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30 programmed cell death from a wide variety of triggers, which include loss of homeostatic,
or endogenous cellular growth control mechanisms, as well as chemotherapeutic drugs
and irradiation.
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20a central pyrrolidine unit. W now herein disclose that the |inkage of
two BIR binding units via a substituted pyrrolidine, with preference for
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Cl- C6 al kgsidGe., The Wy&@ﬁ&éﬂb@%ﬁ% dructures of XIAP BIR2 and BIR3 reveal a critical
binding pocket for an AXPY motif on the surface of each BIR domain. There are alterations
in the intervening amino acid sequences that form the binding pocket and groove in both
15 BIR2 and BIR3. Likewise, we have described homologous domains in the BIRs of other
IAPs clAP1 and clAP2. This opens the possibility of obtaining various classes of natural
and synthetic binding compounds which will have different specificity and binding affinities
between each of the BIR domains for each of the |APs. Discerning the way in which such
compounds will affect the biological function of the 1APs in cancer cells vs normal cells is a
20 major new challenge in the discovery of nove!l mechanism agents to treat cancer and other
proliferative disorders where dysregulated IAP function is observed. It is our finding that
certain classes of BIR binding compounds may bind to IAP BIRs, with unexpected
selectivity and potency, resulting in distinct therapeutic advantages for certain structural
classes, potentially resulting from either IAP loss of function or loss of cellular IAP protein,
25  orboth.

A number of peptidic AxPy-like and heterocyclic modified AxPy peptidic compounds have
been described which activate cellufar Caspase 3 by reportediy binding to XIAP BIR3. For
a recent reviews, see Elmore et al., Annual Reports in Medicinal Chemistry, 40 {2006)

30 245-262; Sun et al., Bioorg. Med. Chem. Let. 15 (2005) 793-797; Qost et al.,
J.Med.Chem., 2004, 47(18), 4417-4426; Park et al., Bioorg. Med. Chem. Lett. 15 (2005)
771-775; Franklin et al., Biochemistry, Vol. 42, No, 27, 2003, 8223-8231; Kip et al.,
Biochemistry 2002, 41, 7344-7349; Wu et al., Chemistry and Biology, Vol.10, 759-767
(2003); Glover et al., Analytical Biochemistry, 320 (2003) 157-189; United States published

35  patent application number 20020177557; and United States published patent application
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number 20040180828; United States published patent application number
US2006/0025347A1; United States published patent application number
US2005/0197403A1; and United States published patent application number
US2006/0194741A1.

The aforesaid compounds have been shown to target an isolated BIR3 domain of XIAP via
displacement of a fluorescently-labeled probe and they appear to induce an apoptotic
event in a select set of cancer cell lines with potency in the low micromolar-nanomolar
range. These compounds displayed poor in-vivo activity, likely due to limited bicavailability
and may therefore have limited therapeutic application.

Thus, IAP BIR domains represent an attractive target for the discovery and development of
novel therapeutic agents, especially for the treatment of proliferative disorders such as
cancer.

SUMMARY OF THE INVENTION

The inventors have previously disclosed a series of compounds which bind to the BIR units
of the iAPs and induce apoptosis in various cancer cell iines (US published patent
application number 20060264379). A characteristic of these compounds is the presence of
a central pyrrolidine unit. We now herein disclose that the linkage of two BIR binding units
via a substituted pyrrolidine, with preference for the site, orientation and chemical nature of
the linkage, provides novel and distinctly advantageous classes of compounds with up to
1000 fold increase in potency, resulting from induction of apoptosis, against various cancer
cell lings, over their corresponding non-bridged BIR binding compounds and that these
compounds display the requisite potency, stability and pharmaceutical properties for the
treatment of human cancers. Advantageously, the chemical nature of the bridging group
can be chosen to cause the translation of the high intrinsic (sub-nanomolar) cellular
potency to microgram/kg potency in inhibiting and/or suppressing |APs in several in-vivo
xenograft models of human cancers. Furthermore, the compounds described have
pharmaceutically acceptable stability in a range of mammalian tissues and fluids and have
pharmaceutical properties which ensure adequate solubility and bioavailability using
various routes of administration, suitable for clinical use. Such administration results in
sustained in vivo effects in mammals as measured in normal and tumor tissues.
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In one embodiment of the present invention, there is provided an isomer, enantiomer,
diastereoisomer or tautomer of a compound represented by Formula ! or Ik

Qhpt R200
6 /LKI,N JRwo
R300 ’
BG

AAE 0

RZ H O Ay

i
wherein
mis0, 1or2;
YisNH, QorS;

BGis
1) —=X-L-X'—

X and X' are independently selected from
1) 0,
2) NR",
3) S,
4) -C4-Cs alkyl-,
5) -C4-Cs alkyl-O-,
6) -Ci-Cs alkyl-NR"™-,
7) C1-Cs alkyl-S-,
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| is selected from:

1) =C4-Cyp alkyi-,

2) —C-C; alkenyl—,
3) —C—C4 alkynyl-,
4) —C5-C; cycioalkyl—,
5) -aryl-,

8) —biphenyl—,

7) — heteroaryl-,

8) ~ heterocyclyl-,

9) —C-Cy alkyl-(C,-Cs alkenyl}- C-Cs alkyl-,
10) —C4-Cs alkyl—{Co—~C, alkynyl}-C,-Cy alkyl-
11) —=C,-Cg alkyl—{Cs-C; cycloalkyl}-C4-Cg alkyl—

15)

1 2) "'C1 -Ca a!kyt-— aryl——C1 -Cs alkyl—,

PCT/CA2007/000428



10L is selected from 1) -Cl1-C20 al kyl-, 2) -C2-C6 al kenyl-, 3) -C2-a4
al kynyl -, 4) -C3-C7 cycl oal kyl -, 155) -aryl-, 6) -biphenyl-, 7)
- het er 0aWvWQI2007/183162 het er ocycl yl -, 9) - Cl- CBCEIGAYP07(0C2E6
al kenyl)- Cl1-C6 al kyl -, 2010) -Cl-C6al kyl-(Cr-C4 al kynyl)-C1-C6 al kyl - 11)
-Cl-C6 al kyl - (C3-C7 cycl oal kyl)-C1-C6 al kyl -, 12) -C1-C6 al kyl - aryl -Cl1-C6
al kyl -, WD 2007/ 104162PCT/ CA2007/ 000428 13) -Ci-C6 al kyl - bi phenyl - C1- C6
al kyl -, 14) - 6)-<bleahyi-hiphepgabylsei¥os al kyl -, 15) - Cl-C6
al kyl - het er ocygyl~ Gh- _ -C6 al kyl -Y-01-06 al kyl -, 517)
-aryl-Y-aryl -?{&%8 Rzﬁwagg/g?!ggérf??ry]Ystﬁgtsgﬁlaryl -, 19)
- het er ocyci yl 15 HerGradew-beterocycd-&-Seplkd0, or 0 ANACI 6 al | 21) H 10wherein
t he al kyl, al '§§P-Y(|;1uceaétféﬁ-“ﬂb1~@99|kﬂ¥9| oal kyl are optionally substituted with
one or

5 17) —aryl-Y-aryl—,

18) —heteroaryl-Y-heteroaryl—,
19} ~-heterocyclyl-Y-heterocyclyl-,

0
H
H\NJ\WN?"
200 % o0 Lo

0O

it
H

T

C-Cg alkyl—%
21) 1-Cg alky ’

10  wherein the alkyl, alkenyl, alkynyi and cycloalky! are optionally substituted with one or
more R substituents, and the aryl, biphenyl, heteroaryl, and heterocyclyl are optionally

substituted with one or more R substituents;

Q and Q' are independently selected from
15 1) NR*R?,
2)OR", or
3) S(0)R™; or

Q and Q' are independently selected from
20 1} aryl, or
2) heteroaryl, the aryl and the heteroaryl being optionally substituted with one or

more R substituents:

A and A’ are independently selected from

25 1) =CHp—,
2) —CH,CH,—,
3) —CH(C+—Cs alkyl}—,
4) —CH(C3-C; cycloalkyl)-,
5) —C3—C; cycloalkyl—,

30 6) —CH(C—Cq alkyl-C3—Cy cycloalkyl}-,
7)—C(O)—, or



nore Re substituents, and the aryl, biphenyl, heteroaryl, and heterocyclyl
are optionally substituted with one or nore Rl substituents; Qand QL
are i ndepgaceinioyiegzel ected from 151) NR4AR5, 2) OR ', or PEY/(320)70R2E; or Q
and Q are independently selected from 201) aryl, or 2) heteroaryl,
the aryl and the heteroaryl being optionally substituted with one or nore
R1 substituents; A and A" are independently selected from 251) -CH2-,
2) -cHecHe-, B ~@eRYs al kyl)-, 4) -CH(C3-07 cycloal kyl)-, 5) -C3-C7
cycl oal kyl -, 306) -Cl-1(Cl-C6 al kyI C3-C2 cycloal kyl)-, 7) C(O) -, or 8)
-C(0)O0R13;, R Q)d R 55 are i ndependently sel ected from 1) H or 52) CG-C6
al kyl optRc?r'i‘&l &g fndepepdesdly Relepted @Mor nore R6 substituents; R2 and R255
are independenit)l W, &€l ect ed from 1) H or 2) Cl-C6 al kyl opti onal | y
substituted with one or nmore R5 substituents; 10 IR% and R355 are

i ndepéndent | y C@@S@‘prﬂﬂﬁ‘?llbwspwwm Qra A &RerRiNY ISUBSIBUGIHSIpr & RS
substituents; R4 and R5 are each independently selected from 151) H,

2) hal oal kzyl 3), -C-c6 al kyl,
RZand R® are independently selected from

1)H, or
2) C~Cs alkyl optionally substituted with one or more R® substituents;

10
R? and R* are independently C:—C; alkyl optionally substituted with one or more R°
substituents;
R*and R® are each independently selected from

15 1) H,

2) haloalkyl,
3) «—C4~Cs alkyl,
4) «C»Cq alkenyl,
5) «C,-C,4 alkynyl,
20 6) «—C3~C; cycloalkyl,
7} +C3C; cycloalkenyl,
8) «aryl,
9) «heteroaryl,
10) —heterocyclyl,
25 11) —heterobicyclyl,
12) —C(0)-R",
13) —C(0)O-R",
14) —C(=Y)NR®R®, or
15) —S(0)-R"",
30 wherein the alkyl, atkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyciyl, and
heterobicyclyl is optionally substituted with one or more R substituents;

R is
35 1) halogen,



4) <-C2-C6 al kenyl, 5) 4-Cr 4 al kynyl, 206) 4-C3-C7 cycl oal kyl
7) 4-C3-C7 cycl oal kenyl, 8) <-aryl, 9) 4-heteroaryl,
10) 4- het WVOPEVPK1622511) 4- het er obi cycl yl, 12)4- C(0) - R | PCTAIRACTO0GIRS- | V,
14) <-C(=Y)NR5R2, or 15)4-9(0)2-1R11, 30wherein the al kyl, alkenyl,
al kynyl, cycloal kyl, cycl oal kenyl is optionally substituted with one or
nore R6 substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
het er obi cycl yR) iNOsptional |y substituted with one or nore R15 substituents;
R6 is 351) hahgg@,q, 2) NO2, 3) CN, 4) hal oal kyl, 5)
Ci-C6 al kyl, 56) C2-C6 al kenyl, 7) C2-C4 al kynyl, 8) C3-C7 cycloal kyl, 9)
C3- C7 cycl oal Kerfigloalh) aryl, 1011) heteroaryl, 12) heterocyclyl, 13)
heterobi cycl ylsy d4x @Ry, 15) S(0),"R7,
5 6) C.-Cs alkenyi,
7) C-C, alkynyl,
8) Cs-C; cycloalkyl,
9) C;-C; cycloalkenyl,
10) aryl,
10 11) heteroaryl,
12) heterocyclyl,
13) heterobicyciyl,
14) OR/,
15) S(O)nR’,
15 16)NR*R?,
17)NR®S(0),R",
18) COR’,
19) C(O)OR’,
20) CONR®R?,
20 21) S(0),NR®R®
22) OC(O)R’,
23)0C(O)Y-R",
24)SC(O)R’, or
25) NC(Y)NR®R®,
25  wherein the aryl, heteroaryl, heterocyclyl, and heterobicycly! is optionally substituted with
one or more R' substituents;

R is
1) H,
30 2) haloalkyl,
3) C—Csalkyl,
4) C,-Cg alkenyl,
5) C,-C, alkynyl,
6) C;—C; cycloalkyl,
35 7) Cs-Cy cycloalkenyi,
10



1516) NRSR9 , 17) NR8S(0)2R11, 18) COR7, 19) C(0)OR7,

20) CONRBR9, 2021) S(0)2NR8R9 22) OC(0)R7, 23) OC(0)Y-R11, 24)
SC(0) R7, W 2007/104162 25) NC(Y) NRBR9, 25wherein the aryl PCH&IASHITHOYA2S

het erocycl yl, and heterobicyclyl is optionally substituted with one or nore
R19 substituents; R7 is 1) H,£ 302) hal oal kyl, 3) Cl-C6 al kyl,
4) C2-C6 al kenyl, 5) C2-C4 al kynyl 6) C3-C7 cycloal kyl, 357)
C3-C7 cycl oalﬂaeﬂw WD 2007/ 104162PCT/ CA2007/ 000428 8) aryl, 9)

het er oar yl , g@) g@pcpa;.ﬁcyclyl 11) heterobicyclyl, 512) R8R9NC(=Y), or 13)
Cl- C6 al ky I- & al' kenyl, or 14) d-C6 al kyI-Crat al kynyl, wherein the

al kyl, al keny10)h9ﬂekl3¢m9lvl cycl oal kyl, cycloal kenyl is optionally substituted
wi th one or @Fltuents and wherein the aryl, heteroaryl,
t

het er ocycl yI nd 1 fobicyclyl is optionally substituted with one or
mor e Skw subst‘l&)ﬁ’é‘ﬁgﬂ\& (=Y), or

13) C;-Cs alkyl-C,-C, alkenyl, or
14) C4-C; alkyl-C-C, alkynyl,
wherein the alkyl, alkenyi, alkynyl, cycloalkyi, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
10  heterobicyclyl is optionally substituted with one or more R' substituents;

R® and R® are each independently
1} H,
2) haloalkyl,
15 3) C4—Cs alkyl,
4) C>-C; alkenyl,
5) C,-C4 alkynyl,
6) Cs~C; cycloalkyi,
7) Cs-C; cycloatkenyl,
20 8) aryl,
9) heteroaryl,
10) heterocyclyi,
11} heterobicyclyi,
12) C(O)R",
25 13) C(O)Y-R", or
14) S(0)-R",
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyt, and
heterobicyclyt is optionally substituted with one or more R'® substituents;
30
or R? and R® together with the nitrogen atom to which they are bonded form a five, six or
seven membered heterocyclic ring optionally substituted with one or more R® substituents;

R is
35 1) halogen,
%!



R8 and R9 are each independently 1) H 2) hal oal kyl, 153) Cl1-C6 al kyl, 4)
C2-C6 al kenyl, 5) C2-a4 al kynyl, 6) C3-C7 cycloal kyl, 7) C3-C7

cycl oal ken@i200720862aryl , 9) heteroaryl, 10) heterocycl yPCTAA2007/000428
het er obi cyclyl, 12) C(0)R11l, 2513) C(0)Y-R11, or 14) S(0)2-Rl11l, wherein the
al kyl, al kenyl, al kynyl, cycl oal kyl, cycloal kenyl is optionally substituted
with one or nore R8 substituents; and wherein the aryl, heteroaryl,
het er ocycl yl , 2aM¥Phet er obi cyclyl is optionally substituted with one or nore
R1 substituengg; g0 or R8 and RO together with the nitrogen atomto which

t hey are bonde c1;o’rma five, six or seven nenbered heterocyclic ring
optional |y suBstBOR'BHORILh one or more R6 substituents; R19 is 351)

hal ogen, V\O%PQ-;/ O@ZPCT/ CA2007/ 000428 2) NO2, 3) CN, 4) B(OR13) (OR14),
5) Ci-0C6 al kyl”’ 1651’5 'C6 al kenyl, 7) C2-C4 al kynyl,

5 6) Co-Cs alkenyl,

7) Cx-C,alkynyl,
8) Cs-C; cycloalkyl,
9) Cs-C; cycloalkenyl,
10) haloalkyl,
10 11} OR’,
12)NR®R®,
13) SR/,
14) COR’,
15)C(O)OR’,
15 16) S(O)mR’,
17) CONR®R®,
18) S(O)NRR®,
19) aryl,
20) heteroaryl,
20 21) heterocyclyl, or
22) heterobicyciyl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, and cycloalkenyl is optionally substituted
with one or more R® substituents;

25 R"is
1) haloalkyl,
2) C—Cs alkyl,
3} Cz-Cs alkenyl,
4) C,-C, alkynyl,
30 5) Ci—C; cycloalkyi,
6) Cs-C; cycloalkenyl,
7) aryl,
8} hetercaryl,
9) heterocyclyl, or
35 10) heterobicyclyl,
12



8) C3-C, cycloal kyl, 9) C3-C7 cycl oal kenyl, 10) hal oal kyl, 1011)0R7, 12)
NR8R9, 13)SW 14) COR7, 15) C(0)0 R7, 1516) S(0)rnl:27, 17) CONRBR9, 18)
S(0) 2NRSRSD 28@)104x6¢| , 20) heteroaryl, 2021) heterocycl yPCTEA2007/000428

het er obi cycl yl, wherein the al kyl, alkenyl, alkynyl, cycloal kyl, and

cycl oal kenyl is optionally substituted with one or nore R6 substituents;
25R11 is 1) hal oal kyl 3) C2-CH A(

4) C2- Cavhereiy the aaksaw}ermlaatsvnﬂm@alkyypycl@ke@zhmpwl%a‘ﬂ%@? W'%/ aryI 8)
het er oar, I negiredvelyi. apg! vl ,

2007/ 108&?&5‘?/%5288%"6‘638’1123'%%%?%%%@‘gﬁete;'?a@; | ken |y@i9a| kynyl .

cycl oal gterobigyslybisl apsiaallyissibsiifuted withiopes pwre Rt slstileMSone or nore R6

substituents; and wherein the aryl, heteroaryl, heterocyclyl, and

het er obi c1¥cly1 is optionally substituted with one or more RL substituents;
5 i

1) haloalkyl,
2) C—Cs alkyl,
3) C-C; alkenyt,
4) C,-C,4alkynyl,
10 5) Cs—C; cycloalkyl,
6) C;-C; cycloalkenyl,
7) aryl,
8) heteroaryl,
9) heterocyclyl,
15 10) heterobicyclyl,
11) C(O)-R",
12) C(0)O-R™,
13) C(ONR®R?,
14) S(O)-R", or
20 15) C(=Y)NR®R?,
wherein the alkyl, atkeny, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R? substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
heterobicyclyl is optionally substituted with one or more R'® substituents;

25 R™ and R" are each independently
1}H, or
2) C-Cs alkyl; or
R' and R™ are combined to form a heterocyclic ring or a heterobicyciyl ring;

30 R¥is
1)H,
2) NH,, or
3)NHFmoc;

13



5R12 is 1) haloalkyl, 2) G -C6 al kyl, 3) C2-C6 al kenyl,

4) C2-C4 al kynyl, 105) C3--C7 cycl oal kyl, 6) C3-C2 cycl oal kenyl, 7)
aryl, 8) WOt20070daisR 9) heterocyclyl, 1510) het ePOBIGAZBINI00428
11)C(0)-R11, 12)C(0)0-R11, 13) C(0)NR8R6, 14)5(0),"-R11, or 2015)

C(=Y) NR8R2, wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl
is optionally substituted vmth one or nore substltuents and wherein the
aryl, het@r@dpgiug; eicthe compeynd of Fawaulﬁétoéﬂdﬁ)iab@}ed yath agefetabig lapeor an

subst i tutgahithd one or nore R substi tuents; 25R13 and R14 are each

i ndependently 1) H, or 2) Cl1-C6 al kyl; or R13 and R' are conbined to forma
heterocyclic ring or a heterobicyclyl ring; 30R20 is 1) H 2) NH2, or

3) NHFmDC; 1y 23y h@[)gf;%f Hhe g;estaHﬁn%mBR%H&eqé plo9fdBY 'aa itefedidte lc§mF@Lth ed with
a detect able or an finit I'n anot her aspect o

presedt i'pE@sented byFeemeailsivpr ovi ded an i ntermedi ate conpound 5represent ed
by Formula 1-iv: wherein PG, R, R2, R3, R4, and R5 are as defined
herein. In another aspect of the present invention, there is provided an

i nt ernedi ate conpound represented by Fornul a/[g-i V.

O
F31 0O R3
ot A A
RZ.H O t\\l
1-iv R

wherein PG*, R, R% R3, R* and R’ are as defined herein.

10
In ancther aspect of the present invention, there is provided an intermediate compound
represented by Formula 2-iv:
NH,
|IQ1 O R3
R H O N N’
05
24v R
15

wherein PG*, R", R? R?, R?, and R® are as defined herein.

In another aspect of the present invention, there is provided an intermediate compound
represented by Formula 3-ii:

14



wherein PG4, R, R2, R3, R4, and R5 are as defined herein. In another
aspect of the present invention, there is provided an internedi ate conpound

represent W@ 2097/0dt63ul a 3-ii: WO 2007/ 104162PCT/ CA2007/ ®EUA2Q00H00M2834i O
NH wherein P&, Rl, R2, R3, A and Q are as defined herein, and L is
-(CH2)r-, 4CH2) (-Y(CH2)r, -alkyl-aryl-alkyl-, -alkyl-heteroaryl-al kyl -

cycl oal kyl, aryl or heteroaryl. In another aspect of the present invention,

there is provided an internediate co
INH 4-i wherein P4, P&, L, R, R o,
QL are as defined herein. In another

unddeq_I es%t ed by Formula 4(i):
3 -00, rcA Al, Qand
peN:t I:’&ent i nvention, there

is provided an internedi ate conpound r esqgyt e Gf]_ForrmI a 6-ii: WO
2007/ 104162PCT/ CA2007/ 000428 6-i i ein PGlL, PXAL)3,Rl, R133, R2, R233,
R3, R333, A Al, Qand QL are as defi negcherein. I n anot her aspect of
the present invention, there is proviged an |nternedi ate conpound
5represented by Fornula 7-v: = 3
c
[:}1 'e) R3
et A AN
R H O A-qg

wherein PG* R', R?, R? A, and Q are as defined herein, and L is ={(CH)-, -{CHz)-Y-
(CH2), -alkyi-aryl-alkyl-, -alkyl-heteroaryl-alkyl-, cycloalkyl, aryl or heteroaryl.

5
In another aspect of the present invention, there is provided an intermediate compound
represented by Formula 4(i):
Rgo PG
H\ (N‘Rmo
oﬁ 5
QVA'\[‘} R300
N
L
H-N"
J”’
PG“ R
4
wherein PG* PG*®, L, R', R'®, R%, R?® R, R*™, A, A", Qand Q' are as defined herein.
10

In another aspect of the present invention, there is provided an intermediate compound

represented by Formula 6-ii:

15



7-v wherein P&, px400, L, R, R100, R2, wo, R3, R300, A Al, Qand 01 are
as defined herein. I n anot her aspect of the present invention, there

i S provi 0¥ 2807/104t62r nedi at e conpound 10r epresent ed by FECHI{1AR0B/00428 WO
2007/ 104162PCT/ CA2007/ 000428 wherein P&, r, L, R100, R200, Al, and d are
as defined herein. In another aspect of the present invention, there is
provi ded an internedi ate corrpound represented by Fornula 8-iii: ork o R3 _
HO AQ8-iii 5 wherein P4, @\ Ak, Bl [R100Q, . R2, R230, R3, A Al, Qand Q1
are as defined herein. In anoth a pe B ?he resent invention, there is
provi ded an internediate corrpo@ For mula 17-i: H N 0.
0?-6' N-HL7-i 10 wherein PO4 0 R2 R200, R3, R300, A A1, Q

and QL are as defined herein. In a t her ect of the present invention,
there is provided an internediate c ound represented by Fornula 18-i:

31 O R3
ot \:/U\'?' )\",N
R H O A-q
B-ii
wherein PG*, PG R, R'™ R2 R™ R? R A, A", Qand Q' are as defined herein.

In another aspect of the present invention, there is provided an intermediate compound
5 represented by Formula 7-v:

31 0 R3
N
D NP
R® H O A-q

7-v
wherein PG*, PG*? | R", R'® R? R*™ R® R* A A', Qand Q' are as defined herein.

In another aspect of the present invention, there is provided an intermediate compound
10 represented by Formula 8-ii:



WD 2007/ 104162PCT/ CA2007/ 00042

R100, R2, R200, R3, R300, A A1l ,

anot her a¥Pab7/WH1IEZhe present

8 HNHNNHL8i NH wherein P&, L, R1,

Q and QL are as defined herein. I n

i nventi on,

conpound 5represented by Formula 19-2:

there is provi @€t/Goversedi at e

are as defined herein.

provi ded an internedi ate co
2007/ 104062816 PG‘oA20 8P (R
defined herein. 5ln another as
provi ded an internediate conpo
R1 In ancther aspect of the present i

represented by Formula 8-iii:

0 OPR19-2 wherein PGL, P&, L, X
I n anot her aspect of the present invention, there is
ggound represented by Fornula 19-3: WO
, 8nd QPaz1gs dfinedheriein. P2, L, and X, are as
pect of the present invention, there is
und represented by Fornula 19-8: RARSN R2

nvention, there is provided an intermediate compound

8-iii

wherein PG% r, L, R' R'® R? R™ R3, A, A', Qand Q' are as defined herein.

In another aspect of the present invention, there is provided an intermediate compound

represented by Formula 17-i:

10

Q
HN
50

RZOO

o
)'\r”\,(\

: 4
N. PG
R0 o Rioo

174

F‘{‘l (o) RS
2 \)\N"\ﬂ’ N
R H O A-q

wherein PG* L, R!, R™ R2 R? R} R*® A, A' K Qand Q' are as defined herein.

In another aspect of the present
represented by Formula 18-i:

invention, there is provided an intermediate compound

17



P& 0 NRARS5 19-8 wherein P&, L,xt, Rl, R100, R2, R200, R3, R300, R4, R400,
R5 and 1{-500 are as defined herein. 10 In another aspect of the present

i nvent i onWOt2€r@4162 provi ded an i nternmedi at e conpound r @FTESEAYTEN43§
Formula 20-1a: R4ARS5N O N.P@ 20-1a NR4R5 wherein PS', L, X, X1, R4 and R5
are as defined herein. 5In another aspect of the present invention, there
is provided an internedi ate conpound represented by Fornula 20-2: NR4R5
10wherein P&, L, X, and Xl, are asQ ilngd re'@g I n anot her aspect of
the present invention, there is provi ’%hé ternedi gt e conmpound
represented by Fornula 20-4: 0 O NR412 'x.1l, R, R100, R2,
R200, R3, R300, -4, KRIM R5, and R5 r er¥% 1aed herein. 5In anot her
aspect of the present invention, tphege is prOV|de a process for producing
conmpounds represented by Fornula I Ori bed herei nabove, the process
conprising: a) coupling two |ntern§p%gses represented by Fornmula 1-iv:

N 184

o=

N-H
RZ H O A"Q
wherein PG%, L, R!, R™, R?, R% R3 R¥, A, A', Qand Q' are as defined herein.

In another aspect of the present invention, there is provided an intermediate compound

5 represented by Formula 19-2:

PG20-°

1

PG
X
IL/
X
G N
0~ "OPG? 19-2

wherein PG, PG?, L, X are as defined herein.

10
In another aspect of the present invention, there is provided an intermediate compound
represented by Formula 19-3:

18



10 wherein PG, Rl, R2, R3, A and Q are as defined herein, in a solvent;
and b) renoving the protecting groups so as to form conpounds of Fornula 1.
| n anot heWOo28p#H168f t he present invention, there is pr&GFdedi/0§p88ess for
produci ng 15conpounds represented by Fornula |, described herei nabove, the
process conprising: a) coupling an internedi ate represented by Formul a
2-iv: NH2 (-) PA N R20 2-iv 21 WD 2007/104162PCT/ CA2007/ 000428 wherei n

P& is a protecting group, and R1, PEQ , A, and Q are as defined herein.
and an activated diacid (0.5 equiv) in solvent; and b) renoving the
protecting groups so as to form conpo Hf Fornmula |. In another aspect
of the present invention, there is proyided a nethod for the preparation of
a pharmaceutical ly acceptable salt of yconpound of formula | and I, by the
treatnment of a conpound of formula Igor Il with 1 to 2 equiv of a

pharmaceutically acceptable acid, ag defined herein. In another aspect of
the present invention, there is prqvided a pharnaceutical conposition
conprising a conmpound, as describedy above, m xed with a pharnaceutically
acceptable carrier, diluent or pi ent. 151 n another aspect of the
present invention, there is provided a_pharmaceutical conposition adapted
for admnistration as an agent fO tingi®3proliferative disorder in a
'subj ect, conprising a therapeutically effective anount of a conpound, as
descri bed above. I n anot her aspect of the present invention, there is
provi ded, . BasERE ealld % 3re 2QMBARL Apsin20 conpri sing a conpound of Formula |
in conbinatron w'th one or nore death receptor agonists, for exanple, an
agoni st of TRAIL receptor. In another aspect of the present invention,

ther i,isllnpqr 3 ded 3 B{\ﬁ% Cs%ﬁflh%‘ﬂti AABRS EJ[‘OQi?ieH%m?ﬁtle Qfigte copBaNd of

for any erapeu I C agent t at 25increases the
responserepfemntedd:yﬁmmalad%.h receptor agonists, for exanple cytotoxic
cyt oki nes such as interferons.
R400R500N
R300 o) Rmo
X!
L/

X
R oo g
PG“'N\_/U\N’k”zN
22
R O 5 NR4R®

wherein PG* L, X, X!, R", R'™®, R?, R, R%, R®, R, R, R® and R are as defined

herein.

10
In another aspect of the present invention, there is provided an intermediate compound

represented by Formula 20-1a:

19



I n anot her aspect of the present invention, there is provided a nmethod of
preparing a pharnmaceutical conposition, the nmethod conprising: mxing a
conpound,waoae<rwz bed 30above, with a pharnaceuti cal | yPEE€ABOGEII2Ear ri er
di luent or excipient. In another aspect of the present invention, there is
provi ded a nmethod of treating a disease state characterized by insufficient
apoptosis, the nethod conprising: adm nistering to a subject in need
thereof, a therapeutically effectives of a 35pharmaceuti cal
conposition, as described above, so as t treat t he di sease state. 22 WO
2007/ 104162PCT/ CA2007/ 000428 | n anot her /a mé%% of the present invention,
there is provided a nethod of nodulatin AP function, the nethod
conprising: contacting a cell with a c ound of the present i nvention
so as to prevent binding of a BIR binq{ng protein to an | AP BIR domai n

t hereby 5nodul ating the I AP function./1n another aspect of the present
invention, there is provided a nethod of treating a proliferative di sease,
t he net hod conprising: adm ni steri/ng\t x| subj ect in need thereof, a
therapeutical ly effective amoupg:d i “Bhar maceuti cal conposition, as
descri bed above, 10so as to treat the proliferative disease. In another
aspect of the present invention, tdfer8R#R® provided a nethod of treating
cancer, the nmethod conprising: admnistering to a subject in need thereof,
a therapeutically effective anbunt of the pharmaceutical conposition, as
descri bed,abaN®G1SO YK IR iRt arbBishiRfif@R&ein. | n anot her aspect of the
present invention, there is provided a nethod of treating cancer, the

met hod conprising: admnistering to the subject in need thereof, a

t her apeut,i cal ff i A F ! SR1BARS EbrRBourds

descri bedﬂgﬂ%\‘?éf ?pﬁgﬁé&%ﬁe%%g%n%vg% é@&géﬁ'@dﬁ/gﬂ"ﬁh an%z%entp%el ected
from a) represstiedgpy Fomawa@0& nodul ator, b) an androgen receptor nodul ator,
c) retinoid receptor nodulator, d) a cytotoxic agent, 25e) an
antiproliferative agent, f) a prenyl-protein transferase inhibitor, Q)
an HMG CoA reductase inhibitor, h) an H V protease inhibitor, i) a
reverse transcriptase inhibitor, 30k) an aqgiogenesis inhibitor, 1) a
PPAR-.y agonist, m) a PPAR-.8. agoni &R™N

N"H
X1
‘¢
X
H,N 20-2
0” TNR4RS

10 wherein PG L, X, and X', are as defined herein.

In another aspect of the present invention, there is provided an intermediate compound

represented by Formula 20-4:
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n) an inhibitor of inherent multidrug resistance, o) an anti-enetic agent,
35p) an agent useful in the treatnent of anema, WO

2007/ 104192ROTIBARBR07/ 000428 q) agents useful in the tr®STEARNOTN00428
neutropeni a, r) an inmunol ogi c-enhancing drug. s) a proteasone inhibitor;
t) an HDAC inhibitor;" 5u) an inhibitor of the chenotrypsin-like activity
in the proteasone; or v) E3 ligase inhibitors; w a nodulator of the

i mmune system such as, but not |im Rregb 0iaterferon-alpha, Baci | | us

Cal mette-CGuerin (BCG, and ionizing radit\i on]( t hat can induce the

rel ease of cytokines, such as the interl i'n F, or induce rel ease of
death receptor ligands such 10 as TRAIL; ) armodul ator of death receptors
TRAIL and TRAIL agoni sts such as the hungni zed anti bodi es HGS- ETRL and

HGS- ETR2; or in conbination or sequentidlly with radiation therapy, so as
to treat the cancer. 15In anot her aspedt of the present invention, there is
provided a nethod for the treatnent orXprevention of a proliferative

di sorder in a subject, the nethpaa c rising: admnistering to the subject

a therapeutically effective anodnt he conposition, described above.

I n anot her aspect of the prelslgsn/;k'gnv tion, the nethod further conprises
adm ni stering to 20t he subject a gher, scally effective anmount of a
chenot her apeuti c agent prior to, sifltaneously with or after

adni i St e P, L1EJOORDGEN REIRI™) RO P, RAGHER AT arb g daftdthd
further conprises’ administerinhg 'to the subject a therapeutically effective
anmount ofheseileat h recept or agoni st prior to, sinultaneously with 25or after
adm ni stration of the conposition. The death receptor agonist is TRAIL or
the death receptor agonist is a TRAIL antibody. The death receptor agoni st
i s typi cdhlapothendsnest ofiteelpraseatinaniomithemsds pPiovidad 8P506ess JAAUStNd: ef f ect .
In yet a r i I10Yd r@qgmggggq;o rigiggcri bed
above fo:&mugg“’sﬁ%ﬁﬁ%&g%ﬁ?{f éj{ ﬁlg%rléa’d%%gﬂ%&nﬁ&?@%%%gti ng or p”r*@ventgi ng a
di sease st)avupliigawaintemedisdepiepresentedityifamulagolt osis. I'n yet anot her
aspect, there is provided use of the corrpoundl/[ZS descri bed above for the

manuf acture of a nedi canent for treating or prifeventing a proliferative
di sorder. 35
O

$1 0 R3
PG3‘N\;)LI}1)\WN
RR H O A-q

1 -iv

10 wherein PG?, R', R, R%, A, and Q are as defined herein,
in a solvent; and
b) removing the protecting groups so as to form compounds of Formula 1.

In another aspect of the present invention, there is provided a process for producing
15 compeunds represented by Formula |, described hereinabove, the process comprising:

a) coupling an intermediate represented by Formula 2-iv:
NH,

|-.I;1 O RS

rost by
RZ H O A-qg
2-iv
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WO 2007/ 104162PCT/ CA2007/ 000428 I n yet another aspect, there is provided
use of the conpound as descri bed above in conbination with an agent for the
manuf act W 20§7/1841%2di canment for treating or preventing ZCHAHN2DFOOHRS ve

di sorder, wherein the agent is selected from a) an estrogen receptor
nodul at or, 5b) an androgen receptor nodul ator, c) retinoid receptor
nodul ator, d) a cytotoxic agent, e) an antiproliferative agent, f) a

prenyl -protein transferase inhibitor, 10 g) an HMG CoA reductase inhibitor,

h) an H \yHr&h ©T98s h%mi@étﬁwgrgmulg )ané‘R"QQQeRQQ& taha s Sriel datdiFifed Révelp. t or, k) an
angi ogenesi s inhi bitor Zﬂﬁ 7 gl%onl st, 15m a PPAR-.5. agoni st n)
an i nhi bi &t a'bPCtIVﬁFﬁS'rc&?ﬁ'd ?‘H‘HY)LJ@ asoleat aRce, 0) an anti-enetic agent p)
an agent useful %rﬁ&\iﬁmdﬂh@?&@&hg‘ﬁm@%@@&to‘iﬁrnﬁﬂﬁﬁﬁo’im%é‘if Fdrmiuta It he

treat ment of ne ropeni a an 1 mmunol ogi c- enhanci ng drug. s) a
proteésorre inhibitor; t) an I-I DAC inhibitor;" u) an inhibitor of the
chenot rypns 'aﬂot'hblké‘sp%%f c?]ehé Mre's@ntﬁﬁ\%nﬁér?ttﬁ&é%owﬁéd M)mcﬁﬁ’od o8 ﬁ\%%réﬁﬁ}hiﬂjri ors;

25w) a nodul at or | Mmune system such not limt

interfer cﬂiﬂaﬂfﬁﬁﬁaG%@aﬂMaﬁgemiﬁrﬁﬂlt @tcamqund efa@@ulaéﬁad lloby @Bﬁ@aﬁﬁ%ttof on
UVB) th I t Ki ns
gI'NF )or ?&%}%{ﬁ@ﬁ;adpgﬁ)ggoggh%? déggﬁﬁsﬁgge% l'1 gan géﬁ T%Abl@ a%fd B X)

modul at ordefpedibere. r ecept ors TRAIL and TRAI L agoni sts such as the humani zed
30 anpi bodi es HGS- ETRl and HGS-ETR2; or in conbination or sequentially with
radi ati on therapy. fyet anot her aspect, there is provided use of the
conpound lagn@l@gbasm@w Abepeesent invention dhere improvidediatpharnanestical cermppaiian

agoni st 1 ?névtr P’?&‘cr}-lf duhd £ ﬁscﬁbé&ﬁ%oggﬁ&&d WA aPakRAdTRE Iy Qeodpitagnt | on

of a proli sorder 1n
carrier, dduent or excipient.

15 Inanother aspect of the present invention, there is provided a pharmaceutical composition
adapted for administration as an agent for treating a proliferative disorder in a subject,
comprising a therapeutically effective amount of a compound, as described above.

In another aspect of the present invention, there is provided a pharmaceutical composition
20 comprising a compound of Formula | in combination with one or more death receptor
agonists, for example, an agonist of TRAIL receptor.

In another aspect of the present invention, there is provided a pharmaceutical composition
comptrising a compound of formula | in combination with any therapeutic agent that

25  increases the response of one or more death receptor agonists, for example cytotoxic
cytokines such as interferons.

In another aspect of the present invention, there is provided a method of preparing a
pharmaceutical composition, the method comprising: mixing a compound, as described
30 above, with a pharmaceutically acceptable carrier, diluent or excipient.

In another aspect of the present invention, there is provided a method of treating a
disease state characterized by insufficient apoptosis, the method comprising:
administering to a subject in need thereof, a therapeutically effective amount of a

35  pharmaceutical composition, as described above, so as to treat the disease state.
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WO 2007/ 104162PCT/ CA2007/ 000428 I n yet another aspect, there is provided a
phar maceuti cal conposition conprising the conpound as descri bed above,

m xed w tWOoptdifceuti cally acceptable carrier, dil ueRCTarA280000p28Nt , f or
treating or preventing a disease state characterized by insufficient
apoptosis. In yet another aspect, there is provided a pharnaceuti cal
conposition conprising the conpound as descri bed above in conbination with
any conpound that increases the circulating | evel of one or nore death
recept or ROHkiwE Gspedt oPhe HREenD BvéMtioh! Bikd iQ%rcﬁlidéPq mb®babf MBadhify AR - I N
yet anot h& asrPect, there is provided a nmethod of preparing a

phar maceutUneian, tepetopd comprising cealaring & eelivitsa AemPernd of ¢he presednpound as

descri beding&xtioRsosith p%@h%iﬁ@ﬁ&?i% Eﬁi bi}ﬁdiﬂg%f&éiﬁ% &in $4P BIFEfiomaih thitBby O

exci pient. 15l n another aspect © e pres Invention, there is provided
a probe, MRdulgingbedpP fpclioronpound of Fornula | or 11 above, the conpound
being | abeled with a detectable |abel or an affinity tag. I n anot her
aspect of the present invention, there is provided a nmethod of identifying
20 conpoulicanothesaspschef the presentipvasitiRndtbers is pravided aspeihod ofpedtingray:  a)

cont act i : %’gcaj,ln ' NeYaol : : '
conpl ex, r‘?ﬁg@ﬁh‘gﬁgébg?%g i ggﬂwgtggg“g[@ﬁ@%% 5& '@%%ﬁﬁ@(???p%ﬁ%?fn%d)édgg%gheﬁng a
si gnal f rioafapRetiosy pBedive amount efshenphdrsiaceuticel cormposition,@salescribed above, c)
i ncubgy i rg);}g]@ﬁ, tgﬁgﬁ:pﬁalﬁegpﬁ@&@e&%ﬁpl ex wWth the test conpound; 25d)

a e prone;

measuring the sign rom e) conparing the signal fromstep d)
with the reference |evel, a nodulation of the signal being an

i . : _ dontin. . wher o H
b obe i 5 1 anfer okt e BRERAHRGHoN Rplsds bAoA ANRL Ledib Bafessor. o
an af fi nithg methed congwising: adroinisteringsp asubjett ih heeg theseifa ihewpetiiemy there is
i ded I functi . i | APs |
Do 1 et oSy afott of FaiEco B oBnpb i, o8 AgSkioaf BPhie S0 28 Slreat > '

t her dfeutthegengeref f ecti ve amount of a pharmaceutical conposition, as
defined above; b) isolating a tissue sanple fromthe subject; and c)
detecting a loss of function or 35suppression of 1APs fromthe sanple. WO
2007/ 10418 2RANECASIBOY $IDE peBe B ER IO, SGERE R roNJEl a Thilthdd GR¥a8ng candes t her

aspects . Of . pr nt, inyvention will hecgne better

under st ogﬁgg%%;{ﬁ re'ﬂker&'é‘?ftaeérpﬁ's?eﬁ@az%&&ﬁuéﬁc A qeﬁdggeg%% %\B\e(ﬁp '?ﬁ’yt he

f ol | owi neeffEciEransountiota pharmaebGidaEcdmstelition] ss GEONbE] AbtvaNinQ@éabirdifiofrancer

Cel | shin Wi th, c ound 3. Fenale CD- 1 nude nmce

(apprzgxi er?&ﬁﬁ%%%%%gé;égé%trsgi%wﬁr%neousI y 10injected 5 x 106 SKOV-3 human

ovari an ta)@prestregersreceptéOMedulator,gel subcut aneously in the right flank. On

day 55, r r imately 100 mmB, treatnent was initiated

with conp %ﬂgkg@F§5¥&R§raﬁP¥#%i%mound for 5 consecutive days followed by 2

days wi t I¢) relindidugcepterahodutatof,or t he durati on of the experinent. Tunor size

was mnmeasuys Lth digital calipers and calculated as V= (a x b2)/2,
450D i

wher ei n, est dinension and b 15is the width. Tunor regression
was 8bsereyad aatiprolifexptikgagénit) e t unor stasis was observed to 0.3 ny/kg.

O 2o e Wy Concer e | ne Xenogranh Study
subcut an@das HMG-CoA reductase inhibitor,
h) an HIV protease inhibitor,
i} a reverse transcriptase inhibitor,
30 Kk)an angiogenesis inhibitor,
1) a PPAR-.y agonist,
m) a PPAR-.8. agonist,
n) an inhibitor of inherent multidrug resistance,
0) an anti-emetic agent,

35 p)an agent useful in the treatment of anemia,
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20 injected 1 x 106 NMDA- MB-231 human mammary tunor cells in the right
flank. On day 71, when tunors were approxi mately 90m®B, treatnent was

i niti at edvai20dv/10epound 3 treating with conpound for 5 E6HEAZUWTINE2Yays
followed by 2 days with no drug treatnent for the duration of the
experinment. Tunor size was neasured with digital calipers and cal cul ated as
V=(a x b2)/2, wherein, ais the |ongest dinmension and b is the width. Tunor
25regressq)@ﬁeWﬁéJSBfHE'ért%He%meﬂt?fd}engeFﬂ'%URE 3 denonstrates that compound 3
i nduces &) bR fAm0Ohol6diéBrharicihg¥rlg. 116 cells in vitro. PC3, SKOV3, MDA- MB-231,
HCT-116 cells were treated W|th various concentrations of conmpound 3 and

i ncubat ech) &Pratpagomeinhitak urs. Cells were col lected 30 and the |evel of

cl AP-1 an§la@fDAT inhBask ng control not shown) were detected by western blot.
Resul ts i nd| cated that conmpound 3 induced cl AP-1 |oss in human cancer cells
in a S my)deianbityof themhemotresin-tieogiyty indheBroleasomel Ar net hod as descri bed
in Fi gurg,)@;@gg@mﬁmoé i nduced a | oss of |oss of c- IAPl from ES2 and 4T1
cell lines (not shown nd a loss of cl AP2 from PC3 cel (not shown)

WO 2007/ M)A wodigaorad ewmoagmstwma& ttyémirvgvteﬁtt%snt@ﬁ%’onﬁlRHat Paciilus
modul at i ggbimetté&eﬁn 6\?’?@ Cﬁ'ﬂd’YBhlEﬁ ¢&diich (rl.ﬁ@) Jchdf‘cél’?m‘ﬂtlé’é ﬁe%l’eﬁ% ¥es

i ncl ubat Invitro vari ous oncent ations onpound for 3 hours.
Wi te bl cotpkings| suohasdhe idarieuisias.fNfmor induce elpase oivﬁ@ata refesi llgaraiSﬁU@m |

gr adijgnt ., FTFXAEI n was isolated fromthe white bood cells and the relative
anmount” of cl' AP-1 and tubulin 5(1oading control) was reveal ed by western

bl ot t i ng.X)Rrmedutater @fmmrgcentmséﬁvdu anth aRABorgrpistsisEhiasdne bymenizgd 1 | oss in

m ce bl Oﬁ?“‘bg‘%&o@ﬁééﬁﬁmﬂéh RbN vivo nodul ation of clAP-1 in mce

white ce wasamnlsteredto CD-1 mice by i.v. bolus

i njecti omrmcmm@nam arseqeendisewithifadiation thepap)yg sa eé tnitreattitreecantenal s wer e
sacrificed, the blood collected, the white cells were isolated on Ficoll
gradient and the protein extracted. The relative anount of clAP-1 and

t ubulliSn (Ih@adihagamnt ofdheg preaentrieventiore dhdrg imviée@ahrheihmd fiog thedtremimeittedrow at

3 hr ti

regul ati ﬁgfér?'ﬂ Iﬁ‘l)' 8f§ tetéé:t'(‘:jglraﬁﬁjgc’?&t&??%én@&t %g%r#%%m?%&w rﬂﬂ?qgl GURE
6 depict sihasumtlﬁhmmemim’ﬂmem‘esamﬁhmmthe@nlrripolsltlna, désantrpdoaiiovét udy wit h
conpound 24 (1 ng/kg). Fenale CD-1 nude mce (approximately 20-25 g) were

subcut aneously injected wwth 1 x 106 MDA- MB-231 human breast tunor cells in
50% nmat r ilg@nothebaspeahefdos present itvestion, din methedKurtr@n cdaprises, adnhisisteriogto s wer e

appr gy it c 4 treating
o £ o stpiet e 2B Bunchl AR 8o 5 ety EXR AP 0B g

treat nmentsirhdtanehesiywitbor afterakintimstrasiop ef theessmpoditiomr si ze was neasured with

digital calipers and calculated as V= (a x b2)/2, wherein, a is the |ongest

dimension and b is the width. Crcles -20 % HPCD control; dianonds -

conpound !24et dether gapext, Zhelmamwtfuﬂmmomns’éwannﬁndtdnag totheasubjectd- 1 i n rat
white ceI n ered to r ol us i njection.
Ater 1 tdaaPriRRE Stbetve #B3u Rk Yednettnue ot or i i RS WS ar o
on Fi26ol Iorgﬂauchcbmmsaahbrwfehq)cmhmslmoaxfrha@batﬂ redépRorragonist i RIDBNtheof cl AP-1
and tubul contr e western bl otting (shown bel ow
at 3 30h de?’l 8%% oni Sh!?sﬂjjf%é“\f%f’%‘!% Zh gﬁ%‘% r @9anislyis; ¥s cl AP-1
| 0ss in radoénisterdddn aalahmunumaﬂ@odm&la/synd@a@teﬁeﬂ_ met hods. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON
in yet another aspect, there is provided use of the compound as described above for the
30 manufacture of a medicament for treating or preventing a disease state characterized by
insufficient apoptosis.

In yet another aspect, there is provided use of the compound as described above for the

manufacture of a medicament for treating or preventing a proliferative disorder.
35

24



WO 2007/ 104162PCT/ CA2007/ 000428 I n many cancer and ot her diseases, an
up-regul ation of |1 APs induced by gene defects or by chenot herapeutic agents
has been WOr20&l/W#8d to an i ncreased resistance to apopt BSTEA2RTHY28e| v,
our results show that cells decreased in | AP | evels are nore sensitive to
chenot herapeutic agents and to death receptor agonists such as TRAIL. It is
believed that 5 a snmall nolecule, which wll antda oni ze Flélfp function, or a

| oss of Inaekarothanagpest4berg iz aioviged yse pf the cowppid axdesclibed ARG ¢ agent. we

report Neheidthtibh Hith GRERBHITESthE mdrifadie bR mddivasizht foR reatihgcirpeaientingi nd t o
| APs, cause a down regul ation of I AP proteins in cells, and induce

apopt osiaprolifeaiive gisorsder. whergip thergenbisseleciiiids of the instant invention
have de t oSt ffects in conbination with clinically

rel aven{%%@%ggﬁﬁ%gggggfnﬁa?lﬁtgﬁtreat ment of cancer. W have di scovered a
novel5 sep)iassangfodenireRppPrEeAfiaiefds, which bind to the intact cellular |APs
and res%)trétirio'ih :%E:QﬁtBHﬂgduléﬂdﬁt ained | AP protein down-nodul ati on and enhanced
cel l ul ar "apoptosi s of cancer cells through enhanced rel ease of active
Caspase @.a Owotexie Bgeémd| ogi cal response has been observed in various cell

i nes degy ; east, pancreatic, colon, lung, ovarian cancers
and pri éra&eﬂﬁ'kéoﬁ@%ﬁgg egﬂ: and | ynphoma cells. The conpounds were found to
be hi ghlfy apyeret-giciein rangferasebmitiioRecept or Agoni st nedi ated kil ling, such as
TRAI T C q Anti bodies and TNF-a, in a | arge and
corrpltﬂehe%mﬁggﬁg'sé%dfuwgggge@h?gl | s. Based upon these findings, the 20
conpounds) agi HIV grotedsepplbitelat i on in treatnent of many cancer types, such as
solid tugmr iginat i ng fromthe hemat opoi etic system

Mor eoverﬁgtrg\ée?%égﬁ%%%ﬁé@sgﬁhwﬁgepr esent invention may also find application
i n prevektamangeeassiatnhibitoancer cell invasion, inflammtion, and in other

di seases cg._ﬂg%?teri zed by cells that are resistant to apoptosis via

upr egul abl@ -.yaq%png e of the APs. As shown in Figure 3, conmpound 3 is
capapd e ff) adPARLE: agenisthe conpl ete | oss of c-1APL/2 proteins fromnultiple
tunmor cell lines at concent rﬁ%i ons.?f | ess than 10 nM O her conpounds of

t he i nst Bhan inRibeek of dphefet Ui eSSyl ay a sinilar ability to induce
time depgpg,egﬁti-épﬁaié gsontf rom cancer cells. This loss in | AP proteins
strongly correlate to the ED60 jn SKOV3 cells. 30The "bridging" of two I|AP
Bl R bi ndPhg" agstsefihindhgitrapme {eé}&“feﬁ‘éad in nore detail below, using an
appropri a?)sgért?éh@@mgtneﬁ'réajtmer!nidnhe@trctp@ni@ne of the pyrrolidine rings,.

provi des bridged | AP BI R bi ndi ng conpounds, which denonstrate significantly
i ncr e8s ed NMMOWIRKKS-SHENEDY AUY 10- 1000 fol d), as conpared to their

monomner i %?}H'Birdtéasom iShibitg¥r oved activity results froman inproved ability to
bind to the BIR domains of the intact I APs, and results in the 35i nduction
of apopt &saEHPACURIPIKYS cancer cell lines. 29 WD 2007/104162 PC

T/ CA2007/ Q943 fbitoV8f the eRerha@jrRinSikenfclivigme the preteasome;taro pr oapopt ot i ¢
character 'of the conpounds of the present invention. Specifically, these

i ncl ude iv) EBligaseolniP@sB; att achnent of the |inker/pyrrolidine bond, ii) the

Sher %Ch%g"asr%ér thBr bMRe irhmlkiss Sjatérn aliétthg) subsatdimited tg, interéerbn-alphe, Bagiibiset i es
t hensél ve i ncLIIu I

, t hem stry, i_ocheni st igidity of
Lhe T nk dramsgtis-Gverin (BGG) ko auBes FadiiorgVeS BaF Cart ijatie B8 GekdSR of 0, C1 1Y ©
substi t Utc{y&:{i&ﬁ%@}déﬁh Ris@he RfbrieBdRS, TNFS or Radcdiaidase iob death secepior digardsi gtchion,

e

t hr oughou escription, the conpounds of Formula | and 10Formula 11,
may al so @snRAe the use of the terns P1, P2, P3, P4 and P5. These terns

refer to ' el RbeptBdiTRAID a8 TRAIBEGoHstVUdN as tbe hhmeniged For nul a |
or I1. Th’é%%?{u(])e\g}frngqel lustrates_the use of the ternms: Rl HN R2
30 antibodies HGS-ETR1 and HGS-ETRZ;

or in combination or sequentially with radiation therapy.

In yet another aspect, there is provided use of the compound as described above in
combination with a death receptor agonist for the manufacture of a medicament the

35  treatment or prevention of a proliferative disorder in a subject.
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15wherein the waved line represents a coval ent bond to another BIR binding
unit. The conpounds of the present invention may al so be represented by
Formul a 3voro@mansméta 4 in which ML and M2 represent i ndBgBEAWI/OBI4E bi ndi ng
domains. A MR2Z mRw WO 2007/104162PCT/ CA2007/ 000428 4 wherein Rl1, R2,
Rum R200, R3, R300, R20, A Al, Q -1, u and BG as defined herein, and the
dotted line represents a hypotheti cal d|V|d|ng line for conparing the

subst i t udnwet anothes aspeat.dhergiis provided raipharmaceutisalcogmpesitien gpmpisindfng 3. ML i s
the same &%M{}@?g db{lind EB@\%NE{D&% vﬂfﬁ”&?bﬁ‘a?m%cédtf&ﬁllﬁccéiz{ﬁlﬁtcrayner|d]luéHlOt her

subset, er ent rom I n one subset ompounds of Formula 4
are asynrasexcipignt, fosdeatingher prevanting pidisease ﬁta@r\@'lafﬁﬂte@%%ﬂnﬂuﬁ'@'e@&bst i tuents
on ML an(%rplgﬁtog [s€ t he sane. | n another subset, the substituents on ML and M
are diffe One skilled in the art wll recogni ze that when ML and M
are the same, the Rl, R2, R4, R8, 15Rs, R7, Rs, Rot R10, R11, R13, nl4, r,

o PSR o L B, R RiEca P BERIH SRkl <150
s u bst i t uaaPMpouBp es desaribey abwa\m combination wisin anwrwcwndutlnatel’rtcemses élnf;: :c east t one
ei t her O%iagi&%ﬁel%angﬁ er na éls\z/he e?QPtREQ%OU for@éer]? tﬁggﬁbrl\t)%%ﬁ glbe Srel?lnne:jn

as R1, Rxprolfenativedisorer. R7, Ra, Ro, Fhl, R13, Ri14, r,mp, Y, A Q

and )i and those in M can be defined as RI 99, woo, Ram R500, woo, wooO,
&900 R1000, win, R1300, R1400, 1.1,pyl, 1, ik QL and X1

respect [ \ABIygzt anomartaepeca,stbemﬁepmvmdandethﬁd af preparingsaplmrmebautivdl, R2, R4, R5,

R6, R7, I@%@ggr{%&eﬁﬁi coﬁ?pﬂl‘l'smg mmng\{he cOm%un%na% c?gsgﬁgjesdtébo% %Iﬁ'\ é n M

have t he sg'
pharmaceutically acceptable carrier, diluent or excipient.

15  In another aspect of the present invention, there is provided a probe, the probe being a
compound of Formula | or I above, the compound being labeled with a detectable label or
an affinity tag.

in another aspect of the present invention, there is provided a method of identifying
20  compounds that bind to an IAP BIR domain, the assay comprising:
a) contacting an [AP BIR domain with a probe to form a probe:BIR domain
complex, the probe being displaceable by a test compound,;
b) measuring a signal from the probe so as to establish a reference level;
¢) incubating the probe:BIR domain complex with the test compound;
25 d) measuring the signal from the probe;
e) comparing the signal from step d) with the reference level, a modulation of the
signal being an indication that the test compound binds to the BIR domain,
wherein the probe is a compound of Formula | or Il labeled with a detectable label or an
affinity label.

In another aspect of the present invention, there is provided a method of detecting loss of
function or suppression of 1APs in vivo, the method comprising: a) administering to a
subject, a therapeutically effective amount of a pharmaceutical composition, as defined
above; b) isolating a tissue sample from the subject; and ¢) detecting a loss of function or

35  suppression of IAPs from the sample.
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R100, woo, woo, R500, R600, R7CO R800, R900, R1000, R1100, R1300, R1400,
1, r mL, Y1, Al, d and X1 respectively in M2. In the case where ML and M2
are diffewer007/@#1keast one of the aforesai d substituenP€Ti@E200700&28nt. WO
2007/ 104162PC T/ CA2007/ 000428 The conpounds of the present invention are
useful as BIR domai n binding conpounds in manmalian | APs and are
represented by either Formula | or Fornmula Il. The follow ng are

enbodi ments, groups and substituents of the conpounds according to Formul a

| and Skt FederIPYIOR 'OETAEERSORERBed hereinafter in detail. A and In one

subset of conpounds of Forrmula | or Il, A and Al are both CH2. 10In an
al ternat#mefé%%% i KAME tRé @@éﬁﬁﬁ\%nhoﬂvlll|Hecovﬁe®@deﬁmd%l‘s&!odmt h C=0.
I n anot her ati1ve subsét of corrpounds of Formula | or Il, Ais CH2 and

A i § cugth neferennsiindic dascaptiontin assosiaior with thefeheying figuems. whewia | or 11, A
and Al are both 15 ¢(0)0CH3. In another alternative subset of conpounds of
Formula | or A and Al are both C(0)OH 20 Any and each i ndi vi dual

i v E'J%L@f‘& ‘*ﬂ&ﬂﬁs K23 Rl pvelEh Leedi O e KGR SRl B0 750

as set ouimpeendidnFer@aledD- Iﬁuﬁaﬁnm‘ (@pproximately Baﬁémw@wwtﬁﬂﬁp'@w t he
pr e;l%nt |hj%\c/:t%9t§ PSRN B G E e UTRAA Efnc? Lerlsdh BHYEmdtigbIi BE@Bnddusty in B@ 1A

right flank. On day 55, when tumors were approximately 100 mm?, treatment was initiated
with compound 3 treating with compound for 5 consecutive days followed by 2 days with
no drug treatment for the duration of the experiment. Tumor size was measured with
digital calipers and calculated as V= (a x b%)/2, wherein, a is the longest dimension and b

15 s the width. Tumor regression was observed at 1 mg/kg while tumor stasis was observed
to 0.3 mg/kg.

FIGURE 2 depicts MDA-MB-231 Human Mammary Cancer Cell Line Xenograph Study
with compound 3. Female CD-1 nude mice (approximately 20-25 g) were subcutaneously
20 injected 1 x 10° MDA-MB-231 human mammary tumor cells in the right flank. On day 71,
when tumors were approximately g90mm?®, treatment was initiated with compound 3
treating with compound for 5 consecutive days followed by 2 days with no drug treatment
for the duration of the experiment. Tumor size was measured with digital calipers and
calculated as V=(a x b%)/2, wherein, a is the longest dimension and b is the width. Tumor

25  regression was observed at 1 mg/kg.

FIGURE 3 demonstrates that compound 3 induces a loss of clAP-1 in HCT-116 cells in
vitro. PC3, SKOV3, MDA-MB-231, HCT-116 cells were treated with various
concentrations of compound 3 and incubated at 37 °C for 5 hours. Celis were collected

30  and the level of clAP-1 and actin (loading control-not shown) were detected by western
blot. Results indicated that compound 3 induced clAP-1 loss in human cancer cellsina
time dependent manner (not shown). Using a similar method as described in Figure 3,
compound 3 induced a loss of loss of c-IAP1 from ES2 and 4T1 cell lines (not shown) and
a loss of clAP2 from PC3 cells (not shown).

35
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BG 1C wherein BG A, Al5 & Q15 R15 R1005 R25 I{ -200, R3, and R' are as
defi ned herei nabove and hereinafter. In one exanple, the present invention
conpri seswWoRMpBIAEE of Forrmula 1A. In an alternative ex®CpIGA2007180428 esent

i nvention conprises conpounds of Formula 1B. 33 WO

2007/ 104162PCT/ CA20071000428 I n another alternative exanple, the present

i nvention conprises conpounds of Formula 1C Al ternat i'velﬁ‘é corrpounds of
Forrml a IFIGUBEIﬂrﬂi@’@ORSU ihedlie visfo medyiation of KARH i mige white\gels. Gl 1 ERce A

her oi naf i eﬁﬁBg v&%’lnéﬁﬂgﬁ%l ﬁ%ﬁ%t@vﬁlo% cSIRERRAFbRIRF BbMBEHE3 &P BMurs.

n one exa resent 1 nvention conprises co ounds of
For mul a Xhite blood gelis “@rﬂjlseiatﬂﬁ fromi thei teaatad whale hiopd yig %@"@?@e@s N out

her ei n I [ of A A,
11 o e BT RoM3He Whisp h05 oS 3pA AR s g R ROt T A
I'n oné s(loading eenirdiwasf revealad by westerLabNg. BB Viteo rexulls irdicated Mot

compound 3 induces clAP-1 loss in mice blood.

