

Al. A compound of formula (1):

W%

PR

or a pharmaceutically acceptable salt or hydrate form thereof,

wherein each R,, Ry, R, and Ry is independently H, or C1-C8 alkyl, C2-C8
alkenyl or C2-C8 alkynyl, or a heteroform of one of these, each of which may be
optionally substituted; or is optionally substituted phenyl;

each Y and Y’ independently represents C1-C8 alkyl, =0, OR, NR,, OC(O)R,
NRC(O)R, NRSO,R or COOR, wherein each R is independently H, C1-C8 alkyl or
C1-C8 heteroalkyl, and wherein two Y or Y’ groups can cyclize to form a 3-6
membered ring that can be saturated, unsaturated or aromatic, and which ring may
include a heteroatom selected from O, S and N as a ring member and may be
optionally substituted;

each W and W’ independently represents an optionally substituted C1-C6
alkylene or C1-C6 heteroalkylene;

each X and X’ independently represents an optionally substituted Cs-Cyg ring
system comprising at least one aromatic ring and up to four heteroatoms selected from
N, O and S as a ring member, and can represent either a single 5-15 membered cyclic
group or two 5-10 membered cyclic groups that are both attached to the same atom of
W or W’, provided that each X and X’ comprises at least one aryl or heteroaryl ring;

each Q and Q’ independently represents —O- or -NR?-, where each R? is
independently H, or optionally substituted C1-C8 alkyl, or optionally substituted C1-
(8 heteroalkyl; or one or both of Q and Q’ may be a bond when L comprises a ring;

each n and n’ is independently 0-3;

each m and m’ is independently 0-4;
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cach R and R" is independently H or optionally substituted C1-C8 alkyl;
each 7 and 7’ independently represents an optionally substituted C1-C6
aminoalkyl group; and
L represents an optionally substituted C1-C24 hydrocarbyl linker, optionally
5 containing from 1-8 heteroatoms selected from N, O and S, which linker is 1-18

atoms in length when counted along the shortest path between Q and Q’.

A2, The compound of embodiment A1, wherein L. comprises a C1-C14
alkylene, C1-C14 heteroalkylene, C2-C14 alkenylene, C2-C14 heteroalkenylene, C2-
C14 alkynylene, or a C2-C14 heteroalkynylene group, each of which may be
10 optionally substituted.

A3. The compound of embodiment A2, wherein L is a C2-C14 alkynylene
or a C2-C14 heteroalkynylene group.

15 A4, The compound of embodiment A1, wherein L. comprises at least one
optionally substituted carbocyclic, heterocyclic, aromatic or heteroaromatic ring that

is part of or is fused to the linker which forms the shortest path between Q and Q’.

A5. The compound of embodiment A4, wherein said aromatic or
20 heteroaromatic ring is an optionally substituted 5- or 6-membered aromatic or

heteroaromatic ring.

A6. The compound of embodiment AS, wherein said optionally substituted 5-
or 6-membered aromatic or heteroaromatic ring is selected from the group consisting
25 of phenyl, pyridyl, pyrazinyl, triazinyl, pyrazolyl, and thiophenyl, each of which may
be optionally substituted.
A7. The compound of embodiment A4, wherein L. comprises at least one

triazole ring.
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AS8. The compound of any one of embodiments Al to A7, wherein each n
and n’ is 1, and each of m and m’ is O or 1, and wherein Y and Y’, if present, are the

same.

5 A9. The compound of any one of embodiments Al to A8, wherein each R'

and R" is H or methyl.

A10. The compound of any one of embodiments Al to A9, wherein each Z
and 7’ is a 1-aminoalkyl group represented by the formula ~CH(R*NR*,, where R’
10 and each R is independently H or C1-C4 alkyl.

A11. The compound of any one of embodiments Al to A10, wherein each X
and X’ independently comprises an optionally substituted phenyl ring; or two phenyl
rings, each of which may be optionally substituted; or a tetrahydronaphthyl, indanyl

15 or fluorenyl ring system.

A12. The compound of any one of embodiments Al to A11, wherein each W
and W’ represents -C(O)NR(CHR),-, where p is 0-2, and each R independently
represents H, C1-C4 alkyl or C1-C4 heteroalkyl.

20
A13. The compound of any one of embodiments Al to A12, wherein each Q
and Q’ is ~NR>- , where each R? is independently H or C1-C4 alkyl.
Al14. The compound of any one of embodiments Al to A12, wherein at least
25 one of Q and Q’ is a bond.

A15. The compound of embodiment Al, having the formula (3A):
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or a pharmaceutically acceptable salt or hydrate form thereof,
wherein Ra is H and Rb is R’
R is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl, each of
5 which may be optionally substituted;
each Y represents C1-C8 alkyl, =0, OR, NR;, OC(O)R, NRC(O)R, NRSO2R
or COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyl;
W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene;

10 X represents an optionally substituted Cs-Cyo ring system comprising at least
one aromatic ring and up to four heteroatoms selected from N, O and S as a ring
member, and can represent either a single 5-15 membered cyclic group or two 5-10
membered cyclic groups that are both attached to the same atom of W, provided that
each X comprises at least one aryl or heteroaryl ring;

15 Q represents —O- or -NR?-, where each R” is independently H, or optionally
substituted C1-C8 alkyl, or optionally substituted C1-C8 heteroalkyl; or Q may be a
bond when L comprises a ring;

m is 0-4;
pis 2-3;

20 7 represents an optionally substituted C1-C6 aminoalkyl group of the formula
~CHR’)NR";

R’ is H, or an optionally substituted C1-C8 alkyl or optionally substituted C1-
(8 heteroalkyl, and R can cyclize with R* on an adjacent nitrogen atom to form an
optionally substituted azacyclic group having 5-10 ring members, which azacyclic

25 group may be saturated, unsaturated or aromatic, and may contain 1-2 additional

heteroatoms selected from N, O and S as a ring member;
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each R” is independently H, or an optionally substituted C1-C8 alkyl or
optionally substituted C1-C8 heteroalkyl, and the two R* groups on one nitrogen can
cyclize to form an optionally substituted azacyclic group having 5-10 ring members,
which azacyclic group may be saturated, unsaturated or aromatic, and may contain 1-
5 2 additional heteroatoms selected from N, O and S as a ring member; and
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
C12 arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.

A16. The compound of embodiment A1S5, having the formula (4):

R42N/H(

or a pharmaceutically acceptable salt or hydrate form thereof,

wherein R is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl,

\\\\\\\é

)

<( 7

e

El
s

10

each of which may be optionally substituted;
15 each Y represents C1-C8 alkyl, =0, OR, NR,, OC(O)R, NRC(O)R, NRSO2R
or COOR, wherein each R 1s independently H, C1-C8 alkyl or C1-C8 heteroalkyl;
W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene;
X represents an optionally substituted Cs-Cyo ring system comprising at least
20 one aromatic ring and up to four heteroatoms selected from N, O and S as a ring
member, and can represent either a single 5-15 membered cyclic group or two 5-10
membered cyclic groups that are both attached to the same atom of W, provided that

each X comprises at least one aryl or heteroaryl ring;
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Q represents —O- or -NR*, where each R* is independently H, optionally
substituted C1-C8 alkyl or optionally substituted C1-C8 heteroalkyl; or Q may be a
bond when L. comprises a ring;
m is 0-4;
5 pis2or3;
R*is H, or an optionally substituted C1-C8 alkyl or optionally substituted C1-
(8 heteroalkyl, and R” can cyclize with R* on an adjacent nitrogen atom to form an
optionally substituted azacyclic group having 5-10 ring members, which azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1-2 additional
10 heteroatoms selected from N, O and S as a ring member;
each R* is independently H, or an optionally substituted C1-C8 alkyl or
optionally substituted C1-C8 heteroalkyl, and the two R* groups on one nitrogen can
cyclize to form an optionally substituted azacyclic group having 5-10 ring members,
which azacyclic group may be saturated, unsaturated or aromatic, and may contain 1-
15 2 additional heteroatoms selected from N, O and S as a ring member; and
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
Cl2arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.

A17. The compound of embodiment A135, having the formula (5):

K X
"% v
% $
=53 8] -, N O 73
H H (5)
> =g
REN H l QL ——Q l E NF',
E v Y E
20 8 = g = I

or a pharmaceutically acceptable salt or hydrate form thereof,
R’ is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl, each of

which may be optionally substituted;
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each Y represents C1-C8 alkyl, =0, OR, NR,, OC(O)R, NRC(O)R, NRSO:R
or COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyl;

W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene; X represents an optionally substituted Cs-Cyo ring system comprising
at least one aromatic ring and up to four heteroatoms selected from N, O and S as a
ring member, and can represent either a single 5-15 membered cyclic group or two 5-
10 membered cyclic groups that are both attached to the same atom of W, provided
that each X comprises at least one aryl or heteroaryl ring;

Q represents —O- or -NR*-, where each R* is independently H, optionally
substituted C1-C8 alkyl or optionally substituted C1-C8 heteroalkyl; or Q may be a
bond when L comprises a ring;

m is 0-4;

R’is H, or an optionally substituted C1-C8 alkyl or optionally substituted C1-
C8 heteroalkyl, and R’ can cyclize with R* on an adjacent nitrogen atom to form an
optionally substituted azacyclic group having 5-10 ring members, which azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1-2 additional
heteroatoms selected from N, O and S as a ring member;

cach R* is independently H, or an optionally substituted C1-C8 alkyl or C1-C8
heteroalkyl group, and the two R* groups on one nitrogen can cyclize to form an
optionally substituted azacyclic group having 5-10 ring members, which azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1-2 additional
heteroatoms selected from N, O and S as a ring member;

L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
C12arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.

A18. The compound of embodiment A15, A16 or A17, wherein R is
selected from methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, isobutyl, sec-
butyl, and tert-butyl.
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A19. The compound of any one of embodiments A15 to A18, wherein each

R* is independently H or methyl.

