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Substituted Reverse Pyrimidine Bmi-1 Inhibitors

INTRODUCTION
Substituted reverse pyrimidine compounds that ibkiie function of the B-cell
specific Moloney murine leukemia virus integratsite 1 (Bmi-1) protein and reduce the
level thereof and methods of using such compoumtieat a cancer mediated by Bmi-1 are
described. More particularly, amine substitutecerse pyrimidine compounds that inhibit
Bmi-1 function and reduce the level of Bmi-1 arefusfor treating a cancer mediated by
Bmi-1.

BACKGROUND

Bmi-1 was originally identified by its over-expré&ss in various leukemias and
lymphomas. Subsequently, Bmi-1 has been showave bncogenic activity when
overexpressed in normal cells and to play a rotbeénmaintenance of cancer stem cell
populations. Bmi-1 is elevated in many tumor tyaed is important in hematologic cancers
and many solid tumors, including brain cancersduR&on of Bmi-1 levels in tumor cells by
siRNA causes apoptosis and/or cell senescencenarehses susceptibility to cytotoxic
agents. Bmi-1 serves as the key regulatory commqpamfehe PRC1 complex (polycomb
repressive complex-1), but has no enzymatic agtivitherefore, targeting Bmi-1 by

traditional drug discovery methods has been proatem

Since Bmi-1 levels within cells are tightly reg@dtthrough both transcriptional and
post-transcriptional mechanisms, this regulatiam lwa exploited to target this important
protein. Accordingly, there remains a need to @lexompounds that inhibit Bmi-1 function

and reduce the level of Bmi-1 to treat a canceriated by Bmi-1.

SUMMARY
Certain amine substituted reverse pyrimidine compsuthat inhibit Bmi-1 function
and reduce the level of Bmi-1 and methods for theé to treat a cancer mediated by Bmi-1

are described herein.
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A compound of Formula (1) is described:
R2

(1

wherein X, R, R;, Rz and R, are as defined herein, including forms and phaeutical
compositions thereof, and methods of using suchpooimds, forms or compositions thereof

to treat a cancer mediated by Bmi-1 in a humanestij need thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 demonstrates the dose dependent reduwdteoSC population in a BXD
GBM model as the result of treatment with a compboihFormula (1), or a form thereof.

Figure 2 demonstrates the reduction of a CSC ptipnlan a BXD GBM model as
the result of treatment with a compound of Forn{ylaor a form thereof.

Figure 3 demonstrates the reduction of monolaydmeurosphere CSC populations
in a tumorosphere assay as the result of contatttengells with a compound of Formula (1),
or a form thereof.

Figure 4 demonstrates the comparative effect ovivalrof mice treated with vehicle,
temozolomide or a compound of Formula (), or arfahereof, in an orthotopic model of

glioblastoma.

DETAILED DESCRIPTION
Amine substituted reverse pyrimidine compoundsug® in inhibiting Bmi-1 function
and reducing the level of Bmi-1 and in methodstfeating a cancer mediated by Bmi-1 are
described.

In one embodiment is a compound of Formula (I):

R



or a form thereof, wherein

R1 is heteroaryl or heterocyclyl optionally subs#dion a carbon atom ring member with
one, two, three or four{fBubstituents, or on a nitrogen atom ring membér am
oxygen atom substituent to form an N-oxide;

Xis N or N substituted with an oxygen atom suhstiit to form an N-oxide;

Rz is hydrogen, cyano, halo, hydroxyl, nitro, &lkyl, hydroxyl-G.salkyl, C;.galkoxy,
amino, G.salkyl-amino, (G-salkyl),-amino, hydroxyl-amino,
hydroxyl-Ggalkyl-amino, G_salkoxy-GC;_galkyl-amino, G_galkyl-thio,
C,.salkyl-carbonyl, G.salkyl-carbonyl-amino, amino-carbonyl,
Ci-galkyl-amino-carbonyl, (€gsalkyl),-amino-carbonyl, amino-carbonyl-amino,
C;-salkyl-amino-carbonyl-amino, (Galkyl),-amino-carbonyl-amino,
C,-galkoxy-carbonyl, G galkoxy-carbonyl-amino, amino-sulfonyl,
Ci-galkyl-amino-sulfonyl, (G-salkyl),-amino-sulfonyl, amino-sulfonyl-amino,
Ci-galkyl-amino-sulfonyl-amino, (€salkyl).-amino-sulfonyl-amino, P(O)#»-amino
or heteroaryl, wherein heteroaryl is optionally stithted with one, two, three or four
C,-galkyl substituents;

Rs is hydrogen, cyano, halos @alkyl, amino, G.galkyl-amino or (G-galkyl),-amino;

R4 is Gs.1.cycloalkyl, aryl, heteroaryl or heterocyclyl, eambtionally substituted with one,
two, three or four Rsubstituents;

Rs is independently selected from cyano, halo, hygratro, oxo, G-salkyl,
cyano-G.galkyl, halo-G_galkyl, hydroxyl-G_galkyl, C,.salkoxy, G galkoxy-C;_galkyl,
halo-G _galkoxy, G.galkenyl, G.salkoxy-G,.galkenyl, G.galkynyl,
C,-galkoxy-G.galkynyl, carboxyl, amino, Cgalkyl-amino, (G-salkyl),-amino,
amino-G.galkyl, C,.galkyl-amino-G_galkyl, (C;-galkyl).-amino-G_galkyl,
hydroxyl-GC;.galkyl-amino, hydroxyl-G.salkyl-amino-G_galkyl,
hydroxyl-G;.galkyl-amino-G_.galkyl-amino, G.galkyl-thio, G .galkyl-carbonyl,
C,-galkyl-carbonyl-amino, €galkyl-carbonyl-oxy, G.galkyl-carbonyl-oxy-G.galkyl,
C,.galkoxy-carbonyl, G salkoxy-carbonyl-G galkyl, C;.gsalkoxy-carbonyl-amino,
C,-salkyl-sulfonyl, G_1.cycloalkyl, aryl, aryl-G.galkyl, aryl-amino,
aryl-Cy_galky-amino, heteroaryl, heteroarykgalkyl or heterocyclyl, wherein
Cs.1cycloalkyl, aryl, heteroaryl or heterocyclyl ancttaryl and heteroaryl portions of
aryl-Cy_galkyl, aryl-amino, aryl-Gsalky-amino and heteroaryl:Galkyl are each
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optionally substituted with one, two, three or ftvaito, G_salkyl, halo-G_galkyl,
hydroxyl-GC.galkyl, C;.galkoxy, halo-G.salkoxy, hydroxyl-G.salkoxy or carboxyl
substituents;

Re is independently selected from cyano, halo, hygraitro, C,_galkyl, halo-G_.galkyl,
hydroxyl-GC;-galkyl, C;.galkoxy, halo-G.salkoxy, G.salkenyl, G.galkoxy-G._galkenyl,
Co.galkynyl, G .galkoxy-G,.galkynyl, carboxyl, formyl, formyl-oxy,
C,-galkyl-carbonyl, halo-Egalkyl-carbonyl, G.galkyl-thio, halo-G.galkyl-thio, amino,
C,-galkyl-amino, (G-galkyl).-amino, G.galkyl-carbonyl, G.salkyl-carbonyl-oxy,
C,-salkyl-carbonyl-oxy-G.galkyl, C;.galkoxy-carbonyl, halo-Csalkoxy-carbonyl,
C,.salkoxy-carbonyl-G.salkyl, C;.galkoxy-carbonyl-amino,
C,-galkoxy-carbonyl-amino-Cgalkyl, amino-carbonyl, Cgalkyl-amino-carbonyl,
(Ci-galkyl),-amino-carbonyl, €salkyl-carbonyl-amino,
C,-salkyl-carbonyl-amino-Ggalkyl, amino-G_.galkyl, C;.galkyl-amino-G_galkyl,
(Cy-galkyl),-amino-Ggalkyl, amino-G_.galkyl-amino,
C,-galkyl-amino-G_galkyl-amino, (G-galkyl),-amino-G_galkyl-amino,
hydroxyl-G;.galkyl-amino, hydroxyl-G.salkyl-amino-G_galkyl,
hydroxyl-G;.galkyl-amino-G_ galkyl-amino, imino-G.galkyl,
hydroxyl-imino-G.galkyl, C;.galkoxy-imino-G_galkyl, C;-galkyl-sulfonyl,
halo-G _galkyl-sulfonyl, amino-sulfonyl, €salkyl-amino-sulfonyl,
(C1-galkyl),-amino-sulfonyl, B(OR),, Cs.1.cycloalkyl, heterocyclyl, aryl or heteroaryl,
wherein G.1.cycloalkyl, heterocyclyl, aryl, and heteroaryl aach optionally

substituted with one, two, three or four halo @r&kyl substituents;

R; is independently hydroxyl or ¢Galkoxy), wherein n represents an integer from 1 to 5;
and,

Rg is independently hydrogen or galkyl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heteroaryl or heterocyclyl selectednfidH-pyrazolyl, 1H-imidazolyl, 1,2-
oxazolyl, pyridinyl, 1H-indolyl, 2H-indazolyl, 4,6,7-tetrahydro-2H-indazolyl, 1H-
benzimidazolyl, imidazo[2,1-b][1,3]thiazolyl, pyralp[1,5-a]pyridinyl, pyrazolo[1,5-
c]pyrimidinyl, imidazo[1,2-a]pyridinyl, 5,6,7,8-tethydroimidazo[1,2-a]pyridinyl, 1H-
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imidazo[4,5-b]pyridinyl, 1H-imidazo[4,5-c]pyridiny#4,5,6,7-tetrahydro-3H-imidazo[4,5-
c]pyridinyl, imidazo[1,2-a]pyrazinyl, imidazo[1,Zgyrimidinyl, 7H-purinyl or quinolinyl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl or heterocyclyl selectednfidd-pyrazolyl, 1H-imidazolyl, 1,2-
oxazolyl, pyridinyl, 1H-indolyl, 2H-indazolyl, 4,6,7-tetrahydro-2H-indazolyl, 1H-
benzimidazolyl, imidazo[2,1-b][1,3]thiazolyl, pyralb[1,5-a]pyridinyl,
imidazo[1,2-a]pyridinyl, 5,6,7,8-tetrahydroimidaig?-a]pyridinyl, 1H-imidazo[4,5-
b]pyridinyl, 1H-imidazo[4,5-c]pyridinyl, 4,5,6,7-teahydro-3H-imidazo[4,5-c]pyridinyl,
imidazo[1,2-a]pyrazinyl, imidazo[1,2-a]pyrimidinyfH-purinyl or quinolinyl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heteroaryl or heterocyclyl selectednfidH-pyrazol-4-yl, 1H-imidazol-1-yl,
1H-imidazol-5-yl, 1,2-oxazol-4-yl, 1,2-oxazol-5-yyridin-4-yl, 1H-indol-1-yl, 1H-indol-3-
yl, 1H-indol-4-yl, 2H-indazol-3-yl, 4,5,6,7-tetratiyo-2H-indazol-3-yl, 1H-benzimidazol-1-
yl, imidazo[2,1-b][1,3]thiazol-5-yl, pyrazolo[1,54ayridin-2-yl, pyrazolo[1,5-a]pyridin-3-yl,
pyrazolo[1,5-a]pyridin-7-yl, pyrazolo[1,5-c]pyrimia-3-yl, imidazo[1,2-a]pyridin-2-yl,
imidazo[1,2-a]pyridin-3-yl, imidazo[1,2-a]pyridin-#, 5,6,7,8-tetrahydroimidazo[1,2-
a]pyridin-3-yl, 1H-imidazo[4,5-b]pyridin-1-yl, 1HAnidazo[4,5-c]pyridin-1-yl, 4,5,6,7-
tetrahydro-3H-imidazo[4,5-c]pyridin-3-yl, imidazgpta]pyrazin-3-yl, imidazo[1,2-
a]pyrimidin-3-yl, 7H-purin-7-yl or quinolin-4-yl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl or heterocyclyl selectednfiddd-pyrazol-4-yl, 1H-imidazol-1-yl,
1H-imidazol-5-yl, 1,2-oxazol-4-yl, 1,2-oxazol-5-yyridin-4-yl, 1H-indol-1-yl,
1H-indol-4-yl, 2H-indazol-3-yl, 4,5,6,7-tetrahyd@&H-indazol-3-yl, 1H-benzimidazol-1-yl,
imidazo[2,1-b][1,3]thiazol-5-yl, pyrazolo[1,5-a]pgin-3-yl, pyrazolo[1,5-a]pyridin-7-yl,
imidazo[1,2-a]pyridin-3-yl, imidazo[1,2-a]pyridin-#, 5,6,7,8-tetrahydroimidazo([1,2-
a]pyridin-3-yl, 1H-imidazo[4,5-b]pyridin-1-yl, 1HAnidazo[4,5-c]pyridin-1-yl, 4,5,6,7-
tetrahydro-3H-imidazo[4,5-c]pyridin-3-yl, imidazgpta]pyrazin-3-yl,
imidazo[1,2-a]pyrimidin-3-yl, 7H-purin-7-yl or quatin-4-yl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heteroaryl or heterocyclyl selectednfiddd-pyrazol-4-yl, 1H-imidazol-1-yl,
1H-imidazol-5-yl, 1,2-oxazol-4-yl, 1,2-oxazol-5-yyridin-4-yl, 1H-indol-1-yl,
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1H-indol-4-yl, 2H-indazol-3-yl, 4,5,6,7-tetrahyd&-indazol-3-yl, 1H-benzimidazol-1-yl,
imidazo[2,1-b][1,3]thiazol-5-yl, pyrazolo[1,5-a]pdin-3-yl, pyrazolo[1,5-a]pyridin-7-yl,
imidazo[1,2-a]pyridin-3-yl, imidazo[1,2-a]pyridin-#, 5,6,7,8-tetrahydroimidazo[1,2-
a]pyridin-3-yl, 1H-imidazo[4,5-b]pyridin-1-yl, 1HAnidazo[4,5-c]pyridin-1-yl, 4,5,6,7-
tetrahydro-3H-imidazo[4,5-c]pyridin-3-yl, 7H-purifryl or quinolin-4-yl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazdlid;imidazolyl, 1,2-oxazolyl, pyridinyl,
1H-indolyl, 2H-indazolyl, 1H-benzimidazolyl, imidai2,1-b][1,3]thiazolyl,
pyrazolo[1,5-a]pyridinyl, pyrazolo[1,5-c]pyrimidihyimidazo[1,2-a]pyridinyl,
1H-imidazo[4,5-b]pyridinyl, 1H-imidazo[4,5-c]pyridyl, imidazo[1,2-a]pyrazinyl,
imidazo[1,2-a]pyrimidinyl, 7H-purinyl or quinolinyl

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazdlid;imidazolyl, 1,2-oxazolyl, pyridinyl,
1H-indolyl, 2H-indazolyl, 1H-benzimidazolyl, imidai2,1-b][1,3]thiazolyl,
pyrazolo[1,5-a]pyridinyl, imidazo[1,2-a]pyridinyL,H-imidazo[4,5-b]pyridinyl, 1H-
imidazo[4,5-c]pyridinyl, imidazo[1,2-a]pyrazinylmidazo[1,2-a]pyrimidinyl, 7H-purinyl or

quinolinyl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazdlid;imidazolyl, 1,2-oxazolyl, pyridinyl,
1H-indolyl, 2H-indazolyl, 1H-benzimidazolyl, imidai2,1-b][1,3]thiazolyl,
pyrazolo[1,5-a]pyridinyl, imidazo[1,2-a]pyridinyl,H-imidazo[4,5-b]pyridinyl, 1H-
imidazo[4,5-c]pyridinyl, 7H-purinyl or quinolinyl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazdlid;indolyl, 1H-benzimidazolyl,
pyrazolo[1,5-a]pyridinyl, imidazo[1,2-a]pyridinyl,H-imidazo[4,5-b]pyridinyl,
imidazo[1,2-a]pyrazinyl or imidazo[1,2-a]pyrimidihy

Another embodiment includes a compound of Formijjavherein R is optionally

substituted heteroaryl selected from 1H-pyrazdlid;indolyl, 1H-benzimidazolyl,
pyrazolo[1,5-a]pyridinyl, imidazo[1,2-a]pyridinylrd H-imidazo[4,5-b]pyridinyl.
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Another embodiment includes a compound of Formiyjavherein R is optionally

substituted heteroaryl selected from imidazo[1@¢egdzinyl or imidazo[1,2-a]pyrimidinyl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted imidazo[1,2-a]pyrazinyl.

Another embodiment includes a compound of Formiyjavherein R is optionally

substituted imidazo[1,2-a]pyrimidinyl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazol;4tM-imidazol-1-yl, 1H-imidazol-5-yl,
1,2-oxazol-4-yl, 1,2-oxazol-5-yl, pyridin-4-yl, 1kdol-1-yl, 1H-indol-3-yl, 1H-indol-4-yl,
2H-indazol-3-yl, 1H-benzimidazol-1-yl, imidazo[2][1,3]thiazol-5-yl,
pyrazolo[1,5-a]pyridin-2-yl, pyrazolo[1,5-a]pyridiB+yl, pyrazolo[1,5-a]pyridin-7-yl,
pyrazolo[1,5-c]pyrimidin-3-yl, imidazo[1,2-a]pyridi2-yl, imidazo[1,2-a]pyridin-3-yl,
imidazo[1,2-a]pyridin-5-yl, 1H-imidazo[4,5-b]pyridil1-yl, 1H-imidazo[4,5-c]pyridin-1-yl,
imidazo[1,2-a]pyrazin-3-yl, imidazo[1,2-a]pyrimidiB+yl, 7H-purin-7-yl or quinolin-4-yl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazol;4tM-imidazol-1-yl, 1H-imidazol-5-yl,
1,2-oxazol-4-yl, 1,2-oxazol-5-yl, pyridin-4-yl, 1kdol-1-yl, 1H-indol-4-yl, 2H-indazol-3-yl,
1H-benzimidazol-1-yl, imidazo[2,1-b][1,3]thiazolyB; pyrazolo[1,5-a]pyridin-3-yl,
pyrazolo[1,5-a]pyridin-7-yl, imidazo[1,2-a]pyridi&-yl, imidazo[1,2-a]pyridin-5-yl,
1H-imidazo[4,5-b]pyridin-1-yl, 1H-imidazo[4,5-c]pitin-1-yl, imidazo[1,2-a]pyrazin-3-yl,
imidazo[1,2-a]pyrimidin-3-yl, 7H-purin-7-yl or quatin-4-yl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazol;4tM-imidazol-1-yl, 1H-imidazol-5-yl,
1,2-oxazol-4-yl, 1,2-oxazol-5-yl, pyridin-4-yl, 1kdol-1-yl, 1H-indol-4-yl, 2H-indazol-3-yl,
1H-benzimidazol-1-yl, imidazo[2,1-b][1,3]thiazolyB; pyrazolo[1,5-a]pyridin-7-yl,
imidazo[1,2-a]pyridin-5-yl, 1H-imidazo[4,5-b]pyridil1-yl, 1H-imidazo[4,5-c]pyridin-1-yl,
imidazo[1,2-a]pyrazin-3-yl, imidazo[1,2-a]pyrimidiB+yl, 7H-purin-7-yl or quinolin-4-yl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazol;4tM-indol-1-yl, 1H-indol-3-yl,
1H-indol-4-yl, 1H-benzimidazol-1-yl, pyrazolo[1,3ggridin-2-yl, pyrazolo[1,5-a]pyridin-3-
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yl, pyrazolo[1,5-a]pyridin-7-yl, imidazo[1,2-a]pin-2-yl, imidazo[1,2-a]pyridin-3-yl,
imidazo[1,2-a]pyridin-5-yl, 1H-imidazo[4,5-b]pyridi1-yl, imidazo[1,2-a]pyrazin-3-yl or
imidazo[1,2-a]pyrimidin-3-yl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazol;4tpM-indol-3-yl, 1H-benzimidazol-1-yl,
pyrazolo[1,5-a]pyridin-2-yl, pyrazolo[1,5-a]pyridiB-yl, imidazo[1,2-a]pyridin-2-yl,
imidazo[1,2-a]pyridin-3-yl, 1H-imidazo[4,5-b]pyridi1-yl, imidazo[1,2-a]pyrazin-3-yl or
imidazo[1,2-a]pyrimidin-3-yl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heteroaryl selected from 1H-pyrazol;4tpM-indol-3-yl, 1H-benzimidazol-1-yl,
pyrazolo[1,5-a]pyridin-3-yl, imidazo[1,2-a]pyridi&-yl, 1H-imidazo[4,5-b]pyridin-1-yl,
imidazo[1,2-a]pyrazin-3-yl or imidazo[1,2-a]pyrinind3-yl.

Another embodiment includes a compound of Formiyjavherein R is optionally

substituted imidazo[1,2-a]pyrazin-3-yl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted imidazo[1,2-a]pyrimidin-3-yl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heterocyclyl selected from 4,5,6, 7ategdro-2H-indazolyl, 5,6,7,8-
tetrahydroimidazo[1,2-a]pyridinyl or 4,5,6,7-tetyaino-3H-imidazo[4,5-c]pyridinyl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heterocyclyl selected from 4,5,6, 7ategdro-2H-indazol-3-yl, 5,6,7,8-
tetrahydroimidazo[1,2-a]pyridin-3-yl or 4,5,6,7+&ydro-3H-imidazo[4,5-c]pyridin-3-yl.

Another embodiment includes a compound of Formiyjavherein X is N.

Another embodiment includes a compound of Formijjavherein X is N substituted

with an oxygen atom substituent to form an N-oxide.

Another embodiment includes a compound of Formijjavherein R is cyano, halo,
hydroxyl, nitro, G.galkyl, hydroxyl-G_galkyl, C;.galkoxy, amino, Gsalkyl-amino,
(Cygalkyl),-amino, hydroxyl-amino, hydroxylGalkyl-amino, G.salkoxy-G _galkyl-amino,

C..galkyl-thio, G_galkyl-carbonyl, G.salkyl-carbonyl-amino, amino-carbonyl,
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Ci-galkyl-amino-carbonyl, (€gsalkyl),-amino-carbonyl, amino-carbonyl-amino,
C,-salkyl-amino-carbonyl-amino, (Galkyl),-amino-carbonyl-amino, {galkoxy-carbonyl,
C;.salkoxy-carbonyl-amino, amino-sulfonyl,; Galkyl-amino-sulfonyl,
(Ci-galkyl),-amino-sulfonyl, amino-sulfonyl-amino,;Galkyl-amino-sulfonyl-amino,
(Cygalkyl),-amino-sulfonyl-amino, P(O){#-amino or heteroaryl, wherein heteroaryl is

optionally substituted with one, two, three or f@jrsalkyl substituents.

Another embodiment includes a compound of Formijjavherein R is cyano, halo,
nitro, G.galkyl, hydroxyl-G_galkyl, C;.galkoxy, amino, hydroxyl-amino,
hydroxyl-C;.galkyl-amino, G.galkoxy-GC, galkyl-amino, G.galkyl-thio, amino-carbonyl,
amino-carbonyl-amino, {galkoxy-carbonyl-amino, amino-sulfonyl-amino or hetaryl,

wherein heteroaryl is optionally substituted witieptwo, three or four {Galkyl substituents.

Another embodiment includes a compound of Formijjavherein R is cyano, halo,
hydroxyl, nitro, G.galkyl, hydroxyl-G_.galkyl, C;.galkoxy, amino, G.galkyl-amino,
(Cygalkyl),-amino, hydroxyl-amino, hydroxyl{Galkyl-amino, G.salkoxy-G;galkyl-amino,
C,-galkyl-thio, G _.galkyl-carbonyl, G.galkyl-carbonyl-amino, amino-carbonyl,
C,-galkyl-amino-carbonyl, (€salkyl),-amino-carbonyl, amino-carbonyl-amino,
C,-salkyl-amino-carbonyl-amino, (Galkyl),-amino-carbonyl-amino, {galkoxy-carbonyl,
C,.salkoxy-carbonyl-amino, amino-sulfonyl,; Galkyl-amino-sulfonyl,
(Cy-galkyl),-amino-sulfonyl, amino-sulfonyl-amino,;Galkyl-amino-sulfonyl-amino,

(C1-galkyl),-amino-sulfonyl-amino or P(O)@-amino.

Another embodiment includes a compound of Formijjavherein R is cyano, halo,
nitro, Ggalkyl, hydroxyl-G_galkyl, C;_galkoxy, amino, hydroxyl-amino,
hydroxyl-G;galkyl-amino, G_salkoxy-C;_galkyl-amino, G_.galkyl-thio, amino-carbonyl,

amino-carbonyl-amino, {Galkoxy-carbonyl-amino or amino-sulfonyl-amino.

Another embodiment includes a compound of Formijljavherein R is heteroaryl,

wherein heteroaryl is optionally substituted witieptwo, three or four {Galkyl substituents.

Another embodiment includes a compound of Formijjavherein R heteroaryl is
optionally substituted 1H-pyrrolyl.

Another embodiment includes a compound of Formiyjavherein R heteroaryl is

optionally substituted 1H-pyrrol-1-yl.
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Another embodiment includes a compound of Formiyjavherein R is hydrogen.

Another embodiment includes a compound of Formijjavherein R is cyano, halo,

C,-salkyl, amino, G.galkyl-amino or (G-galkyl)>-amino.

Another embodiment includes a compound of Formijjavherein R is cyano, halo,

C,-galkyl or amino.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted €;4cycloalkyl selected from 2,3-dihydro-1H-indenyl; optionally substituted
aryl selected from phenyl or naphthyl; or, optidynalbstituted heteroaryl selected from 1,3-
thiazolyl, 1,2-oxazolyl, pyridinyl, pyrimidinyl, 1Hindolyl, benzofuranyl, benzooxazolyl, 1,3-
benzothiazolyl, quinolinyl or isoquinolinyl; or, tpnally substituted heterocyclyl selected
from 1,3-benzodioxolyl or 2,3-dihydro-1,4-benzodiox.

Another embodiment includes a compound of Formijjavherein R is optionally

substituted €i4cycloalkyl selected from 2,3-dihydro-1H-indenyl.

Another embodiment includes a compound of Formiyjavherein R is optionally

substituted g;4cycloalkyl selected from 2,3-dihydro-1H-inden-2-yl.

Another embodiment includes a compound of Formijjavherein R is optionally

substituted aryl selected from phenyl or naphthyl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heteroaryl selected from 1,3-thiazdly®-oxazolyl, pyridinyl, pyrimidinyl, 1H-
indolyl, benzofuranyl, benzooxazolyl, 1,3-benzotoilgl, quinolinyl or isoquinolinyl; or,
optionally substituted heterocyclyl selected frofa-thenzodioxolyl or 2,3-dihydro-1,4-

benzodioxinyl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl selected from 1,3-thiazgl; 2, 2-oxazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyrimidin-5-yl, 1H-indol-5-yl, benzofuran-5-yhenzooxazol-5-yl, 1,3-benzothiazol-2-yl,
quinolin-3-yl, quinolin-6-yl or isoquinolin-3-yl; g optionally substituted heterocyclyl

selected from 1,3-benzodioxol-5-yl or 2,3-dihydrd-benzodioxin-6-yl.

Another embodiment includes a compound of Formijjavherein R is optionally

substituted heteroaryl selected from 1,3-thiazdly2;-oxazolyl, pyridinyl, pyridinyl,
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pyrimidinyl, 1H-indolyl, benzofuranyl, benzooxazbl{,3-benzothiazolyl, quinolinyl or

isoquinolinyl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heteroaryl selected from 1,3-thiazgl; 2, 2-oxazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyrimidin-5-yl, 1H-indol-5-yl, benzofuran-5-yhenzooxazol-5-yl, 1,3-benzothiazol-2-yl,

quinolin-3-yl, quinolin-6-yl or isoquinolin-3-yl.

Another embodiment includes a compound of Formijjavherein R is optionally
substituted heterocyclyl selected from 1,3-benzaali or 2,3-dihydro-1,4-benzodioxinyl.

Another embodiment includes a compound of Formiyjavherein R is optionally
substituted heterocyclyl selected from 1,3-benzaali®-yl or 2,3-dihydro-1,4-benzodioxin-
6-yl.

Another embodiment includes a compound of Formijjavherein R is
independently selected from cyano, halo, hydroxgtp, G .galkyl, cyano-G.galkyl,
halo-G _galkyl, hydroxyl-G_galkyl, C;.galkoxy, G.salkoxy-G _ galkyl, halo-G.galkoxy,
C,.galkenyl, G_galkoxy-G.galkenyl, carboxyl, amino, {galkyl-amino,
C,.galkyl-amino-G_galkyl, hydroxyl-G_galkyl-amino, G_.galkyl-thio, G galkyl-carbonyl,
C,-salkyl-carbonyl-oxy-G.galkyl, C;.galkoxy-carbonyl, Ggalkyl-sulfonyl, G.14«cycloalkyl,
aryl-Cy_galkyl, aryl-amino, aryl-Gsalky-amino, heteroaryl or heteroaryl-galkyl, wherein
heteroaryl and the aryl and heteroaryl portionargf-C;.galkyl, aryl-amino,
aryl-C;_galky-amino and heteroaryl:Galkyl are each optionally substituted with one, two

three or four halo or halosGalkoxy substituents.

Another embodiment includes a compound of Formijjavherein R is
independently selected from cyano, halo, hydroxitp, oxo, G.salkyl, cyano-G.galkyl,
halo-G.galkyl, hydroxyl-G_.galkyl, C,.salkoxy, G.galkoxy-GC galkyl, halo-G_galkoxy,
C..galkenyl, G_galkoxy-G.galkenyl, G.galkynyl, C,_galkoxy-G.galkynyl, carboxyl, amino,
C,.salkyl-amino, (G-galkyl),-amino, amino-Gsalkyl, C;.galkyl-amino-G_galkyl,
(Cy-galkyl),-amino-G.-galkyl, hydroxyl-G_galkyl-amino, hydroxyl-G.galkyl-amino-G_.galkyl,
hydroxyl-G;salkyl-amino-G_galkyl-amino, G_.galkyl-thio, G galkyl-carbonyl,
C,.salkyl-carbonyl-amino, €salkyl-carbonyl-oxy, G.salkyl-carbonyl-oxy-G.galkyl,
C,-salkoxy-carbonyl, G galkoxy-carbonyl-G.salkyl, C;.galkoxy-carbonyl-amino or

C;-salkyl-sulfonyl.
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Another embodiment includes a compound of Formijjavherein R is
independently selected from cyano, halo, hydroxgtp, G .galkyl, cyano-G.galkyl,
halo-G.galkyl, hydroxyl-G_.galkyl, C,.salkoxy, G.salkoxy-GC galkyl, halo-G_galkoxy,
C,.galkenyl, G_galkoxy-G.galkenyl, carboxyl, amino, {galkyl-amino,
C,-salkyl-amino-G_.galkyl, hydroxyl-G_galkyl-amino, G.galkyl-thio, C;_galkyl-carbonyl,
C,-salkyl-carbonyl-oxy-G.galkyl, C;.galkoxy-carbonyl or @galkyl-sulfonyl.

Another embodiment includes a compound of Formijjavherein R is
independently selected from optionally substitugd.cycloalkyl selected from cyclopropyl
or cyclobutyl; or, aryl, aryl-€galkyl, aryl-amino or aryl-@galky-amino optionally
substituted on aryl and the aryl portions, wheeei is selected from phenyl; and, wherein
the optional substituents on.Geycloalkyl, aryl and the aryl portions are selediedn one,
two, three or four halo, Galkyl, halo-G_galkyl, hydroxyl-G_galkyl, C;-galkoxy,
halo-G _galkoxy, hydroxyl-G.gsalkyl or carboxyl substituents; or, heteroaryl or
heteroaryl-G.galkyl optionally substituted on heteroaryl and tieroaryl portion, wherein
heteroaryl is selected from tetrazolyl or pyridirgthd, wherein the optional substituents on
heteroaryl and the heteroaryl portion are seleftted one, two, three or four halog galkyl,
halo-G_galkyl, hydroxyl-G_galkyl, C;.galkoxy, halo-G.galkoxy, hydroxyl-G_galkyl or

carboxyl substituents.

Another embodiment includes a compound of Formijjavherein R is
independently selected from optionally substitugd.cycloalkyl selected from cyclopropyl
or cyclobutyl; or, aryl-Ggalkyl, aryl-amino or aryl-@€galky-amino optionally substituted on
the aryl portions, wherein aryl is selected froneqyl; and, wherein the optional substituents
on G.1.cycloalkyl and the aryl portions are selected frmme, two, three or four halo or
halo-G .galkoxy substituents; or, heteroaryl or heteroarykdlkyl optionally substituted on
heteroaryl and the heteroaryl portion, wherein foety/l is selected from tetrazolyl or
pyridinyl; and, wherein the optional substituentsheteroaryl and the heteroaryl portion are

selected from one, two, three or four halo or HaJgalkoxy substituents.

Another embodiment includes a compound of Formijjavherein R is
independently selected from optionally substituiedcycloalkyl selected from cyclopropyl

or cyclobutyl.
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Another embodiment includes a compound of Formijjavherein R is
independently selected from aryl, ary-alkyl, aryl-amino or aryl-@galky-amino optionally
substituted on aryl and the aryl portions, whegeil is selected from phenyl; and, wherein
the optional substituents are selected from one, thwee or four halo, Galkyl,
halo-G_galkyl, hydroxyl-G_galkyl, C;.galkoxy, halo-G.galkoxy, hydroxyl-G_galkyl or

carboxyl substituents.

Another embodiment includes a compound of Formijjavherein R is
independently selected from aryl-galkyl, aryl-amino or aryl-@salky-amino optionally
substituted on the aryl portions, wherein aryldkested from phenyl; and, wherein the
optional substituents are selected from one, thweet or four halo or halo1Galkoxy

substituents.

Another embodiment includes a compound of Formijjavherein R is
independently selected from heteroaryl or hetete@ryalkyl optionally substituted on
heteroaryl and the heteroaryl portion, wherein foetyl is selected from tetrazolyl or
pyridinyl; and, wherein the optional substituents selected from one, two, three or four
halo, G.galkyl, halo-G_galkyl, hydroxyl-G_galkyl, C;_galkoxy, halo-G_galkoxy,
hydroxyl-C;-galkyl or carboxyl substituents.

Another embodiment includes a compound of Formijjavherein R is
independently selected from heteroaryl or hetete@yyalkyl optionally substituted on
heteroaryl and the heteroaryl portion, wherein toateyl is selected from tetrazolyl or
pyridinyl; and, wherein the optional substituents selected from one, two, three or four

halo or halo-@galkoxy substituents.

Another embodiment includes a compound of Formijjavherein R is
independently selected from heteroaryl or hetete@yyalkyl optionally substituted on

heteroaryl and the heteroaryl portion, wherein foeteyl is selected from 2H-tetrazol-2-yl,

tetrazol-1-yl, pyridin-2-yl, pyridin-3-yl or pyridi-4-yl; and, wherein the optional substituents

are selected from one, two, three or four haloado{€; .salkoxy substituents.

Another embodiment includes a compound of Formijjavherein R is
independently selected from cyano, halo, hydromgtp, G .salkyl, halo-G_galkyl,
hydroxyl-GC;.galkyl, C;.galkoxy, halo-G.galkoxy, G.salkenyl, G.galkynyl, formyl, formyl-

oxy, G.galkyl-carbonyl, halo-@galkyl-carbonyl, G_galkyl-thio, halo-G.salkyl-thio, amino,
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C..salkyl-carbonyl, G.salkoxy-carbonyl, amino-carbonyl,;Galkyl-amino-carbonyl,
amino-G_galkyl, (C,.galkyl).-amino-G_galkyl-amino, hydroxyl-G salkyl-amino,

hydroxyl-imino-G_.gsalkyl, C;.galkyl-sulfonyl, B(ORy),, Cs.1.cycloalkyl, heterocyclyl, aryl or
heteroaryl, wherein £ cycloalkyl, heterocyclyl, aryl and heteroaryl asek optionally

substituted with one, two, three or four halo @r&kyl substituents.

Another embodiment includes a compound of Formiyjavherein R is
independently selected from cyano, halo, hydrongtp, G .salkyl, halo-G_galkyl,
hydroxyl-GC,.salkyl, C,;.galkoxy, halo-G.salkoxy, G.galkenyl, G_salkoxy-GC.galkenyl,
Co.galkynyl, G .galkoxy-G,.galkynyl, carboxyl, formyl, formyl-oxy, €galkyl-carbonyl,
halo-G _galkyl-carbonyl, G_galkyl-thio, halo-G_galkyl-thio, amino, G.galkyl-amino,
(Ci-galkyl),-amino, G-galkyl-carbonyl, G_galkyl-carbonyl-oxy,
C,-galkyl-carbonyl-oxy-G.galkyl, C;.galkoxy-carbonyl, halo-Csalkoxy-carbonyl,
C,.salkoxy-carbonyl-G.salkyl, C;.galkoxy-carbonyl-amino,
C,.salkoxy-carbonyl-amino-Csalkyl, amino-carbonyl, €salkyl-amino-carbonyl,
(Cy1-galkyl),-amino-carbonyl, €galkyl-carbonyl-amino, €galkyl-carbonyl-amino-Ggalkyl,
amino-G.galkyl, C,.galkyl-amino-G_galkyl, (C;-galkyl).-amino-G_galkyl,
amino-G_galkyl-amino, G.galkyl-amino-G_galkyl-amino,
(Cy-galkyl),-amino-G.galkyl-amino, hydroxyl-G.galkyl-amino,
hydroxyl-G;.galkyl-amino-G_.galkyl, hydroxyl-G_ salkyl-amino-G_.gsalkyl-amino,
imino-C,.galkyl, hydroxyl-imino-G_galkyl, C;.galkoxy-imino-G _galkyl, C;.galkyl-sulfonyl,
halo-G _galkyl-sulfonyl, amino-sulfonyl, €salkyl-amino-sulfonyl,

(Cy-galkyl),-amino-sulfonyl or B(OR)-.

Another embodiment includes a compound of Formijjavherein R is
independently selected from cyano, halo, hydrongtp, G .salkyl, halo-G_galkyl,
hydroxyl-C;.galkyl, C,.galkoxy, halo-G.galkoxy, G.salkenyl, G.galkynyl, formyl, formyl-
oxy, C.galkyl-carbonyl, halo-@galkyl-carbonyl, G_galkyl-thio, halo-G.galkyl-thio, amino,
C,-galkyl-carbonyl, G.galkoxy-carbonyl, amino-carbonyl,;Galkyl-amino-carbonyl,
amino-G_.galkyl, (C;-galkyl),-amino-G_galkyl-amino, hydroxyl-G.salkyl-amino,

hydroxyl-imino-G.galkyl, C;.galkyl-sulfonyl, G.salkyl-amino-sulfonyl or B(OR)..

Another embodiment includes a compound of Formiyjavherein R is

independently selected frony.Ccycloalkyl, heterocyclyl, aryl or heteroaryl, whre
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Cs.1cycloalkyl, heterocyclyl, aryl and heteroaryl aeek optionally substituted with one,

two, three or four halo orGalkyl substituents.

Another embodiment includes a compound of Formijjavherein R is
independently selected frony.Ccycloalkyl or heterocyclyl, whereingG.cycloalkyl and
heterocyclyl are each optionally substituted witle IC;_salkyl substituents.

Another embodiment includes a compound of Formiyljavherein R optionally
substituted €;4cycloalkyl is selected from cyclopropyl; optionaliubstituted heterocyclyl is
selected from morpholinyl or 1,3,2-dioxaborolargptionally substituted aryl is selected

from phenyl; or, optionally substituted heteroasyselected from 1H-pyrazolyl.

Another embodiment includes a compound of Formiyljavherein R optionally

substituted €;4cycloalkyl is selected from cyclopropyl.

Another embodiment includes a compound of Formijjavherein R optionally

substituted heterocyclyl is selected from morphglor 1,3,2-dioxaborolanyl.

Another embodiment includes a compound of Formiyljavherein R optionally

substituted heterocyclyl is selected from morphdhyl or 1,3,2-dioxaborolan-2-yl.

Another embodiment includes a compound of Formijjavherein R optionally

substituted aryl is selected from phenyl.

Another embodiment includes a compound of Formiyljavherein R optionally

substituted heteroaryl is selected from 1H-pyrdzoly

Another embodiment includes a compound of Formijjavherein R optionally

substituted heteroaryl is selected from 1H-pyrdzgl-
Another embodiment includes a compound of Formiyjavherein R is hydroxyl.

Another embodiment includes a compound of Formijjavherein R is

(C:1-galkoxy),, wherein n represents an integer from 1 to 5.
Another embodiment includes a compound of Formiyjavherein R is hydrogen.
Another embodiment includes a compound of Formijjavherein R is G galkyl.

Another embodiment includes a compound of Formiylar(a form thereof, wherein

the form of the compound of Formula (I) is seledtedn a free acid, free base, salt, ester,
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hydrate, solvate, chelate, clathrate, polymorpitpgologue, stereocisomer, racemate,

enantiomer, diastereomer or tautomer thereof.

Another embodiment includes a compound of Formiylar(a form thereof, wherein
the form of the compound of Formula (I) is seledtedn a free acid, free base, salt, ester,

hydrate, solvate or polymorph thereof.

Another embodiment includes a compound of Formiylar(a form thereof, wherein
the form of the compound of Formula (I) is seledtedn a salt, ester, hydrate, solvate,
chelate, clathrate, polymorph, isotopologue, siesmer, racemate, enantiomer,

diastereomer or tautomer thereof.

Another embodiment includes a compound of Formiylar(a form thereof, wherein
the form of the compound of Formula (1) is seledtedn a free acid, free base, salt, hydrate

or polymorph thereof.

Another embodiment includes a compound of Formiylar(a form thereof, wherein
the form of the compound of Formula (l) is seledteth a free acid, free base, hydrate,

solvate or polymorph thereof.

Another embodiment includes a compound of Formiylar(a form thereof, wherein
the form of the compound of Formula (l) is seledtedh a salt, hydrate, solvate or

polymorph thereof.

Another embodiment includes a compound of Formiylar(a form thereof, wherein
the form of the compound of Formula (1) is seledtedn a free acid, free base or salt thereof.

Another embodiment includes a compound of Formiylar(a form thereof, wherein

the form of the compound of Formula (l) is seledtetn a free acid or free base thereof.

Another embodiment includes a compound of Formiylar(a form thereof, wherein
the form of the compound of Formula (1) is seledtedn a salt thereof.

Another embodiment includes a compound of Formiylar(a form thereof, wherein

the form of the compound of Formula (I) is seledtetnh a polymorph thereof.

Another embodiment includes a compound of Formijlar(a form thereof, wherein

the form of the compound of Formula (1) is pharma@ally acceptable.
16



Another embodiment includes a compound of Formiylar(a form thereof, wherein
the form of the compound of Formula (l) is isolated
Another embodiment includes a compound of Formiylar(a form thereof, wherein

the compound is a compound of Formula (ll), Forn{ulxaor Formula (1V):

Rg\ R R,
f f o
R4\ )\ R4\ )\ R4\ )\
H
Formula (11), Formula (IIl) or Formula (IV)

5 or aform thereof, wherein

Ry and Ry are independently hydrogen, hydroxyl,&lkyl, hydroxyl-G_galkyl,
C,-galkoxy-G galkyl, C;_galkyl-carbonyl, amino-carbonyl, Galkyl-amino-carbonyl,
(Cygalkyl),-amino-carbonyl, €salkoxy-carbonyl, amino-sulfonyl,

C,.salkyl-amino-sulfonyl, (G.galkyl),-amino-sulfonyl or P(O)(R..

10 Another embodiment includes a compound of Formilila herein one of Rand
Ri10is hydrogen and the other is hydroxyl,d8lkyl, hydroxyl-G_salkyl, C,.galkoxy-G _ galkyl,
C1.galkyl-carbonyl, amino-carbonyl,Galkyl-amino-carbonyl, (€galkyl),-amino-carbonyl,
C,.salkoxy-carbonyl, amino-sulfonyl, Galkyl-amino-sulfonyl, (G.salkyl),-amino-sulfonyl
or P(O)(R)2.

15 Another embodiment includes a compound of Formiylar(a form thereof, wherein

the compound is a compound of Formula (la), Forn(ildg, Formula (llla) or Formula

(Iva):
Rg\ R R,
O
Ri~y, r g, Res f Ap R f)\ Riw )\
11 R11 11 ||?11
Formula (la), Formula (lla), Formula (llla) or Fouta (IVa)

or a form thereof, wherein,RRs;, R, Rio Or Ry; are independently deuterium.
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Another embodiment includes a compound of Formijlar(a form thereof selected

from the group consisting of:
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wherein the form of the compound of Formula (I3éected from a salt, ester, hydrate,
solvate, chelate, clathrate, polymorph, isotopobogtereoisomer, racemate, enantiomer,

diastereomer or tautomer thereof.

Another embodiment includes a compound of Formijlar(a form thereof selected

from the group consisting of:

Cpd Name

1 N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-pyrimidin-4-amine
N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-(2-methylidazo[1,2-a]pyridin-3-

2 yhpyrimidin-4-amine
2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N-[4-(triflaromethyl)phenyl]pyrimidin-4-

3 amine

4  N-(4-methoxyphenyl)-2-(2-methylimidazo[1,2-a]pymd8-yl)pyrimidin-4-amine

5  N-(4-chlorophenyl)-2-(2-methylimidazo[1,2-a]pyridBtyl)pyrimidin-4-amine

6 2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N-phenylpynidin-4-amine
2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N4-

7 (trifluoromethyl)phenyl]pyrimidin-4-amine
N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyridin-3-yl]pyrimidin-4-

8 amine
N-(4-methylphenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyridin-3-yl]pyrimidin-4-

9 amine
N-(4-bromophenyl)-2-[2-(trifluoromethyl)imidazo[1-&|pyridin-3-yl]pyrimidin-4-

10 amine
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23
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25
26

N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyiimidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazof2-a]pyridin-3-yl]pyrimidin-4-
amine

2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine
N-(4-bromophenyl)-2-[6-chloro-2-(trifluoromethyl)iciazo[1,2-a]pyridin-3-
yllpyrimidin-4-amine
2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(difluoromethoxy)phenyl]pyrimidin-4-amine
N-(4-chlorophenyl)-2-[6-chloro-2-(trifluoromethyijiidazo[1,2-a]pyridin-3-
yllpyrimidin-4-amine
2-[2-methyl-6-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
N-(4-bromophenyl)-2-[2-methyl-6-(trifluoromethyl)intazo[1,2-a]pyridin-3-
yllpyrimidin-4-amine
N-(4-methylphenyl)-2-[2-methyl-6-(trifluoromethyhjiidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridi 3-yl]-N-(4-
methylphenyl)pyrimidin-4-amine
2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-(4-
methoxyphenyl)pyrimidin-4-amine
2-[5-chloro-1-methyl-2-(trifluoromethyl)-1H-indol-8l]-N-(4-
methoxyphenyl)pyrimidin-4-amine
2-[5-chloro-1-methyl-2-(trifluoromethyl)-1H-indol-8l]-N-[4-
(difluoromethoxy)phenyl]pyrimidin-4-amine

N-(4-bromophenyl)-2-[5-chloro-1-methyl-2-(trifluonwethyl)-1H-indol-3-yl]pyrimidin-

4-amine

N-(4-bromophenyl)-2-(6-fluoro-2-phenylimidazo[1, Bgridin-3-yl)pyrimidin-4-amine
2-(6-fluoro-2-phenylimidazo[1,2-a]pyridin-3-yl)-Ndfmethylphenyl)pyrimidin-4-amine
N-(1,3-benzodioxol-5-yl)-2-[2-(trifluoromethyl)imako[1,2-a]pyridin-3-yl]pyrimidin-
4-amine
N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-[2-(trifluomethyl)imidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-(6-methoxypyridin-3-yl)-2-[2-(trifluoromethyl)indazo[1,2-a]pyridin-3-yl]pyrimidin-

30

31

4-amine

N?,N%-dimethyl-N-{2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yfyrimidin-4-
yl}pyridine-2,5-diamine
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32

33

34

35

36

37

38

39
40
41

42

43

45

46

a7

48

49

50

51

52

2-[6-bromo-2-(trifluoromethyl)imidazo[1,2-a]pyridiB-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
2-[6-bromo-2-(trifluoromethyl)imidazo[1,2-a]pyridi&-yl]-N-(4-
methoxyphenyl)pyrimidin-4-amine
N-(3-fluoro-4-methoxyphenyl)-2-[2-(trifluoromethyiidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethytlidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-(3-chloro-4-methylphenyl)-2-[2-(trifluoromethyfjiidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-(4-ethoxyphenyl)-2-[2-(trifluoromethyl)imidazo[a-a]pyridin-3-yl]pyrimidin-4-
amine
N-[4-(propan-2-yl)phenyl]-2-[2-(trifluoromethyl)indiazo[1,2-a]pyridin-3-yl]pyrimidin-
4-amine
N-[4-(1H-pyrazol-1-yl)phenyl]-2-[2-(trifluoromethyimidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-(3-chloro-4-methoxyphenyl)-2-(2-methyHtbenzimidazol-1-yl)pyrimidin-4-amine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorontieyl)phenyl]pyrimidin-4-amine
N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethyl)H-benzimidazol-1-
yllpyrimidin-4-amine
5-fluoro-N-(4-methylphenyl)-2-[2-(trifluoromethyiidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
5-chloro-N-(4-methylphenyl)-2-[2-(trifluoromethytjiidazo[1,2-a]pyridin-3-
yllpyrimidin-4-amine
N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazof2-a]pyrazin-3-yl]pyrimidin-4-
amine

2-[2-(trifluoromethyl)imidazo[1,2-a]pyrazin-3-yl]-N4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyrazin-3-yl]pyrimidin-4-
amine

2-[6-methoxy-2-(trifluoromethyl)imidazo[1,2-a]pyiia 3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
2-[6-methoxy-2-(trifluoromethyl)imidazo[1,2-a]pyiitt3-yl]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine
N-(4-methoxyphenyl)-2-[6-methoxy-2-(trifluoromethiyhidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-[4-(difluoromethoxy)phenyl]-2-[6-methoxy-2-(trilbromethyl)imidazo[1,2-
a]pyridin-3-yl]pyrimidin-4-amine
2-{[6-{[4-(difluoromethoxy)phenyllamino}-2-(2-methylH-benzimidazol-1-
yl)pyrimidin-4-yllamino}ethanol
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53

54

55

56

57

58

59

60
61

62

63

64

65

66

67

68

69

70

71

72

73

N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluorometh)imidazo[1,2-a]pyrazin-3-
yl]pyrimidin-4-amine

2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
N-[4-(difluoromethoxy)phenyl]-2-[6-fluoro-2-(triflaromethyl)imidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-[4-(trifluoromethyl)phenyl]-2-[2-(trifluoromethypyrazolo[1,5-a]pyridin-3-
yl]pyrimidin-4-amine

2-{[2-(2-methyl-1H-benzimidazol-1-yl)-6-{[4-
(trifluoromethyl)phenyl]lamino}pyrimidin-4-ylJaminogthanol
N*-(2-methoxyethyl)-2-(2-methyl-1H-benzimidazol-1-f-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N*-[4-(difluoromethoxy)phenyl]-R(2-methoxyethyl)-2-(2-methyl-1H-benzimidazol-1-
yh)pyrimidine-4,6-diamine
N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)pyrazolb-a]pyridin-3-yl]pyrimidin-4-
amine
N-[4-(difluoromethoxy)phenyl]-2-(2-methyl-1H-benzidazol-1-yl)pyrimidin-4-amine
N-(4-methylphenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyrazin-3-yl]pyrimidin-4-
amine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorontieyl)phenyl]pyrimidine-4,6-
diamine

2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N{4
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyiimidazo[1,2-a]pyridin-3-
yl]pyrimidine-4,6-diamine

2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(trifluoromethoxy)phenyl]-2-[2-(trifluorometH}imidazo[1,2-a]pyridin-3-
yl]pyrimidine-4,6-diamine

2-(6-fluoro-2-methylimidazo[1,2-a]pyridin-3-yl)-N4f
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methyhidazo[1,2-a]pyridin-3-
yh)pyrimidine-4,6-diamine
N-[4-(trifluoromethyl)phenyl]-2-(1,3,5-trimethyl-1byrazol-4-yl)pyrimidine-4,6-
diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-[4-{tluoromethyl)phenyl]pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methyllH-benzimidazol-1-
yh)pyrimidine-4,6-diamine
2-(2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-(ftuoromethyl)phenyl]pyrimidine-
4,6-diamine

37



74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-{fBuoro-4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoroimidazo[1,2-a]pyridin-3-yN-[4-(difluoromethoxy)-3-
fluorophenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(6-fluor@-methyl-1H-benzimidazol-1-
yh)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-Buoro-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)-3-
fluorophenyl]pyrimidine-4,6-diamine
N-[4-(trifluoromethyl)phenyl]-2-(2,5,6-trimethyl-1#enzimidazol-1-yl)pyrimidine-4,6-
diamine
N-[3-fluoro-4-(trifluoromethyl)phenyl]-2-(2-methyl:-H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-N-[4-(ttuoromethyl)phenyl]pyrimidine-
4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-NtH
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-5-fluoro-1H-benzimidazol-1-yl)-NH
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
[3-(4-amino-6-{[4-(trifluoromethyl)phenyllamino}pymidin-2-yl)-6-
fluoroimidazo[1,2-a]pyridin-2-ylimethanol
2-(6-bromo-2-methyl-1H-benzimidazol-1-yl)-N-[4-fioromethyl)phenyl]pyrimidine-
4,6-diamine
2-(2,6-dimethyl-1H-benzimidazol-1-yl)-N-[4-(triflromethyl)phenyl]pyrimidine-4,6-
diamine
2-(6-ethyl-2-methyl-1H-benzimidazol-1-yl)-N-[4-(tuoromethyl)phenyl]pyrimidine-
4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N{4
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-{fBuoro-4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-{[2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yB-{[4-
(trifluoromethyl)phenyl]lamino}pyrimidin-4-ylJaminogthanol
2-(6-ethenyl-2-methyl-1H-benzimidazol-1-yl)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-fluoromethyl)phenyl]pyrimidine-
4,6-diamine
2-(6-fluoro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yiN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
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5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-{tiuoromethyl)phenyl]pyrimidine-

95 4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-two-4-

96 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-

97 (difluoromethoxy)phenyl]pyrimidine-4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-two-4-

98 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-

99 (difluoromethoxy)phenyl]pyrimidine-4,6-diamine
2-(6-fluoro-2-methylimidazo[1,2-a]pyrimidin-3-yl)-f4-

100 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-difluro-2-methyl-1H-benzimidazol-1-

101 yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-miegl-1H-benzimidazol-1-

102 yl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-N-[4-

103 (difluoromethoxy)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-

104 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-ethyl-1H-imidazo[4,5-b]pyridin-1-y\-[4-

105 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyllH-benzimidazol-1-

106 yl)pyrimidine-4,6-diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(ttuoromethyl)phenyl]pyrimidine-

107 4,6-diamine
5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-

108 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-

109 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(6-fluor@-methyl-1H-benzimidazol-1-

110 yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-26¢fluoro-2-methyl-1H-

111 benzimidazol-1-yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-25¢fluoro-2-methyl-1H-

112 benzimidazol-1-yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(5-fluor@-methyl-1H-benzimidazol-1-

113 yl)pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-y§-fluoro-N-[4-

114 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-(difluoromethoxy)phenyl]-

115 5-fluoropyrimidine-4,6-diamine
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116

117
118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-(difluoromethoxy)-3-
fluorophenyl]-5-fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-5-fluoro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(imidazo[1,2-a]pyridin-3-yl)-N-[4-(trifluorometHyphenyl]pyrimidin-4-amine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22¢methyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NH
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(difluomethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(diflutomethoxy)-3-fluorophenyl]-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1H-benzidazol-1-yl)-5-fluoropyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethylH-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-diflero-2-methyl-1H-benzimidazol-1-
yl)-5-fluoropyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(4,6-difloro-2-methyl-1H-benzimidazol-1-
yl)-5-fluoropyrimidine-4,6-diamine
2-(2-ethyl-4,6-difluoro-1H-benzimidazol-1-yl)-5-ftwo-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl;@-difluoro-1H-benzimidazol-1-
yh)-5-fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(4,6-difluoro-2-meyl-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-4,6-diflwo-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-meyl-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
5-fluoro-2-(4-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(4-fluor@-methyl-1H-benzimidazol-1-
yh)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-24¢fluoro-2-methyl-1H-
benzimidazol-1-yl)pyrimidine-4,6-diamine
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137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