FIGURE 5 demonstrates in vivo modulation of clAP-1 in mice white cells. Compound 3
was administered to CD-1 mice by i.v. bolus injection as the indicated dose. After 1 to 48

10 hours the animals were- sacrificed, the blood collected, the white cells were isolated on
Ficoll gradient and the protein extracted. The relative amount of clAP-1 and tubulin
(loading control) was revealed by western blotting (shown below at 3 hr time point}.
Results indicated that compound 3 induces ciAP-1 down regulation in mice white cells,
using ex-vivo detection methods.

15
FIGURE 6 depicts a MDA-MB-231 Human Breast Cancer Cell Line Xenograpt Study with
compound 24 (1 mg/kg). Female CD-1 nude mice (approximately 20-25 g) were
subcutaneously injected with 1 x 10° MDA-MB-231 human breast tumor cells in 50%
matrigel subcutaneously in the right flank. On day 55, when tumors were approximately

20 100 mm®, treatment was initiated with compound 24 treating with compound for 5
consecutive days followed by 2 days with no drug treatment for the duration of the
experiment. Tumor size was measured with digital calipers and calculated as V= (a x
b?)/2, wherein, a is the longest dimension and b is the width. Circles — 20 % HPCD control;
diamonds — compound 24.

25
Figure 7 demonstrates in vivo modulation of clAP-1 in rat white cells. Compound 24 was
administered to rats by i.v. bolus injection. After 1 to 48 hours, the blood was collected, the
white cells were isolated on Ficoll gradient and the protein extracted. The relative amount
of clAP-1 and tubulin (loading control) was revealed by western blotting (shown below at 3

30 hrtime point). Results indicated that compound 24 induces clAP-1 loss in mice white cells,
using ex-vivo detection methods.

DETAILED DESCRIPTION OF THE INVENTION
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I'n one subset, for conmpounds of Fornula I in which BGis -X-L-X -, the

I nvention conprises conpounds of Fornula la through Ic: | a |Ib WO
2007/ 104 1W2RET/ 1048207/ 000428 wherein L, X, X1, A Al, QpCQrA2ed7/000d23, R2,
R200, R3, and R30 are as defined herei nabove and hereinafter. One

further subset of the aforesaid conpounds conprises conpounds of Formula 1
| a 5through 1.1c: wherein L, X, X1, A Al,RL00, -R2

R200, 00, ,
RA(r), HBMERY CREBS aaf# ethgs digedsesean HeTeauiatios GEIADSdNdHsed by gepe de 53"93{;3 one o

subset, g%eﬁeﬂ% Qéz rE&ﬁé%e%n'don!elaté/&leah |ﬁ99é§ed'r§s|§taﬁdeto éd@ptdsisvent i on
conpri se or mul R255 N - - R1IW R20 ereln L, X

X1, A Aonver SelmOUfF&SU“Rﬁ:OQW ﬂF& celt@(dﬁpreqagd ﬁh@ﬁiﬂ@'&?@ ‘agred;@F‘?’ ‘é‘?j Oher ei nabove
and her ehBRbiHefapeutic agents and to death receptor agonists such as TRAIL. It is believed that

5 a small molecule, which will antagonize IAP function, or a loss of IAPs from diseased
cells, will be useful as a therapeutic agent. We report herein that compounds of the
instant invention can directly bind to IAPs, cause a down regulation of IAP proteins in
cells, and induce apoptosis in cancer cells. Furthermore, compounds of the instant
invention have demonstrated synergistic effects in combination with clinicaily relavent

10  agents used in the treatment of cancer.

We have discovered a novel series of bridged compounds, which bind to the intact cellular
IAPs and resuits in profound, sustained IAP protein down-modulation and enhanced
cellular apoptosis of cancer cells through enhanced release of active Caspase 3. This

15 biological response has been observed in various cell lines derived from human breast,
pancreatic, colon, lung, ovarian cancers and primary human leukemia and lymphoma
cells. The compounds were found to be highly synergistic with Death Receptor Agonist-
mediated killing, such as TRAIL, TRAIL Receptor Monoclonal Antibodies and TNF-q, ina
large and comprehensive range of cancer cells. Based upon these findings, the

20  compounds will find application in treatment of many cancer types, such as solid tumors
and tumors originating from the hematopoietic system. Moreover, the compounds of the
present invention may also find application in preventing metastatic cancer cell invasion,
inflammation, and in other diseases characterized by cells that are resistant to apoptosis
via upregulation of any one of the IAPs. As shown in Figure 3, compound 3 is capable of

25  inducing the complete loss of c-IAP1/2 proteins from multipie tumor cell lines at
concentrations of less than 10 nM. Other compounds of the instant invention were shown
to display a similar ability to induce time dependent IAP loss from cancer cells. This loss

in IAP proteins strongly correlate to the EDsg in SKOV3 cells.

30  The ‘bridging’ of two IAP BIR binding units, M1 and M2, described in more detail below,
using an appropriate ‘bridging unit’, linked to one of the pyrrolidine rings, provides bridged
IAP BIR binding compounds, which demonstrate significantly increased anti-cancer activity
(10-1000 fold), as compared to their monomeric units. This improved activity results from
an improved ability to bind to the BIR domains of the intact IAPs, and resulits in the

35  induction of apoptosis in various cancer cel! lines.
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Any and each individual definition of BG as set out herein may be conbi ned
with any and each individual definition of Core, IRlL, R2, R100, R200, R3,
R3, A AWQA441E2 as set out 15herein. X and XI: WO PCT/CA2007/000428

2007/ 104162PCT/ CA2007/ 000428 I n one subset of the aforesaid conpounds, X

and X1 are independently selected from1)O0. 2) NR13,
3) S. 54) A-C6 alkyl-0-, 5) C1-C6 alkyl, 0O N6) H O .AN7) HH, 00 A :Si
8 H 01090, O In one exanple X and X are independently sel ected

from 134) i ' gl Sedr JPtld UmRlunds 8NHle X1 as set
out " her Sl freiors ?3%?2@9%%&%?39%3%@35ch e ile unds BNfe e o of
Core, L prasenfbyeriion. Rpecifiiaiy, tRessincinge I)N@mlnma,ﬁac@m@tpf #8d BG as set out
herein. uhierdyfrofdife SO 9h 1R stbRGRMERFE tHe SNBRRYREIRIInelbdng, MPhE Gkt from
5  moieties themselves, including stereochemistry, regiochemistry, and the rigidity of the
linker system, iv) alkyl substitution at R! and R'®, and v) the substitution pattern at R?,

R0 R® and R¥®,

For ease of description, throughout the description, the compounds of Formula t and

10 Formula Il, may also include the use of the terms P1, P2, P3, P4 and P5. These terms
refer to the amino acids or modified amino acids within either of Formula | or Il. The
following illustrates the use of the terms:

15 wherein the waved line represents a covalent bond to another BIR binding unit.

The compounds of the present invention may &lso be represented by Formula 3 or
Formula 4 in which M1 and M2 represent independent BIR binding domains.

M2 ’ R
N ; 100
A e
&J N

s A
JAED .

20 3

30



1) -C1-C20 al kyl-, 2) -CC7 cycloal kyl-, 3) -aryl-, 54) -biphenyl-, 5) -
heteroaryl -, 6) -G -c6al kyl-(C2-C4 al kynyl)-C1-C6 al kyl- 7) -C1-C6 al kyl -
aryl - C1- O802P&A1041628) -aryl-Y-aryl-, 0 .rr<, 109)H o, oPCEH/CAGYI7A@RE 06 H
wherein the al kyl and cycl oal kyl are optionally substituted with one or
nore R6 substituents, and the aryl, biphenyl and heteroaryl are optionally
substituted with one or nore Rl substituents. 15 Typical exanples of L
include 5 20 WD 2007/k94162PCT/ CA2q97Fé_(BO4%80 Any and each

i ndividual definition of L ag set Qout j&he' iy1 may be conbined with any and

5each individual definition%™Corks ,uf, F21, R2, RL00, Rag), RS,
R300, R20, x, -,1, x Q or q,ése o® herein. r:
BG

RZ H O A
4
wherein R', R?, R'®, R®, R® R¥, R®, A, A’, Q, Q", and BG as defined herein, and the
dotted line represents a hypothetical dividing line for comparing the substituents
5 associated with M1 and M2.

In one subset of Formula 3, M1 is the same as M2 and the dotted line denotes a line of
symmetry. In another subset, M1 is different from M2.

10 in one subset, compounds of Formula 4 are asymmetrical about the dotted line. In
another subset the substituents on M1 and M2 are the same. In another subset, the
substituents on M1 and M2 are different.

One skilled in the art will recognize that when M1 and M2 are the same, the R', R% R%, R®,

15 RS R, RS RO R R R R™r,m,Y,A Q and X substituents in M1 have the same
meaning as the R'®, R*, R*, RS, R®, R, R®, R®, R, R", R, R, r, m, Y, A", Q', and X'
substituents repesctively in M2. When M1 and M2 are different, at least one R, R34 R'®,
R™ R* RS, RS, R’ R, RY, RO, R, R™, R™,r,m, Y, A A", Q, Q' X, and X’ substituent is
different in either of M1 or M2.

20

9 10

Alternatively the substituents in M1 can be defined as R', R%, R’, R®, R® R", R®, R% R™,
RY R%, R r,m, p Y, A Q and X ,and those in M2 can be defined as R0, R%0 R0,
RO RE0 R700 RE00 QI 1000 1100 R1300 R1400 (1 mt, p', Y', A Q'and X’
respectively. In the case where M1 and M2 are the same, the R', R%, R, R®, R®, R, R?,

25  R° R™ R' R® R™rmY,A Q and X substituents in M1 have the same meanings as
R1OO R200 R400 RSOG RSOO R?D‘D RBOU RQDO, R1000’ RﬂOO’ R1300, R‘MDO’ r1, m1' Y‘l , A1, Q‘l and
X' respectively in M2. In the case where M1 and M2 are different, at least one of the

aforesaid substituents is different.
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In the aforesaid aspect, r is an integer of 1, 2, 3, 4, 5 6, 7, 8, 9 or
10. 10 Any and each individual definition of r as set out herein may be
conbi ned wotho7ayiéand each i ndi vi dual definition of Cor BCTAA2007/0M428 R1, R2,
woo, Rz200, R3, R300, R20, Q QI, X and X' as set out herein. 15More
explicitly, the invention conprises conpounds of Fornmula 1.1 through 1.18:

Ri oONR3 00 N-R1 R200R300 WO 2007/ 104162PCT/ CA2007/ 000428 Ri!'cr Fi 2 Ho
R2Pr NH HN O, Ftm 5 1.8

The compounds of the present invention are useful as BIR domain binding compounds in
mammalian 1APs and are represented by either Formula | or Formula il. The following are
embodiments, groups and substituents of the compounds according to Formula l and

5  Formula Il, which are described hereinafter in detail.

Aand A"

In one subset of compounds of Formuta | or i, A and A' are both CH..
10 In an alternative subset of compounds of Formula 1 or il, A and A’ are both C=0.
In another alternative subset of compounds of Formula | or I, A is CH; and Alis G=0.

In another alternative subset of compounds of Formula | or Ii, A and A’ are both
15 C{O)OCHs.

In another alternative subset of compounds of Formula | or Il, A and A are both C(C)OH,.
20  Any and each individuai definition of A and A! as set out herein may be combined with any

and each individual definition of Core, R, R?, R™®, R*, R®, R*®, Q, Q', and BG as set out

herein.

Core:

25  Therefore, for compounds of Formula |, the present invention comprises compounds of
Formula 1A through 1C:
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0 HNR1001.13 co Al HOO " rt=z-it-N OHH R200 0 HN+Rlal.14 o H Rl Q.AILNH
N R 30cO 1.17 whereinr, A A, Q Ql,Few, R2, -200, R3 and R3 are as
defi ned H&EPe0dIdI6e. 10Al ternatively nore explicitly, tRETIGAZOGTO0OS
conprises conpounds of Forrmula 2.1 and 2. 2:

H 8200
/[g/ r\ R100
R¥0 &
BG
Hoo R
R1NJNHN
- 1
RZ H O A
1A
1
Qé o) |;| 3200
N 4 100
AR
R3°°\$(\2
BG

H O RS

[

. N
R1N\_)I\N/Hrl?

5
s. 1 200
6 \[(\ R100
R300
W0
R,.N\;)kwiw
RZ H O A
1C
wherein BG, A, A", Q, @', R", R"™ R? R™ R® and R*® are as defined hereinabove and
hereinafter.
10

In one example, the present invention comprises compounds of Formula 1A.

In an alternative example, the present invention comprises compounds of Formula 1B.
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2.1 NHNH 2.2 5wherein A, A, Q Q, R, R100, R2, R200, R3 and R2 are
as defined hereinabove. RL and Rl: In one subset of the aforesaid conpounds
Rl and Fewar2oioste2H. 10l n one subset of the aforesai d TOWEAANMTIHORLS and Rw
are both Cl1-C6 alkyl. In one exanple, RI and R10 are both CH3. Any and
each individual definition of al and R155 as set out herein may be conbi ned
with any and each individual definition of Core, A Al, R2, R200, R3,
.-.300, Q B, Bl, and BG as set out herein. 5 R2 and 00 -1 ne subset
of the’ dF 3rabes AleEEHiNS BTRIEPIRONS REFSRDHEVelten RPRE CRRIRGT Odst T el 1 y
subtitutyegd with OH I n one exanple, R2 and R2513 are both CH3. In another
exanpl e, R2is CH2OH and R355 is CH3. 10 In another exanple, R2 and R255 are
both CH2OH. I n anot her exanple, R2 and R255 are both CH2CH3. Any and each

i ndi vi dyglerghaléip] dinfidupls B GitliaRPEImEBeTempoutddfFaimulaA drel 2Binbi ned with
any and each individual definition of Core, A Al, R1,00, R1 R3, R350, Q

QL, and BG as set Qal 4 o
H  geoo
N N S 100
3 oy
R B 2 H

H

0 R3
i A A
- |
RZ H O A

2A

Ql 4
Ao
i,ﬂ%’ R200
N N f
-R100
R20 Z)I/\'I\I
BG H
SR UE
R '?‘)\H/N
RZE H O A

wherein BG, A, A', Q, @', R", R"®, R, R® R%, R¥" and R? are as defined hereinabove

2B

10  and hereinafter.
In one example, the present invention comprises compounds of Formula 2A.

Any and each individual definition of Core as set out herein may be combined with any
15  and each individual definition of A, A", R', R?, R'®, R, R®, R™, R? Q, Q', and BG as

set out herein.
BG:

In one subset of the aforesaid compounds, BG is =X-L-X'-.
20
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150ut herein. R3 and R300: In one subset of conpounds of Forrmula I, R3 and
R355 are both Cl1-C6 al kyl. In one exanple, R3 and R355 are both C(CH3)3. 20
| n subsetwoearampioeinds of Formula 11, R3 is Cl-C6 al kyl PCT/GA20W8/080428pl e, R3
is C(CH3)3. Any and each individual definition of R3 and R3G as set out
herein may be conbined with any and each individual definition of Core, A,
Al, R1, R100, R2, R200, O, Ual, and BG as set 25out herein. Qand In one
subset  oflnOAE sEbLAGEEANRAYAES OHTIMUB ldn whigh BG is ok -NRAREVERI®Sr ei n R4 and
R5 are a ' | Sy .individual definition of Q and
Vas set ?ﬁ%ﬁ%\mﬁd&@dgg%omi’ né%ﬂf\fmo@q&hy and each individual definition
of Core, A Al, R, R100, R2, R200, R3, 11-300 and BG as set out herein.
35 R4 and Rs: WD 2007/ 104162PCT/ 007/ 000428 I n one subset of the

af oresai d conpounds in which A and“AA'ar® bejh =6, R4 is Hand R6 is

sel ected from 1)4-Cl-C6 al kyl 2)4-C2] ,%ﬁnylr 5@061- C2-C4 al kynyl,
4)4-C3-C, cycloal kyl, 5)4-C3-C2 cyc paNke 7}’5)\4}1- ryl, 7)4-heteroaryl,
H

108) 4-heterocyclyl, or 9) 4-hetero cl R g
1
X\
L
\
X
I:i o RS
" N\;)J\[}l)\n,N
RZ H O A~
Q 1a
5
Qa1 o H Reoo
N 100
S aat
A\ RO & [
e
\
L
N
X
H O R? \
R*“?J\NJWQ
2 A-
Re H O Q 1b
QL
Al O H  Reoo
N A 100
N \H/\N,R
\ RIO g [,
Xt
\
L
N
X
i;I 0 R3
RTN\;)J\I?I N
R2 H A-q

1¢c.
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wherein the al kyl, al kenyl, al kynyl, cycloal kyl, cycl oal kenyl is optionally
substituted with one or nore R6 substituents; and wherein the aryl,

het er oar Wwo 2tmst1e4i62ycl yl , and het erobi cyclyl is opti onaPCyC32¢5{00442% ed wit h
one or nmore Rl substituents; 15 wherein R6 and R16 are as defined herein.

I n anot her subset of the above conpounds, R4 is H and R6 is sel ected from
1) 4-C1- C6 al kyl, or 4- ar wher e he a | is o

subst i t whetsimi-t% X)né\ 6-r Qv@’yﬁé %qu&% 3Jﬁ£é35and6ﬁ$gy%@§ I%‘erQWéPO\fe
optlonalh Hﬂ%ﬁ%&“ted wi th one R16 substituent; mhereln R6 and R16 are as
defi ned "hérein Exanpl es of the aforesaid subset include, R4 is Hand R6
is selected fromthe group consisting of: WD 2007/104162PCT/ CA2007/ 000428

g o? Ed & me%H%r%ngé{%f HoUrSros it BBmPodHHR cBmpRESs RMifbuRdd of Edraidd.aad C21 are

5 through 1.1¢:
RS\OO
R4GP ~al Q

N

|-'-| 8200

N__A. _R100
: R® g /)

X

oo R
AN
= {
R2 H 0 A__Nr

R 1.1b
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In anot her exanple, Q and @ are both WO 2007/ 104162PCT/ CA2007/ 000428 In
anot her exanple, Qis |In another exanple, Q and al are both El isrs, In
anot her ewergpb7od@2and QL are both 14 KN 1 n anot her BLEGN2007/00488d QL
are both H HN 10l n anot her exanple, Q and QL are both>r 49 WO

2007/ 104162PCT/ CA2007/ 000428 I n anot her exanple, Qand QL are both \ N In
anot her exanple, Qand QL are both In another exanple, Q and QL are both In
anot her exanple, Q and QL are both B?"Pl anot her exanple, Q and QL are bot hCH

HN - Raotg\l A1 Rzoo
A e

Rmo
L
X
H o R®
-y 1 ,R4
RZE H O Aw!
R® 1.1¢

wherein L, X, X1 A, A, R", R" RZ R?® R3 R R* R* R®and R™ are as defined
hereinabove and hereinafter.

In one subset, for compounds of Formula It in which BG is —X-L-X'-, the invention
comprises compounds of Formula 2a:

X
Y
RN N
y A
H o -
Aq

10 whereinL, X. X', A, A", Q, Q", R", R'® R? R* R3and R? are as defined hereinabove
and hereinafter.

2a

Any and each individual definition of BG as set out herein may be combined with any and
each individual definition of Core, R', R?, R, R® R? R A, A’ Q, and Q' as set out
15  herein.

X and X':
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I n anot her exanple, Q and QL are both In another exanple, Q and Q are both
I n anot her exanple, Q and QL are both In another exanple, Q and QL are both
| n anot heWoaRrvtw?2 Q and QL are both I n anot her exanpl ECTOAZNT/0GM28r e bot h
5 1n an alternative subset of the aforesaid conpounds in which A and Al are
both CH2, then R4 and R5 are each independently 1) hal oal kyl, 2)4-C1-C6
al kyl, 10 3)4-C2-C6 al kenyl, -C2-C4 al ky 5) 4- C7. ¢ oaI kyl ,
6) 4- C3- (Tong suhsst nféhqaforegamwounisés amxe@r@ﬁmmer@wem&% CHEUAINEVE
10) 4- het erob|1§bclyl 11) 4-C(0)-R11, 12)4-C(0)0-R11 , 2013) <-(( Y)NR5R9
or 14) 4-S(0)2-R11, WO 2007/ 104162PCT/ CA2007/ 000428 wherein the al kyl,
al kenyl, al kAR cycl oal kyl, cycloal kenyl is optionally substituted with
one or nore ubstituents; and wherein the aryl, heteroaryl,
het erocycl yl ,”"and het er obi cycl yl is optionally substituted with one or nore
R19 Substit ue)Cs-Coalieyt-0Fn Y, R8, R8, R9, R19 and Rl11l are as defined herein.
5 I'n anot her %b%: I& t he above conmpounds, R4 and R5 are independently
sel ected from 681 al kyl , 2)4-C(0)-R11, 3)4-C(0)0-R', or

S’JJ\N)I\

6) H ’HJ,

10 9) o ,0r

15 1)0,

Any and each individual definition of X and X' as set out herein may be combined with any
1
50  and each individual definition of Core, L, A, A’, RY, R?, R'®, R*, R®, R™, R®, Q,Q', and

BG as set out herein.
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104) 4-S(0)2-R11 wherein the alkyl is substituted wth an R6 substituent;
wherein R8 and R11 are as defined herein. 15 or 20 Any and
each i ndi WO 10dBR2i niti on of R4 and R5 as set out her ePRTHARVTOGERDI ned
wi th any and each individual definition of Core, A Al, Rl, R100, R2, R200,
R3, R300, and BG as set out herein. 25R11: WO
2007/ 104162PCT/ CA2007/ 000428 I n one subset of the aforesaid conpounds, Rll
i s 1) Cl- dBong Rybset gt the pfogesaid compounds, L is selected from:

1) —C4-Cy alkyl—,

2) —C3-C; cycloalkyl—,

3) —aryl-,

5 4} —biphenyl—,

5) - heteroaryl-,

6) —C1-Cg alkyl~(C—C, alkynyl}-C+-Cs alkyl—

7) =C4-Cg alkyl— aryl-C4-Cs alkyl—,

8) —aryl-Y-aryl-,

O
H
Hj\N)HTN?
9) H 0 ,0
Q

P

N
10) H

wherein the alkyl and cycloalkyl are optionally substituted with one or more R®

10 r

Cy-Cg alkyl—%

substituents, and the aryl, biphenyl and heteroaryl are optionally substituted with one or
more R'® substituents.
15

Typical examples of L include

SSo L 00 |
‘O

20
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S5wherein the alkyl is optionally substituted with one or nore R6
substituents; and wherein the aryl is optionally substituted with one or
nore R1 sSWOIWIVOEILs; wherein R6 and R19 are as defi ned PEE/GA2007/000I2% one
subset of the aforesaid conpounds, R11 is 1) Cl1-C6 al kyl optionally
substituted with one or two R6 substituents, or 2) phenyl optionally
substituted with one Rl substituent; wherein the R6 and the R16
substituents are as defined hekrein. v indi viidual definition of

R11 as set her i di vi dual

defi ni t| ﬂ‘(-gu-t-i ) @ RL, o F i RO g, K- 300 and BG as
set out herefn: =20l n:one subset’ of the aforesal d corrpounds R6 is

1) hal ogen, 2) NO2, 3) CN, 4) aryl, 255) heteroapyl, 6)

het er ocycl yl, 7) het erobicyclyl, 8) OR7, 9) SR? or 3010 NRBR9 , wherein
the aryl, het eroaryl, heter ocycl yl, and heter ob| cycl yl i pt i onal |y
substltut ed with one or nore R16 substltuents wherei n R7 R8, RO and Ri

are as defined hereln In a ubs t he ai d conmpounds, R6
is 53 1 halo en,

Any and each individual definition of L as set out herein may be combined with any and
5  each individual definition of Core, A, A", r, R', R%, R™®, R?, R®, R*, R®, X, X', Q, or Q',
as set out herein.

r
In the aforesaid aspect, ris an integerof 1, 2, 3,4, 5,6, 7, 8, 9 or 10,

10
Any and each individual definition of r as set out herein may be combined with any and
each individual definition of Core, A, L, A', R, R, R'%, R®™ R® R¥, R®, Q, Q', Xand

X' as set out herein.

15 More explicitly, the invention comprises compounds of Formula 1.1 through 1.18:

ﬁ&

H
R0\
O / N-.R1
RZUH R300 A H
N
H N e}
SN
A1
Q' 1.1
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2) aryl, or 3) NRSR9 , wherein the aryl is optionally substituted with
one R16 substituent; 5 wherein R8, R9 and R16 are as defined herein. In one
subset ofWOI2807A0¢¥6@sai d conpounds, R6 is 1) hal ogen, 2)PEH&€A2007/00042803)
NRBR9 , wherein the phenyl is optionally substituted with one R16

substituent; wherein R8 and RO are as defined herein. Any and each

i ndi vi dual defl nition of R6 as set out her ein may be conbined with any and
15each individual definition of Cor &, EQ,GQ R2, R200, R4, RS,
R3, 11.-.300 and BG as set out herei 'ﬁ I n one subset of

t he aforesai d conpounds, R8 and R9 ar ea’c%/r d’enquy 201) H 2)

hal oal kyl, 3) Cr-C6 al kyl, 4) C2-C6 a nyl g3d tc4 al kynyl, 256) C3-C7
cycloal kyl, or 7) C3-C7 cycl oal ken _,N wherein the ‘al kyl, alkenyl, alkynyl,
cycl oal kyl, cycl oal kenyl is optiona bstituted with one or nore R6
substituents; wherein the R6 SUbStlt&l; r?z?as are as defined herein. 30 In

anot her subset of the aforesaid c R8 and R9 are each independently
1) H or 2) Cl--C6 al kyl, wherein .q.ikyl is optionally substituted with

an aryl. 35
1K
-N N
R ".‘)\I'r
R2 H O Axq 1.2
Qty1 R:zoo
Rwo
RS(X)
HN
Hﬁ R3 o}
R‘IN‘_ N,HrN
R? H
0 Aq 1.3
1
Q'A1 (0] H Rzoo
R100
o} R3°°7!/\
NH
HN
H 3 0]
H
5 O Aq 1.4
1
1.0
A O H R200
N NY'\ ‘R100
N
Q R0 H
NH
BRI
R¢ H
O Aq 15
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WO 2007/ 104162PCT/ CA2007/ 000428 Any and each individual definition of R8
and RO as set out herein nay be conbined with any and each indi vi dual
definiti oWOOTHE2 A. A, Rl, R100, R2, R200, -4, t( RBCTRM20RABHH28Nd BG
as set out herein. 5R19: In one aspect of the aforesaid conpounds, R19 is
1) hal ogen, 2) NO2, 3) CN, 104) hal oal kyl, 5)0W 6) NR8R9, or
7) SW wherein R7, R8, and RO are as defined herein. 15 In another aspect
of the aforesaid conpounds, R is 1) halogen, or 2) 0Cl-C6 al kyl. 20 Any
and each individual definition of R19 as set out herein nay be conbined

wi th any and each individual definition of r A @, Rl, R100, R2, R200,
R4, R5, R3, -300 and BG as set out he -' hatively, the

i nvention provideds an isoner, enantifonmgr, di é@{'gtgfyfsomer or tautoner 25
of a conpound represented by For rrula or Formul wherein nis 0 or 1,

5mis O, 1 or 2; pis 1HOI‘02,R3YI M, O or S
R‘IN d
043 \R200
100
"r 1.6
R100
R‘?GiNH
HN™ ™0
0 0 R300
Q1VA1 N
NH
O.§ ;
O .
HN-§70
“ Q RS 0
RT - N"m/N
5 Q 17
R1N\|1(P HN-R 100
3
ROO
d g 0 0 C,N
AO Algt
1.8
AlQ’

Ao
1.9
R1‘NH 0
< Ro _N Q, ANR™®
R® HN H 1 H R0 200
N N~ N, {NH R
O 0 0 CN
10 A 2y 0
Q Alg?
1.10



LGis 102) -X-L-X1--; X and X1 are independently selected from1) 0, 2)
NR13, 153) S, 4) C-C6 alkyl-0-, 5) 01-C6 al kyl-NR13-, 6) Cl-C6 al kyl -S-

7) Cl1-Co wbiege7/1sye2- 0- 10:csThl , L is selected from BCY/CAZPOIQRBI2R Kyl -
2) -C2-C6 al kenyl-, 3) -C2-C4 al kynyl-, 4) -C3-C7 cycloal kyl-, 5) -phenyl -
106) -biphenyl-, 7) -heteroaryl-, 8) -heterocycyl-, 9) -G -Cs, alkyl-(C2-C6
al kenyl)- Cl1-C6 al kyl-, 10) -CrCo6al kyl -(C2-C4 al kynyl)-C1-C6 al kyl, 1511)

- Cl- Csal kyl - (C3-C7 cycl oal kyl )-C1-C6 al kyl, 12) -Cl1-C6 al kyl - phenyl - Cl1-Cs
al kyl, 13) -C1-C6 al Rythbl phenyl -C1-C6 al kyl, ldy?-Cl-Cs

al kyl - het er oaryl - Cl1- CGZLaJ( yI 15) -Cl_£ | k heferocycyl -c1Cs al kyl,

Q 1.12

S TIY AlQ!
R® HN N+ N
L8 e
o o NN —<~HR200
H H Rm%

O HN-R1001 13

10 Q 1.15
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2016) -Cl1-C6 alkyl-O-Cl-Cs alkyl, 17) -C(0)-aryl-C(0)-, 18)
-C(0)-heteroaryl-C(0)-, 19) -C(0)-(C1-06 alkyl)-aryl-(Cl-C6 al kyl)-C(0) -,
20) - C(0)woQar#wsieal kyl ) - heteroaryl - (Cl1-C6 al kyl) - C(0) PCTEA206200428 C( O) -
(C1-C6 al kyl)-(C3-C7 cycloal kyl)- (C1-C6 alkyl)-C(0)-; Qand QL are

i ndependently selected from 1) NR4R5, 2) OR11l, or 303) S(0)nR1l1; or WO
2007/ 104162PCT/ CA2007/ 000428 Q and QL are independently selected fromaryl
or heteroaryl, being optionally substituted@M th R12 substituents; or Q and
QL are independently 5 Imwherein Gis a 5, %6 or 7 menbered ri ng which
optionally incorporates one or nore hepﬁ?o Osel ected fromS, N or O,
and which is optiopdlly substituted ) or e RL2 substituents, the
ri ng being optionally) with ap~asyl Br a R ryl, the aryl and the
het eroaryl bei ng optR’opR subﬁ_ti ed with OneOCO[NIDHE R12 substituents;
10 A and Al are independepty SeBected from1l) -CH2-,"2) -CH2CH2-, 3)
-CH(C1-C6 al kyl)-, 154) QCH(E3- €Ccycl oal kyl )-, 5) -C3-C7 cycloal kyl -, 6)
-CH(C1-05 al kyl -C3-C7 cycl o&lkyl)-, or 7) -C(0) -; 20R1 a‘Ped R10 are

i ndependently selected from3) H, or 1.

RZOO

o H . R100
Q*Al N{ N
NH 30 H

Oy ~NH

whereinr, A, Al, Q, @', R", R"™, R?, R®" R?and R*® are as defined hereinabove.

10 Alternatively more explicitly, the invention comprises compounds of Formula 2.1 and 2.2:



4) Cl1-C6 al kyl optionally substituted with one or nore R6 substituents;

R2 and R206 are independently H or Cl-C6 al kyl optionally substituted with
one or nOWe 2RE/@ERabstituents; R4 and R6 are independenPCy/CaadEdw@Eds from
1) H 2) Cl-C6 303) C3-C7 cycloal kyl->, 4) hal oal kyl-4, 5) aryl->, 6)

bi phenyl ->, 7) heteroaryl-aryl->, 8) aryl-heteroaryl-?, 59)

aryl - het erocycl yl1->, 10) heterocyclyl-> 11) heteroaryl-4, 12)
het er ocycl y1- >, 13) G -C6 al kyl - GREX O) -1éb, 1014)
hal oal ky1- 0" C(0) - >, 15) C3-@g2 c lNkyI O1C( 0)->, 16)

aryl-0"C(0)-4, 17) heteroaryl - OnCgMa'*,
het erocycl yl -OnC(0) - >, 1519) R8RIONC( ¥ >, C 20) Cl C6 al kyl -S(0) 2->,
21) C3-C2 cycloal kyl - S(0)2->, 22) a S& -4, 23)

het er oaryl - S( 0) 2- >,

QO
0 R?
H
w \)’\N&r“’?
- H
2 Y
R C A 2.1
1
@)
H g2o
N N z
20 7]/\N’R1m
R o
H
NH
0
Q
NH
H O R3
R1'N\.)LN N
- !
R H 0 A-g 2.2

5 wherein A, A', Q, Q", R R'® R? R® R? and R? are as defined hereinabove.

R' and R'®;

In one subset of the aforesaid compounds R’ and R'™ are both H.

10 In one subset of the aforesaid compounds R' and R'® are both C;-Cg alkyl.
in one example, R' and R'® are both CH,.
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2024) heterocyclyl-S(0)2->, 25)fused aryl-C3-C2 cycl oal kyl -->, 26)fused
het eroaryl - C3-C7 27)fused aryl -heterocyclyl--> 28)fused

het er or arWiD-20¢v@iseycl y1- >, 2529)fused aryl - C3- C7 cycl oRCEXGA2@TO00HS - >
30) fused heteroaryl -C3-C7 cycl oal ky1-0"C(0)->, 31)fused

aryl - heterocyclyl -OnC(0)->, or 32)fused heteroaryl -heterocyclyl-0"C(0)->,
wherein the al kyl and the cycloal kyl are optionally. substituted with one or
nore R6 3B eachdrdiddual gghnition ¢f R/ |andifhe’ setebpildiepein Mmay heromuned Wit c| v
are opti oaY dnd el Hdididliaf defiMifidh 7T A, TR, RP® SOREPIHeq! B, BRGNdBG

i ndependently selected from 1) hal ogen, 352) al-C6 alkyl, '3)" C3-C7

cycl oal ky®s se{puhlgreinl kyl , 5) aryl, 6) heteroaryl, 57) heterocyclyl, 8)
OrR7, 9) S(0),"R7, 10) NR8R9 , 11)COR7, 1012)C(0)OR7, 13)0C(0)R7, 14)
SC(0)R7, 15) R9, 16) S(0)2NR8R9, or 1517) N(=Y) NR8R9, wherein the
aryl, iheR%@lggzc\)JE?yl and the heterocylyl are optionally substituted with

one or MkKNBsuBKIDF tHeWREHeSaid compounds R? and R are both C;-Cs alkyl optionally
subtituted with OH,
In one example, R? and R* are both CH;.
In another example,R?is CH,OH and R*” is CHj.
10 In another example, R? and R* are both CH,OH.
In another example, R? and R®™ are both CH,CHs,.

Any and each individual definition of R? and R* as set out herein may be combined with
any and each individual definition of Core, A, A', R, R, R? R%® Q, Q', and BG as set
15 out herein.

R? and R>:
In one subset of compounds of Formula I, R® and R* are both C;-Cs alkyi.
In one example, R® and R*® are both C(CHa)s.

20

In subset of compounds of Formuia Il, R® is C,-Cs alkyl. In one example, R® is C(CH;)s.

Any and each individuat definition of R® and R*® as set out herein may be combined with
any and each individual definition of Core, A, A', R', R'™ R? R™ Q, Q', and BG as set
25  out herein.

Qand Q"
In one subset of the aforesaid compounds, Q and Q' are both NR*R5, wherein R* and R®
are as defined herein.

30
Any and each individua! definition of Q and Q' as set out herein may be combined with
any and each individual definition of Core, A, A', R!, R'®, R? R, R®, R*® and BG as set
out herein.

35 R'andR%:
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R7 is independently selected from 201) H 2) C-C6 al kyl, 3) C3-C7
cycl oal kyl, 4) hal oal kyl, 5) aryl, 256) heteroaryl, 7) heterocyclyl, 8)
C(=Y) NRSRNO 2607/19316T) - C6 al kyl - C2- C4 al kynyl , wher ePATAOAGHE0(9428

het eroaryl, and heterocyclyl are optionally substituted with one or nore
30Ric); R8 and RO are independently selected from 1) H 2) Cl1-C6 aIkyI

353) C3- ?7 cycl oal ?/ WO 2007/ 104162PCT/ CA2007/ QQO@S % h%&%l @Q
aryl, 6) m@neearmaw thayfor@@@rmnguws inyghichofoand &G 258
cycl oal kyb S’I%),% h, 11) CO-heteroaryl, 12) CO heterocyclyl, 1013)
C(0) Y- C1- Ch I C(0)Y. C3. 3 oyel bal kyl 15)G(0) Y- aryl .
1) +-C1—Ca alkyl
2) «C,-C; alkenyl,
5 3) +Co-C, alkynyl,
4) «C4~C7 cycloalkyl,
5) «C3-C; cycloalkenyl,
6) «—aryl,
7) —heteroaryl,
10 8) «heterocyclyl, or
9) —heterobicyclyl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyi is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
heterobicyclyl is optionally substituted with one or more R'® substituents;
15  wherein R® and R are as defined herein.

In another subset of the above compounds, R* is H and R® is selected from:
1) «—C=Cq alkyl, or
2) «aryl,
20 wherein the alkyl is optionally substituted with one or two R® substituents; and wherein the
aryl is optionally substituted with one R substituent;
wherein R® and R' are as defined herein.

25  Examples of the aforesaid subset include, R* is H and R® is selected from the group

consisting of: . (:©, R ; s
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16) C(0) Y-heteroaryl, or 17) C(0)Y heterocyclyl, 15wherein the aryl, the
het eroaryl and the heterocyclyl are optionally substituted with one or nore
R19 substWOugeiw®w416dr R8 and RO together with the nitrog@aT&ASMTI08042Hi ch
they are bonded forma five, six or seven nenbered heterocyclic ring
optionally substituted with one or nore R6 substituents; 20R16 is
i ndependently selected from 1) halogen, 2) NO2, 3) CN, 4) d-C6 al kyl,
255) hal oalk 6) C3-C7 cycloal kyl, 7) CR? 8) NR3BR9,

. 0) nR7, 13) CONR 14) S(0) 2NR8R9,

R6

substi tu ndependosiu'il y ed fr
al kyl - C3 07% %{@ J heteroaryl mor 5)
het er ocyc 2rei n the*>al kyl kyl »e opt, onal ly

or nore R6 substituents, and the aryl, the heteroaryl

IIy SRS tltuted 10 with one or nore R16
séletedfrom

substi t ut ed W|th 0
and the heterocycl
substi tuent s~

©Y°’ @f“@ I ! §

e
“NH

Therefore, when A and A’ are both C=0, then Q and Q' are both ijij

-
\.NH

In another example, Q and Q' are both @

10
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1) C1-C6 2) C3-C7 153) hal oal kyl m 4) aryl-*, 5) heteroarylm6)
het erocycl y1-, 7) Cl1l-C6 al kyl -0C(0) m 208) hal oal ky1-0C(0)-Th
9) C3- C7 Wph@mlok1s2- 0" C(0) m 10) aryl-0"C(0)->, 11) het ePCERICA20@HAE M

12) heterocyclyl-0"C(0)-?, 2513) RBRONC(0)-*, 14) Cl1-C6 al kyl-S(0)m >, 15)
C3-C7 cycloal kyl- S(0),"->, 16) aryl-S(0)m-*, 17) heteroaryl-S(0)mm 3018)
het erocycl yl -S(0)",--), 19)fused aryl -C3-C7 cycl oal kyl, 20)fused

heteroaryl - C3-C7 cycl oal k§, or 21) ( =Y¥=NR8R9, WO

2007/ 104162PCT/ CA200710004 28 wher ein the aNHyI and the cycl oal kyl are
optionally substituted wt 3 s i tuents, and the aryl, the
het eroaryl and the het er o ubstltut ed with one or nore
RL substlntanethies exdmile, @ s - cycloal kyl -->,

N
in another example, Q and Q' are both H

In another example, Q and Q' are both  H

iy p
N
In another example, Q and Q' are both  H .

v

5 In another example, Q and Q" are both

A

%

In another example, Q and Q' are both

&

In another example, Q and Q' are both

L4

8f e

In another example, Q and Q' are both

In another example, Q and Q' are both

10 in another example, Q and Q' are both b4



4) hal oal kyl ->, 105) aryl-), 6) heteroaryl--> 7) heterocyclyl-)., 8) d-C6
al kyl -OnC(0)->, 9) hal oal kyl-0,C(0)-->, 1510)C3-C7 cycl oal ky1-0,C(0)-.,
11) aryl - BMCR)741041622) het eroaryl -OnC(0)--, or 13) het er BEVEAOTO0ERY) - 2;
200r a prodrug, or a pharnmaceutically acceptable salt, or |abeled with a
detectabl e |l abel or an affinity tag thereof. If any variable, such as R6,
R600, Rlo, numr<and the |ike, occurs nore than one tine in any
25constituent structure, the definition of th& variable at each occurrence
i s independent at every other occurrence. | f g bstituent is itself
substituted with one or nore substitHentt I's to be understood that that
the one or nore substituents nay be Mifashed to the sanme carbon atom or
di f f er erlh anathepexatpders amd)ﬁfJiarmindtbﬁg of substituents and vari abl es defined
herein are allowed only if they produce chem cally stable conpounds. 30 One
skilled in the art will understand tpat titution patterns and
substituents on conpounds of the preHNe pventi on may be selected to
provi de ¢co unds t hat .Gal1y ptable and can be readily synthesized
usi ng thleagﬁ gwg,ﬂg,e(?%@??%?%&ﬁhe exanpl €s and chem stry techni ques wel |
known in the art using readily avail arti ng 35materials. WO

b

2007/ 104162PCT/ CA2007/ 000428 It is t fler st ood that many substituents
or groups described herein have functidehat group equival ents, which neans
t hat t helngiother exampiesQiahd @ltarevhgthbe r &pl aced by anot her group or
substituent that has simlar electrqnpic, hybridization or bonding
properties. 5 Definitions Unless ethe egyT1ed, the foll ow ng
definitions apply: The singul ar f . " A "an" and "the" include
correspondi ng plural references unless The J1Ocontext clearly dictates

ot herw se. ; HN s
In another example, Q and Q' are both

ZT
/“"é

14
5  In another example, Q and Q" are both OH
N
L
In another example, Q and Q' are both OH .

HN
in another example, Q and Q' are both b4

HN
In another example, Q and Q' are both ¥

~
In another example, Q and Q' are both ¢



As used herein, the term"conprising"” is intended to nean that the |ist of
el enments following the word "conprising” are required or mandatory but that
ot her el ewor087/@B20pti onal and nay or may not be prese®CI/CABOEHNONEEd
herein, the term"consisting of' is intended to nmean including and limted
to whatever follows the phrase "consisting of". Thus the phrase "consisting
of" indicates that the listed elenents are required or nandatory and that
no ot her elenments nay be present. ZO7 used herein, the term"alkyl" is
i ntended to include both branched & st Lai ght ain saturated aliphatic
hydr ocar bon groups having the specified nur@oercar bon atons, for
exanple, Cl-C6 as in Cl-Cs- al kyl is ddRined as\gficl udi ng groups having 1,
2, 3, 4,Inmnothebexamfio @ and Gi dré bathr or br anched arrangenent, and O -C4 as
in Cl-C4 alkyl is defined as including groups having 1, 2, 3, or 4 carbons
in a linear or branched arrangerrent d for 25exanple, Cl-C20 as in
Cl- C20- alkyl is defined as includitagsg . NHg 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or/géfcarbons in alinear or
branched arrangenent, Exanpl.es of Cl-Cs¥atkyl &nd Cl-C4 al kyl as defined
above i nlangther gamplecQ@pe Q'iare Pl t o, net'hyl, ethyt, n-propyl, i-propyl,
n-butyl, t-butyl, i-butyl, pentyl andﬁhexyl. 30 As used herein, the term
"al kenyl" is intended to mean unsaturatggy straight or branched chain
hydr ocar bon groups havi ng the specified Jnunber of carbon atons therein, and
in which at |least two of the carbo o143 8] bonded to each other by a
doubl e and, and hawin ei,t.her E or egagchem stry and conbi nati ons
t her eof . IMEEIONEL gxNRle. @ANgLY Are PRINS205 ) kEnyl™ i s defined as i ncl udi ng
groups having 2, 3, 4, 5, or 6 carbongin a |linear or 35branched
arrangenent, at |east two of the carbon'iH oms being bonded together by a 64
WO 2007/ 104162PCT/ CA2007/ 000428 doubl.e bond.. Exanpl es of C2-C6 al kenyl
i ncl ude et henyl (vinyl), 1-propeny @ pr c@> |, 1- butenyl and the I|ike.
As used herein, the term "alkynyl® nt enget{-0 nmean unsat ur at ed,
strai ght Imtnprgxwal,eogaang%1 %?éﬁ%‘s havi ng thedsp'eci fied number of carbon
atomsgtherein and in which at |east two carbon atons are bonded together by
atriple bond. For example C2-C4 as in C2- C4 al kynyl, |s defin S
el ui i g1 dispaativagtnggiar thg aespsan campgmsiamBer 1 ancthcah Skt Efe Ten ¢ wo o
the car bn 434 RBrdEARINRDRAGSNt0get her by a triple bond. Exanples of such
al kynyl s 1 nclude ethynyl, 1-propynyl, 2-propynyl and the like. 10 As used
herein, the td)halodld) oal kyr is intended to nean a nonocyclic saturated
aliphatic hyd@pggﬁbgga%gpup havi ng the specified nunber of carbon atons
t herein, for ekanple, - C7 as in C3-Crcycloal kyl is defined as including
gr oup® having32fﬂgr06€WQQYLor 7 carbons in a nonocyclic arrangenent.
Exanpl es of C&%szﬁﬁPﬂﬂﬁhky| as defined above include, but are 15not
limted to, cyclopropyl’, "cyclobutyl, cyclopentyl, cyclohexyl and
cycl oheptyl . ﬁ%*dgegvﬁﬁﬁQﬁWﬂ,i:he term "cycl oal kenyl" is intended to mean a
monocyclic satgyr ak e | {1c hydrocarbon group having the specified
nunber of car? nq% gﬁékkﬁgégwh, for exanple, C3-C7 as in C3-Crcycl oal kenyl
i s defined as 7}medMdi ng groups having 3, 4, 5, 6, or 20 7 carbons in a
nmonogyclic arrg@ngenen Exanpl es of C3-C7 cycl oal kenyl as defined above
inclﬁée, but éﬁe not %Vhited to, cyclopentenyl, and cycl ohexenyl. As used
herein, the té&)mhdiemoeychdr "hal ogen" is intended to nmean fluorine,
chl ori ne, brombmg4ﬁﬂgpgggﬁﬁe. 25 As used herein, the term "hal oal kyl" is

Y

intended to nean an a as defined above, in which each hydrogen atom nmay
be successi vely)re@MQAd¥Y by a hal ogen atom Exanpl es of hal oal kyl's i ncl ude,
but are not |iytegdg.rT -12F, CHF2 and CF3. 30As used herein, the term
"aryl", either Ion% or g@ conbi nation with another radical, neans a
carb@yclic ar@atCEMIRAEyYel i c group containing 6 carbon atons which may
be further fu3ﬁ6+£§c§_§acond 5- or 6-nenbered carbocyclic group which may
be aromatic, sa ura& 8 of unsaturated. Aryl includes, but is not linited
to, phenyl, indanyl, 1-naphthyl, 2-naphthyl and tetrahydronaphthyl. The
aryls may be connected to another group either at a suitable 35position on
the cycloalkyl ring or the aromatic ring. For exanple:
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65 Arrowed |ines drawn fromthe ring systemindicate that the bond
may be attached to any 5of the suitable ring atons. As used herein, the
term " bi pieg7710#12i nt ended to nmean two phenyl groups b86@€R260@eMRr at
any one of the available sites on the phenyl ring. For exanple: 10 As used
herein, the term "heteroaryr is intended to mean a monocyclic or bicyclic
ring system of up to ten ato wherein at |east one ring i s aromatic, and

cont ai nsWhergimthe glky!, ﬁ'é?@%c?”%‘&'rrﬂ‘%‘@’@btcéﬁloﬁ"f‘w sioptionaly subsied WMithg of o,
N, and Sanersﬁn&etréréaaémber&y%wwm | ﬁetaidaaﬁh@%rsé Werandi @ a ring

car bon atom or one of the heteroatons. npl.gs of het eroaryl groups
i ncl ude, hggfobigyeylisprtionaiiy %ﬂ’sf'@tqdﬁ‘?'@ﬂﬂe OTMQﬂn sHbsbluents: benzo[ b t hi enyl ,

fury!, bgRgehuy a:qhs ROYRENGR'Y SRDANGMNG Aggln. chromenyl, xant henyl,
2Hpyr roI yl, pyrro I m dazol yI pyr azol yI pyridyl, pyrazinyl,

pyri M di nyI pyri da2| nyl, indolizinyl, isoi ndoI yl, 3H-| ndol yl, indolyl,
i ndazol yjy, arBtHe'r B¥set 6Hh8'éb1%é| mﬁaohd?,!fﬁmw% i eﬂéhdaaﬂhyéele&@a frahmazi nyl ,

napt hyri di nyl qU|noxa I ny qui nazoli ci nnol i nyl eridinyl,

20i sot hi azol yf Gokomanyl , chromanyl, isoxazolyl, fur azanyl, indolinyl,

i soi ndol i nyl, 2)t<—b§é ho 4, 5 N- pyridine, and WO 2007/ 104162PCT/ CA2007/ 000428
As used herein e term "heterocycle", "heterocyclic" or "heterocyclyl" is
i ntended to n®anC4OK-RE, obr 7 menbered non-aromatic ri ng system contai ni ng
fromgl to 4 h@)t(_e_rs selected fromthe group consisting of 0, N and S.
Exanpl es of heter clés include, but are not linmted to pyrrolidinyl,

t et rahydﬂb?rﬁméhg'lalky Sp@bﬂﬁmd wwyam&ﬁnsn@qtntuqnt perazinyl, H NH HN. 1

S5i m dazoy4, & a1 ol i nyl, pyrazol i di nyl, pyrazolinyl,
and0 , As %Ee haer ei ngﬂ:'l %ea‘!t}fgrelrjn%%%t{er obi cycl e" either alone or in
conbination with another radical, is intended to nean a heterocycle as

defi ned above fused to another cycle, be it a heterocycle, an-gyl or any
other cycle defined herein. Exanples of such heterobi ch ude, but
are not | i co enzol dlLk 1, iQxal e,05 .

G hydr ol "8['%??%‘ RS anBaGTe R R R R 7] o o e

used herein, -Fn1 "heteroaryl” is intended to nmean a nonocyclic or

bi cyclic rlng : emof up to ten atons, wherein at |east one ring is

aro ic, stains froml1l to 4 15hetero atons selected fromthe group
consi'sting of 0, N, and S. The heteroaryl substituent may be attached
either via a ring carbon atomor one of the heteroatons. Exanplgsxof

het eroaryl groups include, but are not limted to thienyl, benz dazol yl ,
benzo[ b] {rharpithdr subset vt the Rénesdidi cempbundeyRaieY3(O)CKpdrelRbEUFANYT, romenyl ,
xant henyl, pyrrolyl _ pyrrolyl, imdazolyl, pyrazolyl, pyridyl, pyrazinyl,
pyrlnldlnyl , >=E|nyl 20i ndol'i zi nyl, isoindolyl, 3Hindolyl, indolyl,
, 4H—qU|noIizinyI, i soqui nolyl, quinolyl, phthalazinyl,
napt hyri difnyl”, qui noxal i nyl, qui nazolinyl, cinnolinyl, pteridinyl,

i sot hi azolyl, isochromanyl, chromanyl, isoxazg|yl, furazanyl i ndol i nyl,

and i soi ndol i nyl, l{\)@
In another subset of the aforesaid compounds, R* is and R is
‘.(\,/©/F
or .

20
Any and each individua! definition of R* and R® as set out herein may be combined with
any and each individual definition of Core, A, A', R', R'®, R%, R, R®, R*®, and BG as set
out herein.

25 RM™:
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As used herein, the term"heterocycle", "heterocyclic" or "heterocyclyl" is
intended to nean 25a 5, 6, or 7 nenbered non-aromatic ring system

cont ai ni NgOf20@0d1620 4 het er oat ons sel ected from t he gr 8GP/GAcMTI08e428 g of O,
N and S. Exanpl es of heterocycles include, but are not limted to
pyrrolidinyl, tetrahydrofuranyl, piperidyl, pyrrolinyl, piperazinyl,

i m dazol i di nyl, norpholinyl, imdazolinyl, pyrazolidinyl, and pyrazolinyl,
30 As usdulohesghset ofithe afosesaid ¢ompousds.ont' is intended to nean 0, Sor N WO
2007/104%?2@CT/CA2007/000428 As used herein, the term"actived diacid" is
intended to " nean a diacid wherein the carboxylic acid noieties have been
transforned td)Ciebs akyhpl e, but not limted to, acid halides, a succinate
esters, or HC%&a ters, either in situ or in a separate synthetic step. For
exanpl e, succimnyl’’chl oride and terephthal oyl chloride are exanples_ of

"di acd SwHerein truealkyl is-fBonaliytseibstitatad with ohe orraré R® substituepts; Bed whesgiment of

a diacidwth a dehydrati ABTU, or others, a base
such as IHI“?D@(I |S§R§0|ﬁ&tsul})ﬁqﬂg%9§@ip %‘r&t}]rgﬁge Igtﬁ):lgt\'/l%érﬁ& e reaction of an
act i vat edviiirein iRI ant RY° are asrdefired\hérint esul t in the conversion of the acid
functionality to an am de functionality. 10 As used herein, the term
"detectable label"” is intended to nean a group that may be linked to a
conmpound of the present invention to produce a probe or to an I AP BIR
domai,n, such that n the obe is ass@ciated with the BIR domain, the
IabellBaI ﬁgﬁgeé{}qﬁ%\ﬁp@pp&?saﬁ c‘?rﬂﬁ‘?"lngﬁ'fﬁréscogni tion of the probe so that it
may be det ect e C,nEaslkyl ogticrialy quisstitiitéd with olsontmeR sabetitnents,fe t er m

"affinity tag",,is intended t n, a,li @40 roup, which is 15linked to
either a conpcﬂﬁge%\goP{E@am@@%ﬁﬁ’??%W@h?'%gﬁ 5PE’?tgueé{ﬁ’ | AP BIR domain to allow
anot her cghgpsibise RbadbtheR'? sutistitiehtsene as definedimeneibo whi ch the |igand or
group is attached. As used herein, the term"probe" is intended to nean a
conmpound of Forrmula | which is 20l abeled with either a detectable |abel or
an afifi n:Any él;rﬁighacﬁlmfﬂiwﬂatl: Beﬁrﬁtidga:ﬁ&ﬁ & sdt obt mfeingnayehd brﬂnbinﬁd/wltle Bhy gnar
non-coval ently, to.an. | AP BI oyl N4 2 Lok £ ~adohe IS
non- covaleé‘?E‘ I'%'%Ma?ﬁq'qonrﬁﬁﬁ% ﬁg?%'g? a&tﬁﬁ%yka ’tr'gd)s“ti J ’ci%)n'ﬁou Bd%ﬁgﬁsaf or
exanpl e, dupfeirpbe i s bound covalently, it may be used to form cross-I|inked
adducts, which may be quantified and inhibited by a test conpound. 25 As
used herein, the term"optionally substituted with one or nore
substitueggfks” or its equivalent term"optionally substituted with at |east
one substituent” is intended to nean that the subsequently descri bed event
of cizrocuﬁEP&ﬁééQSE‘r‘r&Vhﬁﬁ?ﬁ‘Fﬁ?ﬂ'ﬁ’lﬁ?mB‘&Wﬁ 6Zliﬁd that the description includes
i nstances wherg Haltgegvent or circunmstance occurs and instances 30in which
it does not. The definition is intended to nean fromzero to five
substituents. 49MNQhe substituents thenmsel ves are | nconpati ble with the
synthetic net hpgy,0of the present invention, the substituent nmay be
protected with a suitable protecting group (PG that is stable to the
reaction condiPi@fs used in these nethods. The protecting group may be
35remgved at a5)3ididrgdtyle point in the reaction sequence of the method to
provi de a desired 68 WO 2007/ 104162PCT/ CA2007/ 000428 i ntermnedi ate or
tar get conpourk).hetipeysll.e protecting groups and the nethods for protecting
and de- prot ectiygtfbhibiygnt substituents using such suitable protecting
groups are well known to those skilled in the art; exanples of which nay be
found in T. G®&MR and P. Wits, Protecting Groups in Chenical Synthesis
(3rd ed.), Johsygffl gy & Sons, NY 5(1999), which is incorporated herein by
reference inits entirety. Exanples of protecting
30 10) NR°R",
wherein the aryl, heteroaryl, heterocyclyl, and heterobicyclyl is optionally substituted with
one or more R substituents;

wherein R’, R®, R® and R'? are as defined herein.

35  Inanother subset of the aforesaid compounds, R® is
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groups used throughout include, but are not limted to Fnoc, Bn, Boc, CBz
and COCF3. In sone instances, a substituent may be specifically selected to
be react iWe2007de4162 he reacti on conditions used in the nmBCREAS005f009428 S

i nvention. Under these circunstances, the reaction conditions convert the
sel ected substituent into another substituent that is either 10useful in an
I ntermedi ate co ound in the nethods of this invention or is a desired
substituent ih DLg&F'get conpound. Abbreviations for a-am no acids used

t hroughout ar® g3 4©l | ows: Amino acid Abbreviation a-Anno butyric acid Abu
Al ani ne Al a Ar I pe Arg Aspartic acid Asp Asparagi ne Asn Cysteine Cys

G utamc amoG%"ﬁF% utamne Gn Gycine Ay Isoleucine Ile Hstidine H's

wherein the aryl is optionally substituted with one R substituent;
5 wherein R®, R® and R are as defined herein.

In one subset of the aforesaid compounds, R® is
1) halogen,
2) phenyl, or
10 3)NRIR®,
wherein the phenyi is optionally substituted with one R'® substituent;
wherein R® and R® are as defined herein.

Any and each individual definition of R® as set out herein may be combined with any and
15 each individual definition of Core, A, A", R', R'®, RZ R, R*, R%, R?, R*® and BG as set
out herein.

R? and R®:
In one subset of the aforesaid compounds, R® and R® are each independently
20 1) H,
2} haloalkyl,
3) C1~Cs alkyl,
4) C,-C;s alkenyl,
5) C,-C4 alkynyl,
25 6) Cs~C7 cycloalkyl, or
7) Cs-C; cycloalkenyi,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkeny! is optionally substituted with
one or more R® substituents;
wherein the R® substituents are as defined herein.

30 )
In another subset of the aforesaid compounds, R® and R® are each independently
1}H, or
2) C~Cs alkyl,
wherein the alkyl is optionally substituted with an aryl.
35
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Leuci ne Lou Lysine Lys Methionine Met Phenyl al ani ne Phe Proline Pro Serine
Ser Threoni ne Thr Tryptophan Trp WD 2007/ 104162PCT/ CA2007/ 000428 Am no
aci d Abbrwoizen71e4e6Tyr osi ne Tyr Valine Val As used her ePQT/GARRO7{080428
"residue” when referring to a-amno acids is intended to nean a radi cal
derived fromthe corresponding a-am no acid by elimnating the hydroxyl of
t he carboxy group and one hydrogen of the a-am no group. For exanple, the
ternms G rAnyAing easitindividuabdefiitipn ok an@iRE as Set gutihergin ®ay be Aombireddvithy r
represent resi - tap.pe,, i aliapiongyz ghoyGhangs 30| ine,
L- ar gi ni nag&%ﬁgae%%ﬂaﬁ%ﬁ@du%];ﬁiéa‘[nﬂkﬂﬁﬁgﬁy ’é’ gﬁ%\é,ﬂ L’?Rséfﬂi n’gr,h 'E'e%a(-’:m?ﬁgw

L- cyst el res set oatdpaeingi ne, and L-tyrosine, respectively.

5 R
in one aspect of the aforesaid compounds, R is
1) halogen,
2) NOg,
3)CN,
10 4) haloalkyl,
5) OR’,
B6) NR®R®, or
7) SR’;
wherein R’, R®, and R® are as defined herein.
15
In another aspect of the aforesaid compounds, R is
1) halogen, or
2) OC;-Cs alkyl.

20  Any and each individual definition of R'® as set out herein may be combined with any and
each individual definition of Core, A, A", R, R'® R% R R* R® R® R* and BG as set
out herein.

