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ANTI-FIBROTIC PYRIDINONES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of priority to U.S. Appl. No.
61/709,075, filed October 2, 2012, U.S. Appl. No. 61/777,499, filed March 12, 2013 and U.S. Appl.
No. 61/872,157, filed August 30, 2013, all of which are herely incorporated by references in their
entireties.
BACKGROUND
Field

[0002] Pyridinone compounds, method of making such compounds, pharmaceutical
compositions and medicaments comprising such compounds, and methods of using such compounds
to treat, prevent or diagnose diseases, disorders, or conditions associated with fibrosis are provided.
Description

[0003] Fibrosis 1s the formation of excess fibrous connective tissue 1in an organ or tissue
In a reparative or reactive process. Examples of fibrosis include, but are not Iimited to pulmonary
fibrosis, liver fibrosis, dermal fibrosis, and renal fibrosis. Pulmonary fibrosis, also called 1diopathic
pulmonary fibrosis (IPF), interstitial diffuse pulmonary fibrosis, inflammatory pulmonary fibrosis, or
fibrosing alveolitis, 1s a lung disorder and a heterogencous group of conditions characterized by
abnormal formation of fibrous tissue between alveoli caused by alveolitis comprising cellular
infiltration 1nto the alveolar septac with resulting fibrosis. The effects of IPF are chronic,
progressive, and often fatal.

[0004] There continues to be a need for safe and effective drugs to treat fibrotic
conditions such as i1diopathic pulmonary fibrosis.

SUMMARY
[0005] Some embodiments of the present application provide a compound having the

structure of formula (I):
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or a pharmaceutically acceptable salt thercof, wherein

R' is selected from the oroup consisting of halogen, -CN, -C(O)R8, -SO,R™, C16
alkyl optionally substituted with one or more R*, C,.¢ alkenyl optionally substituted with one
or more R*, Cp¢ alkynyl optionally substituted with one or more R*, Cg.10 aryl optionally
substituted with one or more R*, 5-10 membered heteroaryl optionally substituted with one or
more R4, Cs.10 carbocyclyl optionally substituted with one or more R4, and 3-10 membered
heterocyclyl optionally substituted with one or more R*;

R” is selected from the oroup consisting of halogen, -CN, -OR’, -SR’, -NR°R’, and -
C(O)R®;

R’ is selected from the ogroup consisting of hydrogen, -(CH»)n-(Ce.10 aryl), -(CH3)u-(5-
10 membered heteroaryl), -(CHj),-(Cs.10 carbocyclyl), and -(CHj),-(3-10 membered
heterocyclyl), each optionally substituted with one or more R’

cach R* is independently selected from the group consisting of halogen, -CN, -OH, -
C(O)R®, -SO,R'™, optionally substituted C;¢ alkyl, optionally substituted C,¢ alkenyl,
optionally substituted C,.¢ alkynyl, optionally substituted C;_¢ alkoxy, optionally substituted
Ce.10 aryl optionally substituted with one or more R'', C;.14 aralkyl optionally substituted
with one or more R'', 5-10 membered heteroaryl optionally substituted with one or more R'',
or independently two geminal R* together are 0xo;

cach R’ is independently selected from the group consisting of hydrogen, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl,
optionally substituted C,.g alkoxyalkyl, Cs 10 aryl optionally substituted with one or more R'",
C;.14 aralkyl optionally substituted with one or more R', and -(CH;),-(3-10 membered
heterocyclyl) optionally substituted with one or more R'";

R® is selected from the group consisting of hydrogen, optionally substituted C;.¢ alkyl,
optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Ces.19 aryl optionally
substituted with one or more R"', C-.14 aralkyl optionally substituted with one or more R,
(5-10 membered heteroaryl)alkyl optionally substituted with one or more R'', -C(O)R®, and -
C(O)OR’;

R’ is selected from the group consisting of hydrogen, optionally substituted C_¢ alkyl,
optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Ces.19 aryl optionally
substituted with one or more R, C;.14 aralkyl optionally substituted with one or more R"',