5-fluoro-2-(2-methyl-1H-imidazo[4,5-b]pyridin-1-yiN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methylH-imidazo[4,5-b]pyridin-1-
yhpyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22¢(methyl-1H-imidazo[4,5-
b]pyridin-1-yl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-3dbro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)-3-
fluorophenyl]-5-fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-NH
(difluoromethoxy)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoroH-benzimidazol-1-yl)pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-[2-(difluoromethy®-fluoro-1H-benzimidazol-1-
yl]pyrimidine-4,6-diamine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(methylsuifgl)phenyl]pyrimidine-4,6-
diamine
2-[2-(1-methylcyclopropyl)-1H-benzimidazol-1-yl]-N-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-[2-(1-methylcycloppyl)-1H-benzimidazol-1-
yl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(triftromethyl)phenyl]pyrimidine-4,6-
diamine
2-[2-(methoxymethyl)-1H-benzimidazol-1-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-[2-(propan-2-yl)-1H-benzimidazol-1-yl]-N-[4-(ttdoromethyl)phenyl]pyrimidine-
4,6-diamine
2-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-N-[44{fluoromethyl)phenyl]pyrimidine-
4,6-diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-N-[4-(trifluoromeyl)phenyl]pyrimidine-4,6-
diamine
2-(2-methylpyrazolo[1,5-a]pyridin-3-yl)-N-[4-(triloromethyl)phenyl]pyrimidine-4,6-
diamine
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-N-[4-
(difluoromethoxy)phenyl]-5-fluoropyrimidine-4,6-di@ne
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1H-benzidazol-1-yl)pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethylH-benzimidazol-1-yl)pyrimidine-
4,6-diamine

41



158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-5-flucié-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-ftlioromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-5-flucté-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-ftlioromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
2-(2-ethyl-5-fluoro-1H-benzimidazol-1-yl)-5-fluorN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-5-fluoroH-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-5-fluorN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoroH-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
5-chloro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-fluoromethyl)phenyl]pyrimidine-
4,6-diamine
5-chloro-2-(2-ethyl-1H-benzimidazol-1-yl)-N-[4-(truoromethyl)phenyl]pyrimidine-
4,6-diamine
5-chloro-N-[4-(difluoromethoxy)phenyl]-2-(2-ethylHtbenzimidazol-1-yl)pyrimidine-
4,6-diamine
5-fluoro-2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N4f
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyhidazo[1,2-a]pyridin-3-
yhpyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22¢methylimidazo[1,2-a]pyridin-3-
yhpyrimidine-4,6-diamine
5-methyl-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-fluoromethyl)phenyl]pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methypazolo[1,5-a]pyridin-3-
yhpyrimidine-4,6-diamine
5-fluoro-N-[4-(trifluoromethyl)phenyl]-2-(2,6,8-tmethylimidazo[1,2-a]pyrazin-3-
yhpyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2,6,8-triethylimidazo[1,2-a]pyrazin-3-
yh)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22(6,8-trimethylimidazo[1,2-
a]pyrazin-3-yl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methylpyrazolo[1,5-a]pyridin-3-yl)-I¥-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
5-fluoro-2-[6-fluoro-2-(trifluoromethyl)imidazo[1;2]pyridin-3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
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5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methoxyphenyl)pyrimidine-
4,6-diamine
2-(2-cyclopropylpyrazolo[1,5-a]pyridin-3-yl)-N-[4d{fluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
[3-(4-amino-6-{[4-(difluoromethoxy)phenyllamino}-8uoropyrimidin-2-yl)-5-
fluoropyrazolo[1,5-a]pyridin-2-yljmethanol
2-[2-(methylsulfanyl)-1H-benzimidazol-1-yl]-N-[4+{fluoromethyl)phenyl]pyrimidine-
4,6-diamine
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-[6-(trifluoromethyl)pyridin-3-
yl]pyrimidine-4,6-diamine
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-
4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-5-fluoropgizolo[1,5-a]pyridin-3-yl)-5-
fluoropyrimidine-4,6-diamine
2-(2-ethyl-5-fluoropyrazolo[1,5-a]pyridin-3-yl)-Gtforo-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-Buoropyrazolo[1,5-a]pyridin-3-
yh)-5-fluoropyrimidine-4,6-diamine
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-(3-methoxyphenyl)pyrimidine-
4,6-diamine
N-(3-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-Xblenzimidazol-1-yl)pyrimidine-
4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl-1H-benzigazol-1-yl)pyrimidin-4-
yllamino}benzonitrile

methyl 4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl-14denzimidazol-1-yl)pyrimidin-4-
yllamino}benzoate
5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-(3-nfetiphenyl)pyrimidine-4,6-
diamine
5-fluoro-N-(3-methoxyphenyl)-2-(2-methyl-1H-benzutaizol-1-yl)pyrimidine-4,6-
diamine
2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-methylphejgyrimidine-4,6-diamine
N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-Bpyrimidine-4,6-diamine
N-[4-(dimethylamino)phenyl]-2-(2-methyl-1H-benzinaidol-1-yl)pyrimidine-4,6-
diamine
5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-nfetiphenyl)pyrimidine-4,6-
diamine
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5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-1H-benzutaizol-1-yl)pyrimidine-4,6-
diamine
N-(4-chlorophenyl)-5-fluoro-2-(2-methyl-1H-benzinaigol-1-yl)pyrimidine-4,6-
diamine

4-{[6-amino-5-fluoro-2-(2-methyl-1H-benzimidazoly)pyrimidin-4-
yllamino}benzonitrile
N-(1,3-benzodioxol-5-yl)-5-fluoro-2-(2-methyl-1H-beimidazol-1-yl)pyrimidine-4,6-
diamine

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
N-(1,3-benzodioxol-5-yl)-2-(2-methyl-1H-benzimidaZzyl)pyrimidine-4,6-diamine
N-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-(2-methyHtbenzimidazol-1-yl)pyrimidine-
4,6-diamine
N-(3-fluoro-4-methoxyphenyl)-2-(2-methyl-1H-benzuhaizol-1-yl)pyrimidine-4,6-
diamine
N-(6-methoxypyridin-3-yl)-2-(2-methyl-1H-benzimidalzl-yl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(2-methyl-1H-benzimidazol-Iyyrimidine-4,6-diamine
4-{[6-amino-2-(2-methyl-1H-benzimidazol-1-yl)pyrimin-4-yllamino}benzonitrile
2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-nitrophenglrimidine-4,6-diamine
N-(4-bromophenyl)-2-(2-methyl-1H-benzimidazol-1y¥yimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-(4-
methylphenyl)pyrimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-(4-
methoxyphenyl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(5,6-difluoro-2-methyl-1H-benadazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-[2-(methgrethyl)-1H-benzimidazol-1-
yllpyrimidine-4,6-diamine
5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-
4,6-diamine

5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yi-(4-
methoxyphenyl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-[2-(methoxymethyl)-1bknzimidazol-1-yl]pyrimidine-
4,6-diamine

5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yi-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorontiekoxy)phenyl]pyrimidine-4,6-
diamine
1-(4-amino-5-fluoro-6-{[4-(trifluoromethyl)phenylfaino}pyrimidin-2-yl)-2-methyl-
1H-benzimidazole-6-carbonitrile
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1-(4-amino-6-{[4-(difluoromethoxy)phenyl]lamino}-3tforopyrimidin-2-yl)-2-methyl-
1H-benzimidazole-6-carbonitrile
1-{4-amino-5-fluoro-6-[(4-methylphenyl)amino]pyricin-2-yl}-2-methyl-1H-
benzimidazole-6-carbonitrile
1-{4-amino-5-fluoro-6-[(4-methoxyphenyl)amino]pyridin-2-yl}-2-methyl-1H-
benzimidazole-6-carbonitrile
1-(4-amino-6-{[4-(difluoromethoxy)phenyl]lamino}-3tforopyrimidin-2-yl)-2-methyl-
1H-benzimidazole-5-carbonitrile
1-{4-amino-5-fluoro-6-[(4-methylphenyl)amino]pyriwcin-2-yl}-2-methyl-1H-
benzimidazole-5-carbonitrile
1-{4-amino-5-fluoro-6-[(4-methoxyphenyl)amino]pyridin-2-yl}-2-methyl-1H-
benzimidazole-5-carbonitrile
1-(4-amino-5-fluoro-6-{[4-(trifluoromethyl)phenylfaino}pyrimidin-2-yl)-2-methyl-
1H-benzimidazole-5-carbonitrile
1-{4-amino-6-[(4-chlorophenyl)amino]-5-fluoropyriin-2-yl}-2-methyl-1H-
benzimidazole-5-carbonitrile
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-meth@-nitro-1H-benzimidazol-1-
yh)pyrimidine-4,6-diamine
5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-
4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-6-nitro-1benzimidazol-1-yl)pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-methyl-1H-benzidazol-1-yl)pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-methylH-benzimidazol-1-
yhpyrimidine-4,6-diamine
5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1-yN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(4,6-difluoro-2-methyl-1H-benadazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methylpyrazolopia]pyridin-3-yl)pyrimidine-4,6-
diamine
N-(1,3-benzodioxol-5-yl)-2-(4,6-difluoro-2-methyHtbenzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-(4-
methylphenyl)pyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-(4-
methoxyphenyl)pyrimidine-4,6-diamine
2-(5,7-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
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5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1l-[4-

244 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(6-methoxy-2-methyHibenzimidazol-1-

245 yl)pyrimidine-4,6-diamine
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1)-[4-

246 (trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(6-methox@methyl-1H-benzimidazol-1-

247 yhpyrimidine-4,6-diamine
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-)-(4-

248 methylphenyl)pyrimidine-4,6-diamine
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol- 1) (4-

249 methoxyphenyl)pyrimidine-4,6-diamine
N-(1,3-benzodioxol-5-yl)-5-fluoro-2-(6-methoxy-2-thgl-1H-benzimidazol-1-

250 yl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methylimé@azo[1,2-a]pyridin-3-

251 yl)pyrimidine-4,6-diamine
5-fluoro-2-(6-fluoro-2-methylimidazo[1,2-a]pyridiB-yl)-N-(4-

252 methoxyphenyl)pyrimidine-4,6-diamine
5-fluoro-2-(6-fluoro-2-methylimidazo[1,2-a]pyridiB-yl)-N-(4-

253 methylphenyl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methyl-5-nitro-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-

254  4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-5-nitro-1benzimidazol-1-yl) pyrimidine-

255 4,6-diamine
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluoid«(4-

256 methoxyphenyl)pyrimidine-4,6-diamine
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-N-[4-(tibromethoxy)phenyl]-5-

257 fluoropyrimidine-4,6-diamine
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluotd«(4-methylphenyl)pyrimidine-

258 4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(5-fluoro-2-methyl-Xblenzimidazol-1-yl)pyrimidine-

259 4,6-diamine
N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(5-fluoro-giethyl-1H-benzimidazol-1-

260 yl)pyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(2-methyl-Xblenzimidazol-1-yl)pyrimidine-

261 4,6-diamine
N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(6-fluoro-gethyl-1H-benzimidazol-1-

262 yl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(6-fluoro-2-methyl-1H-benzinaizol-1-yl)pyrimidine-4,6-

263 diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-nfetiphenyl)pyrimidine-4,6-

264 diamine
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2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-nmexyphenyl)pyrimidine-4,6-
diamine
N-[4-(dimethylamino)phenyl]-2-(6-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-
4,6-diamine
N-(4-chloro-3-fluorophenyl)-2-(6-fluoro-2-methyl-tbBenzimidazol-1-yl)pyrimidine-
4,6-diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(3-nfetiphenyl)pyrimidine-4,6-
diamine
N-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-(6-fluoro-thethyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-metiphenyl)pyrimidine-4,6-diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-meikyphenyl)pyrimidine-4,6-
diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(ttuoromethoxy)phenyl]pyrimidine-
4,6-diamine
N-(1,3-benzodioxol-5-yl)-2-(2-ethyl-1H-benzimidazblyl)-5-fluoropyrimidine-4,6-
diamine
N-(4-chlorophenyl)-2-(2-ethyl-1H-benzimidazol-1-8}fluoropyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-2-(2-ethyl-1H-benzimal-1-yl)-5-fluoropyrimidine-4,6-
diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NKmethylphenyl)pyrimidine-4,6-
diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NKmethoxyphenyl)pyrimidine-4,6-
diamine

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NH
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(2-cyclopropyl-1H-benzimidazbiyl)-5-fluoropyrimidine-4,6-
diamine

N-(4-chloro-3-fluorophenyl)-2-(2-cyclopropyl-1H-bemidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-
4,6-diamine
5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methoxyphenyl)pyrimidine-
4,6-diamine

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine, én
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluofd{4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine;

wherein the form of the compound of Formula (I3éected from a salt, ester, hydrate,

solvate, chelate, clathrate, polymorph, isotopobogtereoisomer, racemate, enantiomer,

diastereomer or tautomer thereof.
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Terminology

The chemical terms used above and throughout theriggon herein, unless
specifically defined otherwise, shall be understbgane of ordinary skill in the art to have
the following indicated meanings.

As used herein, the term @alkyl” refers to saturated hydrocarbon radicalsiiigyv
from one to eight carbon atoms in a straight onbin@d chain configuration, including,
without limitation, methyl, ethyl, n-propyl, isogegl, n-butyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl and the liken some embodiments, Galkyl includes
Ci-ealkyl, C;.salkyl and the like. A €galkyl radical may be optionally substituted where

allowed by available valences.

As used herein, the term 3@alkenyl” refers to partially unsaturated hydrocarbo
radicals having from two to eight carbon atoms straight or branched chain configuration
and one or more carbon-carbon double bonds theneinding, without limitation, ethenyl,
allyl, propenyl and the like. In some embodimefsgalkenyl includes gsalkenyl,
C..qalkenyl and the like. A £galkenyl radical may be optionally substituted whaltewed
by available valences.

As used herein, the term 3@alkynyl” refers to partially unsaturated hydrocanmbo
radicals having from two to eight carbon atoms straight or branched chain configuration
and one or more carbon-carbon triple bonds thersehyding, without limitation, ethynyl,
propynyl and the like. In some embodimentsgdlkynyl includes Gealkynyl, G,_salkynyl
and the like. A @galkynyl radical may be optionally substituted whalewed by available

valences.

As used herein, the term @alkoxy” refers to saturated hydrocarbon radicalsam
one to eight carbon atoms having a straight ordtvat chain configuration of the
formula: -O-G_.galkyl, including, without limitation, methoxy, ethg, n-propoxy,
isopropoxy, n-butoxy, isobutoxy, sec-butoxy, teutdxy, n-pentoxy, n-hexoxy and the like.
In some embodiments, Galkoxy includes ggalkoxy, G.salkoxy and the like. A Cgalkoxy
radical may be optionally substituted where allowgdvailable valences.

As used herein, the term 3@ cycloalkyl” refers to a saturated monocyclic, biayc
or polycyclic hydrocarbon radical, including, withtdimitation, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctylHlindanyl, indenyl, 2,3-dihydro-1H-
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indenyl, tetrahydro-naphthalenyl and the like.stitme embodiments sG.cycloalkyl
includes G.gcycloalkyl, G.scycloalkyl, G_icycloalkyl and the like. A €i4cycloalkyl
radical may be optionally substituted where allowgdvailable valences.

As used herein, the term “aryl” refers to a mondicybicyclic or polycyclic aromatic
carbon atom ring structure radical, including, withlimitation, phenyl, naphthyl (also
referred to as naphthalenyl), anthracenyl, fluokeaulenyl, phenanthrenyl and the like. An

aryl radical may be optionally substituted whelevaéd by available valences.

As used herein, the term “heteroaryl” refers toanoctyclic, bicyclic or polycyclic
aromatic carbon atom ring structure radical in Wwheoe or more carbon atom ring members
have been replaced, where allowed by structurhllgya with one or more heteroatoms, such
as an O, S or N atom, including, without limitatidmranyl, thienyl (also referred to as
thiophenyl), pyrrolyl, pyrazolyl (also referredas 1H-pyrazolyl), imidazolyl (also referred
to as 1H-imidazolyl), isoxazolyl (also referreda® 1,2-oxazolyl), isothiazolyl, oxazolyl,
thiazolyl, triazolyl, oxadiazolyl, thiadiazolyl, trazolyl, pyranyl, thiopyranyl, pyridinyl (also
referred to as pyridyl), pyrimidinyl, pyrazinyl, pglazinyl, triazinyl, indolyl (also referred to
as 1H-indolyl), azaindolyl, indazolyl (also refedr® as 2H-indazolyl), azaindazolyl,
isoindolyl, indolizinyl, benzofuranyl, benzothienyenzimidazolyl (also referred to as 1H-
benzimidazolyl), benzothiazolyl, benzoxazolyl, imzb[2,1-b][1,3]thiazolyl, pyrazolo[1,5-
a]pyridinyl, pyrazolo[1,5-c]pyrimidinyl, imidazo[2;a]pyridinyl, 1H-imidazo[4,5-
b]pyridinyl, 1H-imidazo[4,5-c]pyridinyl, imidazo[2-a]pyrazinyl, imidazo[1,2-
a]pyrimidinyl, 7H-purinyl, 9H-purinyl, quinolinylisoquinolinyl, quinazolinyl, quinoxalinyl,
acridinyl and the like and associated homologsragtisomers thereof. A heteroaryl
radical may be optionally substituted on a carbonitvogen atom ring member where

allowed by available valences.

As used herein, the term “heterocyclyl” refers tsaturated or partially unsaturated
monocyclic, bicyclic or polycyclic carbon atom risgucture radical in which one or more
carbon atom ring members have been replaced, vallereed by structural stability, with a
heteroatom, such as an O, S or N atom, includintgowt limitation, oxiranyl, oxetanyl,
azetidinyl, dihydrofuranyl, tetrahydrofuranyl, diinpthienyl, tetrahydrothienyl, pyrrolinyl,
pyrrolidinyl, dihydropyrazolyl, pyrazolinyl, pyraidinyl, dihydroimidazolyl, imidazolinyl,
imidazolidinyl, isoxazolinyl, isoxazolidinyl, isothizolinyl, isothiazolidinyl, oxazolinyl,
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oxazolidinyl, thiazolinyl, thiazolidinyl, triazoliyl, triazolidinyl, oxadiazolinyl,
oxadiazolidinyl, thiadiazolinyl, thiadiazolidinyietrazolinyl, tetrazolidinyl, 1,3-dioxolanyl,
dihydro-2H-pyranyl, tetrahydro-2H-pyranyl, dinydpg«idinyl, tetrahydro-pyridinyl,
dihydro-pyrimidinyl, tetrahydro-pyrimidinyl, dihydrpyrazinyl, tetrahydro-pyrazinyl,
dihydro-pyridazinyl, tetrahydro-pyridazinyl, pipeiayl, piperidinyl, morpholinyl,
thiomorpholinyl, dihydro-triazinyl, tetrahydro-t@ayl, hexahydro-triazinyl, 1,4-diazepanyl,
dihydro-indolyl, indolinyl, tetrahydro-indolyl, dijdro-indazolyl, tetrahydro-indazolyl,
dihydro-isoindolyl, dihydro-benzofuranyl, tetrahgeloenzofuranyl, dinydro-benzothienyl,
tetrahydro-benzothienyl, dihydro-benzoimidazolgtrahydro-benzoimidazolyl,
dihydro-benzooxazolyl, tetrahydro-benzooxazolyhydiro-benzooxazinyl,
tetrahydro-benzooxazinyl, benzo[1,3]dioxolyl (ateferred to as 1,3-benzodioxolyl),
benzo[1,4]dioxanyl (also referred to as 1,4-benaxalyl or 2,3-dihydro-1,4-benzodioxinyl),
benzo[1,4]dioxinyl (also referred to as 1,4-benpadiyl), 4,5,6,7-tetrahydro-2H-indazolyl,
5,6,7,8-tetrahydroimidazo[1,2-a]pyridinyl, 4,5,68etrahydro-3H-imidazo[4,5-c]pyridinyl,
dihydro-purinyl, tetrahydro-purinyl, dihydro-quinoyl, tetrahydro-quinolinyl,
dihydro-isoquinolinyl, tetrahydro-isoquinolinyl, ldydro-quinazolinyl,
tetrahydro-quinazolinyl, dihydro-quinoxalinyl, tatrydro-quinoxalinyl and the like and
associated homologs thereof. A heterocyclyl rdditay be optionally substituted on a

carbon or nitrogen atom ring member where allowed\ailable valences.

As used herein, the term “B(Q@J’ refers to a radical of the formula: —
B[(-OH)(-OH)] when R is hydrogen; or, —B[(-OH)(-O-Galkyl)] when Ry is independently
hydrogen or ggalkyl; or, -B[(-O-G.galkyl)(-O-C;.galkyl)] when R; is C-galkyl.

As used herein, the term f@alkoxy-GC;.galkyl” refers to a radical of the
formula: -G_galkyl-O-C; galkyl.

As used herein, the term @alkoxy-G;_galkyl-amino” refers to a radical of the
formula: -NH-G_galkyl-O-C; galkyl.

As used herein, the term @alkoxy-G.galkenyl” refers to a radical of the
formula: -G.galkenyl-O-G_galkyl.

As used herein, the term @alkoxy-G.galkynyl” refers to a radical of the

formula: -G.galkynyl-O-C; galkyl.
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As used herein, the term @alkoxy-carbonyl” refers to a radical of the
formula: -C(0O)-O-G._galkyl.

As used herein, the term 7@alkoxy-carbonyl-G.salkyl” refers to a radical of the
formula: -G_.galkyl-C(O)-O-G _galkyl.

As used herein, the term {@alkoxy-carbonyl-amino” refers to a radical of the
formula: -NH-C(O)-O-G.galkyl.

As used herein, the term f@alkoxy-carbonyl-amino-Cgalkyl” refers to a radical of
the formula: -G.galkyl-NH-C(O)-0O-G_galkyl.

As used herein, the term @alkoxy-imino-G_galkyl” refers to a radical of the
formula: -G_.galkyl(=N-O-C,.galkyl).

As used herein, the term f@alkyl-amino” refers to a radical of the
formula: -NH-G_galkyl.

As used herein, the term “(@alkyl),-amino” refers to a radical of the

formula: -N(G_galkyl),.

As used herein, the term @alkyl-amino-G_.galkyl” refers to a radical of the
formula: -G_galkyl-NH-C;_galkyl.

As used herein, the term “(@alkyl),-amino-G_galkyl” refers to a radical of the

formula: -G_.galkyl-N(C;-galkyl),.

As used herein, the term 7@alkyl-amino-G_galkyl-amino” refers to a radical of the
formula: -NH-G_galkyl-NH-C; _galkyl.

As used herein, the term “(@alkyl),-amino-G_galkyl-amino” refers to a radical of
the formula: -NH-G_galkyl-N(C;-galkyl).

As used herein, the term 7@alkyl-amino-carbonyl” refers to a radical of the
formula: -C(O)-NH-G.galkyl.

As used herein, the term “(@alkyl),-amino-carbonyl” refers to a radical of the
formula: -C(O)-N(G-salkyl),.

As used herein, the term {@alkyl-amino-carbonyl-amino” refers to a radicaltoé
formula: -NH-C(O)-NH-G_.galkyl.
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As used herein, the term “(@alkyl),-amino-carbonyl-amino” refers to a radical of
the formula: -NH-C(O)-N(Ggalkyl)s.

As used herein, the term f@alkyl-amino-sulfonyl” refers to a radical of the
formula: -SQ-NH-C_galkyl.

As used herein, the term “(@alkyl),-amino-sulfonyl” refers to a radical of the
formula: -SQ-N(C,.galkyl),.

As used herein, the term {@alkyl-amino-sulfonyl-amino” refers to a radical tbie
formula: -NH-SQ-NH-Cy_galkyl.

As used herein, the term “(@alkyl),-amino-sulfonyl-amino” refers to a radical of the

formula: -NH-SQ-N(C;.galkyl),.

As used herein, the term 7@alkyl-carbonyl” refers to a radical of the
formula: -C(O)-G.galkyl.

As used herein, the term @alkyl-carbonyl-amino” refers to a radical of the
formula: -NH-C(O)-G.galkyl.

As used herein, the term fG@alkyl-carbonyl-amino-@Qgalkyl” refers to a radical of
the formula: -G.galkyl-NH-C(O)-C galkyl.

As used herein, the term @alkyl-carbonyl-oxy” refers to a radical of the
formula: -O-C(0O)-G.galkyl.

As used herein, the term fG@alkyl-carbonyl-oxy-G.salkyl” refers to a radical of the
formula: -G_galkyl-O-C(O)-G_galkyl.

As used herein, the term @alkyl-sulfonyl” refers to a radical of the

formula: -SQ-Cy.galkyl.

As used herein, the term {@alkyl-thio” refers to a radical of the
formula: -S-G.galkyl.

As used herein, the term “amino” refers to a rddi€¢déhe formula: -NH.

As used herein, the term “aminq-galkyl” refers to a radical of the

formula: -G_galkyl-NH..
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As used herein, the term “aminq-galkyl-amino” refers to a radical of the
formula: -NH-G_galkyl-NHo.

As used herein, the term “amino-carbonyl” refera tadical of the
formula: -C(O)-NH.

As used herein, the term “amino-carbonyl-aminogéregfto a radical of the
formula: -NH-C(O)-NH.

As used herein, the term “amino-sulfonyl” referatmadical of the
formula: -SQ-NH,.

As used herein, the term “amino-sulfonyl-amino’ersfto a radical of the
formula: -NH-SQ-NH..

As used herein, the term “aryk@alkyl” refers to a radical of the

formula: -G_galkyl-aryl.

As used herein, the term “aryk@alkyl-amino” refers to a radical of the

formula: -NH-G_galkyl-aryl.
As used herein, the term “aryl-amino” refers tadical of the formula: -NH-aryl.

As used herein, the term “carboxyl” refers to acalof the
formula: -COOH, -C(O)OH or -C4.

As used herein, the term “formyl” refers to a radliof the formula: -C(O)-H.
As used herein, the term “formyl-oxyl” refers toaalical of the formula: -O-C(O)-H.

As used herein, the terms “halo” or “halogen” réfern halogen atom radical,

including fluoro, chloro, bromo and iodo.

As used herein, the term “halo-galkoxy” refers to a radical of the
formula: -O-G.galkyl-halo, wherein €galkyl may be partially or completely substituted
where allowed by available valences with one orenf@logen atoms. In some

embodiments, halo-Galkoxy includes halo-Csalkoxy, halo-G.salkoxy and the like.

As used herein, the term “hala-galkoxy-carbonyl” refers to a radical of the
formula: -C(0O)-O-G.alkyl-halo.
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As used herein, the term “hala-galkyl” refers to a radical of the
formula: -G_.galkyl-halo, wherein €galkyl may be partially or completely substitutedes
allowed by available valences with one or more ¢@toatoms. In some embodiments,
halo-G.galkyl includes halo-Cgalkyl, halo-G_salkyl and the like.

As used herein, the term “hala-galkyl-carbonyl” refers to a radical of the
formula: -C(O)-G.galkyl-halo.

As used herein, the term “hala-=galkyl-sulfonyl” refers to a radical of the
formula: -SQ-C;_galkyl-halo.

As used herein, the term “hala-galkyl-thio” refers to a radical of the

formula: -S-G.galkyl-halo.

As used herein, the term “heteroaryl-4alkyl” refers to a radical of the
formula: -G_.galkyl-heteroaryl.

As used herein, the term “hydroxyl-galkoxy” refers to a radical of the
formula: -O-G_galkyl-OH, wherein Ggalkyl may be partially or completely substituted
where allowed by available valences with one orentordroxyl radicals.

As used herein, the term “hydroxykgalkyl” refers to a radical of the
formula: -G_.galkyl-OH, wherein G galkyl may be partially or completely substitutedesé

allowed by available valences with one or more byl radicals.

As used herein, the term “hydroxyl-amino” refersatmadical of the
formula: -NH-OH.

As used herein, the term “hydroxyl-galkyl-amino” refers to a radical of the
formula: -NH-G_galkyl-OH.

As used herein, the term “hydroxyk-galkyl-amino-G_galkyl” refers to a radical of
the formula: -G galkyl-NH-C;_galkyl-OH.

As used herein, the term “hydroxyk-galkyl-amino-G_galkyl-amino” refers to a
radical of the formula: -NH-Cgalkyl-NH-C; galkyl-OH.

As used herein, the term “hydroxyl-imino-galkyl” refers to a radical of the
formula: -G_.galkyl(=N-OH).

As used herein, the term “imino” refers to a rabafahe formula: =NH.
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As used herein, the term “iminorgalkyl” refers to a radical of the
formula: -G_.galkyl(=NH).

@
N+

As used herein, the term “N-oxide” refers to a mowd the formula: o,

0o
. . 9 ¢
As used herein, the term “oxo” refers to a moidtthe formula: =« .

As used herein, the term “P(O){Ramino” refers to a radical of the
formulae: -NH-P(O)(-O-ggalkyl)(OH) when R is independently hydroxyl and
(Ci-galkoxy), where n is 1; or, -NH-P(O)(Oklwhen R is hydroxyl,
or, -NH-P(O)(-O-G.salkyl), when R is (G;.galkoxy),, where n is 1.

As used herein, the term “substituent” means posli variables on the atoms of a
core molecule that are attached at a designated @dsition, replacing one or more
hydrogen atoms on the designated atom, providdédhibatom of attachment does not
exceed the available valence or shared valench,thatthe substitution results in a stable
compound. Accordingly, combinations of substitgesntd/or variables are permissible only
if such combinations result in stable compoundsy garbon atom as well as heteroatom
with a valence level that appears to be unsatisfseedescribed or shown herein is assumed to
have a sufficient number of hydrogen atom(s) tsBathe valences described or shown.

As used herein, the term “and the like,” with refare to the definitions of chemical
terms provided herein, means that variations imb& structures that could be expected by
one skilled in the art include, without limitatiaspmers (including chain, branching or
positional structural isomers), hydration of ringtems (including saturation or partial
unsaturation of monocyclic, bicyclic or polycychiag structures) and all other variations

where allowed by available valences which resuét stable compound.

For the purposes of this description, where omaare substituent variables for a
compound of Formula (I) encompass functionalitreorporated into a compound of
Formula (1), each functionality appearing at angaliton within the disclosed compound may

be independently selected, and as appropriatepamtiently and/or optionally substituted.
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As used herein, the terms “independently seleciad;gach selected” refer to
functional variables in a substituent list that nbayattached more than once on the structure
of a core molecule, where the pattern of substitugit each occurrence is independent of the
pattern at any other occurrence. Further, theotisegeneric substituent variable on a core
structure for a compound described herein is unoledsto include the replacement of the
generic substituent with specie substituents treatrecluded within the particular genesg,
aryl may be replaced with phenyl or naphthaleny e like, such that the resulting
compound is to be included within the scope ofabmpounds described herein.

As used herein, the term “optionally substituted®ans that the specified substituent
variables, groups, radicals or moieties represenstope of the genus and may be
independently chosen as needed to replace onererhmdrogen atoms on the designated

atom of attachment of a core molecule.

As used herein, the terms “stable compound’ ofjlstatructure” mean a compound
that is sufficiently robust to be isolated to afukdegree of purity from a reaction mixture

and formulations thereof into an efficacious thexs agent.

Compound names used herein were obtained usifgGBeLabs Index Name
software provided by ACD Labs and/or ChemDraw Usinétware provided by
CambridgeSoft. When the compound name disclosezirheonflicts with the structure
depicted, the structure shown will supercede tleeafishe name to define the compound
intended.

CompoundForms

As used herein, the terms a “compound of Formag’(fa compound of Formula

LIS LLINTS

(1N, “*compound of Formula (lla),” “compound of Famula (IIl),” “compound of Formula
(Illa),” “compound of Formula (IV)” or “compound dformula (IVa)” refer to subgenera of
the compound of Formula (I) or a form thereof, eBreéd herein. Rather than repeat the
various subgenera of the compound of Formular(lgertain embodiments, the term
“compound(s) of Formula (I) or a form thereof” isadl inclusively to refer to compound(s)
of Formula (la) or a form thereof, compound(s) ofrRula (I1) or a form thereof,
compound(s) of Formula (lla) or a form thereof, amund(s) of Formula (lll) or a form

thereof, compound(s) of Formula (llla) or a fornerof, compound(s) of Formula (IV) or a
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form thereof or compound(s) of Formula (IVa) ooanh thereof, either separately or
together. Thus, embodiments and references torfgpound of Formula ()" are intended to
be inclusive of compounds of Formula (la), compauatiFormula (I1), compounds of
Formula (lla), compounds of Formula (111), composraf Formula (llla), compounds of

Formula (IV) and compounds of Formula (IVa).

As used herein, the term “form” means a compourféooiula (1) selected from a
free acid, free base, salt, ester, hydrate, sqlehtdate, clathrate, polymorph, isotopologue,

stereoisomer, racemate, enantiomer, diastereomeytmmer thereof.

In certain embodiments described herein, the fdrthecompound of Formula () is
selected from a salt, isotopologue, stereoisomaeemate, enantiomer, diastereomer or

tautomer thereof.

In certain embodiments described herein, the fdrthecompound of Formula () is
selected from a free acid, isotopologue, sterecgspracemate, enantiomer, diastereomer or

tautomer thereof.

In certain embodiments described herein, the fartheecompound of Formula (1) is
selected from a free base, isotopologue, stere@saacemate, enantiomer, diastereomer or

tautomer thereof.

In certain embodiments described herein, the fartheecompound of Formula (1) is

a free acid, free base or salt thereof.

In certain embodiments described herein, the fdrthecompound of Formula (1) is
an isotopologue thereof.

In certain embodiments described herein, the fartheecompound of Formula (1) is

a stereoisomer, racemate, enantiomer or diasterabereof.

In certain embodiments described herein, the farthecompound of Formula (1) is

a tautomer thereof.

In certain embodiments described herein, the fartheecompound of Formula (1) is

a pharmaceutically acceptable form.

In certain embodiments described herein, the comghafi Formula (1) or a form

thereof is isolated for use.
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As used herein, the term “isolated” means the mgaysitate of a compound of
Formula (I) or a form thereof after being isolatedl/or separated and/or purified from a
synthetic proces®(g.,from a reaction mixture) or natural source or corabon thereof
according to an isolation, separation or purifizatprocess or processes described herein or
which are well known to the skilled artisaad.,chromatography, recrystallization and the
like) in sufficient purity to be characterizable $tandard analytical techniques described

herein or well known to the skilled artisan.

As used herein, the term “protected” means thanatfonal group on a compound of
Formula (I) or a form thereof is in a form modifiexpreclude undesired side reactions of the
functional group when the compound is subjecteal teaction. Suitable protecting groups
will be recognized by those with ordinary skilltime art as well as by reference to standard
textbooks such as, for example, T. W. Greeinal, Protective Groups in Organic Synthesis
(2007), Wiley, New York.

Prodrugs and solvates of the compounds of Formuta @& form thereof described

herein are also contemplated.

As used herein, the term “prodrug” means that atfanal group on a compound of
Formula (1) is in a formd.g, acting as an active or inactive drug precurdma) is
transformedn vivoto yield an active or more active compound of Raax(l) or a form
thereof. The transformation may occur by varioeshanismse.g, by metabolic and/or
non-metabolic chemical processes), such as, fanpbkea by hydrolysis and/or metabolism in
blood, liver and/or other organs and tissues. s&wulsion of the use of prodrugs is provided
by V.J. Stella, et. al., “Biotechnology: PharmaesaltAspects, Prodrugs: Challenges and
Rewards,” American Association of Pharmaceuticai@csts and Springer Press, 2007.

In one example, when a compound of Formula (1) fmrian thereof contains a
carboxylic acid functional group, a prodrug can poise an ester formed by the replacement
of the hydrogen atom of the acid group with a fioral group such as alkyl and the like. In
another example, when a compound of Formula (8§ form thereof contains an alcohol
functional group, a prodrug can be formed by thaeement of the hydrogen atom of the
alcohol group with a functional group such as atkytarbonyloxy and the like. In another

example, when a compound of Formula (I) or a faneréof contains an amine functional
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group, a prodrug can be formed by the replacemfemi® or more amine hydrogen atoms

with a functional group such as alkyl or substitutarbonyl.

Pharmaceutically acceptable prodrugs of compouh&smnula (I) or a form thereof
include those compounds substituted with one oembthe following groups: carboxylic
acid esters, sulfonate esters, amino acid esteospponate esters (e.g., a phosphoramidic
acid used to derive a phosphoramidic acid) and maltoor triphosphate esters further
substituted with alkyl, where appropriate. As disd herein, it is understood by a person
of ordinary skill in the art that one or more othwsubstituents may be used to provide a
compound of Formula (1) or a form thereof as a pugd

The compounds of Formula (1) or a form thereof ftam salts, which are intended to
be included within the scope of this descriptidteference to a compound of Formula (1) or
a form thereof herein is understood to includeresfee to salts thereof, unless otherwise
indicated. The term "salt(s)", as employed her@émotes acidic salts formed with inorganic
and/or organic acids, as well as basic salts forwiddinorganic and/or organic bases. In
addition, when a compound of Formula (1) or a fahmreof contains both a basic moiety,
such as, but not limited to a pyridine or imidaz@led an acidic moiety, such as, but not
limited to a carboxylic acid, zwitterions ("innaalts") may be formed and are included

within the term "salt(s)" as used herein.

The term "pharmaceutically acceptable salt(s)ysesl herein, means those salts of
compounds of Formula (I) or a form thereof desatiberein that are safe and effectiize.(
non-toxic, physiologically acceptable) for use inmmals and that possess biological
activity, although other salts are also usefulltsS&# the compounds of the Formula (I) may
be formed, for example, by reacting a compoundoofrfala (I) with an amount of acid or
base, such as an equivalent amount, in a mediumasuone in which the salt precipitates or

in an aqueous medium followed by lyophilization.

Pharmaceutically acceptable salts include one aemsalts of acidic or basic groups
present in compounds of Formula (1) or a form tbédescribed herein. Embodiments of
acid addition salts include, and are not limitedaiwetate, acid phosphate, ascorbate,
benzoate, benzenesulfonate, bisulfate, bitartbaete, butyrate, chloride, citrate,
camphorate, camphorsulfonate, ethanesulfonate aterrfumarate, gentisinate, gluconate,

glucaronate, glutamate, hydrobromide, hydrochlgritileydrochloride, hydroiodide,
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isonicotinate, lactate, maleate, methanesulfomayehthalenesulfonate, nitrate, oxalate,
pamoate, pantothenate, phosphate, propionate,aatehsalicylate, succinate, sulfate,
tartrate, thiocyanate, toluenesulfonate (also knaw/tosylate), trifluoroacetate,
trifluoroacetic acid salt and the like. One or ;membodiments of acid addition salts include
chloride, hydrochloride, dihydrochloride, trinydidoride, hydrobromide, acetate, diacetate,
methanesulfonate, sulfate, trifluoroacetate, tiftacetic acid salt and the like. More
particular embodiments include a chloride, hydroaldke, dihydrochloride, hydrobromide,
methanesulfonate, sulfate, trifluoroacetate, toifbacetic acid salt and the like.

In certain embodiments of the compounds of Fornfijilar a form thereof described
herein, the compound is isolated as a salt forneraih the compound is conjugated with the
salt in a ratio represented as, in a non-limitirgreple, “compound:salt (A:B),” wherein “A”

and “B” represent the equivalents of compound tbisdhe isolated form.

Additionally, acids which are considered suitaldethe formation of
pharmaceutically useful salts from basic pharmacalutompounds are discussed, for
example, by P. Stalelt al, Camille G. (eds.Handbook of Pharmaceutical Salts. Properties,
Selection and Us€2002) Zurich: Wiley-VCH; S. Berget al, Journal of Pharmaceutical
Science$1977) 66(1) 1-19; P. Goulthternational J. of Pharmaceuti¢d986) 33, 201-217;
Andersoret al The Practice of Medicinal Chemist(¥996), Academic Press, New York;
and inThe Orange BookFood & Drug Administration, Washington, D.C. dreir website).

These disclosures are incorporated herein by reterthereto.

Suitable basic salts include, but are not limigdatuminum, ammonium, calcium,
lithium, magnesium, potassium, sodium, zinc, amthdinolamine salts. Certain compounds
of Formula (1) or a form thereof described heraan also form pharmaceutically acceptable
salts with organic bases (for example, organic as)isuch as, but not limited to,
dicyclohexylaminestert-butyl amines and the like, and with various amaecals such as, but
not limited to, arginine, lysine and the like. Rasitrogen-containing groups may be
qguarternized with agents such as lower alkyl halidey.,methyl, ethyl, and butyl chlorides,
bromides and iodides), dialkyl sulfatesd.,dimethyl, diethyl, and dibutyl sulfates), long
chain halidesd.g.,decyl, lauryl, and stearyl chlorides, bromides entides), aralkyl halides

(e.g.,benzyl and phenethyl bromides), and others.

60



10

15

20

25

30

All such acid salts and base salts are intendée facluded within the scope of
pharmaceutically acceptable salts as describednhelreaddition, all such acid and base
salts are considered equivalent to the free forhtiseocorresponding compounds for
purposes of this description.

Compounds of Formula (1), and forms thereof, mathter exist in a tautomeric form.
All such tautomeric forms are contemplated andndégl to be included within the scope of

the compounds of Formula (1) or a form thereof esctdbed herein.

The compounds of Formula (I) or a form thereof roagtain asymmetric or chiral
centers, and, therefore, may exist in differentestisomeric forms. The present description
is intended to include all stereoisomeric formshaf compounds of Formula (1) as well as

mixtures thereof, including racemic mixtures.

The compounds of Formula (I) or a form thereof désd herein may include one or
more chiral centers, and as such may exist as fagaixtures R/ or as substantially pure
enantiomers and diastereomers. The compounds Is@mgxst as substantially pure) (or
(S enantiomers (when one chiral center is presdnthne embodiment, the compounds of
Formula (1) or a form thereof described herein(@easomers and may exist as
enantiomerically pure compositions substantialljnpasing only the § isomer. In another
embodiment, the compounds of Formula (I) or a ftrereof described herein aiR) (
isomers and may exist as enantiomerically pure asitipns substantially comprising only
the R) isomer. As one of skill in the art will recogaiavhen more than one chiral center is
present, the compounds of Formula (1) or a formmgbidescribed herein may also exist as a
(R,R, R,9, (S,R or (S,9 isomer, as defined HWPAC Nomenclature Recommendations.

As used herein, the term “substantially pure” retercompounds of Formula (1) or a
form thereof consisting substantially of a singlemner in an amount greater than or equal to
90%, in an amount greater than or equal to 92%niamount greater than or equal to 95%,
in an amount greater than or equal to 98%, in apuautngreater than or equal to 99%, or in

an amount equal to 100% of the single isomer.

In one aspect of the description, a compound ofnfata (1) or a form thereof is a
substantially pureS) enantiomer present in an amount greater thagualdéo 90%, in an

amount greater than or equal to 92%, in an amowater than or equal to 95%, in an
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amount greater than or equal to 98%, in an amowatter than or equal to 99%, or in an

amount equal to 100%.

In one aspect of the description, a compound ofida (1) or a form thereof is a
substantially pureR) enantiomer present in an amount greater thaqualeo 90%, in an
amount greater than or equal to 92%, in an amowater than or equal to 95%, in an
amount greater than or equal to 98%, in an amowatter than or equal to 99%, or in an

amount equal to 100%.

As used herein, the term “racemate” refers to amyure of isometric forms that are
not “enantiomerically pure”, including mixtures suas, without limitation, in a ratio of
about 50/50, about 60/40, about 70/30, or abo@®@bout 85/15 or about 90/10.

In addition, the compounds of Formula (I) or a fdimareof described herein embrace
all geometric and positional isomers. For examipke compound of Formula (1) or a form
thereof incorporates a double bond or a fused hoth the cis- and trans-forms, as well as
mixtures thereof, are embraced within the scop@tompounds of Formula (I) or a form

thereof described herein.

Diastereomeric mixtures can be separated into ih@ividual diastereomers on the
basis of their physical chemical differences byhods well known to those skilled in the art,
such as, for example, by chromatography and/otifna&l crystallization. Enantiomers can
be separated by use of a chiral HPLC column orratheomatographic methods known to

those skilled in the art.

Enantiomers can also be separated by convertingrifuietiomeric mixture into a
diastereomeric mixture by reaction with an appm@teroptically active compound.g.,
chiral auxiliary such as a chiral alcohol or Mosb@cid chloride), separating the
diastereomers and convertirgd.,hydrolyzing) the individual diastereomers to the

corresponding pure enantiomers.

All stereocisomers (for example, geometric isomeptical isomers and the like) of
the present compounds of Formula (I) or a formebg(including salts, solvates, esters and
prodrugs and transformed prodrugs thereof), whiely exist due to asymmetric carbons on
various substituents, including enantiomeric fofmkich may exist even in the absence of
asymmetric carbons), rotameric forms, atropisontiestereomeric and regioisomeric forms,
are contemplated within the scope of the descnptierein. Individual stereocisomers of the
62



10

15

20

25

30

compounds of Formula (I) or a form thereof desatiberein may, for example, be
substantially free of other isomers, or may be gmes a racemic mixture, as described

supra

The use of the terms "salt,” "solvate,” “ester foghrug” and the like, is intended to
apply equally to the salt, solvate, ester and pgaf enantiomers, stereocisomers, rotamers,
tautomers, positional isomers, racemates, isotgoe® or prodrugs of the instant

compounds.

The term "isotopologue” refers to isotopically-ehed compounds of Formula (1) or
a form thereof which are identical to those rechiecein, but for the fact that one or more
atoms are replaced by an atom having an atomic arasass number different from the
atomic mass or mass number usually found in natdramples of isotopes that can be
incorporated into compounds of Formula (I) or arfdhereof described herein include
isotopes of hydrogen, carbon, nitrogen, oxygensphorus, fluorine and chlorine, such as
H?, H3, C, CM NP, 08 OY, PL, P2, S, F'8, CFF° and CT°, respectively, each of which is
also within the scope of this description.

Certain isotopically-enriched forms of compound$ofmula (I) or a form thereof
described hereire(g.,those labeled with Hand C?) are useful in compound and/or substrate
tissue distribution assays. Tritiatée( H*) and carbon-14i.g., C*%) isotopes are
particularly preferred for their ease of prepamamd detectability. Further, substitution
with isotopes such as deuteriune( "deuterium enriched") may afford certain therdjmeu
advantages resulting from greater metabolic stgl{gi.g.,increased in vivo half-life),
increased solubility, reduced dosage requirements {(ncreased bioavailability)) or reduced
toxicity (e.g., reduced inhibition of metabolic gnzes) and hence may be preferred in some

circumstances.

One or more compounds of Formula (1) or a formebédescribed herein may exist
in unsolvated as well as solvated forms with phaeu#cally acceptable solvents such as
water, ethanol, and the like, and the descriptierin is intended to embrace both solvated

and unsolvated forms.

As used herein, the term “solvate” means a physissbciation of a compound of
Formula () or a form thereof described herein vatie or more solvent molecules. This

physical association involves varying degrees nici@nd covalent bonding, including
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hydrogen bonding. In certain instances the solwgtde capable of isolation, for example
when one or more solvent molecules are incorpotiatétke crystal lattice of the crystalline
solid. As used herein, “solvate” encompasses bolilition-phase and isolatable solvates.
Non-limiting examples of suitable solvates incledleanolates, methanolates, and the like.

One or more compounds of Formula (1) or a formebédescribed herein may
optionally be converted to a solvate. Preparaiosolvates is generally known. A typical,
non-limiting process involves dissolving a compowfdéormula (I) or a form thereof in a
desired amount of the desired solvent (organicatemnor mixtures thereof) at a higher than
ambient temperature, and cooling the solutionratesufficient to form crystals which are
then isolated by standard methods. Analyticalnegkes such as, for example infrared
spectroscopy, show the presence of the solvemtdter) in the crystals as a solvate (or
hydrate).

As used herein, the term “hydrate” means a solwhterein the solvent molecule is

water.

Polymorphic crystalline and amorphous forms ofdbmpounds of Formula (1) or a
form thereof, and of the salts, solvates, estedspaodrugs of the compounds of Formula (1)
or a form thereof, are further intended to be ideldiin the scope of the compounds of

Formula (I) or a form thereof described herein.

Compound Uses

TheBmi-1oncogene was first identified as part of a keitisn/activation region of
the Moloney murine leukemia virus in the early 189Q-6). Bmi-1is a member of the
Polycomb group (PcG) of transcriptional repressms was identified as a necessary
regulator of hematopoietic stem cell (HSC) selfexsal (76, 77). Park found that Bmi-1 is
highly expressed in purified mouse and human HS@4l@at the absence of Bmi-1, as
demonstrated bBmi-1knockout mice, results in the progressive losalidiematopoietic
lineages 16). Furthermore, the transplantationBhi-1"" day 14.5 fetal liver cells into
lethally irradiated normal mice, demonstrated thatcells were unable to reconstitute
myeloid cells, B cells, and T cells becaisgi-1I” HSCs were unable to renei6].

In addition to the role dBmi-1in HSC self renewal, it was found tHarni-1

transgene expression induced lymphoma in nfige Bmi-1was also found to be
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overexpressed in many tumor types, including acweloid leukemia, medulloblastoma,
neuroblastoma, colorectal cancer, lung cancerpaostate cancer, and was found to increase
with malignancy 84, 78, 61, 79, 80, 65, 43). Loss of Bmi-1 in various human cancer cell
lines viaBmi-1specific RNA interference (RNAIi) was shown to ldadacute cell death and
growth inhibition, whereas loss of Bmiii various normal cell lines was shown to lead to
only moderate growth inhibition and not significaetl death §9). Thus, Bmi-1lis necessary

for the survival of cancer cells but has minimdéef on the survival of normal cells.

Bmi-1has been subsequently shown to act as an oncegpegmentally and has
proven particularly potent in conjunction with c-op initiate lymphoma in mice/( 8).
The role of Bmi-1 in lymphomagenesis has beenbaiteid partially to transcriptional
repression of the INK4a locus (containing bothiié"“** and p14~" genes) leading to
maintenance of cancer and tumor cell proliferatiod prevention of differentiation’,(9).
Loss of expression of the INK4a locus due to pransilencing has been extensively studied
and is both important for the progression and posgnof many types of hematologic cancers
(10, 10. The INK4a locus is occasionally lost by delatio leukemia and lymphomaZ,
13).

However, Bmi-1 has been shown to play a role inaugenesis in models lacking the
INK4a locus, indicating that other loci importantdancer are regulated by this proteid)(
Experimental results have demonstrated furtherltisatof Bmi-1 induces growth arrest and
senescence in fibrosarcoma cells known to lack [&l@&). There is also evidence that
Bmi-1 is important for the hedgehog (Hh) pathwayiieast cancer. Activation of Hh
signaling increaseBmi-1expression, while down-regulation Bimi-1 (viasiRNA) abrogates
the effects of Hh signaling on mammosphere fornmaticvitro and inhibits ductal/alveolar
development in micel@). Recent work has demonstrated the role of Bimithe regulation
of Hox gene expression. Knockdown of Bmi-1 causetbbal and loci-specific loss of H2A
ubiquitination, upregulation of the HoxC5 gene, andbition of the growth of HeLa cells
(17). Another study demonstrated that E2F6 and Bmi-pewaie in the regulation of Hox
gene expression (particularly Hox C10 and B9), emtsequently affect axial skeleton
development, but not in the repression of the Irkdfdocus. These findings underscore the
significance of the E2F6-Bmi-1 interaction and segjghat the Hox and Ink4a-Arf loci are
regulated by somewhat different Bmi-1-dependenthaeisms 18). Current research
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suggests that Bmi-1 has different roles dependeon cell types and/or developmental

stages. Other genes regulated by Bmi-1 remaie iddmtified.

Bmi-1 is found to be highly expressed in malignascsuch as diffuse largecell
lymphomas (DLBCL), B cell non-Hodgkin’s lymphomago#gkin’s lymphoma, acute
myeloid leukemia, colorectal carcinoma, liver caoecha, non-small cell lung cancer, breast
carcinoma and medulloblastoma. The studBmi-1knockout mice has revealed that Bmi-1

is required for the self-renewal of both leukenmicl @mormal hematopoietic stem cells.

Additionally, evidence exists linking Bmi-1 levels blood tumor types, particularly
Burkitt's lymphoma, mantle cell ymphoma, Hodgkimygnphoma 21-23, non-Hodgkin’s
lymphoma, some T cell lymphoma, £4-31, acute myeloid leukemia and T-ALBZ-35.
Raaphorset al observed that, in Hodgkin’s lymphoma, Reed-Stemgplbells (HRS) co-
express Bmi-1, EZH2, and Mib-1/Ki-67. Because Hiefls are thought to originate from
germinal center lymphocytes that express Bmi-1h$ymphocytes should lose the ability to
express Bmi-1 (and gain the ability to express EZ&t2they differentiate. These
observations suggest that Hodgkin’s lymphoma ie@ated with aberrant co-expression of
Bmi-1 and EZH2 in these cell2?). An assessment of acute myeloid leukemia stéim ce
populations by van Gosliget al (36) showed that CD34CD38 cells capable of forming
leukemic-cobblestone colonies on a bone marrowtmtbshrough at least two rounds of
expansion represented an extreme minority of thgopulation. Further analysis showed
that this cell population expresses high levelBmi-1 mMRNA and can establish an
aggressive leukemia in mice, while those cells liaae lower levels dmi-1 mRNA cannot
(36). Such studies implicate Bmi-1 in tumor growtldaell survival and suggest a central

function in tumor initiation and maintenance of canand tumor stem cells.

The levels of Bmi-1 have been shown to have pragmoslevance in a number of
tumor types. An example of this is found in acutgeloid leukemia based on results from a
study assessing the prognostic value of high Biewéls in 64 patients3@). On the basis of
the median value of Bmi-1 (54.58%), patients weveldd into two groups and monitored
for survival. Patients with lower Bmi-1 positivi{x55%,n=33) had significantly longer
overall survival P=0.0001), relapse-free survivé£0.0072) and remission duration
(P=0.0065) when compared to the patients with hidgnezls of Bmi-1 (>55%n=31,
respectively), regardless of age gro8p)( Similarly, Van Galeret al (37) have shown that
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Bmi-1 levels are highly prognostic in diffuse lafgesell lymphomas (DLBCL)J7).
Neoplastic cells in DLBCL cases originate from gerahcentreB (GCB) cells or their
descendent8@8). Recent microarray analyses have shown that mB&€L phenotypically
resemble non-neoplastic GCB cells, while some slmoexpression profile similar to that of
activated B cell§ABC) (39).

Furthermore, patients with a GCB-ligaenotype have a considerably better
prognosis than those widm ABC-like phenotype4(). Bmi-1was identified as one of the
geneghat distinguish the ABC-like DLBCL30),(41). Other groups have linked elevated
Bmi-1 levels with poor prognosis in mantle cell lghoma (MCL), non-Hodgkin’s
lymphoma and other leukemia&2( 26, 27, 29, 42-34as well as many other tumour types
including neuroblastoma, glioblastoma, hepatocatlahrcinoma, and breast, colorectal,
prostate, lung, gastric and salivary gland can@&ss57). The loss of expression from the
INK4A locus has also been shown to have prognesiice (L2, 13. Taken together, these
data strongly implicate Bmi-1 in cancer and suggfest inhibiting uncontrolled cell
proliferation by inhibiting Bmi-1 function and reding the level of Bmi-1 in a cancer cell,
tumor cell, cancer stem cell or tumor stem cell halve a beneficial therapeutic effect in
patients with multiple cancer types, particularythose afflicted with hematological cancers.

For example, MCL is a rare, aggressive and incerBbtell non-Hodgkin’s
lymphoma that is refractory.€., resistant to conventional chemotherapy) andss@ated
with a poor prognosis. MCL is characterized bytt{i4;14)(q13;932) translocation,
resulting in amplification and overexpression @& golycomb group gerigémi-1, which
normally functions for self-renewal of hematopaiettem cells but has the capacity to induce

tumors when overexpressed.

