What is claimed is:

A compound of Formula (I):

or a form therect, wherein

R is heteroaryl or heterocyclyi optionally substituted on a carbon atom ring member with

one, two, three\or four Rs substituents, or on a nitrogen atom ring member with an

oxygen atom substjtuent to form an N-oxide;

X is N or N substituted with\an oxygen atom substituent to form an N-oxide;

R; is hydrogen, cyano, halo, h

raxyl, nitro, Cj.salkyl, hydroxyl-Cgalkyl, C;.salkoxy,
amino, C;.galkyl-amino, (Cyalkyl);-amino, hydroxyl-amino,
hydroxyl-C,_galkyl-amino, C,¥alkoxy-C;.salkyl-amino, C;.satkyl-thio,
C,.salkyl-carbonyl, C;.galkyl-carbonyl-amino, amino-carbonyl,
Cy_galkyl-amino-carbonyl, {C, galkyN,-amino-carbonyl, amino-carbonyl-amino,
Ci.salkyl-amino-carbonyl-amino, (C.salkyl);-amino-carbonyl-amino,
C;.salkoxy-carbonyl, C.zalkoxy-carbonylNamino, amino-sulfonyl,
C\.galkyl-amino-sulfonyl, (C,.salkyl);-aminoulfonyl, amino-sulfonyl-amino,
C;.salkyl-amino-sulfonyl-amino, (C,-salkyl);-amino-sulfonyl-amino, P(O)(R;);-amino
or heteroaryl, wherein heteroaryl is optionally subsituted with one, two, three or four

C.salkyl substituents;

R; is hydrogen, cyano, halo, Cy.zalkyl, amino, C,galkyl-amino oi(C,.salkyl),-amino;

R4 is Cs.4cycloalkyl, aryl, heteroaryl or heterocyclyl, each optional

substituted with one,

two, three or four Re substituents;

R is independently selected from cyano, halo, hydroxyl, nitro, oxo, C;.salkyl,

cyano-C;.salkyl, halo-C,.salkyl, hydroxyl-C,salkyl, C,.salkoxy, C;gakkoxy-C;.salkyl,

halo-C;_salkoxy, Cs.galkenyl, C;_salkoxy-Cs.galkenyl, Cagalkynyl,
Cisalkoxy-Cs galkynyl, carboxyl, amino, C,salkyl-amino, (C;.salkyl),-amixo,
amino-C; galkyl, C,_galkyl-amino-C, salkyl, (C;.salkyl)s-amino-C,_galkyl,
hydroxyl-C;.galkyl-amino, hydroxyl-C;_salkyl-amino-C,_galkyl,

hydroxyl-C, salkyl-amino-C,.galkyl-amino, C,.galkyl-thio, C,.galkyl-carbonyl,
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C,.salkyl-carbonyi-amino, C; salkyl-carbonyl-oxy, C;.salkyl-carbonyl-oxy-C,;.salkyl,
Ci.galkoxy-carbonyl, Cjsalkoxy-carbonyl-C, salkyl, C,salkoxy-carbonyl-amino,
C,.galkyl-sulfonyl, Cs.14cycloalkyl, aryl, aryl-Cj.galkyl, aryl-amino,
aryl-Cy.galky-amino, heteroaryl, heteroaryl-Ci.salkyl or heterocyclyl, wherein
Cj.14cycloalkyl, aryl, heteroaryl or heterocyclyl and the aryl and heteroaryl portions of

ryl-Cy.salkyl, aryl-amino, aryl-C; salky-amino and heteroaryl-C,.galkyl are each
opNonally substituted with one, two, three or four halo, C;.salkyl, halo-C;.saikyl,
hydroxyl-Ci.galkyl, C, galkoxy, halo-C,.galkoxy, hydroxyl-Ci.salkoxy or carboxyl
substitudqts;