(5-10 membered heteroaryl)alkyl optionally substituted with one or more R'', -C(O)R®, and -
C(O)OR’;
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or R® and R’ together with the nitrogen to which they are attached form a 3-10
membered heterocyclyl optionally substituted with one or more R'";

cach R’ is independently selected from the group consisting of hydrogen, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R" C..4 aralkyl optionally substituted
with one or more R'', -NR'“R", and -OR":

cach R’ is independently selected from the group consisting of hydroxy, halogen,
optionally substituted Ci_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted C,.
¢ alkynyl, optionally substituted Ci¢ alkylthio, optionally substituted C,gs alkoxyalkyl,
optionally substituted Cs.1o carbocyclyl, optionally substituted Cq.19 aryl, -OR>, NR"R", -
C(O)R®, -CN, -SO,R'®, and -NO,;

cach R" is independently selected from the group consisting of optionally substituted
Ci6 alkyl, optionally substituted C,¢ alkenyl, and optionally substituted C,. alkynyl, or
independently two geminal R' together are oxo;

cach R" is independently selected from the group consisting of halogen, -CN,
optionally substituted C,_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted Cs.
6 alkynyl, -O-(CH,),-C1s alkoxy, -C(O)R®, and optionally substituted C;.¢ alkoxy:;

cach R'” is independently selected from the group consisting of hydrogen, optionally
substituted Cy.g alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R"', and C5.14 aralkyl optionally substituted
with one or more R'':

cach R is independently selected from the group consisting of hydrogen, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R"', and C5.14 aralkyl optionally substituted
with one or more R'":

R' is selected from the oroup consisting of hydrogen, optionally substituted Ci¢
alkyl, optionally substituted Cg.19 aryl, and -C(O)R":

R" is selected from the group consisting of hydrogen, optionally substituted Ci.¢
alkyl, optionally substituted Cg 19 aryl, and -C(O)R®;

each R'® is independently selected from the group consisting of optionally substituted
Ci.6 alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,¢ alkynyl, Ces.19 aryl
optionally substituted with one or more R'', C7.14 aralkyl optionally substituted with one or

more R'', -NR'“R"’. and -OR”:
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Z. 1s selected from oxygen and sulfur;

cach n 1s independently an integer from 0 to 4; and

the bonds represented by a solid and dashed line are independently selected from the
oroup consisting of a single bond and a double bond, provided that

when R’ is H, then R! is selected from Cg.qg aryl optionally substituted with one or
more R*, or 5-10 membered heteroaryl optionally substituted with one or more R*;

when R” is -NH-(2-fluoro-4-bromo-phenyl) and R' is C(O)OH, then R’ cannot be -
CH;-phenyl;

when R” is methoxy, R' is 4-methoxyphenyl, and Z is O, then R° is not -(CH,)-2-
fluro- 4-chloro-phenyl;

when R’ is a phenyl; R*is OR’ or NR6R7; then R' is not triazolyl;

when R° is 4-methyl phenyl, R* is morpholinyl, and Z is O; then R' is not methyl; and

when R° is 4-methyl phenyl, R is -N(CH3),, Z is O; then R' is not methyl.

ome¢ cmbodiments of the present application provide a compound having the

[0006] S bodi f th licat 1d d having th

structure of formula (II):

(1)

or a pharmaceutically acceptable salt thercof, wherein

R” is selected from the group consisting of optionally substituted C;_¢ alkyl, optionally
substituted C,_¢ alkenyl, and optionally substituted C,.¢ alkynyl;

R’ is selected from the ogroup consisting of hydrogen, -(CH»),-(Ce.10 aryl), -(CH3)n-(5-
10 membered heteroaryl), -(CHj),-(Cs.10 carbocyclyl), and -(CHj),-(3-10 membered
heterocyclyl), each optionally substituted with one or more R’;

Y is selected from N and CR*:

cach R* is independently selected from the group consisting of halogen, -CN, -OH, -
C(O)R®, -SO,R™, optionally substituted C;¢ alkyl, optionally substituted C,¢ alkenyl,
optionally substituted C,.¢ alkynyl, optionally substituted C,¢ alkoxy, Ce.10 aryl optionally
substituted with one or more R“, C.14 aralkyl optionally substituted with one or more R”, 5-

