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Substituted Reverse Pyrimidine Bmi-1 Inhibitors

INTRODUCTION
Substituted reverse pyrimidine compounds that inhibit the function of the B-cell
specific Moloney murine leukemia virus integration site 1 (Bmi-1) protein and reduce the
level thereof and methods of using such compounds to treat a cancer mediated by Bmi-1 are
described. More particularly, amine substituted reverse pyrimidine compounds that inhibit
Bmi-1 function and reduce the level of Bmi-1 are useful for treating a cancer mediated by

Bmi-1.

BACKGROUND

Bmi-1 was originally identified by its over-expression in various leukemias and
lymphomas. Subsequently, Bmi-1 has been shown to have oncogenic activity when
overexpressed in normal cells and to play a role in the maintenance of cancer stem cell
populations. Bmi-1 is elevated in many tumor types and is important in hematologic cancers
and many solid tumors, including brain cancers. Reduction of Bmi-1 levels in tumor cells by
siRNA causes apoptosis and/or cell senescence and increases susceptibility to cytotoxic
agents. Bmi-1 serves as the key regulatory component of the PRC1 complex (polycomb
repressive complex-1), but hasino enzymatic activity. Therefore, targeting Bmi-1 by

traditional drug discovery methods has been problematic.

Since Bmi-1 levels within cells are tightly regulated through both transcriptional and
post-transcriptional mechanisms, this regulation can be exploited to target this important
protein. Accordingly, there remains a need to provide compounds that inhibit Bmi-1 function

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

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

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

Ry

@

wherein X, Ry, Ry, R3 and Ry are as defined herein, including forms and pharmaceutical
5  compositions thereof, and methods of using such compounds, forms or compositions thereof

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

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 demonstrates the dose dependent reduction of a CSC population in a BXD
GBM model as the result of treatment with a compound of Formula (I), or a form thereof.
10 Figure 2 demonstrates the reduction of a CSC population in a BXD GBM model as
the result of treatment with a compound of Formula (I), or a form thereof.
Figure 3 demonstrates the reduction of monolayer and neurosphere CSC populations
in a tumorosphere assay as the result of contacting the cells with a compound of Formula (1),
or a form thereof. '
15 Figure 4 demonstrates the comparative effect on survival of mice treated with vehicle,
temozolomide or a compound of Formula (I), or a form thereof, in an orthotopic model of

glioblastoma.

DETAILED DESCRIPTION
Amine substituted reverse pyrimidine compounds for use in inhibiting Bmi-1 function
20  and reducing the level of Bmi-1 and in methods for treating a cancer mediated by Bmi-1 are
described.

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

R
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or a form thereof, wherein

R, is heteroaryl or heterocyclyl optionally substituted on a carbon atom ring member with
one, two, three or four Rs substituents, or on a nitrogen atom ring member with an
oxygen atom substituent to form an N-oxide;

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

R, is hydrogen, cyano, halo, hydroxyl, nitro, Cy.galkyl, hydroxyl-Ci.salkyl, C.salkoxy,
amino, Ci.galkyl-amino, (C;.salkyl),-amino, hydroxyl-amino,
hydroxyl-C;_salkyl-amino, C;.galkoxy-C;.salkyl-amino, Ci.galkyl-thio,
C).galkyl-carbonyl, C;.salkyl-carbonyl-amino, amino-carbonyl,
C1.galkyl-amino-carbonyl, (C-galkyl),-amino-carbonyl, amino-carbonyl-amino,
C).galkyl-amino-carbonyl-amino, (C,.galkyl);-amino-carbonyl-amino,
C;.galkoxy-carbonyl, C;_salkoxy-carbonyl-amino, amino-sulfonyl,
C,_galkyl-amino-sulfonyl, (C;-salkyl),-amino-sulfonyl, amino-sulfonyl-amino,
C1.salkyl-amino-sulfonyl-amino, (C;.salkyl),-amino-sulfonyl-amino, P(O)(R7);-amino
or heteroaryl, wherein heteroaryl is optionally substituted with one, two, three or four
Ci.galkyl substituents;

R3 is hydrogen, cyano, halo, C;.salkyl, amino, Cy.galkyl-amino or (Cisalkyl),~amino;

R4 is Cs.iscycloalkyl, aryl, heteroaryl or heterocyclyl, each optionally substituted with one,
two, three or four R¢ substituents;

Rs is independently selected from cyano, halo, hydroxyl, nitro, oxo, Cgalkyl,
cyano-Cy.galkyl, halo-C;_galkyl, hydroxyl-C.galkyl, C;.galkoxy, Ci.salkoxy-Ci.galkyl,
halo-C_salkoxy, Cy_galkenyl, C;salkoxy-Cs galkenyl, Cs.galkynyl,
Cl_galkoxy-Cz-galkynyl, carboxyl, amino, Cy_galkyl-amino, (C;.salkyl),-amino,
amino-C.galkyl, Ci_galkyl-amino-C;.salkyl, (Ci.galkyl);-amino-Cy_salkyl,
hydroxyl-C,_galkyl-amino, hydroxyl-C;_galkyl-amino-C_galkyl,
hydroxyl-C)_galkyl-amino-Cj_salkyl-amino, C,_salkyl-thio, C;salkyl-carbonyl,
C1.salkyl-carbonyl-amino, C; galkyl-carbonyl-oxy, Cy.salkyl-carbonyl-oxy-C;.salkyl,
C.salkoxy-carbonyl, C;_galkoxy-carbonyl-Ci.galkyl, Cy.galkoxy-carbonyl-amino,
C).galkyl-sulfonyl, C;_1scycloalkyl, aryl, aryl-C;_salkyl, aryl-amino,
aryl-C,_galky-amino, heteroaryl, heteroaryl-C.galkyl or heterocyclyl, wherein
C;.14cycloalkyl, aryl, heteroaryl or heterocyclyl and the aryl and heteroaryl portions of

aryl-C.galkyl, aryl-amino, aryl-C,_galky-amino and heteroaryl-C, galkyl are each

3
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optionally substituted with one, two, three or four halo, C1.galkyl, halo-C;_galkyl,
hydroxyl-C;.salkyl, Ci_galkoxy, halo-C,.galkoxy, hydroxyl-Cy.salkoxy or carboxyl

substituents;

R, is independently selected from cyano, halo, hydroxyl, nitro, Ci.galkyl, halo-C;.salkyl,
| hydroxyl-Cy.salkyl, Ci_galkoxy, halo-C,.galkoxy, C, salkenyl, C1.galkoxy-Cs.salkenyl,

C,.galkynyl, C; galkoxy-C,.galkynyl, carboxyl, formyl, formyl-oxy,
Ci.salkyl-carbonyl, halo-Cy_galkyl-carbonyl, C;.galkyl-thio, halo-C;.galkyl-thio, amino,
C1.salkyl-amino, (Cj.salkyl),-amino, Cy.galkyl-carbonyl, C_salkyl-carbonyl-oxy,
C.galkyl-carbonyl-oxy-Cj.galkyl, C.galkoxy-carbonyl, halo-C;.galkoxy-carbonyl,
C.salkoxy-carbonyl-Csalkyl, C 1.galkoxy-carbonyl-amino,
C).galkoxy-carbonyl-amino-C;.salkyl, amino-carbonyl, Cy_galkyl-amino-carbonyl,
(C1_salkyl),-amino-carbonyl, Ci-galkyl-carbonyl-amino,
C).galkyl-carbonyl-amino-C; salkyl, amino-C.salkyl, C;.salkyl-amino-C;.salkyl,
(C1.salkyl),-amino-C;.galkyl, amino-C; galkyl-amino,
C;.salkyl-amino-C,.galkyl-amino, (C1-galkyl),-amino-Cj_galkyl-amino,
hydroxyl-C,_salkyl-amino, hydroxyl-C;.salkyl-amino-C;_salkyl,
hydroxyl-C, salkyl-amino-C,_salkyl-amino, imino-C;.salkyl,
hydroxyl-imino-C;salkyl, C,.galkoxy-imino-Cy_salkyl, Ci_salkyl-sulfonyl,
halo-C;.salkyl-sulfonyl, amino-sulfonyl, C;.galkyl-amino-sulfonyl,
(C1-galkyl),-amino-sulfonyl, B(ORg)s, Cs.14cycloalkyl, heterocyclyl, aryl or heteroaryl,
wherein Cs_jscycloalkyl, heterocyclyl, aryl, and heteroaryl are each optionally

substituted with one, two, three or four halo or C.galkyl substituents;

R; is independently hydroxyl or (C;.galkoxy),, wherein n represents an integer from 1 to 5;

and,
Rg is independently hydrogen or Cj_galkyl.

Another embodiment includes a compound of Formula (I), wherein R} is optionally
substituted heteroaryl or heterocyclyl selected from 1H-pyrazolyl, 1H-imidazolyl, 1,2-
oxazolyl, pyridinyl, 1H-indolyl, 2H-indazolyl, 4.5,6,7-tetrahydro-2H-indazolyl, 1H-
benzimidazolyl, imidazo[2,1-b][1,3]thiazolyl, pyrazolo[1,5-alpyridinyl, pyrazolo[1,5-
c]pyrimidinyl, imidazo[1,2-a]pyridinyl, 5,6,7,8-tetrahydroimidazo[ 1,2-a]pyridinyl, 1H-
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imidazo[4,5-b]pyridinyl, 1H-imidazo[4,5-c]pyridinyl, 4,5,6,7-tetrahydro-3H-imidazo[4,5-
c]pyridinyl, imidazo[1,2-a]pyrazinyl, imidazo[1,2-a]pyrimidinyl, 7H-purinyl or quinolinyl.

Another embodiment includes a compound of Formula (1), wherein R, is optionally
substituted heteroaryl or heterocyclyl selected from 1H-pyrazolyl, 1H-imidazolyl, 1,2-
oxazolyl, pyridinyl, 1H-indolyl, 2H-indazolyl, 4,5,6,7-tetrahydro-2H-indazolyl, 1H-
benzimidazolyl, imidazo[2,1-b][1,3]thiazolyl, pyrazolo[1,5-a]pyridinyl,
imidazo[1,2-a]pyridinyl, 5,6,7,8-tetrahydroimidazo[1,2-a]pyridinyl, 1H-imidazo[4,5-
b]pyridinyl, 1H-imidazo[4,5-c]pyridinyl, 4,5,6,7-tetrahydro-3H-imidazo[4,5-c]pyridinyl,
imidazo[1,2-a]pyrazinyl, imidazo[1,2-a]pyrimidinyl, 7H-purinyl or quinolinyl.

Another embodiment includes a compound of Formula (I), wherein R, is optionally
substituted heteroaryl or heterocyclyl selected from 1H-pyrazol-4-yl, 1H-imidazol-1-yl,
1H-imidazol-5-yl, 1,2-oxazol-4-yl, 1,2-oxazol-5-yl, pyridin-4-yl, 1H-indol-1-yl, 1H-indol-3-
yl, 1H-indol-4-yl, 2H-indazol-3-yl, 4,5,6,7-tetrahydro-2H-indazol-3-yl, 1H-benzimidazol-1-
yl, imidazo[2,1-b][1,3]thiazol-5-yl, pyrazolo[1,5-a]pyridin-2-yl, pyrazolo[1,5-a]pyridin-3-yl,
pyrazolo[1,5-a]pyridin-7-yl, pyrazolo[1,5-c]pyrimidin-3-yl, imidazo[1,2-a]pyridin-2-yl,
imidazo[1,2-a]pyridin-3-yl, imidazo[1,2-a]pyridin-5-yl, 5,6,7,8-tetrahydroimidazo[1,2-
a]pyridin-3-yl, 1H-imidazo[4,5-b]pyridin-1-yl, 1H-imidazo[4,5-c]pyridin-1-y1, 4,5,6,7-
tetrahydro-3H-imidazo[4,5-c]pyridin-3-yl, imidazo[1,2-a]pyrazin-3-yl, imidazo[1,2-
a]pyrimidin-3-yl, 7H-purin-7-yl or quinolin-4-yl. “

Another embodiment includes a compound of Formula (1), wherein R, is optionally
substituted heteroaryl or heterocyclyl selected from 1H-pyrazol-4-yl, 1H-imidazol-1-yl,
1H-imidazol-5-yl, 1,2-oxazol-4-yl, 1,2-o0xazol-5-yl, pyﬁdin—4-y1, 1H-indol-1-yl1,
1H-indol-4-yl, 2H-indazol-3-yl, 4,5,6,7-tetrahydro-2H-indazol-3-yl, 1H-benzimidazol-1-yl,
imidazo[2,1-b][1,3]thiazol-5-yl, pyrazolo[1,5-a]pyridin-3-yl, pyrazolo[1,5-a]pyridin-7-yl,
imidazo[1,2-a]pyridin-3-yl, imidazo[1,2-a]pyridin-5-yl, 5,6,7,8-tetrahydroimidazo[1,2-
a]pyridin-3-yl, 1H-imidazo[4,5-b]pyridin-1-yl, 1H-imidazo[4,5-c]pyridin-1-y1, 4,5,6,7-
tetrahydro-3H-imidazo[4,5-c]pyridin-3-yl, imidazo[ 1,2-a]pyrazin-3-yl,
imidazo[1,2-a]pyrimidin-3-yl, 7H-purin-7-yl or quinolin-4-yl.

Another embodiment includes a compound of Formula (I), wherein R; is optionally
substituted heteroaryl or heterocyclyl selected from 1H-pyrazol-4-yl, 1H-imidazol-1-yl,
1H-imidazol-5-yl, 1,2-oxazol-4-yl, 1,2-oxazol-5-yl, pyridin-4-yl, 1H-indol-1-yl,

5
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1H-indol-4-yl, 2H-indazol-3-yl, 4,5,6,7-tetrahydro-2H-indazol-3-yl, 1H-benzimidazol-1-yl,
imidazo[2,1-b][1,3]thiazol-5-yl, pyrazolo[1 ,5-a]pyridin-3 -yl, pyrazolo[1,5-a]pyridin-7-yl,
imidazo[1,2-a]pyridin-3-yl, imidazo[1,2-a]pyridin-5-yl, 5,6,7,8-tetrahydroimidazo[1,2-
alpyridin-3-yl, 1H-imidazo[4,5-b]pyridin-1-yl, 1H-imidazo[4,5-c]pyridin-1-yl, 4,5,6,7-
tetrahydro-3H-imidazo[4,5-c]|pyridin-3-yl, 7H-purin-7-yl or quinolin-4-yl.

Another embodiment includes a compound of Formula (I), wherein R, is optionally
substituted heteroaryl selected from 1H-pyrazolyl, 1H-imidazolyl, 1,2-oxazolyl, pyridinyl,
1H-indolyl, 2H-indazolyl, 1H-benzimidazolyl, imidazo[2,1-b][1,3]thiazolyl,
pyrazolo[1,5-a]pyridinyl, pyrazolo[1,5-c]pyrimidinyl, imidazo[1,2-a]pyridinyl,
1H-imidazo[4,5-b]pyridinyl, 1H-imidazo[4,5-c]pyridinyl, imidazo[ 1,2-a]pyrazinyl,
imidazo[1,2-a]pyrimidinyl, 7H-purinyl or quinolinyl.

Another embodiment includes a compound of Formula (I), wherein R; is optionally
substituted heteroaryl selected from 1H-pyrazolyl, 1H-imidazolyl, 1,2-oxazolyl, pyridinyl,
1H-indolyl, 2H-indazolyl, 1H-benzimidazolyl, imidazo[2,1-b][1,3]thiazolyl,
pyrazolo[1,5-a]pyridinyl, imidazo[1,2-a]pyridinyl, 1H-imidazo[4,5-b]pyridinyl, 1H-
imidazo[4,5-c]pyridinyl, imidazo[1,2-alpyrazinyl, imidazo[1,2-a]pyrimidinyl, 7H-purinyl or

quinolinyl.

Another embodiment includes a compound of Formula (I), wherein R, is optionally
substituted heteroaryl selected from 1H-pyrazolyl, 1H-imidazolyl, 1,2-oxazolyl, pyridinyl,
1H-indolyl, 2H-indazolyl, 1H-benzimidazolyl, imidazo[2,1-b][1,3]thiazolyl,
pyrazolo[1,5-a]pyridinyl, imidazo[1,2-a]pyridinyl, 1H-imidazo[4,5-b]pyridinyl, 1H-
imidazo[4,5-c]pyridinyl, 7H-purinyl or quinolinyl.

Another embodiment includes a compound of Formula (I), wherein R, is optionally
substituted heteroaryl selected from 1H-pyrazolyl, 1H-indolyl, 1H-benzimidazolyl,
pyrazolo[1,5-a]pyridinyl, imidazo[1,2-a]pyridinyl, 1H-imidazo[4,5-b]pyridinyl,
imidazo[ 1,2-a]pyrazinyl or imidazo[1,2-a]pyrimidinyl.

Another embodiment includes a compound of Formula (I), wherein R is optionally

substituted heteroaryl selected from 1H-pyrazolyl, 1H-indolyl, 1H-benzimidazolyl,
pyrazolo[1,5-a]pyridinyl, imidazo[1,2-a]pyridinyl or 1H-imidazo[4,5-b]pyridinyl.
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Another embodiment includes a compound of Formula (1), wherein R; is optionally

substituted heteroaryl selected from imidazo[1,2-a]pyrazinyl or imidazo[1,2-a]pyrimidinyl.

Another embodiment includes a compound of Formula (I), wherein R is optionally

substituted imidazo[1,2-a]pyrazinyl.

Another embodiment includes a compound of Formula (I), wherein R, is optionally

substituted imidazo[1,2-a]pyrimidinyl.

Another embodiment includes a compound of Formula (I), wherein R; is optionally
substituted heteroaryl selected from 1H-pyrazol-4-yl, 1H-imidazol-1-yl, 1H-imidazol-5-yl,
1,2-0xazol-4-yl, 1,2-oxazol-5-yl, pyridin-4-yl, 1H-indol-1-yl, 1H-indol-3-yl, 1H-indol-4-yl,
2H-indazol-3-yl, 1H-benzimidazol-1-yl, imidazo[2,1-b][1,3]thiazol-5-yl,
pyrazolo[1,5-a]pyridin-2-yl, pyrazolo[1,5-a]pyridin-3-yl, pyrazolo[1,5-a]pyridin-7-yl,
pyrazolo[1,5-c]pyrimidin-3-yl, imidazo[ 1,2-a]pyridin-2-yl, imidazo[1,2-a]pyridin-3-yl,
imidazo[1,2-a]pyridin-5-yl, 1H-imidazo[4,5-b]pyridin-1-yl, 1H-imidazo[4,5-c]pyridin-1-yl,
imidazo[1,2-a]pyrazin-3-yl, imidazo[1,2-a]pyrimidin-3-yl, 7H-purin-7-yl or quinolin-4-yl.

Another embodiment includes a compound of Formula (I), wherein R; is optionally
substituted heteroaryl selected from 1H-pyrazol-4-yl, 1H-imidazol-1-yl, 1H-imidazol-5-yl,
1,2-0xazol-4-yl, 1,2-oxazol-5-yl, pyridin-4-yl, 1H-indol-1-yl, 1H-indol-4-yl, 2H-indazol-3-yl,
1H-benzimidazol-1-yl, imidazo[2,1-b][1,3]thiazol-5-yl, pyrazolo[1,5-a]pyridin-3-yl,
pyrazolo[1,5-a]pyridin-7-yl, imidazo[1,2-a]pyridin-3-yl, imidazo[1,2-a]pyridin-5-yl,
1H-imidazo[4,5-b]pyridin-1-yl, l'H—imidazo[4,5-c]pyridin-l-yl, imidazo[1,2-a]pyrazin-3-yl, =
imidazo[ 1,2-a]pyrimidin-3-yl, 7H-purin-7¥y1 or quinolin-4-yl. | |

Another embodiment includes a compound of Formula (I), wherein R, is optionally
substituted heteroaryl selected from 1H-pyrazol-4-yl, 1H-imidazol-1-yl, 1H-imidazol-5-yl,
1,2-oxazol-4-yl, 1,2-0xazol-5-yl, pyridin-4-yl, 1H-indol-1-yl, 1H-indol-4-yl, 2H-indazol-3-yl,
1H-benzimidazol-1-yl, imidazo[2,1-b][1,3]thiazol-5-yl, pyrazolo[ 1,5-a]pyridin-7-yl,
imidazo[1,2-a]pyridin-5-yl, 1H-imidazo[4,5-b]pyridin-1-yl, 1H-imidazo[4,5-c]pyridin-1-yl,
imidazo[1,2-a]pyrazin-3-yl, imidazo[ 1,2-a]pyrimidin-3-yl, 7H-purin-7-yl or quinolin-4-yl.

Another embodiment includes a compound of Formula (I), wherein R; is optionally
substituted heteroaryl selected from 1H-pyrazol-4-yl, 1H-indol-1-yl, 1H-indol-3-yl,
1H-indol-4-yl, 1H-benzimidazol-1-yl, pyrazolo[1,5-a]pyridin-2-yl, pyrazolo[1,5-a]pyridin-3-
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yl, pyrazolo[ 1,5-a]pyridin-7-yl, imidazo[1,2-a]pyridin-2-yl, imidazo[ 1 ,2-a]pyridin-3-yl,
imidazo[1,2-a]pyridin-5-yl, 1H-imidazo[4,5-b]pyridin-1-yl, imidazo[1 ,2-a]pyrazin-3-yl or
imidazo[1,2-a]pyrimidin-3-yl.

Another embodiment includes a compound of Formula (I), wherein R is optionally
substituted heteroaryl selected from 1H-pyrazol-4-yl, 1H-indol-3-yl, 1H-benzimidazol-1-yl,
pyrazolo[1,5-a]pyridin-2-yl, pyrazolo[1,5-a]pyridin-3-yl, imidazo[1 ,2-a]pyridin-2-yl,
imidazo[1,2-a]pyridin-3-yl, 1H-imidazo[4,5-b]pyridin-1-yl, imidazo[1,2-a]pyrazin-3-yl or
imidazo[1,2-a]pyrimidin-3-yl.

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

Another embodiment includes a compound of Formula (I), wherein R, is optionally

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

Another embodiment includes a compound of Formula (I), wherein R, is optionally
substituted imidazo[1,2-a]pyrimidin-3-yl.
Another embodiment includes a cdmpound of Formula (I), wherein R, is optionally

substituted heterocyclyl selected from 4,5,6,7-tetrahydro-2H-indazolyl, 5,6,7,8-
tetrahydr01m1dazo[1 2- a]pyrldmyl or 4,5,6,7-tetrahydro-3H- 1m1dazo[4 5- c]pyrldlnyl

~ Another embodlment 1nc1udes a compound of Formula (I), wherein R; is optlonally
substltuted heterocyclyl selected from 4,5,6,7-tetrahydro-2H-indazol-3-yl, 5,6,7,8-
tetrahydroimidazo(1,2-a]pyridin-3-yl or 4,5 ,6,7-tetrahydro-3H-imidazo[4,5-c]pyridin-3-yl.

Another embodiment includes a compound of Formula (I), wherein X is N.

Another embodiment includes a compound of Formula (I), wherein X is N substituted

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

Another embodiment includes a compound of Formula (I), wherein Rj is cyano, halo,
hydroxyl, nitro, C;salkyl, hydroxyl-Ci.salkyl, C;salkoxy, amino, C;.salkyl-amino,
(Cy_salkyl),-amino, hydroxyl-amino, hydroxyl-Ci salkyl-amino, Ci-galkoxy-C)_galkyl-amino,
C.galkyl-thio, C; galkyl-carbonyl, C).salkyl-carbonyl-amino, amino-carbonyl,
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C,galkyl-amino-carbonyl, (C,_salkyl),-amino-carbonyl, amino-carbonyl-amino,
C.salkyl-amino-carbonyl-amino, (C;salkyl),-amino-carbonyl-amino, C;.salkoxy-carbonyl,
C,.galkoxy-carbonyl-amino, amino-sulfonyl, C.galkyl-amino-sulfonyl,
(Cgalkyl),-amino-sulfonyl, amino-sulfonyl-amino, Cy_galkyl-amino-sulfonyl-amino,
(C)-galkyl);-amino-sulfonyl-amino, P(O)(R7),-amino or heteroaryl, wherein heteroaryl is

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

Another embodiment includes a compound of Formula (I), wherein R, is cyano, halo,
nitro, C.galkyl, hydroxyl-C.salkyl, C.galkoxy, amino, hydroxyl-amino,
hydroxyl-Cy.salkyl-amino, Cygalkoxy-Cj.galkyl-amino, C.galkyl-thio, amino-carbonyl,
amino-carbohyl—amino, C)-salkoxy-carbonyl-amino, amino-sulfonyl-amino or heteroaryl,

wherein heteroaryl is optionally substituted with one, two, three or four C;.galkyl substituents.

Another embodiment includes a compound of Formula (I), wherein R; is cyano, halo,
hydroxyl, nitro, C,_galkyl, hydroxyl-C.salkyl, Ci_salkoxy, amino, C;salkyl-amino,
(C1.galkyl);-amino, hydroxyl-amino, hydroxyl-C.salkyl-amino, Cj.galkoxy-C_salkyl-amino,
C,.galkyl-thio, Cy.galkyl-carbonyl, C;.galkyl-carbonyl-amino, amino-carbonyl,
C\.salkyl-amino-carbonyl, (C,.salkyl),-amino-carbonyl, amino-carbonyl-amino,
Cgalkyl-amino-carbonyl-amino, (C1-galkyl),-amino-carbonyl-amino, C;_galkoxy-carbonyl,
C1_galkoxy-carbohyl-amin(_), aniino-sulfonyl, C1;galky1-amino-sul_fonyl, |
(C1-salkyl);-amino-sulfonyl, amino-sulfonyl-amino, C;.salkyl-amino-sulfonyl-amino,

(C1_gallkyl)z-aminio-s‘ulfonyl-amino or P(O)(R7)-amino.

Another embodiment includes a compound of Formula (I), wherein R, is cyano, halo, -
nitro, Cy.galkyl, hydroxyl—Cl-galkyl,' Ci.salkoxy, amino, hydroxyl-amino, |
hydroxyl-C;_salkyl-amino, Cy.salkoxy-C).galkyl-amino, C,.galkyl-thio, amino-carbonyl,

amino-carbonyl-amino, C;_salkoxy-carbonyl-amino or amino-sulfonyl-amino.

Another embodiment includes a compound of Formula (I), wherein R, is heteroaryl,

wherein heteroaryl is optionally substituted with one, two, three or four C;_galkyl substituents.

Another embodiment includes a compound of Formula (I), wherein R, heteroaryl is

optionally substituted 1H-pyrrolyl.

Another embodiment includes a compound of Formula (I), wherein R, heteroaryl is

optionally substituted 1H-pyrrol-1-yl.
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Another embodiment includes a compound of Formula (I), wherein R3 is hydrogen.

Another embodiment includes a compound of Formula (I), wherein Rj is cyano, halo,

C.salkyl, amino, Cy_galkyl-amino or (C.galkyl);-amino.

Another embodiment includes a compound of Formula (I), wherein R3 is cyano, halo,

Cy.galkyl or amino.

Another embodiment includes a compound of Formula (I), wherein Ry is optionally
substituted Cs.14cycloalkyl selected from 2,3-dihydro-1H-indenyl; or, optionally substituted
aryl selected from phenyl or naphthyl; or, optionally substituted heteroaryl selected from 1,3-
thiazolyl, 1,2-oxazolyl, pyridinyl, pyrimidinyl, 1H-indolyl, benzofuranyl, benzooxazolyl, 1,3-
benzothiazolyl, quinolinyl or isoquinolinyl; or, optionally substituted heterocyclyl selected

from 1,3-benzodioxolyl or 2,3-dihydro-1,4-benzodioxinyl.

Another embodiment includes a compound of Formula (I), wherein Ry is optionally

substituted Cs.iscycloalkyl selected from 2,3-dihydro-1H-indenyl.

Another embodiment includes a compound of Formula (I), wherein Ry is optiohally

substituted Cs.j4cycloalkyl selected from 2,3-dihydro-1H-inden-2-yl.

Another embodiment includes a compound of Formula (I), wherein Ry is optionally

substituted aryl selected from phenyl or naphthyl.

Another embodiment includes a compound of Formula (I), wherein Ry is optionally

substituted heteroaryl selected from 1,3-thiazolyl, 1,2-oxazolyl, pyridinyl, pyrimidinyl, 1H- -

“indolyl, benzofuranyl, benzooxazolyl, 1,3-benzothiazolyl, quinolinyl or isoquinolinyl; or,

optionally substituted heterocyclyl selected from 1,3-benzodioxolyl or 2,3—dihydr0—l A4-

benzodioxinyl.

Another embodiment includes a compound of Formula (I), wherein R4 is optionally
substituted heteroaryl selected from 1,3-thiazol-2-yl, 1,2-oxazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyrimidin-5-yl, 1H-indol-5-yl, benzofuran-5-yl, benzooxazol-5-yl, 1,3-benzothiazol-2-yl,
quinolin-3-yl, quinolin-6-yl or isoquinolin-3-yl; or, optionally substituted heterocyclyl

selected from 1,3-benzodioxol-5-yl or 2,3-dihydro-1,4-benzodioxin-6-yl.

Another embodiment includes a compound of Formula (1), wherein R4 is optionally

substituted heteroaryl selected from 1,3-thiazolyl, 1,2-oxazolyl, pyridinyl, pyridinyl,
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pyrimidinyl, 1H-indolyl, benzofuranyl, benzooxazolyl, 1,3-benzothiazolyl, quinolinyl or

isoquinolinyl.

Another embodiment includes a compound of Formula (I), wherein Ry is optionally
substituted heteroaryl selected from 1,3-thiazol-2-yl, 1,2-oxazol-5-yl, pyridin-2-yl, pyridin-3-
yl, pyrimidin-5-yl, 1H-indol-5-yl, benzofuran-5-yl, benzooxazol-5-yl, 1,3-benzothiazol-2-yl,

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

Another embodiment includes a compound of Formula (I), wherein Ry is optionally

substituted heterocyclyl selected from 1,3-benzodioxolyl or 2,3-dihydro-1,4-benzodioxinyl.

Another embodiment includes a compound of Formula (I), wherein Ry is optionally
substituted heterocyclyl selected from 1,3-benzodioxol-5-yl or 2,3-dihydro-1,4-benzodioxin-
6-yl.

Another embodiment includes a compound of Formula (I), wherein Rs is
independently selected from cyano, halo, hydroxyl, nitro, Ci.salkyl, cyano-Cy.galkyl,
halo-C_galkyl, hydroxyl-C;_salkyl, C;.salkoxy, C;.salkoxy-Cy_salkyl, halo-Cj_galkoxy,
C,.galkenyl, Cy_galkoxy-C,.salkenyl, carboxyl, amino, C;_galkyl-amino,
C.salkyl-amino-C;.salkyl, hydroxyl-C; galkyl-amino, C,.galkyl-thio, Cy_galkyl-carbonyl,
C.salkyl-carbonyl-oxy-C;salkyl, Ci.salkoxy-carbonyl, Cy salkyl-sulfonyl, C3_14cyc10a1ky1,
aryl-Cygalkyl, aryl-émino, aryl-Cl_galky-amino, heteroéryl or heteroaryl-Cy.galkyl, wherein
heteroaryl and the aryl and heteroaryi portions of aryI-Cl-galkyl, aryl-aminb,
aryl-C.galky-amino and heteroaryl-Cy_galkyl are each optionally substituted with one, two, .

three or four halo or halo—Cl-galkoxy substituents.

Another embodiment includes a compound of Formula (I), wherein Rs is
independently selected from cyano, halo, hydroxyl, nitro, oxo, Cy.galkyl, cyano-Ci.sgalkyl,
halo-Ci_galkyl, hydroxyl-C,.salkyl, Cysalkoxy, C).salkoxy-Cj_galkyl, halo-Cy.galkoxy,
C,galkenyl, C)salkoxy-C, salkenyl, Csalkynyl, C,.salkoxy-Cs_salkynyl, carboxyl, amino,
Cy.salkyl-amino, (C;.salkyl),-amino, amino-C, salkyl, C;salkyl-amino-Ci_galkyl,
(C1.salkyl),-amino-C.galkyl, hydroxyl-Cy_galkyl-amino, hydroxyl-C, galkyl-amino-Ci_salkyl,
hydroxyl-C salkyl-amino-C;_salkyl-amino, C)salkyl-thio, C).galkyl-carbonyl,
Cysalkyl-carbonyl-amino, Cj.galkyl-carbonyl-oxy, C,.galkyl-carbonyl-oxy-Ci.galkyl,

C, salkoxy-carbonyl, Cy_salkoxy-carbonyl-C salkyl, C;.galkoxy-carbonyl-amino or

C;.galkyl-sulfonyl.
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Another embodiment includes a compound of Formula (1), wherein Rs is
independently selected from cyano, halo, hydroxyl, nitro, Cy.galkyl, cyano-Cy_salkyl,
halo-C) galkyl, hydroxyl-C_salkyl, C;_galkoxy, C;.salkoxy-Ci.galkyl, halo-C;_galkoxy,
C,.galkenyl, C,salkoxy-C,.galkenyl, carboxyl, amino, C,.galkyl-amino,
C).galkyl-amino-C; galkyl, hydroxyl-C.galkyl-amino, C;_galkyl-thio, C;.galkyl-carbonyl,
Cy.salkyl-carbonyl-oxy-C;_salkyl, C;.salkoxy-carbonyl or C.galkyl-sulfonyl.

Another embodiment includes a compound of Formula (I), wherein Rs is
independently selected from optionally substituted Cs_iscycloalkyl selected from cyclopropyl
or cyclobutyl; or, aryl, aryl-Cy_galkyl, aryl-amino or aryl-C;_galky-amino optionally
substituted on aryl and the aryl portions, wherein aryl is selected from phenyl; and, wherein
the optional substituents on Cj.1scycloalkyl, aryl and the aryl portions are selected from one,
two, three or four halo, Cy_salkyl, halo-C;_salkyl, hydroxyl-C;_galkyl, C;_salkoxy,
halo-Cy_galkoxy, hydroxyl-C,.salkyl or carboxyl substituents; or, heteroaryl or
heteroaryl-C_galkyl optionally substituted on heteroaryl and the heteroaryl portion, wherein
heteroaryl is selected from tetrazolyl or pyridinyl; and, wherein the optional substituents on
heteroaryl and the heteroaryl portion are selected from one, two, three or four halo, C;.galkyl,
halo-Cy_salkyl, hydroxyl-C;. galkyl C,_salkoxy, halo-C;_galkoxy, hydroxyl-C;.salkyl or

carboxyl substituents.

Another embodiment includes a compound of Formula (I), wherein Rs is

independently Selected from optionally substituted C;. 14cyclealkyl selected from cyclopropyl
_or cyclobutyl; or, aryl C. galkyl aryl-amino or aryl Ci. galky~am1n0 optlonally substituted on

the aryl portions, wherein aryl is selected from phenyl; and, wherein the 0pt10na1 substituents
on Ci.jscycloalkyl and the aryl portions are selected from one, two, three or four halo or
halo-C,galkoxy substituents; or, heteroaryl or heteroaryl-C).salkyl optionally substituted on
heteroaryl and the heteroaryl portion, wherein heteroaryl is selected from tetrazolyl or
pyridinyl; and, wherein the optional substituents on heteroaryl and the heteroaryl portion are

selected from one, two, three or four halo or halo-C;_galkoxy substituents.

Another embodiment includes a compound of Formula (I), wherein Rs is
independently selected from optionally substituted Cs.jscycloalkyl selected from cyclopropyl
or cyclobutyl.
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Another embodiment includes a compound of Formula (I), wherein Rs is
independently selected from aryl, aryl-C;galkyl, aryl-amino or aryl-C;_salky-amino optionally
substituted on aryl and the aryl portions, wherein aryl is selected from phenyl; and, wherein
the optional substituents are selected from one, two, three or four halo, Cy_galkyl,
halo-C_galkyl, hydroxyl-C;_galkyl, Ci.salkoxy, halo-C;_galkoxy, hydroxyl-C,.salkyl or

carboxyl substituents.

Another embodiment includes a compound of Formula (I), wherein Rs is
independently selected from aryl-C;_galkyl, aryl-amino or aryl-C;.salky-amino optionally
substituted on the aryl portions, wherein aryl is selected from phenyl; and, wherein the
optional substituents are selected from one, two, three or four halo or halo-C_salkoxy

substituents.

Another embodiment includes a compound of Formula (I), wherein Rs is
independently selected from heteroaryl or heteroaryl-Ci_galkyl optionally substituted on
heteroaryl and the heteroaryl portion, wherein heteroaryl is selected from tetrazolyl or
pyridinyl; and, wherein the optional substituents are selected from one, two, three or four
halo, C;_galkyl, halo-C,_salkyl, hydroxyl-C;_salkyl, C;.salkoxy, halo-C;_galkoxy,
hydroxyl-Cj.galkyl or carboxyl substituents.

Another embodiment includes a compound of Formula (I), wherein Rs is
independently selected from heteroaryl or heteroaryl-Ci.salkyl optionally subsﬁtuted on-
heteroaryl and the heteroaryl portion, wherein heteroaryl is selected from tetrazolyl or
pyridinyl; and, Wheréin the optional sub'stitUents are selected from one, two, three or four

halo or halo-C;_galkoxy substituents.

Another embodiment includes a compound of Formula (I), wherein Rs is
independently selected from heteroaryl or heteroaryl-Ci_galkyl optionally substituted on
heteroaryl and the heteroaryl portion, wherein heteroaryl is selected from 2H-tetrazol-2-yl,
tetrazol-1-yl, pyridin-2-yl, pyridin-3-yl or pyridin-4-yl; and, wherein the optional substituents

are selected from one, two, three or four halo or halo-C)_galkoxy substituents.

Another embodiment includes a compound of Formula (I), wherein Rg 1s
independently selected from cyano, halo, hydroxyl, nitro, C,.galkyl, halo-C;_galkyl,
hydroxyl-C;_galkyl, C;_galkoxy, halo-C;_galkoxy, C;.galkenyl, Cy.galkynyl, formyl, formyl-

oxy, Ci.salkyl-carbonyl, halo-C,salkyl-carbonyl, C,_galkyl-thio, halo-C,_galkyl-thio, amino,
13
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C,.salkyl-carbonyl, C_galkoxy-carbonyl, amino-carbonyl, C,_alkyl-amino-carbonyl,
amino-C)salkyl, (C;.salkyl),-amino-C; salkyl-amino, hydroxyl-C;_salkyl-amino,
hydroxyl-imino-Cj_galkyl, C;_salkyl-sulfonyl, B(ORg)2, Cs.1scycloalkyl, heterocyclyl, aryl or
heteroaryl, wherein Cs.j4cycloalkyl, heterocyclyl, aryl and heteroaryl are each optionally

substituted with one, two, three or four halo or C;.galkyl substituents.

Another embodiment includes a compound of Formula (I), wherein R is
independently selected from cyano, halo, hydroxyl, nitro, C_galkyl, halo-Cysalkyl,
hydroxyl-C;.salkyl, C;salkoxy, halo-C;_galkoxy, Cy.salkenyl, C;.salkoxy-C, salkenyl,
C,.galkynyl, C;galkoxy-Cs galkynyl, carboxyl, formyl, formyl-oxy, C;_alkyl-carbonyl,
halo-C.galkyl-carbonyl, C;.salkyl-thio, halo-C;.galkyl-thio, amino, C.galkyl-amino,
(Ci-galkyl),-amino, C,_galkyl-carbonyl, C;_galkyl-carbonyl-oxy,
C1.galkyl-carbonyl-oxy-Ci_galkyl, C,_galkoxy-carbonyl, halo-C;.salkoxy-carbonyl,
C.galkoxy-carbonyl-C,_salkyl, C;_galkoxy-carbonyl-amino,
C,.galkoxy-carbonyl-amino-Cj salkyl, amino-carbonyl, C;.salkyl-amino-carbonyl,
(C.galkyl),-amino-carbonyl, C,_salkyl-carbonyl-amino, C;.galkyl-carbonyl-amino-C, salkyl,
amino-C_galkyl, C;salkyl-amino-C;_galkyl, (C;_galkyl),-amino-C.salkyl,
amino-Cj_galkyl-amino, C;_galkyl-amino-C;.galkyl-amino,
(Cl_ga_lkyl)z-amino-C1-ga1ky1-amin0, hydroxyl—Cl;galkyl-amino,
hydroxyl-C;_galkyl-amino-C; galkyl, hydroxyl-C;.salkyl-amino-C,_galkyl-amino,
imino—Cl_gvalkyl,_hydroxyl—fmino-C1_ga1ky1, C1_galkoxy-imino-Cl_galkyl, C,.salkyl-sulfonyl,
halo-C;.galkyl-sulfonyl, amino-sulfonyl, C1_'galkyl-amino-sﬁlfonyl, ‘ |

(C,galkyl);-amino-sulfonyl or B(ORg),.

Another embodiment includes a compound of Formula (I), wherein Re is
independently selected from cyano, halo, hydroxyl, nitro, C;galkyl, halo-C, salkyl,
hydroxyl-Cjsalkyl, C;_salkoxy, halo-C,_galkoxy, Cy.salkenyl, Cysalkynyl, formyl, formyl-
oxy, Cy.salkyl-carbonyl, halo-C,.salkyl-carbonyl, C.salkyl-thio, halo-C;_galkyl-thio, amino,
C,.galkyl-carbonyl, C;_galkoxy-carbonyl, amino-carbonyl, C.galkyl-amino-carbonyl,
amino-Cy galkyl, (Ci_salkyl);-amino-C, galkyl-amino, hydroxyl-C.salkyl-amino,
hydroxyl-imino-C, salkyl, C,_galkyl-sulfonyl, C;_galkyl-amino-sulfonyl or B(ORg),.

Another embodiment includes a compound of Formula (I), wherein Rg is

independently selected from Cs.jscycloalkyl, heterocyclyl, aryl or heteroaryl, wherein
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Cs.scycloalkyl, heterocyclyl, aryl and heteroaryl are each optionally substituted with one,

two, three or four halo or C;_galkyl substituents.

Another embodiment includes a compound of Formula (I), wherein R is
independently selected from Cs.j4cycloalkyl or heterocyclyl, wherein Cs j4cycloalkyl and

heterocyclyl are each optionally substituted with two Cy.galkyl substituents.

Another embodiment includes a compound of Formula (I), wherein R optionally
substituted Cs.j4cycloalkyl is selected from cyclopropyl; optionally substituted heterocyclyl is
selected from morpholinyl or 1,3,2-dioxaborolanyl; optionally substituted aryl is selected

from phenyl; or, optionally substituted heteroaryl is selected from 1H-pyrazolyl.

Another embodiment includes a compound of Formula (I), wherein R¢ optionally

substituted Cs.jscycloalkyl is selected from cyclopropyl.

Another embodiment includes a compound of Formula (I), wherein R¢ optionally

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

Another embodiment includes a compound of Formula (I), wherein R¢ optionally

substituted heterocyclyl is selected from morpholin-4-yl or 1,3,2-dioxaborolan-2-yl.

Another embodiment includes a compound of Formula (I), wherein R¢ optionally

substituted aryl is selected from phenyl.

. Another embodiment includes a compound of Formula (I), wherein R optionally

substituted heteroaryl is selected from 1H-pyrazolyl.

Another embodiment includes a compound of Formula (I), wherein R¢ optionally

substituted heteroaryl is selected from 1H-pyrazol-1-yl.
Another embodiment includes a compound of Formula (I), wherein Ry is hydroxyl.

Another embodiment includes a compound of Formula (I), wherein R 1s

(C).galkoxy),, wherein n representé an integer from 1 to 5.
Another embodiment includes a compound of Formula (I), wherein Rg is hydrogen.
Another embodiment includes a compound of Formula (), wherein Rg is Cygalkyl.

Another embodiment includes a compound of Formula (I) or a form thereof, wherein

the form of the compound of Formula (1) is selected from a free acid, free base, salt, ester,
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hydrate, solvate, chelate, clathrate, polymorph, isotopologue, stereoisomer, racemate,

enantiomer, diastercomer or tautomer thereof.

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

hydrate, solvate or polymorph thereof.

Another embodiment includes a compound of Formula (I) or a form thereof, wherein
the form of the compound of Formula (1) is selected from a salt, ester, hydrate, solvate,
chelate, clathrate, polymorph, isotopologue, stereoisomer, racemate, enantiomer,

diastereomer or tautomer thereof.

Another embodiment includes a compound of Formula (I) or a form thereof, wherein
the form of the compound of Formula (I) is selected from a free acid, free base, salt, hydrate

or polymorph thereof.

Another embodiment includes a compound of Formula (I) or a form thereof, wherein
the form of the compound of Formula (1) is selected from a free acid, free base, hydrate,

solvate or polymorph thereof.

Another embodiment includes a compound of Formula (I) or a form theréof, wherein
the form of the compound of Formula (I) is selected from a salt, hydrate, solvate or

polymorph thereof.

Another embodiment includes a compound of Formula (I) or a form thereof, wherein

the form of the compound of Formula (1) is selected from a free acid, free base or salt thereof.

Another embodiment includes a compound of Formula (I) or a form thereof, wherein

the form of the compound of Formula (1) is selected from a free acid or free base thereof.

Another embodiment includes a compound of Formula (I) or a form thereof, wherein

the form of the compound of Formula (I) is selected from a salt thereof.

Another embodiment includes a compound of Formula (I) or a form thereof, wherein

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

Another embodiment includes a compound of Formula (I) or a form thereof, wherein

the form of the compound of Formula (I) is pharmaceutically acceptable.
16
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Another embodiment includes a compound of Formula (I) or a form thereof, wherein
the form of the compound of Formula (1) is isolated.
Another embodiment includes a compound of Formula (1) or a form thereof, wherein

the compound is a compound of Formula (II), Formula (III) or Formula (IV):

R2 Re \N'R10 Rz
joﬁ“' Y L Y
R o7 R —
4\N N R 4~ //kR1 4~ N)\R
H H
Formula (I1), Formula (III) or Formula (IV)

5  or a form thereof, wherein

Ry and Ry are independently hydrogen, hydroxyl, Cy.galkyl, hydroxyl-Cisalkyl,
C1.salkoxy-Cigalkyl, C; galkyl-carbonyl, amino-carbonyl, Cy.galkyl-amino-carbonyl,
(C)salkyl),-amino-carbonyl, Cy_salkoxy-carbonyl, amino-sulfonyl,

Ci.salkyl-amino-sulfonyl, (C,.galkyl),-amino-sulfonyl or P(O)(R7),.

10 Another embodiment includes a compound of Formula (1IT), wherein one of Ry and
Ry is hydrogen and the other is hydroxyl, Cj_alkyl, hydroxyl-C;.salkyl, C).galkoxy-Cj_galkyl,
C.salkyl-carbonyl, amino-carbonyl, Cy_salkyl-amino-carbony, (Ci.salkyl),-amino-carbonyl,
C.galkoxy-carbonyl, amino-sulfonyl, Ci.salkyl-amino-sulfonyl, (C1-galkyl),-amino-sulfonyl

or P(O)(R7)2. .

15 Another embodiment includes a compound of Formula (I) or a form thereof, wherein

the compound is a compound of Formula (Ia), Formula (ITa), Formula (1I1a) or Formula

(IVa):
R, R, Ro~ R0 R,
fo R3fN Ras Sy Rs \N+/O-
R~y lN/*R1 Rasy IN//kR1 RN IN//kR1 Rasp |N//kR1
FI{11 ||q11 ll?ﬂ ll?ﬂ
Formula (1a), Formula (I1a), Formula (I1la) or Formula (IVa)

or a form thereof, wherein Ry, Rs, Ro, Ry or Ry are independently deuterium.
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Another embodiment includes a compound of Formula (I) or a form thereof selected

from the group consisting of:
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HN N/)\N SN d HN N/)\N N HNT N NN
O F
~ CF3 Cl Cl
277 278 279 280
NH NH NH
NH, g F 2

281 282 283, and 284;

wherein the form of the compound of Formula (I) is selected from a salt, ester, hydrate,

solvate, chelate, clathrate, polymorph, isotopologue, stereoisomer, racemate, enantiomer,

diastercomer or tautomer thereof.

Another embodiment includes a compound of Formula (I) or a form thereof selected

from the group consisting of:

Cpd

Nanie

10

N- (4—meth0xyphenyl) -2-(2-methyl-1H-benzimidazol- 1-y1)pyr1m1d1n-4 -amine

N-(2,3-dihydro-1,4- benzodioxin-6-yl)-2- (2-methyhm1dazo[1 2- a]pynd1n—3-
yDpyrimidin-4-amine

2-(2-methylimidazo[1,2-aJpyridin-3-yl)-N- [4-(trifluoromethyl)phenyl Jpyrimidin-4-
amine

N-(4-methoxyphenyl)-2-(2-methylimidazo[1 ,2-a]pyridin-3-yl)pyrimidin-4-amine
N-(4-chlorophenyl)-2-(2-methylimidazo[1,2-a] pyridin-3-yl)pyrimidin-4-amine
2-(2-methylimidazo[1 ,2-a]pyridin-3-yl)-N-phenylpyrimidin-4-amine
2-[2-(trifluoromethyl)imidazo 1,2-a]pyri din-3-yl]-N-{4-
(triﬂuoromethyl)phenyl]py1‘imidin-4-amine
N-(4-chlorophenyl)-2- [2-(trifluoromethyl)imidazo[1,2-a]pyridin-3 -yl]pyrimidin-4-
amine
N-(4-methylphenyl)-2- [2-(trifluoromethyl)imidazo[1,2-a]pyridin-3 -yl]pyrimidin-4-
amine
N—(4-bromophenyl)—2—[2-(triﬂuoromethyl)imidazo[1 ,2-a]pyridin-3-yl]pyrimidin-4-
amine
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11

12

13
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15

16

17

18

19

20

21

22

23

24

25
26
27

28

29

30

31

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

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

2-[6-chloro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-y1]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
2-[6-chloro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-y1]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine
N-(4-bromophenyl)-2-[6-chloro-2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-
yl]pyrimidin-4-amine

2-[6-chloro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-y1]-N-[4-
(difluoromethoxy)phenyl]pyrimidin-4-amine
N-(4-chlorophenyl)-2-[6-chloro-2~(trifluoromethyl)imidazo[1,2- a]pyridin-3-
yl)pyrimidin-4-amine

2-[2—methy1-6—(tnﬂuoromethyl)imidazo[1 ,2-a]pyridin-3-yl]-N-[4-
(triﬂuoromethyl)phenyl]pyrimidin-4-amine
N-(4-bromophenyl)-2-[2-methyl-6-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-(4-methylphenyl)-2-[2-methyl-6-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-
yl]pyrimidin-4-amine

2-[6-fluoro-2-(trifluoromethyl)imidazo[ 1,2-aJpyridin-3-yl]-N-(4-
methylphenyl)pyrimidin-4-amine

2-[6-fluoro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-yl]-N-(4-
methoxyphenyl)pyrimidin-4-amine

2-[5-chloro-1-methyl-2- (tnﬂuoromethyl) 1H-indol-3 yl]-N -(4-
methoxyphenyl)pyrimidin-4-amine '

2-[5-chloro-1-methyl-2- (tnﬂuoromethyl) 1H-indol-3 yl]-N [4—
(difluoromethoxy)phenylJpyrimidin-4-amine

N-(4-bromophenyl)-2-[5-chloro-1-methyl-2- (trifluoromethyl)-1H-indol-3- yl]pyrlmldln—
4-amine

N—(4—br0mopheny1)v-2—(6—ﬂuor0—2-pheny1imidazo[ 1,2-a]pyridin-3-yl)pyrimidin-4-amine

2-(6-fluoro-2-phenylimidazo[ 1 ,2-a]pyridin-3-y1)-N-(4-methylphenyl)pyrimidin-4-amine

N-(1,3-benzodioxol-5-y1)-2-[2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yljpyrimidin-
4-amine

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

N-(6-methoxypyridin-3-yl1)-2-[2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]pyrimidin-

4-amine

NZ,NQ—dimethyl—NS- {2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3 -yl]pyrimidin-4-
yl}pyridine-2,5-diamine
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32
33
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35
36
37
38

39
40
41

42

43

44

45

46 -

47

48

49

50

51

52

2-[6-bromo-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
2-[6-bromo-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-yl}-N-(4-
methoxyphenyl)pyrimidin-4-amine
N-(3-fluoro-4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-
yl]pyrimidin-4-amine ‘
N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-
yl]pyrimidin-4-amine

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

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

N-[4-(1H-pyrazol-1 yl)phenyl] -2-[2- (tr1ﬂu0r0methy1)1m1dazo[l 2- a]pyr1d1n—3—
yl)pyrimidin-4-amine
N-(3-chloro-4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidin-4-amine
2-(2-methyl-1H-benzimidazol-1-yl) ~N-[4-(trifluoromethyl)phenyl]pyrimidin-4-amine
N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethyl)-1H-benzimidazol-1-
yl]pyrimidin-4-amine

5-fluoro-N-(4- methylphenyl)-Z—[2-(triﬂuoromethyl)imidazo[1,2-a]pyridin-3—
yllpyrimidin-4-amine

5-chloro-N-(4-methylphenyl)-2-[2- (trlﬂuoromethyl)lmldazo[l 2-a]pyridin-3-
yljpyrimidin-4-amine

N- (4-meth0xypheny1) -2-[2-(trifluoromethyl)imidazo[1,2- a]pyrazm~3 yl]pynm1d1n—4-
amine

- 2-[2- (trlﬂuoromethyl)lmldazo[l 2-ajpyrazin-3-yl}-N-[4-

(trifluoromethyl)phienylJpyrimidin-4-amine

N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyrazin-3- yl]pyrimidin-4-
amine
2-[6-methoxy-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
2-[6-methoxy-2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine
N-(4-methoxyphenyl)-2-[ 6-methoxy-2-(trifluoromethyl)imidazo[ 1 ,2-apyridin-3-
yl]pyrimidin-4-amine

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

2-{[6- { [4- (dlﬂuoromethoxy)phenyl]ammo} -2-(2-methyl-1H-benzimidazol-1-
yl)pyrimidin-4-yl]amino } ethanol

36



WO 2014/081906 PCT/US2013/071132

53
54
55
56
57
58
59

60
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66 -

67

68

69

70

7

72

73

N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyl)imidazo[1,2-a]pyrazin-3-
yl]pyrimidin-4-amine
2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-y1]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
N-[4-(difluoromethoxy)phenyl]-2-[6-fluoro-2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-
yl]pyrimidin-4-amine
N-[4-(trifluoromethyl)phenyl]-2-[2-(trifluoromethyl)pyrazolo[ 1,5-a]pyridin-3-
yl]pyrimidin-4-amine

2-{[2~(2-methyl-1H-benzimidazol-1-yl)-6-{[4-

(trifluoromethyl)phenyl]amino } pyrimidin-4-ylJamino } ethanol
N*-(2-methoxyethyl)-2-(2-methyl-1H-benzimidazol-1 ~y1)-N°-[4-
(trifluoromethyl)phenylJpyrimidine-4,6-diamine

' N*-[4-(difluoromethoxy)phenyl] -N67(2—meth0xyethy1)-2-(2-methy1- 1H-benzimidazol-1-

yl)pyrimidine-4,6-diamine

N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)pyrazolo[ 1,5-a]pyridin-3-yl]pyrimidin-4-
amine
N-[4-(difluoromethoxy)phenyl]-2-(2-methyl-1H-benzimidazol-1-yl)pyrimidin-4-amine

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

2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluoromethyl)phenyl Jpyrimidine-4,6-

- diamine
~ 2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-[4-

(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4- (dlﬂuoromethoxy)phenyl] -2- [2 (trifluoromethyl)imidazo{ 1,2~ a]pynd1n—3-

‘yl]pynmldme-4 6-diamine

2-[2- (tnﬂuoromethyl)lmldazo[l 2-a]pyridin-3-yl]-N- [4-
(tr1ﬂuoromethyl)phenyl]pyrlmldlne -4,6-diamine

N-[4-(trifluoromethoxy)phenyl]-2-[2- (tnﬂuoromethyl)lmldazo[l 2-a]pyridin-3- -
yl]pyrimidine-4,6-diamine

2-(6-fluoro-2-methylimidazo[1,2-a]pyridin-3-yl)-N- [4—
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3-
yl)pyrimidine-4,6-diamine
N-[4-(trifluoromethyl)phenyl]-2-(1,3,5-trimethyl-1H-pyrazol-4-yl)pyrimidine-4,6-
diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
2-(2-methyl-1H-imidazo[4,5-b]pyridin-1-y1)-N-[4-(trifluoromethyl)phenylJpyrimidine-
4.6-diamine
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2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-N-[3-fluoro-4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoroimidazo[1,2-a]pyridin-3-yl)-N-[4-(difluoromethoxy)-3-
fluorophenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(6-fluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-6-fluoro-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-N-[4-(difluoromethoxy)-3-
fluorophenyl]pyrimidine-4,6-diamine
N-[4-(trifluoromethyl)phenyl]-2-(2,5,6-trimethyl- 1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine

N-[3-fluoro-4~(trifluoromethyl)phenyl]-2-(2-methyl-1H- ben21m1dazol 1-y)pyrimidine-
4,6-diamine
2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-N-[4-(trifluoromethyl)phenyl Jpyrimidine-
4,6-diamine

2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-N-[4-
(trifluvoromethyl)phenylpyrimidine-4,6-diamine
2-(2-cyclopropyl-5-fluoro-1H-benzimidazol-1-yl)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
[3-(4-amino-6-{[4-(trifluoromethyl)phenyl]amino } pyrimidin-2-yl)-6-
fluoroimidazo[1,2-a]pyridin-2-ylJmethanol

2-(6-bromo-2-methyl-1H-benzimidazol-1-yl)-N-[4- (trlﬂuoromethyl)phenyl]pyrlmldme-,
4,6-diamine

2-(2,6-dimethyl- lH—ben21m1dazol 1-yl)- N [4 (trlﬂuoromethyl)phenyl]pyrlmldme -4, 6-
diamine

2-(6-ethyl- 2-methyl-1H-benzimidazol- 1-y1) N-[4-(trifluoromethyl)phenyl] pyrlmldme—
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-[3-fluoro-4-
(trifluvoromethyl)phenyl|pyrimidine-4,6-diamine
2-{[2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-6- {[4-
(trifluvoromethyl)phenyl]amino } pyrimidin-4-yl]amino } ethanol
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]pyridin-1-yl)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluoromethyl)phenylJpyrimidine-
4.6-diamine
2-(6-fluoro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
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100
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106

- 2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4- (tnﬂuoromethyl)phenyl]pynmldlne— :
107

108

109
110
ill
112
113
114

115

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4- (tr1ﬂuoromethyl)phenyl]pyr1m1dlne—
4,6-diamine

2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-fluoro-4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-
(difluoromethoxy)phenyl]pyrimidine-4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-fluoro-4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-
(difluoromethoxy)phenyl]pyrimidine-4,6-diamine
2-(6-fluoro-2-methylimidazo[1,2-a]pyrimidin-3-yl)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine ’
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-
(difluoromethoxy)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-ethyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-
(trifluoromethyl)phenyl|pyrimidine-4,6-diamine

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyl- lH—ben21m1dazol 1-
yl)pyrimidine-4,6-diamine

4 ,6-diamine
5-fluoro-2-(5-fluoro-2-methyi-1 H-benzimidazol-1 -yl)-N-[4- .
(trifluoromethyl)phenylJpyrimidine-4,6-diamine
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-y1)-N-[4-
(trifluoromethyl)phenyl|pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl}-5-fluoro-2-(6-fluoro-2-methyl-1H-
benzimidazol-1-yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(5-fluoro-2-methyl-1H-
benzimidazol-1-yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-5-fluoro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-(difluoromethoxy)phenyl]-
5-fluoropyrimidine-4,6-diamine
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2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1 -yl)-N-[4-(difluoromethoxy)-3-
116 fluorophenyl]-5-fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridin-1-yl)-5-fluoro-N-[4-
117  (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
118 2-(imidazo[1,2-a]pyridin-3 -y1)-N-[4-(trifluoromethyl)phenyl Jpyrimidin-4-amine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(2-methyl-1 H-benzimidazol-1-
119 yl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-y1)-5-fluoro-N-[4-
120 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4-(difluoromethoxy)phenyl]-5-
121 fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4- (dlﬂuoromethoxy) -3-fluorophenyl]-5-
122 fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1 H-benzimidazol-1 -yl)-5-fluoropyrimidine-
123  4,6-diamine ‘
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-1H-benzimidazol-1 -yl)-5-
124 fluoropyrimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-y1)-5-fluoro-N-[4-
125  (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-difluoro-2-methyl-1 H-benzimidazol-1-
126  yl)-5-fluoropyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)- 5-fluoro-N-[4-
127 (tr1ﬂuoromethyl)phenyl]pyrlmldme -4,6-diamine

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(4,6-difluoro- 2-methy1 1H-benzimidazol-1-
128 yb-5- ﬂuoropyrlmldlne -4,6-diamine

- 2-(2-ethyl-4,6-difluoro- 1H-benzimidazol-1-yl)-5-fluoro-N- [4—
129 (trlﬂuoromethyl)phenyl]pyrlmldme -4,6-diamine

- N-[4- (dlfluoromethoxy) -3-fluorophenyl]-2- (2 ethyl 4,6- dlﬂuoro lH—ben21m1dazol 1-
130 yl)-5- ﬂuoropyrlmldlne -4,6-diamine

N-[4- (dlﬂuoromethoxy)phenyl] -2-(4,6-difluoro-2-methyl-1H- ben21m1dazol 1-yl)-5-
131 fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-4,6-difluoro-1 H-benzimidazol-1-yl)-5-
132 fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-methyl-1 H-benzimidazol-1-yl)-5-
133 fluoropyrimidine-4,6-diamine
5-fluoro-2-(4-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-[4-
134  (trifluvoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(4-fluoro-2-methyl-1 H-benzimidazol-1-
135 yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3 -fluorophenyl]-5-fluoro-2-(4-fluoro-2-methyl-1H-
136 benzimidazol-1-yl)pyrimidine-4,6-diamine
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5-fluoro-2-(2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-
137  (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyl-1H-imidazo [4,5-b]pyridin-1-
138 yDpyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(2-methyl-1H-imidazo[4,5-
139 b]pyridin-1-yl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-5-fluoro-N-[4-
140  (trifluoromethyl)phenylJpyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1 -yl)-N-[4~(difluvoromethoxy)phenyl]-5-
141 fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-N-[4-(difluoromethoxy)-3-
142 fluorophenyl]-5-fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-N-[4-
143  (difluoromethoxy)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoro- 1H-benzimidazol-1 -yl)pyrimidine-
144 4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-[2-(difluoromethyl)-6-fluoro-1 H-benzimidazol-1-
145 yl]pyrimidine-4,6-diamine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(methyl sulfanyl)phenyl]pyrimidine-4,6-
146 diamine
2-[2-(1-methylcyclopropyl)-1H-benzimidazol-1-y1]-N-[4-
147 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
_ N-[4-(difluoromethoxy)phenyl]-2-[2-(1 -methylcyclopropyl) 1H-benzimidazol-1-
148 yl]pyrimidine-4,6-diamine

2-(2-cyclopropyl- 1H—ben21m1dazol 1 yl) -N-[4- (tr1ﬂuoromethyl)phenyl]pyrlmldlne -4,6-
149 diamine

2-[2-(methoxymethyl)- 1H-benzimidazol 1-y1]-N-[4-
150  (trifluoromethyl)phenyl]pyrimidine-4,6- diamine

2-[2-(propan-2-yl)-1H-benzimidazol-1-yl]-N-[4- (tr1ﬂuoromethyl)phenyl]pyrlmldlne-
151 4,6-diamine

2-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-N- [4-(trifluoromethyl)phenylJpyrimidine-
152 4,6-diamine

2-(2-ethyl-1H-benzimidazol-1-yl)-N-[4-(trifluoromethyl)phenyl Jpyrimidine-4,6-
153 diamine

2-(2-methylpyrazolo[ 1,5-a]pyridin-3-yl)-N-[4-(trifluorom ethyl)phenyl Jpyrimidine-4,6-
154 diamine

2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridin-1-y1)-N-[4-
155 (difluoromethoxy)phenyl]-5-fluoropyrimidine-4,6-diamine

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

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-1H-benzimidazol-1 -yl)pyrimidine-
157 4,6-diamine
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2-(5-chloro-2-methyl-1H-benzimidazol-1 -yl)-5-fluoro-N-[4-

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

159  fluoropyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1 -yl)-5-fluoro-N-[4-

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

161 fluoropyrimidine-4,6-diamine )
2-(2-ethyl-5-fluoro-1H-benzimidazol-1-yl)-5-fluoro-N-[4-

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

163 fluoropyrimidine-4,6-diamine
2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-5-fluoro-N-[4-

164 (triﬂuoromethyl)phenyl]pyrimidine—4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoro-1 H-benzimidazol-1-y1)-5-

165 = fluoropyrimidine-4,6-diamine

' 5-chloro-2-(2-methyl-1H-benzimidazol-1 -y1)-N-[4-(trifluoromethyl)phenylJpyrimidine-

166 4,6-diamine
5-chloro-2-(2-cthyl-1H-benzimidazol-1 -y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-

167 4,6-diamine
5-chloro-N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1 H-benzimidazol-1-yl)pyrimidine-

168 4,6-diamine
5-fluoro-2-(2-methylimidazo[1,2-a]pyridin-3-yl)-N-[4-

169 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine

N-[4- ~(difluoromethoxy)phenyl]- 5—ﬂuor0-2 (2- methyhmldazo[l 2- a]pynd1n—3-
170  yl)pyrimidine-4,6-diamine

N-[4- (dlﬂuoromethoxy) -3- ﬂuorophenyl] -5-fluoro-2- (2-methy11m1dazo[l 2- a]pynd1n—3-r
171  yl)pyrimidine-4,6-diamine
5-methyl-2-(2-methyl-1H-benzimidazol-1-y1)-N-{4- (tnﬂuoromethyl)phenyl]pyr1m1d1ne—
172 4,6-diamine
N-[4-(difluoromethoxy)phenyl] -5-fluoro-2-(2-methylpyrazolo[1,5-a]pyridin-3-
173 yl)pyrimidine-4,6-diamine
5-fluoro-N-[4-(trifluoromethyl)phenyl]-2-(2,6, 8-trimethylimidazo[1,2-a]pyrazin-3-
174 yDpyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl] -5-fluoro-2-(2,6,8-trimethylimidazo[ 1,2-a]pyrazin-3-
175 yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro -2-(2,6,8-trimethylimidazo[1,2-
176 a]pyrazin-3-yl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methylpyrazolo[1,5-a]pyridin-3-yl)-N-[4-
177 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
5-fluoro-2-[6-fluoro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl]-N-[4-
178 (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
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199

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

2-(2-cyclopropylpyrazolo[1,5-a]pyridin-3 -y1)-N-[4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine

[3-(4-amino-6- {[4-(difluoromethoxy)phenylJamino} -5-fluoropyrimidin-2-yl)-5-
fluoropyrazolo[1,5-a]pyridin-2-yljmethanol
2-[2-(methylsulfanyl)-1H-benzimidazol-1-yl]-N- [4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1 ~y1)-N-[6-(trifluoromethyl)pyridin-3-
yllpyrimidine-4,6-diamine

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

N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl- 1H~ben21m1dazol 1-yl)pyrimidine-
4,6-diamine

N-[4-(difluoromethoxy)phenyl] -2-(2-ethyl-5-fluoropyrazolo[ 1,5-a]pyridin-3-y1)-5-
fluoropyrimidine-4,6-diamine

2-(2-ethyl-5-fluoropyrazolo[ 1,5-a]pyridin-3-yl)-5-fluoro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N—[4-(diﬂuor0methoxy)—3-ﬂuorophenyl]-2-(2-ethy1—5-ﬂu0ropyrazolo[l ,5-a]pyridin-3-
yl)-5-fluoropyrimidine-4,6-diamine
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(3 -methoxyphenyl)pyrimidine-
4,6-diamine

N-(3-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-1 H-benzimidazol-1-yl)pyrimidine-
4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-y1)-N- [4-
(tr1ﬂuoromethoxy)phenyl]pyrlmldme -4,6-diamine

4-{[6-amino-5-fluoro-2-(6-fluoro- 2-methyl 1H-benzimidazol- 1-yl)pyr1m1d1n -4-
yl]amino } benzonitrile

methyl 4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl-1H- benzimidazol-1 yl)pyr1m1d1n—4—
yl]amino }benzoate

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-(3 -methylphenyl)pyrimidine-4,6-
diamine

5-fluoro-N-(3-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-
diamine

2-(2-methyl-1H-benzimidazol-1 -y1)-N-(4-methylphenyl)pyrimidine-4,6-diamine
N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine

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

5-fluoro-2-(2-methyl-1H-benzimidazol-1 -y1)-N-(4-methylphenyl)pyrimidine-4,6-
diamine
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5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-
diamine

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

4-{[6-amino-5-fluoro-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidin-4-
yl]amino } benzonitrile

N-(1,3-benzodioxol-5-y1)-5-fluoro-2-(2-methyl-1 H-benzimidazol-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-1 H-benzimidazol-1-yl)pyrimidine-4,6-diamine
N-(2,2-difluoro-1,3-benzodioxol-5-y1)-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-
4,6-diamine '
N-(3-fluoro-4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-
diamine

N-(6-methoxypyridin-3-yl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
4-{[6-amino-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidin-4-yljamino } benzonitrile
2-(2-methyl-1H-benzimidazol-1 ~y1)-N-(4-nitrophenyl)pyrimidine-4,6-diamine
N-(4-bromophenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-
methylphenyl)pyrimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-
methoxyphenyl)pyrimidine-4,6-diamine

N-(4-chlorophenyl)-2-(5,6- difluoro-2-methyl- 1H—ben21m1dazol 1-yl)-5-
fluoropyrimidine-4,6-diamine

N-[4- (d1ﬂuoromethoxy)phenyl] -5-fluoro-2-[2-(methoxymethyl)- lH-benz1m1dazol 1-
yl]pyrimidine-4,6-diamine :
5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yl] -N—(4—methylphenyl)pyrimldme—
4,6-diamine

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

5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-methyl-1H-benzimidazol-1-yl)-N- [4-(trifluoromethoxy)phenyl|pyrimidine-4,6-
diamine

1-(4-amino-5-fluoro-6- {[4-(trifluoromethyl)phenyl Jamino 1 pyrimidin-2-yl)-2-methyl-
1H-benzimidazole-6-carbonitrile
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243

1-(4-amino-6- {[4-(difluoromethoxy)phenyl]amino} -5-fluoropyrimidin-2-yl)-2-methyl-
1H-benzimidazole-6-carbonitrile

1- {4—amino-5-ﬂuor0—6—[(4-methylpheny1)amino]pyrimidin-2—y1} -2-methyl-1H-
benzimidazole-6-carbonitrile

1- {4-amino—5-ﬂuoro-6-[(4—methoxyphenyl)amino]pyrimidin-Z—yl} -2-methyl-1H-
benzimidazole-6-carbonitrile

1-(4-amino-6- {[4-(difluoromethoxy)phenyl]amino} -5-fluoropyrimidin-2-yl)-2-methyl-
1H-benzimidazole-5-carbonitrile

1- {4-amino-5-fluoro-6-[(4-methylphenyl)aminoJpyrimidin-2-yl} -2-methyl-1H-
benzimidazole-5-carbonitrile

1- {4—amino-5—ﬂu0r0—6-[(4-meth0xyphenyl)amino]pyrimidin—?_—yl} -2-methyl-1H-
benzimidazole-5-carbonitrile

1-(4-amino-5-fluoro-6-{[4- (trlﬂuoromethyl)phenyl]ammo}pyrlmldm -2- yl) -2-methyl-
1H-benzimidazole-5-carbonitrile '

1-{4-amino-6-[ (4-chlorophenyl)amino]-5-fluoropyrimidin-2- yl} -2-methyl-1H-
benzimidazole-5-carbonitrile
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyl-6-nitro-1 H-benzimidazol-1-
yDpyrimidine-4,6-diamine
5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1-yl)-N-(4-methylphenyl)pyrimidine-
4,6-diamine

5-fluoro-N-(4-methoxyphenyl)-2- (2—methy1 -6-nitro-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
N-[4-(d1ﬂuoromethoxy)phenyl]-2-(2-methyl-1H-benzimidazol-l-yl)pyrimidine-4,6-
diamine , '
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-methyl-1H- ben21m1dazol 1- -
yD)pyrimidine-4,6-diamine :

~ 5-fluoro-2-(2-methyl-6-nitro-1H- benzimidazol-1-y1)-N-[4- |

(trlﬂuoromethyl)phenyl]pyrlmldme -4,6-diamine

N-(4-chlorophenyl)-2-(4,6-difluoro-2-methyl-1H- ben21m1dazol 1-y1)-5-
fluoropyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methylpyrazolo[ 1,5-a]pyridin-3 -yl)pyrimidine-4,6-
diamine
N-(1,3-benzodioxol-5-y1)-2-(4,6-difluoro-2-methyl-1H-benzimidazol-1 -yl)-5-
fluoropyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-
methylphenyl)pyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N- (4-
methoxyphenyl)pyrimidine-4,6-diamine
2-(5,7-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
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5—ﬂuoro~2—(6—methoxy—2-methyl-l H-benzimidazol-1-yl)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-yl)-N-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine :
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-yl)-N-(4-
methylphenyl)pyrimidine-4,6-diamine
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-yl)-N-(4-
methoxyphenyl)pyrimidine-4,6-diamine
N-(1,3-benzodioxol-5-yl)-5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3-
yl)pyrimidine-4,6-diamine

5-fluoro-2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3-yl)-N-(4-
methoxyphenyl)pyrimidine-4,6-diamine
5-fluoro-2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3-yl)-N-(4-
methylphenyl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methyl-5-nitro-1H-benzimidazol-1-y1)-N-(4-methylphenyl)pyrimidine-
4,6-diamine

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

2-(6-amino-2-methyl-1H-benzimidazol-1-y1)-5- ﬂuoro-N—(4- :
methoxyphenyl)pyrimidine-4,6-diamine '

2-(6-amino-2-methyl-1H-benzimidazol-1-y1)-N- [4 (dlﬂuoromethoxy)phenyl] -5-
fluoropyrimidine-4,6-diamine
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5- ﬂuoro-N-(4-methylphenyl)pyrlmldme-
4,6-diamine

N-(4-chlorophenyl)-5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1 yl)pyrlmldme—
4,6-diamine
N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine

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

N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-methylphenyl)pyrimidine-4,6-
diamine
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2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-methoxyphenyl)pyrimidine-4,6-
diamine
N-[4-(dimethylamino)phenyl]-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
N-(4-chloro-3-fluorophenyl)-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine

2-(6-fluoro-2-methyl- 1H-benzimidazol-1-yl)-N-(3-methylphenyl)pyrimidine-4,6-
diamine
N-(2,2-difluoro-1,3-benzodioxol-5-y1)-2-(6-fluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-methylphenyl)pyrimidine-4,6-diamine
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-methoxyphenyl)pyrimidine-4,6-
diamine _
2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(trifluoromethoxy)phenyl ]pyrimidine-
4,6-diamine
N-(1,3-benzodioxol-5-yl)-2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-
diamine
N-(4-chlorophenyl)-2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-
diamine
2-(2-cyclopropyl-1H-benzimidazol-1-y1)-5-fluoro-N-(4-methylphenyl)pyrimidine-4,6-
diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-methoxyphenyl)pyrimidine-4,6-
diamine ‘ ‘ 7 I '
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine : ‘
N-(4-chlorophenyl)-2-(2-cyclopropyl-1H-benzimidazol-1-y1)-5-fluoropyrimidine-4,6-
diamine A : o } ‘ .
N—(4—chldr0—3 -fluorophenyl)-2-(2-cyclopropyl-1H-benzimidazol-1-y1)-5~
fluoropyrimidine-4,6-diamine
5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-methylphenyl)pyrimidine-
4,6-diamine
5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-methoxyphenyl)pyrimidine-
4,6-diamine

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine, and
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-
(trifluoromethyl)phenyl|pyrimidine-4,6-diamine;

wherein the form of the compound of Formula (I) is selected from a salt, ester, hydrate,

solvate, chelate, clathrate, polymorph, isotopologue, stereoisomer, racemate, enantiomer,

diastereomer or tautomer thereof.
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Terminology

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

As used herein, the term “Cl_galkyi” refers to saturated hydrocarbon radicals having
from one to eight carbon atoms in a straight or branched chain configuration, including,
without limitation, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl and the like. In some embodiments, C,.salkyl includes
Ci.salkyl, Cj4alkyl and the like. A Cj_galkyl radical fnay be optionally substituted where

allowed by available valences.

As used herein, the term “C,_galkenyl” refers to partiaily unsaturated hydrocarbon
radicals having from two to eight carbon atoms in a straight or branched chain configuration
and one or more carbon-carbon double bonds therein, including, without limitation, ethenyl,
allyl, propenyl and the like. In some embodiments, Cy salkenyl includes C,.¢alkenyl, |
C,.4alkenyl and the like. A C, galkenyl radical may be optionally substituted where allowed

by available valences.

‘As used herein, the term “Cy salkynyl” refers to partially unsaturated hydrocarbon
radicals having from two to ei ghf carbon atoms in a straight or branched chain configuration
and one or more carbon-carbon triplé bonds therein, including, without limitation, ethynyl,
propynyl and the like. In some embodiments, Cs. salkynyl includes Co. salkynyl, Cy.salkynyl
and the like. A C,. galkynyl radical may be optlonally substituted where allowed by available

valences.

As used herein, the term “C_galkoxy” refers to saturated hydrocarbon radicals of from
one to eight carbon atoms having a straight or branched chain configuration of the
formula: -O-C_salkyl, including, without limitation, methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, n-pentoxy, n-hexoxy and the like.
In some embodiments, C;.salkoxy includes C,_¢alkoxy, Ci.4alkoxy and the like. A Csalkoxy
radical may be optionally substituted where allowed by available valences.

As used herein, the term “Cs.jscycloalkyl” refers to a saturated monocyclic, bicyclic
or polycyclic hydrocarbon radical, including, without limitation, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 1H-indanyl, indenyl, 2,3-dihydro-1H-
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indenyl, tetrahydro-naphthalenyl and the like. In some embodiments, Cj.14cycloalkyl
includes Cs_geycloalkyl, Cs.geycloalkyl, Cs.jocycloalkyl and the like. A Cj.jscycloalkyl

radical may be optionally substituted where allowed by available valences.

As used herein, the term “aryl” refers to a monocyclic, bicyclic or polycyclic aromatic
carbon atom ring structure radical, including, without limitation, phenyl, naphthyl (also
referred to as naphthalenyl), anthracenyl, fluorenyl, azulenyl, phenanthrenyl and the like. An

aryl radical may be optionally substituted where allowed by available valences.

As used herein, the term “heteroaryl” refers to a monocyclic, bicyclic or polycyclic
aromatic carbon atom ring structure radical in which one or more carbon atom ring members
have been replaced, where allowed by structural stability, with one or more heteroatoms, such
as an O, S or N atom, including, without limitation, furanyl, thienyl (also referred to as
thiopheriyl), pyrrolyl, pyrazolyl (also referred to as 1H-pyrazolyl), imidazolyl (also referred
to as 1H-imidazolyl), isoxazolyl (also referred to as 1,2-oxazolyl), isothiazolyl, oxazolyl,
thiazolyl, triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl, pyranyl, thiopyranyl, pyridinyl (also
referred to as pyridyl), pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, indolyl (also referred to
as 1H-indolyl), azaindolyl, indazolyl (also referred to as 2H-indazolyl), azaindazolyl,
isoindolyl, indolizinyl, benzofuranyl, benzothienyl, benzimidazolyl (also referred to as 1H-
benzimidazolyl), benzothiazolyl, benzoxazolyl, imidazo[2,1—b][1,3]thiazoly1, pyrazolo[1,5-
a]pyridinyl, pyrazolo[1,5-c]pyrimidinyl, imidazo[1,2-a]pyridinyl, 1H-imidazo[4,5- '
b]pyridinyl, 1H—imidazo[4,5—c]p'yridi'nyl,v imidazo[1,2-a]pyrazinyl, imidazo[1,2-
a]pyrimidinyl, 7H-purihy1, 9H-purinyl, quinolinyl, isoquinolinyl, quinazolinyl, quinoxalihyl,
acridinyl and the like and associated homologs and regioisomers thereof. A heteroaryl
radical may be optionally substituted on a carbon or nitrogen atom ring member where

allowed by available valences.

As used herein, the term “heterocyclyl” refers to a saturated or partially unsaturated
monocyclic, bicyclic or polycyclic carbon atom ring structure radical in which one or more
carbon atom ring members have been replaced, where allowed by structural stability, with a
heteroatom, such as an O, S or N atom, including, without limitation, oxiranyl, oxetanyl,
azetidinyl, dihydrofuranyl, tetrahydrofuranyl, dihydrothienyl, tetrahydrothienyl, pyrrolinyl,
pyrrolidinyl, dihydropyrazolyl, pyrazolinyl, pyrazolidinyl, dihydroimidazolyl, imidazolinyl,

imidazolidinyl, isoxazolinyl, isoxazolidinyl, isothiazolinyl, isothiazolidinyl, oxazolinyl,
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oxazolidinyl, thiazolinyl, thiazolidinyl, triazolinyl, triazolidinyl, oxadiazolinyl,
oxadiazolidinyl, thiadiazolinyl, thiadiazolidinyl, tetrazolinyl, tetrazolidinyl, 1,3-dioxolanyl,
dihydro-2H-pyranyl, tetrahydro-2H-pyranyl, dihydro-pyridinyl, tetrahydro-pyridinyl,
dihydro-pyrimidinyl, tetrahydro-pyrimidinyl, dihydro-pyrazinyl, tetrahydro-pyrazinyl,
dihydro-pyridazinyl, tetrahydro-pyridazinyl, piperazinyl, piperidinyl, morpholinyl,
thiomorpholinyl, dihydro-triazinyl, tetrahydro-triazinyl, hexahydro-triazinyl, 1,4-diazepanyl,
dihydro-indolyl, indolinyl, tetrahydro-indolyl, dihydro-indazolyl, tetrahydro-indazolyl,
dihydro-isoindolyl, dihydro-benzofuranyl, tetrahydro-benzofuranyl, dihydro-benzothienyl,
tetrahydro-benzothienyl, dihydro-benzoimidazolyl, tetrahydro-benzoimidazolyl,
dihydro-benzooxazolyl, tetrahydro-benzooxazolyl, dihydro-benzooxazinyl,
tetrahydro-benzooxazinyl, benzo[1,3]dioxolyl (also referred to as 1,3-benzodioxolyl),
benzo[1,4]dioxanyl (also referred to as 1,4-benzodioxanyl or 2,3-dihydro-1,4-benzodioxinyl),
benzo[1,4]dioxinyl (also referred to as 1,4-benzodioxinyl), 4,5,6,7-tetrahydro-2H-indazolyl,
5,6,7,8-tetrahydroimidazo[ 1,2-a]pyridinyl, 4,5,6,7-tetrahydro-3 H-imidazo[4,5-c]pyridinyl,
dihydro-purinyl, tetrahydro-purinyl, dihydro-quinolinyl, tetrahydro-quinolinyl,
dihydro-isoquinolinyl, tetrahydro-isoquinolinyl, dihydro-quinazolinyl,
tetrahydro-quinazolinyl, dihydro-quinoxalinyl, tetrahydro-quinoxalinyl and the like and
associated homologs thereof. A heterocyclyl radical may be optionally substituted on a -

carbon or nitrogen atom ring member where allowed by available valences.

As used herein, the term “B(ORg),” refers to a radical of the formula: — ,
B[(-OH)(-OH)] when Rg is hydro gen;' or, —B[(-OH)(-0-C salkyl)] when Ry is independently
hydrogen or C.galkyl; or, -B[(-O-C_galkyl)(-O-C;.salkyl)] when Rg is Cl_galkyl.

As used herein, the term “Cj_galkoxy-Cj_galkyl” refers to a radical of the
formula: -C;.galkyl-O-Cy_galkyl.

As used herein, the term “C)_galkoxy-C)_galkyl-amino” refers to a radical of the

formula; -NH-C_galkyl-O-C, salkyl.

As used herein, the term “Cj_galkoxy-C,.galkenyl” refers to a radical of the

formula: -C,_galkenyl-O-Cj_galkyl.

As used herein, the term “C_galkoxy-C,_salkynyl” refers to a radical of the

formula: -Cy.galkynyl-O-C_galkyl.
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As used herein, the term “C galkoxy-carbonyl” refers to a radical of the

formula: -C(0)-O-C,.galkyl.

As used herein, the term “C,.salkoxy-carbonyl-C.galkyl” refers to a radical of the

formula: -Cy.salkyl-C(O)-O-C,galkyl.

As used herein, the term «C, salkoxy-carbonyl-amino” refers to a radical of the

formula: -NH-C(0)-O-C; salkyl.

As used herein, the term “C,_galkoxy-carbonyl-amino-Cy_salkyl” refers to a radical of

the formula: -C1_8alkyl-NH—C(O)-O-C1-galky1.

As used_ herein, the term “C1Tgalkoxy-imin0—C1_ga1kyl” refers to a radical of the

formula: -C; galkyl(=N-O-Cy.salkyl).

As used herein, the term “C.galkyl-amino” refers to a radical of the

formula: -NH-C_galkyl.

As used herein, the term “(C.galkyl);-amino” refers to a radical of the

formula: -N(C;-salkyl)s.

As used herein, the term “C,.salkyl-amino-Cj.galkyl” refers to a radical of the

formula: -C.salkyl-NH-C;.salkyl.

As used herein, the term'.“(C1_galky1)2-amin0-C1_galkyl” refers to a radical of the

formula: -Cy.salkyl-N(Cy.salkyl)o.

As used herein, the term “Cl_galkylfarriino~Ci_galkyl-amino”' refers toa radical 6f the |

formula: -NH-C,_galkyl-NH-C)_galkyl.

As used herein, the term “(Cl_galkyl)z—amino—Clugalkyl-amino” refers to a radical of

the formula: -NH-C,.salkyl-N(C; salkyl)s.

As used herein, the term “Cj_galkyl-amino-carbonyl” refers to a radical of the

formula; -C(O)-NH-C,salkyl.

As used herein, the term “(C).salkyl),-amino-carbonyl” refers to a radical of the

formula: -C(0)-N(Cj_salkyl),.

As used herein, the term “C,.galkyl-amino-carbonyl-amino” refers to a radical of the

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

the formula: -NH-C(O)-N(C_salkyl),.

As used herein, the term “C;.galkyl-amino-sulfonyl” refers to a radical of the

formula: -SO,-NH-C,_galkyl.

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

formula: -SO,-N(C)_salkyl),.

As used herein, the term “C;_galkyl-amino-sulfonyl-amino” refers to a radical of the

formula; -NH-SO,-NH-C, galkyl.

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

formula: -NH-SO,-N(C;_galkyl),.

As used herein, the term “C;.galkyl-carbonyl” refers to a radical of the

formula: -C(O)-C,_salkyl.

As used herein, the term “C;_galkyl-carbonyl-amino” refers to a radical of the

formula: -NH-C(O)-C,_galkyl.

As used herein, the term “C_galkyl-carbonyl-amino-Cj.galkyl” refers to a radical of

the formula: -C,_salkyl-NH-C(O)-C galkyl.

* As used herein, the term “Ci.salkyl-carbonyl-oxy” refers to a radical of the

formula: -O-C(0)-C.galkyl.

As used herein, the term “C;.salkyl-carbonyl-oxy-C;j.salkyl” refers to a radical of the

formula: -Cj.galkyl-O-C(O)-C_galkyl.

As used herein, the term “C_galkyl-sulfony!l” refers to a radical of the

formula: -SO,-C;_galkyl.

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

formula: -S-C;_galkyl.
As used herein, the term “amino” refers to a radical of the formula: -NHa.

As used herein, the term “amino-C) galkyl” refers to a radical of the

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

formula: -NH-C;_galkyl-NHo.

As used herein, the term “amino-carbonyl” refers to a radical of the

formula: -C(O)-NHa.

As used herein, the term “amino-carbonyl-amino” refers to a radical of the

formula: -NH-C(O)-NHa.

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

formula: -SO,-NH,.

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

formula: "NH-SO2I-NH2.

As used herein, the term “aryl-C.galkyl” refers to a radical of the

formula: -Cj.galkyl-aryl.

As used herein, the term “aryl-C;_galkyl-amino” refers to a radical of the

formula; -NH-C;_galkyl-aryl.
As used herein, the term “aryl-amino” refers to a radical of the formula: -NH-aryl.

As used herein, the term “carboxyl”'refers to a radical of the

) formula: -COOH, -C(O)OH or -CO,H.

As used herein, the term “formyl” refers to a radical of the fofmula: -C(0O)-H.
As used hérein, the term “formyl-oxyl” refers to a radical of the formula: —O~C(O)—H..

As used herein, the terms “halo” or “halogen” refer to a halogen atom radical,

including fluoro, chloro, bromo and iodo.

As used herein, the term “halo-Cy_galkoxy” refers to a radical of the
formula: -O-C_salkyl-halo, wherein C;.galkyl may be partially or completely substituted
where allowed by available valences with one or more halogen atoms. In some

embodiments, halo-Cj_galkoxy includes halo-Cy_alkoxy, halo-Csalkoxy and the like.

As used herein, the term “halo-C_galkoxy-carbonyl” refers to a radical of the

formula: -C(O)-O-C,.salkyl-halo.
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As used herein, the term “halo-C, salkyl” refers to a radical of the
formula: -Cy_salkyl-halo, wherein C; galkyl may be partially or completely substituted where
allowed by available valences with one or more halogen atoms. In some embodiments,

halo-Cj.galkyl includes halo-Cy_galkyl, halo-C.salkyl and the like.

As used herein, the term “halo-Cj_galkyl-carbonyl” refers to a radical of the

formula: -C(O)-C,.salkyl-halo.

As used herein, the term “halo-Cy_galkyl-sulfonyl” refers to a radical of the

formula: -SO,-C,_galkyl-halo.

As used herein, the term “halo-C)_galkyl-thio” refers to a radical of the

formula: —‘S-Cl_galkyl—halo.

As used herein, the term “heteroaryl-C; galkyl” refers to a radical of the

formula: -C,_galkyl-heteroaryl.

As used herein, the term “hydroxyl-C.salkoxy” refers to a radical of the
formula: -O-C;.salkyl-OH, wherein C,_salkyl may be partially or completély substituted

where allowed by available valences with one or more hydroxyl radicals.

As used herein, the term “hydroxyl-Cy_galkyl” refers to a radical of the
formula: -C.galkyl-OH, wherein C_salkyl may be partially or completely substituted where

allo_wgd by ayailable Valcnces with one or more hydroxyl radicals.

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

formula: -NH-C, _galkyl-OH.

As used herein, the term “hydroxyl-C galkyl-amino-C; salkyl” refers to a radical of

the formula: -C;_galkyl-NH-C; galkyl-OH.

As used herein, the term “hydroxyl-C)_galkyl-amino-C,.galkyl-amino” refers to a

radical of the formula: -NH-C_galkyl-NH-C, salkyl-OH.

As used herein, the term “hydroxyl-imino-C, salkyl” refers to a radical of the

formula: —Cl_galky1(=N—OH).

As used herein, the term “imino” refers to a radical of the formula: =NH.
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As used herein, the term “imino-C;_galkyl” refers to a radical of the

formula: -C_galkyl(=NH).

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

0]

9 o
As used herein, the term “oxo0” refers to a moiety of the formula: = = .

As used herein, the term “P(O)(R7),-amino” refers to a radical of the
formulae: -NH-P(O)(-O-C1_galkyl)(OH) when R; is independently hydroxyl and
(Cl_galkoxy)n,‘ where n is 1; or, ;NH'P(O)(OH)Z when R is hydroxyl;
or, -NH-P(O)(-O-C).salkyl), when Ry is (Ci.galkoxy),, where nis 1.

As used herein, the term “substituent” means positional variables on the atoms of a
core molecule that are attached at a designated atom position, replacing one or more
hydrogen atoms on the designated atom, provided that the atom of attachment does not
exceed the available valence or shared valence, such that the substitution results in a stable
compound. Accordingly, combinations of substituents and/or variables are permissible only
if such combinations result in stable compounds. Any carbon atom as well as heteroatom
with a valence level that appears to be unsatisfied as described or shown herein is assumed to

have a sufficient n_umber of hydrogen atom(s) to satisfy the valences described or shown.

~ As used herein, the term “and the like,” with reference to the definitions of chemical |
terms provided herein, means that variations in chemical structures that could be expected by
one skilled in the art include, without limitation, isomers (including chain, branching or
positional structural isomers), hydration of ring systems (including saturation or partial
unsaturation of monocyclic, bicyclic or polycyclic ring structures) and all other variations

where allowed by available valences which result in a stable compound.

For the purposes of this description, where one or more substituent variables for a
compound of Formula (I) encompass functionalities incorporated into a compound of
Formula (1), each functionality appearing at any location within the disclosed compound may

be independently selected, and as appropriate, independently and/or optionally substituted.
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As used herein, the terms “independently selected,” or “each selected” refer to
functional variables in a substituent list that may be attached more than once on the structure
of a core molecule, where the pattern of substitution at each occurrence is independent of the
pattern at any other occurrence. Further, the use of a generic substituent variable on a core
structure for a compound described herein is understood to include the replacement of the
generic substituent with specie substituents that are included within the particular genus, e.g.,
aryl may be replaced with phenyl or naphthalenyl and the like, such that the resulting

compound is to be included within the scope of the compounds described herein.

As used herein, the term “optionally substituted” means that the specified substituent
variables, groups, radicals or moieties represent the scope of the genus and may be
independently chosen as needed to replace one or more hydrogen atoms on the designated

atom of attachment of a core molecule.

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

and formulations thereof into an efficacious therapeutic agent.

Compound names used herein were obtained using the ACD Labs Index Name
software provided by ACD Labs and/or ChemDraw Ultra software provided by

CambridgeSoft. When the compound name disclosed herein conflicts with the structure

~ depicted, the structure shown will supercede the use of the name to define the compound

intended.

Compound Forms

As used herein, the terms a “compound of Formula (Ia),

b1

a compound of Formula

9% ¢ 27 ¢

(11),” “compound of Formula (ITa),” “compound of Formula (III),” “compound of Formula
(111a),” “compound of Formula (IV)” or “compound of Formula (IVa)” refer to subgenera of
the compound of Formula (I) or a form thereof, as defined herein. Rather than repeat the
various subgenera of the compound of Formula (I), in certain embodiments, the term
“compound(s) of Formula (I) or a form thereof” is used inclusively to refer to compound(s)
of Formula (Ia) or a form thereof, compound(s) of Formula (II) or a form thereof,
compound(s) of Formula (Ila) or a form thereof, compound(s) of Formula (III) or a form

thereof, compound(s) of Formula (IIla) or a form thereof, compound(s) of Formula (IV) or a

56



10

15

20

25

WO 2014/081906 PCT/US2013/071132

form thereof or compound(s) of Formula (IVa) or a form thereof, either separately or
together. Thus, embodiments and references to “a compound of Formula (I)” are intended to
be inclusive of compounds of Formula (Ia), compounds of Formula (II), compounds of
Formula (IIa), compounds of Formula (I11I), compounds of Formula (IIla), compounds of

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

As used herein, the term “form” means a compound of Formula (I) selected from a
free acid, free base, salt, ester, hydrate, solvate, chelate, clathrate, polymorph, isotopologue,

stereoisomer, racemate, enantiomer, diastereomer, or tautomer thereof.

In certain embodiments described herein, the form of the compound of Formula (I) is
selected from a salt, isotopologue, stereoisomer, racemate, enantiomer, diastereomer or

tautomer thereof.

In certain embodiments described herein, the form of the compound of Formula (I) is
selected from a free acid, isotopologue, stereoisomer, racemate, enantiomer, diastercomer or

tautomer thereof.

In certain embodiments described herein, the form of the compound of Formula (I) is
selected from a free base, isotopologue, stereoisomer, racemate, enantiomer, diasterecomer or

tautomer thereof.

In certain embodiments described herein, the form of the compound of Formula (I) is -

a free acid, free base or salt thereof.

" In certain embodiments described herein, the form of the compound of Formula (I) is

an isotopologue thereof.

In certain embodiments described herein, the form of the compound of Formula (I) is

a stereoisomer, racemate, enantiomer or diastereomer thereof.

In certain embodiments described herein, the form of the compound of Formula (I) is

a tautomer thereof.

In certain embodiments described herein, the form of the compound of Formula (I) is

a pharmaceutically acceptable form.

In certain embodiments described herein, the compound of Formula (I) or a form

thereof is isolated for use.
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As used herein, the term “isolated” means the physical state of a compound of
Formula (I) or a form thereof after being isolated and/or separated and/or purified from a
synthetic process (e.g., from a reaction mixture) or natural source or combination thereof
according to an isolation, separation or purification process or processes described herein or
which are well known to the skilled artisan (e.g., chromatography, recrystallization and the
like) in sufficient purity to be characterizable by standard analytical techniques described

herein or well known to the skilled artisan.

As used herein, the term “protected” means that a functional group on a compound of
Formula (1) or a form thereof is in a form modified to preclude undesired side reactions of the
functional group.wheh the compound is subjected to a reaction. Suitable protecting groups
will be recognized by those with ordinary skill in the art as well as by reference to standard
textbooks such as, for example, T. W. Greene et al, Protective Groups in Organic Synthesis

(2007), Wiley, New York.

Prodrugs and solvates of the compounds of Formula (I) or a form thereof described

herein are also contemplated.

As used herein, the term “prodrug” means that a functional group on a compound of
Formula (I) is in a form (e.g., acting as an active or inactive drug precursor) that is
transformed in vivo to yield an active or more active compound of Formula (I) or a form
thereof. The transformafion may occur by various mechanisms (e.g., by metabolic and/or.
non-metabolic chemical processes), such as, for example, by hydrolysis and/or metabolism in

blood, hver and/or other organs and tissues. A discussion of the use of prodrugs is prov1ded '

by V.J. Stella, et. al., “Biotechnology: Pharmaceutical Aspects, Prodrugs: Challenges and

Rewards,” American Association of Pharmaceutical Scientists and Springer Press, 2007.

In one example, when a compound of Formula (I) or a form thereof contains a
carboxylic acid functional group, a prodrug can comprise an ester formed by the replacement
of the hydrogen atom of the acid group with a functional group such as alkyl and the like. In
another example, when a compound of Formula (I) or a form thereof contains an alcohol
functional group, a prodrug can be formed by the replacement of the hydrogen atom of the
alcohol group with a functional group such as alkyl or carbonyloxy and the like. In another

example, when a compound of Formula (I) or a form thereof contains an amine functional
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group, a prodrug can be formed by the replacement of one or more amine hydrogen atoms

with a functional group such as alkyl or substituted carbonyl.

Pharmaceutically acceptable prodrugs of compounds of Formula (D) or a form thereof
include those compounds substituted with one or more of the following groups: carboxylic
acid esters, sulfonate esters, amino acid esters, phosphonate esters (e.g., a phosphoramidic
acid used to derive a phosphoramidic acid) and mono-, di- or triphosphate esters further
substituted with alkyl, where appropriate. As described herein, it is understood by a person
of ordinary skill in the art that one or more of such substituents may be used to provide a

compound of Formula (I) or a form thercof as a prodrug.

The compounds of Formula (I) or a form thereof can form salts, which are intended to
be included within the scope of this description. Reference to a compound of Formula (I) or
a form thereof herein is understood to include reference to salts thereof, unless otherwise
indicated. The term "salt(s)", as employed herein, denotes acidic salts formed with inorganic
and/or organic acids, as well as basic salts formed with inorganic and/or organic bases. In
addition, when a compound of Formula (I) or a form thereof contains both a basic moiety,
such as, but not limited to a pyridine or imidazole, and an acidic moiety, such as, but not
limited to a carboxylic acid, zwitterions ("inner salts") may be formed and are included

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

- The term "pharmaceutically acceptable salt(s)", as used herein, medﬁs those salts of
compounds of Formula (I) or a form thereof described herein that are safe and effective (i.e.,
non-toxic, physiolo gically acceptable) for use iﬁ mammals and that possess biological
activity, although other salts are also useful. Salts of the compounds of the Formula (I) may
be formed, for example, by reacting a compound of Formula (I) with an amount of acid or
base, such as an equivalent amount, in a medium such as one in which the salt precipitates or

in an aqueous medium followed by lyophilization.

Pharmaceutically acceptable salts include one or more salts of acidic or basic groups
present in compounds of Formula (I) or a form thereof described herein. Embodiments of
acid addition salts include, and are not limited to, acetate, acid phosphate, ascorbate,
benzoate, benzenesulfonate, bisulfate, bitartrate, borate, butyrate, chloride, citrate,
camphorate, camphorsulfonate, cthanesulfonate, formate, fumarate, gentisinate, gluconate,

glucaronate, glutamate, hydrobromide, hydrochloride, dihydrochloride, hydroiodide,
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isonicotinate, lactate, maleate, methanesulfonate, naphthalenesulfonate, nitrate, oxalate,
pamoate, pantothenate, phosphate, propionate, saccharate, salicylate, succinate, sulfate,
tartrate, thiocyanate, toluenesulfonate (also known as tosylate), trifluoroacetate,
trifluoroacetic acid salt and the like. One or more embodiments of acid addition salts include
chloride, hydrochloride, dihydrochloride, trihydrochloride, hydrobromide, acetate, diacetate,
methanesulfonate, sulfate, trifluoroacetate, trifluoroacetic acid salt and the like. More
particular embodiments include a chloride, hydrochloride, dihydrochloride, hydrobromide,

methanesulfonate, sulfate, trifluoroacetate, trifluoroacetic acid salt and the like.

In certain embodiments of the compounds of Formula (I) or a form thereof described

 herein, the compound is isolated as a salt form, wherein the compound is conjugated with the

salt in a ratio represented as, in a non-limiting examplé, “compound:salt (A:B),” wherein “A”

and “B” represent the equivalents of compound to salt in the isolated form.

Additionally, acids which are considered suitable for the formation of
pharmaceutically useful salts from basic pharmaceutical compounds are discussed, for
example, by P. Stahl ez al, Camille G. (eds.) Handbook of Pharmaceutical Salts. Properties,
Selection and Use. (2002) Zurich: Wiley-VCH; S. Berge et al, Journal of Pharmaceutical
Sciences (1977) 66(1) 1-19; P. Gould, International J. of Pharmaceutics (1986) 33, 201-217;
Anderson et al, The Practice of Medicinal Chemistry (1996), Academic Press, New York;
and in The Orange Book (Food & Drug Adfnjnistration, Washington, D.C. on their website).

These disclosures are incorporated herein by reference thereto.

Suitable basi(; salts include; but are not limitéd to, aluminum, ammonium, calcium,
lithium, magnesium, potassium, sodium, zinc, and diethanolamine salts.  Certain compounds
of Formula (I) or a form thereof described herein can also form pharmaceutically acceptable
salts with organic bases (for example, organic amines) such as, but not limited to,
dicyclohexylamines, ferz-butyl amines and the like, and with various amino acids such as, but
not limited to, arginine, lysine and the like. Basic nitrogen-containing groups may be
quarternized with agents such as lower alkyl halides (e.g., methyl, ethyl, and butyl chlorides,
bromides and iodides), dialkyl sulfates (e.g., dimethyl, diethyl, and dibutyl sulfates), long
chain halides (e.g., decyl, lauryl, and stearyl chlorides, bromides and iodides), aralkyl halides
(e.g., benzyl and phenethyl bromides), and others.
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All such acid salts and base salts are intended to be included within the scope of
pharmaceutically acceptable salts as described herein. In addition, all such acid and base
salts are considered equivalent to the free forms of the corresponding compounds for

purposes of this description.

Compounds of Formula (I), and forms thereof, may further exist in a tautomeric form.
All such tautomeric forms are contemplated and intended to be included within the scope of

the compounds of Formula (I) or a form thereof as described herein.

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

mixtures thereof, including racemic mixtures.

The compounds of Formula (I) or a form thereof described herein may include one or
more chiral centers, and as such may exist as racemic mixtures (R/S) or as substantially pure
enantiomers and diastereomers. The compounds may also exist as substantially pure (R) or
(S) enantiomers (when one chiral center is present). In one embodiment, the compounds of
Formula (1) or a form thereof described herein are (:5) isomers and may exist as
enantiomerically pure compositions substantially comprising only the (S) isomer. In another

embodimér_lt, the compounds of Formula (I) or a form thereof described herein are (R)

' isomers and may exist as enantiomerically pure compositions substantially comprising only

the (R) isomer. As one of skill in the art will reco gnizé, when more than one chiral center is
present, the compounds of Formula (1) or a form thereof described herein may also existas a -

(R,R), (R,S), (S,R) or (S,S) isomer, as defined by JUPAC Nomenclature Recommendations.

As used herein, the term “substantially pure” refers to compounds of Formula (I) or a
form thereof consisting substantially of a single isomer in an amount greater than or equal to
90%, in an amount greater than or equal to 92%, in an amount greater than or equal to 95%,
in an amount greater than or equal to 98%, in an amount greater than or equal to 99%, or in

an amount equal to 100% of the single isomer.

In one aspect of the description, a compound of Formula (I) or a form thereof is a
substantially pure (S) enantiomer present in an amount greater than or equal to 90%, in an

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

amount equal to 100%.

In one aspect of the description, a compound of Formula (I) or a form thereofis a
substantially pure (R) enantiomer present in an amount greater than or equal to 90%, in an
amount greater than or equal to 92%, in an amount greater than or equal to 95%, in an
amount greater than or equal to 98%, in an amount greater than or equal to 99%, or in an

amount equal to 100%.

As used herein, the term “racemate” refers to any mixture of isometric forms that are
w . . vy - . . . e .
not “enantiomerically pure”, including mixtures such as, without limitation, in a ratio of

about 50/50, about 60/40, about 70/30, or about 80/20, about 85/15 or about 90/10.

In addition, the compounds of Formula (I) or a form thercof described herein embrace
all geometric and positional isomers. For example, if a compound of Formula (1) or a form
thereof incorporates a double bond or a fused ring, both the cis- and trans-forms, as well as
mixtures thereof, are embraced within the scope of the compounds of Formula (I) or a form

thereof described herein.

Diastereomeric mixtures can be separated into their individual diastereomers on the

basis of their physical chemical differences by methods well known to those skilled in the art,

such as, for example, by chromatography and/or fractional crystallizatiori. Enantiomers can

be separated by use of a chiral HPLC column or other chromatographic methods known to

_ those skllled in the art.

, Enantiomers can also be separated by convertmg the enantlomerlc mlxture mto a
dlastereomerlc mlxture by reaction with an approprlate optically actlve compound (e.g.,
chiral auxiliary such as a chiral alcohol or Mosher’s acid chloride), separating the
diastereomers and converting (e.g., hydrolyzing) the individual diastereomers to the

corresponding pure enantiomers.

All stereoisomers (for example, geometric isomers, optical isomers and the like) of
the present compounds of Formula (I) or a form thereof (including salts, solvates, esters and
prodrugs and transformed prodrugs thereof), which may exist due to asymmetric carbons on
various substituents, including enantiomeric forms (which may exist even in the absence of
asymmetric carbons), rotameric forms, atropisomers, diastercomeric and regioisomeric forms,
are contemplated within the scope of the description herein. Individual stereoisomers of the
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compounds of Formula (I) or a form thereof described herein may, for example, be
substantially free of other isomers, or may be present in a racemic mixture, as described

supra.

The use of the terms "salt," "solvate," “ester,” "prodrug" and the like, is intended to
apply equally to the salt, solvate, estef and prodrug of enantiomers, stereoisomers, rotamers,
tautomers, positional isomers, racemates, isotopologues or prodrugs of the instant

compounds.

The term "isotopologue" refers to isotopically-enriched compounds of Formula (I) or
a form thereof which are identical to those recited herein, but for the fact that one or more
atoms are replaced by an atom having an atomic mass or mass number different from the

atomic mass or mass number usually found in nature. Examples of isotopes that can be

- incorporated into compounds of Formula (I) or a form thereof described herein include

isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine and chlorine, such as
H2, H3, C13, C14, le, 018, 017, P31, P32, S35, Flg, CI*® and Cl36, respectively, each of which 1s

also within the scope of this description.

