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COMPOUNDS AND METHODS FOR INDUCING CHONDROGENESIS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No. 61/794,094, filed March 15,

2014, which is hereby incorporated by reference in its entirety.

FIELD OF INVENTION
[0002] The present invention relates to compounds, compositions, preparations and their use for

inducing chondrogenesis and for the treatment of arthritis or joint injury.

BACKGROUND OF THE INVENTION
[0003] Osteoarthritis (OA) represents the most common musculoskeletal disorder. Approximately
40 million Americans are currently affected and this number is predicted to increase to 60 million
within the next twenty years as a result of the aging population and an increase in life expectancy,
making it the fourth leading cause of disability. OA is characterized by a slow degenerative
breakdown of the joint including both the articular cartilage (containing the cells and matrix which
produce lubrication and cushioning for the joint) and the subchondral bone underlying the articular
cartilage. Current OA therapies include pain relief with oral NSAIDs or selective cyclooxygenase 2
(COX-2) inhibitors, intra-articular (IA) injection with agents such as corticorsteroids and
hyaluronan, and surgical approaches.
[0004] Mesenchymal stem cells (MSCs) are present in adult articular cartilage and upon isolation
can be programmed in vitro to undergo differentiation to chondrocytes and other mesenchymal cell
lineages. In part it is regulated by growth factors (TGF s, BMPs), serum conditions and cell-cell

contact.

SUMMARY OF THE INVENTION
[0005] Provided herein is a method of ameliorating arthritis or joint injury in a mammal, the method
including administering to a joint of the mammal a composition having a therapeutically effective
amount of a compound disclosed herein.
[0006] Provided herein is a method of inducing differentiation of mesenchymal stem cells into
chondrocytes, the method including contacting mesenchymal stem cells with a sufficient amount of a
compound disclosed herein, thereby inducing differentiation of the stem cells into chondrocytes.
[0007] In one aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula I, or a pharmaceutically acceptable salt,

solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:
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(Formula 1)

wherein:

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

mis1,2,3,or4;

Bis C02R4, CH,COH, CH2C02R4, or optionally substituted phenyl;

Y is a bond, -(CR’R®)-, -(CR'R*)(CR’R')-, or -(CR'R¥)(CR'R'*)X-;

X is O or CR°R®;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'RH)(CR'R)NR'R', (CR'R¥)C(O)R?, (CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R',
X(CR'R¥)C(O)R?, X(CR'R®*)C(0)OR?, X(CR'R¥)C(O)NR*R",
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥NR*SO,R*, or C(=NOR"R*;

cach R® is independently selected from H, CN, halo, C(O)R4, CO,H, CO,RY, C(O)NR4R”, alkyl,
optionally substituted alkoxy, SO,R*, (CR'R¥)OR*, (CR'R¥)NR*R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, CO,R*, NR*R", and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that

a) if Y is a bond and m is 0, then R? is selected from C(O)NR*R'', (CR'R*)OR*,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NOR"R*; and
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R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-CH,CH,OH, or p-CH,CH,CH,OH;
and

b) the compound is not selected from

C%@C% C%@
Se e CC’;U@ C%T

COH

CO,H O
OOy
N
d o)

[0008] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ia, or a pharmaceutically acceptable salt,

solvate, polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thercof:

B
3
(R%‘Ej%(ﬁ :R

O
R2
(Formula la)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

B is CO,RY;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'R¥)(CR’R')NRRY, (CR'R*C(O)R?, (CR'R¥)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'RHC(O)R?, X(CR'R*)C(O)OR*, X(CR'R)C(O)NR'R™,
X(CR'R¥)(CR’R'")C(O)R?, X(CR'R*)(CR’R')C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R', alkyl,
optionally substituted alkoxy, SO,R*, (CR'R¥)OR*, (CR'R¥)NR*R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,

3.
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X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, NR*R', and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that the compound is not selected from

CO,H CO,H
@g:zH@COZH C@f CQ( {52

COzH | and
[0009] In another aspect, prowded herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ib, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

g

(Formula Ib)
wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

B is CO,RY;

R*is C(O)NR'R' (CR'R®)OR?, (CR'R*)(CR°R'*)OR?, X(CR'R*)(CR’R'*)OR?,
X(CR'RH)(CR'R)NR'R', (CR'R¥)C(O)R?, (CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R',
X(CR'RHC(O)R?, X(CR'R*)C(O)OR*, X(CR'R)C(O)NR'R™,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

R*is H;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, NR*R', and optionally substituted alkoxy; and

4.
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R' is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R*, or SO,R*;
provided that if n is 0, then R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-CH,CH,OH, or
p-CH,CH,CH,OH.
[0010] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ic, or a pharmaceutically acceptable salt,

solvate, polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thercof:

R2
B
R”“@Q(H\Y
5 (R
(Formula Ic)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

mis1,2,3,or4;

B is CO,RY;

Y is -(CR’R®)-;

C is aryl or heteroaryl,;

X is O or CR°R®;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
SO,NH,, SO:H, (CR'R)OR?, (CR'R¥)NR*R", (CR'R*)(CR’R'))OR?,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?, (CR'RH)C(O)OR?,
(CR'R*)C(O)NR'R'!, X(CR'R*)C(O)R*, X(CR'R*)C(O)OR?, X(CR'R¥)C(O)NR*R"!,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from H, CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R'!, alkyl,
optionally substituted alkoxy, haloalkyl, SO,R*, (CR'R*)OR*, (CR'R¥)NR‘R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, CO,R*, NR*R", and optionally substituted alkoxy; and

-5



WO 2014/151953 PCT/US2014/026722
R'" is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

CO,H
H
N

provided that the compound is not selected from COH |

LG SO OGO

[0011] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula I, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

(R3

(Formula 1)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

misl, 2,3, or4;

Bis C02R4, CH,COH, CH2C02R3 , or optionally substituted phenyl;

Y is a bond, -(CR’R®)-, -(CR'R*)(CR’R')-, or -(CR'R¥)(CR'R'*)X-;

X is O or CR°R®;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'R¥)(CR’R')NRRY, (CR'R*C(O)R?, (CR'R¥)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'RHC(O)R?, X(CR'R*)C(O)OR*, X(CR'R)C(O)NR'R™,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from H, CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R'!, alkyl,
optionally substituted alkoxy, SO,R*, (CR'R¥)OR*, (CR'R¥)NR*R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
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X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, CO,R* NR*R", and optionally substituted alkoxy; and

R'" is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that

a) if Y is a bond and m is 0, then R? is selected from C(O)NR*R'', (CR'R*)OR*,

(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R®*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NOR"R*; and
R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-CH,CH,OH, or p-CH,CH,CH,OH;
and

b) the compound is not selected from

O Oy G
CHO CEA, @?w

COH

CO,H O
OO
N
d 0

[0012] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula Ia, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B
3
(R%‘@Q{ﬁ :R

O
R2
(Formula la)

wherein
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each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

B is CO,R%;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'RH)(CR'R)NR'R', (CR'R¥)C(O)R?, (CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R',
X(CR'R¥)C(O)R?, X(CR'R®*)C(0)OR?, X(CR'R¥)C(O)NR*R",
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R?, or C(=NOR"R*;

cach R? is independently selected from CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R", alkyl,
optionally substituted alkoxy, SO,R*, (CR'R¥)OR*, (CR'R¥)NR*R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, NR*R', and optionally substituted alkoxy; and

R' is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R*, or SO,R*;

provided that the compound is not selected from

CO,H CO,H
CO 2 2
Cgfz\ tCOZ C@( Cgf L
O COzH | and

2
CO,H

[0013] In another aspect, prowded herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula Ib, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

RMn CH( \C\

(Formula Ib)

wherein
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each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

B is CO,R;

R*is C(O)NR'R' (CR'R®)OR?, (CR'R*)(CR°R'*)OR?, X(CR'R*)(CR’R'*)OR?,
X(CR'R¥)(CR’R')NRRY, (CR'R*C(O)R?, (CR'R¥)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'R¥)C(O)R?, X(CR'R®*)C(0)OR?, X(CR'R¥)C(O)NR*R",
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

R*is H;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, NR*R', and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that if n is 4 and R' is H, then R* is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-
CH,CH,O0H, or p-CH,CH,CH,OH.

[0014] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula Ic, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

R2
B
(R%@[ﬁ\y
o (R)m
(Formula Ic)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

misl, 2,3, or4;

B is CO,RY;

Y is -(CR’R®)-;

C is aryl or heteroaryl;

X is O or CR°R®;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
SO,NH,, SO;H, (CR'R)OR?, (CR'R¥)NR‘R", (CR'R*)(CR’R'))OR?,
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X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?, (CR'RH)C(O)OR?,
(CR'R*)C(O)NR'R'!, X(CR'R*)C(O)R*, X(CR'R*)C(O)OR?, X(CR'R¥)C(O)NR*R"!,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from H, CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R'!, alkyl,
optionally substituted alkoxy, haloalkyl, SO,R*, (CR'R*)OR*, (CR'R¥)NR‘R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NOR"R*

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, CO,R*, NR*R", and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

COyH
H

LA

provided that the compound is not selected from O COH |

CO,H CO,H CO,H

HV@ HM©/
CO,H N

0] , @]

CO,H O
H

su ¥l
O

[0015] In some embodiments described above or below of a compound of Formula I or Ia:

, and

R? is halo, C(O)R?, alkyl, optionally substituted alkoxy, haloalkyl, (CR'R*)OR*,
(CR'R*)(CR’R')OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R®*)C(O)OR?, or
X(CR'RH)C(O)NR'R'; and

cach R? is independently selected from CN, halo, C(O)R*, CO,H, C(O)NR*R', alkyl, or
optionally substituted alkoxy;

or R together with an adjacent R* or with R? form a ring.

[0016] In certain embodiments described above or below of a compound of Formula I or Ia:

R*is F, Cl, C(O)CH;, CH;, CFs, OCH;, OEt, OPr, OCF;, OCHF, (CR'R*)OR’,
(CR'R*)(CR’R')OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R®*)C(O)OR?, or
X(CR'RH)C(O)NR'R'; and
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cach R® is independently selected from CN, F, Cl, C(O)CH3, CO,H, C(O)NH,, CH3, OCF; or
OCHz;

or R together with an adjacent R* or with R? form a ring.

In certain embodiments, R* is independently selected from CN, F, C1, C(O)CHs, or CO,H. In certain
embodiments, R* is F, Cl, C(O)CHs, CHs, CFs, OCH;, OEt, OPr, OCF3, or CH,CH,CH,OH.
[0017] In some embodiments described above or below of a compound of Formula Ib:

R*is (CR'R®)(CR°R')OR?, X(CR'R*)(CR’R')OR*, X(CR'R¥)(CR’R'*)NR'R"!,
(CR'RHC(O)R?, (CR'RHC(O)NR*R', X(CR'R*)C(O)R?, X(CR’'R*)C(O)NR*R",
(CR'RHNR*SO,R?, or C(=NOR*"R*; and

RYis H.

In certain embodiments, R? is (CR'R*)(CR’R'*)OR?, X(CR'R®*)(CR’R'*)OR,
X(CR'R¥)(CR’R)NR'R', or (CR'R¥)NR*SO,R”. In certain embodiments, R* is CH,CH,OH,
CH,CH,0OCHj3;, CH,CHCH3;OH, CHCH3CH,OH, CH,CH,CH,OH, CH,CH,CH,NH,,
CH,CH,CHCH;0H, C(CH;),CH,CH,0OH, CH,CH,C(CH;),0OH, OCH,CH,0OH, OCH,CH,0OCHj3, or
OCH,CH,NH,. In certain embodiments, R* is (CR'R*)C(O)R*, (CR'R¥)C(O)NR'R",
X(CR'RHC(O)R?, or X(CR'R*)C(O)NR*R'. In certain embodiments, R? is CH,C(O)CHs,
CH,C(O)NH,, CH,CH,C(O)CH3;, or CH,CH,C(O)NH,.

[0018] In some embodiments described above or below of a compound of Formula Ic, C is aryl. In
certain embodiments, C is phenyl.

[0019] In some embodiments described above or below of a compound of Formula Ic, C is
heteroaryl. In certain embodiments, C is pyridinyl, pyrimidinyl, pyridazinyl, or pyrazinyl.

[0020] In some embodiments described above or below of a compound of Formula Ic:

R? is halo, C(O)R*, CO,R*, C(O)NR*R'!, alkyl, optionally substituted alkoxy, haloalkyl,
SO,NH,, SO:H, (CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'RHC(O)OR?, or X(CR'R*)C(O)NR'R"; and

cach R? is independently selected from H, CN, halo, CO,H, or haloalkyl.

[0021] In certain embodiments described above or below of a compound of Formula Ic:

R%is Cl, F, C(O)CHs, CO,H, C(O)NR*R', CHs, optionally substituted alkoxy, CFz, SO,NH,,
SO;H, (CR'R®)C(O)R?, (CR'R¥)C(O)OR?, (CR'R*)C(O)NR'R", X(CR'R*)C(O)OR*, or
X(CR'R*)C(O)NR'R"'; and

cach R® is independently selected from H, CN, Cl, F, CO,H, or CF;.

In certain embodiments, R? is Cl, F, C(O)CH;, CO,H, CH;, OCHj;, CF;; and cach R*is
independently selected from H, CN, or CO,H. In certain embodiments, R* is CH,C(O)NHo,
CH,C(O)CHj3, CH,C(O)OH, CH,CH,C(O)OH, or CH,CH,C(O)NHo,.

[0022] In one aspect, provided herein is a method of ameliorating arthritis or joint injury in a

mammal, the method comprising administering to a joint of the mammal a composition comprising a
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therapeutically effective amount of a compound of Formula II, or a pharmaceutically acceptable salt,

solvate, polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thercof:

B
(RUH@i
A

(Formula II)
wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
CO,RY;

nis0,1,2,3,or4;

B is NHC(O)R?, NR*C(O)R?, NHC(O)NH,, NHC(O)NHR?, NHC(O)NR?R*, NR*C(O)NH,,
NR*C(O)NHR?, NR*C(O)NR’R*, NHC(O)OR?, NR*C(O)OR?, NHSO,R?, NR*SO,R?,
NHSO,R?, NR*SO,R*, NHSO,NH,, NHSO,NHR?* NHSO,NR’R*, NR*’SO,NH,,
NR*SO,NHR?, or NR*SO,NR’R*;

each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is CO,H, CO,R?, C(O)NH,, C(O)NHR?, C(O)NR’R*, or SO,NR*R”; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which they
are attached make a ring;

provided that

a) if B is NHC(O)R? or NR*C(O)R?, then A is not CO,H; and

b) the compound is not selected from

Q%TSOZCH;% ©;|\:C(o NH, @QI\:C(O CH,

NHC O)OCH CN
© ’ CO?H CN “ /©/
)N
O d"

CO.H , and

: @
\//S\\
OO0

CO,H
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[0023] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ila, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

B
(RWr@
A

(Formula lla)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
nis0,1,2,3,or4;
B is NHC(O)NH,, NHC(O)NHR?, NHC(O)NR*R*, NR*C(O)NH,, NR*C(O)NHR?, or
NR*C(O)NR?R*;
each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;
R? is optionally substituted alkyl or optionally substituted aralkyl;
R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and
A is CO,H or COR%;
[::::[fsfﬁij :::: ~CN
provided that the compound is not ” ” .
[0024] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula IIb, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

B
(RUr@[
A

(Formula Ilb)

wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
nis0,1,2,3,or4;
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B is NHC(O)R? or NR*C(O)R?;
R? is optionally substituted phenyl, optionally substituted heteroaryl, optionally substituted
heterocyclyl, optionally substituted aralkyl, or optionally substituted alkyl;
R* is optionally substituted alkyl or optionally substituted aralkyl;
R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;
A is SO,NR*R”; and
cach R* and R” is independently optionally substituted alkyl or together with the N to which they
arc attached make a ring.
[0025] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ilc, or a pharmaceutically acceptable
salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:
B

X

1
RMW—C

A

(Formula lic)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
nis0,1,2,3,or4;
B is NHSO,R?, NR*SO,R’, NHSO,R*, NR*SO,R*, NHSO,NH,, NHSO,NHR?, NHSO,NR’R?,
NR*SO,NH,, NR*SO,NHR?, or NR*'SO,NR’R%;
each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;
each R? is independently optionally substituted alkyl or optionally substituted aralkyl;
R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and
A is C(O)NHR? or C(O)NR*R?;
NHSO,CH,

N
T CL
CN.

[0026] In another aspect provided herein is a method of inducing differentiation of mesenchymal

provided that the compound is not

stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula II, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:
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B
(RUr@[
A

(Formula II)
wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR’, NR*R®, CO,H, or
CO,RY;

nis0,1,2,3,or4;

B is NHC(O)R?, NR*C(O)R?, NHC(O)NH,, NHC(O)NHR?, NHC(O)NR?R*, NR*C(O)NH,,
NR*C(O)NHR?, NR*C(O)NR’R*, NHC(O)OR?, NR*C(O)OR?, NHSO,R?, NR*SO,R?,
NHSO,R?, NR*SO,R*, NHSO,NH,, NHSO,NHR?* NHSO,NR’R*, NR*SO,NH,,
NR*SO,NHR?, or NR*SO,NR’R*;

each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is CO,H, CO,R?, C(O)NH,, C(O)NHR?, C(O)NR’R*, or SO,NR*R”; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which they
are attached make a ring;

provided that

a) if B is NHC(O)R? or NR*C(O)R?, then A is not CO,H; and

b) the compound is not sclected from

Cgrx:sozcw, ©::C(o NH, @TC(O CHj

NHC(O OCH, COH
2

L @ jeq @(“‘
COzH ’and

« T

N\S

7\

00
CO,H

CN

[0027] In another aspect, provided herein is a method of inducing differentiation of mesenchymal

stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
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sufficient amount of a compound of Formula Ila, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B
(RWr@[
A

(Formula lla)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
nis0,1,2,3,or4;
B is NHC(O)NH,, NHC(O)NHR?, NHC(O)NR*R*, NR*C(O)NH,, NR*C(O)NHR?, or
NR*C(O)NR?R*;
each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;
R* is optionally substituted alkyl or optionally substituted aralkyl;
R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and
A is CO,H or CO,R%;
s6¥en
provided that the compound is not ” ” .
[0028] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula IIb, or a pharmaccutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

B
(R%Q(
A

(Formula llb)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
nis0,1,2,3,or4;
B is NHC(O)R? or NR*C(O)R?;
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R? is optionally substituted phenyl, optionally substituted heteroaryl, optionally substituted
heterocyclyl, optionally substituted aralkyl, or optionally substituted alkyl;

R? is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is SO,NR'R”; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which they

arc attached make a ring.

[0029] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula Ilc, or a pharmaceutically acceptable salt, solvate,
polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:
B

X

|
RN
A

(Formula lic)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;

nis0,1,2,3,or4;

B is NHSO,R?, NR*SO,R’, NHSO,R*, NR*SO,R*, NHSO,NH,, NHSO,NHR?, NHSO,NR’R?,
NR*SO,NH,, NR*SO,NHR?, or NR*'SO,NR’R%;

each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;

each R? is independently optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

A is C(O)NHR? or C(O)NR*R?;

NHSO,CH,

N
T CL
CN.

[0030] In some embodiments described above or below of a compound of Formula Ila, B is
NHC(O)NHR?, NHC(O)NR’R*, NR*C(O)NHR?, or NR*C(O)NR?R”. In certain embodiments, B is
NHC(O)NHR? or NR*C(O)NHR?. In certain embodiments, B is NHC(O)NR’R* or NR*C(O)NR’R".
In certain embodiments, B is NHC(O)NHR?.

provided that the compound is not
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[0031] In some embodiments described above or below of a compound of Formula ITa, R? is
optionally substituted phenyl. In certain embodiments, the phenyl of R*is bisubstituted. In certain
embodiments, the phenyl of R?is monosubstituted. In certain embodiments, the phenyl of R*is
independently selected from F, Cl, CO,H, CN, OCHj;, C(O)CH;, CFs, CH; CH,OH, CH,CH,0H,
and CH,CH,CH,OH.

[0032] In some embodiments described above or below of a compound of Formula IIb, B is
NHC(O)R.

[0033] In some embodiments described above or below of a compound of Formula IIb, B is
NR*C(O)R? In certain embodiments, R* is optionally substituted alkyl.

[0034] In some embodiments described above or below of a compound of Formula IIb, each R* and
R” is independently optionally substituted alkyl. In some embodiments described above or below of
a compound of Formula ITb, R* and R” together with the N to which they are attached make a ring.
[0035] In some embodiments described above or below of a compound of Formula IIb, R? is
optionally substituted phenyl. In certain embodiments, the phenyl of R* is bisubstituted. In certain
embodiments, the phenyl of R? is monosubstituted. In certain embodiments, substitution on the
phenyl of R?is independently selected from F, Cl, CO,H, CN, OCHj3;, C(O)CH3;, CFs, CH; CH,OH,
CH,CH,0H, and CH,CH,CH,0H.

[0036] In some embodiments described above or below of a compound of Formula Ilc, B is
NHSO,R?, NR*SO,R?, NHSO,R", or NR*’SO,R*. In certain embodiments, B is NHSO,R® or
NR*SO,R’. In certain embodiments, B is NHSO,R’. In certain embodiments, R* is optionally
substituted alkyl. In certain embodiments, R* is CHs. In certain embodiments, B is NHSO,R* or
NR*SO,R”. In certain embodiments, R* is optionally substituted phenyl.

[0037] In some embodiments described above or below of a compound of Formula Ilc, B is
NHSO,NH,, NHSO,NHR?, NHSO,NR’R", NR*SO,NH,, NR*SO,NHR?, or NR*SO,NR’R*.

[0038] In some embodiments described above or below of a compound of Formula Ilc, A is
C(O)NHR?. In some embodiments described above or below of a compound of Formula Ilc, A is
C(O)NR’R*. In certain embodiments, R* is optionally substituted phenyl. In certain embodiments,
the phenyl of R%is bisubstituted. In certain embodiments, the phenyl of R? is monosubstituted. In
certain embodiments, substitution on the phenyl of R?is independently selected from F, Cl, CO,H,
CN, OCHs;, C(O)CHs, CF;, CH; CH,OH, CH,CH,0H, and CH,CH,CH,OH.

[0039] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula 11, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:
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0]
I N
(R1)n ! =z /X
(Formula II1)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;

nis0,1,2,3,or4;

X is O, NH, or NR’;

A is C(0), CH,, or CH-CR*R*-C(O)R?;

R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

R® is optionally substituted phenyl;

provided that

a) if A is CH-CR’R*-C(O)R?, then X is O or NH;

§_< >*CN
b) ifnis 0, A is CHCH,C(O)R? and X is O, then R* is not or

:and

2

e e @CN @COZH
¢) if Ais C(O) or CH,, then X is NR” and R” is not or .

[0040] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Il1a, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

0O
RYn NH
R2
R3
R* O

(Formula ll1a)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
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nis0,1,2,3,or4;

R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl; and

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*.
[0041] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula III, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

0]

X
RY—T
A
(Formula II1)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;

nis0,1,2,3,or4;

X is O, NH, or NR’;

A is C(0), CH,, or CH-CR*R*-C(O)R?;

R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

R® is optionally substituted phenyl;

provided that

a) if A is CH-CR’R*-C(O)R?, then X is O or NH;

§_< >*CN
b) ifnis 0, A is CHCH,C(O)R? and X is O, then R* is not or

:and

2

L 6. i %—@CN %—@cozH
¢) if Ais C(O) or CH,, then X is NR” and R” is not or .

[0042] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula [lla, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:
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0O
RMn NH
R2
R3
R* 0O

(Formula ll1a)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,

optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;

nis0,1,2,3,or4;

R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl; and

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR?, C(O)NR*R?, or SO,R*.
[0043] In some embodiments described above or below of a compound of Formula III, X is NR® and
A is C(0). In some embodiments described above or below of a compound of Formula III, X is NR®
and A is CH,. In some embodiments described above or below of a compound of Formula III, X is O
and A is CH-CR’R*-C(O)R?. In some embodiments described above or below of a compound of
Formula ITI, X is NHand A is CH-CR*R*-C(O)R>.
[0044] In some embodiments described above or below of a compound of Formula IIT or ITTa, R*
and R” are both hydrogen. In some embodiments described above or below of a compound of
Formula ITI or ITTa, R* is optionally substituted alkyl and R* is hydrogen. In some embodiments
described above or below of a compound of Formula IIT or I1Ta, R* and R* are independently
optionally substituted alkyl.
[0045] In some embodiments described above or below of a compound of Formula IIT or IITa, R* is
optionally substituted heteroaryl. In certain embodiments, R* is optionally substituted pyridinyl,
optionally substituted pyrimidinyl, optionally substituted pyridazinyl, or optionally substituted
pyrazinyl.
[0046] In some embodiments described above or below of a compound of Formula IIT or IITa, R* is
phenyl. In certain embodiments, the phenyl of R? is bisubstituted. In certain embodiments, the
phenyl of R? is monosubstituted. In certain embodiments, substitution on the phenyl is independently
selected from F, Cl, CO,H, CN, OCHj3, C(O)CH3, CF;, CH; CH,OH, CH,CH,OH, and
CH,CH,CH,OH.
[0047] In some embodiments described above or below of a compound disclosed herein, B is CO,R?
and R*is optionally substituted alkyl. In some embodiments described above or below of a

compound disclosed herein, B is CO,R* and R” is hydrogen.
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[0048] In some embodiments described above or below of a compound disclosed herein, nis 0, 1, or
2. In certain embodiments, n is 0. In certain embodiments, n is 1. In certain embodiments, R ' is
independently selected from Cl, F, CH,OH, CH,NH,, OCH3, OCF3;, OCHF,, CN, NO,, CO,H, and
CO,CHs.

[0049] In one aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof, selected from:
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[0050] In another aspect, provided herein is a method of of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound, or a pharmaceutically acceptable salt, solvate, polymorph,

prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thercof, selected from:
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[0051] In some embodiments described above, the method is performed in vitro.
[0052] In some embodiments described above, the method is performed i vivo in a mammal and
the stem cells are present in the mammal. In some embodiments, the mammal is a domesticated
animal or livestock. In certain embodiments, the mammal is a human, a dog, a cat, or a horse.
[0053] In one aspect, provided herein are compounds of Formula I, or pharmaceutically acceptable

salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or isomers

thereof, selected from:
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[0054] In another aspect, provided herein are compounds of Formula la, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or

isomers thereof, selected from:
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[0055] In another aspect, provided herein are compounds of Formula Ib, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or

isomers thereof, selected from:
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[0056] In another aspect, provided herein are compounds of Formula Ic, or pharmaceutically
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[0057] In another aspect, provided herein are compounds of Formula II, or pharmaceutically

2

o

H

acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or

isomers thereof, selected from:
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[0058] In another aspect, provided herein are compounds of Formula [la, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or

isomers thereof, selected from:
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[0059] In another aspect, provided herein are compounds of Formula IIb, or pharmaceutically
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acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or

isomers thereof, selected from:
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[0060] In another aspect, provided herein are compounds of Formula Ilc, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or

isomers thereof, selected from:
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[0061] In another aspect, provided herein are compounds of Formula III, or pharmaceutically

acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or

isomers thereof, selected from:
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[0062] In another aspect, provided herein are compounds, or pharmaceutically acceptable salts,
solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stercoisomers, or isomers thereof,

selected from:
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[0063] In one aspect, provided herein is a pharmaceutical composition comprising a compound

disclosed herein, or a pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester,
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metabolite, N-oxide, stereoisomer, or isomer thereof, and a pharmaceutically acceptable excipient. In
certain embodiments, the pharmaceutical composition further comprises an additional compound
which is therapeutically effective for the treatment of arthritis or joint injury and/or the symptoms
associated with arthritis or joint injury in a mammal. In certain embodiments, the additional
compound is selected from NSAIDS, analgesics, angiopoietin-like 3 protein (ANGPTL3} or
chondrogenic variagnt thereof, oral salmon caleitonin, SD-0010 (iNOS inhubitor), vitamin D3
{choliecalciferol}, apoptosis/caspase inhibitars (emricasan), collagen bydrolysate, FGFIE, BMP7,
avoeads soy unsaponifiables {ASUY, and hyaluronic acid. In some embodiments, the mammal is
human. In other embodirments, the mammal is a companion animal or hivestock, In further

erobodiments, the companion animal or Hvestock is a dog, cat, or horse,

INCORPORATION BY REFERENCE
[0064] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference.

DETAILED DESCRIPTION OF THE INVENTION
[0065] Osteoarthritis (OA) is characterized by progressive breakdown of articular cartilage, and
ultimately leads to functional failure of synovial joints [Reginster, J.Y. and N.G. Khaltaev,
Introduction and WHQ perspective on the global burden of musculoskeletal conditions.
Rheumatology (Oxford), 2002. 41 Supp 1: p. 1-2]. OA is mediated by several pathogenic
mechanisms including enzymatic degradation of extracellular matrix, deficient new matrix
formation, cell death, and abnormal activation and hypertrophic differentiation of cartilage cells
[Goldring, M.B. and S.R. Goldring, Articular cartilage and subchondral bone in the pathogenesis of
osteoarthritis. Ann N'Y Acad Sci, 2010. 1192(1): p. 230-7]. The only current therapeutic options for
OA are pain management and surgical intervention [Hunter, D.J., Pharmacologic therapy for
osteoarthritis-the era of disease modification. Nat Rev Rheumatol, 2011. 7(1): p. 13-22].
[0066] Mesenchymal stem cells (MSCs), residing in bone marrow and most adult tissues, are
capable of self-renewal and differentiation into a variety of cell lineages including chondrocytes,
osteoblasts and adipocytes [Pittenger, M.F., et al., Multilineage potential of adult human
mesenchymal stem cells. Science, 1999. 284(5411): p. 143-7]. Recent studies found that adult
articular cartilage contains MSCs (approximately 3% of the cells) that are capable of multi-lineage
differentiation. In OA cartilage, the number of these cells approximately doubles. These resident
stem cells still retain the capability to differentiate into chondrocytes and thus the capacity to repair
the damaged cartilage [Grogan, S.P., et al., Mesenchymal progenitor cell markers in human articular

cartilage: normal distribution and changes in osteoarthritis. Arthritis Res Ther, 2009. 11(3): p. R85;
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Koelling, S., et al., Migratory chondrogenic progenitor cells from repair tissue during the later
stages of human osteoarthritis. Cell Stem Cell, 2009. 4(4): p. 324-35].

[0067] The present invention is based, in part, on the discovery that the compounds of the present
invention stimulate chondrocyte differentiation in mesenchymal stem cells. Accordingly, the present
invention provides for methods of induction of mesenchymal stem cell differentiation into
chondrocytes. Further, the present invention provides for administration of compounds and
compositions of the present invention to prevent or ameliorate arthritis or joint injury by
administrating the compound or composition into a joint, the vertebrae, vertebral disc or

systemically.

Definitions

[0068] In the following description, certain specific details are set forth in order to provide a
thorough understanding of various embodiments. However, one skilled in the art will understand
that the invention may be practiced without these details. In other instances, well-known structures
have not been shown or described in detail to avoid unnecessarily obscuring descriptions of the
embodiments. Unless the context requires otherwise, throughout the specification and claims which
lollow, the word “comprise™ and variations thereof, such as, “comprises™ and “comprising”™ are 1o be
construed in an open, inclusive sense, that is, as “including, but not limited to.” Further, headings
provided herein are for convenience only and do not interpret the scope or meaning of the claimed
invention.

[0069] Relerence throughout this speciflication to “one embodiment™ or “an embodiment™ means
that a particular feature, structure or characteristic described in connection with the embodiment is
included in at least one embodiment. Thus, the appearances ol the phrases “in one embodiment™ or
“in an embodiment™ in various places throughout this specification are not necessarily all referring to
the same embodiment. Furthermore, the particular features, structures, or characteristics may be
combined in any suitable manner in one or more embodiments. Also, as used in this specification

e

and the appended claims, the singular lorms “a,” “an.” and “the” include plural referents unless the
content clearly dictates otherwase. 1t should also be noted that the term “or” 15 generally employed
in its sense including “and/or” unless the content clearly dictates otherwise.

[0070] The terms below, as used herein, have the following meanings, unless indicated otherwise:
[0071] “Amino” refers to the -NH, radical.

[0072] “Cyano” or “nitrile” refers to the -CN radical.

[0073] “Hydroxy” or “hydroxyl” refers to the -OH radical.

[0074] “Nitro” refers to the -NO, radical.

[0075] “Oxo0” refers to the =0 substituent.

[0076] “Oxime” refers to the =N-OH substituent.

[0077] “Thioxo” refers to the =S substituent.
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[0078] “Alkyl” refers to a straight or branched hydrocarbon chain radical, which is fully saturated or
comprises unsaturations, has from one to thirty carbon atoms, and is attached to the rest of the
molecule by a single bond. Alkyls comprising any number of carbon atoms from 1 to 30 are
included. An alkyl comprising up to 30 carbon atoms is referred to as a C1-Cj alkyl, likewise, for
example, an alkyl comprising up to 12 carbon atoms is a C;-C,, alkyl. Alkyls (and other moieties
defined herein) comprising other numbers of carbon atoms are represented similarly. Alkyl groups
include, but are not limited to, C;-Csy alkyl, C,-Cyg alkyl, C,-C;5 alkyl, C1-Cyg alkyl, C;-Cg alkyl, C;-
Cs alkyl, C,-C, alkyl, C;-C5 alkyl, C;-C, alkyl, C,-Cyg alkyl, C3-Cyg alkyl and C4-Cg alkyl.
Representative alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, 1-methylethyl
(iso-propyl), n-butyl, i-butyl, s-butyl, n-pentyl, 1,1-dimethylethyl (z-butyl), 3-methylhexyl,
2-methylhexyl, vinyl, allyl, propynyl, and the like. Alkyl comprising unsaturations include alkenyl
and alkynyl groups. Unless stated otherwise specifically in the specification, an alkyl group may be
optionally substituted as described below.

[0079] “Alkylene” or “alkylene chain™ refers to a straight or branched divalent hydrocarbon chain,
as described for alkyl above. Unless stated otherwise specifically in the specification, an alkylene
group may be optionally substituted as described below.

[0080] ““Alkoxy™ refers to a radical of the formula -OR, where R, is an alkyl radical as defined.
Unless stated otherwise specifically in the specification, an alkoxy group may be optionally
substituted as described below.

[0081] “Arvl” refers to a radical derived from a hydrocarbon ring system comprising hydrogen, 6 1o
30 carbon atoms and at least one aromatic ring. The aryl radical may be a monocyclic, bicyclic,
tricyclic or tetracyclic ring system, which may include fused or bridged ring systems. Aryl radicals
include, but are not limited to, aryl radicals derived from the hydrocarbon ring systems of
aceanthrylene, acenaphthylene, acephenanthrylene, anthracene, azulene, benzene, chrysene,
fluoranthene, fluorene, as-indacene, s-indacene, indane, indene, naphthalene, phenalene,
phenanthrene, pleiadene, pyrene, and triphenylene. Unless stated otherwise specifically in the
specification, the term “aryl™ or the prefix “ar-" (such as in “aralky[”") is meant to include aryl
radicals that are optionally substituted.

[0082] “Cycloalkyl” or “carbocycle” refers to a stable, non-aromatic, monocyclic or polycyclic
carbocyclic ring, which may include fused or bridged ring systems, which is saturated or unsaturated.
Representative cycloalkyls or carbocycles include, but are not limited to, cycloalkyls having from
three to fifteen carbon atoms, from three to ten carbon atoms, from three to eight carbon atoms, from
three to six carbon atoms, from three to five carbon atoms, or three to four carbon atoms.
Monocyclic cycloalkyls or carbocycles include, for example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and cyclooctyl. Polycyclic cycloalkyls or carbocycles include, for example,

adamantyl, norbornyl, decalinyl, bicyclo[3.3.0]octane, bicyclo[4.3.0]nonane, cis-decalin,
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trans-decalin, bicyclo[2.1.1]hexane, bicyclo[2.2.1]heptane, bicyclo[2.2.2 ]Joctane,
bicyclo[3.2.2]nonane, and bicyclo[3.3.2]decane, and 7,7-dimethyl-bicyclo[2.2.1]heptanyl. Unless
otherwise stated specifically in the specification, a cycloalkyl or carbocycle group may be optionally
substituted. [llustrative examples of cycloalkyl groups include, but are not limited to, the following

moieties:

> 0000 O 00000 0
©j, @OCO , &@,andthelike.

[0083] “Tuscd” refers to any nng structure desenbed hercin which is fused to an exasting ring
structure. When the fused ring is a heterocyclyl ring or a heteroaryl ring, any carbon atom on the
existing ring structure which becomes part of the fused heterocyclyl ring or the fused heteroaryl ring
may be replaced with a nitrogen atom.

[0084] “Tlalo™ or “halogen™ reflers to bromo, chloro, uoro or todo.

[0085] “Tlaloalkyl™ refers to an alkyl radical, as defined above, that is substituted by one or more
halo radicals, as defined above, e.g., trifluoromethyl, difluoromethyl, fluoromethyl, trichloromethyl,
2,2,2-trifluoroethyl, 1,2-difluoroethyl, 3-bromo-2-fluoropropyl, 1,2-dibromoethyl, and the like.
Unless stated otherwise specifically in the specification, a haloalkyl group may be optionally
substituted.

[0086] “‘Tlaloalkoxy™ similarly refers to a radical of the formula -OR, where R, is a haloalkyl radical
as defined. Unless stated otherwise specifically in the specification, a haloalkoxy group may be
optionally substituted as described below.

[0087] “Heterocycloalkyl” or “heterocyclyl™ or “heterocycelic ring” or “heterocycle™ refers to a
stable 3- to 24-membered non-aromatic ring radical comprising 2 to 23 carbon atoms and from one
to 8 heteroatoms sclected from the group consisting of nitrogen, oxygen, phosphorous and sulfur.
Unless stated otherwise specifically in the specification, the heterocyclyl radical may be a
monocyclic, bicyclic, tricyclic or tetracyclic ring system, which may include fused or bridged ring
systems; and the nitrogen, carbon or sulfur atoms in the heterocyclyl radical may be optionally
oxidized; the nitrogen atom may be optionally quaternized; and the heterocyclyl radical may be
partially or fully saturated. Examples of such heterocyclyl radicals include, but are not limited to,
azetidinyl, dioxolanyl, thienyl[1,3]dithianyl, decahydroisoquinolyl, imidazolinyl, imidazolidinyl,
isothiazolidinyl, isoxazolidinyl, morpholinyl, octahydroindolyl, octahydroisoindolyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, oxazolidinyl, piperidinyl, piperazinyl,
4-piperidonyl, pyrrolidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl, tetrahydrofuryl, trithianyl,
tetrahydropyranyl, thiomorpholinyl, thiamorpholinyl, 1-oxo-thiomorpholinyl,

1,1-dioxo-thiomorpholinyl, 12-crown-4, 15-crown-5, 18-crown-6, 21-crown-7, aza-18-crown-0,
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diaza-18-crown-6, aza-21-crown-7, and diaza-21-crown-7. Unless stated otherwise specifically in
the specification, a heterocyclyl group may be optionally substituted. [llustrative examples of

heterocycloalkyl groups, also referred to as non-aromatic heterocycles, include:

R o RoRetexe]
@Lz,@,m,to,@,N_N,

OO 0 U Cp COCH A
QE;]OQ,E;)E;JQ(ZJ,Uﬁb,

N\S O

oo A
U L\\? and the like. The term heterocycloalkyl also includes all ring

forms of the carbohydrates, including but not limited to the monosaccharides, the disaccharides and
the oligosaccharides. Unless otherwise noted, heterocycloalkyls have from 2 to 10 carbons in the
ring. It is understood that when referring to the number of carbon atoms in a heterocycloalkyl, the
number of carbon atoms in the heterocycloalkyl is not the same as the total number of atoms
(including the heteroatoms) that make up the heterocycloalkyl (i.e. skeletal atoms of the
heterocycloalkyl ring). Unless stated otherwise specifically in the specification, a heterocycloalkyl
group may be optionally substituted.

[0088] “Heteroaryl” refers to a 5- to 14-membered ring system radical comprising hydrogen atoms,
one to thirteen carbon atoms, one to six heteroatoms selected from the group consisting of nitrogen,
oxygen, phosphorous and sulfur, and at least one aromatic ring. For purposes of this invention, the
heteroaryl radical may be a monocyclic, bicyclic, tricyclic or tetracyclic ring system, which may
include fused or bridged ring systems; and the nitrogen, carbon or sulfur atoms in the heteroaryl
radical may be optionally oxidized; the nitrogen atom may be optionally quaternized. Examples
include, but are not limited to, azepinyl, acridinyl, benzimidazolyl, benzothiazolyl, benzindolyl,
benzodioxolyl, benzofuranyl, benzooxazolyl, benzothiazolyl, benzothiadiazolyl,
benzo[b][1,4]dioxepinyl, 1,4-benzodioxanyl, benzonaphthofuranyl, benzoxazolyl, benzodioxolyl,
benzodioxinyl, benzopyranyl, benzopyranonyl, benzofuranyl, benzofuranonyl, benzothienyl
(benzothiophenyl), benzotriazolyl, benzo[4,6]imidazo[1,2-a]pyridinyl, carbazolyl, cinnolinyl,
dibenzofuranyl, dibenzothiophenyl, furanyl, furanonyl, isothiazolyl, imidazolyl, indazolyl, indolyl,
indazolyl, isoindolyl, indolinyl, isoindolinyl, isoquinolyl, indolizinyl, isoxazolyl, naphthyridinyl,
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oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl, 1-oxidopyridinyl, 1-oxidopyrimidinyl, 1-
oxidopyrazinyl, 1-oxidopyridazinyl, 1-phenyl-1H-pyrrolyl, phenazinyl, phenothiazinyl,
phenoxazinyl, phthalazinyl, pteridinyl, purinyl, pyrrolyl, pyrazolyl, pyridinyl, pyrazinyl,
pyrimidinyl, pyridazinyl, quinazolinyl, quinoxalinyl, quinolinyl, quinuclidinyl, isoquinolinyl,
tetrahydroquinolinyl, thiazolyl, thiadiazolyl, triazolyl, tetrazolyl, triazinyl, and thiophenyl (i.e.,
thienyl). Unless stated otherwise specifically in the specification, a heteroaryl group may be
optionally substituted.