A20. A compound selected from the group consisting of the compounds in

5 Tables 3 and 4, or a pharmaceutically acceptable salt thereof,

A21. A compound of formula (6):

Xy
10
| s o
N
Z N \/
T T T
0 Ra N
10 or a pharmaceutically acceptable salt or hydrate form thereof,

wherein R, and R, are independently H, or C1-C8 alkyl, C2-C8 alkenyl or C2-
(8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted;
each Y independently represents C1-C8 alkyl, =0, OR, NR,, OC(O)R,
15 NRC(O)R, NRSO;R or COOR, wherein each R is independently H, C1-C8 alkyl or
C1-C8 heteroalkyl, and wherein two Y groups can cyclize to form a 3-6 membered
ring that can be saturated, unsaturated or aromatic, and which ring may include a
heteroatom selected from O, S and N as a ring member and may be optionally
substituted;
20 W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene;
X represents an optionally substituted Cs-Cyo ring system comprising at least
one aromatic ring and up to four heteroatoms selected from N, O and S as a ring

member, and can represent either a single 5-15 membered cyclic group or two 5-10
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membered cyclic groups that are both attached to the same atom of W, provided that
each X comprises at least one aryl or heteroaryl ring;

nis 0-3;

m is 0-4;

R' is H or optionally substituted C1-C8 alkyl;

U represents —OR®, -OC(O)R?, -OSO,R®, C=0, -OC(0)OR?, -COOR?, -NR?,,
azido or halo, where each R® is independently H, or C1-C8 alkyl, C1-C8 alkenyl, C1-
C8 alkynyl, C5-C12 aryl, C5-C21 arylalkyl, or a heteroform of one of these, each of
which may be optionally substituted; or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl,
C5-C12 aryl or C5-C21 arylalkyl, or a heteroform of one of these, each of which may
be optionally substituted; and

Z. is an optionally substituted C1-C6 aminoalkyl group wherein the amine may

be in a protected or unprotected form.

A22. A method of making a compound of formula (1) as in embodiment A1,
comprising reacting a first monomer of formula (6) with a second monomer of
formula (6),

wherein for each of said first monomer and said second monomer, U
comprises at least one functional group that can be used to connect said first monomer
and said second monomer, either directly or indirectly, to provide a compound of

formula (1).

A23. A pharmaceutical composition comprising a compound of formula (1)

as in embodiment A1, and at least one pharmaceutically acceptable excipient.

A24. The pharmaceutical composition of embodiment A23, further

comprising at least one additional therapeutic agent.
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A25. The pharmaceutical composition of embodiment A24, wherein the
additional therapeutic agent is selected from the group consisting of TRAIL,

etoposide, a TRAIL receptor antibody, an Hsp90 inhibitor, TNF-a, and TNF-f.

A26. A method to treat cancer, inflammation, or an autoimmune disorder,
comprising administering to a subject in need of such treatment an effective amount

of a compound of any one of embodiments Al to A20.

A27. The method of embodiment A26, wherein the subject is treated with an
additional therapeutic agent selected from the group consisting of TRAIL, etoposide,

a TRAIL receptor antibody, an Hsp90 inhibitor, TNF-a, and TNF-f.

A28. A compound of formula (I):
D Q L Q D'

o),

or a pharmaceutically acceptable salt or hydrate form thereof,

@)

wherein bis O or 1;

each Q, Q’ and Q”, if present, independently represents —O- or -NR*-, where
each R* is independently H, optionally substituted C1-C8 alkyl or optionally
substituted C1-C8 heteroalkyl; or -CH,-, -CH(OR)-, -CH(R)-, -CH,O-, -CH(R)O- or
—(CH»);NH-, wherein R is H, C;-Cy4 alkyl or C;-Cy4 heteroalkyl; or one or more of Q,
Q’ and Q” may be a bond when L. comprises a ring;

L represents an optionally substituted C1-C24 hydrocarbyl linker, optionally
containing from 1-8 heteroatoms selected from N, O and S, which linker is 1-18
atoms in length when counted along the shortest path between Q and Q’, or Q and Q”,

or Q’ and Q”; and
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each D, D’ and D”, if present, is independently selected from the group
consisting of

1 o]

Rb, Ra

N

R o 5 0, ; and W, N
¢ ~ 555{_ x=

¥

N n

wherein each R, and Ry, is independently H, or C1-C8 alkyl, C2-C8 alkenyl or
C2-C8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted; or is optionally substituted phenyl;

each R’ is independently H or optionally substituted C1-C8 alkyl;

each 7 independently represents an optionally substituted C1-C6 aminoalkyl
group;

each Y, where present, independently represents C1-C8 alkyl, =0, OR, NRy,
OC(O)R, NRC(O)R, NRSO;R or COOR, wherein each R is independently H, C1-C8
alkyl or C1-C8 heteroalkyl, and wherein two Y groups can cyclize to form a 3-6
membered ring that can be saturated, unsaturated or aromatic, and which ring may
include a heteroatom selected from O, S and N as a ring member and may be
optionally substituted;

each W, where present, independently represents an optionally substituted C1-
C6 alkylene or C1-C6 heteroalkylene;

each X, where present, independently represents an optionally substituted Cs-
Cyo ring system comprising at least one aromatic ring and up to four heteroatoms
selected from N, O and S as a ring member, and can represent either a single 5-135
membered cyclic group or two 5-10 membered cyclic groups that are both attached to
the same atom of W, provided that each X comprises at least one aryl or heteroaryl
ring;

each n, where present, is independently 0-3;
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each m, where present, is independently 0-4; and

each R®, where present, is independently H, C1-C8 alkyl, C5-C12 aryl or C5-
C12 arylalkyl, or a heteroform of one of these, each of which may be optionally
substituted; or is a C8-C14 bicyclic or tricyclic ring system comprising a 5- or 6-

5 membered saturated or partially unsaturated ring fused to a C5-C6 aryl or C5-C6
heteroaryl ring, which ring system may be attached to nitrogen through any available
position on the saturated or aromatic ring;

with the proviso that, when b is 0, D and D’ are not the same and both of the

formula

X\W

r' Q v
D
W N Z rL N
X
m b MR
(Vm Rb
n or 0 Ra (¥ .

10
Bl. A compound of formula (I):
D Q L Q D'
@
| o—o],
or a pharmaceutically acceptable salt or hydrate form thereof,
15 whereinbis Qor 1;
each Q, Q’ and Q7”, if present, independently represents —O- or -NR*-, where
each R? is independently H, optionally substituted C1-C8 alkyl or optionally
substituted C1-C8 heteroalkyl; or —-CH,-, -CH(OR)-, -CH(R)-, -CH,0O-, -CH(R)O- or
—(CH,),NH-, wherein R is H, C;-C; alkyl or C;-C, heteroalkyl; or one or more of Q,
20 Q’ and Q” may be a bond when L. comprises a ring;
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L represents an optionally substituted C1-C24 hydrocarbyl linker, optionally
containing from 1-8 heteroatoms selected from N, O and S, which linker is 1-18
atoms in length when counted along the shortest path between Q and Q’, or Q and Q”,
or Q" and Q”; and

each D, D’ and D7, if present, is independently selected from the group

consisting of

R! o}
X

T e z i& )J\ R
o Rb, Ra 7z N/1
Ny AN DT
z N N\, z N ' ° o NH *
u O ; N

Rt o]

5 r(“i H 0, y;:i ; and ></_,W
N (Y
e n

RP R

wherein each R, and Ry is independently H, or C1-C8 alkyl, C2-C8 alkenyl or
C2-C8 alkynyl, or a heteroform of one of these, each of which may be optionally
substituted; or is optionally substituted phenyl;

each R is independently H or optionally substituted C1-C8 alkyl;

each Z independently represents an optionally substituted C1-C6 aminoalkyl
group;

each Y, where present, independently represents C1-C8 alkyl, =0, OR, NR;,
OC(O)R, NRC(O)R, NRSO;R or COOR, wherein each R is independently H, C1-C8
alkyl or C1-C8 heteroalkyl, and wherein two Y groups can cyclize to form a 3-6
membered ring that can be saturated, unsaturated or aromatic, and which ring may
include a heteroatom selected from O, S and N as a ring member and may be
optionally substituted;

each W, where present, independently represents an optionally substituted C1-
C6 alkylene or C1-C6 heteroalkylene;

each X, where present, independently represents an optionally substituted Cs-
Cyo ring system comprising at least one aromatic ring and up to four heteroatoms

selected from N, O and S as a ring member, and can represent either a single 5-15
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membered cyclic group or two 5-10 membered cyclic groups that are both attached to
the same atom of W, provided that each X comprises at least one aryl or heteroaryl
ring;

each n, where present, is independently 0-3;

5 each m, where present, is independently 0-4; and

each R®, where present, is independently H, C1-C8 alkyl, C5-C12 aryl or C5-
C12 arylalkyl, or a heteroform of one of these, each of which may be optionally
substituted; or is a C8-C14 bicyclic or tricyclic ring system comprising a 5- or 6-
membered saturated or partially unsaturated ring fused to a C5-C6 aryl or C5-C6

10 heteroaryl ring, which ring system may be attached to nitrogen through any available

position on the saturated or aromatic ring;

with the proviso that, when b is 0, D and D’ are not the same and both of the

formula

15
B2. The compound of embodiment B1, having the formula (1):
*~w w—""
R Q O R
] >\:L " |
N N
z N N z M
YL M= T
© Y VP

Rb

or a pharmaceutically acceptable salt or hydrate form thereof,
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wherein each R,, Ry, Ry and Ry is independently H, or C1-C8 alkyl, C2-C8
alkenyl or C2-C8 alkynyl, or a heteroform of one of these, each of which may be
optionally substituted; or is optionally substituted phenyl;
each Y and Y’ independently represents C1-C8 alkyl, =0, OR, NR,, OC(O)R,
5 NRC(O)R, NRSO;R or COOR, wherein each R is independently H, C1-C8 alkyl or
C1-C8 heteroalkyl, and wherein two Y or Y’ groups can cyclize to form a 3-6
membered ring that can be saturated, unsaturated or aromatic, and which ring may
include a heteroatom selected from O, S and N as a ring member and may be
optionally substituted;
10 each W and W’ independently represents an optionally substituted C1-C6
alkylene or C1-C6 heteroalkylene;
each X and X’ independently represents an optionally substituted Cs-Cyo 1ing
system comprising at least one aromatic ring and up to four heteroatoms selected from
N, O and S as a ring member, and can represent either a single 5-15 membered cyclic
15 group or two 5-10 membered cyclic groups that are both attached to the same atom of
W or W’, provided that each X and X” comprises at least one aryl or heteroaryl ring;
each Q and Q’ independently represents —-O- or -NR?-, where each R” is
independently H, or optionally substituted C1-C8 alkyl, or optionally substituted C1-
C8 heteroalkyl; or one or both of Q and Q’ may be a bond when L comprises a ring;
20 each n and n’ is independently 0-3;
each m and m’ is independently 0-4;
each R' and R' is independently H or optionally substituted C1-C8 alkyl;
each Z and 7 independently represents an optionally substituted C1-C6
aminoalkyl group; and
25 L represents an optionally substituted C1-C24 hydrocarbyl linker, optionally
containing from 1-8 heteroatoms selected from N, O and S, which linker is 1-18

atoms in length when counted along the shortest path between Q and Q’.