Certain isotopically-enriched forms of compounds of Formula (I) or a form thereof
described herein (e.g., those labeled with HC and C'" are useful in compdund and/or substrate
tissue distribution assays. Tritiated (i.e., H’) and carbon-14 (i.e., c' isotopes are
particularly preferred for their ease of preparation and detectability. Further, substitution
with isotopes such as deuterium (i.e., "deuterium enriched") may afford certain therapeﬁtic
advantages resulting from gfeater metabolic stability (e.g., increased in vivo half-life),
increased solubility, reduced dosage requirements (e.g., increased bioavailability)) or reduced
toxicity (e.g., reduced inhibition of metabolic enzymes) and hence may be preferred in some

circumstances.

One or more compounds of Formula (I) or a form thereof described herein may exist
in unsolvated as well as solvated forms with pharmaceutically acceptable solvents such as
water, ethanol, and the like, and the description herein is intended to embrace both solvated

and unsolvated forms.

As used herein, the term “solvate” means a physical association of a compound of
Formula (1) or a form thereof described herein with one or more solvent molecules. This

physical association involves varying degrees of ionic and covalent bonding, including
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hydrogen bonding. In certain instances the solvate will be capable of isolation, for example
when one or more solvent molecules are incorporated in the crystal lattice of the crystalline
solid. As used herein, “solvate” encompasses both solution-phase and isolatable solvates.

Non-limiting examples of suitable solvates include ethanolates, methanolates, and the like.

One or more compounds of Formula (I) or a form thereof described herein may
optionally be converted to a solvate. Preparation of solvates is generally known. A typical,
non-limiting process involves dissolving a compound of Formula (I) or a form thereof in a
desired amount of the desired solvent (organic or water or mixtures thereof) at a higher than
ambient temperature, and cooling the solution at a rate sufficient to form crystals which are

then isolated by standard methods. Analytical techniques such as, for example infrared

| spectroscopy, show the presence of the solvent (or water) in the crystals as a solvate (or

hydrate).
As used herein, the term “hydrate” means a solvate wherein the solvent molecule is

water.

Polymorphic crystalline and amorphous forms of the compounds of Formula (I) or a
form thereof, and of the salts, solvates, esters and prodrugs of the compounds of Formula (I)
or a form thereof, are further intended to be included in the scope of the compbunds of

Formula () or a form thereof described herein.

Compound Uses -

The Bmi-1 oncogene was first identified as part of a key insertion/activation region of
the Moloney murine leukemia virus in the early 1990’s (/-6).  Bmi-I is a member of the
Polycomb group (PcG) of transcriptional repressors and was identified as a necessary
regulator of hematopoietic stem cell (HSC) self-renewal (76, 77). Park found that Bmi-1 is
highly expressed in purified mouse and human HSCs and that the absence of Bmi-1, as
demonstrated by Bmi-1 knockout mice, results in the progressive loss of all hematopoietic
lineages (76). Furthermore, the transplantation of Bmi-1 " day 14.5 fetal liver cells into
lethally irradiated normal mice, demonstrated that the cells were unable to reconstitute

myeloid cells, B cells, and T cells because Bmi-1 " HSCs were unable to renew (76).

In addition to the role of Bmi-1 in HSC self renewal, it was found that Bmi-/

transgene expression induced lymphoma in mice (2). Bmi-1 was also found to be
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overexpressed in many tumor types, including acute myeloid leukemia, medulloblastoma,
neuroblastoma, colorectal cancer, lung cancer, and prostate cancer, and was found to increase
with malignancy (34, 78, 61, 79, 80, 65, 43). Loss of Bmi-1 in various human cancer cell
lines via Bmi-1 specific RNA interference (RNAi) was shown to lead to acute cell death and
growth inhibition, whereas loss of Bmi-1 in various normal cell lines was shown to lead to
only moderate growth inhibition and not significant cell death (69). Thus, Bmi-1 is necessary

for the survival of cancer cells but has minimal effect on the survival of normal cells.

Bmi-1 has been subsequently shown to act as an oncogene experimentally and has
proven particularly potent in conjunction with c-myc to initiate lymphoma in mice (7, 8).
The role of Bmi-1 in lymphomagenesis has been attributed partially to transcriptional

GKAA 4"RE oenes) leading to

repression of the INK4a locus (containing both the p1 and pl
maintenance of cancer and tumor cell proliferation and prevention of differentiation (7, 9).
Loss of expression of the INK4a locus due to promoter silencing has been extensively studied
and is both important for the progression and prognosis of many types of hematologic cancers
(10, 11). The INK4a locus is occasionally lost by deletion in leukemia and lymphoma (12,

13).

However, Bmi-1 has been shown to play a role in tumorigenesis in models lacking the
INK4a locus, indicating that other loci important in cancer are regulated by this protein (/4).

Experimental results have demonstrated furthef that loss of Bmi-1 induces growth arrest and

~ senescence in ﬁbrosarcoma cells known to lack INK4a (15). There is also evidence that

Bmi- 1 is important for the hedgehog (Hh) pathway in breast cancer. ‘Activation of Hh -
signaling increases Bmi-1 expression, while down-regulation of Bmi-1 (via siRNA) abrogates
the effects of Hh signaling on mammosphere formation in vitro and inhibits ductal/alveolar
development in mice (/6). Recent work has demonstrated the role of Bmi-1 in the regulation
of Hox gene expression. Knockdown of Bmi-1 caused a global and locijspeciﬁc loss of H2A
ubiquitination, upregulation of the HoxC5 gene, and inhibition of the growth of HeLa cells
(17). Another study demonstrated that E2F6 and Bmi-1 cooperate in the regulation of Hox
gene expression (particularly Hox C10 and B9), and consequently affect axial skeleton
development, but not in the repression of the Ink4a-Arf locus. These findings underscore the
significance of the E2F6-Bmi-1 interaction and suggest that the Hox and Ink4a-Arf loci are

regulated by somewhat different Bmi-1-dependent mechanisms (/8). Current research
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suggests that Bmi-1 has different foles dependent upon cell types and/or developmental

stages. Other genes regulated by Bmi-1 remain to be identified.

Bmi-1 is found to be highly expressed in malignancies, such as diffuse large B cell
lymphomas (DLBCL), B cell non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, acute
myeloid leukemia, colorectal carcinoma, liver carcinoma, non-small cell lung cancer, breast
carcinoma and medulloblastoma. The study of Bmi-1 knockout mice has revealed that Bmi-1

is required for the self-renewal of both leukemic and normal hematopoietic stem cells.

Additionally, evidence exists linking Bmi-1 levels to blood tumor types, particularly

Burkitt’s lymphoma, mantle cell lymphoma, Hodgkin’s lymphoma (21-23), non-Hodgkin’s

lymphoma, some T cell lymphomas (2, 24-31), acute myeloid leukemia and T-ALL (32-35).
Raaphorst et al observed that, in Hodgkin’s lymphoma, Reéd-Stemberg cells (HRS) co-
express Bmi-1, EZH2, and Mib-1/Ki-67. Because HRS cells are thought to originate from
germinal center lymphocytes that express Bmi-1, such lymphocytes should lose the ability to
express Bmi-1 (and gain the ability to express EZH?2) as they differentiate. These
observations suggest that Hodgkin’s lymphoma is associated with aberrant co-expression of
Bmi-1 and EZH?2 in these cells (22). An assessment of acute myeloid leukemia stem cell

populations by van Gosliga et al (36) showed that CD34+/CD3 8™ cells capable of forming

" leukemic-cobblestone colonies on a bone marrow substrate through at least two rounds of

- expansion represented an extreme minority of the cell population. Further analysis showed

that this cell population expresses high levels of Bmi-I/ mRNA and can establish an

~ aggressive leukemia in mice, while those cells that have lower levels of Bmi-1 mRNA cannot

(36). Such studies implicate Bmi-1 in tumor growth and cell survival and suggest a central

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

The levels of Bmi-1 have been shown to have prognostic relevance in a number of
tumor types. An example of this is found in acute myeloid leukemia based on results from a
study assessing the prognostic value of high Bmi-1 levels in 64 patients (32). On the basis of
the median value of Bmi-1 (54.58%), patients were divided into two groups and monitored
for survival. Patients with lower Bmi-1 positivity (<55%, »=33) had significantly longer
overall survival (P=0.0001), relapse-free survival (P=0.0072) and remission duration
(P=0.0065) when compared to the patients with higher levels of Bmi-1 (>55%, n=31,
respectively), regardless of age group (32). Similarly, Van Galen et al (37) have shown that
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Bmi-1 levels are highly prognostic in diffuse large B cell lymphomas (DLBCL) (37).
Neoplastic cells in DLBCL cases originate from germinal centre B (GCB) cells or their
descendents(38). Recent microarray analyses have shown that some DLBCL phenotypically
resemble non-neoplastic GCB cells, while some show an expression profile similar to that of

activated B cells (ABC) (39).

Furthermore, patients with a GCB-like phenotype have a considerably better
prognosis than those with an ABC-like phenotype (40). Bmi-1 was identified as one of the
genes that distinguish the ABC-like DLBCL (39),(41). Other groups have linked elevated
Bmi-1 levels with poor prognosis in mantle cell lymphoma (MCL), non-Hodgkin’s
lymphoma and other leukemias (22, 26, 27, 29, 42-44), as well as many other tumour types
including neuroblastoma, glioblastoma, hepatocellular carcinoma, and breast, colorectal,
prostate, lung, gastric and salivary gland cancers (45-57). The loss of expression from the
INK4A locus has also been shown to have prognostic value (12, 13). Taken together, these
data strongly implicate Bmi-1 in cancer and suggest that inhibiting uncontrolled cell
proliferation by inhibiting Bmi-1 function and reducing the level of Bmi-1 in a cancer cell,
tumor cell, cancer stem cell or tumor stem cell will have a beneficial therapeutic effect in

patients with multiple cancer types, particularly in those afflicted with hematological cancers.

For example, MCL is a rare, | aggressive and incurable B cell non-Hodgkin’s

. lymphoma that is refractory (i.e., resistant to conventlonal chemotherapy) and is assomated

with a poor prognosis. MCL is characterized by the t(11;14)(q13;q32) translocation,

resultmg in amplification and overexpression of the polycomb group gene Bmi-1, which

‘normally functions for self—renewal of hematopoietic stem cells but has the capacity to induce -

tumors when overexpressed.

Multiple myeloma is another fatal B-cell malignancy characterized by the
accumulation of abnormal plasma cells in the bone marrow. Standard therapy for multiple
myeloma is similar to the course for MCL and normally consists of combination
chemotherapy that often results in a 60-70% response rate. However, most patients will
eventually relapse, leaving patients with limited therapeutic options. Recent gene expression
profiling of multiple myeloma cells revealed elevated expression of Bmi-1 compared to that

in normal plasma cells, as confirmed by immunoblotting.
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Brmi-1 has been shown to be regulated transcriptionally by a number of factors
including SALL4, FoxM1, ¢c-Myec, E2F-1 and Mel18. Bmi-1 and SALL4 are putative
oncogenes that modulate stem cell pluripotency and play a role in leukemigenesis (also
referred to as leukemogenesis). Murine Sall4 also has been shown to play an essential role in
maintaining the properties of ES (embryonic stem) cells and governing the fate of the
primitive inner cell mass. Yang et al demonstrated that transcription from the Bmi-/
promoter is markedly activated by SALL4 in a dose-dependent manner (35). The Forkhead
box transcription factor FoxM1 is expressed in proliferating cells and has been shown to
upregulate the levels of Bmi-1 in transformed NIH 3T3 cells in response to oxidative stress
through c-myc activation (58). The Bmi-1 homologue, Mell8, acts as a potent repressor on
the expression of Bmi-1. The Bmi-1 promoter region contains a functional E-box through
which c-Myc and Mel-18 can regulate Bmi-1 expression. Since Mell8 downregulates c-Myc
expression and B;ﬁi—] is a c-Myc target, these data suggest that Mel18 regulates expression of
Bmi-1 via repression of c-Myc during cellular senescence and, thus, link c-Myc and
polycomb function (59). Similarly, a recent report suggests that E2F-1 may also regulate the
levels of Bmi-1 in neuroblastoma (60). The Bmi-I promoter contains a putative E2F binding
site required for the activation of a Bmi-1 promoter-dependent reporter construct by E2F-1.
Neither post-transcfiptional norvpost-translational control of Bmi-1 production has been
repoﬁed.

Without beiﬁg limited by theory, the compounds of Formula (I) or a form thereof :
described herein‘ activate the apoptotic pathway as determined by annexin-V expression, as
well as cleavage of poly (ADP-ribose) polymerasé (PARP) and caspase-9 ar_ld caspase-7.
Cell cycle analyses of cells treated with these compounds of Formula (I) or a form thereof |
have further demonstrated a block at the Go/M phase followed by the development of
polyploidy. These findings suggest that Bmi-1 may also play a role in DNA repair and/or
regulation of mitosis. The compounds of Formula (I) or a form thereof described herein are
useful inhibitors of Bmi-1 function and cause a reduction in the level of Bmi-1 protein and
are thus potential therapeutics for any cancer cell, tumor cell, cancer stem cell or tumor stem
cell that overexpresses Bmi-1. Additionally, the compounds of Formula (I) or a form thereof
described herein inhibit the function of Bmi-1 and reduce Bmi-1 levels in cancer stem cell
and tumor stem cell environments and are thus useful in targeting cancer cell populations that

have been shown to be resistant to current therapies (e.g., such as those using large and small
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molecule chemotherapeutic agents and radiation therapies, as well as targeted therapies that

primarily function by indiscriminately damaging mitotic cells).

As used herein, the italicized form of “Bmi-1,” unless otherwise specified or clear
from the context of the specification, refers to the Bmi-1 gene. The nonitalicized form of
“Bmi-1,” the capitalized form of “BMI-1” or the term “Bmi-1 protein,” unless otherwise

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

As used herein, the term “Bmi-1 inhibitor” or the phrase (or variations thereof)
“inhibit Bmi-1 function and reduce the level of Bmi-1” refer to post-translational inhibition
of the function of Bmi-1 protein and subsequent degradation, resulting in decreased levels of
Bmi-1 protein present in a tumor environment including, but not limited to, in vitro and in
vivo environments comprising cancer stem cells or tumor stem cells or cancer stem cells and

tumor stem cells.

In accordance with the present description, compounds of Formula (I) or a form
thereof that inhibit Bmi-1 function and reduce the level of Bmi-1 also inhibit proliferation of
tumor cells in vitro and in vivo and enhance sensitivity of intrinsically resistant populations
(e.g., either “cancer stem cells,” “tumor stem cells” or both) to chemotherapeutics. Elevated
expression of human Bmi-1 has been reported in multiple cancer samples and cancer cell
lines (2, 42, 51, 56, 61 -68). Applicants have identified compounds of Formula (I) or a form
thereof that inhibit Bmi-1 function and reducé the levei of Bmi-1 inr vi'tro and in vivo, with

concurrent inhibition of tumor cell growth and xenograft growth in vivo.

One embodlment descrlbed herein is directed to a method of 1nh1b1t1ng Bmi-1
function and reducing the level of Bmi-1 to treat a cancer mediated by Bmi-1 in a subject in
need thereof comprising contacting a cell having elevated Bmi-1 levels from the subject with
an amount of a compound of Formula (1) or a form thereof, wherein the cell is selected from
a cancer cell, tumor cell, cancer stem cell or tumor stem cell, determining an effective amount
of the compound of Formula (I) or a form thereof that inhibits Bmi-1 function in the cell and
subsequently administering the effective amount of the compound of Formula (I) or a form

thereof to the subject.

Another embodiment described herein is directed to a method of inhibiting Bmi-1

function and reducing the level of Bmi-1 to treat a cancer mediated by Bmi-1 in a subject in
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need thereof comprising administering to the subject an effective amount of the compound of

Formula (I) or a form thereof.

Another embodiment described herein is directed to a method for treating a cancer
mediated by Bmi-1 in a subject in need thereof comprising contacting a cell having elevated
Bmi-1 levels from the subject with an amount of a compound of Formula (I) or a form
thereof, wherein the cell is selected from a cancer cell, tumor cell, cancer stem cell or tumor

stem cell.

Another embodiment described herein is directed to a method further comprising
contacting a cell having elevated Bmi-1 levels from the subject with an amount of the
compdund of Formula (I) or a form thereof, wherein the cell is selected from a cancer cell,
tumor cell, cancer stem cell or tumor stem cell, vdetermining an effeétive amount of the
compound of Formula (1) or a form thereof that inhibits Bmi-1 function in the cell and
subsequently administering the effective amount of the compound of Formula (I) or a form

thereof to the subject.

Another embodiment described herein is directed to a method wherein the effective
amount of the compound of Formula (I) or a form thereof determined to inhibit Bmi-1
function in the contacted cell reduces Bmi-1 levels in the contacted cell.

An embodiment of the method described herein comprises administering an effective
amount of a compound of Formula (I) or a form thereof to inhibit the function of Bmi-1 in a
cancer cell i vivo or in vitro, in a tumor cell in vivo orin viiro', in a cancer stem cell |
population in vivo or in vitro, or in a tumor stem population in vivo or in vitro.

An embodiment of the method described herein comprises administering an effective: '
amount of a compound of Formula (I) or a form thereof to reduce the level of Bmi-1 in a
cancer cell in vivo or in vitro, in a tumor cell in vivo or in vitro, in a cancer stem cell
population in vivo or in vitro, or in a tumor stem population in vivo or in vitro.

An embodiment of the method described herein comprises administering an effective
amount of a compound of Formula (1) or a form thereof to inhibit cancer cell proliferation,

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

An embodiment described herein includes the use of a compound of Formula (I) or a

form thereof in the manufacture of a medicament for inhibiting Bmi-1 function and reducing
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the level of Bmi-1 to treat a cancer mediated by Bmi-1 in a subject in need thereof

comprising administering an effective amount of the medicament to the subject.

Without being limited by theory, any type of cancer mediated by or dependent on the
presence of overexpressed Bmi-1 can be treated in accordance with the intended use of the

compounds of Formula (I) or a form thereof described herein.

As used herein, the term “cancer” refers to cells in which Bmi-1 is aberrantly
expressed or overexpressed and the cell depends on Bmi-1 for survival or proliferation.
Without being limited by theory, the cells may be either stem-like or more differentiated, but
the cell relies on Bmi-1 to enable uncontrolled cell division and develop resistance to

cytotoxic, chemotherapeutic agents.

In another embodiment, the term “a cancer mediated by Bmi-1” refers to. a cancer that
is characterized by cells or a fraction of cells from a cancer patient that overexpress Bmi-1
compared to cells from a cancer-free patient (i.e., a patient with no defeétable cancer as
determined by conventional techniques, such as MRI, CAT scan, etc.). Alternatively, the
term refers to cells or a fraction of cells from a cancer patient that, relative to the cancer
patient’s cells from surrounding normal tissues, express a level of Bmi-1 that differs by at
least 2%, 4%, 8%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%. 90%, or 95% more, as detected by any method routinely used in the

art, or described herein, e.g., in an ELISA.

Non-limiting examples of a cancer mediated by Bmi-1 that can be treated with the

intended use described ‘herei‘n: leukemias, such as but not limited to, acute leukemia, acute

‘vly'm'phocytic leukemia, acute myelocytic leukemias, such as, myeloblastic, promyelocytic,

myelomonocytic, monocytic, and erythroleukemia leukemias and myelodysplastic syndrome;
chronic leukemias, such as but not limited to, chronic myelocytic (granulocytic) leukemia,
chronic lymphocytic leukemia, hairy cell leukemia; polycythemia vera; lymphomas such as
but not limited to Hodgkin’s lymphoma, non-Hodgkin’s lymphoma; multiple myelomas such
as but not limited to smoldering multiple myeloma, nonsecretory myeloma, osteosclerotic
myeloma, placancer cell leukemia, solitary placancercytoma and extramedullary
placancercytoma; Waldenstrém’s macroglobulinemia; monoclonal gammopathy of
undetermined significance; benign monoclonal gammopathy; heavy chain disease; bone and

connective tissue sarcomas such as but not limited to bone sarcoma, osteosarcoma,
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chondrosarcoma, Ewing’s sarcoma, malignant giant cell tumor, fibrosarcoma of bone,
chordoma, periosteal sarcoma, soft-tissue sarcomas, angiosarcoma (hemangiosarcoma),
fibrosarcoma, Kaposi’s sarcoma, leiomyosarcoma, liposarcoma, lymphangiosarcoma,
neurilemmoma, rhabdomyosarcoma, synovial sarcoma; glial brain tumors (i.e., gliomas) such
as but not limited to, astrocytoma, ependymoma, oligodendroglioma, brain stem glioma, optic
glioma, diffuse intrinsic pontine glioma, mixed glioma (i.e., oligoastrocytoma), glioblastoma,
glioblastoma multiforme, nonglial tumor, acoustic neurinoma, craniopharyngioma,
medulloblastoma, meningioma, pineocytoma, pincoblastoma, primary brain lymphoma;
breast cancer including but not limited to ductal carcinoma, adenocarcinoma, lobular (cancer
cell) carcinoma, intraductal carcinoma, medullary breast cancer, mucinous breast cancer,
tubular breast cancer, papillary breast cancer, Paget’s disease, and inﬂammatbry breast
cancer; adrenal cancer such as but not limited to pheochromocytom and adrenocortical
carcinoma; thyroid cancer such as but not limited to papillary or follicular thyroid cancer,
medullary thyroid cancer and anaplastic thyroid cancer; pancreatic cancer such as but not
limited to, insulinoma, gastrinoma, glucagonoma, vipoma, somatostatin-secreting tumor, and
carcinoid or islet cell tumor; pituitary cancers such as but limited to Cushing’s disease,
prolactin-secreting tumor, acromegaly, and diabetes insipius; eye cancers such as but not
limited to ocular melanoma such as iris melanoma, choroidal melanoma, and cilliary body
melanoma, and retinoblastoma; vaginal cancers such as squamous céll carcinoma,

adenocarcinoma, and melanoma; vulvar cancer such as squamous cell carcinoma, melanoma,

adenocarcinoma, basal cell carcinoma, sarcoma, and Paget’s disease; cervical cancers such as

but not limited to, squamdus cell carcinoma, and adenocarcinoma; uterine cancers such as but
not limited to endometrial carcinoma and uteﬁne saréoma; ovarian cancers such as but not
limited to, ovarian epithelial carcinoma, borderline tumor, germ cell tumor, and stromal
tumor; esophageal cancers such as but not limited to, squamous cancer, adenocarcinoma,
adenoid cystic carcinoma, mucoepidermoid carcinoma, adenosquamous carcinoma, sarcoma,
melanoma, placancercytoma, verrucous carcinoma, and oat cell (cancer cell) carcinoma;
stomach cancers such as but not imited to, adenocarcinoma, fungating (polypoid), ulcerating,
superficial spreading, diffusely spreading, malignant lymphoma, liposarcoma, fibrosarcoma,
and carcinosarcoma; colon cancers; rectal cancers; liver cancers such as but not limited to
hepatocellular carcinoma and hepatoblastoma; gallbladder cancers such as adenocarcinoma;

cholangiocarcinomas such as but not limited to papillary, nodular, and diffuse; lung cancers
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such as non-small cell lung cancer, squamous cell carcinoma (epidermoid carcinoma),
adenocarcinoma, large-cell carcinoma and small-cell lung cancer; testicular cancers such as
but not limited to germinal tumor, seminoma, anaplastic, classic (typical), spermatocytic,
nonseminoma, embryonal carcinoma, teratoma carcinoma, choriocarcinoma (yolk-sac
tumor), prostate cancers such as but not limited to, prostatic intraepithelial neoplasia,
adenocarcinoma, leiomyosarcoma, and rhabdomyosarcoma; penal cancers; oral cancers such
as but not limited to squamous cell carcinoma; basal cancers; salivary gland cancers such as
but not limited to adenocarcinoma, mucoepidermoid carcinoma, and adenoidcystic
carcinoma; pharynx cancers such as but not limited to squamous cell cancer, and verrucous;
skin cancers such as but not limited to, basal cell carcinoma, squamous cell carcinoma and

melanoma, superficial spreading melanoma, nodular melanoma, lentigo malignant melanoma,

“acral lentiginous melanoma; kidney cancers such as but not limited to renal cell carcinoma,

adenocarcinoma, hypernephroma, fibrosarcoma, transitional cell cancer (renal pelvis and/ or
uterer); Wilms’ tumor; bladder cancers such as but not limited to transitional cell carcinoma,
squamous cell cancer, adenocarcinoma, carcinosarcoma. In addition, cancers include
myxosarcoma, osteogenic sarcoma, endotheliosarcoma, lymphangioendotheliosarcoma,
mesothelioma, synovioma, hemangioblastoma, epithelial carcinoma, cystadenocarcinoma,
broncho genic carcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary
carcinoma and paplllary adenocarcmomas (fora review of such disorders, see Fishman et al
1985, Medicine, 2d Ed., J. B. Lippincott Co., Philadelphia and Murphy et al., 1997, Informed
Decisions: The Complete Book of Cancer Diagnosis, Treatment, and Recovery, Viking

Pengum Penguin Books U.S.A., Inc., United States of Amerlca)

The compounds of Formula (I) or a form thereof are also useful in the treatment,
prevention and/or management of a variety of cancers mediated by Bmi-1 or other abnormal
proliferative diseases (where such disease is mediated by overexpressed Bmi-1 or elevated
levels of Bmi-1), including (but not limited to) the following: carcinoma, including that of the
bladder, breast, colon, kidney, liver, lung, ovary, pancreas, stomach, cervix, thyroid and skin;
including squamous cell carcinoma; hematopoietic tumors of lymphoid lineage, including
leukemia, acute lymphocytic leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T
cell lymphoma, Burkitt’s lymphoma; hematopoietic tumors of myeloid lineage, including
acute and chronic myelogenous leukemias and promyelocytic leukemia; tumors of

mesenchymal origin, including fibrosarcoma and rhabdomyoscarcoma, other tumors,
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including melanoma, seminoma, tetratocarcinoma, neuroblastoma; tumors of the central and
peripheral nervous system, including astrocytoma, neuroblastoma, glioma, and
Schwannomas; tumors of mesenchymal origin, including fibrosarcoma, thabdomyoscarama,
and osteosarcoma; and other tumors, including melanoma, xeroderma pigmentosum,
keratoactanthoma, seminoma, thyroid follicular cancer and teratocarcinoma. In some
embodiments, cancers associated with aberrations in apoptosis are treated in accordance with
the methods described herein. Such cancers may include, but are not limited to, follicular
lymphomas, carcinomas with p53 mutations, hormone dependent tumors of the breast,
prostate and ovary, and precancerous lesions such as familial adenomatous polyposis, and
myelodysplastic syndromes. In specific embodiments, malignancy or dysproliferative
changes (such as metaplasias and dysplasias), or hyperproliferative disorders of the skin,
lung, liver, bone, brain, stomach, colon, breast, prostate, bladder, kidney, pancreas, ovary,
and/or uterus are treated in accordance with the methods described herein. In other specific

embodiments, a sarcoma, or melanoma is treated as described herein.

In a specific embodiment, the cancer mediated by Bmi-1 being treated as described
herein is leukemia, lymphoma or myeloma (e.g., multiple myeloma). Non-limiting examples
of leukemias and other blood-borne cancers mediated by Bmi-1 that can be treated with the

methods described herein include acute lymphoblastic leukemia (ALL), acute lymphoblastic

B-cell leukemia, acute lymphoblastic T-cell leukemia, acute myeloblastic leukemia (AML),

acute promyelocytic leukemia (APL), acute monoblastic leukemia, acute erythroleukemic

~ leukemia, acute megakaryoblastic leukemia, acute myelomonocytic leukemia, acute

“nonlymphocyctic leukemia, acute undifferentiated leukemia, chronic myelocytic leukemia .

(CML), chronic lymphocytic leukemia (CLL), and hairy cell leukemia.

Non-limiting examples of lymphomas mediated by Bmi-1 that can be treated in
accordance with the methods described herein include Hodgkin’s lymphoma, non-Hodgkin’s
lymphoma, multiple myeloma, Waldenstrém’s macroglobulinemia, heavy chain disease, and

polycythemia vera.

In another embodiment, the cancer mediated by Bmi-1 being treated as described
herein is a solid tumor. Examples of solid tumors that can be treated in accordance with the
methods described herein include, but are not limited to fibrosarcoma, myxosarcoma,

liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma,
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endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma,
mesothelioma, Ewing’s tumor, leiomyosarcoma, rhabdomyosarcoma, colon cancer, colorectal
cancer, kidney cancer, pancreatic cancer, bone cancer, breast cancer, ovarian cancer, prostate
cancer, esophageal cancer, stomach cancer, oral cancer, nasal cancer, throat cancer, squamous
cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous
gland carcinoma, papillary carcinoma, papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct
carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms’ tumor, cervical
cancer, uterine cancer, testicular cancer, small cell lung carcinoma, bladder carcinoma, lung
cancer, epithelial carcinoma, glioma, glioblastoma multiforme, astrocytoma,
medulloblastoma, créniopharyngioma, ependymoma, pinealoma, hemangioblastoma, acoustic
neuroma, oligodendroglioma, meningioma, skin cancer, melanoma, neuroblastoma, and

retinoblastoma.

In certain embodiments, a cancer mediated by Bmi-1 includes, but is not limited to,
brain cancer, gastric cancer, hematologic cancer, lung cancer, non-small cell lung cancer,
pancreatic cancer, prostate cancer, salivary gland cancer, colorectal carcinoma, hepatocellular
carcinoma, liver carcinoma, breast carcinomas or sarcomas, esophageal carcinomas or
sarcomas, stomach carcinomas or sarcomas, fibrosarcoma, ghoblastoma diffuse intrinsic
pontine ghoma medulloblastoma, neuroblastoma diffuse large B cell lymphomas, B cell

non-Hodgkln s lymphoma, Hodgkin’s lymphoma or chronic or acute myeloid _leukemla.

In certain embodim‘ents, a cancer mediated by Bmi-1 includes, but is not limited to,

‘tumors that relapse after therapy despite improved surgical and irradiation techniques.

Tumor relapse may occur for a number of reasons, with one plausible explanation being the
existence of cancer stem cells (CSC) or tumor stem cells (tumor initiating cells) in the tumor
population. CSCs are defined as a population of stem cells relative to any type of blood
cancer, solid tumor cancer or metastatic cancer. Tumor stem cells are those specifically
found within a tumor. Both have characteristics similar to normal stem cells. Like normal
stem cells, CSCs and tumor stem cells have the potential to self renew. Unlike normal stem
cells, though, due to the sustained presence of high levels of Bmi-1, the CSCs and tumor stem
cells fail to terminally differentiate and proliferate unchecked. Their enhanced DNA repair
capacity also enables them to become resistant to cytotoxic, chemotherapeutic drugs designed

to kill cancer cells and tamor cells. Therefore, targeting CSCs and tumor stem cells that
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overexpress Bmi-1 could be an approach for effective cancer treatment. One further
approach is to target various transcription factors responsible for maintenance of the self

renewal capacity of CSCs and tumor stem cells.

As used herein, the term “treat,” “tfeatment” or “treating” refers to: (i) preventing a
disease, disorder and/or condition from occurring in a subject that may be predisposed to the
disease, disorder and/or condition but has not yet been diagnosed as having said disease,
disorder and/or condition; (ii) inhibiting a disease, disorder and/or condition, i.e., arresting its
development; and/or (iii) relieving a disease, disorder and/or condition, i.c., causing

regression of the disease, disorder and/or condition.

As used herein, the term “subject” refers to members of the human, equine, porcine,
bovine, murine, rattus, canine and feline species. In some embodiments, the subject isa
mammal or a warm-blooded vertebrate animal. In other embodiments, the subjecf isa
human. As used herein, the term “patient” may be used interchangeably with “subject” and

“human”.

In certain embodiments, the subject is a human that is 0 to 6 months old, 6 to 12
months old, 6 to 18 months old, 18 to 36 months old, 1 to 5 years old, 5 to 10 years old, 10 to
15 years old, 15 to 20 years old, 20 to 25 years old, 25 to 30 years old, 30 to 35 years old, 35 .
to 40 years old, 40 to 45 years old, 45 to 50 years old, 50 to 55 years old, 55 to 60 years old,
60 to 65 years old, 65 to 70 years old, 70 to 75 years old, 75 to 80 years old, 80 to 85 years
old, 85 to 90 years old, 90 to 95 years old or 95 to 100 years old. In some embodimerits, the
subject is a human infant. In other embodiméﬁts; the subject is a human toddler. In other
embodiments, the subject is a human child. In other embodiments, the subject is human

adult. In yet other embodiments, the subject is an elderly human.

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

years old.

In certain embodiments, the subject is in an immunocompromised state or
immunosuppressed state or at risk for becoming immunocompromised or immunosuppressed.

In certain embodiments, the subject is receiving or recovering from an immunosuppressive

76



10

15

20

25

30

WO 2014/081906 PCT/US2013/071132

therapy. In certain embodiments, the subject has or is at risk of getting cancer, AIDS, or a
bacterial infection. In certain embodiments, the subject is, will or has undergone surgery,
chemotherapy and/or radiation therapy. In certain embodiments, the subject has cystic
fibrosis, pulmonary fibrosis or another condition affecting the lungs. In certain embodiments,

the subject has, will have or had a tissue transplant.

In some embodiments, the subject's cancer, due to the overexpression of Bmi-1 in
cancer cells, tumor cells, cancer stem cells or tumor stem cells thereof, has proven refractory
to conventional "standard of care" therapies (excluding treatment with a compound of
Formula (I) or a form thereof), such that the patient has discontinued the conventional
therapy. In one embodiment, without being limited by theory, the term "refractory” means
that at least some significant portion of the cancer cells, tumor cells, cancer stem cells or
tumor stem cells continue to proliferate due to the overexpression of Bmi-1, despite therapy.
The determination of whether the cancer is refrabtory toa particular therapy can be made
cither in vivo or in vitro by any method known in the art for assaying the effect of a therapy
on the cancer cells, tumor cells, cancer stem cells or tumor stem cells, using the art-accepted
meanings of “refractory” in such a context. In certain embodiments, a patient having a
refractory cancer due to the overexpression of Bmi-1 is a patient in which the cancer is non-
responsive or resistant to a conventional or "standard of care" therapy. In certain
embodiments, a patient with refractory cancer has a cancef mediated by Bmi-1 that'
progr_esses. Disease pro gressioh, as a lack of clinical response to a therapy, is demonstrafed
when thé tumor or neoplasrh has not been significantly eradicated and/or the symptoms have
not been s‘igniﬁcantly alleviated. The determination of whether a patient has a refractory
cancer mediated by Bmi-1 can be made either in vivo or in vitro by any method knownAin the
art for assaying the effectiveness of the therapy for the treatment of the cancer, using art-

accepted meanings of “refractory” in such a context.

In certain embodiments, the patient to be treated in accordance with the methods
described herein is a patient already being treated with antibiotics, anti-virals, anti-fungals, or
other biological therapy, immunotherapy or anti-cancer therapy. Among these patients are
patients with a refractory cancer mediated by Bmi-1 or patients too young for conventional
therapies. In some embodiments, the patient being treated is treatment naive, not having
received any prior therapy. In any of the foregoing embodiments, a patient to be treated may

receive a small molecule therapy.
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In some embodiments, a compound of Formula (I) or a form thereof may be
prophylactically administered to a patient to prevent the onset of cancer mediated by Bmi- 1
in a patient at risk of developing cancer. In some embodiments, a compound of Formula (1)
or a form thereof may be therapeutically administered to a patient that is susceptible to
adverse reactions to conventional therapies. In some embodiments, the subject being
administered one or more compounds of Formula (I) or a form thereof has not received prior
therapy. In other embodiments, one or more compounds of Formula (I) or a form thereof are
administered to a subject who has received a prior therapy. In some embodiments, the
subject administered a compound of Formula (I) or a form thereof has discontinued a prior
therapy due to lack of benefit from the therapy, adverse effects from the therapy or

unacceptable levels of toxicity.

" In some embodiments, the subject being administered one or more compounds of
Formula (I) or a form thereof, will or has undergone surgery, chemotherapy, antibody
therapy, hormonal therapy and/or radiation therapy. In certain embodiments, the patient has
undergone surgery to remove the tumor or neoplasm. In certain embodiments, the subject

will have or has had, or is undergoing a tissue or organ transplant.

As used herein, the terms “effective amount,” “prophylactlcally effective amount” or

“therapeutically effective amount” mean an amount of a compound of Formula (I) or a form

‘ thereof that is effective in inhibiting Bmi-1 protein function and reducing the level of Bmi-1

protein, as described herein, and thus producing the desired prophylactic, therapeutic,
ameliorative, 1nh1b1tory or.preventative effect in a cancer mediated by Bmi-1in a patient in

need thereof.

As used herein, the term “effective amount,” in the context of administering a
compound of Formula (I) or a form thereof to a patient, refers to the amount of a compound
of Formula () or a form thereof which is sufficient to achieve at least one or more of the
following effects, as applicable, in a patient or in patient cell(s): (1) inhibition of Bmi-1
protein function; (ii) reduction in the level or quantity of Bmi-1 protein; (iii) reduction or
amelioration in the severity of a cancer mediated by Bmi-1 or a symptom associated
therewith; (iv) prevention of the progression of a cancer mediated by Bmi-1 or a symptom
associated therewith; (v) regression of a cancer mediated by Bmi-1 or a symptom associated

therewith; (vi) prevention of the development or onset of a cancer mediated by Bmi-1 or a
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symptom associated therewith; (vii) prevention of the recurrence of a cancer mediated by
Bmi-1 or a symptom associated with a cancer mediated by Bmi-1; (viii) reduction of the
duration of a symptom associated with a cancer mediated by Bmi-1; (ix) reduction or
climination of the cancer stem cell or tumor stem cell population; (x) reduction or elimination
of the growth of a tumor or neoplasm overexpressing Bmi-1; (xi) reduction or elimination of
the proliferation of cancer cells or tumor cells; (xii) reduction or elimination of the formation
of a tumor or neoplasm overexpressing Bmi-1; (xiii) eradication or control of a primary,
regional and/or metastatic cancer mediated by Bmi-1; (xiv) reduction in patient mortality;
(xv) increased number of patients in remission; (xvi) increased length of remission in
patients; (xvii) the size of a tumor or neoplasm overexpressing Bmi-1 is maintained or
controlled such that the size does not increase or increases less than the size of the tumor after
administration of a standard therapy as measured by conventional methods available to one of
skill in the art, such as MR, X-ray and CAT scan; (xviii) increased delay in disease
progression; (xix) increased patient survival; (xx) reduction in incidences of patient
hospitalization; (xxi) reduction in the length of patient hospitalization; (xxu) enhancement or
improvement in the prophylactic or therapeutic effect(s) of another therapy; (xxiii) reduction
in the number of symptoms associated with a cancer mediated by Bmi-1; (xxiv) increased
cancer-free survival of patients; and/or (xxv) increased symptom-free survival of cancer

patlents

In general, the term “effective amount” also 1ncludes that amount of a compound of
Formula (1) or a form thereof administered to a patient which is in a range of from about
0.001 mg/Kg/day to about S_OO,mg/Kg/day', or about 0.01 mg/Kg/day to about 500
mg/Kg/day, or about 0.1 mg to about 500 mg/Kg/day, or about 1.0 mg/day to about 500
mg/Kg/day, in single, divided, or a continuous dose for a patient or subject having a weight in
a range of between about 40 to about 200 Kg (which dose may be adjusted for patients or
subjects above or below this range, particularly children under 40 Kg). The typical adult
subject is expected to have a median weight in a range of between about 60 to about 100 Kg.
The effective amount for the subject will also depend upon various factors, including the
body weight, size and health of the subject. An effective amount for a given patient can be

determined according to the skill and judgment of the clinician.

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

subject or patient, compounds of Formula (I) or a form thereof described herein may be
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formulated for delivery at about 0.02, 0.025, 0.03, 0.05, 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, 1.10, 1.20, 1.25, 1.50, 1.75, 2.0, 5.0, 10, 20 or 50
mg/Kg/day. Daily doses adjusted based upon the weight of the subject or patient may be
administered as a single, divided, or continuous dose. In embodiments where a dose of a
compound of Formula (I) or a form thereof is given more than once per day, the dose may be
administered once, twice, three times, or more per day. In another embodiment, a subject is
administered one or more doses of an effective amount of a compound of Formula (I) or a

form thereof, wherein the effective amount may not be the same for each dose.

Another embodiment described herein iincludes an effective amount of the compound
of Formula () or a form thereof in a range of from about 0.001 mg/Kg/day to about 500
mg/Kg/day.

Within the scope described herein, the “effective amourit” of a compound of Formula
(D) or a form thereof for use in the manufacture of a medicament or in a method for treating a
cancer mediated by Bmi-1 in a subject in need thereof, is intended to include an amount in a
range of from about 0.1 ng to about 3500 mg administered daily; from about 0.1 pg to about
3500 mg administered daily; from about 0.1 mg to about 3500 mg administered daily; from
about 1 mg to about 3500 mg administered daily; from about 1 mg to about 3000 mg
admirnistered daily; from abbut 0.05 mg to about 1500 mg administered 'daily.;.fromabout 0.5

mg to about 1500 mg administered daily; from about 1 mg to about 1500 mg administered

daily; from about 5 mg to about 1500 mg administered daily; from about 10 mg to about 600

- mg administered daily; from about 0.5 mg to about 2000 mg administered daily; or, an

amount in a range of from about 5.0 mg to about 1500 mg édministéred daily.

Another embodiment described herein iincludes an effective amount of the compound

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

For any compound of Formula (I) or a form thereof, the effective amount can be
estimated initially by results from cell culture assays or from relevant animal models, such as
the mouse, chimpanzee, marmoset or tamarin animal model. Relevant animal models may
also be used to determine the appropriate concentration range and route of administration.
Such information can then be used to determine useful doses and routes for administration in
humans. Therapeutic efficacy and toxicity may be determined by standard pharmaceutical

procedures in cell cultures or experimental animals, e.g., EDso (the dose therapeutically
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effective in 50% of the population) and LDs (the dose lethal to 50% of the population). The
dose ratio between the toxic and therapeutic effect is referred to as the therapeutic index, and
can be expressed as the ratio, LDs¢/EDso. In some embodiments, the effective amount is such
that a large therapeutic index is achieved. In further embodiments, the dosage is within a
range of plasma concentrations that include an EDso with little or no toxicity. The dosage
may vary within this range depending upon the dosage form employed, sensitivity of the

patient, and the route of administration.

More specifically, the concentration-biological effect (pharmacodynamic) relationship
observed with regard to a compound of Formula (I) or a form thereof suggests a target plasma
concentration ranging from about 0.001 pg/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 10 pg/mL, or from about 0.1 pg/mL to
about 5 pg/mL. To achieve such plasma cohcentrations, the cpmpounds of Formula (I) or a
form thereof described herein may be administered at doses that vary from 0.001 pg to
100,000 mg, depending upon the route of administration in single, divided, or continuous
doses for a patient weighing between about 40 to about 100 kg (which dose may be adjusted

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

The exact dosage will be determined by the practitioner, in light of factors related to
the subject. Dosage and administration may be adjustéd to provide sufficient levels of the
active agent(s) or to maintain the desired effect. Administration factors that may be taken_ |
into account include the severity of the disease state, general health of the subject, ethinicity,

age, weight, and gender of the subject, diet, time and frequency of administration, drug

combination(s), reaction sensitivities, tolerance for toxicity related to drug metabolites,

experience with other cancer therapies and regimens, and tolerance/response to such therapies

and regimens. Long-acting pharmaceutical compositions may be administered every 2, 3 or 4
days, once every week, or once every two weeks depending on half-life and clearance rate of

the particular formulation.

The compounds of Formula (I) or a form thereof described herein may be
administered to the subject via any drug delivery route known in the art. Nonlimiting
examples include oral, ocular, rectal, buccal, topical, nasal, ophthalmic, subcutaneous,
intramuscular, intraveneous (bolus and infusion), intracerebral, traﬁsdermal, and pulmonary

routes of administration.
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Compound Metabolites

Also falling within the scope described herein are the in vivo metabolic products of
the compounds of Formula (I) or a form thereof. Such products may result, for example,
from the oxidation, reduction, hydrolysis, amidation, glucuronidation, esterification and the
like of the administered compound of Formula (I) or a form thereof, primarily due to
enzymatic processes. Accordingly, the compounds of Formula (I) or a form thereof
described herein include those produced by a process comprising contacting a compound of
Formula (I) or a form thereof described herein with a mammalian tissue or a mammal for a

period of time sufficient to yield a metabolic product thereof.

Such products typically are identified by preparing a radio-labeled (e.g. c"or B
compound of Formula (I) or a form thereof described herein, administering it in a detectable
dose (e.g., greater than about 0.5 mg/kg) to a mammal such as rat, mouse, guinea pig,
monkey, or to man, allowing sufficient time for metabolism to occur (typically about 30
seconds to 30 hours), and isolating its conversion products from urine, blood or other
biological samples. These products are easily isolated since they are labeled (others are
isolated by the use of antibodies capable of binding epitopes surviving in the metabolite).
The metabolite structures are determined in conventional fashion, e.g., by MS or NMR
analysis. In general, analysis of metabolites fnay be done in the same way as conventional
drug metabolism studies well-known to those skilled in the art. The conversion products, so
long as they are not otherwise found in vivo, are useful in diagnostic assays for therapeutic
dosing of the compounds of Formula (I) or a form thereof described herein even if they

possess no biolbgic,al activity of their own.-

Combination Therapies

The methods of treating a cancer mediated by Bmi-1 in a subject in need thereof, in
addition to those previously described herein, further comprise administering to the subject in
need thereof an effective amount of one or more of the compounds of Formula (I) or a form
thereof alone or in combination with one or more additional agents selected from anti-cancer
agents, anti-proliferative agents, chemotherapeutic agents, immunomodulatory agents, anti-
angiogenic agents, anti-inflammatory agents, an alkylating agents, steroidal and non-steriodal
anti-inflammatory agents, pain relievers, leukotriene antagonists, B2-agonists, anticholinergic

agents, hormonal agents, biological agents, tubulin binding agents, glucocorticoids,
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corticosteroid agents, antibacterial agents, antihistamines, anti-malarial agents, anti-viral

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

In another embodiment, one or more compounds of Formula (I) or a form thereof
alone or in combination with one or more additional agents may be administered to the
subject in combination with a supportive therapy, a pain relief therapy, or other therapy that

does not have an effect on a cancer mediated by Bmi-1.

In some embodiments, one or more compounds of Formula (I) or a form thereof
described herein and one or more additional agents described herein are administered as the
same pharmaceutical composition. In certain embodiments, one or more compounds of
Formula (I) or a form thereof described herein and one or more additional agents described
herein are administered in different pharmaceutical compositions. In certain embodiments,
one or more compounds of Formula (I) or a form thereof described herein and one or more
additional agents described herein are administered by the same route of administration. In
certain embodiments, one or more compounds of Formula (I) or a form thereof described
herein and one or more additional agents described herein are administered by different

routes of administration.

In other embodiments are pharmaceutlcal compositions wherein one or more

compounds of Formula (I) or a form thereof are administered in a combination product w1th

_one or more additional agents useful in the treatment of a cancer mediated by Bmi-1. The

skilled artisan will recognize that a variety of active ingredients may be administered in a
combination with the compounds of Formula (I) or a form thereof described herein whereby
the product may act to aﬁgment or synergistically enhance the anticancer activity of either or
both the additional agent(s) and the compound(s) of Formula (I) or a form thereof described

herein.

As used herein, the term “synergistic,” refers to the effect of the administration of a
combination product as described herein which is more effective than the additive effects of
any two or more single agents. In a specific embodiment, a synergistic effect of a
combination product permits the use of lower dosages of one or more agents and/or less
frequent administration of said agents to a subject with a cancer mediated by Bmi-1. In
certain embodiments, the ability to utilize lower dosages of an agent and/or to administer said

agents less frequently reduces the toxicity associated with the administration of said agents to
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a subject without reducing the efficacy of said agents in the prevention or treatment of a
cancer mediated by Bmi-1. In soine embodiments, a synergistic effect results in improved
efficacy of each of the agents in treating a cancer mediated by Bmi-1. In some embodiments,
a synergistic effect of a combination of agents avoids or reduces adverse or unwanted side
effects associated with the use of any single agent. The combination of agents in such a
product can be administered to a subject in the same pharmaceutical composition.
Alternatively, the agents can be administered concurrently to a subject in separate
pharmaceutical compositions. The agents may also be administered to a subject by the same
or different routes of administration. In a specific embodiment, at least one of the agents is a

compound of Formula (I) or a form thereof described herein.

- Itis also possible to combine any compound of Formula (I) or a form thereof
described herein with such additional agents useful in the treatment of a cancer mediated by
Bmi-1, including compounds of Formula (I) or a form thereof as described herein, in a |
unitary dosage form, or in separate dosage forms intended for simultaneous or sequential
administration to a patient in need of treatment. When administered sequentially, the
combination may be administered in two or more administrations. In an alternative
embodiment, it is possible to administer one or more compounds of Formula (I) or a form
thereof described herein and one or more additional ageﬁts described herein by different

routes.

According to the methods described herein, a combination product may include a

combination of active ingredients that may be: (1) co-formulated and administered or

delivered simultaneously in a combined formulation; (2) delivered sequentially or in parallel
as separate formulations; or (3) by any other combination regimen known ih the art. When
delivered as separate formulations in alternation therapy, the methods described herein may
comprise administration or delivery, for example, without limitation, in separate solutions,
emulsions, suspensions, tablets, pills or capsules, or by different injections in separate
syringes. In general, when administered in alternation, an effective dosage of each active
ingredient is administered serially, one dose following another. In contrast, in parallel or
simultaneous administration, effective dosages of two or more active ingredients are
administered together. Various alternative combinations of intermittent sequential or in

parallel combination administration may also be used.
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Specific examples of such agents include, but are not limited to, immunomodulatory
agents (e.g., interferon, penicillamine and the like), anti-angiogenic agent, anti-inflammatory
agents (e.g., adrenocorticoids, corticosteroids (e.g., beclomethasone, budesonide, flunisolide,
fluticasone, triamcinolone, methylprednisolone, prednisolone, prednisone, hydrocortisone),
glucocorticoids, steroidal and non-steriodal anti- inflammatory drugs (e.g., aspirin, ibuprofen,
diclofenac, and COX-2 inhibitors)), pain relievers, leukotriene antagonists (e.g., montelukast,
methyl xanthines, zafirlukast, and zileuton), B2-agonists (e.g., albuterol, biterol, fenoterol,
isoetharie, metaproterenol, pirbuterol, salbutamol, terbutalin formoterol, salmeterol, and
salbutamol terbutaline), anticholinergic agents (e.g., ipratropium bromide and oxitropium
bromide), antibacterial agents (e.g., sulphasalazine, dapsone and the like), antihistamines,
anti-malarial agents (e.g., hydroxychloroquine), anti-viral agents (e.g., nucleoside analogs
(e.g., zidovudine, acyclovir, gangcyclovir, vidarabine, idoxuridine, trifluridine, ribavirin,
foscérnet, amantadine, rimantadine, saquinavir, indinavir, ritonavir, and AZT) and antibiotics
(e.g., dactinomycin (formerly actinomycin), bleomycin, erythomycin, penicillin,

mithramyecin, and anthramycin (AMC)).

Specific examples of additional agents that may be used in combination with a
compound of Formula (I) or a form thereof described herein include, but are not limited to:
acivicin; aclarubicin; acodazole hydrochloride; a.cronine;. adozelesin; aldesleukin;
altretamine' ambomycin; ametantrone acetate; aminoglutethimide; amsacrine; anastrozole;
anthracychn anthramycm asparagmase asperlin; azacitidine; azetepa; azotomycin;

batimastat; benzodepa; blcalutamlde bisantrene hydrochloride; bisnafide dlmesylate

" bisphosphonates (e.g., pamldronateA(Aredrla ), sodium clondronate (Bonefos ), zoledronic

acid (Zometa®), alendronate (Fosamax®), etidronate, ibandornate, cimadronate, risedromate,
and tiludromate); bizelesin; bleomycin sulfate; brequinar sodium; bropirimine; busulfan;
cactinomycin; calusterone; caracemide; carbetimer; carboplatin; carmustine; carubicin
hydrochloride; carzelesin; cedefingol, chlorambucil; cirolemycin; cisplatin; cladribine;
crisnatol mesylate; cyclophosphamide; cytarabine; dacarbazine; dactinomycin; daunorubicin
hydrochloride; decitabine; demethylation agents; dexormaplatin; dezaguanine; dezaguanine
mesylate; diaziquone; docetaxel; doxorubicin; doxorubicin hydrochloride; droloxifene;
droloxifene citrate; dromostanolone propionate; duazomycin, edatrexate; eflornithine
hydrochloride; EphA?2 inhibitors; elsamitrucin; enloplatin; enpromate; epipropidine;
epirubicin hydrochloride; erbulozole; esorubicin hydrochloride; estramustine; estramustine
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phosphate sodium; etanidazole; etoposide; etoposide phosphate; etoprine; fadrozole
hydrochloride; fazarabine; fenretinide; floxuridine; fludarabine phosphate; 5-fluorouracil;
fluorocitabine; fosquidone; fostriecin sodium; gemcitabine; gemcitabine hydrochloride;
histone deacetylase inhibitors; hydroxyurea; idarubicin hydrochloride; ifosfamide;
ilmofosine; imatinib mesylate; interleukin II (including recombinant interleukin II, or rIL2),
interferon alpha-2a; interferon alpha-2b; interferon alpha-nl ; interferon alpha-n3; interferon
beta-1 a; interferon gamma-I b; iproplatin; irinotecan hydrochloride; lanreotide acetate;
lenalidomide; letrozole; leuprolide acetate; liarozole hydrochloride; lometrexol sodium;
lomustine; losoxantrone hydrochloride; masoprocol; maytansine; mechlorethamine
hydrochloride; anti-CD2 antibodies; megestrol acetate; melengestrol acetate; melphalan;
meno gaﬁl; mercaptopurine; methotrexate; methotrexate sodium; metoprine; meturedepa;
mitindomide; mitocarcin; mitocromin; mitogillin; mitomalcin; mitomycin; mitosper;
mitotane; mitoxantrone hydrochloride; mycophenolic acid; nocodazole; nogalamycin;
ormaplatin; oxisuran; paclitaxel; pegaspargase; peliomycin; pentamustine; peplomycin
sulfate; perfosfamide; pipobroman; piposulfan; piroxantrone hydrochloride; plicamycin;
plomestane; porfimer sodium; porfiromycin; prednimustine; procarbazine hydrochloride;
puromycin; puromycin hydrochloride; pyrazofurin; riboprine; rogletimide; safingol; safingol
hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomycin; spiroge’rmanium

hydrochloride; spiromustine; spiroplatin; streptonigrin; streptozocin; sulofenur; talisomycin;

 teco galan sodium; tegafur; teloxantrone hydrochloride; temoporfin; teniposide; térbxirone;

testolactone; thiamiprine; thioguanine; thiotepa; tiazofurin; tirapazamine; toremifene citfate_;
trestolone acetate; triciribiné phosphate; trimetrexate; trimétrexate glucﬁronate; triptorelin;
tubulozole hydrochloﬁde; uracil mustard; ﬁredepa; vapreotide; verteporfin, Vinbiastine |
sulfate; vincristine sulfate; vindesine; vindesine sulfate; vinepidine sulfate; vinglycinate
sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine sulfate; vinzolidine sulfate;

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

Other examples of treating a cancer mediated by Bmi-1 include treatment with an
anti-cancer or anti-proliferative agent wherein the anti-cancer or anti-proliferative agent 1s
selected from, but not limited to: 20-Epi-1,25-dihydroxyvitamin D3 (MC 1288, MC 1301,
KH 1060); 5-ethynyluracil; abiraterone; aclarubicin; acylfulvene; adecypenol; adozelesin;
aldesleukin; ALL-TK antagonists; altretamine; ambamustine; amidox; amifostine;

aminolevulinic acid; amrubicin; amsacrine; anagrelide; anastrozole; andrographolide;
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angiogenesis inhibitors; antagonist D; antagonist G; antarelix; anti-dorsalizing morphogenetic
protein-1; antiandrogen, antiestrogen; antineoplaston; antisense oligonucleotides; aphidicolin
glycinate; apoptosis gene modulators; apoptosis regulators; apurinic acid; ara-CDP-DL-
PTBA (0-palmitoyl-l-thioglycerol); arginine deaminase; asulacrine; atamestane; atrimustine;
axinastatin 1; axinastatin 2; axinastatin 3; azasetron; azatoxin; azatyrosine; baccatin III
derivatives; balanol; batimastat; BCR/ABL antagonists; benzochlorins; benzoylstaurosporine;
beta lactam derivatives; beta-alethine; betaclamycin B; betulinic acid; bFGF inhibitor;
bicalutamide; bisantrene; bisaziridinylspermine; bisnafide; bistratene A; bizelesin; breflate;
bropirimine; budotitane; buthionine sulfoximine; calcipotriol; calphostin C; camptothecin
de;ivatives; canarypox IL-2; capecitabine; carboxamide-amino-triazole (CaRest M3); CARN
700; cartilage derived inhibitor; carzelesin; casein kinase inhibitors (ICOS); castanospermine;
cecropin B; cetrorelix; chlorlns; chloroquinoxaline sulfonamide; cicaprost; cis-porphyrin;
cladribine; clomifene analogues; clotrimazole; collismycin A; collismycin B; combretastatin
A4; combretastatin analogue; conagenin; crambescidin 816; crisnatol; cryptophycin 8;
cryptophycin A derivatives; curacin A; cyclopentanthraquinones; cycloplatam; cypemycin;
cytarabine ocfosfate (YNKO1 or Starasid®); cytolytic factor; cytostatin; dacliximab;
decitabine; dehydrodidemnin B; deslorelin; dexamethasone; dexifosfamide; dexrazoxane;
dexverapamll diaziquone; didemnin B; didox; dlethylnorspermme dihydro-5- azacytldlne
dlhydrotaxol dioxamycin; dlphenyl spiromustine; docetaxel; docosanol; dolasetron;
doxifluridine; droloxifene; dronabinol; duocarmycm SA; ebselen; ecomustme edelfosine;
edrecolomab; eflornithine; clemene; emltefur; epirubicin; epnsterldg, estramustine analogue;
estrogen agonists; estrogen antagonists; etanidazole; efoposide phosphate; exemestane;
fadrozole; fazarabine; fenretinide; ﬁlgrastim; finasteride; flavopiridol; flezelastine;
fluasterone; fludarabine; fluorodaunorunicin hydrochloride; forfenimex; formestane;
fostriecin; fotemustine; gadolinium texaphyrin; gallium nitrate; galocitabine; ganirelix;
gelatinase inhibitors; gemcitabine; glutathione inhibitors; HMG CoA reductase inhibitors
(e.g., atorvastatin, cerivastatin, fluvastatin, lescol, lupitor, lovastatin, rosuvastatin, and
simvastatin); hepsulfam; heregulin; hexamethylene bisacetamide; hypericin; ibandronic acid,
idarubicin; idoxifene; idramantone; ilmofosine; ilomastat; imidazoacridones; imiquimod;
immunostimulant peptides; insulin-like growth factor-1 receptor inhibitor; interferon
agonists; interferons; interleukins; iobenguanc; iododoxorubicin; ipomeanol, 4-iroplact;

irsogladine; isobengazole; isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F;
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lamellarin-N triacetate; lanreotide; leinamycin; lenograstim; lentinan sulfate; leptolstatin;
letrozole; leukemia inhibiting factor; leukocyte alpha interferon;
leuprolide/estrogen/progesterone combinations; leuprorelin; levamisole; LFA-3TIP (see,
International Publication No. W093/0686 and U.S. Patent No. 6,162,432); liarozole; linear
polyamine analogue; lipophilic disaccharide peptide; lipophilic platinum compounds;
lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine; losoxantrone; lovastatin;
loxoribine; lurtotecan; lutetium texaphyrin; lysofylline; lytic peptides; maitansine;
mannostatin A; marimastat; masoprocol; maspin; matrilysin inhibitors; matrix
metalloproteinase inhibitors; menogaril; merbarone; meterelin; methioninase;
metoclopramide; MIF tautomerase inhibitor; mifepristone; miltefosine; mirimostim;
mismatched double stranded RNA; mitoguazone; mitolactol; mitomycin analogues;
mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone; mofarotene;
molgramostim; monoclonal antibody, human chorionic gonadotrophin; monophosphoryl lipid
A/myobacterium cell wall skeleton (CWS/MPL); mopidamol; multiple drug resistance gene
inhibitor; multiple tumor suppressor 1-based therapy; mustard anticancer agent;
mycaperoxide B; mycobacterial cell wall extract; myriaporone; N-acetyldinaline; N-

substituted benzamides; nafarelin; nagrestip; naloxone/pentazocine combinations; napavin;

~ naphterpin; nartograstim; nedaplatin; nemorubicin; neridronic acid; neutral endopeptidase;

nilutamide; nisamycin; nitric oxide modulators; nitroxide antioxidant; nitrullyn; 06-
benzylguamne octreotide; oklcenone oligonucleotides; onaprlstone oracm oral cytokine
inducer; ormaplatln osaterone; oxahplatln oxaunomycin, pachtaxel paclitaxel analogues;
paclitaxel derivatives; palauamine; palmltoylrhlzoxm pamldromc acid; panaxytrlol
panomifene; parabactin; pazelliptine; pegaspargase; peldesine (BCX -34); pentosan
polysulfate sodium; pentostatin; pentrozole; perflubron; perfosfamide; perillyl alcohol
dehydrogenase; phenazinomycin; phenylacetate; phosphatase inhibitors; picibanil;
pilocarpine hydrochloride; pirarubicin; piritrexim; placetin A; placetin B; plasminogen
activator inhibitor; platinum complex; platinum compounds; platinum-triamine complex;
porfimer sodium; porfiromyein; prednisone; propyl bis-acridone; prosta glandin J2;
proteasome inhibitors; protein A-based immune modulator; protein kinase C inhibitors,
microalgal; protein tyrosine phosphatase inhibitors; purine nucleoside phosphorylase
inhibitors; purpurins; pyrazoloacridine; pyridoxylated hemoglobin polyoxyethylene

conjugate; raf antagonists; raltitrexed; ramosetron; ras farnesyl protein transferase inhibitors;
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ras inhibitors; ras-GAP inhibitor; retelliptine demethylated; rhenium Re 186 etidronate;
rhizoxin; ribozymes; RII retinamide; rogletimide; rohitukine; romurtide; roquinimex;
rubiginone B1; ruboxyl; safingol; saintopin; SarCNU; sarcophytol A; sargramostim; Sdi 1
mimetics; semustine; senescence derived inhibitor 1; sense oligonucleotides; signal
transduction inhibitors; signal transduction modulators; single chain antigen binding protein;
sizofiran; sobuzoxane; sodium borocaptate; sodium phenylacetate; solverol; somatomedin
binding protein; sonermin; sparfosic acid; spicamycin D; spiromustine; splenopentin;
spongistatin 1; squalamine; stem cell inhibitor; stem cell division inhibitors; stipiamide;
stromelysin inhibitors; sulfinosine; superactive vasoactive intestinal peptide antagonist;
suradista; suramin; swainsonine; synthetic glycosaminoglycans; tallimustine; 5—ﬂuor0uracil;
leucovorin; tamoxifen methiodide; tauromustine; tazarotene; tecogalan sodium; tegafur; |
tellurapyryliuvm; telomerase inhibitors ; temoporfin; temozolomide; teniposide;
tetrachlorodecaoxide; tetrazomine; thaliblastine; thiocoraline; thrombopoietin,
thrombopoietin mimetic; thymalfasin; thymopoietin receptor agonist; thymotrinan; thyroid
stimulating hormone; tin ethyl etiopurpurin; tirapazamine; titanocene bichloride; topsentin;
toremifene; totipotent stem cell factor; translation inhibitors; tretinoin; triacetyluridine;
triciribine; trimetrexate; triptorelin; tropisetron; turosteride; tyrosine kinase inhibitors;
tyriohostins; UBC inhibitors; ubenimex; urogenitél sinus-derived growth inhibitory factor;
urokinase receptor antagonists; vapreotide; variolin B; vector system, erythrocyte gene
therapy; thaliddmide; velaresol; veramine; verdins; verteporfin; Vinorelbine'; vinxaltine;

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

In some embodiments, the additional agent used in combination with a compound of
Formula (I) or a form thereof described herein is one or more immunomodulatory agent(s).
Non-limiting examples of immunomodulatory agents include proteinaceous agents such as
cytokines, peptide mimetics, and antibodies (e.g., human, humanized, chimeric, monoclonal,
polyclonal, Fvs, ScFvs, Fab or F(ab), fragments or epitope binding fragments), nucleic acid
molecules (e.g., antisense nucleic acid molecules and triple helices), cancer molecules,

organic compounds, and inorganic compounds.

In particular, one or more immunomodulatory agents that may be used in combination
with a compound of Formula () or a form thereof described herein include, but are not
limited to, methotrexate, leflunomide, cyclophosphamide, cytoxan, cyclosporine A,

minocycline, azathioprine (Imu1'an®), antibiotics (e.g., FK506 (tacrolimus)),
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methylprednisolone (MP), corticosteroids, steroids, mycophenolate mofetil, rapamycin
(sirolimus), mizoribine, deoxyspergualin, brequinar, malononitriloamindes (e.g.,
leflunamide), T cell receptor modulators, cytokine receptor modulators, and modulators mast

cell modulators.

In one embodiment, the immunomodulatory agent is a chemotherapeutic agent. In an
alternative embodiment, the immunomodulatory agent is an immunomodulatory agent other
than a chemotherapeutic agent. In some embodiments, the additional agent used described

herein is not an immunomodulatory agent.

In some embodiments, the additional agent that may be used in combination with a
compound of Formula (I) or a form thereof described herein is one or more anti-angiogenic - -

agent(s). Non-limiting examples of anti-angiogenic agents include proteins, polypeptides,

- peptides, fusion proteins, antibodies (e.g., human, humanized, chimeric, monoclonal,

polyclonal, Fvs, ScFvs, Fab fragments, F(ab), fragments, and antigen-binding fragments
thereof) such as antibodies that immunospecifically bind to TNF-a, nucleic acid molecules
(e.g., antisense molecules or triple helices), organic molecules, inorganic molecules, and
cancer molecules that reduce or inhibit angiogenesis. In other embodiments, the additional

agent described herein is not an anti-angiogenic agent.

In some embodiments, the additional agent that may be used in combination with a
compound of Formula (I) or a form thereof described herein is one or more anti-inflammatory
agent(s). Non-limiting examples of anti-inflammatory agents inélude any anti-inflammatory |
agent useful in tréating inﬂémmatory disorders. .Nonv-li-miting examples of anti;inﬂammatory
agents include non-steroidal anti-inflammatory drugs (NSAIDs), steroidal anti-inflammatory
drugs, anticholinergics (e.g., atropine sulfate, atropine methylnitrate, and ipratropium
bromide (ATROVENT®), 2-agonists (e.g., albuterol (VENTOLIN® and PROVENTIL®),
bitolterol (TORNALATE®), levalbuterol (XOPONEX®), metaproterenol (ALUPENT®),
pirbuterol (MAXAIR®), terbutlaine (BRETHAIRE® and BRETHINE®), albuterol
(PROVENTIL®, REPETABS®, and VOLMAX®), formoterol (FORADIL AEROLIZER®),
salmeterol (SEREVENT® and SEREVENT DISKUS®)), methylxanthines (e.g., theophylline
(UNIPHYL®, THEO-DUR®, SLO-BID®, AND TEHO0-42%)) and the like. Examples of
NSAIDs include, but are not limited to, aspirin, ibuprofen, celecoxib (CELEBREX®),
diclofenac (VOLTAREN®), etodolac (LODINE®), fenoprofen (NALFON®), indomethacin

90



10

15

20

25

30

WO 2014/081906 PCT/US2013/071132

(INDOCIN®), ketoralac (TORADOL®), oxaprozin (DAYPRO®), nabumentone
(RELAFEN®), sulindac (CLINORIL®), tolmentin (TOLECTIN®), rofecoxib (VIOXX®),
naproxen (ALEVE®, NAPROSYN®), ketoprofen (ACTRON®), nabumetone (RELAFEN®)
and the like. Such NSAIDs function by inhibiting a cyclooxgenase enzyme (e.g., COX-1
and/or COX-2). Examples of steroidal anti-inflammatory drugs include, but are not limited
to, glucocorticoids, dexamethasone (DECADRON®), corticosteroids (e.g.,
methylprednisolone (MEDROL®)), cortisone, hydrocortisone, prednisone (PREDNISONE®
and DELTASONE®), prednisolone (PRELONE® and PEDIAPRED®), triamcinolone,
azulfidine, inhibitors of eicosanoids (e.g., prostaglandins, thromboxanes, and leukotrienes)

and the like.

In certain embodiments, the additional agent that may be used in combination with a
compound of Formula (I) or a form thereof described herein is an alkylating agent, a
nitrosourea, an antimetabolite, an anthracyclin, a topoisomerase Il inhibitor, a mitotic
inhibitor and the like. Alkylating agents include, but are not limited to, busulfan, cisplatin,
carboplatin, cholormbucil, cyclophosphamide, ifosfamide, decarbazine, mechlorethamine,
mephalen, themozolomide and the like. Nitrosoureas include, but are not limited to
carmustine (BiCNU®), lomustine (CeeNU®) and the like. Antimetabolites include, but are
not limited to, 5-fluorouracil, capecitabine, methotrexate, gemcitabine cytarabine,
fludarabine and the like. Anthracychns include but are not limited to daunorubicin,

doxorubicin, ep1rub1c1n 1darub101n mitoxantrone and the like. Topoisomerase II inhibitors

mclude, but are not 11m1ted to, topotecan, irinotecan, etopiside (VP-16), teniposide and the

like. Mitotic inhibitors include, but are not limited to taxanes (paclitaxel, docetaxel), and the

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

In more specific embodiments, the additional anti-cancer agent, anti-proliferative
agent or chemotherapeutic agent that may be used in combination with a compound of
Formula (I) or a form thereof described herein includes, and is not limited to aflibercept,
amsacrine, bleomycin, busulfan, capecitabine, carboplatin, carmustine, chlorambucil,
cisplatin, cladribine, clofarabine, crisantaspase, Cyclophosphamide, cytarabine, dacarbazine,
dactinomycin, daunorubicin (IV and liposomal), docetaxel, doxorubicin (IV and liposomal),
enzastaurin, epirubicin, etoposide, fludarabine, 5-fluorouracil (5-FU), gemcitabine, gliadel
implants, hydroxycarbamide, idarubicin, ifosfamide, imatinib mesylate, irinotecan,

lanreotide, lenalidomide, leucovorin, lomustine, melphalan, mercaptopurine, mesna,
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methotrexate, mitomycin, mitoxantrone, octreotide, oxaliplatin, paclitaxel, pemetrexed,
pentostatin, procarbazine, raltitrexed, satraplatin, sorafenib, streptozocin, sunitinib,
tegafur-uracil, temozolomide, teniposide, thalidomide, thiotepa, tioguanine, topotecan,
treosulfan, vatalanib, vinblastine, vincristine, vindesine, vinorelbine, volitinib, ZD6474,
monoclonal antibodies (such as bevacizumab, cetuximab, IMC-A12, IMC-1121B, medi-522,
rituximab and the like), hormonal agents (such as anastrozole, bicalutamide, buserelin,
cyproterone, diethylstilbestrol, exemestane, flutamide, goserelin (breast and prostrate),
letrozole, leuprorelin, medroxyprogesterone, megestrol acetate, tamoxifen, toremifene,
triptorelin and the like), biological agents (such as interferon, interleukin-12 and the like),
angiogenesis receptor tyrosine kinase (RTK) inhibitors (such as AE-941, angiostatin,
carboxyamidotriazole, cilengitide, endostatin, halofuginone hydrobromide,
2-methoxyestradiol, squalamine lactate, SU6668 and the like), tubulin binding agents (such
as combretastatin A4 phosphate and the like), matrix métalloproteinase inhibitors (such as
BMS-275291 and the like) and/or serine/threonine/tyrosine kinase inhibitors and an optional
nonsteroidal or COX-2 anti-inflammatory agents (such as celecoxib and the like) or

corticosteroid (such as prednisone and the like).

In more particular embodiments, one or more additional anti-cancer, anti-proliferative
or chemotherapeutic agents that may be used in combination with a compound of Formula (I)
ora form thereof described herein is selected from bevacizumab, carboplatin, cisplatin,
docetarxvel, doxombicin, exemestane, gemcitabine, 5-fluorouracil, imatinib, irinotecan,

sorafenib, sunitinib, temozolomide, volitinib or combinations thereof.

In some embodiments, a compound of Formula (I) or.a form theréof described herein
and one or more additional anti-cancer, anti-proliferative or chemotherapeutic agents is used
in combination with radiation therapy comprising the use of x-rays, gamma rays and other
sources of radiation to destroy cancer cells or tumor cells. In specific embodiments, the
radiation therapy is administered as external beam radiation or teletherapy, wherein the
radiation is directed from a remote source. In other embodiments, the radiation therapy is
administered as internal therapy or brachytherapy wherein a radioactive source is placed

close to cancer cells, tumor cells and/or a tumor mass.

Currently available anti-cancer, anti-proliferative or chemotherapeutic agents, their

dosage regimens, routes of administration and recommended usage alone or in combination
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are known in the art and have been described in literature such as the Physician’s Desk

Reference.

Any anti-cancer, anti-proliferative or chemotherapeutic agent or anti-cancer therapy
which is known to be useful, or which has been used or is currently being used for the
treatment of a cancer mediated by Bmi-1, can be used in combination with compounds of
Formula (I) or a form thereof described herein. See, e.g., Gilman et al., Goodman and
Gilman's: The Pharmacological Basis of Therapeutics, 10th ed., McGraw-Hill, New York,
2001; The Merck Manual of Diagnosis and Therapy, Berkow, M.D. et al. (eds.), 17th Ed.,
Merck Sharp & Dohme Research Laboratories, Rahway, NJ, 1999; Cecil Textbook of
Medicine, 20th Ed., Bennett and Plum (eds.), W.B. Saunders, Philadelphia, 1996, and
Physician’s Desk Reference for information regarding cancer therapies (e.g., using
prophylactic or therapeutic agents) which have been or are currently being used for

preventing, treating and/or managing a cancer mediated by Bmi-1.

Pharmaceutical Compositions

The present description is also directed to a pharmaceutical composition comprising
an effective amount of a compound of Formula (I) or a form thereof in admixture with a

pharmaceutically acceptable excipient.

An embodiment described herein includes a pharmaceutical composition made by the
process of admixing a compound of Formula (D) or a form thereof with a pharmaceutically
acceptable excipient. The pharmaceutical cbmposition may also be formulated to achieve a

physiologically cdmpatible pH of about pH 7, ranging from about pH 3 to about pH 11.

Another embodiment of the present includes the use of a compound of Formula (I) or
a form thereof in a pharmaceutical composition for use in treating a cancer mediated by
Bmi-1 comprising an effective amount of a compound of Formula (1) or a form thereof in

admixture with a pharmaceutically acceptable excipient.

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

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

In another embodiment, the pharmaceutical composition may comprise a combination

product of one or more compounds of Formula (I) or a form thereof described herein and one
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or more additional agents useful in the treatment of a cancer mediated by Bmi-1, such as an

anti-cancer, anti-proliferative, chemotherapeutic or biochemotherapeutic agent.

The term “pharmaceutically acceptable excipient” refers to a pharmacologically
inactive substance formulated for administration with an active pharmaceutical agent, such as
the compounds of Formula (I) or a form thereof described herein. The term refers to any
pharmaceutical excipient that may be administered without undue toxicity. Pharmaceutically
acceptable excipients may be determined in part by the particular composition being
administered, as well as by the particular mode of administration and/or dosage form.
Nonlimiting examples of pharmaceutically acceptable excipients include carriers, solvents,
stabilizers, adjuvants, diluents, etc. Accordingly, there exists a wide variety of suitable
formulations of pharmaceutical compositions as described herein (see, e.g., Remington’s

Pharmaceutical Sciences).

Suitable excipients may be carrier molecules that include large, sldwly metabolized
macromolecules such as proteins, polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, and inactive virus particles. Other
exemplary excipients include antioxidants such as ascorbic acid; chelating agents such as
EDTA,; carbohydrates such as dextrin, hydroxyalkylcellﬁlose, hydroxyalkylmethylcellulose,
stearic acid; liquids such as oils, water, saline, glycerol and ethanol; wetting or emulsifying
agents; pH buffering substances; and the like. Liposomes are élso included within the
definition of pharmaceutically écceptable excipients.

The pharfnéceutiéal compositions described herein may be formulated in any formv
suitable for the intended method of administration. ‘Suitable formulations for oral
administration include solids, liquid solutions, emulsions and suspensions, while suitable
inhaleable formulations for pulmonary administration include liquids and powders.
Alternative formulations include syrups, creams, ointments, tablets, and lyophilized solids

which can be reconstituted with a physiologically compatible solvent prior to administration.

When intended for oral use for example, tablets, troches, lozenges, aqueous or oil
suspensions, non-aqueous solutions, dispersible powders or granules (including micronized
particles or nanoparticles), emulsions, hard or soft capsules, syrups or elixirs may be
prepared. Compositions intended for oral use may be prepared according to any method

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

agents and preserving agents, in order to provide a palatable preparation.

Pharmaceutically acceptable excipients suitable for use in conjunction with tablets
include, for example, inert fillers, such as celluloses, calcium or sodium carbonate, lactose,
calcium or sodium phosphate; disintegrating agents, such as croscarmellose sodium, cross-
linked povidone, maize starch, or alginic acid; binding agents, such as povidone, starch,
gelatin or acacia; and lubricating agents, such as magnesium stearate, stearic acid or talc.
Tablets may be uncoated or may be coated by known techniques including
microencapsulation to delay disintegration and adsorption in the gastrointestinal tract and

thereby provide a sustained action over a longer period.

Formulations for oral use may be also presented as hard gelatin capsules where the

active ingredient is mixed with an inert solid diluent, for example celluloses, lactose, calcium

~ phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with

non-aqueous or oil medium, such as glycerin, propylene glycol, polyethylene glycol, peanut

oil, liquid paraffin or olive oil.

In other embodiments, pharmaceutical compositions described herein may be
formulated as suspensions comprising a compound of Formula (I) or a form thereof described
herein in admixture with at least one pharmaceutically acceptable excipient suitable for the
manufacture of a suspension. In yet other embodiments, pharmaceutical compositions
described herein may be formulated as dispersible powders and granules suitable for

preparation of a suspension by the addition of one or more excipient(s).

Excipients suitable for use in connection with suspensions include suSpehding agents,
such as sodium carboxymethylcellulose, methylcellulose, hydroxypropyl methylcelluose,
sodium alginate, polyvinylpyrrolidone, gum tragacanth, gum acacia, dispersing or wetting
agents such as a naturally occurring phosphatide (e.g., lecithin), a condensation product of an
alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a condensation product of
cthylene oxide with a long chain aliphatic alcohol (e.g., heptadecaethyleneoxycethanol), a
condensation product of ethylene oxide with a partial ester derived from a fatty acid and a
hexitol anhydride (e.g., polyoxyethylene sorbitan monooleate); and thickening agents, such as
carbomer, beeswax, hard paraffin or cetyl alcohol. The suspensions may also contain one or

more preservatives such as acetic acid, methyl and/or n-propyl p-hydroxy-benzoate; one or
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more coloring agents; one or more flavoring agents; and one or more sweetening agents such

as sucrose or saccharin.

The pharmaceutical compositions described herein may also be in the form of oil-in-
water emulsions. The oily phase may be a vegetable oil, such as olive oil or arachis oil, a
mineral oil, such as liquid paraffin, or a mixture of these. Suitable emulsifying agents include
naturally-occurring gums, such as gum acacia and gum tragacanth; naturally occurring
phosphatides, such as soybean lecithin, esters or partial esters derived from fatty acids;
hexitol anhydrides, such as sorbitan monooleate; and condensation products of these partial
esters with ethylene oxide, such as polyoxyethylene sorbitan monooleate. The emulsion may
also contain sweetening and flavoring agents. Syrups and elixirs may be formulated with
sweetening agents, such as glycerol, sorbitol or sucrose. Such formulations may also contain

a demulcent, a preservative, a flavoring or a coloring agent.

Additionally, the pharmaceutical compositions described herein may be in the form of
a sterile injectable preparation, such as a sterile injectable aqueous emulsion or oleaginous
suspension. Such emulsion or suspension may be formulated according to the known art
using those suitable dispersing or wetting agents and suspending agents which have been
mentioned above. Thé sterile injectable preparation may also be a sterile injectable solution

or suspensmn ina non- -toxic parenterally acceptable diluent or solvent, such as a solution in

1 2—propane -diol. The sterile injectable preparation may also be prepared as a lyophlhzed

powder. Among the acceptable vehicles and solvents that may be employed are water,

Ringer’s solution, isotonic sodium chloride solution and the like. In addition, sterile fixed
oils may be employed as a solvent or suSpending medium. For this purpose any bland fixed
oil may be employed including synthetic mono- or di-glycerides. In addition, fatty acids such

as oleic acid may likewise be used in the preparation of injectables.

The compounds of Formula (I) or a form thereof described herein may be
substantially modified by substitutions or additions of chemical or biochemical moieties
which make them more suitable for delivery (e.g., increase solubility, bioactivity, palatability,
decrease adverse reactions, etc.), for example by esterification, glycosylation, PEGylation

and the like.

In some embodiments, the compound of Formula (I) or a form thereof described

herein is formulated for oral administration in formulations that enhance the oral
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bioavailability of such compounds of Formula (I) or a form thereof. As such, pharmaceutical
compositions described herein may comprise a effective amount of a compound of Formula
(1) or a form thereof, together with at Jeast one pharmaceutically acceptable excipient selected
from medium chain fatty acids or propylene glycol esters thereof (e.g., propylene glycol
esters of edible fatty acids such as caprylic and capric fatty acids) and pharmaceutically

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

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

partially amorphous, partially crystalline or crystalline forms.

In alternative embodiments, the pharmaceutical composition may further comprise
one or more aqueous solubility enhancer(s), such as a cyclodextrin. Nonlimiting examples of
cyclodextrin include hydroxypropyl, hydroxyethyl, glucosyl, maltosyl and maltotriosyl
derivatives of a-, -, and y-cyclodextrin, and hydroxypropyl-p-cyclodextrin (HPBC). In
some embodiments, the pharmaceutical composition further comprises HPBC in a range of
from about Q.l% to about 20%, from about 1% to about 15%, or from about 2.5% té aboﬁt
10%. The amoﬁnt of solubility enhancer employed may depend on the amount of the active

pharmaceutical ingredient in the composition.

General Synthetic Examples

As disclosed herein, the methods for preparing the compounds of Formula (Iora :
form thereof described herein commonly use standard, well-known synthetic methodology.
Many of the starting materials are commercially available or can be prepared in the Specific
Synthetic Examples that follow using techniques known to those skilled in the art.
Functional transformations to modify substituents may also be undertaken where chemically
feasible and are considered to be included within the scope of the General Schemes and the
knowledge of a person of ordinary skill in the art. Compounds of Formula (I) or a form

thereof can be prepared as described in the Schemes below.
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Scheme A Benzimidazole Substituted Pyrimidine Compounds
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An amine substituted Compound A1 (wherein X; represents a halogen atom selected
5 from bromo, chloro or iodo) is coupled with various substituted aryl, heteroaryl or
heterocyclyl amines (wherein PG represents an optionally present protecting group
monosubstituted on the amine) in the presence of a strong base (such as KOtBu, NaOtBu,
NaO'Am, NaH, NaHMDS and the like) in a solvent (such as THF, DMF and the like) to
provide a Compound A2.

10 When one or both of R, and Rj are optionally halogen, the product Compound A2 is
~ obtained as a mixture of regioisomers, wherein the term “Sep” refers to isolating the desired
Compound A2 isomer to be carried forward from the mixture usiﬁg separation techniques

known to those of ordinary skill in the -art‘, followed by deprotection.

Alternatively, Compound A2 may be prepared by reacting Compbund Al with
15  various substituted aryl, heteroaryl or heterocyclyl amines (wherein the protecting group is
absent) in the presence of a mixture of a phosphino ligand:palladium source (wherein the
palladium source is selected from Pd,(dba)s, PdCly(allyl), PACI,(ACN), [Pd(OAc),]3 and the
like and the phosphino ligand is selected from PCys, Q-Phos, XPhos and the like;
altefnatively, a commercially available catalyst such as Pd(dppt)Cl,, Pd(PPhs)s and the like

20  may be used), followed by separation as needed.

Compound A3 may be prepared by reacting Compound A2 with a substituted
ortho-halo-nitro benzene (wherein X; represents a halogen atom selected from bromo, chloro
or i0do) in the presence of a transition metal catalyst (such as a catalyst containing a metal

selected from copper, palladium and the like).
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Alternatively, Compound A3 may be prepared by reacting Compound A2 with the
substituted ortho-halo-nitro benzene (wherein X, represents a halogen atom selected from
bromo, chloro, fluoro or iodo) in the presence of a strong base (such as KOtBu, NaOtBu,

NaO'Am, NaH, NaHMDS and the like) in a solvent (such as THF, DMF and the like).

Compound A4 is prepared by reacting Compound A3 in the presence of hydrogen and

a catalyst (such as nickel, platinum, palladium on carbon and the like).

Compound A6 is prepared by condensation of Compound A4 with an orthoester
Compound A5 (wherein Rb represents an additional optional Rs substituent and Rc represents
C1.;alkyl). Compound A6 may also be prepared by cyclizing Compound A4 with a variety of
reactants to obtain the addition of the optional Rs substituent. For example, the reactant may
be TCDI, wherein the additional optional Rs substituent is a thio-carbonyl which may be
further substituted. | |

R Ra
3
~ H,N
HN | N
,‘% A7 A8 ,‘% A3 NO,
- Sep

Alternatrvely, Compound A3 is prepared by cross- couphng of Compound AT
(wherein X represents a halogen atom selected from bromo, chloro or 10d0) with a nitro
substituted amine Compound A8 (wherein Ar represents an aromatic or heteroaromatic ring; -
and, wherein Ra represents one, two or three optional Rs substituents) via a palladium |
catalyzed cross-coupling reaction using a mixture of a phosphino ligand:palladium source
(wherein the palladium source is selected from Pd,(dba)s, PACly(allyl), PACI,(ACN),
[Pd(OAc),]; and the like and the phosphino ligand is selected from PCy3, Q-Phos, XPhos and
the like; alternatively, a commercially available catalyst such as Pd(dppH)Cly, Pd(PPh3)4 and
the like may be used).

When one or both of R, and Rj are optionally halogen, the product Compound A3 is
obtained as a mixture of regioisomers, wherein the term “Sep” refers to isolating the desired
Compound A3 isomer to be carried forward from the mixture using separation techniques

known to those of ordinary skill in the art.
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Scheme B Imidazo[1,2-a]pyridine Substituted Pyrimidine Compounds
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Compound B1 is prepared by condensation of a substituted 2-amino-pyridine
5  (wherein Ra represents represents one, two or three optional Rs substituents) with an a-
halogenated ketoester (wherein Rb represents an additional optional Rs substituent and Rc

represents Cj_salkyl).

Compound B2 is prepared by treating Compound B1 with an ammonia source (such
“as NH,4Cl, NHj and the like) in the presence of an organoaluminum reagent (such AlMes in

10 toluene and the like). -

Compouﬁd B3 (wherein X, represents a halogen atom selectéd from bromo, chloro or
" iodo) is prepared .by.condensat-ion of Comeund B2 with a substituted alkyl ester (such as a
B-keto ester or a substituted acrylate in a solvent such as phenyl ether and the like; wherein
X3 represents a leaving group such as C;salkoxy, benzoxy or halogen) followed by reflux in

15  the presence of a halogenation reagent (such as POCl3, POBr; and the like).

Compound B4 is prepared by coupling Compound B3 with various substituted aryl,
heteroaryl or heterocyclyl amines (wherein PG represents an optionally present protecting
group monosubstituted on the amine) in the presence of a strong base (such as KOtBu,
NaOtBu, NaO'Am, NaH, NaHMDS and the like) in a solvent (such as THF, DMF and the

20 like).

Alternatively, Compound B4 may be prepared by reacting Compound B3 with a

substituted aryl, heteroaryl or heterocyclyl amine (wherein the protecting group is absent) via
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a palladium catalyzed cross-coupling reaction using a mixture of a phosphino
ligand:palladium source (wherein the palladium source is selected from Pdy(dba)s,
PdCly(allyl), PACL,(ACN), [Pd(OAc),]; and the like and the phosphino ligand is selected
from PCys, Q-Phos, XPhos and the like; alternatively, a commercially available catalyst such
as Pd(dppf)Cl,, Pd(PPhs)s and the like may be used).

Scheme C 4,6-Diamino Substituted Pyrimidine Compounds
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Compound C1 is prepared by condensation of a substituted 2-amino-pyridine
(wherein Ra represents r_epresénts one, two or three optional Rs substituents) and an
o-halogenated ketone (wherein X represents a leaving group such as chloro or bromo and Rb
représents an additional optionai R substituent) at reflux in an ofganic solvent (such as

acetonitrile and the like).

v Compound C2 is prepared by reacting Compound C1 with a substituted pyrimidine
compound (wherein X represents a halogen atom selected from bromo, chloro or iodo) viaa
palladium catalyzed cross-coupling reaction using a mixture of a phosphino ligand:palladium
source (wherein the palladium source is selected from Pdy(dba)s, PACly(allyl), PACL(ACN),
[PA(OAc),]3 and the like and the phosphino ligand is selected from PCys;, Q-Phos, XPhos and
the like; alternatively, a commercially available catalyst such as Pd(dppf)Cl, Pd(PPhs)s and
the like may be used) and at least 2 equivalents of a base (such as cesium acetate and the like)
in an organic solvent (such as dimethylacetamide and the like), undergoing Heck coupling.

The reaction may be carried out at elevated temperatures up to 100°C.

Compound C3 is prepared by treating Compound C2 with a deprotection rcagent

(such as 20-40% TFA in DCM and the like) at ambient or elevated temperature.
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Scheme D 4,6-Diamino Substituted Pyrimidine Compounds
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Compound D1 is prepared by a condensation reaction with a substituted malonate
5 compound and an amidated Ry group in solution with a sodium alkoxide-solvent mixture

(such as NaOMe in MeOH or NaOEt in EtOH and the like). |

Compound D2 (wherein X represents a halogen atom selected from bromo, chloro or
iodo) is prepared by refluxing Compound D1 in the presence of a halogenation reagent (such

as POCls,, POBr; and the like).

10 ‘Compound D3 is prepared by mono-amination of Compound D2 with various
substituted aryl, heteroaryl or heterocyclyl amines in a solvent (wherein the solvent is

selected from EtOH, THF, DMF, mixtures thereof and the like). -

Compound D4 is prepared by treating Compound D3 with an aqueous ammonia
source in a mixture with a solvent (wherein the solvent is selected from CH3CN, DMSO,

15  mixtures thereof and the like).

Scheme E Benzimidazole Substituted Pyrimidine Compounds
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A 2-methylsulfonyl substituted Compound E2 is prepared by reacting a 2-methylthio

E5

substituted pyrimidine Compound E1 (wherein X represents a halogen atom selected from
bromo, chloro or iodo and Rc represents C3alkyl) with an oxidizing agent (such as mCPBA,

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

Compound E4 is prepared by reacting Compound E2 with a nitro substituted amine
Compound E3 (wherein Ar represents an aromatic or heteroaromatic ring; and, wherein Ra
represents one, two or three optional Rs substituents) in the presenée of a strong base (such as
KOtBu, NaOtBu, NaO'Am, NaH, NaHMDS and the like) in a solvent (such as THF, DMF
and the like). The amine substituent on Compound E3 may be optionally monosubstituted on

the amine with a protecting group.

Compound ES5 is prepared by reacting Compound E4 in the presence of hydrogen and

a catalyst (such as nickel; platinum, palladium on carbon and the like).

Compound E6 is prepared by condensation of Compound ES with an orthoester

Compound A5 (wherein Rb represents an additional optional Rs substituent and Re represents

Ci.aalkyl). Compound E6 may also be préparéd by cyclizing Cdmpound ES5 with a variety of
reactants to obtain the addition of an optional Rs substituent. For example, the reactant may
be TCDI, wherein the additional optional Rs substituent is a thio-carbonyl which may be

further substituted.

Compound E7 may be prepared by reacting Compound E6 with various substituted
aryl, heteroaryl or heterocyclyl amines in a solvent (wherein the solvent is selected from

EtOH, THF, DMF, mixtures thereof and the like).

When Rj is optionally halogen, the product Compound E7 is obtained as a mixture of
regioisomers, wherein the term “Sep” refers to isolating the desired Compound E7 isomer to
be carried forward from the mixture using separation techniques known to those of ordinary

skill in the art, followed by deprotection.
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Alternatively, Compound E7 may be prepared by reacting Compound E6 with a
substituted aryl, heteroaryl or heterocyclyl amine or amide (wherein the protecting group is
absent) via a palladium catalyzed cross-coupling reaction using a mixture of a phosphino
ligand:palladium source (wherein the palladium source is selected from Pdx(dba)s,
PdCly(allyl), PACl,(ACN), [Pd(OAc),]3 and the like and the phosphino ligand is selected
from PCys, Q-Phos, XPhos and the like; alternatively, a commercially available catalyst such
as Pd(dppf)Cl,, PA(PPhs)s and the like may be used).

R2 R2

f Lo Py fx&

Compound E9 may be prepared directly by reacting Compound E2 with a Compound
ES8 (such as an R, substituent having an acidic proton group, wherein Xs represents a reactive
hydro'gen atom) in the presence of a strong base (such as KOtBu, NaOtBu, NaO'Am, NaH,
NaHMDS and the like). Compound E9 may be carried forward in place to Compound E6 to

provide a Compound of Formula (I).

Scheme F Substituted Pyrimidine Compounds

R2 RZ
R R
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- s R _
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Compound F1 is prepared by reacting Compound E1 (wherein X, represents a
halogen atom selected from bromo, chloro or iodo and Re represents Cysalkyl) with a
substituted aryl, heteroaryl or heterocyclyl amine (wherein PG represents an optionally
present protecting group monosubstituted on the amine) in the presence of a strong base (such
as KOtBu, NaOtBu, NaO'Am, NaH, NaHMDS and the like) in a solvent (such as THF, DMF

and the like) at a suitable temperature.

When R; is optionally halogen, the product Compound F1 is obtained as a mixture of
regioisomers, wherein the term “Sep” refers to isolating the desired Compound F1 isomer to
be carried forward from the mixture using separation techniques known to those of ordinary

skill in the art.

Alternatively, Compound F1is prepared by reacting Compound E1 with a substituted
aryl, heferoaryl or heterocyclyl amine or amide (whereih the protecting group is absent) via a
palladium catalyzed cross-coupling reaction using a mixture of a phosphino li gand:palladium
source (wherein the palladium source is selected from Pdy(dba)s, PdCly(allyl), PACL(ACN),
[Pd(OAc),]3 and the like and the phosphino ligand is selected from PCys3, Q-Phos, XPhos and
the like; alternatively, a commercially available catalyst such as Pd(dppf)Cl,, Pd(PPhs)s and
the like may be used). ' ' | |

| Compouhd F2 is prepared by reacting Compound F1 with an oxidizing agent (such as

mCPBA, MPS and the like) in a'solvent (such as CH,Cl, and the like).

Compound F2 may be reacted with a Compound E8 (such as an R, substituent having
an acidic proton group, wherein Xs represents a reactive hydrogen atom) in the presence ofa .
strong base (such as KOtBu, NaOtBu, NaO'Am, NaH, NaHHMDS and the like) to provide a

Compound F3, representative of a Compound of Formula (I).

When R; is halogen, Compound F3 may be treated with a substituted amine in a
mixture with a solvent (wherein the solvent is selected from CH3CN, DMSO, mixtures
thereof and the like) to provide a Compound F4, representative of a Compound of Formula

(I1D).
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Schelne G Oxide Substituted Pyrimidine Compounds

Rz
o
fx .
R4 G1 4 G2

Compound G1 may be reacted with an oxidizing agent (such as mCPBA, MPS and

the like) to provide a Compound G2, representative of a Compound of Formula (IV).

Scheme H Substituted Pyrimidine Compounds

: R, ,
r\ x6 R1 IK R4 Ra~ o~ >x
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A Compound H3 is prepared by reacting a Compound H1 (Wherein X, represents a
halogen atom selected from bromo, chloro or iodo) with a Compound H2 (wherein R is a
substituted heteroaromatic or heterocyclic monocyclic or bicyclic ring system and X
represents a reactive group such as a boronic acid, boronate ester, trialkyltin, zinc chloride
and the like attached to a carbon atom of R;), in the presence of a mixture of a phosphino .

ligand:palladium source (wherein the palladium source is selected from Pdy(dba)s,

PdCl,(allyl), PACIy(ACN), [Pd(OAc),]s and the like and the phosphino ligand is selected

from PCys, Q-Phos, XPhos and the like; alternatively, a commercially available catalyst such
as Pd(dppfH)Cl,, Pd(PPhs)s and the like may be used). '

When one or both of R, and Rj are optionally halogen, the product Compound H3
may be obtained as a mixture of regioisomers, wherein the term “Sep” refers to isolating the
desired Compound H3 isomer to be carried forward from the mixture using separation

techniques known to those of ordinary skill in the art.

Compound F3 is prepared by reacting Compound H3 with various substituted aryl,
heteroaryl or heterocyclyl amines in a solvent (wherein PG represents an optionally present
protecting group monosubstituted on the amine; and, wherein the solvent is selected from
EtOH, THE, DMF, mixtures thereof and the like), followed by separation and deprotection as

needed.
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Alternatively, Compound F3 is prepared by reacting a Compound H3 with various

substituted aryl, heteroaryl or heterocyclyl amines or amides in the presence of a mixture of a

phosphino ligand:palladium source (wherein the palladium source is selected from Pdy(dba)s,
5 PdCly(allyl), PACI,(ACN), [Pd(OAc),]s and the like and the phosphino ligand is selected

from PCys, Q-Phos, XPhos and the like; alternatively, a commercially available catalyst such

as Pd(dppfH)Clp, Pd(PPhs)s and the like may be used). When a Compound H3 is reacted with

an amide, the resulting intermediate product is hydrolyzed under basic conditions with a

reegent (such as NaOH, KOH, LiOH and the like) at a suitable temperature, followed by

10 separation as needed to obtain product Compound F3.

R, RZ
Ra Ay XsRi  Ra ANy
Lo |
> >
X7 ONTTXy T X7 N7 Ry
- H1 p

H3
Alternatively, Compound H3 may be prepared via a Heck reaction of Compound H1
with Compound E8, followed by separation as needed.

sz ’

l
RN S /kx1 — /k
Ry H7 R4
15 Alternatively, Compound F3 is prepared by reacting Compound H7 with a substituted

Compound H2 (wherein R, is a substituted heteroaromatic or heterocyclic monocyclic or
bicyclic ring system and X represents a reactive group such as a boronic acid, boronate ester,

trialkyltin, zinc chloride and the like attached to a carbon atom of Ry).
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Alternatively, Compound F3 may be prepared via a Heck reaction of Compound H7
with Compound E8 (wherein X;s represents a reactive hydro gen group), followed by

separation as needed.

5  Scheme I Substituted Pyrimidine Compounds

lﬂ el

Rf —— HN
R4 F3
Compound F3 is prepared by reacting a substituted Compound I1 with a Compound
I2 (such as various substituted aryl, heteroaryl or heterocyclyl ring systems, wherein X;
represents a halogen atom selected from bromo, chloro or iodo) in the presence of a transition
10  metal catalyst (such as a catalyst containing a metal selected from copper, palladium and the
like).
v R,
)\R1 . KN \N/”\R1'
R, F3

Compound F3 is prepared by reacting a substituted Compound I1 with a Compound
I3 (such as various substituted aryl, heteroaryl or heterocyclyl ring systems, wherein X
15  represents a ketone or aldehyde leaving group) in the presence of a borohydride (such as

NaCNBH; or NaBH(OAc); and the like).

Specific Synthetic Examples

To assist in understanding the scope of the compounds of Formula (I) or a form
thereof described herein, the following Specific Examples are included. The experiments
20  relating to the compounds of Formula (I) or a form thereof described herein should not, of

course, be construed as specifically limiting the scope of the compounds of Formula (I) or a
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form thereof described herein and such variations of the compounds of Formula (I) or a form
thereof as described herein, now known or later developed, which would be wi_thin the
purview of one skilled in the art are considered to fall within the scope as described herein
and hereinafter claimed.

Other than in the working examples, unless indicated to the contrary, all numbers
expressing quantities of ingredients, reaction conditions, experimental data, and so forth used
in the specification and claims are to be understood as being modified by the term “about”.
Accordingly, all such numbers represent approximations that may vary depending upon the
desired properties sought to be obtained by a reaction or as a result of variable experimental ’
conditions. Therefore, within an expected range of experimental reproducibility, the term
“about” in the context of the resulting data, refers to a range for data provided that may vary
according to a standard deviation from the mean. As well, for experimental results provided,
the resulting data may be rounded up or down to present data consistently, without loss of
significant figures. At the very least, and not as an attempt to limit the application of the
doctrine of equivalents to the scope of the claims, each numerical parameter should be
construed in light of the number of significant digits and ordinary rounding techniques.

- While the numerical ranges and parameters setting forth the characterization of the
compounds of Formula (I) or a form thereof described herein are approximations, the
numerical values set forth in the working examples are reported as precisely as possi‘ble. Any
numerical value, however, inhe_renﬂy contains certain errors‘neéessarily resultingfrom the
standard deviation found in their respective tesﬁng measurements.

| The compounds of Formula (I) or a form thereof prdvidéd herein are described in '
more defail with reference to the following non-limiting examples, which are offered to more
fully illustrate the scope of the compounds of Formula (1) or a form thereof described herein,
but are not to be construed as limiting the scope thereof. The examples illustrate the
preparation of compounds of Formula (I) or a form thereof described herein, and the testing
of these compounds of Formula (1) or a form thereof in vitro and/or in vivo. Those of skill in
the art will understand that the synthesis techniques described in these examples represent
techniques that fall within the practice of those having ordinary skill in the chemical arts, and
as such constitute preferred modes for the practice thereof. However, it should be
appreciated that those having skill in the art should, in light of the present disclosure,

appreciate that many changes can be made in the specific methods that are disclosed herein
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while still obtaining a like or similar result without departing from the spirit and scope
described herein.

The reagents and solvents were used as purchased (from a variety of vendors), except
where noted. Where applicable, the term “Celite” is used as shown in the following
examples to represent the tradename CELITE® (brand of diatomaceous earth). Where
applicable, chromatographic separations wére performed using techniques and equipment
commonly available such as, for example, by using an ISCO CombiFlash® Rf system. Where
applicable, NMR spectfa were obtained using techniques and equipment commonly available
such as, for example, by using a Bruker Avance 1% spectrometer with deuterated solvents
such as, for example, DMSO-d; or residual solvent as standard. Where applicable, melting
points were determined using techniques and equipment commonly available such as, for
example, by using a SRS OptiMelt® MPA 100 (values as obtained without
correction/calibfation). Where applicable, TLC analysis was performed using techniques and
equipment commonly available such as, for example, by using Aldrich 254 nm glass-backed
plates (60 A, 250 pm), visualized using UV and L, stains. Where applicable, ESI mass
spectra were obtained using techniques and equipment commonly available such as, for
example, by using an ACQUITY UPLC® System, with values shown as [M+H]" or [M-HT,
unless otherwise indicated. Where applicable, the structure of the product was obtained viaa -
2D NOESY (Nuclear Overhauser SpectroscopY) expériment. |

The fdllowing abbreviations are provided to ensure the terms used herein are

‘unambiguous to one skilled in the art: -

Abbreviation ' Meaning

AcOH or HOAc acetic acid

ACN or MeCN acetonitrile

AlMe; trimethylaluminum

APC allylpalladium (II) chloride dimer
Boc tert-butoxycarbonyl
CsOAc cesium acetate

DCM or CH,Cl, dichloromethane

DME dimethyl ether

DMF dimethyl formamide
DMA dimethylacetamide
DMAP 4-dimethylaminopyridine
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Abbreviation Meaning
DMSO dimethylsulfoxide
EtOAc ethyl acetate
EtOH ethanol
HPLC high performance liquid chromatography
h, hr, min, s hour (h or hr), minute (min), second (s)
iPrMgCI*LiCl isopropylmagnesium chloride lithium chloride complex
iPrOAc isopropyl acetate
K,CO; potassium carbonate
K3POyq4 potassium phosphate

KOtBu or t-BuOK _
LC/MS, LCMS or LC-MS
MeOH
MeNH; x HCI
MS

m.p.

MPS

NaH

NaHCO;
NaHMDS
NalO4

NaOH
NaOtAm
NaOMe
NaOEt
NaOtBu

NCS

NH,4Cl
NH4OH

NIS

NMP

NMR

Oxone

PCls

PCys;

[Pd]

Pd/C°

potassium fert-butoxide

liquid chromatographic mass spectroscopy

methanol

methanamine hydrochloride

mass spectroscopy

melting point (shown in *Centigrade)

potassium peroxymonosulfate (2KHSOs KHSO4-K;S04)
sodium hydride

sodium bicarbonate

sodium hexamethyldisilazide

sodium periodate

- sodium hydroxide

sodium fert-pentoxide
sodium methoxide

sodium ethoxide

sodium tert-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 Pd,dbas tris(dibenzylidencacetone)dipalladium(0)
Pd(dppfH)Cl, [1,1'-bis(diphenylphosphino)ferrocene] dichloropalladium(Il)
PdCL,(ACN) bis(acetonitrile)dichloropalladium(Il)
PdCly(allyl) chloroallylpalladium(II) dimer
[PA(OAcC)]3 palladium (II) acetate
Pd(PPhs)s tetrakis(triphenylphosphine)palladium
POCl; phosphorus oxychloride
PPhs triphenylphosphine
psi pounds per square inch pressure
Pt/C platinum on carbon
PTSA p-toluenesulfonic acid

Q-Phos or QPhos
RT

TBSO or OTBS
TCDI

t-Bu

TEA, NEt;, Et;N
TFA

TFAA

THF

TsOH X H,O
UPLC

Xphos or XPhos

1,2,3,4,5-pentaphenyl-1'-(di-ter#-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-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
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Example 1

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

Brz NH,CI NHy =
EtO,C v Jo N
/U\/COZEt eAl HN
F3C |/

AN
E\/\\ F3C F3C N
N _—
J?/ N/
Me N/\/CO"‘Et )iQ <j©\ /kirxf

POCI, F3C

Step 1. To a solution of ethyl 4,4,4-triﬂuor0-3—oxobutanoate (9.0 g, 48.9 mmol) in
CH,Cl, (50 mL) was added bromine (2.5 mL, 49 mmol). The reaction mixture was stirred
for 15 hours at room temperature, and then concentrated under dry nitrogen. To the crude
material in ethanol (30 mL) was added pyridin-2-amine (5.2 g, 55 mmol). The reaction
mixture was heated at 60°C for 3 hours. The ethanol was evaporated, and the remainder was
partitioned between EtOAc and water. The organic layer was dried, filtered through a short

plug of silica gel, then concentrated under reduced pressure, and purified by silica gel

chromatography to provide ethyl 2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridine-3-carboxylate as
- a white solid (5.3 g, 42 %). ' '

‘Step 2. To a suspension of NH,Cl1 (2.67 g, 50 mmol) in toluene (20 nﬁ'L) at 0°C was
added AlMe; (2M solution in toluene, 25 mL, 50 mmol) over about a 5 minute period
followed by gas evolution. The suspension was stirred at 0°C for 5 minutes, then warmed to
room temperature. A solution of ethyl 2-(trifluoromethyl)imidazo[1,2-a]pyridine-3-
carboxylate (2.58 g, 10 mmol) in toluene (50 mL) was added to the suspension. The reaction
mixture was heated at 80°C for 72 hours and then cooled in an ice-bath, quenched with
MeOH (100 mL) and NaOH (2 g, 50 mmol). The mixture was filtered through Celite, and
concentrated to provide crude 2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridine-3-carboximidamide
as a brownish solid (2.3 g).