Multiple myeloma is another fatal B-cell malignarsdyaracterized by the
accumulation of abnormal plasma cells in the boaerow. Standard therapy for multiple
myeloma is similar to the course for MCL and nordgabnsists of combination
chemotherapy that often results in a 60-70% respoate. However, most patients will
eventually relapse, leaving patients with limitedrepeutic options. Recent gene expression
profiling of multiple myeloma cells revealed elesdiexpression of Bmi-1 compared to that

in normal plasma cells, as confirmed by immunobigtt
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Bmi-1has been shown to be regulated transcriptionglly bumber of factors
including SALL4, FoxM1, c-Myc, E2F-1 and Mel18. Bihand SALL4 are putative
oncogenes that modulate stem cell pluripotencypdang a role in leukemigenesis (also
referred to as leukemogenesis). Murine Sall4 bésobeen shown to play an essential role in
maintaining the properties of ES (embryonic steellsand governing the fate of the
primitive inner cell mass. Yargt aldemonstrated that transcription from Brai-1
promoter is markedly activated by SALL4 in a dogpehdent manneB%). The Forkhead
box transcription factor FoxM1 is expressed in fechting cells and has been shown to
upregulate the levels of Bmi-1 in transformed NIFBXells in response to oxidative stress
through c-myc activatiorb@). TheBmi-1homologue, Mell8, acts as a potent repressor on
the expression of Bmi-1. Thami-1promoter regiogontains a functional E-box through
which c-Myc and Mel-18 can reguldeni-1 expression. Since Mell8 downregulates c-Myc
expressiomndBmi-1is a c-Myc target, these data suggest that Medgj8lateexpression of
Bmi-1 via repression of c-Myc during cellugnescence and, thus, link c-Myc and
polycombfunction §9). Similarly, a recent report suggests that E2Ral also regulate the
levels of Bmi-1 in neuroblastom&@). TheBmi-1promoter contains@utative E2F binding
site required for the activatiar a Bmi-1 promoter-dependent reporter construct by E2F-1.
Neither post-transcriptional nor post-translatior@htrol of Bmi-1 production has been

reported.

Without being limited by theory, the compounds ofrRula (I) or a form thereof
described herein activate the apoptotic pathwaletermined by annexin-V expression, as
well as cleavage of poly (ADP-ribose) polymeras&RP) and caspase-9 and caspase-7.
Cell cycle analyses of cells treated with thesemmunds of Formula (1) or a form thereof
have further demonstrated a block at théM3phase followed by the development of
polyploidy. These findings suggest that Bmi-1 na#spo play a role in DNA repair and/or
regulation of mitosis. The compounds of Formujao(la form thereof described herein are
useful inhibitors of Bmi-1 function and cause auetibn in the level of Bmi-1 protein and
are thus potential therapeutics for any cancer wetior cell, cancer stem cell or tumor stem
cell that overexpresses Bmi-1. Additionally, tleenpounds of Formula (1) or a form thereof
described herein inhibit the function of Bmi-1 aseduce Bmi-1 levels in cancer stem cell
and tumor stem cell environments and are thus Lisefargeting cancer cell populations that
have been shown to be resistant to current thesgpig., such as those using large and small
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molecule chemotherapeutic agents and radiatioapies, as well as targeted therapies that

primarily function by indiscriminately damaging wiiic cells).

As used herein, the italicized form d@rhi-1,” unless otherwise specified or clear
from the context of the specification, refers te Bmi-1gene. The nonitalicized form of
“Bmi-1,” the capitalized form of “BMI-1" or the ten “Bmi-1 protein,” unless otherwise

specified or clear from the context of the speatiian, collectively refer to Bmi-1 protein.

As used herein, the term “Bmi-1 inhibitor” or thierpse (or variations thereof)
“inhibit Bmi-1 function and reduce the level of Bii refer to post-translational inhibition
of the function of Bmi-1 protein and subsequentrddgtion, resulting in decreased levels of
Bmi-1 protein present in a tumor environment inahggd but not limited toin vitro andin
Vivo environments comprising cancer stem cells or tustem cells or cancer stem cells and

tumor stem cells.

In accordance with the present description, comgswf Formula (1) or a form
thereof that inhibit Bmi-1 function and reduce teeel of Bmi-1 also inhibit proliferation of
tumor cellsin vitro andin vivo and enhance sensitivity of intrinsically resistpopulations
(e.g, either “cancer stem cells,” “tumor stem cells’bath) to chemotherapeutics. Elevated
expression of human Bmi-1 has been reported inipteltancer samples and cancer cell
lines @, 42, 51, 56, 61-68 Applicants have identified compounds of Form{lijar a form
thereof that inhibit Bmi-1 function and reduce taeel of Bmi-1in vitro andin vivo, with
concurrent inhibition of tumor cell growth and xgnaft growthin vivo.

One embodiment described herein is directed tothadeof inhibiting Bmi-1
function and reducing the level of Bmi-1 to treateencer mediated by Bmi-1 in a subject in
need thereof comprising contacting a cell havimyatied Bmi-1 levels from the subject with
an amount of a compound of Formula (I) or a foreréiof, wherein the cell is selected from
a cancer cell, tumor cell, cancer stem cell or tustem cell, determining an effective amount
of the compound of Formula (1) or a form thereddttimhibits Bmi-1 function in the cell and
subsequently administering the effective amourthefcompound of Formula (I) or a form

thereof to the subject.

Another embodiment described herein is directeal reethod of inhibiting Bmi-1

function and reducing the level of Bmi-1 to treateencer mediated by Bmi-1 in a subject in
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need thereof comprising administering to the sulgaceffective amount of the compound of

Formula (I) or a form thereof.

Another embodiment described herein is directeal teethod for treating a cancer
mediated by Bmi-1 in a subject in need thereof casing contacting a cell having elevated
Bmi-1 levels from the subject with an amount obanpound of Formula (1) or a form
thereof, wherein the cell is selected from a caced#y tumor cell, cancer stem cell or tumor

stem cell.

Another embodiment described herein is directeal teethod further comprising
contacting a cell having elevated Bmi-1 levels fritv@ subject with an amount of the
compound of Formula (1) or a form thereof, wheria cell is selected from a cancer cell,
tumor cell, cancer stem cell or tumor stem celtedeining an effective amount of the
compound of Formula (1) or a form thereof that bits Bmi-1 function in the cell and
subsequently administering the effective amourthefcompound of Formula (I) or a form

thereof to the subject.

Another embodiment described herein is directea nieethod wherein the effective
amount of the compound of Formula (I) or a fornréloé determined to inhibit Bmi-1
function in the contacted cell reduces Bmi-1 lewelthe contacted cell.

An embodiment of the method described herein caapradministering an effective
amount of a compound of Formula (1) or a form tleéte inhibit the function of Bmi-1 in a
cancer celln vivoorin vitro, in a tumor celln vivo orin vitro, in a cancer stem cell
populationin vivo orin vitro, or in a tumor stem populatiam vivo or in vitro.

An embodiment of the method described herein caapradministering an effective
amount of a compound of Formula (1) or a form tleéte reduce the level of Bmi-1 in a
cancer celln vivoorin vitro, in a tumor celln vivo orin vitro, in a cancer stem cell
populationin vivo orin vitro, or in a tumor stem populatiam vivo or in vitro.

An embodiment of the method described herein caepradministering an effective
amount of a compound of Formula (1) or a form tleéte inhibit cancer cell proliferation,

tumor cell proliferation, cancer stem cell proldggon or tumor stem cell proliferation.

An embodiment described herein includes the useasimpound of Formula (1) or a
form thereof in the manufacture of a medicamentribibiting Bmi-1 function and reducing
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the level of Bmi-1 to treat a cancer mediated byi-Bnm a subject in need thereof

comprising administering an effective amount of tmedicament to the subject.

Without being limited by theory, any type of canoediated by or dependent on the
presence of overexpressed Bmi-1 can be treatector@ance with the intended use of the
compounds of Formula (I) or a form thereof desatiberein.

As used herein, the term “cancer” refers to cellwhich Bmi-1 is aberrantly
expressed or overexpressed and the cell deperBsnh for survival or proliferation.
Without being limited by theory, the cells may hier stem-like or more differentiated, but
the cell relies on Bmi-1 to enable uncontrolled delision and develop resistance to
cytotoxic, chemotherapeutic agents.

In another embodiment, the term “a cancer mediayelBmi-1" refers to a cancer that
is characterized by cells or a fraction of celtsfra cancer patient that overexpress Bmi-1
compared to cells from a cancer-free patient,@ patient with no detectable cancer as
determined by conventional techniques, such as K@RT, scan, etc.). Alternatively, the
term refers to cells or a fraction of cells frornamcer patient that, relative to the cancer
patient’s cells from surrounding normal tissuegress a level of Bmi-1 that differs by at
least 2%, 4%, 8%, 10%, 15%, 20%, 25%, 30%, 35%,,41B%0, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%. 90%, or 95% more, as detegteohy method routinely used in the
art, or described herein,g.,in an ELISA.

Non-limiting examples of a cancer mediated by Bntlrdt can be treated with the
intended use described herein: leukemias, suchtasoblimited to, acute leukemia, acute
lymphocytic leukemia, acute myelocytic leukemiag;hsas, myeloblastic, promyelocytic,
myelomonocytic, monocytic, and erythroleukemia kmkas and myelodysplastic syndrome;
chronic leukemias, such as but not limited to, nlwonyelocytic (granulocytic) leukemia,
chronic lymphocytic leukemia, hairy cell leukempenlycythemia vera; lymphomas such as
but not limited to Hodgkin’s lymphoma, non-Hodglsriymphoma; multiple myelomas such
as but not limited to smoldering multiple myelomansecretory myeloma, osteosclerotic
myeloma, placancer cell leukemia, solitary placarydema and extramedullary
placancercytoma; Waldenstrém’s macroglobulinemianaclonal gammopathy of
undetermined significance; benign monoclonal gamatiop heavy chain disease; bone and

connective tissue sarcomas such as but not linoteédne sarcoma, osteosarcoma,
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chondrosarcoma, Ewing’s sarcoma, malignant gidhtwaor, fibrosarcoma of bone,
chordoma, periosteal sarcoma, soft-tissue sarcanggsarcoma (hemangiosarcoma),
fibrosarcoma, Kaposi’s sarcoma, leiomyosarcomashkpcoma, lymphangiosarcoma,
neurilemmoma, rhabdomyosarcoma, synovial sarcohi@;bgain tumors (i.e., gliomas) such
as but not limited to, astrocytoma, ependymomapoadiendroglioma, brain stem glioma, optic
glioma, diffuse intrinsic pontine glioma, mixedaina (i.e., oligoastrocytoma), glioblastoma,
glioblastoma multiforme, nonglial tumor, acousteunnoma, craniopharyngioma,
medulloblastoma, meningioma, pineocytoma, pinedtas, primary brain lymphoma;
breast cancer including but not limited to ductalc;moma, adenocarcinoma, lobular (cancer
cell) carcinoma, intraductal carcinoma, medullamgast cancer, mucinous breast cancer,
tubular breast cancer, papillary breast canceretFadisease, and inflammatory breast
cancer; adrenal cancer such as but not limitethé@ghromocytom and adrenocortical
carcinoma,; thyroid cancer such as but not limiteddpillary or follicular thyroid cancer,
medullary thyroid cancer and anaplastic thyroidceanpancreatic cancer such as but not
limited to, insulinoma, gastrinoma, glucagonomaowa, somatostatin-secreting tumor, and
carcinoid or islet cell tumor; pituitary cancergias but limited to Cushing’s disease,
prolactin-secreting tumor, acromegaly, and diabigtgpius; eye cancers such as but not
limited to ocular melanoma such as iris melanorharadal melanoma, and cilliary body
melanoma, and retinoblastoma; vaginal cancers asislgjuamous cell carcinoma,
adenocarcinoma, and melanoma; vulvar cancer sustju@nous cell carcinoma, melanoma,
adenocarcinoma, basal cell carcinoma, sarcomaRaget’'s disease; cervical cancers such as
but not limited to, squamous cell carcinoma, anghadarcinoma; uterine cancers such as but
not limited to endometrial carcinoma and uterineaaa; ovarian cancers such as but not
limited to, ovarian epithelial carcinoma, bordeglitumor, germ cell tumor, and stromal
tumor; esophageal cancers such as but not lineteshiamous cancer, adenocarcinoma,
adenoid cystic carcinoma, mucoepidermoid carcin@danosquamous carcinoma, sarcoma,
melanoma, placancercytoma, verrucous carcinomagaincell (cancer cell) carcinoma;
stomach cancers such as but not limited to, adetiooma, fungating (polypoid), ulcerating,
superficial spreading, diffusely spreading, maligrnigmphoma, liposarcoma, fibrosarcoma,
and carcinosarcoma; colon cancers; rectal canloegscancers such as but not limited to
hepatocellular carcinoma and hepatoblastoma; galdlelr cancers such as adenocarcinoma;
cholangiocarcinomas such as but not limited tolf@apj nodular, and diffuse; lung cancers
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such as non-small cell lung cancer, squamous aedlroma (epidermoid carcinoma),
adenocarcinoma, large-cell carcinoma and smallkeeyl cancer; testicular cancers such as
but not limited to germinal tumor, seminoma, ansipta classic (typical), spermatocytic,
nonseminoma, embryonal carcinoma, teratoma car@nohoriocarcinoma (yolk-sac
tumor), prostate cancers such as but not limitegrtstatic intraepithelial neoplasia,
adenocarcinoma, leiomyosarcoma, and rhabdomyosarqmenal cancers; oral cancers such
as but not limited to squamous cell carcinoma; lbeesacers; salivary gland cancers such as
but not limited to adenocarcinoma, mucoepidermaitiooma, and adenoidcystic
carcinoma; pharynx cancers such as but not limdestjuamous cell cancer, and verrucous;
skin cancers such as but not limited to, basaloagltinoma, squamous cell carcinoma and
melanoma, superficial spreading melanoma, nodudamoma, lentigo malignant melanoma,
acral lentiginous melanoma; kidney cancers sudfuaisot limited to renal cell carcinoma,
adenocarcinoma, hypernephroma, fibrosarcoma, tranai cell cancer (renal pelvis and/ or
uterer); Wilms’ tumor; bladder cancers such asnamtimited to transitional cell carcinoma,
squamous cell cancer, adenocarcinoma, carcinosarctmaddition, cancers include
myxosarcoma, osteogenic sarcoma, endotheliosardgmphangioendotheliosarcoma,
mesothelioma, synovioma, hemangioblastoma, epsthedircinoma, cystadenocarcinoma,
bronchogenic carcinoma, sweat gland carcinomagcselba gland carcinoma, papillary
carcinoma and papillary adenocarcinomas (for eemewaf such disorders, see Fishnedral,
1985,Medicine 2d Ed., J.B. Lippincott Co., Philadelphia and phwyet al, 1997 Informed
Decisions: The Complete Book of Cancer Diagnossatiment, and RecoverYiking

Penguin, Penguin Books U.S.A., Inc., United StafeSmerica).

The compounds of Formula (I) or a form thereofas® useful in the treatment,
prevention and/or management of a variety of canmdiated by Bmi-1 or other abnormal
proliferative diseases (where such disease is reebliay overexpressed Bmi-1 or elevated
levels of Bmi-1), including (but not limited to)etfollowing: carcinoma, including that of the
bladder, breast, colon, kidney, liver, lung, ovargncreas, stomach, cervix, thyroid and skin;
including squamous cell carcinoma; hematopoietiedxs of lymphoid lineage, including
leukemia, acute lymphocytic leukemia, acute lympastic leukemia, B-cell lymphoma, T
cell lymphoma, Burkitt's lymphoma; hematopoietiotors of myeloid lineage, including
acute and chronic myelogenous leukemias and pramyiit leukemia; tumors of
mesenchymal origin, including fiborosarcoma and duabyoscarcoma; other tumors,
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including melanoma, seminoma, tetratocarcinomaraiastoma; tumors of the central and
peripheral nervous system, including astrocytoreayoblastoma, glioma, and
Schwannomas; tumors of mesenchymal origin, inclyfilrosarcoma, rhabdomyoscarama,
and osteosarcoma; and other tumors, including roatanxeroderma pigmentosum,
keratoactanthoma, seminoma, thyroid follicular earand teratocarcinoma. In some
embodiments, cancers associated with aberratiomgdptosis are treated in accordance with
the methods described herein. Such cancers maygadut are not limited to, follicular
lymphomas, carcinomas with p53 mutations, hormapeddent tumors of the breast,
prostate and ovary, and precancerous lesions suieimalial adenomatous polyposis, and
myelodysplastic syndromes. In specific embodimantdignancy or dysproliferative
changes (such as metaplasias and dysplasias)perdmgliferative disorders of the skin,
lung, liver, bone, brain, stomach, colon, breasisfate, bladder, kidney, pancreas, ovary,
and/or uterus are treated in accordance with thade described herein. In other specific

embodiments, a sarcoma, or melanoma is treatedsasilded herein.

In a specific embodiment, the cancer mediated by Bbeing treated as described
herein is leukemia, lymphoma or myeloneag multiple myeloma). Non-limiting examples
of leukemias and other blood-borne cancers mediatégini-1 that can be treated with the
methods described herein include acute lymphoblésikemia (ALL), acute lymphoblastic
B-cell leukemia, acute lymphoblastic T-cell leukarracute myeloblastic leukemia (AML),
acute promyelocytic leukemia (APL), acute monoliddstukemia, acute erythroleukemic
leukemia, acute megakaryoblastic leukemia, acutgenyonocytic leukemia, acute
nonlymphocyctic leukemia, acute undifferentiatadkksmia, chronic myelocytic leukemia

(CML), chronic lymphocytic leukemia (CLL), and hpicell leukemia.

Non-limiting examples of lymphomas mediated by Birthat can be treated in
accordance with the methods described herein iediamtigkin’s lymphoma, non-Hodgkin’s
lymphoma, multiple myeloma, Waldenstrom’s macroglotemia, heavy chain disease, and

polycythemia vera.

In another embodiment, the cancer mediated by Bbweidg treated as described
herein is a solid tumor. Examples of solid tuntbiest can be treated in accordance with the
methods described herein include, but are notdinio fiorosarcoma, myxosarcoma,

liposarcoma, chondrosarcoma, osteogenic sarcormejama, angiosarcoma,
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endotheliosarcoma, lymphangiosarcoma, lymphangméetiosarcoma, synovioma,
mesothelioma, Ewing’s tumor, leiomyosarcoma, rhalyglmsarcoma, colon cancer, colorectal
cancer, kidney cancer, pancreatic cancer, bonescdmeast cancer, ovarian cancer, prostate
cancer, esophageal cancer, stomach cancer, odrcaasal cancer, throat cancer, squamous
cell carcinoma, basal cell carcinoma, adenocarca@weat gland carcinoma, sebaceous
gland carcinoma, papillary carcinoma, papillaryram=rcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, reakicarcinoma, hepatoma, bile duct
carcinoma, choriocarcinoma, seminoma, embryonaimama, Wilms’ tumor, cervical

cancer, uterine cancer, testicular cancer, smillurey carcinoma, bladder carcinoma, lung
cancer, epithelial carcinoma, glioma, glioblastamatiforme, astrocytoma,

medulloblastoma, craniopharyngioma, ependymomagbima, hemangioblastoma, acoustic
neuroma, oligodendroglioma, meningioma, skin cgnoetanoma, neuroblastoma, and

retinoblastoma.

In certain embodiments, a cancer mediated by Bmg¢llides, but is not limited to,
brain cancer, gastric cancer, hematologic cangeg tancer, non-small cell lung cancer,
pancreatic cancer, prostate cancer, salivary glander, colorectal carcinoma, hepatocellular
carcinoma, liver carcinoma, breast carcinomas imosaas, esophageal carcinomas or
sarcomas, stomach carcinomas or sarcomas, fibmearglioblastoma, diffuse intrinsic
pontine glioma, medulloblastoma, neuroblastomdyskf largeB cell lymphomas, B cell

non-Hodgkin’s lymphoma, Hodgkin’s lymphoma or chmar acute myeloid leukemia.

In certain embodiments, a cancer mediated by Bmeéllides, but is not limited to,
tumors that relapse after therapy despite impreuedical and irradiation techniques.
Tumor relapse may occur for a number of reasortb, evie plausible explanation being the
existence of cancer stem cells (CSC) or tumor stelfa (tumor initiating cells) in the tumor
population. CSCs are defined as a populationevhstells relative to any type of blood
cancer, solid tumor cancer or metastatic canceamadr stem cells are those specifically
found within a tumor. Both have characteristiesikir to normal stem cells. Like normal
stem cells, CSCs and tumor stem cells have thenpalt¢o self renew. Unlike normal stem
cells, though, due to the sustained presence bflbigels of Bmi-1, the CSCs and tumor stem
cells fail to terminally differentiate and prolitge unchecked. Their enhanced DNA repair
capacity also enables them to become resistaytatozic, chemotherapeutic drugs designed

to kill cancer cells and tumor cells. Therefoeegeting CSCs and tumor stem cells that
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overexpress Bmi-1 could be an approach for effeatancer treatment. One further
approach is to target various transcription factesponsible for maintenance of the self

renewal capacity of CSCs and tumor stem cells.

As used herein, the term “treat,” “treatment” aeéting” refers to: (i) preventing a
disease, disorder and/or condition from occurring subject that may be predisposed to the
disease, disorder and/or condition but has nobgeh diagnosed as having said disease,
disorder and/or condition; (ii) inhibiting a diseaslisorder and/or condition, i.e., arresting its
development; and/or (iii) relieving a disease, digo and/or condition, i.e., causing

regression of the disease, disorder and/or comditio

As used herein, the term “subject” refers to memloéthe human, equine, porcine,
bovine, murine, rattus, canine and feline speciessome embodiments, the subject is a
mammal or a warm-blooded vertebrate animal. leo#mbodiments, the subject is a
human. As used herein, the term “patient” may $sunterchangeably with “subject” and

“human”.

In certain embodiments, the subject is a humanish@&to 6 months old, 6 to 12
months old, 6 to 18 months old, 18 to 36 months bl 5 years old, 5 to 10 years old, 10 to
15 years old, 15 to 20 years old, 20 to 25 yeats28 to 30 years old, 30 to 35 years old, 35
to 40 years old, 40 to 45 years old, 45 to 50 yelts50 to 55 years old, 55 to 60 years old,
60 to 65 years old, 65 to 70 years old, 70 to #yeld, 75 to 80 years old, 80 to 85 years
old, 85 to 90 years old, 90 to 95 years old or®5%QG0 years old. In some embodiments, the
subject is a human infant. In other embodimehis subject is a human toddler. In other
embodiments, the subject is a human child. Inrath@bodiments, the subject is human

adult. In yet other embodiments, the subject islderly human.

As used herein, the term “elderly human” refera tuman 65 years or older; the
term “human adult” refers to a human that is 1&yea older; the term “human child” refers
to a human that is 1 year to 18 years old; the téuman infant” refers to a newborn to 1
year old year human; and, the term “human toddieférs to a human that is 1 year to 3

years old.

In certain embodiments, the subject is in an imnecongoromised state or
immunosuppressed state or at risk for becoming inooompromised or immunosuppressed.
In certain embodiments, the subject is receivingeoovering from an immunosuppressive
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therapy. In certain embodiments, the subject has at risk of getting cancer, AIDS, or a
bacterial infection. In certain embodiments, thbjsct is, will or has undergone surgery,
chemotherapy and/or radiation therapy. In ceranbvbodiments, the subject has cystic
fibrosis, pulmonary fibrosis or another conditidfeating the lungs. In certain embodiments,

the subject has, will have or had a tissue trangpla

In some embodiments, the subject's cancer, duetoverexpression of Bmi-1 in
cancer cells, tumor cells, cancer stem cells ootustem cells thereof, has proven refractory
to conventional "standard of care" therapies (ekoly treatment with a compound of
Formula (1) or a form thereof), such that the patieas discontinued the conventional
therapy. In one embodiment, without being limibgdtheory, the term "refractory” means
that at least some significant portion of the camedls, tumor cells, cancer stem cells or
tumor stem cells continue to proliferate due todlerexpression of Bmi-1, despite therapy.
The determination of whether the cancer is refrgdima particular therapy can be made
either invivo or in vitroby any method known in the art for assaying ttiectof a therapy
on the cancer cells, tumor cells, cancer stem oelismor stem cells, using the art-accepted
meanings of “refractory” in such a context. Intagr embodiments, a patient having a
refractory cancer due to the overexpression of Bnsia patient in which the cancer is non-
responsive or resistant to a conventional or "saethdf care” therapy. In certain
embodiments, a patient with refractory cancer heenger mediated by Bmi-1 that
progresses. Disease progression, as a lack afalliesponse to a therapy, is demonstrated
when the tumor or neoplasm has not been significanhdicated and/or the symptoms have
not been significantly alleviated. The determioatof whether a patient has a refractory
cancer mediated by Bmi-1 can be made eith@ivo or in vitro by any method known in the
art for assaying the effectiveness of the therapyife treatment of the cancer, using art-

accepted meanings of “refractory” in such a context

In certain embodiments, the patient to be treateatcordance with the methods
described herein is a patient already being treatddantibiotics, anti-virals, anti-fungals, or
other biological therapy, immunotherapy or antiggrtherapy. Among these patients are
patients with a refractory cancer mediated by Bror-patients too young for conventional
therapies. In some embodiments, the patient esaded is treatment naive, not having
received any prior therapy. In any of the foregodmbodiments, a patient to be treated may

receive a small molecule therapy.
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In some embodiments, a compound of Formula (I) forma thereof may be
prophylactically administered to a patient to pravibe onset of cancer mediated by Bmi-1
in a patient at risk of developing cancer. In s@mbodiments, a compound of Formula (1)
or a form thereof may be therapeutically adminedetio a patient that is susceptible to
adverse reactions to conventional therapies. nmesembodiments, the subject being
administered one or more compounds of Formular(d form thereof has not received prior
therapy. In other embodiments, one or more comg®woih Formula (1) or a form thereof are
administered to a subject who has received a gremapy. In some embodiments, the
subject administered a compound of Formula (1) foran thereof has discontinued a prior
therapy due to lack of benefit from the therapyeade effects from the therapy or

unacceptable levels of toxicity.

In some embodiments, the subject being administ@necor more compounds of
Formula (1) or a form thereof, will or has underg@urgery, chemotherapy, antibody
therapy, hormonal therapy and/or radiation therdpycertain embodiments, the patient has
undergone surgery to remove the tumor or neopldarsertain embodiments, the subject

will have, or has had, or is undergoing a tissuergan transplant.

As used herein, the terms “effective amount,” “prglpctically effective amount” or
"therapeutically effective amount" mean an amodrst compound of Formula (1) or a form
thereof that is effective in inhibiting Bmi-1 pratefunction and reducing the level of Bmi-1
protein, as described herein, and thus produciegl#isired prophylactic, therapeutic,

ameliorative, inhibitory or preventative effectarcancer mediated by Bmi-1 in a patient in

need thereof.

As used herein, the term “effective amount,” in thatext of administering a
compound of Formula (1) or a form thereof to a @atj refers to the amount of a compound
of Formula (1) or a form thereof which is suffictelo achieve at least one or more of the
following effects, as applicable, in a patientropiatient cell(s): (i) inhibition of Bmi-1
protein function; (ii) reduction in the level orautity of Bmi-1 protein; (iii) reduction or
amelioration in the severity of a cancer mediatg®@imi-1 or a symptom associated
therewith; (iv) prevention of the progression afaamcer mediated by Bmi-1 or a symptom
associated therewith; (v) regression of a canceliaited by Bmi-1 or a symptom associated

therewith; (vi) prevention of the development oseinof a cancer mediated by Bmi-1 or a
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symptom associated therewith; (vii) preventionhw tecurrence of a cancer mediated by
Bmi-1 or a symptom associated with a cancer mediiageBmi-1; (viii) reduction of the
duration of a symptom associated with a cancer atedliby Bmi-1; (ix) reduction or
elimination of the cancer stem cell or tumor stezth gopulation; (x) reduction or elimination
of the growth of a tumor or neoplasm overexpresBimir1; (xi) reduction or elimination of
the proliferation of cancer cells or tumor cellgj)(reduction or elimination of the formation
of a tumor or neoplasm overexpressing Bmi-1; (@mdication or control of a primary,
regional and/or metastatic cancer mediated by Br{ixit) reduction in patient mortality;
(xv) increased number of patients in remissionj)(kcreased length of remission in
patients; (xvii) the size of a tumor or neoplasrer@xpressing Bmi-1 is maintained or
controlled such that the size does not increasecoeases less than the size of the tumor after
administration of a standard therapy as measurembiwentional methods available to one of
skill in the art, such as MRI, X-ray and CAT scéxiii) increased delay in disease
progression; (xix) increased patient survival; (eeguction in incidences of patient
hospitalization; (xxi) reduction in the length dadtgent hospitalization; (xxii) enhancement or
improvement in the prophylactic or therapeutic eff&) of another therapy; (xxiii) reduction
in the number of symptoms associated with a camegliated by Bmi-1; (xxiv) increased
cancer-free survival of patients; and/or (xxv) eased symptom-free survival of cancer

patients.

In general, the term “effective amount” also in@adhat amount of a compound of
Formula (I) or a form thereof administered to agygtwhich is in a range of from about
0.001 mg/Kg/day to about 500 mg/Kg/day, or aboQfGng/Kg/day to about 500
mg/Kg/day, or about 0.1 mg to about 500 mg/Kg/aaygbout 1.0 mg/day to about 500
mg/Kg/day, in single, divided, or a continuous dfigea patient or subject having a weight in
a range of between about 40 to about 200 Kg (wmiiade may be adjusted for patients or
subjects above or below this range, particularijdobn under 40 Kg). The typical adult
subject is expected to have a median weight imgeaf between about 60 to about 100 Kg.
The effective amount for the subject will also degp@pon various factors, including the
body weight, size and health of the subject. Aaative amount for a given patient can be
determined according to the skill and judgmentef¢linician.

In another embodiment, where daily doses are adjusised upon the weight of the

subject or patient, compounds of Formula (I) ooraf thereof described herein may be
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formulated for delivery at about 0.02, 0.025, 0085, 0.06, 0.075, 0.08, 0.09, 0.10, 0.20,
0.25, 0.30, 0.50, 0.60, 0.75, 0.80, 0.90, 1.0,,11170, 1.25, 1.50, 1.75, 2.0, 5.0, 10, 20 or 50
mg/Kg/day. Daily doses adjusted based upon thghweif the subject or patient may be
administered as a single, divided, or continuowseddn embodiments where a dose of a
compound of Formula (1) or a form thereof is giveare than once per day, the dose may be
administered once, twice, three times, or moredpgr In another embodiment, a subject is
administered one or more doses of an effective anafta compound of Formula (1) or a
form thereof, wherein the effective amount maylm®the same for each dose.

Another embodiment described herein iincludes &tg¥e amount of the compound
of Formula (1) or a form thereof in a range of frammout 0.001 mg/Kg/day to about 500
mg/Kg/day.

Within the scope described herein, the “effectir@ant” of a compound of Formula
(I) or a form thereof for use in the manufactur@ehedicament or in a method for treating a
cancer mediated by Bmi-1 in a subject in need tfeigintended to include an amount in a
range of from about 0.1 ng to about 3500 mg adrt@res daily; from about 0.9 to about
3500 mg administered daily; from about 0.1 mg tout83500 mg administered daily; from
about 1 mg to about 3500 mg administered dailynfedoout 1 mg to about 3000 mg
administered daily; from about 0.05 mg to aboutQ.6%®) administered daily; from about 0.5
mg to about 1500 mg administered daily; from aldootg to about 1500 mg administered
daily; from about 5 mg to about 1500 mg administataily; from about 10 mg to about 600
mg administered daily; from about 0.5 mg to abd@®mg administered daily; or, an

amount in a range of from about 5.0 mg to abouD18g administered daily.

Another embodiment described herein iincludes &atg¥e amount of the compound

of Formula (1) or a form thereof in a range of framout 0.1 ng to about 3500 mg.

For any compound of Formula (I) or a form ther¢log effective amount can be
estimated initially by results from cell culturesags or from relevant animal models, such as
the mouse, chimpanzee, marmoset or tamarin animdén Relevant animal models may
also be used to determine the appropriate condeminange and route of administration.
Such information can then be used to determinauldetes and routes for administration in
humans. Therapeutic efficacy and toxicity may btednined by standard pharmaceutical

procedures in cell cultures or experimental anifreaty, EDs (the dose therapeutically
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effective in 50% of the population) and ifJthe dose lethal to 50% of the population). The
dose ratio between the toxic and therapeutic ef$ecferred to as the therapeutic index, and
can be expressed as the ratiog/BDso. In some embodiments, the effective amount i& suc
that a large therapeutic index is achieved. Ithrembodiments, the dosage is within a
range of plasma concentrations that include agyRlh little or no toxicity. The dosage

may vary within this range depending upon the desagn employed, sensitivity of the

patient, and the route of administration.

More specifically, the concentration-biologicaleft (pharmacodynamic) relationship
observed with regard to a compound of FormularB torm thereof suggests a target plasma
concentration ranging from about 0.00¢/mL to about 50 pg/mL, from about 0.01 pg/mL to
about 20 pg/mL, from about 0.05 pg/mL to about §0mL, or from about 0.1 pg/mL to
about 5 pg/mL. To achieve such plasma concentistibe compounds of Formula (1) or a
form thereof described herein may be administetelbses that vary from 0.001 pg to
100,000 mg, depending upon the route of administramh single, divided, or continuous
doses for a patient weighing between about 40 ¢oitab00 kg (which dose may be adjusted

for patients above or below this weight range,ipaldrly for children under 40 kg).

The exact dosage will be determined by the pragctti, in light of factors related to
the subject. Dosage and administration may bestetjuo provide sufficient levels of the
active agent(s) or to maintain the desired efféaministration factors that may be taken
into account include the severity of the diseagtesgeneral health of the subject, ethinicity,
age, weight, and gender of the subject, diet, anmg:frequency of administration, drug
combination(s), reaction sensitivities, toleranmetbxicity related to drug metabolites,
experience with other cancer therapies and reginagnstolerance/response to such therapies
and regimens. Long-acting pharmaceutical commostmay be administered every 2, 3 or 4
days, once every week, or once every two weeksniiapg on half-life and clearance rate of

the particular formulation.

The compounds of Formula (I) or a form thereof désc herein may be
administered to the subject via any drug deliverte known in the art. Nonlimiting
examples include oral, ocular, rectal, buccal,dabinasal, ophthalmic, subcutaneous,
intramuscular, intraveneous (bolus and infusiamtyacerebral, transdermal, and pulmonary

routes of administration.
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Compound Metabolites

Also falling within the scope described herein #r@in vivo metabolic products of
the compounds of Formula (1) or a form thereofclSproducts may result, for example,
from the oxidation, reduction, hydrolysis, amidatiglucuronidation, esterification and the
like of the administered compound of Formula (Iadorm thereof, primarily due to
enzymatic processes. Accordingly, the compound=oaiula (I) or a form thereof
described herein include those produced by a psom@wprising contacting a compound of
Formula (1) or a form thereof described herein vattnammalian tissue or a mammal for a

period of time sufficient to yield a metabolic pumd thereof.

Such products typically are identified by preparingadio-labeledg(g C* or H)
compound of Formula (1) or a form thereof describedein, administering it in a detectable
dose €.g, greater than about 0.5 mg/kg) to a mammal suchtamouse, guinea pig,
monkey, or to man, allowing sufficient time for rakblism to occur (typically about 30
seconds to 30 hours), and isolating its converngroducts from urine, blood or other
biological samples. These products are easilaisdlsince they are labeled (others are
isolated by the use of antibodies capable of bopéipitopes surviving in the metabolite).
The metabolite structures are determined in conwealtfashiong.g, by MS or NMR
analysis. In general, analysis of metabolites bwygone in the same way as conventional
drug metabolism studies well-known to those skillethe art. The conversion products, so
long as they are not otherwise foundrivo, are useful in diagnostic assays for therapeutic
dosing of the compounds of Formula (1) or a forrréof described herein even if they

possess no biological activity of their own.

Combination Therapies

The methods of treating a cancer mediated by Bmiglsubject in need thereof, in
addition to those previously described herein hiewrtcomprise administering to the subject in
need thereof an effective amount of one or moith@tompounds of Formula (I) or a form
thereof alone or in combination with one or mordiadnal agents selected from anti-cancer
agents, anti-proliferative agents, chemotherapagents, immunomodulatory agents, anti-
angiogenic agents, anti-inflammatory agents, aylatikg agents, steroidal and non-steriodal
anti-inflammatory agents, pain relievers, leukate@ntagonist§§2-agonists, anticholinergic

agents, hormonal agents, biological agents, tulitiding agents, glucocorticoids,
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corticosteroid agents, antibacterial agents, atthines, anti-malarial agents, anti-viral

agents, antibiotics and the like; and, optionalithwadiation therapy.

In another embodiment, one or more compounds ahklar (I) or a form thereof
alone or in combination with one or more additioagénts may be administered to the
subject in combination with a supportive therapgam relief therapy, or other therapy that

does not have an effect on a cancer mediated bylBmi

In some embodiments, one or more compounds of Har(juor a form thereof
described herein and one or more additional agkrdsribed herein are administered as the
same pharmaceutical composition. In certain emrbedis, one or more compounds of
Formula (I) or a form thereof described herein and or more additional agents described
herein are administered in different pharmaceutioatpositions. In certain embodiments,
one or more compounds of Formula (1) or a formebédescribed herein and one or more
additional agents described herein are administeyetie same route of administration. In
certain embodiments, one or more compounds of Harfhuor a form thereof described
herein and one or more additional agents deschkegin are administered by different

routes of administration.

In other embodiments are pharmaceutical compositidmerein one or more
compounds of Formula (I) or a form thereof are adstéred in a combination product with
one or more additional agents useful in the treatroka cancer mediated by Bmi-1. The
skilled artisan will recognize that a variety ofige ingredients may be administered in a
combination with the compounds of Formula (1) doam thereof described herein whereby
the product may act to augment or synergisticallyamce the anticancer activity of either or
both the additional agent(s) and the compound(8pamula (1) or a form thereof described

herein.

As used herein, the term “synergistic,” refershie ¢ffect of the administration of a
combination product as described herein which iseneffective than the additive effects of
any two or more single agents. In a specific enthedt, a synergistic effect of a
combination product permits the use of lower dosae®ne or more agents and/or less
frequent administration of said agents to a subjéitt a cancer mediated by Bmi-1. In
certain embodiments, the ability to utilize lowasdges of an agent and/or to administer said

agents less frequently reduces the toxicity assatwmith the administration of said agents to

83



10

15

20

25

30

a subject without reducing the efficacy of saidragen the prevention or treatment of a
cancer mediated by Bmi-1. In some embodimentgnargistic effect results in improved
efficacy of each of the agents in treating a caneediated by Bmi-1. In some embodiments,
a synergistic effect of a combination of agentsidsor reduces adverse or unwanted side
effects associated with the use of any single agéhe combination of agents in such a
product can be administered to a subject in theegatmarmaceutical composition.
Alternatively, the agents can be administered coratly to a subject in separate
pharmaceutical compositions. The agents may asadiministered to a subject by the same
or different routes of administration. In a specgmbodiment, at least one of the agents is a

compound of Formula (1) or a form thereof describeckin.

It is also possible to combine any compound of kdanfl) or a form thereof
described herein with such additional agents useftile treatment of a cancer mediated by
Bmi-1, including compounds of Formula (I) or a fothereof as described herein, in a
unitary dosage form, or in separate dosage fortesded for simultaneous or sequential
administration to a patient in need of treatmaffhen administered sequentially, the
combination may be administered in two or more adstriations. In an alternative
embodiment, it is possible to administer one oreremmpounds of Formula (I) or a form
thereof described herein and one or more additiagaihts described herein by different

routes.

According to the methods described herein, a coatinin product may include a
combination of active ingredients that may be:dd-formulated and administered or
delivered simultaneously in a combined formulati®);delivered sequentially or in parallel
as separate formulations; or (3) by any other coatimn regimen known in the art. When
delivered as separate formulations in alternati@napy, the methods described herein may
comprise administration or delivery, for examplé&haut limitation, in separate solutions,
emulsions, suspensions, tablets, pills or capsatdsy different injections in separate
syringes. In general, when administered in altgsnaan effective dosage of each active
ingredient is administered serially, one dose foitg another. In contrast, in parallel or
simultaneous administration, effective dosagesvofdr more active ingredients are
administered together. Various alternative comtimnag of intermittent sequential or in
parallel combination administration may also beduse
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Specific examples of such agents include, but atdéimited to, immunomodulatory
agents €.g, interferon, penicillamine and the like), anti-asggenic agent, anti-inflammatory
agents €.g, adrenocorticoids, corticosteroidsd, beclomethasone, budesonide, flunisolide,
fluticasone, triamcinolone, methylprednisolone dmisolone, prednisone, hydrocortisone),
glucocorticoids, steroidal and non-steriodal amltammatory drugs€.g, aspirin, ibuprofen,
diclofenac, and COX-2 inhibitors)), pain relieveieykotriene antagoniste., montelukast,
methyl xanthines, zafirlukast, and zileutop2-agonists€.g, albuterol, biterol, fenoterol,
isoetharie, metaproterenol, pirbuterol, salbutart@hutalin formoterol, salmeterol, and
salbutamol terbutaline), anticholinergic agemtg) ( ipratropium bromide and oxitropium
bromide), antibacterial agenss.g, sulphasalazine, dapsone and the like), antihis&sn
anti-malarial agente(g, hydroxychloroquine), anti-viral agen#s.q, nucleoside analogs
(e.g, zidovudine, acyclovir, gangcyclovir, vidarabindgoxuridine, trifluridine, ribavirin,
foscarnet, amantadine, rimantadine, saquinavimawt, ritonavir, and AZT) and antibiotics
(e.g, dactinomycin (formerly actinomycin), bleomycimy#homycin, penicillin,

mithramycin, and anthramycin (AMC)).

Specific examples of additional agents that mayges in combination with a
compound of Formula (1) or a form thereof describeckein include, but are not limited to:
acivicin; aclarubicin; acodazole hydrochloride;@tne; adozelesin; aldesleukin;
altretamine; ambomycin; ametantrone acetate; arhitetgimide; amsacrine; anastrozole;
anthracyclin; anthramycin; asparaginase; aspaiacitidine; azetepa; azotomycin;
batimastat; benzodepa; bicalutamide; bisantreneoleipbride; bisnafide dimesylate;
bisphosphonateg (g, pamidronate (Aredrf3, sodium clondronate (Bonef9s zoledronic
acid (Zomet§), alendronate (Fosam@yx etidronate, ibandornate, cimadronate, risedremat
and tiludromate); bizelesin; bleomycin sulfate;dw@ar sodium; bropirimine; busulfan;
cactinomycin; calusterone; caracemide; carbeticahoplatin; carmustine; carubicin
hydrochloride; carzelesin; cedefingol; chlorambucilolemycin; cisplatin; cladribine;
crisnatol mesylate; cyclophosphamide; cytarabiaeadbazine; dactinomycin; daunorubicin
hydrochloride; decitabine; demethylation agentsod@aplatin; dezaguanine; dezaguanine
mesylate; diaziquone; docetaxel; doxorubicin; dakain hydrochloride; droloxifene;
droloxifene citrate; dromostanolone propionate;ztmaycin; edatrexate; eflornithine
hydrochloride; EphA2 inhibitors; elsamitrucin; eplatin; enpromate; epipropidine;
epirubicin hydrochloride; erbulozole; esorubicirdhychloride; estramustine; estramustine
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phosphate sodium; etanidazole; etoposide; etoppsidgphate; etoprine; fadrozole
hydrochloride; fazarabine; fenretinide; floxuridjriidarabine phosphate; 5-fluorouracil;
fluorocitabine; fosquidone; fostriecin sodium; getalsine; gemcitabine hydrochloride;
histone deacetylase inhibitors; hydroxyurea; idennkhydrochloride; ifosfamide;
iimofosine; imatinib mesylate; interleukin Il (inaling recombinant interleukin II, or rIL2),
interferon alpha-2a; interferon alpha-2b; interfeedpha-nl ; interferon alpha-n3; interferon
beta-1 a; interferon gamma-I b; iproplatin; irincé@ hydrochloride; lanreotide acetate;
lenalidomide; letrozole; leuprolide acetate; liarlezhydrochloride; lometrexol sodium;
lomustine; losoxantrone hydrochloride; masopros@ytansine; mechlorethamine
hydrochloride; anti-CD2 antibodies; megestrol aegtanelengestrol acetate; melphalan;
menogaril; mercaptopurine; methotrexate; methoteegadium; metoprine; meturedepa;
mitindomide; mitocarcin; mitocromin; mitogillin; r@malcin; mitomycin; mitosper;
mitotane; mitoxantrone hydrochloride; mycophenakitd; nocodazole; nogalamycin;
ormaplatin; oxisuran; paclitaxel; pegaspargaseopsicin; pentamustine; peplomycin
sulfate; perfosfamide; pipobroman; piposulfan; paatrone hydrochloride; plicamycin;
plomestane; porfimer sodium; porfiromycin; predngtine; procarbazine hydrochloride;
puromycin; puromycin hydrochloride; pyrazofurinhoprine; rogletimide; safingol; safingol
hydrochloride; semustine; simtrazene; sparfosadeisg sparsomycin; spirogermanium
hydrochloride; spiromustine; spiroplatin; streptpm; streptozocin; sulofenur; talisomycin;
tecogalan sodium; tegafur; teloxantrone hydroctigrtemoporfin; teniposide; teroxirone;
testolactone; thiamiprine; thioguanine; thiotepagzdfurin; tirapazamine; toremifene citrate;
trestolone acetate; triciribine phosphate; trimetdte; trimetrexate glucuronate; triptorelin;
tubulozole hydrochloride; uracil mustard; uredegreotide; verteporfin; vinblastine
sulfate; vincristine sulfate; vindesine; vindessudfate; vinepidine sulfate; vinglycinate
sulfate; vinleurosine sulfate; vinorelbine tartrat@rosidine sulfate; vinzolidine sulfate;

volitinib; vorozole; zeniplatin; zinostatin; zorwm hydrochloride and the like.

Other examples of treating a cancer mediated by Bimnclude treatment with an
anti-cancer or anti-proliferative agent wherein éiméi-cancer or anti-proliferative agent is
selected from, but not limited to: 20-Epi-1,25-dihgxyvitamin D3 (MC 1288, MC 1301,
KH 1060); 5-ethynyluracil; abiraterone; aclarubictylfulvene; adecypenol; adozelesin;
aldesleukin; ALL-TK antagonists; altretamine; amlgtme; amidox; amifostine;
aminolevulinic acid; amrubicin; amsacrine; anagielianastrozole; andrographolide;
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angiogenesis inhibitors; antagonist D; antagonjsar@arelix; anti-dorsalizing morphogenetic
protein-1; antiandrogen, antiestrogen; antineopigsintisense oligonucleotides; aphidicolin
glycinate; apoptosis gene modulators; apoptosisiaey's; apurinic acid; ara-CDP-DL-
PTBA (0-palmitoyl-I-thioglycerol); arginine deamise; asulacrine; atamestane; atrimustine;
axinastatin 1; axinastatin 2; axinastatin 3; azasetzatoxin; azatyrosine; baccatin Il
derivatives; balanol; batimastat; BCR/ABL antagtsjibenzochlorins; benzoylstaurosporine;
beta lactam derivatives; beta-alethine; betaclamBcibetulinic acid; bFGF inhibitor;
bicalutamide; bisantrene; bisaziridinylspermineniaifide; bistratene A; bizelesin; breflate;
bropirimine; budotitane; buthionine sulfoximinejapotriol; calphostin C; camptothecin
derivatives; canarypox IL-2; capecitabine; carboixkyamino-triazole (CaRest M3); CARN
700; cartilage derived inhibitor; carzelesin; cadgnase inhibitors (ICOS); castanospermine;
cecropin B; cetrorelix; chlorins; chloroquinoxaliselfonamide; cicaprost; cis-porphyrin;
cladribine; clomifene analogues; clotrimazole; isotlycin A; collismycin B; combretastatin
A4; combretastatin analogue; conagenin; crambes8itl; crisnatol; cryptophycin 8;
cryptophycin A derivatives; curacin A; cyclopentarsguinones; cycloplatam; cypemycin;
cytarabine ocfosfate (YNKO1 or Stara®ifcytolytic factor; cytostatin; dacliximab;
decitabine; dehydrodidemnin B; deslorelin; dexamstime; dexifosfamide; dexrazoxane;
dexverapamil; diaziquone; didemnin B; didox; di¢tloyspermine; dihydro-5-azacytidine;
dihydrotaxol, dioxamycin; diphenyl spiromustine;cdtaxel; docosanol; dolasetron;
doxifluridine; droloxifene; dronabinol; duocarmyc8A,; ebselen; ecomustine; edelfosine;
edrecolomab; eflornithine; elemene; emitefur; dpicun; epristeride; estramustine analogue;
estrogen agonists; estrogen antagonists; etanglaatolposide phosphate; exemestane;
fadrozole; fazarabine; fenretinide; filgrastim;dsteride; flavopiridol; flezelastine;
fluasterone; fludarabine; fluorodaunorunicin hydrocide; forfenimex; formestane;
fostriecin; fotemustine; gadolinium texaphyrin; lgah nitrate; galocitabine; ganirelix;
gelatinase inhibitors; gemcitabine; glutathionalitbrs; HMG CoA reductase inhibitors
(e.g, atorvastatin, cerivastatin, fluvastatin, lesagbitor, lovastatin, rosuvastatin, and
simvastatin); hepsulfam; heregulin; hexamethylesadetamide; hypericin; ibandronic acid;
idarubicin; idoxifene; idramantone; ilmofosine;nastat; imidazoacridones; imiquimod;
immunostimulant peptides; insulin-like growth faefioreceptor inhibitor; interferon
agonists; interferons; interleukins; iobenguandptoxorubicin; ipomeanol, 4-iroplact;

irsogladine; isobengazole; isohomohalicondrin Bsetron; jasplakinolide; kahalalide F;
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lamellarin-N triacetate; lanreotide; leinamycimdgrastim; lentinan sulfate; leptolstatin;
letrozole; leukemia inhibiting factor; leukocytehh interferon;
leuprolide/estrogen/progesterone combinations;rtaefin; levamisole; LFA-3TIP (see,
International Publication No. WO93/0686 and U.SeRtNo. 6,162,432); liarozole; linear
polyamine analogue; lipophilic disaccharide peptlg®philic platinum compounds;
lissoclinamide 7; lobaplatin; lombricine; lometréxonidamine; losoxantrone; lovastatin;
loxoribine; lurtotecan; lutetium texaphyrin; lysdige; Iytic peptides; maitansine;
mannostatin A; marimastat; masoprocol; maspin; iflgsitn inhibitors; matrix
metalloproteinase inhibitors; menogaril; merbaraneterelin; methioninase;
metoclopramide; MIF tautomerase inhibitor; mifefoige; miltefosine; mirimostim;
mismatched double stranded RNA; mitoguazone; natolamitomycin analogues;
mitonafide; mitotoxin fibroblast growth factor-sapg mitoxantrone; mofarotene;
molgramostim; monoclonal antibody, human chorigooadotrophin; monophosphoryl lipid
A/myobacterium cell wall skeleton (CWS/MPL); mopidal; multiple drug resistance gene
inhibitor; multiple tumor suppressor 1-based thgrapustard anticancer agent;
mycaperoxide B; mycobacterial cell wall extract;rragorone; N-acetyldinaline; N-
substituted benzamides; nafarelin; nagrestip; rmale}pentazocine combinations; napavin;
naphterpin; nartograstim; nedaplatin; nemorubiogrjdronic acid; neutral endopeptidase;
nilutamide; nisamycin; nitric oxide modulators;roiide antioxidant; nitrullyn; 06-
benzylguanine; octreotide; okicenone; oligonuchiedi onapristone; oracin; oral cytokine
inducer; ormaplatin; osaterone; oxaliplatin; oxaumgoin; paclitaxel; paclitaxel analogues;
paclitaxel derivatives; palauamine; palmitoylrhizgxpamidronic acid; panaxytriol;
panomifene; parabactin; pazelliptine; pegaspargasdesine (BCX-34); pentosan
polysulfate sodium; pentostatin; pentrozole; pénftun; perfosfamide; perillyl alcohol
dehydrogenase; phenazinomycin; phenylacetate; patsge inhibitors; picibanil;
pilocarpine hydrochloride; pirarubicin; piritrexirplacetin A; placetin B; plasminogen
activator inhibitor; platinum complex; platinum cpounds; platinum-triamine complex;
porfimer sodium; porfiromycin; prednisone; propygHacridone; prostaglandin J2;
proteasome inhibitors; protein A-based immune matdwj protein kinase C inhibitors,
microalgal; protein tyrosine phosphatase inhibitprgine nucleoside phosphorylase
inhibitors; purpurins; pyrazoloacridine; pyridoxtdd hemoglobin polyoxyethylene
conjugate; raf antagonists; raltitrexed; ramosetras farnesyl protein transferase inhibitors;
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ras inhibitors; ras-GAP inhibitor; retelliptine dethylated; rhenium Re 186 etidronate;
rhizoxin; ribozymes; RIl retinamide; rogletimidehitukine; romurtide; roquinimex;
rubiginone B1; ruboxyl; safingol; saintopin; SarCN\Nsarcophytol A; sargramostim; Sdi 1
mimetics; semustine; senescence derived inhibjteedse oligonucleotides; signal
transduction inhibitors; signal transduction modtls; single chain antigen binding protein;
sizofiran; sobuzoxane; sodium borocaptate; sodihenplacetate; solverol; somatomedin
binding protein; sonermin; sparfosic acid; spicamyg; spiromustine; splenopentin;
spongistatin 1; squalamine; stem cell inhibitognstcell division inhibitors; stipiamide;
stromelysin inhibitors; sulfinosine; superactives@active intestinal peptide antagonist;
suradista; suramin; swainsonine; synthetic glycasaghycans; tallimustine; 5-fluorouracil;
leucovorin; tamoxifen methiodide; tauromustinegtatene; tecogalan sodium; tegafur;
tellurapyrylium; telomerase inhibitors; temoporftamozolomide; teniposide;
tetrachlorodecaoxide; tetrazomine; thaliblastiheydoraline; thrombopoietin;
thrombopoietin mimetic; thymalfasin; thymopoietateptor agonist; thymotrinan; thyroid
stimulating hormone; tin ethyl etiopurpurin; tirg@aanine; titanocene bichloride; topsentin;
toremifene; totipotent stem cell factor; translatiohibitors; tretinoin; triacetyluridine;
triciribine; trimetrexate; triptorelin; tropisetrpturosteride; tyrosine kinase inhibitors;
tyrphostins; UBC inhibitors; ubenimex; urogenitadus-derived growth inhibitory factor;
urokinase receptor antagonists; vapreotide; variBjivector system, erythrocyte gene
therapy; thalidomide; velaresol; veramine; verdiresteporfin; vinorelbine; vinxaltine;

volitinib; vorozole; zanoterone; zeniplatin; zilasb; zinostatin stimalamer and the like.

In some embodiments, the additional agent usednmbmation with a compound of
Formula (I) or a form thereof described hereinrie or more immunomodulatory agent(s).
Non-limiting examples of immunomodulatory agentduidle proteinaceous agents such as
cytokines, peptide mimetics, and antibodieg{ human, humanized, chimeric, monoclonal,
polyclonal, Fvs, ScFvs, Fab or F(allrgments or epitope binding fragments), nucleid a
molecules €.g, antisense nucleic acid molecules and triple Bs)iccancer molecules,

organic compounds, and inorganic compounds.

In particular, one or more immunomodulatory agéinés may be used in combination
with a compound of Formula (1) or a form thereo$ci&ed herein include, but are not
limited to, methotrexate, leflunomide, cyclophospide, cytoxan, cyclosporine A,

minocycline, azathioprine (Imur&)) antibiotics €.g, FK506 (tacrolimus)),
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methylprednisolone (MP), corticosteroids, steroidgcophenolate mofetil, rapamycin
(sirolimus), mizoribine, deoxyspergualin, brequimaalononitriloamindese(g,
leflunamide), T cell receptor modulators, cytokieeeptor modulators, and modulators mast

cell modulators.