Alternatively, the invention provideds an isomer, enantiomer, diastereoisomer or tautomer

25  of a compound represented by Formula | or Formula 2:

]
Qat o0y R200

NJJ\/!\'I . _R100
6{—1 Rsoo\ﬂo/\'_liN

(LG
oo Ror
R1.N\/IJ\N/H_‘,N
= f
RE H O A-q
|

55



As used herein, the term"subject"” is intended to nean humans and non- hunman
mammal s 10such as prinmates, cats, dogs, swine, cattle, sheep, goats,

hor ses, rwDlDE784I62t s, m ce and the |ike. As used herei RCTAGAZ0X7HPH2E
"prodrug” is intended to nean a conpound that rmay be converted under
physi ol ogi cal conditions or by solvolysis to a biologically active
15conmpound of the present invention. Thus, the term"prodrug" refers to a
precursor of a conmpound of the inventionF;Hﬁ_ | yphar maceutical l'y
acceptable. A prodrug may be inggjyveoor Qis' AY limted activity when
adm ni stered to a subject in ne&d’{he , WUt 1is converted in vivo to an
active conpound of the present invéntion\ Tbically, prodrugs are
transforned in vivo to yield the c oun Gﬂf the invention, for exanple, by
hydrol ysis in 20 bl ood or other organs by,¢hzymatic processing. The prodrug
conpound often offers advantaggs @f sgdu \ jty, tissue conpatibility or

del ayed rel ease in the subjectﬁ(sge, unggapd, H., Design of Prodrugs
(1985), pp. 7-9, 21-24 (El serlery "qu an). The definition of prodrug

i ncl udes any coval ently bonded ¢$rrner$)thGQ!release t he active conpound
of the invention in vivo when such prodrug is adm nistered to a subject.
25Pr odrugs of a conpound of the present®invention may be prepared by

nmodi fyi ngydpggt i onal groups present in the conpound of the invention in
such a way that the nodifications are cleaved, either in routine

mani pul att®® i n vivo, to a parent compound of the invention. As used
herei s, thespergpspharnmaceutically acceptable carrier, diluent or
excipient"” is 30intended to nmean, without limtation, any adjuvant,

carrier, Féb?(ﬂi?ﬁQént , glidant, sweetening agent, diluent, preservative,

dye/ col oraptnHfbaver enhancer, surfactant, wetting agent, WO

2007/ 104162PCT/ CA2007/ 000428 di spersi ng agent, suspendi ng agent,

stabilizer, isotonic agent, solvent, enulsifier, or encapsul ati ng agent,
such as g digosone, cyclodextrins, encapsulating polyneric delivery systens
or pol yethyl eneglygol matrix, which is acceptable for use in the subject,
pref dlabl y Bumaxt’ X5 As used herein, the term "pharmaceutically acceptable
salt" is intended to nmean both acid and base addition salts. As used
herein, the term"pharnaceutically acceptable acid addition salt' is

i nt ended XGNQHnﬁ@Hﬂ@WéB@Mﬂe@MfWret ain the biol ogical effectiveness
and propertiesgy the free bases, which are not biologically or otherw se
undesirable, and’ 3ich are formed with inorganic acids such as hydrochloric
acid, hydrobrchiNRacid, sulfuric acid, nitric acid, phosphoric acid and the
l'i ke,jsand orgajjig acids such as acetic acid, trifluoroacetic acid,
propionic acid,’ glycolic acid, pyruvic acid, oxalic acid, maleic acid,

mal oni ¢ aci d, ‘Btfgcgerﬁ“@l‘ﬁaci d, fumaric acid, tartaric acid, citric acid,
benzoi ¢ aci d, STdHé”Q - ff'd, mandelic acid, nethanesul fonic acid,

et hanesul f oni ¢ "aci d, Ekto uenesul fonic acid, salicylic acid, and the |ike.
As used her ei ) Gt alld-8r." phar maceuti cal |y acceptabl e base addition salt”
is intended t r hpse.salts which retain the biol ogical effectiveness
and propertie?WOTWFﬁﬂmﬁgﬁiggcids, whi ch are not biologically or otherw se

undesi rabl e. These |ts are prepared fromaddition of an inorganic base or
an organic base to tjhe free acid. Salts derived frominorgani c bases
i ncl ude, but arei ot TTerited to, the sodium potassium |ithium amonium

cal cidim nagné@iunl iron, zinc, copper, nmanganese, alum numsalts and the
| i ke. Salts 25derived from organi c bases include, but are not limted to,
salts of primary, secoqgary, and

R
o

l
10) YS\f

56



tertiary am nes, substituted am nes including naturally occurring
substituted am nes, cyclic am nes and basic ion exchange resins, such as

i sopr opy | w@izne/108x62 et hyl am ne, di et hyl ami ne, tri et hyl aRCHEA2007/000428
tripropyl am ne, ethanol am ne, 2-dinethylam noet hanol, 2-

di et hyl am noet hanol , di cycl ohexyl am ne, |ysine, arginine, histidine,

caf fei ne, procai ne, 30hydrabam ne, choline, betaine, ethylenediam ne,

gl ucosam ne, nethyl gljucam ne, theobrom ne, purines, piperazine, piperidine,
N- et hyl pi peridine, pdl yam ne resins and the |like. As used herein, the term
"Bl R domai n bi ndi &g™ s\ég'fntended to nmean the action of a 35conpound of the
present invent4sQn up n | AP B R domain, which blocks or dimnishes 71 WO
2007/ 104162PCT/ OOZ/ 000428 the binding of 1APs to BIR binding proteins or
is involved in displacing BIR binding proteins froman | AP. Exanples of BIR
bi ndi ng proteins jnc ude,Br%ut are not limted to, caspases and

m tochondrially I &rﬁ bi ndi ng proteins such as Smac, Qm/WTR2A and
the like. 5As ed hgrein, the term"insufficient apoptosis” is intended to
mean a state whérein a disease is caused or continues because cells

del eterious to the subject have not apoptosed. This includes, but is not
limted tl?is seRRfRfrgng! | s that survive in a subject without treatnent,

cancer cells that survive in a subject during or follow ng anti-cancer
treat®ent, or Dménfec@ak¥ts whose action is deleterious to the subject, and
i ncl udes, 10net r i ponocytes and auto-reactive T-cells. As used
herein, the tgér}mc’g?%eérl%ggﬂ?i cally effective anobunt” is intended to nean an
amount of a cohpéun@s@dkybrnula | or |1 which, when administered to a

subj ect is sufjyi ¢ afite ElBarﬁgli-eCt treatnment for a di sease-state associ ated
with insuffici gnt 3a|o7o tosiS.” The anount of 15the conpound of Forrmula | will
vary dependi ngp)emhemd—.conpound, the condition and its severity, and the age
of the subj eCtG)t—(Bi gn§|Leat ed, but can be determ ned routinely by one of
ordinary skillin"the art having regard to his own know edge and to this

di scl osure. As/)udeteréasylei n, the term"treating" or "treatnent" is intended
to nean treat n—theféfroog 0 di sease-state associated with insufficient
apoptosi s, as disclos 8 herein, in a subject, and includes: (i) preventing
a di sease or cOndhtGeatkyas€nCi alkenylni GHCdatylf.f i ci ent apoptosis from

occurring in uby ¢ i L G _ such mammal is predi sposed to
t he di sease 031@Ogdﬁggxf@£%§g9mgbyg%@g%n di agnosed as having it; (ii)
i nhi BiSti ng a di'Yefs€salkyefbdCs cysloaliyheCi-Giaylwi t h insuf fici ent apoptosis,

i.e., arresti %)gﬁﬁ%mﬁhgﬁ%‘ﬁw%a&%i i) relieving a 25di sease or

condition assocCi apoptosis, i.e., causing regression
of the conditit-CACsalkgbbipberylHC-Coalkyier m "treating cancer” is intended to
mean the adm nj St -atd D raageut ipcal conposition of the present

i nvention to y@ug‘ﬁtgét%!?‘yﬁ‘%@éérygﬁley‘ Etlicn Sownich io atflicted uth
cancer to causth)adlslatkyl leteronyayt-Ci akghicer by killing, inhibiting the

growth, or inhj “Idh“g‘%(?ﬁﬁh’ggg}f ?Sél%ﬁi s of the cancer cells. As used herein,

[
the term "prevebﬂt htended to nean, in the case of cancer,
t he post - sur gi TA-C(Ppaty-C{@Rpt her apy or post -radi ot herapy adm ni stration of

a 35phar maceut jgal ositi f the present invention to a subject,
preferably a hﬁaﬁ{(ag Haeroaryl-(ao?-,
19) =C(0)-(C4-Cs alkyl)-aryl~(C,4-Cgq alkyl)-C(O)-,

20) ~C(O)- (C-Cs alkyl)-heteroaryl- (C4-C; alkyl)-C{O)-, or
25 21) =C(0)- (C+-Cs alkyl)}{C3-C; cycloalkyl}- (C4-Cs alkyl)-C(O)-;

Q and Q' are independently selected from
1) NRR®,
2)OR", or
30 3) S(0)mR™; or
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WO 2007/ 104162PCT/ CA2007/ 000428 which was afflicted with cancer to prevent
the regrowth of the Cancer by killing, inhibiting the growh, or inhibiting
t he net aswasbe/ioitéany remai ni ng cancer cells. Al so i ncl BO&CARFD70NI428
definition is the prevention of prosurvival conditions that |lead to

di seases such as asthma, Ms and the like. 5 As used herein, the term
"synergistic effect" is intended to nmean that the effect achieved with the
conbi nat i @ and Q' neindepgruientis seiéctedioprasd onheterpasiht heing eptignallysybstitiied
chenot her 12 r death receptor agonists of the invention is
greater t‘ﬂgﬁﬁt ﬁéb%?l?ée}{t: 'o\%hi ch is obtained with only one of the conpounds,
agents or agonists, or 10 advantageously the effect which is obtained with
t he conbi i . conpounds, agents or agonists is greater than
t he addi t(?%hhgzp aé)%g'tdgﬁ?rg}c%ﬁ}sﬁobt ai ned with each of the conpounds, agents or
agoni sts used Sgparately. Such synergy enables snaller doses to be given.
15As used herei Re term "apoptosis" or "programred cell death" is

i ntended to nes regul at ed process of cell death wherein a dying cell
di spl ays a set | -characterized biochem cal hallmarks that include
cell nmenbrane bl &ofl ng, cell soma shrinkage, chromatin condensation, and
DNA | addering, as\Wekl as any caspase-nedi ated cell death. 20 As used
herein, t ren." goﬁﬁ]i . = Bl R : i t hr oughout
and are i‘ﬁ?eer%@e%qst%é%ean ae gﬁ%dnnr@h\zﬁéﬂﬁ?@oﬁlﬁgg%c{?%@?fzég?ﬁ%?@ E{{ DYn‘tejrrber of

i nvar i anthederoatonmcietbotestirato 8, Nrw Q) aind gvhiniiris eptiandlly eistiuteskwitiheneperamore

conser vedsi s td. dl esi L

Cys-( XaacljF)a2&algé-t{"%anﬁ)ﬂi%ﬁ'£ﬁ%ﬁ@ggy§§?§§%?@gﬁ’l‘ ?/: a P %tgrogml,ntge g?fl andsequence
of the cahe betencargdmingnuptionalty substituted with one or more R 2 substituents;

Xaal- )éaal- Xaal- Ar g- Leu- Xaal- Thr - Phe- Xaal- Xaal-Trp - 25

Pr o- >3aa2- Xaal- Xaal- Xaa2- Xaa2- Xaal- Xaal- Xaal

- Xaal- LeuA AhdAXaeelindépenGeptiy¥edectad flym - Xaal- G y- Xaal- Xaal- Asp- Xaal- Val - Xaal-
Cys- Phe- Xaal- Qis-Xaal- Xaal- Xaal-

Xaal- Xaal- Xaal-)Tr(%%Yaal- Xaal- Xaal- Asp- Xaal- Xaal- Xaal- Xaal - Xaal- H s- Xaa- 1-
Xaal- Xaal- Xaal2)RGH K#lr1- Cys- Xaal- Phe-Val , wherein Xaal is any am no acid
and Xaa2 is aniy ztxfﬁ o cingylor is absent. Preferably the sequence is
substantially taetit“eare 9950 one of the BIR domain sequences provided for
XI AP, 15HI AP1, o4)HSHR2-TerveloalkylFhe Bl R domai n residues are |isted bel ow (see
Genone Bi ol ogy, E:igo ) 1 1%‘ XI APHI AP- 1HI AP- 2 B1R121-9341-11324-96 WO
20071104162PCTICAZOD7PEYE B R2 159- 230 179- 250 164- 235 BI R3 258- 330

264- 336 250- 322) -SH|C,-+HCHLABA-A0,~C; cycloalkyl}, or
7)~C(0) =

20  R'and R" are independently selected from
3) Hor
4) C,—C; alkyl optionally substituted with one or more R® substituents;

R? and R¥™ are independently H or C,—C alkyl optionally substituted with one or more R®
25  substituents;

R* and R® are independently selected from:
1) H,
2) C,—C; alkyl—,
30 3) Cs~C; cycloalkyl—,
4) haloalkyl—,
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XP- 006266 XP-006267 As used herein, the term"ring zinc finger" or "RZF"
is intended to nean a domain having the am no acid sequence of the
consensuswoeirandis?2 G u- Xaal- Xaal- Xaal- Xaal - Xaal- Xaa- PCT/CA2007/600428

1- Xaa2- Xaal- Xaal- Xaal- Cys- Lys- Xaa3- Cys- Met - Xaal- Xaal- Xaal- Xaal- Xaal- 5
Xaa3- X- aa 1 -Phe-Xaal-Pro-Cys-d y-Hi s-Xaal- Xaal- Xaal- Cys- Xaal

- Xaal- Cys- Al aXaal- Xaa- 1-Xaal- Xaal - Xaal- Cys-Pro- Xaal-Cys, wherein Xaal is
any amno aci g} Ayh2,is Qu or Asp, and Xaa3 is Val or Ile. As used herein,
the term"I AP" iB‘ hgﬁﬁﬂded to mean a pol ypeptide or protein, or fragnent 10
t her eof encocﬁgd 'By n T AP gene. Exanples of | APs include, but are not
limted to hurn@nhetercaogisey™NAIP (Birc 1), HIAP-1 (clAP2, Birc 3), H AP-2
(clAPl1, Birc , inc 4), survivin (Birc 5), livin (M.-1AP, Birc 7),
ILP-2 (Birc 8)2§)aﬁ§"ﬁ%8h%MT’BRUCE (Birc 6) (see for exanple US Patent
Nunbes 6, 107,94 aryl-beteBRyd@+s, 6, 156, 535; 6, 541, 457; 6, 656, 704; 6, 689, 562;
Dever aux and I%%;E " Genéjs Dev. 13, 239-252, 1999; Kasof and Cones, J.

15Bi ol . Chem , B78°%¥J¥ 3246, 2001; Vucic et al., Qurr. Biol. 10,

1359- 1366, 2000%)héelumoylet, al . FEBS Lett., 495, 56-60, 2001, the contents of
whi ch are here@é inc%qrat ed by reference). As used herein, the term"I AP
gene" is inten HetPBO 4na gene encodi ng a pol ypepti de 20havi ng at | east
one Bl R domai mACd-Galion-0.C(Oppabl e of nodul ating (inhibiting or enhancing)
apopt.asi s in Ll _or Li e. The I AP gene is a gene having about 50% or
great’® nucl e&‘ﬁﬁ@loglgﬂﬁéﬁ(g@r’denti ty to at |east one of human or rouse NAIP
(Birc 1), H AP} et Aly2loaRiyl-0,800)+I AP-2 (cl AP1, Biro 2), XIAP (Birc 4),
survivin (Bi rcwz Ipng*a M.I AP, Birc 7), ILP-2 (Birc 8) and Apol | on/ BRUCE
(Birc 6). The v 3 guence over 25which identity is nmeasured is a
regi on encodi ny)aetet@ptOMm(©)B, R donmain and a ring zinc finger donain.
Mammal i an | AP %Sples i ncl uge cl eoti de sequences isolated from any _
marmmal i an sour & heterocyClitsOaGét—terein, the term"1C50" is intended to mean
an anmgunt, conggRPRWCE(Ew)Qr dosage 30of a particular conpound of the

present invent] t hat achieves a 50% inhibition of a WO

2007/ 104162PC1$%0@79'6@0§ Taxi mal response, such as displ acenent of
maxi mal f| uorezg@gicmy@t@gmgp;rgjb%g_,j n an assay that nmeasures such response.
As used herein, .t "EC' is intended to nean an anobunt, concentration

he term
or dosage 5of 23)65/&3(5 r conmpound of the present invention that achieves
a 50% i nhi bi ti28) mheroghyl-spoy,\d val . As used herein, the term "nodul ate” or
"nmodul ating” is intendéd to nmean the treatnment, prevention, suppression,
enharffenent or?PABGEYEN—SfOl—f unction or condition using the 10 conpounds

of the pr esentzg)mé@atama_ﬁ?ey@a@m_@, t he conpounds of the present
i nvention can nodul ate | AP function in a subject, thereby enhancing

apopt osi s by s?QfHsed bglereafyireadoiongoalkyl—essential Iy elimnating the

interaction of>AaisedanffeRPQRERILC Proteins, such as caspase-3, 7 and 9,
with the BIR do?rai ns ‘cv))f#iﬁrramral ?an' | APs or by inducing the |oss of Xl AP

protein in a c4)fusedieteroraryl-heterocyclyl—,
25 29) fused aryl-C;—C; cycloalkyl-O,C(O)—,
30) fused heteroaryl-Cs—C; cycloalkyl-0,C(0)—,
31)fused aryl-heterocyclyl-O,C(O)—, or
32) fused heteroaryl-heterocyclyl-0,C(0O)—,
wherein the alkyl and the cycloalky! are optionally substituted with one or more R®
30 substituents, and the aryl, the heteroaryt and the heterocyclyl are optionally substituted
with one or more R'® substituents;

R® is independently selected from:
1) halogen,
35 2) Cy—Cq alkyl,
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As used herein, the term "enhanci ng apoptosis" is intended to nean

i ncreasi ng the nunber of cells that apoptose in a given cell population
ei t her i rwoizoe7a0as62i n vi vo. Exanpl es of cell popul ati onBCT/AaRNGO004RRIt ar e
not limted to, ovarian cancer cells, colon cancer cells, breast cancer
cells, lung cancer cells, pancreatic cancer cells, or T cells and the |iKke.
It 20 will be appreciated that the degree of apoptosis enhancenent provided
by an apopt osiBeRhdhaiyalgalsdnpound of the present invention in a given assay
wll vary, bugltpameﬂe skilled in the art can determne the statistically
significant chgnge In"the | evel of apoptosis that identifies a conpound

t hat enhances Hpapt.osis otherwise linmted by an | AP. Preferably "enhancing
apopt osi s" neafis &@ﬂ%nghe i ncrease in the nunber of cells 25undergoi ng
apoptosis is a Peas 5% nore preferably the increase is 50% and nost
pref eSabl y t hel)i hetermyeylj s at | east one-fold. Preferably the sanple
nonitored is %ss?ﬁple of cells that normally undergo insufficient apoptosis
(i.e., cancer ee §). Methods for detecting the changes in the |evel of
apopt osi s (i.e€9), SEDhBcenent or reduction) are described in the Exanples
and i ncl ude nehﬂﬁﬁgRihat gquantitate the fragnentation of DNA, 30nethods
that quantitate e 'transl ocati on phosphatoyl serine fromthe cytoplasmc to
the extracel | UACQR'de of the nmenbrane, determnination of activation of the
caspgges and nﬁbpﬁa @wantitate t he rel ease of cytochrome C and the
apoptosi s i nhiBi 33 actor into the cytoplasmby mtochondria. WO

2007/ 104162PCTpAZROTR000428 As used herein, the term"proliferative

di sease" or "pg@%k?@ﬁ@tive di sorder is intended to nmean a disease that is
caused by or r { Ih inappropriately high I evels of cell division,

i nappr opri at el 46)ICOMR*®Yel s of apoptosis, or both. For exanple, cancers such
as | ynphoma, | gggkg sl anoma, ovarian cancer, breast cancer, pancreatic
cancer, and Idﬁg gr,’gﬁnd aut oi nmune di soders are all exanpl es of

prol iffser ati ve th)sicaewiR’RAs used herein, the term"death receptor agonist"

cont act | (HEPTHRdS BbAm: e Paahane beelradbh ot Ay MpR B flone e !

exanpl e, radrecROBilsdtitVERA: L receptor Anti body would bind to TRAIL receptor
10 (S) and trigger an apoptotic response. On the other hand, other agent
such as interferon-a could trigger the rel ease of endogeneous TRAIL and/ or
up regul aREstii@péitfinty seleeeli®ofm:i n such a way that the cell pro-apoptotic
respgpse is a ILLied. 15The compounds of the present invention, or their
phar rfeceut i cal cceptable salts nmay contain one or nore asynmetric
centers, chirat) @xeS;#Kd chiral planes and may thus give rise to

enanti oners, thi;qéeo rﬁy and ot her stereoisoneric forns and may be
defined in ter oT 7=aBE e stereochem stry, such as (R)- or (S)- or, as
(D)- or (L)- f4r nhawhkgl, acids. The present invention is intended to include
all such poss”%le i soners, as well as, their 20racem c and optically pure
forms. OpticalPy@Htive (+) and (-), (R - and (S)-, or (D)- and (L)-

i sonexss may bes)pherpdapry, usi ng chiral synthons or chiral reagents, or

resol ved usin c%nventlonal t echni ques, such as reverse phase HPLC. The
racem c m xtur#s ‘B@ybrepared and thereafter separated into individual
optical isoners @=Y)NRER qptical isonmers nmay be prepared by chira

synt hesis. The_enanti s _may be resolved by nethods 25known to those
skilled in thé”a?%?iﬁggﬁéﬁghﬁ%%"ﬁy formati on of diastereoisonmeric salts

whi ch maywiidrein the ask hefcrdfd, Biyd Bstgflcddl)iazabptivhalhg@bstiiutsd witrosne orationd
chroqg%oqéﬁphy, sel ective reaction of one enantioner with an enanti oner
specitic Teagent. It will also be appreciated by those skilled in the art
that where the desired enantioner is converted into another chem cal entity
by a sep tion,techni que, .an additional step is then required to formthe
30desireg%gﬁﬁhﬁ?%ﬁ%?¥%%ﬂﬁﬁwys ecEdfM vel y specific enanti omers may be

synt hesi zed byfjagymretric synthesis using optically active reagents,
substrates, catalysts, or solvents or by converting one enantioner to

anot her by asy 1Gec@lkyhansf or mat i on. Certai n conpounds of the present
i nvengg on_may gXigic,idyctiédkjit erionic formand the present 35invention
includes Zwitterionic forns of these c%gpounds and m xtures thereof. 76 WO
2007/ 104162PCT/ CA2007/ 000428



Utilities The conpounds of the present invention are useful as | AP BIR
domai n bi ndi ng conpounds and as such the conpounds, conpositions and net hod
of the prweem7/Biwaenti on include application to the cePCECA2005(0B34381t s
afflicted with or having a predisposition towards devel oping a particul ar
di sease state, which is characterized by insufficient apoptosis. Thus, the
conpounds, conpositions and nethods of the present invention are used to
treat cellul a) pelodkyierati ve di seases/di sorders, which include, but are not
limted to, i) %ﬁ cer, ii) autoinmune disease, iii) inflammatory disorders,
iv) proliferati '10i nduced post nedi cal procedures, including, but not
limted to, SB)ryeteygardngi opl asty, and the |ike. The conpounds of the
present inve )ignmﬁﬁxlﬁlso be useful in the treatnent of diseases in which
there is a defelt Phe programed cel |l -death or the apoptotic machinery
15(TRAI L, FAS) guabt@sakgh) , such as nmultiple sclerosis, artherosclerosis,

i nfl ammati on, ..a i ni nd the |Iike. The treatnent invol ves
L G bRt

admini strati oW i n need thereof a conpound of the present
invention or f)@ar@ceutically acceptable salt thereof, or a

phar maceut i ca{ %gﬁg%osi tion conprising a pharmaceutical carrier and a
t her apeuti cal v P anount of a conpound of the present invention, or

a phar maceut i taldohelearptigbl e salt thereof. In particular, the conpounds,
conpgsi tions d t hods of the present invention are useful for the
treattent of @%gﬁ%&s@ﬁﬁyhg solid tunors such as skin, breast, brain,
lung, testiculgc(oFy-O,mpdoalRld the |ike. Cancers that may be treated by

t he conpounds, 2 ég\gpo?itl ons and net hods of the invention include, but are
not limted t OXHYEMowi ng: Tissue Exanpl e Adrenal gl and neurobl astona

Bone ost eogenig) (@) ¢-heRrdpH! &§0sar conm), fibrosarcoma, malignant fibrous
hi stiocytom, chondrosarcoma, Ewi ng's sarcoma, nalignant |ynphona
(reticul um cell ) P ¥EBEEIOCYRM ti pl e nyel oma, nalignant giant cell tunor

chor gomayherireme RrANhe ABRrdP RA GRS hdtbraaydy uke eptibatiyseb)iitutedniigrorehwndr o,

chondr obl ast oig, . chondr omyxofi broma, osteoid WO
2007/ 104@6’2@&/@2@%'7{@00428 Ti ssue Exanple osteoma and giant cell tunors

or R® and R® together with the nitrogen atom to which they are bonded form a five, six or
seven membered heterocyclic ring optionally substituted with one or more R® substituents;

20 RYis independently selected from:
1} halogen,
2) NO,,
3) CN,
4) C,4-Cg alkyl,
25 5) haloalkyl,
8) Cs-C; cycloalkyl,
7) OR,
8) NRPRY,
9) SR/,
30 10) COR’,
11) CO,R’,
12)S(O)R’,
13) CONR®R®, or
14) S(O)NR°R?,
35  wherein the alkyl is optionally substituted with one or more R® substituents;
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Cardi ac sarcoma (angi osarconma, fibrosarcoma, rhabdonyosarcons,

| i posarcona), nyxona, rhabdonyoma, fibroma, |ipona and teratom

Gast r oi ntWO20aIe482ophagus (squanous cel |l carci nona, ad@GBEA2HN7HGNES

| ei omyosarconma, | ynphonma), stomach (carcinoma, |ynphona, |eiomyosarcom),
pancreas (ductal adenocarcinoma, insulinoma, glucagonoma, gastrinong,
carcinoid tunors, viponna), snmall bowel (adenocarcinoma, |ynphoma,
carcinoid tunors, Karposi's sarcomm, |eionyoma, hemangi oma, |ipong,
neur of i broma, fibroma), |arge bowel (adenocarcinoma, tubular adenoma,
villous agteRoRgepdnaamlyiRBRted RiPMYOMR) Cenitourinary tract kidney
(adenocarci noma, Wl m's tunor [nephroblastomat |ynphoma, |eukem a), bl adder
and urethra (sQuémdel®étl carcinomm, transitional cell carcinoma,
adenocar ci noney)y, cRI@dybsik{iadenocar ci noma, sarcomm), testis (sem nonma,
teratoma, enbryonal ‘carcinoma, teratocarcinonma, choriocarcinonma, sarcona,
interstitial | Brykar ci noma, fibroma, fibroadenonm, adenonmatoid tunors,

| i pomg) Gynecqhogg@ﬂbnﬂggbps (endonetrial carcinonma), cervix (cervica
carci nomn, pre-tunor cervical dysplasia), ovaries (ovarian carcinonma

[ serous cyst ad@nbetgrasyeldmn, nuci nous cystadenocarci noma, uncl assified

car ci no Wher&ﬁ%#lgﬂ%hﬁ R el g arb\'r/'igﬁérzall( SEbdiflted-Gie Blﬂe 6Ehbrd RFOT S,

dysger m nona, ant terato squanous cel | carci nonma,

i ntraepi (Subbiituentecansi the ae, teibetorant prbine heterpeysihpredtpionaiy syReidird vagi na
(cl ear cel, i argq;fm SULRIRHE. cel | carcinone, botryoid sarconma (emnbryonal
r habagnygglglr@gén%rﬁ al %pl an "t'l%bes (carcinoma) Hematol ogi ¢ bl ood (nyel oid

| eukemi a [acute and chronic], acute |ynphoblastic | eukem a, chronic

| ynphocythe. . 1 pjferative diseases, nultiple nyel oma,

nyel odyspﬂ{aéét'ﬁg&géﬁﬁg?t%&%%rbi n's di sease, non-Hodgkin's | ynphona

[ mal i gnant | ynigh&nsels alkM>-2007/ 104162PCT/ CA2007/ 000428 Ti ssue Exanpl e Li ver
hepat oma ( hep o%’eléu&gﬁoa glr_gi noma), chol angi ocarci noma, hepat obl ast ong,
angi osar conm, atoc ul'ar ‘adenoma, henmangi oma Lung bronchogenic

car cildoma ( squiimbaisalkgl+,, undi fferentiated small cell, undifferentiated

| arge cell, adﬁgggﬁg_}ci noma), al veol ar (bronchiolar) carcinom, bronchi al
adenonm, sarconm, ‘I yrpphorma, chondromat ous hamart oma, nesot hel i oma Nervous
system skul | (@stheenmrylhenangi oma, granul oma, xant homa, osteitis

def or mans), i neni ngi oma, mneni ngi osarcoma, gliomatosis), brain
(astrocyt om?eé}eﬁg‘%hcgfﬂys_f'ona, glioma, ependynonma, germ noma [ pi neal ong],
gl i obl ast oma ni)l Of@y atkyl-eDiGfOdendr ogl i oma, schwannona, retinobl astona,
congepital tunpr i ord neurofi broma, neningiom, gliona, sarcona)
Skin i gnan?ané%lgﬁ%%,@%@a’ cell carcinoma, squanous cell carcinoma,
Kar posi ' s sar coing,—-Omntyebaltikyls0l,a& )€ nevi, |ipom, angi oma, dermatofi bronmg,
kel oids The c the present invention, or their pharmaceutically
accept abl e sal @Bg’hﬁ&'ﬁéﬁ_’pr odrugs, may be adm nistered in pure formor in
an appropri at el phaiensrguD;@@)—conposi tion, and can be carried out via any
of the accept e%érmﬁ%es ofI &é@ﬁl c S5pharnmaceutical practice. The

phar maceut i cal 5' 6%%@’6 § t'he present invention can be prepared by

m xi r$ a conpolB)RPRINCIME—Hr esent invention with an appropriate

Formi ated i nt BISFEGRRERr ST sol i d. sem -sol i d. 1011 qui d or gaseous
forns, such as18)@t-eiscloakpsld(ed,—powders, granul es, ointnents,
16) aryl—S(0)m—,
17) heteroaryl-S(O)m—,
30 18) heterocyclyl-S(OQ)n-—,
19) fused aryl-C;-C; cycloalkyi,
20)fused heteroaryl-Cs—C; cycloalkyi, or
21)C(=Y)-NR*R®,
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sol utions, suppositories, injections, inhalants, gels, mcrospheres, and
aerosols. Typical routes of adm nistering such pharmaceutical conpositions

i ncl ude, WOt20eUm04162mi tati on, oral, topical, transdermal PCTHRARPAFI009423
parenteral (subcutaneous injections, intravenous, intranuscul ar,
intrasternal injection or infusion techniques), sublingual, ocular, rectal,
15vagi nal, and intranasal. Pharnmaceutical conpositions of the present

i nvent i orwherein ths afieyl @nd theseycloalkylara loptianally subsiitutedwith ghe af BAR cont ai ned
therein t i 0 a

subj oct . TonRuE A NEINE PRl RE B IHolPeRly RO substel

2007/ 1o4mmw@meﬂbmﬂwesi§bj ect or patient take the formof one or
nore dosage units, where for exanple, a tablet may be a single dosage unit,
and a cont ai ner of a conpound of the present invention in aerosol form may
hold & pIRFi# ity of dosage units. Actual nmethods of preparing such dosage
forms are kno or will be apparent, to those skilled in this art; for
exanpl e, see 5 e ngton's Pharmaceutical Sciences, 18th Ed., (Mack

Publ i shi ng Cor)alysCedlod-on, Pa., 1990). The conposition to be adnini stered
wll, in any e a therapeut| cally effective amount of a
conpound of th EP‘%’%E?{'n‘g'eml on, or a pharnmaceutically acceptable salt

t hereof, for t4)ehbinalkyl9f a di sease-state as described above. 10 A

phar ceutl calscggﬁom tion of the present invention nmay be in the formof a
sol i dor |IC]UId bne aspect, the carrier(s) are particulate, so that the
conposi tions a&@)eheteorargxanpl e, in tablet or powder form The carrier(s) may
be liquid, w E#u] hh% co 03| tions being, for exanple, an oral syrup,

i njectable Iiqdi P aer osol, which is useful in, for exanple inhalatory
adm ni strati org) WMKWQJC(GM ni stration, the pharmaceutical conposition
is preferably Ei}n eli té}glr |, d or liquid form where sem -solid,

sem -liquid, s ng n-and’gel forns are included within the forns
consilder ed hert0)CsaG; @bbbky[—@gﬂ)daj—qr i quid. 20As a solid conposition for
oral adm nistr t)l o? 6 pharmaceutical conposition may be formulated into
a powder, gran (95’#{) k2sed t abl et, pill, capsule, chewing gum wafer or
the |ike for m12$ueter@r5ﬂgd);,cc(oqg,n}305| tion will typically contain one or nore
inert diluent sﬁgh edi bl e 8g¢@er,s. In addition, one or nore of the

fol | owi ng nmay Blet¥ Y -Onfiitlet's such as carboxynet hyl cel | ul ose, et hyl
cellulose, mcrocrystalline cellulose, gumtragacanth or 25gel atin;

e ol ni ¥ SRPYBorA O EGreel sseabesrl fashrieuli SaRulaPR AT g "

| ubri cantgn gnmtytagtme5| um st ear at e or Sterotex; glidants such as
col I oi dal silicon dioxide; sweetening agents such as sucrose or saccharin;
a flavoring agent such as pepperm nt, nethyl salicylate or orange
flavoring; and a coloring agent. 30 V\hen the pharnaceutical conposition is

in the formof a capsul e, , atin sule, it contain, in
addi ti on 't 83Wnriaples %Chcﬁs Bhggug-b%@égﬁdoﬁ@d the N ﬁ{%qa?“d‘r%%oﬁ n 9 jmedh any
pol yegshyl cﬁiﬂ@tltlér}tcsﬂbcmfe e déﬂhﬁlhn @ﬂh‘é%ﬁ@!ﬁ@ a@éadfﬂﬂﬁhﬁ&h& lQiridepéﬁd'ﬁm at

phar maceuti cal  conposi tion may formof a an elixir,
syrup, 8CPVeNPBeICHEaNds? Fl»tﬁrﬁ@%mﬁ le@ealéwbsseium wih O'%ﬁ’ﬂ rapigipUitittents,

suspensi afis td B8 uhéérdiodd W R trfé}sneqsraahora@trbéﬂtﬁmsamb? Be Qftaéitd toehd ¥&hy by
i njection, as two exanp When i ntended for oral adm nistration,

preferr eocaél?ﬂf‘pﬂgﬁ“tqré’ﬂffeé%tcﬁimn afqns fePTPipARtians qfﬁ%b%‘F‘é’é‘é?ﬁ“dc‘@r‘?‘EB@ﬁds one or

nore of adefinee heminareUSREd oy FIRIW Jﬁbﬁu@%neﬂw&w@iagread&np%mdél avor
enhancer. In a conposition intended to be 5adm nistered by injection, one

or e of a surfactant, prese_rvatl ve, vvejttl ng agent, di sper si ng agent,
suspendi non@gamia in e Arewill UndaRidridaRst suBSkitifo itlefnsaaRINYubEMYemS ohncl uded.

compounds of the present invention may be selected to provide compounds that are
chemically stable and can be readily synthesized using the chemistry set forth in the
examples and chemistry techniques well known in the art using readily available starting

35  materials.
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The |iquid pharmaceutical conpositions of the present invention, whether

t hey be sol utions, suspensions or other like form may include one or nore
of the foVDeWiTNg41EDad] uvants: sterile diluents such as RETEA2005/000408 ect i on,
saline solution, preferably physiological saline, R nger's solution,

i sotoni c sodiumchloride, fixed oils such as synthetic nono or diglycerides
whi ch may serve as the solvent or suspendi ng nedi um polyethylene glycols,
gl ycerin, propylene glycol or other solvents; antibacterial agents such as

cycr baext oo PoeR o e ey Sl ERERR thitbe M ARER BB hpctional |

to, a, pgraup Suivalemtswhishopgdnsyicitdoegtoupsr substiyent may be senlacsdiyanodesuch as
bi i d di isul fi.te:, chelatj . hyl di am
ot r ancorangr b Bathas siiaEeintiiug biBfAReR pEpoiith ARogiay, Cnotl am ne

agents for the adjustnent of tonicity such as sodium chloride or dextrose.
The pare ?.r | preparation can be enclosed in anpoul es, disposable

20Syri ngﬁ""—@i—ﬁg’ o8& ti pl e dose vials made of glass or plastic. An injectable
phar maceulriigsslotiterwize Shedifen, itrse follefiag abfinticksapplye. A | qui d phar maceuti cal
conposition of the present invention used for either parenteral or oral
adm ni stration should contain an anount of a conpound of the present

i nvent i oITheWiyulh fdias “&, San” b Fthetinsiage condspohding plueal nefdrendypumedd the thi s
amount i s at Ieas} 0.01% of a conpound of the present invention in the

conpd8i t iGRtex\plearly dicta'saoieryEeor al adni nistration, this anount may be
varied to be between 0.1 and about 70% of the weight of the conposition.

For parenteral usage, conpositions and eparatigns . .according to the
present iARMSSEINGRIRy @eﬁﬁ'r@b&PE@r’?BQt'ﬁﬁFe’g{eﬂgﬁ’ E'Iﬂaegréﬁst t%@gﬁgelﬁﬁﬁef‘%cont ai ns

bet ween GoldividgPthd Wokd ohprisRigUhve reduitddcr erinagiondb@fithdtithap ehmarits arevent i on.
Phar maceutical conpositions may be further diluted at the tine of

adni ni st reREIPRAH ang BlayeSk FiRy Mot §e peassAt-er al fornul ati on may be further dil uted
W thqig sterile, isotonic solution for injection such as 0.9 %saline, 5w
% dextrose (D5W, Ringer's solution, or others. 35The pharmaceyti cal

conposi t iAfrHsed herain.she tesmt“consisting ob s wignded tqean msiudtwsmf@g'?ﬂ“@? oW

2007/ 1041625t R0 HePSHIdwD- 8k g Trt attu@ihe prta¥diicoRsistifort MGicarsthar My
I emul Si on, ol ntnent or %élwrgase. The base, for

sui tably conprise a solution,
exanpl e, helstedaisriests asaceqiiredor mapdatofearnddhaldig otber B grayrhe prasfilti n,

pol yet hyl ene glycols, bee wax, mneral oil, diluents such as water and
al cohol, and enulsifiers and stabilizers. Thickening agents may be present

in a2phanieedderdalthe tampcakyl rinteaded i9indude kpifrbranshedandsiraight hafended
for transdefngy aWtiE'h?%rroE‘éﬂbeﬂ gﬁ%}gg haRAY 8% ddeRMedRYmbBCoLdfch dtbRssEer mel

patch or 1 ontophoresi s device. ical Tormul ations may contain a

concent r &XpORIeCCa@s bRpbanalkdis defegsdraitdinggreres BaVing bra. 8o 0P 1 to
about 10%98%0‘(15@6{“3'Iiﬂé%r.o?%Fan‘dﬂé%aN&%d&W&ra%rg g{‘% &g@m%ﬂy'l RlefiR€dRSI Ti on

of the present invention m e us | € mnistration to treat for
exanpl e, iediding grepe having1thS, pot aarbengin a lseaporppelsdiasiapgefinie AT nel t
int r |+ e _&he ] ! : tal

i ot Pt G CPACRIE CAPaiiiG dortied SRR o@ps RBviEFE B3, 4,567
exci pi ent8, 95U H 1b42ek8, 4clfude, 1Xi18htuer 20 errbensi ina, lineamesibiranchedcoa but t er

and poly I The et | L sent
i nvent i oﬁér%égsritﬂﬁr& u%(ém\?garsijogl% @ﬁaatng’r??g?gi 6@%&2%%@??‘3%%@8@9%%(@? Qq‘fegr m of
a solid owotlimted 9, tethylethyhin-propyr Fregpirtpi-butyk heutylo Mpdyli e angyhexyic] ude
materials that forma coating shell around the active ingredients. The
materials that formthe coating shell are typically inert, and nay be

sel edled Ax uned Herein, 20e seampatkens(i irdntendedid mean ansptwated straighter brageedi ng
agents. r i , j L ool N latin
capsul e. AthE‘ rgﬁgdrc‘rérgig)éﬁr{)u al r%%yﬁ'\pfges F%@go@%%égﬁaég@nﬁgﬁ%\s}g%te !nbﬁatlj ﬁ‘esol id
or |i qui dvifich ahleasf wanol the caden atpens aneltxinded tdgachethdrdyeotmpbienkbnsk anthe

present i t r [ I 0. j &0, und.
it bl o "RYER AR EBr 7R Rem Y aid BBl ol Bnt, N Yo B R N f
to, a nmonMeeCoakenybis defihgdaoinaludmytgriupehaving(2; 81 £i5) oo6 carbionp osa lmear or
35 branched arrangement, at least two of the carbon atoms being bonded together by a
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The pharnmaceuti cal conposition of the present invention may consist of
dosage units that can be adm nistered as an aerosol. The term aerosol is
used to owOcebE/@4sari ety of 30systens rangi ng from t hos@CHCACHI7TH000438 |
nature to systens consisting of pressurized packages. Delivery may be by a
| i quefied or conpressed gas or by a suitable punp systemthat dispenses the
active ingredients. Aerosols of conpounds of the present invention nmay be
del i ver etpuble kondg|Examplesef ChiCspli@syldnciude ch$an(¥&'§1%01'§9@$19@1?1|321me9|“&1|€?' to

del i ver ﬁﬁ&aﬁ%ﬁ&%ﬁ% ikQgredient(s). Delivery of the aerosol includes the
necessary confai ner, 35activators, valves, subcontainers, and the like,

whi ch together may forma kit. One skilled 82 WO

20071 1044 62LGH LA UAZAOROARSN e iEndioto ik Pidbr. S Sy BigRESAFEN aL | on ey
determ ne preferred aerosols. 'Ijﬁe pharmaceuti cal conpositions of the

presént liydvenartamrgrougs hayingrtoe apenifidsynumien oficarbeyyatagisi theraimvandiin whish at

phar mac I i it QR i ded to
be. acm rrestaP slibbn st FEIRLE] cBMPLTROR bt T aRABk' G0 aeth IR, |0
present Cpalkyriyl isdefinechasincluding gralipsthaving @, 3aarer castoreatoms i achain, aldgasti on. A

surfact ant e, ad ta.facilitat . ' eous
sol uti oﬁtw r"qz’ﬁ/%%é’f@? %ﬁg‘sﬁ#’ﬁgg‘%‘}"gh@ @@F@%&%ﬁ%ééﬁ{ h%%a"ﬂg%)%gﬁent |y

i nt er act alkyriyts indledecethipodindpabyyh 2-proppeyhaind thedikei on so as to facilitate
di ss@ ution or honpbgeneous suspension of the 10 conpound in the aqueous
delivery system The conpounds of the present invention, or their

pp?r mac eps used Ihereia\s/:\guep?]r&bhgclzleaikylﬁs imemden(;idmmmmtaemenbdynlicmatmretedpﬁphat'tsaI |y
effective anmpunt i W var.y dependi VAL € o) ters
el oo r By PR ordite fewnd ihe sratied SREDH M SattR A ROl YordalBRL &7,
15st ab: I E; az-lz mhrrcl;-d:ﬁﬂgblalkgrfis ﬂeﬁﬂeﬂ;asdhclmding gmnpshanﬂmg 8k 5afeor ocatyonesinght
general health, sex, an et t atient:. t e

Som st Manegic aFaigeRient drmidee TG Er bk A Certel RudRnbldg silare, 1,
of tie pastilinitetas, cfcisprogdr cyalobuiv diytlopentyl pevdiohbeyt and cedeheaphdier goi ng

therapy. Cenerally, a therapeutically effective daily dose may be from
about 0.1 ng to about 40 ng/ kg of body wei ght per day or tw ce per day of a

Cﬁrmou ?dAthédWera@upﬂﬁ&ﬁm “dyBM$ﬁéhWﬁs iméndediib areameanbnagtiicsaacatedt abl e sal t
t her eof . i pation thera he conpounds of the presen tjon, or
bhar nceAUATELS Myoracate GoRE hadng L' TReptas nufs! o FaBBetdhn bty

si mul t angaimply, @-Chas ArC.QT; dyBloalenydid dafinad &b Mchidingt droupsdiavinges, é 52501 e of
t he t herapeutic, agents described b?l Ew.mauch ¢o§bi nat i,on t%ec{%ﬁg may

i ncl e AGATIONSiTAaMOBACKSTic arrangameit  RXARRER At $ekr © go?ﬁﬁ@ylf GRTSE i on whi ch
cont ai NS gBoEOABIAEE) Huhretride liPES BN bydidpeptenyp andiogtisiegenyl. nore addi ti onal
agents given below, as well as admnistration of the conpound of the

present invention and each of additional agent in its own separate

phar maceugiGal he@faeR £ah MEIetdroRaiode isSNRIBéEto raearoiiguoinedehtdrinehe  30pr esent
i nvention and a chenot herapeutic agent, such as taxol (paclitaxel),

t axot er ebraspipp@sd ipsineci spl atin, vincristine, vinblastine, and the |ike, can
be agginistered to the patient either together in a single oral dosage

conposition such as a tablet or capsule, or each nt m.,ni ster.ed in
separ at e Asiused Bewiy dhe isrminalealiod’sis dterded tp m%ﬂa@é'ﬁig}fa? ﬂ%d@'@fj Yer\lher e

separ at e g hhQERYER bioPNmagbe sus@isivblpeeslataatyraisalogert dtompb@enles
i nventi on 35and one Or nore addijti onalcﬁ%ee‘_"s__ can_he adm ni stered at
205

essent i alof halpalkyls ielude; byt are net limitgd fo, , and CFs.

30  As used herein, the term "aryl", either alone or in combination with another radical, means
a carbocyclic aromatic monocyclic group containing 6 carbon atoms which may be further
fused to a second 5- or 6-membered carbocyclic group which may be aromatic, saturated
or unsaturated. Aryl includes, but is not limited to, phenyl, indanyl, 1-naphthyl, 2-naphthyl
and tetrahydronaphthyl. The aryts may be connected to another group either at a suitable

35  position on the cycloalkyl ring or the aromatic ring. For example:
65



concurrently, or at separately staggered tines, i.e., sequentially;

conbi nation therapy is understood to include all these reginens. In

addi ti on,WOlzess16¢BApounds may synergi ze with nol ecul es PREICAZBO7/089428rul at e
the death receptor apoptotic pathway through a direct or indirect manner,
as for exanple, the conmpounds of the present invention nmay be used 5 in
conbi nation with soluble TRAIL any agent or procedures that can cause an
increase in circulating level of TRAIL, such as interferon-al pha or

radi ati on. Thus, the present invention also enconpasses the use of the

conpounds of the present inventiQn_in conbipatier/w th radiation therapy or
one or nore additional agent 10 t @@
(PCT/ U803115861), which is herehykpcor por ated By

cribed in WD 03/099211
such additional agents include, but are not Iimted to the followi ng: a) an

ref erence. Exanpl es of
estrogen receptor nodul ator, Q) an _androgen Lreceqt or nodul ator, 15c)
retinoid receptor nodul ator, d)Xa Dbt OXi @@ e) an antiproliferative
agent, f) a prenyl-protein transiergse inhi birtor;” g) an HVG CoA reduct ase

i nhi bitor, 20h) an HV protease inhibitor, i) a reverse transcriptase

i nhi bitor, k) an angiogenesis inhibitor, I) a PPAR-.7 agonist, n a

PPAR-. 8. mesifiines dritn femitidliky éyRterdindicattethatthe Buhd mal be attesherttaog, 0) an
anti-enetic agent, p) an agent useful in the treatnment of anem a, ) agents
usef ub i rftiresuitableiRgAomBs. neut ropenia, r) an i munol ogi c- enhanci ng’ dr ug.
30 s) a proteasone inhibitor such as Vel cade and MGL32 (7-Leu-Leu-al dehyde)
(see He at al. in Oncogene (2004) 23, 2554-2558); t) an HDAC inhj bitor,
Such as Shuens el e semyhihgnyt s injended o panduspbend Sewps Bgadad,

t et r apepty i ; ) I npcer Therapeutics
2003, 12;2%2%)*9%§%B§(ﬁ2(€%?%n iﬁt@gﬁbng?e ?ﬁ%nyéﬂ@melﬁfﬁgringﬁ i ke activity in
t he proteasone; WD 2007/ 104162PCT/00 700428

10
As used herein, the term “heteroaryl” is intended to mean a monocyclic or bicyclic ring
system of up to ten atoms, wherein at least one ring is aromatic, and contains from 1 to 4
hetero atoms selected from the group consisting of O, N, and S. The heteroaryl
substituent may be attached either via a ring carbon atom or one of the heteroatoms.

15  Examples of heteroaryl groups include, but are not limited to thienyl, benzimidazoiyi,
benzo[b]thienyl, furyl, benzofuranyl, pyranyl, isobenzofuranyl, chromenyt, xanthenyl, 2H-
pyrrolyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
indolizinyl, isoindolyl, 3H-indolyl, indolyl, indazolyi, puriny!, 4H-quinolizinyl, isoquinolyl,
quinolyl, phthalazinyl, napthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyi, pteridinyl,

20  isothiazolyl, isochromanyl, chromanyl, isoxazolyl, furazanyl, indolinyl, iscindolinyl,
thiazolo[4,5-b]-pyridine, and

Sy

HO,C L
o NH
>:O X‘K
fluoroscein derivatives such as; Mo, or o
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v) E3 ligase inhibitors; w a nodulator of the imune system such as
interferon-al pha and ionizing radition (UVB) that can induce the rel ease of
cyt oki neswWo0etiog2t he i nterl eukins, TNF, or induce rel BaTEAGHITOOHEERS
receptor Ligands such as TRAIL; 5 x) a nodul ator of death receptors TRAIL
and TRAIL agonists such as the humani zed anti bodi es HGS- ETR1 and HGS- ETRZ;
and or in conbination or sequentially with radiation therapy, so as to
treat thescusedderein, the tetuichetemeuties Seteroeydicos “neigrogyeld’ is intendes tagaans

whi ch reduge the ﬁe%e%é X?@-;ro%é‘gﬁ gibgtﬁgﬁé’ﬁw %O'Jﬂgwcﬁ% 1?6’2'?\(3%?0518&@'[ ic

toxicity, meuaron toxicl XIcity I ke. In one exanple,
co- adni niselectd foom tfe graep cnsistieg obBph and S. dfxarpigaaf feteregyciel ingides Bt

ol ocul o 2% R IEBRSERER Ao ARy B ol i, BHEangE S0

synergistic effect. Modreover, 15 the conpounds of the pre i nvention may
be used in conbination with any conpounds that cause an i Hse in
circulating levels of TRAIL. Vinca Al kal oids and Rel ated |Kk. nds

ol 1 goftor JSEBRINSShorbANDE i BgEb R ARERIERY. Blaid p0F 0110 S0 Rl e

vincristine, vinblastine, vindesine, vinflunine, vinorelbine, and

hyd i nbl ast. t.afJ . » Ql t] R I interf
o h and e OB IER BRIBRR: S SRR o tFortcfHucR il rler 7 LTSNS
be used imadicalnisiimahdexhtowngan a heterwoype as defir2d abbve fused tvanathercycle, be dat

ol act at 1TpisrRtcte. ARSI B3Ry olpgl ARlearBd paBin, Efarblof Sl TeltofBides] 012%)
Ltleo:mgs iﬁu(:)ledmdbut ane)not ﬁin'lwﬂ op bgurharin, (bengo{d][ 4 Bjdoxolph,8t n 1ban(cji cr ygt ophyci nd
5 LY3557 i A i £.hi n, i i.d- bi ndi i
indl(Jce Cﬁ%ﬁ%ﬁ%@%ﬁféﬁ%&%gh%ﬂgrogﬁ"%t%ﬁ@gﬁ%@%%ls 'c:'az Ibggusg(rjm :2 o
ﬁggb: nat i OnGWiht? t he conpounds of the invention to treat cancer and ot her

pl asnms

' b di ' d h i
conj unct i ‘ShU3A% r&ﬁ&“@&%ﬁﬁ%‘?ﬁ@'g tirlftg'gdq%ﬁgpéﬁ%?‘oaﬁmt%%w@gc? bi@ﬁ@%ﬁrggalng ot her
neopl asnesyatetn dRFCHitGedtons, WhereirBat 1eA800R6 Ard st atRCaNCAGNEITE AOOIDS 4at .

Nos. @, 458, 765; 6,433,187; 323, 315; 6,258, ; 143, 721. 6.127, 377,

6. 103 30d 83 slecias ham ha gious g ;s Moand 3o edeloybs,

S S35 Syt o st B oS i nar i i

: : , D, , 09.7; _- 191 , . an

4. 816, 44},"3&’?\‘3‘5@@1&%&?@?@%%'!‘P't'g‘%’i Hﬁérﬁmﬂ"@ﬁ#@ﬁ%ﬁﬂ?: besiifeA®As0s Al ; 5

ﬁoosl ]908%ﬁo[ﬂlghieﬁﬂﬂfu%@,%?nﬁ@’ﬁ%@%fﬁan)tll,eigﬁﬂlie&fs)ftuwt)ﬂy}; lehiosngmgk, gwhenéw,wgor at ed
ref erence,  Taxapes an er cortybul e Stabil i zi oynds axanes

such as d?aYé’lOiYJ%}’B’P&EHB@@%OAﬁIeﬁPWaﬁbﬂz pmgﬁeam?ﬂ@é-wr "I‘ﬁ%ﬁg@fgagg’iﬂm, SB-T- 10

101180, BMboIZiAYIL B3indBFT 324i6doliA)in8alYl, inkBgs!yd 2durinkDiEdfsholizing, 6iHIAE, can be

used in conbi atl'% wi t h tg}e conpounds of the | ,v?ntl op to treat cancer and

ot her nedinRiePhthelszng. napdigg Yy auigoxaliayeduinazoliy. Gl AR Yin

f unct i onakdtiiazelyaiseehromanyI2XaBRENY Sis@azol§P Alrditdn9 RRloldd, Gnd isddeddlinyione A,

epot hil one B (EP0906), deoxyepothilone B, and epothilone B | actam

(BMS-247550) ), el eut herobin, discodernolide, 2-epi-discodernolide,

As used herein, the term “heterocycle”, “heterocyclic” or “heterocyclyi” is intended to mean

N

25  ab, 6, or 7 membered non-aromatic ring system containing from 1 to 4 heteroatoms
selected from the group consisting of O, N and S. Examples of heterocycles include, but
are not limited to pyrrolidinyl, tetrahydrofuranyt, piperidyl, pyrrolinyl, piperazinyl,
imidazolidinyl, morpholinyl, imidazolinyl, pyrazolidinyl, and pyrazolinyl,

30  As used herein, the term “heteroatom” is intended to mean O, S or N,
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152- des- net hyl di scoder nol i de, 5-hydroxynet hyl di scoder- nolide, 19-des-

am nocar bonyl di scodernol i de, 9(13)-cycl odi scodernolide, and | aulimalide)
can al so We 2087416 t he net hods and conpositions of thePCHEAAM7HM42EX her

m crotubul e stabilizing conpounds that can be used in conbination with the
20 compounds of the invention to treat cancer and other neopl asns are
described in U S Pat. Nos. 6,624,317; 6,610,736; 6,605,599, 6,589, 968;

6, 583, 29(As Wselter@iBahe BT astved dissids Blinteoded & mean gdRcidevhengn g7 .

6, 495, 594; . : .y 2 Pib5acid
6, 387, 92%”‘3’,’@@%?@%@?‘%%@%,’%@%" tg“"%’%m%?g’ f‘g,eg%?%hg‘ft rg’t g’ége, 895
6, 302, 838alideBAEUEHBate@sEDS, 05 DBt GStEga eitar-in sl agepargieppihete step.
6, 262, 094 234, . . : - re % 909;
6, 025, 380" GGkt ki) v téeubaytiteiol ol hefcles a5
5, 840,575%hidGides"1 , BB esterg 6an be formed Tegiunpsthe Yeatment 6ba dgcid vothiar 7,
5,714,513, : 4 7 4- 2 : 99.4 and
4. 939, 16£8h§w§§@ é@gfggﬁ%#g’ RS EpS BT A pnareta Badeichas TRER g A0 :
2003/ 01761QBt ilan @peRriater®iest. AThe PSRBoI0 KGRI vated dRotyitBuaBBeAtil
2003/ 0087888, Al.. 20 6 ' ; 3/ 0023082 Al;
5005/ 0100854 i the BB IR G T“@gﬂéﬂ%gg%ﬁ%ﬁ%’é’%ﬁgl%zm A
2002/ 0156110 Al ; 2002/0128471 Al ; 2002/ 0045609 Al ; 2002/ 0022651 Al;
2002/.0016356 . 2002/ 00 i ' e i s by
r ef er1 ncé&s u?% %ﬁgytﬁﬁ%&%%éf@%gﬁgﬁgﬁ%&qﬁ (5Hre%cn %eé{gwg]ra g@é&? ?é‘ﬁ%égeg nts
that nmay the aimpound béthepredenhinsentionrio producd a prubepor s emiAR BiRederhain, suce
listed in.the follow ng Table: Al lcylatin ent s )
| omust i ndhBhe e PR ARt Wb e RGBT e R PR A or
est r anustindieeap rexdphitidreof the prabietsp thatei rmay be detectet (medduzed arel quantifesha
str ept 0208l 1 G SLATRY S LR BloP T HendaPRTREH £t SBHBHIRCWRRR RISt ne
15 linked to either a compound of the present invention or to an IAP BIR domain to altow
another compound to be extracted from a solution to which the ligand or group is
attached.

As used herein, the term “probe” is intended to mean a compound of Formula | which is
20 labeled with either a detectable label or an affinity tag, and which is capable of binding,
egither covalently or non-covalently, to an IAP BIR domain. When, for example, the probe
is non-covalently bound, it may be displaced by a test compound. When, for example, the
probe is bound covalently, it may be used to form cross-linked adducts, which may be
quantified and inhibited by a test compound.
25
As used herein, the term “optionally substituted with one or more substituents” or its
equivalent term “optionally substituted with at least one substituent” is intended to mean
that the subsequently described event of circumstances may or may not occur, and that
the description includes instances where the event or circumstance occurs and instances
30 inwhich it does not. The definition is intended to mean from zero to five substituents.

If the substituents themselves are incompatible with the synthetic methods of the present
invention, the substituent may be protected with a suitable protecting group (PG) that is
stable to the reaction conditions used in these methods. The protecting group may be

35 removed at a suitable point in the reaction sequence of the method to provide a desired
68



Pl ati num agents cisplatin carboplati num oxaliplatin ZD- 0473 ( Anor MED)

spi ropl ati num | obapl atin (Aetema) carboxyphthal atopl ati num satrapl atin
(Johnson wet20bié¥i62et r apl ati n BBR- 3464 ( Hof f mann- La RocRE€Y/03a¢i7{9D&E2s n

SM 11355 (Sumitonp) iproplatin AP-5280 (Access) Antinetabolites
azacytidi ne tonudex genctitabine trinetrexate capecitabine deoxycofornycin
5-fluorouracil fludarabine floxuridine pentostatin 2-chl orodeoxyadenosi ne
ral titr evetdrnéediate on tergatwoimpeunn: Guiable pededing igraps anf the Behrdane

(oPer SotoREAEAR R aen( Bt o sl bplapu TS
are well known to those skiiled in the art, examples of which may be found in T. Greene
and P. Wuts, Protecting Groups in Chemical Synthesis (3™ ed.), John Wiley & Sons, NY
5 (1999), which is incorporated herein by reference in its entirety. Examples of protecting

groups used throughout include, but are not limited to Fmoc, Bn, Boc, CBz and COCFs. In
some instances, a substituent may be specifically selected to be reactive under the
reaction conditions used in the methods of this invention. Under these circumstances, the
reaction conditions convert the selected substituent into another substituent that is either

10 useful in an intermediate compound in the methods of this invention or is a desired
substituent in a target compound.

Abbreviations for a-amino acids used throughout are as follows:

Amino acid Abbreviation
a~-Amino butyric acid Abu
Alanine Ala
Arginine Arg
Aspartic acid Asp
Asparagine Asn
Cysteine Cys
Glutamic acid Glu
Glutamine Gin
Glycine Gly
Isoleucine lle
Histidine His
Leucine Leu
Lysine Lys
Methionine Met
Phenylalanine Phe
Proline Pro
Serine Ser
Threonine Thr
Tryptophan Trp
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et hynyl cytidi ne (Tai ho) Topoi sonerase inhibitors ansacrine rubitecan
(Super Gen) epirubicin exatecan nesylate (Daiichi) etoposide quinanmed

( ChenGeneWp 2emiopwei de or mit oxantrone gi mat ecan (Si gnaPTRUOA2007I0BRECan
(CPT-11) difl onotecan (Beaufour-Ipsen) 7-ethyl-10-hydroxy-canptothecin

TAS- 103 (Tai ho) Topotecan el samitrucin (Spectrum dexrazoxanet (TopoTarget)
J-107088 (Merck & _Co) pixantrone (Novusphanna) BNP-1350Q_( Bi oNuneri k)
rebeccanyci n anal )gue (EAmthﬂsw CKD 602 (MQVMQnDang) BBR- 3576
(Novusphar ma) KW 24F6={ yeme-tat-et —e-206 7102 162PCTHCA2007/ 000428
Antitumor antibiotics dact? 3WC| n (act| norrvm n b) anondf i de doxor ubicin
(adriamycin) azonafi de deowslingi ci n antjhr apyr axal e val rybi ci n oxantrazol e
daunor abi ci n ( dauremre+-—esoxantronre—eprabtetn

As used herein, the term “residue” when referring to a-amino acids is intended to mean

a radical derived from the corresponding a-amino acid by eliminating the hydroxyl of the

carboxy group and one hydrogen of the a-amino group. For example, the terms Gin, Ala,
5  Gly, lle, Arg, Asp, Phe, Ser, Leu, Cys, Asn, and Tyr represent the residues of L-glutamine,

L-alanine, glycine, L-isoleucine, L-arginine, L-aspartic acid, L-phenylalanine, L-serine, L-

leucine, L-cysteine, L-asparagine, and L-tyrosine, respectively.

As used herein, the term “subject” is intended to mean humans and non-human mammals
10 such as primates, cats, dogs, swine, cattle, sheep, goats, horses, rabbits, rats, mice and
the like.

As used herein, the term “prodrug” is intended to mean a compound that may be
converted under physiological conditions or by solvolysis to a biologically active

15  compound of the present invention. Thus, the term “prodrug” refers to a precursor of a
compound of the invention that is pharmaceutically acceptable. A prodrug may be
inactive or display limited activity when administered to a subject in need thereof, but is
converted in vivo to an active compound of the present invention. Typically, prodrugs are
transformed in vivo to yield the compound of the invention, for example, by hydrolysis in

20  blood or other organs by enzymatic processing. The prodrug compound often offers
advantages of solubility, tissue compatibility or delayed release in the subject (see,
Bundgard, H., Design of Prodrugs (1985), pp. 7-9, 21-24 (Elsevier, Amsterdam). The
definition of prodrug includes any covalently bonded carriers which release the active
compound of the invention in vivo when such prodrug is administered to a subject.

25  Prodrugs of a compound of the present invention may be prepared by modifying functional
groups present in the compound of the invention in such a way that the modifications are
cleaved, either in routine manipulation or in vivo, to a parent compound of the invention.

As used herein, the term "pharmaceutically acceptable carrier, diluent or excipient” is
30 intended to mean, without limitation, any adjuvant, carrier, excipient, glidant, sweetening
agent, diluent, preservative, dye/colorant, flavor enhancer, surfactant, wetting agent,
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(NTH) and base addition salts.

As used herein, the term “"pharmaceutically acceptable acid addition salt" is intended to

10  mean those salts which retain the biclogical effectiveness and properties of the free
bases, which are not biologically or otherwise undesirable, and which are formed with
inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like, and organic acids such as acetic acid, trifluoroacetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic

15  acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, and the
like.

As used herein, the term "pharmaceutically acceptable base addition salt” is intended to

20  mean those salts which retain the biological effectiveness and properties of the free acids,
which are not biologically or otherwise undesirable. These salts are prepared from
addition of an inorganic base or an organic base to the free acid. Salts derived from
inorganic bases include, but are not limited to, the sodium, potassium, lithium, ammonium,
calcium, magnesium, iron, zinc, copper, manganese, aluminum salts and the like. Salts

25  derived from organic bases include, but are not limited to, salts of primary, secondary, and
tertiary amines, substituted amines including naturally occurring substituted amines, cyclic
amines and basic ion exchange resins, such as isopropylamine, trimethylamine,
diethylamine, triethylamine, tripropylamine, ethanolamine, 2-dimethylaminoethanol, 2-
diethylaminoethanol, dicyclohexylamine, lysine, arginine, histidine, caffeine, procaine,

30  hydrabamine, choline, betaine, ethylenediamine, glucosamine, methylglucamine,
theobromine, purines, piperazine, piperidine, N-ethylpiperidine, polyamine resins and the
like.