R 1s independently\selected from cyano, halo, hydroxyl, nitro, C,_salkyl, halo-Cy_galkyl,
hydroxyl-C,.gal\eyl, Ci.salkoxy, halo-C, salkoxy, Cysalkenyl, C).galkoxy-Cs.galkenyl,
Cy.salkynyl, C;gaNcoxy-Cs.galkynyl, carboxyl, formyl, formyl-oxy,
Ci.salkyl-carbonyl, Relo-C; galkyl-carbonyl, C,salkyl-thio, halo~C).galkyl-thio, amino,
Cisalkyl-amino, (C,-salicyl)-amino, C,.salkyl-carbonyl, C,.galkyi-carbonyl-oxy,
C-salkyl-carbonyl-oxy-C\galkyl, C;_salkoxy-carponyl, halo-Cy.zalkoxy-carbonyl,
C).salkoxy-carbonyl-C,.galkW, C galkoxy-carbonyl-amino,
C.salkoxy-carbonyl-amino-C).gqlkyl, amino-carbonyl, Cy_galkyl-amino-carbonyl,
(C).salkyl);-amino-carbonyl, C,.galyl-carbonyl-amino,
C-salkyl-carbonyl-amino-C,.zalkyl, axaino-Cy.saltkyl, C,.galkyl-amino-C.galkyl,
(C\.salkyl)2-amino-C, galkyl, amino-C;.galkyl-amino,
C)salkyl-amino-Cj_galkyl-amino, (C,.salkyN,-amino-C;.galkyl-amino,
hydroxyl-C;_selkyl-amino, hydroxyl-C,_salkylNamino-C,_galkyl,
hydroxyl-C,.galkyl-amino-C,.galkyl-amino, imind:C.salkyl,
hydroxyl-imino-C, salkyl, C,salkoxy-imine-C; galk¥l, C;-salkyl-sulfonyl,
halo-C,_galkyl-sulfonyl, amino-sulfonyl, C,_salkyl-aming-sulfonyl,
(Cy-galkyl)2-amino-sulfonyl, B(ORs)z, Cs.1scycloalkyl, , héterocyclyl aryl or
heteroaryl, wherein Cs.j4cycloalkyl, heterocyclyl, aryl, and hiteroaryl are each

optionally substituted with one, two, three or four halo or C,_galkyl substituents;

R is independently hydroxyl or (C)_salkoxy),, wherein n represents an inteéger from 1 to 5;

and,

Rg is independently hydrogen or C,.salkyl;
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wherein the form of the compound is selected from a free acid, free base, salt, ester, hydrate,
solvate, chelate, clathrate, polymorph, isotopologue, stereoisomer, racemate,

enantiomer, diastercomer or tautomer thereof.

2. The compound of claim 1, wherein R, is optionally substituted heteroaryl or
heterocyclyl selected from 1 H-pyrazolyl, 1H-imidazolyl, 1,2-oxazolyl, pyridinyl, 1H-
ihdolyl, 2H-indazolyl, 4,5,6,7-tetrahydro-2H-indazolyl, 1H-benzimidazolyl,
imidazo[2,1-b][1,3]thiazolyl, pyrazolo[1,5-ajpyridinyl, pyrazolo[1,5-c]pyrimidinyl,
imidazq(1,2-a]pyridinyl, 5,6,7,8-tetrahydroimidazo[1,2-a]pyridinyl, 1H-imidazo[4,5-
blpyridin}, 1H-imidazo[4,5-c]pyridinyl, 4,5,6,7-tetrahydro-3H-imidazo[4,5-
c]pyridinyl, midazo[1,2-aJpyrazinyl, imidazo[1,2-a]pyrimidinyl, 7H-purinyl or

quinolinyl.

3. The compound of &laim 2, wherein R, is optionally substituted heteroaryl selected
from 1H-pyrazolyl, 1N-indolyl, 1H-benzimidazolyl, pyrazolo[1,5-a]pyridinyl,
imidazo[1,2-a]pyridinyl, N\ H-imidazo[4,5-b]pyridinyl, imidazo[1,2-a]pyraziny! or
imidazo[ 1,2-a]pyrimidinyl.

4, A method of inhibiting Bmi-1 fynction and reducing the level of Bmi-1 to treata
cancer mediated by Bmi-1 in a subject in need thereof comprising administering to

the subject an effective amount of thé\compound of claim 1.

5. The method of claim 4, further comprising contacting a cell having elevated Bmi-1
levels from the subject with an amount of the compound, wherein the cell is selected
from a cancer cell, tumor cell, cancer stem celhor tumor stem cell, determining an
effective amount of the compound that inhibits Bxgi-1 function in the cell and

subsequently administering the effective amount of the compound to the subject.

6. The method of claim 5, wherein the effective amount of\the compound determined to

inhibit Bmi-1 function in the contacted cell reduces Bmi-1Nevels in the contacted cell.

7. The method of claim 6, wherein the effective amount of the coxpound is in a range of

from about 0.001 mg/Kg/day to about 500 mg/K g/day.

