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(57) ABSTRACT

Compounds of formula I:

s

or salts thereof are disclosed. Also disclosed are pharmaceu-
tical compositions comprising a compound of formula I, pro-
cesses for preparing compounds of formula I, intermediates
useful for preparing compounds of formula I and therapeutic
methods for treating a Retroviridae viral infection including
an infection caused by the HIV virus.
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THERAPEUTIC COMPOUNDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of and priority to
U.S. Provisional Patent Application Ser. Nos. 61/771,655,
filed Mar. 1, 2013 and 61/857,636, filed Jul. 23, 2013, the
disclosures of each of which are hereby incorporated herein
by reference in their entirety.

BACKGROUND

[0002] Positive-single stranded RNA viruses comprising
the Retroviridae family include those of the subfamily
Orthoretrovirinae and genera Alpharetrovirus, Betaretrovi-
rus, Gamaretrovirus, Deltaretrovirvus, Epsilonretrovirus,
Lentivirus, and Spumavirus which cause many human and
animal diseases. Among the Lentivirus, HIV-1 infection in
humans leads to depletion of T helper cells and immune
dysfunction, producing immunodeficiency and vulnerability
to opportunistic infections. Treating HIV-1 infections with
highly active antiretroviral therapies (HAART) has proven to
be effective at reducing viral load and significantly delaying
disease progression (Hammer, S. M., et al.; JA4MA 2008, 300:
555-570). However, these treatments could lead to the emer-
gence of HIV strains that are resistant to current therapies
(Taiwo, B., International Journal of Infectious Diseases
2009, 13:552-559; Smith, R. J., etal., Science 2010, 327:697-
701). Therefore, there is a pressing need to discover new
antiretroviral agents that are active against emerging drug-
resistant HIV variants.

SUMMARY

[0003] Provided herein are compounds and methods for the
treatment of HIV (i.e., human immunodeficiency virus)
infection.

[0004] One embodiment provides a compound of formula
1Md:
IIId
A
@
Rl
R {
R3b
o] 7!
I
2
, J\AK/A
[0005] wherein
[0006] A'is CH, C—Z>, or nitrogen;
[0007] AZ?is CH or nitrogen;
[0008] R' is 6-12 membered aryl, 5-12 membered het-

eroaryl, or 3-12 membered heterocycle, wherein any 6-12
membered aryl, 5-12 membered heteroaryl, or 3-12 mem-
bered heterocycle of R* is optionally substituted with 1, 2, 3,
4 or 5 Z* groups, wherein the Z* groups are the same or
different;
[0009]

alkyl;

each R** and R’ is independently H or (C,-C5)
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[0010] Z' is 6-12 membered aryl, 5-14 membered het-
eroaryl, or 3-14 membered heterocycle, wherein any 6-12
membered aryl, 5-14 membered heteroaryl, or 3-14 mem-
bered heterocycle of Z' is optionally substituted with 1, 2, 3,
4or57'or Z'?, wherein the Z'“ and Z'* groups are the same
or different;

[0011] each Z'“ is independently (C,-C,)carbocycle, 5-12
membered heteroaryl, 3-12 membered heterocycle, halogen,
—CN, —OR™, —OC(O)R?!, —OC(O)NR?'R™, —SR™,
—S(O)R?', —S(0),0H, —S(O),R?!, —S(0),NR'R™,
—NR?'R™, —NR"COR??, —NR™CO,R"!,
—NR™CONR?'R™, —NR"'S(0),R?', —NR"'S(0),OR?",
—NR™S(0),NR?'R™, —C(O)R™, —C(O)OR™', —C(O)
NR#'R™ and —S(0),NR™ COR?*, wherein any (C5-C,)car-
bocycle, 5-12 membered heteroaryl and 3-12 membered het-
erocycle of Z'“is optionally substituted with 1,2, 3,4 or 5 Z'<
or Z'¥ groups, wherein the Z'< and Z'“ groups are the same or
different;

[0012] each Z'” is independently (C,-Cy)alkyl optionally
substituted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;

[0013] each Z'¢ is independently halogen, —CN, —OH,
—NH,, —C(O)NR?*R"?, or (C,-C,)heteroalkyl;

[0014] each Z'¥is independently (C,-Cg)alkyl or (C,-Cy)
haloalkyl;
[0015] each R™ is independently H, (C,-Cy)alkyl, (C5-C.)

carbocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-het-
eroaryl of R”* is optionally substituted with 1,2, 3,4 or 5 Z'©
or Z'¥ groups, wherein the Z'° and Z' groups are the same or
different, and wherein any (C,-Cy)alkyl of R”! is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z*¢
groups are the same or different;

[0016] eachRP!isindependently (C,-Cy)alkyl, (C5-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7 mem-
bered heterocycle, or 5-6 membered monocyclic-heteroaryl
of R#* is optionally substituted with 1, 2, 3, 4 or 5 Z' or Z'¢
groups, wherein the Z'© and Z'? groups are the same or dif-
ferent, and wherein any (C,-Cgalkyl of R?' is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z'°
groups are the same or different;

[0017] eachR?' and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, 3-7 membered heterocycle, or 5-6 mem-
bered monocyclic-heteroaryl, wherein any (C;-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl of R?* or R™ is optionally substituted with
1,2, 3, 4 or 5 Z' or Z'* groups, wherein the Z'< and Z'“¢
groups are the same or different, and wherein any (C,-C,)
alkyl of R7" or R™ is optionally substituted with 1, 2, 3, 4 or
5 7' groups, wherein the Z'° groups are the same or different,
or R? and R™ together with the nitrogen to which they are
attached form a 5, 6 or 7-membered heterocycle, wherein the
5, 6 or 7-membered heterocycle is optionally substituted with
1,2, 3, 4 or 5 Z' or Z'“ groups, wherein the Z'< and Z'¢
groups are the same or different;

[0018] each R?? and R’ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, or R?% and R together with the nitrogen
to which they are attached form a 5, 6, or 7-membered het-
erocycle;

[0019] Z? is (C,-Cyalkenyl, (C,-Cg)alkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle, —C(Q)R™, or —C(O)NR?*R",
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wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2” or Z* groups,
wherein the Z2” and Z>° groups are the same or different, and
wherein any (C,-Cgalkenyl or (C,-Cglalkynyl of Z* is
optionally substituted with 1, 2, 3, 4, or 5 Z*° groups, wherein
the Z> groups are the same or different;

[0020] each R™ is independently H or (C,-C,)alkyl;
[0021] each R?® and R is independently H or (C,-C,)
alkyl;

[0022] each Z?* is independently oxo, (C,-C,)alkyl, (C,-

C )heteroalkyl or (C,-C,)haloalkyl;

[0023] each Z*€ is independently oxo, halogen, —CN,
—OR™, —OC(0)R?*, —OC(O)NR?R™, —SR™, —S(0)
RPY, —S(0),0H, —S(O)LR?*, —S(0),NR™R™,
—NRR™, —NR™COR??, —NR™CO,R”*,

—NR™COR?R™, —NR™S(0),R**, —NR"S(0),0R?*,
—NR™8(0),NR?R™, —NO,, —C(O)R™, —C(O)OR™,
or —C(O)NR#*R™,

[0024] each R™ is independently H, (C,-C,)alkyl, (C,-C,)
haloalkyl, or (C,-C,)heteroalkyl;

[0025] each R?*is independently (C,-Cy)alkyl, (C,-C)ha-
loalkyl, or (C,-C,)heteroalkyl;

[0026] each R?* and R™ is independently H, (C,-C,)alkyl,
(C,-C,)haloalkyl, or (C,-C,)heteroalkyl;

[0027] each Z? is independently a (C,-C,)heteroalkyl;
[0028] each Z*isindependently oxo, (C,-Cy)alkyl, (C5-C.,)
carbocycle, halogen, —CN, —OR™, —NR?R”,

—NR"*COR??>, —NR"CO,R?>, —C(O)R™, —C(0)OR™,
or —C(O)NR?°R"®, wherein any (C,-C,)carbocycle or (C, -
Cy)alkyl of Z* is optionally substituted with 1, 2, 3,4 or 5 Z**
groups, wherein the Z** groups are the same or different;
[0029] each Z** is independently halogen, —CN, or
—OR”S;

[0030] each R™,R?> R?°,R™, and R"® is independently H
or (C,-C,)alkyl;

[0031] each Z° is independently halogen, which may be
same or different; and

[0032] nisO,1,2, 0r3;
[0033] or a pharmaceutically acceptable salt thereof.
[0034] One embodiment provides a compound of formula
11
11T
R! R?
R {
R3b
0 z!
NZ
A
[0035] wherein
[0036] A is a 6-membered monocyclic-heteroaryl with one

or two nitrogen atoms, wherein the 6-membered monocyclic-
heteroaryl is substituted with one Z' group at the position
shown, one Z? group, and optionally substituted with 1 or 2 Z>
groups, wherein the Z> groups are the same or different;

[0037] R' is 6-12 membered aryl, 5-12 membered het-
eroaryl, or 3-12 membered heterocycle, wherein any 6-12
membered aryl, 5-12 membered heteroaryl, or 3-12 mem-
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bered heterocycle of R* is optionally substituted with 1, 2, 3,
4 or 5 Z* groups, wherein the Z* groups are the same or
different;

[0038] R?is phenyl optionally substituted with 1, 2,3, 4 or
5 halogen, which are the same or different;

[0039] each R** and R3* is independently H or (C,-C5)
alkyl;
[0040] Z' is 6-12 membered aryl, 5-14 membered het-

eroaryl, or 3-14 membered heterocycle, wherein any 6-12
membered aryl, 5-14 membered heteroaryl, or 3-14 mem-
bered heterocycle of Z' is optionally substituted with 1, 2, 3,
4or52'orZ'?, wherein the Z'* and Z'? groups are the same
or different;

[0041] each Z'¢ is independently (C,-C,)carbocycle, 5-12
membered heteroaryl, 3-12 membered heterocycle, halogen,
—CN, —OR™, —OC(O)R?', —OC(O)NR?'R™, —SR™,
—S(0O)R?!, —S(0),0H, —S(0),R?!, —S(0),NR?'R"™,
—NR?'R™, —NR™COR?", —NR™CO,R?",
—NR™CONR?'R™, —NR"S(0),R?!, —NR"!S(0),0R?!,
—NR™S(0),NR?'R™, —C(O)R™, —C(O)OR™', —C(O)
NR?'R™ and —S(0),NR"*COR??, wherein any (C,-C,)car-
bocycle, 5-12 membered heteroaryl and 3-12 membered het-
erocycle of Z'% is optionally substituted with 1,2,3, 4 or 5 Z'©
or Z'¥ groups, wherein the Z'° and Z'“ groups are the same or
different;

[0042] each Z'* is independently (C,-Cg)alkyl optionally
substituted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;

[0043] each Z'¢ is independently halogen, —CN, —OH,
—NH,, —C(O)NR?*R", or (C,-Cy)heteroalkyl;

[0044] each Z'¥is independently (C,-Cg)alkyl or (C,-Cg)
haloalkyl;
[0045] each R™ is independently H, (C,-Cy)alkyl, (C5-C,)

carbocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-het-
eroaryl of R”* is optionally substituted with 1,2, 3,4 or 5 Z'©
or Z'¥ groups, wherein the Z'° and Z' groups are the same or
different, and wherein any (C,-Cy)alkyl of R”! is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z'°
groups are the same or different;

[0046] eachRP!isindependently (C,-Cy)alkyl, (C5-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7 mem-
bered heterocycle, or 5-6 membered monocyclic-heteroaryl
of RP! is optionally substituted with 1, 2, 3, 4 or 5 Z! or Z'¢
groups, wherein the Z' and Z'“ groups are the same or dif-
ferent, and wherein any (C,-Cyalkyl of R?! is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z'°
groups are the same or different;

[0047] each R?' and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, 3-7 membered heterocycle, or 5-6 mem-
bered monocyclic-heteroaryl, wherein any (C,-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl of R?* or R™ is optionally substituted with
1,2, 3,4 0r 5 Z' or Z'¥ groups, wherein the Z'¢ and Z'¢
groups are the same or different, and wherein any (C,-Cy)
alkyl of R?* or R™ is optionally substituted with 1, 2, 3, 4 or
5 7' groups, wherein the Z'° groups are the same or different,
or R? and R™ together with the nitrogen to which they are
attached form a 5, 6 or 7-membered heterocycle, wherein the
5, 6 or 7-membered heterocycle is optionally substituted with
1,2, 3,4 0r 5 Z' or Z'¥ groups, wherein the Z'¢ and Z'¢
groups are the same or different;
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[0048] each R?* and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, or R% and R together with the nitrogen
to which they are attached form a 5, 6, or 7-membered het-
erocycle;

[0049] Z? is (C,-Cygalkenyl, (C,-Cgalkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle, —C(O)R™, or —C(O)NR?’R™,
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2” or Z* groups,
wherein the Z2” and Z>° groups are the same or different, and
wherein any (C,-Cgalkenyl or (C,-Cglalkynyl of Z* is
optionally substituted with 1, 2, 3, 4, or 5 Z*° groups, wherein
the Z> groups are the same or different;

[0050] each R™ is independently H or (C,-C,)alkyl;
[0051] each R?® and R is independently H or (C,-C,)
alkyl;

[0052] each 7Z?* is independently oxo, (C,-C,)alkyl, (C,-

C heteroalkyl, or (C,-C,)haloalkyl;

[0053] each Z* is independently oxo, halogen, —CN,
—OR™, —OC(O)R?*, —OC(O)NR?*R™, —SR™, —S(0)
RPY, —S(0),0H, —S(O)LR?*, —S(0),NR™R™,
—NR#R™, —NR™COR?*, —NR™CO,R#?,

—NR™CONRZR™, —NR™S(0),R??, —NR™S(0),OR"*,
—NR™S(0),NR7™R™, —NO,, —C(O)R™, —C(0)OR™,
or —C(O)NR7*R™;

[0054] each R™ is independently H, (C,-C,)alkyl, (C,-C,)
haloalkyl, or (C,-C,)heteroalkyl;

[0055] each R#*is independently (C,-Cy)alkyl, (C,-C,)ha-
loalkyl, or (C,-C,)heteroalkyl;

[0056] each R?* and R™ is independently H, (C,-C,)alkyl,
(C,-Cyhaloalkyl, or (C,-C )heteroalkyl;

[0057] each Z? is independently a (C,-C,)heteroalkyl or
halogen;

[0058] each Z*is independently oxo, (C,-Cy)alkyl, (C5-C5)
carbocycle, halogen, —CN, —OR™, —NR?R”,
—NR"*COR??>, —NR"CO,R?>, —C(O)R™, —C(0)OR™,
or —C(O)NR?°R"®, wherein any (C,-C,)carbocycle or (C, -
Cy)alkyl of Z* is optionally substituted with 1, 2, 3, 4 or 5 Z*¢
groups, wherein the Z** groups are the same or different;

[0059] each Z** is independently halogen, —CN, or
—OR”%; and
[0060] each R™,R?°> R?°,R™, and R"® is independently H
or (C,-C,)alkyl;
[0061] or a pharmaceutically acceptable salt thereof.
[0062] Oneembodiment provides a compound of formula I
1
R! R?
H
N
R3a
R3b
0 z!
=
A
wherein:
[0063] A is a 6-membered monocyclic-heteroaryl with one

or two nitrogen atoms, wherein the 6-membered monocyclic-
heteroaryl is substituted with one Z' group at the position
shown, one Z* group, and optionally substituted with one or
more (e.g., 1 or 2) Z> groups;
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[0064] R' is 6-12 membered aryl, 5-12 membered het-
eroaryl or 3-12 membered heterocycle, wherein any 6-12
membered aryl, 5-12 membered heteroaryl or 3-12 mem-
bered heterocycle of R! is optionally substituted with one or
more (e.g., 1,2, 3, 4 or 5) Z* groups;

[0065] R? is phenyl, 5-membered monocyclic-heteroaryl,
6-membered monocyclic-heteroaryl or (C5-C,)carbocycle,
wherein any phenyl, 5-membered monocyclic-heteroaryl,
6-membered monocyclic-heteroaryl or (C;-C,)carbocycle of
R? is optionally substituted with one or more (e.g., 1,2, 3, 4 or
5) Z° groups;

[0066] each R** and R*” is independently selected from H,
halogen, (C,-Cyalkyl and (C,-Cs)haloalkyl, or R* is
selected from H, (C,-C,)alkyl and (C,-C5)haloalkyl and R**
is selected from —OH and —CN;

[0067] Z'isselected from 6-12 membered aryl, 5-14 mem-
bered heteroaryl and 3-14 membered heterocycle, wherein
any 6-12 membered aryl, 5-14 membered heteroaryl and 3-14
membered heterocycle of Z* is optionally substituted with
one or more (e.g., 1, 2,3, 4 or 5) Z'“ or Z'%;

[0068] each 7' is independently selected from (C5-C,)
carbocycle, 6-12 membered aryl, 5-12 membered heteroaryl,
3-12 membered heterocycle, halogen, —CN, —OR™!, —OC
(O)R?!, —OC(O)NR?'R™, —SR™!, —S(O)R?!, —S(0)

L,OH, —S(O)R?', —S(0),NR?R™, - NRYR",
“ NR"'COR?!,  —NR™CO,R?!, - NR"CONR?'R",
—NR"'S(O),R?',  —NR"'S(0),0R?', —NR"'S(0)

LNR7'R™ NO,, —C(O)R™!, —C(O)OR™, —C(O)NR7'R™
and —S(0),NR"'COR?", wherein any (C,-C,)carbocycle,
6-12 membered aryl, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z'“ is optionally substituted with
one or more (e.g., 1,2, 3, 4 or 5) Z* or Z*'¢ groups;

[0069] each Z'” is independently selected from (C,-Cg)
alkyl, (C,-Cy)alkenyl and (C,-Cy)alkynyl, wherein any (C, -
Cyalkyl, (C,-Cy)alkenyl and (C,-Cy)alkynyl of Z'? is option-
ally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z'©
groups;

[0070] each Z'¢ is independently selected from (C5-C.,)
carbocycle, phenyl, 5-6 membered monocyclic-heteroaryl,
3-7 membered heterocycle, halogen, —CN, —OR™2, —OC
(O)R?, —OC(O)NR?’R™?, —SR™, —S(O)R*?, —S(0)

LOH, —S(O)R”  —S(0),NRPR? ~ —NR?R?,
“NR"™COR?2,  —NR™CO,R?, - NR"™CONR?R™,
—NR”>S(0),R?>, —NR">S(0),0R??, —NR”>S

(O,NR7R™, NO,, —C(O)R"?, —C(O)OR™, —C(0O)
NR??R", halophenyl, 5-6 membered haloheteroaryl, 3-7
membered haloheterocycle and (C,-Cg)heteroalkyl;

[0071] each Z'“ is independently selected from (C,-Cg)
alkyl, (C,-Cy)alkenyl, (C,-Cg)alkynyl and (C,-Cg)haloalkyl;
[0072] each R™ is independently selected from H, (C,-Cy)
alkyl, (C,-Cyalkenyl, (C,-Cgalkynyl, (C5-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl of R™* is optionally substituted with one or
more (e.g., 1,2, 3,4 or 5) Z' or Z*“ groups, and wherein any
(C,-Cylalkyl, (C,-Cglalkenyl and (C,-Cy)alkynyl of R is
optionally substituted with one or more (e.g., 1, 2, 3,4 or 5)
7' groups;

[0073] each R?! is independently selected from (C,-C,)
alkyl, (C,-Cyalkenyl, (C,-Cgalkynyl, (C5-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, 5-6 membered monocyclic-het-
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eroaryl and phenyl of R?* is optionally substituted with one or
more (e.g., 1,2, 3, 4 or5) Z'“ or Z'? groups, and wherein any
(C,-Cglalkyl, (C,-Cyalkenyl and (C,-Cg)alkynyl of R?! is
optionally substituted with one or more (e.g., 1,2, 3,4 or 5)
7€ groups;

[0074] R?'andR™ are eachindependently selected from H,
(C,-Cyalkyl, (C,-Cyalkenyl, (C,-Cylalkynyl, (C5-C;)car-
bocycle, 3-7 membered heterocycle, 5-6 membered monocy-
clic-heteroaryl and phenyl, wherein any (C,-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl of R?! or R™ is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z' or Z'? groups, and
wherein any (C,-Cy)alkyl, (C,-Cg)alkenyl and (C,-Cy)alky-
nyl of R?* or R™ is optionally substituted with one or more
(e.g., 1,2,3,40r5)Z* groups, or R?" and R™ together with
the nitrogen to which they are attached form a 5, 6 or 7-mem-
bered heterocycle, wherein the 5, 6 or 7-membered hetero-
cycle is optionally substituted with one or more (e.g., 1, 2, 3,
4 or 5) Z2'< or Z'* groups;

[0075] each R™ is independently selected from H, (C,-Cy)
alkyl, (C,-Cgalkenyl, (C,-Cgalkynyl, (C,-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl, phenyl, halophenyl, 5-6 membered monocyclic-ha-
loheteroaryl, 3-7 membered haloheterocycle, (C,-Cg)ha-
loalkyl and (C,-Cy)heteroalkyl;

[0076] each R#? is independently selected from (C,-C,)
alkyl, (C,-Cylalkenyl, (C,-Cy)alkynyl, (C;-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl, phenyl, halophenyl, 5-6 membered monocyclic-ha-
lIoheteroaryl, 3-7 membered haloheterocycle, (C,-Cy)ha-
loalkyl and (C,-Cy)heteroalkyl;

[0077] R?*and R’ are each independently selected from H,
(C,-Cyalkyl, (C,-Cyalkenyl, (C,-Cylalkynyl, (C;-C,)car-
bocycle, 3-7 membered heterocycle, 5-6 membered monocy-
clic-heteroaryl, phenyl, halophenyl, 5-6 membered monocy-
clic-haloheteroaryl, 3-7 membered haloheterocycle, (C,-Cy)
haloalkyl and (C,-Cg)heteroalkyl, or R?* and R™* together
with the nitrogen to which they are attached form a 5, 6 or
7-membered heterocycle;

[0078] Z?is selected from (C,-Cy)alkenyl, (C,-Cg)alkynyl,
6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, —C(O)R™ and
—C(O)NR?°R"™, wherein any 6-12 membered aryl, 5-12
membered C-linked-heteroaryl and 3-12 membered
C-linked-heterocycle of Z* is optionally substituted with one
or more (e.g., 1, 2,3, 4 or 5) Z** or Z>° groups, and wherein
any (C,-Cgalkenyl and (C,-Cgalkynyl of Z? is optionally
substituted with one or more (e.g., 1, 2, 3, 4, or 5) Z*° groups;
[0079] each Z>“ is independently selected from (C5-C,)
carbocycle, 6-12 membered aryl, 5-12 membered heteroaryl,
3-12 membered heterocycle, halogen, —CN, —OR™, —OC
(O)RP*, —OC(O)NR?'R™, —SR™, —S(O)R**, —S(0)

,OH, —S(O),R?* ~ —S(0),NR™R™ ~ —NR#™R™,
“NR™COR?*,  —NR™CO,R**, — NR™CONR#*R™,
—NR™S(0),R*,  —NR™S(0),0R*,  —NR™S(0)

LNR#R™, NO,, —C(O)R™, —C(O)OR™ and —C(O)
NR?*R™, wherein any (C,-C,)carbocycle, 6-12 membered
aryl, 5-12 membered heteroaryl and 3-12 membered hetero-
cycle of Z>%is optionally substituted with one or more (e.g., 1,
2,3, 4or5) Z* or Z* groups;

[0080] each Z** is independently selected from (C,-C,)
alkyl, (C,-C,)heteroalkyl and (C,-C,)haloalkyl;

[0081] each Z* is independently selected from halogen,
—CN, —OR™, —OC(O)R?*, —OC(O)NR?*R™, —SR™,
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—S(O)RP*, —S(0),0H, —S(0),R?*, —S(0),NR¥R™,
—NR#R™, —NR™COR?*, —NR™CO,R"?,
—NR™CONRZ*R™, —NR™S8(0),R?*, —NR™S(0),OR"*,
—NR™S8(0),NR7R™, NO,, —C(O)R™, —C(O)OR"™* and
—C(O)NR?*R™,

[0082] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-C,)alkenyl, (C;-C,)carbocycle, 3-12 membered
heterocycle, 5-12 membered heteroaryl and 6-12 membered
aryl, wherein any (C;-C,)carbocycle, 3-12 membered hetero-
cycle, 5-12 membered heteroaryl and 6-12 membered aryl of
R™ is optionally substituted with one or more (e.g., 1, 2, 3, 4
or 5) Z?* or 72 groups, and wherein any (C,-C,)alkyl, (C,-
C,alkenyl and (C,-C,)alkynyl of R™ is optionally substi-
tuted with one or more (e.g., 1, 2, 3, 4 or 5) Z** groups;
[0083] R?*and R™are eachindependently selected from H,
(C,-Cpalkyl, (C,-Cjalkenyl, (C;-C,)carbocycle, 3-12
membered heterocycle, 5-12 membered heteroaryl and 6-12
membered aryl, wherein any (C;-C,)carbocycle, 3-12 mem-
bered heterocycle, 5-12 membered heteroaryl and 6-12 mem-
bered aryl of R?> or R” is optionally substituted with one or
more (e.g., 1,2, 3, 4 or 5) Z*? or Z** groups, and wherein any
(C,-Cy)alkyl and (C,-C,)alkenyl of R?* or R™ is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z>* groups,
or R? and R together with the nitrogen to which they are
attached form a heterocycle or heteroaryl, wherein the het-
erocycle or heteroaryl is optionally substituted with one or
more (e.g., 1, 2, 3, 4 or 5) Z** or Z*° groups;

[0084] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-Cy)alkenyl, (C,-Cy)alkynyl, (C,-C,)haloalkyl and
(C,-Cy)heteroalkyl;

[0085] each R#* is independently selected from (C,-Cy)
alkyl, (C,-C,)alkenyl, (C,-C,)alkynyl, (C,-C,)haloalkyl and
(C,-Cy)heteroalkyl;

[0086] R?*and R™ are each independently selected from H,
(C,-Cpalkyl, (C,-C,alkenyl, (C,-C,alkynyl, (C,-C,)ha-
loalkyl and (C,-C,)heteroalkyl;

[0087] each Z* is independently selected from halogen,
(C,-C,alkyl, —OH, —CN, (C,-C )heteroalkyl and (C,-C,)
haloalkyl;

[0088] each Z* is independently selected from (C,-Cy)
alkyl, (C,-Cgalkenyl, (C,-Cylalkynyl, (C;-C,)carbocycle,
halogen, —CN, —OR™>, —OC(O)R?*, —OC(O)NR?’R",
—SR™, —S(0O)R??>, —S(0),0H, —S(0),R??, —S(0)
LNR?PR™, —NR?R™, —NR™COR?>, —NR™CO,R?,
—NR™CONR?’R", —NR"S(0),R?*>, —NR"’S(0),0R?’,
—NR"*S(0),NR?R", NO,, —C(O)R">, —C(O)OR™ and
—C(O)NR?’R”, wherein any (C,-C,)carbocycle, of Z* is
optionally substituted with one or more (e.g., 1, 2, 3,4 or 5)
7% or Z* groups, and wherein any (C,-Cgalkyl, (C,-Cy)
alkenyl and (C,-Cg)alkynyl of Z* is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z** groups;

[0089] each Z** is independently selected from halogen,
—CN, —OR", —OC(O)R?®, —OC(O)NR?°R"®, —SR"¢,
—S(O)R?®, —S(0),0H, —S(0),R?®, —S(0),NR7°R"®,
—NR?R’S, —NR™COR?®, —NR"CO,R??,
—NR"CONR?°R"®, —NR"9S(0),R?%, —NR"°S(0),0R?,
—NR"S(0),NR?°R", NO,, —C(O)R"®, —C(O)OR"® and
—C(O)NR?°R"S;

[0090] each Z* is independently selected from (C,-C,)
alkyl, (C,-C,)alkenyl (C,-C,)alkynyl and (C,-C,)haloalkyl;
[0091] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;
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[0092] each R is independently selected from (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[0093] R? and R are eachindependently selected from H,
(C,-C,alkyl, (C,-Cphaloalkyl, (C,-C heteroalkyl, (C,-C,)
alkenyl and (C,-C,)alkynyl;

[0094] each R is independently selected from H, (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[0095] each RS is independently selected from (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[0096] R?°and R"® are each independently selected from H,
(C,-Cyalkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)
alkenyl and (C,-C,)alkynyl;

[0097] each Z° is independently selected from (C,-Cg)
alkyl, halogen, —CN and —OR””7, wherein any (C,-C)alkyl
of 77 is optionally substituted with one or more (e.g., 1, 2, 3,
4 or 5) halogen; and

[0098] each R™ is independently selected from H, (C,-C5)
alkyl, (C,-C;)haloalkyl and (C5-C,)carbocycle;

[0099] or a pharmaceutically acceptable salt thereof.
[0100] One embodiment provides a pharmaceutical com-
position comprising a compound of formula I or a pharma-
ceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier. Another embodiment provides a pharma-
ceutical composition comprising a compound as detailed
herein, including a compound of any one of formulas I, Ia, Ib,
Ic, 1d, Te, If, Ig, 111, I1Ta, I1Ib, IT1c, I11d, ITTe, ITIf, 11Tg, I1Th, IT1i,
1113, and IIIk, or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable carrier.

[0101] One embodiment provides a pharmaceutical com-
position comprising a compound of formula I or a pharma-
ceutically acceptable salt thereof; and an additional therapeu-
tic agent, wherein the additional therapeutic agent is an HIV
protease inhibiting compound, an HIV non-nucleoside
inhibitor of reverse transcriptase, an HIV nucleoside inhibitor
of reverse transcriptase, an HIV nucleotide inhibitor of
reverse transcriptase, an HIV integrase inhibitor, a gp4l
inhibitor, a CXCR4 inhibitor, a gpl120 inhibitor, a CCR5
inhibitor, a capsid polymerization inhibitor, or a non-catalytic
site. HIV integrase inhibitor and combinations thereof.
Another embodiment provides a pharmaceutical composition
comprising a compound of any one of formulas I, Ia, Ib, Ic, Id,
Te, If, Ig, 111, 11Ta, I1Ib, I1lc, I11d, ITe, ITIf, 11Tg, I1Th, 111, I11j,
and 111k, or a pharmaceutically acceptable salt thereof; and an
additional therapeutic agent, wherein the additional therapeu-
tic agent is an HIV protease inhibiting compound, an HIV
non-nucleoside inhibitor of reverse transcriptase, an HIV
nucleoside inhibitor of reverse transcriptase, an HIV nucle-
otide inhibitor of reverse transcriptase, an HIV integrase
inhibitor, a gp41 inhibitor, a CXCR4 inhibitor, a gp120
inhibitor, a CCRS inhibitor, a capsid polymerization inhibi-
tor, or a non-catalytic site HIV integrase inhibitor and com-
binations thereof.

[0102] One embodiment provides a method for treating a
Retroviridae viral infection (e.g., an HIV viral infection) in a
mammal (e.g., a human), comprising administering a com-
pound of formula I, or a pharmaceutically acceptable salt
thereof, to the mammal. Another embodiment provides a
method for treating a Retroviridae viral infection (e.g., an
HIV viral infection) in a mammal (e.g., a human), comprising
administering a compound as detailed herein, including a
compound of any one of formulas I, Ia, Ib, Ic, Id, le, If| Ig, 111,
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1Ia, I1Ib, ITlc, I111d, I1le, ITIf, IIg, I1Th, I11i, I11j, and ITIk, or a
pharmaceutically acceptable salt thereof, to the mammal.
Another embodiment provides a method for treating a HIV
infection in a patient in need thereof comprising administer-
ing a therapeutically effective amount of a compound as
detailed herein, or a pharmaceutically acceptable salt thereof,
to the patient.

[0103] One embodiment provides a method for inhibiting
the proliferation of the HIV virus, treating AIDS or delaying
the onset of AIDS or ARC symptoms in a mammal (e.g., a
human), comprising administering a compound of formula I,
or a pharmaceutically acceptable salt thereof, to the mammal.
Another embodiment provides a method for inhibiting the
proliferation of the HIV virus, treating AIDS or delaying the
onset of AIDS or ARC symptoms in a mammal (e.g., a
human), comprising administering a compound as detailed
herein, including a compound of any one of formulas I, Ia, Ib,
Ie, 1d, Te, If, Ig, 111, I11a, IIIb, IT1c, I11d, ITTe, I1Tf, 11Tg, I1Th, IT1i,
1113, and 111k, or a pharmaceutically acceptable salt thereof, to
the mammal.

[0104] One embodiment provides a method for treating an
HIV infection in a mammal (e.g., a human), comprising
administering a compound of formula I, or a pharmaceuti-
cally acceptable salt thereof, to the mammal. Another
embodiment provides a method for treating an HIV infection
in a mammal (e.g., a human), comprising administering a
compound as detailed herein, including a compound of any
one of formulas I, Ia, Ib, Ic, 1d, Ie, If] Ig, IIL, IIla, IIIb, Ilec,
111d, e, IIIf, I1Ig, IITh, 111, II1j, and 111k, or a pharmaceuti-
cally acceptable salt thereof, to the mammal.

[0105] One embodiment provides a method for treating an
HIV infection in a mammal (e.g., a human), comprising
administering to the mammal in need thereof a therapeuti-
cally effective amount of a compound of formula I, or a
pharmaceutically acceptable salt thereof, in combination
with a therapeutically effective amount of one or more addi-
tional therapeutic agents selected from the group consisting
of HIV protease inhibiting compounds, HIV non-nucleoside
inhibitors of reverse transcriptase, HIV nucleoside inhibitors
of reverse transcriptase, HIV nucleotide inhibitors of reverse
transcriptase, HIV integrase inhibitors, gp41 inhibitors,
CXCR4 inhibitors, gp120 inhibitors, CCRS inhibitors, capsid
polymerization inhibitors, and other drugs for treating HIV,
and combinations thereof. Another embodiment provides a
method for treating an HIV infection in a mammal (e.g., a
human), comprising administering to the mammal in need
thereof a therapeutically effective amount of a compound of
any one of formulas [, Ia, Ib, Ic, Id, Ie, If| Ig, I11, I11a, I1Ib, IIlc,
111d, e, IIIf, I1Ig, IITh, 111, II1j, and 111k, or a pharmaceuti-
cally acceptable salt thereof, in combination with a therapeu-
tically effective amount of one or more additional therapeutic
agents selected from the group consisting of HIV protease
inhibiting compounds, HIV non-nucleoside inhibitors of
reverse transcriptase, HIV nucleoside inhibitors of reverse
transcriptase, HIV nucleotide inhibitors of reverse tran-
scriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4
inhibitors, gp120 inhibitors, CCRS5 inhibitors, capsid poly-
merization inhibitors, and other drugs for treating HIV, and
combinations thereof. Another embodiment provides a
method for treating an HIV infection in a patient in need
thereof comprising administering to the patient a therapeuti-
cally effective amount of a compound as described herein, or
a pharmaceutically acceptable salt thereof, in combination
with a therapeutically effective amount of an additional thera-
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peutic agent, wherein the additional therapeutic agent is an
HIV protease inhibiting compound, an HIV non-nucleoside
inhibitor of reverse transcriptase, an HIV nucleoside inhibitor
of reverse transcriptase, an HIV nucleotide inhibitor of
reverse transcriptase, an HIV integrase inhibitor, a gp4l
inhibitor, a CXCR4 inhibitor, a gpl120 inhibitor, a CCR5
inhibitor, a capsid polymerization inhibitor, or a non-catalytic
site HIV integrase site inhibitor and combinations thereof.
[0106] One embodiment provides a method for treating an
HIV infection in a mammal (e.g., a human), comprising
administering to the mammal in need thereof a therapeuti-
cally effective amount of a compound of formula I, or a
pharmaceutically acceptable salt thereof, in combination
with a therapeutically effective amount of one or more addi-
tional therapeutic agents selected from the group consisting
of HIV protease inhibiting compounds, HIV non-nucleoside
inhibitors of reverse transcriptase, HIV nucleoside inhibitors
of reverse transcriptase, HIV nucleotide inhibitors of reverse
transcriptase, HIV integrase inhibitors, gp41 inhibitors,
CXCR4 inhibitors, gp120 inhibitors, CCRS inhibitors, capsid
polymerization inhibitors, and non-catalytic site HIV inte-
grase inhibitors, and combinations thereof. Another embodi-
ment provides a method for treating an HIV infection in a
mammal (e.g., a human), comprising administering to the
mammal in need thereof a therapeutically effective amount of
a compound as detailed herein, including a compound of any
one of formulas I, Ia, Ib, Ic, 1d, Ie, If| Ig, IIL, Ila, IIIb, IIlec,
111d, Ile, IIIf, IIg, IITh, IIIi, I11j, and 111k, or a pharmaceuti-
cally acceptable salt thereof, in combination with a therapeu-
tically effective amount of one or more additional therapeutic
agents selected from the group consisting of HIV protease
inhibiting compounds, HIV non-nucleoside inhibitors of
reverse transcriptase, HIV nucleoside inhibitors of reverse
transcriptase, HIV nucleotide inhibitors of reverse tran-
scriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4
inhibitors, gp120 inhibitors, CCRS5 inhibitors, capsid poly-
merization inhibitors, and non-catalytic site HIV integrase
inhibitors, and combinations thereof.

[0107] One embodiment provides a compound of formula
I, or a pharmaceutically acceptable salt thereof for use in
medical therapy (e.g., for use in treating a Retroviridae viral
infection (e.g., an HIV viral infection) or the proliferation of
the HIV virus or AIDS or delaying the onset of AIDS or ARC
symptoms in a mammal (e.g., a human)). Another embodi-
ment provides a compound as detailed herein, including a
compound of any one of formulas I, Ia, Ib, Ic, Id, le, If| Ig, 111,
1IIa, IIIb, Ilc, 111d, 11Te, ITIf, 11Ig, 11Th, I11i, I11j, and ITIk, or a
pharmaceutically acceptable salt thereof, for use in medical
therapy (e.g., for use in treating a Retroviridae viral infection
(e.g., an HIV viral infection) or the proliferation of the HIV
virus or AIDS or delaying the onset of AIDS or ARC symp-
toms in a mammal (e.g., a human)).

[0108] One embodiment provides a compound of formula
1, or a pharmaceutically acceptable salt thereof for use in the
manufacture of a medicament for treating a Retroviridae viral
infection (e.g., an HIV viral infection) or the proliferation of
the HIV virus or AIDS or delaying the onset of AIDS or ARC
symptoms in a mammal (e.g., a human). Another embodi-
ment provides a compound as detailed herein, including a
compound of any one of formulas I, Ia, Ib, Ic, Id, le, If| Ig, 111,
1IIa, IIIb, Ilc, 111d, 11Te, ITIf, 11Ig, 11Th, I11i, I11j, and ITIk, or a
pharmaceutically acceptable salt thereof, for use in the manu-
facture of a medicament for treating a Retroviridae viral
infection (e.g., an HIV viral infection) or the proliferation of

Oct. 9,2014

the HIV virus or AIDS or delaying the onset of AIDS or ARC
symptoms in a mammal (e.g., a human).

[0109] One embodiment provides a compound of formula
1, or a pharmaceutically acceptable salt thereof, for use in the
prophylactic or therapeutic treatment of the proliferation of a
Retroviridae virus, an HIV virus or AIDS or for use in the
therapeutic treatment of delaying the onset of AIDS or ARC
symptoms. Another embodiment provides a compound as
detailed herein, including a compound of any one of formulas
1, Ia, Ib, Ic, Id, Ie, If, Ig, I1I, I1Ia, I1Ib, Illc, I11d, I11e, IIIf, I1Ig,
1ITh, 1114, I11j, and 111k, or a pharmaceutically acceptable salt
thereof, for use in the prophylactic or therapeutic treatment of
the proliferation of a Retroviridae virus, an HIV virus or
AIDS or for use in the therapeutic treatment of delaying the
onset of AIDS or ARC symptoms.

[0110] One embodiment provides a compound of formula
1, or a pharmaceutically acceptable salt thereof, for use in the
prophylactic or therapeutic treatment of a Retroviridae virus
infection (e.g., an HIV virus infection). Another embodiment
provides a compound as detailed herein, including a com-
pound of any one of formulas [, Ia, Ib, Ic, 1d, Ie, If, Ig, 111, 111a,
1ITb, Illc, 111d, Ile, IIIf, 1I1g, IIIh, IIIi, IIIj, and IIIk, or a
pharmaceutically acceptable salt thereof, for use in the pro-
phylactic or therapeutic treatment of a Retroviridae virus
infection (e.g., an HIV virus infection).

[0111] One embodiment provides the use of a compound of
formula 1, or a pharmaceutically acceptable salt thereof, for
the manufacture of a medicament for a Retroviridae virus
infection (e.g., an HIV virus infection) in a mammal (e.g., a
human). Another embodiment provides a compound as
detailed herein, including a compound of any one of formulas
1, Ia, Ib, Ic, Id, Ie, If, Ig, I1I, I1Ia, I1Ib, Illc, I11d, I11e, IIIf, I1Ig,
1ITh, 1114, I11j, and 111k, or a pharmaceutically acceptable salt
thereof, for the manufacture of a medicament for a Retroviri-
dae virus infection (e.g., an HIV virus infection) in a mammal
(e.g., a human).

[0112] One embodiment provides processes and interme-
diates disclosed herein that are useful for preparing com-
pounds of formula I or salts thereof. Another embodiment
provides processes and intermediates disclosed herein that
are useful for preparing compounds of any one of formulas I,
Ia, Ib, Ic, 1d, Ie, If, Ig, I1I, II1a, I1Ib, Illc, I11d, Ille, IIIf, Illg,
1ITh, 1111, 111}, and 111k, or salts thereof.

[0113] Other embodiments, objects, features and advan-
tages will be set forth in the detailed description of the
embodiments that follows, and in part will be apparent from
the description, or may be learned by practice, of the claimed
invention. These objects and advantages will be realized and
attained by the processes and compositions particularly
pointed out in the written description and claims hereof. The
foregoing Summary has been made with the understanding
that it is to be considered as a brief and general synopsis of
some of'the embodiments disclosed herein, is provided solely
for the benefit and convenience of the reader, and is not
intended to limit in any manner the scope, or range of equiva-
lents, to which the appended claims are lawfully entitled.

DETAILED DESCRIPTION

[0114] The description below is made with the understand-
ing that the present disclosure is to be considered as an exem-
plification of the claimed subject matter, and is not intended to
limit the appended claims to the specific embodiments illus-
trated. The headings used throughout this disclosure are pro-
vided for convenience only and are not to be construed to limit
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the claims in any way. Embodiments illustrated under any
heading may be combined with embodiments illustrated
under any other heading.

DEFINITIONS

[0115] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art. A dash at the
front or end of a chemical group is a matter of convenience;
chemical groups may be depicted with or without one or more
dashes without losing their ordinary meaning. A wavy line
drawn through a line in a structure indicates a point of attach-
ment of a group. A dashed line indicates an optional bond. A
prefix such as “C,, [ or (C,-C,) indicates that the following
group has from u to v carbon atoms. For example, “C,_galkyl”
indicates that the alkyl group has from 1 to 6 carbon atoms.
[0116] Unless stated otherwise, the following terms and
phrases as used herein are intended to have the following
meanings:

[0117] When trade names are used herein, applicants
intend to independently include the tradename product and
the active pharmaceutical ingredient(s) of the tradename
product.

[0118] “Alkyl”is a straight or branched saturated hydrocar-
bon. For example, an alkyl group can have 1 to 8 carbon atoms
(i.e., (C,-Cglalkyl) or 1 to 6 carbon atoms (i.e., (C,-C, alkyl)
or 1 to 4 carbon atoms (i.e., (C,-C,)alkyl). Examples of
suitable alkyl groups include, but are not limited to, methyl
(Me, —CH,), ethyl (Et, —CH,CH;), 1-propyl (n-Pr,
n-propyl, —CH,CH,CH,), 2-propyl (i-Pr, i-propyl, —CH
(CH;),), 1-butyl (n-Bu, n-butyl, —CH,CH,CH,CHy;), 2-me-
thyl-1-propyl (i-Bu, i-butyl, —CH,CH(CH,),), 2-butyl (
s-Bu, s-butyl, —CH(CH,)CH,CH,), 2-methyl-2-propyl (
tBu, tbutyl, —C(CH,),), 1-pentyl  (n-pentyl,
—CH,CH,CH,CH,CHj,), 2-pentyl (—CH(CH,;)
CH,CH,CHy,;), 3-pentyl (—CH(CH,CH,),), 2-methyl-2-bu-
tyl (—C(CH,),CH,CH,), 3-methyl-2-butyl (—CH(CH;)CH
(CH,),), 3-methyl-1-butyl (—CH,CH,CH(CH,),),
2-methyl-1-butyl ~ (—CH,CH(CH,)CH,CH;),  1-hexyl
(—CH,CH,CH,CH,CH,CH;), 2-hexyl (—CH(CH,)
CH,CH,CH,CH,), 3-hexyl (—CH(CH,CHy,)
(CH,CH,CHs;)), 2-methyl-2-pentyl (—C(CH,)
,CH,CH,CH;), 3-methyl-2-pentyl (—CH(CH,)CH(CH,)
CH,CH,;), 4-methyl-2-pentyl (—CH(CH,;)CH,CH(CH,),),
3-methyl-3-pentyl (—C(CH;)(CH,CH,),), 2-methyl-3-pen-
tyl (—CH(CH,CH,)CH(CHj,),), 2,3-dimethyl-2-butyl (—C

(CH;),CH(CH;),), 3,3-dimethyl-2-butyl (—CH(CH;)C
(CH,);, and octyl (—(CH,),CHy).
[0119] “Alkenyl” is a straight or branched hydrocarbon

with at least one carbon-carbon, sp”> double bond. For
example, an alkenyl group can have 2 to 8 carbon atoms (i.e.,
C,-Cy alkenyl), or 2 to 6 carbon atoms (i.e., C,-C, alkenyl).
Examples of suitable alkenyl groups include, but are not

limited to, ethylene or vinyl (—CH—CH,), allyl
(—CH,CH—CH,) and 5-hexenyl
(—CH,CH,CH,CH,CH—CH,).

[0120] “Alkynyl” is a straight or branched hydrocarbon

with at least one carbon-carbon, sp triple bond. For example,
an alkynyl group can have 2 to 8 carbon atoms (i.e., C,-Cq
alkyne,) or 2 to 6 carbon atoms (i.e., C,-C4 alkynyl).
Examples of suitable alkynyl groups include, but are not
limited  to, acetylenic (—C=CH), propargyl
(—CH,C=CH), and the like.
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[0121] The term “halo” or “halogen” as used herein refers
to fluoro, chloro, bromo and iodo.

[0122] The term “haloalkyl” as used herein refers to an
alkyl as defined herein, wherein one or more hydrogen atoms
of the alkyl are each independently replaced by a halo sub-
stituent. For example, (C,-Cy)haloalkyl is a (C,-Cy)alkyl
wherein one or more of the hydrogen atoms of the (C,-Cy)
alkyl have been replaced by a halo substituent. Examples of
haloalkyls include but are not limited to fluoromethyl, fluo-
rochloromethyl, difluoromethyl, difluorochloromethyl, trif-
luoromethyl, 1,1,1, trifluoroethyl and pentafluoroethyl.
[0123] The term “heteroalkyl” as used herein refers to an
alkyl as defined herein, wherein one or more of the carbon
atoms of the alkyl are replaced by an O, S, or NR?, (or if the
carbon atom being replaced is a terminal carbon with an OH,
SH or N(R?),) wherein each R7 is independently H or (C, -
Cylalkyl. For example, (C,-Cq)heteroalkyl includes a het-
eroalkyl of one to eight carbons and one or more heteroatoms
(e.g., 0, S,NR?, OH, SH or N(R?),). Thus, for example, a C,
heteroalkyl encompasses, e.g., —CH,—NH,. Examples of
heteroalkyls include but are not limited to methoxymethyl,
ethoxymethyl, methoxy, 2-hydroxyethyl and N,N'-dimethyl-
propylamine.

[0124] The term “aryl” as used herein refers to a single all
carbon aromatic ring or a multiple condensed all carbon ring
system wherein at least one of the rings is aromatic. For
example, in certain embodiments, an aryl group has 6 to 20
carbon atoms, 6 to 14 carbon atoms, or 6 to 12 carbon atoms.
Aryl includes a phenyl radical. Aryl also includes multiple
condensed ring systems (e.g., ring systems comprising 2, 3 or
4 rings) having about 9 to 20 carbon atoms in which at least
one ring is aromatic and wherein the other rings may be
aromatic or not aromatic (i.e., carbocycle). Such multiple
condensed ring systems are optionally substituted with one or
more (e.g., 1, 2 or 3) oxo groups on any carbocycle portion of
the multiple condensed ring system. The rings of the multiple
condensed ring system can be connected to each other via
fused, spiro and bridged bonds when allowed by valency
requirements. It is to be understood that the point of attach-
ment of a multiple condensed ring system, as defined above,
can be at any position of the ring system including an aro-
matic or a carbocycle portion of the ring. It is also to be
understood that when reference is made to a certain atom-
range membered aryl (e.g., 6-12 membered aryl), the atom
range is for the total ring atoms of the aryl. For example, a
6-membered aryl would include phenyl and a 10-membered
aryl would include naphthyl and 1,2,3,4-tetrahydronaphthyl.
Non-limiting examples of aryl groups include, but are not
limited to, phenyl, indenyl, naphthyl, 1,2,3,4-tetrahy-
dronaphthyl, anthracenyl, and the like.

[0125] The term “heteroaryl” as used herein refers to a
single aromatic ring that has at least one atom other than
carbon in the ring, wherein the atom is selected from the
group consisting of oxygen, nitrogen and sulfur; “heteroaryl”
also includes multiple condensed ring systems that have at
least one such aromatic ring, which multiple condensed ring
systems are further described below. Thus, “heteroaryl”
includes single aromatic rings of from about 1 to 6 carbon
atoms and about 1-4 heteroatoms selected from the group
consisting of oxygen, nitrogen and sulfur. The sulfur and
nitrogen atoms may also be present in an oxidized form
provided the ring is aromatic. Exemplary heteroaryl ring sys-
tems include but are not limited to pyridyl, pyrimidinyl,
oxazolyl or furyl. “Heteroaryl” also includes multiple con-
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densed ring systems (e.g., ring systems comprising 2, 3 or 4
rings) wherein a heteroaryl group, as defined above, is con-
densed with one or more rings selected from heteroaryls (to
form for example 1,8-naphthyridinyl), heterocycles, (to form
for example 1,2,3,4-tetrahydro-1,8-naphthyridinyl), car-
bocycles (to form for example 5,6,7,8-tetrahydroquinolyl)
and aryls (to form for example indazolyl) to form the multiple
condensed ring system. Thus, a heteroaryl (a single aromatic
ring or multiple condensed ring system) has about 1-20 car-
bon atoms and about 1-6 heteroatoms within the heteroaryl
ring. Such multiple condensed ring systems may be option-
ally substituted with one or more (e.g., 1, 2, 3 or 4) oxo groups
on the carbocycle or heterocycle portions of the condensed
ring. The rings of the multiple condensed ring system can be
connected to each other via fused, spiro and bridged bonds
when allowed by valency requirements. It is to be understood
that the individual rings of the multiple condensed ring sys-
tem may be connected in any order relative to one another. It
is also to be understood that the point of attachment of a
multiple condensed ring system (as defined above for a het-
eroaryl) can be at any position of the multiple condensed ring
system including a heteroaryl, heterocycle, aryl or carbocycle
portion of the multiple condensed ring system. It is also to be
understood that the point of attachment for a heteroaryl or
heteroaryl multiple condensed ring system can be at any
suitable atom of the heteroaryl or heteroaryl multiple con-
densed ring system including a carbon atom and a heteroatom
(e.g., a nitrogen). It also to be understood that when a refer-
ence is made to a certain atom-range membered heteroaryl
(e.g., a 5-14 membered heteroaryl), the atom range is for the
total ring atoms of the heteroaryl and includes carbon atoms
and heteroatoms. For example, a 5-membered heteroaryl
would include a thiazolyl and a 10-membered heteroaryl
would include a quinolinyl. Exemplary heteroaryls include
but are not limited to pyridyl, pyrrolyl, pyrazinyl, pyrimidi-
nyl, pyridazinyl, pyrazolyl, thienyl, indolyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, furyl, oxadiazolyl, thiadiaz-
olyl, quinolyl, isoquinolyl, benzothiazolyl, benzoxazolyl,
indazolyl, quinoxalyl, quinazolyl, 5,6,7,8-tetrahydroiso-
quinolinyl benzofuranyl, benzimidazolyl, thianaphthenyl,
pyrrolo[2,3-b|pyridinyl, quinazolinyl-4(3H)-one, triazolyl,
4,5,6,7-tetrahydro-1H-indazole and 3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopental 1,2-c]pyrazole.

[0126] The term “C-linked-heteroaryl” (carbon-linked het-
eroaryl) as used herein refers to a heteroaryl that is linked at
a carbon atom of the heteroaryl to the remainder of the com-
pound of formula I (e.g., a C-linked-heteroaryl of Z* bonded
to the A ring of formula I through a carbon atom of the
C-linked-heteroaryl).

[0127] The term “heterocyclyl” or “heterocycle” as used
herein refers to a single saturated or partially unsaturated ring
that has at least one atom other than carbon in the ring,
wherein the atom is selected from the group consisting of
oxygen, nitrogen and sulfur; the term also includes multiple
condensed ring systems that have at least one such saturated
or partially unsaturated ring, which multiple condensed ring
systems are further described below. Thus, the term includes
single saturated or partially unsaturated rings (e.g., 3,4, 5, 6
or 7-membered rings) from about 1 to 6 carbon atoms and
from about 1 to 3 heteroatoms selected from the group con-
sisting of oxygen, nitrogen and sulfur in the ring. The ring
may be substituted with one or more (e.g., 1, 2 or 3) oxo
groups and the sulfur and nitrogen atoms may also be present
in their oxidized forms. Exemplary heterocycles include but
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are not limited to azetidinyl, tetrahydrofuranyl and piperidi-
nyl. Theterm “heterocycle” also includes multiple condensed
ring systems (e.g., ring systems comprising 2, 3 or 4 rings)
wherein a single heterocycle ring (as defined above) can be
condensed with one or more groups selected from hetero-
cycles (to form for example a 1,8-decahydronapthyridinyl),
carbocycles (to form for example a decahydroquinolyl) and
aryls to form the multiple condensed ring system. Thus, a
heterocycle (a single saturated or single partially unsaturated
ring or multiple condensed ring system) has about 2-20 car-
bon atoms and 1-6 heteroatoms within the heterocycle ring.
Such multiple condensed ring systems may be optionally
substituted with one or more (e.g., 1, 2, 3 or 4) oxo groups on
the carbocycle or heterocycle portions of the multiple con-
densed ring. The rings of the multiple condensed ring system
can be connected to each other via fused, spiro and bridged
bonds when allowed by valency requirements. It is to be
understood that the individual rings of the multiple con-
densed ring system may be connected in any order relative to
one another. It is also to be understood that the point of
attachment of a multiple condensed ring system (as defined
above for a heterocycle) can be at any position of the multiple
condensed ring system including a heterocycle, aryl and car-
bocycle portion of the ring. It is also to be understood that the
point of attachment for a heterocycle or heterocycle multiple
condensed ring system can be at any suitable atom of the
heterocycle or heterocycle multiple condensed ring system
including a carbon atom and a heteroatom (e.g., anitrogen). It
is also to be understood that when reference is made to a
certain atom-range membered heterocycle (e.g., a 3-14 mem-
bered heterocycle), the atom range is for the total ring atoms
of the heterocycle and includes carbon atoms and heteroat-
oms. For example, a 3-membered heterocycle would include
anaziridinyl and a 10-membered heterocycle would include a
1,2,3,4-tetrahydroquinolyl. Exemplary heterocycles include,
but are not limited to aziridinyl, azetidinyl, pyrrolidinyl, pip-
eridinyl, homopiperidinyl, morpholinyl, thiomorpholinyl,
piperazinyl, tetrahydrofuranyl, dihydrooxazolyl, tetrahydro-
pyranyl, tetrahydrothiopyranyl, 1,2,3,4-tetrahydroquinolyl,
benzoxazinyl, dihydrooxazolyl, chromanyl, 1,2-dihydropy-
ridinyl, 2,3-dihydrobenzofuranyl, 1,3-benzodioxolyl, 1,4-
benzodioxanyl,  spiro[cyclopropane-1,1'-isoindolinyl]-3'-
one, isoindolinyl-1-one, 2-oxa-6-azaspiro[3.3]heptanyl,
imidazolidin-2-one and pyrrolidin-2-one.

[0128] The term “C-linked-heterocycle” (carbon-linked
heterocycle) as used herein refers to a “heterocycle that is
linked at a carbon atom of the heterocycle to the remainder of
the compound of formula1 (e.g., a C-linked-heterocycle of Z*
bonded to the A ring of formula I through a carbon atom of the
C-linked-heterocycle).

[0129] The term “carbocycle” or “carbocyclyl” refers to a
single saturated (i.e., cycloalkyl) or a single partially unsat-
urated (e.g., cycloalkenyl, cycloalkadienyl, etc.) all carbon
ring having 3 to 7 carbon atoms (i.e., (C5-C,)carbocycle). The
term “carbocycle” or “carbocyclyl” also includes multiple
condensed, saturated and partially unsaturated all carbon ring
systems (e.g., ring systems comprising 2, 3 or 4 carbocyclic
rings). Accordingly, carbocycle includes multicyclic car-
bocyles such as a bicyclic carbocycles (e.g., bicyclic car-
bocycles having about 6 to 12 carbon atoms such as bicyclo
[3.1.0lhexane and bicyclo[2.1.1]hexane), and polycyclic
carbocycles (e.g tricyclic and tetracyclic carbocycles with up
to about 20 carbon atoms). The rings of the multiple con-
densed ring system can be connected to each other via fused,
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spiro and bridged bonds when allowed by valency require-
ments. For example, multicyclic carbocyles can be connected
to each other via a single carbon atom to form a spiro con-
nection (e.g., spiropentane, spiro[4,5]decane, etc), via two
adjacent carbon atoms to form a fused connection (e.g., car-
bocycles such as decahydronaphthalene, norsabinane, nor-
carane) or via two non-adjacent carbon atoms to form a
bridged connection (e.g., norbornane, bicyclo[2.2.2]octane,
etc). The “carbocycle” or “carbocyclyl” can also be option-
ally substituted with one or more (e.g., 1, 2 or 3) oxo groups.
Non-limiting examples of monocyclic carbocycles include
cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-1-enyl,
1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-cy-
clohex-1-enyl, 1-cyclohex-2-enyl and 1-cyclohex-3-enyl.
[0130] The term “halophenyl” as used herein refers to phe-
nyl, wherein one or more (e.g., 1, 2, 3, 4 or 5) hydrogen atoms
of the phenyl are each replaced independently by a halo
substituent. Examples of halophenyl include but are not lim-
ited to fluorophenyl, 2,3-dichlorophenyl, 3-bromo-4-fluo-
rophenyl and pentafiuorophenyl.

[0131] The term “haloheteroaryl” as used herein refers to a
heteroaryl, wherein one or more (e.g., 1, 2,3, 4 or 5) hydrogen
atoms of the heteroaryl are each replaced independently by a
halo substituent. Examples of haloheteroaryl include but are
not limited to 2-fluorofuryl, 2,3-dichloropyridinyl and
8-chloro-3-fluoroquinolinyl.

[0132] The term “haloheterocycle” as used herein refers to
a heterocycle, wherein one or more (e.g., 1, 2, 3, 4 or 5)
hydrogen atoms of the heterocycle are each replaced inde-
pendently by a halo substituent. Examples of haloheteroaryl
include but are not limited to 2-fluoropiperidinyl, 2-chloro-
3-fluoropiperazinyl and 3-bromopyrrolidinyl.

[0133] One skilled in the art will recognize that substituents
and other moieties of the compounds of formula I should be
selected in order to provide a compound which is sufficiently
stable to provide a pharmaceutically useful compound which
can be formulated into an acceptably stable pharmaceutical
composition. Compounds of formula I which have such sta-
bility are contemplated as falling within the scope of the
present invention. Similarly, one skilled in the art will recog-
nize that substituents and other moieties of the compounds
detailed herein, including a compound of any one of formulas
1,1a,1b, Ic, 1d, Ie, If, Ig, 111, I11a, I10b, I11c, I11d, I1le, IIIf, I11g,
1ITh, 1114, 111}, and IIIk, or a pharmaceutically acceptable salt
thereof, should be selected in order to provide a compound
which is sufficiently stable to provide a pharmaceutically
useful compound which can be formulated into an acceptably
stable pharmaceutical composition. Compounds as detailed
herein which have such stability are contemplated as falling
within the scope of the present invention.

[0134] The modifier “about” used in connection with a
quantity is inclusive of the stated value and has the meaning
dictated by the context (e.g., includes the degree of error
associated with measurement of the particular quantity). The
word “about” may also be represented symbolically by “~” in
the context of a chemical measurement (e.g., ~50 mg or pH
~7).

[0135] The term “treatment” or “treating,” to the extent it
relates to a disease or condition includes preventing the dis-
ease or condition from occurring, inhibiting the disease or
condition, eliminating the disease or condition, and/or reliev-
ing one or more symptoms of the disease or condition.
[0136] In one embodiment, “treatment” or “treating”
include one or more of the following: a) inhibiting the disease
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or condition (e.g., decreasing one or more symptoms result-
ing from the disease or condition, and/or diminishing the
extent of the disease or condition); b) slowing or arresting the
development of one or more symptoms associated with the
disease or condition (e.g., stabilizing the disease or condition,
delaying the worsening or progression of the disease or con-
dition); and ¢) relieving the disease or condition, e.g., causing
the regression of clinical symptoms, ameliorating the disease
state, delaying the progression of the disease, increasing the
quality of life, and/or prolonging survival.

Stereoisomers

[0137] Stereochemical definitions and conventions used
herein generally follow S. P. Parker, Ed., McGraw-Hill Dic-
tionary of Chemical Terms (1984) McGraw-Hill Book Com-
pany, New York; and Eliel, E. and Wilen, S., Stereochemistry
of Organic Compounds (1994) John Wiley & Sons, Inc., New
York.

[0138] The term “chiral” refers to molecules which have
the property of non-superimposability of the mirror image
partner, while the term “achiral” refers to molecules which
are superimposable on their minor image partner.

[0139] The term “stereoisomers” refers to compounds
which have identical chemical constitution, but differ with
regard to the arrangement of the atoms or groups in space.
[0140] “Diastereomer” refers to a stereoisomer with two or
more centers or axes of chirality and whose molecules are not
mirror images of one another. Diastereomers typically have
different physical properties, e.g., melting points, boiling
points, spectral properties, and reactivities. Mixtures of dias-
tereomers may separate under high resolution analytical pro-
cedures such as electrophoresis and chromatography.

[0141] “Enantiomers” refer to two stereoisomers of a com-
pound which are non-superimposable minor images of one
another.

[0142] The compounds disclosed herein may have chiral
centers, e.g., chiral carbon atoms. Such compounds thus
include racemic mixtures of all stereoisomers, including
enantiomers, diastereomers, and atropisomers. In addition,
the compounds disclosed herein include enriched or resolved
optical isomers at any or all asymmetric, chiral atoms. Simi-
larly, compositions disclosed herein also include racemic
mixtures of all stereoisomers, including enantiomers, diaste-
reomers, and atropisomers of compounds disclosed herein. In
addition, the compounds and compositions disclosed herein
include enriched or resolved optical isomers at any or all
asymmetric, chiral atoms. In other words, the chiral centers
apparent from the depictions are provided as the chiral iso-
mers or racemic mixtures. Both racemic and diastereomeric
mixtures, as well as the individual optical isomers isolated or
synthesized, substantially free of their enantiomeric or dias-
tereomeric partners, are all within the scope of the invention.
The racemic mixtures can be separated into their individual,
substantially optically pure isomers through well-known
techniques such as, for example, the separation of diastereo-
meric salts formed with optically active adjuncts, e.g., acids
or bases followed by conversion back to the optically active
substances. The desired optical isomer can also be synthe-
sized by means of stereospecific reactions, beginning with the
appropriate stereoisomer of the desired starting material.
[0143] Theinventionincludes any or all of the stereochemi-
cal forms, including any enantiomeric or diastereomeric
forms and geometric isomers of the compounds described, or
mixtures thereof. Unless stereochemistry is explicitly indi-
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cated in a chemical structure or name, the structure or name is
intended to embrace all possible stereoisomers, including
geometric isomers, of a compound depicted. Compositions
comprising a compound of the invention are also intended,
such as a composition of substantially pure compound,
including a specific stereochemical form, including a specific
geometric isomer, thereof. Compositions comprising a mix-
ture of compounds of the invention in any ratio are also
embraced by the invention, including mixtures of two or more
stereochemical forms of' a compound of the invention in any
ratio, such that racemic, non-racemic, enantio-enriched and
scalemic mixtures of a compound are embraced, or mixtures
thereof.

[0144] It is to be understood that for compounds disclosed
herein when a bond is drawn in a non-stereochemical manner
(e.g., flat) the atom to which the bond is attached includes all
stereochemical possibilities. It is also to be understood that
when a bond is drawn in a stereochemical manner (e.g., bold,
bold-wedge, dashed or dashed-wedge) the atom to which the
stereochemical bond is attached has the stereochemistry as
shown unless otherwise noted. Accordingly, in one embodi-
ment, a compound disclosed herein is greater than 50% a
single enantiomer. In another embodiment, a compound dis-
closed herein is at least 80% a single enantiomer. In another
embodiment, a compound disclosed herein is at least 90% a
single enantiomer. In another embodiment, a compound dis-
closed herein is at least 98% a single enantiomer. In another
embodiment, a compound disclosed herein is at least 99% a
single enantiomer. In another embodiment, a compound dis-
closed herein is greater than 50% a single diastereomer. In
another embodiment, a compound disclosed herein is at least
80% a single diastercomer. In another embodiment, a com-
pound disclosed herein is at least 90% a single diastereomer.
In another embodiment, a compound disclosed herein is at
least 98% a single diastereomer. In another embodiment, a
compound disclosed herein is at least 99% a single diastere-
omer.

[0145] Accordingly, in one embodiment, a composition
disclosed herein is greater than 50% a single enantiomer. In
another embodiment, a composition disclosed herein is at
least 80% a single enantiomer. In another embodiment, a
composition disclosed herein is at least 90% a single enanti-
omer. In another embodiment, a composition disclosed herein
is at least 98% a single enantiomer. In another embodiment, a
composition disclosed herein is at least 99% a single enanti-
omer. In another embodiment, a composition disclosed herein
is greater than 50% a single diastereomer. In another embodi-
ment, a composition disclosed herein is at least 80% a single
diastereomer. In another embodiment, a composition dis-
closed herein is at least 90% a single diastereomer. In another
embodiment, a composition disclosed herein is at least 98% a
single diastereomer. In another embodiment, a composition
disclosed herein is at least 99% a single diastereomer.

[0146] In certain embodiments, the compounds disclosed
herein display atropisomerism resulting from steric hin-
drance affecting the axial rotation rate around a single bond.
In certain circumstances, the resultant conformational iso-
mers are observed as distinct entities by characterization
techniques such as NMR and HPL.C. In certain embodiments,
the compounds disclosed herein exist as a mixture of atropi-
somers. The synthetic examples provided herein note where
such mixtures of atropisomers have been observed. However,
the detection of atropisomers is dependent on factors such as
temperature, solvent, conditions of purification, and times-
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cale of spectroscopic technique. Characterization data pre-
sented herein may not represent the equilibrium state depend-
ing on the conditions of purification, isolation, handling,
solvents used, and temperature.

Tautomers

[0147] The compounds disclosed herein can also exist as
tautomeric isomers in certain cases. Although only one delo-
calized resonance structure may be depicted, all such forms
are contemplated within the scope of the invention. For
example, ene-amine tautomers can exist for purine, pyrimi-
dine, imidazole, guanidine, amidine, and tetrazole systems
and all their possible tautomeric forms are within the scope of
the invention. Another non-limiting example includes keto-
enol tautomers of heteroaryls. Such tautomers are exempli-
fied by T1/T1', T2/T2" and T3/T3". All such tautomeric forms
are also within the scope of the invention.
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Protecting Groups

[0148] “Protecting group” refers to a moiety ofa compound
that masks or alters the properties of a functional group or the
properties of the compound as a whole. Chemical protecting
groups and strategies for protection/deprotection are well
known in the art. See e.g., Protective Groups in Organic
Chemistry, Theodora W. Greene, John Wiley & Sons, Inc.,
New York, 1991. Protecting groups are often utilized to mask
the reactivity of certain functional groups, to assist in the
efficiency of desired chemical reactions, e.g., making and
breaking chemical bonds in an ordered and planned fashion.
Protection of functional groups of a compound alters other
physical properties besides the reactivity of the protected
functional group, such as the polarity, lipophilicity (hydro-
phobicity), and other properties which can be measured by
common analytical tools. Chemically protected intermedi-
ates may themselves be biologically active or inactive.

Salts and Hydrates

[0149] “Pharmaceutically acceptable salt” refers to a salt of
a compound that is pharmaceutically acceptable and that
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possesses (or can be converted to a form that possesses) the
desired pharmacological activity of the parent compound.
Pharmaceutically acceptable salts are generally regarded as
safe and suitable for use without undue toxicity, irritation,
allergic response, and the like, commensurate with a reason-
able benefit/risk ratio. Examples of “pharmaceutically
acceptable salts” of the compounds disclosed herein include
salts derived from an appropriate base, such as an alkali metal
(for example, sodium), an alkaline earth metal (for example,
magnesium), ammonium and NX,* (wherein X is C,-C,
alkyl). Pharmaceutically acceptable salts of a nitrogen atom
or an amino group include for example salts of organic car-
boxylic acids such as acetic, benzoic, camphorsulfonic, citric,
glucoheptonic, gluconic, lactic, fumaric, tartaric, maleic,
malonic, malic, mandelic, isethionic, lactobionic, succinic,
2-napththalenesulfonic, oleic, palmitic, propionic, stearic,
and trimethylacetic acids; organic sulfonic acids, such as
methanesulfonic, ethanesulfonic, benzenesulfonic and
p-toluenesulfonic acids; and inorganic acids, such as hydro-
chloric, hydrobromic, sulfuric, nitric, phosphoric and sul-
famic acids. Pharmaceutically acceptable salts of a com-
pound of ahydroxy group include the anion of said compound
in combination with a suitable cation such as Na* and NX,*
(wherein X is independently selected from Hora C,-C, alkyl
group). Pharmaceutically acceptable salts also include salts
formed when an acidic proton present in the parent compound
is replaced by either a metal ion, e.g., an alkali metal ion, an
alkaline earth ion, or an aluminum ion; or coordinates with an
organic base such as diethanolamine, triethanolamine, N-me-
thylglucamine and the like. Also included in this definition
are ammonium and substituted or quaternized ammonium
salts. Representative non-limiting lists of pharmaceutically
acceptable salts can be found in S. M. Berge et al., J. Pharma
Sci., 66(1), 1-19 (1977), and Remington: The Science and
Practice of Pharmacy, R. Hendrickson, ed., 21st edition, Lip-
pincott, Williams & Wilkins, Philadelphia, Pa., (2005), at p.
732, Table 38-5, both of which are hereby incorporated by
reference herein.

[0150] For therapeutic use, salts of active ingredients of the
compounds disclosed herein will typically be pharmaceuti-
cally acceptable, i.e., they will be salts derived from a physi-
ologically acceptable acid or base. However, salts of acids or
bases which are not pharmaceutically acceptable may also
find use, for example, in the preparation or purification of a
compound of formula I or another compound disclosed
herein. All salts, whether or not derived from a physiologi-
cally acceptable acid or base, are within the scope of the
present invention.

[0151] Metal salts typically are prepared by reacting the
metal hydroxide with a compound disclosed herein.
Examples of metal salts which are prepared in this way are
salts containing Li*, Na*, and K*. A less soluble metal salt can
be precipitated from the solution of a more soluble salt by
addition of the suitable metal compound.

[0152] In addition, salts may be formed from acid addition
of certain organic and inorganic acids, e.g., HCl, HBr, H,SO,,,
H,PO, or organic sulfonic acids, to basic centers, such as
amines. Finally, it is to be understood that the compositions
herein comprise compounds disclosed herein in their un-
ionized, as well as zwitterionic form, and combinations with
stoichiometric amounts of water as in hydrates.

[0153] Often crystallizations produce a solvate of the com-
pound of the invention. As used herein, the term “solvate”
refers to an aggregate that comprises one or more molecules
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of'acompound ofthe invention with one or more molecules of
solvent. The solvent may be water, in which case the solvate
may be ahydrate. Alternatively, the solvent may be an organic
solvent. Thus, the compounds of the present invention may
exist as a hydrate, including a monohydrate, dihydrate, hemi-
hydrate, sesquihydrate, trihydrate, tetrahydrate and the like,
as well as the corresponding solvated forms. The compound
of'the invention may be true solvates, while in other cases, the
compound of the invention may merely retain adventitious
water or be amixture of water plus some adventitious solvent.

Isotopes

[0154] It is understood by one skilled in the art that this
invention also includes any compound claimed that may be
enriched at any or all atoms above naturally occurring isoto-
pic ratios with one or more isotopes such as, but not limited to,
deuterium (°H or D). As a non-limiting example, in certain
embodiments, a —CH; group is replaced with —CD;.

[0155] Specific values listed below for radicals, substitu-
ents, and ranges in the embodiments of the invention are for
illustration only; they do not exclude other defined values or
other values within defined ranges for the radicals and sub-
stituents.

Compounds of Formula I.

[0156] A specific group of compounds of formula I are
compounds of formula Ia.

s

or a pharmaceutically acceptable salt thereof.

[0157] Another specific group of compounds of formula I
are compounds of formula Ib.

Ib

s

or a pharmaceutically acceptable thereof.

[0158] Another specific group of compounds of formula I
are compounds of formula Ic.
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s

or a pharmaceutically acceptable thereof.
[0159] Another specific group of compounds of formula I
are compounds of formula Id.

Id

or a pharmaceutically acceptable thereof.
[0160] Another specific group of compounds of formula I
are compounds of formula Ie.

Ie
F

R!

or a pharmaceutically acceptable thereof.
[0161] Another specific group of compounds of formula I
are compounds of formula If.

If
F

or a pharmaceutically acceptable thereof.
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[0162] Another specific group of compounds of formula I
are compounds of formula Ig.

Ig

or a pharmaceutically acceptable thereof.

[0163] Specific values listed below are values for com-
pounds of formula I as well as all related formulas (e.g.,
formulas Ia, Ib, Ic, 1d, Te, If, Ig). It is to be understood that two
or more values may combined. Thus, it is to be understood
that any variable for compounds of formula I may be com-
bined with any other variable for compounds of formula I the
same as if each and every combination of variables were
specifically and individually listed. For example, it is under-
stood that any specific value of R! detailed herein for com-
pounds of formula I may be combined with any other specific
value for one or more of the variables A, Z*, R, R3>? or R*® the
same as if each and every combination were specifically and
individually listed.

[0164] Specific values listed for compounds of formula I
may apply equally to compounds of formula IIT and all related
formulas (e.g., formulas Illa, I1Ib, Illc, I111d, IIle, IIIf, 1llg,
1ITh, 1114, 111}, and IIIk) as applicable. For example, specific
values for ring A of formula I may apply equally to ring A of
formula III provided that the ring A of formula III encom-
passes within its scope the specific values. It is also under-
stood that any combination of variables for compounds of
formula I may apply equally to compounds of formula I1 and
all related formulas (e.g., formulas Illa, IIIb, Illc, 111d, IIle,
1111, IMlg, ITh, 1114, 111}, and 11Ik) as applicable, the same as if
each and every combination were specifically and individu-
ally listed. For example, specific values for ring A and Z' may
apply equally to the A-Z' moeity of formula III provided that
the scope of the A-Z' moiety of formula III encompasses the
specific value.

[0165] A specific group of compounds of formula I are
compounds wherein each R** and R*” is independently
selected from H, halogen, (C,-Cj)alkyl, and (C,-C;)ha-
loalkyl.

[0166] A specific group of compounds of formula I are
compounds wherein each R** and R*” is independently
selected from H, (C,-C;)alkyl, and (C,-C;)haloalkyl.

[0167] A specific group of compounds of formula I are
compounds wherein each R** and R*” is independently
selected from H and (C,-C;)alkyl.

[0168] A specific group of compounds of formula I are
compounds wherein each R** and R*” is independently
selected from H, methyl and ethyl.

[0169] A specific group of compounds of formula I are
compounds wherein each R** and R*” is independently
selected from H and methyl.
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[0170] A specific group of compounds of formula I are
compounds wherein R3* is H and R*? is (C,-C,)alkyl.

[0171] A specific group of compounds of formula I are
compounds wherein R3* is H and R3” is methyl or ethyl.

[0172] A specific group of compounds of formula I are
compounds wherein R3* is H and R3” is methyl.

[0173] A specific value for R** and R*” is H.

[0174] A specific value for R? is phenyl or a 5-membered
monocyclic-heteroaryl, wherein any phenyl or 5-membered
monocyclic-heteroaryl of R? is optionally substituted with
one or more (e.g., 1, 2,3, 4 or 5) Z° groups.

[0175] A specific value for R? is phenyl or a 5-membered
monocyclic-heteroaryl, wherein any phenyl or S-membered
monocyclic-heteroaryl of R? is substituted with one or more
(e.g., 1,2,3, 4or5)Z° groups.

[0176] A specific value for R? is phenyl optionally substi-
tuted with one or more (e.g., 1, 2, 3, 4 or 5) Z° groups.

[0177] A specific value for R? is phenyl substituted with
one or more (e.g., 1, 2,3, 4 or 5) Z> groups.

[0178] A specific value for Z° is halogen.

[0179] A specific value for Z° is fluoro.

[0180] A specific value for R? is 3,5-difluorophenyl.
[0181] A specific value for A is pyridinyl, pyrimidinyl,

pyrazinyl or pyridazinyl, wherein any pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl of A is substituted with one Z* group
at the position shown, one Z* group and optionally substituted
with one or more (e.g., 1 or 2) Z> groups.

[0182] A specific value for A is pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl, wherein any pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl of A is substituted with one Z* group
at the position shown and one Z* group.

[0183] A specific value for A is pyridinyl, wherein any
pyridinyl of A is substituted with one Z* group at the position
shown, one Z* group, and optionally substituted with one or
more (e.g., 1 or 2) Z> groups.

[0184] A specific value for A is pyridinyl, wherein any
pyridinyl of A is substituted with one Z* group at the position
shown and one Z? group

[0185]

A specific value for A is selected from:

wherein each Z>¢ is independently selected from H and Z>.
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[0186] A specific value for A is selected from:
7! 7!
NZ N |
72 AN 7% 2 )\N 73 and
Z3a
Zl
NZ |
2 \ N
Z3a

wherein each Z3“ is independently selected from H and Z>.

[0187] A specific value for A is selected from:

z! 7!
z =z
N N
and
72 x 73a 73a X 73a
Z3a ZZ

wherein each Z>¢ is independently selected from H and Z>.

[0188] A specific value for A is:

71
Va
N
72 x 73a
Z3a

wherein each Z>¢ is independently selected from H and Z>.

[0189] A specific value for A is:

wherein each Z>¢ is independently selected from H and Z>.
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[0190] A specific value for A is:

wherein each Z>¢ is independently selected from H and Z>.
[0191] A specific value for Z>%is H.

[0192] A specific value for Z" is selected from phenyl, 5-14
membered heteroaryl and 3-14 membered heterocycle,
wherein any phenyl, 5-14 membered heteroaryl and 3-14
membered heterocycle of Z' is optionally substituted with
one or more (e.g., 1,2, 3, 4 or 5) Z'* or Z'* groups.

[0193] A specific value for Z" is selected from phenyl, 5-12
membered heteroaryl and 3-12 membered heterocycle,
wherein any phenyl, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z* is optionally substituted with
one or more (e.g., 1,2, 3, 4 or 5) Z** or Z'* groups.

[0194] A specific value for Z" is selected from phenyl, 5-14
membered heteroaryl and 3-14 membered heterocycle,
wherein any phenyl, 5-14 membered heteroaryl and 3-14
membered heterocycle of Z* is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z'“ groups.

[0195] A specific value for Z* is selected from phenyl, 5-12
membered heteroaryl and 3-12 membered heterocycle,
wherein any phenyl, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z* is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z'“ groups.

[0196] A specific value for Z* is selected from phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle wherein any phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with one or more (e.g., 1,2, 3, 4 or 5) Z'? or Z*? groups.
[0197] A specific value for Z' is selected from phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle wherein any phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with one or more (e.g., 1, 2, 3, 4 or 5) Z'“ groups.
[0198] A specific value for Z' is selected from phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle, wherein the 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-
cyclic-heterocycle have 1-11 carbon atoms and 1-5 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with one or more (e.g., 1,2, 3, 4 or 5) Z'“ or Z** groups.
[0199] A specific value for Z' is selected from phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12

14
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membered tricyclic-heterocycle, wherein the 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-
cyclic-heterocycle have 1-11 carbon atoms and 1-5 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with one or more (e.g., 1, 2, 3, 4 or 5) Z'“ groups.
[0200] A specific value for Z is selected from phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle, wherein the 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-
cyclic-heterocycle have 4-11 carbon atoms and 1-3 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with one or more (e.g., 1,2, 3, 4 or 5) Z'“ or Z** groups.
[0201] A specific value for Z is selected from phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle, wherein the 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-
cyclic-heterocycle have 4-11 carbon atoms and 1-3 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with one or more (e.g., 1, 2, 3, 4 or 5) Z'“ groups.
[0202] A specific value for Z' is selected from 8-10 mem-
bered bicyclic-heteroaryl and 8-10 membered bicyclic-het-
erocycle, wherein any from 8-10 membered bicyclic-het-
eroaryl and 8-10 membered bicyclic-heterocycle of Z' is
optionally substituted with one or more Z'“ or Z*? groups.
[0203] A specific value for Z' is selected from 8-10 mem-
bered bicyclic-heteroaryl and 8-10 membered bicyclic-het-
erocycle, wherein any from 8-10 membered bicyclic-het-
eroaryl and 8-10 membered bicyclic-heterocycle of Z' is
optionally substituted with one or more Z*¢ groups.

[0204] A specific value for Z' is selected from 8-10 mem-
bered bicyclic-heteroaryl and 8-10 membered bicyclic-het-
erocycle, wherein the 8-10 membered bicyclic-heteroaryl and
8-10 membered bicyclic-heterocycle have 3-9 carbon atoms
and 1-5 heteroatoms in the ring system, and wherein any 8-10
membered bicyclic-heteroaryl and 8-10 membered bicyclic-
heterocycle of Z' is optionally substituted with one or more
7' or Z*'* groups.

[0205] A specific value for Z' is selected from 8-10 mem-
bered bicyclic-heteroaryl and 8-10 membered bicyclic-het-
erocycle, wherein the 8-10 membered bicyclic-heteroaryl and
8-10 membered bicyclic-heterocycle have 3-9 carbon atoms
and 1-5 heteroatoms in the ring system, and wherein any 8-10
membered bicyclic-heteroaryl and 8-10 membered bicyclic-
heterocycle of Z' is optionally substituted with one or more
7' groups.

[0206] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 4-oxo-3,4-
dihydroquinazolinyl, 3-oxospiro[cyclopropane-1,1'-isoindo-
lin]-yl, 1H-2-oxo0-pyridinyl and 2,4-dioxo-1,2,3,4-tetrahy-
drorquinazolinyl, wherein any phenyl, 1H-pyrrolo[2,3-b]
pyridinyl, 1-oxoisoindolinyl, 4-0x0-3,4-
dihydroquinazolinyl, 3-oxospiro[cyclopropane-1,1'-
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isoindolin]-yl, 1H-2-oxo-pyridinyl and 2.,4-dioxo-1,2,3,4-
tetrahydrorquinazolinyl of Z' is optionally substituted with
one or more (e.g., 1,2, 3, 4 or 5) Z'“ or Z'* groups. A specific
value for Z' is 1H-indazol-7-yl, wherein Z' is optionally
substituted with one or more Z'* or Z'* groups.

[0207] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 4-oxo-3,4-
dihydroquinazolinyl, 3-oxospiro[cyclopropane-1,1'-isoindo-
lin]-yl, 1H-2-oxo-pyridinyl and 2,4-dioxo-1,2,3,4-tetrahy-
drorquinazolinyl as shown by the following formulas;

N
=

zm

N | ya N M

1H-pyrrolo[2,3-b]pyridinyl  4-ox0-3,4-dihydroquinazolinyl

Ce Oy

1-oxoisoindolinyl phenyl

)
HN NH

(0]
2,4-dioxo-1,2,3 4-tetrahydroquinazolinyl

3-oxospiro[cyclopropane-
1,1"-isoindolin]-yl

\

1H-2-oxo-pyridinyl

wherein any phenyl, 1H-pyrrolo[2,3-b]pyridinyl, 1-oxoisoin-
dolinyl, 4-oxo0-3,4-dihydroquinazolinyl, 3-oxospiro[cyclo-
propane-1,1'-isoindolin]-yl, 1H-2-oxo-pyridinyl and 2,4-di-
0x0-1,2,3,4-tetrahydrorquinazolinyl of Z' is optionally
substituted with one or more (e.g., 1,2, 3, 4 or 5) Z'“ or Z**
groups. A specific value for Z' is

\ N.
N
H
A specific value for Z* is
(6]
al - \\S —~CH3z
\
(6]
or
\ N
/
N
\
CH;
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\\ \—CI;.

[0208] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 3-oxospiro
[cyclopropane-1,1'-isoindolin]-yl, pyridinyl and quinazoli-
nyl, wherein any phenyl, 1H-pyrrolo[2,3-b]pyridinyl, 1-0x-
oisoindolinyl, 3-oxospiro[cyclopropane-1,1'-isoindolin]-yl,
pyridinyl and quinazolinyl of Z* is optionally substituted with
one or more (e.g., 1,2, 3, 4 or 5) Z'* or Z'? groups.

[0209] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 4-oxo-3,4-
dihydroquinazolinyl, 3-oxospiro[cyclopropane-1,1'-isoindo-
lin]-yl, 1H-2-oxo0-pyridinyl and 2,4-dioxo-1,2,3,4-tetrahy-
drorquinazolinyl, wherein any phenyl, 1H-pyrrolo[2,3-b]
pyridinyl, 1-oxoisoindolinyl, 4-0x0-3,4-
dihydroquinazolinyl, 3-oxospiro[cyclopropane-1,1'-
isoindolin]-yl, 1H-2-oxo-pyridinyl and 2.,4-dioxo-1,2,3,4-
tetrahydrorquinazolinyl of Z' is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z'“ groups.

[0210] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 3-oxospiro
[cyclopropane-1,1'-isoindolin]-yl, pyridinyl and quinazoli-
nyl, wherein any phenyl, 1H-pyrrolo[2,3-b]pyridinyl, 1-0x-
oisoindolinyl, 3-oxospiro[cyclopropane-1,1'-isoindolin]-yl,
pyridinyl and quinazolinyl of Z* is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z*“ groups.

[0211] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin-5-yl, 1-0x-
oisoindolin-4-yl, 4-ox0-3,4-dihydroquinazolin-8-yl, 3'-ox-
ospiro[cyclopropane-1,1'-isoindolin]-5'-yl, 1H-2-oxo-pyri-
din-4-yl and 2.4-dioxo-1,2,3 4-tetrahydrorquinazolin-8-yl,
wherein any phenyl, 1H-pyrrolo[2,3-b]pyridin-5-yl, 1-ox-
oisoindolin-5-yl, 1-oxoisoindolin-4-yl, 4-ox0-3,4-dihydro-
quinazolin-8-yl, 3'-oxospiro[cyclopropane-1,1'-isoindolin]-
S-yl, 1H-2-oxo-pyridin-4-yl and 2.4-dioxo-1,2,3,4-
tetrahydrorquinazolin-8-yl of Z' is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z'* or Z'? groups.

[0212] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin-5-yl, 1-0x-
oisoindolin-4-yl, 3'-oxospiro[cyclopropane-1,1'-isoindolin]-
5'-yl, pyridin-4-yl and quinazolin-8-yl, wherein any phenyl,
1H-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin-5-yl, 1-0x-
oisoindolin-4-yl, 3'-oxospiro[cyclopropane-1,1'-isoindolin]-
5'-yl, pyridin-4-yl and quinazolin-8-yl of Z' is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z'“ or Z**
groups.

[0213] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin-5-yl, 1-0x-
oisoindolin-4-yl, 4-ox0-3,4-dihydroquinazolin-8-yl, 3'-ox-
ospiro[cyclopropane-1,1'-isoindolin]-5'-yl, 1H-2-oxo-pyri-
din-4-yl and 2,4-dioxo0-1,2,3,4-tetrahydrorquinazolin-8-yl as
shown by the following formulas;
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1H-pyzrolo[2,3-b]pyridin-
5-yl

Y@i\m,

3-oxospiro[eyclopropane-
1,1'-isoindolin]-5-yl

e\
A o.

1H-2-oxo0-pyridin-4-yl

Y

e}

2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-8-yl

\%i;\{o,
Na M

4-0x0-3,4-
dihydroquinazolin-8-yl

@NH,
[}

1-oxoisoindolin-6-yl

phenyl

\&o
NH

1-oxoisoindolin-4-yl

wherein any phenyl, 1H-pyrrolo[2,3-b]pyridin-5-yl, 1-ox-
oisoindolin-5-yl, 1-oxoisoindolin-4-yl, 4-0x0-3,4-dihydro-
quinazolin-8-yl, 3'-oxospiro[cyclopropane-1,1'-isoindolin]-
S'-yl, 1H-2-oxo-pyridin-4-yl and 2.4-dioxo-1,2,3,4-
tetrahydrorquinazolin-8-yl of Z' is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z'“ or Z'* groups. A
specific value for Z* is

N.
/
N
H
A specific value for Z* is
\
ol /\S/CH3
VAl
(@]
or
\ N
/
N
\
CH,
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(@]

[0214] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin-5-yl, 1-0x-
oisoindolin-4-yl, 4-ox0-3,4-dihydroquinazolin-8-yl, 3'-ox-
ospiro[cyclopropane-1,1'-isoindolin]-5'-yl, 1H-2-oxo-pyri-
din-4-yl and 2.4-dioxo-1,2,3 4-tetrahydrorquinazolin-8-yl,
wherein any phenyl, 1H-pyrrolo[2,3-b]pyridin-5-yl, 1-ox-
oisoindolin-5-yl, 1-oxoisoindolin-4-yl, 4-ox0-3,4-dihydro-
quinazolin-8-yl, 3'-oxospiro[cyclopropane-1,1'-isoindolin]-
S-yl, 1H-2-oxo-pyridin-4-yl and 2.4-dioxo-1,2,3,4-
tetrahydrorquinazolin-8-yl of Z' is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z** groups.

[0215] A specific value for Z' is selected from phenyl,
1H-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin-5-yl, 1-0x-
oisoindolin-4-yl, 3'-oxospiro[cyclopropane-1,1'-isoindolin]-
5'-yl, pyridin-4-yl and quinazolin-8-yl, wherein any phenyl,
1H-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin-5-yl, 1-0x-
oisoindolin-4-yl, 3'-oxospiro[cyclopropane-1,1'-isoindolin]-
5'-yl, pyridin-4-yl and quinazolin-8-yl of Z' is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z'“ groups.
[0216] A specific group of compounds of formula I are
compounds wherein Z' is not substituted with Z'*.

[0217] A specific value for each Z'® is independently
selected from halogen, —OR™' and —C(O)NR?'R™.

[0218] A specific value for each Z'® is independently
selected from halogen and —C(O)NR?'R™,

[0219] A specific value for each R™*, R?" and R™ are each
H.
[0220] A specific value for each Z'® is independently

selected from halogen, —OH and —C(O)NH.,.

[0221] A specific value for each Z'® is independently
selected from fluoro, —OH and —C(O)NH,.

[0222] A specific value for R, and R™is H.

[0223] A specific value for each Z'® is independently
selected from halogen and —NR”'S(O),R#*.

[0224] A specific value for each Z'? is (C,-Cg)alkyl, which
may be same or different.

[0225] In certain embodiments, each Z'¢ is independently
selected from halogen and NR*'S(O),R?* and each Z'? is
(C,-Cy)alkyl, which may be same or different.

[0226] A specific value for Z* is selected from:

N
Z

5
N
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[0227] A specific value for Z is
? NI
/
N
H
[0228] A specific value for Z is
cl /\\s/cH3
A
(@]
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\N
/
N
\
CH;
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\\S/CHs
—
A
\N
/
N
\
CH;
[0229] A specific value for Z* is selected from (C,-Cy)

alkynyl, 6-12 membered aryl, 5-12 membered C-linked-het-
eroaryl, 3-12 membered C-linked-heterocycle and —C(O)
NR?’R”, wherein any 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl and 3-12 membered C-linked-hetero-
cycle of Z? is optionally substituted with one or more (e.g., 1,
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2,3, 4 or 5) Z?* or 7*¢ groups, and wherein any (C,-C)
alkynyl of Z* is optionally substituted with one or more (e.g.,
1,2,3, 4 or 5) Z*° groups.

[0230] A specific value for 72 is selected from (C,-Cy)
alkynyl, 6-12 membered aryl, 5-12 membered C-linked-het-
eroaryl, 3-12 membered C-linked-heterocycle and —C(O)
NR#R", wherein any 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl and 3-12 membered C-linked-hetero-
cycle of Z? is optionally substituted with one or more (e.g., 1,
2,3, 4 or 5) Z*° groups, and wherein any (C,-Cy)alkynyl of Z>
is optionally substituted with one or more (e.g., 1,2,3,4 or 5)
73 groups.

[0231] A specific value for Z* is selected from (C,-Cy)
alkynyl, phenyl, 5-6 membered C-linked-monocyclic-het-
eroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heterocycle and —C(O)
NR#R™, wherein any phenyl, 5-6 membered C-linked-
monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-
heteroaryl and 8-10 membered C-linked-bicyclic-
heterocycle of Z* is optionally substituted with one or more
(e.g., 1,2, 3, 4 or 5) Z?® or Z>¢ groups, and wherein any
(C,-Cg)alkynyl of Z* is optionally substituted with one or
more (e.g., 1,2, 3, 4 or 5) Z* groups.