In one embodiment, the immunomodulatory agentdseanotherapeutic agent. In an
alternative embodiment, the immunomodulatory ageah immunomodulatory agent other
than a chemotherapeutic agent. In some embodigtéetadditional agent used described

herein is not an immunomodulatory agent.

In some embodiments, the additional agent that lbeaysed in combination with a
compound of Formula (1) or a form thereof describecein is one or more anti-angiogenic
agent(s). Non-limiting examples of anti-angiogesgents include proteins, polypeptides,
peptides, fusion proteins, antibodiesy, human, humanized, chimeric, monoclonal,
polyclonal, Fvs, ScFvs, Fab fragments, F{diggments, and antigen-binding fragments
thereof) such as antibodies that immunospecifidaithgl to TNFe., nucleic acid molecules
(e.g, antisense molecules or triple helices), orgarotecules, inorganic molecules, and
cancer molecules that reduce or inhibit angiogenelsi other embodiments, the additional

agent described herein is not an anti-angiogereatag

In some embodiments, the additional agent that lbeaysed in combination with a
compound of Formula (1) or a form thereof describecein is one or more anti-inflammatory
agent(s). Non-limiting examples of anti-inflammgtagents include any anti-inflammatory
agent useful in treating inflammatory disordersonNimiting examples of anti-inflammatory
agents include non-steroidal anti-inflammatory dr(i§SAIDs), steroidal anti-inflammatory
drugs, anticholinergicse(g, atropine sulfate, atropine methylnitrate, anéitgpium
bromide (ATROVENT), B2-agonists€.g, albuterol (VENTOLIN’ and PROVENTIE),
bitolterol (TORNALATE®), levalbuterol (XOPONER), metaproterenol (ALUPEN),
pirbuterol (MAXAIR®), terbutlaine (BRETHAIRE and BRETHINE), albuterol
(PROVENTIL®, REPETABS, and VOLMAX®), formoterol (FORADIL AEROLIZER),
salmeterol (SEREVENTand SEREVENT DISKUY), methylxanthinese(g, theophylline
(UNIPHYL®, THEO-DUR®, SLO-BID®, AND TEHO-47)) and the like. Examples of
NSAIDs include, but are not limited to, aspirinyfisofen, celecoxib (CELEBREX,
diclofenac (VOLTAREN), etodolac (LODINE), fenoprofen (NALFOR), indomethacin
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(INDOCIN®), ketoralac (TORADOF), oxaprozin (DAYPR®), nabumentone
(RELAFEN®), sulindac (CLINORI), tolmentin (TOLECTIN), rofecoxib (VIOXX®),
naproxen (ALEVE, NAPROSYN), ketoprofen (ACTROR), nabumetone (RELAFEN

and the like. Such NSAIDs function by inhibitingyclooxgenase enzyme.§, COX-1
and/or COX-2). Examples of steroidal anti-inflantarg drugs include, but are not limited
to, glucocorticoids, dexamethasone (DECADR)Norticosteroidsd.g,
methylprednisolone (MEDRJY)), cortisone, hydrocortisone, prednisone (PREDNNE®
and DELTASONE), prednisolone (PRELONEand PEDIAPRED), triamcinolone,
azulfidine, inhibitors of eicosanoidse.{, prostaglandins, thromboxanes, and leukotrienes)
and the like.

In certain embodiments, the additional agent theay be used in combination with a
compound of Formula (1) or a form thereof describeckin is an alkylating agent, a
nitrosourea, an antimetabolite, an anthracycliopaisomerase Il inhibitor, a mitotic
inhibitor and the like. Alkylating agents includayt are not limited to, busulfan, cisplatin,
carboplatin, cholormbucil, cyclophosphamide, ifoside, decarbazine, mechlorethamine,
mephalen, themozolomide and the like. Nitrosouneesde, but are not limited to
carmustine (BiCN0), lomustine (CeeNE) and the like. Antimetabolites include, but are
not limited to, 5-fluorouracil, capecitabine, mettexate, gemcitabine, cytarabine,
fludarabine and the like. Anthracyclins include e not limited to daunorubicin,
doxorubicin, epirubicin, idarubicin, mitoxantronecdethe like. Topoisomerase Il inhibitors
include, but are not limited to, topotecan, iriraae, etopiside (VP-16), teniposide and the
like. Mitotic inhibitors include, but are not liteid to taxanes (paclitaxel, docetaxel), and the

vinca alkaloids (vinblastine, vincristine, and vialibine) and the like.

In more specific embodiments, the additional aahiaer agent, anti-proliferative
agent or chemotherapeutic agent that may be usazhibination with a compound of
Formula (1) or a form thereof described hereinunes, and is not limited to aflibercept,
amsacrine, bleomycin, busulfan, capecitabine, gddho, carmustine, chlorambucil,
cisplatin, cladribine, clofarabine, crisantaspayelophosphamide, cytarabine, dacarbazine,
dactinomycin, daunorubicin (IV and liposomal), di@oel, doxorubicin (IV and liposomal),
enzastaurin, epirubicin, etoposide, fludarabinBuérouracil (5-FU), gemcitabine, gliadel
implants, hydroxycarbamide, idarubicin, ifosfamidgeatinib mesylate, irinotecan,

lanreotide, lenalidomide, leucovorin, lomustine Jpha@lan, mercaptopurine, mesna,
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methotrexate, mitomycin, mitoxantrone, octreotmbaliplatin, paclitaxel, pemetrexed,
pentostatin, procarbazine, raltitrexed, satraplatmafenib, streptozocin, sunitinib,
tegafur-uracil, temozolomide, teniposide, thaliddejithiotepa, tioguanine, topotecan,
treosulfan, vatalanib, vinblastine, vincristinendesine, vinorelbine, volitinib, ZD6474,
monoclonal antibodies (such as bevacizumab, cetalxitMC-A12, IMC-1121B, medi-522,
rituximab and the like), hormonal agents (suchresstozole, bicalutamide, buserelin,
cyproterone, diethylstilbestrol, exemestane, fluteengoserelin (breast and prostrate),
letrozole, leuprorelin, medroxyprogesterone, meagéatetate, tamoxifen, toremifene,
triptorelin and the like), biological agents (swhinterferon, interleukin-12 and the like),
angiogenesis receptor tyrosine kinase (RTK) inbiBi{such as AE-941, angiostatin,
carboxyamidotriazole, cilengitide, endostatin, fizdinone hydrobromide,
2-methoxyestradiol, squalamine lactate, SU6668thadike), tubulin binding agents (such
as combretastatin A4 phosphate and the like), matetalloproteinase inhibitors (such as
BMS-275291 and the like) and/or serine/threonimeéiyne kinase inhibitors and an optional
nonsteroidal or COX-2 anti-inflammatory agents (sas celecoxib and the like) or
corticosteroid (such as prednisone and the like).

In more particular embodiments, one or more adugti@nti-cancer, anti-proliferative
or chemotherapeutic agents that may be used inioatitn with a compound of Formula (1)
or a form thereof described herein is selected foeracizumab, carboplatin, cisplatin,
docetaxel, doxorubicin, exemestane, gemcitabirfidouracil, imatinib, irinotecan,

sorafenib, sunitinib, temozolomide, volitinib ormabinations thereof.

In some embodiments, a compound of Formula (1) forma thereof described herein
and one or more additional anti-cancer, anti-peddifive or chemotherapeutic agents is used
in combination with radiation therapy comprising thse of x-rays, gamma rays and other
sources of radiation to destroy cancer cells omtueells. In specific embodiments, the
radiation therapy is administered as external behation or teletherapy, wherein the
radiation is directed from a remote source. Ireo#mbodiments, the radiation therapy is
administered as internal therapy or brachytheralpgrain a radioactive source is placed

close to cancer cells, tumor cells and/or a tumassn

Currently available anti-cancer, anti-proliferatmechemotherapeutic agents, their

dosage regimens, routes of administration and rewamded usage alone or in combination
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are known in the art and have been describedaratiire such as thithysician’s Desk

Reference

Any anti-cancer, anti-proliferative or chemothenaggeagent or anti-cancer therapy
which is known to be useful, or which has been wsed currently being used for the
treatment of a cancer mediated by Bmi-1, can bd useombination with compounds of
Formula (I) or a form thereof described hereine, 8y, Gilmanet al, Goodman and
Gilman's: The Pharmacological Basis of Therapeutioth ed., McGraw-Hill, New York,
2001; The Merck Manual of Diagnosis and TherapykBe, M.D. et al. (eds.), 17th Ed.,
Merck Sharp & Dohme Research Laboratories, RahiNdy1999; Cecil Textbook of
Medicine, 20th Ed., Bennett and Plum (eds.), W&urlers, Philadelphia, 1996, and
Physician’s Desk Reference for information regagdiancer therapieg.Q, using
prophylactic or therapeutic agents) which have lweare currently being used for
preventing, treating and/or managing a cancer rnestliay Bmi-1.

Pharmaceutical Compositions

The present description is also directed to a pheeutical composition comprising
an effective amount of a compound of Formula (ladorm thereof in admixture with a

pharmaceutically acceptable excipient.

An embodiment described herein includes a pharni@e¢gomposition made by the
process of admixing a compound of Formula (1) toraen thereof with a pharmaceutically
acceptable excipient. The pharmaceutical compositiay also be formulated to achieve a

physiologically compatible pH of about pH 7, rargginom about pH 3 to about pH 11.

Another embodiment of the present includes theofisecompound of Formula (1) or
a form thereof in a pharmaceutical compositionuee in treating a cancer mediated by
Bmi-1 comprising an effective amount of a compooh&ormula (I) or a form thereof in

admixture with a pharmaceutically acceptable excipi

As used herein, the term “composition” means a pecbdomprising the specified
ingredients in the specified amounts, as well gspaaduct which results, directly or

indirectly, from combination of the specified ingrents in the specified amounts.

In another embodiment, the pharmaceutical compositiay comprise a combination

product of one or more compounds of Formula (I éwrm thereof described herein and one
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or more additional agents useful in the treatméat @ancer mediated by Bmi-1, such as an

anti-cancer, anti-proliferative, chemotherapeutibiochemotherapeutic agent.

The term “pharmaceutically acceptable excipienténreto a pharmacologically
inactive substance formulated for administratiothvain active pharmaceutical agent, such as
the compounds of Formula (I) or a form thereof désc herein. The term refers to any
pharmaceutical excipient that may be administeriglalont undue toxicity. Pharmaceutically
acceptable excipients may be determined in patiéyarticular composition being
administered, as well as by the particular modadohinistration and/or dosage form.
Nonlimiting examples of pharmaceutically acceptaeipients include carriers, solvents,
stabilizers, adjuvants, diluenttc. Accordingly, there exists a wide variety of shlea
formulations of pharmaceutical compositions as dleed hereingee, e.g.Remington’s

Pharmaceutical Sciences).

Suitable excipients may be carrier molecules thelude large, slowly metabolized
macromolecules such as proteins, polysaccharidddaptic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, anattive virus particles. Other
exemplary excipients include antioxidants suchsasibic acid; chelating agents such as
EDTA; carbohydrates such as dextrin, hydroxyalkijltese, hydroxyalkylmethylcellulose,
stearic acid; liquids such as oils, water, salgigcerol and ethanol; wetting or emulsifying
agents; pH buffering substances; and the like os@mes are also included within the

definition of pharmaceutically acceptable excipsent

The pharmaceutical compositions described hereynbedormulated in any form
suitable for the intended method of administrati@uitable formulations for oral
administration include solids, liquid solutions,@sons and suspensions, while suitable
inhaleable formulations for pulmonary administratinclude liquids and powders.
Alternative formulations include syrups, creamstimients, tablets, and lyophilized solids

which can be reconstituted with a physiologicallynpatible solvent prior to administration.

When intended for oral use for example, tablets;hes, lozenges, aqueous or oil
suspensions, non-aqueous solutions, dispersibldgrsvor granules (including micronized
particles or nanoparticles), emulsions, hard or ecmbsules, syrups or elixirs may be
prepared. Compositions intended for oral use neagrbpared according to any method

known to the art for the manufacture of pharmacaltompositions, and such compositions
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may contain one or more agents including sweeteagants, flavoring agents, coloring

agents and preserving agents, in order to provkdaable preparation.

Pharmaceutically acceptable excipients suitabl@$erin conjunction with tablets
include, for example, inert fillers, such as celids, calcium or sodium carbonate, lactose,
calcium or sodium phosphate; disintegrating agesutsh as croscarmellose sodium, cross-
linked povidone, maize starch, or alginic acid;diirg agents, such as povidone, starch,
gelatin or acacia; and lubricating agents, sucmagnesium stearate, stearic acid or talc.
Tablets may be uncoated or may be coated by knegimiques including
microencapsulation to delay disintegration and gaigm in the gastrointestinal tract and

thereby provide a sustained action over a longeoge

Formulations for oral use may be also presentdthet gelatin capsules where the
active ingredient is mixed with an inert solid diiu, for example celluloses, lactose, calcium
phosphate or kaolin, or as soft gelatin capsulesrgrh the active ingredient is mixed with
non-aqueous or oil medium, such as glycerin, pepylglycol, polyethylene glycol, peanut
oil, liquid paraffin or olive oil.

In other embodiments, pharmaceutical compositi@ssibed herein may be
formulated as suspensions comprising a compouR@mhula (1) or a form thereof described
herein in admixture with at least one pharmacellyie&ceptable excipient suitable for the
manufacture of a suspension. In yet other embausneharmaceutical compositions
described herein may be formulated as dispersibhdprs and granules suitable for

preparation of a suspension by the addition of@mn®ore excipient(s).

Excipients suitable for use in connection with frspons include suspending agents,
such as sodium carboxymethylcellulose, methyloetle) hydroxypropyl methylcelluose,
sodium alginate, polyvinylpyrrolidone, gum tragaitargum acacia, dispersing or wetting
agents such as a naturally occurring phosphagigdg [ecithin), a condensation product of an
alkylene oxide with a fatty acie (g, polyoxyethylene stearate), a condensation proafuct
ethylene oxide with a long chain aliphatic alcofet, heptadecaethyleneoxycethanol), a
condensation product of ethylene oxide with a phetster derived from a fatty acid and a
hexitol anhydrided.g, polyoxyethylene sorbitan monooleate); and thickgmagents, such as
carbomer, beeswax, hard paraffin or cetyl alcofidle suspensions may also contain one or

more preservatives such as acetic acid, methybangpropyl p-hydroxy-benzoate; one or
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more coloring agents; one or more flavoring ageants; one or more sweetening agents such

as sucrose or saccharin.

The pharmaceutical compositions described hereynatsm be in the form of oil-in-
water emulsions. The oily phase may be a vegetablsuch as olive oil or arachis oil, a
mineral oil, such as liquid paraffin, or a mixtwkthese. Suitable emulsifying agents include
naturally-occurring gums, such as gum acacia and tgagacanth; naturally occurring
phosphatides, such as soybean lecithin, estersrbalgesters derived from fatty acids;
hexitol anhydrides, such as sorbitan monooleaté candensation products of these partial
esters with ethylene oxide, such as polyoxyethysmbitan monooleate. The emulsion may
also contain sweetening and flavoring agents. [&yand elixirs may be formulated with
sweetening agents, such as glycerol, sorbitol orose. Such formulations may also contain

a demulcent, a preservative, a flavoring or a cotpagent.

Additionally, the pharmaceutical compositions ddseat herein may be in the form of
a sterile injectable preparation, such as a stejgetable aqueous emulsion or oleaginous
suspension. Such emulsion or suspension may beifated according to the known art
using those suitable dispersing or wetting agemtissaispending agents which have been
mentioned above. The sterile injectable prepamnatiay also be a sterile injectable solution
or suspension in a non-toxic parenterally acceptdibdient or solvent, such as a solution in
1,2-propane-diol. The sterile injectable preparatnay also be prepared as a lyophilized
powder. Among the acceptable vehicles and solwbatamay be employed are water,
Ringer’s solution, isotonic sodium chloride solatiand the like. In addition, sterile fixed
oils may be employed as a solvent or suspendingumedFor this purpose any bland fixed
oil may be employed including synthetic mono- eghjicerides. In addition, fatty acids such

as oleic acid may likewise be used in the prepamaif injectables.

The compounds of Formula (I) or a form thereof dbsd herein may be
substantially modified by substitutions or addigaf chemical or biochemical moieties
which make them more suitable for deliveeyq, increase solubility, bioactivity, palatability,
decrease adverse reactiogis,), for example by esterification, glycosylation, ®#ation
and the like.

In some embodiments, the compound of Formula (§ farm thereof described

herein is formulated for oral administration inrfarlations that enhance the oral
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compositions described herein may comprise a @ffeaimount of a compound of Formula
(1) or a form thereof, together with at least ol@mnaceutically acceptable excipient selected
from medium chain fatty acids or propylene glycstiees thereofg.g, propylene glycol
esters of edible fatty acids such as caprylic aptic fatty acids) and pharmaceutically

acceptable surfactants, such as polyoxyl 40 hydraigel castor oil and the like.

In other embodiments, the bioavailability of a cauapd of Formula (1) or a form
thereof may be enhanced by using particle sizemopaition techniques including, but not
limited to, the preparation of nanoparticles orgguspensions using techniques known to
those skilled in art. The compound forms presesuich preparations include amorphous,

partially amorphous, partially crystalline or ciaiéine forms.

In alternative embodiments, the pharmaceutical asitipn may further comprise
one or more aqueous solubility enhancer(s), suehcgslodextrin. Nonlimiting examples of
cyclodextrin include hydroxypropyl, hydroxyethylugosyl, maltosyl and maltotriosyl
derivatives ofi-, -, andy-cyclodextrin, and hydroxypropy-cyclodextrin (HPBC). In
some embodiments, the pharmaceutical compositidheflucomprises HPBC in a range of
from about 0.1% to about 20%, from about 1% to &i&6&o, or from about 2.5% to about
10%. The amount of solubility enhancer employed depend on the amount of the active
pharmaceutical ingredient in the composition.

General Synthetic Examples

As disclosed herein, the methods for preparingtimepounds of Formula () or a
form thereof described herein commonly use standeetd-known synthetic methodology.
Many of the starting materials are commerciallyilade or can be prepared in the Specific
Synthetic Examples that follow using techniquesvkmao those skilled in the art.

Functional transformations to modify substituentsyralso be undertaken where chemically
feasible and are considered to be included withenscope of the General Schemes and the
knowledge of a person of ordinary skill in the a@ompounds of Formula (1) or a form
thereof can be prepared as described in the Scheslms.
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Scheme A Benzimidazole Substituted Pyrimidine Compounds
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An amine substituted CompouAd. (wherein X represents a halogen atom selected
5 from bromo, chloro or iodo) is coupled with varicsusbstituted aryl, heteroaryl or
heterocyclyl amines (wherein PG represents an og@tlppresent protecting group
monosubstituted on the amine) in the presencesttbag base (such as KOtBu, NaOtBu,
NaJAm, NaH, NaHMDS and the like) in a solvent (suchTad, DMF and the like) to

provide a Compouné2.

10 When one or both of Rand R are optionally halogen, the product Compoéis
obtained as a mixture of regioisomers, whereirtéhm “Sep” refers to isolating the desired
CompoundA2 isomer to be carried forward from the mixture gsseparation techniques

known to those of ordinary skill in the art, folled by deprotection.

Alternatively, Compound?2 may be prepared by reacting Compoéidwith
15 various substituted aryl, heteroaryl or heterodyafyines (wherein the protecting group is
absent) in the presence of a mixture of a phospigaad:palladium source (wherein the
palladium source is selected fromygtiha), PdCh(allyl), PACL(ACN), [Pd(OAc)]s and the
like and the phosphino ligand is selected from £QyPhos, XPhos and the like;
alternatively, a commercially available catalysttsas Pd(dppf)G)] Pd(PPk)4 and the like
20 may be used), followed by separation as needed.

CompoundA3 may be prepared by reacting Compoéiiwith a substituted
ortho-halo-nitro benzene (wherein depresents a halogen atom selected from bromorachl
or iodo) in the presence of a transition metallgatdsuch as a catalyst containing a metal

selected from copper, palladium and the like).
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Alternatively, Compound3 may be prepared by reacting Compoé®iwith the
substituted ortho-halo-nitro benzene (wherejirépresents a halogen atom selected from
bromo, chloro, fluoro or iodo) in the presence strang base (such as KOtBu, NaOtBu,
NaOAm, NaH, NaHMDS and the like) in a solvent (suctiad=, DMF and the like).

CompoundA4 is prepared by reacting Compouid in the presence of hydrogen and

a catalyst (such as nickel, platinum, palladiuncarbon and the like).

CompoundA6 is prepared by condensation of Compoddwith an orthoester
CompoundA5 (wherein Rb represents an additional optionaslibstituent and Rc represents
Ci-zalkyl). CompoundA6 may also be prepared by cyclizing Compoéddwith a variety of
reactants to obtain the addition of the optionas&bstituent. For example, the reactant may

be TCDI, wherein the additional optiona 8ubstituent is a thio-carbonyl which may be

. ,

HITI Oz
R4

further substituted.

R4

Sep

Alternatively, Compound\3 is prepared by cross-coupling of Compouxid
(wherein X represents a halogen atom selected from bromoracht iodo) with a nitro
substituted amine Compoud (wherein Ar represents an aromatic or heteroancmag;
and, wherein Ra represents one, two or three agdtiRysubstituents) via a palladium
catalyzed cross-coupling reaction using a mixtuira phosphino ligand:palladium source
(wherein the palladium source is selected fro(dtzy, PdCh(allyl), PACL(ACN),
[Pd(OACc)]s and the like and the phosphino ligand is selefttad PCy, Q-Phos, XPhos and
the like; alternatively, a commercially availabktalyst such as Pd(dppf)CPd(PPh), and
the like may be used).

When one or both of Rand R are optionally halogen, the product Compoé&&is
obtained as a mixture of regioisomers, whereirteh@ “Sep” refers to isolating the desired
CompoundA3 isomer to be carried forward from the mixture gsseparation techniques
known to those of ordinary skill in the art.

99



Scheme B Imidazo[1,2-a]pyridine Substituted Pyrimidine Coropds
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CompoundBl is prepared by condensation of a substituted Zvaspyridine
5 (wherein Ra represents represents one, two or tpienal R substituents) with aa-
halogenated ketoester (wherein Rb represents atioadd optional R substituent and Rc

represents Csalkyl).

CompoundB2 is prepared by treating CompouBd with an ammonia source (such
as NH,CI, NHs; and the like) in the presence of an organoalumireagent (such AlMgin
10 toluene and the like).

CompoundB3 (wherein X represents a halogen atom selected from bromoracht
iodo) is prepared by condensation of CompoBAdvith a substituted alkyl ester (such as a
[3-keto ester or a substituted acrylate in a solganh as phenyl ether and the like; wherein
Xz represents a leaving group such asatkoxy, benzoxy or halogen) followed by reflux in

15 the presence of a halogenation reagent (such a$;P@@BEg and the like).

CompoundB4 is prepared by coupling CompouB8 with various substituted aryl,
heteroaryl or heterocyclyl amines (wherein PG regnés an optionally present protecting
group monosubstituted on the amine) in the presehaestrong base (such as KOtBu,
NaOtBu, Na®Am, NaH, NaHMDS and the like) in a solvent (suchr&t=, DMF and the

20 like).

Alternatively, Compoun®4 may be prepared by reacting Compo@&3with a

substituted aryl, heteroaryl or heterocyclyl amiwéerein the protecting group is absent) via
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a palladium catalyzed cross-coupling reaction usingxture of a phosphino
ligand:palladium source (wherein the palladium seus selected from Rdiba},

PdCh(allyl), PACL(ACN), [Pd(OAc)]s and the like and the phosphino ligand is selected
from PCy, Q-Phos, XPhos and the like; alternatively, a cemually available catalyst such
as Pd(dppf)Gl Pd(PPk)4 and the like may be used).

Scheme C 4,6-Diamino Substituted Pyrimidine Compounds
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CompoundC1 is prepared by condensation of a substituted Zvaupyridine
(wherein Ra represents represents one, two or tptenal R substituents) and an
a-halogenated ketone (wherein pepresents a leaving group such as chloro or biaomddRb
represents an additional optional fubstituent) at reflux in an organic solvent (sash
acetonitrile and the like).

CompoundC2 is prepared by reacting Compou@d with a substituted pyrimidine
compound (wherein Xrepresents a halogen atom selected from bromorahbt iodo) via a
palladium catalyzed cross-coupling reaction usimgpaure of a phosphino ligand:palladium
source (wherein the palladium source is selectad fPd(dba), PdCh(allyl), PACL(ACN),
[Pd(OACc)]s and the like and the phosphino ligand is selefttad PCy, Q-Phos, XPhos and
the like; alternatively, a commercially availabkgalyst such as Pd(dppf)CPd(PPh), and

the like may be used) and at least 2 equivalengshase (such as cesium acetate and the like)

in an organic solvent (such as dimethylacetamidktlaa like), undergoing Heck coupling.
The reaction may be carried out at elevated tenypesup to 10(C.

CompoundC3 is prepared by treating Compou@@ with a deprotection reagent

(such as 20-40% TFA in DCM and the like) at ambmmlevated temperature
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Scheme D 4,6-Diamino Substituted Pyrimidine Compounds
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CompoundD1 is prepared by a condensation reaction with atdutesd malonate
5 compound and an amidated gtoup in solution with a sodium alkoxide-solvenkiare
(such as NaOMe in MeOH or NaOEt in EtOH and the)lik

CompoundD2 (wherein X represents a halogen atom selected from bromorachf
iodo) is prepared by refluxing Compoubd in the presence of a halogenation reagent (such
as POd], POBg and the like).

10 CompoundD3 is prepared by mono-amination of Compofiwith various
substituted aryl, heteroaryl or heterocyclyl amiimea solvent (wherein the solvent is
selected from EtOH, THF, DMF, mixtures thereof dmel like).

CompoundD4 is prepared by treating CompouB@8 with an agueous ammonia
source in a mixture with a solvent (wherein thevent is selected from GEN, DMSO,

15 mixtures thereof and the like).

Scheme E Benzimidazole Substituted Pyrimidine Compounds
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A 2-methylsulfonyl substituted Compoui® is prepared by reacting a 2-methylthio
substituted pyrimidine Compoutkil (wherein X represents a halogen atom selected from
bromo, chloro or iodo and Rc representsdlkyl) with an oxidizing agent (such as mCPBA,

MPS and the like) in a solvent (such as,CH and the like) at a suitable temperature.

CompouncdE4 is prepared by reacting Compous# with a nitro substituted amine
CompoundE3 (wherein Ar represents an aromatic or heteroanemag; and, wherein Ra
represents one, two or three optionakRbstituents) in the presence of a strong bash @s!
KOtBu, NaOtBu, NaG\m, NaH, NaHMDS and the like) in a solvent (suciT&#, DMF
and the like). The amine substituent on Compdt®dnay be optionally monosubstituted on
the amine with a protecting group.

CompouncES is prepared by reacting Compougd in the presence of hydrogen and

a catalyst (such as nickel, platinum, palladiuncarbon and the like).

CompouncEo6 is prepared by condensation of Compotadvith an orthoester
CompoundA5 (wherein Rb represents an additional optionaslibstituent and Rc represents
C,-zalkyl). CompoundE6 may also be prepared by cyclizing Compo&adwith a variety of
reactants to obtain the addition of an optionas&bstituent. For example, the reactant may
be TCDI, wherein the additional optiona 8ubstituent is a thio-carbonyl which may be
further substituted.

Compounde7 may be prepared by reacting Compo&tdwith various substituted
aryl, heteroaryl or heterocyclyl amines in a sotvgvherein the solvent is selected from
EtOH, THF, DMF, mixtures thereof and the like).

When R is optionally halogen, the product Compouidis obtained as a mixture of
regioisomers, wherein the term “Sep” refers toasof the desired Compoul¥ isomer to
be carried forward from the mixture using separatechniques known to those of ordinary

skill in the art, followed by deprotection.
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Alternatively, Compound7 may be prepared by reacting Compo&tdwvith a
substituted aryl, heteroaryl or heterocyclyl amin@amide (wherein the protecting group is
absent) via a palladium catalyzed cross-coupliagtren using a mixture of a phosphino
ligand:palladium source (wherein the palladium seus selected from Rdiba,

PdCh(allyl), PACL(ACN), [Pd(OAc)]s and the like and the phosphino ligand is selected
from PCy, Q-Phos, XPhos and the like; alternatively, a carually available catalyst such
as Pd(dppf)Gl Pd(PPk)4 and the like may be used).

R, R,
|
X R
X7 SN s ke E8 X, \N)\R1
/7 \\
E2 E9

Compounde9 may be prepared directly by reacting CompoE@dvith a Compound
E8 (such as an Rsubstituent having an acidic proton group, whekXginepresents a reactive
hydrogen atom) in the presence of a strong bash @siKOtBu, NaOtBu, Nd@m, NaH,
NaHMDS and the like). Compourid may be carried forward in place to Compot&ito
provide a Compound of Formula (1).

Scheme F Substituted Pyrimidine Compounds
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Compoundr1 is prepared by reacting Compouad (wherein X represents a
halogen atom selected from bromo, chloro or iodibRa represents;Galkyl) with a
substituted aryl, heteroaryl or heterocyclyl amiwéerein PG represents an optionally
present protecting group monosubstituted on the@nin the presence of a strong base (such
as KOtBu, NaOtBu, Na®m, NaH, NaHMDS and the like) in a solvent (suchrad=, DMF

and the like) at a suitable temperature.

When R is optionally halogen, the product Compouidis obtained as a mixture of
regioisomers, wherein the term “Sep” refers toasnf the desired Compoukd isomer to
be carried forward from the mixture using separatechniques known to those of ordinary

skill in the art.

Alternatively, CompoundFl is prepared by reacting Compouidl with a substituted
aryl, heteroaryl or heterocyclyl amine or amide ¢ndin the protecting group is absent) via a
palladium catalyzed cross-coupling reaction usimgpdure of a phosphino ligand:palladium
source (wherein the palladium source is selectamd d(dba), PdCh(allyl), PACL(ACN),
[Pd(OAC)]z and the like and the phosphino ligand is seleftted PCy, Q-Phos, XPhos and
the like; alternatively, a commercially availabktalyst such as Pd(dppf)CPd(PPh), and

the like may be used).

Compoundr2 is prepared by reacting Compourtl with an oxidizing agent (such as
MCPBA, MPS and the like) in a solvent (such as@Hand the like).

Compound2 may be reacted with a Compoulgf (such as an Rsubstituent having
an acidic proton group, whereiry Xepresents a reactive hydrogen atom) in the pceseina
strong base (such as KOtBu, NaOtBu, Wa®, NaH, NaHMDS and the like) to provide a

Compoundr3, representative of a Compound of Formula (1).

When R is halogen, Compouriel3 may be treated with a substituted amine in a
mixture with a solvent (wherein the solvent is stdd from CHCN, DMSO, mixtures

thereof and the like) to provide a Compou##] representative of a Compound of Formula

(.
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Scheme G Oxide Substituted Pyrimidine Compounds
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CompoundG1 may be reacted with an oxidizing agent (such aPB¥; MPS and

the like) to provide a Compourt?, representative of a Compound of Formula (IV).

SchemeH Substituted Pyrimidine Compounds
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A CompoundH3 is prepared by reacting a Compouthil (wherein X represents a
halogen atom selected from bromo, chloro or iodith & Compoundd2 (wherein R is a
substituted heteroaromatic or heterocyclic monacyal bicyclic ring system andgX
represents a reactive group such as a boroniclamidnate ester, trialkyltin, zinc chloride
and the like attached to a carbon atom gf R the presence of a mixture of a phosphino
ligand:palladium source (wherein the palladium seus selected from Rdiba},
PdCh(allyl), PACL(ACN), [Pd(OAc}]s and the like and the phosphino ligand is selected
from PCy, Q-Phos, XPhos and the like; alternatively, a camually available catalyst such
as Pd(dppf)Gl Pd(PPk)4 and the like may be used).

When one or both of Rand R are optionally halogen, the product Compott&l
may be obtained as a mixture of regioisomers, whehe term “Sep” refers to isolating the
desired CompounH 3 isomer to be carried forward from the mixture gsseparation

techniques known to those of ordinary skill in #re

Compound3 is prepared by reacting Compoud@ with various substituted aryl,
heteroaryl or heterocyclyl amines in a solvent (iiePG represents an optionally present
protecting group monosubstituted on the amine; a@rein the solvent is selected from
EtOH, THF, DMF, mixtures thereof and the like),|éoVed by separation and deprotection as
needed.
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Alternatively, Compound3 is prepared by reacting a Compou#h@ with various
substituted aryl, heteroaryl or heterocyclyl amioeamides in the presence of a mixture of a
phosphino ligand:palladium source (wherein thegalim source is selected from,Riba},
PdCh(allyl), PACL(ACN), [Pd(OAc)]s and the like and the phosphino ligand is selected
from PCy, Q-Phos, XPhos and the like; alternatively, a cemually available catalyst such
as Pd(dppf)Gl Pd(PPk)4 and the like may be used). When a Compddfds reacted with
an amide, the resulting intermediate product igblyded under basic conditions with a
reagent (such as NaOH, KOH, LiOH and the like) stiigable temperature, followed by
separation as needed to obtain product Comp&3nd

R, R,
R3 4 X X5E'8R1 R3 = X
N <
X4 N X4 X4 N R
Sep
H1 H3

Alternatively, CompoundH3 may be prepared via a Heck reaction of Compddihd

with CompouncES8, followed by separation as needed.

R2 R2
I I
H2
HN \N)\X1 — N \N)\R1
Rs H7 Ry F3
Alternatively, CompoundF3 is prepared by reacting Compoudd with a substituted
CompoundH2 (wherein R is a substituted heteroaromatic or heterocyclioomegclic or

bicyclic ring system and gdepresents a reactive group such as a boroniclamidnate ester,
trialkyltin, zinc chloride and the like attacheda@arbon atom of &
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Alternatively, Compound3 may be prepared via a Heck reaction of Compdtiid

with CompoundE8 (wherein X% represents a reactive hydrogen group), followed by

separation as needed.

Schemel Substituted Pyrimidine Compounds

Jﬁ el

R — HN
R4 F3
Compound3 is prepared by reacting a substituted Compddrwlith a Compound
12 (such as various substituted aryl, heteroaryledetocyclyl ring systems, wherein X
represents a halogen atom selected from bromo;achtadodo) in the presence of a transition
metal catalyst (such as a catalyst containing alsetected from copper, palladium and the
like).

Compound3 is prepared by reacting a substituted Compddrwlith a Compound
I3 (such as various substituted aryl, heteroaryledetocyclyl ring systems, whereiry X
represents a ketone or aldehyde leaving groupeamtesence of a borohydride (such as
NaCNBH; or NaBH(OACc) and the like).

Specific Synthetic Examples

To assist in understanding the scope of the congwahFormula (1) or a form
thereof described herein, the following Specifi@Bwles are included. The experiments
relating to the compounds of Formula (1) or a fahareof described herein should not, of

course, be construed as specifically limiting tbepe of the compounds of Formula (1) or a
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form thereof described herein and such variatidieeocompounds of Formula (I) or a form
thereof as described herein, now known or lateelbged, which would be within the
purview of one skilled in the art are considereéatbwithin the scope as described herein
and hereinafter claimed.

Other than in the working examples, unless indatédethe contrary, all numbers
expressing quantities of ingredients, reaction @i, experimental data, and so forth used
in the specification and claims are to be undedsebeing modified by the term “about”.
Accordingly, all such numbers represent approxiomstithat may vary depending upon the
desired properties sought to be obtained by aicgaot as a result of variable experimental
conditions. Therefore, within an expected rangexgpierimental reproducibility, the term
“about” in the context of the resulting data, refey a range for data provided that may vary
according to a standard deviation from the meas .wAll, for experimental results provided,
the resulting data may be rounded up or down tegmiedata consistently, without loss of
significant figures. At the very least, and noaasattempt to limit the application of the
doctrine of equivalents to the scope of the clamash numerical parameter should be
construed in light of the number of significantithgand ordinary rounding techniques.

While the numerical ranges and parameters setbirtly the characterization of the
compounds of Formula (I) or a form thereof desatiberein are approximations, the
numerical values set forth in the working examglesreported as precisely as possible. Any
numerical value, however, inherently contains ¢ertarors necessarily resulting from the
standard deviation found in their respective tgstireasurements.

The compounds of Formula (I) or a form thereof jled herein are described in
more detail with reference to the following non-liimg examples, which are offered to more
fully illustrate the scope of the compounds of Folan(l) or a form thereof described herein,
but are not to be construed as limiting the scopesbf. The examples illustrate the
preparation of compounds of Formula (I) or a fohmreof described herein, and the testing
of these compounds of Formula (1) or a form thereafitro and/orin vivo. Those of skill in
the art will understand that the synthesis techesqilescribed in these examples represent
techniques that fall within the practice of thoseihg ordinary skill in the chemical arts, and
as such constitute preferred modes for the pratiieeof. However, it should be
appreciated that those having skill in the art &haan light of the present disclosure,
appreciate that many changes can be made in tbdispeethods that are disclosed herein
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while still obtaining a like or similar result witlut departing from the spirit and scope
described herein.

The reagents and solvents were used as purchasedgfvariety of vendors), except
where noted. Where applicable, the term “Celigelised as shown in the following
examples to represent the tradename CEfI{tEand of diatomaceous earth). Where
applicable, chromatographic separations were pagdrusing techniques and equipment
commonly available such as, for example, by usméS€£O CombiFlashRf system. Where
applicable, NMR spectra were obtained using tealesgnd equipment commonly available
such as, for example, by using a Bruker Avanc&ifipectrometer with deuterated solvents
such as, for example, DMS@-or residual solvent as standard. Where applicatddting
points were determined using techniques and equipozgnmonly available such as, for
example, by using a SRS OptiMeMPA100 (values as obtained without
correction/calibration). Where applicable, TLC lgses was performed using techniques and
equipment commonly available such as, for exanipieising Aldrich 254 nm glass-backed
plates (60 A, 25@m), visualized using UV and tains. Where applicable, ESI mass
spectra were obtained using techniques and equiptoermonly available such as, for
example, by using an ACQUITY UPLfCSystem, with values shown as [M+Hr [M-H],
unless otherwise indicated. Where applicablesthecture of the product was obtained via a
2D NOESY (Nuclear Overhauser SpectroscopY) exparime

The following abbreviations are provided to engteeterms used herein are

unambiguous to one skilled in the art:

Abbreviation Meaning
AcOH or HOAc acetic acid
ACN or MeCN acetonitrile
AlMe3 trimethylaluminum
APC allylpalladium (1) chloridedimer
Boc tert-butoxycarbonyl
CsOAc cesium acetate
DCM or CHCl, dichloromethane
DME dimethyl ether
DMF dimethyl formamide
DMA dimethylacetamide
DMAP 4-dimethylaminopyridine

110



Abbreviation

Meaning

DMSO
EtOAC

EtOH

HPLC

h, hr, min, s
iPrMgCI*LiClI
iPrOAc
K2COs
K3POy
KOtBu or t-BuOK
LC/MS, LCMS or LC-MS
MeOH
MeNH; x HCI
MS

m.p.

MPS

NaH
NaHCGO;
NaHMDS
NaIO4

NaOH
NaOtAm
NaOMe
NaOEt
NaOtBu
NCS

NH4CI
NH,OH

NIS

NMP

NMR

Oxone

PCk

PCys

[Pd]

Pd/IC

dimethylsulfoxide
ethyl acetate
ethanol
high performance liquid chromatography
hour (h or hr), minute (min), secgsy
isopropylmagnesium chloride lithium tdride complex
isopropyl acetate
potassium carbonate
potassium phosphate
potassiurtert-butoxide
liquid chromatographic mas®sfroscopy
methanol
methanamine hydrochloride
mass spectroscopy
melting point (shown ifCentigrade)
potassium peroxymonosulfate (2KHIKHSO,-KoSOy)
sodium hydride
sodium bicarbonate
sodium hexamethyldisilazide
sodium periodate
sodium hydroxide
sodiuntert-pentoxide
sodium methoxide
sodium ethoxide
sodiuntert-butoxide
N-chlorosuccinimide
ammonium chloride
ammonium hydroxide
N-iodosuccinimide
N-methylpyrrolidone
nuclear magnetic resonance
potassium peroxymonosulfate
phosphorus perchloride or phosphorus pentachloride
tricyclohexylphosphine
palladium
palladium on carbon
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Abbreviation

Meaning

Pd(dba) or Pddbas
Pd(dppf)Ch
PdCL(ACN)
PdCh(allyl)
[Pd(OACY]s
Pd(PPB)s

POCEk

PPh

psi

Pt/C

PTSA

Q-Phos or QPhos
RT

TBSO or OTBS
TCDI

t-Bu

TEA, NE&;, EN
TFA

TFAA

THF

TsOH X HO
UPLC

Xphos or XPhos

tris(dibenzylideneacetone)dipalladium(0)

[1,1-bis(diphenylphosphino)ferrocene] dichloropallad{liin

bis(acetonitrile)dichloropalladium(ll)

chloroallylpalladium(ll) dimer

palladium (1) acetate

tetrakis(triphenylphosphine)palladium

phosphorus oxychloride

triphenylphosphine

pounds per square inch pressure

platinum on carbon

p-toluenesulfonic acid
1,2,3,4,5-pentapheriyfdi-tert-butylphosphino)ferrocene

room temperature

tert-butyldimethylsilyloxy

1,1’-thiocarbonyldiimidazole

tert-butyl

triethylamine

trifluoroacetic acid

trifluoroacetic anhydride

tetrahydrofuran

p-toluenesulfonic acid monohydrate

Ultra Performance Liquid Chromatography
2-dicyclohexylphosphin§426'-triisopropylbiphenyl
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Example 1

N-(1,3-benzodioxol-5-yl)-2-[2-(trifluoromethyl)imako[1,2-a]pyridin-3-yl]pyrimidin-4-
amine (Cpd 28)

r2 NH..CI NH2 —
EtO,C Q 4
Me,Al N/

Boleleol f 2
s tQ Ay

F4C

POCI, F3C o
o—/

Step 1. To a solution of ethyl 4,4,4-trifluoro-8edutanoate (9.0 g, 48.9 mmol) in
CH.CI; (50 mL) was added bromine (2.5 mL, 49 mmol). Tdection mixture was stirred
for 15 hours at room temperature, and then comateatrunder dry nitrogen. To the crude
material in ethanol (30 mL) was added pyridin-24aen(5.2 g, 55 mmol). The reaction
mixture was heated at 8D for 3 hours. The ethanol was evaporated, ancethainder was
partitioned between EtOAc and water. The organjedavas dried, filtered through a short
plug of silica gel, then concentrated under reduredsure, and purified by silica gel
chromatography to provide ethyl 2-(trifluoromethiyliddazo[1,2-a]pyridine-3-carboxylate as
a white solid (5.3 g, 42 %).

Step 2. To a suspension of MH (2.67 g, 50 mmol) in toluene (20 mL) at 0°C was
added AlMg (2M solution in toluene, 25 mL, 50 mmol) over abalb minute period
followed by gas evolution. The suspension wasestiat 0°C for 5 minutes, then warmed to
room temperature. A solution of ethyl 2-(trifluorethyl)imidazo[1,2-a]pyridine-3-
carboxylate (2.58 g, 10 mmol) in toluene (50 mLpvaaded to the suspension. The reaction
mixture was heated at 8D for 72 hours and then cooled in an ice-bath, goed with
MeOH (100 mL) and NaOH (2 g, 50 mmol). The mixtwas filtered through Celite, and
concentrated to provide crude 2-(trifluoromethyifiazo[1,2-a]pyridine-3-carboximidamide
as a brownish solid (2.3 g).

Step 3. A mixture of 2-(trifluoromethyl)imidazopta]pyridine-3-carboximidamide
(2.3 g, 10 mmol) and ethyl 3-(dimethylamino)acrgléf.2 g, 50 mmol) in diphenyl ether (10

113



10

15

20

25

mL) was heated at 180 for 1 hour. The mixture was cooled to room terapge and

diluted

with hexane (200 mL). The precipitate Widsred and washed with hexanes to

provide 2-(2-(trifluoromethyl)imidazo[1,2-a]pyridi®-yl)pyrimidin-4(3H)-one as a light

brown

solid. The solid was dissolved in acetort(l0 mL) and to the mixture was added

POCE (1.9 mL, 20 mmol). The reaction mixture was hdate100C for 30 minutes, cooled

in an ice-water bath, then diluted with dichloroheate (100 mL), and washed with an

aqueous NaHCgsolution. The organic layer was dried, then fdétethrough Celite and

purified by silica gel chromatography to providé43ehloropyrimidin-2-yl)-2-

(trifluoromethyl)imidazo[1,2-a]pyridine as a ligh¢llow solid material (1.09 g, 37% over 3

steps).

H NM

R (500 MHz, DMSGds) 5 ppm 9.61 (d, J = 6.9 Hz, 1H), 9.00 (d, J = 5.0 H),

7.94 (d, J = 8.8 Hz, 1H), 7.73 (d, J = 5.4 Hz, TH§9 (ddd, J = 8.7, 7.1, 1.3 Hz, 1H), 7.37
(td, J = 7.0, 1.1 Hz, 1H).

a]pyrid
(2 mL)

Step 4. To a solution of 3-(4-chloropyrimidin-2-2-(trifluoromethyl)imidazo[1,2-
ine (75 mg, 0.25 mmol) and benzo[d][1,3]d&s-amine (69 mg, 0. 5 mmol) in THF
at 0C was added KOtBu (1M solution in THF, 1 mL, 1 mjnoAfter 10 minutes, the

reaction mixture was quenched with HOAc, then parted between EtOAc and water. The

organic portion was dried, then concentrated, aedémainder was purified by silica gel

chromatography to provide the title compound aanesblid (58 mg, 58 %).

H NM

R (500 MHz, DMSGds) 5 ppm 9.70 (s, 1H), 9.43 (d, J = 6.6 Hz, 1H), 843)(= 5.7

Hz, 1H), 7.84 (d, J = 9.1 Hz, 1H), 7.58 (ddd, J.E 8.9, 1.1 Hz, 1H), 7.37 (br. s., 1H), 7.17
(td, J = 6.9, 0.9 Hz, 1H), 6.95 (dd, J = 8.2, 129 #H), 6.91 (d, J = 8.5 Hz, 1H), 6.72 (d, J =

6.0 Hz

, 1H), 6.03 (s, 2H); MB/z400 [M+H]".
Additional compounds of Formula (1) or a form thafrdescribed herein may be

prepared according to the procedure of Example dubgtituting the appropriate starting

materials, reagents and reaction conditions.

Cpd

Name & Data

2

N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-(2-methylidazo[1,2-a]pyridin-3-yl)pyrimidin-4-
amine

'H NMR (500 MHz, DMSGdg) § ppm 9.85 (dt, J = 6.9, 0.9 Hz, 1H), 9.45 (br.14),8.36
(d, J = 5.7 Hz, 1H), 7.60 (dt, J = 8.8, 0.9 Hz, 1H}B8 (ddd, J = 8.8, 6.6, 1.3 Hz, 1H), 7.(

(d, J = 2.2 Hz, 1H), 6.95 - 6.98 (m, 2H), 6.87 (@g; 4.4, 3.5 Hz, 1H), 6.54 (d, J = 6.0 Hz

1H), 4.25 - 4.30 (m, 4H), 2.75 (s, 3H); Mi®z360 [M+H['
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Name & Data

2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N-[4-(triflaromethyl)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSQdg) & ppm 10.06 (br. s, 1H), 9.81 (dt, J = 6.9, 1.1 H3),

8.53 (d, J =5.7 Hz, 1H), 7.90 (d, J = 8.5 Hz, ZHJA (d, J = 8.5 Hz, 2H), 7.63 (dt, J = 8
1.1 Hz, 1H), 7.42 (ddd, J = 8.8, 6.6, 1.3 Hz, TH)3 (td, J = 6.9, 1.3 Hz, 1H), 6.74 (d, J
5.7 Hz, 1H), 2.78 (s, 3H); MB/z370 [M+H]

N-(4-methoxyphenyl)-2-(2-methylimidazo[1,2-a]pymdB-yl)pyrimidin-4-amine

'H NMR (500 MHz, DMSQds) 5 ppm 9.84 (d, J = 6.6 Hz, 1H), 9.44 (br. s, 1H358d, J
= 6.0 Hz, 1H), 7.59 (dt, J = 8.8, 0.9 Hz, 1H), 7(d7J = 8.5 Hz, 2H), 7.37 (ddd, J = 8.9,
6.9, 1.3 Hz, 1H), 6.97 - 7.00 (m, 2H), 6.95 (t¢; 8.9, 0.9 Hz, 1H), 6.52 (d, J = 5.7 Hz,

1H), 3.78 (s, 3H), 2.73 (s, 3H); M8/2332 [M+H]'

N-(4-chlorophenyl)-2-(2-methylimidazo[1,2-a]pyridByl)pyrimidin-4-amine

'H NMR (500 MHz, DMSQds) 5 ppm 9.81 (d, J = 6.9 Hz, 1H), 9.78 (br. s, 1H353d, J
= 5.7 Hz, 1H), 7.67 (d, J = 8.8 Hz, 2H), 7.61 (& 8.8 Hz, 1H), 7.44 (s, 2H), 7.40 (ddd,

=8.2,6.9, 1.3 Hz, 1H), 7.01 (td, J = 6.9, 1.3 H4), 6.64 (d, J = 6.0 Hz, 1H), 2.74 (s, 3H);

MS m/z336 [M+H]

-

2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N-phenylpynidin-4-amine
'H NMR (500 MHz, DMSQds) & ppm 9.85 (dt, J = 6.9, 0.9 Hz, 1H), 9.65 (br.14),B.42

(d, J = 5.7 Hz, 1H), 7.59 - 7.64 (m, 3H), 7.36437(m, 3H), 7.11 (tt, J = 7.4, 0.9 Hz, 1H),

6.98 (ddd, J = 7.5, 5.5, 0.9 Hz, 1H), 6.63 (d,&lGHz, 1H), 2.75 (s, 3H):; MBI/z302
[M+H] "

2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N4-(trifluoromethyl)phenyl]pyrimidin-
4-amine

'H NMR (500 MHz, DMSQdg) & ppm 10.25 (br. s, 1H), 9.36 (d, J = 6.9 Hz, 1H599(d, J
=5.7 Hz, 1H), 7.92 (d, J = 8.5 Hz, 2H), 7.86 (&, 9.1 Hz, 1H), 7.67 (d, J = 8.5 Hz, 2H),

7.60 (ddd, J =9.1, 6.9, 1.1 Hz, 1H), 7.21 (td,@$% 1.3 Hz, 1H), 6.92 (d, J = 5.7 Hz, 1H);

MS m/z424 [M+HT

N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyridin-3-yl]pyrimidin-4-amine
'H NMR (500 MHz, DMSQdg) & ppm 9.95 (br. s., 1H), 9.37 (d, J = 6.9 Hz, 1H328(d, J
=5.7 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.71 (&, 8.5 Hz, 2H), 7.59 (t, J = 7.6 Hz, 1H),
7.39 (d, J = 8.5 Hz, 2H), 7.20 (t, J = 6.8 Hz, 16483 (d, J = 6.0 Hz, 1H); M&/z2390
[M+H]"

N-(4-methylphenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyridin-3-yl]pyrimidin-4-amine

'H NMR (500 MHz, DMSGdg) § ppm 9.75 (br. s, 1H), 9.41 (d, J = 6.6 Hz, 1H358d, J

= 6.0 Hz, 1H), 7.84 (d, J = 9.1 Hz, 1H), 7.58 (& 6.9 Hz, 1H), 7.53 (d, J = 7.6 Hz, 2H),
7.26 (d, J = 7.6 Hz, 1H), 7.17 (d, J = 6.9 Hz, 247 (d, J = 5.7 Hz, 1H), 2.31 (s, 3H);

MS m/z370 [M+HT

10

N-(4-bromophenyl)-2-[2-(trifluoromethyl)imidazo[ 1-&] pyridin-3-yl]pyrimidin-4-amine
'H NMR (500 MHz, DMSQds) 8 ppm 9.97 (br. s, 1H), 9.37 (d, J = 6.9 Hz, 1H323d, J

= 6.0 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.66 (& 8.5 Hz, 2H), 7.59 (dd, J = 8.0, 6.9 HZ,

1H), 7.51 (d, J = 8.5 Hz, 2H), 7.20 (t, J = 6.9 HH), 6.83 (d, J = 6.0 Hz, 1H); MB8/z435

[M+H] ™
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Name & Data

11

N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyiimidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine

'H NMR (500 MHz, CHLOROFORMY) & ppm 9.52 (dt, J = 7.3, 0.9 Hz, 1H), 8.38 (d, J
6.0 Hz, 1H), 7.72 (dt, J = 9.1, 0.9 Hz, 1H), 7.3037 (m, 3H), 7.11 (d, J = 8.8 Hz, 2H),
6.93 (td, J = 6.9, 1.3 Hz, 1H), 6.87 (br. s., 16{%4 (d, J = 6.0 Hz, 1H), 6.46 (t, J = 73.8
Hz, 1H); MSm/z422 [M+H]

12

N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazof2-a]pyridin-3-yl]pyrimidin-4-amine

'H NMR (500 MHz, CHLOROFORMY) & ppm 9.63 (dt, J = 7.3, 0.9 Hz, 1H), 8.40 (d, J
6.0 Hz, 1H), 7.79 (dt, J = 9.1, 0.9 Hz, 1H), 7.ddd, J = 9.0, 6.8, 1.3 Hz, 1H), 7.24 - 7.3

(m, 2H), 7.00 (td, J = 6.9, 0.9 Hz, 1H), 6.94 -8(f, 2H), 6.91 (br. s, 1H), 6.50 (d, J = 6.

Hz, 1H), 3.87 (s, 3H); M&1/2386 [M+H]'

w

13

2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSQdg) & ppm 10.24 (br. s., 1H), 9.56 - 9.72 (m, 1H), §60J =
5.4 Hz, 1H), 7.83 - 7.98 (m, 3H), 7.63 - 7.74 (H)36.90 (d, J = 5.4 Hz, 1H); M&®/z458
[M+H]"

14

2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, CHLOROFORMY) & ppm 9.72 - 9.82 (m, 1H), 8.49 (d, J = 6.0 Hz,

1H), 7.65 - 7.77 (m, 1H), 7.46 (dd, J = 9.0, 2.7 BH), 7.39 (dd, J = 9.6, 2.0 Hz, 1H), 7.2

(d, J = 8.5 Hz, 2H), 6.84 (br. s, 1H), 6.64 (d, 6.8 Hz, 1H); MQn/z474 [M+H]'

15

N-(4-bromophenyl)-2-[6-chloro-2-(trifluoromethyl)ictezo[1,2-a]pyridin-3-yl]pyrimidin-
4-amine

'H NMR (500 MHz, DMSQds) & ppm 9.96 (br. s, 1H), 9.60 (dd, J = 2.0, 0.8 H#), B.52
(d, J =6.0 Hz, 1H), 7.92 (dd, J = 9.6, 0.8 Hz, ,TH%6 (dd, J = 9.6, 2.0 Hz, 1H), 7.61 -

7.64 (m, 2H), 7.50 - 7.55 (m, 2H), 6.81 (d, J =84 1H); MSm/z469 [M+H]

16

2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(difluoromethoxy)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, CHLOROFORMY) & ppm 9.60 - 9.78 (m, 1H), 8.40 (dd, J = 6.0, 0

Hz, 1H), 7.66 (dd, J = 9.5, 0.6 Hz, 1H), 7.34 (@& 8.8, 2.5 Hz, 2H), 7.31 (dd, J = 9.6, 2.
Hz, 1H), 7.13 (d, J = 8.8 Hz, 2H), 6.76 (br. s, 16154 (d, J = 6.0 Hz, 1H), 6.46 (t, J = 74.