[0089] All the above groups may be cither substituted or unsubstituted. The term “substituted” as
used herein means any of the above groups (e.g, alkyl, alkylene, alkoxy, aryl, cycloalkyl, haloalkyl,
heterocyclyl and/or heteroaryl) may be further functionalized wherein at least one hydrogen atom is
replaced by a bond to a non-hydrogen atom substituent. Unless stated specifically in the
specification, a substituted group may include one or more substituents selected from: oxo, amino,
-CO,H, nitrile, nitro, hydroxyl, thiooxy, alkyl, alkylene, alkoxy, aryl, cycloalkyl, heterocyclyl,
heteroaryl, dialkylamines, arylamines, alkylarylamines, diarylamines, trialkylammonium (-N 'R3), N-
oxides, imides, and enamines; a silicon atom in groups such as trialkylsilyl groups, dialkylarylsilyl
groups, alkyldiarylsilyl groups, triarylsilyl groups, perfluoroalkyl or perfluoroalkoxy, for example,
trilluoromethyl or triflluoromethoxy. “Substituted™ also means any ol the ahove groups in which one
or more hydrogen atoms are replaced by a higher-order bond (e.g., a double- or triple-bond) to a
heteroatom such as oxygen in oxo, carbonyl, carboxyl, and ester groups; and nitrogen in groups such
as imines, oximes, hvdrazones, and nitriles. For example, “substituted” includes any ofl the above
groups in which one or more hydrogen atoms are replaced with —NH,, -NR,C(=O)NRRy,
-NR,C(=O0)ORy, -NRSOsR;, -OC(=O)NRRy, -OR,, -SR,, -SOR,, -SO2R,, -OSO,R,, -SO,0R,,
=NSO,R,, and -SO,NRR;,. In the foregoing, R, and Ry, are the same or different and independently
hydrogen, alkyl, alkoxy, alkylamino, thioalkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, haloalkyl,
heterocyclyl, N-heterocyclyl, heterocyclylalkyl, heteroaryl, N-heteroaryl and/or heteroarylalkyl. In
addition, each of the foregoing substituents may also be optionally substituted with one or more of
the above substituents. Furthermore, any of the above groups may be substituted to include one or
more internal oxygen, sulfur, or nitrogen atoms. For example, an alkyl group may be substituted
with one or more internal oxygen atoms to form an ether or polyether group. Similarily, an alkyl
group may be substituted with one or more internal sulfur atoms to form a thioether, disulfide, etc.
[0090] The term “optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said event or
circumstance occurs and instances in which it does not. For example, "optionally substituted alkyl"
means cither "alkyl" or "substituted alkyl" as defined above. Further, an optionally substituted group
may be un-substituted (e.g., -CH,CH3), fully substituted (e.g., -CF,CFs), mono-substituted (e.g., -
CH,CH,F) or substituted at a level anywhere in-between fully substituted and mono-substituted
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(e.g., -CH,CHF,, -CH,CF;3, -CF,CHj3, -CFHCHF,, etc). It will be understood by those skilled in the
art with respect to any group containing one or more substituents that such groups are not intended
to introduce any substitution or substitution patterns (e.g., substituted alkyl includes optionally
substituted cycloalkyl groups, which in turn are defined as including optionally substituted alkyl
groups, potentially ad infinitum) that are sterically impractical and/or synthetically non-feasible.
Thus, any substituents described should generally be understood as having a maximum molecular
weight of about 1,000 daltons, and more typically, up to about 500 daltons.

[0091] An “cffective amount” or “therapeutically effective amount” refers to an amount of a
compound administered to a mammalian subject, either as a single dose or as part of a series of
doses, which is effective to produce a desired therapeutic effect.

[0092] “Treatment” of an individual (e g. a mammal, such as a human) or a cell is any type of
intervention used in an attempt to alter the natural course of the individual or cell. In some
embodiments, treatment includes administration of a pharmaceutical composition, subsequent to the
initiation of a pathologic event or contact with an etiologic agent and includes stabilization of the
condition (e.g., condition does not worsen) or alleviation of the condition. In other embodiments,
treatment also includes prophylactic treatment (e.g., administration of a composition described
herein when an individual is suspected to be suffering from a bacterial infection).

[0093] A “tautomer” refers to a proton shiflt from one atom of a molecule 10 another atom of the
same molecule. The compounds presented herein may exist as tautomers. Tautomers are compounds
that are interconvertible by migration of a hydrogen atom, accompanied by a switch of a single bond
and adjacent double bond. In bonding arrangements where tautomerization is possible, a chemical
equilibrium of the tautomers will exist. All tautomeric forms of the compounds disclosed herein are
contemplated. The exact ratio of the tautomers depends on several factors, including temperature,

solvent, and pH. Some examples of tautomeric interconversions include:

A=A \im/\ — A

2 =X QN — N «
S -~ P \[ A\ Nl
N ONH, N SNH 'S A N N\>‘§ — T»_E
H N
< N SN . “ =N, o _N,
No N = N T g N = _ NH
N N~ HN~y; Nsy

[0094] A “metabolite” of a compound disclosed herein is a derivative of that compound that is
formed when the compound 1s metabolized. The term “active metabolite™ refers to a biologically
active derivative of a compound that is formed when the compound is metabolized. The term
“melabolized.” as used herein, refers to the sum of the processes (including, but not limited 1o,

hydrolysis reactions and reactions catalyzed by enzymes, such as, oxidation reactions) by which a
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particular substance is changed by an organism. Thus, enzymes may produce specific structural
alterations to a compound. For example, cytochrome P450 catalyzes a variety of oxidative and
reductive reactions while uridine diphosphate glucuronyl transferases catalyze the transfer of an
activated glucuronic-acid molecule to aromatic alcohols, aliphatic alcohols, carboxylic acids, amines
and free sulthydryl groups. Further information on metabolism may be obtained from The
Pharmacological Basis of Therapeutics, 9th Edition, McGraw-Hill (1996). Metabolites of the
compounds disclosed herein can be identified either by administration of compounds to a host and
analysis of tissue samples from the host, or by incubation of compounds with hepatic cells in vitro
and analysis of the resulting compounds. Both methods are well known in the art. In some
embodiments, metabolites of a compound are formed by oxidative processes and correspond to the
corresponding hydroxy-containing compound. In some embodimets, a compound is metabolized to

pharmacologically active metabolites.

Methods

[0095] Provided herein is a method of ameliorating arthritis or joint injury in a mammal, the method
including administering to a joint of the mammal a composition having a therapeutically effective
amount of a compound disclosed herein.

[0096] Provided herein is a method of inducing differentiation of mesenchymal stem cells into
chondrocytes, the method including contacting mesenchymal stem cells with a sufficient amount of a
compound disclosed herein, thereby inducing differentiation of the stem cells into chondrocytes.
[0097] In one aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula I, or a pharmaceutically acceptable salt,

solvate, polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thercof:

B R
L g I3
Y 3

(Formula 1)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;
nis0,1,2,3,or4;
mis1,2,3,or4;
B is CO,R*, CH,CO,H, CH,CO,R*, or optionally substituted phenyl;
Y is a bond, -(CR’R®)-, -(CR'R*)(CR’R')-, or -(CR'R¥)(CR'R'*)X-;
X is O or CR°R®;
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R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'R¥)(CR’R')NRRY, (CR'R*C(O)R?, (CR'R¥)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'R¥)C(O)R?, X(CR'R®*)C(0)OR?, X(CR'R¥)C(O)NR*R",
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R® is independently selected from H, CN, halo, C(O)R4, CO,H, CO,RY, C(O)NR4R”, alkyl,
optionally substituted alkoxy, SO,R*, (CR'R¥)OR*, (CR'R¥)NR*R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

or R together with an adjacent R* or with R? form a ring;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, CO,R*, NR*R", and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that

a) if Y is a bond and m is 0, then R? is selected from C(O)NR*R'', (CR'R*)OR*,

(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NOR*%R*; and
R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-CH,CH,OH, or p-CH,CH,CH,OH;
and

b) the compound is not selected from

CO,H CO,H
CO-H 2 2
@Q( 2\ tcoz @;( ©;(H\10502H

0]

COMH
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[0098] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ia, or a pharmaceutically acceptable salt,

solvate, polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thercof:

B
3
(Mr@g(ﬁ R
O
R2
(Formula la)

wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,

optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;
nis0,1,2,3,or4;

B is CO,R%;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'R¥)(CR’R')NRRY, (CR'R*C(O)R?, (CR'R¥)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'RHC(O)R?, X(CR'R*)C(O)OR*, X(CR'R)C(O)NR'R™,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R', alkyl,
optionally substituted alkoxy, SO,R*, (CR'R¥)OR*, (CR'R¥)NR*R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

or R together with an adjacent R* or with R? form a ring;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, NR*R', and optionally substituted alkoxy; and

R'" is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that the compound is not selected from
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CO,H CO,H
CO,H 2 2
2" CO.H H o §OoH
H N\C[CI N\©\
: 0 0
o) , CcO, CO;

[0099] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a

H, and H.

mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ib, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

I\B

(R1)n_©H(H //R3
o]
(Formula Ib)
wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

B is COR;

R*is C(O)NR'R' (CR'R®)OR?, (CR'R*)(CR°R'*)OR?, X(CR'R*)(CR’R'*)OR?,
X(CR'R¥)(CR’R')NRRY, (CR'R*C(O)R?, (CR'R¥)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'R¥)C(O)R?, X(CR'R®*)C(0)OR?, X(CR'R¥)C(O)NR*R",
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

R*is H;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, NR*R', and optionally substituted alkoxy; and

R'" is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that if n is 0, then R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-CH,CH,OH, or
p-CH,CH,CH,OH.

[00100] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ic, or a pharmaceutically acceptable salt,

solvate, polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thercof:
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R2
B
(R%@Q(ﬁ\y
5 (R)m
(Formula Ic)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

mis1,2,3,or4;

B is CO,R%;

Y is -(CR’R®)-;

C is aryl or heteroaryl,;

X is O or CR°R®;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
SO,NH,, SO;H, (CR'R)OR?, (CR'R¥)NR‘R", (CR'R*)(CR’R'))OR?,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?, (CR'RH)C(O)OR?,
(CR'RHC(O)NR'R!, X(CR'R¥)C(O)R?, X(CR'R*)C(O)OR?, X(CR'R¥)C(O)NR*R'!,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R® is independently selected from H, CN, halo, C(O)R4, CO,H, CO,RY, C(O)NR4R”, alkyl,
optionally substituted alkoxy, haloalkyl, SO,R*, (CR'R*)OR*, (CR'R¥)NR‘R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

or R together with an adjacent R* or with R? form a ring;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, CO,R*, NR*R", and optionally substituted alkoxy; and

R' is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R*, or SO,R*;

CO,H
H
N

provided that the compound is not selected from O COH |
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[00101] In another aspect, provided herein is a method of inducing differentiation of mesenchymal

, and

stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula I, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B R
i &
Y 3
5 (R
(Formula 1)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

mis1,2,3,or4;

Bis C02R4, CH,COH, CH2C02R3 , or optionally substituted phenyl;

Y is a bond, -(CR’R®)-, -(CR'R*)(CR’R')-, or -(CR'R¥)(CR'R'*)X-;

X is O or CR°R®;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'R¥)(CR’R')NRRY, (CR'R*C(O)R?, (CR'R¥)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'RHC(O)R?, X(CR'R*)C(O)OR*, X(CR'R)C(O)NR'R™,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from H, CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R'!, alkyl,
optionally substituted alkoxy, SO,R*, (CR'R¥)OR*, (CR'R¥)NR*R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;
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or R together with an adjacent R* or with R? form a ring;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, CO,R*, NR*R", and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that

a) if Y is a bond and m is 0, then R? is selected from C(O)NR*R'', (CR'R*)OR*,

(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NOR*%R*; and
R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-CH,CH,OH, or p-CH,CH,CH,OH;
and

b) the compound is not selected from

COZH CO,H
N
@ :
COZ COz\Q\ C02H\/©/C02H
CO,H I

COMH
CO.H o) CO,H O
N M@i > N ﬁ
N o N
o) and O
[00102] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a

sufficient amount of a compound of Formula la, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

<R1ﬁ@%@

(Formula la)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;
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nis0,1,2,3,or4;

B is CO,RY;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'RH)(CR'R)NR'R', (CR'R¥)C(O)R?, (CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R',
X(CR'R¥)C(O)R?, X(CR'R®*)C(0)OR?, X(CR'R¥)C(O)NR*R",
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R', alkyl,
optionally substituted alkoxy, SO,R*, (CR'R¥)OR*, (CR'R¥)NR*R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

or R together with an adjacent R* or with R? form a ring;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, NR*R', and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that the compound is not selected from

CO,H CO,H
iy O O

COzH | and

[00103] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula Ib, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

g

(Formula Ib)

wherein
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each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

B is CO,R;

R*is C(O)NR'R' (CR'R®)OR?, (CR'R*)(CR°R'*)OR?, X(CR'R*)(CR’R'*)OR?,
X(CR'R¥)(CR’R')NRRY, (CR'R*C(O)R?, (CR'R¥)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'R¥)C(O)R?, X(CR'R®*)C(0)OR?, X(CR'R¥)C(O)NR*R",
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

R*is H;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, NR*R', and optionally substituted alkoxy; and

R' is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R*, or SO,R*;

provided that if n is 4 and R' is H, then R* is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-
CH,CH,O0H, or p-CH,CH,CH,OH.

[00104] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula Ic, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thercof:

R2
B
(R%@[ﬁ\y
o (R)m
(Formula Ic)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or CO,R*;

nis0,1,2,3,or4;

misl, 2,3, or4;

B is CO,RY;

Y is -(CR’R®)-;

C is aryl or heteroaryl,;

X is O or CR°R®;

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
SO,NH,, SO;H, (CR'R)OR?, (CR'R¥)NR‘R", (CR'R*)(CR’R'))OR?,
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X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?, (CR'RH)C(O)OR?,
(CR'RHC(O)NR'R!, X(CR'R¥)C(O)R?, X(CR'R*)C(O)OR?, X(CR'R¥)C(O)NR*R'!,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R® is independently selected from H, CN, halo, C(O)R4, CO,H, CO,RY, C(O)NR4R”, alkyl,
optionally substituted alkoxy, haloalkyl, SO,R*, (CR'R*)OR*, (CR'R¥)NR‘R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NOR"R*

or R together with an adjacent R* or with R? form a ring;

each R* is independently selected from H and optionally substituted alkyl;

each R’, R®, R7, R®, R®, and R" is independently selected from H, halo, optionally substituted
alkyl, OH, CO,R* NR*R", and optionally substituted alkoxy; and

R'" is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

CO,H
H
N

provided that the compound is not selected from COH |

AL, CE™ CEO
seden

[00105] In some embodiments described above or below of a compound of Formula I or Ia:
R? is halo, C(O)R?, alkyl, optionally substituted alkoxy, haloalkyl, (CR'R*)OR*,
(CR'R*)(CR’R')OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R®*)C(O)OR?, or
X(CR'RH)C(O)NR'R'; and
cach R? is independently selected from CN, halo, C(O)R*, CO,H, C(O)NR*R', alkyl, or
optionally substituted alkoxy;
or R together with an adjacent R* or with R? form a ring.
[00106] In certain embodiments described above or below of a compound of Formula I or Ia:
R%is F, Cl, C(O)CHs, CHs, CFs, OCHs, OEt, OPr, OCF5, OCHF,, (CR'R¥)OR?,
(CR'R*)(CR’R')OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R®*)C(O)OR?, or
X(CR'RH)C(O)NR'R'; and
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cach R® is independently selected from CN, F, Cl, C(O)CH3, CO,H, C(O)NH,, CH3, OCF; or
OCHz;

or R together with an adjacent R* or with R? form a ring.

In certain embodiments, R* is independently selected from CN, F, C1, C(O)CHs, or CO,H. In certain
embodiments, R* is CN or CO,H. In certain embodiments, R is F, C1, C(O)CHs, CHs, CFsz, OCHs,
OEt, OPr, OCF;, or CH,CH,CH,OH. In certain embodiments, R? is CH,CH,CH,OH. In certain
embodiments, R* together with an adjacent R* or with R? form a ring,

[00107] In certain embodiments, R? is (CR'R*)OR?, (CR'R*)(CR’R'*)OR?, X(CR'R*)(CRR'))OR?,
X(CR'RHC(0)OR?, or X(CR'R*)C(O)NR'R"; and each R* is independently selected from CN, F,
Cl, C(O)CHs, CO,H, C(O)NH,, CHz, OCF; or OCHs. In certain embodiments, R? is F, Cl, C(O)CHa,
CHs;, CF;, OCHjs, OEt, OPr, OCF;, or CH,CH,CH,OH; and R® is independently selected from CN,
F, Cl, C(O)CH3;, or CO,H. In certain embodiments, R%?is F, Cl, C(O)CH3;, CH;, CF3;, OCHj;, OEt,
OPr, OCF;, or CH,CH,CH,OH; and R® is independently selected from CN or CO,H. In certain
embodiments, R? is CH,CH,CH,OH and R* is independently selected from CN, F, C1, C(O)CHs, or
CO,H.

[00108] In some embodiments described above or below of a compound of Formula I:

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'RH)(CR'R)NR'R', (CR'R¥)C(O)R?, (CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R',
X(CR'R¥)C(O)R?, X(CR'R®*)C(0)OR?, X(CR'R¥)C(O)NR*R",
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R)C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR*R*; and

each R? is independently selected from CN, halo, C(O)R*, C(O)NR*R'!, alkyl, optionally
substituted alkoxy, SO,R?, (CR'R*)OR?, (CR'R® )NR'R", (CR'R*)(CR’R'*)OR,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?, (CR'RH)C(O)OR?,
(CR'RHC(O)NR'R!, X(CR'R¥)C(O)R?, X(CR'R*)C(O)OR?, X(CR'R¥)C(O)NR*R'!,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR*R!, (CR'R*)NR*SO,R*, and C(=NOR*R".

[00109] In some embodiments described above or below of a compound of Formula Ia:

R’ is halo, C(O)R?, CO,R*, C(O)NR'R', alkyl, optionally substituted alkoxy, haloalkyl, SO,R",
(CR'R*)OR?, (CR'RHNR'RY, (CR'R*)(CR'R'*)OR*, X(CR'R*)(CR’R'")OR",
X(CR'R¥)(CR’R')NRRY, (CR'R*C(O)R?, (CR'R¥)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'RHC(O)R?, X(CR'R*)C(O)OR*, X(CR'R)C(O)NR'R™,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR*R!, (CR'R*)NR*SO,R*, or C(=NOR*)R*; and
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each R? is independently selected from CN, halo, C(O)R*, C(O)NR*R'!, alkyl, optionally
substituted alkoxy, SO.R*, (CR'R*)OR?, (CR'R® )NR*R"!, (CR'R*)(CR’R'*)OR?,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?, (CR'RH)C(O)OR?,
(CR'RHC(O)NR'R!, X(CR'R¥)C(O)R?, X(CR'R*)C(O)OR?, X(CR'R¥)C(O)NR*R'!,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR*R!, (CR'R*)NR*SO,R*, and C(=NOR*)R".
[00110] In some embodiments described above or below of a compound of Formula Ib:

R*is (CR'R®)(CR°R')OR?, X(CR'R*)(CR’R')OR*, X(CR'R¥)(CR’R'*)NR'R"!,
(CR'R*)C(O)R?, (CR'R*)C(O)NR'RY, X(CR'R*)C(O)R*, X(CR'R*)C(O)NR*R"!,
(CR'RHNR*SO,R?, or C(=NOR*"R*; and

R*is H.

In certain embodiments, R? is (CR'R*)(CR’R'*)OR?, X(CR'R®*)(CR’R'*)OR,
X(CR'R¥)(CR’R)NR'R', or (CR'R¥)NR*SO,R”. In certain embodiments, R* is CH,CH,OH,
CH,CH,0CH;, CH,CHCH;OH, CHCH;CH,OH, CH,CH,CH,0H, CH,CH,CH,NH,,
CH,CH,CHCH;0H, C(CHs),CH,CH,0H, CH,CH,C(CH;),0H, OCH,CH,0H, OCH,CH,OCHj, or
OCH,CH,NH,. In certain embodiments, R* is (CR'R*)C(O)R*, (CR'R¥)C(O)NR'R",
X(CR'RHC(O)R?, or X(CR'R*)C(O)NR*R'. In certain embodiments, R? is CH,C(O)CHs,
CH,C(O)NH,, CH,CH,C(O)CH3, or CH,CH,C(O)NH,.

[00111] In some embodiments described above or below of a compound of Formula Ic, C is aryl. In
certain embodiments, C is phenyl. In certain embodiments, C is naphthyl.

[00112] In some embodiments described above or below of a compound of Formula Ic, C is
heteroaryl. In certain embodiments, C is pyridinyl, pyrimidinyl, pyridazinyl, or pyrazinyl. In certain
embodiments, C is pyridinyl. In certain embodiments, C is pyrimidinyl. In certain embodiments, C
is pyridazinyl. In certain embodiments, C is a 5-membered heteroaryl ring. In certain embodiments,
C is thiophene, benzofuran, pyrrole, thiazole, imidazole, oxazole, pyrazole, or triazole.

[00113] In some embodiments described above or below of a compound of Formula Ic:

R? is halo, C(O)R?, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl, SO,R*,
SO,NH,, SO:H, (CR'R)OR?, (CR'R¥)NR*R", (CR'R*)(CR’R'))OR?,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?, (CR'RH)C(O)OR?,
(CR'R®))C(O)NR'R', X(CR'R*)C(O)R*, X(CR'R*)C(O)OR?, X(CR'R*)C(O)NR'R"!,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR*R!, (CR'R*)NR*SO,R*, or C(=NOR*)R*; and

cach R? is independently selected from H, CN, halo, C(O)R*, CO,R*, C(O)NR*R", alkyl,
optionally substituted alkoxy, haloalkyl, SO,R*, (CR'R*)OR*, (CR'R¥)NR‘R"!,
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
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X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R', (CR'R¥)NR*SO,R*, and
C(=NORHR*;

provided that if n = 0 and C is phenyl, R?is not CO,H or p-OCHs.

[00114] In some embodiments described above or below of a compound of Formula Ic:

R? is halo, C(O)R*, CO,R*, C(O)NR*R'!, alkyl, optionally substituted alkoxy, haloalkyl,
SO,NH,, SO:H, (CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'RHC(O)OR?, or X(CR'R*)C(O)NR'R"; and

cach R? is independently selected from H, CN, halo, CO,H, or haloalkyl.

[00115] In certain embodiments described above or below of a compound of Formula I¢:

R%is Cl, F, C(O)CHs, CO,H, C(O)NR*R', CHs, optionally substituted alkoxy, CFs, SO,NH,,
SOsH, (CR'R®)C(O)R?, (CR'R¥)C(O)OR?, (CR'R*)C(O)NR'RY, X(CR'R*)C(O)OR*, or
X(CR'RH)C(O)NR'R'; and

cach R® is independently selected from H, CN, Cl, F, CO,H, or CF;.

In certain embodiments, R? is Cl, F, C(O)CHj3;, CO,H, CHj3, OCHj3;, CF3; and cach R*is
independently selected from H, CN, or CO,H. In certain embodiments, R* is CH,C(O)NHo,
CH,C(0)CH;, CH,C(O)OH, CH,CH,C(O)OH, or CH,CH,C(O)NH,. In certain embodiments, R* is
CO,H. In certain embodiments, R? is CO,H and each R* is independently selected from H, CN, CI,
F, or CF;.

[00116] In certain embodiments described above or below of a compound of Formula I¢:

R%is Cl, F, C(O)CHs, CO,H, C(O)NR*R', CHs, optionally substituted alkoxy, CFz, SO,NH,,
SO;H, (CR'R®)C(O)R?, (CR'R¥)C(O)OR?, (CR'R*)C(O)NR'R", X(CR'R*)C(O)OR*, or
X(CR'RH)C(O)NR'R'; and

cach R® is independently selected from H, CN, or CO,H.

In certain embodiments, R* is CH,C(O)NH,, CH,C(O)CH;, CH,C(O)OH, CH,CH,C(O)OH, or
CH,CH,C(O)NH,; and each R? is independently selected from H, CN, or CO,H.

[00117] In one aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula II, or a pharmaceutically acceptable salt,

solvate, polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thercof:

B
(RUH@i
A

(Formula II)

wherein
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each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
CORY;

nis0,1,2,3,or4;

B is NHC(O)R?, NR*C(O)R?, NHC(O)NH,, NHC(O)NHR?, NHC(O)NR?R*, NR*C(O)NH,,
NR*C(O)NHR?, NR*C(O)NR’R*, NHC(O)OR?, NR*C(O)OR?, NHSO,R?, NR*SO,R?,
NHSO,R?, NR*SO,R*, NHSO,NH,, NHSO,NHR?* NHSO,NR’R*, NR*SO,NH,,
NR*SO,NHR?, or NR*SO,NR’R*;

each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is CO,H, CO,R?, C(O)NH,, C(O)NHR?, C(O)NR’R*, or SO,NR*R”; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which they
are attached make a ring;

provided that

a) if B is NHC(O)R? or NR*C(O)R?, then A is not CO,H; and

b) the compound is not selected from

CQI\:SOZCHS @TC(O NH, @TC(O CHj

NHC(O OCH, COH
2

o, GO @qﬂ
COzH ’and

« T

~s

17\

00
CO,H

CN

[00118] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ila, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:
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B
(RWH@[
A

(Formula lla)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
nis0,1,2,3,or4;
B is NHC(O)NH,, NHC(O)NHR?, NHC(O)NR*R*, NR*C(O)NH,, NR*C(O)NHR?, or
NR*C(O)NR?R*;
each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;
R* is optionally substituted alkyl or optionally substituted aralkyl;
R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and
A is CO,H or COR%;
s6¥en
provided that the compound is not ” ” .
[00119] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula IIb, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

B
‘R”“{:ﬂ
A

(Formula Ilb)
wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;

nis0,1,2,3,or4;

B is NHC(O)R? or NR*C(O)R?;

R? is optionally substituted phenyl, optionally substituted heteroaryl, optionally substituted
heterocyclyl, optionally substituted aralkyl, or optionally substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;
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R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is SO,NR*R"; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which they

arc attached make a ring.

[00120] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Ilc, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

B
R' —(/\VL
( )n ! /

A

(Formula lic)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;

nis0,1,2,3,or4;

B is NHSO,R?, NR*SO,R’, NHSO,R*, NR*SO,R*, NHSO,NH,, NHSO,NHR?, NHSO,NR’R?,
NR*SO,NH,, NR*SO,NHR?, or NR*'SO,NR’R%;

each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;

each R? is independently optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

A is C(O)NHR? or C(O)NR*R?;

NHSO,CH,

N
L
CN.

[00121] In another aspect provided herein is a method of inducing differentiation of mesenchymal

provided that the compound is not

stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula II, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B
(R%@[
A

(Formula II)

wherein
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each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
CORY;

nis0,1,2,3,or4;

B is NHC(O)R?, NR*C(O)R?, NHC(O)NH,, NHC(O)NHR?, NHC(O)NR?R*, NR*C(O)NH,,
NR*C(O)NHR?, NR*C(O)NR’R*, NHC(O)OR?, NR*C(O)OR?, NHSO,R?, NR*SO,R?,
NHSO,R?, NR*SO,R*, NHSO,NH,, NHSO,NHR?* NHSO,NR’R*, NR*SO,NH,,
NR*SO,NHR?, or NR*SO,NR’R*;

each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is CO,H, CO,R?, C(O)NH,, C(O)NHR?, C(O)NR’R*, or SO,NR*R”; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which they
are attached make a ring;

provided that

a) if B is NHC(O)R? or NR*C(O)R?, then A is not CO,H; and

b) the compound is not selected from

Q::SOZCHC, @TC(O NH, i :NHC(O CH,

NHC(O OCH, COH
2

o, GO @qﬂ
COzH ’and

« T

~s

17\

00
CO,H

CN

[00122] In another aspect, provided herein is a method of inducing differentiation of mesenchymal

stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a

sufficient amount of a compound of Formula Ila, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:
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B
(RWH@[
A

(Formula lla)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
nis0,1,2,3,or4;
B is NHC(O)NH,, NHC(O)NHR?, NHC(O)NR*R*, NR*C(O)NH,, NR*C(O)NHR?, or
NR*C(O)NR?R*;
each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;
R* is optionally substituted alkyl or optionally substituted aralkyl;
R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and
A is CO,H or COR%;
s6¥en
provided that the compound is not ” ” .
[00123] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula IIb, or a pharmaccutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B
‘R”“{:ﬂ
A

(Formula Ilb)
wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;

nis0,1,2,3,or4;

B is NHC(O)R? or NR*C(O)R?;

R? is optionally substituted phenyl, optionally substituted heteroaryl, optionally substituted
heterocyclyl, optionally substituted aralkyl, or optionally substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;
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R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is SO,NR'R”; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which they

arc attached make a ring.

[00124] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula Ilc, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B
R' —(/\VL
( )n ! /

A

(Formula lic)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;

nis0,1,2,3,or4;

B is NHSO,R?, NR*SO,R’, NHSO,R*, NR*SO,R*, NHSO,NH,, NHSO,NHR?, NHSO,NR’R?,
NR*SO,NH,, NR*SO,NHR?, or NR*'SO,NR’R%;

each R? and R* is independently optionally substituted phenyl, optionally substituted heteroaryl,
optionally substituted heterocyclyl, optionally substituted aralkyl, or optionally
substituted alkyl;

each R? is independently optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

A is C(O)NHR? or C(O)NR*R?;
NHSO,CH,4
H
= .
CN.

@)
provided that the compound is not

[00125] In some embodiments described above or below of a compound of Formula Ila, B is
NHC(O)NHR?, NHC(O)NR’R*, NR*C(O)NHR?, or NR*C(O)NR?R”. In certain embodiments, B is
NHC(O)NHR? or NR*C(O)NHR?. In certain embodiments, B is NHC(O)NR’R* or NR*C(O)NR’R".
In certain embodiments, B is NHC(O)NHR?.

[00126] In some embodiments described above or below of a compound of Formula Ila, B is
NHC(O)NHR?, NHC(O)NR’R*, NR*C(O)NHR?, or NR*C(O)NR?R?; and A is CO,H. In certain
embodiments, B is NHC(O)NHR? or NR*C(O)NHR?; and A is CO,H. In certain embodiments, B is
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NHC(O)NHR? and A is CO,H. In certain embodiments, B is NHC(O)NHR? and A is CO,H, ,
wherein R? is optionally substituted phenyl.

[00127] In some embodiments described above or below of a compound of Formula ITa, B is
NHC(O)NHR?, NHC(O)NR’R*, NR*C(O)NHR?, or NR*C(O)NR?R?; and A is CO,R’. In certain
embodiments, B is NHC(O)NHR? or NR*C(O)NHR?; and A is CO,R’. In certain embodiments, B is
NHC(O)NHR? and A is CO,R’. In certain embodiments, B is NHC(O)NHR? and A is CO,R’,
wherein R? is optionally substituted phenyl.

[00128] In some embodiments described above or below of a compound of Formula ITa, R? is
optionally substituted phenyl. In certain embodiments, the phenyl of R* is bisubstituted. In certain
embodiments, the phenyl of R? is monosubstituted. In certain embodiments, substitution on the
phenyl of R?is independently selected from optionally substituted alkyl, optionally substituted
alkoxy, optionally substituted aryloxy, halo, CN, CO,H, amino, monoalkylamine, dialkylamine,
monoarylamine, alkylarylamine, cycloalkyl, hydroxy, C(O)-(optionally substituted alkyl ),
C(O)NH,, C(O)NH-(optionally substituted alkyl), alkylthioether, alkylsulfoxide, alkylsulfone, C(O)-
(optionally substituted aryl ), C(O)NH-(optionally substituted aryl), arylthioether, arylsulfoxide, or
arylsulfone. In certain embodiments, substitution on the phenyl of R*is independently selected from
F, Cl, CO,H, CN, OCH3;, C(O)CH;, CF;, CH;, CH,OH, CH,CH,0OH, and CH,CH,CH,OH. In certain
embodiments, bisubstitution on the phenyl of R* consists of CN and a group selected from F, Cl,
CO,H, OCH;, C(O)CH;, CF;, CHs, CH,OH, CH,CH,0H, and CH,CH,CH,OH. In certain
embodiments, bisubstitution on the phenyl of R? consists of CO,H and a group selected from F, CI,
CN, OCHs;, C(O)CHs, CF;, CH; CH,OH, CH,CH,O0H, and CH,CH,CH,OH. In certain
embodiments, bisubstitution on the phenyl of R? consists of CH,CH,CH,OH and a group selected
from F, Cl, CN, OCH;, C(O)CHs;, CF;, CH; CH,OH, CH,CH,0H, and CO,H.

[00129] In some embodiments described above or below of a compound of Formula ITa, R? is
optionally substituted naphthyl.

[00130] In some embodiments described above or below of a compound of Formula ITa, R? is
optionally substituted heteroaryl. In certain embodiments, R?is optionally substituted pyridinyl,
optionally substituted pyrimidinyl, optionally substituted pyridazinyl, or optionally substituted
pyrazinyl. In certain embodiments, R? is an optionally substituted 5-membered heteroaryl ring. In
certain embodiments, the 5-membered heteroaryl ring is thiophene, benzofuran, pyrrole, thiazole,
imidazole, oxazole, pyrazole, or triazole. In certain embodiments, R?is an optionally substituted
bicyclic heteroaryl. In certain embodiments, the bicyclic heteroaryl is benzimidazole, benzthiazole,
benzoxazole, indazole, quinoline, or naphthyridine.

[00131] In some embodiments described above or below of a compound of Formula IIb, B is
NHC(O)R?. In certain embodiments, B is NHC(O)R? and R is optionally substituted phenyl. In
certain embodiments, B is NHC(O)R? and R? is optionally substituted heteroaryl.
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[00132] In some embodiments described above or below of a compound of Formula IIb, B is
NR*C(O)R? In certain embodiments, R* is optionally substituted alkyl.

[00133] In some embodiments described above or below of a compound of Formula IIb, each R*
and R® is independently optionally substituted alkyl. In certain embodiments, each R* and R is
independently alkyl. In some embodiments described above or below of a compound of Formula IIb,
R? and R” together with the N to which they are attached make a ring. In certain embodiments, the
ring is morpholinyl, thiomorpholinyl, piperidinyl, pyrrolidinyl, azetidinyl, aziridinyl, azepanyl,
homopiperazinyl, or piperazinyl.

[00134] In some embodiments described above or below of a compound of Formula ITb, R? is
optionally substituted phenyl. In certain embodiments, the phenyl of R* is bisubstituted. In certain
embodiments, the phenyl of R? is monosubstituted. In certain embodiments, substitution on the
phenyl of R?is independently selected from optionally substituted alkyl, optionally substituted
alkoxy, optionally substituted aryloxy, halo, CN, CO,H, amino, monoalkylamine, dialkylamine,
monoarylamine, alkylarylamine, cycloalkyl, hydroxy, C(O)-(optionally substituted alkyl ),
C(O)NH,, C(O)NH-(optionally substituted alkyl), alkylthioether, alkylsulfoxide, alkylsulfone, C(O)-
(optionally substituted aryl ), C(O)NH-(optionally substituted aryl), arylthioether, arylsulfoxide, or
arylsulfone. In certain embodiments, substitution on the phenyl of R*is independently selected from
F, Cl, CO,H, CN, OCH3, C(O)CH;, CF3, CH;, CH,OH, CH,CH,OH, and CH,CH,CH,OH. In certain
embodiments, bisubstitution on the phenyl of R* consists of CN and a group selected from F, Cl,
CO,H, OCH;, C(O)CH;, CF;, CHs, CH,OH, CH,CH,0H, and CH,CH,CH,OH. In certain
embodiments, bisubstitution on the phenyl of R? consists of CO,H and a group selected from F, CI,
CN, OCH;, C(O)CHs;, CF;, CH; CH,OH, CH,CH,0H, and CH,CH,CH,OH. In certain
embodiments, bisubstitution on the phenyl of R? consists of CH,CH,CH,OH and a group selected
from F, Cl, CN, OCH3;, C(O)CHs, CF;, CH; CH,OH, CH,CH,0H, and CO,H.

[00135] In some embodiments described above or below of a compound of Formula ITb, R? is
optionally substituted naphthyl.

[00136] In some embodiments described above or below of a compound of Formula ITb, R? is
optionally substituted heteroaryl. In certain embodiments, R? is optionally substituted pyridinyl,
optionally substituted pyrimidinyl, optionally substituted pyridazinyl, or optionally substituted
pyrazinyl. In certain embodiments, R* is an optionally substituted 5-membered heteroaryl ring. In
certain embodiments, the 5-membered heteroaryl ring is thiophene, benzofuran, pyrrole, thiazole,
imidazole, oxazole, pyrazole, or triazole. In certain embodiments, R?is an optionally substituted
bicyclic heteroaryl. In certain embodiments, the bicyclic heteroaryl is benzimidazole, benzthiazole,
benzoxazole, indazole, quinoline, or naphthyridine.

[00137] In some embodiments described above or below of a compound of Formula Ilc, B is

NHSO,R?, NR*SO,R?, NHSO,R?, or NR*SO,R*. In certain embodiments, B is NHSO,R? or
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NR*SO,R’. In certain embodiments, B is NHSO,R’. In certain embodiments, R* is optionally
substituted alkyl. In certain embodiments, R* is alkyl. In certain embodiments, R* is CHs. In certain
embodiments, B is NHSO,R* or NR*SO,R*. In certain embodiments, R* is optionally substituted
phenyl. In certain embodiments, R* is optionally substituted naphthyl. In certain embodiments, R* is
optionally substituted heteroaryl. In certain embodiments, R* is optionally substituted heterocyclyl.
[00138] In some embodiments described above or below of a compound of Formula Ilc, B is
NHSO,R?, NR*SO,R?, NHSO,R*, or NR*SO,R* and A is C(O)NHR?. In certain embodiments, B is
NHSO,R? or NR*SO,R? and A is C(O)NHR?. In certain embodiments, B is NHSO,R? and A is
C(O)NHR?. In certain embodiments, B is NHSO,R® and A is C(O)NHR?, wherein R* is optionally
substituted alkyl. In certain embodiments, B is NHSO,R? and A is C(O)NHR?, wherein R is
optionally substituted alkyl and R? is optionally substituted phenyl. In certain embodiments, B is
NHSO,R? and A is C(O)NHR?, wherein R* is optionally substituted alkyl and R? is optionally
substituted heteroaryl.

[00139] In some embodiments described above or below of a compound of Formula Ilc, B is
NHSO,R?, NR*SO,R?, NHSO,R?, or NR*SO,R* and A is C(O)NR’R*. In certain embodiments, B is
NHSO,R? or NR*SO,R? and A is C(O)NR’R*. In certain embodiments, B is NHSO,R® and A is
C(O)NR’R*. In certain embodiments, B is NHSO,R* and A is C(O)NR’R?, wherein R* is optionally
substituted alkyl. In certain embodiments, B is NHSO,R* and A is C(O)NR’R*, wherein R® is
optionally substituted alkyl and R? is optionally substituted phenyl. In certain embodiments, B is
NHSO,R* and A is C(O)NR’R*, wherein R? is optionally substituted alkyl and R is optionally
substituted heteroaryl.

[00140] In some embodiments described above or below of a compound of Formula Ilc, B is
NHSO,NH,, NHSO,NHR?, NHSO,NR’R", NR*SO,NH,, NR*SO,NHR?, or NR*SO,NR’R*. In
certain embodiments, B is NHSO,NH,, NHSO,NHR?, NHSO,NR’R*, NR*SO,NH,, NR*SO,NHR?,
or NR*SO,NR’R* and A is C(O)NHR?. In certain embodiments, B is NHSO,NH,, NHSO,NHR?,
NHSO,NR’R*, NR*SO,NH,, NR*SO,NHR?, or NR*SO,NR?R* and A is C(O)NR*R*.