10 membered heteroaryl optionally substituted with one or more R",

-
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or independently two adjacent R* together with the carbon atoms to which they are
attached form a fused ring selected from the group consisting of optionally substituted
phenyl, optionally substituted 5-6 membered heteroaryl, optionally substituted Cs.;
carbocyclyl, and optionally substituted 3-7 membered heterocyclyl;

cach R’ is independently selected from the group consisting of hydroxy, halogen,
optionally substituted Ci_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted C,.
¢ alkynyl, optionally substituted Ci¢ alkylthio, optionally substituted C,gs alkoxyalkyl,
optionally substituted Cs.1o carbocyclyl, optionally substituted Cg 19 aryl, -OR”, -NR'*R"”, -
C(O)R®, -CN, -SO,R'®, and -NO;:

R' is selected from the ogroup consisting of hydrogen, optionally substituted Ci.
alkyl, optionally substituted Ce.10 aryl, and -C(O)R":

R" is selected from the ogroup consisting of hydrogen, optionally substituted Ci.
alkyl, optionally substituted Cg_o aryl, and -C(O)R®:

each R® is independently selected from the group consisting of hydrogen, optionally
substituted Ci_g alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,_¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R'', C;.14 aralkyl optionally substituted
with one or more R'', -NR'“R", and -OR";

cach R'” is independently selected from the group consisting of hydrogen, optionally
substituted Cy.g alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R"', and C5.14 aralkyl optionally substituted
with one or more R'':

cach R is independently selected from the group consisting of hydrogen, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R"', and C7.14 aralkyl optionally substituted
with one or more R'":

cach R is independently selected from the group consisting of hydrogen, optionally
substituted Ci_¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl,
optionally substituted C,._s alkoxyalkyl, Cg.19 aryl optionally substituted with one or more R"',
C;.14 aralkyl optionally substituted with one or more R, and -(CH,),~(3-10 membered
heterocyclyl) optionally substituted with one or more R'";

cach R' is independently selected from the group consisting of optionally substituted
Ci6 alkyl, optionally substituted C,¢ alkenyl, and optionally substituted C,¢ alkynyl, or

independently two geminal R together are 0xo;

_5-
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cach R'"" is independently selected from the group consisting of halogen, -CN,
optionally substituted C,_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted Cs.
¢ alkynyl, and optionally substituted C,_¢ alkoxy;

cach R'® is independently selected from the group consisting of optionally substituted
C..6 alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Cq.19 aryl
optionally substituted with one or more R'', C7.14 aralkyl optionally substituted with one or
more R'', -NR'“R" and -OR”:

Z. 18 selected from oxygen and sulfur;

cach n 1s independently an integer from 0 to 4; and

the bonds represented by a solid and dashed line are independently selected from the

ogroup consisting of a single bond and a double bond.

R4
v R R
oS
\‘(\ /:l\ R ¢
NS
[0007] In some embodiments, if R’ is hydrogen, then Y "'; 1S R* , and

the two adjacent R* together with the carbon atoms to which they are attached form a fused ring
selected from optionally substituted 5 or 6 membered heteroaryl or optionally substituted 5 or 6

membered heterocyclyl.

[0008] Some embodiments of the present application provide a compound having the

structure of formula (III):

(111)

or a pharmaceutically acceptable salt thercof, wherein

R! is selected from the oroup consisting of halogen, -CN, -C(O)RS, -SOZR16, Cie
alkyl optionally substituted with one or more R*, C,. alkenyl optionally substituted with one
or more R*, C,6 alkynyl optionally substituted with one or more R*, Cs 19 aryl optionally
substituted with one or more R*, 5-10 membered heteroaryl optionally substituted with one or
more R*, Cs.19 carbocyclyl optionally substituted with one or more R*, and 3-10 membered

heterocyclyl optionally substituted with one or more R*;