Hz, 1H); MSm/z456 [M+H]"

17

N-(4-chlorophenyl)-2-[6-chloro-2-(trifluoromethytjiidazo[1,2-a]pyridin-3-yl]pyrimidin-
4-amine

'H NMR (500 MHz, CHLOROFORNM) § ppm 9.59 - 9.75 (m, 1H), 8.41 (dd, J = 6.0, 0
Hz, 1H), 7.66 (dd, J = 9.6, 0.8 Hz, 1H), 7.23 6/(®, 5H), 6.74 (br. s, 1H), 6.55 (dd, J =5
6.0, 1.3 Hz, 1H); M3n/z425 [M+H]

9
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Name & Data

18

2-[2-methyl-6-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSGQds) & ppm 10.33 (br. s, 1H), 10.26 (s, 1H), 8.59 (d,61G:Hz,
1H), 7.98 (d, J = 9.1 Hz, 1H), 7.88 (d, J = 11.Q H4), 7.86 (d, J = 8.5 Hz, 2H), 7.70 (d,
= 8.5 Hz, 2H), 6.85 (d, J = 6.0 Hz, 1H), 2.86 (d);3MS m/z438 [M+H]

19

N-(4-bromophenyl)-2-[2-methyl-6-(trifluoromethyl)inlazo[1,2-a]pyridin-3-yl]pyrimidin-

4-amine

'H NMR (500 MHz, DMSQds) 8 ppm 10.30 (s, 1H), 10.07 (br. s, 1H), 8.52 (d,61G=Hz,

1H), 7.99 (d, J = 8.8 Hz, 1H), 7.87 - 7.96 (m, 1AHKO (d, J = 8.8 Hz, 2H), 7.53 (d,J =8
Hz, 2H), 6.78 (d, J = 6.0 Hz, 1H), 2.83 (s, 3H); M& 449 [M+H]'

8

20

N-(4-methylphenyl)-2-[2-methyl-6-(trifluoromethyijiidazo[1,2-a]pyridin-3-yl]pyrimidin-
4-amine

'H NMR (500 MHz, DMSQds) 8 ppm 10.28 (s, 1H), 9.83 (br. s, 1H), 8.44 (d,61G:Hz,
1H), 7.92 (d, J = 9.3 Hz, 1H), 7.80 (d, J = 9.3 H4), 7.47 (d, J = 8.2 Hz, 2H), 7.17 (d, J
8.2 Hz, 2H), 6.70 (d, J = 6.0 Hz, 1H), 2.81 (s, 3M3B0 (s, 3H); M3n/z384 [M+H]'

21

2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-(4-methylphenyl) pyrimidin-
4-amine

'H NMR (500 MHz, DMSQdg) & ppm 9.78 (s, 1H), 9.63 (br. s, 1H), 8.44 (d, 1G:16z,
1H), 7.94 (dd, J = 10.1, 5.4 Hz, 1H), 7.70 (ddd,1D.7, 7.9, 2.5 Hz, 1H), 7.49 (d, J = 8.
Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.74 (d, J =88 1H), 2.30 (s, 3H); M&/z388
[M+H]"

22

2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-(4-
methoxyphenyl)pyrimidin-4-amine

'H NMR (500 MHz, DMSQds) & ppm 9.63 (br. s, 1H), 8.41 (d, J = 5.7 Hz, 1HY47(dd, J
=9.9,5.2 Hz, 1H), 7.69 (ddd, J = 10.0, 7.8, 27 1H), 7.48 (d, J = 8.2 Hz, 2H), 6.96 (d
= 8.8 Hz, 2H), 6.75 - 6.82 (m, 1H), 6.68 (d, J 6 Bz, 1H), 3.77 (s, 3H); M&/z404
[M+H]”

23

2-[5chloro-1-methyl-2-(trifluoromethyl)-1H-indol-$H-N-(4-methoxyphenyl)pyrimidin-4-
amine

'H NMR (500 MHz, CHLOROFORM)  ppm 8.27 (d, J = 6.3 Hz, 1H), 7.87 (d, J = 1.9
Hz, 1H), 7.56 (br. s, 1H), 7.26 (dd, J = 8.5, 14 kH), 7.20 (d, J = 8.8 Hz, 1H), 7.07 (d,
= 8.8 Hz, 2H), 6.73 - 6.80 (m, 2H), 6.42 (d, J & Bz, 1H), 3.78 (s, 3H), 3.74 (s, 3H); M
m/z433 [M+H]"

UJ

24

2-[5-chloro-1-methyl-2-(trifluoromethyl)-1H-indol-8l]-N-[4-
(difluoromethoxy)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSGdg) & ppm 10.47 (br. s, 1H), 8.47 (d, J = 6.6 Hz, 1HY87d, J
=2.2Hz, 1H), 7.84 (d, J =9.1 Hz, 1H), 7.74 (&, 8.8 Hz, 2H), 7.50 (dd, J = 8.8, 1.9 HZ
1H), 7.16 (d, J = 8.8 Hz, 2H), 7.18 (t, J = 74.4 #H4), 6.90 (d, J = 6.3 Hz, 1H), 4.00 (s,

3H); MSm/z469 [M+H]"

117



Name & Data

N-(4-bromophenyl)-2-[5-chloro-1-methyl-2-(trifluoneethyl)-1H-indol-3-yl]pyrimidin-4-

6

U

4

25 amine
'H NMR (500 MHz, DMSQds) 8 ppm 10.24 (br. s, 1H), 8.49 (d, J = 6.0 Hz, 1H87d, J
=2.2Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.70 (&, 8.8 Hz, 2H), 7.43 - 7.52 (m,J =8.5 H
3H), 6.87 (d, J = 6.0 Hz, 1H), 4.00 (s, 3H); M#&z482 [M+H]"

26 N-(4-bromophenyl)-2-(6-fluoro-2-phenylimidazo[1,Bgridin-3-yl)pyrimidin-4-amine
'H NMR (500 MHz, DMSQdg) & ppm 9.75 (br. s., 1H), 9.55 (d, J = 3.2 Hz, 1H398(d, J
= 5.4 Hz, 1H), 7.83 (dd, J = 8.8, 5.0 Hz, 1H), 7(67J = 7.9 Hz, 2H), 7.57 (td, J = 9.1, 1
Hz, 1H), 7.31 - 7.46 (m, J = 7.6 Hz, 3H), 7.01217(m, 4H), 6.72 (d, J = 5.7 Hz, 1H); M{
m/z461 [M+H]

27 2-(6-fluoro-2-phenylimidazo[1,2-a]pyridin-3-yl)-N4(methylphenyl)pyrimidin-4-amine
'H NMR (500 MHz, DMSQdg) & ppm 9.88 (br. s, 1H), 9.49 - 9.61 (m, 1H), 8.37)¢&
6.0 Hz, 1H), 7.90 (dd, J = 9.9, 5.2 Hz, 1H), 7.6675 (m, 3H), 7.39 - 7.49 (m, 3H), 7.14
(d, J=8.2 Hz, 2H), 6.94 (d, J = 8.2 Hz, 2H), 6(@4J = 6.3 Hz, 1H), 2.23 (s, 3H); Mz
396 [M+H]"
N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-[2-(trifluomethyl)imidazo[1,2-a]pyridin-3-

29 yl]pyrimidin-4-amine
'H NMR (500 MHz, DMSQdg) & ppm9.63 (s, 1H), 8.42 (d, J = 5.7 Hz, 1H), 7.84 J&
9.1, 0.9 Hz, 1H), 7.58 (ddd, J = 9.0, 6.8, 1.3 Hi), 7.22 (br. s., 1H), 7.15 (td, J = 6.9, 1|
Hz, OH), 7.01 (dd, J = 8.5, 2.2 Hz, 1H), 6.84 (¢,8.8 Hz, 1H), 6.71 (d, J = 6.0 Hz, 1H),
4.20 - 4.29 (m, 4H); M®/z410 [M+H]'
N-(6-methoxypyridin-3-yl)-2-[2-(trifluoromethyl)indazo[1,2-a]pyridin-3-yl]pyrimidin-4-

30 amine
'H NMR (500 MHz, CHLOROFORMY) & ppm 9.53 (d, J = 6.9 Hz, 1H), 8.34 (d, J = 5.7
Hz, 1H), 8.10 (d, J = 2.5 Hz, 1H), 7.69 (dt, J £, 9.9 Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H),
7.32 (ddd, J =9.0, 6.8, 1.3 Hz, 1H), 6.91 (td,dG; 1.3 Hz, 2H), 6.75 (d, J = 8.5 Hz, 1H
6.40 (d, J = 6.0 Hz, 1H), 3.90 (s, 3H); M8z387 [M+H]"
N? N2-dimethyl-N°-{2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yByrimidin-4-

31 | yl}pyridine-2,5-diamine
'H NMR (500 MHz, CHLOROFORMY) & ppm 9.55 (d, J = 6.9 Hz, 1H), 8.29 (d, J = 6.¢
Hz, 1H), 8.10 (d, J = 2.5 Hz, 1H), 7.70 (d, J =94, 1H), 7.51 (br. s, 1H), 7.32 (ddd, J 3
9.1,6.9, 1.1 Hz, 1H), 6.92 (td, J = 6.9, 0.9 H4),16.81 (br. s, OH), 6.51 (d, J = 9.1 Hz,
1H), 6.35 (d, J = 5.4 Hz, 1H), 3.08 (s, 6H); M®z400 [M+H]
2-[6-bromo-2-(trifluoromethyl)imidazo[1,2-a]pyridiB-yl]-N-[4-

32 (trifluoromethyl)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSGdg) & ppm 10.25 (br. s, 1H), 9.66 (dd, J = 1.9, 0.9 H),
8.60 (d, J = 6.0 Hz, 1H), 7.91 (d, J = 8.5 Hz, ZH$7 (dd, J = 9.6, 0.8 Hz, 1H), 7.74 (dd

= 9.5, 1.9 Hz, 1H), 7.69 (d, J = 8.8 Hz, 2H), 6(80J = 6.0 Hz, 1H); M®/2503 [M+H]'

118



Name & Data

33

2-[6-bromo-2-(trifluoromethyl)imidazo[1,2-a]pyridiB-yl]-N-(4-
methoxyphenyl)pyrimidin-4-amine

'H NMR (500 MHz, CHLOROFORM) & ppm 9.70 - 9.86 (m, 1H), 8.32 (d, J = 4.7 Hz,
1H), 7.60 (d, J = 9.5 Hz, 1H), 7.40 (dd, J = 9.6,Hz, 1H), 7.22 (d, J = 8.5 Hz, 2H), 6.8¢
(d, J = 8.8 Hz, 2H), 6.47 (br. s, 1H), 3.78 (s, 3MH M/z465 [M+H]

O

34

N-(3-fluoro-4-methoxyphenyl)-2-[2-(trifluoromethythidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine

'H NMR (500 MHz, DMSQds) & ppm 9.77 (s, 1H), 9.35 (d, J = 6.9 Hz, 1H), 8d2)(=
6.0 Hz, 1H), 7.80 (d, J = 9.1 Hz, 1H), 7.68 (d, 136 Hz, 1H), 7.53 (ddd, J =9.1,6.9, 1
Hz, 1H), 7.17 - 7.23 (m, 1H), 7.13 (td, J = 6.9, Bz, 1H), 7.13 (td, J = 6.9, 0.9 Hz, 1H),
7.10 (t, J = 9.1 Hz, 1H), 6.70 (d, J = 6.0 Hz, 1BY8 (s, 3H); MSn/z404 [M+H]"

3

35

N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethyt)idazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine

'H NMR (500 MHz, DMSGdg) & ppm 9.80 (s, 1H), 9.40 (d, J = 6.9 Hz, 1H), 84,7)(=
6.0 Hz, 1H), 7.88 - 7.92 (m, 1H), 7.85 (dt, J =,9D Hz, 1H), 7.59 (ddd, J = 9.1, 6.6, 1.
Hz, 1H), 7.43 (dd, J = 8.8, 2.8 Hz, 1H), 7.18 & 6.9, 1.3 Hz, 1H), 7.15 (d, J = 9.1 Hz,
1H), 6.74 (d, J = 6.0 Hz, 1H), 3.85 (s, 3H); M&z420 [M+H]"

36

N-(3-chloro-4-methylphenyl)-2-[2-(trifluoromethyljiidazo[1,2-a]pyridin-3-yl]pyrimidin-
4-amine

'H NMR (500 MHz, DMSQGdg) & ppm 9.92 (s, 1H), 9.38 (d, J = 7.3 Hz, 1H), 8&1)(=
6.0 Hz, 1H), 7.94 (d, J = 1.9 Hz, 1H), 7.86 (dt, 9.1, 1.1 Hz, 1H), 7.59 (ddd, J = 9.1, 6.
1.3 Hz, 1H), 7.41 (dd, J = 8.2, 2.2 Hz, 1H), 7.81X = 8.5 Hz, 1H), 7.20 (td, J = 6.9, 1.3
Hz, 1H), 6.80 (d, J = 5.7 Hz, 1H), 2.30 (s, 3H); M&404 [M+H]

37

N-(4-ethoxyphenyl)-2-[2-(trifluoromethyl)imidazo[a;a]pyridin-3-yl]pyrimidin-4-amine
'H NMR (500 MHz, DMSQdg) & ppm 9.64 (br. s, 1H), 9.43 (br. s, 1H), 8.41 (d,60

Hz, 1H), 7.84 (dt, J = 9.1, 1.3 Hz, 1H), 7.57 (dd& 9.1, 6.9, 1.1 Hz, 1H), 7.50 (d,J =8
Hz, 1H), 7.16 (t, J = 6.5 Hz, 1H), 6.93 (d, J =BA 2H), 6.69 (d, J = 6.0 Hz, 1H), 4.02
J =6.9 Hz, 2H), 1.34 (t, J = 6.9 Hz, 3H); M8z400 [M+H]

38

N-[4-(propan-2-yl)phenyl]-2-[2-(trifluoromethyl)indiazo[1,2-a]pyridin-3-yl]pyrimidin-4-
amine

'H NMR (500 MHz, DMSQds) & ppm 9.76 (s, 1H), 9.41 (d, J = 6.9 Hz, 1H), 8d5)(=
6.0 Hz, 1H), 7.85 (dt, J = 9.1, 0.9 Hz, 1H), 7.86d, J = 8.8, 6.6, 1.3 Hz, 1H), 7.55 (d, J
8.5 Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H), 7.16 (te;, 8.9, 0.9 Hz, 1H), 6.77 (d, J = 6.0 Hz,
1H), 2.89 (spt, J = 6.9 Hz, 1H), 1.21 (d, J = 629 FH); MSm/z398 [M+H]"

39

N-[4-(1H-pyrazol-1-yl)phenyl]-2-[2-(trifluoromethyimidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine

'H NMR (500 MHz, DMSQGdg) & ppm 9.98 (s, 1H), 9.42 (d, J = 7.3 Hz, 1H), 8&1)(=
5.7 Hz, 1H), 8.48 (d, J = 2.2 Hz, 1H), 7.86 (t¢;, 9.1, 1.3 Hz, 1H), 7.76 - 7.84 (m, J = 3.
Hz, 4H), 7.73 (d, J = 1.6 Hz, 1H), 7.59 (ddd, J.&, .8, 1.3 Hz, 1H), 7.20 (td, J=6.9, 1

O

O1

Hz, 1H), 6.84 (d, J = 6.0 Hz, 1H), 6.54 (t, J = KA 1H); MSm/z422 [M+H]'
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45

N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazof2-a]pyrazin-3-yl]pyrimidin-4-amine
'H NMR (500 MHz, Acetonals) & ppm 9.53 (br. s., 1H), 9.16 (d, J = 1.3 Hz, 1H318(s,
1H), 8.38 (d, J = 6.0 Hz, 1H), 8.03 (d, J = 4.7 H4), 7.46 (d, J = 8.5 Hz, 2H), 6.95 (d, J
9.1 Hz, 2H), 6.70 (dd, J = 8.2, 2.5 Hz, 1H), 3.393H); MSm/z387 [M+H]'

46

2-[2-(trifluoromethyl)imidazo[1,2-a]pyrazin-3-yl]-N4-(trifluoromethyl)phenyl]pyrimidin-
4-amine

'H NMR (500 MHz, Acetonals) & ppm 9.41 - 9.49 (m, 1H), 9.20 (br. s, 1H), 8.4, @ =
6.0, 2.2 Hz, 1H), 8.02 - 8.12 (m, 1H), 7.83 - 7(8% 2H), 7.58 (d, J = 8.5 Hz, 2H), 6.93 -
7.32 (m, 2H); M9M/z425 [M+H]"

47

N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyrazin-3-yl]pyrimidin-4-amine
'H NMR (500 MHz, Acetonels) & ppm 9.53 (dd, J = 4.9, 1.4 Hz, 1H), 9.25 (d, J3-Hz,
1H), 9.20 (br. s., 1H), 8.55 (d, J = 6.0 Hz, 1H}Y,3(d, J = 4.7 Hz, 1H), 7.70 - 7.81 (m,
2H), 7.42 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 6.0 Hd); MSm/z391 [M+H]

48

2-[6-methoxy-2-(trifluoromethyl)imidazo[1,2-a]pytiud-3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSGdg) & ppm 10.31 (br. s, 1H), 9.02 (d, J = 2.5 Hz, 1H§59(d, J
=5.7 Hz, 1H), 7.96 (d, J = 8.5 Hz, 2H), 7.85 (&, 10.4 Hz, 1H), 7.74 (d, J = 8.5 Hz, 2H
7.45 (dd, J = 9.8, 2.5 Hz, 1H), 6.95 (d, J = 6.0 H4), 3.66 (s, 3H); M$1/z454 [M+H]

49

2-[6-methoxy-2-(trifluoromethyl)imidazo[1,2-a]pytit-3-yl]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSQdg) & ppm 9.65 (br. s, 1H), 8.96 - 9.06 (m, 1H), 8.42)¢
5.7 Hz, 1H), 7.76 (d, J = 9.8 Hz, 1H), 7.51 (d,8.5Hz, 2H), 7.36 (dd, J = 9.6, 2.4 Hz,
1H), 6.93 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 6.0 Hd), 3.75 (s, 3H); M®n/z470 [M+HT"

50

N-(4-methoxyphenyl)-2-[6-methoxy-2-(trifluoromethiyhidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine

'H NMR (500 MHz, DMSQdg) & ppm 10.04 (br. s, 1H), 8.97 (d, J = 1.9 Hz, 1H544d, J
=5.7 Hz, 1H), 7.75 - 7.79 (m, 3H), 7.38 (dd, J.£,2.2 Hz, 1H), 7.34 (d, J = 8.5 Hz, 2H
6.82 (d, J = 6.0 Hz, 1H), 3.59 (s, 3H), 3.33 (s);3MS M/z416 [M+H]"

51

N-[4-(difluoromethoxy)phenyl]-2-[6-methoxy-2-(tridlbromethyl)imidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine

'H NMR (500 MHz, DMSQdg) & ppm 9.90 (br. s, 1H), 8.98 (d, J = 1.9 Hz, 1H308(d, J
=6.0 Hz, 1H), 7.78 (d, J = 9.5 Hz, 1H), 7.69 (& 8.8 Hz, 2H), 7.37 (dd, J = 9.8, 2.5 HZ,
1H), 7.17 (d, J = 8.8 Hz, 2H), 7.19 (t, J = 74.4 /), 6.78 (d, J = 5.7 Hz, 1H), 3.61 (s,
3H); MSm/z452 [M+H]

53

N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyiimidazo[1,2-a]pyrazin-3-
yl]pyrimidin-4-amine

'H NMR (500 MHz, Acetonals) & ppm 9.74 (dd, J = 4.9, 1.4 Hz, 1H), 9.44 (d, J6Hz,
1H), 9.30 (br. s., 1H), 8.72 (d, J = 6.0 Hz, 1HB2(d, J = 4.7 Hz, 1H), 7.89 - 8.00 (m,
2H), 7.42 - 7.52 (m, 2H), 7.07 (dd, J = 6.0, 1.6 Hd), 7.20 (t, J = 74.4 Hz, 1H); M8/z
423 [M+H]"
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54

2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSGdg) & ppm 10.25 (br. s, 1H), 9.58 (ddd, J = 5.7, 1.9,Hx,

1H), 8.59 (d, J = 6.0 Hz, 1H), 7.97 (ddd, J = 9.8, 0.9 Hz, 1H), 7.90 (d, J = 8.5 Hz, 2H),

7.73 (ddd, J = 9.9, 7.7, 2.5 Hz, 1H), 7.69 (d,&18Hz, 2H), 6.90 (d, J = 6.0 Hz, 1H): MS
m/z442 [M+H]

55

N-[4-(difluoromethoxy)phenyl]-2-[6-fluoro-2-(triflaromethyl)imidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine

'H NMR (500 MHz, Acetonals) & ppm 9.75 (dd, J = 5.5, 2.0 Hz, 1H), 9.10 (br.}$),1

8.51 (d, J =5.7 Hz, 1H), 7.84 (ddd, J = 9.8, 6.9,Hz, 1H), 7.71 - 7.76 (m, 2H), 7.60

(ddd, J = 10.0, 7.6, 2.5 Hz, 1H), 7.22 - 7.26 (), 5.99 (t, J = 74.1 Hz, 1H), 6.83 (d, J =

6.0 Hz, 1H); MSM/z440 [M+H]

56

N-[4-(trifluoromethyl)phenyl]-2-[2-(trifluoromethypyrazolo[1,5-a]pyridin-3-
yl]pyrimidin-4-amine

'H NMR (500 MHz, CHLOROFORMY) & ppm 10.03 (br. s, 1H), 8.48 (d, J = 6.9 Hz, 1H
8.21 - 8.36 (m, 1H), 8.00 - 8.15 (m, 1H), 7.65%37(m, 2H), 7.52 (d, J = 8.2 Hz, 2H), 7.3
(t, J = 7.7 Hz, 1H), 7.06 - 7.12 (m, 1H), 7.03)(t 6.8 Hz, 1H); MSn/z424 [M+H]

9

60

N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)pyrazolbp-a]pyridin-3-yl]pyrimidin-4-
amine

'H NMR (500 MHz, CHLOROFORM])  ppm 8.49 (d, J = 6.6 Hz, 1H), 8.03 - 8.31 (m,
2H), 7.30 - 7.55 (m, 3H), 7.00 - 7.12 (m, 2H), 6:/87 (m, 3H), 3.76 (s, 3H); M%/z
386 [M+H]"

62

N-(4-methylphenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyrazin-3-yl]pyrimidin-4-amine
'H NMR (500 MHz, Acetonels) 8 ppm 9.58 (d, J = 3.8 Hz, 1H), 9.23 (d, J = 1.6 H4),

8.95 (br. s., 1H), 8.48 (d, J = 6.0 Hz, 1H), 8.d0X = 4.7 Hz, 1H), 7.53 (d, J = 8.5 Hz, 2H
7.25 (d, J = 8.2 Hz, 2H), 6.83 (d, J = 6.0 Hz, 1H37 (s, 3H); MSn/z371 [M+H]

118

2-(imidazo[1,2-a]pyridin-3-yl)-N-[4-(trifluorometHyphenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSGdg) & ppm 10.10 (s, 1H), 9.92 (d, J = 7.3 Hz, 1H), §&p. s,
1H), 8.48 (d, J = 5.7 Hz, 1H), 8.00 (d, J = 8.5 B#d), 7.75 - 7.86 (m, 3H), 7.46 (ddd, J 5
9.1, 6.6, 0.9 Hz, 1H), 7.14 (td, J = 6.9, 1.1 H4),16.74 (d, J = 6.0 Hz, 1H); M&/z356

[M+H]”
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Example 2

N-(3-chloro-4-methoxyphenyl)-2-(2-methyHtbenzimidazol-1-yl)pyrimidin-4-amine
(Cpd 40)

o @f L @f ;

Stepl. 3-Chloro-4-methoxyaniline (2.07 g, 13.1 Mn®4-dichloropyrimidine (1.95
g, 13.1 mmol) and triethylamine (2.1 mL, 15 mmo8resmixed in isopropanol (10 mL).
The mixture was heated at £@0for 13 hours, then partially concentrated, diiuteth
water, and made basic with®0s. The precipitate was filtered, then washed wittes,
followed by hexane. The major isomer, 2-chlorod\Nehloro-4-methoxyphenyl)pyrimidin-4-
amine (2.07 g, 59 %) was recrystallized from metthas a white solid.
'H NMR (500 MHz, DMSQds) & ppm 9.99 (br. s, 1H), 8.15 (d, J = 6.0 Hz, 1HJ37(br. s.,
1H), 7.47 (d, J = 8.2 Hz, 1H), 7.19 (d, J = 8.8 H4), 6.69 (d, J = 5.7 Hz, 1H), 3.85 (s, 3H).

Step 2. 2-Chloro-N-(3-chloro-4-methoxyphenyl)pyidim-4-amine (84 mg, 0.31
mmol), 2-methyl-1H-benzo[d]imidazole (82 mg, 0.68n1) and KCO; (86 mg, 0.62 mmol)
were mixed in DMF (2 mL). The reaction mixture wasated at 12C for 3 days, then
cooled, partitioned between water and EtOAc, andipd by silica gel chromatography to
provide the title compound as a white solid (29 2&fo).
'H NMR (500 MHz, DMSQdg) & ppm 9.94 (s, 1H), 8.42 (d, J = 5.7 Hz, 1H), 8.8310 (m,
1H), 7.82 - 7.90 (m, 1H), 7.61 (d, J = 7.3 Hz, 1AHA0 - 7.45 (m, 1H), 7.20 - 7.29 (m, 2H),

7.18 (d, J = 8.8 Hz, 1H), 6.73 (d, J = 5.7 Hz, 13486 (s, 3H), 2.79 (s, 3H); M®/2366
[M+H] "

Additional compounds of Formula (I) or a form th&frdescribed herein may be
prepared according to the procedure of Example Qubsgtituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

1 N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-pyrimidin-4-amine
'H NMR (500 MHz, DMSQds) & ppm 9.79 (br. s., 1H), 8.36 (d, J = 5.4 Hz, 1H)57-

= 8.2 Hz, 2H), 6.68 (d, J = 5.0 Hz, 1H), 3.76 (4),2.77 (s, 3H); MSn/z332 [M+H]'
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Cpd Name & Data

41 2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorontieyl) phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSGdg) & ppm 10.37 (s, 1H), 8.55 (d, J = 5.7 Hz, 1H), 8.8106
(m, 1H), 7.90 (d, J = 8.5 Hz, 1H), 7.72 (d, J =l84 2H), 7.61 - 7.65 (m, 1H), 7.26 (ap
quind, J =7.3, 1.4 Hz, 2H), 6.91 (d, J = 5.7 H4),12.81 (s, 3H); MSn/z370 [M+H]"

61 N-[4-(difluoromethoxy)phenyl]-2-(2-methyl-1H-benzidazol-1-yl)pyrimidin-4-amine
'H NMR (500 MHz, Methanot) 5 ppm 8.32 (1H, d, J = 5.5 Hz), 8.06 (1H, d, JHz,
7.59 (3H, d, J =8 Hz), 7.26 (2H, m), 7.14 (2HJ & 8 Hz), 7.0 (1H, t, J = 74 Hz), 6.69
(1H, d, J = 6 Hz), 2.82 (3H, s); M8/2368 [M+H]"

Example 3

N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethyl)H-benzimidazol-1-yl]pyrimidin-4-
amine (Cpd 42)

~N AN AN
L I L
HN N/)\CI ? D HN N/)\H /)\N/QN

1. TFA  HN” N
H,N NH —
2 2 2 TFAA
Cl ol Cl
O O\ O\

A mixture of 2-chloro-N-(3-chloro-4-methoxyphenyyimidin-4-amine (280 mg,
1.03 mmol) and benzene-1,2-diamine (540 mg, 5 mmafopropanol (5 mL) was heated in
a microwave oven at 180 for 10 minutes. The reaction mixture was diluréth water,
extracted with EtOAc, then filtered through a shmug of silica gel, and concentrated to
provide a first crude intermediaté-{2-aminophenyl)-K(3-chloro-4-
methoxyphenyl)pyrimidine-2,4-diamine. The firsude intermediate was dissolved in
dichloromethane (5 mL), then trifluoroacetic anhgdrwas added in two portions (0.5 mL
each). The reaction mixture was washed with arags NaHC@solution, and purified by
silica gel chromatography to provide a second cintggEmediate N-(2-(4-(3-chloro-4-
methoxyphenylamino)-pyrimidin-2-ylamino)phenyl)-22rifluoroacetamide.

To a solution of the second crude intermediatenfg10.16 mmol) in acetonitrile (2
mL) was added trifluoroacetic acid (0.5 mL). Thixtore was heated in a microwave oven
at 186C for 1 hour and 45 minutes after which UPLC showeahplete conversion. The
final product was purified by silica gel chromataghy to provide the title compound as a
white solid (40 mg, 59%).

123
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'H NMR (500 MHz, DMSQds) 5 ppm 10.06 - 10.18 (m, 1H), 8.45 (d, J = 5.7 Hz),8:02

(d, J = 8.2 Hz, 1H), 7.94 (d, J = 7.3 Hz, 1H), 7-8390 (m, 1H), 7.52 - 7.56 (m, J = 8.2, 8.2,
1.3 Hz, 1H), 7.50 (td, J = 7.9, 1.3 Hz, 1H), 7.48,( = 9.0, 2.7 Hz, 1H), 7.15 (d, J = 8.8 Hz,
1H), 6.86 (d, J = 6.0 Hz, 1H), 3.84 (s, 3H); Mz420 [M+H]".

Example 4

5-fluoro-N-(4-methylphenyl)-2-[2-(trifluoromethyhidazo[1,2-a]pyridin-3-yl]pyrimidin-4-
amine (Cpd 43)

.~
FrN KoCO3  HN Cl F3C
Cl N/)\Cl EtOH
PdC|2 allyl)

Q-Phos
dioxane

Stepl: A mixture of 2,4-dichloro-5-fluoropyrimic#n(1.00 g, 5.99 mmol), 4-toluidine
(642 mg, 5.99 mmol) andX0O; (1.66 g, 12.0 mmol) in EtOH (10 mL) was stirred 18
hours at 58C. The mixture was filtered through Celite andifien by column
chromatography to yield 2-chloro-5-fluoro{Ntolylpyrimidin-4-amine (1.19 g, 84%).

Step2: A mixture of 2-chloro-5-fluoro-N-p-tolylpynidin-4-amine (165 mg, 0.69
mmol), 3-(tributylstannyl)-2-(trifluoromethyl)imida[1,2-a]pyridine (300 mg, 0.63 mmol),
Q-Phos (13.5 mg, 0.019 mmol) and Pgéallyl) (6.9 mg, 0.019 mmol) in dioxane (1.5 mL)
was stirred for 2 hours at 8D. The mixture was purified by column chromatodmato
yield the title compound (213 mg, 80%).

'H NMR (500 MHz, CHLOROFORMS) § ppm 9.24 - 9.29 (1H, m) 8.29 (1H,:2.84 Hz)
7.66 - 7.71 (1H, m) 7.46 (2H, d=8.51 Hz) 7.31 (1H, ddd=9.14, 6.62, 1.26 Hz) 7.14 (2H,
d, J=8.20 Hz) 6.82 - 6.89 (2H, m) 2.30 (3H, s); Mz388.2 [M+H].

Additional compounds of Formula (I) or a form thafrdescribed herein may be
prepared according to the procedure of Example gubsgtituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

44 | 5-chloro-N-(4-methylphenyl)-2-[2-(trifluoromethyfjiidazo[1,2-a]pyridin-3-yl]pyrimidin-
4-amine

'H NMR (500 MHz, CHLOROFORM) & ppm 9.34 - 9.42 (1H, m) 8.51 (1H, s) 7.80
(1H, dd,J=9.14, 0.95 Hz) 7.49 (2H, d78.51 Hz) 7.41 (1H, ddd=8.99, 6.78, 1.26 Hz)

7.20 - 7.27 (3H, m) 6.91 (1H, td:6.94, 1.26 Hz) 2.42 (3H, s); M8/2404.2 [M+H]
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Example 5

2-(6-fluoro-2-methylimidazo[1,2-a]pyridin-3-yl)-N4k(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine (Cpd 68)

NBoc, NBoc,
NB Nz NTN | \)N\
NH2 0Cy )l\ > P
NN (Boc),0 Ny FC HN N~ >cl + HN™ 'N” °Cl
)l\ I~ )l\ Z t,
CI” >N >ci DMAP C|” °N” CI KO'Bu
CF3 CF3

Step1l. A mixture of 2,6-dichloropyrimidine-4-ami(®78 g, 23.05 mmol) and
DMAP (cat.) in dichloromethane (20 mL) was treatgth di-tert-butyldicarbonate (11.05 g,
50.71 mmol) at &C. After addition, the resulting mixture was stitrat ambient temperature
overnight. The mixture was poured into ice-waldQ( mL) and extracted with
dichloromethane (150 mL). The organic phase wpars¢ed, washed with brine (100 mL),
dried over MgS@ then filtered and evaporated. The residual reters separated by
filtering through a pad of silica gel (100 g) tdaafl di-tert-butyl (2,6-dichloropyrimidin-4-
yl)imidodicarbonate as an oil (7.55 g, 90%).

Step 2. A solution of diert-butyl (2,6-dichloropyrimidin-4-yl)imidodicarbonate
(2.75 g, 4.81 mmol) and 4-trifluoromethylaniline’6/0 mg, 4.81 mmol) in THF (10 mL)
was treated with potassiutert-butoxide solution (1M in THF, 9.62 mL, 9.62 mmat)-
78C. The mixture was allowed to stir and warm to @%@r 20 minutes. The mixture was
then poured into ice-water (120 mL) and extractét dichloromethane (150 mL). The
organic phase was separated, washed with brinenil)0dried over MgS@ then filtered
and evaporated. The residual material was sephbgtsilica gel column chromatography
(by eluting with hexane then 2% ethyl acetate-hex#m afford ditert-butyl 6-chloro-2-(4-
(trifluoromethyl)phenylamino)pyrimidin-4-yliminodarbonate (750.0 mg, 32% yield), and
(by eluting with 4% ethyl acetate-hexanel}elit-butyl 2-chloro-6-(4-
(trifluoromethyl)phenylamino)pyrimidin-4-yliminodarbonate (1.08 g, 46%).
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NBoc,

N
NBoc, NH
HN N‘L\Cl ?
F Q F 7N 7N
NS NS
= HN N)\(< HN N)Y<
(j C|j¥ N/Q N /N TFA N /N
— —_—
N” NH /[N/ CF3 Q Q
F

Pd(OAG),, CF, CF, F
PPh,,

CsOAc,

DMA

2 ACN

Step 3. 4-Fluoropyridin-2-amine (8.57 g, 76.44 mnaold chloroacetone (12.99
g, 71.67 mmol) were pre-mixed and stirred in a 80round bottom flask at°C for 15
minutes. The resulting mixture was diluted witletaaitrile (50 mL) and refluxed for
overnight. The acetonitrile was evaporated, ahglether (200 mL) was added to produce a
precipate, which was collected by filtration. T8wid was partitioned between
dichloromethane (300 mL) and a saturated Naki§fution (250 mL). The organic layer
was separated, dried over Mg&s@en filtered and concentrated under the redpeesisure.
The residual material was separated by silica gieinan chromatography (1: 1 ethyl acetate-
hexane) to afford 6-fluoro-2-methylimidazo[laByridine (5.20 g, 46%) as a glassy solid.

'H NMR (500 MHz, CHLOROFORM-dj ppm 7.95 - 7.99 (m, 1H), 7.46 (db= 5.04, 9.77
Hz, 1H), 7.34 (s, 1H), 6.99 - 7.06 (m, 1H), 2.44J¢ 0.63 Hz, 3H); MSn/z151.0 (100)
[M+H]".

Step4. A mixture of 6-fluoro-2-methylimidazo[1apyridine (445.0 mg, 2.97
mmol), ditert-butyl 2-chloro-6-(4-(trifluoromethyl)phenylaminoypmidin-4-
yliminodicarbonate (1.0 g, 5.78 mmol), palladiurt) fcetate (33.4 mg, 0.149 mmol),
triphenylphosphine (46.7 mg, 0.178 mmol), cesiuetate (1.14 g, 5.94 mmol) and DMA (5
mL) was degassed by three cycles of vacuum purnandd\ purging, and then was heated
to 100°C for 1 hour. The solution was cooled aadrpd into water (50 mL), and this
mixture was extracted with dichloromethane. Thieaex was dried over MgSQOthen
filtered and concentrated under the reduced presstine residual material was triturated
with ethyl ether to afford diert-butyl 2-(6-fluoro-2-methylimidazo[1,2}pyridin-3-yl)-6-(4-
(trifluoromethyl)phenylamino)pyrimidin-4-yliminodarbonatg706.0 mg, 83%).

Step 5. A solution of diert-butyl 2-(6-fluoro-2-methylimidazo[1,2}pyridin-3-
yI)-6-(4-(trifluoromethyl)phenylamino)pyrimidin-4iyninodicarbonate (140 mg, 0.24 mmol)
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in dichloromethane (2 mL) was treated with TFA (i) at 0°C. The resulting mixture was
stirred at ambient temperature for 4 hours. Tieesd was concentrated under reduced
pressure, and the residual material was partitiieddeen ethyl acetate and a saturated
NaHCG; solution. The organic layer was separated, dneat MgSQ, then filtered and
evaporated. The residual material was triturateed @thyl ether to afford the title compound
as a white solid (87.0 mg, 87%). m.p. 209-211 °C.

'H NMR (500 MHz, Acetonals) 5 ppm 10.40 (ddj = 2.21, 5.36 Hz, 1H), 8.88 (s, 1H), 8.11
-8.27 (m, 1H), 7.78 - 7.85 (m, 1H), 7.74 Jd; 8.83 Hz, 2H), 7.69 (dl = 8.83 Hz, 2H), 6.47
(br. s., 2H), 6.03 (s, 1H), 2.93 (s, 3H); M82403.5 (100]M+H] *, 404.4 (30).

Additional compounds of Formula (I) or a form thafrdescribed herein may be
prepared according to the procedure of Example $ubgtituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyiimidazo[1,2-a]pyridin-3-
65 | yl]pyrimidine-4,6-diamine

1H), 7.73 (td,J = 1.10, 9.14 Hz, 1H), 7.59 - 7.66 (d, J = 9.1 Bid), 7.51 (ddd, = 1.26,

-7.12 (m, 1H), 6.11 (br. s., 2H), 5.96 (s, 1H); Ki&437.3 [M+H]

'H NMR (500 MHz, Acetonals) & ppm 9.67 (ddd) = 1.10, 1.26, 7.09 Hz, 1H), 8.40 ($

6.94, 9.14 Hz, 1H), 7.15 - 7.23 (d, J = 9.1 Hz, 430 — 7.10 (t, J = 75.00 Hz, 1H), 7.C

2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N4-
66 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine

m.p. 203-205 °C; M$1/z439.4 [M+H]

N-[4-(trifluoromethoxy)phenyl]-2-[2-(trifluorometH)imidazo[1,2-a]pyridin-3-
67 | yllpyrimidine-4,6-diamine

m.p. 199-202 °C; M$1/z455.3 [M+H]

N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methytidazo[1,2-a]pyridin-3-

69 | yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) 5 ppm 10.41 (dd) = 2.21, 5.36 Hz, 1H), 8.57 (s, 1H)
8.19 (s, 1H), 7.71 - 7.89 (m, 1H), 7.53 J& 9.77 Hz, 2H), 7.20 - 7.26 (A= 9.77 Hz,
2H), 6.81 — 7.11 (t, J = 75.00 Hz, 1H), 6.36 (br2#1), 5.91 (s, 1H), 2.91 (s, 3H);

m.p. 136-138 °C; M$/z401.5 [M+H]

2-(2-cyclopropyl-6-fluoroimidazo[1,2-a]pyridin-3-yN-[4-(difluoromethoxy)-3-

75 | fluorophenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSGds) & ppm 10.06 (ddj = 2.21, 5.99 Hz, 1H), 9.28 (s, 1H),
7.70 - 7.87 (m, 1H), 7.58 (dd,= 5.52, 9.62 Hz, 1H), 7.41 (dddl= 2.68, 7.72, 9.77 Hz,
1H), 6.98 — 7.28 (t, J = 75.00 Hz, 1H), 7.24 - 182 1H), 7.18 - 7.24 (m, 1H), 6.73 (s,
2H), 5.72 (s, 1H), 3.42 - 3.56 (m, 1H), 0.89 - 1(A 4H); m.p. 198-200 °C; MB\/z
445.5 [M+H]
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Cpd Name & Data
[3-(4-amino-6-{[4-(trifluoromethyl)phenyl]amino}pymidin-2-yl)-6-fluoroimidazo[1,2-
84 | a]pyridin-2-yllmethanol

'H NMR (500 MHz, METHANOL4d,) & ppm 9.36-9.77 (m, 1 H), 7.90 - 7.97 (m, 2 H
7.59 -7.69 (m, 1 H), 7.50 - 7.55 (m, 2 H), 7.-5/(f, 1 H), 6.55 - 6.58 (m, 1 H), 4.86 (g
2 H); MSm/z419.1 [M+H]

2-(6-fluoro-2-methylimidazo[1,2-a]pyrimidin-3-yl)-{4-

100 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSQds) & ppm 10.45 (dd) = 2.84, 5.67 Hz, 1H), 9.46 (s, 1H),
8.76 (d,J = 2.84 Hz, 1H), 7.72 (dl = 8.51 Hz, 2H), 7.64 (dl = 8.51 Hz, 2H), 6.82 (s,
2H), 5.79 (s, 1H), 2.84 (s, 3H); m.p. 256-258 °C3 M/z404.3 [M+H]

N—r

Example 6

2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-[4-{tiuoromethyl)phenyl]pyrimidine-4,6-
diamine (Cpd 71)

NBoc, NBoc, F
=

\N O,N N
HN N 2
H,N F —

. NO2  py/c (10%),
MeOH
Pd,dbas, ’
XPhos, EtOAc
KsPOsu,

Dioxane

Iz

N BOCZ N BOC2 N H2

-~ N -~ N
EtC(OMe)3 J\ /< | /<
N\ N\
HN N N \N —_— HN N N~ N
H, C,HsCOOH, 20% TFA:DCM
ACN

F F
5 CF3 CF3 CF3

Step 1: A mixture of 5-fluoro-2-nitroaniline (126mg, 1.00 mmol), ), diert-butyl 2-
chloro-6-(4-(trifluoromethyl)phenylamino)pyrimidié-yliminodicarbonate (480.0 mg, 0.98
mmol), 2-dicyclohexylphosphinot@',6'-triisopropylbiphenyl (Xphos) (56.1 mg, 0.1 mmol),
tris(dibenzylideneacetone) dipalladium(0) (53.8 &5 mmol) and potassium phosphate

10 (625.0 mg, 2.95 mmol) in dioxane (2 mL) was degadsethree cycles of vacuum pumping
and N purging, and then was heated to 100°C for 2 hotlire solution was cooled and
poured into water (10 mL), and this mixture wagaoted with ethyl acetate (15 mL). The
extract was dried over MgQ(then filtered and evaporated. The residual natenas
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separated by column chromatography (eluting withdichloromethane:hexane, then 1:2
ethyl acetate:dichloromethane) to affordelit-butyl 2-(5-fluoro-2-nitrophenylamino)-6-(4-
(trifluoromethyl)phenylamino)pyrimidin-4-yliminodarbonate (483.0 mg, 81%).

Step 2: A pressure reaction vessel charged witbrtdbutyl 2-(5-fluoro-2-
nitrophenylamino)-6-(4-(trifluoromethyl)phenylamipyrimidin-4-yliminodicarbonate
(483.0 mg), Pd/C (10%, wet, 48.0 mg) and 1:1 edlogtate:methanol (5 mL) was placed on a
Parr shaker. The mixture was degassed by thrdescgtvacuum pumping and,durging.
The vessel was pressurized to 40 psi hydrogenlzaicea for 2 hours. The charcoal was
removed by filtration, and the solvent was evaptab give di-tert-butyl 2-(2-amino-5-
fluorophenylamino)-6-(4-(trifluoromethyl)phenylanajpyrimidin-4-yliminodicarbonate.
The residual material was used in the next stelpowitfurther purification. M$n/z579.6
(100) [M+H]", 580.6 (40).

Step 3: A mixture of di-tert-butyl 2-(2-amino-5s8rophenylamino)-6-(4-
(trifluoromethyl)-phenylamino)pyrimidin-4-yliminodarbonate (365.0 mg, 0.63 mmol),
triethyl orthoacetate (306.0 mg, 1.89 mmp#tpluenesulfonic acid (5.0 mg, 0.025 mmol)
and ethanol (2.0 mL) was heated to reflux for 2reolAfter cooling, the mixture was
partitioned between dichloromethane (20 mL) andtarated NaHC®@solution (10 mL).
The organic phase was washed with brine (10 migddsver MgSQ), then filtered and
evaporated. The residual oil was triturated wittykether to afford dtert-butyl 2-(6-fluoro-
2-methyl-H-benzofllimidazol-1-yl)-6-(4-(trifluoromethyl)phenylaminoypimidin-4-
yliminodicarbonate (316.0 mg, 83%). Mi$z603.6 (100) [M+H], 604.6 (40).

Step 4: A solution of the product (316.0 mg, On&@ol) in dichloromethane (3 mL)
was treated with TFA (1 mL) at 0°C. The resultmixture was stirred at ambient
temperature for 4 hours. The solvent was evaprated the residual material was triturated
with ethyl ether to afford the title compound astate solid (152.0 mg, 73%). m.p. 253 —
255°C.

'H NMR (500 MHz, DMSQds) & ppm 9.72 (s, 1H), 8.00 (d,= 8.51 Hz, 2H), 7.52 - 7.69

(m, 3H), 7.45 (ddJ = 1.89, 9.14 Hz, 1H), 7.01 - 7.24 (m, 3H), 6.2014d), 2.66 (s, 3H); MS
m/z403.3 (100) [M+H].
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Additional compounds of Formula (I) or a form thafrdescribed herein may be

prepared according to the procedure of Example €ubgtituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-fluoromethyl)phenyl]pyrimidine-
93 | 4,6-diamine
'H NMR (500 MHz, DMSQdg) & ppm 9.76 (s, 1H), 8.19 (d, J = 1.9 Hz, 1H), 7d4)(=
8.5 Hz, 2H), 7.64 (d, J = 8.5 Hz, 2H), 7.60 (d,8.5Hz, 1H), 7.27 (dd, J = 8.5, 1.9 Hz,
1H), 7.02 (br. s., 2H), 5.90 (s, 1H), 2.83 (s, 3MB M/z419.8 [M+HT
N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methylH-benzimidazol-1-yl)pyrimidine-
72 | 4,6-diamine

'H NMR (500 MHz, DMSQdg) & ppm 9.25 (s, 1H), 7.99 (dd= 2.21, 10.09 Hz, 1H),
7.56 (ddJ =5.04, 8.83 Hz, 1H), 7.48 (d~ 8.83 Hz, 2H), 7.00 — 7.30 (t, J = 75.00 Hz,
1H), 7.12 - 7.19 (m, 2H), 7.07 (dt= 2.36, 9.06 Hz, 1H), 6.84 (br. s., 2H), 5.741¢d),
2.80 (s, 3H); m.p. 168-170 °C; MB/z401.5 [M+HT
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(6-fluor@-methyl-1H-benzimidazol-1-

76 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, DMSQds) & ppm 9.47 (s, 1H), 7.96 (d,= 9.14 Hz, 1H), 7.66 (dl
=12.93 Hz, 1H), 7.57 (dd,= 5.04, 8.20 Hz, 1H), 7.00 — 7.28 (t, J = 70.00 H#), 7.27 -
7.39 (m, 1H), 7.23 (d] = 8.51 Hz, 1H), 7.08 (1 = 8.20 Hz, 1H), 6.94 (br. s., 2H), 5.80
1H), 2.50 (br. s., 3H); m.p. 182-183 °C; M8z419.4 [M+HT
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-Buoro-1H-benzimidazol-1-

77 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, DMSQds) & ppm 9.47 (br. s., 1H), 7.90 @= 9.14 Hz, 1H), 7.50 -
7.74 (m, 2H), 7.29 (d] = 5.04 Hz, 1H), 7.00 — 7.28 (t, J = 70.00 Hz, 1TH}2 (d,J = 8.20
Hz, 1H), 7.09 (dJ = 7.88 Hz, 1H), 6.93 (br. s., 2H), 5.80 (s, 1HZA3(m,2H), 1.28 (1) =
6.62 Hz, 3H); m.p. 156-158 °C; M8/z433.5 [M+H[
2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-N-[4-(ftuoromethyl)phenyl]pyrimidine-4,6-

81 | diamine
'H NMR (500 MHz, DMSQds) & ppm 9.64 (s, 1H), 7.89 (dd= 2.52, 10.09 Hz, 1H),
7.70 (d,J = 8.20 Hz, 2H), 7.58 - 7.66 (m, 3H), 7.05 - 7.&8 @H), 6.98 (br. s., 2H), 5.88
(s, 1H), 3.28 (qJ = 7.46 Hz, 2H), 1.28 (f] = 7.57 Hz, 3H); m.p. 201-203 °C; Mf/z
417.2 [M+H]
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-two-4-

96 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) 8 ppm 9.11 (br. s, 1H), 8.27 (d, J = 2.2 Hz, 1HJ87(dd,
J=13.9, 1.6 Hz, 1H), 7.65 (t, J = 8.5 Hz, 1H567(d, J = 8.5 Hz, 1H), 7.49 (d, J = 8.8 H
1H), 7.25 (dd, J = 8.5, 1.9 Hz, 1H), 6.57 (br2#1), 6.07 (s, 1H), 2.87 (s, 3H); M8/z
437.8 [M+H]

1z,
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Name & Data

97

2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-ftlioromethoxy)phenyl]pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals) § ppm 8.56 (br. s, 1H), 8.32 (d, J = 2.2 Hz, 1H367(dd,

J=6.6,2.2 Hz, 2H), 7.53 (d, J = 8.8 Hz, 1H)37(@d, J = 8.5, 2.2 Hz, 1H), 7.20 (dd, J =

6.6, 2.2 Hz, 2H), 6.94 (t, J = 74.7 Hz, 1H), 6.BB 6., 2H), 5.91 (s, 1H), 2.85 (s, 3H); M
m/z418.0 [M+H]

98

2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-two-4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSQds) & ppm 9.94 (br. s, 1H), 8.10 (d, J = 8.7 Hz, ITH§2

(dd, J = 14.3, 1.4 Hz, 1H), 7.67 (d, J = 2.0 Hz),TH65 (d, J = 8.7 Hz, 1H), 7.42 (dd, J +
8.7, 1.1 Hz, 1H), 7.27 (dd, J = 8.7, 2.0 Hz, 1H107(br. s, 2H), 5.93 (s, 1H), 2.83 (s, 3H);

MS m/z437.8 [M+HT

99

2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-ftlioromethoxy)phenyl]pyrimidine-

4,6-diamine

'H NMR (500 MHz, DMSQds) 8 ppm 8.99 (br. s, 1H), 8.72 (d, J = 8.8 Hz, 1H)33d, J

= 2.5 Hz, 1H), 8.00 - 8.03 (m, 2H), 7.65 - 7.67 @Hl), 7.64 (dd, J = 8.8, 2.2 Hz, 1H), 7.
(t, J =75.0 Hz, 1H), 6.79 (br. s., 2H), 6.38 (d),13.32 (s, 3H); MSn/z417.8 [M+H]

144

N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoroH-benzimidazol-1-yl)pyrimidine-4,6
diamine

'H NMR (500 MHz, DMSQdg) & ppm 9.25 (s, 1H), 7.84 - 8.12 (m, 1H), 7.60 (4,
5.04, 8.51 Hz, 1H), 7.49 (d,= 8.83 Hz, 2H), 7.01 — 7.31 (t, J = 75.00 Hz, TH)5 (d,J
=8.20 Hz, 2H), 7.04 - 7.13 (m, 1H), 6.84 (br24), 5.76 (s, 1H), 3.28 (d,= 7.25 Hz,
2H), 1.28 (tJ = 7.41 Hz, 3H); m.p. 166-168 °C; MB/z415.4 [M+H]

Example 7

2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-NH(trifluoromethyl)phenyl]pyrimidine-

CF;

4,6-diamine (Cpd 82)

NBoc2 NBoc, H,

D_( PTSA (cat.), / N
)\ MeCN
H, Et;N, DCM HNXO © Q

CF;

Step 1: To a solution of di-tert-butyl 2-(2-ami&dtuorophenylamino)-6-(4-

(trifluoromethyl)-phenylamino)pyrimidin-4-yliminodarbonate (212.0 mg, 0.37 mmol),
triethylamine (42.0 mg, 0.41 mmol) in dichlorometbg2 mL) was added

cyclopropanecarbonyl chloride (38.3 mg, 0.37 mmblC. The mixture was stirred at

ambient temperature for 3 hours, then partitionetsvben dichloromethane and water. The
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organic phase was washed with brine, dried over®gghen filtered and evaporated to give
di-tert-butyl 2-(2-(cyclopropanecarboxamido)-5-fluorophkamyino)-6-(4-
(trifluoromethyl)phenylamino)-pyrimidin-4-yliminodarbonate. The residual solid was used
directly in the next step without further purificat.

Step 2: A mixture of crude dert-butyl 2-(2-(cyclopropanecarboxamido)-5-
fluorophenylamino)-6-(4-(trifluoromethyl)phenylanajpyrimidin-4-yliminodicarbonate,
p-toluenesulfonic acid (7.0 mg, 0.037 mmol) and@uérile (3 mL) was heated in a
microwave oven at 18C for 30 minutes. The mixture was partitioned ket ethyl acetate
and a saturated NaHG®olution. The organic phase was washed with bdried over
MgSQ;, then filtered and evaporated. The residual neters separated by silica gel
column chromatography (eluting with 1:1 dichloroheete:hexane, then 1:5 MeOH:50%
ethyl acetate in dichloromethane) to afford the tbompound (103.0mg, 65% for two steps).
m.p. 203 — 206°C.

'H NMR (500 MHz, DMSQdg) & ppm 9.49 - 9.59 (m, 1H), 7.70 (t#i= 1.00, 13.24 Hz, 1H),
7.64 (d,J =8.57 Hz, 2H), 7.49 (dl = 8.57 Hz, 2H), 7.36 - 7.42 (m, 1H), 6.91 - 6.6Y, (H),

6.88 (br. s, 2H), 5.77 (s, 1H), 2.88 - 3.01 (m, 1497 - 1.05 (m, 2H), 0.86 - 0.95 (M, 2H);
MS m/z429.2 (100) [M+H], 430.2 (20).