8. The method of claim 6, wherein the effective amount of the compound or a form

thereof is in a range of from about 0.1 ng to about 3500 mg,.

9. The method of claim 4, comprising administering the compound in combinaion with

one or more additional agents selected from anti-cancer agents, anti-proliferati
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10.

11.

agents, chemotherapeutic agents, immunomodulatory agents, anti-angiogenic agents,
anti-inflammatory agents, alkylating agents, steroidal and non-steriodal antz-
inflammatory agents, pain relievers, leukotriene antagonists, f2-agonists,

anticholinergic agents, hormonal agents, biological agents, tubulin binding agents,

\ glucocorticoids, corticosteroid agents, antibacterial agents, antihistamines, anti-

larial agents, anti-viral agents, antibiotics and the like; and, optionally with

A use o] he compound of claim 1 in the manufacture of a medicament for inhibiting
Bmi-1 fund ion and reducing the level of Bmi-1 to treat a cancer mediated by Bmi-1
in a subject in'geed thereof comprising adminisiering an effective amount of the

medicament to thg subject.

A pharmaceutical cofrposition for use in treating a cancer mediated by Bmi-1

comprising an effective amount of the compound of claim 1 in admixture with a

pharmaceutically acceptably excipient.




CLAIMS

1. A compound of Formula (I):

@

or a form thereof, wherein
R, is bicyclic heteroaryl or bicyclic heterocyclyl optionally substituted on a carbon atom ring
member with one, two, three or four Rs substituents, or on a nitrogen atom ring member
with an oxygen atom substituent to form an N-oxide, wherein:
bicyclic heteroaryl is selected from the group consisting of 1H-indoly,
azaindolyl, 2H-indazolyl, azaindazolyl, isoindolyl, indolizinyl,
benzofuranyl, benzothienyl, 1H-benzimidazolyl, benzothiazolyl,
benzoxazolyl, imidazo[2,1-b][1,3]thiazolyl, pyrazolo[1,5-a]pyridinyl,
pyrazolo[1,5-c]pyrimidinyl, imidazo[ I,2-alpyridinyl, 1H-imidazo[4,5-
blpyridinyl, 1H-imidazo[4,5-c]pyridinyl, imidazo[ 1,2-a]pyrazinyl,
imidazo[1,2-a]pyrimidinyl, 7H-purinyl, 9H-purinyl, quinolinyl,
isoquinolinyl, quinazolinyl, quinoxalinyl, and homologs and regioisomers
thereof, and
bicyclic heterocyclyl is selected from the group consisting of dihydro-indolyl,
indolinyl, tetrahydro-indolyl, dihydro-indazolyl, tetrahydro-indazolyl,
dihydro-isoindolyl, dihydro-benzofuranyl, tetrahydro-benzofuranyl,
dihydro-benzothienyl, tetrahydro-benzothienyl, dihydro-benzoimidazolyl,
tetrahydro-benzoimidazolyl, dihydro-benzooxazolyl, tetrahydro-
benzooxazolyl, dihydro-benzooxazinyl, tetrahydro-benzooxazinyl,
benzo[1,3]dioxolyl, benzo[1,4]dioxanyl, benzo[ 1,4]dioxinyl, 4,5,6,7-
tetrahydro-2H-indazolyl, 5,6,7,8-tetrahydroimidazo[ 1,2-a]pyridinyl,
4,5,6,7-tetrahydro-3H-imidazo[4,5-c]pyridinyl, dihydro-purinyl,
tetrahydro-purinyl, dihydro-quinolinyl, tetrahydro-quinolinyl, dihydro-
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isoquinolinyl, tetrahydro-isoquinolinyl, dihydro-quinazolinyl, tetrakyydro-
quinazolinyl, dihydro-quinoxalinyl, tetrahydro-quinoxalinyl and homologs
thereof;

X is N or N substituted with an oxygen atom substituent to form an N-oxide;