Step 3. A mixture of 2-(trifluoromethyl)imidazo[1 ,2-a]pyridine-3-carboximidamide
(2.3 g, 10 mmol) and ethyl 3-(dimethylamino)acrylate (7.2 g, 50 mmol) in diphenyl ether (10
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mL) was heated at 160°C for 1 hour. The mixture was cooled to room temperature and
diluted with hexane (200 mL). The precipitate was filtered and washed with hexanes to
provide 2—(2-(triﬂuoromethyl)imidazo[‘1 ,2-a]pyridin-3-yl)pyrimidin-4(3H)-one as a light
brown solid. The solid was dissolved in acetonitrile (10 mL) and to the mixture was added
POCI; (1.9 mL, 20 mmol). The reaction mixture was heated to 100°C for 30 minutes, cooled
in an ice-water bath, then diluted with dichloromethane (100 mL), and washed with an
aqueous NaHCO; solution. The organic layer was dried, then filtered through Celite and
purified by silica gel chromatography to provide 3-(4-chloropyrimidin-2-yl)-2-
(trifluoromethyl)imidazo{1,2-a]pyridine as a light yellow solid material (1.09 g, 37% over 3
steps).

IH NMR (500 MHz, DMSO-dg) 8 ppm 9.61 (d, ] = 6.9 Hz, 1H), 9.00 (d, J = 5.0 Hz, 1H),
7.94 (d,J = 8.8 Hz, 1H), 7.73 (d, ] = 5.4 Hz, 1H)769(dde 8.7,7.1, 1.3 Hz, 1H), 7.37

(td, T =7.0, 1.1 Hz, 1H).

Step 4. To a solution of 3-(4-chloropyrimidin-2-yl)-2-(trifluoromethyl)imidazo[1,2-
a]pyridine (75 mg, 0.25 mmol) and benzo[d][1,3]dioxol-5-amine (69 mg, 0. 5 mmol) in THF
(1 mL) at 0°C was added KOtBu (1M solution in THF, 1 mL, 1 mmol). After 10 minutes, the
reaction mixture was quenched with HOAc, then partitioned between EtOAc and water. The
organic portion was dried, then concentrated, and the remainder was puriﬁed by silica gel |

chromatography to provide the title compound as a tan solid (58 mg, 58 %).

'H NMR (500 MHz, DMSO-ds) § ppm 9.70 (s, 1H), 9.43 (d, T = 6.6 Hz, 1H), 8.43 (d 1=57

‘Hz, 1H), 7.84 (d, ] = 9.1 Hz, 1H), 7.58 (ddd, ] =9.1, 6.9, 1.1 Hz, 1H), 7.37 (br. 5., 1H), 7.17

(td, ] = 6.9,0.9 Hz, 1H), 6.95 (dd, J = 8.2, 1.9 Hz, 1H), 691 (d, ] = 8.5 Hz, 1H), 6.72 (d, J =
6.0 Hz, 1H), 6.03 (s, 2H); MS m/z 400 [M+H]".

Additional compounds of Formula (I) or a form thereof described herein may be |
prepared according to the procedure of Example 1 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

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

"H NMR (500 MHz, DMSO-ds) & ppm 9.85 (dt, J = 6.9, 0.9 Hz, 1H), 9.45 (br. s, 1H), 8.36
(d, ] =5.7Hz, 1H), 7.60 (dt, J = 8.8, 0.9 Hz, 1H), 7.38 (ddd, ] = 8.8, 6.6, 1.3 Hz, 1H), 7.06
(d, J =2.2 Hz, 1H), 6.95 - 6.98 (m, 2H), 6.87 (dd, J = 4.4, 35st 1H), 6.54 (d, J = 6.0 Hz,

1H), 4.25 - 4.30 (m, 4H), 2.75 (s, 3H); MS m/z 360 [M+H]"
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Cpd Name & Data

3 2-(2-methylimidazo[ 1 ,2-a]pyridin-3 -yl)—N—[4—(triﬂuoromethYl)phenyl]pyrimidin—4—amine
'H NMR (500 MHz, DMSO-dg) 8 ppm 10.06 (br. s, 1H), 9.81 (dt, J = 6.9, 1.1 Hz, 1H),
8.53 (d,J = 5.7 Hz, 1H), 7.90 (d, ] = 8.5 Hz, 2H), 7.74 (d, ] = 8.5 Hz, 2H), 7.63 (dt, J = 8.8,
1.1 Hz, 1H), 7.42 (ddd, J = 8.8, 6.6, 1.3 Hz, 1H), 7.03 (td, J = 6.9, 1.3 Hz, 1H), 6.74 (d,J =
5.7 Hz, 1H), 2.78 (s, 3H); MS m/z 3770 [M+H]"

4 N-(4—meth0xypheny1)—2—(2-methylimidazo[l ,2—a]pyridin—3—yl)pyrimidin-4—amine

'H NMR (500 MHz, DMSO-dg) 5 ppm 9.84 (d, ] = 6.6 Hz, 1H), 9.44 (br. s, 1H), 8.35(d,J
= 6.0 Hz, 1H), 7.59 (dt, ] = 8.8, 0.9 Hz, 1H), 7.47 (d, J = 8.5 Hz, 2H), 7.37 (ddd, J = 8.9,
6.9, 1.3 Hz, 1H), 6.97 - 7.00 (m, 2H), 6.95 (td, J = 6.9, 0.9 Hz, 1H), 6.52 (d, ] = 5.7 Hz,
1H), 3.78 (s, 3H), 2.73 (s, 3H); MS m/z 332 [M+H]"

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

TH NMR (500 MHz, DMSO-ds) 8 ppm 9.81 (d, J=6.9 Hz, 1H), 9.78 (br. s, 1H), 8.45(d,J
= 5.7 Hz, 1H), 7.67 (d, ] = 8.8 Hz, 2H), 7.61 (d, ] = 8.8 Hz, 1H), 7.44 (s, 2H), 7.40 (ddd, J
=8.2,6.9,1.3 Hz, 1H),7.01 (td, J = 6.9, 1.3 Hz, 1H), 6.64 (d, J = 6.0 Hz, 1H), 2.74 (s, 3H);
MS m/z 336 [M+H]" :

6 2-(2-methylimidazo[ 1 ,2-a]pyridin-3-yl) N-phenylpyrimidin-4-amine

'H NMR (500 MHz, DMSO-dj) 8 ppm 9.85 (dt, J = 6.9, 0.9 Hz, 1H), 9.65 (br. s, 1H), 8.42
(d, J=5.7 Hz, 1H), 7.59 - 7.64 (m, 3H), 7.36 - 7.43 (m, 3H), 7.11 (tt, ] = 7.4, 0.9 Hz, 1H),
6.98 (ddd, J = 7.5, 5.5, 0.9 Hz, 1H), 6.63 (d, ] = 6.0 Hz, 1H), 2.75 (s, 3H); MS m/z 302
[M+H]"

2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl]-N-[4-(triﬂuoromethyl)phenyl]pyrimidin—
7 4-amine

TH NMR (500 MHz, DMSO-dj) 8 ppm 10.25 (br. s, 1H), 9.36 (d, J = 6.9 Hz, 1H), 8.59(d, J.
=5.7 Hz, 1H),7.92 (d, ] = 8.5 Hz, 2H), 7.86 (d, ] =9.1 Hz, 1H), 7.67 (d, J = 8.5 Hz, 2H),
7.60 (ddd, 1 =9.1, 6.9, 1.1 Hz, 1H), 7.21 (td,7=6.9, 1.3 Hz, 1H), 6.92(d, ] = 5.7 Hz, 1H);
MS m/z 424 [M+H]"

8. N—(4-ch10r0phenyl)—2—[2-(triﬂuoromethyl)imidazo[1 ,2-a]pyridin-3 ~yl]pyrimidin-4-amine
'H NMR (500 MHz, DMSO-d) 8 ppm 9.95 (br. s., 1H), 9.37.(d, ] = 6.9 Hz, 1H), 8.52 (d, J
=57 Hz, 1H), 7.85 (d, ] = 8.8 Hz, 1H), 7.71 (d,J=8.5Hz, 2H), 7.59 (t,] = 7.6 Hz, 1H),
7.39(d, J = 8.5 Hz, 2H), 7.20 (¢, ] = 6.8 Hz, 1H), 6.83 (d, J = 6.0 Hz, 1H); MS m/z 390
[M+H]"

9 N—(4—methy1phenyl)—2—[2—(triﬂu0romethyl)imidazo[1 ,2-a]pyridin-3 -yl]pyrimidin-4-amine
'H NMR (500 MHz, DMSO-ds) 8 ppm 9.75 (br. s, 1H), 9.41 (d, ] = 6.6 Hz, 1H), 8.45(d,J
= 6.0 Hz, 1H), 7.84 (d, ] = 9.1 Hz, 1H), 7.58 (t, ] =6.9 Hz, 1H), 7.53 (d,J = 7.6 Hz, 2H),
726 (d, 1 =7.6 Hz, 1H), 7.17(d, T = 6.9 Hz, 2H), 6.77 (d, J = 5.7 Hz, 1H), 2.31 (s, 3H);
MS m/z 370 [M+H]"

10 N-(4-bromophenyl)-2- [2-(trifluoromethyl)imidazo[ 1 ,2-a)pyridin-3 -yl]pyrimidin-4-amine
'H NMR (500 MHz, DMSO-dj) 8 ppm 9.97 (br. s, 1H), 9.37 (d, T = 6.9 Hz, 1H), 8.52(d,J
= 6.0 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.66 (d, ] = 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 Hz, 1H), 6.83 (d,J = 6.0 Hz, 1H); MS m/z 435
| [M+H]"
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Name & Data

11

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

'"H NMR (500 MHz, CHLOROFORM-d) 8 ppm 9.52 (dt, J =7.3, 0.9 Hz, 1H), 8.38 (d,J =
6.0 Hz, 1H), 7.72 (dt, ] = 9.1, 0.9 Hz, 1H), 7.30 - 7.37 (m, 3H), 7.11 (d, J = 8.8 Hz, 2H),
6.93 (td, ] = 6.9, 1.3 Hz, 1H), 6.87 (br. s., 1H), 6.54 (d, I = 6.0 Hz, 1H), 6.46 (t, ] = 73.8
Hz, 1H); MS m/z 422 [M+H]"

12

N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-ylJpyrimidin-4-amine

IH NMR (500 MHz, CHLOROFORM-d) & ppm 9.63 (dt, J = 7.3, 0.9 Hz, 1H), 8.40 (d, ] =

6.0 Hz, 1H), 7.79 (dt, ] = 9.1, 0.9 Hz, 1H), 7.41 (ddd, J = 9.0, 6.8, 1.3 Hz, 1H), 7.24 - 7.33

(m, 2H), 7.00 (td, J = 6.9, 0.9 Hz, 1H), 6.94 - 6.98 (m, 2H), 6.91 (br. 5, 1H), 6.50 (d, ] = 6.0
Hz, 1H), 3.87 (s, 3H); MS m/z 386 [M+H]"

13

2-[6-chloro-2- (trlﬂuoromethyl)lmldazo[l 2-a]pyridin-3- y1]—N-[4—
(trifltuoromethyl)phenyl]pyrimidin-4-amine

'H NMR (500 MHz, DMSO-ds) 8 ppm 10.24 (br. s., 1H), 9.56 - 9.72 (m, 1H), 8.60 (d, ] =
5.4 Hz, 1H), 7.83 - 7.98 (m, 3H), 7.63 - 7.74 (m, 3H), 6.90 (d, J = 5.4 Hz, 1H); MS m/z 458
[M+H]" ’

14

2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-y1]-N-[4-
(triftuoromethoxy)phenyl pyrimidin-4-amine

"H NMR (500 MHz, CHLOROFORM-d) & 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 Hz, 2H), 7.39 (dd, J = 9.6, 2.0 Hz, 1H)729

| (d,7=8.5 Hz, 2H), 6.84 (br. s, 1H), 6.64 (d, ] = 6.0 Hz, 1H); MS m/z 474 [M+H]"

15

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

'H NMR (500 MHz, DMSO-ds) 8 ppm 9.96 (br. s, 1H), 9.60 (dd, J = 2.0, 0.8 Hz, 1H), 8.52
(d, ] = 6.0 Hz, 1H), 7.92 (dd, J = 9.6, 0.8 Hz, 1H), 7.66 (dd, J = 9.6, 2.0 Hz, 1H), 7.61 -
7.64 (m, 2H), 7.50 - 7.55 (m, 2), 6.81 (d, J = 6.0 Hz, 1H); MS m/z 469 [M+H]" -

16

2-[6-chloro-2-(trifluoromethyl)imidazo[1,2- a]pyr1d1n—3-yl]—N—[4— :
(difluoromethoxy)phenyl]pyrimidin-4-amine -

I'H NMR (500 MHz, CHLOROFORM-d) § ppm 9.60 - 9.78 (m, 1H), 8.40 (dd, J = 6.0, 0.9
Hz, 1H), 7.66 (dd, J = 9.5, 0.6 Hz, 1H), 7.34 (dd, ] = 8.8, 2.5 Hz, 2H), 7.31 (dd, J = 9.6, 2.0
Hz, 1H), 7.13 (d, J = 8.8 Hz, 2H), 6.76 (br. s, 1H), 6.54 (d, J = 6.0 Hz, 1H), 6.46 (t, ] = 74.4
Hz, 1H); MS m/z 456 [M+H]"

17

N-(4-chlorophenyl)-2-[6-chloro-2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-ylJpyrimidin-
4-amine
'H NMR (500 MHz, CHLOROFORM-d) § ppm 9.59 - 9.75 (m, 1H), 8.41 (dd, J = 6.0, 0.9

Hz, 1H), 7.66 (dd, 1 = 9.6, 0.8 Hz, 1H), 7.23 - 7.36 (m, SH), 6.74 (br. s, 1H), .55 (dd, J =
6.0, 1.3 Hz, 1H); MS m/z 425 [M+H]"
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2-[2-methyl-6-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine

"H NMR (500 MHz, DMSO-ds) & ppm 10.33 (br. s, 1H), 10.26 (s, 1H), 8.59 (d, J = 6.0 Hz,
1H), 7.98 (d, J = 9.1 Hz, 1H), 7.88 (d, J = 11.0 Hz, 1H), 7.86 (d, ] = 8.5 Hz, 2H), 7.70 (d, J
= 8.5 Hz, 2H), 6.85 (d, J = 6.0 Hz, 1H), 2.86 (s, 3H); MS m/z 438 [M+H]"

19

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

"H NMR (500 MHz, DMSO-ds) & ppm 10.30 (s, 1H), 10.07 (br. s, 1H), 8.52 (d,J=6.0 Hz,
1H), 7.99 (d, J = 8.8 Hz, 1H), 7.87 - 7.96 (m, 1H), 7.60 (d, ] = 8.8 Hz, 2H), 7.53 (d, 1 = 8.8
Hz, 2H), 6.78 (d, J = 6.0 Hz, 1H), 2.83 (s, 3H); MS m/z 449 [M+H]"

20

N-(4-methylphenyl)-2-[2-methyl-6-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]pyrimidin-
4-amine '
"H NMR (500 MHz, DMSO-ds) & ppm 10.28 (s, 1H), 9.83 (br. s, 1H), 8.44 (d,J=6.0 Hz,
1H), 7.92 (d, J = 9.3 Hz, 1H), 7.80 (d, ] = 9.3 Hz, 1H), 7.47 (d, ] = 8.2 Hz, 2H), 7.17(d,J =
8.2 Hz, 2H), 6.70 (d, J = 6.0 Hz, 1H), 2.81 (s, 3H), 2.30 (s, 3H); MS m/z 384 [M+H]"

21

2-[6-fluoro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-yl] -N-(4-methylphenyl)pyrimidin-
4-amine '

'H NMR (500 MHz, DMSO-ds) § ppm 9.78 (s, 1H), 9.63 (br. s, 1H), 8.44 (d, ] = 6.0 Hz,
1H), 7.94 (dd, ] = 10.1, 5.4 Hz, 1H), 7.70 (ddd, J = 10.7, 7.9, 2.5 Hz, 1H), 7.49 (d,J = 8.0
Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.74 (d, ] = 8.8 Hz, 1H), 2.30 (s, 3H); MS m/z 388
[M+H]" ' '

22

> [6-fluoro-2-(trifluoromethylyimidazo[ 1,2-a]pyridin-3-yl]-N-(4-

‘methoxyphenyl)pyrimidin-4-amine :

'"H NMR (500 MHz, DMSO-dg) § ppm 9.63 (br. s, 1H), 8.41 (d,J = 5.7 Hz, 1H), 7.94 (dd, J
=9.9, 5.2 Hz, 1H), 7.69 (ddd, ] = 10.0, 7.8, 2.4 Hz, 1H), 7.48 (d, ] = 8.2 Hz, 2H), 6.96 (d,J
= 8.8 Hz, 2H), 6.75 - 6.82: (m, 1H), 6.68 (d, J = 6.0 Hz, 1H), 3.77 (s, 3H); MS m/z 404
IM+H]T - o |

23

2-[5¢hloro-1-methyl-2-(trifluoromethyl)-1 H-indol-3-y1]-N-(4-methoxyphenyl)pyrimidin-4-
amine

'H NMR (500 MHz, CHLOROFORM-d) & 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, 1.9 Hz, 1H), 7.20 (d, ] = 8.8 Hz, 1H), 7.07 (d, J
— 8.8 Hz, 2H), 6.73 - 6.80 (m, 2H), 6.42 (d, J = 6.0 Hz, 1H), 3.78 (s, 3H), 3.74 (s, 3H); MS
m/z 433 [M+H]"

24

2-[5-chloro-1-methyl-2-(trifluoromethyl)-1H-indol-3-y1]-N-[4-
(difluoromethoxy)phenyl|pyrimidin-4-amine

'H NMR (500 MHz, DMSO-ds) & ppm 10.47 (br. s, 1H), 8.47 (d, J = 6.6 Hz, 1H), 7.98 (d,J
=22 Hz, 1H), 7.84 (d, ] = 9.1 Hz, 1H), 7.74 (d, J = 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, ] = 74.4 Hz, 1H), 6.90 (d, ] = 6.3 Hz, 1H), 4.00 (s,
3H); MS m/z 469 [M+H]"
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N-(4-bromophenyl)-2-[ 5-chloro-1 —methyl-2—(triﬂu0r0methy1)- 1H-indol-3-yl]pyrimidin-4-
amine

"H NMR (500 MHz, DMSO-ds) & ppm 10.24 (br. s, 1H), 8.49 (d, J = 6.0 Hz, 1H), 7.98 (d, J
=2.2Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.70 (d, ] = 8.8 Hz, 2H), 7.43 - 7.52 (m, ] = 8.5 Hz,
3H), 6.87 (d, J = 6.0 Hz, 1H), 4.00 (s, 3H); MS m/z 482 [M+H]"

26

N-(4-bromophenyl)-2-(6-fluoro-2-phenylimidazo[1,2-a]pyridin-3-yl)pyrimidin-4-amine

"H NMR (500 MHz, DMSO-dg) & ppm 9.75 (br. s., 1H), 9.55 (d, ] = 3.2 Hz, 1H), 8.49 (d, J
=5.4 Hz, 1H), 7.83 (dd, ] = 8.8, 5.0 Hz, 1H), 7.67 (d, ] = 7.9 Hz, 2H), 7.57 (td, ] = 9.1, 1.6
Hz, 1H), 7.31 - 7.46 (m, ] = 7.6 Hz, 3H), 7.01 - 7.21 (m, 4H), 6.72 (d, ] = 5.7 Hz, 1H); MS
m/z 461 [M+H]"

27

2-(6-fluoro-2-phenylimidazo[1,2-a]pyridin-3-yl)-N-(4-methylphenyl)pyrimidin-4-amine
"H NMR (500 MHz, DMSO-ds) & ppm 9.88 (br. s, 1H), 9.49 - 9.61 (m, 1H), 8.37 (d, ] =
6.0 Hz, 1H), 7.90 (dd, ] = 9.9, 5.2 Hz, 1H), 7.66 - 7.75 (m, 3H), 7.39 - 7.49 (m, 3H), 7.14
(d, J = 8.2 Hz, 2H), 6.94 (d, J = 8.2 Hz, 2H), 6.74 (d, ] = 6.3 Hz, 1H), 2.23 (s, 3H); MS m/z
396 [M+H]"

29

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

"H NMR (500 MHz, DMSO-dg) 8 ppm9.63 (s, 1H), 8.42 (d, ] = 5.7 Hz, 1H), 7.84 (dt, ] =
9.1, 0.9 Hz, 1H), 7.58 (ddd, ] = 9.0, 6.8, 1.3 Hz, 1H), 7.22 (br. s., 1H), 7.15 (td, ] = 6.9, 1.3
Hz, OH), 7.01 (dd, J = 8.5, 2.2 Hz, 1H), 6.84 (d, ] = 8.8 Hz, 1H), 6.71 (d, ] = 6.0 Hz, 1H),
4.20 - 4.29 (m, 4H); MS m/z 410 [M+H]"

30

N-(6-methoxypyridin-3- yl) -2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-ylJpyrimidin-4-
amine

'H NMR (500 MHz, CHLOROFORMd)Sppm953 (d,J=6.9 Hz, 1H), 834(dJ 5.7
Hz, 1H), 8.10 (d, J = 2.5 Hz, 1H), 7.69 (dt, J = 9.1, 0.9 Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H),
7.32(ddd, J=9.0,6.8, 1.3 Hz, 1H), 691 (td, ] = 7.0, 1.3 Hz, 2H), 6.75 (d, ] = 8.5 Hz, 1H),
6.40 (d, J = 6.0 Hz, 1H), 3.90 (s, 3H); MS m/z 387 [M+H]"

31

N2 N2-dimethyl-N°-{2-[2- (trlﬂuorornethyl)lmldazo[l 2- a]pyrldln -3- yl]pynm1d1n—4-
yl}pyridine-2,5-diamine

'H NMR (500 MHz, CHLOROFORM-d) & ppm 9.55 (d, J = 6.9 Hz, 1H), 8.29 (d, ] = 6.0
Hz, 1H), 8.10 (d, J = 2.5 Hz, 1H), 7.70 (d, J = 9.1 Hz, 1H), 7.51 (br. s, 1H), 7.32 (ddd, J =
0.1,6.9, 1.1 Hz, 1H), 6.92 (td, J = 6.9, 0.9 Hz, 1H), 6.81 (br. s, OH), 6.51 (d, ] =9.1 Hz,
1H), 6.35 (d, J = 5.4 Hz, 1H), 3.08 (s, 6H); MS m/z 400 [M+H]"

32

2-[6-bromo-2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N-[4-
(trifluoromethyl)phenyl|pyrimidin-4-amine
"H NMR (500 MHz, DMSO-dg) & ppm 10.25 (br. s, 1H), 9.66 (dd, J = 1.9, 0.9 Hz, 1H),

8.60 (d,J = 6.0 Hz, 111), 7.91 (d, ] = 8.5 Hz, 2H), 7.87 (dd, J = 9.6, 0.8 Hz, 1H), 7.74 (dd, J
~9.5,1.9 Hz, 1H), 7.69 (d, J = 8.8 Hz, 2H), 6.90 (d, ] = 6.0 Hz, 1H); MS m/z 503 [M+H]"
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2-[6-bromo-2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N-(4-

33 methoxyphenyl)pyrimidin-4-amine
'"H NMR (500 MHz, CHLOROFORM-d) 8 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, 1.7 Hz, 1H), 7.22 (d, J 8.5 Hz, 2H), 6.89
(d, J = 8.8 Hz, 2H), 6.47 (br. s, 1H), 3.78 (s, 3H); MS m/z 465 [M+H]"

N-(3-fluoro-4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-

34 yl]pyrimidin-4-amine
'"H NMR (500 MHz, DMSO-ds) § ppm 9.77 (s, 1H), 9.35 (d, ] = 6.9 Hz, 1H), 8.42 (d, ] =
6.0 Hz, 1H), 7.80 (d, J = 9.1 Hz, 1H), 7.68 (d, J = 13.6 Hz, 1H), 7.53 (ddd, J = 9.1, 6.9, 1.3
Hz, 1H), 7.17 - 7.23 (m, 1H), 7.13 (td, J = 6.9, 1.1 Hz, 1H), 7.13 (td, J = 6.9, O9Hz 1H),
7.10 (t,J =9.1 Hz, 1H), 6.70 (d, J = 6.0 Hz, 1H), 3.78 (s, 3H); MS m/z 404 [M+H]"
N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-

35 yl]pyrimidin-4-amine '
"H NMR (500 MHz, DMSO-ds) § ppm 9.80 (s, 1H), 9.40 (d, = 6.9 Hz, 1H), 8.47 (d,J =
6.0 Hz, 1H), 7.88 - 7.92 (m, 1H), 7.85 (dt, J =9.1, 1.0 Hz, 1H), 7.59 (ddd, ] = 9.1, 6.6, 1.3
Hz, 1H), 7.43 (dd, J = 8.8, 2.8 Hz, 1H), 7.18 (td, J 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); MS m/z 420 [M+H]"

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

36 4-amine
"H NMR (500 MHz, DMSO-dg) § ppm 9.92 (s, 1H), 9.38 (d, ] = 7.3 Hz, 1H), 8.51 (d, J =
6.0 Hz, 1H), 7.94 (d, ] = 1.9 Hz, 1H), 7.86 (dt, J = 9.1, 1.1 Hz, 1H), 7.59 (ddd, J = 9.1, 6.9,
1.3 Hz, 1H), 7.41 (dd,J = 8.2, 2.2 Hz, 1H), 7.31 (d, ] = 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); MS m/z 404 [M+H]"

37 N-(4- ethoxyphenyl) -2-[2-(trifluoromethyl)imidazo[1,2- a]pynd1n-3 yl]pyrimidin-4-amine
"H NMR (500 MHz, DMSO- ds) § ppm 9.64 (br. s, 1H), 9. 43 (br. s, TH), 8.41 (d,1=6.0
Hz, 1H), 7.84 (dt, J = 9.1, 1.3 Hz, 1H), 7.57.(ddd, J=9.1, 6.9, 1.1 Hz, 1H), 7.50 (d, = 8.5
Hz, 1H), 7.16 (t, ] = 6.5 Hz, 1H), 6.93 (d, ] = 8.8 Hz, 2H), 669(d J=6.0 Hz, 1H), 4.02 (q,

| J=6.9 Hz, 2H), 1.34 (t, ] = 6.9 Hz, 3H); ‘MS m/z 400 [M+H]"

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

38 amine
'H NMR (500 MHz, DMSO-dy) § ppm 9.76 (s, 1H), 9.41 (d, ] = 6.9 Hz, 1H), 8.45(d, ] =
6.0 Hz, 1H), 7.85 (dt, J = 9.1, 0.9 Hz, 1H), 7.58 (ddd, ] = 8.8, 6.6, 1.3 Hz, 1H), 7.55 (d, ] =
8.5 Hz,2H), 7.23 (d,J = 85Hz 2H), 7.16 (td, J = 6.9, 0.9 Hz, 1H), 6.77 (d, ] = 6.0 Hz,
1H), 2.89 (spt, J = 6.9 Hz, 1H), 1.21 (d, J = 6.9 Hz, 7TH); MS m/z 398 [M+H]"
N-[4-(1H-pyrazol-1-yl)phenyl]-2-[ 2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-

39 yl]pyrimidin-4-amine

"H NMR (500 MHz, DMSO-dq) & ppm 9.98 (s, 1H), 9.42 (d, J =7.3 Hz, 1H), 8.51 (d, J
5.7 Hz, 1H), 8.48 (d, ] = 2.2 Hz, 1H), 7.86 (td, ] = 9.1, 1.3 Hz, 1H), 7.76 - 7.84 (m, ] = 3.5
Hz, 4H), 7.73 (d, T = 1.6 Hz, 1H), 7.59 (ddd, J = 9.0, 6.8, 1.3 Hz, 1H), 7.20 (td, J = 6.9, 1.3
Hz, 1H), 6.84 (d, ] = 6.0 Hz, 1H), 6.54 (t, ] = 1.9 Hz, 1H); MS m/z 422 [M+H]"
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45

N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyrazin-3 -yl]pyrimidin-4-amine
"H NMR (500 MHz, Acetone-ds) & ppm 9.53 (br. s., 1H), 9.16 (d, J = 1.3 Hz, 1H), 8.81 (s,

1H), 8.38 (d, J = 6.0 Hz, 1H), 8.03 (d, J = 4.7 Hz, 1H), 7.46 (d, ] = 8.5 Hz, 211), 6.95 (4, 1 =
9.1 Hz, 2H), 6.70 (dd, J = 8.2, 2.5 Hz, 1H), 3.79 (s, 3H); MS m/z 387 [M+H]"

46

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

'H NMR (500 MHz, Acetone-ds) 8 ppm 9.41 - 9.49 (m, 1H), 9.20 (br. s, 1H), 8.49 (dd, J =
6.0, 2.2 Hz, 1H), 8.02 - 8.12 (m, 1H), 7.83 - 7.92 (m, 2H), 7.58 (d, J = 8.5 Hz, 2H), 6.93 -
7.32 (m, 2H); MS m/z 425 [M+H]"

47

N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[1,2-a]pyrazin-3 -yl]pyrimidin-4-amine
"H NMR (500 MHz, Acetone-ds) 8 ppm 9.53 (dd, J =4.9, 1.4 Hz, 1H), 9.25 (d,J = 1.3 Hz,

1H), 9.20 (br. 5., 1H), 8.55 (d, J = 6.0 Hz, 1H), 8.15 (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 Hz, 1H); MS m/z 391 [M+H]"

48

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

{1 NMR (500 MHz, DMSO-ds) & ppm 10.31 (br. s, 1H), 9.02 (d, J = 2.5 Hz, 1H), 8.65 (d, J
= 5.7 Hz, 1H), 7.96 (d, ] = 8.5 Hz, 2H), 7.85 (d, ] = 10.4 Hz, 1H), 7.74 (d, J = 8.5 Hz, 2H)
7.45 (dd, I =9.8, 2.5 Hz, 1H), 6.95 (d, J = 6.0 Hz, 1H), 3.66 (s, 3H); MS m/z 454 [M-+H]"

49

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

"H NMR (500 MHz, DMSO-ds) & ppm 9.65 (br. s, 1H), 8.96 - 9.06 (m, 1H), 8.42 (d,J=
5.7 Hz, 1H), 7.76 (d, J = 9.8 Hz, 1H), 7.51 (d, J = 8.5 Hz, 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 Hz, 1H), 3.75 (s, 3H); MS m/z 470 [M-+H]"

50

N-(4—meth0xyphenyl) 2-[6-methoxy—Z—(tnﬂuoromethyl)lrmdazo[ ,2-apyridin-3- .
yl]pyrimidin-4-amine

"H NMR (500 MHz, DMSO-dy) & ppm 10.04 (br. s, 1H), 8.97 (d, ] = 1.9 Hz, 1H), 8.54 (d, J
= 5.7 Hz, 1H), 7.75 - 7.79 (m, 3H), 7.38 (dd, J = 9.1, 2.2 Hz, 1H), 734(d J=8.5Hz, 2H)
6.82 (d, ] = 6.0 Hz, 1H), 3.59 (s, 3H), 3.33 (s, 3H); MS m/z 416 [M+H]"

51

N-[4-(difluoromethoxy)phenyl]-2-[6-methoxy-2-(trifluoromethyl)imidazo( 1 ,2-a]pyridin-3-
yl]pyrimidin-4-amine
'H NMR (500 MHz, DMSO-ds) § ppm 9.90 (br. s, 1H), 8.98 (d, J = 1.9 Hz, 1H), 8.50 (d, J
= 6.0 Hz, 1H), 7.78 (d, T = 9.5 Hz, 1H), 7.69 (d, J = 8.8 Hz, 2H), 7.37 (dd, = 9.8, 2.5 Hz,
1H), 7.17 (d, J = 8.8 Hz, 2H), 7.19 (t, ] = 74.4 Hz, 1H), 6.78 (d, J = 5.7 Hz, 1H), 3.61 (s,
3H); MS m/z 452 [M+H]"

53

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

"H NMR (500 MHz, Acetone-dg) & ppm 9.74 (dd, ] = 4.9, 1.4 Hz, 1H), 9.44 (d,J = 1.6 Hz,
1H), 9.30 (br. s., 1H), 8.72 (d, J = 6.0 Hz, 1H), 8.32 (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 Hz, 1H), 7.20 (t, ] = 74.4 Hz, 1H); MS m/z
423 [M+H]"
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Name & Data

54

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

'H NMR (500 MHz, DMSO-dg) & ppm 10.25 (br. s, 1H), 9.58 (ddd, J =5.7, 1.9, 0.9 Hz,
1H), 8.59 (d, J = 6.0 Hz, 1H), 7.97 (ddd, ] = 9.8, 5.4, 0.9 Hz, 1H), 7.90 (d, = 8.5 Hz, 2H),
7.73 (ddd, T =9.9, 7.7, 2.5 Hz, 1H), 7.69 (d, ] = 8.8 Hz, 2H), 6.90 (d, J = 6.0 Hz, 1H); MS
m/z 442 [M+H]"

55

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

'H NMR (500 MHz, Acetone-ds) & ppm 9.75 (dd, J = 5.5, 2.0 Hz, 1H), 9.10 (br. s, 1H),
8.51 (d,J = 5.7 Hz, 1H), 7.84 (ddd, J = 9.8, 5.4, 0.9 Hz, 1H), 7.71 - 7.76 (m, 2H), 7.60
(ddd, J =10.0, 7.6, 2.5 Hz, 1H), 7.22 - 7.26 (m, 2H), 6.99 (1, ] = 74.1 Hz, 1H), 6.83 (d,] =
6.0 Hz, 1H); MS m/z 440 [M+H]"

56

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

'H NMR (500 MHz, CHLOROFORM-d) § ppm 10.03 (br. s, 1H), 8.48 (d, ] = 6.9 Hz, 1H),
8.21 - 8.36 (m, 1H), 8.00 - 8.15 (m, 1H), 7.65 - 7.73 (m, 2H), 7.52 (d, J = 8.2 Hz, 2H) 7.39
(t, ] = 7.7 Hz, 1H), 7.06 - 7.12 (m, 1H), 7.03 (t, ] = 6.8 Hz, 1H); MS m/z 424 [M+H]"

60

N-(4-methoxyphenyl)-2-[2~(trifluoromethyl)pyrazolo[1,5-a]pyridin-3 -yl]pyrimidin-4-
amine

'H NMR (500 MHz, CHLOROFORM-d) § ppm 8.49 (d, ] = 6.6 Hz, 1H), 8.03 - 8.31 (m,
2H), 7.30 - 7 55 (m, 3H), 7.00 - 7.12 (m, 2H), 6.79 - 6.87 (m, 3H), 3.76 (s, 3H); MS m/z
386 [M+H]"

62 | N

’(4-methy1pheny1) 2-[2-(trifluoromethyl)imidazo[1,2-a]pyrazin-3 » -yl]pyrimidin-4-amine
'H NMR (500 MHz, Acetone-dg) & ppm 9.58 (d,J = 3.8 Hz, 1H), 9.23 (d, ] = 1.6 Hz, 1H),

8.95 (br. s., 1H),848(dJ 6.0 Hz, 1H), 8.10 (d, ] = 4.7 Hz, 1H), 7.53 (d, T = 85HZ 2H),
7.25(d, ] = 8.2 Hz, 2H), 6.83 (d, ] = 6.0 Hz, 1H), 2.37 (s, 3H); MS m/z 371 [M+H]"

118

2-(imidazo[1 ,2-a]pyridin-3-y1)-N-[4-(trifluoromethyl)phenylJpyrimidin-4-amine

'{ NMR (500 MHz, DMSO-dg) § ppm 10.10 (s, 1H), 9.92 (d, J = 7.3 Hz, 1H), 8.51 (app. s,
1H), 8.48 (d, ] = 5.7 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.75 - 7.86 (m, 3H), 7.46 (ddd, J =
9.1,6.6,0.9 Hz, 1H), 7.14 (14, I = 6.9, 1.1 Hz, 1H), 6.74 (4, J = 6.0 Hz, 1H); MS m/z 356

[M+H]
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Example 2

N-(3 _chloro-4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidin-4-amine
(Cpd 40)

H

02, WO WA

Stepl. 3-Chloro-4-methoxyaniline (2.07 g, 13.1 mmol), 2,4-dichloropyrimidine (1.95
g, 13.1 mmol) and triethylamine (2.1 mL, 15 mmol) were mixed in isopropanol (10 mL).
The mixture was heated at 100°C for 13 hours, then partially concentrated, diluted with
water, and made basic with K2C03. The precipitate was filtered, then washed with water,
followed by hexane. The major isomer, 2-chloro-N-(3-chloro-4-methoxyphenyl)pyrimidin-4-

amine (2.07 g, 59 %) was recrystallized from methanol as a white solid.

"H NMR (500 MHz, DMSO-ds) 8 ppm 9.99 (br. s, 1H), 8.15 (d, J = 6.0 Hz, 1H), 7.73 (br. s,,
1H), 7.47 (d, J = 8.2 Hz, 1H), 7.19 (d, J = 8.8 Hz, 1H), 6.69 (d, J = 5.7 Hz, 1H), 3.85 (s, 3H).
Step 2. 2-Chloro-N-(3-chloro-4-methoxyphenyl)pyrimidin-4-amine (84 mg, 0.31

mmol), 2-methyl-1H-benzo[d]}imidazole (82 mg, 0.62 mmol) and K,CO3 (86 mg, 0.62 mmol)

were mixed in DMF (2 mL). The reaction mixture Was heated at-_120°C for 3 days, then

cooled, partitioned between water and EtOAc, and purified by silica gel chrométography to
provide the title compound as a white solid (29 mg, 26%). |

H NMR‘(SOO MHz, DMSO-ds) 5 ppm 9.94 (s, 1H), 8.42 (d, J = 5.7 Hz, 1H), 8.03 - 8.10 (m,
1H), 7.82 - 7.90 (m, 1H), 7.61 (d, J = 7.3 Hz, 1H), 7.40 - 7.45 (m, 1H), 7.20 - 7.29 (m, 2H),

7.18 (d, ] = 8.8 Hz, 11), 6.73 (d, J = 5.7 Hz, 1H), 3.86 (s, 3H), 2.79 (s, 3H); MS m/z 366
[M+H]".

Additional compounds of Formula (I) or a form thereof described herein may be
prepared according to the procedure of Example 2 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

1 N-(4-methoxyphenyl)-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidin-4-amine

"H NMR (500 MHz, DMSO-ds) 8 ppm 9.79 (br. s., 1H), 8.36 (d,J=5.4Hz, 1H), 7.95 -
8.17 (m, 1H), 7.59 (d,J = 7.9 Hz, 1H), 7.42 - 7.54 (m, 2H), 7.17 - 7.33 (m, 2H), 6.96 (4, J
— 8.2 Hz, 2H), 6.68 (d, J = 5.0 Hz, 1H), 3.76 (s, 3H), 2.77 (s, 3H); MS m/z 332 [M+H]"
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Cpd Name & Data

41 2-(2-methyl-1H-benzimidazol-1-yl)-N-[4- ~(trifluoromethyl)phenyl]pyrimidin-4-amine
'H NMR (500 MHz, DMSO-ds) & ppm 10.37 (s, 1H), 8.55 (d, J = 5.7 Hz, 1H), 8.01 - 8. 06

(m, 1H), 7.90 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 8.5 Hz, 2H), 7.61 - 7.65 (m, 1H), 7.26 (app.
quind, J = 7.3, 1.4 Hz, 2H), 6.91 (d, ] = 5.7 Hz, 1H), 2.81 (s, 3H); MS m/z 370 [M+H]"

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

'H NMR (500 MHz, Methanol-ds) 3 ppm 8.32 (1H, d, J = 5.5 Hz), 8.06 (1H, d, J = 8 Hz),
7.59 3H, d, J = 8 Hz), 7.26 (2H, m), 7.14 (2H, d, J = 8 Hz), 7.0 (1H, t, ] = 74 Hz), 6.69
(1H, d, J = 6 Hz), 2.82 (3H, s); MS m/z 368 [M+H]"

Example 3
N-(3-chloro-4-methoxyphenyl)-2-[2-(trifluoromethyl)-1 H-benzimidazol-1-yl]pyrimidin-4-
amine (Cpd 42) .
N ' SN A N CF
HN™ "N™ “Cl :@ HN™ NT N A TFA
H NH
2N 2 2 TFAA @
Cl Cl
O ONG

A mixture of 2-chloro-N-(3-chloro-4-methoxyphenyl)pyrimidin-4-amine (280 mg,
1.03 mmol) and benzené-l,2—diamine (540 mg, 5 mmol) in isoproﬁanol (5 mL) was heated in
a microwave oven at 160°C for 10 minutes. The reaction mixture was diluted '-With water,
extracted with BtOAc, then filtered through a short plug of silica gel, and concentrated to
provide a first crude intermediate N*~(2-aminophenyl)- N4 -(3- -chloro-4- |

methoxyphenyl)pyrlmldme -2,4-diamine. The first crude intermediate was dlssolved in

“dichloromethane (5 mL), then trifluoroacetic anhydride was added in two portlons (0.5mL

cach). The reaction mixture was washed with an aqueous NaHCOj3 solution, and purified by
silica gel chromatography to provide a second crude intermediate N-(2-(4-(3-chloro-4-
methoxyphenylamino)-pyrimidin—Z—ylamino)phenyl)—2,2,2-triﬂuoroacetamide.

To a solution of the second crude intermediate (71 mg, 0.16 mmol) in acetonitrile (2
mL) was added trifluoroacetic acid (0.5 mL). The mixture was heated in a microwave oven
at 180°C for 1 hour and 45 minutes after which UPLC showed complete conversion. The
final product was purified by silica gel chromatography to provide the title compound as a

white solid (40 mg, 59%).
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'H NMR (500 MHz, DMSO-dy) 3 ppm 10.06 - 10.18 (m, 1H), 8.45 (d, J = 5.7 Hz, 11), 8.02

(d.J = 8.2 Hz, 1H), 7.94 (d,J = 7.3 Hz, 1H), 7.83 - 7.90 (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), 7.43 (dd, ] = 9.0,2.7 Hz, 1H), 7.15 (d, § = 8.8 Hz,
1H), 6.86 (d, J = 6.0 Hz, 1H), 3.84 (s, 3H); MS m/z 420 [M+H]".

Example 4

5 —ﬂuoro-N-(4-methy1pheny1)—2-[2—(triﬂuoromethyl)imidazo[ 1,2-a]pyridin-3-yl]pyrimidin-4-
amine (Cpd 43)

F Bu3Sn
f)N\ 3 \ N/ / FTN CF3
/)\ T © N /)

Cl N® "C! EtOH
PdCl,(allyt)

Q-Phos
dioxane

Stepl: A miXture of 2,4—dichloro-S-ﬂuoropyrimidihe (1 .‘OO g, 5.99 mmol), 4-toluidine
(642 mg, 5.99 mmol) and KoCOs3 (1.66 g, 12.0 mmol) in EtOH (10 mL) was stirred for 18
hours at 50°C. The mixture was filtered through Celite and purified by column
chromatography to yield 2-chloro-5-fluoro-N-p-tolylpyrimidin-4-amine (1.19 g, 84%).

Step2: A mixture of 2_chloro-5-fluoro-N-p-tolylpyrimidin-4-amine (165 mg, 0.69
mmol), 3-(tributylstannyl)-2—(triﬂuoromethyl)imidazo[1 ,2;a]pyridine (300 mg, 0.63 mmol),

- Q-Phos (13.5 mg, 0.019 mmol) and PdCly(allyl) (6.9 mg, 0.019 mmol) in dioxane (1.5 mL)

 was stirred for 2 hours at 90°C. The mixture was purified by column chromatography to -

yield the title compound (213 mg, 80%).

' NMR (500 MHz, CHLOROFORM:-d) 8 ppm 9.24 - 9.29 (1H, m) 8.29 (1H, d, J=2.84 Hz)
7.66 - 7.71 (1H, m) 7.46 (2H, d, J/=8.51 Hz) 7.31 (1H, ddd, J=9.14, 6.62, 1.26 Hz) 7.14 (2H,
d, J=8.20 Hz) 6.82 - 6.89 (2H, m) 2.30 (3H, 5); MS m/z 388.2 [M+H]'.

Additional compounds of Formula (1) or a form thereof described herein may be
prepared according to the procedure of Example 4 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd - Name & Data

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

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

B 7.20 - 7.27 (3H, m) 6.91 (1H, td, J=6.94, 1.26 Hz) 2.42 (3H, s); MS m/z 404.2 [M+H]"
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Example 5

2-(6-fluoro-2- methyhmldazo[l 2-a]pyridin-3-yl)-N-[4-(trifluoromethyl)phenyl [pyrimidine-
4,6-diamine (Cpd 68)

NBoc, NBoc,

NH2 \ \N
NH, NBoc,

N)j (Boc),0 N)ﬁ\ FAC
1 L
Cl)\N/ cl DMAP CI/|\N cl KOtBu © ©

Step 1. A mixture of 2,6-dichloropyrimidine-4-amine (3.78 g, 23.05 mmol) and

DMAP (cat.) in dichloromethane (20 mL) was treated with di-tert-butyldicarbonate (11.05 g,
50.71 mmol) at 0°C. After addition, the resulting mixture was stirred at ambient temperature
overnight. The mixture was poured into ice-water (120 mL) and extracted with
dichloromethane (150 mL). The organic phase was separated, washed with brine (100 mL),
dried over MgSO,, then filtered and evaporated. The residual material was separated by
filtering through a pad of silica gel (100 g) to afford di-fert-butyl (2,6-dichloropyrimidin-4-
yl)imidodicarbonate as an oil (7.55 g, 90%).

Step2. A solution of di-terz-butyl (2,6-dichloropyrimidin-4-yl)imidodicarbonate
(1.75 g, 4.81 mmol) and 4-trifluoromethylaniline (775.0 mg, 4.81 mmol) in THF (10 mL)

_ was treated with potassium :eri-butoxide solution (1M in THF, 9.62 mL, 9.62 mmol) at -

78°C. The mixture was allowed to stir and warm to 0°C over 20 minutes. The mixture was
then poured into ice-water (120 mL) and extracted with dichloromethane (150 mL). The
organic phase was separated, washed with brine (100 mL), dried over MgSOa, then filtered
and evaporéted. The residual material was separated by silica gel column chromatography
(by eluting with hexane then 2% ethyl acetate-hexane) to afford di-tert-butyl 0-chloro-2-(4-
(trifluoromethyl)phenylamino)pyrimidin-4-yliminodicarbonate (750.0 mg, 32% yield), and
(by eluting with 4% ethyl acetate-hexane) di-terz-butyl 2-chloro-6-(4-
(trifluoromethyl)phenylamino)pyrimidin-4-yliminodicarbonate (1.08 g, 46%).
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NBoc,
I NBoc, NH
2
HN N/)\CI y
| ? { N F\(A /K(A
== HN™ N™
@ o/ \NQ S
~ —- /
N™ "NHz acn N CFs \ Q
F F
PA(OAC),, CF
PPhs, 3 CFs
CsOAc,
DMA

Step 3. 4-Fluoropyridin-2-amine (8.57 g, 76.44 mmol) and chloroacetone (12.99
g, 71.67 mmol) were pre-mixed and stirred in a 250 mL round bottom flask at 0°C for 15
minutes. The resulting mixture was diluted with acetonitrile (50 mL) and refluxed for
overnight. The acetonitrile was evaporated, and ethyl ether (200 mL) was added to produce a
precipate, which was collected by filtration. The solid was partitioned between
dichloromethane (300 mL) and a saturated NaHCO; solution (250 mL). The organic layer
was separated, dried over MgSOs, then filtered and concentrated under the reduced pressure.
The residual material was separated by silica gel column chromatography (1: 1 ethyl acetate-

hexane) to afford 6-ﬂuoro—2—methy1imidazo[1,2-a]pyridine (5.20 g, 46%) as a glassy solid.

" 1H NMR (500 MHz, CHLOROFORM- d) 5 ppm 7.95 - 7.99 (m, 1H), 7.46 (dd, J = 5.04, 9.77

Hz, 1H), 7.34 (s, 1H), 6.99 - 7.06 (m 1H), 2.44 (d, J = 0.63 Hz, 3H) MS m/z 151. 0(100)
[M+H]". |

Step 4.  Amixture of 6 fluoro-2-methylimidazo[1,2- a]pyr1d1ne (445 0 mg, 2. 97
mmol), di-tert-butyl 2-chloro-6- (4 (tr1ﬂuoromethyl)phenylammo)pynm1d1n—4- o
yliminodicarbonate (1.0 g, 5.78 mmol), palladium (II) acetate (33.4 mg, 0.149 mmol),
triphenylphosphine (46.7 mg, 0.178 mmol), cesium acetate (1.14 g, 5.94 mmol) and DMA (5
mL) was degassed by three cycles of vacuum pumping and N; purging, and then was heated
to 100°C for 1 hour. The solution was cooled and poured into water (50 mL), and this
mixture was extracted with dichloromethane. The extract was dried over MgSOj, then
filtered and concentrated under the reduced pressure. The residual material was triturated
with ethyl ether to afford di-tert-butyl 2-(6-fluoro-2-methylimidazo[1,2-a]pyridin-3-yl)-6-(4-
(trifluoromethyl)phenylamino)pyrimidin-4-yliminodicarbonate (706.0 mg, 83%).

Step 5. A solution of di-tert-butyl 2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3-
y1)-6-(4-(trifluoromethyl)phenylamino)pyrimidin-4-yliminodicarbonate (140 mg, 0.24 mmol)
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in dichloromethane (2 mL) was treated with TFA (0.4 mL) at 0°C. The resulting mixture was
stirred at ambient temperature for 4 hours. The solvent was concentrated under reduced
pressure, and the residual material was partitioned between ethyl acetate and a saturated
NaHCO; solution. The organic layer was separated, dried over MgSO,, then filtered and
evaporated. The residual material was triturated with ethyl ether to afford the title compound

as a white solid (87.0 mg, 87%). m.p. 209-211 °C.

'H NMR (500 MHz, Acctone-ds) 8 ppm 10.40 (dd, J = 2.21, 5.36 Hz, 1H), 8.88 (s, 1H), 8.11
-827 (m, 1H), 7.78 - 7.85 (m, 1H), 7.74 (d, J = 8.83 Hz, 2H), 7.69 (d, /= 8.83 Hz, 2H), 6.47
(br. 5., 2H), 6.03 (s, 1H), 2.93 (s, 3H); MS m/z 403.5 (100) [M+H]", 404.4 (30).

Additional compounds of Formula () or a form thereof described herein may be
prepared according to the procedure of Example 5 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-

65 | yl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-dg) 5 ppm 9.67 (ddd, J=1.10, 1.26, 7.09 Hz, 1H), 8.40 (s,
1H), 7.73 (td, J=1.10, 9.14 Hz, 1H), 7.59 - 7.66 (d, ] = 9.1 Hz, 2H), 7.51 (ddd, J = 1.26,
6.94,9.14 Hz, 1H), 7.15 - 7.23 (d, J = 9.1 Hz, 2H), 6.80 — 7.10 (t, J = 75.00 Hz, 1H), 7.05
-7.12 (m, 1H), 6.11 (br. s., 2H), 5.96 (s, 1H); MS m/z 437.3 [M+H]"

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

m.p. 203-205 °C; MS m/z 439.4 [M+H]"

N-[4-(trifluoromethoxy)phenyl]-2-[2- (tnﬂuoromethyl)lmldazo[l 2- a]pynd1n—3—
67 . | yl]pyrimidine-4,6-diamine

m.p. 199-202 °C; MS m/z 455.3 [M+H]"

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

69 | y)pyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-dg) & ppm 10.41 (dd, J=2.21, 5.36 Hz, 1H), 8.57 (s, 1H),
8.19 (s, 1H), 7.71 - 7.89 (m, 1H), 7.53 (d, J=9.77 Hz, 2H), 7.20 - 7.26 (d, J=9.77 Hz,
2H), 6.81 —7.11 (t,J =75.00 Hz, 1H), 636(br s., 2H), 5.91 (s, 1H), 2.91 (s, 3H);

m.p. 136-138 °C; MS m/z 401.5 [M+H]"

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

75 | fluorophenyl]pyrimidine-4,6-diamine

"H NMR (500 MHz, DMSO-ds) & ppm 10.06 (dd, J=2.21, 5.99 Hz, 1H), 9.28 (s, 1H),
7.70 - 7.87 (m, 1H), 7.58 (dd, J = 5.52, 9.62 Hz, 1H), 7.41 (ddd, J = 2.68,7.72, 9.77 Hz,
1H), 6.98 —7.28 (t, ] = 75.00 Hz, 1H), 7.24 - 7.32 (m, 1H), 7.18 - 7.24 (m, 1H), 6.73 (s,
2H), 5.72 (s, 1H), 3.42 - 3.56 (m, 1H), 0.89 - 1.11 (m, 4H); m.p. 198-200 °C; MS m/z
445.5 [M+H]"
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Cpd Name & Data

[3-(4-amino-6- {[4-(trifluoromethyl)phenylJamino } pyrimidin-2-yl)-6-fluoroimidazo[ 1,2-
84 | a]pyridin-2-yl]methanol

'H NMR (500 MHz, METHANOL- d4) 8 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.- 7.45 (m, 1 H), 6.55 - 6.58 (m, 1 H), 4.86 (s,
2 H); MS m/z 419.1 [M+H]"

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

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

"H NMR (500 MHz, DMSO-ds) & ppm 10.45 (dd, J=2.84, 5.67 Hz, 1H), 9.46 (s, 1H),
8.76 (d,J=2.84 Hz, 1H), 7.72 (d, /= 8.51 Hz, 2H), 7.64 (d, J = 851Hz 2H), 6.82 (s,
2H), 5.79 (s, 1H), 2.84 (s, 3H); m.p. 256-258 °C; MS m/z 404.3 [M+H]"

Example 6
2-(6-fluoro-2-methyl-1H-benzimidazol-1-y1)-N-[4-(trifluoromethyl)phenyl|pyrimidine-4,6-
diamine (Cpd 71)
NBoc, NBoc, F
sl Cx
HN N/)\CI I:L HNT NN Mz
HoN F H —
- NO2  pa/c (10%),
MeOH,
g
K3POy,,
CF3 Di3oxa?1e CFs
NBOCZ ‘F. : - NBOCz A NH2

cy wcio fx @
NS
HN” NN
H NH, CQH5COOH 20%TFADCM
ACN

Step 1: A mixture of 5-fluoro-2-nitroaniline (156.2 mg, 1.00 mmol), ), di-terz-butyl 2-

5 CF3

chloro-6-(4-(trifluoromethyl)phenylamino)pyrimidin-4-yliminodicarbonate (480.0 mg, 0.98
mmol), 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (Xphos) (56.1 mg, 0.1 mmol),
tris(dibenzylideneacetone) dipalladium(0) (53.8 mg, 0.05 mmol) and potassium phosphate
10 (625.0 mg, 2.95 mmol) in dioxane (2 mL) was degassed by three cycles of vacuum pumping
and N, purging, and then was heated to 100°C for 2 hours. The solution was cooled and
poured into water (10 mL), and this mixture was extracted with ethyl acetate (15 mL). The
extract was dried over MgSO,, then filtered and evaporated. The residual material was
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separated by column chromatography (eluting with 1:1 dichloromethane:hexane, then 1:2
ethyl acetate:dichloromethane) to afford di-zert-butyl 2-(5-fluoro-2-nitrophenylamino)-6-(4-
(trifluoromethyl)phenylamino)pyrimidin-4-yliminodicarbonate (483.0 mg, 81%).

Step 2: A pressure reaction vessel charged with di-zert-butyl 2-(5-fluoro-2-
nitrophenylamino)-6-(4-(trifluoromethyl)phenylamino)pyrimidin-4-yliminodicarbonate
(483.0 mg), Pd/C (10%, wet, 48.0 mg) and 1:1 ethyl acetate:methanol (5 mL) was placed on a
Parr shaker. The mixture was degassed by three cycles of vacuum pumping and N, purging.
The vessel was pressurized to 40 psi hydrogen and shaken for 2 hours. The charcoal was
removed by filtration, and the solvent was evaporated to give di-tert-butyl 2-(2-amino-5-
ﬂuorophenylamino)-6—(4-(triﬂuoromethyl)phenylamino)—pyrimidin-4-y1iminodicarbonate.
The residual material waé used in the next step without further purification. MS m/z 579.6
(100) [M+H]", 580.6 (40). | ‘

~ Step 3: A mixture of di-tert—bufyl 2~(2-amino-5-fluorophenylamino)-6-(4-
(trifluoromethyl)-phenylamino)pyrimidin-4-yliminodicarbonate (365.0 mg, 0.63 mmol),
triethyl orthoacetate (306.0 mg, 1.89 mmol), p-toluenesulfonic acid (5.0 mg, 0.025 mmol)
and ethanol (2.0 mL) was heated to reflux for 2 hours. After cooling, the mixture was

partitioned between dichloromethane (20 mL) and a saturated NaHCOj3 solution (10 mLS.

" The organic phase was washed with brine (10 mL), dried over MgSOy, then filtered and

evaporated. The residual oil was triturated with ethyl ether to afford di-fert-butyl 2;(6-ﬂu0ro-
2-methy1- 1H-benzo [d]imidaibl-l —y1)-6—(4-(triﬂuoromethyl)phéﬁylamino)pyrimidin—4—
yliminodicarbonate (316.0 mg, 83%). MS m/z 603.6 (100) [M+H]", 604.6 (40)..

Step 4: A solution of the product (316.0 mg, 0.52 mmol) in dichloromethane (3 mL)
was treéted with TFA (1 mL) at 0°C. The resulting mixture was stirred at ambient
temperature for 4 hours. The solvent was evaporated, and the residual material was triturated
with ethyl ether to afford the title compound as a white solid (152.0 mg, 73%). m.p. 253 —
255°C.

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

(m, 3H), 7.45 (dd, J = 1.89, 9.14 Hz, 1H), 7.01 - 7.24 (m, 3H), 6.20 (s, 1H), 2.66 (s, 3H); MS
m/z 403.3 (100) [M+H]".
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Additional compounds of Formula (I) or a form thereof described herein may be
prepared according to the procedure of Example 6 by substituting the appropriate starting -

materials, reagents and reaction conditions.

Cpd Name & Data

2-(6-chloro-2-methyl-1H-benzimidazol-1 -yD)-N-[4-(trifluoromethyl)phenylJpyrimidine-
93 | 4,6-diamine

"H NMR (500 MHz, DMSO-ds) & ppm 9.76 (s, 1H), 8.19 (d, J = 1.9 Hz, 1H), 7.74 (d, J =
8.5 Hz, 2H), 7.64 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 8.5 Hz, 1H), 727(dd J=8.5,19 Hz,
1H), 7.02 (br. s., 2H), 5.90 (s, 1H), 2.83 (s, 3H); MS m/z 419.8 [M+H]"

N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methyl-1H- benzimidazol-1-yl)pyrimidine-
72 | 4,6-diamine

'H NMR (500 MHz, DMSO-ds) & ppm 9.25 (s, 1H), 7.99 (dd, J=2.21, 10.09 Hz, 1H),
7.56 (dd, J = 5.04, 8.83 Hz, 1H), 7.48 (d, J= 8.83 Hz, 2H), 7.00 — 7.30 (t, J = 75.00 Hz,
1H), 7.12 - 7.19 (m, 2H), 7.07 (dt, J = 2.36, 9.06 Hz, 1H) 6.84 (br. s., 2H), 5.74 (s, 1H),
2.80 (s, 3H); m.p. 168-170 °C; MS m/z 401.5 [M+H]" ’

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(6-fluoro-2-methyl-1 H-benzimidazol-1-

76 | yl)pyrimidine-4,6-diamine

'"H NMR (500 MHz, DMSO-ds) & ppm 9.47 (s, 1H), 7.96 (d, J=9.14 Hz, 1H), 7.66 d,J
— 12.93 Hz, 1H), 7.57 (dd, J = 5.04, 8.20 Hz, 1H), 7.00 — 7.28 (t, } = 70.00 Hz, 1H), 7.27 -
7.39 (m, 1H), 7.23 (d, J = 8.51 Hz, 1H), 7.08 (t, /= 8.20 Hz, 1H) 6.94 (br. s., 2H), 5.80 (s,
1H), 2.50 (br. s., 3H); m.p. 182-183 °C; MS m/z 419.4 [M+H]"

N-[4-(difluoromethoxy)-3- ﬂuorophenyl] -2-(2- ethyl -6~fluoro- 1H-ben21m1dazol 1-
77 | yDpyrimidine-4,6-diamine

'H NMR (500 MHz, DMSO-ds) & ppm 9.47 (br. s., 1H), 7.90 (d, J = 9.14 Hz, 1H), 7.50 -
774 (m, 2H), 7.29 (d, J = 5.04 Hz, 1H), 7.00 — 7.28 (t, J = 70.00 Hz, 1H), 7.22 (d, J = 8.20
Hz, 1H), 7.09 (d, J=7.88 Hz, 1H), 6.93 (br. 5., 2H), 5.80 (5, 1H), 3.27 (m,2H), 1.28 (1, /=
6.62 Hz, 3H); m.p. 156-158 °C; MS m/z 433.5 [M+H]"

2-(2-ethyl-6-fluoro- 1H-benzimidazol- 1-y1)-N-[4- (tr1ﬂuoromethyl)phenyl]pyrlmldlne -4,6-
81 | diamine

"H NMR (500 MHz, DMSO-dg) & ppm 9.64 (s, 1H), 7.89 (dd, J = 2.52, 10.09 Hz, 1H),
770 (d, J = 8.20 Hz, 2H), 7.58 - 7.66 (m, 3H), 7.05 - 7.13 (m, 1H), 6.98 (br. 5., 2H), 5.88
(s, 1H), 3.28 (q,J = 746 Hz, 2H), 1.28 (t, J = 7.57 Hz, 3H); m.p. 201-203 °C; MS m/z
417.2 [M+H]"

2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-fluoro-4-

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

'H NMR (500 MHz, Acetone-dg) 5 ppm 9.11 (br. s, 1H), 8.27 (d, } = 2.2 Hz, 1H), 7.78 (dd,
J=13.9, 1.6 Hz, 1H), 7.65 (t, ] = 8.5 Hz, 1H), 7.56 (d, J = 8.5 Hz, 1H), 7.49 (d, } = 8.8 Hz,
1H), 7.25 (dd, J = 8.5, 1.9 Hz, 1H), 6.57 (br. s., 2H), 6.07 (s, 1H), 2.87 (s, 3H); MS m/z
437.8 [M+H]"
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Cpd Name & Data N

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

'H NMR (500 MHz, Acetone-dg) 5 ppm 8.56 (br. s, 1H), 8.32 (d, J = 2.2 Hz, 1H), 7.56 (dd,
J=6.6,2.2 Hz, 2H), 7.53 (d, J = 8.8 Hz, 1H), 7.23 (dd, J = 8.5, 2.2 Hz, 1), 7.20 (dd,J =
6.6,2.2 Hz, 2H), 6.94 (t, ] = 74.7 Hz, 1H), 6.35 (br. s., 211), 5.91 (s, 1H), 2.85 (s, 3H); MS
m/z 418.0 [M+H]"

2-(5-chloro-2-methyl-1H-benzimidazol-1 -yl)-N-[3-fluoro-4-

98 (triﬂuoromethyl)phenyl]pyrimidine—4,6—diamine

'H NMR (500 MHz, DMSO-ds) 8 ppm 9.94 (br. s, 1H), 8.10 (d, J = 8.7 Hz, 1H), 7.82
(dd, J =143, 1.4 Hz, 1H), 7.67 (d, ] = 2.0 Hz, 1H), 7.65 (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, 1H), 7.10 (br. s, 2H), 5.93 (s, 1H), 2.83 (s, 3H);
MS m/z 437.8 [M+H]"

2-(5-chloro-2-methyl-1H-benzimidazol-1 -yl)-N-[4-(diﬂuoromethoxy)phenyl]pyrimidine—
99 | 4,6-diamine

'"H NMR (500 MHz, DMSO-dg) 8 ppm 8.99 (br. s, 1H), 8.72 (d, ] = 8.8 Hz, 1H), 8.03 (d, J
=2.5 Hz, 1H), 8.00 - 8.03 (m, 2H), 7.65 - 7.67 (m, 2H), 7.64 (dd, J = 8.8, 2.2 Hz, 1H), 7.42
(t, ] =75.0 Hz, 1H), 6.79 (br. s., 2H), 6.38 (s, 1H), 3.32 (s, 3H); MS m/z 417.8 [M+H]"

N-[4-(difluoromethoxy)phenyl] -2-(2-ethyl-6-fluoro-1H-benzimidazol-1 -yDpyrimidine-4,6-
144 | diamine

'H NMR (500 MHz, DMSO-dg) & ppm 9.25 (s, 1H), 7.84 - 8.12 (m, 1H), 7.60 (dd, J=
5.04, 8.51 Hz, 1H), 7.49 (d, J = 8.83 Hz, 2H), 7.01 - 7.31 (t, 7 =75.00 Hz, 1H), 7.15 (d, J
= 8.20 Hz, 2H), 7.04 - 7.13 (m, 1H), 6.84 (br. s., 2H), 5.76 (s, 1H), 3.28 (q, J = 7.25 Hz,
2H), 1.28 (t, J = 7.41 Hz, 3H); m.p. 166-168 °C; MS m/z 415.4 [M+H]" '

Example 7

2-(2-cyclopropyl-6-fluoro- 1H-benzimidazol-1 -yl)-N—[4—(triﬂuoromethyl)phenyl]pyrimidine—
o N 4,6-diamine (Cpd 82)

. NBOCZ F ’ . o NBOCZ F . : NH2
Z>N D { Z "N PTSA (cat.), 2
/i\ﬁ\ Cl /EKJ\ MeCN N J\
HN HN N N ———» HN N N7 N
N hl N N
NH, Et;N, DCM HN XO ©
F
CF,4 CF, CFs

Step 1: To a solution of di-tert-butyl 2-(2-amino-5-fluorophenylamino)-6-(4-
(triﬂuoromethyl)-phenylamino)pyriﬁidin—4—yliminodicarbonate (212.0 mg, 0.37 mmol),
triethylamine (42.0 mg, 0.41 mmol) in dichloromethane (2 mL) was added
cyclopropanecarbonyl chloride (38.3 mg, 0.37 mmol) at 0°C. The mixture was stirred at

ambient temperature for 3 hours, then partitioned between dichloromethane and water. The
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organic phase was washed with brine, dried over MgSOy, then filtered and evaporated to give

di-tert-butyl 2—(2-(cyclopropanecarboxamido)-S—ﬂuorophenylamino)-6—(4—

(triﬂuoromethyl)phenylamino)—pyrimidin—4-yliminodicarbonate. The residual solid was used

directly in the next step without further purification.

Step 2: A mixture of crude di-tert-butyl 2-(2-(cyclopropanecarboxamido)-5-

ﬂuorophenylamino)—6-(4-(triﬂuoromethyl)phenylamino)—pyrimidin-4—yliminodicarbonate,

p-toluenesulfonic acid (7.0 mg, 0.037 mmol) and acetonitrile (3 mL) was heated ina

microwave oven at 180°C for 30 minutes. The mixture was partitioned between ethyl acetate

and a saturated NaHCOj5 solution. The organic phase was washed with brine, dried over

MgSO,, then filtered and evaporated. The residual material was separated by silica gel

column chromatography (eluting with 1:1 dichloromethane:hexane, then 1:5 MeOH:50%

 ethyl acetate in dichloromethane) to afford the title compound (103.0mg, 65% for two steps).

m.p. 203 —206°C.

'ff NMR (500 MHz, DMSO-ds) & ppm 9.49 - 9.59 (m, 1H), 7.70 (td, /= 1.00, 13.24 Hz, 1H),
7.64 (d, J = 8.57 Hz, 2H), 7.49 (d, J = 8.57 Hz, 2H), 7.36 - 7.42 (m, 1H), 6.91 - 6.97 (m, 1H),
6.88 (br. s, 2H), 5.77 (s, 1H), 2.88 - 3.01 (m, 1H), 0.97 - 1.05 (m, 2H), 0.86 - 0.95 (m, 2H);
MS m/z 429.2 (100) [M+HT", 430.2 (20).

Additional compounds of Formula () or a form thereof described herein may be

prepared according to the procedure of Example 7 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd

Name & Data

78

2-(2—cyclop'ropyl-6-ﬂubro-1 H-benzimidazol-1 -yl)-N-[4—(diﬂu0romethoxy)—3 -
fluorophenyl]pyrimidine-4,6-diamine

' NMR (500 MHz, DMSO-dg) & ppm 9.53 (s, 1H), 7.70 - 7.95 (m, 2H), 7.52 (dd, /=
5.04, 8.83 Hz, 1H), 7.28 (d, J = 2.52 Hz, 1H), 6.98 —7.26 (t, ] = 70.00 Hz, 1H), 7.22 (m,
1H), 7.03 - 7.09 (m, 1H), 6.98 (br. s, 2H), 5.82 (s, 1H), 3.07 (m, 1H), 1.10 - 1.15 (m, 2H),
1.01 - 1.08 (m, 2H); m.p. 186-188 °C; MS m/z 445.5 [M+H]"

83

2-(2-cyclopropyl-5-fluoro-1H-benzimidazol-1 -yl)-N-[4-
(triﬂuoromethyl)phenyl]pyrimidine—4,6-diamine

"H NMR (500 MHz, DMSO-dj) 8 ppm 9.69 (s, 1H), 7.96 (d, J=5.04, 8.83 Hz, 1H), 7.79
(d, J=8.51 Hz, 2H), 7.61 (d, J=8.51 Hz, 2H), 7.34 (dd, J = 2.52, 9.46 Hz, 1H), 6.93 -
7.09 (m, 3H), 5.78 - 5.93 (m, 1H), 3.02 (s, 1H), 1.13 - 1.19 (m, 2H), 1.04 - 1.08 (m, 2H);
MS m/z 429.2 [M+H]"
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Name & Data

143

2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-N-[4-
(difluoromethoxy)phenyl}pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSO-ds) & ppm 9.30 (s, 1H), 7.83 - 7.90 (m, 1H), 7.54 (d, J = 8.83
Hz, 3H), 7.00 - 7.30 (t, J = 75.00 Hz, 1H), 7.11 - 7.18 (m, 2H), 7.02 - 7.10 (m, 1H), 6.83 -
6.92 (m, 2H), 5.78 (s, 1H), 3.08 - 320(m 1H), 1.09 - 1.14 (m, 2H), 0.99 - 1.07 (m, 2H);
m.p. 175-177 °C; MS m/z 427.2 [M+H]"

145

N-[4-(difluoromethoxy)phenyl]-2-[2-(difluoromethyl)-6-fluoro-1 H-benzimidazol-1-
yl]pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSO-dg) & ppm 9.32 (s, 1H), 8.36 (dd, J = 1.89, 10.09 Hz, 1H),
7.95-8.16 (t, J = 52.5 Hz, 1H), 7.85 (dd, J= 5.04, 8.83 Hz, 1H), 7.44 (d, J = 8.83 Hz,
2H), 7.04 — 7.34 (t,§ = 75.00 Hz, 1H), 7.27 (dt, J = 2.36, 9.06 Hz, 1H), 720(d J=238.83
Hz, 2H), 6.98 (br. s., 2H), 5.76 (s, 1H); m.p. 114- 115 °C; MS m/z 437. 4 [M+H]"

149

2—(2-cyclopropy1—1H—ben21m1dazol-1—yl)—N—[4-(tr1ﬂuoromethyl)phenyl]pyr1m1d1n6—4,6-
diamine

"H NMR (500 MHz, DMSO-dg) & ppm 9.70 (s, 1H), 7.92 - 7.97 (m, 1H), 7.81 (d, J=
8.51 Hz, 2H), 7.60 (d, J = 8.51 Hz, 2H), 7.50 - 7.55 (m, 1H), 7.19 (ddd, J=1.58,5.04,
7.25 Hz, 2H), 7.00 (br. s., 2H), 5.90 (s, 1H), 2.94 - 3.03 (m, 1H), 1.15 (m, 2H), 1.05 (m,
2H); m.p. 199-201 °C; MS m/z 411.3 [M+H]"

150

2-[2-(methoxymethyl)-1H-benzimidazol-1-yl]-N-[4- (trlﬂuoromethyl)phenyl]pyrlmldlne—
4,6-diamine

'H NMR (500 MHz, DMSO-dg) & ppm 9.66 (s, 1H), 8.09 - 8.20 (m, 1H), 7.73 (d, J =
8.51 Hz, 2H), 7.67 - 7.71 (m, 1H), 7.63 (d, J = 8.51 Hz, 2H), 7.26 - 7.31 (m, 2H), 6.97 (br.
s., 2H), 5.87 (s, 1H), 5.04 (s, 2H), 3.25 (s, 3H); m.p. 212-213 °C; MS m/z 415.4 [MFH]"

1151

2-[2-(propan-2-yl)-1H-benzimidazol-1 yl]-N -[4- (tr1ﬂuoromethyl)phenyl]pyrlm1d1ne-4 6-
diamine "

'H NMR (500 MHz, DMSO-ds) 8 ppm 9.69 (s, 1H), 7.85 - 7.91 (m, 1H), 7.74 (d, J = 8.83
Hz, 2H), 7.61 - 7.65 (m, 1H), 7.59 (d, J = 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 (d, J = 6.94 Hz, 6H); m.p. 216-218 °C; MS m/z
413.4 [M+H]"

152

2-[2-(difluoromethyl)-1H-benzimidazol-1-yl]-N- [4-(trifluoromethyl)phenylpyrimidine-
4,6-diamine

'H NMR (500 MHz, DMSO-dg) & ppm 9.71 (s, 1H), 8.36 - 8.52 (m, 1H), 7.89 ~ 8.11 (t,J
=55.00 Hz, 1H), 7.80 - 7.87 (m, 1H), 7.68 (m. 4H), 7.35 - 748(m 2H), 6.92 - 7.20 (m,
2H), 5.91 (s, 1H); m.p. 187-188 °C; MS m/z 421.4 [M+H]"
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Example 8
2—(6—ﬂu0r0—2—methy1—1H—benzimidazol-1-yl)-N-(4-meth0xypheny1)pyrimidine—4,6-diamine
(Cpd 265)

. v
Cl
H,N
| =N NO, H,, Pd/C =N
A A
S 20%DMF:THF eoac ¢ NN
o Ho N
NatOAm 2
Cl -l NH,
eI aNe jeW
LA LA LA
OEt ¢ \N)\N Ny o HN \N)\N N NHOH LN \N)\N N
N N . N
AcOH, DMSO
ACN ACN
F F F
5 O _0O

Step 1: Toa mixture of 5-fluoro-2-nitroaniline (8.16 g 35.93 mmol), 4,6-dichloro-2-
(methylsulfonyl)pyrlmldlne (5 06 g, 32.67 mmol), THF (50 mL) and DMF (12 mL) was
added sodium tert-pentoxide (2.5 M in THF, 28. 6mL 71.5 mmol) dropwise at -78°C. The

- 10 mixture was stirred at -78°C for 30 mmutes-, then ice/water (300-mL) was added to fo_rm a

precipitate. The solid was collected by filtration, then washed with water and hexane to
afford 4,6Qdich10r0—N—(5-ﬂuor'o-2-nitrophenyl)pyrimid'in—z-amine (9.32 g, 95%). |
Step 2: A 250 mL flask charged with 4,6-dich10r0—N-(5-ﬂu0r0—2—
nitrophenyl)pyrimidin-2-amine (6.35 g, 21.03 mmol), Pd/C (10%, wet, 635.0 mg) and ethyl
15  acetate (50 mL) was degassed by three cycles of vacuum pumping and N, purging, and then
filled with hydrogen from a hydrogen balloon. The mixture was stirred at ambient
temperature for 16 hours. The charcoal was removed by filtration, and the solvent was
evaporated. The residual material was washed with hexane to afford N'-(4,6-
dichloropyrimidin-2-y1)-5-fluorobenzene-1,2-diamine as a white solid (5.55 g, 97%).
20 Step 3: A mixture of N'-(4,6-dichloropyrimidin-2-yl)-5-fluorobenzene-1,2-diamine
(2.57 g, 9.47 mmol), triethyl orthoacetate (6.06 g, 37.87 mmol), acetic acid (6 mL) and
acetonitrile (30 mL) was stirred at ambient temperature for 18 hours. A saturated NaHCO;

solution was added to the mixture portionwise at 0°C, with resultant bubbling of the mixture.
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The solution was added to the mixture until the bubbling ceased. The product was then
extracted with ethyl acetate. The organic phase was washed with brine, dried over MgSOsa,
then filtered and evaporated. The residual material was washed with hexane to afford 1-(4,6-
dichloropyrimidin-2-y1)-6-fluoro-2-methyl-1H-benzo[d]imidazole as a brownish solid (2.41
g, 86%).

Step 4: A mixture of 1-(4,6-dichloropyrimidin-2-yl)-6-fluoro-2-methyl-1H-
benzo[d]imidazole (150.0 mg, 0.51 mmol), 4-methoxyaniline (125.0 mg, 1.01 mmol) and
acetonitrile (1 mL) was stirred at 80°C for 18 hours. After cooling, ethyl ether was added to
the mixture to form 6-chloro-2-(6-fluoro-2-methyl-1H-benzo[d]imidazol-1-yl)-N-(4-
methoxyphenyl)pyrimidin-4-amine as a precipitate, which was isolated by filtration.

Step 5: To 6-Chlor0—2-(6-ﬂuor0—2-methyl—1H-Benzo[d]imidazol~1-yl)'—N—(4—
methoxyphenyl)-pyrimidin-4-amine was added DMSO (2 mL) and NH,OH (27%, 0.1 mL).
The reaction mixture was sealed, placed in a microwave oven and heated at 170°C for 1 houf.
The reaction mixture was partitioned between ethyl acetate and water. The organic phase
was washed with water (2 x 20 mL) and brine, then dried over MgSO, and filtered through a
silica gel pad (10 g). The solvent was evaporated, and the residual material was triturated
with dichloromethane to afford the title compound as a white solid (161.0 mg, 88%). m.p.
193 - 195°C. | |
'H NMR (500 MHz, Acetone—d6)|] 6 ppm 8.74 (s, 1H), 8.11 (dd J=2.52,10.40 Hz, 1H),
7.52 (dd, J= 5.20, 8.67 Hz, 1H), 7.34 - 7.43 (d, J= 9.14 Hz, 2H), 7.01 (d, J=2.84 Hz, lH)

6.94 (d, J=9.14 Hz, 2H), 6.49 (br. ., 2H) 5.76 (s lH) 3.79 (5, 3H), 2.84 (s, 3H); MS m/z
365.0(100) [M+H]",

Additional compounds of Formula (I) or a form thereof described herein may be
prepared according to the procedure of Example 8 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

52 | 4-yl]Jamino }ethanol

75 Hz), 5.81 (1H, s), 3.75 (2H, t, ] = 6 Hz), 3.53 (2H, br), 2.89 (3H, s); MS m/z 427.1
[M+H]"

135

2-{[6-{[4-(difluoromethoxy)phenyl]amino }-2-(2-methyl-1H-benzimidazol-1-yl)pyrimidin-

'"H NMR (500 MHz, Methanol-ds) & ppm 8.17 (1H, dd, J =7.2, 1.5 Hz), 7.59 (1H, dd, ] =
7.2,1.5Hz), 7.51 (2H, d, J =9 Hz), 7.28 (1H, m), 7.13 (2H, d, =9 Hz), 6.78 (1H, t,] =
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Name & Data

57

2-{[2-(2-methyl-1H-benzimidazol-1-y1)-6-{[4-(trifluoromethyl)phenyl] amino } pyrimidin-
4-yl]amino } ethanol

'H NMR (500 MHz, Methanol-ds) 8 ppm 8.13 (1H,d,J=7.5Hz),7.71 2H,d, J =75
Hz), 7.6 (1H, dd, J =9, 1 Hz), 7.56 (2H, d, } = 9 Hz), 7.27 (1H, m), 7.13 (2H, d, J—9Hz)
5.91 (1H, s), 3.76 (2H, t, ] = 6 Hz), 3.55 (2H, br), 2.89 (3H, s); MS m/z 429.2 [M+H]"

58

N*-(2-methoxyethyl)-2-(2-methyl-1H-benzimidazol-1 -yl)—N -[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
"H NMR (Methanol-ds) & ppm 8.15 (1H, d, J = 8 Hz), 7.67 (2H, d, ] =8.5 Hz), 7.59 (1H,
d,J=8Hz), 7.53 (2H, d, ] = 8.5 Hz), 7.26 (1H, m), 5.87 (1H, s), 3.58 (4H, br), 3.38 (3H,
$).2.87 (3H, s); MS m/z 443.1 [M+H]"

59

N*-[4- (diﬂuoromethoxy)phenyl]-N6-(2 —methoxyethyl)—2-(2—methy1-l H—benzimidazol—l -
yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Methanol-ds) & ppm 8.06 (1H, d, J =7 Hz), 7.47 (1H, m), 7.38 (2H,
d, J=9Hz), 7.15 (1H, m), 7.00 (2H, d, J = 9 Hz), 5.68 (1H, s), 3.28 (3H, 5), 2.76 (3H, 5);
MS m/z 441.1 [M+H]"

63

2-(2-methyl-1H-benzimidazol-1-y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
"H NMR (500 MHz, Methanol-d4) & ppm 8.13 (1H, m), 7.73 (2H, d, ] = 8.5 Hz), 7.61
(1H, m), 7.58 (2H, d, J = 8.5 Hz), 7.29 (2H, m), 5.95 (1H, s), 2.89 (3H, s); MS m/z 385.1
[M+H]"

64

2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-y1)-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Methanol-ds) & ppm 8.19 (1H, dd, 7= 11,7.5 Hz), 7.67 2H, d, T =
8.5 Hz), 7.6 (2H, d, ] = 8.5 Hz), 7.43 (1H, dd, T = 11, 7.5 Hz), 5.93 (1H, 5), 2.9 (3H, 5);
MS m/z 421.1 [M+H]"

73

2- (2—methyl 1H-imidazo[4, 5—b]pyr1d1n 1 yl)-N [4- (tnﬂuoromethyl)phenyl]pyrlmldlne -4,6-
diamine

'H NMR (500 MHz, Methanol-ds) 5 ppm 8.61 (1H, dd, 1 =8, 1.5 Hz), 8.39 (1H, d, J = 4
Hz), 7.65 (2H, d, J = 8.5 Hz), 7.57 (2H, d, ] = 8.5 Hz), 7.28 (1H, dd, J = 8, 4 Hz), 5.91
(1H, 5), 2.97 (3H, s); MS m/z 386.2 [M+H]"

74

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

"H NMR (500 MHz, Methanol-ds) 8 ppm 8.04 (1H, dd, J =11, 7.5 Hz), 7.54 (1H, dd, J =
13.5,1.5 Hz), 7.44 (1H, t,J = 8.5 Hz), 7.32 (1H, dd, J = 11, 75Hz),7.24(1H,dd,J=
13.5, 1.5 Hz), 5.81 (1H, s), 2.78 (3H, s); MS m/z 439.1 [M+H]

79

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

"H NMR (500 MHz, DMSO-dg) & ppm 9.63 (s, 1H), 7.91 (s, 1H), 7.77 (d(AB), J = 8.8
Hz, 2H), 7.63 (d(AB), J = 7.9 Hz, 2H), 7.34 (s, 1H), 6 92 (br. s., 2H), 5.85 (s, 1H), 2.79 (s,
3H), 2.31 (s, 3H), 2.26 (s, 3H); MS m/z 413.0 IM+H]"
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80

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

'H NMR (500 MHz, DMSO-ds) 8 ppm 9.90 (s, 1H), 8.05 - 8.10 (m, 1H),7.89(d,J=14.2
Hz, 1H), 7.65 (t, ] = 8.7 Hz, 1H), 7.57 - 7.62 (m, 1H), 7.41 (d,J=8.5 Hz, 1H), 7.20 - 7.28
(m, 2H), 7.05 (br. s, 1H), 5.91 (s, 1H), 2.82 (s, 3H); MS m/z 403.1 [M+H]"

85

2-(6-bromo-2-methyl-1H-benzimidazol-1 -y1)-N-[4-(trifluoromethyl)phenyl|pyrimidine-
4,6-diamine

'H NMR (500 MHz, DMSO-ds) 8 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 Hz, 2H), 7.55 (d,J =8.5 Hz, 1H), 7.39(dd, J
=8.5, 1.9 Hz, 1H), 6.97 - 7.07 (m, 2H), 5.87 (s, 1H), 2.83 (s, 3H); MS m/z 463.0 [M+H]"

86

2-(2,6—dimethy1-lH-benzimidazol-l-yl)—N-[4-(triﬂuoromethyl)phenyl]pyrimidine—4,6—
diamine" : .

"H NMR (500 MHz, DMSO-ds) 8 ppm 9.63 (s, 1H), 7.88 (s, 1H), 7.74 (Ad(AB), J =8.5
Hz, 2H), 7.61 (d(AB), ] = 8.5 Hz, 2H), 7.44 (d, ] = 8.2 Hz, 1H), 7.04 (dd, J =8.2, 1.3 Hz,
1H), 6.93 (br. s., 2H), 5.84 (s, 1H), 2.77 (s, 3H), 2.34 (s, 3H); MS m/z 339.0 [M+HT"

87

2-(6-ethyl-2-methyl-1H-benzimidazol-1-yl)-N- [4-(trifluoromethyl)phenyl Jpyrimidine-4,6-
diamine

'H NMR (500 MHz, DMSO-ds) & ppm 9.68 (s, 1H), 7.89 (s, 1H), 7.77 (d(AB),J=8.5
Hz, 2H), 7.61 (d(AB), J = 8.8 Hz, 2H), 7.52 (d, ] = 8.2 Hz, 1H), 7.10(dd,J=8.2, 1.3 Hz,
1H), 6.95 (br. s., 2H), 5.86 (s, 1H), 2.81 (s, 3H), 2.64 (q, ] = 7.6 Hz, 2H), 1.15(t,J =7.6
Hz, 3H); MS m/z 413.0 [M+H]"

88

2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-y1)-N-[4-
(trifluoromethyl)phenyljpyrimidine-4,6-diamine ,

'H NMR (500 MHz, DMSO-ds) 8 ppm 9.68 (s, 1H), 7.85 (dd, J = 9.6, 2.0 Hz, 1H), 7.68 -
7.73 (d(AB), J = 8.5 Hz, 2H), 7.61 - 7.68 (d(AB), J=8.8 Hz, 2H), 7.14 (td, ] = 10.4,2.2
Hz, 1H), 7.04 (br. s., 2H), 5.89 (s, 1H),2.83 (s, 3H); MS m/z 421 [M+HT"

89

2-(4,6-diﬂuor0~2-methyl—1‘H—benzimidazol-l-yl)FN-[3-ﬂu0r0-4-
(triﬂuoromethyl)phenyl]pyrimidine—4,6—diamine

"H NMR (500 MHz, DMSO-ds) 8 ppm 9.92 (s, 1H), 7.80 - 7.84 (m, ] = 9.5,2.2 Hz, 1H),
7.80 (dd, J = 14.0, 1.1 Hz, 1H), 7.66 (t, J = 8.7 Hz, 1H), 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, 2H), 5.91 (s, 1H); MS m/z 439 [M+H]"

90

2-{[2~(4,6-difluoro-2-methyl-1H-benzimidazol-1 -yl)-6-{[4-
(trifluoromethyl)phenyl]amino } pyrimidin-4-yl] amino } ethanol

'H NMR (500 MHz, DMSO-dg) 8 ppm 9.69 (br. s., 1H), 7.83 (d, J=9.1 Hz, 1H), 7.70
(d(AB), ] = 7.9 Hz, 2H), 7.64 (d(AB), ] = 8.8 Hz, 2H), 7.15 (td, J = 10.3, 2.4 Hz, 1H), 5.96
(br. s, 1H), 4.83 (br. s, 1H), 3.59 (q, ] = 5.7 Hz, 2H), 3.38 - 3.51 (m, 2H), 2.85 (s, 3H); MS
m/z 465.0 [M+H]"
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2-(6-ethenyl-2-methyl-1H-benzimidazol-1-yl)-N- [4-(trifluoromethyl)phenyl]pyrimidine-

91 | 4,6-diamine
'"H NMR (500 MHz, DMSO-ds) & ppm 9.68 (s, 1H), 8.17 (d, J = 1.6 Hz, 1H), 7.76 (d, ] =
8.5 Hz, 1H), 7.61 (d, J = 8.8 Hz, 1H), 7.54 (d, J = 8.2 Hz, 1H), 7.39 (dd, ] = 8.4, 1.4 Hz,
1H), 6.98 (br. s., 1H), 6.75 (dd, J = 17.7, 11.0 Hz, 1H), 5.87 (s, 1H), 564(dd J=17.7,0.6
Hz, 1H), 5.13 (dd J=11.0, 0.9 Hz, 1H), 2.82 (s, 1H); MS m/z 399 [M+H]"
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-

92 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
"H NMR (500 MHz, Methanol-ds) & ppm 8.37 (1H, dd, J =9, 3 Hz), 8.3 (1H, m), 7.72
(2H, d, T = 8.5 Hz), 7.6 (2H, d, J = 8.5 Hz), 5.96 (1H, s), 1.33 (2H, m), 1.19 (2H, m); MS
m/z 430.1 [M+H]"
2-(6-fluoro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-

94 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
"H NMR (500 MHz, Methanol-ds) & ppm 8.52 (1H, dd, J=9, 3 Hz), 8.33 (1H, dd, m),
7.65 (2H d, T =9 Hz), 7.60 (2H, d, ] =9 Hz), 5.95 (1H, s), 3.00 (3H, s); MS m/z 404.2
[M+H]"
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-difluoro-2-methyl-1 H-benzimidazol-1-

101 yl)pyrimidine—4,6—diamine
'"H NMR (500 MHz, Methanol-d;) & ppm 8.19 (1H, dd, J =11, 7.5 Hz), 7.53 (1H, dd, J =
13, 2.5 Hz), 744(1H dd, J=10,7.5 Hz), 7.23 (2H, m), 586(1H s), 2.89 (3H, s); MS m/z

, 437 1 [M+H]"
N-[4- (dlﬂuoromethoxy)phenyl] -2-(5,6-difluoro-2-methyl-1H-benzimidazol- l-

102 | yDpyrimidine-4,6- diamine
'"H NMR (Methanol ds) & ppm 8. 18 (1H,dd,J=11.5,7.5Hz),7.44(2H,d, =9 Hz),
7.40 (1H, dd, J = 11.5, 7.5 Hz), 714(2H d, 9 Hz), 677(1H t,J=75Hz),5.79 (14, s),
2.87 (1H, s); MS m/z 419.1 [M+H]"
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-blpyridin-1-yl)-N-[4- -~

103 | (difluoromethoxy)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Methanol-d,) & ppm 8.38 (1H, dd, J= 9,3 Hz), 8.29 (1H m), 7.5
(2H, d, T =9 Hz), 7.14 (2H, d, ] = 7 Hz), 6.78 (1H, t, ] = 75 Hz), 3.4 (1H, m), 1.3 (2H, m),
1.17 (2H, m); MS m/z 428.1 [M+H]+
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-

104 | (trifluoromethyl)phenyl|pyrimidine-4,6-diamine
"H NMR (500 MHz, METHANOL-ds) § ppm 8.77 (d, /=2.21 Hz, 1H), 8.43 (d, /=2.21
Hz, 1H), 7.60 (d, J=6.94 Hz, 4H), 5.91 (s, 1H) 3.05 (s, 3H); MS m/z 420.1 [M+H]"
2-(6-chloro-2-ethyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-

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

'H NMR (500 MHz, METHANOL-ds) 8 ppm 8.66 (d, J=2.52 Hz, 1H), 8.38 (d, /=2.21
Hz, 1H), 7.62 (dd, J=19.50, 9.50 Hz, 4H), 5.92 (s, 1H), 3.48 (q, /=7.60 Hz, 2H), 1.39 (t,
J=7.41 Hz, 3H); MS m/z 434.1 [M+H]"
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146

2-(2-methyl-1H-benzimidazol-1 —yl)—N—[4—(methy1sulfanyl)phenyl]pyrimidine—4,6-di amine
'H NMR (500 MHz, Acetone-ds) & 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, 5) 7.17 - 7.25 (2H, m) 6.24 - 6.33 (2H, m) 5.92 (1H, s)
2.51 (3H, s) 2.07 (3H, s); MS m/z 363.2 [M+H]"

147

2-[2-(1-methylcyclopropyl)-1 H-benzimidazol-1-yl]-N-[4-
(triﬂuoromethyl)phenyl]pyrimidine—4,6-diamine

'"H NMR (500 MHz, Acetone-ds) & ppm 8.72 - 8.80 (1H, 8) 7.66 - 7.76 (3H, m) 7.46 (3H,
d, J=0.63 Hz) 7.08 (2 H, s) 6.18 - 6.28 (2H, m) 5.97 (1H,s) 1.30 (3H, s) 1.10 (2H, s) 0.61
(2H, d, J=2.21 Hz); MS m/z 425.2 [M+H]" '

148

N-[4-(difluoromethoxy)phenyl]-2-[2-(1 -methyleyclopropyl)-1H-benzimidazol-1-
yl]pyrimidine-4,6-diamine '

'H NMR (500 MHz, Acetone-dg) & Oppm 8.49 (1H, 3) 8.16 - 8.20(1H, m) 7.55 - 7.60
(3H, m) 7.15 - 7.23 (4H, m) 6.94 (1H, t, J=75.00 Hz) 6.27 (2H, br. s.) 5.92 (1H, s) 3.32
(2H, q, /=7.57 Hz) 1.34 (3H, t, J=6.90 Hz); MS m/z 423.3 [M+H]"

153

2-(2-ethyl-1H-benzimidazol-1 -yl)—N-[4—(triﬂu0romethyl)phenyl]pyrimidine-4,6-diamine

'"H NMR (500 MHz, DMSO-ds) & ppm 9.66 (s, 1H), 7.96 - 8.10 (m, 1H), 7.73 (d, /= 8.83
Hz, 2H), 7.58 - 7.64 (m, 3H), 7.18 - 7.26 (m, 2H), 6.96 (br. s, 2H), 5.88 (s, 1H), 3.22 - 3.29
(m, 2H), 1.29 (t, J=7.41 Hz, 3H); m.p. 183-185 ; MS m/z 415.4 (100) [M+H]', 416.4 (30)

156

N—[4—(diﬂuoromethoxy)phenyl]—2-(2—ethy1- 1H-benzimidazol-1-yl)pyrimidine-4,6-diamine
'"H NMR (500 MHz, Acetone-dg) 8 ppm 8.49 (1H, s) 8.16 - 8.20 (1H, m) 7.55 - 7.60 (3H,
m) 7.15 - 7.23 (4H, m) 6.94 (1H, t, /=75.00 Hz) 6.27 (2H, br. s.) 5.92 (1H, ) 3.32 (2H, q,
J=7.57 Hz) 1.34 (3H, 1, J=6.90 Hz); MS m/z 397.2 [M+H]"

- 157

N-[4-(difluoromethoxy)-3 —ﬂudrophenyl]—2—(2-ethy1- 1H-benzimidazol-1-yl)pyrimidine-4,6- |
diamine - - S L - o :

'H NMR (500 MHz, Acetone-dg) & ppm 8.71 (1H, 3) 8.13 - 8.18 (1H, m) 7.68 - 7.75 (1H,
m) 7.57 - 7.62 (1H, m) 7.26 - 7.35 (H, m) 7.16 - 7.25 (2H, m) 6.94 (1H, t, J=73.80 Hz)
6.36 (2H, s) 5.98 (1H, s) 3.33 (2H, g, /=7.60 Hz) 1.35 (3H, t, J=7.90 Hz); MS m/z 415.2

182

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

'H NMR (500 MHz, Acetone-dg) & ppm 8.85 (br. s., 1H) 8.38 (d, /=7.88 Hz, 1H), 7.83
(d, J=8.51 Hz, 2H), 7.66 (d, J=8.51 Hz, 2H), 7.56 (d, J=7.57 Hz, 1H), 7.23 (td, J=1.57,
1.26 Hz, 1H), 7.13 - 7.19 (m, 1H), 6.41 (br. s., 2H), 6.02 (s, 1H), 2.63 (s, 3 H); MS m/z
418.3 [M+H]"

196

2-(2-methyl-1H-benzimidazol-1-yl) -N-(4-methylphenyl)pyrimidine-4,6-di amine

'H NMR (500 MHz, Methanol-ds) & ppm 8.13 (1H, m), 7.58 (1H, m), 7.3-7.25 (4H, m),
713 (1H, d, J = 8 Hz), 5.81 (1H, 5), 2.86 (3H, 5), 2.31 (3H, 5); MS m/z 331.1 [M+H]"

197

N-(4-methoxyphenyl)-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Methanol-ds) 8 ppm 8.13 (1H, m), 7.58 (1H, m), 7.33 (2H, d, J = 9
Hz), 7.27 (2H, m), 6.94 (2H, d, J = 9 Hz), 5.72 (1H, s), 3.81 (3H, s), 2.86 (3H, s); MS m/z
347.1 [M+H]
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198 | N-[4-(dimethylamino)phenyl]-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-diamine
"H NMR (500 MHz, Methanol-ds) 8 ppm 8.12 (1H, m), 7.58 (1H, m), 7.27 (2H, m), 7.22
(2H, d, J =9 Hz), 6.81 (2H, d, J =9 Hz), 5.67 (1H, s), 2.92 (6H, s), 2.86 (3H, s); MS m/z
360.4 [M+H]"

205 | N-(1,3-benzodioxol-5-y1)-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSO-de): & ppm 9.04 (1H, s), 8.20-8.17 (1H, m), 7.61-7.58 (1H,
m), 7.27-7.21 (2H, m), 7.15 (1H, d, J = 1.8 Hz), 6.91 (14, d, ] = 8.2 Hz), 6.86 (1H, dd, J =
8.2, 1.8 Hz), 6.76 (2H, br s), 6.03 (2H, s), 5.72 (1H, 5), 2.84 3H, s); m.p. 166-167; MS m/z
359.1 [M+H]"

N-(2,2-difluoro-1 ,3-benzodioxol-5-y1)-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-
206 | diamine :

"H NMR (500 MHz, DMSO-dg): & ppm 9.40 (1H, s), 8.13 (1H, dd, ] = 7.0, 1.2 Hz), 7.71
(1H, d,J=2.1 Hz), 7.61 (1H, dd, ] =7.0, 1.2 Hz), 7.38 (1H, d, ] = 8.6 Hz), 7.28-7.20 (3H,
m), 6.88 (2H, br s), 5.79 (1H, s), 2.83 (3H, s); m.p.: 141-142; MS m/z 397.1 [M+H]"

N-(3-fluoro-4-methoxyphenyl)-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-

207 | diamine

'H NMR (500 MHz, DMSO-ds): & ppm 9.19 (1H, s), 8.18-8.15 (1H, m), 7.62-7.59 (1H,
m), 7.50 (1H, dd, J = 13.6, 2.2 Hz), 7.28-7.13 (4H, m), 6.82 (2H, br s), 5.76 (1H, s), 3.85
(3H, ), 2.84 (3H, s); m.p.: 233-234; MS m/z365.2 [M+H]"

208 | N-(6-methoxypyridin-3-yl)-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, DMSO-d): 8 ppm 9.10 (1H, s), 8.24 (1H, d,J=2.6 Hz), 8.14 (1H,
dd, J = 8.4, 1.2 Hz), 7.84 (1H, dd, ] = 8.8, 2.7 Hz), 7.59 (1H, dd, J = 8.4, 1.5 Hz), 7.27-
7.20 (2H, m), 6.85 (1H, d,J = 8.8 Hz), 6.80 (2H; br s), 5.69 (1H, s), 3.87 (3H, s), 2.80 (3H,
s); m.p.: 118-119; MS m/z 348.2 [M+H]" : _

209 | N—(4-chlorophenyl)-2—(2-méthy1— 1H-benzimidazol-1-yl)pyrimidine-4,6-diamine

' NMR (500 MHz, Methariol-ds) 8 ppm 8.11 (1H, m), 7.58 (1H, m), 7.45 (2H, d, ] =9
Hz), 7.28-7.23 (4H, m), 5.83 (1H, ), 2.85 (3H, s); MS m/z 351.6 [M+H]"

210 | 4-{[6-amino-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidin-4-ylJamino } benzonitrile

I NMR (500 MHz, Methanol-ds) & 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); MS m/z 342.3 [M+H]"

211 | 2-(2-methyl-1H-benzimidazol-1 -y1)-N-(4-nitrophenyl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Methanol-ds) & ppm 8.16 (2H, m), 8.12 (1H, m), 7.79 (2H, m), 7.62
(111, m), 7.29 (2H, m), 5.99 (1H, s), 2.90 (3H, 5); MS m/z 362.3 [MAH]"

212 N-(4—bromophenyl)—2—(2-methy1—1H—benzimidazol- 1-yl)pyrimidine-4,6-diamine

' NMR (500 MHz, Methanol-ds) & ppm 8.11 (1H, m), 7.59 (1H, m), 7.42 (4H, m), 7.27
(2H, m), 5.84 (11, s), 2.86 (3H, s); MS m/z397.0 [M+H]"

2-(2-methyl-1H-benzimidazol-1 —yl)—N—[4—(triﬂuoromethoxy)phenyl]pyrimidine—4,6—
221 | diamine

'H NMR (500 MHz, Methanol-ds) & ppm 8.11 (1H, m), 7.57 (1H, m), 7.54 (2H, d, 9 Hz),
724 (21, m), 7.19 21, d, ] = 9 Hz), 5.84 (111, 8), 2.85 (3H, 5); MS m/z 401.0 [M+I1]"
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234

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

'"H NMR (500 MHz, Methanol-ds) 3 ppm 8.11 (1H, m), 7.57 (14, m), 7.45 (2H, d, 7 Hz),
7.25 (2H, m), 7.09 (2H, d, J = 9 Hz), 5.48 (1H, S), 2.85 (3H, s); MS m/z 383.1 [M+H]"

235

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

'H NMR (500 MHz, Methanol-d;) 8 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); MS m/z 401.0 [M+H]"

263

N—(4-chloropheny1)—2-(6—ﬂuoro~2—methyl- 1H-benzimidazol-1-yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-ds) 8 ppm 8.59 (s, 1H), 8.05 (dd, J = 2.52, 10.40 Hz, 1H),

7.47 -7.61 (m, 4H), 7.31 - 7.42 (m, 2H), 6.92 - 7.08 (m, 1H), 6.37 (br. 5., 1H), 5.93 s,
1H), 2.77 - 2.88 (m, 3H); m.p.: 183-185; MS m/z 369.0 [M+H]"

264

2-(6-fluoro-2-methyl-1H-benzimidazol-1 -yl)-N—(4-methylphenyl)pyrimidine—4,6-diamine
'H NMR (500 MHz, Acetone-dg) & ppm 8.37 (br. s, 1H), 8.10 (dd, J=2.52, 10.40 Hz,
1H), 7.52 (dd, J = 5.04, 8.83 Hz, 1H), 7.34 (d, J= 8.20 Hz, 2H), 7.18 (d, J = 8.20 Hz, 2H),
6.94 - 7.07 (m, 1H), 6.27 (br. s., 2H), 5.82 - 5.96 (m, 1H), 2.85 (s, 3H), 2.32 (s, 3H); m.p.:
210-212; MS m/z 349.0 [M+H]"

266

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

'H NMR (500 MHz, Acetone-ds) & ppm 8.11 - 8.16 (m, 1H), 8.07 - 8.10 (m, 1H), 7.47 -
7.56 (m, 1H), 7.23 (d, J=9.77 Hz, 2H), 6.94 - 7.05 (m, 1H), 6.79 (d, J = 8.83 Hz, 2H),
6.09 - 6.25 (br, s, 2H), 5.67 (s, 1H), 2.94 (s, 6H), 2.85 (s, 3H); m.p.: 122-125; MS m/z
378.0 [M+H]" o

267

_ N-(4-chloro-3-ﬂuordphenyl)-2-(6—ﬂuoro-2-m.ethyl—1H-benzimidazol-1-yl)pyrimidine—4,6- ,
diamine , , o :

'H NMR (500 MHz, Acetone-ds) & ppm 8.80 (s, 1H), 8.03 (dd, J=2.52, 10.09 Hz, 1H),’

7.67 (dd, J=2.36, 11.82 Hz, 1H), 7.54 (dd, J = 5.04, 8.51 Hz, 1H), 7.44 (t, J=8.67 Hz,

1H), 7.27 - 7.37 (m, 1H), 6.95 - 7.09 (m, 1H), 6.46 (br. s., 2H), 5.99 (s, 1H), 2.85 (s, 3H);

m.p.: 225-227; MS m/z 387.0 [M+H]" .

268

2-(6-fluoro-2-methyl-1H-benzimidazol-1 -y1)-N-(3 -methylphenyl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-ds) 8 ppm 8.37 - 8.52 (m, 1H), 8.14 (dd, J=2.68, 10.25
Hz, 1H), 7.55 (dd, J = 5.20, 8.67 Hz, 1H), 7.40 (br. s., 1H), 7.22 - 7.30 (m, 2H), 7.00 - 7.11 |
(m, 1H), 6.94 (d, J = 6.62 Hz, 1H), 6.27 - 6.40 (s, 2H), 5.91 - 6.06 (s, 1H), 2.89 (s, 3H),
2.34 (s, 3H); m.p.: 203-205; MS m/z 349.0 [M+H]"

269

N-(2,2-difluoro-1,3 “benzodioxol-5-y1)-2-(6-fluoro-2-methyl-1 H-benzimidazol-1-
yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.62 (s, 1H), 8.04 (dd, J = 2.52, 10.40 Hz, 1H),
7.56 (d, J=1.89 Hz, 1H), 7.53 (dd, J = 5.04, 8.83 Hz, 1H), 7.21 - 7.29 (m, 2H), 6.97 - 7.05
(m, 1H), 6.38 (br. s., 2H), 5.91 (s, 1H), 2.83 (5, 3H); m.p.: 212-215; MS m/z 415.0 [M+H]"
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Example 9

2-(2-methylpyrazolo[ 1,5-aJpyridin-3-y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine (Cpd 154)

NBoc, Q\o NBoc, NH;
D @) _
HN” N7 >l NN TRAHNTNT Y
N - N
= LHEE
CFs doare  OF: | CFs

A mixture of 2-methyl-3-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)pyrazolo[1,5-
aJpyridine (53 mg, 0.205 mmol), di-fert-butyl 2-chloro-6-(4-
(triﬂuoromethyl)phenylamino)pyrimidin-4-yliminodiearbonate (110 mg, 0.225 mmol),
tris(dibenzylideneacetone) dipalladium(0) (18 mg, 0.02 mmol) tricyclohexylphosphine (14
mg, 0.051 mmol), and potassium phosphate (87.0 mg, 0.41 mmol) in dioxane (3.5 mL) and
water (0.1 mL) was degassed by purging with argon, and then was heated at 85°C for 3 hours.
The solution was cooled and filtered via plug of Celite. The filtrate was concentrated and
purified by silica gel column chromatography giving teﬁ-butyl 3,3-dimethylbutanoyl(2-(2-
methylpyrazolo 1,5-alpyridin-3-y1)-6-(4-(trifluoromethyl)phenylamino)-pyrimidin-4-
yl)carbamate (25mg, 21%) as a clear oil, which was dissolved in dichloromethane (1 mL) and
treated with TFA (0.1 mL) at 0°C. The resulting mixture was stirred at room temperature for
4 hours. The solvent was concentrated, and the res1dua1 material was partltloned between
ethyl acetate and a saturated NaHCOj5 solution. The organic layer was separated, dried over
Na,SOy, then filtered and evaporated. The residual material was triturated with ethyl ether to
afford the title compound as a yellow solid (8 mg, 50%).