Additional compounds of Formula (I) or a form thafrdescribed herein may be
prepared according to the procedure of Example Subgtituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)-3-
78 | fluorophenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSGdg) & ppm 9.53 (s, 1H), 7.70 - 7.95 (m, 2H), 7.52 (bid,
5.04, 8.83 Hz, 1H), 7.28 (d,= 2.52 Hz, 1H), 6.98 — 7.26 (t, J = 70.00 Hz, TH}2 (m,
1H), 7.03 - 7.09 (m, 1H), 6.98 (br. s, 2H), 5.821(d), 3.07 (M, 1H), 1.10 - 1.15 (m, 2H
1.01 - 1.08 (m, 2H); m.p. 186-188 °C; Mi§z445.5 [M+H]

2-(2-cyclopropyl-5-fluoro-1H-benzimidazol-1-yl)-NH

83 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSQds) & ppm 9.69 (s, 1H), 7.96 (d,= 5.04, 8.83 Hz, 1H), 7.79
(d,J=8.51 Hz, 2H), 7.61 (dl = 8.51 Hz, 2H), 7.34 (dd,= 2.52, 9.46 Hz, 1H), 6.93 -
7.09 (m, 3H), 5.78 - 5.93 (m, 1H), 3.02 (s, 1H}3L- 1.19 (m, 2H), 1.04 - 1.08 (m, 2H);
MS m/z429.2 [M+HT
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Cpd

Name & Data

143

2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-NH
(difluoromethoxy)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSQds) & ppm 9.30 (s, 1H), 7.83 - 7.90 (m, 1H), 7.54J¢, 8.83
Hz, 3H), 7.00 — 7.30 (t, J = 75.00 Hz, 1H), 7.1118 (m, 2H), 7.02 - 7.10 (m, 1H), 6.83
6.92 (m, 2H), 5.78 (s, 1H), 3.08 - 3.20 (m, 1HP9- 1.14 (m, 2H), 0.99 - 1.07 (m, 2H);
m.p. 175-177 °C; M$n/z427.2 [M+HT

145

N-[4-(difluoromethoxy)phenyl]-2-[2-(difluoromethy®-fluoro-1H-benzimidazol-1-
yl]pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSGdg) 8 ppm 9.32 (s, 1H), 8.36 (dd= 1.89, 10.09 Hz, 1H),
7.95-8.16 (t, J = 52.5 Hz, 1H), 7.85 (d&; 5.04, 8.83 Hz, 1H), 7.44 (d,= 8.83 Hz,
2H), 7.04 — 7.34 (t, J =75.00 Hz, 1H), 7.27 {dt,2.36, 9.06 Hz, 1H), 7.20 (d= 8.83
Hz, 2H), 6.98 (br. s., 2H), 5.76 (s, 1H); m.p. M6 °C; MSmM/z437.4 [M+HT

149

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(trifmromethyl)phenyl]pyrimidine-4,6-
diamine

'H NMR (500 MHz, DMSQds) & ppm 9.70 (s, 1H), 7.92 - 7.97 (m, 1H), 7.81)4,
8.51 Hz, 2H), 7.60 (d] = 8.51 Hz, 2H), 7.50 - 7.55 (m, 1H), 7.19 (dd¢; 1.58, 5.04,
7.25 Hz, 2H), 7.00 (br. s., 2H), 5.90 (s, 1H), 2203 (m, 1H), 1.15 (m, 2H), 1.05 (m,
2H); m.p. 199-201 °C; M&/z411.3 [M+H]

150

2-[2-(methoxymethyl)-1H-benzimidazol-1-yl]-N-[4-{iuoromethyl)phenyl]pyrimidine-
4,6-diamine

'H NMR (500 MHz, DMSQds) & ppm 9.66 (s, 1H), 8.09 - 8.20 (m, 1H), 7.73X4,
8.51 Hz, 2H), 7.67 - 7.71 (m, 1H), 7.63 {ds 8.51 Hz, 2H), 7.26 - 7.31 (m, 2H), 6.97 (
S., 2H), 5.87 (s, 1H), 5.04 (s, 2H), 3.25 (s, AM)p. 212-213 °C; M®n/z415.4 [M+H]

O

151

2-[2-(propan-2-yl)-1H-benzimidazol-1-yl]-N-[4-(ttdoromethyl)phenyl]pyrimidine-4,6-
diamine

'H NMR (500 MHz, DMSQds) & ppm 9.69 (s, 1H), 7.85 - 7.91 (m, 1H), 7.74X¢, 8.83
Hz, 2H), 7.61 - 7.65 (m, 1H), 7.59 @z 8.83 Hz, 2H), 7.17 - 7.25 (m, 2H), 6.95 (s, 2H
5.90 (s, 1H), 3.96 - 4.08 (m, 1H), 1.29 J&; 6.94 Hz, 6H); m.p. 216-218 °C; Mf/z
413.4 [M+H]

p—

152

2-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-N-[4+(fluoromethyl)phenyl]pyrimidine-
4,6-diamine

'H NMR (500 MHz, DMSQdg) & ppm 9.71 (s, 1H), 8.36 - 8.52 (m, 1H), 7.89 <4§11.J
=55.00 Hz, 1H), 7.80 - 7.87 (m, 1H), 7.68 (m. 4AHRB5 - 7.48 (m, 2H), 6.92 - 7.20 (m,
2H), 5.91 (s, 1H); m.p. 187-188 °C; M&z421.4 [M+H]
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Example 8
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-nteixyphenyl)pyrimidine-4,6-diamine

(Cpd 265)
F
Cl Cl F
ﬁ H2N AN

N NO, H,, Pd/C N
/)\ N | A

// N 20%DMF:THF EtOAc N N

o 0 Ho N

NatOAm 2

Cl NH,

*Z‘EE C,ﬁ A~ ﬁ N f RSP
peon © @ DMSO © @

F

Step 1. To a mixture of 5-fluoro-2-nitroaniline 18 g, 35.93 mmol), 4,6-dichloro-2-
(methylsulfonyl)pyrimidine (5.06 g, 32.67 mmol), FH50 mL) and DMF (12 mL) was
added sodiuntert-pentoxide (2.5 M in THF, 28.6mL, 71.5 mmol) dropwiat -78C. The
mixture was stirred at -78 for 30 minutes, then ice/water (300 mL) was addeidrm a

10 precipitate. The solid was collected by filtratitihen washed with water and hexane to
afford 4,6-dichloro-N-(5-fluoro-2-nitrophenyl)pyritin-2-amine (9.32 g, 95%).

Step 2: A 250 mL flask charged with 4,6-dichlore@Nfluoro-2-
nitrophenyl)pyrimidin-2-amine (6.35 g, 21.03 mmad?)j/C (10%, wet, 635.0 mg) and ethyl
acetate (50 mL) was degassed by three cycles abwapumping and Npurging, and then

15 filled with hydrogen from a hydrogen balloon. Tinéture was stirred at ambient
temperature for 16 hours. The charcoal was rembyditration, and the solvent was
evaporated. The residual material was washedeikiane to afford N(4,6-
dichloropyrimidin-2-yl)-5-fluorobenzene-1,2-diamias a white solid (5.55 g, 97%).

Step 3: A mixture of K(4,6-dichloropyrimidin-2-yl)-5-fluorobenzene-1,2athine

20 (2.57 g, 9.47 mmol), triethyl orthoacetate (6.089.87 mmol), acetic acid (6 mL) and
acetonitrile (30 mL) was stirred at ambient tempegafor 18 hours. A saturated NaHEO

solution was added to the mixture portionwise°at, Qvith resultant bubbling of the mixture.
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The solution was added to the mixture until thelidmg ceased. The product was then
extracted with ethyl acetate. The organic phasewashed with brine, dried over MgiO
then filtered and evaporated. The residual mdteraa washed with hexane to afford 1-(4,6-
dichloropyrimidin-2-yl)-6-fluoro-2-methyl-1H-benzd[imidazole as a brownish solid (2.41
g, 86%).

Step 4: A mixture of 1-(4,6-dichloropyrimidin-2)y6-fluoro-2-methyl-1H-
benzo[d]imidazole (150.0 mg, 0.51 mmol), 4-methailyae (125.0 mg, 1.01 mmol) and
acetonitrile (1 mL) was stirred at 8Dfor 18 hours. After cooling, ethyl ether was edldo
the mixture to form 6-chloro-2-(6-fluoro-2-methyHibenzo[d]imidazol-1-yl)-N-(4-
methoxyphenyl)pyrimidin-4-amine as a precipitatbjck was isolated by filtration.

Step 5: To 6-chloro-2-(6-fluoro-2-methyl-1H-bendpmidazol-1-yl)-N-(4-
methoxyphenyl)-pyrimidin-4-amine was added DMSOn) and NHOH (27%, 0.1 mL).
The reaction mixture was sealed, placed in a miak@wven and heated at £ZCor 1 hour.
The reaction mixture was partitioned between eticgitate and water. The organic phase
was washed with water (2 x 20 mL) and brine, theaddover MgSQ and filtered through a
silica gel pad (10 g). The solvent was evaporatad,the residual material was triturated
with dichloromethane to afford the title compoursdeawhite solid (161.0 mg, 88%). m.p.
193 - 195°C.

'H NMR (500 MHz, Acetonels) & ppm 8.74 (s, 1H), 8.11 (dd= 2.52, 10.40 Hz, 1H), 7.52
(dd,J = 5.20, 8.67 Hz, 1H), 7.34 - 7.43 (= 9.14 Hz, 2H), 7.01 (d| = 2.84 Hz, 1H), 6.94

(d,J=19.14 Hz, 2H), 6.49 (br. s., 2H), 5.76 (s, 1HYSB(s, 3H), 2.84 (s, 3H); M&/z365.0
(100) [M+H]".

Additional compounds of Formula (1) or a form thafrdescribed herein may be
prepared according to the procedure of Example €ubgtituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

2-{[6-{[4-(difluoromethoxy)phenyllamino}-2-(2-metHylH-benzimidazol-1-yl)pyrimidin-
52 | 4-yllamino}ethanol

'H NMR (500 MHz, Methanoti;) & ppm 8.17 (1H, dd, J = 7.2, 1.5 Hz), 7.59 (1H, 4,
7.2,1.5Hz), 7.51 (2H, d, J =9 Hz), 7.28 (1H, Mm}3 (2H, d, J =9 Hz), 6.78 (1H, t, J =
75 Hz), 5.81 (1H, s), 3.75 (2H, t, J = 6 Hz), 3(88, br), 2.89 (3H, s); M#&/z427.1
[M+H]"
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Name & Data

2-{[2-(2-methyl-1H-benzimidazol-1-yl)-6-{[4-(trifleromethyl)phenyllamino}pyrimidin-

57 | 4-yllamino}ethanol
'H NMR (500 MHz, Methanoti;) & ppm 8.13 (1H, d, J = 7.5 Hz), 7.71 (2H, d, J5 7.
Hz), 7.6 (1H, dd, J = 9, 1 Hz), 7.56 (2H, d, JHA, 7.27 (1H, m), 7.13 (2H, d, J = 9 HZ),
5.91 (1H, s), 3.76 (2H, t, J = 6 Hz), 3.55 (2H, BrB9 (3H, s); MSNn/z429.2 [M+HT
N*-(2-methoxyethyl)-2-(2-methyl-1H-benzimidazol-1-f-[4-

58 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (Methanold,) & ppm 8.15 (1H, d, J = 8 Hz), 7.67 (2H, d, J =84,H.59 (1H,
d,J=8Hz), 7.53 (2H, d, J = 8.5 Hz), 7.26 (1H, 587 (1H, s), 3.58 (4H, br), 3.38 (3H,
S).2.87 (3H, s); M®n/z443.1 [M+H]
N*-[4-(difluoromethoxy)phenyl]-R(2-methoxyethyl)-2-(2-methyl-1H-benzimidazol-1-

59 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanoti;) & ppm 8.06 (1H, d, J = 7 Hz), 7.47 (1H, m), 7.38,(2
d, J =9 Hz), 7.15 (1H, m), 7.00 (2H, d, J = 9 Hz§8 (1H, s), 3.28 (3H, s), 2.76 (3H, S);
MS m/z441.1 [M+H]

63 | 2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorontieyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanot;) & ppm 8.13 (1H, m), 7.73 (2H, d, J = 8.5 Hz), 7.61
(1H, m), 7.58 (2H, d, J = 8.5 Hz), 7.29 (2H, mB%(1H, s), 2.89 (3H, s); MB/2385.1
[M+H]"
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N{4

64 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanoti;) & ppm 8.19 (1H, dd, J = 11, 7.5 Hz), 7.67 (2H, d, J
8.5 Hz), 7.6 (2H, d, J = 8.5 Hz), 7.43 (1H, dd, 715 7.5 Hz), 5.93 (1H, s), 2.9 (3H, s);
MS m/z421.1 [M+H]
2-(2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-(ftuoromethyl)phenyl]pyrimidine-4,6

73 | diamine
'H NMR (500 MHz, Methanot;) & ppm 8.61 (1H, dd, J = 8, 1.5 Hz), 8.39 (1H, €,4
Hz), 7.65 (2H, d, J = 8.5 Hz), 7.57 (2H, d, J =188, 7.28 (1H, dd, J = 8, 4 Hz), 5.91
(1H, s), 2.97 (3H, s); M$1/2386.2 [M+H]
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-{fBuoro-4-

74 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanotl;) & ppm 8.04 (1H, dd, J = 11, 7.5 Hz), 7.54 (1H, 3,
13.5,1.5Hz), 7.44 (1H, t, J = 8.5 Hz), 7.32 (8, J = 11, 7.5 Hz), 7.24 (1H, dd, J =
13.5, 1.5 Hz), 5.81 (1H, s), 2.78 (3H, s); M$z439.1 [M+H]
N-[4-(trifluoromethyl)phenyl]-2-(2,5,6-trimethyl-1#enzimidazol-1-yl)pyrimidine-4,6-

79 | diamine

'H NMR (500 MHz, DMSGds) 5 ppm 9.63 (s, 1H), 7.91 (s, 1H), 7.77 (d(AB), 8.8
Hz, 2H), 7.63 (d(AB), J = 7.9 Hz, 2H), 7.34 (s, 18)92 (br. s., 2H), 5.85 (s, 1H), 2.79

[72)

3H), 2.31 (s, 3H), 2.26 (s, 3H); M8/z413.0 [M+HT
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80

N-[3-fluoro-4-(trifluoromethyl)phenyl]-2-(2-methyl:H-benzimidazol-1-yl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, DMSQds) & ppm 9.90 (s, 1H), 8.05 - 8.10 (m, 1H), 7.89 (d,14.2
Hz, 1H), 7.65 (t, J = 8.7 Hz, 1H), 7.57 - 7.62 (Hl), 7.41 (d, J = 8.5 Hz, 1H), 7.20 - 7.2
(m, 2H), 7.05 (br. s, 1H), 5.91 (s, 1H), 2.82 (d);3aMS m/z403.1 [M+H]

85

2-(6-bromo-2-methyl-1H-benzimidazol-1-yl)-N-[4-fioromethyl)phenyl]pyrimidine-
4,6-diamine

'H NMR (500 MHz, DMSQds) & ppm 9.68 (s, 1H), 8.31 (d, J = 1.6 Hz, 1H), 7.73
(d(AB), J = 8.2 Hz, 2H), 7.65 (d(AB), J = 8.5 HHR 7.55 (d, J = 8.5 Hz, 1H), 7.39 (dd
= 8.5, 1.9 Hz, 1H), 6.97 - 7.07 (m, 2H), 5.87 (d),12.83 (s, 3H); MSn/z463.0 [M+H]

2-(2,6-dimethyl-1H-benzimidazol-1-yl)-N-[4-(triflromethyl)phenyl]pyrimidine-4,6-

86 | diamine
'H NMR (500 MHz, DMSQds) & ppm 9.63 (s, 1H), 7.88 (s, 1H), 7.74 (d(AB), 8.5
Hz, 2H), 7.61 (d(AB), J = 8.5 Hz, 2H), 7.44 (d, 82 Hz, 1H), 7.04 (dd, J = 8.2, 1.3 Hz
1H), 6.93 (br. s., 2H), 5.84 (s, 1H), 2.77 (s, 3M3B4 (s, 3H); MSNn/z339.0 [M+H]
2-(6-ethyl-2-methyl-1H-benzimidazol-1-yl)-N-[4-(tluoromethyl)phenyl]pyrimidine-4,6-

87 | diamine
'H NMR (500 MHz, DMSQdg) & ppm 9.68 (s, 1H), 7.89 (s, 1H), 7.77 (d(AB), 8.5
Hz, 2H), 7.61 (d(AB), J = 8.8 Hz, 2H), 7.52 (d, 82 Hz, 1H), 7.10 (dd, J = 8.2, 1.3 Hz
1H), 6.95 (br. s., 2H), 5.86 (s, 1H), 2.81 (s, 3MB4 (g, J = 7.6 Hz, 2H), 1.15(t, I = 7.6
Hz, 3H); MSm/z413.0 [M+H]
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N{4

88 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, DMSQds) & ppm 9.68 (s, 1H), 7.85 (dd, J = 9.6, 2.0 Hz, THH8 -
7.73 (d(AB), J = 8.5 Hz, 2H), 7.61 - 7.68 (d(AB)X 8.8 Hz, 2H), 7.14 (td, J = 10.4, 2.2
Hz, 1H), 7.04 (br. s., 2H), 5.89 (s, 1H), 2.833d); MSm/z421 [M+H]'
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-{Buoro-4-

89 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, DMSQds) & ppm 9.92 (s, 1H), 7.80 - 7.84 (m, J = 9.5, 2.2 H),
7.80 (dd, J =14.0, 1.1 Hz, 1H), 7.66 (t, J = 82 £H), 7.38 (dd, J = 8.5, 1.3 Hz, 1H),
7.16 (dd, J = 10.4, 2.2 Hz, 1H), 7.11 - 7.16 (m),B491 (s, 1H); MSn/z439 [M+H]'
2-{[2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yB-{[4-

90 | (trifluoromethyl)phenyllamino}pyrimidin-4-yljJamincgthanol

'H NMR (500 MHz, DMSGdg) & ppm 9.69 (br. s., 1H), 7.83 (d, J = 9.1 Hz, THJO

(d(AB), J = 7.9 Hz, 2H), 7.64 (d(AB), J = 8.8 H4R 7.15 (td, J = 10.3, 2.4 Hz, 1H), 5.96
(br. s, 1H), 4.83 (br. s, 1H), 3.59 (g, J = 5.7 BH), 3.38 - 3.51 (m, 2H), 2.85 (s, 3H); MS

m/z465.0 [M+HT
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2-(6-ethenyl-2-methyl-1H-benzimidazol-1-yl)-N-[4d{tuoromethyl)phenyl]pyrimidine-

91 | 4,6-diamine
'H NMR (500 MHz, DMSQds) & ppm 9.68 (s, 1H), 8.17 (d, J = 1.6 Hz, 1H), Ad6) =
8.5 Hz, 1H), 7.61 (d, J = 8.8 Hz, 1H), 7.54 (d,8.2Hz, 1H), 7.39 (dd, J = 8.4, 1.4 Hz,
1H), 6.98 (br. s., 1H), 6.75 (dd, J = 17.7, 11.0 H), 5.87 (s, 1H), 5.64 (dd, J = 17.7, Q.
Hz, 1H), 5.13 (dd, J = 11.0, 0.9 Hz, 1H), 2.821¢4); MSm/z399 [M+H]"
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-N-[4-

92 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanot,) & ppm 8.37 (1H, dd, J = 9, 3 Hz), 8.3 (1H, m), 7.72
(2H, d, J=8.5Hz), 7.6 (2H, d, J = 8.5 Hz), 5(®H, s), 1.33 (2H, m), 1.19 (2H, m); MS
m/z430.1 [M+H]
2-(6-fluoro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yIN-[4-

94 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanot,) & ppm 8.52 (1H, dd, J = 9, 3 Hz), 8.33 (1H, dd, m),
7.65 (2H, d, J =9 Hz), 7.60 (2H, d, J =9 Hz) 55(®H, s), 3.00 (3H, s); MB1/z404.2
[M+H]"
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-difluro-2-methyl-1H-benzimidazol-1-

101 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanot};) & ppm 8.19 (1H, dd, J = 11, 7.5 Hz), 7.53 (1H, X,
13, 2.5 Hz), 7.44 (1H, dd, J = 10, 7.5 Hz), 7.23,(&), 5.86 (1H, s), 2.89 (3H, s); MB/z
437.1 [M+H]
N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-meyl-1H-benzimidazol-1-

102 | yl)pyrimidine-4,6-diamine
'H NMR (Methanold,) & ppm 8.18 (1H, dd, J = 11.5, 7.5 Hz), 7.44 (2H] &,9 Hz),
7.40 (1H, dd, J =11.5, 7.5 Hz), 7.14 (2H, d, 9,z 7 (1H, t, J = 75 Hz), 5.79 (1H, s),
2.87 (1H, s); MSn/z419.1 [M+H]
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-N-[4-

103 | (difluoromethoxy)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanoti;) & ppm 8.38 (1H, dd, J = 9, 3 Hz), 8.29 (1H, m), 7.5
(2H,d, J=9Hz), 7.14 (2H, d, J =7 Hz), 6.78 (LtH = 75 Hz), 3.4 (1H, m), 1.3 (2H, m),
1.17 (2H, m); M9n/z428.1 [M+H]
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-

104 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, METHANOL4,) & ppm 8.77 (dJ=2.21 Hz, 1H), 8.43 (d]=2.21
Hz, 1H), 7.60 (dJ=6.94 Hz, 4H), 5.91 (s, 1H) 3.05 (s, 3H); M$z420.1 [M+H]
2-(6-chloro-2-ethyl-1H-imidazo[4,5-b]pyridin-1-y)-[4-

105 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, METHANOL®d,) § ppm 8.66 (dJ=2.52 Hz, 1H), 8.38 (dl=2.21
Hz, 1H), 7.62 (ddJ=19.50, 9.50 Hz, 4H), 5.92 (s, 1H), 3.484g7.60 Hz, 2H), 1.39 (t,
J=7.41 Hz, 3H); MSn/z434.1 [M+H]
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146

2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(methylsuifgl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.45 - 8.50 (1H, s) 8.25 - 8.30 (1H, m) 7-55

7.59 (1H, m) 7.50 (2H, s) 7.32 (2H, s) 7.17 - 728, m) 6.24 - 6.33 (2H, m) 5.92 (1H, $

2.51 (3H, s) 2.07 (3H, s); M®/z363.2 [M+HT

147

2-[2-(1-methylcyclopropyl)-1H-benzimidazol-1-yl]-N-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) § ppm 8.72 - 8.80 (1H, s) 7.66 - 7.76 (3H, m) 7.34 (
d,J=0.63 Hz) 7.08 (2 H, s) 6.18 - 6.28 (2H, m) 5.9A,€) 1.30 (3H, s) 1.10 (2H, s) 0.61
(2H, d,J=2.21 Hz); MSmM/z425.2 [M+HT

148

N-[4-(difluoromethoxy)phenyl]-2-[2-(1-methylcycloppyl)-1H-benzimidazol-1-
yl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) § ppm 8.49 (1H, s) 8.16 - 8.20 (1H, m) 7.55 - 7.64,(3
m) 7.15 - 7.23 (4H, m) 6.94 (1H,J375.00 Hz) 6.27 (2H, br. s.) 5.92 (1H, s) 3.32 (gH,
J=7.57 Hz) 1.34 (3H, )=6.90 Hz); MSM/z423.3 [M+HT

153

2-(2-ethyl-1H-benzimidazol-1-yl)-N-[4-(trifluoromiyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSQds) & ppm 9.66 (s, 1H), 7.96 - 8.10 (m, 1H), 7.73X¢,8.83
Hz, 2H), 7.58 - 7.64 (m, 3H), 7.18 - 7.26 (m, 26196 (br. s, 2H), 5.88 (s, 1H), 3.22 - 3.
(m, 2H), 1.29 (tJ = 7.41 Hz, 3H); m.p. 183-185 ; M8/z415.4 (100) [M+H], 416.4 (30)

156

N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1H-benzidazol-1-yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetoneals) 5 ppm 8.49 (1H, s) 8.16 - 8.20 (1H, m) 7.55 - 7®4,

m) 7.15 - 7.23 (4H, m) 6.94 (1H,%75.00 Hz) 6.27 (2H, br. s.) 5.92 (1H, s) 3.32 (H,
J=7.57 Hz) 1.34 (3H, t)=6.90 Hz): MSM/z397.2 [M+H]

157

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethylH-benzimidazol-1-yl)pyrimidine-4,6¢

diamine

H NMR (500 MHz, Acetonals) & ppm 8.71 (1H, s) 8.13 - 8.18 (1H, m) 7.68 - 114,
m) 7.57 - 7.62 (1H, m) 7.26 - 7.35 (2H, m) 7.1625/(2H, m) 6.94 (1H, t)=73.80 Hz)
6.36 (2H, s) 5.98 (1H, s) 3.33 (2H,X%7.60 Hz) 1.35 (3H, t})=7.90 Hz); MSM/z415.2
[M+H] ™

182

2-[2-(methylsulfanyl)-1H-benzimidazol-1-yl]-N-[4+{fluoromethyl)phenyl]pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals) 5 ppm 8.85 (br. s., 1H) 8.38 (@7.88 Hz, 1H), 7.83
(d, J=8.51 Hz, 2H), 7.66 (dI=8.51 Hz, 2H), 7.56 (d]=7.57 Hz, 1H), 7.23 (tdl=7.57,
1.26 Hz, 1H), 7.13 - 7.19 (m, 1H), 6.41 (br. s.) 26102 (s, 1H), 2.63 (s, 3 H); M8/z
418.3 [M+H]'

196

2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-methylphejgyrimidine-4,6-diamine
'H NMR (500 MHz, Methanot;) & ppm 8.13 (1H, m), 7.58 (1H, m), 7.3-7.25 (4H, m
7.13 (1H, d, J = 8 Hz), 5.81 (1H, s), 2.86 (3H, 2331 (3H, s); MSn/z331.1 [M+H]

197

N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-Qpyrimidine-4,6-diamine
'H NMR (500 MHz, Methanoti;) & ppm 8.13 (1H, m), 7.58 (1H, m), 7.33 (2H, d,9 =
Hz), 7.27 (2H, m), 6.94 (2H, d, J =9 Hz), 5.72 (B} 3.81 (3H, s), 2.86 (3H, S); M&Zz

347.1 [M+H]
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198 | N-[4-(dimethylamino)phenyl]-2-(2-methyl-1H-benzinaigol-1-yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanotl) & ppm 8.12 (1H, m), 7.58 (1H, m), 7.27 (2H, m), 2.1
(2H, d, J =9 Hz), 6.81 (2H, d, J =9 Hz), 5.67 (3 2.92 (6H, s), 2.86 (3H, s); MYz
360.4 [M+H]

205 | N-(1,3-benzodioxol-5-yl)-2-(2-methyl-1H-benzimiddZoyl)pyrimidine-4,6-diamine
'H NMR (500 MHz, DMSQds): & ppm 9.04 (1H, s), 8.20-8.17 (1H, m), 7.61-7.58,(1
m), 7.27-7.21 (2H, m), 7.15 (1H, d, J = 1.8 Hz16(1H, d, J = 8.2 Hz), 6.86 (1H, dd, J
8.2, 1.8 Hz), 6.76 (2H, br s), 6.03 (2H, s), 5.7&(s), 2.84 (3H, s); m.p. 166-167; M8z
359.1 [M+H]
N-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-(2-methyHtbenzimidazol-1-yl)pyrimidine-4,6-

206 | diamine
'H NMR (500 MHz, DMSQdg): & ppm 9.40 (1H, s), 8.13 (1H, dd, J = 7.0, 1.2 HZJ1
(1H,d, J=2.1Hz), 7.61 (1H, dd, J =7.0, 1.2,Hz}38 (1H, d, J = 8.6 Hz), 7.28-7.20 (3}
m), 6.88 (2H, br s), 5.79 (1H, s), 2.83 (3H, s)pm141-142; MIn/z397.1 [M+H]
N-(3-fluoro-4-methoxyphenyl)-2-(2-methyl-1H-benzihazol-1-yl)pyrimidine-4,6-

207 | diamine
'H NMR (500 MHz, DMSQd): & ppm 9.19 (1H, s), 8.18-8.15 (1H, m), 7.62-7.54,(1
m), 7.50 (1H, dd, J = 13.6, 2.2 Hz), 7.28-7.13 (4Hl, 6.82 (2H, br s), 5.76 (1H, s), 3.85
(3H, s), 2.84 (3H, s); m.p.: 233-234; M8z365.2 [M+H]

208 | N-(6-methoxypyridin-3-yl)-2-(2-methyl-1H-benzimidalzl-yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, DMSQdg): & ppm 9.10 (1H, s), 8.24 (1H, d, J = 2.6 Hz), §1H,
dd, J=8.4,1.2 Hz), 7.84 (1H, dd, J = 8.8, 2.7,HA9 (1H, dd, J = 8.4, 1.5 Hz), 7.27-
7.20 (2H, m), 6.85 (1H, d, J = 8.8 Hz), 6.80 (2Hsh 5.69 (1H, s), 3.87 (3H, s), 2.80 (3
s); m.p.: 118-119; M®/z348.2 [M+H]

209 | N-(4-chlorophenyl)-2-(2-methyl-1H-benzimidazol-hyyrimidine-4,6-diamine
'H NMR (500 MHz, Methanot,) & ppm 8.11 (1H, m), 7.58 (1H, m), 7.45 (2H, d,9 =
Hz), 7.28-7.23 (4H, m), 5.83 (1H, s), 2.85 (3H,MB m/z351.6 [M+H]

210 | 4-{[6-amino-2-(2-methyl-1H-benzimidazol-1-yl)pyrimin-4-yllamino}benzonitrile
'H NMR (500 MHz, Methanotl) & ppm 8.1 (1H, m), 7.75 (2H, d, J = 9 Hz), 7.61 (3H
m), 7.28 (2H, m), 5.95 (1H, s), 2.88 (3H, s); Mi&Z342.3 [M+HT

211 | 2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-nitrophengyrimidine-4,6-diamine
'H NMR (500 MHz, Methanotl) & ppm 8.16 (2H, m), 8.12 (1H, m), 7.79 (2H, m),Z7.6
(1H, m), 7.29 (2H, m), 5.99 (1H, s), 2.90 (3H,MB M/z362.3 [M+HT

212 | N-(4-bromophenyl)-2-(2-methyl-1H-benzimidazol-1g¥yimidine-4,6-diamine
'H NMR (500 MHz, Methanotl;) & ppm 8.11 (1H, m), 7.59 (1H, m), 7.42 (4H, m),77.2
(2H, m), 5.84 (1H, s), 2.86 (3H, s); M&z397.0 [M+HT
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorontiekoxy)phenyl]pyrimidine-4,6-

221 | diamine

'H NMR (500 MHz, Methanot,) & ppm 8.11 (1H, m), 7.57 (1H, m), 7.54 (2H, d, 9 H
7.24 (2H, m), 7.19 (2H, d, J = 9 Hz), 5.84 (1H, 385 (3H, s); MSn/z401.0 [M+H]

N
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234

N-[4-(difluoromethoxy)phenyl]-2-(2-methyl-1H-benzidazol-1-yl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Methanoti;) & ppm 8.11 (1H, m), 7.57 (1H, m), 7.45 (2H, d, DH
7.25 (2H, m), 7.09 (2H, d, J = 9 Hz), 5.48 (1H, B85 (3H, s); MSn/z383.1 [M+H]

N

235

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-methylH-benzimidazol-1-yl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Methanot}) & ppm 8.10 (1H, m), 7.58-7.54 (2H, m), 7.27-7.14
(4H, m), 5.47 (1H, s), 2.85 (3H, s); M&z401.0 [M+HT

263

N-(4-chlorophenyl)-2-(6-fluoro-2-methyl-1H-benzinaigol-1-yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) 5 ppm 8.59 (s, 1H), 8.05 (dd= 2.52, 10.40 Hz, 1H),
7.47 - 7.61 (m, 4H), 7.31 - 7.42 (m, 2H), 6.92087(m, 1H), 6.37 (br. s., 1H), 5.93 (s,
1H), 2.77 - 2.88 (m, 3H); m.p.: 183-185; M82369.0 [M+H]

264

2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-netiphenyl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.37 (br. s., 1H), 8.10 (d#iz 2.52, 10.40 Hz,
1H), 7.52 (dd)J = 5.04, 8.83 Hz, 1H), 7.34 (d~ 8.20 Hz, 2H), 7.18 (d} = 8.20 Hz, 2H),

6.94 - 7.07 (m, 1H), 6.27 (br. s., 2H), 5.82 - 586 1H), 2.85 (s, 3H), 2.32 (s, 3H); m.p}:

210-212; MSM/2349.0 [M+H]

266

N-[4-(dimethylamino)phenyl]-2-(6-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetoneals) 5 ppm 8.11 - 8.16 (m, 1H), 8.07 - 8.10 (m, 1H),77-4
7.56 (m, 1H), 7.23 (d] = 9.77 Hz, 2H), 6.94 - 7.05 (m, 1H), 6.79 J& 8.83 Hz, 2H),
6.09 - 6.25 (br, s, 2H), 5.67 (s, 1H), 2.94 (s, ,6H35 (s, 3H); m.p.: 122-125; M8/z
378.0 [M+H]

267

N-(4-chloro-3-fluorophenyl)-2-(6-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonals) & ppm 8.80 (s, 1H), 8.03 (dd= 2.52, 10.09 Hz, 1H),
7.67 (ddJ=2.36, 11.82 Hz, 1H), 7.54 (ddl= 5.04, 8.51 Hz, 1H), 7.44 3= 8.67 Hz,
1H), 7.27 - 7.37 (m, 1H), 6.95 - 7.09 (m, 1H), 6(B6 s., 2H), 5.99 (s, 1H), 2.85 (s, 3H)
m.p.: 225-227; MSn/z387.0 [M+H]

268

2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(3-netiphenyl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) § ppm 8.37 - 8.52 (m, 1H), 8.14 (dbi= 2.68, 10.25
Hz, 1H), 7.55 (ddJ = 5.20, 8.67 Hz, 1H), 7.40 (br. s., 1H), 7.22307(m, 2H), 7.00 - 7.1]
(m, 1H), 6.94 (dJ = 6.62 Hz, 1H), 6.27 - 6.40 (s, 2H), 5.91 - 6.861H), 2.89 (s, 3H),
2.34 (s, 3H); m.p.: 203-205; M$/z349.0 [M+H]

269

N-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-(6-fluoro-@ethyl-1H-benzimidazol-1-
yh)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.62 (s, 1H), 8.04 (dd= 2.52, 10.40 Hz, 1H),
7.56 (d,J =1.89 Hz, 1H), 7.53 (dd,= 5.04, 8.83 Hz, 1H), 7.21 - 7.29 (m, 2H), 6.9705

(m, 1H), 6.38 (br. s., 2H), 5.91 (s, 1H), 2.833(); m.p.: 212-215; M$/z415.0 [M+H]
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Example 9
2-(2-methylpyrazolo[1,5-a]pyridin-3-yl)-N-[4-(trifloromethyl)phenyl]pyrimidine-4,6-

diamine (Cpd 154)
NBoc, Q\o

| >N o~

NBoc, NH,

Z N
I

N \\N

w-

_—

szdba3,
PCys,
K3POy,
dioxane

CF;

A mixture of 2-methyl-3-(4,4,5,5-tetramethyl-1,3jixaborolan-2-yl)pyrazolo[1,5-
a]pyridine (53 mg, 0.205 mmol), tert-butyl 2-chloro-6-(4-
(trifluoromethyl)phenylamino)pyrimidin-4-yliminodarbonate (110 mg, 0.225 mmol),
tris(dibenzylideneacetone) dipalladium(0) (18 m@20mmol) tricyclohexylphosphine (14
mg, 0.051 mmol), and potassium phosphate (87.0mMd, mmol) in dioxane (3.5 mL) and
water (0.1 mL) was degassed by purging with argod,then was heated at 85°C for 3 hours.
The solution was cooled and filtered via plug ofiteée The filtrate was concentrated and
purified by silica gel column chromatography givitegt-butyl 3,3-dimethylbutanoyl(2-(2-
methylpyrazolo[1,5-a]pyridin-3-yl)-6-(4-(trifluorosthyl)phenylamino)-pyrimidin-4-
yl)carbamate (25mg, 21%) as a clear oil, which diasolved in dichloromethane (1 mL) and
treated with TFA (0.1 mL) at 0°C. The resultingxtare was stirred at room temperature for
4 hours. The solvent was concentrated, and thduasnaterial was partitioned between
ethyl acetate and a saturated NaHGG@Iution. The organic layer was separated, dnext
NaSQO,, then filtered and evaporated. The residual natems triturated with ethyl ether to
afford the title compound as a yellow solid (8 r5§%).

'H NMR (500 MHz, Acetonels) 5 ppm 8.55 (d, J = 8.8 Hz, 1H), 8.42 (br. s., 1H378(d, J
= 6.6 Hz, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.50 (& 8.5 Hz, 2H), 7.13 (ddd, J = 8.4, 7.3, 0.8

Hz, 1H), 6.77 (td, J = 6.6, 1.6 Hz, 1H), 5.82 (&t.2H), 5.77 (s, 1H), 2.66 (s, 3H); MSz
385.3 [M+HT.
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Additional compounds of Formula (I) or a form thafrelescribed herein may be
prepared according to the procedure of Example $ubstituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

70 N-[4-(trifluoromethyl)phenyl]-2-(1,3,5-trimethyl-14pyrazol-4-yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, CDC}) 6 ppm 7.54 (2H, d, J = 8.7 Hz), 7.48 (2H, d, J =187], 5.86
(1H, s), 5.60 (2H, v br), 3.73 (3H, s), 2.53 (3H,%50 (3H, s); m.p. 270-271 °C; Mz
363.0 [M+H]

Example 10

5 5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methoxyphenyl)pyrimidine-4,6-
diamine (Cpd 179)

NH

NP OH
E STONHy POCl,
MeOH
Cl Cl
F MPS  F

B B
N/ks/ aq. MeOH NAS/

TN

Cl

Step 1. To a solution of methyl carbamimidothio@ieS(Oy),/, salt (45.90 g, 0.33
10 mol) and dimethyl 2-fluoromalonate (45.03 g, 0.30)nn MeOH (450 mL) at @ was
slowly added sodium methoxide (4.37 M in MeOH, 226, 0.99 mol). The mixture was
stirred for 16 hours at room temperature. Thetsmuvas concentrated under reduced
pressure. The resulting slurry was diluted witheng50 mL) and acidified to about pH 2 by
using a 6N HCI solution. The resulting precipitaigs collected, washed with water and
15 dried under vacuum to give 5-fluoro-2-(methylthignmidine-4,6-diol (46.85 g, 88%).
To a solution of 5-fluoro-2-(methylthio)pyrimiding6-diol (13.2 g, 74.9 mmol) in
POCE (60 mL) was added a catalytic amount of §@0 mg). The mixture was heated at
100°C for 16 hours and then concentrated under redpiessure. To the mixture was
carefully added ice water (150 mL). The resuliimgcipitate was removed by filtration,
20 washed with water, then dried under nitrogen t@ dgi\6-dichloro-5-fluoro-2-
(methylthio)pyrimidine (13.5 g, 85%).
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To a solution of 4,6-dichloro-5-fluoro-2-(methylthpyrimidine (12.4 g, 58.8 mmol)
in MeOH (150 mL) was added potassium peroxymonagi2ZKHSQ - KHSQ,-K,SOy)
(108.7 g, 176.4 mmol) and water (70 mL). The mietwas stirred for 6 hours at room
temperature. The salt was removed by filtratibentwashed with MeOH until no more
product was observed. The combined organic mixtia® concentrated then ice water was
added to the mixture to provide a precipitate, Wwhi@as filtered and washed by water. The
solid was dried under nitrogen to yield 4,6-dicbl&rfluoro-2-(methylsulfonyl)pyrimidine as
a white solid (14.6 g, 99%).

Cl

H,N F F _ SN
HOAC N cl N)\SOZMe f
\ I ONT N
H,N N

NaH, )QN

20% DMF/THF

Step 2. A solution of 4-fluorobenzene-1,2-diami8&8 g, 30 mmol) in acetic
acid (10.0 mL) was microwaved for 1 hour at 480 The mixture was concentrated under
reduced pressure and triturated with ether to \éelldioro-2-methyl-1H-benzo[d]imidazole
as a brownish solid (4.31 g, 88%).

To a solution of 6-fluoro-2-methyl-1H-benzo[d]imize (2.31 g, 15.4 mmol) in
THF (50 mL) and DMF (10 mL) at -78 was added 60% NaH (648 mg, 16.2 mmol). The
mixture was stirred for about 10 minutes at roomgerature. To the mixture at “TBwas
added 4,6-dichloro-5-fluoro-2-(methylsulfonyl)pyioime (3.74 g, 15.3 mmol) in one
portion, then the mixture was stirred at®Z8or 15 minutes. The reaction mixture was
guenched with a 1M HCI solution (18 mL) and a crodeture was extracted with EtOAc
(200 mL). The organic layer was concentrated unelduced pressure, and purified by
column chromatography (5~30% EtOAc/hexanes) to tji4,6-dichloro-5-fluoropyrimidin-
2-yl)-6-fluoro-2-methyl-1H-benzo[d]imidazole as &ie solid (1.83 g, 38%).
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C, ci NH,

F
/ /)\ agNH OH N

“ N@ EtOH©N© oS0 © @

Step 3.  The mixture of 1-(4,6-dichloro-5-fluoropyidin-2-yl)-6-fluoro-2-methyl-
1H-benzo[d]-imidazole (63 mg, 0.2 mmol) and 4-metfamiline (49 mg, 0.4 mmol) in EtOH
(1 mL) was stirred for 1 hour at 8D. The precipitate was obtained by adding watér (1
mL). The product (6-chloro-5-fluoro-2-(6-fluoro+Biethyl-1H-benzo[d]imidazol-1-yl)-N-(4-

methoxyphenyl)-pyrimidin-4-amine) was removed bBiydtion and washed with water
several times. The resulting crude 6-chloro-54#tu2-(6-fluoro-2-methyl-1H-
benzo[d]imidazol-1-yl)-N-(4-methoxyphenyl)pyrimidd#ramine was used in the next step
without further purification.

To the crude product in DMSO (5 mL) was added 1d4ddeous NEOH (3 mL).
The suspended mixture was heated for 18 hoursC8Caintil all the starting material was
consumed. After cooling to room temperature, wét®rmL) was added to the mixture to
form a precipitate. The precipitate was isolatediltration and washed with water several
times. The resulting product was dried under geroto give the titte compound as an off-
white solid (72 mg, 94%).
'H NMR (500 MHz, Acetonels) & ppm 8.30 (1H, br. s.) 7.94 (1H, di£9.93, 2.36 Hz) 7.48

- 7.56 (3H, m) 6.93 - 7.05 (3H, m) 6.48 (2H, b).383 (3H, s) 2.75 (3H, S); M®/2383.2
[M+H]".

Additional compounds of Formula (I) or a form th&frelescribed herein may be
prepared according to the procedure of Exampleyl8ubstituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-({tiuoromethyl)phenyl]pyrimidine-
95 | 4,6-diamine

'H NMR (500 MHz, DMSO#dg) & ppm 9.60 (1H, s) 8.02 (1H, dd&7.25, 2.21 Hz) 7.86
(2H, d,J=8.51 Hz) 7.65 (2H, d]=8.51 Hz) 7.56 - 7.60 (1H, m) 7.29 (2 H, s) 7.17726
(2H, m) 2.75 (3H, s); M®/z403.2 [M+H]

145




Name & Data

106

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyllH-benzimidazol-1-yl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals) 8 ppm 8.39 (1H, s) 7.97 (1H, &7.88 Hz) 7.59 - 7.64
(2H, m) 7.42 (1H, dJ=7.25 Hz) 7.01 - 7.11 (4H, m) 6.83 (1HJ+74.56 Hz) 6.40 (2H,
br.s.) 2.63 (3H, s); M&/z401.1 [M+HT

107

2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(ftuoromethyl)phenyl]pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonels) & ppm 8.69 (1H, br. s.) 7.91 (1H, &7.88 Hz) 7.85
(2H, d,J=8.51 Hz) 7.53 (2H, dJ]=8.51 Hz) 7.47 (1H, d]=6.94 Hz) 7.02 - 7.13 (2H, m)
6.54 (2H, br. s.) 3.14 (2H, §=7.36 Hz) 1.20 (3H, t); M$/z417.1 [M+H]

108

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.85 (1H, br. s.) 8.13 (1H, di9.46, 5.04 Hz)
7.98 (2H, dJ=8.51 Hz) 7.71 (2H, d]=8.51 Hz) 7.31 (1H, dd}=9.62, 2.36 Hz) 6.96 -
7.04 (1H, m) 6.72 (2H, br. s.) 2.82 (3H, s); MBz421.1 [M+H]

109

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.85 (1H, br. s.) 7.89 - 8.00 (3H, m) 7.71 (8H
J=8.51 Hz) 7.56 (1H, dd}=8.83, 5.04 Hz) 7.02 - 7.08 (1H, m) 6.76 (2H, by2s82 (3H,
s); MSm/z421.1 [M+H]

110

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(6-fluor@-methyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.01 (1H, ddJ=10.40, 2.21 Hz) 7.81 (1H, br. s.
7.68 -7.72 (2H, m) 7.65 (1H, dd:8.83, 5.04 Hz) 7.26 - 7.31 (2H, m) 7.12 - 7.18 (i)
6.87 (1H, tJ=74.56 Hz) 5.87 (2H, br. s.) 2.87 (3H, s); M$#2419.1 [M+H]

111

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-26¢fluoro-2-methyl-1H-benzimidazolt
1-yhpyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.73 (1H, s) 7.93 (1H, d#9.93, 2.36 Hz) 7.80
(1H, dd,J=12.93, 2.52 Hz) 7.51 - 7.59 (2H, m) 7.36 (1 HA8.99 Hz) 7.01 - 7.08 (1H,
m) 6.98 (1H, t)J=73.77 Hz) 6.71 (2H, br. s.) 2.81 (3H, s); MBz437.1 [M+H]

112

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-25¢fluoro-2-methyl-1H-benzimidazol;
1-yh)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.19 (1H, ddJ=9.46, 5.04 Hz) 7.94 (1H, br. s.)
7.79 (1H, dd,JJ=12.93, 2.52 Hz) 7.35 - 7.50 (3H, m) 7.09 - 7.14,(fn) 6.87 (1H, t,
J=73.77 Hz) 5.91 (2H, s) 2.90 (3H, s); M8z437.2 [M+HT

113

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(5-fluor@-methyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.19 (1H, dd)=9.46, 5.04 Hz) 7.81 (1H, br. s.)
7.67-7.74 (2H, m) 7.42 (1H, dds9.46, 2.84 Hz) 7.25 - 7.32 (2H, m) 7.07 - 7.16 (i)
6.88 (1H, tJ=74.56 Hz) 5.84 (2H, s) 2.88 (3H, s); M8z419.1 [M+H]
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2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-y§-fluoro-N-[4-

114 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) § ppm 8.91 (1H, s) 8.57 - 8.58 (1H, m) 8.39 (1H, d,
J=2.21 Hz) 7.93 (2H, d}=8.51 Hz) 7.75 (2H, d]=8.51 Hz) 6.83 (2H, br. s.) 2.93 (3H, s);
MS m/z438.3 [M+H]
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-(difluoromethoxy)phenyl]-5-

115 | fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.47 (1H, br. s.) 8.41 (1H, &2.21 Hz) 8.23
(1H, d,J=2.52 Hz) 7.55 (2H, dJ=8.83 Hz) 7.11 (2H, dJ=9.14 Hz) 6.85 (1H, t)=74.10
Hz) 6.55 (2H, br. s.) 2.74 (3H, s); M&z436.2 [M+H]
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-(difluoromethoxy)-3-

116 | fluorophenyl]-5-fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.77 (1H, s) 8.56 (1H, &2.21 Hz) 7.73 (1H,
dd,J=12.61, 2.52 Hz) 7.50 - 7.56 (1H, m) 7.39 (1HI43.99 Hz) 7.00 (1H, {J=73.61
Hz) 6.79 (2H, br. s.) 2.91 (3H, s); M&z454.1 [M+H]
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridifi-yl)-5-fluoro-N-[4-

117 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.90 (1H, s) 8.22 - 8.34 (2 H, m) 7.99 (2H, d,
J=8.20 Hz) 7.71 (2H, d]=8.20 Hz) 6.84 (2H, br. s.) 3.20 - 3.29 (1H, m)6l-2.34 (2H,
m) 1.06 - 1.12 (2H, m); M&/z448.1 [M+HT
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22¢methyl-1H-benzimidazol-1-

119 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) 3 ppm 8.71 (1H, br. s.) 8.12 (1H, 8.51 Hz) 7.87
(1H, dd,J=13.08, 2.68 Hz) 7.52 - 7.62 (2H, m) 7.34 (1HA3.99 Hz) 7.17 - 7.27 (2H,
m) 6.98 (1H, tJ=73.93 Hz) 6.65 (2H, br. s.) 2.81 (3H, s); MBz419.3 [M+HT
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NH

120 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) 3 ppm 8.85 (1H, br. s.) 8.06 (2H, #8.51 Hz) 8.00
(1H, dd,J=7.25, 1.26 Hz) 7.67 (2H, d78.51 Hz) 7.50 - 7.56 (1H, m) 7.14 - 7.25 (2H, 1
6.70 (2H, br. s.) 2.96 - 3.05 (1H, m) 1.20 - 1.2B8(m) 1.00 - 1.06 (2H, m); MB\/z
429.2 [M+H]
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(difluomethoxy)phenyl]-5-

121 | fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) 5 ppm 8.40 (1H, s) 7.86 (1H, ddk7.72, 1.73 Hz) 7.63 1

7.70 (2H, m) 7.36 (1H, dI=9.14 Hz) 6.98 - 7.08 (4H, m) 6.64 - 6.97 (1H, M)1B(2H, s)

2.83 - 2.91 (1H, m) 1.01 - 1.07 (2H, m) 0.80 - O(8RA, m); MSM/z427.2 [M+H]
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122

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(difluomethoxy)-3-fluorophenyl]-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) 8 ppm 8.73 (1H, s) 7.96 - 8.03 (2H, m) 7.50 - 7.88,(
m) 7.32 (1H, tJ=8.83 Hz) 7.20 (2H, dtd]=19.70, 7.33, 7.33, 1.26 Hz) 6.80 - 7.13 (2H,
m) 6.66 (2H, s) 2.97 - 3.05 (1H, m) 1.23 (2H, &5.04, 2.84 Hz) 1.01 - 1.08 (2H, m);
MS m/z445.2 [M+HT

123

N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1H-benzidazol-1-yl)-5-fluoropyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.52 - 8.56 (1H, s) 8.04 - 8.09 (1H, m) 7.28,(
d,J=9.14 Hz) 7.57 - 7.61 (1H, m) 7.19 (4H,J#8.83 Hz) 6.97 (1H, m) 6.49 - 6.58 (2H,
3.25 (2H, dJ=7.57 Hz) 1.29 - 1.34 (3H, m); M®/z415.3 [M+HT

S)

124

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethylH-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.72 (1H, s) 8.05 - 8.09 (1H, m) 7.87 (1H, dd,
J=12.93, 2.52 Hz) 7.59 - 7.63 (1H, m) 7.54 (1H, d#k8.91, 2.60, 1.42 Hz) 7.33 (1H, t,
J=8.83 Hz) 7.18 - 7.27 (2H, m) 6.98 (1HJ%74.70 Hz) 6.64 (2H, s) 3.28 (2H, ¥57.36
Hz) 1.35 (3H, tJ=7.90 Hz); MSM/z433.3 [M+H]

2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5ubro-N-[4-

92)

125 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.69 - 8.75 (1H, m) 7.97 - 8.04 (1H, m) 7.76 -
7.83 (2H, m) 7.55 - 7.61 (2H, m) 7.30 - 7.37 (1H,6159 - 6.69 (2H, m) 2.68 (3H, s); M
m/z439.2 [M+H]
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-diflaro-2-methyl-1H-benzimidazol-1-
126 | yl)-5-fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.72 - 8.76 (1H, m) 8.12 - 8.18 (1H, m) 7.74 -
7.80 (1H, m) 7.45 - 7.55 (2H, m) 7.34 - 7.40 (1H,6190 - 7.05 (1H, m) 6.69 - 6.78 (2H
m) 2.82 (3H, s); M3n/z455.2 [M+H]
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5ubro-N-[4-
127 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.85 - 8.90 (1H, m) 7.93 - 7.99 (2H, m) 7.77 -
7.82 (1H, m) 7.72 (2H, s) 6.90 - 6.97 (1H, m) 6:E384 (2H, m) 2.83 (3H, s); M&/z
439.2 [M+H]
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(4,6-diflaro-2-methyl-1H-benzimidazol-1-
128 | yl)-5-fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.71 - 8.79 (1H, m) 7.74 - 7.82 (2H, m) 7.48 -
7.55 (1H, m) 7.33 - 7.40 (1H, m) 6.83 - 7.15 (3H,61w0 - 6.79 (2H, m) 2.82 (3H, s); M

92)

m/z455.2 [M+H]
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129

2-(2-ethyl-4,6-difluoro-1H-benzimidazol-1-yl)-5-ftwo-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.89 (1H, s) 7.95 (2H, #8.51 Hz) 7.66 - 7.77
(3H, m) 6.90 - 6.98 (1H, m) 6.79 (2H, br. s.) 3(361, q,J=7.57 Hz) 1.34 (3H, t}=7.41
Hz); MSm/z453.2 [M+HT

130

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl;@-difluoro-1H-benzimidazol-1-yl)-
5-fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.75 (1H, s) 7.72 - 7.81 (2H, m) 7.51 (1H, ddd

J=8.91, 2.60, 1.42 Hz) 7.35 (1HJ8.83 Hz) 6.81 - 7.14 (2H, m) 6.74 (2H, br. s.)8.2
(2H, 9,J=7.25 Hz) 1.34 (3H, }=7.41 Hz); MSM/z469.2 [M+H]

131

N-[4-(difluoromethoxy)phenyl]-2-(4,6-difluoro-2-meyl-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.59 (1H, s) 7.79 (1H, dd#9.85, 2.44, 0.95
Hz) 7.69 - 7.74 (2H, m) 7.20 - 7.24 (2H, m) 6.8113 (2H, m) 6.65 (2H, br. s.) 2.78 (3K
s); MSm/z437.2 [M+H]

——

132

N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-4,6-diflwo-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.59 (1H, s) 7.75 (1H, dd#9.77, 2.21, 0.95
Hz) 7.68 - 7.72 (2H, m) 7.18 - 7.25 (2H, m) 6.8113 (2H, m) 6.65 (2 H, s) 3.25 (2H, g
J=7.57 Hz) 1.28 - 1.33 (3H, m); M®/z451.2 [M+H]

133

N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-meyl-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.57 (1H, br. s.) 8.15 (1H, di:11.82, 7.72 Hz)
7.68 - 7.74 (2H, m) 7.46 (1H, dds10.72, 7.57 Hz) 7.21 - 7.26 (2H, m) 7.05 (2H, t,
J=76.30 Hz) 6.65 (2H, s) 2.78 (3H, s); M8z437.3 [M+HT

134

5-fluoro-2-(4-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.87 (1H, br. s.) 7.99 (2H, 38.51 Hz) 7.92
(1H, d,J=8.20 Hz) 7.69 (2H, dJ=8.51 Hz) 7.19 (1H, td]=8.20, 5.04 Hz) 7.01 (1H, dd,
J=10.72, 7.25 Hz) 6.74 (2H, br. s.) 2.83 (3H, s); M&421.2 [M+H]

135

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(4-fluor@-methyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.57 (1H, s) 7.92 (1H, 89.14 Hz) 7.72 - 7.78
(2H, m) 6.80 - 7.24 (5H, m) 6.59 (2H, br. s.) 2(381, S); MSm/z418.2 [M+H]

136

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-24¢fluoro-2-methyl-1H-benzimidazolt

1-yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals)  ppm 8.74 (1H, s) 7.93 (1H, #7.57 Hz) 7.85 (1H,
dd,J=12.93, 2.52 Hz) 7.51 - 7.57 (1H, m) 7.34 (1H=28.99 Hz) 6.82 - 7.23 (3H, m) 6.6

(2H, s) 2.86 (3H, s); M&1/z437.2 [M+H]
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5-fluoro-2-(2-methyl-1H-imidazo[4,5-b]pyridin-1-yi\-[4-

137 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels)  ppm 8.88 (1H, br. s.) 8.47 (1H, di8.04, 1.73 Hz)
8.40 - 8.44 (1H, m) 7.92 - 8.00 (2H, m) 7.72 (2HJ=B.51 Hz) 7.18 - 7.23 (1H, m) 6.70
6.80 (2H, m) 2.90 (3H, s); M&/z404.2 [M+H]
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methylH-imidazo[4,5-b]pyridin-1-

138 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.58 (1H, s) 8.46 (1H, d#8.20, 1.58 Hz) 8.40
(1H, dd,J=4.73, 1.58 Hz) 7.70 - 7.76 (2H, m) 7.21 - 7.25 (&%) 7.15 - 7.19 (1H, m) 6.9
(2H, s) 6.56 - 6.66 (2H, m) 2.86 (3H, s); M82402.2 [M+HT
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22¢methyl-1H-imidazo[4,5-b]pyridin-

139 | 1-yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals)  ppm 8.75 (1H, br. s.) 8.45 - 8.50 (1H, m) 8.42 (i,
J=4.73, 1.58 Hz) 7.80 (1H, dd=12.61, 2.52 Hz) 7.53 (1H, di59.06, 1.93 Hz) 7.37 (1H
t, J=8.83 Hz) 7.20 (1H, ddI=8.20, 4.73 Hz) 6.83 - 7.16 (2H, m) 6.72 (2H, by2s89
(3H, s); MSm/z420.2 [M+H]
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-Buboro-N-[4-