B3. The compound of embodiment B1 or B2, wherein each n and n’ is 1,

and each of m and m’ is 0 or 1, and wherein Y and Y’, if present, are the same.
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B4. The compound of embodiment B1, B2 or B3, wherein each R' and R' is
H or methyl.

5 BS. The compound of any one of embodiments B1 to B4, wherein each Z
and 7’ is a 1-aminoalkyl group represented by the formula ~CH(R?)NR®,, where R’
and each R* is independently H or C1-C4 alkyl.

B6. The compound of embodiment B2, having the formula (3A):

X\W
o)
2 A N o
TG M
o Rb ) p

or a pharmaceutically acceptable salt or hydrate form thereof,
wherein Ra is H and Rb is R’;
R’ is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl, each of

10

which may be optionally substituted;
15 each Y represents C1-C8 alkyl, =0, OR, NR,, OC(O)R, NRC(O)R, NRSO,R
or COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyl;
W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene;
X represents an optionally substituted Cs-Cy ring system comprising at least
20 one aromatic ring and up to four heteroatoms selected from N, O and S as a ring
member, and can represent either a single 5-15 membered cyclic group or two 5-10
membered cyclic groups that are both attached to the same atom of W, provided that
each X comprises at least one aryl or heteroaryl ring;
Q represents —O- or -NR?-, where each R” is independently H, or optionally
25 substituted C1-C8 alkyl, or optionally substituted C1-C8 heteroalkyl; or Q may be a

bond when L comprises a ring;
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m is 0-4;
pis 2-3;
7 represents an optionally substituted C1-C6 aminoalkyl group of the formula
~CHR*NR";
5 R’is H, or an optionally substituted C1-C8 alkyl or optionally substituted C1-

(8 heteroalkyl, and R’ can cyclize with R* on an adjacent nitrogen atom to form an
optionally substituted azacyclic group having 5-10 ring members, which azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1-2 additional
heteroatoms selected from N, O and S as a ring member;

10 each R* is independently H, or an optionally substituted C1-C8 alkyl or
optionally substituted C1-C8 heteroalkyl, and the two R* groups on one nitrogen can
cyclize to form an optionally substituted azacyclic group having 5-10 ring members,
which azacyclic group may be saturated, unsaturated or aromatic, and may contain 1-
2 additional heteroatoms selected from N, O and S as a ring member; and

15 L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
Cl12arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.

B7. The compound of embodiment B6, having the formula (4):

\\\\\\\E

R3
“

x
l’\)b
Z
OQ—
prdn
:g]““lln o
/
<
3_____
3
9]
g}
Ly

20
or a pharmaceutically acceptable salt or hydrate form thereof,
wherein R’ is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl,
each of which may be optionally substituted;
each Y represents C1-C8 alkyl, =0, OR, NRZ,’OC(O)R, NRC(O)R, NRSO;R
25 or COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyl;
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W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene;
X represents an optionally substituted Cs-Cyo ring system comprising at least
one aromatic ring and up to four heteroatoms selected from N, O and S as a ring
5 member, and can represent either a single 5-15 membered cyclic group or two 5-10
membered cyclic groups that are both attached to the same atom of W, provided that
each X comprises at least one aryl or heteroaryl ring;
Q represents —O- or -NR?*., where each R” is independently H, optionally
substituted C1-C8 alkyl or optionally substituted C1-C8 heteroalkyl; or Q may be a
10 bond when L comprises a ring;
m is 0-4;
pis2or3;
R’is H, or an optionally substituted C1-C8 alkyl or optionally substituted C1-
(8 heteroalkyl, and R® can cyclize with R* on an adjacent nitrogen atom to form an
15 optionally substituted azacyclic group having 5-10 ring members, which azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1-2 additional
heteroatoms selected from N, O and S as a ring member;
each R* is independently H, or an optionally substituted C1-C8 alkyl or
optionally substituted C1-C8 heteroalkyl, and the two R* groups on one nitrogen can
20 cyclize to form an optionally substituted azacyclic group having 5-10 ring members,
which azacyclic group may be saturated, unsaturated or aromatic, and may contain 1-
2 additional heteroatoms selected from N, O and S as a ring member; and
L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
C12arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

25 linker, or a heteroform of one of these, each of which may be optionally substituted.

B8. The compound of embodiment B6, having the formula (5):
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or a pharmaceutically acceptable salt or hydrate form thereof,
R is H, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, or phenyl, each of
5 which may be optionally substituted;
each Y represents C1-C8 alkyl, =0, OR, NR;, OC(O)R, NRC(O)R, NRSO;R
or COOR, wherein each R is independently H, C1-C8 alkyl or C1-C8 heteroalkyl;
W represents an optionally substituted C1-C6 alkylene or C1-C6
heteroalkylene; X represents an optionally substituted Cs-Cyo ring system comprising
10 at least one aromatic ring and up to four heteroatoms selected from N, O and S as a
ring member, and can represent either a single 5-15 membered cyclic group or two 5-
10 membered cyclic groups that are both attached to the same atom of W, provided
that each X comprises at least one aryl or heteroaryl ring;
Q represents —O- or -NR?-, where each R” is independently H, optionally
15 substituted C1-C8 alkyl or optionally substituted C1-C8 heteroalkyl; or Q may be a
bond when L comprises a ring;
m is 0-4;
R*is H, or an optionally substituted C1-C8 alkyl or optionally substituted C1-
C8 heteroalkyl, and R® can cyclize with R* on an adjacent nitrogen atom to form an
20 optionally substituted azacyclic group having 5-10 ring members, which azacyclic
group may be saturated, unsaturated or aromatic, and may contain 1-2 additional
heteroatoms selected from N, O and S as a ring member;
cach R* is independently H, or an optionally substituted C1-C8 alkyl or C1-C8
heteroaltkyl group, and the two R* groups on one nitrogen can cyclize to form an

25 optionally substituted azacyclic group having 5-10 ring members, which azacyclic
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group may be saturated, unsaturated or aromatic, and may contain 1-2 additional
heteroatoms selected from N, O and S as a ring member;

L represents a C1-C14 alkylene, C1-C14 alkenylene, C1-C14 alkynylene, C5-
C12arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene

linker, or a heteroform of one of these, each of which may be optionally substituted.

BO. The compound of any one of embodiments B1 to BS, wherein each X
and X’ independently comprises an optionally substituted phenyl ring; or two phenyl
rings, each of which may be optionally substituted; or a tetrahydronaphthyl, indanyl

or fluorenyl ring system.

B10. The compound of any one of embodiments B1 to BS, wherein each W
and W’ represents -C(O)NR(CHR),-, where p is 0-2, and each R independently
represents H, C1-C4 alkyl or C1-C4 heteroalkyl.

B11. The compound of any one of embodiments B1 to B5, wherein each Q

and Q’ is -NR*- | where each R? is independently I or C1-C4 alkyl.

B12. The compound of any one of embodiments B1 to B5, wherein at least

one of Q and Q’ is a bond.

B13. The compound of any one of embodiments B1 to B12, wherein L
comprises at least one optionally substituted carbocyclic, heterocyclic, aromatic or
heteroaromatic ring that is part of or is fused to the linker which forms the shortest

path between Q and Q’.
B14. The compound of embodiment B13, wherein said aromatic or

heteroaromatic ring is an optionally substituted 5- or 6-membered aromatic or

heteroaromatic ring.
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B15. The compound of embodiment B14, wherein said optionally substituted
5- or 6-membered aromatic or heteroaromatic ring is selected from the group
consisting of phenyl, pyridyl, pyrazinyl, triazinyl, pyrazolyl, and thiophenyl, each of
which may be optionally substituted.

B16. The compound of any one of embodiments B1 to B14, wherein Lb

comprises at least one triazole ring.

B17. The compound of any one of embodiments B1 to B12, wherein L.
comprises a C1-C14 alkylene, C1-C14 heteroalkylene, C2-C14 alkenylene, C2-C14
heteroalkenylene, C2-C14 alkynylene, or a C2-C14 heteroalkynylene group, each of
which may be optionally substituted.

B18. The compound of embodiment B17, wherein L is a C2-C14 alkynylene
or a C2-C14 heteroalkynylene group.

B19. The compound of embodiment B7 or B, wherein R’ is selected from
methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, isobutyl, sec-butyl, and tert-

butyl.

B20. The compound of embodiment B7, B8, or B19, wherein each R*is
independently H or methyl.