R; is hydrogen, cyano, halo, hydroxyl, nitro, C;.salkyl, hydroxyl-C,salkyl, Csalkoxy, amino,
C1.galkyl-amino, (C,.galkyl);-amino, hydroxyl-amino, hydroxyl-C,.zalkyl-amino,
C,galkoxy-C.galkyl-amino, C,galkyli-thio, C;.galkyl-carbonyl, C;saikyl-carbonyl-amino,
amino-carbonyl, C).galkyl-amino-carbonyl, (C,_salkyl);-amino-carbonyl,
amino-carbonyl-amino, C,galkyl-amino-carbonyl-amino,
(Cisalkyl);-amino-carbonyl-amino, C;_galkoxy-carbonyl, C,.galkoxy-carbonyl-amino,
amino-sulfonyl, C,_galkyl-amino-sulfonyl, {C;.galkyl),-amino-sulfonyl,
amino-sulfonyl-amino, C;_galkyl-amino-sulfonyl-amino,
(Cy-galkyl);-amino-sulfonyl-amino, P(O)(R;);-amino or heteroaryl, wherein heteroaryl 1s
optionally substituted with one, two, three or four C,.galkyl substituents;

R; is hydrogen, cyano, halo, C;.salkyl, amino, Cy_galkyl-amino or (C;.galkyl),-amino;

R4 is phenyl, optionally substituted with one, two, three or four Ry substituents;

R; is independently selected from cyano, halo, hydroxyl, nitro, oxo, Cj.salkyl, cyano-C;.salkyl,
halo-C_galkyl, hydroxyl-C; galkyl, Cisalkoxy, Cy.salkoxy-Ci.galkyl, halo-C,salkoxy,
C,galkenyl, C).salkoxy-Cygalkenyl, Cogalkynyl, Cygalkoxy-Cs.galkynyl, carboxyl,
amino, Cy_salkyl-amino, (C;.galkyl),-amino, amino-C;galkyl, C;galkyl-amino-C,.galkyl,
(C1.galkyl);-amino-C, galkyl, hydroxyl-C, salkyl-amino,
hydroxyl-C;_galkyl-amino-C;.galkyl, hydroxyl-C,_galkyl-amino-C,_galkyl-amino,
Csalkyl-thio, Cy.salkyl-carbonyl, C;.galkyl-carbonyl-amino, C; salkyl-carbonyl-oxy,
C,salkyl-carbonyl-oxy-C, galkyl, C,galkoxy-carbonyl, C;.salkoxy-carbonyl-C,_salkyl,
Csalkoxy-carbonyl-amino, C;.salkyl-sulfonyl, Ci.j4cycloalkyl, aryl, aryl-C,_galkyl,
aryl-amino, aryl-Cy_galky-amino, heteroaryl, heteroaryl-C,.salkyl or heterocyclyl, wherein
Cs.1acycloalkyl, aryl, heteroaryl or heterocyclyl and the aryl and heteroaryl portions of
aryl-Cy_galkyl, aryl-amino, aryl-C; galky-amino and heteroaryl-C,_galkyl are each
optionally substituted with one, two, three or four halo, C,galkyl, halo-C;.galkyl,
hydroxyl-C;salkyl, Cysalkoxy, halo-Cy.galkoxy, hydroxyl-C;.salkoxy or carboxyl

substituents;
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R is independently selected from cyano, halo, hydroxyl, nitro, Cy_salkyl, halo-C,_salkyl,
hydroxyl-C.galkyl, Cysalkoxy, halo-C; salkoxy, Cy.galkenyl, C;_galkoxy-C; galkenyl,
Cysalkynyl, Cy.galkoxy-Cs.salkynyl, carboxyl, formyl, formyl-oxy, C;salkyl-carbonyl,
halo-C_galkyl-carbonyl, C,_galkyl-thio, halo-C;galkyl-thio, amino, C, galkyl-amino,
(Cisalkyl)z-amino, C;salkyl-carbonyl, C,salkyl-carbonyl-oxy,
Csalkyl-carbonyl-oxy-C, salkyl, Cy_salkoxy-carbonyl, halo-C; salkoxy-carbonyl,
Ci.galkoxy-carbonyl-C).galkyl, C;galkoxy-carbonyl-amino,
C,.galkoxy-carbonyl-amino-C;_galkyl, amino-carbonyl, C;.salkyl-amino-carbonyl,
(C,galkyl),-amino-carbonyl, C;_galkyl-carbonyl-amino,
C,galkyl-carbonyl-amino-C, galkyl, amino-C, salkyl, Cy.galkyl-amino-C,.galkyl,
(Cy.galkyl);-amino-C_galkyl, amino-Cj_galkyl-amino, C, galkyl-amino-C;galkyl-amino,
(C, salkyl)z-amino-C).galkyl-amino, hydroxyl-C; galkyl-amino,
hydroxyl-C, galkyl-amino-C,.galkyl, hydroxyl-C, salkyl-amino-C, galkyl-amino,
imino-C galkyl, hydroxyl-imino-Cy.galkyl, C;.salkoxy-imino-C, salkyl,
Cisalkyl-sulfonyl, halo-Cgalkyl-sulfonyl, amino-sulfonyl, C;_salkyl-amino-sulfonyl,
(Ci.galkyl);-amino-sulfonyl, B(ORg),, Cs.14cycloalkyl, heterocyclyl aryl or heteroaryl,
wherein Cj_j4cycloalkyl, heterocyclyl, aryl, and heteroaryl are each optionally substituted

