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IAP BIR DOMAIN BINDING COMPOUNDS

FIELD OF THE INVENTION
The present invention concerns compounds that bind to IAP BIR domains, and more
particularly the BIR2 and BIR3 domains, and are useful to treat proliferative disorders.

BACKGROUND OF THE INVENTION

Apoptosis, or programmed cell death, typically occurs in the development and
maintenance of healthy tissues in multicellular organisms. Apoptotic pathways are known
to play a critical role in embryonic development, viral pathogenesis, cancer, autoimmune
disorders, and neurodegenerative diseases, as well as other events. Alterations in an
apoptotic response has been implicated in the development of cancer, autoimmune
diseases, such as systemic lupus erythematosis and multiple sclerosis, and in viral
infections, including those associated with herpes virus, poxvirus, and adenovirus.

Caspases, a class of cysteine proteases, are known to initiate apoptosis after they have
been activated. Inhibitors of apoptosis proteins (IAPs) are a family of proteins, which
contain one to three baculovirus IAP repeat (BIR) domains, namely BIR1, BIR2, and BIR3,
and may also contain a RING zinc finger domain at the C-terminus. Examples of human
IAPs include, XIAP, HIAP1 (also referred to as clAP2), and HIAP2 (clAP1) each have
three BIR domains, and a carboxy terminal RING zinc finger. NAIP has three BIR domains
(BIR1, BIR2 and BIR3), but no RING domain, whereas Livin and ILP2 have a single BIR
domain and a RING domain. The prototype X chromosome linked inhibitor of apoptosis
(XIAP) can not only inhibits the activated caspases by direct binding to the caspases, but
XIAP can also remove caspases and the second mitochondrial activator of caspases
(Smac) through the ubiquitylation-mediated proteasome pathway via the E3 ligase activity
of a RING zinc finger domain. The BIR3 domain of XIAP binds and inhibits caspase-9,
which can activate caspase-3 .. The linker-BIR2 domain of XIAP inhibits the activity of
effector caspases-3 and -7;. The BIR domains have also been associated with the
interactions of IAPs with tumor necrosis factor-associated factor (TRAFs)1 and -2, and to
TAB1.
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Overall the IAPs function as a "constraint’ to apoptosis.and may directly contribute to the

tumor progression and resistance to pharmaceutical intervention. Interestingly, results
demonstrate that resistance to apoptosis can be decrease by siRNA and antisense
directed against specific IAP’s in the cells. Hence, suggesting that interfering with the
activity of the IAP’s might prove advantageous in sensitizing disease cells to apoptosis.

A series of endogenous ligands are capable of interfering with IAP-caspase interactions.
The X-ray crystallographic structure of XIAP BIR2 and BIR3 reveal a critical binding
pocket and groove on the surface of each BIR domain. Two mammalian mitochondrial
proteins, namely second mitochondria-derived activator of caspases (Smac) and
Omi/Htra2, and four Drosophila proteins (Reaper, HID, Grim, and Sickle), which interfere
with IAP function by binding to these sites on their respective BIR domain, have been
identified. Each of these IAP inhibitors possesses a short amino-terminal tetrapeptide,
AXPY or AVPI-like, sequence that fits into this binding pocket and disrupts protein/protein
interactions such as IAP-caspase interactions. Although the overall folding of individual
BIR domains is generally conserved, there are alterations in the amino acid sequences
that form the binding pocket and groove. As such, binding affinities vary between each of
the BIR domains.

A number of compounds have been described, which reportedly bind XIAP including Wu
et al.,, Chemistry and Biology, Vol.10, 759-767 (2003); United States published patent
application number US2006/0025347A1; United States published patent application
number US2005/0197403A1; United States published patent application number
US2006/0194741A1. Some of the aforesaid compounds, while they appear to target the
BIR3 domain of XIAP, may have limited bioavailability and therefore limited therapeutic
application. Moreover, the compounds may not be selective against other IAPs and
indeed other BIR domains, such as BIR2; this lack of specificity may lead to unexpected
side effects.