As used herein, the term “BIR domain binding” is intended to mean the action of a

35  compound of the present invention upon an IAP BIR domain, which blocks or diminishes
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5  As used herein, the term “insufficient apoptosis” is intended to mean a state wherein a

disease is caused or continues because cells deleterious to the subject have not

apoptosed. This includes, but is not limited to, cancer cells that survive in a subject

without treatment, cancer cells that survive in a subject during or following anti-cancer

treatment, or immune cells whose action is deleterious to the subject, and includes,
10 neutrophils, monocytes and auto-reactive T-cells.

As used herein, the term “therapeutically effective amount” is intended to mean an amount
of a compound of Formula I or Il which, when administered to a subject is sufficient to
effect treatment for a disease-state associated with insufficient apoptosis. The amount of

15  the compound of Formula | will vary depending on the compound, the condition and its
severity, and the age of the subject to be treated, but can be determined routinely by one
of ordinary skill in the art having regard to his own knowledge and to this disclosure.

As used herein, the term “treating” or "treatment” is intended to mean treatment of a

20 disease-state associated with insufficient apoptosis, as disclosed herein, in a subject, and
includes: (i) preventing a disease or condition associated with insufficient apoptosis from
occurring in a subject, in particular, when such mammal is predisposed to the disease or
condition but has not yet been diagnosed as having it; (i) inhibiting a disease or condition
associated with insufficient apoptosis, i.e., arresting its development; or (iii) relieving a

25  disease or condition associated with insufficient apoptosis, i.e., causing regression of the
condition.

As used herein, the term “treating cancer” is intended to mean the administration of a
pharmaceutical composition of the present invention to a subject, preferably a human,

30  which is afflicted with cancer to cause an alleviation of the cancer by killing, inhibiting the
growth, or inhibiting the metastasis of the cancer cells.

As used herein, the term “preventing disease” is intended to mean, in the case of cancer,
the post-surgical, post-chemotherapy or post-radiotherapy administration of a

35 pharmaceutical composition of the present invention to a subject, preferably a human,
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As used herein, the term "synergistic effect” is intended to mean that the effect achieved
with the combination of the compounds of the present invention and either the
chemotherapeutic agents or death receptor agonists of the invention is greater than the
effect which is obtained with only one of the compounds, agents or agonists, or

10  advantageously the effect which is obtained with the combination of the above
compounds, agents or agonists is greater than the addition of the effects obtained with
each of the compounds, agents or agonists used separately. Such synergy enables
smaller doses to be given.

15  As used herein, the term "apoptosis” or “programmed cell death” is intended to mean the
regulated process of cell death wherein a dying cell displays a set of well-characterized
biochemical hallmarks that include cell membrane blebbing, cell soma shrinkage,
chromatin condensation, and DNA laddering, as well as any caspase-mediated cell death.

20 As used herein, the term "BIR domain" or “BIR" are used interchangeably throughout and
are intended to mean a domain which is characterized by a number of invariant amino
acid residue including conserved cysteines and one conserved hisitidine residue within the
sequence Cys-(Xaa1),Cys-(Xaa1)gHis-(Xaa1);3Cys. Typically, the amino acid sequence
of the consensus sequence is: Xaa1-Xaa1-Xaa1-Arg-Leu-Xaa1-Thr-Phe-Xaa1-Xaa1-Trp -

25  Pro-Xaa2-Xaa1l-Xaa1-Xaa2-Xaa2-Xaa1-Xaa1-Xaa1-Xaa1-Leu-Ala-Xaa1-Ala-Gly-Phe-Tyr-
Tyr-Xaa1-Gly-Xaa1-Xaa1-Asp-Xaa1-Val-Xaa1-Cys-Phe-Xaa1-Cys-Xaal-Xaa1-Xaa1l-
Xaal-Xaa1-Xaa1-Trp-Xaa1-Xaa1-Xaa1-Asp-Xaai-Xaa1-Xaa1-Xaal-Xaa1-His-Xaa- 1-
Xaa1l-Xaal-Xaa1-Pro-Xaa1-Cys-Xaa1-Phe-Val, wherein Xaa1 is any amino acid and
Xaaz is any amino acid or is absent. Preferably the sequence i substantially identical to

30 one of the BIR domain sequences provided for XIAP, HIAP1, or HIAP2 herein.

The BIR domain residues are listed below (see Genome Biology (2001) 1-10):

XIAP HIAP-1 HIAP-2
BIR1 21-93 41-113 24-96
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J
As used herein, the term “ring zinc finger" or "RZF" is intended to mean a domain having
the amino acid sequence of the consensus sequence: Glu-Xaa1-Xaa1-Xaa1-Xaal-Xaal-
Xaa- 1-Xaa2-Xaa1-Xaa1-Xaal-Cys-Lys-Xaa3-Cys-Met-Xaa1-Xaa1-Xaa1-Xaa1-Xaal-
Xaa3-X- aal-Phe-Xaa1-Pro-Cys-Gly-His-Xaa1-Xaa1-Xaa1-Cys-Xaa1-Xaa1-Cys-Ala-
Xaal-Xaa- 1-Xaa1-Xaa1-Xaa1-Cys-Pro-Xaa1-Cys, wherein Xaa1 is any amino acid, Xaa2

is Glu or Asp, and Xaa3 is Val or lle.

As used herein, the term “IAP” is intended to mean a polypeptide or protein, or fragment
10  thereof, encoded by an IAP gene. Examples of IAPs include, but are not limited to human
or mouse NAIP (Birc 1), HIAP-1 (clAP2, Birc 3), HIAP-2 (clAP1, Birc 2), XIAP (Birc 4),
survivin (Birc 5), livin (ML-IAP, Birc 7), ILP-2 (Birc 8) and Apollon/BRUCE (Birc 6) (see for
example US Patent Numbers 6,107,041; 8,133,437, 6,156,535, 6,541,457, 6,656,704;
6,689,562, Deveraux and Reed, Genes Dev. 13, 239-252, 1999; Kasof and Gomes, J.
Biol. Chem., 278, 3238-3246, 2001; Vucic et al., Curr. Biol. 10, 1359-1366, 2000; Ashab et
al. FEBS Lett., 495, 56-60, 2001, the contents of which are hereby incorporated by

reference).

15

As used herein, the term “IAP gene” is intended to mean a gene encoding a polypeptide
20  having at least one BIR domain and which is capable of modulating (inhibiting or
enhancing) apoptosis in a cell or tissue. The IAP gene is a gene having about 50% or
greater nucleotide sequence identity to at least one of human or mouse NAIP (Birc 1),
HIAP-1 (clAP2, Birc 3), HIAP-2 (clAP1, Birc 2), XIAP (Birc 4}, survivin (Birc 5), livin (ML-
IAP, Birc 7), {LP-2 (Birc 8) and Apolion/BRUCE (Birc 6). The region of sequence over
25  which identity is measured is a region encoding at least one BIR domain and a ring zinc
finger domain. Mammalian [AP genes include nucleotide sequences isolated from any

mammalian source.

As used herein, the term "ICsp" is intended to mean an amount, concentration or dosage

30  of a particular compound of the present invention that achieves a 50% inhibition of a
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As used herein, the term "modulate” or “modulating” is intended to mean the treatment,
prevention, suppression, enhancement or induction of a function or condition using the

10  compounds of the present invention. For example, the compounds of the present
invention can modulate IAP function in a subject, thereby enhancing apoptosis
by significantly reducing, or essentially eliminating the interaction of activated apoptotic
proteins, such as caspase-3, 7 and 9, with the BIR domains of mammalian IAPs or by
inducing the loss of XIAP protein in a cell.

15
As used herein, the term "enhancing apoptosis" is intended to mean increasing the
number of cells that apoptose in a given cell population either in vitro or in vivo. Examples
of cell populations include, but are not limited 1o, ovarian cancer cells, colon cancer cells,
breast cancer cells, lung cancer cells, pancreatic cancer cells, or T cells and the like. It

20 will be appreciated that the degree of apoptosis enhancement provided by an apoptosis-
enhancing compound of the present invention in a given assay will vary, but that one
skilled in the art can determine the statistically significant change in the level of apoptosis
that identifies a compound that enhances apoptosis otherwise limited by an IAP.
Preferably "enhancing apoptosis" means that the increase in the number of ceils

25  undergoing apoptosis is at least 25%, more preferably the increase is 50%, and most
preferably the increase is at least one-fold. Preferably the sample monitored is a sample
of cells that normally undergo Insufficient apoptosis (i.e., cancer celis). Methods for
detecting the changes in the level of apoptosis (i.e., enhancement or reduction) are
described in the Examples and include methods that quantitate the fragmentation of DNA,

30 methods that quantitate the translocation phosphatoyiserine from the cytoplasmic to the
extracellular side of the membrane, determination of activation of the caspases and
methods quantitate the release of cytochrome C and the apoptosis inhibitory factor into
the cytoplasm by mitochondria.
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Certain compounds of the present invention may exist in Zwitterionic form and the present

35 invention includes Zwitterionic forms of these compounds and mixtures thereof.
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Gynecological

uterus (endometrial carcinoma), cervix {cervical carcinoma,
pre-tumor cervical dysplasia), ovaries (ovarian carcinoma
[serous cystadenocarcinoma, mucinous cystadenocarcinoma,
unclassified carcinoma], granulosa-thecal cell tumors, Sertoli-
Leydig cell tumors, dysgerminoma, malignant teratoma), vulva
(squamous cell carcinoma, intraepithelial carcinoma,
adenocarcinoma, fibrosarcoma, melanoma), vagina (clear cell
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Hematologic

blood (myeloid leukemia [acute and chronic], acute
lymphoblastic leukemia, chronic lymphocytic leukemia,
myeloproliferative diseases, multiple myeloma, myelodysplastic
syndrome), Hodgkin's disease, non-Hodgkin's lymphoma
[malignant lymphoma]
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Nervous system

skull (osteoma, hemangioma, granuloma, xanthoma, osteitis
deformans), meninges (meningioma, meningiosarcoma,
gliomatosis), brain (astrocytoma, medulloblastoma, glioma,
ependymoma, germinoma [pinealomal), glioblastoma muiltiform,
oligodendroglioma, schwannoma, retinoblastoma, congenital
tumors), spinal cord neurofibroma, meningioma, glioma,
sarcoma)

Skin

malignant melanoma, basal cell carcinoma, squamous cell

carcinoma, Karposi's sarcoma, moles dysplastic nevi, lipoma,

angioma, dermatofibroma, keloids

The compounds of the present invention, or their pharmaceutically acceptable salts or

their prodrugs, may be administered in pure form or in an appropriate pharmaceutical

composition, and can be carried out via any of the accepted modes of Galenic

pharmaceutical practice.

The pharmaceutical compositions of the present invention can be prepared by mixing a

compound of the present invention with an appropriate pharmaceutically acceptable

carrier, diluent or excipient, and may be formulated into preparations in solid, semi-soiid,

10

liquid or gaseous forms, such as tablets, capsules, powders, granules, ointments,

solutions, suppositories, injections, inhalants, gels, microspheres, and aerosols. Typical

routes of administering such pharmaceutical compositions include, without limitation, oral,

topical, transdermal, inhalation, parenteral (subcutaneous injections, intravenous,

intramuscular, intrasternal injection or infusion techniques), sublingual, ocular, rectal,

15

vaginal, and intranasal. Pharmaceutical compasitions of the present invention are

formuiated so as to allow the active ingredients contained therein to be bioavailable upon

administration of the composition to a subject. Compositions that will be administered to a
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cycloal kyl, aryl or heteroaryl, whereinr is 1-10 5Schenme 3 Schene 4

Il lustrates al kyl bridged conpounds, which may be prepared using the

met hods MEOEHTHEHI6Rerein. Treatment of 3-i with 0.5 equPC¢TEN2BMT08IRY| chain
containing two | eaving groups, such as 1, 5-di bronopent ane,

1, 10-di br onodecane, and the |like, provides 10internedi ate 4-i.
Alternatively, reductive amnation of 3-i with a dial dehyde may yield

i nt er medi $biechor patipaifrisd thetformoiginememare dpsrgecnitpounrre fafexpmplaupdablel i . wo
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intermediates 5-i and 5-ii.

10 A pharmaceutical composition of the present invention may be in the form of a solid or
liguid. In one aspect, the carrier(s) are particulate, so that the compositions are, for
example, in tablet or powder form. The carrier(s) may be liquid, with the compositions
being, for example, an oral syrup, injectable liquid or an aerosol, which is useful in, for
example inhalatory administration.

15
For oral administration, the pharmaceutical composition is preferably in either solid or
liquid form, where semi-solid, semi-liquid, suspension and gel forms are included within
the forms considered herein as either solid or liguid.

20 As a solid composition for oral administration, the pharmaceutical composition may be
formulated into a powder, granule, compressed tablet, pill, capsule, chewing gum, wafer
or the like form. Such a solid composition will typically contain one or more inert diluents
or edible carriers. In addition, one or more of the following may be present; binders such
as carboxymethylcellulose, ethyl cellulose, microcrystalline celluiose, gum tragacanth or

25  gelatin; excipients such as starch, lactose or dextrins, disintegrating agents such as alginic
acid, sodium alginate, Primogel, corn starch and the like; lubricants such as magnesium
stearate or Sterotex; glidants such as colloidal silicon dioxide; sweetening agents such as
sucrose or saccharin; a flavoring agent such as peppermint, methyl salicylate or orange
flavoring; and a coloring agent.

30
When the pharmaceutical composition is in the form of a capsule, e.g., a gelatin capsule, it
may contain, in addition to materials of the above type, a liguid carrier such as
polyethylene glycol or oil such as soybean or vegetable oil.

35  The pharmaceutical composition may be in the form of a liquid, e.g., an elixir, syrup,
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An additional method for the preparation of asymetrically bridged
conpounds is 5illustrated in Schene 6. Coupling of 5-i with 6-1i w |

provi de aWRi2R0UKHE163f | nternediates 6-ii, 5-iii and 6-ii PCTEAV7A0D43A of
6-ii, 5-iii, and 6-iii, may be afforded by nmethods such as chromat ography
or recrystallization. Deprotection of PG4 of intermediates 6-H provides
conmpound 6-iv. WO 2007/104162PCT/ CA2007/ 000428 Schene 6: Coupling of
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BI R bi ndi gynjéeidrs ki xdthsledWikh Richdh 1 ot gam.rﬁéfr%hoﬁspré#eheét rated in
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2007/ §041mmwmmommmpae@gm%ofa aurfagmtj nngsewatlve vmtmg agent,7- v,

Depr ot ect rgF‘}th | P3

bi s-am d d'ﬁﬁbrﬂ 5 cganér}%ﬁg Qééh\( tﬂﬁ‘ér %fgmﬁpr ocegtgtbrr‘r'g?gg I e 8lutﬁgdt he

preparation of asymmetrically bri dged BI R bi nding 10units, vvhi ch have been

l2)(r)i)c71/g(1§84162%@%6@%%@%%2%@?%?&% %@?reé@nﬁ ﬁﬂg%%het%%hegn%ydr I de, such
as succi rialutigns,gugpensiansan biher lllseeforrp.rmay helude pne primgreaefdh@ flfowin@r eat ment  of
011 DT, SRR 5 Lkl by oSO B ) 1
agents 2. m'tyslologlcai saline, ngers solution, isotonic sodium chloride, fixed oils such as
synthetic mono or diglycerides which may serve as the solvent or suspending medium,
polyethylene glycols, glycerin, propylene glycol or other solvents; antibacterial agents
such as benzyl alcohol or methyl paraben; encapsulating agents such as cyclodextrins or
15 functionalized cyclodextrins, including, but not limited to, o, B, or 8-
hydroxypropylcyclodextins or Captisol; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediamine tetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium
chloride or dextrose. The parenteral preparation can be enclosed in ampoules, disposable
20 syringes or multiple dose vials made of glass or plastic. An injectable pharmaceutical
composition is preferably sterile.

A liquid pharmaceutical composition of the present invention used for either parenteral or
oral administration should contain an amount of a compound of the present invention such

25  that a suitable dosage will be obtained. Typically, this amount is at least 0.01% of a
compound of the present invention in the composition. When intended for oral
administration, this amount may be varied to be between 0.1 and about 70% of the weight
of the composition. For parenteral usage, compositions and preparations according o the
present invention are prepared so that a parenteral dosage unit contains between 0.01 to

30 10% by weight of the compound of the present invention. Pharmaceutical compositions
may be further diluted at the time of administration; for example a parenteral formulation
may be further diluted with a sterile, isotonic solution for injection such as 0.9 % saline, 5
wt % dextrose (D5W), Ringer’s solution, or others.

35  The pharmaceutical composition of the present invention may be used for topical
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5L = -(CH2)r -(CH2)rY-(CH2)r- , aryl, heteroaryl Scheme 8: P2-P3 bis-am de
bri dged conpounds 10Schene 9 illustrates the synthesis of conpound 1.
Boc- ci s- 2WB\29MY162- prol i ne was treated with NaH i n DVFPCTEIA200%09043§
propargyl brom de to provide internediate 9-1. Amide coupling with

(R -1, 2,3, 4-tetrahydro-1- napht hl am ne, and Boc deprotection with TFA
provided internmediate 9-2. Am de coupling of Boc-tert-Bud@y-OH with 9-2,
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HCl in 1- | ' : .ermedi ate 10-6
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sebacoyl ‘DY0n o aboyt o 115 SbERNeb WEHPER BSoMIEY, e’ Boc protect i ng
groups using 4N HCl in 1,4-dioxane provided conpound 2.2HCI (Schene 11).
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will melt in the rectum and release the drug. The composition for rectal administration may
contain an oleaginous base as a suitable nonirritating excipient. Such bases inciude,
without limitation, lanolin, cocoa butter and polysthylene glycol.
15
The pharmaceutical composition of the present invention may include various materiais,
which modify the physical form of a solid or liquid dosage unit. For example, the
composition may include materials that form a coating shell around the active ingredients.
The materials that form the coating shell are typicaily inert, and may be selected from, for
20 example, sugar, shellac, and other enteric coating agents. Alternatively, the active
ingredients may be encased in a gelatin capsule.

The pharmaceutical composition of the present invention in solid or liquid form may
include an agent that binds to the compound of the present invention and thereby assists

25 inthe delivery of the compound. Suitable agents that may act in this capacity include, but
are not limited to, a monoclonal or polyclonal antibody, a protein or a liposome.

The pharmaceutical composition of the present invention may consist of dosage units that
can be administered as an gerosol. The term aerosol is used to denote a variety of

30  systems ranging from those of colloidal nature to systems consisting of pressurized
packages. Delivery may be by a liquefied or compressed gas or by a suitable pump
system that dispenses the active ingredients. Aerosols of compounds of the present
invention may be delivered in single phase, bi-phasic, or tri-phasic systems in order to
deliver the active ingredient(s). Delivery of the aerosol includes the necessary container,

35 activators, valves, subcontainers, and the like, which together may form a kit. One skilled
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Schenme 12 5Schenme 13 illustrates the preparati on of conpounds 4 and 5
Internmediates 9-4 and 13-1 were coupled using a Cud and TMEDA cat al ysts
system iwoaeetone? under an oxygen atnosphere, to provPO®CA2007/00028 Of
internmedi ates 9-5, 13-2, and 13-3. Separation by silica gel chromatography
provi ded the individual internediates. Internmediates 13-2 and 13-3 were
separately deprotected by treatnent with 4N NCI in 1, 4-dioxane, to provide
10c onpourinl the4dE Withoainehdbe eberjmendatipaonayddtgrmine praf@rred aerosols.

2007/ 104162PCT/ CA2007/ 000428 13- 3conmpound 5 Scheme 13: Synt hesis of
conpounds 4 and 5. Schene 14 illustrates the preparation of conpound 6.
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The compounds of the present invention, or their pharmaceutically acceptable salts, are
administered in a therapeutically effective amount, which will vary depending upon a
variety of factors including the activity of the specific compound employed; the metabolic
15  stability and length of action of the compound; the age, body weight, general health, sex,
and diet of the patient; the mode and time of administration; the rate of excretion; the drug
combination; the severity of the particular disorder or condition; and the subject
undergoing therapy. Generally, a therapeutically effective daily dose may be from about
0.1 mg to about 40 mg/kg of body weight per day or twice per day of a compound of the
20 present invention, or a pharmaceutically acceptable salt thereof.

Combination therapy

The compounds of the present invention, or pharmaceutically acceptable saits thereof,
may also be administered simuitaneously with, prior to, or after administration of one or

25  more of the therapeutic agents described below. Such combination therapy may include
administration of a single pharmaceutical dosage formulation which contains a compound
of the present invention and one or more additional agents given below, as well as
administration of the compound of the present invention and each of additional agent in its
own separate pharmaceutical dosage formulation. For example, a compound of the

30 present invention and a chemotherapeutic agent, such as taxol (paclitaxel), taxotere,
etoposide, cisplatin, vincristine, vinblastine, and the like, can be administered to the
patient either together in a single oral dosage composition such as a tablet or capsule, or
each agent administered in separate oral dosage formulations or via intravenous injection.
Where separate dosage formulations are used, the compounds of the present invention

35 and one or more additional agents can be administered at essentially the same time, i.e.,
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Renoval of the Fnoc protection group from conpound 72HCI, using pol ystyrene
5 supported N-nethyl pi perazine in DVF provided conpound 8. Renobval of the
Boc WO 2807200044%62PCT/ CA2007/ 000428 protecti on group fPERGAAEOAEAS at e
15-3, using 4N HCl in 1, 4-di oxane, provided conpound 9FICl (see Schene 16).
Schenme 17 illustrates the syntheses of conpounds bridged by sul fonam de

|l i nkages. Treatnent of 3-i with a disulfonyl chloride reagent provides
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Foute to TdIGEHaenaE py or ghairiple 8 EERBodif D A8l et mAPLELLS Nat ©
5  in combination with soluble TRAIL any agent or procedures that can cause an increase in

circulating level of TRAIL, such as interferon-alpha or radiation.

Thus, the present invention also encompasses the use of the compounds of the present
invention in combination with radiation therapy or one or more additional agents such as
10 those described in WO 03/099211 (PCT/US03/15861), which is hereby incorporated by
reference.
Examples of such additional agents include, but are not limited to the following:
a) an estrogen receptor moduiator,
b) an androgen receptor modulator,
15 ¢} retinoid receptor modulator,
d) a cytotoxic agent,
e) an antiproliferative agent,
f) a prenyl-protein transferase inhibitor,
g) an HMG-CoA reductase inhibitor,
20 h) an HiV protease inhibitor,
i) a reverse transcriptase inhibitor,
K) an angiogenesis inhibitor,
I) a PPAR-.y agonist,
m) a PPAR-.5. agonist,
25 n)an inhibitor of inherent multidrug resistance,
0) an anti-emetic agent,
p) an agent useful in the freatment of anemia,
) agents useful in the treatment of neutropenia,
r)an immunologic—enhanc_ing drug.
30  s)a proteasome inhibitor such as Velcade and MG132 (7-Leu-Leu-aldehyde) (see He at
al. in Oncogene (2004) 23, 2554-2558);
t} an HDAC inhibitor, such as sodium butyrate, phenyl butyrate, hydroamic acids, cyclin
tetrapeptide and the like (see Rosato et al,. Molecular Cancer Therapeutics 2003, 1273-
1284);

35  u)an inhibitor of the chemotrypsin-like activity in the proteasome;
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5 A=C0 and Q=NR4AR5. Protected am no-proline derivative 19-1 is treated with
LG L-LGto provide internediate 19-2 which is then deprotected at PGL to

yi el d i ntwéoneiiadie2 19-3. Internediate 19-3 i s convert edPCHCARMEENHEE 19-5
by an ami no acid coupling/deprotection sequences as described earlier. A
third amno acid coupling step converts internediate 19-5 to internediate
19-6. Deprotection of 19-6 at P& yields the diacid internediate 19-7.
10Treatnent of 19-7 with am no acid coupling reagents, followed RARSNH,

yi el ds i nt)&Srigdsainbibitd®s8, whi ch upon deprotecti on of P& provided conpound

2007/ 104 IPEMEREL TR IO TORS Sl PR ET oS TR For A 0 iing riion ),

VX R3-./ thatBanRARERIiHE teldasRDf Oytokimk4redchiNgs the Interlarikins| TRF qorigdure relpasiRaR3
5Thi s net a ' t l:%ﬂ ynt hesi s of bridged bis-proline am des,
sul fonamcggﬁgﬁh'%ﬁgéggaaﬁcﬁds&gﬁél Srl|“’n the case where the bridging group

I ncl udes @ Modulatoetfidealt leceptors TRP,«IL and TRAIL agonists such as the humanize
antibodies HGS-ETR1 and HGS-ETRZ2,; and

or in combination or sequentially with radiation therapy, so as to treat the cancer.

Additional combinations may also include agents which reduce the toxicity of the aforesaid
10 agents, such as hepatic toxicity, neuronal toxicity, nephprotoxicity and the like.

In one example, co-administration of one of the compounds of Formula | of the present
invention with a death receptor agonist such as TRAIL, such as a small molecule or an
antibody that mimics TRAIL may cause an advantageous synergistic effect. Moreover,

15 the compounds of the present invention may be used in combination with any compounds
that cause an increase in circulating levels of TRAIL.

Vinca Alkaloids and Related Compounds

Vinca alkaloids that can be used in combination with the nucleobase oligomers of the
20 invention to treat cancer and other neoplasms include vincristine, vinblastine, vindesine,
vinflunine, vinorelbine, and anhydrovinblastine.

Dolastatins are oligopeptides that primarily interfere with tubulin at the vinca alkaloid
binding domain. These compounds can also be used in combination with the compounds

25  of the invention to treat cancer and other neoplasms. Dolastatins include dolastatin-10
(NCS 376128), dolastatin-15, ILX651, TZT-1027, symplostatin 1, symplostatin 3, and
LU103793 (cemadotin).

Cryptophycins (e.g., cryptophycin 1 and cryptophycin 52 (LY355703)) bind tubulin within

30 the vinca alkaloid-binding domain and induce G2/M arrest and apoptosis. Any of these
compounds can be used in combination with the compounds of the invention to treat
cancer and other neoplasms.

Other microtubule disrupting compounds that can be used in conjunction with the

35  compounds of the invention to treat cancer and other neoplasms are described in U.S.
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X = -NHS(0) 2- Ar-S(0) 2NH, NHC(0)-Ar-C(0)NH, or -NHC(0)NH Ar-NHC(0)NH, -O-
CH2Ar CH2-0-. 10Alternatively, the proline derivative 19-2 nay be

depr ot ectwo 2007/®@22and converted to the am de internedi BEECARME/000E3% | owi ng
a simlar procedure as described above, 20-3 can be converted to conpound
19-9. X PGlL-N20-1 OH RARSN X1 / 01) coupling agents,il

Hsol vent Xdeproteclion PG3 N OH 2) 20-2 Schene 20 5The s nt hesi f
corrpound Pl Nes.i6,458:16526 483.187:%6 152 6,258, 8846843 721 Hri ] By 8?%%85 met hyl
ester, 3458 5 ds%aés?ds Wb B?Z %, @‘Jé;ab%b 208/ 993@921 g Wemﬁsds 831,002

|nterrred|a ch was rotected wth TFA to yie
i nt er medi éﬂﬂ 892; B, 66|5r&6@r 5604309 @@_35%48/3& 5@8@92&153%0@0@ 52(3@348@'@91" A8,

214, USi D7 BT aRA0 delas L] 8 BdiehY adfiCaftiis plictioh Nos, mmmasdséjl

i nternmedi d coupl e oc- N

21-7, msuz@smazmm ;HOB2008/0055002041 , ieack phiwkichishepabygncasegratadiycat i on of

118 WO 20? 04162PCT1CA20071000428 t he net hyl ester using Li OH provided

i nt er medi St &oSL: 9. Coupling of internediate 21-9 with phenet hyl am ne using
HBTU and HOBt provided internediate 21-10 which was deprotected using HC

in 1,4-di pxane. to » ) Oun-ﬁgl s nmethod was used for the
preparat| 5Heles aNe sl —ptor T F tdeoerrtvatives such
Taxanes such as paclltaxel doxetaxel RPR109881A SB-T-1213, SB-T-1250, SB-T-

10 101187, BMS-275183, BRT 216, DJ-927, MAC-321, IDN5109, and IDN5390 can be used
in combination with the compounds of the invention to treat cancer and other neoplasms.
Taxane analogs (e.g., BMS-184476, BMS-188797) and functionally related non-taxanes
(e.g., epothilones (e.g., epothilone A, epothilone B (EPO9086), deoxyepothilone B, and
epothilone B lactam (BMS-247550)), eleutherobin, discodermolide, 2-epi-discodermolide,

15  2-des-methyldiscodermolide, 5-hydroxymethyldiscoder- molide, 19-des-

aminocarbonyldiscodermolide, 9(13)-cyclodiscodermolide, and laulimalide) can also be
used in the methods and compositions of the invention.

Other microtubule stabilizing compounds that can be used in combination with the

20 compounds of the invention to treat cancer and other neoplasms are described in U.S.
Pat. Nos. 8,624,317; 6,610,736; 6,605,599; 6,589,968, 6,583,290; 6,576,658, 6,515,017,
6,531,497; 6,500,858; 6,498,257; 6,495,594, 6,489,314, 6,458,976, 6,441,186; 6,441,025;
6,414,015; 6,387,927; 6,380,395; 6,380,394, 6,362,217; 6,359, 140; 6,306,893; 6,302,838;
6,300,355; 6,291,690; 6,291,684; 6,268,381; 6,262,107; 6,262,094, 6,147,234, 6,136,808;

25  6,127,406; 6,100,411; 6,096,909; 6,025,385; 6,011,056; 5,965,718; 5,955,489; 5,919,815;
5,912,263; 5,840,750; 5,821,263; 5,767,297; 5,728,725; 5,721,268; 5,719,177; 5,714,513;
5,587,489; 5,473,057, 5,407,674; 5,2560,722; 5,010,099; and 4,939,168; and U.S. patent
application Publication Nos. 2003/0186965 A1; 2003/0176710 A1; 2003/0176473 At;
2003/0144523 A1; 2003/0134883 A1; 2003/0087888 A1; 2003/0060623 A1,

30  2003/0045711 A1; 2003/0023082 A1; 2002/0198256 A1; 2002/0193361 A1,
2002/0188014 A1; 2002/0165257 A1; 2002/0156110 A1; 2002/0128471 A1,
2002/0045609 A1; 2002/0022651 A1; 2002/0016356 A1; 2002/0002292 A1, each of which
is hereby incorporated by reference.
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5 as conmpounds 19 to 24 and 46 to 51. This is shown in Schene 22 wherein,

I nternmedi ate 21-9 was coupl ed to 2-propyl am de,

depr ot ect WOrReop1giaz|

conpound 242HC .
are described in Sch

d conmpound 222HC,

ene 23. The ester noiety

foll owed by HC
provi ded
5 of

whi | e coupl i ng offCirriAepirndd4Be 21- 9
to 1, 1-di phenyl net hyl am ne foll owed by deprotection with HCl
10 Scheme 22 The preparation of pyrrolidine derivatives
I nternedi ate 21-8 was

reduced tOther clodrbth@3pdutivhigehtsiast isaybiseeagreinisteyedwithl a zethpounddidbé prasent3- 2.

Reductive amnatio
Acyl at i onMGTNEo8 2
23-5 and 23-6,
provi ded conpounds 2
23-6; R=PhConpound 2

[t

enet

pwEe

JHP

502HCI
7,

and 2721-1C.

m ne provided internmedi ate 23-4.
“chl oride or benzoyl
respectively. Deprotection with I N HCl

chl oride provi
in 1, 4-di oxane
23-5; R=MeCo

ded

npound 25; R=Me
R=Ph Scherme 23a WD 2007/104162PCT/ CA2007/ 000428

Schene 2BRikylatingSul T opykcRbhdaphagfide?3- 4 W t h nethasewrdifaaiyd chl ori de,
f ol | owed| fpenidepr ot eciopistiet N 1IN HCl 5in 1, 4-/dhiewepne provi ded conpound
2602HCI . | I'nt er medi at pmadifsh provi ded an usef ul| sueptpioaine for the preparation
of ether| bridged com ink Nt er medi ate 24- 1| snepanifueipar ed from
N- Boc- ci - 4- hydr oxy- Lipediide and a, a' - di br onefo6n8le as descri bed bel ow
Am de coupling and depr&ismti on of the Boc 10paedB&ineng groups using TFA
provi ded i nt er medi at epddradn TWO Sequenti al  ani REudmkEd
estramustine phosphate carmustine
hexamethylmelamine
Platinum agents | cisplatin tetraplatin
carboplatinum BBR-3464 (Hoffmann-La Roche)
oxaliplatin Ormiplatin
ZD-0473 (AnorMED) SM-11355 (Sumitomo)
spiroplatinum iproplatin
lobaplatin (Aeterna) AP-5280 (Access)
carboxyphthalatoplatinum
satraplatin (fohnson Matthey)
Antimetabolites | azacytidine 6-mercaptopurine
tomudex hydroxyurea
gemcitabine 6-thioguanine
trimetrexate decitabine (SuperGen)
capecitabine cytarabin
deoxycoformycin clofarabine (Bioenvision)
S-fluorouracil 2-fluorodeoxy
fludarabine cytidine
floxuridine irofulven (MGI Pharma) methotrexate
pentostatin DMDC (Hoffmann-La Roche)
2-chlorodeoxyadenosine idatrexate
raltitrexed ethynyleytidine (Taiho)
Topoisomerase | amsacrine TAS-103 (Taiho)
inhibitors rubitecan (SuperGen) Topotecan
epirubicin elsamitrucin (Spectrum) dexrazoxanet
exatecan mesylate (Daiichi) (TopoTarget)
etoposide J-107088 (Merck & Co)
quinamed {ChemGenex) pixantrone (Novuspharma)
teniposide or mitoxantrone BNP-1350 (BioNumerik)
gimatecan (Sigma-Tau) rebeccamycin analogue (Exelixis)

irinotecan (CPT-11)
diflomotecan (Beaufour-Ipsen)
7-ethyl-10-hydroxy-camptothecin

CKD-602 {Chong Kun Dang)
BBR-3576 (Novuspharma}

KW-2170 (Kyowa Hakko)
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coupling and deprotection steps, as described above, provided conmpound
2902HC . Schene 24 Internmedi ate 10-6 was bridged using

1, 3- benzaewodisudodsayl chl oride to provide 5internedi at eP@B/CA20D@0P0438 ect i on
with 4N HCl in 1, 4-di oxane provided conpound 33 as its bis-HCl salt. Schene
25 WD 2007/ 104162PCT/ CA2007/ 000428 Sim larly, internediate 10-6 was

bridged using 1, 4-phenyl ene diisocyanate to

rovide internediate 26-1,

BN H

whi ch upbmmﬂ@ﬁ@otect|@@mmm@anﬁaﬁmmyuﬁm$d cornmissnticidid agid | S bi s- TFA sa
CH2A 2 HNmtibioflesO HN [28noksfide -H \ .|id@ubiciNH HN.,",r0O HN O p

doxorubicin (adnamycm) bleomycin A
azonafide rubidazone
deoxyrubicin bleomycin B
anthrapyrazole plicamycinp
valrubicin mitomycin C
oxantrazole porfiromycin
daunorubicin {daunomycin) MEN-10755 (Menarini)
losoxantrone cyanomorpholinodoxorubicin
epirubicin GPX-100 {Gem Pharmaceuticals)
bleomycin sulfate (blenoxane) mitoxantrone (novantrone)
therarubicin

Antimitotic paclitaxel RPR 109881 A (Aventis)

agents SB 408075 (GlaxoSmithKline) ZD 6126 (AstraZeneca)
docetaxel TXD 258 (Aventis)
E7010 (Abbott) PEG-paclitaxel (Enzon)
Colchicines epothilone B (Novartis)
PG-TXL (Cell Therapeutics) AZ10992 (Asahi)
vinblastine T 900607 (Tularik)
IDN 5109 (Bayer) IDN-5109 (Indena)
Vincristine T 138067 (Tularik)
A 105972 (Abbott) AVLB (Prescient NeuroPharma)
Vinorelbine cryptophycin 52 (Eli Lilly)
A 204197 (Abbott) azaepothilone B (BMS)
Vindesine vinflunine (Fabre)
LU 223651 (BASF) BNP-7787 (BioNumerik)
dolastatin 10 (NCI) auristatin PE (Teikoku Hormone)
D 24851 (ASTAMedica) CA-4 prodrug (OXiGENE)
rhizoxin (Fujisawa) BMS 247550 (BMS)
ER-86526 (Eisai) dolastatin-10 (NIH)
mivobulin (Wamer-Lambert) BMS 184476(BMS)
combretastatin A4 (BMS) CA-4 (OXiGENE)
cemadotin (BASF) BMS 188797 (BMS)
isohomohalichondrin-B (PharmaMar) | taxoprexin (Protarga)

Aromatase Aminoglutethimide anastrazole

inhibitors Exemestane YM-511 (Yamanouchi)
Letrozole formestane
atamestane (BioMedicines)

Thymidylate pemetrexed (Eli Lilly) ZD-9331 (BTG)

synthase nolatrexed (Eximias) CoFactor™ (BioKeys)

inhibitors

DNA trabectedin (PharmaMar) albumin + 32P (fsotope Solutions)

antagonists mafosfamide (Baxter International) 06 benzyl guanine (Paligent)
glufosfamide (Baxter International) thymectacin (NewBiotics) edotreotide
apaziquone (Spectrum (Novartis)

L Pharmaceuticals)
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0O NH Conmpound 44 0 HN Boo 5 Schenme 26 The preparation of conpound 35 is

illustrated in Schene 27.

Internmediate 10-1 was deprotected by the

t r eat mrentwoizoév/aeri de in THF to provide internedi at e PCTALA2Q5000428 g 10 of

27-1 with Cbz-Ay-OH foll omed by Boc deprotection provided internedi ate

27- 3TFA. Coupling of 27-3 with Boc-t-Bud y-OH foll owed by Boc deprotection

provided internediate 27-5TFA. Coupling of 27-5.2TEA with Boc- NMeAl a-

provi ded| Fantesyltradfeat jearglabifo (NuRBwniugy Labf) t he Chperilyd aloolnd (PQR BioPhauhaPd/ C
yi el ded [23ge ihhiblitbrs h fpifamitd@etthsans® hahnton) epht hBAYH3-0B6Bayke) t 0 provi de
i nternedi ate 27-8. piiadireib (ScharirgfPloupher nedi gt e 27-8 15using 4N HCO in
1, 4-di oxiane provi ded conpounds 352HCI. Schene 27a WO
2007/ 104 6520 0/ /[CPRO4CBA PharB@p, NNH 4N HG@riquiiadSgnéiapxane
Scheme 2[7b Vari ous chickijuidaniifipBodiige Bliepar ghifdodandaittdtc@ieltyx)act i ve
(R) - 2- hy/dr oxy- 1- Lilly) MS-209 (Schering AG)

Histone tacedinaline (Pfizer) depsipeptide (Fujisawa)

acetyltransferase | pivaloyloxymethy! butyrate (Titan) MS-275 (Schering AG)

inhibitors SAHA (Aton Pharma)

Metalloproteinas | Neovastat (Aeterna Laboratories) marimastat (British Biotech) BMS-

e inhibitors CMT-3 (CollaGenex) 275291 (Celltech)

Ribonucleoside | gallium maltolate {Titan) triapine (Vion)

reductase tezacitabine (Aventis) didox (Molecules for Health)

inhibitors

TNF alpha virulizin (Lorus Therapeutics) CDC-394 (Celgene)

agonists/antagon | revimid (Celgene)

ists

Endothelin A atrasentan (Abbott) 7ZD-4054 (AstraZeneca)

receptor YM-598 (Yamanouchi)

antagonist

Retinoic acid

fenretinide (Johnson & Johnson)

LGD-1550 (Ligand)

ISF-154 (Tragen)
adenocarcinoma vaccine (Biomira)
cancer vaccine (Intercell)

CTP-37 (A VI BioPharma)

receptor agonists | alitretinoin (Ligand)
Immuno- Interferon norelin (Biostar)
modulators dexosome therapy (Anosys) IRX-2 (Immuno-Rx)
oncophage (Antigenics) BLP-25 (Biomira)
pentrix (Australian Cancer PEP-005 (Peplin Biotech)
Technology) MGV (Progenics)
GMK (Progenics) synchrovax vaccines (CTL Immuno)

beta.-alethine (Dovetail)
melanoma vaccine (CTL Immuno)
CLL therapy (Vasogen)

p21 RAS vaccine (GemVax)
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5phenyl et hyl am ne, 2

28-2. The al cohol

8-1.

to provi A¥0i200740#1581 at es 28-3, 28-4, and 28-5. Depr ot ecPCDICASH07/000428

i nternedi ates 28- 3,

28-4 and 28-5 with HCO vyi

el ded the chiral

Internediate 28-1 was Boo protected to provide

noi ety of 28-2 was al kyl ated with various al kyl halides

am nes 28-6,

28-7, and 28-8. WD 2007/104162PCT/ CA2007/ 000428 Schene 28 28-6; RCH3
28-7; RH2Ph 28-8; RH2CONH2 Internedi ates 28-6, 28-7, and 28-8 were coupl ed
wi t h i nt|eiiormdndtad 21-Qtrogeng manner 5sim | ar t|didahedmidd | ustrated for
conpoundsanfiRoranahl 24 |[(Rrednisbadiene Schene 22) t q tgtterahe propivpaends 63, 64| and
65, respegentvel y. Ojhw@hjughtd alrogeid nes nay be |dhbgymseranenmerci al ly or
prepared via a nunbegrmahylpreddieittei ncl udi ng t Heiueaider si on or
i nterconyversion of kedfidagestradlotohol s or azi dgamdtligyliestosiesne usi ng 10chiral or
achiral [chenistries,| meshisbivae chiral resol uti qrocéotidéomrers vi a met hods known
inthe art, such as jcihMdtahiemr aphy or cryst al|ldig@tistitestrdfor exanpl e, Schene
29 illustrates the enahdg@f&hatdd ve synt hesi § mitlatiidel cal | y enri ched,
asymmetrjc, 1, 1-di pheaxles hanam nes prepar ed dgedfoe addition of aryl
boronic @acids to 19 jelprslade sul finimnes, fol |1ﬁ§meb¢{ndjkj&d{ ol ysis of the
sul finanm nes wth aCI@dfOQyﬁ[)%gﬂcﬂﬂe&dﬂ,ﬁ)aw)tl cal[lpoemMoveday am ne
i nternedj ates char act@gérg@ﬂ y interendi ates |2@rdncdimd 29-5 (Bol shan, Y|;
Batey, R A, Og. LehiRsSpe&kroné, 1481-1484 )Z-met estradiol (EntreMed)
2007/ 104162PCT/ CA200/ 168488 29- 2; RLOCH3, dg=# soe RLOOOH3, de=77%
Schene 29 29-4; R10CH3t&8rdhe RLOCCH3 Sinter n%oaif@ﬁ(ﬁﬁi,ﬂh@nd 29-5 wer é
coupled WitTh i ntermedi ate zl 91n a nanner simlar to that ilTustrated]|for
conpound'sphmﬁ)d%éét ag&gge 22) to PhO%EFe conpounds 66 and} 67,
respectiy, Sevefs 2 acgg 0%6 Fredr t h%a&(ﬂﬂﬂﬁﬂﬁ"h%a@% clitgtral oneg to
chiral 1|7, 3, 4- t et r ahpg i nes e nethod report
by R A | Stal ker, et| @astium eg(;};
Tyrosine Kinase | imatinib (Novartis) C225 (ImClone)
Inhibitors kahalide F (PharmaMar) 7ZD4190 { AstraZeneca})

leflunomide (Sugen/Pharmacia) rhu-Mab (Genentech)

CEP-701 (Cephalon) ZD6474 {AstraZeneca)

ZD1839 (AstraZeneca) MDX-H210 (Medarex)

CEP-751 (Cephalon) vatalanib (Novartis)

erlotinib {Oncogene Science) 2C4 (Genentech)

MLN518 (Millenium) PK1166 (Novartis)

canertinib (Pfizer) MDX-447 (Medarex)

PK.C412 (Novartis) GW2016 (GlaxoSmithKline)

squalamine (Genaera) ABX-EGF (Abgenix)

phenoxodiol () EKB-509 (Wyeth)

SU5416 (Pharmacia) IMC-1C11 (ImClone)

trastuzumab {Genentech) EKB-569 (Wyeth)

SU6668 (Pharmacia)
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4837, as summari zed bel ow
I nt o conpounds of the instant

These
i nvention

chiral am nes can be incorporat
using 15simlar nethods as

ed

i || ustratwe 2007/18€162mes 21 and 22. The above Schenes ar ePEPHAREEIP®2E 0 bot h

symetri

cal conmpounds and unsymetri cal

conmpounds of the present

i nventi on.

The substituents Al, A Q Ql, Rl, R103, R2, R203, R3, R333, and the like

are as defined herein. LGis a leaving group such as, for exanple, d
20Br, | ,| MiEsellafBus agentOVs. WD 2007/ 104162PCT/ CA2007/ 000428 EXANPLES The
f ol | owi NBRabIR9RYCEK iAGnsbisgreSansfd t hr oughgeuttuzufatiBEIDA3-aotitbod . Weeth Amgrit)
CBz: benzysvattiylebs)bonyl ; DCM di chl or onet h -7 78HRTOR; kinase inhibitor, Wyeth)
DI PEA: di {i BCy:n Opy(PsiP intitdwt, BioCr¥@DVAP: 4- (|[dPGikthbmbtepniess)eplyaniali Rigrmagenesis)
DVF: N, N-|db¢tmiekivie {cociza NPl egonis] Ritdiphdninpt hi exisutihd (PDE V inhibitor, Cell Pathways)
EDC: 3- di |rigiirhsItiuepslesy sinddat, Mifaeah bod) inmingiel M yteiclogin o tinke; Endo)
EDTA: et hydlwieridl @DK@hbitdrpsedntis) aci d; 15 6 INPDE- V Inhibiten CelhRitlvoayy)c ar bohyl ) ;
HBTU: 0- ( b@mm @20 syhithedi) inhlbitdh, Pdng-AY - | @iadetyiiidinel (Uit prodrug, Wellstat)
hexaf | ugrophes @eR- intkor, hAviedi Jsdl)or | ¢ acAd:20B10ASART BhibitoraPfizdr)
HOBL : 1- s ﬂﬁ@é‘é&u&ﬂn@ £ SR2Bldrh-Gottl o hSa0 T Iasaredeegkit (BigmhnedBioSeiemgy aphy ;
LCVE: | qupsd (COKOIRAiBHT ARES§ Spect r onwieUK 1 ifidminagthaiodtor inhibitor,
MySH4: e W@&tﬂ@sﬁ:ﬁief(@ﬁ&mg agent, Zambon) Wilex)
CapCell™ (CYP450 stimulant, Bavarian TransMID-107 .TM. (mnnunotoxm, K8
Nordic}) Biomedix)
R-flurbiprofen (NF-kappaB inhibitor, Encore) PBI-1402 (PMN stimulant, ProMetic
GCS-100 (gal3 antagonist, GlycoGenesys) LifeSciences)
3CPA (NF-kappaB inhibitor, Active Biotech) PCXK-3145 (apoptosis promotor, Procyon)
G17DT immunogen (gastrin inhibitor, Aphton) | bortezomib (proteasome inhibitor, Millennium)
seocalcitol (vitamin D receptor agonist, Leo) doranidazole (apoptosis promotor, Pola)
efaproxiral (oxygenator, Allos Therapeutics) SRL-172 (T cell stimulant, SR Pharma) CHS-
131-I-TM-601 (DNA antagonist, 828 (cytotoxic agent, Leo)
TransMolecular) TLK-286 (glutathione S transferase inhibitor,
PI1-88 (heparanase inhibitor, Progen) Telik)
eflornithine (ODC inhibitor, ILEX Oncology) trans-retinoic acid (differentiator, NIH)
tesmilifene (histamine antagonist, YM PT-100 (growth factor agonist, Point
BioSciences) Therapeutics)
minodronic acid (osteoclast inhibitor, MX6 (apoptosis promotor, MAXIA)
Yamanouchi) midostaurin (PKC inhibitor, Novartis)
histamine (histamine H2 receptor agonist, apomine (apoptosis promotor, ILEX Oncology)
Maxim) bryostatin-1 (PK.C stimulant, GPC Biotech)
indisulam (p53 stimulant, Eisai) urocidin (apoptosis promotor, Bioniche)
tiazofurin (IMPDH inhibitor, Ribapharmy) CDA-II (apoptosis promotor, Everlife)
aplidine (PPT inhibitor, PharmaMar) Ro-31-7453 (apoptosis promotor, La Roche)
cilengitide (integrin antagonist, Merck KGaA) | SDX-101 (apoptosis promotor, Salmedix)
rituximab (CD20 antibody, Genentech) brostallicin (apoptosis promotor, Pharmacia)
SR-31747 (IL-1 antagonist, Sanofi-Synthelabo) | ceflatonin (apoptosis promotor, ChemGenex)
Additional combinations may also include agents which reduce the toxicity of the aforesaid
agents, such as hepatic toxicity, neuronal toxicity, nephprotoxicity and the like.
5  Screening assays
The compounds of the present invention may also be used in a method to screen for other
compounds that bind to an AP BIR domain. Generally speaking, to use the compounds of
the invention in a method of identifying compounds that bind to an IAP BIR domain, the
IAP is bound to a support, and a compound of the invention is added to the assay.
10 Alternatively, the compound of the invention may be bound to the support and the AP is

added.
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M5: mass spectrunm 25 NaHCO3: sodi um hydrogen carbonate; Pd/ C: pal | adi um on
carbon; TEA:triethylam ne; TI-IF:tetrahydrofuran; and

TMEDA: N, \wol20é7t1ed16anet hyl et hyl enedi am ne. 30 SYNTHETI C RETEARD®780HLhesi s of
conpound 1 35Step l:Internediate 9-1 NaH (440 ng, 11.0 mmol) was suspended
in dry DM (5 nL) under N2 at OC. Boc-cis-2- hydroxyl-L-proline (1.00 g,
4.0 mmol ) was dissolved in dry DMF (15 nlL) and added WO

2007/ 104162PCT/ CA2007/ 000428 dropwi se to the suspension of NaH The m xture

| ef t at 0 C 10 | i |
haded” i JER et SEpaYs Brihie detaiede oloBE of B comliude o8 MR e
QU?ECE?S Ap\irveédmt H?gn}m"ﬁhe tmm&dmalm{rﬁ?m‘dl_l ;heocogmpdnﬁhemyvehm@r al ong
Wi c an %, Ci ICcC a unti |, -2). . Of . . S
col | ect ec?xaﬁ\p%eﬂ"aé(rlf’&% yé:l" &?ﬁ]?ﬁ%%& P@aﬁéé&gﬁﬂf@f&i&é&"ﬁw&?{&"w
chr omgt oo RRYMpHRI thisiBay b@!!ﬁrﬁreby ittﬂ%hmgltﬁé l:l!ERJIt0| a%dld sappart, adding aas cI ear oil.

M5 (nl2z) nedi at e roediate 9- 560 ng, 2.1
mol ), B%W%ﬁﬁ'eg 08'99?&#1 9 %%lﬂ&e'( '"920 e’i‘i?sﬁr‘ﬁﬂg)e”%ﬁﬂ‘g DI PEA (1. 46
., 8.4 rdetdonini&y ﬁh&héﬁmbmmﬂof&huddteetbbmnmmmréée@nt oh thasolidr N2 and
stirred for 10 mn at roo erature yﬁ&g&%@) rah dror}PQ Qél 1-
am ne (368PReTt. Dlumgrays bl E’gﬂ'? Nas @8&*%9%&“4 u‘fvp'ﬁ Sstir
for 24 h @ielin théhgt contents were then added to a separatory funnel along
wi th Et 0OAc and washed with 10%citric acid (2x), saturated NaHCO3 (2x) and
bri nd0® The organic |ayer was collected, 15dried and concentrated under

reduced RRRSHE ses] RIYRIBYIHe (Y@%dnéﬁt%tiﬂéb&rea hFér efanipie, 3p8eHRREIRET A for 1

hr at roomtenperaturé. Volatiles were renoved in vacuo and the ree??éj
z) Mrl

triturat dbie BIR Hompisymgy belakeled: Mtespalivelyempra tBaRERE Gerapenest mex be

= 299. St @5 I
ST SRR el B R S Bt ) )

nmol ) vvertbe@f%@ol ved in dry DI\/F (10 m_) under N2 and stirred for 10 mn at
roomjise ”pﬁ'feaédmﬁgﬁwulnﬁ%%ﬂh%g}eﬁﬁ&l :%a? akz %@ tﬁgd ad coRpSitHYs)to Yereeh RPRdaHERs] and

t he sol ution to stir roomtenperature. The contents
wer e themrmgemldﬁeaogwgm%mupds Mn@pdaptﬁﬂg thg teAmEidiug candidaig<Hel#Shi t h 10%
citric ag o%ffa%ﬁg s are uSEd iRl éé’é&)nbélaﬁy Ricldetie, oRexahpIBpetdimyer was
col | ect e ried and concent ra nder reduced pressure. The resul ting

product veligopersidecsmall ergarnic meoyfe polysaschaide, Wxsnucdﬁot@e randzhe fiksy de be
t t d
W?fﬁeg?e;{%&ied\@ihbﬁ‘édc'nﬁ@ Yo% W&M&@mhgbéﬁsyﬁzmuﬁ&%ﬁ%ﬁ&?y k/ﬁéﬂdgrtﬁée

er to-provi elntermalateQSTF = 412. 30
Step 29 | riﬂé’rm'ﬂdglam@cww Boc- N-Me- Al a-OH (278 ng, 1.37 mmol ), HOBt (227 ny,
1.49 mml ), EDC (293 ng, 1.49

Drug candidates can include various chemical classes, although typically they are small
organic molecules having a molecular weight of more than 100 and less than about 2,500
Daltons. Candidate agents typically include functional groups necessary for structural

25  interaction with proteins, for example, hydrogen bonding and lipophilic binding, and
typically include at least an amine, carbonyl, hydroxyl, ether, or carboxyl group. The drug
candidates often include cyclical carbon or heterocyclic structures and/or aromatic or
polyaromatic structures substituted with one or more functional groups.

30 Drug candidates can be obtained from any number of sources including libraries of
synthetic or natural compounds. For example, numerous means are available for random
and directed synthesis of a wide variety of organic compounds and biomolecules,
including expression of randomized oligonucleotides. Alternatively, libraries of natural
compounds in the form of bacterial, fungal, plant and animal extracts are available or
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mol ) and DI PEA (7964, 4.6 mml) were dissolved in dry dichloronmethane (10
m.) under N2 and stirred for 10 mn at RT. Internediate 9-3. TFA (600 ny,

1. 14 mmolWowas7/tohm2 added and the solution was |eft to SCTCA07/0RMM2B at RT.
Et 0OAc was added and the WO 2007/104162PCT/ CA2007/ 000428 oragani c | ayer was
washed with 10%citric acid (2x), saturated-NaHCO3 (2x) and brine, dried
over anhydrous S, filtered and volatiles renoved under reduced

pressur e. regagily pre t AddiiiOp%lM natuegl prsysithettieally peedushd SeratienargeRMPAINGE | ng
wth 10- 9 é@db@f? dditielandNa=619.
5 Step 5: rrr%%&?uﬁ dﬁglra d| at eﬂgér%?i%%ﬁ%n&g)ﬁhﬁar%tﬁ Cﬂ%d (25 ng, 0. 25

nmmol ) and N, N, N, Nt et r anet hyl et hyl enedi am ne (38 4, 0.25mmol) vvere suspended

at mospher g pgtt splebp sy héf b ore e RS 84 M mitthaanda probe |
wi t h 10% toifomi e peatiecBIR2Iomairs edroplex ik fiiat-sa0mpl¢ ﬂ)ﬂpwath by bddinga tent Componngt
anhycr ousy Y90k £d LAGHEI Aol B b S IR Ndd achEGES gy e, The

product was purl romat ogra ut| n -100%
hexanes/ TiRBjndirg l;wtweerdmeltwb eanmwsmm%ebrmnmq&a okt @mfpamd lsagableddd i n

or cssur o a0 e R goell dne @neeRTREBluafla YEVRR SR L21200] 4

Synt hesi s of internediate 10 6 Step l:Internmediate 10-1 Fnoc- AMPC( 2S,

43) (9 (1,14 15 20 ng,

>0 ol ) \ReReagd8e BUBiabiof e wetishimbpufe s eterfiec) negBh e 46’ hen’ (105
uL 6. 0 nu:mhpetltlifélbtndhgtassaajsmnlsthlstembodmérrb,rthéﬁramemjlabelebwﬂtblae‘beI'&scamtdl tion
of (R-1, hydr on 1- ami ne uL, reaction
vas o0 1 BheQaserdsrEmATFURERAtY, iels AV B hrpruteiy o Bt peOBRre) and
10%citri cnrmngld(a'ae the_probd. h@eﬂrdgmpbon%saylagh dizpiag theaprobe desultihgiia afobenge ; h .
10% citric aci saturated sodi,um 5 r ho e 3 x 25 nL) an
br 1 ne (1 1B TBgreEsTon s apbatRs BFoHr e desTBHEAT RPN 12 PRI RIRITM s ol phat e.
filtersed, and concentrated under reduced pressure to provide crude 10-1 a
white soljid. This erial was, 95% was adyanced to the

noxt st opihineiase. Paieeh eompdimiacod heiediEet fedost cipeia B onpound

| nt er medi gttthe bﬁésénm@erﬁbﬁ orIbee] i atdeB fikyt ke 1AP IBIR ide@alntor mmeanﬁcreheat ed
with TFA 16\(& m;% The solution was stirred at roomtenperature for 2 hrs
before t H® agvAindingstofeim.a cemBls¥d under reduced pressure. The resul ting oi |
was stirred with diethyl ether (25 rrL) to provide a light brown solid which
was fjltered and shed with dieth ether (2 x 5 nlL), 35to_provide,
conpothd figmgtior:f te PLong %'ﬁ’td%'ﬂ%%\ﬁg@a'ﬁ?‘ typice ﬁwqwe 'n%@tlons of between 4 °C

2007/ 1041&%@%@@&%&%&%%@% %odtﬁtmnm(ihuaworw r&tlﬁ&u@h uB&lﬁaéﬁr@" (460
2.0 nol ), HBTU (760 ng, 2.0 mmol), and HOBt nﬂﬁ and

nyg,
DI PEA ( 768NY€xces 8f igrgenyts ais eengrally Gpmaved of V@SPBW‘?‘?( iré‘ §t CSHEPW:‘?I‘E: Sreaction

5 was St'ﬂhéﬁ‘édééd r2paMhd SEBEcRIdtaBsdrtle of theThbelb® SoRpdrintisifallceded at e 10- 2
(867 ngy, 1. was added. The mi xture was stirred overnight before

bei ng di I'Uf"éﬂtevﬁ’@ glorihe B demgiB- (200 ml) and 10%citric acid (50 nL). The
organix< | ayer was separated and washed with 10%citric aC| d (2 x 50 nl),
saturated sodi um bi carbonate (3 x 25 Qﬁ and brine (1 Xx m.), before

bei ng dril8Pnease athﬁmb@u%a%ﬁgiﬁ&gu {aflowed bythedesticompeprgy, Dl%alﬁpemnt of the
concent r ag@ge Wﬂhdkﬁﬁ&ﬁﬁé tet %érﬁHé&dt i9 bINGRY 18 heCBIRIGOdin andthiRlid &p%lé d
(920 ngy, > 95% pure by LCIVBI) and was advancCed to the next step w thout
further pRffaindingto, and potentially modulating, the activity of IAP. Either component can be
labeled. For example, the presence of probe in the wash solution indicates displacement
30 by the test compound. Alternatively, if the test compound is labeled, the presence of the

probe on the support indicates dispiacement.

In one case, the test compound may be added first, with incubation and washing, followed
by the probe. The absence of binding by the probe may indicate the test compound is

35 bound to the BIR domain with a higher affinity. Thus, if the probe is detected on the
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Step 4: Internediate 10-4 Internedi ate 10-3 was dissol ved in nethyl ene
chloride (10 nL) and treated with TFA (10 15nL). The solution was stirred
at room tweResEHIMIE for 2 hrs before the vol atil es wer e PCEMAZBW/ 00038 r
reduced pressure. The resulting oil was stirred with diethyl ether (20 nli)
to provide a light brown solid which was filtered, wash with diethyl ether
(2 x 5 n), to provide conpound 10-4TFA a white solid. 20 Step 5:

| nt er medi suppodtpedhipBdavitibaNlaak GHesB@Epoynd binRgnmey IndicalTbe test comgound ig 1

nmol ), t ) were dissolved in dry DM (10 nL).
Dl PEA (88%629%@({%%%? %/a and the reaction was stirred at room
tenperature for 10 m nutes before internediate 10-4 (900 ng, 1.27 mmol) was

dded. Th t t hyl
eetai e (DoBURIGH & HR&S) tebiinghF p e shmfiir Sy Reblate o St b 1Y
separ & edimahdincbdet sunbinid@ 2otest compoured with @ MPSBIRdOmais asudeatrbds odi um
bi b t 3 X ] |
by dr oucsthygnet] drlediind A0 afeiaRey fntod ocihelfal aqiBr o e I b0 B IES
pr gss ure gasepmgeftao?ipudﬁ dibuld laothbln::!ﬁo thel BIR c{oﬁndﬁ? (aitgot;gﬂﬁhtl&%@umcgoueét LCIVE)
nd was advanced, to oy er purification ep 6:
?nt er medi 23ESI9Yh af‘ﬂ?g‘?rﬁggﬁ'%\?%‘;a?%c@" @%@H Pn 20 % mor phol i ne/ TEF

(10 nmL) and the solution was stirred at roomtenperature for 16 hrs.