"H NMR (500 MHz, Acetone-ds) & ppm 8.55 (d, J = 8.8 Hz, 1H), 8.42 (br. s,, 1H), 8.37 (d,J
= 6.6 Hz, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.13 (ddd, ] = 8.4, 7.3, 0.8

Hz, 1H), 6.77 (td, ] = 6.6, 1.6 Hz, 1H), 5.82 (br. s., 2H), 5.77 (s, 1H), 2.66 (s, 3H); MS m/z
385.3 [M+H]".
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Additional compounds of Formula (I) or a form thereof described herein may be
prepared according to the procedure of Example 9 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

70 N-[4-(trifluoromethyl)phenyl}-2-(1,3 _5-trimethyl-1H-pyrazol-4-yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, CDCl;) 5 ppm 7.54 (2H, d, ] = 8.7 Hz), 7.48 (2H, d,J=8.7Hz), 5.86
(1H, s), 5.60 (2H, v br), 3.73 (3H, s), 2.53 (3H, s), 2.50 (3H, s); m.p. 270-271 °C; MS m/z
363.0 [M+H]"

Example 10

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1 -y1)-N-(4-methoxyphenyl)pyrimidine-4,6-
: : diamine (Cpd 179)

NH
~ /U\ OH
F - 87 NHy POCl3
e

MeO,C CO,M l
) 2Vie NaOMe HO N/)\S/ PC|5 (Cat.)

MeOH

cl cl
F N MPS F N
S AL
. MeOH
o N g 28 MO o e

TN

Step 1. To a soluti_oh of methyl carbamimidothioate-(H2SO4)y/2 salt (45.90 g, 0.3'3‘..
mol) and dimethyl 2-fluoromalonate (45.03 g, 0.30 mol) in McOH (450 mL) at 0°C was

“slowly added sodium methoxide (4.37 M in MeOH, 226 mL, 0.99 mol). The mixture was

stirred for 16 hours at room temperature. The solution was concentrated under reduced
pressure. The resulting slurry was diluted with water (50 mL) and acidified to about pH 2 by
using a 6N HCl solution. The resulting precipitate was collected, washed with water and
dried under vacuum to give 5-fluoro-2-(methylthio)pyrimidine-4,6-diol (46.85 g, 88%).

To a solution of 5-fluoro-2-(methylthio)pyrimidine-4,6-diol (13.2 g, 74.9 mmol) in
POCI; (60 mL) was added a catalytic amount of PCls (60 mg). The mixture was heated at
100°C for 16 hours and then concentrated under reduced pressure. To the mixture was
carefully added ice water (150 mL). The resulting precipitate was removed by filtration,
washed with water, then dried under nitrogen to give 4,6-dichloro-5-fluoro-2-

(methylthio)pyrimidine (13.5 g, 85%).
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To a solution of 4,6-dichloro-5-fluoro-2-(methylthio)pyrimidine (12.4 g, 58.8 mmol)
in MeOH (150 mL) was added potassium peroxymonosulfate (2KHSOs KHSO4-K;SO4)
(108.7 g, 176.4 mmol) and water (70 mL). The mixture was stirred for 6 hours at room
temperature. The salt was removed by filtration, then washed with MeOH until no more
product was observed. The combined organic mixture was concentrated then ice water was
added to the mixture to provide a precipitate, which was filtered and washed by water. The
solid was dried under nitrogen to yield 4,6-dichloro-5-fluoro-2-(methylsulfonyl)pyrimidine as
a white solid (14.6 g, 99%).

Cl
F SN - Cl E

H,N F § F j\)\/)\ IJ\N
HOAC ci” N so,Me |
D/ — ]©/ soMe A
NaH, N

20% DMF/THF

Step2. A solution of 4-fluorobenzene-1,2-diamine (3.78 g, 30 mmol) in acetic
acid (10.0 mL) was microwaved for 1 hour at 180°C. The mixture was concentrated under
reduced pressure and triturated with ether to yield 6-fluoro-2-methyl-1 H—benzo[d]imidazole
as a brownish solid (4.31 g, 88%).

‘ To a solutlon of 6-fluoro-2-methyl-1H- benzo[d]lmldazole 231g,15.4 mmol) in
THF (50 mL) and DMF (10 mL) at -78°C was added 60% NaH (648 mg, 16.2 mmol). The
mixture was stirred for about 10 minutes at room temperature. To the mixture at -78°C was
added 4,6-dichloro-5-ﬂuoro-2-(fnethylsulfonyl)pyrimidiné (3.74g,15.3 mmol) in one
portion, then the mixture was stirred at -78°C for 15 minutes. The reaction nﬁixture was
quenched with a 1M HCl solution (18 mL) and a crude mixture was extracted with EtOAc
(200 mL). The organic layer was concentrated under reduced pressure, and purified by
column chromatography (5~30% EtOAc/hexanes) to give 1-(4,6-dichloro-5-fluoropyrimidin-
2-y1)-6-fluoro-2-methyl-1H-benzo[d}imidazole as a white solid (1.83 g, 38%).
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Cl NH,

F \N FIKN
/)\ /A
anH4OH HN

@ o @N @ S0 © *@

Step 3.  The mixture of 1-(4,6-dichloro-5-fluoropyrimidin-2-yl)-6-fluoro-2-methyl-

1H-benzo[d]-imidazole (63 mg, 0.2 mmol) and 4-methoxyaniline (49 mg, 0.4 mmol) in EtOH
(1 mL) was stirred for 1 hour at 60°C. The precipitate was obtained by adding water (10
mL). The product (6—ch10r0—5-ﬂu0r0—2-(6-ﬂuoro-2-methy1—1H-benzo[d]imidazol—1-y1)-N-(4—
methoxyphenyl)-pytimidin-4-amine) was removed by filtration and washed with water
several times. The resulting crude 6-chloro-5-fluoro-2-(6-fluoro-2-methyl-1H-
benzo[d]imidazol-1-yl)-N-(4-methoxyphenyl)pyrimidin-4-amine was used in the next step
without further purification.

To the crude product in DMSO (5 mL) was added 14 M aqueous NH4OH (3 mL).
The suspended mixture was heated for 18 hours at 100°C until all the starting material was
consumed. After cooling to room temperature, water (10 mL) was added to the mixture to
form a precipitate. The precipifate was isolated by filtration and washed with water Sevéral

times. The resulting product was. dried under nitrogen to give the title compound as an off-

white solid (72 mg, 94%).

" IH NMR (500 MHz, Acetonc-dg) & ppm 8.30 (1H, br. s.) 7.94 (1H, dd, J=9.93, 2.36 Hz) 7.48

-7.56 (3H, m) 6.93 - 7.05 (3H, m) 6.48 (2H, br. 5.) 3.83 3H, §)2.75 (3H, s); MS m/z 383.2
[M+H]".

Additional compounds of Formula (I) or a form thereof described herein may be
prepared according to the procedure of Example 10 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N- [4-(trifluoromethyl)phenyl]pyrimidine-
95 | 4,6-diamine

'"H NMR (500 MHz, DMSO-ds) & ppm 9.60 (1H, s) 8.02 (1H, dd, J=7.25,2.21 Hz) 7. 86
(2H, d, /=8.51 Hz) 7.65 (2H, d, J=8.51 Hz)756 7.60 (1H, m) 7.29 (2 H, s) 7.17 - 7.26
(2H, m) 2.75 (3H, s); MS m/z 403.2 [M+H]"
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Cpd Name & Data

N-[4-(difluoromethoxy)phenyl] -5-fluoro-2-(2-methyl-1H-benzimidazol-1 -y)pyrimidine-
106 | 4,6-diamine

'"H NMR (500 MHz, Acetone-ds) 8 ppm 8.39 (1H, s)7.97 (14, d, /=7.88 Hz) 7.59 - 7.64
(2H, m) 7.42 (1H, d, J/=7.25 Hz) 7.01 - 7.11 (4H, m) 6.83 (1H, t, /=74.56 Hz) 6.40 (2H,
br. s.) 2.63 (3H, s); MS m/z 401.1 [M+H]"

2-(2-ethyl-1H-benzimidazol-1-yl)-5 —ﬂuoro-N-[4—(triﬂuoromethyl)phenyl]pyrimidine-4,6—
107 | diamine

'"H NMR (500 MHz, Acetone-dg) & ppm 8.69 (1H, br.s.)7.91 (1H, d, /=7.88 Hz) 7.85
(2H, d, /=8.51 Hz) 7.53 (2H, d, /=8.51 Hz) 7.47 (1H, d, J/=6.94 Hz) 7.02 - 7.13 (2H, m)
6.54 (2H, br. s.) 3.14 (2H, q, /=7.36 Hz) 1.20 (3H, t); MS m/z 417.1 [M+H]"

5—ﬂuor0—2-(5-ﬂuor0-2-methyl—1H-benzimidazol—l -yl)-N-[4-

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

"H NMR (500 MHz, Acetone-ds) 8 ppm 8.85 (1H, br. s.) 8.13 (1H, dd, J=9.460, 5.04 Hz)
7.98 (2H, d, J=8.51 Hz) 7.71 (2H, d, J=8.51 Hz) 7.31 (1H, dd, J=9.62, 2.36 Hz) 6.96 -
7.04 (1H, m) 6.72 (2H, br. s.) 2.82 (3H, 5); MS m/z 421.1 [M+H]"

5-ﬂuor0-2-(6-ﬂuor0-2-methy1—1H-benzimidazol—1-yl)-N-[4—

109 (triﬂuoromethyl)phenyl]pyrimidine-4,6—diamine

"H NMR (500 MHz, Acetone-ds) & ppm 8.85 (1H, br. s.) 7.89 - 8.00 (3H, m) 7.71 (2H, d,
J=8.51 Hz) 7.56 (1H, dd, J=8.83, 5.04 Hz) 7.02 - 7.08 (1H, m) 6.76 (2H, br. s.) 2.82 (3H,
s); MS m/z 421.1 [M+H]" :

N-[4-(difluoromethoxy)phenyl] -5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-

110 | yl)pyrimidine-4,6-diamine- , - _
'H NMR (500 MHz, Acetone-ds) 6 ppm 8.01 (1H, dd, J=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 (1H, m)
6.87 (1H, t, /=74.56 Hz) 5.87 (2H, br. s.) 2.87 (3H, s); MS m/z 419.1 [M+H]" o

N—[4—(diﬂuoromethoxy)-3-ﬂuorophenyl]-5-ﬂu0r0-2-(6-ﬂuor0-2-methy1—1H-benzimidazol-
111 | 1-yl)pyrimidine-4,6-diamine - ‘ '
'H NMR (500 MHz, Acetone-ds)  ppm 8.73 (1H, 5) 7.93 (1H, dd, J=9.93, 2.36 Hz) 7.80
(1H, dd, J=12.93, 2.52 Hz) 7.51 - 7.59 (2H, m) 7.36 (1 H, t, J/=8.99 Hz) 7.01 - 7.08 (1H,
m) 6.98 (1H, t, J=73.77 Hz) 6.71 (2H, br. s.) 2.81 (3H, s); MS m/z 437.1 [M+H]"

N-[4-(difluoromethoxy)-3 -fluorophenyl]-5 -fluoro-2-(5-fluoro-2-methyl-1 H-benzimidazol-
112 | 1-yl)pyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) & ppm 8.19 (1H, dd, J=9.46, 5.04 Hz) 7.94 (1H, br. s.)
7.79 (1H, dd, J=12.93, 2.52 Hz) 7.35 - 7.50 (3H, m) 7.09 - 7.16 (1H, m) 6.87 (1H, t,
J=73.77 Hz) 5.91 (2H, s) 2.90 3H, s); MS m/z 437.2 [M+H]"

N-[4-(difluoromethoxy)phenyl] -5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-
113 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-dg) 8 ppm 8.19 (1H, dd, J=9.46, 5.04 Hz) 7.81 (1H, br. s.)

7.67 - 7.74 (2H, m) 7.42 (1H, dd, J=9.46, 2.84 Hz) 7.25 - 7.32 (2H, m) 7.07 - 7.16 (1H, m)
6.88 (1H, t, J=74.56 Hz) 5.84 (2H, 5) 2.88 (3H, 5); MS m/z 419.1 [M+H]"
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Naine & Data

114

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

"H NMR (500 MHz, Acetone-ds) & ppm 8.91 (1H, s) 8.57 - 8.58 (111, m) 8.39 (1H, d,
J=2.21Hz) 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/z 438.3 [M+H]"

115

2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1 -yl)-N-[4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-dg) § ppm 8.47 (1H, br. s.) 8.41 (1H, d, J=2.21 Hz) 8.23
(1H, d, J=2.52 Hz) 7.55 (2H, d, J=8.83 Hz) 7.11 (2H, d, J=9.14 Hz) 6.85 (1H, t, J=74.10
Hz) 6.55 (2H, br. s.) 2.74 (3H, s); MS m/z 436.2 [M+H]"

116

2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N- [4-(difluoromethoxy)-3-
fluorophenyl]-5-fluoropyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) 8 ppm 8.77 (1H, s) 8.56 (1H, d, J=2.21Hz) 7.73 (1H,
dd, J=12.61, 2.52-Hz) 7.50 - 7.56 (1H, m) 7.39 (1H, t, /=8.99 Hz) 7.00 (1H, t, J/=73.61
Hz) 6.79 (2H, br. s.) 2.91 (3H, s); MS m/z 454.1 [M+H]"

117

2-(2—cyc10prdpyl-6-ﬂuoro-1H—imidazo[4,5—b]pyridin—1-yl)-5-ﬂuoro-N—[4—
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-ds) 8 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) 1.26 - 1.34 (2H,
m) 1.06 - 1.12 (2H, m); MS m/z 448.1 [M+H]"

119

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(2-methyl-1 H-benzimidazol-1-
yl)pyrimidine-4,6-diamine 7

"H NMR (500 MHz, Acetone-ds) 5 ppm 8.71 (1H, br. s.) 8.12 (1H, d, J=8.51 Hz) 7.87
(1H, dd, J=13.08, 2.68 Hz) 7.52 - 7.62.(2H, m) 7.34 (1H, t, /=8.99 Hz) 7.17 - 7.27 (2H,
m) 6.98 (1H, t, /=73.93 Hz) 6.65 (2H, br. s.) 2.81 (3H, s); MS m/z 419.3 [M+H]"

120

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-N-{4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-ds) & ppm 8.85 (1H, br. s.) 8.06 (2H, d, J=8.51 Hz) 8.00
(1H, dd, J=7.25, 1.26 Hz) 7.67 (2H, d, J=8.51 Hz) 7.50 - 7.56 (1H, m) 7.14 - 7.25 (2H, m)
6.70 (2H, br. 5.) 2.96 - 3.05 (1H, m) 1.20 - 1.26 (211, m) 1.00 - 1.06 (2H, m); MS m/z
429.2 [M+H]"

121

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N- [4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.40 (1H, s) 7.86 (1H, dd, J=7.72, 1.73 Hz) 7.63 -
7.70 (2H, m) 7.36 (1H, d, /=9.14 Hz) 6.98 - 7.08 (4H, m) 6.64 - 6.97 (1H, m) 6.41 (2H, s)
2.83-2.91 (1H, m) 1.01 - 1.07 (2H, m) 0.80 - 0.87 (2H, m); MS m/z 427.2 [M+HT"
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2-(2-cyclopropyl-1H-benzimidazol-1 -y])-N-[4-(difluoromethoxy)-3 -fluorophenyl]-5-

122 | fluoropyrimidine-4,6-diamine :

'H NMR (500 MHz, Acetone-ds) 3 ppm 8.73 (1H, s) 7.96 - 8.03 (2H, m) 7.50 - 7.60 (2H,
m) 7.32 (1H, t, J=8.83 Hz) 7.20 (2H, dtd, J=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, dd, J=5.04, 2.84 Hz) 1.01 - 1.08 (2H, m);
MS m/z 445.2 [M+H]"

N-[4-(difluoromethoxy)phenyl] -2-(2-ethyl-1H-benzimidazol-1 -yl)-5-fluoropyrimidine-

123 | 4,6-diamine

'H NMR (500 MHz, Acctone-ds) 8 ppm 8.52 - 8.56 (1H, s) 8.04 - 8.09 (1H, m) 7.76 (2H,
d, /<9.14 Hz) 7.57 - 7.61 (1H, m) 7.19 (4H, d, /=8.83 Hz) 6.97 (1H, m) 6.49 - 6.58 (2H, 5) -
3.25 (2H, d, /=7.57 Hz) 1.29 - 1.34 (3H, m); MS m/z 415.3 [M+H]"

N-[4-(diﬂuoromethoxy)-3—ﬂuorophenyl]-2-(2-ethy1-1H-benzimidazol-l—yl)-S-

124 | fluoropyrimidine-4,6-diamine .

'H NMR (500 MHz, Acctone-ds) 8 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, ddd, J=8.91, 2.60, 1.42 Hz) 7.33 (1H, t,
J=8.83 Hz) 7.18 - 7.27 (2H, m) 6.98 (1H, t, /=74.70 Hz) 6.64 (2H, s) 3.28 (2H, q, J/=7.36
Hz) 1.35 (3H, t, J=7.90 Hz); MS m/z 433.3 [M+H]"

2—(5,6—diﬂuoro-2—methy1-1H-benz‘imidazol—1—yl)—5-ﬂuoro—N—[4—

125 (triﬂuoromethyl)phenyl]pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-ds) 3 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, m) 6.59 - 6.69 (2H, m) 2.68 (3H, s); MS
m/z 4392 [M+H]"

N-[,4-(diﬂuoromethoxy)-3-ﬂuorophenyl]-2—(5,6-diﬂuoro—2—methy151H-benzimidazol-l—
126 | yl)-5-fluoropyrimidine-4,6-diamine _ | ' 7

' NMR (500 MHz, Acctone-ds) 8 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, m) 6.90 -7.05 (1H, m) 6.69 - 6.78 (2H,.

'm) 2.82 (3H, s); MS m/z 455.2 [M+H] :

2-(4,6—diﬂuor042-methyl-1H-benzimidazol-1—yl)-5-ﬂuoro-N—[4-

127 (triﬂuoromethyl)phenyl']pyrimidine—4,6-diamine

'H NMR (500 MHz, Acetone-ds) 3 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) 6.73 - 6.84 (2H, m) 2.83 (3H, s); MS m/z
439.2 [M+H]"

N—[4-(diﬂuoromethoxy)—3—ﬂuorophenyl]—2-(4,6—diﬂuoro—2-methyl—1H—benzimidazol-1 -
128 | y1)-5-fluoropyrimidine-4,6-diamine ,

'"H NMR (500 MHz, Acetone-ds) 3 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, m) 6.70 - 6.79 (2H, m) 2.82 (3H, s); MS
m/z 455.2 [M-+H]"
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2-(2-ethyl-4,6-difluoro-1H-benzimidazol-1-yl)-5-fluoro-N-[4-
129 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-ds) 5 ppm 8.89 (1H, s) 7.95 (2H, d, /=8.51 Hz) 7.66 - 7.77
(3H, m) 6.90 - 6.98 (1H, m) 6.79 (2H, br. s.) 3.30 (2H, q, /=7.57 Hz) 1.34 (3H, t, J=7.41
Hz); MS m/z 453.2 [M+H]"
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-4,6-difluoro-1H-benzimidazol-1-yl)-
130 | 5-fluoropyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-ds) § 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 (1H, t, /=8.83 Hz) 6.81 - 7.14 (2H, m) 6.74 (2H, br. s.) 3.28
(2H, q, J=7.25 Hz) 1.34 (3H, t, /=7.41 Hz); MS m/z 469.2 [M+H]"
, N-[4-(difluoromethoxy)phenyl]-2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-
131 ﬂuoropyrimidine—4,6-diamine
"H NMR (500 MHz, Acetone-ds) 5 ppm 8.59 (1H, s) 7.79 (1H, ddd, J=9.85, 2.44, 0.95
Hz) 7.69 - 7.74 (2H, m)720 7.24 (2H, m) 6.81 —713(2H m) 6.65 (2H, br s.) 2.78 (3H,
s); MS m/z 437.2 [M+H]"
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-4,6-difluoro-1H-benzimidazol-1-yl)-5-
132 | fluoropyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-ds) 5 ppm 8.59 (1H, s) 7.75 (1H, ddd, J=9.77,2.21, 0.95
Hz) 7.68 - 7.72 (2H, m) 7.18 - 7.25 (2H, m) 6.81 -713(2H m) 6.65 (2 H, s)325(2H q,
J=7.57 Hz) 1.28 - 1.33 (3H, m); MS m/z 451.2 [M-+H]"
N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)- 5-
133 | fluoropyrimidine-4,6-diamine
| "TH NMR (500 MHz, Acetone-ds) 8 ppm 8.57 (1H, br. s.) 8.15 (lH dd, /=11.82, 7.72 Hz)
7.68 - 7.74 (2H, m) 7.46 (1H, dd, J=10.72, 7.57 Hz) 7.21 - 726(2H m)705(2H t,
J=76.30 Hz) 6.65 (2H, s) 2.78 (3H, s); MS m/z 437.3 [M+H]"
5-fluoro-2-(4-fluoro-2-methyl-1H-benzimidazol-1-yl)-N- [4-
134 (tr1ﬂuoromethyl)phenyl]pynmldme -4,6-diamine
"H NMR (500 MHz, Acetone-ds) & ppm 8.87 (1H, br. s.) 7.99 (2H, d, /=8.51 Hz) 7.92
(1H, d, J=8.20 Hz) 7.69 (2H, d, /=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. 5.) 2.83 (3H, s); MS m/z 421.2 [M+H]"
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(4-fluoro-2-methyl-1H-benzimidazol-1-
135 | yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-ds) 8 ppm 8.57 (1H, s) 7.92 (1H, d, ./=9.14 Hz) 7.72 - 7.78
(2H, m) 6.80 - 7.24 (5H, m) 6.59 (2H, br. 5.) 2.79 (3H, s); MS m/z 418.2 [M+H]"
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(4-fluoro-2-methyl-1H-benzimidazol-
136 | 1-yl)pyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) 8 ppm 8.74 (1H, s) 7.93 (1H, d, J=7.57 Hz) 7.85 (1H,
dd, J=12.93, 2.52 Hz) 7.51 - 7.57 (1H, m) 7.34 (1H, t, /=8.99 Hz) 6.82 - 7.23 (3H, m) 6.69
(2H, s) 2.86 (3H, s); MS m/z 437.2 [M+H]"
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137

5-fluoro-2-(2-methyl-1H-imidazo[4,5-b]pyridin-1 —yl)—N¥[4—
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) & ppm 8.88 (1H, br. s.) 8.47 (1H, dd, J=8.04, 1.73 Hz)
8.40 - 8.44 (1H, m) 7.92 - 8.00 (2H, m)772(2H d, /=8.51 Hz) 7.18 - 7.23 (1H, 1n)670-
6.80 (2H, m) 2.90 (3H, s); MS m/z 404.2 [M+H]"

138

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyl-1H-imidazo[4,5-b]pyridin-1-
yl)pyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-ds) & ppm 8.58 (1H, s) 8.46 (1H, dd, J=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 (2H, m)7 15-7.19 (1H, m) 6.99
(2H, s) 6.56 - 6.66 (2H, m) 2.86 (3H, s); MS m/z 402.2 [M-+H]"

139

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(2-methyl-1H-imidazo[4,5-b]pyridin-
1-yl)pyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) 8 ppm 8.75 (1H, br. s.) 8.45 - 8. 50 (1H, m) 8.42 (1H, dd,

J=4.73,1.58 Hz) 7.80 (1H, dd, /=12.61, 2.52 Hz) 7.53 (1H, dt, /=9.06, 1.93 Hz) 7.37 (1H,

t, J=8.83 Hz) 7.20 (1H, dd, J=8.20, 4.73 Hz) 6.83 - 7.16 (2H, m) 6.72 (2H, br. s.) 2.89

(3H, s); MS m/z 420.2 [M+H]"

140

2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-5-fluoro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) 8 ppm 8.88 (1H, s) 8.05 (2H, d, /=8.51 Hz) 7.81 (1H,
dd, J/=8.20, 0.63 Hz) 7.67 (2H, d, J=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 -1.29 (2H, m) 1. 03 - 1.08.(2H, m); MS m/z
447.2 [M-+H]"

141

2-(2-cyclopropyl-4-fluoro-1H- benzimidazol_—1-yl)-N'—[4-(diﬂuoromethoxy)phenyl]-5- '
fluoropyrimidine-4,6-diamine

'H'NMR (500 MHz, Acetone-ds) & ppm 8.59 (1H, s)7 77 -7.84 3H, m) 7.16 - 7.20 2H,
m) 7.12 - 7.16 (1H, m) 6.81 - 7.11 (2H, m) 6.61 (2H, s) 3.01 (1H, tt, J=8.28, 4.97 Hz) 1.20
-1.24 (2H, m) 1.03 (2H, dq, J=8.32, 3.43 Hz); MS m/z 445.2 [M+H]'

142

2-(2-cyclopropy1-4-ﬂuoro- 1H-benzimidazol-1-y1)-N-[4-(difluoromethoxy)-3-
fluorophenyl]-5-fluoropyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) & ppm 8.77 (1H, s) 7.99 (1H, dd, J=12.93, 2.52 Hz) 7.83
(1H, dd, J=8.20, 0.95 Hz) 7.57 (1H, ddd, J=9.06, 2.60, 1.58 Hz) 7.33 (1H, t, J=8.99 Hz)
7.18 (1H, td, /~8.12, 4.89 Hz) 6.83 - 7.13 (2H, m) 6.72 (2 H, 5) 3.01 (1H, tt, J=8.28, 4.97
Hz) 1.23 - 1.30 (2H, m) 1.08 (2H, dq, J=8.32, 3.43 Hz); MS m/z 463.2 [M+H]"

155

2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-
(difluoromethoxy)phenyl]-5-fluoropyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) & ppm 8.62 (1H, s) 8.23 - 8.32 (2H, m) 7.72 - 7.78 (2H,
m) 7.18 - 7.24 (2H, m) 6.98 (1H, t, /=75.30 Hz) 6.71 (2H, br. s.) 3.27 (1H, tt, /=8.28, 497
Hz) 1.25 (2H, dd, J=4.89, 3.00 Hz) 1.05 (2H, dd, /=8.20, 3.15 Hz); MS m/z 446.2 [M+H]"
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2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-

158 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-ds) 8 ppm 8.82 (1H, d, J=1.58 Hz) 8.11 (1H, d, /=8.20 Hz)
7.92 -7.99 (2H, m) 7.69 (2H, d, J=8.51 Hz) 7.58 (1H, d, J—221 Hz) 7.19 (1H, dd, J=8.83,
2.21 Hz) 6.70 (2H, br. s.) 2.82 (3H, s); MS m/z 437.2 [M+H]"
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-(difluoromethoxy)phenyl]-5-

159 | fluoropyrimidine-4,6-diamine
"H NMR (500 MHz, Acctone-ds) & ppm 8.42 (1H, s) 7.95 - 8.00 (1H, m) 7.55 - 7.62 (2H,
m) 7.43 (1H, d, /~1.58 Hz) 7.01 - 710(3H m) 6.84 (1H, t, /=75.30 Hz) 6.44 (2H, br. s.)
2.64 (3H, s); MS m/z 435.2 [M+H]"
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-

160 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-ds) & ppm 8.83 (1H, br. s.) 8. 19 (1H, d, /=1.58 Hz) 7.94
(2H, d, J/=8.20 Hz) 7.70 (3H, d, J/=8.51 Hz)755(1H d, J/=8.51 Hz) 7.21 - 7.27 (1H, m)
6.72 (2H, br. s.) 2.82 (3H, s); MS m/z 437.2 [M+H]"
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-(difluoromethoxy)phenyl]-5-

161 | fluoropyrimidine-4,6-diamine
'"H NMR (500 MHz, Acetone-ds) & ppm 8.57 (1H, s) 8.17 - 8.22 (1H, m) 7.70 - 7.77 (ZH,
m) 7.55 (1H, d, /=8.20 Hz) 7.20 - 7.26 (3H, m) 6.97 (1H, t, /=74.70 Hz) 6.62 (2H, br. s.)
2.80 (3H, s); MS m/z 435.2 [M+H]"
2-(2-ethyl-5-fluoro-1H-benzimidazol-1-yl)-5-fluoro-N-[4-

162 (trlﬂuoromethyl)phenyl]pyrlmldlne -4,6-diamine
"H NMR (500 MHz, Acetone-ds) & ppm 8. 85 (1H, br. s.) 8.08 (1H, dd, J=8. 67 5.20 Hz)

| 7.97 2H, d, /=8.20 Hz) 7.64 - 7.73 (2H, m) 7.33 (1H, d, J=6.62 Hz) 6.98 - 7.04 (1H, m)

6.72 (2H, br. s.) 3.29 (2H, q, /=7.36 Hz) 1.34 (3H, t, J=8.20 Hz); MS m/z 435.3 [M+H]"

| N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-5-tluoro- 1H- ben21m1dazol 1-yl)-5-

163 | fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-ds) 5 ppm 8.56 (1H, s) 8.09 (1H, dd, J=9.46, 5.04 Hz) 7.69 -
7.75 (2H, m) 7.31 (1H, dd, J=9.30, 2.68 Hz) 7.18 - 7.24 (2H, m) 6.81 - 7. 14(2H m) 6.57
(2H, br. s.) 3.22 - 3.29 (2H, m) 1.27 - 1.34 (3H, m); MS m/z 433.3 [M+H]"
2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-5-fluoro-N-[4-

164 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'H NMR (500 Mz, Acetone-ds) & ppm 8.85 (1H, s) 7.96 (2H, d, /=8.51 Hz) 7.89 (1H,
dd, J=10.09, 2.52 Hz) 7.70 (2H, d, J=8.51 Hz) 7.59 (1H, dd, J=8.51, 5.04 Hz) 7.01 - 7.09
(1H, m) 6.75 (2H, br. s.) 3.29 (2H, q, /=7.46 Hz) 1.33 (3H, t, J=14.80 Hz); MS m/z 435.3
[M+H]"
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoro-1H-benzimidazol-1-yl)-5-

165 | fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-ds) & ppm 8.56 (1H, s) 7.90 (1H, dd, J=10.40, 2.52 Hz) 7.68
-7.75 (2H, m) 7.56 (1H, dd, J=8.83, 5.04 Hz) 7.18 - 7.26 (2H, m) 6.81 - 7. 12(2H m) 6.61
(2H, br. s.) 3.25 (2H, q, J=7.46 Hz) 1.26 - 1.34 (3H, m); MS m/z 433.3 [M+H]"
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5-methyl-2-(2-methyl-1H-benzimidazol-1-yl)-N- [4-(trifluoromethyl)phenyl]pyrimidine-
172 | 4,6-diamine

'"H NMR (500 MHz, Acetone-ds) & ppm 8.19 (1H, s) 8.14 (1H, dt, /=8.20, 0.95 Hz) 7.87
(2H, d, J=8.51 Hz) 7.64 (2H, d, J=8.51 Hz) 7.55 - 7.60 (1H, m) 7.22 (1H, ddd, J=8.04,
7.09, 1.26 Hz) 7.15 (1H, ddd, J=8.28, 7.17, 1.26 Hz) 6.31 (2H, br. s.) 2.80 (3H, s)2.22
(3H, s); MS m/z 399.2 [M+H]"

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1 -yl)-N-[6~(trifluoromethyl)pyridin-3-
183 | yl]pyrimidine-4,6-diamine

"H NMR (Methanol-d,) & ppm 8.92 (1H, d, ] = 2.5 Hz), 8.34 (1H, dd, J = 8.5, 2.4 Hz),
7.81 (1H, dd, J = 9.8, 2.5 Hz), 7.75 (1H, d, ] = 8.7 Hz), 7.54 (1H, dd, J =8.7,5 Hz), 7.06
(1H, td, 1 =9.2, 2.5 Hz), 2.82 (3H, s); MS m/z 422.3 [M+H]"

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1 -y1)-N-(4-methylphenyl)pyrimidine-4,6-
184 | diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.37 (br. s., 1H), 7.94 (dd, ] = 10.4, 2.5 Hz, 1H),
750 - 7.58 (m, 3H), 7.20 (d, = 8.2 Hz, 2H), 7.01 (ddd, ] = 9.8, 8.8, 2.5 Hz, 1H), 6.52 (br.
5., 2H), 2.78 (s, 3H), 2.34 (s, 3H); MS m/z 367.2 [M+H]'

N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-
185 | diamine

'"H NMR (500 MHz, Acetone-dg) & ppm 8.58 (br. s., 7H), 7.93 (dd, ] =10.2,2.7 Hz, 1H),

7.70 - 7.76 (m, 2H), 7.54 (dd, J = 8.7, 5.2 Hz, 1H), 7.37 - 7.42 (m, 2H), 7.03 (ddd,J =98,
8.8,2.5 Hz, 1H), 6.63 (br. s., 2H), 2.79 (s, 3H); MS m/z 387.2 [M+H]"

: 5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-y1)-N-(3 -methoxyphenyl)pyrimidine-
189 | 4,6-diamine : »
'H NMR (500 MHz, Acetone-dg) & ppm 8.43 (br. s., 1H), 7.97 (dd, J=10.1,2.5 Hz, 1H), .
7.54(dd, ] = 8.8, 5.0 Hz, 1H), 7.32.- 7.37 (m, 1H), 7.23 - 7.31 (m, 2H), 7.03 (ddd, J=9.5,
8.7, 2.8 Hz, 1H), 6.68 - 6.75 (m, 1H), 6.57 (br. s., 2H), 3.77 (s, 3H), 2.81 (s, 3H); MS m/z
383.2 [M+H]" » S T

N-(3-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-
190 | diamine ‘ '

'H NMR (500 MHz, Acetone-dg) 8 ppm 8.63 (br. s., 1H), 7.96 (dd, J=10.1, 2.5 Hz, 1H),
7.91 (t,J =2.0 Hz, 1H), 7.62 (ddd, ] = 8.3, 2.0, 0.8 Hz, 1H), 7.55 (dd, J = 8.8, 5.0 Hz, 1H),
7.38 (t, ] = 8.0 Hz, 1H), 7.14 (ddd, T = 8.2, 2.2, 0.9 Hz, 1H), 7.04 (ddd,J=9.5,85,2.5
Hz, 1H), 6.68 (br. s., 2H), 2.82 (s, 3H); MS m/z 387.2 [M+H]"

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-[4-

191 | (trifluoromethoxy)phenyl]pyrimidine-4,6-diamine

'"H NMR (500 MHz, Acetone-dg) 4 ppm 9.21 (br. s., 1H), 8.49 (dd, J=10.2,2.7 Hz, 1H),
8.32 - 8.42 (m, 2H), 8.10 (dd, J = 8.7, 5.2 Hz, 1H), 7.91 (dd, J = 9.1, 0.9 Hz, 2H), 7.59
(ddd, T=9.5,8.5,2.5 Hz, 1H), 7.21 (br. s., 2H), 3.34 (s, 3H); MS m/z 437.2 [M+H]"
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192

4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl-1 H-benzimidazol-1-yl)pyrimidin-4-
yl]amino} benzonitrile

'H NMR (500 MHz, Acetone-ds) & ppm 8.79 (br. s., 1H), 7.80 - 7.86 (m, 2H), 7.78 (dd,J
=10.1, 2.5 Hz, 1H), 7.61 (dt, J = 8.8, 2.5 Hz, 2H), 7.42 (dd, J = 8.8, 5.0 Hz, 1H), 6.91
(ddd, 1 =9.5, 8.5, 2.6 Hz, 1H), 6.65 (br. s., 2H), 2.67 (s, 3H); MS m/z 378.2 [M+H]"

193

methyl 4-{[6—amino-5-ﬂuoro—2—(6—ﬂuor0-2—1nethy1-1H-benzimidazol-l-yl)pyrimidin—4—
yl]Jamino } benzoate

'H NMR (500 MHz, Acetone-dg) & ppm 8.82 (br. s., 1H), 7.99 - 8.04 (m, 2H), 7.96 (dd,J
=10.1, 2.5 Hz, 1H), 7.85 - 7.90 (m, 2H), 7.56 (dd, J = 8.8, 5.0 Hz, 1H), 7.05 (ddd, J = 9.5,
8.5,2.5 Hz, 1H), 6.73 (br. s., 2H), 3.88 (s, 3H), 2.83 (s, 3H); MS m/z 411.2 [M+H]"

194

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-(3 -methylphenyl)pyrimidine-4,6-diamine
'"H NMR (500 MHz, Acetone-ds) 5 ppm 8.36 (1H, br. s.) 8.19 (1H, d, J=8.51 Hz) 7.64
(1H, s) 7.57 (1H, d, J=7.57 Hz) 7.46 (1H, dd, J=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, s); MS m/z 439.2 [M+H]"

195

5-fluoro-N-(3-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1 -yD)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetone-ds) & ppm 8.42 (1H, br. s.) 8.13 - 8.18 (1H, m) 7.58 (1H, d,
J=7.25Hz) 7.40 (1H, t, J=2.21 Hz) 7.16 - 7.32 (4H, m) 6.67 - 6.71 (1H, m) 6.52 (2H, br.
s.) 3.75 (3H, s) 2.82 (3H, s); MS m/z 365.2 [M+H]"

199

5-fluoro-2-(2-methyl-1H-benzimidazol-1 -y1)-N-(4-methylphenyl)pyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-ds) & ppm 8.35 (1H, br. s.) 8.13 (1H, d, J=8.20 Hz) 7.54 -
7.61 (3H, m) 7.12 - 7.24 (4H, m) 6.45 (2H, br. 5.) 2.78 (3H, 5) 2.33 (3H, s); MS m/z 349.2
[M+H]" o . ,

200

5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-1 H-benzimidazol-1 -yDpyrimidine-4,6-
diamine : B '

"H NMR (500 MHz, Acetone-dg) 8 ppm 8.28 (1H, br. s.) 8.12 (1H, d, J=8.20 Hz) 7.52 -
7.60 (3H, m) 7.12 - 7.24 (2H, m) 6.93 - 6.98 (2H, m) 6.41 (2H, br. s.) 3.82 (3H, 5) 2.76
(3H, s); MS m/z 365.2 [M+H]"

201

N-(4-chlorophenyl)-5-fluoro-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-dg) & ppm 8.57 (1H, br. s.) 8.07 - 8.14 (1H, m) 7.73 - 7.80
(2H, m) 7.58 (1H, d, J/=6.94 Hz) 7.35 - 7.42 (2H, m) 7.15 - 7.26 (2H, m) 6.56 (2H, br. s.)
2.79 (3H, s); MS m/z 369.2 [M+H]"

202

4-{[6-amino-5-fluoro-2-(2-methyl-1H-benzimidazol-1 -yD)pyrimidin-4-

yl]amino } benzonitrile _

'H NMR (500 MHz, Acetone-dy) & ppm 8.92 (1H, br. s.) 8.08 - 8.13 (1H, m) 7.97 - 8.03
(2H, m) 7.71 - 7.77 (2H, m) 7.56 - 7.62 (1H, m) 7.24 (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); MS m/z 360.2 [M+H]"
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N-(1 ,3-benzodioxol-S-yl)—5-ﬂuor0—2-(2-methyl-l H-benzimidazol-1-yl)pyrimidine-4,6-
203 | diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.33 (1H, br. s.) 8.15 (1H, d, J=6.62 Hz) 7.56
(1H, d, J=7.25 Hz) 7.28 (1H, d, J=2.21 Hz) 7.16 - 7.25 (2H, m) 7.09 (1H, dd, /=8.51, 2.21
Hz) 6.85 (1H, d, J=8.51 Hz) 6.45 (2H, br. s.) 6.02 (2H, s) 2.79 (3H, s); MS m/z 379.2
[M+H]"

5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N- [4-(trifluoromethoxy)phenyl]pyrimidine-
204 | 4,6-diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.63 (1H, br. s.) 8.11 (1H, d, J=7.57 Hz) 7.80 -
7.89 (2H, m) 7.57 (1H, d, J=7.88 Hz) 7.31 - 7.38 (2H, m) 7.15 - 7.26 (2H, m) 6.58 (2H,
br.s.) 2.79 (3H, s); MS m/z 419.1 [M+H]"

2-(5,6-difluoro-2-methyl-1 H-benzimidazol-1 -yl)—5-ﬂuoro—N-(4—methylphenyl)pyrimidine-
213 | 4,6-diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.40 (1H, br. s.)8.15 (1H, dd, J=11.98, 7.88 Hz)
7.49 - 7.55 (2H, m) 7.44 (1H, dd, J=10.72, 7.57 Hz) 7.21 (2H, d, J=8.20 Hz) 6.55 (2H, br.
s.) 2.79 (3H, s) 2.35 (3H, s); MS m/z 385.2 [M+H]"

2—(5,6-diﬂu0r0-2-methy1—lH-benzimidazol-l—yl)—5-ﬂuor0~N-(4—

214 | methoxyphenyl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.30 (1H, br. s.) 8.12 (1H, dd, J=11.98, 7.88 Hz)
7.46-7.51 (2H, m) 7.41 (1H, dd, J=10.72, 7.57 Hz) 6.93 - 6.98 (2H, m) 6.48 (2H, br.s.)
3.81 (3H, s) 2.75 (3H, s); MS m/z 401.3 [M+H]"

N—(4-ch10ropheny1)—2—_(5,6—diﬂuor0-2-methyl-lH-benzimidazol—l-yl)—S-ﬂuoropyrimidine-
215 | 4,6-diamine : ' .

'H NMR (500 MHz, Acetone-ds) & ppm 8.61 (1H, br. s.) 8.15 (1H, dd, J=11.82, 7.72 Hz)
7.68 - 7.73 (2H, m) 7.38 - 7.50 (3 H, m) 6.66 (2H, br. s.) 2.80 3H, s); MS m/z405.2 .

[M+H]" _ : _

N—[4-(diﬂuordmethOxy)phenyl]-5-ﬂu0r0-2—[2-(met_h0Xyméthyl)-1H—bénzimidazol—l-
216 | yl]pyrimidine-4,6-diamine N

| 'H NMR (500 MHz, Acctone-dg) 8 ppm 8.53 (1H, s) 8.13 - 8.17 (1H, m) 7.73 - 7.79 (2H,

m) 7.64 - 7.69 (1H, m) 7.19 - 7.30 (4H, m) 6.82 - 7.13 (1H, m) 6.54 (2H, br. s.) 5.02 (2H,
s) 3.28 (3H, s); MS m/z 431.3 [M+H]"

5-fluoro-2-[2-(methoxymethyl)-1 H-benzimidazol-1-yl]-N-(4-methylphenyl)pyrimidine-
217 | 4,6-diamine

'H NMR (500 MHz, Acetone-ds) & ppm 8.36 (1H, br. s.) 8.18 (1H, dd, J=6.78, 1.73 Hz)
7.66 (14, dd, J=6.62, 1.89 Hz) 7.54 - 7.60 (2H, m) 7.17 - 7.30 (4H, m) 6.46 (2H, br. s.)

4.99 - 5.04 (2H, m) 3.28 (3H, s) 2.34 (3H, s); MS m/z 379.3 [M+H]"
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5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yl] -N-(4-methoxyphenyl)pyrimidine-

218 | 4,0-diamine
"H NMR (500 MHz, Acetone-ds) & ppm 8.31 (1H, br. s.) 8.14 - 8.19 (1H, m) 7.65 (1H, dd,
J=6.78, 1.73 Hz) 7.53 - 7.59 (2H, m) 7.25 (2H, quind, /=7.41, 7.41, 7.41, 7.41,1.58 Hz)
6.93 - 6.99 (2H, m) 6.43 (2H, br. s.) 4.97 - 5.02 (2H, m) 3.82 (3H, s); MS m/z 395.3
[M+H]'
N-(4-chlorophenyl)-5-fluoro-2- [2-(methoxymethyl)-1H-benzimidazol-1 -yl]pyrimidine-
219 | 4,6-diamine
"H NMR (500 MHz, Acetone-ds) & ppm 8.58 (1H, br. s.) 8.12 - 8.17 (1H, m) 7.73 - 7.79
(2H, m) 7.65 - 7.70 (1H, m) 7.37 - 7.41 (2H, m) 7.24 - 7.32 (2H, m) 6.58 (2H, br. s.) 5.03
(2H, s) 3.29 (3H, s); MS m/z 399.2 [M+H]"
5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-y1]-N-[4-
220 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-dg) 8 ppm 8.83 (1H, br. s.) 8.11 - 8.18 (1H, m) 7.96 - 8.03
(2H, m) 7.66 - 7.73 (3H, m) 7.25 - 7.33 (2H, m) 6.68 (2H, br. s.) 5.05 (2H, s) 3.29 (3H, s);
MS m/z 433.2 [M+H]"
1-(4-amino-5-fluoro-6- {[4-(triﬂuoromethyl)phenyl]amino}pyrimidin—Z—yl)-Z—methyl-1 H-
222 | benzimidazole-6-carbonitrile
"H NMR (500 MHz, Acetone-ds) 5 ppm 8.91 (1H, s) 8.63 (1H, d, J=1.58 Hz)7.92 - 7.99
(2H, m) 7.74 (3H, t, J=8.51 Hz) 7.61 (1H, dd, /=8.20, 1.58 Hz) 6.84 (2H, br. s.) 2.90 3H,
s); MS m/z 4283 [M+H]'
1-(4-amino-6- {[4-(difluoromethoxy)phenylJamino} -5-fluoropyrimidin-2-yl)-2-methyl-
223 | 1H-benzimidazole-6-carbonitrile _ o ' A
'"H NMR (500 MHz, Acetone-ds) & 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, m) 6.68 (2H, br. s.) 2.87 (3H, s); MS
m/z 4263 [M+H]"
1- {4-amin0'-5-ﬂu0r0-6-[(4—methy1phenyl)amino]pyrimidin—Z-yl} 2-methyl-1H-
224 benzimidazole—6-carbonitrile : ‘
'H NMR (500 MHz, Acetone-dg) & ppm 8.61 (1H, s) 8.42 (1H, br.s.) 7.71 (1H, d, J/=8.20
Hz) 7.49 - 7.60 (3H, m) 7.24 (2H, d, J=7.88 Hz) 6.58 (2H, br. s.) 2.87 (3H, s) 2.36 (3H, s);
MS m/z 374.3 [M+H]"
1- {4—arnin0-5—ﬂu0r0—6—[(4—methoxyphenyl)amino]pyrimidin-Z—yl} -2-methyl-1H-
225 | benzimidazole-6-carbonitrile
'H NMR (500 MHz, Acctone-ds) 6 ppm 8.62 (1H, s) 8.37 (1H, s) 7.71 (1H, d, J=8.20 Hz)
7.49 - 7.60 (3H, m) 6.98 - 7.03 (2H, m) 6.57 (2H, br. s.) 3.84 (3H, 5) 2.84 (3H, s); MS m/z
390.3 [M+H]"
1-(4-amino-6- {[4-(difluoromethoxy)phenyl]amino} -5-fluoropyrimidin-2-yl)-2-methyl-
226 | 1H-benzimidazole-5-carbonitrile

' NMR (500 MHz, Acetone-dg) & ppm 8.60 (1H, s) 8.28 (1H, dd, J=8.51, 0.63 Hz) 8.00
(1H, dd, J=1.58, 0.63 Hz) 7.70 - 7.77 (2H, m) 7.55 (1H, dd, J=8.51, 1.58 Hz) 7.19 - 7.25
(2H. m) 6.98 (1H, t, /=75.00 Hz) 6.63 (2H, br. 5.) 2.83 (3H, 5); MS m/z 426.3 [M+H]"
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227

1-{4-amino-5-fluoro-6-[(4-methylphenyl)amino]pyrimidin-2-yl}-2-methyl-1H-
benzimidazole-5-carbonitrile

"H NMR (500 MHz, Acetone-ds) 8 ppm 8.42 (1H, br. s.) 8.31 (1H, s) 7.99 (1H, s) 7.50 -
7.57 (3H, m) 7.20 (2H, d, J=8.20 Hz) 6.55 (2H, br. s.) 2.83 (3H, s) 2.34 (3H, s); MS m/z
374.3 [M+H]"

228

1- {4-amino-5-fluoro-6-[(4-methoxyphenyl)amino]pyrimidin-2-yl}-2-methyl-1H-
benzimidazole-5-carbonitrile

'"H NMR (500 MHz, Acetone-ds) & ppm 8.33 - 8.39 (1H, m) 8.29 (1H, d, /=8.51 Hz) 7.98
(1H, s) 7.49 - 756(3H m) 6.95 - 700(2H m) 6.51 (2H, br. s.) 3.83 (3H, s) 2.81 (3H, s);
MS m/z 390.4 [M+H]"

229

1-(4-amino-5-fluoro-6- {[4-(trifluoromethyl)phenyljamino } pyrimidin-2-yl)-2- methyl 1H-
benzimidazole-5-carbonitrile

'H NMR (500 MHz, Acetone-dg) 8 ppm 8.90 (1H, s) 8.28 (1H, d, /=8.51 Hz) 8.02 (1H, s)
7.97 (2H, d, J=8.51 Hz) 7.71 (2H, d, J=8.20 Hz) 7.58 (1H, dd, J=8.51, 1.58 Hz) 6.78 (2H,
br.s.) 2.87 3H, s); MS m/z 428.3 [M+H]"

230

1- {4-amino-6-[(4-chlorophenyl)amino]-5-fluoropyrimidin-2-yl}-2-methyl-1H-
benzimidazole-5-carbonitrile
"H NMR (500 MHz, Acetone-ds) & ppm 8.64 (1H, br. s.) 8.28 (1H, dd, J=8.51, 0.63 Hz)

8.01 (1H, d, J/=1.58 Hz) 7.70 - 7.76 (2H, m) 7.57 (1H, dd, J=8.51, 1.58 Hz) 7.36 - 7.43
(2H, m) 6.67 (2H, br. s.) 2.84 (3H, s); MS m/z 394.2 [M+H]"

231

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1-
yDpyrimidine-4,6- diamine ' _
"H NMR (500 MHz, Acetone-ds) & ppm 9. 02 (1H, d, J/=2.84 Hz) 8.62 (1H, br. 5.) 8.19

(1H, dd, J=8.83,2.52 Hz) 7.71-7.77 (3H, m)694(1H t, J= 7500Hz)668(2H s) 2.88
(3H, 5); MS m/z 446.2 [M-+H]"

232

5-fluoro-2- (2—methy1 6—n1tr0 lH—ben21m1daz01 1-y1)-N-(4- methylphenyl)pyrlmldme 4 6-
diamine .

'H NMR (500 MHz, Acetone-ds) & ppm 9.03 (1H, d, J=2.84 Hz) 8.45 (1H, br. 5.) 8.18
(1H, dd, J~=8.83,2.21 H7) 7.74 (1H, d, /=8.83 Hz) 7.53 - 7.59 (2H, m) 7.18 (2H, d, /=7.88
Hz) 6.61 (2H, br. s.) 2.87 (3H, s) 2.32 (3H, s); MS m/z 394.2 [M+H]"

233

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

'"H NMR (500 MHz, Acctone-ds) 8 ppm 9.03 (1H, d, J/=1.89 Hz) 8.38 (1H, br. s.) 8.17
(1H, dd, J=8.83,2.21 Hz) 7.73 (1H, d, J=8.83 Hz) 7.52 - 760(2H m) 6.92 - 6.99 (2H, m)
6.57 (2H, br. s.) 3.80 (3H, s) 2.54 (3H, s); MS m/z 410.2 [M+H]

236

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

'H NMR (500 MHz, Acetone-ds) & ppm 9.04 (1H, d, J=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); MS m/z 448 2 [M+H]
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N-(4-chlorophenyl)-2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoropyrimidine-

237 | 4,6-diamine
'"H NMR (500 MHz, Acetone-ds) § ppm 8.62 (1H, br. s.) 7.79 (1H, dd, J=10.25, 2.05 Hz)
7.69 - 7.74 (2H, m) 7.37 - 7.44 (2H, m) 6.92 (1H, td, /=10.25, 2.21 Hz) 6.67 (2H, br. s.)
2.79 - 2.80 (3H, m); MS m/z 405.2 [M+H]"
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-

238 | (trifluvoromethoxy)phenyl]pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-ds) § ppm 8.69 (1H, s) 7.75 - 7.85 (3H, m) 7.36 (2H, d,
J=8.20 Hz) 6.92 (1H, td, J=10.25, 2.52 Hz) 6.69 (2H, br. s5.) 2.79 (3H, s); MS m/z 456.1
[M+H]"
N-(1,3-benzodioxol-5-y1)-2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)- 5-

240 | fluoropyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-ds) 8 ppm 8.37 (1H, br. s.) 7.80 (lH dd, J=9.46, 1.89 Hz)
7.20 (1H, d, /=2.21 Hz) 7.05 (1H, dd, J=8.35, 205Hz)684 6.92 (2H, m) 6.55 (2H, br.
s.) 6.02 (2H, s) 2.79 (3H, s); MS m/z 416.2 [M+HT"
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-methylphenyl)pyrimidine-

241 | 4,6-diamine
"H NMR (500 MHz, Acetone-ds)  ppm 8.41 (1H, br. s.) 7.80 (1H, dd, /=9.93, 2.36 Hz)
7.50 - 7.56 (2H, m) 7.20 (2H, d, J=8.20 Hz) 6.90 (1H, td, J=10.25, 2.52 Hz) 6.56 (2H, br.
s.) 2.79 (3H, s) 2.34 (3H, s); MS m/z 386.2 [M+H]"
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-

242 methoxyphenyl)pyrlmldme -4,6-diamine
"H NMR (500 MHz, Acetone-ds) 6 ppm 8.34 (1H, br. s. ) 7.76 --7.83 (lH m) 7.47 -7.55
(2H, m) 6.94 - 7.00 (2H, m) 6.89 (lH td, /=10.25, 2.21 Hz) 6.52 (2H, br. s.) 3.82 (3H, s)
2.76 (3H, s); MS m/z 402.2 [M+H]"

| 2-(5,7-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N- [4—

243 _(tr1ﬂuoromethyl)phenyl]pyrlmldme -4,6-diamine ,
"H NMR (500 MHz, Acetone-ds) & ppm 8.86 (1H, br. s.) 8.15 (1H, dd, /=11.66, 7.88 Hz)
7.91 -7.98 (2H, m) 7.72 (2H, d, J=8.51 Hz) 7.48 (1H, dd, J/=10.72, 7.57 Hz) 6.78 (2H, br.
s.) 2.83 (3H, s); MS m/z 439.3 [M+H]"
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-yl)-N-[4-

244 | (trifluoromethyl)phenyl]pyrimidine-4,6-diamine
'"H NMR (500 MHz, Acetone-ds) & ppm 8.82 (1H, br. s.) 8.00 (2H, d, /=8.51 Hz) 7.65 -
7.73 (3H, m) 7.45 (1H, d, J=8.51 Hz) 6.83 - 6.89 (1H, m) 6.67 (2H, br. s.) 3.64 - 3.69 (3H,
m) 2.78 (3H, s); MS m/z 434.2 [M+H]"
N-(4-chlorophenyl)-5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-yl)pyrimidine-

245 | 4,6-diamine

'"H NMR (500 MHz, Acetone-ds) 8 ppm 8.57 (1H, br. s.) 7.74 - 7.79 (2H, m) 7.68 (1H, d,
J-2.52 Hz) 7.44 (1H, d, J=8.51 Hz) 7.35 - 7.41 (2H, m) 6.85 (1H, dd, J=8.83, 2.52 Hz)
6.57 (2H, br. s.) 3.69 (3H, s) 2.75 (3H, s); MS m/z 399.2 [M+H]"
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5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-yl)-N-[4-
246 | (trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
"H NMR (500 MHz, Acctone-ds) § ppm 8.64 (1H, s) 7.84 - 7.89 (2H, m) 7.69 (1H, d,
J=2.21 Hz) 7.44 (1H, d, /=8.83 Hz) 7.34 (2H, d, J= 820Hz)685(1H dd, /=8.51,2.52
Hz) 6.58 (2H, br. s.) 3.68 (3H, s) 2.75 (3H, s); MS m/z 449.2 [M+H]"
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(6-methoxy-2-methyl-1 H-benzimidazol-1-
247 | yDpyrimidine-4,6-diamine
'"H NMR (500 MHz, Acetone-dg) § ppm 8.52 (1H, s) 7.74 - 7.79 (2H, m) 7.69 (1H, d,
J=2.52 Hz) 7.43 (1H, d, J/=8.51 Hz) 7.17 - 7.23 (2H m) 6.81 -7.12 (2H, m) 6.53 (2H, br.
s.) 3.69 (3H, s) 2.74 (3H, s); MS m/z 432.2 [M+H]"
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-y1)-N- (4-methylphenyl)pyrlmldlne-
248 | 4,6-diamine
"H NMR (500 MHz, Acetone-dg) & ppm 8.34 (1H, br, s) 7.70 (1H, d, J=2.52 Hz) 7.56 -
7.60 (2H, m) 7.42 (1H, d, /=8.83 Hz) 7.17 (2H, d, J=8.20 Hz) 6.83 (1H, dd, J= 883 2.52
Hz) 6.45 (2H, br. s.) 3.65 (3H, s) 2.75 (3H, s) 2.33 (3H, s); MS m/z380.2 [M-+H]"
5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-yl)-N-(4-
249 | methoxyphenyl)pyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-dg) & ppm 8.27 (1H, br. s.) 7.70 (1H, d, J/=2.52 Hz) 7.54 -
7.60 (2H, m) 7.38 - 7.43 (1H, m) 6.92 - 6.97 (2H, m) 6.82 (1H, dd, J=8.51, 2.52 Hz) 6.41
(2H, br. s.) 3.82 (3H, s) 3.67 (3H, s) 2.72 (3H, s); MS m/z 396.2 [M-+H]"
N-(1,3-benzodioxol-5-yl)-5- ﬂu0r0-2-(6-meth0xy-2—methy1—1H-ben21m1dazol-1—
250 | yl)pyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone ds) O ppm 8 32 (1H, br. s.) 7.71 (1H, d, J=2.52 Hz) 7.42’
(1H, d, J=8.51 Hz) 7.30 - 7.33 (1H, m) 7.09 (1H, dd, /=8.35, 2.05 Hz) 6.81 - 687(2H m)
6.44 (2H, br. s.) 6.01 (2H, s) 3.72 (3H, s) 2.74 (3H, s); MS m/z 409.2 [M+H]"
5-fluoro-2- (2-methyl -5-nitro- 1H-ben21m1dazol 1-yl)-N- (4-methylphenyl)pyrxm1d1ne—4 6-
254 | diamine
"H NMR (500 MHz, Acetone-ds) & ppm 8.45 - 8.49 (1H, m) 8.44 (1H, d, /=1.89 Hz) 8.31
(1H, d, J=9.14 Hz) 8:11 (1H, dd, J=8.98, 2.36 Hz) 7.54 - 7.57 (2H, m)721 (2H, d, J=8.20
Hz) 6.59 (2H, br. s.) 2.85 (3H, s) 2.34 (3H, s); MS m/z 394.2 [M+H]"
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-5-nitro-1H-benzimidazol-1-yl)pyrimidine-
255 | 4,6-diamine
'"H NMR (500 MHz, Acetone-ds) 3 ppm 8.43 (1H, d, J=1.89 Hz) 8.40 (1H, br. s.) 8.30
(1H, d, J=9.14 Hz) 8.10 (1H, dd, J=8.99, 2.36 Hz) 7.52 - 757(2H m) 6.96 - 7.01 (2H, m)
6.55 (2H, br. s.) 3.83 (3H, s) 2.83 (3H, s); MS m/z 410.2 [M+H]"
2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5 -fluoro-N-(4-methoxyphenyl)pyrimidine-
256 | 4,6-diamine

'H NMR (500 MHz, Acetone-dg) 8 ppm 8.25 (1H, s) 7.53 - 7.59 (21, m) 7.42 (1H, d,
J=1.58 Hz) 7.24 (1H, d, J=8.83 Hz) 6.93 - 6.99 (2H, m) 6.61 (1H, dd, /=8.20, 2.21 Hz)
6.33 (2H, s) 4.30 (2H, br. 5.) 3.81 (3H, s) 2.67 (3H, s); MS m/z 380.3 [M+H]'
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257

2-(6-amino-2-methyl-1H-benzimidazol-1-y1)-N-[4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-ds) & ppm 8.48 (1H, br. s.) 7.75 - 7.82 (2H, m) 7.42 (1H, d,
J=2.21 Hz) 7.25 (1H, d, J=8.20 Hz) 7.17 - 7.22 (2H, m) 6.96 (1H, t, /=75.00 Hz) 6.64
(1H, dd, /=8.51, 2.21 Hz) 6.44 (2H, br. s.) 4.36 (2H, s) 2.68 (3H, s); MS m/z 416.2
[M+H]'

258

2-(6-amino-2-methyl-1H-benzimidazol-1 ~yl)-5-fluoro-N-(4-methylphenyl)pyrimidine-4,6-
diamine

'H NMR (500 MHz, Acetone-ds) & ppm 8.15 (1H, br. s.) 7.39 - 7.46 (2H, m) 7.28 (1H, d,
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) 2.18 (3H, s); MS m/z 364.3 [M+H]"

259

N-(4-chlorophenyl)-5-fluoro-2-(5-fluoro-2-methyl-1H- benzimidazol-1 yl)pyr1m1d1ne—4 6-
diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.60 (1H, br. s.) 8.13 (1H, dd, J=9.46, 5.04 Hz)
7.71-7.78 (2H, m) 7.36 - 743 (2H, m) 7.29 (1H, dd, /=9.30, 2.36 Hz) 6.99 (1H, td,
J=9.30, 2.52 Hz) 6.60 (2H, br. s.) 2.80 (3H, s); MS m/z 387.2 [M+H]"

260

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

'H NMR (500 MHz, Acetone-dg) & ppm 8.76 (1H, br. s.) 8.13 (1H, dd, /=8.83, 5.04 Hz)
7.86 (1H, dd, J=11.98, 2.52 Hz) 7.54 - 7.59 (1H, m) 7.45 - 7.51 (1H, m) 7.30 (1H, dd,
J=9.30, 236Hz)702(1H td, J/=9.22, 2.68 Hz) 6.69 (2H, br. s)284(3H s); MS m/z
405.2 [M+H]"

261

"N-(4-chloro-3-fluorophenyl)- 5 fluoro-2- (2-methy1 1H-benzimidazol-1-yl)pyrimidine-4,6-

diamine -

'{ NMR (500 MHz, Acetone-dg) 8 ppm 8.74 (1H, br. s.) 8.11 (1H, dd, J=7.57, 1.89 Hz)
7.90 (1H, dd, J~11.98, 2.52 Hz) 7.58 (2H, td, J=7.88, 2.21 Hz) 7.47 (1H, t, J=8.67 Hz)

| 7.18 - 7.28 (2H, m) 6.65 (2H, br. 5.) 2.82 (3H, 5); MS m/z 387.2 [M+H]"

262

'N-(4-chloro-3- ﬂuorophenyl)_S -fluoro-2-(6-fluoro- 2-methy1 1H-benzimidazol-1-

yD)pyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) & ppm 8.77 (1H, br. s.) 7.93 (1H, dd, J=10.09, 2.21 Hz)
7.83 (1H, dd, J=11.82,2.36 Hz) 7.53 - 7.59 (2H, m) 7.46 - 7.51 (1H, m)705(1H td,
J=9.14, 2.52 Hz) 6.72 (2H, br. s.) 2.82 (3H, s); MS m/z 405.2 [M+H]"

270

2-(2-ethyl-1H-benzimidazol-1 -yl)-5-fluoro-N-(4-methylphenyl)pyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-ds) & ppm 8.36 (1H, br. 5.) 8.07 - 8.11 (1H, m) 7.54 - 7.62

(3H,m) 7.15 - 7.24 (4H, m) 6.46 (2H, br. 5.) 3.26 (2H, q, /=7.46 Hz) 2.33 (3H, 5) 1.30 -
1.33 (3H, m); MS m/z 363.3 [M+H]"

271

2—(2—ethyl- 1H-benzimidazol-1-yl)-5-fluoro-N-(4-methoxyphenyl)pyrimidine-4,6-diamine
"H NMR (500 MHz, Acetone-ds) & ppm 8.15 (1H, br. 5.) 7.93 - 7.97 (1H, m) 7.39 - 7.46

(3H,m) 6.9 - 7.10 (2H, m) 6.78 - 6.83 (2H, m) 6.28 (2H, ) 3.68 (3, 5) 3.10 1L, g,
J=7.36 Hz) 1.14 - 1.17 (31, m); MS m/z 379.3 [M+H]’
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2-(2-ethyl-1H-benzimidazol-1 -yl)-S—ﬂuoro-N-[4—(triﬂuoromethoxy)phenyl]pyrimidine—
272 | 4,6-diamine

'H NMR (500 MHz, Acetone-dg) 8 ppm 8.67 (1H, s) 8.04 - 8.10 (1H, m) 7.80 - 7.87 (2H,
m) 7.58 - 7.64 (1H, m) 7.33 (2H, d, /=8.20 Hz) 7.14 - 7.26 (2H, m) 6.60 (2H, s) 3.26 (2H,
q, J=7.36 Hz) 1.31 - 1.34 (3H, m); MS m/z 433.2 [M+H]

N-(1,3-benzodioxol-5-yl)-2-(2-ethyl- 1H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-

273 | diamine :

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.32 (1H, br. s.) 8.08 - 8.13 (1H, m) 7.58 (1H, d,
J=7.57 Hz) 7.28 (1H, d, /=1.89 Hz) 7.15 - 7.24 (2H, m) 7.07 (1H, dd, J=8.67, 2.05 Hz)
6.85 (1H, d, J=8.51 Hz) 6.40 - 6.48 (2H, m) 6.01 (2H, s) 3.25 (2H, q, J=7.57 Hz) 1.30 -
1.33 (3H, m); MS m/z 393.2 [M+H]"

274 | N-(4-chlorophenyl)-2-(2-ethyl-1 H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-diamine
'"H NMR (500 MHz, Acetone-ds) 8 ppm 8.57 (1H, br. s.) 8.03 - 8.09 (1H, m) 7.72 - 7.79
(2H, m) 7.60 (1H, d, J=7.57 Hz) 7.34 - 7.40 (2H, m) 7.16 - 7.26 (2H, m) 6.56 (2H, br. s.)
3.26 (2H, q, J=7.57 Hz) 1.33 (3H, t, J=7.57 Hz); MS m/z 383.4 [M+H]"

N-(4-chloro-3-fluorophenyl)-2-(2-ethyl-1 H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-
275 | diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.75 (1H, br. s.) 8.06 (1H, d, /=6.94 Hz) 7.90
(1H, dd, /=11.98, 2.52 Hz) 7.62 (1H, dd, J=6.94, 1.58 Hz) 7.54 - 7.58 (1H, m) 7.42 - 7.49
(1H, m) 7.18 - 7.29 (2H, m) 6.65 (2H, br. s.) 3.29 (2H, q, J=7.36 Hz) 1.36 (3H, t, J=7.41
Hz); MS m/z 401.4 [M+H]"

2-(2-cyclopropy1—1H-benzimidazol-1-yl)—5-ﬂuoro-N-(4-methylphenyl)pyrimidine—4,6—
276 | diamine A |

' 'H NMR (500 MHz, Acctone-ds) 8 ppm 8.36 (1H, br. s.) 8.02 - 8.06 (1H, m) 7.61 - 7.67
(2H, m) 7.46 -.7.53 (1H, m) 7.12 - 7.23 (4H, m) 6.47 (2H, br. s.) 3.01 - 3.10 (1H, m) 2.32
(3H, 5) 1.16 - 1.21 (2H, m) 0.98 (2H, dq, J=8.47, 3.38 Hz); MS m/z 375.4 [M+H]"

, 2-(2-cyclopropyl-1 H-benzimidazol-1 -yl)-5—ﬂuoro—N—(4-methoxyphenyl)pyrimidine—4,6-
277 | diamine -

'H NMR (500 MHz, Acetone-ds) & ppm 8.29 (1H, br. s.) 8.04 (1H, d, /=8.83 Hz) 7.58 -

7.65 (2H, m) 7.46 - 7.51 (1H, m) 7.10 - 7.21 (2H, m) 6.89 - 6.96 (2H, m) 6.43 (2H, br. s.)

3.81 (3H, s) 3.02 - 3.10 (1H, m) 1.13 - 1.18 (2H, m) 0.96 (2H, dq, J=8.35, 3.42 Hz); MS

m/z 391.3 [M+H]"

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5 -fluoro-N-[4-

278 (triﬂuoromethoxy)phenyl]pyrimidine-4,6—diamine

'H NMR (500 MHz, Acetone-dg) 8 ppm 8.65 (1H, s) 7.98 - 8.03 (1H, m) 7.87 - 7.93 (2H,
m) 7.49 - 7.54 (1H, m) 7.31 2H, d, /=8.20 Hz) 7.12 - 7.24 (2H, m) 6.60 (2H, br. s.) 2.98 -
3.05 (1H, m) 1.17 - 1.23 (2H, m) 0.95 - 1.02 (2H, m); MS m/z 445.3 [M+H]"
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279

N-(4-chlorophenyl)-2-(2-cyclopropyl-1H-benzimidazol-1 -yl)-5-fluoropyrimidine-4,6-
diamine
"H NMR (500 MHz, Acetone-ds) 8 ppm 8.59 (1H, br. s.) 7.97 - 8.04 (1H, m) 7.80 - 7. 86

(2H, m) 7.47 - 7.55 (1H, m) 7.32 - 7.38 (2H, m) 7.12 - 7.23 (2H, m) 6.58 (2H, br. 5.) 2.96
-3.05 (1H, m) 1.17 - 1.25 (2H, m) 0.97 - 1.04 (2H, m); MS m/z 395.3 [M+H]"

280

N-(4-chloro-3-fluorophenyl)-2-(2-cyclopropyl-1H-benzimidazol- 1-yl)-5-
fluoropyrimidine-4,6-diamine
'H NMR (500 MHz, Acetone-dg) & ppm 8.77 (1H, br. s.) 7.96 - 8.06 (2H, m) 7.60 (1H, dd,
J=7.88, 2.52 Hz) 7.53 (1H, d, J/=6.94 Hz) 7.45 (1H, t, J=8.67 Hz) 7.16 - 7.25 (2H, m) 6.68
(2H, br. 5.) 2.96 - 3.03 (1H, m) 1.21 - 1.26 (2H, m) 1.02 - 1.07 (2H, m); MS m/z 413.3
[M+H]"

281

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1 -y1)-N-(4-methylphenyl)pyrimidine-4,6-
diamine

1H NMR (500 MHz, Acetone-dg) & ppm 8.39 (1H, br. s.) 8.15 (1H, dd, J=8.51, 5.04 Hz)
7.53 -7.58 (2H, m) 7.27 (1H, dd, J=9.62, 2.36 Hz) 7.19 (2H, d, J= 820Hz)692 7.00
(1H, m) 6.51 (2H, br. s.) 2.79 (3H, s) 2.34 (3H, s); MS m/z 367.3 [M+H]"

282

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-y1)-N-(4- -methoxyphenyl)pyrimidine-
4,6-diamine

'H NMR (500 MHz, Acetone-ds) 8 ppm 8.30 (1H, br. s.) 8.14 (1H, dd, /=9.30, 4.89 Hz)
7.51 - 7.58 (2H, m) 7.26 (1H, dd, J=9.46, 252Hz)691 7.00 3H, m) 6.44 (2H, br. s.)
3.83 (3H, s) 2.76 (3H, s); MS m/z 383.3 [M+H]"

283

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

"H NMR (500 MHz, Acctone-dg) & ppm 8.66 (1H, s) 8.12 (1H, dd, /=8.67, 4.89 Hz) 7. 80 -
7.86 (2H, m) 7.35 (2H, d, /=8.20 Hz) 7.29 (1H, dd, J= 883 2.52 Hz) 6.97 (1H, td, /=9.30,
2.52 Hz) 6.62 (2H, s) 2.79 (3H, s); MS m/z 437.3 [M+H]" '

284

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

'H NMR (500 MHz, Acetone-ds) 8 ppm 7.86 (2H, d, J=8.51 Hz) 7.53 (2H, d, J=8. 51 Hz)
728 (1H, d, J/=2.21 Hz) 7.13 (1H, d, J=8.51 Hz) 6.50 (1H, dd, J=8.51,2.21 H7) 6.42 (2H,
br. s.) 4.26 (2H, s) 2.56 (3H, ) MS m/z 418.3 [M+H]"

161




10 -

15

20

W
0 2014/081906 PCT/US2013/071132

Example 11

5—ﬂuoro—N—(4—meth0xyphenyl)—2—(2-methylpyrazolo[l ,5-a]pyridin-3-yl)pyrimidine-4,6-
diamine (Cpd 239)

NH,OH

~

Step 1. To a mixture of 1-aminopyridinium iodide (9.59 g, 43.2 mmol) and methyl
but-2-ynoate (5.2mL, 51.83 mmol) in DMEF (50 mL) at 0°C was added K,COs3 (11.94g, 86.4

- mmol). The reaction mixture was warmed to room temperature and stirred for 3 days until

UPLC showed complete conversion to product. The reaction mixture was partitioned

between water and EtOAc. The organic phase was concentrated, then MeOH (50 mL) and

" NaOH (6 mL, 50% in H,0) were added and the reaction mixture was heated at 70°C for 1
hour. The MeOH was evaporated and the remaining mixture was acidified with 1N HCl to
~about pH 4. A crude 2-methylpyrazolo[ 1 ,5-alpyridine-3-carboxylic acid was isolated on a

filter and dried under vacuum, then dissolved in MeOH (50 mL) and CHCI; (100 mL) and N-
iodosuccinimide (7.3g, 32.4 mmol) were added in one portion. The reaction mixture was
stirred for 20 minutes at room temperature. The MeOH was evaporated and the remainder
was washed three times with an aqueous NaHCOj3 solution. The organic phase was dried
over Na,SQOy, the solvent was removed under reduced pressure, and the crude product was
purified by silica gel chromatography to give 3-jodo-2-methylpyrazolo[1,5-a]pyridine 42g,
38% for 3 steps) as an off-white solid.

'H NMR (500 MHz, Acetone-d) & ppm 8.51 (dt, ] = 6.8, 1.3 Hz, 1H), 7.41 (dt, J = 8.8,1.3

Hz, 1H), 7.31 (ddd, J = 8.8, 6.8, 1.3 Hz, 1H), 6.90 (td, ] = 6.8, 1.3 Hz, 1H), 2.42 (s, 3H); MS
m/z 298.1 [M+H]".
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Step2.  To a solution of 3-iodo-2-methylpyrazolo[1,5-a]pyridine (340 mg,1.32
mmol) in dry THF (10 mL) at 0°C was added an isopropylmagnesium chloride lithium
chloride complex solution (iPrMgCL.LiCl) (1.5 mL, 1.97 mL). The reaction mixture was
stirred at 0°C for 30 minutes and 4,6-dichloro-5-fluoro-2-(methylsulfonyl)pyrimidine (484
mg, 1.97 mmol) in dry THF (20 mL) was added. The reaction mixture was stirred at 0°C for
1 hour, and the reaction was quenched with water. The crude product was extracted with
CH,Cl, three times. The combined organic extracts were washed with brine, then dried over
Na,SO4, concentrated, and triturated in CH;CN (10 mL). The resulting precipitate was
filtered and dried providing 3-(4,6-dichloro-5-fluoropyrimidin-2-yl)-2-methylpyrazolo[1,5-
a]pyridine (270 mg, 68%) isolated as a tan solid.

'H NMR (500 MHz, DMSO-dg) & ppm 8.79 (d, J = 6.9 Hz, 1H), 8.34 (d, ] = 8.8 Hz, 1H),
7.61 (ddd, J = 8.8, 6.9, 0.9 Hz, 1H), 7.13 (td, J = 6.9, 1.1 Hz, 1H), 2.70 (s, 3H). MS m/z

- 298.1 [M+H]".

Step3.  3-(4,6-Dichloro-5-fluoropyrimidin-2-yl)-2-methylpyrazolo[1 ,5-a]pyridine
(65 mg, 0.21 mmol) and 4-methoxyaniline (52 mg, 0.42 mmol) were mixed in EtOH (1 mL)
and heated in a sealed tube at 100°C until UPLC showed complete conversion (3 hours).
After the starting materials were consumed, the reaction was cooled to room temperature and
divluted with water (5 mL) to precipitate the product. The product was (_:ollected by filtration,
washed with water and subsequently washed with hexanes. The crude product, without -
drying,’was dissolved in iPrOAc (2 mL), then saturated ammonia in water (1 50 uL) was

added. The reaction mixture was heated at 100°C in a sealed tube for 24 hours until UPLC

~ showed complete cons_ufnption of starting material, A crude product was precipitated by

addition of water (10 mL), then filtered and purified by chromatography on silica gel to
provide the title compound (26 mg, 34 % in two steps).

'H NMR (500 MHz, Acetone-ds) § ppm 8.54 (dt, J = 8.9, 1.2 Hz, 1H), 8.47 (dt, ] =6.9, 1.1
Hz, 1H), 7.93 (br. s., 1H), 7.59 (dd, ] = 6.6, 2.2 Hz, 2H), 7.21 (ddd, = 9.0, 6.8, 0.9 Hz, 1H),

6.98 (dd, J = 6.6, 2.2 Hz, 2H), 6.87 (td, J = 6.8, 1.3 Hz, 1H), 5.96 (br. s., 2H), 2.84 (s, 3H),
2.70 (s, 3H); MS m/z 383.2 [M+H]".
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Additional compounds of Formula (I) or a form thereof described herein may be
prepared according to the procedure of Example 11 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methylpyrazolo[ 1,5-a]pyridin-3-

173 | yl)pyrimidine-4,6-diamine

'H NMR (500 MHz, Acetone-ds) & ppm 8.55 (dt, J = 8.9, 1.2 Hz, 1H), 8.49 (dt, ] = 6.9,
1.0 Hz, 1H), 8.20 (br. s., 1H), 7.76 - 7.81 (m, 2H), 7.20 - 7.27 (m, 3H), 6.98 (t, ] = 75 Hz,
1H) 6.89 (td, ] = 6.9, 1 4 Hz, 1H), 6.08 (br. s, 2H), 2.72 (s, 3H); MS m/z 401.2 [M-+H]"

5-fluoro-2-(2-methylpyrazolo[ 1,5-a]pyridin-3-yl)-N-[4-.
177 | (triftuoromethyl)phenyl]pyrimidine-4,6-diamine

'"H NMR (500 MHz, Acetone-ds) 8 ppm 8.44 (dt, J = 9.1, 1.1 Hz, 1H), 8.37 (dt, ] = 6.9,
0.9 Hz, 1H), 8.39 (br. s., 1H), 7.87 (d, J = 8.5 Hz, 2H), 7.55 (d, ] = 8.5 Hz, 2H), 7.13
(ddd, 1 =9.1,6.7, 1.3 Hz, 1H), 6.77 (td, T = 6.8, 1.6 Hz, 1H), 6.09 (br. s., 2H), 2.62 (s,
3H); MS m/z 403.4 [M+H]"

5-fluoro-2-[6-fluoro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-yl]-N-[4-

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

"H NMR (500 MHz, Acetone-ds) 8 ppm 8.76 - 8.81 (m, 1H), 8.70 (br. s., 1H), 7.91 (d,J =
8.5 Hz, 2H), 7.68 (dd, J = 10.1, 4.7 Hz, 1H), 7.47 (d, ] = 8.5 Hz, 2H), 7.45 (t, ] = 9.8 Hz,
1H), 6.52 (br. s., 2H); MS m/z 475.3 [M+H]"

Example 12

2- (2 cyclopropylpyrazolo[l 5-a]pyridin-3-yl)-N-[4- (dlﬂuoromethoxy)phenyl] 5-
, ﬂuoropyrlmldme -4,6-diamine (Cpd 180)

CIMg R | | :
.\\ ,—'* N mf So fw - \©\NH

Mg'PrCI.LiCl, Cl 2
—_———
THF EtOH
Cl NH, NH,
F
HNT N7 z L Sy A
R NH,OH  HN™ "N Sy N HN™ N™ Sy
DMSO N \
— \_/
KoCOs3,
e T o
F F F
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Step 1. To a solution of cyclopropylacetylene (777.0 mg, 9.82 mmol) in THF (5 mL)
at -78°C was added an isopropylmagnesium chloride lithium chloride complex solution (9.0
mL, 1.3 M in THF) dropwise. The mixture was warmed to 0°C and stirred for 30 minutes.
To the mixture at -78°C was added 4,6—dichlor0-5—ﬂuoro—2-(methylsulfonyl)pyrimidine (4.80
g, 19.6 mmol), then the mixture was warmed to 0°C and stirred for 1 hour. The mixture was
partitioned between ethyl acetate and water. The organic phase was washed with brine, dried
over MgSOy, then filtered and evaporated. The residual material was separated by silica gel
column chromatography (eluting with 1:9 ethyl acetate-hexane) to afford 4,6-dichloro-2-
(cyclopropylethynyl)-5-fluoropyrimidine (1.17 g, 45%).

'H NMR (500 MHz, Acetone-dg) & ppm 1.53 - 1.67 (m, 1H), 0.98 - 1.10 (m, 2H), 0.83 - 0.94
(m, 2H); MS m/z 231.1 (100) [M+H]".

Step 2. A mixture of 4,6-dichlor0f2-(cyclopropylethynyl)-S-ﬂuoropyrimidine (241.0
mg, 1.04 mmol) and 4-difluoromethoxy aniline (707.0 mg, 4.45 mmol) in EtOH (2 mL) was
stirred at reflux for 1 hour. After cooling, the mixture was partitioned between ethyl acetate
and water. The organic phase was washed with brine, dried over MgSOs, then filtered and
evaporated. The residual material was separated by silica gel column chromatography
(eluting with 1:20 and 1:10 ethyl acetate-hexane) to afford 6-chloro-2-(cyclopropylethynyl)-
N-(4-(diﬂuor_omethoxy)phenyl)—S—ﬂuorop.yrimidin-4-amine (258.0 mg, 70%); MS m/z 354.2
(100) [M+H]", 356.2 (40). ' - ’

Step 3. To 6-chloro—2—(cyclopropylethynyl)-N-(4(diﬂuoromethoxy)phenyl)-5—
ﬂuoropyrimidih—4famine‘waé'addved DMSO (2 mL) and NH4OH (27%, 0.1 mL). The

' reaction mixture was sealed and stirred at 100°C for 2 days.. The reaction mixture was

partitioned between ethyl acetate and water. The organic phase was washed with water (2 x
20 mL) and brine, dried over MgSOq, then filtered and evaporated. The residual material was
separated by silica gel column chromato graphy (elutiﬁg with 1:4 ethyl acetate-hexane) to
afford 2-(2-cyclopropylpyrazolo[1 ,5-a]pyridin-3-yl)-N-[4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine (149.0 mg, 64%). MS m/z 335.5 (80) [M+H]', 336.2 (100).

Step 4. A mixture of 2-(2-cyclopropylpyrazolo[1,5-a]pyridin-3-y1)-N-[4-
(diﬂuoromethoxy)phenyl]-5-ﬂuoropyrimidine—4,6—diamine (100.0 mg, 0.30 mmol),
pyridinium-1-ylazanide (74.0 mg, 0.30 mmol), K,COj3 (43.0 mg, 0.31 mmol) and DMF (2
mL) was stirred at room temperature for 1 day, and then at 80°C for 1 day. The reaction

mixture was partitioned between ethyl acetate and water. The organic phase was washed
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with water and brine, dried over MgSQq, then filtered and evaporated. The residual material
was separated by silica gel column chromatography (eluting with 1:1
dichloromethane:hexane, then 1:3 cthyl acetate:dichloromethane) to afford the title
compound (32.0 mg, 28% yield): m.p. 53 - 55°C.

5 'H NMR (500 MHz, Acctone-ds) & ppm 8.55 (d, J = 8.83 Hz, 1H), 8.41 (d, J= 6.94 Hz, 1H).
8.20 (br. s., 1H), 7.63 - 7.91 (m, 2H), 7.21 (ddd, J = 0.95, 6.78, 8.98 Hz, 1H), 7.17 (d, /=

8.83 Hz, 2H), 6.80 — 7.10 (t, J = 75.00 Hz, 1H), 6.86 (dt, /= 1.26, 6.78 Hz, 1H), 6.10 (br. s.,
2H), 3.4 (m, 1H), 0.53 - 1.13 (m, 4H); MS m/z 427.3 (100) [M+H]", 428.3 (50).

Example 13
10 [3-(4-amino-6- {[4-(difluoromethoxy)phenyl]amino}-5-fluoropyrimidin-2-yl)-5-
fluoropyrazolo[1,5-a]pyridin-2-yljmethanol (Cpd 181)
F HO\/ N SO4NH, ond
/ \ \N K2C03
CI— ) PdCI,(ACN),, N
N XPhos, N
Et3N,
NMP
Cl
F | XN
. al 'N/)\ﬁ//\o
&

OTBS otBs
l
N NH4OH
N FZHCO \ 4
\ / “EoH \ / DMSO
F
F F
15 Step 1. A mixture of 2-chloro-4-fluoropyridine (2.19 g, 16.65 mmol), prop-2-yn-

1-0l (1.86 g, 33.29 mmol), bis(acetonitrile)dichloropalladium(Il) (215.6 mg, 0.83 mmol) and
2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (Xphos) (794.3 mg, 0.17 mmol) in
NMP (15 mL) was degassed by three cycles of vacuum pumping and N, purging, and then
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triethylamine (4.7 mL, 33.3 mmol) was added. The mixture was degassed and purged with
N,, then heated at 60°C overnight. The solution was cooled and poured into water (100 mL),
and the product was extracted with ethyl acetate (150 mL). The extract was dried over
MgSOs, then filtered and concentrated under the reduced pressure. The residual material was
separated by column chromatography (eluting with 0 to 10% dichloromethane-hexane) to
yield 3-(4-fluoropyridin-2-yl)prop-2-yn-1-ol as an oil (2.40 g, 96%).

Step 2-4.  To a solution of 3-(4-fluoropyridin-2-yl)prop-2-yn-1-ol (820.0 mg, 5.43
mmol) in dichloromethane (10 mL) was added 2-[(aminooxy)sulfonyl}-1,3,5-
trimethylbenzene (1.5 g, 6.98 mmol) portion wise at 0°C. The resulting mixture was stirred
at ambient temperature for 2 days. The solvent removed under a blowing N stream to give a
crude mixture. To the crude mixture in DMF (3 mL) was added K,CO; (825.0 mg, 5.97
mmol) at 0°C. The resulting mixture was stirred at room temperature for 24 hours, and then
partitioned between ethyl acetate and water. The organic phase was washed with water and
brine, dried over MgSOs, then filtered and evaporated. The residual material was used in the
next step without further purification.

A mixture of crude material, N-iodosuccinimide (1.2 g, 5.33 mmol) in chloroform (10
mL) was stirred at ambient temperature for 2 hours, and then partitioned between ethyl
acetate and water. The organic phase was washed with water and brine, dried over MgSOq,
then filtered and evaporated. The residual material was separated By silicé gel column
chromatography (eluting with 1:1 di_chlorometharie:hexane, then 1% methanol in 1:4 ethyl
acetate:dichioromethane,to afford (5-fluoro-3-iodopyrazolo[ 1,5-a]pyridin-2-yl)methanol as
an oil (1.4 g, 50%). .

Stepb5. " To a solution of (5-fluoro-3-iodopyrazolo[1,5-a]pyridin-2-yl)methanol
(500.0 mg, 1.71 mmol) in dichloromethane (3 mL) was added imidazole (139.5 mg, 2.05
mmol), followed by tert-butyldimethylsilyl chloride (384.0 mg, 2.55 mmol) in
dichloromethane (5 mL) added dropwise at 0°C. The resulting mixture was stirred at ambient
temperature for 30 minutes, then filtered through a pad of silica gel/selite, washing with
dichloromethane to provide 2-[(tert-butyldimethylsilyloxy)methyl]-5-fluoro-3-
iodopyrazolo[1,5-alpyridine (470.0 mg, 72%).

Step6.  To a solution of 2-[(tert-butyldimethylsilyloxy)methyl]-5-fluoro-3-
iodopyrazolo[1,5-alpyridine (470.0 mg, 1.15 mmol) in THF (5 mL) was added an
isopropylmagnesium chloride lithium chloride complex solution (1.07 mL, 1.3 M in THF) at
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-78°C dropwise. The mixture was warmed to 0°C and stirred for 30 minutes, and then 4,6-
dichloro-5-fluoro-2-(methylsulfonyl)pyrimidine (4.80 g, 19.6 mmol) was added in one
portion at -78°C. The mixture was stirrrd at 0°C for 1 hour and then partitioned between
ethyl acetate and water. The organic phase was washed with brine, dried over MgSOs, then
filtered and evaporated. The residual material was separated by silica gel column
chromatography (eluting with 1:9 ethyl acetate:hexane) to afford 2-[(tert-
butyldimethylsilyloxy)methyl]-3 —(4,6—dichlor0—5-ﬂuoropyrimidin-Z—yl)-S—ﬂuoropyrazolo[ 1,5-
a]pyridine (205.0 mg, 40%).

Steps 7-8. A mixture of 2-[(tert—butyldimethylsilyloxy)methyl]-3-(4,6—dichlor0-5-
ﬂuofopyrimidin—Z-yl)-S—ﬂuoropyrazolo[l,5~a]pyridine (102.0 mg, 0.23 mmol), 4-
difluoromethoxy aniline (145.0 mg, 0.92 mmol) and ethanol (1 mL) was heated at 90°C

~ overnight. After cooling, the mixture was poured into ice-water to afford a solid. The solid.

was collected by filtration, followed by washing with water and hexane. The solid was dried
under the vacuum to provide 2—[2-[(tert—butyldimethylsilyloxy)methyl]-5—ﬂuor0pyrazolo[1 ,5-
a]pyridin—3—yl]—6-chloro-N—(4—diﬂuoromethoxy)phenyl]-5 -fluoropyrimidin-4-amine (a
mixture of TBS protected and unprotected product).

To the dried solid was added DMSO (3 mL) and NH4OH (0.3 mL). The reaction
mixture was sealed and stirred at 100°C for 2 days. The mixture was partitioned between

ethyl acetate and water and the organic phase was washed with water (2 x 10 mL) and bﬁhe,

, dried over MgSOq, then filtered and evaporated. The residual material was separated by

silica gel column chromatography (eluting with 1-5 % methanol in dichloromethane) to

provide the title compound as a white solid (25.0 mg, 25 % for two steps); m.p. 198 - 200°C.

"H NMR (500 MHz, Acetone-ds) & ppm 8.50 - 8.64 (m, 1H), 8.35 (s, 1H), 8.06 - 8.21 (m,
1H), 7.64 (d, J = 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), 5.46 - 5.66 (m, 1H), 4.68 - 4.83 (m, 2H); MS m/z
435.2 (100) [M+H]", 436.2 (20).
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Additional compounds of Formula (I) or a form thereof described herein may be
prepared according to the procedure of Example 13 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd Name & Data

N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-5-fluoropyrazolo[1,5 -a]pyridin-3-yl)-5-
186 | fluoropyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-dg) 5 ppm 8.54 (dd, J = 5.20, 7.41 Hz, 1H), 8.25 (dd, J =
2,68, 10.88 Hz, 1H), 8.18 (br. 5., 1H), 7.71 (d, J= 9.14 Hz, 2H), 7.21 (d, J = 9.14 Hz, 2H),
6.80—7.10 (t, J = 75.00 Hz, 1H), 6.76 - 6.8 (m, 1H), 6.14 (br. s., 2H), 3.24 (q, J = 7.57
Hz, 2H), 1.20 - 1.35 (m, 3H); m.p. 103-105 °C; MS m/z 433.6 [M+H]"

2-(2-ethyl-5-fluoropyrazolo[1,5-a]pyridin-3-y1)-5 -fluoro-N-[4-

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

'H NMR (500 MHz, Acetone-dg) & ppm 8.53 - 8.59 (m, 1H), 8.50 (br. s., 1H), 8.28 (dd, J
=2.68,10.25 Hz, 1H), 7.93 (d, J= 8.51 Hz, 2H), 7.69 (d, /= 8.51 Hz, 2H), 6.83 (dt, J=
2.99,7.33 Hz, 1H), 6.28 (br. s., 2H), 3.28 (q, J = 7.46 Hz, 2H), 1.28 (t, J=7.57 Hz, 3H);
m.p. 164-166 °C; MS m/z 435.2 [M+H]"

N-[4-(difluoromethoxy)-3 -fluorophenyl]-2-(2-ethyl-5- fluoropyrazolo[1,5-a]pyridin-3 -yb)-
188 | 5-fluoropyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) 8 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 (m, 1H), 7.29 - 7.38 (m, 1H), 6.80 - 7.10 (t,
I =75.00 Hz, 1H), 6.81 - 6.87 (m, 1H), 6.17 - 6.34 (m, 2H), 3.27 (d, /=7.57 Hz, 2H),
1.28 (t, J= 7.57 Hz, 3H); m.p. 150-152 °C; MS m/z 452. [M+H]"

Example 14

5 5-ﬂuoro—2f(2-methyliinidazo[l,2-a]pyridin-3-yl)-N—[4-(triﬂuoromethyl)phcnyl]pyrimidine-‘ '
~ 4,6-diamine (Cpd 169) '

| @ 0 OH
~ -
o oMo . f“
F I
N/ H

HNT Y 0

/
N 3 eq NaOMe,

MeOH

N
N— NH,OH

NS
N = N
N /
)
NH,
F 7
F 72 N F3C NHZ IN
POCI, | < A%
cl \N)YL HN N ¥ /N
)
CF4
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Step 1. To a solution of 2-methylimidazo[1,2-a]pyridine-3-carboximidamide
pivaloate (250 mg, 0.905 mmol) and dimethyl 2-fluoromalonate (272 mg, 1.81 mmol) in
MeOH (5 mL) was added 30% NaOMe in MeOH (0.2 mL). The mixture was heated at 85°C
in a sealed tube for 72 hours until UPLC showed complete consumption of the starting
material. The reaction mixture was concentrated under reduced pressure, then diluted with
water (5 mL), and acidified with 1N HCl to about pH 7. A tan precipitate was collected by
filtration giving 5-fluoro-2-(2-methylimidazo[ 1 ,2-a]pyridin-3-yl)pyrimidine-4,6-diol. 5-
fluoro-2-(2-methylimidazo[ 1 ,2-a]pyridin-3-yl)pyrimidine-4,6-diol (180 mg, 76%). The
product (180 mg, 0.69 mmol) was mixed with phosphorus oxychloride (3 mL) 1n a
microwave vial, then the vial was sealed and microwaved for 15 minutes at 150°C. The
reaction mixture was transferred into a 25 mL round-bottom flask and concentrated under
reduced pressure. The remainder was redissolved in EtOAc (10 mL) and washed with an
aqueous NaHCOj3 solution three times. The organic phase was dried over NaySOa, then
filtered and evaporated to afford 3-(4,6-dichloro-5-fluoropyrimidin-2-yl)-2-
methylimidazo[1,2-a]pyridine (164 mg, 80%) as a yellow solid.

'H NMR (500 MHz, DMSO-de) 8 ppm 9.59 (dt, ] = 6.9, 0.9 Hz, 1H), 7.77 (d, ] = 8.8 Hz,
1H), 7.62 (t, T = 7.9 Hz, 1H), 7.32 (t, ] = 6.9 Hz, 1H), 2.77 (s, 3H); MS m/z 298.1 [M+H]".
Step 2. 3-(4,6-Dichloro-5-fluoropyrimidin-2-yl)-2-methylimidazo[ 1 ,2-a]pyridine

(50 mg, 0.168 mmol) and 4-triﬂuororﬁethyl aniline (54 mg, 0.336 mmol) were mixed in

- EtOH (2 mL)i and heated in a sealed tube at 100°C until UPLC showed complete

consumption of the starting material (48 hours). . The reaction mixture was cooled to room
temperature and diluted with water (S_mL) to form a precipitate. The product was collected
by filtration, then washed with hexanes. The crude product, without drying, was dissolved in
CH;CN (2 mL), then saturated ammonia (4 mL) in water was added. The reaction mixture
was heated at 100°C in a sealed tube for 16 hours until UPLC showed complete consumption
of starting material. A crude product was precipitated by addition of water (10 mL). The
precipitate was filtered, then washed with hexanes and dried to yield the title compound (32
mg, 47 % over two steps) as a light tan solid.

'"H NMR (500 MHz, Acetone-ds) & ppm 9.76 (dt, = 7.1, 1.0 Hz, 1H), 8.50 (br. s, 1H), 7.85
(d, J = 8.5 Hz, 2H), 7.57 (d, ] = 8.5 Hz, 2H), 7.40 (d, J = 8.8 Hz, 1H), 7.19 (ddd, J =8.5, 6.5,

1.8 Hz, 1H), 6.74 (td, ] = 6.9, 1.3 Hz, 1H), 6.27 (br. 5., 2H), 2.64 (s, 3H); MS m/z 403.3
[M+H]".
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Additional compounds of Formula (I) or a form thereof described herein may be

prepared according to the procedure of Example 14 by substituting the appropriate starting

materials, reagents and reaction conditions.

Cpd

‘Name & Data

170

N—[4-(diﬂuoromethoxy)phenyl]—5-ﬂu0r0—2—(2-methylimidazo[1 ,2-a]pyridin-3-
yl)pyrimidine-4,6-diamine

MS m/z 401.3 [M+H]"

171

N-[4-(difluvoromethoxy)-3-fluorophenyl]-5-fluoro -2-(2-methylimidazo[1,2-a]pyridin-3-
yDpyrimidine-4,6-diamine

'H NMR (500 MHz, DMSO-ds) 8 ppm 9.83 (d, J = 6.9 Hz, 1H), 9.25 (br. s, 1H), 7.80 (dd,
J=13.4,2.0 Hz, 1H), 7.57 (d, ] = 8.8 Hz, 1H), 7.44 (d, ] = 8.5 Hz, 1H), 7.31 - 7.39 (m,
2H), 7.18 (t, T = 73.1 Hz, 1H), 6.88 - 6.97 (m, 3H), 3.31 (s, 3H); MS m/z 419.3 [M+H]"

174

5-fluoro-N-[4-(trifluoromethyl)phenyl]-2-(2,6, 8-trimethylimidazo[1,2-a]pyrazin-3-
yl)pyrimidine-4,6-diamine ‘ : '

'H NMR (500 MHz, DMSO-ds) & ppm 9.48 (s, 1H), 9.39 (s, 1H), 7.83 (d, J=8.51 Hz,
2H), 7.68 (d, J = 8.83 Hz, 2H), 7.11 (s, 2H), 2.75 (s, 3H), 2.72 (s, 3H), 2.55 (s, 3H);
m.p. 166-168 °C; MS m/z 432.3 [M+H]"

175

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2,6,8 ~trimethylimidazo[ 1,2-a]pyrazin-3-
yDpyrimidine-4,6-diamine
m.p. 141-143 °C; MS m/z 430.4 [M+H]"

176

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(2,6, 8-trimethylimidazo[1,2- .
a]pyrazin-3-yl)pyrimidine-4,6-diamine . ‘ : '

'H NMR (500 MHz, DMSO-ds) & ppm 9.40 (s, 1H), 9.32 (s, 1H), 7.71 - 7.83 (m, 1H), 7.40
-7.45 (m, 1H), 7.31 - 7.37 (m, 1H), 7.04-7.32 (t,] = 70.00 Hz, 1H), 7.07 (s, 2H), 2.74 (s,
3H), 2.72 (s, 3H), 2.38 (s, 3H); m.p. 140-141 °C; MS m/z 448.4 [M+H]"

251

N—(4-chlor0pheriy1)-5—ﬂuoro—2-(6—ﬂuor0-2-methy1imidazo[1 ,2-a]pyridin-3-yl)pyrimidine-
4,6-diamine - ' '
'H NMR (500 MHz, Acetone-dg) 5 [ ppm 9.88 - 10.04 (m, 1H), 8.33 - 8.46 (m, 1H), 7.72
(d, J=8.83 Hz, 2H), 7.48 - 7.59 (m, 1H), 7.39 (d, /= 8.83 Hz, 2H), 7.27 - 7.34 (m, 1H),
6.34 - 6.45 (br., s, 2H), 2.73 (s, 3H); m.p. 226-229 °C; MS m/z 388.2 [M+H]"

252

5-fluoro-2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3-yl)-N-(4-
methoxyphenyl)pyrimidine-4,6-diamine

"H NMR (500 MHz, Acetone-ds) & ppm 9.91 (dd, J=2.52, 5.99 Hz, 1H), 8.10 (br. s., 1H),
7.45-7.58 (d, J=18.83 Hz, 2H ), 7.26 (d, /= 1.89 Hz, 1H), 6.96 (d, J=8.83 Hz, 2H), 6.23
(br. s., 2H), 3.81 (s, 3H), 2.70 (s, 3H); m.p. 204-206 °C; MS m/z 384.2 [M+H]"

253

5-fluoro-2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3 -yl)-N-(4-methylphenyl)pyrimidine-
4,6-diamine

m.p. 210-212 °C; MS m/z 368.2 [M+H]
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Example 15

5-chloro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluoromethyl)phenyl|pyrimidine-4,6-
diamine (Cpd 166)

NH, NH,

N N cl j\/K
N NCS )\
5 To a solution of 2-(2-methyl-1H-benzo[d]imidazol-1-yl1)-N4-(4-(trifluoromethyl)-

phenyl)pyrimidine-4,6-diamine (76 mg, 0.20 mmol) in DMF (1.5 mL) was added N-
chlorosuccinimide (29 mg, 0.22 mmol). The mixture was stirred for 2 hours at room
temperature. Ice water (5 mL) and a saturated NaHCO3 solution (2 mL) was added to the
mixture. The resulting precipitate was filtered, washed by water, and dried under nitrogen to

10 yield the title compound (77 mg, 92%) as an off-white solid.

'H NMR (500 MHz, Acetone-ds) 5 ppm 8.40 (1H, s) 7.95 - 8.00 (1H, m) 7.76 - 7.83 (2H, m)
7.57 (2H, d, J=8.51 Hz) 7.40 - 7.45 (1H, m) 7.06 - 7.1 (1H, m) 6.98 - 7.04 (1H, m) 6.52 -
6.75 (2H, m) 2.68 (3H, s); MS m/z 419.1 [M+H]".

Additional compounds of Formula (I) or a form thereof descnbed herein may be
15 - prepared according to the procedure of Example 15 by substltutlng the appropnate starting

materials, reagents and reaction condltlons

Cpd - Name & Data

5-chloro-2-(2-ethyl-1H- ben21m1dazol 1-y1)-N-[4- (tnﬂuoromethyl)phenyl]pyrlm1d1ne—4 6-
167 | diamine

' NMR (500 MHz, Acetone-dg) 5 ppm 8.55 (1H, s) 8.07 - 8.12 (1H, m) 7.91 - 7.96 (2H,
m) 7.71 (2H, d, J=8.51 Hz) 7.58 - 7.63 (1H, m) 7.13 - 7.26 (2H, m) 6.80 (2H, br. 5.) 3.23 -
330 (2H, m) 1.31 (3H, t, /=7.41 Hz); MS m/z 433.2 [M+H]"

5-chloro-N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1H-benzimidazol-1-yl)pyrimidine-
168 | 4,6-diamine

"H NMR (500 MHz, Acetone-dg) 8 ppm 8.31 (1H, s) 8.09 - 8.13 (1H, m) 7.65 - 7.71 (2H,
m) 7.55-7.60 (1H, m) 7.13 - 7.25 (4H, m) 6.99 (1H, t, J= 744OHZ)668(2H br.s.)3.19
-3.25 (2H, m) 1.28 (3H, t, /=7.41 Hz); MS m/z 431.2 [M+H]"
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Biological Examples

The following biological examples demonstrate the usefulness of the compounds

described herein to inhibit Bmi-1 function and reduce the 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/well (50 puL) in 96-well tissue culture plates.
After the cells became adherent (3-4 hours), 2x diluted stocks of test compounds in 50 puL
DMEM containing 1% DMSO (final DMSO concentration was 0.5%) were added and the
plates were incubated at 37°C under 5% CO; for 40-48 hours.

ELISA Plate First Antibody Prepafation (Day 2):

The First Antibody (Millipore Mouse, monoclonal to mouse Bmi-1, clone F6, catalog
#05-637) diluted to 2 pg/mL in PBS was added (100 pL) to each well of a Nunc MaxiSorp
96-well ELISA plate. The plate was covered with a plate scal and allowed to stand overnight.
Cell Lysate Preparation (Day 3):

Fresh 1x Lysis buffer was prepared on the day of the assay as follows: 1 mM EDTA,
150 mM NacCl, 0.5% Trit0h~X 100, 10 mM NaF, 20 mM B-Glycerdphosphate, 1 mM DTT
(in PBS, pH 7.2-7.4) and 1x HALT profease inhibitor cocktail (Pierce #78410).

The 1x Lysis Buffer (40 uL) was added to each well and the plate was shaken v.for 5-10
minutes on an orbital shaker to allow cell lysis, then diluent (1% BSA in PBS in 0.5% NP40)
(100 QL) was added to each well. | '

A standard curve was prepared at the fbllowing Bmi-1 concentrations: 8000, 4000,
2000, 1000, 500, 250, 125, 0 pg/mL The Bmi-1 Recombinant Protein Standard (Novus
Biologicals PCGF4 Recombinant Protein (P01), catalog # H00000648-P01) used to prepare
the standard curve was stored at —80°C. On first thaw, the Bmi-1 Recombinant Protein
Standard was diluted to 10 pg/uL in Blocking Buffer (1% BSA in PBS; BSA: Fisher
Scientific Catalog #1600-100). Aliquots were taken and refrozen at —80°C. The aliquots may
be kept at 4°C and reused after first thaw, but only within 1-2 weeks. The Bmi-1
Recombinant Protein Standard contains a GST-fusion tag that appears around 70 Kda on

Western Blot.
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ELISA Assay (Day 3):

The prepared ELISA plate was washed 3x with Wash Buffer (0.05% Tween-20 in
PBS). The final wash was removed from the plate and the plate was blotted dry. Blocking
Buffer (300 pL) (1% BSA in PBS) was added to each well. The plate was covered with a
plate seal and incubated at room temperature for 1 hour. The blocked plate was washed 3x
with Wash Buffer, then the final wash was removed and the plate was blotted dry. The
previously prepared samples and standards were added (100 pL/well) and the plate was
covered with a plate seal and incubated at 4°C overnight.
ELISA Assay (Day 4):

The prepared ELISA plate was removed from 4°C, incubated at room temperature for
30 minutes, then washed and blotted dry as previously described for Day 3. The Second
Antibody (Cell Signaling Rabbit anti-Bmi-1, Cat# 2830) diluted to 1:600 in Blocking Buffer
was added (100 pL) to each well, except as needed for background control wells. The plate
was covered with a plate seal and incubated for 1.5 hrs at room temperature.

The BLISA plate was washed and blotted dry as previously described. The Third
Antibody (Cell Signaling HRP conjugated anti-rabbit IgG (CellSignaling, Cat#:7074) diluted
to 1:300 in Blocking Buffer was added (100 pL) to each well, except as needed for

" background control wells. The plate was 1ncubated for 1 hr at room temperature.

The plate was washed and blotted dry as previously described, then prepared TMB
substrate (TMB substrate kit, Pierce catalo g #34021) (prepared by mixing kit reagents 1:1)
(100 pL) was added per well. The plate was incubated for 20-30 mmutes at room
temperature in the dark, then Stop Solution (2 M sulfuric a01d in water) (50 pL) was added
per well. The plates were read at OD450 (experimental) and OD57O (reference).

As shown in Table 1, test compounds described herein had Bmi-1 ELISA ECs values
between > 0.1 pM to < 3 uM (one star), an ECsp value between > 0.01 uM to < 0.1 pM (two
stars), an ECsg value between > 0.001 pM to < 0.01 pM (three stars) or an ECsq value of <
0.001 uM (four stars).