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.
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SUMMARY OF THE INVENTION

We have discovered a novel series of compounds that bind the IAPs and enhance cellular
apoptosis through IAP modulation, and which have pharmaceutically acceptable stability
and bioavailability. The compounds cause a reduction and/or loss of IAP proteins in cells
before mitochondrial depolarization occurs and prevent the interaction of caspase 3,
caspase 7, and caspase 9. Hence the results suggest that a small molecule is capable of
down-regulating [AP proteins before cell death, thus indicating that clinically the use of
the compounds may offer advantages when administered in combination with other

inducers of apoptosis.

Specifically, we have demonstrated that the compounds bind to the BIR2 and BIR3
domain of mammalian XIAP and promote apoptosis of cancer cells as a single agent or in
combination with a chemotherapeutic agent or a death receptor agonist, such as TRAIL or
agonist TRAIL receptor antibodies. Moreover, the compounds were shown to cause
reduction of cellular IAPs from cells which can be blocked by a proteasome inhibitor.
Advantageously, the compounds described herein have pro-apoptotic activity in various
cancer cell lines such as bladder, breast, pancreatic, colon, leukemic, lung, lymphoma,
multiple myloma and ovarian, and may also find application in other cancer cell lines and
in diseases where cells are resistant to apoptosis. The compounds were found to kill
cancer cells in a synergistic manner with TRAIL or with agonist TRAIL receptor
antibodies. These results suggest that compounds of the instant invention will
demonstrate anti-cancer activity against solid tumours and tumours originating from the
hematological malignancies. Moreover, the compounds of the present invention may also
find application in preventing cancer cell metastasis, invasion, inflammation, and in other
diseases characterized by cells that are resistant to apoptosis. The compounds may also

be useful in the treatment of autoimmune diseases.

According to one aspect embodiment of the present invention, there is provided a
compound represented by Formula I, including any isomer, enantiomer, diastereoisomer

or tautomer thereof:

3331559 I:LNB
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R200
Q1, A1 H

b \H/\NHRmO

(BG

R J\(Q

RzHo
I

or a salt thereof,
wherein:
nisOor1;

mis 0, 1or2;
pis1or2;

YisNH, OorS;

A and A" are independently selected from
1) -CH—,
2) —CH,CHz-,
3) —=C(CHjz).-,
4) —CH(C—Cs alkyl)-,
5) —CH(Cs~C; cycloalkyl)—,
6) —C3—C; cycloalkyl—,
7) —CH(C,—Cs alkyl-C3—C; cycloalkyl)-, or
8)-C(0) —;

B and B' are independently C;-Cs alkyl;

BGis
1) =X-L-X'-; or

BGis
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5 Xand X' are independently selected from
1) O, NR", S,
O

@)
2 /U\O/E,

10 5) n”

\\S//

7N
6) =~ = or
0.0
"‘L,_/S\N/‘?H
7) H o,

’

L is selected from:

15 1) =C4-Cypalkyl—,
2) =C,-C; alkenyl—,
3) —C,—C, alkynyl-,
4) —C;-C; cycloalkyl—,
5) —phenyl—,

20 6) —biphenyl—,
7) —heteroaryl—,

PCT/CA2006/001721
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8) —heterocyclyl—,

9) —C;-Cg alkyl—(C,-Cs alkenyl)}- C;-Cg alkyl—,
10) —C;-Cg alkyl-C,—C, alkynyl)-C;-Cg alkyl,
11) —C,-Cs alkyl—(C3-C; cycloalkyl}-C;-Ce alkyl,
12) —C4-Cg alkyl-phenyl-C,-Cs alkyl,

13) —C;-Cs alkyl-biphenyl-C,-Cs alkyl,

14) —C,-C¢ alkyl-heteroaryl-C,-C¢ alkyl,

15) —C4-Cs alkyl-heterocyclyl-C,-Cg alkyl, or
16) —C4-Cs alkyl-O-C;4-Cs alkyl;

R", R'® R?and R? are independently selected from:
1)H, or
2) C;—Cg alkyl optionally substituted with one or more R® substituents;