[0232] A specific value for 72 is selected from (C,-Cy)
alkynyl, phenyl, 5-6 membered C-linked-monocyclic-het-
eroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heterocycle and —C(O)
NR?’R”, wherein any phenyl, 5-6 membered C-linked-
monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-
heteroaryl and 8-10 membered C-linked-bicyclic-
heterocycle of Z2 is optionally substituted with one or more
(e.g. 1,2, 3, 4 or5) Z* groups, and wherein any (C,-Cy)
alkynyl of Z* is optionally substituted with one or more (e.g.,
1,2, 3,4 or 5) Z* groups.

[0233] A specific value for Z* is selected from (C,-Cy)
alkynyl, phenyl, 5-6 membered C-linked-monocyclic-het-
eroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heterocycle and —C(O)
NR#R", wherein the 5-6 membered C-linked-monocyclic-
heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl and
8-10 membered C-linked-bicyclic-heterocycle have 1-9 car-
bon atoms and 1-4 heteroatoms in the ring system, and
wherein any phenyl, 5-6 membered C-linked-monocyclic-
heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl,
8-10 membered and C-linked-bicyclic-heterocycle of Z? is
optionally substituted with one or more (e.g., 1, 2, 3,4 or 5)
7?” or 7% groups, and wherein any (C,-Cg)alkynyl of Z? is
optionally substituted with one or more (e.g., 1, 2, 3,4 or 5)
77° groups.

[0234] A specific value for Z* is selected from (C,-Cy)
alkynyl, phenyl, 5-6 membered C-linked-monocyclic-het-
eroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heterocycle and —C(O)
NR?*R”, wherein the 5-6 membered C-linked-monocyclic-
heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl and
8-10 membered C-linked-bicyclic-heterocycle have 1-9 car-
bon atoms and 1-4 heteroatoms in the ring system, and
wherein any phenyl, 5-6 membered C-linked-monocyclic-
heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl,
8-10 membered and C-linked-bicyclic-heterocycle of Z2 is
optionally substituted with one or more (e.g., 1, 2, 3,4 or 5)
7% groups, and wherein any (C,-Cy)alkynyl of Z* is option-
ally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z**
groups.
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[0235] A specific value for Z? is selected from 4-methyl- -continued
pentynyl, phenyl, pyridinyl, 1H-2-oxo-pyridinyl, triazolyl,
1-oxoisoindolinyl, 1H-pyrrolo[2,3-b]pyridinyl and —C(O)
NR%R", wherein any phenyl, pyridinyl, 1H-2-oxo-pyridi- AN A AN
nyl, triazolyl, 1-oxoisoindolinyl and 1H-pyrrolo[2,3-b|py- / | ’ | ’
ridinyl of Z? is optionally substituted with one or more (e.g., N = N A
1,2, 3, 4 or 5) Z** or Z** groups, and wherein any 4-methyl- 0 N
pentynyl of Z? is optionally substituted with one or more (e.g.,
1,2,3, 4 or 5) Z*° groups. o
[0236] A specific value for Z? is selected from 4-methyl- -~ AN ==
pentynyl, phenyl, pyridinyl, 1H-2-oxo-pyridinyl, triazolyl, HN,
1-oxoisoindolinyl, 1H-pyrrolo[2,3-b]pyridinyl and —C(O) AN and \N4N .

NR#R™, wherein any phenyl, pyridinyl, 2-oxopyridinyl,
triazolyl, 1-oxoisoindolinyl and 1H-pyrrolo[2,3-b]|pyridinyl
of Z? is optionally substituted with one or more (e.g., 1, 2, 3, [0246]
4 or 5) Z* groups, and wherein any 4-methylpentynyl of Z*is
optionally substituted with one or more (e.g., 1,2, 3,4 or 5)

A specific value for A-Z" is selected from:

72 groups. N -
[0237] A specific value for Z? is selected from 4-methyl- P N
pentyn-1-yl, phenyl, pyridin-4-yl, 1H-2-oxo-pyridin-2-yl, |
triazol-4-yl, 1-oxoisoindolin-6-yl, 1H-pyrrolo[2,3-b]pyri- N /

dine-5-yl and —C(O)NR?’R">, wherein any phenyl, pyridin- |
4-yl, 1H-2-0x0-pyridin-2-yl, t.rlgzol-4-yl, l-0§0%somd.ohn-6- N N ,
yl and 1H-pyrrolo[2,3-b]pyridine-5-yl of Z* is optionally

substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z*? or 7*¢
groups, and wherein any 4-methylpentyn-1-yl of Z*is option-
ally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z*°
groups.

[0238] A specific value for Z? is selected from 4-methyl-
pentyn-1-yl, phenyl, pyridin-4-yl, 1H-2-oxo-pyridin-2-yl,
triazol-4-yl, 1-oxoisoindolin-6-yl, 1H-pyrrolo[2,3-b]pyri-
dine-5-yl and —C(O)NR??R"*, wherein any phenyl, pyridin-
4-yl, 1H-2-0x0-pyridin-2-yl, triazol-4-yl, 1-oxoisoindolin-6-
yl and 1H-pyrrolo[2,3-b]pyridine-5-yl of Z* is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z>< groups,
and wherein any 4-methylpentyn-1-yl of Z* is optionally sub-
stituted with one or more (e.g., 1, 2, 3, 4 or 5) Z> groups.
[0239] A specific group of compounds of formula I are
compounds wherein each Z is not substituted with Z*.
[0240] A specific group of compounds of formula I are
compounds wherein each Z> is optionally substituted with

one or more Z>° groups. NH
[0241] A specific value for each Z* is independently NZ

selected from halogen, —OR, , and —C(O)NR R ,. | )
[0242] A specific group of compounds of formula I are N ,
compounds wherein R™* is H or methyl, and R?* and R™ are %

each H. HO
[0243] A specific value for R™* is H or methyl.

[0244] A specific value for each R?* and R™ is H.

[0245] A specific value for Z* is selected from:

NH

HZNW‘}ILL HO>/
0
o
Q
- |
S ,
F HO
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-continued -continued

g NI
HO 7




US 2014/0303164 Al

-continued

O
N |
A NH,
HO A
[0247] A specific value for A-Z" is selected from:

and

"
\//
//\

[0248] A specific value for R' is a 5-12 membered het-
eroaryl, wherein any 5-12 membered heteroaryl of R! is
optionally substituted with one or more (e.g., 1, 2, 3,4, or 5)
Z* groups.

[0249] A specific value for R! is a 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein
any 8-12 membered bicyclic-heteroaryl or 8-12 membered
tricyclic-heteroaryl of R* is optionally substituted with one or
more (e.g., 1,2, 3, 4, or 5) Z* groups.

[0250] A specific value for R! is a 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein
the 8-12 membered bicyclic-heteroaryl or 8-12 membered
tricyclic-heteroaryl have 4-10 carbon atoms and 1-5 heteroa-
toms in the ring system, and wherein any 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of
R! is optionally substituted with one or more (e.g., 1, 2, 3, 4,
or 5) Z* groups.

[0251] A specific value for R! is a 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein
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the 8-12 membered bicyclic-heteroaryl or 8-12 membered
tricyclic-heteroaryl contains at least one partially unsaturated
ring, and wherein any 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl of R! is optionally sub-
stituted with one or more (e.g., 1, 2, 3, 4 or 5) Z* groups.

[0252] A specific value for R' has the following formula
1Ia:

IIa
wherein:
[0253] C together with the two carbon atoms of ring B to

which it is attached forms a 3-7 membered monocyclic-car-
bocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle or 5-8 membered bicyclic hetero-
cycle, wherein any 3-7 membered monocyclic-carbocycle,
5-8 membered bicyclic-carbocycle, 3-7 membered monocy-
clic-heterocycle or 5-8 membered bicyclic heterocycle of Cis
optionally substituted with one or more (e.g. 1,2,3,4 0or5) Z*
groups; and

[0254] Bis a5 or 6 membered monocyclic-heteroaryl with
1, 2 or 3 nitrogen atoms, wherein B is optionally substituted
with one or more or (e.g. 1, 2, 3, 4 or 5) Z* groups.

[0255] A specific value for R has the following IIb:

A

IIb

wherein:

[0256] C together with the two carbon atoms of ring B to
which it is attached forms a 3-7 membered monocyclic-car-
bocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle or 5-8 membered bicyclic hetero-
cycle, wherein any 3-7 membered monocyclic-carbocycle,
5-8 membered bicyclic-carbocycle, 3-7 membered monocy-
clic-heterocycle or 5-8 membered bicyclic heterocycle of Cis
optionally substituted with one or more (e.g. 1,2,3,4 0or5) Z*
groups; and

[0257] B is a5 or 6 membered monocyclic-heteroaryl hav-
ing 1, 2 or 3 nitrogen atoms;

[0258] VisCorN;

[0259] W is CZ*,NZ* orN;

[0260] X is CZ*, NZ* orN;

[0261] Y is CZ*, N or absent;

[0262] the dashed bonds are selected from single bonds and

double bonds, wherein the dashed bonds, V, W, X and Y are
selected so that the 5 or 6 membered monocyclic-heteroaryl B
is aromatic; and

[0263] each Z* is independently selected from H or Z*.
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[0264] A specific value for R' has the following formula
IIc:
IIe
©
Z vy
B
Y., LW
x
wherein:
[0265] C together with the two carbon atoms of ring B to

which it is attached forms a 3-7 membered monocyclic-car-
bocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle or 5-8 membered bicyclic hetero-
cycle, wherein any 3-7 membered monocyclic-carbocycle,
5-8 membered bicyclic-carbocycle, 3-7 membered monocy-
clic-heterocycle or 5-8 membered bicyclic heterocycle of C is
optionally substituted with one or more (e.g. 1,2,3,40r5) Z*
groups; and

[0266] BisaS5 or 6 membered monocyclic-heteroaryl hav-
ing 1, 2 or 3 nitrogen atoms;

[0267] VisCorN;

[0268] Wis CZ* orN;

[0269] Xis CZ*, NZ* orN;

[0270] Y is CZ*, N or absent;

[0271] the dashed bonds are selected from single bonds and

double bonds, wherein the dashed bonds, V, W, X and Y are
selected so that the 5 or 6 membered monocyclic-heteroaryl B
is aromatic; and

[0272] each Z* is independently selected from H or Z*.
[0273] A specific value for R' has the following R! has the

following formula I1d:
PNN
/
—N

Z4c

IId

wherein:

[0274] C together with the two carbon atoms to which it is
attached forms a 3-7 membered monocyclic-carbocycle, 5-9
membered bicyclic-carbocycle, 3-7 membered monocyclic-
heterocycle or 5-9 membered bicyclic heterocycle, wherein
any 3-7 membered monocyclic-carbocycle, 5-9 membered
bicyclic-carbocycle, 3-7 membered monocyclic-heterocycle
or 5-9 membered bicyclic heterocycle of C is optionally sub-
stituted with one or more (e.g. 1, 2, 3, 4 or 5) Z* groups; and

[0275]
[0276] A specific value for each Z* is independently
selected from (C,-Cy)alkyl and halogen, wherein any (C,-Cy)
alkyl of Z* is optionally substituted with one or more (e.g., 1,
2,3, 4, or 5) halogen.

[0277] A specific value for each Z* is independently
selected from fluoro, trifluoromethyl and difluoromethyl.

each Z* is independently selected from H or Z*.

Oct. 9,2014

[0278] A specific value for R! is selected from:
CF; E F CHF,
| \ N and | \ N
/ /
N N

[0279] A specific value for R! is selected from:

and |

[0280] A specific value for R* is

[0281] A specific value for R" is a 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein
the 8-12 membered bicyclic-heteroaryl or 8-12 membered
tricyclic-heteroaryl has 4-9 carbon atoms and 1-5 heteroat-
oms in the ring system, and wherein any 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of
R! is optionally substituted with one or more (e.g., 1,2,3, 4 or
5) Z* groups.

[0282] A specific value for R" is a 8-12 membered bicyclic-
heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl
has 6-9 carbon atoms and 1-3 heteroatoms in the ring system,
and wherein any 8-12 membered bicyclic-heteroaryl of R* is
optionally substituted with one ormore (e.g., 1,2,3,40r5) Z*
groups.

[0283] A specific value for R! is a 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein



US 2014/0303164 Al Oct. 9,2014
22

the 8-12 membered bicyclic-heteroaryl or 8-12 membered [0293] A specific value for R! is selected from:
tricyclic-heteroaryl has 6-9 carbon atoms and 1-3 heteroat-
oms in the ring system, and wherein any 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of
R!is optionally substituted with one or more (e.g., 1,2, 3,4 or
5) Z* groups.

[0284] A specific value for R! is selected from indolyl and
4,5,6,7-tetrahydro-indazolyl, wherein any indolyl and 4,5.6,
7-tetrahydro-indazolyl of R* optionally substituted with one
or more (e.g., 1, 2, 3, 4 or 5) Z* groups.

[0285] A specific value for R' is selected from indolyl,
4,5,6,7-tetrahydro-indazolyl,  3b,4,4a,5-tetrahydro-cyclo-
propa[3,4]cyclopenta[1,2-c]pyrazole and 1,4,5,5a,6,6a-
hexahydrocyclopropa[g]indazole, wherein any indolyl, 4,5,
6,7-tetrahydro-indazolyl, 3b,4,4a,5-tetrahydro-cyclopropa
[3,4]cyclopenta[ 1,2-c]pyrazole and 1,4,5,5a,6,6a-
hexahydrocyclopropa[glindazole of R' is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z* groups.
[0286] A specific value for R! is selected from indol-3-yl
and 4,5,6,7-tetrahydro-1H-indazol-1-yl, wherein any indol-
3-yl and 4,5,6,7-tetrahydro-1H-indazol-1-yl of R® is option-
ally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z*
groups.

[0287] A specific value for R! is selected from indol-3-yl,
4,5,6,7-tetrahydro-1H-indazol-1-yl,  3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopental 1,2-c]pyrazol-1-yl and 1,4,5,
5a,6,6a-hexahydrocyclopropalglindazol-1-yl, wherein any
indol-3-yl, 4,5,6,7-tetrahydro-1H-indazol-1-yl, 3b.4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta| 1,2-c|pyrazol-1-
yl and 1,4,5,5a,6,6a-hexahydrocyclopropalglindazol-1-y1 of [0294] A specific value for R* is selected from:
R! optionally substituted with one or more (e.g., 1, 2, 3, 4 or
5) Z* groups.

[0288] A specific value for each Z* is independently
selected from (C,-Cy)alkyl and halogen, wherein any (C,-Cy)
alkyl of Z* is optionally substituted with one or more (e.g., 1,
2,3, 4 or 5) halogen.

[0289] A specific value for each Z* is independently
selected from (C,-Cy)alkyl, —CN and halogen, wherein any
(C,-Cy)alkyl of Z* is optionally substituted with one or more
(e.g., 1, 2,3, 4 or 5) halogen.

[0290] A specific value for each Z* is independently
selected from fluoro, trifluoromethyl and difluoromethyl.
[0291] A specific value for each Z* is independently

and

selected from fluoro, trifluoromethyl, —CN and difluorom- N\
ethyl. | N
[0292] A specific value for R! is selected from: N/
F F M
CF;

H

N

) | \N [0295] A specific value for R* is

/
N
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A specific value for R* is

[0296] In one variation of formula I, A is pyridinyl, pyrim-
idinyl, pyrazinyl or pyridazinyl; and R' is a 5-12 membered
heteroaryl, optionally substituted with 1, 2, 3, 4 or 5 Z*
groups, which may be the same or different. In another varia-
tion, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl;
and R' is a 8-12 membered bicyclic-heteroaryl or 8-12 mem-
bered tricyclic-heteroaryl, wherein any 8-12 membered bicy-
clic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R is
optionally substituted with 1, 2, 3, 4, or 5 Z* groups. In
another variation, A is pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl; R' is a 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl, wherein any 8-12 mem-
bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-
eroaryl of R* is optionally substituted with 1, 2, 3,4, or 5 Z*
groups; and each Z* is independently fluoro, trifluoromethyl,
or difluoromethyl.

[0297] In one variation of formula I, A is pyridinyl; and R*
is a 8-12 membered bicyclic-heteroaryl or 8-12 membered
tricyclic-heteroaryl, wherein any 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl of R! is
optionally substituted with 1, 2, 3, 4, or 5 Z* groups.

[0298] In one variation of formula I, A is pyridinyl, pyrim-
idinyl, pyrazinyl or pyridazinyl; and R? is 3,5-difluorophenyl.
Inanother variation, A is pyridinyl; and R?is 3,5-difluorophe-
nyl. In another variation, A is pyrimidinyl; and R? is 3,5-
difluorophenyl. In another variation, A is pyrazinyl; and R?is
3,5-difluorophenyl. In another variation, A is pyridazinyl; and
R? is 3,5-difluorophenyl.

[0299] In one variation of formula I, A is pyridinyl, pyrim-
idinyl, pyrazinyl or pyridazinyl; and Z' is phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-het-
eroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle wherein any phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'“ groups. In another variation, A is
pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; and Z' is
phenyl, optionally substituted with 1, 2, 3, 4 or 5 Z*® groups.
In another variation, A is pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl; and Z' is 5-6 membered monocyclic-heteroaryl
or 8-10 membered bicyclic-heteroaryl, wherein any 5-6
membered monocyclic-heteroaryl or 8-10 membered bicy-
clic-heteroaryl of Z" is optionally substituted with 1, 2, 3, 4 or
57" groups. In another variation, A is pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl; and Z' is 8-10 membered bicyclic-
heterocycle or 9-12 membered tricyclic-heterocycle wherein
any 8-10 membered bicyclic-heterocycle or 9-12 membered
tricyclic-heterocycle of Z* is optionally substituted with 1, 2,
3, 4 or 5 Z'* groups.

[0300] In one variation of formula I, A is pyridinyl; and Z*
is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 mem-
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bered bicyclic-heteroaryl, 8-10 membered bicyclic-hetero-
cycle, or 9-12 membered tricyclic-heterocycle wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 mem-
bered bicyclic-heteroaryl, 8-10 membered bicyclic-hetero-
cycle, or 9-12 membered tricyclic-heterocycle of Z* is option-
ally substituted with 1, 2, 3, 4 or 5 Z'“ groups. In another
variation, A is pyridinyl; and Z" is phenyl, optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'“ groups. In another variation, A is
pyridinyl; and Z* is 5-6 membered monocyclic-heteroaryl or
8-10 membered bicyclic-heteroaryl, wherein any 5-6 mem-
bered monocyclic-heteroaryl or 8-10 membered bicyclic-het-
eroaryl of Z' is optionally substituted with 1, 2, 3, 4 or 5 Z'¢
groups. In another variation, A is pyridinyl; and Z" is 8-10
membered bicyclic-heterocycle or 9-12 membered tricyclic-
heterocycle wherein any 8-10 membered bicyclic-hetero-
cycle or 9-12 membered tricyclic-heterocycle of Z* is option-
ally substituted with 1, 2, 3, 4 or 5 Z'“ groups.

[0301] Inone variation of formula I, A is pyridinyl, pyrim-
idinyl, pyrazinyl or pyridazinyl; and Z? is (C,-Cg)alkynyl,
6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, or —C(O)NR?*R",
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z** or Z>° groups,
and wherein any (C,-Cyg)alkynyl of Z> is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z* groups. In another variation, A is
pyridinyl; and Z? is (C,-Cyg)alkynyl, 6-12 membered aryl,
5-12 membered C-linked-heteroaryl, 3-12 membered
C-linked-heterocycle, or —C(O)NR?R’>, wherein any 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12
membered C-linked-heterocycle of Z* is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z** or Z*° groups, and wherein any
(C,-Cyg)alkynyl of 72 is optionally substituted with 1,2, 3,4 or
5 72 groups. In another variation, A is pyrimidinyl; and Z is
(C,-Cgalkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle,
or —C(O)NR?R”>, wherein any 6-12 membered aryl, 5-12
membered C-linked-heteroaryl, or 3-12 membered C-linked-
heterocycle of Z* is optionally substituted with 1, 2, 3, 4 or 5
72" or 7% groups, and wherein any (C,-Cg)alkynyl of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z** groups. In
another variation, A is pyrazinyl; and Z* is (C,-Cg)alkynyl,
6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, or —C(O)NR?*R",
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2” or Z* groups,
and wherein any (C,-Cyg)alkynyl of Z> is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z>° groups. In another variation, A is
pyridazinyl; and Z? is (C,-Cy)alkynyl, 6-12 membered aryl,
5-12 membered C-linked-heteroaryl, 3-12 membered
C-linked-heterocycle, or —C(O)NR?R’>, wherein any 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12
membered C-linked-heterocycle of Z* is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z?% or Z* groups, and wherein any
(C,-Cyg)alkynyl of Z* is optionally substituted with 1,2, 3, 4 or
5 Z%° groups.

[0302] In one variation of formula I, A is pyridinyl substi-
tuted with one Z' moiety, one Z* moiety and no (zero) Z*
moieties; and 72 is (C,-Cg)alkynyl or aryl, which Z* may be
optionally substituted as provided by formula I. In another
variation, A is pyridinyl substituted with one Z* moiety, one
72 moiety and no (zero) Z> moieties; and 72 is (C,-Cy)alky-
nyl, which Z> may be optionally substituted as provided by
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formula I. In a particular variation, A is pyridiny] substituted
with one Z' moiety, one 7> moiety at the position alpha to the
nitrogen atom of the pyridinyl ring, and no (zero) Z> moieties,
wherein Z? is (C,-Cg)alkynyl, which 7Z? may be optionally
substituted as provided by formula I.

[0303] Inone variation of formula I, R' is a 5-12 membered
heteroaryl optionally substituted with 1, 2, 3, 4 or 5 Z* groups,
which may be the same or different; and Z* is phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle wherein any phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'“ groups. In another variation, R*
is a 8-12 membered bicyclic-heteroaryl or 8-12 membered
tricyclic-heteroaryl, wherein any 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl of R' is
optionally substituted with 1, 2,3, 4, or 5 Z* groups; and Z* is
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 mem-
bered bicyclic-heteroaryl, 8-10 membered bicyclic-hetero-
cycle, or 9-12 membered tricyclic-heterocycle wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 mem-
bered bicyclic-heteroaryl, 8-10 membered bicyclic-hetero-
cycle, or 9-12 membered tricyclic-heterocycle of Z* is option-
ally substituted with 1, 2, 3, 4 or 5 Z'“ groups.

[0304] Inone variation of formula I, R' is a 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl,
wherein any 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl of R is optionally substituted
with 1, 2, 3, 4, or 5 Z* groups; and Z' is 8-10 membered
bicyclic-heteroaryl or 8-10 membered bicyclic-heterocycle
wherein any 8-10 membered bicyclic-heteroaryl or 8-10
membered bicyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z' groups.

[0305] Inonevariationof formulal, R! is a 5-12 membered
heteroaryl optionally substituted with 1, 2, 3, 4 or 5 Z* groups,
which may be the same or different; and Z? is (C,-Cg)alkynyl,
6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, or —C(O)NR?’R",
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2* or Z>° groups,
and wherein any (C,-Cy)alkynyl of Z? is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z* groups. In another variation, R*
is a 8-12 membered bicyclic-heteroaryl or 8-12 membered
tricyclic-heteroaryl wherein any 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl of R! is
optionally substituted with 1, 2, 3, 4, or 5 Z* groups; and Z* is
(C,-Cglalkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle,
or —C(O)NR?*R">, wherein any 6-12 membered aryl, 5-12
membered C-linked-heteroaryl, or 3-12 membered C-linked-
heterocycle of Z* is optionally substituted with 1, 2, 3, 4 or 5
72* or 77¢ groups, and wherein any (C,-Cy)alkynyl of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z*° group.

[0306] Inone variation of formulal, Z* is phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-het-
eroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 mem-
bered tricyclic-heterocycle wherein any phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1,2, 3, 4 or 5 Z'® groups; and Z* is (C,-Cg)alkynyl,
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6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, or —C(O)NR?*R",
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2” or Z* groups,
and wherein any (C,-Cy)alkynyl of 72 is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z* groups.

[0307] In one variation of formula I, Z' is bicyclic-het-
eroaryl optionally substituted with 1, 2, 3, 4 or 5 Z'“ groups;
and 72 is (C,-Cg )alkynyl optionally substituted with 1, 2, 3, 4
or 5 Z*< groups.

[0308] Inone variation of formulal, R' isa 5-12 membered
heteroaryl; Z' is phenyl, 5-6 membered monocyclic-het-
eroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered
bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle
wherein any phenyl, 5-6 membered monocyclic-heteroaryl,
8-10 membered bicyclic-heteroaryl, 8-10 membered bicy-
clic-heterocycle, or 9-12 membered tricyclic-heterocycle of
7' is optionally substituted with 1, 2, 3, 4 or 5 Z** groups; and
72 is (C,-Cyg)alkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle,
or —C(O)NR?R”>, wherein any 6-12 membered aryl, 5-12
membered C-linked-heteroaryl, or 3-12 membered C-linked-
heterocycle of Z* is optionally substituted with 1, 2, 3, 4 or 5
7% or 7% groups, and wherein any (C,-Cg)alkynyl of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z*° groups.

Compounds of Formula III.

[0309] The present disclosure provides compounds of for-
mula III:
11
R! R?
R N
R3b
0 z!
4
W
[0310] wherein
[0311] A is a 6-membered monocyclic-heteroaryl with one

or two nitrogen atoms, wherein the 6-membered monocyclic-
heteroaryl is substituted with one Z' group at the position
shown, one Z? group, and optionally substituted with 1 or2 Z>
groups, wherein the Z> groups are the same or different;
[0312] R' is 6-12 membered aryl, 5-12 membered het-
eroaryl, or 3-12 membered heterocycle, wherein any 6-12
membered aryl, 5-12 membered heteroaryl, or 3-12 mem-
bered heterocycle of R* is optionally substituted with 1, 2, 3,
4 or 5 Z* groups, wherein the Z* groups are the same or
different;

[0313] R?is phenyl optionally substituted with 1, 2,3, 4 or
5 halogen, which are the same or different;

[0314] each R** and R?® is independently H or (C,-C5)
alkyl;
[0315] Z' is 6-12 membered aryl, 5-14 membered het-

eroaryl, or 3-14 membered heterocycle, wherein any 6-12
membered aryl, 5-14 membered heteroaryl, or 3-14 mem-
bered heterocycle of Z' is optionally substituted with 1, 2, 3,
4or52'orZ'?, wherein the Z'* and Z'? groups are the same
or different;
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[0316] each Z'¢is independently (C,-C,)carbocycle, 5-12
membered heteroaryl, 3-12 membered heterocycle, halogen,
—CN, —OR™, —OC(O)R?', —OC(O)NR?'R™, —SR™,
—S(0O)R?!, —S(0),0H, —S(0),R?!, —S(0),NR?'R"™,
—NR?'R™, —NR™COR?", —NR"'CO,R?",
—NR"CONR?'R™, —NR"S(0),R?!, —NR"!S(0),0OR?!,
—NR™8(0),N“'R™, —C(O)R™, —C(O)OR™', —C(O)
NR?'R™ and —S(0),NR"'COR?*, wherein any (C,-C,)car-
bocycle, 5-12 membered heteroaryl and 3-12 membered het-
erocycle of Z'% is optionally substituted with 1,2, 3, 4 or 5 Z'©
or Z'“ groups, wherein the Z'° and Z'“ groups are the same or
different;

[0317] each Z'* is independently (C,-Cg)alkyl optionally
substituted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;

[0318] each Z'° is independently halogen, —CN, —OH,
—NH,, —C(0)NR??R"?, or (C,-C,)heteroalkyl;

[0319] each Z'¥ is independently (C,-Cgalkyl or (C,-Cy)
haloalkyl;
[0320] each R™ is independently H, (C,-Cy)alkyl, (C5-C,)

carbocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-het-
eroaryl of R”! is optionally substituted with 1,2, 3, 4 or 5 Z'©
or Z'* groups, wherein the Z'< and Z'“ groups are the same or
different, and wherein any (C,-Cy)alkyl of R”! is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z'°
groups are the same or different;

[0321] eachRP!isindependently (C,-Cy)alkyl, (C,-C, )car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7 mem-
bered heterocycle, or 5-6 membered monocyclic-heteroaryl
of R?! is optionally substituted with 1, 2, 3, 4 or 5 Z'< or Z*¢
groups, wherein the Z'© and Z'? groups are the same or dif-
ferent, and wherein any (C,-Cy)alkyl of R?' is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z*¢
groups are the same or different;

[0322] eachR?' and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, 3-7 membered heterocycle, or 5-6 mem-
bered monocyclic-heteroaryl, wherein any (C5-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl of R?* or R™ is optionally substituted with
1,2, 3, 4 or 5 Z'< or Z'* groups, wherein the Z'< and Z'¢
groups are the same or different, and wherein any (C,-C,)
alkyl of R?" or R™ is optionally substituted with 1, 2, 3, 4 or
5 7' groups, wherein the Z'° groups are the same or different,
or R7* and R™ together with the nitrogen to which they are
attached form a 5, 6 or 7-membered heterocycle, wherein the
5, 6 or 7-membered heterocycle is optionally substituted with
1,2, 3, 4 or 5 Z' or Z'* groups, wherein the Z'< and Z'¢
groups are the same or different;

[0323] each R?? and R’ is independently H, (C,-C)alkyl,
(C5-C,)carbocycle, or R?% and R together with the nitrogen
to which they are attached form a 5, 6, or 7-membered het-
erocycle;

[0324] 77 is (C,-Cyalkenyl, (C,-Cgalkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle, —C(O)R™, or —C(O)NR?’R™,
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2” or Z* groups,
wherein the Z2” and Z>° groups are the same or different, and
wherein any (C,-Cgalkenyl or (C,-Cglalkynyl of Z* is
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optionally substituted with 1, 2, 3, 4, or 5 Z* groups, wherein
the Z> groups are the same or different;

[0325] each R™ is independently H or (C,-C,)alkyl;
[0326] each R? and R™ is independently H or (C,-C,)
alkyl;

[0327] each Z?* is independently oxo, (C,-C,)alkyl, (C,-

Cheteroalkyl, or (C,-C,)haloalkyl;

[0328] each Z*¢ is independently oxo, halogen, —CN,
—OR™, —OC(O)R?*, —OC(O)NR#*R™, —SR™, —S(0)
RP*  —S(0),0H, —S(O),R**, —S(0),NR#R™,
—NRR™, —NR™COR??, —NR™CO,R”*,

—NR™CONR?*R™, —NR™S(0),R?*, —NR"*S(0),0OR?*,
—NR™S(0),NR?R™, —NO,, —C(O)R™, —C(O)OR™,
or —C(O)NR7*R™;

[0329] each R™ is independently H, (C,-C,)alkyl, (C,-C.)
haloalkyl, or (C,-C,)heteroalkyl;

[0330] each R#*is independently (C,-Cy)alkyl, (C,-C,)ha-
loalkyl, or (C,-C,)heteroalkyl;

[0331] each R?* and R™ is independently H, (C,-C,)alkyl,
(C,-C,)haloalkyl, or (C,-C,)heteroalkyl;

[0332] each Z? is independently a (C,-C,)heteroalkyl or
halogen;

[0333] each Z*isindependently oxo, (C,-Cg)alkyl, (C5-C,)
carbocycle, halogen, —CN, —OR™, —NR?R™,
—NR™COR?>, —NR™CO,R?*, —C(O)R">, —C(O)OR™,
or —C(O)NR?°R"*, wherein any (C,-C,)carbocycle or (C, -
Cy)alkyl of Z* is optionally substituted with 1, 2, 3,4 or 5 Z**
groups, wherein the Z** groups are the same or different;

[0334] each Z** is independently halogen, —CN, or
—OR”S; and

[0335] eachR™, R#?,R%>,R"®, and R" is independently H
or (C,-C,)alkyl;

[0336] or a pharmaceutically acceptable salt thereof.
[0337] Incertain embodiments, a compound of formula II1

is a compound of formula Illa.

Ila
R! R?

or a pharmaceutically acceptable salt thereof.
[0338] Incertain embodiments, a compound of formula II1
is a compound of formula IIIb.

F F
Rl
&
R3a
R3b
° z!
W

or a pharmaceutically acceptable thereof.

1IIb
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[0339] Incertain embodiments, a compound of formula II1
is a compound of formula Ilc.

IIIc

ZiT

or a pharmaceutically acceptable thereof.

[0340] The present disclosure provides compounds of for-
mula I1Id:
IIId
T— @
R! Z
R {
R3b
0 z!
N Y
J|\ /A2

72 Al
[0341] wherein
[0342] A'is CH, C—Z>, or nitrogen;
[0343] AZ?is CH or nitrogen;
[0344] R' is 6-12 membered aryl, 5-12 membered het-
eroaryl, or 3-12 membered heterocycle, wherein any 6-12

membered aryl, 5-12 membered heteroaryl, or 3-12 mem-
bered heterocycle of R* is optionally substituted with 1, 2, 3,
4 or 5 Z* groups, wherein the Z* groups are the same or
different;

[0345] each R3® and R is independently H or (C,-C)
alkyl;
[0346] Z' is 6-12 membered aryl, 5-14 membered het-

eroaryl, or 3-14 membered heterocycle, wherein any 6-12
membered aryl, 5-14 membered heteroaryl, or 3-14 mem-
bered heterocycle of Z' is optionally substituted with 1, 2, 3,
4or52'or Z'?, wherein the Z'* and Z'® groups are the same
or different;

[0347] each Z'“is independently (C,-C,)carbocycle, 5-12
membered heteroaryl, 3-12 membered heterocycle, halogen,
—CN, —OR™, —OC(O)R?!, —OC(O)NR?'R™, —SR™,
—S(O)R?', —8(0),0H, —S(O),R?!, —S(0),NR?'R™,
—NR?'R™, —NR"COR??, —NR"'CO,R?!,
—NR™CONR?'R™, —NR"'S(0),R?', —NR"'S(0),OR?",
—NR™8(0),NR?'R™, —C(O)R™, —C(O)OR™', —C(O)
NR?'R™ and —S(0),NR"'COR??, wherein any (C5-C,)car-
bocycle, 5-12 membered heteroaryl and 3-12 membered het-

26
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erocycle of Z'% is optionally substituted with 1,2, 3, 4 or 5 Z'©
or Z'¥ groups, wherein the Z'° and Z'“ groups are the same or
different;

[0348] each Z'* is independently (C,-Cg)alkyl optionally
substituted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;

[0349] each Z'¢ is independently halogen, —CN, —OH,
—NH,, —C(O)NR?*R", or (C,-Cy)heteroalkyl;

[0350] each Z'¥is independently (C,-Cg)alkyl or (C,-Cg)
haloalkyl;
[0351] each R™ is independently H, (C,-Cy)alkyl, (C5-C,)

carbocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-het-
eroaryl of R”* is optionally substituted with 1,2, 3,4 or 5 Z'©
or Z'* groups, wherein the Z'< and Z'“ groups are the same or
different, and wherein any (C,-Cy)alkyl of R™* is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z'°
groups are the same or different;

[0352] eachRP!isindependently (C,-Cy)alkyl, (C5-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7 mem-
bered heterocycle, or 5-6 membered monocyclic-heteroaryl
of RP! is optionally substituted with 1, 2, 3, 4 or 5 Z! or Z'¢
groups, wherein the Z' and Z'“ groups are the same or dif-
ferent, and wherein any (C,-Cyalkyl of R?! is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z'°
groups are the same or different;

[0353] each R?' and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, 3-7 membered heterocycle, or 5-6 mem-
bered monocyclic-heteroaryl, wherein any (C,-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl of R?* or R™ is optionally substituted with
1,2, 3, 4 or 5 Z' or Z'* groups, wherein the Z'< and Z'“¢
groups are the same or different, and wherein any (C,-Cy)
alkyl of R?* or R™ is optionally substituted with 1, 2, 3, 4 or
5 7' groups, wherein the Z'° groups are the same or different,
or R? and R™ together with the nitrogen to which they are
attached form a 5, 6 or 7-membered heterocycle, wherein the
5, 6 or 7-membered heterocycle is optionally substituted with
1,2, 3, 4 or 5 Z' or Z'“ groups, wherein the Z'< and Z'¢
groups are the same or different;

[0354] each R?% and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, or R?% and R together with the nitrogen
to which they are attached form a 5, 6, or 7-membered het-
erocycle;

[0355] Z? is (C,-Cyalkenyl, (C,-Cg)alkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle, —C(Q)R™, or —C(O)NR?*R",
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2” or Z* groups,
wherein the Z2” and Z>° groups are the same or different, and
wherein any (C,-Cglalkenyl or (C,-Cglalkynyl of Z* is
optionally substituted with 1, 2, 3, 4, or 5 Z*° groups, wherein
the Z> groups are the same or different;

[0356] each R™ is independently H or (C,-C,)alkyl;
[0357] each R?® and R™ is independently H or (C,-C,)
alkyl;

[0358] each 7’ is independently oxo, (C,-C,)alkyl, (C,-

Cheteroalkyl or (C,-C,)haloalkyl;

[0359] each Z>€ is independently oxo, halogen, —CN,
—OR™, —OC(O)R?*, —OC(O)NR?*R™, —SR™, —S(0)
R?,  —S(0),0H, —S(0),R**, —S(0),NR™R™,
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— NR¥R™, — NR™COR?*, — NR™CO,R?*,
— NR™CONR#R™, —NR™S(0),R?*, —NR™S(0),0R?*,

—NR™8(0),NR?R™, —NO,, —C(O)R™, —C(O)OR™,
or —C(O)NR#*R™,

[0360] each R™ is independently H, (C,-C,)alkyl, (C,-C,)
haloalkyl, or (C,-C,)heteroalkyl;

[0361] each R#*is independently (C,-C,)alkyl, (C,-C,)ha-
loalkyl, or (C,-C,)heteroalkyl;

[0362] each R?* and R™ is independently H, (C,-C,)alkyl,
(C,-Cyhaloalkyl, or (C,-C heteroalkyl;

[0363] each Z? is independently a (C,-C,)heteroalkyl;
[0364] each Z*isindependently oxo, (C,-Cg)alkyl, (C5-C,)
carbocycle, halogen, —CN, —OR™, —NR?R™,

—NR™COR??, —NR™CO,R?>, —C(O)R">, —C(O)OR™,
or —C(O)NR?°R"®, wherein any (C,-C,)carbocycle or (C, -
Cy)alkyl of Z* is optionally substituted with 1, 2, 3, 4 or 5 Z**
groups, wherein the Z** groups are the same or different;
[0365] each Z** is independently halogen, —CN, or
—OR”"S;

[0366] eachR™,R?> R?°,R™, and R"® is independently H
or (C,-C,)alkyl;

[0367] each Z° is independently halogen, which may be
same or different; and

[0368] nisO, 1,2, or3;
[0369] or a pharmaceutically acceptable salt thereof.
[0370] In certain embodiments, a compound of formula

1I1d is a compound of formula I1le.

IIle

A
@

a

VAl

Rl
R¥% N
R3b
o}
N

A

V4 A

or a pharmaceutically acceptable salt thereof.

[0371] The present disclosure provides compounds of for-
mula IIIf:

IIIf

AN
—_— (@3,

a

71

Rl
R32 §
R3b
0
N X

Oct. 9,2014

[0372] wherein

[0373] A'is CH, C—Z>, or nitrogen;

[0374] AZ?is CH or nitrogen;

[0375] R' is 6-12 membered aryl, 5-12 membered het-

eroaryl, or 3-12 membered heterocycle, wherein any 6-12
membered aryl, 5-12 membered heteroaryl, or 3-12 mem-
bered heterocycle of R* is optionally substituted with 1, 2, 3,
4 or 5 Z* groups, wherein the Z* groups are the same or
different;

[0376] each R** and R3® is independently H or (C,-C5)
alkyl;
[0377] Z' is 6-12 membered aryl, 5-14 membered het-

eroaryl, or 3-14 membered heterocycle, wherein any 6-12
membered aryl, 5-14 membered heteroaryl, or 3-14 mem-
bered heterocycle of Z' is optionally substituted with 1, 2, 3,
4or57'or Z'?, wherein the Z'“ and Z'* groups are the same
or different;

[0378] each Z'¢is independently (C,-C,)carbocycle, 5-12
membered heteroaryl, 3-12 membered heterocycle, halogen,
—CN, —OR™, —OC(O)R?', —OC(O)NR?'R™, —SR™,
—S(O)R?', —S(0),0H, —S(O),R?!, —S(0),NR'R™,

—NR7'R™, ~NR"COR?!, —NR".CO,R?",
—NR”:CONR?'R", —NR™S(0),R?*, —NR"'S(0),0R?",
—NR"S(0),NR?'R™, C(OR™, C(O)OR™, —C(0)

NR?'R™ and —S(0),NR™ COR??, wherein any (C,-C,)car-
bocycle, 5-12 membered heteroaryl and 3-12 membered het-
erocycle of Z'% is optionally substituted with 1,2,3, 4 or 5 Z'©
or Z'¥ groups, wherein the Z'< and Z'“ groups are the same or
different;

[0379] each Z'* is independently (C,-Cg)alkyl optionally
substituted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;

[0380] each Z'° is independently halogen, —CN, —OH,
—NH,, —C(O)NR?*R"?, or (C,-C,)heteroalkyl;

[0381] each Z'¥is independently (C,-Cg)alkyl or (C,-Cg)
haloalkyl;
[0382] each R™ is independently H, (C,-Cy)alkyl, (C5-C,)

carbocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-het-
eroaryl of R”* is optionally substituted with 1,2, 3,4 or 5 Z'©
or Z'¥ groups, wherein the Z'° and Z' groups are the same or
different, and wherein any (C,-Cy)alkyl of R”! is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z*¢
groups are the same or different;

[0383] eachRP!isindependently (C,-Cy)alkyl, (C5-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7 mem-
bered heterocycle, or 5-6 membered monocyclic-heteroaryl
of RP! is optionally substituted with 1, 2, 3, 4 or 5 Z! or Z'¢
groups, wherein the Z' and Z'“ groups are the same or dif-
ferent, and wherein any (C,-Cgalkyl of R?' is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z*¢
groups are the same or different;

[0384] eachR?' and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, 3-7 membered heterocycle, or 5-6 mem-
bered monocyclic-heteroaryl, wherein any (C;-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl of R?* or R™ is optionally substituted with
1,2, 3, 4 or 5 Z' or Z'* groups, wherein the Z'< and Z'“¢
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groups are the same or different, and wherein any (C,-Cy)
alkyl of R?* or R™ is optionally substituted with 1, 2, 3, 4 or
5 7' groups, wherein the Z'© groups are the same or different,
or R7* and R™ together with the nitrogen to which they are
attached form a 5, 6 or 7-membered heterocycle, wherein the
5, 6 or 7-membered heterocycle is optionally substituted with
1,2, 3, 4 or 5 2 or Z'* groups, wherein the Z'< and Z'¢
groups are the same or different;

[0385] each R?* and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, or R?% and R together with the nitrogen
to which they are attached form a 5, 6, or 7-membered het-
erocycle;

[0386] Z? is (C,-Cyalkenyl, (C,-Cgalkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle, —C(O)R™, or —C(O)NRZ*R",
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2* or Z>° groups,
wherein the Z>* and Z>° groups are the same or different, and
wherein any (C,-Cglalkenyl or (C,-Cglalkynyl of Z* is
optionally substituted with 1, 2, 3, 4, or 5 Z*° groups, wherein
the Z> groups are the same or different;

[0387] each R™ is independently H or (C,-C, )alkyl;
[0388] each R?* and R™ is independently H or (C,-C,)
alkyl;

[0389] each Z** is independently oxo, (C,-C,)alkyl, (C,-

C )heteroalkyl or (C,-C,)haloalkyl;

[0390] each Z*€ is independently oxo, halogen, —CN,
—OR™, —OC(O)R?*, —OC(O)NR?*R™, —SR™, —S(0)
RP* —S(0),0H, —S(0),R?*, —S(0),NR¥R™,
—NRR™, —NR™COR??, —NR™CO,R"*,
—NR™CONRZR™, —NR™S(0),R??, —NR™S(0),OR"*,
—NR™S(0),NR7™R™, —NO,, —C(O)R™, —C(0)OR™,
or —C(O)NR7*R™;

[0391] each R™ is independently H, (C,-C,)alkyl, (C,-C.)
haloalkyl, or (C,-C,)heteroalkyl;

[0392] each R?*is independently (C,-Cy)alkyl, (C,-C)ha-
loalkyl, or (C,-C,)heteroalkyl;

[0393] each R?* and R™ is independently H, (C,-C,)alkyl,
(C,-C,)haloalkyl, or (C,-C,)heteroalkyl;

[0394] each Z? is independently a (C,-C,)heteroalkyl;
[0395] each Z*isindependently oxo, (C,-Cy)alkyl, (C5-C.,)
carbocycle, halogen, —CN, —OR™, —NR?R”,

—NR"*COR??>, —NR"CO,R?>, —C(O)R™, —C(0)OR™,
or —C(O)NR?°R"®, wherein any (C,-C,)carbocycle or (C, -
Cy)alkyl of Z* is optionally substituted with 1, 2, 3,4 or 5 Z**
groups, wherein the Z** groups are the same or different;

[0396]
—OR”S;
each R, R?>, R?” R, and R"® is independently H or (C,-
Cyalkyl;

each Z** is independently halogen, —CN, or

[0397] each Z° is independently halogen, which may be
same or different; and

[0398] nisO0, 1,2, o0r3;

[0399] or a pharmaceutically acceptable salt thereof.

Oct. 9,2014

[0400] Incertainembodiments, acompound of formula ITIf
is a compound of formula Illg.

Ilg

A
—— @3,

Vs

VAl

Rl
R¥% N
R3b
o}
N Y

Il
1 2
Al oA

72

or a pharmaceutically acceptable salt thereof.

[0401] The present disclosure provides compounds of for-
mula [1Th:
IITh
Z4
[ >
/
N\’(
[0402] wherein
[0403] A'is CH, C—Z?>, or nitrogen;
[0404] A?is CH or nitrogen;
[0405] C together with the two carbon atoms to which it is

attached forms a 3-7 membered monocyclic-carbocycle or
5-9 membered bicyclic-carbocycle, wherein any 3-7 mem-
bered monocyclic-carbocycle or 5-9 membered bicyclic-car-
bocycle of C is optionally substituted with 1, 2,3, 4 or 5 Z*
groups, wherein the Z* groups are the same or different;
[0406] each Z'* is independently Z'<, Z*® or H;

[0407] each Z'¢ is independently (C,-C,)carbocycle, 5-12
membered heteroaryl, 3-12 membered heterocycle, halogen,
—CN, —OR™, —OC(O)R?', —OC(O)NR?'R™, —SR™,
—S(0O)R?!, —S(0),0H, —S(0),R?!, —S(0),NR?'R"™,
—NR?'R™, —NR™COR?", —NR™CO,R?",
—NR™CONR?'R™, —NR"S(0),R?!, —NR"!S(0),0R?!,
—NR™S(0),NR?'R™, —C(O)R™, —C(O)OR™', —C(O)
NR?'R™ and —S(0),NR"*COR??, wherein any (C,-C,)car-
bocycle, 5-12 membered heteroaryl and 3-12 membered het-
erocycle of Z'% is optionally substituted with 1,2,3, 4 or 5 Z'©
or Z' groups, wherein the Z'< and 7' groups are the same or
different;

[0408] each Z'* is independently (C,-Cg)alkyl optionally
substituted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;
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[0409] each Z'° is independently halogen, —CN, —OH,
—NH,, —C(O)NR??R™, or (C,-Cg)heteroalkyl;

[0410] each Z'¥ is independently (C,-Cygalkyl or (C,-Cg)
haloalkyl;
[0411] each R™ is independently H, (C,-Cy)alkyl, (C5-C,)

carbocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-het-
eroaryl of R™! is optionally substituted with 1, 2,3, 4 or 5 Z*©
or Z'* groups, wherein the Z'< and Z'“ groups are the same or
different, and wherein any (C,-Cy)alkyl of R”! is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z'°
groups are the same or different;

[0412] eachR?!isindependently (C,-Cy)alkyl, (C,-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7 mem-
bered heterocycle, or 5-6 membered monocyclic-heteroaryl
of R?! is optionally substituted with 1, 2, 3, 4 or 5 Z'< or Z*¢
groups, wherein the Z'© and Z'? groups are the same or dif-
ferent, and wherein any (C,-Cy)alkyl of R?' is optionally
substituted with 1, 2, 3, 4 or 5 Z'° groups, wherein the Z*¢
groups are the same or different;

[0413] each R?' and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, 3-7 membered heterocycle, or 5-6 mem-
bered monocyclic-heteroaryl, wherein any (C5-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl of R?* or R™ is optionally substituted with
1,2, 3,4 or5 Z' or Z'¥ groups, wherein the Z'¢ and Z'¢
groups are the same or different, and wherein any (C,-Cy)
alkyl of R?" or R is optionally substituted with 1, 2, 3, 4 or
5 7' groups, wherein the Z'° groups are the same or different,
or R7* and R™ together with the nitrogen to which they are
attached form a 5, 6 or 7-membered heterocycle, wherein the
5, 6 or 7-membered heterocycle is optionally substituted with
1,2, 3,4 o0r5 Z' or Z'¥ groups, wherein the Z'¢ and Z'¢
groups are the same or different;

[0414] each R?* and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, or R?% and R together with the nitrogen
to which they are attached form a 5, 6, or 7-membered het-
erocycle;

[0415] Z? is (C,-Cyalkenyl, (C,-Cgalkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle, —C(O)R™, or —C(O)NR?*R™,
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2” or Z* groups,
wherein the Z>* and Z>° groups are the same or different, and
wherein any (C,-Cglalkenyl or (C,-Cglalkynyl of Z* is
optionally substituted with 1, 2, 3, 4, or 5 Z* groups, wherein
the Z*° groups are the same or different;

[0416] each R™ is independently H or (C,-C,)alkyl;
[0417] each R?® and R™ is independently H or (C,-C,)
alkyl;

[0418] each Z?* is independently oxo, (C,-C,)alkyl, (C,-

C heteroalkyl or (C,-C,)haloalkyl;

[0419] each Z* is independently oxo, halogen, —CN,
—OR™, —OC(O)R?*, —OC(O)NR?*R™, —SR™, —S(0)
RP* —S(0),0H, —S(0),R?*, —S(0),NR#R™,
— —NR™COR??, —NR™CO,R”*,
—NR™CONR?R™, —NR™S(0),R?*, —NR"*S(0),0OR?*,
—NR™8(0),NR?R™, —NO,, —C(O)R™, —C(O)OR™,
or —C(O)NR#*R™,

[0420] each R™ is independently H, (C,-C,)alkyl, (C,-C.)
haloalkyl, or (C,-C,)heteroalkyl;
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[0421] each R#*is independently (C,-Cy)alkyl, (C,-C,)ha-
loalkyl, or (C,-C,)heteroalkyl;

[0422] each R?* and R™ is independently H, (C,-C,)alkyl,
(C,-C,)haloalkyl, or (C,-C,)heteroalkyl;

[0423] Z7is independently a (C,-C,)heteroalkyl;
[0424] each Z*isindependently oxo, (C,-Cg)alkyl, (C5-C,)
carbocycle, halogen, —CN, —OR™, —NR?R”,

—NR™COR??>, —NR™CO,R?*, —C(O)R™, —C(O)OR™,
or —C(O)NR?°R”’, wherein any (C,-C,)carbocycle or (C, -
Cy)alkyl of Z* is optionally substituted with 1, 2, 3,4 or 5 Z**
groups, wherein the Z** groups are the same or different;

[0425] each Z* is independently halogen, —CN, or
—OR™S,
[0426] eachR™® R?°> R?°,R™, and R"® is independently H

or (C,-C,)alkyl; and

[0427] Z>“is H or halogen;
[0428] or a pharmaceutically acceptable salt thereof.
[0429] In certain embodiments, a compound of formula

1IIb is a compound of formula I11i.

IIIi

or a pharmaceutically acceptable salt thereof.

[0430] The present disclosure provides compounds of for-
mula I1Ij:
11
| N
/
N
F F \’(
[0431] wherein
[0432] A'is CH, C—Z>, or nitrogen;
[0433] A?is CH or nitrogen;
[0434] Z'*is Hor (C,-Cy)alkyl;
[0435] 7' is —NR"'S(O),R?', —NR"'S(0),NR?'R™,
—NR?'R™,  —NR™COR?!, —NR"'CONR?'R™, or
—NR™CO,R?";
[0436] Z'2 is H, halogen, —CN, —OR™, (C,-Cy)alkyl,

wherein the (C,-Cy)alkyl is optionally substituted with 1, 2,
or 3 halogen, which are the same or different;

[0437] each R™ is independently H or (C,-Cy)alkyl;
[0438] each R?' is independently (C,-Cy)alkyl;
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[0439] each R?' and R™ is independently H or (C,-Cy)
alkyl;

[0440] 73 is (C,-C,)heteroalkyl;

[0441] 77 is (C,-Cg)alkynyl, optionally substituted with 1,

2,3, 4, or 5 Z° group, wherein the Z>° groups are the same or
different; wherein Z¢ is independently halogen, —OR™,
—NR™CO,R?*, —C(0)OR™, or —NR7*R"™;

[0442] each R™ is independently H or (C,-C,)alkyl;
[0443] each R?* is independently (C,-C,)alkyl;
[0444] each R?* and R™ is independently H, (C,-C,)alkyl,

or (C,-C,)heteroalkyl;

[0445] Z*is hydrogen, (C,-Cy)alkyl, halogen, —CN, C(O)
R, —C(O)OR™, —C(O)NR?R™, —NR"™COR?,
—NR?R"™, or (C,-C,)carbocycle, wherein any (C,-C,)car-
bocycle or (C,-Cy)alkyl of Z* is optionally substituted with
halogen or hydroxyl;

[0446] each R™ is independently H or (C,-C,)alkyl;
[0447] each R?” is independently H or (C,-C,)alkyl;
[0448] each R?® and R™ is independently H or (C,-C,)
alkyl; and

[0449] Z°“is H or halogen;

[0450] or a pharmaceutically acceptable salt thereof.
[0451] Incertain embodiments, a compound of formula IIIj

is a compound of formula 11Tk

1k
4
2 73 F
B
/
N
! 1
F F N A
O N \ A
Jl\ 2 A N—N
72 Al /
le

or a pharmaceutically acceptable salt thereof.

[0452] Specific values listed below are values for com-
pounds of formula IIT as well as all related formulas (e.g.,
formulas Illa, b, Ilc, 111d, e, IIIf, I1Ig, I1Th, I1Ii, I11j, and
1ITk) where applicable. For example, values recited below as
applying to formula I1] apply equally to all related formulas of
formula I1I (e.g., formulas Ila, I1Ib, 11lc, 111d, Ile, IIIf, 1Tlg,
IITh, I, I, and II1k) that permit the presence of such
variable. It is to be understood that two or more values may
combined. Thus, it is to be understood that any variable for
compounds of formula IIT may be combined with any other
variable for compounds of formula I1I the same as if each and
every combination of variables were specifically and indi-
vidually listed. For example, it is understood that any specific
value of R! detailed herein for compounds of formula IIl may
be combined with any other specific value for one or more of
the variables A, Z!, R?, R'? or R*® of formula III the same as
if each and every combination were specifically and individu-
ally listed.

[0453] In certain embodiments of formula ITI, A* is CH. In
certain embodiments, A is C—Z>. In certain embodiments,
Al is nitrogen.
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[0454] In certain embodiments of formula ITI, A% is CH. In
certain embodiments, A is nitrogen.

[0455] Incertainembodiments of formulaIll, A’ is CH; and
A?is CH. In certain embodiments, A' is C—Z7>; and A% is CH.
In certain embodiments, A' is nitrogen; and A? is CH.
[0456] Incertainembodiments of formulaIll, A'is CH; and
A? is nitrogen. In certain embodiments, A" is C—Z7; and A2
is nitrogen. In certain embodiments, A" is nitrogen; and A? is
nitrogen.

[0457] In certain embodiments of formula III, Z° is F. In
certain embodiments of formula III, n is one. In certain
embodiments, n is two. In certain embodiments of formula
1IL, n is one and Z° is F. In certain embodiments, n is two and
each Z° is F.

[0458] In certain embodiments of formula IT1, Z° is H. In
certain embodiments, Z>¢ is F.

[0459] In certain embodiments of formula III, each Z'™ is
independently Z'“ or Z'®, wherein the Z'“ and Z'? groups
may be the same or different. In certain embodiments, each
Z™ is independently (C,-Cg)alkyl, halogen, or —NR"S(0)
,R?!, which may be same or different.

[0460] In certain embodiments of formula ITI, Z** is H. In
certain embodiments, Z'* is (C,-Cy)alkyl. In certain embodi-
ments, Z'* is (C,-C,)alkyl. In certain embodiments, Z'* is
(C,-C,)alkyl. In certain embodiments, Z'* is methyl.

[0461] In certain embodiments of formula III, Z" is
—NR™S(0),R?!, —NR™S(0),NR?'R"™, or —NR7'R™. In
certain embodiments, 7' is —NR"' S(0),R?or —NR"S(0)
LNR7'R™. In certain embodiments, Z'* is —NR"'S(0O),R?*.
In certain embodiments, Z** is —NR"*S(0),N7'R"™. In cer-
tain embodiments, Z' is —N7'R"*.

[0462] In certain embodiments of formula ITI, Z** is H or
halogen. In certain embodiments, Z'# is H. In certain embodi-
ments, Z'# is halogen. In certain embodiments, Z' is Cl. In
certain embodiments, Z'# is F. In certain embodiments, Z'% is
Br.

[0463] In certain embodiments of formula III, Z" is
—NR™S(0),R?! or —NR"'S(0),NR"'R"" and Z'# is halo-
gen. In certain embodiments, Z" is —NR"*S(0),R?* and 7'*
ishalogen. In certain embodiments, Z'~is (C,-C, alkyl; Z'¥is
—NR"S(0),R?! or —NR"!'S(0),NR?'R™; and Z'# is halo-
gen. In certain embodiments, Z'* is (C,-C,)alkyl; Z' is
—NR™'S(0),R?"; and Z'# is halogen.

[0464] In certain embodiments of formula III, A is pyridi-
nyl, pyrimidinyl, pyrazinyl, or pyridazinyl, wherein any
pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl of A is sub-
stituted with one Z* group at the position shown, one Z* group
and optionally substituted with 1 or 2 Z* groups. In certain
embodiments, A is pyridinyl, pyrimidinyl, pyrazinyl, or
pyridazinyl, wherein any pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl of A is substituted with one Z* group at the posi-
tion shown, one Z2 group and optionally substituted with 1 Z>
group.

[0465] Incertain embodiments, A is pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl, wherein any pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl of A is substituted with one Z' group
at the position shown and one Z2 group. In one aspect, A is not
substituted with a Z> group.

[0466] Incertain embodiments, A is pyridinyl, wherein any
pyridinyl of A is substituted with one Z* group at the position
shown, one Z? group, and optionally substituted with 1 or2 Z>
groups. In certain embodiments, A is pyridinyl, wherein any
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pyridinyl of A is substituted with one Z* group at the position
shown, one Z* group, and optionally substituted with 1 Z>
group.

[0467] Incertain embodiments, A is pyridinyl, wherein any
pyridinyl of A is substituted with one Z* group at the position
shown and one Z? group. In one aspect, the Z* group attached
at the position alpha to the nitrogen of the pyridinyl group. In
a further aspect, A is not substituted with a Z> group.

[0468] In certain embodiments, A is pyrimidinyl, wherein
any pyridinyl of A is substituted with one Z' group at the
position shown, one Z> group, and optionally substituted with
1 or 2 Z? groups. In certain embodiments, A is pyrimidinyl,
wherein any pyridinyl of A is substituted with one Z' group at
the position shown, one Z* group, and optionally substituted
with 1 Z> group.

[0469] In certain embodiments, A is pyrimidinyl, wherein
any pyridinyl of A is substituted with one Z' group at the
position shown and one Z? group. In one aspect, A is not
substituted with a Z> group.

[0470] Incertain embodiments, A is pyrazinyl, wherein any
pyridinyl of A is substituted with one Z* group at the position
shown, one Z? group, and optionally substituted with 1 or 2 Z>
groups. In certain embodiments, A is pyrazinyl, wherein any
pyridinyl of A is substituted with one Z* group at the position
shown, one Z* group, and optionally substituted with 1 Z>
group.

[0471] Incertain embodiments, A is pyrazinyl, wherein any
pyridinyl of A is substituted with one Z* group at the position
shown and one Z* group. In one aspect, A is not substituted
with a Z> group.

[0472] In certain embodiments, A is:

Z> Z3
Z; or Zy.
7] Mj%
)\ N
z N 73 N
Z3

[0473]

Z1, Z, or Z.
B g | g |
2 x x z; N
7, Z3

In certain embodiments, A is:
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[0474] In certain embodiments, A is:
Z;.
N 1
75 =
[0475] In certain embodiments, A is:
Zy.
NZ 1
x
7
[0476] In certain embodiments, A is:
Z;.
NZ 1
73 A
Z3
[0477] Incertain embodiments of formula I, R is phenyl

optionally substituted with 1, 2, or 3 halogens, which may be
the same or different. In certain embodiments, R* is phenyl
optionally substituted with 1 or 2 halogens, which may be the
same or different. In certain embodiments, R* is phenyl
optionally substituted with 2 halogens, which may be the
same or different. In certain embodiments, R? is phenyl
optionally substituted with 1 halogen.

[0478] Incertain embodiments, R? is 3,5-difluorophenyl or
3-fluorophenyl. In certain embodiments, R? is 3,5-difluo-
rophenyl. In certain embodiments, R? is 3-fluoropheny.

[0479] In certain embodiments, the moiety
73 F
AN
T— @
P

is

wherein Z°“ is H or halogen.

[0480] In certain embodiments of formula III, each Z3,
where present, is independently methoxy, dimethylamino, or
methylamino. In certain embodiments, Z>, where present, is
methoxy. In certain embodiments, Z*, where present, is dim-
ethylamino. In certain embodiments, Z*, where present, is
methylamino. In certain embodiments, Z*, where present, is
halogen. In certain embodiments, Z*, where present, is fluoro.
In certain embodiments, Z>, where present, is chloro. In cer-
tain embodiments, Z>, where present, is bromo.
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[0481] Incertain embodiments of formula ITI, each R*“and
R3? are each H. In certain embodiments, R3>* is methyl and
R*”is H.

[0482] Incertain embodiments of formula III, Z* is (C,-Cy)
alkynyl, 6-12 membered aryl, 5-12 membered C-linked-het-
eroaryl, 3-12 membered C-linked-heterocycle, or —C(O)
NR%°R">, wherein any 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, or 3-12 membered C-linked-hetero-
cycle of Z? is optionally substituted with 1,2, 3, 4 or 5 Z** or
72 groups, and wherein any (C,-Cy)alkynyl of Z* is option-
ally substituted with 1, 2, 3, 4 or 5 Z*° groups.

[0483] In certain embodiments, Z* is (C,-Cyg)alkynyl, 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, 3-12
membered C-linked-heterocycle, or —C(O)NR?Z’R™,
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z*° groups, and
wherein any (C,-Cg)alkynyl of Z? is optionally substituted
with 1, 2, 3, 4 or 5 Z*° groups.

[0484] In certain embodiments, Z* is (C,-Cg)alkynyl, phe-
nyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heterocycle, or —C(O)NRZ*R”>, wherein
any phenyl, 5-6 membered C-linked-monocyclic-heteroaryl,
8-10 membered C-linked-bicyclic-heteroaryl, or 8-10 mem-
bered C-linked-bicyclic-heterocycle of Z* is optionally sub-
stituted with 1, 2,3, 4 or 5 Z2” or Z*¢ groups, and wherein any
(C,-Cg)alkynyl of 72 is optionally substituted with 1,2, 3,4 or
5 72 groups.

[0485] In certain embodiments, Z* is (C,-Cg)alkynyl, phe-
nyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heterocycle, or —C(O)NR?’R">, wherein
any phenyl, 5-6 membered C-linked-monocyclic-heteroaryl,
8-10 membered C-linked-bicyclic-heteroaryl, or 8-10 mem-
bered C-linked-bicyclic-heterocycle of Z* is optionally sub-
stituted with 1, 2, 3, 4 or 5 Z*° groups, and wherein any
(C,-Cg)alkynyl of 72 is optionally substituted with 1,2, 3,4 or
5 Z2° groups.

[0486] In certain embodiments, Z* is (C,-Cg)alkynyl, phe-
nyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heterocycle, or —C(O)NR?’R">, wherein
the 5-6 membered C-linked-monocyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heteroaryl, or 8-10 membered
C-linked-bicyclic-heterocycle have 1-9 carbon atoms and 1-4
heteroatoms in the ring system, and wherein any phenyl, 5-6
membered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl, 8-10 membered and C-linked-
bicyclic-heterocycle of Z2 is optionally substituted with 1, 2,
3,4 0r 5 7% or 7> groups, and wherein any (C,-C)alkynyl of
72 is optionally substituted with 1, 2, 3, 4 or 5 Z* groups.

[0487] In certain embodiments, Z* is (C,-Cg)alkynyl, phe-
nyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heterocycle, or —C(O)NR?’R">, wherein
the 5-6 membered C-linked-monocyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heteroaryl, or 8-10 membered
C-linked-bicyclic-heterocycle have 1-9 carbon atoms and 1-4
heteroatoms in the ring system, and wherein any phenyl, 5-6
membered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl, 8-10 membered, or C-linked-
bicyclic-heterocycle of Z2 is optionally substituted with 1, 2,
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3, 4 or 5 Z* groups, and wherein any (C,-Cy)alkynyl of Z2 is
optionally substituted with 1, 2, 3, 4 or 5 Z>° groups.

[0488] Incertain embodiments of formula I1I, Z* is (C,-Cy)
alkynyl, optionally substituted with 1, 2, 3, 4, or 5 Z*° groups.
In certain embodiments, 7 is (C,-Cy)alkynyl, optionally sub-
stituted with 1, 2, 3, or 4 Z>° groups. In certain embodiments,
72 1s (C,-Cg)alkynyl, optionally substituted with 1,2, or 3 Z>*
groups. In certain embodiments, Z> is (C,-Cg)alkynyl,
optionally substituted with 1 or 2 Z*< groups.

[0489] In certain embodiments, Z* is of the formula:

77 or (C;—Cyalkyl or H
— (Ci—Cyalkyl or H
(C;—Cy)alkyl or H

wherein each of the (C,-C,)alkyl moieties of Z?, if present, is
optionally substituted with 1, 2 or 3 Z*° groups, wherein the
72 groups may be the same or different.

[0490] In certain embodiments, Z* is of the formula:

ZZC
=—— (C—Cyalkyl
(C;—Cyalkyl

wherein each of the (C,-C,)alkyl moieties of Z* is optionally
substituted with 1, 2 or 3 Z¢ groups, wherein the Z** groups
may be the same or different.

[0491] In certain embodiments, Z* is of the formula:

OH
=—— (C;—Cyalkyl
(C— Cyalkyl

wherein each of the (C,-C,)alkyl moieties of Z* is optionally
substituted with 1, 2 or 3 Z¢ groups, wherein the Z** groups
may be the same or different.

[0492] In certain embodiments of formula ITI, Z? is substi-
tuted with 1, 2, 3, or 4 Z** or 7Z*° groups, wherein the Z>* and
7% groups may be the same or different. In certain embodi-
ments, Z? is substituted with 1, 2, or 3 Z** or Z* groups,
wherein the Z2% and Z>° groups may be the same or different.
In certain embodiments, Z2 is substituted with 1 or 2 72 or
7% groups, wherein the Z?? and Z>¢ groups may be the same
or different. In certain embodiments, Z is substituted with 1
72" or 72 group.

[0493] In certain embodiments of formula III, Z* is option-
ally substituted with 1, 2, or 3 Z** or Z* groups, wherein the
72 and Z°° groups may be the same or different. In certain
embodiments, Z2 is substituted with 1 Z>* or Z** group. In
certain embodiments, Z2 is substituted with 2 Z** or Z*¢
groups, wherein the Z2% and Z° groups may be the same or
different. In certain embodiments, Z is substituted with 3 Z2?
or Z?¢ groups, wherein the Z?* and Z>° groups may be the
same or different.

[0494] In certain embodiments of formula ITI, Z? is substi-
tuted with 1, 2, 3, or 4 Z* groups, wherein the Z>€ groups may
be the same or different. In certain embodiments, Z? is sub-
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stituted with 1, 2, or 3 Z*° groups, wherein the Z>° groups may
be the same or different. In certain embodiments, Z> is sub-
stituted with 1 or 2 Z* groups, wherein the Z* groups may be
the same or different. In certain embodiments, Z* is substi-
tuted with 1 Z* group.

[0495] In certain embodiments of formula III, Z* is option-
ally substituted with 1, 2, or 3 Z*° groups, wherein the Z>*
groups may be the same or different. In certain embodiments,
72 is substituted with 1 Z*° group. In certain embodiments, Z>
is substituted with 2 Z*° groups, wherein the Z>° groups may
be the same or different. In certain embodiments, Z? is sub-
stituted with 3 Z>° groups, wherein the Z> groups may be the
same or different.

[0496] In certain embodiments, each Z>° is independently
halogen, —OR™*, NR?*R™, —NR"*CO,R?*, —C(0)OR™,
or—C(O)NR7*R"™, In certain embodiments, each Z> is inde-
pendently halogen or —OR™.

[0497] In certain embodiments, Z* optionally substituted
with 1, 2, 3, 4, or 5 Z*? or Z* groups is

HO
, ——C(O)NH,, — )
RS
HN

\N¢N

O HO
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-continued

[0498] In certain embodiments, Z* optionally substituted
with 1, 2, 3, 4, or 5 Z? or 72 groups is —C(O)NH,,
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-continued
\
HN
\Né N

[0499] In certain embodiments, Z* optionally substituted
with 1,2, 3, 4, or 5 Z*? or Z° groups is

[0500] In certain embodiments, Z* optionally substituted
with 1,2, 3, 4, or 5 Z*? or Z° groups is

S
HN
\N4N

— C(O)NHL,.
[0501]
HO
N
= , AN ,
/

-

HO
— B Cl B
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-continued

/
N N,
\% , or =

[0502] In certain embodiments, Z* optionally substituted
with 1,2, 3, 4, or 5 Z*? or Z° groups is

HO HO
OH F
HO HO
T F F
F
HO HO
OH 0
0
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-continued

or

OH

[0503] In certain embodiments, Z* optionally substituted
with 1, 2, 3, 4, or 5 Z?” or Z2° groups is

HO

[0504] In certain embodiments of formula ITI, R is a 5-12
membered heteroaryl, wherein any 5-12 membered het-
eroaryl of R* is optionally substituted with 1, 2, 3,4, or 5 Z*
groups.

[0505] In certain embodiments of formula III, R' is a 8-12
membered bicyclic-heteroaryl or 8-12 membered tricyclic-
heteroaryl, wherein any 8-12 membered bicyclic-heteroaryl
or 8-12 membered tricyclic-heteroaryl of R' is optionally
substituted with 1, 2, 3, 4, or 5 Z* groups.

[0506] In certain embodiments, R' is a 8-12 membered
tricyclic-heteroaryl, wherein the 8-12 membered tricyclic-
heteroaryl of R* is optionally substituted with 1, 2, 3, 4, or 5
Z* groups.

[0507] In certain embodiments, R' is a 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl,
wherein the 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl have 4-10 carbon atoms and
1-5 heteroatoms in the ring system, and wherein any 8-12
membered bicyclic-heteroaryl or 8-12 membered tricyclic-
heteroaryl of R! is optionally substituted with 1, 2, 3, 4, or 5
Z* groups.

[0508] In certain embodiments, R' is a 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl,
wherein the 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl contains at least one partially
unsaturated ring, and wherein any 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl of R® is
optionally substituted with 1, 2, 3, 4 or 5 Z* groups.

[0509] In certain embodiments, R' is a 8-12 membered
tricyclic-heteroaryl, wherein the 8-12 membered tricyclic-
heteroaryl contains at least one partially unsaturated ring, and
wherein any 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl of R is optionally substituted
with 1, 2, 3, 4 or 5 Z* groups.

[0510] In certain embodiments of formula III, R' is a 8-12
membered bicyclic-heteroaryl or 8-12 membered tricyclic-
heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl
or 8-12 membered tricyclic-heteroaryl has 4-9 carbon atoms
and 1-5 heteroatoms in the ring system, and wherein any 8-12
membered bicyclic-heteroaryl or 8-12 membered tricyclic-
heteroaryl of R! is optionally substituted with 1,2, 3, 4 or 5 Z*
groups.

[0511] In certain embodiments, R' is a 8-12 membered
bicyclic-heteroaryl, wherein the 8-12 membered bicyclic-
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heteroaryl has 6-9 carbon atoms and 1-3 heteroatoms in the
ring system, and wherein any 8-12 membered bicyclic-het-
eroaryl of R! is optionally substituted with 1, 2, 3, 4 or 5 Z*
groups.

[0512] In certain embodiments, R' is a 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl,
wherein the 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl has 6-9 carbon atoms and 1-3
heteroatoms in the ring system, and wherein any 8-12 mem-
bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-
eroaryl of R! is optionally substituted with 1, 2,3, 4 or 5 Z*
groups.

[0513] In certain embodiments of formula ITI, R* has the
following formula I1a:

wherein:

[0514] C together with the two carbon atoms of ring B to
which it is attached forms a 3-7 membered monocyclic-car-
bocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle, or 5-8 membered bicyclic hetero-
cycle, wherein any 3-7 membered monocyclic-carbocycle,
5-8 membered bicyclic-carbocycle, 3-7 membered monocy-
clic-heterocycle or 5-8 membered bicyclic heterocycle of C is
optionally substituted with 1, 2, 3, 4 or 5 Z* groups, wherein
the Z* groups are the same or different; and

[0515] Bis a5 or 6 membered monocyclic-heteroaryl with
1, 2 or 3 nitrogen atoms, wherein B is optionally substituted
with 1, 2, 3, 4 or 5 Z* groups, wherein the Z* groups are the
same or different.

[0516] In certain embodiments of formula III, R* has the
following formula IIb:

@
e Y
DB
. "%

Y.

Ila

IIb

x*

wherein:

[0517] C together with the two carbon atoms of ring B to
which it is attached forms a 3-7 membered monocyclic-car-
bocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle, or 5-8 membered bicyclic hetero-
cycle, wherein any 3-7 membered monocyclic-carbocycle,
5-8 membered bicyclic-carbocycle, 3-7 membered monocy-
clic-heterocycle or 5-8 membered bicyclic heterocycle of C is
optionally substituted with 1, 2, 3, 4 or 5 Z* groups, wherein
the Z* groups are the same or different; and

[0518] Bis a5 or 6 membered monocyclic-heteroaryl hav-
ing 1, 2 or 3 nitrogen atoms;

[0519] VisCorN;

[0520] W is CZ* NZ*orN;
[0521] Xis CZ*, NZ* orN;
[0522] Y is CZ*, N or absent;
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[0523] the dashed bonds are selected from single bonds and
double bonds, wherein the dashed bonds, V, W, X and Y are
selected so that the 5 or 6 membered monocyclic-heteroaryl B
is aromatic; and

[0524] each Z* is independently selected from H or Z*,
wherein the Z* groups are the same or different.

[0525] In certain embodiments of formula III, R* has the

following formula Ilc:

Ilc

wherein:

[0526] C together with the two carbon atoms of ring B to
which it is attached forms a 3-7 membered monocyclic-car-
bocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle, or 5-8 membered bicyclic hetero-
cycle, wherein any 3-7 membered monocyclic-carbocycle,
5-8 membered bicyclic-carbocycle, 3-7 membered monocy-
clic-heterocycle or 5-8 membered bicyclic heterocycle of Cis
optionally substituted with 1, 2, 3, 4 or 5 Z* groups, wherein
the Z* groups are the same or different; and

[0527] BisaS5 or 6 membered monocyclic-heteroaryl hav-
ing 1, 2 or 3 nitrogen atoms;

[0528] VisCorN;

[0529] Wis CZ*orN;

[0530] Xis CZ*, NZ* orN;

[0531] Y is CZ*, N or absent;

[0532] the dashed bonds are selected from single bonds and

double bonds, wherein the dashed bonds, V, W, X and Y are
selected so that the 5 or 6 membered monocyclic-heteroaryl B
is aromatic; and

[0533] each Z* is independently selected from H or Z*,
wherein the Z* groups are the same or different.
[0534] In certain embodiments of formula III, R' has the

following formula I1d:
NN
/
—N

Z4c

IId

wherein:

[0535] C together with the two carbon atoms to which it is
attached forms a 3-7 membered monocyclic-carbocycle, 5-9
membered bicyclic-carbocycle, 3-7 membered monocyclic-
heterocycle, or 5-9 membered bicyclic heterocycle, wherein
any 3-7 membered monocyclic-carbocycle, 5-9 membered
bicyclic-carbocycle, 3-7 membered monocyclic-heterocycle
or 5-9 membered bicyclic heterocycle of C is optionally sub-
stituted with 1, 2, 3, 4 or 5 Z* groups, wherein the Z* groups
are the same or different; and

[0536] each Z* is independently selected from H or Z*,
wherein the Z* groups are the same or different.

Oct. 9,2014

[0537] In certain embodiments of formula ITI, R* has the
following formula:

wherein:

[0538] C together with the two carbon atoms to which it is
attached forms a 3-7 membered monocyclic-carbocycle or
5-9 membered bicyclic-carbocycle, wherein any 3-7 mem-
bered monocyclic-carbocycle or 5-9 membered bicyclic-car-
bocycle of C is optionally substituted with 1, 2, 3, 4 or 5 Z*
groups, wherein the Z* groups are the same or different.

[0539] In certain embodiments of formula ITI, R* has the
following formula:

[0540] In certain embodiments of formula III, C together
with the two carbon atoms to which it is attached forms a 5-7
membered monocyclic-carbocycle or 5-7 membered bicy-
clic-carbocycle, wherein any 5-7 membered monocyclic-car-
bocycle or 5-7 membered bicyclic-carbocycle of C is option-
ally substituted with 1, 2, 3, or 4 Z* groups, wherein the Z*
groups are the same or different.

[0541] In certain embodiments of formula III, each Z* is
independently (C,-Cglalkyl, (C;-C,)carbocycle, halogen,
—CN, —NR?#R™, —NR”COR?>, —NR"”CO,R?,
—C(0)OR™, or —C(O)NR?R”’, wherein any (C,-C,)car-
bocycle or (C,-Cg)alkyl of Z* is optionally substituted with 1,
2,3, 4 0r 5 Z* groups.

[0542] In certain embodiments, each Z* is independently
(C,-Cy)alkyl or halogen, wherein any (C,-Cy)alkyl of Z* is
optionally substituted with 1, 2, 3, 4 or 5 halogen, which may
be the same or different. In certain embodiments, each Z* is
independently (C,-C,)alkyl or halogen, wherein any (C,-Cy)
alkyl of Z* is optionally substituted with 1, 2, 3, 4 or 5
halogen, which may be the same or different. In certain
embodiments, each Z* is independently (C,-C,)alkyl or halo-
gen, wherein any (C,-C,)alkyl of Z* is optionally substituted
with 1, 2, 3, 4 or 5 halogen, which may be the same or
different.

[0543] In certain embodiments, each Z* is independently
fluoro, trifluoromethyl, or difluoromethyl.
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38
[0544] Incertainembodiments of formula III, R optionally -continued
substituted with 1, 2, 3, 4, or 5 Z* groups is
OH
T \ IS NH
N N F
| /N | N / e
N HO
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-continued [0546] In certain embodiments, R' optionally substituted
with 1, 2, 3,4, or 5 Z* groups is

\O\/
N

..\\\\\:

~ N

I\\I O Cl [0547] In certain embodiments, R optionally substituted
) O with 1, 2, 3, 4, or 5 Z* groups is
N > > , or
Cl

F

F.
HO
B
/
N

F F NAN\N‘

[
/
N
[0548] In certain embodiments, R optionally substituted
with 1, 2, 3,4, or 5 Z* groups is

NH §
7 . : ;

[0545] In certain embodiments, R' optionally substituted
with 1, 2,3, 4, or 5 Z* groups is

CFs
Q/ [
/
N
¥ J\,\,\Xﬂ“"

[0549] In certain embodiments, R optionally substituted
with 1, 2, 3, 4, or 5 Z* groups is

CF;
\ \
| % | %
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[0550] In certain embodiments, R' optionally substituted -continued

with 1, 2,3, 4, or 5 Z* groups is
O\ N
N >
N
B > or B

optionally substituted with 1, 2, 3, 4 or 5 Z* groups.
[0553] In certain embodiments, R' is

/
N WS

[0551] In certain embodiments, R optionally substituted
with 1, 2, 3, 4, or 5 Z* groups is

N\ | N
F F CHF>. YIN\/N . ,
A\ Y
|

F F ,\N‘X“N‘l optionally substituted with 1, 2, 3, 4 or 5 Z* groups.
[0554] In certain embodiments of formula III, each Z* is
independently (C,-Cy)alkyl or halogen, wherein any (C,-Cg)
[0552] In certain embodiments, R! is alkyl of Z* is optionally substituted with 1, 2, 3, 4 or 5
halogen, which may the same or different.
[0555] In certain embodiments, each Z* is independently

Z\/

2y , , (C,-Cy)alkyl,—CN, or halogen, wherein any (C,-C)alkyl of

% | \N | N\ N 7*is optionally substituted with 1, 2, 3, 4 or 5 halogen, which
/ / may the same or different.

N N [0556] In certain embodiments, each Z* is independently

fluoro, trifluoromethyl, or difluoromethyl.
[0557] In certain embodiments, each Z* is independently

N fluoro, trifluoromethyl, —CN, or difluoromethyl.
\N % | A\ [0558] Incertainembodiments of FormulaIII, Z* is phenyl,
/ 5-14 membered heteroaryl, or 3-14 membered heterocycle,
wherein any phenyl, 5-14 membered heteroaryl, or 3-14
” ’ membered heterocycle of Z' is optionally substituted with 1,

2,3,40r5Z' or Z'? groups.

0 [0559] In certain embodiments, Z' is phenyl, 5-12 mem-
N\ bered heteroaryl, or 3-12 membered heterocycle, wherein any
/ phenyl, 5-12 membered heteroaryl, or 3-12 membered het-
N erocycle of Z' is optionally substituted with 1, 2, 3, 4 or 5 Z*¢

; ; ; or Z'? groups.
[0560] In certain embodiments, Z' is phenyl, 5-14 mem-

bered heteroaryl, or 3-14 membered heterocycle, wherein any

H
N phenyl, 5-14 membered heteroaryl, or 3-14 membered het-
= erocycle of Z' is optionally substituted with 1, 2, 3, 4 or 5 Z'¢
/ NH NH
\ / groups.
, Y N Y [0561] In certain embodiments, Z' is phenyl, 5-12 mem-
’ ’ bered heteroaryl, or 3-12 membered heterocycle, wherein any

phenyl, 5-12 membered heteroaryl, or 3-12 membered het-
erocycle of Z' is optionally substituted with 1, 2, 3, 4 or 5 Z*'¢
groups.

g [0562] In certain embodiments, Z' is phenyl, 5-6 mem-

bered monocyclic-heteroaryl, 8-10 membered bicyclic-het-

//\N% eroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 mem-

, bered tricyclic-heterocycle wherein any phenyl, 5-6
, HN ’ membered monocyclic-heteroaryl, 8-10 membered bicyclic-

heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'“ or Z'? groups.
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[0563] In certain embodiments, Z' is phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-het-
eroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 mem-
bered tricyclic-heterocycle wherein any phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'® groups.

[0564] In certain embodiments, Z' is phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-het-
eroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 mem-
bered tricyclic-heterocycle, wherein the 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle, or 9-12 membered tri-
cyclic-heterocycle have 1-11 carbon atoms and 1-5 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'“ or Z'? groups.

[0565] In certain embodiments, Z' is phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-het-
eroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 mem-
bered tricyclic-heterocycle, wherein the 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle, or 9-12 membered tri-
cyclic-heterocycle have 1-11 carbon atoms and 1-5 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'® groups.

[0566] In certain embodiments, Z' is phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-het-
eroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 mem-
bered tricyclic-heterocycle, wherein the 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle, or 9-12 membered tri-
cyclic-heterocycle have 4-11 carbon atoms and 1-3 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'“ or Z'? groups.

[0567] In certain embodiments, Z' is phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-het-
eroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 mem-
bered tricyclic-heterocycle, wherein the 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle, or 9-12 membered tri-
cyclic-heterocycle have 4-11 carbon atoms and 1-3 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'® groups.

[0568] Incertain embodiments, Z" is 8-10 membered bicy-
clic-heteroaryl or 8-10 membered bicyclic-heterocycle,
wherein any from 8-10 membered bicyclic-heteroaryl or 8-10
membered bicyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'* or Z'? groups.

[0569] In certain embodiments, Z" is 8-10 membered bicy-
clic-heteroaryl or 8-10 membered bicyclic-heterocycle,
wherein any from 8-10 membered bicyclic-heteroaryl or 8-10
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membered bicyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'“ groups.

[0570] Incertain embodiments, Z" is 8-10 membered bicy-
clic-heteroaryl or 8-10 membered bicyclic-heterocycle,
wherein the 8-10 membered bicyclic-heteroaryl or 8-10
membered bicyclic-heterocycle has 3-9 carbon atoms and 1-5
heteroatoms in the ring system, and wherein any 8-10 mem-
bered bicyclic-heteroaryl or 8-10 membered bicyclic-hetero-
cycle of Z' is optionally substituted with 1, 2, 3, 4 or 5 Z*“ or
Z** groups.

[0571] Incertain embodiments, Z" is 8-10 membered bicy-
clic-heteroaryl or 8-10 membered bicyclic-heterocycle,
wherein the 8-10 membered bicyclic-heteroaryl or 8-10
membered bicyclic-heterocycle has 3-9 carbon atoms and 1-5
heteroatoms in the ring system, and wherein any 8-10 mem-
bered bicyclic-heteroaryl or 8-10 membered bicyclic-hetero-
cycle of Z! is optionally substituted with 1, 2, 3, 4 or 5 Z*¢
groups.

[0572] In certain embodiments of formula III, Z' is not
substituted with Z*°.

[0573] In certain embodiments of formula III, each Z'“ is
independently oxo, (C;-C,)carbocycle, halogen, —CN,
—O—(C,-Cylalkyl, NR?'R™, NR™"COR?!,
—NR™CO,R?', —NR™CONR?'R™, —NR"'S(0),R?",
—NR™S(0),NR?'R"™, or —C(O)NR?'R"".

[0574] In certain embodiments, each Z'¢ is independently
—NR"™'S(0),R?*, —NR"'S(0),NR?'R™, or halogen. In cer-
tain embodiments, each Z'“ is independently halogen or
—NR"!S(0),R?!. In certain embodiments, each 7' is inde-
pendently halogen or —NR™'S(0),NR?'R"™,

[0575] Incertain embodiments, Z* is substituted with 2 Z*¢
groups, wherein each Z'“ is independently —NR"'S(O),R?*,
—NR™S(0),NR7'R™, or halogen.

[0576] In certain embodiments, each Z'¢ is independently
halogen or —NR™S(0),R?* and each Z'? is (C,-Cy)alkyl,
which may be same or different.

[0577] Incertain embodiments, Z'* is —NR™'S(O),R?* or
—NR"S(0),NR7'R™. In certain embodiments, Z'¢ is halo-
gen. In certain embodiments, Z'¢ is —NR?'R™,
—NR™COR?', —NR™CO,R?', or —NR"'CONR?'R"".
[0578] In certain embodiments, Z'“ is halogen, —OR™, or
—C(O)NR?'R™.

[0579] In certain embodiments, Z'* is halogen or —C(O)
NR7'R™.

[0580] In certain embodiments, Z'¢ is halogen, —OH, or
—C(O)NH,.

[0581] In certain embodiments, Z'“ is fluoro, —OH, or
—C(O)NH,.

[0582] In certain embodiments, each Z'* is (C,-Cygalkyl,

which may be same or different.

[0583] In certain embodiments, each Z' is independently
methyl or difluoromethyl.

[0584] In certain embodiments of formula III, Z* is
A
P
A L)
~—N N—N
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-continued

%%
X0
e

X

HN NH.
\/

X@
S

NH, or

optionally substituted with 1, 2,3, 4 or 5 Z*“ or Z*%.

[0585] In certain embodiments, Z' is

X%
le

wherein each Z'* is independently Z'%, Z'?, or H. In certain
embodiments, each Z'* is independently halogen, —CN,
—OR™, —NR™S(0),R?", —NR™8(0),NR?'R™,
—NR?'R™, —NR"'COR?', —NR™CONR?'R", or
—NR™CO,R?; each Z'” is independently (C,-Cgalkyl),
wherein the (C,-Cgalkyl) is optionally substituted with 1, 2,
or 3 halogen, which are the same or different; and at least one
of Z" is Z** or Z'®. In certain embodiments, at least two of
Z" are independently Z'“. In certain embodiments, each Z'¢
is independently halogen, —NR’“S(O)sz Lor —NR’“S(O)
Nquer
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[0586] In certain embodiments, Z" is

1
z9,

N—N

wherein each Z'“ is independently halogen, —NR™ S(O),R?*
or —NR"'S(0),NRY'R"™.

[0587] In certain embodiments, Z" is

H 0
N\S/
N
N\I\{ o//

, optionally substituted with 1, 2, 3, or 4 Z'“ or Z'*.

[0588] In certain embodiments, Z' is
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N

/

[0589] In certain embodiments, Z' optionally substituted
with 1,2, 3, 4, or 5 Z'% or Z'? groups is
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[0590] In certain embodiments, Z' optionally substituted
with 1, 2, 3, 4, or 5 Z'“ or Z** groups is -
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[0591] In certain embodiments, Z' optionally substituted
with 1, 2, 3, 4, or 5 Z'“ or Z** groups is § o
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In certain embodiments, Z* optionally substituted

with 1, 2,3, 4, or 5 Z' or Z'* groups is
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In certain embodiments, Z* optionally substituted

with 1, 2,3, 4, or 5 Z' or Z'* groups is
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[0595] In certain embodiments, Z>-A-Z" is:

[0596] In one variation of formula III, A is pyridinyl, pyri-
midinyl, pyrazinyl or pyridazinyl; and R* is a 5-12 membered
heteroaryl, optionally substituted with 1, 2, 3, 4 or 5 Z*
groups, which may be the same or different. In another varia-
tion, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl;
and R! is a 8-12 membered bicyclic-heteroaryl or 8-12 mem-
bered tricyclic-heteroaryl, wherein any 8-12 membered bicy-
clic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R is
optionally substituted with 1, 2, 3, 4, or 5 Z* groups. In
another variation, A is pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl; R' is a 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl, wherein any 8-12 mem-
bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-
eroaryl of R* is optionally substituted with 1, 2, 3,4, or 5 Z*
groups; and each Z* is independently fluoro, triftuoromethyl,
or difluoromethyl.

[0597] Inone variation of formula II1, A is pyridinyl; and R*
is a 8-12 membered bicyclic-heteroaryl or 8-12 membered
tricyclic-heteroaryl, wherein any 8-12 membered bicyclic-
heteroaryl or 8-12 membered tricyclic-heteroaryl of R! is
optionally substituted with 1, 2, 3, 4, or 5 Z* groups, which
may be the same or different.

[0598] In one variation of formula III, A is pyridinyl, pyri-
midinyl, pyrazinyl or pyridazinyl; and R? is 3,5-difluorophe-
nyl. In another variation, A is pyridinyl; and R? is 3,5-difluo-
rophenyl. In another variation, A is pyrimidinyl; and R? is
3,5-difluorophenyl. In another variation, A is pyrazinyl; and
R? is 3,5-difluorophenyl. In another variation, A is pyridazi-
nyl; and R? is 3,5-difluorophenyl.

[0599] In one variation of formula III, A is pyridinyl, pyri-
midinyl, pyrazinyl or pyridazinyl; and Z" is phenyl, 5-6 mem-
bered monocyclic-heteroaryl, 8-10 membered bicyclic-het-
eroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle wherein any phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z'* groups, which may be the same
or different. In another variation, A is pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl; and Z* is phenyl, optionally substi-
tuted with 1, 2, 3, 4 or 5 Z*® groups. In another variation, A is
pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; and Z' is 5-6
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membered monocyclic-heteroaryl or 8-10 membered bicy-
clic-heteroaryl, wherein any 5-6 membered monocyclic-het-
eroaryl or 8-10 membered bicyclic-heteroaryl of Z! is option-
ally substituted with 1, 2, 3, 4 or 5 Z'“ groups. In another
variation, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazi-
nyl; and Z' is 8-10 membered bicyclic-heterocycle or 9-12
membered tricyclic-heterocycle wherein any 8-10 membered
bicyclic-heterocycle or 9-12 membered tricyclic-heterocycle
of Z* is optionally substituted with 1, 2, 3, 4 or 5 Z*“ groups.

[0600] Inone variation of formula II1, A is pyridinyl; and Z*
is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 mem-
bered bicyclic-heteroaryl, 8-10 membered bicyclic-hetero-
cycle, or 9-12 membered tricyclic-heterocycle wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 mem-
bered bicyclic-heteroaryl, 8-10 membered bicyclic-hetero-
cycle, or 9-12 membered tricyclic-heterocycle of Z* is option-
ally substituted with 1, 2, 3, 4 or 5 Z'“ groups, which may be
the same or different. In another variation, A is pyridinyl; and
7' is phenyl, optionally substituted with 1, 2, 3, 4 or 5 Z'¢
groups. In another variation, A is pyridinyl; and Z' is 5-6
membered monocyclic-heteroaryl or 8-10 membered bicy-
clic-heteroaryl, wherein any 5-6 membered monocyclic-het-
eroaryl or 8-10 membered bicyclic-heteroaryl of Z! is option-
ally substituted with 1, 2, 3, 4 or 5 Z'“ groups. In another
variation, A is pyridinyl; and Z' is 8-10 membered bicyclic-
heterocycle or 9-12 membered tricyclic-heterocycle wherein
any 8-10 membered bicyclic-heterocycle or 9-12 membered
tricyclic-heterocycle of Z* is optionally substituted with 1, 2,
3, 4 or 5 Z' groups.