_6-
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R’ is selected from the group consisting of hydrogen, -(CH»),-(Ce.10 aryl), -(CH,),-(5-
10 membered heteroaryl), -(CHj),-(Cs.10 carbocyclyl), and -(CHj),-(3-10 membered
heterocyclyl), each optionally substituted with one or more R’;

ring A 1s selected from the group consisting of phenyl, 5-6 membered heteroaryl, Cs_5
carbocyclyl, and 3-7 membered heterocyclyl, each optionally substituted with one or more
R4;

cach R* is independently selected from the group consisting of halogen, -CN, -OH, -
C(O)R®, -SO,R™, optionally substituted C;¢ alkyl, optionally substituted C,¢ alkenyl,
optionally substituted C,¢ alkynyl, optionally substituted C,.¢ alkoxy, optionally substituted
Cs.10 aryl optionally substituted with one or more R“, C1.14 aralkyl optionally substituted
with one or more R"', 5-10 membered heteroaryl optionally substituted with one or more R'',
or independently two geminal R* together are 0xo;

cach R’ is independently selected from the group consisting of hydroxy, halogen,
optionally substituted C,_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted Cs.
¢ alkynyl, optionally substituted Ci¢ alkylthio, optionally substituted C,s alkoxyalkyl,
optionally substituted Cs.;o carbocyelyl, optionally substituted Cq.10 aryl, -OR’, -NR"R", -
C(O)R®, -SO,R'®, -CN and -NO;:

R' is selected from the ogroup consisting of hydrogen, optionally substituted Ci
alkyl, optionally substituted Cg_o aryl, and -C(O)R®:

R" is selected from the group consisting of hydrogen, optionally substituted Ci.¢
alkyl, optionally substituted Cg. 10 aryl, and -C(O)R®;

each R® is independently selected from the group consisting of hydrogen, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R'', C;.14 aralkyl optionally substituted
with one or more R'', -NR'“R"’. and -OR":

cach R'* is independently selected from the group consisting of hydrogen, optionally
substituted Ci_¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R"', and C5.14 aralkyl optionally substituted
with one or more R'':

cach R" is independently selected from the group consisting of hydrogen, optionally
substituted Ci_g alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,_¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R"', and C5.14 aralkyl optionally substituted

: 11
with one or more R ";
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cach R’ is independently selected from the group consisting of hydrogen, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl,
optionally substituted C,. g alkoxyalkyl, Ce.10 aryl optionally substituted with one or more R'',
C.14 aralkyl optionally substituted with one or more R', and -(CH,),-(3-10 membered
heterocyclyl) optionally substituted with one or more R'";

each R' is independently selected from the group consisting of optionally substituted
Ci6 alkyl, optionally substituted C,¢ alkenyl, and optionally substituted C,¢ alkynyl, or
independently two geminal R' together are oxo;

cach R" is independently selected from the group consisting of halogen, -CN,
optionally substituted Ci_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted C,.
¢ alkynyl, and optionally substituted C,_¢ alkoxy;

cach R'® is independently selected from the group consisting of optionally substituted
C..6 alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Cq.19 aryl
optionally substituted with one or more R'', C7.14 aralkyl optionally substituted with one or
more R“, NR!“R!" , and -ORS;

Z. 1s selected from oxygen and sulfur;

cach n 1s independently an integer from 0 to 4; and

the bonds represented by a solid and dashed line are independently selected from the
oroup consisting of a single bond and a double bond, provided that

when R is H, then R’ is selected from Cg 19 aryl optionally substituted with one or
more R*, or 5-10 membered heteroaryl optionally substituted with one or more R*;

when R” is phenyl optionally substituted with one or more R, and Z is O; then ring A
cannot be optionally substituted phenyl;

when ring A 1s selected from cyclopentenyl, optionally substituted pyrrolyl or
optionally substituted dihydropyrrolidinyl, R’ is phenyl optionally substituted with one or
more R”, and Z is O; then R' is not halogen, 3-methoxy phenyl or 3,5-dimethoxy phenyl:

when ring A is pyridyl, R' is optionally substituted phenyl, and Z is O; then n in R’ is
zero and R” is not halogen substituted phenyl;

when ring A is optionally substituted pyrimidyl, R’ is phenyl or benzyl, and Z is O:
then R’ is not methyl or benzy!;

when ring A is optionally substituted furanyl, R’ is phenyl optionally substituted with

one or more R”, and Z is O: then R' is not fluoro:
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when ring A is optionally substituted pyrrolyl, R’ is phenyl optionally substituted
with one or more R”, and Z is O: then R' is not methyl;

when ring A is tetrahydrofuranyl, R’ is phenyl, and Z is O; then R' is not methyl or
phenyl; and

when ring A is pyradizinyl, R’ is 4-NO,-phenyl, and Z is O; then R' is not methy].
[0009] Some embodiments of the present application provide a compound, having the

structure of formula (IV):