B21. A compound selected from the group consisting of
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as non-limiting examples only. The foregoing examples are provided only to illustrate the invention,
which furtherjpelygiesgigse combinations and modifications that are appatieniziesane1sf ordinary skill
from the present disclosures. WO 2008/128121PCT/1182008/060140
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Representative Embodiments Al.A compound of formula (1): x,w or 'a pharmaceutically acceptable salt
or hydrate form thereof, wherein each 12,, Ra', Rl) and Rb' is independently I-1, or Cl -CS alkyl,
C2-C8 alkenylontg1ed alkynyl, or a heteroform of one of these, each opguhishonsayobe optionally
substituted; or is optionally substituted phenyl; 10each Y and Y' independently represents CI-C8 alkyl,
=0, OR, NR-,, OC(0)R, NRC(0)R, NRSO2R or COOR, wherein each R is independently II, CI-C8 alkyl
or CI-C8 heteroalkyl, and wherein two Y or Y' groups can cyclize to form a 3-6 membered ring that can
he saturated, unsaturated or aromatic, and which ring may include a heteroatom selected from 0, S
Ry HORE ubstituted; ach W and lependently

* ) . or Cl-C6 h alkylene; X and X'
independently reprents an optionally substltuted C5-C207j m comprls atJeast one
aromatic ring a@d::aH 0 fourCheteroamom from 20 wo and S as g rn membe and can
represent either a le 5-28meq C group or twi me fibejed Byclic gr ups that are
both attached to

W d)f ovided that X"comprige ‘Pone aryl or
heteroaryl rin&; and Q' ependen Iyr pr@sents 0-AQr - NRf where each R2is pendently
11, or optionaum subistituted CI-CS alkyl, IIy subs |tu Cl- 25C8 heteroalkyf% or both

of Q and Q' may=hg a bond when L comprlseg ring; each m n'is independently™@- Ceach m and
mt is indepermeg€ntly 0-4; WO 200N/128121PCT 82008/0611140* each le and RH<ndependently H
or optionally suthstituted C a%‘? albyl each Z and\g mdependently represents an optionally substituted
CI-C6 aminoalkyl gro and




L represents an optionally substituted CI-C24 hydrociuty! linker optionally Scontaining from 1-8
heteroatoms selected from N. 0 and S, which linker is 1-18 atoms in length when counted along the
shortest pathvioebasans2iand Q". A?.The compound of embodiment Al, RéiEtesizvis/eeddprises a Cl-C14
alkylene, CI-C14 heteroalkylene, C2-C14 alkenylene, C2-C14 heteroalkenylene, C2- C14 alkynylene,
or a C2-C14 heteroalkynylene group, each of Which may be 10optionally substituted. A3.The
compound of embodiment A2, wherein Lisa C2-C14 alkynylene or a C2-C14 heteroalkynylene group.
15A4.The compound of embodiment Al, wherein L comprises at least one optionally substituted

groaromatic ring that rt of or is fused t§ the linker which
AS. The compound bodiment Ad=wherein said
tionally substituted, membered @aropngtic or

afid Of embodiment A5, wherein said qptioiaéﬂgfugstituted 5-
or 6-member romatic of hetero ieLNg s selected fro e grigup.consistin ofghenyl,
pyridyl, pyrazin I,@in % , higphepyl, ea%ﬂy i h'mﬁall uf ituted.
A7.The compouind of empodi t A4 Hwherein L compri t least one tr@zole ring. WO,
2008/12812 r(igSZOOS/%OMO A8. Thé egmpourid\of

a

m\\one of embodimenfml 7,
n'is 1, and each of mand m*is 0 or |, and Wiierein Y and Y', if prgsest, are the
B\ o) _NH HN<

heteroaromatic Ffif¥g.

wherein ea

same. 0
_NH

NH
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A9. The compound of any one of embodiments Al to A8, wherein each and le is Il or methyl.

A10. The compound of any one of embodiments Al to A9, wherein each Z and Z' is a 1-aminoalkyl
group representedogy Heiformula -CH(R3)NR4), where R3 10and each R4rissidgpaagently H or C |
-C4 alkyl. All. The compound of any one of embodiments Al to A10, wherein each X and X'
independently comprises an optionally substituted phenyl ring; or two phenyl rings, each of which may
be optionally substituted; or a tetrahydronaphthyl, indanyl 15or fluorenyl ring system. Al2. The
compound of any one of embodiments Al to All, wherein each W and W' represents C(O)NR(CHR)p-,

where p is 0-Z, and each R independently repregents H,-C4 | or CL-C4 heteroalky Al13.
2 where hQand Q'is -NR ere each R2
The com of any one of e Jments Al to

The compoun -@ any one of embodiments AI
is independey or Cl -C4 alkyl.

Al2, whereirra teast 250ne o#Q prd QU is/a] o AlS)The cogg_pound of empodimeiit Al, having

the formula- WO 2008/128121PCT/U82 140° @c@h%?e salt or

hydrate for%w reof, wherein Rais H and Rb is, 5 is II 0 C8 al.kyl; 8 alkenyl,
06/ ona@

C2-C8 alky shenyl, each of 5which may bstituted; each Y repr s Gl -C8
alkyl, =0, OR, NRZ, OC(0)12, NRC(0O)R, NRSO2R or CO

reln each Ris in Iy 11,
CI-C8 alkyl or CI-C8 heteroalkyl, W represents an optlona stituted CI-C6 kyI eor Cl C6

heteroalkylene;
HN/
a O \\\\\“ ©
W
HN HN HN
[9)

Ny
.‘\\
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10X represents an optionally substituted C5-C20 ring system comprising at least one aromatic ring
and up to four heteroatoms selected from N, 0 and S as a ring member, and can represent either a
single 5-15 nyepegaskeyiclic group or two 5-10 membered cyclic groupsethet sowdaih attached to the
same atom of W, provided that each X comprises at least one aryl or heteroaryL ring; 15Q represents
-0- or -NR2-, where each R2 is independently II, or optionally substituted CI-C8 alkyl, or optionally
substituted C1.-C8 heteroalkyl; or Q may be a bond when I, comprises a ring; mis 0-4; p is 2-3; 20Z
represents an optionally substituted C1-C6 aminoalkyl group of the formula -CH(R3)NR42; R3 is H. or
an optionally substituted CI-C8 alkyl or option ubstituted .y

CI-C8 heteroalkykyand R3 can cyclize with n adjacent pitroge form an optionally

substituted azacgyehc group having 5-10 rin mbers, % wcli roup may be saturated,
unsaturated or aromatic, and may contain 1-2-adtiional hét€foatdms selected from N, 0 and S as a

ring member, ‘éach R4 is | ntly an op iapdll.y suljstituted C1.-C8 alkyl or optionally
substituted CI -C8 heteroalkyl, and the tw oups on b(;@r;.,,mitrogenN cyclize to form an optionally
substituted azacycfic group having 5-10 ring mejbe?s, whigh azacyclic g up/m be saturated,

d

unsaturated or aro'?gagc, and may contain 1- 52 agditional heteroatoms sela&‘fe from N ndSasa
ring membg v L represents a CI-C44 ajkylefie, CI-C14 alkenylene, Ci- kynylene, C5 -

C12 arylens,.G5-C21 arylalkylene, C5-CZHN aryhalkenylene, or C5-C21 arylalkynyl inker, or a
heteronym ‘w of these, each of which may be optionally substituted, A16. The compound of
embodimentA 5,\having the formula (4): ’

NH HN

o, o o ] H
W o] N
A
; HN. 4
", Hl\ll Y N
© /N
s I
O

NH
- =
it\m N/\NI\ N/N:&N HIN )
= / [

HNHg,,

Q
H\/u\ ::S
N
i O
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10 or a pharmaceutically acceptable salt or hydrate form thereof, wherein R5 is H, or CI-C8 alkyl,
C2-C8 alkenyl, C2-C8 alkynyl, or phenyl, each of which may be optionally substituted; 15each Y
represents GveQ8oatiagizz0, OR, NR2, OC(0)R, NRC(0)R, NRSO2R or CROUB;2fladpelrveach R is
independently H, CI-C8 alkyl or CI-C8 heteroalkyl; W represents an optionally substituted C1-C6
alkylene or C1-C6 heteroalkylene; X represents an optionally substituted C5-C20 ring system
comprising at least 20one aromatic ring and up to four hetematoms selected from N, 0 and S as a ring
member, and can represent elther a single 545 membered cyclic group or two 5-40 membered cyclic
groups that are both attache e same atom of W, provided tha ‘é“‘ap/h\x/cemp ses at least one aryl
or heteroaryl ring; WO 29@8/ 28]P2_LPCT/LI821108/060140 resents -0- orL.:f\R2-, where
each R2 is independently H allusubstituted CI-C8 alky/,pr optlonally substltutedQ C8
heteroalkyl; or Q may be gZbond whexq L cgmprlses a ring; m is’ ;5pis2or3; is I, or an
optionally substituted/CT-CSalkyl or optionally substituted teroalkyl and R W;fycllze with
R4 on an adjace rogen atom to form ait optionally su@?ed azacyclic group havi 10 ring
members, which azacyclig group may@aturated unsatu aﬁ%gr aromatic, and may'tontain 1-2

additional 10het selected fro fd S as a rnge ber; each R4 1¥in @pendently H,
or an optionally substituted CI-C8 alkyl or op 19 y substituted GkC8 heteroalkyl, atd.the two R4
can cyclize to forrman ﬁ«many substituted azacyclic group haying 5-10 ring
members, which'az ycllg group maye saturated, unsaturated or aromatic, and may contain | - 152
additional heteroatdmsgelected from N,J0 anfl S as a ring member; and
_NH HN~_

_NH HN :
0 o< <Y Jou
_NH HN NH HN
“yi o N (O
I\D"N o~ N NTO ;\Q"N A N"ON O
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l. represents a CI-C14 alkylene, CI-C14 alkenyiene, alkynylene, CS-C12 arylene, C5-C21 arylalkylene,
C5-C21 wwyladkemdene, or C5-C2.1 arylalkynylene linker, or a heterofaataflons/efottzaese, each of
which may be optionally substituted. Al?. The compound of embodiment A15, haying the formula (5):
or a pharmaceutically acceptable salt or hydrate form thereof, Rs s IL or C1.-C8 alkyl, C2-C8
alkenyl, C2-C8 alkynyl, or phenyl, each of which may be optionally substituted; WO
2008/128121PCT/US2008/060140 each Y represents C1-C8 aIkyI =0, OR, NR2, OC(0)R,

NRCIO)R, NRS or COOR, wherein ea Is independ H, C1-C8 alkyl or CI- eteroalkyl;
W represents a ally substituted Oﬁé@ Ikylene or Cl- eteroalkyl ne; X repﬁzts an
optionally substitute Q,S C20 ring systeancomprising at leas e aroﬁhat ﬁnd up’,@{four
heteroatoms seleaet S €ing member, and ca re re en e| erja le 5-15

membered cyclic g qj d cyclic groups {Rat Yre both attachedYo tHe same atom
of W, provided t/r@;ach X comprises at I&ne aryl or hetero&ryNimes- t§-0- or -NR2-,
where each R2 is in denty'"ftl o] ally 10substituted CI -C | or opt ty substituted
CI-C8 heteroalkyl; @r ay be a bond héh L comprises a ring; m-i}(?g :?; H, or an optionally

substituted CI-C8 alkytT &*‘bptlonally sdﬂs’ututed C C8 heteroalkyl, ah#iR3 can cyctixie W|th R4 on an
adjacent nitrogen at@’%tgform an 150pt|og§§/¥substltuted azroup haying g members,
which azacyclic grou y be saturated, urisaturated or aroma d may contain dditional
heteroatoms selected frﬁPﬁ N, Oand S as g member; eachNR4 is mﬁepend@htly T-1, or an

optionally subs ﬁ] 1-<8 8er lalkyl group, an@ WONR’ ro dn one nitrogen

&t

can cycllzet ﬂOOptIO Ily bstltutEd | az cyclic group @mn@ S, which
NH HN

azacyclic
o o

NH HN< 0
; ~NH

_NH HN ; _NH HN ’
NH HN N HN
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group may be saturated, unsaturated or aromatic, and may contain 1-2 additional heteroatoms
selectedwonuds/@and S as a ring member; l. represents a ClpCidsibydenac-C14
alkenylene, Ci -C14 alkynylene, C5- C12 arylene, C5-C21 arylalkylene, C5-C21 arylalkenylene, or
C5-C21 arylalkynylene 25linker, or a heterolom of one of these, each of which may be optionally
substituted. Al 8. The compound of embodiment A15, Al 6 or Al?, wherein R3 is selected from
methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, isobutyl, sec-butyl, and tert-butyl. WO

2008/128121PHUS2008/060140 Al9. compound ny one of embodiment 5 to Al8,
wherein each independently Fl or met A20: pound selected frg e group
consisting of the compounds imé;fables 3.and 4, or a pharmaceutigally acceptable salixthereof.