[0601] Inone variation of formula III, A is pyridinyl, pyri-
midinyl, pyrazinyl or pyridazinyl; and Z? is (C,-Cg)alkynyl,
6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, or —C(O)NR?’R",
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2” or Z* groups,
which may be the same or different, and wherein any (C,-Cy)
alkynyl of Z* is optionally substituted with 1, 2,3, 4 or 5 Z*°
groups, which may be the same or different. In another varia-
tion, A is pyridinyl; and Z* is (C,-Cg )alkynyl, 6-12 membered
aryl, 5-12 membered C-linked-heteroaryl, 3-12 membered
C-linked-heterocycle, or —C(O)NR#R">, wherein any 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12
membered C-linked-heterocycle of Z* is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z** or Z*¢ groups, and wherein any
(C,-Cg)alkynyl of 72 is optionally substituted with 1,2, 3,4 or
5 72° groups. In another variation, A is pyrimidinyl; and Z2 is
(C,-Cyalkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle,
or —C(O)NR?*R">, wherein any 6-12 membered aryl, 5-12
membered C-linked-heteroaryl, or 3-12 membered C-linked-
heterocycle of Z* is optionally substituted with 1, 2, 3, 4 or 5
72* or 7¢ groups, and wherein any (C,-Cg)alkynyl of 72 is
optionally substituted with 1, 2, 3, 4 or 5 Z*° groups. In
another variation, A is pyrazinyl; and Z* is (C,-Cg)alkynyl,
6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, or —C(O)NR?’R",
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2* or Z>° groups,
and wherein any (C,-Cy)alkynyl of Z? is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z*° groups. In another variation, A is
pyridazinyl; and Z2 is (C,-Cyg)alkynyl, 6-12 membered aryl,
5-12 membered C-linked-heteroaryl, 3-12 membered
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C-linked-heterocycle, or —C(O)NR#R", wherein any 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12
membered C-linked-heterocycle of Z* is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z?% or Z* groups, and wherein any
(C,-Cyg)alkynyl of Z* is optionally substituted with 1,2, 3, 4 or
5 72° groups.

[0602] In one variation of formula III, A is pyridinyl sub-
stituted with one Z' moiety, one Z> moiety and no (zero) Z°
moieties; and 72 is (C,-Cg)alkynyl or aryl, which Z* may be
optionally substituted as provided by formula III. In another
variation, A is pyridinyl substituted with one Z* moiety, one
72 moiety and no (zero) Z> moieties; and 72 is (C,-Cy)alky-
nyl, which Z> may be optionally substituted as provided by
formulaIIl. In a particular variation, A is pyridinyl substituted
with one Z' moiety, one Z> moiety at the position alpha to the
nitrogen atom of the pyridinyl ring, and no (zero) Z> moieties,
wherein Z* is (C,-Cyg)alkynyl, which Z* may be optionally
substituted as provided by formula III.

[0603] In one variation of formula III, R! is a 5-12 mem-
bered heteroaryl optionally substituted with 1, 2,3, 4 or 5 Z*
groups, which may be the same or different; and Z* is phenyl,
5-6 membered monocyclic-heteroaryl, 8-10 membered bicy-
clic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle wherein any phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z' groups, which may be the same
or different. In another variation, R! is a 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl,
wherein any 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl of R is optionally substituted
with 1, 2,3, 4, or5 Z* groups; and Z is phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle, or 9-12 membered tri-
cyclic-heterocycle wherein any phenyl, 5-6 membered mono-
cyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle, or 9-12 membered tricyclic-
heterocycle of Z' is optionally substituted with 1, 2, 3, 4 or 5
7% groups.

[0604] In one variation of formula III, R! is a 8-12 mem-
bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-
eroaryl, wherein any 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl of R' is optionally sub-
stituted with 1, 2, 3, 4, or 5 Z* groups, which may be the same
or different; and Z* is 8-10 membered bicyclic-heteroaryl or
8-10 membered bicyclic-heterocycle wherein any 8-10 mem-
bered bicyclic-heteroaryl or 8-10 membered bicyclic-hetero-
cycle of Z' is optionally substituted with 1, 2, 3, 4 or 5 Z*¢
groups, which may be the same or different.

[0605] In one variation of formula III, R! is a 5-12 mem-
bered heteroaryl optionally substituted with 1, 2,3, 4 or 5 Z*
groups, which may be the same or different; and Z? is (C,-
Cgalkynyl, 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, 3-12 membered C-linked-heterocycle, or —C(O)
NR#R", wherein any 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, or 3-12 membered C-linked-hetero-
cycle of Z? is optionally substituted with 1, 2, 3, 4 or 5 Z*? or
7% groups, and wherein any (C,-Cy)alkynyl of Z* is option-
ally substituted with 1, 2, 3, 4 or 5 Z*° groups, which may be
the same or different. In another variation, R* is a 8-12 mem-
bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-
eroaryl wherein any 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl of R' is optionally sub-
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stituted with 1, 2, 3, 4, or 5 Z* groups; and Z* is (C,-Cy)
alkynyl, 6-12 membered aryl, 5-12 membered C-linked-het-
eroaryl, 3-12 membered C-linked-heterocycle, or —C(O)
NR%°R">, wherein any 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, or 3-12 membered C-linked-hetero-
cycle of Z? is optionally substituted with 1, 2, 3, 4 or 5 Z*? or
77¢ groups, and wherein any (C,-Cy)alkynyl of Z* is option-
ally substituted with 1, 2, 3, 4 or 5 Z* group.

[0606] In one variation of formula III, Z* is phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle wherein any phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-
heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle of Z' is optionally substi-
tuted with 1, 2, 3, 4 or 5 Z*“ groups, which may be the same
or different; and Z* is (C,-Cyg)alkynyl, 6-12 membered aryl,
5-12 membered C-linked-heteroaryl, 3-12 membered
C-linked-heterocycle, or —C(O)NR#R">, wherein any 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12
membered C-linked-heterocycle of Z* is optionally substi-
tuted with 1, 2,3, 4 or 5 Z*? or Z*° groups, which may be the
same or different, and wherein any (C,-Cy)alkynyl of Z is
optionally substituted with 1, 2, 3, 4 or 5 Z*¢ groups, which
may be the same or different.

[0607] In one variation of formula III, Z* is bicyclic-het-
eroaryl optionally substituted with 1, 2, 3, 4 or 5 Z'“ groups,
which may be the same or different; and Z? is (C,-Cy)alkynyl
optionally substituted with 1, 2, 3, 4 or 5 Z*< groups, which
may be the same or different.

[0608] In one variation of formula III, R" is a 5-12 mem-
bered heteroaryl; Z' is phenyl, 5-6 membered monocyclic-
heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 mem-
bered bicyclic-heterocycle, or 9-12 membered tricyclic-
heterocycle wherein any phenyl, 5-6 membered monocyclic-
heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle, or 9-12 membered tricyclic-
heterocycle of Z' is optionally substituted with 1, 2, 3, 4 or 5
7% groups, which may be the same or different; and Z? is
(C,-Cyalkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle,
or —C(O)NR?’R"*, wherein any 6-12 membered aryl, 5-12
membered C-linked-heteroaryl, or 3-12 membered C-linked-
heterocycle of Z? is optionally substituted with 1, 2, 3, 4 or 5
7% or 77¢ groups, which may be the same or different, and
wherein any (C,-Cy)alkynyl of Z? is optionally substituted
with 1, 2, 3, 4 or 5 Z*° groups, which may be the same or
different.

[0609]

[0610] A is a 6-membered monocyclic-heteroaryl with one
or two nitrogen atoms, wherein the 6-membered monocyclic-
heteroaryl is substituted with one Z' group at the position
shown, one Z> group, and optionally substituted with 1 or 2 Z*
groups, which may be the same or different;

[0611] R' is 6-12 membered aryl, 5-12 membered het-
eroaryl, or 3-12 membered heterocycle, wherein any 6-12
membered aryl, 5-12 membered heteroaryl, or 3-12 mem-
bered heterocycle of R* is optionally substituted with 1, 2, 3,
4 or 5 Z* groups, which may be the same or different;
[0612] R?is phenyl optionally substituted with 1, 2, 3, 4 or
5 halogen, which may be the same or different;

[0613] each R3® and R3” is independently H or (C,-C;)
alkyl;

In certain embodiments of formula I11,
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[0614] Z' is 6-12 membered aryl, 5-14 membered het-
eroaryl, or 3-14 membered heterocycle, wherein any 6-12
membered aryl, 5-14 membered heteroaryl, or 3-14 mem-
bered heterocycle of Z' is optionally substituted with 1, 2, 3,
4 or 5 7' or Z**, which may be the same or different;
[0615] each Z'“ is independently oxo, (C,-C,)carbocycle,
halogen, —CN, —O—(C,-Cy)alkyl, —OC(O)R?*, —OC(0)
NR?'R™, —NR?R™, —NR™COR?', —NR"'CO,R?',
—NR"'CONR?'R™, —NR"'S(0),R?!, —NR"'S(0)
LNRIIR™, —C(O)R™!, —C(O)OR™, or —C(O)NR?'R™;
[0616] each Z'* is independently (C,-Cg)alkyl optionally
substituted with 1, 2, 3, 4 or 5 halogen, which may be the same
or different;

[0617] each R™ is independently H or (C,-Cy)alkyl;
[0618] eachRP!isindependently (C,-Cy)alkyl, (C5-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7 mem-
bered heterocycle, or 5-6 membered monocyclic-heteroaryl
of R?! is optionally substituted with 1, 2, 3, 4 or 5 (C,-Cy)
alkyl, which may be the same or different, and wherein any
(C,-Cy)alkyl of R?! is optionally substituted with 1, 2, 3, 4 or
5 halogen, hydroxyl, —O(C, -Cy)alkyl, or —NR??R"2, which
may be the same or different;

[0619] each R?' and R™ is independently H, (C,-Cy)alkyl,
(C4-C,)carbocycle, or 3-7-membered heterocycle, wherein
any (C,-Cg)alkyl of R?* or R™ is optionally substituted with
1, 2, 3, 4 or 5 halogen or —CN, which may be the same or
different, or R?* and R™ together with the nitrogen to which
they are attached form a 5, 6, or 7-membered heterocycle,
wherein the 5, 6, or 7-membered heterocycle is optionally
substituted with 1, 2,3, 4 or 5 (C,-Cy)alkyl, which may be the
same or different;

[0620] each R?? and R’ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, or R?% and R together with the nitrogen
to which they are attached form a 5, 6, or 7-membered het-
erocycle;

[0621] Z? is (C,-Cyalkenyl, (C,-Cg)alkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle, —C(Q)R™, or —C(O)NR?*R",
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2* or Z>° groups,
which may be the same or different, and wherein any (C,-Cy)
alkenyl or (C,-Cy)alkynyl of Z? is optionally substituted with
1,2,3, 4, or 5 Z* groups, which may be the same or different;

[0622] each R™ is independently H or (C,-C,)alkyl;
[0623] each R? and R™ is independently H or (C,-C,)
alkyl;

[0624] each Z?* is independently oxo, (C,-C,)alkyl, (C,-

Cpheteroalkyl or (C,-C,)haloalkyl;

[0625] each Z*¢ is independently oxo, halogen, —CN,
—OR™, NR?#R™, —NR™COR?*, —NR"™CO,R",
—NR™S(0),R”*, —C(O)R™, —C(O)OR™ or —C(O)
NRq4Rr4;

[0626] each R™ is independently H, (C,-C,)alkyl, or (C,-
C heteroalkyl;

[0627] each R?*is independently (C,-C)alkyl;

[0628] each R?* and R™ is independently H, (C,-C,)alkyl,

or (C,-C,)heteroalkyl;

[0629] each Z? is independently a (C,-C,)heteroalkyl or
halogen;

[0630] each Z*isindependently oxo, (C,-Cg)alkyl, (C5-C,)
carbocycle, halogen, —CN, —OR™, —NR?R™,
—NR™COR?>, —NR™CO,R?*, —C(O)R">, —C(O)OR™,
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or —C(O)NR?’R” wherein any (C5-C,)carbocycle or (C, -
Cgalkyl of Z*is optionally substituted with 1, 2, 3,4 or 5 Z*¢
groups, which may be the same or different;

[0631] each Z** is independently halogen, —CN, or
—OR”%; and

[0632] eachR™,R?> R?°,R™, and R"® is independently H
or (C,-C,)alkyl.

[0633] In certain embodiments of formula III,

[0634] A'is CH, C—Z>, or nitrogen;

[0635] A?is CH or nitrogen;

[0636] R' is 6-12 membered aryl, 5-12 membered het-

eroaryl, or 3-12 membered heterocycle, wherein any 6-12
membered aryl, 5-12 membered heteroaryl, or 3-12 mem-
bered heterocycle of R* is optionally substituted with 1, 2, 3,
4 or 5 Z* groups, which may be the same or different;

[0637] each R3** and R3* is independently H or (C,-C5)
alkyl;
[0638] Z' is 6-12 membered aryl, 5-14 membered het-

eroaryl, or 3-14 membered heterocycle, wherein any 6-12
membered aryl, 5-14 membered heteroaryl, or 3-14 mem-
bered heterocycle of Z' is optionally substituted with 1, 2, 3,
4 or 5 7' or Z'*, which may be the same or different;

[0639] each Z'¢ is independently oxo, (C,-C,)carbocycle,
halogen, —CN, —O—(C,-Cy)alkyl, —OC(O)R?*, —0OC(0)
NR?'R™, —NR?R™, —NR™COR?', —NR"'CO,R?',
—NR"CONR?'R™, —NR"'S(0),R?!, —NR"S(0)
LNRZR™, —C(O)R™, —C(O)OR™, or —C(O)NR?'R™;
[0640] each Z'* is independently (C,-Cg)alkyl optionally
substituted with 1, 2, 3, 4 or 5 halogen, which may be the same
or different;

[0641] each R™ is independently H or (C,-Cy)alkyl;
[0642] eachRP!isindependently (C,-Cy)alkyl, (C5-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered mono-
cyclic-heteroaryl, wherein any (C;-C,)carbocycle, 3-7 mem-
bered heterocycle, or 5-6 membered monocyclic-heteroaryl
of R?! is optionally substituted with 1, 2, 3, 4 or 5 (C,-Cy)
alkyl, which may be the same or different, and wherein any
(C,-Cg)alkyl of R?! is optionally substituted with 1, 2, 3, 4 or
5 halogen, hydroxyl, —O(C,-Cy)alkyl, or —NR7*R’?, which
may be the same or different;

[0643] each R?' and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, or 3-7-membered heterocycle, wherein
any (C,-Cyalkyl of R7' or R™ is optionally substituted with
1, 2, 3, 4 or 5 halogen or —CN, which may be the same or
different, or R?* and R™ together with the nitrogen to which
they are attached form a 5, 6, or 7-membered heterocycle,
wherein the 5, 6, or 7-membered heterocycle is optionally
substituted with 1, 2,3, 4 or 5 (C, -Cy)alkyl, which may be the
same or different;

[0644] each R?* and R™ is independently H, (C,-Cy)alkyl,
(C5-C,)carbocycle, or R% and R together with the nitrogen
to which they are attached form a 5, 6, or 7-membered het-
erocycle;

[0645] Z7 is (C,-Cgalkenyl, (C,-Cg)alkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle, —C(O)R™, or —C(O)NR?*R™,
wherein any 6-12 membered aryl, 5-12 membered C-linked-
heteroaryl, or 3-12 membered C-linked-heterocycle of Z? is
optionally substituted with 1, 2, 3, 4 or 5 Z2” or Z* groups,
which may be the same or different, and wherein any (C,-Cy)
alkenyl or (C,-C,)alkynyl of Z* is optionally substituted with
1,2,3, 4, or 5 Z*° groups, which may be the same or different;
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[0646] each R™ is independently H or (C,-C,)alkyl;
[0647] each R? and R™ is independently H or (C,-C,)
alkyl;

[0648] each Z?* is independently oxo, (C,-C,)alkyl, (C,-

Cpheteroalkyl or (C,-C,)haloalkyl;

[0649] each Z*¢ is independently oxo, halogen, —CN,
—OR™, NR?™R™, —NR™COR?*, —NR™CO,R,
—NR™S8(0),R?*, —C(O)R™, —C(O)OR™ or —C(0)
NRq4Rr4;

[0650] each R™ is independently H, (C,-C,)alkyl, or (C,-
C heteroalkyl;

[0651] each R?*is independently (C,-Cy)alkyl;

[0652] each R?* and R™ is independently H, (C,-C,)alkyl,

or (C,-C heteroalkyl;

[0653] Z7 is independently a (C,-C,)heteroalkyl or halo-
gen;

[0654] each Z*isindependently oxo, (C,-Cg)alkyl, (C5-C,)
carbocycle, halogen, —CN, —OR™, —NR?R™,

—NR™COR?>, —NR™CO,R?*, —C(O)R">, —C(O)OR™,
or —C(O)NR?°R"*, wherein any (C,-C,)carbocycle or (C, -
Cy)alkyl of Z* is optionally substituted with 1, 2, 3, 4 or 5 Z**
groups, which may be the same or different;

[0655] each Z** is independently halogen, —CN, or
—OR”S; and

[0656] eachR™ R?> R?°,R™, and R"®is independently H
or (C,-C,alkyl;

[0657] each Z° is independently halogen, which may be
same or different; and

[0658] nisO, 1,2, or3.

[0659] In one embodiment the compound of formula I is
selected from:
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CF,H
S

and pharmaceutically acceptable salts thereof.
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[0660] In certain embodiments, a compound is: [0662] In certain embodiments, a compound or a pharma-
ceutically acceptable salt thereof is:

or a pharmaceutically acceptable salt thereof.

[0661] In certain embodiments, a compound is:

or a pharmaceutically acceptable salt thereof.
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[0663] In certain embodiments, a compound is:

or a pharmaceutically acceptable salt thereof.

[0664] In certain embodiments, a compound is:

or a pharmaceutically acceptable salt thereof.
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[0665] In certain embodiments, a compound is: [0668] In certain embodiments, a compound is:

or a pharmaceutically acceptable salt thereof.

[0666] In certain embodiments, a compound is: or a pharmaceutically acceptable salt thereof.

General Synthetic Procedures

[0669] The following schemes describe methods that are
useful for preparing compounds of formula I. The following
schemes similarly describe methods that are useful for pre-
paring compounds of formula III.

Scheme 1
O, OH
Br -
N
/N\O/
A —_—
< HATU, DIPEA
DMF
Al
or a pharmaceutically acceptable salt thereof. O/
[0667] In certain embodiments, a compound is: |
(6] N
~
Br
N
DIBAL-H
A —_—
X
A2
(6]
S
tBu
Br ® |
N S
N7 X0
A CusO,
X
A3

or a pharmaceutically acceptable salt thereof.
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[0670] Scheme 1 describes a general stercoselective route

whichisused to prepare compounds of formula I. The scheme
is also be used to prepare compounds of formula III. Het-
eroaryl acids of formula A1 (where X represents diversifiable
chemical group such as NH,, SH, or halogen that are suitably
protected) are converted to the corresponding aldehydes then
condensed with a chiral auxiliary to provide a stereoselective
addition of a nucleophilic reagent. Depicted in Scheme 1 is
the conversion of a heteroaryl acid Al containing two diver-
sifiable functional groups (e.g., X and Br) to the correspond-
ing aldehyde. This is followed by the condensation of the
aldehyde A3 with (S) tert-butane sulfinamide and the addition
of a Grignard reagent to provide a mixture of AS and A6
enriched in AS5. This mixture is separated by column chroma-
tography on silica gel to provide pure diastereomers.
Removal of the auxiliary provides amines A7 and A8 which
are coupled to a variety of carboxylic acids to provide het-
eroaryl compounds of formula A9 and A10. Diversification of
A9 and A10 is accomplished by a variety of methods includ-
ing alkylation, acylation, cyanation, nucleophilic aromatic
displacement, and metal catalyzed cross coupling reactions
such as Suzuki couplings, Buchwald-Hartwig type couplings,
and Sonogashira couplings.

[0671] Scheme 2 describes a general stercoselective route

which can be used to prepare compounds of formulas I and
I

Scheme 2
Boe,O
—_—
R2
X
~
Boc Li base
B(O—iPr)
Br —3>
N
A
X

B1
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A
72
B3
RZ
N
Boc/
HCl or TFA
7zl —
N
A
72

OH

HATU, DIPEA

R3a

pdan)

R3b

72

B6

[0672] Depicted in Scheme 2 is the protection of amine A7
to a compound of formula B1. This is followed by the con-
version of the Br to the corresponding boronic acid. Diversi-
fication of the functional group X and boronic acid is accom-
plished by a variety of methods including alkylation,
acylation, cyanation, nucleophilic aromatic displacement,
and metal catalyzed cross coupling reactions such as Suzuki
couplings, Buchwald-Hartwig type couplings, and Sono-
gashira couplings to provide compounds of formulas B3 and
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B4. Deprotection followed by amide formation with a variety
of carboxylic acids provides compounds of formula I.

Combination Therapy

[0673] In one embodiment, the invention provides a
method for treating an HIV infection, comprising adminis-
tering to a patient in need thereof a therapeutically effective
amount of a compound disclosed herein, or a pharmaceuti-
cally acceptable salt, thereof, in combination with a therapeu-
tically effective amount of one or more additional therapeutic
agents which are suitable for treating an HIV infection.
[0674] A compound as disclosed herein (e.g., a compound
of'any of formulas I and III or a pharmaceutically acceptable
salt thereof) may be combined with one or more additional
therapeutic agents in any dosage amount of the compound
(e.g., from 50 mg to 300 mg of compound).

[0675] In one embodiment, a method for treating or pre-
venting an HIV infection in a human having or at risk of
having the infection is provided, comprising administering to
the human a therapeutically effective amount of a compound
disclosed herein, or a pharmaceutically acceptable salt
thereof, in combination with a therapeutically effective
amount of one or more additional therapeutic agents.

[0676] Inoneembodiment, the invention provides pharma-
ceutical compositions comprising a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, in com-
bination with at least one additional therapeutic agent, and a
pharmaceutically acceptable carrier. For example, the thera-
peutic agent used in combination with the compound dis-
closed herein can be any anti-HIV agent.

[0677] In one embodiment, combination pharmaceutical
agents comprising a compound disclosed herein, or a phar-
maceutically acceptable salt thereof, in combination with one
or more additional therapeutic agents are provided.

[0678] One embodiment provides pharmaceutical compo-
sitions comprising a compound disclosed herein, or a phar-
maceutically acceptable salt thereof, in combination with at
least one additional therapeutic agent, and a pharmaceutically
acceptable carrier. In one embodiment, the additional thera-
peutic agent may be an anti-HIV agent. For example, in some
embodiments, the additional therapeutic agent is selected
from the group consisting of HIV protease inhibiting com-
pounds (HIV protease inhibitors), HIV non-nucleoside
inhibitors of reverse transcriptase, HIV nucleoside inhibitors
of reverse transcriptase, HIV nucleotide inhibitors of reverse
transcriptase, HIV integrase inhibitors, HIV non-catalytic
site (or allosteric) integrase inhibitors, entry inhibitors (e.g.,
CCRS inhibitors, gp41 inhibitors (i.e., fusion inhibitors) and
CD4 attachment inhibitors), CXCR4 inhibitors, gp120
inhibitors, G6PD and NADH-oxidase inhibitors, capsid poly-
merization inhibitors or capsid disrupting compounds such as
those disclosed in US 2013/0165489 (University of Pennsyl-
vania), and WO 2013/006792 (Pharma Resources), pharma-
cokinetic enhancers, and other drug for treating HIV, and
combinations thereof.

[0679] In further embodiments, the additional therapeutic
agent is selected from one or more of:

[0680] (1) HIV protease inhibitors selected from the group
consisting of amprenavir, atazanavir, fosamprenavir, indi-
navir, lopinavir, ritonavir, nelfinavir, saquinavir, tipranavir,
brecanavir, darunavir, TMC-126, TMC-114, mozenavir
(DMP-450), JE-2147 (AG1776), L-756423, RO0334649,
KNI-272, DPC-681, DPC-684, GW640385X, DG17, PPL-
100, DG35, and AG 1859;
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[0681] (2) HIV non-nucleoside or non-nucleotide inhibi-
tors of reverse transcriptase selected from the group consist-
ing of capravirine, emivirine, delaviridine, efavirenz, nevi-
rapine, (+) calanolide A, etravirine, GW5634, DPC-083,
DPC-961, DPC-963, MIV-150, TMC-120, rilpivirene, BILR
355 BS, VRX 840773, lersivirine (UK-453061), RDEAS06,
KMO023 and MK-1439;

[0682] (3) HIV nucleoside inhibitors of reverse tran-
scriptase selected from the group consisting of zidovudine,
emtricitabine, didanosine, stavudine, zalcitabine, lamivu-
dine, abacavir, amdoxovir, elvucitabine, alovudine, MIV-
210, =-FTC, D-d4FC, emtricitabine, phosphazide, fozivu-
dine tidoxil, apricitibine (AVX754), amdoxovir, KP-1461,
(GS-9131 (Gilead Sciences) and fosalvudine tidoxil (formerly
HDP 99.0003);

[0683] (4) HIV nucleotide inhibitors of reverse tran-
scriptase selected from the group consisting of tenofovir,
tenofovir disoproxil fumarate, tenofovir disoproxil hemifu-
marate, tenofovir disoproxil, tenofovir alafenamide fuma-
rate, tenofovir alafenamide hemifumarate, tenofovir alafena-
mide, GS-7340 (Gilead Sciences), GS-9148 (Gilead
Sciences), adefovir, adefovir dipivoxil, CMX-001 (Chi-
merix) or CMX-157 (Chimerix);

[0684] (5) HIV integrase inhibitors selected from the group
consisting of curcumin, derivatives of curcumin, chicoric
acid, derivatives of chicoric acid, 3,5-dicaffeoylquinic acid,
derivatives of 3,5-dicaffeoylquinic acid, aurintricarboxylic
acid, derivatives of aurintricarboxylic acid, catfeic acid phen-
ethyl ester, derivatives of caffeic acid phenethyl ester, tyr-
phostin, derivatives of tyrphostin, quercetin, derivatives of
quercetin, S-1360, AR-177, [.-870812, and [.-870810, ralte-
gravir, BMS-538158, GSK364735C, BMS-707035,
MK-2048, BA 011, elvitegravir, dolutegravir and GSK-744;
[0685] (6) HIV non-catalytic site, or allosteric, integrase
inhibitors (NCINI) including, but not limited to, BI-224436,
CX0516, CX05045, CX14442, compounds disclosed in WO
2009/062285 (Boehringer Ingelheim), WO 2010/130034
(Boehringer Ingelheim), WO 2013/159064 (Gilead Sci-
ences), WO 2012/145728 (Gilead Sciences), WO 2012/
003497 (Gilead Sciences), WO 2012/003498 (Gilead Sci-
ences) each of which is incorporated by reference in its
entirety herein;

[0686] (7) gp41 inhibitors selected from the group consist-
ing of enfuvirtide, sifuvirtide, albuvirtide, FBOO6M, and TRI-
1144,

[0687] (8) the CXCR4 inhibitor AMD-070;

[0688] (9) the entry inhibitor SPO1A;

[0689] (10) the gp120 inhibitor BMS-488043;

[0690] (11)the G6PD and NADH-oxidase inhibitor immu-
nitin;

[0691] (12) CCRS inhibitors selected from the group con-

sisting of aplaviroc, vicriviroc, maraviroc, cenicriviroc, PRO-
140, INCB15050, PF-232798 (Pfizer), and CCRS mAb004;
[0692] (13) CD4 attachment inhibitors selected from the
group consisting of ibalizumab (TMB-355) and BMS-068
(BMS-663068);

[0693] (14) pharmacokinetic enhancers selected from the
group consisting of cobicistat, ritonavir, and SPI-452; and
[0694] (15) other drugs for treating HIV selected from the
group consisting of BAS-100, SPI-452, REP 9, SP-01A,
TNX-355, DES6, ODN-93, ODN-112, VGV-1, PA-457
(bevirimat), HRG214, VGX-410, KD-247, AMZ 0026, CYT
99007A-221 HIV, DEBIO-025, BAY 50-4798, MDX010 (ip-
ilimumab), PBS119, ALG 889, and PA-1050040 (PA-040).
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[0695] In certain embodiments, a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, is com-
bined with two, three, four or more additional therapeutic
agents. In certain embodiments, a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, is com-
bined with two additional therapeutic agents. In other
embodiments, a compound disclosed herein, or a pharmaceu-
tically acceptable salt thereof, is combined with three addi-
tional therapeutic agents. In further embodiments, a com-
pound disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with four additional therapeutic agents.
The two, three four or more additional therapeutic agents can
be different therapeutic agents selected from the same class of
therapeutic agents, or they can be selected from different
classes of therapeutic agents. In a specific embodiment, a
compound disclosed herein, or a pharmaceutically acceptable
salt thereof, is combined with an HIV nucleotide inhibitor of
reverse transcriptase and an HIV non-nucleoside inhibitor of
reverse transcriptase. In another specific embodiment, a com-
pound disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with an HIV nucleotide inhibitor of
reverse transcriptase, and an HIV protease inhibiting com-
pound. In a further embodiment, a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, is com-
bined with an HIV nucleotide inhibitor of reverse tran-
scriptase, an HIV non-nucleoside inhibitor of reverse tran-
scriptase, and an HIV protease inhibiting compound. In an
additional embodiment, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with an
HIV nucleotide inhibitor of reverse transcriptase, an HIV
non-nucleoside inhibitor of reverse transcriptase, and a phar-
macokinetic enhancer.

[0696] In a specific embodiment, a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, is com-
bined with tenofovir, tenofovir disoproxil fumarate, tenofovir
disoproxil hemifumarate, tenofovir disoproxil, tenofovir
alafenamide fumarate, tenofovir alafenamide hemifumarate,
or tenofovir alafenamide. In another specific embodiment, a
compound disclosed herein, or a pharmaceutically acceptable
salt thereof, is combined with tenofovir disoproxil fumarate,
tenofovir disoproxil hemifumarate, or tenofovir alafenamide.
In a specific embodiment, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with
emtricitibine, abacavir or lamivudine.

[0697] In a specific embodiment, a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, is com-
bined with one of: tenofovir, tenofovir disoproxil fumarate,
tenofovir disoproxil hemifumarate, tenofovir disoproxil,
tenofovir alafenamide fumarate, tenofovir alafenamide hemi-
fumarate, or tenofovir alafenamide and one of: emtricitibine,
abacavir or lamivudine. In a specific embodiment, a com-
pound disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with one of: tenofovir disoproxil fuma-
rate, tenofovir disoproxil hemifumarate, tenofovir alafena-
mide fumarate, or tenofovir alafenamide and one of: emtric-
itibine or abacavir.

[0698] In some embodiments, a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, is com-
bined with 5-30 mg tenofovir alafenamide fumarate, teno-
fovir alafenamide hemifumarate, or tenofovir alafenamide
and 200 mg emtricitabine. In some embodiments, a com-
pound disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with 5-10; 5-15; 5-20; 5-25; 25-30;
20-30; 15-30; or 10-30 mg tenofovir alafenamide fumarate,
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tenofovir alafenamide hemifumarate, or tenofovir alafena-
mide and 200 mg emtricitabine. In some embodiments, a
compound disclosed herein, or a pharmaceutically acceptable
salt thereof, is combined with 10 mg tenofovir alafenamide
fumarate, tenofovir alafenamide hemifumarate, or tenofovir
alafenamide and 200 mg emtricitabine. In some embodi-
ments, a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, is combined with 25 mg tenofovir
alafenamide fumarate, tenofovir alafenamide hemifumarate,
or tenofovir alafenamide and 200 mg emtricitabine. A com-
pound as disclosed herein (e.g., a compound of any of formu-
las I and IIT or a pharmaceutically acceptable salt thereof)
may be combined with the agents provided herein in any
dosage amount of the compound (e.g., from 50 mg to 300 mg
of compound) the same as if each combination of dosages
were specifically and individually listed.

[0699] In some embodiments, a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, is com-
bined with 200-400 mg tenofovir disoproxil fumarate, teno-
fovir disoproxil hemifumarate, or tenofovir disoproxil and
200 mg emtricitabine. In some embodiments, a compound
disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with 200-250; 200-300; 200-350; 250-
350; 250-400; 350-400; 300-400; or 250-400 mg tenofovir
disoproxil fumarate, tenofovir disoproxil hemifumarate, or
tenofovir disoproxil and 200 mg emtricitabine. In some
embodiments, a compound disclosed herein, or a pharmaceu-
tically acceptable salt thereof, is combined with 300 mg teno-
fovir disoproxil fumarate, tenofovir disoproxil hemifuma-
rate, or tenofovir disoproxil and 200 mg emtricitabine. A
compound as disclosed herein (e.g., a compound of any of
formulas 1 and III or a pharmaceutically acceptable salt
thereof) may be combined with the agents provided herein in
any dosage amount of the compound (e.g., from 50 mg to 300
mg of compound) the same as if each combination of dosages
were specifically and individually listed.

[0700] In some embodiments, one or more of the com-
pounds disclosed herein are combined with one or more other
active therapeutic agents in a unitary dosage form for simul-
taneous or sequential administration to a patient. In certain
embodiments, a pharmaceutical composition including one
or more of the compounds disclosed herein combined with
one or more other active therapeutic agents is provided. In
certain embodiments, the compounds disclosed herein are
combined with one or more other active therapeutic agents in
a solid dosage form. The combination therapy may be admin-
istered as a simultaneous or sequential regimen. When
administered sequentially, the combination may be adminis-
tered in two or more administrations.

[0701] In some embodiments, one or more of the com-
pounds disclosed herein are co-administered with one or
more other active therapeutic agents. Co-administration of a
compound disclosed herein with one or more other active
therapeutic agents generally refers to simultaneous or
sequential administration of a compound disclosed herein
and one or more other active therapeutic agents, such that
therapeutically effective amounts of disclosed herein and one
or more other active therapeutic agents are both present in the
body of the patient.

[0702] In yet another embodiment, the present application
provides a method for treating an HIV infection comprising
administering to a patient in need thereof a therapeutically
effective amount of a compound disclosed herein, or a phar-
maceutically acceptable salt thereof, in combination with a
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therapeutically effective amount of one or more additional
therapeutic agents such as those disclosed above.

Pharmaceutical Formulations

[0703] The compounds disclosed herein are formulated
with conventional carriers (e.g., inactive ingredient or excipi-
ent material) which will be selected in accord with ordinary
practice. Tablets will contain excipients including glidants,
fillers, binders and the like. Aqueous formulations are pre-
pared in sterile form, and when intended for delivery by other
than oral administration generally will be isotonic. All for-
mulations will optionally contain excipients such as those set
forth in the Handbook of Pharmaceutical Excipients (1986).
Excipients include ascorbic acid and other antioxidants,
chelating agents such as EDTA, carbohydrates such as dex-
trin, hydroxyalkylcellulose, hydroxyalkylmethylcellulose,
stearic acid and the like. One embodiment provides the for-
mulation as a solid dosage form including a solid oral dosage
form. The pH of the formulations ranges from about 3 to
about 11, but is ordinarily about 7 to 10.

[0704] While it is possible for the active ingredients to be
administered alone it may be preferable to present them as
pharmaceutical formulations (compositions). The formula-
tions, both for veterinary and for human use, of the invention
comprise at least one active ingredient, as above defined,
together with one or more acceptable carriers and optionally
other therapeutic ingredients. The carrier(s) must be “accept-
able” in the sense of being compatible with the other ingre-
dients of the formulation and physiologically innocuous to
the recipient thereof.

[0705] The formulations include those suitable for the fore-
going administration routes. The formulations may conve-
niently be presented in unit dosage form and may be prepared
by any of the methods well known in the art of pharmacy.
Techniques and formulations generally are found in Reming-
ton’s Pharmaceutical Sciences (Mack Publishing Co., Eas-
ton, Pa.). Such methods include the step of bringing into
association the active ingredient with inactive ingredients
(e.g., a carrier, pharmaceutical excipients, etc.) which consti-
tutes one or more accessory ingredients. In general the for-
mulations are prepared by uniformly and intimately bringing
into association the active ingredient with liquid carriers or
finely divided solid carriers or both, and then, if necessary,
shaping the product.

[0706] Formulations described herein that are suitable for
oral administration may be presented as discrete units includ-
ing but not limited to capsules, cachets or tablets each con-
taining a predetermined amount of the active ingredient.
[0707] Pharmaceutical formulations disclosed herein com-
prise one or more compounds disclosed herein together with
one or more pharmaceutically acceptable carriers or excipi-
ents and optionally other therapeutic agents. Pharmaceutical
formulations containing the active ingredient may be in any
form suitable for the intended method of administration.
When used for oral use for example, tablets, troches, loz-
enges, aqueous or oil suspensions, dispersible powders or
granules, 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 com-
positions may contain one or more agents including sweet-
ening agents, flavoring agents, coloring agents and preserving
agents, in order to provide a palatable preparation. Tablets
containing the active ingredient in admixture with non-toxic
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pharmaceutically acceptable excipient which are suitable for
manufacture of tablets are acceptable. These excipients may
be, for example, inert diluents, such as calcium or sodium
carbonate, lactose, lactose monohydrate, croscarmellose
sodium, povidone, calcium or sodium phosphate; granulating
and disintegrating agents, such as maize starch, or alginic
acid; binding agents, such as cellulose, microcrystalline cel-
Iulose, 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. For example, a time delay mate-
rial such as glyceryl monostearate or glyceryl distearate alone
or with a wax may be employed.

[0708] The amount of active ingredient that is combined
with the inactive ingredients to produce a dosage form will
vary depending upon the host treated and the particular mode
of administration. For example, in some embodiments, a dos-
age form for oral administration to humans contains approxi-
mately 1 to 1000 mg of active material formulated with an
appropriate and convenient amount of carrier material (e.g.,
inactive ingredient or excipient material). In some embodi-
ments, a dosage form (e.g., for oral administration to humans)
contains: from 10 mg to 1000 mg or from 50 mg to 1000 mg
or from 100 mg to 1000 mg or from 200 mg to 1000 mg or
from 300 mg to 1000 mg or from 10 mg to 800 mg or from 10
mg to 600 mg or from 10 mg to 500 mg or from 10 mg to 400
mg or from 10 mg to 300 mg or from 50 mg to 800 mg or from
100 mg to 600 mg or from 150 mg to 500 mg or from 200 mg
to 400 mg or from 50 mg to 500 mg or from 10 mg to 300 mg
or from 50 mg to 300 mg or from 10 mg to 200 mg or from 50
mg to 200 mg or from 100 mg to 300 mg or from 100 mg to
200 mg or from 200 mg to 300 mg of active material (e.g., a
compound of any of formulae I or I1I). In some embodiments,
a dosage form for oral administration to humans contains at
least any of 10, 25, 50, 100, 150, 200, 250 or 300 mg and no
more than 500 or 800 or 1000 mg of active material (e.g., from
at least 50 mg to no more than 500 mg). In some embodi-
ments, a dosage form for oral administration to humans con-
tains at least any of 10, 25, 50, 100, 150, 200, 250 or 300 mg
or no more than 500 or 800 or 1000 mg of active material. In
some embodiments, a dosage form for oral administration to
humans contains any of 10, 25, 50, 100, 150, 200, 250, 300,
350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900,
950, or 1000 mg of active material. It is understood that a
dosage form in an amount provided herein may be adminis-
tered to a patient (e.g., a human in need thereof) in accordance
with a dosing regimen provided herein, such as once, twice or
thrice daily dosing. In one aspect, a dosing regimen provides
for administration of at least 10 mg and no more that 1,000 mg
of active material (e.g., a compound of any of formulas I or
1IT) daily, and it is understood that the amount may be pro-
vided in any suitable dosage form and amount (e.g., 500 mg
twice daily or 1,000 mg once daily would provide the same
amount of 1,000 mg/day dosing). The invention embraces
once daily dosing to an individual (e.g., a human in need
thereof) of a dosage form of compound (e.g., a compound of
any of formulas I or III) containing at least 50 mg and not
more than 300 mg of compound. In certain embodiments, the
carrier material varies from about 5 to about 95% of the total
compositions (weight:weight).

[0709] It should be understood that in addition to the ingre-
dients particularly mentioned above the formulations of this
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invention may include other agents conventional in the art
having regard to the type of formulation in question, for
example those suitable for oral administration may include
flavoring agents.

[0710] The invention further provides veterinary composi-
tions comprising at least one active ingredient as above
defined together with a veterinary carrier.

[0711] Veterinary carriers are materials useful for the pur-
pose of administering the composition and may be solid,
liquid or gaseous materials which are otherwise inert or
acceptable in the veterinary art and are compatible with the
active ingredient. These veterinary compositions may be
administered orally, parenterally or by any other desired
route.

[0712] Effective dose of active ingredient depends at least
on the nature of the condition being treated, toxicity, whether
the compound is being used prophylactically (lower doses),
the method of delivery, and the pharmaceutical formulation,
and will be determined by the clinician using conventional
dose escalation studies.

Routes of Administration

[0713] One or more compounds disclosed herein (herein
referred to as the active ingredients) are administered by any
route appropriate to the condition to be treated. Suitable
routes include oral, rectal, nasal, topical (including buccal
and sublingual), vaginal and parenteral (including subcuta-
neous, intramuscular, intravenous, intradermal, intrathecal
and epidural), and the like. It will be appreciated that the
preferred route may vary with for example the condition of
the recipient. An advantage of the compounds disclosed
herein is that they are orally bioavailable and can be dosed
orally.

Dosing Regimen

[0714] The compound, such as a compound of any of For-
mulas | and III, may be administered to an individual in
accordance with an effective dosing regimen for a desired
period of time or duration, such as at least about one month,
at least about 2 months, at least about 3 months, at least about
6 months, or at least about 12 months or longer. In one
variation, the compound is administered on a daily or inter-
mittent schedule for the duration of the individual’s life.

[0715] The dosage or dosing frequency of a compound of
any of Formulas I and III may be adjusted over the course of
the treatment, e.g., based on the judgment of the administer-
ing physician.

[0716] The compound may be administered to an indi-
vidual (e.g., a human) in an effective amount. In one aspect,
the compound is administered once daily. In one aspect, the
compound is administered twice a day. In one aspect, the
compound is administered three times daily. It is understood
that the compound may be administered in any dosage
amount provided herein, such as a dosage amount that would
provide at least 10 mg/day dosing and no more than 1,000
mg/day dosing. Once daily oral dosing is embraced, such as
by administering a dosage form containing from 50 mg to 300
mg of compound.
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[0717] The antiviral properties of a compound of the inven- _continued
tion may be determined using Test A described below.
% inhibition at % inhibition at
Test A: Antiviral Assay in MT4 Cells Compound 2uM 0.2 pM CC50 (nM)
[0718] For the antiviral assay, 40 uL of a concentration 31 89 89 8034
required to achieve a final effective 1x test concentration of ;gF gg gg 13;2;
3-fold serially diluted compound in culture medium with 34 78 78 8758
10% FBS was added to each well of a 384-well plate (10 35D 91 28 14204
concentrations) in quadruplicate. MT-4 cells were next mixed ;gg gé gg 2 égg
with HIV-IIIb at an m.o.i of 0.003 for 1 hour, after which time pe 96 06 13516
35 ulL of virus/cell mixture (2000 cells) was immediately 39C o1 7 26475
added to each well containing 40 pl, of diluted compound. 40 87 87 8719
The plates were then incubated at 37° C. for 5 days. After 5 g 1gg 1gg 1132;
days of incubation, 25 ul of 2x concentrated CellTiter-Glo™ 43 100 100 15419
Reagent (catalog #G7571, Promega Biosciences, Inc., Madi- 44 04 04 6816
son, Wis.) was added to each well containing M T-4 cells. Cell 45G 92 92 10401
lysis was carried out by incubating at room temperature for 10 46 89 87 10490
. i 47 100 100 21441
min and then chemiluminescence was read. EC50 values 48 o8 88 33969
were calculated as the compound concentration that caused a 49 87 87 23967
50% decrease in luminescence signal, a measure of HIV-1 50 96 95 11736
replication. Percent inhibition of virus-induced cell killing 51 95 95 11128
calculated from the dose response curve at 2 uM and 0.2 uM gg g; g; 3;3;2
drug concentration is shown in the table below. 54 o8 08 R076
55C 92 92 9559
Test B: Cytotoxicity Assay S6F 97 97 18961
57 93 93 7634
[0719] Compound cytotoxicity and the corresponding 58G 95 95 8440
CC50 values was determined using the same protocol as ng gg 22 %42143#31?
described in the antiviral assay (Test A) except that uninfected 61B 96 96 14309
cells were used. 62 100 100 5695
[0720] Compounds of the present invention demonstrate 2431 gé gé gggg
antiviral activity (Test A) as depicted in the table below. 65 100 85 19301
Shown below are the corresponding values for CC50 and 66 97 97 6956
percent inhibition of virus-induced cell killing in the presence 671 94 94 21471
of 2 uM and 0.2 uM drug concentration. 63G %6 96 9638
69 77 77 718
70 94 94 9976
71 87 87 9509
% inhibition at % inhibition at 72 87 85 5865
Compound 2 M 0.2 uM CC50 (M) 73 86 86 4494
74D 99 99 6905
1B 77 17 8569 75 93 92 >40267
2 90 79 14347 76F 98 98 22571
3D 82 82 4149 77E 97 96 11804
4H 74 8 22793 78 98 98 14418
5G 58 3 >53192 79 100 100 4716
6 73 5 >53192 80 100 96 8579
7 92 8 5664 81 100 100 12466
8C 86 6 21955 82 99 99 9698
9B 95 92 14557 83 94 94 9935
10B 85 1 >53192 84 100 100 8734
11 66 3 >53192 85 9% 96 7850
12 58 1 >53192 86 99 99 6471
13 0 — >53192 87 9% 95 6803
14E 89 87 6824 88 100 100 8488
15 94 93 10261 89 95 95 7773
16C 65 23 3670 90D 97 97 7620
17 80 95 12556 91E 100 100 9382
18 90 96 6934 92 100 100 6244
19G 93 97 19626 3 o 93 4809
20 80 96 11162 94 100 100 7577
21H 92 92 7628
22C 92 92 4949 93 o3 o3 6313
Py <& - 7619 96 100 100 6998
B & 78 5921 97 100 100 7596
s 29 20 9139 98 100 100 8410
% 100 34 10014 99B 100 100 6366
27G 89 89 10412 100 99 99 5136
28 84 71 12175 101 95 95 6526
29B 81 80 15266 102 100 100 5815

30 91 1 8582 103 100 100 6792
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% inhibition at % inhibition at % inhibition at % inhibition at
Compound 2uM 0.2 uM CC50 (nM) Compound 2uM 0.2 pM CC50 (nM)
104 100 100 7463 177D 100 100 >53192
105E 74 — 31484 178 100 95 13999
106E 96 95 12404 179 100 100 15481
107B 95 95 5303 180C 100 100 21252
108C 94 94 >53076 181C 100 100 >53192
109 97 97 29567 182L 100 100 9829
110E 98 15 >53192 183F 84 84 12400
111 90 89 9593 184 90 90 7694
112D 97 97 13891 185C 89 89 18160
113D 97 — 1092 186D 87 87 1517
114G 100 100 14834 187G 84 84 19776
115C 91 84 9313 188 92 92 26275
116A 93 62 10484 189 88 88 17249
117F 100 93 27833 190 98 98 13907
118 96 96 23924 191 91 91 10142
119C 99 99 9242 192 98 95 28776
120H 88 51 11699 193 92 92 23055
121 98 46 9184 194 99 84 21268
122 88 88 9072 195 90 88 11235
123 90 90 7904 196 92 76 10783
124 97 97 9145 197 63 — 15373
125D 97 96 13628 198 98 64 23690
126 92 92 15507 199 95 95 22472
127 92 92 8762 200 90 89 12230
128B 94 93 4181
129 82 54 12115
130 85 80 23158 .
131E 9% 95 32533 [0721] The data above represent an average over time of
132C ISP 92 24161 each assay for each compound. For certain compounds, mul-
133 90 90 16784 tiple assays have been conducted over the life of the project.
ggB g; gg ﬁgi; Thus, the data reported in the tables include the data reported
136D o o 7427 in the prl.orlty dqcument, as well as data from assaysrunin the
137C 100 93 7881 intervening period. In the above table, percent inhibition val-
138 83 61 33392 ues have been normalized to 100% where the calculation of
1398 o4 o4 15437 percent inhibition would have resulted in a value greater than
140M 98 98 20364 100
141D 100 100 19761 .
}fé g; g; ﬁgg [0722] In one embodiment, the compounds demonstrate
144 05 95 16236 >10% inhibition at 2. p.M. In one embodiment, the comp.ounds
145 99 99 8687 demonstrate >30% inhibition at 2 uM. In one embodiment,
}igl - - >§§‘1‘g§ the compounds demonstrate >50% inhibition at 2 uM. In one
1488 @ © Y3264 embodiment, the compounds demonstrate >70% inhibition at
149 86 86 26728 2 uM. In one embodiment, the compounds demonstrate >75%
150 87 87 28895 inhibition at 2 pM. In one embodiment, the compounds dem-
151 92 92 25316 onstrate >80% inhibition at 2 pM. In one embodiment, the
}g gg gg }51;271; compounds demonstrate >85% inhibition at 2 uM. In one
154 97 97 12488 embodiment, the compounds demonstrate >90% inhibition at
1551 99 99 26782 2 uM. In one embodiment, the compounds demonstrate >95%
ggg ;g ;g féggi inhibition at 2 WM. Tt is to be understood that the compounds
158G 71 7 26745 disclosed herein can be grouped according to their % inhibi-
159 95 95 27427 tion as described above.
160 100 100 20477 .
161 34 34 51843 [0723] In one embodiment, the compounds demonstrate
162 81 81 22412 >10% inhibition at 0.2 uM. In one embodiment, the com-
163 86 79 8853 pounds demonstrate >30% inhibition at 0.2 pM. In one
164 97 96 40504 embodiment, the compounds demonstrate >50% inhibition at
122 ;i ;; 22 fé f 0.2 uM. In one embodiment, the compounds demonstrate
167 o3 3 34110 >70% inhibition at 0.2 uM. In one embodiment, the com-
168B 90 20 >53192 pounds demonstrate >75% inhibition at 0.2 pM. In one
169 92 92 12421 embodiment, the compounds demonstrate >80% inhibition at
170 88 88 16958 0.2 uM. In one embodiment, the compounds demonstrate
171D - - >42470 >85% inhibition at 0.2 uM. In one embodiment, the com-
i;i 9 9 a3 63; pounds demonstrate >90% inhibition at 0.2 pM. In one
174 35 35 +53192 embodiment, the compounds demonstrate >95% inhibition at
175 95 95 >46082 0.2 uM. It is to be understood that the compounds disclosed
176 100 100 17402 herein can be grouped according to their % inhibition as

described above.
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[0724] In one variation, a compound is of any formulae
provided herein, wherein the compound exhibits from 85%-
100% inhibition of virus-induced cell killing at 2 uM. In one
variation, a compound is of any formulae provided herein,
wherein the compound exhibits from 85%-100% inhibition
of'virus-induced cell killing at 0.2 uM. In other embodiments,
a compound is of any formulae provided herein wherein the
compound exhibits from 50-100, 60-100, 70-100, 80-100, or
90-100% inhibition of virus-induced cell killing at 2 uM or at
0.2 uM.

[0725] Itis understood that % inhibition may be evaluated
by techniques known in the art. In a particular variation, a
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compound is of any formulae provided herein wherein the
compound exhibits from 85%-110% inhibition of virus-in-
duced cell killing at 2 uM or at 0.2 uM as measured by the
method provided in the Test A and Test B sections discussed
above.

[0726] Percent inhibition was also calculated for certain
compounds as compared to previously published compounds
(WO 2013/006738) and is shown below. The percent inhibi-
tion of virus-induced cell killing at 2 pM and 0.2 uM was
measured by the method provided in the Test A and Test B
sections discussed above.

Compound

Response at 2 uM  Response at 0.2 pM
X1 94 21
NH,
28 84 71
NH,
5G 58 3

NH,



US 2014/0303164 Al

-continued

95

Oct. 9,2014

Compound

Response at 2 uM  Response at 0.2 pM

X2

18

91 65

90 96

[0727] The specific pharmacological responses observed
may vary according to and depending on the particular active
compound selected and whether there are present pharmaceu-
tical carriers and/or pharmaceutically active compounds, as
well as the type of formulation and mode of administration
employed, and such expected variations or differences in the
results are contemplated in accordance with practice of the
present invention.

[0728] The Examples provided herein describe the synthe-
sis of compounds disclosed herein as well as intermediates
used to prepare the compounds. It is to be understood that
individual steps described herein may be combined. It is also
to be understood that separate batches of a compound may be
combined and then carried forth in the next synthetic step.

Example 1
[0729]

F F CHF,

CuCN
—_—

e
o]
ZT!

Br

\_/

Br
5F
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1B

Synthesis of (5)-5-bromo-6-(1-(2-(3-(difluorom-
ethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-
indazol-1-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)
picolinamide (1A)

[0730] Compound SF (100 mg, 0.15 mmol) and CuCN (16
mg, 0.18 mmol) was dissolved in 0.3 m[. of DMF. The reac-
tion mixture was heated at 100° C. overnight. After cooled
down to room temperature it was diluted with water and
extracted with EtOAc. The organic phase was dried
(Na,S0,), filtered and concentrated. The crude material was
purified on reverse phase HPLC eluting with acetonitrile and
water (with 0.1% TFA) to afford (S)—N-(1-(3-bromo-6-cy-
anopyridin-2-yl1)-2-(3,5-difluorophenyl)ethyl)-2-(3-(difluo-
romethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-inda-
zol-1-yl)acetamide and the title product (1A). MS (m/z) 640.
05 [M+H]".

Synthesis of (S)-6-(1-(2-(3-(difluoromethyl)-4,4,7,7-

tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-yl)aceta-

mido)-2-(3,5-difluorophenyl)ethyl)-5-(1H-pyrrolo[2,
3-b]pyridin-5-yl)picolinamide (1B)

[0731] The title compound (1B) was prepared according to
the method presented for the synthesis of compound 4H of
Example 4 utilizing 5-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-y1)-1H-pyrrolo[2,3-b]pyridine and 1A. "H NMR (400
MHz, CD,0D) § 9.00 (d, J=8.5 Hz, 1H), 8.12 (d, J=7.9 Hz,
1H), 8.01 (s, 1H), 7.92-7.77 (m, 2H), 7.56 (d, J=3.5 Hz, 1H),
6.97-6.53 (m, 3H), 6.26 (d, J=6.1 Hz, 2H), 5.53 (m, 1H), 5.11
(s, 2H), 3.07 (m, 2H), 2.63-2.25 (m, 4H). MS (m/z) 678.08
[M+H]™".
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Example 2

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(4-0x0-3,4-dihydroquinazolin-8-yl)pyridin-2-
yDethyl)acetamide (2)

[0733] The title compound (2) was prepared according to
the method presented for the synthesis of compound 4H of
Example 4 utilizing (4-ox0-3,4-dihydroquinazolin-8-yl)bo-
ronic acid and 14D. *H NMR (400 MHz, CD,0D) 8 8.27 (m,
1H), 7.82 (m, 1H), 7.75 (m, 1H), 7.50 (s, 1H), 7.44 (m, 2H),
6.86 (m, 1H), 6.61 (m, 2H), 6.32 (m, 1H), 6.15 (m, 2H), 5.21
(m, 1H), 4.76 (s, 2H), 3.11 (m, 2H), 2.92 (m, 2H), 2.48 (m,
4H), 1.62 (d, J=6.6 Hz, 6H), 1.33 (m, 1H), 1.12 (m, 1H). MS
(m/z) 725.14 [M+H]".

Example 3
[0734]
(€]
Il
Cl—S—CF,
|
(6]
NH ——
HO

6]
3A

o] o]
\ /
B—B
o o] (o]
F3C\S// NH
/o
o 6]
3B
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14D
NH —
0
~B
0
0

Synthesis of 3'-oxospiro[cyclopropane-1,1'-isoindo-
lin]-5'-y1 trifluoromethanesulfonate (3B)

[0735] The mixture of compound 3A (1 g, 5.7 mmol, pre-
pared according to the method presented in Tetrahedron Let-
ters 50 (2009) 1267-1269), DCM (20 mL), and Et;N (0.9 mL,
6.8 mmol) was cooled to 0° C. using an ice/water bath. Trif-
luoromethanesulfonyl chloride (0.91 mL, 8.5 mmol) was
added dropwise via syringe. The mixture was then stirred for
1 h in ambient temperature. More Trifluoromethanesulfonyl
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chloride (0.8 mL) was added and the mixture was stirred at
ambient temperature for another hour. Then diluted with
DCM (150 mL) and washed with 1.0 N HCI1 (50 mL), satu-
rated aqueous sodium bicarbonate (1x50 mL), and saturated
aqueous sodium chloride (1x50 mL). The organic layer was
dried over MgSO,, filtered through Celite®, and concen-
trated in vacuo to give the title product (3B). MS (m/z) 308.29
[M+H]".

Synthesis of 5'-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yD)spiro[cyclopropane-1,1'-isoindolin]-3'-one
GO

[0736] Inamicrowave tube were charged 3B (200 mg, 0.65
mmol), bis(pinacolato)diboron (330 mg, 1.3 mmol) and
potassium acetate (191 mg, 1.95 mmol), [1,1'-Bis(diphe-
nylphosphino)ferrocene|dichloropalladium(Il) (14 mg, 0.02
mmol) and 1,4-dioxane (8 mL) The mixture was heated up to
150° C. for 20 min in a Microwave Synthesizer. Upon
completion the solution was diluted in EtOAc and the organic
layer was washed with water and a saturated NaCl solution,
dried over MgSO, and concentrated in vacuum to give the
title compound as a dark brown solid. A half amount of the
product was purified by silica gel chromatography eluting
with EtOAchexanes to afford the title product. MS (m/z)
286.23 [M+H]".

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(3'-oxospiro[cyclopropane-1,1'-isoindolin]-5'-
yDpyridin-2-yl)ethyl)acetamide (3D)

[0737] Inamicrowavetube were charged with 14D (33 mg,
0.05 mmol), 3C (21 mg, 0.075 mmol), LiCl (6 mg, 0.15
mmol), K,CO; (21 mg, 0.15 mmol), Pd(PPh;),Cl, (3 mg) and
Pd(dppf)Cl, (3 mg). To the mixture was added 1 mL of DME
and 0.2 mL of H,O. The mixture was heated up to 165° C. for
12 min in a Microwave Synthesizer. After cooled down and
filtered through a syringe filter, purified on reverse phase
HPLC eluting with acetonitrile and water (with 0.1% TFA) to
afford the title product. '"H NMR (400 MHz, CD,0OD) & 8.77
(d, J=8.4 Hz, 1H), 7.55 (d, J=8.0 Hz, 1H), 7.46 (d, J=8.0 Hz,
1H), 7.40 (d,J=7.8 Hz, 1H), 7.32-7.16 (m, 2H), 6.64 (1, ]1=9.2
Hz, 1H), 6.24 (d, J=6.5 Hz, 2H), 5.39 (t, J=7.3 Hz, 1H), 4.86
(s, 2H), 3.08-2.92 (m, 2H), 2.58-2.31 (m, 2H), 1.62 (s, 6H),
1.60-1.33 (m, 5H), 1.12 (m, 1H).

[0738] MS (m/z) 738.15 [M+H]".
Example 4
[0739]
@)
AN ®)
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Synthesis of (S)—N-((3,5-dibromopyridin-2-yl)me-
thylene)-2-methylpropane-2-sulfinamide (4B)

[0740] To 3,5-dibromopicolinaldehyde (1.9 g0, 7.17
mmol) in DCM (30 mL) was added (S)-2-methylpropane-2-
sulfinamide (870 mg, 7.17 mmol) and CuSO, (2.29 g, 14.3
mmol). The reaction mixture was stirred for 15 h. Solids were
filtered over celite. The solvents were removed in vacuo and
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the residue purified by column chromatography on silica to
provide 2.6 g of the title compound. MS (n/z) 368.9 [M+H]*.

Synthesis of (S)—N—((S)-1-(3,5-dibromopyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)-2-methylpropane-2-
sulfinamide (4C)

[0741] (S)—N-((3,5-dibromopyridin-2-yl)methylene)-2-
methylpropane-2-sulfinamide (2.6 g, 7.1 mmol) was dis-
solved in THF (24 mL) and cooled to -78° C. (3,5-difluo-
robenzyl)magnesium bromide (34 mlL, 0.25 M in Et,O) was
added dropwise. The reaction was stirred at —78° C. for 3 hr
then let warm to 0° C. and quenched. The reaction was par-
titioned between EtOAc and aq. NH,CI. The organics were
separated, dried, and removed in vacuo. The residue purified
by column chromatography on silica to provide the title com-
pound. MS (m/z) 496.6 [M+H]*.

Synthesis of (S)-1-(3,5-dibromopyridin-2-y1)-2-(3,5-
difluorophenyl)ethanamine (4D)

[0742] To (S)—N—((S)-1-(3,5-dibromopyridin-2-yl)-2-
(3,5-difluorophenyl)ethyl)-2-methylpropane-2-sulfinamide
(650 mg) dissolved in DCM (3 mL) was added 4N HCI in
dioxanes (4 mL). The reaction was stirred for 2 hr at ambient
temperature. Solvents were removed in vacuo and the crude
desired product was used without further purification. MS
(m/z) 393.0 [M+H]".

Synthesis of (S)-tert-butyl 1-(3,5-dibromopyridin-2-
y1)-2-(3,5-difltuorophenyl)ethylcarbamate (4E)

[0743] (S)-1-(3,5-Dibromopyridin-2-yl)-2-(3,5-difluo-
rophenyl)ethanamine (780 mg, 1.84 mmol) was combined
with di-tert-butyl dicarbonate (400 mg, 1.84 mmol) and TEA
(515 uL, 3.7 mmol) in DCM (9 mL). The reaction was stirred
for 2 hr at ambient temperature. The reaction was partitioned
between EtOAc and H,O. The organics were separated, dried,
and removed in vacuo. The residue purified by column chro-
matography on silica to provide the title compound. MS (m/z)
492.9 [M+H]*.

Synthesis of (S)-tert-butyl 1-(3-bromo-5-(3-hydroxy-
3-methylbut-1-ynyl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethylcarbamate (4F)

[0744] To (S)-tert-butyl 1-(3,5-dibromopyridin-2-y1)-2-(3,
5-difluorophenyl)ethylcarbamate (140 mg, 0.29 mmol) in
THF (18 mL) was added 2-methylbut-3-yn-2-01 (42 uL, 0.43
mmol), TEA (0.9 mL), Pd(PPh;),Cl, (30 mg) and Cul (16
mg). The reaction was stirred for 2 hr at ambient temperature
and then partitioned between EtOAc and H,O. The organics
were separated, dried, and removed in vacuo. The residue
purified by column chromatography on silica to provide the
title compound as a mixture with 4E which was used in the
next step. MS (m/z) 496.7 [M+H]".

Synthesis of (S)—N-(1-(3-bromo-5-(3-hydroxy-3-
methylbut-1-ynyl)pyridin-2-y1)-2-(3,5-difluorophe-
nyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-
4,5,6,7-tetrahydro-1H-indazol-1-yl)acetamide (4G)

[0745] A mixture of (S)-tert-butyl 1-(3-bromo-5-(3-hy-
droxy-3-methylbut-1-ynyl)pyridin-2-y1)-2-(3,5-difluo-

rophenyl)ethylcarbamate and (S)-tert-butyl 1-(3,5-dibro-
mopyridin-2-y1)-2-(3,5-difluorophenyl)ethylcarbamate (105
mg) obtained from the previous step was dissolved in DCM (3
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ml) and treated with 4N HCl in dioxanes (4 mL.). The reac-
tion was stirred for 2 hr then solvents removed in vacuo. The
residue purified by column chromatography on silica to pro-
vide 18 mg of (S)-4-(6-(1-amino-2-(3,5-difluorophenyl)
ethyl)-5-bromopyridin-3-yl)-2-methylbut-3-yn-2-ol ~ (MS
(m/z) 395.0 [M+H]"). To (S)-4-(6-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-5-bromopyridin-3-yl)-2-methylbut-3-yn-2-
ol (18 mg, 0.046 mmol) in DMF (1 mL) was added 2-(3-
(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-
indazol-1-yl)acetic acid (15 mg, 0.05 mmol), iPr,NEt (17 pL,
0.1 mmol) and HATU (26 mg, 0.07 mmol). The reaction was
stirred 30 min and then partitioned between EtOAc and H,O.
The organics were separated, dried, and removed in vacuo.
The crude product was used directly in the next reaction. MS
(m/z) 679.2[M+H]".

Synthesis of (S)-2-(3-(difluoromethyl)-4,4,7,7-tet-

rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)-N-(2-

(3,5-difluorophenyl)-1-(5-(3-hydroxy-3-methylbut-

1-ynyl)-3-(3-oxoisoindolin-5-yl)pyridin-2-yl)ethyl)
acetamide (4H)

[0746] To (S)—N-(1-(3-bromo-5-(3-hydroxy-3-methyl-
but-1-ynyl)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-(3-
(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-
indazol-1-yl)acetamide (16 mg, 0.02 mmol) in DME (0.7
ml) was added 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)isoindolin-1-one (7 mg, 0.03 mmol), Pd(PPh;),Cl, (2
mg), LiCl (1 mg), and aq 2M K,CO; (30 pL). The reaction
was heated in a microwave reactor to 150° C. for 20 min. The
reaction was purified by RP HPLC to provide the desired
product. '"H NMR (400 MHz, Methanol-d,) 8 8.69 (d, 1H),
7.62-7.49 (m, 2H), 7.43 (s, 1H), 7.28 (s, 1H), 6.98-6.58 (m,
4H), 6.26 (d, 2H), 5.34 (d, 2H), 5.18 (s, 1H), 5.05 (s, 2H), 4.48
(s, 2H),3.02 (t, J=7.5 Hz, 3H), 2.49 (s, 7H), 1.56 (s, 5H). MS
(m/z) 732.1[M+H]*.

Example 5
[0747]
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Synthesis of
3,6-dibromo-2-(dibromomethyl)pyridine (5A)

[0748] To asolution of 3,6-dibromo-2-methylpyridine (5.2
g,21 mmol) in CCl, (50 mL) was added N-bromosuccinimide
(7.57 g, 42 mmol) and 2,2'-azobis(2-methylpropionitrile)
(0.70 g, 4.3 mmol). The mixture was heated at 80° C. over-
night and cooled to room temperature. The solid was removed
by filtration and the filtrate was concentrated under reduced
pressure. The product (5A) was obtained after flash chroma-
tography eluding with 0-10 percent EtOAc in hexane (7.36 g).
MS (m/z): 409.66 [M+H]*

Synthesis of 3,6-dibromopicolinaldehyde (5B)

[0749] A solution of silver nitrate (7.6 g, 45 mmol) in water
(24 mL.) was added dropwise to a solution of SA (7.36 g, 18
mmol) in refluxing EtOH (90 mL). The mixture was stirred at
80° C. for 5 hours. After the mixture was cooled to room
temperature, it was diluted with water (100 mL), extracted
with EtOAc (3 times), dried over Na,SO,, filtered and con-
centrated under reduced pressure. The crude product (5B, 4.6
G) was directly used for next step. MS (m/z): 265.96. [M+H]*

Synthesis of (S,Z2)—N-((3,6-dibromopyridin-2-yl)
methylene)-2-methylpropane-2-sulfinamide (5C)

[0750] The title compound (5C) was prepared according to
the method presented for the synthesis of compound 4B of
Example 4 utilizing SB. MS (m/z) 368.86 [M+H]*

Synthesis of (S)—N—((S)-1-(3,6-dibromopyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)-2-methylpropane-2-
sulfinamide (5D)

[0751] The title compound (5D) was prepared according to
the method presented for the synthesis of compound 4C of
Example 4 utilizing 5C. MS (m/z) 496.99 [M+H]*

Synthesis of (S)-1-(3,6-dibromopyridin-2-y1)-2-(3,5-
difluorophenyl)ethanamine hydrochloride (5E)

[0752] The title compound (SE) was prepared according to
the method presented for the synthesis of compound 4D of
Example 4 utilizing 5D. MS (nv/z) 393.29 [M+H]*
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Synthesis of (S)—N-(1-(3,6-dibromopyridin-2-y1)-2-
(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4.4,
7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)
acetamide (5F)

[0753] The title compound (5F) was prepared according to
the method presented for the synthesis of compound 10A of
Example 10 utilizing SE. MS (m/z) 676.96 [M+H]".

Synthesis of (S)-5,5'-(6-(1-(2-(3 (difluoromethyl)-4,
4,7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)
acetamido)-2-(3,5-difluorophenyl)ethyl)pyridine-2,
5-diyl)bis(2-fluorobenz amide) (5G)

[0754] Ina microwave tube was charged with 5F (100 mg,
0.15 mmol), (3-carbamoyl-4-fluorophenyl)boronic acid (81
mg, 0.45 mmol), LiCl (19 mg, 0.45 mmol), Na,CO; (50 mg,
0.6 mmol) and 5 mg of Pd(PPh,),Cl,. To the mixture was
added 1.4 mL of 1,4-dioxane/methanol/H,O (5/1/1). The
mixture was heated up to 170° C. for 15 min in a Microwave
Synthesizer. After cooled down and filtered through a syringe
filter, purified on reverse phase HPLC eluting with acetoni-
trile and water (with 0.1% TFA) to afford the title compound.
'"H NMR (400 MHz, CD,0D) 8 8.90 (d, 1=8.6 Hz, 1H), 8.74
(dd, J=7.2,2.4 Hz, 1H), 8.51-8.30 (m, 1H), 7.91 (d, J=8.1 Hz,
1H), 7.64 (d, J=8.1 Hz, 1H), 7.41 (m, 2H), 7.23 (dd, J=10.7,
8.5 Hz, 1H), 7.02-6.49 (m, 2H), 6.35 (d, J=6.2 Hz, 2H), 5.45
(m, 1H), 5.16-5.02 (m, 2H), 3.23-2.97 (m, 2H), 2.49 (m, 4H).
MS (m/z) 793.19 [M+H]".

Example 6

[0755]

Synthesis of (S)—N-(1-(3,6-bis(3-oxoisoindolin-5-

yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-(3-

(difluoromethyl)-4,4,7,7-tetratluoro-4,5,6,7-tetrahy-
dro-1H-indazol-1-yl)acetamide (6)

[0756] The title compound (6) was prepared according to
the method presented for the synthesis of compound 5G of
Example 5 utilizing 6-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)isoindolin-1-one and 5F. 1H NMR (400 MHz,
CD,0D) 8.84 (d,J=8.1 Hz, 1H), 8.72 (s, 1H), 8.49 (d,1=7.9
Hz, 1H), 7.98 (d, J=8.1 Hz, 2H), 7.72 (dd, J=23.8, 8.0 Hz,
2H), 7.60 (d, J=7.9 Hz, 1H), 7.49 (d, J=8.0 Hz, 1H), 7.39 (s,
1H), 6.97-6.57 (m, 2H), 6.33 (m, 2H), 5.49 (m, 2H), 5.10 (s,
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2H), 4.57 (s, 2H), 4.49 (s, 2H), 3.24-2.95 (m, 2H), 2.47 (m,
4H). MS (mv/z) 781.02[M+H]*.

Example 7

[0757]

E F CHF,

Synthesis of (S)—N-(1-(3,6-bis(1H-pyrrolo[2,3-b]
pyridin-5-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,
6,7-tetrahydro-1H-indazol-1-yl)acetamide (7)

[0758] The title compound (7) was prepared according to
the method presented for the synthesis of compound 5G of
Example 5 utilizing 6 5-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-y1)-1H-pyrrolo[2,3-b]pyridine and 5F. "H NMR
(400 MHz, CD;0D) 9 9.23-9.17 (m, 2H), 9.04 (d, J=8.1 Hz,
1H), 8.03 (m, 3H),7.75 (d, J=8.1 Hz, 1H), 7.61 (dd, J=7.3,3.5
Hz, 2H), 6.93-6.52 (m, 4H), 6.34 (d, J=6.2 Hz, 2H), 5.45 (m,
1H), 5.10 (m, 2H), 3.27-3.06 (m, 2H), 2.48 (m, 4H). MS (n/z)
751.22 [M+H]™".

Example 8

[0759]

E F CHF, o .
A\ —
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Synthesis of (S)—N-(1-(5-bromo-2'-methoxy-[2,4'-
bipyridin]-6-y1)-2-(3,5-difluorophenyl)ethyl)-2-(3-
(difluoromethyl)-4,4,7,7-tetratluoro-4,5,6,7-tetrahy-
dro-1H-indazol-1-yl)acetamide (8A) and (S)—N-(1-
(2',5'-di(methoxy-[2,4'-bipyridin]-6-y1))-2-(3,5-
difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,7-
tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)
acetamide (8B)

[0760] The title compounds (8A and 8B) were prepared
according to the method presented for the synthesis of com-
pound 5G of Example 5 utilizing 2-methoxy-4-(4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolan-2-yl)pyridine (2 equiv.) and SF.

Synthesis of (S)-2-(3-(difluoromethyl)-4,4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)-N-(2-
(3,5-difluorophenyl)-1-(2'-methoxy-5-(3-oxoisoindo-
lin-5-y1)-[2,4'-bipyridin]-6-yl)ethyl)acetamide (8C)

[0761] The title compound (8C) was prepared according to
the method presented for the synthesis of compound 4H of
Example 4 utilizing 8A. "H NMR (400 MHz, CD,0D) 8 8.85
(d, J=8.1 Hz, 1H), 8.33 (d, J=5.7 Hz, 1H), 8.06 (d, J=8.0 Hz,
1H), 7.91 (d, J=5.7 Hz, 1H), 7.82 (s, 1H), 7.74 (d, J=8.0 Hz,
1H), 7.61 (d, J=6.3 Hz, 1H), 7.53 (d, J=7.8 Hz, 1H), 7.38 (s,
1H), 6.91-6.44 (m, 2H), 6.29 (d, J=6.3 Hz, 2H), 5.51 (dd,
J=14.8,8.2 Hz, 1H), 5.18-4.98 (m, 2H), 4.50 (s, 2H), 4.09 (s,
3H), 3.12 (m, 2H), 2.49 (m, 4H). MS (nv/z) 757.25 [M+H]".

Example 9
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Synthesis of (S)—N-(1-(3-bromo-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)
acetamide (9A)

[0763] The title compound (9A) was prepared according to
the method presented for the synthesis of compound 4F of
Example 4 utilizing 2-methylbut-3-yn-2-ol and 5F. MS (m/z)
681.17 [M+H]*.

Synthesis of (S)-2-(3-(difluoromethyl)-4,4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)-N-(2-
(3,5-difluorophenyl)-1-(6-(3-hydroxy-3-methylbut-
1-yn-1-y1)-3-(3-oxoisoindolin-5-yl)pyridin-2-yl1)
ethyl)acetamide (9B)

[0764] The title compound (9B) was prepared according to
the method presented for the synthesis of compound 4H of
Example 4 utilizing 9A. '"H NMR (400 MHz, CD,0D) §
7.63-7.53 (m, 2H), 7.50-7.40 (m, 2H), 7.30 (s, 1H), 6.95-6.56
(m, 2H), 6.28 (d, J=6.3 Hz, 2H), 5.39 (t, J=7.4 Hz, 1H), 5.05
(s, 2H), 4.48 (s, 2H), 3.13-2.91 (m, 2H), 2.66-2.35 (m, 4H),
1.61 (s, 6H). MS (m/z) 732.23 [M+H]".

Example 10
[0765]
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10B

Synthesis of (S)—N-(1-(3,5-dibromopyridin-2-y1)-2-
(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4.4,
7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-yl)
acetamide (10A)

[0766] To (S)-1-(3,5-dibromopyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethanamine (380 mg, 0.97 mmol) dissolved in
DMF (10 mL) was added iPr,NEt (350 uL, 2 mmol) and
2-(3-(difltuoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahy-
dro-1H-indazol-1-yDacetic acid (293 mg, 0.97 mmol).
HATU (442 mg, 1.16 mmol) was added and the reaction
stirred for 30 min. The reaction was partitioned between
EtOAc and H,O. The organics were separated, dried, and
removed in vacuo. The residue purified by column chroma-
tography on silica to provide the title compound. MS (m/z)
677.1 [M+H]*.

Synthesis of (S)—N-(1-(3,5-bis(3-oxoisoindolin-5-

yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-(3-

(difluoromethyl)-4,4,7,7-tetratluoro-4,5,6,7-tetrahy-
dro-1H-indazol-1-yl)acetamide (10B)

[0767] To (S)—N-(1-(3,5-dibromopyridin-2-y1)-2-(3,5-di-
fluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,7-tet-

rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-yl)acetamide (50
mg, 0.074 mmol) in DME (0.8 mL) and DMF (0.2 mL) was
added 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoin-
dolin-1-one (48 mg, 0.19 mmol), Pd(PPh,),Cl, (5 mg), LiCl
(2 mg), and aq 2M K,CO; (110 pL.). The reaction was heated
in a microwave reactor to 150° C. for 20 min. The reaction
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was purified by RP HPLC to provide the desired product. 'H
NMR (400 MHz, Methanol-d,,) 8 9.02 (d, 1H), 8.11 (d, 1H),
7.97 (dd, 1.7 Hz, 1H), 7.89 (d, 1H), 7.72 (d, 1H), 7.67-7.48
(m, 3H), 7.42 (d, 1H), 6.70-6.61 (m, 2H), 6.37-6.30 (m, 2H),
5.44 (t, 1H), 5.07 (s, 2H), 4.51 (d, 4H), 3.18-3.01 (m, 3H),
2.50 (dd, 4H). MS (m/z) 798.1[M+H]*.

Example 11

[0768]
11

Synthesis of (S)—N-(1-(3,5-di(1H-pyrrolo[2,3-b]
pyridin-5-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,
6,7-tetrahydro-1H-indazol-1-yl)acetamide (11)

[0769] The title compound was prepared according to the
method presented for the synthesis of 10B of Example 10
utilizing 10A and 5-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-y1)-1H-pyrrolo[2,3-b]pyridine. 'H NMR (400 MHz,
Methanol-d,) 8 9.10 (s, 1H), 8.62 (s, 1H), 8.56 (s, 1H), 8.14 (s,
1H), 8.05-7.94 (m, 2H), 7.58 (dd, 2H), 6.99-6.61 (m, 4H),
6.36 (d, 2H), 5.47-5.27 (m, 2H), 5.15-5.00 (m, 2H), 3.24-3.01
(m, 3H), 2.66-2.32 (m, SH). MS (m/z) 751.1[M+H]".

Example 12

[0770]
12
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Synthesis of (S)-2-(3-(difluoromethyl)-4,4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)-N-(2-
(3,5-difluorophenyl)-1-(2'-0x0-5-(3-oxoisoindolin-5-
yD-1',2'-dihydro-[2,4'-bipyridin]-6-yl)ethyl)
acetamide (12)

[0771] In a microwave tube were charged with (S)-2-(3-
(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-
indazol-1-y1)-N-(2-(3,5-difluorophenyl)-1-(2'-methoxy-5-
(3-oxoisoindolin-5-y1)-[ 2,4'-bipyridin]-6-yl)ethyl)
acetamide (8C, 5 mg), HCl in 1,4-dioxane (4N, 0.3 m[.) and
ethanol (0.3 mL). The mixture was heated up to 100° C. for 20
min in a Microwave Synthesizer. After cooled down, After
cooled down, the solvent was removed and the residue was
purified on reverse phase HPLC eluting with acetonitrile and
water (with 0.1% TFA) to afford the title product. 'H NMR
(400 MHz, CD,0D) 8 8.88 (m, 1H), 7.96 (d, J=8.0 Hz, 1H),
7.73 (d, J=8.0 Hz, 1H), 7.60 (m, 2H), 7.53 (m, 1H), 7.43 (s,
1H), 7.37 (s, 1H), 7.27 (d, J=6.8 Hz, 1H), 6.96-6.53 (m, 2H),
6.30 (d, J=6.2 Hz, 2H), 5.49 (m, 1H), 5.09 (s, 2H), 4.49 (s,
2H), 3.12 (m, 2H), 2.48 (m, 4H). MS (nv/z) 742.99 [M+H]".

Example 13

[0772]

13

Synthesis of (S)-2-(3-(difluoromethyl)-4,4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)-N-(2-
(3,5-difluorophenyl)-1-(2,2"-dioxo-1,1",2,2"-tetrahy-
dro-[4,2":5",4"-terpyridin]-6'-yl)ethyl)acetamide (13)

[0773] The title compound (13) was prepared according to
the method presented for the synthesis of compound 12 of
Example 12 utilizing 8B. 'H NMR (400 MHz, CD,0D) §
8.95(d, J=7.8 Hz, 1H), 7.95 (d, J=8.1 Hz, 1H), 7.71 (d, J=8.1
Hz, 1H), 7.60 (d, J=6.8 Hz, 1H), 7.43 (d, J=7.2 Hz, 1H), 7.25
(d, I=6.9 Hz, 1H), 6.98-6.61 (m, 2H), 6.45 (d, J=6.3 Hz, 2H),
6.33 (d, J=6.6 Hz, 1H), 6.19 (s, 1H), 5.51 (m, 1H), 5.08 (m,
2H), 3.15 (m, 2H), 2.49 (m, 4H). MS (m/z) 705.00 [M+H]".
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Example 14

[0774]

F F
{
Boc/ :
Br
X oH
Br 7
14A
HCI
—_—

14B

HATU, DIEA,
DMF

14C
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14E

Synthesis of (S)-tert-butyl 1-(3,6-dibromopyridin-2-
y1)-2-(3,5-difluorophenyl)ethylcarbamate (14A)

[0775] The title compound was prepared according to the
method presented for the synthesis of compound 4E of
Example 4 utilizing SE.

Synthesis of (S)-tert-butyl (1-(3-bromo-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)carbamate (14B)

[0776] The title compound (14B) was prepared according
to the method presented for the synthesis of compound 4F of
Example 4 utilizing 2-methylbut-3-yn-2-ol and (S)-tert-butyl
(1-(3,6-dibromopyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)
carbamate. MS (n/z) 496.90 [M+H]*.

Synthesis of (S)-4-(6-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-5-bromopyridin-2-yl)-2-methylbut-3-yn-
2-0l compound with 2-methylbut-3-yn-2-0l (1:1)
hydrochloride (14C)

[0777] The title compound (14C) was prepared according
to the method presented for the synthesis of compound 4G of
Example 4 utilizing 14B. MS (m/z) 397.09 [M+H]".

Synthesis of N—((S)-1-(3-bromo-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-(trif-
luoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropal[3,
4]cyclopental 1,2-c|pyrazol-1-yl)acetamide (14D)

[0778] The title compound (14D) was prepared according
to the method presented for the synthesis of compound 4G of
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Example 4 utilizing 2-((3bS,4aR)-5,5-difluoro-3-(trifluo- Example 16
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropal[3,4|cyclo-

penta[ 1,2-c]pyrazol-1-yl)acetic acid and 14C. MS (m/z) 659. [0782]

23 [M+H]".

F, F
Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo- CHE F. F
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4] A\ = TMS
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif- | N -
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1- N/
y1)-3-(1-oxoisoindolin-4-yl)pyridin-2-yl)ethyl) ol
acetamide (14E) F F N
(6] B
Y
Br Z
5F

[0779] The title compound (14E) was prepared according
to the method presented for the synthesis of compound 4H of
Example 4 utilizing 5-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-y1)-1H-pyrrolo[2,3-b]pyridine and 14D. "H NMR (400
MHz, CD,0D) 8 8.92 (d, J=8.7 Hz, 1H), 8.00 (s, 2H), 7.85 (s,
1H), 7.59 (m, 2H), 7.48 (d, J=7.9 Hz, 1H), 6.77-6.56 (m, 2H),
6.28 (d, J=6.3 Hz, 2H), 5.33 (m, 1H), 4.87 (s, 2H), 3.17-2.99
(m, 4H), 2.48 (m, 4H), 1.6 (s, 6H), 1.40 (m, 1H), 1.10 (m, 1H).
MS (m/z) 697.28 [M+H]".

Example 15

[0780]

15

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-oxoisoindolin-4-yl)pyridin-2-yl)ethyl)
acetamide (15)

[0781] The title compound (15) was prepared according to
the method presented for the synthesis of compound 4H of
Example 4 utilizing 14D and 2,3-dihydro-1H-isoindol-1-
one-4-boronic acid pinacol ester. '"H NMR (400 MHz,
CD,0D) 8 7.82 (m, 1H), 7.53 (m, 4H), 6.78 (m, 1H), 6.30 (m,
2H), 5.35 (m, 1H), 4.83 (m, 2H), 4.17 (m, 2H), 3.16-3.04 (m, 16C
1H), 2.98 (m, 1H), 2.48 (m, 2H), 1.53 (s, 6H), 1.43 (m, 1H),

1.08 (m, 1H). MS (m/z) 712.18 [M+H]".
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Synthesis of (S)—N-(1-(3-bromo-6-((trimethylsilyl)
ethynyl)pyridin-2-yl1)-2-(3,5-difluorophenyl)ethyl)-2-
(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tet-
rahydro-1H-indazol-1-yl)acetamide (16A)

[0783] The title compound (16A) was prepared according
to the method presented for the synthesis of compound 4F of
Example 4 utilizing ethynyltrimethylsilane and SF. MS (m/z)
694.59 [M+H]*.

Synthesis of (S)—N-(1-(3-(1H-pyrrolo[2,3-b|pyri-
din-5-y1)-6-((trimethylsilyl)ethynyl)pyridin-2-y1)-2-
(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4.4,
7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)
acetamide (16B)

[0784] The title compound (16B) was prepared according
to the method presented for the synthesis of compound 4H of
Example 4 utilizing 5-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-pyrrolo[2,3-b]pyridine and 16 A. MS (m/z) 731.
22 [M+H]".

Synthesis of (S)—N-(1-(3-(1H-pyrrolo[2,3-b|pyri-
din-5-y1)-6-(1H-1,2,3-triazol-4-yl)pyridin-2-y1)-2-(3,
S-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,
7-tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)
acetamide (16C)

[0785] Compound 16B (75 mg, 0.1 mmol), NaN; (13 mg,
0.2 mmol) and NH,CI (5 mg, 0.1 mmol) were dissolved in
DMF (0.5 mL) and stirred at 100° C. for overnight. The
reaction mixture was cooled down to room temperature and
diluted with water and extracted with EtOAc. The organic
phase was dried (Na,SO,), filtered and concentrated. The
crude material was purified on reverse phase HPLC eluting
with acetonitrile and water (with 0.1% TFA) to afford the title
product. 'H NMR (400 MHz, CD,0D) & 9.01 (d, J=7.7 Hz,
1H), 8.54 (s, 1H), 7.99 (m, 3H), 7.73 (d, J=8.0 Hz, 1H), 7.59
(d, I=3.5Hz, 1H), 6.97-6.55 (m, 3H), 6.31 (d, J=6.3 Hz, 2H),
5.45 (m, 1H), 5.11 (s, 2H), 3.13 (m, 2H), 2.49 (m, 4H). MS
(m/z) 702.02 [M+H]".

Example 17

[0786]

17
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(3-(2,4-dioxo-1,2,3,4-
tetrahydroquinazolin-8-y1)-6-(3-hydroxy-3-
methylbut-1-ynyl)pyridin-2-yl)ethyl)acetamide (17)

[0787] The title compound was prepared according to the
method presented for the synthesis of compound 4F of
Example 4 utilizing 8-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)quinazoline-2,4(1H,3H)-dione and 14D. 'H NMR
(400 MHz, DMSO) 8 11.36 (d, 1H), 10.12 (d, 1H), 8.87 (m,
1H), 7.98 (d, 1H), 7.75-6.70 (m, 7H), 6.47-6.57 (m, 2H),
4.74-4.50 (m, 2H), 3.01-2.90 (m, 2H), 2.48-2.60 (m, 2H),
1.49 (s, 6H), 1.45-1.24 (m, 1H), 0.96 (m, 1H). MS (m/z) 741.1
[M+H]".

Example 18

[0788]

18

Synthesis of 5-(2-((S)-1-(2-((3bS,4aR)-5,5-difluoro-
3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-
propa[3,4]|cyclopenta[ 1,2-c|pyrazol-1-yl)acetamido)-
2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-3-yl)-2-
fluorobenzamide (18)

[0789] The title compound was prepared according to the
method presented for the synthesis of compound 4F of
Example 4 utilizing (3-carbamoyl-4-fluorophenyl)boronic
acid and 14D. '"H NMR (400 MHz, DMSO) § 9.08 (d, 1H),
7.79-7.14 (m, 8H), 6.92 (m, 1H), 6.62 (d, 2H), 5.12 (m, 1H),
4.77-4.83 (m, 2H), 3.01 (m, 2H), 2.55 (m, 1H), 1.51 (s, 6H),
1.38 (m, 1H), 0.98 (m, 1H). MS (m/z) 718.2 [M+H]".
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Example 19
[0790]
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N
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/

N
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Synthesis of 7-bromo-4-chloro-1-methyl-1H-inda-
z0l-3-amine (19B)

[0791] To 3-bromo-6-chloro-2-fluorobenzonitrile (10 g,
42.7 mmol)in EtOH (100 mL.) was added methylhydrazine (9
ml, 171 mmol). The reaction mixture was stirred for 4 hours
at 110° C. The reaction was allowed to slowly cool over 4
hours, then the solids were filtered off and used with no
further purification to provide 7 g of the title compound
(including minor amounts of the other regioisomer). MS
(m/z) 262.0 [M+H]".

Synthesis of 4-chloro-1-methyl-7-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-indazol-3-amine
(19C)

[0792] To 7-bromo-4-chloro-1-methyl-1H-indazol-3-
amine (3 g, 11.5 mmol) in dioxane (40 mL.) and DMF (25 ml)
was added bis(pinacolato)diborane (8.8 g, 34.6 mmol), potas-
sium acetate (3.4 g, 34.6 mmol), and trans-dichlorobis(triph-
enylphosphine)palladium (II) (486.35 mg, 0.69 mmol). The
reaction mixture was stirred for 3 hours at 130° C. The reac-
tion was cooled, diluted with EtOAc, and then the solids were
filtered off over Celite and silica gel eluting with EtOAc. The

HATU, iPr,NEt,

DMF

mixture was concentrated and purified by flash column chro-
matography to provide 1.8 g of the title compound. MS (m/z)
308.3 [M+H]".

Synthesis of N-(4-chloro-1-methyl-7-(4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazol-3-yl)
methanesulfonamide (19D)

[0793] To 7-bromo-4-chloro-1-methyl-1H-indazol-3-
amine (2.6 g, 8.5 mmol) in DCM (30 mL) was added N,N-
Diisopropylethylamine (5.9 ml, 33.8 mmol) then the reaction
was cooled in an ice bath and methansulfonyl chloride (2 ml,
25.4 mmol) was added. The reaction mixture was stirred for
20 minutes at 0° C. The reaction was diluted with water and
extracted 2x with DCM. The organic layer was dried over
sodium sulfate and concentrated. The resulting mixture was
taken up in EtOH (30 ml) and 8 ml of 10N NaOH was added.
The reaction was followed by LCMS and once done (10
minutes) the reaction was diluted with water and quenched
with concentrated HC1 to pH 2. The mixture was extracted 3x
with DCM. The organic layer was dried over sodium sulfate
and concentrated until solid starts to fall out. The mixture is
then cooled in a brine/ice bath for 20 minutes and filtered to



US 2014/0303164 Al

recover desired as two lots and used with no further purifica-
tion to provide 2.1 g of the title compound. MS (m/z) 386.4
[M+H]™".

Synthesis of (S)-tert-butyl 1-(3-(4-chloro-1-methyl-

3-(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-

droxy-3-methylbut-1-ynyl)pyridin-2-y1)-2-(3,5-dif-
luorophenyl)ethylcarbamate (19E)

[0794] To N-(4-chloro-1-methyl-7-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)-1H-indazol-3-yl)methanesulfona-
mide (39 mg, 0.1 mmol) in dioxane (5§ mL.) and DMF (0.3 ml)
was added 14B (50 mg, 0.1 mmol), 1N sodium bicarbonate
(0.9 ml, 0.9 mmol), and dichlorobis(tricyclohexylphosphine)
palladium (II) (1.9 mg, 0.003 mmol). The reaction mixture
was stirred for 4 hours at 140° C. The reaction was cooled,
diluted with EtOAc and brine. The mixture was extracted 2x
with EtOAc, the organic layer was dried over sodium sulfate,
was concentrated and purified by flash column chromatogra-
phy to provide 30 mg of the title compound. MS (m/z) 674.7
[M+H]™".

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-

rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-ynyl)

pyridin-3-yl)-4-chloro-1-methyl-1H-indazol-3-y1)
methanesulfonamide TFA salt (19F)

[0795] To (S)-tert-butyl 1-(3-(4-chloro-1-methyl-3-(meth-
ylsulfonamido)-1H-indazol-7-y1)-6-(3-hydroxy-3-methyl-
but-1-ynyl)pyridin-2-y1)-2-(3,5-difluorophenyl)ethylcar-
bamate (30 mg, 0.04 mmol) in DCM (4 mL) was added TFA
(2 ml). The reaction mixture was stirred for 0.5 hours at RT.
The reaction was concentrated and used with no further puri-
fication to provide the title compound. MS (m/z) 574.4
[M+H]".

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-ynyl)pyridin-2-y1)-2-(3,5-dif-
luorophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(difluoromethyl)-3b.4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (19G)

[0796] The title compound (19G) was prepared according
to the method presented for the synthesis of compound 4G of
Example 4 utilizing 2-((3bS,4aR)-5,5-difluoro-3-(difluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropal[3,4|cyclo-
penta[1,2-c]pyrazol-1-ylacetic acid and (S)—N-(7-(2-(1-
amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-
methylbut-1-ynyl)pyridin-3-yl)-4-chloro-1-methyl-1H-
indazol-3-yl)methanesulfonamide to provide 20 mg of the
title compound. *H NMR (400 MHz, Methanol-d,,) 8 8.69 (t,
1H), 7.69 (dd, 1H), 7.53 (dd, 1H), 7.17 (s, 1H), 7.06 (d, 1H),
6.88-6.52 (m, 2H), 6.44-6.33 (m, 2H), 5.28 (d, 1H), 5.02-4.92
(m, 1H), 4.78-4.64 (m, 2H), 3.33 (s, 3H), 3.24 (d, 3H), 3.19-
3.08 (m, 2H), 3.05-2.92 (m, 2H), 2.44 (ddd, 2H), 1.64 (d, 6H),
1.38 (dt, 1H), 1.02 (s, 1H).

[0797] MS (m/z) 820.8 [M+H]*.
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Example 20

[0798]

20

Synthesis of (S)—N-(1-(3-(1-methyl-3-(methylsul-
fonamido)-1H-indazol-7-y1)-6-(3-hydroxy-3-methyl-
but-1-ynyl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(difluoromethyl)-3b.4,4a,5-tetrahydro-1H-
cyclopropa|3,4|cyclopenta[1,2-c|pyrazol-1-y1)
acetamide (20)

[0799] The title compound was prepared according to the
method presented for the synthesis of compound 19G of
utilizing ~ N-(1-methyl-7-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)-1H-indazol-3-yl)methanesulfonamide  and
compound 14B. "H NMR (400 MHz, Methanol-d,,) 8 8.69 (t,
1H), 7.88-7.80(dd, 1H), 7.69 (dd, 1H), 7.53 (dd, 1H), 7.20 (s,
1H), 7.09 (d, 1H), 6.88-6.52 (m, 2H), 6.38-6.27 (m, 2H), 5.35
(m, 1H), 5.02-4.95 (m, 1H), 4.80-4.65 (m, 2H), 3.33 (s, 3H),
3.19-3.08 (m, 4H), 3.05-2.92 (m, 2H), 2.44 (m, 2H), 1.64 (d,
6H), 1.38 (m, 1H), 1.02 (m, 1H).