Q and Q' are each independently
1) NR*R®,
2) OR", or
3) S(O)mR'"; Or

Q and Q' are each independently

O/p
wherein G is a 5, 6 or 7 membered ring which optionally incorporates one or more

heteroatoms chosen from S, N or O, the ring being optionally substituted with one or more
R'? substituents;

R* and R® are each independently
1) H,
2) haloalkyl,
3) «—C,—Cq alkyl,
4) «—C,-Cg alkenyl,
5) «C,-C, alkynyl,
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6) —C3;—C; cycloalkyl,

7) «—C;-C; cycloalkenyl,

8) «aryl,

9) «—heteroaryl,

10) —heterocyclyl,

11) —heterobicyclyl,

12) —C(0)-R",

13) —C(0)O-R",

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;

"Réis

1) halogen,

2) NO.,

3) CN,

4) haloalkyl,

5) C,—Cs alkyl,

6) C,-Cs alkenyl,
7) C,-C, alkynyl,
8) C;-C; cycloalkyl,
9) C;-C; cycloalkenyil,
10) aryl,

11) heteroaryl,

12) heterocyclyl,

13) heterobicyclyl,
14) OR’,

15) S(O)mR’,
16)NR°R? ,
17)NR®S(0O),R"",
18) COR’,

19) C(O)OR’,

20) CONR®R®,
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21) S(O)zNRaRg

22) OC(O)R’,
23) OC(O)Y-R",
24) SC(O)R’, or
25)NC(Y)NR®R®,
wherein the aryl, heteroaryl, heterocyclyl, and heterobicyclyl is optionally substituted with

one or more R substituents;

R is

1) H,

2) haloalkyl,

3) C—Cs alkyl,

4) C,-Cs alkenyl,

5) C,-C, alkynyl,

6) C,—C; cycloalkyl,

7) Cs-C; cycloalkenyl,

8) aryl,

9) heteroaryl,

10) heterocyclyl,

11) heterobicyclyl,

12) R® R°NC(=Y), or

13) C;-Cs alkyl-C,-C, alkenyl, or

14) C4-C; alkyl-C,-C, alkynyl,
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
1) H,
2) haloalkyl,
3) C1—Cs alkyl,
4) C,-C¢ alkenyl,
5) C,-C, alkynyl,
6) C3;—C; cycloalkyl,
7) C3-C; cycloalkenyl,
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8) aryl,

9) heteroaryl,

10) heterocyclyl,

11) heterobicyclyl,

12) C(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
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;

R"is
1) halogen,
2) NO;,
3) CN,
4) B(OR™)OR™),
5) C4-Cg alkyl,
6) C.-Cs alkenyl,
7) C,-C,4 alkynyl,
8) Cs;-C; cycloalkyl,
9) C;-C; cycloalkenyl,
10) haloalkyl,
11)OR’,
12)NR®R®,
13) SR/,
14) COR’,
15) C(O)OR’,
16) S(O)mR’,
17) CONR®R?,
18) S(O),NR°R®,
19) aryl,
20) heteroaryl,
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21) heterocyclyl, or

22) heterobicyclyl,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, and cycloalkenyl is optionally substituted

with one or more R® substituents;

R" is

1) haloalkyl,

2) C,—Cq alkyl,

3) C,-Cs alkenyl,

4) C,-C, alkynyl,

5) Cs;-C; cycloalkyl,

6) C;-C; cycloalkenyl,

7) aryl,

8) heteroaryl,

9) heterocyclyl, 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;

R"is
1) haloalkyl,
2) C4—Cg alkyl,
3) Cx-Cs alkenyl,
4) C,-C,4 alkynyl,
5) C;—C; cycloalkyl,
6) C;-C; cycloalkenyl,
7) aryl,
8) heteroaryl,
9) heterocyclyl,
10) heterobicyclyl,
11) C(O)-R",
12) C(0)O-R",
13) C(O)NR®R®,
14) S(O)n-R"', or
10
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15) C(=Y)NR8R9,

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
1)H, or
2) C4-Cs alkyl; or
R' and R' are combined to form a heterocyclic ring or a heterobicyclyl ring;

or a prodrug; or the compound of Formula | is labeled with a detectable label or an affinity
tag.