A21. A compoun gfformula Oor a @rmaceutlcally acceﬁt Ieﬁaﬂwhyqizf@an thereof,

wherein Ra and K adep ntf& |-C8 alkyl, C2-C Nop BZZ6S or a

heteroform of ong& '\f ese, 'each of whic y be optionally ituted; ®ach ¥ mdeBe tly
represents C1- kyl, =0, OR, NR2, OG; RﬁlSNRC(O)R NRS R or COOR, wherginteach R is
independently 11, (fckii alkyl or CI-C8 é)alkyl and wherein 8o NX groups can (\&é?léié to form a 3-6
membered ring that be saturated, upgaturated or aromatic, and which ring may in¢lude a
heteroatom selested from 0, S and N as a ring srember and mg be optionally substituted; 20W
represents an @. nally substituted CI-C6 alk @- or C1-C6 Ikylene X reprgs;é[s an

optionally substitutegy C5-C20 rlng system c@mprising at least one gromatic rlng and up to four

heteroatoms selecﬁ‘d“from N, O "ahd S as ' ng member, and can/yf\?bresent ejither a smgﬂ' 5 15
membered cyclicyre o®or4vm © O

O
NH i NH
o \/&o o \/&O
M HN _NH HN -
I HaN HN
4 - (o H—Cfo
O “r:> HN‘_N —<:??§ o £i>wN N N_O
N T Py
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X S
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WO 2008/128121PCT/US2008/060140 membered cyclic groups that are both attached to the same
atom of Wopnosideckthat each X comprises at least one aryl or hetero2@/ g9 0L8; m is 0-4; Rl is
Il or optionally substituted CI-C8 alkyl; U represents -0R8, -0C(0)R8, -0S02R8, C=0, -0C(0)0RS,
-COORS8, -NR82, azido or halo, where each R8 is independently H, or C1-C8 ailcyl, CI-C8 alkenyl,
CIC8 alkynyl, C5-C12 aryl, C5-C21 arylalkyl, or a hetet-Merril of one of these, each of which may be
optionally substituted; or CI -CSalkyl, C2-C8 alkenyl, C2-C8 alkynyl, 10C5-C12 aryl or C5-C21
arylalkyl, or a h form of one of these, of which may optlonally substituted; Zis an
optionally subsmmL -C6 aminoalkyl wherein the a ay be na protect nprotected

form. A22. A method of making a campound of formula (1) as m~|embod|§;t )comprising
reacting a first moo®mar of tqmmula;@g:‘»ﬁEQ second monomep la efh for each of
said first monomep g éfﬂqré‘écﬁqd\'m w@per, U comprises atd Qhat can be
used to connect said first nonomér and saigd second monom |ther difectly ¢¢ |nd|rﬁ prowde a
compound of 2 *rh {(2). A23. A'ﬁ ar eutical co |t| Qomprlsmg ac

formula (1) as in"erRbo |ment Al, andﬁ le&st one pharmaceutlcﬁlly ceptable excj @. 25A24. The
pharmaceutical comp’ ition of embodiment A23, further comprlsn‘fg at least one a 'tTonaI therapeutic

agent. WO 2008£128121PCLUS2008/0601 A25. The rmaceutical composition.af
embodiment A2 herein the additional t eutic agent i ected from the groug;@sting of
TRAIL, etoposide, a RAIL receptor antm@dy, an llsp90 |nh|b|tor,N F-a, and TNFLQ,

) 4 Q. N=\ D
c? @Hm/@\(“{gf% g N 'm—f\}]«N N %
@‘I NH ° © HNT"© >T'INH HNT"

S \’/go o) o \/&O

0
/NH HN\ ; /NH HN\ ;
I : NH HN
B N HN . o L HN— H—C‘)to
— N
O N N0 0 o -
0 0 ) NH HN
NH HN K OJW"\\ \‘/&O
5 5 \rgo _NH HNw
_NH HN- : ;
\Q\(H - Q o) S O
NH HN
o HN—N H—Cfo J
| o= HN—N (@]
o i NMN NTO o DNME N0
o o A
! ) f
N \;N& < >;NH <
o o O O//l\\,\\‘ \(‘KO
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5A26. A method to treat cancer, inflammation, or an autoimmune disorder, comprising administering to
a subjectio meed20f3uch treatment an effective amount of a compoun@@iasppe@isafiembodiments Al
to A20. A27. The method of embodiment A26, wherein the subject is treated with an
10additional therapeutic agent selected from the group consisting of TRAIL. etoposide, a TRAIL
receptor antibody, an IIsp90 inhibitor, INF-a, and TNILIi. A28 A compound of formula (1): D-C)-L-a-D1 [
-D" Jb(l) 150r a pharmaceutically acceptable salt or hydrate form thereof, wherein b is 0 or 1; each

Q, Q and Q"N sent, independently rm-o- or -N here each R2 is indepe tly IL
optionally substi Cl -C8 alkyl or optiox; bstituted C 28 hoaIkyI or - , -CH(OR)-,
-CI(R)-,-ClI(R)0- or 20---(CH2)4NH-, wheregin R is 1l, C1-C4 aIkyI or €1-C4 heteroal&yl; ok one or more

of Q, Q'and Q" may, be a bondlwhen L comprises a ring; L represents aH“eptlonaII ubstituted
C1,-(124 hydrocarbyf ligker,

al ining from 1-8 het
which linker is 1-T8 atoms in lengt Wher;;gﬁnted along the s afflg;j'a €', or Q and
Q", 250r Q' an ~and WO 200871281 CxUS2008/06014 each D, D'cand D" ifjprest is
independently selected.«from the group jsting of whergin¥¢ach Ra and Rs |s$ﬁiye; dently

11, or CI-C8 allcyPC -C8 alkenyl or CZ;‘ 8 glkynyl or a heterofofimydf one of these, 8ack of which
may be optionally substituted; or is optionally substituted phenyl; ~NH

HN _NH
5
; |
NH NH. HN
)
. ¢
o ’ H
O NN NN
HO © © \E
NH HN'
O)\ \ \/&O
HN _NH
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each Rl is independently H or optionally substituted CI -C8 alkyl; each Z independently represents an
optionalycu@siteger CI-C6 aminoalkyl 10group; each Y. where pmsseng2nvdependently represents
C1-C8 alkyl, =0, OR, NR2, OC(0)R, NRC(0)R, NRSO2R or COOR, wherein each R is independently II,
CI-C8 alkyl or CI-C8 heteroalkyl, and wherein two Y groups can cyclize to form a 3-6 membered ring
that can be saturated, unsaturated or aromatic, and which ring may 15include a heteroatom selected
from O, S and N as a ring member and may be optionally substituted; each W, where present,
independently nts an optionally s d CIC6 alk e or CI-C6 heteroalkyienezeqch X.
where present; ndently represent ionally subs d.€5- 20C20 ring sys@mprising
at least one aromatit; ring and up to four hgteroatoms selected frdgm N, 0 and S as a ring member, and

can represent eitget a single @ membegedhcyclic group or twa/5-10 membered cyclic)groups that

are both attached to the. Nprq)wded that each X cc CO/ThB isep at leagf.one arﬁ or
hetemaryl ring; 2 ac n, where pgesent, isfindependently O- I m{ w ereﬁres £

independently! d each R6, where pseserit'is indepen H,-C8 alkyk: €5- Cl2¢ CS-Cl 2
arylalkyl, or a heteor@l@rm of one of theee(é%ch of which ma o] Fionally substitut ris a C8-C14
bicyclic or tricyclic ring, system comprising:a 5- or 6- Smemberedépﬁturated or partla?ﬂYt%rsaturated ring
fused to a C5-C6 aryl or C.5-C6 heteroaryl ring, which ring system-fffay be attachedt-nitrogen
through any available position on the saturated or aromatic ring; with the prdviso that, when b is 0, D
andare not th&#same and both of the form&@ | \/E

; _NH HN~
NH HN NH HN




Bi. A compound of formula 0): D-Q-L-Qt-D' | Q"-D" ib(l) or a pharmaceutically acceptable salt or
hydrate farontheneef2ilSwherein bis O or | ; each Q, Q' and Q", if presam20mgiependently
represents -0- or -NR2-, where each R2 is independently H, optionally substituted CI-C8 alkyl or
optionally substituted CI-C8 heteroalkyl; or -ClI2-, -CH(OR)-, -CT(R)-, -CH20-, -CH(R)O0- or
-(C112)4NH-, wherein R is IL C1-C4 alkyl or CI-C4 heteroalkyl; or one or more of Q. 20Q' and Q" may
be a bond when I, comprises a ring; WO 2008/128121PCT/U82008/06014O L represents an

g from 1-8 heteroato@elected
b

31-C24 hydrocarby optlonally
from N, 0 and § w linker is 1-18 ato gth when Iong the shortest pa tween Q

and Q', or Q and Q" jor Q'and Q"; and :each D, D' and D", if priesent. is independently selected
from the group con |ng of wHehein each Ra and Rb is Mdependently H,or CI- C8lalkyL
C2-C8 alkenyl or éb oform of one of these. ch of which 1 ay tionally
substituted; or is gpth,qglly su ute ph nylc)each R'is indepgn (futed