[0800] MS (m/z) 786.1 [M+H]*.
Example 21
[0801]
o
HO 0 .
CIH HN\,
HATU, DIEA
X Br CH,Cl,
)|\ F
g N
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Synthesis of 5-bromo-N-methoxy-N-methyl-2-(me-
thylthio)pyrimidine-4-carboxamide (21A)
[0802] To amixture of 5-bromo-2-(methylthio)pyrimidine-

4-carboxylic acid (5 g, 20 mmol), N,O-dimethylhydroxy-
lamine hydrochloride (2.9 g, 30 mmol) and HATU (9.1 g, 24
mmol) in 100 mL of CH,Cl, at 0° C. was added N,N-diiso-
propylethylamine (17.4 mL, 100 mmol). The reaction mix-
ture was allowed to stir at 0° C. for 30 min and then diluted
with CH,Cl,. It was washed with water and half brine. The
organic layer was separated, dried over MgSO,, filtered and
concentrated. The crude product was purified by silica gel
chromatography to afford the title compound 21 A. MS (m/z)
292.16 [M+H]".

Synthesis of
5-bromo-2-(methylthio)pyrimidine-4-carbaldehyde
(21B)

[0803] A solution of 5-bromo-N-methoxy-N-methyl-2-
(methylthio)pyrimidine-4-carboxamide (21A, 8.2 g, 28
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mmol) in THF (120 mL.) was added dropwise to a suspension
oflithium aluminum hydride (1.06 g, 28 mmol) and THF (120
ml) at =78° C. The mixture was stirred for 10 minutes after
addition finish. H,O (1.06 mL), 15% aqueous NaOH solution
(1.06 mL) and H,O (3.18 mL.) were successively added to the
mixture at 0° C. very slowly. The resulting precipitate was
filtered and washed with THF. The filtrate was concentrated
in vacuo to afford crude of the title compound. MS (m/z):
233.14, [M+H]*.

Synthesis of (S)—N-((5-bromo-2-(methylthio)pyri-
midin-4-yl)methylene)-2-methylpropane-2-sulfina-
mide (21C)

[0804] Copper(Il) sulfate (anhydrous, 8.9 g, 56 mmol) was
added to a solution of 5-bromo-2-(methylthio)pyrimidine-4-
carbaldehyde (21B, ~28 mmol) and (S)-2-methylpropane-2-
sulfinamide (3.4 g, 28 mmol) in CH,Cl, (100 mL). The sus-
pension was stirred for 3 days at room temperature. The
reaction was filtered and washed with CH,Cl, (3x20 ml). The
filtrate was concentrated. The crude product was purified by
silica gel chromatography to yield the title compound 21C.
MS (m/z) 337.7 [M+H]*

Synthesis of (S)—N—((S)-1-(5-bromo-2-(meth-
ylthio)pyrimidin-4-y1)-2-(3,5-difluorophenyl)ethyl)-
2-methylpropane-2-sulfinamide (21D)

[0805] To a solution of (S)—N-((5-bromo-2-(methylthio)
pyrimidin-4-yl)methylene)-2-methylpropane-2-sulfinamide
(21C, 2.97 g. 8.8 mmol) in THF (18 mL) cooled to -78° C.
was drop wise added 3,5-Difluorobenzylmagnesium bromide
(53 mL, 0.25 M in Ether, 13.3 mmol). After stirring at —=78° C.
for 10 min, NH,Cl (sat. aq.) (10 ml) was added to the reaction
and warmed up to ambient temperature. Extracted with
EtOAc and the organic layer was dried over Na,SO,(s). The
solvent was removed and the residue was purified by silica gel
chromatography to yield 1.44 g of the title compound 21D
MS (m/z) 465.87 [M+H]*

Synthesis of (S)-1-(5-bromo-2-(methylthio)pyrimi-
din-4-yl)-2-(3,5-difluorophenyl)ethanamine hydro-
chloride (21E)

[0806] Compound 21D (8 g, 17.23 mmol) was dissolved in
35 mL of methanol and cooled to 0° C. To it was added 4N
HCl/1,4-dioxane (10.7 mL). The reaction mixture was
allowed to stir for 20 minutes and to it was added diethyl
ether. The resulting precipitate was collected by vacuum fil-
tration then dried to afford the title product 21E. MS (m/z)
362.02 [M+H]".

Synthesis of (S)—N-(1-(5-bromo-2-(methylthio)
pyrimidin-4-y1)-2-(3,5-difluorophenyl)ethyl)-2-(3-
(difluoromethyl)-4,4,7,7-tetratluoro-4,5,6,7-tetrahy-
dro-1H-indazol-1-yl)acetamide (21F)

[0807] A mixture of 2-(3-(difluoromethyl)-4.4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-yl)acetic acid (604
mg, 2 mmol), compound 21E (793 mg, 2 mmol) and HATU
(912 mg, 2.4 mmol) in 10 mL, of DMF was cooled to 0° C. To
it was drop wise added N,N-diisopropylethylamine (1.05 mL,
6 mmol). The reaction mixture was allowed to stir at 0° C. for
10 minutes then slowly poured it into ice water with stirring.
The resulting precipitate was collected by vacuum filtration
then dried to afford the title product 21F. MS (m/z) 644.22
[M+H]™".
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Synthesis of (S)-2-(3-(difluoromethyl)-4,4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)-N-(2-
(3,5-difluorophenyl)-1-(2-(methylthio)-5-(3-0x-
oisoindolin-5-yl)pyrimidin-4-yl)ethyl)acetamide
(21G)

[0808] In a microwave tube were charged with compound
21F (300 mg, 0.47 mmol), 6-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)isoindolin-1-one (181 mg, 0.7 mmol) and
PdCL,[P(Cy),], (17 mg, 0.023 mmol). To the mixture was
added 10 mL of 1,4-dioxane and 1.4 mL of sodium bicarbon-
ate aqueous solution (1M). The mixture was heated to 155° C.
for 25 min in a microwave synthesizer. After cooled to room
temperature, it was partitioned between EtOAc and water.
The organic layer was separated and washed with brine, then
dried over MgSO,,, filtered and concentrated. The residue was
purified by silica gel chromatography to afford the title com-
pound 21G. MS (m/z) 697.32 [M+H]™).

Synthesis of (S)-2-(3-(difluoromethyl)-4,4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)-N-(2-
(3,5-difluorophenyl)-1-(2-(3-hydroxy-3-methylbut-
1-yn-1-y1)-5-(3-oxoisoindolin-5-yl)pyrimidin-4-yl)
ethyl)acetamide (21H)

[0809] To the mixture of solid Cul (3.3 mg, 0.017 mmol),
Pd(dppf)CL, (7 mg, 0.009 mmol), 2-methylbut-3-yn-2-ol (22
mg, 0.26 mmol) and compound 21G (60 mg, 0.086 mmol)
were added THF (1 mL) and Et;N (0.06 mL, 0.4 mmol). The
reaction mixture was heated in a microwave at 160° C. for 20
min. After cooled to room temperature it was diluted with
EtOAc. To it was added Si-Thiol (130 mg, 1.37 mmol/g) and
the mixture was stirred at 40° C. for 1 hour. Then it was
filtered and the filtrate was washed with 10% aqueous
NH,OH, water and brine. The organic layer was dried over
MgSO,, filtered, concentrated, and purified by reverse phase
HPLC to afford the title compound (21H). 'H NMR (400
MHz, Methanol-d4): § 9.09 (d), 8.54 (s), 7.64 (dd), 7.58 (dd),
7.40 (d), 6.78 (1), 6.67 (tt), 6.43-6.20 (m), 5.40 (q), 4.50 (s),
3.05 (d), 2.50 (tdd), 1.62 (s). MS (m/z): 732.99 [M+H]".

Example 22

[0810]

Br  PACL[P(Cy)sh, NaHCO;
1,4-dioxane, HO
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Pd(dpph)CL,
Cul, TEA, THF

HO 4
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Synthesis of N—((S)-1-(5-bromo-2-(methylthio)
pyrimidin-4-y1)-2-(3,5-difluorophenyl)ethyl)-2-
((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,
5-tetrahydro-1H-cyclopropa[3,4]cyclopenta[1,2-c]
pyrazol-1-yl)acetamide (22A)

[0811] The title compound (22A) was prepared according
to the method presented for the synthesis of compound 21F of
Example 21 utilizing 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-

romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa|[3,4|cyclo-
penta[1,2-c]pyrazol-1-yl)acetic acid and compound 21E. MS
(m/z) 624.13 [M+H]".

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(2-(methylthio)-5-(3-oxoisoindolin-
5-yDpyrimidin-4-yl)ethyl)acetamide (22B)
[0812] The title compound (22B) was prepared according
to the method presented for the synthesis of compound 21G of
Example 21 utilizing compound 22A and 6-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)isoindolin-1-one. MS (m/z)
677.05 [M+H]".

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(2-(3-hydroxy-3-methylbut-1-yn-1-

y1)-5-(3-oxoisoindolin-5-yl)pyrimidin-4-yl)ethyl)

acetamide (22C)

[0813] The title compound (22C) was prepared according
to the method presented for the synthesis of compound 21H of
Example 21 utilizing compound 22B and 2-methylbut-3-yn-
2-0l. 'TH NMR (400 MHz, Methanol-d4): 8 9.05 (d), 8.53 (s),
7.63 (dd), 7.58 (dd), 7.37 (d), 6.75-6.55 (m), 6.41-6.21 (m),
5.41 (q), 4.85 (s), 4.50 (s), 3.05 (dd), 2.48-2.45 (m), 1.62 (s),
1.38 (q), 1.18-0.97 (m, 1H). MS (mv/z) 713.01 [M+H]".

Example 23
[0814]

F F
O NH
\B 2

/
O O
N Br PACLy[P(cy)s]s, NaHCO;

1,4-dioxane, H>O
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-continued

Pd(dppH)Cl,,
NH,  Cul, TEA, THF

NH,

23B

Synthesis of 5-(4-((S)-1-(2-((3bS,4aR)-5,5-difluoro- Example 24
3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-
propa[3,4]|cyclopental 1,2-c|pyrazol-1-yl)acetamido)- [0817]
2-(3,5-difluorophenyl)ethyl)-2-(methylthio)
pyrimidin-5-y1)-2-fluorobenzamide (23A)

[0815] The title compound (23 A) was prepared according
to the method presented for the synthesis of compound 21G of

bis (pinacolato) diboron
KOAc, PACLL,[P(Ph);],

Example 21 utilizing compound 22A and 2-fluoro-5-(4,4,5, O Di
S-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide. MS Br roxane
(m/z) 683.06 [M+H]". P

Synthesis of 5-(4-((S)-1-(2-((3bS,4aR)-5,5-difluoro-
3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-

propa[3.4]cyclopenta[ 1,2-c]pyrazol-1-yl)acetamido)- 0L
2-(3,5-difluorophenyl)ethyl)-2-(3-hydroxy-3- B
methylbut-1-yn-1-yl)pyrimidin-5-yl)-2- O/
fluorobenzamide (23B) ~
[0816] The title compound (23B) was prepared according 24A

to the method presented for the synthesis of compound 21H of
Example 21 utilizing compound 23 A and 2-methylbut-3-yn-
2-0l. 'H NMR (400 MHz, Methanol-d,): 4 9.09 (1), 8.51 (d),
7.46 (ddq), 7.27 (ddd), 6.69 (1t), 6.40 (h), 5.36 (q), 4.84 (s),
3.10-3.01 (m), 2.48-2.45 (m), 1.61 (s), 1.38 (q), 1.07 (dd). MS
(m/z) 719.06 [M+H]".
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-continued
F
PdCL[P(Ph)s]a,
dioxane, LiCl,
NaHCO;
—_—
24A
Br
NZ |
\N
HO 4

24B

Synthesis of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)isoquinolin-1(2H)-one (24A)

[0818] To S5-bromoisoquinolin-1(2H)-one (40 mg, 0.18
mmol) in dioxane (1 mL) was added bis(pinacolato)diboron
(63 mg, 0.25 mmol), and PdCL,[P(Ph),], (6 mg, 0.01 mmol).
The reaction mixture sealed and heated to 100° C. for 1 h. The
reaction was cooled to room temperature and telescoped to
the next reaction. MS (m/z) 272.3 [M+H]*.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-0x0-1,2-dihydroisoquinolin-5-yl)pyridin-2-
ylethyl)acetamide (24B)

[0819] To the reaction vial containing 24A (0.18 mmol)
was added 14D (50 mg, 0.07 mmol), PACL,[P(Ph),], (5 mg,
0.01 mmol), LiCl (11 mg, 0.22 mmol) and aq 1M NaHCO,
(0.22 mL,, 0.22 mmol). The reaction mixture was sealed and
heated in a microwave reactor to 160° C. for 20 min. Upon
cooling, the reaction mixture was diluted with EtOAc and
washed with three portions of brine. The organic layer were
dried over Na,SO,, filtered, concentrated in vacuo, and puri-
fied by reverse phase HPLC to provide the title compound
24B as a mixture of atropisomers. MS (m/z) 724.2 [M+H]".
HPLC retention time 6.95 min and 7.09 min (2-98% aceto-
nitrile:water with 0.1% trifluoroacetic acid, 8.5 min gradient
on a Phenomonex Kinetex C18 column).
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Example 25

[0820]

25

Synthesis of N—((S)-1-(3-(3-amino-1-methyl-1H-
indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]
pyrazol-1-ylacetamide (25)

[0821] The title compound (25) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 33F of Example 33 utilizing 2-((3bS,
4aR)-5,5-difluoro-3-(trifluoromethyl)-3b.4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[ 1,2-c]pyrazol-1-yl)acetic
acid and 37A. '"H NMR (400 MHz, cd;0d)  9.04-8.52 (m),
7.7-7.61 (m), 7.52 (dd), 7.17 (d), 7.04 (1), 7.00-6.90 (m),
6.77-6.66 (m), 6.60 (), 6.48 9 (d), 6.40-6.25 (m), 5.32-5.25
(m), 5.11-5.04 (m), 4.80-4.79 (m), 3.22-3.06 (m), 2.96-2.85
(m), 2.52-2.46 (m), 1.64 (s), 1.43-1.39 (m), 1.14-1.07 (m).
MS (m/z) 726.2 [M+H]".

Example 26

[0822]

26
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(3-0x0-2,3-dihydro-[1,2,4]triazolo[4,3-a]
pyridin-6-yl)pyridin-2-yl)ethyl)acetamide (26)

[0823] The title compound (26) was prepared according to
the method presented for the synthesis of compound 24B of
Example 24 utilizing 6-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)-[1,2,4]triazolo[4,3-a]pyridin-3(2H)-one MS
(m/z) 714.1 [M+H]*. HPLC retention time 6.58 min (2-98%
acetonitrile:water with 0.1% trifluoroacetic acid, 8.5 min gra-
dient on a Phenomonex Kinetex C18 column).

Example 27
[0824]
H
ClL
N
7 | P ~NE,
N N hydrazine hydrate N N diphosgene
Br dioxane Br
NN Z =N
=\ N—H 14B
X N—H  pispinacolato)diboron N N PACL,(PCy3);
- AN K KOAc /B NaHCO;
0 Pd(PCy;3),Cly o) O dioxane
—_—
27C
27D

TFA,
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HATU, iProNEt
DMF

Synthesis of 3-bromo-6-hydrazinyl-2-methylpyridine
(27B)

[0825] To 3-bromo-6-chloro-2-methylpyridine (1.53 g,
7.41 mmol) in dioxane (4.5 ml) was added hydrazine hydrate
(1.8 ml, 37 mmol). The reaction was heated in a microwave
reactor at 160° C. for 55 min. After cooling to ambient tem-
perature, the reaction mixture was partitioned between
EtOAc and saturated aqueous NaCl. The organics were sepa-
rated and evaporated in vacuo. The product was used directly
in the following step. MS (m/z) 202.0 [M+H]™".

Synthesis of 6-bromo-5-methyl-[1,2,4]triazolo[4,3-a]

pyridin-3(2H)-one (27C)
[0826] 3-bromo-6-hydrazinyl-2-methylpyridine (4.55 g,
22.52 mmol) was dissolved in DCE (35 ml) to which trichlo-
romethyl chloroformate (2.72 ml, 22.52 mmol) was added.
The reaction was stirred at ambient temperature for 1 h.
Hexanes (15 ml) was added and the solids filtered to provide
the desired product. The eluent was reduced in a volume and
a second crop of precipitate was isolated. The combined
solids were used without further purification. MS (m/z) 228.0
[M+H]™".

Synthesis of 5-methyl-6-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl1)-[1,2,4]triazolo[4,3-a]pyridin-3
(2H)-one (27D)

[0827] 6-bromo-5-methyl-[1,2,4]triazolo[4,3-a]pyridin-3
(2H)-one (3.62 g, 15.87 mmol) was combined with bis(pina-

colato)diboron (6.05 g, 23.81 mmol), KOAc (3.12 g, 31.75
mmol), and PdCL,(PCyj,), (0.23 g,0.32 mmol) in dioxane (80
ml). Argon was bubbled into the reaction solution for 15 min.
The reaction was then heated to 85 deg C. for 15 h. Additional
PdC1,(PCy;), (250 mg) was added and the temperature was
raised to 125 deg C. Heated for 15 h. After cooling to ambient
temperature, the reaction was partitioned between EtOAc and
water. The organics were separated, dried, and removed in
vacuo. The residue was suspended in EtOAc (50 ml) and the
resultant solids filtered to provide the title compound. MS
(m/z) 276.2 [M+H]*.

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-1-
(6-(3-hydroxy-3-methylbut-1-yn-1-y1)-3-(5-methyl-
3-0x0-2,3-dihydro-[1,2,4]triazolo[4,3-a]pyridin-6-y1)
pyridin-2-ylethyl)carbamate (27E)

[0828] In a microwave reaction vessel, 14B (66 mg, 0.13
mmol) and 5-methyl-6-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)-[1,2,4]triazolo[4,3-a]pyridin-3(2H)-one (55
mg, 0.2 mmol) were dissolved in dioxane (2 mL) and treated
with aqueous 1M NaHCO; (0.4 mL) and PdCL,(PCy;), (10
mg). The mixture was heated to 150° C. for 20 min. After
cooling to ambient temperature, the reaction was partitioned
between EtOAc and water. The organics were separated,
dried, and removed in vacuo and the residue was purified by
column chromatography on silica to provide the title com-
pound as a mixture of atropisomers. MS (m/z) 563.8 [M+H]*.
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Synthesis of (S)-6-(2-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyri-
din-3-yl)-5-methyl-[1,2.4]triazolo[4,3-a]pyridin-3
(2H)-one (27F)

[0829] Thetitle compound (27F) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of 19F in Example 19 utilizing 27E. MS (nm/z) 464.1
[M+H]™".

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(5-methyl-3-0x0-2,3-dihydro-[ 1,2,4]triazolo[ 4,
3-a]pyridin-6-yl)pyridin-2-yl)ethyl)acetamide (27G)

[0830] The title compound (27G) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of 37E in Example 37 utilizing 27F and 2-((3bS,
4aR)-5,5-difluoro-3-(trifluoromethyl)-3b.4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopental 1,2-c]pyrazol-1-yl)acetic
acid. '"H NMR (400 MHz, Methanol-d,) § 8.75 (dd), 7.44-7.
54 (m), 6.83-6.92 (m), 6.68-6.80 (m), 6.47-6.56 (dd), 5.98
(d), 5.16-5.24 (m), 3.13-3.26 (m), 3.03-3.08 (m), 2.45-2.51
(m),2.37(s),2.11(s), 1.36-1.43 (m), 1.05-1.15 (m). MS (m/z)
728.0 [M+H]".

Example 28

[0831]

28

Synthesis of (S)-5-(2-(1-(2-(3 (difluoromethyl)-4.4,
7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)
acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-2-
fluorobenzamide (28)

[0832] The title compound (28) was prepared according to
the method presented for the synthesis of compound 33F of
Example 33 utilizing (3-carbamoyl-4-fluorophenyl)boronic
acid and 2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-
tetrahydro-1H-indazol-1-yl)acetic acid. "H NMR (400 MHz,
cd;od) 3 8.88 (d), 7.55 (d), 7.50-7.36 (m), 7.32 (s), 7.23 (dd),
6.94 (d), 6.82 (d), 6.72-6.62 (m), 6.40-6.31 (m), 5.40-5.32
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(m), 5.22 (s), 5.06 (s), 4.36-4.29 (m), 3.75-3.57 (m), 3.14-2.
98 (m), 2.66-2.42 (m), 1.62 (s). MS (m/z) 738.2 [M+H]".

Example 29
[0833]
NI>  bis (pinacolato) diboron
KOAc, PACL[P(Phs]s,
Dioxane
N
/
N
H
Br
NH,
\ N
/
N
H
B
29A

Synthesis of 7-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-indazol-3-amine (29A)

[0834] To 7-bromo-1H-indazol-3-amine (75 mg, 0.35
mmol) in dioxane (3 mL) was added bis(pinacolato)diboron
(126 mg, 0.5 mmol), and PACL,[P(Ph),], (12 mg, 0.01 mmol).
The reaction mixture sealed and heated to 100° C. for 16 h.
The reaction was cooled to room temperature and telescoped
to the next reaction. MS (m/z) 260.2 [M+H]™".

Synthesis of N—((S)-1-(3-(3-amino-1H-indazol-7-
y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,4aR )-5,5-
difluoro-3-(trifltuoromethyl)-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (29B)

[0835] The title compound (29) was prepared according to
the method presented for the synthesis of compound 24B of
Example 24 utilizing 29A. MS (m/z) 712.4 [M+H]". PLC
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retention time 6.02 min (2-98% acetonitrile:water with 0.1%
trifluoroacetic acid, 8.5 min gradient on a Phenomonex Kine-
tex C18 column).

Example 30

[0836]
30

Synthesis of 5-(2-((S)-1-(2-((3bS,4aR)-5,5-difluoro-
3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-
propa[3,4]|cyclopental 1,2-c|pyrazol-1-yl)acetamido)-
2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-3-yl)-2,3-
difluorobenzamide (30)

[0837] The title compound (30) was prepared according to
the method presented for the synthesis of compound 33F of
Example 33 utilizing 5-bromo-2,3-difluorobenzamide and
2-((3bS,4aR)-5,5-difluoro-3-(triffuoromethyl)-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta| 1,2-c|pyrazol-1-
yDacetic acid. "H NMR (400 MHz, cd,od) 8 8.80 (d), 7.71-
7.65 (m), 7.60-7.50 (m), 7.49-7.40 (m), 7.25-7.18 (m), 7.17-
7.10(m), 6.79-6.65 (m), 6.43-6.31 (m), 5.33 (m, 1H), 5.03 (s),
4.33-4.30 (m), 3.20-3.00 (m), 2.59-2.45 (m), 1.65-1.55 (m),
1.49-1.37 (m), 1.15-1.04 (m). MS (m/z) 736.1 [M+H]".

Example 31

[0838]
31
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Synthesis of (S)—N-(1-(3-(3-amino-1-methyl-1H-
indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-(3-(dif-
luoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-
1H-indazol-1-yl)acetamide (31)

[0839] The title compound (31) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 33F of Example 33 utilizing 37A and
2-(3-(difltuoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahy-
dro-1H-indazol-1-yl)acetic acid. "H NMR (400 MHz, cd,od)
0 8.85 (m), 7.87-7.85 (m), 7.70 (d), 7.54-7.46 (d), 7.33 (d),
7.25-7.15 (m), 6.81-6.71 (m), 6.40-6.32 (m), 5.35-5.24 (m),
5.03-4.98 (m), 3.19 (s), 3.08-2.95 (m), 2.61-2.40 (m), 1.64
(8). MS (m/z) 746.2 [M+H]".

Example 32

[0840]

32

Synthesis of N—((S)-1-(3-(3-amino-1-methyl-1H-
indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]
pyrazol-1-ylacetamide (32)

[0841] The title compound (32) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 33F of Example 33 utilizing 37A. 'H
NMR (400 MHz, cd;od) 3 8.68 (d), 7.89-7.79 (m), 7.74-7.65
(m), 7.59-7.48 (m), 7.29 (d), 7.16-7.11 (m), 6.79-6.60 (m),
6.39 (d), 6.35-6.28 (m), 5.27-5.22 (m), 5.06-4.95 (m), 4.73
(d), 3.16 (s), 3.13-3.03 (m), 3.02-2.84 (m), 2.50-2.39 (m),
1.64 (s), 1.42-1.34 (m), 1.03 (s). MS (m/z) 708.2 [M+H]".
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O
[0842] %
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—_
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NH o 0 O
A Y/ \7
g —
\ Cl/ \ HN \
—_—
/N DMAP, DIEA \
N N
Br \
33A B
A:ﬁ

PdCL[P(Ph)3]2,
dioxane, NaHCO;3

33C

14B

HATU, TEA, DMA
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Synthesis of 7-bromo-1-methyl-1H-indazol-3-amine
(33A)

[0843] In a microwave vial a solution of 3-bromo-2-fluo-
robenzonitrile (2 g, 10 mmol) ethanol (10 mL) was treated
with methylhydrazine (2.1 mL, 40 mmol), sealed, and heated
to 120° C. in amicrowave reactor for 35 minutes. The reaction
was concentrated in vacuo and the crude product dissolved
with EtOAc (30 mL) and washed with water (30 mL), then
2M NaCl (aq, 30 mL). The organics were dried with Na,SO,,
filtered, and concentrated. Product was purified by silica
chromatography to give the title compound. MS (m/z) 227.1
[M+H]".

Synthesis of N-(7-bromo-1-methyl-1H-indazol-3-y1)
methanesulfonamide (33B)

[0844] To a stirred solution of 33A (500 mg, 2.21 mmol),
4-Dimethylaminopyridine (13.5 mg, 0.11 mmol), and N,N-
diisopropylethylamine (714.6 mg, 5.53 mmol) in DCM (20
ml) was added dropwise methanesulfonyl chloride (532.0
mg, 4.64 mmol) at 0° C. The reaction was warmed to RT and
stirred for 2 h. The reaction was washed with water, dried with
Na,SO,, filtered, and concentrated. The crude product dis-
solved with EtOH (10 mL) and treated with 8N NaOH (1.65
ml). The reaction mixture was heated at 60° C. for 0.5 h. The
ethanol was removed under vacuum, pH to ~2 with 1.0HCl
then, extracted with EtOAc. The organics were dried with
Na,SO,, filtered, and concentrated. The product was purified
by silica chromatography to give the title compound. MS
(m/z) 305.9 [M+H]*.

Synthesis of N-(1-methyl-7-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)-1H-indazol-3-yl)methane-
sulfonamide (33C)

[0845] To 33B (1.2 g, 3.9 mmol) in dioxane (15 mL) was
added bis(pinacolato)diboron (1.9 mg, 5.5 mmol), and PdCl,
[P(Ph);], (138 mg, 0.19 mmol). The reaction mixture sealed
and heated to 100° C. for 1 h. The reaction was cooled to rtand
filtered through Celite using ethyl acetate to rinse the pad. The
collected organic phase was concentrated in vacuo and puri-
fied by silica gel chromatography to give the title compound.
MS (m/z) 352.1 [M+H]".

33F

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-1-
(6-(3-hydroxy-3-methylbut-1-yn-1-y1)-3-(1-methyl-
3-(methylsulfonamido)-1H-indazol-7-yl)pyridin-2-

yDethyl)carbamate (33D)

[0846] To 14B (250 mg, 0.5 mmol) in dioxane (12 mL) was
added N-(1-methyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-indazol-3-yl)methanesulfonamide (33C, 253
mg, 0.72 mmol), PACL,[P(Ph);], (35 mg, 0.05 mmol), and aq
IM NaHCOj; (1.5 mL, 1.5 mmol). The reaction mixture
sealed and heated in a microwave reactor to 150° C. for 20
min. Upon cooling, the reaction mixture was diluted with
EtOAc and washed with three portions of brine. The organic
layer were dried over Na,SO,, filtered, concentrated in vacuo,
and purified by silica gel column chromatography, eluting
with 0-100% EtOAc in hexanes to give the title compound
33D as a mixture of atropisomers.

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-3-y1)-1-methyl-1H-indazol-3-yl)methane-
sulfonamide (33E)

[0847] To a solution of 33D (47 mg, 0.07 mmol) in DCM
was added 4M HCI in dioxane (0.7 mL, 2.9 mmol). The
reaction mixture was stirred at room temperature for 0.5
hours. Upon complete removal of the Boc protecting group,
the reaction was concentrated in vacuo to give the title com-
pound 33E as a mixture of atropisomers.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-methyl-3-(methylsulfonamido)-1H-indazol-
7-yDpyridin-2-yl)ethyl)acetamide (33F)

[0848] To a solution of 33E (70 mg) in DMA (3 mL) was
added triethylamine (0.046 mL, 0.32 mmol), followed by
2-((3bS,4aR)-3-(trifluoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]|cyclopenta 1,2-c|pyrazol-1-
yDacetic acid (31 mg, 0.1 mmol) and HATU (46 mg, 0.12
mmol). After stirring for 30 minutes, the reaction mixture was
filtered and purified by reverse phase HPLC to provide the
product 33F as a mixture of atropisomers. 'H NMR (400
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MHz, cd;od) 8 7.83 (dd), 7.72-7.64 (m), 7.50-7.55 (m), 7.32-
7.07 (m), 6.78-6.70 (m), 6.52-6.48 (m), 6.33-6.31 (m), 5.35-
5.28 (m), 5.05-4.37 (m), 3.56 (s), 3.21-3.09 (m), 3.00-2.90
(m), 2.54-2.40 (m), 1.64 (s), 1.50-1.39 (m), 1.10-0.88 (m).
MS (m/z) 804.1 [M+H]".

Example 34

[0849]

34

Synthesis of N—((S)-1-(3-(3-amino-1-methyl-1H-
indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-(3-(dit-
luoromethyl)-5,5a,6,6a-tetrahydrocyclopropal g]
indazol-1(4H)-yDacetamide (34)

[0850] The title compound (34) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 33F of Example 33 utilizing 37A and
2-(3-(difluoromethyl)-5,5a,6,6a-tetrahydrocyclopropal g]in-
dazol-1(4H)-yDacetic acid (W02013006738). "H NMR (400
MHz, cd;od) 8 7.91-7.86 (m), 7.71 (dd), 7.54 (dd), 7.22-7.17
(m), 6.87-6.69 (m), 6.66-6.56 (m), 6.41-6.30 (m), 5.35-5.25
(m), 5.08-4.97 (m), 4.90-4.71 (m), 4.36-4.29 (m), 3.76-3.66
(m), 3.65-3.57 (m), 3.18-3.13 (m), 3.07 (dt), 3.01-2.90 (m),
2.75-2.64 (m), 2.21-2.04 (m), 1.76-1.61 (m), 1.10-1.03 (m),
1.00-0.90 (m), 0.75-0.70 (m), 0.69-0.62 (m). MS (nv/z) 686.2
[M+H]".

Example 35
[0851]
/—5\ 0
N N D
| / H,N
—_—
HATU, iPr2NEt
- S OH DMF

35A
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/—_ﬁ—'\ Bis(pinacolato)diboron
N / N KOAc

| PdCLy(PCys3)2

Br

\
o

35B

Synthesis of 6-bromo-N-(oxetan-3-yl)imidazo[1,2-a]
pyridine-8-carboxamide (35B)

[0852] 6-bromoimidazo[1,2-a]pyridine-8-carboxylic acid
hydrochloride (235 mg, 0.85 mmol) and HATU (386.16 mg,
1.02 mmol) were combined in DMF (4 ml) and treated with
iPr,NEt (0.37 ml, 2.12 mmol). 3-Oxetamine hydrochloride
(92.31 mg, 0.85 mmol) was added and the reaction stirred at
ambient temperature for 1 h. Water (2 ml) was added and a
solid precipitated. The solids were collected by filtration to
provide the desired product. MS (m/z) 296.0 [M+H]™".

Synthesis of (8-(oxetan-3-ylcarbamoyl)imidazo[1,2-
a]pyridin-6-yl)boronic acid (35C)

[0853] The title compound (35C) was prepared according
to the method presented for the synthesis of 27D in Example
27 utilizing 35B wherein the boronic ester hydrolyzed and the
corresponding boronic acid was isolated. MS (m/z) 262.1
[M+H]".

35D
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Synthesis of 6-(2-((S)-1-(2-((3bS,4aR)-5,5-difluoro-
3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-
propa[3,4]|cyclopental 1,2-c|pyrazol-1-yl)acetamido)-
2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-3-yl)-N-(oxetan-3-yl)
imidazo[ 1,2-a]pyridine-8-carboxamide (35D)

[0854] The title compound (35D) was prepared according
to the method presented for the synthesis of 27G in Example
27 utilizing 14B and 35C. 'HNMR (400 MHz, Methanol-d,,)
8 9.15 (d), 8.80 (d), 8.27 (d), 8.11 (d), 7.84-7.69 (m), 7.65
(dd), 7.53 (dd), 6.89-6.64 (m), 6.53-6.37 (m), 5.34-5.13 (m),
4.73-4.49 (m), 4.49-4.34 (m), 3.96-3.58 (m), 3.25-3.03 (m),
2.59-2.36 (m), 1.51-1.29 (m), 1.18-0.95 (m). MS (nmv/z) 796.2
[M+H]™".

Example 36
[0855]
/N % Bis(pinacolato)diboron
| / KOAc
PdCL(PCy3),
Br N
F
36A
N H
= | B
HO\B N /
|
OH F
36B
Synthesis of
(4-fluoro-1H-pyrrolo[2,3-b]pyridin-5-yl)boronic acid
(36B)
[0856] In a microwave vessel, S5-bromo-4-fluoro-1H-pyr-

rolo[2,3-b]pyridine (100 mg, 0.47 mmol) was combined with
bis(pinacolato)diboron (177 mg, 0.7 mmol), KOAc (91 mg,

H
N N
HCl ) s -
(Boc),O 0C
—_—

Br Br

o o
\S)\N/ \SJ\N/
21E 37B
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0.93 mmol), and PdC1,(PCy,), (34 mg) in dioxane (4.5 ml).
Argon was bubbled into the reaction solution for 15 min. The
reaction was heated in a microwave reactor at 155° C. for 15
min. After cooling to ambient temperature, the reaction was
partitioned between EtOAc and water. The organics were
separated, dried, and removed in vacuo to provide the title
compound. MS (m/z) 181.1 [M+H]*.

36C

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
Iuorophenyl)-1-(3-(4-fluoro-1H-pyrrolo[2,3-b]
pyridin-5-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-2-yl)ethyl)acetamide (36C)

[0857] The title compound (36C) was prepared according
to the method presented for the synthesis of 27G in Example
27 utilizing 14B and 36B. 'H NMR (400 MHz, Methanol-d,,)
8 8.71 (s), 7.63 (s), 7.53-7.42 (m), 6.64 (s), 6.57 (s), 6.32 (8),
3.14-2.97 (m), 2.56-2.40 (m), 1.62 (s), 1.42-1.34 (m), 1.16-
1.04 (m). MS (m/z) 715.1 [M+H]".

Example 37
[0858]
™, NI
d A
/
37A

PdCL[P(Cy)3]>, NaHCO3
1,4-dioxane, H>O
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37F
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Synthesis of 1-methyl-7-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-indazol-3-amine (37A)

[0859] The title compound (37A) was prepared according
to the method presented for the synthesis of compound 39B of
Example 39 utilizing 33A. MS (m/z) 274.2 [M+H]*.

Synthesis of (S)-tert-butyl (1-(5-bromo-2-(meth-
ylthio)pyrimidin-4-y1)-2-(3,5-difluorophenyl)ethyl)
carbamate (37B)

[0860] To compound 21E (310 mg, 0.78 mmol) in dichlo-
romethane (3 ml) was added triethylamine (217 pl, 1.56
mmol) and di-tert-butyldicarbonate (170 mg, 0.78 mmol).
The mixture was stirred for one hour at ambient temperature
then concentrated in vacuo.

[0861] The residue was purified by silica gel chromatogra-
phy to afford the title compound (37B). MS (m/z) 459.86
[M+H]".

Synthesis of (S)-tert-butyl (1-(5-(3-amino-1-methyl-
1H-indazol-7-y1)-2-(methylthio)pyrimidin-4-y1)-2-
(3,5-difluorophenyl)ethyl)carbamate (37C)

[0862] Thetitlecompound (37C)was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 21G of Example 21 utilizing com-
pound 37B and 37A. MS (m/z) 526.81 [M+H]*.

Synthesis of (S)-7-(4-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-2-(methylthio)pyrimidin-5-yl)-1-methyl-
1H-indazol-3-amine hydrochloride (37D)

[0863] Compound 37C (78 mg, 0.15 mmol) was dissolved
in 2 mL of 1,4-dioxane and cooled to 0° C. To it was added 4N
HCl/1,4-dioxane (2 mL). The reaction mixture was stirred at
room temperature for 7 hours. The solvent was removed and
dried to afford the title compound 37D as a mixture of atro-
pisomers. MS (m/z) 427.01 [M+H]*.

Synthesis of (S)—N-(1-(5-(3-amino-1-methyl-1H-
indazol-7-y1)-2-(methylthio)pyrimidin-4-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,7-
tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-yl1)
acetamide (37E)

[0864] A mixture of 2-(3-(difluoromethyl)-4.4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-yl)acetic acid (44
mg, 0.14 mmol), compound 37D (69 mg, 0.15 mmol) and
HATU (68 mg, 0.18 mmol) in 1.5 mL of DMF was cooled to
0° C. To it was added N,N-diisopropylethylamine (0.1 mL,
0.6 mmol). The reaction mixture was allowed to stir at 0° C.
for 5 minutes then partitioned between EtOAc and 5% aque-
ous LiCl solution. The organic layer was separated, washed
with brine and concentrated. The residue was purified by
reverse phase HPLC) to afford the title product 37E as a
mixture of atropisomers. MS (m/z) 710.95 [M+H]™".

Synthesis of (S)—N-(1-(5-(3-amino-1-methyl-1H-
indazol-7-y1)-2-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyrimidin-4-y1)-2-(3,5-difluorophenyl)ethyl)-2-(3-
(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-
tetrahydro-1H-indazol-1-yl)acetamide (37F)

[0865] Thetitle compound (37F) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 21H of Example 21 utilizing com-
pound 37E and 2-methylbut-3-yn-2-ol. "H NMR (400 MHz,

Oct. 9,2014

Methanol-d,) 6 9.01 (d), 8.69 (d), 7.88-7.78 (m), 7.70-7.41
(m), 7.40-7.28 (m), 7.10 (dt), 6.96-6.52 (m), 6.35 (d), 5.41-
5.23 (m), 5.15-5.05 (m), 5.04-4.91 (m), 3.45-3.47 (m), 3.20
(s), 3.13-2.83 (m), 2.62-2.35 (m), 1.62 (s). MS (m/z) 747.03
[M+H]+.

Example 38
[0866]

38

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(5-methyl-3-0x0-2,3-dihydro-[1,2,4]triazolo[ 4,
3-a]pyridin-6-y)pyridin-2-yl)ethyl)acetamide (38)

[0867] The title compound (38) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of 27G in Example 27 utilizing 27F and 2-((3bS,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,.4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[ 1,2-c]pyrazol-1-yl)acetic
acid. HPLC retention time 6.48 min and 6.58 min correspond-
ing to each atropisomer (2-98% acetonitrile:water with 0.1%
trifluoroacetic acid, 8.5 min gradient on a Phenomonex Kine-
tex C18 column 4.6x100 mm). MS (m/z) 710.1 [M+H]*.

Example 39
[0868]
o 0O
\V/
P S
AN bis (pinacolato) diboron
KOAc, PACL,[P(Ph);3],,
\ N Dioxane
/
O
Br

39A
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Synthesis of N-(7-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)benzo|[d]isoxazol-3-yl)methane-
sulfonamide (39B)

[0869] To 39A (prepared similarly to 33B of example 33
utilizing 7-bromobenzo[d]isoxazol-3-amine instead of
7-bromo-1-methyl-1H-indazol-3-amine) (87 mg, 0.3 mmol)
in dioxane (3 mL) was added bis(pinacolato)diboron (107
mg, 0.4 mmol), and PACL,[P(Ph);], (21 mg, 0.03 mmol). The
reaction mixture sealed and heated to 100° C. for 16 h. The
reaction was cooled to room temperature and telescoped to
the next reaction. MS (m/z) 260.2 [M+H]™".

39C

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(3-(methylsulfonamido)benzo[d]isoxazol-7-y1)
pyridin-2-yl)ethyl)acetamide (39C)

[0870] The title compound (39C) was prepared according
to the method presented for the synthesis of compound 33F of
Example 33 utilizing 39B and 2-((3bS,4aR)-5,5-difluoro-3-
(trifluvoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c[pyrazol-1-yl)acetic acid. MS (m/z) 791.1
[M+H]*. HPLC retention time 7.25 min (2-98% acetonitrile:
water with 0.1% trifluoroacetic acid, 8.5 min gradient on a
Phenomonex Kinetex C18 column).
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Example 40
[0871]

40

Synthesis of (S)-2-(3-(difluoromethyl)-4,4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)-N-(2-
(3,5-difluorophenyl)-1-(2-(3-hydroxy-3-methylbut-
1-yn-1-y1)-5-(1-methyl-3-(methylsulfonamido)-1H-
indazol-7-yl)pyrimidin-4-yl)ethyl)acetamide (40)

[0872] The title compound (40) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 37F of Example 37 utilizing com-
pound 37B and N-(1-methyl-7-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)-1H-indazol-3-yl)methanesulfonamide
(compound 33C). "H NMR (400 MHz, Methanol-d,): & 8.73
(d),7.90 (ddd), 7.48-7.40 (m), 7.25 (dd), 7.18 (dd), 7.04-6.53
(m), 6.44-6.25 (m), 5.42-5.38 (m), 5.09-4.88 (m), 3.41 (s),
3.19 (s), 3.14-2.90 (m), 2.63-2.20 (m), 1.64 (d). MS (m/z)
824.90 [M+H]*

Example 41

[0873]

41

s

\/

O// \\O
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(2-(3-hydroxy-3-methylbut-1-yn-1-
y1)-5-(1-methyl-3-(methylsulfonamido)-1H-indazol-
7-yDpyrimidin-4-yl)ethyl)acetamide (41)

[0874] The title compound (41) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 23B of Example 23 utilizing com-
pound 22A and N-(1-methyl-7-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-indazol-3-yl)methanesulfonamide
(33C). 'H NMR (400 MHz, Methanol-d,,) § 9.12-8.90 (m),
8.73 (dd), 7.90 (dd), 7.42 (d), 7.24 (), 7.17 (1), 6.87-6.68 (m),
6.61 (1), 6.37 (dd), 5.47-535 (m), 5.02 (q), 4.85-4.46 (m),
3.40 (d), 3.19 (d), 3.12 (dd), 3.07-2.83 (m), 2.62-2.33 (m)
1.64 (d), 1.48-1.31 (m), 1.16-0.95 (m). MS (m/z) 804.85
[M+H]™".

Example 42

[0875]

42

Synthesis of (S)-2-(3-(difluoromethyl)-4,4,7,7-tet-
rafluoro-4,5,6,7-tetrahydro-1H-indazol-1-y1)-N-(2-
(3,5-difluorophenyl)-1-(6-(3-hydroxy-3-methylbut-
1-yn-1-y1)-3-(1-methyl-3-(methylsulfonamido)-1H-
indazol-7-yl)pyridin-2-yl)ethyl)acetamide (42)

[0876] The title compound (42) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 33F of Example 33 utilizing 2-(3-
(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-

indazol-1-yDacetic acid. 'H NMR (400 MHz, cdod) & 8.80
(d), 7.82 (d), 7.75-7.69 (m), 7.59-7.51 (m), 7.40-7.20 (m),
7.19-7.05 (m), 6.80 (d), 6.60-6.52 (m), 6.30 (d), 5.08-4.97
(m), 4.90-4.71 (m), 3.34 (s), 3.25-3.00 (m), 2.90-2.75 (m),
2.76-2.64 (m), 2.25-2.00 (m, 5H), 1.64 (s). MS (m/z) 824.2
[M+H]™".
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Example 43

[0877)]

43

Synthesis of 2-(3-(difluoromethyl)-5,5a,6,6a-tetrahy-

drocyclopropalglindazol-1(4H)-y1)-N—((S)-2-(3,5-

difluorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-
1-y1)-3-(1-methyl-3-(methylsulfonamido)-1H-
indazol-7-yl)pyridin-2-yl)ethyl)acetamide (43)

[0878] The title compound (43) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 33F of Example 33 utilizing 20C and
2-(3-(difluoromethyl)-5,5a,6,6a-tetrahydrocyclopropal g]in-
dazol-1(4H)-yl)acetic acid. 'H NMR (400 MHz, cd,od) &
7.80 (d), 7.45 (d), 7.51 (d), 7.25-7.20 (m, 1H), 6.80-6.52 (m),
6.45 (d), 5.35-5.25 (m), 5.08-4.97 (m), 4.90-4.71 (m), 3.34
(s), 3.25-3.02 (m), 2.98-2.64 (m), 2.75-2.35 (m), 2.25-2.00
(m), 1.80-1.70 (m), 1.64 (d), 1.00-0.90 (m), 0.65-0.58 (m).
MS (m/z) 764.2 [M+H]".

Example 44

[0879]

o O

A4
c1” NH,
—_ =
pyridine, DCE
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-continued

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
lIuorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-methyl-3-(sulfamoylamino)-1H-indazol-7-

yDpyridin-2-yl)ethyl)acetamide (44)

[0880] To a stirred solution of 25-(31 mg, 0.04 mmol) and
pyridine (0.024 mL, 0.03 mmol) in dichloroethane (0.5 mL)
was added a solution of sulfamoyl chloride (12 mg, 0.1 mmol)
in dichloroethane (~0.2 mL). The reaction was heated at 60°
C. for 1 h. Upon cooling, the reaction mixture was concen-
trated in vacuo, diluted with EtOAc and washed with water
then 1 M HCI. The organic layer was dried over Na,SO,,
filtered, concentrated in vacuo, and purified by reverse phase
HPLC to provide the title compound 44 as a mixture of
atropisomers. 'H NMR (400 MHz, cd,od) § 8.86-6.25 (m,
8H), 5.38-4.97 (m, 1H), 4.85-4.73 (m, 2H), 3.26-3.06 (m,
1H), 3.04-2.90 (m, 2H), 2.63-2.37 (m, 2H), 1.69-1.56 (m,
6H), 1.52-1.32 (m, 1H), 1.19-0.98 (m, 1H). MS (m/z) 805.1
[M+H]".

Example 45
[0881]
0,
phthalic acid
1). CH3CH,I, Cs,CO3, DMF
Br NH, toluene Br N ) 3L U3
/ / 2). BtOH, hydrzine hydrate
HN—N HN—N
45A 0
45B
0 ¢}
\ /
TN
e}
Br NH, o o g
/ / PACly(PPhs),
rN\N O N—N MeOH, Dioxane, K,COj3, water
45C 45D
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TFA, DCM

45E

NH, HATU, iPr,NEt, DMF

45F
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Synthesis of 2-(7-bromo-1H-indazol-3-yl)isoindo-
line-1,3-dione (45B)

[0882] To 7-bromo-1H-indazol-3-amine (45A, 1.2 g, 5.5
mmol) in toluene (30 mL) was added phthalic acid (990 mg,
6.0 mmol). The flask was fitted with a Dean-Stark trap and the
reaction mixture was stirred for 12 hours at 180° C. The
reaction was allowed to cool, the solids were filtered off and
used with no further purification to provide the title com-
pound. MS (m/z) 343.1 [M+H]*.

Synthesis of 7-bromo-1-ethyl-1H-indazol-3-amine
(450)

[0883] To 45B (100 mg, 0.3 mmol) in DMF (2 mlL) was
added Cs,CO; (95.2 mg, 0.3 mmol) and iodoethane (0.028
ml, 0.35 mmol). The reaction mixture was stirred for 10
minutes. The reaction mixture was diluted with EtOAc and
brine, extracted 2x with EtOAc, organic layer dried over
sodium sulfate, and concentrated. To the crude mixture was
added EtOH (2 ml) and hydrazine hydrate (1 ml) the reaction
mixture was stirred for 30 minutes. The mixture was concen-
trated and purified by flash column chromatography to pro-
vide the title compound. MS (m/z) 240.1 [M+H]*.

Synthesis of 1-ethyl-7-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-indazol-3-amine (45D)

[0884] To 45C (80 mg, 0.3 mmol) in dioxane (5 mL) was
added bis(pinacolato)diboron (84.6 mg, 0.3 mmol), potas-
sium acetate (32.7 mg, 0.3 mmol), and Pd(PCy,),Cl, (12.3
mg, 0.02 mmol). The reaction mixture was heated in the
microwave for 30 minutes at 150° C. The reaction was cooled
and the solids were filtered off. The mixture was concentrated
and purified by flash column chromatography to provide the
title compound. MS (m/z) 288.2 [M+H]*.

Synthesis of (S)-tert-butyl (1-(3-(3-amino-1-ethyl-
1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)carbam-
ate (45E)

[0885] To 45D (40 mg, 0.1 mmol) in dioxane (4 mL) and
MeOH (0.75 ml) was added 14B (69 mg, 0.1 mmol), 2M
K,CO; (0.4 ml), LiCl (17.7 mg, 0.4 mmol) and Pd(PPh,),Cl,
(4.9 mg, 0.007 mmol). The reaction mixture was heated in the
microwave for 30 minutes at 150° C. The reaction was cooled,
diluted with EtOAc and brine, and extracted 2x EtOAc. The
organic layer was dried over sodium sulfate, concentrated and
purified by flash column chromatography to provide the title
compound as a mixture of atropisomers. MS (m/z) 576.0
[M+H]™".

Synthesis of (S)-4-(5-(3-amino-1-ethyl-1H-indazol-
7-y1)-6-(1-amino-2-(3,5-difluorophenyl)ethyl)pyri-
din-2-yl)-2-methylbut-3-yn-2-o0l (45F)

[0886] Thetitle compound (45F) was prepared as a mixture
of atropisomers according to the method presented for the

synthesis of compound 19F of Example 19 utilizing 45E. MS
(m/z) 476.1 [M+H]".

Synthesis of N—((S)-1-(3-(3-amino-1-ethyl-1H-
indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4.4a,5-
tetrahydro-1H-cyclopropal3,4]cyclopenta[ 1,2-c]
pyrazol-1-yl)acetamide (45G)
[0887] The title compound (45G) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 10A of Example 10 utilizing 45F
and 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,
S-tetrahydro-1H-cyclopropa| 3,4]cyclopental 1,2-c]pyrazol-

Oct. 9,2014

130

1-yl)acetic acid. 'H NMR *H NMR (400 MHz, Methanol-d,,)
8 8.67 (d), 7.87-7.75 (m), 7.71 (d), 7.59-7.50 (m), 7.26-7.19
(m), 7.18-7.12 (m), 7.12-7.04 (m), 6.76-6.63 (m), 6.60 (d),
6.41 (m), 6.27 (d), 5.11-5.01 (m), 4.81 (d), 4.72 (d),
3.55 (m), 3.51-3.43 (m), 3.39-3.24 (m), 3.15-3.10 (m),
2.84 (m), 2.56-2.40 (m), 1.64 (s), 1.45-1.33 (m), 1.31-
(m), 1.14-1.03 (m), 0.87 (dt). MS (m/z) 740.2 [M+H]".

— WO
NO B

7-
7-
0-
5

Example 46

[0888]
46

R
o

Synthesis of N—((S)-1-(3-(3-amino-1H-indazol-5-
y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,4aR )-5,5-
difluoro-3-(trifltuoromethyl)-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (46)
[0889] The title compound (46) was prepared according to
the method presented for the synthesis of compound 33F of
Example 33 utilizing 5-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)-1H-indazol-3-amine and 2-((3bS,4aR)-5,5-
difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-
propa[3,4]cyclopenta[1,2-c|pyrazol-1-yDacetic  acid. 'H
NMR (400 MHz, c¢d;od) 8 8.99 (d), 7.62-7.54 (m), 7.51-7.40
(m), 7.33 (d), 6.72-6.62 (m), 6.29-6.22 (m), 5.53-5.43 (m),
4.92 (d), 3.03 (d), 2.60-2.45 (m), 1.63 (s), 1.48-1.37 (m),
1.16-1.04 (m). MS (nmv/z) 712.1 [M+H]".

Example 47
[0890]
47
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-methyl-3-(1-methyl-1H-imidazole-4-
sulfonamido)-1H-indazol-7-yl)pyridin-2-yl)ethyl)
acetamide (47)

[0891] To a solution of N—((S)-1-(3-(3-amino-1-methyl-
1H-indazo1-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)py-
ridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR )-5,5-
difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopental 1,2-c]pyrazol-1-yl)acetamide
(25, 10 mg, 0.014 mmol) in dichloromethane (0.2 mL) was
added pyridine (6.6 pul, 0.083 mmol), followed by 1-methyl-
1H-imidazole-4-sulfonyl chloride (3.7 mg, 0.021 mmol).
After stirring for 1 h, the reaction mixture was concentrated
and purified by reverse phase HPLC to provide the title prod-
uct as a mixture of atropisomers. 'H NMR (400 MHz, Metha-
nol-d,) 8 7.75 (dd), 7.71-7.63 (m), 7.57-7.48 (m), 7.30 (s),
7.14-7.03 (m), 6.79-6.70 (m), 6.66-6.55 (m), 6.38-6.26 (m),
5.25(dd), 4.96 (dd), 4.87-4.72 (m), 3.67 (5), 3.46 (5),3.27 (s),
3.25-3.18 (m), 3.09-3.02 (m), 3.00-2.87 (m), 2.58-2.43 (m),
1.64 (s), 1.64 (s), 1.50-1.37 (m), 1.16-1.06 (m). MS (v/z)
870.10 [M+H]".

Example 48
[0892]

48

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-methyl-3-(1-methyl-1H-pyrazole-4-
sulfonamido)-1H-indazol-7-yl)pyridin-2-yl)ethyl)
acetamide (48)

[0893] The title compound (48) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (47) of Example 47 utilizing 1-me-
thyl-1H-pyrazole-4-sulfonyl chloride. 'H NMR (400 MHz,
Methanol-d,) & 7.95 (s), 7.77-7.66 (m), 7.61 (s), 7.57-7.48
(m), 7.24-7.18 (m), 7.17-7.10 (m), 7.07 (dd), 6.78-6.68 (m),
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6.63 (dd), 6.60-6.50 (m), 6.40-6.26 (m), 5.26 (dd), 5.02 (dd),
4.88-4.71 (m), 3.83 (s), 3.60 (5), 3.29 (s), 3.27-3.21 (m),
3.09-3.01 (m), 3.00-2.87 (m), 2.58-2.39 (m), 1.64 (s), 1.49-
1.36 (m), 1.16-1.04 (m). MS (m/z) 870.03 [M+H]*.

Example 49

[0894]

49

Nz

O
o

0
N\ //40

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-

y1)-3-(1-methyl-3-(1H-pyrazole-4-sulfonamido)-1H-

indazol-7-yl)pyridin-2-yl)ethyl)acetamide (49)
[0895] The title compound (49) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (47) of Example 47 utilizing 1 H-pyra-
zole-4-sulfonyl chloride. 'H NMR (400 MHz, Methanol-d,,)
88.74 (d),8.60(q),7.91 (s),7.83 (s), 7.76-7.63 (m), 7.57-7.47
(m), 7.21 (dd), 7.13 (dd), 7.03 (dd), 6.79-6.68 (m), 6.61-6.50
(m), 6.46 (dd), 6.38-6.25 (m), 5.34-5.22 (m), 5.05-4.94 (m),
4.87-4.78 (m), 3.28 (s), 3.26-3.16 (m), 3.15-3.07 (m), 3.00-
2.90 (m), 2.58-2.43 (m), 1.64 (s), 1.64-1.64 (m), 1.49-1.37
(m), 1.17-1.07 (m). MS (m/z) 856.03 [M+H]".

Example 50

[0896]
50
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Synthesis of N—((S)-1-(3-(3-(3-cyclopropylureido)-
1-methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methyl-
but-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (50)

[0897] To a solution of N—((S)-1-(3-(3-amino-1-methyl-
1H-indazo1-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)py-
ridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR )-5,5-
difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopental 1,2-c]pyrazol-1-yl)acetamide
(25,10 mg, 0.014 mmol) and DIPEA (3.5 uL., 0.021 mmol) in
dichloromethane (0.1 mL.) was added triphosgene (4.5 mg,
0.015 mmol). After stirring for 1 minute cyclopropylamine
(3.5 uL,, 0.055 mmol) was added. After stirring for 15 min-
utes, the reaction mixture was concentrated and purified by
reverse phase HPLC to provide the title product as a mixture
of atropisomers. "H NMR (400 MHz, Methanol-d,) § 7.87
(m), 7.68 (dd), 7.53 (dd), 7.23 (dd), 7.13 (dd), 7.02 (dd),
6.77-6.68 (m), 6.63-6.54 (m), 6.49 (dd), 6.38-6.32 (m), 6.32-
6.25 (m), 5.25 (dd), 5.01 (1), 4.79 (1), 3.26 (s), 3.25-3.19 (m),
3.14-3.04 (m), 3.00-2.89 (m), 2.73-2.64 (m), 2.56-2.41 (m),
1.64 (s), 1.64 (s), 1.49-1.36 (m), 1.17-1.04 (m), 0.81-0.71
(m), 0.61-0.51 (m). MS (m/z) 809.12 [M+H]".

Example 51

[0898]

51

m
)
\
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Synthesis of N-(7-(2-((S)-1-(2-((3bS,4aR)-5,5-dit-
luoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopental 1,2-c]pyrazol-1-yl)aceta-
mido)-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-3-y1)-1-methyl-1H-
indazol-3-yl)-4-methylpiperazine-1-carboxamide

D

[0899] The title compound (51) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (50) of Example 50 utilizing 1-meth-
ylpiperazine. '"H NMR (400 MHz, Methanol-d,,) 8 7.79-7.66
(m), 7.54 (dd), 7.23 (dd), 7.16 (dd), 7.09 (dd), 6.78-6.68 (m),
6.66-6.57 (m), 6.43-6.36 (m), 6.36-6.28 (m), 5.29 (dd), 5.02
(dd), 4.85-4.71 (m), 4.39 (s), 3.67-3.45 (m), 3.27-3.22 (m),
3.14-3.06 (m), 3.03-2.89 (m), 2.58-2.41 (m), 1.65 (s), 1.64
(), 1.49-1.36 (m), 1.17-1.10 (m), 1.10-1.04 (m). MS (m/z)
852.11 [M+H]".

Example 52

[0900]

52

Synthesis of N-(7-(2-((S)-1-(2-((3bS,4aR)-5,5-dit-
luoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopental 1,2-c]pyrazol-1-yl)aceta-
mido)-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-3-y1)-1-methyl-1H-
indazol-3-yl)morpholine-4-carboxamide (52)

[0901] The title compound (52) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (50) of Example 50 utilizing morpho-
line. 'H NMR (400 MHz, Methanol-d,) 8 7.77-7.66 (m), 7.54
(dd), 7.22 (dd), 7.15 (dd), 7.08 (dd), 6.77-6.69 (m), 6.66-6.60
(m), 6.58 (dd), 6.42-6.36 (m), 6.36-6.29 (m), 5.32 (dd), 5.03
(dd), 4.85-4.79 (m), 4.79-4.71 (m), 3.74 (dd), 3.61-3.53 (m),
3.27-3.20 (m), 3.15-3.07 (m), 3.02 (s), 3.00-2.90 (m), 2.58-
2.41 (m), 1.65 (s), 1.64 (s), 1.49-1.35 (m), 1.16-1.10 (m),
1.10-1.04 (m). MS (nv/z) 839.13 [M+H]".
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Example 53

[0902]

53

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(3-(3-((N-ethylsulfamoyl)amino)-1-
methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-
1-yn-1-yDpyridin-2-yl)ethyl)acetamide (53)

[0903] The title compound (53) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (44) of Example 44 utilizing ethyl
sulfamoylchloride. 'H NMR (400 MHz, Methanol-d,) &
8.84-8.74 (m), 7.95-7.85 (m), 7.69 (dd), 7.54 (dd), 7.23 (dd),
7.15 (dd), 7.09 (dd), 6.79-6.69 (m), 6.66-6.56 (m), 6.39-6.34
(m), 6.34-6.26 (m), 5.35-5.25 (m), 5.07-4.98 (m), 4.86-4.71
(m), 3.23 (m), 3.15-3.02 (m), 3.00 (s), 2.98-2.88 (m), 2.58-2.
40 (m), 1.65 (s), 1.64 (s), 1.49-1.36 (m), 1.12 (1), 1.10-1.02
(m). MS (nv/z) 833.14 [M+H]".
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Example 54

[0904]

54

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-methyl-3-(sulfamoylamino)-1H-indazol-7-
yDpyridin-2-yl)ethyl)acetamide (54)

[0905] The title compound (54) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 44 of Example 44 utilizing and
2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-
rahydro-1H-cyclopropal 3,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetic acid. '"H NMR (400 MHz, cd,od) 8 8.75 (d), 8.01-7.93
(m), 7.72-7.63 (m), 7.53 (dd), 7.28-7.05 (m), 6.87-6.51 (m),
6.34 (m), 5.35-5.25 (m), 5.07-4.96 (m), 4.80-4.65 (m), 3.33
(s), 3.24-2.88 (m), 2.53-2.38 (m), 1.64 (d), 1.45-1.32 (m),

1.13-0.99 (m). MS (nmv/z) 787.1 [M+H]*.

Example 55
[0906]

14B

PdCLy(PCy3),
Dioxane, NaHCOj3, water
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55A
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Synthesis of (S)-tert-butyl (1-(3-(3-amino-4-chloro-

1-methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methyl-

but-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)carbamate (55A)

[0907] To 19C (1.5 g, 4.8 mmol) in dioxane (100 mL) was
added 14B (1.6 g, 3.2 mmol), 1N sodium bicarbonate (8.4 ml,
8.4 mmol), and PdC1,(PCy,), (238 mg, 0.3 mmol). The reac-
tion mixture was stirred for 30 minutes at 125° C. The reac-
tion was cooled, diluted with EtOAc and brine. The mixture
was extracted 2x with EtOAc, the organic layer was dried
over sodium sulfate, was concentrated and purified by flash

HATU, iPr,NEt, DMF

column chromatography to provide the title compound as a
mixture of atropisomers. MS (m/z) 596.7 [M+H]".

Synthesis of (S)-4-(6-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-5-(3-amino-4-chloro-1-methyl-1H-inda-
z0l-7-yl)pyridin-2-yl)-2-methylbut-3-yn-2-ol (55B)

[0908] Thetitlecompound (55B)was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 19F of Example 19 utilizing S5A. MS
(m/z) 496.5 [M+H]".



US 2014/0303164 Al

Synthesis of N—((S)-1-(3-(3-amino-4-chloro-1-me-
thyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-
yn-1-yD)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-
((3b-S,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,
4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-
clpyrazol-1-yl)acetamide (55C)

[0909] Thetitlecompound (55C) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 10A of Example 10 utilizing 55B and
2-((3bS,4aR)-5,5-difluoro-3-(triffuoromethyl)-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta| 1,2-c|pyrazol-1-
yDacetic acid. "H NMR (400 MHz, Methanol-d,,) § 8.83-8.69
(m), 7.65 (d), 7.53 (d), 7.13-7.06 (m), 7.07-6.99 (m), 6.96 (d),
6.81-6.71 (m), 6.67-6.56 (m), 6.48-6.39 (m), 6.41-6.30 (m),
5.30-5.19 (m), 5.07-4.96 (m), 4.83-4.71 (m), 3.27-3.22 (m),
3.17 (s), 3.10 (s), 3.04-2.91 (m), 2.81 (s), 2.61-2.39 (m), 1.63
(s), 1.49-1.37 (m), 1.37-1.24 (m), 1.23-1.00 (m). MS (m/z)
760.3 [M+H]*.

Example 56

[0910]
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-continued

56F

Synthesis of 2,5-dioxopyrrolidin-1-yl 2-((3bS,4aR)-
5,5-difluoro-3-(triffuoromethyl)-3b,4,4a,5-tetrahy-
dro-1H-cyclopropal3,4]cyclopenta[1,2-c]pyrazol-1-
yDacetate (56A)

[0911] To a stirring solution of 2-((3bS,4aR)-5,5-difluoro-
3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropal 3,
4]cyclopenta[1,2-c|pyrazol-1-yDacetic acid (1.00 g, 3.54
mmol), N-hydroxysuccinimide (0.61 g, 5.32 mmol), and
pyridine (0.968 mL, 12.1 mmol) was added dropwise at -5°
C. thionyl chloride (0.439 mL,, 6.02 mmol). After stirring at
-5° C. for 20 min, 2.0M aqueous NaCl (10 mL.) was added
and the product was extracted with two portions of ethyl
acetate (12 mL). The combined organic layers were dried
over Na,SO,, filtered, concentrated in vacuo, and purified by
silica gel column chromatography to give the title compound.
'H NMR (400 MHz, DMSO-d,) & 5.88-5.63 (m, 4H), 2.77-
2.55 (m, 2H), 1.56-1.31 (m, 2H), 1.12-0.98 (m, 2H).

Synthesis of N-(7-bromo-1-methyl-1H-indazol-3-
yD)-4-methylpiperazine-1-sulfonamide (56B)

[0912] To a stirring solution of 7-bromo-1-methyl-1H-in-
dazol-3-amine (33A, 250 mg, 1.11 mmol) and DABCO (310
mg, 2.77 mmol) in acetonitrile was added 4-methylpipera-
zine-1-sulfonyl chloride HCI (650 mg, 2.77 mmol). After
stirring at 50° C. for 3 h, the reaction was concentrated,
diluted with water and extracted with ethyl acetate. The
organic layer was dried over Na,SO,,, filtered, concentrated in
vacuo, and purified by silica gel column chromatography to
give the title compound. MS (m/z) 387.97 [M+H]".

Synthesis of 4-methyl-N-(1-methyl-7-(4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazol-3-yl)
piperazine-1-sulfonamide (56C)

[0913] The title compound (56C) was prepared according
to the method presented for the synthesis of compound (19D)
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of Example 19 utilizing N-(7-bromo-1-methyl-1H-indazol-
3-yl)-4-methylpiperazine-1-sulfonamide (56B). MS (m/z)
436.18 [M+H]™".

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-1-

(6-(3-hydroxy-3-methylbut-1-yn-1-y1)-3-(1-methyl-

3-(4-methylpiperazine-1-sulfonamido)-1H-indazol-
7-yDpyridin-2-yl)ethyl)carbamate (56D)

[0914] The title compound (56D) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound (19E) of Example 19 utilizing
4-methyl-N-(1-methyl-7-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)-1H-indazol-3-yl)piperazine-1-sulfonamide
(56C).

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-3-yl)-1-methyl-1H-indazol-3-yl)-4-meth-
ylpiperazine-1-sulfonamide (56E)

[0915] Thetitle compound (S6E) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (14C) of Example 14 utilizing (S)-
tert-butyl (2-(3,5-difluorophenyl)-1-(6-(3-hydroxy-3-meth-
ylbut-1-yn-1-y1)-3-(1-methyl-3-(4-methylpiperazine-1-sul-
fonamido)-1H-indazol-7-yl)pyridin-2-yl)ethyl)carbamate
(56D). The resulting crude product was basified to pH ~8 with
1M aqueous NaHCO, and extracted with ethyl acetate. The
organic layer was dried over Na,SO,, filtered, concentrated in
vacuo, and taken to the next step without further purification.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-methyl-3-(4-methylpiperazine-1-
sulfonamido)-1H-indazol-7-yl)pyridin-2-yl)ethyl)
acetamide (56F)

[0916] To a solution of crude (S)—N-(7-(2-(1-amino-2-(3,
5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-3-y1)-1-methyl-1H-indazol-3-yl)-4-methylpip-
erazine-1-sulfonamide (S6E, 62.9 mg, 0.101 mmol assuming
100% purity) and DIPEA (17.5 pL, 0.101 mmol) in acetoni-
trile (2 mL) was 2,5-dioxopyrrolidin-1-yl 2-((3bS,4aR)-5,5-
difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-
propal3,4|cyclopenta| 1,2-c]pyrazol-1-yl)acetate (56A, 38.3
mg, 0.101 mmol). After stirring for 1 h, the reaction mixture
was filtered and purified by reverse phase HPLC to provide
the title product as a mixture of atropisomers. *H NMR (400
MHz, Methanol-d,) & 8.01 (dd), 7.87-7.77 (m), 7.73-7.52
(m), 7.28-7.15 (m), 6.95 (dd), 6.76-6.61 (m), 6.46-6.41 (m),
6.19-6.11 (m), 5.24 (dd), 5.03-4.90 (m), 4.78 (d), 3.91-3.67
(m), 3.36 (s), 3.13 (dq), 3.00 (s), 2.94-2.87 (m), 2.75 (dd),
2.70 (s), 2.60-2.45 (m), 1.65 (s), 1.64 (s), 1.49-1.38 (m),
1.15-0.94 (m). MS (nv/z) 888.35 [M+H]".
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Example 57

[0917]

NI,

58A
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Synthesis of N—((S)-1-(3-(3-amino-4-chloro-1-me-
thyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-
yn-1-yD)pyridin-2-y1)-2-(3,5-difluorophenyl )ethyl)-2-
((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa[3,4]cyclopenta[1,2-c]
pyrazol-1-ylacetamide (57)

[0918] The title compound (57) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 10A of Example 10 utilizing 55B and
2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-
rahydro-1H-cyclopropal 3,4]cyclopenta[1,2-c]pyrazol-1-yl)

acetic acid. 'H NMR (400 MHz, Chloroform-d) § 8.02 (s),
7.54-7.37 (m), 7.10 (d), 7.07-6.99 (m), 6.75 (d), 6.72 (1),
6.67-6.56 (m), 6.51-6.44 (m), 6.25-6.13 (m), 6.02 (d), 5.56
(), 5.01 (td), 4.75-4.69 (m), 3.08 (s), 2.98-2.86 (m), 2.80 (s),
2.55-2.39 (m), 1.71 (s), 1.42 (q), 1.22-1.14 (m). MS (m/z)
742.8 [M+H]".

Example 58
[0919]
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Synthesis of 7-bromo-4-iodo-1-methyl-1H-indazol-
3-amine (58B)

[0920] The title compound (58B) was prepared according
to the method presented for the synthesis of compound 19B of
Example 19 utilizing 58A. MS (m/z) 352.4 [M+H]".

Synthesis of
7-bromo-1,4-dimethyl-1H-indazol-3-amine (58C)

[0921] To 58B (3.0 g, 8.5 mmol) in dioxane (10 mL) and
DMF (10 ml) was added Trimethylboroxine (4.8 ml, 34.1
mmol), 2M K,CO; in water (8.5 ml), and Pd(PPh,),Cl, (600
mg, 0.8 mmol). The reaction mixture was stirred for 5 hours
at 160° C. The reaction was cooled, diluted with EtOAc and
brine. The mixture was extracted 2x with EtOAc, the organic
layer was dried over sodium sulfate, concentrated and puri-
fied by flash column chromatography to provide the title
compound. MS (m/z) 240.1 [M+H]*.

Synthesis of 1,4-dimethyl-7-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)-1H-indazol-3-amine (58D)

[0922] The title compound (58D) was prepared according
to the method presented for the synthesis of compound 19C of
Example 19 utilizing 58C. MS (m/z) 288.2 [M+H]".

Synthesis of (S)-tert-butyl (1-(3-(3-amino-1,4-dim-
ethyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-
yn-1-yD)pyridin-2-yl)-2-(3,5-difluorophenyl )ethyl)
carbamate (58E)

[0923] Thetitle compound (58E) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 19E of Example 19 utilizing 58D. MS
(m/z) 576.2 [M+H]".

Synthesis of (S)-4-(5-(3-amino-1,4-dimethyl-1H-
indazol-7-y1)-6-(1-amino-2-(3,5-difluorophenyl)
ethyl)pyridin-2-yl)-2-methylbut-3-yn-2-o0l (58F)

[0924] Thetitle compound (58F) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 19F of Example 19 utilizing S8E. MS
(m/z) 476.1 [M+H]".

Synthesis of N—((S)-1-(3-(3-amino-1,4-dimethyl-
1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-
S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4.4a,5-
tetrahydro-1H-cyclopropal3,4]cyclopenta[ 1,2-c]
pyrazol-1-yl)acetamide (58G)

[0925] The title compound (58G) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 10A of Example 10 utilizing 58F
and 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa| 3,4]cyclopental 1,2-c]pyrazol-
1-yDacetic acid. "H NMR (Methanol-d,) &: 8.68-8.57 (m),
7.69-7.45 (m), 7.06 (d), 6.85 (d), 6.80 (d), 6.76-6.66 (m),
6.66-6.53 (m), 6.45 (d), 6.38 (d), 6.31 (d), 5.26 (s), 5.08-4.98
(m), 4.73 (d), 3.27-3.19 (m), 3.16 (s), 3.06 (dd), 2.91 (dd),
2.84 (s), 2.74-2.66 (m), 2.53-2.38 (m), 1.64 (d), 1.43-1.24
(m), 1.12-0.98 (m). MS (m/z) 722.2 [M+H]".
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Example 59

[0926]

Lo

PdCL[P(Ph)3]2
NaHCO;3, dioxane

—_—

20C

s

Synthesis of (R)-tert-butyl 4-((5-bromo-6-((S)-1-(2-
((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,
S-tetrahydro-1H-cyclopropa[3,4]cyclopenta[1,2-c]
pyrazol-1-yl)acetamido)-2-(3,5-difluorophenyl)
ethyl)pyridin-2-yl)ethynyl)-2,2-dimethyloxazolidine-
3-carboxylate (59A)

[0927] The title compound was prepared similarly to com-
pound 14D in example 14 utilizing (R)-tert-butyl 4-ethynyl-
2,2-dimethyloxazolidine-3-carboxylate instead of 2-methyl-
but-3-yn-2-ol. MS (m/z) 799 [M-H]|—.

Synthesis of N—((S)-1-(6-((R)-3-amino-4-hydroxy-
but-1-yn-1-y1)-3-(1-methyl-3-(methylsulfonamido)-
1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluvoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa|3,4|cyclopenta[1,2-c|pyrazol-1-y1)
acetamide (59B)

[0928] To asolution of S9A (110 mg, 0.13 mmol) in diox-
ane (3 mL) was added 20C (67 mg, 0.19 mmol), sodium
bicarbonate (1M, 0.41 mL) followed by PdC1,[P(Ph),], (4.8
mg, 0.06 mmol). The reaction was sealed and heated in a
microwave reactor for 20 min at 150° C. Upon cooling, the
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reaction mixture was first diluted with EtOAc and washed
with brine (2x10 mL), dried over Na,SO,, filtered and con-
centrated. The crude material purified by reverse phase
HPLC. Fractions containing the product were pooled and
treated with neat TFA to give the title compound 59B as a
mixture of atropisomers. 'H NMR (400 MHz, cd,od) 8 7.89-
7.73 (m), 7.69-7.60 (m), 7.32-7.27 (m), 7.25-7.15 (m), 7.10-
7.07 (m), 6.80-6.70 (m), 6.69-6.47 (m), 6.50 (d), 6.40-6.28
(m), 5.32-5.25 (m), 5.05-4.96 (m), 4.80-4.72 (d), 4.52-4.44
(m), 4.09-3.98 (m), 3.94-3.84 (m), 3.21-3.08 (m), 3.05-2.89
(m),2.59-2.37 (m), 1.46-1.35 (m), 1.11 (s), 1.04 (s). MS (m/z)
805.1 [M+H]*.

Example 60

[0929]
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(1-methyl-1H-pyrazol-4-y1)-3-(1-
methyl-3-(methylsulfonamido)-1H-indazol-7-y1)
pyridin-2-yl)ethyl)acetamide (60)

[0930] In a microwave tube were charged with compound
61A (20 mg, 0.026 mmol), 1-methyl-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole (11 mg, 0.053 mmol)
and PdCL,[PPh,], (2 mg, 0.003 mmol). To the mixture was
added 0.5 mL of 1,4-dioxane and 0.1 mL of sodium bicar-
bonate aqueous solution (1M). The mixture was heated to
120° C. for 4 minutes in a microwave synthesizer. After
cooled to room temperature, it was partitioned between
EtOAc and water. The organic layer was separated and

PACly(PPhs),, NaHCO;

1,4-dioxane, water

60
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washed with brine, then dried over MgSQO,, filtered and con-
centrated. The residue was purified by reverse phase HPL.C to
afford the title compound 60 as a mixture of atropisomers. 'H
NMR (400 MHz, Methanol-d,) d 8.43-8.29 (m), 8.28-8.09
(m), 7.91-7.72 (m), 7.76-7.58 (m), 7.15-7.00 (m), 6.82-6.68
(m), 6.53 (dd), 6.36-6.14 (m), 5.39-5.18 (m), 5.08-4.91 (m),
4.84 (d), 4.02 (d), 3.38 (s), 3.23-3.14 (m), 3.14 (s), 3.01 (d),
2.93 (dd), 2.63-2.30 (m), 1.50-1.26 (m), 1.17-0.79 (m). MS
(m/z): 802.16 [M+H]™*

Example 61

[0931]

\//

61B

Synthesis of N—((S)-1-(6-chloro-3-(1-methyl-3-
(methylsulfonamido)-1H-indazol-7-yl)pyridin-2-yl)-
2-(3,5-difluorophenyl)ethyl)-2-((3b-S,4aR )-5,5-dit-
luoro-3-(triffuoromethyl)-3b.4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (61A)

[0932] The title compound (61A) was prepared according
to the method presented for the synthesis of compound 157F
of Example 157 utilizing N-(1-methyl-7-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-indazol-3-yl )methane-

sulfonamide (33C) instead of 19D. MS (m/z) 756.1 [M+H]*.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-(dimethylamino)prop-1-yn-1-
y1)-3-(1-methyl-3-(methylsulfonamido)-1H-indazol-
7-yDpyridin-2-yl)ethyl)acetamide (61B)

[0933] To the reaction vial containing 61A (20 mg, 0.026
mmol) in DMF (0.2 mL) was added N,N-dimethylprop-2-yn-
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1-amine (11 mg, 0.13 mmol), PAC1,[P(Ph),], (1.87 mg, 0.003
mmol), and diethylamine (0.02 mL, 0.26 mmol). The reaction
mixture was flushed with argon gas for 5 min then sealed and
heated in a microwave reactor to 125° C. for 15 min. Upon
cooling, the reaction mixture was filtered and purified by
reverse phase HPLC to provide the title product as a mixture
of atropisomers. 'HNMR 8 8.70 (m), 7.90-7.76 (m), 7.70 (d),
7.16 (m), 6.75 (tv), 6.57 (dd), 6.41-6.28 (m), 5.35-5.25 (m),
5.08-4.97 (m), 4.82-4.68 (m), 4.47 (d), 3.30-3.06 (m), 3.05-
2.88 (m), 2.54-2.43 (m), 1.48-1.35 (m), 1.15-1.11 (m), 1.09-
1.00 (m). MS (m/z) 803.2 [M+H]".

PACL[P(Ph)3]y,

Cul, DMF, E,NH

_— -

/

N
N

Example 62

[0934]

62

&2
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N-((1S)-2-(3,5-dit-
luorophenyl)-1-(6-(3-hydroxy-3.4-dimethylpent-1-
yn-1-y1)-3-(1-methyl-3-(methylsulfonamido)-1H-
indazol-7-yl)pyridin-2-yl)ethyl)acetamide (62)

[0935] The title compound (62) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 61 of Example 61 utilizing 3,4-dim-
ethylpent-1-yn-3-ol. 'H NMR (400 MHz, cd,od) & 8.73 (m),
7.83-7.79 (m), 7.75-7.70 (m), 7.60-7.54 (m), 7.277.12 (m),
7.05 (1), 6.65 (1), 6.61 (1), 6.52 (1), 6.35-6.21 (m), 5.35-5.21
(m), 5.06-4.97 (m), 4.85-4.70 (m), 3.34 (s), 3.20-3.08 (m),
3.01-2.88 (m), 2.56-2.38 (m), 2.01-1.89 (m), 1.60-1.54 (d),
1.46-1.34 (m), 1.21-1.09 (m), 1.08-1.03 (m). MS (m/z) 832.1
[M+H]™".

Example 63

[0936]

63

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
Iuorophenyl)-1-(6-(4-hydroxy-3,3-dimethylbut-1-yn-
1-y1)-3-(1-methyl-3-(methylsulfonamido)-1H-
indazol-7-yl)pyridin-2-yl)ethyl)acetamide (63)

[0937] The title compound (63) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 61 of Example 61 utilizing 2,2-dim-
ethylbut-3-yn-1-ol. "H NMR (400 MHz, cd,od) & 8.65 (d),
7.83 (m), 7.66 (dd), 7.51 (dd), 7.08 (dd), 6.73 (tt), 6.50 (dv),
6.38-6.26 (m), 5.35-5.25 (m), 4.98 (1), 4.85-4.71 (m), 3.57 (s),
3.33 (s), 3.15 (d), 3.04-2.87 (m), 2.54-2.43 (m), 1.36 (s),
1.12-1.02 (m). MS (m/z) 818.2 [M+H]".
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Example 64

[0938]

64

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N-((1S)-2-(3,5-dit-
luorophenyl)-1-(6-(3-hydroxy-4-methylpent-1-yn-1-
y1)-3-(1-methyl-3-(methylsulfonamido)-1H-indazol-
7-yDpyridin-2-yl)ethyl)acetamide (64)

[0939] The title compound (64) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 61 of Example 61 utilizing 4-meth-
ylpent-1-yn-3-ol. '"HNMR (400 MHz, cd,od) 8 8.74 (d), 8.67
(d), 7.88-7.79 (m), 7.75-7.66 (m), 7.60-7.50 (m), 7.14-7.05
(m), 6.78-6.68 (m), 6.53 (ddt), 6.41-6.29 (m), 5.31-5.25 (m),
5.06-4.95 (m), 4.78 (d), 4.45-4.38 (m), 3.34 (s), 3.15 (d),
3.03-2.88 (m), 2.55-2.43 (m), 2.06-1.91 (m), 1.39 (), 1.18-
1.10 (m), 1.07 (d). MS (m/z) 818.1 [M+H]+.

Example 65
[0940]

65

=

O
&~
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(3-(1-methyl-3-(1-methyl-1H-
imidazole-4-sulfonamido)-1H-indazol-7-y1)-6-
vinylpyridin-2-yl)ethyl)acetamide (65)

[0941] Argon was bubbled through a solution of N—((S)-
1-(6-chloro-3-(1-methyl-3-(methylsulfonamido)-1H-inda-
zol-7-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,
4aR)-5,5-difluoro-3-(trifluoromethyl)-3b.4,4a,5-tetrahydro-
1H-cyclopropa[3.,4]cyclopental 1,2-c]|pyrazol-1-yl)
acetamide (61A, 100 mg, 0.13 mmol), potassium
vinyltrifluoroborate (35.4 mg, 0.26 mmol), dichloro 1,1'-bis
(diphenylphosphino)ferrocene palladium (IDdichlo-
romethane (10.8 mg, 0.01 mmol), and triethylamine (0.06 ml,
0.43 mmol) in EtOH (2.6 ml) for 5 mins. The reaction was
heated in a microwave reactor at 150° C. for 20 mins. The
product was solid loaded onto silica and purified by silica gel
chromatography followed by re-purification by reverse phase
HPLC to provide the title product as a mixture of atropiso-
mers. 'H NMR (400 MHz, Methanol-d4) § 7.85-7.78 (m),
7.67-7.62 (m), 7.55-7.48 (m), 7.24-7.14 (m), 7.11-7.05 (m),
7.04-6.94 (m), 6.76-6.67 (m), 6.64-6.56 (m), 6.56-6.34 (m),
6.33-6.24 (m), 5.67-5.58 (m), 5.31-5.23 (m), 5.03-4.95 (m),
4.86-4.75 (m), 3.34 (s), 3.32-3.28 (m), 3.24-3.09 (m), 3.02-
2.85 (m), 2.57-2.41 (m), 1.41 (m), 1.35-1.24 (m), 1.17-1.10
(m), 1.10-1.03 (m). MS (m/z) 748.15 [M+H]".

Example 66

[0942]

66

zm

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-ethyl-3-hydroxypent-1-yn-1-
y1)-3-(1-methyl-3-(methylsulfonamido)-1H-indazol-
7-yDpyridin-2-yl)ethyl)acetamide (66)

[0943] The title compound (66) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 61 of Example 61 utilizing 3-ethyl-
pent-1-yn-3-ol. '"H NMR (400 MHz, c¢d;od) 8 7.83 (id), 7.74-
7.65 (m), 7.54 (dd), 7.28-7.05 (m), 6.78-6.67 (m), 6.62 (s),
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6.54 (dd), 6.35 (ddd), 5.00 (1), 5.32-5.25 (m), 4.84-4.70 (m),
3.34 (s), 3.15 (d), 3.03-2.88 (m), 2.55-2.42 (m), 1.93-1.73
(m), 1.41 (dg), 1.16 (td), 1.10-1.01 (m). MS (m/z) 832.1
[M+H]*.

Example 67

[0944]

HO

1\

B —
NaH, DMF

I>\/

2nd gen
Grubbs- Hoveyda

oo
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33E

Synthesis of 1-(allyloxy)but-3-en-2-ol (67B)

[0945] The epoxide 67A (3.5 g, 50 mmol) and allyl alcohol
(5.8 g, 100 mmol) were dissolved in DMF (100 mL) in a
pressure bottle. After cooled to 0° C., NaH (60% suspension
in mineral oil, 2.4 g) was added portionwise, stirred for 20
min under argon. The bottle was sealed and heated at 60° C.
overnight. The reaction was cooled to 0° C. in an ice bath,
quenched with 100 ml. 2N HCl. The aqueous layer was
extracted 3 times with ether (3x100 mL). The combined ether
were washed with 5% LiCl and brine, dried over Na,SO,,
filtered, and concentrated under reduced pressure. The resi-
due was purified by silica gel column to yield the title com-
pound 67B. '"H NMR (400 MHz, Chloroform-d) 8 6.00-5.74
(m, 2H), 5.45-5.08 (m, 4H),4.31 (tdd, J=7.0,3.2, 1.5 Hz, 1H),
4.02 (dt,J=5.7,1.4Hz,2H),3.49 (dd,J=9.7,3.4 Hz, 1H), 3.32
(dd, J=9.7, 7.9 Hz, 1H), 2.56 (s, 1H).

Synthesis of 3,6-dihydro-2H-pyran-3-o0l (67C)

[0946] The title compound (67C) was prepared according
to reference: Angew. Chem. Intl. Ed. 2005, 44, 5306-5310. 'H
NMR data: 1H NMR (400 MHz, Chloroform-d) 8 6.06-5.81
(m, 2H), 4.19-3.99 (m, 2H), 3.98-3.89 (m, 1H), 3.86-3.66 (m,
2H), 2.77-2.57 (m, 1H).

Synthesis of 2H-pyran-3(6H)-one (67D)

[0947] The title compound (67D) was prepared according
to reference: Angew. Chem. Intl. Ed. 2005, 44, 5306-5310.
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Synthesis of 3-oxabicyclo[4.1.0]heptan-5-one (67E)

[0948] To asuspension of NaH (60% in mineral oil, 0.19 g)
in DMSO (20 mL) was added trimethylsulfonium iodide
(1.75 g, 8 mmol) at room temperature. After stirring for 15
min, a solution of 67D (0.6 g, 6 mmol) in DMSO (5 mL) was
added. After stirring at room temperature for 5 min, the reac-
tion mixture was diluted with ethyl acetate and washed with
5% LiCl aqueous solution. The organic layers were dried over
Na,SO,, filtered, concentrated in vacuo, and purified by silica
gel column chromatography to give the title compound. ‘H
NMR (400 MHz, Chloroform-d) 6 4.22-4.03 (m, 2H), 3.80 (s,
1H), 3.76 (d, J=6.0 Hz, 1H), 1.95 (ddd, I=9.8, 7.5, 4.7 Hz,
1H), 1.85-1.71 (m, 2H), 1.23 (ddd, J=9.8, 7.1, 4.4 Hz, 1H).

Synthesis of 3-(trifluoromethyl)-5,5a,6,6a-tetrahy-
dro-1H-cyclopropal4,5]pyrano[3,2-c]pyrazole (67F)

[0949] A solution of compound 67E (90 mg, 0.8 mmol) and
ethyl trifluoroacetate (0.16 g, 1.2 mmol) in ether was cooled
to -78° C. LiHMDS (0.18 g, 1 mmol) was added in one
portion. The resulting mixture was stirred at =78° C. for 2 h.
The reaction was poured into 1 N HCI aqueous solution and
the aqueous layer was extracted with ether. The organic layers
were dried over Na,SO,, filtered, concentrated in vacuo to
give the title compound which was used without further puri-
fication. MS (m/z) 209.06 [M+H]*.

[0950] To a solution of crude from last step in ethanol (20
ml.) was added concentrated sulfuric acid (0.5 mL) and
hydrazine monohydrate (1 mL). The resulting mixture was
heated at 90° C. for 5 min. Upon completion of the reaction,
the volatiles were removed in vacuo to give the title com-
pound which was used in the next step. MS (m/z) 205.18
[M+H]".

Synthesis of ethyl 2-(3-(trifluoromethyl)-5,5a,6,6a-
tetrahydro-1H-cyclopropal4,5]pyrano[3,2-c]pyrazol-
1-yDacetate (67G)

[0951] To a solution of compound 67F (100 mg, 0.49
mmol) in DMF (2 ml) was added bromoethy] acetate (98 mg,
0.59 mmol) and cesium carbonate (160 mg, 0.5 mmol) at 0°
C. The reaction was heated at 50° C. overnight. Upon cooling,
the mixture was purified by reverse phase HPLC to give the
title compound. MS (m/z) 291.19 [M+H]™*.

Synthesis of 2-(3-(trifluoromethyl)-5,5a,6,6a-tet-
rahydro-1H-cyclopropal4,5]pyrano|3,2-c|pyrazol-1-
yDacetic acid (67H)

[0952] To a solution of compound 67G (16 mg, 0.055
mmol) in a mixture of THF:water:MeOH (1 mL.:0.5 m[.:0.5
ml.) was added solid LiOH monohydrate (7 mg, 0.165 mmol)
at 0° C. After stirring at room temperature for 10 min, the
reaction mixture was poured into EtOAc and the organic was
washed with 2 N HCI. The organic layers were dried over
Na,SO,, filtered, concentrated in vacuo to give the title com-
pound which was used in the next step. MS (m/z) 263.04
[M+H]".

Synthesis of N—((S)-2-(3,5-difluorophenyl)-1-(6-(3-
hydroxy-3-methylbut-1-yn-1-y1)-3-(1-methyl-3-(me-
thylsulfonamido)-1H-indazol-7-yl)pyridin-2-yl)
ethyl)-2-(3-(trifluvoromethyl)-5,5a,6,6a-tetrahydro-
1H-cyclopropal4,5]pyrano[3,2-c|pyrazol-1-yl)
acetamide (671)

[0953] The title compound (671) was prepared as a mixture
of atropisomers according to the method presented for the
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synthesis of compound 10A of Example 10 utilizing 2-(3-
(trifluvoromethyl)-5,5a,6,6a-tetrahydro-1H-cyclopropal 4,5]

pyrano[3,2-c]pyrazol-1-ylacetic acid (67H) and compound
33E. 'H NMR (400 MHz, Methanol-d,) § 7.93-7.78 (m),
7.75-7.65 (m), 7.61-7.45 (m), 7.39-6.98 (m), 6.73 (1q), 6.68-
6.56 (m), 6.34 (tdd), 5.43-4.93 (m), 4.83-4.71 (m), 4.30-3.97

0 0
I )J\ )J\ i
/ FsC 0 CH; /

[0954]

N N
\N DIPEA, DCM \N
Y Y
NH, N
33A
F
68A
Br Br
N N
\ NaOH, H,0, MeOH \
N _ = N
/ Y
0
N HN—_
/ F 68C
F
F
68B

14B
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(m), 3.22-3.00 (m), 3.02-2.76 (m), 2.10-1.70 (m), 1.16
(dddd), 0.86-0.64 (m). MS (m/z) 784.34 [M+H]".

Example 68

CH,1, KOt-Bu, DMF

F
O (0}
~ B/

PdCl,(PPhs),, N/

dioxane, KOAc N\
_ = / N

HN—__
68D

PdCL[P(cy)s]2s
dioxane, NaHCO3;
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HCI, Dioxane
—_—

HATU, DIPEA, DMA

68F

ans

638G

Synthesis of N-(7-bromo-1-methyl-1H-indazol-3-
y1)-2,2,2-trifluoroacetamide (68A)

[0955] To a solution of 7-bromo-1-methyl-1H-indazol-3-
amine (33A, 500 mg, 2.21 mmol) and N,N-diisopropylethy-
lamine (0.578 mL, 3.32 mmol) in dichloromethane (5 ml) was
added dropwise at 0° C. trifluoroacetic anhydride (697 mg,
3.32 mmol). The reaction was warmed to room temperature
and stirred for 30 min. The reaction mixture was washed with
water. The aqueous layer was back-extracted with dichlo-
romethane. The combined organic layers were dried over
Na,SO,, filtered, concentrated in vacuo, and purified by silica

gel column chromatography to give the title compound. 'H
NMR (400 MHz, Chloroform-d) § 8.51 (s, 1H), 7.87 (d, 1H),
7.60 (d, 1H), 7.01 (t, 1H), 4.37 (s, 3H).

Synthesis of N-(7-bromo-1-methyl-1H-indazol-3-
y1)-2,2,2-trifluoro-N-methylacetamide (68B)

[0956] To a stirred solution of N-(7-bromo-1-methyl-1H-
indazol-3-y1)-2,2,2-trifluoroacetamide (68A, 100 mg, 0.31
mmol) in DMF (0.6 ml) was added potassium t-butoxide
(36.6 mg, 0.33 mmol). The reaction was sonicated until the
solution became homogeneous and the reaction was stirred at
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room temperature for 30 mins. To the reaction was added
iodomethane (29 pl., 0.47 mmol). After stirring for 1 h, the
reaction was diluted with ethyl acetate and washed with
water, followed by 0.5M aqueous NaCl. The combined
organic layers were dried over Na,SO,, filtered, and concen-
trated in vacuo. The crude product was used in the next step
without further purification.