According to one alternative aspect of the present invention, there is provided a

compound, according to Formula 2:
y Re00

Q1-Al 9 N
g

o)
‘|3‘ M2

wherein n, R", R%, R'®, R? A A" Q, Q', B, B', and BG as defined above;
wherein the dotted line represents a hypothetical dividing line for comparing the
substituents associated with M1 and M2.

In another aspect of the present invention, M1 is the same as M2.

In another aspect of the present invention, M1 is different from M2.

In one aspect of the present invention, there is provided an intermediate compound
represented by Formula 2(iii):

11
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2 (iii)
wherein PG? is a protecting group, and R', R?, B, A, and Q are as defined herein.

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

represented by Formula 3(iii):

Q\

A
0O

O

NH,
(: 0-B
B1-O
i’
N 3 (i)
s

A1
\()1

10 wherein B, B, A, A", Qand Q' are as defined herein.

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

represented by Formula 4(iii):

15
Ry e
RZ H (@) A\Q
4 (iii)
wherein PG? is a protecting group, and B, R', R A, and Q are as defined herein.
20

12
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In another aspect of the present invention, there is provided an intermediate compound

represented by Formula 5(i):

PG3
R1'N;Z‘R2

O™\ H

G o, B
RN 0O YNH 0

5  wherein PG? are protecting groups, and B, B', R', R'®, R% R®, A, A", Q and Q" are as
defined herein.

In another aspect of the present invention, there is provided an intermediate compound
represented by Formula 6(iii):
10

6 (iii)

wherein PG? is a protecting group, and R', R?, B, A, and Q are as defined herein.

15  In another aspect of the present invention, there is provided an intermediate compound
represented by Formula 7(iii):

7 (i)
20  wherein PG® is a protecting group, and R', R?, B, A, and Q are as defined herein.

13
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In another aspect of the present invention, there is provided an intermediate compound

represented by Formula 8(iii):

5.
O o—s
HZN}N ;j

A1

g 8

5 wherein B, B', A, A', Qand Q' are as defined herein.

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

10 a) coupling two intermediates represented by Formula 2(iii):

-~
2 ’O
PG’ 0 B
N
oAb, LA
RZ H O A~q
' 2 (iii)
in a solvent; and

15 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
compounds represented by Formula |, described hereinabove, the process comprising:

20 a) coupling an intermediate represented by Formula 3(iii):

14
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R1
|
pz N~ COH
and R? 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
compounds represented by Formula |, described herein, the process comprising:

a) coupling an intermediate represented by Formula 4(iii):
10

wrt e
RZ H 0 A
4 (iii)

and an activated diacid, such as a diacid chloride or a diacid activated using 2 equiv of
peptide coupling agents, in a solvent; and

15 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
compounds represented by Formula |, described herein, the process comprising:

20 a) coupling two intermediates represented by Formula 4(iii):

15
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PG® 0O NH

B/
[}
- 1
2
RZ H O A
4 (iii)

with triphosgene, or a triphosgene equivalent, 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
compounds represented by Formula |, described herein, the process comprising:

a) coupling two intermediates represented by Formula 4iii):

an 0 B,NH
i

2

10

4 (iii)
with oxalyl chloride in a solvent; and

b) removing the protecting groups so as to form compounds of Formula 1.
15

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

20 a) coupling an intermediate represented by Formula 6(iii):

OH
PG O B
R \)J\NJYQ
RZ H O A-q
6 (iii)
and either a bis-acid chloride or a bis-acid, using a coupling agent, in a solvent; and

b) removing the protecting groups so as to form compounds of Formula 1.
25

In another aspect of the present invention, there is provided a process for producing

compounds represented by Formula |, described herein, the process comprising:
16
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a) coupling an intermediate represented by Formula 7(ijii):

COH

7 (iii)
and a diamine using a coupling agent 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
10 compounds represented by Formula |, described hereinabove, the process comprising:

a) coupling an intermediate represented by Formula 8(iii):

Q\
A
(@)
O
NH»2
B1-O
HoN
N;j
(@)

1
A\Q1 8(iii)
R1
|
chozH

PG?
15 and R? 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

compounds represented by Formula |, described hereinabove, the process comprising:

20
a) hydrogenation of a compound represented by 1g

17
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in a solvent,
b) filtration and concentration of the solvent to provide a compound of formula 1q.