Table 1
Cpd ECs Cpd ECs Cpd ECs de ECs
1 ok 72 *x 143 Hrk 214 wx
* 73 *k 144 % 215 *
3 o 74 * 145 ok 216 wE

174



WO 2014/081906 PCT/US2013/071132
Cpd ECs Cpd ECs Cpd ECsy Cpd ECs
4 = 75 * 146 217 ok
5 o 76 ok 147 . 218 HEx
6 ok 77 ok 148 * 219 *
7 * 78 ok 149 o 220 ok
8 * 79 * 150 ok 221 *
9 ok 80 ok 151 ok 222 *
10 ok 81 ok 152 % 223 o
11 * 82 ok 153 ok 224 ok
12 ok 83 4 154 * 225 ok
13 * 84 . 155 ok 226 *
14 * 85 * 156 #*x 227 ok
15 w5 86 . 157 ok 228 o
16 ok 87 * 158 * 229 *
17 * 88 o 159 * 230 *
18 o 89 * 160 5 231 *
19 * 90 * 161 o 232 ok
20 * 91 * 162 ok 233 ok
21 ok 92 ok 163 ok 234 o
22 ok 93 ok 164 ok 235 ok
23 % 04 *x 165  *xx 236 *
24 * 95 o 166 x 237 #*
25 % 96 * 167 o 238 *
26 * 97 w 168  * . 239 *
27 * 98 * 169  * 240 ok
28 * 99 * 170 * 241 o
29 ok 100 * 171 * 242 EEx
30 g 101+ 172 * 243 ok
31 ok 102 ** 173 * 244 ok
32 103 174 * 245 ok
33 o 104 ** 175 246 5
34 105 176 * 247 ok
35 * 106 ** 177 248 %
36 o 107 = 178 * 249 ok
37 108 * 179 wEx 250 o
38 109  ** 180 251
39 1o == 181 252 ok
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Cpd ECs Cpd ECs Cpd ECs Cpd ECs
40 * 111 i 182 253 e
41 * 112 ok 183 i 254 ok
42 ok 113 o 184 255 *

43 *o 114 ok 185 256
44 * 115 # 186 * 257 ok
45 * 116 o 187 * 258 ok
46 * 117 3 188 * 259 *

47 * 118 * 189 * 260 *

48 * 119 #k 190 * 261 ok
49 * 120 * 191 ok 262 ok
50 ok 121 192 * 263 ok
51 * 122 o 193 o 264 ok
52 * L 123 ks 194 * 265 ok
53 * 124 3 195 * 266 ok
54 * 125 * 196 e 267 *

55 * 126 3k 197  wkx 268 *

56 * 127 *i 198 wkx 269 *

57 * 128 *3 199wk 270 ok
58 * 129 Fx 200  RRE 271 R
59 * 130 ®* 201 ok 272 *E
60 ¥ 131 3 202 * 273 o
61 % - 132 = 203 274 *k
62 *x 133 wh 204 b 275w
63w 134 ¥ 205 wRx 276 kEx
64w 135 ** 206 ** 277 REEE
65 ok 136 o 207wk 278 *

66 3 137 ek 208 HEx 279
67 * 138 209 3 280
68 o 139 * 210 281
69 ek 140 ek 211 * 282
70 * 141 3 212 ek 283

71 ek 142 o 213 EE 284 ok
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Example 2

In Vitro Cancer Stem Cell Assay

The effect on inhibition of Bmi-1 function and reduction in the level of Bmi-1 protein
by a compound of Formula (I) or a form thereof was tested in the in vitro pediatric Baylor
Xenograft Derived (BXD) brain tumor model and in cells from primary patient cultures
(PPC).

Cells were grown under conditions to measure either general cell growth (such as in
fetal bovine serum (FBS) containing media in conventional tissue culture plates) or in
conditions specifically for cancer stem cell (CSC) growth (low serum, nonadherent plates) to
assess the effect of Bmi-1 inhibition and reduction in the level of Bmi-1 protein by a
compound of Formula (I) on these populations. The cells were treated with a predetermined
dose range of Compound 109 at fixed time points over a time period of from 24 hours to 13
days. The effect of inhibition on cell growth viability was quantitated using conventional 2D
growth and neurosphere growth using a cell-counting kit (CCK) (supplied by Dojindo
Molecular Technologies, Inc.).

Figure 1 demonstrates the effect of Compound 109 in a BXD GBM model where the

CSC populatlon (as measured by number of neurospheres) was dose dependently reduced

over a period of 13 days in the presence of the stated concentrations of Compound 109.

Figure 2 demonstrates the effect of Compound 109 in a BXD GBM model where the

'CSC population (as measured by number of neurospheres) was universally reduced over a

period of 13 days in the presence of the stated concentrations of Compound 109.

Figure 3. demonstrates the effect of Compound 109 in a tumorosphere assay where
2000 PPC CSCs per well were cultured either under standard 2D tissue culture conditions
(with FBS) or conditions selective for CSC growth (attachment-free, serum-free) for 13 days
in the presence of the stated concentrations of Compound 109. Both the monolayer and
neurosphere CSC populations were reduced as the result of contacting the PPC CSCs with
Compound 109, representative of a compound of Formula (I) or a form thereof, at
concentrations of 62.5 nm and 15.6 nm, respectively.

Taken together, the data from Figures 1-3 demonstrate the preferential reduction of

cancer stem cell populations compared to general cell populations as a result of inhibition of
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Bmi-1 function and reduction in the level of Bmi-1 protein by a compound of Formula () or

a form thereof.

Example 3

In Vivo Survival Assay

A glioblastoma animal model was developed in which U87-MG tumor cells were
injected intracranially into nu/nu mice and a tumor was allowed to become established over a
10 day petiod. The mice were dosed daily with vehicle, Compound 109 or temozolomide (a
standard-of-care agent), as indicated. The comparative results for survival for each treatment
group (n = 10) from administration of vehicle, Compound 109 and temozolomide are shown
in Figure 4. |

Figure 4 demonstrates the effect of daily dosing of Compound 109 compared to
temozolomide, at the indicated dose levels, on survival over a 40 day time period in an
orthotopic model of glioblastoma. Cells were implanted intracranially into nude mice and
dosing was begun 10 days later with either vehicle, Compound 109 of temozolomide.
Compound 109 demonstrated extended survival of these tumor bearing mice over both

vehicle and temozolomide (p<0.0001).

The following publications are incorporated by reference into the present application for

~ any and aﬂ purposes to the same extent as if each individual publication was fully set forth .

herein: _ -
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Without regard to whether a document cited herein was specifically and individually
indicated as being incorporated by reference, all documents referred to herein are
incorporated by reference into the present application for any and all purposes to the same

extent as if each individual reference was fully set forth herein.

Although certain embodiments have been described in detail above, those having
ordinary skill in the art will clearly understand that many modifications are possible in the
embodiments without departing from the teachings thereof. All such modifications are

intended to be encompassed within the scope of the claims presented herein.
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What is claimed is:

1. A compound of Formula (I):

@)

or a form thereof, wherein

R; is heteroaryl or heterocyclyl optionally substituted on a carbon atom ring member with
one, two, three or four Rs substituents, or on a nitrogen atom ring member with an
oxygen atom substituent to form an N-oxide;

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

R, is hydrogen, cyano, halo, hydroxyl, nitro, Cy salkyl, hydroxyl-Cy_salkyl, C;.salkoxy,
amino, Ci_galkyl-amino, (C;_salkyl);-amino, hydroxyl-amino,
hydroxyl-Cj_galkyl-amino, C.galkoxy-Ci.g alkyl-amino, C;salkyl-thio,
Ci.salkyl-carbonyl, C;.salkyl-carbonyl-amino, amino-carbonyl,
C,.salkyl-amino-carbonyl, (C;.galkyl).-amino-carbonyl, amino-carbonyl-amino,
C1.salkyl-amino-carbonyl-amino, (C1;galkyl)z-amino-carbolnylA-amino, V
C1.salkoxy-carbonyl, C;.salkoxy-carbonyl-amino, amino-sulfonyl,

: Cl_galkyl-amino-sulfoﬁyl, (C).galkyl);-amino-sulfonyl, émino-sulfonyl-amino,

' _C-1_galkyl—amino-sulfonyl_—afnino,' (Cy_salkyl),-amino-sulfonyl-amino, P(O)(R7)2-amino
or heteroaryl, wherein heteroafyl is optionally substituted with one, two, three or four
C,.salkyl substituents;

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

Ry is Ca.iacycloalkyl, aryl, heteroaryl or heterocyclyl, each optionally substituted with one,
two, three or four Re substituents;

Rs is independently selected from cyano, halo, hydroxyl, nitro, oxo, C;_alkyl,
cyano-C)_galkyl, halo-C;_galkyl, hydroxyl-C,.salkyl, Ci_galkoxy, Cisalkoxy-C,.salkyl,
halo-C; salkoxy, Cs.galkenyl, C;.galkoxy-C;.galkenyl, C,galkynyl,

C, salkoxy-Cy.gsalkynyl, carboxyl, amino, C galkyl-amino, (C, salkyl),-amino,
amino-C,_galkyl, C;_galkyl-amino-C,_galkyl, (C 1-galkyl);-amino-Ci_galkyl,
hydroxyl-C,_galkyl-amino, hydroxyl-C) galkyl-amino-C,.galkyl,
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hydroxyl-C; galkyl-amino-C;_galkyl-amino, C).salkyl-thio, C, galkyl-carbonyl,
C,galkyl-carbonyl-amino, C;.salkyl-carbonyl-oxy, C.salkyl-carbonyl-oxy-Cj_galkyl,
Ci.salkoxy-carbonyl, C1_8a1k0xy-carbony1—C1_ga1ky1, Ci.galkoxy-carbonyl-amino,
C,.salkyl-sulfonyl, C3.jscycloalkyl, aryl, aryl-C;.galkyl, aryl-amino,
aryl-C;_salky-amino, heteroaryl, heteroaryl-Cy_salkyl or heterocyclyl, wherein
Cs..scycloalkyl, aryl, heteroaryl or heterocyclyl ahd the aryl and heteroaryl portions of
aryl-C galkyl, aryl-amino, aryl-Ci_salky-amino and heteroaryl-Cj.salkyl are each
optionally substituted with one, two, three or four halo, Ci.galkyl, halo-Cj.salkyl,
hydroxyl-Cj.galkyl, Cj.salkoxy, halo-C;.salkoxy, hydroxyl-C;_salkoxy or carboxyl

substituents;

R is independently selected from cyano, halo, hydroxyl, nitro, Cy-galkyl, halo-Cy_galkyl,

hydroxyl-C.galkyl, Ci.salkoxy, halo-C).galkoxy, Cs.salkenyl, C.galkoxy-C,.salkenyl,
C,.salkynyl, Cy_galkoxy-Cy salkynyl, carboxyl, formyl, formyl-oxy,
Cisalkyl-carbonyl, halo-C,_galkyl-carbonyl, C,.salkyl-thio, halo-C;_galkyl-thio, amino,
C.salkyl-amino, (C;.galkyl),-amino, C_galkyl-carbonyl, C;.salkyl-carbonyl-oxy,
C,.salkyl-carbonyl-oxy-C.salkyl, C.galkoxy-carbonyl, halo-Cy.galkoxy-carbonyl,
C;.galkoxy-carbonyl-Cj_salkyl, C;.galkoxy-carbonyl-amino,

C.salkoxy-carbonyl-amino-Cj.galkyl, amino—carbonyll C;_salkyl-amino-carbonyl,

- (Cysalkyl)2-amino- carbonyl Ci- galkyl -carbonyl-amino,

C,.salkyl-carbonyl- amino-C,_galkyl, amino-Cj. galkyl Cgalkyl-amino-C;. 8a1ky1
(C1.salkyl),-amino-C;_galkyl, amino-Cj.galkyl-amino,
C;.galkyl-amino-C,.galkyl-amino, (C1_galkyl_)z-amino—C1_galky1-amino, V
hydroxyl-Ci_galkyl-amino, hydroxyl-Cy_galkyl-amino-Ci_galkyl,

hydroxyl-C; salkyl-amino-C;_salkyl-amino, imino-C_galkyl,
hydroxyl-imino-C_salkyl, C;.galkoxy-imino-Cy_salkyl, Ci.galkyl-sulfonyl,
halo-C,_galkyl-sulfonyl, amino-sulfonyl, C,.galkyl-amino-sulfonyl,
(C1.galkyl),-amino-sulfonyl, B(ORg)2, Cs.1scycloalkyl, , heterocyclyl aryl or
heteroaryl, wherein Cs_jscycloalkyl, heterocyclyl, aryl, and heteroaryl are each

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

R~ is independently hydroxyl or (C;.salkoxy),, wherein n represents an integer from 1 to 5;

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

enantiomer, diastereomer or tautomer thereof.

2. The compound of claim 1, wherein R; is optionally substituted heteroaryl or
heterocyclyl selected from 1H-pyrazolyl, 1H-imidazolyl, 1,2-oxazolyl, pyridinyl, 1H-
indolyl, 2H-indazolyl, 4,5,6,7-tetrahydro-2H-indazolyl, 1H-benzimidazolyl,
imidazo[2,1-b][1,3]thiazolyl, pyrazolo[1,5-a]pyridinyl, pyrazolo[1 ,5-¢]pyrimidinyl,
imidazo[1,2-a]pyridinyl, 5,6,7,8-tetrahydroimidazo[1,2-a]pyridinyl, 1H-imidazo[4,5-
bpyridinyl, 1H-imidazo[4,5-c]pyridinyl, 4,5,6,7-tetrahydro-3H-imidazo[4,5-
c]pyridinyl, imidazo[1,2-a]pyrazinyl, imidazo[1,2-a]pyrimidinyl, 7H-purinyl or

quinolinyl.

3. The compound of claim 2, wherein R; is optionally substituted heteroaryl selected
from 1H-pyrazolyl, 1H-indolyl, 1H-benzimidazolyl, pyrazolo[1,5-a]pyridinyl,
imidazo[1,2-a]pyridinyl, 1H-imidazo[4,5-b]pyridinyl, imidazo[1,2-a]pyrazinyl or
imidazo[1,2-a]pyrimidinyl.

4. A compound or a form thereof selected from the group consisting of:

N—(4-meth0xypheny1) -2-(2-methyl- 1H—ben21m1dazol 1—y1)pyr1m1d1n—4 -amine

N-(2,3- dlhydro 1,4-benzodioxin-6-yl)-2-(2-methylimidazo[1,2- alpyridin-3- yl)pynm1d1n—4—am1ne
2-(2-methylimidazo[1,2- a]pyndm- -y1)-N-[4-(trifluoromethyl)phenylJpyrimidin-4-amine
N-(4-methoxyphenyl)-2-(2-methylimidazo[ 1 ,2-a]pyridin-3-yl)pyrimidin-4-amine
N-(4-chlorophenyl)-2-(2-methylimidazo[ 1,2-a]pyridin-3 -y)pyrimidin-4-amine
2-(2-methylimidazo[ 1,2-a]pyridin-3-yl) —N—phenylpyrimidin—4-amine
2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl] -N-[4-(trifluoromethyl)phenyl ]pyrimidin-4-amine
N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl]pyrimidin-4-amine
N-(4-methylphenyl)-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl]pyrimidin-4-amine
N-(4-bromophenyl)-2-[2~(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl]pyrimidin-4-amine
N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl]pyrimidin-4-
amine

N-(4-methoxyphenyl)-2-[2-(trifluoromethyl)imidazo[ 1 ,2—a]pyridin—3—yl]pyrimidin—4—zimine
2-[6-chloro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-y1]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine

2-[6-chloro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-y1]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine

184



WO 2014/081906 PCT/US2013/071132

N—(4—brom0pheny1)—2-[6—Chlor0—2—(triﬂuoromethyl)imidazo[ 1,2-a]pyridin-3-yl]pyrimidin-4-amine

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

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

2-[2-methyl-6- (triﬂuoromethyl)imidazo[1 2-a]pyridin-3-yl]-N-[4-
(tnﬂuoromethyl)phenyl]pyrlmldln -4-amine

N-(4-bromophenyl)-2-[2-methyl-6- (trifluoromethyl)imidazo[ 1,2-alpyridin-3 -yl)pyrimidin-4-amine
N-(4-methylphenyl)-2-[2-methyl-6- (trifluvoromethyl)imidazo[ 1,2-a]pyridin-3- -yl]pyrimidin-4-amine
2-[6-fluoro-2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]-N- (4-methylphenyl)pyrimidin-4-amine
2-[6-fluoro-2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]-N- (4-methoxyphenyl)pyrimidin-4-amine
2-[5-chloro-1-methyl-2-(trifluoromethyl)-1H-indol-3 -y1]-N-(4-methoxyphenyl)pyrimidin-4-amine

2-[5-chloro-1-methyl-2-(trifluoromethyl)-1H-indol-3 -y1]-N-[4-(difluoromethoxy)phenyl |pyrimidin-
4-amine

N-(4-bromophenyl)-2-[5-chloro-1-methyl-2- (trifluoromethyl)-1H-indol-3- yl]pyr1m1d1n—4 -amine
N-(4-bromopheny!)-2-(6-fluoro-2-phenylimidazo[1,2- a]pyridin-3-yl)pyrimidin-4-amine
2-(6-fluoro-2-phenylimidazo[ 1,2-a]pyridin-3-yl)-N- (4-methylphenyl)pyrimidin-4-amine
N-(1,3-benzodioxol-5-yl)-2-[2-(tri fluoromethyl)imidazo[1,2-a]pyridin-3 -yl)pyrimidin-4-amine

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

N-(6-methoxypyridin-3 -y1)-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl)pyrimidin-4-amine

N2,N2- dimethyl-NS-{2-[2-(triﬂuoromethyl)imidazo[1,2—a]pyridi_n'-3-yl]pyrimidin—4-yl}pyridine—2,5-
diamine

2-[6-bromo-2- (trlﬂuoromethyl)lmldazo[l 2~ a]pyrldln- -yl]—N [4-
(triftuoromethyl)phenyl]pyrimidin-4-amine

2-[6- -bromo- 2 (tnﬂuoromethyl)lmldazo[l 2~ a]pyrldln -3-y1]-N-(4- methoxyphenyl)pynm1d1n—4-
amine

N-(3-fluoro- 4-meth0xyphenyl) -2-[2- (trlﬂuoromethyl)lmldazo[l 2- a]pyr1d1n—3 -yl]pyrimidin-4-amin

N-(3-chloro-4-methoxyphenyl)-2-[2- ~(trifluoromethyl)imidazo[ 1,2-a]pyridin-3- yl]pyrimidin-4-
amine

N-(3-chloro-4-methylphenyl)-2- [2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl]pyrimidin-4-amine
N-(4-ethoxyphenyl)-2-[2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]pyrimidin-4-amine
N-[4-(propan-2-yl)phenyl]-2- [2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl]pyrimidin-4-amine
N-[4-(1H-pyrazol-1 -yl)phenyl]-2-[2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]pyrimidin-4-amin
N-(3-chloro-4-methoxyphenyl)-2-(2-methyl- 1 H-benzimidazol-1-yl)pyrimidin-4-amine
2-(2-methyl-1H-benzimidazol-1 -yl)—N-[4—(triﬂuoromethyl)phenyl]pyrimidin-4—amine
N-(3 ~chloro-4-methoxyphenyl)-2-[2-(trifluoromethyl)-1 H-benzimidazol-1-yl]pyrimidin-4-amine
5-fluoro-N-(4-methylphenyl)-2-[ 2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]pyrimidin-4-amine
5-chloro-N-(4-methylphenyl)-2-[2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]pyrimidin-4-amine
N-(4-methoxyphenyl)-2- [2-(trifluoromethyl)imidazo[ 1,2-a]pyrazin-3 -yl]pyrimidin-4-amine
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2-[2~(trifluoromethyl)imidazo[ 1 ,2-a]pyrazin-3-yl]-N-[4-(trifluoromethyl)phenyl]pyrimidin-4-amine
N-(4-chlorophenyl)-2-[2-(trifluoromethyl)imidazo[ 1 ,2-a|pyrazin-3-yl]pyrimidin-4-amine
2-[6-methoxy-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-y1]-N-[4-
(trifluoromethyl)phenyl]pyrimidin-4-amine
2-[6-methoxy-2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N-[4-
(trifluoromethoxy)phenyl]pyrimidin-4-amine
N-(4-methoxyphenyl)-2-[6-methoxy-2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]pyrimidin-4-
amine

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

2-{[6-{[4-(difluoromethoxy)phenylJamino } -2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidin-4-
yl]amino }ethanol

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

2-[6-fluoro-2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3-y1]-N- [4-(trifluoromethyl)phenyl[pyrimidin-
4-amine '
N-[4-(difluoromethoxy)phenyl]-2-[6-fluoro-2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-
yl]pyrimidin-4-amine

N-[4-(trifluoromethyl)phenyl]-2-[ 2-(trifluoromethyl)pyrazolo[ 1 ,5-a]pyridin-3-yl]pyrimidin-4-amine
2-{[2-(2-methyl-1H-benzimidazol-1-yl1)-6- {[4-(trifluoromethyl)phenyl Jamino }pyrimidin-4-

yl] amino }ethanol

N*-(2-methoxyethyl)-2-(2-methyl-1H- benzimidazol-l-yl)-N6-[4~_
(trlﬂuoromethyl)phenyl]pyrlmldlne -4,6-diamine

N*-[4-(difluoromethoxy)phenyl]- -N° (2-methoxyethy1) -2- (2-methy1 1H-ben21m1dazol 1-
yDpyrimidine-4,6-diamine

N-(4-methoxyphenyl)-2-[2- (trlﬂuoromethyl)pyrazolo[1 5- a]pyr1d1n—3 -yl]pyrimidin-4-amine
N-[4-(difluoromethoxy)phenyl]-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidin-4-amine
N-(4-methylphenyl)-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyrazin-3 -yl]pyrimidin-4-amine
2-(2-methyl-1H-benzimidazol-1-yl)-N- [4-(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1 -y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-2-[2-(trifluoromethyl)imidazo[ 1,2-a]pyridin-3 -yl]pyrimidine-4,6-
diamine
2-[2-(trifluoromethyl)imidazo[1,2-a]pyridin-3-yl]-N- [4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(trifluoromethoxy)phenyl]-2-[ 2-(trifluoromethyl)imidazo[ 1 ,2-a]pyridin-3-yl]pyrimidine-4,6-
diamine
2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3 -yD)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)pheny!]-2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3 -yl)pyrimidine-4,6-
diamine
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N-[4-(trifluoromethyl)phenyl]-2-(1,3,5-trimethyl-1 H-pyrazol-4-yl)pyrimidine-4,6-diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1 -y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(6-fluoro-2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-
diamine

2-(2-methyl-1H-imidazo[4,5-b]pyridin-1 ~y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-y1)-N-[3 -fluoro-4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine

2-(2-cyclopropyl-6-fluoroimidazo[1,2-alpyridin-3 -yl)-N-[4-(difluoromethoxy)-3-
fluorophenyl]pyrimidine-4,6-diamine

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

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-6-fluoro-1 H-benzimidazol-1-yl)pyrimidine-4,6-
diamine

2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-y1)-N-[4- (d1ﬂu0romethoxy) -3-
ﬂuorophenyl]pynm1d1ne—4 6-diamine

N-[4- (trlﬂuoromethyl)phenyl] -2-(2,5,6-trimethyl-1H-benzimidazol-1-yl)pyrimidine-4,6- diamine
N-[3-fluoro-4-(trifluoromethyl)phenyl]-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-diamine
2-(2-¢thyl-6-fluoro-1H-benzimidazol-1-yl)-N-[4-(tri fluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-N- [4—(triﬂuoromethyl)phenyl]pyrimidine—4,6-
diamine

2-(2-cyclopropyl-5-fluoro-1H-benzimidazol-1-yl)-N-[4- (trlﬂuoromethyl)phenyl]pyr1m1d1ne—4 6-
diamine

[3 -(4-amino-6-{[4- (trlﬂuoromethyl)phenyl]am1n0}pyr1m1d1n—2 -yl)-6- ﬂu0r01m1dazo[1 2-a]pyridin-
2- yl]methanol

2- (6-br0m0-2-methy1 lH-ben21m1dazol 1-y1)-N-[4- (tr1ﬂuoromethyl)phenyl]pyr1rn1d1ne-4 6-diamine
2- (2 6-dimethyl- lH—ben21m1dazol 1-yl)-N-[4- (tr1ﬂuoromethyl)phenyl]pynmldlne -4,6-diamine
2- (6 ethyl-2-methyl- 1H-benzimidazol-1 ~y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6- diamine

2-(4,6- d1ﬂuor0—2-methyl-lH-benznmdazol 1-y1)-N-[4-(trifluoromethyl)phenyljpyrimidine-4,6-
diamine

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

2-{[2-(4,6-difluoro-2-methyl-1H-benzimidazol-1 -yl)-6-{[4-
(trifluoromethyl)phenyl]amino} pyrimidin-4-yl] amino }ethanol

2-(6-cthenyl-2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluorom ethyl)phenyl]pyrimidine-4,6-
diamine

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

2-(6-chloro-2-methyl-1H-benzimidazol- 1 -yl)-N-[4-(trifluorom ethyl)phenyl]pyrimidine-4,6-diaminc
2-(6-fluoro-2-methyl-1H-imidazo[4,5-b]pyridin-1-y1)-N- [4-(trifluoromethyl)phenyl]pyrimidine-4,6
diamine
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5-fluoro-2-(2-methyl-1H-benzimidazol-1-yl)-N-[4-(trifluoromethyl)phenyl Jpyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[3-fluoro-4-(trifluoromethyl)phenyl Jpyrimidine-
4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-(difluoromethoxy)phenyl |pyrimidine-4,6-
diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[ 3-fluoro-4-(trifluoromethyl)phenyl Jpyrimidine-
4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-(difluoromethoxy)phenyl |pyrimidine-4,6-
diamine
2-(6-fluoro-2-methylimidazo[ 1,2-a]pyrimidin-3-yl)-N-[4- (trlﬂuoromethyl)phenyl]pyrlmldlne -4,6-
diamine

N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-
yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-methyl-1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine ,
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-
(difluoromethoxy)phenyl]pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-(trifluoromethyl)phenyl Jpyrimidine-
4,6-diamine
2-(6-chloro-2-ethyl-1H-imidazo[4,5-b]pyridin-1-yl)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine
N-[4- (dlﬂuoromethoxy)phenyl] -5- ﬂuoro 2- (2-methy1 lH-ben21m1dazol 1 yl)pyrlmldlne -4,6-
diamine
2-(2-ethyl- 1H-benzimidazol 1-yD)-5- ﬂuoro~N-[4 (triﬂuoromethyl)phenyl]pyrimidine -4,6- diamine
5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-y1)-N-[4- (t11ﬂuoromethyl)phenyl]pyrlmldlne-
4,6-diamine -
5-fluoro-2-(6- ﬂuoro—2-methyl 1H-benzimidazol-1-yl)-N-[4- (tnﬂuoromethyl)phenyl]pynrnldme-
4,6-diamine

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

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(6-fluoro-2- methyl 1H-benzimidazol-1-
yD)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-
yDpyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-yl)-5-fluoro-N-[4-
(trifluoromethyl)phenyl|pyrimidine-4,6-diamine
2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1-y1)-N-[4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
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2-(6-chloro-2-methyl-1H-imidazo[4,5-b]pyridin-1 -yl)-N-[4-(difluoromethoxy)-3-fluorophenyl]-5-
fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridin-1-y1)-5-fluoro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(imidazo[1 ,2-a]pyridin-3-yl)-N-[4-(trifluoromethyl)phenylJpyrimidin-4-amine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1 ~y1)-5-fluoro-N-[4-(trifluoromethyl)phenyl Jpyrimidine-4,6-
diamine
2-(2-cyclopropyl-1H-benzimidazol-1 -yl)-N-[4-(difluoromethoxy)phenyl]-5-fluoropyrimidine-4,6-
diamine
2-(2-cyclopropyl-1H-benzimidazol-1 -yl)-N-[4-(difluoromethoxy)-3-fluorophenyl]-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1 H-be_nzirnidazol~ 1-yl)-5-fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-1H-benzimidazol-1 -yl)-5-fluoropyrimidine-4,6-
diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1 -yl)-5-fluoro-N-[4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(5,6-difluoro-2-methyl-1 H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
2-(4,6-difluoro-2-methyl-1H-benzimidazol-1 -yl)-5-fluoro-N-[4~(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine '
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(4,6-difluoro-2-methyl- 1H-benz1m1dazol 1-y1)-5-
fluoropyrimidine-4,6-diamine
2-(2-ethyl-4,6-difluoro-1H-benzimidazol-1-yl)-5-fluoro-N- [4 (tr1ﬂuoromethyl)phenyl]pynmldme-
. 4,6-diamine
N-[4- (dlﬂuoromethoxy) -3-fluorophenyl]-2-(2-ethyl- 4 6-difluoro- 1H-ben21m1dazol 1-yl)-5-
fluoropyrimidine-4,6-diamine
N—[4—(d1ﬂuoromethoxy)phenyl]~2-(4,6-diﬂuor0—2—methy1—1H-benzimidazol- 1-y1)-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-4,6-difluoro-1H-benzimidazol-1 -yl)-5-fluoropyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(5,6-difluoro-2-methyl-1 H-benzimidazol-1-yl)-5-
fluoropyrimidine-4,6-diamine
5-fluoro-2-(4-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-[4-(tri fluoromethyl)phenyl Jpyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(4-fluoro-2-methyl-1 H-benzimidazol-1-yl)pyrimidine-
4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(4-fluoro-2-methyl-1 H-benzimidazol-1-
ybHpyrimidine-4,6-diamine
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5-fluoro-2-(2-methyl-1H-imidazo[4,5-b]pyridin-1 -y1)-N-[4-(trifluoromethyl)phenylJpyrimidine-4,6-
diamine

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyl-1H- 1m1dazo[4 5-b]pyridin-1-yl)pyrimidine-
4,6-diamine

N—[4-(diﬂuoromethoxy)—3-ﬂuorophenyl]-5-ﬂuoro-2-(2-methyl-1H—imidazo[4,5-b]pyridin—1-
yl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-yl)-5-fluoro-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1 -y1)-N-[4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-4-fluoro-1H-benzimidazol-1-y1)-N-[4-(difluoromethoxy)-3 -fluorophenyl]-5-
fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-benzimidazol-1-yl)-N- [4-(difluoromethoxy)phenyl]pyrimidine-4,6-
diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-cthyl-6-fluoro-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-[2-(difluoromethyl)-6-fluoro-1 H-benzimidazol-1-yl]pyrimidine-
4,6-diamine
2-(2-methyl-1H-benzimidazol-1-yl)-N-[4- (methylsulfanyl)phenyl]pyrlmldme -4,6- dlamme
2-[2-(1-methylcyclopropyl)-1H-benzimidazol-1-yl]-N-[4- -(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine ,
N-[4-(difluoromethoxy)phenyl]-2-[2-(1-methylcyclopropyl)-1 H-benzimidazol-1-yl]pyrimidine-4,6-
diamine v
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-N-[4- ~(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-[2- (methoxymethyl) 1H-ben21m1dazol 1-y1]-N [4- (trlﬂuoromethyl)phenyl]pynm1d1ne—4 6-
diamine .
2-[2-(propan- 2 yl)- lH-ben21m1dazol 1-yl1]-N- [4 (trlﬂuoromethyl)phenyl]pyr1m1d1ne—4 6- dlamlne
2-[2- -(difluoromethyl)-1H-benzimidazol-1-yl]-N-[4- ~(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
2-(2-cthyl-1H-benzimidazol-1-y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4, 6- dlamlne
2-(2-methylpyrazolo[1,5-a]pyridin-3-yl)-N-[4- ~(trifluoromethyl)phenyl pyrimidine-4,6-diamine
2-(2-cyclopropyl-6-fluoro-1H-imidazo[4,5-b]pyridin-1-yl)-N- [4-(difluoromethoxy)phenyl]-5-
fluoropyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-ethyl-1H-benzimidazol-1 -yDpyrimidinc-4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(trifluorom ethyl)phenyl]pyrimidine-
4,6-diamine
2-(5-chloro-2-methyl-1H-benzimidazol-1-yl)-N-[4-(difluoromethoxy)phenyl] -5-fluoropyrimidine-
4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(tr1 fluoromethyl)phenyl|pyrimidine-
4,6-diamine
2-(6-chloro-2-methyl-1H-benzimidazol-1 -y1)-N-[4-(difluoromethoxy)phenyl]-5-fluoropyrimidine-
4,6-diamine
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2-(2-ethyl-5-fluoro-1H-benzimidazol-1 ~y1)-5-fluoro-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine

N-[4-(difluoromethoxy)phenyl]-2-(2-¢ethyl-5-fluoro-1 H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-
diamine

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

N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-6-fluoro-1H-benzimidazol-1 -yl)-5-fluoropyrimidine-4,6-
diamine

5-chloro-2-(2-methyl-1H-benzimidazol-1 -y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
5-chloro-2-(2-ethyl-1H-benzimidazol-1 -y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
5-chloro-N-[4-(difluoromethoxy)phenyl]-2-(2-cthyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methylimidazo[1,2-a]pyridin-3 ~yl)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-
diamine

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2- methyhmldazo [1,2-a]pyridin-3-yl)pyrimidine-4,6-
diamine

N-[4-(difluoromethoxy)-3-fluorophenyl]-5-fluoro-2-(2- methyhmldazo[l 2-a]pyridin-3-
yl)pyrimidine-4,6-diamine

5-methyl-2-(2-methyl-1H-benzimidazol-1 -y1)-N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methylpyrazolo[1,5-a]pyridin-3 -yl)pyrimidine-4,6-
diamine

5-fluoro-N-[4-(trifluoromethyl)phenyl]-2-(2,6 ,8-trimethylimidazo[1,2-a]pyrazin-3-yl)pyrimidine-
4,6-diamine

N-[4- (dlﬂuoromethoxy)phenyl] -5- ﬂu0r0-2 (2,6,8- trlmethyhmldazo[l 2- a]pyrazm -3- yl)pynmldme-
4,6-diamine

N-[4-(difluoromethoxy)-3 ~fluorophenyl]-5-fluoro-2-(2,6,8-trimethylimidazo[ 1 ,2-a]pyrazin-3-
yl)pyrimidine-4,6-diamine

5-fluoro-2- (2—methylpyrazolo[l ,5-a]pyridin-3- yl)—N [4 (trifluvoromethyl)phenyl]pyrimidine-4,6-
diamine

5-fluoro-2-[6-fluoro-2- (trlﬂuoromethyl)lmldazo[1 2- a]pyrldln 3-yl]-N-[4-
(trifluoromethyl)phenyl]pyrimidine-4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1 -yl)-N-(4-methoxyphenyl)pyrimidine-4,6-diamin
2-(2-cyclopropylpyrazolo[1,5-a]pyridin-3-yl)-N-[4-(di fluoromethoxy)phenyl]-5-fluoropyrimidine-
4 6-diamine

[3-(4-amino-6- {[4-(difluoromethoxy)phenyl]amino } -5-fluoropyrimidin-2-yl)-5-fluoropyrazolo[1,5
a]pyridin-2-yl]methanol

2-[2-(methylsulfanyl)-1H-benzimidazol-1-yl] -N-[4-(trifluoromethyl)phenyl]pyrimidine-4,6-diamin
5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-[6-(trifluvoromethyl)pyridin-3-
yl]pyrimidine-4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1 -yl)-N-(4-methylphenyl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-diamine
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N-[4-(difluoromethoxy)phenyl]-2-(2-ethyl-5-fluoropyrazolo[ 1,5-a]pyridin-3-yl)-5-
fluoropyrimidine-4,6-diamine

2-(2-ethyl-5-fluoropyrazolo[1,5-a]pyridin-3 -yl)-5-fluoro-N-[4-(trifluoromethyl)phenyl Jpyrimidine-
4,6-diamine

N-[4-(difluoromethoxy)-3 -fluorophenyl]-2-(2-ethyl-5-fluoropyrazolo[ 1 ,5-a]pyridin-3-yl)-5-
fluoropyrimidine-4,6-diamine

5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(3 -methoxyphenyl)pyrimidine-4,6-diamine
N-(3-chlorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine

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

4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)pyrimidin-4-
yl]amino } benzonitrile

methyl 4-{[6-amino-5-fluoro-2-(6-fluoro-2-methyl- 1H-ben21m1dazol 1-yl)pyrimidin-4-
yl]amino } benzoate

5-ﬂu0r0-2—(2—methy1—lH-benzimidazol-1-y1)~N-(3—methylphenyl)pyrimidine—4,6-diamine
5-fluoro-N-(3-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
2-(2-methyl-1H-benzimidazol-1-yl) -N-(4-methylphenyl)pyrimidine-4,6-diamine
N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1-yl)pyrimidine-4,6-diamine
N-[4-(dimethylamino)phenyl]-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
5-fluoro-2-(2-methyl-1H-benzimidazol-1-y1)-N-(4-methylphenyl)pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1-yl)pyrimidine-4,6- diamine
N-(4-chlorophenyl)-5-fluoro-2- (2~methy1 1H-benzimidazol-1 yl)pynm1d1ne—4 6-diamine
4-{[6-amino-5-fluoro- 2- (2-methy1 1H-benzimidazol-1 -yDpyrimidin-4- yl]ammo}benzomtnle
N-(1,3-benzodioxol-5-yl)-5-fluoro-2-(2-methyl- 1H-benzimidazol-1-yl)pyrimidine-4,6-diamine

5-fluoro-2-(2- methyl 1H- ben21m1dazol l-yl) N-[4- (trlﬂuoromethoxy)phenyl]pyrlmldme -4,6-
diamine v

N-(1,3-benzodioxol- 5 yl)-2-(2-methyl- lH—ben21m1dazol 1 yl)pyrlmldme -4,6-diamine
N-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-(2-methyl-1H-benzimidazol-1 yl)pyrlmldme -4 6-diamine
N-(3-fluoro-4-methoxyphenyl)-2-(2-methyl-1H-benzimidazol-1-yl)pyrimidine-4,6- diamine
N-(6-methoxypyridin-3-yl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
4-{[6-amino-2-(2-methyl-1H-benzimidazol-1-yl)pyrimidin-4-yl] amino }benzonitrile
2-(2-methyl-1H-benzimidazol-1-yl)-N-(4-nitrophenyl)pyrimidine-4,6-diamine
N-(4-bromophenyl)-2-(2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1 -yl)-5-fluoro-N-(4-methylphenyl)pyrimidine-4,6-
diamine
2-(5,6-difluoro-2-methyl-1H-benzimidazol-1 -y1)-5-fluoro-N-(4-methoxyphenyl)pyrimidine-4,6-
diamine
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N-(4-chlorophenyl)-2-(5,6-difluoro-2-methyl-1H-benzimidazol-1 -yl)-5-fluoropyrimidine-4,6-
diamine

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

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

N-(4-chlorophenyl)-5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1 -yl]pyrimidine-4,6-diamine
5-fluoro-2-[2-(methoxymethyl)-1H-benzimidazol-1-yl}-N- [4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine

2-(2-methyl-1H-benzimidazol-1 -y1)-N-[4-(trifluoromethoxy)phenyljpyrimidine-4,6-diamine
1-(4-amino-5-fluoro-6-{[4-(trifluoromethyl)phenylJamino }pyrimidin-2-yl)-2-methyl-1H-
benzimidazole-6-carbonitrile

1-(4-amino-6- {[4-(difluoromethoxy)phenyljamino} -5-fluoropyrimidin-2-yl)-2-methyl-1H-
benzimidazole-6-carbonitrile

1-{4-amino-5-fluoro-6- [(4—methy1phenyl)am1n0]pyr1m1d1n -2-yl}-2-methyl-1H-benzimidazole-6-
carbonitrile

1-{4-amino-5-fluoro-6-[(4-methoxyphenyl)amino]pyrimidin-2-yl} -2-methyl-1H-benzimidazole-6-
carbonitrile

1-(4-amino-6- {[4-(difluoromethoxy)phenyljamino} -5-fluoropyrimidin-2-yl)-2-methyl-1H-
benzimidazole-5-carbonitrile

1-{4-amino-5-fluoro-6-[(4-methylphenyl)aminoJpyrimidin-2-yl} -2-methyl-1H-benzimidazole-5-
carbonitrile

1- {4 amino-5-fluoro-6- [(4-methoxypheny1)am1n0]pyr1m1d1n-2 -yl} 2-methy1 lH-ben21m1dazole-5—
carbonitrile

1-(4-amino-5-fluoro-6- {[4 (trlﬂuoromethyl)phenyl]am1n0}pyr1m1d1n—2 yl) 2—methy1 1H-
benzimidazole-5-carbonitrile :

1- {4 amino-6-[(4-chlorophenyl)amino]- 5 ﬂuoropyrlmldm -2- yl} - methyl 1H-benzimidazole-5-
carbonitrile

N-[4-(difluoromethoxy)phenyl]-5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1 -yD)pyrimidine-
4,6-diamine

5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1 -yl)-N-(4-methylphenyl)pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-6-nitro-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)phenyl]-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
N-[4-(difluoromethoxy)-3-fluorophenyl]-2-(2-methyl-1H-benzimidazol-1 -yDpyrimidine-4,6-
diamine

5-fluoro-2-(2-methyl-6-nitro-1H-benzimidazol-1-yl)-N-[4-(trifluoromethyl)phenyl Jpyrimidine-4,6-
diamine

N-(4-chlorophenyl)-2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-y1)-5 -fluoropyrimidine-4,6-
diamine

193



WO 2014/081906 PCT/US2013/071132

2-(4,6-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-
(trifluoromethoxy)phenyl]pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methylpyrazolo[1,5-a]pyridin-3 -yl)pyrimidine-4,6-diamine
N-(1,3-benzodioxol-5-yl)-2-(4,6-difluoro-2-methyl-1 H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-
diamine

2-(4,6-difluoro-2-methyl-1H-benzimidazol-1 ~y1)-5-fluoro-N-(4-methylphenyl)pyrimidine-4,6-
diamine

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

2-(5,7-difluoro-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N- [4-(trifluoromethyl)phenyl]pyrimidine-
4,6-diamine

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

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

5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-yl)-N-[4-
(trifluoromethoxy)phenyl|pyrimidine-4,6-diamine

N-[4-(difluoromethoxy)phenyl]-5 -fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1-
yDpyrimidine-4,6-diamine

5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1 -y1)-N-(4-methylphenyl)pyrimidine-4,6-
diamine

5-fluoro-2-(6-methoxy-2-methyl-1H-benzimidazol-1 -y1)-N-(4-methoxyphenyl)pyrimidine-4,6-
diamine

N- (1,3-benzodioxol-5- yl) -5-fluoro-2-(6-methoxy-2 —methyl lH-ben21m1dazol 1 yl)pyr1m1d1ne—4 6-
diamine

N-(4- chlorophenyl) -5-fluoro-2-(6-fluoro-2- methyhmldazo[l 2-a]pyridin-3 —yl)pynm1d1ne—4 6-
diamine

5-fluoro-2-(6- ﬂuoro-Z—methyhmldazo[l 2 a]pyrldm—3 -yl)-N- (4—methoxyphenyl)pyrlmldme -4,6-
diamine

5-fluoro-2-(6-fluoro-2-methylimidazo[ 1,2-a]pyridin-3 -y1)-N-(4-methylphenyl)pyrimidine-4,6-
diamine

5-fluoro-2-(2-methyl-5-nitro-1H-benzimidazol-1 -y1)-N-(4-methylphenyl)pyrimidine-4,6-diamine
5-fluoro-N-(4-methoxyphenyl)-2-(2-methyl-5-nitro-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine

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

2-(6-amino-2-methyl-1H-benzimidazol-1 -y1)-N-[4-(difluoromethoxy)phenyl]-5-fluoropyrimidine-
4,6-diamine

2-(6-amino-2-methyl-1H-benzimidazol-1 -y1)-5-fluoro-N-(4-methylphenyl)pyrimidine-4,6-diamine
N-(4-chlorophenyl)-5-fluoro-2-(5-fluoro-2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(5-fluoro-2-methyl-1 H-benzimidazol-1-yl)pyrimidine-4,6-
diamine
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N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-5-fluoro-2-(6-fluoro-2-methyl-1H-benzimidazol-1 -yD)pyrimidine-4,6-
diamine ,
N-(4-chlorophenyl)-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)pyrimidine-4,6-diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-methylphenyl)pyrimidine-4,6-diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(4-methoxyphenyl)pyrimidine-4,6-diamine
N-[4-(dimethylamino)phenyl]-2-(6-fluoro-2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-2-(6-fluoro-2-methyl-1H-benzimidazol-1 -yl)pyrimidine-4,6-diamine
2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)-N-(3-methylphenyl)pyrimidine-4,6-diamine

N-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-(6-fluoro-2-methyl-1H-benzimidazol-1-yl)pyrimidine-4,6-
diamine

2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-methylphenyl)pyrimidine-4,6-diamine
2-(2-cthyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-methoxyphenyl)pyrimidine-4,6-diamine
- 2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoro-N- [4-(trifluoromethoxy)phenyl |pyrimidine-4,6-diamine
N-(1,3-benzodioxol-5-yl)-2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-diamine
N-(4-chlorophenyl)-2-(2-ethyl-1H-benzimidazol-1-yl)-5-fluoropyrimidine-4,6-diamine
N-(4-chloro-3-fluorophenyl)-2-(2-ethyl-1H-benzimidazol-1 -yl)-5-fluoropyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-methylphenyl)pyrimidine-4,6-diamine
2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-N-(4-methoxyphenyl)pyrimidine-4,6- diamine

2-(2-cyclopropyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4- (trlﬂuoromethoxy)phenyl]pyrlmldme -4,6-
diamine

(4 chlorophenyl)-2-(2-cyclopropyl-1H-benzimidazol-1-y1)-5- ﬂudropyrimidin‘e 4,6-diamine -

N-(4-chloro-3- ﬂuorophenyl) -2-(2-cyclopropyl- 1H-benzimidazol-1-yl)-5- ﬂuoropynm1d1ne—4 6-
diamine

5-fluoro-2-(5- ﬂu0r0-2 methyl 1H—ben21m1dazol 1 yl)-N—(4-methylphenyl)pynmldme -4,6- dlamlne _
5-fluoro-2-(5-fluoro-2-methyl- 1H-benzimidazol- 1-yl)-N-(4- methoxyphenyl)pyrlmldme—4 6-diamine

5-fluoro-2-(5-fluoro-2-methyl-1H-benzimidazol-1-y1)-N-[4-(trifluoromethoxy)phenyl]pyrimidine-
4,6-diamine, and,

2-(6-amino-2-methyl-1H-benzimidazol-1-yl)-5-fluoro-N-[4-(tri fluoromethyl)phenyl]pyrimidine-
4 6-diamine;
wherein the form of the compound is selected {rom a salt, ester, hydrate, solvate, chelate,
clathrate, polymorph, isotopologue, stereoisomer, racemate, enantiomer, diastereomer

or tautomer thereof.

5. A method of inhibiting Bmi-1 function and reducing the level of Bmi-1 to treat a
cancer mediated by Bmi-1 in a subject in need thereof comprising administering to

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

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

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

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

The method of claim 7, wherein the effective amount of the compound is in a range of

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

The method of claim 7, wherein the effective amount of the compound or a form.

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

The method of claim 5, comprising administering the compound in combination with
one or more additional agents selected from anti-cancer agents, anti-proliferative
agents, chemotherapeutic agents, immunomodulatory agents, anti-angiogenic agents,
anti-inflammatory agents, alkylating agents, steroidal and non-steriodal anti-
inflammatory agents, pain relievers, leukotriene antagonists, f2-agonists,
anticholinergic agents, hormonal agents, biological agenté, tubulin binding agents,
glucocorticoids, corticosteroid agehts, antibacterial agents, antihistamines, anti-
malariél agents, anti-viral agents, antibiotics and the like; and, optionally with

radiation therapy.

A use of the compound of claim 1 in the manufacture of a medicament for inhibiting
Bmi-1 function and reducing the level of Bmi-1 to treat a cancer mediated by Bmi-1
in a subject in need thereof comprising administering an effective amount of the

medicament to the subject.

A method of inhibiting Bmi-1 function and reducing the level of Bmi-1 to treat a
cancer mediated by Bmi-1 in a subject in need thereof comprising administering to

the subject an effective amount of the compound of claim 4.

The method of claim 12, further comprising contacting a cell having elevated Bmi-1
levels from the subject with an amount of the compound, wherein the cell is selected

from a cancer cell, tumor cell, cancer stem cell or tumor stem cell, determining an
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effective amount of the compound that inhibits Bmi-1 function in the cell and

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

The method of claim 13, wherein the effective amount of the compound determined to

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

The method of claim 14, wherein the effective amount of the compound is in a range

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

The method of claim 14, wherein the effective amount of the compound is in a range

of from about 0.1 ng to about 3500 mg.

The method of claim 12, comprising administering the compound in combination with
one or more additional agents selected from anti-cancer agents, anti-proliferative
agents, chemotherapeutic agents, immunomodulatory agents, anti-angiogenic agents,
anti-inflammatory agents, alkylating agents, steroidal and non-steriodal anti-
inflammatory agents, pain relievers, leukotriene antagonists, 2-agonists,
anticholinergic agents, hormonal agents, biological agents, tubulin binding agents,
glucocorticoids, corticosteroid agents, antibacterial agents, antihistamines, anti-
malarial agents, anti-viral agents, antibiotics and the like; and, optionally with

radiation therapy.

A use of the compound of claim 4 in the manufacture of a inedicament for inhibiting
Brmi-1 function and reducing the level of Bmi-1 to treat a cancer mediated by Bmi-1
in a subject in need thereof comprising administering an effective amount of the

medicamént to the subjec{.

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

pharmaceutically acceptable excipient.

A pharmaceutical composition for use in treating a cancer mediated by Bmi-1
comprising an effective amount of the compound of claim 4 in admixture with a

pharmaceutically acceptable excipient.
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(57) Abstract: Amine substituted reverse pyrimidine compounds and forms thereof that inhibit the function and reduce the level of
B-cell specitic Moloney murine leukemia virus integration site 1 (Bmi-1) protein and methods for their use to inhibit Bmi-1 function
and reduce the level of Bmi-1 to treat a cancer mediated by Bmi-1 are described herein.
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Claims 1-20 have been analyzed subject to the restriction that the claims read on the formula (1) or form thereof as described in the
Reply to Invitation to Pay Additional Fees in the Internatiohal Application dated 01 April 2014. The claims are restricted to a compound of
Formula (I) or a form thereof, wherein X is N; R1 is heteroaryl optionally substituted on a carbon atom ring member with two R5
substituent; R2 is amino; R3 is halo; R4 is aryl optionally substituted with one R6 substituent; and R5 is is independently selected from
halo and C1-8alkyl; and R6 is halo-C1-8alkyl, wherein the form of the compound is selected from a free acid, free base, salt, ester,
hydrate, solvate, chelate, clathrate, polymorph, isotopologue, sterecisomer, racemate, enantiomer, diastereomer or tautomer thereof;
methods of treatment thereof; and pharmaceutical compositions thereof.

This application contains the following inventions or groups of inventions which are not-so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-20 are drawn to compounds of Formula (1) or a form thereof; methods of treatment thereof; and pharmaceutical
compositions thereof.

The first invention of Group I+ is restricted to a compound of Formula (1) or a form thereof, wherein R1 is heteroaryl optionally substituted
on a carbon atom ring member with one R5 substituent; X is N; R2 is hydrogen; R3 is hydrogen; R4 is C3-14cycloalkyl; and R5 is cyano;
wherein the form of the compound is selected from a free acid, free base, salt, ester,.hydrate, solvate, chelate, clathrate, polymorph,
isotopologue, stereoisomer, racemate, enantiomer, diastereomer or tautomer thereof; methods of treatment thereof; and pharmaceutical
compositions thereof. It is believed that claims 1-3, 5-11, and 19 read on this first named invention and thus these claims will be
searched without fee to the extent that they read on the above embodiment. :

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. An exemplary election would be a compound of Formula (1) or a form thereof, wherein R1 is
heteracyclyl optionally substituted on a carbon atom ring member with one R5 substituent; X is N; R2 is hydrogen; R3 is hydrogen; R4 is
C3-14cycloalkyl; and R5 is cyano; wherein the form of the compound is selected from a free acid, free base, salt, ester, hydrate, solvate,
chelate, clathrate, polymorph, isotopologue, sterecisomer, racemate, enantiomer, diastereomer or tautomer thereof; methods of
treatment thereof; and pharmaceutical compositions thereof. Additional formula(e) will be searched upon the payment of additional fees.
Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if applicable, the
claims which read on the first named invention if different than what was indicated above-for this group. Failure to clearly identify how
any paid additional invention fees are to be applied to the “+” group(s) will result in only the first claimed invention to be
searched/examined.

The inventions listed in Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulae do not share a significant structural element, requiring the selection of alternatives for the compound variables
R1, X, R2, R3, and R4. :

The Groups I+ share the technical features of a compound of Formula (1) or a form thereof or species thereof, wherein the form of the
compound is selected from a free acid, free base, salt, ester, hydrate, solvate, chelate, clathrate, polymorph, isotopologue, sterecisomer,
racemate, enantiomer, diastereomer or tautomer thereof; a method of inhibiting Bmi-1 function and reducing the level of Bmi-1 to treat a
cancer mediated by Bmi-1 in a subject in need thereof comprising administering to the subject an effective amount of the compound
thereof; a use of the compound thereof in the manufacture of a medicament; and a pharmaceutical composition for use in treating a
cancer mediated by Bmi-1 comprising an effective amount of the compound thereof in admixture with a pharmaceutically acceptable
excipient. However, these shared technical features do not represent a contribution over the prior art.

Specifically, US 7,226,927 to Cai et al. teach a compound of Formula (1) or a form thereof, wherein R1 is heterocyclyl; X is N; R2 is
C1alkyl; R3 is hydrogen; R4 is aryl optionally substituted two R6 substituents; and R6 is independently selected from halo and C1alkoxy;
wherein the form of the compound is selected from a free acid, free base, salt, ester, hydrate, solvate, chelate, clathrate, polymorph,
isotopologue, stereoisomer, racemate, enantiomer, diastereomer or tautomer thereof (Col. 14 Lns. 62-65 and Col. 18 Lns 13-14, ...novel
compounds within the scope of Formulae I-1ll. Exemplary preferred compounds that may be...4-(2-Chloro-5-methoxyanilino)-2-
morpholino-6-(methyl)pyrimidine...; Col. 84 Lns. 13-19, ...The caspase activity (Ratio) and potency (EC50) are summarized in Table |...;
Cols. 85-86, Table I-continued, Compd # 131); a method of inhibiting to treat cancer in a subject in need thereof comprising
administering to the subject an effective amount of the compound thereof (Col. 24 Lns 51-56, ...a therapeutic method useful to modulate
in vivo apoptosis or in vivo neoplastic disease, comprising administering to a subject in need of such treatment an effective amount of a
compound, or a pharmaceutically acceptable salt or prodrug of the compound of Formulae I-Ill...; a use of the compound thereof in the
manufacture of a medicament; and a pharmaceutical composition for use in treating a cancer comprising an effective amount of the
compound thereof in admixture with a pharmaceutically acceptable excipient (Col. 26 Lns. 14-24, ...the present invention is directed to a
composition effective to inhibit neoplasia comprising a bioconjugates of said compound of Formulae I-11l, which functions as a caspase
cascade activator and inducer of apoptosis, in bioconjugation...The antibodies and other molecules will deliver the compound of
Formulae I-lil to its targets and make it an effective anticancer agent...; Col. 29 Lns. 46-54, The pharmaceutical preparations of the
present invention are manufactured in a manner which is itself known, for example, by means of conventional mixing, granu|atipg,
dragee-making, dissolving, or lyophilizing processes. Thus, pharmaceutical preparations for oral use may be obtained by combining the
active compounds with solid excipients...).
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Additionally, US 2011/0190239 to Moon et al. teach a similar compound to the instant compound of Formula (1) (Para. [0008]}, one
embodiment is a compound of Formula (1) selected from a compound of...Formula (Ic)...) a method of inhibiting Bmi-1 function and
reducing the level of Bmi-1 to treat a cancer mediated by Bmi-1 in a subject in need thereof comprising administering to the subject an
effective amount of the compound thereof (Para. [0001], Compounds, pharmaceutical compositions, and methods of using such
compounds or compositions thereof for treating a disease modulated by B-cell specific Moloney murine leukemia virus integration site 1
(Bmi-1) protein expression are described. The compounds or compositions and methods of using such compounds or compositions are
useful for treating cancer by down-regulating Bmi-1 protein expression); a use of the compound thereof in the manufacture of a
medicament; and a pharmaceutical composition for use in treating a cancer mediated by Bmi-1 comprising an effective amount of the
compound thereof in admixture with a pharmaceutically acceptable excipient (Para. {0270], pharmaceutical compositions described
herein may be formulated as suspensions comprising a compound of Formula (1) or a form thereof in admixture with at least one
pharmaceutically acceptable excipient suitable for the manufacture of a suspension).

The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technlcal feature.
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5— F —2— (6— M —2— A& —1H- SR FFImRmE —1- Jk ) -N-(3- FI AR AL ) Weng —4, 6— —Ji%

N=(3— SR KL ) -5- A —2-(6— A —2— H AL —1H- JRJFmRME —1- &) Mg -4, 6- )%

5 —2-(6- L —2- FF 3L —1H- ZR IR R M —1- L) -N-[4-( =R P A AL ) K& 1 %
e 4, 6- —f%

A-{[6- EHE -5 B —2- (6= L —2— FEE —1H- ZRFFmRime —1- ) mimg —4- 5 ] &
G

4-{[6- & -5 F —2- (6— W —2— H2& —1H- ZRIFFIRME —1- JE ) meig —4- 2L ] &
R 1 i

5— R —2— (2— H AL —1H- JRIFMRME —1- JE ) -N-(3— FALIORIL ) Mg -4, 6- %

5— A N-(3— A OR AL ) -2 (2 FRJE —1H- DR JFmKRME —1- Jt ) BEIE —4, 6- %

2-(2— H L —1H- JRIFIRIE —1- B ) -N-(4- FIEER AL ) WENE —4, 6- —Ji%

N=(4- BB IRHE ) —2— (2 FR O —1H- ZRJfmRme —1- FL ) mng —4, 6- —f%

IS

]
bt

IS

]
bt

11
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N=[4-( IS ) R 12— (2- FJE —1H- JRIFmRmE —1- JE ) MENE -4, 6- —Ji%

5— R —2— (2— AL —1H- RIFMRIE —1- J ) -N- (4 FRHORIE ) ming -4, 6- %

5— R —N-(4— R ) —2- (2- FAE —1H- JRJRmRmME —1- JE ) MEnE —4, 6— —Ji%

N=(4- SR HE ) -5- 3R —2— (2— AL —1H- DR R —1- L ) Weng —4, 6- —Ji%

4-{[6- 24 5= —5— F —2- (2- FJE —1H- DR JFmRRE —1- B ) meng —4- B ] 2B ) KA

N=(1, 3= 2R I 5 2 3R IR0 —5— 5% ) —5— M —2-(2— H 0L —1H- DR JF ke —1- L) &%
e 4, 6- —f%

5— R —2— (2— H AL —1H- R FFIRME —1- gt ) -N-[4- ( =P AL ) AL ] Mg -4, 6- —
fi&

N=(1, 3= R FF AP0 0w —5— 5k ) —2— (2 H L —1H- DR FFIRme —1- Jk ) weng —4, 6— —
fi&

N=(2, 2- =9 -1, 3— R FF SRR A —5— Bk ) —2— (2— AR —1H- R JFmRme —1- 5k ) %
g -4, 6— %

N=(3- F —4— FAE RO E ) -2 (2— AL —1H- R Rk —1- J% ) weng —4, 6- —Ji%

N=(6— FAENEIE -3 JE ) -2 (2— AL —1H- R IRk —1- J% ) weng -4, 6- —Ji%

N= (4= SUREE ) -2- (2 F B —1H- R IFIRME —1- B2 ) WENE 4, 6— %

4-{[6- &Ik —2- (2— FHE —1H- ZRIFmRIE —1- Jt ) mmg —4- Jt | =& KFE

2-(2— H AL —1H- ZRIFIWRME —1— L ) -N-(4- LR 0L ) BENE -4, 6- %

N= (4= (RN L ) -2- (2 HB: —1H- R IFIKME —1- B2 ) WENE 4, 6- %

2-(5, 6— 5 —2— FAL —1H- FEIFIRAE —1- JE ) -5 5l —N-(4- FIEIRIE ) Mg —4, 6- —
fi&

2- (5, 6— 5 —2— FP L — 1 H- S 3F ke —1- 3 ) —5— fi -N-(4— B4 L 2R 0 ) Mg —4, 6- —
fi&

N-(4- G RHE ) -2- (5, 6- 5 —2— FIJE —1H- R IFmime —1- B ) -5- FmEIE -4, 6- %

N-[4-(C Zm AL ) RIE 1-5- R —2-[2- ( AR AL ) —1H- DR JRmkme —1- ik ] s
g -4, 6— %

5= F —2-[2- ( AUk FR L ) — LH- R TR IR —1— 3 J-N= (4- FRSEIRRIE ) WREUE —4, 6- %
5= F —2-[2- ( AUk FR L ) — LH- R TR KA —1— 3k J-N= (4- RSO AL ) g —4, 6- —

fi&

N-(4- ERSEE ) -5- F —2-[2- ( AR A8 ) — 1H- JRJRmRmE —1- JE ] meng -4, 6- i

5 —2-[2- (A B AL ) —IH- R IRk —1- B J-N-[4-( =/ AL ) R ]
g -4, 6— %

2-(2— L —1H- ZRIFmRme —1- 2 ) -N-[4- ( ZHFHEE ) A5 ] g -4, 6- %

1= (4- &2, -5 F -6 {[4-( =H P AL ) KA ] &0t ) meng —2- 2 ) —2- F & —1H- RJF
Ik —6— i

1= (4= &0 -6 {[4- ( ZRPAEM) R ) &8 ) -5 mmsng —2- ) -2- AL -1H- 2%
FRIk R —6- F i

1= {4- 2 -5 F —6-[ (4- R IRAL ) (AL ] mimg —2— 2 } -2 RO — 1 H- 2R iRt —6- R
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1-{4- &5 5 F —6-[ (4- FAEAIRE ) &AL ] wing —2- 3 ) -2- AL —1H- X Jf 0k
i —6- F i

1= (4- FHE —6-{[4-( “HFHEM) FAE ] &L | -5- Fmng —2- & ) -2- FRk -11- 2%
FRmKmE —5— F i

1= {4-Z -5~ —6-[ (4~ LRI ) (L ] Mg —2- 3 | —2- FRJE — 11— 2R Jf ke —5-

1-{4- & Ft -5 —6-[(4- AL IR AL ) & HE ] Mg —2- 3 ) -2- H 3 —1H- 2R JF ik
W —5— F i

1= (4= E3E -5 —6-{[A-( ZHF L) 55 ] &HL 1 mng —2- 5L ) —2- S —1H- 289+
kI —5— FPfig

1-{4- & & -6-[ (4- &R ) I 15— e —2- 4 | -2 AL —1H- ZEJfmkme —5-

N-[4-C ZR A AL ) HEE 15— 3 —2- (2 2L —6- AL —1H- FRJF R —1- 4 ) g
e 4, 6- —f%

5= F —2- (2— H Ak —6- AL —1H- ZRIFIRIE —1- 2k ) —N-(4- FISEORAL ) W0E -4, 6- %

5= L ~N-(4— VR ATE ) —2- (2 FIRE -6 fi ik —1H- 2R JFmkmE —1- ) WIE 4, 6- —

N=[4-( Zm P EH ) RAE ]-2-(2- FAL —1H- JRJFmRmE —1- JE ) MEnE -4, 6- —Ji%

N=[4-( oL ) -3- JoRIE ] -2- (2— FFAE —1H- JRIFmRIME —1- J ) E0E -4, 6- %

5— g —2—(2— H AL —6- i Ak —1H- 2K JF R -1 JE ) N-[4-( =9 ) SRt ] e
e 4, 6- —f%

N=(4- FUREE ) -2- (4, 6- 5 —2- FIHE: —1H- R IFmRME —1- J ) —5- FENE —4, 6- %

2- (4, 6— R —2— HAL —1H- R IFIRME —1- JE ) —5- i -N-[4-( =m P ) A ] e
e 4, 6- —f%

5— R ~N-(4- AR ) —2- (- FAEMEME I [1, 5-a] Mtne —3- & ) wng -4, 6—- %

N-(1,3- 7 J9F = & & B %M 53 )-2-(4,6- . & —2- B OHE 1= K JF Bg
e —1— gk ) —5— FEENE —4, 6— ik

2—(4, 6— 5 —2— I 11— ZEIFmRmE —1— 3 ) —5— F -N- (4— AL ) g -4, 6-

2-(4, 6— 52— AL —1H- ZR FF ke —1- J ) —5- F —N—(4— B S L O 0k ) mig —4, 6— —

2-(5, T- R —2—- H AL —1H- ZR IR R —1- J ) —5- g -N-[4-( =P A ) %
e -4, 6- J%

5— R —2-(6— FH A L —2- FF 0L —1H- DR R —1- B ) -N-[4-( =m P AL ) R ] e
g -4, 6— %

N=(4- EUORFE ) -5 R —2— (6— H AU —2— HOE —1H- ORJFmRme —1- gt ) E0E -4, 6- %

5— iR —2— (6— H &AL —2- AL —1H- OROfmkme —1- Bk ) -N-[4- ( =m P ) 1A ] &
g -4, 6— %

N-[4-( ZHFHEH) TR 1-5- F —2-(6- AR —2- TR —1H- ZRIFmRmMe —1- 5L ) ms

g
3

13
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i

—4,6- %

5= F —2- (6= Ak —2- AL —1H- ZRJFmRIE —1- k) —N-(4- FREORHL ) Wi -4, 6- .

5 i, —2— (6— F2aJk —2— AL — 11— R T KL —1- 5 ) —N-(4- AL RO ) maig —4, 6- —

N-(1, 3= 28 JF 8 2% 30 RO —5— 2k ) -5 . —2- (6 S 2k —2- HY 2 -1 28 ORIk

—1- 2% ) mEng -4, 6- f%

N- (4= SREL ) -5 A —2- (6— 98 —2— HAEBKMEIT [1, 2-a] MEWE -3- 2L ) WENE —4, 6- —

5- -2 (6= R —2- 1 A Wk 1 JF (1, 2-a) WE 0 -3- 45 ) N-(4- LI 2K 3K g

-4, 6- %

5= JB —2— (6— Fl —2— FRAEMRIETE [1, 2—a] WEWE —3— 5 ) -N—(4- FRIESRIL ) WEng -4, 6- —

5= F —2- (2— H Ak —5— AL —1H- ZRIFBRIE —1- 2k ) —N-(4- FISLORAL ) W0E —4, 6- %
5= F ~N=(4- IR AL ) —2— (2 R L —5— fidt —1H- ZEJFIRME —1- Jk ) Mg —4, 6- —

2—(6— G4k —2— F 3 —IH- ZEJFmEIE —1— B ) —5— G —N—-(4— FA LR 0L ) msng —4, 6— —

2-(6- ‘LI ~2- A —LH- IR DRI —1- 38 ) -N-[4-( 9 T ALIE ) 08 ]-5- LM

—4,6- %
2-(6- g Ak —2— FAL —1H- ZR PRI —1- 2L ) —5— i —N- (4— FIJEORAL ) WR0E -4, 6- %
N-(4- SRHE ) -5- 3 —2— (65— i —2— FAE —1H- ZRJFIKME -1 J& ) WRIE -4, 6- —Ji%

5= T
N- (4= 5 -3- FARAE ) —5- 9 —2- (5= i —2- FF Ak —1H- ZRJFIRME —1- Jk ) Mg —4, 6- —
)=5= F —2— (2 FAE —1H- ZRIFIKIE —1- L ) W0 —4, 6- i

)

A
N-(4- & -3- FK

7 ) 5= F —2— (6— F —2— 2k —1H- ZRJFmRmE —1- 2k ) g -4, 6- —

N-(4- 5 -3- K

W R

N-(4- QKA ) 2- (6 i —2— FPJE —1H- ZRFFmkme —1- 2L ) msig —4, 6- - f%

2-(6- 9 —2— FRAL —1H- FRIFIKIE —1- B ) -N=-(4- FIBLORAL ) BENE —4, 6- %

2-(6— T —2— FAE —1H- ZRIFRRME —1- J ) -N-(4- FEZERTE ) g —4, 6- %
N-[4-( “HEEHR, ) KA ]-2-(6- 9 -2 FF AL —1H- SRJFIKIE —1- Jk ) Mg —4, 6- —

N- (4= & —3— FAHE ) —2-(6- 98 —2— FIAE —1H- JRJFmRME —1- 2L ) BRIE —4, 6- —Ji%
2-(6- 9 —2— FFAL —1H- FRIFIKIE —1- 5 ) -N=-(3- FIBLORAL ) Mg —4, 6- %
N-(2, 2= R -1, 3= R JF R I R -5 Ak ) —2-(6- R —2- Ak 1= R IR

—1- 2% ) mEng -4, 6- f%

2= (2- 2k —1H- ZIFIRME —1- 2k ) —5— 98l -N-(4- FIBLORAL ) BENE —4, 6- %
2-(2— Lk —1H- PRI —1— Jk ) —5— i —N-(4- SRR AL ) W0E —4, 6 )%
2-(2- £, —1H- PR —1 - 5L ) -5 L -N-[4- ( = AL ) A0 ] BEng -4, 6- —

14
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i

N-(1, 3- K I AR PR )R -5 2 ) —2- (2- 20 —1H- SR IF ke —1- k) —5— R
g -4, 6— J#%

N- (4= &AL ) —2- (2— L3k —1H- JFmKmE —1- 2k ) —5— JENE 4, 6- %

N-(4- & -3- TAHE ) —2-(2- 25 —1H- ZRJFmkmE —1- 5k ) —5- JMENE 4, 6- —fi%

2- (2- MY —1H- ZRJFRME -1 - k) -5 i -N- (4— FIAERHL ) Mg —4, 6- —fi%

2- (2- MY FE —1H- ZRJFmkmE —1- Jk ) -5 5l N-(4- RIERORAR ) WEIE —4, 6- —Ji%

2— (2- FRTAHE —1H- ZRJFRKME —1- 8 ) —5- i -N-[4- ( =L ) 2R ] Mg 4, 6- —

N= (4= SR EE ) -2- (2 AL —LH- DR BRI —1- J ) —5— FMENE —4, 6— —JI%

N-(4- & —3- I ) —2— (2- IRTA L —1H- ZE 3k —1- J& ) —5— FMENE —4, 6— )%

5— R —2— (5— M —2— FAL —1H- JRJfmKME —1- Bk ) -N-(4- FERORER ) MENE 4, 6— )%

5— F —2— (5~ M —2— A& —1H- DR FFIRmME —1- Jk ) -N—-(4- FIAU R AL ) g —4, 6— —Ji%

5= L —2-(5— A —2— AL —1H- R Rk e —1- JE ) -N-[4-( = 4 AL ) K3 ] B
g -4, 6—- %, M,

2-(6- F HL —2- AL —1H- SR FE ke —1- 3 ) -5 -N-[4-( = F B &L ) KL ] %
WE —4, 6— % ;

HAFrR ARk A 8 VB KA ERE Y B AU BEY. 2 s F
RE A STAR SR AN BEAR o i S | A ok A B AR A

5. #Ii Bmi—1 DhREH FEAIK Bmi-1 & & LANHA L FR ZL R SUA T H Bmi—1 /-2 KR AE R
718, HAFERZAT R4 T A S E AR R 1 LG,

6. BMER 5 Ak 7775, Hos— B AFE Rk B Fridos R HEA FH &) Bni-1 & = 1)
05— E T A A A, A BT R 40 3k 13 e 0 A e T Y L e RE 40 e B
98 -2 B, 5 52 PR AL A P 20 o Bmi—1 THEEROA L&, FIFE G X iR 5 R 4B Fi%H
M= TR EY .

7. BRI SR 6 ik 1077325, He A g i e i e fuk () 28 i v Bmi -1 R8BI & P
A PIREAR T P i 4 g Bmi-1 5 &

8. BRI EEKR 7 Frik 771, A Frid b GV RIA 2 E M%) 0. 001 mg/Kg/ KA #] 500
mg/Kg/ Ko

9. BURIEESR 7 Bk (97718, Horh Frid b S P sOLE RAH & N2 0. 1 ng 4] 3500
mg.

10. BRI L3R 5 Bk 7735, BFRS T Brid AL G4 — Rl a2 Fiode B S (B it
WA SuER, PudiER, 7R, RN, PUiE ARG, JiRA, ARk
A, AR IRLN , BURR, AEmEPON . B 2- @R, JulEmR, B
A, EPER, BEEASER, MR, RSN, PEA, Ak,
e, PUREA, AERS ) FFMEREEEHTEASE .

L1 AR EER 1 Pk ALV E R 251 R R &, Brid 254 F T 40061 Bmi—1 Zh R JF
fi% Bmi—1 % & LAXTA 3 BRI RIGIT H Bni—1 /S HUEE, S HZ R T AR ER
Frik 254

=

=

15
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12. §011] Bmi-1 ZhBEIFFEA Bmi-1 &5 & DUGAT B R 2 A SR YT B Bmi—1 2 R E
(51 WA AZNS R 45 T LR RIBRIZER 4 Frid e 549

13. BOMEER 12 Frid (7515, e AR EK B g S a0 B AT = Bmi-1 &5 & K40 g
5% S M iR A A R i, e mb R A 3z 15 240 R £ G e T P AR T4
ML, 555 ik A S V0 40 T Bmi—1 D8 RO R, MIRE 5 45 7120 R %A & ik
WE.

14, BOMZER 13 ik (7714 et g 2 I Al i 4H e b Bmi—1 ZRERIAT 2R
WEYIFEAR T Z L AR Bmi-1 &5 &

15. BOMEER 14 Jrik 977 1%, H i i e ST 2& 84 0. 001 mg/Kg/ KA ) 500
mg/Keg/ Ko

16. BUAESR 14 Frid i 757%, K rid b & nIa &84 0. 1 ng B4 3500 mg.

17. BUFIEESR 12 Frif 7T 1%, SRR T Fnid b 695 — a2 dhidk Bk i Bin at7m)
WMAE DU, DUESEA, TR, SR, JUME ARG, SR, bkl
A, EEAEAE SR, B, AT, B 2- BEhi, SUEBGH, el
A, AR, MEEASGH, R, RREREA, DR, SRS,
JUEREH, fJumsA, FAERS  IMERSBONTELAE.

18. UM EKR 4 AL & W48 B % 250 T O AT, Frik 29 A1 T4 Bmi—1 ZhREIFFEAR
Bmi—1 & & LAXHA IR BRI AT B Bmi—1 A TR E, SFEHEN R E T H MERZ
2.

19. 1697 1 Bmi— L S HEAE R AL &), A SH AERBARIER 1 L&)
AN Bl 2 BIROE IR o

20. I V697 H Bni—1 /- FAPBAE R ZMA G, HEAEHAERIBAER AL EY)
AN Bl 2 BIROE IR o

16
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BV BY S [m) i E Bmi—1 H ) 7

[0001]  faj4}

FEIAR T 5] B— A s e PR 2 2 BR L e 2 4 S A 5 1 (Bmi—1) 82 A B D RE AT FEAIR
HAE SRR R E (reverse) BEIEAL SYANE A LA S W36 T H Bmi—1 A T I AE 1
Fiik. S EARHL, HIH] Bmi—1 ZhEE PR Bmi—1 & = MR B [ ] s e db S0 Tia 97
HH Bmi—1 /5 BB AE o
[0002] P&

Bmi—1 f¢ 4] FH HAE 5 I8 FH Ik T8 P o P 3R R o B, Bmi—1 &R tHAE IR
A0 R R R IA I B BUR R YR A TR R RS E A . Bmi—1 £EAR 2 iR
A A BTN HAE ML R S e AR 2 SR A Fa e TR 2L . HH siRNA REURAET
JEAN ML Bmi—1 % SR> T B TR/ B 3 52 R4 o A0 M w8 R R B U
Bmi-1 7824 PRC1 HA514E ( ZHMGIE A4k 1) BocgE wal s, (HR A MG . BRIk, Bk
G AW R I TT ISR A Bmi—1 2 A @Y .

[0003]  EH-T-4AAEMA Bmi—1 & & I F SR S AT S 25 1 57, Be iR A i 8 7 88 1A 1%
EEEA. B, 7998 T Z R AN Bni-1 Dy ERIFFEAIN Bni-1 & & LAEIT H Bmi-1 /-3
JERERAL A
[0004]  HiR

AR T HH] Bmi—1 ZhEE B Bmi—1 & & ) 3 B B B 1 Sz [m) s g AL A 4 A

T T¥697 B Bmi—1 /S HEE R T,

[o005]  #ik T (1) &Y -
Rz
=4
P
R@""‘x Nﬁ R1

M
H

(1)
Ho X, R, R, RMR,ESCE S SFEILIEAMGA &Y, M 49, 3L
T B G0 7 ZE A FEN RIGYT HH Bmi—1 /13 R 77
[oo06]  Pff &I eIk
K 1R 7T RAR (D) amBEIERIG7 F30BXD GBM B AL A CSC BRI =
PR ARG
[0007] & 2 7”7 T RAR (D AL EWBFHIERIGIT S 2 BXD GBM AL A CSC A4
PEA
[0008] P& 3 Ry T FH Tl (1) (b & WE A R S 2ios £k o #r i 31 2 Aish 2
Bk CSC BHARIBEAK .
[0009] [ 4 /R8T AE MR PR LA AR o R A4 B S fie s (D) A& 4 B
TEIGIT I/ BRAF TG 0T EL AR
17
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[o010]  TEib

AT H T 408 Bmi—1 ZHEEFFREAK Bmi—1 2 & A0 LB ) S a1 e Ak A A TG 7
FH Bmi—1 /SR8 E B 77 7%
[0011]  fE—FpsjE 7 Lot (D) a4 -

Rz
"X

n

B, Hefr

RS AERR 5720 B A A=A B A R AU BB B 3 1
R R BRI B LR i N- S A B0 2 55 FE B BR 2

X A N B AR B R BUAC U B N- AL N

ROWEL, BUL, WE, B, B, O, B O g, O REE, A
B, Cogbedk -, (C ghdt) - &Ik, Bk -EIt, B -C bt - EaE, C e
A -C btk - RO, C it C etk - Ak, C fedh - Bt - &t &k - R
B, Coghtdk @ -REE, (Cgbedk) -k - ik, &k IR -E A, C bk - &
Bk - @A, (Coghedk ) - Bk - REL - J AL, C st - REL, O GBSt -
Hh-s ik, AR - WL, Cogbedk - sk - WAk, (C obedk ) - B TR, &
B - WAl - E A, Cogbedk - Ak - AL - AU, (C bt ) - RO - L - |
B, PQO) (R~ &ABUR T, P R 97 SR D =B €, e ik AU,
B

ROAE, @k, MR, C Jfikk, &k, C Hidk - FHE (C, hedk) - EAH

RN Cy  Iibedk , J58:, ZROFHBURMEL, % BRSPS =B R GEL
I 5

RS B AL, liR, Fodk, R, AN, C e, WUE-C bk,
= Coghtdk, FHE-C Jhidt, C JJifdk, C bk C Jidt, xR -C Jirdk,
Coghfidle , C Befdk -C, il , C,Bdk, C hefidk C, Judt, BRI, =H, C
Bedk - @A, (G ket ) o~ & A, @HE-Cohedk, O ghedk - &I C Hedk, (€,
Btk ) - BAE -Cbidt, R -C Ghedk - mUE, IR C R - A O ek, B
B -C htdt - @Ik -C hedk &Ik, O heiidh, C ledt - IRdE, C Jhudk -k -4
B, Clgbidk - FRAL - SO, O Ghedh - FRAL - I C bk, C B -, C
B - ik -C ohedh, C JBetaldk - FiRH: - a2, C ek -mimtdt, C, Jhkest, 7
B, J7EL-C o Ghedk, ik - AL, A -C ek - mUk, ROTH, ROTHE C bkt
BURMEL , HbCy RGeS, J7Ak, JROFELBURMVENIGGI —C | Jpedk, J7Ek - =k,
Fi Ak —C etk — WRMIR T -C | JJe A 57 HAR F7 AL/ 2% BRI D =4
ﬁlﬂl/l\%% ) C1—8¢;—’D% y %I:i -C 1—8)1;—5% s fé% -C 1—8)1;_5% y C 1—8&%%% y %I:i —-C 1*8)?35/%:&
B, Bk —C bR BRI B AU

18
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RASIHIIE HEIL , iz, &L, fiHiE, C Hidd, &R -C Sk, B -C
B, Coghi®ldE, MER —C biAE, CoMith, C Juflt-C, ik, Coghhkk, C bt
UL -Co AL, R, FIMAL, FIBLE - AL, Cobudt - BRAL, KR -Clndk -
i, Coghilidl:, iz —Coedt, 2, C ekt -2HE, (C fitk) —&HE, Cn
F-PRIE, C bidk - PRIEE - AL, C gudh - BRI - AL C ik, C b - R,
R Cogbn Ut — AL, C bt — R —C it , C bt — At -2, C
PR — Ak - JUk -C o ghedt , JL - RE, O ofdd - - I, (C et ) &
- BRI, Coghtdt — BRAE - &AL, O ohudd - HAE - &0 C ghedt, &R C ikt
Coghidil — &t —C ghidk, (C,gludk) ,— &k —C ghnkk, & —C ikt -2Ht, C fn
B O e -, (C bkt ) - JUEE - gindt — B, Ak O ek - U,
Pk —Co itk — E k- bl , FRRE -C bedd - EJ A C Lk - A, WEKE -C
idt , AR - WL -Coghndt, C ghrdd - WEH -C itk , C Jfukd — it
T C P e - Tl R - WAl O el - Uk -l AL, (C bR - JEE -
BidL , B(ORy),, Cy JAkedd, 2Rt FREEURIE, Ho ¢, Jhkedt, ZRFE, &
A, MR IF IS BARERE N A A B 1 B B Cgbn AR AR AR

RAMSTH A FRFEEL (C | HE) o, HFn UK 1 25 W ; M,

Ry B C ghe ke
[o012] st 77 RAFER (D) EW, K RBEEIR 2 7 BRI, HikH
IH- MWL | TH-KRRRL 1, 2- Tt mEmgdt, 1H-WglWRdk, 2H-Wg(medt ) 45,6, 7- 10
S -2H- W EL | TH- RITBRMERL | mRI I [2, 1-b] [1, 3] MEMEEL | Mg [1, 5-a] M
A, MEMEFE (1, 5-c] MERESE , BKMESE [1, 2-a] MEREHE, 5,6, 7, 8— POSBKMEIE [1, 2-a] it
mEdL ) 1H- BEMEIE [4, 5-b] MEBEdE  1H- BEMEIE [4, 5] MENESE , 4,5,6, 7- PU&A —3H- B¢
MG [4, 5—c] WEBESE , WREIE [1, 2-a] MEMRIL , BRIEIE [1, 2-a] BEGEHEE , TH- PERSJREL
W IpR L
[0013]  J—sEjti 77 ZAFERK (1) EW, K RBAEEIR 2 7 BRI, HikH
TH-WERe L | TH- DRI L 1, 2-B@mde | mbme it IH- Mgk, 2H-MgRedt ) 4,5,6,7- 11
2 -2H- MgIMEEE | 1H- DRIFRMEEL | mRMESE [2, 1-b] [1, 3] MEMEEL | ML [1, 5-a] MERE
B, WKREJE (1, 2-a] MEREEE, 5,6, 7, 8- THE KM [1, 2-a] MEWERS, 1H-WKPEIE [4, 5-b]
mEmEdL , TH- BRMEIT [4, 5-c] WEBEEL, 4,5, 6, 7- TU&, —3H- BKME T [4, 5—c] ALmEdE, IRk
JF [1, 2-a] mEMeH: , WKEEIE [1, 2-a] BEGERE | 7TH- NERSFLBLPEIRE
[0014]  F-—skjti s £ BEFER (D AW, Hh REMIEIAK J o7 iR, Hik
] LH- A M —4— & ) 1H- WM —1- 5 IH- R -5 JE 1 2- IR —4- B 1, 2- 1%
W —5- Bk mbmE —4- JE, TH- Uk -1 S, TH- MSIWE -3- L TH- MR —4- Bk 2H- 0
e —3-J, 4,5,6, 7- TUE —2H- M| —3—JL | TH- R IRk —1- 2, WK [2, 1-b] [1, 3]
WERE —5-J , MEMRIE [1, 5-a] MEWE —2- 2, mMEREIR (1, 5-a] MEsE -3- L, MEEEIE [1, 5-al
MEmE —7- 2%, MERRIE (1, 5-c] WEIE -3- 2, BRIEIR [1, 2-a] MENE —2- 2%, BREESE [1, 2-a]
g -3- 2L, BRMEIE [1, 2-a] WEE —5-3E, 5,6, 7, 8- PUEBKIET: [1, 2-a] HENE -3 4L,
LH- BRI [4, 5-b] AEmE —1—- 4L, [H- BRI (4, 5—c] Mkl -1-3&, 4, 5,6, 7- FU& —3H- Bk
e3[4, 5-c] mkme -3- 3, BRI 1, 2-a] MbEE -3- 5, BRMEIE [1, 2-a] wEng -3- 5t
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TH- PERS —7- FLOEmk —4- A,

[0015] 5 —skjifi /7 R A4E (D A&, Horh R AT BRI 05 L BURBR 5, Hik 5
LH- g —4— 5 TH- KM —1 -3 [H- BRI 536 1, 2- M —4- L | 1, 2- Mg 55t
e —4- 3%, TH-Pg|WR —1-J&, TH- MWk —4- L, 2H- Mgk -3-J& | 4,5, 6, 7- PU& —2H- W)
M —3- J ) TH- ZRIFmEmE —1- J ) mgmeIf [2, 1-b] [1, 3] MEME —5- & | HEMEIF [1, 5-a] Wit
WE —3- 2k, MEMEIE [1, 5-al MEWE -7- 2%, BKEEIE (1, 2-a] MENE -3- 2%, BRMESE [1, 2-a] Mt
WE —5-J&, 5,6,7, 8 VUK [1, 2-a] MEAE —3- &, 1H-WKMEFF: [4, 5-b] MEmE —1-J,
LH- BEREIF: [4, 5-c] MENE —1- 3£, 4,5, 6, 7- TU5E -3H- BKBEIF [4, 5-c] MEnE —3— 55, MRk
IF [1, 2-a] MWLM -3- 2%, BRMEIE [1, 2-a] BEEE -3- &, TH- VEM —7- JEEHEI —4-
[oo16] st 77 RAFERX (1) EW, Hd R2AEEIR 20 77 B BRI, HikH
IH-TEGHe —4— 5 TH- IR —1— 5 IH- IR —5—JE 1, o—Wme —4— S 1, - P -5 3t |
e —4- 3%, TH-Pg|WR —1-J&, TH- MWk —4- L, 2H- Mgk -3-J& | 4,5, 6, 7- PU& —2H- W)
M —3- J ) TH- ZRIFmEmE —1- J ) mgmeIf [2, 1-b] [1, 3] MEME —5- & | HEMEIF [1, 5-a] Wit
WE —3- 2k, MEMEIE [1, 5-al MEWE -7- 2%, BKEEIE (1, 2-a] MENE -3- 2%, BRMESE [1, 2-a] Mt
WE —5-J&, 5,6,7, 8 VUK [1, 2-a] MEAE —3- &, 1H-WKMEFF: [4, 5-b] MEmE —1-J,
LH- R [4, 5-c] ke —1-3&, 4,5, 6, 7- PUS -3H- BKIESF: [4, 5-c] MLng -3~ 3, 7H- M
Wy —7— JLEMEN —4- B

[0017]  J—sEiti7 ZAFER (D EW, Hr RGBT 2405 5L, Hik [/ 1H- mpme
e, TH- BEMEEE 12— MEMRL ) mbmEdE  IH- MSIMESL ) oH- WIMRE | TH- ZE Rk
R [2, 1-b] [1, 3] MEMEEL | mMEMEIE [1, 5-a] MEREH: , WEMESF [1, 5-c] MENESL , KMk
IF [1, 2-al MEREH: ,  1H- WKREIE [4, 5-b] MEREH: ,  1H- WRIEFF [4, 5—c] MEBERE, BRI
[1, 2—a] MERRAL , BRMEIF [1, 2-a] BEBERL, 7H- DEMSFRELMEMRAEL

[oo18]  J—sEhtid7 ZAFER (D) WEW, Hrh REAFEII 2405 5L, Hak [/ 1H- mpme
e, TH- BEMEEE 12— MEMRL ) mbmEdE  IH- MSIMESL ) oH- WIMRE | TH- ZE Rk
R [2, 1-b] [1, 3] MEMEIL | MEWEIE [1, 5-a] MEBERL , BEKMRIE [1, 2-a] MEWERE, 1H-BK
Mg [4, 5-b] MEmE AL, 1H- WK [4, 5-c] MEBERE , BRI [1, 2-a] MEMRHL , BRI
[1,2-a] WEIERL | 7H- MEPA SLEMEIp L

[oo19]  J—sEtir ZAFER (D WEW, Hr REAFEIUI 2405 5, Hik B/ 1H- mpme
e, TH- BEMEEE 12— MEMRL ) mbmEdE  IH- MSIMESL ) oH- WIMRE | TH- ZE Rk
WKREIE (2, 1-b] [1, 3] MEMEEL , WEREI: [1, 5-a] MEWEHE , WEPEIE [1, 2-a] MEREH:, 1H-BK
Me3E (4, 5-b] MERERL , 1H- BRI [4, 5—c] MEmEHL , 7TH- VEMSFEELREIRRIL .

[0020]  y—sEhti7 ZAEFER (D WEW, Hr RGBT 2405 5, Hak B/ 1H- mpmk
&, IH- Mgl TH- ORIFFRRMESE | mEREIE [1, 5-a] MEBEHE , WIS [1, 2-a] MERER:
LH- WRMEIE [4, 5-b] MEREHE , BRMEIE [1, 2-a] MEBRILECKME S [1, 2-a] BEHERL,

[0021]  J—sEiti7 ZAFER (D EW, Ho REAFER BRI 2405 5, Hak B/ 1H- mpme
A, TH- WAL ) TH- SRIFIRIMEEE | mEmeg: [1, 5-a] MEBERL, BRMEIE [1, 2-a] MEREIEEL
1H- BRI [4, 5-b] MEREHL.

[0022] skt 7 REHEER (D AW, Hf REBAEIEIUAR 28 75 it Hoak 3 vk kI
[1, 2-a] MERRFLELDRIE I [1, 2-a] MENE L.
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[0023]  5j—sgj 77 AHER (D A&, Horb RSFIEIRIBKIESE [1, 2-a] MEREEE,
[0024]  —sgji 7 ZALEX (D EY, Hrh RZAEEERHBRIE I [1, 2-a] mEngdt.
[0025] s 7 ZAFE (D A&, K R EEEAR 205 2, Hik 83 1H- 1t
M —A— JE | TH- RRE —1- ) TH- R -5 L 1, 2- MM —4- JE 1 o- MR —5- K i
Mg —4- &, TH-WIWE —1- 3%, (H-Mg|me -3- 2, 1H-WIWk —4-FL, oH- Mgk —3- 3L, 1H-2K
FRmkRe —1- 2 BRIEIE [2, 1-b] [1, 3] MERE —5-J& | WERRIE [1, 5-a] MEmE -2- &, g
I [1, 5-al MLmE -3- J, MEMEIE [1, 5-a] MEWE -7- 2%, mMEMEIE [1, 5-c] MERE -3- JL, K
et [1, 2-a] MEme —2- &, BRMEJR [1, 2-a] WMEle -3- 2L, BREEIF [1, 2-a] MEmE -5- 2,
LH- WK FE [4, 5-b] MEWE —1-J& ,  1H- BRIEFE [4, 5-c] MEng —1- 5, BRIEIE [1, 2-a] Nt
We —3— gk, BRMEIE [1, 2-a] MERE -3- K&, TH- NEM —7- JLERMEIR —4- Ot

[0026] 5 —sEZjiE 7 RAFER (D) 1b&4, Kb RE M B 2 55 4L, ik 9 1H- 1k
M —A— JE | TH- RRE —1- ) TH- R -5 L 1, 2- MM —4- JE 1 o- MR —5- K i
W —4- 3L 1H- MW —1- B, LH- W5|Wk —4— B ) 2H- Mg -3 JE | 1H- ZEIFmRmE -1
ke I [2, 1-b1[1, 3] MEME —5- FE |, mb e Jf [1, 5-a] AEmg -3-3&, WhmMeIf [1, 5-a] Wt
WE —7—F%, BRI (1, 2-a] MEBE —3-3%, BRMEIE (1, 2-a] MERE -5-3E, 1H-BRIEEIE [4, 5-b]
MEmE —1- 2%, TH-BKIRIF [4, 5-c] MEWE —1- 5%, BRMEJF [1, 2-a] MR -3- 2L, BKMEIF
[1, 2-a] W&NE -3— K, TH-VEM —7- FErEmk —4- &,

[0027] s 7 ZAFE (D &Y, K R EAR 205 2, Hik 83 1H- 1t
M —A— JE | TH- RRE —1- ) TH- R -5 L 1, 2- MM —4- JE 1 o- MR —5- K i
WE —4-J& , TH- Mg —1- 3, 1H- M|k —4- JE , 2H- M|k -3 L, 1H- ZRJFmkme —1- 3
ke g [2, 1-b1[1, 3] MEME —5- FL Wb Jf [1, 5-a] AEmg -7-3&, BEMEIE [1, 2-a] W
e —5— 3, IH- BKIRIF [4, 5-b] mbme —1- 3%, 1H- BEMESF [4, 5-c] mbme -1- F&, BREIf
[1, 2-a] MEME —3- J&, BRI [1, 2-a] BB0E —3- J& | 7H- MERS —7- JLEmenk —4- &,
[0028] s 7 ZAFEI (D A&, K R EAR 205 2, ik 83 1H- 1t
M —4- J, IH- MEIWE -1 R LH- BSIWE -3- 3 1H- WEWE -4 T ZRIFmRmME -1- 3
e 3f [1, 5-a] MEBE —2- 3, MEBEIE (1, 5-a] MEAE —3- &, MEMed: [1, 5-a] WEmE -7- 4,
BRI IE [1, 2-a] HENE —2- 3, BRMESE [1, 2-a] MEmg -3- 5L, BRMEIE [1, 2-a] HENE —5- 3,
LH- WK B 3[4, 5-b] Wb mE -1- &, BRI [1, 2-a] WL WE -3 & BOK M JF 1, 2-a] B
e —3— .

[0020]  —sEjE 7 RAFEI (D) A&, Ko R EAR 2 05 2k, ik 8 1H- it
e —4-Fk  IH-M5|ME -3 LH- ZSJFmRME —1- 3 mEmeIf [1, 5-a] MEmE -2- 3, ML
[1,5-a] kg —3— 35, BRMEIF (1, 2-a] WEmE —2- 3%, BEMEIE [1, 2-a] NERE —3- &, 1H-BK
- [4, 5-b] MEig —1- J& , BRI [1, 2-a] MhgR —3- JLEimkide g [1, 2-a] mEng -3- %,
[0030] s 7 ZAHEI (D A&, K R EAR 205 2, Hik 83 1H- 1t
e —4— JE | TH- MMk —3— J, IH- 2SSk -1 -, mkmEdf (1, 5-a] mERE -3 3, meme
JF [1, 2-a] MERE -3— B, 1H- BKMEJF [4, 5-b] MERE —1- J&, BRPRIF [1, 2-a] MERE -3 HEEL
WKL I [1, 2-a] MERE —3- .

[0031]  5j— sk 77 RAFERK (D &, Hrh R & AF U BUAR I K e Jf [1, 2-a] Ak
Iz -3 J,
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[0032] 5 — ki 77 ZAFE N (D &Y, Hh RS AF % BUA I R JF [1, 2-a] ¥
g —3- 3,

[0033] — L T RZAFERX D EW HPREMERARM AR Lk
4,5,6,7- V0 & —2H- Bg| i JL 5,6, 7, 8- PO & WK M I [1, 2-a] WL me FE B 4,5,6,7- 1
&, -3H- BRMEIE [4, 5-c] MERE k.,

[0034] i —SEii T RAHFEX D EW HP REMEIRARM AR Lk
4,5, 6, 7- T, —2H- W[ —3- & | 5,6, 7, 8- PUSEBKMEIT [1, 2-a] MEiE -3- 3854, 5,6, 7- 10
S -3H- WEME G [4, 5-c] mEiE —3- K,

[0035] skl 7 ZAEFER (D (L&Y, Hd X AN,

[0036] skl 77 ZAFEI (D) WA, Hrh X Ok SR BUCE I LA 5 N- 404
[ N.

[0037] sty ZEFER (D thaY, Hd RONEHE, ik, BAE, i, C
e, BEC I, C JEE, AL, C gk -EHE, (€ Judt) &8, BiE-A
B, PR C btk - EIE, C GBI -C bt - EE, C et , C bkt - it
Coghbidlh — Pl — 2l ik, 2 - pRAEL, O obudk -l - ek, (C ghidk) - 2 -k
e, JGE - REE - EAL, Clndt - J Ut - R -, (C et ) - 'L - R - A
i, Coglnfdh — AL, O hnfldh — St — &L, 2t -l , C obedt — & - T
WAL, (C gkttt ) — &t - Wik, 2L - Wil - &0, C,  Jfodd — & - Wil - &
o, (Coghidt ) - 'L - WL - EHE, P(O) (R),~ RFLEZR AL, Hod Ja 33Tk ol
A SV B Cp e BRI AUA

[0038] sl 7 ZAEFER (D (&Y, H RONEIE, ik, HE, C gk, &
i -Clndh, C hfdt, &At, Ak -ad:, B -C gkt -2k, C skt C
itk — gL, C it , Ak - fedt, &k - Bt - &t C Pt At - Bk - &k
R - WML - EREUR S A, HP R R A SN ETEA C gl A AR
AR,

[0039] sy ZEFER (D thEY, Hd RONEIE, ik, BAE, i, C
e, BEC I, C JEE, AL, C gk -EHE, (€ Judt) &8, BiE-A
B, PR C btk - EIE, C GBI -C bt - EE, C et , C bkt - it
Coghbidlh — Pl — 2l ik, 2 - pRAEL, O obudk -l - ek, (C ghidk) - 2 -k
R - REE - EL, Cludt - JUE - R - L, (C kel ) - 'L - R - &
i, Coglnfdh — AL, O hnfldh — St — &L, 2t -l , C obedt — & - T
WAL, (C gkttt ) — &t - Wik, 2L - Wil - &0, C,  Jfodd — & - Wil - &
i, (Coglndt) - & Ak - Tl — L8 P (0) (R) ,— &S

[0040] sy ZEFER (D (L&Y, Hd RONEIE, ik, HE, C gk, &
i -Clndh, C hfdt, &At, Ak -ad:, B -C gkt -2k, C skt C
it — L, Coghbeidt, ZJt - Bt , &k - edk - &k, O Jufdt — et — JEE
A - W - =

[0041]  F—s2jli 7 ZEFER (D (L&Y, Hrh RO AL, HA R 5 ety — 1~ W
ALEATIIA C, S FEBARIERAR
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[0042]  5—sLjfi 7 LA (D) AW, Kb R, 405 2T B R 1H- mErgtk.

[0043]  5—sjfi 7 ZAELEX (D) AW, b R, F05 2B 1H- iEig —1-

[0044] 5 —sZjE 7 REHN () LEW, L ROAVE.

[0045] St T 2R (D ’pﬁ/El\%’/\EPRjJE\A%, M CISJ:E%) HAL, C s

feds - wBEEL (C bkt ) - A

[o046] sl 7 ZAEFER (D (&Y, Hd RONEIE , Xz, C JutaiaEit.

[0047] B —s2jiE 7 AR (D 1L&1, H P RAETIEBH C o JRke b, HikH

2,3~ A -IH- ik ok, fRIEEURI T, R R EE A B, (TIEBURM R

e, HakE 13- MEMREL 1, - BEMRRL | mbmedt ) mEmpdk, 1H- IR, ZRIFIRm AL

DRIPERR L 1, 3- JRJFMEMESL | rEMREDU RN . B, TEBURI R, ik

1, 3- FIF E ARG 2, 3- A -1, 4- A E R D R,

[0048] i — st 7 R AFENR (D (b &1, H A RAGTIEBAH C o FRkeHE, ikl

2,3 A —1H- ik,

[0049] i — i 7 R AFENX (D (L&Y, H P RAETIEBAH C o FRke bt HikH

2,3- —A -1H- B —2- .

[0050] 55—l /7 L AHER (1D AW, Hod REATIEEUI 7 L, Hodk | o AR g 5.

[0051]  5—sLjfi /7 LA (1D AW, Hd REATERR 205 5, Hik | 1, 3- HEm

o, 1, 2- BERREL ) mbmeE , mENESk, TH-MgIRREL ) OROFRRNEIL , DRIFEEMREL ) 1,3-0K%

JRMEMEEL | AT R AL B, [RIERUVRIGRIAE, Ok B 1, 3- R0 ARG

HEEL 2, 3- S -1, 4- RIE AR O g A

[0052] 55—kl 7 4R (D AEW), H A ROBEAFEEA R 2R 5L, HikH 1, 3-

g —o—FL 1, 2- MMk -5 FL | nbmE 2- S, nbee -3- 3k, mEnE -5 dL 1H- IR -5 g

ORI g —S—ﬁ IRIFEME —5— 1, 3- R JTMEME - B ek -3- 2k, MR -6- AEIX

SR -3- A B, ATERURI IR, kg 1, 3- R0 AR IR A -5 Ak 2, 3-

2-1,4- Zliﬁg%k/ﬁﬂagﬁﬁ -6- %L,

[0053]  5—sjfi /7 L AHER (1) A, Hd REATERR 2205 5, Hik | 1, 3- HEm

S, 1, 2-BEMREL ) mbmEsE, mMbnEhL, wEnelt, IH-WIRRSE, ZOOFRRIGSE, RIRREMeE

1, 3= FRIFMERREL | BRI T S P IR

[0054] D~>“?ﬁﬁ7‘7%@%iﬁ () L&, Hoh RAGATHEIAR B 42 5 48, ik 5 1, 3- 1

M —o-HE, 1, 2-MEME 5L pbmE 2- 3, mbeE -3-3E, mEnE 5L, 11 MR -5 3,

zls%ﬁﬂj%ﬂfé —5-3k, ZRIFEME 5- L 1, 3- FRJEMEME -2 JL | MR -3- L, MBIk -6 FEEE

MR -3- S

[0055]  5—sjfi /7 LAAE (1) AW, Hd REAEBR R, Hik | 1, 3- 28 5F

TR AT 2, 3- A -1, 4 RIF AR O g A

[0056]  5—sjfi /7 L AHEX (1) AW, Hd REATERUR R, Hik | 1, 3- 28 5F

TR -5 BB 2, 3- A -1, 4- R AR S T -6 3

[0057] 5 —sEZiE 7 REHENR (D) AW, K RASIHIE 97, KR, BAE, mHiE,
Coglidl, FIE-C, ik, KR -C Mk, FBAE-C Ik, Clsk A, C it Cls

Bidt, W C e, CoJfiFt, C K -C, Mk, B, &&, C pikt-
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B, Coghidk - @I -C hedk, Fot —C hedk - R, C bk, C, Jhidt - it
Coolidt — Jedt — %3, —C | btk , C, Jhefldk - FRRHL, C ekt - ikt , C, Jhked,
T Coghdt, J9k - @Ak, AR hedk - mk, ROTEEBURITHR -C ek, H
IRFTHANTTH —C e dk , FFHE -k, JFHE C btk - BRI —C S g
M2 75 HE A B AR A A B B BT B —C it AR BB
[oo58] sty #EAER (D L&Y, Kb RASIIE BRSE, M, ik,
% s /fk’ft ’ C1—8¢;—’D% s %:\4% —C 1—8)1;—5% s %I:i —C 1—8)1;—5% s %Z:% —C 1—8)1;_5% , C 1—8&1;—5/37?&% ’
Coobtdk —C JJidk , MR —C Judh, Co ik, C, JuHdt C,ofidk, C, bRk,
Coobtfidk -Co BRIk, AL, &, C bt -2, (C hidh) .~ &I, A -C It
B, Coghidh - @Ik —C ek, (C b)) - &Ik -C ik, FHk-C bt - =ik,
Fadk -C itk - w Uk -C etk BRHE OB - mUE O gk - mUE O,
Coebtdk — FRAE, C Witk - BRSE - &L, C Wl - IR - S0E, C ks - Bt -
B -C gtk , C ek - Bk, C, JJefdt - it —C  Jhidk, C, JHusdt - iiA -4
BEBY C, ghedk — Toali it .

[0050]  —skiETr REHERX (D ALEW, i RAMSIIE A FAEL, wWR, ik, ik,
Coghitdt, HWUIE-C o ohidk, MR -C ik, Fik-C ik, C JHefdk, C JeHik-C
Bedk, MR -C ek, Coidk, C\ bt -Cooidk, BRIk, &, C Hik -4
B, Coghidk - @I -C hedk, Fot —C hedk - R, C bk, C, Jhidt - it
CI*SJ:;E% - #)%% - /ﬁ% —-C 1*8)?35% , C 1—8&1;—5/37?&% - #}%%Eﬁ C 1*8&%% - Eﬁi@?ﬁ%o

[o060] skl Ir AR (1D L&Y, Horp RARSTIIE A AEERACK) C,  Fhkedk

W H PRI REEA | 2 BTN S BRI BARR 7 2, 950k —C hedt, 7
B -SRI C pedk - A, T g Rk o A, HhdE o Hikedt, S5k
AT HEE 7 EREIEBAGEE E D I AR, o hedt, i —C ) hidk,
Fodk -C btk , €\ JBedt, MR -C Hfadk, Foik-C, JedBURILEUE, ; B, £
IR T7 SR 5T HFR 7> AT RBRH 28 07 e BOR 55 3k —C etk ,  Hrp o b 7 YAt
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A3 2 5T e A 4% B0 75 B P RAG: DU B 7 A2 A S A ) o b4, SR RIS 22 s (BP, 7
B BT DA T B B AR R s P (9 A0 7744 P 2 ZE SR 3 ID 3 A AR L L BRI
FIE SR (B 03 n 5 AE AR S BRPAAR B 85 1 () sk A i B P D 5 B Sk i
TRIT L H IR I AE — S BR B A ] DR LIE Y
[0219]  — PR Z FiA SCHRER IR (D Lok e T Bl 252 m 852 1 7 741
WK LB AEVE AL FNE AL T AFAE, FF B AR SCUL B 1 S A0 B FEE LA HE i A
B
[0220]  ASCHE A FIARIE “HERAEY” e Ch RN (D hEwsteRE—F
B MIER RS S . 2B S5 AT E F A O NRE . AR
THOLT , RGBS o, B Y — PhE S FE R 0 N 45 di AR 1) @ik iy o RS0
fER T B A GH” AFEERE AT 2 BE RS E . A E RS P HE R e 14 s
A5 OBEEY) R EES Y%
[0221]  —FhERZ PR SCH TR (D S 7T DR A s RIE - 55755
YOI A& W 2 AR . U EAE R B T VERE R DA m T IR BRI T Em (D &8k
HIE A 7 28 1/ A7) CAVLBUKBUR S YD o, A1 LLE LR Al S AR (8 5 st b
TTIED B WA HNSTEW . T EAR B AL A 63 s BT 77 (3O F74E T i A& P
NVEFR S EUKED .
[0222]  ASCHE I RIARE “KEW” I EN T RKEIEREY .
[0223] X () L&A HIER A (D AR ER S B RT 4 n 2
i 4 AR R e BAE AR TR (D (L EWBELERTERE A .
[0224] W EYMEH

7 20 48 90 FACH M, Bmi —13UE 7 R E Ao il B A5 % e R A L p v 55 1 S8 4E N /
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AL XIS — 873 (1-6) o Bui —IEZANHIF R ZRF R (PcG) 15 FF R A i 144
M (HSC) BIRMEFLFEETY (76, 77) . Park KI Bmi-1 7E£E4L/NBRATAZE HSC F i
FEFRIEH BAAEAE Bmi—1 (W Bmd — Gl 55708 R Y D ‘3 B A i i i e (R ik B2k ( 76) »
PRAN, Bmi—-I" %5 14. 5 KR P41 IR R B BOTEE S0 M 0/ RV 1 %40 M AS B8 B F e
Y. B ZH M A T AHA, RN Bmi-1 HSC ANBESEIT (76) .