Synthesis of
7-bromo-N, 1-dimethyl-1H-indazol-3-amine (68C)

[0957] To a solution of N-(7-bromo-1-methyl-1H-indazol-
3-y1)-2,2,2-trifluvoro-N-methylacetamide (68B, 104 mg) in
methanol (3 ml) was added 8M NaOH (46.6 ul). After stirring
for 30 mins, the solution was concentrated, extracted with
ethyl acetate (4 mL) and washed water (4 mL), followed by
2M aqueous NaCl (4 mL). The organic layer was dried over
Na,SO,, filtered, and concentrated in vacuo. The crude prod-
uct was used in the next step without further purification. MS
(m/z) 240.15 [M+H]".

Synthesis of N,1-dimethyl-7-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)-1H-indazol-3-amine (68D)

[0958] The title compound (68D) was prepared according
to the method presented for the synthesis of compound 19C of
Example 19 utilizing 7-bromo-N,1-dimethyl-1H-indazol-3-
amine (68C). MS (m/z) 288.22 [M+H]".

Synthesis of ((S)-tert-butyl (2-(3,5-difluorophenyl)-
1-(6-(3-hydroxy-3-methylbut-1-yn-1-y1)-3-(1-me-
thyl-3-(methylamino)-1H-indazol-7-yl)pyridin-2-y1)
ethyl)carbamate (68E)

[0959] Thetitle compound (68E) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 55A of Example 55 utilizing N,1-
dimethyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1H-indazol-3-amine (68D). MS (m/z) 576.06 [M+H]".

Synthesis of (S)-4-(6-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-5-(1-methyl-3-(methylamino)-1H-indazol-
7-yDpyridin-2-yl)-2-methylbut-3-yn-2-o0l (68F)

[0960] Thetitle compound (68F) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 14C of Example 14 utilizing ((S)-tert-
butyl (2-(3,5-difluorophenyl)-1-(6-(3-hydroxy-3-methylbut-
1-yn-1-y1)-3-(1-methyl-3-(methylamino)-1H-indazol-7-y1)
pyridin-2-yl)ethyl)carbamate (68E). MS (m/z) 476.13
[M+H]".

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b.4.4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-methyl-3-(methylamino)-1H-indazol-7-y1)
pyridin-2-yl)ethylacetamide (68G)

[0961] The title compound (68G) was prepared according
to the method presented for the synthesis of compound 33F of
Example 33 utilizing (S)-4-(6-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-5-(1-methyl-3-(methylamino)-1H-indazol-7-y1)
pyridin-2-yl)-2-methylbut-3-yn-2-ol (68F) and 2-((3b-S,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,.4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopental 1,2-c]pyrazol-1-yl)acetic
acid. 'H NMR (400 MHz, Methanol-d,) 8 7.90-7.86 (m),
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7.86-7.80 (m), 7.71 (dd), 7.55 (dd), 7.34 (d), 7.22-7.12 (m),
6.84-6.77 (m), 6.77-6.70 (m), 6.70-6.67 (m), 6.66-6.62 (m),
6.56 (s), 6.54 (s), 6.47-6.41 (m), 6.36-6.29 (m), 5.22 (dd),
5.05 (1), 4.76 (d), 4.71 (s), 3.30-3.22 (m), 3.14-3.03 (m),
3.03-2.91 (m), 2.85 (s), 2.46 (ddt), 1.64 (s), 1.44-1.33 (m),
1.11-0.97 (m). MS (m/z) 722.18 [M+H]*.

Example 69

[0962]

69

NH,

Synthesis of N—((S)-1-(3-(3-aminobenzo[d]isox-
azol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyri-
din-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]
pyrazol-1-ylacetamide (69)

[0963] The title compound (69) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 33F of Example 33 utilizing tert-butyl

(7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzo[ d]
isoxazol-3-yl)carbamate and 2-((3bS,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[ 1,2-c]pyrazol-1-ylacetic acid. 'H NMR (400
MHz, cdyod) § 7.80 (dd), 7.69 (d), 7.54-7.40 (m), 7.33 (dv),
6.57 (ddd), 6.36-6.27 (m), 5.31 (1), 4.82 (s), 3.13-2.96 (m),
2.52-2.43 (m), 1.63 (s), 1.45-1.35 (m), 1.15-1.07 (m). MS
(m/z) 713.3 [M+H]".

Example 70
[0964]

0 O
\\S//
a1 NH,
—_——
DABCO, ACN
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(sulfamoylamino)-1H-indazol-7-y1)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta| 1,2-c[pyrazol-1-yl)acetamide (70)

[0965] Compound 57-(20 mg, 0.03 mmol) was dissolved in
ACN (0.5 ml) and cooled in a salt-ice bath to —10° C. The
reaction solution was treated with DABCO (6 mg, 0.05
mmol) then a solution of sulfamoyl chloride (5 mg, 0.04
mmol) in ACN (0.2 ml) and let warm to ambient temperature.
After 1 h, an additional aliquot of DABCO (2 eq) and sulfa-
moyl chloride (1.5 eq) were added. After another 1.5 hr, the
reaction was diluted with KH,PO, buffer and partitioned
between brine and EtOAc. The organics were separated,
dried, and removed in vacuo. The residue was purified by
reverse phase HPLC to provide the title compound as a mix-
ture of atropisomers. "H NMR (400 MHz, Methanol-d,) &
8.69 (d), 7.68 (dd), 7.53 (dd), 7.19-7.10 (m), 7.06 (d), 6.87-
6.52 (m), 6.49-6.31 (m), 5.35-5.22 (m), 5.05-4.94 (m), 4.79-
4.65 (m), 3.24 (dd), 3.12 (dd), 3.04-2.91 (m), 2.45 (ddt), 1.64
(d), 1.44-1.32 (m), 1.12-0.99 (m). MS (nv/z) 820.9 [M+H]*.

Example 71

[0966]

0 0

\Y4

, 1 N,
—_—

DABCO, ACN

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(3-(1,4-dimethyl-3-
(sulfamoylamino)-1H-indazol-7-y1)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-yl)ethyl)acetamide
(71

[0967] The title compound (71) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of 70 in Example 70 utilizing compound 58. 'H
NMR (400 MHz, Methanol-d,) ¢ 8.71-8.54 (m), 7.73-7.60
(m), 7.57-7.45 (m), 7.08 (d), 7.00-6.89 (m), 6.89-6.77 (m),
6.77-6.64 (m), 6.66-6.56 (m), 6.54 (s), 6.44 (d), 6.41-6.33
(m), 6.33-6.25 (m), 5.40-5.29 (m), 5.08-4.94 (m), 4.75-4.67
(m), 3.12-2.86 (m), 2.86-2.74 (m), 2.54-2.35 (m), 1.44-1.29
(m), 1.12-0.98 (m). MS (m/z) 801.0 [M+H]".

Example 72

[0968]

72
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1H-indazol-4-yl)pyridin-2-yl)ethyl )acetamide
(72)

[0969] The title compound (72) was prepared according to
the method presented for the synthesis of compound 33F of
Example 33 utilizing 4-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)-1H-indazole and 2-((3bS,4aR)-5,5-difluoro-
3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropal 3,
4]cyclopenta[1,2-c]pyrazol-1-yDacetic acid. 'H NMR (400
MHz, cd;od) 3 8.74 (d), 8.61 (m), 7.63 (dd), 7.56-7.46 (m),
7.39 (dd), 7.32 (dd), 6.99 (d), 6.72 (tt), 6.56-6.45 (m), 6.31
(d), 6.27-6.20 (m), 5.44-5.34 (m), 5.10-4.99 (m), 4.93-4.83
(m), 4.76 (s), 3.18-3.04 (m), 2.97-2.83 (m), 2.58-2.42 (m),
1.86 (s), 1.67-1.57 (m), 1.48-1.33 (m), 1.15 (s), 1.08 (). MS
(m/z) 697.2 [M+H]*.

Example 73

[0970]

73

N

3
&

NH,

Synthesis of N—((S)-1-(3-(1-aminoisoquinolin-5-
y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-
yD)-2-(3,5-difltuorophenyl)ethyl)-2-((3b-S,4aR)-5,5-

difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-

1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (73)

[0971] The title compound (73) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 33F of Example 33 utilizing 5-(4.4,
5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoquinolin-1-
amine and 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-
3b,4,4a,5-tetrahydro-1H-cyclopropal3,4|cyclopenta[1,2-c]
pyrazol-1-ylacetic acid. 'H NMR (400 MHz, cd,od) & 8.89
(d),8.76 (d), 8.47 (d), 7.90-7.84 (m), 7.81-7.73 (m), 7.68-7.50
(m), 7.32 (dd), 7.07 (dd), 6.81-6.69 (m), 6.63-6.53 (m), 6.48
(dd), 6.35-6.25 (m), 6.05 (dd), 5.07 (td), 4.86-4.71 (m), 3.25-
3.09 (m), 3.03-2.92 (m), 2.55-2.45 (m), 1.65 (s), 1.48-1.38
(m), 1.16-1.07 (m). MS (m/z) 723.3 [M+H]".
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Example 74
[0972]

F
J%F
F 0

)

N—nN

/

F

Tﬂ)\/<
F

B ———— ]

iPr,NEt

XX

F
/%;
F o}
F
AR

Ne—x

/

T4A
Q/H F
Br N,
y, \/4
N—N F
/
74B
O\ /@/H F
B N,
/N\N F

74C

NaOH
MeOH

—_—

Bis(pinacolato)diboron
KOAc
PdCL(PCy3);

Synthesis of N-(7-bromo-1-methyl-1H-indazol-3-
y1)-N-(2,2-difluoroethyl)-2,2,2-trifluoroacetamide
(74A)

[0973] To N-(7-bromo-1-methyl-1H-indazol-3-y1)-2,2,2-
trifluoroacetamide (150 mg, 0.47 mmol) in DCE (2 ml) was
added iPr,NEt (0.122 ml, 0.7 mmol) followed by 2,2-difluo-
roethyl trifluoromethanesulfonate (100 mg, 0.47 mmol). The
reaction was stirred 15 h atambient temperature. The reaction
was partitioned between EtOAc and water. The organics were
separated, dried, and removed in vacuo to provide the title
compound which was used directly in the next reaction. MS
(m/z) 387.9 [M+H]*.

Synthesis of 7-bromo-N-(2,2-difluoroethyl)-1-me-
thyl-1H-indazol-3-amine (74B)

[0974] N-(7-bromo-1-methyl-1H-indazol-3-y1)-N-(2,2-di-
fluoroethyl)-2,2,2-trifluoroacetamide (0.18 g, 0.47 mmol)
was dissolved in MeOH (2 ml) and treated with aqueous
NaOH (1M, 3 ml). After 10 min, the reaction was neutralized
and partitioned between EtOAc and 20% aqueous KH,PO,.
The organics were separated, dried, and removed in vacuo to
provide the title compound which was used directly in the
next reaction. MS (m/z) 290.1 [M+H]".
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Synthesis of N-(2,2-difluoroethyl)-1-methyl-7-(4.,4,
5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-inda-
z0l-3-amine (74C)

[0975] The title compound (74C) was prepared according

to the method presented for the synthesis of 27D in Example
27 utilizing 74B. MS (m/z) 338.1 [M+H]*.

74D

Synthesis of N—((S)-1-(3-(3-((2,2-difluoroethyl)
amino)-1-methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (74D)

[0976] Thetitlecompound (36C)was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of 27G in Example 27 utilizing 14B and 74C. 'H
NMR (400 MHz, Methanol-d,) 8 7.75 (d), 7.67 (dd), 7.52
(dd), 7.18 (d), 7.04 (1), 6.95 (1), 6.85-6.49 (m), 6.39-6.26 (m),
6.26-6.20 (m), 6.12-6.04 (m), 5.99-5.91 (m), 5.32-5.22 (m),
5.05 (t), 4.74 (s), 3.79-3.56 (m), 3.23-3.11 (m), 3.07 (dd),
3.00-2.89 (m), 2.88 (s), 2.54-2.38 (m), 1.64 (s), 1.44-1.27
(m), 1.13-0.94 (m).

[0977] MS (m/z) 772.5 [M+H]*.

Example 75

[0978]
75

150

Oct. 9,2014

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
Iuorophenyl)-1-(3-(4-fluoro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)ethyl)
acetamide (75)

[0979] The title compound (75) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 132C of Example 132 utilizing
2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-
rahydro-1H-cyclopropal 3,4]cyclopenta[1,2-c]pyrazol-1-yl)

acetic acid. "HNMR (400 MHz, cd;0d) d 8.68 (dd), 7.72-7.65
(m), 7.54 (d), 7.51 (d), 7.21 (dd), 6.87-6.81 (m), 6.80-6.71
(m), 6.69 (s), 6.66-6.59 (m), 6.58 (s), 6.55 (s), 6.45-6.34 (m),
5.35-5.27 (m), 5.03-4.96 (m), 4.88 (s), 4.77 (s), 4.72 (d),
3.27-3.08 (m), 3.03-2.92 (m), 2.56-2.37 (m), 1.94 (s), 1.64
(d), 1.44-1.26 (m), 1.13-1.06 (m), 1.05-0.98 (m). MS (m/z)
804.1 [M+H]".

Example 76
[0980]
AN 25
Lo
Br Z
HN.
NI
T6A
9
z N EDCI HCI
Br S
.
~y N/
H H
76B
AN Boc,O
| KHMDS
N H >
Br \ / N\
N—nN
76C
Bis(pinacolato)diboron
| \ s KOAc
oc
N / PdCL(PCy3)2
Br \ / N\
N—nN
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Synthesis of 2-(3-bromopyridin-2-yl)-N-methylhy-
drazinecarbothioamide (76B)

[0981] 3-Bromo-2-hydrazinylpyridine (1500 mg, 7.98
mmol) was dissolved in DCM (50 ml) and treated with drop-
wise addition of methyl isothiocyanate (700 mg, 9.57 mmol)
in DCM. The reaction was heated to 45° C. and stirred for 2 hr.
After cooling to ambient temperature, the solids were filtered
to provide the title compound. MS (m/z) 261.0 [M+H]*.

Synthesis of 8-bromo-N-methyl-[1,2,4]triazolo[4,3-
a]pyridin-3-amine (76C)

[0982] 2-(3-Bromopyridin-2-yl)-N-methylhydrazinecar-
bothioamide (1.6 g, 6.1 mmol) was treated with EDCI HCl
(1.76 g, 9 mmol) in toluene and heated to 105° C. After 1 hr,
the hot toluene was decanted. To the residue was added H,O
(50 ml). The slurry was mixed thoroughly and heated to 100°
C. for 15 min. After cooling to 0° C., the resultant solids were
filtered to provide the title compound. MS (m/z) 227.1
[M+H]™".

Synthesis of tert-butyl (8-bromo-[1,2,4]triazolo[4,3-
a]pyridin-3-yl)(methyl)carbamate (76D)

[0983] 8-bromo-N-methyl-[1,2,4]triazolo[4,3-a]pyridin-
3-amine (0.55 g, 2.42 mmol) was dissolved in DMF (10 ml)
and treated with KHMDS (0.58 g, 2.91 mmol). Di-tert-butyl
dicarbonate (0.79 g, 3.63 mmol) was then added. The reaction
was stirred at ambient temperature for 2 d. The reaction was
partitioned between EtOAc and water. The organics were
separated, dried, and removed in vacuo and the residue was
purified by column chromatography on silica to provide the
title compound. MS (m/z) 326.9 [M+H]*.

Synthesis of (3-((tert-butoxycarbonyl)(methyl)
amino)-[1,2,4]triazolo[4,3-a]pyridin-8-yl)boronic
acid (76E)
[0984] tert-Butyl (8-bromo-[1,2.4]triazolo[4,3-a]pyridin-
3-yl)(methyl)carbamate (0.46 g, 1.41 mmol) was combined

ZnCN,
Pd(PPh3)2Clz
Br / NH, Dloxa.ne
N—N
58B

Oct. 9,2014

with bis(pinacolato)diboron (0.54 g), KOAc (0.41 g, 0 mol),
and PdC1,(PCy;), (0.05 g) in dioxane and DMF. Argon was
bubbled into the reaction mixture for 10 min and then heated
to 140 deg C. for 2 h. The reaction was partitioned between
EtOAc and water. The organics were separated, dried, and
removed in vacuo to provide the title compound as a crude
product contaminated with byproducts. The material was
used directly in the following reaction. MS (m/z) 293.0
[M+H]".

76F

Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
yD)-3-(3-(methylamino)-[ 1,2,4]triazolo[4,3-a]pyridin-
8-yDpyridin-2-yl)ethyl)acetamide (76F)
[0985] The title compound (76F) was prepared according
to the method presented for the synthesis of 27G in Example
27 utilizing 14B and 76E. 'H NMR (400 MHz, Methanol-d,,)
0 8.88 (d), 8.22 (d), 7.75 (d), 7.56 (d), 7.37 (s), 7.18 (1), 6.67
(1), 6.70-6.59 (m), 6.55-6.44 (m), 5.31-5.17 (m), 4.69 (d),
3.23-3.08 (m), 2.55-2.39 (m), 1.63 (s), 1.46-1.25 (m), 1.08-
1.00 (m). MS (m/z) 709.2 [M+H]*.

Example 77
[0986]

%iﬂé

T71A




US 2014/0303164 Al

152

-continued

P4 HO.
O
~N B NI, 14B
/ / PACL(PCy3),
N—N DMF, Dioxane, NaHCO3, water

77B

TFA, DCM
—_—

7iC

HATU, iPr,NEt, DMF
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Synthesis of 3-amino-7-bromo-1-methyl-1H-inda-
zole-4-carbonitrile (77A)

[0987] To 58B (3 g, 8.5 mmol) in dioxane (32 ml) and
DMF (32 ml) was added zinc (6.7 g, 102.3 mmol) and
Pd(PPh,),Cl, (600 mg, 0.9 mmol). The reaction mixture was
stirred at 160° C. and ZnCN, (500 mg, 4.3 mmol) was added
to the reaction. After an hour another aliquot of ZnCN, (500
mg, 4.3 mmol) was added. The reaction was cooled, diluted
with EtOAc and brine. The mixture was extracted 2x with
EtOAc, the organic layer was dried over sodium sulfate, was
concentrated and purified by flash column chromatography to
provide the title compound. MS (m/z) 251.1 [M+H]*.

Synthesis of 3-amino-1-methyl-7-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole-4-carbo-
nitrile (77B)

[0988] The title compound (77B) was prepared according
to the method presented for the synthesis of compound 19C of

Example 19 utilizing 77A. MS (m/z) 299.3 [M+H]*.

Synthesis of (S)-tert-butyl (1-(3-(3-amino-4-cyano-
1-methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methyl-
but-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)carbamate (77C)

[0989] Thetitlecompound (77C) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 19E of Example 19 utilizing 77B. MS

(m/z) 587.0 [M+H]*.

Synthesis of (S)-3-amino-7-(2-(1-amino-2-(3,5-dit-
luorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-
1-yDpyridin-3-yl)-1-methyl-1H-indazole-4-carboni-
trile (77D)
[0990] The title compound (77D) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19F of Example 19 utilizing 77C.
MS (m/z) 487.2 [M+H]".

Synthesis of N—((S)-1-(3-(3-amino-4-cyano-1-me-
thyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-
yn-1-yD)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-
((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa[3,4]cyclopenta[1,2-c]
pyrazol-1-yl)acetamide (77E)

[0991] Thetitle compound (77E) was prepared as a mixture
of atropisomers according to the method presented for the

TIE

synthesis of compound 10A of Example 10 utilizing 77D and
2-((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4|cyclopenta[ 1,2-c|pyrazol-1-
yl)acetic acid. 'HNMR (Chloroform-d) 8: 7.54 (1), 7.52-7.45
(m), 7.33 (d), 7.19 (1), 6.85 (1), 6.71-6.62 (m), 6.49 (d), 6.24-
6.17 (m), 6.15 (d), 5.47 (d), 4.99-4.88 (m), 4.78-4.68 (m),
3.12(s),3.03-2.94 (m), 2.92 (s), 2.56-2.39 (m), 1.72 (s), 1.42
(@), 1.21-1.10 (m) MS (nmv/z) 733.3 [M+H]".

Example 78

[0992]
78

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluvoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa|3,4|cyclopenta[1,2-c|pyrazol-1-y1)
acetamide (78)

[0993] The title compound (78) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 19G of Example 19 utilizing 2-((3bS,
4aR)-5,5-difluoro-3-(trifluoromethyl)-3b.4,4a,5-tetrahydro-

1H-cyclopropa[3.4]cyclopenta[ 1,2-c]pyrazol-1-yl)acetic



US 2014/0303164 Al Oct. 9,2014
154

acid. 'H NMR (Chloroform-d) 8: 7.60-7.46 (m), 7.32-7.24 Synthesis of 2-chloro-5-(2-((S)-1-(2-((3bS,4aR)-5,5-

(m), 7.24-7.15 (m), 6.92 (d), 6.71-6.62 (m), 6.48 (S), 6.27-6. diﬂu0r0_3_(triﬂuoromethyl)_3b’4’4a,5_tetrahydro_

17 (m), 6.08 (d), 5.55 (d), 4.98(q), 4.79 (d), 4.73 (d), 3.56 (d), 1H-cyclopropa[3,4]cyclopenta[1,2-c]pyrazol-1-yl)

?qiol(%)é?lzlé((sr)ﬁ; 1(\)/Zé2(§11/z()n;§)3,§ 96 ?ﬁfg](?)’ 1.71(s), 1.44 acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-

> ’ ’ ’ ’ hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)
Example 79 benzamide (80)

[0994] [0997] The title compound (80) was prepared according to

79 the method presented for the synthesis of compound 33F of
Example 33 utilizing (3-carbamoyl-4-chlorophenyl)boronic
acid and 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,
4.4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-c]
pyrazol-1-ylacetic acid. 'H NMR (400 MHz, cd,od) & 8.86
(d), 7.54 (d), 7.46 (dd), 7.17 (d), 7.07-6.99 (m), 6.70 (11),
6.44-6.34 (m), 5.35 (dd), 4.84 (d), 3.19-3.00 (m), 2.57-2.42
(m), 1.62 (s), 1.46-1.36 (m), 1.15-1.06 (m). MS (mv/z) 736.0
[M+H]".

Example 81

[0998]

81

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(3-methyl-1H-indazol-4-y1)pyridin-2-yl)ethyl)
acetamide (79)

[0995] The title compound (79) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 20F of Example 20 utilizing (3-car-
bamoyl-4-chlorophenyl)boronic acid and 2-((3bS,4aR)-5,5-
difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-
propa[3,4]cyclopenta[1,2-c]pyrazol-1-ylacetic acid. 'H
NMR (400 MHz, cd3od) 0§ 8.75 (d), 8.61 (d), 7.63 (dd),
7.56-7.46 (m), 7.39 (dd), 7.32 (dd), 6.99 (d), 6.72 (1t), 6.56-
6.45 (m), 6.31 (d), 6.27-6.20 (m), 5.39 (dt), 5.10-4.99 (m),
4.76 (s), 3.18-3.04 (m), 2.97-2.83 (m), 2.58-2.42 (m), 1.86
(s), 1.64 (d), 1.60(s), 1.48-1.33 (m), 1.18-1.11 (m), 1.11-1.03
(m). MS (nv/z) 711.7 [M+H]".

Example 80

[0996] 20 Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylamino)-1H-indazol-7-y1)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta| 1,2-c[pyrazol-1-yl)acetamide (81)

[0999] The title compound (81) was prepared as a mixture
of atropisomers according to the method presented in
Example 68 utilizing 7-bromo-4-chloro-1-methyl-1H-inda-
zol-3-amine (19B) in place of 7-bromo-1-methyl-1H-inda-
zol-3-amine (33A). 'H NMR (400 MHz, Methanol-d,) &
7.90-7.86 (m), 7.86-7.80 (m), 7.71 (dd), 7.55 (dd), 7.34 (d),
7.22-7.12 (m), 6.84-6.77 (m), 6.77-6.70 (m), 6.70-6.67 (m),
6.66-6.62 (m), 6.56 (s), 6.54 (s), 6.47-6.41 (m), 6.36-6.29
(m), 5.22 (dd), 5.05 (1), 4.76 (d), 4.71 (s), 3.30-3.22 (m),
3.14-3.03 (m), 3.03-2.91 (m), 2.85 (s), 2.46 (ddt), 1.64 (s),
1.44-1.33 (m), 1.11-0.97 (m). MS (m/z) 756.14 [M+H]".
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Example 82

[1000]

82

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,7-
tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-yl1)
acetamide (82)

[1001] The title compound (82) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 19G of Example 19 utilizing 2-(3-
(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-
indazol-1-yDacetic acid. "H NMR (Chloroform-d) 8: 7.60-7.
47 (m), 7.31-7.16 (m), 7.02-6.80 (m), 6.72-6.59 (m), 6.51-6.
43 (m), 6.27-6.12 (m), 5.66-5.52 (m), 5.08-4.97 (m), 4.94 (d),
3.40 (s), 3.38 (s), 3.28 (1), 3.07 (s), 3.01-2.89 (m), 2.63-2.42
(m), 2.03 (s), 1.71 (s). MS (m/z) 858.8 [M+H]".

Example 83
[1002]

83

O\\ /%
%Y
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
diftuorophenyl)ethyl)-2-(3-(difluoromethyl)-5,5a,6,
6a-tetrahydrocyclopropalglindazol-1(4H)-y1)
acetamide (83)

[1003] The title compound (83) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 19G of Example 19 utilizing 2-(3-
(difluoromethyl)-5,5a,6,6a-tetrahydrocyclopropal g]indazol-
1(4H)-yDacetic acid. '"H NMR (Chloroform-d) 8: 7.55-7.43
(m), 7.38 (d), 7.29 (d), 7.18 (d), 6.96 (dd), 6.86 (d), 6.72 (d),
6.67-6.59 (m), 6.57 (d), 6.29 (d), 6.18 (td), 4.94 (dq), 4.84-4.
79 (m),4.76 (s),3.39 (d), 3.30 (s),3.24 (s), 3.07 (d), 3.01-2.89
(m), 2.89-2.74 (m), 2.63-2.47 (m), 2.29-2.08 (m), 1.82-1.62
(m), 1.71 (d), 1.05 (td), 0.96 (td), 0.74 (q), 0.65 (q). MS (m/z)
798.9 [M+H]*.

Example 84

[1004]

(0]
(0)
Cl)k/ ~

EGN, THF

\O

Synthesis of N—((S)-1-(3-(4-chloro-3-(2-methoxy-
acetamido)-1-methyl-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (84)

[1005] To the reaction vial containing 57-(13 mg, 0.017
mmol) in THF (0.25 mL) was added 2-methoxyacetyl chlo-
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ride (2 mg, 0.019 mmol), and triethylamine (0.004 mL., 0.026
mmol). The reaction mixture was stirred at room temperature
until the majority of 57 was consumed. The reaction mixture
was concentrated in vacuo and dissolved in methanol and
treated with several drops of 2 M NaOH for 30 min. The
reaction mixture was then acidified with TFA and purified by
reverse phase HPLC to provide the title compound 84 as a
mixture of atropisomers. "H NMR (400 MHz, cd;od) 8 8.72-
8.67 (m), 7.70 (dd), 7.54 (dd), 7.22-7.13 (m), 7.08 (d), 6.87-
6.59 (m), 6.50-6.36 (m), 5.32-5.25 (m), 5.02-4.94 (m), 4.72
(dd), 4.14 (d), 3.56 (s), 3.34 (s), 3.15 (dd), 3.05-2.93 (m),
2.51-2.38 (m), 1.64 (d), 1.45-1.31 (m), 1.11-1.05 (m), 1.06-
0.97 (m). MS (m/z) 815.2 [M+H]".

Example 85

[1006]

85

Synthesis of N-(4-chloro-7-(2-((S)-1-(2-((3b-S,4aR)-
3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahy-
dro-1H-cyclopropal3,4]cyclopenta[1,2-c]pyrazol-1-
yDacetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-y1)-1-
methyl-1H-indazol-3-yl)-3-methoxypropanamide
(85)

[1007] The title compound (85) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing 3-meth-
oxypropanoyl chloride. "H NMR (400 MHz, cd,od) & 8.75-
8.65 (m), 7.69 (dd), 7.53 (dd), 7.21-7.12 (m), 7.07 (d), 6.87-
6.52 (m), 6.47-6.35 (m), 5.35-5.25 (m), 4.98 (1), 4.79-4.63
(m), 3.79-3.73 (m), 3.39 (s), 3.14 (dd), 3.05-2.93 (m), 2.76-
2.68 (m), 2.51-2.39 (m), 1.64 (d), 1.45-1.32 (m), 1.11-1.05
(m), 1.06-0.97 (m). MS (m/z) 829.2 [M+H]".
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Example 86

[1008]
86

Synthesis of N-(4-chloro-7-(2-((S)-1-(2-((3b-S,4aR)-
3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahy-
dro-1H-cyclopropal3,4]cyclopenta[1,2-c|pyrazol-1-
yDacetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-1-
methyl-1H-indazol-3-yl)cyclopropanecarboxamide
(86)

[1009] The title compound (86) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing cyclopro-
panecarbonyl chloride. "H NMR (400 MHz, cd,od) & 8.75-
8.52 (m), 7.69 (dd), 7.53 (dd), 7.16 (d), 7.06 (d), 6.87-6.52
(m), 6.46-6.35 (m), 5.35-5.21 (m), 4.98 (1), 4.79-4.63 (m),
3.14(dd),3.00(d),2.53-2.39 (m), 1.90(s), 1.64 (d), 1.45-1.32

(m), 1.06-0.96 (m), 0.90 (s). MS (m/z) 811.2 [M+H]".

Example 87

[1010]
87

Synthesis of N-(4-chloro-7-(2-((S)-1-(2-((3b-S,4aR)-
3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahy-
dro-1H-cyclopropal3,4]cyclopenta[1,2-c|pyrazol-1-
yDacetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-1-
methyl-1H-indazol-3-yl)isoxazole-5-carboxamide
87
[1011] The title compound (87) was prepared as a mixture
of atropisomers according to the method presented for the
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synthesis of compound 84 of Example 84 utilizing isoxazole-5-carbonyl
chloride. "H NMR (400 MHz, cdzod) 8 8.71 (t), 8.60 (s), 7.72 (dd), 7.55
(dd), 7.24-7.07 (m), 6.87-6.61 (m), 6.60-6.37 (m), 5.35-5.25 (m), 5.00 (1),
4.79-4.64 (m), 3.37 (s), 3.21-3.12 (m), 3.08-2.95 (m), 2.52-2.39 (m), 1.92
(d), 1.64 (d), 1.42-132 (m), 1.08 (s), 1.02 (s). MS (m/z) 838.1 [M+H]*.

Example 88
[1012]

88

=]

\‘\\\

Synthesis of N—((S)-1-(3-(4-chloro-3-(2-hydroxy-
acetamido)-1-methyl-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (88)

[1013] The title compound (88) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing 2-chloro-
2-oxoethyl acetate. 'H NMR (400 MHz, cd,od) § 7.74-7.66
(m), 7.54 (dd), 7.23-7.13 (m), 7.08 (d), 6.87-6.58 (m), 6.50-
6.35 (m), 5.25-5.31 (m), 4.99 (1), 4.76 (d), 4.68 (s), 4.21 (d),
3.34 (s), 3.30-3.11 (m), 3.04-2.94 (m), 2.51-2.38 (m), 1.64
(d), 1.45-1.33 (m), 1.11-1.05 (m), 1.06-0.97 (m). MS (m/z)
802.1 [M+H]*.
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Example 89

[1014]
89

Synthesis of N-(4-chloro-7-(2-((S)-1-(2-((3b-S,4aR)-
3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahy-
dro-1H-cyclopropal3,4]cyclopenta[1,2-c|pyrazol-1-
yDacetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-1-
methyl-1H-indazol-3-y1)-2-hydroxy-2-
methylpropanamide (89)

[1015] The title compound (89) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing 1-chloro-
2-methyl-1-oxopropan-2-yl acetate. 'H NMR (400 MHz,
cd;od) 8 8.75-8.65 (m), 7.70 (1), 7.54 (dd), 7.22-7.12 (m),
7.07 (d), 6.87-6.66 (m), 6.49-6.36 (m), 5.30-5.22 (m), 4.99
(1), 4.75 (d), 4.67 (s), 3.35 (), 3.28-3.12 (m), 3.04-2.93 (m),
2.49-2.38 (m), 1.64 (d), 1.51 (dd), 1.43-1.33 (m), 1.08 (s),
1.05-0.98 (m). MS (nmv/z) 829.2 [M+H]*.

Example 90
[1016]

F F
OTBS
= 19C

H Z PACL[P(cy)sla,

O\“/N Cul, E4N, THF dioxane, NaHCO;
—_—
O Br
N
Br /
14A

90A
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Synthesis of (S)-tert-butyl (1-(3-bromo-6-(3-((tert-
butyldimethylsilyl)oxy)-3-methylbut-1-yn-1-yl)pyri-
din-2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate
(90A)

[1017] The title compound (90A) was prepared according
to the method presented for the synthesis of compound (14B)
of Example 14 utilizing tert-butyldimethyl((2-methylbut-3-
yn-2-yl)oxy)silane. MS (m/z) 609.10 [M+H]".

Synthesis of (S)-tert-butyl (1-(3-(3-amino-4-chloro-

1-methyl-1H-indazol1-7-y1)-6-(3-((tert-butyldimethyl-

silyl)oxy)-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,
5-difluorophenyl)ethyl)carbamate (90B)

[1018] Thetitlecompound (90B)was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (19E) of Example 19 utilizing (S)-
tert-butyl (1-(3-bromo-6-(3-((tert-butyldimethylsilyl)oxy)-
3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)carbamate (90A) and 4-chloro-1-methyl-7-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-indazol-3-amine
(19C). MS (mv/z) 710.01 [M+H]*.

Synthesis of (S)-methyl (7-(2-(1-amino-2-(3,5-dif-

luorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-

1-yD)pyridin-3-y1)-4-chloro-1-methyl-1H-indazol-3-
ylcarbamate (90C)

[1019] To a solution of (S)-tert-butyl (1-(3-(3-amino-4-
chloro-1-methyl-1H-indazol-7-y1)-6-(3-((tert-butyldimeth-

ylsilyl)oxy)-3-methylbut-1-yn-1-yD)pyridin-2-y1)-2-(3,5-dif-
Iuorophenyl)ethyl)carbamate (90B) (20 mg, 0.03 mmol) and
DIPEA (0.08 pl, 0.06 mmol) in dichloromethane (0.5 ml) was

Oct. 9,2014

159

added methyl chloroformate (3.27 pl, 0.04 mmol). After stir-
ring overnight, trifluoroacetic acid (0.5 ml) was added and the
reaction was stirred at room temperature for 1 hour. The
reaction was concentrated, extracted with ethyl acetate, and
basified with 2 M aqueous K,CO;. The organic layer was
washed with 0.5 M NaCl and the organic layer was dried with
Na,SO,, filtered, and concentrated. The crude product as a
mixture of atropisomers was taken to the next step without
further purification. MS (m/z) 554.13 [M+H]™".

Synthesis of methyl (4-chloro-7-(2-((S)-1-(2-((3b-S,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-
rahydro-1H-cyclopropa[3,4]cyclopental 1,2-c|pyra-
zo0l-1-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-6-
(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-1-
methyl-1H-indazol-3-yl)carbamate (90D)
[1020] The title compound (90D) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound (33F) of Example 33 utilizing
(S)-methyl (7-(2-(1-amino-2-(3,5-difluorophenyl)ethyl)-6-
(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-4-chloro-
1-methyl-1H-indazol-3-yl)carbamate (90C) and 2-((3bS,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,.4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[ 1,2-c]pyrazol-1-yl)acetic
acid. '"H NMR (400 MHz, Methanol-d,) 8 8.72 (d), 8.66 (d),
7.74-7.63 (m), 7.59-7.48 (m), 7.20-7.14 (m), 7.07 (d), 6.87-
6.53 (m), 6.46-6.33 (m), 5.35-5.26 (m), 5.05-4.95 (m), 4.80-
4.64 (m),3.75 (d), 3.33 (s), 3.28-3.07 (m), 2.99 (¢), 2.53-2.39
(m), 1.64 (s), 1.50-1.28 (m), 1.09 (d), 1.06-0.99 (m). MS
(m/z) 800.15 [M+H]".

Example 91

[1021]

FsC 0 CH;
DIPEA, DCM

NH,
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91E

Synthesis of (S)-tert-butyl (1-(6-(3-((tert-butyldim-
ethylsilyl)oxy)-3-methylbut-1-yn-1-y1)-3-(4-chloro-
1-methyl-3-(2,2,2-trifluoroacetamido)-1H-indazol-7-
yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)
carbamate (91A)

[1022] To a solution of (S)-tert-butyl (1-(3-(3-amino-4-

chloro-1-methyl-1H-indazol-7-y1)-6-(3-((tert-butyldimeth-
ylsilyl)oxy)-3-methylbut-1-yn-1-yD)pyridin-2-y1)-2-(3,5-dif-
Iuorophenyl)ethyl)carbamate (90B) (93 mg, 0.13 mmol) in
dichloromethane (0.5 ml) was added DIPEA (34.14 pl, 0.2
mmol), followed by trifluoroacetic anhydride (25.5 pul, 0.18
mmol). After stirring at room temperature for 1 h, the product
was extracted with dichloromethane and water. The organic
layer was dried with Na,SO,, filtered, concentrated in vacuo,
and purified by silica gel chromatography to provide the title
compound. MS (m/z) 806.04 [M+H]*.

Synthesis of (S)-tert-butyl (1-(6-(3-((tert-butyldim-
ethylsilyl)oxy)-3-methylbut-1-yn-1-y1)-3-(4-chloro-
3-(N-ethyl-2,2,2-trifluoroacetamido)-1-methyl-1H-
indazol-7-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)carbamate (91B)

[1023] To a solution of (S)-tert-butyl (1-(6-(3-((tert-bu-

tyldimethylsilyl)oxy)-3-methylbut-1-yn-1-y1)-3-(4-chloro-

1-methyl-3-(2,2,2-trifluoroacetamido)-1H-indazol-7-yl)py-
ridin-2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate (91A) (20
mg, 0.02 mmol) in DMF (0.5 ml) was added cesium carbon-
ate (20.2 mg, 0.06 mmol), followed by diethylsulfate (4.6 mg,
0.03 mmol). After stirring at room temperature overnight, the
reaction mixture was extracted with ethyl acetate and water.
The organic layer was dried with Na,SO,, filtered, and con-
centrated in vacuo. The crude product was taken to the next
step without further purification.

Synthesis of (S)-tert-butyl (1-(6-(3-((tert-butyldim-
ethylsilyl)oxy)-3-methylbut-1-yn-1-y1)-3-(4-chloro-
3-(ethylamino)-1-methyl-1H-indazol-7-yl)pyridin-2-

y1)-2-(3,5-difluorophenyl)ethyl)carbamate (91C)

[1024] To a solution of (S)-tert-butyl (1-(6-(3-((tert-bu-
tyldimethylsilyl)oxy)-3-methylbut-1-yn-1-y1)-3-(4-chloro-
3-(N-ethyl-2,2.2-trifluoroacetamido)-1-methyl-1H-indazol-
7-yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate
(21 mg) (91B) in methanol (0.5 mL) was added 2M aqueous
K,CO; (0.25 mL). After stirring at room temperature for 2 h,
the reaction mixture was concentrated in vacuo. The mixture
was extracted with ethyl acetate and water. The organic layer
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was dried with Na,SO,, filtered, and concentrated in vacuo.
The crude product was taken to the next step without further
purification.

Synthesis of (S)-4-(6-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-5-(4-chloro-3-(ethylamino)-1-methyl-1H-
indazol-7-yl)pyridin-2-yl)-2-methylbut-3-yn-2-o0l
(91D)

[1025] The title compound (91D) was prepared according
to the method presented for the synthesis of compound (90C)
of Example 90 utilizing (S)-tert-butyl (1-(6-(3-((tert-bu-
tyldimethylsilyl)oxy)-3-methylbut-1-yn-1-y1)-3-(4-chloro-
3-(ethylamino)-1-methyl-1H-indazol-7-yl)pyridin-2-y1)-2-
(3,5-difluorophenyl)ethyl)carbamate (91C). MS (m/z) 524.
55 [M+H]™.

Synthesis of N—((S)-1-(3-(4-chloro-3-(ethylamino)-
1-methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methyl-
but-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b.4.4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (91E)

[1026] Thetitle compound (91E)was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (90D) of Example 90 utilizing (S)-4-
(6-(1-amino-2-(3,5-difluorophenyl)ethyl)-5-(4-chloro-3-
(ethylamino)-1-methyl-1H-indazol-7-yl)pyridin-2-y1)-2-
methylbut-3-yn-2-ol (91D). 'H NMR (400 MHz, Methanol-
d,)87.73-7.60(m), 7.58-7.48 (m), 7.12 (d), 7.04 (d), 6.93 (d),
6.85-6.79 (m), 6.78-6.71 (m), 6.71-6.66 (m), 6.67-6.58 (m),
6.58-6.53 (m), 6.49-6.32 (m), 6.32-6.28 (m), 5.26-5.20 (m),
5.04 (t), 4.80-4.67 (m), 4.10 (q), 3.42-3.28 (m), 3.27-3.17
(m), 3.17-3.05 (m), 3.05-2.91 (m), 2.82 (s), 2.53-2.40 (m),
2.01 (s), 1.64 (s), 1.41-1.21 (m), 0.96-0.82 (m). MS (m/z)
770.15 [M+H]".

Example 92

[1027]

92
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
ureido-1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-
1-yn-1-y)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-

2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,
4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-
clpyrazol-1-yl)acetamide (92)

[1028] To asolution of N—((S)-1-(3-(3-amino-4-chloro-1-
methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-
1-yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,.4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[ 1,2-c]pyrazol-1-yl)
acetamide (57) (30 mg, 0.04 mmol) in acetic acid (0.4 ml) was
added a solution of potassium cyanate (3.9 mg, 0.049 mmol)
in water (0.05 ml). After stirring at 50° C. for 2 h, the reaction
was concentrated and purified by reverse phase HPLC to
provide the title product as a mixture of atropisomers. ‘H
NMR (400 MHz, Methanol-d,) & 8.72 (dd), 7.69 (dd), 7.54
(dd), 7.22-7.10 (m), 7.04 (d), 6.88-6.52 (m), 6.47-6.32 (m),
5.31-5.22 (m), 5.03-4.92 (m), 4.76 (s), 4.72 (d), 3.28 (s),
3.18-3.10 (m), 3.04-2.94 (m), 2.94 (s), 2.53-2.40 (m), 1.64
(), 1.46-1.25 (m), 1.12-1.05 (m), 1.05-0.99 (m). MS (m/z)
785.15 [M+H]™.

Example 93
[1029]

93

N

\‘\\\

Synthesis of N—((S)-1-(3-(4-chloro-3-((cyanom-
ethyl)amino)-1-methyl-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (93)

[1030] The title compound (93) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (91D) of Example 91 utilizing bro-
moacetonitrile in place of diethyl sulfate during the synthesis
of compound (91B). 'H NMR (400 MHz, Methanol-d,) &
8.69 (d), 8.63-8.55 (m), 7.67 (dd), 7.56-7.48 (m), 7.11 (d),
6.99 (d), 6.86 (dd), 6.78-6.72 (m), 6.70 (d), 6.67-6.60 (m),
6.57 (d), 6.45-6.31 (m), 5.35-5.28 (m), 5.08-5.00 (m), 4.77
(), 4.73 (s),4.35-4.23 (m), 3.20 (s), 3.12 (dd), 3.05-2.92 (m),
2.89 (s), 2.54-2.39 (m), 1.64 (s), 1.44-1.30 (m), 1.12-1.07
(m), 1.07-1.01 (m). MS (m/z) 828.18 [M+H]".
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Example 94

[1031]

94

Synthesis of N—((S)-1-(3-(3-acetamido-4-chloro-1-
methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-
1-yn-1-y)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-
2-((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,
4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-
c|pyrazol-1-yl)acetamide (94)

[1032] The title compound (94) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing acetyl
chloride. "H NMR (Chloroform-d) 8: 7.63-7.57 (m), 7.54-7.
48 (m), 7.25-7.22 (m), 6.97 (d), 6.70 (1), 6.70-6.63 (m), 6.48
(1), 6.24 (d), 6.19 (d), 6.15 (d), 5.63-5.55 (m), 4.99 (q), 4.76
(d),4.70 (d), 3.29 (s), 3.09-2.94 (m), 2.55-2.40 (m), 2.30 (d),
1.72 (d), 1.41 (q), 1.21-1.12 (m). MS (m/z) 784.9 [M+H]".

Example 95

[1033]

95
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Synthesis of N-(4-chloro-7-(2-((S)-1-(2-((3b-S,4aR)-
3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahy-
dro-1H-cyclopropal3,4]cyclopenta[1,2-c|pyrazol-1-
yDacetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-1-
methyl-1H-indazol-3-yl)propionamide (95)

[1034] The title compound (95) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing propionyl
chloride. '"H NMR (Chloroform-d) 8: 7.62-7.43 (m), 7.35-7.
17 (m), 6.95 (d), 6.71 (1), 6.69-6.62 (m), 6.53-6.44 (m), 6.30-
6.16 (m), 6.12 (d), 5.61-5.50 (m), 4.96 (q), 4.75 (d), 4.70 (d),
3.28 (s), 3.07 (s), 2.95 (d), 2.56 (qd), 2.61-2.36 (m), 1.71 (s),
141 (q), 1.36-1.21 (m), 1.20-1.08 (m). MS (mv/z) 798.9
[M+H]".

Example 96

[1035]

96

Synthesis of N-(4-chloro-7-(2-((S)-1-(2-((3b-S,4aR)-
3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahy-
dro-1H-cyclopropal3,4]cyclopenta[1,2-c|pyrazol-1-
yDacetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-1-
methyl-1H-indazol-3-yl)isobutyramide (96)

[1036] The title compound (96) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing isobutyryl
chloride. '"H NMR (Chloroform-d) &: 7.59-7.52 (m), 7.48
(dd), 7.31-7.23 (m), 7.22 (s), 6.94 (d), 6.70 (1), 6.69-6.61 (m),
6.48 (d), 6.22 (d), 6.18 (d), 6.11 (d), 5.56 (d), 4.96 (q), 4.75
(d), 4.69 (d), 3.28 (s), 3.15 (s), 3.09 (s), 2.96 (d), 2.72 (s),
2.55-2.40 (m), 1.71 (s), 1.41 (@), 1.33 (s), 1.21-1.13 (m). MS
(m/z) 813.1 [M+H]".
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Example 97
[1037]

97

Synthesis of N-(4-chloro-7-(2-((S)-1-(2-((3b-S,4aR)-
3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahy-
dro-1H-cyclopropal3,4]cyclopenta[1,2-c]pyrazol-1-
yDacetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-y1)-1-
methyl-1H-indazol-3-y1)-2,2-difluoroacetamide (97)

[1038] The title compound (97) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing 2,2-dif-
luoroacetic anhydride. "H NMR (Chloroform-d) 8: 8.80 (d),
7.63-7.55 (m), 7.54-7.46 (m), 7.43-7.30 (m), 7.30-7.23 (m),
6.99 (d), 6.71 (1), 6.70-6.63 (m), 6.53-6.46 (m), 6.25 (d), 6.19
(d), 6.17-6.11 (m), 6.04-5.95 (m), 5.65-5.53 (m), 4.98 (q),
4.79-4.73 (m), 4.69 (d), 3.33 (s), 3.12 (s), 3.07-2.94 (m),
2.60-2.34 (m), 1.71 (s), 1.41 (q), 1.26 (s), 1.23-1.12 (m) MS
(m/z) 820.9 [M+H]".

Example 98
[1039]

164
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Synthesis N-(4-chloro-7-(2-((S)-1-(2-((3bS,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-1-
methyl-1H-indazol-3-y1)-2,2,2-trifluoroacetamide
98)

[1040] The title compound (98) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing 2,2,2-
triffuoroacetic anhydride. "H NMR (Chloroform-d) §: 8.77-
8.72 (m), 8.69-8.63 (m), 7.56-7.43 (m), 7.31-7.19 (m), 7.18-
7.06 (m), 7.01-6.95 (m), 6.71 (1), 6.70-6.61 (m), 6.52-6.45
(m), 6.24-6.16 (m), 6.11 (d), 5.60-5.52 (m), 4.93 (q), 4.75 (d),
4.69 (d), 3.32 (s), 3.10 (s), 3.01-2.91 (m), 2.57-2.38 (m),
2.23-2.02 (m), 1.72 (s), 1.47-1.37 (m), 1.25 (s), 1.22-1.12
(m). MS (nv/z) 838.8 [M+H]".

Example 99

[1041]




US 2014/0303164 Al

165

-continued

99B

Synthesis of 2-bromo-N-(4-chloro-7-(2-((S)-1-(2-
((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa[3,4]cyclopenta[1,2-c]
pyrazol-1-yl)acetamido)-2-(3,5-difluorophenyl)
ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-
3-y1)-1-methyl-1H-indazol-3-yl)acetamide (99A)

[1042] To the reaction vial containing 57-(32 mg, 0.043
mmol) in THF (0.25 mL) was added 2-bromoacetyl chloride
(7 mg, 0.047 mmol), and triethylamine (0.009 mL, 0.06
mmol). The reaction mixture was stirred at room temperature
until the majority of 57 was consumed. The reaction mixture
was concentrated in vacuo and telescoped to the next reaction.
MS (m/z) 862.1 [M+H]".

Synthesis of N—((S)-1-(3-(4-chloro-3-(2-(dimethy-
lamino)acetamido)-1-methyl-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (99B)

[1043] The crude 99A material was dissolved in DMF (0.1
ml) and treated with excess dimethylamine at room tempera-
ture for 30 min. The reaction mixture was then acidified with
TFA and purified by reverse phase HPLC to provide the title
compound 99B as a mixture of atropisomers. "H NMR (400
MHz, cd;od) 8 8.90-8.69 (m, 1H), 7.73-7.65 (m, 1H), 7.59-
7.49 (m, 1H), 7.23-7.06 (m, 1H), 6.89-6.59 (m, 2H), 6.53-6.
29 (m, 3H), 5.03-4.93 (m, 1H), 4.80-4.68 (m, 2H), 4.28 (s,
2H), 3.38-2.96 (m, 9H), 2.91-2.73 (m, 2H), 2.61-2.33 (m,
2H), 1.64 (s, 6H), 1.43-1.28 (m, 1H), 1.15-0.98 (m, 1H). MS
(m/z) 829.2 [M+H]".
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Example 100
[1044]

100

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-(2-
(pyrrolidin-1-yl)acetamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (100)

[1045] Thetitle compound (100) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 99B of Example 99 utilizing pyrroli-
dine. "H NMR (400 MHz, cd,od) 8 8.87-8.69 (m), 7.73-7.68
(m), 7.59-7.49 (m), 7.20 (s), 7.10 (s), 6.90-6.69 (m), 6.45-6.
32 (m), 5.30-5.25 (m), 5.03-4.98 (m), 4.79-4.63 (m), 4.37 (s),
3.82-3.64 (m), 3.35 (s),3.24-3.19 (m), 3.01 (s), 2.51-2.43 (m,
2H), 2.30-2.13 (m), 1.64 (d), 1.42-1.25 (m), 1.10 (s), 1.00 (s).
MS (m/z) 854.4 [M+H]*.

Example 101

[1046]

101

e
w
2,
%,
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-(2-
(methylamino)acetamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3bS,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (101)

[1047] Thetitle compound (101) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 99B of Example 99 utilizing methy-
lamine. "H NMR (400 MHz, cd,od) & 8.85-8.65 (m), 7.79-7.
62 (m), 7.60-7.50 (m), 7.21-7.15 (m), 7.13-7.09 (m), 6.91-6.
50 (m), 6.45-6.23 (m), 5.32-5.21 (m), 5.00-4.98 (m), 4.82-4.
68 (m), 4.20-4.15 (s), 4.14-4.08 (s), 3.35 (s), 3.13-3.08 (m),
3.03-2.98 (m), 2.81 (s), 2.48-2.43 (m), 1.64 (d), 1.50-1.29
(m), 1.12-1.05 (m), 1.03-0.98 (m). MS (m/z) 814.2 [M+H]".

Example 102

[1048]

102

Synthesis of N—((S)-1-(3-(4-chloro-3-(2-(cyclopro-
pylamino)acetamido)-1-methyl-1H-indazol-7-y1)-6-
(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)-2-
(3,5-difluorophenyl)ethyl)-2-((3b-S,4aR )-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (102)

[1049] Thetitle compound (102) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 99B of Example 99 utilizing cyclo-
propylamine. "H NMR (400 MHz, cd,od) & 8.74-8.69 (m),
7.74-7.65 (m), 7.59-7.49 (m), 7.19 (s), 7.12 (s) 6.91-6.53 (m),
6.38 (m), 5.35-5.20 (m), 5.01-4.94 (m), 4.79-4.64 (m), 4.21
(s), 3.35 (s), 3.03-2.98 (m), 2.91-2.86 (m), 2.53-2.38 (m),
1.64 (s), 1.45-136 (m), 1.11-0.70 (m). MS (m/z) 840.2
[M+H]™".
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Example 103

[1050]

103

OH

Synthesis of (S)—N-(4-chloro-7-(2-((S)-1-(2-((3bS,

4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-

rahydro-1H-cyclopropa[3,4]cyclopental 1,2-c|pyra-

zo0l-1-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-6-

(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-1-

methyl-1H-indazol-3-yl)-2-hydroxypropanamide
(103)

[1051] Thetitle compound (103) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 84 of Example 84 utilizing (S)-1-
chloro-1-oxopropan-2-yl acetate. 'H NMR (400 MHz,
cd;od) 8 8.72-8.64 (m), 7.70 (dd), 7.54 (dd), 7.22-7.12 (m),
7.07 (d), 6.87-6.66 (m), 6.50-6.36 (m), 5.30-5.25 9 (m), 4.99
(1), 4.75 (d), 4.68 (s), 4.38-4.28 (m), 3.33 (s), 3.26-3.12 (m)),
3.04-2.93 (m), 2.52-2.38 (m), 1.64 (d), 1.50 (dd), 1.43-1.31
(m), 1.10-1.05 (m), 1.04-0.98 (m). MS (m/z) 815.2 [M+H]".

Example 104
[1052]

104

NH,
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Synthesis of N—((S)-1-(6-(3-amino-3-methylbut-1-
yn-1-y1)-3-(1-methyl-3-(methylsulfonamido)-1H-
indazol-7-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-
3b,4,4a,5-tetrahydro-1H-cyclopropal[3,4|cyclopenta
[1,2-c]pyrazol-1-yl)acetamide (104)

[1053] Thetitle compound (104) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (61) of Example 61 utilizing 2-meth-

Oct. 9,2014
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ylbut-3-yn-2-amine '"H NMR (400 MHz, Methanol-d4) &
8.71 (d), 7.89-7.81 (m), 7.78 (1), 7.63 (dd), 7.27 (dd), 7.20
(dd), 7.10 (dd), 6.79-6.71 (m), 6.68-6.58 (m), 6.52 (dd), 6.40-
6.27 (m), 5.33-5.24 (m), 5.02 (q), 4.80-4.68 (m), 3.32 (s),
3.28-3.20 (m), 3.18 (s), 3.16-3.10 (m), 3.04-2.91 (m), 2.58-
2.40 (m), 1.83 (s), 1.47-1.36 (m), 1.15-1.10 (m), 1.08-1.02
(m). MS (nv/z) 803.13 [M+H]".

Example 105
[1054]

s

NH,

14B

105A

105B

PdCL[P(Cy)3]>, NaHCO3
1,4-dioxane, H,O, MeOH

e}

S
\ )k
C%N O/\

2-Me THF
2)

x

(),
ClL I|\T

TFA, CH,Cl,
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-continued

105C

105D

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-1-
(6'-hydrazinyl-6-(3-hydroxy-3-methylbut-1-yn-1-yl)-
[3,3'-bipyridin]-2-yl)ethyl)carbamate (105A)

[1055] In a microwave tube were charged with compound
14B (50 mg, 0.1 mmol), 2-hydrazinyl-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridine (36 mg, 0.15 mmol), potas-
sium carbonate (42 mg, 0.3 mmol) and dichlorobis(tricyclo-
hexylphosphine)palladium(Il) (4 mg, 0.005 mmol). To the
mixture was added was added 1,4-dioxane (2 mL.), water (0.5
ml) and MeOH (0.3 mL). The mixture was heated to 150° C.
for 10 minutes in a microwave synthesizer. After cooling to
room temperature, the reaction was partitioned between
EtOAc and water. The organic layer was separated and
washed with brine, then dried over MgSQO,, filtered and con-
centrated. The residue was purified by silica gel chromatog-
raphy to afford the title compound 105A. MS (m/z): 524.10
[M+H]™;

NaHCOs3,
1,4-dioxane

HATU, DIEA, DMF

105E

Synthesis of Boc-(S)-ethyl (6-(2-(1-amino-2-(3,5-
difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-
yn-1-yDpyridin-3-yl)-[1,2.4]triazolo[4,3-a]pyridin-3-
yl)carbamate (105B)

[1056] To a reaction mixture of compound 105A (28 mg,
0.053 mmol) in 0.5 mL 2-methyltetrahydrofuran was addede-
thoxycarbonyl! isothiocyanate (7 mg, 0.053 mmol) and the
reaction was allowed to stir at room temperature for 1 min.
The solvent was removed in vacuo. The residue was dissolved
in 0.5 mL of methylene chloride and to it was added 2-chloro-
1-methylpyridinium iodide (12 mg, 0.046 mmol) followed by
triethylamine (0.08 mL, 0.057 mmol). The reaction mixture
was stirred at room temperature for 1 min. The solvent was
removed in vacuo and the residue was purified by silica gel
chromatography to afford the title compound 105B. MS
(m/z): 621.07 [M+H]".
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Synthesis of (S)-ethyl (6-(2-(1-amino-2-(3,5-difluo-

rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-

yDpyridin-3-y1)-[1,2,4]triazolo[4,3-a]pyridin-3-y1)
carbamate (105C)

[1057] Compound 105B (14 mg, 0.023 mmol) was dis-
solvedin 1 mL of methylene chloride and to it was added 0.15
mL of TFA. The reaction mixture was stirred at room tem-
perature for 40 minutes. The solvent was removed to afford
the title compound 105C as a TFA salt. MS (m/z): 521.09
[M+H]™".

Synthesis of ethyl (6-(2-((S)-1-(2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-y1)-[1,2,4]
triazolo[4,3-a]pyridin-3-yl)carbamate (105D)

[1058] The title compound (105D) was prepared according
to the method presented for the synthesis of compound 37E of
Example 37 utilizing 2-((3bS,4aR)-3-(difluoromethyl)-5,5-
Br Br
x NH,NH,, EtOH | N
_—
| HzN\ P

Z
F N cl N N cl

Cl
A
| N I Pd(PPh3),Cl,, Na, CO;,
Br \ >/N 1,4-dioxane/water,
N—nN
106B

106D
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difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3.4]cyclo-
penta[1,2-c]pyrazol-1-yl)acetic acid and compound 105C.
MS (m/z) 767.18 [M+H]".

Synthesis of N—((S)-1-(3-(3-amino-[1,2.4]triazolo
[4,3-a]pyridin-6-yl1)-6-(3-hydroxy-3-methylbut-1-yn-
1-yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-
((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa[3,4]cyclopenta[1,2-c]
pyrazol-1-yl)acetamide (105E)

[1059] Compound 105D (15.3 mg, 0.05 mmol) was dis-
solved in 2 mL of 1,4-dioxane and to it was added 0.5 mL of
1M sodium bicarbonate aqueous solution. The reaction mix-
ture was heated in microwave for 1 hour at 140° C. The
solvent was removed and the residue was purified by RP-
HPLC to afford the title compound 105E. ‘H NMR (400
MHz, Methanol-d,):  8.08 (s), 7.81-7.60 (m), 7.57-7.38 (m),
6.77-6.70 (m), 6.61 (), 6.52-6.35 (m), 5.36 (1), 4.81 (d), 3.15
(d),2.59-2.27 (m), 1.63 (s), 1.48-1.20 (m), 1.10-0.78 (m). MS

(m/z): 695.30 [M+H]*.

Example 106
[1060]

(0] Cl
1) S\ JI\ \
C\N O/\ | N I
" N,
2) \ B \ >/ %O
EtO

| N—nN
Z T

106B

+
Cl I|\I

TFA, CH,Cl,

HATU, DIEA, DMF
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-continued

Synthesis of 3-bromo-6-chloro-2-hydrazinylpyridine
(106A)

[1061] To a mixture of 3-bromo-6-chloro-2-fluoropyridine
(6 g, 28.5 mmol) in 200 mL ethanol was added 14 mL of
hydrazine monohydrate. The reaction mixture was stir at
room temperature for overnight and then removed most of the
solvent. The precipitate was collected by vacuum filtration to
afford the title compound 106A. MS (nv/z): 223.97 [M+H]".

Synthesis of ethyl (8-bromo-5-chloro-[1,2.4]triazolo
[4,3-a]pyridin-3-yl)carbamate (106B)

[1062] The title compound (106B) was prepared according
to the method presented for the synthesis of compound 105B
of Example 105 utilizing compound 106A. MS (m/z) 321.01
[M+H]".

Synthesis of (S)-tert-butyl (1-(3-(3-amino-5-chloro-
[1,2,4]triazolo[4,3-a]pyridin-8-y1)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)carbamate (106C)

[1063] In a microwave tube were charged with compound
117B (48 mg, 0.1 mmol), compound 106B (40 mg, 0.13
mmol), sodium carbonate (33 mg, 0.03 mmol) and PdCl,
[PPhs], (8 mg, 0.01 mmol). To the mixture was added 2.5 mL,
of 1,4-dioxane and 0.5 mL of water. The mixture was heated
to 170° C. for 20 minutes in a microwave synthesizer. After
cooling to room temperature, the reaction was partitioned
between EtOAc and water. The organic layer was separated
and washed with brine, then dried over MgSO,, filtered and
concentrated. The residue was purified by reverse phase
HPLC to afford the title compound 106C. MS (m/z): 583.01
[M+H]*

Synthesis of (S)-4-(6-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-5-(3-amino-5-chloro-[1,2,4]triazolo[4,3-a]
pyridin-8-yl)pyridin-2-yl)-2-methylbut-3-yn-2-ol
(106D)

[1064] The title compound (106D) was prepared according
to the method presented for the synthesis of compound 105C
of Example 105 utilizing compound 106C. MS (m/z) 483.28
[M+H]™".

106E

Synthesis of N—((S)-1-(3-(3-amino-5-chloro-[1,2,4]
triazolo[4,3-a]pyridin-8-yl)-6-(3-hydroxy-3-methyl-
but-1-yn-1-yD)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta| 1,2-c[pyrazol-1-yl)acetamide (106E)

[1065] The title compound (106E) was prepared according
to the method presented for the synthesis of compound 37E of
Example 37 utilizing 2-((3bS,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3.4]cyclo-
penta[1,2-c]pyrazol-1-yl)acetic acid and compound 106D.
'H NMR (400 MHz, Methanol-d,): 8 8.79 (d), 7.71 (d), 7.52
(d),7.04 (d), 6.69-6.63 (m), 6.68 (1), 6.59-6.36 (m), 5.41-5.12
(m), 4.75-4.48 (m), 3.25-2.97 (m), 2.55-2.35 (m), 1.62 (s),
1.38 (q), 1.12-0.96 (m). MS (m/z): 729.24 [M+H]".

Example 107

[1066]
Q OH
N
o SNH, N\
EtOH /
F N\
Br Br
107A

Synthesis of 7-bromo-1-methyl-1H-indazol-3-0l
(107A)

[1067] To the reaction vial containing methyl 3-bromo-2-
fluorobenzoate (1 g, 4.5 mmol) in ethanol (5§ mL) was added
methylhydrazine (0.29 mL, 6 mmol). The reaction mixture
was sealed and heated to 125° C. overnight. Upon cooling, the
reaction mixture was treated with water and the resulting
solid was collected by filtration to give the title product 107 A.
MS (m/z) 229.1 [M+2H]".
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107B

Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b.4.4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(1-methyl-3-0x0-2,3-dihydro-1H-indazol-7-yl)
pyridin-2-yl)ethyl)acetamide (107B)

[1068] The title compound (107B) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 117F of Example 117 utilizing
107A and 117B. 'H NMR (400 MHz, cd;od) 8 8.61 (d),
7.79-7.63 (m), 7.52 (dd), 7.28-7.21 (m), 7.12 (1), 7.02 (1),
6.76-6.67 (m), 6.66-6.54 (m), 6.40 (d), 6.34-6.27 (m), 5.26
(), 5.17-5.07 (m), 4.83-4.74 (m), 3.24 (dd), 3.12-2.88 (m),
2.75 (s), 2.55-2.42 (m), 1.64 (s), 1.45-1.35 (m), 1.14-1.06
(m). MS (nv/z) 727.1 [M+H]*.

Example 108

[1069]
l l
NH, 0 0
CN \\s//
NH;NH, N\ a” ™
_—
/ DMAP, DIEA
. N
H
Br Br
108A
o, 0
\/
Cl HN/ N
\N
/
N
H
Br
108B

Oct. 9,2014

Synthesis of 7-bromo-4-chloro-1H-indazol-3-amine
(108A)

[1070] In a microwave vial a solution of 3-bromo-2-fluo-
robenzonitrile (1 g, 4.26 mmol) ethanol (5 mL) was treated
with hydrazine (0.85 mL, 17 mmol), sealed, and heated to
120° C. in a microwave reactor for 35 minutes. The reaction
was concentrated in vacuo and the crude product dissolved
with EtOAc (30 mL) and washed with water (30 mL), then
2M NaCl (aq, 30 mL). The organics were dried with Na,SO,,
filtered, and concentrated. Product was purified by silica
chromatography to give the title compound. MS (m/z) 247.1
[M+H]".

Synthesis of N-(7-bromo-4-chloro-1H-indazol-3-yl)
methanesulfonamide (108B)

[1071] To a stirred solution of 108A (161 mg, 0.65 mmol),
4-dimethylaminopyridine (4 mg, 0.03 mmol), and N,N-diiso-
propylethylamine (0.28 mL, 1.6 mmol) in DCM (5 ml) at, 0°
C. was added drop wise methanesulfonyl chloride (156 mg,
1.3 mmol). The ice bath was removed immediately after the
addition and the reaction was warmed to room temperature
and stirred for 2 h. The reaction was washed with water, dried
with Na,SO,, filtered, and concentrated. The crude product
dissolved with EtOH (10 mL.) and treated with 8N NaOH (3.3
ml). The reaction mixture was heated at 60° C. for 0.5 h. The
ethanol was removed under vacuum, pH to ~2 with 1.0HCl
then, extracted with EtOAc. The organics were dried with
Na,SO,, filtered, and concentrated. The product was purified
by silica chromatography to give the title compound. MS
(m/z) 325.9 [M+H]".

108C

Synthesis of N—((S)-1-(3-(4-chloro-3-(methylsul-
fonamido)-1H-indazol-7-y1)-6-(3-hydroxy-3-methyl-
but-1-yn-1-yD)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta| 1,2-c[pyrazol-1-yl)acetamide (108C)

[1072] The title compound (108C) was prepared according
to the method presented for the synthesis of compound 117F
of Example 117 utilizing 108B and 117B. MS (m/z) 807.1
[M+H]*. HPLC retention time 6.96 min (2-98% acetonitrile:
water with 0.1% trifluoroacetic acid, 8.5 min gradient on a
Phenomonex Kinetex C18 column).
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Example 109

[1073]

109

pgan)
=

Cl
[
N § KOH, 110° C. |
Br \ o dioxane, water, DMF
/ ————— B
N—nN
07
106B
117B
Pd(PPh3),Cl,

NayCO3, /HyO/dioxane
microwave, 170° C., 15 min

N—nN

| SN Cl
N bt
Br \ >/N\ S/LO
/

110B

Synthesis of N—((S)-1-(3-(4-chloro-3-(methylsul-
fonamido)-1H-indazol-7-y1)-6-(3-hydroxy-3-methyl-
but-1-yn-1-yD)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluvoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa|3,4|cyclopenta[1,2-c|pyrazol-1-y1)
acetamide (109)

[1074] Thetitle compound (109) was prepared according to
the method presented for the synthesis of compound 117F of
Example 117 utilizing 108B, 117B and 2-((3bS,4aR)-5,5-
difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-

propa[3,4|cyclopenta[1,2-c]pyrazol-1-ylacetic acid. MS

(m/z) 824.2 [M+H]*. HPLC retention time 7.16 min (2-98%
acetonitrile:water with 0.1% trifluoroacetic acid, 8.5 min gra-
dient on a Phenomonex Kinetex C18 column).

Example 110

[1075]

Cl

X

methanesulfonyl chloride
DIEA, DCM, then NaOH

\ >/NH2

Ne—x

110A

TFA, DCM
_ =
g o
N,
\S(/&O

110C
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110D

Synthesis of 8-bromo-5-chloro-[1,2.4]triazolo[4,3-a]
pyridin-3-amine (110A)
[1076] To asolution of compound 106B (2.1 g, 6.6 mmol)
in a mixture of dioxane (90 mL), water (15 mL) and DMF (9
ml) was added KOH (0.37 g, 6.6 mmol). The mixture was
heated at 110° C. overnight. After removing volatiles in
vacuo, the residue was purified by silica gel column to yield
the title compound 110A. MS (m/z) 248.95 [M+H]".

Synthesis of N-(8-bromo-5-chloro-[1,2,4]triazolo[4,

3-a]pyridin-3-yl)methanesulfonamide (110B)
[1077] To asolution of compound 110A (80 mg, 0.3 mmol)
in DCM (5§ mL) was added DIEA (0.42 g, 3 mmol) and
methanesulfonyl chloride (0.19 g, 2 mmol). After stirred at
room temperature for 5 min, the volatiles was removed in
vacuo. The residue was dissolved in a mixture of THF (2 mL),
MeOH (2 mL) and 2 N NaOH (2 mL) and stirred for 15 min.
After removing volatiles, the residue was purified by reverse
phase HPLC to yield the title compound. MS (m/z) 326.82
[M+H]™".

Synthesis of (S)-tert-butyl (1-(3-(5-chloro-3-(methyl-
sulfonamido)-[1,2,4]triazolo[4,3-a]pyridin-8-y1)-6-
(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)-2-

(3,5-difluorophenyl)ethyl)carbamate (110C)
[1078] The title compound (110C) was prepared according
to the method presented for the synthesis of compound 117D
of Example 117 utilizing compound 110B and 117B. MS
(m/z) 661.02 [M+H]".

O HATU, DIEA, DMF

110E

Synthesis of (S)—N-(8-(2-(1-amino-2-(3,5-difluo-

rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-

yDpyridin-3-yl)-5-chloro-[1,2,4]triazolo[4,3-a]pyri-
din-3-yl)methanesulfonamide TFA salt (110D)

[1079] Thetitle compound (110D) was prepared according
to the method presented for the synthesis of compound 19F of
Example 19 utilizing compound 110C. MS (m/z) 561.00
[M+H]".

Synthesis of N—((S)-1-(3-(5-chloro-3-(methylsul-
fonamido)-[1,2,4]triazolo[4,3-a]pyridin-8-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (110E)

[1080] The title compound (110E) was prepared according
to the method presented for the synthesis of compound 10A of
Example 10 utilizing compound 110D and 2-((3bS,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-1H-cy-
clopropal3.4|cyclopental 1,2-c]pyrazol-1-yl)acetic acid.
HPLC retention time 6.63 min (2-98% acetonitrile:water
with 0.1% trifluoroacetic acid, 8.5 min gradient on a Pheno-
monex Kinetex C18 column 4.6x100 mm). MS (m/z) 807.16
[M+H]".
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Example 111

[1081]
111

Synthesis of N—((S)-1-(3-(3-amino-5-chloro-[1,2,4]
triazolo[4,3-a]pyridin-8-yl)-6-(3-hydroxy-3-methyl-
but-1-yn-1-yD)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluvoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa|3,4|cyclopenta[1,2-c|pyrazol-1-y1)
acetamide (111)

[1082] Thetitlecompound (111)was prepared accordingto
the method presented for the synthesis of compound 106E of
Example 106 utilizing 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa|3,4|cyclo-
penta[1,2-c]pyrazol-1-yDacetic acid and 106D. ‘H NMR
(400 MHz, Methanol-d,): 8 8.83 (d), 7.72 (d), 7.51 (d), 6.98
(d), 6.64 (1), 6.58-6.44 (m), 5.41-5.18 (m), 4.74 (s), 3.27-2.96
(m), 2.67-2.18 (m), 1.62 (s), 1.40 (q), 1.17-0.99 (m). MS
(m/z): 747.30 [M+H]"

Example 112

[1083]

I
c1—ﬁ—
H
O~p Ng, 0 O—yp N P 14B
| / 1. DCM, iPrNEt | / N PdCly(PCy3);
Ny 2. BtOH, NaOH 0 N—y O/ .  DMF, Dioxane
NaHCOs3, water
58D 1124
TFA, DCM
—_
K o
\s//
o// N

112B
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NH

112C

\S/
#N\

Oct. 9,2014

HATU, iPr,NEt, DMF

Synthesis of N-(1,4-dimethyl-7-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-y1)-1H-indazol-3-yl)methane-
sulfonamide (112A)

[1084] The title compound (112A) was prepared according
to the method presented for the synthesis of compound 19D of

Example 19 utilizing 58D. MS (m/z) 366.1 [M+H]*.

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-1-
(3-(1,4-dimethyl-3-(methylsulfonamido)-1H-inda-
701-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyri-
din-2-yl)ethyl)carbamate (112B)

[1085] The title compound (112B) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19E of Example 19 utilizing

112A. MS (m/z) 654.4 [M+H]".

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-3-yl)-1,4-dimethyl-1H-indazol-3-yl)meth-
anesulfonamide (112C)

[1086] The title compound (112C) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19F of Example 19 utilizing 112B.

MS (m/z) 554.2[M+H]".

112D

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(3-(1,4-dimethyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)ethyl)
acetamide (112D)

[1087] The title compound (112D) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 10A of Example 10 utilizing 112C
and 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa| 3,4]cyclopental 1,2-c]pyrazol-

1-yl)acetic acid. "H NMR (Chloroform-d) 8: 8.16-8.10 (m),
8.00(d), 7.76 (d), 7.58 (d), 7.38 (d), 7.06 (dd), 6.86 (dd), 6.67
(1), 6.64 (dt), 6.51-6.41 (m), 6.38 (d), 6.24 (dd), 6.13 (dd),
5.62(q), 5.06 (q), 4.78 (d), 4.69 (s),3.35(5),3.32(5),3.29 (),
3.11 (s), 3.10-2.91 (m), 2.87-2.78 (m), 2.55-2.34 (m), 1.71
(s), 1.45-1.34 (m), 1.20-1.07 (m) MS (m/z) 800.6 [M+H]".
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Example 113

[1088]
(¢] Cl
H Cl Cl
K,CO3
OH
Br
Q H
Ph—S—N—NH,
H
Cl
/g/ ol ACN, NaOH
O
Br
113A
el bis (pinacolato) diboron
N
N KOAc, Pd(PPh),Cl,
\ | Dioxane
Cl
(¢]
Br
113B

Cl

113C

Synthesis of (Z)-3-bromo-2-((1,2-dichlorovinyl)oxy)
benzaldehyde (113A)

[1089] Trichloroethylene (2.68 mL., 30 mmol) was added
drop wise over a period of 30 min to a solution of 3-bromo-
2-hydroxybenzaldehyde (2 g, 9.9 mmol) suspended with
K,COj; (4.1 g, 30 mmol) in DMF (8 mL) at 60° C. under N,,.
The reaction was stirred for 15 h then cooled to room tem-
perature and partitioned between 150 mL of ethylacetate and
100 mL of water. The organic phase was washed with brine
100 mL, dried over sodium sulfate, filtered and concentrated.
The crude material was purified by silica gel to give the title
compound.

Oct. 9,2014

Synthesis of 5-bromo-3-chloro-1H-benzofuro[3,2-c]
pyrazolebenzaldehyde (113B)

[1090] Benzenesulfonylhydrazide (0.57 g, 3.3 mmol) was
added all at once to a solution of the 113A (0.9 g, 3.0 mmol)
in acetonitrile (13 mL) at room temperature. After stirring for
2 h, aqueous 2 M NaOH (3 mL, 6 mmol) was added drop wise
over 10 min. The solution was heated to 50° C. and stirred for
1 h. After cooling to room temperature, the solvents were
removed under vacuum. The residue was partitioned between
20 mL, EtOAc and 15 mL H,O. The organic layer was dried
over MgSO,, filtered and solvent removed under vacuum
yielding the title compound 113B.

Synthesis of
(3-chloro-1H-benzofuro[3,2-c|pyrazol-5-yl)boronic
acid (113C)

[1091] To 113B (200 mg, 0.73 mmol) in dioxane (5 mL.)
was added bis(pinacolato)diboron (262 mg, 1 mmol), potas-
sium acetate (0.144 g, 1 mmol), and Pd(PPh;),Cl, (26 mg,
0.03 mmol). The reaction mixture sealed and heated to 100°
C. for 1 h. The reaction was cooled to room temperature and
telescoped to the next reaction. MS (m/z) 237.1 [M+H]".

113D

.

ey

Synthesis of N—((S)-1-(3-(3-chloro-1H-benzofuro
[3,2-c]pyrazol-5-yl1)-6-(3-hydroxy-3-methylbut-1-yn-
1-yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-
((3b-S,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,
4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-
clpyrazol-1-yl)acetamide (113D)

[1092] Thetitle compound (113D) was prepared according
to the method presented for the synthesis of compound 33F of
Example 33 utilizing 113C and 2-((3bS,4aR)-3-(difluorom-
ethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal 3,
4]cyclopenta[1,2-c]pyrazol-1-yDacetic acid. 'H NMR (400
MHz, cd;od) d 8.88-8.60 (m, 1H), 7.80 (d), 7.70 (d), 7.51 (d),
7.35(1), 6.44-6.17 (m), 5.50-5.27 (m), 4.80-4.74 (m), 3.12-2.
72 (m), 2.55-2.48 (m), 1.64 (s), 1.45-1.35 (m), 1.14-1.06 (m).
MS (m/z) 772.2 [M+H]".



US 2014/0303164 Al Oct. 9,2014

177
Example 114
[1093]
@ MeNaHy Qg/ NBS, 1550, /Qg/ gf i
“Eon
N\N N\N
114A 114B 114C

O~p NH,

| / PdCL(PCy3),;
N—N DMF, Dioxane, NaHCO3, water

114D

~N
TFA, DCM
NH,

HO

114E
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114F

Synthesis of
4-methoxy-1-methyl-1H-indazol-3-amine (114B)

[1094] The title compound (114B) was prepared according
to the method presented for the synthesis of compound 19B of
Example 19 utilizing 114A. MS (m/z) 178.1 [M+H]*.

Synthesis of 7-bromo-4-methoxy-1-methyl-1H-inda-
zol-3-amine (114C)

[1095] A flask was charged with 114B (3.7 g, 20.9 mmol)
and H,SO, (35 mL) and cooled to 0° C. in an ice bath. Then
NBS (1.9 g, 10 mmol) was added. The reaction mixture was
allowed to warm to room temperature and diluted with ice
water and filtered to remove solids. The mother liquor was
basified with saturated NaHCO, and extracted 2x EtOAc. The
organic layer was dried over sodium sulfate, concentrated,
and purified by flash column chromatography to provide the
title compound. MS (m/z) 256.2 [M+H]*.

Synthesis of 4-methoxy-1-methyl-7-(4.4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-indazol-3-amine
(114D)

[1096] The title compound (114D) was prepared according
to the method presented for the synthesis of compound 19C of
Example 19 utilizing 114C. MS (n/z 304.2 [M+H]".

HATU, iPr,NEt, DMF

114G

Synthesis of (S)-tert-butyl (1-(3-(3-amino-4-meth-
oxy-1-methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-

rophenyl)ethyl)carbamate (114E)

[1097] The title compound (114E) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19E of Example 19 utilizing
114D. MS (m/z 592.1 [M+H]".

Synthesis of (S)-4-(6-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-5-(3-amino-4-methoxy-1-methyl-1H-inda-
701-7-yl)pyridin-2-y1)-2-methylbut-3-yn-2-ol (114F)

[1098] The title compound (114F) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19F of Example 19 utilizing 114E.
MS (m/z) 492.2 [M+H]*.

Synthesis of N—((S)-1-(3-(3-amino-4-methoxy-1-
methyl-1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-
1-yn-1-y)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-
2-((3b-S,4aR)-3-(difltuoromethyl)-5,5-difluoro-3b,4,

4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-

clpyrazol-1-yl)acetamide (114G)

[1099] The title compound (114G) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 10A of Example 10 utilizing 114F
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and 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa| 3,4]cyclopental 1,2-c]pyrazol-
1-yDacetic acid. "H NMR (Methanol-d,) &: 8.72-8.62 (m),
7.66 (dd), 7.51 (dd), 7.19 (d), 6.87-6.65 (m), 6.65-6.51 (m),
6.44 (d), 6.40-6.30 (m), 5.34-5.26 (m), 5.11-4.99 (m), 4.79-
4.71 (m), 4.02 (d), 3.28-3.22 (m), 3.14 (d), 3.07 (dd), 3.02-2.
90 (m), 2.83 (s), 2.53-2.35 (m), 1.63 (d), 1.38 (g), 1.11-0.99
(m). MS (nv/z) 738.6 [M+H]".

Example 115

[1100]

| N " Pd(PPh3),Cls, Na, COs,

Ne—n
EtO
106B

115A

TFA, CH,Cl,

HATU, DIEA, DMF

115B

115C

Oct. 9,2014
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Synthesis of (S)-(2-(1-((tert-butoxycarbonyl )Jamino)-
2-(3,5-difluorophenyl)ethyl)-6-(3,3-dimethylbut-1-
yn-1-yl)pyridin-3-yl)boronic acid (115A)

[1101] The title compound (115A) was prepared according
to the method presented for the synthesis of compound 117B
of Example 117 utilizing (S)-(6-bromo-2-(1-((tert-butoxy-
carbonyl)amino)-2-(3,5-difluorophenyl)ethyl)pyridin-3-yl)
boronic acid (117A) and 3,3-dimethylbut-1-yne. MS (m/z):
459.22 [M+H]".

Synthesis of (S)-tert-butyl (1-(3-(3-amino-5-chloro-

[1,2,4]triazolo[4,3-a]pyridin-8-y1)-6-(3,3-dimethyl-

but-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)carbamate (115B)

[1102] The title compound (115B) was prepared according
to the method presented for the synthesis of compound 106C
of Example 106 utilizing compound 115A and compound
106B. MS (m/z): 581.14 [M+H]".

115C

116A

Oct. 9,2014
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Synthesis of N—((S)-1-(3-(3-amino-5-chloro-[1,2,4]
triazolo[4,3-a]pyridin-8-y1)-6-(3,3-dimethylbut-1-yn-
1-yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-
((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa[3,4]cyclopenta[1,2-c]
pyrazol-1-yl)acetamide (115C)

[1103] The title compound (115C) was prepared according
to the method presented for the synthesis of compound 37E of
Example 37 utilizing 2-((3bS,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3.4]cyclo-
penta[1,2-c]pyrazol-1-yl)acetic acid and compound 115B.
'H NMR (400 MHz, Methanol-d,,): 8 8.74 (d), 7.68 (d), 7.45
(d),7.03 (d), 6.69-6.62 (m), 6.65 (1), 6.59-6.45 (m), 5.36-5.14
(m), 4.69 (s), 3.23-3.05 (m), 2.59-2.22 (m), 1.39 (s), 1.41-1.
28 (m), 1.13-0.83 (m). MS (m/z): 727.41 [M+H]*.

Example 116
[1104]

Trimethylboroxine

_—
PdCI,(PPhs),, K,CO;

N>/NH
/

N—nN

116B



US 2014/0303164 Al

Synthesis of N—((S)-1-(3-(3-amino-5-methyl-[ 1,2,
4]triazolo[4,3-a]pyridin-8-y1)-6-(3,3-dimethylbut-1-
yn-1-yD)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-
((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa[3,4]cyclopenta[1,2-c]
pyrazol-1-ylacetamide (116A)

[1105] In a microwave tube were charged with compound
115C (15 mg, 0.02 mmol), trimethylboroxine (9 uL, 0.06
mmol), potassium carbonate (8.5 mg, 0.06 mmol) and PdCl,
[PPhs], (1.5 mg, 0.002 mmol). To the mixture was added 1
mL of 1,4-dioxane and 0.1 mL of water. The mixture was
heated to 160° C. for 20 minutes in a microwave synthesizer.
After cooled to room temperature, it was partitioned between

F F
1. LIEMDS
2. BO—iPr);

i 3. n-Buli
-_—

Boc/
Br
N
Br /
14A

PdCl,(PPhs),

KZCO3, LiCl
dloxa.ne
\/CF3
N\N
117C

181
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EtOAc and water. The organic layer was separated and
washed with brine, then dried over MgSQ,, filtered and con-
centrated. The residue was purified by reverse phase HPL.C to
afford the title compound 116A. 'HNMR (400 MHz, Metha-
nol-d,) 8 8.82(d), 7.67 (d), 7.47 (d), 6.87 (dd), 6.72-6.65 (m),
6.68 (1), 6.58-6.45 (m), 5.26-5.11 (m), 4.70 (s),3.25-3.05 (m),
2.99 (d), 2.58-2.32 (m), 1.39 (s), 1.39-1.37 (m), 1.14-0.88
(m). MS (nv/z) 707.30 [M+H]".

[1106] Compound 116B was obtained as a side product.
MS (m/z): 693.23 [M+H]".

Example 117

[1107]

>OL:

—_—
PACly(PPhs),
TEA, Cul

117B

TFA

117D
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Je-l' 1
N
HATU, iPr,NEt
N\ CFs DMF

117E

e

Synthesis of (S)-(6-bromo-2-(1-((tert-butoxycarbo-
nyl)amino)-2-(3,5-difluorophenyl)ethyl)pyridin-3-y1)
boronic acid (117A)

[1108] To a solution (S)-tert-butyl (1-(3,6-dibromopyridin-
2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate (14A) (6.2 g,
12.6 mmol) in 2-methyltetrahydrofuran (25 ml) was added
dropwise 1M LiHMDS in THF (12.6 ml) at 0° C. After
stirring at room temperature for 20 minutes, the reaction was
concentrated in vacuo, dissolved in toluene (30 mL.), concen-
trated in vacuo, and re-dissolved in 2-MeTHF (25 ml). To the
resulting solution was added triisopropyl borate (7.11 ml,
37.8 mmol) at -78° C. followed by the dropwise addition of
1M n-butyllithium in hexanes (20 ml) over 15 minutes. After
stirring for 5 minutes, the reactions were gradually warmed to
0° C., and quenched with 4M aqueous NH,CI (75 mL). Addi-
tional 2-MeTHF (25 ml) was added and the organic layer
was dried with Na,SO,, filtered, and concentrated in vacuo.
The crude product was taken to the next step without further
purification. MS (m/z) 456.87 [M+H]*.

Synthesis of (S)-(2-(1-((tert-butoxycarbonyl )Jamino)-
2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methyl-
but-1-yn-1-yl)pyridin-3-yl)boronic acid (117B)

[1109] A solution of (S)-(6-bromo-2-(1-((tert-butoxycar-
bonyl)amino)-2-(3,5-difluorophenyl)ethyl)pyridin-3-yl)bo-

117F

ronic acid (117A) (5.76 g, 12.6 mmol), 2-methyl-3-butyn-2-
ol (2.44 ml, 25.2 mmol), and triethylamine (7.0 ml, 50.4
mmol) in tetrahydrofuran (21 ml) was degassed with argon.
To the reaction was added Cul (72 mg, 0.38 mmol) and
PdCl,(PPh,), (2.65 g, 0.38 mmol) and the resulting mixture
was stirred at room temperature for 1 h. The reaction was
concentrated in vacuo and extracted with ethyl acetate and
water. The organic layer was dried with Na,SO,, filtered,
concentrated in vacuo, and purified by silica chromatography
to give the title compound. MS (m/z) 460.11 [M+H]".

Synthesis of 8-bromo-N-(2,2,2-trifluoroethyl)-[1,2,4]
triazolo[4,3-a]pyridin-3-amine (117C)

[1110] The title compound (117C) was prepared according
to the method presented for the synthesis of 76C in Example
76 utilizing 3-bromo-2-hydrazinylpyridine and 1,1,1-trif-
luoro-2-isothiocyanatoethane. MS (m/z) 295.0 [M+H]*.

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-1-
(6-(3-hydroxy-3-methylbut-1-yn-1-y1)-3-(3-((2,2,2-
trifluoroethyl)amino)-[ 1,2.4]triazolo[4,3-a]pyridin-8-
yDpyridin-2-yl)ethyl)carbamate (117D)

[1111] In a microwave vial, (S)-(2-(1-((tert-butoxycarbo-
nyl)amino)-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-3-yl)boronic acid (117B, 30
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mg, 0.07 mmol) was combined with 8-bromo-N-(2,2,2-trif-
luoroethyl)-[1,2.4]triazolo[4,3-a]pyridin-3-amine (117C, 19
mg, 0.07 mmol), PAC1,(PPh;), (2 mg, 5 mol %), K,CO, (65
ml of 2 M aqueous solution), and LiCl (1 mg) in dioxane (1
ml). Argon was bubbled into the reaction solution for 5 min.
The reaction was heated in a microwave reactor at 155° C. for
15 min. After cooling to ambient temperature, the reaction
was partitioned between EtOAc and water. The organics were
separated, dried, and removed in vacuo and the residue was
purified by column chromatography on silica to provide the
title compound (117D). MS (m/z) 631.0 [M+H]™".

Synthesis of (S)-4-(6-(1-amino-2-(3,5-difluorophe-

nyl)ethyl)-5-(3-((2,2,2-trifluoroethyl)amino)-[1,2,4]

triazolo[4,3-a]pyridin-8-yl)pyridin-2-y1)-2-methyl-
but-3-yn-2-0l (117E)

[1112] The title compound (117E) was prepared according
to the method presented for the synthesis of compound 19F of
Example 19 utilizing compound 117D.

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b.4.4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(3-((2,2,2-trifluoroethyl)amino)-[1,2,4]triazolo
[4,3-a]pyridin-8-yl)pyridin-2-yl)ethyl)acetamide
(117F)

[1113] The title compound (117F) was prepared according
to the method presented for the synthesis of compound 37E of
Example 37 utilizing compound 117E. '"H NMR (400 MHz,
Methanol-d,) 9 8.85 (d), 8.34 (d), 7.76 (d), 7.56 (d), 7.38 (s),
7.23 (1), 6.67 (1), 6.66-6.58 (m), 6.51-6.45 (m), 5.30-5.12 (m),
4.69 (s), 4.33-4.18 (m), 3.27-3.04 (m), 2.53-2.36 (m), 2.00
(d), 1.43-1.26 (m), 1.03 (). MS (mv/z) 777.1 [M+H]*.

0 0
\\S//
a”” i,
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55A

_—
DABCO, ACN
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Example 118

[1114]

118

Synthesis of N—((S)-1-(3-(5-chloro-3-(methylsul-
fonamido)-[1,2,4]triazolo[4,3-a]pyridin-8-y1)-6-(3,3-
dimethylbut-1-yn-1-yl)pyridin-2-yl)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (118)
[1115] Thetitle compound (118) was prepared according to
the method presented for the synthesis of compound 19D of
Example 19 utilizing compound 115C. 'H NMR (400 MHz,
Methanol-d,) 9 8.67 (d), 7.69 (d), 7.42 (d), 7.09-6.97 (m),
6.89 (d), 6.70 (1), 6.63 (1), 6.53-6.41 (m), 5.37-5.19 (m), 4.72
(s),3.22-3.00 (m), 3.11 (s), 2.56-2.35 (m), 1.39 (s), 1.39-1.33

(m), 1.13-0.91 (m). MS (m/z): 805.78 [M+H]".

Example 119
[1116]

TFA

119A
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-continued

119B

Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-
3-(sulfamoylamino)-1H-indazol-7-y1)-6-(3-hydroxy-
3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)carbamate (119A)

[1117] The title compound (119A) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of 70 in Example 70 utilizing 55A. MS (m/z)
675.0 [M+H]*.

Synthesis of 119B

[1118] The title compound (119B) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of 19F in Example 19 utilizing 119A. MS (m/z)
575.2 [M+H]*.

HATU, iPr,NEt
DMF

119C

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(sulfamoylamino)-1H-indazol-7-y1)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluvoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa|3,4|cyclopenta[1,2-c|pyrazol-1-y1)
acetamide (119C)

[1119] The title compound (119C) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of 10A in Example 10 utilizing 119B and
2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4|cyclopenta 1,2-c|pyrazol-1-
yDacetic acid. "H NMR (400 MHz, Methanol-d,,) 8 8.76 (d),
7.68 (dd), 7.53 (dd), 7.14 (q), 7.05 (d), 6.82-6.69 (m), 6.69-
6.57 (m), 6.46-6.40 (m), 6.40-6.30 (m), 5.33-5.21 (m), 5.05-
4.92 (m), 4.81-4.76 (m), 3.52-3.43 (m), 3.29-3.20 (m), 3.12
(dd), 3.06-2.92 (m), 2.60-2.40 (m), 1.49-1.31 (m), 1.25 (dd),
1.17-1.03 (m). MS (m/z): 839.8 [M+H]".
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Example 120
[1120]
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-continued

120G

Synthesis of
5-bromo-3-methylimidazo[ 1,5-apyridine (120A)

[1121] 6-(Bromopyridin-2-yl)methylamine (4.0 g, 21.4
mmol) was added dropwise to acetic anhydride (10 ml) at 0°
C. The reaction was warmed to room temperature and to the
reaction was added p-toluenesulfonic acid (4.07 g, 20.4
mmol). The reaction was heated in a microwave reactor at
140° C. for 25 minutes. The reaction was concentrated in
vacuo, the crude product was taken up in water, pH adjusted
to 9 with 1IN aqueous NaOH, and extracted with twice with
ethyl acetate. The organic layers were dried with Na,SO,,
filtered, concentrated in vacuo, and purified by silica gel
chromatography to give the title compound. MS (m/z) 213.06
[M+H]".