In another aspect of the present invention, there is provided a pharmaceutical composition
comprising a compound, as described above, mixed with a pharmaceutically acceptable

carrier, diluent or excipient.

In another 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
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
comprising a compound of formula | in combination with any therapeutic agent that
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
above, with a pharmaceutically acceptable carrier, diluent or excipient.
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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
pharmaceutical composition, as described above, so as to treat the disease state.

In another aspect of the present invention, there is provided a method of modulating IAP
function, the method comprising: contacting a cell with a compound of the present
invention so as to prevent binding of a BIR binding protein to an IAP BIR domain thereby
modulating the IAP function.

In another aspect of the present invention, there is provided a method of treating a
proliferative disease, the method comprising: administering to a subject in need thereof, a
therapeutically effective amount of the pharmaceutical composition, as described above,
so as to treat the proliferative disease.

In another aspect of the present invention, there is provided a method of treating cancer,
the method comprising: administering to a subject in need thereof, a therapeutically
effective amount of the pharmaceutical composition, as described above, so as to treat
the cancer.

In another aspect of the present invention, there is provided a method of treating cancer,
the method comprising: administering to the subject in need thereof, a therapeutically
effective amount of a pharmaceutical composition, as described above, in combination or
sequentially with an agent selected from:
a) an estrogen receptor modulator,
b) an androgen receptor modulator,
c) retinoid receptor modulator,
d) a cytotoxic agent,
e) an antiproliferative agent,
f) a prenyl-protein transferase inhibitor,
g) an HMG-CoA reductase inhibitor,
h) an HIV protease inhibitor,
i) a reverse transcriptase inhibitor,
k) an angiogenesis inhibitor,
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1) a PPAR-.y agonist,
m) a PPAR-.3. 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-ETR2,;

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

In another aspect of the present invention, there is provided a method for the treatment or
prevention of a proliferative disorder in a subject, the method comprising: administering to

the subject a therapeutically effective amount of the composition, described above.

In another aspect of the present invention, the method further comprises administering to
the subject a therapeutically effective amount of a chemotherapeutic agent prior to,
simultaneously with or after administration of the composition.

In yet another aspect, the method further comprises administering to the subject a
therapeutically effective amount of a death receptor agonist prior to, simultaneously with
or after administration of the composition. The death receptor agonist is TRAIL or the
death receptor agonist is a TRAIL antibody. The death receptor agonist is typically
administered in an amount that produces a synergistic effect.

Use of the compound as described above for the manufacture of a medicament for

treating or preventing a disease state characterized by insufficient apoptosis.
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Use of the compound as described above for the manufacture of a medicament for

treating or preventing a proliferative disorder.

Use of the compound as described above 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,

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-.5. 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-ETR2;

or in combination or sequentially with radiation therapy.
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Use of the compound as described above in combination with a death receptor agonist for
the manufacture of a medicament the treatment or prevention of a proliferative disorder in

a subject.

The death receptor agonist is TRAIL.

The death receptor agonist is a TRAIL antibody.

The death receptor agonist is in an amount that produces a synergistic effect.
The proliferative disorder is cancer.

A pharmaceutical composition comprising the compound as described above, mixed with
a pharmaceutically acceptable carrier, diluent or excipient, for treating or preventing a
disease state characterized by insufficient apoptosis.

A pharmaceutical composition comprising the compound of any one of claims 1 to 63 in
combination with any compound that increases the circulating level of one or more death
receptor agonists for preventing or treating a proliferative disorder.

A method of preparing a pharmaceutical composition, the method comprising: mixing the
compound of any one of claims 1 to 63, with a pharmaceutically acceptable carrier, diluent
or excipient.

In another aspect of the present invention, there is provided a probe, the probe being a
compound of Formula | 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
compounds that bind to an IAP BIR domain, the assay comprising:
a) contacting an IAP 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:;
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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 | labeled with a detectable label or an affinity

label.