[00141] In some embodiments described above or below of a compound of Formula Ilc, A is
C(O)NHR?. In some embodiments described above or below of a compound of Formula Tlc, A is
C(O)NR’R*. In certain embodiments, R* is optionally substituted phenyl. In certain embodiments,
the phenyl of R” is bisubstituted. In certain embodiments, the phenyl of R*is monosubstituted. In
certain embodiments, substitution on the phenyl of R?is independently selected from optionally
substituted alkyl, optionally substituted alkoxy, optionally substituted aryloxy, halo, CN, CO,H,
amino, monoalkylamine, dialkylamine, monoarylamine, alkylarylamine, cycloalkyl, hydroxy, C(O)-
(optionally substituted alkyl ), C(O)NH,, C(O)NH-(optionally substituted alkyl), alkylthioether,
alkylsulfoxide, alkylsulfone, C(O)-(optionally substituted aryl ), C(O)NH-(optionally substituted

aryl), arylthioether, arylsulfoxide, or arylsulfone. In certain embodiments, substitution on the phenyl
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of R*is independently selected from F, Cl, CO,H, CN, OCH;, C(O)CHs;, CF;, CH; CH,OH,
CH,CH,OH, and CH,CH,CH,OH. In certain embodiments, bisubstitution on the phenyl of R*
consists of CN and a group selected from F, Cl, CO,H, OCHj3, C(O)CHj3;, CFs, CH;, CH,OH,
CH,CH,0H, and CH,CH,CH,OH. In certain embodiments, bisubstitution on the phenyl of R?
consists of CO,H and a group selected from F, Cl, CN, OCH3, C(O)CHj3;, CFs, CH;, CH,OH,
CH,CH,0H, and CH,CH,CH,OH. In certain embodiments, bisubstitution on the phenyl of R?
consists of CH,CH,CH,OH and a group selected from F, Cl, CN, OCH3, C(O)CHs, CF3;, CHs,
CH,0OH, CH,CH,0H, and CO,H.In certain embodiments, R?is optionally substituted naphthyl.
[00142] In some embodiments described above or below of a compound of Formula ITc, R? is
optionally substituted heteroaryl. In certain embodiments, R? is optionally substituted pyridinyl,
optionally substituted pyrimidinyl, optionally substituted pyridazinyl, or optionally substituted
pyrazinyl. In certain embodiments, R? is an optionally substituted 5-membered heteroaryl ring. In
certain embodiments, the 5-membered heteroaryl ring is thiophene, benzofuran, pyrrole, thiazole,
imidazole, oxazole, pyrazole, or triazole. In certain embodiments, R?is an optionally substituted
bicyclic heteroaryl. In certain embodiments, the bicyclic heteroaryl is benzimidazole, benzthiazole,
benzoxazole, indazole, quinoline, or naphthyridine.
[00143] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula 11, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

0O
X
RY—T L X
Z A
(Formula II1)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;

nis0,1,2,3,or4;

X is O, NH, or NR’;

A is C(0), CH,, or CH-CR*R*-C(O)R?;

R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

R® is optionally substituted phenyl;

provided that
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a) if A is CH-CR’R*-C(O)R?, then X is O or NH;

§—< >—CN
b) ifnis 0, A is CHCH,C(O)R? and X is O, then R* is not or

:and

2

L 6 i %—@CN %—@cozH
¢) if Ais C(O) or CH,, then X is NR” and R” is not or .

[00144] In another aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound of Formula Illa, or a pharmaceutically acceptable

salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

0O
RMn NH
R2
R3
R* O

(Formula ll1a)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
nis0,1,2,3,or4;
R? is optionally substituted aryl or optionally substituted heteroaryl;
each R* and R* is independently H or optionally substituted alkyl; and
R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*.
[00145] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula III, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

0]
I AN
(R1)n ! Z A/X
(Formula II1)

wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,

optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
CO,R%;
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nis0,1,2,3,or4;

X is O, NH, or NR’;

A is C(0), CH,, or CH-CR*R*-C(O)R?;

R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

R® is optionally substituted phenyl;

provided that

d) if A is CH-CR’R*-C(O)R?, then X is O or NH;
e ) , . @CN
e) ifnis 0, A is CHCH,C(O)R” and X is O, then R” is not or

:and

2

§—< >*CN %—@co H
if A is C(O) or CH,, then X is NR® and R® is not or 2 .

[00146] In another aspect, provided herein is a method of inducing differentiation of mesenchymal
stem cells into chondrocytes, the method comprising contacting mesenchymal stem cells with a
sufficient amount of a compound of Formula [Ila, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

0O
R)n NH
R2
R3
R* O

(Formula ll1a)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NHR®, NR*R®, CO,H, or
COR;
nis0,1,2,3,or4;
R? is optionally substituted aryl or optionally substituted heteroaryl;
each R* and R* is independently H or optionally substituted alkyl; and
R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR?, C(O)NR*R?, or SO,R*.
[00147] In some embodiments described above or below of a compound of Formula ITT, X is NR®
and A is C(O). In some embodiments described above or below of a compound of Formula I11, X is

NR®and A is CH,. In some embodiments described above or below of a compound of Formula ITT, X
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is Oand A is CH-CR'R*-C(O)R?. In some embodiments described above or below of a compound of
Formula ITI, X is NH and A is CH-CR*R*-C(O)R>.
[00148] In some embodiments described above or below of a compound of Formula III or I1Ta, R*
and R” are both hydrogen. In some embodiments described above or below of a compound of
Formula ITI or ITTa, R* is optionally substituted alkyl and R* is hydrogen. In some embodiments
described above or below of a compound of Formula IIT or ITla, R* and R* are independently
optionally substituted alkyl.
[00149] In some embodiments described above or below of a compound of Formula IIT or ITTa, R?
is heteroaryl. In certain embodiments, R* is optionally substituted optionally substituted pyridinyl,
optionally substituted pyrimidinyl, optionally substituted pyridazinyl, or optionally substituted
pyrazinyl. In certain embodiments, R* is 5-membered heteroaryl. In certain embodiments, the 5-
membered heteroaryl is thiophene, benzofuran, pyrrole, thiazole, imidazole, oxazole, pyrazole, or
triazole. In certain embodiments, R* is bicyclic heteroaryl. In certain embodiments, the bicyclic
heteroaryl is benzimidazole, benzthiazole, benzoxazole, indazole, quinoline, or naphthyridine.
[00150] In some embodiments described above or below of a compound of Formula IIT or ITTa, R?
is phenyl. In certain embodiments, the phenyl of R? is bisubstituted. In certain embodiments, the
phenyl of R? is monosubstituted. In certain embodiments, substitution on the phenyl of R*is
independently selected from optionally substituted alkyl, optionally substituted alkoxy, optionally
substituted aryloxy, halo, CN, CO,H, amino, monoalkylamine, dialkylamine, monoarylamine,
alkylarylamine, cycloalkyl, hydroxy, C(O)-(optionally substituted alkyl ), C(O)NH,, C(O)NH-
(optionally substituted alkyl), alkylthioether, alkylsulfoxide, alkylsulfone, C(O)-(optionally
substituted aryl ), C(O)NH-(optionally substituted aryl), arylthioether, arylsulfoxide, or arylsulfone.
In certain embodiments, substitution on the phenyl is independently selected from F, C1, CO,H, CN,
OCHs;, C(O)CHs, CFs, CH3; CH,OH, CH,CH,OH, and CH,CH,CH,OH. In certain embodiments,
bisubstitution on the phenyl of R* consists of CN and a group selected from F, C1, CO,H, OCHj,
C(0O)CH3;, CFs, CH;, CH,OH, CH,CH,0H, and CH,CH,CH,0H. In certain embodiments,
bisubstitution on the phenyl of R consists of CO,H and a group selected from F, C1, CN, OCHs,
C(0O)CH3;, CFs, CH;, CH,OH, CH,CH,0H, and CH,CH,CH,0H. In certain embodiments,
bisubstitution on the phenyl of R? consists of CH,CH,CH,OH and a group selected from F, Cl, CN,
OCH;, C(O)CH3, CF3, CH3, CH,OH, CH,CH,OH, and CO,H.
[00151] In some embodiments described above or below of a compound of Formula IIT or ITTa, R?
is naphthyl.
[00152] In some embodiments described above or below of a compound disclosed herein, B is
CO,R* and R*is optionally substituted alkyl. In some embodiments described above or below of a

compound disclosed herein, B is CO,R* and R* is hydrogen.
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[00153] In some embodiments described above or below of a compound disclosed herein, nis 0, 1,
or 2. In certain embodiments, n is 0. In certain embodiments, n is 1. In certain embodiments, R is
independently selected from Cl, F, CH,OH, CH,NH,, OCH3, OCF3;, OCHF,, CN, NO,, CO,H, and
CO,CHs.

[00154] In some embodiments described above or below of a compound of Formula I, the

compound is selected from:
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solvate, polymorph, prodrug, ester,
metabolite, N-oxide, stereoisomer, or isomer thereof.
[00155] In some embodiments described above or below of a compound of Formula Ia, the

compound is selected from:
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acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer
thereof.
[00156] In some embodiments described above or below of a compound of Formula Ib, the

compound is selected from:
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[00157] In some embodiments described above or below of a compound of Formula Ic, the

compound is selected from:
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or a pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide,

stereoisomer, or isomer thereof.

[00158] In some embodiments described above or below of a compound of Formula II, the

compound is selected from:
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acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer
thereof.
[00159] In some embodiments described above or below of a compound of Formula ITa, the

compound is selected from:
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, and ; or a pharmaceutically acceptable salt,
solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thercof.
[00160] In some embodiments described above or below of a compound of Formula Ilb, the

compound is selected from:
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pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide,
stereoisomer, or isomer thereof.

[00161] In some embodiments described above or below of a compound of Formula Ilc, the
compound is selected from:
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[00162] In some embodiments described above or below of a compound of Formula I11, the

compound is selected from:
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N o , and N o ; or a pharmaceutically acceptable salt,

4 4

solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thercof.

[00163] In one aspect, provided herein is a method of ameliorating arthritis or joint injury in a
mammal, the method comprising administering to a joint of the mammal a composition comprising a
therapeutically effective amount of a compound, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof, selected from:
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[00164] In another aspect, provided herein is a method of of inducing differentiation of
mesenchymal stem cells into chondrocytes, the method comprising contacting mesenchymal stem
cells with a sufficient amount of a compound, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof, selected from:
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[00165] In some embodiments, the mammal does not have, but is at increased risk for, arthritis or
joint injury.
[00166] It is contemplated that the compounds, compositions, and methods of the present invention
may be used to ameliorate any type of arthritis or joint injury. It is further contemplated that the
compounds, compositions, and methods of the present invention may be used to ameliorate various
cartilagenous disorders. In some embodiments, the compounds and compositions of the present
invention are administered to prevent arthritis or joint injury, for example where there is a genetic or
family history of arthritis or joint injury or prior or during joint surgery or other circumstances where
there is an increased risk of arthritis or joint injury. Exemplary conditions or disorders to be treated
or prevented with the compounds, compositions, and methods of the invention, include, but are not
limited to systemic rheumatoid arthritis, juvenile chronic arthritis, osteoarthritis, degenerative disc
disease, spondyloarthropathies, and systemic sclerosis (scleroderma). In some embodiments of the
invention, the compounds, compositions, and methods of the present invention may be used to treat
osteoarthritis. In some embodiments, the arthritis can be osteoarthritis, trauma arthritis, degenerative
disc disease, dupuytren disease, or tendon disease.
[00167] In some embodiments, the compounds, compositions, and methods of the present invention
provide a method for stimulating chondrocyte proliferation and cartilage production in cartilagenous
tissues that have been damaged due to traumatic injury or chondropathy. Traumatic injury can
include, but is not limited to, blunt trauma to the joint, or damage to ligaments such as tearing the
anterior cruciate ligament, medial collateral ligament, or a meniscal tear. Examples of tissues that
exhibit articulated surfaces, and thus are particularly susceptible to treatment include, but are not
limited to, spine, shoulder, elbow, wrist, joints of the fingers, hip, knee, ankle, and the joints of the
feet. Examples of diseases that may benefit from treatment include osteoarthritis, rheumatoid
arthritis, other autoimmune diseases, or osteochondritis dessicans. In addition, cartilage
malformation is often seen in forms of dwarfism in humans suggesting that the compounds,

compositions, and methods would be useful in these patients.
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[00168] 1t is contemplated that the compounds, compositions, and methods of the present invention
may be used to treat a mammal. As used herein a "mammal” refers to any mammal classified as a
mammal, including humans, domestic and farm animals, and zoo, sports or pet animals, such as
cattle (c.g. cows), horses, dogs, sheep, pigs, rabbits, goats, cats, etc. In some embodiments, the
mammal can be a human, a dog, a cat, or a horse. In some embodiments of the invention, the
mammal is 2a human. In some embodiments, the mammal is a dog, a cat, or a horse. In some
embodiments, the mammal is cattle, sheep, pig, goat, or rabbit. In some embodiments, the mammal
is a domesticated animal or livestock. In further embodiments, the domesticated animal or livestock
is a dog, cat, or horse. In some embodiments, the mammal is a companion animal. As used herein,
“companion animal” relers to dog, cal. rodent, and rabbit. In some embodiments, the mammal is a
companion animal or livestock. In some embodiments, the mammal is livestock.

[00169] The compounds of the present invention are also useful for inducing differentiation of
mesenchymal stem cells (MSCs) into chondrocytes. In some embodiments, the present invention
provides a method of inducing differentiation of mesenchymal stem cells into chondrocytes, the
method including contacting mesenchymal stem cells with a sufficient amount of a compound of the
present invention, thereby inducing differentiation of the stem cells into chondrocytes.

[00170] MSCs are multipotent stem cells that can differentiate into several different types of cells
including, but not limited to, osteoblasts, chondrocytes and adipocytes. Differentiation is the process
by which a specialized cell type is formed from a less specialized cell type, for example, a
chondrocyte from a MSC. In some embodiments, the method is performed in vitro. In some
embodiments, the method is performed in vivo in a mammal and the stem cells are present in the
mammal. In certain embodiments, the mammal is a human, a dog, a cat, or a horse. In certain
embodiments, the mammal is a human. In certain embodiments, the mammal is a dog, a cat, or a
horse.

[00171] Inducing differentiation of MSCs into chondrocytes can be accomplished using any
suitable amount of a compound of the present invention. In some embodiments, the compound of the
present invention can be present in an amount from about 0.1 mg to about 10000 mg, e¢.g., 1.0 mg to
1000 mg, e.g., 10 mg to 500 mg, according to the particular application and potency of the active
component. In some embodiments, the compound of the present invention can be present in a

concentration of 0.1 pM — 100 uM in an intra-articular injection to the knee.

Assays for identifying compounds

[00172] The compounds of the present invention were identified using a variety of assays. The
initial screen identified compounds that stimulated human mesenchymal stem cells (hMSCs) to
develop into chondrocyte nodules. Additional assays were performed to determine toxicity and

specificity of chondrocyte differentiation.
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Compounds
[00173] Described herein are compounds that induce differentiation of mesenchymal stem cells
into chondrocytes. In some embodiments, the compounds described herein ameliorate arthritis or
joint injury in a mammal. In some embodiments, the compounds described herein treat arthritis or
joint injury in a mammal.
[00174] In one aspect, provided herein are compounds of Formula I, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or
isomers thereof.
[00175] In another aspect, provided herein are compounds of Formula la, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or
isomers thereof.
[00176] In another aspect, provided herein are compounds of Formula Ib, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or
isomers thereof.
[00177] In another aspect, provided herein are compounds of Formula Ic, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or
isomers thereof.
[00178] In another aspect, provided herein are compounds of Formula II, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or
isomers thereof.
[00179] In another aspect, provided herein are compounds of Formula Ila, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or
isomers thereof.
[00180] In another aspect, provided herein are compounds of Formula IIb, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or
isomers thereof.
[00181] In another aspect, provided herein are compounds of Formula Ilc, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or
isomers thereof.
[00182] In another aspect, provided herein are compounds of Formula III, or pharmaceutically
acceptable salts, solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stereoisomers, or
isomers thereof.
[00183] In another aspect, provided herein are compounds, or pharmaceutically acceptable salts,
solvates, polymorphs, prodrugs, esters, metabolites, N-oxides, stercoisomers, or isomers thereof,

selected from:
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Preparation of Compounds

[00184] Described herein are compounds for inducing differentiation of mesenchymal stem cells
into chondrocytes and for ameliorating arthritis or joint injury in a mammal, and processes for the
preparation of these compounds. Also described herein are pharmaceutically acceptable salts,
pharmaceutically acceptable solvates, pharmaceutically active metabolites, and pharmaceutically
acceptable prodrugs of such compounds. Pharmaceutical compositions comprising at least one such
compound or a pharmaceutically acceptable salt, pharmaceutically acceptable solvate,
pharmaceutically active metabolite or pharmaceutically acceptable prodrug of such compound, and a
pharmaceutically acceptable excipient are also provided.

[00185] Compounds described herein may be synthesized using standard synthetic reactions known
to those of skill in the art or using methods known in the art. The reactions can be employed in a
linear sequence to provide the compounds or they may be used to synthesize fragments which are
subsequently joined by the methods known in the art.

[00186] The starting material used for the synthesis of the compounds described herein may be
synthesized or can be obtained from commercial sources, such as, but not limited to, Aldrich
Chemical Co. (Milwaukee, Wisconsin), Bachem (Torrance, California), or Sigma Chemical Co. (St.
Louis, Mo.). The compounds described herein, and other related compounds having different
substituents can be synthesized using techniques and materials known to those of skill in the art,
such as described, for example, in March, ADVANCED ORGANIC CHEMISTRY 4™ Ed., (Wiley 1992);
Carey and Sundberg, ADVANCED ORGANIC CHEMISTRY 4" Ed., Vols. A and B (Plenum 2000, 2001);

Green and Wuts, PROTECTIVE GROUPS IN ORGANIC SYNTHESIS 3™ Ed., (Wiley 1999); Fieser and
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Fieser's Reagents [or Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); Rodd’s
Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals (Elsevier Science Publishers,
1989); Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991); and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1989). (all of which are
incorporated by reference in their entirety). Other methods for the synthesis of compounds described
herein may be found in International Patent Publication No. WO 01/01982901, Arnold et al.
Bioorganic & Medicinal Chemistry Letters 10 (2000) 2167-2170; Burchat ef al. Bioorganic &
Medicinal Chemistry Letters 12 (2002) 1687-1690. General methods for the preparation of
compound as disclosed herein may be derived from known reactions in the field, and the reactions
may be modified by the use of appropriate reagents and conditions, as would be recognized by the
skilled person, for the introduction of the various moieties found in the formulae as provided herein.
[00187] The products of the reactions may be isolated and purified, if desired, using conventional
techniques, including, but not limited to, filtration, distillation, crystallization, chromatography and
the like. Such materials may be characterized using conventional means, including physical
constants and spectral data.

[00188] Compounds described herein may be prepared as a single isomer or a mixture of isomers.

Further Forms of Compounds Disclosed Herein

Isomers

[00189] In some embodiments, the compounds described herein exist as geometric isomers. In
some embodiments, the compounds described herein possess one or more double bonds. The
compounds presented herein include all cis, trans, syn, anti, entgegen (E), and zusammen (Z)
isomers as well as the corresponding mixtures thereof. In some situations, compounds exist as
tautomers. The compounds described herein include all possible tautomers within the formulas
described herein. In some situations, the compounds described herein possess one or more chiral
centers and each center exists in the R configuration, or S confirguration. The compounds described
herein include all diastereomeric, enantiomeric, and epimeric forms as well as the corresponding
mixtures thereof. In additional embodiments of the compounds and methods provided herein,
mixtures of enantiomers and/or diastercoisomers, resulting from a single preparative step,
combination, or interconversion are useful for the applications described herein. In some
embodiments, the compounds described herein are prepared as their individual stereoisomers by
reacting a racemic mixture of the compound with an optically active resolving agent to form a pair
of diastereoisomeric compounds, separating the diastereomers and recovering the optically pure
enantiomers. In some embodiments, dissociable complexes are preferred (e.g., crystalline
diastercomeric salts). In some embodiments, the diasterecomers have distinct physical properties
(e.g., melting points, boiling points, solubilities, reactivity, etc.) and are separated by taking

advantage of these dissimilarities. In some embodiments, the diastereomers are separated by chiral
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chromatography, or preferably, by separation/resolution techniques based upon differences in
solubility. In some embodiments, the optically pure enantiomer is then recovered, along with the

resolving agent, by any practical means that would not result in racemization.

Labeled compounds

[00190] In some embodiments, the compounds described herein exist in their isotopically-labeled
forms. In some embodiments, the methods disclosed herein include methods of treating discases by
administering such isotopically-labeled compounds. In some embodiments, the methods disclosed
herein include methods of treating diseases by administering such isotopically-labeled compounds as
pharmaceutical compositions. Thus, in some embodiments, the compounds disclosed herein include
isotopically-labeled compounds, which are identical to those recited herein, but for the fact that one
or more atoms are replaced by an atom having an atomic mass or mass number different from the
atomic mass or mass number usually found in nature. Examples of isotopes that can be incorporated
into compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorous, sulfur, fluorine and chloride, such as 2H, *H, Pc, “c, BN, B0, 70, 3P, 22p, ¥, ¥F,
and *°Cl, respectively. Compounds described herein, and the metabolites, pharmaceutically
acceptable salts, esters, prodrugs, solvate, hydrates or derivatives thereof which contain the
aforementioned isotopes and/or other isotopes of other atoms are within the scope of this invention.
Certain isotopically-labeled compounds, for example those into which radioactive isotopes such as
*H and "C are incorporated, are useful in drug and/or substrate tissue distribution assays. Tritiated, i.
e., °H and carbon-14, i. e., "*C, isotopes are particularly preferred for their ease of preparation and
detectability. Further, substitution with heavy isotopes such as deuterium, i.e., *H, produces certain
therapeutic advantages resulting from greater metabolic stability, for example increased in vivo half-
life or reduced dosage requirements. In some embodiments, the isotopically labeled compounds,
pharmaceutically acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof is prepared by
any suitable method.

[00191] In some embodiments, the compounds described herein are labeled by other means,
including, but not limited to, the use of chromophores or fluorescent moieties, bioluminescent labels,

or chemiluminescent labels.

Pharmaceutically acceptable salts

[00192] In some embodiments, the compounds described herein exist as their pharmaceutically
acceptable salts. In some embodiments, the methods disclosed herein include methods of treating
diseases by administering such pharmaceutically acceptable salts. In some embodiments, the
methods disclosed herein include methods of treating diseases by administering such
pharmaceutically acceptable salts as pharmaceutical compositions.

[00193] In some embodiments, the compounds described herein possess acidic or basic groups and

therefore react with any of a number of inorganic or organic bases, and inorganic and organic acids,
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to form a pharmaceutically acceptable salt. In some embodiments, these salts are prepared in situ
during the final isolation and purification of the compounds of the invention, or by separately
reacting a purified compound in its free form with a suitable acid or base, and isolating the salt thus
formed.
[00194] Examples of pharmaceutically acceptable salts include those salts prepared by reaction of
the compounds described herein with a mineral, organic acid or inorganic base, such salts including,
acctate, acrylate, adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate, bisulfite,
bromide, butyrate, butyn-1,4-dioate, camphorate, camphorsulfonate, caproate, caprylate,
chlorobenzoate, chloride, citrate, cyclopentanepropionate, decanoate, digluconate,
dihydrogenphosphate, dinitrobenzoate, dodecylsulfate, ethanesulfonate, formate, fumarate,
glucoheptanoate, glycerophosphate, glycolate, hemisulfate, heptanoate, hexanoate, hexyne-1,6-
dioate, hydroxybenzoate, y-hydroxybutyrate, hydrochloride, hydrobromide, hydroiodide, 2-
hydroxyethanesulfonate, iodide, isobutyrate, lactate, maleate, malonate, methanesulfonate,
mandelate metaphosphate, methanesulfonate, methoxybenzoate, methylbenzoate,
monohydrogenphosphate, 1-napthalenesulfonate, 2-napthalenesulfonate, nicotinate, nitrate,
palmoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate,
pyrosulfate, pyrophosphate, propiolate, phthalate, phenylacetate, phenylbutyrate, propanesulfonate,
salicylate, succinate, sulfate, sulfite, succinate, suberate, secbacate, sulfonate, tartrate, thiocyanate,
tosylate undeconate and xylenesulfonate.
[00195] Further, the compounds described herein can be prepared as pharmaceutically acceptable
salts formed by reacting the free base form of the compound with a pharmaceutically acceptable
inorganic or organic acid, including, but not limited to, inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid metaphosphoric acid, and the like; and
organic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic
acid, pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, p-
toluenesulfonic acid, tartaric acid, trifluoroacetic acid, citric acid, benzoic acid, 3-(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, arylsulfonic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-cthanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid,
2-naphthalenesulfonic acid, 4-methylbicyclo-[2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic acid,
4,4’-methylenebis-(3-hydroxy-2-ene-1 -carboxylic acid), 3-phenylpropionic acid, trimethylacetic
acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoic
acid, salicylic acid, stearic acid and muconic acid. In some embodiments, other acids, such as oxalic,
while not in themselves pharmaceutically acceptable, are employed in the preparation of salts useful
as intermediates in obtaining the compounds of the invention and their pharmaceutically acceptable

acid addition salts.
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[00196] In some embodiments, those compounds described herein which comprise a free acid
group react with a suitable base, such as the hydroxide, carbonate, bicarbonate, sulfate, of a
pharmaceutically acceptable metal cation, with ammonia, or with a pharmaceutically acceptable
organic primary, secondary, tertiary, or quaternary amine. Representative salts include the alkali or
alkaline earth salts, like lithium, sodium, potassium, calcium, and magnesium, and aluminum salts
and the like. Illustrative examples of bases include sodium hydroxide, potassium hydroxide, choline
hydroxide, sodium carbonate, N"(C 4 alkyl)s, and the like.

[00197] Representative organic amines useful for the formation of base addition salts include
cthylamine, diethylamine, ethylenediamine, ethanolamine, diethanolamine, piperazine and the like.
It should be understood that the compounds described herein also include the quaternization of any
basic nitrogen-containing groups they contain. In some embodiments, water or oil-soluble or

dispersible products are obtained by such quaternization.

Solvates

[00198] In some embodiments, the compounds described herein exist as solvates. The invention
provides for methods of treating diseases by administering such solvates. The invention further
provides for methods of treating diseases by administering such solvates as pharmaceutical
compositions.

[00199] Solvates contain either stoichiometric or non-stoichiometric amounts of a solvent, and, in
some embodiments, are formed during the process of crystallization with pharmaceutically
acceptable solvents such as water, ethanol, and the like. Hydrates are formed when the solvent is
water, or alcoholates are formed when the solvent is alcohol. Solvates of the compounds described
herein can be conveniently prepared or formed during the processes described herein. By way of
example only, hydrates of the compounds described herein can be conveniently prepared by
recrystallization from an aqueous/organic solvent mixture, using organic solvents including, but not
limited to, dioxane, tetrahydrofuran or methanol. In addition, the compounds provided herein can
exist in unsolvated as well as solvated forms. In general, the solvated forms are considered

equivalent to the unsolvated forms for the purposes of the compounds and methods provided herein.

Polymorphs

[00200] In some embodiments, the compounds described herein exist as polymorphs. The invention
provides for methods of treating diseases by administering such polymorphs. The invention further
provides for methods of treating diseases by administering such polymorphs as pharmaceutical
compositions.

[00201] Thus, the compounds described herein include all their crystalline forms, known as
polymorphs. Polymorphs include the different crystal packing arrangements of the same elemental
composition of a compound. In certain instances, polymorphs have different X-ray diffraction

patterns, infrared spectra, melting points, density, hardness, crystal shape, optical and electrical
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properties, stability, and solubility. In certain instances, various factors such as the recrystallization

solvent, rate of crystallization, and storage temperature cause a single crystal form to dominate.

Prodrugs

[00202] In some embodiments, the compounds described herein exist in prodrug form. The
invention provides for methods of treating diseases by administering such prodrugs. The invention
further provides for methods of treating diseases by administering such prodrugs as pharmaceutical
compositions.

[00203] Prodrugs arc gencrally drug precursors that, following administration to an individual and
subsequent absorption, are converted to an active, or a more active species via some process, such as
conversion by a metabolic pathway. Some prodrugs have a chemical group present on the prodrug
that renders it less active and/or confers solubility or some other property to the drug. Once the
chemical group has been cleaved and/or modified from the prodrug the active drug is generated.
Prodrugs are often useful because, in some situations, they are easier to administer than the parent
drug. They are, for instance, bioavailable by oral administration whereas the parent is not. In certain
insatnces, the prodrug also has improved solubility in pharmaceutical compositions over the parent
drug. An example, without limitation, of a prodrug would be a compound as described herein which
is administered as an ester (the “prodrug™) to lacilitate transmittal across a cell membrane where
water solubility is detrimental to mobility but which then is metabolically hydrolyzed to the
carboxylic acid, the active entity, once inside the cell where water-solubility is beneficial. A further
example of a prodrug might be a short peptide (polyamino acid) bonded to an acid group where the
peptide is metabolized to reveal the active moiety. (See for example Bundgaard, "Design and
Application of Prodrugs" in 4 Textbook of Drug Design and Development, Krosgaard-Larsen and
Bundgaard, Ed., 1991, Chapter 5, 113-191, which is incorporated herein by reference).

[00204] In some embodiments, prodrugs are designed as reversible drug derivatives, for use as
modifiers to enhance drug transport to site-specific tissues. The design of prodrugs to date has been
to increase the effective water solubility of the therapeutic compound for targeting to regions where
water is the principal solvent.

[00205] In some embodiments, prodrugs are C;-Cg alkyl esters of the compounds disclosed herein.
[00206] Additionally, prodrug derivatives of compounds described herein can be prepared by
methods described herein are otherwise known in the art (for further details see Saulnier et al.,
Bioorganic and Medicinal Chemistry Letters, 1994, 4, 1985). By way of example only, appropriate
prodrugs can be prepared by reacting a non-derivatized compound with a suitable carbamylating
agent, such as, but not limited to, 1,1-acyloxyalkylcarbanochloridate, para-nitrophenyl carbonate, or
the like. Prodrug forms of the herein described compounds, wherein the prodrug is metabolized in
vivo to produce a derivative as set forth herein are included within the scope of the claims. Indeed,

some of the herein-described compounds are prodrugs for another derivative or active compound.
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[00207] In some embodiments, prodrugs include compounds wherein an amino acid residue, or a
polypeptide chain of two or more (e. g., two, three or four) amino acid residues is covalently joined
through an amide or ester bond to a free amino, hydroxy or carboxylic acid group of compounds of
the present invention. The amino acid residues include but are not limited to the 20 naturally
occurring amino acids and also includes 4-hydroxyproline, hydroxylysine, demosine, isodemosine,
3-methylhistidine, norvaline, beta-alanine, gamma-aminobutyric acid, cirtulline, homocysteine,
homoserine, ornithine and methionine sulfone. In other embodiments, prodrugs include compounds
wherein a nucleic acid residue, or an oligonucleotide of two or more (e. g., two, three or four)
nucleic acid residues is covalently joined to a compound of the present invention.

[00208] Pharmaceutically acceptable prodrugs of the compounds described herein also include, but
are not limited to, esters, carbonates, thiocarbonates, N-acyl derivatives, N-acyloxyalkyl derivatives,
quaternary derivatives of tertiary amines, N-Mannich bases, Schiff bases, amino acid conjugates,
phosphate esters, metal salts and sulfonate esters. Compounds having free amino, amido, hydroxy or
carboxylic groups can be converted into prodrugs. For instance, free carboxyl groups can be
derivatized as amides or alkyl esters. In certain instances, all of these prodrug moieties incorporate
groups including but not limited to ether, amine and carboxylic acid functionalities.

[00209] Hydroxy prodrugs include esters, such as though not limited to, acyloxyalkyl (e.g.
acyloxymethyl, acyloxyethyl) esters, alkoxycarbonyloxyalkyl esters, alkyl esters, aryl esters,
phosphate esters, sulfonate esters, sulfate esters and disulfide containing esters; ethers, amides,
carbamates, hemisuccinates, dimethylaminoacetates and phosphoryloxymethyloxycarbonyls, as
outlined in Advanced Drug Delivery Reviews 1996, 19, 115.

[00210] Amine derived prodrugs include, but are not limited to the following groups and

combinations of groups:
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as well as sulfonamides and phosphonamides.
[00211] In certain instances, sites on any aromatic ring portions are susceptible to various
metabolic reactions, therefore incorporation of appropriate substituents on the aromatic ring

structures, can reduce, minimize or eliminate this metabolic pathway.

Metabolites
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[00212] In some embodiments, compounds described herein are susceptible to various metabolic
reactions. Therefore, in some embodiments, incorporation of appropriate substituents into the
structure will reduce, minimize, or eliminate a metabolic pathway. In specific embodiments, the
appropriate substituent to decrease or eliminate the susceptibility of an aromatic ring to metabolic
reactions is, by way of example only, a halogen, or an alkyl group.

[00213] In additional or further embodiments, the compounds described herein are metabolized
upon administration to an organism in need to produce a metabolite that is then used to produce a

desired effect, including a desired therapeutic effect.

Pharmaceutical Compositions/Formulations

[00214] In another aspect, provided herein are pharmaceutical compositions comprising a
compound described herein, or a pharmaceutically acceptable salt, polymorph, solvate, prodrug,
N-oxide, or isomer thereof, and a pharmaceutically acceptable excipient.

[00215] In some embodiments, the compounds described herein are formulated into pharmaceutical
compositions. Pharmaceutical compositions are formulated in a conventional manner using one or
more pharmaceutically acceptable inactive ingredients that facilitate processing of the active
compounds into preparations that can be used pharmaceutically. Proper formulation is dependent
upon the route of administration chosen. A summary of pharmaceutical compositions described
herein can be found, for example, in Remington: The Science and Practice of Pharmacy, Nineteenth
Ed (Easton, Pa : Mack Publishing Company, 1995); Hoover, John E . Remingion’s Pharmaceutical
Sciences, Mack Publishing Co., Easton, Pennsylvania 1975; Liberman, H.A. and Lachman, L., Eds.,
Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y., 1980; and Pharmaceutical Dosage
Forms and Drug Delivery Systems, Seventh Ed. (Lippincott Williams & Wilkins1999), herein
incorporated by reference for such disclosure.

[00216] Provided herein are pharmaceutical compositions that include a compound as described
herein and at least one pharmaceutically acceptable inactive ingredient. In some embodiments, the
compounds described herein are administered as pharmaceutical compositions in which a compound
described herein is mixed with other active ingredients, as in combination therapy. In other
embodiments, the pharmaceutical compositions include other medicinal or pharmaceutical agents,
carriers, adjuvants, preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts
for regulating the osmotic pressure, and/or buffers. In yet other embodiments, the pharmaceutical
compositions include other therapeutically valuable substances.

[00217] A pharmaceutical composition, as used herein, refers to a mixture of a compound
described herein with other chemical components (i.e. pharmaceutically acceptable inactive
ingredients), such as carriers, excipients, binders, filling agents, suspending agents, flavoring agents,
sweetening agents, disintegrating agents, dispersing agents, surfactants, lubricants, colorants,

diluents, solubilizers, moistening agents, plasticizers, stabilizers, penetration enhancers, wetting
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agents, anti-foaming agents, antioxidants, preservatives, or one or more combination thereof. The
pharmaceutical composition facilitates administration of the compound to an organism. In
practicing the methods of treatment or use provided herein, therapeutically effective amounts of
compounds described herein are administered in a pharmaceutical composition to a mammal having
a disease, disorder, or condition to be treated. In some embodiments, the mammal is a human, a dog,
a cat, or a horse. In some embodiments, the mammal is a human. In some embodiments, the
mammal is a dog, a cat, or a horse. A therapeutically effective amount can vary widely depending
on the severity of the discase, the age and relative health of the subject, the potency of the compound
used and other factors. The compounds can be used singly or in combination with one or more
therapeutic agents as components of mixtures.

[00218] The pharmaceutical formulations described herein are administered to a subject by
appropriate administration routes, including but not limited to, oral, parenteral (e.g., intravenous,
subcutancous, intramuscular, intra-articular), intranasal, buccal, topical, rectal, or transdermal
administration routes. The pharmaceutical formulations described herein include, but are not limited
to, aqueous liquid dispersions, liquids, gels, syrups, elixirs, slurries, suspensions, self-emulsifying
dispersions, solid solutions, liposomal dispersions, acrosols, solid oral dosage forms, powders,
immediate release formulations, controlled release formulations, fast melt formulations, tablets,
capsules, pills, powders, dragees, effervescent formulations, lyophilized formulations, delayed
release formulations, extended release formulations, pulsatile release formulations, multiparticulate
formulations, and mixed immediate and controlled release formulations.

[00219] Pharmaceutical compositions including a compound described herein are manufactured in
a conventional manner, such as, by way of example only, by means of conventional mixing,
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or
compression processes.

[00220] The pharmaceutical compositions will include at least one compound described herein as
an active ingredient in free-acid or free-base form, or in a pharmaceutically acceptable salt form. In
addition, the methods and pharmaceutical compositions described herein include the use of N-oxides
(if appropriate), crystalline forms, amorphous phases, as well as active metabolites of these
compounds having the same type of activity. In some embodiments, compounds described herein
exist in unsolvated form or in solvated forms with pharmaceutically acceptable solvents such as
water, ethanol, and the like. The solvated forms of the compounds presented herein are also
considered to be disclosed herein.

[00221] Pharmaceutical preparations for oral use are obtained by mixing one or more solid
excipient with one or more of the compounds described herein, optionally grinding the resulting
mixture, and processing the mixture of granules, after adding suitable auxiliaries, if desired, to obtain

tablets or dragee cores. Suitable excipients include, for example, fillers such as sugars, including
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lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as, for example, maize starch,
wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methylcellulose, microcrystalline
cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose; or others such as:
polyvinylpyrrolidone (PVP or povidone) or calcium phosphate. If desired, disintegrating agents are
added, such as the cross-linked croscarmellose sodium, polyvinylpyrrolidone, agar, or alginic acid or
a salt thercof such as sodium alginate. In some embodiments, dyestuffs or pigments are added to the
tablets or dragee coatings for identification or to characterize different combinations of active
compound doses.

[00222] Pharmaccutical preparations that are administered orally include push-fit capsules made of
gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or sorbitol.
The push-fit capsules contain the active ingredients in admixture with filler such as lactose, binders
such as starches, and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers. In
soft capsules, the active compounds are dissolved or suspended in suitable liquids, such as fatty oils,
liquid paraffin, or liquid polyethylene glycols. In some embodiments, stabilizers are added.

[00223] In certain embodiments, delivery systems for pharmaceutical compounds may be
employed, such as, for example, liposomes and emulsions. In certain embodiments, compositions
provided herein can also include an mucoadhesive polymer, selected from among, for example,
carboxymethylcellulose, carbomer (acrylic acid polymer), poly(methylmethacrylate),
polyacrylamide, polycarbophil, acrylic acid/butyl acrylate copolymer, sodium alginate and dextran.

Combination Treatment

[00224] The compounds and compositions of the present invention can be used in combination
with other components suitable for ameliorating arthritis or joint injury. In some embodiments, the
composition can further comprise an additional compound which is therapeutically effective for the
treatment of arthritis or joint injury and/or the symptoms associated with arthritis or joint injury in a
mammal. In some embodiments, the composition can also include a non-steroidal anti-
inflammatory drug (NSAID), an analgesic, a glucocorticoid, an angiopoietin-like 3 protein
(ANGPTL3) or chondrogenic variant thereof, oral salmon calcitonin, SD-6010 (iNOS inhibitor),
vitamin D3 (choliecalciferol), collagen hydrolyzate, FGF18, BMP7, avocado soy unsaponifiables
(ASU) or hyaluronic acid. ANGPTL3 is described in more detail in WO201 1/008773 (incorporated
herein in its entirety). In some embodiments, the composition includes an agent with anti-
inflammatory activity. In some embodiments, the composition includes an apoptosis modulator. In
certain embodiments, the apoptosis modulator is a caspase inhibitor. One non-limiting example of
an apoptosis/caspase inhibitor is emricasan. In some embodiments, the composition includesan
iNOS inhibitor. One non-limiting example of an iNOS inhibitor is SD-6010.

[00225] NSAIDS include, but are not limited to, aspirin, diflunisal, salsalate, ibuprofen,

dexibuprofen, naproxen, fenoprofen, ketoprofen, dexketoprofen, flurbiprofen, oxaprozin,
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loxoprofen, indomethacin, tolmetin, sulindac, etodolac, ketorolac, nabumetone, diclofenac,
piroxicam, meloxicam, tenoxicam, droxicam, lornoxicam, isoxicam, mefenamic acid, meclofenamic
acid, flufenamic acid, tolfenamic acid, celecoxib, parecoxib, etoricoxib, lumiracoxib, and firocoxib.
[00226] Analgesics include, but are not limited to, acetaminophen and opioids (narcotics). Opioids
include, but are not limited to, dextropropoxyphene, codeine, tramadol, tapentadol, anileridine,
alphaprodine, pethidine, hydocodone, morphine, oxycodone, methadone, diamorphine,
hydromorphone, oxymorphone, levorphanol, 7-hydroxymitragynine, buprenorphine, fentanyl,
sufentanil, bromadol, etorphine, dihydroetorphine, and carfentanil.

[00227] Glucocorticoids include, but are not limited to, hydrocortisone, cortisone, prednisone,
prednisolone, methylprednisolone, dexamethasone, betamethasone, triamcinolone, beclometasone,
or fludrocortisones.