Synthesis of
5-bromo-3-methyl-1-nitroimidazo[ 1,5-a]pyridine
(120B)

[1122] To 5-bromo-3-methylimidazo[ 1,5-a]pyridine
(120A) (3.0 g, 14.2 mmol) in acetic acid (15 ml) was added
dropwise a solution of 70% HNO, (0.82 ml) and conc. H,SO,,
(0.82 ml) in acetic acid (8 ml). An exotherm was produced
during the reaction. After stirring at room temperature for 45

OH

120H

mins, the resulting solution was added to stirring mixture of
ice and brine (150 mL). To the chilled solution was added 8M
aqueous NaOH (4.3 mL). The yellow precipitate was filtered
and washed with water. The crude product was taken to the
next step without further purification. MS (m/z) 255.95
[M+H]".

Synthesis of N-(5-bromo-3-methylimidazo[1,5-a]

pyridin-1-y1)-2,2 2-trifluoroacetamide (120C)
[1123] To a solution of 5-bromo-3-methyl-1-nitroimidazo
[1,5-a]pyridine (120B) (0.30 g, 1.17 mmol) and trifluoroace-
tic acid anhydride (0.5 ml, 3.51 mmol) in trifluoroacetic acid
(4.2 ml) was added in portions zinc dust (0.15 g, 2.34 mmol).
The reaction produces a strong exotherm. Upon completion,
the reaction was concentrated in vacuo, and extracted with
EtOAc and saturated aqueous NaHCO;. The organic layer
was dried with Na,SO,, filtered, concentrated in vacuo, and
purified by silica gel chromatography eluting with ethyl
acetate and hexanes to give the title compound. MS (m/z)
322.018 [M+H]™".

Synthesis of
5-bromo-3-methylimidazo[1,5-a]pyridin-1-amine
(120D)

[1124] A solution of N-(5-bromo-3-methylimidazo[1,5-a]
pyridin-1-y1)-2,2 2-trifluoroacetamide (120C) (50 mg, 0.16
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mmol) in 7N ammonia in methanol (1 ml) was heated in a
microwave reactor at 70° C. for 30 minutes. The reaction was
concentrated in vacuo. The resulting crude mixture was sus-
pended in EtOAc, concentrated in vacuo, and dried under
vacuum. The crude product was taken to the next step without
further purification. MS (m/z) 228.12 [M+H]*.

Synthesis of N-(5-bromo-3-methylimidazo[1,5-a]
pyridin-1-yl)methanesulfonamide (120E)

[1125] To a solution of 5-bromo-3-methylimidazo[1,5-a]
pyridin-1-amine (120D) (35 mg) and triethylamine (48 ul,
0.34 mmol) in dichloromethane (0.5 ml) was added methane-
sulfonyl chloride (24 ul, 0.31 mmol). After stirring at room
temperature for 30 minutes, 2M methylamine in THF (0.250
ml.) was added, and the reaction was concentrated in vacuo.
The crude product was dissolved in 2-propanol (2.0 mL.) and
to the reaction was added 1.0M aqueous NaOH (2.0 mL).
After stirring at room temperature for 1.5 h, the reaction was
acidified with AcOH (180 ul), and the resulting mixture was
concentrated in vacuo. The mixture was extracted with ethyl
acetate and water. The organic layers were dried with
Na,SO,, filtered, concentrated in vacuo, and purified by silica
gel chromatography to give the title compound. MS (m/z)
305.88 [M+H]".

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-1-
(6-(3-hydroxy-3-methylbut-1-yn-1-y1)-3-(3-methyl-
1-(methylsulfonamido)imidazo[1,5-a]pyridin-5-y1)
pyridin-2-yl)ethyl)carbamate (120F)

[1126] A solution of N-(5-bromo-3-methylimidazo[1,5-a]
pyridin-1-yl)methanesulfonamide (120E) (50 mg, 0.16
mmol), (S)-(2-(1-((tert-butoxycarbonyl)amino)-2-(3,5-dif-
luorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-3-yl)boronic acid (117B) (90.8 mg, 0.20 umol), and
dichlorobis(triphenylphosphine)palladium(Il) (11.5 mg,
0.016 mmol) in dioxane (1.2 ml) was purged with argon. To
the reaction was added 1M aqueous Na,CO, (0.4 ml), solu-
tion was purged with argon, and heated in a microwave reac-
tor for 30 mins at 120° C. To the resulting solution was added
5% AcOH in brine (10 mL) and was extracted twice with
EtOAc. The organic layers were dried with Na,SO,, filtered,
concentrated in vacuo, and purified by silica gel chromatog-
raphy to give the title compound as a mixture of atropisomers.
MS (m/z) 639.94 [M+H]".

Synthesis of (S)—N-(5-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-3-yl)-3-methylimidazo[1,5-a]pyridin-1-yl)
methanesulfonamide (120G)

[1127] (S)-tert-butyl (2-(3,5-difluorophenyl)-1-(6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)-3-(3-methyl-1-(methylsul-
fonamido)imidazo[1,5-a]pyridin-5-yl)pyridin-2-yl)ethyl)
carbamate (120F) (75 mg, 0.12 mmol) was dissolved in DCM
(1.0 mL)) and TFA (0.5 mL) and stirred at room temperature
for 30 mins. The resulting solution was concentrated in vacuo
and extracted with ethyl acetate and saturated aqueous
NaHCO; followed by water. The organic layer was dried with
Na,SO,, filtered, and concentrated in vacuo. The crude prod-
uct as a mixture of atropisomers was taken to the next step
without further purification. MS (m/z) 540.12 [M+H]*.

Oct. 9,2014

187

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(3-methyl-1-(methylsulfonamido)imidazo[1,5-
a]pyridin-5-yl)pyridin-2-yl)ethyl)acetamide (120H)

[1128] The title compound (120H) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound (33F) of Example 33 utilizing
(S)—N-(5-(2-(1-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-

hydroxy-3-methylbut-1-yn-1-yl)pyridin-3-yl)-3-methylimi-
dazo[1,5-a]pyridin-1-yl)methanesulfonamide (120G). 'H
NMR (400 MHz, Methanol-d4) & 8.88-8.81 (m), 8.75 (d),
7.84 (dd), 7.70-7.53 (m), 6.90 (dd), 6.83-6.74 (m), 6.73-6.65
(m), 6.58 (dd), 6.54-6.46 (m), 5.99 (dd), 5.31-5.22 (m), 5.01-
4.92 (m), 4.74-4.61 (m), 3.41-3.28 (m), 3.24-3.12 (m), 3.10-
2.99 (m), 2.53-2.39 (m), 1.87 (s), 1.65 (s), 1.64 (s), 1.43-1.33
(m), 1.11-1.04 (m), 1.05-0.97 (m). MS (m/z) 786.13 [M+H]*.

Example 121
[1129]

121

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(3-methyl-1-(methylsulfonamido)imidazo[1,5-

alpyridin-5-yl)pyridin-2-yl)ethyl)acetamide (121)

[1130] Thetitle compound (121) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound (33F) of Example 33 utilizing (S)—
N-(5-(2-(1-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-3-y1)-3-methylimi-
dazo[1,5-a]pyridin-1-yl)methanesulfonamide (120G) and
2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4|cyclopenta 1,2-c|pyrazol-1-
yDacetic acid. "H NMR (400 MHz, Methanol-d,,) 8 8.97 (d),
8.83 (d), 7.84 (dd), 7.70 (dd), 7.65-7.52 (m), 6.96-6.86 (m),
6.84-6.74 (m), 6.70-6.62 (m), 6.62-6.55 (m), 6.54-6.43 (m),
5.99 (dd), 5.32-5.22 (m), 5.01-4.89 (m), 4.81-4.66 (m), 3.51-
3.36 (m), 3.26-3.15 (m), 3.14-2.97 (m), 2.55-2.43 (m), 1.88
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(s), 1.65 (), 1.64 (s), 1.46 (s), 1.45-1.36 (m), 1.13 (s), 1.09-
1.04 (m). MS (m/z) 804.15 [M+H]*.

Example 122

[1131]

122

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(sulfamoylamino)-1H-indazol-7-y1)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,7-
tetrafluoro-4,5,6,7-tetrahydro-1H-indazol-1-yl1)
acetamide (122)

[1132] Thetitle compound (122) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of 10A in Example 10 utilizing 119B and 2-(3-
(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-1H-
indazol-1-yl)acetic acid. "HNMR (400 MHz, Methanol-d,,)
8.91-8.81 (m), 7.69 (dd), 7.53 (dd), 7.22-7.12 (m), 7.06 (d),
6.98-6.59 (m), 6.50-6.32 (m), 5.36-5.24 (m), 4.99 (d), 3.34
(s), 3.24 (dd), 3.14 (dd), 3.02 (s), 2.97 (dd), 2.66-2.38 (m),
1.63 (). MS (m/z): 859.3 [M+H]*.

Example 123
[1133]
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\\S//
a” >
_ "7
DABCO, ACN
NH,

57

188

Oct. 9,2014

-continued

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-((N-
methylsulfamoyl)amino)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (123)

[1134] Thetitle compound (123) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of 70 in Example 70 utilizing 57 and methylsulfa-
moyl chloride. "H NMR (400 MHz, Methanol-d,) 8 8.75-8.
67 (m), 7.68 (d), 7.57-7.51 (m), 7.15 (d), 7.06 (d), 6.86-6.52
(m), 6.48-6.29 (m), 5.33-5.23 (m), 4.96 (q), 4.80-4.64 (m),
3.21-3.05 (m), 3.05-2.89 (m), 2.78 (s), 2.72 (s), 2.55-2.39
(m), 1.64 (s), 1.48-1.28 (m), 1.11-0.95 (m). MS (m/z) 835.8
[M+H]".

124
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Example 124

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(3-(trifluoromethyl)-4,5,6,7-
tetrahydro-1H-indazol-1-yl)acetamide (124)

[1135] Thetitle compound (124) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 10A of Example 10 utilizing (S)—N-
(7-(2-(1-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-
3-methylbut-1-yn-1-yl)pyridin-3-yl)-4-chloro-1-methyl-
1H-indazol-3-yl)methanesulfonamide (19F) and 2-(3-
(trifluvoromethyl)-4,5,6,7-tetrahydro-1H-indazol-1-yl)acetic
acid. '"H NMR (400 MHz, Methanol-d,) 8.68 (t), 7.71 (dd),
7.54 (dd), 7.25-7.14 (m), 7.11 (d), 6.80-6.73 (m), 6.69-6.60
(m), 6.53 (dd), 6.46-6.36 (m), 5.29-5.22 (m), 5.04-4.96 (m),
4.91-4.75 (m), 4.72 (d), 4.67 (d), 4.17 (s), 3.58 (s), 3.33 (s),
3.26(s),3.23(s),3.15(dd), 3.04 (s),3.02-2.94 (m), 2.65-2.43
(m),2.40-2.28 (m), 1.85-1.69 (m), 1.64 (s), 1.64 (s). MS (m/z)
804.18 [M+H]".

Examples 125 and 126

[1136]

H
N
\ POCI;
| N~ —
OH

O
| NN
N
/

Nall, DMF
on
125A
0
//( OJ LiOH, I,0,
MeOH
—_—

A O
= N\N _>_ | N\N
- /
OH Cl

125B
(6]

o //( 19F (free base)
OH  DIPEA, HATU,
=N, on N DMA
o /
Cl Cl
125C
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125D

Synthesis of
3-chloro-4,5,6,7-tetrahydro-1H-indazole (125A)

[1137] A solution of 4,5,6,7-tetrahydro-1H-indazol-3-ol
(0.41 g, 3.0 mmol) in trichlorophosphate (1.5 ml) was heated
in a microwave reactor under argon at 225° C. for 15 minutes.
The reaction was concentrated in vacuo and carefully
quenched with 1.0N aqueous NaOH at 0° C. and extracted
with dichloromethane. The organic layer was dried with
Na,SO,, filtered, concentrated in vacuo and purified by silica
gel chromatography to give the title compound. MS (m/z)
157.14 [M+H]™".

Synthesis of a 1:5 mixture of ethyl 2-(3-chloro-4,5.6,
7-tetrahydro-2H-indazol-2-yl)acetate and ethyl 2-(3-
chloro-4,5,6,7-tetrahydro-1H-indazol-1-yl)acetate
(125B)

[1138] To a solution of 3-chloro-4,5,6,7-tetrahydro-1H-in-
dazole (125A) in DMF (1.6 ml) was added portionwise NaH
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(60% w mineral oil) (74.9 mg, 1.95 mmol). After stirring at
room temperature for 15 mins, ethyl bromoacetate (0.22 ml,
1.95 mmol) was added dropwise at 0° C. The reaction was
warmed to room temperature and stirred for 2 h. The reaction
was quenched with water and extracted with ethyl acetate.
The organic layer was washed with water. The organic layer
was dried with Na,SO,, filtered, concentrated in vacuo and
purified by silica gel chromatography to give the title com-
pounds as a 1:5 mixture of ethyl 2-(3-chloro-4,5,6,7-tetrahy-
dro-2H-indazol-2-yl)acetate and ethyl 2-(3-chloro-4,5,6,7-
tetrahydro-1H-indazol-1-yl)acetate (125B). MS (m/z) 243.
11 [M+H]".

Synthesis of a 1:5 mixture of 2-(3-chloro-4,5,6,7-

tetrahydro-2H-indazol-2-yl)acetic acid and 2-(3-

chloro-4,5,6,7-tetrahydro-1H-indazol-1-yl)acetic
acid (125C)

[1139] To a 1:5 mixture of ethyl 2-(3-chloro-4,5,6,7-tet-
rahydro-2H-indazol-2-yl)acetate and ethyl 2-(3-chloro-4,5,
6,7-tetrahydro-1H-indazol-1-yl)acetate (125B) (15 mg, 61.8
umol) in methanol (250 pl) was added 2M aqueous LiOH (62
ul). The reaction was heated at 50° C. for 1.5 h. The mixture
was concentrated in vacuo, extracted with 2-methyltetrahy-
drofuran (2 mL) and 0.1N HCI (1.3 mL). The organic layer
was dried with Na,SO,, filtered, and concentrated in vacuo.
The crude product was taken to the next step without further
purification. MS (m/z) 215.14 [M+H]*".

Syntheses of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(3-chloro-4,5,6,7-tetrahydro-
2H-indazol-2-yl)acetamide (125D) and of (S)—N-
(1-(3-(4 chloro-1-methyl-3-(methylsulfonamido)-
1H-indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-(3-
chloro-4,5,6,7-tetrahydro-1H-indazol-1-yl)acetamide
(126)

[1140] The title compounds (125D and 126) were both
prepared as mixtures of atropisomers according to the method
presented for the synthesis of compound 33F of Example 33
utilizing the free base form of (S)—N-(7-(2-(1-amino-2-(3,
5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-3-yl)-4-chloro-1-methyl-1H-indazol-3-yl)meth-
anesulfonamide (19F) and 1:5 mixture of 2-(3-chloro-4,5.6,
7-tetrahydro-2H-indazol-2-yl)acetic acid and 2-(3-chloro-4,
5,6,7-tetrahydro-1H-indazol-1-yl)acetic acid (125C). The
regioisomers were separated by reverse phase HPLC to pro-
vide the title products (125D): 'H NMR (400 MHz, Metha-
nol-d4) § 8.56-8.45 (m), 7.70 (dd), 7.53 (dd), 7.27-7.14 (m),
7.10 (d), 6.79-6.71 (m), 6.66-6.59 (m), 6.53-6.47 (m), 6.44-
6.33 (m), 5.32-5.22 (m), 5.05-4.92 (m), 4.71 (d), 4.67 (s),3.36
(s),3.25 (s), 3.23 (s), 3.21-3.16 (m), 3.16-3.07 (m), 3.03 (s),
3.01-2.90 (m), 2.64-2.53 (m), 2.44-2.30 (m), 1.76 (dd), 1.64
(s), 1.64 (5). MS (m/z) 770.24 [M+H]*. (126): '"H NMR (400
MHz, Methanol-d,) 8 7.71 (dd), 7.53 (dd), 7.27-7.14 (m),
7.11(d), 6.82-6.7 (m), 6.68-6.60 (m), 6.54 (d), 6.47-6.34 (m),
5.26 (dd), 5.00 (1), 4.60(s),4.55 (s),3.34(s),3.26 (5),3.23 (),
3.25-3.19 (m), 3.17-3.10 (m), 3.03 (s), 3.02-2.92 (m), 2.47-
2.27 (m), 1.85-1.67 (m), 1.64 (s), 1.64 (s). MS (m/z) 770.24
[M+H]™".
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Example 127

[1141]

127

Synthesis of N—((S)-1-(6-(3-amino-3-methylbut-1-
yn-1-y1)-3-(4-chloro-1-methyl-3-(methylsulfona-
mido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (127)

[1142] Thetitle compound (127) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 142 of Example 142 utilizing 2-me-
thylbut-3-yn-2-amine. 'H NMR (400 MHz, cd;od) 8 8.79 (1),
7.79 (d), 7.76 (d), 7.64 (d), 7.61 (d), 7.22-7.15 (m), 7.08 (d),
6.82-6.75 (m), 6.70-6.63 (m), 6.45-6.40 (m), 6.40-6.35 (m),
5.30-5.21 (m), 5.04-4.95 (m), 4.78 (s), 4.75 (d), 3.32 (5), 3.26
(8),3.23 (s),3.20-3.13 (m), 3.06-2.95 (m), 2.94 (s), 2.50 (ddt),
1.82(s), 1.82(s), 1.48-1.28 (m), 1.14 (dd), 1.09-1.00 (m). MS
(m/z) 838.3 [M+H]".

Example 128

[1143]

|
HZN/\/N\

CuCl, E4N, DMF
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-continued

PdCl,(PPhs),
Cul,
Et,NH,
DMF
128A

@) Zim
N/
VS

128B

Synthesis of N1,N1-dimethyl-N2-(2-methylbut-3-yn-
2-yl)ethane-1,2-diamine (128A)

[1144] Argon was bubbled through a solution of 2-methyl-
but-3-yn-2-yl acetate (15.96 mg, 126.5 pmol), copper chlo-
ride (0.75 mg, 7.59 umol), triethylamine (17.63 pl, 126.5
umol), and N,N-dimethylethylenediamine (20.73 ul, 189.74
umol) in DMF (0.2 ml). The reaction was heated in a micro-
wave reactor at 110° C. for 5 min. The reaction was cooled to
room temperature and telescoped to the next reaction.

Synthesis of N—((S)-1-(6-(3-amino-3-methylbut-1-
yn-1-y1)-3-(4-chloro-1-methyl-3-(methylsulfona-
mido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (128B)

[1145] Into the reaction was added 157F (20 mg, 25.3
umol) in DMF (0.2 mL), Cul (1 mg, 5.06 pmol), and PdCl,
(PPh,), (3.55 mg, 5.06 pmol). Argon was bubbled through the
reaction and diethylamine (39 ul, 379 umol) was added. The
reaction was heated in a microwave reactor for 15 mins at

125° C. The excess amines were removed under vacuum and

the product was purified by reverse phase HPLC the title
product 128B as a mixture of atropisomers. ' NMR (400
MHz, c¢d;od) 8 8.76 (1), 7.76 (d), 7.73 (d), 7.64 (d), 7.61 (d),
7.21-7.16 (m), 7.07 (d), 6.82-6.74 (m), 6.69-6.62 (m), 6.45-
6.40 (m), 6.37 (ddd), 5.30-5.24 (m), 4.99 (dd), 4.78 (s), 4.76
(d), 3.60-3.48 (m), 3.32 (s), 3.26 (s), 3.23 (s), 3.18-3.11 (m),
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3.01(s),2.97 (s), 2.58-2.42 (m), 1.77 (s), 1.48-1.37 (m), 1.13
(tt), 1.10-1.03 (m). MS (m/z) 908.3 [M+H]".

Example 129

[1146]

129

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(2,3-dichlorophenyl)
acetamide (129)

[1147] Thetitle compound (129) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(2,3-
dichlorophenyl)acetic acid. "H NMR (400 MHz, Methanol-
d,)87.70 (dd), 7.53 (dd), 7.44 (dd), 7.39 (dd), 7.28-7.05 (m),
6.80-6.69 (m), 6.68-6.61 (m), 6.60 (d), 6.48-6.36 (m), 5.35-
5.20 (m), 5.06-4.92 (m), 3.67 (s), 3.62 (s), 3.22 (s), 3.20-3.11
(m), 3.07 (s), 3.00 (dd), 1.64 (s). MS (m/z) 762.3 [M+H]*.

Example 130

[1148]

130
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Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b.4.4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
Iuorophenyl)-1-(6-(3,3-dimethylbut-1-yn-1-y1)-3-(5-
methoxy-3-(methylsulfonamido)-[1,2,4]triazolo[4,3-
a]pyridin-8-yl)pyridin-2-yl)ethyl)acetamide (130)

[1149] To compound 115C (15 mg, 0.2 mmol) dissolved in
0.5 mL of methylene chloride was added triethylamine (37
ul, 0.2 mmol) followed by methanesulfonyl chloride (8 pL,
0.1 mmol). The reaction mixture was allowed to stir at room
temperature for 30 minutes. The reaction was diluted with
methylene chloride and water. The organic layer was sepa-
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rated, dried over sodium sulfate, filtered and concentrated.
The residue was dissolved in 1 mL of methanol and to it was
added 0.1 mL of 15% NaOH aqueous solution. The mixture
was stirred at 40° C. for overnight then 60° C. for 7 hours. The
solvent was removed and the residue was purified by RP-
HPLC to afford the title compound 130. *H NMR (400 MHz,
Methanol-d,)d 7.68 (d), 7.43 (d), 7.22-7.11 (m), 6.70 (1), 6.63
(1), 6.53-6.43 (m), 6.27 (d), 5.28 (1), 4.71 (s), 4.12 (s), 3.26-
2.89 (m), 3.18 (s), 2.52-2.40 (m), 1.40-1.31 (m), 1.39 (s),
1.09-1.00 (m). MS (nv/z): 801.65 [M+H]".

Example 131

[1150]

F. F

H >

X 19C
Boc PdCl,(PPhs),, Cul PACL,[P(Cy)s]2
s TEA, THF NaHCO3,
N \ T dioxane
Br /
14A

131A

131B
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-continued

HATU, DIEA, DMF
NH,

131C

1. methansulfonyl
chloride,
DCM, DiPEA

2. EtOH, NaOH

—_—

NH,

131D

131E
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Synthesis of (S)-tert-butyl (1-(3-bromo-6-(3,3-dim-
ethylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluorophe-
nyl)ethyl)carbamate (131A)

[1151] The title compound (131A) was prepared according
to the method presented for the synthesis of compound 4F of
Example 4 utilizing compound 14A and 3,3-dimethylbut-1-
yne. MS (m/z) 494.92 [M+H]".

Synthesis of (S)-tert-butyl (1-(3-(3-amino-4-chloro-
1-methyl-1H-indazol-7-y1)-6-(3,3-dimethylbut-1-yn-
1-yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)car-
bamate (131B)

[1152] The title compound (131B) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19E of Example 19 utilizing com-
pound 131A and compound 19C. MS (m/z) 594.44 [M+H]*.

Synthesis of (S)-7-(2-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-6-(3,3-dimethylbut-1-yn-1-yl)pyridin-3-
y1)-4-chloro-1-methyl-1H-indazol-3-amine (131C)

[1153] The title compound (131C) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 105C of Example 105 utilizing
compound 131B. MS (m/z) 494.26 [M+H]".

Synthesis of N—((S)-1-(3-(3-amino-4-chloro-1-me-
thyl-1H-indazol-7-y1)-6-(3,3-dimethylbut-1-yn-1-y1)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropal3,4]cyclopenta[ 1,2-c]
pyrazol-1-ylacetamide (131D)

[1154] Thetitle compound 131D was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 37E of Example 37 utilizing 2-((3b-
S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahy-
dro-1H-cyclopropal3,4]cyclopental1,2-c|pyrazol-1-yl)ace-
tic acid and compound 131C. MS (m/z) 740.35 [M+H]".

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3,3-dim-
ethylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluorophe-
nyl)ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b.4.4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c[pyrazol-1-ylacetamide (131E)

[1155] The title compound (131E) was prepared according
to the method presented for the synthesis of compound 19D of
Example 19 utilizing compound 131D. "H NMR (400 MHz,
Methanol-d,) 8 7.67-7.63 (m), 7.49-7.44 (m), 7.17 (d), 7.06
(d), 6.90-6.47 (m), 6.79 (1), 6.47-6.20 (m), 5.33-5.23 (m),
4.95(1),4.79-4.49 (m), 3.33 (s), 3.24 (d), 3.13 (dd), 3.05-2.83
(m), 3.00 (s), 2.58-2.14 (m), 1.43-1.31 (m), 1.41 (s), 1.13-0.
93 (m). MS (m/z): 818.15 [M+H]".
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[1156]
F
NH,
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Synthesis of 7-bromo-4-fluoro-1-methyl-1H-indazol-
3-amine (132A)

[1157] A solution of 4-fluoro-1-methyl-1H-indazol-3-
amine (4.3 g, 26 mmol) in concentrated sulfuric acid (26 ml)
was cooled to 0° C. then treated in three portions with N-bro-
mosuccinimide (4.64 g, 26 mmol). The reaction was allowed
to slowly reach room temperature and stirred for 15 h. The
reaction was carefully quenched with water, filtered, and the
filtrate was neutralized. The neutralized solution was then
extracted with ethyl acetate, dried over sodium sulfate, fil-
tered and concentrated. The crude material was purified by
silica gel chromatography to give the title compound. MS
(m/z) 246.1[M+H]".

Synthesis of N-(7-bromo-4-fluoro-1-methyl-1H-
indazol-3-yl)methanesulfonamide (132B)

[1158] The title compound was prepared similarly to 108B
of Example 108 starting from 132A. MS (m/z) 320.3
[M-H]".



US 2014/0303164 Al

195

132C

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(3-(4-fluoro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)ethyl)
acetamide (132C)

[1159] The title compound (132C) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 117F of Example 117 utilizing
132B, 117B and 2-((3bS,4aR)-5,5-difluoro-3-(trifluorom-
ethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropal 3,4 ]cyclopenta
[1,2-c]pyrazol-1-yl)acetic acid. 'H NMR (400 MHz, cd,od) &
8.80-8.75 (m), 7.70 (d), 7.65-7.59 (m), 7.52 (d), 7.35-7.30
(m), 7.22-7.17 (m), 7.11-7.06 (m), 6.75-6.70 (m), 6.49-6.44
(m), 6.23-6.16 (m), 5.52-5.47 (m), 5.00-4.95 (m), 4.86 (d),
3.26(1),3.02-2.97 (m), 2.52-2.47 (m), 1.63 (s), 1.45-1.36 (m),
1.33-1.27 (m), 1.15-1.10 (m). MS (m/z) 822.1 [M+H]".

Example 133

[1160]

133
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Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
Iuorophenyl)-1-(6-(3,3-dimethylbut-1-yn-1-y1)-3-(5-
methyl-3-(methylsulfonamido)-[ 1,2,4]triazolo[4,3-a]
pyridin-8-yl)pyridin-2-yl)ethyl)acetamide (133)
[1161] Thetitlecompound (133) was prepared according to
the method presented for the synthesis of compound 19D of
Example 19 utilizing compound 116A. *"H NMR (400 MHz,
Methanol-d,): 8 7.66 (d), 7.41 (dd), 7.02-6.90 (m), 6.71 (v),
6.63 (t), 6.56-6.37 (m), 5.41-5.23 (m), 4.74 (d), 3.23-2.75
(m), 3.06 (s), 2.92 (s), 2.46 (ddd), 1.45-1.32 (m), 1.39 (s),
1.11-1.01 (m). MS (nv/z): 785.31 [M+H]*.

Example 134

[1162]

134

Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3,3-dimethylbut-1-yn-1-y1)-3-(3-
(methylsulfonamido)-[1,2,4|triazolo[4,3-a]pyridin-8-
yl)pyridin-2-yl)ethyl)acetamide (134)
[1163] Thetitlecompound (134) was prepared according to
the method presented for the synthesis of compound 19D of
Example 19 utilizing compound 116B. "H NMR (400 MHz,
Methanol-d,) 8 8.69 (d), 8.04 (dd), 7.71 (d), 7.43 (d), 7.21-
7.12 (m), 6.91 (1), 6.70 (1), 6.62 (1), 6.50-6.41 (m), 5.41-5.26
(m), 4.74 (s), 3.25-3.10 (m), 3.06 (s), 2.55-2.36 (m), 1.43-1.
21 (m), 1.40 (s), 1.14-0.96 (m). MS (m/z): 771.12 [M+H]".

Example 135
[1164]

tButy!l

nitrite
MeOH,
50° C.
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Synthesis of N—((S)-1-(5-amino-3-(4-chloro-1-me-
thyl-3-(methylsulfonamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (135A)

[1165] The title compound (135A) may be prepared analo-
gously to the method presented for the synthesis of compound
139A of Example 139 utilizing 2-((3bS,4aR)-5,5-difluoro-3-
(trifluvoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yDacetic acid and compound
182H. MS (m/z): 853.26 [M+H]".

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)-5-methoxypyridin-2-
yD)-2-(3,5-difltuorophenyl)ethyl)-2-((3b-S,4aR)-5,5-
difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (135B)

[1166] To a solution of compound 135A (25 mg, 0.029
mmol) in MeOH (1 mL) was added t-butyl nitrite (15 mg,
0.15 mmol). The resulting solution was heated at 50° C. for 2
h. The volatiles were removed in vacuo and residue was
purified by reverse phase HPLC to yield the title compound as
amixture of atropisomers. "H NMR (400 MHz, Methanol-d,,)
8 8.73 (dd), 7.69 (dd), 7.53 (dd), 7.34 (d), 7.22-7.10 (m), 7.05
(dd), 6.76 (1), 6.52-6.23 (m), 4.82-4.67 (m), 3.87 (d), 3.37 (s),
3.24 (d), 3.17-3.04 (m), 2.97 (q), 2.49 (s), 1.71-1.55 (m),
1.49-1.31 (m), 1.07 (s). MS (m/z) 868.24 [M+H]".

Examples 136
[1167]

Cl

tert-butyl nitrite
_——
Br NH,

/

N—nN

19B
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-continued
117B
_—
Br ) PdCL(PCy3),
N NaHCO;
dioxane
TFA
—_—

136B

HATU, iPr,NEt
DMF

136C

_“\\\‘:

136D

Synthesis of
7-bromo-4-chloro-1-methyl-1H-indazole (136A)

[1168] Compound 19B (150 mg, 0.58 mmol) was dissolved
in Me-THF and treated with tert-butyl nitrite (0.21 ml, 1.73
mmol). The reaction was heated to 75° C. for 2 h. The reaction
was diluted with EtOAc and saturated aqueous NaCl. The
organics were separated, dried, and removed in vacuo and the
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residue was purified by column chromatography on silica to -continued
provide the title compound (136 A). MS (m/z) 247.0 [M+H]*. F F
Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl- O
1H-indazol-7-yl)-6-ethynylpyridin-2-y1)-2-(3,5-dit-

luorophenyl)ethyl)carbamate (136B)

[1169] In a microwave vial, (S)-(2-(1-((tert-butoxycarbo-
nyl)amino)-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-3-yl)boronic acid (117B, 35
mg, 0.08 mmol) was combined with 7-bromo-4-chloro-1-
methyl-1H-indazole (136A, 19 mg, 0.08 mmol), PdCl,
(PCy;), (6 mg), and NaHCO; (228 ul of 1 M aqueous solu-
tion) in dioxane (1 ml). Argon was bubbled into the reaction
solution for 5 min. The reaction was heated in a microwave
reactor at 155° C. for 15 min. After cooling to ambient tem-
perature, the reaction was partitioned between EtOAc and
water. The organics were separated, dried, and removed in
vacuo and the residue was purified by column chromatogra-
phy on silica to provide the title compound (136B). MS (m/z)
523.2 [M+H]*.

137A

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-1H-
indazol-7-yl)-6-ethynylpyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (136C)

HATU, iPr,NEt

[1170] The title compound (136C) was prepared according DMF

to the method presented for the synthesis of compound 19F of
Example 19 utilizing compound 136B. MS (m/z): 423.1
[M+H]".

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-1H- 137B
indazol-7-yl)-6-ethynylpyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c[pyrazol-1-yl)acetamide (136D)

[1171] The title compound (136D) was prepared according
to the method presented for the synthesis of compound 10A of
Example 10 utilizing compound 136C and 2-((3bS,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-1H-cy-
clopropa(3,4]cyclopenta[ 1,2-c|pyrazol-1-yl)acetic acid. 'H
NMR (400 MHz, DMSO-d,) 8 8.89 (d), 8.23 (s), 7.87 (1), 7.66
(dd), 7.43 (d),7.29 (d), 7.07-6.99 (m), 6.98-6.96 (m), 6.94 (1),
5.25-5.11 (m), 4.90-4.62 (m), 3.27-2.97 (m), 2.61-2.49 (m),
1.44-1.30 (m), 0.95-0.84 (m). MS (m/z): 669.1 [M+H]".

Example 137

[1172]
137C

Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-
1H-indazol-7-yl)-6-ethynylpyridin-2-y1)-2-(3,5-dif-

136A luorophenyl)ethyl)carbamate (137A)
—_—
PACL(PCys), [1173] In a microwave vial, (S)-(2-(1-((tert-butoxycarbo-
NaHCO;

nyl)amino)-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-

methylbut-1-yn-1-yl)pyridin-3-yl)boronic acid (117B, 35
mg, 0.08 mmol) was combined with 7-bromo-4-chloro-1-
methyl-1H-indazole (136A, 19 mg, 0.08 mmol), PdCl,
(PPh,), (5 mg), and K,CO; (95 pl of 2 M aqueous solution) in
dioxane (1 ml). Argon was bubbled into the reaction solution
for 5 min. The reaction was heated in a microwave reactor at
115° C. for 15 min. After cooling to ambient temperature, the

dioxane

117B
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reaction was partitioned between EtOAc and water. The
organics were separated, dried, and removed in vacuo and the
residue was purified by column chromatography on silica to
provide the title compound as a mixture of atropisomers. MS
(m/z) 581.0 [M+H]".

Synthesis of (S)-4-(6-(1-amino-2-(3,5-difluorophe-
nyl)ethyl)-5-(4-chloro-1-methyl-1H-indazol-7-yl)
pyridin-2-yl)-2-methylbut-3-yn-2-ol (137B)

[1174] The title compound (137B) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19F of Example 19 utilizing com-
pound 137A. MS (m/z): 481.1 [M+H]*.

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-1H-
indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropal3,4]cyclopenta[ 1,2-c]
pyrazol-1-yl)acetamide (137C)

[1175] The title compound (137C) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 10A of Example 10 utilizing com-
pound 137B and 2-((3bS,4aR)-3-(difluoromethyl)-5,5-dif-
luoro-3b,4,4a,5-tetrahydro-1H-cyclopropal 3,4 |cyclopenta
[1,2-c]pyrazol-1-ylacetic acid. 'H NMR (400 MHz,
Methanol-d,)  8.75-8.70 (m), 8.70-8.62 (m), 8.10-8.05 (m),
7.69 (dd),7.53 (dd), 7.18 (s), 7.08 (d), 6.89-6.52 (m), 6.42 (d),
6.39-6.30 (m), 5.31-5.20 (m), 5.04-4.91 (m), 4.70 (d), 3.48
(1),3.40 (s),3.19-3.07 (m), 3.04 (s), 2.96 (dd), 2.54-2.38 (m),
1.64 (d), 1.44-1.27 (m), 1.14-0.96 (m). MS (m/z): 727.1
[M+H]™".

Example 138

[1176]

138

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b.4.4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta| 1,2-c|pyrazol-1-y1)-N—((S)-1-(3-(3-
(difluoromethyl)-[1,2,4]triazolo[4,3-a]pyridin-8-y1)-
6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-
(3,5-difluorophenyl)ethyl)acetamide (138)

[1177] Thetitle compound (138) was prepared according to
the method presented for the synthesis of compound 106E of
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Example 106 utilizing compound 117B and 8-bromo-5-
chloro-3-(difluoromethyl)-[1,2,4]triazolo[4,3-a]pyridine. ‘H
NMR (400 MHz, Methanol-d,) d 8.61 (dd), 7.78 (dd), 7.55
(d), 7.48 (1), 7.46-7.37 (m), 7.33-7.18 (m), 6.83-6.74 (m),
6.67 (1), 6.62-6.47 (m), 6.46-6.35 (m), 5.38-5.03 (m), 4.75-4.
57 (m), 3.26-3.17 (m), 3.17-2.98 (m), 2.44 (ddd), 1.61 (d),
1.42-1.30 (m), 1.06-0.96 (m, 1H). MS (nv/z): 730.22 [M+H]".

Example 139

[1178]

tButy!l

nitrite
MeOH,
50° C.

Synthesis of N—((S)-1-(5-amino-3-(4-chloro-1-me-
thyl-3-(methylsulfonamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (139A)

[1179] The title compound (139A) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19G of Example 19 utilizing com-
pound 182H. MS (m/z): 835.67 [M+H]*.

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)-5-methoxypyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,4aR )-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (139B)

[1180] The title compound (139B) was prepared as a mix-
ture of atropisomers according to the method presented for
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the synthesis of compound 135A of Example 135 utilizing
compound 139A. "H NMR (400 MHz, Methanol-d,) & 8.62
), 7.75-747 (m), 7.34 (d), 7.21-6.96 (m), 6.90-6.64 (m),
6.53-6.21 (m), 4.78-4.60 (m), 3.86 (d), 3.36 (s), 3.24 (d),
3.15-3.07 (m), 3.01-2.90 (m), 2.61-2.35 (m), 1.64 (d), 1.37
(@), 1.28 (d), 1.03 (d). MS (mv/z) 850.52 [M+H]*.

Example 140

[1181]
4
,_le... /O\/Cl
E DIPEA, DCM TBAF, THF
—_—
OTBS
HO
140A
AcO  OAc o
\I//OAC
\ 0
O /\O v
,!lm... o)
0 B
NaOEt, EtOH
DCM H,NNH,+H,0, AcOH
0]
O>
\
140B 140C
(¢]
)< )k/ Br
(@)
H,0, AcOH Cs,CO3, DMF
—_—
140E
AcO  OAc
\I// OAc
\
¢]
[¢]
DCM

140G
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NaOH, H,0, THF
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-continued

o

1. DPPA, DMF
2. 1,0 CuCl,, LiCl, ACN
- - _—
1401
SH
HS /\/

BF3+Et,0, AcOH

1407

o

19F
HATU, DMA

140M
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Synthesis of tert-butyl(((1R,28,3R,5R)-2-(meth-
oxymethoxy )bicyclo[3.1.0]hexan-3-yl)oxy)dimethyl-
silane (140A)

[1182] To a solution of (1R,2S,3R,5R)-3-((tert-butyldim-
ethylsilyl)oxy)bicyclo[3.1.0]hexan-2-0l (10.4 g, 45.6 mmol,
synthesis previous reported in JACS, 2007, 129, 4456-4462),
DIPEA (31.7 ml, 182.4 mmol), and DMAP (556 mg, 4.56
mmol) in dichloromethane (90 mL.) was added chloromethyl
methyl ether (14.6 ml, 182.4 mmol) at 0° C. The mixture was
warmed to room temperature and stirred overnight. The
resulting solution was concentrated in vacuo and extracted
twice with EtOAc and water. The combined organic layers
were dried over MgSO,,, filtered, and concentrated in vacuo.
The crude product was taken to next step without further
purification. "H NMR (400 MHz, Chloroform-d) 8 4.09-3.99
(m, 1H), 2.50-2.38 (m, 1H), 2.05-1.96 (m, 2H), 1.84-1.76 (m,
1H), 1.57 (s, 1H), 1.31-1.14 (m, 2H), 1.06-0.99 (m, 1H),
0.95-0.81 (m, 10H), 0.07 (dd, 6H).

Synthesis of (1R,2S,3R,5R)-2-(methoxymethoxy)
bicyclo[3.1.0]hexan-3-0l (140B)

[1183] To a crude solution of tert-butyl(((1R,2S,3R,5R)-2-
(methoxymethoxy)bicyclo[3.1.0]hexan-3-yl)oxy)dimethyl-
silane (140A) (12.4 g) in THF (100 ml) was added 1M tet-
rabutylammonium fluoride in THF (64 mL). After stirring at
room temperature for 2 h, the mixture was partially concen-
trated in vacuo, and extracted twice with EtOAc and water.
The combined organic layers were washed with brine, dried
with MgSO,, filtered, and concentrated in vacuo. The result-
ing mixture was slurried in 25% EtOAc and hexanes, solids
filtered, and the filtrate was purified by silica gel chromatog-
raphy to give the title compound. 'H NMR (400 MHz, Chlo-
roform-d) 8 4.85-4.73 (m, 2H), 4.01-3.92 (m, 1H), 3.87-3.74
(m, 1H),3.47-3.41 (m, 3H), 2.16-2.06 (m, 1H), 1.73-1.61 (m,
1H), 1.52-1.35 (m, 2H), 0.53-0.42 (m, 1H), 0.19-0.11 (m,
1H).

Synthesis of (1R,2S,5R)-2-(methoxymethoxy )bicy-
clo[3.1.0]hexan-3-one (140C)

[1184] To a mixture of (1R,2S,3R,5R)-2-(meth-
oxymethoxy)bicyclo[3.1.0]hexan-3-0l (140B) (5.8 g, 36.7
mmol) and NaHCO, (4.62 g, 55.1 mmol) in dichloromethane
(75 ml) was added in portions Dess-Martin periodinane (17.1
g,40.37 mmol) at -15° C. The mixture was slowly warmed to
room temperature and stirred for 1 h. Upon completion, the
reaction was cooled to 0° C. and 1M aqueous NaHCO; (150
ml) was added. The solution was stirred until evolution of gas
ceased, and the organic layer was separated. The aqueous
layer was back extracted twice with dichloromethane, the
organic layers were combined, dried with Na,SO,, filtered,
and concentrated in vacuo. The resulting mixture was slurried
in 25% Et,0 and hexanes, solids filtered, and the filtrate was
concentrated in vacuo then, purified by silica gel chromatog-
raphy to give the title compound. *H NMR (400 MHz, Chlo-
roform-d) § 4.89-4.62 (m, 2H), 3.66 (s, 1H), 3.45-3.35 (m,
3H), 2.81-2.69 (m, 1H), 2.19-2.08 (m, 1H), 1.73-1.54 (m,
2H), 1.03-0.92 (m, 1H), -0.00--0.11 (m, 1H).

Synthesis of (3b-S,4aR)-ethyl 5-(methoxymethoxy)-
3b,4,4a,5-tetrahydro-1H-cyclopropal[3,4|cyclopenta
[1,2-c]pyrazole-3-carboxylate (140D)

[1185] To a solution of (1R,2S,5R)-2-(methoxymethoxy)
bicyclo[3.1.0]hexan-3-one (140C) (4.4 g, 28.2 mmol) in etha-
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nol (28 ml) was added a solution of 21% NaOFEt in EtOH
(11.0 ml, 29.6 mmol) at 0° C. After stirring at room tempera-
ture for 5 minutes, diethyl oxalate (4.02 ml, 29.6 mmol) was
added, and the reaction was stirred at 70° C. for 45 minutes.
Upon completion, the mixture was concentrated in vacuo,
dissolved in acetic acid (15 ml) and water (2 ml), and hydra-
zine hydrate (2.82 g, 56.4 mmol) was slowly added at 0° C.
The reaction was heated in a microwave reactor at 120° C. for
10 minutes. The mixture was concentrated in vacuo and
extracted with twice with 2-methyltetrahydrofuran and water.
The organic layers were combined and washed with water.
The organic layer was dried with Na,SO,, filtered, concen-
trated, and purified by silica gel chromatography to give the
title compound. MS (m/z) 252.84 [M+H]".

Synthesis of (3b-S,4aR)-ethyl 5-hydroxy-3b.4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]
pyrazole-3-carboxylate (140E)

[1186] A solution of (3b-S,4aR)-ethyl 5-(meth-
oxymethoxy)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]cy-
clopenta[1,2-c|pyrazole-3-carboxylate (140D) (1.2 g, 4.76
mmol) in 1:1 AcOH:H,O (5 ml) was heated in a microwave
reactor at 130° C. for 10 minutes. The resulting mixture was
concentrated in vacuo and extracted with three times with
EtOAc and water. The combined organic layers were dried
with Na,SO,, filtered, concentrated in vacuo, and partially
purified by silica gel chromatography eluting with ethyl
acetate and hexanes. MS (m/z) 208.98 [M+H]".

Synthesis of (3b-S,4aR)-ethyl 2-(2-(tert-butoxy)-2-
oxoethyl)-5-hydroxy-3b,4,4a,5-tetrahydro-2H-cyclo-
propal3,4]cyclopenta[1,2-c]pyrazole-3-carboxylate
(140F)

[1187] To a solution of (3b-S,4aR)-ethyl 5-hydroxy-3b.4,
4a,5-tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]pyra-
zole-3-carboxylate (140E) (990 mg) in DMF (10 ml) was
added cesium carbonate (2.32 g, 7.14 mmol) followed by
tert-butyl bromoacetate (0.70 ml, 4.76 mmol). After heating
the reaction at 45° C. for 1 h, the resulting mixture was
extracted with EtOAc and water. The organic layer was dried
with Na,SO,, filtered, concentrated in vacuo, and purified by
silica gel chromatography to give the title compound. MS
(m/z) 322.83 [M+H]".

Synthesis of (3b-S,4aR)-ethyl 2-(2-(tert-butoxy)-2-
oxoethyl)-5-0x0-3b,4,4a,5-tetrahydro-2H-cyclopropa
[3,4]cyclopenta[ 1,2-c[pyrazole-3-carboxylate (140G)

[1188] To a solution of (3b-S,4aR)-ethyl 2-(2-(tert-bu-
toxy)-2-oxoethyl)-5-hydroxy-3b.4,4a,5-tetrahydro-2H-cy-
clopropal3.4|cyclopenta| 1,2-c]pyrazole-3-carboxylate
(140F) (0.27 g, 0.83 mmol) in DCM (10 ml) was added Dess
Martin periodinane (0.34 g, 0.91 mmol). After stirring at
room temperature for 3 h, mixture was solid loaded onto silica
gel and purified by silica gel chromatography to give the title
compound. MS (m/z) 320.74 [M+H]*.

Synthesis of sodium (3bS,4aR)-2-(2-(tert-butoxy)-2-
oxoethyl)-5-0x0-3b,4,4a,5-tetrahydro-2H-cyclopropa
[3,4]cyclopenta[ 1,2-c[pyrazole-3-carboxylate (140H)

[1189] To a solution of (3b-S,4aR)-ethyl 2-(2-(tert-bu-
toxy)-2-oxoethyl)-5-0x0-3b,4,4a,5-tetrahydro-2H-cyclo-

propal3,4|cyclopenta| 1,2-c|pyrazole-3-carboxylate (140G)
(0.22 g,0.69 mmol) in THF (2 ml) was added 0.25M aqueous
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NaOH (1.87 ml). The reaction was heated at 60° C. for 1.5 h.
Upon completion, the reaction was concentrated in vacuo,
and dried under vacuum. The crude product was taken to next
step without further purification. MS (m/z) 291.04 [M-H]|—.

Synthesis of tert-butyl 2-((3bS,4aR)-3-amino-5-o0xo-
3b,4,4a,5-tetrahydro-2H-cyclopropal[3,4|cyclopenta
[1,2-c]pyrazol-2-yDacetate (1401)

[1190] The title compound (1401) was prepared according
to the method presented for the synthesis of compound
(148B) of Example 148 utilizing sodium (3bS,4aR)-2-(2-
(tert-butoxy)-2-oxoethyl)-5-ox0-3b,4,4a,5-tetrahydro-2H-
cyclopropal3.4|cyclopental 1,2-c]pyrazole-3-carboxylate
(140H). MS (m/z) 263.86 [M+H]".

Synthesis of tert-butyl 2-((3bS,4aR)-3-chloro-5-0xo-
3b,4,4a,5-tetrahydro-2H-cyclopropal[3,4|cyclopenta
[1,2-c]pyrazol-2-ylacetate (140J)

[1191] The title compound (140J) was prepared according
to the method presented for the synthesis of compound (149)
of Example 149 utilizing tert-butyl 2-((3bS,4aR )-3-amino-5-
0x0-3b,4,4a,5-tetrahydro-2H-cyclopropal 3,4 |cyclopenta[ 1,
2-c]pyrazol-2-ylacetate (1401). MS (m/z) 282.73 [M+H]™".

Synthesis of 2-((3bS,4aR)-3-chloro-4,4a-dihy-
drospiro[cyclopropal3,4|cyclopenta| 1,2-c|pyrazole-
5,2'-[1,3]dithiolane]-2(3bH)-yl)acetic acid (140K)

[1192] To asolution of tert-butyl 2-((3bS,4aR)-3-chloro-5-
0x0-3b,4,4a,5-tetrahydro-2H-cyclopropal 3,4 |cyclopenta[ 1,

2-c]pyrazol-2-yl)acetate (140J) (19 mg, 0.07 mmol), 1,2-
ethanedithiol (11.3 pl, 0.13 mmol), and acetic acid (19.2 pl,
0.34 mmol) in dichloromethane (400 pl) was added boron
trifluoride diethyl etherate (20.7 ul, 0.17 mmol). After stirring
at room temperature for 2 h, the mixture was dry loaded onto
silica and purified by silica gel chromatography to give the
title compound as a partially purified product. MS (m/z)

Synthesis of 2-((3bS,4aR)-3-chloro-5,5-difluoro-3b,
4.4a,5-tetrahydro-2H-cyclopropa[3,4]cyclopenta[ 1,
2-c]pyrazol-2-yl)acetic acid (140L)

[1193] To a solution of N-iodosuccinimide (27.9 mg, 0.12
mmol) in dichloromethane (0.10 ml) was added dropwise
70% HF in pyridine (0.10 ml) at —=78° C. After stirring for 15
minutes, a suspension of 140K (15 mg, 0.05 mmol) in dichlo-
romethane (0.10 ml) was added and the reaction was gradu-
ally warmed to 0° C. over 1 h. The mixture was extracted with
2-methyltetrahydrofuran and water. The organic layer was
washed with brine, dried with Na,SO,, filtered, and concen-
trated in vacuo. The product was purified by preparative TLC
eluting to give the title compound. MS (m/z) 249.05 [M+H]".

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-chloro-5,5-
difluoro-3b,4,4a,5-tetrahydro-2H-cyclopropal3,4]
cyclopenta| 1,2-c[pyrazol-2-yl)acetamide (140M)

[1194] The title compound (140M) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound (33F) of Example 33 utilizing 19F
and 2-((3bS,4aR)-3-chloro-5,5-difluoro-3b,4,4a,5-tetrahy-
dro-2H-cyclopropal3,4]cyclopental 1,2-c|pyrazol-2-yl)ace-
tic acid (140L). 'H NMR (400 MHz, Methanol-d,) 8 8.75 (1),
7.71 (dd), 7.54 (dd), 7.27-7.15 (m), 7.10 (d), 6.81-6.72 (m),
6.69-6.59 (m), 6.50 (d), 6.46-6.36 (m), 5.30-5.21 (m), 5.05-
4.95 (m), 4.81 (s), 4.77 (s), 3.35 (s), 3.26 (s), 3.28-3.21 (m),
3.23 (s), 3.19-3.12 (m), 3.03 (s), 3.04-2.97 (m), 2.45-2.32
(m), 1.94 (s), 1.64 (s), 1.64 (s), 1.42-1.25 (m), 1.01-0.96 (m),
0.96-0.92 (m). MS (m/z) 804.14[M+H]".

Example 141

302.93 [M+H]". [1195]
0] 0]
~ ~
1. MsCl
iPryNEt, DCM H 117B
_— _—
Br ) NH2 2 NaOH, EtOH Br ) N/ DdCh(PPhs;
S
o N\
TFA,
DCM
e

141B
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141C

HATU, iPr,NEt, DMF

Synthesis of N-(7-bromo-4-methoxy-1-methyl-1H-
indazol-3-yl)methanesulfonamide (141A)

[1196] The title compound (141A) was prepared according
to the method presented for the synthesis of compound 19D of
Example 19 utilizing 114C. MS (m/z) 334.1 [M+H]*.

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-1-
(6-(3-hydroxy-3-methylbut-1-yn-1-y1)-3-(4-meth-
oxy-1-methyl-3-(methylsulfonamido)-1H-indazol-7-
yDpyridin-2-yl)ethyl)carbamate (141B)

[1197] Inamicrowave vial, (117B,30 mg, 0.07 mmol) was
combined with (141A, 65 mg, 0.2 mmol), PdCL,(PPh,), (5
mg, 0.007 mmol), and K,CO; (0.2 ml of 2 M aqueous solu-
tion) in dioxane (1.5 ml) and DMF (0.1 ml). Nitrogen was
bubbled into the reaction solution for 5 min. The reaction was
heated in a microwave reactor at 120° C. for 15 min. After
cooling to ambient temperature, the reaction was partitioned
between EtOAc and brine. The organics were separated,
dried, and removed in vacuo and the residue was purified by
column chromatography on silica to provide the title com-
pound as a mixture of atropisomers. MS (m/z) 670.3 [M+H]*.

141D

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-3-yl)-4-methoxy-1-methyl-1H-indazol-3-
yDmethanesulfonamide (141C)

[1198] The title compound (141C) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19F of Example 19 utilizing 141B.
MS (m/z) 570.1 [M+H]".

Synthesis of 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-y1)-N—((S)-2-(3,5-dif-
luorophenyl)-1-(6-(3-hydroxy-3-methylbut-1-yn-1-
y1)-3-(4-methoxy-1-methyl-3-(methylsulfonamido)-
1H-indazol-7-yl)pyridin-2-yl)ethyl)acetamide
(141D)

[1199] The title compound (141D) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 10A of Example 10 utilizing 141C
and 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa| 3,4]cyclopental 1,2-c]pyrazol-

1-yl)acetic acid. "H NMR (Chloroform-d) 8: 7.91-7.84 (m),
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7.64 (dd), 7.54-7.42 (m), 7.34-7.28 (m), 6.70 (1), 6.68-6.61 Example 143
[1202]

(m), 6.55-6.53 (m), 6.52-6.44 (m), 6.30-6.24 (m), 6.24-6.15
(m), 5.74-5.66 (m), 5.12-5.01 (m), 4.78 (d), 4.71 (d), 4.03 (s),
3.99 (s), 3.39 (d), 3.25 (s), 3.07 (s), 3.06-2.91 (m), 2.81-2.54
(m), 2.54-2.36 (m), 1.71 (s), 1.41 (dd), 1.30-1.22 (m), 1.22-

143
1.10 (m). MS (m/z) 816.5 [M+H]*.

Example 142

[1200]

e

PdCL[P(Ph)s],,
Cul, DMF,
Et,NH

HO,

:ﬁ//é

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-((R)-3-
hydroxybut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (143)

N

[1203] Thetitle compound (143) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 142 of Example 142 utilizing (R)-but-
3-yn-2-ol. 'H NMR (400 MHz, cd;od) 8 8.63 (dd), 7.70 (dd),
7.54 (dd), 7.16 (s), 7.06 (d), 6.88-6.52 (m), 6.44-6.33 (m),
5.30-5.25 (m), 5.02-4.92 (m), 4.83-4.64 (m), 3.33 (s), 3.24
(d), 3.18-3.08 (m), 3.04-2.91 (m), 2.50-2.39 (m), 1.57 (dd),
1.38 (m), 1.05 (s), 1.03 (s). MS (m/z) 806.1 [M+H]".

142 Example 144
[1204]

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-((S)-3- 144
hydroxybut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta| 1,2-c]pyrazol-1-yl)acetamide (142)

[1201] To the reaction vial containing 168A (20 mg, 0.027
mmol) in DMF (1 mL) was added (S)-but-3-yn-2-o0l (0.012
mL, 0.13 mmol), PdCL,[P(Ph),], (1.9 mg, 0.003 mmol), and
diethylamine (0.02 mL., 0.27 mmol). The reaction mixture
was flushed with argon gas for 5 min then sealed and heated
in a microwave reactor to 125° C. for 20 min. Upon cooling,
the reaction mixture was filtered and purified by reverse phase
HPLC, to provide the title compound 142 as a mixture of
atropisomers. 'H NMR (400 MHz, cd,od) 1H NMR (400
MHz, c¢d30d) 8 8.62 (dd), 7.70 (dd), 7.54 (dd), 7.16 (s), 7.07
(d), 6.88-6.52 (m), 6.44-6.33 (m), 5.31-5.23 (m), 5.02-4.92
(m), 4.82-4.64 (m), 3.33 (s), 3.24 (d), 3.18-3.08 (m), 3.04-2.
91 (m), 2.53-2.39 (m), 1.57 (dd), 1.42-1.32 (m), 1.11-1.08
(m), 1.07-0.99 (m). MS (m/z) 806.1 [M+H]".
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Synthesis of N-((1S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(4-fluoro-
3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,
S-diftfuorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (144)

[1205] Thetitle compound (144) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 142 of Example 142 utilizing
1-fluoro-2-methylbut-3-yn-2-ol. 'H NMR (400 MHz, cd,od)
8 8.69 (1), 7.71 (dd), 7.56 (dd), 7.17 (s), 7.07 (d), 6.87-6.52
(m), 6.44-6.34 (m), 5.33-5.23 (m), 5.03-4.94 (m), 4.78-4.63
(m), 4.50(d), 4.38 (d), 3.24 (d), 3.19-3.08 (m), 3.05-2.92 (m),
2.44 (ddd), 1.63 (dd), 1.39 (dd), 1.08 (s), 1.02 (). MS (v/z)
839.1 [M+H]".

Example 145

[1206]

PACL[P(Ph)s],

IE/
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145

Synthesis of N-((1S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxypent-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluvoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (145)
[1207] To the reaction vial containing 157F (20 mg, 0.025
mmol) in DMF (1 mL) was added pent-1-yn-3-ol (0.011 g,
0.13 mmol), Pd(PPh,),Cl, (1.7 mg, 0.003 mmol), and diethy-
lamine (0.02 mL, 0.25 mmol). The reaction mixture was

Cul, DMF, flushed with argon gas for 5 min then sealed and heated in a
Et;NH microwave reactor to 125° C. for 20 min. Upon cooling, the
—_

reaction mixture was filtered and purified by reverse phase
HPLC the title compound 145 as a mixture of atropisomers.
'"H NMR (400 MHz, cd;od) 8 8.72 (dd), 7.70 (dd), 7.54 (dd),
7.16 (d), 7.06 (d), 6.81-6.71 (m), 6.66-6.59 (m), 6.46-6.34
(m), 5.35-5.20 (m), 5.03-4.93 (m), 4.81-4.70 (m), 4.61-4.52
(m), 3.34 (s), 3.24 (d), 3.20-3.11 (m), 3.05-2.93 (m), 2.52-2.
43 (m), 1.96-1.79 (m), 1.41 (dt), 1.13 (td). MS (m/z) 840.0
[M+H]".

Example 146

[1208]
o - O/
o, OH | |
HCl o N
o) N\ ~
~._.°
cl NN ,
N H cf  NaSMe cl DiBAL-H
| DIEA, HATU N DMF N7 THEF, -78° C.
N | | N
=N Z
Cl
S
146A cl ~
146B

146C
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146E

HCI-H,N,
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HATU, DIEA
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Synthesis of 3,5-dichloro-N-methoxy-N-methylpyra-
zine-2-carboxamide (146B)

[1209] To a solution of 146A (10 g, 51.82 mmol) and
HATU (21.67 g, 57 mmol) in DMF (50 mL), DIEA (19.86
ml, 114 mmol) was added to the solution. After 30 minutes,
N,O-dimethylhydroxyamine hydrochloride (6.09 g, 62.18
mmol) was added to the solution. The mixture was stirred for
overnight. 300 mL of water was added and extracted with
EtOAc three times (100 mL). The crude product was purified
by flash column to provide the desired product. MS (m/z) 236
[M+H]".

Synthesis of 3-chloro-N-methoxy-N-methyl-5-(me-
thylthio)pyrazine-2-carboxamide (146C)

[1210] To a solution of 146B (2 g, 8.47 mmol) in DMF (10
mL), 1 eq. of sodium methanethiolate was added to the solu-
tion. After 5 hours, 0.5 eq. of sodium methanethiolate was
added to the suspension. The reaction was stirred overnight
then diluted with EtOAc and washed with NaHCO,(aq) and
brine. The organic layer was concentrated and purified by
flash column to provide the title compound. MS (m/z) 248
[M+H]™".

Synthesis of
3-chloro-5-(methylthio)pyrazine-2-carbaldehyde
(146D)

[1211] To a solution of 146C (750 mg, 3.03 mmol) in THF
at =78° C., DIBAL-H (3.33 mL, 3.33 mmol) in toluene was
added to the solution slowly. Then, it was stirred for 2 hours
at-78° C.4 mL of 1 N HCl(aq) was added to the solution and
warmed to 0° C. The mixture was stirred for 20 minutes at 0°
C. then extracted with EtOAc twice. The organic layer was
dried and concentrated and used without further purification.
MS (m/z) 189 [M+H]".

ZT
=

1461

Synthesis of (S,Z)—N-((3-chloro-5-(methylthio)
pyrazin-2-yl)methylene)-2-methylpropane-2-sulfina-
mide (146E)

[1212] The title compound (146E) was prepared according
to the method presented for the synthesis of compound 21C of
Example 21 utilizing 146D. MS (m/z) 292 [M+H]".

Synthesis of (S)—N—((S)-1-(3-chloro-5-(meth-
ylthio)pyrazin-2-yl1)-2-(3,5-difluorophenyl)ethyl)-2-
methylpropane-2-sulfinamide (146F)

[1213] The title compound (146F) was prepared according
to the method presented for the synthesis of compound 182D
of Example 182 utilizing 146E. MS (m/z) 420 [M+H]".

Synthesis of (S)-1-(3-chloro-5-(methylthio)pyrazin-
2-y1)-2-(3,5-difluorophenyl)ethanamine hydrochlo-
ride (146G)

[1214] Thetitle compound (146G) was prepared according
to the method presented for the synthesis of compound 21E of
Example 21 utilizing 146F. MS (m/z) 316 [M+H]*.

Synthesis of N—((S)-1-(3-chloro-5-(methylthio)
pyrazin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-
rahydro-1H-cyclopropal3,4]cyclopental1,2-c]
pyrazol-1-ylacetamide (146H)

[1215] Thetitle compound (146H) was prepared according
to the method presented for the synthesis of compound 10A of
Example 10 utilizing 146G and 2-((3bS,4aR)-3-(difluorom-
ethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal 3,
4]cyclopenta[1,2-c|pyrazol-1-yDacetic acid. MS (m/z) 562
[M+H]".
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Synthesis of N—((S)-1-(3,5-bis(1-methyl-3-(methyl-
sulfonamido)-1H-indazol-7-yl)pyrazin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-(difluorom-
ethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (1461)

[1216] The title compound (1461) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19E of Example 19 utilizing 33B
and 146H. "HNMR (400 MHz, Methanol-d4) 3 9.15 (d), 8.91
(s), 7.93 (1), 7.63 (d), 7.35-7.25 (m), 7.23-7.1 (m), 6.85-6.75
(m), 6.74-6.6 (m), 6.6-6.50 (m), 6.4-6.32 (m), 5.75-5.6 (m),
5.10-5.25 (m), 4.71 (s), 3.65 (s), 3.56 (s), 3.10-3.25 (m), 2.92
(s),2.60-2.40 (m), 1.45-1.30 (m), 1.1-0.80 (m). MS (m/z) 928
[M+H]".

Example 147

[1217]
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Synthesis of (3bS,4aR)-1-(2-(((S)-1-(3-(4-chloro-1-
methyl-3-(methylsulfonamido)-1H-indazol-7-y1)-6-
(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)-2-
(3,5-difluorophenyl)ethyl)amino)-2-oxoethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta| 1,2-c[pyrazole-3-carboxylic acid (147)

[1218] A solution of 158G (0.41 g, 0.49 mmol) in THF (0.5
ml) was treated with 1M NaOH (2 ml). The reaction was
stirred at room temperature for 1.5 h. The solution was acidi-
fied to pH=4 with AcOH and extracted with 2-MeTHF (2x5
ml) and water (5 mL). The organics were dried with Na,SO,,
filtered, and concentrated. The crude material was purified by
reverse phase HPLC to provide the product 147 as a mixture
of atropisomers. 'HNMR (400 MHz, cd;od) 8, 8.69 (d), 7.69
(@), 7.53 (dd), 7.19 (d), 7.06 (d), 6.81-6.71 (m), 6.63 (1),
6.46-6.35 (m), 5.32-5.23 (m), 5.03-4.93 (m), 4.85-4.80 (m),
4.72 (s), 3.36 (s), 3.26 (), 3.23 (s), 3.22-3.09 (m), 3.05-2.92
(m), 2.63-2.51 (m), 2.50-2.39 (m), 1.65 (s), 1.64 (s), 1.49-1.
35 (m), 1.15-1.07 (m), 1.08-0.97 (m). MS (m/z) 814.1
[M+H]".

Example 148

[1219]

148A
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148B

Synthesis of sodium (3bS,4aR)-1-(2-(((S)-1-(3-(4-
chloro-1-methyl-3-(methylsulfonamido)-1H-indazol-
7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)amino)-2-oxoethyl)-

5,5-difluoro-3b.4,4a,5-tetrahydro-1H-cyclopropa(3,

4]cyclopenta| 1,2-c|pyrazole-3-carboxylate (148A)

[1220] To a solution of 158G (0.22 g, 0.26 mmol) in THF
(0.65 ml) was added 1M NaOH (0.65 ml). The reaction was
stirred at room temperature for 1.5 h. The solution was acidi-

fied to ~pH=4 with AcOH and extracted with 2-MeTHF (2x5
H NH,

Oct. 9,2014

ml) and brine (5 mL). The organic layer was washed with
NaHCO; (10 mL). The organics were dried with Na,SO,,
filtered, and concentrated. The product was taken to the next
step without further purification. MS (m/z) 814.1 [M+H]™".

Synthesis of 2-((3bS,4aR)-3-amino-5,5-difluoro-3b,
4.4a,5-tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,
2-c]pyrazol-1-y1)-N—((S)-1-(3-(4-chloro-1-methyl-
3-(methylsulfonamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)acetamide (148B)

[1221] To asolution of 148A (110 mg, 0.13 mmol) in DMF
(1.0 ml) was added diphenyl phosphoryl azide (28.35 ul, 0.13
mmol). The reaction was stirred at room temperature for 45
min. The solution was cooled to 0° C. and water (0.75 mL)
was added dropwise. The resulting solution was sealed and
heated in microwave reactor at 130° C. for 15 min. The crude
material treated with TFA (20 pl) and purified by prep HPLC
to provide the product 148B as a mixture of atropisomers. 'H
NMR (400 MHz, cd,od) 8 8.72-8.59 (m), 7.75-7.65 (m), 7.53
(dd), 7.22-7.15 (m), 7.09 (d), 6.83-6.72 (m), 6.67-6.60 (m),
6.46-6.33 (m), 5.28 (dd), 4.96 (1), 4.90-4.70 (m), 4.69-4.52
(m), 3.35(s), 3.26 (s), 3.25-3.22 (m), 3.20 (5), 3.17-3.10 (m),
3.04-2.91 (m), 2.51-2.33 (m), 1.65 (s), 1.47-1.31 (m), 1.15-
1.06 (m), 1.03 (m). MS (m/z) 785.2 [M+H]*.

Example 149
[1222]
F

/k/\ ONO

LiCl, CuCl,

149
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3bS,4aR )-3-chloro-5,5-
difluoro-3b.4.4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta| 1,2-c]pyrazol-1-yl)acetamide (149)

[1223] A solution of 148B (19.1 mg, 0.02 mmol), ground
lithium chloride (5.16 mg, 0.12 mmol), and cupric chloride
(6.54 mg, 0.05 mmol) in ACN (1 ml) was sonicated for 5 min.
Isoamyl nitrite (6.51 pl, 0.05 mmol) was added and the reac-
tion was sonicated for an additional 5 min then stirred for 45

Oct. 9,2014
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min. The crude material was purified by prep HPLC to pro-
vide the desired product 149 as a mixture of atropisomers. "H
NMR (400 MHz, cd;od) 8 8.67 (d), 8.62 (d), 7.69 (dd), 7.53
(dd), 7.19 (s), 7.07 (d), 6.82-6.72 (m), 6.68-6.58 (m), 6.47-6.
32 (m), 5.27 (m), 5.03-4.92 (m), 4.69-4.67 (m), 4.64 (d), 3.34
(), 3.26(s),3.24 (s), 3.18-3.08 (m), 3.05-2.92 (m), 2.53-2.30
(m), 1.64 (s), 1.45-1.27 (m), 1.13-1.07 (m), 1.08-1.01 (m).
MS (m/z) 804.1 [M+H]".

Example 150

[1224]

)\/\ ONO

H,PO,H, H,0, ACN

148B
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3b,
4.4a,5-tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,
2-c]pyrazol-1-yl)acetamide (150)

[1225] To a solution of 148B (10 mg, 0.01 mmol) in ACN
(0.2 ml) and 50% hypophosphorus acid in water (50 pl) was
added isoamyl nitrite (3.41 pl, 0.03 mmol). The reaction
mixture was stirred at room temperature for 30 min. The
crude material was purified by prep HPLC to provide the title
product 150 as a mixture of atropisomers. "H NMR (400
MHz, cd;o0d) 8 8.48 (d), 8.41 (d), 7.74-7.63 (m), 7.54 (d), 7.51
(d), 7.34 (s), 7.31 (s), 7.17 (s), 7.07 (d), 6.81-6.72 (m), 6.66-
6.58 (m), 6.45-6.33 (m), 5.34-5.26 (m), 5.02-4.93 (m), 4.74
(d), 4.69 (d), 3.33 (s), 3.26 (s), 3.24 (s), 3.14-3.06 (m), 3.03-
2.91 (m), 2.46-2.33 (m), 1.65 (s), 1.39-1.28 (m), 1.03 (s),
1.00-0.93 (m). MS (m/z) 770.1 [M+H]*.

Example 151

[1226]

151

Oct. 9,2014

Synthesis of N-((1S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3,4-dihy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-
(trifluvoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa|3,4|cyclopenta[1,2-c|pyrazol-1-y1)
acetamide (151)

[1227] Thetitle compound (151) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 145 of Example 145 utilizing 2-me-
thylbut-3-yne-1,2-diol. "H NMR (400 MHz, cd,od) 8 8.78
(d),7.70(dd), 7.62-7.52 (m), 7.16 (s), 7.05 (d), 6.81-6.72 (m),
6.65-6.60 (m), 6.44-6.30 (m), 5.28 (d), 4.97 (d), 4.84-4.70
(m), 3.66 (d), 3.33 (s), 3.24 (d), 3.14 (dd), 3.07-2.92 (m), 2.86
(s), 2.53-2.42 (m), 1.59 (d), 1.47-1.36 (m), 1.29 (1), 1.19-1.10
(m), 1.09-1.04 (m). MS (m/z) 854.1 [M+H]".

Example 152

[1228]

152

Synthesis of N-((1S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(4-fluoro-
3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,
5-difluorophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-
3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa|3,4|cyclopenta[1,2-c|pyrazol-1-y1)
acetamide (152)

[1229] Thetitle compound (152) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 145 of Example 145 utilizing
1-fluoro-2-methylbut-3-yn-2-ol. 'H NMR (400 MHz, cd,od)
87.71 (dd), 7.64-7.51 (m), 7.22-7.12 (m), 7.06 (d), 6.81-6.71
(m), 6.68-6.58 (m), 6.44-6.33 (m), 5.30-5.21 (m), 4.98 (1),
4.85-4.70 (m), 4.50 (d), 4.38 (d), 3.24 (d), 3.20-3.11 (m),
3.06-2.93 (m), 2.56-2.43 (m), 1.62 (s), 1.47-1.27 (m), 1.16-
1.10 (m), 1.09-1.04 (s). MS (m/z) 858.0 [M+H]".
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Example 153

[1230]

153

\///o

S=

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-(2-hy-
droxyethoxy)prop-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (153)

[1231] Thetitle compound (153) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 145 of Example 145 utilizing 2-(prop-
2-yn-1-yloxy)ethanol. "H NMR (400 MHz, cd,od) 8 8.67 (d),
7.71 (dd), 7.62-7.52 (m), 7.17 (d), 7.07 (d), 6.81-6.71 (m),
6.68-6.60 (m), 6.45-6.34 (m), 5.29-5.24 (m), 4.98 (q), 4.84-
4.70 (m), 4.54 (d), 3.86-3.80 (m), 3.80-3.66 (m), 3.36-3.31
(m), 3.28-3.09 (m), 2.98 (d), 2.52-2.44 (m), 1.40 (q), 1.16-1.
11 (m), 1.10-1.05 (m). MS (m/z) 854.2 [M+H]".

K+
F F
I N/
o

adh

Pd(PPh3),Cl,
DMF, Dioxane

Br NI,

N—nN

58B

Oct. 9,2014

Example 154

[1232]

154

Synthesis of N-((1S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-4-methoxy-3-methylbut-1-yn-1-yl)pyridin-2-
y1)-2-(3,5-difltuorophenyl)ethyl)-2-((3bS,4aR )-5,5-
difluoro-3-(trifltuoromethyl)-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (154)

[1233] Thetitle compound (154) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 145 of Example 145 utilizing 1-meth-
oxy-2-methylbut-3-yn-2-ol. 'H NMR (400 MHz, cd,od) &
8.67 (d), 7.71 (dd), 7.62-7.52 (m), 7.17 (d), 7.07 (d), 6.81-6.
71 (m), 6.64 (d), 6.45-6.34 (m), 5.26 (s), 4.98 (q), 4.84-4.70
(m), 4.62 (s), 4.54 (d), 3.86-3.80 (m), 3.80-3.66 (m), 3.34 (s),
3.28-3.09 (m), 2.98 (d), 2.48 (dd), 1.40 (q), 1.14 (m), 1.07
(m). MS (nv/z) 869.1 [M+H]*.

Example 155

[1234]
MsCl, DiPEA
NH, ——mm————————
Br 2 DCM
N—nN
155A
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Synthesis of (E)-7-bromo-1-methyl-4-(prop-1-en-1-
yD)-1H-indazol-3-amine (155A)

[1235] To 58B (7.4 g, 21.0 mmol) in dioxane (40 mlL.) and
DMF (40 ml) was added potassium trifluoro(prop-1-en-1-yl)
borate (3.7 g, 25.2 mmol), 2M K,CO; in water (21.0 ml), and
Pd(PPh,),Cl, (740.0 mg, 1.1 mmol). The reaction mixture
was stirred for 2 hours at 100° C. The reaction was cooled,
diluted with EtOAc and brine. The mixture was extracted 2x
with EtOAc, the organic layer was dried over sodium sulfate,
was concentrated and purified by flash column chromatogra-
phy to provide the title compound. MS (m/z) 266.3 [M+H]*.

Synthesis of (E)-N-(7-bromo-1-methyl-4-(prop-1-en-
1-y1)-1H-indazol-3-y1)-N-(methylsulfonyl)methane-
sulfonamide (155B)

[1236] To 155A (3.7 g, 13.9 mmol) in DCM (100 mL) was
added N,N-diisopropylethylamine (9.7 ml, 55.6 mmol) then
the reaction was cooled in an ice bath and methanesulfonyl
chloride (3.2 ml, 41.7 mmol) was added. The reaction mixture
was stirred for 30 minutes at 0° C. The reaction was diluted
with water and extracted 2x with DCM. The organic layer was
dried over sodium sulfate and concentrated. The mixture was
purified by flash column chromatography to provide the title
compound. MS (m/z) 421.9 [M+H]*.

1551

Synthesis of N-(7-bromo-4-formyl-1-methyl-1H-
indazol-3-y1)-N-(methylsulfonyl)methanesulfona-
mide (155C)

[1237] A round bottom is charged with 155B (2.7 g, 6.4
mmol) and DCM (100 mL). The mixture was cooled to —78°
C. and ozone was bubbled into the reaction. Once the conver-
sion was complete, DMS was added to quench the reaction
under stirring for 30 minutes. To the stirring mixture a satu-
rated sodium thiosulfate solution was added and the mixture
was allowed to warm to room temperature and stirred another
30 minutes. The layers were separated and the water layer was
extracted again with DCM. The combined organic layers
were dried over sodium sulfate and concentrated. The residue
was dissolved in DCM and followed by the addition of hex-
ane. The mixture was filtered to provide the title compound.
MS (m/z) 410.0 [M+H]".

Synthesis of N-(7-bromo-4-(difluoromethyl)-1-me-
thyl-1H-indazol-3-yl)-N-(methylsulfonyl)methane-
sulfonamide (155D)

[1238] A teflon flask was charged with 155C (650 mg, 1.6
mmol) and DCM (100 mL). The mixture was cooled to 0° C.
and Deoxo-Fluor (0.4 ml, 2.4 mmol) was added into the
reaction and then the mixture was allowed to warm to room
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temperature. The mixture is stirred for 8 hours and checked.
Another equivalent of Deoxo-Fluor was added and the mix-
ture was stirred overnight. The mixture is diluted with water
and extracted 2x with DCM. The organic layers are dried over
sodium sulfate and concentrated. The residue was dissolved
in DCM followed by the addition of hexane. The mixture was
filtered to provide the title compound. MS (m/z) 431.9
[M+H]™".

Synthesis of N-(7-bromo-4-(difluoromethyl)-1-me-
thyl-1H-indazol-3-yl)methanesulfonamide (155E)

[1239] To 155D (5.9 g, 13.7 mmol), THF (50 ml) and
MeOH (20 ml) was added a saturated solution of LiOH (10
ml) and water (10 ml). The mixture was stirred for 10 minutes,
then diluted with water and extracted 2x EtOAc. The organic
layers were dried over sodium sulfate and concentrated. The
residue was dissolved in DCM followed by the addition of
hexane. The mixture was filtered to provide the title com-
pound. MS (m/z) 354.6 [M+H]*.

Synthesis of N-(4-(difluoromethyl)-1-methyl-7-(4,4,
5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-inda-
701-3-yl)methanesulfonamide (155F)

[1240] The title compound (155F) was prepared according
to the method presented for the synthesis of compound 19C of
Example 19 utilizing 155E. MS (m/z) 402.3 [M+H]*.

Synthesis of (S)-tert-butyl (1-(3-(4-(difluoromethyl)-
1-methyl-3-(methylsulfonamido)-1H-indazol-7-y1)-
6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-
(3,5-difluorophenyl)ethyl)carbamate (155G)

[1241] To 14B (100 mg, 0.2 mmol) in dioxane (8 mlL.) and
DMF (2 ml) was added 2N K,CO; (0.2 ml), and Pd(PPh,)
»Cl, (7.1 mg, 0.01 mmol). The reaction mixture was stirred at
110° C., then 155F (170 mg, 0.4 mml) dissolved in dioxane (4
ml) and DMF (2 ml) was slower added into the reaction by
syringe. The reaction was cooled after 8 hours, diluted with
EtOAc and brine. The mixture was extracted 2x with EtOAc,
the organic layer was dried over sodium sulfate, was concen-
trated and purified by flash column chromatography to pro-
vide the title compound as a mixture of atropisomers. MS
(m/z) 689.8 [M+H]".

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-3-y1)-4-(difluoromethyl)-1-methyl-1H-
indazol-3-yl)methanesulfonamide (155H)

[1242] The title compound (155H) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19F of Example 19 utilizing
155G. MS (m/z) 590.1 [M+H]*.

Synthesis of N—((S)-1-(3-(4-(difluoromethyl)-1-
methyl-3-(methylsulfonamido)-1H-indazol-7-y1)-6-
(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)-2-
(3,5-difluorophenyl)ethyl)-2-((3b-S,4aR )-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (1551)

[1243] The title compound (1551) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 10A of Example 10 utilizing 155H

Oct. 9,2014

and 2-43bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]|cyclopenta 1,2-c|pyrazol-1-
yDacetic acid. 'H NMR (Chloroform-d) §: 7.60 (dd), 7.53
(dd), 7.49-7.38 (m), 7.30-7.19 (m), 7.14 (s), 6.83-6.78 (m),
6.70 (1), 6.69-6.62 (m), 6.34 (d), 6.25-6.14 (m), 4.95 (q),
4.75-4.69 (m), 3.59-3.42 (m), 3.35 (s), 3.01-2.88 (m), 2.56-
2.36 (m), 1.72 (s), 1.46-1.37 (m), 1.19-1.09 (m). MS (/z)
836.2 [M+H]*.

Example 156

[1244]

0
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\/ 0
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156E

Synthesis of ethyl 1-(2-(tert-butoxy)-2-oxoethyl)-4,5,
6,7-tetrahydro-1H-indazole-3-carboxylate (156B)

[1245] To 156A (2 g, 10.3 mmol) in MeTHF (100 mL) and
DMF (5 ml) was added Cs,CO; (4.0 g, 12.3 mmol) and
tert-butyl 2-bromoacetate (2.3 ml, 15.5 mmol). The reaction
mixture was stirred for 4 hours. Solids were filtered, the
eluent was concentrated and purified by flash column chro-
matography to provide the title compound. MS (m/z) 309.6
[M+H]".

Synthesis of tert-butyl 2-(3-(1-hydroxycyclopropyl)-
4,5,6,7-tetrahydro-1H-indazol-1-yl)acetate (156C)

Oct. 9,2014

the stirring mixture 3M EtMgBr (3.2 ml) was slowly added.
The reaction mixture was stirred for 1 hour. The reaction was
diluted with EtOAc and brine. The mixture was extracted 2x
with EtOAc, the organic layer was dried over sodium sulfate,
was concentrated and purified by flash column chromatogra-
phy to provide the title compound. MS (m/z) 293.0 [M+H]*.

Synthesis of 2-(3-(1-hydroxycyclopropyl)-4,5,6,7-
tetrahydro-1H-indazol-1-yl)acetic acid (156D)

[1247] To 156C (20 mg, 0.07 mmol) in DCM (2 mL) was
added TFA (0.5 ml). The reaction mixture was stirred for 0.5
hours at RT. The reaction was concentrated and then diluted
with 1 N HCI and extracted 2x with DCM. The water layer
was lyophilized to provide the title compound. MS (m/z)
237.1 [M+H]".

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(3-(1-hydroxycyclopropyl)-
4,5,6,7-tetrahydro-1H-indazol-1-yl)acetamide
(156E)

[1248] The title compound (156E) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 10A of Example 10 utilizing 156D
and 19F. "H NMR (Methanol-d,) §: 7.76-7.68 (m), 7.53 (dd),
7.25-7.14 (m), 6.64 (tt), 6.39 (dd), 5.27 (dd), 4.64 (d), 3.28-
3.21 (m), 3.21-3.10 (m), 3.04 (s), 2.98 (dd), 2.67-2.55 (m),
2.47-2.37 (m), 1.86-1.69 (m), 1.64 (s), 1.10-0.97 (m). MS
(m/z) 792.3 [M+H]*.

Example 157

[1246] To 156B (300 mg, 1.0 mmol) in MeTHF (20 mL)
was added titanium (iv) isopropoxide (2.9 ml, 9.73 mmol). To [1249]
Boc,
\
—N NH F
al Br
F
O i o PdCL[P(ey)s]2,
B N, // dioxane, NaHCOj3
| / Ng==0
(@] N—~—N /

1. TFA, DCM
2. TFAA
0

MCPBA, DCM
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Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-
3-(methylsulfonamido)-1H-indazol-7-yl)pyridin-2-
yD)-2-(3,5-difltuorophenyl)ethyl)carbamate (157A)

[1250] (S)-tert-butyl (1-(3-bromopyridin-2-yl1)-2-(3,5-dif-
Iuorophenyl)ethyl)carbamate (1.0 g, 2.42 mmol), N-(4-
chloro-1-methyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-y1)-1H-indazol-3-yl)methanesulfonamide (19D, 1.12 g,
2.90 mmol), and PdC1,[P(cy);], (89.0 mg, 0.121 mmol) were
suspended in 1,4-dioxane (12 mL) and 1.0 M aqueous
NaHCO; (4 mL). The reaction mixture was degassed by bub-
bling argon for 5 minutes then sealed and heated at 150° C. for
15 minutes in a microwave reactor. Upon cooling, the reaction
mixture was diluted with water and extracted with three por-
tions of EtOAc. The combined organic layers were dried over
Na,SO,, filtered, concentrated in vacuo, and purified by silica
gel column chromatography to give the title compound 157A.
MS (m/z) 591.72 [M+H]".

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-yl)pyridin-2-yl)-
2-(3,5-difluorophenyl)ethyl)-2,2,2-trifluoroacetamide

(157B)

[1251] To (S)-tert-butyl (1-(3-(4-chloro-1-methyl-3-(me-
thylsulfonamido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-dif-
Iuorophenyl)ethyl)carbamate (157A, 3.39 g, 5.73 mmol) in
DCM (5 mL) was added trifluoroacetic acid (5 mL). The
reaction mixture was stirred at room temperature for 2.5
hours. Upon complete removal of the Boc protecting group,
trifluoroacetic anhydride (2.02 mL, 14.31 mmol) was added.
The reaction mixture was stirred at room temperature for 30
minutes. Upon completion, the reaction mixture was filtered
through celite, concentrated in vacuo, taken in EtOAc, and
carefully neutralized with 1M aqueous NaHCO; until the
aqueous layer was at pH 10. The organic layer was collected
and the aqueous layer extracted once more with EtOAc. The
combined organic layers were dried over Na,SO,, filtered,
concentrated in vacuo, and purified by silica gel column chro-
matography to give the title compound 157B. MS (m/z) 588.
14 [M+H]*.

Synthesis of (S)-3-(4-chloro-1-methyl-3-(methylsul-
fonamido)-1H-indazol-7-y1)-2-(2-(3,5-difluorophe-
nyl)-1-(2,2,2-trifluoroacetamido)ethyl)pyridine 1-o0x-
ide (157C)

[1252] To a solution of (S)—N-(1-(3-(4-chloro-1-methyl-
3-(methylsulfonamido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,
5-difluorophenyl)ethyl)-2,2,2-trifluoroacetamide (157B, 8.0
g, 13.61 mmol) in DCM (70 mL) was added MCPBA (3.659
g, 16.33 mmol) in 4 portions over a 15 minute period. The
reaction mixture was stirred at room temperature for 16
hours. Upon completion, the reaction was quenched with 1M
aqueous NaHSO; and saturated aqueous NaHCO;. The
organic layer was collected and the aqueous layer was
extracted an additional time with DCM. The combined
organic layers were dried over Na,SO,, filtered, concentrated
in vacuo, and purified by silica gel column chromatography to
give the title compound 157C. MS (m/z) 604.10 [M+H]".

Synthesis of (S)—N-(1-(6-chloro-3-(4-chloro-1-
methyl-3-(methylsulfonamido)-1H-indazol-7-y1)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2,2,2-
trifluoroacetamide (157D)
[1253] (S)-3-(4-chloro-1-methyl-3-(methylsulfonamido)-
1H-indazol-7-y1)-2-(2-(3,5-difluorophenyl)-1-(2,2,2-trifluo-

roacetamido)ethyl)pyridine 1-oxide (157C, 1.0 g, 1.66
mmol) was taken in POCl; (2.32 ml, 24.84 mmol). The
reaction mixture was heated at 115° C. for 2 hours. Upon
cooling, the reaction was concentrated in vacuo, taken in
DCM, and vigorously stirred with saturated aqueous
NaHCO, for 1 hour. The organic layer was collected, and the
aqueous layer was extracted an additional time with DCM.
The combined organic layers were dried over Na,SO,, fil-
tered, concentrated in vacuo, and purified by silica gel column
chromatography to give the title compound 157D. MS (m/z)
622.13 [M+H]*.

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-6-chloropyridin-3-yl)-4-chloro-1-
methyl-1H-indazol-3-yl)methanesulfonamide (157E)

[1254] To a solution of (S)—N-(1-(6-chloro-3-(4-chloro-
1-methyl-3-(methylsulfonamido)-1H-indazol-7-yl)pyridin-

2-y1)-2-(3,5-difluorophenyl)ethyl)-2,2.2-trifluoroacetamide

(157D, 870 mg, 1.40 mmol) in EtOH (16 mL) was added 2M
aqueous LiOH (7.0 mL, 13.98 mmol). The reaction was
heated at 130° C. for 10 minutes. Upon cooling, the reaction
mixture was acidified with 2N aqueous HCluntil at pH 5. The
reaction mixture was then concentrated in vacuo and taken in
EtOAc. To the solution was added saturated aqueous
NaHCOj; until the aqueous layer was at pH 10. The organic
layer was collected, and the aqueous layer was extracted an
additional time with EtOAc. The combined organic layers
were dried over Na,SO,, filtered, concentrated in vacuo, and
used without further purification. MS (m/z) 526.06 [M+H]*.

Synthesis of N—((S)-1-(6-chloro-3-(4-chloro-1-
methyl-3-(methylsulfonamido)-1H-indazol-7-y1)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]
pyrazol-1-yl)acetamide (157F)

[1255] To a solution of crude (S)—N-(7-(2-(1-amino-2-(3,
5-difluorophenyl)ethyl)-6-chloropyridin-3-yl)-4-chloro-1-
methyl-1H-indazol-3-yl)methanesulfonamide (157E, 400
mg, 0.76 mmol) in DMA (6 mL) was added NEt; (0.32 mL,,
2.28 mmol), 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-
3b,4,4a,5-tetrahydro-1H-cyclopropal3,4|cyclopenta[1,2-c]
pyrazol-1-yDacetic acid (160.6 mg, 0.61 mmol), then HATU
(173.4 mg, 0.46 mmol). The reaction mixture was stirred at
room temperature for 15 minutes, then additional HATU
(86.7 mg, 0.23 mmol) was added. The reaction mixture was
stirred at room temperature for an additional 15 minutes.
Upon completion, the reaction mixture was concentrated in
vacuo and purified by silica gel column chromatography to
give the title compound 157F. MS (m/z) 790.12 [M+H]™.

Synthesis of N-((1S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(4,4-dif-
luoro-3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,4aR )-5,5-
difluoro-3-(trifltuoromethyl)-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (157G)

[1256] N—((S)-1-(6-chloro-3-(4-chloro-1-methyl-3-(me-
thylsulfonamido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-dit-
Iuorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta| 1,2-c[pyrazol-1-yl)acetamide (157F, 20 mg,
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0.025 mmol), 1,1-difluoro-2-methylbut-3-yn-2-ol (15.2 mg,
0.126 mmol), PdC1,(PPh;), (1.8 mg, 0.003 mmol), and Cul
(0.5 mg, 0.003 mmol) were taken in DMF (0.25 mL). To the
reaction mixture was added diethylamine (26 pl, 0.253
mmol), and the reaction mixture was degassed by bubbling
argon for 5 minutes then sealed and heated at 125° C. for 30
minutes in a microwave reactor. Upon cooling, the reaction
mixture was filtered and purified by reverse phase HPLC to
give the title compound 157G as a mixture of atropisomers.
"HNMR (400 MHz, Methanol-d,) § 8.88-8.78 (m), 7.74 (dd),
7.60 (dd), 7.24-7.13 (m), 7.10-7.05 (m), 6.77 (1), 6.64 (1),
6.46-6.33 (m), 5.82 (1), 5.35-5.23 (m), 5.00 (q), 4.82 (s), 4.79
(s), 4.76 (s), 3.34 (s), 3.26 (s), 3.23 (s), 3.20-3.10 (m), 3.07-
2.93 (m), 2.58-2.37 (m), 1.63 (s), 1.50-1.34 (m), 1.18-1.11
(m), 1.10-1.01 (m). MS (m/z) 874.07 [M+H]".

Example 158

[1257]

H,0, AcOH

R o

140D 158A
OAc
AcO
\ / OAc
I i
AN
O
SH
0 rs” N
DCM d BF3+Et,0, AcOH
B

NIS, HF/py, DCM NaOH, 1,0, dioxane
_—

_— -
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158F

Synthesis of (3b-S,4aR)-ethyl 1-(2-methoxy-2-o0xo0-
ethyl)-5-(methoxymethoxy)-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopental 1,2-c]pyrazole-3-
carboxylate (158A)

[1258] To a solution of (3b-S,4aR)-ethyl 5-(meth-
oxymethoxy)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]cy-
clopenta[1,2-c|pyrazole-3-carboxylate (140D) (3.3 g, 13.1
mmol) in DMF (12 ml) was added portionwise potassium
t-butoxide (1.61 g, 14.39 mmol) at 0° C. To the reaction was
added 2-methyltetrahydrofuran (12 ml) followed by a drop-
wise addition of methyl bromoacetate (1.36 ml, 14.4 mmol).
After gradually warming to room temperature and stirring for
1 h, the reaction was extracted with EtOAc and water. The
organic layer was washed with water. The organics layer was
dried with Na,SO,, filtered, and concentrated in vacuo. The
crude product was taken to next step without further purifi-
cation. MS (m/z) 324.96 [M+H]".

Synthesis of (3b-S,4aR)-ethyl 5-hydroxy-1-(2-meth-
oxy-2-oxoethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa
[3,4]cyclopenta[ 1,2-c[pyrazole-3-carboxylate (158B)

[1259] To a solution of (3b-S,4aR)-ethyl 1-(2-methoxy-2-
oxoethyl)-5-(methoxymethoxy)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3.4|cyclopental 1,2-c]pyrazole-3-carboxylate
(158A) (4.2 g) in acetic acid (15 ml) was added water (30 ml).
After stirring at reflux for 2 h, the reaction was concentrated
in vacuo. The resulting mixture was diluted with dioxane (40
ml) and concentrated in vacuo. The crude product was dis-
solved in dichloromethane (20 ml), dried with Na,SO,, fil-
tered, and concentrated in vacuo. The crude product was
taken to next step without further purification. MS (m/z)
281.02 [M+H]".

Synthesis of (3b-S,4aR)-ethyl 1-(2-methoxy-2-o0xo0-
ethyl)-5-0x0-3b,4,4a,5-tetrahydro-1H-cyclopropal3,
4]cyclopenta| 1,2-c|pyrazole-3-carboxylate (158C)

[1260] To asolutionof 156B (3.63 g, 12.95 mmol) in DCM
(30 mL) was added Dess Martin periodinane (4.87 g, 12.95
mmol). The reaction was stirred at room temperature over-
night. The reaction mixture was filtered through celite, solid

158G

loaded onto silica and purified by silica gel chromatography
to give the title compound. MS (m/z) 278.9 [M+H]".