[0225]  [R T Bmi-I{E HSC HIIEFIIERH 24, RIAE/INR A Bui -1 FE R FRISTE 1)
WEDR (D)o &R Bmi—1 7E1R 2 IR 5 AL K5 S PEBE VE A1 09 « BOP 28 50 41 i JRe o o
ZEAM MR 45 W B i i AU 1) it oot B2 R8RS E IR T g (34, 78,
61, 79, 80, 65, 43) . Bmi—1 Wit Bmi—IF5 5 ME RNA T30 (RNAD) 7R A9 4L R
9% 2o S ECR PRGN A A8 oA AR KA, T Bmi—1 AESAMIEFARA PRI RHR S
R A KA B BE AMAETS (69) . R, Bmi—1 % T 40 M 1045 % 52 55 fI4E,
X IEH A A7 B B/ R

[0226]  Bmi—/C 406 Ja ilid S250 /8 H e 4 Eus R JF H O &IESE S cmye — & 5] K/DER
M EREF AL (7, & - Bmi—1 7EMRERE R T /EH A2 3T INKda S [K R
(& pl6™F p14 "R E ) (4 SN, 50w AE A R 41 H 36 58 X 4 5 oF0 43 AL Y
il (7, 9 &) ZWHFAHT B3I Ui F B INK4a IR B R R SR 3 BT IR 2
I B MLV R GO E R R A FRAR B3 (70, 11) . INKda JE PR RRAE R I 1 I 955 A0 9k 2
sk kE (12 19,

[0227]  4RTH, Bmi—1 V&7 RAES /D INK4a I R 8 [ 465 28 o (%) g o A A e VR A, 4 B
FESENE HP 2 HoAh BE DR BRI i R (79 o SRR R O AUESE Bni-1 IR EFHF O
EEkb INKAa BIEF4E R4 IR A KA A E (15) o IB47AE Bmi—1 - 7L B o
55 (Hh) BAEELZRNEYE . Hh (5 545 RGN Bni 13855, RIM = Y Bui-1 (18
It siRNA) ¥BR Hh 15 5 % SRR S MR T B R - H ] BR 4 / Iik E (16) .
A TAE O 4RV Bmi—1 £F Hox FERRE T HRMEM . Bni—1 R T E H2A =2 RALK
BRI AN FE DR R4S 7 P T2 2 W Hox C5 FE DR /) 1 1 L T HeLa 40 A A K 4 (77) o S — i F R TE
E2F6 H1 Bmi—1 2 5157 Hox JEPR 1A (el A2 Hox C10 A1 B9 77, PRI sz sl B A K
{HANHIH] Tnkda—Arf JEERIPE . X8R 58 E E2F6-Bmi—1 AH FLAE ] /) 52 1 35 S 7~ Hox Al
Ink4a—Arf & [F 51 2 B/ 5 AR F) Bmi—1— fOBPEALETE T (18) o TR AR 7R Bmi-1
BAAFRMER, BTN AR / BB B . ARFFIUI H Bmi—1 3 A A .
[0228] W Bmi—1 VLR 51 a9 I8 4K B 40 itk 298 (DLBCL) B 4HiffgdF Hodgkin ik
(989 \Hodgkin 3R ELI8F S IR 1t 1 M7 465 i I BN B s 2L i Rl o 2 72 4
HLJed i BRI . Bmi — IR/ R 7 B8 B Bmi—1 & A I A IE 5 i i T4h B B
BT R

[0220] 5 A4b, 48 N 5 AL S5 AY, 45 ) A& Burki tt bk B %L 25 40 i 9k 298 . Hodgkin
WEIR (27-29) . AE Hodgkin sk 08, — S T4 fR stk 2 (2, 2430 . & MM A ML
Ji5 A T-ALL (32-35) #H 5¢ Y Bmi—1 & &. Raaphorst %5 W %< 3| £F Hodgkin ik [ 98 o,
Reed—Sternberg iy (HRS) FL# ik Bmi—1, EZH2, F1Mib—1/Ki—67. Ry HRS ZHfuskil Ny
J5 A R Bmi—1 B A R RO IR ERER, P DA Stk 3R 1 B & E A1 1434 2R 22 323K Bmi—1 1)
Be 77 (RIZR1SERIA EZH2 IR 7). IXEEM 5ERE 7R Hodgkin vk ELR 153X L2 41 M A7 (1) Bmi—1 AH
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EZH2 ()55 HeRIEM G (22 o van Gosliga %5 AR S ESE I A L% T-40 B BEAA B3R (26)
7 H BB 8 I 22 /D PG I K AE B B A % B 199 — RS BN AR CD347/CD38” 4l ek
D AR AR . HAR A B RS AR I8 S 5 & Bmi—7 mRNA FEREWEAE/ N R P
HAR & A T, T B BR A & Bui—1 mRNA BB ESYI M 20 AN BE (26) o« IWEBT 5085 K iR
A Bmi—1 R A7 7 AR 47 i A 1 m o 2y e AR e E A e R -4 B R 44
[0230]  Bmi-1 & & &R AR 2 M R P UG A OC . 25T 78 64 & B HF
Prim Bmi-1 & &2 USRS R, Z BB E s sE e A fom PRI (32 . BT
Bmi~1 fIFFE (54. 58%), ¥ EFE S RMAFWNAAE . M E5EAE A ER Bni-1 (055%,
=31, Aral) WU LR, A IS Bmi—1 BHYE (<B55%, £~=33) [ A B& H KR ak
1735 (2=0.0001)  EE RAFIE (£20. 0072) FZEAERS ] (2=0.0065) , SFEEH TR (32 K
I, Van GalenZEA (37) B st Bmi—1 & |AETRIE MK B 40k % (DLBCL) & JE
TG ) (37) « DLBCL A% 5t & %S A R4 B ¥ 3 A2 K 0 B (GCB) AE BT AR (38) »
AT o3 By 487 th— 28 DLBCL R Y SSABNAETE A GCB A MY, 17 — 2478 2R T5 1k B
4 (ABC) HIRISFFIE (39) o

[0231]  BbAL, HA GCB- SRR B B L B ABC- KR A IR IF 153 2 K TG (40) .
Bmi — 1 X ) ABC— 2 DLBCL —F2ER (39), (40) « 7EEAMLIMELR (MCL) 3E Hodgk i
WEE A AR (s (22, 26, 27, 29, 42-44) \VAJRAE 2 HoAh R S R 4 Rl b 45 40 g
P S R A B L RD SU R | &5 B EL R L W0 P BRI L e L B RE e (45-67)
i, A ZK R LA & Boi-1 S EAARBUG. M INKIA JER PRI TE R DA R
HEAHEE (12, 19 INE—D, XS0 = 2290 J@aE 3 1 Bmi—1, HRE 7Rl i 759 41
ML I 241 L e E -4 B e B -4 B A ) Bmi—1 DUREANPEAR Bmi—1 & E 4N A 324541
L BE5E LA B 2 M S I 1) AR S R ) 2 T AR I VRO E IR Lo R R 9T AR

[0232] I, MCL 2 1 12 5 PEFASBR YA R 10 B 4 e Sk Hodgkin bk B8, A& #EYR 1
CBE O RS VLB A N 52 ORI 5 AN R UG A OC MCL I IE t (11;14) (q13;932) Z R4k,
SEE KRR i —104 KRNI 2Rk, H I8 R B 33 40 B 9 13 B SE B AR O
3 T R IR KA 5 5 e 1 e

[0233] 2 R PhE B8 N S — B0y B- AL, R E AR T /0 B P 8 K 40 e
MR HT 2 KM R AR T AT MCL JERE I B s il 2 B 60-70% S M
RV AT M R SR, KR o 3 e Rk, T 3 A A IRy iia $. it 4
9% EV 2RV UE SRR AH PG T 15 M2 40 B, 0T A 5 22 M e AT B 1) 2 (R R 1A {7 Bmi—1
(RGN R

[0234]  Bwi—/C4pR T KERZAFSALLY, FoxMl, c-Myc, E2F-1fIMel18 1534
SRYEAT . Bmi—1 AT SALLA il 35 41 A 2 RE PR AN A5 A L 2 B (EFR A A T8 A= B0 H ke
TEH B AL EUE 2E R . BB Sal 14 IR IBFEAR SR BES (JIRAGT4IM ) MERefl R 546
A iz P HCEEE R . Yang ZEA JRVE M Bmi—1J8 Bl K% 35 DL & — it 77 =X
SALLA .35 351k (29) o Forkhead box ¥ 35% [F+ FoxM1 7E3GSEAM M Hp R 18 FF L& R e i
c-myc VAR ST E AL R T Bmi—1 AR 564 NTH 3T3 4Hjferh & &0 Bl (88) o Bmi—I1[FR £
Y, Mell8, FEZRIL Bmi-1 B 78 9H FINGEF . Bni 1881 F X IH & H T Ee E-box, c-Myc
F Me1-18 1@ H ] PLIE Y Bmi—1381% . BT Mell8 il c-Myc KIAR Bmi—I4 c-Myc 4L,
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X EEHAEIE 7R Me 118 0 7 40 Mo 52 22 JHIA 6] c-Myc 5 Bmi-1 [ERE IF I IESE c-Myc
MERIIEE (59) . 5, U B R IE RS 7~ B2F-1 7] 6816 5 i 2 40 g% o Bmi-1 (05 &
(60) o Bmi—1JABN~+ A HHE2F-1 /I Bmi 18 3+ — WA AR E 0540 75 2L 0B E2F
GEAANL N . MR IRIE A Bmi- 1 IO EE St S BRI R S 1

[0235]  FEAZERIRIRSE IS O0 T, FEAR SR Brid i (D) A& E e s 40 A il
B, WIEE ERCEE T -V RIE L DUSCR (ADP- 28 ) A (PARP) R IR A&l —9 At
RACT -7 WZRINE R . KA (1) 1bE W o 20 4ah B 5 40 B 0 240 i J& 3 4k
TRYBAE Gy/M B BEREWTR G T 2 5k . X S8 R RS 7S Bmi—1 0] DAE DNA BRF1 / B0
22 AR RER . ASCHArARE (D (LA EILIE RGE Bmi -1 DhEEAA H 5
FFEBmi-1 B A S E IR B I R A Bmi—1 BT AT 40 A it e 40 B e T4 i
B A0 AT R . Ak, AC AR R (D A AW s ] Bmi-1 DhRED
REf AR Je o2 40 LR g T 4N i PR 55 70 Bmi—1 5 &, FERE AT A T8 7] 4 om 6 M RTT ik
] A R AN A7 550 00 8 e RO 732, DA SO ST B IR AT 22 93 4 4 i 1347
F S R 11TV HAA T 32 M R e A A4

[0236]  ASCHT IR “ Bui—1, ” WIRHMATE I, BRAE S AMEHBUN A B S0ERE H,
St Bni—IF:H. “Bmi-1, ” IERIER, “BMI-17 RS ABORIE “Bni-1 A7, BRAE 5
HAEIHEA UL BT OOERE H, A8l dh Bni-1 82H.

[0237]  ASCH B AR EE “Bmi—1 #1507 BUEE S (B AR “40H] Bmi-1 D58 FF FEAK
Bmi-1 & ” &45 Bmi-1 & [ Dy AE B H 3 o $ A B8 Jo 10 A, = 35078 b I B4 53 T A7 A8 1)
Bmi-1 & H & 2 A AR EA R TS AR 9 3R 5E, AL RE e 40 B sl e 140 M B0k i
-0 e R i 440

[0238]  ARFEAULEH AL, #Id] Bmi—1 DhBeFEFEAS Bmi-1 H 2K (D) AEWEITE AL
hilAAs 0 RH A P S 2 1 14 B 7 fe [ A T 52 A A (9] g i 440 e < v 440 i B
PEE) ST U YE . 2 IRIE AN Bni—1 /82 KM AR A R TP T E R R
K (2 42, 51, 56, 61-68) . FiE NCE RGN Bmi-1 D Ee H B AR A4S Bmi-1 &
=M (D WAEWEIIE I, B 74 P e 40 i A2 KR e PR s A A ) T
[0239] A i I — AN SE it 77 298 SN Bmi—1 DHREMIFEAIS Bmi—1 & & DA IR £
X RIGIT HH Bmi—1 N F FERER 773, ARk B i S A H =i Bmi—1 % &1
s —w 2R (D) L EW B R, Horh BT 4 fgidk 15 9 40 R 40 i e iE T
1 B e 40 B, 7 E 40 Bmi—1 DhRERI R (D) A S BRI XCE, B n )
ARG TZAMERNN (D hays e,

[0240] A SCHFIARY 55— St 77 2 8 S AN Bmi—1 ZhREIF A Bmi—1 & B LA LEER
X GIRYT H Bmi—1 A3 RREIE ) 515, B IZ N R 48 T A MEMR (D EamsEER.
[0241]  ARSCHTIR R b — SEHETT ¥ RO A TR L X S0R 97 H Bmi-1 RS ERT7
o, AR E TR G B A TR Bni—1 S ENRE 'R (D hEWEE
T, F P BT IA 4 15 6 200 e PR A B e RE T4 M B -4

[0242]  ARSCHTIR RS — SRHETT S MOR ARk B b s R B A FE 1 Bni-1 & &
WS — 2 &M (D AEWBOLE M 7715, Horh Birad 40 M de 15 9% 40 i Jp 48
e RE 2 B et R A e, 5 s 4 40 Bmi -1 ZhBERY S (D (A E IR A &L
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=, JFFM ANz R 4G T izA RERNR (D EWEHIER

[0243] AR SCHTIR ) 3 — S it 77 22 05 S He b A 1 58 Do 4] 42 A 9) 48 e v Bmi—1 B BRI
MERR (D) HEWEHIE R 72 4e i+ Bni-1 5 &

[0244]  ARSCHTRRTIER— DLt 77 RS T A MERR (D HEmEdtE R BlA
e 240 L R 7 A PR B4 A1 | A i oJeg 4 L mR AE AR P B A L AE SR E T A R A AR I B A
B I 120 BB AA TR AE AR P SR AT Bmi—1 ZhRg.

[0245]  ASCHTRRTTER— DLt 77 RS T A MER (D HEmEidtE R BlA
e 240 L R 7 A PR B4 A1 | A i oJeg 4 L mR AE AR P B A L AE SR E T A R A AR I B A
BULE SR E T 20 B R A A0 A PN B A1 FEAIS Bmi—1 5 &S

[0246] A XCH TR AR — DT REES TARENRX (D LEWEdHIE AL
001 240 P B ek e 40 P B B e R - 4 3 B B e 4 3 A

[0247]  AXF ALt ZEHEX (D WEWBELIE G S 2P HIE, %258
FHT- 49061 Bmi—1 Zh e FEAK Bmi—1 2 & DO TR Z R0 RIGST H Bmi-1 /-3 P8 AE, 4,
FERZA REG T HBMER TR

[0248]  FEASZIRIRFRE|AIE OO, HIE B RIAR Bmi—1 FIAFAE TR 7 B e T H A ART 28
AU RE A AT IR A SCHrR =X (D) A S E H e R nd & S G IT

[0249]  ARSCHE AR ARIE “REiE” &R H P Bmi—1 i RIS BT RIS AN IF Hoazan
J B T A T A7 GBS HE Y Bmi—1 o 6 A 52 BRI BRG] 17 T, i 40 e n] DUR 40 e 2R B
AR, AR Z 4 AT Bmi—1 DAREAEERAT AN 32 35 40 o 73 2RI 1o 4 B 25 25 IR A7 771
(19 52 M o

[0250]  £E 5 —SKiE T R, RiE “H Bmi-1 /- FHEE” & I8FrEA T AL Tk B BiE
i S5 (RIBEA m] A I ) J RE 9 £ 3%, a5 B0 R MRT,  CAT HH#5 S8 I 1D 14 Mo
JEFIK Bmi—1 [k B e B I A Ml — S M s hE . BUF , RS 2 fE AT TR H
JE ) TE i A 2R (e e A AR, RIS AHZE s 2%, 4%, 8%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60% 65%, 70% 75%, 80%, 85% 90% B 95% I TH [
Bmi—1 & &K B I T 5 40 M B — 358 23 40 A, 403 i AR S dsk mh i RS A AR ART 7 VA
WM EBAE AR SRR 1Y, 120 7E ELTSA H,

[0251]  FIRAR A ASCHTA R = B S G T Bmi—1 473 e i AE R e PR sE ] - (A I
s BIAEAR T2 ey, SERCaf ey, StEREAR e s , 60 pkEEd
JH 5 R 24 B R A 40 Y A A BN 21 1 T A BRI AR R AR ARE MR M
BIAME AR T2 MERE AN R4 ) A, MR ey, B AR ; 40
G2 ; WG W E AR T Hodgkin #WhIUJE ,  9E Hodgkin WhEVE ; 2 K ME& Rl
BIAMEA R THSAA 2 R agEse , AE o Er8Ede B ik 8598 . placancer 40 A L -
solitary placancercytoma FHE4l placancercytoma; Waldenstrom EEREE (I ; A
E A VER B BRI IR U RIESeFERMIRE DR . EEERR . BN
PR 1 GUAELAS B T8 PR i R 0B PR S Ewing PRJRT IS TR AT )R 3 AR 4 RE B
FIR B IR P B AR IS PRRE (I8 P B8 ) A 4EPRIJE L Kaposi PRIJES . FIE LA
98 G T PRJEE 96k 258 PR R PR e B B B SO L PR VR TS PR s PR B T T ( B 2 iR
U ) B EA R T B TR 40 i =558 R /D S 48 SR i M R A 4 48 1 TR
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RIS A A B PUR RS BB (BT, ARETEAME ) B BUR L 2 T BB T 4
JLJ8F « nonglial JHVEF W o I8 | POl 50 98T | A 62 68 N TR RS SR o 1 SR A 4 e L
FAREEAN e SR A T vk 208« LB L AR AN PR T e e e IR i ) 8
PY e B 5T LR R VR MR LR BRI L AL R AL R L Paget TR MR MEAL I ' b
Fir e 5] A A AN T W 8 40 R A IR B2 B0« FRCIR e 9] A AEAN B T 3L SR B v FROIR R
N RN SRS RN N R A Y s e SR N S i R N = R e S N A B 2
T BT L7 P B A A S 2 4 2 0 080 R S P e R g 40 AR 5 ik T A g 491 S EL AR
BT Cushing 3 1t L 3 70 WA MR I s AL ROE S MTER AR E 5 HRL P88 481 4 AELAN B T R R 2= 98 4
BT 5 R 2 B K 245 5 TR 2R S AT R A TR 2R S MRS P 4 g 3 e 48] dam R 4 g
Je  JoRReE R B 2R s 40 e 461 s S TR AT e SRR L IR L R I A MR | PRI AT Paget 9
U A A0 AR AN R T SR e A s = A A E AN IR T s A R
G S99 QUAHAS PR T O B b 5 e« 30 286 I A B e  ANTE) BRE 5 0 H AN R T
PR e IR AR FE T RG VR R RO T L IR B8R0 L PR TR 2008 placancercytoma., JEIR
Je Mg A i (R ) . B O e AR T s B A K (BRIR) JBtE 3R
T8 U 3 IR C R IR 7 PR L £ 2 AR MU PR < 45 i s B < IR A e
AR T JH- 20 g A B0 e < 8 20 451 a0 s < RS 440 e 451 AR AN PR T LR V45 79Ik
A« e ) an AR /N4 M iofes | SR AN e ( R BRI ) I K40 B A/ 41 i i
2 KU 9 AR AS BT AR R IR RS SR A R IR AT R I 2 BUME (LR M) RS RN e L AR
K S e L VR IG T8 e SR L R e (ORI R ) i A JioheE 48] R AN R T w2 iR |
B2 PR e TR LSRR e VLRI spenal  cancers 5 I 45 S4B A TR T IR 21 fi
T o RS M 5 M R 4] S (E AN R T e ORG VR R A A IRASE R T R 4] i EL A
BT~ DR 2 S8 AP + B2 R e 497 B (AN O T 65 JE 4 M s SR 4 e R 8 3080 L R T
HUR R S5 TR R R R PR R R L IR A T TR R 5 R 8 LA PRT 4
g e EIRRER AR 4E R RE AT MEAE MR (B / B uterer) s Wilms R B Mt
P ) AnELAN R T R AT V40 M R 4 i IR B PR D A, e E AL TR VR PR L R IR
PR . N R 9B . Iymphangioendotheliosarcoma [F) K798 15 JEI8T | B UL 2 it o b R2 41
He e B STV T IR L B TR I L FLS O A LR I Of T B 28 0, &
WL FishmanZEA , 1985, Medicine, % 2Jz, J.B. Lippincott Co., Philadelphia and
Murphy 22 A ., 1997, [Informed Decisions: The Complete Book of Cancer Diagnosis,

Treatment, and Recovery, Viking Penguin, Penguin Books U.S.A., Inc., United
States of America) .

[0252] X (D) AAEWBILTE W AT LLH TH6I7 P A/ B8 22 Bmi—1 413 10 & A
hE BH A 38 TE PG (Herh, S s il i i AR AR IA I Bmi—1 B A & ) Bmi-1
g ) B (EART) IS 98, O EAR TN A5 45 i 585 i
B E A R R K A A% SR A N b U I e i ot e e, A (1 LR = MR I 4 i
1 I s T b C A e 1 P I B— 2R LAk 089 . T 40 ok LR Burki tt R 9 s BB I
0 1) 3k LR, B0 S MRS P B B R 1 L P R A N s TR) D 8, B A 4 PR R
M rhabdomyoscarcoma s HAR e, F0. 46 FE 208 S R AU . tetratocarcinoma., £ 4
MJeg s FRRR AR A0 JE A R g, 0B B TR 4 g« i 42 T B RA 5 989 A1 Schwannomas

73



CN 104918919 A OB P 58/142 T

() T 248 e )i oRg , A0 45 A 4 A% . rhabdomyoscarama Al AR o A LA g, 045 BE 2008 .
E VT B keratoactanthoma A% B 40 AR  FRUIR R UV AR e o 72— SOSE 7 58
o, MRYE AR SCHTIA T iEIG YT S5 A M T TR i AR A G K RE o S hE T DAL FEAH AN R T3
TP IR C0RE A p53 RABIRNEAE  FL 57 « AT 51 B AT O 5 (R38R ARG 14 et Je 98 i 22 461
FORME R T B PR A BRI A R SR OO . AEREE SEETT F P, RIE A SCITA TR
VRS NN N = NN =7/ 72N 11N N = o o N T S e = e PR Y 2
RIAGE AL (Bl AER R B AR ) BUlAd 2 . £ KA BARSLE T £, AR SCRrida
[0253] 7R HARSLHETT S, AAR SO IAIG T I HH Bmi—1 - R RE Jy 1 T bk 298 B
BRI (B2 KMEERERE ) o TR AR SCH Frdk (7753697 B Bmi—1 32 59 A L5
R JFE Ath ofm 5 e o 1 S FR s S 4514, 45 S ME Rl bk EE AN Bl 1 T (ALL) 2P 9bk EX R 41 i B 441
JHL P P PR bR A T 40 L 1 I s = PR R AR R 1 s (AML) = PR B 4k 4 e
Mip (APL) S SR 4 B P 1 0 S PR 40 P L = Pk B A 0 T 1 s = P B B A 4
A I s P A bR BT B 1 I s MR o34 1 I s 2 PR B AT AR 14 (s (CML) P PR bk B
A0 A P (CLL) A1B 40 A 1 s

[0254] W] DAMRAE A SCH Bk (77953697 19 FH Bmi—1 -3 590k C2 90 10 <4 B 5 1 S 49 0. 4
Hodgkin #2098 . 4F Hodgkin kU 2 K PR 868 \Waldenstrom EER S I B4 205 Al
EERURARA) IR E A

[0255]  7E % — SE i 77 &, G0 A 3 iR VB 9T I B Bmi-L A 3 B R RE Y KK
Jei o A AR 8 AR 30 b B ak 19 77 V298 97 B S A4 e 1) SE ) B H AN R T 4R 48 R LR VR
RN R RN = A B = I R A RTINS e~ TN IR = A A BN SV S BN R = SR N
lymphangioendotheliosarcoma. & 98 « [A] 5798 « Ewing & P4 LA RESOULIRLE 45
Wit 45 B EL e Il IR S B s LR L U S VR0 P e . e B e
B W | DA M L A N L B VT R L B TR R L AL Sk DO FLR B R
Je  BEREE S AUEYRE B AN R  IEE R L SR IR RS SR R G T Wi lms
IR B BRSO /N I | B e e L b R A T L I R 2 TR U
JoT AR N B T A MR R 2 A TR | P R L TR A SRR L R A e Wi
TR IR 2> S 2 o IR TG SR 2 e« B 2R L A 28 4 R RSO o S 4 9
[0256]  FERELLSTHE TS, H Bmi-1 /3 @ AE ARG AN IR T ks « B s | MLV R G0
e o AE /)N 20 M e Bk R « B 70 e e e &5 B EL s < HE A e L I L LRI B
JE BB R B L B BRSO IR T R T e A R A P B R 4 AR
JLJg R S A R 5k IE MK B 4 BRIk 298 L B 4N Al Hodgkin W#REZSE . Hodgkin vk B2 983 BY
15 11 B A P 1 AL

[0257]  FERLLSZHETT S, B Bmi—1 /5 B9 RE A FEH A PR T 723697 (RS et i 408
MERSI A Z FFE R BIMIE . Mg B R AT LA TR 2 Bt R A, — PRSI RT3 RO AR 2 7
Het IR B TR A7 AR S T4 (CSC) BRUiRd T4 i ORg 51 4D . CSC s XONAR N TR 4]
SR ) MBI SR A4S YRg I BSUFE R2 0 1) T O B A o g 144 B A LA 6 e 46 81 1 8
g, PF AR A RLIT IEE AR MRE. QR T4, csC MiE T4 REA A S E
B 1. 5IEE THMAR, & H T A7/ 5 & Bni—1, CSC M 41 fuA e e
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AR N A AT IS o AT B I DNA A& 5 B8 F7 -t BE 05 A B AT TR B T R R 4
LRI fe o3 00 M ) 0 M B 2R R AT 2 L i 2 e DR, S gt B SR Bmi—1 [ CSC R
A T8 RO SRR T A DE — R fE . —Fh A AR A5 AL S ) S 8 4R CSC I H B
T B 7 B 25 ol 3% R AR e g T 4t

[0258]  ASCAHE I IARIE“IRTT (treat) ”.“I5JT (treatment) "B “IHJT (treating) ” /&
T (i) TBHAERT e A T RS A / B0 i (H W AR A2 W LA B i < B dS R/ B0 e
FR0 G FR R AR B BRAS AT / B E 5 (1) $IIB e RIS AN / Bope ik , BIBEL IR R @ s fl
/B (1) PRI RASAN / BURIE, BN S 800 RS/ BURIE KR .

[0259]  ARSCHFEHIARIE “XN R ZFAEE I BB OEK B KRR A 51—
SEHETT EH, BTkt GO AL BUR M HEZIY) . A HAL ST Ty 2, ik 5o A
ASCHRE ARG “ g7 AT RLS “xt g fi e A28 B A .

[0260]  FEREULSEHETTR A, ikt g N 026 Hi, 6 212 H#, 6 £ 18 Hiy, 18 %
36 AR, 12558, 5EE 1058, 10 £ 1558, 15520 58, 20 F 25 5,
25 % 30 B, 30 E 35 B, 3B5F 40 FW, 40 B 45 F, 458 50 F, 50 & 55
ZH, 555 60 B, 60 65 FW, 65 B T0 B, T0FR 75 B, T5E 80 B, 80
F 85 FH, 85 F 90 i, 90 F 95 FWTH 95 F 100 ZISHIAIS, &Ly &,
Fridnt G N B L. FEHAR ST b, Frid X o AL E . 7 AR SEiE T R, frk
SR RNNIENEGE . AEHANSETT =0, Pt Gy ASRAEEN o 7R AR SEfE T =, frik
MG RETFN

[0261] A A I ARTE“EHE N 45 65 B KERIINZE, RIEHEN" &1 18
BHHERFRMIAI RIEEZR” ZIE 1 52 18 SN ARE“B)L” 2EHERE 1
BN IEHARE “GhE” 21 52 3 SN,

[0262]  FERELCSlE 77 S, Fridd GAL T %)% D Re AN AR B il S RS BUR R S
JEDIRE A A TN FE . AR SR ST Ty 1, BT IR X G 52 oy a7 B )%
FFHEEIT IR o« AERLE Sl 77 7, Frid sy GG B T e (A LDS BN B B i fa 6
RS T R, R RE B CL L HAMRI T AR AT/ 30T . E R SE T
Z, TR R B A B I SR Y 4T ZE AL BRI () 5 — e . 7RI SR T =,
R REA A AR S A AL .

[0263]  7E—ULsLfE 7 S, SR IREE, BT Bmi—1 78 HoJ 40 Mg . b5 40 o I T~ 41 g
SR 40 B A I S R, CEIE S TR S i “ 9 AR IE (standard of care) 7 idijE
MEVE 0 GERRR A R (D) A TE RIRYT), I3 il TR RIA)T . £ —FisLiE sy
Fi L FEAZ B IR B OO R, RE “HEVR 7 Je i 5 /05— W2 5043 (e 40 ML e 8 401 i
S TN B AN BT Bmi—1 3o 5 R RSB, BT VAT - T IR s iExt T 4
SEIT VAR A5 MEVR BN 5T ] DALE A PR B4 40 8 o AR AT L A AR A AR ISR R R
AT S K TR 18 SCEAT , BT 77 VR T 43 By 7 v2eoxed Jee 40 G e o3 &0 e e i 4 i
B TR . AERELESTE T 2, A T Bmi—1 (3 3R I8 S BUN MR R IE 1)
S R AR T G A AR UE T T M R BE A TR 52 1 I AR R o A1 SR e S Ty &
, BT e VAR R () R 2 LA B A HE Bmi—1 A SR . RS, BT S T )
e A 1] I, IE S i BB AR i R B B R AT/ BOREIR MR BB . R RS HEAH
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Bmi—1 A3 (e I R i (130 5 ] DAAE A P B4R & Je st A 80, O 0 IR AR] 7 3248 R AE DR 2
SR BAN ST 52 1 “ HEVR ” 1) 7 SGBAT, BTk D73k T a3 B BTy 7 V4 B TR 97 BT e e 1)
MR

[0264]  fERLLLSE T P, IR IR AR SCH A 77110 B N DA Rt = bk
BEPURL B BUHAR ATV SR A B PV I TR T IR . AR E T, A H
Bmi—1 /-5 B ME VA E 09 28 B BN TR Gu 7 vt TR A B 78— SsEiE T K o, 197
f s BT AT, B M RS2 ARG T o« AEATRAAT Bk ST b, iR T R e T Rl
N FIT

[0265]  7E—esitdr &, 3 (1) A EELE X n] DLFR, 1 Hh 45 7 56 38 DA 72 4b T
T R RE S S ) AR PR B Bmi—1 /- R RUEE . fE— sy £, I (D A EUE
FE AT LB IT ML 25 T 5 52 0k BT Vs A S R B R . A SRS T R L A T
— Rk 2R (1) A AL BN B2 /T R 2I0)T . 78 HABSEE T b, X 22 Hif
AT I R F— MM (D) (A EWBSHER. 7SR iEir 29, 5T
X (D AL ST R G H T WG BE KRG 88 40 Mz IR )T RGO R s AN AT
B2 B MK 1 L2 AR B 22 /TR T

[0266]  fE—LLsif 77 &, 45 T —MEZ Pl (D EWBIHIER PN D&
ZHINFRFFEAR AT IURIRTT B EIBIT R/ OB TR RS T R, B E AR
ARV A BABR 25 I s B AR . AESE LSt T B, ik gl s O asuE /e & A
ISR .

[0267]  ARSCAHAHMARBEHUE” TG 8 E" T RITARE” S TH L HEEN &
I Bmi—1 A S REAEAE A Bmi—1 25 D REA FEAIS Bmi-1 85 B0 & AR SO Al
DR b7 AR BHEE TR VAT < a8 P B b AR P A 2 (D A s K &
[0268]  7igs TR R (D ALEWEILERE =N, A EHMARE AR E” LTS
HOCEF A (ENTERED A s a b — a2 N LTI R 1R (D) 1S vei
ERME : (1) 6 Bmi-1 &EAIIEE s (1) FBEBmi-1 EAMKEEE (i) R
HH Bmi-1 A3 REE B AR ™ E A s (Gv) T H Bmi—1 /3 FEERS
ZHRIIERMRRE ;. (v) BIEHBni-1 A SHREEDSS ZHREER ;. (vi) FiPjH
Bmi—1 /- FHPEAE S-S Z AR IR A BTG ; (vii) TP Bmi-1 /- SHEESS
H Bmi—1 M-S HPEEAHREIER MR A ;. (viii) PSS H Bni-1 A S KR EAH S E
ARFIFFLERT ] (ix) PEARERIEBRAEE T4 & T A itd ;. (0 FRIKEUERRIT R
15 Bmi-1 FIR B AR ALK, (ki) FBRBOH RIS A RSO man g ; ii) B
RBH BRIt RIA Bmi—1 MR BB MR ;. (xiil) THERBEEG]H Bni-1 /- F 1R
RV B (xiv) PHREEIETER ;. (vv) MSEEIHPEES; (i)
W B R EAEIART AR (xvid) (RIFEESHT R IL Boi-1 B BB AV B RT
M 12 RS AR 25 T Ak 2 24 2 Ja AN BE I BE in 2> T I RT, s A g AR )
FAR AL R TTEB I MRT,  X-ray fil CAT HIHWER ; (viii) FIREERENLER ;
(xix) IMMEFAAE ; x) PBREEERMRAE ; xi) BEREZ BRI A
(xxii) BEEIRE RS —IBIT B BEUAIT AR ; (xxiii) FE{&5H Bmi-1 /- FHEEAH
FKIERFIEE ;. Gxiv) MINEFETBIEAE . A/ 80 (oxv) 3809 E B 2 TR
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ARATE o

[0269] — I &, ABE“HME"ICEFES T EE M () WAEMEETE W E
& :£70.001 mg/Kg/ KAL) 500 mg/Kg/ K BZ)0.01 mg/Kg/ KAL) 500 mg/Kg/ K.BL#
0.1 mg 2% 500 mg/Kg/ K.BLLI 1.0 mg/ KAL) 500 mg/Kg/ K, XfFAATE N 40 22 %) 200
Kg B BB B M = B — P B 4277 & G50 & mT LAY Bl & T o T iX N e E
(1 5538 BN 5, RRADR AR T 40 Kg B4 5D FUHH ML AL e G B 20 60 22 100 Kg i
P R AR EE o 6T TR R A S B BT SR IR 2, 851206 R R E ST R
BRE o T LUK I PR 155 Ui (4 Bl AR ) W s o 45 52 BB B B A

[0270] 7B —SLE TR, AR T XN R BUE AR E Y HAE MR T, RSCH AR
X (D) A SR AT LALAZ) 0. 02, 0.025, 0.03, 0.05, 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, 1.10, 1.20, 1.25,
1.50, 1.75, 2.0, 5.0, 10, 205%50 mg/Kg/ RECHIH Tifik, T AN RBUEEIAE
WHHRAE DR — S HBEERERERS T . 457X (D hEWsHE{GRE
T—RIFNERIE S S 77 L9, 7] URER S T TR FIE — IR IR ZIREUE 2 K.
TER—EE T EF, TR AN HRENR (D) ALEYBIERFE, L Ax)
TEANFERARE AR

[0271]  ASCH PRI b —SEiE 77 RAFEL 0. 001 mg/Kg/ KEL 500 mg/Ke/ KIHKE
=k (D AEMEILE R,

[0272]  FEZAR SCHIA G B T, A5 5136 29 B T 0 I 75 22 006 53R YT HH Bmi—1 /31
FEE R TR (D EYBHIEAN“ARE"BEaFEU NERNE - FHE T
£10.1 ng ££13500 mg; FEHATFL0.1 neg® #3500 mg; FFHLLT0. 1 mg ££)3500
mg; BFHZ T4 1 mg £4)3500 mg; BEHZ T4 1 mg ££)3000 mg; B4 T£50.05 mg
2211500 mg; BEHZLT£0.5 mg 2411500 mg; BHZL T4 1 mg £4) 1500 mg; &HE
T4 5 mg £2) 1500 mg; FHZ T4 10 mg £ 600 mg; &FHZT£)0.5 mg £%) 2000
mg; BUEFHZ T4 5.0 mg £ 1500 mg 6 H &

[0273]  ARSCHTIRM W —S2ii 7 RA4E2) 0. 1 ng 49 3500 mg JulE A A ENR (D
AL R

[0274] X TALATE (D) AL &P, v RLE Tk B 40337 20 BCk B A S8 Pl
TGN 6 SR IRAR IR BAE BB AR I () 45 SRAT G VAN A 20 . AR BAE B ] B
FI T 005 45 2310 6 G ik BEVE R R 12 o eS8 B8 A v LA T e X T AR 25104 7
BRI T LB bR v 24 1 24 L A8 4 B SR B SE G S ) Th N S A T AR A 1, 451 T
EDy, (£E 50% FHAATPIBIT A ZHIFIE ) M LDy, (AT 50% FEARE A & ) . HFHHIBIT
RO Z (B 77) & EE 22 MR ONIB ST FR bR, 37T AR L EE 28 LD, /ED, 0 £ — 28577 22, Firid
ARSI KIBITfabr. 1EHAMSI G &4, IS EHE LT %A B #ME ED,,
(LR R SEEFE o BT ik 75 & ] DA% B P ARk, Bk T3 R 50 2 | B8 U T A 4
gk,

[0275]  ®EEAKHE, 50T (D) A EWEIHIE N EZRBIHIRE - AR (ZG80D R AR
TRZ)0.001 pg/mL £4)50 Kg/mL %] 0.01 Hg/mL £%) 20 Hg/mL.%J0.05 pg/mL £%) 10
Hg/mL BXZ) 0.1 Hg/mL 2#)5 Hg/mL B SRR . AT SEIL S IR IE , AR fr

(s
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AR (D) EPEOLTER R LAE 0. 001 Hg % 100,000 mg NI &5 2, BUk T4
HAZI 40 BL 100 kg BFE B — o HBUEESE iR A QX7 &R LA BOEG & T 51
T Z AR VG 0 85, Fr ol & 6 TR T 40 ke MIFZED.
[0276]  FH AL ST 50 RAH G PR 2= B I 3R ] DL 9 S 45 25 LR it 2
T ERNETERBURFFHE SR . 7] LA B0 45 24 IR 3R A 52 IR 0 1R 7™ 3 1 0 R

— MRAB RREIR I o B bR L A % AR EE R ) TR A BRI TR R R L AL L O
B 6T 5 25 AU A 2% BB M RO TR 52 7E L 5 HAR I RE VA T R O SRAH S8 1 A Ik
FIQITTT RN 52/ MRL. P]LARE 2.3 B4 R VREE - IRCBURER JE — IR 4 T KA
AN, BT € Hil I AR R 2.
[0277]  JESE AU A 0 A TART 2540086 028 1 42 A DAXS BT IR 5 e 45 7 A e prid i =X (D)
e &R . ARPR E ML A RE DR AR 2B E R R A8 REH LA
P FRK P CRZG AT ORI V& 5 RIS Il 4R 25 18420
lo278] AL G

VEANAR A REFE A 2 (D AW R AR 4. 28 4m] BA
ik B 25 7R (D 4G WEH T A AR 5 K BE iz b w4 BRI BR AL &,
FEHTEMIT. Fi, AR (D A BEE R E R AR ST
(D) WA YT 5 6 L 8h P40 23 550 AL a0 e ful 2 LASRAT AT 42 (R0 Ik TR) B ey 7
il BB L
[0279] I ] £ A SCANA BB AR IC R (Bl c¥s 1) = (D) (S PsiER, U
AN ))& (IR T2 0.5 mg/ke 4 H45 T FLah W an B/ BR BRI BN, B2
AT AU 2 B[R] GEHY 29 30 FP AR 30 /INAD, MR « LR B HAh AR A8 i o 8 S Ak 7
W, TR A ESE 7 o I8 1) BT BT AR I 25 2 0 1 GRS FH R 45 -5 72 AR )
HAFIE R R AL AR 73 B HAR D o LA G 77 205 2 35 MS B5NMR 43l 8 AR 454
— MM T 5 T LA-S A AR AU e AR N 5% B 1) 2 AR i 7T A R 77 AT A4
AT A, RECEATRA LY A TT RAEAR I R IW, 7T LAE S 8 T AR SO i
(D) WAEMBHIERGIT 452, R ENAR S B E EYE .
[0280] AHEIHIT

XA TR ZE A RIAYT H Bmi—1 A FRERE 775, B T AR SCRTIA IR 2 4, i 0 F%
XA M FRE RN REG THRER —MEZ MK (D EMEUHIE R, Bl S — FPEg
£ LR IR7 Wl | EAR R a2 1 5 1B i = 71 B I 71 1 T A S o | IO Y =3 s |
UM ARG, PR, SRR, EMEHES RN, BRA, A AR DU,
B2-Wsh), ulEm), BEmasn, AEWEGR, MEEASGN, REREE, KR
ARG, EA, AEKZ, duoeReA, PURES, AERS  IEE ST
HEAE
[0281]  fF 5 —SLE 77 &, A LOG BT i X R 45 7 g — M 2 X (D (&Y
B —PhEZ MBI A &, H SR TE R ST B0 T H Boi-1 /%
[RPERE A SR B HARS TR S
[0282]  7E—HesKhti 7 &, AL A K —MERZ A (D A EWBOLTE M A ST F B
A — FhEk 2 AN FIE N R — A ST T . AERLE ST T B, AR SO TR —
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P Al (D AL G W B ORI S Prid i — R e F s In R £ A AR 254 &
Wb 7o AERLERSLIE T P, A SCH PR i) —FEcE Fial (D A SR A SCh
P (8 — A s 2 Fi BN aRE I FIRE 945 25 1R a5 24 . AEJRBESEETT SR, AR SC g 1
—AEE R (D AL S B AR S 18— Al 2 fh B InasrE i A R 1 45 25 3%
(P

[0283]  fEHAMRSKHETT S, —AERZ Ml (D W EWEEE RS AR H Bni-1 A2
JEIE T FH I — R B 2 P B IR 20 B 7 e TP R 2 BOR A R B Ah s PE 1 73 R A
SER PR (D A EMEHIE A G425, Atz ml LT3 in s i A s 4
SO BN (1) AL S PBHIE A B & U i T

[0284]  ASCrRE A RYARTE“ B A)” A& 48 A SC P ik RO & 7 i R 25 2 R, L LU AR AT il
By 5 2 A o R IR A R A AR SERGTT 6 o, 2067 i (10 P R R R SR VP o) 2
AT HH Bmi—1 15 (TR (5 G AR & 10— Rl e Al / OB AR 45 T g i
o AERCLESLNETT S, A AU B BGTAT / BB 45 3 Frid 5 Be 1R S5
XG5 T PR BRI 5% 1R 53 T 11 356 AT AR i i 1k 700 A6 T BRIR 7 B B — 1 A 3 )88 RE 1Y
B AL BT S, U ORI AIE T H Bmi -1 A 3 AR E I 268 AR
Ro A BESLTT 5, AR AL A I W R) O e S B B AR 5 1 A AT B — R SR ) G i
AR EAIEM . 7 DAL s AR SR AL S P4 T 5. 5
Z AL TR WAE T A A Y R 45 T 0 R e Rl DU A R BOAS [ 9 45 24 38
RNXS REG TRl FERFE LI TT T, 2D —ARFAA ST g (D AL 58
BHIE R

[0285]  thm] LG A rid BAEAT K (D AL & WsHE RS 7 Ti677 H Bni-1 /3
P98 AE PR L SIS BRI k7, BB ARSI id 3K (D A S BB R, BLE AL F N B0 2845 7
& ERST R EE R B T . A AR A 2T, R DA IRERCE 2 IR G T as ¥
Pl & . ABANSERETT S0, ol DUB A FR R AP i — e il (1D
AW BRI TR SC AP i (8 — Pl s 2 it BN )

[0286]  MRYEA SRR TIE, DG 7k n] A FEEVE R AL &, HrTBL - (1) A G
7R rh AL (R FC AN [P 25 25 BE0E 5 (2) A B AR SO AT I8 02 (B (3) Il I A
b ERIRE T AR 5T % AR AUTIE T Lo GRS IE N, AR St ik 757 ] B
LG 25 T BOBIR , B A E AN B T3 FF B SLBGR) TR 27 R 7R AL B 2 A7) L B s
TR HESS B A R RIES . — B &, 8 L AUT SREF AR, IS4 T 200 B R 430 T
JR s IRG AL IRB A Jm o MELZ N, A AT BRI 25 25 7, — %G T ARG &R
PIANERCE 22 P T R30I m] DA TB) SRR R BT AT AL & 40 25 1 S A AR

[0287]  BISHGHIIRrE LU BAREAR Tl 17 (P TIR FEESE), $il
BN, PSR (HIanE ARSI AT BRI B (a0 6 RORKL AT AR 18 e 4a
PR R B R dn AR AL e b BB FR S BRAIAR BAL R AR ) R BB |
JEANAE ERITR 2 (BB =) TUAR AR 55 XRS5 R A COX=2 HIHkI 7] ) ) B S F = 4
PN (B B s PP R s WS L& R AT B ) | B 2- BahR (b ] RelE
biterol \ARINKFZ' . isoetharie, B PUIRAR EATRF 2 A ) ZU8F Rp AT fh bR HE SR LV 30
R B AN T AT AR ) HUIEAR) (R I PR R A SRR AR ) VBB ) (B
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TR g 2RI ) VB IZ 2 Pue iR (B sns ) (U ERT (B iz S
Yy (55 2 R e BT E %5 . gangeyclovir BaTRE B AUEF L SR v e e L B R IR
SN SRS I DZEIR T BT RIFE IR S A AZT) FidiAE R (B E 2= D
(FARBHER ) TOLER AFR AR OMER NLHER (AMO) .

[0288]  7EASCH AR AT LS (D A& s B A A 158 A 59 Bl 45 2 <54
AFEHEHART BTG YEE Pt 2 s ShIRF 1AM K] 5 21 B 2 K38 SRl /2 578
AN s —H R TEIRI E RN 2 A 2 22 Y 0E By R dh e s 22 T BE ) s R R 2
RABEIGHT s AR 2 BTHLIRE sFTHLER P s C D it R B b R &% 5
BRLLAEFE ORI IR 5h (W anEs R 4N (Aredria’) EUBEERAN (Bonefos”) .
IR B % (Zometa®) BAl 2 MR £ (Fosamax”) 4K &5 IR &1 . G DE R IR £h . 01~ I 1 & L 1) 28
IR Eh 1 tiludromate) s HEHToRFT (IRERTHOR A2 22 s A WE RN s IRIT LB s IV 22 VRO i
R REEN s RUE® R REANT (SRR ER RIS X
JET] T DU R AR s e b R s R vO R AT (PO R G s KR MR L A R TR
W D s ShIRIE R 2 s HO UM oI 250 0 B S 80 s AL 7 5 R R Rt LW 7 5
221 2 VUM ER B R SR A R RIS E S ATE R EIE S S ARl e AT R
s thyb R ER KIS JE ZE EphA2 IR ARV P BRI B 2R R TTHRIE ;8
MRFLILE JuAmEMe SRR R L E sHEETT (HMERT IR s AR AL ARFTIHH KT
W RER &5 5 CFE D7 s ShERVA I e v L FLPIVE s 550 4 A B s IR TR R E 55— ®UR
BEE sfluorocitabine sHEWERER ;45 m) M &2 & VORI ; Sh1R & VO Ath i s 4 8 AR £ B il 400
B R EEIR BRI L A E R AE R S P PR S E e AN R 11
(AFEEHANE 1T, Bril2) FIME a-2a; FIE a-2b; FME a-nl ; FHE
a-n3; FIMEK B-1 a; TIME v-1 b; FWHE SRERFPLE B EERRZ2IIE R IZ
Sk HiT M S EERR SN IR AR ( EhER AR % SR 2R IR CORAHIR SRS BB s LRI s 3E
G HFRE AR P -CD2 Pk s BEER B HL AR SEEER SR O 2R s SRVA L R R 5
WES 5 B MRS B DA s SUREE (2 ZBUR KT L smitocarcin ;22 R4 HK oK
FEvbmk KB L B s 20T R 2R MER KU BRI ER (MR 5 R M i
INFER B WRTBEILIE AR BT AR 5N E = AT RIS TR S50
Bef% AL A R 2 ShR P B 3 RER (USRI AN AN R E R R BRI
EhPR AR NEM R RIS R R MR R E (B VS5 SRR
55 A AT R 2R R AR R E RN s P IR R ShER IR e & W] IR B
MER GEERE R SO AR R BRI R SRR IS R Bk
Blewmt B2 EE 2N BUIRIENS BRSNS (BRI E B h AL AT
BRI S (Bl M FEJe 0 2 dh v I o s = iy s AR S IR = R b A I A
IRz A SR AT SRR IR 4EE S R K EL R K E R
KEMF R KEE MR KELE R KEEE MR KED B AR KERE
R KEY E MR KEME JRNB B REME e Falih T SRR LESE.
[0289] V47 FH Bmi—1 A3 FA 8 i AR G Al S 481 60, % SR FH 7098 BCHT 38 0 00 R AT BR T
oo B o B BT 5 1k BB ARBE T :20-Epi-1, 25— A 4EA R D3 (MC 1288, MC
1301, KH 1060); 5- ZRILIRmENE ; BILEHE T ; BIZRICE ; MR E M IANEs ; 2
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KB FIHLE /& ALL-TK #5507, ASHEMK &0 SRS 24T, @2
BETIIR ; ZAELE  Wvug ; BUIRHs s ; Badisdlme ; HEHACER ; B4 Rdndln ;14
PN D; FEPUN G, wEME; PUEMMESER - buERER , PUEEE  duit
Wi, RXEZERE ; HARPEHEHER ; A RN TSR e
WL sara-CDP-DL-PTBA (0- KRAEIEE —1- 2L Hh ), MEMRMRENE ; asulacrine; B
fth3EHH . FELE]V] ; axinastatin 1: axinastatin 2; axinastatin 3:; PFL&)EL : B
LER; EAREE , KRFER IILATEY ; balanol; EEwh ; BCR/ABL 555 ;
benzochlorins; KNG, ; B WBEZATAEY) ; B-alethine; betaclamycin B;
MERTR ; bEGF #IHF) ; L-R&EM ; HCARE ; XY ARE NS ; WZRILR) ; bistratene
A, LEHTRB ; breflate; WRILSZEH ; Aol ; TWMARVIE ; $F5H = ; Ribih
TC EMTATEY ; 4485 112, F%15; Pl - 2 - = (CaRest M3); CARN
700; BCOEATAERNMGIR ; RTRE . BRE BB (TC0S) ; MRS ; REKB;
ViliEi v ; chlorlns; SARRENRMRIZREEE ; PU-RAIZIE ; RICARMR ; whiEiE ; &K
LY 0 TEEME . collismycin A; collismycin B; FEM {5 A4; BRS04
conagenin; crambescidin 816: FLE ML SEkEE R S; SHRIEZR ARTEY ;. curacin
A, FRRFERE ; P (cycloplatam) ; cypemycin; Bl Ho & Sl (YNKO1 B Starasid’) ;
AR ; aUidmdls) ; AP ET ; HPGfhEE AN ER B, fEaIRAK ; HhZE
K¥n 5 dexifosfamide; AWK ; A4EhifAoK ; WPR ; BEgEER B, didox; 4%
ZRREN , R 5 EMRE ; SEEEE, dioxamycin; TURBMRWR]V] ; ZP0fhEE
TR RN REAERE ; BB ES JEREE  fEH R SA (duocarmycin
SAY ; MKATANE ; ARFBIEENT ; AKHBAERT KOOSR WKIBBZE  BEH  CEE
o RAELHE ; BEER, MEERITELY) ; MEBERESIN MRS WA
WERRAKFEYE  AKPE3RIE M vEILbEE o 54E A B dEM TS JEIRkER: ;OB
PP gEMRYT ; fluasterone; #IAHIE ; #hML fluorodaunorunicin; FEMZE ;
fEEAIE ; tEA) e, EEERVT ; gadolinium texaphyrin; THEREK ; Inigftis ; njg
Hivd  EIIREEIER  H IO ASPCHIRAEGIR] ; IMG CoA i JE I 75 (451 ke
FoAR AT v ST ARAR T  FARARTT RE T L Lupitor JEARATT B EARAR T AR AR ARTT ) ;
hepsulfam; WHEH ; NWHENCENZ ; waths  FHER, PilE;, 28
55 PR RREAER PSS El DRI BERR  DKEE SR SRR 2 K
KR ZAERKE T -1 ZAIEIR , FIERESIN , IR, afi; MmN, ks
% HEERE, 4-MgER . PR AITE ;. isobengazole; isohomohalicondrin B; 4F
fth @) B ; jasplakinolide:; kahalalide F; FUEZE -N =L . 2k ; leinamycin;
kgnl s MEREWZHE ; leptolstatin; SREIME ; HIUHRAIHEIFF ; SR o T3
o coEAR S MERER / BEAEBRA S e ERAR  ZCBERKRE ; LFA-3TIP (ZWEFRA
F No. W093/0686 F1ZEE LH] No. 6,162,432); FIfME ; ZRPE 28004 ; 508
Ik SEMREIMLAY) ; lissoclinamide 7; &40 ; MpWIAR ; w3Eidhx ; &8 ; &
RREEE ; BAAT] ; WRIE YFLE R lutetium texaphyrin; lysofylline; #HJfd
BHEMK ; FIFE ; mannostatin A; HHwEMk ; BRDE ; ILRaMED ; ERUAWN
FHIHIF ;. FE S EE A BEEI ; EWEAI/R  merbarone; FIREGAK ; EHEARE &
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B4z MIF BA s B apiblsn) o OKIERIER ; KE4H  Kormls ; EETAUEE RNA; KIE
R, SREFPEE, 2R®EXZRUY , KItEE, HEERF4AESHRAE KR T - 25
7 KRR, EPNT, Bhnle BudlEdiUE , ABEREEMEREER  SRsE
HEFT A/ 73 SOF 4 Mo 38 (CWS/MPL) ; SWRIAEY ; 2 EHUZG B RHR 2 FH g4
il 1- B97v%  BITPUER ; mycaperoxide B; 33T EAMMEESZEY) ; myriaporone;
N- B SEH A AR ; N- BUROE R BER% ; IRVESGHK ; nagrestip; ZNV&HER / BURBTAA
napavin; naphterpin; MBFERIT; A, HEZWE KR PHEICEEN TIE ;
Je & KHF ; nisamycin; —FHALEIHTA ; HEEIUVEMNA ; nitrullyn; 06— FAE: IR
M BHAL ; okicenone; HZHMR ; HIKHIEH ; oracin; HIRAME-FHFY ., A
H BIBERRE BRI oxaunomycin; BASEE , BN BEEMATEY
palauamine: palmitoylrhizoxin; THKMEER - ASH=F . O K4 parabactin:
BB E B 14 WE ; peldesine (BCX-34); JNIRWEZ BRI ; WinlfhT ; pentrozole;
LT RS o ROV ENE ; phenazinomycin; RIEELFEREE ; BERREEIHIA
BEEEGIN ; BREREEFW, MR E ; Ml ; placetin A; placetin B; £F&
BRSNS o A A . SRS ST AR RSREER R
RS XU BERR ; BIZUMRE J2; SEABHEGEGRN &5 A- ReEETTH , &A%
Bl CHIGR, THEESE O PR R BE PRI ), "R B TRIR ALY ; 405K A
WL PEBRAT I ; pyridoxylated ILZLEE A RALMGEREY) ; rafl PR, HEMZE,; FHiEH
B, rasiEMR B EE L REREANER  ras 6N ras—GAP #IfIFN) ; EHENIREEIT
KB IR SR Re 186; RFEHR ; BEMEZEE ; RIIZERR , PRV, PUnli,; 23k,
PWEETL 0 rubiginone Bl; ruboxyl: ¥035X.: saintopin; SarCNU; sarcophytol A; ¥b
FETT ; Sdi 1Y) RIZEENT ; EBATAENIEN 1, UERER ;G551 S0
A SRR, BENESSGED,; Wik, ®ah4E; R, REORE
solverol; AKIFTRESEND ; RAY; WifABEER ; spicamycin D; BREW)VT; W
€ ; spongistatin 1; MM ; THHMEHNER) ; THML D Z4NHH] ; stipiamide; &
HFE ; sulfinosine; @IEMEIMETEHEMILIEDR ; suradista; JFfuH ; S HEER
AR R B RT 5 FURMEIE ; MR ORI MY o AR
AT ARALENT ; BRIInEAN  WEESE ; tellurapyrylium; dmRiEEHIGLE)  BEAk
Wy o BBEMERE . B JBIHE ; tetrachlorodecaoxide; tetrazomine; thaliblastine; ME
AIRAR RIS ARIMRAE A BRI A R S AR
) BRRdEg  RFCRIREGR 5 tin ethyl etiopurpurin; BHi4LW] ; B MEK
topsentin; FLHiKS ; AFETAHRNET ; #IENGIN , P8R, =CBEKeE ; im
S =R dREEAR  FERE B P HENR . EREBRBIEI A BRI
eI UBC 57 ; SoREw) ; JRAFHSE - ATAEMAERIEIRF ; JREESZ AR5
7 ARERK ; variolin B, M&ERG, AAMIERITIL  ERE , 4B R; 35
fe, 4eRT 4EESy  KEME ; vinxaltine; JRFIE)E ; (R&EME ; FLiakeEE ;
Jeda ; WRYE ; FEMh T TR

[0200]  7E—HesKRti T &, SACHITAKT (D) WAMBOTE XA A58 H R B )
NP B PP . G ) A PR S e S L B 1 ) 49 T 4 i DR - R
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B AP (B0 N AN AA B L 2 5EF& | Fvs, ScFvs, Fab BY F (ab) , 4 BB
AL E I BO ZIR 43 (B R SURZ R o3 A = A58 FE) s iE 40 A VL &4 e L
e

[0201]  HAdkHh, n] LEARCF AR (1) AbA&) B A S8 1 —Fh a2 Fi e
9% A FAFREA IR T 52 R UK IR L % IR L % IR U & 25 AL H IR U 3R
Z KBRS IS (Tmuran”) LA 2 (140 FK506  (fhvr3Ew] ) AL B OP) (B2
RS B S [E B M IR B IRE R (TR 5Ew] ) (R N7 i SRS W 25 A v R
malononitriloamindes (|4 leflunamide) T ZHAESZAAE 37 40 o IR 2244 18 i 551 L Fil
AR 40 A A5 5

[0202]  7E—FPsSEHti 77 =, Prid G2 T RS T R AR BRI SEE T S, Pk ez
TR AT R B S A . AR —Le STt 7 S, AR S A BT A8 A I BRI R AN A2 G
T

[0203]  7E—HesKhti 7 &, A LSRR AR (1) AT A A58 5 F
A 7 R D1 2 L7 =2 = 5 | PO 7 1= =95 | N E [ e ey I KR R =g I A ) N e
EE L BUE A IR AR B R 2 e | Fvs, ScFvs, Fab Bt F (ab) , 7 Bt
PURSES F BO Bl s R & %2 INF- o o+ (Bl X o T =118 05 ) 4
WA ol o N BB i) o 78 AR R hE 73 I Pudg . AE A SEt 77 27, A0
FIrads 7 B IR AN e LS A a7 o

[0204]  7E—2esChti 7 &, A LSRR AR (1) WA A A58 5 F
B MELZ P A R 2 R AR PR PR S A4 BT TR 9T & M AT AT T
K 3e HLA N EIHE PR 52 T S2 ] A0 45 FE SR PR 25 (NSAID) | ESRHL A 24 BUIR R 28 (4
PR B R HE &« FP 2 i R R HE o RUIRAL = R FE 4% (ATROVENT®), B 2- B3l (b
T % EE (VENTOLIN'AI PROVENTIL ®) . LL#T 4% (TORNALATE®) « £ & ¥0 T B B% (XOPONEX') |
BPGIRAK  (ALUPENT®) (AEAT4R% (MAXAIR®) . terbutlaine (BRETHAIRE®F1 BRETHINE *) . ¥b
T HEE  (PROVENTIL®, REPETABS®, A VOLMAX") . #8545 % (FORADIL AEROLIZER).¥b
#5% (SEREVENT"F SEREVENT DISKUS ™)) . HFFE NS (45 Hs, (UNTPHYL". THEO-DUR".
SLO-BID", A1 TEHO-42")) Z%. NSAID HJ SE & AL K5 {H A BR T Fa] =) T Ak A5 38 25 ZE R 5 A5
(CELEBREX") « XU & %5 2 (VOLTAREN®) . fK ¥ & 2 (LODINE®) . JF i ¥ 4% (NALFON) . ¥1 % J
(INDOCIN®) | ketoralac (TORADOL®) . BlybZ% (DAYPRO®) . nabumentone (RELAFEN’) 7R
K (CLINORIL®) \FE3£T (TOLECTINY) (B HE% # (VIOXX") . 254 (ALEVE", NAPROSYN®) \F&
%35 (ACTRON™) JHNATSE@ (RELAFENY) %5, b2 NSATD @it #Iifi R A0 (140 COX-1 Ao
/ B COX-2) AEA . 2550 9 25 1 SEB A FEAEASBR T8 52 2 28K 4% (DECADRON®) |
B EE (a0 A LR JE RS (MEDROLY) ) « AT FI#A W &AL T A2 32 945 (PREDNTSONE®
F1 DELTASONE") & 4Lz Je ¥4 (PRELONE"F PEDTAPRED *) « 25 48 4 I U e MEL Wi 548 A R 401
HI5R B aET B AR R A A (40 =0 ) 2

[0205]  FEFEECSLRE 7 &, Al LLEARSCH A (D) A4S E0 IR A S8 FH B B
A e A TR A IR LA A 22 L5 LR S e bl DT 06500 A 22 7 24401 )
S KPRV AR EA R T A % 0D R 8 mT 7 RS I S IR A Lk R R
SRR LR RIEC B LS, WASFIR AR E AR TR EATT BiCNUY) VIR 2EAH
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ik (CeeNU") 5. HUARBIPIEFEEART 5 FRMEIE Ay BE . FFZUEN | 7 UG fh i BT f i
B RIS PES . et OEEAR TIEEER ER RELHE EPEARELUAER.
KILRER S . A Al 1T #06RORREA R T340 R B B ST s (VP-16)
Bl ES. AR MHAEFEEART SR CREE. 20028 ) HKEL LY
(KB KEH K EIE ) 55

[0206]  7E 5 HARR Kt 7 &2, SARCHIrAR I (1) WE BT A A58 H 5 F
PosE A UG TE A BT AR E AR TR 2 Ve R OLER AR AP IE R
AR EE VT VA A U R . crisantaspase VR RE L BA]HE B L IS R B R LT
KEHRDJEEEZR (VAR 2V &R IV HIEF{E ) |« enzastaurin, B
Eb 2 L ARILVAH  FUL P 5 R IE (5-FU) . & FEfthi. gliade]l AP R K. £
AT = I PRt 58 e 8 B 225k RIS e g A O
WASHR . VAT ERIERS SRR RS 2 B R ORFCEER . B IR Byb R 4a . R
B 53 dh 28 ) At T R LR i E R R R AR e VRENRTE 2K LAY e B B AR
g — JRWEIE | B S i &5 JEVE B A 22 i VR R VI S A L PR NS R R L TLIB hE
Je KB KBTI KEME  KEI . K& KERE JRFIEJE . ZD6474., H.5g
BB (Bt DA B U 2245 BT IMC-A12, IMC—1121B. medi—522. FI % 5 3145 ) .
Fal s B G BaT S e | b S B i A B AR BR T 2R B . 2 O L A P SR A SRt
KEE AR (FLEARTZIR ) ok i T sm bk R #2220 i L T65 18 P 2 il = R U
FERA S M I mARSE ) EPHGH (BT IiE . AR -12 ) LB A 2R TR 24 TR
(RTK) #0157 (45140 AE-94 1, MU HIa [R5 R e = e 75 & 35 Bk I8 2 ol 25 SR IR 1T
FB | 2— B AR AL E T FLIR A R i SU6668 55 ) U SR 4 AT (B AR BEE In T A4
25 ) GRS REABFHI (Fltn BMS-275291 25 ) 1/ BILER / JRER / BRE TR
P AR AE 8 28 E COX—-2 P28 7 (a8 & A0 5 ) B ot 28 [E B (s Aa S8 ) o
[0207]  fEHE BARR L 77 227, nl LS A SCR A =X (D A A e o RA A R
L A U I B | e E TRl IR Al Brivg = AR ' K7 S I 76 N AT (12 - SN T4 N
KPESEHA . & P fthiE  5- FJREIE RSB e LS BB AER AT R B e B B IR
P e B A A

[0208]  fE-— e 77 R, SIEHTIEH AT A SCH ik I (1) & m
— PHERZ Bl B N0 75 UGB BT A, B T T VA A AR S 4 i B R 4
ML X B4, v STEAN ARSI . A ARSIt TT 2, PAAR R R 5 Bz R R0 T T s
TR, He o i e S e R o A AR ST T S, DA T A B PR BT TR 2
2B TRR TS, HoroR s IR B T 40 B s 4R B AT/ B B P AT

[02900]  FLAMEYZH A (1Y 4 A0 °] 3RAF I B ) BT SE A BT e R E T R A A
TR () H 282 AR g AN 9F HAC 8T Kkl Physician’s Desk Referencet,
[0300] TFIULEASCH Az (1D & W H T A A 5 FHAE AT 305 57 3038 5 7
sy RIE A mT T e & M T 3CY AT TR 97 B Bmi-1 3 B8 E B AT P 9T
e Z WA W GilmanZE A , Goodman and Gilman’s: The Pharmacological Basis
of Therapeutics, 25 10 jjx, McGraw-Hill, New York, 2001; The Merck Manual of
Diagnosis and Therapy, Berkow, M.DZEA . (4% ), B 17k, Merck Sharp & Dohme
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Research Laboratories, Rahway, NJ, 1999: Cecil Textbook of Medicine, %5 20 ki,
Bennett and Plum (%% ), W.B. Saunders, Philadelphia, 1996, Ay AJEREVEIT IS
BREMZE LS (Fanfl P Esaa 7 Malm ), HOSse et TP a7 A/ 52
TR Bmi-1 A REAE .
[0301]  ZiWeH &Y

AU LA E A AER (D A EYBHIE R S 255 ERT R BE 7 VR &
2 E D o
[0302] AR ridRSEE T R A HE SR (D EWEdIERE 24557 Erl 2 1R
TERI T7 10 & 2T G . Bk 254 4G4k n] LARC i) 3Rk 48 A 3 4% FAHZS B4 pH
7,2)pH 3 £Z)pH 11 i pHo
[0303] AKX S L ZREMAWALS R () AKX TIHEITH
Bmi—1 M3 HFEAE R &, Irid & Wa A 8&E N (D EaMEdE RS 25 Bl
52 BRI A TR A -
[0304]  ARICAEHKIARE“LEY” 24805 ERERE B 17 A B a1
4 T8 & HI4F 8 B AL S 3R AF B AR ART ™
[0305] 7B —SKHit 77 2, rid 2946 W] LA & AR S0 iridk i — i 2 Al (1) 4k
AW HIE AL A — Rh 2 G 7 B Bmi—1 A5 (005 E i Bk 700 69 o broses 750 s
B AT T B AEAL ST 7 o
[0306]  AiE “ 2y ERIEEZHMRIE 7 2 e Be i T 535 PR 254l on) ) an A S vh ks 1)
X (D A EWEHTER—E4 A2 2 EATRRIIY . SR E &8P MERA 7
PERIAE 0N 25 25 AT AT 29T 0 o 255 bl 52 R AT BLE il it 45 T4 E A 54
PSS R B B 25 20 A0/ BRI SE o 2977 B AT R 32 I RE 0 B A R 1 1 s 440 65 2
M VE TR AR R BN BRSNS . DRI, AR AE AR SO ik B 25V 4 S ) ) T Y TR - 3
(W, B a0 dE B 250 R o
[0307] & X AR TR 1) AT LAY AL K 1A B0 K R 8UA 7, Bl s B 2 0
BRI R TR R A E IR E BRI R AT IR B0k o At A6 PR R 75 (0. 65
PUEAL G AR ML < B -5 7740 40 EDTA 5SS QwioRG P b B A 4R 3R P e ik AR B 4 4
FBETR RO A oK K HI AT SRV B spH S AR . R A
B AL BTS2 IR E LA .
[0308] A SCH TR B2 AL & W] LAIE & BRER B 25 25 7T VAR Al « T HIRES
210G 3 1) R LR [T ARV Y LRI 2, ()N P T i 4 227 ) 5 3 ) mT RN ol
FIELFERAR R A BRI SR A FE R Ll O R AR T [A, HomT DULAE 25 245 22 Wi
A FAS AR E A
[0309] AL F T EVIRASE A I, W A 89 4n A 700 S B2 S B 5] S 7K Itk B PR VR 8] L TE K
VBT 93 HIUCPE H AS BORIURE (55 FORE A SRRE B K RURE D« 7L B8 Jo B4 o i 2 3 ) B
R R A DAARSE H T 4% 25 ) A S B BOR SUS AT AT DT VAR & B AE T DR A&
Y, 3 H ISR H SV AT LAE A — B e sl , G R sn) L R vk 8 e sm Anps & 750, A
PRpET] CIRCH]
[0310] X5 R H A B0 245 b AT 422 52 0 TR 50 60, 935 451 s R SRR, 49 a1 4 2% L B R
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BB B BN FLAE L T B A B IR AN < R A7), 0 A SS TOR R R AR 4 3 A S IR R R T oK
K BCBEPR 2570, 19 T SR LA K« B I BSCRAT R AR A e s R R, 461 G T PR B B IR
BRORIE 7o AR A DL R R A R B AT DA O B R34 A , 10 R U FE Ak DA KE IR 43 AT
BT B Wil M K T SR (R AEH

(03111 FH T 1A P ) 6] 5500t 2 30y ol o W P s 9, R o P ot ity P o 05 1P [ A 7
FIBI A ZR  FLBE RS BRI IR G, BUR IV B IR %8, Herp ik i Mo 5
FeK B A BB A0 T T R 2 T AR A S BN TR A

[0312]  7E HAth KTt 77 22, RS0 B (254 26 mT ARG i) B9 & AR SCh ik i1 45 22
b — P A ] TR B 2y T IR AR A 1R (D AL S B R S
PEHAh L 77 2 7, A SCH BT 259 20 A4 m] DA 1] oA de sk v — o B0 22 Fh R 741
il %%ﬁc UE’JT"%%‘?E%H%M

[0313] A TR 2R IR AR SRR, B R B A4 2 A A 4K R
Eﬁﬁfw@&? VEEE R BN 58 2SR IS e ] 2 R TR A B R - GRS TR R A
AR (BIUNEETE ) A ALK S IR & 7= (B R A M RS ) IR A
e 5K FENRITEE 19405 79 (#9140 heptadecacthyleneoxycethanol) NV ZbE 5174
H I D7 A OB B I 1= AR 0 4 S 77 4 (A0 5850 £ 0 i 7KL AR B By B B ) s R
R, A0 G B Ak MR s | S 5 Ay S B B . T IR VR BRI A — Ph B PR R, Bl
g RS AN/ BUETRSERN FR AL - R RS s — PhE 2 PG 7] s —Fh B2 PR 71  Fl— Fh
B 22 o R 7R 461 a7 A O RS

[0314] A TR (I Z WAL A Pt ] OA KA BB R . A AT LR, 4 dn A
R R B A6 AE T A i, B AR A BB E AT ER B ArE SRR RE R AR 7 AR I b
F 5 48] QI R R AT AR Foe A B e s KPR P AR RO IR, 481 0 K 5 OB IR L A7 AR 1 I o 1R ) B B
TS 5 OB BT, 48] 40 5 7K L B B Bk BRI RN IX E JR EE N A 2 BE R 4 A T )
RE IR KL AU B B BRI o BT L mT DA 35 A B R SRR TR R ) o R RORH ) 7] DA
EFERRF, 50 v (L BB TR — A o SRS AT LS A B 7 AR
B )

[0315] jj% AL FTIR 25 ST LR J6 B AT S G A o T 3K 9 i e B AT
S 7K M FLVR B BT o PT AR s RS F ks I3 85 3 1) 835 79 B0 1 7 e
FRC 1 I SRV BRI o BTl oo Al S ] it mT DO B W 18 A0 A 3252 IR AR R A1)
BT A O TC B TR A VR ORI B0 1, 2- TR - SRR A . TR JC B AT i S
di AT DA & SR TR AR o A8 BT DT A P82 32 T EEA- PRI 7, 7K Ringer YL 55
BEMWNERSE . 6, AT LAE RS EEN R R E B e . BT B, Al LVE A
AEART T [ 5 31, A0 46 A B H SR me B Hh g . B ok, NS Wy ER ] an i R mT DA RIRE B T 161 4%
S

[0316]  ACHFTIAM (1) A EWBEILIEEEA bn] DL i 4k 27 B0 4k 27 2 A [ B
BN, 91 A B AL SR 5 2 B A S o M (A s 3 I v e 1 L AR A VR L S
FEARAS R MR, I e & & 1%1%

[0317])  FE—2ESLETTE, ALk B30 (D) A& P EcH R A i /e 32 & 2R K
(1) A PE A 2 AR AE P RS 550 T D ARGS 245 . DRI G, AR SC P BT B 254 2
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AT UASHHRERNR (D HEWEIIER, f15 2P [al 2 fIREF) (&
A T U PR B L T BRSS9 mT A R s R0 e A ZS TR I BRI T Bl ) D R Z
22 P AT R G A (B 3R 2 —RE 40 S E MM S —i.
[0318]  7r Hifth St 7 G rf, ] L i 15 Fihar J8E A0 A e AL 455 AE A FR -5 FH AR AT I e 4
AN R ORI A i & PR RO B B R = X (D A BB R AR A .
AFAET BRSSP 5 T AL S T s FEAE & o R b B 4 i B e R
[0319]  7EEARHISEIETT R, Frid WA &4l OS & — Ph ok 2 Mok s g M ok,
Bl ERAAG o FRANKE AR E PSS o -, B -, M vy -SRI L 3 23, iR
B E PR BE S LT AE AR TR L - B - IS (HPBC) » 7E—Y8SLE T &, frid
MGV E L) 0. 1% £4) 20%. 4 1% E 25 15% 3040 2. 5% £ 29 10% [ HPBC. T
(1 7 g 1 s R i = T DAER s T B R s W i o T &
[0320]  —ME A St

WIAR S AFFE, il g AR SR A B2 (D AW 38 77708 5 8 F A i« 24
SR E RTT I AR 22 R JFURH R ] 7 e () B nT AF2 REAT A AR g RN R O B AR AE R
M R SE i Fp il £ . R DLZEAR 22 Bl AT I A7 B AT AR U 1 B pe e i, JF A
AFEAE BT T7 BAARGURAE BEE AR N 2 HREE R A . mT L BLR 77 %2 o BTk il 44 5K
(D) b EmE IR,
[0321] & A RIFBRIEELA By e L 54

Ha Ra
ol ¥
Ry Rz l%é F%g
| NH-PG pg ! NO; NO,
X4 “N’l\mz o SN )‘1% A3
A1 g{“ A2
3] B R, B Q,RG Ha Ba
ReSCEENE Bl o el
HN N’L“E N HN NN A5 HNT NN
Re a3 % Re A4 : — Ry As RJ’

ZEBRFE (170 KOtBu, NaOtBu, NaO'Am, Nal, NaHMDS Z){E7E T 7E¥457 (f6lfn THE, DMF
) AT BRI A AL (Hirr X ARERE B IR SEIIL Y x & 5 ) 5 MR R 55
H L, FOA BRI (A PG RRAERZ B BRI EAFAE RS 4L ) I DASR ik
EW A2,
[0322] 4R, FIR,H— DB N o 2B, FRABAL B R TR S E Rtk 54
A2, A RAE “Sep” s 58 H A SIS B2 AR N R AN 73 B AR 7 B IR S V3R 131
WIS AL B4 A2 SRk, SR RARY
[0323] B, W] LML AE B ACAA ¢ ARYR IR A AR T (A RTEE H Pd, (dba) ,,
PdCl,(allyl), PdCl,(ACN), [Pd(0Ac),]. 5%, BESEFCARTE H PCy 5, Q-Phos, XPhos % ; BX
2 AT DA FH 7T 7 T e Ak 704 B0 Pd (dppf) Cl,,  Pd(PPhy) 55 TS 9) ALS & FHELL T
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i, RAHEEURI G (HAPRAEAERY L ) RN, SR a4 w2 B AL A A2,
[0324]  A] LA ik A ik I <px JeB 1R A7) (O B 5 A s 1R A R 5 1) < S BRI A7 AE R AL
A A2 ERACRIAR - s 3R - AR (b X AU 0%E IR L S ) s 3R 5L e b il 2% Ak
EW) A3

[0325] B, W] LA AE SR (6 4 KOtBu, NaOtBu, NaO'Am, NaH, NaHMDS Z)fF4E T4E
FEF) (40 THE,  DMF 28) L&) A2 5 B4R — ik - i 08 (LA X ARIE FR.
S REE R pR T M HAS AL A Y A3

[0326]  JEIEAE S SRV (B AR B B0 VAR S0 740 NEA YD A3 B &1L &4
A,

[0327] I G A5 IR RERILEY) Ab4i &l &1 &) A6 (Herh Rb AR 73 4B
RAUAREEAN Re (3R C e . tn] DLET AL 54 A4 Shp R N IR IRIGATIE R HL
AR IR LA &AL &4 A6 1T, JBEAAT LK TCDT, Hdp 5 A B4 E Gk RV AT LA
H— DB EI AR —

Ha
Raw_z x Hgﬁ /‘

”ﬁz HN
NG,

R4

Ser:
[0328] B F&, o T Ad A B AR B AA - 4R (H P % 3 Pd, (dba),, PdCl,(allyl),
PdC1,(ACN), [Pd(0Ac),], 5%, BHERCAALE H PCy 5, Q-Phos, XPhos &% ; H(#, A LAMTH] AT
1 {8 AL 55)481 21 Pd (dppf) C1,, Pd (PPhy) 55 ) IR G4 HEL AL I SC BRI REATAL &) AT
(Hr X, KRG AR B SR 5 ) SHEERRIEILEY A8 (Hd Ar /AR %
BRI P Ra AR — A AN B ALK REUCHEE ) S &40 59 A3
[0329] 4 R,FIR,H— /\Eiﬂﬂi/l\ﬁiiﬁﬁ%ﬁ PRI B AR IR SV K = e 540
A3, i R1E “Sep” s2 F8 A1 A 18 E AN 52 O A 7 AR 5 B A IR G HER1R )
HERLA Y ASRAE
[0330] 7% B BKMEIE [1, 2-a] MEREHURRIEEBELL G
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Re Ra Ra
Ra o 0O ™
< KR(: o ,,-;.'ﬂ’;/ &Hg r..::y
“/\_ Rb 0 o M )j HNX X f
N ~# Ci | h{ L ¢
e R Rb
H, Bi B2

B 2- 2 - ki (K Ra AR — D I ML RIUIREE) 5 o -
LRSS (A Rb AR F A IATIE REVRHEEF Re 3R C ket ) MZgaGHl &b 59 Bl.
[0331] @I AEAALER BRI (9 2R R AlMe, )7 AE T R &5 (B4 NH ,C1, NH,Z8) 4k
LAWY Bl &AL 54 B2,

[0332]  EITAE KALIRF) (140 POCL,, POBr,%) 7248 NfL-& 4 B2 5 B K fe 3 lis (il
WA R A R AL BE S TR B - B ARSI T RS ; P XRARE 4, W C
PeA S R AR K E ) 4R IR &AL S B3 (MR X QR IE B IR R B 1 R
JEF) o

[0333]  JHitAFIRAH ({401 KOtBu, NaOtBu, NaO'Am, NaH, NaHMDS %) fE4F NAEVAF (41
W THF, DMF %5 ) FH4b64 B3-S S PB4, e 5 BB IR A i (o PG ARERAT:
EATAEIAE G R BRI R ) (R &40 &4 B4.

[0334]  EF, m] DLid o F B R MO A4 - 4098 ( Hp4EYsE B Pd, (dba),, PdCL, (allyl),

PdC1,(ACN), [Pd(0Ac),], 5%, BEHEFECA&1% H PCy 5, Q-Phos, XPhos & ; B3 A LA HI A/
TEEAL T BT Pd (dppf) Cl,,  Pd(PPh,) 5% ) JRA Y4 AT BEAL G A B AL &4 B3

BRI AL, A B A i (AR R ) R &4 59 B4.

[0335] & C 4, 6- “HEILIULHIEBIEAL ST

Nﬁiﬂﬂg
0 5 Ra

Ha Rb “*X
(% 3‘(4">— =7 / HN NP
N — ): >J Ry

N . 2

NBoc, NH:
f -, / TFA
HN r«t)\; . HN M)i
m Rb

c2
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IEIEAEF AR (B2 IG5 ) FAERNR TR 2- 200k - ke (HA Ra AR —
’ﬁﬁAJQAEm&Wﬁﬁ)%a-ﬁ%%(ﬁ*hﬁﬁﬁfﬁWWQjERVW§h
%mEﬁRﬂﬁﬁ)M%A%%%A%a
[0336]  JEIEAEA WA (B0 — 3 A BERESE ) ol B R AR - AR (L AlYRiE
A Pd,(dba),, PdCl,(allyl), PdCL,(ACN), [Pd(0Ac),] %, BH:fEiik1% H PCy ,, Q-Phos,
XPhos % ; B 7] LLAH A AT i W (4L 7781 40 Pd (dppf) Cl,, Pd (PPhy) 55 ) H#E /D 2 &6
(B0 2. R4 % ) & AT AL I AS IR B4R A4 C1 S B e fb &4 (A X, Rk
IR SR K g =R ) N IS C245 5 Heek B IE . TR SR BLZEF &1 i
% % 100°C T AT
[0337] Lﬁfﬂ%mﬁiﬂmMmﬁF%%%%ﬁU(WQMOM%WATWM£¢)
REIBAL A C2tf 2% AL &9 C3.

[0338] 7ED 4, 6- “HIEFURHIWEIL S

X

Rs OH V
j“,j‘ m@zc/j“cogm Rﬁf‘“‘i Rgﬂ

W™ Ry HO™ N7 Ry X7 ONTR
D1 D2

y NH;
4
e fA (L
D2 —» Ry 33“ HN
m D3 m D4

TR A B — VA FNR A (1 7E MeOH A 1) NaOMe B/t EtOH (1) NaOEt ¢ )
[ BRI TR R BRI &) 5B RG Ak R R 048 A I Rl #5654 Do
[0339]  JEITAE LR (H80 POCL,, POBr,% ) F74E Nt HIRAL&4 DIKI &1L &4
D2 (Hr X AARiE AR B s & )
[0340]  EITAEHEF] (H AR A ELOH, THFE, DMF, HiB&WSE) k64 D25 %
FHEUARI A 2, 405 SL BRI i B e Ak il 4% AL 54 D3
[0341] EITAESA AR (HAVEREE CHON, DMSO, HIEAMZ) KEBAW T XA
IKIFALFRAL ) D3 &AL S D4
[0342]  J7ZRE RIFBRMEEUAHIEERELL S
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Ra
R Rg l ‘l”i.
=3 R Arot
£ s G
X7 N s Xi 'S gz NO;  E4
E1 E2 S
” Rz /Ra . Ra Ra
i Ty e " & =y @
| Ar | | |
X %N/LN X X4 N”L‘M :
! H H
Ea NOs ES YONH,
Rﬁ» Ry /'Ra Ry ;ﬁa
Rb Rg = Rﬁ s
ik NH-PG ™ N7 N
N e | =
ES E6 Rb% Re E7 Rb)'”

IR (B0 CH,CLLEE ) AR GG RS E 2- LR setb 5 E1 (3
X AR IR SE ) )i 2 R, Re fRR C bkt ) 5%AA) (170 mCPBA, MPS 45 )
RN 42— FE LR R B AL 54 B2,
[0343]  JWitAFIRAH ({201 KOtBu, NaOtBu, NaO'Am, NaH, NaHMDS %) fE4F NAEVAF (41
W THF, DMF %) F{HL640 B2 5 IR B2 AL A4 B3 (e Ar AR A TRER 75 R
HA Ra RE—N AN BEAMTIE REUVE ) B &G4 B4. 7EALE) E3 L IREHEL
I DT A e LA (R4 B BRAR
[0344]  JEIEAE S SRV (B AR B B0 VRS0 740 MEWA YD B4R B &1L &4
E5.,
[0345]  IEEALEY) ES 5 RRRERL A A5 ( Horp Rb ARER S AR HI4FE R BUACEE, Re AR
FCo bt ) Mg A Hl & LA E6. A DUl A4 B55 500 s B E LLIRAG AT 14
ReEUARIE (N Bl 284 59 E6. 17, e i) ] BAA TCDT, Horp 55 AR AT R EUAAE IR
R = FdE, Ho] DAt — P BUAR
[0346] W] LLEIEAEVET ( HAPyEfl1E B ELOH, THF, DMF, HIEBAMEE) FE4L54 E6
SR PEARI T, 05 BB B G R N &4 54 BT
[0347] 4 ROMAEIE I i ZR I, IRAF A7 B AR IR SR WA &4 BT, Kb RiE
“Sep” AR ARSI I ER A G ORI 73 SR S A MR SR K HE KL 54
E7 5 dh, SR 5 AR Y o

R; Ra Ra

R3 = f‘ﬁ ﬁﬁfk
/Wj MHC(D}H HY

‘-m E?Rb

xﬁ

E6 Ri)
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[0348] B, ] LIS A LS A4 ¢ 4095 (AP 4RyYRIE H Pd, (dba),, PdCl,(allyl),
PdC1,(ACN), [Pd(0Ac),]. 5%, Bl Aik 5 PCy 5, Q-Phos, XPhos %% ; B 1] LA AT
e Ak 55141 1 Pd (dppf) C1,, Pd(PPhy) ,5¢ ) TR A& AL AL ISR MAE LG4 E6 5
B D5 5L, 5 AR BRI I BB e I B (LA AR AE GRS i &AL A ET

R Ra

By o s
.4 Ky < 4
= /ﬂ\ Rc  EB % /El\
g2 00 E9

[0349] W[ LLAE9RBH (4170 KOtBu, NaOtBu, NaO'Am, NaH, NaHMDS %) f£4F N5
E254 &) B8 (Hlan AR F 2R R BURE, K X AERRNEEETF) KNE
B &AL G E9. A5 E9R] IMUE LG E6 AR HEK (D) a1,

[0350] 7 F EURAImEIELL 54

Ry RE
Ran X R“\ Ri~ o~y
L NH-PG L 1R
xR L N e T R
E1 Sep L

R Rg~py-Rio
Ra Sy xsRy  Rongy Ro R REI‘M
HN | N’yt‘:gf Ro B8 “N/H\Ra e HN | N”L“Ri
R, F2 90 b ke F4
Wit AEgRA, (70 KOtBu, NaOtBu, NaO'Am, NaH, NaHMDS %) fF4F NAEVAFR] (440
THF, DMF %) fP7EGEEE A EL (Ha X AARIE AR A B =% 5+, Re {8
K Chedt ) SRR AR, A RBURI A (A PG ARTIEAFAE FIERE b B B
TRy ) B &GP Flo
[0351] 4 RONAEIE I i ZR I, IRAF A7 B R AR IR SR WG4 FL, Kb RiE
“Sep” AR ARSI I ER A G ORI 73 SR S A MR SR K HE KL 54
FLr 44
[0352] B, 1O FH B AR G A - 4R YR (L R YRIE B Pd,(dba),, PdCL,(allyl),
PdC1,(ACN), [Pd(0Ac),], 5%, BEHEFECA&1% H PCy 5, Q-Phos, XPhos & ; B3 A LA HI A/
TEEAL T BT Pd (dppf) Cl,,  Pd (PPhy) &5 ) 28 AR (AL 1 2 I I M AHAL 5490 B1S BUAR )
FhE, RIS R R IGE S (R AEAERY R ) RN &AL S FL.
[0353]  JEIEAEVESN (170 CHCLLAE ) A4 &4 P15 %407 (10 mCPBA, MPS %5) KX
N &AL A F2.
[0354] W] DLAESEAH (4170 KOtBu, NaOtBu, NaO'Am, NaH, NaHMDS %) f£4F N5
F25b & B8 (BN A MR RN R BUCHE,, Hd X MR INEEET) M
RAtEY F3, (D EMRIARE.
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[0355] M RN, A DAZES A R (H PRk EH CHL,CN, DMSO, HUBAWIZE) B
RE WK BRI AL &) F3LAR ML A9 F4, 50 (1D (L&,
[0356] 7% G AALWEACHIEEIE AL G

R, Rp.
stfl\N Rgf\ﬁwe
! ' -
HN “"'N’J‘R., HN N’J\R.;
éz,, 61 Ry G2
Al DAF AL A0 G158 407 (80 mCPBA, MPS 25) i LR &4 62, 58 (TV) 4h4
YAt
[0357] R H BUARHIEEIEAL 59
R Ry Ry
Ra~ 2y xRy Raw 2 Ra\ Raw. 7
<M n2 /L NH-PG ,L
ﬁ X1 e X.*] i M
H1 Sep H3 Sep !{‘ F3

A B A R YR (AR IE B Pd,(dba),, PACL,(allyl), PdCI,(ACN),
[Pd (0Ac) 1%, B HEFCAAIE B PCy 5, Q-Phos, XPhos 25 ; B%3 0T DLAH F 7] 7 e e 44, 70491 2
Pd(dppf)Cl,, Pd(PPh,) %) WEAEVFEAE TG HL (Hrh X AL B IR SEHE X
F7EF) SAm a2 (HAp ROVEBYRII R B IRBURIR RIS AR, X ARKRIELE R,
(0 S 1) s Sz 1 32 A 490 B 1 W B PR B L = e 3 . AL B ) IR &AL A4 3.
[0358] Y RFN R A1) — N B AMEE N ‘%EHT Al LUR1G 7 B SRR A I R =4
G H3, Ho R1E “Sep” 2481 A USRI 2 AR N 5 DA 7 SR 7 B MRS
FAZ AR 40 &4 H3 SR o
[0359]  JEILAEVEF (Hrp PG ARRATIEAZ /L AR R L BRI RS 4L HrPiERIE e
EtOH, THF, DMF, HJIR&WEE) thiifh-a4 H3 5 KRB 5L, Z4 o5 BB AR e
INE, SR I ¥ 75 B B R AR ] 2 AL B F3

R R Ry
Raw .~ 4\\ Ras .z
A R M WA
™ gﬁ\NHG(G}H R
Ra

H3 N—

Sep
[0360]  BY &, i A/E W AL ACAER - AR Y (P AR YR iE B Pd,y(dba),, PdCl,(allyl),
PdC1, (ACN), [Pd(0Ac),], %5, BEIEACAARE H PCy s, Q-Phos, XPhos%§; B(E, ] LAMEH A/
WAL 20 Pd (dppf) Cl,, Pd(PPh,) 25 ) VB S VIAFAE MMEW SV U35 B PB4 3L

e 5 HE Ty TR PR e T I e S ) AL A0 F3 o Ak B H3 5 Bk S SR S FITAS o [B) 44 7= 42
FERE 26 F R (9140 NaOH,  KOH,  LiOH %% ) &AL T K, SRR 4 /& 27>
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BRI 3.

Ha Rz
Ra~ i-,.: xg g’f Ry~ye# /]\
X “N)‘xg 7 NTR
Sep
H1 _ H3

[0361]  BRLE, Z&HALEY) HI 5154 ESITI Heck M 24 &10 H3, SR G R B HA 5,

Hs - Ry
Ras 2>y XgRy - BRIz

/Lx, o HNN ’L
Ra H7 R, F3

[0362]  m#E, @I ELGY) HT SEARKIAL A 12 (i R OB Y 2% 75 iR B AR 30 PR IR
ok CIMA R, XARERIERE S R IR E-F I SR ML F, 5 i i I ER G . = ke fh s . &AL
&) NS AP 3.

Rz Rz
Rony? X KS"R”I Y ﬁ
N A& _E L hN ””N’L‘RT
Ry M7 Sep R, F3

[0363] B E, ZHAAW HTS5MEYES (Hr X AR M HEEFRER ) § Heck Sl
AL EY P, ARG B
[0364]  7Z 1 BUCH M ﬂﬂsﬂc/ﬁ%

Ra X Rz
R 2~y ™ Rav s~y

S S

HaN™ N7 Ry s HN® "N° Ry
" Ry F3

LA R AR (Bt e AR PR AR I < AL ) ) A7 AE N R &
WS aY 12 (G pBURKI T &L, 2807 RBURM A A &, HA X, REHIR.
HEHR R R ) RS F3.

’RZ R

R3 £ ARy Rﬁf\x
| 13 l
HsN “m"i\ S

R1 e HN i Rg
i R, F3
[0365]  EILAEBNELY) (140 NaCNBH,BL NaBH (0Ac) 3% ) A7 AL MMEBURHIL G 115
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WAED T3 (PSP ERI S A, o5 BRI AR, b XACRER SR & 24 )
R L] ALE P F3 o
[0366] A SE TR AR

N TR CH AR R (D A BEE a5 LN B R sLiEel. o
FAR LR FTR T (1) AP ) SEI6 Y S8 A R 2R AF Ry BAR IR 2 A S Brid =X
() Ak B VE R, o B RN B a7 E A8 G R A SR Tid R = (D e E
MBS 3 A ISR A CHEAE AR SO AN T2 B ARV T D I8 N AR SO BT IR Al s SO P 2R
LR B3E A
[0367] [ T SKiEfdl z Ak, BRAEA A A8 B, 75 W) 15 B -F RISk v A5 ) 338 oy
RS A SR B 5 1 = () A T A T R AR A ARE “ 407 B, RIE, AR SR A AR
A DAMR 4R B3 S B B T AT AR S 30 461 3R A5 B M EE 0 M AR AL R I DU . DRI, 7R sE
B8 PR ILPE R EHEE S P, FrAS 20E 19 B R SC IR TE“ 4y S e ] ORI 5 P (B F bR TR
LA AR IR TG ] o 1 B, % TR AL RSB0 45 A, B S50 T DAY & N DA— Bk R
B, MBA PR A T /0, I BT AR R B SR R NS 1 3 FH PR il B BUR) 222K
TE ), BE TS HZ IR AR T A ST A BT 5 TR
[0368]  JLAE IR KA FTAR R (1) AP EH T A RRIE 95238 B AT 2 B0 IR
{8, AH SRR HP ok A AR SRS R OE o SR, AT AT B [ A Ho 5 A AR AR R A
DI BRHEAR ZE D SR 7 AR [ TR B R 22
[0369]1  ASCHRMEMR (D (AMEFIETE Bk th 2% DLR R e MRSl /i, H
AT MR AR SO AR 12 (1D A S B IE ZA V FE, (5 A 2R A Rl PR ] L E el s
T 7R T AR B i (D A S EHE S 2%, LR st (1) (e E e
FEARANF / B A I o AR SIS sy AN 7 4 B i 6 S 9] A il () B AR
FTE N ELA A 2 0 A A 0 A I TS L S e P R, R A B A T L SR R AL I A
o SR, NAZ AR R AR AN 58 1%, BT AR AN, B AL A S A FF B BAR T2
Ha] DLBHATIR 2 840, RIR 3SR ZRAF AH AL SCARL I 45 5, 1 AN I 55 25 S P B ok 6 A R
FHl o
[0370] a5 7R A e SE B (A8 CN 2 AMEERLTD , BRAEAFAEERE . 7B @ISO, B
T ELE g s tHERE “Celite”H TAURFIAR CELITE" (REEL M) AEEH R LLT
A5 FH 3 % AT o {1 1SCO CombiFlash® Rf ZRZi3RAGHIFE RAMUYLES BT (A3l 5 . 78
3T FH BINE LR, A8 A I8 AT @ A Bruker Avance 11T SCRIUACA 771481 40 DMSO- dj
T AR BE VA TRV E AR B F R A 23RS NUR it . 7638 RO, A B 3 ] 451 e A
SRS OptiMelt” MPAL100 (¥AHMBIE / RHEHIZRIFHIME ) WE I A, EEHRER T, #H
WA Aldrich 254 nm BEEER IR (60 A, 250 wm) FRGMH AR LT
TLC 43 Hr (S UV Rl 1,36 (M 520 7E3& A 5 0 T, 438 A 3 w4 s 4 ACQUITY  UPLC®
RGERFREARAAL ARG EST FUil, A (EMA (M+H] B IM-H] -, BRAESRAMEH. 7B
HEE M, 8L 2D NOESY (Nuclear Overhauser SpectroscopY) SEIGIRIS = 5454 o
[0371]  RAEDA T 485 DA AR A SC A A8 A ARE X T A S AN L2 s Y -

a0

G B
AcOH BY%, HOAc 2%
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CAN B, MeCN i

AlMe, — A

APC SR ENE (IT) — R
Boc i

CsOAc IR

DCM Y CH,C1, — AT

DME Rk

DMF R R B

DMA R 2B

DMAP 4 — A AL

DMSO —HTA

EtOAc LR T

EtOH O

HPLC R RO AH

h, hr, min, s /ANEF (h 8% hr), 43%F (min), b (s)
iPrMgCl*LiCl FANAEFNEINHEREEY
iPrOAc LR 5 N

K,CO, Tk R 54

K,PO, Tk PR 5

KOtBu 3% t-BuOK BT B

LC/MS, LCMS B LC-MS VR EL R —

MeOH F

MeNH,x HC1 H i Eh iRk

MS JiE

m. p. e (LLCERIR)

MPS i —BER A (2KHSO, « KHSO, * K,SO,)
NaH Ak

NaHCO, kR EAN

NaHMDS JN B R R AR
NalO, T B AN

NaOH A

NaOtAm R

NaOMe N

NaOE t Xy

NaOtBu BT B

NCS N- SARTEHIBE %

NH,C1 A

NH,OH A5

NIS N TAC BT B T i

NMP N— HF L i e A

NMR WG AR

Oxone i — i R

PC1, e A S A

PCy, — I L

[Pd] £

Pd/C° Tk AL

Pd, (dba) ,8% Pd ,dba, — (=R XA ) —4 (0)
Pd(dppf)C1, [1, 17 - B ( OREEEAL ) — ek ] — &bt (1)
PdC1, (ACN) B L) A (I1)
PdC1,(allyl) SFUANER 0D =&Y
[Pd (OAC) 2]3 ZA@?%E (II)

Pd(PPh,), DY =RARE )
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POC1, — A

PPh, R

psi 07 YT R 5

Pt/C Tk 250

PTSA o B R R

Q-Phos 8% QPhos 1,2,3,4,5- IE -1 - ( BT HEEMRE) %%k
RT =g

TBSO Y 0TBS AR T R R R e s

TCDI L, 17— BRARER ST DR

t-Bu BT A

TEA, NEt, Et,N =W

TFA —R IR

TFAA =

THF USRI TR

TsOH X H,0 X ZETIR — K&

UPLC JEB R AH

Xphos % XPhos - “EOCERE -2 4,6 - = RN PR
[0372]  sEjEml 1

N=(1, 3= ZRIF IR M -5 2k ) —2-[2- ( =4 ) KMETE [1, 2-a] MEWE -3- 2 ]

g —4- % (Cpd 28)
NH e
Brz H4Cl 4
EiﬂzGIQ Mo Hﬂ”‘i’“ J
|

o
Aol :

Mo OO ,ﬁQ ]@ )\IQ
FC
POCI, Fsls Q
Gt
AR L 4,4, 4- =R -3-EA TR ZHEE (9.0 g, 48.9 mmol) fE CH,CL, (50 mL)
AR I (2.5 mL, 49 mmol) o HF I RREITE SR T HHE 16 /N SREAETE S
TGE. AIECEE (30 mL) F R R At e -2- i (5.2 g, 55 mmol) . KR IR
HYAE 60°C T INF 3 /NI o 28K LB, BRARYILE EtOAc MK Z A 3 E . TR N2, it it
W40 ZE LU, IR AR DR TN W4, I R JZE M Ak DA £ A AR T2 K 2- (=
B ) BRI [1, 2-a] WEWE -3- FIRAEE (5.3 g, 42 %)
[0373] DR 2. £ 0°CN&Z) 5 48Rl A\ NH,CL (2.67 g, 50 mmol) /EFFZK (20 mL)
BRI AlMe, QM BRZEARYAY , 25 mL, 50 mmol),dRGAEEH . 78 0°C T HK
PR B 5 B, MEERAE =R K 2- (| P EE) BRI [1, 2-a] HEIE -3- iR
OB (2.58 g, 10 mmol) FEFZR (50 mL) FHIIEREASINE ik & . 1£ 80°C Nz
SRR A T2 AN, SR G AEDKIE T vA 1, F MeOH (100 mL) FINaOH (2 g, 50 mmol) V%K.
JHIT Celite ITIRIRED, Ik AR AL lEM AT X HE 2- ( =P L) BREJF: [1, 2-a]
meme -3- Bk (2.3 8.
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[0374] DR 3. B 2-( =@ L) BRMEIE [1, 2-a] WEHE -3- K (2.3 g, 10 mmol) FH
3-( HEEE) WK AN (7.2 g, 50 mmol) 7E_ 2Kk (10 mL) *FIBEWITE 160°CF
IFL/ANE) R AR 2= O (200 mL) ok A UTve it 3 3F H Db ¥
DAFR AL (i AR T 30 2- (- (=& 48 ) kT [1, 2-a] Mkie —3-J5) WEng —4 (3H) - fil.
W EE I RAE OB (10 mL) TR RZEA YT EINPOCT, (1.9 mL, 20 mmol) o R MIVRA
PIIN#ER 100°C, FR4E 30 408, A A B UK T, 885 FH & F fe (100 mL) #fkE, A NaHCo,
KRB . T1RA HLE, SR ETE Celite P8I RER EHTILAAL DLER (i o €4 i 44
MARDER ) 3- (4- Emng —2- 38 ) -2- ( =HF L) DRI [1, 2-a] MEle (1.09 g, 37%, &
34

'"H NMR (500 MHz, DMSO-dg)  ppm 9.61 (d. J = 6.9 Hz, 1H), 9,00 (d, J = 5.0 Hz, 1H),
7.94 (d,J = 8.8 Hz, 1H), 7.73 (4, ] = 5.4 Hz, 1H), 7.69 (ddd, J = 8.7, 7.1, 1.3 Hz, IH), 7.37
(td, J = 7.0, 1.1 Hz, tH).
[0375] IR 4. £ 0°C R E 3-(4- &msng —2- 5L ) —2- ( = H AL ) BRI [1, 2-a] whng
(75 mg, 0.25 mmol) AIZEIF [d][1, 3] A ZFKME —5- I (69 mg, 0. 5 mmol) 7E THF
(1 mL) F R IS IN KOtBu (IM 7E THF FPRJ¥EW, 1 mL, 1 mmol). 7E 10 %8h 2 S5, M
HOAc VK iZ I NG, SR IGTE BtOAc FUKZ 4. THRANZE, SRGkYE, K7k RV
TR M E AL DLRR s 4 . FAR TE AR AL 540 (B8 mg, 58 %) o
"H NMR (500 MHz, DMSO-ds) 8 ppm 9.70 (s, 1H), 943 (d, ] = 6.6 Hz, 1H), 843 (d. J = 5.7
“Hz, 1H), 7.84 (d, ) = 9.1 Hz, 1H), 7.58 (ddd, J = 9.1, 6.9, 1.1 Hz, 1H), 7.37 (br. 5., 1H), 7.17
(td, 7= 6.9, 0.9 Hz, 1H), 6.95 (dd, ] =8.2, 1.9 Hz, 1H), 6.91 (d, ] =8.5 Hz, 1H), 6.72 (d, ] =
6.0 Hz, 1H), 6.03 (s, 2H); MS m/z 400 [M+H]".
[0376] W DURHESZHEH] | MR P BT R & & i 46 EoRk AT e i /MEF%IJ%ZIKIEP
iR B 54 (D A sdte .