BRIEF DESCRIPTION OF THE DRAWINGS
Further aspects and advantages of the present invention will become better understood
with reference to the description in association with the following Figure, wherein:

Figure 1 is a graph illustrating a combination anti-cancer therapy in vivo in which
compound 23 showed an increasing anti-tumor effect in combination with mitomycin-C
with increasing dose, with 5Smg/kg showing superior anti-tumor effects compared to the
1mg/kg dose.

DETAILED DESCRIPTION OF THE INVENTION

In many cancer and other diseases, an up-regulation of IAP induced by gene defects or by
chemotherapeutic agents has been correlated to an increased resistance to apoptosis.
Interestingly our results show that cells decreased in |1APs level are more sensitive to
TRAIL induced apoptosis. It is believed that a small molecule, which will induce IAP loss
from disease cells, will be useful as a therapeutic agent. We report herein compounds
that can directly bind to IAPs, cause a down regulation of the IAP proteins in cell before
cell death, induce apoptosis in cancer cells, and have a synergistic effect in combination
with inducers of apoptosis. This may provide clinical advantages in terms of the selectivity
of therapy based on the phenotype of the cancer cells. Also advantageous would be the
use of the compounds of the present invention in combination therapy with other agents in
terms of the doses of administration and the time of scheduling the doses.

The compounds of the present invention are useful as BIR domain binding compounds in
mammalian IAPs and are represented by Formula I. The following are embodiments,

groups and substituents of the compounds according to Formula I, which are described
hereinafter in detail.

n:

In one subset of compounds of Formula 1, niis 1.
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Any and each individual definition of n as set out herein may be combined with any and
each individual definition of Core, R', R%, R'®, R?, A, A', Q, Q", B, B', and BG as set out

herein.
5
Aand A"
In one subset of compounds of Formula 1, A and A' are both CH..
In an alternative subset of compounds of Formula 1, A and A' are both C=0.
10

In another alternative subset of compounds of Formula 1, Ais CH, and A' is C=0.

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

Core:

Therefore, the present invention comprises compounds of Formula 1a through 1c:

20
O 200
o ., R Q' Q u R O o R200
a AN NN R @ N
N Y NHR1 X N Y NHR'®
1
'B1 O Bi IB1 0]
8 8¢ BG
|
o B o B o B
R1
RIHN. Q’ HN\;)LNJ}(N R'HN A N
~2 ” Q Rz H o Q N Q
1a 1b 1c

wherein BG, B, B', Q, Q", R", R'®, R? and R*® are as defined hereinabove and
25 hereinafter.

In one example, the present invention comprises compounds of Formula 1a.
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In an alternative example, the present invention comprises compounds of Formula 1b.

Any and each individual definition of Core as set out herein may be combined with any
and each individual definition of A, A', n, R', R?2, R'® R* Q, Q', B, B!, and BG as set out
5  herein.

B and B':

In one subset of the aforesaid compounds, B and B' are both C;-C, alkyl.
10  Any and each individual definition of B and B' as set out herein may be combined with any
and each individual definition of Core, A, A', n, R, R34 R'® R Q, Q', and BG as set

out herein.

BG:

15  In one subset of the aforesaid compounds, BG is =X-L-X'-.

Therefore the invention comprises compounds of Formula 1d and 1e:

o) 200
o R200 Qf o K R
Q' : N
Ny e R e
(o] B! o
B1
1

g
1

X" !
! T
B X B X
0 1 Vﬁ\
R‘HN\)]\N/’\r(N RN AN q
Z 5 H
20 Rz H g Q R ° o
1d 1e
wherein L, B, B', X, X', Q, Q", R", R'® R2 and R* are as defined herein.
In an alternative subset of the aforesaid compounds, BG is
o) H @ ™
A e
25 H H or o H
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Therefore, the invention alternatively comprises compounds of Formula 1f or 1g:

R! R
H' N R2 H —:Z‘Rz
0
OI NH

NH
H H 0 HN-B/Szo
R’°°N 0 NH/S‘ RN O —
1. y— \ 1 N
B'-NH ) B-NH O A

R200 N R200 ,N \Q
;j H N

5 1f 1g
wherein A, A', B, B', Q, Q", R", R'®, R? and R*® are as defined herein.