[00228] The compounds described herein may be used in combination with one or more
compounds which are therapeutically effective for the treatment of arthritis or joint injury and/or the
symptoms associated with arthritis or joint injury. Such additional compounds may be administered,
by a route and in an amount commonly used therefore, contemporaneously or sequentially with a
compound disclosed herein. When a compound disclosed herein is used contemporaneously with
one or more such additional compounds, a pharmaceutical composition in unit dosage form
containing such other drugs and the compound of the present invention is preferred. However, the
combination therapy may also include therapies in which the compound disclosed herein and one or
more additional compounds are administered on different overlapping schedules. It is also
contemplated that when used in combination with one or more additional compounds, the
compounds may be used in lower doses than when each is used singly.

[00229] The above combinations include combinations of a compound disclosed herein not only
with one compound which is therapeutically effective for the treatment of arthritis or joint injury
and/or the symptoms associated with arthritis or joint injury, but also with two or more such
compounds. Likewise, compounds disclosed herein, either in combination with a compound which
is therapeutically effective for the treatment of arthritis or joint injury and/or the symptoms
associated with arthritis or joint injury or by themselves, may be used in combination with other
drugs that are used in the prevention, treatment, control, or amelioration of osteoarthritis or joint
injury or conditions associated with osteoarthritis or joint injury. Such other drugs may be
administered, by a route and in an amount commonly used therefore, contemporaneously or
sequentially with a compound disclosed hercin. When a compound disclosed herein is used
contemporaneously with one or more other drugs, a pharmaceutical composition containing such
other drugs in addition to the compound of the present invention is preferred. Accordingly, the
pharmaceutical compositions of the present invention also include those that also contain one or

more other active ingredients, in addition to a compound disclosed herein. The weight ratio of the
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compound disclosed herein to the second active ingredient may be varied and will depend upon the

effective dose of each ingredient. Generally, an effective dose of each will be used.

Administration of Pharmaceutical Composition

[00230] Suitable routes of administration include, but are not limited to, oral, intravenous, intra-
articular, rectal, acrosol, parenteral, ophthalmic, pulmonary, transmucosal, transdermal, vaginal, otic,
nasal, and topical administration. In addition, by way of example only, parenteral delivery includes
intramuscular, subcutancous, intravenous, intramedullary injections, as well as intrathecal, direct
intraventricular, intraperitoneal, intralymphatic, intra-articular, and intranasal injections.

[00231] In some embodiments, compounds disclosed herecin and compositions thereof are
administered in any suitable manner. The manner of administration can be chosen based on, for
example, whether local or systemic treatment is desired, and on the area to be treated. For example,
the compositions can be administered orally, parenterally (e.g., intravenous, subcutaneous,
intraperitoneal, intra-articular, or intramuscular injection), by inhalation, extracorporeally, topically
(including transdermally, ophthalmically, vaginally, rectally, intranasally) or the like. In some
embodiments, the compositions can be administered by microneedle. In some embodiments, the
compositions can be administered by a microneedle array in the form of a patch which can perform
intracutaneous drug delivery. In some embodiments, the compositions can be administered by
transdermal microneedle patch delivery.

[00232] Parenteral administration of the composition, if used, is generally characterized by
injection. Injectables can be prepared in conventional forms, either as liquid solutions or
suspensions, solid forms suitable for solution of suspension in liquid prior to injection, or as
emulsions. A more recently revised approach for parenteral administration involves use of a slow

release or sustained release system such that a constant dosage is maintained.

EXAMPLES

List of abbreviations
[00233] As used above, and throughout the description of the invention, the following

abbreviations, unless otherwise indicated, shall be understood to have the following meanings:

ACN acetonitrile

Bn benzyl

BOC or Boc tert-butyl carbamate

BOP benzotriazol-1-yl-oxytris (dimethylamino) phosphonium
t-Bu tert-butyl

Cbz benzyl carbamate

Cy Cyclohexyl

DBU 1,8-Diazabicyclo[5.4.0Jundec-7-ene
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DCC
DCM

DIC
DEAD
DIAD
DIPEA
DMAP
DMP reagent
DMF
DMA
DME
DMSO
Dppf
EDCI
¢q

Et
EtHO
EtOH
EtOAc
HOAt
HOBT
HOSu
HPLC
LAH

Mel
MeOH
MOMCI
MOM
MS
NMP
NMR
PyBOP

SPHOS

PCT/US2014/026722
dicyclohexylcarbodiimide
dichloromethane (CH»Cl»)
1,3-diisopropylcarbodiimide
diethyl azodicarboxylate
diisopropyl azodicarboxylate
diisopropylethylamine
4-(N,N-dimethylamino)pyridine
Dess-Martin Periodinane reagent
dimethylformamide
N,N-Dimethylacetamide
1,2-Dimethoxy-ethane
dimethylsulfoxide
1,1'-Bis(diphenylphosphino)ferrocene
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide HCI
equivalent(s)
cthyl
diethyl ether

ethanol

ethyl acetate

1-hydroxy-7-azabenzotriazole
I-hydroxybenztriazole

N-hydroxysuccinamide

high performance liquid chromatography

lithium aluminum anhydride

methyl

methyliodide

methanol

methoxymethylchloride

methoxymethyl

mass spectroscopy

N-methyl-pyrrolidin-2-one

nuclear magnetic resonance
benzotriazole-1-yl-oxytris-pyrrolidino-phosphonium
Hexafluorophosphate
2-Dicyclohexylphosphino-2',6'-dimethoxybiphenyl
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TBD 1,5,7-triazabicyclo[4.4.0]-dec-5-ene

RP-HPLC reverse phase-high pressure liquid chromatography
TBS tert-butyldimethylsilyl

TBSCI tert-butyldimethylsilyl chloride

TBTU O-(Benzotriazol-1-y1)-N,N,N",N'-tetramethyluronium
TEOC 2-Trimethylsilylethyl Carbamate

TFA trifluoroacetic acid

THO triflate anhydride

™G 1,1,3,3-Tetramethylguanidine

THF tetrahydrofuran

THP tetrahydropyran

TLC thin layer chromatography

XPHOS 2-Dicyclohexylphosphino-2',4’,6'-triisopropylbiphenyl

General Examples for the Preparation of Compounds of the Invention
[00234] The starting materials and intermediates for the compounds of this invention may be
prepared by the application or adaptation of the methods described below, their obvious chemical
equivalents, or, for example, as described in literature such as The Science of Synthesis, Volumes 1-
8. Editors E. M. Carreira et al. Thieme publishers (2001-2008). Details of reagent and reaction
options are also available by structure and reaction searches using commercial computer search

engines such as Scifinder (www.cas.org) or Reaxys (www.reaxys.com).

Synthetic Examples

[00235] The following preparations of compounds disclosed herein and intermediates are given to
enable those of skill in the art to more clearly understand and to practice the present invention. They
should not be considered as limiting the scope of the invention, but merely as illustrative and

representative thereof.

Svnthetic Scheme A: Sample Experimental for compound # 1

Cr
o] NC NH, o) OH_clI
o}
- b @
CN

EtOAc rt 8h N

1

[00236] To a solution of phthalic anhydride (1.0 eq) in EtOAc was added 3-amino-4-
chlorobenzonitrile (1 eq), then was stirred for 1-8h at 20-30 °C. TLC indicated starting material had
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disappeared. The reaction mixture was filtered and the solid was purified by recrystallization in
EtOAc to afford compound 1 (12 mg). Final product 1 was confirmed by '"H NMR and LCMS.
LCMS: Found 301.0 [M+H]. 'H NMR (400 MHz, MeOD-d,): 8.35 (s, 1H), 8.09 (d, J= 7.7 Hz, 1H),
7.71 (dd, J=8.0,4.1 Hz, 1H), 7.67 (d, /= 8.4 Hz, 1H), 7.61 (t, /= 7.4 Hz. 2H), 7.57 (dd, J = 8.4,
2.0 Hz, 1H).

[00237] Select compounds in Table 1 were obtained using analogous conditions as the reaction
scheme given above, substituting 3-amino-4-chlorobenzonitrile with the appropriate aniline or

amine. Reaction yields based on isolated products ranged from 20% to 80%.

Svnthetic Scheme B-1: Sample Experimental for compound # 15

o
0,
O
0
('? ° 3  HyN g@_N
H,N—S NH 2N—
20 2 AcOH 130°C,3 h g
(o]
(o]
15

[00238] To a solution of 4-aminobenzenesulfonamide (100 mg, 0.58 mmol) in AcOH (20 mL),
phthalic anhydride (82 mg, 0.55 mmol) was added. The mixture was stirred at 130 °C for 3 h. The
mixture was diluted with H,O (30 mL) and stirred for 2 h. After filtration to get compound 15 (44
mg, yield: 26%) as a white solid. Final product 15 was confirmed by "H NMR and LCMS. LCMS:
Found 303.0 [M+H]. 'HNMR (400 MHz, DMSO-dy): 7.10-7.36 (m, 6H), 6.56-6.70 (m, 2H), 6.62
(brs, 2H).

[00239] Select compounds in Table 1 were obtained using analogous conditions as the reaction
scheme given above, substituting 4-aminobenzenesulfonamide with the appropriate aniline. In the
case of compound 33, reaction time was 3 h and the reaction mixture was diluted with H,O and

stirred for 12 h for crystallization.

Svnthetic Scheme B-2: Sample Experimental for compound # 26

Q.
; 9
g~ ) Uy g )
0 AcOH130°C,3h 0
o) (e}
15

26

[00240] To a solution of compound 15 (276 mg, 0.913 mmol) in AcOH (5 mL), Zn (596.91 mg,
9.13 mmol) and DMF (0.1 mL) were added. The mixture was stirred at 130 °C for 3 h, then cooled
to room temperature and concentrated to get the crude products as colorless oil. The residue was

purified by prep-HPLC (0.1% TFA as additive), most CH3CN was removed by evaporation under
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reduced pressure, and the remaining solvent was removed by lyophilization to afford compound 26
(80 mg, yield: 30%) as a white solid. LCMS: Found 289.1 [M+H].

[00241] Compound 27 (Table 1) was obtained using analogous conditions as the reaction scheme

given above. In the preparation of compound 27, DMF was not used.

[00242] The starting material of product 27 was made by the following procedure.
Preparation of compound 27-2

SO,Cl SO,NHMe
MeNH,
SE— .
DCM
NO, NO,
27-1 27-2

[00243] To a solution of compound 27-1 (3.8 g, 17 mmol) in DCM (50 ml), MeNH, (5.3 g, 51
mmol) in alcohol was added. The mixture was stirred at room temperature for 2 h. The mixture was
diluted by DCM (30 ml) and washed with H,O (30 ml). The organic layer was dried over anhydrous
Na,SQy, filtered and concentrated to afford compound 27-2 (3.3 g, yield: 90%).

Preparation of compound 27-3

SOzNHMe
SO,NHMe
Pd/C
MeOH
NO
2 NH,
27-2 27-3

[00244] To a solution of compound 27-2 (3.3 g, 15.3 mol) in CH;OH (50 mL) was added Pd/C
(0.16 g) at room temperature. The mixture was stirred under H, (30 psi) at room temperature for 12
h. The mixture was filtered and the solvent was removed to give the compound 27-3 (2.3 g, yield:
80%) as a gray solid.

Preparation of starting material of compound 27

SO,NHMe

0] 0]
AcOH, reflux
+ O ———» MeHNOZSO—N
NH, O O
27-3 27-4 Starting material of 27

[00245] To a solution of 27-3 (0.5 g, 2.68 mmol) in AcOH (40 mL) was added 27-4 (0.433 g, 2.92
mmol). The reaction mixture was stirred at 130 °C for 3 h. The reaction mixture was cooled down,

and the solvent was removed to afford crude product which was used directly in the next step.

_124-



WO 2014/151953 PCT/US2014/026722
Svnthetic Scheme B-3: Sample Experimental for compound # 177

0] HO
? I
[l NaBH —
HN—SON — HN ﬁON
/ g MeOH, 0 °C o
o 15 min (0]
Starting material of 27 177

[00246] To a solution of the starting material for compound 27 (1.0 g, 3.16 mmol) in CH3;OH (20
mL) at 0 °C was added NaBH, (239 mg, 6.32 mmol). The mixture was stirred at 0 °C for 15 min
before the solvent was removed under reduced pressure. Water (20 ml)) and sat’d. ag. NH4C1 (20
mL) was added to the crude residue. The mixture was stirred for 30 min at room temperature.

Filtration provided compound 177 (840 mg, yield: 83%) as an off-white solid.

Svnthetic Scheme C: General procedure for compounds C

HO Sc(OTf),

sm-1 sm-2 C

[00247] To a solution of ketone sm-1 (1.0 eq) in dioxane (V/M=10:1) was added
carboxybenzaldehyde sm-2 (1.2 eq), followed by Sc(OTf)4. The mixture heated to reflux for 12 h.
Upon cooling to room temperature, the mixture was concentrated and purified by prep-HPLC to
afford compound C.

[00248] Select compounds in Table 1 were obtained using Synthetic Scheme C. Reaction yields

based on isolated products ranged from 5% to 50%.

Svnthetic Scheme D: General procedure for compounds D

(0]
Q HN O
HO Sc(OTf)s o
+
| NH,OAc

° Q)

R

sm-1 sm-2 D
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[00249] To a solution of ketone sm-1 (1.0 eq) in dioxane (V/M=15:1) was added
carboxybenzaldehyde sm-2 (1.2 eq), followed by Sc(OTf)4( 2 eq ). The mixture was heated to reflux
for 12 h. NH4OAc (5 eq) was added, and the reaction mixture was heated to reflux for an additional
12 h. Upon cooling to room temperature, the mixture was concentrated and purified by prep-HPLC
to afford compound D.

[00250] Select compounds in Table 1 were obtained using Synthetic Scheme D. Reaction yields

based on isolated products ranged from 3% to 20%.

Svnthetic Scheme E: General procedure for compounds E

Ol Ry
0 NH, 5]
I NH
Rs OH
(0]
(0]
sm-3 sm-4 E

[00251] To a solution of 2-aminobenzoic acid sm-4 (1 eq) in 2 M NaHCO; (V=10eq) was added
sulfonyl chloride sm-3 (1.0 eq), and the mixture was stirred at room temperature for 2 h. TLC
indicated starting material had disappeared. The mixture was extracted with EtOAc. The organic
layer was dried over anhydrous Na,SO,, concentrated and purified by pre-HPLC to afford pure
product E.

[00252] Compound 53 (Table 1) was obtained using Synthetic Scheme E. Reaction yields based on
isolated product ranged from 60% to 80%.

Svnthetic Scheme F: General procedure for compounds F

0 g
A NH © X e
R A~ j/ > ,HO | \—R Coupling
X R > A A NH
A Ry
ANZ
sm-5 sm-6 F

[00253] To a solution of benzoic acid sm-6 (1 ¢q) in DMF (10¢q) was added EDCI (1.5 eq) and
HOBT (1.5 eq) at 0 'C prior to stirring at room temperature for about 2 h. Amine sm-5 (1.5 eq) was
added to the reaction mixture, which was stirred at room termperature for an additional 12 h. Water
was added, and the mixture was extracted with EtOAc, dried over anhydrous Na,SO, and
concentrated. The residue was purified by column chromatography to give the product F.

[00254] Select compounds in Table 1 were obtained using Synthetic Scheme F. Reaction yields
based on isolated products ranged from 20% to 40%.
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Svnthetic Scheme G: Sample Experimental for compound # 56

NS
Cl 0
H,N O N
DCM, TEA, 29 °C,2 h Z
56

[00255] 4-Cyanobenzoyl chloride (1.0 eq) was added to a solution of 2-amino-N, N-
dimethylbenzenesulfonamide (1.0 eq) and TEA (1.5 eq) in DCM. The reaction mixture was stirred at
29°C for about 2 h. TLC indicated starting material had disappeared. The reaction mixture was
quenched with sat’d. aq. NaHCOs , extracted with DCM, dried over anhydrous Na,SO, and
concentrated. The residue was purified by prep-HPLC to afford compound 56 (yicld: 70%). LCMS:
Found 330.1 [M+H].

[00256] Compound 62 (Table 1) was obtained using analogous conditions as the reaction scheme

given above. Reaction yields based on isolated products ranged from 70% to 80%.

[00257] The requisite aniline starting material I of compounds 56 and 62 were made by the
following procedure.

Preparation of intermediates sm-8

R-NH,, EtsN /@
sm-7
O,N OsN

o] = =

O=§=O DCM, 30°C, 2h O ? (0]
HN

Cl \R
sm-8

[00258] A solution of 2-nitrobenzene-1-sulfonyl chloride (1.0 eq) and amine sm-7 (1.0 eq) in DCM
was stirred at 30 °C for about 2 h. TLC indicated starting material had disappeared. The reaction
mixture was washed with brine, dried over anhydrous Na,SO,4 and concentrated to afford
intermediate sm-8 (yield: 72-91%).

Preparation of aniline starting materials 1

Ha, Pd/C
O2N 2 H,oN
O0=8=0  MeOH, 50 °C, 50 psi, 7 h 0=$=0
HN, HN,
R R

sm-8 |
[00259] To a solution of intermediate sm-8 (1.0 eq) in MeOH was added Pd/C. The reaction
mixture was stirred at 50 °C under 50 psi of H, for 7 h. TLC indicated starting material had
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disappeared. The mixture was filtered, and the filtrate was concentrated to afford compound I (yield:

89~91%).

Svnthetic Scheme H: General procedure for compounds H

?
O:§_R2
Q A2 S¢S
~25—Cl | H e
O/%R + Z N SN > N N
2 1
0 | Z R ) | /_R1

[00260] To a solution of amide sm-10 (1 eq) in THF (V=10 eq) was added dropwise LIHMDS(1eq)
at 0 °C. After 30 min, sulfonyl chloride sm-9 (1.0 eq) was added, and the mixture was stirred at
room temperature for 2 h. TLC indicated starting material had disappeared. The mixture was
extracted with EtOAc. The organic layer was dried over anhydrous Na,SO,, concentrated and
purified by pre-HPLC to afford compound H,

[00261] Select compounds in Table 1 were obtained using Synthetic Scheme H. Reaction yields
based on isolated products ranged from 50% to 80%.

Svnthetic Scheme I: General procedure for compounds 1

HO
( )2E|\ N
o oW o
N ol LiOH,THF
sm-11 - o —_— (e} ~
. X A
Br o \\N K3PO4,X-Phos,d|oxane,sz(dba)3 O Cone \N 300C,12h O COZH N

110C,12h

sm-12 !

[00262] To a stirring mixture of 2-bromo-N-(4-cyanophenyl)benzamide (1.66 mmol) and boronic
acid sm-11 (3.32 mmol) in dioxane (10 mL) was added K5PO4 (1.06 g, 4.98 mmol). Pd,(dba); (45.61
mg, 49.81 umol) and X-Phos (39.58 mg, 83.02 umol) were added under N,. Finally the mixture was
heated to 110 °C and stirred for 12 h. After filtration, the mixture was concentrated to give
intermediate sm-12 as a brown oil. To a solution of sm-12 (770 mg, 2.16 mmol) in THF (30 mL)
was added LiOH (4.32 mL, 4.32 mmol) drop-wise and stirred for 12 h. The solution was acidified to
pH 4 at 10 °C, extracted with EtOAc (30 mL), washed with H,O (50 mL) and brine (50 mL),
concentrated and purified by prep-HPLC (0.1% TFA as additive). Solvents were removed by
evaporation under reduced pressure and lyophilization to afford compound I as a white solid.
[00263] Select compounds in Table 1 were obtained using Synthetic Scheme 1. Reaction yields
based on isolated products ranged from 15% to 30%.

[00264] 2-Bromo-N-(4-cyanophenyl)benzamide was prepared by the following procedure.
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O, O S, Py

Ets;N,DCM
30°C,12h

Br O

[00265] A solution of 2-bromobenzoic acid (4.4 g, 21.89 mmol) in SOCI, (45 mL) was heated to 70
°C for 2 h. It was evaporated to obtain 2-bromobenzoyl chloride as a yellow oil, which was diluted
with DCM (90 mL). The resultant mixture was added drop-wise to a solution of 4-aminobenzonitrile
(2.59 g, 21.92 mmol) in DCM (10 mL) and Et;N (4.43 g, 43.78 mmol) at 10 °C. Finally the mixture
was warmed to 30 °C and stirred for 12 h. The mixture was diluted with DCM (100 mL), and
washed with HC1 (100 mL), NaHCOj; (50 mL), H,O (50 mL) and brine (50 mL). The organic layer
was dried over Na,SO4, concentrated, and purified by silica gel column chromatography (PE:EtOAc
=5: 1) to provide 2-bromo-N-(4-cyanophenyl)benzamide (4.7 g, yield: 72%) as a white solid.

Svnthetic Scheme J: General procedure for compounds J

@ Ao O

l\Il sm-13 - l\Il
0=S=0 > 0=5=0 H
NH., DIPEA, HATU, rt, 16 h N\H/R3
0]

J
[00266] To a solution of 2-(morpholinosulfonyl)aniline (1.0 eq) in DMF was added carboxylic acid
sm-13 (1.0 eq), DIPEA (1.5 eq) and HATU (1.3 eq). The resultant mixture was stirred at 10-15 °C
for 16-24 h. TLC indicated starting material had disappeared. The reaction mixture was concentrated
and the solid was purified by silica gel column chromatography to afford compound J.

[00267] Select compounds in Table 1 were obtained using Synthetic Scheme J.

Svnthetic Scheme K-1: Sample Experimental for compound # 193

e

[00268] Methyl 2-isocyanatobenzoate (200 mg 1.13 mmol) and 1-(3-aminophenyl)ethanone (167

mg, 1.24 mmol) were dissolved in THF (2.5 ml) and heated using microwave heating at 100 °C for

15 min. The reaction mixture was washed with sat’d. aq. NaHCOj; and purified via column
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chromatography (EtOAc:hexanes) to provide the final product 193 (262 mg, yield: 75%), which was
confirmed by "H NMR and LCMS.

[00269] Select compounds in Table 1 were obtained using analogous conditions as the reaction
scheme given above. In these reactions, DIPEA was used instead of TEA and the temperature was

increased to 120 °C. Reaction yields based on isolated products ranged from 47-90%.

Svnthetic Scheme K-2: Sample Experimental compound # 196

lo) (I) (o) OH E
= H H N NaOH/THF H H F
N_ _N - . N_ _N
j Y hig "
lo) (o]
195 196

[00270] Compound 195 was dissolved in THF (2 mL) and 1 N NaOH (1 mL). The reaction mixture

was stirred at room temperature for 15 h. The mixture was diluted with EtOAc (20 mL) prior to the
drop-wise addition of 1 N HCI (3 mL) with constant stirring. The organic layer was extracted, dried,
and concentrated. The crude product was recrystallized from EtOAc to provide compound 196 (25
mg).

[00271] Select compounds in Table 1 were obtained using analogous conditions as the reaction

scheme given above. Reaction yields based on isolated products ranged from 80-90%.

Svnthetic Scheme L: General procedure for compounds L

o) ) o
R2-NH, R?
OH . N
sm-14 H
NH NH
| DIPEA, HATU, RT, 16 h L
0:|S=0 0_|S_0
L

[00272] To a solution of 2-(methylsulfonamido)benzoic acid (1.0 eq) in DMF was added sm-14
(1.0 eq), DIPEA (1.5 eq) and HATU (1.3 eq). The mixture was stirred at 10-15 °C for 16-24 h. Upon
reaction completion as indicated by TLC, the reaction mixture was concentrated, and the solid was
purified by silica gel chromatography to afford compound L.

[00273] Select compounds in Table 1 were obtained using Synthetic Scheme L.
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Synthetic Scheme for Compound 28:

SO,NHMe SO,NHMe
NaOE
C'\/\/EL /©/ 20FL FOR /O/
N N
: L

(0]
sm-15 28

[00274] A solution of compound I (320 g, 1.1 mmol) in EtOH (10 mL) was added dropwisely
NaOEt (571.6 mg, 8.4 mmol) at 0 °C for 3 h. The reaction was acidific with 1N HCI and removed
the solvent to get the crude product. The residue was purified by pre-HPLC (0.1% TFA as additive),
most CH3CN was removed by evaporation under reduced pressure, and the remained solvent was
removed by hyophilization to afford the compound 28 (17 mg, 6% yield) as white solid. LCMS:
Found 255.0 [M+H]. '"H NMR (400 MHz, CDCl;): 7.50-7.72 (m, 4H), 4.85 (br s, 1H), 3.90 (t, 2H, J
=7.2 Hz), 2.53-2.72 (m, 5H), 2.14-2.28 (m, 2H).

[00275] The intermediate sm-15 was made by the following procedure.

SO2NHMe ,ji\/»\v/ o SO NHMe
Na,HPO,,CHCl,
J[:j/ * cl > Cle~_N li ]
H,N N

H

sm-15
[00276] To a solution of 4-amino-N-methylbenzenesulfonamide (200 mg, 1.1 mmol) and Na,HPO,
(300 mg, 2.2 mmol) in CHCI; (10 mL) was added 4-chlorobutanoyl chloride (151 mg, 1.1 mol)
drop-wise at 0 °C. After reagent addition, the mixture was allowed to stir at room temperature. The
mixture was concentrated to give crude sm-15, which was used directly in the next step without

further purification.

Svnthetic Scheme for Compound 47:

OH OH
0]
KAI(SO,),.12H,50

+ 0 N
MeCN H

NH; COOH

47
[00277] A solution of 2-(4-aminophenyl)ethanol (300 mg, 2.2 mmol), isochroman-1,3-dione (355
mg, 2.2 mmol) and KAI(SO4),-12H,0 (522 mg, 11 mmol) in MeCN (10 mL) was stirred at room
temperature for 1-1.5 h. The solvent was removed to obtain crude product. The residue was purified
by prep-HPLC (0.1% TFA as additive). Solvents were removed by evaporation under reduced
pressure and lyophilization to afford compound 47 (25 mg, 5.5% yield) as a white solid. LCMS:
Found 300.1 [M+H].
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Biological Examples

EXAMPLE 1: Human chondrocyte differentiation assay
[00278] Human MSCs (50,000) were plated into each well of a 96-well plate and cultured
overnight. Compounds (in DMSQ solution) were added 1o the cells at a linal concentration of TuM,
and the cells were cultured for 7 days at 5% CO,, 37°C. The cells were fixed with 10% formalin
solution at room temperature for 10 min, and immunostained using antibodies specific for type Il
collagen (Abcam), Sox9 (Santa Cruz) and cartilage oligomeric matrix protein (COMP, Santa Cruz),
and fluorescently labeled secondary antibodies (Li-Cor). The total intensity of the staining was
measured using Oddyssey CLx imaging system (Li-Cor). Vehicle (DMSO) was used as control to
determine the basal level of chondrocyte differentiation. Compounds exhibiting 30% or higher
increase in staining intensity compared to vehicle control were selected as active hits.
Representative data are shown in Table 1 [A: >50% increase in staining intensity compared to

vehicle control; B: 30-50% increase in staining intensity compared to vehicle control].
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EXAMPLE 2: Cell viability assay
[00279] Human MSCs, chondrocytes, osteoblasts and synoviocytes are plated into 384-well plates
at 10,000 cells per well. Compounds are added at a [inal concentration of 100uM. The cells are
cultured for 48 h. Cell viability is analyzed by Cell Titer-Glo (Promega) assay using EnVision plate
reader (PerkinElmer). Apoptosis activity is analyzed by Caspase 3/7-Glo (Promega) assay using
EnVision plate reader (PerkinElmer).

EXAMPLE 3: PK study via intra-articular injection in rats

[00280] A 30ul-compeund selution (100 uM in PBS contaiming, 0.1% DMSQO) 18 injected into the
articular space of the right knee of cach rat. The animals are bled at 1, 3, 4,6, 7, 8, 9, and 10 hours
post-injection. The animals are terminated at 2 or 12 hours post-dose. Plasma and joint lavage of the

injected knees are collected. The quantities of the injected compounds are analyzed using LCMS.

EXAMPLE 4: Rat medial meniscal tear (MMT) osteoarthritis (OA) model

[00281] The medial meniscus of the right knee of each animal is surgically torn to induce OA.
Dosing of the compound solutions (30 pl of 100 pM in PBS containing 0. 1% DMSQ) is begun 7
days post-surgery at one dose per week for three weeks. Body weights and gait deficits are
monitored weekly right before dosing. Animals are terminated at day 28 post-surgery. The joints of
the operated knees are processed and histochemically stained for cartilage, and the cartilage is
evaluated.

[00282] Following 4-6 days in 5% formic acid decalcifier, the operated joints are cut into two
approximately equal halves in the frontal plane and embedded in paraffin. Three sections are cut
from each operated right knee (g1-8) at approximately 200 um steps and stained with toluidine blue.
Left knees of group 1 and right knees from group 9 have a single section prepared and stained with
toluidine blue.

[00283] All three sections of each operated knee are analyzed microscopically. The worst-case
scenario for the two halves on each slide is determined for general cartilage degeneration,
proteoglycan loss, collagen damage, and osteophyte formation. The values for each parameter are
then averaged across the three sections to determine overall subjective scores.

[00284] In addition, for some parameters (noted below), regional differences across the tibial
plateau are taken into consideration by dividing each section into three zones (1-outside, 2-middle,
3-inside). In the surgical OA model, the outside (z1) and middle (z2) thirds are most severely
affected, and milder changes are present on the inside third (z3). When zones are scored
individually, scores are assigned based on percent area of the zone affected. Zone areas are
delineated using an ocular micrometer.

[00285] The following parameters are measured and/or scored:
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[00286] General cartilage degeneration includes the important parameters of chondrocyte
death/loss, proteoglycan loss, and collagen loss or fibrillation. Cartilage degeneration in the tibia is
scored none to severe (numerical values 0-5) for each zone using the following criteria:

e 0 =no degenecration

¢ | = minimal degeneration, within the zone 5-10% of the matrix appears non viable as a result
of significant chondrocyte loss (greater than 50% of normal cell density). PG loss is usually
present in these areas of cell loss and collagen matrix loss may be present.

e 2 =mild degeneration, within the zone 11-25% of the matrix appears non viable as a result
of significant chondrocyte loss (greater than 50% of normal cell density). PG loss is usually
present in these areas of cell loss and collagen matrix loss may be present.

e 3 =moderate degeneration, within the zone 26-50% of the matrix appears non viable as a
result of significant chondrocyte loss (greater than 50% of normal cell density). PG loss is
usually present in these areas of cell loss and collagen matrix loss may be present.

e 4 =marked degeneration, within the zone 51-75% of the matrix appears non viable as a
result of significant chondrocyte loss (greater than 50% of normal cell density). PG loss is
usually present in these areas of cell loss and collagen matrix loss may be present.

e 5 =severe degeneration, within the zone 76-100% of the matrix appears non viable as a
result of significant chondrocyte loss (greater than 50% of normal cell density). PG loss is
usually present in these areas of cell loss and collagen matrix loss may be present.

In some cases, image analysis may be used to determine the exact % of matrix viability and/or loss
in cach zone or in selected zones so that absolute % rather than scores (0-5) can be compared. A 3-
zone sum for cartilage degeneration is calculated in addition to expressing the data for each zone.
[00287] The same process is applied to evaluation of the femoral cartilage with the exception that
lesions are not analyzed based on zones since the lesions are not gencrally distributed over the
surface in a zonal pattern. The total width of the load-bearing surface (approximately 2000 um for
the femur) is determined and the above criteria is applied to the most severely affected 1/3, 2/3 or
3/3. For example, if 1/3 of the total area (lesion may be in the center of the plateau covering about
667 um) has minimal degeneration (5-10% of total arca has loss of chondrocytes and/or matrix), a
score of 1 is assigned. If that minimal degeneration extends over the entire surface (3/3) then the
score is 3. If the entire femoral cartilage is absent as a result of severe diffuse degeneration, then the
score is 15.

[00288] In addition to this overall cartilage degeneration score, collagen matrix damage is scored
separately in order to identify more specific effects of agents. Collagen damage across the medial
tibial plateau (most severely affected section of the two halves) is quantified by measuring the total
width of the following:

e Any damage (fibrillation ranging from superficial to full thickness loss).
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e Severe damage (total or near total loss of collagen to tidemark, >90% thickness)

e Marked damage (extends through 61-90% of the cartilage thickness)

e Moderate damage (extends thru 31-60% of the cartilage thickness)

e Mild damage (extends through 11-30% of the cartilage thickness)

e Minimal damage (very superficial, affecting upper 10% only)

[00289] In addition to the above subjective general cartilage scoring, two cartilage degeneration
width measurements are taken:

e Total Tibial Cartilage Degeneration Width (um) is a micrometer measurement of total extent
of tibial plateau affected by any type of degeneration (cell loss, proteoglycan loss or collagen
damage). This measurement extends from the origination of the osteophyte with adjacent
cartilage degeneration (outside 1/3) across the surface to the point where tangential layer and
underlying cartilage appear histologically normal.

s Substantial Cartilage Degeneration Width (um) reflects areas of tibial cartilage degeneration
in which both chondrocyte and proteoglycan loss extend through greater than 50% of the
cartilage thickness. In general, the collagen damage is mild (25% depth) or greater for this
parameter but chondrocyte and proteoglycan loss extend to at least 50% or greater of the
cartilage depth.

[00290] A micrometer depth of any type of lesion (both chondrocyte and proteoglycan loss, but
may have good retention of collagenous matrix and no fibrillation), expressed as a ratio of depth of
changed area vs. depth to tidemark, is taken in the area of greatest lesion severity in each of the three
zones across the tibial surface at the midpoint of the zone. This measurement is the most critical
analysis of any type of microscopic change present. The denominator can serve as an average
measure of cartilage thickness in each of the three zones for comparison of anabolics when measures
are taken at the midpoint of the zone.

[00291] Scoring of the osteophytes and categorization into small, medium and large is done with an
ocular micrometer Marginal zone prolilerative changes have to be :=200 pm in order to be measured
and designated as osteophytes. Scores are assigned to the largest osteophyte in each section
(typically found in the tibia) according to the following criteria:

e | =smallup to 299 um

s 2 =moderate 300-399 um

e 3 =large 400-499 um

s 4 =very large 500-599

e 5 =very large >600

The actual osteophyte measurement (tidemark to furthest distance point extending toward synovium)

is also recorded.
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[00292] The femoral cartilage degeneration score and the three-zone sum of the tibial cartilage
degencration scores (mean of three levels) are summed to create a total cartilage degeneration score.
The mean osteophyte score for each joint is added to this value to produce a total joint score.

Image analysis
[00293] In order to quantify and compare the cartilage matrix preservation, cartilage area
measurements are taken from the most severely affected section of each animal. Photomicrographs
are taken with a CoolSNAP-Pro microscope camera and loaded into ImagePro Plus software. The
following measurements are taken from tracings of these photomicrographs, four per page, which
are included in the report:
s Total arca from the tidemark to the surface (or projected surface in degencrated arcas) over 9
cm (photomicrograph) of the tibial plateau, measured from the inner edge of the osteophyte
s Area of non-viable matrix (cartilage with less than 50% chondrocytes, protecoglycan, and
intact collagen) and no matrix within the total area
e Arca of no matrix within the total area
The area of non-viable matrix is subtracted from the total area to get the area of viable matrix, and
the area of no matrix is subtracted from the total area to get the area of any matrix (collagen matrix
with or without chondrocytes and proteoglycan). These two values are then compared back to the

total area to derive the percent viable matrix area and the percent any matrix area, which are

compared between groups. Five left knees from the vehicle group are included in this process as
normal controls. This process may be used to analyze the entire surface or seclected zones depending
on lesion severity and apparent treatment effects.
[00294] Synovial reaction, if abnormal, is described (should be mainly fibrosis) and characterized
with respect to inflammation type and degree but is not included in the OA score.
[00295] Damage to the calcified cartilage layer and subchondral bone (worst case scenario for all
sections) is scored using the following criteria:
s (0 =No changes
e | =Increased basophilia at tidemark, no fragmentation of tidemark, no marrow changes or if
present minimal and focal
e 2 =Increased basophilia at tidemark, minimal to mild focal fragmentation of calcified
cartilage of tidemark, mesenchymal change in marrow involves 1/4 of total area but
generally is restricted to subchondral region under lesion
e 3 =Increased basophilia at tidemark, mild to marked focal or multifocal fragmentation of
calcified cartilage (multifocal), mesenchymal change in marrow is up to 3/4 of total area,
areas of marrow chondrogenesis may be evident but no major collapse of articular cartilage

into epiphyseal bone (definite depression in surface)
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e 4 =Increased basophilia at tidemark, marked to severe fragmentation of calcified cartilage,
marrow mesenchymal change involves up to 3/4 of area and articular cartilage has collapsed
into the epiphysis to a depth of 250 um or less from tidemark (see definite depression in
surface cartilage)

e 5 =Increased basophilia at tidemark, marked to severe fragmentation of calcified cartilage,
marrow mesenchymal change involves up to 3/4 of area and articular cartilage has collapsed
into the epiphysis to a depth of greater than 250 pm from tidemark

In addition, measurements are made of the thickness of the medial synovial/collateral ligament repair
in a non-tangential area of the section.

[00296] Growth plate thickness is measured in all knees on medial and lateral sides (2
measures/joint) at the approximate midpoint of the medial and lateral physis (assuming a non

tangential area of the section).

EXAMPLE 5: Extraction and Quantitation of Chondrogenesis Compounds in Joint and
Plasma Rat Samples

[00297] LC-MS/MS analysis for Chondrogenesis compounds were performed using an API1 3000
equipped with an Agilent 1100 HPLC and a Leap Technologies autosampler. A HPLC Phenomenex
5 micron, 100 A Luna C18 (2) analytical column with dimensions of 2.0 x 50 mm (Part No. 00B-
4252-B0) at a temperature of 30 C, flow rate of 0.6 mL/min, injection volume of 10 uL,, and a 6.0
min run time was used. Mobile phase Al was 0.1% formic acid in water and Mobile phase B1 was
0.1% formic acid in acetonitrile. The gradient was 90% A1/10% B1 at time 0; 90% A1/10% B1 at
time 1.0 min; 10% A1/90% B1 at time 2.0 min; 10% A1/90% B1 at time 4.0 min; 90% A1/10% B1
at time 4.10 min; 90% A1/10% B1 at time 6.0 min. Analytes and internal standard quantitation were
performed using Multiple Reaction Monitoring (MRM) quantitation method. Listed below are
specific methods used to dose and measure exposure in plasma and the observed concentration in
joint extract.

[00298] Rat Plasma Samples: Calibration standard curve was prepared by serial dilution of a
concentrated, spike solution of the compound in control rat plasma. Calibration standards and rat
plasma samples were prepared via protein precipitation by adding aliquots of Acetonitrile and
internal standard to each aliquot of standards and samples. Following vortex mixing and
centrifugation, aliquots of the supernatants from each standards and samples were diluted with
formic acid in water, mixed and injected. All plasma samples collected after [A dosing (starting at t
=0,0.5, 1,2, 4, and 6h) indicated no systemic exposure for any of the compounds listed in Table 2.
[00299] Rat Knee Joint Samples: Calibration standard curve was prepared by serial dilution of a
concentrated, spike solution of the compound in internal standard diluents. Internal standard diluent
was prepared by dissolving the internal standard compound at a certain concentration in acetonitrile.

Rat knee joint samples for each time points were individually crushed and transferred into each
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centrifuge tube and added 1.0-mL of internal standard diluent. Each centrifuge tube was vortexed
and centrifuged for 30 minutes. From each tube, supernatant was removed and injected onto the
column for analysis. In addition, plasma samples were obtained by retro-orbital bleeds into heparin
coated tubes and stored at -80C and later processed by analogy to the protocol described above for
rat plasma samples.

[00300] Compound administration and tissue processing: 30 uL of 100 uM compound solution
(PBS with 0.1% DMSO) was injected into the intra-articular space of the right hinder knee of each
animal. The animals were euthanized at indicated time points (0 hr, 0.5 hr, 1 hr, 2 hr, 4 hr and 6hr).
Four animals were used for each timepoint. The injected knee joints were harvested, flash freeze in
liquid nitrogen. The whole joints were grounded into powder while frozen, mixed with 1 mL internal
standard-containing acetonitrile, incubated at 4 °C overnight, vortexed and centrifuged for 30 min.

The supernatant from each sample was analyzed using LC-MS/MS. Data shown in Table 2 indicates

the observed concentration in knee extract. ND = Not determined.

TABLE 2

Compound Concentration observed in extract (ng/mL)

# T=0h T=05h | T=1h | T=2h T=4h T=6h
21 433.5 9.1 4.9 0 ND ND
27 592 354 6.3 2.5 ND ND
62 411 108.75 52.6 15.7 ND ND
73 587 28.5 9.41 2.6 ND ND
113 565.5 253 4.2 0 ND ND
117 925.5 50.6 4.4 0 ND ND
123 4430 1102 741.25 | 3375 38 0
128 7280 2942.5 1365 546 ND ND
156 108.8 3.5 0 0 ND ND

EXAMPLE 6: Parenteral Composition of a Compound Presented Herein

[00301] To prepare a parenteral pharmaceutical composition suitable for administration by

injection, 100 mg of a compound presented herein, or a water soluble pharmaceutically acceptable

salt thereof, is dissolved in DMSO and then mixed with 10 ml of 0.9% sterile saline solution. The

mixture is incorporated into a dosage unit suitable for administration by injection.