CI-C8 alkyl;
NH ’< NH
5 o \K&O O)\‘n‘ \rg

_NH HN_ : ~NH HN-
g g
N
//NH N
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each Z independently represents an optionally substi.tuted C1-C6 aminoalkyl group; 15each Y. where
present, wle@sndeantly represents CI-C8 alkyl, =0, OR, NRa, OC(0)R ,PIRC#RINRHO2R or COOL
wherein each R is independently H, CI-C8 alkyl or CI-C8 heteroalkyl, and wherein two Y groups can
cyclize to form a 3-6 membered ring that can be saturated, unsaturated or aromatic, and which ring
may include a hetematom selected from O, S and N as a ring member and may be 20optionally

substituted; each W. where present, independently represents an optionally substituted CI - C6
alkylene or ClI - eteroalylene; 5 each Xqswhere present, inndently representgzanyoptionally
t one aromaticiggrand up to four netsgpatoms

substituted C5 ring.system.gonrising 5
selected from N. 0 a S%s a |meribers and can represent eit single &ed5
2008/128121PCT/Ug#b08/060140 membéfed cyclic group or tw 5-T0 membered cyclic gr' ips that
are both attachedd® the.same atom of ovided that each %7t ises a t ofy

e presdnt, issadependently

heteroaryl ring; egch{, where present, s independently 0-3; eacivay, whej d

0-4; and each R6, Where present, is independently 11, CI-C8 alkyl, CS-€U aryl 9r CS-C 2 arylalkyl,

or a heterofoffY of these, each of whi ﬂ[ta be optionalk’s tituted; or is g £8-@M4 picyclic or
¢ iy’ ¢ sed to a

C.5-C6 aryl or C5-€6 Neteroaryl ring, which. riig system may be attach&ato nitrdg€nithrough any
available position g@cmﬁﬁsaturated or ardﬁﬁagﬁsring; with the proviso that, when his 0. D and D' are
not the same and both of the formula B2.The compound of embodiment BL having the formula (1): x,
0) ’

tricyclic ring §¥/st Qé}gﬁﬂj\gﬂ;ing a 5- of, 6, mémbered saturatéd éHpdrtidlly unsaturatedr
6
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ora pharmaceutically acceptable salt or hydrate form thereof, wherein each Ra, Ra,, Rb and Rb,
is indepe q:l -C8 ailcyl, C2-C8 alkenyl or C2-C8 alkynyl, or a heterafamyigfRas of these,
each of whic may optlonally substituted; or is optionally substituted phenyl; each Y and Y'
independently represents CI-C8 alkyl, =0, OR, NR2, OC(0)R, NRC(0)R, NRSO2R or COOR, wherein
each R is independently 14, CI -C8 alkyl or CI-C8 heteroalkyl, and wherein two Y or Y' groups can
cyclize to form a 3-6 membered ring that can be saturated, unsaturated or aromatic, and which ring
may include a heteroatom selected from 0, S and N as rlng member and may be optionally

substituted; 10each W and W' mdependently represes) Nan optionally substituted C1-C6 alkylene or
Clheteroalkylene; each X ang dep ntly represents an optionally substituted C5-C20 ring
system comprising at least one ak{C ri nd tp tofour heteroatoms selected from N, 0 and S as

a ring member, and can represe elthem‘a@ng 5 membered cyclic 15group or two 5-10
membered cyclic groups that are both attached’to the same atom of W or W', provided that each X and
X' comprises at least one aryl or heteroaryl ring; ach Q and Q' independently represents -0- or
-NR2-, where each R2 is independently H, or optionally substituted CI -C8 alkyl, or optionally
substituted CI CS heteroalkyl; or one or both of Qafil Q' may be a bond when L comprises a ring;
20each n and n' is independently 0-3; each m and)m' is independently 0-4; each Rl and Rl is
independently Il or optionally substituted CI- C8 Z and Z' independently represents an
optionally substituted C1-C6 am noalkyl p; afie represents an optionally substituted C1-C24
hydrocarbyl linker, optionalty copitaini 8 hetemetems selected from K, Oyand 5, which linker is
1-18 atoms in length when c@un Iong the shortest path betvv er? 3.The compound of

: r 1, and wherein Y and

~1
H O
aon" o~ Wt
H H o~
O
O
HN
a

>\ o © ; and

or a pharmaceutically acceptable salt thereof.
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B4. The compound of embodiment B1,132 or 133, wherein each Rl and Rl is Il or methyl. 5B5.The

compoun (rt) f embodiments B 1 to B4, wherein each Z and Z' '§@r %&%%%group
represent(:zvg 5?r{%/?%sﬁé%ula -CII(R3)NR42, where R3 and each R4 is independently H or CI-C4 alkyl.

136.The compound of embodiment 132, having the formula (34): 10 (3A) or a pharmaceutically
acceptable salt or hydrate form thereof, wherein Rai.s Il and RI) is R5; R5 is H, or CI-C8 alkyl,
C2-C8 alkenyl C2-C8 alkynyl, or phenyl, each of which may be optionally substituted; 15each Y
represents CI-C8 alkyl,.=0, OR, NR2, O %o R, NRC(O R NRSOZ2R or COOR here each Ris
independently H, CI - aIQS/P%?‘YE%:gPet f‘pom re?f))Fre1 ErIs afincgn%)hlg Bgt(in}ed Cl-C6
alkylene or C Ipr&&diaiccoaikylienas aap e sentsoan Iﬂm:mttytmmmumdt@%@?ﬂmng system
comprising at least 20one aromatic ring and up to four heteroatoms selected from N, 0 and S as a ring
member, and can represent either a single 5-15 membered cyclic group or two 5-10 membered cyclic
groups that are both Buachﬂdaqmﬂnmm&attombwmf@fideddmmmmx canhprises at least one aryl
here each R2 is independently II, or optionally

or licteroaryl ri sents W
253%ﬁbstltuted E,gfn@él%% tc&? C%?B%% y lsl%a |‘ih(flaé) éé‘lt CCf@‘heteroalkyl or Q may be a bond when L

comprises a ring;

B24. The pharmaceutical composition of embodiment B23, wherein the
additional therapeutic agent is selected from the group consisting of TRAIL,
etoposide, a TRAIL receptor antibody, an Hsp90 inhibitor, TNF-q, and TNE-f.

10

B25. A method to treat cancer, inflammation, or an autoimmune disorder,

comprising administering to a subject in need of such treatment an effective amount

of a compound as defined in any one of embodiments B1 to B21.

15 B26. The method of embodiment B25, wherein the subject is treated with an
additional therapeutic agent selected from the group consisting of TRAIL, etoposide,

a TRAIL receptor antibody, an Hsp90 inhibitor, TNF-¢, and TNF-f.

B27. A compound of formula (6):

T a
b 6)

O Ra
20

or a pharmaceutically acceptable salt or hydrate form thereof,
wherein R, and Ry, are independently H, or C1-C8 alkyl, C2-C8 alkenyl or C2-
C8 alkynyl, or a heteroform of one of these, each of which may be optionally

25 substituted;
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WO 2008/128121rcrius2008/060140 m is 0-4; p is 2-3; Z represents an optionally substituted
CI-C6 amw&a{l&b é ﬁg of the formula -01(R5)NR42; 5R3 is H, or an optlgﬁl ﬁ?\‘lpﬁ%lﬁ?@ CI-C8 alkyl
y substitut

or optionall Cl- C8 heteroalkyl, and R3 can cyclize with R4 on an adjacent nitrogen atom
to form an optionally substituted azacyclic group having 5-10 ring members, which azacyclic group
may be saturated, unsaturated or aromatic, and may contain 1-2 additional heteroatoms selected from
N, 0 and S as a ring member; 10each le is independently Il, or an optionally substituted CI -C8 alkyl or
optionally substituted C tero |, and the tw rQups C o] cyclize to form an
optionally substituteaegé?a%sgfg 8?8 thlg\fﬁ*)deg-efés r%g‘i%‘geam e?r§(%5\1/\/ﬁg§1ﬂlI égy?c %%EC)up may be
saturated, unseRra@R ONRIOMRLic; AR aycaniaieath R adiiignaldeetsrdhiits(Seidicyedrfrom N, 0
and Sasa r| ber a %@5@5 resents aXCI -Cl14 alkyle Cg ? 4 aI c,@%ﬁ Cl1-Ci14
alkynylene, C ?/ﬁ%‘r% ﬁ%f%fky‘f‘é %gu&idgrﬂ RS0 &y arylalkynylene
Iinker or a het@ﬁgfﬂﬂiﬂ@hm@&ﬁmﬁmue@alhrafewmcm"mmabem@tvﬂnaﬂﬂmsgbsmyuteﬂiucB%.The compound

mbodiment B6, ha the f (4 pharmaceut table salt or hydrate form
the eof, 8"‘3‘% f??%gell-? 3) &ﬁn@ td'al Rény‘f% % sl %er?yl each of which
may be optlonalbsﬁuhsmliuted each Y represents Cl- 08 aIkyI O OR, NR2, OC(0)R,

NRC(0)R, NRSO2R r COOR, wherein rtdé H Cl- yl or CI-C8 heteroalkyl;
W represents an opté%é?l‘ff%%%ﬁ?tgateﬁf i‘fl I(Sauﬁ%%)(reg gﬁf'}//l eroaliky eﬁg X represents an
optionally substituiealiGh£:20 ring system comprising at least one aromatic ring and up to four
heteroatoms selected from Né and Stas q]rl (?bStme nd can reggresent elstgler {s Sgle 5-15
membered cyclic grolp OG- 10 TREMB C)S/é IC groﬁpsz?hal%ga Attachedr {0 the 'same atom
of1\W, provideobmedreﬁrdmé(rﬁcgmpdsqstaﬂmamemmeﬂmemhwh NN, and S as @epresents -0- or

-NR2-, where each R- ISI de endentl tlonal tituted CI -C8 alkyl or optionally.substituted
C| C8 heteroé’ﬁl&ﬁ) (,der},n Igleplis(st%o %a S1 X?le%smem ere C%L IC(§¥2 PE g Y

comprlses a ring
membered cyclic groups that are both attached to the same atom of W, provided that

each X comprises at least one aryl or heteroaryl ring;
n is 0-3;
15 m is 0-4;
R' is H or optionally substituted C1-C8 alkyl;
U represents ~OR®, -OC(O)R?, -OSO,R?, C=0, -OC(0)OR?, -COOR?, -NR,,
azido or halo, where each R® is independently H, or C1-C8 alkyl, C1-C8 alkenyl, C1-
C8 alkynyl, C5-C12 aryl, C5-C21 arylalkyl, or a heteroform of one of these, each of
20 which may be optionally substituted; or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl,
C5-C12 aryl or C5-C21 arylalkyl, or a heteroform of one of these, each of which may
be optionally substituted; and
Z.is an optionally substituted C1-C6 aminoalkyl group wherein the amine may

be in a protected or unprotected form.