(1V)

or a pharmaceutically acceptable salt thercof, wherein

R' is selected from the group consisting of hydrogen, C; alkyl optionally substituted
with one or more R*, C,4 alkenyl optionally substituted with one or more R*, C,¢ alkynyl
optionally substituted with one or more R*, Cg.19 aryl optionally substituted with one or more
R*, 5-10 membered heteroaryl optionally substituted with one or more R*, Cs10 carbocyclyl
optionally substituted with one or more R*, and 3-10 membered heterocyclyl optionally
substituted with one or more R*:

cach R” is independently selected from the group consisting of hydrogen, halogen,
optionally substituted C,_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted Cs.
6 alkynyl, -CN, -OR’, -NR°R’, and -C(O)R®,

or both R together with the carbon atoms to which they are attached form a fused
ring selected from the group consisting of phenyl, 5-6 membered heteroaryl, Cs;.;
carbocyclyl, and 3-7 membered heterocyclyl, each optionally substituted with one or more
R4;

cach R* is independently seclected from the group consisting of halogen, -CN,
optionally substituted C,_ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted Cs.
¢ alkynyl, and optionally substituted C,_¢ alkoxy;

9.
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cach R’ is independently selected from the group consisting of hydrogen, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl,
optionally substituted C,. g alkoxyalkyl, Ce.10 aryl optionally substituted with one or more R'',
Cr.14 aralkyl optionally substituted with one or more R'', -(CH,),-(3-10 membered
heterocyclyl) optionally substituted with one or more R'’, and -(CH,),-(Ce.10 aryl) optionally
substituted with one or more R'":

R° is selected from the group consisting of hydrogen, optionally substituted C_¢ alkyl,
optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Ces.10 aryl optionally
substituted with one or more R“, C+.14 aralkyl optionally substituted with one or more R”,
(5-10 membered heteroaryl)alkyl optionally substituted with one or more R'', -C(O)R®, and -
C(O)OR’:;

R’ is selected from the group consisting of hydrogen, optionally substituted Cy_¢ alkyl,
optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Cgq.1¢ aryl optionally
substituted with one or more R, C;.14 aralkyl optionally substituted with one or more R"',
(5-10 membered heteroaryl)alkyl optionally substituted with one or more R'', -C(O)R®, and -
C(O)OR’;

or R® and R’ together with the nitrogen to which they are attached form an 3-10
membered heterocyclyl optionally substituted with one or more R™:

each R® is independently selected from the group consisting of optionally substituted
Ci.¢ alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,¢ alkynyl, -NR'“R"",
and -OR”:

each Y is independently N or CR’:

cach R’ is independently selected from the group consisting of halogen, optionally
substituted Ci_¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl,
optionally substituted Cy_¢ alkoxy, and -NR'*R",

or independently two adjacent R’ together with the ring atoms to which they are
attached form a fused optionally substituted 3-10 membered heterocyclyl or a fused
optionally substituted 5-10 membered heteroaryl;

cach R" is independently selected from the group consisting of oxo, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, and optionally substituted Cj.
alkynyl;

-10-
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cach R'"" is independently selected from the group consisting of halogen, -CN,
optionally substituted C,_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted Cs.
¢ alkynyl, and optionally substituted C,_¢ alkoxy;

cach R'* is independently selected from the group consisting of hydrogen, optionally
substituted C;_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted C,_¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R”, and C7.14 aralkyl optionally substituted
with one or more R'':

each R is independently selected from the group consisting of hydrogen, optionally
substituted C_ alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R“, and C7.14 aralkyl optionally substituted
with one or more R“;

R' is selected from the ogroup consisting of hydrogen, optionally substituted Ci.
alkyl, optionally substituted Cg_o aryl, and -C(O)R®:

R" is selected from the group consisting of hydrogen, optionally substituted Ci.¢
alkyl, optionally substituted Cg.19 aryl, and -C(O)R®;