EXAMPLE 7: Oral Composition of a Compound Presented Herein

[00302] To prepare a pharmaceutical composition for oral delivery, 400 mg of a compound

presented herein, and the following ingredients are mixed intimately and pressed into single scored

tablets.
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Tablet Formulation

Ingredient Quantity per tablet
mg

compound 400

cornstarch 50

croscarmellose sodium 25

lactose 120

magnesium stearate 5

[00303] The following ingredients are mixed intimately and loaded into a hard-shell gelatin
capsule.

Capsule Formulation

Ingredient Quantity per capsule
mg

compound 200

lactose spray dried 148

magnesium stearate 2

-183-



WO 2014/151953 PCT/US2014/026722
CLAIMS
WHAT IS CLAIMED I8S:

1. A method of ameliorating arthritis or joint injury in a mammal, the method comprising
administering to a joint of the mammal a composition comprising a therapeutically effective
amount of a compound of Formula I, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

B R
w2 3
Y 3
5 (R
(Formula I)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or
CORY;

nis0,1,2,3,or4;

misl,2,3,or4;

B is CO,R*, CH,CO,H, CH,CO,R?, or optionally substituted phenyl;

Y is a bond, -(CR’R®)-, -(CR'R*)(CR’R')-, or -(CR'R¥)(CR'R'*)X-;

X is O or CR°R®;

R? is halo, C(O)R?, CO,R*, C(O)NR*R'!, alkyl, optionally substituted alkoxy, haloalkyl,
SO,R*, (CR'R®*)OR?, (CR'R®)NR*R, (CR'R*)(CR’R'")OR?,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?,
(CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R!, X(CR'R*)C(O)R*, X(CR'R*)C(O)OR",
X(CR'R¥)C(O)NR'R", X(CR'R*)(CR°R')C(O)R*, X(CR'R*)(CR’R'*)C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

each R? is independently selected from H, CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R"",
alkyl, optionally substituted alkoxy, SO,R?, (CR'R*)OR?, (CR'R®)NR*R",
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R!, (CR'R¥)NR*SO,R?,
and C(=NOR*"R*;

each R* is independently selected from H and optionally substituted alkyl;

cachR>, R®, R’ R® R’ and R" is independently selected from H, halo, optionally
substituted alkyl, OH, CO,R* NR*RY, and optionally substituted alkoxy; and
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R' is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R*, or SO,R*;
provided that

a) if Y is a bond and m is 0, then R? is selected from C(O)NR*R', (CR'R¥)OR*,
(CR'R*)CR'R')OR?, X(CR'R¥)(CR°R')OR?, X(CR'R*)(CR’R')NR*R",
(CR'R)C(O)R?, (CR'R*)C(O)OR?, (CR'RH)C(O)NR'R, X(CR'R*)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NRRM, X(CR'R®)(CR°R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R¥)(CRR')C(O)NR'R!, (CR'R¥)NR*SO,R*, and
C(=NOR"R*; and
R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-CH,CH,OH, or p-
CH,CH,CH,OH; and

b) the compound is not selected from

CO,H CO,H
co2 con 2 27 CoH
(j " L
0

© COH, COpH

COH COH

. Q
COH

COM

2. A method of ameliorating arthritis or joint injury in a mammal, the method comprising
administering to a joint of the mammal a composition comprising a therapeutically effective
amount of a compound of Formula Ia, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

R2
(Formula la)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or
COR;

nis0,1,2,3,or4;

B is CO,R;
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R? is halo, C(O)R*, CO,R*, C(O)NR*R"!, alkyl, optionally substituted alkoxy, haloalkyl,
SO,R*, (CR'R®*)OR?, (CR'R®)NR*R, (CR'R*)(CR’R'")OR?,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?,
(CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R!, X(CR'R*)C(O)R*, X(CR'R*)C(O)OR",
X(CR'R¥)C(O)NR'R", X(CR'R*)(CR°R')C(O)R*, X(CR'R*)(CR’R'*)C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from CN, halo, C(O)R*, CO,H, CO,R?, C(O)NR*R",
alkyl, optionally substituted alkoxy, SO,R*, (CR'R*)OR?, (CR'R®)NR‘R",
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R!, (CR'R¥)NR*SO,R?,
and C(=NOR*"R*;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

cachR>, R®, R’ R® R’, and R" is independently selected from H, halo, optionally
substituted alkyl, OH, NR*R", and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that the compound is not selected from

CO,H
CO,H 2
g COH H
& N Cl
0

O , COzH | and
COyH
|3| CO,H
(0]
COH_

3. A method of ameliorating arthritis or joint injury in a mammal, the method comprising
administering to a joint of the mammal a composition comprising a therapeutically effective
amount of a compound of Formula Ib, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:
B
| ~ R3

(R1)n_©H(H //
N

R2
(Formula Ib)

wherein
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each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or
CORY;

nis0,1,2,3,or4;

B is CO,RY;

R*is C(O)NR'R' (CR'R®)OR?, (CR'R*)(CR°R'*)OR?, X(CR'R*)(CR’R'*)OR?,
X(CR'R¥)(CR’R)NR'RY, (CR'R*)C(O)R?, (CR'R*)C(O)OR?,
(CR'R*)C(O)NR'R'!, X(CR'R*)C(O)R*, X(CR'R*)C(O)OR?, X(CR'R¥)C(O)NR*R"!,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

R*is H;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

cachR>, R®, R’ R® R’, and R" is independently selected from H, halo, optionally
substituted alkyl, OH, NR*R", and optionally substituted alkoxy; and

R' is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R*, or SO,R*;

provided that if n is 0, then R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-
CH,CH,O0H, or p-CH,CH,CH,0OH.

4. A method of ameliorating arthritis or joint injury in a mammal, the method comprising
administering to a joint of the mammal a composition comprising a therapeutically effective
amount of a compound of Formula Ic, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

5 (R
(Formula Ic)
wherein
cach R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or
COR;
nis0,1,2,3,or4;
misl, 2,3, or4;
B is COR;
Y is -(CR’R®)-;
C is aryl or heteroaryl,;
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X is O or CR°R®;

R?is halo, C(O)R?, CO,R*, C(O)NR*R'!, alkyl, optionally substituted alkoxy, haloalkyl,
SO,R*, SO,NH,, SO:H, (CR'R*)OR?, (CR'R®)NR*R'!, (CR'R*)(CR’R'*)OR?,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?,
(CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R!, X(CR'R*)C(O)R*, X(CR'R*)C(O)OR",
X(CR'R¥)C(O)NR'R", X(CR'R*)(CR°R')C(O)R*, X(CR'R*)(CR’R'*)C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from H, CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R"",
alkyl, optionally substituted alkoxy, haloalkyl, SO,R*, (CR'R*)OR?, (CR'R*)NR‘R"",
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R!, (CR'R¥)NR*SO,R?,
and C(=NOR*"R*;

each R* is independently selected from H and optionally substituted alkyl;

cachR>, R®, R’ R® R’, and R" is independently selected from H, halo, optionally
substituted alkyl, OH, CO,R* NR*RY, and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

CO,H
H
N

provided that the compound is not selected from COH |

COZ\/©\ ¥ M©/COZ
: H COzH : ”
CO3H ~
H
sedes
O

5. A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the
method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula I, or a pharmaceutically acceptable salt, solvate, polymorph, prodrug,

ester, metabolite, N-oxide, stereoisomer, or isomer thereof:
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B R
a3
Y 3
5 (R%)
(Formula I)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or
CO,RY;

nis0,1,2,3,or4;

misl, 2,3, or4;

Bis C02R4, CH,COH, CH2C02R3 , or optionally substituted phenyl;

Y is a bond, -(CR’R®)-, -(CR'R*)(CR’R')-, or -(CR'R¥)(CR'R'*)X-;

X is O or CR°R®;

R?is halo, C(O)R?, CO,R*, C(O)NR*R'!, alkyl, optionally substituted alkoxy, haloalkyl,
SO,R*, (CR'R®*)OR?, (CR'R®)NR*R, (CR'R*)(CR’R'")OR?,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?,
(CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R!, X(CR'R*)C(O)R*, X(CR'R*)C(O)OR",
X(CR'R¥)C(O)NR'R", X(CR'R*)(CR°R')C(O)R*, X(CR'R*)(CR’R'*)C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from H, CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R"!,
alkyl, optionally substituted alkoxy, SO,R?, (CR'R*)OR?, (CR'R®)NR‘R",
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R!, (CR'R¥)NR*SO,R?,
and C(=NOR*"R*;

each R* is independently selected from H and optionally substituted alkyl;

cachR>, R®, R’ R® R’, and R" is independently selected from H, halo, optionally
substituted alkyl, OH, CO,R*, NR*R", and optionally substituted alkoxy; and

R'" is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that

a) if Y is abond and m is 0, then R? is selected from C(O)NR*R', (CR'R¥)OR*,
(CR'R*)CR'R')OR?, X(CR'R¥)(CR°R')OR?, X(CR'R*)(CR’R')NR*R",
(CR'R)C(O)R?, (CR'R*)C(O)OR?, (CR'RH)C(O)NR'R, X(CR'R*)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NRRM, X(CR'R®)(CR°R'*)C(O)R?,
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X(CR'R¥)(CR’R')C(O)OR?, X(CR'R¥)(CRR')C(O)NR'RY, (CR'R¥)NR*SO,R*, and
C(=NOR"R*; and
R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH, p-CH,CH,OH, or p-
CH,CH,CH,OH; and

b) the compound is not selected from

002
CO,H CO,H
H \/©\
CO,H
COH |

6. A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the

COZH

CO,H
i "COH_

method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula Ia, or a pharmacecutically acceptable salt, solvate, polymorph, prodrug,

ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

R2
(Formula la)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NR*R", CO,H, or
CORY;

nis0,1,2,3,or4;

B is CO,RY;

R?is halo, C(O)R?, CO,R*, C(O)NR*R'!, alkyl, optionally substituted alkoxy, haloalkyl,
SO,R?, (CR'R®)OR?, (CR'RHNR'RY, (CR'R*)(CR’R'*)OR,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?,
(CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R!, X(CR'R*)C(O)R*, X(CR'R*)C(O)OR",
X(CR'R¥)C(O)NR'R", X(CR'R*)(CR°R')C(O)R*, X(CR'R*)(CR’R'*)C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;
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cach R? is independently selected from CN, halo, C(O)R*, CO,H, CO,R?, C(O)NR*R",
alkyl, optionally substituted alkoxy, SO,R?, (CR'R*)OR?, (CR'R®)NR*R",
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R!, (CR'R¥)NR*SO,R?,
and C(=NOR*"R*;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

cachR>, R®, R’ R® R’, and R" is independently selected from H, halo, optionally
substituted alkyl, OH, NR*R", and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

provided that the compound is not selected from

CO,H
COl_ZIH COH 2
H N cl
0

O , COzH | and
CO,H

|3| CO,H

N
(0]

COH_

7. A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the
method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula Ib, or a pharmaceutically acceptable salt, solvate, polymorph,
prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B

—i- H R®

R",
mla g
O \\
R2
(Formula Ib)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or
COR;

nis0,1,2,3,or4;

B is COR;
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R*is C(O)NR'R' (CR'R®)OR?, (CR'R*)(CR°R'*)OR?, X(CR'R*)(CR’R'*)OR?,
X(CR'R¥)(CR’R)NR'RY, (CR'R*)C(O)R?, (CR'R*)C(O)OR?,
(CR'RHC(O)NR'R!, X(CR'R¥)C(O)R?, X(CR'R*)C(O)OR?, X(CR'R¥)C(O)NR*R'!,
X(CR'R¥)(CR’R)C(O)R?, X(CR'R¥)(CR’R'")C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

R*is H;

X is O or CR°R®;

each R* is independently selected from H and optionally substituted alkyl;

cachR>, R®, R’ R® R’, and R" is independently selected from H, halo, optionally
substituted alkyl, OH, NR*R", and optionally substituted alkoxy; and

R' is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R*, or SO,R*;

provided that if n is 4 and R' is H, then R? is not C(O)NH,, p-CH,OR*, p-CH(OH)CH,OH,
p-CH,CH,OH, or p-CH,CH,CH,OH.

8. A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the
method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula Ic, or a pharmaceutically acceptable salt, solvate, polymorph, prodrug,

ester, metabolite, N-oxide, stercoisomer, or isomer thercof:

R2
B
(’J@%Q
5 (R)m
(Formula Ic)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R?, SO,R*, NR*R"!, CO,H, or
CORY;

nis0,1,2,3,or4;

mis1,2,3,or4;

B is CO,R?;

Y is -(CR’R®)-;

C is aryl or heteroaryl;

X is O or CR°R®;

R?is halo, C(O)R?, CO,R*, C(O)NR*R'!, alkyl, optionally substituted alkoxy, haloalkyl,
SO,R*, SO,NH,, SO:H, (CR'R*)OR?, (CR'R®)NR*R'!, (CR'R*)(CR’R'*)OR?,
X(CR'R¥)(CR’R)OR?, X(CR'R¥)(CR'R')NR'R", (CR'R¥)C(O)R?,
(CR'R*)C(O)OR*, (CR'R¥)C(O)NR'R!, X(CR'R*)C(O)R*, X(CR'R*)C(O)OR",
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X(CR'R¥)C(O)NR'R", X(CR'R*)(CR°R')C(O)R*, X(CR'R*)(CR’R'*)C(O)OR?,
X(CR'R¥)(CR’R')C(O)NR'R", (CR'R¥)NR*SO,R*, or C(=NOR"R*;

cach R? is independently selected from H, CN, halo, C(O)R*, CO,H, CO,R*, C(O)NR*R"",
alkyl, optionally substituted alkoxy, haloalkyl, SO,R*, (CR'R*)OR?, (CR'R*)NR‘R"",
(CR'R*)(CR’R'OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R¥)(CR’R')NR‘R",
(CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'RHC(O)NR'R', X(CR'R¥)C(O)R?,
X(CR'RHC(0)OR?, X(CR'R¥)C(O)NR'R", X(CR'R*)(CR’R'*)C(O)R?,
X(CR'R¥)(CR’R')C(O)OR?, X(CR'R*)(CR’R')C(O)NR'R!, (CR'R¥)NR*SO,R?,
and C(=NOR*"R*;

each R* is independently selected from H and optionally substituted alkyl;

cachR>, R®, R’ R® R’, and R" is independently selected from H, halo, optionally
substituted alkyl, OH, CO,R* NR*RY, and optionally substituted alkoxy; and

R is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

CO,H
H
N

provided that the compound is not selected from COH |

9. The method of any one of claims 1, 2, 5, or 6 wherein:

R? is halo, C(O)R?, alkyl, optionally substituted alkoxy, haloalkyl, (CR'R*)OR*,
(CR'R*)(CR’R')OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R®*)C(O)OR?, or
X(CR'RH)C(O)NR'R'; and

cach R? is independently selected from CN, halo, C(O)R*, CO,H, C(O)NR*R', alkyl, or
optionally substituted alkoxy;

or R together with an adjacent R* or with R? form a ring.

10. The method of claim 9 wherein:
R*is F, Cl, C(O)CH;, CH;, CFs, OCH;, OEt, OPr, OCF;, OCHF, (CR'R*)OR’,
(CR'R*)(CR’R')OR?, X(CR'R*)(CR’R'*)OR?, X(CR'R®*)C(O)OR?, or
X(CR'RH)C(O)NR'R'; and
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cach R® is independently selected from CN, F, Cl, C(O)CH3, CO,H, C(O)NH,, CH3;, OCFj5,
or OCHj3;

or R together with an adjacent R* or with R? form a ring.

11. The method of claim 10 wherein R?is F, Cl, C(O)CH;, CH;, CF3;, OCHj3;, OEt, OPr, OCF;3,
OCHF,, CH,0CH;, CH,0OH, CH,CH,0OH, CHOHCH,OH, CH,CH,CH,0H,
CH,CHOHCH,0OH, OCH,C(O)OH, or OCH,C(O)NH,.

12. The method of claim 11 wherein each R® is independently selected from CN, F, CI,
C(O)CH3;, or CO,H.

13. The method of claim 12 wherein R? is F, Cl, C(O)CH;, CH;, CF5;, OCHj3;, OEt, OPr, OCFj3, or
CH,CH,CH,OH.

14. The method of any one of claims 1, 3, 5, or 7 wherein:

R*is (CR'R®)(CR°R')OR?, X(CR'R*)(CR’R')OR*, X(CR'R¥)(CR’R'*)NR'R"!,
(CR'R*)C(O)R?, (CR'R*)C(O)NR'RY, X(CR'R*)C(O)R*, X(CR'R*)C(O)NR*R"!,
(CR'RHNR*SO,R?, or C(=NOR*"R*; and

R*is H.

15. The method of claim 14 wherein R? is (CR’R*)(CRR'))OR?, X(CR'R*)(CR°R'*)OR?,
X(CR'RH)CR'R)NR'R', or (CR'R¥)NR*SO,R".

16. The method of claim 15 wherein R is CH,CH,0OH CH,CH,OCH3;, CH,CHCH30H,
CHCH;CH,0OH, CH,CH,CH,OH, CH,CH,CH,NH,, CH,CH,CHCH;O0H,
C(CHj3),CH,CH,0H, CH,CH,C(CH;),OH, OCH,CH,0OH, OCH,CH,0OCHj;, or

OCH,CH,;NH,.

17. The method of claim 14 wherein R? is (CR'R*)C(O)R?, (CR'R¥)C(O)NR‘R",
X(CR'R*)C(O)R?, or X(CR'R*)C(O)NR'R'.

18. The method of claim 17 wherein R? is CH,C(O)CH;, CH,C(O)NH,, CH,CH,C(O)CH3;, or
CH,CH,C(O)NH,.

19. The method of any one of claims 1, 4, 5, or 8 wherein C is aryl.
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20

21.

22.

23.

24.

25.

26.

27.

. The method of claim 19 wherein C is phenyl.
The method of any one of claims 1, 4, 5, or 8 wherein C is heteroaryl.
The method of claim 21 wherein C is pyridinyl, pyrimidinyl, pyridazinyl, or pyrazinyl.

The method of any one of claims 1, 4, 5, 8, or 19-22 wherein:

R? is halo, C(O)R*, CO,R*, C(O)NR*R'!, alkyl, optionally substituted alkoxy, haloalkyl,
SO,NH,, SO:H, (CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'RHC(O)OR?, or X(CR'R*)C(O)NR'R"; and

cach R? is independently selected from H, CN, halo, CO,H, or haloalkyl.

The method of claim 23 wherein:

R%is Cl, F, C(O)CHs, CO,H, C(O)NR*R'!, CHs, optionally substituted alkoxy, CFs,
SO,NH,, SO:H, (CR'R*)C(O)R?, (CR'R*)C(O)OR*, (CR'R*)C(O)NR'R",
X(CR'RHC(O)OR?, or X(CR'R*)C(O)NR'R"; and

cach R® is independently selected from H, CN, Cl, F, CO,H, or CF;.

The method of claim 24 wherein:
R?is CL, F, C(O)CHj;, CO,H, CH;, OCHj;, CF;; and
cach R® is independently selected from H, CN, or CO,H.

The method of claim 24 wherein R? is CH,C(O)NH,, CH,C(O)CH;, CH,C(O)OH,
CH,CH,C(O)OH, or CH,CH,C(O)NH,.

A method of ameliorating arthritis or joint injury in a mammal, the method comprising
administering to a joint of the mammal a composition comprising a therapeutically effective
amount of a compound of Formula II, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B
(R%Q{
A

(Formula Il)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or C02R4;
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nis0,1,2,3,or4;

B is NHC(O)R?, NR*C(O)R?, NHC(O)NH,, NHC(O)NHR?, NHC(O)NR?R*, NR*C(O)NH,,
NR*C(O)NHR?, NR*C(O)NR’R*, NHC(O)OR?, NR*C(O)OR?, NHSO,R?,
NR’SO,R*, NHSO,R*, NR*SO,R*, NHSO,NH,, NHSO,NHR?, NHSO,NR*R*,
NR’SO,NH,, NR*SO,NHR?, or NR*SO,NR*R*;

each R? and R* is independently optionally substituted phenyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted aralkyl, or
optionally substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is CO,H, CO,R?, C(O)NH,, C(O)NHR?, C(O)NR’R*, or SO,NR*R”; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which
they are attached make a ring;

provided that

a) if B is NHC(O)R? or NR*C(O)R?, then A is not CO,H; and

b) the compound is not sclected from

CQ\:SOZCH?, CQ\:C(O NH, Cq\:qo CHj

NHC O)OCH CN
(0)0CH, COH N H /O/
Q PN
o, G S
Noh COH

and

. T
s

7\

00
CO,H

28. A method of ameliorating arthritis or joint injury in a mammal, the method comprising
administering to a joint of the mammal a composition comprising a therapeutically effective
amount of a compound of Formula Ila, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B
(R%@[
A

(Formula lla)
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29.

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or C02R4;

nis0,1,2,3,or4;

B is NHC(O)NH,, NHC(O)NHR?, NHC(O)NR*R*, NR*C(O)NH,, NR*C(O)NHR?, or
NR*C(O)NR?R*;

each R? and R* is independently optionally substituted phenyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted aralkyl, or
optionally substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

A is CO,H or COR%;

s6¥en

provided that the compound is not ” ”

A method of ameliorating arthritis or joint injury in a mammal, the method comprising

administering to a joint of the mammal a composition comprising a therapeutically effective

amount of a compound of Formula IIb, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

B
(R%@[
A

(Formula Ilb)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or C02R4;

nis0,1,2,3,or4;

B is NHC(O)R? or NR*C(O)R?;

R? is optionally substituted phenyl, optionally substituted heteroaryl, optionally substituted
heterocyclyl, optionally substituted aralkyl, or optionally substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is SO,NR*R"; and
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cach R* and R” is independently optionally substituted alkyl or together with the N to which

they are attached make a ring.

30. A method of ameliorating arthritis or joint injury in a mammal, the method comprising

31.

administering to a joint of the mammal a composition comprising a therapeutically effective
amount of a compound of Formula Ilc, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B
R? —(/\Vk
( )n ! /

A

(Formula llc)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or C02R4;

nis0,1,2,3,or4;

B is NHSO,R?, NR*SO,R’, NHSO,R?, NR*SO,R", NHSO,NH,, NHSO,NHR?,
NHSO,NR’R*, NR*SO,NH,, NR*SO,NHR?, or NR*SO,NR’R";

each R? and R* is independently optionally substituted phenyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted aralkyl, or
optionally substituted alkyl;

each R? is independently optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

A is C(O)NHR? or C(O)NR*R?;
NHSO,CHj;
H
= L
CN.

@)
provided that the compound is not

A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the
method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula II, or a pharmaceutically acceptable salt, solvate, polymorph, prodrug,

ester, metabolite, N-oxide, stercoisomer, or isomer thercof:

B
(RUr@[
A

(Formula Il)

-198-



WO 2014/151953 PCT/US2014/026722
wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or C02R4;

nis0,1,2,3,or4;

B is NHC(O)R?, NR*C(O)R?, NHC(O)NH,, NHC(O)NHR?, NHC(O)NR?R*, NR*C(O)NH,,
NR*C(O)NHR?, NR*C(O)NR’R*, NHC(O)OR?, NR*C(O)OR?, NHSO,R?,
NR’SO,R*, NHSO,R*, NR*SO,R*, NHSO,NH,, NHSO,NHR?, NHSO,NR*R*,
NR’SO,NH,, NR*SO,NHR?, or NR*SO,NR*R*;

each R? and R* is independently optionally substituted phenyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted aralkyl, or
optionally substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is CO,H, CO,R?, C(O)NH,, C(O)NHR?, C(O)NR’R*, or SO,NR*R”; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which
they are attached make a ring;

provided that

a) if B is NHC(O)R? or NR*C(O)R?, then A is not CO,H; and

b) the compound is not selected from

CQI\:SOZCH;% C;I\:C(O NH, Cq\:qo CHj

NHC(O OCH, COH
2

o, G0 ©R;;;;

7\

O O
and CO,H

CN

32. A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the
method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula Ila, or a pharmaceutically acceptable salt, solvate, polymorph,

prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:
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33.

B
(R%@[

A

(Formula lla)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or C02R4;

nis0,1,2,3,or4;

B is NHC(O)NH,, NHC(O)NHR?, NHC(O)NR*R*, NR*C(O)NH,, NR*C(O)NHR?, or
NR*C(O)NR?R*;

each R? and R* is independently optionally substituted phenyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted aralkyl, or
optionally substituted alkyl;

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

A is CO,H or CO,R%;

COH

POl
N N
H H :

A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the

provided that the compound is not

method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula IIb, or a pharmaceutically acceptable salt, solvate, polymorph,

prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

B
(R%Q[
A

(Formula Ilb)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR’, NR*R®, CO,H,
or CO,R*;

nis0,1,2,3,or4;

B is NHC(O)R? or NR*C(O)R?;

R? is optionally substituted phenyl, optionally substituted heteroaryl, optionally substituted
heterocyclyl, optionally substituted aralkyl, or optionally substituted alkyl;
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34.

35.

36.

R* is optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*;

A is SO,NR*R"; and

cach R* and R” is independently optionally substituted alkyl or together with the N to which

they are attached make a ring.

A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the
method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula Ilc, or a pharmaceutically acceptable salt, solvate, polymorph,

prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

B
R’ —(/\Vk
( )n ! /

A

(Formula llc)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or C02R4;

nis0,1,2,3,or4;

B is NHSO,R?, NR*SO,R’, NHSO,R?, NR*SO,R", NHSO,NH,, NHSO,NHR?,
NHSO,NR’R*, NR*SO,NH,, NR*SO,NHR?, or NR*SO,NR’R";

each R? and R* is independently optionally substituted phenyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted aralkyl, or
optionally substituted alkyl;

each R? is independently optionally substituted alkyl or optionally substituted aralkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

A is C(O)NHR? or C(O)NR’R*;
NHSO,CHj;

N
L
CN.

The method of any one of claims 27, 28, 31, or 32 wherein B is NHC(O)NHRZ,
NHC(O)NR’R?, NR*C(O)NHR?, or NR*C(O)NR*R*.

provided that the compound is not

The method of claims 35 wherein B is NHC(O)NHR? or NR*C(O)NHR>.
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37. The method of claims 35 wherein B is NHC(O)NR’R* or NR*C(O)NR’R*.

38. The method of claims 36 wherein B is NHC(O)NHR?.

39. The method of any one of claims 36-38 wherein R? is optionally substituted phenyl.

40. The method of claim 39 wherein the phenyl of R”is bisubstituted.

41. The method of claim 39 wherein the phenyl of R? is monosubstituted.

42. The method of either claim 40 or 41 wherein substitution on the phenyl of R?is
independently selected from F, Cl, CO,H, CN, OCHs, C(O)CHs, CFs, CH3; CH,OH,
CH,CH,0H, and CH,CH,CH,OH.

43. The method of any one of claims 27, 29, 31, or 33 wherein B is NHC(O)RZ.

44. The method of any one of claims 27, 29, 31, or 33 wherein B is NR? C(O)Rz.

45. The method of claims 44 wherein R* is optionally substituted alkyl.

46. The method of any one of claims 43-45 wherein each R* and R” is independently optionally
substituted alkyl.

47. The method of any one of claims 43-45 wherein R® and R together with the N to which they

arc attached make a ring.
48. The method of any one of claims 43-47 wherein R is optionally substituted phenyl.
49. The method of claim 48 wherein the phenyl of R*is bisubstituted.
50. The method of claim 48 wherein the phenyl of R? is monosubstituted.
51. The method of either claim 49 or 50 wherein substitution on the phenyl of R*is
independently selected from F, Cl, CO,H, CN, OCHj3;, C(O)CHs, CF5, CH; CH,OH,

CH,CH,O0H, and CH,CH,CH,OH.
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52.

53.

54.

55.

56.

57.

38.

59.

60.

61.

62.

63.

64.

65.

66.

The method of any one of claims 27, 30, 31, or 34 wherein B is NHSO,R?, NR*SO,R?,
NHSO,R?, or NR*SO,R*.

The method of any one of claims 27, 30, 31, or 34 wherein B is NHSO,NH,, NHSO,NHR?,
NHSO,NR’*R*, NR*SO,NH,, NR*SO,NHR?, or NR¥*SO,NR*R*.

The method of claim 52 wherein B is NHSO,R* or NR*SO,R’.

The method of claim 54 wherein B is NHSO,R®.

The method of either claim 54 or 55 wherein R is optionally substituted alkyl.

The method of claim 56 wherein R is CHs.

The method of claim 52 wherein B is NHSO,R* or NR*SO,R*.

The method of claim 58 wherein R* is optionally substituted phenyl.

The method of any one of claims 52-59 wherein A is C(O)NHR>.

The method of any one of claims 52-59 wherein A is C(O)NR’R*.

The method of either claim 60 or 61 wherein R? is optionally substituted phenyl.
The method of claim 62 wherein the phenyl of R?is bisubstituted.

The method of claim 62 wherein the phenyl of R? is monosubstituted.

The method of cither claim 63 or 64 wherein substitution on the phenyl of R*is
independently selected from F, Cl, CO,H, CN, OCHj3;, C(O)CHs, CF5, CH; CH,OH,
CH,CH,0H, and CH,CH,CH,0H.

A method of ameliorating arthritis or joint injury in a mammal, the method comprising

administering to a joint of the mammal a composition comprising a therapeutically effective
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67.

amount of a compound of Formula III, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:

0

X
RY)— P,
A
(Formula II1)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or C02R4;

nis0,1,2,3,or4;

X is O, NH, or NR®;

A is C(0), CH,, or CH-CR*R*-C(O)R?;

R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

R® is optionally substituted phenyl;

provided that

a) if A is CH-CR’R*-C(O)R?, then X is O or NH;

§—< >—CN
b) ifnis 0, A is CHCH,C(O)R? and X is O, then R* is not or

<

CO,H
; and
¢) if Ais C(O) or CH,, then X is NR” and R” is not or
o

A method of ameliorating arthritis or joint injury in a mammal, the method comprising
administering to a joint of the mammal a composition comprising a therapeutically effective
amount of a compound of Formula Illa, or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof:
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68.

O
R")n NH
R2
R3
R* O

(Formula ll1a)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or CO,R*;

nis0,1,2,3,or4;

R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl; and

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR?, C(O)NR*R?, or SO,R*.

A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the
method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula III, or a pharmaceutically acceptable salt, solvate, polymorph,

prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

0
X
RY—T L X
ZA
(Formula II1)

wherein

each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or CO,R*;

nis0,1,2,3,or4;

X is O, NH, or NR®;

A is C(0O), CH,, or CH-CR’R*-C(O)R?;

R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl;

R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR*, C(O)NR*R?, or SO,R*; and

R® is optionally substituted phenyl;

provided that

a) if A is CH-CR’R*-C(O)R?, then X is O or NH;
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§—< >*CN
b) ifnis 0, A is CHCH,C(O)R? and X is O, then R* is not or

CO,H

2

§—< >*CN
¢) if A is C(O) or CH,, then X is NR® and R° is not or

CO,H

<

and

<

69. A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the

70.

71.

72.

73.

method comprising contacting mesenchymal stem cells with a sufficient amount of a
compound of Formula Illa, or a pharmaceutically acceptable salt, solvate, polymorph,

prodrug, ester, metabolite, N-oxide, stercoisomer, or isomer thereof:

O
R")n NH
R2
R3
R* O

(Formula ll1a)
wherein
each R' is independently halo, optionally substituted alkyl, optionally substituted alkoxy,
optionally substituted aryloxy, CN, NO,, SR*, S(O)R*, SO,R*, NHR®, NR*R’, CO,H,
or CO,R*;

nis0,1,2,3,or4;
R? is optionally substituted aryl or optionally substituted heteroaryl;

each R* and R* is independently H or optionally substituted alkyl; and
R’ is H, optionally substituted alkyl, C(O)R*, C(O)OR?, C(O)NR*R?, or SO,R*.

The method of either claim 66 or 68 wherein X is NR®and A is C(O).

The method of either claim 66 or 68 wherein X is NRand A is CHo,.

The method of either claim 66 or 68 wherein X is O and A is CH-CR'R*-C(O)R>.

The method of either claim 66 or 68 wherein X is NH and A is CH-CR'R*-C(O)R™.
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74. The method of any one of claims 67, 69, 72, or 73 wherein R? and R* are both hydrogen.

75. The method of any one of claims 67, 69, 72, or 73 wherein R is optionally substituted alkyl
and R* is hydrogen.

76. The method of any one of claims 67, 69, 72, or 73 wherein R* and R* are independently
optionally substituted alkyl.

77. The method of any one of claims 74-76 wherein R? is optionally substituted heteroaryl.

78. The method of any one of claims 74-76 wherein R? is optionally substituted pyridinyl,
optionally substituted pyrimidinyl, optionally substituted pyridazinyl, or optionally
substituted pyrazinyl.

79. The method of any one of claims 74-76 wherein R? is optionally substituted phenyl.

80. The method of any one of claims 79 wherein the phenyl of R? is bisubstituted.

81. The method of any one of claims 79 wherein the phenyl of R* is monosubstituted.

82. The method of either claim 80 or 81 wherein substitution on the phenyl is independently
selected from F, Cl, CO,H, CN, OCH;, C(O)CH;, CF;, CH;, CH,OH, CH,CH,0H, and

CH,CH,CH,0H.

83. The method of any one of claims 1-65 wherein B is CO,R* and R* is optionally substituted
alkyl.

84. The method of any one of claims 1-65 wherein B is CO,R* and R* is hydrogen.

85. The method of any one of claims 1-84 whereinnis 0, 1, or 2.

86. The method of claim &84 wherein n is 0.

&7. The method of claim &84 wherein n is 1.
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88. The method of claim 85 wherein R' is independently selected from Cl, F, CH,OH, CH,NH,,
OCHs;, OCF3;, OCHF,, CN, NO,, CO,H, and CO,CHs.

89. The method of either claim 1 or 5, wherein the compound is selected from
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acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or

; or a pharmaceutically

isomer thereof.

90. The method of either claim 2 or 6, wherein the compound is selected from
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pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide,

stereoisomer, or isomer thereof.

91. The method of either claim 3 or 7, wherein the compound is selected from
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H, o}

; or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof.

92. The method of ecither claim 4 or 8, wherein the compound is selected from
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acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or

; or a pharmaceutically

isomer thereof.

93. The method of either claim 27 or 31, wherein the compound is selected from
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; or a pharmaceutically acceptable salt, solvate, polymorph,

prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof.

94. The method of either claim 28 or 32, wherein the compound is selected from
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acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or

isomer thereof.

95. The method of either claim 29 or 33, wherein the compound is selected from
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pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide,

;ora

stereoisomer, or isomer thereof.

96. The method of either claim 30 or 34, wherein the compound is selected from
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pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide,

stereoisomer, or isomer thereof.

97. The method of either claim 66 or 68, wherein the compound is selected from
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pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide,

stereoisomer, or isomer thereof.

98. A method of ameliorating arthritis or joint injury in a mammal, the method comprising

administering to a joint of the mammal a composition comprising a therapeutically effective

amount of a compound selected from
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99. A method of inducing differentiation of mesenchymal stem cells into chondrocytes, the
method comprising contacting mesenchymal stem cells with a sufficient amount of a

compound selected from
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o , and ; or a pharmaceutically
acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer

thereof.

100. The method of any one of claims 5-8, 31-34, 68, 69, or 99 wherein the method is

performed in vitro.

101. The method of any one of claims 5-8, 31-34, 68, 69, or 99 wherein the method is

performed in vivo in a mammal and the stem cells are present in the mammal.
102. The method of claim 101 wherein the mammal is a human, a dog, a cat, or a horse.

103. A compound of Formula I selected from
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acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or

isomer thereof.

104. A compound of Formula Ia selected from
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pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide,

stereoisomer, or isomer thereof.

105. A compound of Formula Ib selected from
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acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or

isomer thereof.
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; or a pharmaceutically acceptable salt, solvate,

polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or isomer thereof.
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, and | ;ora pharmaceutically
acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or

isomer thereof.

109. A compound of Formula IIb selected from
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pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide,

stereoisomer, or isomer thereof.

111. A compound of Formula III selected from
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, and ;or a pharmaceutically
acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-oxide, stereoisomer, or

isomer thereof.

113. A pharmaceutical composition comprising a compound of any one of claims 103-
112, or a pharmaceutically acceptable salt, solvate, polymorph, prodrug, ester, metabolite, N-

oxide, stereoisomer, or isomer thereof, and a pharmaceutically acceptable excipient.
114. The pharmaceutical composition of claim 113 further comprising an additional

compound which is therapeutically effective for the treatment of arthritis or joint injury

and/or the symptoms associated with arthritis or joint injury in a mammal.
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115. The pharmaceutical composition of claim 114 wherein the additional compound is
selected from NSAIDS, analgesics, angiopoietin-like 3 protein {ANGPFTL3) or chondrogeunic
variant thereof, oval salmon caleitonin, INGS inhibitors, vitamin D3, caspase inhibitors,
colagen hydrolysate, FGF1E, BMP7, avocado soy ansaponifiables {ASU), and hyaluronic

acid.

116. The pharmaceutical composition of claim 114, wherein the mammal is human.

117. The pharmaceutical composition of claim 114, wherein the mammal is a companion

animal or livestock.

118. The method of any one of claims 1-4, 27-30, 66, 67, or 98, wherein the mammal is

human.

119. The method of any one of claims 1-4, 27-30, 66, 67, or 98, wherein the mammal is a

domesticated animal or livestock.
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ME JiE DR IR L 4— WRIERRIE (4-piperidonyl) MM e | MG M e I L 28 = IR 26 | I e 5 | [T
SR 3L, = MEERIE (trithianyl) < PUSUE MR 3 AR AR IS IR IE (thiomorpholinyl) % 24 g,
WAL (thiamorpholinyl) 1- 44X — BRACSIKIE 1, 1- — 404K - SRACD bk IE | 12— Sl ik —4.
15— ek -5, 18- Ttk -6, 21— &k -7 & 2% —18- jellik —6. — & 4% —18- &k 6. &k —21- 7
fik =7 AR 21— bk 7. BRARFEULEH R S A BAR U B, R IR SR AT AR IR s B .
PR JoE 5 A B SR AR O AR T B R R, 0 -

oReNoRoNeleRel
OG0 aroQ
R A0 Co C) Co ¢

S 5 O o) s i Nio Lob
Q[Njo N [NJENJQENJK) g
N H H H N
@O | C@ AN/]\N? e RIS IBK

Yo, CAFEEANER T FOE HEASERE . BRAE AT U, A e A P R 2 210 Mk
PR, 242 B A ek o AR IR 5 A0 H I AR 22 M e R i T AR R AS R T
AedE (RIZRIAGEEA B ZR T ) MR (BT ) EE. FBRAREBI A+ 5
SR ELAAREI, I etk nl AR st g A
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[0088] “Z:USEE”IRBEEI T 1 B 13 ME T 1 2 6 ANk 3 A& A 4 R 1
PAR Z /b — N5 IR 5 & 14 ok R . NIERIA K B H B, 4 55 FE 0T DL HL3R . XL
W= EVURR IR &R, nI SRR A BN R 5 HLAE 4% 05 36 o i 20 i B i1 ] AT ik th
WAL RUR T AR A T A . SRR R IR TR A% 30 Y i 3 L kI |
FRmg me 3L IR FE | (benzindolyl) 2R 4RI AL (benzodioxolyl) 2R WK g Jit |
O R | I I L | I TR I (D] [1, 4] A B AL, 4- KOF gL
R IFZE IR L (benzonaphthofuranyl) « 78 FFRE ML | IR - — 5 R FF AL IR FF I
% (benzodioxinyl) 7% H Nk Hed 52 o 2R bt e Pl 25 2R SH POk Mg 35k | 28 Ik g I i | 8 g wy ik
(benzothienyl B benzothiophenyl) « 7K Jf = M 3L 2K IF [4, 6] BEME I [1, 2—-a] W mE 3.
P s 56 IR | - 2R R R IR 3 L IR R IR Iy | R R S | PR R T S e R A S | DR A | g
M| MR S | g s G S M| IR R | | MU AR R | S M R bR L | e e AR G | Mg W R | S R R | 2R g
JE R R 0 SRR AR SO IR PR 2 1 SRR I L 1 AR S L 1- 4
AP J L 1— SR AR IR 2 L 1— R0k — TH— b g ik | Wy W i | oy g W ke Wy PO B | O e i | gt
WRE | P Ay 56 | I It 2 TR e 6 | b e S P PR s | I e ik PR s I AR I s 1 I s 1
B ZE PRI S IR | U G P BRI | I L | AR | = IR T A | = 1R R T E Yy
(thiophenyl) (B, BEWy£E (thienyl)) o BRIAEFE VISP 53 AR HARTE, 2% 55 T AF e i
HUAR.

fo089] bk vy £ A AT LA BRI R BT o an A ST 4 H AR TR “ BRI 7 Fa 4]
FIRFEFH (BN, fredk Wk e S L O 3 IR L i AU BE R e IR A / BT L) W]
= Refl, Hh 2> — AR P e AR AR P BRI AR B A BRAETE BB
o B R, 4 AR B R P T AR B DL B — AN B AN AR AR &S —COHL
fi 26 PR 2L AR AL (thiooxy) IEdk. WV JGe s e S 2 05 0 PR e L R 3R 38 e 05 28 L —
P 55 Fe G e 3 0 F il . 5 R e ik B (AN'Ry) « N- S AR R R I s TR T
U = e A e R e O R R R S i | e T O R R A b R | — 5 e R A e R 1) Rk A R
FRRE 1, 4 i e 2 B A R S 0, 91 — R R R Bl = R A . BRI 7 isfe Ho— A
BN ORI S g s (D, U E =) BT B AR AR AT R FE A,
FIr 3k 25 Ji 1) Gn /9 70 SR AR S 0k 582 5k AR 5 [T b ) A, RT3 QT e 5 s ARG 1) 25 14
IR B, “HUCR” B — A B AN E R T8 -NH,y -NR,C(= 0)NRR,« -NR,C( =
0) OR,+ -NR,SO,R,~ =0C ( = 0)NR,R,» ~OR,~ =SR,~ ~SOR,~ ~SO,R,~ —0SO,R,~ =S0,0R,. = NSO,R,
A1 =SONR R, BT & A L IRAEAT R ] 7E 30, R AR B R ECAS ], H 7 H A b2
P S B R IR AT L O i D5 Bk PR PR PR GE I | AR L PRI N JR 3R
B HRINIRIE L U5 B N- RO RN/ Bl Oy B b A . bAh, EIREUAIE R — AN e T
fEIEH — B A LRI TR . BeAbh, AT LIRS 5 a3 AR, LEFE— A a2
AN B IR ECEUR o a0, BE R e — AN B A R AU BT AR, DR s Tk Bl R T
Ao AL, BEJE v — AN B2 AN e S5 1 B AR, CATE BB « A A 5%

[0090]  ARAE “ATAEM)” BL AR 2 Fa b S 1R 0 A B DL nT Be R AR BT REAS R AR
F HAZ AR 0045 F b B I S Bt R AR B T A BTl S AR B A R AE RS T . 9
“URIEHAR R BEIE” E AR b SO el ” g R e 8 7. Ak, AR B B 2 T AT
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DL AREUHT (511, —CH,CH,) < 58 2B (440, —CF,CF,) «BREUAR Y (440, —CH,CH,F) ,
85 DATE 58 4 BRAT B U 2 18] AT — KPR B 1) (451l 4, —CH,CHF . —CH,CF, —CF,CH, —CFH
CHF, 55 ) o AU EAN GV PR, X T 5F — Dl 2 A DUREE A E A i (4], 1X 28 L [4] 5F:
ANBEIEGINAEZ 0] LRSI R AT / BUE G B EAS AT AT AT BB (5, 1
AR ) e 2 B 5 A 30 AR R A Je 228, T 12 3 o 22 e et R S e SO B 4 AT e B I e 225
WL AT RETCPRAERS ) o R, Bk (AR ] AR — M BB AR A A 2 1, 000 S&E /K1, Jf H 5
SR, k2 500 T R KT .