Cpd B &M

N-(2,3- 1A E AU O MR -6-0E)-2-(2- T AEIOR M JF (1. 2] LR -3-2)

2| R4l

'H NMR (500 MHz, DMSO-dy) 6 ppm 9.85 (d1, ] = 6.9, 0.9 Hz, 1H), 9.45 (br. 5, 1H), 8.36
(d, ] = 5.7 Hz, 1H), 7.60 (dt, ] = 8.8, 0.9 Hz, 1H), 7.38 (ddd, ] = 8.8, 6.6, 1.3 Hz, H), 7.06
(d, ] =22 Hz, 1H), 6.95 - 6.98 (m, 21}, 6.87 (dd, ] = 4.4, 3.5 Hz, 1H), 6.54 (d, } = 6.0 Hz,
1H), 4.25 - 4.30 (m, 4H), 2.75 (s, 3H); MS m/z 360 [M+H]'
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Cpd

8 & B

22 TP FEIR R 1,22 MEBE-3- 25 - N-fd-( - B0 TV AL ) RE e -4-

'H NMR (500 MHz, DMSO-d,) & ppm 10.06 (br. 5, 1H), 9.81 (dt, J = 6.9, 1.1 Hz, 1H),
8.53(d, =57 Hz, 1H), 790 (d,J = 8.5 Hz, 2H), 7.74 (d, ) = 8.5 Hz, 2H), 7.63 (dt, ] = 8.8,
1.1 Hz, 1H), 742 (ddd, ] = 8.8, 6.6, 1.3 Hz, 1H), 7.03 (td, ] = 6.9, 1.3 Hz, 1H), 6.74 (4, J =
5.7 Hz, 1H), 2.78 (s, 3H), M8 m/z 370 [M+H]’

N TP RLAE A0 )-2-(2- T B0k e 7611, 2- it 002 -3 A e - 4-

"H NMIE (500 M, DMSO-d;) § ppm 9.84 (d, J = 6.6 Hz, 1H), 9.44 (br. 5, 11, 8.35 (d, J
= 6.0 He, 1H), 7.59(dt, J = 8.8, 0.9 Hz, 1H), 747 (d, ] = 8.5 Hz, 2H), 7.37 (ddd, J = 8.9,
6.9, 1.3 Hz, 1H), 6.97 - 7.00 (m, 2H), 6.95 (14, J = 6.9, 0.9 Hz, 1H), 6.52 (d, J = 5.7 Hz,
1H), 3.78 (s, 3H), 2.73 (s, 3H); MS m/z 332 [M+H]"

No 30 AR 2-(2- 1T LK R I 11, 2-a L I -3 A Y - 4 1

TH NMR (500 MHz DMSO-ds) & ppm 9.81 (d, ] = 6.9 Hz, 1H), 9.78 (br. 5, 1H), 845 (d, J
= 5.7 Hz, 1H), 7.67 (d, ] = 8.8 Hz, 2H), 7.61 {d, ] = 8.8 Hz, 1H), 7.44 (s, 2H), 7.40 (ddd, J
= 82,69 1.3 Hz, 1H), 7.01 (td, 3 = 6.9, 1.3 Hz, 1H), 6.64 (d, ] = 6.0 Hz, 1H), 2.74 (s, 3H);
MS miz 336 [MHH]

2-(2- T RER P 11, 2-a ] ML BE -3- R0 ) N- B W 15 -4 i

"H NMR (500 MHz, DMSO-ds) 8 ppm 9.85 (dt, ] = 6.9, 0.9 Hz, 1H), 9.65 (br. s, 1H), 842
(d, J = 5.7 Hz, 1H), 7.59 - 7.64 {m, 3H), 7.36 - 7.43 (m, 3H), 7.11 (11, I = 7.4, 0.9 Hz, 1H),
6.98 (ddd, J = 7.5, 5.5, 0.9 Hz, 1H), 6.63 (d, ] = 6.0 Hz, 1H), 2.75 (s, 3H); MS mé& 302
[M4H]"

22 W TV RE YRR 1,2 5 -3 A - N [4- (5 0TIV A ) 2 R o o -

"H NMR (500 MHz, DMSO-dy) § ppm 10,25 (br. s, 1H), 9.36 (d, ] = 6.9 Hz, 1H), 8.59(d, )
= 5.7 Hz, 1H), 7.92 (d, J = 8.5 Hz, 2H), 7.86 (d, J = 9.1 Hz, 1H), 7.67 (4, ] = 8.5 Hz, 2H),
7.00 (ddd, J = 9.1, 6.9, 1.1 Hz, 1H), 7.21 (td, I = 6.9, 1.3 Hz, 1H), 6.92 (d, ] = 5.7 Hz, 1H);
MS m/z 424 IM+H]

NS0 RE 2120 0P AL YK B JE [0, 2-a) L 0E:-3- 5 Wi 4- J1K

"H NMR (500 MHz, DMSO-d5) 8 ppm 9.95 (br. 5., 1H), 9.37 (d, ) = 6.9 Hz, 1H), 8.52(d,J
=87 He, 1H), 7.85 (d, } = 8.8 He, 1H), 7.71 (d, § = 8.5 Hz, 2H), 7.59 {1, ] = 7.6 Hz, 1H),
7.39 (d, J = 8.5 Hz, 2H), 7.20 (1, ] = 6.8 Hz, 1H), 6.83 (d;, ] = 6.0 Hz, 1H); MS m& 390
MUY

No(d- T 3 Y- 2-12-( - BT IR YR B - [1,2-a | L B -3 i 5 4 B

"H NMR (500 MHz, DMSO-ds) & ppm 9.75 (br. s, 1H), 9.41 (d, ] = 6.6 Hz, 1H), 8.45 (d, J
= 6.0 Hz, 1H), 7.84 (d, J = 0.1 Hz, 1H), 7.58 (1, ] = 6.9 Hz, 1H), 7.53 (d, ] = 7.6 Hz, 2H),
726(d. 1=76Hz, 1H), 7.17 (d, ] = 6.9 Hz, 2H), 6,77 (d, } = 5.7 Hz, 1H), 2.31 (s, 3H);
MS m/iz 370 [M+H]'

it

Ne(d- S 2120 36 TP I YO0 11, 2-a ) UG -3 00 0 0 - -

'H NMR (500 MHz, DMSO-d7) 3 ppm 9.97 (br. s, TH), 9.37 (d, ] = 6.9 Hz, TH), 8.52(d, ]
= 6.0 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.66 (d, ] = 8.5 Hz, 2H), 7.59 (dd, ] = 8.0, 6.9 Hz,
1H), 7.51 (d, J = 8.5 Hz, 2H), 7.20 (1, J = 6.9 Hz, 1H), 6.83 (d, ] = 6.0 Hz, 1H); MS m/z 435
M
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No = 0 TP RO 20 212 0 T O D 1 2R 0 -3 0 BB -

"H NMR (500 MH2, Wt -d) 8 ppm 9.52 (d, J=7.3,09 Hz, 1H), 838 (d, ) =
6.0 Hz, 1H), 7.72 (dt, = 9.1, 0.9 Hz, 1H), 7.30 - 7.37 (m, 3H), 7.11 (d, J = 8.8 Hz, 25,
693 (1d, ) =69, 1.3 Hz, 1H), 6.87 (br. 5., 1H), 6.54 (d, } = 6.0 Hz, 1H), 6.46 (1, } = 73.8
He, 1HY MS m/z 422 [M+H]

12

N T LR )22 S T YK 3 (12 a0 -3 0 4 i

"HNMR (500 MHz,  WF ) & ppm 9.63 (dt, = 7.3, 0.9 Hz, 1H), 8.40 (d, ] =
6.0 He, 1H), 7.79 (dt, 1 = 9.1, 0.9 Hz, 1H), 7.41 (ddd, 1 = 9.0, 6.8, 1.3 Hz, 1H), 7.24 - 7.33
(m, 2H), 7.00 (td, J = 6.9, 0.9 Hz, 1H), 6.94 - 6.98 (m, 2H), 6.91 (br. s, 1H), 6.50 (d, ] = 6.0
Hz, 1H), 3.87 (s, 3H): MS mz 386 [M+H]"

13

2-[6= 502 0L T RE YK O O [, 2-m ) ML IGE <305 J-N=[d-( - G0 T3 ) S o m- 4-

'H NMR (500 MHz, DMSO-dg) 5 ppm 10.24 (br. 5., 1H), 9.56 - 9.72 (m, 1H), .60 (d. ] =
5.4 Hz, 1H), 7.83 - 7.98 (m, 3H), 7.63 - 7.74 (m, 3H), 6.90 (d, J = 5.4 Hz, 1H); MS m/z 458
[M+H]*

14

206~ -2 200 TV HE YT RE 10, 2-a | M -3 K J- N LR LB ) 0K B W 4

"H NMR (500 MHz, St ~d} B ppm 9.72 - 9.82 (m, 1H), 8.49 (d, ] = 6.0 Hz,
1H), 7.65 - 7.77 (m, 1H}, 7.46 (dd, J = 9.0, 2.7 Hz, 2H), 7.39 (dd, J = 9.6, 2.0 Hz, 1H), 7.29
{d, J = 8.5 Hz, 2H), 6.84 (br. 5, 1H), 6.64 (d, ] = 6.0 Hz, 1H); MS m# 474 [M+H]

i5

Ne(d- R EY-2-[6- 502 = 0P AL )M T (1,2 b 0 -3 D e it

"H NMR (500 Mz, DMSO-ds) 6 ppm 9.96 (br. s, 1H), 9.60 (dd, ] = 2.0, 0.8 Hz, 1H), 8.52
{d, J = 6.0 Hz, 1H), 792 (dd, J = 9.6, 0.8 Hz, 1H), 7.66 (dd, ) = 9.6, 2.0 Hz, 111}, 7.61 -
7.64 (m, 2H), 7.50 - 7.55 (m, 2H), 6.81 (d, J = 6.0 Hz, 1H}; MS miz 469 [M+H]

16

2-[6- T2 WU RGO [0, 2-a LI -3 B N[ BT UL ) L e -
"H NMR {500 Witz 1 ~d} & ppm 9.60 - 9.78 (m, 1H), 840 (dd, J = 6.0,09

Hz, 1H), 7.13(d, } = 8.8 Hz, 2H), 6.76 (br. 5, 1H), 6.54 (d, ] = 6.0 Hz, IH), 6.46 (1, ) = 74.4
iz, TH); MS m/z 456 [M#H]"

17

N SR I )20 1632~ BT 2 OKPA: I [1,2-n L E -3- M - Ik

'HNMR (S00MHz, 4§ )b ppm 9.59-9.75 (m, 1H), 8.41 (dd, ] = 6.0,0.9
Hz, TH), 7.66 (dd, J = 9.6, 0.8 Hz, 1H), 7.23 - 7.36 (m, SH), 6.74 (br. s, 1H), 6.55 (dd, ] =
6.0, 1.3 Hz, 1H): MS m/z 425 [M+H]
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22~ 1 R T Y D 11, 2L -3 A N[ 2 0 T ) 0 4

"H NMR (500 MHz, DMSO-d,) 8 ppm 10.33 (br. s, 1H), 10.26 (s, 1H), 8.59 (d, ] = 6.0 Hz,
1H), 798 (d, J = 9.1 Hz, 1H), 7.88 (d, ] = 11.0 Hz, 1H), 7.86 (d, ] = .5 Hz, 2H), 7.70(d,
= 8.5 Hz, 2H), 6.85 (¢, ] = 6.0 Hz, 1H), 2.86 (5. 3H); MS m/z 438 [M+H]"

19

N4 A )2 12 TR 6- (= 30K TP O YR D (1,2 )R -3 A e 5 -4 i

TH NMR (500 MHz, DMSO-d;) 5 ppm 10,30 (s, 1H), 10.07 (br. s, 1H), 8.52 (d, } = 6.0 He,
1H), 7.99 (d, ] = 8.8 Hz, TH), 7.87 - 7.96 (m, 1H), 7.60 (d, ] = 8.8 Hz, 2H), 7.53 (d, T = 8.8
Hyz, 2H), 6.78 (d, ] = 6.0 Hz, 1H), 2.83 (s, 3H): MS m/z 449 [M+H]"

20

Ne(d- AL AR 2-(2- TP e 0 T ALY IR W 1 2-a ) LI 3- A I 2 -4

"H NMR (500 MHz, DMSO-dy) 3 ppm 10.28 (s, 1H), 9.83 (br. s, [H), 8.44 (d, ] = 6.0 Hz,
1H), 7.92 (d, ] = 9.3 Hz, 1H), 7.80(d, ] = 9.3 Hz, 1H), 747 (d, ) = 8.2 Hz, 2H), 7.17 (d, ] =
8.2 Hz, 2H), 6.70 (d, 1 = 6.0 Hz, 1H), 2.81 (s, 3H), 2.30 (s, 3H); MS m/z 384 [M+H]

21

2-[6- -2+ WP AL KM I 1, 2-a MR -3-HE ]-N-(4- TP 3 20 0Ly - B

'H NMR (500 MHz, DMSO-ds) 8 ppm 9.78 (s, 1H), 9.63 (br. s, 1H), 8.4 (, ] = 6.0 Hz,
1H), 7.94 (dd, ] = 10.1, 5.4 Hz, 1H), 7.70 (ddd, T = 10.7, 7.9, 2.5 Hz, |H), 7.49 (d, ] = 8.0
Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.74 (d, ] = 8.8 Hz, 1H), 2.30 (s, 3H); MS mz 388
[M+H]

22

2-[6- -2 L TTURL YO JF 11, 2-a ML -3- 0L |- N4 T U 580 00 Y i g

"H NMR (500 MHz, DMSO-d¢) 5 ppm 9.63 (br. 5, 1H), 841 (d, ] = 5.7 Hz, 1H), 7.94 {dd, ]
=9.9. 5.2 Hz, 1H), 7.69 (ddd, ] = 10.0, 7.8, 2.4 Hz, 1H), 7.48 (d, J = 8.2 Hz, 2H), 6.96 (d, J
w 8.8 Hz, 2H), 6.75 - 6.82 (m, 1H), 6.68 (d, I = 6.0 Hz, 1H), 3.77 (5, 3H); MS m/z 404
[M+H]"

2 SS-1- T RE-20 3K TP G )1 MR- 3 B |- N 4= T L6 0y -4

'H NMR (500 MHz, S ) B ppm 8.27(d, I = 6.3 Hy, 1H), 7.87(d, 1 = 1.9
Hz, 1H), 7.56 (br. s, 1H), 7.26 (dd, 1 = 8.5, 1.9 Hz, 1H), 7.20(d, ] = 8.8 Hz, IH), 7.07(d, ]
= 8.8 Hz, 2H), 6.73 » 6.80 (m, 2H), 642 (d, J = 6.0 Hz, 11D, 3.78 (s, 3H), 3.74 (s, 3H); MS
mis 433 [M+H]

"H NMR (500 MHz, DMSO-d,) 5 ppm 10.47 (br. s, 1H), 8.47 (d.J = 6.6 Hz, 1H), 7,98 (d, J
w22 Hyz, 1H), .84 (d, J = 9.1 Hz, 1H), 7.74 (d, ] = 8.8 Hz, 2H), 7.50 (dd, 1 = 8.8, 1.9 Hz,
1H), 7.16 {d, J = 8.8 Hz, 2H), .18 (t, ] = 74.4 Hz, 1H), 6.90 (d, J = 6.3 Hz, 1H), 4.00 (s,
3H) MS m/z 469 [M+H]'
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N-( - LR 2152 1- TP B2 TP R ) 1 - - 3 D el -

"H NMR (500 MHz, DMSC}-dd}Eppm 10.24 (br.s, 1H), 849 (d, ] = 6.0 Hz, 1H), 7.98(d, ]
= 2.2 Hz, 1H}), 7.83 (d, J = 8.8 Hz, 1H), 7.70(d, ] = ESHQE%—T) 743 -7.52(m, ] =85 Hs,
3H), 6.87 (d, J = 6.0 Hz, 1H), 4.00 (s, 3H); MS m/z 482 [M+H]'

26

N-(d-J AR )-2-(6- -2 B AR M 1 {1, 2-a ik e -3- R0 YR -4 11

'"H NMR (500 MHz, DMSO-d;) 8 ppm 9.75 (br. s, 1H), 9.55 (d, ] = 3.2 Hz, 1H), 849 (d, J
= 5.4 Hz, TH), 7.83 (dd, ] = 8.8, 5.0 Hz, 1H), 7.67(d, ] = 7.9 Hz, 2H), 7.57 (td, 1 = 9.1, 1.6
He, 1H), 7.31 - 7.46 {m, ] = 7.6 Hz, 3H), 7.01 = 7.21 (m, 4H), 6.72 (d, J = 5.7 Hz, 1H); MS
m/z 461 [M+H]

27

2-(6-Hh -2~ AT MR FE L1 2-a ] E 15 -3~ - IN-(4- FPLURE 300 yiang -4- i

" NMR (500 MHz, DMSO-d,) 6 ppm 9.88 (br. 5. 1H), 9.49 - 9.61 (m, 1H), 8,37 (4, 1 =
6.0 Hz, 1H), 7.90 (dd, J = 8.9, 5.2 Hz, 1H), 7.66 - 7.75 (m, 3H), 7.39 - 7.49 (m, 3H), 7.14
(d, J=28.2 Hz, 2H), 6.94 (d, § = 8.2 Hz, 2H), 6.74 (d, ] = 6.3 Hz, 1H),2.23 (5, 3H); MS m/z
396 [M+H]

29

N-(23- -1, 4= 08 AR OB -6- B0 )21 2= L F1F 0 0 0 6 1 1,20 OBE
.3%%;&@%44&

'H NMR (500 MHz, DMSO-ds) 8 ppm9.63 (s, 1H), 8.42 (d, ] = 5.7 Hz, 1H), 7.84 (dt, I =
9.1, 0.9 He, 1H), 7.58 (ddd, ] = 9.0, 6.8, 1.3 Hz, 1H), 7.22 (br. 5., 1H), 7.15(1d, ] = 6.9, 1.3
Hz, OH), 7.01 (dd, ] = 8.5, 2.2 Hz, 1H), 6.84 (d, ] = 8.8 Hz, 1H), 6.71 (d, J = 6.0 H, 1H),
4,20 - 4.29 (m, 4H); MS m/z 410 [M+H]"

30

N=(6- P RUAEIEEIE ~3-AE 32 [ 2 = Tl TP R0y W (1, 2-n ] ML -3- L [ 1 -4 1

"H NMR (500 MHz, -] -d) 8 ppm 9.53 (d, T = 6.9 Hz, 1H), 834 (d, I = 5.7
Hz, 1H), 8.10(d, J = 2.5 Hz, 1H), 7.69 (dt, J = 9.1, 0.9 Hz, 1H), 7.65 (d, | = 7.6 Hz, 1H),
7.32(ddd, J = 9.0, 6.8, 1.3 Hz, 1H), 6.91 (td, } = 7.0, 1.3 Hz, 2H), 6.75(d, = 8.5 Hz, 1H),
6.40 (d, } = 6.0 Hz, 1H), 3.90 (s, 3H); MS m/z 387 [M+H]"

3

NENE RN (2 2 T R T 11, 2-a e -3 0 oo g Sy e 2.5 Il

'H NMR (500 MHz, 81 -d} & ppm 9.55 (d. J = 6.9 Hz, 1H), 8.29(d, 1 = 6.0
Hz, 1H), 8.10 (4, J = 2.5 Hy, 1H), 7.70 (4,1 = 9.1 Hz, 1H), 7.51 (br. s, 1H), 7.32 (ddd, J =
9.1, 6.9, 1.1 Hz, 1H), 6.92 (td, ] = 6.9, 0.9 Hz, 1H), 6.81 (br. 5, 0H), 6.51 (d, J = 9.1 Hz,
1H), 635 (d, J = 5.4 Hz, 1H), 3.08 (s, 6H); MS m/z 400 [M+H]"

32

2-J6- 382+ R TP AL YOO T (1. 2-af MEIRE-3-BE |- N-[4-( 90T Ak A0 e - 4- Il

"H NMR (500 MHz, DMSO-d;) 5 ppm 10.25 (br. 5, 1H), 9.66 (dd, J = 1.9, 0.9 Hz, 1H),
8.60(d, } = 6.0 Hz, 1H), 7.91 (d, ] = 8.5 Hz, 2H), 7.87 (dd, ] = afs,oaﬂz,m)??fndm
------ = 9.5, 1.9 He, 1H), 7.69(d, ) = 8.8 Hz, 2H), 6,90 (d, J = 6.0 Hz, 1 H); MS m/z 503 [M+H]'
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33

HONMR (500 MH2, W -y B ppm 9.70 - 9.86 (m, 1H), 8.32 (4, I = 4.7 Uz,
1H), 7.60(d, J = 9.5 Hz, 1H), 7.40(dd, J = 9.6, 1.7 Hz, 1H), 7.22 (4, ] = 8.5 Hz, 2H), 6.89
{d, ] = 8.8 Hz, 2H), 6.47 (br. s, m} 3.78 (s, 3H); MS nuz 465 [M+H]'

N-(3-0-4- PR RUAE 002012 = W TP VIR W 5 1, 2-a b -3 0 o g -4 1

' NMR (500 MHz, DMSO-dg} 5 ppm 9.77 {s, 1H), 9.35 (d, J = 6.9 Hz, 1H), 842 (d, } =

6.0 Hz, 1H), 7.80 (d, J = 9.1 Hz, 1H), 7.68 (d, ] = 13.6 Hz, 1H), 7.53 (ddd, ] =9.1,6.9,1.3
Hz, 1H), 7.17 - 7.23 (m, 1H}, 7.13 (td, ] = 6.9, 1.1 Hz, 1H), 7.13 (14, ] = 6.9, 0.9 H, 1H),

7.10(t, 1 = 9.1 Hz, 1H), 6.70 (d, § = 6.0 Hz, 1H), 3.78 (s, 3H}); MS m/z 404 [M+H]"

No(3- G4 I SURE AR RE)-2-[2- 0L TVAE YR 9% JF 1,2 WL IRE -3~ JE | W 02 -4-

35
TH NMR (500 MHz, DMSO-dg) 8 ppm 9.80 (s, 1H), 9.40 (d, J = 6.9 Hz, 1H), 8.47 (4,1 =
6.0 Hz, 1H), 7.88 - 7.92 (m, 1H), 7.85 (dt, J = 9.1, 1.0 Hz, 1H), 7.59 (ddd, J = 9.1, 6.6, 1.3
Hz, 1H), 7.43 (dd, ] = 8.8, 2.8 Hz, 1H), 7.18 (14, ] = 69, 1.3 Hz, 1H), 7.15 (d. 7= 9.1 Hz,
1H), 6.74 (d, } = 6.0 Hz, 1H), 3.85 (s, 3H); MS m/z 420 [M+H]"

Ne(3-G0-4- P RE A Ry 212 G TP LYW T E [ 1, 2= L B - 3- T [ m -4

36

'H NMR (500 MHz, DMSO-d,) 8 ppm 9.92 (5, 1H), 9.38 (4, J = 7.3 Hz, 1H), 8.51 (d, ] =
6.0 Hz, 1H), 7.94 (d, ] = 1.9 Hz, 1H), 7.86 (dt, } = 9.1, 1.1 Hz, 1H), 7.59 (ddd, J = 9.1, 6.9,
1.3 Hz, 1H), 7.41 (dd, } =8.2, 2.2 Hz, 1H). 7.31 (d, ] = 8.5 Hz, 1H), 7.20 (¢d, } = 6.9, 1.3
. Hz, 1H), 6.80 (d, § = 5.7 Hz, 1H), 2.30 (3, 3H); MS m/z 404 [M+H]'

37 | N-(4-ZHUARIE 2120 WL T RV 1, 2-a) W -3 1% | 0 -
TH NMR (500 MHz, DMSO-ds) 8 ppm 9.64 (br. 5, 1H), 9.43 (br. s, 1H), 841 (d, 1 = 6.0
Hz, 1H), 7.84 (dt, 1 = 9.1, 1.3 Hz, 1H), 7.57 (ddd, ] = 9.1, 69, 1.1 Hz, 1H), 7.50 (d, ] = 8.5

Hz, [H), .16 (1, 1= 6583,1H},693(d1 S&Hz&ﬂ}fiﬁ?(ﬂj = 6.0 Hz, 1H), 4.02 (g,
J=6.9 Hz, 2H), 1.34 (1, ] = 6.9 Hz, 3H) MS az 400 [M+H]

Nl H-2- VA TE 212 0 TP BRI 1 [ 1. 2-a ) E B -3 | W -4

38

6.0 Hz, 1H), 7.85 (d1, ] = 9.1, ﬂ@Hz,lH},?ﬁS[&&dJ 88, 66, 131&5*1;«;),? s'f;{d J=
8.5 Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H), 7.16 (1d, J = 6.9, 0.9 Hz, 1H), 6.77(d, 1 = 6.0 Hz,
m;,mg{sgu 59¥:£?,IH},!"?I(dI 6.9 Hz, ?H},Msm:mafmm]

34

'H NMR (500 MHz, DMSO-d,) 5 ppm 9.98 (s, TH), 942 (d, J = 7.3 Hz, 1H), 8.51 (¢, ] =
5.7 Hz, 1H), 848 (d, J =2.2 H, 1H), 7.86 (td. J = 9.1, 1.3 Hz, I1H), 7.76 - 7.84 (m, ] = 3.5
Hz, 4H), 7.73 (d, 1 = 1.6 Hz, 1H), 7.59 (ddd, ] = 0.0, 6.8, 1.3 Hz, 1H), 720 (1d, ] = 6.9, 1.3
Hz, L11), 6.84 (4, ) = 6.0 Hz, 1H), 6.54 (1, = 1.9 Hz, TH); MS m/z 422 [M+H]'
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N-(4- TP UL A AE-2- 20 RCFT DG w1 2-a 0B -3- B o -4

"H NMR (500 MHz, R -ds) 6 ppm 9.53 (br. 5., 1H), 9.16 (d, § = 1.3 Hz, 11, 8.81 (s,
1H), 838 (d, ) = 6.0 Hz, 1H), 8.03 (d, ] = 4.7 Hz, 1H), 7.46 (d, ] = 8.5 Hz, 2H), 6.95{d, ] =
9.1 Hz, 2H), 6.70 (dd, ] = 8.2, 2.5 Hz, 1H), 3.79 (s, 3H): MS m 387 [M+H]"

46

2|2 A T AR YRR 11, 2-a M B3 A | N[0 BTGy AL e 4 01

"HONMR (500 MHz, #ll ~d) 8 ppm 9.1 <9.49 (m, 1H), 9.20 (br. s, 111), 8.49 (dd, J =
6.0,2.2 Hz, 1H), 8.02 - 8.12 (m, TH), 7.83 - 7.92 (m, 2H), 7.58 (d, ] = 8.5 Hz, 2HD), 6.93 -
7.32 (m, 2H); MS m/z 425 [M+H]'

47

'"H NMR (500 MHz, TNi -d2)8ppm9.53 (dd, J =49, 1.4 Hz, 1H), 9.25(d, 1 = 1.3 Hz,
1H), 9.20 (br. s, 1H), 8.55 (d, J = 6.0 Hz, 1H), 8.15(d, J = 4.7 Hz, 1H), 7.70 - 7.81 (m,
TH}, 7.42 (d, ) = 8.8 Hz, 2H), 6.91 (d, ) = 6.0 Hz, 1H); MS ms 391 [M+H]'

2—1};‘9 FUHE-2-( TP RE pIR B 1 2 LIS -3 AL 1IN [4-¢ - L P ) 0 i
pin

'HONMR (500 MHz, DMSO-dy) § ppm 10.31 (br. s, 1H), 9.02 (d, ] = 2.5 Hz, 1H), $.65 (d,
=57 Hz 1H), 7.96 (d, S = 8.5 Hz, 2H), 7.85 (d, ] = 104 Hz, 1H), 7.74 (d, ] = 8.5 Hz 2
7.45 (dd, J = 9.8, 2.5 Hz, 1H), 6.95 (d, } = 6.0 Hz, 1H), 3.66 (s, 3H); MS miz 454 [M+H]

*a-"

49

;fgfﬁgam LB TURE YR PR FE11,2-a ] AEBE-3- 3L )N 4 (N TAUME ) S

b

'H NMR (500 MHz, DMSO-dy) & ppm 9.65 (br. 5, 1H), 8.96 - 9.06 (m, 1H), $42(d, ] =
5.7 Hz, 1H), 7.76 (d, J = 9.8 Hz, 1H), 7.51 (d, } = 8.5 Hz, 2H), 7.36 (dd. 1 = 9.6, 2.4 Hz,
1H), 6.93 (d, J = 8.8 Hz, 2H), 6.69 (d, ) = 6.0 Hz, 1H), 3.75 (s, 3H); M5 miz 470 [M+H]"

N4 T FUE AERE -2 [6- T AURE2-( 0T ALYk I 1,20 M- 3- SL e -1

'H NMR (500 MHz, DMSO-d) 8 ppm 10.04 (br. 5, TH), 897 (d, J = 1.9 Hz, 1H), 8.54 (d, ]
= 5.7 Hz, 1H), 7.75 - 7.79 (m, 3H), 7.38 (dd, J = 9.1, 2.2 Hz, 1H), 7.34 (d, } = 8.5 Hz, 2H),
6.82 (d, J = 6.0 Hy, 1H), 3.59 (s, 3H), 3.33 (s, 3H); MS m/z 416 [M+H]"

51

N B P AU 2~ [6- 7 SE-2-( UL ok 311, 2-a ik miE-3- 3
MR -4

'H NMR (500 MHz, DMSO-d) 8 ppm 9.90 (br. s, 1H), $.98 (d, ] = 1.9 Hz, 1H), $.50(d, J
= 6.0 Hz, 1H), 7.78 {d, ] = 9.5 Hz, 1H), 7.69(d, } = 8.8 Hz, 2H), 7.37 (dd, } = 9.8, 2.5 Hz,
1H), 7.17 (d, J = 8.8 Hz, 2H), 7.19 (1, ) = 74.4 Hz, TH), 6.78 (d, ) = 5.7 Hz, TH), 3.61 (s,
3H): MS m/z 452 [M+H]

Nefded B TP RUHE ) SR 212 0T JE YR T (1,2 L =3 HE RS 02 o

T NMR (500 MHz, 58 ~ds) 5 ppm 9.74 (dd. 7= 4.9, 1.4 Hz, 1H), 944 (d, ) = 1.6 Hz,
1), 9.30 (br. 5., 1H), 8.72 (d, J = 6.0 Hz, 1H), 8.32(d, ] = 4.7 Hz, 1H), 7.89 - .00 (m,

423 [(M+H]"
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Cpd Y &R
26 Toh-2- 000 T B DIBR A D [ 1,2 LR <3 B - N[ 7 0 PV ) B e - 4

54

'H NMR (500 MHz, DMSO-d) & ppm 10.25 (br. s, 1H), 9.58 (ddd, ] = 5.7, 1.9, 0.9 Hz,
1H), 8.59 (d, ] = 6.0 Hz, 1H), 7.97 (ddd, ) = 9.8. 5.4, 0.9 Hz, 1H), 7.90 (d, J = 8.5 Hz, 2H),
7.73(ddd, J =99, 7.7, 2.5 Hz, 1H), 7.69 (d, ] = 8.8 Hz, 2H), 6.90 (d, ] = 6.0 Hz, 1H): MS
m/z 442 {'M*H }"

58
'H NMR (500 MHz, NRd -4,) 5 ppm 9.75 (dd, ] = 5.5, 2.0 Hz, 1H), 9.10 (br. 5, 1H),
8.51(d,1 =57 Hz, 1H), 7.84 (ddd, ] = 9.8, 5.4, 0.9 Hz, 1H), 7.71 - 7.76 (m, 2H), .60
(ddd, J =100, 7.6, 2.5 Hz, 1H), 7.22 - 7.26 (m, 2H), 6.99 (1, } = 74.1 Hz, 1H), 6.83 (d, J =
6.0 Hz, TH); MS m/z 440 [M+H]'

Nefd=( R TP REYACRE 2120900 TP AL yREWE JF 11,5 - 3- 2 -

56

"H NMR (500 MHz, WAk ) 8 ppm 10.03 (br. &, TH), 8.48(d, ] = 6.9 Hz, 1H),
£.21 -8.36 (m, 1H), 8.00 - 8.15 (m, 1), 7.65 - 7.73 (m, 2H), 7.52 (d. ) = 8.2 Hz, 2H), 7.39
(1,1 =7.7 Hz, 1H), 7.06 - 7.12 (m, 1H), 7.03 (1, ] = 6.8 Hz, 1H); MS m/z 424 [M+H]"

N-(4-TPRUE AR 2-12-C U AL MEBE I [1,5-a )0 0e -3- 08 |mbime -4

60
'HNMR (500 MHz,  S0F )G ppm 8.49 (d, ] = 6.6 Hy, TH), 8.03 - 831 (m,
2H), 7.30 - 7.55 (m, 3H), 7.00 ~ 7.12 (m, 2H), 6.79 - 6.87 (m, 3H), 3.76 {5, 3H); MS m
386 [M+H]'

62 | N-(4-TP AL ALY -2-12- 0L TP ALY O (1,2 0L -3~ R M 0 g B

'H NMR (500 MHz, B -ds) 6 ppm 9.58(d, ) = 3.8 Hz, 1H), 9.23 (d, } = 1.6 Hz, 1H),
8.95 (br. 5., IH), 8.48 (d, ) = 6.0 Hz, 1H), 8.10(d, ) = 4.7 Hz, 1H), 7.53 (d, } = 8.5 Hz, 2H),
7.25(d, ) = 8.2 Hz, 2H), 6.83 (d, } = 6.0 Hz, 1H), 2.37 (5, 3H): MS m/z 371 [M+H]

118 | 2-(kPE JE (1, 2-aih -3 AL - N-fd=( = 000 100y 00 AL it

"H NMR (500 MHz, DMSO-d.) 6 ppm 10.10 (s, 1H), 9.92 (d,J = 7.3 Hz, 1H), 8.51 (app. 5,
1H), 848 (d, ] = 5.7 Hz, 1H), 8.00(d, J = 8.5 Hz, 2H), 7.75 - 7.86 (m, 3H), 7.46 (ddd, J =
9.1,6.6,0.9 Hz, 1H), 7.14 (1d, ] = 6.9, 1.1 Hz, 1H), 6.74 (d, ] = 6.0 Hz, 1H); MS m/z 356
[MeH]

[0377] Syt 2
N-(3— & —4- FEHOREL ) -2- (2- 4L -1/ z*lﬁﬁﬂilfﬂélé —1- 4 ) g —4-f% (Cpd 40)

——@j‘ B
MEGD r)\'ﬁ’ﬁ Bib /J\ HN? (L
IR N3-S 4 FEEORR (2.07 g, 13.1 mmol), 2,4- —&MEEE (1.95 g,
13.1 mmol) M=ZJ% (2.1 ml, 15 mmol) V@S7EFHEL (10 mL) F. B iZIR-SHIAE 100°C
TN 13 NI, SR S A i G, F KRR RS, 5 K.COFR1S M » Sy vive ¥y, S8 i F /K ¥k

% SR E H Ce el . R, 2- &l -N-(3- & —4- FAEEERIL ) ming —4- % (2.07
g, 59 %) MFEEFE N A (Ll 44 B 45 i
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'H NMR (500 MHz, DMSO-ds) 8 ppm 9.99 (br. s, LH), 8.15 (d, ] = 6,0 Hz, 1H), 7.73 (br. 5.,
1H), 7.47 (d, J = 8.2 Hz, 1H), 7.19 (d, ] = 8.8 Hz, 1H), 6.69 (d, J =5.7 Hz, 1H), 3.85 (s, 3H).

[0378] LU 2. ¥ 2- & —N-(3- G —4- FEIEAEIL ) Wi —4- % (84 mg, 0.31 mmol),
o— FAL —1H- ZE9F [d] Bk (82 mg, 0.62 mmol) H1K,CO, (86 mg, 0.62 mmol) VB4 7E DMF
(2 mL) B, IPBIZRMNIEEYIAE 120°C Rk 3 K, SRG4H), ZE7KH EtOAc Z B, If
T EERR E MR A AL AR AL (A fa [EATE R UL &4 (29 mg, 26%) o
'H NMR (500 MHz, DMSO-ds) 8 ppm 9.94 (s, 1H), 8.42 (d, ] = 5.7 Hz, 1H), 8.03 - £.10 (m,
1H), 7.82 - 7.90 (m, 1H), 7.61 (d, = 7.3 Hz, 1H), 7.40 - 7.45 (m, 1H), 7.20 - 729 (m, 2H),
7.18 (d, ] = 8.8 Hz, 11, 6.73 (d, ] = 5.7 Hz, 1H), 3.86 (s, 3H), 2.79 (s, 3H); MS mi/z 366
[M+H]".

[0370] W] LARRHESEHERY 2 (20 SRIE T A G 3k AR U6 JEURE L Bl RIAT S R 2% 1F 1 4% 3 AR
AP prd I (D L EMBHIER.

Cpd YRR &

b | Ne(d- TP RRE R )-2-(2- T D~ 1 10- 55 D110 e 1 ALy -

"H NMR (500 MHz, DMSO-dy) 5 ppm 9.79 (br, 5., 1H), 8.36 (d, J = 5.4 Hz, 1H), 795 -
8.17 (m, 1H), 7.59(, J = 7.9 Hz, 1H), 7.42 - 7.54 (m, 2H), 7.17 - 7.33 (m, 2H), 6.96 (4,
= 8.2 He, 2H), 6.68 (d, ] = 5.0 Hz, 111), 3.76 (s, 3H), 2.77 (3, 3H); MS m/z 332 [M+H]'
41 | 22- TR DR A 1 BE ) N[ 0 TP ) A 0 e - B

'H NMR (500 MHz, DMSO-dy) & ppm 10.37 (s, 1H), 8.55 (d, } = 5.7 Hz, 1H), 8.01 - 8.06
{m, 1H), 7.90 (d, ] = 8.5 Hz, 1H), 7.72(d, J = 8.5 Hz, 2H), 7.61 - 7.65 (m, 1H), 7.26 (app.
quind, J = 7.3, 1.4 Hz, 2H). 6.91 (d, ] = 5.7 Hz, 1H), 2.81 (s, 3H); MS m/z 370 [M3H]"
61 | Ne[4-( 50T AUAC) B AL - 2-02- TV Bke 1 - 8 TR e - e o -9 1

"H NMR (500 MHz, P8 -dy)6ppm 8.32(1H,d, J = 5.5 Hz). 8.06 (IH, d, ] =8 Hz),
7.59 (3H, d, J = 8 Hz), 7.26 (2H, m), 7.14 (2H, d, J = 8 Hz), 7.0 (1H, 1, ) = 74 Hz), 6.69
(1H, d, J = 6 Hz), 2.82 (3H, 5); MS m/z 368 [M+H]

[0380] =Cififd] 3
N=(3- & —4- FEIERIE ) —2-[2- ( = A 2 ) —1H- Rk —1— 2 ] msng —4- % (Cpd

42)

=N N N F
| HyN - f f :

e 2
HN o D HN N‘“”j\ﬁ LTFA_ HN N"AH’&N

HaN NH
N ‘ © 2 TFAA Q
ci e
S GM

B 2- S -N=-(3- & —4- REHOREL ) Mg —4- % (280 mg, 1.03 mmol) FIZK -1, 2- —

f (540 mg, 5 mmol) fEFARE (5 mL) THIESMERB T LE 160°CHN# 10 73-8F.

RIZK AR SR BRI A4, I EtOAc ZEBR, JR i 3 i et e A 265 0, JH I 4 DA AL 5 — R ) 4

N'= (2- AL RS ) -N*- (3 S —4- PR ORIE ) Weng -2, 4- — k. 55 M i M4 R /e

“HEFLE G mL) o, IRE A =R SIRET 2 I IN CRE 0.5 mLD o A NaHCO, 7KV MG

SRLIR ), IR RE R R iR 2 AR LS — LA A4 N=-(2- (4= (3- & 4~ F SO0
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AL ) - g -2- B ) OREE ) -2, 2, 2- R OB
[0381] [l 55 A HIEME (71 mg, 0.16 mmol) 7ZEZJE (2 mL) FER AN =M IR
(0.5 mL) o FEFSIHHAE 180°C T INRGZIRAY) 1 /NN 45 78, Z 5 UPLC /- H 58 %44k
TR JZ TR A R 2 M DR B e [ A AR R &) (40 mg, 59%)
'H NMR (500 MHz, DMSO-ds) 8 ppm 10.06 - 10.18 (m, 1H), 8.45 (d,J = 5.7 Hz, 1H), 8.02
(d, =82 Hz, 1H), 7.94 (d,] = 7.3 Hg, 1H), 7.83 - 7.90 (m, 1H), 7.52 - 7.56 (m, } = 8.2, 8.2,
1.3 Hz, TH), 7.50 (1d, J = 7.9, 1.3 Hz, 1H), 7.43 (dd, ] = 9.0, 2.7 Hz, 1H), 7.15 (d,] = 8.8 Hz,
1H), 6.86 (d, ] = 6.0 Hz, 1H), 3.84 (s, 3H); MS m/z 420 [M+H]".
[0382] Sy 4

5= J —N- (4= FRAEIRIL ) —2-[2- ( =J 2L ) BRIEIE [1, 2—a] MENE —3— F ] WENE —4- Ji%

(Cpd 43)
F = Bugdn b}@ F
M b

fi KiCOs  HN“N"cl g’ N HN &)\F/AR

e M &
; M { M

¢ °F PACI, (4R I 4E) O
Q-Phos

IR 1 %2, 4- & -5- FMELE (1.00 g, 5.99 mmol), 4- FZERZ (642 mg, 5.99
mmol) 1 K,CO, (1.66 g, 12.0 mmol) £F EtOH (10 mL) T (KVR-SWAE 50°C FHEE 18 /b
o K ZIBGWImE Celite EREIFE AL ZHELAA LIRIT 2- & -5- ] -N- X/ AR W%
g —4- % (1. 19 g, 84%) .

[0383] DHR2: ¥ 2- & -5 A -N-XF FF ZRFEmENE —4- 1% (165 mg, 0.69 mmol), 3-(=TT
SRR ) —2— ( SR L) BEREIE (1, 2-a] HEBE (300 mg, 0.63 mmol), Q-Phos (13.5
mg, 0.019 mmol) AIPdCL,(#A¥E) (6.9 mg, 0.019 mmol) £ “HF ¥ (1.5 ml)
FRREWIAE 90°C R ke 2 /NS R ZIRA YIS A Z A A DR BRI L &4 (213
mg, 80%) .
'H NMR (500 MHz, S -dy & ppm 9.24 - 9.29 (1H, m) 8.29 (1H, d, /=2.84 Hz)
766 -7.71 (1H. m) 7.46 (2H, d, J=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); MS m/z 388.2 [M+H]".
[0384]  F] LAMRIESLHats] 4 ()0 BRI B A G i () AR 1R R R TR B R 2% A il 2% 53 AR
ALHHTARRR (D A EWBIHIE R

Cpd Hbk & B
| S QN PRI ) 2120 BUTTAL YR PR JF 11, 2-a 530 e 0 -4 B

'H NMR (500 MHz, %1 -y & ppm 9.34 - 9.42 (1H, m) $.51 (14, 5) 7.80
(1H, dd. /=9.14, 0.95 Hz) 7.49 (2H, d, /=8.51 Hz) 7.41 (11, ddd, /-8.99, 6.78, 1.26 Hz)
7.20-7.27 (3H, m) 6.91 (1H, wd, J=6,94, 1.26 Hz) 2,42 (31, s); MS m/z 404.2 [M+H]’
[0385] Syt 5

2 (6— F —2— KL IF: [1, 2-a] MENE —3-J5 ) -N-[4- (=P L) KA ] g -4, 6- -
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fi% (Cpd 68)
NBoc, NBoc,
NHg N m ”“N
W Lo HNSNNGE ¢ HN ﬂ o

(8000 ,%)51 Fsc
| =
o T ool Kosu ‘

LI W2, 6- &g -4- % (3.78 g, 23.05 mmol) I DMAP (cat.) fF ~&E H
(20 mL) HFRVEEYAE OC N A iR M T B (11.05 g, 50.71 mmol) AL, fﬁﬂnz
s ¥ IR G ITE R B M RS A . G IR G RIFESK K (120 mL) FFFH =
EF%% (150 mL) AHL. 3 EA A, FERK (100 mL) ¥k, £ MgSo, Hﬁ%,%)ﬁuﬁﬁ—mk

RERCES (100 g) I8 BAR AR ARSI R (2, 6- Mg —4- 8 ) BE v ek

g%@&:ﬂjﬂ@a (7.55 g, 90%) .
[o3ge] LR 2. £ -T8CF, AT BEH A (IM AETHE H, 9.62 mL, 9.62 mmol) b3
(2, 6— G mENE —4- JL ) BV s ki AT BE (1,75 g, 4.81 mmol) Al 4- =R A
K (775.0 mg, 4.81 mmol) £E THF (10 mL) HFHIAR. MZIBEWIFEIFL 20 48R
HE0C, RGBZEAWREEKK (120 mL) FIEH & F 4 (150 L) 2. 554
HUAH, FIEh7K (100 mL) FEis, 28 MgSO, 118, SR e yEIF &K » I iR E A S R R
Wt CEIEHCRREH 2% 4MROHE - Chesilil ) BIERAE 6- & 2-(U-( =mFHE) K
HEE L) BENE —4- FR gL IR AT BREE  (750.0 mg, 32% YkEE ), M (@A 4%
LR R - TRl ) 2- & -6-(4-( = H At ) RAEREUE ) g —4- FR g E ik —
BT HE (1.08 g, 46%) .

NBocy
. NBoc, NH,
HNT "N C f\ fL
g M M
1 j‘}- HN ”le\f’( HN ““Nﬂ\ff’(
s cl !Nﬁf Neg TFA Nt
i -
NONHy acn /C;.f CFs \_4 \
PAOAS  CF, &y ©
PPhy,
lt‘:stl':e.!!u;r
DMA

[0387]  DEE 3. £ 0°C T AE 250 mL [RIIEGEIE VR & - 4- MmkhE —2- i (8.57 g,
76. 44 mmol) FIEAEA (12.99 g, 71.67 mmol) 15 434 . FHZIE (50 ml) FBEFTBIRS
FEEIFI R . A ZE, RN ®E (200 mL) DAAEPEYiuEdn, Hom it it ki g . ﬁlﬁﬂ”g
ARLE (300 mL) FHELAN NaHCO, 7AW (250 mL) Z [ TC. B A HLE, £ MgS0 , T4,

S PR AR DR R4 . B AR AR RS (1: 1 ARAER - Tkt) & %ﬁ%f?%bﬁu%ﬁ
PIIR AR TR 6- F —2— HSEKIEIE [1, 2-a] ke (5.20 g, 46%) .
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'H NMR (500 MHz, WA -d)8 ppm 7.95 - 7.99 (m, 1H), 7.46 (dd, J= 5.04,9.77

Hz, 1H), 7.34 (s, 1H), 6.99 - 7.06 (m, 1H), 2.44 (d, .fm{)ﬁ?:ﬂz,BH), MS m/z 151.0 (100)

M+H].
[0388] b 4% 4. % 6- | —2— FP LK Mk 9F [0, 2-a] MEWE (445.0 mg, 2.97 mmol),
2- A 6-(A-( =R AL ) ORILEHE ) Mg —4- st iR =T s (1.0 g, 5.78
mnol), ZFEFE (I1) (33.4 mg, 0.149 mmol), =ZJ:BE (46.7 mg, 0.178 mmol), 7,
M4 (1.14 g, 5.94 mmol) FAIDMA (5 mL) HIVR-EY)IEE =R E 2L AR N, K16 R iR
S RTEINIER 100°C, FFEE2 1 /My FZIEBA I EIEK (50 mL) o, H S FFi A
BUZIREW) . 4 MgSO, T-HRAZEN), SR Ja i e ARk T k4 o F CBEEE AR R W) o LASRAS
2-(6- R —2— FHERKIEIE [1, 2-a] MEWE —3- 48 ) —6- (4- ( =P 4L ) RALE AL ) ming —4- 5
WS R AU T B (706.0 mg, 83%) .
[0389] DEE5. 7E 0°C 4% 2-(6- # —2- HAEBKIMETT [1, 2-a] MEhe —3- 5 ) -6-(4-( =3
FROL ) ORBRGL ) BENE —4- B PR iR T BE (140 mg, 0.24 mmol) £ — & H4E
(2 mL) AL TFA (0.4 mL) Ab3E. 7ERERIRIE I RS IR G4 4 /i EWEF
méﬁ/ﬁ A, SR ARV AT B2 < BE AT AN NaHCO, 38 W2 [A] 43 L« 47 B A L2, 28 MgS0, T8,

R IR K . H CRERTEE TR oR Yot LLERAT A AT ARG 54 (87. 0 mg, 87%).

mp. 209-211 C.

'H NMR (500 MHz, Pifl -ds) 8 ppm 10,40 (dd, J=2.21, 5.36 Hz, 1H), 8.88 (s, I H), 8.11
-8.27 (m, TH), 7.78 - 7.85 (m, 1H), 7.74 (d, J = 8.83 Hz, 2H), 7.69 (d, /= 8.83 Hz, 2H), 6.47

(br, s, 2H), 6.03 (s, LH), 2.93 (s, 3H); MS m/z 403.5 (100) [M+H]", 404.4 (30).

[0390]  mJ AR SEHtt] 5 )2 BRIE I EAC G 1 A h SRk R s 2 2% 1 1) 46 3 A1 K
A priR g (D A EmeE .
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Cpd fzs?&:&ﬁ{‘%%

65
' ONMR (500 MHz, 7 -ds) & ppm 9.67 (ddd,J = 1.10, 1.26, 7.09 Hz, 1H), 8.40 (s,
1H), 7.73 (td, J = 1.10, 9.14 Hz, 1H}, 7.59 - 7.66 (d, ] = 9.1 Hz 2H), 7.51 (ddd, J = 1.26,
6.94.9.14 Hz, 1H), 7.15 - 7.23 (d, ] = 0.1 Hz, 2H), 6.80 - 7.10.(t, I = 75.00 Hz, 1H), 7.05
=712 (m, 1H), 6.11 (br. 5., 2H), 5.96 (s, 1H); MS m/z 4373 [M+H]"

212 TV AL I A 1 2R -3 - N - T ) B 4,6 e

66
m.p. 203-205 °C; MS m/z 439.4 [M+H]'
N[ 0 TP AR B 22 WUTT ALy JE 0, 2-a IR -3- 0 | W 10 4,6~ e

67
mup. 199-202 °C; MS m/z 4553 zmm}*‘

69
"H NMR (500 MHz, AR o) & ppm 10.41 (dd, J =221, 536 Hy, 1H), 8.57 (s, 1H),
.10 (s, 1H), 7.71 - 7.89 (m, 1H), 7.53 (d, J = 9.77 Hz, 2H), 7.20 - 7.26 (d, /= 9.77 Hz,
2H), 6.81 - 7.11 (1, ] = 75.00 Hz, 1H), 6.36 (br, 5., 2H), 5.91 (s, TH), 2.91 (s, 3H);

mip. 136-138 °C; MS m/z 401.5 [M+H]

- 2-(2-H @%ﬁ;&% P F {1 2-a] LG -3-TE - N-fd-( - B S0k 3- Bk e

sl oo
"1 NMR (500 MHz, DMSO-ds) & ppm 10.06 (dd, J= 2.21, 5.99 Hz, 1H), 9.28 (s, IH),
770 - 7.87 (m, 1H), 7.58 (dd, J = 5.52, 9.62 Hz, 1H), 7.41 {ddd, J = 2.68, 7.72, 9.77 Hz,
1H), 6,98 - 7.28 (¢, J = 75.00 Hz, 1H), 7.24 - 7.32 (m, 1H), 7.18 - 7.24 (m, 1H), 6.73 (s,
M), 5.72 (s, 1H), 3.42 - .56 (m, 1H), 0.89 - 111 {m, 4H); m.p. 198-200 °C; MS m/z
4455 [M+H]"
- ;;—(ﬁi?@-ﬁ-{w,yzﬁﬁiW%}%ﬁ?@%;ﬁ%&;ﬁ%iﬁf-z-«%}-a-fmﬁiﬁém:,:-fn;ﬂtm?f-z-?%}

R

H NMR (500 MHz, P& ~dy) 8 ppm 9.36-9.77 (m, | H), 7.90 - 7.97 (m, 2 H),

7.59 - 7.69 (m. § H), 7.50 - ?Si(m,zfﬂ,? 745 (m, 1 H), 6.55- 6.58 {m, 1 H), 4.86 (s,
2 HYy: MS m/z 419.1 [M+H]

2-(6-%6L-2- TP RER I 3T 11, 2-a B -3 RE - N[ L TR L e 4,6~ R

100
'H NMR (500 MHz, DMSO-dy) § ppm 10.45 (ad, /= 2.84, 5.67 Hz, 1H), 9.46 (s, 1H),
8.76 (d, /= 2.84 Hz, 1H), 7.72 (d,./ = 8.51 Hz, 2H), 7.64 (d, /= 8.51 Hz, 2H), 6,82 (s,
2H), 5.79 (s, 11}, 2.84 (5, 3H); m.p. 256-258 °C; MS m/z 404.3 [M+H]"

[0391]  SEjiEf] 6
2-(6— i —2— H 2 —1H- ZEFHFmRIE —1- 3 ) -N-[4- ( = AL ) AL ] meng -4, 6- i
(Cpd 71)

110



CN 104918919 A OB P 95/142 7

NBocy F

f f
:‘\ HN )‘ ' Hz
‘ pdzdmﬁa

XPhos,

NO2  pasc (10%),
MeOH,
CF, KsPOy,

SRR

Et(}»"‘«c

CF;s

N Bﬂﬁz F NHs

-;ﬁ'i (] e fk LA IL A

b NH, - CoHCOOH. ¢ ‘ 20% TRADCM i G

CFy
IR W5 & -2- HARE R 0562 mg, 1.00 mmol), ), %‘6 (4-( =mH
) FRIEH) %’%—4—%112%%9%&:%&T@a (480.0 mg, 0.98 mmol), 2- "I

WL -2 4 6" - =R HHEBEIE Xphos) (56.1 mg, 0.1 mmol), = ( “ENIEREN) —
FU(0) (53.8 mg, 0.05 mmol) FITEMEHN (625.0 mg, 2.95 mmol) 7F AT (2 mL)
H VR A P = A B R N,IRFE G EE ARSI 100°CHr4E 2 /NI . 2 E)
AW EAEAK (10 mL) #, HAER A (15 mb) FERUZRBEY). £ MgS0, T % FEH
Y, SR FE R A K . I EITE SRR (H 11 &Pk - Ok, R 1:2
LR OB - SRR EEM ) BLIRAG 2- (5 g —2— fHE R AL AL ) 6- (4-( = AL ) Rkt
R ) WENE —4- VAL IR AT EE (483.0 mg, 81%) .
[0392] DR 2: HH 2-(G- R 2- AR AR AL ) 6-(U-( =/ P ) REZEE) &
g —4-JE V2 BRI AT BE (483.0 mg), Pd/C (10% 2, 48.0 mg) Fl1:1 44
B FEE (5 mb) RIEME RN B ERIBE A Parr #3088 b o @I =R =S E AN
BZBR AV FZEIIMER 40 psi EAIFIRD) 2 /F o I kR 22 0R, I 24 K
FILLFRAL 2- (2- EHE —5- ARG IE ) 6-U-( ZFP AL ) FERE R ) - mng —4- V&
TR BT B 7E R PRI R ZSR AR AR P i k. MS mz 579.6 (100)
[M+H]", 580.6 (40).
[0393] D EE3: M 2-(2- &I 5 RORAEEEE)6-(U-( =P )- RAERE) &
g —4- 3V 20 e AU T BE (365.0 mg, 0.63 mmol), R =285 (306.0 mg, 1.89
mmol), X/ FHKEEHE (5.0 mg, 0.025 mmol) FZEE (2.0 mL) FITREYIINIAE (Rl FREEL 2
/J\En‘ TER N Z G, ZIR AW & F e (20 mL) AEAI NaHCO,#A (10 mL) 2 [A] 73 FC.
hok (10 mL) PFANAHE, 4 MgSo, T8, SR et dEFF 28k . H CRERI S 5 AR v LA 3R A3
2—(6—%\—2— RIE -1/ 289F [d) wRme —1- %) —6-(4-( =L ) ARSI ) Mg —4- 5
s K i ATl (316.0 mg, 83%) . MS m/z 603.6 (100) [M+H]', 604.6 (40),
[0394] D3R 4: 774 (316.0 mg, 0.52 mmol) 7F & H%E (3 mL) HHIEWRA 0CF
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FTFA (1 mL) &bFE. ZERBEIREE T HHHZ TSR AW 4 /N o Z RG], F LTSI
Y1 LAR1S (B AR T PR &) (152.0 mg, 73%) . m.p. 253 - 255°C,
'H NMR (500 MHz, DMSO-dy) & ppm 9.72 (s, 1H), 8.00 (d, /= 8.51 Hz, 2H), 7.52 - 7.69
(m, 3H), 745 (dd, /= 1.89, 9.14 Hz, 1H), 7.01 - 7.24 (m, 3H), 6.20 (s, 1H), 2.66 (s, 3H); MS
m/z 403.3 (100) [Mﬂi]“'.
[0395] W DAARAESZIEH 6 [0 BIE T B E & 45 JEURE A AT S B 2 A8 i1l 48 55 A
KRR (D A& ER.

Cpd Y0 & B
26~ -2 TP R~ L - JE 0 PR30 ) N- 4= B0 TTAG) 26 0 W a6 i

93

TH NMR (500 MHz, DMSO-ds) b ppm 9.76 (s, 1H), .19 (d, J = 1.9 Hz, 1H), 7.74 (d, ] =
8.5 Hz, 2H), 7.64 (d, } = 8.5 Hz, 2H), 7.60 (d, ] = 8.5 Hz, 1H), 7.27 (dd, ] = 8.5, 1.9 Hz,
1H), 7.02 (br. 5., 2H), 5.90 (5, 1H), 2.83 (5, 3H); MS m/z 419.8 [M+H]"

Nfd-( BT R AL |- 2-6- -2 T - L - O M L I 6

72
'H NMR (500 MHz, DMSO-ds) 8 ppm 9.25 (s, 1H), 7.99 (dd, J = 2.21, 10.09 Hyz, 1H),
7.56 (dd, J = 5.04, 8.83 Hz, 1H), 7.48 (d, J = 8.83 Hz, 2H), 7.00 - 7.30(t, ] = 75.00 Hz,
1H), 7.12 - 7.19 (m, 2H), 7.07 (dt, J = 2.36, 9.06 Hz, 1H), 6.84 (br. 5., 2H), 5.74 (s, 1 H).
2.80 (s, 3H): m.p. 168-170 °C: MS m/z 401.5 [M+H]"

76
'H NMR (500 MHz, DMSO-ds) 8 ppm 9.47 (s, 1H), 7.96 (d, J = 9.14 Hz, 1H), 7.66 (d, J
= 12.93 Hz, 1H), 7.57 (dd, J = 5.04, 8.20 Hz, 1H), 7.00 -~ 7.28 {t, } = 70.00 Hz, 1H), 7.27 -
7.39 (m, 1H), 7.23 (d,J = 8.51 Hz, 1H), 7.08 (1, J = 8.20 Hz, 1H), 6.94 (br. ., 2H), 5.80 (5,
FHY, 2.50 (br. 5., 3H); mup. 182-183 °C; MS m/A 419.4 [M+H]"

Ne (BT AR )3 B ACHE 22 £ 6= -1 H1- 5 D00 e 1 )R B 4,6

'H NMR (500 MHz DMSO-dg) 8 ppm 9.47 (br. s., 1H), 7.90 (d, J =9.14 Hz, 1H), 7.50 -
7.74 (m, 2H), 7.29 (d, J = 5.04 Hz, TH), 7.00 - 7.28 (1, ] = 70.00 Hz, 1H), 7.22 (d, J = 8.20
Hz, 1H), 7.09 (d, J = 7.88 Hz, 1H), 6.93 (br. 5., ZH), 5.80 (s, 1H), 3.27 (m,2H), 1.28 (L, J =
6.62 Hz, 3H); m.p. 156-158 °C; MS m/i 433.5 [M+H]"

242~ & M- 6- - VH- IR 1N [ 0 T AL I I 4,6~ I

TH NMR (500 MHz, DMSO-ds) § ppm 9.64 (s, 1H), 7.89 (dd, J = 2.52, 10.09 Hz, 1H),
7.70 (d, J = 8.20 Hz, 2H). 7.58 - 7.66 (m, 3H), 7.05 - 7.13 (m, 1H), 6.98 (br. 5., 2H), 5.88
(s, 1H), 3.28 (q, J = 7.46 Hz, 2H), 1.28 {1, J = 7.57 Hz, 3H); m.p. 201-203 °C; MS msz
4172 [M+H]'

2-(6--2- 1 A~ LH- 2 JP I M- 1y N- | 3= e (2 B T ) I W 0 -, 6= [

%6

'H NMR (500 MHz 58 ~d5) 5 ppm 9.11 (br. s, 1TH), $.27(d, = 2.2 Hz, 1H), 7.78 (dd,
J=13.9, 1.6 Hz, 1H), 7.65 (1, I = 8.5 Hz, 1H), 7.56 (d, ] = 8.5 He, 1H), 749 (d, ] = 8.8 Hz,
1H), 7.25 (dd, J = 8.5, 1.9 Hz, 1H), 6.57 (br, 5., 2H), 6.07 (s, 1H), 2.87 (s, 3H); MS msz
437.8 [M+H)'

112



CN 104918919 A WO P 97/142 7

Cpd B & B
2-(6- -2~ T e T 65 DR M- 1 Ay N - 0P L) 00 e 4,6~ e

97

"H NMR (500 MHz, B -d.) 5 ppm 8.56 (br. s, 1H), 8.32 (d, ] = 2.2 Hz, 1H), 7.56 (dd,
J =6.6,2.2 Hz, JH), 7.53 (d, ] = 8.8 Hz, 1H), 7.23 (dd, ] = 8.5, 2.2 Hz, [H), 7.20 (dd, J =
6.6, 2.2 Hz, 2H), 6.94 (1, } = 74.7 Hz, TH), 6.35 (br. s., 2H), 5.91 (s, 1), 2,85 (s, 3H): MS
m/z 418.0 M)’

2-(5-00-2- T L- T H- 2R JPOR M- 1- AL o N-3- Bod-( - BUPIG) R el -4,6- I

"H NMR (500 MHz, DMSO-d;)  ppm 9.94 (br. s, 1H), 8.10 (d, ] = 8.7 Hz, 1H), 7.82
(dd, J=14.3, 1.4 Hz, 1H), 7.67(d, ] = 2.0 Hz, 1H), 7.65(d, ] = 8.7 Hz, 1H), 7.42 (dd, ] =
8.7, 1.1 Hz, TH), 7.27 (dd, J = 8.7, 2.0 Hz, 1H), 7.10 (br. 5, 211), 5.93 (s, 1H), 2.83 (5, 3H);
MS mfz 437.8 [M+H]"

2-(5-50-2- T A6 NH- 260 PR M- 10 ) N- - L P UL 0K 4,6~ I

99
'H NMR (500 MHz, DMSO-d:) 5 ppm 8.99 (br. s, 1H), 8.72(d, I = 8.8 Hz, 1H), 803 (4, }
= 2.5 Hz, 1H), 8.00 - 8.03 (m, 2H), 7.65 - 7.67 (m, 2H), 7.64 (dd, ] = §.8.2.2 Hz, 1H), 7.42
{t,1=75.0 Hz, m), 6.79 (hf s, 2}{}, 6.38 (s, m;; 3.32 (s, m- MS m/z 417.8 {M«!—H}*

144

'"H NMR (500 MHz, DMSO-ds) § ppm 9.25 (s, 1H), 7.84 - 8.12 (m, 1H), .60 (dd, J =
5.04, 8.51 Hz, 1H), 7.49 {d, J=8.83 Hz, 2H), 7.01 ~ 7.31 (¢, J = 75.00 Hz, |H), 7.15(d, J
= §.20 Hz, 2H), 7.04 - 7.13 (m, 1H), 6.84 (br. 5., 2H), 5.76 (s, 1H), 3.28 (q, J = 7.25 Hz,
ZH), 1.28 (t, J = 7.41 Hz, 3H): m.p. 166-168 °C; MS m/z 415.4 [M+H)"

[0396]  SZifafsl 7
2—(2— TR SE —6— Fi —1H- SRR —1- 38 ) -N-[4-( =& ) 3L ] Mg —4,6-
iz (Cpd 82)

NEQ@Q F

Y FISA [cat),

L }L Wielh
HN NN =

B1: fE0CT MR 2-(2- EHt -5 FAFAIL ) 6-(4-( =H PR ) - R ) v
WE —4—JE W a R AU T EE (212.0 mg, 0.37 mmol), =Z% (42.0 mg, 0.41 mmol)
fEZEF S (2 ml) FRFERF AT GBS (38.3 mg, 0.37 mmol) . FEPRERIAE N
FEZIRA W 3 /] SR G AE SR K Z [ 43 e F ShK B A WLZ , 48 MgSo, T4, S8
S e &R LR AL 2— (2— (BRI e R B e ) —5— SR B ) —6- (4-( = AL ) Rkt
R ) - MERE —4- HEVEE R AT B AR TP BR P B AR AR AT AN 2
At

[0397] DR 2: ARG 7R 180 °C TR M 2- (2 (BA A bt FP I i 8 ) —5— R
) -6-(U-( ZF PR ) FFREGE ) - g —4- W R T B, X HIERERR

113



CN 104918919 A OB P 98/142 7

(7.0 mg, 0.037 mmol) FIZJE (3 nL) MIRAWIING 30 5060, IR AWALEL FRZ MR
T NaHCO, W2 M40 o P H KW B 28 MgSO T AR L M A6 K o SRS AE

ENTES SR AYm (11 &Pkt ok, RIEH 1:5 MeOH: & F LA 50% LR

CEEHER ) DISRISAREEAL A (103. Omg, 65% *F T M4 ). mp. 203 - 206°C.
I NMR (500 MHz, DMSO-dg) 8 ppm 9.49 - 9.59 (n, 1H), 7.70 (td, J = 1.00, 13.24 Hz, 1H),

7.64 (d,

J=8.57 Hz, 2H), 7.49 (d, J= 8.57 Hz, 2H), 7.36 - 7.42 (m, 1H), 6.91 - 6.97 (m, LH),

6.88 (br. s, 2H), 5.77 (s, 1H), 2.88 - 3.01 (m, LH), 0.97 - 1.05 (m, 2H), 0.86 - 0.95 (m. 2H);
MS m/z 429.2 (100) [M+H]", 430.2 (20).

[0398] W] LAMRHESLHEf] 7 (10 Bl i B A A I 1 S U SRk R AT R R 2% i 4% AR S
Frid i 7 aee s (D 4t s e,
Cpd bk & Sl
s ?*%WW?&E-S-%-IHai&‘iiﬁ*mﬁﬂ%—la%}-wiﬂgzﬂifﬁ%i{é&%)—&‘iﬁﬁ%iﬁﬁﬁ?d&
"H NMR (500 MHz, DMSO-d;) 8 ppm 9.53 (s, 1H), 7.70 - 7.95 (m, 2H), 7.52 (dd, J =
5.04, 8.83 Hz, 1H), 7.28 (d, J = 2.52 Hz, 1H), 6.98 - 7.26 (t, J = 70.00 Hz, 1H), 7.22 (m,
1H), 7.03 - 7.09 (m, 1H), 6.98 (br. 5, 2H), 5.82 (s, 1H); 3.07 {m; [H). 1.10 - 115 (m, 2H),
1.01 - 1.08 (m, 2H); m.p. 186-188 °C; MS m/z 445.5 [M+H]'
" 223 P B 5 - U H- 5 TR I 100 o N- [ 560 T ) A P 4.6 Il
'"H NMR (500 MHz, DMSO-ds) 8 ppm 9.69 (s, 1H), 7.96 (d, J= 5.04, 8.83 Hz, 1H), 7.79
{d, J=8.51 Hz, 2H), 7.61 (d, J = 8.51 Hz, 2H), 7.34 (dd, J = 2.52, 946 Hz, 1H), 6.93 -
7.09 (m, 3H), 5.78 - 5.93 (m, 1H), 3.02 (5, 1H), 1.13 - 1,19 (m, 2H), 1.04 - 1.08 (m, 2H);
MS miz 4202 gMﬂ-;]’“
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Cpd Ll & BR
2A2-H AL -6~ S L H- JE JFOR MR- 148 N[ B P RUE L e -9,6-

143
'H NMR (500 MHz DMSO-ds) 8 ppm 9.30 (s, 1H), 7.83 - 7.90 (m, 1H), 7.54 (d, J = §.83
Hz, 3H), 7.00 - 730 (, J = 75.00 Hz, 1H), 7.11 - 7.18 (m, 2H), 7.02 - 7.10 (m, 1H), 6.83 -
6.92 {m, 2H), 5,78 (s, 11}, 3.08 - 3.20 (0, 1H), 1.09 - 1.14 {m, 2H}, 0.99 - 1.07 (m, 2H);
m.p. 175-177 °C; MS mz 427.2 [M+H]*

NP B PR FO 212 R T HE)-6-B-TH- S PR e 1L P 4,6l

145
"H NMR (500 MHz, DMSO-dy) & ppm 9.32 (s, 1H), 8.36 (dd, J = 1.89, 10.09 Hz, 1H),
TO5-8.10(1, 1= 525 He, 1H), 7.85 (dd, /= 5.04, 8.83 Hz, 1H), 744 (d, J = 8.83 Hz,
2H), 7.04 - 7.34 (t, J = 75,00 Hz, 1H)}, 7.27 {dt, J = 2.36, 9.06 He, 1H}), 7.20 (d, J = 8.83
Hz, 2H), 6.98 (br. 5., 2H), 5.76 (s, 1H); m.p. 114-115°C; MS m/z 437.4 [M+H]"

2-Q2-FF A AL - DR PE-1-3E)-N-[4-( U0 A AL e 4,6~ 1

149
"H NMR (500 MHz, DMSO-ds} 8 ppm 9.70 (s, 1H), 7.92 - 7.97 (m, TH), 7.81 (d. J =
8.51 Hz, 2H), 7.60 (4, J = 8.51 Hz, 2H), 7.50 - 7.55 (m, 1H), 7.19 {ddd, J = 1,58, 5.04,
7.25 Hz, 2H), 7.00 (br. s,, 2H), 5.90 (s, 1H), 2.94 - 3.03 (m, 1H), 1.15 (m, 2H), 1.05 (m,
2H); m.p. 199-201 °C; MS mz 411.3 [M+H]'

"H NMR (500 MHz, DMSO-dg) & ppm 9.66 (s, LH), 8.09 - 8,20 (m, 1H), 7.73 (d, J =
8.51 Hz, 2H), 7.67 - 7.71 (m, 1H), 7.63 (d, J = 8,51 Hz, 2H), 7.26 - 7.31 (m, 2H), 6.97 (br.
5., 2H), 5.87 (s, 1H), 5.04 (s, 2H), 3.25 (s, 3H}; m.p: 212-213 °C; MS m/z 415.4 [M+H]"

2-[2-( 1R -2-HE)- TH- T M- 1K - No 4 80 TP 35 AL a6 It

151
'H NMR (500 MHz, DMSO-d,) 8 ppm 9.69 (s, 1H), 7.85 - 7.91 (m. 1H), 7.74 (d. J = 8.83
Hz, 2H), 7.61 - 7.65 (m, 1H), 7.59 (d, J = 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 (d, J=6.94 Hz, 6H); m.p. 216-218 °C; MS mz
413.4 [M+H]

202 WP AR ) N H- TR 1 o N - 3 TP ) I e 4,6

152
'H NMR (500 MHz, DMSO-ds) & ppm 9.71 (s, 1H), 8.36 - 8.52 (m, 1H), 7.89 - .11 (1.}

2H), 5.91 (s, 1H); m.p. 187-188 °C; MS m/z 421.4 [M+H]'

[0399] =Cifify] 8
2—(6— i —2— FAL —1H- ZRFFmRIME — |- 5t ) -N-(4- B RHE ) wing -4, 6- % (Cpd
265)
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F
”"-.‘
- 5 _ ci
_No Hg, PAIC /(l\
f R C,,fk 2 # 4
o 20%OMETHE
NatOAm
ol cl NH,
OFt r NHy 2y ﬁ
—{-OEt .
OEt ¢ /L /©/ HN “‘N/L“NJ% Mo *
e DMSO ,
o @ @ Q
£ A F F

AU 1 7E -78°C N Ial 5- # —2- WYL Z8H% (8. 16 g, 35.93 mmol), 4,6- ~& -2-(H
FETEEE L) wEnE (5.06 g, 32.67 mmol), THF (50 mL) FHDMF (12 mL) BIIR S HiZETER
IBUREZEY (2.5 M 78 THF F1, 28.6mL, 71.5 mmol) . 7E -78°C FHFEZIR S 30 434,
SRIGES MUK / 7K (300 mL) PAJERRUTHEN) o st i JEUSCER [l 44, 2R J5 FH /KRN CLse e ik BAFRS
4,6- & —N—(S—fﬁ\—z— RYFEFEIE ) g —2- 1% (9.32 g, 95%) .

[0400] DR 2: JEE =R E A EAAIN,RETEFAG H 4, 6- S -N-(5- g —2- g AR L)
W —2— Ji (6. 35 g, 21.03 mmol), Pd/C (10%, %, 635.0 mg) MZFRZEE (50 mL) %%
) 250 mL B, R HE AR A E xR . AREIRE T ZIEEGY 16 /DE.
IE I pERE Lk, R RIE R . H O BRI R R SRS A B A TE N N'- (4, 6- &%
WE —2— K& ) -5— oK -1, 2- — M (5.55 g, 97%) .
[0401] IR 3: HEN'-(4, 6- —&MEnE —2-3L) 5-F oA -1, 2- g (2.57 g, 9.47 mmol),
R =2705 (6.06 g, 37.87 mmol), ZER (6 mL) FZME (30 mL) MRS YIAEREE
FE R 18 /NI o AE 0°C R4 oAl NaHCO B AR IN IR, F)ﬂ?/m GHE .
ZERAINZIR GV BRI EE L. NG QR OBRFEEGY) . FEKEERA YA, 2
MgSO, 115, SR Fa it Y I A& K« H O helcif i R u%ﬂ%élﬁiﬁ/ﬁﬂﬁ 1- (4, 6- &%
g —2— 3L ) —6- F —2- L —1H- 251 [d] BRME (2,41 g, 86%) .
[0402] /D U 4: o 1-(4,6- & WEIE -2- 3L ) —6- | -2- AL —1H- 2K I [d] Ik mk
(150.0 mg, 0.51 mmol), 4- FAFEIIL (125.0 mg, 1.01 mmol) MZJE (1 mL) KR
GAE 80°C T i Hk 18 NI FER HZ 5, 5 S BEA N 2 1%I8 & W) LR BODTiE ) T8 20
6- & —2-(6— A —2— FHE —1H- ZFF [d] WRME —1- 2 ) -N-(4- B RO ) g —4- g,
W IE
[0403] ZDIR5: [ 6- & —2-(6— & —2— F L —1H- 28 JF [d] wRe —1- J ) -N- (4- AR
B ) - WEE —4- fErh AN DMSO (2 mL) FINH,0H (27%, 0.1 mL) . B3 MRS, B T ik
PR FFRAE 170°C RN 1 /ey RNTR S YIE LR GEEFK Z )43t FH7K (2 x 20 mL)
FER KB HLZ , SRT 4 MgSO, TR BT B (10 ) i€, ZR¥ER, H & H ke
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WS A s LLERAS A A TE R AR AL 54 (1610 mg, 88%) o m.p. 193 - 195C.

"H NMR (500 MHz, #ifd -de)l] 6 ppm 8.74 (s, 1H), 8.11 (dd, J = 2.52, 10.40 Hz, 1H),
7.52 (dd, J = 5.20, 8.67 Hz, 1H), 7.34 - 7.43 (d, J=9.14 Hz, 2H), 7.01 (d, /= 2.84 Hz, 1H),
6.94 (d, J=9.14 Hz,z}i),ﬁ@ (br. 5., zH},s?a (s, 1H), 3.79 (s, 3H), 2.84 (s, 3H); MS m/z

365.0 (100) [M+H]".
[0404]  WILAMRHESZIEH] 8 ()0 SR B ARG & B R ah R iR S R 2 Al 2% 55 A0 Y
AR R (D AP e .

Cpd Bl & B

2~ {16- {1400 P O AR UL =242 T - T - 2 ke e 1 0yt g 3y

52 fg},{;} LK

'"HNMR (500 MHz, T'® -di) 5 ppm 8.17 (1H, dd, J = 7.2, 1.5 Hz), 7.59 (14, dd, 1 =

T2, 1.5Hz), 751 2H, d, =9 Hz), 728 (IH, m), 713 CH, 4, ) =9 Hz), 6.78 (1H, 1, ] =
75 Hz),ﬁsi (1H,$),3.75 (2H, 1, ) = 6 Hz), 3.53 (2H, br), 2.89 (3H, s); MS mz 427.1

[M+H]"
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Cpd YW & B

o z-gg§-{2«lﬁ%lﬂ»&ﬁﬁiﬁ%@%&}-ﬁ-ﬂﬂ.::eff:;isi:W%’é}i&;‘&r?&wﬁ%ﬁ-ﬁﬁm%}
Ll

'H NMR (500 MHz, W§E -d)) 8§ ppm QI3 (IH. &, J= 75 HA, 771 QH. 4. J = 7.5

Hz), 7.6 (1H,dd. J = 9, 1 Hz), 7.56 (3H, d, ] = 9 Hz), 7.27 (1H. m), 7.13 (2H. 4, J = 9 Hz),

SO1(IH, 8), 376 (2H, £, ) = 6 Hz), 3.55 (2H, br), 2.89 (3H, s); MS m/z 4202 ;wm*

N - RIE LM 225 A1 FE- 5 R e 1) N[ S BT AL 4,6

58
"HNMR ( T8 -di) & ppm8.15(1H,d, ] =8 Hz), 7.67 (2H. d, } =8.5 Hz), 7.59 (1H,
d,J =8 Hz), 7.53 (2H, d, J = 8.5 Hz), 7.26 (1H, m), 5.87 (1H, s), 3.58 (4H, br), 3.38 (3H,
$).2.87 (3H, si; MS my/z 443.1 [M+H]"

“ NS BUP AU R L NSQ- T U 260 2-2- T M- N - 1 - ALy

% 46 B

'H NMR (500 MHz, I8¢ -dy) 5 ppm 8.06 (1H, d,) = 7 Hz), 747 (1H, m), 7.38 (2H,
d, J=9 Hz), 7.15 (1H, m), 7.00 2H, d, } = 9 Hz), 5.68 (1H, s), 3.28 (3H, 5), 2.76 (3H, s);
MS mz 4411 [MH]"

63 | 2-(2- FPUAE-RH- TRk M1 36 ) No = ST ek e mit o4 6 I

'H NMR (S00MHz, HIK  <d) § ppm 813 (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, m), 5.95 (1H, 5), 2.89 (3H, s}, MS m/z 385.1
[MH]

2-(5,6- W2~ T Rh- 1 - JF K M- 1 )= N[ 0 TP ) 3 0 | -, 6 I

"HNMR (500 MHz, R -dy) 6 ppm 819 (1H, dd, J= 11,75 Hz), 7.67 (2H. d, I =
8.5 Hz), 7.6 (2H, d, J = 8.5 Hz), 743 (1H, dd, 1 = 11, 7.5 Hz), 5.93 (1H, 5), 2.9 (3H, s);
MS iz 421.1 [M+H]"

2-2- 11 HE- 1 H-K B [4,5- DL R - 1- 95 )-N- -0 3 T M) A RL 4,6 B

73
'H NMR (500 MHz, "PEY -dy) & ppm 8.61 (1H,dd, J =8, 1.5Hz2), 839 (1M, d, ) =4
Hz), 7.65 (2H, d, ] = 8.5 Hz), 7.57 (2H, d, I = 8.5 Hz), 7.28 (1H, dd, J = 8, 4 Hz), 5.91
(1H, s), 2.97 (3H, 5); MS m/z 386.2 [M+H]"

2-(5,6- - -2+ TV B TH- 2 RO 0 100 )N [3- B4 300 TV 00 ) 0L R 4,6

T4 Rk

"HNMR (500 MHz, TP# -d;) 8 ppm8.04 (11, dd, J =11, 7.5 Hz), 754 (1H. dd, J =

13.5, 1.5 Hz), 5.81 (1H. 5), 2.78 3H, s); MS m/z 439.1 [MsH]"
Neld( - BUPIEV A I -2-02,5,6- 22 T M- TH- 6 1wk - 1 - I R 4 6=
'H NMR (500 MHz, DMSO-ds) & ppm 9,63 (s, 1H), 7.91 (s, 1H), 777 (d(AB), } = 8.8

Hz, 2H), 7.63 (d(AB), J = 7.9 Hz, 21), 7.34 (s, 1H), 6.92 (br. 5., 2H), 5.85 (s, 1H), 279 (s,
3H), 2.31 (s, 3H), 2.26 (s, 3H); MS m/z 413.0 [MHH]

79
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N-[3< Bl = 0 PR AL 2-2- TP - VH- 0 D v 1 By -6

'H NMR (500 MHz, DMSO-d;) 3 ppm 9.90 (s, 1H), 8.05 - 8.10 (m, 1H), 7.89 (d, ] = 14.2
Hz, 1H), 7.65 (1, } = 8.7 Hz, 1H), 7.57 - 7.62 (m, 1H), 7.41 (d, ] = 8.5 Hz, 1H), 720~ 7.28
{m, 2H), 7.05 (br. s, 1H), 5.91 (s, 1H), 2.82 (s, 3H); MS m/z 403.1 [M+H]'

2-(6-34-2- TP AL lH*ﬁﬁ}?‘%%—E-%}*N"H-(:ﬁ W m%)ﬁiﬁ BERE-4.6- B

BS

'"H NMR (500 MHz, DMSO-ds) & ppm 9.68 (s, 1H), 8.31 (d, J = 1.6 Hz, 1H), 7.73
(d{AB), ] = 8.2 Hz, 2H), 7.65 (d(AB), ] = 8.5 Hz, 2H), 7.55 (d, J = 8.5 He, 1H}, 7.39 {dd J
= 8.5, 1.9 Hz, 1H), 6.97 - 7.07 (m, 2H), 5.87 (s, 1H), 2.83 (s, 3H); MS mz 463.0 [M+H]'

2+(2,6~ " TPV RE- L TE R O~ 1 -0 - N[ 0 TP AR R o g, 6 I

'H NMR (500 MHz, DMSO-ds) & ppm 9.63 (s, 1H), 7.88 (s, 1H), 7.74 (d(AB), ] = 8.5
Hz, 2H), 7.61 (d(AB), ] = 8.5 Hz, 2H), 7.44 (d, ] = 8.2 Hz, 1H), 7.04 (dd, ) = 8.2, 1.3 Hz,
1H), 6.93 (br. 5., 2H), 5.84 (s, 1H), 2.77 (s, 3H). 2.34 (s, 3H); MS m/ 339.0 [M+H]'

20(6- £ HE-2- T - D= K M- - AL N B0 T ) B B 1,6 B

86

87
'HENMR (500 MHz, DMSO-ds) & 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, I = 8.2 Hz, 1H), 7,10 (dd, } = 8.2, 1.3 Hz,
1H), 6.95 (br. 5., 2H), 5.86 (s, 1H), 2.81 (s, 3H), 2.64 (4, I = 7.6 Hz, 2H), 115 (.1 =76
Hz, 3H); MS m/z 413.0 [M+H]

2-(4,6- B2 TP BE-TH- SO P PR 1 J0) N[O 2 R T 0 S0 4.6 Ik

"H NMR (500 MHz, DMSO-ds} & ppm 9.68 (s, TH), 7.85 (dd, I = 9.6, 2.0 Hz, 1H), 7.68 -
773 (d(AB), ] = 8.5 Hz, 2H), 7.61 - 7.68 (d(AB), ] =8.8 Hz, 2H), 7.14 (1, 1 = 104,22
Hz, 1H), 7.04 {m ., zm, 5.89 (s, m}, 2.83 (s, 3}-1}, MS m/z 421 {M+Hl

gy ﬂ’gg

'H NMR (500 MHz, DMSO-d;) & ppm 9.92 (3, 1H), 7.80- 7.84 (m, } =95, 2.2 Hz, 1H),
780 (dd, J= 14,0, 1.1 Hz, 1H), 7.66 (1.0 = 8.7 Hz, TH), 738 (ddd, J = 8.5, 1.3 He, EH}
706 (dd, J = 104, 2.2 Hz, 1H), 711 = 7,16 (m, 2H), 3.91 (s, 1H); M8 m/2 439 [M+H}

2-{12-(4.6= - Ri-2- T A - T e 1 3 )6 (4= ERIT Ay e S y e

90 | -4 LR

'H NMR (500 MHz DMSO-d,) 5 ppm 9.60 (br. s., 1H), 7.83 (d, ] = 9.1 Hz, 11}, 7.70
(d(AB), ] = 7.9 Hz, 2H), 7.64 (d(AB), ] = 8.8 Hz, 2H), 7.15 (td, ] = 10.3, 2.4 Hz, 1H}), 5,96
(br. s, 1H), 4.83 (br. &, 1H), 3.59 (4, ] = 5.7 Hz, 2H), 3.38 - 3.51 (m, 2H), 2.85 (s, 3H); MS
miz 465.0 [MHHT
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91

'H NMR (500 MHz, DMSO-dy) 3 ppm 9.68 (s, TH), 8.17(d, J = 1.6 Hz, 1H), 7.76 (d, ] =
8.5 Hz, 1H), 7.61 (d,J = 8.8 Hz, 1H), 7.54 (d, ] = 8.2 Hz, 1H), 7.39 (dd, ] = 8.4, 1.4 Hz,
1H), 6.98 (br. 5., 1H), 6.75 (dd, J = 17.7, 11.0 Hz, 1H), 5.87 (s, 1H), 5.64 (dd, ] = 17.7, 0.6
Hz, 1H), 5.13 (dd, J = 11.0, 0.9 Hz, 1H), 2.82 (s, 1H); MS m/ 399 [M+H]"

92

24#:;%@&-5-&-:“-@%#(4&&1&@%&4&;}-&-{“ TR R -4, 6

"H NMR (500 MHz,  TIRE -ds) 8 ppm 8.37(1H, dd, 1= 9,3 Hz), 83 (OH, m), 7.72
(2H,d, T = 8.5 Hz), 7.6 (2H, d, ] = 8.5 Hz), 5.96 (1H, ), 1.33 (2H, m), 1.19 (2H, m); MS
miz 430.1 {M—*«H]""

"H NMR (500 MHz, TRE -ds) & ppm B.52 (1H, dd, J =9, 3 Hz), $.33 (1H, dd, m),
7.65 (2H, d, J =9 Hz), 7.60 (2H, d, J = 9 Hz), 5.95 (1H, 5), 3.00 (3H, 5); MS m/z 404.2
[M+H]"

1

N*g{ @ﬁﬁ’ﬁ%}-&ﬂ&&ii -2-(5,6- -2~ AL - R -1 Ay iy

wd

'"HNMR (500 MHz, T8E ~ds) 8 ppm 819 (1H, dd, J =11, 7.5 Hz), 7.53 (1H. dd, 1 =
13,2.5 Hz), 7.44 (1H, dd, J = 10, 7.5 Hz), 7.23 (2H, m), 5.86 (1H, 5), 2.89 (3H, 5); MS m/z
437.1 [M+H]"

102

Ne[d-( WP R I 125,67 -2 U RE- T H- 2 DB IR M- 1 SR Y1 -4, 6= R

THNMR( T8 ) & ppm £.18 (1H, dd, J=11.5, 7.5 Hz), 7.44 (2H, d, 1 = 9 Ha),
7.40 (1H, dd, J = 11.5, 7.5 Hz), 7.14 (2H, 4, ?L'Hf),ﬁ?’?(}![ 1,1 =75 Hz), 5.79 (1H, 5),
2,87 (1H, s); MS m/z 419.1 [M-H]'

103

MZ-W;: HE-6- 91 H-DE M JF 14, 5-b | BE - 1- 56 )= N[ RUIP RUIE) S0 o i

e

"H NMR (500 MHz, T8 -dy) & ppm 838 (11, dd, J =9, 3 Hz), 8.29 (1H, m), 7.5
(2H,d, 1 =9 Hz), 7.14 (21, d, ] = 7 Hz), 6.78 (1H, 1, J = 75 Hz), 3.4 (1H, m), 1.3 H, m),
117 (2H, m); MS m/z 428.1 [M#H]'

164

2-(6-50-2- TP B L H-THERS: )1 4,5- DML - 1- 06 ) N- - B0 UL 2 0L e 4 6 I

'H NMR (500 MHz, THEE  -dy) & ppmB.77 (d, J22.21 Hz, 1H), 843 (d, 221
Hz, 3}%},‘ 7.60 {d, 420,94 Hz, 4H}, 5.91 (3* lH) 3.05 {m BH}' MS miz 420.1 {M FH}*

105

"H NMR (500 Mz, T® -ds} & ppm 8.66 (d, J=2.52 Hz, 1H), 8.38 {d, /=2.21
Ha, 1H), 7.62 (dd, J=19.50, 9.50 Hz, 4H}, 5.92 (s, 1H), 3.48 (g, /=7.60 Hz, 2H), 1.39 (1,
J=T.41 Hz, 3H); MS m/z 434.1 [M+H]'
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146 | 2021 He DH- 22 JT 0K Mt 1A )N [ VAL AR 0 ) A B g 4,6 G

'H NMR (500 MHz, AR -d;) & ppm 8.45-8.50(1H,8) 8.25- 830 (1H, m)7.55 -
7.59 (1, m) 7.50 (2H, 8) 7.32 (2H, 8) 7.17 - 7.25 (2H, m) 6.24 - 6,33 (2H, m) 5.92 (1H, s}
2,51 (3H, §) 2.07 (3H, s); MS m/z 363.2 [M+H]'

2-[2-(1-TP ARG P AR )1 -0 IR - L J-N- (- B TP AR I R I -4 6~

'H NMR (500 MHz, 98 ~ds) 5 ppm 8.72 - 8.80 (1H, 5) 7.66 - 7.76 (3H, m) 7.46 (3H,
d, /=063 Hz) 7.08 (2 H, 5) 6.18 - 6.28 (2H, m) 53.97 (1H,8) 1.30 (3H, 8) 1.10 (2H, 5) 0.61
(2H, d,.F=2.21 Hz) MS m/z 425.2 [M+H]'

N-J-0 0 T LR 4 Ak -2-12-(1- PP LB A B - T H- 5 R R - 1 - T i 0 - 4,6 T

"H NMR (500 MHz, H8 -d) 8 Uppm 8.49 (1H, ) §.16 - 820 (1H, m) 7.55 - 7.60
(3H, m) 7.15 - 7.23 (4H, m) 6.94 (1H, £, /=75.00 Hz) 6.27 (2H, br. 5.) 5.92 (1H, 8) 3.32
(2H, q, /=7.57 Hz) 1.34 (3H, t, J=6.90 Hz); MS m/4 4233 [M+H]"
153 2-{2-&}5, FH- 38 P M- 10 - N-[d-( BT AL Ak e o -4.6- 1

"H NMR (500 MHz, DMSO-dg) 8 ppm 9.66 (s, 1H), 7.96 - £.10 (m, 1H), 7.73 (d, /= 8.83
Hz, 2H), 7.58 - 7.64 (m, 3H), 7.18 - 7.26 (m, 2H), 6.96 (br. s, 2H), 5.88 (s, 1H),3.22 - 3.29
{m, 2H), 1.29 (1, /= 7.41 Hz, 3H); m:p. 183-185 ; MS m/z415.4 (100) [M+H]", 4164 (30)
156 | Nofdef WP RURE) ACRE D24 2- £ B0 N H- 0 JF IR M- 1 B0 162 - 4,6~ T

'"H NMR (500 MHz, Pl -d0) & ppm .49 (1H, 8} 8.16 - 8.20 (1H, m) 7.55 - 7.60 (3H,
m) 7.15 - 7.23 (4H, m) 6.94 (1H, 1, /~75.00 Hz) 6,27 (2H, br. ) .92 (1H, ) 3.32 (2H, g, j
J=7.57 Hz) 1.34 (3H, 1, J=6.90 Hz); MS m/z 397.2 [M+H]" ﬁ

N 0 TP L AL o3 U B -2 (2- £ B 1 F 5 I M- 1 - L VO I 4,6~

TH NMR (500 Mz, P8 -ds) & ppm 8.71 (1H, s) 8.13 - 818 (1H, m) 7.68 - 7.75 (1H, |
m) 7.57 - 7.62 (1H, m) 7.26 - 7.35 (2H, m) 7.16 - 7.25 (2H, m) 6.94 (1H, t, J=73.80 Hz)
6.36 (2H, 5) 5.98 (1H, ) 3.3 (2H, q, /=7.60 Hz) 1.35 (3H, 1, /=7.90 Hz); MS m/z 415.2
IM+H]

2-2-( TR BE I - L H- P M- 1 BE N[ BT R e S e -4,6- -

147

148

157

182
"H NMR (500 MHz, M -ds) & ppm 8.85 (br. 5., 1H) 8.38 (d, /~7.88 Hz, 1H), 7.83
(d,=8.51 Hz, 2H), 7.66 (d, /=8.51 Hz, 2H), 7.56 (d, J=7.57 Hz, TH), 7.23 (td, J=7.57,
1.26 Hz, TH), 7.13 = 7.19 (m, 1H), 6.41 (br. s., 2H), 6.02 (s, 1H), 2.63 (s, 3 H); MS m/z
418.3 [M+H]"

196 | 2-(2- AL  H- 28 DR B £ 0 ) N {4 TPV 3L AR YR I -, 6

'HNMR (500 MHz, 89 -di) § ppm .13 (1H, m), 7.58 (1, m), 7.3-7.25 (411, m),
7. IB{IH d,.lwﬁllzj 5.81 {IH s},zsﬁ GH, a} 2.31 (3H s], MS m/z 3311 [M+H]

'H NMR {5‘3‘3 MHz, ‘?lﬁ di 8 ppm &iB (lﬂpm}, 7.58 (1H,m), 7.33 (2H, 4, } =9
Hey, 7.27 (2H, m), 6,94 (2H, d, 1 = 9 Hz), 5.72 (1H, 8), 3.81 (3H, s), 2.86 (3H, 5); MS m2
347.1 [M+H]" i
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198 | N-[4-( RS0 KL 2-2- T k- L H- 3 JF 0o 1- 00 4.6 i

"HNMR (500 MHz, T8 -dy) & ppm 8.12 (1H, m), 7.58 (1H, m), 7.27 (H, m), 7.22
(2H, d, J =9 Hz), 6.81 (2H, d, J = 9 Hz), 5.67 (1H, 5), 2.92 (6H. 5), 2.86 (3H, s): MS mz
3604 [M+H]

205 | N-UL3-J 05 LA AR50 - 2-(2- T 0= L H- 48 JE IO e 1 Dy v 4,6 I

'H NMR (500 MHz, DMSO-ds): & ppm 9.04 (1H, 5), 8.20-8.17 (1H, m), 7.61-7.58 (1H,
m), 7.27-7.21 (2H, m), 715 (1H, 4, J = 1.8 Hz), 6.91 (1H,d, ] = 8.2 Hz), 6.86 (1H, dd, J =
8.2, 1.8 Hz), 6.76 (2H, brs), 6.03 (2H, s), 5.72 (1H, s), 2.84 (3H, sk m.p. 166-167; MS m/z
359.1 [M+H]

206 | 46

'H NMR (500 MHz, DMSO-ds): 8 ppm 9.40 (1H, 5), 8,13 (1H, dd, ] = 7.0, 1.2 Hz), 7.1
(1H,d,J =21 He), 7.61 (1H,dd,) = 7.0, 1.2 Hz), 738 (1K, 4, ] = 8.6 Hz), 7.28-7.20 (3H,
m}, 6.88 (2H, br s), 5.79 (1H, s}, 2.83 (3H, 5); m.p.; 141-142; MS m/z 3971 [M+H]

Ne(3-T-4- TP AL S 30 2-(2- TP HE- L H- 8 Dk i1 B 0 9,6

07
"H NMR (500 MHz, DMSO-dg): & ppm 9,19 (1H, s), 8,18-8.15 (1H, m), 7.62-7.59 (1H,
m), 7.50 (1H, dd, J = 13.6, 2.2 Hz), 7.28-7.13 (4H, m}, 6.82 (2H, brs), 5.76 (1H, ), 3.85
(3H, 5}, 2.84 (3H, s); nup.: 233-234; MS m/z 365.2 [M+H]'

208 | N6 FULMERE-3- 36 )-2-2- T AL 1 H- 30 P ok w1k R 4.6~

'H NMR (500 MHz, DMSO-ds): 8 ppm 9.10 (1H, ), 8.24 (1H, d, J = 2.6 Hz), $.14 (1H,
dd, J = 8.4, 1.2 Hz), 7.84 (I1H, dd, } = 8.8, 2.7 Hz), 7.59 (1H, dd, ] = 8.4, 1.5 Hz), 7.27-
7.20 (2H, m), 6.85 (1H, d, J = 8.8 Hz), 6.80 (2H, br 5}, 5.69 (1H, s), 3.87 (3H, 5), 2.80 (OH,
) mup.: 118-119; MS mz 348.2 [M+H]

209 | No(d- ST p2-02- TP AL 1 - JH 00K B 100 B IGEE - 4,6~ B

"HNMR (500 MHz, TR ~d) 6 ppm 8.11 (1H, m), 7.58 (1H, m), 7.45 (2H, d, 1 =9
Hz), 7.28-7.23 (4H, m), 5.83 (1H, 5}, 2.85 (3H, s); MS m/ 351.6 [M+H]'

210 |- (6B IE-2-(2- VI M- 0 JE R M- 1- RE J e JE LS00 TR I

'HNMR (500 MHz, Ay -dg) 6 ppm 8.1 (1H, m), 7.75 2H, d, 1 =9 Hy), 761 (OH,
m), 7.28 (2H, m), 5.95 (1H, 5), 2.88 (3H, 5); MS miz 342.3 [M+H]'

211 | 242 AL D H- 48 JF M. £ AL - N-(4-BAL S - a.6-

'"H NMR (500 Mllz, TR -dd) 8 ppm 8.16 (2H, m), $.12 (1H, m), 7.79 (2H, m), 7.62
(1, m), 7.29 (2H, m}), 5.99 (1H, s}, 2.90 (3H, s); MS p/z 362.3 [M+H]"

22 | N-(4- 3L AR )-2-(2- TR D H- R 00 o= 1 B B 02 4, 6 I

"H NMR (500 MHz, 8% ~dy) & ppm 8.11 (1H, m), 7.59 (11, m), 7.42 (@H, m), 7.27
(21, m), 5.84 (114, 5), 2.86 (31, s); MS m/z 397.0 [M+H]"

| 'HNMR (500 MHz,  G82 -ds) & ppm 8.11 (1H, m), 7.57 (1H, m), 7.54 (2H, d, 9 Hz),
7.24 (2H, m), 7.19 (2H, 4, J = 9 Hz), 5.84 (1H, S}, 2.85 (3H, 5); MS m/z 401.0 [M+H]'
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234

N-[4-(C B P RURE AR AL - 2-2- TR - T H- 4 TR MR- 1 - SR -4 6= 1

'H NMR (500 MHz, TIf0 -dy) & ppm 8.1 (1H, m), 7,57 (1H, m), 7.45 (2H, d, 7 Hz),
7.25 (2H, m), 7.09 (2H, 4, J = 9 Hz), 5.48 (1H, §), 2.85 (3H, ); MS m/z 383.1 [M+H]'

235

Nef( ST U )3 AL |- 2-2- T R T e b1 0 g 6

'H NMR (500 MHz, TH -d;) & ppm 8.10 (1H, m), 7.58-7.54 (2H, m), 7.27-7.14
(4H, m), 5.47 (1H, ), 2.85 (3H. s); MS m/z 401.0 [M+H]*

263

| No(d= S0 ATE - 2-(6- =2~ TUAE- L H- P01 - 9L e -4,6- Il

'"H NMR (500 MHz, Wil -ds) 8 ppm 8.59 (s, 1H), 8.05 (dd, J = 2.52, 10.40 Hz, 1H),
TAT - 7.6 (m, 4H), 7.31 - 7.42 (m, 2H), 6.92 - 7.08 (m, 1H), 6.37 (br. 5., 1H), 5.93 (s,
1H), 2.77 - 2.88 (m, 3H); m.p.; 183-185; MS m/z 369,0 [M+H]"

2+(6- -2~ T BV H- 4 JFIR - 10 )N (- 1 0L 5 20 B 0 4,6 B

'H NMR {500 MHz, N8 <dg) 8 ppm 837 (br.s., TH), 8,10 (dd. J = 2.52, 1040 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. 5., 2H), 5.82 - 5.96 (m, 1H), 2.85 (s, 3H), 2.32 (5, 3H); m.p.:
210-212; MS m/z 349.0 [M+H]"

266

'H NMR (500 MHz, 54 -ds) & ppm 8.11 - 8.16 (m, 1H), 8.07 - 8.10 (m, IH), 747 -
7.56 (m, 1H), 7.23 (d,J = 9.77 Hz, 2H), 6.94 - 7.05 (m, 1H), 6.79 (4, J = 8,83 Hz, 2H),
6.09 - 6.25 (br, 5, 2H), 5.67 (s, LH), 2.94 (s, 6H), 2.85 (s, 3H): m.p.: 122-125; MS m/z
378.0 [M+H]"

267

Nedd-S0-3- U Ly 2(6- B2 TV ML VM- 36 T i 1 - 00 Yol 4 6~ B

'H NMR (500 MHz, NlE -d) 8 ppm B.80 (s, 1HY, 8.03 (dd, J=2.52, 10.09 Hz, 1H),
T.67 (dd, J=2.36, 11.82 Hz, 1H), 7.54 (dd, J= 5.04, 8.51 Hz, 1H), 744 {1, J=8.67 Hz,
LHY, 7.27 - 737 (my, 1H}, 6.95 - 7.09 {m, 1H), 646 (br, 5., 2H), 599 (s, 1H), 2.85 (s, 3H);
mop.: 225227 MS m/z 387.0 [M+H]'

268

2-(6- %2~ TP AE L HL- 2 JEIR MR- 1) N-(3- 0L S YR Y 4,6~

'H NMR (500 MHz, SR -ds) & ppm 8.37 - 8.52 {m, 1H), 8.14 (dd, J = 2.68, 10.25
Hz, 1H), 7.55 (dd, /= 5.20, 8.67 Hz, 1H), 7.40 (br. 5., 1H), 7.22 - 7.30 {m, 2H), 7.00 - 7.11
{m, 1H), 6.94 {(d, J = 6.62 Hz, 1H), 6.27 - 6.40 (5, 2H), 5.91 - 6.06 (s, 1H), 2.89 (5, 3H),
2.34 (s, 3H); m.p.: 203-205; M8 m/z 349,0 [M+H]"

269

N-(2.2- - 1,3- 3000 U0 A -S- 0 )-2-06- - 2- T M- 1 B 3 TRk -1 - 3L

Ry 4.6~ B

"H NMR (500 MHz, il -d)) 6 ppm 8.62 (s, TH), 8.04 (dd, J = 2.52, 10.40 Hz, 1H),
7.56 (d, J = 1.89 Hz, 1H), 7.53 (dd, J = 5.04, 8.83 Hz, 1H), 7.21 - 7.29 (m, 2H), 6.97 - 7.05
(m, 1H), 6,38 (br. 5., 2H), 5.91 (s, 1H), 2.83 (s, 3H); m.p.: 212-215; MS mz 415.0 [M+H]'

[0405]

ISP T il 9

2-(2- FEEREME T [1, 5-a] MEBE -3- 2k ) -N-[4-( =g L) TR ] g -4, 6-
(Cpd 154)
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T HEAWRETRG 2- I -3-(4, 4,5, 5 TURHE ~1, 3, 2- A A2 30 ke —2- )
ML [1,5-a] MEBE (53 mg, 0.205 mmol), 2- S —6-(4-( =H P E) REAE) &
mE —A- LR R AT ES (110 mg, 0.225 mmol), = ( " EXEAEN) —4E
(0) (18 mg, 0.02 mmol) =FIFCJEME (14 mg, 0.051 mmol), AIEEEZHY (87.0 mg, 0.41
mmol) 7E “HZRIF T (3.5 mL) A7k (0.1 mL) S EREMI A, 2578 85°C T m#k 3 /s
o R H T Celite ZEEUE. 1R SE H I8 ot ik A Z Ak aidh, 1RALE
W 3, 3- AT B (2- (2- AL [1, 5-a] MEle -3- 55 ) -6-(4-( =HF
AR ) ORIEEIE ) - g —4- 0L ) EEFRAUT B (25mg, 21%) , HOAMAE S (1 mL)
FIFAEOC A TFA (0.1 mL) 4bFR. 7E=E TSR G 4 /T IRGEER, SRR
BHE TR CERAEA NaHCO VB Z (B 3B . 0 A NLZ 48 Na ,SO, -1, SR G i eI & K .
1 < BERIF BE AR AR 0 1 LA SRAS 28 B iR T SR AR AL &4 (8 mg, 50%)

'H NMR (500 MHz, 7981 -d,) 8 ppm $.55 (d, ] = 8.8 Hz, 1H), 8.42 (br. s, 1H), 837 (d, J
= 6.6 Hz, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.13 (ddd, ] = 8.4, 7.3, 0.8
Hz, 1H), 6.77 (td, ] = 6,6, 1.6 Hz, 1H), 5.82 (br. s, 2H), 5.77 (s, 1H), 2.66 (s, 3H); MS m/z
385.3 [M+H]".
[o406] I LAMRHESZHEH] 9 ()0 SR B4R G & B R ah R iR SR 26 ARl 2% 55 A0 Y
A pridrgs (D &L,

Cpd & 1l

70 | Ne[d TRP AR M 2-01,3.5 7 P I -4 AL R 4,6 B

"H NMR (500 MHz CDCls) 8 ppm 7.54 (2H, d, ] = 8.7 Hz), T48 (2H, d, } = 8.7 Hz). 5.86
(1H, ), 5.60 (2H, v br), 3.73 (3H, 5), 2.53 (3H, 5), 2.50 (3H, s): m.p. 270-271 °C; MS m/z
363,0 [M+H]"

[0407]1 =il 10
5= T —2—(6- . —2— FJE —1H- ZRFFmRME —1- 3 ) -N-(4- FEEIERIL ) mEng —4, 6- —fi
(Cpd 179)
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F
Meozc’!\mzrﬂe g f/h by eat)

MeOH
ol
£ IL\“N MPS Il\/k
M&QH
ci N)\’Sx aq.

IR 1. AR OCTR [ B AR — (1,50,) .28 (45.90 g, 0.33 mol) Al 2- /A =K
—HES (45.03 g, 0.30 mol) 7E MeOH (450 mL) VAWMU INE 4N (4. 37 M 7E MeOH
i, 226 ml, 0.99 mol). EFIR FHFHZIEEY 16 /. FEWE FIREIZIER . FIK
(50 mL) FRERTAFMEITAE FH 6N HCl IEIRIRIL 22 pH 2. WA TSI, K eigk IRAE
HAE N TELRML 5- 5 —2- ( Fdt ) mig -4, 6- fF (46.85 g, 88%) .

[0408]  [H] 5— % —2- ( BRI ) MEIE —4,6- —FE (13.2 g, 74.9 mmol) 7E POCl, (60 mL)
B TR RS INMEAL S &/ PCT; (60 mg) » 7 100°C FMPGZIR A 16 /NI, SR G 7R,
NG HHZIRSY T/ INOEINUKK (150 mb) o 0TI 9k 2 e Ui, P K veks,
IRGAERA T THELARAE 4, 6- & -5 . —2- (st ) memg (13.5 g, 85%) .

[0409]  [A] 4, 6— & -5 R —2- ( AL ) WEng (12.4 g, 58.8 mmol) 7£ MeOH (150 mL)
A VAV TR R NS TR ER AT (2KHSO, <KHSO, +K,S0,) (108.7 g, 176.4 mmol) F1ZK (70 mL) .

TEER FIHZIR A 6 /N I ERR 22 2k, SRS F MeOH Peisk BRI A WA 2 T £ 1)
P A IR HLIR SIS, ARG IS KoK B IR &9 DUR Bty , Hoaad ng o Hk
ek MEEST TR LIRS A A EAE R 4, 6- & -5 & —2- ( LML ) mng
(14.6 g, 99%) .

cl
Ci "
HaN F i Ffw
' HOAC ci S%Ma
oy e By oAb D2,
2 l\iaH =N
20% DME/THF

[0410] DBE 2. 7E 180°C MHBEALHE 4- oK -1,2- % (3.78 g, 30 mmol) £ LR
(10. 0 mL) EPEI’J BV L /NIE o FEJRE T IRATIZIR A Y I FH SRR B DAIR1T 46 (2 [81 44 T2 X
6— M —2— AL —1H- 2R JF [d] wkME (4. 31 g, 88%) .

[0411]  7E -78°C N[l 6- & —2- F AL —1H- X Jf [d] wk#E (2.31 g, 15.4 mmol) 7E THF
(50 mL) MIDMF (10 mL) RV AESIN 60% NaH (648 mg, 16.2 mmol) . fEZiH THiH:
ZIREMZ) 10 5%, AE -78°C T HRA Y H — IR ITEEIN 4, 6— & —5- # —2- ( I E: st
B mEnE (3.74 g, 15.3 mmol) , ZRJG/E —78°C FHFHIZIESH) 15 %8k, F IM HCL I8
(18 mL) Kz MIREYIIFH EtOAc (200 mL) ZHCHIBGY). 1B TIRGEHNLZ, IF
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WA ENTEAL (5~30% EtOAc/ &t ) AR EEMATE AR 1-4, 6- & -5- FE
M —2— 3£ ) —6- & —2- BFE —1H0- ZEF [d] mkmk (1.83 g, 38%) .

cl NH,

cl 1”’)\“/%: HN N/l\w/*ém ag NHOH - yn N /éﬂ
=0 O =0
V o2
oy O

F )

[0412]  JDER3. E60C I 1-(4,6- 5 -5 MMANE —2- B ) 6- Jj —2- F Ok —1H- 2%
JF [d]- mkme (63 mg, 0.2 mmol) Al 4- A JE 2K (49 mg, 0.4 mmol) £E EtOH (1
mL) RSP LN I K (10 mL) FRAF U, Wi T dEER )
(6— & —5— # —2-(6— L —2- 5 —1H- 8 JF [d] WRME —1- 5 ) -N-(4- FA B oK 0 ) -
WE —4-Ji ) K BEFTLIR. R4 T KPR T H Pr 454 6- & —5- . —2-(6— . —2- H
B -1H- R JF [d] wReE —1- ) -N-(4- A EOR L ) g —4- g At — P Ab T
[0413]  [f4) DMSO (¥4 (5 mL) AN 14 M NH,0H ZK¥AW (3 ml) o 7F 100°C T
BIFREGY 18 /N BRI R T A A R AEA B = Z 5, K (10 mL) 284
R RCDTEN) o I8 8 S DT T KBRS LR AR TS DRI K 5
AR R 59 (72 mg, 94%) .

'H NMR (500 MHz, Hifid -ds) 8 ppm 8.30 (1H, br. 5.) 7.94 (1H, dd, /=9.93, 2.36 Hz) 7.48

- 7.56 (31, m) 6.93 - 7.05 (3H, m) 6.48 (2H, br. 5.} 3.83 (3H, 5) 2.75 (3H, s); MS m/z 383.2

[M+H]".
[0414] W] LARRHE SEH 5] 10 (A2 BRa i B4R ol (R A 40 JEUR) L 2500 A s 8 2541 1) & 53 Ak
A SCH AR R (D) A E .