Vol atj | es_were renoved .under red ced ressure o provi un 0-6 a
whi £ 61 oF PESTING Forals A9 earlve OB e 1o e o e R N B G AR A 05h: v e
10- 6 whi clarifigs 8 PériHh h\@hﬁle(tmdtﬁfobiaui\/ﬁt&tlﬁlcélw?sghlflchﬁﬁfesm Following

2007/ 104162PCT/ CA2007/ 000428 Synt hesi s of coppou GP } @A errredl ate
11-1 O ud@cyRRtignAFamplesaresas fryeaéao @E@B@wnd rfal @ Bﬁ@)

cool ed t Oof BbuRB prdtR deidthinedDl FIFAxdrhPle Wkherl a348ioRBBl is eﬁp@yé@h%@%pl@ﬁ oride
(26 uL, 0.125 mml) were added and the reaction was stiyred for 4 ours at

r oom t enp®&a%PE rceum}e@ &t 2 seatitatioycounter do dptermiae A amewt of Boynsirampoung,

saturpd ed sodi um bi carbonate. The organic | ayer was separat ed, vvashed W th

brine, dried over anhydrous gtne5| um sul phate, filtered and the sol vent
renoved uhyRisallycthe sionals ithatarp doteqtrd 'wgwawabmwseée@neacws SEPHINCEd by

silica 10ggdrgf BaR4IEL ﬁﬂé?&&fvedﬂuﬁ?és@&ud@ Fdalo%cﬂ\@tylm%d%%ﬁ@élﬁélgﬂlﬁtlgﬁ adient, to

provide 11-1°as a white solid (55 ng). npound I nt er nedi at e
11- 1( 50 waﬁsméewea@%@rmwwmmen%am meak%ﬁﬁn@nq‘@ m)heam"gﬂfmeed for 3

15hrs. Volgki |[?éed’f§6 & Ie{b%ﬁq}éﬁﬂll Wf&rrﬂ@ﬁ %%%@QIHQ%%%% HiinlérRiohGsdiide 219

solid vvastrlturae eresultlnﬁ solid was

dr i ed2@ind@yoresagntlabelsuek s FliorascpinoQregen gesnso dareyh sidamire, derasnethvini t e
solid (30rHzRhmirdStekat fd, EW¥2) cRamfumiftescERRBS RdcPas luciferase; colorimetric

labels; enzymatic markers; or radicisotopes such as fritium, 1'® and the like

Affinity tags, which may be useful in performing the screening assays of the present
25  invention include be biotin, polyhistidine and the like.

SYNTHESIS AND METHODOLOGY

General methods for the synthesis of the compounds of the present invention are shown
30  below and are disclosed merely for the purpose of illustration and are not meant to be

interpreted as limiting the processes to make the compounds by any other methods.

Those skilled in the art will readily appreciate that a number of methods are available for

the preparation of the compounds of the present invention.

35 General Procedures
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20 Step 1: Internediate 12-1 Crude 10-6(200 ng, 0.251 mmol) was dissol ved
in THF (5 nL) and cooled to 4C on an ice bath. DI PEA (50 uL, 0.275 nmol)
was addedwOTe¢7aktskal oyl chloride (26 uL, 0.125 nmol) WAET/EAdEI/ 088438 t he
reaction was stirred for 16 hours before being diluted with ethyl acetate
(20 nmL) and saturated sodi um bi carbonate. The organic | ayer was separat ed,
25 washed with brine, dried over anhydrous nagnesi um sul phate, filtered and
t he sol vent renoved under reduced pressure. The resulting crude solid was

G ac ent , S4g7 s orHobat B oy Bt i it pPocs CHMBERRTE 5

Interrredlreples&medbw.ﬁnw@)lamd§omnmt|mhyvhetenw$mnem Generh methiodgaree (3 nlL) and

stirred f, r. ke L r e and the
Fesul 1 ng SR 8ehonRy LIEE 2l SEvarRar LR A0 Wl PO AR ached wi ¢ n
di et hyl dliustnateddn sctenmds) 9 toTteandSahemeas@19026d was dri ed under reduced
pressure to provide conpound 32HCI as an off white solid (40 35ng). MS
(mz) (M2)/2=523.4. WD 2007/ 104162PCT1CA20071000428 Conpounds 4 and 5

| nt er medi $¢henﬂs» Hillstftes @ gerierallprosealu)e fantlhei pne;mmtmi aibés-digmil fridgedny, 0. 22

0. ool ) SREEUEE AR NG o sy BAR VTR A,
7 s e e Mt s

|
R B o LW g £ D ORRS Gt oA MG & . O S ROGY BT oy
rfed?ced mmprth 10@ec1t(’)6t3®f903@msﬁdeaaﬁe ﬁmrdefmtedn%diatsl lica gel chrgrrgt oclag aphy, g
elutin 0 ovjde.ln S an
oy M U reaeecoup bt M IR Ch e BH S ie srRERp By M etPa g e n an 1o
in 1, . di gl Hd of PR NG CHEORY I ﬁé&ldbh:@uplﬁgldgbmsgfoﬂ@mdiby thei t ur at ed

Z“OLBOS'nSLJ‘ Highco! i1 p eyl tho &1l Proteoion amidep Woichiay b e ssriteled 3t S -

M5 (nis5s) %%Lta%?awge afﬁméplomnchﬁva%bﬁbf th%a(tf&;lib dhﬁtﬂaf&&ﬁ(ﬁma:& CI0DeHIGth 6
I nt ermedi ate 9- 560 ng, 0.900

25
mrol ), CURgPt stévgg asg;%s rfﬂvﬂvsedahydh? éﬁ?*ﬁ%?%wé? HSﬂVlé’ﬁéB‘? 3'5?14% (405 jil, 2.7
nol ) werigtefHedpRe s Tlﬁb S )élkgﬁﬂtbﬁﬂ%n%e gt s ;ﬁta@hré& by hsﬁloa;bupm@mftt@per ature

under an 02 at nosphere for lite was added and the

filtered 3BEJROIENIGSRI 1dy Ugies ap@propiale A/ ShEATI Ik ESFGYEEH JERIORROR he
resul ti ngsrqEcfany grobidy 8smpeiindaehed with 10%citric acid (2x), saturated
NaHCO8 (2x) and brine, dried over anhydrous Myj2SO4, filtered, and
concentrated under reduced pressure. The product was purlfled by silica gel
chromat ography, eluting wth 10- 100% hexanes/ THF, to provide internedi ate
14-2. Internediate 14-2 was treated with 4N 25 HCl in 1, 4-di oxane.

Vol atiles were renoved and the resulting solids triturated with diethyl
ether, filtered and washed with diethyl ether, to provide conpound 6 as its
bis-HCl salts. M5 (m's) (M2)i2=514.4. Conpound 7 30 Step 1: Internediate
15-1 (1.0 g, 1.2 mmol), glutaric anhydride (190 ng, 1.7 mol) and DI PEA
(836 RL, 4.8 mmol) were dissolved in dichloronethane (20 nL) under N2 at O
C. A catalytic anbunt of DMAP was added and the solution was stirred for 30
mn on ice and 24 hrs at roomtenperature. Et0OAc was added to the filtrate
and the resulting organic 35l ayer was washed with 10%citric acid (2x),
saturated NaHCO3 (2x) and brine, dried over 136
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WO 2007/ 104162PCT/ CA2007/ 000428 anhydrous My2SO4, filtered, and
concentrated under reduced pressure to provide internediate 15-2 as a white
solid. Stwp:2007/®#rseer nedi ate 15-2 (420 ng, 0.5 mmol), HEBT/QAZH7Hg0428. 63
mmol ), HBTU (222 ng, 0.60 nmol) and DI PEA (313 [IL, 1.8 nmol) were

di ssolved in dry DM (5 m) under N2 and stirred for 10 mn at RT.
Internmediate 10-6 (250 ng, 0.45 mmol) was added and the solution was |eft
to stir for 24 hrs at roomtenperaFe\ Et 0Ac was added and t resul ting
organi c | ayer § washed with 10%citi@ c acid (2x), saturated CO3 (2x)
and brine, 1 i ed aymsH anhydr ous SO 1) éduplingmreaientand conclenty at ed under
reduced ppeseure. The—product was pU /i ed by sttita gl cr]% ogr aphy,

el uting h 1§- 10092hefeH@d/ THES't o Yor oviglanRriRSer nedi at e 15- 3.} Step 3:

151 nt er medi at &2 1613 (248G, 0.17 H BYdepidbdich & RS0 my, BOYN20), were
suspended in OH (10 nm.) and stirred for 24 h at room tenperaturR® under a
H2 at nosphere (1 atn). The contents were then filtered on celite and washed
with MeOH. The filtrate was concentrated under reduced pressuré‘"to provi de
the intermediate 15-4 as a white solid. 20 Step 4: “BocN\e- Al a- OH (57 ny,
0.28 mml ), HOBt (44 ng, 0.33 mmol), HBTU (116 , 0. 3y'mmol ) and DI PEA (90
1.1, 0.52 mmol) wer ¢ di ssol vgdaupingteageblE (5 L) und¢r \N\2 and treated with
internmediate 15-4 (10 @@y Q13 numl)  After ﬁtl\il ' or 24 h at room

t enper at ure Et OA® s"“‘;/addjed 23hg the resulting or gani c aygy was washed with
10%citric 25acid (2xR3 sat wgiseediBiic sy 2x) and Bri ,Ndried over
anhydrous My2SM4, filtered, and concentrated under reduced pressure. The
product was purified by silica gel chromatography, eluting with 10-100%
hexanes/ THF, to provide internediate 15-5. Internediate t#-5 yas stirred
with 4N HCl in 1,4-dioxane for 1 hr at roomtenperature. Volafiles were
renmoved under reduced pressure to provide conpound 7 as its HCl salt. 30 M5
(M+2)/2 = 618.0. Conpound 8: Conpound 7HCI (100 nmg, 0.08 mmol p is dissol ved
in DM (1 nL) and added to a CH2012 %4;515 ) suspeﬂsi @ o 3 pi azi nonet hyl
pol ystyrene resin (G386 nmol PGOUPIEE AN 3 35mml ) .| Af yer ing at room
tenperature for It s GR:dgiTionar 200 ny opgh § 4
2007/ 104162PCT/ CA2007/:900428 "added. The m xture 2 siﬂp\k I@-B days at
room tenperature bef ofe bei ng, filtered, washing with MeOH. O/ol atil es were
renmoved under reduced pressure to provide conpound 8 a white solid. M
(mz) Mt1=1012. 5 Conpound 9: Internediate 15-3 (10 ng) was treated with 4N
HCl in 1,4-dioxane for 1 hr. Volatiles were renoved under r@flced pressure
to provide conpounds 9 as its HCl salt. M5 (m's) (M2)/ RENG42. 10Conpounds
10, 11, 12, 13, 14, 15, 16, 39, 40, 41, 42, 43, 52, 55, 56, 5P, and 58 and
were prepared in a simlar manner to that described for ourmml 2, wherein
t he correspondi ng sul fonyl chloride or activated diacid S stigf uted for
sebacoyl chloride in Step 1. MS characterization of th&e conpgurds h_s
summari zed in Table 1. 15Conpoupd 3 was prepared in sim | ar® majner to

t hat described for conmpound 29 UsiMg 2,3,4-(R-te hydr onapht yl-l&;_’%n‘i ne

in place of phenBhEyPasiried MS (i M2)/2 = "4, Conpound 18: .4
1-iv e 2 y
2) deprotection of PG3 H,N\; [
O
1-v
0
N-R*
R5
Scheme 1

5 Asillustrated in Scheme 2, intermediate 2-i is prepared via a typical amide
coupling/deprotection scheme. As such, the carboxylic acid moiety of PG'-cis-2-amino-
Pro(PG*)-OH is activated with amino acid coupling reagents, treated with an amine to
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20l nternedi ate 21-8 was stirred in 4N FICl in 1,4-dioxane for 2 hrs.

Vol atiles were renovd in vacuo and the residue was triturated with diethyl
et her to wWomIM@4wenpound 18-2HCI as a white solid. M5 ERTOCA2MFIEBIES. 4.
Compounds 19, 21, 22, 23, 24, 31, 32, 46, 47, 48, 49, 50, 51, 54, 59, 60,
61, 63, 64, 65, 25and 67 were prepared in a simlar manner to that

descri bed for conpound 20, wherein phenethyl am ne vas substituted by the
cor r esporptovide timowespnrﬂimrﬁd&ﬁoﬂdwndahmthe removabof BB, uhdersappoonsiatends i s

d Tabl 21-2 T
Su | iR SHRU et SR oM 2 2 T 2
mmol ) i n FBREINRAMEGOLH o cOGplaewith 2d cfollowdciby qe;mtdaubnmq 1tb.[Bvigke 2-1106. 80

react | on HaLRONGTIGERG I FEREIE 2t AOUR AT ieirdibolind P bR B0C 1

wer e &dded, the organic |ayer was 35 separated, washed with 10 %C|tr| C

aci d, aqueous NaHCO3 and brine, dried over 138 WO

2007/ 104162PCT/ cmxp@&oomggco% RUILRR,MOSOL, Filter MHIRS concentrated in
vacuo. Purifi on by sili E romat ography pfow ded internediate 21-2
as a white évgkld Step 2: Interrqacy ate 21-3.2TFA 5 rmedi atie 21-2 (4.80 g,
7.76 mol )P i ssol ved i B BNt ure of CH2d 2 (40 jnL)rand TFA (40 nl) at
0 C. The sol utiOn.pvas stir PEAGT daprafedtiens at room t eNature. Volatiles were
removed under reduced pressure and the residue was trigéurated with diet hyl
ether to provide internediate 21-32TFA as a white solid. M5 (mz) Mr1=419.2
10 Step 3:Internediate 21-5 To a sol ution of Boc-a-tBu@(l'j/)P@, 21-4, (3.95
g, 17.07 mmol ) iR DVF coollkebuplingdeagants e sequenti@l I y ded DI PEA (13.5 miL,

77.6 mol ), p¢tBL (2. 62 g,_19.4 mol) and HBTU ( , 19 4 mml) Aft er
stirring for M nPRdtes i pjesmediate 21- 32TFANS. g, %rp nfridl ) was added
and the reaction m xture WapgShdddi&dopver ni ght at 00 t,\p erature.

Water and ethyl acetate were added, the organic Iaye separ at ed, vvashed

with 10 %citric acid, aqueous NaHCO3 and brine, dried over anhydrous
My304, filtered and concentrated in vacuo. Purification by silica gel
chromat ogr aphy prpvided internediate 21- 5 as a white solid. bep
4: 1 nternediate -6. 2TFA Internediate 21-5 (6.559, 7.76 mol di ssol ved
in a mxtur BGéé%z (40" heyPiagEPagEnks (40 ni) &t © CRSI'h sl uti on was

IS

stirred for 3 room f e[r{)erature Vol ati| eN under, [educed
pressure and the residue Wa) riturated wthP8iet IN rt pnow
internedi ate 21-62TFA as a white solid. M5 (niz) 15645940 NSt ep
4:Internmediate 21-8 To a solution of Boc-NMe-Al a-OH, 21-7, (3. 859, 15.51
mmol) in DMF cooled to O C were sequentially added DI PEA (12 3 nm, 70.5
nmol ), HOBt (2.38 g, 17.63 mml) and HBTU (6.69 g, HH63 mmol ). After
stirring for 10 m nut esné{lé er Ime iate 2116 gTFR3(6, g, 7.05 30 mmol) was
added and the reaction m stiryed]lovdrni ght)at room t enper at ure.
Water and et hyl %detate V\m_d’ed Rafe a‘ﬂnc ayer v%,s separ at ed, washed
with 10 %citric acid, aqueous NaHCC3 ancﬂa2br nep drj ver anhydr ous
MySO4, filtered and concentrated in vacuo. Purific@ti by silica gel
chromat ography provided internmedi ate 21- 82&4s a white solid.

Scheme 2

Scheme 3 illustrates that amide bridged compound of Formula 1, may be prepared by the
10 treatment of 3-i with an appropriately activated diacid in the presence of a base to give 3-
ii. Deprotection of PG* provides compounds of general formula 3-ili. Activation of the
diacid may include the use of active esters, acid chlorides, acid bromides, succinamide
esters, HOBt esters, and the use of other reagents used in the formation of amide bonds.
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35 WD 2007/ 104162PCT/ CA2007/ 000428 Step 5:Internediate 21-9 To a sol ution
of internediate 21-8 (6.20 g, 6.11 mol) in THF (80 nL) and MeOH (8 nl)

cool ed t ow0 2@0masi6added 1N aqueous Li OH (30.5 nlL) and t RET/CAZEN7/000428vas

stirred overnight at roomtenperature. PH was adjusted to 6 with 10%citric
acid and ethyl 5 acetate was added, the organic |ayer was separated, washed
with brine, dried over anhydrous MgSO4, filtered and concentr at ed i n vacuo
to provide internediate 21-9 as a white solid. Step 6:dWernedi 4-10 10

To a solution of internmediate 21-9 (150 ng, 0.15 mol) i OI% to 0 C
were sequentially added DI PEA (265 uL, 1.52 nmol), HOBt/( NQ-3¢ -rfdI )
and HBTU (144 ny, 0.38 mmol ). After stirring for 10 mn engt m ne

s stirred er ni ght

(42 uL, 0.33 mmol ) was agttfed and the reaction mxturg_|
ed)r_—fdw organi c | ayer

at room t enpEr abur &3 r and etahtyfﬂte&cet ate were ad

was separ at gd, _dasted 10 % ci¥®Ffc acid, 15 aqueous NaHCCB and bri ne,
dri ed ovePCanhydribus|iMy . fiTtered and concentr at n vacud
Purification lﬁé sttl i @a g&tachr omat ogr aphy provi ded int §-+redi ate 21-10 as a

white solid. Step 7: Conpound 20.2HCI 20 4I\kHC 31 4-di oxane (3.0 nlL) was
added to inter hate 21-10 (145 ng, 0.12 h he sol ution was
stirred for 1 hr at 0 C Volatil es werepge N n educed pressure and
the residue was triturated with diethyl et hq:gz th pbow ge. compound 202HGE as
a white solid. M5 (mz) (M2)/2=497.6. 25 Corrpound 22. 2 I Step
l:Internediate 22-1 To a sol ution of internedi a@ew?l r%mo 08 mml)
in DVF cooled to O C were sequentially added DI P

HOBt (26 ngy, 0.19 mmol) and HBTU (72 ngy, 0.19 )N A er),ét\Nr% ng for 10
m nutes isopropylanmne (14 uL, 0.17 mmol) was 30 edR%hdot hg reaction

m xture was stirred overni ght at roomterrperat wr-® Water and ethyl acetate
wer e added, the organic |ayer et separated, washg@Owith 10 %citric acid,
agueous NaHCO3 and brine, dri€d over anhydr ous S, fjjltered and
concentrated in vacuo. PuriffePRRENM by silica chr omat ogr aphy provi ded
intermediate 22-1 as a white solid. 35 WO 2007/ ]Ny4162PCT/ CA2007/ 000428
Step 2: Conmpound 222HCI 4N HCI in 1, 4Hdi gxamzé (¢ nL) was added to
internediate 22-1 (58 ng, 0.05 mml% el wtion was stirred for 2 hrs
at 0 C. Volatiles were renpved und@ _edu'&ed pressure and the residue was
triturated with diethyl ether to proviRde HonPounti-@22HCI as a white 5solid.
M5 (m z) (M+2)12=435.4. Conpound 242HCI

L. = «{CHy)-, -(CHa)~Y~(CHy),-, -alkyl-aryl-alkyl-, -alkyl-heteroaryl-alkyl-,
cycloalkyl, aryl or heteroaryl, whereinr is 1-10
5 Scheme 3

Scheme 4 illustrates alky! bridged compounds, which may be prepared using the methods
described herein. Treatment of 3-i with 0.5 equiv of an alkyl chain containing two leaving
groups, such as 1,5-dibromopentane, 1,10-dibromodecane, and the like, provides

10 intermediate 4-i. Alternatively, reductive amination of 3-i with a dialdehyde may yield
intermediate 4-i. Deprotection of PG* yields compounds of formula 4-ii.
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Step l:Internmediate 22-2 To a solution of internediate 21-9 (600 ng, 0.61
nmmol) in DMF cooled to O C were 10 sequentially added DI PEA (1.0 nL, 6.08
nmol ), HOBO 20205418y, 1.52 mmol) and HBTU (576 ng, 1.52 REDICA200X0D@2S
stirring for 10 m nutes am nodi phenyl net hane (230 uL, 1.34 mml) was added
and the reaction mxture was stirred overnight at roomtenperature. Water
and ethyl acetate were added, the organic |ayer was separated, washed with
10 %citric acid, aqueous NaHCO8 and brine, dried over anhganouschySO4,
filtered and 15concentrated in vacuo. Purification by si Hrca'- |

chromat ogr aphy provided internmediate 22- 2 as a white sol St e®

2: Conpound 242HCI 4N HCl in 1,4 dioxane (1.9 nL) was i nternedi ate
22-2 (660 ng, 0.50 nmmol) and 20 the solution was_Starr wl hr at 0 C
Vol atil es were renoved under reduced pressure and t Mg Nesi
triturated with diethyl ether to provide conpound 24 as a white solid.
M5S (mz) (MH2)/2=435.4. Conpound 25 25Step 1:Internedi &ate 23-1 To a
solution of internediate 28 (1.10 g, 1.08 mmol) in FMFHcooled to 0 C was
added it hi unﬁgborQ)hyl?Gri 118 g —4L)186Lenol ) an?l the reaction mxture was
stirred for_ 3nhrslatAro enper hese ®ve® hyl acet'aNe and 10%citric acid
wer e addedPGThel or §ani er was separated, washe i th aqueous NaHCO3 and
brine, dried oW dnhﬁ:lro%“cl\/gsm, Ofiltered and<compcentrated i n vacuo.
Purification by silica gel chrofa@ria®hiy provigdedNimseryredi ate 23-1 as a
white solid. MB (m B Mr1=959. 6 2¥pidS: | nt ebmsd}a't{e 28 2 '}%@ &'%ol ution

of internediate 23-1 (284 ny, 0.29 mmI)Rim Cl 20nvas added "I\/arti n
35peri odi nane (314 ng, 0.74 mmol) and theyyeactiwon was sti it fory5 hrs at
room 141 WD 2007/ 104162PCT/ CA2007/ 0004284t erger at ur e. egus HCO3 was

added, the organic |layer was separated, washed wi th bgine k@gd over
anhydrous MgSO4, filtered and concentrated ign vacu® ion by silica
gel chromatography provided internmediate 23-2 as a whit olid. 5 Step
3:Intermediate 23-4 To a solution of internmediate 23-2 (382 ng, 0.29 nmol)
in CH2C 2 was added phenethyl anine (82 uL, 0.65 mol). AMN-er stirring for
30 min at roomtenperature SSRIPEHOCEri acet oxybor ohydridé (280 ngy, 1.32 mol)
was added and the reacti on—xture—was stirred for 2Nhrs. Saturated agueous
NaHCO3 was added, the organic |ayer was separated, 1 shed with brine,
dried over anhydrous My304, filtered and concentratéd ijn vacuo.
Purification by silica gel chromatography provi i nte iate 23-4 as a
white solid. M5 Z) < .8 Step 4:Intergedi 23-5 15 To a solution
of i nternedi !at'e"(c(fgg"di %SBY%QBO 08 nmmol ) iny N2 c6oled ta O C were
sequenti al | y.@ddedrtiromf opsam ne (60 ulL, O. fmoly  and ace4t"S/I chloride (14
uL, 0.19 mmol). The reaction was stirred fgy 2 ks at roomtenperature
before water and ethyl acetate were added. The organic | ayer was separat ed,
washed with 10 %citric acid, aqueo Nal -1 CO3 and brine, dried over
anhydrous MgSO4, filtered and conce in 20vacuo. Purification by
silica gel chromatography provided internediate 23-5 as a white solid. Step
5: ConpoungchgaEijudthhtéPord méthdd Wraieh vd BIRBidiMGani&dfgsbé Bridgicviaadist e

23-5 (80 ng, 0.06 mol) and the o , .
acetylenic bridging anit. Coupling of 5-i with 5-ii provides a mixture of the symmetrically

bridged intermediates 5-iii and 5-v, and the asymmetrical intermediate 5-iv. Separation of

5-ii, 5-iil, and 5-v, may be afforded by methods such as chromatography or

recrystallization. Deprotection of intermediates 5-iii, 5-iv, and 5-v, either independently or
10 as a combined mixture, provides compounds 5-vi, 5-vii, and 5-viii.
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25 solution was stirred for 1 hr at roomtenperature. Volatiles were
renoved under reduced pressure and the residue was triturated with diethyl
et her to womsommsmanpound 252HCI as a white solid. M5 (RCT)CAZMARPEQ28525. 6.
Compound 262HCI 30 Step l:Internediate 23-5 To a solution of internedi ate
-4 (100 ng, 0.08 Mol ) in CH2A 2 cooled to 0 C were sequentially added
TEA (60 uL, 0.43 nmmol) and net hanesul fonyl chloride (15 uL, 0.19 nmol) and

the reaction was stirred fog 2 hrs at roomtenperature. ter and et hyl
acetate were added, the Qrgani c | ayer was separat ed, hed with 10 %
citric acid, aqueou§ 2007/ 104162PCT/ CA2007/ 00042§"NaHCG3 and bri ne,

dried over ar'ihy , filtered and R'& ed i n vacuo.

Purificati N | chronmat egr ap QM\I yiendN' termedi ate 23-5 as a

white solid. Sgepgy2: nd 26. 2HCI lﬁjgb' n &L, 4adj,oxane (3 nL) was

added to internediate 23-5 (79 ny, 0L06 mol ) an the olution was stirred
I

for 1 hr at room ?‘brrperature. Vol atil es were rebibved under reduced pressure
and the residue was triturated with i ethyl ether to provide conpound
26.2HCI as a white solid. M (rrlz) (I\/H2)l2 561.6. 10 Corrpounds 27 28 and

dnd O

30 were pr e@aAedo n B $ni | ar Glan l¢ descrl Sea! f 0P ckirrpﬁu
wherein for QrRe*28 B@ and be N nt
respectivel y sgi\ p plac MI fonyl cfl JIg;‘r’ﬂmmund 27-
M5 (mz) (M2 2 5 7 npoung~ 28- z) (Mr2)/2 43 .15 Conpound
30- M5 (mz) Y Mr2) 12=579.6. Co ound 29 Stepllnter iate 24-1 To a 1.0 M
sol ution of Na ILnh THF ¢21.6 6 Mol ) cooled to Mas slowy 20
added a sol ution of OC-Ci S-4- hydrox? roline (2.50 g, 10.8\mol) in
DVF. After stirring for 20 mnutes at 0 ,a' -di bromp- p-xyl ene £1.37 g,
5.0 mol) wed added apd\t he rea onRhi e was stiR¥%e8 o8t mrght at room
tenper at ug e, \\Aéﬁ\ﬁ a thyI Nes/added, {peN 1 N er was
separ at ed, drggdnov r f|| ered andaconcentr at echedor}, VEFUOAL
Purification 81 Pca g& chromatography provi ded |nterrred| ate % 1l as a

white 25solid. St&p 2:Internediate 24 To a solution of i"Hternediate 24-1
(200 ng, 0.35 mml|) in DMF cooled to O C were sequentially added DI PEA (365

uL, 2.1 mmol), t (132 ng, 0.98 mmol) and HBTU 30 (345 ngy 0.91 nmol).
After stirring for 10 m nutes phenet hyl am ne (107 uL, 0.85 mml) was added
and the reaatl on UI’RQ was i qreg oMengmght at room tenperature. Water
and et hyl ace at e addgd, t o) ga |c %ﬁtﬁ vvasmslgpabatgd rrashed with
10 %citric Bl H e,ll\| ried ove yalf. M8,
filtered and ceR%rateelln va Rﬁ?“ldld-atlon by ﬁc%(?ﬁls

chr omat ogr ap provided internedi ate 24-2 as a white ol R

2007/ 104162P C&OO?/ 000428 Ste I nternedi ate 24-® 2TFA | nt er rredl ate

24-2 (260 ng, I) was di ssolve a nifxture 0%3 m.) and
'T'\i R3 ,i\ﬁ /K“,,té R300
N N
R1 ; N/kﬂ/ II\I IN Q
R H H 0 A ' \)I\N/l\r(

R100T Y7 TR 1
R®Yy O Al
5-vi Suvii S-viii

Scheme 5:  Coupling of intermediates 5-i and 5-ii.

An additional method for the preparation of asymmetrically bridged compounds is

5 illustrated in Scheme 6. Coupling of 5-i with 6-i will provide a mixture of intermediates 6-ii,
5-iii and 6-iii. Separation of 6-ii, 5-iii, and 6-iii, may be afforded by methods such as
chromatography or recrystallization. Deprotection of PG* of intermediates 6-iii provides
compound 6-iv.
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TFA (3 nL). The solution was stirred for 1 hr at roomtenperature.

Vol atil es were renpoved 5under reduced pressure and the residue was

triturat edowoetiodisdt hyl ether to provide internedi ate 22CIZTPRMTAH0EEWhi t e
solid. M5 (mz) M+1=571.4 Step 4:Internediate 24-4 To a solution of

Boc-a-1 Bud y-OH (256 ng, 1.10 mml) in DVF cooled to 0 C were 10
sequentially added DI PEA (361 uL, 2.10 mml), HOBt (175 ng, 1.3 mmol) and
HBTU (455 ng, 1.2 mol ). After stirring for 10 m nutes internediate

24-3. 2TFA (230 ng, 0.46 mmol ¥/ was added and the ction m xture was
stirred overnight at roomté¢nperature. Water agﬂwhyl acetate were added,
the organic Iayer was separ at ed, washeq wth 18 %citric acid, aqueous
NaHCO3 and tR| n ie ver anhydrousRR?g Affil ed armbuﬂiﬁgoncentrat ed

i n vacuo. PLNI f LODN siliega ggj i pr ovided—nt er nedi at e
24- 4 as a@v\,hl e 'sollld. Btep 5:Int %dl_ e 24452TEA InterﬁSﬁ'éfl ate 24-4 (458
nmy, O.46 mml)“wa!é dPsso edlnamxtUIRecﬁ‘ 205@ m.) and 20 TFA (3
m.). The solution was stirred for 30 mnutes at roomtenperature. Volatiles
were renoved under ré&duced pressure and the®8fesidue was triturated with

di ethyl ether to provide internedi ate 24-52TFA as a white solid. M5 (m z)
Mr1=797. 6 Rk 16:hnt ey d%(]@te 24-6 25 To acﬁ.oA1ut |d)n of chg&) NMe- Al a- OH (119
ng, 0.58 nmmol ) in ddled to 0 C were sequent i g ed DI PEA (209 ulL,
1.2 mol), N PGfmol ) and HBTU et ). After
stirring for m gut aeer medi at e 24- 52TFA_(/250 ng 4 nmol) was added
and the reaction Qn xture%s stirred overni ght aP roorﬂt@rrperature. Wat er

and et hyl acetate e added, the organic |ayer s..separated, washed wth
10 %citric acid, 30° us NaHCOB gapd+«brine, drie anhydr ous MySO4,
filtered and concentrated iy vacuo. Purification by silica\gel

chromat ography provided intgrnediate 24-6 as a whi tq%]sol id,OStep 7: Conpound
292HCI WO 200}?7 1@4 16RPCT, 007/ 000428 4N HCl in i ofanef(1\NO nmL) was
added to mtegmsd M 280 my, 0.24 mol) N Aas stirred
for 1 hr atP® CT VoNati][esiwere renoved under reduce ssilre &nd. the

resi due was trltli?rat'led@mtfﬁmethyl ether to provide co oulld 282801 as a
white solid. M5 (nl ) M-1=967.6. 5 Conpound 33 Step L:Internediate 25-1 To
a solution of |nterrred| ate 10-6 (258 ny, 0.50 nmol) 5Fn DVF were

sequential |y added DI PEA (217 uL, 1.25 mpl) and 1, 3-benzenedi sul fonyl
chloride (69 ng, 0.25 mmol) and 10 the r &aedi oo wag skeor ed overni ght at

roomtenperature. Water and ethyl acetat eqﬁr?ﬁ addgd, ‘t hfﬁig{ganl c layer was

b-2¥y

separated, washed with 10%citric acid, aque brine, dried
over anhydrous MgSO4, filtered and concent 8 n pacuy. Purification by

silica gel chromatography provided internediate 25-1 as a white solid. 15
Step 2: Conpound 332HCI 4N HCl gbgothettbndi Oxane ( vwas added to
intermediate 25-1 (14F¥hy, 0.11 mml) and the sol uti s stigred for 1 hr
at 0C. Volatiles were renoved unquég; reduced pressure and i he resi due was

triturated with diethyl ether t0 pr ovi de cor;;pound 3§2HCI as a white solid.
M5 (mz) (M+2)/2=559.5. 20 Compound 34:
1N\/u\ )\r

0 A~q
Scheme 6. Coupling of intermediates 5-i and 6-i.

5  An alternative strategy involves bridging two BIR binding units via a bis-amide bridging
group such as illustrated in Schemes 7 and 8.

The mono-protected bridging group HO,C-L-CO,PG® is activated with peptide coupling
agents and subsequently treated with intermediate 3-i to provide intermediate 7-ii.

10  Deprotection of PG® provides intermediate 7-iii. Treatment of 7-iii with peptide coupling
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Compound 34 was prepared in a simlar manner to conmpound 20, wherein

N- Boc-ci s-4- am no-L-proline nmethyl ester was substituted with

N- Boc- t r ame-2de7a0#100- L- prol i ne nmethyl ester in step 1 an8CHKAIE7HPIE8N ne was
substituted with 1,2, 3,4-(R)-tetrahydronaphthyl-1- 25 amine in Step 6. M
(mz) Mr1=1045.8. Conpound 352HCI Step l:Internediate 27-1 Internedi ate
10-1 (3.90 g, 6.68 mmol) was dissolved in THF 100 <'gwgamd treated with
30pi per i digests(Bliowerd by B, praviesss)7-v. TReprotsiclion fiPGaNdRE T T RgVides caBPoiy at
room tenperature before volatiles were renoved under reduced pressure to
provide a sem -solid which was suspended in MeOH (5 nmL) and filtered. The
filtrate was concentrated, suspended in MeOH (5 niL), filtered and t he
filtrate concentrated to provide internmediate 27-1 as a sem gpligss(80 %
pure). 35 WO 2007/ 104162P&WACA2007/ 000428 Step 2: | nter nedi at 67 2 To a
sol ution of,,qa ogg soxYOIPYePARES(699 ny, 3.34 mmol) in DVE‘cooled to 0 C
wer e sequen??ally adtled DIPEA(2.40 ni, 13.9 mmol), HOBtH (4 483 nmg, 3.61
mmol ) and HBTU (1.37 g, 8.61 mmol). ,_A,\fter stirring for 1 nut es
intermediate 27-1¢1.00.9, 2. )2 5 was a@dedamzl ré&action nixture
was stirred overni ght alk r gom e%elbature er u&]_g acetate were
added, the organic | aar sNSepyar gt ed, vvagﬁ'ed i th %citric acid,
aqueous NaHCO3 and bri ne, R2drHedoove¥-Qanhydrous fil't@red and
concentrated in vacuo. Purifjcation by SI lica gel chrp{rat ogr aphy provi ded
internediate 27-2 as a whit®& solid. 109tep 3: I nternmedi ate 27-3-7FA
Internmediate 27-2 (1.42 g, 2.58 mol) sPi ssolved in a nmixture of CH2d 2
(15 mL) and TFA (15 nlL). The sol utj on lWas stirred for 1 hr at room

t enper at ur e. VoI atiles were rermve er reduced pressure and the residue
was trituratedGn th d| hy eﬁaher pr9w de internediate 27-3TFA as a
white SO|I 19451 4: I nfermedi ate 27-4 To a sol ution of
Boc- a- t Bud §# pfﬁC 8681‘-’ %{y in DMF cooled to O C were sequentially

added DI PEA (2.1 ni, 12 @2 mrol )g (488 ngy, 3.61 nmol) and HBTU 20(1.37
g, 3.61 mmol ). After stirring for 10 m nutesNHl ntermedi ate 27-3TFA (1.36 g,
2
2.41 qo o g0
1. peptide :
c;:)ou%:ing PG4°° \)!\ /k”f 7-iv
agents é i) H 0 A1"Q1
Qy
At o y 1
ﬁ/’“’%"‘i 7 T
WPl aWes A
] N, 7
R 0, 100
L -R
H, ’4 deprotect )—NH R (Zf’\H N
————
R' 0 R C PG* and PG00 H, 141.
onoo M R‘ﬁ " N N

[ RR H O A

L =«{CHy)- , {CHy)~Y-{CHz)- , aryl, heteroaryl

Scheme 7:  P3-P3 bis-amide bridged compounds

A similar process may be applied to the preparation of asymmetrically bridged BIR binding

10  units, which have been bridged between P2 and P3, as illustrated in scheme 8.
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mmol ) was added and the reaction m xture was stirred overnight at room
tenperature. Water and ethyl acetate were added, the organic |ayer was
separ at edvovestiodioni th 10 % citric acid, aqueous NaHCO3PamA204710680428r i ed
over anhydrous My504, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided internmedi ate 27- 254 as a white solid.
Step 5:Internediate 27-5TFA Internediate 27-4 (1.38 g, 2.08 mmol) was

di ssol vedreéatmenhdh@-iwith @ LydICRNDidel Suchrag sTEvinic cogiwaric amhydrislel RROVERS was
stirred f. 4 akre. .V oy \ er
Feduced pieated g2 (RAMeLEBRER Atafiae RiBlnd SnFlciond] ATV BhueeTy
provi de iimeemediate Stk REpBRELomef RGWpiovides odmpoundsS-¥ni z) M+1=564. 4 Step

6: I nternedi ate 27-6 To a solution of Boc-NMve-Al a-CH (902 ng, 4.44
~mol) in DVF cooled to O C were 35 sequentially added DI PEA (3.50 ni, 20.2
mmol ), HOBt (682 ng, 5.05 nmol) and HBTU WgP207/104162PCT/ CA2007/ 000428

(1.92 g, 5.05 n’m)l{) NHafter stirring for inutes internpdiate 27-5TFA
T
gég“

(1.14 g, 1.68"nfol $\addgd.aqd the reac 'Hon mi ¥t 3P CRRUSRETEr o
over ni ght paiN« a D
ar gt

t ure—Wat ef;03nd | acetat e were added, the
organi c |ayer yms, gd, washed wijf h ooitric acid, aqueous NaHCO3
and brine, dried over anh?/drous 4, NCIyergd and 5Sconcentrated in vacuo.
Purification by silica gel chromatogr@bRy prow'ded internediate 27- 6 as a
white solid. Step 7:Internediate 27-7 To g;solution of internediate 27-6
(925 ng, 1.24 mol) in anhydrous MeOH (25 nlL) and 10 stirred under N2 was
added 10% Pd/ C (125 ng). The reactign m xture was purged with H2 and
stirred for 1lhr. The reaction was t%en filtered through celite and gthe

filtrate was concentrated in v *A'Puri fication by silica gel Al
chromat ogr aphy provi ded i nternedginate, 27- 7 as a white solid. z)
M+1=615.4 15 Step 8:1nternedi atgﬁ% To a sol ution of internediate@7-7
(150 ng, 0.25 nmol) in DCM gpol

r Ii,)...p C were sequentially gdde (100
uL, 0.73 mml) and terephthal oyl chloride (25.0 ng, 0.12 nmo))&nd wHe
reaction was stirred oyernjlght HatO™r YoRt enpremtttion o PGhAL er  grfd ﬂ%a&%ate

were added, the organi Cp-dyer wassgmparated, washed wi th %citrid acid,
20 agueous -4 CQB a brone, driedP8Yer anhydrdus Ofi | t er g™
concentrate \iszva ugg Purification by silicp t ogr aphy provi ded
intermedi B@%e 27-8 ay alwhite solid. Step 9; 254N NCI in

1, 4-di oxane (R*ntd) wWas “dded to internediate 27- 0.12 mmol ) and
the solution was stirred for 1 hr at roomte atiles were
removed under reduced ps#ssure and the residue was triturafed wth diethyl
ether to provide conpound 35.2HCI as a white solid. M (rﬂz‘f (M+2)/ 2=580. 6.
30 Cospounds 36, 37, and B88-{Gede (HHap&aCEd- fandimetereardr nedi ate 27-7, in a
simlar manner to that decribed for conpound 35, using oxalyly chloride,

i sopht hal oyl dichloride and 4, 4' - bi phenyl di carbonyl chlori de,
respectively, in place of phthaloyl chloride in Step 8 Conpound 36- M5
(mz) (Mr2)/2=542.6. Gisheoen8: 37P2-R8 bisrdmide bREgYJ coamamings

10 Scheme 9 illustrates the synthesis of compound 1. Boc-cis-2-hydroxy-L-proline was
treated with NaH in DMF, followed by propargyl bromide to provide intermediate 9-1.
Amide coupling with (R)-1,2,3,4-tetrahydro-1-naphthlamine, and Boc deprotection with
TFA provided intermediate 9-2. Amide coupling of Boc-tert-BuGly-OH with 9-2, followed
by Boc deprotection with TFA provided intermediate 9-3. Amide coupling of Boc-MeAla-

15  OH with intermediate 9-3 provided intermediate 9-4. Homo-coupling of the acetylene
groups of 9-4 using a Cul/TMEDA catalyst under O,, yielded intermediate 9-5, which was
deprotected using 4N HCI in 1-4,dioxane, to provide compound 1+2HCI.
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35 Compound 38- M5 (mlz) (M+2)/2=618.6. WD 2007/ 104162PCT/ CA2007/000428
Conmpound 44 Step 1l:Internediate 26-1 To a solution of internediate 10-6
(150 ng, Wo2007mmel in THF were sequentially added 5 TEACT/AA2007l000408 81
mol ) and 1, 4- phenyl ene diisocyanate (43 ng, 0.27 mmol) and the reaction
was stirred at roomtenperature for 4 hrs. Volatiles were renoved under
reduced pressure and the residue purified by silica gel chromatography to
provide internmediate 26- 1 as a vvhite/ﬁvgl id. 10 Step 2: Conpfjund 442TFA

I nternedi ate 26-1 ¢il48 ng, 0.12 mmll)'/ s dissolved in a 81 ture of CH2C 2
(1.5 mb) and TFA Q. 4 ¢ngy. The sol upt-on wastESE HPPted fTHA hr at room
tenperature. Vol@atyl es—were™r enov under_r_Bﬁfﬁ:ﬁﬁfbress re and the residue
was triturateBoo t i ’

‘e dE" et her nt @ provi glengonpound (@AXTFA as a white
solid. Ms (mz) ( / 2=538. 4. Be% und t er medi "21-9 was

I

treated with 4N HCl in 1,4-dioxane for 2 hr atiles pved under
reduced pressure and the residue Wds triturared®ith dieth gt.her to
provi de conpounds 62HCI as an of f white soPiF8% T z) M-1=787.6. 20
Intermediate 28-6 Step 1:Internediate 28-2 (S)-(+)-2-Phenyl gP¥cinol, 28-1
(1.64 g, 12.0 mml) was dissolved in CH2A 2 (90 nl) A/ Boc20 (2.849, 13.0
mmol ) and DVAP (34 ng, 0.02 mmol) were added and gti¥rred for 1 25hour at
roomtenperature. The reactiqp i xture was u wi th diethyl ether (200
m.) and 1IN MCl (100 nl). The gpedaideC | ayer S hed with 1M HCl (2 x 100
m.), dried over anPppthueusH I\/%S%—H—H efedHahd vollat iy es renoved under
reduced pressure. The resultiggg'zg i Jue was p& i ld by silica gel
chr omat ogr aphy provi ded an Si °{d§%|2 i de internedrate28-2 as white solid
(2.7 g, 95%vyield). MB (mz) Mr1=238.2. 30 St%b 2: pdi ate 28-6
Internediate 28-2 (420 ng, 1.77mmol) and iodonet hane (330 4, 5.29 mmol)
wer e dissol ved in anhydrous DMF (25 nl). The nmixture was/fcooled to 0 C, and
then NaH (60% di spersion in oil, 103 ng, 2.58 mmwl) wgs /added. After 2

| {a

6

hours, the reaction m xture 34 g Sﬁogti luted wit y cetate (200 nL) and
IM HCI (100 nlL). The organic I rci@s WO ;?0 / 104362PCT/ CA2007/ 000428
washed with 1M HCleodiemealal®d0 rb)—d+ed ofef anhhydrpusy MysO4, filtered and

vol atil es renoved under reduldetPtfressure. The rBsidu s purified by
silica gel chromatography to provide internediate 28-3 oil.

I ntermedaite 28-3 was then chilled to 0 C and tPéated M HCl in

1, 4-dioxane (5 nL). After stirring for 90 m nutes volatiTes were 5renoved

under reduced pressure e resulting solid was was wi th diethyl
ether, to

o)
N : 0
H i I‘iJH ‘. Boc H'N Q B
N N” Ny
JI\E(\[ N’i e
© 0
CuCl, TMEDA / 4N HClin
o / Awdn /
Og, acetone W 1,4-dioxane J 2o
2 o
| 0 8-5 H o
N N
Boc \)Lrlq H /tl*l\)LN N compound 1
AN : 0 o 5 o
Scheme 9

Intermediate 10-6 was used in the preparation of compound 2 and 3 (see Schemes 10 to
12). Intermediate 10-5, was prepared using a similar procedure as described for
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provide internediate 28-6. HCl as white solid (237 ng, 69%yield). M5 (rn/z)
M+1=152. 2. A simlar procedure was used for the preparation of

i nt er nediwbDeaso72®4i62and 28-8, wherein nmethyl iodide was PEBICACELT/008428 benzyl
brom de for intermediate 28-7 and i odoacetam de 10for intermediate 28-8. 15
Step l:Internmediate 29-1 To a sol ution of benzal dehyde (840 pL, 8.25 mmol)

in CH2A 2 (150 nL) was added (S)-2- nethyl propane-2-sul finam deél 0 g,

8. 25 mmhr)temmﬂnate@aqmuamgmmmeqzs 8S)OH indhastrshstep.) Rempwal b BetiTeee mi xt ur e

was refluyx r I r was added
and the @‘gfﬂg’%g @%@r ougef §l?c£|tal%?2rog/3nfofpﬁm ﬁeﬁﬁ’?er e%ﬁtgﬁﬁﬁgg\ﬁt_@el ite. The
aqueous |pagvidedinierresdiatectOedl wi th CH2CA 2 (3x) and the conbi ned organic
extracts were WD 2007/ 104162PCT/ CA2007/ 000428 washed with brine, dried
over anhydrous MgSO4, filtered and concentrated in vacuo. Purification by
silica gel chronmtreaphy provi ded internedMNtiEen®29-1 as a yel | giHFmbe St ep
2: | nt er nedi at 9- 2 57\eTa, SO, IMHES| OMF Of 50 %

(S, E)-N-be Lgene- =2-mNinam de, —2—9—1—1* (N , 0.526
mol ), [Rh cod) C% 2] BE: (20. 1 ny, 0 05 rmml) Tffd?"&cbol yl blor i ¢ aci d
(143 ng, 1.052 | ) and 147 pl, 1. in dioxan®@ (R 2 nL) was
added H20(2.4 nl). The Q@ g brovvn susp Was stirrggd f 2=gays at

room tenperature. The aqueous | ayer was ext wi th EtOAC (
conbi ned organic extracts were 10 washed wit b1r| ne, dried over ydr ous
MySH4, filtered and concentrated in vacua. Purification by sili ca gel
chromat ography provided internediate 29-2 as a white solid (d.e.= 81%.
Step 3:Internediate 29-4 15To a sql uti oMH#moc N(H)Fmoo

(S)-2-nmet hyl - N- (( RyyHysmemgs( p- t ol yhyng | ) propage; 2- sul fiwam (82 nmg,

0. 27 rrrml i PIRFEAOYA 2 dded in Noyxane 4 (140
pL, toc F’%Bﬂrhg ﬁngpAlonE%@ stllrrqd fHor TFAROH,GY r 68 t nmpgr atiure, then

Et20 vvas added and a white precipitate” wgs forned. Ther 8re0| pdt af e
filtered and washed with Et20 to provide msdi at e 98- 4HC 0@
solid. 20 Step 4:Internediate 29-5 To a on of internediat (122
my, 0.123 mml) in DVF cooled to 0 &here sequentlally added THPEA (193 pL,
1.107 mmol ), HOBt (42 ngy, 0.308 mmol) and Ei BTU (117 ng, 0 308 rrm)l) Af ter

stirring for 10 mnutes internediate 29-41-1Cl (59 rrg, oJTol ) was
added and the reaction m xture was stirred overni ght terrper ature.
Water and et hyl acetate vﬂéH%TlaU%dDP&‘\h@Wbr gani crlql a er Wa s par at ed, washed
with 10 % citr {Pecpie-Or, " br o, Phydrous
MySH4, filtered and concentrated in vacuo Pur i flcatl-l orob ica gel
chromat ography provided internediate 66- 1 as a pink solid.
5: Conpound 662HCI 10-5
NH,
0
base |
solvent : Il-l o JH
O N
10-6 @
5
Scheme 10

Treatment of intermediate 10-6 with 0.5 equiv of sebacoyl chloride in THF provided 11-1.
10  Removal of the Boc protecting groups using 4N HC! in 1,4-dioxane provided compound

2¢2HCI (Scheme 11).
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AN HCl in 1,4-dioxane (1 m) was added to internediate 66-1 (135 ng, 0.12
nmml ). The solution was stirred for 1 hour at 0 C Volatiles were renoved
under redwoadopessure and the residue was triturated WPCHC 27428t her to
provi de conmpound 62HE as a white 35solid. M5 (mz) (M2)/2=573.6. WO
2007/ 104162PCT/ CA2007/ 000428 Representative conpounds of the present

i nvention were prepared according to the above procedures and are

illustrated in Table 1: 5TABLE 1 COVWOUND STR MS1 zoo0o0NH
.41, z 44 HN o

o
N
: ' Y\N,BOC
sebacoy o
N \/U\ chioride (0.5 eq)= N
DIPEA, THF H
11-1
N\/U\K ’2
; 0
H’N L
N N N~
O O lii
4N HCI N
in 1,4 dioxane H
11-1
2 HCI
H\
N 0 compound 2
rli o
N AN }
= 3

= H O -
G N
Scheme 11

5  Similarly, treatment of intermediate 10-6 with 0.5 equiv of terephthaloyl chloride in THF
provided 12-1. Removal of the Boc protecting groups using 1N HCl in 1,4-dioxane

provided compound 3*2HCI (Scheme 12).
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NO o H M1=991.7 [M2]/2496.4 2 HO ,N,,,AN:HHN/4 0O No NH 1110 /
HNO, -NH/ N O _ 14-- H M+11061.8

WO 2007/104162 PCT/CA2007/000428

0C NSO

1) coci H O K
{0.5 equiv} \ I\II :
cloc :
-~-Boc
10-6 o TN
N o !
DIPEA, THF H
H, 12-1

N0
H o m o
N N
o \H/\N -
N 0
4N HCI N
12-1 - 2 HC! H
1,4-dioxane
H Compound 3
N
W0 7
_N N N
| H
- H O -
g N
Scheme 12

5  Scheme 13 illustrates the preparation of compounds 4 and 5 Intermediates 9-4 and 13-1
were coupled using a CuCl and TMEDA catalysts system, in acetone, under an oxygen
atmosphere, to provide a mixture of intermediates 9-5, 13-2, and 13-3. Separation by
silica gel chromatography provided the individual intermediates. Intermediates 13-2 and
13-3 were separately deprotected by freatment with 4N HCl in 1,4-dioxane, to provide

10 compounds 4*2HCI and 5+2HCI, respectively.
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[ Mr2] /2541 .4 WD 2007/ 104162PC T/ CA2007/ 000428 COVPOUND STRUCTURE M5 3
HO-N.)(" ., N SO HNo NHa FINNH 1110 NO N H [ M+21/2=-523.4 4 0 H2N
HO WO 2607/104162 PCT/CA2007/000428

0 0
| O ’\\\ H O \
Boc’N\.)LN N + Boc’N\;/U\N N
P hoo G N Ho” RO g v

CuCl, TMEDA, O,
acetone

; O
N 0O H = @ OH
’ B 0
H N_ _~..Boc N o H 7
e " N e
0 N \n/\ill
4 0
+ = : ©
== == —
O —
Hoo &
N N H O
Boc” \;)LN ‘ ril\)l\ N
2 H Boc” N
HO o S h o
@ HO 0

132 13-3

H
N

O
_ 4N HCl'in o
== . e —= e
= 1,4-dioxane = 2 HCl

HO g o ‘ HO @]
13-2 m compound 4 w
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00 NIIl I'n M1=993.5.
STRUCTURE M5 O
WO 2007/104162

I OH :

4N HClin

—_—

= 1,4-dioxane

[;l ! t(
_N N
Boc T I}J H
N

13-3

WD 2007/ 104162PCT/ CA2007/ 000428 COVPOUND

PCT/CA2007/000428

compound 5

Scheme 13: Synthesis of compounds 4 and 5.

Scheme 14 illustrates the preparation of compound 6. Intermediates 2-4 and 14-1 were
5 coupled using a CuCl and TMEDA catalyst system, in acetone, under an oxygen
atmosphere. Intermediate 14-2 was isolated from the resulting mixture by silica gel

chromatography. Intermedaites 14-2 was deprotected by treatment with 4N HCi in 1,4-

dioxane, to provide compound 6*2HCI..

109



NH2 M+ 1=995. 6 (M2)/2=498.5 H N HO 0 APS

WO 2007/104162 PCT/CA2007/060428

/ /
0
WL c X
Boc” Y N H . Boc’N; N N %
* H O ! z
9-4 m 141
/ CuCl, TMEDA, Oz
acetone

Ph Ph
2 o H % Boc o H L
N N
N N{ \ N N‘\(\H
O S O
0 o 0 o
Y/ ANHCHin Vi
V4 1,4-dioxane V4
2 HCl
o o 14-2 O compound 6
| y 0
e ? At
= o NH : 0 NH
e Ne®
Scheme 14;

Scheme 15 illustrates the preparation of P2-P3 bridged compounds 7 and 8. intermediate
5  15-1 was treated with glutaric anhydride to provide intermediate 15-2. Treatment of 15-2
with HBTU, HOBY, and DIPEA, followed by the addition of 10-6 in DMF, provided
intermediate 15-3. Removal of the Cbz protection group using H, over Pd/C yielded
intermediate 15-4. Acylation of 15-4 with Boc-N-MeAla-OH provided intermediate 15-5,

which was Boc deprotected using 4N HCl in 1,4-dioxane, provided compound 7*2HCI.

110



Ph - H

WO 2007/104162 PCT/CA2007/000428
HO._.O

HaoN

N(H)Fmoc

glutaric anhydride 0
Cbz\N N
DMAP, DIPEA, CH,ClI
H O s e N(H)Fmoc
0]
@ o,
15-1
156-2

1. HBTU, HOBt, DIPEA, DMF

-N_ _.O
H O
N NH,
Fmoc(H)N Fmoc(H)N

Hz, 5% Pd/IC NH
O
MeOH
0
NH
I Q
N\)L N N
Boc : r:l H
= H O N’

8]
15-3 15-4 w
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Il 6 /1 (Mr2)/2=514.4 H NH 0. WO
2007/ 104162PCT/ CA2007/ 000428 COVPOUND STRUCTURE MB

WO 2007/104162 PCT/CA2007/000428

H‘E ,Clj
Fmoc(HN Jkg ?’/\“’Bm’ Fmoc(HN }% 7?/\«

1. HBTU, HOBt
DIPEA, DMF 4N HClin

———

2. 154 1,4-dioxane

Boc-MeAla-OH

Scheme 15

Removal of the Fmoc protection group from compound 7°2HCI, using polystyrene

5 supported N-methylpiperazine in DMF provided compound 8. Removal of the Boc
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7 O FINO NH NH 110 (Mt2)/2=618.0 Fnoc(HHN Pc' N 8 SO FIN O NH NH 110
Mr1=1012 H2N 17' N
WO 2007/104162 PCT/CA2007/000428

protection group from intermediate 15-3, using 4N HCl in 1,4-dioxane, provided compound

9*HCl (see Scheme 16).

HN~0 o
H
N N
‘Cbz
Frmoc(H)N
NH
4N HCl in O
HCI
153 1,4-dioxane
N\)L \»t’( ?
compound 9
5 Scheme 16

Scheme 17 illustrates the syntheses of compounds bridged by sulfonamide linkages.
Treatment of 3-i with a disulfonyl chloride reagent provides intermediate 17-i.
Deprotection of PG* provides compound 17-ii.
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WD 2007/ 104162PCT/ CA2007/ 000428 COVPOUND

o1 N,
WO 2007/104162
_ NH,
Rl O g3 CIS0,~L—S0Cl
per NN NN _—
R2 A-q
34

STRUCTURE M5 SO HNO

PCT/CA2007/000428

Qwp

O |,-| 82
N/U\’N \-Pe*
¢/ R3S \!or\m
H—N
520
/

; 174

H-N
PG4 \S::'O
_ L/ 0
: 0./ 17-ii
deprotection o8

H O RS

R2

ey

A-q

Scheme 17

Similarly, treatment of 3-i with a bis-isocyanate provides intermediate 18-i, which after

5  deprotection of PG* yields compound 18-i.
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Chz

Frmoc(H) N NH 9
WO 2007/104162
NH,
F;21 O R3
porti Ay AN
RR. H O A-q

34

(MF2)/2 = 642 NH
PCT/CA2007/000428
Qs o 2
NJH’ : n-Pe*
R 0 Rt
N
0=C=N-L—N=C=0 y NF
N
\
S N-H g
o=
N-H
||Qt O R3
pas N NN
= |
RR H O A

PG

deprotection 18-

RT O R

PG4.r11\_)LN/kH,N

R H O
Scheme 18

Schemes 19a and 18b describe an alternate route to compounds 3-iii, 17-ii or 18-ii, where
5 A=COand Q=NR‘R®. Protected amino-proline derivative 19-1 is treated with LG-L-LG to
provide intermediate 19-2 which is then deprotected at PG’ to yield intermediate 19-3.
Intermediate 19-3 is converted intermediate 19-5 by an amino acid coupling/deprotection
sequences as described earlier. A third amino acid coupling step converts intermediate
19-5 to intermediate 19-6. Deprotection of 19-6 at PG? yields the diacid intermediate 19-7.
10 Treatment of 19-7 with amino acid coupling reagents, followed R*R*NH, vields
intermediate 19-8, which upon deprotection of PG* provided compound 19-9.
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WO 2007/104162 PCT/CA2007/600428
2 O
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“ N NH
N X
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Scheme 1923
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10 HNO [ M+2]/2=561.6 3 NoON H NH

WO 2007/104162 : PCT/CA2007/000428
deprotection
196
PG?
O
HO o R
ﬂ B G4 R4R5N 0O o )
N Yy OonF H B
RS . N ,PG4
O R N TN
/X RR o g
F 1) coupling agents, /X
\ X soivent %
R o R X/
pG4-N\_)j\”J\ﬂ,N 2) RIRENH, R o g
- i
R? .N
O o oH PGy NN
2
19-7 R 0 NR4RS
19-8
O
RRON o r?
HO5
N)%’N nNR
R O §
. X
deprotection /
pithastibed U
/
PG* X
oo R
RrN\'/LLH/H‘]/N 19-9
R O o “NRIR®
Scheme 19b

5 This method can be applied to the synthesis of bridged bis-proline amides, sulfonamids
and ureas. For example, in the case where the bridging group includes an Ar moiety, X-L-
X = -NHS(0),-Ar-S{(O);NH-, NHC(Q)-Ar-C(O)}NH-, or -NHC(O)NH-Ar-NHC(O)NH-, -O-
CH,ArCH»-0O-.

10 Alternatively, the proline derivative 19-2 may be deprotected at PG? and converted to the

amide intermediate 20-3. Following a similar procedure as described above, 20-3 can be
converted to compound 19-9.
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FI'N HO z H O NN NH SS WO 2007/ 104162PCT/ CA2007/ 000428 COMPOUND
WO 2007/104162 PCT/CA2007/600428
PG20. /0 HO. /O RARSN /O
-PG? i
N N'PG N’H
X1 ] 1) coupling agents,
X 2 / /
PG X 2) R'RONH, X
N 3) deprotect
PG1 19'2 PG1'N 20_1 PG1 H.—N 20‘2
2
o° OPG o” TOH o7 “NR4RS
0
R4R5N
9 0 rRRSN-L
NJ\I/ SPGS J'H/NHZ
R3 N
Xt Re
/ 1
o 1) coupling agents, F ~
H solvent X deprotection ,L
3 — -
PG>~ OH 5202 R PG?3 $
RS PG3 )\WN 20-3 R3 20-4
N )\WN
H
O o NR4RS HN
0] NR4RS
0
R4R5N
kr i
1)coupllng agents, 0 R1
N\)L solvent X1
PG+ o ———= Y deprotection
2) 204 , —_— 19-9
PG4
PG4N\)L J}I/ 198
NR4R5
Scheme 20

5  The synthesis of compound 20 is illustrated in Scheme 21. N-Boc-cis-4-amino-L-proline
methyl ester, 21-1, was treated with terephthaloyl chiloride to provide intermediate 21-2,
which was further deprotected with TFA to yield intermediate 21-3. Intermediate 21-3 was
coupled to Boc-tert-BuGyl-OH, 21-4, using HBTU and HOBY, followed by TFA
deprotection, o provide intermediate 21-6. Intermediate 21-6 was coupled to Boc-N-

10  MeAla-OH, 21-7, using HBTU and HOBL to provide intermediate 21-8. Saponification of
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STRUCTURE M5 11 HO ,Nz FIl 4. HNF 1CINr OOHYy -NH < HNTh O N NH 111. 10
M-1=997. 6 [ Mt2] 12=499.4 12 H-N .z

WO 2007/104162 PCT/CA2007/000428

the methyl ester using LIOH provided intermediate 21-9. Coupling of intermediate 21-8
with phenethylamine using HBTU and HOBt provided intermediate 21-10 which was

deprotected using HCl in 1,4-dioxane to provide compound 20°2HCL.

MeO._.0 MeO._.C
N-Boc NH
cloc 0 0
NH, \©\ NH NH
COoC! TEAin DCM
e ————
Boc’N TEA, DCM
OMe HN HN
o 5 Y 2TFA
21-1
BocN HN
242 21-3
OMe
5 o)
MeO o o)
NH
2 NH
1) HBTU, HOBt,
ﬁ\/l?\ DIPEA, DMF TFA in DCM
- e —
Boc 2)21-32TFA
2TFA

" fw? fw?m

MeO-°
Y\N’Boc )i \H/\N Boc

o 1) HBTU, HOBt,
| DIPEA, DMF 1N LiCOH
,N\)k
Boc OH  2y21.6TFA
21-7 , o)
Boc’N N \.)L
H

o OMe
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T3OH 114 HN O NH; - e-- 0 HN M+1=1067.6 [ Mr21/2=534.5 HN HO N NH O
- N N

WO 2007/104162 PCT/CA2007/000428

HN-¢® 0, m-¢® o L
N_ ~.,,-Boc N~~~
YN e
0 o 0
AN NH
1) HBTU, HOBY,

DIPEA, DMF 4N HClin

R
21-9

] NH; 1,4-dioxane
@ HN

HN
(o] (@]
| 0 H o 2HCI
N N
oAy A,
= 0 S - o G NH

NH
21-10 Compound 20

Scheme 21

This method was used for the preparation of a number of proline amide derivatives such
5 as compounds 19 to 24 and 46 to 51. This is shown in Scheme 22 wherein, intermediate

21-9 was coupled fo 2-propylamide, followed by HC! deprotection to yield compound

22¢2HCI, while coupling of intermediate 21-9 to 1,1-diphenylmethylamine followed by

deprotection with HCI provided compound 24+2HCI.