[0091]  “HRE" 8L “I0I7 A RE” TalE N RAEBUE N R P55 E B 5 7t FH T FL3h
W32 i3 A Roth = A R e T AR L & E &= .

[0092] XM (an, WALBYD, AN ) BRAML R “i6YT (ARER ) 7R 7E B B oA AR sl 4
M E SR RE A AR R AL ()Pl AE— 26 st 5 &, v T R e L A E S
o3 JEARFE 46 J5 it FH 29 ALA, FF B LA e (lan, i AN B4R ) B L 1) 22
fift o 76 HAth S 7 2 T, VYT IR AL FE TS I AL B (A5G0 24 AN PR g R 4 TR SR i
AR RFIHAYD )

[0093]  “H AR Ak e Mo — N E T BIF— 07 5 —NEFRR B A0
BERI AV TE N BAS SRR AR . B AR S A SR 7 TR (1B S B RTAH 41X
BRI A ) AT BRI A Y. TE ] BE R AR B AR SR B S HE S, A7 AR AR SR
A AT . 25 RE T ARSI AT AL SR A BAR A I 20 B S A A iR A 17 451 Y
W TR, SRR AR pHe AR F MR AH B4R ) — Lo sz ) 0 45 .

A = A da = Ga

_. OH NH, NH o
NH, ‘\/&NH \)\\N}\ = \)J\H:\ TZ\>—§ — ‘JH\[N’H

X
X -t

H

;’JYN\)\J . ;“\WH . ;‘YN\N . ;"YN\NH
N~N N~,\IN HN~’ Nz
k

[0094] AR AT HIML SV ARG 24 S VAREIN B B iz A& Y AT A=
Yo ARG WA 18140 E V0 AR IS B 2 A & Y R A s AT A2 . tnAR S
FIASE FH ), ARG “ AR FR i ad S 8 M i A2 R B e e i 18 (B EASBR T, 7K
SN AR ) SO, AR S BT ) AT, TR, BT PR AE AL S YRR B S5 R O . 15
i, ZH A 52K PASO {4 22 P U NS 5L SR, 1T PR ot T 0 e T 5 e A IR M A 0 1L 1Y
HIPERE IR 73 T 5 A8 O 75 2 B MR W R IR IR G Rl B 3 2k o R TR Rt — 2845 Bl A
The Pharmacological Basis of Therapeutics, Ui, McGraw-Hill (1996) H3kE. A&
ST AT AL S RAREI I T IS DL VR S RSPt T8 R IRk s £
I ZURE AT 0 A, BORAL & 5 I AR AR S MR & IR T AL & AT o0 fr . X Y Ff
TTVEAS R A FI) o AR — 8852 7 S0, AE ) A i i S A AR e, 060 BT
RN &R E Y. 1E—LeSTii )7 i, A& Y AR a2 BE AT o
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[0095]  ASCHEML 1 —Fh el i ALah P I 01 R BRI 1TV VA A A A W LB
PO it B AT VR 7 A R A SC AT L S I A &Y

[0096]  ASCHEML 1 b T 18] 78 5 T4 70 e 9 i R A 7V VA A A A ) 78 iR
T Rk B A A T RIS TS T A A O R A

[0097]  FE—J5 i, ASCHRAL 1P S8 I FLAh I IR 5 R O IR 5 K U7 ik TR
5 181 AL B 0 B 5G9 it A A S iR T A AR S T A S s 25 5 Bl 552 1 26 VA R
Y. 2 b2 AT 2 B AR N- A ST AR SR A R B AR I AL S

B i
Y 3
5 (R

(X 1)

Hrp

B RUMST R AR AT IR B G e AT IR U I e S AT IR B 95 A L CNLNO 5.
SR*. S(0)R". SO,R*\ NR'R"". CO,H B} CO,R";

nA0.1.2.384;

moN1.2.3 84 ;

B 24 CO,R"\ CH,CO,H. CH,CO,R"BRAT 1 HUAR F 2R 5

Y g%k, - (CR°R®) —. - (CR'R®) (CR'R') - B, — (CR'R®) (CR’R") X- ;

X 4 0 5l CRR’;

RZARARLC(0)R S COR'\CO)NR'R" e AR BB A e 3L i AUkE3E . SOR L (CR'RY)
OR', (CR'R)NR'R". (CR'R®) (CR'R'®) OR'. X (CR'R®) (CR’R") OR". X (CR'R®) (CR’R")NR'R"'. (CR'R®)
C(0)R*. (CR'R®)C(0)OR*. (CR'R®)C(0)NR'R''. X (CR'R®) C (0)R*. X (CR'R®) C (0) OR". X (CR'R®)
C(0)NR'R". X (CR'R®) (CR'R') C(0)R". X (CR'R®) (CR’R")C (0) OR". X (CR'R®) (CR’R") C (0O)NR'R".
(CR'R®) NR'SO,R'®%, C ( = NOR H)R;

& RS % 7 HLCONL k48, C(0) R . CO,H. CO,R*C (0) NR'R"' . Jz 35k A1 AR Fty o 4 2k
SO,R'. (CR'R®)OR'. (CR'R®)NR'R''. (CR'R®) (CR'R")OR". X (CR'R®) (CR’R") OR'. X (CR'R®) (CR'R"")
NR'R'. (CR'R®) C(0)R". (CR'R®) € (0) OR'. (CR'R®) C (0)NR'R'". X (CR'R®) C (0) R*. X (CR'R®) C (0) OR"
X (CR'R®) C(0)NR'R"'. X (CR'R®) (CR’R") C (0)R". X (CR'R®) (CR’R") C(0) OR". X (CR'R®) (CR’R™) C(0)
NR'R'. (CR'R®) NR'SO,R*A11 C( = NOR ) R';

B ROGHARH R85 R *— A

£ RS B H AVEIR BRI ke 3

F RVRSGRIGRS RN R A g O HL AR AT B e 3 L OHL CO LRY NR'RY AT
BRI e 2, s B

Ry H AR BRI 42 2E . C(O)R ', C(0) OR'. C (0) NR'R'E¥ SO ,R';

FA

a) WY A% H m v 0, ] R%%EE C(0)NR ‘R, (CR'R®) OR". (CR'R®) (CR’R") OR*. X (CR'R?)
(CR’R") OR*. X (CR'R®) (CR’R')NR'R''. (CR'R®)C(0)R'. (CR'R*)C(0)OR"'. (CR'R®)C(0)NR'R'".
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X (CR'R®) C(0)R*. X (CR'R®) C(0) OR". X (CR'R®) C (0)NR'R"'. X (CR'R®) (CR'R") C (0)R". X (CR'R®)
(CR'R") C (0) OR*. X (CR'R®) (CR’R") C (0)NR'R"'\ (CR'R®) NR'SO,R'F1 C ( = NOR “)R*; H.

R*A & C(0)NH . p—CH,0R". p—CH (OH) CH,0H. p—CH,CH,0H &% p—CH,CH,CH,0H ; H.

b) M EWAIER

CO,H CO,H
oz Ol OGRT
\©\ CO,H CO,H
C02 COz\/©\ COZ\/O/COZ
RO CR, O

CO.H |

CO,H 0 CO,H O\
i Iy G
N o N
@] 7]t‘\3 O o
[0098]  E 53— 7 [, ASCHRAIL 7 — i 35 5 L W0 1 50 77 % BROC  Ba403 1 7 V% 207 1k

LA 1R AL S ) ST T P A 3BT A AR R 3K Ta (S BRI 2557 bl B2 1) kL 7
W % e W 24 B AR N= S ST AR SR A AR B AR B AL 5D

B
3
RZ

(X la)

Hrp

B RS R AR AT IR BUR e AT IR U I e S AT IR B 95 A L CNLNO 5.
SR*. S(0O)R". SO,R*\ NR'R"". CO,H B} CO,R";

nA0.1.2.384;

B 25 COR';

RN C(0)R . COR'.C(O)NR'R" . e 3k AT BUAC ) g S8 L s A 3k L SO,R" L (CR'R®)

. (CRRY)NR'R'. (CR'R®) (CR’R")OR'. X (CR'R®) (CR’R"®) OR", X (CR'R®) (CR'R')NR'R"'. (CR'R?)
C(0)R*. (CR'R®)C(0)OR*. (CR'R®)C(0)NR'R"'. X (CR'R®) C (0)R*. X (CR'R®) C (0) OR". X (CR'R®)
C(0)NR'R". X (CR'R®) (CR'R') C(0)R". X (CR'R®) (CR’R")C (0) OR". X (CR'R®) (CR’R") C(0O)NR'R".
(CR'R®) NR'SO,R'8%, C ( = NOR H)R;

& ROPh7HIE F ONL 4R, C(0)R ', COH. COR'S C(O)NR'R' . J5 = A 18 BUAR 1) o 48 2
SO,R'. (CR'R®)OR'. (CR'R®)NR'R''. (CR'R®) (CR'R")OR". X (CR'R®) (CR’R") OR'. X (CR'R®) (CR'R"")
NR'R'. (CR'R®) C(0)R". (CR'R®) € (0) OR'. (CR'R®) C(0)NR'R'". X (CR'R®) C (0) R*. X (CR'R®) C (0) OR"
X (CR'R®) C(0)NR'R"'. X (CR'R®) (CR’R") C (0)R". X (CR'R®) (CR’R") C(0) OR". X (CR'R®) (CR’R™) C (0)
NR'R". (CR'R®) NR'SO,R*A11 C( = NOR ) R';

B RPGHARH R B R *— A
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X N 0 85l CRR’;

B RUBMST M3 [ H AR BUR e 3

F ROVRORGRERAT R BT ke [ HL s AR AR IR B A e 3E L OHLNR "RY AT BUAR
frsE ik s H

RN HARIEEUCH B2, C(0)R *. € (0) OR". C(0) NR'R"EL SO ,R";

AR ER

CO,H CO,H
COM 2 L COopH
o)
0 ° COH

s COzH %D

[0099]  FE 55— T3, A SCHRAL 17— Pl 508 I FLAh 1K) 5<% R BT 1R A5 (K U ik 5 vk
LA R AL S ) ST T P A 3R T A AR R 3 Th A S B 255 bl B2 i) R L T
W % e D 24 B AR N= S ST AR SR A AR B AR B AL 51D

B
/vt 0 R
g
(@] X
\R2

(X Ib)

Hrp

B RUMST R AR AT IR B A e AT IR U I e S AT IR B 95 A L CNLNO 5.
SR*. S(0O)R". SO,R*\ NR'R"". CO,H B} CO,R";

nA0.1.2.384;

B 25 COR';

R*J9 C(0)NR 'R". (CR'R®) OR". (CR'R®) (CR’R') OR'. X (CR'R") (CR’R'’) OR". X (CR'R®) (CR’R")
NR'R'. (CR'R®) C(0)R". (CR'R®) € (0) OR'. (CR'R®) C(0)NR'R'". X (CR'R®) C (0) R*. X (CR'R®) C (0) OR"
X (CR'R®) C(0)NR'R"'. X (CR'R®) (CR’R") C (0)R". X (CR'R®) (CR’R") C(0) OR". X (CR'R®) (CR’R™) C (0)
NR'R'. (CR'R®) NR'SO,R'8%, C( = NOR ) R';

RN H

X 4 0 5 CRR’;

£ RS 5 H AR BRI e 3

% ROGRGRUGRSCRVRN R "par bk B H iR ARIE B ke 3 L OHWNR ‘R FIE R ERAR 1)

RN HARIEEUCH B2, C(0)R *. € (0) OR". C(0)NR'R"EL SO ,R";

%M & W on Mo, W R*A J& C(O)NH ,. p—CH,0R". p—CH (OH) CH,0H. p—CH,CH,0H B
p—CH,CH,CH,0H.

[0100]  FE 53— U7 IHl, AR SCHR At 7 —Fh 5 0l FL AN W I OG5 R B 15 i 07 %, %07 1
A0FG [m) el FLAN P D1 i A B B 7 A AE I 3 Te Gl 24 % BT 3252 (1) 2h L V71
. 2 @) AT 245 e AR N- S A LA SR A B R R AR A
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R2
B
mH@[mn
Y
o (R

(X L)

Hrp

B RUMST R AR AT IR BUR G B AT IR U I e S AT IR B 95 A L CNLNO 5.
SR*. S(0O)R". SO,R*\ NR'R"". CO,H B} CO,R";

nA0.1.2.384;

moN1.2.3 84 ;

B 25 COR';

Y A -(CRR") - ;

C N5 HEE R 75 4

X N 0 85l CRR’;

RZARR.C(0)R S COR'\C(O)NR'R" e 3k AL IEBUAR A bS8 3, « s A UkE3E . SOLR" | SONH,
SO,H. (CR'R®) OR'. (CR'R®)NR'R'. (CR'R®) (CR'R') OR'. X (CR'R®) (CR’R"") OR"\ X (CR'R") (CR'R"")
NR'R'. (CR'R®) C(0)R". (CR'R®) € (0) OR'. (CR'R®) C(0)NR'R"". X (CR'R®) C (0) R*. X (CR'R®) C (0) OR"
X (CR'R®) C(0)NR'R"'. X (CR'R®) (CR’R") C (0)R". X (CR'R®) (CR’R") C(0) OR". X (CR'R®) (CR’R™) C (0)
NR'R". (CR'R®) NR'SO,R'E}, C( = NOR ) R';

% RS % 7 HLCONL k48, C(0) R . CO,H. CO,R*C (0) NR'R"' . Jz 35 \ A1 AR Fity o 4 22k
i fC ke SO,RY (CR'R®) OR'. (CR'R®)NR'R™. (CR'R®) (CR’R'"®) OR*. X (CR'R") (CR’R'"®) OR*. X (CR'R®)
(CRR")NR'R"'. (CR'R®)C(0)R". (CR'R®) C(0)OR". (CR'R®) C(0)NR'R"'\ X (CR'R®) C (0)R". X (CR'R®)
C(0)OR*. X (CR'R®) C(0)NR'R"'. X (CR'R®) (CR'R"") C(0)R". X (CR'R®) (CR'R")C(0) OR'. X (CR'R®)
(CR'R") C (0)NR'R". (CR'R®) NR'SO,R*#1 C ( = NOR ) R";

5 RPSMHARK R 85 R > REE

£ RS 5 H AR BRI e 3

B RVRSGRIGRS RN R W ik O HL AR AT B 5 3 L OHL CO LRY NR'RY AT
HARH e 2, s B

R"Jg H AR BRI 42 2E . C(O)R ', C(0) OR'. € (0)NR'R'E¥ SO ,R';

CO,H
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MR EYAILEA ©;(N p

o) COLH

™
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COZH COzH COzH C02H O
H\/©\ H\/O/ H\/©: >
i CO,H . A 0
0 . 0 . 0 Fe
CO,H O
H\/©/
[I N
o) .
[0101]  FE5 —J5 M, A SCHRAE T —Fhis 5 7] 78 5 40 A 2 A0 80w 40 L i) 3, % v

LG IR) 78 o1 T A A e 2 03X T AL S Bl 24 5 mTe 2 (1 88 ST L 2 i )
24 g A N- S SLAR S A AR B A 1

B i
mm@%(ﬂ\ &
Y 3
J (R

(X 1)

Hrp

B RS R AR AT IR BUR e AT IR U e S AT IR B 95 A L CNLNO .
SR*. S(0)R". SO,R*\ NR'R"". CO,H B} CO,R";

nA0.1.2.384;

moN1.2.3 84 ;

B 24 CO,R"\ CH,CO,H. CH,CORBRAT 1 HUAR F 2R 5

Y g%k, - (CR°R®) —. - (CR'R®) (CR'R') - B, — (CR'R®) (CR’R") X- ;

X N 0 5l CRR’;

RN C(0)R . COR'.C(O)NR'R" . e 3k AT BUAC o S8 L s A3 L SO,R' L (CR'R®)
OR'. (CRR)NR'R". (CR'R®) (CR'R'®) OR'. X (CR'R®) (CR’R") OR". X (CR'R®) (CR’R"’)NR'R"'. (CR'R®)
C(0)R*. (CR'R®)C(0)OR*. (CR'R®)C(0)NR'R''. X (CR'R®)C (0)R*. X (CR'R®) C (0) OR'. X (CR'R®)
C(0)NR'R". X (CR'R®) (CR'R') C(0)R". X (CR'R®) (CR’R")C (0) OR". X (CR'R®) (CR’R") C(0O)NR'R".
(CR'R®) NR'SO,R'8%, C ( = NOR ) R;

% ROPHSTHbI%E [ HLCONL g4, C (0)R *.CO,H. CO,R".C (0) NR'R" . e Fit AT B BAC A e L 3
SO,R'. (CR'R®)OR'. (CR'R®)NR'R''. (CR'R®) (CR'R")OR". X (CR'R®) (CR’R") OR'. X (CR'R®) (CR'R"")
NR'R'. (CR'R®) C(0)R". (CR'R®) € (0) OR'. (CR'R®) C(0)NR'R'". X (CR'R®) C (0)R*. X (CR'R®) C (0) OR".
X (CR'R®) C(0)NR'R"'. X (CR'R®) (CR’R") C (0)R". X (CR'R®) (CR’R") C(0) OR". X (CR'R®) (CR’R™) C(0)
NR'R'. (CR'R®) NR'SO,R*A11 C( = NOR ) R';

B RPGHIARH R 85 R *— A

£ RS 5 H AR BRI e 3

F RVRSGRIGRS RN R P % O HL AR AT B 3 L OHL CO LR NR'RY AT
BRI e, s B

RN HARIEEUCH B2, C(0)R *. € (0) OR'. C(0) NR'R"EL SO ,R";

FA
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a) WY A4 H m v 0, ] R%%EE C(0)NR ‘R, (CR'R®) OR'. (CR'R®) (CR’R") OR*. X (CR'R?)
(CR’R") OR*. X (CR'R®) (CR’R')NR'R''. (CR'R®)C(0)R'. (CR'R*)C(0)OR"'. (CR'R®)C(0)NR'R'".
X (CR'R®) C (0)R*. X (CR'R®) C (0) OR". X (CR'R®) C (0)NR'R"'. X (CR'R®) (CR'R") C (0)R". X (CR'R®)
(CR'R") C (0) OR*. X (CR'R®) (CR’R") C (0)NR'R"'\ (CR'R®) NR'SO,R'F1 C ( = NOR “)R*; H.

R*A & C(0)NH ,« p—CH,0R". p—CH (OH) CH,0H. p—CH,CH,0H &% p—CH,CH,CH,0H ; H.

b) ZMEWMAIER
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/ (o]
(o) 7]t~|:1 o

& J
[0184]  ZRICHIR 1 FH T 175 3 B) 70 Jon 41 i o3 A4 D R 4 B DL R FH T 2 e L3 A 1R ok
R BT A S LA RO LA S VD] £ DT 1« ARSCIEHR T XS24 b
A2 W 245 BT RS I AR 2 i AR Y DL R 2y 2 BT R AT . iR AR
fit 7 =D —FX R S EGZAL S 25 B RT3 25 BRT R B R AL
Y 25 70 AR Y B 24 7 AT IR R 24 LA S 2457 B T2 I OE R 25 4H-510) -
[0185]  ZRSCHHIR HIAL A AT A FH A S R N 53 O BN AR v G 1 s S B4 FH AR 40 43
S TR L. AT LA RLZAE I SR FH s SR AR AL Fir ik Ak 547, B0 AT AT R X 6 e B R
B B, B i AR ek O RN i 7 iR AT i R
[o186]  FH T+ & A TP i 1) Ak & P 1) S 46 A4 RE AT L& B ERCRT M b R R 3R 49
1Z M Sk VR B o & {H A PR F Aldrich Chemical Co. (Milwaukee, Wisconsin) «
Bachem (Torrance, California) B¢ Sigma Chemical Co. (St.Louis, Mo.). Z X b1 A 1Y
& W e oA B A A R U B AH SR Ak & 0PI A FH A s R N B3 8 ) 3 R A
KA R 1 A P A8 7 G LR A BORATF KL March, ADVANCED ORGANIC CHEMISTRY,
o4 fr ., (Wiley 1992) ;Carey F1 Sundberg, ADVANCED ORGANIC CHEMISTRY, £ 4
h ., Vols.A F1 B(Plenum 2000, 2001) ;Green Fll Wuts, PROTECTIVE GROUPS IN ORGANIC
SYNTHESIS, %8 3 hx ., (Wiley 1999) ;Fieser and Fieser’ s Reagents for Organic
Synthesis, Volumes 1-17 (John Wiley and Sons, 1991) ;Rodd’ s Chemistry of Carbon
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Compounds, Volumes 1-5and Supplementals(Elsevier Science Publishers, 1989) ;
Organic Reactions, Volumes 1-40(John Wiley and Sons, 1991) ; PL & Larock’ s
Comprehensive Organic Transformations(VCH Publishers Inc.,1989). ( ff A
X w5l HEBARIEANAR L) o H T8 BA ST A 1 46 & P i A D7 vk W T
br & X 2 JF 5 WO 01/01982901, Arnold % |, Bioorganic&Medicinal Chemistry
Letters 10(2000)2167-2170 ;Burchat %% ,Bioorganic&Medicinal Chemistry Letters
12(2002) 1687-1690. FH il & A S 22 AL S W) — B335 T NS Q58 R S B A5
B, I HON 79I NAE AR SC P pit ik 3 20 i L R 28 AN 30890 AR TR AR N 53 T 2 WA
A I 8 G 2 R R 2 A 5 12 e R A TAZ B

[0187] SR FHEL, Alfd FH AL HEHANBR Tl Y8 2808 L 45 ) I (i v 56 1 FLBOR SR 70 5 4l
S BLF=) o IR AR P FH /60, 455 A B S R R Vi 5 7 P 1) o T BR R ALE

[0188]  ZARSCHTIR KA ST il 2% BB — S M AR B R M AR TR &)

éz /'\EES“:»A%ESE@&}IX
B2k

[0189]  FE—UL5ji 7 R, AR SR 1AL G W UL LA S M AR T AP AE . FE—EE St 7 &
W ARSCRTIR I B B — AN E N WU . A SCERAE AL A 0 AL 38 B =X s =X TR
SHULE B (B) FZ B (Z) SRR DA AN VR A 75— S4E DL R, 40 & 90 DL H AR 346 4
WRAFAE . BCFTIR AV OFELE AR SR i@ A BT A 1T e B e f ik . fE— 28
BT, AR &M EA — A8 A FEO B30 BL R M AYEL S M BIfE7E. A
ST IR A A P A HE P R0 B e g S ok B S A A0 22 m) e A T S DL S AR IR &40 . FEAR
SCHRBE R A P AN T B A S T S, R — ) 5 20 IR L 2 G B LR A0S B 6T B
FEAARA /BRSO R AR IR G PT T AR SO N o AR — LS 7 v, Jl i A
B SN TR &5 T 68T 7377 SOSIE — X AEXT B i A G40 73 B8 A X B e ) 4k
T RIS 2 0 14 %o e S KA A, 45 A SCRITIR I A A ) 4% S L BRI ) ST AR SR R Ak . E — s
7 S ETT B E A (B AR B R £ ) o E— st T 2, R R
SERPR B AN E B BT (B A o5 0 s VA R P L SONME S ), I R A X s 2 e b AT
B fE LS T R il T AR R s R TR E E RN E R
AR B AT WA A . 75— 2L STl 7 e, ARG il A 2 51 A T AT A sz O =X
WAL 2 A PR T Bk S F Ak DA R A 40 741
brd LAY

[0190]  7E—L5jfa /7 R rh, A SRR 4L &9 LA R R bt I AP e . 78— 285t
J7 G, AL T B 7 v 4 e o it FH 2R R Z AR e I B VDR IG I T R B T . fE—
S S T 2, AT T A AR T DL A A v SO SR R AL R bR e AL S 9
RIBIT BRI T BRI, A — B8 S 77 28, RSO A AL &Y e FE R R s id i &
W, B 7 HAp— AN EE AN R B B SR 3 AR S R I R o R BT 2 A
I) P iR 7 JOR 2 BB R A R T ) S S AR, iZ R F bR Ie AL & W 5 AR SC AT IR Ak & W A
[ o] 5INA R B A0 R AL 25 0S40 B0 46 A ik 280 0 s SR LI R A2 2%, 490l
71 *H P H PCL MCV NGB0 0 TPLV PGPS VI R CT . B R R B /Bl A R ) oA
G L 25 AR SCRTIR AL & ) S SLARU W 24 % LT 852 B 3h VI8 BT 24 W W AL L /K & 0Bk

165



N 105228626 A i MR P 102/153 7

FTAEMEARR TG RE N . RN R PRiC A, wlinFd 51N 7 U R A & 40 °H
ATYC AR AL S0, TR T 200 ) SRR A0 i B . dikaic CBRCH) Andi 14 (RD
HC) TR 2R T A 5 i S R AT A U i e F AR . e Ah, SR AL R angw (RPH) BURRE
AT B E AR RS E TR 5| LR T L 9 T AR P 2 30 B ) S K B B R SR I gD
FE— st 5 A, RN mAR S AL A4 25 % BT 8252 2R e BT 25 I AL K &
BT A e T AT A B R T VA 4
[0191]  FE—LBSLjf 7 R, A SCHTIR AL & 9ia i Hoth 75 Sbmid, B EABR T H &
8 B EHS 7 AR R ORI B 2 R AR

252 | T4 (g £h
[0192]  7E—L5ijta 7 R rp, AR AL &P LI 25 % T2 sk e AP e . 75—
S 7 ST, A S T I 5 VB FE I I it 2 24 5 b nT sz 1 R SR VR YT R R I O
TE— LSl 7 R, AR SCA TR 7A@ IS DLV -G i F 2R 245 % b n] 552 1)
ERRIBIT IR T
[0193]  7E—LBSLjf 7 S, AR SCHTIR WAL &9 B A R 1t Bt 3 [, R itk 5 2 FpJepl
A HURATCAL S A LR H AT — PP S ST 2 2% BT 252 )8k 75— L8 STjfiy 1, 1X
S b PE AR I B A A 1) B 2 73 B8 RN A B0 1) D 7 1) 8 » B ot e Ak T3 5 T SR & 4lAL 1)
B 53 )5 3 ) R B Ss BE FF73 B EH b I s 1 356 R ) 4%
[0194] 245 b ml 43252 1 3 ) S oA 4 B8 A A SOk AL & 0 5 R HLIR - A LR BTG AL
Tl S 2 2% I AR e £, e SR ER B HE AR AR VI G IR 21 . O IR Bh VIR h R A E R 3 K H
PR Eh ORI R 2h DR ER A h L AR BR L Eh IR T BRER T bk -1, 4— B3R AN IR £k A%
IATRER A OB Bh S TR 3h L UK R 3h - &AL AT IE IR 3h L 38 I b T R 26 L 28 R 2k - — R i
PR h IR A Eh . AR R AR T AR IR A L LR £ IR £ R T M R R
HIPEBEIR AL H VB IR AL L LR 2h PR IR AL L BEIR AL L LR AR Ok 1, 6- SRR FRAEK
HEREL . v - B TR AL EhIR 3h SRR 3h AR £h . 2- B e R 2L Bk = TR
R VFLBRER VT M BR SR N IR ER L TR 2 | R MR R B IR IR £ L FF R R 2h L H A
FEIK IR B HP I 2K R h L B R PR AR L 1 2RI IR Eh . 2 ZEMER 2h MR 2h L RS TR 2 L DR
2R  RIRTR AR I BRI 23— FIE IR 2h VR Eh E RIR L = W IL 2R H AR 3
BRBR Bh R ER 2h AR ER 21 L A1 R W IR Eh  OR 2 L BR 3h R 2L T R 21 L TR e i R £ /K M R
T R VIR AL I ARER L T ERER . SF TR R 2 TR L VRHIR 2 I A R AL L IR AR
Eh FORBE TR £ T — e R S A1 — FE R R R 5
[0195] b4k, A SRk (4 A P ] il 28 s Ak & P s s o 05 25 5 B8 )
TENLEA AUER S5 BT T B ) 24 2 ] #5252 1) 38, Wb 2R 245 % b nT 45252 i e LB A HLIR 0. 4
EATR T TEALER, i W1 Eh R SRR S B IR i IR - IR e 2 B2 55 s A MLER, 18 0 1R W A
B2\ O A e T R O TR R TR W ALER T R T R ERIR N T % . = 1 )
TR Q- WA AR R ORI IR R R . 3- (- B AR R WL ) R R
FERR BRI 75 SR L F e iR - £ B iR L 1, 2 Z e MR L 2— SRk 2 B R L R MR
2- ZERH IR A- LR —[2. 2. 2] ¥ —2- % —1- BRI M PR 4, 4’ — U H W - (3- %
B -2- 0 —1- R ) 3- REENIR . =R ARV BUT 28 4R LR R R HE IR « 5 & B
FRIEZEH IR KR AR ER ARG BRIR . 78— S8 st 77 S vh, 15 W iR 1) FL A R B AR AR & I
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ARy BT 2 1, (BT 646 AT R SRAS A R B &9 L HL 24 5 B nT e 2 IR D A ik
e TR AR )
[0196] £ —YBsjii Jy S, 002 Ui B8 B Ak A1 i AR SO ik ) R Ltk & 5 LA AL & W I
N B, 1 A0 2 5 BT BB R BH R T SR IR IR B TR IR AL AR B IR &
B2 5 BT A WU PR U B . AR B h B4 el e #h B - 2 s
AR ER VRS CH R B R AN B ER AN Eh S . B T Bk S 0 5 S AL B L SR A B TE R
LENY RN N (C, e 2t ) 55
(01971 AJ F I8 e o i e AR PE A WU B 46 i — O & % Sl — LT
RSS2 3, AR SRR HAL & Pt A0 4 L 5 AR AT B 1k 25 R R B R 2= AL
FE— LB 7 58 v, T8I 2R AR AT A I I VA M BRT 23 B = D

\‘/""’5 5‘([ 1’{3%
[0198]  fE—LLsjifi )y S b, A SR K&V LLE IR IR AFAE . AR B 1R (i
Jit FH S SRR T ARG T B T 1 o AR B HE— D3R il nd DA 25 W) 20 & W it =it FH i 2%
AT T T BIR B 5 1%
fo199] VA & A it EEERE ATt E R E RS, O BAE s K, 2 S
2y P AT WA IR Z S5 S S I AR TR R HVE R KI R BUK &), 83 24
FFE BE I RBEAC A o« A SCHTIR A5 P RV 7 A 0 ] 7 {58 3 A S ik f e A v A 26 B
o AN 2GR, T 7 (5 A5 A3 A AN R T~ AU P T e« Y S5 Pk M i, Y s ) A LV 711
I KA/ APV TR &9 T P 45 R 2 A SO IR AL S K &Y. eAh, ARt
KL &P rT A CAEE AL AR AL R I AR . — T &, X T A SR R & YA 7
RIS S R X oy 5 ARV R X EE ]

ALY
[0200] £ 25t )y S, AR K E VI L2 BRI IR AFAE . AR B iR (i
it 2R 22 S T RAIG T B T 1k o« AR B HE— 2D AR (i d DA 25 W 20 & W it 2t FH 1 3%
EQ YD QIEVIR 1 IWIRr
(02011 PRIk, A SCHTiA KM S EFE A 45 s, OV ). 2 e S
Vi) BB A R e s H AN ) AR HERR SR 21 o FESELETR AL, 2 ST BA AR X- B 46
TS B S LLAMGTE om0 B RS L SRR G 2 A e M o A e PE AT R E . AR
SEAB LT, 1 0P 5 A VA R 4 s R A T B S A R PR A — AR R S 0

HIZ4
[0202] £ 25t )y S, A SR K GV LLAT 25 R AFAE . A9 K B SR fHd ad it
BB T 2RI T B B 5% o A R Wik — B SR A DL 25D 20 & Wt 0t FH 2R AT 245K 06 7
TR
[0203]  Fir 25— MO A A, AR T ] T4 BB Ja Wolios 28 s dnad i (i A i 4k
O — i R A oy B VR BGE I SE SR Y5t . — LU R 278 AT 25 R (R PR AT /
BT 250 R B — S AR B A S R Bl . — B SR ER BINET 25 B 2EAN / Bzt
RIP=AE TR 259 . DRONAE — L85 D0 T BT 245 LU BHA 259 58 5 I FH w2438 5 9 T Y. 1)
an, e AR R T AR, T EMA G ANGE . AERLEE LT, BT 2 254
GV BB LA ZG V) BSGE TR AR . BT 2510 — D S22 AEA IR T an A S pr ik 4 &
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Yy, FLABR R ( “RT2457) T FH DAk 5 e 3 A 7V 1 ) A% 3 1 AN FR) 16 40 R i ace , (HL
FLBE J5 — BLAE KV 1A ) 1 248 i P 350 DU AU K e iR B (G I SEAAS ) o BT 2451 oy — S5
AL S RE RIS RAL (R ), KAz ke LR B iEER . (2 W4
Bundgaard, “Design and Application of Prodrugs”,A Textbook of Drug Design and
Development, Krosgaard-Larsen fl Bundgaard %, 1991, 28 5 &, 113-191, Hi@ 5] HIEA
KI)

[0204]  7E—SBSERl 7 S0, BT 254 BTt B AT PR 29 AT AR, LAFHAE 3R = 25 1) 67 Ry
S A LFIR T A 184 NIk, BTGBt a2 v 1 $e mr B8 ) LK A 32 S350 1 X
BIT AL B ROKIEE

[0205]  FE—LESLt )y S, BT 2502 AR SCA I S C—ColeHE i o

[0206] 53 41, A ST HT IR AL S W B AT 245 43T A2 A AT AR ST 3 BCA A R ) U7 vk
% (RTH X247, i = W Saulnier 2 A\, Bioorganic and Medicinal Chemistry
Letters, 1994, 4, 1985) . 24111 5 , Al 8IS (8 ARATEA I S 518 IEA IR T & R
1, 1 P a2 Joe o T ik 0 T A ek 24 5k R 555 16 XY 2 2 Y I A i) e SR i % 0 =4 IR T 245
AR E MR 28 A AT 2528 AR AR AR ST IR AT A4 ) R3S AR
EORBVEEN . SEPR b, — SRR S YN 5 — T R EGE AL S AT 2
[0207]  7E—SLST J7 22, Fi 24 A3 e A R R e B R A AN B AN B (il 2.3
BG4 ) BRI A I 22 IR EE 2 L i o B s s AL O e e B AR WA B YD T B R
R R AR EY) . AERAECFHEEART 20 MRRFAER AR, I B
4- BRI AR B E R (demosine) N BE R R 3- W I R . IESi 5
B2 B- AR v - &5 TR NER . = E AR . &2 2 S 2R PR 2 R . 723
At ST 7 S b B2 55 A AR IR R R R A AN B AN L (it 2.3 B4 A ) ARk
BN FER T RN EREER RIS S .

[0208] A SCHTIRAL B P 24 5 L AT 32 1R A 24 A0 FRAE AN TR B R TR A B R T
N=- MR BT AR N- B e EE AT AR BURI = AT AR N- = JR A B 5 R 2 L PR
I TR IR TR | < SR AR I o BRI B9 U5 Ik i ik R Ak B B A5 ) T e AL 9 i
2y, I, T SR ARV AT A N B I B e B B . AR IE LT, A X LT 2558 4 b gl N
{EANTR B i MR R B e AT 1) 2 4]

[0209]  FRBE T2 B4R, W A E AN PR T IR AR AR e e (] gt 2 A HH B R AR R B ) T
Jt SRR i S e B TR L e R R L 7 AR IR L BRI T TR R TR L IR RN S AL RO T < T
P fie 28 2 R BRI e DR E R I — FR i 2 ik £ TR I P sl T A HR 4 B 38, 0 Advanced
Drug Delivery Reviews 1996, 19, 115 5 LA .