25 B28. A method of making a compound of formula (1) as in embodiment B2,
comprising reacting a first monomer of formula (6) with a second monomer of
formula (6),
wherein for each of said first monomer and said second monomer, U

comprises at least one functional group that can be used to connect said first monomer
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pis2or3; R3is II, or an optionally substituted CI-C8 alkyl or optionally substituted CIC8
heteroalk 6\%1 kg ggﬁfycllze with R4 on an adjacent nitrogen atom to foppandraruena!ly
substitute azacyclllc group having 5-10 ring members, which azacyclic group may be saturated,
unsaturated or aromatic, and may contain 1-2 additional heteroatoms selected from N, 0 and S as a
ring member; each R4 is independently 11, or an optionally substituted CI-C8 alkyl or optionally
substituted CI-CS heteroalkyl, and the two R4 groups on one nitrogen can 20 cyclize to Form an

optionally substituted azacyclic grou yin 5- r|n rs WhICh cyclic may be
saturated, uns"gléjrgﬁf ecogl a%f%:maln mglsdéron ne Ybfr?aﬁlﬁg%eroa(fg/ 1ghigec?ed from N, O

and S as a ringomearnb@an, and L represents a Cl C14 alkylene, C1-C14 alkenylene, Gl -C14
alkynylene, C5- Cl2 C5-C11 arylalkylene, C5-C21 arylalkenylene, or C5-C21 arylalkynylene linker, or a
heteroform of one of these, each of which may be optionally substituted. B8. The compound of
embodiment B6, haviBgxha fdirmula QS)riMé@cZDﬂ%!@Rﬁ&ﬁélR@Whiﬁﬁﬁ@&ﬁ)Gﬁdﬂotheareatment

ph rmaceutlcal ﬁcwptable It or hydff‘f{e for thereof 4—| or CI-CS allM, C2-C8

alkenyl, C2- CE? 39 P eny Neden’o nt’n%{y‘1 émot(ﬁ %Iﬁla susbs ?u’ted each Y represents

C -CS alkyl, =0, OR, N&zm@&@aﬁinme(@x)&emasmm mﬁ@@@qm@mmﬂnmcmwmddependently H,
CI-CS alkyl or CI-C8 heteroal res tionally substituted CI-C6 alkylene or CI-Co
heteroalkylene geﬁ“?%%?'g RSN oplfmonél{lllne sutﬁq%‘t %%05 C20 ring system comprising at least one
aromatic ring and up to four heteroatoms selected from N, 0 and S as a ring member, and can
represent either a si lﬁfﬂ ember%ca(iycllc rou or tW05 om mbered C|IC grgllk;f% hat are

e atB

both attached to the provf(ﬁ%ra eac Elgm fises at lez eas one aryl or heteroaryl

ring; Q represenisieGe oanNRundwtmfalelacldthrmmmapendenﬁylH;mpﬂbcraibpﬂﬁsﬁl&bsmm CI-CS alkyl
or optionally Su?sé%tga%(%grlnggerfsg{g alk rlldoart %dnlac}ﬁe pharmaceutmdlly acceptable excipient,
wherein the dimeric or trimeric SMAC mimetic compound is a compound as

defined in any one of embodiments B1 to B21.

15 B30-1. The pharmaceutical composition of embodiment B30, wherein the
dimeric or trimeric SMAC mimetic compound is a compound as defined in any one of

embodiments B2 to B21.

B31. The pharmaceutical composition of embodiment B30, further

20 comprising at least one additional therapeutic agent.
B32. The pharmaceutical composition of embodiment B31, wherein the

additional therapeutic agent is selected from the group consisting of TRAIL,

etoposide, a TRAIL receptor antibody, an Hsp90 inhibitor, TNF-c, and TNF-§.
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bond when L comprises a ring; m is 0-4; R3 is H. or an optionally substituted CI -C8 alkyl or
optionally substituted CIC8 heteroalkyl, and R3 can e,yclize wan IC on an adjacent nitrogen atom to
form an 20optionally substituted azacyclic group haying 5-10 ring members, which azacydfie grotip
may he saturated, unsaturated or aromatic, and may contain 1-2 additional heteroatoms selected from
N, 0 and S as a ring member; each RIL is indgpendently H. or an optionally substituted C:1-C8
alkyl or CI-C8 heteroalkyl group, and the two R4 groups on one nitrogen can cyclize to form an
25optionally supstityteshazaaNdis BrospuauingSetdifigmampers, whichisgatyclic group may be
saturated, unsaturated or aromatic, and may contain 1-2 additional heteroatoms selected from N, 0

N

[ ’
alkynylene, C ¢ alkenylene, or C5-C2 yIaIkynerne

‘ B9. The
X-and X' independently egmprises an

optionally subsfftuted phenyl ring; or two p eny ffings, eacg///of which may be @ptionally spbstituted; or
atetrahydrorﬁjglhth |, indanyl or flu.orenyl A tem. 16 @ﬂ’eﬁmpﬁg f ahy ohe of
embodimerfs BI'@@;\W nd W' represerys - NR(COIR)p-, where -2, and each
R independentl resents II, CI-@4 alkyl ©r BL.c4 heteroal yl. 15B11. The compound gf any one of

embodiments B1 to B5, wherein e&ch Q and erg each R2 is inde endent or C1-C4
B12, Thec pd of any one of embodi nfe. B1 to BS, whepein-at least one o%QAnd Q"is a bond.
20 B13, emhnd of any on baddiments B1 to°B12, wherein L corprisés at Igast one

optionally substityted ‘ rbocyclic, hetgyocyclre, aromatic or hetero&romatic ring thét is part ofor is
fused to the linker whieh forms the shortest path betyyeen Q and Q'. B14. The compound of

embodiment B13, \Wigrein said aromatigo heteroaromatic ripg¥s an optionally subsiftuted 5- or
6-membered aromatic pr heteroarom.ag,
. INK HN "N
/II'O H —@*
WIN
N N

N
ﬁ o 8 0
o, }r:l[ N o] o) o 0 )40
v, H-
gy HoC NH cH Halo HN /,,//\C )
NH HN ch CH,sH 3 3 Y&HSC CH
o)\»\\\\\ YKO O N —h P
4;

RN

% "HINH HN%

HN /, o o o
%,

H
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B15. The compound of embodiment B14, wherein said optionally substituted 5- or 6-membered
aromatic or heteroaromatic ring is selected from the group consisting of phenyl, pyridyl, pyrazinyl,
triazinyl, pyrazolyl, and thiophenyl, each of which may be optionally substituted. 5 B16. The
compound of any one of embodiments B1 to B14, wherein L comprises at least one triazole ring.

B17. The compound of any one of embodiments B1 to B12, wherein L 10 comprises a Cl -C14
alkylene, CI-CIA heteroalkylene, C2-C14 alkenylene, C2-C14 heteroalkenylene, C2-C14 alkynylene, or

a C2-C14 heteroalkymytene group of which may be optionatiy substituted. B18. The
compound of embog B17, w L is a C2-C14 alkynyle or a C2-Cl4\heteroalkynylene
group. B19. The cespound of £r odlment B7 or B8, wherej is selected frot methyl ethyl,

n-propyl, isopropyl, cy
of embodiment BT " B&\ar- W19, wherein et R4 IS mdepen

tly El oPmethyI0821 orhpound
selected fromcgbez roup consigting of WO /128121PGT/ @8%60”1\4&\ Ne_-0
2008/128121PCT/I70308/0 140 WO 2008/128121PCT/US2008/060140 T
N

oy
o u!//}r}!i N o} H N ’7<
o .
w, 7< o

HN\

Tz
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WO 2008/128121PCT/US2008/060140 WO 2008/128121PCT/US2008/060140 WO
20081128121PCT/US2008/060140 WO 2008/128121PCT/US2008/060140 Hlg WO MCSLLP
2008/128121PCTA7S2008/060140 WO 2008/128121PCT/US2008/060140 WO HehE

2088/128121PCT/US2008/060140

trans isomer A —NH 17;
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NH HN f<
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trans isomer B —NH
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NH i;NH 0 10 ,-NHHN.,

NH
O# O 0] ><Hi\(\zo
v'IN N
)
6] H N 0
HN é NO2 NH
e <
HN— —NH
/H/N% g"NH
o= 0 O
o) N "II/NJ%KN N 0
H on o
Iy
NH HN ‘<
\\\\\
o~ Y 0
NH HN_
21;

trans or cis A
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HN., NH H HN--N H "THAI( 00 7C-e'CNH -NH WO
2008+128121PCT/US2008/060140 WO 2008/128121PCT/US21108/0601411

—\)zo 0

HN—
transorcis B —NH

24,

t‘v’(l (1 k" i im %’.')”