Z. 1s selected from oxygen and sulfur;

n 1s an integer from 0 to 4;

m 18 an integer from 1 to 4; and

the bonds represented by a solid and dashed line are independently selected from the
ogroup consisting of a single bond and a double bond.
[0010] Some embodiments of the present application provide a compound having the

structure of formula (V):

or a pharmaceutically acceptable salt thercof, wherein
A is a Cs_; carbocyclyl optionally substituted with one or more R*:
each R” is independently selected from the group consisting of hydrogen, halogen,

optionally substituted Ci_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted C,.
¢ alkynyl, -CN, -OR”, -NR°R’, and -C(O)RS,

-11-
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or both R* together with the carbon atoms to which they are attached form a fused
ring sclected from the group consisting of phenyl, 5-6 membered heteroaryl, Cs;.;
carbocyclyl, and 3-7 membered heterocyclyl, each optionally substituted with one or more
R4;

R’ is selected from the group consisting of -(CH,),-(Ce.10 aryl), -(CH,),-(5-10
membered heteroaryl), -(CHj,).-(Cs.10 carbocyclyl), and -(CHj3),-(3-10 membered
heterocyclyl), each optionally substituted with one or more R”;

cach R* is independently selected from the group consisting of halogen, -CN, -OH, -
C(O)R®, -SO,R™, optionally substituted C;¢ alkyl, optionally substituted C,¢ alkenyl,
optionally substituted C,¢ alkynyl, optionally substituted C,.¢ alkoxy, optionally substituted
Cs.10 aryl optionally substituted with one or more R“, C1.14 aralkyl optionally substituted
with one or more R"', 5-10 membered heteroaryl optionally substituted with one or more R'',
or independently two geminal R* together are oxo:

cach R’ is independently selected from the group consisting of hydrogen, optionally
substituted Ci_g alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,_¢ alkynyl,
optionally substituted C,.g alkoxyalkyl, Cg 19 aryl optionally substituted with one or more R,
C;.14 aralkyl optionally substituted with one or more R', and -(CH;),-(3-10 membered
heterocyclyl) optionally substituted with one or more R'";

R® is selected from the group consisting of hydrogen, optionally substituted C;_¢ alkyl,
optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Ces.19 aryl optionally
substituted with one or more R, C;.14 aralkyl optionally substituted with one or more R"',
(5-10 membered heteroaryl)alkyl optionally substituted with one or more R'', -C(O)R®, and -
C(O)OR’;

R’ is selected from the group consisting of hydrogen, optionally substituted C;_¢ alkyl,
optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Ces.19 aryl optionally
substituted with one or more R"', C-.14 aralkyl optionally substituted with one or more R,
(5-10 membered heteroaryl)alkyl optionally substituted with one or more R'', -C(O)R®, and -
C(O)OR’;

or R® and R’ together with the nitrogen to which they are attached form an 3-10
membered heterocyclyl optionally substituted with one or more R':

cach R® is independently selected from the group consisting of hydrogen, optionally
substituted Ci_g alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,_¢ alkynyl,

-12-
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Ce.10 aryl optionally substituted with one or more R'', C;.14 aralkyl optionally substituted
with one or more R”, -NR12R13, and -OR”:

cach R’ is independently selected from the group consisting of halogen, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl,
optionally substituted C,¢ alkylthio, optionally substituted C,g alkoxyalkyl, optionally
substituted Cs.19 carbocyclyl, optionally substituted Cg.1o aryl, -OR>, -NR'*R", -C(O)R®,
-SOZR16, and —NO»;

each R' is independently selected from the group consisting of optionally substituted
Ci6 alkyl, optionally substituted C,¢ alkenyl, and optionally substituted C,¢ alkynyl, or
independently two geminal R' together are oxo:

cach R'' is independently selected from the group consisting of halogen, -CN,
optionally substituted Ci_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted C,.
¢ alkynyl, and optionally substituted C,_¢ alkoxy;

each R'“ is independently selected from the group consisting of hydrogen, optionally
substituted Ci_g alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,_¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R"', and C;.14 aralkyl optionally substituted
with one or more R'':

cach R" is independently selected from the group consisting of hydrogen, optionally
substituted Cy.g alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R"', and C5.14 aralkyl optionally substituted
with one or more R'':