140 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.88 (1H, s) 8.05 (2H, &8.51 Hz) 7.81 (1H,
dd, J=8.20, 0.63 Hz) 7.67 (2H, d=8.51 Hz) 7.16 (1H, td}=8.12, 4.89 Hz) 6.95 - 7.02
(1H, m) 6.74 (2H, s) 2.96 - 3.03 (1H, m) 1.24 -9(2H, m) 1.03 - 1.08 (2H, m); M&/z
447.2 [M+H]
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)phenyl]-5-

141 | fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.59 (1H, s) 7.77 - 7.84 (3H, m) 7.16 - 7.24 (
m) 7.12 - 7.16 (1H, m) 6.81 - 7.11 (2H, m) 6.61 (2H3.01 (1H, ttJ=8.28, 4.97 Hz) 1.2(C
-1.24 (2H, m) 1.03 (2H, dg=8.32, 3.43 Hz); M3n/z445.2 [M+H]
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)-3-

142 | fluorophenyl]-5-fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.77 (1H, s) 7.99 (1H, d#12.93, 2.52 Hz) 7.83
(1H, dd,J=8.20, 0.95 Hz) 7.57 (1H, ddd:9.06, 2.60, 1.58 Hz) 7.33 (1H,J&8.99 Hz)
7.18 (1H, tdJ=8.12, 4.89 Hz) 6.83 - 7.13 (2H, m) 6.72 (2 H, $13(1H, 1t,J=8.28, 4.97
Hz) 1.23 - 1.30 (2H, m) 1.08 (2H, d#;8.32, 3.43 Hz); M$n/z463.2 [M+HT
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridif-yl)-N-[4-

155 | (difluoromethoxy)phenyl]-5-fluoropyrimidine-4,6-di@ne

'H NMR (500 MHz, Acetonals) 5 ppm 8.62 (1H, s) 8.23 - 8.32 (2H, m) 7.72 - 7.8 (
m) 7.18 - 7.24 (2H, m) 6.98 (1H,d:75.30 Hz) 6.71 (2H, br. s.) 3.27 (1H,1£8.28, 4.97

Hz) 1.25 (2H, ddJ=4.89, 3.00 Hz) 1.05 (2H, dd=8.20, 3.15 Hz); MSn/z446.2 [M+H]
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158

2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-5-fluctg-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.82 (1H, dJ=1.58 Hz) 8.11 (1H, d}=8.20 Hz)
7.92-7.99 (2H, m) 7.69 (2H, &:8.51 Hz) 7.58 (1H, d]=2.21 Hz) 7.19 (1H, ddI=8.83,
2.21 Hz) 6.70 (2H, br. s.) 2.82 (3H, s); M82437.2 [M+H]

159

2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-(tlioromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.42 (1H, s) 7.95 - 8.00 (1H, m) 7.55 - 7.88,(

m) 7.43 (1H, dJ=1.58 Hz) 7.01 - 7.10 (3H, m) 6.84 (1HJ£75.30 Hz) 6.44 (2H, br. s.)
2.64 (3H, s); MSNn/z435.2 [M+H]

160

2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-5-fluctg-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) 8 ppm 8.83 (1H, br. s.) 8.19 (1H, 31.58 Hz) 7.94
(2H, d,J=8.20 Hz) 7.70 (3H, d]=8.51 Hz) 7.55 (1H, d]=8.51 Hz) 7.21 - 7.27 (1H, m)
6.72 (2H, br. s.) 2.82 (3H, s); MB/2437.2 [M+H]

161

2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-(tlioromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.57 (1H, s) 8.17 - 8.22 (1H, m) 7.70 - 7.2/ (
m) 7.55 (1H, dJ=8.20 Hz) 7.20 - 7.26 (3H, m) 6.97 (1HJ+74.70 Hz) 6.62 (2H, br. s.)
2.80 (3H, s); MSn/z435.2 [M+H]

162

2-(2-ethyl-5-fluoro-1H-benzimidazol-1-yl)-5-fluorN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.85 (1H, br. s.) 8.08 (1H, di:8.67, 5.20 Hz)
7.97 (2H, dJ=8.20 Hz) 7.64 - 7.73 (2H, m) 7.33 (1H,}6.62 Hz) 6.98 - 7.04 (1H, m)
6.72 (2H, br. s.) 3.29 (2H, d=7.36 Hz) 1.34 (3H, 1)=8.20 Hz); MSM/z435.3 [M+HT

163

N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-5-fluoroH-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.56 (1H, s) 8.09 (1H, dd9.46, 5.04 Hz) 7.69 }

7.75 (2H, m) 7.31 (1H, dd=9.30, 2.68 Hz) 7.18 - 7.24 (2H, m) 6.81 - 7.14 (A1) 6.57
(2H, br. s.) 3.22 - 3.29 (2H, m) 1.27 - 1.34 (3H; MS m/z433.3 [M+H]

164

2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-5-fluorN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.85 (1H, s) 7.96 (2H, 3:8.51 Hz) 7.89 (1H,
dd,J=10.09, 2.52 Hz) 7.70 (2H, d=8.51 Hz) 7.59 (1H, ddl=8.51, 5.04 Hz) 7.01 - 7.09
(1H, m) 6.75 (2H, br. s.) 3.29 (2H, 857.46 Hz) 1.33 (3H, 1}=14.80 Hz); MSN/z435.3
[M+H]"

165

N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoroH-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.56 (1H, s) 7.90 (1H, dd10.40, 2.52 Hz) 7.68

- 7.75 (2H, m) 7.56 (1H, dd=8.83, 5.04 Hz) 7.18 - 7.26 (2H, m) 6.81 - 7.12 (&) 6.61
(2H, br. s.) 3.25 (2H, G}=7.46 Hz) 1.26 - 1.34 (3H, m); M®/z433.3 [M+H]
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172

5-methyl-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-fluoromethyl)phenyl]pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.19 (1H, s) 8.14 (1H, di8.20, 0.95 Hz) 7.87
(2H, d,J=8.51 Hz) 7.64 (2H, d]=8.51 Hz) 7.55 - 7.60 (1H, m) 7.22 (1H, ddd8.04,
7.09, 1.26 Hz) 7.15 (1H, ddd+8.28, 7.17, 1.26 Hz) 6.31 (2H, br. s.) 2.80 (3}2.22
(3H, s); MSm/z399.2 [M+H]

183

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-[6-(trifluoromethyl)pyridin-3-
yl]pyrimidine-4,6-diamine

'H NMR (Methanoles) § ppm 8.92 (1H, d, J = 2.5 Hz), 8.34 (1H, dd, J5; 8.4 Hz),
7.81 (1H, dd, J =9.8, 2.5 Hz), 7.75 (1H, d, J#18z), 7.54 (1H, dd, J = 8.7, 5 Hz), 7.06
(1H, td, J = 9.2, 2.5 Hz), 2.82 (3H, s); M82422.3 [M+H]

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-4,6;

DI

O

184 | diamine
'H NMR (500 MHz, Acetonals) & ppm 8.37 (br. s., 1H), 7.94 (dd, J = 10.4, 2.5 H4),
7.50 - 7.58 (m, 3H), 7.20 (d, J = 8.2 Hz, 2H), 7(@dd, J = 9.8, 8.8, 2.5 Hz, 1H), 6.52 (
S., 2H), 2.78 (s, 3H), 2.34 (s, 3H); M¥z367.2 [M+H]
N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-4,6-
185 | diamine
'H NMR (500 MHz, Acetonels) & ppm 8.58 (br. s., 7H), 7.93 (dd, J = 10.2, 2.7 H4),
7.70-7.76 (m, 2H), 7.54 (dd, J = 8.7, 5.2 Hz, TH37 - 7.42 (m, 2H), 7.03 (ddd, J = 9.
8.8, 2.5 Hz, 1H), 6.63 (br. s., 2H), 2.79 (s, 3MB M/z387.2 [M+H]
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yWN-(3-methoxyphenyl)pyrimidine-
189 | 4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.43 (br. s., 1H), 7.97 (dd, J = 10.1, 2.5 H4),
7.54 (dd, J = 8.8, 5.0 Hz, 1H), 7.32 - 7.37 (m, TH23 - 7.31 (m, 2H), 7.03 (ddd, J = 9.
8.7, 2.8 Hz, 1H), 6.68 - 6.75 (m, 1H), 6.57 (by2#1), 3.77 (s, 3H), 2.81 (s, 3H); Mf/z
383.2 [M+H]
N-(3-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-4,6-
190 | diamine
'H NMR (500 MHz, Acetonals) & ppm 8.63 (br. s., 1H), 7.96 (dd, J = 10.1, 2.5 H3),
7.91 (t, J = 2.0 Hz, 1H), 7.62 (ddd, J = 8.3, R.8,Hz, 1H), 7.55 (dd, J = 8.8, 5.0 Hz, 1}
7.38 (t, J = 8.0 Hz, 1H), 7.14 (ddd, J = 8.2, R.9,Hz, 1H), 7.04 (ddd, J = 9.5, 8.5, 2.5
Hz, 1H), 6.68 (br. s., 2H), 2.82 (s, 3H); M82387.2 [M+H]
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-
191 | (trifluoromethoxy)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) 5 ppm 9.21 (br. s., 1H), 8.49 (dd, J = 10.2, 2.7 H4),
8.32 - 8.42 (m, 2H), 8.10 (dd, J = 8.7, 5.2 Hz, THY1 (dd, J = 9.1, 0.9 Hz, 2H), 7.59
(ddd, J = 9.5, 8.5, 2.5 Hz, 1H), 7.21 (br. s., ZH434 (s, 3H); MSn/z437.2 [M+H]
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192

4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl-1H-benzithazol-1-yl)pyrimidin-4-
yllamino}benzonitrile

'H NMR (500 MHz, Acetonals) & ppm 8.79 (br. s., 1H), 7.80 - 7.86 (m, 2H), 7.d8,(J
=10.1, 2.5 Hz, 1H), 7.61 (dt, J = 8.8, 2.5 Hz, ZH}2 (dd, J = 8.8, 5.0 Hz, 1H), 6.91
(ddd, J = 9.5, 8.5, 2.6 Hz, 1H), 6.65 (br. s., 2H$7 (s, 3H); MSn/z378.2 [M+H]

193

methyl 4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl-14denzimidazol-1-yl)pyrimidin-4-
yllamino}benzoate

'H NMR (500 MHz, Acetonals) & ppm 8.82 (br. s., 1H), 7.99 - 8.04 (m, 2H), 7.86,(J
=10.1, 2.5 Hz, 1H), 7.85 - 7.90 (m, 2H), 7.56 (did; 8.8, 5.0 Hz, 1H), 7.05 (ddd, J = 9.
8.5, 2.5 Hz, 1H), 6.73 (br. s., 2H), 3.88 (s, 383 (s, 3H); MSN/z411.2 [M+HT

194

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-(3-netiphenyl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.36 (1H, br. s.) 8.19 (1H, :8.51 Hz) 7.64
(1H, s) 7.57 (1H, d)=7.57 Hz) 7.46 (1H, ddI=8.20, 2.21 Hz) 7.16 - 7.26 (3H, m) 6.94
(1H, d,J=7.57 Hz) 6.49 (2H, br. s.) 2.81 (3H, s) 2.33 (3H,MSmM/z439.2 [M+H]

195

5-fluoro-N-(3-methoxyphenyl)-2-(2-methyl-1H-benzuhaizol-1-yl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonels) & ppm 8.42 (1H, br. s.) 8.13 - 8.18 (1H, m) 7.58 (diH
J=7.25 Hz) 7.40 (1H, tJ)=2.21 Hz) 7.16 - 7.32 (4H, m) 6.67 - 6.71 (1H, n§B(2H, br.
s.) 3.75 (3H, s) 2.82 (3H, s); MB/z365.2 [M+HT

199

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-netiphenyl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) § ppm 8.35 (1H, br. s.) 8.13 (1H, #8.20 Hz) 7.54 -

7.61 (3H, m) 7.12 - 7.24 (4H, m) 6.45 (2H, br.38 (3H, s) 2.33 (3H, s); M®/2349.2
[M+H]"

200

5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-1H-benzutaizol-1-yl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonals) & ppm 8.28 (1H, br. s.) 8.12 (1H, &8.20 Hz) 7.52 -
7.60 (3H, m) 7.12 - 7.24 (2H, m) 6.93 - 6.98 (2H,6W1 (2H, br. s.) 3.82 (3H, s) 2.76
(3H, s); MSm/z365.2 [M+H]

201

N-(4-chlorophenyl)-5-fluoro-2-(2-methyl-1H-benzinaizol-1-yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) § ppm 8.57 (1H, br. s.) 8.07 - 8.14 (1H, m) 7.73807
(2H, m) 7.58 (1H, dJ=6.94 Hz) 7.35 - 7.42 (2H, m) 7.15 - 7.26 (2H, n§&(2H, br. s.)
2.79 (3H, s); MSn/z369.2 [M+H]

202

4-{[6-amino-5-fluoro-2-(2-methyl-1H-benzimidazoly}pyrimidin-4-
yllamino}benzonitrile

'H NMR (500 MHz, Acetonals) & ppm 8.92 (1H, br. s.) 8.08 - 8.13 (1H, m) 7.97033
(2H, m) 7.71 - 7.77 (2H, m) 7.56 - 7.62 (1H, m)4/(2H, quind J=7.33, 7.33, 7.33, 7.33

1.58 Hz) 6.73 (2H, br. s.) 2.80 - 2.83 (3H, m); Ki&360.2 [M+H]
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203

N-(1,3-benzodioxol-5-yl)-5-fluoro-2-(2-methyl-1H-beimidazol-1-yl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonels) & ppm 8.33 (1H, br. s.) 8.15 (1H, #6.62 Hz) 7.56
(1H, d,J=7.25 Hz) 7.28 (1H, d]=2.21 Hz) 7.16 - 7.25 (2H, m) 7.09 (1H, dd8.51, 2.21
Hz) 6.85 (1H, d,J=8.51 Hz) 6.45 (2H, br. s.) 6.02 (2H, s) 2.79 (834,MSm/z379.2
[M+H]"

204

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-{tluoromethoxy)phenyl]pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.63 (1H, br. s.) 8.11 (1H, &7.57 Hz) 7.80 -
7.89 (2H, m) 7.57 (1H, dI=7.88 Hz) 7.31 - 7.38 (2H, m) 7.15 - 7.26 (2H, n§&HB(2H,
br.s.) 2.79 (3H, s); M&/z419.1 [M+HT

213

2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5ubro-N-(4-methylphenyl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.40 (1H, br. s.) 8.15 (1H, di;11.98, 7.88 Hz)
7.49 - 7.55 (2H, m) 7.44 (1H, dds10.72, 7.57 Hz) 7.21 (2H, d+8.20 Hz) 6.55 (2H, br.
s.) 2.79 (3H, s) 2.35 (3H, s); MB/z385.2 [M+HT

214

2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5ubro-N-(4-
methoxyphenyl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.30 (1H, br. s.) 8.12 (1H, di;11.98, 7.88 Hz)
7.46 - 7.51 (2H, m) 7.41 (1H, ddk10.72, 7.57 Hz) 6.93 - 6.98 (2H, m) 6.48 (2H,dy.
3.81 (3H, s) 2.75 (3H, s); M®/z401.3 [M+HT

215

N-(4-chlorophenyl)-2-(5,6-difluoro-2-methyl-1H-bdnadazol-1-yl)-5-fluoropyrimidine-
4,6-diamine
'H NMR (500 MHz, Acetonels) 5 ppm 8.61 (1H, br. s.) 8.15 (1H, di11.82, 7.72 Hz)

7.68 - 7.73 (2H, m) 7.38 - 7.50 (3 H, m) 6.66 (B¥,s.) 2.80 (3H, s); M&1/z405.2
[M+H] "

216

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-[2-(methgrethyl)-1H-benzimidazol-1-
yl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) 8 ppm 8.53 (1H, s) 8.13 - 8.17 (1H, m) 7.73 - 7.28,(

m) 7.64 - 7.69 (1H, m) 7.19 - 7.30 (4H, m) 6.82137(1H, m) 6.54 (2H, br. s.) 5.02 (2H
s) 3.28 (3H, s); MSn/z431.3 [M+H]

217

5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-y-(4-methylphenyl)pyrimidine-
4,6-diamine
'H NMR (500 MHz, Acetonels) § ppm 8.36 (1H, br. s.) 8.18 (1H, di6.78, 1.73 Hz)

7.66 (1H, dd;)=6.62, 1.89 Hz) 7.54 - 7.60 (2H, m) 7.17 - 7.30 (A1) 6.46 (2H, br. s.)
4.99 - 5.04 (2H, m) 3.28 (3H, s) 2.34 (3H, s); M&379.3 [M+H]
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218

5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-y-(4-methoxyphenyl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals)  ppm 8.31 (1H, br. s.) 8.14 - 8.19 (1H, m) 7.65 (iH,
J=6.78, 1.73 Hz) 7.53 - 7.59 (2H, m) 7.25 (2H, quilwlr.41, 7.41, 7.41, 7.41, 1.58 Hz)
6.93 - 6.99 (2H, m) 6.43 (2H, br. s.) 4.97 - 5.2 (m) 3.82 (3H, s); M#/2395.3
[M+H]"

219

N-(4-chlorophenyl)-5-fluoro-2-[2-(methoxymethyl)-1bknzimidazol-1-yl]pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.58 (1H, br. s.) 8.12 - 8.17 (1H, m) 7.73797
(2H, m) 7.65 - 7.70 (1H, m) 7.37 - 7.41 (2H, m)4/:-27.32 (2H, m) 6.58 (2H, br. s.) 5.03
(2H, s) 3.29 (3H, s); M&/2399.2 [M+H]

220

5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yN-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals)  ppm 8.83 (1H, br. s.) 8.11 - 8.18 (1H, m) 7.96038
(2H, m) 7.66 - 7.73 (3H, m) 7.25 - 7.33 (2H, m)&(8H, br. s.) 5.05 (2H, s) 3.29 (3H, S
MS m/z433.2 [M+H]

222

1-(4-amino-5-fluoro-6-{[4-(trifluoromethyl)phenylfaino}pyrimidin-2-yl)-2-methyl-1H-
benzimidazole-6-carbonitrile

'H NMR (500 MHz, Acetonels) & ppm 8.91 (1H, s) 8.63 (1H, &1.58 Hz) 7.92 - 7.99
(2H, m) 7.74 (3H, t)=8.51 Hz) 7.61 (1H, dd}=8.20, 1.58 Hz) 6.84 (2H, br. s.) 2.90 (3K
s); MSm/z428.3 [M+H]

223

1-(4-amino-6-{[4-(difluoromethoxy)phenyllamino}-3tforopyrimidin-2-yl)-2-methyl-
1H-benzimidazole-6-carbonitrile

'H NMR (500 MHz, Acetonels) & ppm 8.58 - 8.63 (2H, m) 7.68 - 7.75 (3H, m) 7.57 -
7.62 (1H, m) 7.22 - 7.27 (2H, m) 6.84 - 7.16 (1H,6v68 (2H, br. s.) 2.87 (3H, s); MS
m/z426.3 [M+H]

224

1-{4-amino-5-fluoro-6-[(4-methylphenyl)amino]pyrimin-2-yl}-2-methyl-1H-
benzimidazole-6-carbonitrile

'H NMR (500 MHz, Acetonels) & ppm 8.61 (1H, s) 8.42 (1H, br. s.) 7.71 (1HJ=B.20
Hz) 7.49 - 7.60 (3H, m) 7.24 (2H, 87.88 Hz) 6.58 (2H, br. s.) 2.87 (3H, s) 2.36 (3M,
MS m/z374.3 [M+H]

225

1-{4-amino-5-fluoro-6-[(4-methoxyphenyl)amino]pyridin-2-yl}-2-methyl-1H-
benzimidazole-6-carbonitrile

'H NMR (500 MHz, Acetonels) 5 ppm 8.62 (1H, s) 8.37 (1H, s) 7.71 (1H,Jd8.20 Hz)
7.49 - 7.60 (3H, m) 6.98 - 7.03 (2H, m) 6.57 (2H,%) 3.84 (3H, s) 2.84 (3H, s); Mz
390.3 [M+H]

226

1-(4-amino-6-{[4-(difluoromethoxy)phenyl]lamino}-3tforopyrimidin-2-yl)-2-methyl-
1H-benzimidazole-5-carbonitrile

'H NMR (500 MHz, Acetonals) & ppm 8.60 (1H, s) 8.28 (1H, dd8.51, 0.63 Hz) 8.00
(1H, dd,J=1.58, 0.63 Hz) 7.70 - 7.77 (2H, m) 7.55 (1H, &B.51, 1.58 Hz) 7.19 - 7.25

(2H, m) 6.98 (1H, tJ=75.00 Hz) 6.63 (2H, br. s.) 2.83 (3H, s); MB2426.3 [M+H]
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1-{4-amino-5-fluoro-6-[(4-methylphenyl)amino]pyrimin-2-yl}-2-methyl-1H-

227 | benzimidazole-5-carbonitrile
'H NMR (500 MHz, Acetonals) & ppm 8.42 (1H, br. s.) 8.31 (1H, s) 7.99 (1H, §07-
7.57 (3H, m) 7.20 (2H, dI=8.20 Hz) 6.55 (2H, br. s.) 2.83 (3H, s) 2.34 (3HMSm/z
374.3 [M+H]
1-{4-amino-5-fluoro-6-[(4-methoxyphenyl)amino]pyridin-2-yl}-2-methyl-1H-

228 | benzimidazole-5-carbonitrile
'H NMR (500 MHz, Acetonels) & ppm 8.33 - 8.39 (1H, m) 8.29 (1H,38.51 Hz) 7.98
(AH, s) 7.49 - 7.56 (3H, m) 6.95 - 7.00 (2H, m)16(8H, br. s.) 3.83 (3H, s) 2.81 (3H, s);
MS m/z390.4 [M+H]
1-(4-amino-5-fluoro-6-{[4-(trifluoromethyl)phenylfaino}pyrimidin-2-yl)-2-methyl-1H-

229 | benzimidazole-5-carbonitrile
'H NMR (500 MHz, Acetonels) & ppm 8.90 (1H, s) 8.28 (1H, #8.51 Hz) 8.02 (1H, s)
7.97 (2H, dJ=8.51 Hz) 7.71 (2H, dJ]=8.20 Hz) 7.58 (1H, dd}=8.51, 1.58 Hz) 6.78 (2H,
br. s.) 2.87 (3H, s); M&/z428.3 [M+H]
1-{4-amino-6-[(4-chlorophenyl)amino]-5-fluoropyriin-2-yl}-2-methyl-1H-

230 | benzimidazole-5-carbonitrile
'H NMR (500 MHz, Acetonls) 3 ppm 8.64 (1H, br. s.) 8.28 (1H, di8.51, 0.63 Hz)
8.01 (1H, dJ=1.58 Hz) 7.70 - 7.76 (2H, m) 7.57 (1H, Jd&8.51, 1.58 Hz) 7.36 - 7.43
(2H, m) 6.67 (2H, br. s.) 2.84 (3H, s); MiBz394.2 [M+HT
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methg-nitro-1H-benzimidazol-1-

231 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 9.02 (1H, dJ=2.84 Hz) 8.62 (1H, br. s.) 8.19
(1H, dd,J=8.83, 2.52 Hz) 7.71 - 7.77 (3H, m) 6.94 (1HJ-75.00 Hz) 6.68 (2H, s) 2.88
(3H, s); MSmM/z446.2 [M+H]
5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-4,6-

232 | diamine
'H NMR (500 MHz, Acetonels) 3 ppm 9.03 (1H, dJ=2.84 Hz) 8.45 (1H, br. s.) 8.18
(1H, dd,J=8.83, 2.21 Hz) 7.74 (1H, d78.83 Hz) 7.53 - 7.59 (2H, m) 7.18 (2H,J7.88
Hz) 6.61 (2H, br. s.) 2.87 (3H, s) 2.32 (3H, s); M&394.2 [M+HT
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-6-nitro-1benzimidazol-1-yl)pyrimidine-

233 | 4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 9.03 (1H, dJ=1.89 Hz) 8.38 (1H, br. s.) 8.17
(1H, dd,J=8.83, 2.21 Hz) 7.73 (1H, d78.83 Hz) 7.52 - 7.60 (2H, m) 6.92 - 6.99 (2H, 1
6.57 (2H, br. s.) 3.80 (3H, s) 2.54 (3H, s); Mi&Z410.2 [M+H]
5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1-yN-[4-

236 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) 5 ppm 9.04 (1H, dj=2.52 Hz) 8.90 (1H, br. s.) 8.21
(1H, dt,J=8.83, 1.42 Hz) 7.99 (2H, dd=8.35, 3.31 Hz) 7.77 (1H, d=8.83 Hz) 7.70

(2H, d,J=8.51 Hz) 6.83 (2H, br. s.) 2.92 (3H, S); MB2448.2 [M+H]

156



Name & Data

237

N-(4-chlorophenyl)-2-(4,6-difluoro-2-methyl-1H-banadazol-1-yl)-5-fluoropyrimidine-
4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.62 (1H, br. s.) 7.79 (1H, d10.25, 2.05 Hz)

7.69 - 7.74 (2H, m) 7.37 - 7.44 (2H, m) 6.92 (184,J=10.25, 2.21 Hz) 6.67 (2H, br. s.)
2.79 - 2.80 (3H, m); M®/z405.2 [M+H]

238

2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5ubro-N-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) § ppm 8.69 (1H, s) 7.75 - 7.85 (3H, m) 7.36 (2H, d,

J=8.20 Hz) 6.92 (1H, td}=10.25, 2.52 Hz) 6.69 (2H, br. s.) 2.79 (3H, s); M&456.1
[M+H] "

240

N-(1,3-benzodioxol-5-yl)-2-(4,6-difluoro-2-methyHtbenzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) 5 ppm 8.37 (1H, br. s.) 7.80 (1H, di9.46, 1.89 Hz)

7.20 (1H, dJ=2.21 Hz) 7.05 (1H, ddi=8.35, 2.05 Hz) 6.84 - 6.92 (2H, m) 6.55 (2H, br.

s.) 6.02 (2H, s) 2.79 (3H, s); MB/z416.2 [M+HT

241

2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5ubro-N-(4-methylphenyl)pyrimidine-
4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.41 (1H, br. s.) 7.80 (1H, di9.93, 2.36 Hz)

7.50 - 7.56 (2H, m) 7.20 (2H, 3:8.20 Hz) 6.90 (1H, td}=10.25, 2.52 Hz) 6.56 (2H, br.
S.) 2.79 (3H, s) 2.34 (3H, s); MB/2386.2 [M+H]

242

2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5ubro-N-(4-
methoxyphenyl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals)  ppm 8.34 (1H, br. s.) 7.76 - 7.83 (1H, m) 7.47557
(2H, m) 6.94 - 7.00 (2H, m) 6.89 (1H, t8510.25, 2.21 Hz) 6.52 (2H, br. s.) 3.82 (3H, S
2.76 (3H, s); MSn/z402.2 [M+H]

243

2-(5,7-difluoro-2-methyl-1H-benzimidazol-1-yl)-5ubro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.86 (1H, br. s.) 8.15 (1H, di:11.66, 7.88 Hz)
7.91-7.98 (2H, m) 7.72 (2H, @:8.51 Hz) 7.48 (1H, ddI=10.72, 7.57 Hz) 6.78 (2H, br
s.) 2.83 (3H, s); M®1/2439.3 [M+H]

244

5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1\-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals)  ppm 8.82 (1H, br. s.) 8.00 (2H, #8.51 Hz) 7.65 -
7.73 (3H, m) 7.45 (1H, dI=8.51 Hz) 6.83 - 6.89 (1H, m) 6.67 (2H, br. s.)43-8.69 (3H,
m) 2.78 (3H, s); MSn/z434.2 [M+H]

245

N-(4-chlorophenyl)-5-fluoro-2-(6-methoxy-2-methyHibenzimidazol-1-yl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonels) § ppm 8.57 (1H, br. s.) 7.74 - 7.79 (2H, m) 7.68 (diH
J=2.52 Hz) 7.44 (1H, dJ=8.51 Hz) 7.35 - 7.41 (2H, m) 6.85 (1H, d&8.83, 2.52 Hz)

6.57 (2H, br. s.) 3.69 (3H, s) 2.75 (3H, S); M%399.2 [M+H]
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246

5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1\-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) § ppm 8.64 (1H, s) 7.84 - 7.89 (2H, m) 7.69 (1H, d,
J=2.21 Hz) 7.44 (1H, dJ=8.83 Hz) 7.34 (2H, d]=8.20 Hz) 6.85 (1H, dd=8.51, 2.52
Hz) 6.58 (2H, br. s.) 3.68 (3H, s) 2.75 (3H, s); M&449.2 [M+H]

247

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(6-methox@methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) 8 ppm 8.52 (1H, s) 7.74 - 7.79 (2H, m) 7.69 (1H, d,

J=2.52 Hz) 7.43 (1H, dJ=8.51 Hz) 7.17 - 7.23 (2H, m) 6.81 - 7.12 (2H, n§3(2H, br.
s.) 3.69 (3H, s) 2.74 (3H, s); MB/z432.2 [M+H]

248

5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-14-(4-methylphenyl)pyrimidine-
4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.34 (1H, br, s) 7.70 (1H, 2.52 Hz) 7.56 -

7.60 (2H, m) 7.42 (1H, dI=8.83 Hz) 7.17 (2H, dJ=8.20 Hz) 6.83 (1H, dd}=8.83, 2.52
Hz) 6.45 (2H, br. s.) 3.65 (3H, s) 2.75 (3H, s)32(3H, s); MSM/2380.2 [M+H]

249

5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-(4-
methoxyphenyl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.27 (1H, br. s.) 7.70 (1H, &2.52 Hz) 7.54 -
7.60 (2H, m) 7.38 - 7.43 (1H, m) 6.92 - 6.97 (2H,6182 (1H, ddJ=8.51, 2.52 Hz) 6.41
(2H, br. s.) 3.82 (3H, s) 3.67 (3H, s) 2.72 (3HM$ M/z396.2 [M+HT

250

N-(1,3-benzodioxol-5-yl)-5-fluoro-2-(6-methoxy-2-thl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.32 (1H, br. s.) 7.71 (1H, &2.52 Hz) 7.42
(1H, d,J=8.51 Hz) 7.30 - 7.33 (1H, m) 7.09 (1H, d&8.35, 2.05 Hz) 6.81 - 6.87 (2H, m
6.44 (2H, br. s.) 6.01 (2H, s) 3.72 (3H, s) 2.7A,(8); MSmM/z409.2 [M+H]

254

5-fluoro-2-(2-methyl-5-nitro-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonals) & ppm 8.45 - 8.49 (1H, m) 8.44 (1H,31.89 Hz) 8.31
(1H, d,J=9.14 Hz) 8.11 (1H, ddI=8.98, 2.36 Hz) 7.54 - 7.57 (2H, m) 7.21 (2HJ=.20
Hz) 6.59 (2H, br. s.) 2.85 (3H, s) 2.34 (3H, s); M&394.2 [M+HT

255

5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-5-nitro-1benzimidazol-1-yl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.43 (1H, dJ=1.89 Hz) 8.40 (1H, br. s.) 8.30
(1H, d,J=9.14 Hz) 8.10 (1H, dd=8.99, 2.36 Hz) 7.52 - 7.57 (2H, m) 6.96 - 7.01 (&Y
6.55 (2H, br. s.) 3.83 (3H, s) 2.83 (3H, s); Mi&Z410.2 [M+H]

256

2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluotd«(4-methoxyphenyl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonels) 8 ppm 8.25 (1H, s) 7.53 - 7.59 (2H, m) 7.42 (1H, d,
J=1.58 Hz) 7.24 (1H, dJ=8.83 Hz) 6.93 - 6.99 (2H, m) 6.61 (1H, d&8.20, 2.21 Hz)

6.33 (2H, s) 4.30 (2H, br. s.) 3.81 (3H, S) 2.6@,(8); MSM/2380.3 [M+H]'

158

N—r



Name & Data

257

2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-N-[4-(tibromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) 5 ppm 8.48 (1H, br. s.) 7.75 - 7.82 (2H, m) 7.42 (dH
J=2.21 Hz) 7.25 (1H, dJ=8.20 Hz) 7.17 - 7.22 (2H, m) 6.96 (1HJ+75.00 Hz) 6.64
(1H, dd,J=8.51, 2.21 Hz) 6.44 (2H, br. s.) 4.36 (2H, s) 288, s); MSm/z416.2
[M+H]”

258

2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluotd«(4-methylphenyl)pyrimidine-4,6+
diamine

'H NMR (500 MHz, Acetonals) & ppm 8.15 (1H, br. s.) 7.39 - 7.46 (2H, m) 7.28 (dH
J=2.21 Hz) 7.09 (1H, d]J=8.20 Hz) 7.04 (2H, d]=8.20 Hz) 6.47 (1H, dd=8.51, 2.21
Hz) 6.22 (2H, br. s.) 4.16 (2H, s) 2.54 (3H, s)8(3H, s); MSM/z364.3 [M+H]

259

N-(4-chlorophenyl)-5-fluoro-2-(5-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonals) & ppm 8.60 (1H, br. s.) 8.13 (1H, di9.46, 5.04 Hz)
7.71-7.78 (2H, m) 7.36 - 7.43 (2H, m) 7.29 (1H, #9.30, 2.36 Hz) 6.99 (1H, td,
J=9.30, 2.52 Hz) 6.60 (2H, br. s.) 2.80 (3H, s); M&387.2 [M+H]

260

N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(5-fluoro-giethyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.76 (1H, br. s.) 8.13 (1H, di8.83, 5.04 Hz)
7.86 (1H, dd,JJ=11.98, 2.52 Hz) 7.54 - 7.59 (1H, m) 7.45 - 7.54,(fn) 7.30 (1H, dd,
J=9.30, 2.36 Hz) 7.02 (1H, td79.22, 2.68 Hz) 6.69 (2H, br. s.) 2.84 (3H, s); M&
405.2 [M+HT

261

N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(2-methyl-tblenzimidazol-1-yl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonals) & ppm 8.74 (1H, br. s.) 8.11 (1H, di7.57, 1.89 Hz)
7.90 (1H, dd,J=11.98, 2.52 Hz) 7.58 (2H, td=7.88, 2.21 Hz) 7.47 (1H, 3=8.67 Hz)
7.18 - 7.28 (2H, m) 6.65 (2H, br. s.) 2.82 (3H,MB M/z387.2 [M+H]

262

N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(6-fluoro-grethyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.77 (1H, br. s.) 7.93 (1H, di10.09, 2.21 Hz)
7.83 (1H, ddJ=11.82, 2.36 Hz) 7.53 - 7.59 (2H, m) 7.46 - 7.54,(n) 7.05 (1H, td,
J=9.14, 2.52 Hz) 6.72 (2H, br. s.) 2.82 (3H, s); M&405.2 [M+H]

270

2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-metiphenyl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 8.36 (1H, br. s.) 8.07 - 8.11 (1H, m) 7.54627

(3H, m) 7.15 - 7.24 (4H, m) 6.46 (2H, br. s.) 3(261, q,J=7.46 Hz) 2.33 (3H, s) 1.30 -
1.33 (3H, m); MSN/z363.3 [M+H]

271

2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-medkyphenyl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonels) & ppm 8.15 (1H, br. s.) 7.93 - 7.97 (1H, m) 7.39467
(3H, m) 6.99 - 7.10 (2H, m) 6.78 - 6.83 (2H, m)&(2H, s) 3.68 (3H, s) 3.10 (2H, q,
J=7.36 Hz) 1.14 - 1.17 (3H, m); M®/z379.3 [M+H]
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272

2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(ftuoromethoxy)phenyl]pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonals) 8 ppm 8.67 (1H, s) 8.04 - 8.10 (1H, m) 7.80 - 7.3M,(
m) 7.58 - 7.64 (1H, m) 7.33 (2H, 88.20 Hz) 7.14 - 7.26 (2H, m) 6.60 (2H, s) 3.26 (2
q,J=7.36 Hz) 1.31 - 1.34 (3H, m); M®/2433.2 [M+H]

273

N-(1,3-benzodioxol-5-yl)-2-(2-ethyl-1H-benzimidazblyl)-5-fluoropyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonels) & ppm 8.32 (1H, br. s.) 8.08 - 8.13 (1H, m) 7.58 (diH
J=7.57 Hz) 7.28 (1H, d}=1.89 Hz) 7.15 - 7.24 (2H, m) 7.07 (1H, dd8.67, 2.05 Hz)
6.85 (1H, d,J=8.51 Hz) 6.40 - 6.48 (2H, m) 6.01 (2H, s) 3.25 (A=7.57 Hz) 1.30 -
1.33 (3H, m); MSn/z393.2 [M+H]

274

N-(4-chlorophenyl)-2-(2-ethyl-1H-benzimidazol-1-@}luoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) § ppm 8.57 (1H, br. s.) 8.03 - 8.09 (1H, m) 7.72797
(2H, m) 7.60 (1H, dJ=7.57 Hz) 7.34 - 7.40 (2H, m) 7.16 - 7.26 (2H, n§&(2H, br. s.)
3.26 (2H, qJ=7.57 Hz) 1.33 (3H, t)=7.57 Hz); MSM/z383.4 [M+HT

275

N-(4-chloro-3-fluorophenyl)-2-(2-ethyl-1H-benzimiz@-1-yl)-5-fluoropyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonels) & ppm 8.75 (1H, br. s.) 8.06 (1H, 36.94 Hz) 7.90
(1H, dd,J=11.98, 2.52 Hz) 7.62 (1H, dd:6.94, 1.58 Hz) 7.54 - 7.58 (1H, m) 7.42 - 7.4
(1H, m) 7.18 - 7.29 (2H, m) 6.65 (2H, br. s.) 3(281, q,J=7.36 Hz) 1.36 (3H, 1)=7.41
Hz); MSm/z401.4 [M+HT

19

276

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NHmethylphenyl)pyrimidine-4,6-
diamine
'H NMR (500 MHz, Acetonels) & ppm 8.36 (1H, br. s.) 8.02 - 8.06 (1H, m) 7.61677

(2H, m) 7.46 - 7.53 (1H, m) 7.12 - 7.23 (4H, m)B(@H, br. s.) 3.01 - 3.10 (1H, m) 2.32

(3H, s) 1.16 - 1.21 (2H, m) 0.98 (2H, dig8.47, 3.38 Hz); MSn/z375.4 [M+H]

277

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NKmethoxyphenyl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetonels) & ppm 8.29 (1H, br. s.) 8.04 (1H, #8.83 Hz) 7.58 -
7.65 (2H, m) 7.46 - 7.51 (1H, m) 7.10 - 7.21 (2H,6189 - 6.96 (2H, m) 6.43 (2H, br. s.
3.81 (3H, s) 3.02 - 3.10 (1H, m) 1.13 - 1.18 (2H,01®6 (2H, dq,J=8.35, 3.42 Hz); MS
m/z391.3 [M+H]

278

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NH
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.65 (1H, s) 7.98 - 8.03 (1H, m) 7.87 - 728 (
m) 7.49 - 7.54 (1H, m) 7.31 (2H, 88.20 Hz) 7.12 - 7.24 (2H, m) 6.60 (2H, br. s.)&-9

3.05 (1H, m) 1.17 - 1.23 (2H, m) 0.95 - 1.02 (2H; MS m/z445.3 [M+H]
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279

N-(4-chlorophenyl)-2-(2-cyclopropyl-1H-benzimidazbiyl)-5-fluoropyrimidine-4,6-
diamine
'H NMR (500 MHz, Acetonels) 8 ppm 8.59 (1H, br. s.) 7.97 - 8.04 (1H, m) 7.80867

(2H, m) 7.47 - 7.55 (1H, m) 7.32 - 7.38 (2H, m)Z-17.23 (2H, m) 6.58 (2H, br. s.) 2.96

-3.05 (1H, m) 1.17 - 1.25 (2H, m) 0.97 - 1.04 (2h); MSm/z395.3 [M+H]

280

N-(4-chloro-3-fluorophenyl)-2-(2-cyclopropyl-1H-bemidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) § ppm 8.77 (1H, br. s.) 7.96 - 8.06 (2H, m) 7.60 (i,
J=7.88, 2.52 Hz) 7.53 (1H, d76.94 Hz) 7.45 (1H, 1}=8.67 Hz) 7.16 - 7.25 (2H, m) 6.6
(2H, br. s.) 2.96 - 3.03 (1H, m) 1.21 - 1.26 (25,02 - 1.07 (2H, m); M#&/z413.3
[M+H]"

[0¢]

281

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-4,61
diamine

1H NMR (500 MHz, Acetonels) 6 ppm 8.39 (1H, br. s.) 8.15 (1H, dd, J=8.51, 5.@3 H
7.53-7.58 (2H, m) 7.27 (1H, dd, J=9.62, 2.36 H4P (2H, d, J=8.20 Hz) 6.92 - 7.00
(1H, m) 6.51 (2H, br. s.) 2.79 (3H, s) 2.34 (3H,MB M/z367.3 [M+H]

282

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yWN-(4-methoxyphenyl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonels) § ppm 8.30 (1H, br. s.) 8.14 (1H, di9.30, 4.89 Hz)
7.51-7.58 (2H, m) 7.26 (1H, dd59.46, 2.52 Hz) 6.91 - 7.00 (3H, m) 6.44 (2H, by. s
3.83 (3H, s) 2.76 (3H, s); M®/z383.3 [M+HT

283

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) 5 ppm 8.66 (1H, s) 8.12 (1H, dd:8.67, 4.89 Hz) 7.80 1

7.86 (2H, m) 7.35 (2H, di=8.20 Hz) 7.29 (1H, dd}=8.83, 2.52 Hz) 6.97 (1H, td=9.30,
2.52 Hz) 6.62 (2H, s) 2.79 (3H, s); MSz437.3 [M+H]'

284

2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluoid{4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) & ppm 7.86 (2H, dJ=8.51 Hz) 7.53 (2H, d}=8.51 Hz)
7.28 (1H, dJ=2.21 Hz) 7.13 (1H, dJ]=8.51 Hz) 6.50 (1H, dd}=8.51, 2.21 Hz) 6.42 (2H,

br.s.) 4.26 (2H, s) 2.56 (3H, s) Mi§z418.3 [M+H]
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Example 11

5-fluoro-N-(4-methoxyphenyl)-2-(2-methylpyrazolopia]pyridin-3-yl)pyrimidine-4,6-
diamine (Cpd 239)

| J  Coome
| l}l*
© NH ko,
DMF
NaOH
Cl
F N
N\
Cl N

Stepl. To a mixture of 1-aminopyridinium iodide5® g, 43.2 mmol) and methyl
but-2-ynoate (5.2mL, 51.83 mmol) in DMF (50 mL)04€ was added ¥COs (11.94g, 86.4
mmol). The reaction mixture was warmed to roomgderature and stirred for 3 days until
UPLC showed complete conversion to product. Thetren mixture was partitioned
between water and EtOAc. The organic phase waseotrated, then MeOH (50 mL) and
NaOH (6 mL, 50% in kD) were added and the reaction mixture was heated@ for 1
hour. The MeOH was evaporated and the remainixgun@ was acidified with 1N HCI to
about pH 4. A crude 2-methylpyrazolo[1,5-a]pyreliB-carboxylic acid was isolated on a
filter and dried under vacuum, then dissolved inMig(50 mL) and CHGI(100 mL) and N-
iodosuccinimide (7.3g, 32.4 mmol) were added in potion. The reaction mixture was
stirred for 20 minutes at room temperature. Th®©Mevas evaporated and the remainder
was washed three times with an aqueous NagKotition. The organic phase was dried
over NaSQ,, the solvent was removed under reduced pressusigha crude product was
purified by silica gel chromatography to give 3-ee2-methylpyrazolo[1,5-a]pyridine (4.2 g,
38% for 3 steps) as an off-white solid.

'H NMR (500 MHz, Acetonels) 8 ppm 8.51 (dt, J = 6.8, 1.3 Hz, 1H), 7.41 (dt,8.8; 1.3

Hz, 1H), 7.31 (ddd, J = 8.8, 6.8, 1.3 Hz, 1H), 6@0 J = 6.8, 1.3 Hz, 1H), 2.42 (s, 3H); MS
m/z298.1 [M+HT.
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Step 2.  To a solution of 3-iodo-2-methylpyrazol&fa]pyridine (340 mg,1.32
mmol) in dry THF (10 mL) at 0°C was added an isggtmagnesium chloride lithium
chloride complex solution (iPrMgCI.LiCl) (1.5 mL,97 mL). The reaction mixture was
stirred at 0°C for 30 minutes and 4,6-dichloro4eflo-2-(methylsulfonyl)pyrimidine (484
mg, 1.97 mmol) in dry THF (20 mL) was added. Téaation mixture was stirred at 0°C for
1 hour, and the reaction was quenched with wakbe crude product was extracted with
CH.CI; three times. The combined organic extracts wexghed with brine, then dried over
NaSQy, concentrated, and triturated in N (10 mL). The resulting precipitate was
filtered and dried providing 3-(4,6-dichloro-5-fliapyrimidin-2-yl)-2-methylpyrazolo[1,5-
a]pyridine (270 mg, 68%) isolated as a tan solid.

'H NMR (500 MHz, DMSGQds) & ppm 8.79 (d, J = 6.9 Hz, 1H), 8.34 (d, J = 8.8 H4),

7.61 (ddd, J = 8.8, 6.9, 0.9 Hz, 1H), 7.13 (td,8% 1.1 Hz, 1H), 2.70 (s, 3H). M8/z
298.1 [M+H]".

Step 3.  3-(4,6-Dichloro-5-fluoropyrimidin-2-yl)-2-ethylpyrazolo[1,5-a]pyridine
(65 mg, 0.21 mmoland 4-methoxyaniline (52 mg, 0.42 mmol) were mixe&tOH (1 mL)
and heated in a sealed tube at 100°C until UPL@st@omplete conversion (3 hours).
After the starting materials were consumed, thetr@awas cooled to room temperature and
diluted with water (5 mL) to precipitate the protlu@he product was collected by filtration,
washed with water and subsequently washed withrfesxaThe crude product, without
drying, was dissolved in iPrOAc (2 mL), then satedeammonia in water (150.) was
added. The reaction mixture was heated at 100%Csemnled tube for 24 hours until UPLC
showed complete consumption of starting materatrude product was precipitated by
addition of water (10 mL), then filtered and pwediby chromatography on silica gel to
provide the title compound (26 mg, 34 % in two s)ep
'H NMR (500 MHz, Acetonels) 8 ppm 8.54 (dt, J = 8.9, 1.2 Hz, 1H), 8.47 (dt,6.%; 1.1
Hz, 1H), 7.93 (br. s., 1H), 7.59 (dd, J = 6.6, @2 2H), 7.21 (ddd, J = 9.0, 6.8, 0.9 Hz, 1H),

6.98 (dd, J = 6.6, 2.2 Hz, 2H), 6.87 (td, J = 6.8,Hz, 1H), 5.96 (br. s., 2H), 2.84 (s, 3H),
2.70 (s, 3H); MSn/z383.2 [M+HT.
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Additional compounds of Formula (I) or a form thafrdescribed herein may be

prepared according to the procedure of Exampleyldubstituting the appropriate starting

materials, reagents and reaction conditions.

N

Cpd Name & Data
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methypazolo[1,5-a]pyridin-3-

173 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.55 (dt, J = 8.9, 1.2 Hz, 1H), 8.49 (dt,6.$;
1.0 Hz, 1H), 8.20 (br. s., 1H), 7.76 - 7.81 (m, 2HRO0 - 7.27 (m, 3H), 6.98 (t, J=75H
1H) 6.89 (td, J = 6.9, 1.4 Hz, 1H), 6.08 (br. s) 2272 (s, 3H); MSn/z401.2 [M+H]
5-fluoro-2-(2-methylpyrazolo[1,5-a]pyridin-3-yl)-I-

177 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) & ppm 8.44 (dt, J = 9.1, 1.1 Hz, 1H), 8.37 (dt,68.%;
0.9 Hz, 1H), 8.39 (br. s., 1H), 7.87 (d, J = 8.5 B#4), 7.55 (d, J = 8.5 Hz, 2H), 7.13
(ddd, J =9.1, 6.7, 1.3 Hz, 1H), 6.77 (td, J = 6.8,Hz, 1H), 6.09 (br. s., 2H), 2.62 (s,
3H); MSm/z403.4 [M+HT
5-fluoro-2-[6-fluoro-2-(trifluoromethyl)imidazo[1;2]pyridin-3-yl]-N-[4-

178 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.76 - 8.81 (m, 1H), 8.70 (br. s., 1H), 7.81X=

8.5 Hz, 2H), 7.68 (dd, J = 10.1, 4.7 Hz, 1H), 7(d7J = 8.5 Hz, 2H), 7.45 (t, J = 9.8 Hz,

1H), 6.52 (br. s., 2H); M&/z475.3 [M+H]

SN

- J
HN® NT ™ NH,OH N NG
© oso

Cl
S f Aoy fNYOQ

Example 12

2-(2-cyclopropylpyrazolo[1,5-a]pyridin-3-yl)-N-[4d{fluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine (Cpd 180)

|
Mg'PrCI.LiCl, ’/ O ¢I” °N

THF

EtOH

cl NH2 NH,

K2003,
o. F DMF

T e
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Step 1. To a solution of cyclopropylacetylene (074vg, 9.82 mmol) in THF (5 mL)
at -78C was added an isopropylmagnesium chloride lithitnsoride complex solution (9.0
mL, 1.3 M in THF) dropwise. The mixture was warmedfC and stirred for 30 minutes.
To the mixture at -7& was added 4,6-dichloro-5-fluoro-2-(methylsulfgpyrimidine (4.80
g, 19.6 mmol), then the mixture was warmed¥0 @nd stirred for 1 hour. The mixture was
partitioned between ethyl acetate and water. Tharoc phase was washed with brine, dried
over MgSQ, then filtered and evaporated. The residual netesras separated by silica gel
column chromatography (eluting with 1:9 ethyl atetaexane) to afford 4,6-dichloro-2-
(cyclopropylethynyl)-5-fluoropyrimidine (1.17 g, 45.

'H NMR (500 MHz, Acetonals) & ppm 1.53 - 1.67 (m, 1H), 0.98 - 1.10 (m, 2H), 0-8394
(m, 2H); MSm/z231.1 (100) [M+H].

Step 2. A mixture of 4,6-dichloro-2-(cyclopropyighyl)-5-fluoropyrimidine (241.0
mg, 1.04 mmol) and 4-difluoromethoxy aniline (70m@, 4.45 mmol) in EtOH (2 mL) was
stirred at reflux for 1 hour. After cooling, thaxture was partitioned between ethyl acetate
and water. The organic phase was washed with,lmed over MgSQ then filtered and
evaporated. The residual material was separatadibg gel column chromatography
(eluting with 1:20 and 1:10 ethyl acetate-hexanedftord 6-chloro-2-(cyclopropylethynyl)-
N-(4-(difluoromethoxy)phenyl)-5-fluoropyrimidin-4raine (258.0 mg, 70%); M8)/z354.2
(100) [M+H]", 356.2 (40).

Step 3. To 6-chloro-2-(cyclopropylethynyH{4(difluoromethoxy)phenyl)-5-
fluoropyrimidin-4-amine was added DMSO (2 mL) andf®H (27%, 0.1 mL). The
reaction mixture was sealed and stirred aCdor 2 days. The reaction mixture was
partitioned between ethyl acetate and water. Tharac phase was washed with water (2 x
20 mL) and brine, dried over Mg3Qhen filtered and evaporated. The residual nateas
separated by silica gel column chromatographyifgutith 1:4 ethyl acetate-hexane) to
afford 2-(2-cyclopropylpyrazolo[1,5-a]pyridin-3-yN-[4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine (149.0 mg, 64%). M8z335.5 (80) [M+H], 336.2 (100).

Step 4. A mixture of 2-(2-cyclopropylpyrazolo[1afpyridin-3-yl)-N-[4-
(difluoromethoxy)phenyl]-5-fluoropyrimidine-4,6-di@ne (100.0 mg, 0.30 mmol),
pyridinium-1-ylazanide (74.0 mg, 0.30 mmol)®0; (43.0 mg, 0.31 mmol) and DMF (2
mL) was stirred at room temperature for 1 day, et at 86C for 1 day. The reaction

mixture was partitioned between ethyl acetate aatdm The organic phase was washed
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with water and brine, dried over Mgg@hen filtered and evaporated. The residual rnater
was separated by silica gel column chromatographwifg with 1:1
dichloromethane:hexane, then 1:3 ethyl acetatdahamethane) to afford the title
compound (32.0 mg, 28% yield): m.p. 53 - 55°C.

'H NMR (500 MHz, Acetonals) & ppm 8.55 (dJ) = 8.83 Hz, 1H), 8.41 (dl = 6.94 Hz, 1H).
8.20 (br. s., 1H), 7.63 - 7.91 (m, 2H), 7.21 (ddi¢,0.95, 6.78, 8.98 Hz, 1H), 7.17 (s

8.83 Hz, 2H), 6.80 — 7.10 (t, J = 75.00 Hz, 1H$66(dt,J = 1.26, 6.78 Hz, 1H), 6.10 (br. s.,
2H), 3.44 (m, 1H), 0.53 - 1.13 (m, 4H); Mi§z427.3 (100) [M+H], 428.3 (50).

Example 13
[3-(4-amino-6-{[4-(difluoromethoxy)phenyl]lamino}-8uoropyrimidin-2-yl)-5-
fluoropyrazolo[1,5-a]pyridin-2-yljmethanol (Cpd 181

=
F HO_*Z H
SN SO3NH, \ﬁ),NH K,COs
c— PACI,(ACN) |/ |/
_ 2 2 F N F
N XPhos, N - N O
EtsN,
LN OH DCM OH
Cl
s/ F
i=cl >N
\ |
NIS
/ >
7< Cl N)\S/\O
B I
CHCl3 imidazole, -
DCM ,
OTBS Mg'PrCI.LiCI, THF

Step 1. A mixture of 2-chloro-4-fluoropyridine (2.4, 16.65 mmol), prop-2-yn-
1-ol (1.86 g, 33.29 mmol), bis(acetonitrile)dictdpalladium(ll) (215.6 mg, 0.83 mmol) and
2-dicyclohexylphosphino‘2,6'-triisopropylbiphenyl (Xphos) (794.3 mg, 0.17 mmiol)
NMP (15 mL) was degassed by three cycles of vagqoumping and M purging, and then
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triethylamine (4.7 mL, 33.3 mmol) was added. Thetune was degassed and purged with
N>, then heated at 60°C overnight. The solution ezeded and poured into water (100 mL),
and the product was extracted with ethyl acetdd® (hL). The extract was dried over
MgSQO;, then filtered and concentrated under the redpcessure. The residual material was
separated by column chromatography (eluting with D0% dichloromethane-hexane) to
yield 3-(4-fluoropyridin-2-yl)prop-2-yn-1-ol as anil (2.40 g, 96%).

Step 2-4.  To a solution of 3-(4-fluoropyridin-2ytpp-2-yn-1-ol (820.0 mg, 5.43
mmol) in dichloromethane (10 mL) was added 2-[(avoky)sulfonyl]-1,3,5-
trimethylbenzene (1.5 g, 6.98 mmol) portion wis@dE. The resulting mixture was stirred
at ambient temperature for 2 days. The solvenbtweh under a blowing Nstream to give a
crude mixture. To the crude mixture in DMF (3 nias added BCO; (825.0 mg, 5.97
mmol) at 0°C. The resulting mixture was stirredam temperature for 24 hours, and then
partitioned between ethyl acetate and water. Toaroc phase was washed with water and
brine, dried over MgS@ then filtered and evaporated. The residual nateras used in the
next step without further purification.

A mixture of crude materiaN-iodosuccinimide (1.2 g, 5.33 mmol) in chlorofor®(
mL) was stirred at ambient temperature for 2 hoamsl, then partitioned between ethyl
acetate and water. The organic phase was wasliedvater and brine, dried over MgaO
then filtered and evaporated. The residual mdteqaa separated by silica gel column
chromatography (eluting with 1:1 dichloromethangdre, then 1% methanol in 1:4 ethyl
acetate:dichloromethane to afford (5-fluoro-3-iog@zolo[1,5-a]pyridin-2-yl)methanol as
an oil (1.4 g, 50%).