Cpd b & Bk

F

95
'H NMR (500 MHz, DMSO-dg) 8 ppm 9.60 (1H, 5) 8.02 (11, dd, /27.25, 2.21 Hz) 7.86
(2H., d, /~8.51 Hz) 7.65 (21, d, J-8.51 Hz) 7.56 - 7.60 (1H, m) 7.29 (2 H,5) 7.17- 7.26
(2H, m) 2.75 3H, 8); MS m/z 403.2 [M+H)"
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Cpd Y& Bl
Nefd-( U PR -5 B-2-02- ML T H- S R md- 1 08 b e 4,6~ RE

| 106
"H NMR (500 MHz, iR -d) 8 ppm 8.39 (1H, ) 7.97 (1H. d, J=7.88 Hz) 7.59 - 7.64
(2H, m) 7.42 (1H, d, J=7.25 Hz) 7.01 - 7.11 (4H, m) 6,83 (1H, 1, J=74.56 Hz) 640 (2H,
br. s'}‘?63 (3H s).. MS m/z 401.1 [M*H]

107

THNMR (500 MHz, (581 -ds) 6 ppm 8.69 (1H, br. 5.) 7.91 (1H, d, /=7.88 Hz) 7.85
(2H, d, /~8.51 Hz) 7.53 (2H, d, J=8.51 Hz) 7.47 (1H, d, /=694 Hz) 7.02 - .13 (2H, m)
6.54 (2H, br. 5.) 3.14 (2H, q, J=7.36 Hz) 1.20 (3H, 1); MS m/z 417.1 [M+H]

5= W25 - 2- T RE- T F- I P 1- 06 )N [ BT ) A0 R - -

108
| 'H NMR (500 MHz, AR -ds) 8 ppm 8.85 (1H, br. s.) 8.13 (1H, dd, /=9.46, 5.04 Hz)
7.98 (2H. d, F=8.51 Hz) 7.71 (2H, 4, J=8.51 Hz) 7.31 (1H, dd, J=9.62, 2.36 Hz) 6.96 -

i mum m)fi 72 (EH br, &}23‘5" {3%1 s}' MS m/z 421.1 [Mm}*

109

'H NMR (500 MHz, f ~ds) 8 ppm 8.85 (1H, br. 5.) 7.89 - $.00 (3H, m) 7.71 (2H, 4,
J#8.51 Hz) 7.56 (1H, dd, J=8.83, 5.04 Hz) 7.02 - 7.08 (1H, m) 6.76 (2H, br. 5.} 2.82 (G3H,
5): MS m/z 421.1 [M+H]T'

N-f- (B T LR ) A -5 B2 (6 002 T - L H- 6 e map- - By - B

1iG
"H NMR (500 MHz, N8 -dg) 6 ppm 2.01 (1H, dd, /=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 (1H, m)
6.87 (1H, t, /=74.56 Hz) 5.87 (2H, br. 5.) 2.87 (3H, 5): MS m/z 4193 [M+H]"

. rig(ﬁ BT AUAE)-3- BUARIE)-5- BL-2-(6- Wl-2- 7 95 1 H- B IR 1R
"H NMR (500 MHz, P8 -ds) 6 ppm 8.73 (1H, 8) 7.93 (1H, dd, /=9.93, 2.36 Hz) 7.80
(1H, dd, J=12.93, 2.52 Hz) 7.51 - 7.59 (2H, m) 7.36 (1 H, t, J=8.99 Hz) 7.01 - 7.08 (1H,
m) 6.98 (1H, 1, J=73.77 Hz) 6.71 (2H, br. 8.) 2.81 (3H, 8); MS m/z 437.1 [M+H]"
- Nl PR3- BRI -5 - 2-(5-00-2- T - 1 6 D5 00k - 1 Ayl

L2 4.6~
"H NMR (500 MHz, (A8 -do) 6 ppm 8.19 (1H, dd, J=9.46, 5.04 Hz) 7.94 (1H, br. s)

7.79 (1H, dd, /+12.93,2.52 Hz) 7.35 - 7.50 (3H, m) 7.09 - 7.16 (1H, m) 6.87 (1H, 1
J=73.77 Hz) 5.91 (2H, §) 2.90 (3H, s); MS m/z 437.2 [M+H]"

Ne[d-€ 8 TP RLIL) RS- 0-2-(5- 00-2- ALV - A Db ko 1 AL B0 4.6 B

i3
"H NMR (500 MHz, BB o ppm 819 (IH, dd, /=946, 5.04 Hz) 781 (1H, br. g}
7.67 - 7.74 (2H, m) 7.42 (1H, dd, }-9.46, 2.84 Hz) 7.25 - 7.32 (2H, m) 7.07 - 7.16 (1H. m)
6.88 (1H, £, J=74.56 Hz) 5.84 (2, 5) 2.88 (3H, 5% MS m/z 419,1 [M+H]
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Cpd £ & B

4 u&%;;m«;:: UH-IK 4 (4,5 MEE - 1- HE)-5- B-N- [4-( 5 80T 26) 0 e
w0

"H NMR (500 MHz, WM ;)5 ppm 8.91 (1H, 3) 8.57 - 8.58 (11, m) 839 (111, d,

J=2.21 Hz) 7.93 (2H, d, J=8.51 H2) 7.75 (2H, 4, /=8.51 Hz) 6.83 (21, br. &) 2.93 (3H, s);

MS m/z 438.3 [M+H]"

e ﬁ{iﬁém-&-mﬂﬁ%}i:ﬁé-h}l&%x;«{&l}}-mw:“:iﬁfﬁfﬂ{}&)ﬁﬁlnﬁ%{%i&ﬁ

TH NMR (500 MHz, W -d:) 5 ppm $.47 (1H, br. ) $.41 (1H, , /=221 H2) 8.23
(1M, d,J=2.52 Hz) 7.55 (2H, d, J=8.83 Hz) 7.11 (2H, d, J=0.14 Hz) 6.85 (1H, 1, J=74.10
Hz) 6.55 (2H, br, 5.) 2.74 GH, $); MS m/z 436.2 [M+H]'

| 2A6- 2T - TR D (4,5 DL -1 )N P AL )3 AL
LI6. | S eimic4,6- i
"H NMR (500 MHz, 8 -ds) 8 ppm 8.77 (1H, ) 8.56 (1H, 4, J=2.21 Hz) 7.73 (14,
dd, J=12.61, 2.52 Hz) 7,50 - 7.56 (1H, m) 7.39 (1H, 1, J=8.99 Hz) 7.00 (1H, 1, J=73.61
Hz) 6.79 (2H, br. 5.) 2.91 (3H, sy MS m/z 454.1 [M+H]
- 24%%;??:3@&&4!i-il’&l'!‘z;ﬁt&&b]ﬁt%-i-J&)—&ﬂ»ﬂ-]urﬁiﬂtﬁ‘i‘&)&f.,, gl e

s e T
"H NMR (500 MHz, A8 -ds) 3 ppm 8.90 (1H, s) 8.22 - $.34 (2 H, m) 7.99 (2H, d,
J=8.20 Hz) 7.71 (2H, d, /=8.20 Hz) 6.84 (2H, br. 5.) 3.20 - 3.29 (1H, m) 1.26 - 1.34 (2H,
m) 1.06- 1.12 (2H, m); MS m/z 448.1 [M+H]"

........

'"H NMR (500 MHz, M ~ds) 8 ppm 8.71 (IH, br. ) 8.12 (1H, d, J=8.51 Hz) 7.87
(1H, dd, J=13,08, 2.68 Hz) 7.52 - 7.62 (2H, m) 7.34 (1H, 1, />8.99 Hz) 7.17 - 7.27 (2H,
m) 6.98 (1H, t, J=73.93 Hz) 6.65 (2H, br. 8.) 2.81 (3H, 5); MS m/z 419.3 [M+H]"

2(2- T R TH R PRI 1 -5 N[ MU0 0k e 4,6 B
"H NMR (500 MHz, 581 -do) d ppm 8.85 (1H, br. 5.) $.06 (2H, d, J=8.51 Hz) 8.00
(1H, dd, J=7.25, 1.26 Hz) 7.67 (2H, d, J=8.51 Hz) 7.50 - 7.56 (I1H, m) 7.14 - 7.25 CH. m)

6.70 (2H, br. 5.) 2.96 - 3.05 (1H, m) 1.20 - 1.26 (2H, m) 1.00 - 1.06 (2H, m): MS m/z
429.2 [M+H]"

24 2- BRI A5 TH- A TR M- 1-2E)-Ne 4o P SO K IL )-8 BB 4,6 I

120

"H NMR (500 MHz, R -d.)8 ppm 8.40 (1H, $) 7.86 (11, dd, J=7.72, 1.73 H2) 7.63 -
THOCH, m) 736 (1H, 4, =914 Hz) 6.98 - 7.08 (4H, m} 6,04 - 6.97 (1H, m) 6,41 (21, s}
2.83 - 291 (1H, m) 1.01 - 1.07 (2H, m) 0.80 - 0.87 (2H, m): MS m/z 427.2 [M+H]"
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Cpd B & sl
;.(z*ﬂl‘ PR T - 2R M- 1 )N 3 T I -3 0 A0 -5 B0 - 4,6

122 | i
"H NMR (500 MHz, 798 -4 5 ppm 8.73 (1H. 5) 7.96 - 8.03 (2H, m) 7.50 - 7.60 (H,

m) 6.66 (2H, 5) 2.97 - 3.05 (1H, m) 1.23 2H, dd, J=5.04, 2.84 Hz) 1.01 - 1.08 (2H, m);

MS m/z 4452 [M+HT
Ne [ B PR A - 2-02- 05 -TH- 5T I -1 -0 o5 B 8 6 I

123
'H NMR (500 MHz, 588 ) 5 ppm 8.52 - §.56 (1H, 5) 8.04 - 8.09 (1H, m) 7.76 2H,
d, J=9.14 Hz) 7.57 - 7.61 (1H, m) 7.19 (4H, d, /=8.83 Hz) 6.97 (1H, m) 6.49 - 6.58 (2H, 5)
3.25 (QH, d, J=7.57 Hz) 1.29 - 1.34 BH, m); MS m/z 415,3 [M+H]

Nefdel P SURE )3 R AL 242 £ 0V H- 8 R IR M1 0 -5 S 46 IR

124
"H NMR (500 MHz, 7§88 ~do) & ppm 8.72 (1H, §) 8.05-8.00 (1H, m) 7.87 (1H. dd,
J=12.93,2.52 Hz) 7.59 « 7.63 (1H, m) 7.54 (1H, ddd, /=8.91, 2.60, 1.42 Hz) 7.33 (1H. 1,
J=8.83 Hz) 7.18 - 7.27 (2H, m)} 6.98 (1H, 1, /=74.70 Hz) 6.64 (2H, ) 3.28 (2H, q. /=7.36
Hz) 1.35 (3H, 1, J=7.90 Hz); MS m/z 433.3 (M+H]'

2(5,6~ " -2 TP R UH-JR JFWR MR- 1 )50 0= N- (4= 00 VAL ) 3 0L P-4, 6-

125 | W

'H NMR (500 MHz, A8 -ds) 8 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, m) 6.59 - 6.69 (2H, m) 2.68 (3H, s); MS
miz 4392 [M+H]'

126 ﬁigﬁfé{?’F%%}"3&%*%!&{5’&"”:%z'q’%'H“Kﬁ‘m’%‘l%}-&ﬁ%ﬁ

| "H NMR (500 MHz, K8 -de) 8 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 (1}, m) 6.90 - 7.05 (1H, m) 6.69 - 6.78 (2H,
m) 2.82 (3H, s); MS m/z 455.2 [M+H]’

s 2046~ R-2- T - DM 0TI 1- 0 - 8- BN [ 0 T 0 S0 i 4,6

1 o

"H NMR (500 MHz % -do) 5 ppm 8.85 - 8.90 (1H, m) 7.93 - 7.99 (2H, m) 7.77 -
7.82 (1H, m) 7.72 (2H, 8) 6,90 - 6,97 (1H, m) 6.73 - 6.84 (2H, m) 2.83 (3H, s); MS m/z
4392 [M+H]"

N-JA- (0 T UL )3 B AL 20,6 3002 T - 1 - - 0 ) 5 e

128 |46 Bk

'H NMR (500 MHz, AR -ds) 6 ppm 8.71 =879 (1H, m) 7.74 - 7.82 (2H, m) 7.48 -
7.55 (1H, m) 7.33 - 740 (1H, m) 6.83 - 7.15 (3H, m) 6.70 - 6.79 (ZH, m) 2,82 (3H, s): MS
m/z 455.2 [M+H]"
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Cpd —’?iﬁ% & B

129 | —pi

‘H NMR (500 MHz, N8 -d2) 6 ppm 8.89 (1H, 5) 7.95 (2H, d, J/=8.51 Hz) 7.66- 7.77
(3H, m) 6.90 - 6.98 (1H, m) 6.79 (21, br. 5.) 3.30 (2H, g, /=7.57 Hz) 1.34 (3H, t,./=7.41
Hz); MS m/z 453.2 [M+H]

Ne[d-( 80P $UER3- B 2-(2- L 64,6 30T H- HE T DKM 1- 30 )-5- ol W
13‘“ *4;’6“ ..... :}f&

'H NMR (500 MHz, N -ds) 8 ppm 8.75 (1H, 8) 7.72 - 7.81 (2H, m) 7.51 (1H, ddd,
J=8.91,2.60, 1.42 Hz) 735 (1H, t, J=8.83 Hz) 6.81 - 7.14 (2H, m) 6.74 (2H, br. 5) 3.28
(2H, 4, J=7.25 Hz) 1.34 (31, 1, /=7.41 Hz); MS m/z 469.2 [M+H]'

N*gg ------- PR I 2-(4.6- 0 -2 TR L 1 R e 1 D SRR 4,6~

131
'H NMR (500 MHz, 58 -do 5 ppm 8.59 (1H,5) 7.79 (1H, ddd, /=9.85, 2.44, 0.95
Hz) 7.69 - 7.74 (2H, m) 7.20 - 7.24 (2H, m) 6.31 - 7.13 (2H, m) 6.65 (2H, br. 5.) 2.78 (3H,
§) MS miz 437.2 [MHH]
- '*[4*{533331@« IPALIL) AL 202~ L3646~ B~V H- S F IR MR- 1 L -5 B R 1 -4, 6

132 | e

'HNMR(SOQMH& A ~ds) 6 ppm 8.59 (1H, 8) 7.75 (1H, ddd, /=9.77,2.21,0.95
Hz) 7,68 - 7.72 (2H, m) 7.18 - 7.25 (2H, m) 6.81 - 7.13 (2H, m) 6.65 (2 H, 5) 325 (2H, g,
F=757 H;)I 28- 133 (:m m); MS mi/z 451, z[mm

133 |

'H NMR (500 Mz, 8 -d:) 6 ppm 857 (1H, br, 8.) 8.15 (1H, dd, J=11.82, 7.72 Hz)
7.68 - 7.74 (2H, m) 7.46 (1H, dd, J=10.72, 7.57 Hz) 7.21 «?2&{2{3 m} 7.05 (2H, 1,
J=76.30 Hz) 6.65 (2H, 5 2.78 (3H, 5;; MS m/z 4373 [M- ]

S-B-2-(4-BL-2- 1 B LT M- 10 ) N4 2 B TP B e 4,6 R

134
'"H NMR (500 MHz, AR -de) & ppm 8.87 (1H, br.s.) 7.99 (2H, d, /-8.51 Hz) 7.92
(1H, d, J=8.20 Hz) 7.69 (2H, d, J=8.51 Hz) 7.19 (1H, td, /=8.20, 5.04 Hz) 7.01 (1H, dd,
F=10.72,725 H:}ﬁ’m (m br.s.) 2. 33 {m, s}g MS m/z 421.2 {mm;

135

'H NMR (500 MHz, Jif -de) 8 ppm 8.57 (1H, 5) 7.92 (1H, d, J=9.14 Hy) 7.72 - 7.78
(2H, m) 6.80 - 7.24 (SH, m) 6.59 (2H, br. 5.) 2.79 (3H, s): MS m/ 418.2 [M+H]'

Nefd-( BT SRR -3 8 480K |5 - 2-(4- 30-2- 1T DR L H- 2 00K 0o 1 - D R 04,6
136

'H NMR (500 MHz, 8 <) 8 ppm 874 (1H, 5) 7.93 (1H, d, J=7.57 Hz) 7.85 (1H,
dd, J=12.93,2.52 Hz) 7.51 - 7.57 (1H, m) 7.34 (1H, t, /=8 99 Hz) 6,82 - 7.23 (3H, m) 6.69
(2H, s) 2.86 (3H, 5): MS m/z 437.2 [M+H]'
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Cpd G & B

- 5~ L-2-(2- T AE- VIR JF4,5- DI ME -1- JE)-N- (- = B L) O L <46

i ik

"H NMR (500 MHz, JAM -} 5 ppm 8.88 (1H, br. 5.) 8.47 (1H, dd, J=8.04, 1.73 Hz)
8.40 - 8.44 (1H, m) 7.92 - 8.00 (2H, m) 7.72 (2H, d, J~8.51 Hz) 7.18 - 7.23 (1H, m) 6.70 -
6.80 (2H, m) 2.90 (3H, ); MS m/z 404.2 [M+H]’

N-[4-( 00 TP AR B AE -5 -2 2- TP -1 TR 0 07 (4, 5- D RE - 1y

138 | .46- M

"H NMR (500 MHz, WM -ds) 6 ppm 8.58 (1H, s} 8.46 (1H, dd, J=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 (2H, m) 7.15 - 7.19 (1H, m) 6.99
(2H. 5) 6.56 - 6,66 (2H, m) 2.86 (3H, s); MS m/z 4022 [M+H]"

e | HC L )3 0 -5 -2 (2= T I K I (4,5 LI - 1- D b

139 | .46

'H NMR (500 MHz, AR <ds) 5 ppm 8.75 (1H, br.s.) 845 -8 50{11-1 m) 8.42 (1H, dd,

J=4.73,1.58 Hz) 7.80 (1H, dd, J=12.61, 2.52 Hz) 7.53 (1H, dt, J=9.06, 1.93 Hz) 7.37 (1H,
1, J=8,83 Hz) 7.20 (1H, dd, /=8.20, 473 Hz) 6,83 - 7.16 (2H, m} 6.72 (2H, br. .) 2.89

{314 8); MS m/z 4202 [M+H]'

Do( 2B P B G - IO 1 ) S TN = 90 P 6 ) A 0 e g 6=

'H NMR (500 MHz, B -dy) 6 ppm 8.88 (1H, 8) 8.05 (2H, d, /=8.51 Hz) 7.81 (IH,
dd, J=8.20, 0.63 Hz) 7.67 (2H, d, /=8.51 Hz) 7.16 (1H, 1d, /=8.12, 4.89 Hz) 6.95 - 7.02
(1H, m} 6.74 (2H, 8) 2.96 - 3.03 (1H, m) 1.24 - 1.29 (2H, m) 1.03 - 1.08 (2H, m); MS m/z
447.2 [M+H]

i z-a—fﬂ*;:&t-@% FH- 8 PR a1 e N1 PR R ) 4 AL -5 B0 -4, 6-

' NMR (500 MHz, M ~di) 8 ppm 8.59 (1H,5) 7.77 - 7.84 (3H, m) 7.16 - 7.20 (2H,
m) 7.12- 7.16 (1H, m) 6.81 - 7.11 2H, m) 6.61 (2H, ) 3.01 (1H, tt, /=8.28, 4.97 Hz) 1,20
- 1.24 (2H, m) 1.03 (2H, dg, /=8.32, 3.43 Hz); MS m/z 4452 {Mm]"

220 G -4 - 1 - HE TF I 0 - - NS T -3 B -5 e

142 | -4.6- " i

'H NMR (500 MHz, 5fl ~de) 6 ppm 8.77 (1H, 5) 7.99 (1H, dd, J=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, t, J/=8.99 Hz)
718 (1H, td, /+8.12, 4.89 Hz) 6.83 - 7.13 (2H, m} 6.72 (2 H, 5) 3.01 (1H, tt, /-8.28, 4.97
Hz) 1.23 - 1.30 (2H, m) 1.08 (2H, dq, /=832, 3.43 Hz); MS m/z 463.2 [M+H]’

2-(2-34 P AE-6- 901 - PE 314, 5-b ] MERE-1- 28 )-N-J4-( 0L TP §L 38 ) A 3K )-5-
155 | Gikue-4.6- %

'H NMR (500 MHz, A <di) 8 ppm 8.62 (11, 5) 823 - 8.32 (2H, m) 7.72 - .78 (2H,
m) 7.18 - 7.24 (2H, m) 6.98 (1H, 1, J/=75.30 Hz) 6.71 (2H, br. 5.) 3.27 (1H, t, /=8.28, 4.97
Hz) 1.25 (2H. dd, /=4.89, 3.00 Hz) 1.05 (2H, dd, J=8.20, 3.15 Hz); MS m/z 446.2 [M+H]'
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Cpd Bk & B
2o{ 8- G -2- TP IE- N H- 2 JHI0 M - AL o5 HL-N-[4- 2 B TV AL ) S I pis it 4 6 D1

i385

792 -7.99 2H, m}?&?(ZH d, J=8.51 Hz) 7.58 (1H, e 221 11.«)? mf:m dd, J-8.83,
2.21 Hz) 6.70 (2H, br. s.) 2.82 (3H, 5); MS m/z 4372 [M+H]’

2-{5- G- 2- T R L H- 4 J1 I e 1o BE N (0 T LR R DL -5 R i -4 6=

ise

PHNMR (500 MHz, N8 -d,) 8 ppm 8.42 (1H, 5) 7.95 - 8.00 (1H, m) 7.55 - 7.62 (2H,
m) 7.43 (1H, d, /=1.58 Hz) 7.01 - 7.10 (3H, m) 6.84 (1H, t, /=75.30 Hz) 6,44 (211, br, 5.)
2.64 (3H, 5); MS m/z 435.2 [M+H]"

2-(6-T-2- TP L TH- A I M 1 AR -5 B-N- (- BT R A Sk e 46~ i

"H NMR (500 MHz, N84 -ds) 6 ppm 8.83 (1H, br. 5.) 8.19 (1H, d, /=1.58 Hz) 7.94
{2H, d, J=8.20 Hz) 7.70 {3H, d, J=8.51 Hz) 7.55 (IH d,J=8.51 Hz) 7.21 - 7.27 (1H, m)
6.72 (2H, br. 5.) 2.82 (3H, 5); MS m/z 437.2 [M+H]"

2-(6- S -2 T RE- 1 H- 2 TP V- 13- N[ - B TP S LURE L |- 5- M I - 4,6

161
'H NMR (500 MHz, iR ~ds)8 ppm 8.57 (1H, 5) 8.17-8.22 (1H, m) 7.70 - 7.77 (2H,
m) 7.5 (1H, d, J<8.20 Hz) 7.20 - 7.26 (3H, m) 6.97 (1H, 1, J=74.70 Hz) 6.62 (2H, br. 5.)
2.80 (3H, s); MS m/z 435.2 [M+H]"

2o(2- L N5 - TH- R IR -3 - 5- Bl N[ BT k) R ol - 4.6l

162
' NMR (500 MHz, AR -ds) 6 ppm 8.85 (1H, br. s.) 8.08 (1H, dd, J=8.67, 5.20 Hz)

7.97 (2H, d, /=8.20 Hz) 7.64 - 7.73 (2H, m) 7.33 (1H, d, J=6.62 Hz) 6.98 - 7.04 (1H, m}
6.72 (’2H br4$}329 (ZH q..=7.36 Hz} 1.34 {3H t, /=820 Hz}, MS m/z 4353 [M%H}

"H NMR (500 MHz, 581 -do ppm §.56 (1H, 5) 8.09 (1H, dd, J=9.46, 5.04 Hz) 7.69 -
7.75 (2H, m) 7.31 (1H, dd, /=930, 2.68 Hz) 7.18 - 7.24 (2H, m) 6.81 - 7.14 (2H, m) 6.57
(ZH, br. 5.) 3.22 - 3.29 (2H, m) 1.27 - 1.34 (3H, m); MS m/z 433.3 [M+H]"

22~ £ 6- K- 1 HL- 6 TP -1 - 5- 00 N- (- 0L T HE AR -4, 6-

164
'H NMR (500 MHz, 81 <de) 5 ppm 8,85 (1H, 8) 7.96 (2H, d, J=8.51 Hz) 7.89 (1H,
dd, £10.09, 2.52 Hz) 7.70 (2H, 4, /=8.51 Hz) 7.59 (1H, dd, /-8.51, 5.04 Hz) 7.01 - 7.09
(1H, mz 6.75 (2H, br. 8.) 3.29 (2H, 4, /=7.46 Hz) 1.33 (3H, t, J=14.80 Hz); MS myz 435.3
M+I~i]

165
'HUNMR (500 MHz, (88 -d0) & ppm £.56 (1H, ) 7.90 (1H, dd, J=10.40, 2.52 Hz) 7.68
-7.75 (2H, m) 7.56 (1H, dd, J=8.83, 5.04 Hz) 7.18 - 7.26 (2H, m) 6.81 - 7.12 (21, m) 6.61
(2H, br. 5.3 3.25 (21, q, J-7.46 Hz) 1.26 - 1.34 (3H, m); MS m/z 433.3 [M+H]'
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Cpd

%ﬁ% & %{?ﬁ%

172

"HONMR (500 MHz, R -4 8 ppm 8.19 (1H, 5) 8.14 (1H, dt, /=8.20, 0.95 Hz) 7.87
(2H, d, /=8.51 Hz) 7.64 (2H, d, /=8.51 Hz) 7.55 - 7.60 (1H, m) 7.22 {1H, ddd, /=8.04,
7.00, 1,26 Hz) 7.15 (1H, ddd, /=8.28, 7.17, 1.26 Hz) 6.31 (2H, br. s.) 2.80 (3H, 5} 222
(3H, s); MS m/z 399.2 [M+H]"

| 183

5o -2 (6- 81 -2- TP AL L H- 2 T M- 1 -3 )-N-[6- - 0 TP AL pubb i - 3- B 07 -4, 6-

TohE

'HNMR ( TBE dy) b ppm 8.92 (1H, d, J = 2.5 Hz), 8.34 (1H, dd, = 8.5, 2.4 Hz),
7.81 (1H, dd ;1 9.8,2.5 Hz), 7.75 (1H, d, ] = 8.7 Hz), 7.54 (1H, dd, ] = 8.7, 5 Hz), 706
(1H;1d, ] 9.2, 2.5 Hz), 2.82 (3H, 5); MS m/z 422.3 [M+H]"

184

S—ﬁﬁ-i-{ﬁm%-z-‘Mx&wi%ﬁ}?%%ql-éé}eﬁ-{#m;&%K HEYREILE 4,6

'HONMR (500 MHz, {58 -ds) 5 ppm 8.37 (br, 5., 1H), 7.94 (dd, J = 10.4, 2.5 Hz, 1H),
7.50 - 7,58 (m, 3H), 7.20 (d, ] = 8.2 Hz, 2H), 7.01 (ddd, J = 9.8, 8.8, 2.5 Hz, 1H), 6.52 (br.
s., 2H), 2,78 (s, 3H), 2.34 (s, 3H); MS m/z 367.2 [M+H]"

185

No(d- SRR )-8 Bl-2-(6- -2~ 1T HE- 1 H- 40 JF K- 1- Sy 4,6 i

'HONMR (500 MHz, N8 -ds) 8 ppm 8.58 (br. 5., 7H), 7.93 (dd, ] = 10.2, 2.7 Hz, 1H),
770 - 7.76 (m, 2H), 7.54 (dd, 1 = 8.7, 5.2 Hz, 1H), 7.37 - 7.42 (m, 2H), 7.03 (ddd, ] = 9.8,
8.8, 2.5 Hz, 1H), 6.63 (br, 5., 2H), 2.79 (s, 3H); MS mé 387.2 [M+H]'

189

5 B-2-(6- -2~ T 0L H- 80 TR0 0ge- 1-BE)-N-(3- TP AU 0Ly -4,6- 2

YHONMR (500 MHz, N8 -do) 6 ppm 843 (br. 5., TH), 7.97 (dd, ) = 10.1, 2.5 Hz, 1H),

7.54 (dd, ] = 8.8, 5.0 Hz, 1H), 7.32 - 7.37 (m, 1H), 7.23 - 7.31 (m, 2H), 7.03 (ddd, = 9.5,
8.7, 2.8 Hz, 1H), 6.68 - 6.75 (m, 1H), 6.57 (br. 5., 21}, 3.77 (5, 311), 2.81 (5, 3H); MS m/
383.2 [M+H]

194

N-{3- G 8 )-8 G-2-(6- 0L -2- TP I 1 1= 26 0F e 1 - S Y 0 -4, 6= TG

"M NMR (500 MHz, 58 -de) 8 ppm 8.63 (br. 5., 1H), 7.96 (dd, J = 10.1, 2.5 Hz, 1H),
791 (1, J = 2.0 Hz, 1H), 7.62 (ddd, ] = 8.3, 2.0, 0.8 Hz, 1H), 7.55 (dd, ] = 8.8, 5.0 Hz, m),
7.38 (1, = 8.0 Hz, 1H), 7.14 (ddd, J = 8.2, 2.2, 0.9 Hz, 1H), 7.04 (ddd, } = 9.5, 85,2

Hz, zH},ﬁﬁs {!:sr 5. za;,z&z (s, :m} MS m/z 38?2{M+H}

191

'H NMR (500 MHz, B -d) 6 ppm 9.21 (br. s.. 1H), 8.49 {dd, 1 = 10.2, 2.7 Hz, 1H),
8.32 - 8.42 (m, 2H), 8.10 (dd, J = 8.7, 5.2 Hz, 1H), 7.91 (dd, J = 9.1, 0.9 Hz, 2H}, 7.59
(ddd, 1=9.5,8.5, 2.5 Hz, 1H), 721 (br s, 2H), 3.34 (s, 3H); MS m/z 437.2 [M+H]'
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s

Cpd L0 & Bl
4-{[6- T HE-5- - 2-(6- 8L~ 2 T 0k~ L HE- 5 T 00K P 1 - R YR VB - R SRR T A

192

'"H NMR (500 MHz, B -dg) § ppm 8.79 (br, 5., 1H), 7.80 - 7.86 (m, 2H), 7.78 (dd, }
=10.1,2.5 Hz, 1H), 7,61 (dt, J = 8.8, 2.5 Hz, 2H), 7.42 (dd, J = 8.8, 5.0 Hz, 1H), 6.91
(ddd, ] = 9.5, 8.5, 2.6 Hz, 1H), 6.65 (br. 5., 2H), 2.67 (s, 3H): MS m/z 378.2 [M+H]"

4= {16-%8 35 B -2-(6- -2 T - L H- S5 Wk Mg 1 - By -4 3 S BE)

193 | EHEEHRE

"H NMR (500 MHz, M -dg) 8 ppm 8.82 (br. 5., 1H), 7.99 - 8.04 (m, 2H), 7.96 (dd, J
=10.1,2.5 Hz, 1H), 7.85 - 7.90 (m, 2H), 7.56 (dd, J = 8.8, 5.0 Hy, 1H), 7.05 (ddd, ] = 9.5,
8.5,2.5 Hz, 1H), 6.73 (br. 5., 2H), 3.88 (s, 3H), 2.83 (s, 3H); MS m/z 411.2 [M+H]"

194 | 5-9-2-2- TP HE- 1 H- 5 JF R B 120 )-N-(3- TR AL o Ak it - 4,6~ JFe

"H NMR (500 MHz, §# -ds) 5 ppm 8.36 (1H, br. ) 8.19 (1H, d, /=8.51 Hz) 7.64
(1H,5) 7.57 (1H, d, /=7.57 Hz) 7.46 (1H, dd, /=8.20, 2.21 H#) 7.16 - 7.26 (3H, m) 6.94
(IH, d, /=7.57 Hz) 6.49 (2H, br.s.) 2.81 (3H, 5) 2.33 (3H, s); M8 m/z 439.2 [M+H]"

S -N-(3- T RUE Ry 2-(2- FURE- T H- S FH -1 - BL i e 4,6 i

195
"H NMR (500 MHz, 158 -ds) 6 ppm 842 (1H, br. s.) 8,13 - 818 (1H, m) 7.58 (1H, 4,
J=7.25 Hz) 7.40 (1H, £, J=2.21 Hz) 7.16 - 7.32 (4H, m) 6.67 - 6.71 (1H, m) 6.52 (2H, br.
5.3 3.75 (3H, 8} 2.82 (3H, €1, MS m/z 365.2 [M+H]"

199 | S 50202~ T ke H- 6 00K I 1< AR ) N-(4- TRRE 0 Wl it 4.6

'H NMR (500 MHz, N8 -dy) 5 ppm 8.35 (1H, br.5) 8.13 (1H, d, J=8.20 Hz) 7.54 -
7.61 (3H, m) 7.12 - 7.24 (4H, m) 6.45 (2H, br. s.) 2.78 (3H, 5) 2.33 (3H, s); MS mi/z 349.2
[M+H]

S G- N-{ - TG AL A T2 2- T R L H- A TR - Ry i -6~

200
"H NMR (500 MHz, (AR -de) 5 ppm 8.28 (1H, br. 5.) 8.12 (1H, d, /=820 Hz) 7.52 -
TH0GH. m)7.12-724 (2H, m) 6,93 - 6.98 (2H. m) 6.41 (2H, br. 8) 3.82 (3H. 5} 2.76
(3H, 5); MS m/z 365.2 [M+H]"

200 | N-{4-30 A6 )-8 Bl-2-(2- T - 11 2 00 0k b 1 B YR I - 4,6 G

"H NMR (500 MHz, 784 -ds) 6 ppm 8.57 (1H, br. 5.) 8.07- 8.14 (1H, m) 7.73 - 7.80
(2H, m) 7.58 (1H, d, /=6.94 Hz) 7.35- 742 (2H, m) 7.15 - 7.26 (2H, m) 6.56 (2H, br. 5.)
2,79 (3H, sy MS m/f 369.2 [M+H]'

4= {6~ B HE-5- - 2-(2- TP B L H- 5 R M 1 -2 YR W 4R By 3 I

202
'H NMR (500 MHz, 581 -, 8 ppm 8,92 (1H, br. 5.) 8.08 - 8.13 (1H, m) 7.97 - 8.03
(2H, m) 7.71 - 7.77 (2H, m) 7.56 - 7.62 (1H, m) 7.24 (2H, quind, J=7.33, 7.33, 7.33, 7.33,
1.58 Hz) 6.73 (2H, br. 5.) 2.80 - 2.83 (3H, m); MS m/z 360.2 [M+H]'
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HR & Bl

203

N-(1,3- 23 N -5 2 5 - 22~ TP IE- 1 -6 D00 M- 1 - 0 B 1 - 4,6
Bk

'H NMR (500 MHz, A8 -d,) 5 ppm 8.33 (1H, br. 5.) 8.15 (I, d, /=6.62 Hz) 7.56
(1H, d, J=7.25 Hz) 7.28 (1H, d, 2221 Hz) 7.16 - 7.25 (2H, m) 7.09 (1H, dd, /=851, 2.21
Hz) 6,85 (1H, d, J=8.51 Hz) 645 (2H, br. 5.) 6.02 (2H, 5) 2.79 (3H, 8); MS m/z 379.2
[MHY

204

8o W-2-(2- TP L= EH R RO M 10 3 N (- TP 00 ) 0L oo g, 6 Ik

'H NMR (500 MHz, N8 -d) 5 ppm $.63 (1H, br. 5.) 8.11 (1H, d, J=7.57 Hz) 7.80 -
7.89 (2H, m) 7.57 (1H, &, J=7.88 Hz) 7.31 - 7.38 (2H, m) 7.15 - 7.26 (2H, m) 6.58 (2H,
br. 5.3 2.79 (3H, s); MS m/z 419.1 [M+H]’

213

2-(5,6- - H3-2- AL L H- 2K JE DR MR- 1- 06 )-5- - N-(4- TLOE A0y mit a6

"H NMR (500 MHz, (58§ -ds) B ppm $.40 (1H, br. 5.) 8.15 (1H, dd, J=11.98, 7.88 Hz)
7.49 - 7.55 (2H, m) 7.44 (1H, dd, /=10.72, 7.57 Hz) 7.21 (2H, 4. 7=8.20 Hz) 6.55 (2H, br.
£ 2.79 (3H, 3 2.35 (3H, s); MS m/z 385.2 [M+H]'

214

2-(5,6- " M-2- TP Rk 1 2K FE IR R 1-0)- 8- Tl -N-(4- TP AL M AL b -4,6- - I

'H NMR (500 MHz, 758 ~d5) 5 ppim 830 (1H, br. 5.) 8.12 (1H, dd, J=11.98, 7.88 Hz)
7.46 - 7.51 (2H, m) 7.41 (11, dd,.J=10.72, 7,57 Hz) 6.93 - 6.98 (2H, m) 6.48 (2H, br. £)
3.81 (3H, 8) 2.75 (3H, s); MS m/z 401.3 [M+HT'

215

NeAAd-S R IE)-2-(5.6- -2-TP L T H- 285 TR nt- 1- 08 )-5- OB 4,6- ik

'H NMR (500 MHz, TNf -ds) 5 ppm 8,61 (IH, br. s.) 8.15 (1H, dd, J=11.82, 7.72 Hz)
7.68 - 7.73 (2H, m) 7.38 - 7.50 (3 H, m) 6.6 (2H, br. 5.) 2.80 (3H, 5); MS m/z 405.2
[M+H)

216

N-J- 300 T CRE) - 5- 0-2- (2 LA 0 36 )- L - 5 Dok e 1 0 -4, 6-

Rk

' NMR (500 MHz, 8 -d) 8 ppm 853 (1H, 81 8.13 - 817 (1H, m) 7.73 - 7.79 (2H,
m) 7.64 - 7.69 (1H, m) 7.19- 730 (4H, m) 6.82 - 7.13 (1H, m) 6.54 (2H, br. 5.} 5.02 (2H,
53 3,28 (3H, s); MS m/2z 431.3 [M+H]"

217

S22 T HUIE TH R ) - DKM 1- D N4 P I I 05 4,6- B

"H NMR (500 MHz, TR -ds) & ppm 8.36 (1H, br. £) 8.18 (1H, dd, J=6.78, 1.73 H¥)
7.66 (1H, dd, /=6.62, 1,89 Hz) 7.54 - 7.60 (2H, m) 7.17 - 730 (4H, m) 6.46 (2H, br.s.)
4.99 - 5.04 (2H, m} 3.28 (3H, 5) 2.34 (3H, s); MS m/z 379.3 [M+H]
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S22 AU IE AL Y L H- 2 T E IR M- 1= BE - N-{4- TP UL R Sy -4 6 i

218
"H NMR (500 MHz, MM -d5) 8§ ppm 8.31 (1H, br. 5.) 8.14 - 8.19 (1H, m) 7.65 (1H, dd,
J=6.78. 1.73 Hz) 7.53 - 7.59 (2H, m) 7.25 (2H, quind, J=7.41, 7.41, 741, 7.41, 1 58 Hz)
6.93 - 6.99 (2H, m) 6.43 (2H, br. 5.) 4,97 - 5.02 (2H, m) 3.82 (3H, s); MS m/z 3953
[M+H]'

N-(4- 8 4 A0 )-5- 0212 T UL B RE )= 1 10 D I Wop- 1 - R IR 4,6~ G

219
"H NMR (500 MHz, MR -d5) 6 ppm 5.58 (1H, br.s.) 8.12-8.17 (1H, m) 7.73 - 7.79
(2H, m) 7.65 = 7.70 (1 H, m) 737 - 7.41 (2H, m) 7.24 - 7.32 (2H, m) 6.58 (2H, br. 5.) 5.03
(2H, 8) 3.29 (3H, 8); MS m/z 3992 [M+H]"

Sl =22 AL TR - 0 H B8 M - BE N TP A A AL i 4,6

220 | i

' NMR (500 MHz, P98 -ds) 5 ppm 8.83 (1H, br. s.) 8.1 - 8,18 (1H, m) 7.96 - 8.03
(2H, m) 7.66 - 7.73 (3H, m) 7.25 - 7.33 (2H, m) 6.68 (2H, br. 5.} 5.05 (2H, ) 3.29 3H. s);

MS m/z 4332 [M+H]'
(400 S B0~ 4= LT AL ) A VR0 R MY -2 )2 FEY L 1 - A IO
222 | 6T

'H NMR (500 MHz, NFE -ds) 5 ppm 8.91 (1H, ) 8,63 (1H, d, J=1.58 Hz) 7.92 - 7.99
(2H, m} 7.74 (3H, t, /=8.51 Hz) 7.61 (1H, dd, J=8.20, 1.58 Hz) 6.84 (2H, br. 8.} 2.90 (3H,
s); MS m/z 428.3 [M+H]"

1-(4- -6 {14-(C WU RUE AR AL S0 -5 Tl e - 2- 06 )-2- P BE- T H- R T e

223 |6k

"H NMR (500 MHz, N8 -d,) 5 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, m) 6.68 (2H, br. 5.) 2.87 (3H, s); MS
m/z 4263 [M+H]"

1= [ -5~ B0 -6-[ (4= TP L R IL Y S I YRk 52 -2 L ) -2 P - L - 0K 6= PR

224
"H NMR (500 MHz, NH -ds) & ppm 8.61 (1H, s) 8.42 (1H, br.s.) 7.71 (1H, d, J=8.20

Hz) 7.49 - 7.60 (3H, m) 7.24 (2R, d, /=788 Hzy 6.58 (2H, br. s.) 2.87 (3H, 5) 2.36 (3H, s);
MS m/iz 374.3 [M+HT

1-{4-T4 S5 -6 (4~ T AL A 00 ) S AL 1 0 - 2~ 12 PP R - THE- 2 D10 -6~ PR Y

225

'HNMR (500 MHz, M -ds) 8 ppm 8.62 (1H, $) 837 (1H, $) .71 (1H, &, J=8.20 Hz)
749 -T7.60(3H, m) 6.98 - 7.03 (2H, m) 6.57 {(2H, br. 5.) 3.84 (3H, 5) 2.84 (3H, 3); MS m2z
3903 [M+H]

226 | -5

'H NMR (500 MHz, M -d;) 5 ppm 8.60 (1H, ) 8.28 (1H, dd, /=8.51, 0.63 Hz) 8.00
(1H, dd, J=1.58, 0.63 Hz) 7.70 - 7.77 (2H, m) 7.55 (1H, dd, /=851, 1.58 Hz) 7.19 - 7.25
(2H, m) 6,98 [1H, t, /~75.00 Hz) 6.63 (2H, br. 5.) 2.83 (3H, s); MS mz 426 3 [M+H]
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1-{4- B0 -5 B-6-{(4- TTURE AL ) B BE 0 -2 -2 PV - 1 - D IO M- - 1

227
'H ONMR (500 MHz, 7984 -d0) 5 ppm 8.42 (1H, br. 5.) 8.31 (1H, 5) 799 (1H, 8) 7.50 -
7.57 (3H, m) 7.20 (2H, d, J=8.20 Hz) 6.55 (2H, br. s.) 2.83 (3H, 5) 2.34 (3H, 5), MS m/z
374.3 [M+H]'

1 {0 -5 -6 (4 7 SR ARy G BRI o - 2- 0 32 T B 1 - I -5 T

228
YH NMR (500 MHz, 798 +d4) & ppm 8.33 - 8,39 (1H, m) 8.29 (1H, d, J=8.51 Hz) 7.98
(1H,$) 7.49 - 7.56 (3H, m) 6.95 - 7.00 (2H, m} 6. ST (2H, br. 5.3 3.83 (3H. 5) 2.81 (3H, s);
MS m/z 390.4 IM+HT
1o (-0 T8 - 6= [ 0L TP Ry SR B P R Yl -2 R )2 T L 1 - T D 5

fri!ﬁs%%
"H NMR (500 MHz, 8 -ds) 5 ppm 8.90 (1H, 5) 8.28 (1H, d, /=8.51 Hz) 8.02 (1H,s)
7.97 (2H, d, J=8.51 Hz) 7.71 (2H, d, J-8.20 Hz) 7.58 (1H, dd, J=8.51, 1.58 H2) 678 (2H,
br.s.) 2.87 (3H, s} MS m/z 428.3 [M+H]"

Vo=l -6 (4 G0 4 I Y SN |- 8- U I - 2- Bk

s Jo 2 P 01 H- 2 D IDK 0= 5. T Ji
'H NMR (500 MHz, &8 -ds) 6 ppm 8.64 (1H, br. 8.) 8.28 (1H, dd, /=8.51, 0.63 Hz)
801 (1H, d,.J=1.58 Hz) 7.70 - 7.76 (2H, m) 7.57 (1H, dd, J=8.51, 1.58 Hz) 7.36 - 7.43
(2H, m) 6.67 (2H, br. 5.) 2.84 (3H, s); MS m/z 394.2 [M4+H]"
41 N-fdf 0 P UL A 15 - 2-(2- T D6 - Y - 0 1D - 1 B R 1 - 4, 6

oo
H NMR (500 MHz, R -ds) 6 ppm 9.02 (1H, d, /=2.84 Hz) 8.62 (1H, br.s.) 8.19
(1H, dd, /=8.83, 2.52 Hz) 7.71 - .77 (3, m) 6.94 (1H, t, J=75.00 Hz) 6.68 (2H, 5) 2.88
(3H, sk MS m/éz 446.2 [M+H]"

S =20 2= TP L6 T I H- PR - 1 ) N (- TR AL A YR - 4,6 I
'H NMR (500 MHz, [Jifld -ds) 6 ppm 9.03 (1H, d, /=2.84 Hz) 845 (1H, br. s} 8.18

(1H, dd, /=8.83, 2.21 Hz) 7.74 (1H, d, /=8.83 Hz) 7.53 - 7.59 (2H, m)*‘?iS{’T’H d, J=7.88
Hf}&ﬁl (ZH br. 3)’1‘3? (3H, 3)23’? (3[-{ s) MSMS%Q[M*H]

232

233
"M NMR (500 Mitz, 798 -d¢) 6 ppm 9,03 (1H, d, /=189 Hz) 838 (1H, br. ) 8.17
(1H, dd,/=8.83, 2.21 Hz) 7.73 (1H, d, /~8.83 Hz) 7.52 - 7.60 (2H, m) 6.92 - 6.99 (2H, m)
6.57 (2H, br. 5.) 3.80 (3H, 8) 2.54 (3H, 5); MS m/z410.2 [M+H]

5 G202 TP oG- T AL D - P IR M 1) N4 BT AL R AL e e 4,6~

236
"HONMR (500 MHz, R -ds) 6 ppm 9.04 (1H, d, 2252 Hz) 8.90 (111, br. 5.) 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. ) 2.92 (3H, 5); MS m/z 448.2 [M+H]'
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"H NMR (500 MHz, iR ~ds) 5 ppm 8.62 (1H, br. ) 7.79 (1H, dd, /=10.25, 2.05 Hz)
7.69-7.74 2H,my7.37- 744 (2H, m} 6.92 (1H, td; 21025, 221 Hz) 6.67 (2H, br. s.)
2.79 - 2.80 (3H, m); MS a2 405.2 [M+H]'

- 2-(4,6- . -2~ TP AR H- A T E I 1L )-S5 N[ 42 R T UL AL | i -4, 6-

'H NMR (500 MHz, K81 -ds) 8 ppm 8.69 (1H, §) 7.75 - 7.85 (3H, m) 7.36 (2H, d,
J=8.20 Hzy 6.92 (1H, 1d, /1025, 2.52 Hz) 6.69 (2H, br. 5.3 2.79 (3H, s}; M5 mZ 456.1
[M+H]"

N-{L35 0 R -5 - 2-4,6- 7 B-2- TP -1 1 2 DR I 0 10 )-5-

240 | EE-46- R

"M NMR (500 MHz, W8 4, 5 ppm 8.37 (1H, br. 5.) 7.80 (1H, dd, /=9.46, 1.89 Hz)
720¢(1H, d. #2221 Hz) 7.05(1H, dd, /=835, 2.05 Hz) 6.84- 6.92 {2H, m) 6.55 (2H, br.
s.) 6.02 (2H, £) 2.79 (3H, 8); MS m/z 16,2 [M+H]"

24,6~ G0l 2~ TP ALV H- 2 TR I - 1Ak )-5- B -N~(4- PP i Ak Y 0 4,6

241

H NMR (500 MHz, 58 -ds) 5 ppm 8:41 (1H, br. 8. 7.80 (1H, dd, J=9.93, 2.36 Hz)
7.50 - 7.56 (2H, m) 7.20 (2H, d, J=8.20 Hz) 6.90 (1H, 1d, /=10.25, 2,52 Hz) 6.56 (2H, br.
$.) 2.79 (3H, 5) 2.34 (3H, 5); MS m/z 386.2 [M+H]"

(4,6~ Bl-2- T ALV H- AR M 1 - S N (- TP LR Ry s 46 I

242
'H NMR (500 MHz, iR -ds) 8 ppm 8.34 (1H, br.5.) 7.76 - 7.83 (1H, m) 7.47 - 7.55
(2H, m) 6.94 - 7.00 (2H, m) 6.89 (1H, td, J=10.25, 2.21 Hz) 6.52 (2H, br. 5.) 3.82 {3H, 5)
2.76 (3H, 8); MS m/z 402.2 [M+H]"

(8,7 B2 T L VG TR 1 L S N [ R T R AL i 4,6

243 ...... H&

VVVVVVV :

'H NMR (500 MHz, %R -de) 5 ppm 8.86 (1H, br. 5.) 8.15 (1H, dd, J=11.66, 7.88 Hz)
7.91 - 798 (2H, m) 7.72 (2H, d, /=8.51 Hz) 7.48 (1H, dd, /=10.72, 7.57 Hz) 6.78 (2H, br.
5.) 2.83 (3H, &), MS m/z 439.3 [M+H]
S -2-(6~ T AT AE-2- TP RE~ L -2 JF UK M- - NS (2 L TP AR ) e v - 4,6

_ B’&

244

"H NMR (500 MHz, M -d;) & ppm 8.82 (1H, br. 8.y 8.00 (2H, d, J=8.51 Hz) 7.65 -
7.73 (3H, m) 745 (1H, d, /=8.51 Hz) 6.83 - 6.89 (1H, m) 6.67 (2H, br. 5.) 3.64 - 3.69 (3H,
m) 2.78 (3H, s MS mvz 434.2 [M+H]

N-(4- 008 Bl-2-06- TP AU AE-2- TP L L H- 206 DIk me- 1 - Bk it g -4, 6- e

245
'H NMR {500 MHz, NBl -do) b ppm 85T (1H, br.s.) 7.74 - 7.79 (21, m) 7.68 (1H, d,
J-2.52 Ho) 7.44 (1H, d, F-8.51 Hz) 7.35 - 7.41 (2H, m) 6.85 (1H, dd, J=8 83, 2.52 Hz)
6.57 (2H, br. 5.) 3.69 (3H, 51 2.75 (3H, s); M8 m/ 3092 [M+H]"
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Cpd YR & Bl

5o Bpl-2-46- VL AE-2- TP - M- D VDK D= 1= ) N o B TR SRR ) S A P 8 -4, 6-
246 | ok

TH NMR (500 MHz, RS -d;) 8 ppm 8.64 (1H, 5) 7.84 - 7.89 (2H, m) 7.69 (1H, d,
J=2.21 Hz) 744 (1H, d, /=8 83 Hz) 7.34 (2H, d, J=8.20 Hz) 6.85 (1H, dd, /=8.51, 2.52
Hz) 6.58 (2H, br, 5) 3.68 (3H, ) 2.75 (3H, s): MS m/z 449.2 [M+H]"

N0 R AL AR A AL -5 - 206~ TP L AL 2= T ST T 4 1 10K M- 1= AL Y 5 -4, 6
247 | B

'H NMR (500 MHz, W8 -d,) 8 ppm 8.52 (1H, 5) 7.74 - .79 (2H, m) 7.69 (1H. d,
J=2.52 Hz) 7.43 (1H. d, =8.51 Hz) 7.17- 7.23 (2H, m) 6.81 - 7.12 (2H, m) 6.53 (2H, br.
5.} 3.69 (3H, s) 2.74 (3H, s); MS mz 4322 [M+H]"

B Jol - 206~ TP GURE-2- VA1 - 0 TF IR e 1L e NS4 TR L R ALy i -4 6 I

248
'H NMR (500 MHz, K8 ~ds) 8 ppm 8.34 (1H, br, 8} 7.70 (1H, d, /=2.52 Hz) 7.56 -
7.60 (2H, m) 7.42 (1H, d, J=8.83 Hz) 7.17 (2H, d, /=820 Hz) 6.83 (1H, dd, /=8.83, 2.52
Hz) 6.45 (2H, br. 5.) 3.65 (3H, 5) 2.75 (3H, ) 2.33 (3H, s): MS m/ 380.2 [M+H]"

249
'H NMR (500 MHz, Pill -d,) 8 ppm 827 (1H, br. s) 7.70 (1H, d, /=2.52 Hz) 7.54 -
7.60 (2H, m) 7.38 - 743 (1H, m) 6.92 - 6.97 (2H, m) 6.82 (1H, dd, J=8.51, 2.52 Hz) 6.41
(2H, br. 8.) 3.82 (3H, 8) 3.67 (3H, 81 2.72 (3H, s); MS m/z 3962 [M+H]

N-( 13-4 U A 16 -5- 0 )-5-1-2-(6- TP YU AL -2- -1 F- 3 R mp-1- iy

250 | mEng-4,6-

TH NMR (500 MHz, (58 o) 6 ppm 8.32 (1H, br. 5. 7.71 (1H, d, /=2.52 Hz) 7.42
(1H, d./=8.51 Hz) 7.30 - 7.33 (1H, m) 7.09 (1H, dd, /=835, 2.05 Hz) 6.81 - 6,87 (ZH, m)
6.44 (2H, br, 5.} 6.01 (2H, s) 3.72 (3H, ) 2.74 (3H, s); MS miz 409.2 [M+H]"

B2 2 TV R B B - L - 3 I - 1 N4 TR S By 4,6 I

254

'H NMR (500 MHz, 748 -d¢) 8 ppm 8.45 - 8,49 (1H, m) 8.44 (1H, d, J=1.89 Hz) 8.31
(1H, d, J=9.14 Hz) 8:11 (1H, dd, S=8.98, 2.36 Hz) 7.54 - 7.57 (2H, m) 7.21 (2H, d, J=8.20
Hz) 6.59 (2H, br. 5.) 2.85 (3H, 5) 2.34 (3H, s); M5 m/z 3942 [M+H]’

S Gk N T AU KO- 2-2- TP LS W Bk~ 1 H- R M- 10K P 0 4,6~

258

'H NMR (500 MHz, il -dg) 5 ppm 8.43 (1H, d, /=1.89 Hz) 8.40 (1H, br. 5.) $.30
(1H, d, J=9.14 Hz) 8,10 (1H, dd, J=8.99, 2.36 Hz) 7.52 - 7.57 (2H, m) 6.96 - 7.01 (2H, m)
6.55 (ZH, br.5.) 3.83 (3H, $) 2.83 (3H, s); MS m/z 410.2 [M+H]"

{6 -2 TP IE- 1 H- 25 TP - 1 T )-8 - N-(4- LI S B e 4.6~ B

256
"H NMR (500 MHz, 8 ds) 8 ppm 8.25 (1H, €} 7.53 - 7.59 (211, m) 7.42 (1H, d,
J=1.58 Hy) 7.24 (1H, d, /=8.83 Hz) 6.93 - 6.99 (2H, m) 6.61 (1H, dd, /-8.20, 2.21 Hz)
6.33 (2H, 5) 4.30 (2H, br. 5.) 3.81 (3H, 5) 2.67 (3H, s): MS m/z 380.3 [M+H]’
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257

20( 6~ B4 M2 TV R V- RV - B N e 0 TP L) S B 4,6

i

'H NMR (500 MHz, A8 /) 6 ppm 8.48 (1H, br. 8) 7.75 - 7.82 (2H, m) 7.42 (1H, d,
J=2.21 Hz) 7.25 (1H, d, /=820 Hz) 7.17 - 7.22 (2H, m) 6.96 (1H, t, J=75.00 Hz) 6.64
(1H, dd, J=8.51,2.21 Hz) 6.44 (2H, br. 5.) 4.36 (2H, 8) 2.68 (3H, 5); MS ms 416.2
[M+H]'

258

2-(6- B -2 T RE  H- HOIFUR M- 123 -5 Bl-N-(4- AL AL yRERE 4,6 1

'H NMR (500 MHz, T -ds) 6 ppm 8.15 (1H, br. 5.} 7.39 - 7.46 (2H, m) 7.28 (1H, d,
J=221 Hz) TO9(1H, d, /=820 Hz) 7.04 (2H, 4, /=8 20 Hz) 6.47 (1H, dd, /=851, 22|
Hz) 6.22 (2H, br. 5.) 4.16 (2H, 5) 2.54 (3H, 5) 2.18 (3H, 8); MS m/z 364.3 [M+H]'

259

No(d- R I 5- - 2(5-W-2- T RE- L H- R Rl -1 - 20yt -4,6- i

'H NMR (500 MHz, P8{ -ds) § ppm 8.60 (1H, br. 5.) 8.13 (1H, dd, /=9.46, 5.04 Hz)
7.71 - 7.78 (2H, m) 7.36 - 7.43 (2H, m) 7.29 (1H, dd, J=9.30, 2.36 Hz) 6.99 (1H, td,
J=9.30, 2.52 Hz) 6.60 (2H, br. 5.) 2.80 (3H, 5); MS m/z 387.2 [M+H]'

260

Ne(deS3-B AR -5 - 2-(5- - 2- P LT H- IR Ik o 1 B R 10 -4 6B

'HONMR (500 MHz, KB -ds) 5 ppm 8.76 (1H, br. ) 8.13 (1H, dd, J=8.83, 5.04 Hz)
7.86 (1H, dd, J=11.98, 2.52 Hz) 7.54 - 7.59 (1H, m) 7.45 - 7.51 (1H, m) 7.30 (1H, dd,
J=030, 2.36 Hz) 7.02 (1H, 1d, /=9.22, 2.68 Hz) 6.69 (2H, br. s.) 2.84 (3H, s}, MS m/&z
405.2 [M+H]'

261

Y NMR (500 MHz, DI d5) 5 ppm $.74 (1H, br. ) 8.11 (1H, dd, J=7.57, 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, t, /-8.67 Hz)
7.18 - 7.28 (2H, m) 6.65 (2H, br. 5.) 2.82 (3H, 8); MS m/z 387.2 [M#H]'

262

N-(4-3-3- Bl AL)-5- 5 2-(6- 0L -2- T HE- 1 H- 20 e 1SRy i - 4,6- 7 fHe

'H NMR (500 MHz, 8l ds) 8 ppm 8.77 (1H, br. 5.) 7.93 (1H, dd, J=10,09, 2.21 Hz)
7.83 (1H, dd, J=11,82, 2.36 Hz) 7.53 - 7,59 (2H, m) 7.46 - 7.51 (1H, m) 7.05 (I1H, 1d,
J=9.14, 2.52 Hz) 6.72 (2H, br. 5.) 2.82 (3H, s); MS /2 405.2 [M+H]’

270

'H NMR (500 MHz Pl -de) d ppm 8.36 (1H, br.5.) 8.07 - 8.11 (1H, m) 7.54 - 7.62
(3H, m) 7.15 - 7.24 (4H, m) 6.46 (2H, br. .) 3.26 (2H, q, /=7.46 11z) 2.33 (3H, 5) 1.30 -
1.33 (3H, m); MS m/z 363.3 [M+H]"

7

242 £ K- T H- 2 50K M- 10 - 5- - N-(4- T AL S e 4,6+ I

"H NMR (500 MHz, M ) 5 ppm 8.15 (1H, br. ) 7.93 - 797 (1H, m) 7.39 - 7.46
(3H, m) 6.99 - 7.10 (2H, m) 6.78 - 6.83 (2ZH, m) 6.28 (2H, s) 3.68 (3H, 5) 3.10(2H, g,
J=736 Hz) 1.14 - 1.17 (3H, m); MS m/z 379.3 [M+H]
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272

2{2- LIV H- 8 TF P B AL ) 8- - N -2 0 TR UG 0 o461l

"H NMR (500 MHz, 584 ~d¢) 6 ppm 8.67 (1H, $)8.04-8.10 (1H,m) 7.80 - 7.87 (2H,
m) 7.58 - 7.64 (1H, m) 7.33 (ZH, d, /=820 Hz) 7.14 - 7.26 (2H, m) 6.60 (2H, 5) 3.26 (2H
q, /=7.36 Hz) 1.31 - 1.34 (3H, m); MS m/z 433.2 [M+HY

¢4

273

No{ 1325 1 R LR -8 6 )-2-(2- £ BE- L H- 2 0ok -1 36 - 5- SR I - 4,6

e

'H NMR (500 MHz, M -5 ppm 8.32 (1H, br.s.) 8,08 8.13 (1H, m) 7.58 (11, d,
J=7.57 Hz) 7.28 (1H, d, /=1.89 Hz) 7.15 - 7.24 (2H, m) 7.07 (1H, dd, /=8.67, 2.05 Hz)
6.85 (1H, d, J=8.51 Hz} 6.40 - 6.48 (2H, m) 6.01 (2H, ) 3.25 (2H, q, J=7.57 Hz) 1.30 -
1.33 (3H, m); MS m/z 393.2 [M+H]'

274

'"H NMR (500 MHz, AR <ds) 6 ppm 8.57 (1H, br. 5.) 8.03 - 8.09 (1H, m) 7.72 - 2.79
(2H, m) 7.60 (1H, d, J=7.57 Hz) 7.34 - 7.40 (2H, m) 7.16 - 7.26 (2H, m) 6.56 (2H. br. 8.)
3.26 (2H, g, J=7.57 Hz) 1.33 (3H, 1, /=7.57 Hz); MS m/z 383.4 [M+H]'

275

Ne(4-50-3- W I 2-(2- £ M- T H- 26 TR - 130 )-S- BRI 46 B

"H NMR (500 MHz, P98 -d;) 5 ppm 8.75 (1H, br. 5.) 8.06 (1H, d. /=6.94 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 - 7.49
(1H, m) 7.18 - 7.29 (2H, m) 6.65 (2H, br. 5.} 3.29 (2H, g, J=7.36 Hz) 1.36 (3H, t, /=7 4]
Hz): MS m/z 401.4 [M+H]"

276

"H ONMR (500 MHz, %8 -ds) 8 ppm $.36 (1H, br. £.) 8,02 - 8.06 (1H, m) 7.61 = 7.67
(2H, m) 7.46 - 7.53 (1H, m) 7.12 - 7.23 (4H, m) 6.47 (2H, br. 5.) 3.01 - 3,10 (1H, m) 2.32
(3H, 5) 1.16 - 1.21 (2H, m) 0.98 (2H, dq, /=8.47, 3.38 Hz): MS m/z 375.4 [M+H]'

277

2 2-34 N R - TH- R IR 10 )5 BN (4= TP L Ay 6

'"H NMR (500 MHz, (i@ -d2) & ppm 8.29 (1H, br. 5.} 8.04 (1H, d, J=8.83 Hz) 7.58 -
7.65 (2H, m) 7.46 - 7.51 (1H, m) 7.10 - 7.21 (2H, m) 6.89 - 6.96 (2H, m) 643 (2H, br. 5.)
381 (3H, 8)3.02- 310 (1H, m) 1.13 - 118 (2H, m) 0.96 (2H, dq, /=8.35, 3.42 Hz); MS
miz 3913 [M+HT

278

2-(2- B P I L H- R PR M- 1K ) S SN[ 0 TR R 0 0 -4,6-

'H NMR (500 MHz, PR -ds) 6 ppm 8.65 (1H, 5) 7.98 - 8.03 (1H, m) 7.87 - 7.93 {2H,
m} 7.49 - .54 (1H,m} 7.31 (2H, d, /=8.20 Hz) 7.12 - 7.24 (2H, m) 6.60 (2H, br. .3 2.98 -
3.05(1H, m) 117 - 1.23 (2H, m) 0.95 - 1.02 (2H, m); MS m/z 445.3 [M+H]
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N =LA IE)-2-(2- 38 A B L H- 30 TR - 1 L )- 5 BRI 4,6~ i

279
(ZH, m) 7.47 - 7.55 (1H; m) 7.32 - 7.38 (2H, m) 7.12 - 7.23 (2H, m} 6.58 (2H, br. 5,) 2.96
-3.05 (1H, m) 1.17 - 1.25 (2H, m) 0.97 - 1.04 (2H, m); MS m/z 395.3 [M+H]"

N S0 30 J00AE A ) 2 2 B DA e L 0K I 1~ B -5 BB G- 4,6~ e
'H NMR (500 MHz, (84 -ds)8 ppm $.77 (1H, br. 5.) 7.96 - 8.06 (2H, m) 7.60 (1H, dd,
J=7.88,2.52 Hz) 7.53 (1H, d, J=6.94 Hz) 7.45 (1H, 1, J=8.67 Hz) 7.16 - 7.25 (2H, m) 6.68

(2H, br. 5.) 2.96 - 3.03 (1H, m) 1.21 - 1.26 (2H, m) 1.02 - 1.07 (2H, m); MS m/z 413.3
M+H]'

S -2 (5 B-2- T Lo - 2 DR M- - ) N(4=- T L R Iy 4,6~ L

280

281
TH NMR (500 MHz, K -dg) 8 ppm 8.39(1H, br. 5.} 8.15 (1H, dd, J=8.51, 5.04 Hz)
7.53 - 7.58 (2H, m) 7.27 (1H, dd, J=9.62, 2.36 Hz) 7.19 (2H, d, J=8.20 Hz) 6.92 - 7.00
(1H, m) 6.51 (2H, br. ) 2.79 (3H, 5) 2.34 (3H, 5). MS m/z 367.3 (M+H]"

282

'"H NMR (500 MHz, #fll ~d) 5 ppm 8.30 (1H, br. ) 8.14 (1H, dd, /=9.30, 4.89 Hz)
7.51 - 7.58 (2H. m) 7.26 (1H, dd, J=9.46, 2.52 Hz) 6.91 - 7.00 (3H, m) 6.44 (2H, br. 5.)
3.83 (3H, 8) 2.76 (3H, s} MS m/z 383.3 [M+H]'

Sl 2( 5 -2 T B L DR B Ly N [ B0 T LI AR R e - 4,6

283
'H NMR (500 MHz, 9B -d,) 8 ppm R.66 (1H, s)8.12 (1H, dd, /=8.67, 4.89 Hz) 7.80 -
7.86 (2H, m} 7.35 {(2H, d, J=8.20 Hz) 7.29 (1H, dd, /=8.83, 2.52 Hz) 6.97 (1H, td, /=9.30,
| 2.52 Hz) 6.62 (21, 8) 2.79 (3H, s}; MS m/z 437.3 [M+H]"

284

'H NMR (500 MHz, M -de) 8 ppm 7.86 (2H, d, J=8.51 Hz) 7.53 (2H, d, /=8.51 Hz)
7.28 (1H, d, J=2.21 Hz) 7.13 (1H, d, J=8.51 Hz) 6.50 (1H, dd, /=851, 2.21 Hz) 6.42 2H,
br. 5.1 4.26 (2H, 8} 2.56 (3H, 8) MS m/z 418.3 [M+H]"

[0415]  SZjEf] 11
5— F —N-(4- A FLIREL ) —2- (2 FAEMEME I [1, 5-a] MEne -3- & ) meng -4, 6- —f%
(Cpd 239)
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% V
; "ksf
H*( = v:b

O NH,

B L AEO0C TR - QAN S (9.59 g, 43.2 mmol) '] —2- 4R 7 S
(5.2mL, 51.83 mmol) /£ DMF (50 mL) AFEIVRBAIFIRINK.CO, (11.94g, 86.4 mmol) . ¥
IR LR AT IR AR SR JF B 3 K 2B UPLC S5 ARG MG 1o JR SR 440 K R ELOAC
Z IR WARA N, 85780 MeOH (50 mL) A1 NaOH (6 mL, 50% f£ H,0 o) Jf/E 70°C
T LB A L/ . 38K MeOH JFAT N HCL BALSR IR ADIE A ol 4. fEit 38
% EABIHL 2~ UMM (1, 5-a) HVE —3- FRIREECA R AR, SRASTARZE MeOH (50
mL) il CHC1, (100 mL) ™1, J4% N- BURBEHIBE W RE (7.3, 32.4 mmol) —KMEARIN. 4§
RS AU S T B 20 46 25K MoOH JFE NaBCOK B R B = K. 22
Na, SO, FBEA HUE , FEVRE T bR 2298 77, JEIERE R JE TR A4 LR (62K 11 €50 1 3
[y 3— it —2— LML (1, 5-a] MEDE (4.2 g, 38% X T 345).

'H NMR (500 MHz, 78 ~d7) 8 ppm 8.51 (dt, J = 6.8, 1.3 Hz, 1H), 741 (dt, ] = 8.8,13
Hz, 1), 7.31 (ddd, § = 8.8, 6.8, 1.3 Hz, 1H), 6.90 (¢d, J = 6.8, 1.3 Hz, 1H), 242 (s, 3H); MS
miz 298.1 [M+H]".

[0416] B3R 2. FEO0°CNIa| 3— fft —2— A EALIMEIF [1, 5-a] ALIE (340 mg, 1.32 mmol)
£ THE (10 mL) BT INsRNESBE S E SWiE I (iPrMgCl. Licl) (1.5
ml, 1.97 mL). /£ 0°C MFZIKAIREY) 30 758 IFasn-+ THE (20 mL) #(¥) 4, 6- —
F-5- F 2 ( PR ME AL ) WEnE (484 mg, 1.97 mmol) o 7E O°C THFIZKBLR A 1 /]
IS, 3 KK Z RN . H CHLCLAEBUR ™ M =k« H EhKIEG G AN ZERY), R a4
Na,SO, T4, ¥4, FFAE CH.CN (10 mL) SRS . S8 TS DIE 35 T4, SR A6 N i o ]
B 3- (4, 6— & —5— Mg —2- ) —2— LML [1, 5-a] MEBE (270 mg, 68%) .
'H NMR (500 MHz, DMSO-ds) & ppm 8.79 (d, ] = 6.9 Hz, 1H), 8.34 (d, J = 8.8 Hz, 1H),
7.61 (ddd, J = 8.8,6.9,0.9 Hz, 1H), 7.13 (¢4, J = 6.9, 1.1 Hz, | H), 2.70 (s, 3H). MS m/z
298.1 [M+H]".
[0417] DR 3. #F 3-(4, 6— & -H- WMENE —2— K& ) —2- LML [1, 5-a) MERE (65
mg, 0.21 mmol) F14- A FEAZ (52 mg, 0.42 mmol) JE&7EEtOH (1 mL) #1JF7F 100°C
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TR BT PN ELE] UPLC R h a4 bt (3 /) o ZEMFEIRUEIRNZ 5 16 7S
HESEIAK 5 nl) BBV =Uiie. Wit il Bcer=9n, fk g s 1

Vel FEAZTRIEHT R WVEMAE iProAc (2 mL) 1, ZRJGEINEAIZE K (150

B L) o 7E 100°C FAEZE B4 i in#aZz e NIE &4 24 /N B2 UPLC 78 S 6 JE R 52 4 TE #E

AN (10 mL) JLEER 4, P85 1L el AERE R B R ik aiAl AR bR i &

Py (26 mg, 34 % FEPLAH) .

' NMR (500 MHz, Tl -ds) ® ppm 8.54 (dt, J = 8.9, 1.2 Hz, 1H), 8.47 (dt, ) = 6.9, 1.1
Hz, 1H), 7.93 (br. s., 1H), 7.59 (dd, J = 6.6, 2.2 Hz, 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, ] = 6.8, 1.3 Hz, 1H), 5.96 (br. 5., 2H), 2,84 (s, 3H),

2.70 (s, 3H); MS m/z 383.2 [M+H]".

[0418]

AT LRI S 11 25 BRI B A 1k R 4 ) A s R S 4 S A

A e ik g (D S WedE .

Cpd

ik & B

173

N[0 S AUAE ) A 06 -5-00-2-(2- PP AL M 3 [ 1,5-a b mE-3- LW my 4,6~ I

"H NMR (500 MHz, il -d¢) 5 ppm 8.55 (dt, ] = 8.9, 1.2 Hz, 1H), 8.49 (dt, ] = 6.9,
1.0 Hz, 1H), 8.20 (br. 5., 1H), 7.76 - 7.81 (m, 2H), 7.20 - 7.27 (m, 3H), 6.98 (t, ] = 75 Hz,
1H) 6.89 (td, ] = 6.9, 1.4 Hz, 1H), 6.08 (br. s, ZH), 2.72 (s, 3H); MS m/z 401.2 [M+H]'

177

S Rl-2-(2- TP ALUE M 1, S-a ) 0EE 10 -3~ K )N [ 0 TP L) AL PRI 4,6

' NMR (500 MHz, (8 <ds) 5 ppm 8.4 (dt, 1= 0.1, 1.1 Hz, 1H), 8.37 (dt, ] = 6.9,
0.9 Hz, 1H), 8.39 (br. 5., 1H), 7.87 (d. J = 8.5 Hz, 2H), 7.55 (d, J = 8.5 Hz, 2H), 7.13
(ddd, 1 =9.1,6.7, 1.3 Hz, 1H), 6.77 (1, ] = 6.8, 1.6 Hz, 1H), 6.09 (br. 5., 2H), 2.62 (5,
3H); MS m/z 403.4 [M+H]"

178

S - 26 B0 -2 B0 T RO I 1, 2- 2 M -3 T - N e 0 TV R ) O el

4.6~ M

"H NMR (500 MHz, B ds) & ppm 8.76 - 8.81 (m, 1H), 8.70 (br. 5., 1H), 7.91 (d, 1 =
8.5 Hz, 2H), 7.68 (dd, J = 10.1, 4.7 Hz, 1H), 747 (d, J = 8.5 Hz, 2H), 745 (1, = 9.8 Hz,
1H), 6.52 (br. 5., 2H); MS m/z 4753 [M+H]'

[0419]

2-(2- BT A WL e IF (1, 5-a] MEWE -3- 5L ) -N-[4-( @ F &5 ) K 1-5- 3

SE ] 12

I -4, 6- % (Cpd 180)
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CiMg F

I ol
N F Fi O
| N >0 T
T o NS, 2 F NH
MgPrCILIC, &0 TN
THF A — EtOH

Cl NH, NH;.:
J\\{j? NHOH HN N’A\?
@ - " O
F G‘\r,F
F F

LR £ -18C TR AR (777.0 mg, 9.82 mmol) 7E THF (5 mL) VAW T
BRI e AAE ST AWER (9.0 ml, 1.3 M fETHF H) iR A %zﬂ%#@
0°CIH-HiH: 30 8h. 76 -T8°CF IR G I 4, 6- & -5 il —2- ( FALBRI AL ) w
g (4.80 g, 19.6 mmol) , RJGFF %I B WIEINE 0°CHBidE 1 /N . ZIR G WL PR LI
FUKZ B FHE KBS NI, 4 MgSo, T8, AR JE I JEIF 28 k. @it ik A EMTIE
AERARMEL (H 1:9 4RO - Okl ) Dyt 4, 6- —& —2- (AR LB ) -5- 7
mEnE (1,17 g, 45%) .

'"H NMR (500 MHz, i -ds) 8 ppm 1.53 - 1.67 (m, 1H), 0.98 - 1.10 (m, 2H), 0.83 - 0.94
{(m, 2H); MS m/z 231.1 (100) [M+H]".
[0420] JBIR 2. % 4,6- & -2~ (I HRIE ) -5 FmEELE (241.0 mg, 1.04 mmol)
M 4- —HFBPEFEEM (707.0 mg, 4.45 mmol) 7F EtOH (2 mL) T IVE-SYILERIF N ek
LNy . FEAENZ G, ZIR AT QIR LR AR Z T 3. F Sk Beig B HUZ , £ MgSo, T
B, SR FE IR A K . IR EIE S BRI (H 1:20 1 1:10 4R OB - Ok
Vel ) LAFRAZ 6- & —2- (IR AL 2 ) -N-(4- ( /i AL ) R0 ) -5- Fmsng —4- i
(258.0 mg, 70%) ; MS m/z 354.2 (100) [M+H]", 356.2 (40).,
[0421]  SDIE3. [H16-8 —2- ORAE LB ) -V (4 (RF L) KA ) -5- FnE —4- %
RN DMSO (2 mL) A1 NH,0H (27%, 0.1 mL) . ZFEHiZMIESYIFE 100°C Nk 2 K.
ZR B EGYE IR CEERKZ B 4. 7K (2 x 20 mb) FIEhKBEEANIAH, £ MgSo,
TFHE, RGBT AR . WA EATA S BR AR (H 1:4 4R CHEG - St )
PAFRAIL 2- (2 FRTA AEME eI [1, 5-a] MEmE -3 5 ) -N-[4- ( /P &AL ) K 1-5- Fm
WE —4, 6- % (149.0 mg, 64%) . MS m/z 335.5 (80) [M+H]", 336.2 (100).
[0422] DR 4. fE=ETHH: 2- Q- A EMLMEIE [1, 5-a] MEhe -3- 2 ) -N-[4-( =5
FAR L ) 2R 1-5- UMBNE —4,6—- % (100.0 mg, 0.30 mmol), WEREN —1- FE
(pyridinium-1-ylazanide) (74.0 mg, 0.30 mmol), K,CO, (43.0 mg, 0.31 mmol) #1DMF
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(2 mL) BVREW 1 R, SRJG/E 80°C I HiRE 1 Ko ERMNIRAYIME LR CEEFIKZ [ 4.
F 7K AR R 7K BEEA MIAH , 28 MgSO, T4, SR e id P8 28 K W A IR i B Ak R ) i
(11 Z&HF5: Ok, RJGH 1:3 4RO : &P sl ) UIREBRELEY)
(32.0 mg, 28%ULE ): m.p. 53 — 55°C.,

'H NMR (500 MHz, 58 -de) 5 ppm 8.55 (d, J = 8.83 Hz, 1H), 8.41 (d, /= 6.94 Hz. 1H).
8.20 (br. 5., 1H), 7.63 - 7.91 (m, 2H), 7.21 (ddd, J = 0.95, 6.78, 8.98 Hz, 1H), 7.17 (d,J =
8.83 Hz, 2H), 6.80 — 7.10 (t, ] = 75.00 Hz, 1H), 6.86 (dt, J = 1.26, 6.78 Hz, 1H), 6.10 (br. 5.,
2H), 3.44 (m, TH), 0.53 - 113 (m, 4H); MS m/z 427.3 (100) [M+H]", 428.3 (50).

[0423]  SEjgEf] 13
[3-(4- E At —6-{[4-( “m P A ) ZKIE ] &I | -5 mmsng -2- 3 ) -5 FmiL e 3
[1,5-a] Mkme —2—- 3 ] FEE (Cpd 181)

=
F HO SOMNH: _A~@NT oo
7\ ; ] M gy
Ci PACL{ACN)z, F - o
— ; F S :
N APhos, = ™~ OMF
NMP bem L
Ct
F l i
o g
Hs———

NH;
.
LN ONHOH  HNTONT SN
N - N
\ /) DMSO \ 7
_F F
O._F O._F
T bl
F 8

IR L = ORI N, R IR 2- & —4- FmAE (2,19 g, 16.65 mmol),
W -2-Fe-1-FF (1.86 g, 33.29 mmol), X (ZJE) &AL (IT) (215.6 mg, 0.83
mmol) Al 2- "IN COHEMER -27, 47,6 - ZRNHEEIE (Xphos) (794. 3 mg, 0.17 mmol) /£
NMP (15 mL) FHB SR, RERIN=28 (4.7 mL, 33.3 mmol) . M ZIEEWIMA
FEH N,WE SRS AE 60°C R N#GE . A E IR EIAE K (100 mL) o, HH 4R 2
BE (150 mL) ABU™ 4. 48 MgSO, TIEA R, AR a1 J8 R AE DR R4 . @It 2 TiE o
BRI (02 10% S H ke - el ) DEREMERR 3-(4- mtnE —2- )
P —2- H—1- B (2.40 g, 96%) .
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[0424] DI 2-4. A1F O°C N 3—(4- FMLmE —2- ) A -2- e -1- i (820.0 mg,
5.43 mmol) 7E ~FE M EE (10 mL) HH AR A N 2- [ (AL ) mlide 1-1, 3, 5— = 4
7% (1.5 g, 6.98 mmol) . FEMEHIRE THFEIIFREMY 2 Ko AR N T B V877 LA
HARVRAH) . A2 0°C T\ DMF RS (3 mL) H¥EsIn K,C0, (825.0 mg, 5.97 mmol) .
TEEJ N T RRAY 24 /N, SR GE G BR TR AIK Z [0 e KA 3L 7K e i A L
HH, 28 MgSO,T-18, SR I IR FF 28 K o AR TR D IR T sk R Rl A &k — D alifh
[0425]  7ERAEEIEJE T HFAHYI B - BUCEEIMMAZ (1.2 ¢ 5.33 mmol) FEFA; (10
mL) TFIVREA) 2 /NB], ARG TE TR LR AR Z T8 e o FH KRN ER 7K B8 A AL, 28 MgSO, T
B, SR UE IR 2K . R ERTE (11 &Rk O, REH 1% FEE/1:4
LIRS « S FEELEM) BRI DR MIE R (- i —3- MARHE It [1, 5-a]
meme —2- ) HEE (1.4 g, 50%) .

[o426] DR 5. [ (5— R —3- MUARMEME S [1, 5-a] MERE —2- K& ) HEE (500.0 mg, 1.71
mmol) 7E & LT (3 mL) HHVET ANk (139.5 mg, 2.05 mmol), SAJ57E 0°C Fi&
WA & F S (5 mL) FRIAUT HE RS (384.0 mg, 2.55 mmol) . 7EINIR
B R Z TR A 30 2 %8h, SR G BT hERL /Celite Gt yE, H & H ek LAFR ML
2-[ (A0 7 H R REGEIEASE ) AL 1-5- . -3- ARt e [1, 5-a] MkiE (470.0 mg,
72%) o

[0427] DR 6. fE-T8°CNM 2-[ (M7 H —HEFRESEAAEML ) FE ]-5- &7 -3- Mt
W [1, 5-a) MEEE (470.0 mg, 1.15 mmol) 7E THF (5 mL) 7 fRVA VR Iz v bn 5 7 4k
GBS S AMIE (1,07 ml, 1.3 M £E THF i) . B iZIRASYIEHE 0°C I
30 43%h, SRJGTE —78°C R — kPRI AN 4, 6- — & -5 f —2- ( FFALEEERL ) wing  (4.80 g,
19.6 mmol) o 75 0°C FHHIZIR AW 1 /NS, SRS AE R R AR Z M) e FH KB
BUAH, 48 MgSO, T, SR G it e I 78 Kk . BT RERA: ENTE S RME (19 2R
e . Clevelt ) DARRML o-[ (A 7 & IR IE AL ) 3 1-3-(4, 6- & -5 A
Mg —2— L) —5- FULEE I [1, 5-a) MEBE (205.0 mg, 40%) .

[0428] DR 7-8. (E90CNHg 2-[ (A0 7 2 —HAEF AL ) F&E ]1-3-4,6- =
S -5- FENE —2- 3 ) —5— FMLMEIE [1, 5-4) MESE  (102.0 mg, 0.23 mmol), 4- —#F
FHAERRE (145.0 mg, 0.92 mmol) MIZEE (1 mL) FRAYIIMPGEIR . EAEAZ G, 1%
TR G PRI FE UK K o DLIRAS [l 44 . o i pE SR Il 44, 28 5 K A CU e e ik . 7EE AR
T A LLSR A 2-[2-[ (A0 7 # " H L e S 0L ) B 3L J-5- Utk 3 [1, 5-a] it
Mg —3— 2 1-6- & -N-(4- R P A ) A -0 g —4- 2 (TBS (R AR (79
BEW) -

[0429] [ FHR[EA TN DMSO (3 mL) FINH,0H (0.3 mL) .25 3BHZ% R B IREY) 46 100°C
TP 2 Ko ZIREWE LR CEERUKZ AT, FK (2 x 10 mL) FAERKEEEA NI,
2 MgSO, T8, ARG I IE I8 R . T RERAE E i s sk (H 1-5 % g/ =&
FEeseli ) DRt A lfiE T Rrs 5 (25.0 mg, 25 % X THL); mp. 198 -
200°C ,
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'H NMR (500 MHz, 784 -d) 8 ppm 8.50 - 8.64 (m, 1H), 8.35 (s, 1H), 8.06 - 8.21 (m,
1H), 7.64 (d, J = 8.83 Hz, 2H), 7.24 (d, J = 8.83 Hz, 2H), 6.80~ 7.10 (t, ] = 75.00 Hz, 1H),
6.86 - 6.93 (m, 1H), 6.23 - 6,41 (m, 2H), 5.46 - 5.66 (m, 1H), 4.68 - 4.83 (m, 2H); MS m/z
435.2 (100) [M+H]', 436.2 (20).

[0430] W RARRAE SEHEH] 13 A BRI AT B A Al A 46 SRk L 1R A S B 46 4 il 46 g o
fARSCH TR (D awsdE .

Cpd “H & B

s hg{ VVVVV ST SUIE) AR AR )-2-(2- £ 955 UL M 1 [1,5-a ] HE0R-3- 3L )-5- LI 4, 6-

'H NMR (SO0 MHz, 7984 -d) 5 ppm 8.54 (dd, J = 5.20, 7.41 Hz, 1H), 8.25 (dd, J =
2.68, 10.88 Hz, 1H), 8.18 (br. 5., 1H), 7.71 (d, J = 9.14 Hz, 2H), 7.21 (4, J = 9.14 Hz, 2H),

6.80 — 7.10 (1, I = 75.00 Hz, LH), 6.76 - 6.88 (m, 1H), 6.14 (br. 5., 2H), 3.24 (q, /= 7.57
Hz, 2H}, 120 - 1,35 (m, 3H): m.p. 103-105 °C; MS m/z 433.6 [M+H]'

2-(2- LHE-5- UL M 1 5-a ] MEBE -3 )-8 B-N-[4-( - 5L TURE) S 0L W 3t -4, 6-

B

"H NMR (500 MHz, 984 -ds) 5 ppm 8.53 - 8.59 (m, 1H), 8.50 (br. 5., 1H), 8.28 (dd, J
=268, 10.25 Hz, 1H), 7.93 (d, J = 8.51 Hz, 2H), 7.69 (d, /= 8.51 Hz, 2H), 6.83 (dt, J =
2.99, 7,33 Hz, 1H), 6.28 (br. &, 2H), 3.28 (¢, /= 7.46 Hz, 2H), 1.28 (1,.J = 7.57 Hz, 3H);
m.p. 164-166 °C; MS m/z 435.2 [M+H]'

Nefd=( BT AUAE)-3- BLACHE]-2-(2- £ A0-5- L 4 JF (1,5 ] L0t 3- 2L -5 B o

188 | -4.6- B

'H NMR (500 MHz, A8 ~ds) 6 ppm 8.49 - 8.64 (m, 1), 8.33 - 8.40 (m, 1H), $.24 -
§.32 (m, 1H), 7.77 - 7.85 (m, 1H), 7.44 - 7.50 (m, |H), 7.29 - 7.38 (m, 1H), 6.80 - 7.10 (1,
1=75.00 Hz, 1H), 6.81 - 687 (m, 1H), 6.17 - 6.34 (m, 2H), 3.27 (d, J = 7.57 Hz, 2H),
1.28 (t,J = 7.57 Hz, 3H); m.p. 150-152 °C; MS m/z 452, [M+H]"

187

[0431]  SZjiEH 14
5—F —2— (2— FABLIRMEIF: [1, 2-a] MEmE —3- 38 ) -N-[4- ( ZHUF L) A ] g -4, 6-
iz (Cpd 169)
o 0

O
. KQMQK Fo 2
- ; I ~

N —— HOT N Y

M 3 eq NaOMe, | M-
Nz
H

MeOH
cl . hHz
Fost N F;;:~©~MH2 fx\){“\(}\
Pocs i “M)\%M w HNTUN ;‘;N
Nt NH,OH ;
\ f Q

CFs
AR A 2- BRI TE (1, 2-a] HEBE -3- PR =F L2, (250 mg, 0.905 mmol)
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12— 58 8 —FFlS (272 mg, 1.81 mmol) ZEMeOH (5 mL) FHIVATR TN 30% NaOMe /
MeOH (0.2 mL) o 7E 25 £ TP 85°C N INHGZIR &4 72 /e EL 3] UPLC 7 Hi S 4f Uk} ) 56 42
THFE. MR T IRAE I BVREY), ARG K (5 ml) #ikE, FFH IN HC1 BRiL =2 pH 7, T
RSB UTIE R, SRl 5- M —2— (2— FARIRIME I [1, 2-a] MERE -3 ) WEng 4, 6- —
B . 5 —2—(2- FAEDRIETF [1, 2-a] MENE -3- JE ) WEGE —4, 6- FF (180 mg, T6%). ¥
) (180 mg, 0.69 mmol) 5 =&U%M (3 ml) fEMGE/NEHIRG , 5% EHZ/NRIFAE
150°C T ab TR 15 38f . K RNIRAGMEZ R 256 nl BRI T, FFAERE T kY.
PREBY) IS EAE EtOAe (10 mL) 13 H NaHCO, /KR BE G =K. £ Na ,SO, TJRAHIAH,
ARG IE IR 28 R LRt 00 AR TR K 3- (4, 6- & -5- FMENE —2— B ) -2— B Rk I
[1, 2-a] AttmE (164 mg, 80%) .

'H NMR (500 MHz, DMSO-ds) 8 ppm 9.59 (dt, J = 6.9, 0.9 Hz, 1H), 7.77(d, ) = 8.8 Hz,
1H), 7.62 (t, ] = 7.9 Hz, 1H), 7.32 (1, ] = 6.9 Hz, 1H), 2.77 (s, 3H); MS m/z 298.1 [M+H]".
[0432] DR 2. 4% 3-(4,6- & -5 FMENE —2- & ) —2- FRALRKIEIE [1, 2-a) MEmE (50
mg, 0.168 mmol) Al 4— =HHF I L (54 mg, 0.336 mmol) 7F EtOH (2 mL) FiRAIH/AE
100°C R /2 EH4E F in# B 1) UPLC /R SR R SE AT RE (48 /N ) o g R BLIR A 0¥
REFEIFFIK (6 L) BB LIERITEY. Bit it S, S F Citi . A%
THREIESLS , B SR AE CHLON (2 mL) A, SR JSW NI ZK (4 ml) . £ 100°CF
FEB B TNHGZR SR A 16 /NI ELF) UPLC 77 HE UG JEURl 52 40l 36, BT FRINIK (10
mL) AP IDTE o I DTIEND, S8 5 UG i 105 LLSRAG HRAB (S [ 4 T 2 b AL

&Y (32 mg, AT % LWL ),
"H NMR (500 MHz, 78 -ds) 8 ppm 9.76 (dt, J = 7.1, 1.0 Hz, 1H), 8.50 (br. 5,, 1H), 7.85
(d, 7= 85 Hz, 2H), 7.57 (d, ] = 8.5 Hz, 21), 7.40 (d, J = 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), 6.27 (br. 5., 2H), 2.64 (s, 3H); MS m/z 403.3
[M+HT,

[0433] W] DAMRAE SEREH] 14 020 B I & A0 A 0 B eh R | a0 R 8 4 A il 4% 53 b

fA e TR (1) A s .
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Cpd - 48 & B
Nefdof B P AU -5 R-2-2- TP ALK B 1, 2-a) b0 -3- I B B2 4.6 B

170
MS m/z 401.3 gmm‘

171
‘H NMR (500 MHz, DMSO-dq) 5 ppm 9,83 (d, J = 6.9 He, 1H), 9.25 (br. 5, 1H), 7.80 (dd,
J#134,20Hz, 1HYL 757 (4 =88 He, TH), 744 (d, ) =85 Hz, 1H), 7.31 - ?3‘3{&1,
EH} ? 13{1,1 ‘?3 1 H;;. lﬂ},ﬁﬁk &9?{:11,3}«1}*333 {s, 3H); Mﬂnx«%#i‘?}[%\d*ﬂ]

174

'H NMR (500 MHz, DMSO-dg) 8 ppm 9,48 (s, 1H), 9.39 (s, 1H), 7.83 (d, J = 8.51 Hz,
2HY, 768 (L S 883 He, 2H). 7.1 (5. 2H), 275 (s, 3HD), 2.72 {5, 3HY, 2.55 (5, 3H)
m.p. 166-168 °C; MS mz 432.3 [M+H]"

E‘{j;;—i-i-iﬁfi‘%‘iﬁ:&;)&%%s-%!-ﬂ,as& < TP LR B TE 1,2 a) L -3- 08 )02 4 6=
m, p. 141-143 °C; MS m/ 430.4 [M+H]

N = 30 P U )30 I -5 B0-24(2,6,8- - FTUALUR WP 6 11,2 bt ME - 3- 4C et

176 | .46- 1

L NMR (500 MHz, DMSO-d,) & ppm 9.40 (s, 1H), 9.32 (s, 1H), 7.71 - 7.83 (m, 1H), 740
=7.45 (m, 1H), 7.31 - 7.37 (m, YH), 7.04- 7.32 (1, 1 =70.00 Hz, 1H), 7.07 (5, 2H), 2.74 (s,
3H), 2.72 (s, 311), 2.38 (s, 3H); mup. 140-141 °C; MS m/z 448.4 [M+H]"

N ATy 5 B - 2620~ 2- TV LK M 1 1, 2-n U - 3- R WM 4,6

175

251
'H NMR (500 MHz, M8 ;)5 1 ppm 9.88 - 10.04 (m, 1H), 8.33 - 8.46 (m, 1H), 7.72
(d,J = 8.83 Hz, 2H), 7.48 - 7.56 (m, 1H), 7.39 (d, J = 8.83 Hz, 2H), 7.27 - 7.34 (m, 1H),
6.34 - 6,45 (br.,, 5, 2H), 273 (5, 3HY, mp. 226-229 °C; MS /s 3882 [M+H)

- 5-8-2-(6-TL-2- TP IR0 {1, 2-a) LB -3- 6 N- (8- TR X 06 8w 4,6+ 1
"H NMR (500 MHz, N8 -d5) 8 ppm 9.91 (dd, J = 2.52, 5.99 Hz, 1H), 8.10 (br. 5., 1H),
7.45-7.58 (d,J = 8.83 Hz, 2H ), 7.26 (d, J = 1.89 Hz, 1H), 6.96 (d, /= §.83 }{f.,}.‘}“{} 6.23
{br. &, 2H), 3.81 (s, 3H), 2.70 (s, 3H); m.p. 204-206 °C; MS m/% 384.2 (M+H]"

263 5--2-(6- W-2-T1 AL ORPE I 11,2-a] HEBE-3-3E)-No(d- AL KOG REME 4,6~ B

mp: 210-212 °C; MS mi/z 368.2 [M+H]
[0434]  SZjafy] 15

5= R 2 (2— HEE —1H- ZRFmRIME —1- 5L ) -N-[4-( = A ) AR5 ] g -4, 6- %
(Cpd 166)

Wk,
LA
HHK N’)\ﬁ 0

CFy
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[A] 2— (2— F L —1H- 2R 5 [d] R —1- % ) -N4- (4- ( =g Ak ) — Ak ) Wsng —4, 6- i
(76 mg, 0.20 mmol) fF DMF (1.5 mL) " EEAVR I N- SARBRIIME WL (29 mg, 0.22
mmol) » fEF IR T IZIREY) 2 /o 0Kk (B mL) FIEAT NaHCO, /A (2 mL) ¥RinZ
ZIREYIT . IR DTN, FIKBEGR, R8T TR LRI AR A (U A TR SRR AL &
Yy (77 mg, 92%) o

'H NMR (500 MHz, A% -ds) 8 ppm 8.40 (1H, 5) 7.95 - 8.00 (1H, m) 7.76 - 7.83 (2H, m)
7.57 (2H, d, J=8.51 Hz) 7.40 - 7.45 (11, m) 7.06 - 7.11 (1H, ) 6.98 - 7.04 (1H, m) 6.52 -
6.75 (2H, m) 2.68 (3H, 5); MS m/z 419.1 [M+H]".
[0435] W] DAMRAE Lt 15 120 SR B ARG i S 46 JEORE R0 S B2 2% A1) i 46 53 b
A SC prd i (D e sdte .

Cpd F & B
S 5H-2-(2- - TH- R TR MR- 1= N- (- G P Ly e e - 406~ I

167

'H NMR (500 MHz, R -dy) 6 ppm 8.55 (1H, $)8.07 - 8.12 (1H, m) 7.91 - 7.96 (2H,
m) 7.71 (2H, 4, J=8.51 Hz) 7.58 - 7.63 (11, m) 7.13 - 7.26 (2H, m) 6.80 (2H, br. 5. 3.23 -
3, 3(}(2&«1 m} 1.31 (m b 741 11:] MS mfzmz[wz«r]

i68

"H NMR (500 MHz, M <d,) 8 ppm 8,31 (1H, ) 8.09- 8.13 (1H, m) 7.65 - 7.71 (2H,
m) 7.5 - 7.60 (1H, m) 7.13 - 7.25 (4H, m) 6.99 (1H, 1, J=74.40 Hz) 6.68 (21, br. 5.) 3.19
-3.25 (2H, m) 1.28 (3H, t, J=7.41 Hz); MS m/z 431.2 [M+H]'

[0436] A=Y sLptf

VA KR IE T A SO Bk (146 A 406 Bmi—1 Dy R A FEAIS Bmi—1 S & = 1)
H T
[0437] Sy 1

S ELISASHr

PRI S P (5 1K ) -

% HT-1080 ZH L LA 8000 MNHME / L (50 w L) $ERMAE 96— FLA LR FER T . £E40 AR
WiEZ G (34 /NP, B INAE 50 L&A 1% DMSO [#) DMEM A (A4 A V0 T 2x R it
T (B2 DMSO M5 0. 5%) JFAE 37°C N AE 5% CO, U & %A 40-48 /M),

[0438]  ELISAMRE —Hithib)a (5 2K ):

AL PBS PRERERL 2 vg/ml B —HUiE (Millipore Mouse, Xf/NER Bmi-IH.5iF% ,
clone F6, catalog #05-637) ¥sjn (100 uL) % Nunc MaxiSorp 96— FL ELISA MR ¥IREFL
. AR B8 s 2R AT H R B
[0439]  ZHJHEFEH & (B 3K ):

-k H & 5fE 1x Lysis 2Z ™7 :1 mM EDTA, 150 mM NaCl, 0.5%
Triton—-X 100, 10 mM NaF, 20 mM B- Hym#EEES, 1 mM DTT (ZEPBS ', pH 7.2-7.4)
Al 1x HALT & ABHTHEVRE G4 (Pierce #78410) .

[0440] ¥ 1x Lysis 2351 (40 w L) @INZEEAL, I EPIRG 3 LR 1ZMR 5-10 738
CLERAS AN BN, SRS R R (1% BSA £E PBS HH/E 0. 5% NP40 /1) (100 wL) Nz
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AL

[0441]  DLFIA Bmi—1 3R JE & AR ZE 18000, 4000, 2000, 1000, 500, 250, 125, 0
pg/mL. G T il & ARt 22119 Bmi—1 HEAH & A FRAE (Novus Biologicals PCGF4 E4H
1 (P01), catalog # H00000648-P01) f&E/E7E - 80°C T o FEZ— IKMEERI, 4 Bmi-1
HE APRELE Blocking Buffer (1% BSA £E PBS 77 : BSA: Fisher Scientific Catalog
#1600-100) FAEER 10 we/ wLe 73 B/MIIFAE - 80°C N RIRL: . 7T LLIEFTIA /My R
FRAE 4°C N HAE S — IR Z 5 BT A ABAAE 1-2 2 A FTid Bmi-1 A& A FRAES
HTE Western Blot FAEZ) 70 Kda LK) GST- BRGHR%% .

[0442]  ELISAHPr (B 34 ):

H] Wash Buffer (0.05% Tween—20 fE PBS A7) ¥l 44 H ELISA AR 3x. MIZARZ:FR
I LR 2R T . ¥4 Blocking Buffer (300 wl) (1% BSA7EPBS /1) HN&E %
flo MREHVBESZZRHAAZETINEG 1 /M. ] Wash Buffer Pk EBHIR 3x, 2R )5
ERR AL R R ES T BN w8 AR SOFERHE (100 w L/ L) RS B4
BRI AC T E TR
[0443]  ELISAH T (B 44 ):

M 4°C % BRI ELISA MR, FE =R TG 30 7%f, SR G W2 BiAr 58 3 R A B g Al
FIE T o ¥ /E Blocking Buffer kL 1:600 FI5E —Hulk (HME 5% 3 Rpt Bmi-1,
Cat# 2830) #f0 (100 wL) &AL, B T X TH s AL T 21T . HIRE BB R 1%
WAL TG 1.5 he
[0444] 40 BB AR Bk ELISA #R o #4/E Blocking Buffer FAFRBERK 1:300 [
F=FuE (45 5455 IRP 5141 - it 1gG (CellSignaling, Cat#:7074) N (100
L) BEAL BT AT E S RIS FTRE;AT. AR TIHE IR 1 /D).

[0445] 0 b Pirak e % I & 1A, SR 5 AE BN FL A AR I 45 1 T™MB JIRA (TMB IS &
4%, Pierce catalog #34021) (JEitEAGERERM 1:14]4) (100 vl). fEFERTE
MANE R B IR 20-30 408t SRS AR LR EIN Stop Solution (2 MIRERAE/KH ) (50
pL). 7E0D450 (SE%) M OD570 (&%) TR,

[0446]  WIER 1 AR, A SCHETIR R A4 Bmi—1 ELISA EC,fE N > 0.1 uM =
< 3 uM (—FE),ECENY> 0.01 uME 0.1 uM (FEE ), MEC,[EA> 0.001
LM E< 0.01 oM (=FE) BUECEN< 0.001 M (JIFHE ).

1
Cpd ECg Cpd ECs Cpd  ECy Cpd ECsy
1 " 2 " 143 xR 214 %
2 ¥ 73 e 144 * 215 ¥
3 £ ?‘ & I;‘S sl 216 g
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Cpd  ECsy Cpd  ECx Cpd ECgy _(Egti ECs
4 o 75 * 146  * 217 ws
5 > 76 *4 147 ¢ 218 #es
6 * 77 w4 148 * 219 *
7 . 78 # 149 220 -
8 » 79 * 150  ** 221 #
9 *xs 80 #a 151 ** 222 #
10 ** 81 # 152 ** 223 *
11 * 82 * 153 ** 224 o
12 *4 83 s 154 * 225 o
13 * 84 * 155  ** 226 *
14 * 85 * 156  *»¢ 227 %
15 o 86 o 157  ** 228 %
16 w4 87 # 158 * 229 *
17 - 88 o 159 * 230 *
18 # 89 * 160 #* 231 *
19 * 90 " 161w 232 %
20 * 91 * 162 233 v
31 e 92 L 163 £ 23;4 ik
22 4 93 #ow 164+ 235 *
23 * 94 * 165  wx 236 *
24 * 95 ** 166 - 237 w
25 * 96 . 167  ** 238 *
26 * 97 b 168 * 239 w4
27 “ 98 * 169 E 240w
28 v 99 170 * 241 o
29 i e  * 171 * 242 s
30 * 101 172 . 243 L
31 * w0z ** 173 * 244 o
32 ® 103 ** 174 * 245 #s
33 #s 104 #* 175 # 246 3
34 ki 105 ** 176 * 247 a4
35 * 106  ** 177 * 248 *3
36 ** 107 178 " 249 *¥
37 w4 108 * 179w 250 #
38 * 100 ¢ 180 * 251 +

39 * 110 e 181 e 252 i
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Cpd  ECs Cpd ECgq Cpd ECsy Cpd ECgy
40 * 111 il 182 ® 253 R
41 * 112 ** 183 b 254 ki
42 *h 113 e 184 w4 255 *
43 *H 114 *h 185 4 256 i
44 * 115 il 186 * 257 *h
45 * 116 i 187 * 258 R
46 * 117 ** 188 * 259 *
47 * 118 * 189 * 260 *
48 * 119 i 190 * 261 **
49 * 120 ** 191 % 262 e
50 e 121 k% 192 * 263 o
51 * 122 b 193 e 264 ko
52 * 123 #%t 194 * 265
53 * 124 i 195 ¥ 266 e
54 * 125 * 196 ot 267 *
55 * 126 %4 197 i 268 #
56 * 127 i 198 i 269 b
57 ¥ 128 5 199 X 270 b
58 * 129 il 200 i 271 ¥k
59 * 130 S 201 % 272 e
60 hisd 131 sdhid 202 * 273 wEw
61 * 132 " 203 o 274 ok
62 ¥ 133 w 204 *h 275 .
63 #ock 134 e 3@5 i 176 RS
64 o i35 L 206 * 7. S
65 4 136 ** 207 bl 278 *
66 ¥ 137 e 208 A 279 rE
67 * 138 i 209 ** 280 "
68 w4 139 * 210 * 281 e
69 i 140 Lo 211 * 282 sak
70 * 141 o 212 ** 283 *
71 ' 142 * 213 Tk 284 **

[0447] Syt 2

1L HAET-H00 5707

FEARANINL (pediatric)Baylor Xenograft Derived (BXD) i feg# Y o Aok B JE &
PEEFE LY (PPO) AR IiAZ (D) A& EHIE A Bmi—1 Dy RE41IH A1 Bmi-1 221

K

IDEVE 8
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(04481 24 Jif A6 00 ik — FBCE A= A 1) 2% A (e AL 285 SRt AE B iR 71 17 (FBS)
I B D T ETEREE TR iE T4 (CSC) AR 2 AF (IRIILTE  TANESD A K DAV
MAEIX LA 0 (1) A4S Bmi—1 46 Bmi-1 A & EFFACACR . HHUE R &G
B AL A 109 £E [ 2 I 18] S22 24 /NI 13 KGR 8] BR AL R0 . 136 4 o - B 1
(CCK) (H Dojindo Molecular Technologies, Inc. HEMNO# 0 2D A KR kA K
SE SN A KV T A S8R
[0440] & 1 7 TALGH 109 £E BXD GBM AEAL A7 (G UR , Hor CSC R A (e e sk BN &
(K1) 75 Bk W B2 AL 540 109 474E S48 13 RINHA] 77 2O FEAIK .
[0450] &1 2 /R T AL-A4) 109 £E BXD GBM AR rh 80 R, Heorr CSC R4 (b 2 3R E500 =
D FERTIR W Z I 54 109 /7AE N4 13 RI [8)H 3 11 PR .
[0451] & 3 7R3 AL-G 4 109 78 i ed SR B v 1280 3L, H Fh AE RS Ut 2D 2l 2% 5 ) 464
(&H FBS) NEGEFEH T CSC A K CoAhiE o MLiE) BT M AEFR I KL &4 109 47
15 N FRFALHP ) 2000 PPC CSCIA 13 Ko A3HI4E 62.5 nm fll 15. 6 nm RN, BZ M
MZER CSC BHAAHRE T PPC CSC Bt &4 109 G (1) (AMB LRI Ml .
[0452]  fnfE—E, B 1-3 MR R THTZ2HA (D HaEdE S 20 Bni-1 L)
BEAIHIAT Bmi—1 25 A & S AR T SRR T A MR AR AE O T — e Mo i A B AL Se P A1 o
[0453]  sEjfs] 3

11 7705 78T

) 3 P T e SR B AR Y, FL APt UST-MG iy 200 AT P 7 5 1 nu/mu /N BR AP R
BEUEAE 10 RIFTAI AT e R0 A A 109 A SEME R (B 3B AR R D 2 T 2 1
BHGHA /MR R 4 FORMELENY S 109 FUE M RN LA (n = 10)
PRI BN B 45
[0454] & 4 7538 148 40 RIS TR AL PR I 58 1) i A A A H BT P73, A5 4 109 AHEL T
B i DA B R B R H 43 25 80 o RS4RI R NAR /N BR A IR AE 10 R SR FHEE
N ALEY) 109 BB M T IR 452 . A5G4 109 7R V8 ) 1% LL K 3 87 1 /) BRORH BE T 8¢
IR S ) I K A7 (p<0. 0001) .
[0455]  HiTATATAIAEE B /9, AN AT LS BB T AR AEAR SOk S R RO R
AFHAE NS
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AN FEAR ST P Bk 1 SO 5 BARA AU NE NS, RSPl R4

AR AT S T ARAT AT 23 B 1 ) A ST b A AR i B % B SR FERRR B R AR H i T
(=

[0457]

g B/t EXCRPRATNIR 1R SEit T 5, (HAGUR i il FOR A SR

e A SE T T S8 Al EAFE AN IR B L (R D0 N AT IR 2 20 il SR A Al e e A 45k
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¥ %

PR IR

e A

20004 4mf/ 30; & 14 K MTT & &

100 i 3
Lo

= 80 28 .
e J
#&;—1 60- % p<0.0001
R %“j
e 40 '
R |
e | %
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0 10 20 30 40

Ty
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