Synthesis of (3b-S,4aR)-ethyl 1-(2-methoxy-2-o0xo0-
ethyl)-1,3b,4,4a-tetrahydrospiro[cyclopropal3,4]
cyclopenta[ 1,2-c[pyrazole-5,2'-[1,3]dithiolane]-3-
carboxylate (158D)

[1261] To a solution of 158C (0.69 g, 2.61 mmol), 1,2-
ethanedithiol (0.44 ml, 5.22 mmol), acetic acid (0.75 ml,
13.06 mmol) in DCM (10 ml) was added boron trifluoride
diethyl etherate (0.81 ml, 6.53 mmol). The reaction was
stirred at room temperature for 2 days. The reaction mixture
was concentrated, solid loaded onto silica and purified by
silica chromatography to give the title compound 158D. MS
(m/z) 354.9 [M+H]".

Synthesis of (3b-S,4aR)-ethyl 5,5-difluoro-1-(2-
methoxy-2-oxoethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-
propal3,4]cyclopenta[1,2-c]pyrazole-3-carboxylate
(158E)

[1262] To suspension of N-iodosuccinimide, 98% (1.35 g,
6.0 mmol) in DCM (5 ml) was added dropwise 70% HF in
pyridine (5 ml) at -78° C. After stirring for 15 min 158D (0.85
g,2.39 mmol) in DCM (5§ ml) was added and the reaction was
slowly warmed to —30° C. and stirred at that temperature for
1 h. The resulting solution was carefully poured onto ice
containing 1.0 N NaHCO;. The product was extracted with
ethyl acetate, washed with NaHSO;, brine and water. The
combined organic layers were dried with Na,SO,, filtered,
and concentrated. The crude material was purified by silica
chromatography to give the title compound 158E. MS (m/z)
300.9 [M+H]*.

Synthesis of sodium 2-((3b-S,4aR)-3-(ethoxycarbo-
nyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclo-
propal3,4]|cyclopenta| 1,2-c|pyrazol-1-yl)acetate
(158F)

[1263] To a solution of 158E (0.16 g, 532.87 umol) in
dioxane (3 ml) was added dropwise 1M NaOH (0.55 ml). The
reaction was stirred at room temperature for 0.5 h. An addi-
tional 0.500 mL of 1M NaOH was added and stirred for an
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additional 0.5 h. The reaction was concentrated, diluted with
DMA (3 mL) and concentrated until dryness. The crude prod-
uct was taken to next step without further purification. MS
(m/z) 286.9 [M+H]*.

Synthesis of (3bS,4aR)-ethyl 1-(2-(((S)-1-(3-(4-
chloro-1-methyl-3-(methylsulfonamido)-1H-indazol-
7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)amino)-2-oxoethyl)-

5,5-difluoro-3b.4,4a,5-tetrahydro-1H-cyclopropa(3,
4]cyclopenta| 1,2-c|pyrazole-3-carboxylate (158G)

[1264] To a solution of 19F (305.45 mg, 532.1 umol) and
158F (164 mg, 532.1 umol) in DMA (2 ml) was added HATU
(212.31 mg, 558.7 umol). The reaction was stirred at room
temperature for 0.5 h. The reaction was diluted with 0.1 M
NaCl (10 mL) and extracted with ethyl acetate (2x10 mL).
The combined organic layers was washed with water (20
ml), dried with Na,SO,, filtered, and concentrated. The
crude material was purified by silica chromatography to give
the title compound 158G as a mixture of atropisomers. "H
NMR (400 MHz, cd;od) 3 8.77 (d), 8.75-8.68 (m), 8.43 (dd),
7.70 (1), 7.57-7.48 (m), 7.22-7.15 (m), 7.06 (d), 6.81-6.72
(m), 6.68-6.59 (m), 6.41 (dd), 5.30-5.19 (m), 4.99 (q), 4.82
(d), 4.73 (s), 4.42-4.31 (m), 3.36 (s), 3.34-3.27 (m), 3.25 (s),
3.22 (s), 3.17 (dd), 3.04-2.97 (m), 2.96 (s), 2.63-2.39 (m),
1.65 (s), 1.64 (s), 1.49-1.32 (m), 1.14-1.07 (m), 1.07-0.99
(m). MS (nv/z) 842.2 [M+H]*.

Example 159

[1265]

Oct. 9,2014

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3bS,4aR)-3-cyano-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (159)

[1266] To a solution of 160 (11 mg, 12.2 pmol) in DMSO
(0.2 ml) was added cuprous cyanide (2.7 mg, 30.7 umol). The
reaction mixture sealed and heated to 180° C. for 0.5 h. The
reaction was cooled rt, diluted with ethyl acetate, and washed
with water. The organic phase was then dried with Na,SO,,
filtered and concentrated. The crude material was purified by
prep HPLC to provide the product 159 as a mixture of atro-
pisomers. '"H NMR (400 MHz, cd,od) 8 8.87-8.78 (m), 7.73-
7.66 (m), 7.58-7.48 (m), 7.18 (s), 7.07 (d), 6.81-6.71 (m),
6.68-6.58 (m), 6.48-6.32 (m), 5.32-5.20 (m), 5.03-4.91 (m),
4.80 (d), 3.34 (s), 3.25 (s), 3.24 (s), 3.15 (dd), 3.06-2.93 (m),
2.63-2.47 (m), 1.64 (s), 1.45 (dd), 1.19-1.14 (m), 1.11-1.06
(m). MS (nv/z) 795.1 [M+H]".

Example 160

[1267]

—

. NaNO,,
H,0,
TFA
KI, ACN

N

148B

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-
i0do-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (160)

[1268] To a solution of 148B (75 mg, 95.5 umol) in trifluo-
roacetic acid (0.5 ml) and water (0.2 ml, was added sodium
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nitrite (1M in water, 0.3 mL) followed by stirring for 15 min
at room temperature. The reaction mixture was then treated
with potassium iodide (238 mg, 1.4 mmol), acetonitrile (0.8
ml) and stirred for an additional 1.5 h. The reaction was
basified with IM NaHCO;, quenched with 1M NaHSO;, and
extracted with ethyl acetate (20 mL). The organic phase was
then dried with Na,SO,, filtered and concentrated. The crude
material was purified by prep HPLC to provide the product
160 as a mixture of atropisomers. "H NMR (400 MHz, cd,od)
67.75-7.63 (m), 7.58-7.48 (m), 7.18 (s), 7.12-7.02 (m), 6.82-
6.72 (m), 6.68-6.58 (m), 6.46-6.32 (m), 5.32-5.22 (m), 4.96
(1), 4.76-4.56 (m), 3.34 (s), 3.30-3.22 (m), 3.26 (s), 3.25 (s),
3.20-3.06 (m), 3.04-2.91 (m), 2.51-2.35 (m), 2.30-2.16 (m),
2.03(),1.65(s), 1.42-1.27 (m), 1.10-1.04 (m), 1.04-0.99 (m).
MS (m/z) 896.0 [M+H]".

Example 161

[1269]

formaldehyde
NaBH;CN,
H,0, AcOH

% O
—_—
A A

S
V
o7\

O\\ /Zm
VS

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(dimethylamino)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (161)

[1270] To a solution of 148B (10 mg, 12.7 umol) in acetic
acid (0.1 ml) and formaldehyde (35% in water, 6.7 pul, 63.6
umol) was added sodium cyanoborohydride (1.7 mg, 26.7
umol) followed by stirring for 16 h at rt. The reaction mixture

was diluted with ACN and purified by prep HPLC to provide
the product 161 as a mixture of atropisomers. *H NMR (400
MHz, cd;od) 8 7.74-7.64 (m), 7.58-7.48 (m), 7.16 (q), 7.07
(d), 6.82-6.72 (m), 6.68-6.56 (m), 6.45-6.30 (m), 5.28 (dd),
4.95 (1), 4.51 (d), 4.47 (d), 3.33 (5), 3.26 (s), 3.25 (s), 3.27-3.
18 (m), 3.09 (dd), 2.98 (s), 2.92 (s), 2.92 (s), 2.49-2.40 (m),
2.40-2.28 (m), 1.65 (s), 1.41-1.29 (m), 1.09-0.98 (m). MS
(m/z) 813.2 [M+H]".

Example 162

[1271]

(@]
Cl)l\o/

_—
pyridine

Synthesis of methyl ((3bS,4aR)-1-(2-(((S)-1-(3-(4-
chloro-1-methyl-3-(methylsulfonamido)-1H-indazol-
7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)amino)-2-oxoethyl)-

5,5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal 3,

4]cyclopenta[ 1,2-c|pyrazol-3-yl)carbamate (162)

[1272] To a solution of 148B (6 mg, 7.64 umol) in DCM
(0.1 ml) was added pyridine (3.08 pl, 38.21 umol) followed
by methylchloroformate (0.7 mg, 7.18 umol) then stirred for
30 min at rt. The reaction was concentrated and the product
was purified by prep HPLC to provide the product 162 as a
mixture of atropisomers. 'H NMR (400 MHz, cd,od) 8 7.72-
7.65 (m), 7.54 (d), 7.51 (d), 7.17 (s), 7.06 (d), 6.81-6.73 (m),
6.67-6.59 (m), 6.44-6.33 (m), 5.27 (dd), 4.96 (1), 4.59 (d),
4.54 (d),3.76 (s), 3.75 (s), 3.34 (5), 3.26 (s), 3.23 (s), 3.15-3.
07 (m), 3.04-2.91 (m), 2.61 (s), 2.37-2.22 (m), 1.64 (s), 1.37-
1.25 (m), 1.06-0.99 (m), 0.99-0.93 (m). MS (m/z) 843.2
[M+H]".



US 2014/0303164 Al

223

Example 163

[1273]

163

@) 2T
N/
S

Synthesis of 2-((3bS,4aR)-3-acetamido-5,5-difluoro-
3b,4,4a,5-tetrahydro-1H-cyclopropal[3,4|cyclopenta
[1,2-c]pyrazol-1-y1)-N—((S)-1-(3-(4-chloro-1-me-
thyl-3-(methylsulfonamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)acetamide (163)

[1274] Thetitle compound (163) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 162 of Example 162 utilizing acetyl
chloride. "H NMR (400 MHz, cd;od) 8 7.69 (t), 7.54 (d), 7.51
(d), 6.80-6.74 (m), 6.67-6.60 (m), 6.44-6.33 (m), 5.27 (dd),
4.96(1),4.61(s),4.56 (d),3.34 (s),3.26 (s),3.23 (s),3.16-3.07
(m), 3.02-2.92 (m), 2.68-2.56 (m), 2.34-2.23 (m), 2.12 (s),
2.11 (s), 1.64 (s), 1.36-1.25 (m), 1.03-0.98 (m), 0.98-0.92
(m). MS (nv/z) 827.1 [M+H]*.

Example 164

[1275]

Oct. 9,2014

-continued

164

Synthesis of (3bS,4aR)-1-(2-(((S)-1-(3-(4-chloro-1-
methyl-3-(methylsulfonamido)-1H-indazol-7-y1)-6-
(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)-2-
(3,5-difluorophenyl)ethyl)amino)-2-oxoethyl)-5,5-
diftuoro-N,N-dimethyl-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopental 1,2-c]pyrazole-3-
carboxamide (164)
[1276] To a solution of 148A (6 mg, 7.18 umol) in DMA
(100 pl) was added a solution of HATU (2.73 mg, 7.18 umol)
in DMA (50 pul) followed by dimethylamine (2M in THF, 50
ul, 0.1 mmol), then stirred for 16 h at rt. The reaction mixture
was concentrated, filtered, and purified by reverse phase
HPLC to provide the product 164 as a mixture of atropiso-
mers. "H NMR (400 MHz, cd;od) 8 8.64 (d), 8.59 (d), 7.76-
7.65 (m), 7.54 (d), 7.51 (d), 7.16 (s), 7.08 (d), 6.80-6.72 (m),
6.66-6.60 (m), 6.44 (d), 6.42-6.34 (m), 5.28 (dd), 4.98 (1),
4.78 (s),4.73 (d), 3.34 (s),3.33 (s), 3.28 (5), 3.25 (5), 3.23 (s),
3.15-3.07 (m), 3.09 (s), 3.07 (s), 3.03-2.92 (m), 2.57-2.38
(m), 1.66-1.61 (m), 1.43-1.26 (m), 1.13-1.07 (m), 1.03 (dt).
MS (m/z) 841.1 [M+H]*.

Example 165
[1277]

165
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Synthesis of (3bS,4aR)-1-(2-(((S)-1-(3-(4-chloro-1-
methyl-3-(methylsulfonamido)-1H-indazol-7-y1)-6-
(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)-2-
(3,5-difluorophenyl)ethyl)amino)-2-oxoethyl)-5,5-
difluoro-N-methyl-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta| 1,2-c[pyrazole-3-
carboxamide (165)

[1278] Thetitle compound (165) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 164 of Example 164 utilizing methy-
lamine. "H NMR (400 MHz, cd,od) d 8.65-8.60 (m), 7.18-7.
07 (m), 6.79-6.61 (m), 7.73-7.65 (m), 7.54 (d), 7.51 (d), 7.17
(s),7.08(d), 6.81-6.71 (m), 6.65-6.57 (m), 6.45 (d), 6.42-6.34
(m), 5.29 (dd), 4.97 (1), 4.78 (s), 4.72 (d), 3.34 (s), 3.25 (s),
3.21 (s), 3.24-3.11 (m), 3.02-2.93 (m), 2.88 (s), 2.87 (s),
2.69-2.52 (m), 2.51-2.36 (m), 1.64 (s), 1.45-1.24 (m), 1.10-
1.02 (m), 1.02-0.95 (m). MS (m/z) 827.2 [M+H]*.

Example 166
[1279]

166

Synthesis of N-((1S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3,4-dihy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (166)

[1280] Thetitle compound (166) was prepared as a mixture
of atropisomers according to the method presented for the

Oct. 9,2014

synthesis of compound 142 of Example 142 utilizing 2-me-
thylbut-3-yne-1,2-diol. 'HNMR (400 MHz, cd;od) 1HNMR
(400 MHz, Methanol-d4) 8 8.68 (d), 7.70 (dd), 7.62-7.52 (m),
7.17 (s), 7.06 (d), 6.88-6.66 (m), 6.65-6.52 (m), 6.44-6.32
(m), 5.00-4.93 (m), 4.78-4.64 (m), 3.67 (s), 3.24 (d), 3.02-2.
92 (m), 2.49-2.42 (m), 1.59 (s), 1.40-1.34 (m), 1.12-1.07 (m),
1.05-0.98 (s). MS (m/z) 837.9 [M+H]".

Example 167

[1281]
167
HO,
H o
NI
I
HO.

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(3-cyclopropyl-4-(2-
hydroxyethyl)-5-methyl-1H-pyrazol-1-yl)acetamide
(167)

[1282] Thetitle compound (167) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(3-cy-

clopropyl-4-(2-hydroxyethyl)-5-methyl-1H-pyrazol-1-y1)
acetic acid (prepared as described in US2012045761). 'H
NMR (400 MHz, Methanol-d,) § 7.71 (dd), 7.53 (dd), 7.27-
7.15 (m), 7.12 (d), 6.80-6.70 (m), 6.69-6.58 (m), 6.55 (d),
6.44-6.29 (m), 5.33-5.22 (m), 5.03-4.93 (m), 4.73-4.52 (m),
3.69-3.53 (m), 3.32 (s), 3.27-3.21 (m), 3.17-3.08 (m), 3.05
(s), 2.99-2.85 (m), 2.76-2.60 (m), 2.11 (s), 2.01 (s), 1.88-1.78
(m), 1.64 (s), 0.93-0.86 (m), 0.79-0.70 (m). MS (m/z) 780.8
[M+H]".
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Example 168

[1283]

HATU, TEA, DMA

Pd(PPhs)4, K,CO3
1,4-dioxane, H,O

jus)

o
N
\8//40

168B
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Synthesis of N—((S)-1-(6-chloro-3-(4-chloro-1-
methyl-3-(methylsulfonamido)-1H-indazol-7-y1)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropal3,4]cyclopenta[ 1,2-c]
pyrazol-1-yl)acetamide (168A)

[1284] The title compound (168A) was prepared according
to the method presented for the synthesis of compound 157F
of Example 157 utilizing 2-((3bS,4aR)-3-(difluoromethyl)-
5,5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropal[3,4|cyclo-
penta[1,2-c]pyrazol-1-yDacetic acid. MS (m/z) 772.03
[M+H]".

Synthesis of N—((S)-1-(6-(1-(tert-butyl)-1H-pyra-
701-4-y1)-3-(4-chloro-1-methyl-3-(methylsulfona-
mido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (168B)

[1285] N—((S)-1-(6-chloro-3-(4-chloro-1-methyl-3-(me-
thylsulfonamido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-dif-
luorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-di-
fluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4|cyclopenta
[1,2-c]pyrazol-1-ylacetamide (168A, 20 mg, 0.026 mmol),
1-t-Butylpyrazole-4-boronic acid, pinacol ester (7.77 mg,
0.031 mmol), Pd(PPh;), (1.50 mg, 0.001 mmol), and K,CO;
(10.7 mg, 0.078 mmol) were suspended in 1,4-dioxane (0.2
mL). To the suspension was added water (0.05 mL). The
resulting reaction mixture was degassed by bubbling argon
for 60 seconds then sealed and heated thermally at 110° C. for
3.5 hours. Upon completion, the reaction mixture was fil-
tered, concentrated in vacuo, taken in DMF, and purified by
reverse phase HPLC to give the title compound 168B as a
mixture of atropisomers. 'H NMR (400 MHz, Methanol-d,)
8 8.51 (s), 8.50 (s), 8.25 (s), 8.22 (d), 7.70 (1), 7.68-7.60 (m),
7.17 (s), 7.08 (s), 7.06 (s), 6.87-6.51 (m), 6.46-6.33 (m),
5.34-5.24 (m), 4.98 (dd), 4.81 (s), 4.79 (s), 4.77 (s), 3.38 (s),
3.26(s),3.24(s),3.22-3.17 (m), 3.04 (s), 2.98 (dd), 2.53-2.36
(m), 1.70 (s), 1.46-1.27 (m), 1.08 (m), 1.00 (m). MS (m/z)
860.21 [M+H]".
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Example 169

[1286]

169

Synthesis of N-((1S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(4,4-dif-
luoro-3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,4aR )-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c|pyrazol-1-yl)
acetamide (169)

[1287] Thetitle compound (169) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 142 of Example 142 utilizing 1,1-
difluoro-2-methylbut-3-yn-2-ol. 'H NMR (400 MHz, cd,od)
8 8.73 (1), 7.77-7.68 (d), 7.64-7.59 (m), 7.22-7.13 (m), 7.07
(dd), 6.87-6.51 (m), 6.46-6.34 (m), 5.82 (t), 5.37-5.21 (m),
5.04-4.93 (m), 4.78-4.63 (m), 3.24 (d), 3.05-2.93 (m), 2.45
(m), 1.63 (s), 1.47-1.32 (m), 1.08 (s), 1.01 (5). MS (m/z) 857.1

[M+H]".

Example 170
[1288]

HO

F

PdCl,(PPhs),, Cul
HNEt,, DMF
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(4-fluoro-
3-(fluoromethyl)-3-hydroxybut-1-yn-1-yl)pyridin-2-
y1)-2-(3,5-difltuorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (170)

[1289] N—((S)-1-(6-chloro-3-(4-chloro-1-methyl-3-(me-
thylsulfonamido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-dif-
luorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-di-
fluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4|cyclopenta
[1,2-c]pyrazol-1-yl)acetamide (168A, 20 mg, 0.025 mmol),
1-fluoro-2-(fluoromethyl)but-3-yn-2-0ol  (15.5 mg, 0.129
mmol), PdCL,(PPh;), (1.8 mg, 0.003 mmol), and Cul (0.5
mg, 0.003 mmol) were suspended in DMF (0.25 mL). To the

reaction mixture was added diethylamine (27 pl, 0.259
mmol), and the reaction mixture was degassed by bubbling
argon for 5 minutes then sealed and heated at 125° C. for 30
minutes in a microwave reactor. Upon cooling, the reaction
mixture was filtered and purified by reverse phase HPLC.
Fractions containing the product were pooled and lyophilized
to give the title compound 170 as a mixture of atropisomers.
'"H NMR (400 MHz, Methanol-d,) 8 8.72 (1), 7.74 (dd), 7.61
(dd), 7.22-7.14 (m), 7.09 (s), 7.07 (s), 6.87-6.53 (m), 6.46-6.
35 (m), 5.35-5.26 (m), 4.99 (q), 4.76 (s), 4.72 (s), 4.70 (s),
4.66 (d), 4.54 (d), 3.33 (s), 3.26 (s), 3.23 (s), 3.18-3.09 (m),
3.05-2.91 (m), 2.54-2.37 (m), 1.45-1.33 (m), 1.09 (s), 1.02
(s). MS (nv/z) 856.09 [M+H]".

Example 171
[1290]

T1,0, EzN, DCM
\B N ———MM88™
a/ N\N
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PACly(PPhs)s,
Cl Na,CO3,
F dioxane/water
HO.
~ B
/ /
HO /N\ N

171A

14B

)4 TFA, DCM

171B

171C
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-continued

171D

Synthesis of (4-chloro-1-methyl-3-(trifluoromethyl-
sulfonamido)-1H-indazol-7-yl)boronic acid (171A)

[1291] 4-chloro-1-methyl-7-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)-1H-indazol-3-amine (19C) (0.20 g, 0.65
mmol) was dissolved in dichloromethane (10 mL) and tri-
ethylamine (0.36 mL, 2.6 mmol). The mixture was cooled to
0° C. and triflic anhydride (0.55 g, 1.95 mmol) was added
dropwise. After stirring for 30 minutes the reaction was
quenched with water (10 mL) and extracted with dichlo-
romethane (3x20 mL). The combined extracts were washed
with brine and evaporated under vacuum. The residue was
dissolved in ethanol (10 mL) and cooled to 0° C. 50% aqueous
KOH solution (0.2 mL) was added dropwise and stirring was
continued for 30 minutes. The mixture was acidified with 1IN
aqueous HCI. The formed precipitate was filtered and dried to
give the title compound. MS (m/z) 358.0 [M+H]*.

Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-

3-(trifluoromethylsulfonamido)-1H-indazol-7-y1)-6-

(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)-2-
(3,5-difluorophenyl)ethyl)carbamate (171B)

[1292] (4-chloro-1-methyl-3-(trifluoromethylsulfona-
mido)-1H-indazol-7-yl)boronic acid (171A, 26 mg, 0.073
mmol), (S)-tert-butyl (1-(3-bromo-6-(3-hydroxy-3-methyl-
but-1-yn-1-yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)
carbamate (14B, 36 mg, 0.073 mmol), and PdC1,(PPh,), (5.1
mg, 0.007 mmol) were suspended in 1,4-dioxane (1 mL.) and
1.0 M aqueous NaHCO, (1 mL). The reaction mixture was
heated at 150° C. for 15 minutes in a microwave reactor. After
cooling, the reaction mixture was diluted with EtOAc (50
ml), washed with water and brine, concentrated in vacuo, and
purified by silica gel column chromatography, eluting with
20-100% EtOAc in hexanes to give the title compound. MS
(m/z) 728.3 [M+H]".

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-

rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-

yDpyridin-3-yl)-4-chloro-1-methyl-1H-indazol-3-
yD)-1,1,1-trifluoromethanesulfonamide (171C)

[1293] To asolution of (S)-tert-butyl (1-(3-(4-chloro-1-me-
thyl-3-(trifluoromethylsulfonamido)- 1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)-2-(3,5-difluo-
rophenyl)ethyl)carbamate (171B, 43 mg, 0.059 mmol) in
DCM (1 mL) was added trifluoroacetic acid (1 mL). The
reaction mixture was stirred at room temperature for 3 hours
and then concentrated in vacuo and azeotroped once with
toluene (20 mL) to give the title compound. MS (m/z) 628.2
[M+H]".

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(trifluvoromethylsulfonamido)-1H-indazol-7-y1)-6-(3-
hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-

difluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (171D)

[1294] To a solution of crude (S)—N-(7-(2-(1-amino-2-(3,
5-difluorophenyl)ethyl)-6-((2-hydroxyethyl)(methyl)
amino)pyridin-3-yl)-4-chloro-1-methyl-1H-indazol-3-yl)
methanesulfonamide (171C, 44 mg, 0.059 mmol) in DMF (1
ml) was added 2-((3bS,4aR)-3-(difluoromethyl)-5,5-dif-
luoro-3b,4,4a,5-tetrahydro-1H-cyclopropal[3,4|cyclopenta
[1,2-c]pyrazol-1-yDacetic acid (15.6 mg, 0.059 mmol), and
HATU (27 mg, 0.071 mmol) followed by diisopropylethy-
lamine (31 pL, 0.177 mmol). After stirring for two hours at
ambient temperature, the reaction mixture was filtered and
purified by reverse phase HPLC to provide the title compound
as amixture of atropisomers. "THNMR (400 MHz, DMSO-d,)
89.11 (d), 8.95 (d), 7.87 (d), 7.83 (d), 7.51 (d), 7.26 (d), 7.19
(), 7.12-6.74 (m), 6.62-6.56 (m), 6.49-6.35 (m), 4.95 (q),
4.79-4.54 (m), 3.26 (s), 3.06 (s), 3.31-2.92 (m), 2.58-2.38
(m), 1.52 (s), 1.42-1.30 (m), 0.95-0.78 (m). MS (m/z) 874.2
[M+H]".
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Example 172

[1295]

Oct. 9,2014

Pd(dppf)Cl,DCM

KF, dioxane

Synthesis of N—((S)-1-(5-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-[2,2'-bipyri-
din]-6-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4.4a,5-
tetrahydro-1H-cyclopropal3,4]cyclopenta[ 1,2-c]
pyrazol-1-ylacetamide (172)

[1296] To the reaction vial containing 157F (20 mg, 0.025
mmol) in dioxane (0.25 mL) was added 2-(tributylstannyl)
pyridine (0.01 mL, 0.027 mmol), Pd(dppf)Cl,.DCM (1.2 mg,
0.001 mmol), and KF (4 mg, 0.75 mmol). The reaction mix-
ture was flushed with argon gas for 5 min then sealed and

Sn(n-butyl)z

heated in a microwave reactor to 135° C. for 30 min. Upon
cooling, the reaction mixture was filtered and purified by
reverse phase HPLC to provide the title compound 172 as a
mixture of atropisomers. "H NMR (400 MHz, cdod) 8 9.90-
9.8 (m), 8.80-8.76 (m), 8.74-8.70 (m), 8.52-8.45 (m), 7.98-7.
88 (m, 1H), 7.30-7.04 (m), 6.82-6.71 (m), 6.51-6.34 (m),
5.45-535 (m), 5.14-5.05 (m), 4.98-4.86 (m), 3.35 (s), 3.21-
3.00 (m), 2.60-2.38 (m), 1.42-1.22 (m), 1.19-1.09 (m), 1.06-
1.00 (m). MS (m/z) 833.2 [M+H]".

Example 173

[1297]

Pd(PPh3)y, K5CO3
1,4-dioxane, HO

157F



US 2014/0303164 Al

-Fcontinued

Oct. 9,2014

231

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(1-methyl-
1H-pyrazol-4-y)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (173)

[1298] N—((S)-1-(6-chloro-3-(4-chloro-1-methyl-3-(me-
thylsulfonamido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-dif-
luorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[l,2-c[pyrazol-1-yl)acetamide (157F, 20 mg,
0.025 mmol), 1-methylpyrazole-4-boronic acid (3.8 mg,
0.030 mmol), Pd(PPh,), (1.5 mg, 0.001 mmol), and K,CO,
(10.5 mg, 0.076 mmol) were suspended in 1,4-dioxane (0.2

mL). To the suspension was added water (0.05 mL). The
resulting reaction mixture was degassed by bubbling argon
for 60 seconds then sealed and heated thermally at 110° C. for
2 hours. Upon completion, the reaction mixture was filtered,
concentrated in vacuo, taken in DMF, and purified by reverse
phase HPLC to give the title compound 173 as a mixture of
atropisomers. 'H NMR (400 MHz, Methanol-d,,) d 8.39 (s),
8.35 (s), 8.23 (s), 8.20 (s), 7.71-7.60 (m), 7.15 (s), 7.06 (d),
6.76 (tt), 6.63 (1t), 6.49-6.41 (m), 6.41-6.34 (m), 5.24 (dd),
4.99 (dd), 4.03 (s), 4.02 (s), 3.46-3.41 (m), 3.39 (s), 3.26 (s),
3.24 (s), 3.23-3.17 (m), 3.07-2.95 (m), 2.59-2.38 (m), 1.49-
1.34 (m), 1.17-1.11 (m), 1.09-1.03 (m). MS (m/z) 836.16
[M+H]".

Example 174
[1299]

Pd(PPhs)4, K,CO3
1,4-dioxane, H,O
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(1-isopro-
pyl-1H-pyrazol-4-y)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (174)

[1300] Thetitle compound (174) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 173 of Example 173 utilizing 1-iso-

propylpyrazole-4-boronic acid, pinacol ester. 'H NMR (400
MHz, Methanol-d,) 9 8.46 (s), 8.44 (s), 8.24 (s), 8.22 (s),
7.72-7.60 (m), 7.16 (s), 7.06 (d), 6.76 (tt), 6.68-6.57 (m),
6.49-6.42 (m), 6.41-6.33 (m), 5.26 (dd), 4.99 (dd), 4.86 (s),
4.70-4.58 (m), 3.47-3.40 (m), 3.39 (s), 3.37-3.34 (m), 3.26
(s), 3.24 (s), 3.23-3.16 (m), 3.09-2.93 (m), 2.59-2.37 (m),
1.61 (d), 1.49-1.34 (m), 1.17-1.11 (m), 1.09-1.02 (m). MS
(m/z) 864.20 [M+H]".

Example 175
[1301]

N— N\

Pd(PPh3)4, K,CO3
1,4-dioxane, H,O
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(1-methyl-
1H-pyrazol-5-y)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (175)

[1302] Thetitle compound (175) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 173 of Example 173 utilizing 1-me-
thyl-1H-pyrazole-5-boronic acid pinacol ester. 'H NMR (400
MHz, Methanol-d,) 8 7.87-7.78 (m), 7.59 (d), 7.31 (d), 7.20
(d), 7.11 (d), 6.90 (d), 6.88 (d), 6.79 (tt), 6.63 (tt), 6.55-6.51
(m), 6.47-6.37 (m), 5.40 (dd), 5.07 (dd), 4.78 (s), 4.77 (s),
4.43 (s), 4.34 (s), 3.39 (5), 3.25 (s), 3.24-3.21 (m), 3.15-3.12
(m), 3.11-3.02 (m), 2.59-2.35 (m), 1.47-1.33 (m), 1.15-1.08
(m), 1.06-0.98 (m). MS (m/z) 836.15 [M+H]".

Example 176

[1303]

176

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(pyrimidin-
2-yDpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-
((3b-S,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,
4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-
clpyrazol-1-yl)acetamide (176)

[1304] Thetitle compound (176) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 172 of Example 172 utilizing
2-(tributylstannyl)pyrimidine. 'H NMR (400 MHz, cd,od) &
9.90-9.86 (m), 9.84-9.80 (m), 8.80-8.75 (m, 1H), 8.74 (d),
8.47 (d), 7.92 (1), 7.25-7.12 (m), 6.80-6.50 (m), 6.45-6.40
(m), 5.45-5.38 (m), 5.15-5.05 (m), 4.90-4.81 (m), 3.37 (s),
3.18-3.04 (m), 2.50-2.39 (m), 1.44-1.25 (m), 1.15-1.09 (m),
1.08-0.97 (m). MS (nmv/z) 835.1 [M+H]".

Example 177

[1305]

CuBr,, tBuONO
—_—

ACN
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-continued Synthesis of (S)-tert-butyl (1-(5-bromo-3-(4-chloro-
1-methyl-3-(methylsulfonamido)-1H-indazol-7-y1)
pyridin-2-yl1)-2-(3,5-difluorophenyl)ethyl)carbamate

Pd(dppfHCla, K2CO5 (1774)

Toluene, iPrOH, H,O
60° C.
- = [1306] Compound 183A (0.500g,0.82 mmol) was added to

a stirred suspension of t-BuONO (0.15 mL,, 1.24 mmol) and
HO\B CuBr, (0.276 g, 1.24 mmol) in acetonitrile with ice bath, the
I suspension was allowed to warm up to room temperature and
stirred overnight. Aqueous ammonium chloride was added.
The mixture was extracted with EtOAc. The organic layer
was dried with MgSO,,, concentrated and purified by silica
gel column to afford the title compound as mixture of atropi-
somers (177A). MS (m/z) 670 [M+H]*.

Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-
TFA, 3-(methylsulfonamido)-1H-indazol-7-y1)-5-phe-
DCM nylpyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)car-
g bamate (177B)

O// \\O [1307] Compound 177A (31.3 mg, 0.047 mmol), phenyl-
bronic acid (6.3 mg, 0.051 mmol), K,CO; (39 mg, 0.28
mmol) and Pd(dpp)Cl, (14 mg, 0.019 mmol) were mixed
together. Toluene (1 mL), iPrOH (0.5 mL) and water (1 mL)
were added. The vial was capped tight, stirred at 60° C. for 30
minutes. The reaction mixture was diluted with EtOAc,
washed with brine, dried with MgSO, and concentrated. The
crude was purified by silica gel column to afford the title
compound as mixture of atropisomers (177B). MS (m/z) 668
[M+H]".

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-5-phenylpyridin-3-y1)-4-chloro-1-
methyl-1H-indazol-3-yl)methanesulfonamide (177C)

HATU, DMF, TEA

[1308] Compound 177B (21.7 mg, 0.032 mmol) was dis-
solved in DCM (1 mL). TFA (0.5 mL) was added. The result-
ant solution was stirred at ambient temperature for 2 hours.
The reaction was concentrated to afford title compound as
mixture of atropisomers (177C). MS (m/z) 568 [M+H]™".

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-5-phenylpy-
ridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]
pyrazol-1-ylacetamide (177D)

[1309] Compound 177C (18.4 mg, 0.032 mmol) and
2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-
rahydro-1H-cyclopropal 3,4]cyclopenta[1,2-c]pyrazol-1-yl)

acetic acid (8.6 mg, 0.032 mmol) were dissolved in DMF (1
mL). TEA (23 uL, 0.162 mmol) and HATU (18.5 mg, 0.049
mmol) were added. Upon completion, a few drops of 1M HCl
were added. The reaction was purified by HPLC to afford the
title compound as mixture of atropisomers (177D). 'H NMR
(400 MHz, Acetonitrile-d3) 8 9.04 (dd), 7.99 (dd), 7.82-7.73
(m), 7.69 (d), 7.59-7.43 (m), 7.34 (d), 7.29-7.18 (m), 7.15 (d),
6.90 (d), 6.85-6.73 (m), 6.69-6.58 (m), 6.49-6.36 (m), 5.30
(q), 4.96 (q), 4.69 (d), 3.33 (s), 3.28 (s), 3.27 (s), 3.20-2.91
(m), 2.58-2.40 (m), 1.40 (q), 1.09-0.97 (m). MS (m/z) 814
[M+H]".
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[1310]
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Pd(dppf)Cly, KF
1,4-dioxane

178

Synthesis of N—((S)-1-(6-(2-(tert-butyl)thiazol-5-
y1)-3-(4-chloro-1-methyl-3-(methylsulfonamido)-
1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (178)

[1311] N—((S)-1-(6-chloro-3-(4-chloro-1-methyl-3-(me-
thylsulfonamido)-1H-indazol-7-yl)pyridin-2-y1)-2-(3,5-dif-

luorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluo-
romethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[l,2-c[pyrazol-1-yl)acetamide (157F, 20 mg,
0.025 mmol), 2-(tert-butyl)-5-(tributylstannyl)thiazole (12.

03 mg, 0.028 mmol), Pd(dppf)Cl, (1.1 mg, 0.001 mmol), and
KF (4.4 mg, 0.076 mmol) were suspended in 1,4-dioxane
(0.25 mL). The resulting reaction mixture was degassed by
bubbling argon for 60 seconds then sealed and heated at 130°
C. for 30 minutes in a microwave reactor. Upon cooling, the
reaction mixture was filtered, concentrated in vacuo, taken in
DMTF, and purified by reverse phase HPLC to give the title
compound 178 as a mixture of atropisomers. 'H NMR (400
MHz, Methanol-d,,) § 8.40 (s), 7.91 (dd), 7.76 (d), 7.74 (d),
7.20-7.13 (m), 7.08 (d), 6.77 (tt), 6.65 (1t), 6.55-6.47 (m),
6.45-6.38 (m), 5.20 (dd), 5.02 (dd), 4.80 (s), 3.41 (5),3.26 (s),
3.25(s), 3.09-2.98 (m), 2.95 (s), 2.60-2.39 (m), 1.71 (s), 1.70
(), 1.69 (s), 1.48-1.34 (m), 1.17-1.11 (m), 1.09-1.03 (m). MS
(m/z) 897.04 [M+H]".
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Example 179

[1312]

179

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(1-methyl-
1H-imidazol-4-yl)pyridin-2-y1)-2-(3,5-difluorophe-
nyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (179)

[1313] Thetitlecompound (179) was prepared as a mixture

of atropisomers according to the method presented for the
synthesis of compound 178 of Example 178 utilizing 1-me-

55A
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SnBuj
NS
T
\=N
Pd(dppf)Cly, KF
1,4-dioxane

thyl-4-(tributylstannyl)-1H-imidazole. *H NMR (400 MHz,
Methanol-d,) & 8.89 (s), 8.84 (s), 8.29 (s), 8.25 (s), 7.94-7.82
(m), 7.19 (s), 7.07 (d), 6.78 (tt), 6.64 (tt), 6.48-6.41 (m), 6.37
(dd), 5.35 (dd), 5.05 (dd), 4.81 (s), 4.77 (s), 4.05 (s), 4.04 (s),
3.36 (s), 3.27 (s), 3.25 (s), 3.23-3.18 (m), 3.12-2.98 (m),
2.59-2.41 (m), 1.48-1.37 (m), 1.33-1.26 (m), 1.16-1.10 (m),
1.09-1.03 (m). MS (nv/z) 836.15 [M+H]".

Example 180

[1314]

o

a”” N
DIEA, DCM

75}

NH,
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-continued
F

180A

OH

HATU, DIEA, DMF

180B

180C
Synthesis of tert-butyl ((1S)-1-(3-(4-chloro-1-me- ridin-2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate (55A, 61
thyl-3-(methylsulfinamido)-1H-indazol-7-y1)-6-(3- mg, 0.102 mmol) was dissolved in dichloromethane (2 mL)
hydroxy-3-methylbut-1-yn-1-yDpyridin-2-y1)-2-(3,5- and diisopropylethylamine (0.071 mL, 0.409 mmol). The
difluorophenyl)ethyl)carbamate (180A) mixture was cooled to 0° C. and methanesulfinyl chloride
(30.3 mg, 0.307 mmol) was added dropwise. After stirring at
[1315] (S)-tert-butyl (1-(3-(3-amino-4-chloro-1-methyl- ambient temperature overnight the reaction mixture was

1H-indazo1-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)py- diluted with ethyl acetate (50 mL), washed with water and
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brine and evaporated under vacuum. Purification on silica gel -continued
gave the title compound. MS (m/z) 658.3 [M+H]*. F

Synthesis of N-(7-(2-((S)-1-amino-2-(3,5-difluo-
rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yDpyridin-3-y1)-4-chloro-1-methyl-1H-indazol-3-y1)

methanesulfinamide (180B) TFA, DCM
—_—
[1316] To a solution of tert-butyl ((1S)-1-(3-(4-chloro-1-
methyl-3-(methylsulfinamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)carbamate (180A, 50 mg, 0.076 mmol) in
DCM (1 mL) was added trifluoroacetic acid (1 mL). The
reaction mixture was stirred at room temperature for 3 hours
and then concentrated in vacuo and azeotroped once with
toluene (20 mL) to give the title compound. MS (m/z) 558.2
[M+H]™".

Synthesis of N-((1S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfinamido)-1H-indazol-7-y1)-6-(3-hydroxy-
3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluo-
rophenyl)ethyl)-2-((3b-S,4aR)-3-(difluoromethyl)-5,
5-difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]
cyclopenta[1,2-c|pyrazol-1-yl)acetamide (180C)

HATU, DIEA, DMF

[1317] To asolution of crude N-(7-(2-((S)-1-amino-2-(3,5- F \‘/OH
difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-y1) 181B
pyridin-3-yl)-4-chloro-1-methyl-1H-indazol-3-yl)methane- 0
sulfinamide (180B, 52 mg, 0.076 mmol) in DMF (1 mL) was
added  2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b.4,
4a,5-tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]pyra-
zol-1-ylacetic acid (20 mg, 0.076 mmol), and HATU (34.7
mg, 0.091 mmol) followed by diisopropylethylamine (66 pL.,
0.38 mmol). After stirring for two hours at ambient tempera-
ture, the reaction mixture was filtered and purified by reverse
phase HPLC to provide the title compound as a mixture of
diastereomers and atropisomers. 'H NMR (400 MHz,
DMSO-dy) 6 8.99-8.60 (m), 7.85-7.70 (m), 7.55 (d), 7.05-6.
70 (m), 6.56-6.28 (m), 4.93-4.49 (m), 3.30-2.59 (m), 2.96 (s),
2.65 (s), 2.48-2.30 (m), 1.72-1.66 (m), 1.42-1.30 (m), 0.95-

H
0.78 (m). MS (m/z) 804.2 [M+H]". N
~g
7\
Example 181 0
[1318]
181C
Pd(dppf)Cly, K2CO5
Toluene, iPrOH, H,O
60° C.
- Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-
3-(methylsulfonamido)-1H-indazol-7-yl)-5-(2-chlo-
HOS, rophenyl)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)
(I)H iy carbamate (181A)

[1319] The title compound as mixture of atropisomers
(181A) was prepared according to the method presented for
the synthesis of compound 177B of Example 177 utilizing
compound 177A and 2-chlorophenylbronic acid. MS (m/z)
702 [M+H]".
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Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-

rophenyl)ethyl)-5-(2-chlorophenyl)pyridin-3-yl)-4-

chloro-1-methyl-1H-indazol-3-yl)methanesulfona-
mide (181A)

[1320] The title compound as mixture of atropisomers
(181B) was prepared according to the method presented for
the synthesis of compound 177C of Example 177 utilizing
compound 181A. MS (m/z) 602 [M+H]*.

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-5-(2-chlo-
rophenyl)pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)-
2-((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,
4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-
c]pyrazol-1-yl)acetamide (181C)

[1321] The title compound as mixture of atropisomers
(181C) was prepared according to the method presented for
the synthesis of compound 177D of Example 177 utilizing
compound 181B and 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-
difluoro-3b,4,4a,5-tetrahydro-1H-cyclopropa[3.4]cyclo-
penta[1,2-c]pyrazol-1-yl)acetic acid. 'H NMR (400 MHz,
DMSO-d6) § 9.82 (s), 9.75 (s), 9.07 (d), 8.94 (d), 8.87 (dd),
7.97(d),7.90(d), 7.69-7.39 (m), 7.23-6.74 (m), 6.54 (d), 6.44
(d),5.03 (q), 4.90-4.53 (m), 3.32 (s), 3.23-2.89 (m), 2.60-2.37
(m), 1.47-1.30 (m), 0.83 (s). MS (m/z) 848 [M+H]".

Example 182

[1322]
O
Br
0 I‘i N
Br /
o o,
| - 0 N (o}
b H
182A
F. F
N
>Ls/ RN
Il
(@] Br
N BrZn

Cu(OTH),, CH,Cly

SeOz
—_—

182D

n=0

H,N

CuSO;4

1HHCI

—_—

2) (Boc),0
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-continued
F. F
F. F
H
>(O\“/ N
[e] Br BocHN
N X NILNH, e NBS
| ——— B ——
Br
/’/, N ~\\\
0, N 0 | P
H h
182E 182F
F. F
BocHN,
formaldehyde, NaCNBH;
Br
N
Br ///
NH,
182G 182H
Cl
H
()~\B N
| \s -
¢} /N\N O/ \

HO

1821
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-continued

HATU, DIEA, DMF
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Synthesis of 2-(5-bromo-6-methylpyridin-3-yl)isoin-
doline-1,3-dione (182A)

[1323] A mixture of phthalic anhydride (3.7 g, 25 mmol),
5-bromo-6-methylpyridin-3-amine (3.9 g, 20.85 mmol) and
sodium acetate (1.5 g, 25 mmol) in glacial acetic acid (44 ml)
was refluxed for overnight. After cooling down to room tem-
perature, the precipitate was collected by vacuum filtration
and washed with water. Then it was dried under high vacuum
to afford the title compound 182A. MS (m/z)318.91 [M+H]*.

Synthesis of 3-bromo-5-(1,3-dioxoisoindolin-2-y1)
picolinaldehyde (182B)

[1324] To a microwave tube was charged with compound
182A (1.5 g,4.73 mmol) and selenium dioxide (682 mg, 6.15
mmol). To it was added 14 mL of 1,2-dimethoxyethane and
the microwave tube was sealed. The reaction mixture was
heated in a 130° C. heating bath for 20 hours. The reaction
mixture was cooled down and the solids filtered off. The
filtrate was concentrated to afford the title compound 182B.
'H NMR (400 MHz, DMSO) & 10.04 (s, 1H), 8.95 (d, I=1.9
Hz, 1H), 8.41 (d, J=1.7 Hz, 1H), 8.07-7.84 (m, 4H).

Synthesis of (S,Z2)—N-((3-bromo-5-(1,3-dioxoisoin-
dolin-2-yl)pyridin-2-yl)methylene)-2-methylpro-
pane-2-sulfinamide (182C)

[1325] Copper(Il) sulfate (anhydrous, 5.8 g, 36.2 mmol)
was added to a solution of 3-bromo-5-(1,3-dioxoisoindolin-
2-yl)picolinaldehyde (182B, 6 g, 18 mmol) and (S)-2-meth-
ylpropane-2-sulfinamide (2.2 g, 18 mmol) in CH,Cl, (60
mL). The reaction mixture was stirred at ambient temperature
for 2 hours and then filtered and washed with CH,Cl,. The
filtrate was concentrated and the residue was purified by silica
gel chromatography eluting with EtOAc and methylene chlo-
ride to yield the title compound 182C. MS (m/z) 433.87
[M+H]™".

Synthesis of (S)—N—((S)-1-(3-bromo-5-(1,3-diox-
oisoindolin-2-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)-2-methylpropane-2-sulfinamide (182D)

[1326] To a solution of compound (182C, 3.7 g, 8.5 mmol)
and Cu(OTf), (154 mg, 0.4 mmol) in methylene chloride (30
ml) at 0° C. was added (3,5-difluorobenzyl)zinc bromide (0.5
M in THE, 25.5 ml, 12.8 mmol) dropwise. The reaction stirred
at room temperature for one hour. Ammonium chloride (aq,
100 ml) was added to the reaction and the mixture was
extracted with methylene chloride (2x100 ml). The organic
layer was dried over Na,SO, filtered and concentrated. The
reaction mixture was purified by silica gel chromatography
then by reverse phase HPLC to afford the title compound
182D. MS (m/z) 563.83 [M+H]".

Synthesis of (S)-tert-butyl 1-(3-bromo-5-(1,3-diox-
oisoindolin-2-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethylcarbamate (182E)

[1327] Compound 182D (2.6 g, 4.6 mmol) was dissolved in
40 mL of methanol and cooled to 0° C. To it was added 4N
HCl/1,4-dioxane (4.6 ml). The reaction mixture was allowed
to stir at room temperature for 10 minutes and concentrated to
afford product (S)-2-(6-(1-amino-2-(3,5-difluorophenyl)
ethyl)-5-bromopyridin-3-yl)isoindoline-1,3-dione  hydro-
chloride. To the mixture of the above HCI salt (~4.6 mmol)
and Di-tert-Butyl dicarbonate (1 g, 4.6 mmol) in 50 mL of

Oct. 9,2014

CH,Cl, was added triethylamine (1.28 mL, 9.2 mmol) at 0°
C. The reaction mixture was stirred for overnight and con-
centrated in vacuo. The residue was partitioned between
EtOAc and water. The organic layer was washed with brine,
dried over MgSO4, filtered and concentrated. Then it was
purified on silica gel chromatography to yield the title com-
pound 182E. MS (m/z) 559.71 [M+H]*.

Synthesis of (S)-tert-butyl (1-(5-amino-3-bromopyri-
din-2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate
(182F)

[1328] To amixture of compound 182E (1.5 g,2.7 mmol)in
27 ml ofethanol, 0.9 ml of hydrazine monohydrate was added
and stirred at room temperature for 2 hours. More ethanol was
added to the reaction mixture. The precipitate was filtered off
and the filtrate was concentrated. The residue was diluted
with ethyl acetate, and washed with water and then with a
saturated sodium chloride solution. The organic layer was
dried over anhydrous magnesium sulfate, and concentrated
under reduced pressure. The residue was subjected to silica
gel column chromatography to give the title compound 182F.
MS (m/z) 427.83 [M+H]".

Synthesis of (S)-tert-butyl (1-(5-amino-3,6-dibro-
mopyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)car-
bamate (182G)

[1329] A solution of compound 182F (960 mg, 2.24 mmol)
in 20 mL of acetonitrile was cooled to 0° C. and treated with
N-Bromosuccinimide (399 mg, 2.24 mmol) as a solution in
20 mL of acetonitrile. The reaction mixture was partitioned
with EtOAc and saturated aqueous NaHCO,. The organic
layer was separated and washed with brine, then dried over
MgSO, and concentrated in vacuo. The residue was purified
by silica gel chromatography to afford the title compound
182G. MS (m/z): 507.52 [M+H]".

Synthesis of (S)-tert-butyl (1-(5-amino-3-bromo-6-
(3-hydroxy-3-methylbut-1-yn-1-yl)pyridin-2-yl)-2-
(3,5-difluorophenyl)ethyl)carbamate (182H)

[1330] Thetitle compound (182H) was prepared according
to the method presented for the synthesis of compound 4F of
Example 4 utilizing compound 182G. MS (m/z) 511.87
[M+H]".

Synthesis of (S)-tert-butyl (1-(3-bromo-6-(3-hy-
droxy-3-methylbut-1-yn-1-y1)-5-(methylamino)pyri-
din-2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate
(1821)

[1331] Compound 182H (200 mg, 0.39 mmol) was dis-
solved in 2 mL of acetonitrile, to it was added formaldehyde
(0.1 mL, 37% in H,O) and acetic acid (0.2 mL, 4 mmol)
followed by slow addition of sodium cyanoborohydride solu-
tion (1.2 mL, 1M in THF). The reaction mixture was allowed
to stir at room temperature for 3 hours and quenched by
adding aqueous sodium bicarbonate. It was extracted with
ethyl acetate. The organic layer was washed with water, dried
over Na,SO, and concentrated under reduced pressure. The
crude product was purified by RP-HPLC to afford the title
compound 1821. MS (m/z): 525.99 [M+H]".
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Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-
3-(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)-5-(methylamino)pyri-
din-2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate
(1821)

[1332] The title compound (182]) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19E of Example 19 utilizing com-
pound 1821 and compound 19D. MS (m/z) 703.35 [M+H]".

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-
yD)-5-(methylamino)pyridin-3-yl)-4-chloro-1-me-
thyl-1H-indazol-3-yl)methanesulfonamide (182K)

[1333] The title compound (182K) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 105C of Example 105 utilizing

Oct. 9,2014

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-y1)-5-(methylamino)pyri-
din-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]
pyrazol-1-yl)acetamide (182L.)

[1334] The title compound (182.) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 37E of Example 37 utilizing
2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-
rahydro-1H-cyclopropal 3,4]cyclopenta[1,2-c]pyrazol-1-yl)

acetic acid and compound 182K. 'HNMR (400 MHz, Metha-
nol-d,) 8 7.00 (d), 6.82 (d), 6.76 (t1), 6.70 (1), 6.43-6.30 (m),
6.24 (d), 4.78-4.56 (m), 3.39 (s), 3.22 (s), 3.16-2.99 (m),
2.98-2.88 (m), 2.84 (s), 2.52-2.31 (m), 1.66 (d), 1.49-1.21
(m), 1.12-0.86 (m). MS (m/z) 849.90 [M+H]".

Example 183

compound 182J. MS (m/z) 603.17 [M+H]*. [1335]
Cl
F F
Oy i
(|) i / >s\/
N
/ Y
BocHN,
19D
B
Y
/
formaldehyde,
NaCNBH; NBS
—_— —_—

183A

183B
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HATU, DIEA, DMF
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Synthesis of (S)-tert-butyl (1-(5-amino-3-(4-chloro-
1-methyl-3-(methylsulfonamido)-1H-indazol-7-yl)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate
(183A)

[1336] The title compound (183A) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 19E of Example 19 utilizing com-
pound 182F and compound 19D. MS (m/z) 606.88 [M+H]*.

Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-
3-(methylsulfonamido)-1H-indazol-7-y1)-5-(dim-
ethylamino)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)carbamate (183B)

[1337] The title compound (183B) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 1821 of Example 182 utilizing
compound 183A. MS (n/z) 635.48 [M+H]*.

Synthesis of (S)-tert-butyl (1-(6-bromo-3-(4-chloro-

1-methyl-3-(methylsulfonamido)-1H-indazol-7-y1)-

5-(dimethylamino)pyridin-2-y1)-2-(3,5-difluorophe-
nyl)ethyl)carbamate (183C)

[1338] The title compound (183C) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 182G of Example 182 utilizing
compound 183B. MS (m/z) 714.81 [M+H]".

Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-
3-(methylsulfonamido)-1H-indazol-7-y1)-5-(dim-
ethylamino)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)carbamate
(183D)

[1339] The title compound (183D) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 4F of Example 4 utilizing com-
pound 183C. MS (nv/z) 717.62 [M+H]*.

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-5-(dimethylamino)-6-(3-hydroxy-3-
methylbut-1-yn-1-yl)pyridin-3-yl)-4-chloro-1-me-
thyl-1H-indazol-3-yl)methanesulfonamide (183E)

[1340] The title compound (183F) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 105C of Example 105 utilizing
compound 183D. MS (m/z) 617.09 [M+H]*.

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-5-(dimethy-
lamino)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyri-
din-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropal3,4]cyclopenta[ 1,2-c]
pyrazol-1-yl)acetamide (183F)

[1341] The title compound (183F) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 37E of Example 37 utilizing
2-((3b8S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-
rahydro-1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)

acetic acid and compound 183E. '"H NMR (400 MHz, Metha-
nol-d,) 8 7.26-7.10 (m), 7.03 (d), 6.76 (1), 6.69 (1), 6.60 (1),
6.52-6.33 (m), 6.32 (d), 4.85-4.78 (m), 4.78-4.60 (m), 3.37
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(s), 3.23 (d), 3.10 (dd), 2.99 (d), 2.98-2.74 (m), 2.45 (ddd),
1.66 (s), 1.48-1.30 (m), 1.17-0.92 (m)). MS (m/z): 863.19
[M+H]*.

Example 184

[1342]

184

Synthesis of tert-butyl (4-(5-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-((S)-1-(2-
((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,
S-tetrahydro-1H-cyclopropa[3,4]cyclopenta[1,2-c]
pyrazol-1-yl)acetamido)-2-(3,5-difluorophenyl)
ethyl)pyridin-2-y1)-2-hydroxy-2-methylbut-3-yn-1-
ylcarbamate (184)

[1343] Thetitle compound (184) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 145 of Example 145 utilizing tert-
butyl (2-hydroxy-2-methylbut-3-yn-1-yl)carbamate. MS
(m/z) 953.9 [M+H]*. HPLC retention time 7.54 min and 7.69
min (2-98% acetonitrile:water with 0.1% trifluoroacetic acid,
8.5 min gradient on a Phenomonex Kinetex C18 column).

Example 185

[1344]

Pd(dppf)Cls, K>CO3
Toluene, iPrOH, H,O
60° C.
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—continued the synthesis of compound 177C of Example 177 utilizing
F compound 185A. MS (m/z) 569 [M+H]*.

Synthesis of N—((S)-1-(5-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-[3,3'-bipyri-
din]-6-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-
TFA, DCM tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]
pyrazol-1-yl)acetamide (185C)

[1347] The title compound as mixture of atropisomers
(185C) was prepared according to the method presented for
the synthesis of compound 177D of Example 177 utilizing
compound 185B. 'H NMR (400 MHz, Acetonitrile-d3) d 9.07
(1), 8.96 (dd), 8.66 (dd), 8.15-8.06 (m), 8.03 (dd), 7.56-7.44
(m), 7.35 (d), 7.28 (d), 7.22 (d), 7.16 (dd), 6.93-6.87 (m),
6.86-6.72 (m), 6.69-6.57 (m), 6.48-6.34 (m), 5.37-5.29 (q),
4.98 (q), 4.78-4.59 (m), 3.36-2.91 (m), 2.49 (dtd), 1.41 (p),
1.05 (). MS (m/z) 815 [M+H]".

Example 186

[1348]

HATU, DMF, TEA

Zn(CN),, DMF

Pd(PPhy),
AN HCl,
dioxane
185C
Synthesis of (S)-tert-butyl (1-(5-(4-chloro-1-methyl-
3-(methylsulfonamido)-1H-indazol-7-y1)-[3,3'-bipy-
ridin]-6-y1)-2-(3,5-difluorophenyl)ethyl)carbamate
(185A)
[1345] The title compound as mixture of atropisomers
HATU, DIEA

(185A) was prepared according to the method presented for
the synthesis of compound 177B of Example 177 utilizing
compound 177A and 3-pyridinebronic acid. MS (m/z) 669
[M+H]™".
Synthesis of (S)—N-(7-(6-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-[3,3'-bipyridin]-5-yl)-4-chloro-1-
methyl-1H-indazol-3-yl)methanesulfonamide (185B) 186B

[1346] The title compound as mixture of atropisomers
(185B) was prepared according to the method presented for
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-continued

Synthesis of (S)-tert-butyl (1-(3-(4-chloro-1-methyl-
3-(methyl sulfonamido)-1H-indazol-7-yl)-5-cyan-
opyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)carbam-
ate (186A)

[1349] To a suspension of 177A (140 mg, 0.21 mmol) in
anhydrous/degassed DMF (1.5 ml) was treated with Zn(CN),
(14.7 mg, 0.125 mmol), and tetrakis(triphenylphosphine)pal-
ladium(0) (24.1 mg, 0.021 mmol). The mixture was heated at
90° C. for 16 hours under anitrogen atmosphere. The reaction
mixture was allowed to cool to ambient temperature and
poured into EtOAc (50 ml). The organic layer was washed
with brine, dried (MgSO,), and concentrated under reduced

N,
XS/ x
|
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pressure. The residue was purified on flash column to provide
the title compound as a mixture of atropisomers. MS (m/z)
617 [M+H]".

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-
rophenyl)ethyl)-5-cyanopyridin-3-yl)-4-chloro-1-
methyl-1H-indazol-3-yl)methanesulfonamide hydro-
chloride (186B)

[1350] The title compound (186B) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 21E of Example 21 utilizing
186A. MS (m/z) 517 [M+H]™.

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-5-cyanopyri-
din-2-y1)-2-(3,5-difluorophenyl)ethyl)-2-((3b-S,
4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c]
pyrazol-1-yl)acetamide (186C)

[1351] The title compound (186C) was prepared as a mix-
ture of atropisomers according to the method presented for
the synthesis of compound 10A of Example 10 utilizing 186B
and 2-((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,
S-tetrahydro-1H-cyclopropa| 3,4]cyclopental 1,2-c]pyrazol-
1-yDacetic acid. MS (m/z) 763 [M+H]".

Synthesis of 5-(4-chloro-1-methyl-3-(methylsulfona-
mido)-1H-indazol-7-y1)-6-((S)-1-(2-((3bS,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropal3.,4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamido)-2-(3,5-difluorophenyl)ethyl)nicotinamide
(186D)

[1352] To a suspension of 186C (21 mg, 0.028 mmol) and
K,CO; (38 mg, 0.28 mmol) in DMSO, H,0, (30 wt. % in
H,0, 0.028 mL, 0.28 mmol) was added to the suspension
slowly. After 10 minutes, the mixture was filtered and purified
by reverse phase HPLC to provide the title compound as a
mixture of atropisomers. 'H NMR (400 MHz, Methanol-d4)
'"H NMR (400 MHz, Methanol-d4) 8 9.26 (1), 8.73 (1), 8.14
(dd), 7.31-7.14 (m), 7.09 (d), 6.77 (1t), 6.72 (1), 6.68-6.59 (m),
6.49-6.30 (m), 5.35-5.25 (m), 5.08-5.00 (m), 4.78-4.68 (m),
3.25 (d), 3.18-3.09 (m), 3.05-2.93 (m), 2.65 (s), 2.44 (ddd),
1.39 (dg), 1.01 (h). MS (m/z) 781 [M+H]*.

Example 187
[1353]

F
O Br
N X
F |
Br /
Cu(OTH,, DCM i HCl, MeOH
7~ _ =
i
O Br
ClZn I\i =
Br /
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F F
HO
Boc,0, DIPEA %;_
H
H,N DCM N
Boc/
PACly(PPhy)s,
Cul, NEt,
Br Br > 3
N N X 2-MeTHF
Br / Br /
187B 187C

TFA
19D DCM
—_— —_—
PdCl,(PPhg),,
NaHCO;3,
1,4-dioxane
187D 187E

OH

HATU, NEt;, DMA

187F
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-continued

Synthesis of (S)—N—((S)-1-(3,6-dibromopyridin-2-
y1)-2-(3-fluorophenyl)ethyl)-2-methylpropane-2-
sulfinamide (187A)

[1354] To a solution of (S,Z)—N-((3,6-dibromopyridin-2-
yDmethylene)-2-methylpropane-2-sulfinamide (1.0 g, 2.717
mmol) and Cu(OTf), (49.1 mg, 0.136 mmol) in DCM (10
ml) was added 3-fluorobenzyl zinc chloride (0.5M in THEF,
7.6 mL, 3.803 mmol) dropwise over 7 minutes at 0° C. The
reaction mixture was stirred at 0° C. for 1 hour, then quenched
with saturated aqueous NH,Cl and diluted with EtOAc. The
organic layer was collected, and the aqueous layer was
extracted an additional time with EtOAc. The combined
organic layers were dried over Na,SO,, filtered, concen-
trated, and purified by silica gel column chromatography to
provide the title compound 187A. MS (m/z) 476.93, 478.84,
480.79 [M+H]".

Synthesis of (S)-1-(3,6-dibromopyridin-2-y1)-2-(3-
fluorophenyl)ethanamine (187B)

[1355] To a solution of (S)—N—((S)-1-(3,6-dibromopyri-
din-2-y1)-2-(3-fluorophenyl)ethyl)-2-methylpropane-2-sul-
finamide (187A, 714.2 mg, 1.493 mmol) in MeOH (3.7 mL)
was added HCI (4M in 1,4-dioxane, 3.7 mL, 14.93 mmol).
The reaction mixture was stirred at room temperature for 30
minutes. Upon completion, the reaction mixture was concen-
trated in vacuo to provide the title compound 187B, which
was used without purification. MS (m/z) 373.08, 374.92,
376.86 [M+H]".

Synthesis of (S)-tert-butyl (1-(3,6-dibromopyridin-2-
y1)-2-(3-fluorophenyl)ethyl)carbamate (187C)

[1356] To asolution of (S)-1-(3,6-dibromopyridin-2-y1)-2-
(3-fluorophenyl)ethanamine (1878, 558.62 mg, 1.493 mmol)
in DCM was added DIPEA (0.52 mL, 2.987 mmol). The
reaction mixture was cooled to 0° C., then Boc,O (358.6 mg,
1.643 mmol) was added. The reaction mixture was warmed to
room temperature and stirred at room temperature for 2.5
hours. Upon completion, the reaction mixture was concen-
trated in vacuo and purified by silica gel column chromatog-
raphy to provide the title compound 187C. MS (m/z) 472.71,
474.68, 476.68 [M+H]".

187G

Synthesis of (S)-tert-butyl (1-(3-bromo-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3-
fluorophenyl)ethyl)carbamate (187D)

[1357] A solutionof (S)-tert-butyl (1-(3,6-dibromopyridin-
2-y1)-2-(3-fluorophenyl)ethyl)carbamate (187C, 200.0 mg,
0.422 mmol) in 2-MeTHF was degassed by bubbling argon
for 60 seconds. To the degassed solution were added NEt;,
(0.18 ml., 1.268 mmol) and 2-methyl-3-butyn-2-ol (62 uL,
0.633 mmol) followed by Cul (2.4 mg, 0.013 mmol) and
PdC1,(PPh;), (8.9 mg, 0.013 mmol). The reaction mixture
was stirred at room temperature for 30 minutes. Upon
completion, the reaction mixture was diluted with water and
extracted three times with EtOAc. The combined organic
layers were dried over Na,SO,, filtered, concentrated in
vacuo, and purified by silica gel column chromatography to
provide the title compound 187D. MS (m/z) 476.91, 478.83

[M+H]".

Synthesis (S)-tert-butyl (1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3-
fluorophenyl)ethyl)carbamate (187E)

[1358] (S)-tert-butyl (1-(3-bromo-6-(3-hydroxy-3-methyl-
but-1-yn-1-yl)pyridin-2-y1)-2-(3-fluorophenyl)ethyl)car-
bamate (187D, 189.7 mg, 0.397 mmol), N-(4-chloro-1-me-
thyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
indazol-3-yl)methanesulfonamide (19D, 214.6 mg, 0.556
mmol), and PdCL,(PPh,), (27.9 mg, 0.04 mmol) were taken
in 1,4-dioxane (10 mL) and NaHCO, (1 M in water, 1.19 mL,
1.19 mmol). The resulting solution was degassed by bubbling
argon for 5 minutes, then the reaction flask was sealed and the
reaction heated at 150° C. for 20 minutes in a microwave
reactor. Upon cooling, the reaction mixture was filtered, con-
centrated in vacuo, and purified by silica gel column chroma-
tography to provide the title compound 187E as a mixture of
atropisomers. MS (m/z) 655.92 [M+H]*.

Synthesis of (S)—N-(7-(2-(1-amino-2-(3-fluorophe-
nyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyri-
din-3-yl)-4-chloro-1-methyl-1H-indazol-3-yl)meth-
anesulfonamide (187F)

[1359] To asolution of (S)-tert-butyl (1-(3-(4-chloro-1-me-

thyl-3-(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
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droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3-fluorophe-
nyl)ethyl)carbamate (187E, 257.3 mg, 0.392 mmol) in DCM
(4 mL) was added TFA (4 mL). The reaction mixture was
stirred at room temperature for 1 hour 15 minutes. Upon
completion, the reaction mixture was concentrated in vacuo
to provide the title compound 187F as a mixture of atropiso-
mers which was used without further purification. MS (m/z)
556.15 [M+H]".

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3-
fluorophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (187G)

[1360] To a solution of (S)—N-(7-(2-(1-amino-2-(3-fluo-
rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)pyri-
din-3-yl)-4-chloro-1-methyl-1H-indazol-3-yl)methane-

187F

sulfonamide (187F, 218.0 mg, 0.392 mmol) in DMA (3 mL)
was added NEt; (0.16 mL, 1.176 mmol), 2-((3bS,4aR)-5,5-
difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclo-
propa[3,4]|cyclopenta| 1,2-c]pyrazol-1-ylacetic acid (77.5
mg, 0.274 mmol), then HATU (104.4 mg, 0.274 mmol) at
room temperature. The reaction mixture was stirred at room
temperature for 15 minutes. Upon completion, the reaction
mixture was filtered and purified by reverse phase HPLC.
Fractions containing the product were pooled and lyophilized
to give the title compound 187G as a mixture of atropisomers.
'HNMR (400 MHz, Methanol-d,) 8 8.80-8.70 (m), 7.65 (dd),
7.51 (dd), 7.22-7.11 (m), 6.99 (d), 6.96-6.89 (m), 6.77 (1),
6.60-6.46 (m), 6.15-6.07 (m), 5.37-5.25 (m), 5.02-4.93 (m),
4.84(s),4.80(s),4.78 (s),4.74 (s),3.26 (5),3.23 (5),3.21-3.11
(m), 3.04-2.94 (m), 2.82 (s), 2.61-2.39 (m), 1.65 (s), 1.50-1.
35 (m), 1.19-1.12 (m), 1.11-1.02 (m). MS (m/z) 820.12
[M+H]".

Example 188

[1361]

HATU, TEA, DMA

188
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Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3-
fluorophenyl)ethyl)-2-((3b-S,4aR)-3-
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[1,2-c]pyrazol-1-yl)
acetamide (188)

[1362] Thetitle compound (188) was prepared as a mixture
of atropisomers according to the method presented for the
synthesis of compound 187G of Example 187 utilizing
2-((3b8S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tet-
rahydro-1H-cyclopropa[3.,4]cyclopenta[1,2-c]pyrazol-1-yl)

acetic acid. '"H NMR (400 MHz, Methanol-d,) 8 8.72-8.62
(m), 7.65 (dd), 7.57-7.44 (m), 7.33 (dd), 7.22-7.11 (m), 6.99
(d),6.98-6.65 (m), 6.61-6.46 (m), 6.14 (d), 6.13 (d), 5.31 (dd),
4.96(dd),4.79(s),4.74 (s), 4.72 (5), 4.68 (5),3.26 (5),3.22 (s),
3.20-3.11 (m), 3.04-2.92 (m), 2.83 (s), 2.55-2.39 (m), 1.65
(s), 1.45-1.32 (m), 1.15-1.07 (m), 1.07-0.98 (m). MS (m/z)
802.15 [M+H]".

Example 189

[1363]

189

ZT
=

Synthesis of (S)-2-(3,5-bis(difluoromethyl)-1H-pyra-
701-1-y1)-N-(1-(3-(4 chloro-1-methyl-3-(methylsul-
fonamido)-1H-indazol-7-y1)-6-(3-hydroxy-3-methyl-
but-1-yn-1-yl)pyridin-2-y1)-2-(3,5-difluorophenyl)
ethyl)acetamide (189)

[1364] Thetitle compound (189) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(3,5-bis
(difluoromethyl)-1H-pyrazol-1-yl)acetic acid. 'HH NMR (400
MHz, Methanol-d,) 8 7.70 (dd), 7.53 (dd), 7.18 (q), 7.07 (d),
7.01-6.56 (m), 6.42 (d), 6.40-6.31 (m), 5.26 (dd), 5.04-4.86
(m), 3.25 (s), 3.21 (s), 3.15 (dd), 3.04-2.93 (m), 1.64 (s). MS
(m/z) 783.1 [M+H]".
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Example 190

[1365]

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(3-(triftuoromethyl)-4,5-
dihydropyrano[3,4-c]pyrazol-1(7H)-yl)acetamide
(190)

[1366] Thetitle compound (190) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(3-(trif-
luoromethyl)-4,5-dihydropyrano|3.4-c|pyrazol-1(7H)-yl)
acetic acid. 'H NMR (400 MHz, Methanol-d,) 8 7.71 (dd),
7.53 (dd), 7.17 (q), 7.09 (d), 6.82-6.69 (m), 6.68-6.59 (m),
6.42 (dd), 5.28-5.19 (m), 5.01-4.92 (m), 4.69 (1), 4.52 (s),
3.92-3.78 (m), 3.25 (d), 3.20-3.09 (m), 3.01 (s), 2.96 (dd),
2.73-2.59 (m), 1.64 (s). MS (nv/z) 807.0 [M+H]*.

Example 191

[1367)]

191
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Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(5-cyclopropyl-3-
(trifluoromethyl)-1H-pyrazol-1-yl)acetamide (191)

[1368] Thetitle compound (191) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(5-cy-
clopropyl-3-(trifluoromethyl)-1H-pyrazol-1-yl)acetic  acid.
'"HNMR (400 MHz, Methanol-d,) 8 7.71 (dd), 7.53 (dd), 7.27
(d),7.17 (d), 7.10 (d), 6.80-6.72 (m), 6.67-6.58 (m), 6.52 (d),
6.45-6.33 (m), 6.24 (s), 6.19 (s), 5.37-5.22 (m), 5.05-4.95
(m), 4.90 (d), 3.23 (d),3.21-3.08 (m), 3.05 (s), 3.03-2.93 (m),
1.64 (s), 1.59-1.47 (m), 1.04-0.90 (m), 0.69-0.55 (m). MS
(m/z) 791.0 [M+H]".

Example 192

[1369]

192

HO

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(5-hydroxy-2-methyl-1H-
indol-3-ylacetamide (192)

[1370] Thetitle compound (192) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(5-hy-
droxy-2-methyl-1H-indol-3-yl)acetic acid. '"H NMR (400
MHz, Methanol-d,) 8 7.63 (dd), 7.46 (dd), 7.13-7.03 (m),
7.03-6.92 (m), 6.74-6.54 (m), 6.46 (d), 6.35 (d), 6.26 (d),
5.29-5.18 (m), 5.04-4.89 (m), 3.47 (d), 3.43 (s), 3.22 (d),
3.18-3.08 (m), 2.97 (s), 2.95-2.75 (m), 2.31 (s), 2.28 (s), 1.65
(s). MS (m/z) 761.5 [M+H]".
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Example 193

[1371]

193

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(5-fluoro-1H-indol-3-y1)
acetamide (193)

[1372] Thetitle compound (193) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(5-
fluoro-1H-indol-3-yl)acetic acid. 'H NMR (400 MHz,
Methanol-d,) 8 7.63 (d), 7.53-7.43 (m), 7.34-7.24 (m), 7.18-
7.06 (m), 7.02 (dd), 6.91-6.77 (m), 6.74-6.64 (m), 6.64-6.56
(m), 6.49 (d), 6.43-6.30 (m), 5.26-5.16 (m), 5.05-4.95 (m),
3.64-3.39 (m), 3.24 (s), 3.23 (s), 3.14-2.80 (m), 1.64 (s). MS
(m/z) 749.5 [M+H]".

Example 194

[1373]

194
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Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(5-methoxy-1H-pyrrolo|3,2-
blpyridin-3-yl)acetamide (194)

[1374] Thetitle compound (194) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(5-meth-
oxy-1H-pyrrolo[3,2-b]pyridin-3-ylacetic acid. 'H NMR
(400 MHz, Methanol-d,) § 8.32-8.20 (m), 7.77-7.59 (m),
7.56-7.49 (m), 7.17 (dd), 7.09-6.97 (m), 6.94 (d), 6.72 (d),
6.57-6.48 (m), 6.38 (d), 6.29 (d), 5.29-5.17 (m), 5.12-5.00
(m), 4.18-4.14 (m), 4.03 (d), 3.69-3.45 (m), 3.29-3.18 (m),
3.20-3.03 (m), 3.03-2.90 (m), 1.65 (s). MS (m/z) 762.3
[M+H]".

Example 195

[1375]

195

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-phenylpropanamide (195)

[1376] Thetitle compound (195) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-phenyl-
propanoic acid. "H NMR (400 MHz, Methanol-d,) & 7.71
(dd), 7.63-7.42 (m), 7.37-7.05 (m), 6.81-6.72 (m), 6.69 (d),
6.67-6.52 (m), 6.49 (d), 6.47-6.39 (m), 6.35-6.24 (m), 5.28-
5.22 (m), 5.08-5.00 (m), 5.00-4.95 (m), 3.72-3.49 (m), 3.39
(s), 3.29-3.22 (m), 3.18-2.95 (m), 2.91 (s), 2.88-2.84 (m),
2.81 (s), 1.64 (s), 1.35 (dd), 1.32-1.19 (m). MS (/z) 706.8
[M+H]™".
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Example 196

[1377]

196

- F F
N
O O
H
N,
(@] H 0
N N, /
| AN S//
i
(6]

HO 4

Synthesis of N—((S)-1-(3-(4-chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(4,7-dimethyl-2-oxoindolin-
3-yDacetamide (196)

[1378] Thetitle compound (196) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(4,7-
dimethyl-2-oxoindolin-3-yl)acetic acid. 'H NMR (400 MHz,
Methanol-d,) 8 7.69-7.61 (m), 7.61-7.41 (m), 7.16 (d), 7.12-
7.06 (m), 7.03 (d), 6.89-6.76 (m), 6.76-6.68 (m), 6.67 (d),
6.64-6.54 (m), 6.49 (d), 6.43-6.36 (m), 6.34 (d), 5.18 (s),
5.14-5.06 (m), 4.83-4.75 (m), 3.67-3.57 (m), 3.57-3.43 (m),
3.36 (s), 3.25 (dd), 3.21-3.11 (m), 3.10-2.97 (m), 2.97-2.68
(m), 2.35-2.06 (m), 1.71-1.59 (m). MS (m/z) 776.1 [M+H]".

Example 197

[1379]

197

HO
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Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(4-ethylpiperazin-1-yl)
acetamide (197)

[1380] Thetitle compound (197) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(4-eth-
ylpiperazin-1-yl)acetic acid. '"H NMR (400 MHz, Methanol-
d,)87.75 (dd), 7.54 (dd), 7.35(d), 7.27 (d), 7.20 (d), 6.82 (d),
6.80-6.73 (m), 6.69-6.62 (m), 6.50-6.37 (m), 5.47-5.39 (m),
5.07 (dd), 3.40 (s), 3.27 (s), 3.23-2.87 (m), 1.63 (s), 1.35 (td).
MS (m/z) 729.0 [M+H]*.

Example 198

[1381]

198

HO

Synthesis of (S)-2-(benzo[d]isoxazol-3-y1)-N-(1-
(3-(4 chloro-1-methyl-3-(methylsulfonamido)-1H-
indazol-7-y1)-6-(3-hydroxy-3-methylbut-1-yn-1-yl)
pyridin-2-y1)-2-(3,5-difluorophenyl)ethyl)acetamide
(198)

[1382] Thetitle compound (198) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(benzo
[d]isoxazol-3-yl)acetic acid. "H NMR (400 MHz, Methanol-
d,) 9 7.72-7.63 (m), 7.60 (d), 7.59-7.49 (m), 7.37-7.30 (m),
7.31-7.24 (m), 7.16 (d), 7.11 (d), 7.00 (d), 6.74-6.66 (m), 6.58
(d), 6.47-6.38 (m), 5.30-5.22 (m), 5.07-4.95 (m), 3.93-3.76
(m),3.24(s),3.21-3.10(m), 3.08-2.93 (m), 1.65 (s). MS (m/z)
733.2 [M+H]".
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Example 199

[1383]

199

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(5,6-dimethyl-1H-benzo[d]
imidazol-1-yl)acetamide (199)

[1384] Thetitle compound (199) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(5,6-
dimethyl-1H-benzo[d]imidazol-1-yl)acetic acid. "H NMR
(400 MHz, Methanol-d,) 8 9.19 (s), 9.07 (s), 7.74 (dd), 7.63-
7.50 (m), 7.49-7.33 (m), 7.27 (s), 7.24-6.99 (m), 6.74-6.56
(m), 6.47-6.34 (m), 5.38-5.29 (m), 5.22-4.91 (m), 4.03 (s),
3.25 (d), 3.23-3.19 (m), 3.14 (s), 3.09-2.95 (m), 2.52-2.38
(m), 1.65 (s). MS (m/z) 761.1 [M+H]*.

Example 200

[1385]

200

pgan)
=
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Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-(naphthalen-2-yl)acetamide
(200)

[1386] Thetitle compound (200) was prepared as a mixture
of atropisomers according to the method presented in the
synthesis of 10A in Example 10 utilizing 19F and 2-(naph-
thalen-2-yl)acetic acid. 'H NMR (400 MHz, Methanol-d,) &
7.86-7.69 (m), 7.69-7.62 (m), 7.59 (s), 7.55-7.49 (m), 7.50-
7.37 (m), 7.34 (d), 7.25-7.19 (m), 7.10 (dd), 6.99 (d), 6.84 (d),
6.71-6.62 (m), 6.60-6.57 (m), 6.55 (dd), 6.47-6.34 (m), 5.24-
5.16 (m), 5.02 (1), 3.64-3.44 (m), 3.24 (s), 3.20 (s), 3.18-3.11
(m), 3.10 (d), 3.03-2.93 (m), 1.64 (s). MS (m/z) 742.8
[M+H]™".

Example 201

Large scale preparation of (S)—N-(1-(3-(4 chloro-1-
methyl-3-(methylsulfonamido)-1H-indazol-7-y1)-6-
(3-hydroxy-3-methylbut-1-ynyl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)-2-((3b-S,4aR)-5,5-difluoro-3-
(difluoromethyl)-3b.4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)

acetamide (19G)
[1387]
K,Cr,05,
Et,Zn, CH,L H,S0,4
_— _—
DCM, H,0
OH 0° C.~rt. OH TBME,
overnight 0° C.~rt.
19AA 19AB 5h
CHF,COEt
LDA THF
78° ~rt
19AC
FHC
o NHNIHMH,0
B —
EtOH, reflux,
18h
@]
19AD
CHF,
BrCH,CO»Et, Cs>CO3
DMF, r.t., 3 h
19AE
CHF,
\ PDC, TBHP, celite
/ cyclohexane, r.t., 4 d
\\COZEt
19AF

255
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2
HS
| N N _ NS
/ BF322AcOH, DCM
N tt,12h
d \_
CO,Et
19AG
CHF,

DBDMH, HF/Pyr.
_—
DCM, -78~-30° C.,

\N
g 3h
\_

LiOH, THF, MeOH
R —

\ N
/ rt,3h
N
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CO,Et
19A1
CHF,
| \ N SFC Separation
/
N
F F \\
COH
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CHF, CHF,
@&
+ | N
O] /
N
F F \\
COH
19AK 19AL

Synthesis of bicyclo[3.1.0]hexan-3-o0l (19AB)

[1388] Et,Zn (1M in hexane, 2.37 L, 2.37 mol) was added
drop-wise to a solution of compound 19AA (100 g, 1.19 mol)
in DCM (800 ml) under N, at 0-5° C. The mixture was stirred
at 0-5° C. for 30 min, then CH,1, (636 g, 2.37 mol) in DCM
(200 ml) was added drop-wise in 1 h at 0-5° C. The resulting
mixture was stirred at room temperature overnight. The mix-
ture was added slowly to ice-cold aq. NH,C1 (1.5 L). The
mixture was filtered. The aqueous phase was extracted with
DCM (2L.x3). The combined organic layer was dried over
MgSO,, concentrated in vacuo to give crude residue, which
was purified by distillation (20 mmHg, 80° C.-82° C.) to give
compound 19AB. 'H NMR: (400 MHz, CDCL,) & 4.35 (t,
J=6.4 Hz, 1H), 2.10-2.06 (m, 2H), 1.70 (d, J=14.0 Hz, 2H),
1.65 (s, 1H), 1.27-1.24 (m, 2H), 0.52-0.47 (m, 2H).

Synthesis of bicyclo[3.1.0]hexan-3-one (19AC)

[1389] To asolution of K,Cr,0O, (240 g, 0.82 mol) in H,O
(2 L), H,80, (240 g, 2.45 mol) was added drop-wise at room
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temperature. The mixture was stirred at room temperature for
1 h. The system was cooled to 0° C., compound 19AB (100 g,
1.02 mol) in TBME (2 L) was added drop-wise. The reaction
mixture was stirred at room temperature for 4 h. The organic
layer was separated. The aqueous layer was extracted with
TBME (1 Lx3). The combined organic layer was dried over
MgSO,, filtered, concentrated in vacuo to give the crude
product, which was purified by distillation (20 mmHg, 60°
C.-62° C.) to give compound 19AC. 'H NMR (400 MHz,
CDCl,) 8 2.57-2.52 (m, 2H), 2.13-2.08 (m, 2H), 1.50-1.47
(m, 2H), 0.88-0.85 (m, 1H), 0.08--0.01 (m, 1H).

Synthesis of
2-(2,2-difluoroacetyl)bicyclo[3.1.0]hexan-3-one
(19AD)

[1390] To the solution of compound 19AC (100 g, 1.04
mol)in THF (1 L), LDA (700 ml, 1.05mol, 1.5M in THF) was
added drop-wise under N, over a period of 2 h. The resulting
mixture was stirred 1 h at =78° C. Ethyl difluoroacetate (142
g, 1.14 mol) in THF (500 ml) was added drop-wise over a
period of 1 h and the reaction was stirred 1 h at =78° C. The
reaction was warmed to room temperature and stirred for 4 h.
The reaction was quenched by aqueous 1N HCI1 (1.5 L) and
then partitioned between EA (1.0 L) and aqueous citric acid
(300 ml). The organic layer was separated and washed with
brine. Solvents were removed in vacuo to give compound
19AD which was used for the next step without further puri-
fication. "H NMR (400 MHz, CDCl,) 8 6.17 (t, ]=53.6 Hz,
1H), 2.78-2.73 (m, 1H), 2.44-2.39 (m, 1H), 2.25-2.24 (m,
1H), 1.70-1.69 (m, 1H), 1.22-1.14 (m, 1H), 0.31-0.27 (m,
1H).

Synthesis of 3-(difluoromethyl)-3b,4,4a,5-tetrahy-
dro-1H-cyclopropa[3,4]cyclopenta[ 1,2-c|pyrazole
(19AE)

[1391] N,H,.H,O (104 g, 2.08 mol) was added drop-wise
in 30 min to the solution of compound 19AD (380 g, 2.08
mol) in EtOH (4 L) at room temperature The mixture was
stirred at reflux overnight. The mixture was concentrated in
vacuo then purified by silica gel column chromatography
(PE:EA=10:1-5:1) to give compound 19AE. MS (m/z): 171.1
[M+H]*. "H NMR (400 MHz, CDCls) § 6.74 (t, ]=55.6 Hz,
1H), 2.99-2.94 (m, 1H), 2.82-2.78 (m, 1H), 2.13-2.07 (m,
2H), 1.14-1.08 (m, 1H), 0.30-0.27 (m, 1H).

Synthesis of ethyl 2-(3-(difluoromethyl)-3b,4,4a,5-
tetrahydro-1H-cyclopropal3,4]cyclopenta[ 1,2-c]
pyrazol-1-ylacetate (19AF)

[1392] To a solution of compound 19AE (201 g, 1.18 mol)
in DMF (2 L), ethyl bromoacetate (207 g, 1.24 mol) and
Cs,CO; (404 g, 1.24 mol) were added in one portion at room
temperature. The mixture was stirred at room temperature for
3 h. The mixture was poured into H,O (4 L) and then extracted
with EA (2 Lx3). The combined organic phase was washed
with brine (2 Lx3), dried over MgSO,, and concentrated in
vacuo. The crude product was purified by silica gel column
chromatography (PE:EA=20:1-8:1)to obtain amixture of N1
and N2 alkylation isomers. An additional purification from
PE/EA (10/1) provided compound 19AF. MS (m/z): 257.1
[M+H]*. 'H NMR (400 MHz, CDCl,) 8 6.61 (t, 1=55.2 Hz,
1H), 4.70 (dd, J=17.2, 11.2 Hz, 2H), 4.23 (q, J=7.2 Hz, 2H),
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2.91 (dd, J=16.0, 6.0 Hz, 1H), 2.72 (d, J=16.4 Hz, 1H),
2.17-2.09 (m, 1H), 1.28 (t, J=7.2 Hz, 3H), 1.10-1.07 (m, 1H),
0.33-0.30 (m, 1H).

Synthesis of ethyl 2-(3-(difluoromethyl)-5-0x0-3b.4,
4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-
clpyrazol-1-ylacetate (19AG)

[1393] Compound 19AF (102 g, 0.39 mol) and celite 545
(390 g) were added to cyclohexane (3.5 L) and the mixture
was stirred at 10° C. PDC (599 g, 1.59 mol) was added in one
portion followed by TBHP (289 ml, 1.59 mol) drop-wise in
30 min at 10° C. The reaction was slowly warmed to room
temperature and stirred for 4 days. The reaction was filtered
through celite and filter cake was washed with EtOAc (600
ml). The combined organic layer was stirred with saturated
aqueous Na,S,0; (1000 ml) for 1 h. The organic layer was
separated and treated with half saturated FeSO, (300 ml),
washed with brine and dried over Na,SO,. Solvents were
removed in vacuo to give crude product, which was addition-
ally purified from PE (300 ml) to give compound 19AG. MS
(m/z): 271.1 [M+H]*. *"H NMR (400 MHz, CDCl,) § 6.67 (t,
J=54.8 Hz, 1H), 4.94 (s, 2H), 4.23 (q, ]=7.2 Hz, 2H), 2.79-2.
78 (m, 1H), 2.59-2.56 (m, 1H), 1.70-1.65 (m, 2H), 1.28 (t,
J=6.8 Hz, 3H).

Synthesis of ethyl 2-(3-(difltuoromethyl)-4,4a-dihy-
drospiro[cyclopropal3,4]cyclopenta| 1,2-c|pyrazole-
5,2'-[1,3]dithiolane]-1(3bH)-yl)acetate (19AH)

[1394] To compound 19AG (148.5 g, 0.55 mol) in DCM
(2.0 L) was added ethane-1,2-dithiol (88.0 g, 0.94 mol) in one
portion and the solution was stirred at room temperature.
BF;.2AcOH (175.8 g, 0.94 mol) was added to above solution.
The reaction was stirred at room temperature for 12 h. The
system was cooled to 0° C. and quenched with saturated
aqueous NaHCO; (1000 ml). The organic layer was sepa-
rated, washed with brine (500 ml) and dried over Na,SO,.
Solvents were removed in vacuo and the residue was purified
by silica gel column chromatography (PE:EtOAc=30:1-10:1)
to provide compound 19AH. MS (m/z): 347.1 [M+H]*. ‘H
NMR (400 MHz, CDCl,) § 6.61 (t, J=55.0 Hz, 1H), 4.90 (dd,
J=17.2,10.8 Hz, 2H), 4.21 (q, J=4.8 Hz, 2H), 3.51-3.45 (m,
4H), 2.60-2.58 (m, 1H), 2.43-2.42 (m, 1H), 1.29-1.23 (m,
4H), 0.63-0.61 (m, 1H).

Synthesis of ethyl 2-(3-(difluoromethyl)-5,5-dif-
luoro-3b,4,4a,5-tetrahydro-1H-cyclopropal[3,4|cyclo-
penta[ 1,2-c]pyrazol-1-yl)acetate (19AI)

[1395] A solution of DBDMH (99 g, 0.35 mol) in dry DCM
(120 mL) was cooled to =78° C. in a teflon bottle. HF/Py (120
ml) was added drop-wise over a period of 30 min. The
reaction was stirred at —=78° C. for 30 min. Then a solution of
compound 19AH (40 g, 0.12 mol) in dry DCM (80 mL) was
added drop-wise over a period of 15 min at -78° C. The
resulting mixture was stirred for 30 min at this temperature,
then slowly warm to —30° C. and stirred for 1.5 h. The reaction
mixture was slowly poured into aq. NaHCO, (500 mL) and
extracted with EA (500 m[.x3). The combined organic layer
was washed with 10% aq. Na,S,0, (500 mL), brine (500 mL)
and dried over Na,SO,. Solvents were removed in vacuo to
afford the crude product, which was further purified by col-
umn chromatography (PE:EA=80:1 to 50:1) to give com-
pound 19A1. MS (m/z): 293.2 [M+H]*. "H NMR (400 MHz,
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CDCly) 8 6.63 (t, 1=54.8 Hz, 1H), 4.83 (s, 2H), 4.24 (q, I=7.2 —continued
Hz, 2H), 2.48-2.45 (m, 2H), 1.38-1.36 (m, 1H), 1.28 (1, I=7.2 v
Hz, 3H), 1.13-1.12 (m, 1H). MgBr

Synthesis of 2-(3-(difltuoromethyl)-5,5-difluoro-3b,4,
4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2- s N\ i
clpyrazol-1-ylacetic acid (19A]) I
. ) o ~ 78°C.,2h

[1396] Toasolutionofcompound 19A1(50g, 171 mmol)in N
THF (87.5 mL) and MeOH (350 mL.) was added the solution |
of LiOH (6.2 g, 257 mmol) in H,O (350 mL). The mixture Br A
was stirred at 20° C. for 3 h. The mixture was concentrated to
remove most of THF and MeOH, the aqueous was acidified
by IN HCI to adjust pH to 2-3, then extracted with EA (600
ml.x2). The organic phase was separated and combined,
dried over Na,SO,, filtered and concentrated in vacuum to
give compound 19AJ.

THF

5C

HCledioxane
—_—
2-((3b-S,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,
4a,5-tetrahydro-1H-cyclopropa[3.4]cyclopenta[1,2-
clpyrazol-1-ylacetic acid (19AK) and 2-((3bR,4aS)-
3-(difluvoromethyl)-5,5-difluoro-3b,4,4a,5-
tetrahydro-1H-cyclopropal3,4]cyclopenta[ 1,2-c]
pyrazol-1-ylacetic acid (19AL)

[1397] Compound 19AJ was separated by SFC (ChiralPak
1C-10 u, 300x50 mm 1.D., mobile phase: CO, isopropanol
(0.1% NH;H,0),35% gradient, 200 m[. min flow rate, 38° C.
column temperature, detection at 220 nm) to give compound
19AK (79.3 g) and 19AL (80.8 g). 19AK: MS (m/z): 265.0
[M+H]*; 'H NMR: (400 MHz, DMSO-d) & 13.43 (br, 1H),
7.04 (t, J=54.0 Hz, 1H), 4.99-4.87 (m, 2H), 2.62-2.57 (m,
2H), 1.46-1.41 (m, 1H), 0.96 (s, 1H). 19AL: MS (m/z): 265.0

Boc,O
[M+H]*; *H NMR: (400 MHz, DMSO-d,) d 13.42 (br, 1H), TEA BoM
7.04 (1, 1=54.0 Hz, 1H), 4.99-4.88 (m, 2H), 2.63-2.51 (m, —_—

2H), 1.46-1.41 (m, 1H), 0.97 (s, 1H).

NBS,
Benzoyl peroxide
Br CCl
N AN 4 5E
| RT, 20 h, visible light
Br /
Br Br
AgNO3, EtOH:H,O F F
Br .
N X 80°C., 6 h

| OH %
Br A /(
SA BocHN,

Pd(PPh3),Cls, Cul

o) (8)-2-methylpropane- TEA, THF
/ ~ . Br ?
2-sulfinamide \
N
B CuSO,, DCM |
T
N RT, 16h F
| Br
F 14A
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-continued

14B

Synthesis of
3,6-dibromo-2-(dibromomethyl)pyridine (5A)

[1398] To a stirred solution of 3,6-dibromo-2-methylpyri-
dine (200.0 g, 797.06 mmol) in CCl, (4000 mL), benzoyl
peroxide (192.89 g, 797.06 mmol) followed by NBS (565.0 g,
3188.0 mmol) was added at room temperature. After addition
was completed, the resulting reaction mixture was stirred in
presence of white light 400 watt bulb at room temperature for
20h. The reaction mixture was stirred at room temperature for
20h. The reaction mixture was filtered and washed with CCl,
(2x800 mL). The filtrate was evaporated under reduced pres-
sure which was further purified by column chromatography
on silica gel using 0-5% EA in hexane as an eluent to afford
compound 5A. MS (m/z): 409.66 [M+H]".