10
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HOOHNOHNO HN ONH O : H [M21/2=520.4 WO
2007/ 104162PCT/ CA2007/ 000428 COVPOUND STRUCTURE M5 14 H-N: NH
WO 2007/104162 PCE/CA2007/000428

° q TR \H\g ° o H 3
SCANN P L]
0 O
2 NH

1) HBTU, HOBY,

DIPEA, DMF 4N HClin
21-9 .
2) NHz 1,4-dioxane
HN HN 2HCI
o] ° 0 ©
| H
N N
o) ? e
= = (o]
221 Compound 22
Boc i ﬁ
)Ep/\N m/\N
23)1:51 U[')S?Bt' ANHClin
219 1,4-dioxane
HN 2HCI
0

N\)L];? ,n\é/?l\ﬁn

Scheme 22

The preparation of pyrrolidine derivatives are described in Scheme 23. The ester moiety
5 of intermediate 21-8 was reduced to alcohoi 23-1 which was subsequently oxidized to
aldehyde 23-2. Reductive amination using phenethylamine provided intermediate 23-4.
Acylation of 23-4 with either acetyl chloride or benzoyl chloride provided 23-5 and 23-6,

respectively. Deprotection with 1N HCI in 1,4-dioxane provided compounds 25¢2HCI and
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Sulfonylation of 23-4 with methanesulfonyl chloride, followed by deprotection with 1N HCI
5 in1,4-dioxane provided compound 26+2HCI.

Intermediate 24-1 provided an useful template for the preparation of ether bridged
compounds. Intermediate 24-1 was prepared from N-Boc-cis-4-hydroxy-L-proline and
oo -dibromo-p-xylene as described below. Amide coupling and deprotection of the Boc
10  protecting groups using TFA provided intermediate 24-3. Two sequential amino acid

coupling and deprotection steps, as described above, provided compound 29°2HCI.
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Intermediate 10-6 was bridged using 1,3-benzenedisulfonyt chioride to provide
intermediate 25-1. Deprotection with 4N HCl in 1,4-dioxane provided compound 33 as its
bis-HCI salt.
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Similarly, intermediate 10-6 was bridged using 1,4-phenylene diisocyanate to provide
intermediate 26-1, which upon deprotection with TFA provided compound 44 as is bis-TFA

sall.
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26-1 N N H

Scheme 26

The preparation of compound 35 is illustrated in Scheme 27. Intermediate 10-1 was
deprotected by the treatment with piperide in THF to provide intermediate 27-1. Coupling
10 of 27-1 with Cbz-Gly-OH followed by Boc deprotection provided intermediate 27-3 TFA.
Coupling of 27-3 with Boc-t-BuGly-OH foliowed by Boc deprotection provided intermediate
27-5-TFA. Coupling of 27-5*2TFA with Boc-NMeAla-OH provided intermediate 27-6.
Removal of the Cbz group using Hzand Pd/C yielded 27-7 which was bridged using
terephthaloyl chloride to provide intermediate 27-8. Deprotection of intermediate 27-8

15  using 4N HCI in 1,4-dioxane provided compounds 35¢2HCI.
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Various chiral amines were prepared from optically active (R)-2-hydroxy-1-
phenylethylamine, 28-1. Intermediate 28-1 was Boc protected to provide 28-2. The
alcohol moiety of 28-2 was alkylated with various alkyl halides to provide intermediates
28-3, 28-4, and 28-5. Deprotection of intermediates 28-3, 28-4 and 28-5 with HCl yielded
the chiral amines 28-6, 28-7, and 28-8.
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Intermediates 28-6, 28-7, and 28-8 were coupled with intermediate 21-9 in a manner
5  similar to that illustrated for compounds 22 and 24 (see Scheme Scheme 22} to provide

compounds 63, 64 and 65, respectively.

Other chiral amines may be obtained commercially or prepared via a number of methods
including the conversion or interconversion of ketones, alcohols or azides to amines, using
10 chiral or achiral chemistries, and the chiral resolution of isomers via methods known in the

art, such as chromatography or crystallization.

For example, Scheme 29 illustrates the enantioselective synthesis of optically enriched,
asymmetric, 1,1-diphenylmethanamines prepared by the addition of aryl boronic acids to

15  chiral sulfinimines, followed by hydrolysis of the sulfinamines with acid to provide the
optically enriched amine intermediates characterized by interemdiates 29-4 and 29-5
(Bolshan, Y.; Batey, R. A., Org. Letters 2005, 7, 1481-1484).
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5  Intermediates 29-4 and 29-5 were coupled with intermediate 21-9 in a manner similar to
that illustrated for compounds 22 and 24 (see Scheme Scheme 22} to provide compounds

66 and 67, respectively.

Several methods exist for the conversion of tetralones to chiral 1,2,3,4-tetrahydronaphthyl-
10 1-amines, for example, the method report by R. A. Stalker, et al., Tetrahedron 2002, 58,
4837, as summarized below:

Ph Ph
~_ _OH :
w 0 N N~ O NH
R R4 ’ R4 14 2
[ P —_— I —_— | = . l =
= = =

These chiral amines can be incorporated into compounds of the instant invention using
15  similar methods as iliustrated in Schemes 21 and 22.

The above Schemes are applicable to both symmetrical compounds and unsymmetrical

compounds of the present invention. The substituents A', A, Q, Q', R!, R"™ R? R* R?,

R, and the like are as defined herein. LG is a leaving group such as, for example, Cl,
20 Br, |, OTs, OSu or OMs.
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The following abbreviations are used throughout:

Boc:
CBz:
DCM:
DIPEA:
DMAP:
DMF:
DTT:
EDC:
EDTA:
Fmoc:
HBTU:
HCL:
HOAc:
HOBt:
HPLC:
LCMS:
MeOH:
MgSOy:
MS:
NaHCO.:
Pd/C:
TEA:
THF:
TMEDA:

t-butoxycarbonyl;

benzyloxycarbonyt;

dichloromethane, CH.Cls;
diisopropylethylamine;
4-(dimethylamino)pyridine;
N,N-dimethylformamide;

dithiothreitol;
3-dimethylaminopropyl-3-ethylcarbodiimide hydrochloride;
ethylenediaminetetracetic acid;
N-{9-fluorenylmethoxycarbonyl);
O-(benzotriazol-1-yl)-N, N, N’, N-tetramethyluronium hexafluorophosphate;
hydrochloric acid;

acetic acid;

1-hydroxybenzotriazole;

high performance liquid chromatography;
liguid chromatography-mass spectrometer;
methanol;

magnesium sulfate;

mass spectrum;

sodium hydrogen carbonate;

palladium on carbon;

triethylamine;

tetrahydrofuran; and
N,N,N,N-tetramethylethylenediamine.

SYNTHETIC METHODS

Synthesis of compound 1

Step 1:

Intermediate 9-1

NaH (440 mg, 11.0 mmol) was suspended in dry DMF (5 mL) under N, at 0°C. Boc-cis-2-
hydroxyl-L-proline (1.00 g, 4.0 mmol) was dissolved in dry DMF (15 mL) and added
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dropwise to the suspension of NaH. The mixture was left to stir at 0 °C for 10 min.
Propargy! bromide (560 pL, 5.0 mmol) was added dropwise to the solution. The mixture
was sfirred at 0 °C for 1 h then quenched with H,O. The contents were added to a
separatory funnel along with EtOAc and 10% citric acid (until pH ~2). The organic layer
was collected, dried and concentrated under reduced pressure. Flash chromatography
(silica, hexanes/THF) yielded intermediate 9-1 as clear oil. MS (m/z) M+Na =292.

Step 2: Intermediate 9-2

Intermediate 9-1 (560 mg, 2.1 mmol), HOBt (444 mg, 2.9 mmol), EDC {563 mg, 2.9
mmol) and DIPEA (1.46 mL, 8.4 mmol) were dissolved in dry dichloromethane (10 mL)
under N, and stirred for 10 min at room temperature. 1,2,3,4-(R)-Tetrahydronaphtyl-1-
amine (368 pL, 2.5mmol} was then added and the solution was left to stir for 24 h at RT.
The contents were then added to a separatory funnel along with EtOAc and washed with
10% citric acid (2x), saturated NaHCO; (2x) and brine. The organic layer was collected,
dried and concentrated under reduced pressure. The product was treated with 5 ml of
50% CH,CI/TFA for 1 hr at room temperature. Volatiles were removed in vacuo and the

residue triturated with diethyl ether to provide intermediate 9-2°TFA. MS (m/z) M+1 = 299.

Step Three: Intermediate 9-3

Boc-t-Bu-Gly-OH (484 mg, 2.1 mmol), HOBt (375 mg, 2.4 mmol), HBTU (810 mg, 2.4
mmol) and DIPEA (1.20 mL, 7 mmol) were dissoived in dry DMF (10 mL) under N; and
stirred for 10 min at room temperature. Intermediate 9-2 (720 mg, 1.75 mmol} was then
added and the solution was left to stir for 24 h at room temperature. The contents were
then added to a separatory funnel along with EtQOAc and washed with 10% citric acid (2x),
saturated NaHCO; (2x) and brine. The organic layer was collected, dried and
concentrated under reduced pressure. The resulting product was treated with 10 mL of
50% CH,CL/TFA for 1 hr at room temperature. Volatiles were removed in vacuo and the

residue triturated with diethy] ether to provide intermediate 9-3-TFA. MS (m/z) M+1 = 412,

Step 4: intermediate 9-4

Boc-N-Me-Ala-OH (278 mg, 1.37 mmol), HOBt (227 mg, 1.49 mmol), EDC (293 mg, 1.49
mmol) and DIPEA (796 pL, 4.6 mmol) were dissolved in dry dichloromethane (10 ml.)
under N, and stirred for 10 min at RT. Intermediate 9-3-TFA (600 mg, 1.14 mmol) was
then added and the solution was left to stir for 24 h at RT. EtOAc was added and the
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oraganic layer was washed with 10% citric acid (2x), saturated NaHCO; (2x) and brine,
dried over anhydrous MgSQ,, filtered and volatiles removed under reduced pressure. The
product was purified by silica gel chromatography, eluting with 10-100 % hexanes/THF, to
provide intermediate 9-4. MS (m/z) M+Na=619.

Step &5: Compound 1

Intermediate 9-4 (100 mg, 0.17 mmol), CuCl (25 mg, 0.25 mmol) and N,N,N,N-
tetramethylethylenediamine (38 uL, 0.25mmol) were suspended in dry acetone (5 ml} and
stirred at room temperature under an O, atmosphere for 72 h. EtOAc was added and the
oraganic layer was washed with 10% citric acid (2x), saturated NaHCO; (2x) and brine,
dried over anhydrous MgSQ,, filtered and volatiles removed under reduced pressure. The
product was purified by silica gel chromatography, eluting with 10-100 % hexanes/THF, to
provide intermediate 9-5. Treatment of 9-5 with 4N HC! in 1,4-dioxane at 0°C, for 2 hrs,
and removal of volatiles under reduced pressure provided compound 1 as its bis-HCi salt.
MS (m/z) M+1=991.7.

Synthesis of intermediate 10-6

Step 1: Intermediate 10-1

Fmoc-AMPC(2S, 48)-0H (900 mg, 2.0 mmol), HBTU (1.14 g, 3.0 mmol}, and HOBt (415
mg, 3.0 mmol) were dissolved in dry DMF (10 mi.} and treated with DIPEA (1050 uL, 6.0
mmol). The mixture was stirred for 10 minutes before the addition of (R}-1,2,3,4-
tetrahydronaphthyl-1-amine (330 uL, 2.2 mmol). The reaction was stirred overnight before
being diluted with ethyl acetate (100 mL}) and 10% citric acid (60 mL). The organic layer
was separated and washed with 10% citric acid {2 x 50 mL), saturated sodium
bicarbonate (3 x 25 mL) and brine (1 x 20 mL), before being dried over anhydrouns
magnesium sulphate, filtered, and concentrated under reduced pressure to provide crude
10-1 a white solid. This material was 95% pure by LCMS and was advanced to the next
step without further purification.

Step 2: Intermediate 10-2

Intermediate 10-1 was dissolved in methylene chloride (10 mL) and treated with TFA (10
mL). The solution was stirred at room temperature for 2 hrs before the volatiles were
removed under reduced pressure. The resulting oil was stirred with diethyl ether (25 mL)
to provide a light brown solid which was filtered and washed with diethyi ether (2 x 5 mL),

to provide compound 10-2 *TFA as a light brown solid (1.17 g).
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Step 3: Intermediate 10-3

Boc-t-BuGly-OH (460 mg, 2.0 mmol), HBTU (760 mg, 2.0 mmol), and HOBt (270 mg, 2.0
mmol) and DIPEA (765 uL, 7.5 mmol) were dissolved in dry DMF (10 mL) and the reaction
was stirred at room temperature for 10 minutes before intermediate 10-2 (867 mg, 1.5
mmol) was added. The mixture was stirred overnight before being diluted with ethyl
acetate (200 mL) and 10% citric acid (50 mL). The organic layer was separated and
washed with 10% citric acid (2 x 50 mL), saturated sodium bicarbonate (3 x 25 mL) and
brine (1 x 20 mL), before being dried over anhydrous magnesium sulphate, filtered, and
concentrated under reduced pressure to provide crude 10-3 a white solid (920 mg, > 95%
pure by LCMS) and was advanced to the next step without further purification.

Step 4: Intermediate 10-4

Intermediate 10-3 was dissolved in methylene chloride (10 mL) and treated with TFA (10
ml.). The solution was stirred at room temperature for 2 hrs before the volatiles were
removed under reduced pressure. The resulting oil was stirred with diethyl ether {20 mL)
to provide a light brown solid which was filtered, wash with diethyl ether (2 x 5 mL), to
provide compound 10-4¢TFA a white solid.

Step 5: Intermediate 10-5

Boc-MeAla-OH (308 mg, 1.52 mmoi), HBTU (450 mg, 1.91 mmol}, and HOBt (260 mg,
1.91 mmol) were dissolved in dry DMF (10 mL). DIPEA (886 uL, 5.0 mmol) was added
and the reaction was stirred at room temperature for 10 minutes before intermediate 10-4
(800 mg, 1.27 mmol) was added. The mixture was stirred overnight before being diluted
with ethyl acetate (200 mL) and 10% citric acid (50 mL). The organic layer was separated
and washed with 10% citric acid (2 x 50 mL), saturated sodium bicarbonate (3 x 25 mL)
and brine (1 x 20 mL), before being dried over anhydrous magnesium sulphate, filtered,
and concentrated under reduced pressure to provide crude 10-5 a white solid (0.87 mg,
95.5% pure by LCMS) and was advanced to the next step without further purification.

Step 6: Intermediate 10-6

Intermediate 10-5 was dissolved in 20 % morpholine/THF (10 mL) and the solution was
stirred at room temperature for 16 hrs, Volatiles were removed under reduced pressure to
provide compound 10-6 a white solid. Further purification by silica gel chromatography

provide 10-6 which was 95 % pure LCMS (MS (m/z)} M+1 =617.4.
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Synthesis of compound 2
Step 1: Intermediate 11-1
Crude 10-6 (200 mg, 0.251 mmol) was dissolved in THF (5 mL) and cooled to in an ice
5 bath. DIPEA (50 uL, 0.275 mmol} and sebacoyl chloride (26 uL, 0.125 mmol) were added

and the reaction was stirred for 4 hours at room temperature before being diluted with
ethyl acetate (20 mL) and saturated sodium bicarbonate. The organic layer was
separated, washed with brine, dried over anhydrous magnesium sulphate, filtered and the
solvent removed under reduced pressure. The resuiting crude solid was purified by silica

10 gel chromatography, eluting with a 10-100% hexane/THF gradient, to provide 11-1 as a
white solid (55 mg).

Step 2: Compound 2

Intermediate 11-1 (50 mg) was treated with 4N HCl in 1,4-dioxane (3 mL) and stirred for 3
15  hrs. Volatiles were removed under reduced pressure and the resulting solid was triturated

with diethyl ether (3 x 5 mL). The resuiting solid was dried under reduced pressure to

provide compound 2+2HCI as an off white solid (30 mg). MS (m/z) (M+2)/2=541.4.

Compound 3

20  Step 1: Intermediate 12-1
Crude 10-6 (200 mg, 0.251 mmol) was dissolved in THF (5 mL) and cooled to 4 °C on an
ice bath. DIPEA (50 ul., 0.275 mmol) was added. Terephthaloy! chioride (26 uL, 0.125
mmol) was added and the reaction was stirred for 16 hours before being diluted with ethyl
acetate (20 mL) and saturated sodium bicarbonate. The organic layer was separated,

25  washed with brine, dried over anhydrous magnesium sulphate, filttered and the solvent
removed under reduced pressure. The resulting crude solid was purified by silica gel
chromatography, eluting with a 25-100% hexanes/THF gradient, to provide 12-1 as a
white solid (80 mg).

30  Step 2: Compound 3
Intermediate 12-1 (90 mg) was treated with 4N HCl in 1,4-dioxane (3 mL) and stirred for 3
hrs. Volatiles were removed under reduced pressure and the resulting solid was triturated
with diethyl ether, filtered and washed with diethyl ether (3 x 5 mL). The resulting solid
was dried under reduced pressure to provide compound 3+2HCI as an off white solid (40

35 mg). MS (m/fz) (M+2)/2=523 4.
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Compounds 4 and 5

Intermediate 9-4 (130 mg, 0.21 mmol) and intermediate 13-1 (130 mg, 0.22 mmol), CuCl
(60 mg, 0.6mmol) and tetramethylethylenediamine (90 pL, 0.6mmol) were suspended in
dry acetone (15 mL) and stirred at room temperature under an O, atmosphere for 120 h.
EtOAc was added and the organic layer was washed with 10% citric acid (2x), saturated
NaHCO; (2x) and brine, dried over anhydrous Mg,SO,, filtered, and concentrated under
reduced pressure. The product was purified by silica gel chromatography, eluting with 10-
100% hexanes/THF, to provide intermediates 9-5, 13-2 and 13-3. Intermediates 13-2 and
13-3 were independently treated with 4N HCI in 1,4-dioxane. Volatiles were removed and
the resulting solids triturated with diethy! ether, filtered and washed with diethyl ether, to
provide compounds 4 and 5, respectively, as their bis-HC! salts.

Compound 4-:2HCI: MS (m/s) M+1=093.5.
Compound 5-2HCI: MS (m/z) M+1=985.6.

Compound 6

Intermediate 9-4 (250 mg, 0.400 mmol), intermediate 14-1 (560 mg, 0.900 mmol), CuCi
(267 mg, 2.7 mmol) and tetramethylethylenediamine (405 pL, 2.7 mmol) were suspended
in dry acetone (10 mL) and stirred at room temperature under an O, atmosphere for 72 h.
Celite was added and the mixture filtered trough a pad of celite. EtOAG was added to the
filtrate and the resulting organic layer was washed with 10% citric acid (2x), saturated
NaHCO; (2x) and brine, dried over anhydrous Mg,S0O,, filtered, and concentrated under
reduced pressure. The product was purified by silica gel chromatography, eluting with 10-
100% hexanes/THF, to provide intermediate 14-2. Intermediate 14-2 was treated with 4N
HCl in 1,4-dioxane. Volatiles were removed and the resulting solids triturated with diethyl
ether, filtered and washed with diethyl ether, to provide compound 6 as its bis-HCl salts.
MS (m/s) (M+2)/2=514.4.

Compound 7

Step 1:

Intermediate 15-1 (1.0 g, 1.2 mmol), glutaric anhydride (190 mg, 1.7 mmol) and DIPEA
(836 ub, 4.8 mmol) were dissolved in dichloromethane (20 mL) under N; at 0 °C. A
catalytic amount of DMAP was added and the solution was stirred for 30 min on ice and
24 hrs at room temperature. EtOAc was added to the filtrate and the resulting organic
layer was washed with 10% citric acid (2x), saturated NaHCO; (2x) and brine, dried over

136

Ed



O NONNH** NH. 0O HN [M2]/2=573.6 WO 2007/104162PCT/ CA2007/ 000428
COVMPOUND STRUCTURE M5 32 -NHHN O O NH 10 a . O [M2]/2=533.6
WO 2007/104162 PCT/CA2007/000428

anhydrous Mg,SO,, filtered, and concentrated under reduced pressure to provide
intermediate 15-2 as a white solid.

Step 2:

5  Intermediate 15-2 (420 mg, 0.5 mmol), HOBt (85 mg, 0.63 mmol), HBTU (222 mg, 0.60
mmol) and DIPEA (313 pL, 1.8 mmol} were dissolved in dry DMF (5 ml) under N; and
stirred for 10 min at RT. Intermediate 10-6 (250 mg, 0.45 mmol) was added and the
solution was left to stir for 24 hrs at room temperate. EtOAc was added and the resulting
organic layer was washed with 10% citric acid (2x), saturated NaHCO, (2x) and brine,

10  dried over anhydrous Mg,SO,, filtered, and concentrated under reduced pressure. The
product was purified by silica gel chromatography, eluting with 10-100% hexanes/THF, to
provide intermediate 15-3.

Step 3:

15  Intermediate 15-3 (240 mg, 0.17 mmol), 10 wi% Pd/C (50 mg, 50% H»0}, were suspended
in MeOH (10 mL) and stirred for 24 h at room temperature under a H, atmosphere (1 atm).
The contents were then filtered on celite and washed with MeOH. The filirate was
concentrated under reduced pressure to provide the intermediate 15-4 as a white solid.

20 Step 4:
BocNMe-Ala-OH (57 mg, 0.28 mmol), HOBt (44 mg, 0.33 mmol), HBTU (116 mg, 0.31
mmol) and DIPEA (90 pL, 0.52 mmol) were dissolved in dry DMF (5 mL) under N, and
treated with intermediate 15-4 (160 mg, 0.13 mmol). After stiring for 24 h at room
temperature EtOAc was added and the resulting organic layer was washed with 10% citric

25  acid (2x), saturated NaHCOs (2x) and brine, dried over anhydrous Mg,SO,, filtered, and
concentrated under reduced pressure. The product was purified by silica gel
chromatography, eluting with 10-100% hexanes/THF, to provide intermediate 15-5.
Intermediate 15-5 was stirred with 4N HCI in 1,4-dioxane for 1 hr at room temperature.
Volatiles were removed under reduced pressure to provide compound 7 as its HCl salt.

30 MS (M+2)/2 =618.0.

Compound 8:
Compound 7-HCI (100 mg, 0.08 mmol) is dissolved in DMF (1 mL) and added to a CH.Cl,
(5 mL) suspension of piperazinomethyl polystyrene resin (0.86 mmol/g, 356 mg, 0.3

35  mmol). After shaking at room temperature for 48 hrs an additional 200 mg of resin was
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added. The mixture was shaken for 20 days at room temperature before being, filtered,
washing with MeOH. Volatiles were removed under reduced pressure fo provide
compound 8 a white solid. MS (m/z) M+1=1012.

5 Compound 9:
Intermediate 15-3 (10 mg) was treated with 4N HCl in 1,4-dioxane for 1 hr. Votatiles were
removed under reduced pressure' to provide compounds 9 as its HCl salt. MS (m/s)
{M+2)/2 = 642.

10  Compounds 10, 11, 12, 13, 14, 15, 16, 39, 40, 41, 42, 43, 52, 55, 56, 57, and 58 and were
prepared in a similar manner to that described for compound 2, wherein the corresponding
sulfonyl chloride or activated diacid was substituted for sebacoyl chloride in Step 1. MS
characterization of these compounds is summarized in Table 1.

15 Compound 17 was prepared in a similar manner to that described for compound 29 using
1,2,3,4-(R)-tetrahydronaphthyl-1-amine in place of phenethylamide. MS (m/s) (M+2)/2 =
510.4.

Compound 18:

20  Intermediate 21-8 was stirred in 4N HCl in 1,4-dioxane for 2 hrs. Volatiles were removd in
vacuo and the residue was triturated with diethyl ether to provide compound 18-2HCl as a
white solid. MS (m/z) M+1=815.4.

Compounds 19, 21, 22, 23, 24, 31, 32, 46, 47, 48, 49, 50, 51, 54, 59, 60, 61, 63, 64, 65,

25 and 67 were prepared in a similar manner to that described for compound 20, wherein
phenethylamine was substituted by the corresponding amine in Step 6. MS
characterization of these compounds is summarized in Table 1.

Compound 20

30 Step1: Intermediate 21-2
To a solution of N-Boc-cis-4-amino-L-proline methyl ester, 21-1, (10.0 g, 35.61 mmol) in
CH,Cl, cooled to 0 °C were sequentially added TEA (14.88 mL, 106.80 mmol), DMAP (10
mg) and terephthaloy! chioride (3.61 g, 17.80 mmol) and the reaction was stirred overnight
at room temperature. Water and ethyl acetate were added, the organic layer was

35 separated, washed with 10 % citric acid, aqueous NaHCO; and brine, dried over
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anhydrous MgSOQ,, filtered and concentrated in vacuo. ‘Purification by silica gel
chromatography provided intermediate 21-2 as a white solid.

Step 2: Intermediate 21-3-2TFA

Intermediate 21-2 (4.80 g, 7.76 mmol) was dissolved in a mixture of CH,Cl, (40 mL) and
TFA (40 mL) at 0 °C. The solution was stirred for 4 hrs at room temperature. Volatiles
were removed under reduced pressure and the residue was triturated with diethyl ether to
provide intermediate 21-3-2TFA as a white solid. MS (m/z) M+1=419.2

Step 3: Intermediate 21-5

To a solution of Boc-a-tBuGly-OH, 21-4, (3.95 g, 17.07 mmot) in DMF cooled to 0 °C were
sequentially added DIPEA (13.5 mL, 77.6 mmol), HOBt (2.62 g, 19.4 mmol) and HBTU
(7.36 g, 19.4 mmol). After stirring for 10 minutes intermediate 21-3+2TFA (5.02 g, 7.76
mmol} was added and the reaction mixture was stimed overnight at room temperature.
Water and ethyl acetate were added, the organic layer was separated, washed with 10 %
citric acid, aqueous NaHCO; and brine, dried over anhydrous MgSO., filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 21-

5 as a white solid.

Step 4: Intermediate 21-6-2TFA

Infermediate 21-5 (6.55 g, 7.76 mmol) was dissolved in a mixture of CHCl, (40 mL.) and
TFA (40 mL) at 0 °C. The solution was stirred for 3 hrs at room temperature. Volatiles
were removed under reduced pressure and the residue was triturated with diethyl ether to
provide intermediate 21-6+2TFA as a white solid. MS (m/z) M+1=645.4

Step 4. Intermediate 21-8

To a solution of Boc-NMe-Ala-OH, 21-7, (3.15 g, 15.51 mmol} in DMF cooled to 0 °C were
sequentially added DIPEA (12.3 mL, 70.5 mmeol), HOBt (2.38 g, 17.63 mmol) and HBTU
(6.69 g, 17.63 mmol). After stirring for 10 minutes intermediate 21-62TFA (6.15 g, 7.05
mmol) was added and the reaction mixture was stirred overnight at room temperature.
Water and ethyt acetate were added, the organic layer was separated, washed with 10 %
citric acid, aqueous NaHCO, and brine, dried over anhydrous MgSQ,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 21-
8 as a white solid.
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Step 5: Intermediate 21-9

To a solution of intermediate 21-8 (6.20 g, 6.11 mmoi) in THF (80 mL) and MeCOH (8 mL)

cooled to 0 °C was added 1N aqueous LiOH (30.5 mL) and the reaction was stirred

overnight at room temperature. PH was adjusted to 6 with 10% citric acid and ethyl
5 acetate was added, the organic layer was separated, washed with brine, dried over

anhydrous MgSO,, filtered and concentrated in vacuo to provide intermediate 21-9 as a

white solid.

Step 6: Intermediate 21-10

10  To a solution of intermediate 21-9 (150 mg, 0.15 mmol) in DMF cooled to 0 °C were
sequentially added DIPEA (265 ul, 1.52 mmol), HOBt (51 mg, 0.38 mmol) and HBTU
(144 mg, 0.38 mmol). After stirring for 10 minutes phenethylamine (42 uL, 0.33 mmol) was
added and the reaction mixture was stirred overnight at room temperature. Water and
ethy! acetate were added, the organic layer was separated, washed with 10 % citric acid,

15 aqueous NaHCOQ; and brine, dried over anhydrous MgSQ,, filtered and concentrated in
vacuo. Purification by silica gel chromatography provided intermediate 21-10 as a white
solid.

Step 7: Compound 20-2HCI

20 4N HCI in 1,4-dioxane (3.0 mL) was added to intermediate 21-10 (145 mg, 0.12 mmol}
and the solution was stirred for 1 hr at 0 °C. Volatiles were removed under reduced
pressure and the residue was triturated with diethyl ether to provide compound 20-2HCI
as a white solid. MS (m/z) (M+2)/2=497 6.

25 Compound 22+2HC]
Step 1: Intermediate 22-1

To a solution of intermediate 21-9 (75 mg, 0.08 mmol) in DMF cooled to 0 °C were
sequentially added DIPEA (135 uL, 0.76 mmol), HOBt (26 mg, 0.19 mmol) and HBTU (72
mg, 0.19 mmol). After stirring for 10 minutes isopropylamine (14 uL, 0.17 mmol) was

30 added and the reaction mixture was stirred overnight at room temperature. Water and
ethyl acetate were added, the organic layer was separated, washed with 10 % citric acid,
aqueous NaHCO; and brine, dried over anhydrous MgSQ,, filtlered and concentrated in
vacuo. Purification by silica gel chromatography provided intermediate 22-1 as a white
solid.

35
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Step 2: Compound 22-2HCI
4N HCl in 1,4 dioxane (2.0 mL) was added to intermediate 22-1 (58 mg, 0.05 mmol) and

the solution was stirred for 2 hrs at 0 °C. Volatiles were removed under reduced pressure
and the residue was triturated with diethyl ether to provide compound 22+2HCI as a white
5 solid. MS (m/z) (M+2)/2=435 4.

Compound 24+-2HCI

Step 1: Intermediate 22-2

To a solution of intermediate 21-9 (600 mg, 0.61 mmol) in DMF cooled to 0 °C were
10  sequentially added DIPEA (1.0 mL, 6.08 mmoi), HOBt (205 mg, 1.52 mmol) and HBTU

(576 mg, 1.52 mmol). After stirring for 10 minutes aminodiphenylmethane (230 uL, 1.34

mmol) was added and the reaction mixture was stirred overnight at room temperature.

Water and ethyl acetate were added,'the organic layer was separated, washed with 10 %

citric acid, aqueous NaHCO; and brine, dried over anhydrous MgSO,, filtered and
15  concentrated in vacuo. Purification by silica gel chromatography provided intermediate 22-

2 as a white solid.

Step 2: Compound 24-2HCI

4N HCl in 1,4 dioxane (1.9 mL) was added to intermediate 22-2 (660 mg, 0.50 mmol) and
20  the solution was stirred for 1 hr at 0 °C. Volatiles were removed under reduced pressure

and the residue was triturated with diethyl ether to provide compound 24-2HCI as a white

solid. MS (m/z) (M+2)/2=435.4.

Compound 25
25 Stept: Intermediate 23-1
To a solution of intermediate 21-8 (1.10 g, 1.08 mmol) in THF cooled to 0 °C was added
lithium borohydride (118 mg, 4.86 mmol) and the reaction mixture was stirred for 3 hrs at
room temperature. Ethyl acetate and 10% citric acid were added. The organic layer was
separated, washed with aqueous NaHCOQO; and brine, dried over anhydrous MgSQO,,
30 filtered and concentrated in vacuo. Purification by silica gel chromatography provided
intermediate 23-1 as a white solid. MS (m/z) M+1=959.6

Step 2: Intermediate 23-2
To a solution of intermediate 23-1 (284 mg, 0.29 mmol) in CH,Cl, was added Dess Martin
35 periodinane (314 mg, 0.74 mmol) and the reaction was stirred for 5 hrs at room
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temperature. Aqueous NaHCOQ; was added, the organic layer was separated, washed with
brine, dried over anhydrous MgSO,, filtered and concentrated in vacuo. Purification by -
silica gel chromatography provided intermediate 23-2 as a white solid.

Step 3: Intermediate 23-4

To a solution of intermediate 23-2 (282 mg, 0.29 mmol) in CHCl, was added
phenethylamine (82 uL, 0.65 mmol). After stirring for 30 min at room temperature sodium
triacetoxyborohydride (280 mg, 1.32 mmol) was added and the reaction mixture was
stirred for 2 hrs. Saturated aqueous NaHCO; was added, the organic layer was separated,
washed with brine, dried over anhydrous MgSQO,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 23-4 as a white solid. MS
(m/z) M+1=1165.8

Step 4: Intermediate 23-5

To a solution of intermediate 23-4 (100 mg, 0.08 mmol) in CH;Cl, cooled fo 0° C were
sequentially added triethylamine (60 uL, 0.43 mmol) and acetyl chloride (14 uL, 0.19
mmol). The reaction was stirred for 2 hrs at room temperature before water and ethyl
acetate were added. The organic layer was separated, washed with 10 % citric acid,
aqueous NaHCO; and brine, dried over anhydrous MgSOs,, filtered and concentrated in
vacuo. Purification by silica gel chromatography provided intermediate 23-5 as a white
solid.

Step 5: Compound 25-2HCI

4N HCl in 1,4-dioxane (3 mL) was added to intermediate 23-5 (80 mg, 0.06 mmol) and the
solution was stirred for 1 hr at room temperature. Volatiles were removed under reduced
pressure and the residue was triturated with diethyl ether to provide compound 25-2HCI
as a white solid. MS (m/z) (M+2)/2=525.86.

Compound 26-2HCI

Step 1: Intermediate 23-5

To a solution of intermediate 23-4 (100 mg, 0.08 mmol} in CH,Cl; cooled to 0 °C were
sequentially added TEA (60 uL, 0.43 mmol) and methanesulfonyl chloride (15 uL, 0.19
mmol) and the reaction was stirred for 2 hrs at room temperature. Water and ethyl acetate
were added, the organic layer was separated, washed with 10 % citric acid, agueous
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NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 23-5 as a white solid.

Step 2: Compound 26-2HCI

5 4N HClin 1,4-dioxane (3 mL) was added to intermediate 23-5 (78 mg, 0.06 mmol} and the
solution was stirred for 1 hr at room temperature. Volatiles were removed under reduced
pressure and the residue was triturated with diethy! ether to provide compound 26+2HC!
as a white solid. MS {(m/z) (M+2)/2=561.6.

10 Compounds 27, 28 and 30 were prepared in a similar manner to that described for
compound 26, wherein for compound 27 and 28 acetyl chloride and benzoyl chioride,
respectively, were used in place of methanesulfonyl chloride.

Compound 27- MS (m/z) (M+2)/2=587.6.
Compound 28- MS (m/z) (M+2)/2=543.6.
15 Compound 30- MS (m/z) (M+2)/2=579.6.

Compound 29

Step 1: Intermediate 24-1

To a 1.0 M solution of NaHMDS in THF (21.6 mL, 21.6 mmol) cooled to 0 °C was slowly
20 added a solution of N-Boc-cis-4-hydroxy-L-proline (2.50 g, 10.8 mmol) in DMF. After

stirring for 20 minutes at 0 °C o,c’-dibromo-p-xylene (1.37 g, 5.0 mmol) was added and the

reaction mixture was stirred overnight at room temperature. Water and ethyl acetate were

added, the organic layer was separated, dried over MgSQO,, filtered and concentrated in

vacuo. Purification by silica gel chromatography provided intermediate 24-1 as a white
25  solid.

Step 2: Intermediate 24-2

To a solution of intermediate 24-1 (200 mg, 0.35 mmol) in DMF cooled to 0 °C were

sequentially added DIPEA (365 uL, 2.1 mmol), HOBt (132 mg, 0.98 mmol) and HBTU
30 (345 mg, 0.91 mmol). After stirring for 10 minutes phenethylamine (107 uL, 0.85 mmol)

was added and the reaction mixture was stirred overnight at room temperature. Water and

ethyl acetate were added, the organic layer was separated, washed with 10 % citric acid,

aqueous NaHCOQ; and brine, dried over anhydrous MgSO,, filtered and concentrated in

vacuo. Purification by silica gel chromatography provided intermediate 24-2 as a white
35  solid.
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Step 3: Intermediate 24-3-2TFA

Intermediate 24-2 (260 mg, 0.35 mmol) was dissolved in a mixture of CHyCl (3 mL) and

TFA (3 mL). The solution was stirred for 1 hr at room temperature. Volatiles were removed
5  under reduced pressure and the residue was witurated with diethyl ether to provide

intermediate 24-3+2TFA as a white solid. MS (m/z) M+1=571.4

Step 4: Intermediate 24-4
To a solution of Boc-a-'BuGly-OH (256 mg, 1.10 mmol) in PMF cooled to 0 °C were
10  sequentially added DIPEA (361 uL, 2.10 mmoi), HOBt (175 mg, 1.3 mmol) and HBTU
{455 mg, 1.2 mmol). After stirring for 10 minutes intermediate 24-32TFA (230 mg, 0.46
mmol) was added and the reaction mixture was stirred overnight at room temperature.
Water and ethyl acetate were added, the organic layer was separated, washed with 10 %
citric acid, aqueous NaHCOQ; and brine, dried over anhydrous MgSQ,, filtered and
15  concentrated in vacuo. Purification by silica gel chromatography provided intermediate 24-
4 as a white solid.

Step 5. Intermediate 24-5-2TFA

Intermediate 24-4 (458 mg, 0.46 mmol) was dissolved in a mixture of CH,Cl, (3 mL) and
20  TFA (3 mL). The solution was stirred for 30 minutes at room temperature. Volatiles were

removed under reduced pressure and the residue was triturated with diethyl ether to

provide intermediate 24-52TFA as a white solid. MS (m/z) M+1=797.6

Step 6: Intermediate 24-6
25 To a solution of Boc-NMe-Ala-OH (119 mg, 0.58 mmol) in DMF cooled to 0 °C were
J sequentially added DIPEA (209 uL, 1.2 mmol), HOBt (91 mg, 0.67 mmol) and HBTU (236
mg, 0.62 mmol). After stirring for 10 minutes intermediate 24-52TFA (250 mg, 0.24 mmol)
was added and the reaction mixture was stirred overnight at room temperature. Water and
ethyl acetate were added, the organic layer was separated, washed with 10 % citric acid,
30 aqueous NaHCO, and brine, dried over anhydrous MgSOy, filtered and concentrated in
vacuo. Purification by silica gel chromatography provided intermediate 24-6 as a white
solid.

Step 7: Compound 29-2HCI

144



NH N O HN- [M42=538.4 45 S. HN NH HN O H2N,,, A z11 NH 11.0 O N NH2 O
M+-1=1018.8 [M+2] /2509.66 46 -NH O ' HNSN O O NH *

10

15

20

25

30

35

WO 2007/104162 PCT/CA2007/000428

4N HCl in 1,4-dioxane (1.0 mL) was added to intermediate 24-6 (280 mg, 0.24 mmol) and
the solution was stirred for 1 hr at 0 °C. Volatiles were removed under reduced pressure
and the residue was triturated with diethyl ether to provide compound 29-2HCI as a white
solid. MS (m/z) M+1=067.6.

Compound 33

Step 1: intermediate 25-1

To a solution of intermediate 10-6 (258 mg, 0.50 mmol) in DMF were sequentially added
DIPEA (217 uL, 1.25 mmol) and 1,3-benzenedisuifonyl chloride (69 mg, 0.25 mmol) and
the reaction was stirred overnight at room temperature. Water and ethyl acetate were
added, the organic layer was separated, washed with 10% citric acid, aqueous NaHCO;
and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 25-1 as a white solid.

Step 2: Compound 33-2HCI

4N HCI in 1,4-dioxane (2 mL) was added to intermediate 25-1 (143 mg, 0.11 mmol) and
the solution was stirred for 1 hr at 0°C. Volatiles were removed under reduced pressure
and the residue was triturated with diethyl ether to provide compound 33-2HC! as a white
solid. MS (m/z) (M+2)/2=559.5.

Compound 34:

Compound 34 was prepared in a similar manner to compound 20, wherein N-Boc-cis-4-
amino-L-proline methyl ester was substituted with N-Boc-trans-4-amino-L-proline methyl
ester in step 1 and phenethylamine was substituted with 1,2,3,4-(R)-tetrahydronaphthyl-1-
amine in Step 6. MS (m/z) M+1=1045.8.

Compound 35+2HCI

Step 1: Intermediate 27-1

Intermediate 10-1 (3.90 g, 6.68 mmol) was dissolved in THF (100 mL) and treated with
piperidine (5.0 mL, 68.2 mmol). The solution was stirred for 16 hrs at room temperature
before volatiles were removed under reduced pressure to provide a semi-solid which was
suspended in MeOH (5 mL) and filtered. The filtrate was concentrated, suspended in
MeOH (5 mL), filtered and the filtrate concentrated to provide intermediate 27-1 as a semi-
solid (80 % pure).
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Step 2: Intermediate 27-2

To a solution of carbobenzyloxyglycine (699 mg, 3.34 mmot) in DMF cooled to 0 °C were
sequentially added DIPEA (2.40 mL, 13.9 mmoi), HOBt (488 mg, 3.61 mmol) and HBTU
(1.37 g, 3.61 mmol). After stirring for 10 minutes intermediate 27-1 (1.00 g, 2.78 mmol)
was added and the reaction mixture was stirred overnight at room temperature. Water and
ethyl acetate were added, the organic layer was separated, washed with 10 % citric acid,
aqueous NaHCO; and brine, dried over anhydrous MgSQ;, filtered and concentrated in
vacuo. Purification by silica gel chromatography provided intermediate 27-2 as a white
solid.

Step 3: Intermediate 27-3-TFA

Intermediate 27-2 (1.42 g, 2.58 mmol) was dissolved in a mixture of CH,Cl, (15 mL} and
TFA (15 mL). The solution was stirred for 1 hr at room temperature. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether io
provide intermediate 27-3+TFA as a white solid. MS (m/z) M+1=451.4

Stép 4: Intermediate 27-4

To a solution of Boc-a-tBuGly-OH (668 mg, 2.89 mmol) in DMF cooled to 0 °C were
sequentially added DIPEA (2.1 mL, 12.0 mmol), HOBt (488 mg, 3.61 mmol) and HBTU
(1.37 g, 3.61 mmol). After stirring for 10 minutes intermediate 27-3*TFA (1.36 g, 2.41
mmol) was added and the reaction mixture was stirred overnight at room temperature.
Water and ethyl acetate were added, the organic layer was separated, washed with 10 %
citric acid, aqueous NaHCO; and brine, dried over anhydrous MgSQ,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 27-
4 as a white solid.

Step 5: Intermediate 27-5-TFA

Intermediate 27-4 (1.38 g, 2.08 mmol) was dissolved in a mixture of DCM (10 mL) and
TFA (10 mL). The solution was stirred for 4 hrs at room temperature. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide intermediate 27-5+TFA as a white solid. MS (m/z) M+1=564.4

Step 6: Intermediate 27-6
To a solution of Boc-NMe-Ala-OH (902 mg, 4.44 mmol) in DMF cocoled to 0 °C were

sequentially added DIPEA (3.50 mL, 20.2 mmol), HOBt (682 mg, 5.05 mmol) and HBTU
146
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(1.92 g, 5.05 mmol). After stirring for 10 minutes intermediate 27-5TFA (1.14 g, 1.68
mmol) was added and the reaction mixture was stirred overnight at room temperature.
Water and ethyl acetate were added, the organic layer was separated, washed with 10 %
citric acid, aqueous NaHCO; and brine, dried over anhydrous MgSO,, filtered and

5  concentrated in vacuo. Purification by silica gel chromatography provided intermediate 27-
6 as a white solid.

Step 7: Intermediate 27-7

To a solution of intermediate 27-6 (925 mg, 1.24 mmol) in anhydrous MeOH (25 mL) and
10  stirred under N, was added 10% Pd/C (125 mg). The reaction mixture was purged with H,

and stirred for 1hr. The reaction was then filtered through celite and the filtrate was

concentrated in vacuo. Purification by sifica gel chromatography provided intermediate 27-

7 as a white solid. MS (m/z) M+1=615.4

15 Step 8: Intermediate 27-8
To a solution of intermediate 27-7 (150 mg, 0.25 mmol) in DCM cooled to 0 °C were
sequentially added TEA (100 uL, 0.73 mmol) and terephthaloyl chloride (25.0 mg, 0.12
mmol) and the reaction was stirred overnight at room temperature. Water and ethyl
acetate were added, the organic layer was separated, washed with 10 % citric acid,

20 aqueous NaHCO; and brine, dried over anhydrous MgSO,, filtered and concentrated in
vacuo. Purification by silica gel chromatography provided intermediate 27-8 as a white
solid.

Step 9: Compound 35+2HCI

25 4N HCI in 1,4-dioxane (2 mL) was added to intermediate 27-8 (166 mg, 0.12 mmol) and
the solution was stirred for 1 hr at room temperature. Volatiles were removed under
reduced pressure and the residue was triturated with diethyl ether to provide compound
35+2HCI as a white solid. MS {m/z) (M+2)/2=580.6.

30 Compounds 36, 37, and 38 were prepared from infermediate 27-7, in a similar manner to
that decribed for compound 35, using oxalyly chioride, isophthaloyl dichloride and 4,4'-
biphenyldicarbonyl chloride, respectively, in place of phthaloyl chloride in Step 8
Compound 36- MS (m/z) (M+2)/2=542.6.

Compound 37- MS (m/z) (M+2)/2=580.6.

35  Compound 38- MS (m/z) (M+2)/2=618.6.
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Compound 44

Step 1: Intermediate 26-1

To a solution of intermediate 10-6 (150 mg, 0.27 mmol) in THF were sequentially added
TEA (112 uL, 0.81 mmof) and 1,4-phenylene diisocyanate (43 mg, 0.27 mmol} and the
reaction was stirred at room temperature for 4 hrs, Volatiles were removed under reduced
pressure and the residue purified by silica gel chromatography to provide intermediate 26-
1 as a white solid.

Step 2: Compound 44.2TFA

Intermediate 26-1 (148 mg, 0.12 mmol) was dissolved in a mixture of CHxCl; (1.5 mL) and
TFA (0.4 mL). The solution was stirred for 1 hr at room temperature. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide compound 44+2TFA as a white solid. MS (m/z) (M+2)/2=538.4.

Compound 62:

Intermediate 21-9 was treated with 4N HCI in 1,4-dioxane for 2 hrs. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide compounds 62eHC! as an off white solid. MS (m/z) M+1=787.6.

Intermediate 28-6

Step 1: Intermediate 28-2

(S)-(+)-2-Phenylglycinol, 28-1 (1.64 g, 12.0 mmol) was dissolved in CH2Cl; (90 mL).
Boc,O (2.84 g, 13.0 mmol) and DMAP (34 mg, 0.02 mmol) were added and stirred for 1
hour at room temperature. The reaction mixture was diluted with diethyl ether (200 mL)
and 1N HCI (100 mL). The organic layer was washed with 1M HCI (2 x 100 mL), dried
over anhydrous MgSQ,, filiered and volatiles removed under reduced pressure. The
resulting residue was purified by silica gel chromatography provided an oil to provide
intermediate 28-2 as white solid (2.7 g, 95% yield). MS {m/z) M+1=238.2.

Step 2: Intermediate 28-6

intermediate 28-2 (420 mg, 1.77mmol) and iodomethane {330 pL, 5.29 mmol) were
dissolved in anhydrous DMF (25 mL). The mixture was cooled to 0 °C, and then NaH
(60% dispersion in oil, 103 mg, 2.58 mmol) was added. After 2 hours, the reaction mixture

was diluted with ethyl acetate (200 mlL.) and 1M HCI (100 mL.). The organic layer was
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washed with 1M HCL (2 x 100 mL), dried over anhydrous MgSQ, filtered and volatiles
removed under reduced pressure. The residue was purified by silica gel chromatography
to provide intermediate 28-3 as an oil. Intermedaite 28-3 was then chilted to 0 °C and
treated with 4M HC! in 1,4-dioxane (5 mL). After stirring for 90 minutes volatiles were

5  removed under reduced pressure and the resulting solid was washed with diethyl ether, to
provide intermediate 28-6'HCI as white solid (237 mg, 69% yield). MS (m/z) M+1=152.2.

A similar procedure was used for the preparation of intermediates 28-7 and 28-8, wherein
methy! iodide was replaced with benzyl bromide for intermediate 28-7 and iodoacetamide
10 for intermediate 28-8.

Compound 66
N
HN )\/g\(\ HN }\\X*(
1) HBTU, HOB,
DIPEA, DMF AN HCl in
21-9 : -
2) 264 HC 1-4 dioxane
2 HC
HN™ "0 HN™ 0
NH NH
\ O NH
compound 66
15
Step 1: Intermediate 29-1

To a solution of benzaldehyde (840 pL, 8.25 mmol) in CH,Cl, (150 mL) was added (S)-2-
methylpropane-2-sulfinamide (1.0 g, 8.25 mmol) and titanium ethoxide (3.5 mi, 16.50
mmol). The reaction mixture was refluxed for 5 hours and cooled to room temperature.
20 Water was added and the mixture was vigorously stirred, then filtered through celite. The
aqueous layer was extracted with CHxCl; (3x) and the combined organic extracts were
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washed with brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 29-1 as a yellow oil.

Step 2: Intermediate 29-2

5 To a suspension of (S,E)-N-benzylidene-2-methylpropane-2-suifinamide, 29-11, (110 mg,
0.526 mmol), [Rh{cod){CH;CN).IBF4 {20.1 mg, 0.053 mmol), para-tolylboronic acid (143
mg, 1.052 mmol) and Et;N (147 ul, 1.052 mmol) in dioxane (1.2 mL) was added H,O (2.4
ml). The resulting brown suspension was stirred for 2 days at room temperature. The
aqueous layer was extracted with EtOAc (3x) and the combined organic extracts were

10 washed with brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 29-2 as a white solid
(d.e.=81%).

Step 3: intermediate 29-4
15 To a solution of (S)-2-methyl-N-({R)-phenyl(p-tolyl)methyl)propane-2-sulfinamide (82 mg,
0.27 mmol), 29-2, in MeOH (270 pL) was added 4N HCI in 1,4-dioxane 4 (140 uL, 0.54
mmol). The solution was stirred for 1 hr at room temperature, then Et,O was added and a
white precipitate was formed. The precipitate was filtered and washed with Et,O to provide
intermediate 29-4HC} as white solid.
20
Step 4: Intermediate 29-5
To a solution of intermediate 21-9 (122 mg, 0.123 mmol) in DMF cooled to 0 °C were
sequentially added DIPEA (193 pL, 1.107 mmol), HOBt (42 mg, 0.308 mmol) and HBTU
(117 mg, 0.308 mmol). After stirring for 10 minutes intermediate 29-4¢HCI (59 mg, 0.253
25 mmol) was added and the reaction mixture was stirred overnight at room temperature.
Water and ethyl acetate were added, the organic layer was separated, washed with 10 %
citric acid, aqueous NaHCO; and brine, dried over anhydrous MgSQ,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 66-
1 as a pink solid.
30
Step 5: Compound 66+2HCI
4N HCl in 1,4-dioxane (1 ml) was added to intermediate 66-1 (135 mg, 0.12 mmol). The
solution was stirred for 1 hour at 0 °C. Volatiles were removed under reduced pressure
and the residue was triturated with diethy! ether fo provide compound 6+2HCI as a white
35 solid. MS (m/z) (M+2)/2=573.6.
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Representative compounds of the present invention were prepared according to the above

procedures and are illustrated in Table 1:

5 TABLE 1
COMPOUND STRUCTURE MS
H-N
0
o5
‘—_N’ // \
1 M 7 ¢ M- M+1=991.7
.Nf [M+2)/2=496.4
H O
d N
O
N-H
2 HN-¢O M+1=1081.8
H = [M+2]/12=541.4
N NN -
0 g/\ﬁ
NH
HN
H © 0
’N‘.)LN N
i H
0 O~ NH
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I nvention which can be prepared by sinple nodification of the above

pr ocedur eyoaner/ioklsast rated in Tables 2 to 6:
and Al are bothCH2 or both C(0),

and L=\ - - 114 R5
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K R20 and R30 are defined as herei nabove,
10r=1-11 R4 and R40 are H, 15R5 and R555 are chosen from
2007/ 104 MSORET/1CABR07/ 000428
noi eties may be substituted by RL16 and wherein,
R10" are independently defined as Rl herei nabove,
substituted by R6 as defi ned herei nabove. Table 6 _Rw
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Representative compounds of the present invention which can be prepared by simple

modification of the above procedures are illustrated in Tables 2 to 6:
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11," , or rfs:,N..OjLNA. ; Ho r r=1-11 10R4 and R4 are H; R5 and R50 are
chosen from WD 2007/ 104162PCT/ CA2007/ 000428 wherein the aryl noieties
may be suWot20Ute2by R16 and wherein, R and R er are POTSPOHeidG042§
defined as R16 hereinabove, and wherein the al kyl may be further
substituted by R6 as defined herei nabove. 10 Assays Ml ecul ar constructs
for expression GST- Xl AP BI RBRI NG Xl AP codi hg sequence am no aci ds

246- 497 cloned into PGEX2T1 via BanmHl and AVA |I. The plasm d was
transforned into E. coil OH5a for US?‘EEF%M ei n 15expressi on and
purification. GST-H AP2 (clAP-1) BR 3: P2 codi ng sequence from am no

aci ds 251-363 cloned into PGex4T3 via BarHi: and Xhol. The plasm d was

transforned into E. coil DH5a for use in prptein expression and
purification. 20 WD 2007/ 104162PCT/ CA20

00428 GST-HI AP1(cl AP-2) BR 3:
HI AP1 codi ng sequence from gm no aci ds 87 cHoned into PGex4T3 via
BanHl and Xhol . The pl asmin was transfﬁ’rmed [ NE. goil DHS5a for use in
protei n expression and purj\L?ﬁt' n. 5 GST- nkHl R 2 BIR3Ri ng: Xl AP
codi ng sequence from am nd acyd - 49% cloned idto NRGex4T1l via BanHl and
Xhol . Amino acids 93-497 weng agplified fromfull kength XIAP in pGex4t3,
using the priners: TTAATA TTTATC and GCTGCATGTGIGICAGAGG,

usi ng standard PCR conditions.©®The fragnent was TA cloned into pCR-2.1
(invitrogen). Linker BIR 2 BIR 3Rang was subcl oned into pGex4T1l 10by
BanHl / Xhol di gestion. The plasnid as transformed into E. coil DH5a for use
in protein expression and purification. Ful | -1 engt h human Xl AP, AEG

pl asmisd nunber 23. Xl ARyR&Ein10asEAUSRARDIRTA T bati 0@)landt97 cloned into GST
fusion vector, PGEX4T1l via BanHl and Xho | restriction sites. The 15plasm d
was transformed into . coli DHS5a for use in protein purification. GST-XI AP
linker BIR 2: XIAR linker_BIR 2 coding s%rt?e rom am ng ackds 93-497
cloned into pGex4T3 via BarH =ana\Xhol . The~pl a8m B was, AT 4r5formed into E.
coil DH5a for use in protein expression and purification. 20 Expression and
purification of reconbinant proteins A _Fxpressiaon. of Reconbi nant Proteins

d utat hi one S-transferase (GST)Rtagged broteinB were efpressed in

Escherichia coil L,ll
H
H /\/@

*

.| %

H -CHs
VS
H ,%
' E%
RS
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strai ns DH5-al pha. For expression full length XI AP, individual or

conbi nati ons of Xl AP- 25 BIR domains, cl AP-1, cl AP-2 and Livin transforned
bact eri a woenreoxwstéar ed overni ght at 37C in Luria Broth PCBICAIBUI00#M2S8

suppl emented with 50 ug/m of ampicillin. The overnight culture was then
diluted 25 fold into fresh LB anpicillin supplenented nedia and bacteria
were grown up to A600 = 0.6 then induced wth 1 nM

i sopropyl - D- 1-t hi ogal act ppyranosi de for |3 hours. Mpen ijnduction, cells were
centrifuged at 5000 RPM for 10 mj nutes and tdi a was renoved. Each
pell et obtained froma 1jliter culture fecgrved 10~m af lysis buffer (50
mM Tris-HCI, 200 M NaCl|_1 oM DTI, 1 oM PVBF, 22 no/m_jof |ysosynme, 100
l.i.g/m)), was incubated at 4C with gentle shaking. After 20 m nutes of

i ncubation, the cell suspension was placed at -80C overni ght or until
needed. 35 B. Purification of reconbinant proteins WO

2007/ 104162PCT/ CA20071000428 For purification of reconbi nant proteins, the
| PTG induced cell lysate was thawed vortexed and then di srupted by flash
freezing in liquid nitrogen two tinmes with vortexing after each thaw. The
cells were disrupted further by passing the extract four tinmes through a
Bi 0-Neb Cell disruptor device (das-col) set at 100 psi with N trogen gas.
The extract 5 was clarified by centrifugation at 4 C at 15000 RPMin a

SS- 34 Beckman rotor for 30 minutes. The resulting supernatant was then
mxed with 2 ml of gl utathi one-Sepharose beads (Pharmacia) per 500 m cel
culture (per 1000nl culture for full length XIAP) for 1 hour at 40.
Afterwards, the beads were washed 3 tines with 1X Tris-Buffered Saline
(TBS) to renobve unbound proteins. The retained proteins were eluted with 2
washes of 2 10 ml of 50 MM TRI'S pH 8.0 containing 10 mM reduced

gl utat hione. The eluted proteins were pooled and precipitated with
604g/liter of ammonium sulfate and the resulting pellet re-suspended into
an appropriate buffer. As judged by SDS-PAGE the purified proteins were
>90% pure. The protein concentration of purified proteins was determ ned
fromthe Bradford nethod. 15 His-tag proteins were expressed in the E Col
strain in E. coli AD494 cells using a pet 28ACPP32 construct. The sol uble
protein fraction was prepared as descri bed above. For protein purification,
t he supernatant was purified by affinity chromatography using

chel ati ng- Sephar ose (Pharnacia) charged with Ni SO4 according to the

manuf acturer's 20instructions. Purity of the eluted protein was >90% pure
as determ ned by SDS-PAGE. The protein concentration of purified proteins
was determ ned fromthe Bradford assay. Synthesis of fluorescent probe P1 A
fl uorescent peptide probe,

Froc- Al a- Val - Pro- Phe- Tyr (t-Bu) - Leu-Pro-3 y(t-Bu)-d y-OH 25was prepared
usi ng standard Fnoc chemistry on 2-chlorotrityl chloride resin (Int. J.
Pept. Prot. Res. 38:555-561, 1991). O eavage fromthe resin was perforned
using 20% acetic acid in dichloronmehane (DCM, which left the side chain
still blocked. The C-term nal protected carboxylic acid was coupled to

4' - (am nomet hy) fl uorescei n (Ml ecul ar Probes, A-1351; Eugene, Oreg.) using
excess dil sopropyl carbodi |l m de (D1C) in dinmethylformam de 30 (DVF) at room
tenperature and was purified by silica gel chronmatography (10% nethanol in
DCM . The N-term nal Fnoc protecting group was renoved using piperidine
(20% in DWF, and purified by silica gel chromatography (20% nethanol in
DCM 0.5% HOAc). Finally, the t-butyl side chain protective groups were
removed using 95%trifluoroacetic acid containing 2.5% water and 2.5%
triisopropyl silane, to provide probe P1 (>95% pure, 35 HPLC). WO

2007/ 104162PCT/ CA2007/ 000428 Probe P2 HO 5 Bindi ng assay Fl uorescence

pol ari zati on- based conpetition assay For all assays, the fluorescence and
fl uorescence-pol ari zati on was eval uated using a
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Tecan Pol arion instrument with the excitation filter set at 485 nm and the
em ssion filter set at 535 nm For each assay, the concentration of the
target prwOendT/ M2 irst established 10 by titrati on of PCEE€A2e176€60438
protein in order to produce a |linear dose-response signal when incubated
alone in the presence of the fluorescent probe P1 or P2. Upon establishing
t hese conditions, the conpounds potency (I C) and selectivity, was assessed
in the presence of a fix defined- amobunt of target protein and fluorescent
probe and a 10 point serial diluti onggé .lglge sel ect ed compounds. For each

-1 C50 curve, the assays were run as 1 'owed: 25 uL/well of diluted
conpound in 50 mM MES buffer pH 6.5 were added into a black 96 well plate
then 25 ul/wel| of bovine serum al Bt BG(-M) at 0.5 mg/mM in 50 MM MES pH
6.5. Auto-fluorescence for each conpound was first assessed by performng a
readi ng of the conpound/ BSA sol uti ofg@ufldgA Then 25 uL of the fluorescein
probe diluted into 50 nM MES containing 0.05 ng/mM BSA were added and a
readi ng t %gtect 20 quenching of fluorescein signal done. Finally 25
ubnel | of "The target or cogtrol protein (GST- Bl diluted at the
appropriate concentrati 08/1 50 mvl/ S containin - 05 ng/mM BSA.were added
and the fluorescence pol @rization @val uated. ‘ E

2007/ 104162PCT/ CA2007 '

€50 and 3 nhi bit 9 constants
gscence units wefe plotted
d~and theJl C5,3 cef'cul ated usi ng
the Grad pad prilsm software!5 and/or bt | dge sof #{f (The I;/Jalue wer e
derived from p® cal cul at | C50 val fle ds describedd above ahd according to
the equation described in"N kol ovskao Col eska, Z. ﬂ11(2004) And) Bi ochem 332,
261-273. Fluorescence pol ari zati onkconpetition agsay1d0 The k, of various
conmpaynds in the BIR2-BIR3-ring FP assay, using probe P2, was determnned as
descri bed above. For exanpl e, conpound 3 dlsplayed a k1 of less than 100

nM Caspaac-B -t ilci"lgt h—XHAP— |r\c| DI R2 UI LI 2&6[ = BrR2=—BI'R3- RI NG
derepres%—e«a%‘é—a%s—ay—)—%—e«—-dﬁr to—teterpinetheretattve aqtivity of —the
sel ect ed|conmpound agai nst XyYAP-Bir2, we| setup an i ssay where

vitr
caspase-3 was i nhidbi tgd b, T fusion prot eins o %I er-Bir2, XIAP
i o

Li nker Bilr 2- BizNQ-/éLN or Nu¥l -1ength XA ul) and

12. 25-34/25nM (final} copcerftration) of GST Xl AR f pratein (GST-Bijr 2,
GST- 20 Bir2Bi r3f:21NE orofé =NHengt h Xl AP) wer e co- mc@oaé NWi th seri al

di lutiong of conpound (20 . Cappase 3 activity was jaeg ed by
overlayinpg 25 uL of a solution. Final reacti e@u wais 100
uL. Al dilutions were perfo h caspase buffer (50nV Hepes 7.4,

100nmM NadCl , 0% sucro e, EDTA, 10mM DTT, O. 1% PS (S nni cke, H R,
and Sal vesen ) i ochem cal pharacterp, 25caspase- 3,| -6,
-7, and A J evgcj\ 72, 25719- 25723§ Th fI or sc nt AMC rel eased
fromthe casﬂ'& s of t he supstr {‘%\J& dina TECAI\

i0

spect rophot onet et ati 3 itation and 444 inm |ém fter
m nut es of incubation at Doo eratufe. 1C50 val ues V\@re Iat ed on a
one 30or [two-site corrpetltl o usi hg GraphPad v4. 0, u i

fl uorescgnce val ues after ¢s of |ncubat| on pI otted aga the
| 0g10 cor O ii -n ¢—+-E50—~vattes—of—preferred WllpUUIIUb Weyp e
shown tojcorrel ate h E val ues agaj nst SKO\/3S vver typically {ess
that 1 uM 35 V\D 0 1 2PCT/ CA2007 0004%@ I- assay

NH
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Caspase de-repression assay using cellular extracts (apoptosone) 100 ug of

293 cel |

S100 extract and 0. 25uM 2uM of

GST- XI AP fusion protein (X1AP-

Bi r 3RI NGw&hkéBE/AB1#w62B1r 3RI NG, or full-length Xl AP) were BGTACAZUGAI®EZ Wi t h

seri al

dilutions 5 of conmpound (40 uM5 pM . Caspases present

in the

extracts were activated by adding 1mM dATP, O0.1nM ALLN, 133ug Cytochrone C

(final concentrations), and incubating at 37C for 25 mnutes, All reactions
and di |l ufions used S10Mbuffer (50 mM Ri pes pH 7.0, 502M KCl, 0.50M EGTA pH
8.0, 2 MyC12 suppl enmentedywi th 1/1000 dilutions of 2 ng Cytochal iisin
B, 2 ng/m Chynot st at i®h peptin, Pepstatin, Agtipafh _.{0.1M PVSF, 10 1M
Dff). Final rteac on vollu was 30u1 Caspatﬁle actli vi S neasured by
overl ayi hg 30/ DEVD- AMC sol|ut i o#r. cl eavage wgs
nmeasured|in a TE-CAI\Hsp torret er at 360 nmexttitgti I@'_rpd 444nm
em ssion} on a kinetic cytne 0 Wit h readi ngs taken ¢ 5 m nutes.
Caspase activity was cal cul . s f AMC fl uor escence/ > ]
de-repre53|on by our conpou LCt
and acti yat-e =Hce A ' ).
| C50 val pes of pref err shown to corr at
val ues ag@ai nst. SK@v3s y | ess, that 0 Cell Cultdre
and Cel | Deat \gtg MDA- \39U\ nd H460 (I yng)
cancer cells er H nedi & suppl me ted with 10% FBS$ and
100 units$/ L of Peni’ci l0intangy St ept omylci n. 25-B. s@y NMI vaI assays
were performed on vari ousCcel L Lies incl udi ng NDA- MB- 2 » ,
PC3, HCT{116, and SWi80 cel Is were seeded in 96 wel a
respectiye density of 5000 and 26880 cel]ls per well and inc 1Cin
presence [0 5% COZ Tor 24 heyrsS. Selected conpounds were uted into |the
nmedi a at |various 3MH@oncentfation ranging from OoﬂcD upfto 100 uM
Di | uted ¢onpougnds added onto the MDA- MB4R31jicelil s. I Foy the NDA-MB-231
SKOV3, H460, - nd 5WA80 cef | s, A wer e added €gither
al one or [in presencd ofl 1-3 ng/m of TRAIL. cel lul ar
viability was eval uatecpb :
di et hyl t
car boxy
2007/ 1041¢ : C - ;
of 1 to 4 hours. Upon |ncubat on t he am
using a Tecan spectmo set at 70 nm MDA 3 KOv3, and |PC3
cells werne tr ed conpoupds o#H,fhe es@nt /i nventi on jand
found to have 1 On | ess. Wen the abovg cdll Iines were
treated With the eo unﬂs mhe presept invention inQh ence of
TRAIL, they were shown to fave \EC505 of | 50 nM or |ess. SuPviv MJ assfpy 10
One day prior the treatnment with corrpound 2000 to 4000 cells r well| were
plated irn i £ bl | f or pat—di-sh—w-th-10081of—redi a
and i ncubated at 37 C, 5% On the day of conpound treat conpounds
were diluyted with cgl ul e media tola workingCsto entratlon of
2X. 100 4L of gy utred do und were then addeguto 5 ac The treated
pl ate was incubaté&d f 2h at 37 C, 5% CO2. Upon i cu the cel l
viability was assessed a® fO wved 20 ul of M T1= reagé?tt NHng/m wer e
added perl well to cell plate. '[h\ed pl at el was i ncubat ed for 37 Cin
presence |of 5% CO2. The supernatant was|then renoved fromthe pI te and 100
uL of i sqprepanel—were—added—Thelabsorbance—was-reastred—
spectrophotoneter at 570 nm fThe percentage of 20viabjlity S expressed in
per cent age of th_p s gn o] ined with 1ontrete ce Is seen in Table
7, compoynds represent i abl e 1 here¢i naboy E ¥spl ayed EC 50
val ues agai nst  NDA- 23]l ang SKOv-3 cells of <1d. lHM t corrpounds had
EC50 of 450 nM 25 TABLEQ7 und

\\\Ph Ph

1

78



MDA- MB231 EC 50 (nM SKOV-3 ECso (nM 1 AA2 AA3AA5C 10 AA1l A
12 A 13 A

WO 2007/104162 PCT/CA2007/000428
N\)L eré N\)L jﬁré
Ph Ph
Ph Ph
H 0 H 0
_N N N N N
: H : H
: Z 0
O of "NH G N\H\\
Ph
o Eh i
H HO,
h © O h 9
_N N N _N N N
I H : H
: z 0
o o” "NH o7 ~NH
Ph
T, Fh =
y ©° g ©
N N N _N N N
: : H
= "o NH - o NH

179




14 A 15 A 16 A 17 A Conmpound MDA- MB231 EC50 (nM 18 19 < 20
WO 2007/104162 PCT/CA2007/000428
TABLE 4
5
M1-BG-M2
Formula 1B
BGis
HN/‘(ll LY
HN NH P
o HN
8] 0
OYJ/)T o | o ] 0
NH ' » 0
/ ¥
LY ‘{NH .I&,NH ml/NH
r=1t0 10
.
HN;LL HN" T
% NH
SN
SadN A
le,NH , . N ‘/‘
NH NH
10 g =010 %
M1 M2
Ty, T,

R
Ne® Ke®
= Ly
0 o
HQN\/LLN N HZN\_/U\N N
:  H : H
: : 0
O o7 "NH o7 TNH

180

21



22

23

24 A 25 A 26 B27 B 28

WO 2007/104162

A 29 B 30

PCT/CA2007/000428

181




C31 B32 B33 A34 B35 B36 C37 C38 B39 A

WO 2007/104162 PCT/CA2007/000423

M1 T M2
o iy
y © H ©
:OH i OH
° 5 N&\ ° 5 NQ\

Ph Ph
" T
Ph
y 0 Ph .y o
POH : H
: = 0

Ph Ph
Ph M, Ph u,
0 0
H H
H H : H
: : o]
O 4/ ~NH o7 ~NH
Ph Ph
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40 A 41 A 42 A 43 B 44 A 45 D46 B 47 A 48 B 49

WO 2007/104162 PCT/CA20607/000428
TABLE 5
RACD
R500-N
H
R*-N O
.,\-—4 R? ), O L N‘g. H
* 'N‘Srn ~xt N R
H \ 300
O H d N-R
N H
!
R4

5
R' R? R3, R'™, R®™ and R*® are defined as hereinabove,

-X-L-X - is chosen from:

H H
Q C HN—$ o =N HN—} E,Nrﬂ\wmﬁ g
§ —NH o . §-NMO , 5 ° 0

O
. X A
0 HN—} H \I \ N
O M
§ —NH o 0 0 % I '
=CHorN
o /™
NH

0 . . HN—}
§—NH O O o %—:?—TOO !