[0210]  JReAiT A IR 25 A AH AR T~ DA B A A B E A 5
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ol o) o) s R O R O
fka —N)J\o £ —NJ\S R —ryko R —N)J\S’R —N)\O)LR —N)\O)J\O R
H H H H H H H
ol s R R s R s R O
NJKO N)K(j —N/)\R —N%N’R —NJ\SJLR —NJ\O)LR —NJ\SJLR
H H R H H H

ITI N

f i Tla Tl TH. TR, 13,
H H H H H H
DA B T P Jrig AN B IO
[0211]  FERELAE LT, FEATAR 5 A& PR30 7 L7 5 5 28 25 AR I 87, DR ML AE 0% 7 B4
Al e NS ST )T AV IR P = AN A Rl E] S SER R i b
[0212]  FE—S850j 7 S8 P, AN SCHRIR A &4 5 KA B BRI S B o [RLIHGAE — S8 S5 7
i, G E R BURE TR NG b R b | s MEBOE BRACSH@ . R BARR Sty = T,
A2 5 980D BT ok 77 B PR AR e S PR ABURS A FA) 5 3k ) BB Oy i R B e i
[0213]  7E 53 AN ECHE— 0 WSt 75 58 v, AR SCHTIA HOAL S A e T 7 ZE AR R S
AR LA AU, A YIBE 5 BT A2 B B2 RO R8CR, B0 5 BT TR R T 7 RICR
AMHEY) / H]5H
[0214]  FE5— U5, A SCHRAE 7B S A SO IR A S 25 TR L 2 T
YA R 24 N= A B R AR DL S 24 7 RT3 32 B RO 1 B 290 41540
[02156]  FE—S850jt 7 &P, R ARSI IR AL S RN A & . 25 AH -GV LR
77 s —Fh i 2 M2 2 bRl B ARV VE B HEAT RO AR YE RO B TR A A
Puhn TC sy A 24 5 A AT AR 2 B R EGR T TR EE 4 25iAE . ASSCRTIR R 2
W S WRIREAR AT OLT, 40, Remington:The Science and Practice of Pharmacy, &5
-+ JuL i (Easton, Pa. :Mack Publishing Company, 1995) ;Hoover, John E., Remington’ s
Pharmaceutical Sciences, Mack Publishing Co., Easton, Pennsylvania 1975 ;
Liberman, H. A. I Lachman, L. %%3% , Pharmaceutical Dosage Forms,Marcel Decker, New
York, N. Y., 1980 ;UL 2 Pharmaceutical Dosage Forms and Drug Delivery Systems, %1
i (Lippincott Williams&Wilkins 1999), iX 4 /A SCHRIBIE 51 FH FE AA L.
[0216]  ASCHRBE 1AL S A SR IR A S B S 2 b — R 2 A BRT e sz B AR IS VR RGO Y
MG AL eI T R, AR AL SV E A S AR 2 A EY)
HR SR AL S ) 5 HA S VE RO TR S IR SR T . AR ARSI T R, 29 A
BB H A R 2 B2 2 ) ) B A R 7 ) R R T R LA R 2 )
(solution promoter) T~ & K HIERH / BREZ MR . 7E X —Lesijti 7 &b, 2994
EYAE HA AR T E R
[0217] APl 25 A S WHE A SCHER KA & 5 HoAb Ak 2 5 (B, 2457% FaTds
SRS R ) BIRE YD, Birad oAt Ak 5 40 404 o s L WU 7 ARG 55 B A7 &
N 1R SN L7 SN 5 N = [N TR i |2 i N < i | N v = 5 N B | A= Bl N
W PR e B AR R TR Y R AR B R ECE AT — R E 2 RS
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A AN TRV T AR . AR SERA SCIRBERIR T 7 R BN FH A A
67 BRI A SCHTIR KA & ) L2 AL & P B0 20 TR 167 B S8R B e B
TROLHIWT LN o AL — LS T S, M ALY N B B o fE— 2RSSR, %
URGFLEIIAE N o AE BB T S A FLEN P S B B o IR RO AT ARYE O )
FAR P SR AR i AT (2 5 T AL S W0 38 AN At DR i R 2R KA A . A 54
A DL F B DR S VI 7 5 — R e R T I A

[0218]  ASCHIA M 25 iE LG = 045 2 e it T 520, 4 g R AR E AR
T BRI B AN (B, Sk BT LRI ORTT ) B AR SR P L A B 45 2
AT ARSCPR B2 R AR AN IR T AR PR AR 43 B IR B R R W T
s B B FLAE T HIGR) S [ A i JSAAR 20 BT AR Z ) AR 1 ARRI A 3 7 ST RIDRE T
1) 7510 2 SRR S 7] DA A7) (Fast melt formulation) 7l G ZE. AL A7) 4
7R L A 7510 R T A ) S AR TS 1) S S TS 771 Bk e JSC AR 77 2 UL A 51 LA K 3T
BRI DR R 5 A 5

[0219]  EL& A A AL SV 290 A & W0 L H U5 I8 AT 1l 4%, v, SR 01 =, 38
I AT A AR DR A B2 A L FLAG Bl A B B ) T i

[0220] ik 2504 5 WK 00 35 DAY 28 1R w28 ol 1 1 X el DA 24 2 b T 32 32 10 B i 3K
VENTEAE BRI 1 2 /D — R A SCHATR A S o AN, A SRR B 5 i M2 AL & Vs 4
AT A R S RLE TR I 224 S0 N- e (IR G & 1E ) 45 B o AR DA
TR, £ EE ST S, A ST AL S DLARIE A AFE B S 242 B nT %
SR WK SRS DS R AR . A SCIREE AL S I I R B b e
AR

(02211 A FUARAE A 0 2Pl Ra i A T 5 9R3RAG e — R el 2 R B R U 51 5 A SCRI
)R LS VIR & AR TSR &40, I G R B3 (W E) J5
X RURLIR S WD HEAT I, DAAS B 7 7R BB i o . A& IR 4, il i, S5,
W EL LR M H R B L AR AT S 21 4R, B0, TORTEHR N RKER
R VTR W B I R T A 30 I AT 4 3R PR T B F SR AP A 30 R R 4T A 0
AR ), a0 3R S AR el (PVP SR 4ERR ) sBERRES . WSR2, I i fide 711
T UNAZ IR F S 2T A 30 R A Mt o T B R o 0 R L 56 e e IR B o E S8 5
U5 S R GeRk it SO B R TR g T A AR TR, T AR BUCRAE TS AL S P R A AN R
ERE

[0222] Tk 245 A 254 il 1) 40 455 e W Bl ) A HE N 5 30 (push—Fit) %8 LA K W
AN RG] (i H b B L AR R ) i e A B B R . HENEC & U S ST
FUBE RGBT AR AN/ BT R T S A mI A i R B AR A3 R R VR 5 B9 T
93 o AERREE TR, W EAL S VT A B T & MU S i ol YA A I B TR 2
o FE— LSt R, AR RE T o

[0223]  FEZCEESCH U5 S, AR 5L S WD 63 AR 4t B, g AR A AL5R . 2R
S 7 SR, A SCIR AL A ik Al A R Ik B AR PR A ME R RO (IR RS
Y) I (RREEPUGIR PR )  RAMG B IR AR R IR / AR T R IR I R A
AE R PE R R RS
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[0224] AR B A PRI AP0 AT DL I8 A T 008 DT 28 BT #5i4 1 HAh 4 4 B
. fE—2estiti T =, A ST LAk — 22 A 50 TR T I FLah W B 9T R BT i
AN/ B85 O 98 BT B A AH SS PR IRFE V697 A B ML G . 75— B Sy
e AR T DL AR SR BT 2 25 (NSATD) JERJR 24  h o o B 2 L A AR iR 3 2R
F (ANGPTL3) B HE I i AR A . it F 45 25 . SD-6010 (iNOS 455 ) «4E4= 2= D3 ( H&
TRBE ) R JFE K YD FGF18 . BMPT 5 ALK AN 24 Y (ASU) BLZE BB . ANGPTL3 £ W0201
1/008773 (BEARFEANA T ) Fh R VEAMIANER . 75— LLSLi 7 Brh, ZAH B & ARG
PERIZE7 . (E— oSty =, iZA WA TR sy =, iZ T
T2 R B I B T/ DR B B AR — AN FERR ) 1t s 2 BOR R AR AR
Be St 77 2R, % ZH AL INOS AT 1NOS ) i — AN FJE FR i) 4 5246 2 SD-6010.
[0225]  NSAID HL4EHANBR Tl w] ULAR 500 UK MR AT & ST A A& or 8 A4 R
VS 55 BVE S5 A A 55 LI 25 BRI 28 U RIS 5 IR 36 S FESR T RPARIR VIR AT
FERR BANS BR 25 T SR F WU ST IR WL 2P 7 e S0 1 R - B v 1 R TR W R L &V 1 L
ZOE R SRR AN IR 9 25 IR A FE 25 IR 26k 25 iR 2% 1 BB B oK
HAIED E .

[0226] R 245 CUFEH(E AR T B By AR 28259 ( RIEF) ) o B 2R 2 B E(HANBR T
ARGy T A AL il 2 | At s A 22 L Bi] JE R E BTV 20 e S R B E S PT E E  ET
FEVDHR - — L TR A R P N R | A R T FRIEME AR AR T AR KB AT
5K JE - bromadol \IRFEME. —AIRFEHEAI R ZFKJE .

[0227] B B BUBCR GRS IR T 240 o] A AT BIFA VIR JERA IR JEFA T2 H K JE T Hh 28
KA AT KAR | 22 P8 00 A3 SR A B ST O HA .

[0228] A SCHTIR B AP AT LLS X TR 97 01 RS I fh Al / B O R BT i
AR S HPRERAE IR IT B 8 — P a2 ML & B G AT o« XA ML &4 v] DU
F 42 3 DA I B 5 AR S A T B4 & P R SO0t FH o 4 ARSCA T I G495 —Fh
B2 P OX A BN A 0 (7 B A FH I, 5 A SR () H At 25 0 A A BH (1) 40 & P e R A 77 Y
ISR ER . SR, BEA T AR A DLAFE H A AR SCA T AL G —FpE 2
FRERAN )AL A P45 AN [F] Y B S i () R 197 4. BB R, U5 —Fhei 2 Masri
BN A R, ZA0 A0 AT PALE S B S F s DA SRR 7 = A

[0229] bR ZHABIEA S AT EIAE —FXF TI6 97 0 KRBT Hifh il / 5L
5520 REOSTT A A R B IRFE VR IT A Sk G 4G, T H 5 P Fh el BE 2 PP i
M EMRIAE . [FFRE, AL EYIAR B B80S X T 97 R RECS A / Bl
AT 9 BT A AR SRR E VR IT B ARG AL G, v LS TE TR 69T 35 i Bk
SR ORI R BT 0 B 5 O 28 B TR 493 A S R Ol A S AR 25 M B S A
KAL) HoAh 2 P mT DUk 5 B B8 42 51 BLH FH I B 5 AR ST T AL & 40 (8] I B30 it FH
MARSCAN TS —Fh B 2 P Ath 2597 [R] B A FH I, BRAS & BH 46 B W0 A0 I8 & 8 1X R
() HAR LG 25 BBV L BT . R, AR B 1) 25 406 Wik B FE BR A SCA I B &
MIANE & A — P ak 2 b A TS M R L 25 A B0 ASCATFII &5 58 it
F A0 1 B R LU T LAAR A, S H B T b s 20 0 80T = GBS R8T FH L5 B A G
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=

Ho

ity Eihety ok
[0230]  HiEMIZE 2R R UIEEART, DR EEIKA RN B 55 B A IR
CORSIE 22 B BIE FE S AR R4 2 0 AN, (2R BT 5 5 o B A IS BB LA A L BT i
JK A BRI VES , DL N B O S A SIS A O A P S A AR A
[0231]  FE—$B5L 7 S, AR &Y LA SV DA & & 07 T 45 24
25 255 IR S T a2 B AT SR VR T IE A2 4 BB T AR AR IR T B X IR AT Ik £ . 4
an, Pri’ LS el O AR B B Ah (a0, Bk B BRI A S-S P ERAILIA VRS )
RN RS JRE (AR R IR VBE B ) ST . R SESLit R, %
HAEY A DB S o AR SRSt S R, A ST U RES AT B N 2R
I e R B S o AE— S8 SE T SR o, iz &0 n] DUIE I B et I id 14 oKk
it FH o
[0232] W RAE FI AU, S0 fiz 18 SNt P AE & DLE S ORIk RS 570 AT DA 2% 9 %
T2 RN I B B, & T R VE S A0 AR VUM 7 e el i O [ A 30, B D
FUA o H T B R At A Bl A VT PR 53 0 4 A5 P 2 18 S sl A5 8 2 4t A DR 1 77

=

Ho

S5

EPIIES
[0233] i b Frfd I, 9 BAEA R IR RS Ui B b, BRIE A A U, 50 R 5146 5 B EE
fENEALLT & X -

ACN i

Bn R

BOC &% Boc T B

BOP R -1 FE - A ( CHAREE ) 8%

t—Bu T 3

Cbz AR R

Cy 7 e

DBU 1, 8- "B IEXGA [5. 4. 0] +—8k —7- I

DCC T R i

DCM &M ke (CH2CT2)

DIC 1, 3= = AR — 0 i

DEAD (P i

DIAD WA H IR = 7Nk

DIPEA RN O

DMAP 4= (N, N- H R ) mbnE

DMP 7] WA - 5T %47 (Dess—Martin Periodinane reagent)

DMF T B g

DMA N, N- ZH3: A W%

DME 1,2- ZHHEE - 45
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109/153 7L

DMSO =R 27

Dppf 1,17 =00 ( 2R ) =Rk

EDCI 1- &3 -3- (3— IR EE N ) Bk — Tk HCL
eq ME

Et 3k

Et20 LT

EtOH L

EtOAc LR T

HOAt 1= F2 0k —7- F AR I =k

HOBT 1- AR I =

HOSu N- F2 L PRI 1

HPLC o A TR

LAH [i{iRsikes]

Me R 3L

Mel A HR

MeOH i

MOMC1 FH S L B L

MOM FH S L O

MS JoR Vv

NMP N- H 3L — b g 45t —2—

NMR R ILR

PyBOP I = —1- - A= - g e - BN R R AR
SPHOS 2- TIRCIEEIE -27, 6" - AR
TBD 1,5, 7- =R ENE [4.4.0]- 2& -5 Jfi
RP-HPLC SR e e VROAH B i

TBS T T A e A

TBSC1 BT 3 b I S AL

TBTU 0— ( AFF =k —1- F ) -N, N, N, N' — DY HH 2545
TEOC 2—- RS AL 2 2 R I

TFA =X W

T£,0 = I R T

™G 1,1, 3, 3~ VY FH LR

THF IR

THP IRl

TLC N e RPN

XPHOS 2- T OIEEEE 2" 47 6 - =RNEBEER

FH il 28 AR 5 B A 45 )3 P S Tt 491
(02341 HI A K B A Ak 5 W 0 6 4 B4 kAT o ) 4 R DLOE I B H B B BL T $ R Y
T3 R R 2, W] R A 22 SR R, B, B0, W bR SCER R BTIA <The Science of
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Synthesis, # 1-8 % . E.M. Carreira 2§ A %% . Thieme publishers(2001-2008). i 7
R s N 34 TP 48 1 AR R DE A A p ol oE B LA &R 51 2 40 Seifinder (www. cas. org) B
Reaxys (www. reaxys. com) HF4T 45 ) A1 [ VA5 2201 $ A5 o
& BTt
[0235] &5 th DA BUARSCA IT HIAL & A A rp Ta] A4S 1) ) £ AT AS ST EE RN B e 8 B 7 2
by FERAAE AN SE it A Y bﬂ]TTL%EZU\ﬁXEﬁE%JZI-‘K%E’J(EI A AE R B AAR R o
P o

@“
o NC NH,

(o) OH_ClI
(0]
) m
EtOAc rt 8h o CN

o

1

[0236]  [AIAF 2K —HIEREF (1. Oeq) ) BtOAc I 3- &I —4- Z N (leq) , RJGTE
20-30°C F i+t 1-8ho TLC fa/nAC i Mkl CETH O, ik I8 ) NVR A4, FF HoKs [l A4 it 78
EtOAc Hh B 45 f T4k, 5 B E 4 1 (12mg) o &7 3@t 'H NVR AT LCMS SRAIE S . LOMS 52
M 301. O[M+H] - 'H NMR (400MHz, MeOD—d4) :8. 35 (s, 1H), 8. 09 (d, J = 7. THz, 1H), 7. 71(dd, J
= 8.0,4. 1Hz, 1H), 7.67(d, ] = 8.4Hz, 1H),7.61(t,J] = 7.4Hz.2H),7.57(dd, ] =
8.4, 2. 0Hz, 1H) .

[0237] & 1 FREEBAL AV 5 PLE2S I SRR RE AL A 3145, Hohs 3- &
B -4 ARG E PR IEEE . B T BRI R B = FE 6 Y 20% 5 80% .

& R EE B-1 T AW 15 {250 FE i
0
(o]

O
[0238]  |A] 4— G ILEWELZ (100mg, 0. 58mmol) 1] AcOH (20mL) % ﬁﬁqﬂbu)\<B — HR T
(82mg, 0. 55mmol) » 7E 130°C FHtHHZIEEY) 3h. ZIB-EWH H,0(30mL) ks, Hhidk 2h.

2 o
HZN_JS)'ONHZ AcOH 130°C3h ]
I PE SRR B 5 A A E AL AP 15 (44mg, P25 :26% )« 2774 15 3@3d 'H NMR AT LCMS K
WESZ, LOMS 5231 303. 0[M+H] . 'H NMR (400MHz, DMSO-d,) : 7. 10-7. 36 (m, 6H), 6. 56—6. 70 (m,
2H), 6. 62 (br s, 2H) .

[0239] 3R 1 it iAW 5 Db 4e i I R R AL 25 AR 34, T A 4- a2
ARTEBL I B N B IE AR . EALED) 33 WG OL T, I A 3h, H MRSV H0
PR PE 12h DAfLSE & .

G e B-2 H T &) 26 BSRE R i

n=0

o=
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ﬁ@ ﬁ@
AcOH 130 °C 3h

26

[0240] |7 b & % 15(276mg,0.913mmol) ) AcOH(5mL) ¥ ¥ ' i A Zn(596. 91mg,
9. 13mmol) A1 DMF (0. 1mL) o iZIEEWILE 130°C FHEHE 3h, ARG A M E IR RS, B3 LT
O R . R A WDIE T 1 45 7 HPLC (0. 1% TFA VE AN ) 4k, i i 5 26 & [ 2
KZHL CHON, I s % T b 2 H R ), LIS ) 2 A a1 &4 26 (80mg, =% -
30% ). LCMS :Sll 289. 1[M+H] .
[02411  fEW 27 (3R 1) S UL RS H R BRI &3R5 . 7EALE4 27 1)
2, AMdH DMF.
[0242] =4 27 W aaARbE T DL R AR P 4

EW 27-2 Bk

SO,CI SO,NHMe
271 27-2

[0243] [ fk-& 4 27-1(3. 8g, 17mmol) A DCM(50ml) ¥4 ¥k 1 b N\ 7E % 1 f¥) MeNH, (5. 3g,
5lmmol) o KHVRAWIIEZEIR FHiHE 2he ZIB-AYIH DOM(30ml) #8, 3£ H H,0 (30m1) Peik.
AHUZAETEIK Na,S0, T4, i 3, Hok s, /32L& 27-2 (3. 3g, 725 :90% ) .

EW 27-3 Bkl

SO,NHMe
SO,NHMe
Pd/C
MeOH
NO
2 NH,
27-2 27-3

[0244] 7E =I5 F [\ 4k & ¥ 27-2(3. 3g,15. 3mol) H CH,0H (50mL) ¥& ¥& F jnm A\ Pd/
C(0.16g) » IZIREWILE H,(30psi) T FEEHFE 12h, TIEZREWIFIR LA, 152 2K
EERIIE YD 27-3 (2. 3g, 2% :80% ) »

A 27 RGP RL I %
SO?NHMG 0
© ©;<(o O, . MeHN0284©~N;lji>
o)
27.3 27 & A2 ¥ M At

[0245]  [h] 27-3(0. 5g, 2. 68mmol) [t AcOH (40mL) ¥+ n N 27-4 (0. 433g, 2. 92mmol) » ¥4
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SRS WIAE 130°C N4 3ho B EI IR EW), BB LAY, HE#EHAT T
_A-/Lﬁo

G RAE B-3 HTAEWY) 177 WISLZIG AL M

HO
O O
- 1 . T HN—g@N
fl MeOH, e f 4
o o
15 min (]
27y A 45 M A 177

[0246] [ OC FAIMLAYD 27 HIAE 4G EL (1. Og, 3. 16mmol) £ CH,;0H (20mL) H 1)+ im
A NaBH, (239mg, 6. 32mmol) . iZVEEWILE 0°C FHEEE 15min, Z 5 ERREVE . [AFHR 4
YrbinNsK (20mL) FOYEAN NH,C1 7KV (20mL) o KF VR4 078 558 T3 30min. i yE4R
fit & TE@I%%%A%NHMMgﬁ$8wQ

BRI C : & iE A
o (@]
HO Sc(OTf),
+
|
(0]
sm-1 sm-2 C

[0247]  [7) B sm—1(1. Oeq) Y 4 2% 3F D ke (V/M = 10:1) ¥ P on A\ 3R 2 % B g
sm=2 (1. 2eq) , B JE M Sc (0TF) ;o FHEAPIMIAER 12he B H B ERG, KRG %R G
W) 338 1 1) 4% 28 HPLC 44k LA/ EI4k &4 C.

[0248] % 1 FHHEFAL AW & BORFE C 3-153. T 0B P N = 295 FE oA
5% % 50% .

B RRFED : V&Y D e R
HN O
Sc(OTf); _ -
NH,OAc

sm-1 sm-2 D

[0249]  [r) fi sm—1 (1. 0eq) B 4 2% 3 D ke (VM = 15:1) ¥ Hhoin A\ 3R 2 % B g
sm=2 (1. 2eq) , S N Sc (0TF) , (2eq) » KFIR-EWIMFAZ A 12he A NH,0Ac (5eq) , I
BB A VIR B 5 4h 12h, A E R G, Bz R APk gs i i) %4 284 HPLC 4
LS BIA Y Do

[0250] 3R 1 HHHLERRALEGYE A IR D 375 BT 0B 0= 0 N = RN
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3% % 20%

B RRFEE : V&Y E e R
O 9 R
XL oRa
0 NH, 5]
i NH
048\_(:' + OH -
R; OH
@]
0]
sm-3 sm-4 E

[0251] ) 2- S 2K HH R sm—4 (1eq) 7E 2M NaHCO, (V = 10eq) H 19 3 - 0 N 6 1 54
sm=3 (1. Oeq) , FFHHR EMEZ IR FHiHE 2h. TLC FRnIEM B T4 W k. A EtOAc ZEH%
REY . APUZZTCK NayS0, T I 4e I8 i il 25 A4 HPLC 2li4k LIS BI2E7 4 E.

[0252] L&) 63 (3K 1) MG AAE E 3/15 . 2170 B S B 22 i D 60 %

£ 80%
H R F - V&) F s H
0 g
A _-NH R \—I—Rz
= S > _HO | \_R 1% 4
1/6'\'\/ L - A’A\ NH
" MR~
A
sm-5 sm-6 F

[0253] 7E 0 °C T A X H & sm—6(leq) [ DMF(10eq) ¥ ¥ H S0 A EDCI (1. 5eq) #H

HOBT (1. beq) , Z JG7E &= il N FEL) 2he [ SRS YIH I sm=5 (1. beq) , 7E = it T F

BEFE 12he 7K, HG IR AP H EtOAc FEEL, £ 57K Na,SO, TR IR 4E . Fk AW iE i F (il

FAML USRI F.

[0254] % 1 HFHEFAL S & BORFE F 35153 . 2T 02 0P N r= 296 FE oA

20% % 40% .
AN P A |

Iz

0=S8=0 0=S8S=0

NI
56
[0255]  [A] 2— &3 N, N- — H LR RERE % (1. Oeq) A1 TEA (1. 5eq) 7E DCM o FIVAR Fin N
4- FIERHEEA (1. 0eq) o RIIREWITE 29°C FHiHEL 2h, TLC FEniRIEM B T AW 25 .
H4 SN VR A P AR NaHCO, 7K VA VP K, FH DOM A HL, 42 F67K Na S0, T 3 F k4 . 5t
T8 e 1] £ 24 HPLC 264k LAf3 2454 56 (7728 :70% ) o LCMS 55 330. 1 [M+H] .
[0256] fLAEM 62 (3R 1) S DL 4G MR BIFE R K385 . BT B =4
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1 [ 2= 25T FE A 70 %6 22 80%
[0257] {59 56 Fl1 62 W 75 ARG PERE T 3@ DL R 7 i) o

Frla] A sm-8 [l 5%

R-NH,, EtsN /@
sm-7
O,N > O

o — —

O=§=O DCM,30°C,2h 0] ? @]
HN .

Cl R
sm-8

[0258] ¥ 2- fiH2E K —1- WIS (1. Oeq) 1M sm=7 (1. Oeq) 7 DCM A [RJ¥¥AE 30°C T4
2 2h, TLC $R/RIEIAM B TR K . IR G PIH ShKBE 4 67K Na S0, TR FF W 4
IS E| AR sm-8 ( 722 :72-91% ) .

ANEHREIEM L T B 2%

Hp, Pd/C
O,N > HoN

0=970  MeOH, 50 °C, 50 psi, 7 h 0=9=0
HN HN,
R R
sm-8 |

[0259]  [a] i [E]4A sm=8 (1. Oeq) F*) MeOH ¥ W H IN N Pd/C. [ NIRAWIAE 50psi H, N T
50°CHEHE The TLC fE/NEGEMEI O W K. TIBIZIEESY), IR IR LA EIML &Y 1 (77

89 ~91% ).

L HGATRE 1 B A o RS
I
{7 | N SAH
A3C . A<~ N~ OYN -
R2 i | R, | -
Z 0 e 1
sm-9 sm-10

[0260] £ 0°C F [\ ik i sm—10 (1eq) F) THF (V = 10eq) ¥& ¥ 77 i& W& 1\ LiHMDS (1eq) -
30min J&, IMANFEEE S sm-9 (1. Oeq) , FK IR A MAE iR T Hi 4k 2h. TLC feNEGBM B E 4
Wk JREYIH EtOAc ZKEL. BHLEZ /K Na,S0, T8, Wi, 38 i ) 45 78 HPLC 4fifk LA

RS .
[0261] 3% 1 WAL FRAL S & BGARE He J T 20 B P WD) SR 255 i Dl 50 % 22
80% .«

LR 1 BT A T
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(HOYB

|\ =N
- 0
" = O N g "
N sm-11 O LiOH THF o
> 0 « > 5
- 0,
Br O N K3PO4 X-Phos, — & &R, O co,Me =N 30%C,12h CO,H

N Pdy(dba)s
110C,12h

sm-12 !

[0262]  [A)fuidf g 2— B -N-(4- FUIEOR DL ) RHEEIZ (1. 66mmol) AIAIER sm-11 (3. 32mmol)
fE SR B O ke (TomL) H 1) VR & 2 A in N KGPO, (1. 06g, 4. 98mmol) « £ N, & I A
Pd, (dba) , (45. 61mg, 49. 81umol) A1 X-Phos (39. 58mg, 83. 02umol) « & J&i K V& & ¥ hn #h &
110°CH-AHE 12h. LS5 , KRG P4 LIS B 245 EH A A4E sm-12. 1] sm—12 (770mg,
2. 16mmol) f#J THF (30mL) Y&k FH 3% N LiOH (4. 32mL, 4. 32mmol) FF4i+k 12h, #£ 10°CF
BRI LS pH 4, A EtOAc (30mL) #EHL, ﬁﬁ H,0 (50mL) FHEh7K (50mL) Weids, W4, 3 it
il £ 784 HPLC (0. 1% TFAYESNES NG ) 2ifb o 18 3sh ol T 28 I FIR Tk 25 1 77 LAAR 3 42 1 6 ]
a1,

[0263] 3£ 1 FHEEBASYME S RIRE 1 55 £ T 0B RN REEN
15% % 30% .

[0264] 2- JR -N-(4- FIEEKIK) zl:EF'E%H;zl_Lu?ﬁ}?ﬁ?'

SOCl, \O\ Q\(
Q\'rOH Q\( N>
Et;N,DCM

Br O

30°C,12h

[0265] % 2— JROEHITR (4. 4g,21. 89mmol) ¥ SOCI, (45mL) ¥HMAZE 70°C 2h, KfHZ
K CAIRAS 0 I ) 2- YRR B R A % LA DOM(90mL) #Bk. 7E 10°C R A 4- R FE K H
5 (2.59g,21.92mmol) FJ DCM (10mL) ¥ ¥ A1 Et,N (4. 43g,43. 78mmol) 1 iZ i N N\ Fr 15 Vi
&Y. BJEHREYTHEZR 30°CHPEE 12h. JE-SYH DCM(100mL) #B:, H HC1 (100mL)
NaHCO, (50mL) JH,0 (50mL) FH#57K (50mL) Pk FHLEL Na,S0, T4, W4, Fd ot ik R A
B2 (PE:EtOAc = 5:1) 2l AR AL 2 1 A AR Y 2 R -N- (4- FAE R ) K EE I (4. Tg,

PEET2% ) .
B RREE T ¢ & i
0
0 0
) " o )
'\Il sm-13 - l\Il
0=8=0 >  0=S8=0

NH, DIPEA, HATU, rt, 16 h HTR3
0

[0266]  [r] 2— ( Mo mpk g Al ik L ) 2K % (1. Oeq) HY DMF ¥& ¥R F i N 2 R sm—13 (1. Oeq) «
DIPEA(1. 5eq) 1 HATU (1. 3eq) » ATHVEEWIAE 10-15°C FHiFE 16-24h. TLC FR/iEIEM B
B K. B RMNIREYIIRYE, [E A m e A sk 4tk LS 2 &9 T .
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[0267] & 1 FIEFLEIEH G IR J 315 .
BRI K-1 A T A 193 BYSCI0AE i

MeO ¥ O
—TEA o H H
CL o b
THF
NCO o
193

[0268] ¥ 2- &R A HEE WA (200mg 1. 13mmol) A1 1-(3- HFEHFH ) 28 (167mg,
1. 24mmol) ¥ fAAE THF (2. 5ml) wf, F 48 A i £E 100°C T hn#4 15mine S BV & 4 FH 1
A1 NaHCO, /K IE MR BES, I A it (EtOAc: Tkt ) itk LR AL ™) 193 (262mg, 7 2 .
75% ), iX i@t 'H NMR A1 LCMS SRAlFSE .

[0269] 3K 1 W HLEFRA SR 5 CL B4 B S SRR SRR 23R . TR 2 S B
rhr, fdi ) DIPEA A8 %5 TEA, I BB IR S TF & &2 120°C . 5T 20 B 1 72 W 1) J J8i 72 225G L N
47-90% .

B IR K-2 A 196 BISEI0FE d

(o) (o) (o) OH
F H H 1N NaOH/TH H H F
iy M Oy
F F
(o) (0]
195 196

[0270] KA &%) 195 VS MRAE THF (2mL) A1 IN NaOH(ImL) . R NIEEYIAE SR T HEE
15h. JE-EYIH EtOAc (20mL) #kE, 2 J5 fETEE itk T iZMm A IN HC1 (3mL) » KA HZEE
B, T8, IRk Y6 . =M EtOAC A B 45 i DR L A4 196 (25mg) -

(02711 3R 1 FRNEFLEDE S DL RS B B RO RE R SRR 15 . 25T s i
VI S L= 2250 A 80-90%6 o

BRI L - a1 L) AR

o " o
R4-NH, R2
OH sm-14 ”
[\le NH

DIPEA, HATU, RT, 16 h

[0272] ) 2 ( H 26 i W i 9% ) K R (1. Oeq) H DMF ¥ 3 1 fin A\ sm—14 (1. Oeq) -
DIPEA (1. 5eq) F1HATU (1. 3eq) . JBEWIAE 10-15°C Ttk 16-24h. @it TLC HE/R SN 584
Jii o X R SR A PN HEAT W A, R ] o i R e i vk Al AR BIA Y L.

[0273] 3R 1 HAEFNAEEH G B L3R5

L&) 28 16 IR -
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SO,NHMe SO,NHMe
\/\i /©/ NaOEt, EtOH /O/
Cl
N N
) X

@]
sm-15 28

[0274] fE0°C K, b &M I(320g,1. Immol) £ EtOH(10mL) " Yy ¥& ¥ & ¥ In A
NaOEt (571. 6mg, 8. 4mmol) F£45: 3ho Z M A IN HCI FRALFHBR L& 7 LIS 2IM =70, 5%
AW I 1) 4% 74 HPLC (0. 1% TFA ﬁzjjﬂijm ) 2liAk,, w8 g e 7% & B 2 K 22 %l CHACN, Jf:
T I R BR 25 3 AR B R BAAS B 2 B A B R A ) 28 (17mg, 6% 77 28 ) o« LCMS = Sl
255. 0[M+H]. 'H NMR(400MHz, CDC1,) : 7. 50-7. 72 (m, 4H), 4. 85 (br s, 1H),3.90(t, 2H, ] =
7.2Hz), 2. 53-2. 72 (m, 5H) , 2. 14-2. 28 (m, 2H) -

[0275] A4 sm—15 J8 i DL FE Pl Ak

SO,NHMe 0 SO NHMe
Na,HPO,,CHCly 0
/©/ + CIMCI » CIM
H,N

\j

sm-15

[0276] £ 0°C T [n] 4- & F& -N- H 3 5K ik Bk f% (200mg, 1. Immol) #1 Na,HPO, (300mg,
2. 2mmol) 7E CHC1, (10mL) "IN 4- & TS (151mg, 1. Imol) « IR
& BIREYEER . WRANZIEEY USRI sm-15, HOE Rk — P aifhm 5 T
=

HEAEY 47 & IR R -

S N
MeCN H

OH
OH o 5
KAI(SO,),.12H,0
+ o)
o

COOH

47

(02771 ¥ 2-(4- FILFHER ) 2 (300mg, 2. 2mmol) S0 —1, 3— —fH (355mg, 2. 2mmol)
F1 KA1 (S0,) ,—12H,0 (522mg, 11mmol) 7E MeCN (10mL) = FIVATRAE =i F#t+E 1-1. 5h. (R0
FILASRAFHE =4 . Wk A 43E i 1) 48 7 HPLC (0. 1% TFA YE NN ) 4lifh . @i ek & 2% & 14
FVEFFE T, 158 2 A BRI &) 47 (25mg, 5. 5% 725 ) o LCMS 52 300. 1 [M+H] .

A St

SEREE] 1 2 N A oA i
[0278] ¥ A MSC (50, 000) 45 2] 96 FLAR IR FLH, HEFFRIER - BL 1w M A2 B 1) 2
HarE AN A (75 DMSO VA ), HAE 5% C0,37°C NEEFAM 7 R . A rE =98~ H
10 % #8 /R AR VAW [E 52 10min, A& 11 BURS R85 (Abcam) « Sox9 (Santa Cruz) #
WHHEERIFENA (COMP, Santa Cruz) MIREREMERUAF 5 6hRiC F1EE Ptk (Li-Cor) i
AT et et ) BuR A 0ddyssey CLx iR 24t (Li—Cor) W& . ¥ FH#k4& (DMSO)
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A DT IR 5 R 4 L 70 P R Rt K1 o e 35 57 E % €0 i R AH B 04T I T 30 96 B

B2 R EMEEE G Y (active hits). AERMEEIEAERL 1 Rl [A SEAEE
AL YL am EERA N >50% 5B 58440} e AH Bk Yy m BE A hin 30-50% 1.
#1
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4 &A% F AR &
Y% 30 WA (NMR #=/ 3% LCMS) £ b

_05_
Cl O OH
(o}
1 //@N% A |LCMS: %M 301.0 [M+H] B
NZ H
N
fl
;] cl o O OH . LCMS: %7 301.0 [M+H] LCMS: 52 ”
’ 323.0 [M+Na]
H
o
HO
Nao H
3 - . A | LCMS: % 301.0 [M+H] A
(o]
Cl
o
€ HO LCMS: 527 318.0 [M+H] LCMS: %7
4 N A A
340.0 [M+Na]
(o]
Cl
o
gH o LCMS: ) 318.0 [M+H] LCMS: 52
3 N A B
340.0 [M+Na]
(o]
Cl
/C(O\
Z NH Jrs e G
& NZ N LCMS: 5 297.0 [M+H] LCMS: 52 N
W 615.2 [2M+Na]
HO
o
PON
: E ; 1s : KM
. N S, N LCMS: M) 297.0 [M+H] LCMS: 5] N
OH 615.2 [2M+Na]
(o)
LCMS: ) 301.1 [M+H] LCMS: 5=
°' o Ox~OH 322.9 [M+Na]
1 3
8 \(P\H% A H NMR (400 MHz, DMSO-ds): 13.19 B
1
N

(S, 1H), 10.72 (S, 1H), 8.05 (D, J=2.5Hz,
1H), 7.94 (DD, J=7.7, 1.3Hz, 1H), 7.84
(DD, J=8.8, 2.5Hz, 1H), 7.72-7.55 (M,
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o &, F AL i
$%h s Az (NMR #=/ 3% LCMS) ey
."7
4H)
(o]
F HO' . e
F Hj::@ LCMS: %M 335.0 [M+H] LCMS: 5
9 F I A | 691.0 [2M+Na] LCMS: 2] 357.0 A
[M+Na]
INI

350 [M+Na] LCMS: 52@] 677 [2M+Na]

F
(o} F . R
LCMS: 55 328 [M+H] LCMS: kM)
10 E{ F A B
O

LCMS: 5] 344 [M+H] LCMS: 52

Cl O, OH
Q 366 [M+Na]
11 N A | 'HNMR (400 MHz, DMSO-dj): 13.19 B
F7LF (S, 1H), 10.19 (S, 1H), 7.93-7.86 (M,

3H), 7.71- 7.58(M, 4H)

(o]
F HO
F. H
12 F anr) A | LCMS: 5] 344 [M+H] B
(o)
Cl
N
/o
13 NH A | LCMS: %] 281.0 [M+H] B
HO
o
(o)
(o] H|C_I)
N LCMS: %2 350 [M+H] LCMS: 52
14 A B
o O 372 [M+Na]
o~
o LCMS: 527 303.0 [M+H]

Q 'H NMR (400 MHz, DMSO-d;):
15 HzN—S'O"" B-1 B
i 7.10-7.36 (M, 6H), 6.56-6.70 (M, 2H),

6.62 (br s, 2H)
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4 &A% F AL i
W%y s wAL (NMR #2/3 LCMS) P
."7
q 5
18 O}/@Nw B-1 |LCMS: % 298.0 [M+H] A
HO lo)
o ‘
Q LCMS: 5] 326 [M+H]
17 A . B
N LCMS: %) 348 [M+Na]
OH
o
LCMS: %) 308.0 [M-H] NEG
(o]
O\KF 'H NMR (400 MHz, DMSO-dy): 13.12
18 ﬁH F A | (S, 1H), 10.69 (S, 1H), 8.21 (S, 1H), A
I 7.93-7.85 (M, 2H), 7.71-7.67 (M, 1H),
7.63-7.61 (M 3H), 7.46-7.44 (M, 1H)
LCMS: %@l 326 [M+H]
o i LCMS: 42 348 [M+Na]
F LCMS: %) 673 [2M+Na]
19 o © F | A | 'HNMR (400 MHz, DMSO-d,): 13.05 A
I (S, 1H), 10.65 (S, 1H), 7.92-7.87 (M,
2H), 7.69-7.45 (M, 5H), 7.09-7.07 (D,
J=8 Hz, 1H)
o
on LCMS: %) 300 [M+H]
21 N A | LCMS: 5 322 [M+Na] A
3 \©\/\o _ LCMS: 52 622 [2M+Na]
o
OH LCMS: %) 263.1 [M+H
22 ﬂ S A s [ ] B
N LCMS: 52 571.1 [2M+Na]
IO
(0]
LCMS: 42 314.0 [M+Na]
23 C . A
o LCMS: ) 292.0 [M+H]
4
N 0
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e &A% P ¥t &3 s
W% 5 H) wAz (NMR #=/ 3 LCMS) ey
_‘;—"J_

(o]
LCMS: 5 277.2 [M+H]
24 D . A
HN LCMS: 5 299.1 [M+Na]
%
N o)
O 0 LCMS: 5 278.0 [M+H]
25 C . B
o Q LCMS: 24 300.0 [M+Na]
O :N
q
O=S—©—N i
26 1 m B2 | LCMS: %] 289.1 [M+H] B
2
(o]
0
27 . ;:@ B-2 | LCMS: %) 303.1 [M+H] A
- (o]
LCMS: 5] 255.0 [M+H]
o 9 "H NMR (400 MHz, CDCls): 7.50-7.72
28 ,.\,N_g_@_,,,zj 28 | (M, 4H), 4.85 (brs, 1H), 3.90 (T,2H,J = | B
0 7.2 Hz), 2.53-2.72 (M, 5H), 2.14-2.28 (M,
2H)
(o] N
0D |
- NS o | LOMS: % 249 [M+H] .
ad LCMS: 52 271 [M+Na]
(o]
(o]
o o LCMS: 52 302 [M+H]
30 N A |LCMS: %9 324 [M+Na] B
4 LCMS: 2] 625 [2M+Na]
F
(o]
on o LCMS: 0 302 [M+H]
31 N A | LCMS: 5291 324 [M+Na] B
! LCMS: %) 625 [2M+Na]
F
o
ﬂH
32 N\©><\ A | LCMS: %] 314 [M+H] B
(o]
OH
o
O,
33 }—ON B-1 |LCMS: 52 282.2 [M+H] B
HO
O
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4 950 F AR R
Yo %y 24 AR (NMR #=/ % LCMS)
_ﬂ‘j_

F o
)@E 2 SR -
34 N f’;@ LCMS ) 307 [M+Na] B

X
&

3

7 ”1'

LCMS: 52 591 [2M+Na]

LCMS: %) 307 [M+Na]
* LCMS: %) 591 [2M+Na]

N F HO 'H NMR (400 MHz, DMSO-d): 13.15
35 \\ N A B
(S, 1H), 10.54 (S, 1H), 8.21-8.19 (D,
J=7.6 Hz, 1H), 7.92-7.90 (D, J=7.6 Hz,
1H), 7.72-7.44 (M, 5H)
52 ) 307 [M+Na] B

o F
/©/\ LCMS:
36 ©<::g S¥ A |LoMms:

LCMS: 52 591 [2M+Na]

¥

52 ) 284 [M+H]

A

LCMS:

LCMS: %M 307 [M+Na]
HO'
N H : '?\’»,‘)[11 +
. [ B A LCMS: %) 591 [2M+Na] A
"H NMR (400 MHz, DMSO-dj): 13.23
(S, 1H), 10.91 (S, 1H), 7.95-7.88 (S, 3H),
7.71-7.69 (M, 1H), 7.65-7.58 (M, 3H)

¥

52 ) 284 [M+H]

g

0y/ .
Q 5o LCMS: %) 320.0 [M+H]
OH s
38 HN A | LCMS: %] 342.0 [M+Na] B
LCMS: % 661.0 [2M+Na]

LCMS: M) 277.1 [M+H]
LCMS: %) 299.1 [M+Na]
"H NMR (400 MHz, DMSO-dj): 8.60 (S,

39 D B
1H), 8.47 (S, 1H), 8.29 (D, 1H), 8.13 (D,
1 H), 7.78-7.49 (M, 5H), 5.13-5.10 (M,
1H), 3.80 (DD, 1H), 3.41 (DD, 1H)
40 C |LCMS: %M 278.1 [M+H] B
o LCMS: %M 287.1 [M+H]
¢ o o LCMS: 52 309.0 [M+Na]

41 g |, A
O Q H NMR (400 MHz, DMSO-dp):