with one, two, three or four halo or Cygalkyl substituents;
R; is independently hydroxyl or (C,_galkoxy),, wherein n represents an integer from 1 to 5; and,

Rs is independently hydrogen or C; galkyl;
wherein the form of the compound is selected from a free acid, free base, salt, ester, hydrate,
solvate, chelate, clathrate, polymorph, isotopologue, stercoisomer, racemate, enantiomer,

diastereomer or tautomer thereof.

2. The compound of claim 1, wherein R, is optionally substituted bicyclic heteroaryl or
bicyclic heterocyclyl selected from 1H-indolyl, 2H-indazolyl, 4,5,6,7-tetrahydro-2H-
indazolyl, 1H-benzimidazolyl, imidazo[2,1-b][1,3]thiazolyl, pyrazolo[1,5-a]pyridinyl,
pyrazolo[1,5-c]pyrimidinyl, imidazo[ 1,2-aJpyridinyl, 5,6,7,8-tetrahydroimidazo[1,2-
aJpyridinyl, 1H-imidazo[4,5-b]pyridinyl, 1H-imidazo[4,5-c]pyridinyl, 4,5,6,7-tetrahydro-
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3H-imidazo[4,5-c]pyridinyl, imidazo[ 1,2-ajpyrazinyl, imidazo[1,2-a]pyrimidinyl, 7H-

purinyl or quinolinyl.

The compound of claim 2, wherein R, is optionally substituted bicyclic heteroaryl
selected from 1H-indolyl, 1H-benzimidazolyl, pyrazolo[1,5-a]pyridinyl,

imidazo[ 1,2-aJpyridinyl, 1H-imidazo[4,5-b]pyridinyl, imidazo[1,2-a]pyrazinyl or
imidazo[1,2-a]pyrimidinyl.

An effective amount of the compound of claim 1 for use in the treatment of cancer
mediated by Bmi-1, by inhibiting Bmi-1 function and reducing the level of Bmi-1 in a

subject.

The compound of claim 4, wherein the treatment initially comprises contacting a cell
having elevated Bmi-1 levels from the subject with an amount of the compound, wherein
the cell is selected from a cancer cell, tumor cell, cancer stem cell or tumor stem cell,
determining an effective amount of the compound that inhibits Bmi-1 function in the cell
and subsequently comprises administering the effective amount of the compound to the

subject.

The compound of claim 5, wherein the effective amount of the compound determined to

inhibit Bmi-1 function in the contacted cell reduces Bmi-1 levels in the contacted cell.

The compound of claim 6, wherein the effective amount of the compound is in a range of

from about 0.001 mg/Kg/day to about 500 mg/Kg/day.

The compound of claim 6, wherein the effective amount of the compound or a form

thereof is in a range of from about 0.1 ng to about 3500 mg.

The compound of claim 4, wherein the compound is to be administered in combination

with one or more additional agents selected from anti-cancer agents, anti-proliferative
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10.

11.

agents, chemotherapeutic agents, immunomodulatory agents, anti-angiogenic agents,
anti-inflammatory agents, alkylating agents, steroidal and non-steriodal anti-
inflammatory agents, pain relievers, leukotriene antagonists, f2-agonists, anticholinergic
agents, hormonal agents, biological agents, tubulin binding agents, glucocorticoids,
corticosteroid agents, antibacterial agents, antihistamines, anti-malarial agents, anti-viral

agents, antibiotics and the like; and, optionally with radiation therapy.

The use of the compound of claim 1 in the manufacture of a medicament to treat a cancer
mediated by Bmi-1 in a subject wherein the medicament is formulated to inhibit Bmi-1

function and reduce the level of Bmi-1 in the subject.

A pharmaceutical composition for use in treating a cancer mediated by Bmi-1 comprising
an effective amount of the compound of claim 1 in admixture with a pharmaceutically

acceptable excipient.
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