WO 2008/128121PCT/1352008/060140 WO 2008/128121PCP 2008/060140 H3C,NHHNI.,CH3
; and or a pharmaceutically acceptable salt thereof'.
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WO 2008/128121PCT/US2008/060140 B22. A pharmaceutical composition comprising a
compound of any of the preceding embodiments, and at least one pharmaceutically acceptable
excipient. B23. The pharmaceutical composition of embodiment B22, further 5cafrtprising at
least one additional therapeutic agent. B24. The pharmaceutical composition of embodiment B23,
wherein the additional therapeutic agent is selected from the group consisting of TRAIL, etoposide, a
TRAIL receptor antibody, an Hsp90 inhibitor, TNIl-a, and INF-. 10 B25. A method to treat cancer,
inflammation, or an awtoimmune disordes-comprising administering to a subject in peg
treatment an effect of embodime
15B26. The method 2d with an ad nal therapeutic
agent selected fr@s T THRAIL, etoposidé'™a TRAIL receptor a
inhibitor, TNF-a-and TNF- compoup ©f formul O@Sj) a ph@rmaceuically, ceﬁtable salt

\d as defined in any

or hydrate form there f, reld Ra apd Rh are independ H, falkenyl or
C2-CS alkyn{ etarally , t ~gach of which may be op
2008/128121PQT/11820081060140 each YJindepend tlymepresents L , NR2

OC(0)R, NRETO)RHNRSO2R or COOR, wh hRisi dép%r;dently 1-1ZCl- C8ﬁél9yk8r CF CS
heteroalkyl, an rein two Y groups ca:;z;ihée to form a 3-6 m@mbered ring that gan be saturated,
unsaturated or aromgfic, and which ring may include a Sheteroatom selected §rpm 0, Sand N as a ring
member and may be optionally su§)§tltuted W represents an optionally substituted C1-C6 alkylene

or C1.-C6 heteroalkylene; X represents ap-gptionally substitutes,C5-C20 ring system ¢emprising at
least 100ne arom ng and up to lou roatoms select m. N, 0 and S as asqg*member,
: pempered cyclic group i

and can represent 3 a single 5-15 /S
1 of Wyprovided thatﬁ‘ach X camprises aplgzistgrfh{aryl or

that are both attaghed tg the same ato
heteroaryl rmg%rzi is 0-3; o O '"NMN

A0, 51 e
iy N F° HC "1, CH3
NH HN ”7<
j/w
H

CH HaC, .
. H3C CHSH 3 3 >/§H30 CH
'/, O O
NH N =
\\‘\\\
o .

HN ”//,
NH
4 . & >/< NH \
O)\ ° 36;
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15m is 0-4; Rl is Il or optionally substituted CI-C8 alkyl; U represents -ORB, -0C(0)R8, -0S02R8,
C=0, -0C(0)0ORS8, -000128, -NR82, azido or halo, where each R8 is independently H, or CI -C8 alkyl,
CI-CS alkenyl, CIC8 alkynyl, C5-C12 aryl, C5-C21 arylalkyl, or a heterolorm of one of thesejgagh of
20 which may be optionally substituted; or CI-C8 alkyl, C2-CS alkenyl, C2-C8 alkynyl, C5 -C12 aryl or
C5-C21 arylalkyl, or a heteroform of one of these, each of which may be optionally substituted; and

Z is an optionally substituted C1-C6 aminoalkyl group wherein the amine may he in a protected or

unprotected foxm. 25B28. A method of making a compound offgrmula (1) as in embodipaent B2,
comprising r ing a first monomer of formula ith a sec monomer of' formula wherein
for each of s st monomer and said secon nomer. U cd ises at least one f ional group

that can be ysed tt?:&%n/n%‘ /\\W m 2008 2 CT/USZOO8/0601 O ahd said
second mono “““ ér directhy-or indir V|de a nd*‘o formula »@iég
dimeric or frimeric SMAC mimetic compound for us In the tre o a ra 6h of_cancer,
inflammatior, or an autoimmune disorder, ﬁr&ﬁ the dimeric or trlme ¢SMAC mime c
compound is & compound as defined in any one of embodi ts B1 to B21.

pharmaceutical composition compgr;alng a dimeric or trimeric I\}A@; 10mimetic comp useful for
die treatment or amelioration of cancer, inflammation, or an au?om}m*une disorder, dftq at Ieast one
pharmaceutically acceptable excipient, wherein the dimeric or trimeric SMAC &8imetic compound is a
compound as def| any one of embodiments B1 to B21. 15B304. The pharmaceutical
composition of em ent B30, whereimthe dimeric or trimeric SMAC mimetic compound is a
compound as defin ny one of eme pts B2 to B21. B31. The pharmaceutical
composition of ey ent B30, further 20c fr\l/smg at least one additional. therapeutic agent.

O///
iy
9 W C/
gNH
| NH
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/NH

39;
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I : N
NH HN M H .
, O Ny SN N0
Q"NWN N~ 0 S P T
H N-np N ) .

“ \
NS

51,
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1332. The pharmaceutical composition of embodiment B31, wherein the additional therapeutic agent is
selected from the group consisting of TRAM, etoposide, a TRAIL receptor antibody, an Hsp90
inhibitor, TNF-a, and TNF-h. 25 Claims A compound having a structure selected from the @I"O’EI

consisting of: MCSLLP

o \/&o ¢
JDNH HN< 55, —NH HN < 56
NH HN HN .\N(@(N NH
N N N~ O O "N ©

ON N™\N_O
" KA OA\"”—“S'—S'.(AO
o)\\ \’/&O —8:0 O:S |
—NH HN- 57, HN— ~NH 58;
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rACSLLP NICSLLP NHHN HHO 0, NJ NH 00 HN/., Oat'o -NHHN, 71,
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69;

N
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NHHN .. k 00 N-[ HHN C8L.. L.I7 12IN, 0 2HN-/1---- /-----\ ,(Hill m-22N,220 0?-2/ "'Tr 22.1.i. b
HN HN79; NH2 HN :
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| HN."82: NHRN H RN H /00 NHFIN 1<-2-2 HN
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I HN /< HN99; and or a pharmaceutically acceptable salt or hydrate form thereof. 2. A compound

7

1CSLLP

W

106; and CSI,I,P 1 \d (1-i\--)—,

N1 [7-1 S[=----X 0"---\

having a structure selected from the group consisting of:
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107, or a pharmaceutically acceptable salt or hydrate form thereof 3. The compound of claim 1, having
a structure selected from the group consisting of: MOB or a pharmaceutically acceptable salt or
hydrate form thereof 4. The compound of claim 1 laying a structure selected from the grou fgqn@isting
of: 12; or a pharmaceutically acceptable salt or hydrate faun thereof. The compound 6t claim l,
having a structure selected from the group consisting of: MCSLLP 25, or a pharmaceutically
acceptable salt or hydrate form thereof

Uy Lo G

HN NH HN

H
on f 7 -—C\)§O o= P9 /o
OV‘Q ﬁ)j\©/kH N0 OYN N/ R NTO

)
YKNH HN [/ NH HN {<
O)\’u‘\ \K&O O)ﬁn‘ \]/&O
_NH HN < 95; NH HN- 96;
v _ |
X
NH HN
Oé/, 0] 0 —Ce%Q
%I}\IH O HN]:<
i
Ao ~
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98;

@]
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Y/,

Tz
oy
oy (@]

Q
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Z\;

//

QO
pd
o

O
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i
\
§f§>—\<
X
by
$

or a pharmaceutically acceptable salt or hydrate form thereof.

2. A compound having a structure selected from the group consisting of:
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6. The compound of claim 1, having a structure selected from the group consisting of: MC'S LIP 29;
and or a pharmaceutically acceptable salt or hydrate form thereof 7. The compound of claim 1,
having a structure selected from the group consisting of: 33; and or a pharmaceutically acceptable salt
or hydrate form thereof 8. A compound of claim 1 having the structure: 51, or a pharmageutically
acceptable salt or hydrate form thereof 9. The compound of cla 1, having the structure: NH67,

N o NH o
0
N
—

105;

106; and
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or a pharmaceutically acceptable salt or hydrate form thereof. 10. The compound o claim 1, having the
structure: hi US LL or a pharmaceutically acceptable salt or hydrate form thereof. 11. A
pharmaceutical composition comprising a compound of claims 1-10, and at least one. y5Lp
pharmaceutically acceptable excipient. 12. The pharmaceutical composition of claim 11, further
comprising at least one additional therapeutic agent. 13. The pharmaceutical composition of claim
12, wherein the additional therapeutic agent is selected from the group consisting of TRAIL, etoposide,
a TRAIL receptor amtibgdy an l1sp90 inhibitor, /NF-a, and TNF-P. 14. Use of a compound
according to any ofclais -10 for treating ca , inflammation, or an autoimmune disorder. 15.
Use of a pharmat\:e/\cal omposition accord| o -any of claims 11-13 for treating cancer,

inflammation, ut0|mmune disorder.
Nﬁw\N
C j )

\/

z§z

PR

X
107,

or a pharmaceutically acceptable salt or hydrate form thereof.

3. The compound of claim 1, having a structure selected from the group consisting of:

2.5 88

h ST %

NH
\ \\\\\\
o R

NH \
2: and -
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or a pharmaceutically acceptable salt or hydrate form thereof.

4. The compound of claim 1, having a structure selected from the group consisting of:

O
.
@
=
@)
_—
»
T
O
4
03
P @]
O
.z
$
=
O
O
Tz

O ‘v O ‘e
>;( " >;
NH A NH OH

or a pharmaceutically acceptable salt or hydrate form thereof.

5. The compound of claim 1, having a structure selected from the group consisting of:
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transorcis A

A
s
I

et
;}f_e %T
e :

HN—
transorcis B —NH

T

25,

0
1T

MCS

0
3
%IH
—220 0

HN—
transorcis B —NH

24; and

or a pharmaceutically acceptable salt or hydrate form thereof.

6. The compound of claim 1, having a structure selected from the group consisting of:
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MCSLLP

NH

29; and

or a pharmaceutically acceptable salt or hydrate form thereof.

7. The compound of claim 1, having a structure selected from the group consisting

" HN “INH
HN NH " N=N NN —OA
“ . o]

N y
CH HaC K
, HC o )-\ ¢ s HAC O
NH HN HN— —NH
o
Ie) - &)
P HN._ 34,

33: and

or a pharmaceutically acceptable salt or hydrate form thereof.

8. A compound of claim 1 having the structure:
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_NH HN 51,

or a pharmaceutically acceptable salt or hydrate form thereof.

9. The compound of claim 1, having the structure:
4/

x> Ly f%tp

£

_NH N

or a pharmaceutically acceptable salt or hydrate form thereof.

10. The compound of claim 1, having the structure:

// H
O// HN_ »C%
o N M

|
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MOSLLP

or a pharmaceutically acceptable salt or hydrate form thereof.

1. A pharmaceutical composition comprising a compound of claims 1-10, and at

least one pharmaceutically acceptable excipient.

12. The pharmaceutical composition of claim 11, further comprising at least one

additional therapeutic agent.
13. The pharmaceutical composition of claim 12, wherein the additional therapeutic
agent is selected from the group consisting of TRAIL, etoposide, a TRAIL receptor antibody, an

Hsp90 inhibitor, TNF-a, and TNF-f.

14. Use of a compound according to any of claims 1-10 for treating cancer,

inflammation, or an autoimmune disorder.

15. Use of a pharmaceutical composition according to any of claims 11-13 for

treating cancer, inflammation, or an autoimmune disorder.
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