Step 5.  To a solution of (5-fluoro-3-iodopyrazol@-a]pyridin-2-yl)methanol
(500.0 mg, 1.71 mmol) in dichloromethane (3 mL) wdded imidazole (139.5 mg, 2.05
mmol), followed by tert-butyldimethylsilyl chloridg84.0 mg, 2.55 mmol) in
dichloromethane (5 mL) added dropwise at 0°C. fEselting mixture was stirred at ambient
temperature for 30 minutes, then filtered througlad of silica gel/selite, washing with
dichloromethane to provide 2tft-butyldimethylsilyloxy)methyl]-5-fluoro-3-
iodopyrazolo[1,5a]pyridine (470.0 mg, 72%).

Step 6.  To a solution of 2tfrt-butyldimethylsilyloxy)methyl]-5-fluoro-3-
iodopyrazolo[1,5a]pyridine (470.0 mg, 1.15 mmol) in THF (5 mL) wado@d an
isopropylmagnesium chloride lithium chloride compslution (1.07 mL, 1.3 M in THF) at
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-78°C dropwise. The mixture was warmed f€ @nd stirred for 30 minutes, and then 4,6-
dichloro-5-fluoro-2-(methylsulfonyl)pyrimidine (408g, 19.6 mmol) was added in one
portion at -78C. The mixture was stirrrd at 0°C for 1 hour ahelrt partitioned between
ethyl acetate and water. The organic phase walsadasith brine, dried over MgS(Qthen
filtered and evaporated. The residual material segarated by silica gel column
chromatography (eluting with 1:9 ethyl acetate:me3do afford 2-[{ert-
butyldimethylsilyloxy)methyl]-3-(4,6-dichloro-5-floropyrimidin-2-yl)-5-fluoropyrazolo[1,5-
ajpyridine (205.0 mg, 40%).

Steps 7-8. A mixture of 24rt-butyldimethylsilyloxy)methyl]-3-(4,6-dichloro-5-
fluoropyrimidin-2-yl)-5-fluoropyrazolo[1,%]pyridine (102.0 mg, 0.23 mmol), 4-
difluoromethoxy aniline (145.0 mg, 0.92 mmol) aniagmol (1 mL) was heated at®@D
overnight. After cooling, the mixture was pouratbiice-water to afford a solid. The solid
was collected by filtration, followed by washingtivivater and hexane. The solid was dried
under the vacuum to provide 2-[2€(t-butyldimethylsilyloxy)methyl]-5-fluoropyrazolo[1;5
a]pyridin-3-yl]-6-chloro-N-(4-difluoromethoxy)phenylp-fluoropyrimidin-4-amine (a
mixture of TBS protected and unprotected product).

To the dried solid was added DMSO (3 mL) and;8H (0.3 mL). The reaction
mixture was sealed and stirred at A@or 2 days. The mixture was partitioned between
ethyl acetate and water and the organic phase aslsasd with water (2 x 10 mL) and brine,
dried over MgS@Q then filtered and evaporated. The residual nateras separated by
silica gel column chromatography (eluting with %6methanol in dichloromethane) to
provide the title compound as a white solid (25d) &b % for two steps); m.p. 198 - 200°C.
'H NMR (500 MHz, Acetonals) & ppm 8.50 - 8.64 (m, 1H), 8.35 (s, 1H), 8.06 - 2]
1H), 7.64 (d,) = 8.83 Hz, 2H), 7.24 (d] = 8.83 Hz, 2H), 6.80 — 7.10 (t, J = 75.00 Hz, 1H),

6.86 - 6.93 (M, 1H), 6.23 - 6.41 (M, 2H), 5.4666(m, 1H), 4.68 - 4.83 (m, 2H): M8/z
435.2 (100) [M+H], 436.2 (20).
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Additional compounds of Formula (I) or a form thafrelescribed herein may be

prepared according to the procedure of Exampleyl8ubstituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-5-fluoropgizolo[1,5-a]pyridin-3-yl)-5-

186 | fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals)  ppm 8.54 (ddJ = 5.20, 7.41 Hz, 1H), 8.25 (dd =
2.68, 10.88 Hz, 1H), 8.18 (br. s., 1H), 7.71J¢, 9.14 Hz, 2H), 7.21 (d) = 9.14 Hz, 2H),
6.80 — 7.10 (t, J = 75.00 Hz, 1H), 6.76 - 6.88 {i), 6.14 (br. s., 2H), 3.24 (4= 7.57
Hz, 2H), 1.20 - 1.35 (m, 3H); m.p. 103-105 °C; M®z433.6 [M+H]
2-(2-ethyl-5-fluoropyrazolo[1,5-a]pyridin-3-yl)-Gtforo-N-[4-

187 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetonals) § ppm 8.53 - 8.59 (m, 1H), 8.50 (br. s., 1H), 8.88,(
= 2.68, 10.25 Hz, 1H), 7.93 (d= 8.51 Hz, 2H), 7.69 (dl = 8.51 Hz, 2H), 6.83 (df =
2.99, 7.33 Hz, 1H), 6.28 (br. s., 2H), 3.28Jq; 7.46 Hz, 2H), 1.28 (1 = 7.57 Hz, 3H);
m.p. 164-166 °C; M$1/z435.2 [M+HT
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-Buoropyrazolo[1,5-a]pyridin-3-yl)-

188 | 5-fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonals) & ppm 8.49 - 8.64 (m, 1H), 8.33 - 8.40 (m, 1H), 8:24
8.32 (m, 1H), 7.77 - 7.85 (m, 1H), 7.44 - 7.50 (H,), 7.29 - 7.38 (m, 1H), 6.80 — 7.10
J =75.00 Hz, 1H), 6.81 - 6.87 (m, 1H), 6.17 - 634 2H), 3.27 (dJ = 7.57 Hz, 2H),
1.28 (t,J = 7.57 Hz, 3H); m.p. 150-152 °C; MB/z452. [M+H]'

Example 14

5-fluoro-2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N4k(trifluoromethyl)phenyl]pyrimidine-

4,6-diamine (Cpd 169)

\M/

/
N 3 eq NaOMe,
MeOH

M
Q
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Step 1. To a solution of 2-methylimidazo[1,2-a]pymie-3-carboximidamide
pivaloate (250 mg, 0.905 mmol) and dimethyl 2-flioalonate (272 mg, 1.81 mmol) in
MeOH (5 mL) was added 30% NaOMe in MeOH (0.2 mIhe mixture was heated at 85°C
in a sealed tube for 72 hours until UPLC showedpmete consumption of the starting
material. The reaction mixture was concentratedkuneduced pressure, then diluted with
water (5 mL), and acidified with 1N HCI to about @H A tan precipitate was collected by
filtration giving 5-fluoro-2-(2-methylimidazo[1,2hayridin-3-yl)pyrimidine-4,6-diol. 5-
fluoro-2-(2-methylimidazo[1,2-a]pyridin-3-yl)pyrirdine-4,6-diol (180 mg, 76%). The
product (180 mg, 0.69 mmol) was mixed with phospearxychloride (3 mL) in a
microwave vial, then the vial was sealed and mienesd for 15 minutes at 150°C. The
reaction mixture was transferred into a 25 mL rebottom flask and concentrated under
reduced pressure. The remainder was redissolVetOAc (10 mL) and washed with an
agueous NaHCgsolution three times. The organic phase was dred NaSO,, then
filtered and evaporated to afford 3-(4,6-dichlorfitlropyrimidin-2-yl)-2-
methylimidazo[1,2-a]pyridine (164 mg, 80%) as dowlsolid.

'H NMR (500 MHz, DMSGds) & ppm 9.59 (dt, J = 6.9, 0.9 Hz, 1H), 7.77 (d, 1&18z,
1H), 7.62 (t, J = 7.9 Hz, 1H), 7.32 (t, J = 6.9 HK), 2.77 (s, 3H); M®/z298.1 [M+HT.
Step 2. 3-(4,6-Dichloro-5-fluoropyrimidin-2-yl)-2-ethylimidazo[1,2-a]pyridine

(50 mg, 0.168 mmolknd 4-trifluoromethyl aniline (54 mg, 0.336 mmokre mixed in

EtOH (2 mL) and heated in a sealed tube at 100t{CWRLC showed complete
consumption of the starting material (48 hourshe Teaction mixture was cooled to room
temperature and diluted with water (5 mL) to forqrecipitate. The product was collected
by filtration, then washed with hexanes. The crpluct, without drying, was dissolved in
CH3CN (2 mL), then saturated ammonia (4 mL) in wataswdded. The reaction mixture
was heated at 100°C in a sealed tube for 16 houisUPLC showed complete consumption
of starting material. A crude product was preeitgtl by addition of water (10 mL). The
precipitate was filtered, then washed with hexarabdried to yield the title compound (32

mg, 47 % over two steps) as a light tan solid.

'H NMR (500 MHz, Acetoneals) 5 ppm 9.76 (dt, J = 7.1, 1.0 Hz, 1H), 8.50 (bri#l), 7.85

(d, J = 8.5 Hz, 2H), 7.57 (d, J = 8.5 Hz, 2H), 7(d0J = 8.8 Hz, 1H), 7.19 (ddd, J = 8.5, 6.5,
1.8 Hz, 1H), 6.74 (td, J = 6.9, 1.3 Hz, 1H), 6.B7. €., 2H), 2.64 (s, 3H); M8/2403.3
[M+H]".
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Additional compounds of Formula (I) or a form thafrdescribed herein may be

prepared according to the procedure of Exampleylgubstituting the appropriate starting

materials, reagents and reaction conditions.

Cpd

Name & Data

170

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyhiidazo[1,2-a]pyridin-3-
yl)pyrimidine-4,6-diamine

MS m/z401.3 [M+HT

171

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22¢methylimidazo[1,2-a]pyridin-3-
yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSQdg) & ppm 9.83 (d, J = 6.9 Hz, 1H), 9.25 (br. s, 1H307(dd,
J=13.4, 2.0 Hz, 1H), 7.57 (d, J = 8.8 Hz, 1H347(d, J = 8.5 Hz, 1H), 7.31 - 7.39 (m,
2H), 7.18 (t, J = 73.1 Hz, 1H), 6.88 - 6.97 (m, 3BiB1 (s, 3H); MSn/z419.3 [M+H]

174

5-fluoro-N-[4-(trifluoromethyl)phenyl]-2-(2,6,8-tmethylimidazo[1,2-a]pyrazin-3-
yhpyrimidine-4,6-diamine

'H NMR (500 MHz, DMSQds) & ppm 9.48 (s, 1H), 9.39 (s, 1H), 7.83 Jd 8.51 Hz,
2H), 7.68 (dJ = 8.83 Hz, 2H), 7.11 (s, 2H), 2.75 (s, 3H), 2.323H), 2.55 (s, 3H);
m.p. 166-168 °C; M$n/z432.3 [M+HT

175

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2,6,8-methylimidazo[1,2-a]pyrazin-3-
yhpyrimidine-4,6-diamine
m.p. 141-143 °C; M$1/z430.4 [M+HT

176

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22(6,8-trimethylimidazo([1,2-
a]pyrazin-3-yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSQdg) & ppm 9.40 (s, 1H), 9.32 (s, 1H), 7.71 - 7.83 (m),TH40
-7.45 (m, 1H), 7.31 - 7.37 (m, 1H), 7.04- 7.32J(t 70.00 Hz, 1H), 7.07 (s, 2H), 2.74 (
3H), 2.72 (s, 3H), 2.38 (s, 3H); m.p. 140-141 °CS M/z448.4 [M+H]

251

N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methylimdazo[1,2-a]pyridin-3-yl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetonels) § ppm 9.88 - 10.04 (m, 1H), 8.33 - 8.46 (m, 1H)27.7
(d,J=8.83 Hz, 2H), 7.48 - 7.59 (m, 1H), 7.39 Jd&; 8.83 Hz, 2H), 7.27 - 7.34 (m, 1H),
6.34 - 6.45 (br., s, 2H), 2.73 (s, 3H); m.p. 226-22; MSm/z388.2 [M+H]

252

5-fluoro-2-(6-fluoro-2-methylimidazo[1,2-a]pyridiB-yl)-N-(4-
methoxyphenyl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetonels) 8 ppm 9.91 (ddJ = 2.52, 5.99 Hz, 1H), 8.10 (br. s., 1H
7.45-7.58 (dJ=8.83Hz,2H), 7.26 (d,= 1.89 Hz, 1H), 6.96 (d, = 8.83 Hz, 2H), 6.23
(br. s., 2H), 3.81 (s, 3H), 2.70 (s, 3H); m.p. ZB6 °C; MSmM/z384.2 [M+H]

253

5-fluoro-2-(6-fluoro-2-methylimidazo[1,2-a]pyridiB-yl)-N-(4-methylphenyl)pyrimidine-
4,6-diamine

m.p. 210-212 °C; M$1/2368.2 [M+H]

171
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Example 15

5-chloro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-fluoromethyl)phenyl]pyrimidine-4,6-

diamine (Cpd 166)
NH, NH,

\N . le)\/(
© o= QU

To a solution of 2-(2-methyl-1H-benzo[d]imidazolyl)-N4-(4-(trifluoromethyl)-

phenyl)pyrimidine-4,6-diamine (76 mg, 0.20 mmolDMF (1.5 mL) was added N-
chlorosuccinimide (29 mg, 0.22 mmol). The mixtwas stirred for 2 hours at room
temperature. Ice water (5 mL) and a saturated Na#0lution (2 mL) was added to the
mixture. The resulting precipitate was filteredised by water, and dried under nitrogen to
yield the title compound (77 mg, 92%) as an offielsolid.

'H NMR (500 MHz, Acetonals) & ppm 8.40 (1H, s) 7.95 - 8.00 (1H, m) 7.76 - 7.83,(m)
7.57 (2H, dJ=8.51 Hz) 7.40 - 7.45 (1H, m) 7.06 - 7.11 (1H, n9%- 7.04 (1H, m) 6.52 -
6.75 (2H, m) 2.68 (3H, s); MB/z419.1 [M+HT.

Additional compounds of Formula (I) or a form thafrdescribed herein may be

prepared according to the procedure of Exampleyldubstituting the appropriate starting
materials, reagents and reaction conditions.

Cpd Name & Data
5-chloro-2-(2-ethyl-1H-benzimidazol-1-yl)-N-[4-(fluoromethyl)phenyl]pyrimidine-4,6-
167 | diamine
'H NMR (500 MHz, Acetonels) § ppm 8.55 (1H, s) 8.07 - 8.12 (1H, m) 7.91 - 7.2 ,(
m) 7.71 (2H, d,J=8.51 Hz) 7.58 - 7.63 (1H, m) 7.13 - 7.26 (2H, n80B(2H, br. s.) 3.23
3.30 (2H, m) 1.31 (3H, 11=7.41 Hz); MSM/z433.2 [M+HT
5-chloro-N-[4-(difluoromethoxy)phenyl]-2-(2-ethyHtbenzimidazol-1-yl)pyrimidine-
168 | 4,6-diamine

'H NMR (500 MHz, Acetonels) 5 ppm 8.31 (1H, s) 8.09 - 8.13 (1H, m) 7.65 - 7.7H,(
m) 7.55 - 7.60 (1H, m) 7.13 - 7.25 (4H, m) 6.99 (1H=74.40 Hz) 6.68 (2H, br. s.) 3.1¢
- 3.25 (2H, m) 1.28 (3H, §=7.41 Hz): MSM/z431.2 [M+H]
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Biological Examples

The following biological examples demonstrate teefulness of the compounds

described herein to inhibit Bmi-1 function and reethe level of Bmi-1 protein.

Example 1
Sandwich ELISA Assay

Cell Seeding and Compound Treatment (Day 1):

HT-1080 cells were seeded at 8000 cells/welly(BPin 96-well tissue culture plates.
After the cells became adherent (3-4 hours), 2xtell stocks of test compounds in 80
DMEM containing 1% DMSO (final DMSO concentratiorasv0.5%) were added and the
plates were incubated at®®7under 5% C@for 40-48 hours.

ELISA Plate First Antibody Preparation (Day 2):

The First Antibody (Millipore Mouse, monoclonal tmouseBmi-1, clone F6, catalog
#05-637) diluted to 2g/mL in PBS was added (1@.) to each well of a Nunc MaxiSorp
96-well ELISA plate. The plate was covered witplate seal and allowed to stand overnight.
Cell Lysate Preparation (Day 3):

Fresh 1x Lysis buffer was prepared on the day®ftfsay as follows: 1 mM EDTA,
150 mM NacCl, 0.5% Triton-X 100, 10 mM NaF, 20 mM@ycerophosphate, 1 mM DTT
(in PBS, pH 7.2-7.4) and 1x HALT protease inhibitocktail (Pierce #78410).

The 1x Lysis Buffer (4@L) was added to each well and the plate was shiakes 10
minutes on an orbital shaker to allow cell lysiert diluent (1% BSA in PBS in 0.5% NP40)
(100uL) was added to each well.

A standard curve was prepared at the following Broencentrations: 8000, 4000,
2000, 1000, 500, 250, 125, 0 pg/mL The Bmi-1 Remoant Protein Standard (Novus
Biologicals PCGF4 Recombinant Protein (P01), cat&ié100000648-P01) used to prepare
the standard curve was stored at®&300n first thaw, the Bmi-1 Recombinant Protein
Standard was diluted to 1@/uL in Blocking Buffer (1% BSA in PBS; BSA: Fisher
Scientific Catalog #1600-100). Aliquots were takenl refrozen at —8G. The aliquots may
be kept at 2C and reused after first thaw, but only within #¥@eks. The Bmi-1
Recombinant Protein Standard contains a GST-fusigthat appears around 70 Kda on
Western Blot.
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ELISA Assay (Day 3):

The prepared ELISA plate was washed 3x with WasdifeB(0.05% Tween-20 in
PBS). The final wash was removed from the platéthe plate was blotted dry. Blocking
Buffer (300uL) (1% BSA in PBS) was added to each well. Theéegolegas covered with a
plate seal and incubated at room temperature famut. The blocked plate was washed 3x
with Wash Buffer, then the final wash was removed the plate was blotted dry. The
previously prepared samples and standards wera g@l@@uL/well) and the plate was
covered with a plate seal and incubated’@t@vernight.

ELISA Assay (Day 4):

The prepared ELISA plate was removed froi@ dncubated at room temperature for
30 minutes, then washed and blotted dry as preljiaescribed for Day 3. The Second
Antibody (Cell Signaling Rabbit anti-Bmi-1, Cat#33 diluted to 1:600 in Blocking Buffer
was added (10QL) to each well, except as needed for backgroumdrabwells. The plate
was covered with a plate seal and incubated fohds @t room temperature.

The ELISA plate was washed and blotted dry as ptesly described. The Third
Antibody (Cell Signaling HRP conjugated anti-rabigic (CellSignaling, Cat#:7074) diluted
to 1:300 in Blocking Buffer was added (10D) to each well, except as needed for
background control wells. The plate was incub&ed. hr at room temperature.

The plate was washed and blotted dry as previalesgribed, then prepared TMB
substrate (TMB substrate kit, Pierce catalog #33Q@Epared by mixing kit reagents 1:1)
(100uL) was added per well. The plate was incubate@@80 minutes at room
temperature in the dark, then Stop Solution (2 Nusig acid in water) (5Q.L) was added
per well. The plates were read at OD450 (experiateand OD570 (reference).

As shown in Table 1, test compounds described inéial Bmi-1 ELISA EG values
between > 0.1M to < 3 uM (one star), an E£g value between > 0.0iM to < 0.1 uM (two
stars), an E€g value between > 0.0QiIM to < 0.01uM (three stars) or an Egvalue of<
0.001uM (four stars).

Tablel
Cpd ECs Cpd ECs Cpd ECs Cpd ECs
1 o 72 o 143w 214 o
2 * 73 ** 144 *x 215 *
3 o 74 * 145w 216 o
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Cpd

ECso

Cpd ECso Cpd ECso Cpd ECs
4 ok 75 * 146~ **
5 * 76 ok 147 *
6 ok 77 ok 148 *
7 * 78 ok 149 ~ *
8 * 79 * 150  **
9 - 80 - 151
10 ok 81 o 152+
11 * 82 *x 153 *
12 o 83 ok 154 *
13 * 84 * 155 *
14 * 85 * 156 **
15 ok 86 * 157+
16 ok 87 * 158 *
17 * 88 *x 159 *
18 * 89 * 160 **
19 * % * 161 **
20 * 01 * 162 **
21 ok 92 *x 163 **
22 ok 93 *x 164  **
23 * %4 wx 165~ *
24 * 9%5 wx 166 *
25 * % * 167  **
26 * 97 *x 168 *
27 * 98 * 169 *
28 * 99 * 170 *
29 ok 100 * 171 *
30 * 101 * 172 *
31 ok 102 * 173 *
32 * 103 * 174 *
33 ok 104  * 175 *
34 ok 105 ** 176 *
35 * 106 ** 177 *
36 ok 107 = 178 *
37 ok 108 * 179
38 * 109  * 180 *
39 * 110  ** 181 **

175

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
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*kk

**

**

**

**

**

**

**

**

**

**

**

*k%k

**

*kk

**
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Cpd ECso Cpd ECso Cpd ECs
40 * 111 * 182 *
M * 112 = 183 **
42 ok 113 = 184
43 o 114 = 185 **
44 * 115 ** 186 *
45 * 116 ** 187 *
46 * 117 * 188 *
47 * 118 * 189 *
48 * 119  * 190 *
49 * 120  * 191 *
50 ok 121 192 *
51 * 122 * 193 *
52 * 123w 194 *
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Example 2

In Vitro Cancer Stem Cell Assay

The effect on inhibition of Bmi-1 function and redion in the level of Bmi-1 protein
by a compound of Formula (1) or a form thereof wested in thén vitro pediatric Baylor
Xenograft Derived (BXD) brain tumor model and inleérom primary patient cultures
(PPC).

Cells were grown under conditions to measure eteeral cell growth (such as in
fetal bovine serum (FBS) containing media in comieral tissue culture plates) or in
conditions specifically for cancer stem cell (C®®)wth (low serum, nonadherent plates) to
assess the effect of Bmi-1 inhibition and reductiothe level of Bmi-1 protein by a
compound of Formula (1) on these populations. déles were treated with a predetermined
dose range of Compound 109 at fixed time points avene period of from 24 hours to 13
days. The effect of inhibition on cell growth viitly was quantitated using conventional 2D
growth and neurosphere growth using a cell-courkin¢CCK) (supplied by Dojindo
Molecular Technologies, Inc.).

Figure 1 demonstrates the effect of Compound 1@9BXD GBM model where the
CSC population (as measured by number of neurospheras dose dependently reduced
over a period of 13 days in the presence of thedtzoncentrations of Compound 109.

Figure 2 demonstrates the effect of Compound 1@9BXD GBM model where the
CSC population (as measured by number of neurosgpheas universally reduced over a
period of 13 days in the presence of the statedesdrations of Compound 109.

Figure 3 demonstrates the effect of Compound 1@9timorosphere assay where
2000 PPC CSCs per well were cultured either un@dedard 2D tissue culture conditions
(with FBS) or conditions selective for CSC growdiitéchment-free, serum-free) for 13 days
in the presence of the stated concentrations ofgoomd 109. Both the monolayer and
neurosphere CSC populations were reduced as thik eésontacting the PPC CSCs with
Compound 109, representative of a compound of Flarhuor a form thereof, at
concentrations of 62.5 nm and 15.6 nm, respectively

Taken together, the data from Figures 1-3 demaestine preferential reduction of

cancer stem cell populations compared to geneligb@pulations as a result of inhibition of
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Bmi-1 function and reduction in the level of Bmpfotein by a compound of Formula (1) or

a form thereof.

Example 3

In Vivo Survival Assay

A glioblastoma animal model was developed in whi@Y-MG tumor cells were
injected intracranially into nu/nu mice and a tum@s allowed to become established over a
10 day period. The mice were dosed daily with elehiCompound 109 or temozolomide (a
standard-of-care agent), as indicated. The cortipan@sults for survival for each treatment
group (n = 10) from administration of vehicle, Cayapd 109 and temozolomide are shown
in Figure 4.

Figure 4 demonstrates the effect of daily dosinGofmpound 109 compared to
temozolomide, at the indicated dose levels, onigalrever a 40 day time period in an
orthotopic model of glioblastoma. Cells were inméad intracranially into nude mice and
dosing was begun 10 days later with either vehicampound 109 or temozolomide.
Compound 109 demonstrated extended survival oétheaor bearing mice over both
vehicle and temozolomide (p<0.0001).

The following publications are incorporated by refece into the present application for
any and all purposes to the same extent as ifiedohdual publication was fully set forth
herein:

1. M. J. Alkema, J. Wiegant, A. K. Raap, A. BerasM. van,Hum. Mol. Genet2, 1597
(1993).

Y. Haupt, M. L. Bath, A. W. Harris, J. M. Adan@ncogene, 3161-3164 (1993).
J. M. Adams, S. Corgancer Surv15, 119 (1992).

Y. Haupt, G. Barri, J. M. AdamBjol. Biol. Repl17, 17 (1992).

L. M. van, M. Frasch, E. Wientjens, A. BerNgiture353, 353 (1991).

L. M. vanet al, Cell 65, 737 (1991).

J. J. Jacobst al, Genes Dev13, 2678 (1999).

B. Scheijen, J. Jonkers, D. Acton, A. BethsYirol. 71, 9 (1997).

J. J. Jacobs, K. Kieboom, S. Marino, R. A. béBj L. M. vanNature397, 164
(1999).

10. P. R. Solomost al, Indian J. Med. Red.27, 52 (2008).
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S. Fadertt al, Cytokines Cell Mol. TheB, 159 (1999).

S. Fadertt al, Clin. Cancer Resb, 1855 (1999).

S. W. Bruggemaet al, Cancer Celll12, 328 (2007).

S. J. Kuerbitz, J. Malandro, N. CompitelloBSBaylin, J. R. GraffCell Growth
Differ. 10, 27 (1999).

S. Liuet al, Cancer Res66, 6063 (2006).

J. Wei, L. Zhai, J. Xu, H. Wand, Biol. Chem281, 22537 (2006).
M. Courel, L. Friesenhahn, J. A. LeBgy. Dyn.237, 1232 (2008).
D. F. Duker®t al, Am. J. Pathol164, 873 (2004).

F. M. Raaphordt al, Am. J. Pathol157, 709 (2000).

M. Sanchez-Beatt al, J. Pathol.204, 528 (2004).

S. Beat al, Blood 93, 4365 (1999).

M. S. Lindstrom, U. Klangby, K. G. WimaBncogen&0, 2171 (2001).
F. J. van Kemenads al, Blood97, 3896 (2001).

F. M. Raaphorst, C. J. Meijer, A. P. OG@ancer Res62, 618 (2002).
F. M. Raaphorgt al, Am. J. Pathol164, 533 (2004).

V. Fernandez, E. Hartmann, G. Ott, E. Campd&dsenwald]. Clin. Oncol.23, 6364
(2005).

B. T. Spike, K. F. Macleo&ell Cycle4, 42 (2005).

A. Duttonet al, Blood 109, 2597 (2007).

M. Chowdhunet al, Leukemia2l, 1116 (2007).

W. A. Diket al, Leukemial9, 1948 (2005).

M. Saweet al, Int. J. Hematol82, 42-47 (2005).

J. Yanget al, Proc. Natl. Acad. Sci. U. S. 14, 10494 (2007).
G. D. varet al, Exp. Hematol35, 1538 (2007).

J. C. van Galeet al, J. Clin. Pathol.60, 167 (2007).

R. Kuppers, U. Klein, M. L. Hansmann, K. Ragéy; N. Engl. J. Med341, 1520
(1999).

A. A. Alizadehet al, Nature403, 503 (2000).
C. P. Hanst al, Blood 103, 275 (2004).

W. P. de Boer, J. J. Oudejans, C. J. MeijdradkelmaBioinformatics.19, 2000
(2003).

S. Beat al, Cancer Rest1, 2409 (2001).

G. V. Glinsky, O. Berezovska, A. B. Glinskii,Clin. Investl15, 1503-1521 (2005).
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J. H. Liuet al, J. Surg. Oncol97, 267 (2008).

K. Miharaet al, Blood 107, 305 (2006).

L. B. Songet al, Cancer Res66, 6225 (2006).

H. Vekonyet al, J. Clin. Pathol.61, 744 (2008).

H. Wanget al, J. Cancer Res. Clin. Oncdl34, 535 (2008).

R. H. Breueet al, Neoplasia6, 736 (2004).

S. Vonlantheet al, Br. J. Cancei84, 1372 (2001).

S. K. Liet al, J. Biol. Chem(2008).

W. J. Guo, S. Datta, V. Band, G. P. Dirvql. Biol. Cell18, 536 (2007).
K. Nowaket al, Nucleic Acids Ref4, 1745 (2006).

H. Cuiet al, Am. J. Pathol170, 1370-1378 (2007).

G. P. Dimriet al, Cancer Res62, 4736 (2002).
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J. H. Kimet al, Cancer Lett203, 217 (2004).

J. H. Kimet al, Breast13, 383-388 (2004).
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N. Kozakowski, A. Soleiman, J. Pamnfeathol. Oncol. Red4, 9 (2008).
F. Zhang, L. Sui, T. XirExp. Oncol30, 70 (2008).

L. Liu, L. G. Andrews, T. O. TollefsbaQncogene5, 4370-4375 (2006).
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Wiederschaiet al.,2007,Mol Cell Biol. 27(13):4968-4967.
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Without regard to whether a document cited hereis 8pecifically and individually
indicated as being incorporated by reference,aldhents referred to herein are
incorporated by reference into the present appdiodor any and all purposes to the same

extent as if each individual reference was fulliyfeeth herein.

Although certain embodiments have been describeetail above, those having
ordinary skill in the art will clearly understantbht many modifications are possible in the
embodiments without departing from the teachingseabf. All such modifications are

intended to be encompassed within the scope afltias presented herein.
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What is claimed is:

1. A compound or a form thereof selected from ttwig consisting of:

N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-Qpyrimidin-4-amine
N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-(2-methylidazo[1,2-a]pyridin-3-yl)pyrimidin-4-amine
2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N-[4-(triflaromethyl)phenyl]pyrimidin-4-amine
N-(4-methoxyphenyl)-2-(2-methylimidazo[1,2-a]pymd8-yl)pyrimidin-4-amine
N-(4-chlorophenyl)-2-(2-methylimidazo[1,2-a]pyridBiyl)pyrimidin-4-amine
2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N-phenylpynidin-4-amine
2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N4-(trifluoromethyl)phenyl]pyrimidin-4-amine
N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyridin-3-yl]pyrimidin-4-amine
N-(4-methylphenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyridin-3-yl]pyrimidin-4-amine
N-(4-bromophenyl)-2-[2-(trifluoromethyl)imidazo[1-&pyridin-3-yl]pyrimidin-4-amine
N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyiimidazo[1,2-a]pyridin-3-yl]pyrimidin-4-
amine

N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazof2-a]pyridin-3-yl]pyrimidin-4-amine

2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine

2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine

N-(4-bromophenyl)-2-[6-chloro-2-(trifluoromethyl)iciazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine

2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(difluoromethoxy)phenyl]pyrimidin-4-amine

N-(4-chlorophenyl)-2-[6-chloro-2-(trifluoromethyijiidazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine

2-[2-methyl-6-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
N-(4-bromophenyl)-2-[2-methyl-6-(trifluoromethyl)inlazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine
N-(4-methylphenyl)-2-[2-methyl-6-(trifluoromethyljiidazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine
2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-(4-methylphenyl) pyrimidin-4-amine
2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridi 3-yl]-N-(4-methoxyphenyl)pyrimidin-4-amine
2-[5-chloro-1-methyl-2-(trifluoromethyl)-1H-indol-8l]-N-(4-methoxyphenyl)pyrimidin-4-amine
2-[5-chloro-1-methyl-2-(trifluoromethyl)-1H-indol-8l]-N-[4-(difluoromethoxy)phenyl]pyrimidin-
4-amine
N-(4-bromophenyl)-2-[5-chloro-1-methyl-2-(trifluoneethyl)-1H-indol-3-yl]pyrimidin-4-amine
N-(4-bromophenyl)-2-(6-fluoro-2-phenylimidazo[1, Begridin-3-yl)pyrimidin-4-amine
2-(6-fluoro-2-phenylimidazo[1,2-a]pyridin-3-yl)-Ndfmethylphenyl)pyrimidin-4-amine
N-(1,3-benzodioxol-5-yl)-2-[2-(trifluoromethyl)imako[1,2-a]pyridin-3-yl]pyrimidin-4-amine
N-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-[2-(trifluomethyl)imidazo[1,2-a]pyridin-3-yl]pyrimidin-
4-amine
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N-(6-methoxypyridin-3-yl)-2-[2-(trifluoromethyl)indazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine
N?, N%-dimethyl-N-{2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yfyrimidin-4-yl}pyridine-2,5-
diamine

2-[6-bromo-2-(trifluoromethyl)imidazo[1,2-a]pyridiB-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine

2-[6-bromo-2-(trifluoromethyl)imidazo[1,2-a]pyridiB-yl]-N-(4-methoxyphenyl)pyrimidin-4-
amine

N-(3-fluoro-4-methoxyphenyl)-2-[2-(trifluoromethythidazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine

N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethyi)idazo[1,2-a]pyridin-3-yl]pyrimidin-4-
amine

N-(3-chloro-4-methylphenyl)-2-[2-(trifluoromethyljiidazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine
N-(4-ethoxyphenyl)-2-[2-(trifluoromethyl)imidazo[2-a]pyridin-3-yl]pyrimidin-4-amine
N-[4-(propan-2-yl)phenyl]-2-[2-(trifluoromethyl)indiazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine
N-[4-(1H-pyrazol-1-yl)phenyl]-2-[2-(trifluoromethyimidazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine
N-(3-chloro-4-methoxyphenyl)-2-(2-methyHtbenzimidazol-1-yl)pyrimidin-4-amine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorontieyl)phenyl]pyrimidin-4-amine
N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethyl)H-benzimidazol-1-yl]pyrimidin-4-amine
5-fluoro-N-(4-methylphenyl)-2-[2-(trifluoromethyiidazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine
5-chloro-N-(4-methylphenyl)-2-[2-(trifluoromethyijiidazo[1,2-a]pyridin-3-yl]pyrimidin-4-amine
N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazof-a]pyrazin-3-yl]pyrimidin-4-amine
2-[2-(trifluoromethyl)imidazo[1,2-a]pyrazin-3-yl]-N4-(trifluoromethyl)phenyl]pyrimidin-4-amine
N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyrazin-3-yl]pyrimidin-4-amine
2-[6-methoxy-2-(trifluoromethyl)imidazo[1,2-a]pyiit3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
2-[6-methoxy-2-(trifluoromethyl)imidazo[1,2-a]pyiia 3-yl]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine
N-(4-methoxyphenyl)-2-[6-methoxy-2-(trifluoromethiyhidazo[1,2-a]pyridin-3-yl]pyrimidin-4-
amine

N-[4-(difluoromethoxy)phenyl]-2-[6-methoxy-2-(trilbromethyl)imidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
2-{[6-{[4-(difluoromethoxy)phenyllamino}-2-(2-methylH-benzimidazol-1-yl)pyrimidin-4-
yllamino}ethanol
N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyiimidazo[1,2-a]pyrazin-3-yl]pyrimidin-4-
amine
2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridi3-yl]-N-[4-(trifluoromethyl)phenyl]pyrimidin-
4-amine

N-[4-(difluoromethoxy)phenyl]-2-[6-fluoro-2-(triflaromethyl)imidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-[4-(trifluoromethyl)phenyl]-2-[2-(trifluoromethypyrazolo[1,5-a]pyridin-3-yl]pyrimidin-4-amine
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2-{[2-(2-methyl-1H-benzimidazol-1-yl)-6-{[4-(trifl@eromethyl)phenyllJamino}pyrimidin-4-
yllamino}ethanol

N*-(2-methoxyethyl)-2-(2-methyl-1H-benzimidazol-1-f-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

N*-[4-(difluoromethoxy)phenyl]-R-(2-methoxyethyl)-2-(2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)pyrazolbb-a]pyridin-3-yl]pyrimidin-4-amine
N-[4-(difluoromethoxy)phenyl]-2-(2-methyl-1H-benzidazol-1-yl)pyrimidin-4-amine
N-(4-methylphenyl)-2-[2-(trifluoromethyl)imidazo[2;a]pyrazin-3-yl]pyrimidin-4-amine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorontieyl)phenyl]pyrimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-{@rifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyiimidazo[1,2-a]pyridin-3-yl]pyrimidine-4,6-
diamine
2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(trifluoromethoxy)phenyl]-2-[2-(trifluorometH}imidazo[1,2-a]pyridin-3-yl]pyrimidine-4,6-
diamine
2-(6-fluoro-2-methylimidazo[1,2-a]pyridin-3-yl)-N4k(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methyhiidazo[1,2-a]pyridin-3-yl)pyrimidine-4,6-
diamine
N-[4-(trifluoromethyl)phenyl]-2-(1,3,5-trimethyl-14byrazol-4-yl)pyrimidine-4,6-diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-[4-{tiuoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methylH-benzimidazol-1-yl)pyrimidine-4,6-
diamine
2-(2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-(fituoromethyl)phenyl]pyrimidine-4,6-diamine

2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-{fBuoro-4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine

2-(2-cyclopropyl-6-fluoroimidazo[1,2-a]pyridin-3-yN-[4-(difluoromethoxy)-3-
fluorophenyl]pyrimidine-4,6-diamine

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(6-fluor@-methyl-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-Buoro-1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine

2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)-3-
fluorophenyl]pyrimidine-4,6-diamine
N-[4-(trifluoromethyl)phenyl]-2-(2,5,6-trimethyl-1#enzimidazol-1-yl)pyrimidine-4,6-diamine
N-[3-fluoro-4-(trifluoromethyl)phenyl]-2-(2-methyl-H-benzimidazol-1-yl)pyrimidine-4,6-diamine
2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-N-[4-(ttuoromethyl)phenyl]pyrimidine-4,6-diamine
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2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-NH(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
2-(2-cyclopropyl-5-fluoro-1H-benzimidazol-1-yl)-NH(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
[3-(4-amino-6-{[4-(trifluoromethyl)phenyl]amino}pymidin-2-yl)-6-fluoroimidazo[1,2-a]pyridin-
2-yllmethanol
2-(6-bromo-2-methyl-1H-benzimidazol-1-yl)-N-[4-flioromethyl)phenyl]pyrimidine-4,6-diamine
2-(2,6-dimethyl-1H-benzimidazol-1-yl)-N-[4-(trifluomethyl)phenyl]pyrimidine-4,6-diamine
2-(6-ethyl-2-methyl-1H-benzimidazol-1-yl)-N-[4-(fluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-{@rifluoromethyl)phenyl]pyrimidine-4,6-
diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-{fBuoro-4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine

2-{[2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-y§-{[4-
(trifluoromethyl)phenyl]lamino}pyrimidin-4-ylJaminogthanol
2-(6-ethenyl-2-methyl-1H-benzimidazol-1-yl)-N-[4riftuoromethyl)phenyl]pyrimidine-4,6-
diamine

2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-fluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-fluoro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-{tiuoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-two-4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-flioromethoxy)phenyl]pyrimidine-4,6-
diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-two-4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-tlioromethoxy)phenyl]pyrimidine-4,6-
diamine
2-(6-fluoro-2-methylimidazo[1,2-a]pyrimidin-3-yl)-f4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-difluro-2-methyl-1H-benzimidazol-1-
yh)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-miegl-1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine

2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-N-[4-
(difluoromethoxy)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
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2-(6-chloro-2-ethyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyllH-benzimidazol-1-yl)pyrimidine-4,6-
diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(ttuoromethyl)phenyl]pyrimidine-4,6-diamine
5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(6-fluor@-methyl-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-26tfluoro-2-methyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-25(fluoro-2-methyl-1H-benzimidazol-1-
yh)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(5-fluor@-methyl-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine

2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-y§-fluoro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yN-[4-(difluoromethoxy)-3-fluorophenyl]-5-
fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-5-fluoro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(imidazo[1,2-a]pyridin-3-yl)-N-[4-(trifluorometHyphenyl]pyrimidin-4-amine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22¢methyl-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-N#(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(diflutomethoxy)phenyl]-5-fluoropyrimidine-4,6-
diamine

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(difluomethoxy)-3-fluorophenyl]-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1H-benzidazol-1-yl)-5-fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethylH-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-
diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-difloro-2-methyl-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
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2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(4,6-difluro-2-methyl-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
2-(2-ethyl-4,6-difluoro-1H-benzimidazol-1-yl)-5-two-N-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl;8-difluoro-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(4,6-difluoro-2-mieyl-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-4,6-difluo-1H-benzimidazol-1-yl)-5-fluoropyrimidine-
4,6-diamine

N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-meyl-1H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
5-fluoro-2-(4-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(4-fluor@-methyl-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-24¢fluoro-2-methyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine
5-fluoro-2-(2-methyl-1H-imidazo[4,5-b]pyridin-1-yIN-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methylH-imidazo[4,5-b]pyridin-1-yl)pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22¢methyl-1H-imidazo[4,5-b]pyridin-1-
yl)pyrimidine-4,6-diamine

2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-%dbro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)-3-fluorophenyl]-5-
fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-NH(difluoromethoxy)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoroH-benzimidazol-1-yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-[2-(difluoromethy§-fluoro-1H-benzimidazol-1-yl]pyrimidine-
4,6-diamine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(methylsuifgl)phenyl]pyrimidine-4,6-diamine
2-[2-(1-methylcyclopropyl)-1H-benzimidazol-1-yl]-N(trifluoromethyl) phenyl]pyrimidine-4,6-
diamine
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N-[4-(difluoromethoxy)phenyl]-2-[2-(1-methylcycloppyl)-1H-benzimidazol-1-yl]pyrimidine-4,6-
diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(triftromethyl)phenyl]pyrimidine-4,6-diamine
2-[2-(methoxymethyl)-1H-benzimidazol-1-yl]-N-[4-{ffluoromethyl)phenyl]pyrimidine-4,6-
diamine
2-[2-(propan-2-yl)-1H-benzimidazol-1-yl]-N-[4-(ttdoromethyl)phenyl]pyrimidine-4,6-diamine
2-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-N-[44{fluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-N-[4-(trifluoromiyl)phenyl]pyrimidine-4,6-diamine
2-(2-methylpyrazolo[1,5-a]pyridin-3-yl)-N-[4-(triloromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridit-yl)-N-[4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1H-benzidazol-1-yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethylH-benzimidazol-1-yl)pyrimidine-4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-5-flucid-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-ftlioromethoxy)phenyl]-5-fluoropyrimidine-
4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-5-flucié-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-ftlioromethoxy)phenyl]-5-fluoropyrimidine-
4,6-diamine
2-(2-ethyl-5-fluoro-1H-benzimidazol-1-yl)-5-fluorl-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-5-fluoroH-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-
diamine
2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-5-fluor-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoroH-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-
diamine
5-chloro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-fluoromethyl)phenyl]pyrimidine-4,6-diamine
5-chloro-2-(2-ethyl-1H-benzimidazol-1-yl)-N-[4-(fluoromethyl)phenyl]pyrimidine-4,6-diamine
5-chloro-N-[4-(difluoromethoxy)phenyl]-2-(2-ethylHtbenzimidazol-1-yl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N4k(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methytiidazo[1,2-a]pyridin-3-yl)pyrimidine-4,6-
diamine

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22¢methylimidazo[1,2-a]pyridin-3-
yh)pyrimidine-4,6-diamine
5-methyl-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-fluoromethyl)phenyl]pyrimidine-4,6-diamine
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N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methypazolo[1,5-a]pyridin-3-yl)pyrimidine-4,6-
diamine
5-fluoro-N-[4-(trifluoromethyl)phenyl]-2-(2,6,8-tmethylimidazo[1,2-a]pyrazin-3-yl)pyrimidine-
4,6-diamine

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2,6,8-tmethylimidazo[1,2-a]pyrazin-3-yl)pyrimidine-
4,6-diamine

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-22(6,8-trimethylimidazo[1,2-a]pyrazin-3-
yl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methylpyrazolo[1,5-a]pyridin-3-yl)-IM-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine

5-fluoro-2-[6-fluoro-2-(trifluoromethyl)imidazo[1;a]pyridin-3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methoxyphenyl)pyrimidine-4,6-diamine

2-(2-cyclopropylpyrazolo[1,5-a]pyridin-3-yl)-N-[4d{fluoromethoxy)phenyl]-5-fluoropyrimidine-
4,6-diamine

[3-(4-amino-6-{[4-(difluoromethoxy)phenyl]lamino}-8uoropyrimidin-2-yl)-5-fluoropyrazolo[1,5-
a]pyridin-2-ylimethanol

2-[2-(methylsulfanyl)-1H-benzimidazol-1-yl]-N-[4+{fluoromethyl)phenyl]pyrimidine-4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-[6-(trifluoromethyl)pyridin-3-
yl]pyrimidine-4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methylphenyl) pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-4,6-diamine

N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-5-fluoropgzolo[1,5-a]pyridin-3-yl)-5-
fluoropyrimidine-4,6-diamine

2-(2-ethyl-5-fluoropyrazolo[1,5-a]pyridin-3-yl)-Gtforo-N-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-Buoropyrazolo[1,5-a]pyridin-3-yl)-5-
fluoropyrimidine-4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-(3-methoxyphenyl)pyrimidine-4,6-diamine
N-(3-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-(trifluoromethoxy)phenyl]pyrimidine-
4,6-diamine

4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl-1H-benzidazol-1-yl)pyrimidin-4-
yllamino}benzonitrile

methyl 4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl-14denzimidazol-1-yl)pyrimidin-4-
yllamino}benzoate

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-(3-netiphenyl)pyrimidine-4,6-diamine
5-fluoro-N-(3-methoxyphenyl)-2-(2-methyl-1H-benzukaizol-1-yl)pyrimidine-4,6-diamine
2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-methylphejgyrimidine-4,6-diamine
N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-Bpyrimidine-4,6-diamine
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N-[4-(dimethylamino)phenyl]-2-(2-methyl-1H-benzinaizol-1-yl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-ntetiphenyl)pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-1H-benziaizol-1-yl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(2-methyl-1H-benzinaigol-1-yl)pyrimidine-4,6-diamine
4-{[6-amino-5-fluoro-2-(2-methyl-1H-benzimidazoly)pyrimidin-4-yllamino}benzonitrile
N-(1,3-benzodioxol-5-yl)-5-fluoro-2-(2-methyl-1H-beimidazol-1-yl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-{fluoromethoxy)phenyl]pyrimidine-4,6-
diamine

N-(1,3-benzodioxol-5-yl)-2-(2-methyl-1H-benzimidaZbyl)pyrimidine-4,6-diamine
N-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-(2-methyHtbenzimidazol-1-yl)pyrimidine-4,6-diamine
N-(3-fluoro-4-methoxyphenyl)-2-(2-methyl-1H-benzuhazol-1-yl)pyrimidine-4,6-diamine
N-(6-methoxypyridin-3-yl)-2-(2-methyl-1H-benzimidalz1-yl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(2-methyl-1H-benzimidazol-yyrimidine-4,6-diamine
4-{[6-amino-2-(2-methyl-1H-benzimidazol-1-yl)pyriwin-4-yllamino}benzonitrile
2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-nitrophenglrimidine-4,6-diamine
N-(4-bromophenyl)-2-(2-methyl-1H-benzimidazol-1gyyimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5dibro-N-(4-methylphenyl)pyrimidine-4,6-
diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5dibro-N-(4-methoxyphenyl)pyrimidine-4,6-
diamine
N-(4-chlorophenyl)-2-(5,6-difluoro-2-methyl-1H-benadazol-1-yl)-5-fluoropyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-[2-(methgrethyl)-1H-benzimidazol-1-yl]pyrimidine-
4,6-diamine
5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yW-(4-methylphenyl)pyrimidine-4,6-diamine
5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yW-(4-methoxyphenyl)pyrimidine-4,6-
diamine
N-(4-chlorophenyl)-5-fluoro-2-[2-(methoxymethyl)-1bkenzimidazol-1-yl]pyrimidine-4,6-diamine
5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-y-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorontikoxy)phenyl]pyrimidine-4,6-diamine
1-(4-amino-5-fluoro-6-{[4-(trifluoromethyl)phenylfaino}pyrimidin-2-yl)-2-methyl-1H-
benzimidazole-6-carbonitrile
1-(4-amino-6-{[4-(difluoromethoxy)phenyllamino}-3tforopyrimidin-2-yl)-2-methyl-1H-
benzimidazole-6-carbonitrile
1-{4-amino-5-fluoro-6-[(4-methylphenyl)amino]pyrimin-2-yl}-2-methyl-1H-benzimidazole-6-
carbonitrile
1-{4-amino-5-fluoro-6-[(4-methoxyphenyl)amino]pyridin-2-yl}-2-methyl-1H-benzimidazole-6-
carbonitrile
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1-(4-amino-6-{[4-(difluoromethoxy)phenyllamino}-3tforopyrimidin-2-yl)-2-methyl-1H-
benzimidazole-5-carbonitrile

1-{4-amino-5-fluoro-6-[(4-methylphenyl)amino]pyrimin-2-yl}-2-methyl-1H-benzimidazole-5-
carbonitrile

1-{4-amino-5-fluoro-6-[(4-methoxyphenyl)amino]pyridin-2-yl}-2-methyl-1H-benzimidazole-5-
carbonitrile

1-(4-amino-5-fluoro-6-{[4-(trifluoromethyl)phenylfaino}pyrimidin-2-yl)-2-methyl-1H-
benzimidazole-5-carbonitrile

1-{4-amino-6-[(4-chlorophenyl)amino]-5-fluoropyriihin-2-yl}-2-methyl-1H-benzimidazole-5-
carbonitrile

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methy-nitro-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-6-nitro-1benzimidazol-1-yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-methyl-1H-benzidazol-1-yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-methylH-benzimidazol-1-yl)pyrimidine-4,6-
diamine
5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1-yN-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-(4-chlorophenyl)-2-(4,6-difluoro-2-methyl-1H-banrdazol-1-yl)-5-fluoropyrimidine-4,6-
diamine

2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methylpyrazolopia]pyridin-3-yl)pyrimidine-4,6-diamine
N-(1,3-benzodioxol-5-yl)-2-(4,6-difluoro-2-methyHtbenzimidazol-1-yl)-5-fluoropyrimidine-4,6-
diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5ubro-N-(4-methylphenyl)pyrimidine-4,6-
diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5dibro-N-(4-methoxyphenyl)pyrimidine-4,6-
diamine
2-(5,7-difluoro-2-methyl-1H-benzimidazol-1-yl)-5uibro-N-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine

5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol- I-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(6-methoxy-2-methyHibenzimidazol-1-yl)pyrimidine-4,6-
diamine

5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1l-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(6-methox@methyl-1H-benzimidazol-1-
yhpyrimidine-4,6-diamine
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5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-12\l-(4-methylphenyl)pyrimidine-4,6-
diamine
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-(4-methoxyphenyl)pyrimidine-4,6-
diamine
N-(1,3-benzodioxol-5-yl)-5-fluoro-2-(6-methoxy-2-thgl-1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine
N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methylimi&zo[1,2-a]pyridin-3-yl)pyrimidine-4,6-
diamine
5-fluoro-2-(6-fluoro-2-methylimidazo[1,2-a]pyridiB-yl)-N-(4-methoxyphenyl)pyrimidine-4,6-
diamine
5-fluoro-2-(6-fluoro-2-methylimidazo[1,2-a]pyridiB-yl)-N-(4-methylphenyl)pyrimidine-4,6-
diamine
5-fluoro-2-(2-methyl-5-nitro-1H-benzimidazol-1-yN-(4-methylphenyl)pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-5-nitro-1benzimidazol-1-yl)pyrimidine-4,6-diamine
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluot«(4-methoxyphenyl)pyrimidine-4,6-
diamine
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-N-[4-(dibromethoxy)phenyl]-5-fluoropyrimidine-
4,6-diamine
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluotd(4-methylphenyl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(5-fluoro-2-methyl-tblenzimidazol-1-yl)pyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(5-fluoro-grethyl-1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine
N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(2-methyl-tbBenzimidazol-1-yl)pyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(6-fluoro-giethyl-1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine

N-(4-chlorophenyl)-2-(6-fluoro-2-methyl-1H-benzinaizol-1-yl)pyrimidine-4,6-diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-ntetiphenyl)pyrimidine-4,6-diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-nteixyphenyl)pyrimidine-4,6-diamine
N-[4-(dimethylamino)phenyl]-2-(6-fluoro-2-methyl-thlenzimidazol-1-yl)pyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-2-(6-fluoro-2-methyl-tbenzimidazol-1-yl)pyrimidine-4,6-diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(3-ntstiphenyl)pyrimidine-4,6-diamine
N-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-(6-fluoro-thethyl-1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine

2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-metiphenyl)pyrimidine-4,6-diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-meikyphenyl)pyrimidine-4,6-diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(ftuoromethoxy)phenyl]pyrimidine-4,6-diamine
N-(1,3-benzodioxol-5-yl)-2-(2-ethyl-1H-benzimidazblyl)-5-fluoropyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(2-ethyl-1H-benzimidazol-1-8}fluoropyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-2-(2-ethyl-1H-benzimial-1-yl)-5-fluoropyrimidine-4,6-diamine
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2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NKmethylphenyl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-NKmethoxyphenyl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-N(trifluoromethoxy)phenyl]pyrimidine-4,6-
diamine
N-(4-chlorophenyl)-2-(2-cyclopropyl-1H-benzimidazbiyl)-5-fluoropyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-2-(2-cyclopropyl-1H-beimidazol-1-yl)-5-fluoropyrimidine-4,6-
diamine
5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methylphenyl) pyrimidine-4,6-diamine
5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-(4-methoxyphenyl)pyrimidine-4,6-diamine

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yN-[4-(trifluoromethoxy)phenyl]pyrimidine-
4,6-diamine, and,

2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluotd{4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine;
wherein the form of the compound is selected frosalg ester, hydrate, solvate, chelate,
clathrate, polymorph, isotopologue, stereoisonaemate, enantiomer, diastereomer

or tautomer thereof.

2. A method of inhibiting Bmi-1 function and redngithe level of Bmi-1 to treat a
cancer mediated by Bmi-1 in a subject in need tferemprising administering to
the subject an effective amount of the compounciaam 1.

3. The method of claim 2, further comprising cotitaxa cell having elevated Bmi-1
levels from the subject with an amount of the coomah wherein the cell is selected
from a cancer cell, tumor cell, cancer stem cetuanor stem cell, determining an
effective amount of the compound that inhibits Birfiinction in the cell and

subsequently administering the effective amournhefcompound to the subject.

4, The method of claim 3, wherein the effective antmf the compound determined to

inhibit Bmi-1 function in the contacted cell redsd@mi-1 levels in the contacted cell.

5. The method of claim 4, wherein the effective amaf the compound is in a range of

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

6. The method of claim 4, wherein the effective antmf the compound is in a range of

from about 0.1 ng to about 3500 mg.

7. The method of claim 2, comprising administetting compound in combination with

one or more additional agents selected from amiceaagents, anti-proliferative
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agents, chemotherapeutic agents, immunomodulag@mnyts, anti-angiogenic agents,
anti-inflammatory agents, alkylating agents, sisband non-steriodal anti-
inflammatory agents, pain relievers, leukotrientaganistsf32-agonists,
anticholinergic agents, hormonal agents, biologaggnts, tubulin binding agents,
glucocorticoids, corticosteroid agents, antibaateagents, antihistamines, anti-
malarial agents, anti-viral agents, antibiotics #ellike; and, optionally with

radiation therapy.

A use of the compound of claim 1 in the manufeecbf a medicament for inhibiting
Bmi-1 function and reducing the level of Bmi-1 teat a cancer mediated by Bmi-1
in a subject in need thereof comprising administgen effective amount of the

medicament to the subject.

A pharmaceutical composition for use in treatingancer mediated by Bmi-1
comprising an effective amount of the compoundlaiht 1 in admixture with a

pharmaceutically acceptable excipient.
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