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

X and X':

In one subset of the aforesaid compounds, X and X' are independently selected from
1) O, NH,

A

15
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Q.0
E /S\N/is_

7) H

In another subset of the aforesaid compounds, X and X' are independently selected from:
1)0,

Typical examples of X and X" include both X and X' as being O, k3 o ,

0 r j\
L"IL/U\O/E \N r‘_’.r

, or H

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

L:
In one subset of the aforesaid compounds, L is selected from:
1) —C4-Cyo alkyl—,
2) -C,~C, alkynyl—,
3) —phenyl—,
4) —biphenyl—,

5) —C,-Cg alkyl-(C,—~C4 alkynyl)}-C,-Cs alkyl,
6) —C,-C; alkyl-phenyl-C4-Cg alkyl,

7) —C4-Cg alkyl-biphenyl-C,-Cgs alkyl, or

8) —C;-C; alkyl-O-C,-Cs alkyl.

In another subset of the aforesaid compounds, L is selected from
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1 ) —C1-C1o aIkyI—,

2) —phenyl-,

3) —biphenyl—,

4) —CH,~(C,—C, alkynyl)-CH-,
5) —CH_—phenyl-CH-,

6) —CH--biphenyl-CH-, or

7) —C4-Cs alkyl-O-C4-Cs alkyl.

Typical examples of L include

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

r:

In the aforesaid aspect, ris an integer of 1, 2, 3, 4, 5, 6, 7, or 8.
Any and each individual definition of r as set out herein may be combined with any and
each individual definition of Core, A, A', n, R', R, R'®, R*, Q, Q', B, and B' as set out

herein.

More explicitly, the invention comprises compounds of Formulae 1h, 1i, 1j, 1k, 1, and 1m:
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H
R1ON o = 0 N-R

Q' 1h

Al
Q' 1i
Q\
A
0O
N H
N R?
H X-B \
< p-x! H
R2w ’N
H N;j
(0]
A1
Q' 1]
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Q\
A
vl
N H
Sl
X8
/ 0 N-R!
H (C1-Cg alkyl) H
RN O /
< px
R? N
. J»N;j
o
A
Q" 1k
Q\
A

(o]
A1
e} 11
Q\A
(o]
,/S‘(,H R2
{ N N, T
B )/\N_R1
S
,(C4-Cealkyl)
o /(01-06 alkyl)-O
R'"™N 0
< gx
R®0 N
e
(0]
A1
Q' 1m

wherein B, B', X, X', Q, Q", R", R'®, R? and R?® are as defined herein.

R' and R'™:
In one subset of the aforesaid compounds R’ and R'® are both C,-Cs alkyl.
10  Inone example, R' and R'® are both CHs.
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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", n, R% R®, Q, Q', B, B!, and BG as set

out herein.

R? and R*®:
In one subset of the aforesaid compounds R? and R are both C,-C; alkyl.

In one example, R? and R?® are both 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', n, R', R'®?, Q, Q', B, B', and BG as set

out herein.

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

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

R*and R%:
In one subset of the aforesaid compounds in which A and A' are both C=0, R*is H and
R® is selected from
1) haloalkyl,
2) «—C;—C; alkyl,
3) «—C,-Cs alkenyl,
4) —C>-C, alkynyl,
5) «C3—C; cycloalkyl,
6) «C3-C; cycloalkenyl,
7) «aryl,
8) «—heteroaryl,
9) —heterocyclyl, or
10) «<heterobicyclyl,
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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.

In another subset of the above compounds, R* is H and R® is selected from:
1) «C5—C; cycloalkyl,
2) «—C3-C; cycloalkenyl,
3) «aryl,
4) —heteroaryl,
5) «—heterocyclyl, or
6) —heterobicyclyl.

In still another subset of the above compounds, R* is H and R® is aryl.