Synthesis of 3,6-dibromopicolinaldehyde (5B)

[1399] To a solution of compound 5A (100.0 g, 244.67
mmol) in EtOH (1000 mL) at 80° C., aqueous silver nitrate
(103.9 g, 611.6 mmol, in 300 ml, water) was added drop-
wise, in 1 h at same temperature. After addition was com-
pleted, the resulting reaction mixture was stirred to reflux for
another 5 h. The reaction mixture was cooled to room tem-
perature and filtered. The filtrate was evaporated under
reduced pressure and the resultant crude was diluted with
water (1000 mL). The aqueous layer was extracted with ethyl
acetate (3x400 mL). The combined organic layers were
washed with water (2x400 mL), dried over sodium sulfate
and distilled off under reduced pressure gave compound 5B.
MS (m/z): 265.96. [M+H]*

Synthesis of (S,Z2)—N-((3,6-dibromopyridin-2-yl)
methylene)-2-methylpropane-2-sulfinamide (5C)

[1400] To astirred solution of compound 5B (68.0 g, 256.7
mmol) in DCM (1400 mL), copper (II) sulfate anhydrous
(102.3 g, 641.75 mmol) was added followed by (S)-2-meth-
ylpropane-2-sulfinamide (37.3 g, 308.0 mmol) at room tem-
perature. The resulting suspension was stirred at room tem-
perature for 16 h. The reaction mixture was filtered and
washed with DCM (100 mL). The eluent was evaporated
under reduced pressure. The resultant crude compound was
recrystallized from diethyl ether (300 mL) to provide com-
pound 5C. MS (m/z) 368.86 [M+H]"

Synthesis of (S)—N—((S)-1-(3,6-dibromopyridin-2-
y1)-2-(3,5-difluorophenyl)ethyl)-2-methylpropane-2-
sulfinamide (5D)

[1401] To astirred solution of compound 5C (20.0 g, 54.33
mmol) in dry THF (300 mL), at -78° C. a solution of 3,5-
difluorobenzylmagnesium bromide (260.8 ml, 0.2M in
ether, 65.20 mmol) was added drop-wise in 1 h at -78° C.
After addition was completed, the resulting reaction mixture
was stirred at —=78° C. for 1 h. The reaction mixture was
quenched with aqueous NH,C1 (200 mL) at same tempera-
ture. Organic layer was separated and aqueous layer was
extracted with EtOAc (3x150 mL). The combined organic
layers were washed with water (2x200 mL) and brine, dried
over Na,SO,. The solvent was distilled off under reduced
pressure and the resultant crude compound was purified by
column chromatography on silica-gel using 0-18% EA in
hexane as an eluent to provide compound 5D. MS (m/z)
496.99 [M+H]*

Synthesis of (S)-1-(3,6-dibromopyridin-2-y1)-2-(3,5-
difluorophenyl)ethanamine hydrochloride (5E)

[1402] To a solution of compound 5D (53 g, 107 mmol) in
methanol (100 mL.) was slowly added 4 N HCl in dioxane (30
ml) at room temperature. Upon completion of the reaction,
the volatiles were removed in vacuo. The resulting solid was
suspended in ether (200 mL) and collected by filtration to
provide compound 5E. MS (m/z) 393.17 [M+H]*

Synthesis of (S)-tert-butyl 1-(3,6-dibromopyridin-2-
y1)-2-(3,5-difluorophenyl)ethylcarbamate (14A)

[1403] Toasuspension of compound SE (5 g, 11.7 mmol)in
DCM (50 mL) was added di-tert-butyl dicarbonate (3.1 g, 14
mmol) and triethylamine (2.4 g, 23 mmol) at room tempera-
ture. Upon completion of the reaction, the volatiles were
removed in vacuo. The resulting residue was dissolved in
EtOAc and washed with saturated aqueous ammonium chlo-
ride and brine. The organic layer was dried over sodium
sulfate. The solvent was distilled off under reduced pressure
and the resultant crude compound was purified by column
chromatography on silica-gel using ethyl acetate in hexane as
an ecluent to provide compound 14A. MS (m/z) 492.96
[M+H]*

Synthesis of (S)-tert-butyl (1-(3-bromo-6-(3-hy-
droxy-3-methylbut-1-yn-1-yl)pyridin-2-y1)-2-(3,5-
difluorophenyl)ethyl)carbamate (14B)

[1404] A solution of compound 14A (570 mg, 1.16 mmol),
3-methyl butynol (179 pL, 1.74 mmol), Cul (6 mg, 0.03
mmol), Pd(PPh,),Cl, (20 mg, 0.03 mmol) and triethylamine
(0.5 mL) in THF (2 mL) was degassed with argon for 15 min.
The resulting solution was then heated at 35° C. for 2h. Upon
completion of the reaction, the mixture was filtered through a
pad of celite and washed with ethyl acetate. The combined
organic layers were washed with aqueous NH,Cl, water and
brine, dried over Na,SO,. The solvent was distilled off under
reduced pressure and the resultant crude compound was puri-
fied by column chromatography on silica-gel using ethyl
acetate in hexane as an eluent to provide compound 14B. MS
(m/z) 496.90 [M+H]*
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Synthesis of (S)-tert-butyl 1-(3-(4-chloro-1-methyl-

3-(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-

droxy-3-methylbut-1-ynyl)pyridin-2-y1)-2-(3,5-dif-
luorophenyl)ethylcarbamate (19E)

[1405] To a flask of 14B (4000 mg, 8.075 mmol) in dioxane
(150 mL) and DMF (75 ml) was added N-(4-chloro-1-me-
thyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-in-
dazol-3-yl)methanesulfonamide (3114 mg, 8.075 mmol), IN
sodium bicarbonate (20.2 ml, 20.2 mmol), and dichlorobis
(tricyclohexylphosphine)palladium(II) (715.3 mg, 0.97
mmol). The reaction mixture was degassed by N, for 30
minutes and then moved to oil bath at 150° C. for 45 minutes.
The reaction was cooled to room temperature and filtered.
The filtrate was concentrated and dissolved in EtOAc (300
ml) and washed with brine twice. The organic layer was
dried over sodium sulfate, concentrated and purified by col-
umn chromatography on silica-gel using 50-90% EtOAc in
hexane as an eluent to provide 19E. MS (m/z) 674.7 [M+H]*.

Synthesis of (S)—N-(7-(2-(1-amino-2-(3,5-difluo-

rophenyl)ethyl)-6-(3-hydroxy-3-methylbut-1-ynyl)

pyridin-3-yl)-4-chloro-1-methyl-1H-indazol-3-y1)
methanesulfonamide TFA salt (19FF)

[1406] To aflask of 19E (1 g, 1.48 mmol), 10 mL of 40% of
TFA in dichloromethane was added to the flask. The mixture
was neutralized by NaHCO; (aq) and extracted with EtOAc
(200 mL twice). The organic layer was concentrated and dried
to provide 0.85 g of the desired product 19FF that was used
without further purification. MS (m/z) 574.4 [M+H]".

Synthesis of (S)—N-(1-(3-(4 chloro-1-methyl-3-
(methylsulfonamido)-1H-indazol-7-y1)-6-(3-hy-
droxy-3-methylbut-1-ynyl)pyridin-2-y1)-2-(3,5-dif-
Iuorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-
(difluoromethyl)-3b.4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-y1)
acetamide (19G)

[1407] To a flask of 19FF (850 mg, 1.48 mmol) and DIEA
(0.5 mL, 2.96 mmol) in 20 mL. DMF, 19AK (350 mg, 1.33
mmol) and HATU (507 mg, 1.33 mmol) in 10 mL. of DMF
was added to the mixture slowly at 0° C. The mixture was
diluted with EtOAc¢ (300 mL) and washed with NaHCO;. The
organic layer was concentrated and purify by column chro-

Oct. 9,2014

19G

matography on silica-gel using 50-80% EtOAc in hexane as
an eluent to provide 19G. MS (m/z) 820.8 [M+H]™".

Example 202

[1408] The following illustrate representative pharmaceu-
tical dosage forms, containing a compound of formula I
(‘Compound X’), for therapeutic or prophylactic use in
humans.

(i) Tablet 1 mg/tablet
Compound X = 100.0
Lactose 71.5
Povidone 15.0
Croscarmellose sodium 12.0
Microcrystalline cellulose 92.5
Magnesium stearate 3.0
300.0
(ii) Tablet 2 mg/tablet
Compound X = 20.0
Microcrystalline cellulose 410.0
Starch 50.0
Sodium starch glycolate 15.0
Magnesium stearate 5.0
500.0
(iii) Capsule mg/capsule
Compound X = 10.0
Colloidal silicon dioxide 1.5
Lactose 465.5
Pregelatinized starch 120.0
Magnesium stearate 3.0
600.0
(iv) Injection 1 (1 mg/ml) mg/ml
Compound X = (free acid form) 1.0
Dibasic sodium phosphate 12.0
Monobasic sodium phosphate 0.7
Sodium chloride 4.5
1.0N Sodium hydroxide solution q.s.
(pH adjustment to 7.0-7.5)
Water for injection q.s. ad 1 mL
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(v) Injection 2 (10 mg/ml) mg/ml
Compound X = (free acid form) 10.0
Monobasic sodium phosphate 0.3
Dibasic sodium phosphate 1.1
Polyethylene glycol 400 200.0
1.0N Sodium hydroxide solution q.s.
(pH adjustment to 7.0-7.5)
Water for injection q.s.ad 1 mL
(vi) Aerosol mg/can
Compound X = 20.0
Oleic acid 10.0
Trichloromonofluoromethane 5,000.0
Dichlorodifluoromethane 10,000.0
Dichlorotetrafluoroethane 5,000.0

[1409] The above formulations may be obtained by con-
ventional procedures well known in the pharmaceutical art.
[1410] All references, including publications, patents, and
patent documents are incorporated by reference herein, as
though individually incorporated by reference. The invention
has been described with reference to various specific and
preferred embodiments and techniques. However, it should
be understood that many variations and modifications may be
made while remaining within the spirit and scope of the
invention.

[1411] The use of the terms “a” and “an” and “the” and
similar references in the context of this disclosure (especially
in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indi-
cated herein or clearly contradicted by context. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., such as, preferred, preferably) pro-
vided herein, is intended merely to further illustrate the con-
tent of the disclosure and does not pose a limitation on the
scope of the claims. No language in the specification should
be construed as indicating any non-claimed element as essen-
tial to the practice of the present disclosure.

[1412] Alternative embodiments of the claimed disclosure
are described herein, including the best mode known to the
inventors for practicing the claimed invention. Of these,
variations of the disclosed embodiments will become appar-
ent to those of ordinary skill in the art upon reading the
foregoing disclosure. The inventors expect skilled artisans to
employ such variations as appropriate (e.g., altering or com-
bining features or embodiments), and the inventors intend for
the invention to be practiced otherwise than as specifically
described herein.

[1413] Accordingly, this invention includes all modifica-
tions and equivalents of the subject matter recited in the
claims appended hereto as permitted by applicable law.
Moreover, any combination of the above described elements
in all possible variations thereof is encompassed by the inven-
tion unless otherwise indicated herein or otherwise clearly
contradicted by context.

[1414] The use of individual numerical values is stated as
approximations as though the values were preceded by the
word “about” or “approximately.” Similarly, the numerical
values in the various ranges specified in this application,
unless expressly indicated otherwise, are stated as approxi-
mations as though the minimum and maximum values within
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the stated ranges were both preceded by the word “about” or
“approximately.” In this manner, variations above and below
the stated ranges can be used to achieve substantially the same
results as values within the ranges. As used herein, the terms
“about” and “approximately” when referring to a numerical
value shall have their plain and ordinary meanings to a person
of ordinary skill in the art to which the disclosed subject
matter is most closely related or the art relevant to the range or
element at issue. The amount of broadening from the strict
numerical boundary depends upon many factors. For
example, some of the factors which may be considered
include the criticality of the element and/or the effect a given
amount of variation will have on the performance of the
claimed subject matter, as well as other considerations known
to those of skill in the art. As used herein, the use of differing
amounts of significant digits for different numerical values is
not meant to limit how the use of the words “about” or
“approximately” will serve to broaden a particular numerical
value or range. Also, the disclosure of ranges is intended as a
continuous range including every value between the mini-
mum and maximum values plus the broadening of the range
afforded by the use of the term “about” or “approximately.”
Thus, recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individu-
ally to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incor-
porated into the specification as if it were individually recited
herein. In one aspect, about a value includes and intends that
value per se. For example, about x includes and intends x per
se.

[1415] It is to be understood that any ranges, ratios and
ranges of ratios that can be formed by, or derived from, any of
the data disclosed herein represent further embodiments of
the present disclosure and are included as part of the disclo-
sure as though they were explicitly set forth. This includes
ranges that can be formed that do or do not include a finite
upper and/or lower boundary. Accordingly, a person of ordi-
nary skill in the art most closely related to a particular range,
ratio or range of ratios will appreciate that such values are
unambiguously derivable from the data presented herein.

Embodiments
[1416] Provided below are certain embodiments.
Embodiment I-1
[1417] A compound of formula I:
I
R! R?
H
N
R3aR3b
o] 7!
=
J
[1418] wherein:
[1419] A is a 6-membered monocyclic-heteroaryl with one

or two nitrogen atoms, wherein the 6-membered monocyclic-
heteroaryl is substituted with one Z' group at the position
shown, one Z* group, and optionally substituted with one or
more (e.g., 1 or 2) Z> groups;
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[1420] R' is 6-12 membered aryl, 5-12 membered het-
eroaryl or 3-12 membered heterocycle, wherein any 6-12
membered aryl, 5-12 membered heteroaryl or 3-12 mem-
bered heterocycle of R* is optionally substituted with one or
more (e.g., 1,2, 3, 4 or 5) Z* groups;

[1421] R? is phenyl, 5-membered monocyclic-heteroaryl,
6-membered monocyclic-heteroaryl or (C5-C,)carbocycle,
wherein any phenyl, 5-membered monocyclic-heteroaryl,
6-membered monocyclic-heteroaryl or (C;-C,)carbocycle of
R?is optionally substituted with one or more (e.g., 1,2, 3, 4 or
5) Z° groups;

[1422] each R3** and R*” is independently selected from H,
halogen, (C,-Cyalkyl and (C,-Cj)haloalkyl, or R*“ is
selected from H, (C,-C,)alkyl and (C,-C5)haloalkyl and R**
is selected from —OH and —CN;

[1423] Z'is selected from 6-12 membered aryl, 5-14 mem-
bered heteroaryl and 3-14 membered heterocycle, wherein
any 6-12 membered aryl, 5-14 membered heteroaryl and 3-14
membered heterocycle of Z* is optionally substituted with
one or more (e.g., 1, 2,3, 4 or 5) Z'“ or Z'%;

[1424] each 7'“ is independently selected from (C5-C,)
carbocycle, 6-12 membered aryl, 5-12 membered heteroaryl,
3-12 membered heterocycle, halogen, —CN, —OR™, —OC
(O)R?!, —OC(O)NR?'R™, —SR™, —S(O)R?!, —S(0)

,OH, —S(O)R?', —S(0),NR?R™, - NRYR",
“NR"'COR?!,  —NR™CO,R?!, - NR"CONR?'R",
—NR"'S(0),R?',  —NR"S(0),0R?', —NR"'S(0)

L,NR7'R™, NO,, —C(O)R™', —C(O)OR™, —C(O)NR?'R™*
and —S(0),NR"'COR?", wherein any (C,-C,)carbocycle,
6-12 membered aryl, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z'“ is optionally substituted with
one or more (e.g., 1,2, 3, 4 or 5) Z*< or Z*¥ groups;

[1425] each Z'* is independently selected from (C,-Cg)
alkyl, (C,-Cy)alkenyl and (C,-Cy)alkynyl, wherein any (C, -
Cy)alkyl, (C,-Cy)alkenyl and (C,-Cy)alkynyl of Z*2 is option-
ally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z'©
groups;

[1426] each Z'° is independently selected from (C5-C,)
carbocycle, phenyl, 5-6 membered monocyclic-heteroaryl,
3-7 membered heterocycle, halogen, —CN, —OR™, —OC
(O)RP%, —OC(O)NR?’R™, —SR™, —S(O)R*?, —S(0)

,OH, —S(O)R”  —S(0),NR”R? ~ —NR?R?,
“NR"™COR?2,  —NR™CO,R?2, — NR"™CONR?R™,
—NR">S(0),R?2, —NR">S(0),0R??, —NR”>S

(O,NR?7R™, NO,, —C(O)R™, —C(O)OR™, —C(0O)
NR??R™, halophenyl, 5-6 membered haloheteroaryl, 3-7
membered haloheterocycle and (C,-Cg)heteroalkyl;

[1427] each Z'9 is independently selected from (C,-Cg)
alkyl, (C,-Cy)alkenyl, (C,-Cg)alkynyl and (C,-Cg)haloalkyl;
[1428] each R™ is independently selected from H, (C,-Cy)
alkyl, (C,-Cylalkenyl, (C,-Cy)alkynyl, (C;-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl of R™* is optionally substituted with one or
more (e.g., 1, 2,3, 4 or5) Z' or Z*“ groups, and wherein any
(C,-Cglalkyl, (C,-Cygalkenyl and (C,-Cg)alkynyl of R™ is
optionally substituted with one or more (e.g., 1,2, 3,4 or 5)
7€ groups;

[1429] each R?' is independently selected from (C,-C,)
alkyl, (C,-Cylalkenyl, (C,-Cy)alkynyl, (C;-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, 5-6 membered monocyclic-het-
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eroaryl and phenyl of R?* is optionally substituted with one or
more (e.g., 1,2, 3,4 or5) Z'“ or Z'? groups, and wherein any
(C,-Cylalkyl, (C,-Cglalkenyl and (C,-Cy)alkynyl of R?! is
optionally substituted with one or more (e.g., 1, 2, 3,4 or 5)
7' groups;

[1430] R?'andR™ are each independently selected from H,
(C,-Cyalkyl, (C,-Cgalkenyl, (C,-Cgalkynyl, (C;5-C,)car-
bocycle, 3-7 membered heterocycle, 5-6 membered monocy-
clic-heteroaryl and phenyl, wherein any (C;-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl of R? or R™ is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z' or Z'¢ groups, and
wherein any (C,-Cy)alkyl, (C,-Cy)alkenyl and (C,-Cy)alky-
nyl of R?! or R™ is optionally substituted with one or more
(e.g..1,2,3,40r5)Z* groups, or R?" and R™ together with
the nitrogen to which they are attached form a 5, 6 or 7-mem-
bered heterocycle, wherein the 5, 6 or 7-membered hetero-
cycle is optionally substituted with one or more (e.g., 1, 2, 3,
4 or 5) Z'? or Z' groups;

[1431] each R is independently selected from H, (C,-Cy)
alkyl, (C,-Cgalkenyl, (C,-Cylalkynyl, (C;-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl, phenyl, halophenyl, 5-6 membered monocyclic-ha-
loheteroaryl, 3-7 membered haloheterocycle, (C,-Cg)ha-
loalkyl and (C,-Cy)heteroalkyl;

[1432] each R#? is independently selected from (C,-C,)
alkyl, (C,-Cyalkenyl, (C,-Cgalkynyl, (C5-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl, phenyl, halophenyl, 5-6 membered monocyclic-ha-
lIoheteroaryl, 3-7 membered haloheterocycle, (C,-Cy)ha-
loalkyl and (C,-Cy)heteroalkyl;

[1433] R??and R™*are each independently selected from H,
(C,-Cyalkyl, (C,-Cyalkenyl, (C,-Cylalkynyl, (C;-C,)car-
bocycle, 3-7 membered heterocycle, 5-6 membered monocy-
clic-heteroaryl, phenyl, halophenyl, 5-6 membered monocy-
clic-haloheteroaryl, 3-7 membered haloheterocycle, (C,-Cy)
haloalkyl and (C,-Cy)heteroalkyl, or R?> and R™* together
with the nitrogen to which they are attached form a 5, 6 or
7-membered heterocycle;

[1434] Z?is selected from (C,-Cy)alkenyl, (C,-Cg)alkynyl,
6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, —C(O)R™ and
—C(O)NR?’°R™, wherein any 6-12 membered aryl, 5-12
membered C-linked-heteroaryl and 3-12 membered
C-linked-heterocycle of Z* is optionally substituted with one
ormore (e.g., 1, 2,3, 4 or 5) Z*? or Z>¢ groups, and wherein
any (C,-Cgalkenyl and (C,-Cg)alkynyl of Z* is optionally
substituted with one or more (e.g., 1,2, 3, 4, or 5) Z*° groups;
[1435] each Z*“ is independently selected from (C5-C,)
carbocycle, 6-12 membered aryl, 5-12 membered heteroaryl,
3-12 membered heterocycle, halogen, —CN, —OR™*, —OC
(O)R?*, —OC(O)NR?'R™, —SR™, —S(O)R**, —S(0)

LOH, —S(O)R?* ~ —S(0),NR™R™ ~ — NR#™R™,
“NR™COR?*,  —NR™CO,R*, — NR™CONR#*R™,
—NR™S(0),R?*,  —NR™S(0),0R*,  —NR™S(0)

LNRR™, NO,, —C(O)R™, —C(O)OR™ and —C(O)
NR?*R™, wherein any (C,-C,)carbocycle, 6-12 membered
aryl, 5-12 membered heteroaryl and 3-12 membered hetero-
cycle of Z*%is optionally substituted with one or more (e.g., 1,
2,3, 4or5) Z* or Z* groups;

[1436] each Z** is independently selected from (C,-C,)
alkyl, (C,-C,)heteroalkyl and (C,-C,)haloalkyl;

[1437] each Z* is independently selected from halogen,
—CN, —OR™, —OC(O)R?*, —OC(O)NR?*R™, —SR™,
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—S(O)RP*, —8(0),0H, —S(0),R?*, —S(0),NR¥R™,
—NR#R™, —NR™COR?*, —NR™CO,R"?,
—NR™CONRZR™, —NR™S8(0),R??, —NR™S(0),OR"*,
—NR™S(0),NR7*R™, NO,, —C(O)R™, —C(O)OR™ and
—C(O)NRZ*R™,

[1438] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-C,alkenyl, (C;-C,)carbocycle, 3-12 membered
heterocycle, 5-12 membered heteroaryl and 6-12 membered
aryl, wherein any (C,-C,)carbocycle, 3-12 membered hetero-
cycle, 5-12 membered heteroaryl and 6-12 membered aryl of
R is optionally substituted with one or more (e.g., 1, 2, 3, 4
or 5) Z?* or 72 groups, and wherein any (C,-C,)alkyl, (C,-
C,)alkenyl and (C,-C,)alkynyl of R™ is optionally substi-
tuted with one or more (e.g., 1, 2, 3, 4 or 5) Z** groups;
[1439] R and R are eachindependently selected from H,
(C,-Cpalkyl, (C,-Cjalkenyl, (C;-C,)carbocycle, 3-12
membered heterocycle, 5-12 membered heteroaryl and 6-12
membered aryl, wherein any (C;-C,)carbocycle, 3-12 mem-
bered heterocycle, 5-12 membered heteroaryl and 6-12 mem-
bered aryl of R? or R™ is optionally substituted with one or
more (e.g., 1, 2,3, 4 or 5) Z** or Z*° groups, and wherein any
(C,-Cy)alkyl and (C,-C,)alkenyl of R?* or R™ is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z>* groups,
or R?® and R™ together with the nitrogen to which they are
attached form a heterocycle or heteroaryl, wherein the het-
erocycle or heteroaryl is optionally substituted with one or
more (e.g., 1, 2,3, 4 or 5) Z** or Z*° groups;

[1440] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-Cy)alkenyl, (C,-Cy)alkynyl, (C,-C,)haloalkyl and
(C,-Cy)heteroalkyl;

[1441] each R?* is independently selected from (C,-Cy)
alkyl, (C,-C,)alkenyl, (C,-C,)alkynyl, (C,-C,)haloalkyl and
(C,-Cy)heteroalkyl;

[1442] R?*and R™ are each independently selected from H,
(C,-Cyalkyl, (C,-C,alkenyl, (C,-C,alkynyl, (C,-C,)ha-
loalkyl and (C,-C,)heteroalkyl;

[1443] each 7> is independently selected from halogen,
(C,-C,alkyl, —OH, —CN, (C,-Cheteroalkyl and (C,-C,)
haloalkyl;

[1444] each Z* is independently selected from (C,-Cy)
alkyl, (C,-Cg)alkenyl, (C,-Cylalkynyl, (C,-C,)carbocycle,
halogen, —CN, —OR™®, —OC(O)R?>, —OC(O)NR?’R",
—SR™, —S(O)RP>, —S(0),0H, —S(0),R?*>, —S(0)
LNRZR™, —NR?R™, —NR™COR?>, —NR™CO,R?,
—NR™CONR?R", —NR"S(0),R?*, —NR"’S(0),0R?’,
—NR"*S(0),NR?R", NO,, —C(O)R"®, —C(O)OR™ and
—C(O)NR?’R”, wherein any (C,-C,)carbocycle, of Z* is
optionally substituted with one or more (e.g., 1,2, 3,4 or 5)
7% or Z* groups, and wherein any (C,-Cgalkyl, (C,-Cy)
alkenyl and (C,-Cg)alkynyl of Z* is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z** groups;

[1445] each Z** is independently selected from halogen,
—CN, —OR", —OC(O)R?®, —OC(O)NR?°R"®, —SR"¢,
—S(O)R?®, —8(0),0H, —S(0),R?®, —S(0),NRR"®,
—NR?R"S, —NR™COR?®, —NR"CO,R??,
—NR"CONR?°R"®, —NR"°S(0),R?, —NR"°S(0),0R?®,
—NR"S(0),NR?°R"S, NO,, —C(O)R"®, —C(O)OR"® and
—C(O)NR?°R"S;

[1446] each Z* is independently selected from (C,-C,)
alkyl, (C,-C,)alkenyl (C,-C,)alkynyl and (C,-C,)haloalkyl;
[1447] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;
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[1448] each R?’ is independently selected from (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[1449] R? and R™ are each independently selected from H,
(C,-Calkyl, (C,-C haloalkyl, (C,-C )heteroalkyl, (C,-C,)
alkenyl and (C,-C,)alkynyl;

[1450] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[1451] each R° is independently selected from (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[1452] R?®and R"° are each independently selected from H,
(C,-Calkyl, (C,-C haloalkyl, (C,-C )heteroalkyl, (C,-C,)
alkenyl and (C,-C,)alkynyl;

[1453] each Z° is independently selected from (C,-Cg)
alkyl, halogen, —CN and —OR™’,

[1454] wherein any (C,-Cy)alkyl of Z° is optionally substi-
tuted with one or more (e.g., 1, 2, 3, 4 or 5) halogen; and
[1455] each R™ is independently selected from H, (C,-C)
alkyl, (C,-C;)haloalkyl and (C;-C,)carbocycle;

[1456] or a pharmaceutically acceptable salt thereof.

Embodiment 1-2

[1457] The compound of Embodiment I-1 which is a com-
pound of formula Ia:

R! R?

Z\T

0 z!

or a pharmaceutically acceptable salt thereof.

Embodiment 1-3

[1458] The compound of Embodiment I-1 or Embodiment
I-1-2 wherein R3* and R3? are each H.

Embodiment 1-4

[1459] Thecompound of any one of Embodiments I-1to1-3
wherein R? is phenyl or a 5-membered monocyclic-het-
eroaryl, wherein any phenyl or 5-membered monocyclic-
heteroaryl of R? is optionally substituted with one or more Z°
groups.

Embodiment 1-5

[1460] Thecompound of any one of EmbodimentsI-1to1-3
wherein R? is phenyl optionally substituted with one or more
Z? groups.

Embodiment I1-6

[1461] Thecompound of any one of EmbodimentsI-1toI-5
wherein each Z° is halogen.
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Embodiment I1-7

[1462] Thecompound ofany one of Embodiments I-1to I-5
wherein each Z? is fluoro.

Embodiment I1-8

[1463] The compound of Embodiment I-1 or Embodiment
1-2 wherein R? is 3,5-difluorophenyl.

Embodiment 1-9

[1464] The compound of Embodiment I-1 which is a com-
pound of formula Ig:

Ig
F. F
Rl
H
N
3,
R HRSb
0 z!

or a pharmaceutically acceptable salt thereof.

Embodiment I-10

[1465] The compound of Embodiment I-1 which is a com-
pound of formula Ie:

Ie

F F
R!
H
N
(6] Z z!
N A

or a pharmaceutically acceptable salt thereof.

Embodiment I-11

[1466] The compound of any one of Embodiments I-1 to
1-10 wherein A is pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl, wherein any pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl of A is substituted with one Z' group at the posi-
tion shown, one Z2 group, and optionally substituted with one
or more Z> groups.

Embodiment I-12

[1467] The compound of any one of Embodiments I-1 to
1-10 wherein A is pyridinyl, wherein any pyridinyl of A is
substituted with one Z' group at the position shown, one Z>
group, and optionally substituted with one or more Z> groups.
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Embodiment I-13
[1468] The compound of any one of Embodiments I-1 to

1-12 wherein A is substituted with one Z* group at the position
shown and one Z* group.

Embodiment 1-14

[1469] The compound of any one of Embodiments I-1 to
1-10 wherein A-Z" is selected from:

% N
\ Z3a Z3a \

\N

7% and 72

wherein each Z>¢ is independently selected from H and Z>.

Embodiment 1-15

[1470] The compound of any one of Embodiments I-1 to
1-10 wherein A-Z* is selected from:

z! z!
= z
N N
72 \ 73a gnd Z3a \ 73a
Z3a ZZ

wherein each Z3“ is independently selected from H and Z>.

Embodiment 1-16

[1471] The compound of any one of Embodiments I-1 to
1-10 wherein A-Z" is:

71
Va
N
72 X 73a
Z3a

wherein each Z>¢ is independently selected from H and Z>.
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Embodiment I-17

[1472] The compound of any one of Embodiments I-1 to
1-10 wherein A-Z" is:

wherein 73 is selected from H and Z3.

Embodiment I-18

[1473] The compound of any one of Embodiments I-1 to
1-10 wherein A-7" is:

wherein Z>¢ is selected from H and Z>.

Embodiment I-19

[1474] The compound of any one of Embodiments 1-14 to
1-18 wherein each 77 is H.

Embodiment 1-20

[1475] The compound of any one of Embodiments I-1 to
1-19 wherein Z' is selected from phenyl, 5-14 membered
heteroaryl and 3-14 membered heterocycle, wherein any phe-
nyl, 5-14 membered heteroaryl and 3-14 membered hetero-
cycle of Z! is optionally substituted with one or more Z'¢ or
Z'? groups.

Embodiment 1-21

[1476] The compound of any one of Embodiments I-1 to
1-19 wherein Z' is selected from phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-
cyclic-heterocycle wherein any phenyl, 5-6 membered mono-
cyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle and 9-12 membered tricy-
clic-heterocycle of Z' is optionally substituted with one or
more Z'¢ or Z'? groups.

Embodiment 1-22

[1477] The compound of any one of Embodiments I-1 to
1-19 wherein Z' is selected from phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-
cyclic-heterocycle, wherein the 5-6 membered monocyclic-
heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 mem-
bered bicyclic-heterocycle and 9-12 membered tricyclic-
heterocycle have 1-11 carbon atoms and 1-5 heteroatoms in
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the ring system, and wherein any phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-
cyclic-heterocycle of Z" is optionally substituted with one or
more Z'“ or Z'* groups.

Embodiment 1-23

[1478] The compound of any one of Embodiments I-1 to
1-19 wherein Z' is selected from 8-10 membered bicyclic-
heteroaryl and 8-10 membered bicyclic-heterocycle, wherein
any from 8-10 membered bicyclic-heteroaryl and 8-10 mem-
bered bicyclic-heterocycle of Z' is optionally substituted with
one or more Z'* or Z'* groups.

Embodiment 1-24

[1479] The compound of any one of Embodiments I-1 to
I-19 wherein Z* is selected from 8-10 membered bicyclic-
heteroaryl and 8-10 membered bicyclic-heterocycle, wherein
the 8-10 membered bicyclic-heteroaryl and 8-10 membered
bicyclic-heterocycle have 3-9 carbon atoms and 1-5 heteroa-
toms in the ring system, and wherein any 8-10 membered
bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle
of Z' is optionally substituted with one or more Z'? or Z'?
groups.

Embodiment 1-25

[1480] The compound of any one of Embodiments I-1 to
I-19 wherein Z' is selected from phenyl, 1H-pyrrolo[2,3-b]
pyridinyl, 1-oxoisoindolinyl, 4-oxo0-3,4-dihydroquinazoli-
nyl, 3-oxo spiro[cyclopropane-1,1'-isoindolin]-yl, 1H-2-
oxo-pyridinyl and 2,4-dioxo-1,2,3,4-
tetrahydrorquinazolinyl, wherein any phenyl, 1H-pyrrolo[2,
3-b]pyridinyl, 1-oxoisoindolinyl, 4-0x0-3,4-
dihydroquinazolinyl, 3-oxospiro[cyclopropane-1,1'-
isoindolin]-yl, 1H-2-oxo-pyridinyl and 2.,4-dioxo-1,2,3,4-
tetrahydrorquinazolinyl of Z' is optionally substituted with
one or more Z'* or Z'? groups.

Embodiment 1-26

[1481] The compound of any one of Embodiments I-1 to
1-19 wherein Z' is selected from phenyl, 1H-pyrrolo[2,3-b]
pyridin-5-yl, 1-oxoisoindolin-5-yl, 1-oxoisoindolin-4-yl,
4-0x0-3,4-dihydroquinazolin-8-yl,  3'-oxospiro[cyclopro-
pane-1,1'-isoindolin]-5'-yl, 1H-2-oxo-pyridin-4-yl and 2.4-
dioxo-1,2,3,4-tetrahydrorquinazolin-8-yl, wherein any phe-
nyl, 1H-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin-5-yl,
1-oxoisoindolin-4-yl,  4-o0x0-3,4-dihydroquinazolin-8-yl,
3'-oxospiro[cyclopropane-1,1'-isoindolin]-5'-yl, 1H-2-oxo-
pyridin-4-yl and 2,4-dioxo-1,2,3,4-tetrahydrorquinazolin-8-
yl of Z* is optionally substituted with one or more Z'“ or Z'*
groups.

Embodiment 1-27

[1482] The compound of any one of Embodiments I-1 to
1-26 wherein each Z'“ is independently selected from halo-
gen, —OR™, NR?'R™, and —C(O)NR?'R™.

Embodiment 1-28

[1483] The compound of any one of Embodiments I-1 to
1-26 wherein each Z'“ is independently selected from halogen
and —C(O)NR?'R™.
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Embodiment I-29

[1484] The compound of any one of Embodiments I-1 to
1-26 wherein R, R?' and R™ are each H.

Embodiment I-30

[1485] The compound of any one of Embodiments I-1 to
1-19 wherein Z* is selected from:

Embodiment 1-31

[1486] The compound of any one of Embodiments I-1 to
1-30 wherein 72 is selected from (C,-Cy)alkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle and —C(O)NR?’R”*, wherein
any 6-12 membered aryl, 5-12 membered C-linked-het-
eroaryl and 3-12 membered C-linked-heterocycle of Z* is
optionally substituted with one or more Z? or Z>° groups, and
wherein any (C,-Cg)alkynyl of Z? is optionally substituted
with one or more Z>° groups.

Embodiment I-32

[1487] The compound of any one of Embodiments I-1 to
1-30 wherein 72 is selected from (C,-Cy)alkynyl, phenyl, 5-6
membered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl, 8-10 membered C-linked-bicy-
clic-heterocycle and —C(O)NR?°R’>, wherein any phenyl,
5-6 membered C-linked-monocyclic-heteroaryl, 8-10 mem-
bered C-linked-bicyclic-heteroaryl and 8-10 membered
C-linked-bicyclic-heterocycle of Z* is optionally substituted
with one or more Z2* or Z*° groups, and wherein any (C,-Cg)
alkynyl of Z* is optionally substituted with one or more Z>*
groups.

Embodiment 1-33

[1488] The compound of any one of Embodiments I-1 to
1-30 wherein 72 is selected from (C,-Cg)alkynyl, phenyl, 5-6
membered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl, 8-10 membered C-linked-bicy-
clic-heterocycle and —C(O)NR?R">, wherein the 5-6 mem-
bered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl and 8-10 membered C-linked-
bicyclic-heterocycle have 1-9 carbon atoms and 1-4 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl, 8-10 membered and C-linked-
bicyclic-heterocycle of Z* is optionally substituted with one
ormore Z?” or 7> groups, and wherein any (C,-Cg)alkynyl of
72 is optionally substituted with one or more Z>° groups.

Embodiment 1-34

[1489] The compound of any one of Embodiments I-1 to
1-30 wherein Z* is selected from 4-methylpentynyl, phenyl,
pyridinyl, 1H-2-oxo-pyridinyl, triazolyl, 1-oxoisoindolinyl,
1H-pyrrolo[2,3-b]pyridinyl and —C(O)NRZ°R"™, wherein
any phenyl, pyridinyl, 2-oxopyridinyl, triazolyl, 1-oxoisoin-
dolinyl and 1H-pyrrolo[2,3-b]pyridinyl of Z* is optionally
substituted with one or more Z*” or Z>¢ groups, and wherein
any 4-methylpentynyl of Z* is optionally substituted with one
or more Z>¢ groups.

Embodiment 1-35

[1490] The compound of any one of Embodiments I-1 to
1-30 wherein 77 is selected from 4-methylpentyn-1-yl, phe-
nyl, pyridin-4-yl, 1H-2-oxo-pyridin-2-yl, triazol-4-yl, 1-ox-
oisoindolin-6-yl, 1H-pyrrolo[2,3-b]pyridine-5-yl  and
—C(O)NR?°R"™, wherein any phenyl, pyridin-4-yl, 2-hy-
droxypyridin-2-yl, triazol-4-yl, 1-oxoisoindolin-6-yl and
1H-pyrrolo[2,3-b]pyridine-5-yl of Z* is optionally substi-
tuted with one or more Z?” or Z*< groups, and wherein any
4-methylpentyn-1-yl of Z* is optionally substituted with one
or more Z>¢ groups.

Embodiment I-36
[1491] The compound of any one of Embodiments I-1 to

I-35 wherein Z? is optionally substituted with one or more Z>°
groups.

Embodiment 1-37

[1492] The compound of any one of Embodiments I-1 to
1-36 wherein R?> and R are each H.

Embodiment I-38
[1493] The compound of any one of Embodiments I-1 to

1-37 wherein each Z* is independently selected from halo-
gen, —OR™ and —C(O)NR#*R™.

Embodiment 1-39

[1494] The compound of any one of Embodiments I-1 to
1-38 wherein R™* is H or methyl, and R?* and R are each H.
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Embodiment 1-40 -continued

[1495] The compound of any one of Embodiments I-1 to
1-30 wherein Z> is selected from: NH,

o

Embodiment 1-41

[1496] The compound of any one of Embodiments I-1 to
1-10 wherein A-Z" is selected from:

/N %
NZ A | /
N g |
o)

NH,

| b

NH, HO Z

HO 4
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-continued -continued
N
/

H
X

N, | ,
/

NZ NZ N

6}

G NH,

HO

NH,
NZ Embodiment 1-42

[1497] The compound of any one of Embodiments I-1 to
I-41 wherein R is a 5-12 membered heteroaryl, wherein any
5-12 membered heteroaryl of R" is optionally substituted with
one or more Z* groups.

Embodiment 1-43

NZ AN 0, [1498] The compound of any one of Embodiments I-1 to

1-41 wherein R! is a 8-12 membered bicyclic-heteroaryl or

0. x N 8-12 membered tricyclic-heteroaryl, wherein any 8-12 mem-

bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-

HN eroaryl of R! is optionally substituted with one or more Z*
groups.

Embodiment 1-44

H
N
NP AN | / [1499] The compound of any one of Embodiments I-1 to
| 1-41 wherein R! is a 8-12 membered bicyclic-heteroaryl or
g 8-12 membered tricyclic-heteroaryl, wherein the 8-12 mem-
% bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-
eroaryl have 4-10 carbon atoms and 1-5 heteroatoms in the
ring system, and wherein any 8-12 membered bicyclic-het-
eroaryl or 8-12 membered tricyclic-heteroaryl of R® is option-
ally substituted with one or more Z* groups.

HO.

Embodiment 1-45

| [1500] The compound of any one of Embodiments I-1 to

AN NH 1-41 wherein R! is a 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl, wherein the 8-12 mem-

bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-

eroaryl contains at least one partially unsaturated ring, and

wherein any 8-12 membered bicyclic-heteroaryl or 8-12

\

HO
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membered tricyclic-heteroaryl of R is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z* groups.

Embodiment 1-46

[1501] The compound of any one of Embodiments I-1 to
1-41 wherein R" has the following formula IIb:

OB

Pialy
B
Y

IIb

’ v
W

x<*

[1502] wherein:

[1503] C together with the two carbon atoms of ring B to
which it is attached forms a 3-7 membered monocyclic-car-
bocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle or 5-8 membered bicyclic hetero-
cycle, wherein any 3-7 membered monocyclic-carbocycle,
5-8 membered bicyclic-carbocycle, 3-7 membered monocy-
clic-heterocycle or 5-8 membered bicyclic heterocycle of C is
optionally substituted with one or more (e.g. 1,2,3,40r5) Z*
groups; and

[1504] Bisa5 or 6 membered monocyclic-heteroaryl hav-
ing 1, 2 or 3 nitrogen atoms;

[1505] VisCorN;

[1506] W is CZ*,NZ* orN;

[1507] XisCZ*,NZ* orN;

[1508] Y is CZ*, N or absent;

[1509] the dashed bonds are selected from single bonds and

double bonds, wherein the dashed bonds, V, W, X and Y are
selected so that the 5 or 6 membered monocyclic-heteroaryl B
is aromatic; and

[1510] each Z* is independently selected from H or Z*.
Embodiment I-47
[1511] The compound of any one of Embodiments I-1 to

1-41 wherein R" has the following formula IId:

e

Z4c

IId

[1512] wherein:

[1513] C together with the two carbon atoms to which it is
attached forms a 3-7 membered monocyclic-carbocycle, 5-9
membered bicyclic-carbocycle, 3-7 membered monocyclic-
heterocycle or 5-9 membered bicyclic heterocycle, wherein
any 3-7 membered monocyclic-carbocycle, 5-9 membered
bicyclic-carbocycle, 3-7 membered monocyclic-heterocycle
or 5-9 membered bicyclic heterocycle of C is optionally sub-
stituted with one or more (e.g. 1, 2, 3, 4 or 5) Z* groups; and

[1514] each Z* is independently selected from H or Z*.
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Embodiment 1-48

[1515] The compound of any one of Embodiments I-1 to
1-41 wherein R! is selected from 3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta1,2-c]|pyrazolyl and 4,5,6,7-tet-
rahydro-indazolyl, wherein any 3b,4,4a,5-tetrahydro-1H-cy-
clopropal3,4|cyclopenta[1,2-c]pyrazolyl and  4,5,6,7-
tetrahydro-indazolyl of R* is optionally substituted with one
or more Z* groups.

Embodiment 1-49

[1516] The compound of any one of Embodiments I-1 to
1-41 wherein R! is selected from 3b,4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta1,2-c|pyrazol-1-yl and 4,5,6,7-
tetrahydro-indazol-1-yl, wherein any 3b,4,4a,5-tetrahydro-
1H-cyclopropa[3.4]cyclopenta[ 1,2-c]pyrazol-1-yl and 4,5,6,
7-tetrahydro-indazol-1-yl of R* is optionally substituted with
one or more Z* groups.

Embodiment 1-50

[1517] The compound of any one of Embodiments I-1 to
1-49 wherein each Z* is independently selected from (C,-Cy)
alkyl and halogen, wherein any (C,-Cy)alkyl of Z* is option-
ally substituted with one or more halogen.

Embodiment I-51
[1518] The compound of any one of Embodiments I-1 to

1-49 wherein each Z* is independently selected from fluoro,
trifluoromethyl and difluoromethyl.

Embodiment 1-52

[1519] The compound of any one of Embodiments I-1 to
1-41 wherein R* is selected from:

CF; and CHF,.
[ [
/ /
N N

Embodiment 1-53

[1520] The compound of any one of Embodiments I-1 to
1-41 wherein R" is selected from:
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Embodiment 1-54 -continued
CF,H

[1521] The compound of Embodiment I-1 selected from:

LN
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-continued -continued
CF,H
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and pharmaceutically acceptable salts thereof.

Embodiment 1-55

[1522] A pharmaceutical composition comprising a com-
pound of formula I as described in any one of Embodiments
1-1to 1-54, or a pharmaceutically acceptable salt thereof, and
a pharmaceutically acceptable carrier.

Embodiment 1-56

[1523] A method for treating a Retroviridae virus infection
in a mammal comprising administering a therapeutically
effective amount of a compound of any one of Embodiments
1-1 to 1-54, or a pharmaceutically acceptable salt thereof, to
the mammal.

Embodiment 1-57

[1524] The method of claim 56 wherein the Retroviridae
virus infection is an HIV virus infection.

Embodiment 1-58

[1525] A method fortreating an HIV infection in a mammal
comprising administering to the mammal in need thereof a
therapeutically effective amount of a compound of formula I
as described in any one of Embodiments I-1 to 1-54, or a
pharmaceutically acceptable salt thereof, in combination
with a therapeutically effective amount of one or more addi-
tional therapeutic agents selected from the group consisting
of HIV protease inhibiting compounds, HIV non-nucleoside
inhibitors of reverse transcriptase, HIV nucleoside inhibitors
of reverse transcriptase, HIV nucleotide inhibitors of reverse
transcriptase, HIV integrase inhibitors, gp41 inhibitors,
CXCR4 inhibitors, gp120 inhibitors, CCRS inhibitors, capsid
polymerization inhibitors, and other drugs for treating HIV,
and combinations thereof.

Embodiment 1-59

[1526] A compound of formula I as described in any of
Embodiments I-1 to 1-54, or a pharmaceutically acceptable
salt thereof for use in medical therapy.

Embodiment 1-60

[1527] A compound of formula I as described in any one of
Embodiments -1 to I-54 or a pharmaceutically acceptable
salt thereof, for the prophylactic or therapeutic treatment of a
Retroviridae virus infection or an HIV virus infection.

Embodiment 1-61

[1528] The use of a compound as described in any one of
Embodiments -1 to I-54 or a pharmaceutically acceptable
salt thereof, for the manufacture of a medicament for treating
a Retroviridae virus infection or an HIV virus infection in a
mammal.

Embodiment 1-62

[1529] A compound or method as described herein.

[1530] Also provided below are certain embodiments.
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Embodiment II-1

[1531] A compound of formula I:
I
R! R?
H
N
3a
R R3b
0 z!
z

N'a
wherein:
[1532] A is a 6-membered monocyclic-heteroaryl with one

or two nitrogen atoms, wherein the 6-membered monocyclic-
heteroaryl is substituted with one Z' group at the position
shown, one Z* group, and optionally substituted with one or
more (e.g., 1 or 2) Z> groups;

[1533] R! is 6-12 membered aryl, 5-12 membered het-
eroaryl or 3-12 membered heterocycle, wherein any 6-12
membered aryl, 5-12 membered heteroaryl or 3-12 mem-
bered heterocycle of R is optionally substituted with one or
more (e.g., 1,2, 3, 4 or 5) Z* groups;

[1534] R? is phenyl, S-membered monocyclic-heteroaryl,
6-membered monocyclic-heteroaryl or (C5-C,)carbocycle,
wherein any phenyl, 5-membered monocyclic-heteroaryl,
6-membered monocyclic-heteroaryl or (C;5-C,)carbocycle of
R? is optionally substituted with one or more (e.g., 1,2,3, 4 or
5) Z° groups;

[1535] each R3* and R*” is independently selected from H,
halogen, (C,-Cjlalkyl and (C,-C,)haloalkyl, or R3*“ is
selected from H, (C,-C,)alkyl and (C,-C5)haloalkyl and R**
is selected from —OH and —CN;

[1536] Z'is selected from 6-12 membered aryl, 5-14 mem-
bered heteroaryl and 3-14 membered heterocycle, wherein
any 6-12 membered aryl, 5-14 membered heteroaryl and 3-14
membered heterocycle of Z' is optionally substituted with
one or more (e.g., 1, 2,3, 4 or 5) Z'% or Z'%;

[1537] each 7'“ is independently selected from (C5-C,)
carbocycle, 6-12 membered aryl, 5-12 membered heteroaryl,
3-12 membered heterocycle, halogen, —CN, —OR™, —OC
(OR?', —OC(O)NR?'R™, —SR"', —S(O)R?!, —S(0)

,OH, —S(O)R?', —S(0),NR?R™, - NRYR",
“NR"'COR?!,  —NR™CO,R?', —NR"CONR?'R",
—NR"'S(0),R?',  —NR"S(0),0R?', —NR"'S(0)

L,NR7'R™, NO,, —C(O)R™', —C(O)OR™, —C(O)NR?'R™*
and —S(0),NR"'COR?", wherein any (C,-C,)carbocycle,
6-12 membered aryl, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z'¢ is optionally substituted with
one or more (e.g., 1,2, 3, 4 or 5) Z*< or Z*¥ groups;

[1538] each Z'® is independently selected from (C,-Cg)
alkyl, (C,-Cy)alkenyl and (C,-Cy)alkynyl, wherein any (C, -
Cypalkyl, (C,-Cy)alkenyl and (C,-Cy)alkynyl of Z* is option-
ally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z'©
groups;

[1539] each Z' is independently selected from (C5-C,)
carbocycle, phenyl, 5-6 membered monocyclic-heteroaryl,
3-7 membered heterocycle, halogen, —CN, —OR™, —OC
(O)RP%, —OC(O)NR?’R™, —SR™, —S(O)R*?, —S(0)

,OH, —S(O)R”  —S(0),NR”R? ~ —NR?R?,
“ NR"™COR?2,  —NR™CO,R?2, — NR"™CONR?R™,
—NR">S(0),R??, —NR"?S(0),0R?2, —NR”>S

Oct. 9,2014

(O,NR”R™, NO,, —C(O)R™, —C(O)OR™, —C(0)
NR#R’?, halophenyl, 5-6 membered haloheteroaryl, 3-7
membered haloheterocycle and (C,-Cg)heteroalkyl;

[1540] each Z'“ is independently selected from (C,-Cg)
alkyl, (C,-Cy)alkenyl, (C,-Cg)alkynyl and (C,-Cg)haloalkyl;
[1541] each R™ is independently selected from H, (C,-Cy)
alkyl, (C,-Cgalkenyl, (C,-Cylalkynyl, (C;-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl of R™* is optionally substituted with one or
more (e.g., 1,2, 3,4 or 5) Z' or Z*“ groups, and wherein any
(C,-Cylalkyl, (C,-Cglalkenyl and (C,-Cy)alkynyl of R is
optionally substituted with one or more (e.g., 1, 2, 3,4 or 5)
7' groups;

[1542] each R#! is independently selected from (C,-C,)
alkyl, (C,-Cyalkenyl, (C,-Cgalkynyl, (C5-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl, wherein any (C;-C,)carbocycle, 3-7
membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl of R?* is optionally substituted with one or
more (e.g., 1,2, 3,4 or 5) Z' or Z*“ groups, and wherein any
(C,-Cylalkyl, (C,-Cylalkenyl and (C,-Cy)alkynyl of R#! is
optionally substituted with one or more (e.g., 1, 2, 3,4 or 5)
7' groups;

[1543] R?'and R™ are eachindependently selected from H,
(C,-Cyalkyl, (C,-Cgalkenyl, (C,-Cgalkynyl, (C;5-C,)car-
bocycle, 3-7 membered heterocycle, 5-6 membered monocy-
clic-heteroaryl and phenyl, wherein any (C5-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl and phenyl of R? or R™ is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z' or Z'¢ groups, and
wherein any (C,-Cy)alkyl, (C,-Cy)alkenyl and (C,-Cy)alky-
nyl of R?" or R™ is optionally substituted with one or more
(e.g.,1,2,3,4 or5) Z' groups, or R?* and R together with
the nitrogen to which they are attached form a 5, 6 or 7-mem-
bered heterocycle, wherein the 5, 6 or 7-membered hetero-
cycle is optionally substituted with one or more (e.g., 1, 2, 3,
4 or 5) Z'< or Z'* groups;

[1544] each R is independently selected from H, (C,-C,)
alkyl, (C,-Cyalkenyl, (C,-Cgalkynyl, (C5-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl, phenyl, halophenyl, 5-6 membered monocyclic-ha-
loheteroaryl, 3-7 membered haloheterocycle, (C,-Cg)ha-
loalkyl and (C,-Cy)heteroalkyl;

[1545] each R#? is independently selected from (C,-Cy)
alkyl, (C,-Cyalkenyl, (C,-Cgalkynyl, (C5-C,)carbocycle,
3-7 membered heterocycle, 5-6 membered monocyclic-het-
eroaryl, phenyl, halophenyl, 5-6 membered monocyclic-ha-
lIoheteroaryl, 3-7 membered haloheterocycle, (C,-Cy)ha-
loalkyl and (C,-Cy)heteroalkyl;

[1546] R?*and R’ are each independently selected from H,
(C,-Cyalkyl, (C,-Cyalkenyl, (C,-Cylalkynyl, (C;-C,)car-
bocycle, 3-7 membered heterocycle, 5-6 membered monocy-
clic-heteroaryl, phenyl, halophenyl, 5-6 membered monocy-
clic-haloheteroaryl, 3-7 membered haloheterocycle, (C,-Cy)
haloalkyl and (C,-Cy)heteroalkyl, or R?> and R™* together
with the nitrogen to which they are attached form a 5, 6 or
7-membered heterocycle;

[1547] Z?is selected from (C,-Cy)alkenyl, (C,-Cg)alkynyl,
6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, —C(O)R™ and
—C(O)NR?’°R™, wherein any 6-12 membered aryl, 5-12
membered C-linked-heteroaryl and 3-12 membered
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C-linked-heterocycle of Z* is optionally substituted with one
or more (e.g., 1, 2, 3, 4 or 5) Z?* or Z*¢ groups, and wherein
any (C,-Cgalkenyl and (C,-Cg)alkynyl of Z? is optionally
substituted with one or more (e.g., 1, 2, 3, 4, or 5) Z*¢ groups;
[1548] each Z>“ is independently selected from (C5-C,)
carbocycle, 6-12 membered aryl, 5-12 membered heteroaryl,
3-12 membered heterocycle, halogen, —CN, —OR™, —OC
(O)RP*, —OC(O)NR?'R™, —SR™, —S(O)R**, —S(0)

LOH, —S(O),R?** ~ —S(0),NR™R™ ~ —NR#™R™,
" NR™COR?,  —NR™CO,R?, — NR™CONRR™,
—NR™S(0),R*,  —NR™S(0),0R*,  —NR™S(0)

LNR#R™, NO,, —C(O)R™, —C(O)OR™ and —C(O)
NR?*R™, wherein any (C,-C,)carbocycle, 6-12 membered
aryl, 5-12 membered heteroaryl and 3-12 membered hetero-
cycle of Z>%is optionally substituted with one or more (e.g., 1,
2,3, 4or5) Z* or Z* groups;

[1549] each Z** is independently selected from (C,-C,)
alkyl, (C,-C,)heteroalkyl and (C,-C,)haloalkyl;

[1550] each Z* is independently selected from halogen,
—CN, —OR™, —OC(O)R?*, —OC(O)NR?*R™, —SR™,
—S(0O)R?*, —S(0),0H, —S(0),R?*, —S(0),NR?R™,
—NRR™, —NR™COR??, —NR™CO,R"*,
—NR™CONR?R™, —NR™S(0),R?*, —NR"*S(0),0OR?*,
—NR™8(0),R*R™, NO,, —C(O)R™, —C(O)OR™ and
—C(O)NRZ*R™,

[1551] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-C,alkenyl, (C;-C,)carbocycle, 3-12 membered
heterocycle, 5-12 membered heteroaryl and 6-12 membered
aryl, wherein any (C5-C,)carbocycle, 3-12 membered hetero-
cycle, 5-12 membered heteroaryl and 6-12 membered aryl of
R’ is optionally substituted with one or more (e.g., 1, 2,3, 4
or 5) Z** or Z*¢ groups, and wherein any (C,-C,)alkyl, (C,-
C,)alkenyl and (C,-C,)alkynyl of R™ is optionally substi-
tuted with one or more (e.g., 1, 2, 3, 4 or 5) Z>* groups;
[1552] R?andR™ are each independently selected from H,
(C,-Cpalkyl, (C,-Cjalkenyl, (C;-C,)carbocycle, 3-12
membered heterocycle, 5-12 membered heteroaryl and 6-12
membered aryl, wherein any (C;-C,)carbocycle, 3-12 mem-
bered heterocycle, 5-12 membered heteroaryl and 6-12 mem-
bered aryl of R?® or R™ is optionally substituted with one or
more (e.g., 1, 2,3, 4 or 5) Z** or Z*° groups, and wherein any
(C,-C,)alkyl and (C,-C,)alkenyl of R% or R™ is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z>“ groups,
or R? and R™ together with the nitrogen to which they are
attached form a heterocycle or heteroaryl, wherein the het-
erocycle or heteroaryl is optionally substituted with one or
more (e.g., 1, 2, 3, 4 or 5) Z* or Z*° groups;

[1553] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-Cg)alkenyl, (C,-Cy)alkynyl, (C,-C,)haloalkyl and
(C,-Cheteroalkyl;

[1554] each R#* is independently selected from (C,-Cy)
alkyl, (C,-C,)alkenyl, (C,-C,)alkynyl, (C,-C,)haloalkyl and
(C,-C,)heteroalkyl;

[1555] R?*and R™ are each independently selected from H,
(C,-Cyalkyl, (C,-C,alkenyl, (C,-C,alkynyl, (C,-C,)ha-
loalkyl and (C,-C,)heteroalkyl;

[1556] each 7> is independently selected from halogen,
(C,-C,)alkyl, —OH, —CN, (C,-C,)heteroalkyl and (C,-C,)
haloalkyl;

[1557] each Z* is independently selected from (C,-C,)
alkyl, (C,-Cylalkenyl, (C,-Cg)alkynyl, (C;-C,)carbocycle,
halogen, —CN, —OR™®, —OC(O)R?>, —OC(O)NR?’R",
—SR™, —S(O)R?P>, —S(0),0H, —S(0),R?*>, —S(0)
LNRZR™, —NR?R™, —NR™COR?>, —NR™CO,R?,
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—NR™CONR?’R">, —NR™S(0),R?*>, —NR"’S(0),0R?’,
—NR"*S(0),NR?R", NO,, —C(O)R">, —C(O)OR™ and
—C(O)NR?’R”, wherein any (C,-C,)carbocycle, of Z* is
optionally substituted with one or more (e.g., 1, 2, 3,4 or 5)
7% or Z* groups, and wherein any (C,-Cgalkyl, (C,-Cy)
alkenyl and (C,-Cg)alkynyl of Z* is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z** groups;

[1558] each Z** is independently selected from halogen,
—CN, —OR", —OC(O)R?®, —OC(O)NR?°R"®, —SR"¢,
—S(O)R?®, —S(0),0H, —S(0),R?®, —S(0),NR7°R"®,
—NR?R’S, —NR™COR?®, —NR"CO,R??,
—NR"CONR?°R"®, —NR"9S(0),R?%, —NR"°S(0),0R?,
—NR"S(0),NR?°R", NO,, —C(O)R"®, —C(O)OR"® and
—C(O)NR?°R"S;

[1559] each Z* is independently selected from (C,-C,)
alkyl, (C,-C,)alkenyl (C,-C,)alkynyl and (C,-C,)haloalkyl;
[1560] each R™ is independently selected from H, (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[1561] each R#’ is independently selected from (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[1562] R? and R are eachindependently selected from H,
(C,-C,alkyl, (C,-Cphaloalkyl, (C,-C heteroalkyl, (C,-C,)
alkenyl and (C,-C,)alkynyl;

[1563] each R is independently selected from H, (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[1564] each R¥® is independently selected from (C,-C,)
alkyl, (C,-C,)haloalkyl, (C,-C,)heteroalkyl, (C,-C,)alkenyl
and (C,-C,)alkynyl;

[1565] R?®and R™®are eachindependently selected from H,
(C,-C,alkyl, (C,-Cphaloalkyl, (C,-C heteroalkyl, (C,-C,)
alkenyl and (C,-C,)alkynyl;

[1566] each Z° is independently selected from (C,-Cg)
alkyl, halogen, —CN and —OR™’, wherein any (C,-C,)alkyl
of 7 is optionally substituted with one or more (e.g., 1, 2, 3,
4 or 5) halogen; and

[1567] each R™ is independently selected from H, (C,-C5)
alkyl, (C,-C;)haloalkyl and (C;-C,)carbocycle;

[1568] or a pharmaceutically acceptable salt thereof.

Embodiment II-2

[1569] The compound of Embodiment II-1 which is a com-
pound of formula Ia:

ZiT

or a pharmaceutically acceptable salt thereof.

Embodiment II-3

[1570] The compound of Embodiment II-1 or Embodiment
I1-2 wherein R** and R>” are each H.
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Embodiment I11-4

[1571] The compound of any one of Embodiments 1I-1-3
wherein R? is phenyl or a 5-membered monocyclic-het-
eroaryl, wherein any phenyl or 5-membered monocyclic-
heteroaryl of R? is optionally substituted with one or more Z°
groups.

Embodiment II-5

[1572] The compound of any one of Embodiments II-1 to
11-3 wherein R? is phenyl optionally substituted with one or
more Z° groups.

Embodiment II-6

[1573] The compound of any one of Embodiments II-1 to
11-5 wherein each Z° is halogen.

Embodiment II-7

[1574] The compound of any one of Embodiments II-1 to
11-5 wherein each Z° is fluoro.

Embodiment II-8

[1575] The compound of Embodiment II-1 or Embodiment
I1-2 wherein R? is 3,5-difluorophenyl.

Embodiment I1I-9

[1576] The compound of Embodiment II-1 which is a com-
pound of formula Ig:

Ig

or a pharmaceutically acceptable salt thereof.

Embodiment 11-10

[1577] The compound of Embodiment II-1 which is a com-
pound of formula Ie:

—

(<]

F F
R!
1§
N
o z!
Na
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or a pharmaceutically acceptable salt thereof.

Embodiment 1I-11

[1578] The compound of any one of Embodiments II-1 to
1I-10 wherein A is pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl, wherein any pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl of A is substituted with one Z* group at the posi-
tion shown, one Z* group, and optionally substituted with one
or more Z> groups.

Embodiment II-12

[1579] The compound of any one of Embodiments II-1 to
1I-10 wherein A is pyridinyl, wherein any pyridinyl of A is
substituted with one Z' group at the position shown, one Z>
group, and optionally substituted with one or more Z> groups.

Embodiment I1-13
[1580] The compound of any one of Embodiments II-1 to

11-12 wherein A is substituted with one Z* group at the posi-
tion shown and one Z* group.

Embodiment II-14

[1581] The compound of any one of Embodiments II-1 to
11-10 wherein A-Z* is selected from:

72
7!
;/;g
N N

Z3a

wherein each Z>¢ is independently selected from H and Z>.

Embodiment II-15

[1582] The compound of any one of Embodiments II-1 to
11-10 wherein A-Z* is selected from:

z! z!
=z =
N N
Zz& 738 and Zh& 73a
72

Z3a

wherein each Z>¢ is independently selected from H and Z>.
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Embodiment 11-16

[1583] The compound of any one of Embodiments II-1 to
11-10 wherein A-Z" is:

71
Va
N
72 X 73a
Z3a

wherein each Z3“ is independently selected from H and Z>.

Embodiment 11-17

[1584] The compound of any one of Embodiments II-1 to
11-10 wherein A-Z" is:

wherein Z>¢ is selected from H and Z>.

Embodiment 11-18

[1585] The compound of any one of Embodiments II-1 to
11-10 wherein A-Z" is:

wherein Z>¢ is selected from H and Z>.

Embodiment 11-19

[1586] The compound of any one of Embodiments I11-14 to
11-18 wherein each Z3* is H.

Embodiment 11-20

[1587] The compound of any one of Embodiments II-1 to
11-19 wherein Z' is selected from phenyl, 5-14 membered
heteroaryl and 3-14 membered heterocycle, wherein any phe-
nyl, 5-14 membered heteroaryl and 3-14 membered hetero-
cycle of Z' is optionally substituted with one or more Z'“ or
Z'? groups.

Embodiment 11-21

[1588] The compound of any one of Embodiments II-1 to
1119 wherein Z' is selected from phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-

Oct. 9,2014

cyclic-heterocycle wherein any phenyl, 5-6 membered mono-
cyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle and 9-12 membered tricy-
clic-heterocycle of Z' is optionally substituted with one or
more Z'“ or Z'* groups.

Embodiment I1-22

[1589] The compound of any one of Embodiments II-1 to
I11-19 wherein Z' is selected from phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-
cyclic-heterocycle, wherein the 5-6 membered monocyclic-
heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 mem-
bered bicyclic-heterocycle and 9-12 membered tricyclic-
heterocycle have 1-11 carbon atoms and 1-5 heteroatoms in
the ring system, and wherein any phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tri-
cyclic-heterocycle of Z' is optionally substituted with one or
more Z'? or Z'? groups.

Embodiment 11-23

[1590] The compound of any one of Embodiments II-1 to
11-19 wherein Z" is selected from 8-10 membered bicyclic-
heteroaryl and 8-10 membered bicyclic-heterocycle, wherein
any from 8-10 membered bicyclic-heteroaryl and 8-10 mem-
bered bicyclic-heterocycle of Z! is optionally substituted with
one or more Z'“ or Z'* groups.

Embodiment 11-24

[1591] The compound of any one of Embodiments II-1 to
I1-19 wherein Z' is selected from 8-10 membered bicyclic-
heteroaryl and 8-10 membered bicyclic-heterocycle, wherein
the 8-10 membered bicyclic-heteroaryl and 8-10 membered
bicyclic-heterocycle have 3-9 carbon atoms and 1-5 heteroa-
toms in the ring system, and wherein any 8-10 membered
bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle
of Z' is optionally substituted with one or more Z'? or Z'?
groups.

Embodiment II-25

[1592] The compound of any one of Embodiments II-1 to
11-19 wherein Z' is selected from phenyl, 1H-pyrrolo[2,3-b]
pyridinyl, 1-oxoisoindolinyl, 4-oxo0-3,4-dihydroquinazoli-
nyl, 3-oxospiro[cyclopropane-1,1'-isoindolin]-yl, 1H-2-0xo0-
pyridinyl and 2,4-dioxo-1,2,3,4-tetrahydrorquinazolinyl,
wherein any phenyl, 1H-pyrrolo[2,3-b]pyridinyl, 1-oxoisoin-
dolinyl, 4-oxo0-3,4-dihydroquinazolinyl, 3-oxospiro[cyclo-
propane-1,1'-isoindolin]-yl, 1H-2-oxo-pyridinyl and 2,4-di-
oxo0-1,2,3,4-tetrahydrorquinazolinyl of Z' is optionally
substituted with one or more Z'* or Z'% groups.

Embodiment II-26

[1593] The compound of any one of Embodiments II-1 to
11-19 wherein Z' is selected from phenyl, 1H-pyrrolo[2,3-b]
pyridin-5-yl, 1-oxoisoindolin-5-yl, 1-oxoisoindolin-4-yl,
4-0x0-3,4-dihydroquinazolin-8-yl,  3'-oxospiro[cyclopro-
pane-1,1'-isoindolin]-5'-yl, 1H-2-oxo-pyridin-4-yl and 2.4-
dioxo-1,2,3,4-tetrahydrorquinazolin-8-yl, wherein any phe-
nyl, 1H-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin-5-yl,
1-oxoisoindolin-4-yl,  4-o0x0-3,4-dihydroquinazolin-8-yl,
3'-oxospiro[cyclopropane-1,1'-isoindolin]-5'-yl, 1H-2-oxo-
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pyridin-4-yl and 2,4-dioxo-1,2,3,4-tetrahydrorquinazolin-8-
ylof Z is optionally substituted with one or more Z'“ or Z'?
groups.

Embodiment II-27
[1594] The compound of any one of Embodiments II-1 to

11-19 wherein Z* is 1H-indazol-7-yl, wherein Z" is optionally
substituted with one or more Z'* or Z'* groups.

Embodiment 11-28

[1595] The compound of any one of Embodiments II-1 to
11-27 wherein each Z'“ is independently selected from halo-
gen, —OR™, NR?'R™ and —C(O)NR?'R".

Embodiment 11-29

[1596] The compound of any one of Embodiments II-1 to
11-27 wherein each Z'“ is independently selected from halo-
gen and —NR"'S(0),R?*.

Embodiment 11-30

[1597] The compound of any one of Embodiments II-1 to
11-27 wherein each Z'? is independently selected from (C, -

Cylalkyl.
Embodiment 11-31

[1598] The compound of any one of Embodiments II-1 to
11-27 wherein each Z'“ is independently selected from halo-
gen and NR™'S(O),R?' and each Z'* is independently
selected from (C,-Cg)alkyl.

Embodiment 11-32

[1599] The compound of any one of Embodiments II-1 to
11-27 wherein each Z'“ is independently selected from halo-
gen and —C(O)NR?'R™.

Embodiment 11-33

[1600] The compound of any one of Embodiments II-1 to
11-27 wherein R"!, R?" and R are each H.

Embodiment 11-34

[1601] The compound of any one of Embodiments II-1 to
11-19 wherein Z' is selected from:

N H
7 | N
7 o
N\/ NH
NH, NH,
O 0]
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F—continued
Z S\n
NH,, s
2 N o
(@]
and ‘YQYO.
(0]
NH HN\"/NH
(@]

Embodiment II-35

[1602] The compound of any one of Embodiments II-1 to
11-19 wherein Z* is

\N.
/

N

I

Embodiment II-36

[1603] The compound of any one of Embodiments II-1 to
11-19 wherein Z' is selected from

(6] (6]

\\ CH d \\ CH;
Cl - S — 3 an S — 3.
(¢] (¢]
\ N \ N
/ /
N N
\CH3 \CH3

Embodiment II-37

[1604] The compound of any one of Embodiments II-1 to
11-36 wherein 7 is selected from (C,-Cy)alkynyl, 6-12 mem-
bered aryl, 5-12 membered C-linked-heteroaryl, 3-12 mem-
bered C-linked-heterocycle and —C(O)NR?’R™, wherein
any 6-12 membered aryl, 5-12 membered C-linked-het-
eroaryl and 3-12 membered C-linked-heterocycle of Z2 is
optionally substituted with one or more Z>? or Z>¢ groups, and
wherein any (C,-Cg)alkynyl of Z* is optionally substituted
with one or more Z>° groups.

Embodiment II-38

[1605] The compound of any one of Embodiments II-1 to
I1-36 wherein 77 is selected from (C,-Cy)alkynyl, phenyl, 5-6
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membered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl, 8-10 membered C-linked-bicy-
clic-heterocycle and —C(O)NR?R™, wherein any phenyl,
5-6 membered C-linked-monocyclic-heteroaryl, 8-10 mem-
bered C-linked-bicyclic-heteroaryl and 8-10 membered
C-linked-bicyclic-heterocycle of Z* is optionally substituted
with one or more Z2* or Z*° groups, and wherein any (C,-Cg)
alkynyl of Z* is optionally substituted with one or more Z>°
groups.

Embodiment 11-39

[1606] The compound of any one of Embodiments II-1 to
11-36 wherein Z* is selected from (C,-Cy)alkynyl, phenyl, 5-6
membered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl, 8-10 membered C-linked-bicy-
clic-heterocycle and —C(O)NR?R">, wherein the 5-6 mem-
bered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl and 8-10 membered C-linked-
bicyclic-heterocycle have 1-9 carbon atoms and 1-4 heteroa-
toms in the ring system, and wherein any phenyl, 5-6 mem-
bered C-linked-monocyclic-heteroaryl, 8-10 membered
C-linked-bicyclic-heteroaryl, 8-10 membered and C-linked-
bicyclic-heterocycle of Z* is optionally substituted with one
ormore Z?” or 7> groups, and wherein any (C,-Cg)alkynyl of
72 is optionally substituted with one or more Z>° groups.

Embodiment 11-40

[1607] The compound of any one of Embodiments II-1 to
11-36 wherein Z is selected from 4-methylpentynyl, phenyl,
pyridinyl, 1H-2-oxo-pyridinyl, triazolyl, 1-oxoisoindolinyl,
1H-pyrrolo[2,3-b]pyridinyl and —C(O)NR?°R">, wherein
any phenyl, pyridinyl, 2-oxopyridinyl, triazolyl, 1-oxoisoin-
dolinyl and 1H-pyrrolo[2,3-b]pyridinyl of Z* is optionally
substituted with one or more Z** or Z*° groups, and wherein
any 4-methylpentynyl of Z* is optionally substituted with one
or more Z>¢ groups.

Embodiment 11-41

[1608] The compound of any one of Embodiments II-1 to
11-36 wherein Z? is selected from 4-methylpentyn-1-yl, phe-
nyl, pyridin-4-yl, 1H-2-oxo-pyridin-2-yl, triazol-4-yl, 1-ox-
oisoindolin-6-y1, 1H-pyrrolo[2,3-b]pyridine-5-yl  and
—C(O)NR?’R”, wherein any phenyl, pyridin-4-yl, 2-hy-
droxypyridin-2-yl, triazol-4-yl, 1-oxoisoindolin-6-yl and
1H-pyrrolo[2,3-b]pyridine-5-yl of Z* is optionally substi-
tuted with one or more Z?* or Z?¢ groups, and wherein any
4-methylpentyn-1-yl of Z* is optionally substituted with one
or more Z>¢ groups.

Embodiment 11-42

[1609] The compound of any one of Embodiments II-1 to
11-41 wherein Z* is optionally substituted with one or more
73 groups.

Embodiment 11-43

[1610] The compound of any one of Embodiments II-1 to
11-42 wherein R?* and R are each H.

Embodiment 11-44

[1611] The compound of any one of Embodiments II-1 to
11-43 wherein each Z* is independently selected from halo-
gen, —OR™ and —C(O)NR?*R™.
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Embodiment I1-45

[1612] The compound of any one of Embodiments II-1 to
11-44 wherein R™ is H or methyl, and R?* and R™ are each H.

Embodiment II-46

[1613] The compound of any one of Embodiments II-1 to
11-36 wherein Z? is selected from:

Embodiment 11-47

[1614] The compound of any one of Embodiments II-1 to

11-10 wherein A-Z" is selected from:

/N | %
NZ ~ /
ON N |
(@]




US 2014/0303164 Al Oct. 9,2014

279
-continued -continued
NH,
NH N7
NZ | N | ¢
0
N HO 7
HO A
NH,
NF
| 3
N
NHy,
H,N
NH,
0
0
NH,
HN N7
o 0
S N
HN._z
A\
NZ AN o,
0 N Xy
HN
NH, #
N H
N/ Z | N,
0
0
P | > X A | A /
N
P A
HO 7



US 2014/0303164 Al

-continued

N | o}

X NH

HO 7
= N %
NZ A /
~ X
HN
\Né N

N NH,

HO. 4

Embodiment 11-48

[1615] The compound of any one of Embodiments II-1 to
11-10 wherein A-Z" is selected from:

ZT
=
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-continued

Embodiment 11-49

[1616] The compound of any one of Embodiments II-1 to
11-48 wherein R' is a 5-12 membered heteroaryl, wherein any
5-12 membered heteroaryl of R' is optionally substituted with
one or more Z* groups.

Embodiment II-50

[1617] The compound of any one of Embodiments II-1 to
11-48 wherein R is a 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl, wherein any 8-12 mem-
bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-
eroaryl of R! is optionally substituted with one or more Z*
groups.

Embodiment 1I-51

[1618] The compound of any one of Embodiments II-1 to
11-48 wherein R is a 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl, wherein the 8-12 mem-
bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-
eroaryl have 4-10 carbon atoms and 1-5 heteroatoms in the
ring system, and wherein any 8-12 membered bicyclic-het-
eroaryl or 8-12 membered tricyclic-heteroaryl of R® is option-
ally substituted with one or more Z* groups.

Embodiment II-52

[1619] The compound of any one of Embodiments II-1 to
11-48 wherein R is a 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl, wherein the 8-12 mem-
bered bicyclic-heteroaryl or 8-12 membered tricyclic-het-
eroaryl contains at least one partially unsaturated ring, and
wherein any 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl of R” is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z* groups.

Embodiment II-53

[1620] The compound of any one of Embodiments II-1 to
11-48 wherein R* has the following formula IIb:

ChAy

X'

IIb
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wherein:

[1621] C together with the two carbon atoms of ring B to
which it is attached forms a 3-7 membered monocyclic-car-
bocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle or 5-8 membered bicyclic hetero-
cycle, wherein any 3-7 membered monocyclic-carbocycle,
5-8 membered bicyclic-carbocycle, 3-7 membered monocy-
clic-heterocycle or 5-8 membered bicyclic heterocycle of C is
optionally substituted with one or more (e.g. 1,2,3,40r5) Z*
groups; and

[1622] Bisa5 or 6 membered monocyclic-heteroaryl hav-
ing 1, 2 or 3 nitrogen atoms;

[1623] VisCorN;

[1624] W is CZ*,NZ* orN;

[1625] XisCZ*,NZ* orN;

[1626] Y is CZ*, N or absent;

[1627] the dashed bonds are selected from single bonds and

double bonds, wherein the dashed bonds, V, W, X and Y are
selected so that the 5 or 6 membered monocyclic-heteroaryl B
is aromatic; and

[1628] each Z* is independently selected from H or Z*.
Embodiment II-54
[1629] The compound of any one of Embodiments II-1 to

11-48 wherein R* has the following formula IId:

Y
/
—N
Z4c
wherein:

[1630] C together with the two carbon atoms to which it is
attached forms a 3-7 membered monocyclic-carbocycle, 5-9
membered bicyclic-carbocycle, 3-7 membered monocyclic-
heterocycle or 5-9 membered bicyclic heterocycle, wherein
any 3-7 membered monocyclic-carbocycle, 5-9 membered
bicyclic-carbocycle, 3-7 membered monocyclic-heterocycle
or 5-9 membered bicyclic heterocycle of C is optionally sub-
stituted with one or more (e.g. 1, 2, 3, 4 or 5) Z* groups; and

IId

[1631] each Z* is independently selected from H or Z*.
Embodiment II-55
[1632] The compound of any one of Embodiments II-1 to

11-48 wherein R selected from 3b,4,4a,5-tetrahydro-1H-cy-
clopropal[3,4|cyclopenta[1,2-c[pyrazolyl and 4,5,6,7-tet-
rahydro-indazolyl, wherein any 3b,4,4a,5-tetrahydro-1H-cy-
clopropal3,4|cyclopenta[1,2-c[pyrazolyl and  4,5,6,7-
tetrahydro-indazolyl of R* is optionally substituted with one
or more Z* groups.

Embodiment 56

[1633] The compound of any one of Embodiments II-1 to
11-48 wherein R selected from 3b,4,4a,5-tetrahydro-1H-cy-
clopropal3,4|cyclopenta| 1,2-c[pyrazol-1-yl and 4,5,6,7-tet-
rahydro-indazol-1-yl, wherein any 3b.4,4a,5-tetrahydro-1H-
cyclopropal3,4|cyclopenta|1,2-c|pyrazol-1-yl and 4,5,6,7-
tetrahydro-indazol-1-yl of R* optionally substituted with one
or more Z* groups. Embodiment 11-57
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[1634] The compound of any one of Embodiments II-1 to
11-56 wherein each Z* is independently selected from (C,-Cy)
alkyl and halogen, wherein any (C,-Cy)alkyl of Z* is option-
ally substituted with one or more halogen.

Embodiment I1-58
[1635] The compound of any one of Embodiments II-1 to

11-56 wherein each Z* is independently selected from fluoro,
trifluoromethyl and difluoromethyl.

Embodiment II-59

[1636] The compound of any one of Embodiments II-1 to
11-48 wherein R" is selected from:

CF;  and CHF>.
B B
N N/

Embodiment II-60

[1637] The compound of any one of Embodiments 1I-1 to
11-48 wherein R” is

Embodiment 1I-61

[1638] The compound of any one of Embodiments II-1 to
11-48 wherein R" is selected from:
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Embodiment 11-62 -continued

[1639] The compound of any one of Embodiments II-1 to
11-48 wherein R* is

Embodiment 11-63

[1640] The compound of Embodiment II-1 selected from:

LN
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-continued -continued

CHF,
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-continued -continued

E F CHF,
F F

and pharmaceutically acceptable salts thereof.

Embodiment I1-64

[1641] The compound of Embodiment II-1 selected from:

and.
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-continued

O\\ /Zm
VS

and pharmaceutically acceptable salts thereof.

Embodiment 11-65

[1642] A pharmaceutical composition comprising a com-
pound of formula I as described in any one of Embodiments
1I-1 to 1I-64, or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable carrier.

Embodiment 11-66

[1643] A method for treating a Retroviridae virus infection
in a mammal comprising administering a therapeutically
effective amount of a compound of any one of Embodiments
1I-1 to 1I-64, or a pharmaceutically acceptable salt thereof, to
the mammal.

Embodiment 11-67

[1644] The method of Embodiment II-66 wherein the Ret-
roviridae virus infection is an HIV virus infection.

Embodiment 11-68

[1645] A method for treating an HIV infection in a mammal
comprising administering to the mammal in need thereof a
therapeutically effective amount of a compound of formula I
as described in any one of Embodiments II-1 to 1I-64, or a
pharmaceutically acceptable salt thereof, in combination
with a therapeutically effective amount of one or more addi-
tional therapeutic agents selected from the group consisting
of HIV protease inhibiting compounds, HIV non-nucleoside
inhibitors of reverse transcriptase, HIV nucleoside inhibitors
of reverse transcriptase, HIV nucleotide inhibitors of reverse
transcriptase, HIV integrase inhibitors, gp41 inhibitors,
CXCR4 inhibitors, gp120 inhibitors, CCRS inhibitors, capsid
polymerization inhibitors, and other drugs for treating HIV,
and combinations thereof.

Embodiment 11-69

[1646] A compound of formula I as described in any of
Embodiments II-1 to 11-44, or a pharmaceutically acceptable
salt thereof for use in medical therapy.

Embodiment 11-70

[1647] A compound of formula I as described in any one of
Embodiments II-1 to 1I-44 or a pharmaceutically acceptable
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salt thereof, for the prophylactic or therapeutic treatment of a
Retroviridae virus infection or an HIV virus infection.

Embodiment 1I-71

[1648] The use of a compound as described in any one of
Embodiments 1I-1 to 1I-44 or a pharmaceutically acceptable
salt thereof, for the manufacture of a medicament for treating
a Retroviridae virus infection or an HIV virus infection in a
mammal.

Embodiment II-72

[1649]
1. A compound of formula II1d:

A compound or method as described herein.

1IId

AN
T— @
R! 7
R §
R3b
0 z!
N X
)l\ A2
2 1

wherein

A'is CH, C—Z?, or nitrogen;

A?is CH or nitrogen;

R! is 6-12 membered aryl, 5-12 membered heteroaryl, or
3-12 membered heterocycle, wherein any 6-12 mem-
bered aryl, 5-12 membered heteroaryl, or 3-12 mem-
bered heterocycle of R* is optionally substituted with 1,
2,3, 4or 5 Z* groups, wherein the Z* groups are the same
or different;

each R3* and R*” is independently H or (C,-C5)alkyl;

Z' is 6-12 membered aryl, 5-14 membered heteroaryl, or
3-14 membered heterocycle, wherein any 6-12 mem-
bered aryl, 5-14 membered heteroaryl, or 3-14 mem-
bered heterocycle of Z' is optionally substituted with 1,
2,3,40r5Z'" or Z'*, wherein the Z'® and Z'® groups are
the same or different;

each Z'? is independently (C,-C,)carbocycle, 5-12 mem-
bered heteroaryl, 3-12 membered heterocycle, halogen,
—CN, —OR™, —OC(O)R?', —OC(O)NR?'R",
—SR™, —S(O)R?!, —S(0),0H, —S(0),R?!, —S(0)

LNRYR™, —NRY'R™, —NR"!COR?",
“_NR"!CO,R?!, —NR"™CONR?'R™, —NR"'S(0)
LR?L - NR"S(0),0R?', —NR"'S(0),NR?'R",

—C(O)R™", —C(O)OR™, —C(O)NR?'R™ and —S(0O)
LNR™COR?!, wherein any (C,-C,)carbocycle, 5-12
membered heteroaryl and 3-12 membered heterocycle
of Z'*is optionally substituted with 1, 2,3, 4 or 5 Z'<or
7' groups, wherein the Z'€ and Z'“ groups are the same
or different;

each 7'? is independently (C,-Cy)alkyl optionally substi-
tuted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;

each Z' is independently halogen, —CN, —OH, —NH,,
—C(O)NR??R™, or (C,-Cg)heteroalkyl;
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each Z'¢ is independently (C,-Cglalkyl or (C,-Cg)ha-
loalkyl;

each R™ is independently H, (C,-Cyalkyl, (C,-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl, wherein any (C;-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl of R™ is optionally substituted
with 1,2,3, 4 or 5 7' or Z'“ groups, wherein the Z'< and
Z'? groups are the same or different, and wherein any
(C,-Cyg)alkyl of R™ is optionally substituted with 1, 2, 3,
4 or 5 7' groups, wherein the Z'© groups are the same or
different;

each RP' is independently (C,-Cylalkyl, (C,-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl, wherein any (C;-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl of R?! is optionally substituted
with 1,2,3, 4 or 5 7' or Z'“ groups, wherein the Z'< and
Z'? groups are the same or different, and wherein any
(C,-Cyg)alkyl of R?! is optionally substituted with 1, 2, 3,
4 or 5 7' groups, wherein the Z'© groups are the same or
different;

each R7' and R™ is independently H, (C,-Cg)alkyl, (Cs-
C,)carbocycle, 3-7 membered heterocycle, or 5-6 mem-
bered monocyclic-heteroaryl, wherein any (C;-C,)car-
bocycle, 3-7 membered heterocycle, or 5-6 membered
monocyclic-heteroaryl of R?* or R™ is optionally sub-
stituted with 1,2, 3, 4 or 5 Z'< or Z'“ groups, wherein the
7' and Z'¥ groups are the same or different, and wherein
any (C,-Cg)alkyl of R?' or R is optionally substituted
with1,2, 3, 4 or 5 Z'° groups, wherein the Z'° groups are
the same or different, or R?* and R together with the
nitrogen to which they are attached form a 5, 6 or
7-membered heterocycle, wherein the 5, 6 or 7-mem-
bered heterocycle is optionally substituted with 1, 2, 3, 4
or 5 7' or Z*¥ groups, wherein the 7' and Z' groups
are the same or different;

each R7* and R’ is independently H, (C,-Cg)alkyl, (Cs-
C,)carbocycle, or R? and R” together with the nitrogen
to which they are attached form a 5, 6, or 7-membered
heterocycle;

7215 (C,-Cy)alkenyl, (C,-Cg)alkynyl, 6-12 membered aryl,
5-12 membered C-linked-heteroaryl, 3-12 membered
C-linked-heterocycle, —C(O)R™, or —C(O)NR?*R">,
wherein any 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, or 3-12 membered C-linked-het-
erocycle of Z* is optionally substituted with 1, 2, 3, 4 or
5 7°% or 7? groups, wherein the Z** and Z*° groups are
the same or different, and wherein any (C,-Cy)alkenyl or
(C,-Cy)alkynyl of Z? is optionally substituted with 1, 2,
3,4, or 5 Z* groups, wherein the Z>° groups are the same
or different;

each R™ is independently H or (C,-C,)alkyl;

each R?* and R is independently H or (C,-C,)alkyl;

each Z* is independently oxo, (C,-C,)alkyl, (C,-C,)het-
eroalkyl or (C,-C,)haloalky];

each Z°¢ is independently oxo, halogen, —CN, —OR™,
—OC(O)R?*, —OC(O)NR?*R™, —SR™, —S(O)R?*,
—S(0),0H, —S(0),R?%, —S(0),NR#R™,
—NRR™, —NR™COR”*, —NR™CO,R"*,
—NR™CONRZ*R™, —NR™8(0),R?*, —NR™S(0)
LORP4, —NR™S(0),NR™R™, —NO,, —C(O)R™,
—C(O)YOR™, or —C(O)NR*R™;
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each R™ is inependently H, (C,-C,)alkyl, (C,-C,)ha-
loalkyl, or (C,-C,)heteroalkyl;

each R7* is independently (C,-Cy)alkyl, (C,-C,)haloalkyl,
or (C,-C heteroalkyl;

each R? and R™ is independently H, (C,-C,)alkyl, (C,-
C haloalkyl, or (C,-C,)heteroalkyl;

each 7> is independently a (C,-C,)heteroalkyl;

each Z* is independently oxo, (C,-Cg)alkyl, (C5-C,)car-
bocycle, halogen, —CN, —OR™, —NR?R”,
—NR"*COR??, —NR"CO,R?>, —C(O)R™, —C(0)
OR™, or —C(O)NR?°R”, wherein any (C,-C,)car-
bocycle or (C,-Cy)alkyl of Z* is optionally substituted
with1,2,3, 4 or 5 Z** groups, wherein the Z** groups are
the same or different;

each Z** is independently halogen, —CN, or —OR”S,

each R™, R?>, R?>, R™, and R is independently H or
(C,-Cyalkyl;

each Z° is independently halogen, which may be same or
different; and

nis 0, 1,2, or 3;

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, or a pharmaceutically accept-

able salt thereof, which is a compound of formula I1le:

IIle

AN
T @
R! 7~
R §
R3b
0 z!
N X
-t
ZZJ\AI//

or a pharmaceutically acceptable salt thereof.

3. The compound of claim 1, or a pharmaceutically accept-
able salt thereof, wherein R! is

wherein

Ctogether with the two carbon atoms to which it is attached
forms a 3-7 membered monocyclic-carbocycle or 5-9
membered bicyclic-carbocycle, wherein any 3-7 mem-
bered monocyclic-carbocycle or 5-9 membered bicy-
clic-carbocycle of C is optionally substituted with 1, 2,
3, 4 or 5 Z* groups, wherein the Z* groups are the same
or different.

4. (canceled)
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5. The compound of claim 1, or a pharmaceutically accept-
able salt thereof, wherein 7" is

Zw

wherein each Z'* is independently Z*%, Z'?, or H.

6. The compound of claim 5, or a pharmaceutically accept-
able salt thereof, wherein:

each Z'® is independently halogen, —CN, —OR™,

—NR"S(0),R?!, —NR"S(0),NR7'R"™*, —NR?'R"™,
—NR"COR?", —NR"™CONR?'R"™, or
—NR"'CO,RP!;

each Z'* is independently (C,-Cgalkyl), wherein the (C,-

Csalkyl) is optionally substituted with 1, 2, or 3 halogen,
which are the same or different; and

at least one of Z'" is 7' or Z'%.

7. (canceled)

8. The compound of claim 6, or a pharmaceutically accept-
able salt thereof, wherein each Z'“ is independently halogen,
—NR™8(0),R?!, or —NR™S(0),NR?'R™.

9. The compound of claim 1, or a pharmaceutically accept-
able salt thereof, wherein the moiety

AN VAS F

wherein Z°¢ is H or halogen.

10-13. (canceled)

14. The compound of claim 13, or a pharmaceutically
acceptable salt thereof, wherein A is:

Z Z
7 1 / 1
7, N N
N / > > >
S . A
AN
Z5
Z> Z3
or Z.
z NZ 1
~ 1
N | |
N
)\ z N
75 N

15-16. (canceled)

17. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein R** and R®” are each H.

18-19. (canceled)
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20. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein Z? is (C,-Cy)alkynyl, option-
ally substituted with 1, 2, or 3 Z> groups.

21. The compound of claim 20, or a pharmaceutically
acceptable salt thereof, wherein each Z*° is independently
halogen, —OR™*, NR?*R™, —NR™CO,R?*, —C(0)OR™,
or —C(O)NR#*R™,

22-27. (canceled)

28. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein R' optionally substituted
with 1, 2, 3,4, or 5 Z* groups is

F
CF3 F
N
L B
/ /
N N
F F M I\ N
F F CHF,.
B
/
N

29. (canceled)

30. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein Z* is 8-10 membered bicy-
clic-heteroaryl or 8-10 membered bicyclic-heterocycle,
wherein any 8-10 membered bicyclic-heteroaryl or 8-10
membered bicyclic-heterocycle has 3-9 carbon atoms and 1-5
heteroatoms in the ring system, and wherein any 8-10 mem-
bered bicyclic-heteroaryl or 8-10 membered bicyclic-hetero-
cycle of Z! is optionally substituted with 1, 2, 3,4, or 5 Z'“ or
7' groups.

31-45. (canceled)

46. The compound of claim 44, or a pharmaceutically
acceptable salt thereof, which is:

s

or

ZT
==




US 2014/0303164 Al

288

-continued

47. A pharmaceutical composition comprising a com-
pound of claim 1, or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier.

48. A pharmaceutical composition comprising a com-
pound of claim 1, or a pharmaceutically acceptable salt
thereof, and an additional therapeutic agent, wherein the
additional therapeutic agent is an HIV protease inhibiting
compound, an HIV non-nucleoside inhibitor of reverse tran-
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scriptase, an HIV nucleoside inhibitor of reverse tran-
scriptase, an HIV nucleotide inhibitor of reverse tran-
scriptase, an HIV integrase inhibitor, a gp41 inhibitor, a
CXCR4 inhibitor, a gp120 inhibitor, a CCRS inhibitor, a
capsid polymerization inhibitor, or a non-catalytic site HIV
integrase inhibitor and combinations thereof.

49. A method for treating a HIV infection in a patient in
need thereof comprising administering a therapeutically
effective amount of a compound of claim 1, or a pharmaceu-
tically acceptable salt thereof, to the patient.

50. A method for treating an HIV infection in a patient in
need thereof comprising administering to the patient a thera-
peutically effective amount of a compound of claim 1, or a
pharmaceutically acceptable salt thereof, in combination
with a therapeutically effective amount of an additional thera-
peutic agent, wherein the additional therapeutic agent is an
HIV protease inhibiting compound, an HIV non-nucleoside
inhibitor of reverse transcriptase, an HIV nucleoside inhibitor
of reverse transcriptase, an HIV nucleotide inhibitor of
reverse transcriptase, an HIV integrase inhibitor, a gp4l
inhibitor, a CXCR4 inhibitor, a gp120 inhibitor, a CCRS5
inhibitor, a capsid polymerization inhibitor, or a non-catalytic
site HIV integrase site inhibitor and combinations thereof.

51-54. (canceled)