0 o) 0
g\ﬁwn\ﬁf : OF :'H\u)l\/o\/“l\ﬁ/a;

10 r=1-11

R*and R™are H;

15 R%and R* are chosen from:

183



A50 B51 B52 A53 D54 D55 A5 A57 AS58

WO 2007/104162 PCT/CA2007/000428
E = | o
“ | 2
R10 ( | x
, n —R10

’ P~

I ——R10 X !

o
X=CH,, SorO

n=0,1, or2

C1-C10 a!kyl

1-C1oa|kY| ’t.
“n [\ 10
R
310,
X7 R

X=CH,, S, §(O)y, or O

n=0,1,or2
@ @ ,@ X W
7N 7N CN Q -
=N , =N , NoN , N= ;N ,
Q N
N=
A K
N N N
N" N € Sb’@\ <@
5 N=N , N—N , b= , S ,ors

wherein the aryl moieties may be substituted by R' and wherein, R' and R'" are
independently defined as R'® hereinabove, and wherein the alkyl may be further
substituted by R® as defined hereinabove.

10

Table 6
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B 59 B WO 2007/104162PCT/ CA2007/ 000428 Conpound NMDA- MB231 EC50 (nM
SKOV-3 EC50 (nM 60 A 61 A64 A A - ECS0 less than 50 nM B - EC5 | ess

t han 250 wl2007/108d62 EC 50 nore than 1000 nM5 D EC 50 POTEARGAMIMEDO nM
Apopt osi s Assay: Measurenent of caspase-3 activity fromcultured cells.
100ne day, prior to the treatnent, 10,000 cells per well were plated in a
white tissue culture treated 96 well plate with 100 uL of nedia. On the day
of conpound treatnment, conpounds were dil ut e(ﬂi%th cell culture nedia to a
wor ki ng stock concentration of 2X and 100t 8I | uted compound wer e added

to each well

and the Mat& was i ncubated for

R 3 0
\’4 3 X~ N H
' ’S'N ~xX N s
R3O M
of d N-R10
O N—H H

R4

e
=

R!, R? R® R'® R gnd R are defined as hereinabove,

5  <X-L-X'-is chosen from:

H
Q HN—§ =N HN— E/NMMN\ ;
>\«—<;/)—§ Y

o
o
HN— x N\ H H
-
—NH 0 l’k 3
X=CHorN
SVA
NH
0 HN—}
W Wa S
§—NH o }3—@0 ’
$—NH

10 R*'andR™areH;

R® and R*® are chosen from:
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5h at 37 Cin presence of 5 % CO2. Upon incubation, the plate was washed
twce with 15 200 uL of cold TRIS Buffered Saline (TBS) buffer. Cells were
| ysed wi two200rkioafs2 Caspase assay buffer ( 20mM Tri s- HCl PEFCA20D700GH28 NP- 40,
0. 1% Chaps, 1mM DTT, 0.1 nmM EDTA, 0.1 mM PMSF, 2 ng/m Chynostatin,
Leupeptin, Pepstatin, Antipapin) then incubated at 4 C with shaking for
30m nutes. 45ul of Caspase assay buffer and 5 uL of Ac-DEVD-AMC at 1 ng/m
wer e added to each well, t | at e shak nd incubated for 20 16h at 37 C
The amount of rel eases.fAl\/C vag rreasufed i TECAN spectrophotoneter at with
the excitation and eni SSromTiRT er ‘sét -2 RO nm efﬂfﬁjnm The percent age
of Caspase-3 activity expressed ig_conpari son |d¥ |h9—sﬂ1§nal obt ai ned
with the non-treated c@ll Blpf pr ef er Xéd™~Conpotunds were shown
to correlate with EC50 ues agains 3s and ‘ﬁpbﬁ t@/&}i(pal ly less that 1
uM Cel lul ar biochem stry: A Detection of X AP an

PARP/ Caspase- 3/ Caspase-9 30 Detection of cell expr esseci XI AP and PARP were
done by western blotting. Cells were pI ated at 300 000 cells/well in a 60
mmwells (6 wells plate™@ish). The ne é]mc I,,I sd/\&g,realhneated W th

sel ect ed conmpound at th i ndi cat ed conc ntra ion. 24¢hourd later cells the
trypsini zed cells, pell ngantrlf tion at 18 pmat 4 C. The
resulting pellet was r - ce wt RIOTBS. The F+-Ral *washed pel |l et of
cells was the lysed wt 250 uL 194 007/ 10416 / CA2007/ 000428 Lysi s
buf fer (NP-40, gl ycer oKsCHYB803(O%, @t ease i nhi bitor cocktail (Sigm)),

pl aced at 4C for 25m nnsli,t,kbrgent| e shaki ng. The cells extract was
centrifuged at 4 C for 10mn at 10,000 rpm Both the supernatant and the
pellet were kept for western bI otting analysis_as descr| hed helhow. From t he

supenat ant, the’p o co t v‘ vaI L5 ed and AR ) 5 of protein
was fractlonat /‘ S AN shd M1 tth—t he |ysis
buffer and re- en bl9f ar - blsh-Ned and

fractionated o SDSPAGE, n eI eotN;mbhor esi-sNeach gel: was ’

el ectro-transferred onto a nltrocell nbrane at 0.6A for 2 hours.
Menbrane non-specific sites were e 1 hours with 5% Skimmlk in
TBST (TBS containing 0.1% (v/v) ngen 20)™at RT. For protein imuno- 10
det ecti on, menbranes were incubat edVo

rai sed agai ns;égJAP C onefTv>48 ob

obt ai ned from Cgl | al
i ncubat ed at W-tR
(Bect on- Di cki ngeyy) 1/ 2500n-1¢ PARP (CeLl/ Signal ) e 3 (Sl gma) 1/ 1500
Caspase 9 (Upstate)l/ 1000 Upon over ni ght |ncubati on, the nenbranes received
t hree washes of 15 mn_in TBST then_ 20 ger qc gat ed ﬁ(prrgﬁaiaour at room
t enper at uveerel theang molstigs gaymesubsiituted V)R e widR HRP- enzyne
(Chem CO%déﬁ%d@hﬂM&ﬂeabs wﬁhé}@mabmoand whreai the Ia|k9amby pefdithene vere
washed three tines with TBST and the imunoreactive bands were detected by
addi tion @#bsatuthﬂﬁb’r@s%%‘i‘ﬁﬁn§ﬁlb§EQ*%ﬁbQV‘% ‘ECL kit Amersham) and capture of
signajgon a X-RAY filmfor various time of exposure. 25 Certain exenplified
conpounds were shown to induce the cleavage of PARP near concentrations
whi ch cor Assapse with EC 50 val ues agai nst SKOV3s and were typically |ess
that 1 u ?&M‘éa‘?x‘é’t@k&%r@gf low fiber in vivo nodel were used to
se

denonstrate in Vivo ected conpounds agal nst sel ected cell
lines as asrr@mapa@aamw&@ﬂawodmg|anuembuanam¢ aeids P 4386 rlepedigtahesK8ki ¢

agents. A{naﬁ%n%} aﬁcﬁ)\@ﬁtlzlgﬁ 8{8%4 Celvfé%ﬁr};a%ﬁn&d"n&&ﬁ%h%&ﬂ?uéé iPQrofeid | ed at

a cell dens out At the day of operation (day
4), th¥ eeexprossion andepBicatignant ed sub- cut aneous into 28-35 Nu/Nu CD-1 nal e
mce. On day 5, mce start to 195

GST-HIAP2 (clAP-1) BIR 3: HIAP2 coding sequence from amino acids 251-363 cloned
into PGex4T3 via BamH1 and Xhol. The plasmid was transformed into E. coli DH5a for
use in protein expression and purification.

20
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WO 2007/ 104162PCT/ CA2007/ 000428 receive daily injection via sub-cutaneous
route of control vehicle or vehicle containing the sel ected conpound at the
appropri awe ®enmerskr ati on and/ or injection of cytotoxicPragea2607i@o42s
intra-peritoneal route. Upon 3-7 days of consecutive drug treatnents, the
animals are sacrificed, each fiber is renoved and the netabolic viability
of the remaining cells 5 determ ned by MIT assay. Efficacy of the conpound
i s def i neGEB-HIART(DIAF-2YBIRCE: HMP Wweading Sexueats tom-aminaacids agﬁ-m, cipngdt he

of the cylBraPETadaam Aol The B i kot RRRIATSE 6 DRRERE) TC e

3 was admseiis preotein ekpresglorindpurifiestidn. ve days via |1V bolus (tail vein)
injections at 1, 3, and 10 ng/kg (2 ng/nL in 20 % aqueous HPCD). Conpl ete
suppression of cell growth, as conpared to 20% HPCD control, was observed
for ceMpPoBST- Ihkat BIR 21 BIR3RNGE MIAR toding sedueBcerfibiamitikarids 981484 cloDed intan

Cappr oxi reeerdy 13 Sang) 2 XBok At ariec BERe" PRr-talied oM el Rae o,
g\éar ngn tib poexss| irlﬁng meﬁﬁ%emﬂmwoxi o4l ecmmmml mms??gwmcmrghit Tlani(édm
w1 comauRaCATo artEf GaERBEY beitg sndan Fel Feonsy HERRR RBmall df'or e
\elfperi ”EEEA cgénwrntﬁbga-mgnwmt y.%ﬂ]kw BhR?Bgiaaingwsiqmcmg@tﬂncfﬁeexmg: ﬁd as
oo oA i e W B e AT S Bl kR o

t unor sta@b@im@gpr@bggﬁumﬂ'\gmchﬁmﬁosi ng corrpound 3 at 0.3 ng/ kg (seg Fi gure
1). 25 MDA- MB-231 Hunman nmmary Cancer Cell Line Xenograph Study with

Compound 3 Femal e CD-1 nude mice (approximtely 20-25g) were subcut aneously

i nj ected fuiked@h hivian MPAR SAES praRmidrAdmBEn23l NAF caiid Sequentdi@aminogittdsf1-ank.
On day 71, when t

unors_were approximtely 90 , treatnment was .initiated
with conpéﬁ]n@o@ddﬂtoﬁ%T Bigiop V@P&sﬁﬁ%ﬂ:ﬂt Yﬁ%?%g@l?é@ﬁp lfrﬁ_%}”?tf?é" §Path%n of
the epger baBni. wabUrENsfophnés indGE. EONTINBELRY Ubd In o8It dlrfisationper s and _
calculated as V=(a x b2)/2, wherein, a is the |longest dinension and b is

the w dth. Tunor regression was observed whil e dosing conpound 3 at 1 ng/kg

(see Fi 9UGST&lAPCﬁﬁker\Em%ORYAFilﬁHkEg8!%%&1}3@95 RABS B8mRINIhoREIak bRatd7Cc st udi es

Sel ect ed compounds were di ssol ved into _normal saline and givep at d;\?/}gél ous

doses usi dgnes infocGaw T8 yis Raro! apsihal sthealassnid Was drapaiorged e Bvetidi>hol us,
i nt raven%gué@{nﬁbtg@h%ggfégbﬁ%qd§upﬁaé§ig,ﬁ1_eous injection. 5 Conpound of the

present inventi strated acceptabl e pharnacokinetics via various
rout e¥ of administration. In vitro potency 10 Conmpounds of the instant

inventi onEwegaﬁ?% ﬁtﬁifiga&ibn?f%rﬁﬂ}@ﬁfkﬁﬁ}einw” MB- 231 (breast), BT549

(breast), acute pronyel ocytic | eukem a) and PANC-1 (pancreatic),
cel | |ine8. Expressionof Rpsamhsentlioy’sEC50s rangi ng of 0.1 nMto 1000 nM (see

Tabl e 7). glRghighR slgrgﬁg?&%ge 3@@;{% | r?‘é"ﬁtﬁnﬁéfﬁ@ﬁfé?e Lé’i@ﬁ%ﬁ&!ﬂ@(?@sc%@ﬁclﬁﬁV&ﬂim

interesting trends l5energe e stereochemstry at the
pyrrol i di steaing Dhigrairhas iFoe expresgior dulk lsagth XIAP, individual or combinations of XIAP-

25 BIR domains, ciAP-1, clAP-2 and Livin transformed bacteria were cultured overnight at
37°C in Luria Broth (LB) medium supplemented with 50 ug/mi of ampicillin. The overnight
culture was then diluted 25 fold into fresh LB ampicillin supplemented media and bacteria
were grown up to Agy = 0.6 then induced with 1 mM isopropyl-D-1-thiogalactopyranoside
for 3 hours. Upon induction, cells were centrifuged at 5000 RPM for 10 minutes and the

30 media was removed. Each pellet obtained from a 1 liter culture received 10 mi of lysis
buffer (50 mM Tris-HCI, 200 mM NaCl, 1 mM DTT, 1 mM PMSF, 2 mg/ml of lysosyme,
100 pg/mi)), was incubated at 4 °C with gentie shaking. After 20 minutes of incubation, the

cell suspension was placed af -80 °C overnight or until needed.

35  B. Purification of recombinant proteins
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potency of the conpounds as seen in the EC50s of the cis- and trans-proline
derivatives 3 and 29 (EC50=1 nM 88 nM respectively. Amde bridging units
provi ded wotznymoewrpounds, however, a significant rangePCH/(ac0Eo8428gai nst
SKOV3 cell s was observed by varying the conponents of the bridging units.
Smal |, conformationally constrained 20bridging units including, but not
limted to, 1,4-phenyl dicarboxam des (terephthal oyl am des), 1, 3-phenyl

di car box &ur dasrificRtichr bR pbtdmyinatit cproteineanthd el TGHnducssly celbHysaje was thawe

di car boxam de 3, 5-pyridyl dicar am des,. - I j :
i car boxaTiaes ms e sirier PYaRERTEREbRB IAdE AEsERhE A vortoxing
?IESCS 8| 3{; iSant%r aa&l'ngSWtsltI]hiélcells m@rﬁismmmil Bahermpatsing diss exteck four toep Suodh

= . er,. urea and sul fona L ddi v
conpound$ a%“p Nep %@Fé"sg&t?rv%e"éﬁa' §‘°t'°‘§i(€5r?}frpc®%l é)m “ﬁ‘ﬁt'ﬁgﬂg‘ﬂ{ b%’eplgh%l #)g"ra?gtm de
bri dgesl WEJSKO\/gHﬁﬁbﬂ wb@wtﬂagﬁﬂo@l atyd Ptg%ﬁ 18000 w.wtl % gprs;lsgéeaackmhhfmm_r for bt ency
agai ns _ cells were obserye aryi.n e S
V\ger ein (W”?ﬁe?@%é‘i’%‘l‘ﬂ"ﬁtwe%@}%ﬁ’ﬁé"%ﬁ%?ﬂl%ﬂ*‘%ﬁgi& Zp?']!)\?f)a@ga%é%géh@o%l ch
e r ot B O B B P T ot ol et a5a. aCti ve
conpounddesi @l 44s W@ﬁdthﬁ@eadwged'ﬁ%ﬂ1%§$€?/"&E2887ﬁ5%£%§e& Saiin’
B R e e e Tk i vl bpser it
Gnsubt i ok SR TRISAH 8iChgortanier 10, B vesices olfiglatons T, fEIR BTN | oo
hovever, wateoBRl diaNRtablateE ith bYGIitbPoCATRRHIASs Wt &R hasbaulting pellent i on,
wi th EC50s greater than 1000 nM W

) ] ave denonstrat ed Eﬁgt | AE (FI R_ hi ndi ng
conpoundgediaispensdeddnte aryarproprate duffen Asiydgad uSDSIRAGEIER PuBted PIAIIES with
death r e%&%@go@@ﬁ%#ﬁe SHtdin @bnddrtration ﬁgamﬂaa pFGibhk WeRCRERTingdNfrombgli es,

TNF-a, and others. erein disclose that conpound of fornmula | and I

al so denohrediosd eethpder gi stic killing 10of various cancer cell lines with
deat hy5recept or agoni sts such of TRAIL. Wen these cells were treated with
conpound and TRAIL, or antagonist TRAIL antibody, these cell |ines were

hi ghl'y sehisiteg peoteips awrpcumipsapd in BB ds e@inevain|y F.o3dll ARAR: L6U° HRNIThese
cancer Cgﬁ%zéAé@fSSQ sﬂﬂévwﬁé%oﬁﬁ%r gb&g&ngaﬁtﬁ%%ﬁﬁgﬂegrﬁs’ dd3eabéd EBGeat €)

OVCAR- 1 ovari an), (ovari an), / g In the presence of
TRAI L ( 1-Borngyotein) parifitation, ytha csupermetant vwasi purifiedfbyc aiipiu saropategsapb 4&ing or

the ab 1 |d . 0N R0 i d 3
wns oot cotefitng;eBaolE ! Prafiflic) TARH Wil Nis Gl aburfih donfé hsiridurRpy 1,
and 20 |insthotihng Rurty litheveluted rrotein was w@8%opiye rasedeteminedrgy IRPSREFTi ven
5 days O%@%oéir?@é’r&eﬂlfrgﬂo?%ggg%\g rGtalns %sde%ﬁ{e\ﬁq  the f%rd‘&é%%r aph at

0.1 ng/ kg SCussi on resul suggest that the | AP BIR bindi ng
conmpounds of the instant invention are highly potent agents, both in vitro

and in Viggntggggro?ifﬂo?eéﬁg{]g@b%tﬁf | i nk between | AP bi nding and | AP

nodul ati oh an be corr to anti-cancer efficacy. W have denonstrated
t hat conpAfinorescent phptidersotm FmasvdaiabRrdPhet Tyrdt-Bind-eBHRroRlEBYs-Gly-Othe | APs

30w tyr high affinity.resul ti i : S ACL | S) pegind 9.
Pt hets e Brepafil et Pbl obdlfislF SR AIcRoBP A RaTRSRRRES, Pefil
cel I s whi Peot. - Rexe 8855558 4] 1981k Gisaviage o thenesin wae pérfdrmedsising 208aeeeticecept or
agoni sts such TRAI L. t . nd ni S r.g treated
weh conpitBsTgnopReend B S be Sl Rt ed B Cetibg LT ET T
t unour r eproeEstdosaradxyldhasidrees coupied toyd’ahmomethy¥iosesin.(Mosnleo trrebesof t he
i nstant i pveption t.r at ed ce i i i ;
Fout o5 of MAAR T REPE P, BB AR EbE RuR BOARAGS (B1E) W SmEt S AR 8
30  (DMF) at room temperature and was purified by silica gel chromatography (10% methanol

in DCM). The N-terminal Fmoc protecting group was removed using piperidine (20%) in

DMF, and purified by silica gel chromatography (20% methanol in DCM, 0.5% HOACc).

Finally, the t-butyl side chain protective groups were removed using 95% trifluoroacetic

acid containing 2.5% water and 2.5% triisopropy! silane, to provide probe P1 (>95% pure,

35 HPLC).
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From the foregoing description, it will be apparent to one of ordinary
skill in the art that variations and nodifications may be nade to the

i nvent i orwoesewviokwsel herein to adapt it to vari ous usage3CHCA20T000428 ons.
Such enbodi nents are also within the scope of the present invention. 10Al I
publications nmentioned in this specification are hereby incorporated by
reference CLAIMS 5 W claim 1.An isoner, enantiomner, diastereoisoner or
taut omer of a compound represented by Fornmula | or Il Il 15wherein mis O,
1 or 2; i o%—ip Oor S, BGis 201) -X-L-X1-; X and X1 are independently
selected from %) 0, 2) NR13, 3) S, 4) -01-C6 alkyl-, 5) -01-C6 al kyl -0,
56) -01-C6 al kyl -NR13-, 7) HQ1-C6 alkyl-S-, 08 09 H A1NN

\

NH

5 Binding assay

Fluorescence polarization-based competition assay
For all assays, the fluorescence and fluorescence-polarization was evaluated using a
Tecan Polarion instrument with the excitation filter set at 485 nm and the emission filter
set at 535 nm. For each assay, the concentration of the target protein was first established

10 by titration of the selected protein in order to produce a linear dose-response signal when
incubated alone in the presence of the fluorescent probe P1 or P2, Upon establishing
these conditions, the compounds potency (ICs) and selectivity, was assessed in the
presence of a fix defined- amount of target protein and fluorescent probe and a 10 point
serial dilution of the selected compounds. For each ICs; curve, the assays were run as

15  followed: 25 uL/well of diluted compound in 50 mM MES buffer pH 6.5 were added into a
black 96 well plate then 25 ul/well of bovine serum albumin (BSA) at 0.5 mg/ml in 50 mM
MES pH 6.5. Auto-fluorescence for each compound was first assessed by performing a
reading of the compound/BSA solution alone. Then 25 ul. of the fluorescein probe diluted
into 50 mM MES containing 0.05 mg/mi BSA were added and a reading to detect

20  quenching of fluorescein signal done. Finally 25 uL/well of the target or control protein
(GST- BIRs) diluted at the appropriate concentration in 50 mM MES containing 0.05
mg/ml BSA were added and the fluorescence polarization evaluated.
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10) HH 9 10 040 12) '"It( O, 0 A N' 13) HO H14) 0, or \-N15) O; 15 L is
sel ected from 1) -Cil-C20al kyl -, 2) -C2-C6 al kenyl -, 3)
-02- 4 alvkeyogd7/p41894) - C3-C7 cycl oal kyl -, 5) -aryl-, 6)PEDHICARENTPIOL28

7) - heteroaryl-, 8) - heterocyclyl-, 9) -G -c6al kyl-(C2-C6 al kenyl)- C05
al kyl -, 10) -Cl1-C6 al kyl-(C2-C4 al kynyl)-Ci -C6 al kyl -511)

- Cl1- Coal kyl - (C3-C2 cycl oal kyl)-C1-C6 al kyl -, 12) -Cl-C6 al kyl -
aryl -01-C6 al kyl -,

Determination of IC5; and Inhibitory constants

For each assay the relative polarization-fluorescence units were plotted against the final

concentrations of compound and the ICs calculated using the Grad pad prism sofiware
5 andfor Cambridge soft. The ki value were derived from the calculated ICs value as

described above and according to the equation described in Nikolovska-Coleska, Z.

(2004) Anal Biochem 332, 261-273.

Fluorescence polarization competition assay

10 The k; of various compounds in the BIR2-BIR3-ring FP assay, using probe P2, was
determined as described above. For example, compound 3 displayed a k; of less than
100 nM.

Caspase-3 full length XIAP, linker BIR2 or Linker- BIR2- BIR3-RING derepression
15 assay
In order to determine the relative activity of the selected compound against XIAP-Bir2, we
setup an in vitro assay where caspase-3 was inhibited by GST fusion proteins of XIAP
linker-Bir2, XIAP Linker Bir2-Bir3-RING or full-length XIAP. Caspase 3 (0.125ul} and
12.25-34.25nM (final concentration) of GST-XIAP fusion protein (GST-Bir2, GST-
20  Bir2Bir3RING or full-length XIAP) were co-incubated with serial dilutions of compound
(200 uM-5 pM). Caspase 3 activity was measured by overlaying 25 ulL of a 0.4mM DEVD-
AMC solution. Final reaction volume was 100 uL. All dilutions were performed in caspase
buffer (50mM Hepes pH 7.4, 100mM NaCl, 10% sucrose, TmM EDTA, 10mM DTT, 0.1%
CHAPS (Stennicke, H.R., and Salvesen, G.S. (1997). Biochemical characteristics of
25  caspase-3, -6, -7, and -8. J. Biol. Chem. 272, 25719-25723).

The fluorescent AMC released from the caspase-3 hydrolysis of the substrate was
measured in a TECAN spectrophotometer at 360 nm excitation and 444 nm emission,
after 15 minutes of incubation at rcom temperature. ICs, values were caiculated on a one

30 or two-site competition model using GraphPad v4.0, using the fluorescence values after
15 minutes of incubation plotted against the log10 concentration of compound.

ICsy values of preferred compounds were shown to correlate with ECs values against
SKOV3s and were typically less that 1 uM.

35
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13) -C1-C6 al kyl - bi phenyl -C1-C6 al kyl -, 14) -Ci1-C6al kyl - heteroaryl - Cl-C6

al kyl -, 15) -Cl-C6 al kyl -heterocycyl -C1-C6 al kyl -, 1016) -Cl-C6
al kyl - Y- GtoGao7alokask -, 17) -aryl-Y-aryl-, 18) -heteroaryPCY(a300100042%1 -, 19)
- het erocycl yl - Y-heterocyclyl-, 0 Ar.H 20) 0, or O J-L NNC6 allryl-4 1521)H

wherein the al kyl, al kenyl, al kynyl and cycl oal kyl are optionally
substituted with one or nore Re substituents, and the aryl, biphenyl,

het eroaryl, and heterocyclyl are optionally substituted with one or nore Rl
substitué.‘retllﬁreﬁﬂsaavand QL are independently selected from 1) NR4R5, 2)

TR D clpatOuirostion’aSad idinid cdififfar dAftaERTABBHIasoRR) cCt e T o
opt i o%al 11@0sughof 203itcetl SHOOhexdrast @ﬂd o2 ZUMles@STﬁ%E’stS’Q% pﬁPtﬁ'ﬁd@%P'ar e
I_ gql(eggnd%h@%a*@g ?‘?2&%?@!&6@%@% )weré:% %u&@t?a'\nhﬂ‘l' r)enal f/m.lflc()%s -

cycl odl kydf xempaiind (FOOUM-5 pM}. Caspases present |n the extracts were actlvated by adding

1mM dATP, 0.1mM ALLN, 133ug Cytochrome C (final concentrations), and incubating at

37°C for 25 minutes. All reactions and dilutions used S100 buffer (50 mM Pipes pH 7.0,

50mM KCl, 0.5mM EGTA pH 8.0, 2mM MgCI2 supplemented with 1/1000 dilutions of 2

mg/mi Cytochalisin B, 2 mg/mi Chymotstatin, Leupeptin, Pepstatin, Antipain , 0.1M PMSF,

10 1M DTT). Final reaction volume was 30ul. Caspase-3 activity was measured by overlaying

30ul of a 0.4mM DEVD-AMC solution. Released AMC cleavage was measured in a

TECAN spectrophotometer at 360 nm excitation and 444nm emission, on a kinetic cycle

of 1 hour with readings taken every 5 minutes. Caspase activity was calculated as V, of

AMC fluorescence/sec. Caspase de-repression by our compounds was compared to fully

15  activated extract and activated extract repressed by the presence of XIAP fusion protein.

ICs, values of preferred compounds were shown to correlate with ECs, values against
SKOV3s and were typically less that 1 uM.

20  Celi Culture and Cell Death Assays
A. Cell culture
MDA-MD-231 (breast) and H460 (lung) cancer cells were cultured in RPMI1640 media
supplemented with 10% FBS and 100 units/mL of Penicillin and Steptomycin.

25 B. Assays
Survival assays were performed on various cell fines including MDA-MB-231, SKOVS,
H460, PC3, HCT-116, and SW480 cells. Cells were seeded in 86 well plates at a
respective density of 5000 and 2000 celis per well and incubated at 37 °C in presence of
5% CO, for 24 hours. Selected compounds were diluted into the media at various

30  concentration ranging from 0.01 uM up to 100 uM. Diluted compounds were added onto
the MDA-MB-231 cells. For the MDA-MB-231 SKOV3, H460, PC3, HCT-116, and SW480
cells, the compounds were added either alone or in presence of 1-3 ng/ml of TRAIL. After
72 hours cellular viability was evaluated by MTS based assays. A solution of [344,5-
dimethyithiazol-2-y1)-5-(3- carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner
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8) -C(0)OR13; Wand R1243 are independently selected from 101) H, or 2)

C -C6 al kyl optionally substituted with one or nore R6 substituents; R2 and
R206 ar e wodepemwsient |y sel ected from 1) H, or 152) Cl- CBCaiCAg007@pRzdNnal |y
substituted with one or nore R6 substituents; R3 and R366 are independently
Cl-C6 al kyl optionally substituted with one or nore R6 substituents; 20 R4
and R6 are each independently selected from1) H, 2) hal oal kyl,

3) 4- Cl1- CGatt] MY 8] wak) ddded-obbo ik donyd perpg sy 140 @omwmw\pub%pn@@mwﬂt

| oal ky|
3010y 4 1 BPBRBITS we¥ s o o dbatikepop g eloF L ST pon 13)
eC(0)0-R11, 14)4-C(=Y)NR6R3, or 3515)4-S(0)2-Rl11, wherein the aI kyl ,
one o iR e VLAY PO RIS R iy SEpLRT oz drthe!t o€ W LD
het er §cy gredent mlvd'ntlmatmtidmm:}ytolhﬁwe ECssuif it 00ra onless;tWhen tmeabow eell lswe or nore
RL subst vatfelf'g ?r%gted wﬁ% the cc:)L poundg%?ﬂie pr)eseNP%Vef?i on%\lthedare%cg%lf IﬂzﬁAiL they

were shown fo have ECss of 50 nM or less.

Survival MTT assay
10

One day prior the treatment with compound, 2000 to 4000 cells per well were plated in a
tissue culture treated 96 well format dish with 100ul of media and incubated at 37 °C, 5%
CO,. On the day of compound treatment, compounds were diluted with cell culture media
to a working stock concentration of 2X. 100 uL of diluted compound were then added to
15 each well. The treated plate was incubated for 72h at 37 "C, 5% COz. Upon incubation,
the cell viability was assessed as followed 20 uL of MTT reagent at 5 mg/ml were added
per well to cell plate. The plate was incubated for 2h at 37 “C in presence of 5% CO.. The
supernatant was then removed from the plate and 100 uL of isopropanol were added. The
absorbance was measured in a TECAN spectrophotometer at 570 nm. The percentage of
20  viability was expressed in percentage of the signal obtained with non treated cells.

As seen in Table 7, compounds represented in Table 1 hereinabove generally displayed
ECs, values against MDA-MB-231 and SKOV-3 cells of <1puM. Select compounds had

ECs of <60 nM.
25
TABLE 7
Compound | MDA-MB231 | SKOV-3
EC5D (nM) ECso (nM)

1 A A
2 A A
3 A A
5 C

10 A A
11 A
12 A
13 A
14 A
15 A
16 A
17 A
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105) 01-06 al kyl, 6) C2-C6 al kenyl, 7) C2-C4 al kynyl, 8) C3-C7 cycl oal kyl,
9) C3-C7 cycloal kenyl, 1510) aryl, 11) heteroaryl, 12) heterocyclyl, 13)

het er obi cwol2pb710kp” OR7, 2015) S(0), R7, 16 PCIRRAR007/000423
NR8S(0) 2R11, 18) COR7, 19) C(0)OR7, 2520) CONRSRO,
21) S(0) 2NR8R9 22) OC(0)R7, 23) OC(0) Y- Ril, 24) SC(0)R7, or

3025) NC(Y)NR8BR9, wherein the aryl, heteroaryl, heterocyclyl, and

het er obi cyclyl is opti ohaCompouhdt i tMDAsMBRIH |0SKQM-3npre R16 substituents;
R7 is 351) H, 2) hal oal E§4 (n8) CIEGH (RMkyl ,

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36
37

38
39

40
41
42

43
44

45
46

47

48
49
50

51
52
53

54

56
56
57

58
59
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4) C2-C6 al kenyl, 5) C2-C4 al kynyl, 56) C3-C7 cycl oal kyl,
7) C3-C2 cycloal kenyl, 8) aryl, 9) heteroaryl, 10)

het er ocycWpl2p07@a162 het er obi cycl yl, 12) RBR6NC(=Y), or BPBBY/(32002800428

al kyl - C2-C4 al kenyl, or 14) Ci1-C6al kynyl, wherein the al kyl, alkenyl,
al kynyl, cycloal kyl, cycl oal kenyl is optionally substituted with 150ne or
nore R6 substituents; and wherein the aryl, heteroaryl heterocyclyl, and

het erobi cyclyl is optiohaCompoubdt i| tMPAMBR3H [oSKQ¥-3mpre | RLO
substituents; R8 and R9|are each i nddpfesadeM} |y G0 MPOH2) hal oal kyl ,

3) C1-C6 alkyl, 4) C2-Ch al kébyl, §) C2-C4 al HynylA 6) C3-C7
cycl oal kyl, 257) C3-C7 ¢yctroghkenyl, @ aryl, 9) heteroaryl,
10) heterocyclyl, 11) heterobicyelyl 30123 C(0)R11, 13)
C(0) Y-R11, or 14) s(0$4-R11| wherein tHe alfkyl—— al kenyl , al kynyl ,

cycl oal kyI cycl oal kené S opt i onal | y substituted with one or nore R6
subst i t ueht Ecsodﬁﬁf taePGPM t he aryl, heteroaryl, heterocyclyl, and
B — EC¥ less than 250 nM

C — ECs more than 1000 nM
5 D- ECse more than 1000 nM

Apoptosis Assay: Measurement of caspase-3 activity from cultured cells.

10 One day, prior to the treatment, 10,000 cells per well were plated in a white tissue culture
treated 96 well plate with 100 uL of media. On the day of compound treatment,
compounds were diluted with cell culture media to a working stock concentration of 2X
and 100ul of diluted compound were added to each well and the plate was incubated for
5h at 37 “C in presence of 5 % CO,. Upon incubation, the plate was washed twice with

15 200 uL of cold TRIS Buffered Saline (TBS) buffer. Cells were lysed with 50ul of Caspase
assay buffer ( 20mM Tris-HCI pH 7.4, 0.1% NP-40, 0.1% Chaps, 1mM DTT, 0.1 mM
EDTA, 0.1 mM PMSF, 2 mg/ml Chymostatin, Leupeptin, Pepstatin, Antipapin} then
incubated at 4 *C with shaking for 30minutes. 45ul of Caspase assay buffer and 5 uL of
Ac-DEVD-AMC at 1 mg/ml were added to each well, the plate shaken and incubated for

20  16h at 37 "C. The amount of release AMC was measured in a TECAN spectrophotometer
at with the excitation and emission filter set at 360 nm and 444 nm. The percentage of
Caspase-3 activity was expressed in comparison of the signal obtained with the non-
treated cells.

25 1Cg values of preferred compounds were shown to correlate with ECg values against
SKOV3s and were typically less that 1 uM.

Cellular biochemistry:
A. Detection of XIAP and PARP/Caspase-3/Caspase-9

30 Detection of cell expressed XIAP and PARP were done by western blotting. Cells were
plated at 300 000 cells/well in a 60 mm wells (6 wells plate dish). The next day the cells
were treated with selected compound at the indicated concentration. 24 hours later celis
the trypsinized cells, pelleted by centrifugation at 1800rpm at 4 °C. The resulting pellet
was rinsed twice with cold TBS. The final washed pellet of cells was the lysed with 250 uL
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35heterobicyclyl is optionally substituted with one or nore R19
substituents; or R8 and RO together with the nitrogen atomto which they
ar e bondewofzoemmoaiski ve, six or seven menbered heterocycPthf(}Alzoiqioowsonal |y
substituted with one or nore R6 substituents; 5R16 is

hal ogen, 2) NO2, 3) CN, 4) B(CR13)(OR14) 105) d-C6 aI kyl , 6)
C2-C6 al kenyl , 7) C2-C4 al kynyl, Xcl oal kK 9) CG3-C7

cycl oal kekypls, buffsT dNPHR, @b{pﬁrpl 1‘M§a@mtea3§2)1 iRt tgﬂ)(Srsma)) placed@h?#°2015)

g((a?)e?ogyﬁdl@hnﬁ( Qe %{Tﬂ%?%aﬁgg'%ﬁ@ nel@éxt&%%@ 1flfl]%§!)e ?tggl E} Eofﬁ%%r\;\lhalé cein
t he al kyl 10,89kenfy|Botly he;ﬂupernatama@@theynelletam&fe kppt fouwkstam bt¢>t§n@pﬂalma$ y
substi t Ut@é’scﬂbé&'b&&@. Frof e stiermatlit e Yrdfr conteriivis! evaluated and about 50
5 ug of protein was fractionated onto a 10% SDS-PAGE. Pellets were washed with the lysis
buffer and re-suspend into 50ul of Lamelli buffer 1X, boiled and fractionated on SDS-
PAGE. Upon electrophoresis each gel was electro-fransferred onto a nitroceliuiose
membrane at 0.6A for 2 hours. Membrane non-specific sites were blocked for 1 hours with
5% Skim milk in TBST (TBS containing 0.1% (v/v) Tween-20) at RT. For protein immuno-
10 detection, membranes were incubated overnight with primary antibodies raised against
XIAP clone 48 obtained from Becton-Dickison) or PARP: obtained from Cell signal or
caspase-3 or caspase-9 primary antibodies were incubated at 4°C with shaking at
ditutions as follows:

XIAP clone 80 {Becton-Dickinson).....1/2500

15 PARP (Cell Signal)........cocvvvvvnennn.en 1/2500
Caspase 3 (Sigma).........ccceeenerennenn, 1/1500
Caspase 9 (Upstate)............coveenvennee 1/1000

Upon overnight incubation, the membranes received three washes of 15 min in TBST then
20 were incubated for 1 hour at room temperature in the presence of a secondary antibody
coupled with HRP-enzyme (Chemicon) and diluted at 1/5 000. Upon incubation each
membrane were washed three times with TBST and the immunoreactive bands were
detected by addition of a luminescent substrate (ECL kit Amersham) and capture of signal
on a X-RAY film for various time of exposure.
25
Certain exemplified compounds were shown fo induce the cleavage of PARP near
concentrations which correlate with ECs, values against SKOV3s and were typically less
that 1 uM.

30  Hollow fiber model
Hollow fiber in vivo model were used to demonstrate in vivo efficacy of selected
compounds against selected cell lines as single agent therapy or in combination with
selected cytotoxic agents. At day 1, selected cell lines were cultured and the fiber filled at
a cell density of about 40,000 celisffiber. At the day of operation (day 4), three fibers are

35 implanted sub-cutaneous into 28-35 Nu/Nu CD-1 male mice. On day 5, mice start to
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1) hal oal kyl, 2) C1-C6 al kyl, 3) C2-C6 al kenyl, 354) C2-04

al kynyl, 5) C3-C7 cycloal kyl, 6) C3-C7 cycl oal kenyl, 7) aryl, 8)

het er oar Wwo 2&&)10duet er ocycl yl , or 10) heterobicyclyl, whBEBCA2B0ERKY]

al kenyl, al kynyl, cycloal kyl, cycloal kenyl is optionally substituted with
one or nore R6 substituents; and wherein the aryl, heteroaryl,

heterocyclyl, and heterobicyclyl is optionally substituted with one or nore
am subst irécetvet daily IediibA visssub-cutaneous route bf conifobehigle or sehicle-cogtaining the

) o, R i S AgPHAN on o F MBS bty lofaen v
het er obi dnytra-peritorieh) rélt€) YR 3-71 BaysCoD ponsReative1dug dieatrepixe thepgnimpls are
S(0), - Rllsacn%lrced, each fiber is removed and the metabolic viability of the remaining celis
5 determined by MTT assay. Efficacy of the compound is define as the difference between

the vehicle-treated animal and the animal treated with the compound alone or the

compound given in combination of the cytotoxic agent.

MDA-MB-231 cells were implanted on day 1. Compound 3 was administered for 4

10  consecutive days via IV bolus (tail vein) injections at 1, 3, and 10 mg/kg (2 mg/mL in 20 %
aqueous HPCD). Complete suppression of cell growth, as compared to 20% HPCD
control, was observed for compound 3 at drug concentrations of 3 mg/kg.

SKOV-3 Human Ovarian Cancer Cell Line Xenograpt Study with Compound 3
15 Female CD-1 nude mice (approximately 20-25 g) were subcutaneously injected 5 x 108
SKOV-3 human ovarian tumor cells in 50% matrigel subcutaneously in the right flank. On
day 55, when tumors were approximately 100 mm?, treatment was initiated with
compound 3 on & 5 on/2 off treatment schedule for the duration of the experiment. Tumor
size was measured with digital calipers and calculated as V= {a x b?)12, wherein, a is the
20  longest dimension and b is the width.

Tumor regression was observed while dosing compound 3 at 1 mg/kg while tumor stasis
was observed while dosing compound 3 at 0.3 mg/kg (see Figure 1).

25 MDA-MB-231 Human Mammary Cancer Cell Line Xenograph Study with
Compound 3
Female CD-1 nude mice (approximately 20-25g) were subcutaneously injected 1 x 106
MDA-MB-231 human mammary tumor cells in the right flank. On day 71, when tumors
were approximately 90mm?®, treatment was initiated with compound 3 on a 5 on/2 off

30 treatment schedule for the duration of the experiment. Tumor size was measured with
digital calipers and calcutated as V=(a x b’*’)/2, wherein, a is the longest dimension and b is
the width.

Tumor regression was observed while dosing compound 3 at 1 mg/kg (see Figure 2).
35
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15) C(=Y)NR8R6, wherein the al kyl, alkenyl, alkynyl, cycloal kyl,

cycl oal kenyl is optionally substituted with one or nore R6 substituents;
and wher ewvo 20d70ax6y| , heteroaryl, heterocyclyl, and het @CTIEIACYTI0PI428 S
optionally substituted with one or nore Rl substituents; 30 R13 and Rl14 are
each independently 1) H or 2) Cl1-C6 alkyl; or R13 and Rl14
are conbined to forma heterocyclic ring or a heterobicyclyl ring; 35 R2
is 1) H, Pharinaokineti@¥tddiesoc; 5 or a prodrug; or the conpound of Fornula |

or Ills labele L& \Fa?ig d thg The
conpound, S%gccé cf%?%ﬁgo UP@ g’?al(ﬁn%we% "lﬂ%q'%hﬂgl,&aand%%é!gérﬂeg us oses us%g 3.
The conpdiiffeientacute ofiadrgintstratidrainoluding mtnawmpumbaluarmramen@lﬁem%@m Ql'ﬁb '
4. The cq c toclaim1, in which Ais CH2 and Al is C=0.
155. The @Eﬁﬁ%&ﬁﬁ%ﬂ@@%gﬁ%@ﬁg toclaim1, in which A and Al are both

C(0) O&H3. 6. The conpound, accordi ng to claim1, in which A and A
are both

conpound S&&?Q%{B‘F dhing pfﬁg%mﬁ? Oﬁg%wgtra%&%Qé%t&gﬁ})ﬂaﬂa%ﬁhémsqﬁgm rises

2007/ 104 vaR&sTroGR2al admbistdon.

In vitro potency

10 Compounds of the instant invention were shown to kill SKOV3 (ovarian), MDA-MB-231
(breast), BT549 (breast), HL-60 (acute promyelocytic leukemia) and PANC-1 {pancreatic),
cell lines in vitro, demonstrating ECsgs ranging of 0.1 nM to 1000 nM (see Table 7).

The SAR of these compounds was mapped using SKOV3s and several interesting trends

15 emerged. Changing the stereochemistry at the pyrrolidine bridging site effected the
potency of the compounds as seen in the ECgs of the cis- and trans-proline derivatives 3
and 29 (ECs=1 nM, 88 nM, respectively. Amide bridging units provided active
compounds, however, a significant range in potency against SKOV3 cells was observed
by varying the components of the bridging units. Small, conformationally constrained

20  bridging units including, but not limited to, 1,4-phenyl dicarboxamides
(terephthaloylamides), 1,3-pheny! dicarboxamides, 2,6-naphthyl dicarboxamides, 1,4-
cyclohexyl dicarboxamides, 3,5-pyridyl dicarboxamides, or C;-Cyq aliphatic
dicarboxamides provide highty active compounds. Bridging units containing bis-glycine
amides such as compounds 30 provide less active compounds (ECs;=188 nM),

25
Ether, urea and sulfonamide bridging units provide compounds which were active against
SKOVS3 cells, although the sulfonamide bridged compounds were generally less active.

Significant shifts in potency against SKOV3 cells were observed by varying the P4

30  substitution, wherein (R)-stereochemistry at the R¥R** amide provides compounds which
are 5-10 times more potent than the corresponding (S}kisomer. The introduction of
hydrophilic moieties close to the amide provide less active compounds such as compound
49,

197



51C wherein BG A A, Q Ql, Rl, R13, R2, R233, R3, and R333 are as
defined in claiml. wherein BG A A, Q |, R, RL00, R2, K-200 R3, and
R2 are aswdeba7nediszn claim 1. 59. The conpound, accordi nBCT/EA0MIeN428 | n
which BGis -X-L-X1-. 10. The conpound, according to claim1, conprises
conpounds of Fornula la through 1c: 10 la Ib 51 c. wherein L, X, X, A
Al, QRt, Rtoo, R2, R200, R3, and R30 are as defined in claiml. 11.The
conmpound, accor di ng It o claiml, conprises

Yy

f F la. 1.
b N A LR Bl R b >
12. The CoIMEY' Al mdrFQtehiSar ReCbAbiBohding UNBlbSHRteERIBONA Slpinemor mul a 2a:

derivative.

5 A subet of cancer cell lines, however, were not innately sensitive to compounds of the
instant invention, with ECsys greater than 1000 nM. We have demonstrated that JAP BIR
binding compounds demonstrate synergistic killing of various cancer cell lines with death
receptor agonists such of TRAIL, agonist TRAIL receptor anti-bodies, TNF-a, and others.
We herein disclose that compound of formula 1 and 1l also demonstrate synergistic killing

10 of various cancer cell lines with death receptor agonists such of TRAIL. When these cells
were treated with compound and TRAIL, or antagonist TRAIL antibody, these cell lines
were highly sensitive to compound with ECsgs generally less than 100 nM.

These cancer cell lines include HELA (cervical), HCT116 {colon), PC3 (prostate), OVCAR-

15 3 (ovarian), HEY {ovarian), and H460 (lung). In the presence of TRAIL (1-3 ng/mL) and
varying concentrations of compound 3 the ECgs for the above cell lines were less than
1000 nM.

20  invivo potency
Compound 3 was tested in SKOV3 and MDA-MB-231 xenograph tumour models (see
Figures 1 and 2). In both cases tumour regression was observed at 1 mg/kg when given 5
days on and 2 days off. Tumour stasis was observed in SKOV3 xenograph at 0.1 mg/kg.

25 Discussion
The above results suggest that the IAP BIR binding compounds of the instant invention
are highly potent agents, both in vitro and in vivo, wherein a mechanistic link between |IAP
binding and IAP modulations can be correlated to anti-cancer efficacy. We have
demonstrated that compounds of the instant invention bind to the BIR domains of the IAPs

30 with high affinity resuiting in the release of active caspases 3 and 9. Futher, these
compounds result in the induction of apoptosis in cancer cells while synergistically
sensitizing cancer cell lines to death receptor agonists such as TRAIL. Moreover, when
tumour bearing animals were treated with compounds of the instant invention
demonstrated tumour stasis and/or tumour regression at pharmaceutically relavent

35 doses..
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WO 2007/ 104162PCT/ CA2007/ 000428 2a wherein L, X. XI, A Al,R3 and R2 are as
defined in claiml. 513. The conpound, according to claim1, in which X and
Xl are i ndepootmaidy sel ected from 1) 0, 2) NRTE;A2007/000428 3)

S, 104)
N AN2.

10

~Gi-06 alkyl-0-, 5) -Cl-06 alkyl, 0156) 7) 8 9) 10) NH 0
HH 00 : S/ N444 HuH 0 0

Compounds of the instant invention demonstrated acceptable pharmacokinetics via
several routes of administration.

Other Embodiments

From the foregoing description, it will be apparent to one of ordinary skill in the art that
variations and modifications may be made to the invention described herein to adapt it to
various usages and conditions. Such embodiments are also within the scope of the
present invention.

All publications mentioned in this specification are hereby incorporated by reference.
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, 0, or WD 2007/104162PCT/ CA2007/ 000428 14. The conpound, according to
claim13, in which X and Xl are independently selected from 1) 0, Ncid 2)
0O O gss.;wa2007883162 15. The conpound, according to cl ai mMPCT/AAZ0G0ERS L | s
selected from 1) -G -C20 al kyl-, 2) -C3-C7 cycloal kyl-, 103) -aryl-, 4)

- bi phenyl -, 5) - heteroaryl-, 6) -Cl-C6 al kyl -(C2-C4 al kynyl)-Cl-C6 al kyl -
7) -Cl-C6 alkyl- aryl-Cl-Cs alkyl-, 158) -aryl-Y-aryl-, ONN _ 9 0, or O
10) H

CLAIMS
5
We claim:
1. An isomer, enantiomer, diasterecisomer or tautomer of a compound represented
by Formula | or li
10

1
Q ~AY 0 |;| R200

NJH/N . _R100
<;J Raoog/\:j\:

BG

H 0O RS ['\

oo A
RR H O A-g

|
R200

H "2 R
Q'-Al S N{N\
N 0 H

100

BG
H oRZORS f\
aii Ny "\>
RE.H O A-qg
Il
15  wherein

mis 0, 1 or2;
YisNH,OorS;

BGis
20 1) X-L-X'—;

X and X' are independently selected from
1) 0,
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wherein the al kyl and cycl oal kyl are optionally substituted with one or
nore R6 substituents, and the aryl, biphenyl and heteroaryl are optionally
subst i t utwed 2007tlad1eme or 20nore R16 substituents. 16. ThePECTiGacTIM004a8 cor di ng
to claim15, in which L is selected fromthe group consisting of: WO

2007/ 104162PCT/ CA2007/ 000428 17. The conpound, according to claim16, in
which r is an integer of 1, 2, 3, 4, 5 6, 7, 8,9 or 10. 1018. The conpound,
according to 2) BiRM 1, conpri ses conmpounds of Formula 1.1 through 1.18: 1.1
15 1.3 1-43)8}-5 51.6 Rum R2(39( NH HN OR3CC

4) -C4-Cs alkyl-,
5) -C4-Cs alkyl-O,

5 8) -Cy-Cg alkyl-NR™-,
7) -Ci-Cs alkyl-S-,

10 11) ™

15
L is selected from:
1) —C4-Cx alkyl—,
2) —Co-Cs alkenyl—,
3) —=C~C, alkynyl—,
20 4} —C4-C; cycloalkyl-,
5) —aryl—,
6} —biphenyl—,
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1i ORBR HO AQ11l.7 10 1.8 HN-R113 FIINH O 2--.R 3HR300n200 R- HM _
Nhi-fi rNHn O. 0O AAQ Q R.NHO ;--HH
WO 2007/104162 PCT/CA2007/000428

7) - heteroaryl-,
8) — heterocyclyl—,
9} ~C4-Cg alkyl—(C2-Cs alkenyl)- C4-Cg alkyl—,
10) —C4-C; alkyi~C.—C, alkynyi}-C,-Cg alkyl—
5 11) —-C,-Csq alkyl(Cs-C7 cycloalkyl}-C,-Cs alkyl—,
12) =C4-Cs alkyl— aryl—-C,-Cq alkyl--,
13) ~C4-Csq alkyl-biphenyl-C;-Cs alkyl-,
14) —C4-C; alkyl-heteroaryl-C;-Cq alkyl—,
15) ~C;-Cq alkyl-heterocycyl-C,-Cs alkyl—,
10 16) —C4-Cs alkyl-Y-C4-Cs alkyl—,
17) ~aryl-Y-aryl—,
18) —heteroaryl-Y-heteroaryl—,
19) —heterocyclyl-Y-heterocyclyl-,

0
H
H\NkWN?"
200 H o Lo

T

O
H“\NJL
15 21) H

wherein the alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or

C4-Cg alkyl—%

more R® substituents, and the aryl, biphenyl, heteroaryl, and heterocyclyl are optionally
substituted with one or more R™ substituents;

20 Qand Q' are independently selected from
1) NR*R®,
2) OR", or
3) S(O)R'; or

25  Qand Q' are independently selected from
1) aryl, or
2} heteroaryl, the aryl and the heteroaryl being optionally substituted with one or
more R' substituents;

30  Aand A' are independently selected from
1) —CH—,
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R2 HNNNeO ii NAN 00 MM 113 al A1 R11'11\1(0 00 R2 HN 00123J\1 A" R2ce HN-Ri oo
1.14 1.15 S '1.16 R?9 100 0 HR QLA1)\ R300 101.17 1.18

10

15

20

25

30

35

WO 2007/104162 PCT/CA2007/000428

2) —CHCHo—,

3) —CH(C1—Cs alkyl)—,

4) —~CH(C3~C7 cycloalkyl)}-,

5) —~Cs—C; cycloalkyl-,

6) —CH(C—~C; alkyl-Cs—C; cycloalkyl}-,
7)—C(O) -, or

8) —C(O)OR™;

R' and R' are independently selected from
1) H, or
2) C4~C; alkyl optionally substituted with one or more R® substituents;

R? and R?® are independently selected from
1}H, or
2) C—Cs alkyl optionally substituted with one or more R® substituents;

R® and R*® are independently C,~Cs alkyl optionalty substituted with one or more R®
substituents;

R* and R® are each independently selected from
nHH,
2} haloalkyl,
3) «-C4—C; alkyl,
4) «C,-Cg alkenyl,
5) «Co-C, alkynyl,
6) —C3~Cy cycloalkyl,
7) «C3-C; cycloalkenyl,
8) «aryl,
9) «heteroaryl,
10) —heterocyclyl,
11) «heterobicyciyi,
12) —C(0)-R",
13} —C(0)O-R",
14) «—C(=Y)NR®R®, or
15) —S(0)-R",
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WO 2007/ 104162PCT/ CA2007/ 000428 wherein r is an integer of 1, 2, 3, 4, 5,
6, 7, 8 9 or 10, and A, Al, Q Ql, R3 and R33 are as defined in claiml1.
19. The cowpcosmiodmecording to claim 1, conprises conpouRd¥/GA0FE@EHIEa 2. 1

and 52.2: R2" ,R oo HN NH NH 2.2 wherein A, A1, Q Q, Ftl, R100, R2,
R200, R3, R300 and -20 K are as defined in claim1.