In one example, R*is H and R is

~
NH

Therefore, when A and A' are both C=0, then Q and Q' are both (':©

In an alternative subset of the aforesaid compounds in which A and A’ are both CH,, then
R* and R® are each independently

)H,

2) haloalkyl,

3) «C4—Cs alkyl,

4) —C,-Cg alkenyl,

5) —C,-C, alkynyl,

6) < C3—C; cycloalkyl,

7) «+C;-C; cycloalkenyl,

8) «aryl,
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9) «heteroaryl,

10) —heterocyclyl,

11) «—heterobicyclyl,

12) —C(0)-R",

13) —C(0)O-R",

13) —C(=Y)NR®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
heterobicycly! is optionally substituted with one or more R substituents;
wherein Y, R, R R®, R" and R"" are as defined herein.

In another subset of the above compounds, R* and R® are independently selected from
1) H,
2) C4-Cs alkyl,
3) «C(0)-R",
4) —C(0)O-R", or
5) —S(0),-R",
wherein the alkyl is substituted with an R® substituent;
wherein R®, and R'" are as defined herein.

In one subset of the aforesaid compounds,
R*is

1) H,

2) —C(0)-R",

3) —C(0)O-R", or

4) —S(0),-R""; and
R® is C4-Cs alky! substituted with a phenyl;
wherein R'" is as defined herein.

In another subset of the aforesaid compounds,
R*is
1H,
2) —C(0)-R",
3) «C(0)O-R", or
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4) —S(0)-R"; and

R® isi ;

>

wherein R'" is as defined herein.

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", n, R', R'®, R?, R*, B, B', and BG as

set out herein.

R":
In one subset of the aforesaid compounds,
R" is
1) haloalkyl,
2) C—Cq alkyl,
3) C,-Cs alkenyl,
4) C,-C,4 alkynyl,
5) aryl,
6) heteroaryl,
7) heterocyclyl, or
8) heterobicyclyl,
wherein the alkyl, alkenyl, alkyny! 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.

In another subset of the aforesaid compounds, R is
1) haloalkyl,
2) C4—Cg alkyl,
3) aryl,
4) heteroaryl, or
5) heterocyclyl,
wherein the alkyl is optionally substituted with one or two R® substituents; and wherein the
aryl, heteroaryl and heterocyclyl is substituted with one R'° substituent;
wherein R® and R'° are as defined herein.
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In one subset of the aforesaid compounds, R is
1) haloalkyl,
2) C,—C;s alkyl optionally substituted with one or two RS substituents, or
3) phenyl optionally substituted with one R'® substituent;

wherein the R® and the R substituents are as defined herein.

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

out herein.

RS:
In one subset of the aforesaid compounds, R is
1) halogen,
2) NO,,
3) CN,
4) aryl,
5) heteroaryl,
6) heterocyclyl,
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.

In another subset of the aforesaid compounds, R is

1) halogen,

2) aryl, or

3)NRR?,
wherein the aryl is optionally substituted with one R substituent;
wherein R®, R? and R are as defined herein.

In one subset of the aforesaid compounds, R® is
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1) halogen,

2) phenyl, or
3) NRR?,
wherein the phenyl 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
each individual definition of Core, A, A', n, R', R'® R? R?*®, RY, R® B, B', and BG as set

out herein.

R® and R%:
In one subset of the aforesaid compounds, R® and R® are each independently
1) H,
2) haloalkyl,
3) C1—Cs alkyl,
4) C,-C; alkenyl,
5) C,-C, alkynyl,
6) C;—C; cycloalkyl, or
7) C;3-C; cycloalkenyi,
wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl is optionally substituted with
one or more R® substituents;
wherein the R® substituents are as defined herein.

In another subset of the aforesaid compounds, R® and R® are each independently
1) H, or
2) C1—Cs alkyl,

wherein the alkyl is optionally substituted with an aryl.

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', n, R', R'®, R?, R* R* R% B, B', and
BG as set out herein.

R':
In one aspect of the aforesaid compounds, R' is
1) halogen,
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2) NO,,

3)CN,

4) haloalkyl,
5) OR’,

6) NR°R®, or
7) SR’

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

In another aspect of the aforesaid compounds, R is
1) halogen, or
2) OC;-Cg alkyl.

Any and each individual defini<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>