R' is selected from the group consisting of hydrogen, optionally substituted Ci.¢
alkyl, optionally substituted Cg.0 aryl, and -C(O)R®:

R" is selected from the group consisting of hydrogen, optionally substituted Ci.¢
alkyl, optionally substituted Cg 10 aryl, and -C(O)R®:

cach R'® is independently selected from the group consisting of optionally substituted
Ci.6 alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,¢ alkynyl, Ces.19 aryl
optionally substituted with one or more R'', C7.14 aralkyl optionally substituted with one or
more R'', -NR'R", and -OR”:

Z. 1s selected from oxygen and sulfur;

cach n 1s independently an integer from 0 to 4; and

the bonds represented by a solid and dashed line are independently selected from the

ogroup consisting of a single bond and a double bond.

13-
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[0011] Some embodiments of the present application provide a compound having the

structure of formula (VIa):

(Vla)

or a pharmaceutically acceptable salt thercof, wherein

R' is a C47 carbocyclyl optionally substituted with one or more R*;

each R” is independently selected from the group consisting of hydrogen, halogen,
optionally substituted C,_¢ alkyl, optionally substituted C,_¢ alkenyl, optionally substituted C,.
¢ alkynyl, -CN, -OR’, -NR°R’. and -C(O)RS,

or both R together with the carbon atoms to which they are attached form a fused
ring sclected from the group consisting of phenyl, 5-6 membered heteroaryl, Cs;.;
carbocyclyl, and 3-7 membered heterocyclyl, each optionally substituted with one or more
R*:

R’ is selected from the group consisting of -(CH,)u-(Ce.10 aryl), -(CHy)n-(5-10
membered heteroaryl), -(CHj,).-(Cs.19 carbocyclyl), and -(CHj3),-(3-10 membered
heterocyclyl), each optionally substituted with one or more R”;

each R* is independently selected from the group consisting of halogen, -CN, -OH, -
C(O)R®, -SO,R', optionally substituted Ci¢ alkyl, optionally substituted C,¢ alkenyl,
optionally substituted C,.¢ alkynyl, optionally substituted C;_¢ alkoxy, optionally substituted
Ce.10 aryl optionally substituted with one or more R" C..4 aralkyl optionally substituted
with one or more R'', 5-10 membered heteroaryl optionally substituted with one or more R'',
or independently two geminal R* together are oxo:

cach R’ is independently selected from the group consisting of hydrogen, optionally
substituted C_ alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl,
optionally substituted C,_g alkoxyalkyl, Cg.19 aryl optionally substituted with one or more R"',
C.14 aralkyl optionally substituted with one or more R“, and -(CH;),-(3-10 membered
heterocyclyl) optionally substituted with one or more R'’;

R® is selected from the group consisting of hydrogen, optionally substituted C;.¢ alkyl,
optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Ces.19 aryl optionally
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substituted with one or more R'', C;.14 aralkyl optionally substituted with one or more R'’,
(5-10 membered heteroaryl)alkyl optionally substituted with one or more R'', -C(O)R®, and -
C(O)OR’;

R’ is selected from the group consisting of hydrogen, optionally substituted C;.¢ alkyl,
optionally substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, Cq.1¢ aryl optionally
substituted with one or more R“, C+.14 aralkyl optionally substituted with one or more R”,
(5-10 membered heteroaryl)alkyl optionally substituted with one or more R'', -C(O)R®, and -
C(O)OR’;

or R® and R’ together with the nitrogen to which they are attached form an 3-10
membered heterocyclyl optionally substituted with one or more R':

cach R® is independently selected from the group consisting of hydrogen, optionally
substituted C_ alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl,
Ce.10 aryl optionally substituted with one or more R" C..4 aralkyl optionally substituted
with one or more R'', -NR'“R", and -OR";

cach R’ is independently selected from the group consisting of halogen, optionally
substituted Ci.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl,
optionally substituted C;¢ alkylthio, optionally substituted C,g alkoxyalkyl, optionally
substituted Cs.19 carbocyclyl, optionally substituted Cg 1o aryl, -OR>, -NR'*R", -C(O)R’,
-SO,R™®, and ~NO»;

cach R' is independently selected from the group consisting of optionally substituted
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