WO2007/ 104162PCT/ CA2007/ 000428 20. The conpound, according to claim in
whi ch R1 wheteirile alky, aikenyl, alkyo, cymelkwomﬂwnyla%@@maﬂagmﬁ@ﬂmﬂ withy | | n

whi ch R1 (11879} veag@rding to
claim Zloﬂg%rﬁ]ééﬁa&?bsgﬁ}gﬁﬁlég&:gvpg EV ﬁ %e@}gar‘?ﬁe cwgﬁnd according to
cl ai m 1, heterobicydyl RooptinoaliRasbstitete adith oge oCBom Ry|sub§htu@ﬂ&| |y subtituted
with OH 10 24. The conmpound, according to claim?23, in which R2 and R255

are both CHS.
5 Rlis

1) halogen,
2) NO,
3)CN,
4} haloalkyl,
10 5) C1~C; alkyl,
6) C.-C; alkenyl,
7) C-C,4 alkynyl,
8) C4—-C; cycloalkyl,
9) Cs-C; cycloalkenyt,
15 10) aryl,
11) heteroaryl,
12) heterocyclyl,
13) heterobicyclyl,
14) OR,
20 15) S(O)nR’,
16) NR°R?,
17) NR3S(O)%,R",
18) COR’,
19) C(O)OR’,
25 20) CONR®R®,
21) S(O)NR®R®
22) OC(O)R,
23) OC(O)Y-R",
24) SC(O)R’, or
30 25) NC(Y)NR®R®,
wherein the aryl, heteroaryl, heterocyclyl, and heterobicyclyl is optionaily substituted with

one or more R substituents;

R is
35 1) H,
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25. The conpound, according to claim23, in which R2 is CH2OH and R305 is
CH3. 26. The conpound, according to claim23, in which R2 and R255
are bot h wb2004/104152 27. The conpound, accordi ng toPCI&AzV@B00428 whi ch
R2 and R25 are both CH2CH3. 28. The conmpound, according to claim 1,
in which R3 and R355 are both Cl-C6 al kyl. 20 29. The conpound, according to
claim28, in which R3 and R355 are both C(CH3) 3. 30. The conpound,
according to @) aalalkyl,i n which Q and QL are both NR4RS5. 31. The
conpound, acc )@Rg@ 4 lcI aiml, in which A and Al are both C=0, Q and QL 25
are both NR4RS, i and R5 is selected from1)4-Cl-C6 al kyl, 2)4-C2-C6
al kenyl , 3)4- @%ﬁsailkeylwyl 304) <- C3-C7 cycl oal kyl, 5)4-C3-C7 cycl oal kenyl,

6) 4-aryl, 7)4&3 "ﬂ{y}ﬂ% 8) 4- heterocyclyl, or

359) 4- het er obiCy¢l 2007/ 104162PCT/ CA2007/ 000428 wherein the al kyl,

al kenyl , al ky@lqg—eymyclmalkwl cycl oal kenyl is optionally substituted with
one or nore EIHSIB@ and wherein the aryl, heteroaryl,

het er ocycl yI Yerad rR/cl yl is optionally substituted with one or nore
R15 substi tuer&)arylwher ein R6 and R1L are as defined herein. 5 32. The
conpound, acc gll[}%at@ claim31l, in which R4 is Hand R5 is selected from
1)4-C ,-C6 alg{)e i ) <-aryl, wherein the alkyl is optionally
substit ut ed witthheteeooyelyf wo R6 substituents; and wherein the 10aryl is

optiqgnally su h one Rl substituent; wherein R6 and R15 are as
defi ﬂ@d her ei nﬁt)é%{érgpﬁ%mé’fjrrpound, according to claim32, in which R4 is H

and R5 is sel ex)y@RINCEY),le  and
13) C;-Cs alkyl-C,-C, alkenyl, or
14) C;-Cs alkyl-C,-C4 alkynyl,
wherein the alkyl, alkenyl, atkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
15 one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
heterobicyclyl is optionally substituted with one or more R substituents;

R® and R? are each independently
1) H,
20 2) haloalkyl,
3) C—C; alkyl,
4) C,-C; alkenyl,
5) C,-C,4 alkynyl,
6) C3~C7 cycloalkvi,
25 7) C3-C; cycloalkenyi,
8) aryl,
9) heteroaryl,
10) heterocyclyt,
11) heterobicyclyl,
30 12) G(O)R",
13) C(O)Y-R", or
14) S(0),-R"",
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and

35  heterobicyclyl is optionally substituted with one or more R'® substituents;
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34. The conpound, according to claim1, in which A and Al are both C=0, and
Qand A NH5 QL are both 35. The conpound, according to claim1, in which
A and Al \&PesmeZ=0, and Q and rrr.., NH QL are bot h PCTEAIBTDHE28
conpound, according to claim1, in which A and Al are both C=0, and Qricrc
NHNH 37. The compound, according to claim1l1, in which A and Al are both
C=0, and Qand N QL are both H 38. The conpound, according to claim1,
in which A and Al are both C=0, and Q and F

or R® and R? together with the nitrogen atom to which they are bonded form a five, six or
seven membered heterocyclic ring optionally substituted with one or more R® substituents;

5 R"is
1) halogen,
2) NO.,
3) CN,
4) B(OR)(OR™),
10 5) C4-C alkyl,
6) C,-Cs alkenyl,
7) C,-C,4 alkynyl,
8) C;s-C; cycloalkyl,
9} Cs-C; cycloalkenyl,
15 10) haloalkyl,
11) OR/,
12) NR°R?,
13) SR/,
14) COR,
20 15) C(OYOR!,
16) S(O)mR’,
17) CONR®R’,
18) S(O),NRER®,
19) aryl,
25 20) heteroaryl,
21) heterocyclyl, or
22) heterobicyclyl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, and cycloalkeny! is optionally substituted
with one or more R® substituents;

30
R is
1) haloalkyl,
2) C1—C; alkyi,
3) C»~Cs alkenyl,
35 4) C,-C, alkynyl,
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A N QL are both H WD 2007/ 104162PCT/ CA2007/ 000428 39. The conpound,
according to claiml1, in which A and Al are both C=0, and Q and QL are both
H 40. WO eomMigeisad, according to claim1l, in which A BEWCAZ08043%t h C=0,
and Qand 5 QL are both 41. The conpound, according to claim1l1, in which
A and Al are both C=0, and Q and Q are both 1-?N 10 42. The conpound
,according to claiml, in which A and Al are both C=0, and Q and QL are
both H 43. TH Ge@pensivalkyhccording to claim 1, in which A and Al are both

ani o A and A D SPOIPRAEN 2 4% And O are both o wo L o CAmEAn
2007/ 104162PC17)@n2007/ 000428
8) heteroaryl,
5 9) heterocyclyi, or
10) heterobicyclyl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
heterobicyclyl is optionally substituted with one or more R' substituents;
10
R%is
1) haloalkyl,
2) C—Cs alkyl,
3) C;-Cs alkenyl,
15 4) C,-C,4 alkynyl,
5) C+—C; cycloalkyl,
6) C;-Cy cycloalkenyl,
7)aryi,
8) heteroaryl,
20 9) heterocyclyl,
10) heterobicyclyl,
11) C(O)-R",
12) C(O)O-R",
13) C(O)NR®R?,
25 14) $(O)n-R", or
15) C(=Y)NR®R®,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
heterobicyclyl is optionally substituted with one or more R'® substituents;
30
R™ and R" are each independently
1) H, or
2) C-Cq alkyl; or
R™ and R* are combined to form a heterocyclic ring or a heterobicyclyl ring;
35
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45. The conpound, according to claim1, in which A and Al are both C=0, and
Qand HN Q are both 46. The conmpound, according to claiml, in which A

and Al arwohkottoe@sd, and Q and 5 QL are both 47. The TOWEBAMT008C80r di ng
toclaim1, in which A and Al are both CO and Q and Q are both 10

48. The conmpound, according to claim11, in which A and Al are both C=0, and
Qand Q are both 49. The conpound, according to claiml1, in which A and
Al are bdtfisc=0, and Q and Q are bothH N 15 50. The compound, accordi ng

toclaim1l, i ich A and Al are both C=0, and Qand Ql are bothOH. WD
2007/ 104162PC 007/ 000428 51. The compound, according to claim1l, in
which A and AR)&He, &oth C=0, and Q and Ql are bothOH .
3)NHFmoc;
5
or a prodrug; or the compound of Formula | or 1l is labeled with a detectable iabel or an
affinity tag.
2. The compound, according to claim 1, in which A and A’ are both CH,.
10
3. The compound, according to claim 1, in which A and A are both C=0.

4. The compound, according to claim 1, in which A is CH, and Alis C=0.
15 & The compound, according to claim 1, in which A and A’ are both C(O)OCH,.
6. The compound, according to claim 1, in which A and A’ are both C(O)OH.

7. The compound, according to claim 1, comprises compounds of Formula 1A
20 through 1C:

Q1\ 1
200
)OH/E :
N R100
Rmol(\,
BG
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52. The conpound, according to claim1, in which A and Al are both C=0, and
Qand 5 QL are bothMN? 53. The conpound, according to claiml, in which A
and Al ar¥oReamoeesd, and Q and FINk; QL are both. 10 S52CTHA2BYGPHMIRI,
according to claim1l1, in which A and Al are both C=0, and Q and 55. The
conpound, according to claiml1, in which A and Al are both 0=0, and Q and
QL are both 15 56. The conpound, accordl ng to claiml1, in which A and Al
are both C=0, and Q and QL are both 2601/ CA2007/ 000428 0
57. The conpound, according to claim 1 |cﬁ nd AI are both C=0, and
Qand QL are both isc NH 5

R300

100
& SOO\H/\NR
R
W9
RTN\_/LNEXN
- 1
RZ H O A

5 1C
wherein BG, A, A', Q, Q', R!, R'®, R R*™™, R®, and R*® are as defined in claim 1.

8. The compound, according to claim 1, comprise compounds of Formula 2A and 2B:
ol 4
P Mg
N Ny A 100
2 TR
R BG © H
H o R?
R H 0O A-xq 2A

10

209



58. The conpound, according to claim1, in which A and Al are both C=0, and
Qand @ are both NH 10 59. The conpound, according to claim1, in which
A and Al NOaMWsOHeECH2 andQ and Q are both NRARS5, then RETERGIRAN2E each

i ndependently 1) hal oal kyl, 2) e-C --C6 al kyl, 153)4-C2-C6 al kenyl,
4)4-C2-C4 al kynyl, 5)4-C3-C7 cycl oal kyI 6) <-C3-C7 cycl oal kenyl, 7)4-aryl,

208) <-heteroaryl, 9)(-heterocyclyl, --heterobicyclyl, 11)4-C(0)-R1l,
12) 4-C(0) 0- W, 2513) (-C(=Y)NR5R5, Qbr1 14)4 S(0)2 RI1, wherein the al kyl ,

al kenyl, al kynyl, cycloal kyl, cycl oaykenyl onal ly substituted with
one or nore R6 substituents; and th ar het er oaryl ,

het erocycl yl, and heterobicyclyl is tio aI pd tuted with one or nore
Rl substituents; wherein Y, R6, 20 R9, nd: 11 are as defined herein.

5 60. The compound, according to clai m 586G | n whilth R4 and R6 are
i ndependently sel ected from 1) CI-C6 al Kyl , 2)4-C(0)-R11, 103)4-C(0)0-R11,

or 4)4-5(0)2-R11, wherein Hhe | k ubstltuted wth an R6 substituent;
wherein R6 and Rl11 are a : 1561 The conpound, according to
claim60, in which R4 is S(Oég ad

2B

wherein BG, A, A, @, Q', R", R'® R? R*™ R and R are as defined in claim 1.
5 9 The compound, according to claim 1, in which BG is —=X-L-X'—.

10.  The compound, according to claim 1, comprises compounds of Formula 1a

through 1¢:

1
Qa1 'f' R200

N_ A~ 100
QQJJ\/ T’/\N’R
R300 O |i'

X1
\
L
X
H O R
RTN\;)L'FJ\WN
R H O A-q

10
1a

210



62. The conpound, according to claim60, in which R4 is C(O)CH3 and R6 is
2564. The conmpound, according to claim1, in which R11 is 1) Cl1-C6 al kyl, or
2) aryl, WaRepHEIM1I&Zhe al kylis optionally substituted w PETEA2IGT00MIBe RS
substituents; and wherein the aryl is optionally substituted with one or
nore R113 substituents; wherein R8 and Rl are as defined herein. 565. The
conpound, according to claim64, in which Rll |s 1) Cl-C6 al kyl optionally

substituted with one or two R8 subsgi. en S, phenyl optionally
substituted with one Rl substituent; |n, eR and the Rl substituents

are as defined herein. 1066. The conp R claim1, in which R8
is 1) halogen, 2) NO2, 3) CN, 4) aryl afaek er ryI, 6) heterocyclyl, 7)

het er obi cyclyl, 8) OW 9) SR7, or 20%)) N

L
\
X
H o R \
R1.N\;)k'?})w,N
R H O A'-Q
1b
1
Qpr R0
CJH/ 77/\ ~R100
A R0 0
X1
L
X
H O R
R1.N\;)J\[I\[/!\”,N
RR H O A
5 1c.

whereinL, X, X', A, A" Q, @', R", R, R?, R*™, R? and R*® are as defined in claim 1.

11.  The compound, according o claim 1, comprises compounds of Formula 1.1a
through 1.1c:

10 R5



wherein the aryl, heteroaryl, heterocyclyl, and heterobicyclyl is
optionally substituted with one or nore RL substituents; wherein R7, R8, R9
and Rl arwO280m@#ieded herein. 2567. The conpound, accor dPRE/GABCEI080428 66, in
which R8 is 1) halogen, 2) aryl, or 3) NRSRS , wherein the aryl is
optionally substituted with one Rl substituent; 30 wherein R8, R9 and Rl
are as defined herein. 68. The conpound, according to claiml1, in which R8
and RO are each independently 1) H, 2)1.tal oal kyl, 353) C1-05 al kyl, 4)
C2-C6 al kenyl, 5) Gas al kynyl, 6) C3-C7 cycloal kyl, or 7) C3-C7
cycl oal kenyl, 5wherein the al kyl, al kenyl, alkynyl, cycl oal kyl,
cycl oal kenyl is optionally substitutegsw th one or nore R6 substituents;
wherein the R6 substituents are as defi!ned herein. 69. The conmpound,
according to claim1, in which R isri®l 1haIObge}fn, BIONC2, 3) CN, 4)
hal oal kyl , 5) OR7, 156) NRBR9, or 7) SR7; eTnWBzi.E?w and R9 are as
defined herein. N

R¥0 é

b

L

R%
1.1b
5
R500
Ri 3 j)Y*ﬁ R0
' N 100
C?l R300 \n/\ﬁl i
Xt °
/
L
X

whereinL, X, X', A, A", @, Q", R, R'® R? R? R® R* R* R* R°and R* are as
10  defined in claim 1.

12. The compound, according to claim 1, comprises compounds of Formula 2a:
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70. A conpound, according to claim1,

selected fromthe group consisting of:

20 Cpd STRUCTURE 1 00O NHOO ---- HNO O Hi Cpd STRUCTURE 2 HO

, NyAN zH WO 2007/104162

PCT/CA2007/000428

2a

wherein L, X. X'. A, A", B, Q, @, R', R', R?, R?, R® and R® are as defined in claim 1.

5 13. The compound, according fo claim 1, in which X and X' are independently selected

from
10,
2) NR"®,
3)S,
10 4) -C4-C; akkyl-O-,
5) -C4-Ce alkyl,

0
SN g

6) H ;

15 9) 0 ,or
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In HNO NO 2-NH/ / / HN'" O NO NHIPS OHz OH3 HO ,NNAzNS. HN O O NH .
FINNNHIN
WO 2007/104162 PCT/CA2007/000428

14.  The compound, according to claim 13, in which X and X' are independently
selected from:
10,

15.  The compound, according to claim 1, in which L is selected from:

1) =Cy-Cop alkyl-,
2} —C3-C; cycloalkyl—,

10 3) —aryl-,
4) —biphenyl—,
5) — heteroaryl-,
6) —C4-Cg alkyl+Co~C4 alkynyl}-Cy-Cq alkyl—
7) =C4-Cg alkyl- aryl-C1-Cg alkyl—,

15 8) —aryl-Y-aryl-,

Q
H
x‘f\NJ\n,N},_
9 " o o

o
A A
10) H

r

C1-Cs alkyl--i

wherein the alkyl and cycloalkyl are optionally substituted with one or more R®
substituents, and the aryl, biphenyl and heteroaryl are optionally substituted with one or
20  more R' substituents.

16.  The compound, according to claim 15, in which L is selected from the group
consisting of:
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H7 )(NWOH 4 40 o N HO, -, H Fil7 0iii OON O  Cpd STRUCTURE 5 ..
NH2 --- _-- _ H2N HO,7HO OP

WO 2007/104162 PCT/CA2007/000428

sV ol
.

O L, f,

S N x 0
Y L L/ -
5 * N ) N 1 N » and 3
17.  The compound, according to claim 16, in which ris an integer of 1, 2, 3, 4,5, 6, 7,

8, 9 or 10.

10 18 The compound, according to claim 1, comprises compounds of Formula 1.1
through 1.18:

Q\
A
O
o 3 N R2
R1og IH / R .\
N O = 0 N—R1
p .
RzooL/( R300 4 H
N
TSP
N
ST
Al
ol

1.1
15
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10 HO _ANL), :NzHS. HNNO NHa a HNNNH 111 N H Cpd STRUCTURE

WO 2007/104162 PCT/CA2007/000428

e

R300

1.2
1
Qa' o n R20
N, R100
0 Raof%/\ H
HN
H R3 o
R > N/H?’N
R2 H
O Agq
5 1.3
Q1~A1 0
H R200
R100
o) R3°°7'/\
NH
HN
H 3 0
R?* H
O Ag
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SO HN orN NHNHO ,NLA -NNHNHO010 OHW12 H-NHN$SNIN HO NH O
HN O O NH :
WO 2007/104162 PCT/CA2007/000428

Q1
ALO
0] H Bzoo
N&,Nr R100
Q R¥s H
C —NH
HN
H O R3 0
2 H
0 Aq
1.5
o) Q'
(Y
5
H O R X b R™NH
R? H HN
C A'Q R100
5 1.6
R100
R”iNH
HN YO
o)
@~y
NH
O=§
o)
HN-§° 0
DOV
R \)LN,H,N
Rz H o Aq
1.7
,R100
R*NH , R300 HNZOO
- H H R
R? HN{ N\V(@WN"CN NH
0o I‘Q' 0 O ! O
A A‘IQ‘I
10 Q
1.8
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e\ ORN 13 HHN-NNHONHO *OHNOHNO H Cpd STRUCTURE 14 H -N z

WO 2007/104162 PCT/CA2007/000428
AlQ’
O

10 1.12

15



NHO it.

10

WO 2607/104162

R

HN HN HNONHO040 O  z H15 HO. = NH S HN N o NH HN
PCT/CA2007/000428
1.14
Q1
\A1
NH {
2 NH 200
HN R300 ;
g HN R1CO
1.16
1
Q.A1
0
1 %
R NH ‘ NH 200
H R30 \R
@ SRS 7
—;_ N-g HN-g 100
T %
A
Q
1.16
H Ri;jOO R1CO
Rso(D
Oy _-NH
R p (]
D 3
R? HNj: § ¢
o) IQ’ 0
A
Q
1.17
R» \Ii(o HN'RmO
HN N_S S'N" ’<"NH
60 dgo LN

1.18
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WO 2007/104162 PCT/CA2007/000428

wherein ris an integer of 1, 2, 3, 4, 5,6, 7, 8, 9or 10, and A, A’, Q, @', R', R"™, R? R2®,
R® and R are as defined in claim 1.

19.
5 2.2

The compound, according to claim 1, comprises compounds of Formula 2.1 and

200
H R“-. R
Q1-.A1 ? N\(ﬁ
Y ~°
0

100

V4
/
O
Ho 9 R®
. N\'/U\NIKWN
- H
R2 O A"'Q
2.1
al ,
0
Akt
" (ZI/\N’RWO
NH
0
O

10

wherein A, A", Q, Q", R', R"® R2 R® R3 R and R are as defined in claim 1.
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Cpd STRUCTURE 17 S. HN JCYN w-N OHa HO i[sil NHet 18 "NH O "HN O otx /
o0O0ONO/ O0O0ONH HN 19

WO 2007/104162 PCT/CA2007/000428

20. The compound, according to claim 1, in which R' and R'® are both H.
21. The compound, according to claim 1, in which R" and R'® are both C;-Cs alkyl.
5 22,  The compound, according to claim 21, in which R' and R are both CH.

23.  The compound, according to claim 1, in which R? and R** are both C-Cs alkyl
optionally subtituted with OH.

10 24. The compound, according to claim 23, in which R? and R?® are both CH.
25.  The compound, according to claim 23, in which R*is CH;OH and R*" is CHs.

26.  The compound, according to claim 23, in which R? and R*® are both CH,OH.
15
27.  The compound, according to claim 23, in which R? and R*® are both CH,CHs.

28.  The compound, according to claim 1, in which R®* and R** are both C-Cs alky!.
20 29.  The compound, according to claim 28, in which R® and R*® are both C(CHz)s.
30.  The compound, according to claim 1, in which Q and Q" are both NR*R".

31.  The compound, according to claim 1, in which A and A' are both C=0, Q and Q'
25 are both NR'R®,R*is H and
R® is selected from
1) «C—Cs alkyl,
2) —C,-Cq alkenyl,
3) «-C,-C, alkynyl,
30 4) —C3—C; cycloalkyl,
5) «—C3-C7 cycloalkenyl,
6) —aryl,
7) «heteroaryl,
8) —heterocyclyl, or
35 9) «—heterobicyclyl,
221



-NHO "HN....ANHr O NH HO NNHOO NNH 0 H\ Cpd STRUCTURE 20 'NH
HN O* NO NH * \

WO 2007104162 PCT/CA2007/000428

wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
heterobicyclyl is optionally substituted with one or more R'® substituents;

wherein R® and R are as defined herein.

32.  The compound, according to claim 31, in which R* is H and R® is selected from:
1} «C+—C; alkyl, or
2) «aryl,
wherein the alky! is optionally substituted with one or two R® substituents; and wherein the
10  aryl is optionally substituted with one R substituent;
wherein R® and R' are as defined herein.

33.  The compound, according to claim 32, in which R* is H and R® is selected from the

‘
L5 TS Ldoo
S0 V4040
o0 OPeg’ &
©\f “reg “rey 'C
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NHN NHd--\""" HN, 21 * HHON O7-j) NH a NHO HO HN- 22 -NH O " HNNiON O
(MJHO N---- NHO NH, N™m 23
WO 2007/104162 PCT/CA2007/000428

34.  The compound, according to claim 1, in which A and A are both C=0, and Q and

~
NH

5 Q'are both ¢©

35.  The compound, according to claim 1, in which A and A" are both C=0, and Q and
o

S

|§|H
Q" are both O@

10 36. The compound, according to claim 1, in which A and A' are both C=0, and Q

. <
“NH “nH

is CE) and Q'is CKD

37.  The compound, according to claim 1, in which A and A’ are both C=0, and Q and

e

1 N
Q'areboth H

nz

15

38.  The compound, according to claim 1, in which A and A" are both C=0, and Q and

F
H’\/\/©/

N
Q'areboth H
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WO 2007/104162 PCT/CA2007/000428

39.  The compound, according to ctaim 1, in which A and A' are both C=0, and Q and

' are both ]

The compound, according fo claim 1, in which A and A are both C=0, and Q and

5 ' are both ‘

41.  The compound, according to claim 1, in which A and A’ are both C=0, and Q and

w N
Q" are both O

10 42.  The compound ,according to claim 1, in which A and A are bath C=0, and Q and

LA

Q" are both H

Iz

43.  The compound, according to claim 1, in which A and A’ are both C=0, and Q and

H
,:,N

Q' are both Oe

44.  The compound, according to claim 1, in which A and A’ are both C=0, and Q and

O

15

Q" are both %"
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10

15

WO 2007/104162 PCT/CA2007/000428

45.  The compound, according to claim 1, in which A and A’ are both C=0, and Q and

o

HN
Q' are both b4

46.  The compound, according fo claim 1, in which A and A are both C=0, and Q and

H
N
Q' are both H{

%

47.  The compound, according to claim 1, in which A and A" are both C=0, and Q and

H
_N

; k¢
Q' are both

ke

48.  The compound, according to claim 1, in which A and A’ are both C=0, and Q and

1 1)
L4

Q" are both :

49.  The compound, according to claim 1, in which A and A’ are both C=0, and Q and

RoYeh
HN\,:

5

Q! are both

50.  The compound, according to claim 1, in which A and A" are both C=0, and Q and

Q' are both OH

225
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" HNO lik ¢c",,NEl (on O N-.s; " ,s,-NO" a0O0ONOONH," 0 HN  Cpd
STRUCTURE 27 -NH 0 )--- '"HN O * * 0 iiii
WO 2007/104162 PCT/CA2007/000428

51.  The compound, according to claim 1, in which A and A are both C=0, and Q and

H
N

~

e

Q' are both OH

52.  The compound, according to claim 1, in which A and A' are both C=0, and Q and

7

5 Q'areboth Ny

53. The compound, according to claim 1, in which A and A' are both C=0, and Q and

0

HN
Q' are both ¥

10 54.  The compound, according to ciaim 1, in which A and A are both C=0, and Q and

HN

/
“n,

Q' are both

55.  The compound, according to claim 1, in which A and A’ are both C=0, and Q and

Q' are both o

15
56. The compound, according to claim 1, in which A and A' are both C=0, and Q and
Q' are both
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Ck(\oﬁg NH,

HN._
£

57.  The compound, according to claim 1, in which A and A' are both C=0, and Q and
Q' are both

58.  The compound, according to claim 1, in which A and A’ are both C=0, and Q and
Q" are both

10
59.  The compound, according to claim 1, in which A and A are both CH, andQ and Q'
are both NR'R®, then R* and R® are each independently
1) haloalkyt,
2) «C—C; alkyl,
15 3) «C»-Cs alkenyt,
4) —Co-C, alkynyl,
5) +C3—C; cycloalkyl,
6) —C3-C; cycloalkenyl,
7) «aryl,
20 8) «heteroaryl,
9) «heterocycivl,
10) «heterobicyclyl,
11) —C(O)-R™,
12} «—C(0)O-R™,
25 13) «—C(=Y)NR®R®, or
14) —S(0).-R",

227
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lik * NH*0 NO NNH O H\ 32
WO 2007/104162 PCT/CA2007/000428

wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R? substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
heterobicyclyl is optionally substituted with one or more R'® substituents;

wherein Y, R®, R®, R%, R"’ and R are as defined herein.

5
60.  The compound, according to claim 59, in which R* and R® are independently
selected from

1) C4-Cs alkyl,
2) —C(0)-R",
10 3) «C(O)O-R", or
4) —S(0)-R",
wherein the alkyl is substituted with an R® substituent;
wherein R® and R are as defined herein.

15 . The compound, accordlng to claim 60, in which R* is $(0),CH; and R®is
62. The compound, according to claim 60, in which R* is C(O)CH, and R®is
H(\/@f F

20

o)

63. The compound, according to claim 60, in which R* is (lk© and R°
l-(\/© '\/‘\/©/F
is or .

25 64.  The compound, according to claim 1, in which R is
1) C,—Cs alkyl, or
2) aryl,
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N ...)-L.NiHI

10

15

20

25

30

35

WO 2007/104162 PCT/CA2007/000428

wherein the alkylis optionally substituted with one or more R® substituents; and wherein
the aryl is optionally substituted with one or more R substituents;
wherein R® and R' are as defined herein.

65.  The compound, according to claim 64, in which R"is
1) C1—Cs alkyl optionally substituted with one or two R® substituents, or
2) phenyl optionally substituted with one R substituent;

wherein the R® and the R™ substituents are as defined herein.

66.  The compound, according to claim 1, in which R® is
1} halogen,
2) NOg,
3)CN,
4) aryl,
5) heteroaryt,
6) heterocyciyl,
7) heterobicyclyl,
8) OR’,
9) SR’, or
10) NR®R?,
wherein the aryl, heteroaryl, heterocyclyl, and heterobicyclyl is optionally substituted with
one or more R'° substituents;
wherein R”, R®, R® and R'° are as defined herein.

67.  The compound, according to claim 68, in which R® is

1) halogen,

2)aryl, or

3) NR°R?,
wherein the aryl is optionally substituted with one R substituent;
wherein R%, R® and R'° are as defined herein.

68.  The compound, according to claim 1, in which R® and R® are each independently
1)} H,
2) haloalkyl,
3) C~Cs alkyl,
229
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-NH O O I'i kah w HOHN NHOO

10

15

20

WO 2007/104162 PCT/CA2007/000428

4) C»-Cs alkenyl,

5) C,-C, alkynyl,

6} C3—C; cycloalkyl, or

7) C5-C; cycloalkenyl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyi is optionally substituted with
one or more R® substituents;
wherein the R® substituents are as defined herein.

69.  The compound, according to claim 1, in which R" is
1) halogen,
2) NOg,
3)CN,
4) haloalkyl,
5) OR’,
6) NR°R®, or
7) SR’;
wherein R’, R®, and R® are as defined herein.

70. A compound, according to claim 1, selected from the group consisting of:

Cpd STRUCTURE
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71. A conpound, according to claiml1, selected fromthe group consisting of:

Cpd Structure 6 Ph HO // /] NHOP a HN 7 O Fnoc(H 171
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Cpd Structure 8 400 0O NH NH OP H2N H 114 O
I nt ermedi at e conpound represented by Fornula 1-iv:

11 0
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71. A compound, according to claim 1, selected from the group consisting of:
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wherein PG3, R, R2, R3, A and Qare as defined in claim1. 73.An

i nternmedi ate conpound represented by Fornula 2-iv: wherein PA4, R, R2,
R3, A amoQerw4ss defined in claiml. 574. An i nt er med PETE A0S
represented by Fornula 3-ii: HR2 14 s1rNl , PAA00 R3 0 RL 3-ii wherein
P4, P, R, R2, R3, A and Qare as defined in claiml, and L is -(CHA -
- (CH)r-Y-(CH2)r-, -alkyl-aryl-al kyl-, -alkyl-heteroaryl-al kyl -
cycl oal kyl, arGpd qr het er oar yStrutturé5. An i nt ernkdi at e conpound represent ed
by Formula 4{1: WD 2007/ 10#£h62PCT/ CA2007/ 000428 R20 PA N, woo Rn O N /
HH N Ny
: N LN~ R
_Z\/N\ S
o o)
V4
6 V4
O

L0 -

Fmoc(HN o |
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4-i wherein P&, PX400, L, R, am R2, R200, R3, Il -300, A Al, X X1, Q
and QL are as defined in claim1l. 576. An intermedi ate conpound represented
by For mulwio@eis7iiesiaz, AL R 0O R3 PG4. N 1,1 R2 HO 6-ii WRETHA20PGL42pro, RI,

woo, R2, R200, R3, R300, , Pt Al, Qand QL are as defined in claim1. 10
77. An intermedi ate conpound represented by Formula 7-v: 7-v wherein PH,
PAAw, L, R, Rm R23 Rzoo, R3, R300, A _Al Jand QL are as defined in
claimi1. 5781 4pdnternedi ate Strwptrad represepntled by Fornmula 8-ii: co2hl L
NH
H’N 0 o
Ho
N N)}/;
HoN 4 HP‘
NH
8 O
©
NH
I;| O
N 3 '}l N .
= H O & N

72.  Anintermediate compound represented by Formula 1-iv.

{/

0
|:S1 0] R3
PG3-N\_)]\N)\rrN 5
R H O G N’R
1-iv R4

wherein PG?, R', R?, R?, A, and Q are as defined in claim 1.

73.  Anintermediate compound represented by Formula 2-iv:
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- R2(3 HO 8-ii wherein P&X4, r, L, RI(r), R00, - 1 A, and QL are as
defined in claiml. 79.An internedi ate conpound represented by Formul a
8-1ii: NBI2ROWCAGO wherein PG4, PH00, r, L, Rl, RLOOPCRZTA2D(MUM28 R3,
R300, A, Al , dand Ql are as defined in claim1. wherein PO4, PX00, L, R,
R100, R2, R200, R3, 1-< .-400, A Al, Qand QL are as defined in claim 1.
HNHN\INHOK HH 18-i 10 wherein PO4, PO400, L, R1, R100, R2, R200,
R3, -300, A Al, Qand QL are as defined in NH,

va O R3
NN N
PG4 N R4
R H O g N'
5
2-iv R

wherein PG* R', RZ, R?, A, and Q are as defined in claim 1.

5 74. Anintermediate compound represented by Formula 3-ii:

Q“A O H Rg2
1 M
N : 400
NJ# WAN’PG
R 0O R1
H-N
)0
L 3l
o=
N-H
|$1 0O R3
PG4.N\:)kN/KH,N
R H O A-Q

wherein PG*, PG* R, R? R’ A, and Q are as defined in claim 1, and L is =(CHy), -, -

(CHy)~Y-(CH,)-, -alkyl-aryl-alkyi-, -alkyl-heteroaryl-alkyl-, cycloalkyl, aryl or heteroaryl.
10

75.  Anintermediate compound represented by Formula 4-i:
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claim11. 80. An internediate conpound represented by Fornula 19-8: WD
20071104162Pc T/ CA2007/ 000428 wherein PG4, F, (4ao, Rl, R100, R2, R200, R3,
R300, R4 w&200740062 RS and R5013 are as defined in clai RCIT/CAZ008800428

i nt ernedi ate conmpound represented by Fornula 19-3: P&G0 NH I -1 N OPQ19-3
wherein P&, L, and X are as defined in claim1l. 10 84. An internedi ate
conpound represented by Fornmula 20-2: 0 NR4R5 wherein L, X, XI, R4 and RS
are as defined in claim1l. ONR4RS 50 wherein_ L.  Xpg¥, R3, R4, and Rbare as
defined in claim1. 86. A process for produci’ng_gonpounds represented by
Fornmula |, described herei nabove, the procéks onfgdesi ng: 10a) coupling two
internmedi ates represented by Formula 1(iQ): ein PG3, Ftl, R2, R3, A
and Q are as defined herein, in a solveé%%‘éqg b) renmpbving the protecting
groups so as to form conpounds of &oi bl . R87. A process for producing
conpounds represented by Formula I, degcrpbed herei nabove, the process
conpri si ng: wherei nP& is a protecting group, and Rl, R2, R3, A and Q
are as defined herein. 10and an activatg&~ﬁiacid (0.5 equiv) in a solvent;

and y
H-N

N

T

0
R )’ .~ ©
\N 4 H
PGt R
4-i
wherein PG*, PG*®, L, R', R'™ R% R™ R, R*™, A, A', X, X', Qand Q' are as defined

in claim 1.

5 76. Anintermediate compound represented by Formula 6-ii:

1
a0 H R0

!
N : 00
@')3 o
O R0

O
——
TS
===
O
;31 O R3
PG4-N\;)LT>|&(N
RR H O A‘*Q

B-ii
wherein PG*, PG, R' R'™ R% R™ R} R’ A, A', Qand Q' are as defined in claim
1.

10  77.  Anintermediate compound represented by Formula 7-v:
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b) renoving the protecting groups so as to form conmpounds of Fornula I.
88. Use of a conpound represented by Formula | or Il: HR200 _ R oo N
R300 O rtwo 2007tb4160r a salt thereof, for the manufact ur BCHOICA200M@MN42BNENt
for treating or preventing a disease state characterized by insufficient
apoptosis, wherein: mis 0, 1 or 2; 5Yis NH Oor S5 BGis 1) -X-L-X1-;
10 X and X1 are independently selected from1l) 0, 2) NR13, 3) S, 4) -C-C6
al kyl -, 155) -C1-C6 al kyl-0, 6) -Cl1-C6 al kyl NR13-

R200

Raoo 7]/\N pG4®

R100

wherein PG*, PG*® | R' R'™® R? R®™ R® R¥ A, A',Qand Q'are as defined in

claim 1.

5 78. Anintermediate compound represented by Formula 8-ii:

QOgH
Oﬁ/
R'!OO (0]
)
IiZOD H A1 Q1
8-ii

wherein PG, 1, L, R'™®, R? A'  and Q' are as defined in claim 1.

79.  Anintermediate compound represented by Formula 8-iii:

10 8l



7) -01-C6 alkyl-S-, 08 oN, 9 H Oire? A2, NNZ2010)H H 9 11)

N s strj , 0,99 12) 00 sirL N%4 13) H 0 HH 14) 0, or \-N15)0; L is
sel ect ed woano7/19)162 C1- C20 al kyl -, 52) -CrC6 al kenyl -, 3PCT/CA2®A/0804R% ny| -
4) -C3-C7 cycl oal kyl -

wherein PG* PG™™, r,L, R, R"™, R?, R®™, R%, R, A, A . Q and Q' are as defined in

claim 1.

80.  Anintermediate compound represented by Formula 17-i:

Q' ~Al Rzoo
de,DO
R3°° o Rﬂ)o
o L/ O
oS
\N—‘H

17-i

5
wherein PG4, PG*°, L, R!, R'™ R% R® R3 R*°, A, A', Qand Q' are as defined in
claim 1.
81.  Anintermediate compound represented by Formula 18-i:
Ql ~A' Rzoo
N-PE
R3°° R1 00
HfN
L
N\
N-H 18-
o=
N—H
|$1 0 RS
G4.N\:/lkl}|)\rrw
A
10 RZ H O Q

wherein PG*, PG*©, L, R! R'® R2 R™ R3 R* A, A', Qand Q' are as defined in

claim 1.

82.  Anintermediate compound represented by Formula 19-8:
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5) -aryl-, 6) -biphenyl-, 107) - heteroaryl -, 8) -

het erocyclyl -, 9) -CrC6al kyl -(C2-C6 al kenyl)- C1-C6 al kyl-, 10) -Cl-C6

al kyl - (CawG4oaeyrsy 1) - C1- C6 al kyl - 11) - Cl- BET/€AR8N7/000@38 C7

cycl oal kyl )-C1-C6 al kyl -, 1512) -CrC6 al kyl - aryl-Cl1-C6 al kyl -, 13) -Cl-C6
al kyl - bi phenyl - C1-C6 al kyl -, 14)-C1-05 al kyl -heteroaryl-Cl1-C6 al kyl -, 15)

- Cl1- Coal kyl - heterocycyl -C1-C6 al kyl-, 16) -CrC6 al kyl-Y-CrC6 al kyl -, 2017)
-aryl-Y-aryl-, 18) -heteroaryl-Y-heteroaryl-, 19)

-heterocycl yl - Y-het erocycl yl -, RBo0RAYp &l 25wherein the al kyl,

al kenyl, al kynyl and cycl oal kyl are opti opal

2! .
I bst¥tuted with one or nore
Re substituents, and the aryl, biphenyl, é{z; 2 ﬁdﬁﬁﬂ‘éterocycl yl are
optionally substituted with one or more 1: V1 & sm ts; Qand QL are
, OR', or 3)

i ndependently selected from 1) NR4ARG, 0) MR11; or 5 Q and
QL are independently selected from %%
/
; X
Rl 0 g3
t
PG4‘N\')J\H)W‘(N
R? 0
o7 NRIR®
18-8

wherein PG*, PG*’, |, X, X!, R", R'®, R2, R® R R¥ R* R®® RS and R%™ are as
defined in claim 1.

5 83.  Anintermediate compound represented by Formula 19-3:

PG20. .0

NH

.

HN

07 OP& 493

wherein PG2 L, and X are as defined in claim 1.
i0

84. An intermediate compound represented by Formula 20-2;
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1) aryl, or 2) heteroaryl, the aryl and the heteroaryl being
optionally substituted with one or nore RIl substituents; 10 A and Al are
i ndependenol29o¥@hset ed from 1) -CH2-, 2) -CH2CHz--, 3) PCHUB20Z0ERKY] ) -,
4) -CH(C3-C7 cycloal kyl)-, 155) -C3-C7 cycloal kyl-, 6) -CH(Cl-C6

al kyl - C3-C7 cycl oal kyl)-, 7) -C(0) -, or 8) -C(0)OR13; 20Rl and R10 are

i ndependently selected from1l) H or 2) C-C6 alkyl optionally substituted
with one or nRARSNREOsubstituents; R2 and R20 are independently sel ected
from251) H or 2){Cl-C6 al kyl optionally substituted with one or nore R6
substituents; R3 aniNf#B6 are independently 01-C6 al kyl optionally
substituted with or nore R6 substituents; 30 R4 and R6 are each

i ndependently sekgcted from1) H 2) hal oal kyl, 3)4-Cl-C6 al kyl, 354)
<-C2-C6 al kenyl ;+ 5)4-C2-CA al kynyl, 6)4-C3-C7 cycloal kyl, 7)4-C3-Cr

cycl oal kenyl, §)4-aryl,

N 202
o7 “NRIRS

wherein L, X, X!, R* and R® are as defined in claim 1.

85. An intermediate compound represented by Formula 20-4.

RSN g

NJYNH2
R3

x‘i
v
/
X
R3
HzN/HfN
0 4[5
5 o NRAR

wherein L, X, X', R®, R*, and R°are as defined in claim 1.

86. A process for producing compounds represented by Formula |, described
hereinabove, the process comprising:
10  a) coupling two intermediates represented by Formula 1(iv):

wherein PG%, R', R? R?, A, and Q are as defined herein,

in a solvent; and

258



59) 4- heteroaryl, 10) 4-heterocyclyl, 11)4-heterobicyclyl, 12) 4-C(0)-R11,
13)4-C(0)0-R11, 1014)4-C(=Y)NR8BR9, or 15)4-S(0)2-R11, wherein the alkyl,

al kenyl , wblkegewidosiseycl oal kyl , cycl oal kenyl is optional | PCTEASOG7I000438 Wi t h
one or nore R6 substituents; and wherein the aryl, heteroaryl,

het erocycl yl, and heterobicyclyl is optional I y substitut ed with one or nore

R1 substltuents 15 R6 is 1) hal ogen, 204) . hal oal kyl ,
5) Cl- 06 RAIrRYPVing thegrotegting Grawgs so %todﬂmmorawwﬁw ormula 1. 8) C3-C7
cycl oal kyl , 259) Cs- C7 cycl oal kenyl , 10) aryl, 11) heteroaryl,

12) het | 13 ht bi c 14 U S(0),, R7,
16% Nﬁes%%cyi%pmsamm@mcmasq @ye@ﬂgrréylﬁ% %%@56%"(“#3 gR%fé be%)w ( )

hereinabove, the process comprising:

a) coupling an intermediate represented by Formula 2(iv):
NH»

F|(1 0 R3
PG“‘N\-)LNJﬁrN
RR H 0 A

2(iv)

wherein PG* is a protecting group, and R', R? R?, A, and Q are as defined herein.
10 and an activated diacid (0.5 equiv) in a solvent; and ‘
b) removing the protecting groups so as to form compounds of Formula I.

88. Use of a compound represented by Formuta | or I

1
@at o0 4 Rzoo

R1'
15 A‘Q
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21) S(0)2NR8R9 22) OC(0)R7, 23) OC(0)Y-R1l1, 524) SC(0)R7, or 25)

NC(Y) NR8BR9, wherein the aryl, heteroaryl, heterocyclyl, and heterobicyclyl
is opti onsbhkgo7aodis2ituted with one or nore R19 substit uBETKA2MORYNRS

1) H 2) haloalkyl, 3) C-C6 al kyl, 4) C2-C6 al kenyl, 155)
C2-C4 al kynyl, 6) C3-C7 cycloal kyl, 7) C3-C7 cycl oal kenyl, 8) aryl, 9)
heteroaryl, 2010) heterocyclyl, 11) heterobi C¥C| yl, 12) RSRQNcg:Pjg%, or 13)
Cl-C6 al ioyh-salt feseaf] fosthet mamyifacturp of e reslicament laeegling,prarayanting &% n the

al kyl, a's'fé?@)ﬂhara@t%éi’é@/ in&)fﬁéié’tﬂ'a%ﬁtosigyd oal kenyl is optionally substituted

W th one or nore substituents, and wherein the aryl, heteroaryl,
het er ocys¥hgreiniand het erobi cyclyl is optionally substituted with one or nore

Rl 9 substj tS.,.R8 and RO are each i ndependently 301) H, 2)
hal oal kylnl,ﬁslét?q(???% al kyl ,
5 YisNH,OorS;

BGis
1) X-L-X'—;

10 X and X' are independently selected from
10,
2) NR",
3} S,
4) -C4-Cs alkyl-,
15 5) -C4-Cs alkyl-O,
6) ~C1-Cs alkyl-NR"-,
7) -C4-Cs alkyl-S-,

N
20 10) H
o)
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4) C2-C6 al kenyl, 5) C2-C4 al kynyl, 356) C3-C7 cycloal kyl, WO
2007/ 104162PCT/ CA20071000428 7) C3-C7 cycl oal kenyl, 8) aryl, 9) heteroaryl,
10) het erwwORedmIL416511) het erobi cyclyl, 12) C(0)Rll, 13) PCTOANRDI2®r 14)
S(0) 2- R11, wherein the al kyl, al kenyl, al kynyl, cycloal kyl, cycl oal kenyl
is optionally substituted with 10one or nore R6 substituents; and wherein
the aryl, heteroaryl, heterocyclyl, and heterobicyclyl is optionally
substituted with o or nore Rl substituents; or R8 and RO together with
the nitrogen ato ith they are bonded forma five, six or seven
menbered hetenggyclig rin% optionally substituted with one or nore
R6substituents; 15 RL is 1) halogen, 2) NO2, 3) CN, 204) B(OR13) (OR14),

5) d-C6 al kyl, 6) C2-C6 alkenyl, 7) OGO al kynyl, 8) C3-C7
cycl oal kylis <@Rbq53rC? cycl oal kenyl, 10) hal oal kyl ,
1) —C4-Coo atkyl-,
5 2) -C»-Cg alkenyl-,

3) —C—C, alkynyl—,
4) ~C3-C; cycloalkyl—,
5) —aryl-,
6) —biphenyl—,
10 7) — heteroaryl—,
8) — heterocyclyl-,
9) —C;-Cs alkyl{C.-Cs alkenyl}- C4-Cg alkyl~,
10) —C4-Cg alkyl{Co—C, alkynyl}-Cy-Cs alkyl—
11} —C4-Cg alkyl—(C5-C; cycloalkyl}-C,-Cg alkyl-,
15 12) —C,-Cs alkyl- aryl-C;-Cg alkyl—,
13) —C4-Cg alkyl-biphenyl-C4-Cg alkyl—,
14) -C,-C; alkyl-heteroaryl-C,-Cg alkyl—,
15) —C4-C; alkyl-heterocycyl-Cy-Cs alkyl—,
16) —C;-Cq alkyl-Y-C4-C; alkyl—,
20 17) —aryl-Y-aryl-,
18) —heteroaryi-Y-heteroaryl—,
19) ~heterocyclyl-Y-heterocyclyl—,

o)
H
H\NJ\’TN?"
20 " o o

0
A A
H

r

21 C4-Cg alkyl-—-i,

25  wherein the alkyl, alkenyl, alkynyl and cycloalkyt are optionally substituted with one or
more R® substituents, and the aryl, biphenyl, heteroaryl, and heterocyclyl are optionally
substituted with one or more R substituents;

Q and Q' are independently selected from
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11) OR7, 12) NR8R9, 13) SR7, 3014) COR7, 15) C(0)0 R7, 16)
S(0)nR7, 17) CONRSRO, 18) S(0)2NR8R9, 3519) aryl, 20)

het er oar WO 201104162 er ocycl yl , or 22) heterobicyclyl, PCHCA2®7M004R% al kyl ,
al kenyl, al kynyl, cycl oal kyl, and cycl oal kenyl is optionally substituted 5
with one or nore R6 substituents; R11 is 1) haloal kyl, 2) d-C8 al kyl, 103)
C2-05 al kenyl, 4) C2-C4 al kynyl, 5) C3-C7 cycloal kyl, 6) C3-C7

cycl oal kenyl , 17NR$R§I 158) het eroaryl , 9) heterocyclyl, or
10) het er obi ¢ pherein the al kyl, alkenyl, alkynyl, cycloalkyl,
cycl oal kenyl i optlonally substltuted with one or nore R6 substituents;

and wherein tKBe)Sé@yR ;oet eroaryl, heterocyclyl, and 20heterobicyclyl is
optionally substitut ed with one or nore RL6 subst i tuents; Rl12 is
1) hal oal kyl , 2) Cl-C8 alkyl, 253) C2-Cs al kenyl,

5 Q and Q' are independently selected from

1) aryl, or
2) heteroaryl, the aryl and the heteroaryl being optionally substituted with one or

more R'® substituents;

10  Aand A’ are independently selected from
1) —CHz—,
2) ~CH.CHy—,
3) ~CH(C1—C; alkyl}—,
4) —CH(C,-C; cycloalkyl)—,
15 5) ~Cs—C; cycloalkyl-,
6) ~CH(C—~Cs alkyl-C3—C; cycloalkyl}-,
7)-C(Q)—, or
8) —C(O)OR™;

20 R'and R' are independently selected from
1) H, or
2) C—Cs alkyl optionally substituted with one or more R® substituents;

R? and R* are independently selected from
25 1) H, or
2) C,—C; alkyl optionally substituted with one or more R® substituents;

R® and R*® are independently C,~Cs alkyl optionally substituted with one or more R°®
substituents;
30
R* and R°® are each independently selected from
1) H,
2) haloalkyl,
3) C—Cq alkyl,
35 4) —C,-Cy alkenyl,
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4) C2-C4 al kynyl, 5) C3-C7 cycloal kyl, 6) C3-C7 cycloal kenyl, 7) aryl, 308)
het er oaryl 9) heterocyclyl, 10) heterobicyclyl, 11) C(0)-R11,
12) C(0) owezo®HLBp2C(0) NRBR2, WD 2007/ 104162PCT/ CA2007POTEA28)7040428( 0) - R,
or 15) C(=Y)NR8BR6, wherein the al kyl, alkenyl, alkynyl, cycloal kyl,

cycl oal kenyl is optionally substituted with one or nore R6 substituents;
and wherein the aryl, heteroaryl, heterocyclyl, and 5heterobicyclyl is
optionally substitut ed with one or nore Rl substituents; R13 and 1214 are
each |ndependér)t-’r92-@aa|k¥ﬂybr 2) A-06 alkyl; or RL3 and R14 are conbined to
forma hetero i 1a heterobi cycIyI ring; and R2 is 1)
H, WQ_‘%C\TI%CW?QEVSB% NHFnoc. 89. Use of the conpound of any one of
claims Ito 71 MerCeecypnallfeah ure of a nedicanent for treating or

preventing a dhse g state characterized by insufficient apoptosis. 20 90.
Use, according’to tlfains 88 or 89, in which the disease state is cancer.

91. USe of th&)ecomiegadyiof any one of claims 1 to 71 for the manufacture of
a medi canent f@lj tﬁe‘f%bﬁﬂﬂ,or preventing a proliferative disorder. 25

11} «heterobicyclyl,
12) «—C(0)-R",
13) —C(0)0O-R",
10 14) —C(=Y)NR®R®, or
15) «S(0)-R",
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
heterobicyclyl is optionally substituted with one or more R substituents;
15
R®is
1) halogen,
2) NO,,
3) CN,
20 4} haloalkyi,
5} C,—C; alkyl,
6} C,-Cs alkenyl,
7) C,-C, alkyny,
8) C5—C; cycloalkyl,
25 9) Cs-C; cycloalkenyl,
10) arvl,
11) heteroaryl,
12) heterocyciyl,
13) heterobicyclyl,
30 14) OR’,
15) S(0).R’,
16) NR°R?,
17} NRES(O),R",
18) COR’,
35 19) C(O)OR/,
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92. Use of the conpound of any one of clains 1 to 71 in conbination with an
agent for the manufacture of a nedicanent for treating or preventing a
proliferayOvzesrdiogiseder, wherein the agent is sel ected fPOWMCA2)0740042%t r ogen
receptor nodul ator, 30b) an androgen receptor nodul ator, c) retinoid
receptor nodul ator, d) a cytotoxic agent, e) an antiproliferative agent, f)
a prenyl-protein transferase i nhibitor, WD 2007/104162PCT/ CA2007/000428

g) an HVG CoAZ08MNRIBe i nhibitor, h) an HV protease inhibitor, i) a
reverse trans%i)g )g,qRéF@hi bitor, k) an angi ogenesis inhibitor, 51) a
PPAR- . 7 agoni st a PPAR-. & agonist, n) an inhibitor of inherent

mul tidrug resi2) @)RTO) an anti-enmetic agent, p) an agent useful in the
treat ment of 1 oa) agents useful in the treatnment of neutropenia, r)
an i mrunol ogi ?%Znhgnziﬁg"dr ug. s) a proteasone inhibitor; t) an HDAC

i nhi bBtor;' uRABA@R DO or of the chenotrypsin-like activity in the

pr ot easone; orQS}EI@(YEﬁ;{s pgase inhibitors; w) a nodulator of the immune
system such as, 'but not limted to, interferon-al pha, Bacillus

Cal met t e-wheeein thy Bgcheternsuyli hateretyalyl.rand hetespbicyoils antignally stbstivtad withne

rel ease j J the interl eukins, TNF, or induce rel ease of
deat h reﬁ]g%w{egﬁ%’s&g&gg?}@;s TRAIL; 20 x) a nodul ator of death receptors

TRAIL and TRAIL agoni sts such as the hunmani zed anti bodi es HGS- ETRL and

HGS- %RZ;RT% in conbination or sequentially with radiation therapy. 93. Use
of the conmpound of any one of clains 1 to 71 in conbination with a death
25r ecept or agdhiibst for the nmanufacture of a nedicanent the treatnent or
prevention of i’}tho%M!f erative disorder in a subject.

3) C~C; alkyl,
4} C,-Cs alkenyt,
15 5) C,-C, alkynyl,
6) C3—C; cycloalkyl,
7) C3-C; cycloalkenyl,
8) anyl,
9) heteroaryil,
20 10) heterocyclyl,
11) heterobicyclyl,
12) RBR®°NC(=Y), or
13) C+-Cs alkyl-C,-C, alkenyl, or
14) C4-C; alkyl-C»-C, alkynyl,
25  wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and

heterobicyclyl is optionally substituted with one or more R'® substituents;

R® and R® are each independently
30 1) H,
2) haloalkyl,
3) C—Cs alkyl,
4) C,-Cg alkenyl,
5) C.-C, alkynyl,
35 6) C3—C; cycloalkyl,
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94. Use, according to claim93, in which the death receptor agonist is

TRAI L. 3095. Use, according to claim93, in which the death receptor agoni st
i s a TRAIWO200¥t9é¥g. 96. Use, according to claim93, in RATKA200TS0ERSL h
receptor agonist is in an anount that produces a synergistic effect. 35 WO
2007/ 104162PCT/ CA2007/ 000428 97. Use, according to clainms 92 or 93, in
which the proliferative disorder is cancer. 98. A pharnaceuti cal

conposi ti on cdipriCsicgozlkenybonpound of any one of claims 1 to 71, mixed
with a phar rra%?gylcal | y acceptable carrier, diluent or excipient, for
treating or 5preventing a di sease state characterized by insufficient
apoptosis. 99) hatepasylmaceuti cal conposition conprising the conmpound of any
one of clainms 4} r&egojc &g conbi nation with any conpound that increases the
circulating Iev% 0 Xn "or nore death receptor agonists for preventing or
treat Png a pr dif) heteebicyelyldi sorder. 10 100. A nethod of preparing a

phar maceut i caluzgﬁq ttion, the nethod conprising: mxing the conpound of
any one of clal td 71, with a pharnmaceutically acceptable carrier,
diluent or exdBpCERY-RT5a01. An internediate compound represented by

Formul a 19-2: 1@%&1%15561 PGL- OPQR219-2 wherein PE, P02, L, X are as
defined herein . 'An internedi ate conpound represented by Fornul a

20-1a: \whepgio teldky ciDY), @kgoy.79yobekigcycloalitesylss aptrmally subsiitutediwittR4 and R5
are def | i : . t i
L

heterobicyclyl is optionally substituted with one or more R substituents;

or R® and R® together with the nitrogen atom to which they are bonded form a five, six or
seven membered heterocyclic ring optionally substituted with one or more R® substituents;
15
R"is
1) halogen,
2) NOg,
3) CN,
20 4) B(OR®)(OR™),
5) C,-Cg alkyl,
6) C,-Cg alkenyl,
7) C2-C4 alkynyl,
8) Cs-C; cycloalkyt,
25 9) C5-C; cycloalkenyl,
10) haloalkyl,
11) OR’,
12) NR®R®,
13) SR,
30 14) COR’,
15) C{O)O R,
16) S(0).R’,
17) CONR®R®,
18) S(O).NRR®,
35 19) aryl,
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Formula | and |11, by the treatnment of a conpound of Fornmula | or Il with
Ito 2 equiv of a pharnmaceutically acceptable acid, as defined herein. 104.
A met hod wb 20@11e¢ts2 ng | oss of function or suppressi on oPCT/GRZ007MHMME O, the
met hod 10conprising: a) admnistering to a subject, a therapeutically
effective anmount of a pharmaceutical conposition, according to claim88; b)
isolating a tissue sanple fromthe subject; and c) detecting a | oss of
function or s@fphetewianth of | APs fromthe sanple. 105 The nethod, according

to claim 104, AP is Xl AP. 15 106. The nethod, according
to claim 104, 232@%‘%#%”%‘%"’1 AP i's c-1APL. 107. The nethod, according
to claim 104 27 beterobicybll, | AP is c-1 AP2. 20108. The net hod, according to

SL?OP d|1 gg\l rf‘d Qkﬁ%@éﬂkﬁ%l&iﬂ)}l cfeIdiap ranﬁ%yﬂbélke s optidffhy stibétiied hod

e ti'ssue Is nor tissue. 110. The
et hod, a‘ﬂ&lcm&lqnglqre Isabstmmm,, \/\herel n the tissue |s i solated fromthe
25hemat opeotic system 111. The nethod, according to claim 104, wherein
nononucl ear cells are isolated from bl ood, and | AP suppression or loss is
measur ed R'hist he nononecl ear cel | s.

1} haloalkyl,
2) C—Cs alkyl,
10 3) C,-Cy alkenyl,
4) C,-C, alkynyl,
5) C4~Cy cycloalkkyl,
6) C;-C; cycloalkenyi,
7) aryl,
15 8) heteroaryi,
8} heterocyclyl, or
10) heterobicyciv,
wherein the alkyi, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyl, and
20  heterobicyclyl is optionally substituted with one or more R'® substituents;

R%is

1) haloalkyi,
2) C1—Cs alkyl,

25 3) C-Cs alkenyl,
4) C,-C,4 alkynyl,
5) C5—C; cycloalkyt,
6) C;-C; cycloalkenyl,
7) aryl,

30 8) heteroaryl,
9} heterocyclyl,
10) heterobicyclyl,
11) C(O)-R",
12) C(0)O-R",

35 13) C(OINR®R®,
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14) S(0)-R", or
15) C(=Y)NR®R®,

wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituied with

one or more R® substituents; and wherein the aryl, heteroaryl, heterocyclyt, and
heterobicyclyl is optionally substituted with one or more R substituents;

R'™ and R* are each independently
1 H, or
2) Cy-C; alkyl; or
R and R are combined to form a heterocyclic ring or a heterobicyclyl ring; and

R%is
1) H,
2) NH, or
3)NHFmoc.

89.  Use of the compound of any one of claims 1 to 71 for the manufacture of a
medicament for treating or preventing a disease state characterized by insufficient
apoptosis.

90. Use, according to claims 88 or 89, in which the disease state is cancer.

91.  Use of the compound of any one of claims 1 to 71 for the manufacture of a
medicament for treating or preventing a proliferative disorder.

92.  Use of the compound of any one of claims 1 to 71 in combination with an agent for

the manufacture of a medicament for treating or preventing a proliferative disorder,
wherein the agent is selected from:

a) an estrogen receptor modulator,

b) an androgen receptor modulator,

¢) retinoid receptor modulator,

d) a cytotoxic agent,

e) an antiproliferative agent,

f) a prenyl-protein transferase inhibitor,
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g) an HMG-CoA reductase inhibitor,

h) an HIV protease inhibitor,

i) a reverse transcriptase inhibitor,

k) an angiogenesis inhibitor,

1) a PPAR-.y agonist,

m) a PPAR-.8. agonist,

n) an inhibitor of inherent multidrug resistance,

0) an anti-emetic agent,

p) an agent useful in the treatment of anemia,

q) agents useful in the treatment of neutropenia,

r) an immunologic-enhancing drug.

s) a proteasome inhibitor;

t) an HDAC inhibitor;’

u) an inhibitor of the chemotrypsin-like activity in the proteasome; or
v) E3 ligase inhibitors;

w} a modulator of the immune system such as, but not limited to, interferon-alpha, Bacillus
Calmette-Guerin (BCG), and ionizing radition (UVB) that can induce the release of '
cytokines, such as the interleukins, TNF, or induce release of death receptor ligands such
as TRAIL;

x) a modulator of death receptors TRAIL and TRAIL agonists such as the humanized
antibodies HGS-ETR1 and HGS-ETRZ2;

or in combination or sequentially with radiation therapy.

93.  Use of the compound of any one of claims 1 to 71 in combination with a death
receptor agonist for the manufacture of a medicament the treatment or prevention of a
proliferative disorder in a subject.

94. Use, according to claim 93, in which the death receptor agonist is TRAIL.

85, Use, according to claim 93, in which the death receptor agonist is a TRAIL
antibody.

96. Use, according to claim 93, in which the death receptor agonist is in an amount
that produces a synergistic effect.
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97.  Use, according to claims 92 or 93, in which the proiiferétive disorder is cancer.

98. A pharmaceutical composition comprising the compound of any one of claims 1to
71, mixed with a pharmaceutically acceptable carrier, diluent or excipient, for treating or
preventing a disease state characterized by insufficient apoptosis.

99. A pharmaceutical composition comprising the compound of any one of claims 1 to
71 in combination with any compound that increases the circulating level of one or more
death receptor agonists for preventing or treating a proliferative disorder.

100. A method of preparing a pharmaceutical composition, the method comprising:
mixing the compound of any one of claims 1 to 71, with a pharmaceutically acceptable

carrier, diluent or excipient.

101. An intermediate compound represented by Formula 19-2:

PG20. 0
N-PC!
X
IL/
X
petN
o~ ~OPG? 19-2

wherein PG', PG? L, X are as defined herein

102. An intermediate compound represented by Formula 20-1a:

269



10

15

20

25

WO 2007/104162 PCT/CA2007/000428

RARIN._O
1
N PG
X1
4
X
oG N 20-1a
0° "NRRS

wherein PG’, L, X, X', R* and R® are as defined herein.

103.

A method for the preparation of a pharmaceutically acceptable salt of compound of

Formula | and Il, by the treatment of a compound of Formula | or Il with 1 to 2 equivofa

pharmaceutically acceptable acid, as defined herein.

104.

A method of detecting loss of function or suppression of 1APs in vivo, the method

comprising: a) administering to a subject, a therapeutically effective amount of a

pharmaceutical composition, according to claim 88; b) isolating a tissue sample from the

subject; and c) detecting a loss of function or suppression of 1APs from the sample.

105

106.

107.

108.

109.

110.

The method, according to claim 104, wherein the IAP is XIAP.

The method, according to claim 104, wherein the IAP is c-IAP1.

The method, according to claim 104, wherein the |AP is c-l1AP2.

The method, according to claim 104, wherein the tissue is a tumor sample.

The method according to claim 104, wherein the tissue is normal tissue.

The method, according to claim 104, wherein the tissue is isolated from the

hematopeotic system.
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111. The method, according to claim 104, wherein mdhbhucfear cells are isolated from
blood, and AP suppression or loss is measured in the mononeclear cells.
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