7.87-7.75 (M, 4H), 7.64-7.45 (M, 4H),
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RS A& AR 2
W% sEH wAL (NMR #/ % LCMS) o
."7
6.09 (M, 1H), 3.86 (DD, 1 H), 3.62 (DD,
1H)
LCMS: 5 320.1 [M+H]
o) "H NMR (400 MHz, DMSO-dy): 8.61 (S,
Q HN 1H), 8.20 (D, J=8.1Hz, 2H), 7.92 (D,
42 O O D | J=8.2Hz, 2H), 7.69-7.59 (M, 3H), 7.50 B
; (TD, J=7.3, 1.3Hz, 1H), 5.13(DD, J=8.0,
F 4.4Hz, 1H), 3.80(DD, J=18.1, 4.4Hz, 1H),
3.43(DD, J=18.1, 8.1Hz, 1H)
Y 4 ot
5 o O P o | ovs: 523 311.0 [M+H] .
Y/ O LCMS: 2 333.0 [M+Na]
o P
;R : +
44 A O . LCMS %;13310[1\4 H] 5
’\(\) @ LCMS: %) 353.0 [M+Na]
O\\S/
Z O HN"™N ] ] L
45 N/\@\ X - LCMS + ] 330.0 [M+H] &
N LCMS: 52 352.0 [M+Na]
Br. O\\S/
46 \©\ 0 HNTRY L | LCMS: % 369.0 [M<H] .
HJ\© LCMS: %) 391.0 [M+Na]
OH
LT
N .
47 H 47 | LCMS: %) 300.1 [M+H] B
(o) OH
o
on LCMS: 5 272.0 [M+H]
48 N o A | LCMS: %M 294.0 [M+Na] B
\ ~
d LCMS: 52 565.1 [2M+Na]
(o]
OH o} ] i
- : 1A LCMS ‘ ‘J36SO[M Na] .
\©/\r|« 0 LCMS: %) 707.2 [2M+Na)]
(o]
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4 &R FAER i
% s AL (NMR #/ % LCMS) o
'ﬂ?
(o)
OH 0 )
50 N M| A |LCMS: % 349.1 [M+Na] B
N
o I
LCMS: %M 299.1 [M+H]
f LCMS: %) 321.0 [M+Na]
gH 'H NMR (400 MHz, DMSO-d;): 13.03
51 N A B
\©\)OL (S, 1H), 10.29 (S, 1H), 7.88 (T, 1H), 7.62
° NH, (M, 5 H), 7.43 (S, 1H), 7.22 (D, ] = 8.4
Hz, 1H), 6.86 (S, 1H), 3.17 (S, 2H)
(o]
aH : R 3 +
- 0 N LCMS % ] 300.1 [M+H] 5
O\)oi LCMS: %4 322.0 [M+Na]
o

OH ﬁ OH
o HN—S@—« LCMS: 52 322.0 [M+H]
53 ! o) E B

LCMS: %) 344.0 [M+Na]

NS Os__OH
H
54 N\% F | LCMS: 5@ 268.1 [M+H] B
(o] 2
N
LCMS: 529 289.0 [M+H]
9 LCMS: %) 308.0 [M+Na]
s QH | LCMS: % 593.0 [2M+Na] R
. '"H NMR (400 MHz, MeOD): 8.71 (D, J =
© 8 Hz, 1H), 8.13 (M, 1H), 8.01 (D,J =38
Hz, 1H), 7.65 (M, 4H), 7.20 (M, 1H)
SNT _N
| “
0=S=OH .
56 N G |LCMS: %M 330.1 [M+H] A
(o)
(o) OH
- LCMS: %M 286.2 [M+H]
57 N A | LCMS: 52 308.1 [M+Na] B
8 LCMS: %) 593.3 [2M+Na]
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(e Epod RAER I i
% £iH) AL (NMR #2/$, LCMS) 015
% {

(o}
@d;o” LCMS: 5 299.2 [M+H]
58 N S L OH A | LCMS: %) 321.2 [M+Na] B
5 \©)\N LCMS: %) 619.1 [2M+Na]
(o}
on LCMS: 5] 313.1 [M+H]
59 ©¢H SO~ | A |LOMS: 5% M) 335.0 [M+Na] B
I: | LCMS: %) 647.1 [2M+Na]

a

A

(o}
ZN .
” Z LCMS: %] 343.1 [M+H]
" "H NMR (400 MHz, DMSO-d;): 13.00
60 O H I | (brs, 1H), 10.72 (brs, 1H), 8.03 (S, 1H), | A
O Bii 7.82-7.91 (M, 1H), 7.58-7.80 (M, 7H),
! 7.42-7.58 (M, 3H)
N
61 H I | LCMS: 5 343.1 [M+H] A

P

(o]
OH
o LCMS: 52 249 [M+H]
63 A . A
LCMS: 52 271 [M+Na]

0
0
u LCMS: 52 372.2 [M+H
62 _ 0=$=0 G : 7’“ A [, ] A
Z LCMS: % 394.1 [M+Na]

*

b

190



CN 105228626 A i BB 127/153 10
%S R FyETE e
eZE 4 AR (NMR #=/ % LCMS) i
_‘,’j-

LCMS: %) 300.2 [M+H]
o LCMS: %M 621.2 [2M+Na]
(o)
/@ j 'H NMR (400 MHz, DMSO-dj): 12.99
64 @Q“:QH © A | (S, 1H), 10.13 (S, 1H), 7.86 (M, 1H), 7.63 | B
I (M, 1H), 7.51 (M, 2H), 7.31 (S, 1H), 7.07
(M, 1H), 6.80 (D, J = 8.4 Hz, 1H), 4.23
(M, 4H)
(o}
HO . “L:‘/‘WJ : F
a8 : L | rews % ] 286.2 [M+H] N
<° LCMS: %M 593.2 [2M+Na]
o (o}
(o]
OH )
66 R A | LCMS: %M 257.0 [M+H] B
(o] | ~N
o
OH )
67 N N A | LCMS: %) 257.0 [M+H] A
s M\
LCMS: ) 272.0 [M+H]
. LCMS: 42 294.0 [M+Na]
LCMS: %] 565.1 [2M+Na]
OH
H 1 -do):
- H | HNMR (400 MHz, DMSO-dp): 937 (S, |
I j@ 1H), 7.98 (D, J = 7.6 Hz, 1H), 7.85 (D, J
9 =7.6 Hz, 1H), 7.65 (M, 1H), 7.58 (M,
2H), 7.15 (M, 1H), 7.07 (M, 1H), 6.98
(M, 1H)
(o) OH
F (o)
F
F N s S i =+
6 H% L | rems % ] 392.1 [M+H] 5
LCMS: %) 414.1 [M+Na]
F7IF
F
o
70 N A | LCMS: i) 267.1 [M+H] A
OH
o
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s &R R &
%,% L mAZ (NMR #=/ % LCMS) o
2
(o)
©¢OH
71 N A |LCMS: 52 271.0 [M+H] A
\©/\NH2
(o}
LCMS: 94 349.0 [M+H]
° LCMS: %M 371.0 [M+Na]
- o "H NMR (400 MHz, DMSO-dj): 10.38
72 3 N'\\S\\/ A | (S, 1H), 7.89 (T, 1H), 7.23 (S, 1H), 7.66 A
S \©AH © (M, 1H), 7.58 (M, 4H), 7.07 (D, ] = 7.6
Hz, 1H), 4.15 (D, ] = 6 Hz, 2H), 2.89 (S,
3H)
LCMS: %M 363.0 [M+H]
LCMS: %M 385.0 [M+Na]
X LCMS: 5] 747.0 [2M+Na)]
7 E,H \ » "H NMR (400 MHz, DMSO-dj): 13.02 n
Ny (S, 1H), 10.41 (S, 1H), 7.87 (D, 1 =172
2 \©/\I Hz, 1H), 7.65 (M, 3H), 7.35 (T, 1H), 7.04
(D, J=7.6 Hz, 1H), 4.21 (S, 1H), 2.96 (S,
1H), 2.67 (S, 1H)
rr\> LCMS: %) 308.2 [M+H]
o /©/Ln 'H NMR (400 MHz, DMSO-dy): 10.53
74 (:QEH A | (S, 1H), 7.88 (D, J = 8.4 Hz, 3H), 7.56 B
a (D, J = 8.8 Hz, 2H), 7.65 (M, 1H), 7.59
0 (M, 2H), 7.10 (S, 1H)
LCMS: %M 295.1 [M+H]
N NHa LCMS: 52 317.1 [M+Na]
7 \©\ o “N"o o | 'HNMR (400 MHz, CDCLY:) 947 (brs, |
HJ\© 1 H), 7.86 (D, 1H), 7.79 (D, 2H), 7.57 -
7.66 (M, 3H), 7.48 - 7.54 (M, 1H), 7.31
(D, 1H), 4.74 (br s, 2H), 3.25 (S, 3H)
W
76 ©\ Mo H |LCMS: %) 330.1 [M+H] B
N
H
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4 &A% F AL i
W%y s wAL (NMR #2/3 LCMS) P
%
N
Il
7 o H |LCMS: %M 378.1 [M+H] A
o H
e
cr
o LCMS: 2 330.1 [M+H]
NS o \N,‘\s<’° "H NMR (400 MHz, DMSO-d;): 10.70
78 . H | (S, 1H), 7.90 (D, 2H), 7.82 (D, 2H), B
H 7.64-7.49 (M, 4H), 3.26 (S, 3H), 3.00 (S,
3H)
2 =N LCMS: %) 360.1 [M+H]
HQ/ "H NMR (400 MHz, CDCI3) 10.85 (S,
NH
- g | TH), 097 (S, 1H), 7.94 (D, 2H), 784 (D, |
=0 2H), 7.59 — 7.63 (M, 2H), 7.30 - 7.32 (M,
1H), 3.61 - 3.64 (M, 2H), 3.44 - 3.47 (M,
A 2H), 3.06 (S, 3H)
(o}
LCMS: 52 233.1 [M+H]
OH s
Bl g A | LCMS: %) 255.1 [M+Nal B
I Tr LCMS: 5 487.0 [2M+Na]
(o]
OH LCMS: 2] 286.0 [M+H]
81 ] A . B
~o LCMS: %) 308.0 [M+Nal]
(o)
(o)
OH LCMS: %27 246.2 [M+H
. : A CMS % ] 246.2 [M+H] N
B LCMS: %) 513.2 [2M+Na]
O N-nH
F
F
F; ‘o—@ LCMS: 52 340.0 [M+H]
O, N
83 4 A |LCMS: %M 362.0 [M+Na] A
o LCMS: %) 701.1 [2M+Na]
OH
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Gy
%
%

R
AL

P&t &3
(NMR #=/ %, LCMS)

X
&

84

ZI0

OH

LCMS: %) 300.2 [M+H]

LCMS: %2 322.1 [M+Na]

"H NMR (400 MHz, DMSO-dy): 10.24
(S, 1H), 7.84 (D, ] = 6.8 Hz, 1H), 7.56
(M, 4H), 7.15 (D, ] = 8.8 Hz, 1H), 4.61
(T, 1H), 3.47 (M, 1H), 2.75 (M, 1H), 1.14
(D, J = 6.8 Hz, 3H)

85

LCMS: 2 274.2 [M+H]
LCMS: 52 296.1 [M+Nal

36

LCMS:
LCMS:

) 322.1 [M+H]
52 344.0 [M+Na]

87

LCMS:
LCMS:

52 302.0 [M+H]
52 625.1 [2M+Na]

38

LCMS: % 297.1 [M+H]

LCMS: %) 316.0 [M+Na]

'H NMR (400 MHz, CD;0D): 8.06-8.04
(D, 1H), 7.75-7.65 (M, 2H), 7.61-7.53
(M, 3H), 7.24-7.24 (D, 2H), 3.95 (S, 3H)

89

ZIO

\
N, oS

H N7\

LCMS: 5] 461.0 [M+Na]

'H NMR (400 MHz, CD;0D): 8.05
(D,1H), 7.69-7.57 (M, 5H), 7.46-7.35 (M,
6H), 7.20 (D, 1H), 4.45 (S, 2H), 4.16 (S,
2H), 2.69 (S, 3H).

194




N 105228626 A i MR P 131/153 7

TS & R IEH &
% LM wAZ (NMR #=/ % LCMS) o
,\?7
0=3=0 LCMS: %M 377.0 [M+H],
_N LCMS: %] 399.0 [M+Na]
1 .
- o A H NMR (400 MHz, CD;0D): 8.05 ]
(D,1H), 7.72-7.57 (M, 5H), 7.37 (T, 1H),
EH 7.18 (D, 1H), 4.39 (S, 2H), 3.15 (Q, 2H),
I 2.81 (S, 3H), 1.38 (T, 3H).
91 Hoé;;m 0 A | LCMS: 5@ 335.1 [M+H] .
o O LOﬁ_NHZ
(¢]
° LCMS: %M 318.1 [M+H]
0 /—O—/( '"H NMR (400 MHz, DMSO-d,): 13.05
NH OH
92 r A | (brs, 2H), 9.04-8.98 (M, 1H), 7.92-7.88 -
F - (D, 2H), 7.58-7.45 (M, 3H), 7.37-7.33
(M, 1H), 4.50(D, 2H)
o LCMS: %) 318.1 [M+H]
>—©—\ 0 "H NMR (400 MHz, DMSO-dj): 13.20
93 HO HN OH
A | (brs,2H), 9.03 (S, 1H), 7.90 (D, 2H), B
F 7.74 (D, 1H), 7.55-7.50 (M, 4H), 4.52(D,

2H)

o
H >—\ 0 O
94 HO HN—j §—°“ A | LCMS: 52 318.1 [M+H] B

O,
}—@—\ 00
HO HN OH
95 A | LCMS: %= 318.1 [M+H] ;
F
Cl
(o)
O O
96 | nd HN OH | A |LCMS: %M 334.0 [M+H] B
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%
,97

Epod

AL

F AL
(NMR #=/ % LCMS)

X
&

97

LCMS: %M 334.0 [M+H]

'H NMR (400 MHz, DMSO-dy): 9.74 (br
s, 1H), 9.39 (br s, 1H), 7.90 (D, 2H),
7.59-7.56(M, 3H), 7.51-7.47 (M, 2H),
4.50(D, 2H)

98

LCMS: 52 377.0 [M+H],

LCMS: %) 399.0 [M+Na]

'H NMR (400 MHz, CD;0D): 8.05
(D,1H), 7.76-7.57 (M, 5H), 7.37 (T, 1H),
7.20 (D, 1H), 4.43 (S, 2H), 3.32-3.27 (M,

2H), 2.96 (S, 3H), 1.15 (T, 3H).

0,
>—< >—\ O
99 HO HN OH
Cl

LCMS: %M 334.0 [M+H]

"H NMR (400 MHz, DMSO-d;): 13.10
(br s, 2H), 8.93-8.90(M, 1H), 7.90 (D,
2H), 7.74 (D, 1H), 7.56-7.51 (M, 3H),
4.51(D, 2H)

100

LCMS: 2 334.0 [M+H]

(0) S
O
HO HN OH
101

LCMS: 52 334.1 [M+H]

102

LCMS: ) 330.1 [M+H]

'H NMR (400 MHz, DMSO-dy): 12.96
(br s, 2H), 7.90 (D, 2H), 7.51-7.47 (M,
3H), 7.19 (D, 1H), 7.10 (DD, 1H), 4.49
(D, 2H), 3.82 (S,3H)

(0] HN OH
HO (o]

LCMS: 52 330.0 [M+H]

"H NMR (400 MHz, DMSO-ds): 12.90
(br's, 2H), 8.65(T, 1H), 7.91 (D, 2H),
7.54 (D, 2H), 7.45 (D, 2H), 7.32 (DD,
1H), 4.48 (D, 1H), 3.83 (S,3H)
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Y %
_‘%_

B R

A

P &2 &3
(NMR #=/ %, LCMS)

X
&

104

LCMS: 5] 330.0 [M+H]

105

LCMS: 524 302.1 [M+H]

'H NMR (400 MHz, DMSO-dj): 12.98
(brs, 1H), 10.19 (S, 1H), 7.86 (D, 1H),
7.67-7.52 (M, 5H), 6.91 (D, 2H), 4.87(br
s, 1H), 3.96 (T, 2H), 3.71 (Q, 2H)

106

LCMS: %2 330.1 [M+H]

'H NMR (400 MHz, DMSO-dy): 12.80
(br's, 2H), 7.90 (D, 2H), 7.81 (D, 1H),
7.52 (D, 2H), 7.05 (DD, 1H), 6.95(D,
1H), 4.49(D, 2H), 3.85(S,3H)

107

LCMS: 5% 349.0 [M+H],

LCMS: %) 371.0 [M+Na]

"H NMR (400 MHz, CD;0D): 8.06
(D,1H), 7.83 (S, 1H), 7.69-7.56 (M, 4H),
7.39 (T, 1H), 7.23 (D, 1H), 3.32 (S, 3H),
2.95 (S, 3H).

108

(o]
O O
HO HN OH

LCMS: %4 334.1 [M+H]

"H NMR (400 MHz, DMSO-dj): 13.18
(brs, 2H), 9.01 (S, 1H), 7.92 (D, 1H),
7.88 (DD, 1H), 7.80 (DD, 1H), 7.71
(D,1H), 7.63-7.53(M, 3H), 4.53(D, 2H)

109

LCMS: %) 327.2 [M+H]

"H NMR (400 MHz, DMSO-dj): 12.98
(brs, 1H), 8.81 (S, 1H), 7.76 (D, 2H),
7.58-7.44 (M, 3H), 7.28 (D, 2H), 7.15 (D,
2H), 4.40(D, 2H), 2.77(Q, 2H),
2.34(Q,2H)

110

LCMS: 50 365.2 [M+H]

"H NMR (400 MHz, CDCl5): 10.50 (S,
1H), 8.76 (D, 1H), 7.82-7.70 (M, 4H),
7.54-7.53 (M, 1H), 7.34 - 7.30 (m, 2H),
3.71 - 3.69 (m, 4H), 3.05-3.03 (m, 4H).
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LCMS: 52 377.2 [M+H]

"H NMR (400 MHz, CDCl;): 10.38 (S,
1H), 8.74 (D, 1H), 7.94-8.07 (M, 2H),
7.80 (D, 1H), 7.68 (D, 1H), 7.25 - 7.31
(M, 1H), 6.95-7.14 (M, 2H), 3.91 (S, 3H),
3.62 - 3.72 (M, 4H), 2.96-3.11 (M, 4H).

112

LCMS: 5% 415.1 [M+H]

'H NMR (400 MHz, CDCl5): 10.62 (S,
1H), 8.78 (D, 1H), 8.14 (D, 2H),
7.84-7.82 (M, 3H), 7.51-7.46 (M, 1H),
7.36-7.32 (M, 1H), 3.72-3.69 (M, 4H),
3.05-3.03 (M, 4H).

113

LCMS: %M 425.1 [M+H]

"H NMR (400 MHz, CDCl5): 10.68 (S,
1H), 8.78 (D, 1H), 8.22 (D, 2H), 8.14 (D,
2H), 7.81 (D, 1H), 7.76-7.68 (M, 1H),
7.37-7.33 (M, 1H), 3.73 - 3.70 (M, 4H),
3.05-3.03 (M, 4H).

114

LCMS: %) 316.1 [M+H]

'H NMR (400 MHz, DMSO-dy): 10.76
(S, 1H), 9.98 (S, 1H), 8.21 (S, 1H), 7.98
(T, 1H), 7.83 (D, 1H), 7.62-7.57 (M,4H),
7.32(T, 1H), 3.12(S, 3H)

115

LCMS: %M 333.1 [M+H]

"H NMR (400 MHz, DMSO-dy): 10.70
(brs, 1H), 10.18 (br s, 1H), 8.33 (S, 1H),
7.99 (D, 1H), 7.89 (D, 1H), 7.76 (D, 1H),
7.58-7.52 (M, 3H), 7.30(T, 1H), 3.13(S,
3H), 2.60(S, 3H)

116

LCMS: %) 346.1 [M+H]

"H NMR (400 MHz, DMSO-d,): 10.60
(S, 1H), 10.16 (S, 1H), 8.07 (S, 1H), 7.90
(DD, 2H), 7.59-7.57 (M, 2H), 7.31-7.29
(M, 2H), 3.92(S, 3H), 3.12(S, 3H)
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LCMS: M 349.2 [M+H]

'H NMR (400 MHz, DMSO-d5): 10.44
(S, 1H), 10.29 (S, 1H), 7.88 (D, 1H),
7.64-7.55 (M, 4H), 7.31-7.22 (M, 3H),
3.52 (Q, 2H), 3.25 (S, 3H), 3.13 (S, 3H),
2.79 (Q,2H)

118

LCMS: 52 365.1 [M+H]

"H NMR (400 MHz, CDCl5): 10.40 (D,
1H), 8.67 (D, 1H), 8.14-8.10 (M, 2H),
7.87 (D, 1H), 7.72-7.68 (M, 1H),
7.61-7.55 (M, 1H), 7.36-7.30 (M, 4H),
3.71 - 3.68 (M, 4H), 3.10-3.07 (M, 4H).

119

LCMS: 52 349.1 [M+H]

"H NMR (400 MHz, DMSO-d;): 10.31
(br s, 2H), 7.90 (D, 1H), 7.62 (D, 2H),
7.53 (S, 2H), 7.20-7.18 (M, 3H),
4.49-4.46 (M, 1H), 3.43-3.39(M, 2H),
3.08(S, 3H), 2.65-2.55(M, 2H), 1.74-1.67
(M, 2H)

120

Z#NH O

LCMS: %27 349.1 [M+H]

"HNMR (400 MHz, DMSO-d,): 12.91
(brs, 1H), 11.13 (brs, 1H), 9.51 (T, 1H),
7.94-7.91 (M, 3H), 7.57 (S, 2H), 7.46 (D,
2H), 7.24-7.21 (M, 1H), 4.56(D, 2H),
3.12(S, 3H)

121

LCMS: %M 372.1 [M+H]

"H NMR (400 MHz, DMSO-d,): 10.37
(S, 1H), 8.37 (S, 1H), 8.26 (M, 1H),
8.14-8.12 (M, 2H), 7.86-7.79 (M, 3H),
7.52 (M, 1H), 3.56-3.54 (T, 4H),
2.83-2.86 (T, 4H)

122

(J e

LCMS: %2 389.1 [M+H]

'"H NMR (400 MHz, DMSO-dy): 10.42
(S, 1H), 8.51 (S, 1H), 8.30 (D, 1H),
8.23-8.19 (M, 2H), 7.87-7.74 (M, 3H),
7.50 (T, 1H), 3.57-3.55 (M, 4H),
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2.92-2.89 (M, 4H), 2.67 (S,3H)
(°] LCMS: 2 365.1 [M+H]
N "H NMR (400 MHz, DMSO-d;): 10.27
123 o=$=0 ” F T | (S, 1H), 8.30 (D, 1H), 8.05-8.01 (M, 2H), | A
"m/@ 7.84-7.80 (M, 2H), 7.47-7.41 (M, 3H),
0 3.62-3.55 (M, 4H), 2.95-2.88 (M, 4H)
o (\j LCMS: %) 383.1 [M+H]
\\S\(N "H NMR (400 MHz, CDCls): 10.36 (D,
- NS i G | 1H)8.64(D, 1H), 820-8.14 (M, 1H), _
7.85 (D, 1H), 7.69 (T, 1H), 7.35-7.29 (M,
e 2H), 7.10-6.95 (M, 2H), 3.71 -3.69 (M,
F 4H), 3.09-3.06 (M, 4H).
o LCMS: %) 353.1 [M+H]
HO/\/N;SII 'H NMR (400 MHz, CDCly): 10.40 (S,
- :Njg G | 1HD, 866 (D, 1H), 8.07-8.04 (M, 2H), 5
O/go 7.85 (D, 1H), 7.60 (T, 1H), 7.32-7.20 (M,
3H), 3.73 - 3.71 (M, 2H), 3.25-3.23 (M,
- 2H), 2.86 (S, 3H).
5 (\\)NH LCMS: %M 364.2 [M+H]
©:s\\; "H NMR (400 MHz, CDCl5+CD;0D):
126 NH G | 8.60 (D, 1H), 7.97-7.94 (M, 2H), 7.80 (D, | -
?\@\ 1H), 7.70 (T, 1H), 7.32-7.16 (M, 3H),
F 3.37 - 3.33 (M, 4H), 3.18-3.15 (M, 4H).
A LCMS: %) 378.2 [M+H]
XN '"H NMR (400 MHz, CDCl;): 10.17
127 @N‘E G | (S, 873 (D, 1H), 8.03-8.00 (M, 2H), |
7.80 (D, 1H), 7.74 (T, 1H), 7.35-7.22 (M,
°}\©\ 3H), 3.81 (br s, 2H), 3.56 (br s, 2H), 3.29
F (br s, 2H), 2.90 (br s, 2H), 2.81 (S, 3H).
N LCMS: %) 379.2 [M+H]
C{\S:N 'H NMR (400 MHz, CDCl;): 10.28
- ©: o (S,1H), 8.64 (D, 1H), 8.06-8.03 (M, 2H),
NH G A
7.89 (D, 1H), 7.65 (T, 1H), 7.30-7.21 (M,
°)\©\ 3H), 3.87-3.85 (M, 1H), 3.75 (D, 1H),
i 3.55-3.26 (M, 5H), 1.19 (D, 3H).
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129

o

/

LCMS: %) 399.2 [M+H]

"H NMR (400 MHz, CDCl): 10.55
(S,1H), 8.76 (D, 1H), 8.05-8.02 (M, 2H),
7.90 (D, 1H), 7.69 (T, 1H), 7.33-7.17 (M,
8H), 4.19 (S, 2H), 2.63 (S, 3H).

130

LCMS: %) 325.1 [M+H]

131

LCMS: 52 325.1 [M+H]

"H NMR (400 MHz, DMSO-dj): 13.15
(brs, 1H), 10.58 (S, 1H), 7.92 (D, 1H),
7.72-7.53 (M, 6H), 4.54 (T,1H),
4.42-439 (M, 2H), 2.68-2.65 (M, 2H),
1.76-1.69 (M, 2H)

132

LCMS: %) 385.1 [M+H]

"H NMR (400 MHz, CDCl): 9.84 (S,1H),
8.63 (D, 1H), 7.89 (D, 1H), 7.67-7.59 (M,
3H), 7.30-7.28 (M, 1H), 7.11-7.05 (M,
6H), 6.95-6.93 (M, 1H), 3.19 (S, 3H).

133

LCMS: %) 423.1 [M+H]

"H NMR (400 MHz, CDCls): 10.54
(S,1H), 8.79 (D, 1H), 8.10 (D, 2H),
7.83-7.66 (M, 6H), 7.54-7.42 (M, 3H),
7.33-7.29 (M, 1H), 3.71-3.69 (M, 4H),
3.07-3.05 (M, 4H).

134

HO

NH
HO

LCMS: %) 318.2 [M+H]

'H NMR (400 MHz, DMSO-dy): 13.10
(brs, 1H), 10.49 (S, 1H), 7.89 (D, 1H),
7.63-7.53 (M, 4H), 7.31(D, 2H), 7.23 (T,
1H), 4.51 (T, 1H), 3.45-3.42 (M, 2H),
2.62-2.58 (M, 2H), 1.71-1.65 (M, 2H)

135

Cl OH

OH
HN

LCMS: %) 334.1 [M+H]

"H NMR (400 MHz, DMSO-ds): 13.09
(brs, 1H), 10.44 (S, 1H), 7.90-7.84 (M,
2H), 7.67-7.49 (M, 4H), 7.28(D, 2H),
4.53 (T, 1H), 3.46-3.42 (M, 2H),
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2.70-2.66 (M, 2H), 1.73-1.66 (M, 2H)

136

LCMS: %) 314.1 [M+H]

"H NMR (400 MHz, CDCl;): 10.17 (S,
1H), 7.86-7.84 (D, 1H), 7.63-7.62 (D,
1H), 7.55-7.47 (M, 3H), 7.40-7.35 (D,
1H), 7.06-7.04 (D, 1H), 4.49-4.47 (T,
1H), 3.45-3.41 (M, 2H), 2.57-2.53 (M,
2H), 2.24 (S, 3H), 1.67-1.60 (M, 2H)

137

Q;O“
3,04

LCMS: 52 343.0 [M+H]

138

@%&

LCMS: 2 344.1 [M+H]

139

LCMS: %) 383.2 [M+H]

"H NMR (400 MHz, CDCls): 10.50
(S,1H), 8.73 (D, 1H), 7.92 (T, 1H),
7.82-7.70 (M, 3H), 7.40-7.29 (M, 2H),
3.72-3.70 (M, 4H), 3.05-3.02 (M, 4H).

140

LCMS: 52 311.2 [M+H]

'H NMR (400 MHz, DMSO-dy): 13.10
(brs, 1H), 10.51 (S, 1H), 8.02 (S, 1H),
7.90-7.82 (M, 2H), 7.67-7.55(M, 3H),
7.26 (D, 1H), 4.18 (Q, 2H),1.37 (T, 3H)

141

LCMS: %) 412.9 [M+H]

"H NMR (400 MHz, CD;0D): 8.33
(D,1H), 8.11-8.08 (M, 2H), 7.98 (D, 1H),
7.79 (T,1H), 7.49 (T, 1H), 7.36-7.31 (M,
2H), 3.68-3.66 (M, 4H), 3.28-3.16 (M,
4H).

OH >—
142 HN—@—NH

LCMS: %) 299.1 [M+H]

"H NMR (400 MHz, DMSO-dj): 12.99
(brs, 1H), 10.27 (S, 1H), 9.89(S,1H),
7.87 (D, 1H), 7.67-7.50 (M, 7H), 2.03(S,
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143

LCMS: %M 316.1 [M+H]

"H NMR (400 MHz, CD;0D): 8.03-8.01
(T, 1H), 7.66-7.63 (T, 1H), 7.58-7.52 (M,
4H), 6.94-6.92 (M, 2H), 4.12-4.10 (M,
2H), 3.75-3.73 (M, 2H), 3.42 (S, 3H)

144

LCMS: 9] 429.0 [M+H]

'H NMR (400 MHz, CD;0D): 8.40
(D,1H), 7.99 (D, 1H), 7.74 (T, 1H),
7.65-7.57 (M, 4H), 7.42 (T, 1H),
7.20-7.11 (M, 4H), 3.19 (S, 3H).

145

LCMS: %) 312.1 [M+H]

'H NMR (400 MHz, DMSO-dj): 11.18
(brs, 1H), 7.80 (D, 1H), 7.62-7.50 (M,
5H), 7.22(T, 1H), 6.91 (D, 1H), 2.75 (S,
3H),2.12-2.09 (M, 2H)

146

LCMS: 52 405.0 [M+H],

LCMS: 52 427.0 [M+Na]

"H NMR (400 MHz, CD;0D): 8.53
(D,1H), 7.93 (D, 2H), 7.88 (D, 1H), 7.76
(T, 1H), 7.47 (D, 2H), 7.42 (D, 1H), 3.68
(T, 2H), 3.64-3.62 (M, 4H), 3.36 (S,
3H), 3.01-2.96 (M, 6H).

147

LCMS: 52 391.0 [M+H]

"H NMR (400 MHz, CD;0D): 8.53
(D,1H), 8.22 (D, 2H), 8.12 (D, 2H), 7.92
(D, 1H), 7.80 (T, 1H), 7.44 (T, 1H),
3.65-3.63 (M, 4H), 3.02-3.00 (M, 4H).

148

LCMS: 384.1 [M+H]

"H NMR (400 MHz, DMSO-d,): 11.18
(brs, 1H), 7.80 (D, 1H), 7.62-7.50 (M,
5H), 7.22(T, 1H), 6.91 (D, 1H), 2.75 (S,
3H),2.12-2.09 (M, 2H)
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149 HN d

LCMS: %) 325.2 [M+H]

"H NMR (400 MHz, DMSO-dj): 13.09
(S, 1H), 10.48 (S, 1H), 8.01-8.01 (D, 1H),
7.90-7.88 (D, 1H), 7.81-7.80 (D, 1H),
7.67 (S,1H), 7.59-7.56 (D, 2H), 7.31-7.28
(D, 2H), 4.77-4.72 (M, 1H), 1.32-1.31 (D,

OH
150 HN

6H)
LCMS: %M 318.1 [M+H]

"H NMR (400 MHz, DMSO-dj): 13.03
(S, 1H), 10.05 (S, 1H), 7.88-7.86 (D, 2H),
7.07-7.65 (M, 2H), 7.57-5.52 (M, 2H),
7.11-7.03 (M, 2H), 4.50 (S, 1H),
3.42-3.41 (D, 2H), 2.64-2.60 (T, 2H),
1.76-1.69 (M, 2H)

OH
151 HN

LCMS: %27 334.1 [M+H]

"H NMR (400 MHz, DMSO-d,): 13.13
(S, 1H), 9.93 (S, 1H), 7.88-7.86 (D, 1H),
7.66-7.65 (M, 1H), 7.59-7.54 (M, 3H),
7.35(S, 1H), 7.22-7.20 (D, 1H), 4.50 (S,
1H), 3.43-3.39 (M, 2H), 2.64-2.60 (T,
2H), 1.74-1.68 (M, 2H)

152

S\\
[o]
H OH

LCMS: %M 405.0 [M+H]

"H NMR (400 MHz, CD;0D): 8.36
(D,1H), 8.05 (D, 2H), 7.76 (D, 1H), 7.67
(T, 1H), 7.53 (D, 2H), 7.35 (T, 1H), 3.88
(S,2H), 3.51-3.48 (M, 4H), 2.64-2.62 (M,
4H).

153

LCMS: %) 314.1 [M+H]

'"H NMR (400 MHz, DMSO-d;): 12.91
(brs, 2H), 8.98 (S, 1H), 7.80-7.75 (M,
2H), 7.58-7.50(M, 3H), 7.31-7.28 (M,
2H), 4.46-4.04 (M, 2H)

154

LCMS: %) 330.0 [M+H]

"H NMR (400 MHz, DMSO-dj): 12.95
(brs, 1H), 12.55(br s, 1H), 8.93 (S, 1H),
7.78 (D, 1H), 7.62-7.49(M, 4H), 7.16 (D,
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1H), 4.47 (D, 2H), 3.84 (S, 3H)

155

LCMS: 5] 325.0 [M+H]

'"H NMR (400 MHz, DMSO-dj): 13.37
(br's, 1H), 8.99(T, 1H), 8.07 (D, 1H),
7.97 (S, 1H), 7.83-7.80(M, 2H), 7.62-7.51
(M, 3H), 4.54 (D, 2H)

156

LCMS: %] 455.1 [M+2Na-H]

"H NMR (400 MHz, CDCl;): 10.36
(S,1H), 7.82-7.75 (M, 3H), 7.51-7.43 (M,
5H), 7.37-7.33 (M, 2H), 7.29-7.27 (M,
2H), 7.16 (T,1H), 4.38 (T, 2H), 3.81 (S,
3H), 3.02 (T, 2H).

o
157 HO NH >: O:H

LCMS: %M 314.1 [M+H]

"H NMR (400 MHz, DMSO-dy): 12.92
(brs, 2H), 8.86 (T, 1H), 7.79-7.73 (M,
3H), 7.60-7.48(M, 4H), 4.45 (D, 2H),
2.38 (S, 3H)

0
158 HO NH : OH

LCMS: 314.1 [M+H]

"H NMR (400 MHz, DMSO-d,): 12.97
(br s, 2H), 8.83(D, 1H), 8.02 (D, 1H),
7.91 (D, 1H), 7.79 (D,1H), 7.61-7.55(M,
3H), 7.44 (D, 1H), 5.18-5.11 (M, 1H),
1.44 (D, 3H)

159

LCMS: %M 421.2 [M+2Na-H]

"H NMR (400 MHz, CDCl;): 10.36
(S,1H), 7.96 (S, 1H), 7.79 (D, 1H), 7.67
(D, 1H), 7.56-7.51 (M, 3H), 7.29-7.27
(M, 1H), 7.19 (T, 1H), 4.36 (T, 2H), 3.80
(S, 3H), 3.14 (T, 2H), 3.01 (T, 2H),
1.91-1.85 (M, 2H), 1.02 (T, 3H).

160

LCMS: %l 297.1 [M+H]
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161 HO NH OH

LCMS: 52 368.1 [M+H]

"H NMR (400 MHz, CD;0D): 8.08-8.06
(D, 2H), 8.01-7.99 (D, 1H), 7.68-7.64 (M,
3H), 7.56-7.56 (D, 1H), 7.42-7.40 (D,
1H), 6.03-5.97 (M, 1H)

H
O N
162 \F\\s’“\é \©\/\0/

LCMS: %M 421.2 [M+2Na-H]

"H NMR (400 MHz, CDCls): 10.35
(S,1H), 7.95 (S, 1H), 7.85 (D, 1H), 7.65
(D, 1H), 7.56-7.48 (M, 3H), 7.31-7.27
(M, 1H), 7.16 (T, 1H), 4.36 (T, 2H), 3.80
(S, 3H), 3.37-3.32 (M, 1H), 3.01 (T, 2H),
1.41 (S, 6H).

163

LCMS: %] 469.2 [M+2Na-H]

"H NMR (400 MHz, CDCl5): 10.42
(S,1H), 7.80 (S, 1H), 7.67 (D, 1H), 7.61
(D, 1H), 7.50-7.44 (M, 3H), 7.29-7.24
(M, 6H), 7.16 (T, 1H), 4.42 (S, 2H), 4.37
(T, 2H), 3.80 (S, 3H), 3.01 (T, 2H).

164

LCMS: 2] 314.1 [M+H]

'H NMR (400 MHz, DMSO-dy): 12.70
(br s, 2H), 8.83 (T, 1H), 7.76 (D, 1H),
7.59-7.45(M, 3H), 7.32 (D, 2H), 7.20 (D,
2H), 4.41 (D, 2H), 3.55 (S,2H)

165 N N

LCMS: %M 279.0 [M+H]

"H NMR (400MHz,CDCl3): 10.98 (S,
1H), 8.80 (S, 1H), 8.46 (D, 1H), 8.03 (D,
1H), 7.61-7.56 (M, 1H), 7.28 — 7.11 (M,
1H), 3.92 (S, 3H)

166

LCMS: %) 312.1 [M+H]

'H NMR (400 MHz, DMSO-dy): 12.99
(brs, 1H), 8.84 (T, 1H), 7.76 (D, 1H),
7.59-7.47(M, 3H), 7.33 (D, 2H), 7.14 (D,
2H), 4.41 (D, 2H), 3.74 (S,2H), 2.12
(S,3H)
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167

LCMS: M) 318.1 [M+H]

168

>: O:
HO NH OH

LCMS: %) 330.1 [M+H]

'H NMR (400 MHz, DMSO-dy): 9.39 (br
s, 2H), 7.71 (D, 1H), 7.59-7.47(M, 6H),
4.43 (D, 2H), 3.55 (S,2H)

169

LCMS: 52 343.0 [M+H]

LCMS: 52 365.0 [M+Na]

"H NMR (400MHz,CDCls): 10.48 (S,
1H), 8.56 (D, 1H), 8.04-7.79 (M, 3H),
7.60 (D, 1H), 7.53 (T, 1H), 7.45 (T, 1H),
7.02-6.98 (M,1H), 5.11 (br s, 1H), 4.56
(D, 2H), 3.94 (S, 3H), 3.91 (S, 3H)

170

LCMS: %) 298.1 [M+H]

'H NMR (400 MHz, DMSO-d;): 13.03
(br's, 1H), 8.94 (T, 1H), 7.92(D, 2H),
7.78 (D, 2H), 7.61-7.49 (M, 5H), 4.50
(D,2H), 2.58 (S, 3H)

171

LCMS: 524 357.0 [M+H]

LCMS: %M 379.0 [M+Na]

"H NMR (400MHz,CDCls):  10.50 (S,
1H), 8.56 (D, 1H), 8.05-8.01 (M, 3H),
7.53 (T, 1H), 7.44 (D, 1H), 7.00 (T,1H),
5.10 (brs, 1H), 4.57 (D, 2H), 4.38 (Q,
2H), 3.91 (S, 3H), 1.41 (T, 3H)

172

LCMS: 2] 299.1 [M+H]

173

LCMS: 42 328.2 [M+H]
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174

LCMS: 52 300.1 [M+H]

"H NMR (400 MHz, CD;0D): 7.98-7.97
(D, 1H), 7.63-7.51 (M, 5H), 7.39-7.36 (T,
3H), 5.68 (S, 1H)

175

LCMS: % 365.1 [M+Na]

'H NMR (400 MHz, DMSO-d5): 13.09
(brs, 1H), 12.09 (S, 1H), 8.49(D, 1H),
8.30 (S, 1H), 7.82 (D, 1H), 7.7-7.61 (M,
4H), 7.36 (D, 1H), 4.52 (T,1H), 3.44-3 .41
(M, 2H), 2.63-2.60 (M,2H), 1.78-1.71
(M, 2H)

176

LCMS: 52 344.1 [M+H]

"H NMR (400 MHz, DMSO-d,): 13.12
(S, 1H), 11.42 (S, 1H), 8.52-8.50 (D, 1H),
7.86-7.83 (M, 2H), 7.70-7.64 (M, 3H),
7.62 (D, 1H), 4.49 (S, 1H), 3.41 (M, 2H),
2.65-2.62 (T, 2H), 1.75-1.68 (M, 2H)

177

LCMS: %M 318.9 [M+H]

LCMS: %) 301.0 [M-H,0]

"H NMR (400 MHz, DMSO-dy): 8.07
(D,2H), 7.84 (D, 2H), 7.83-7.71 (M, 3H),
7.64 (T, 1H), 7.42 (br s, 1H), 7.03 (br's,
1H), 6.66 (S, 1H), 2.44 (S, 3H).

178

ZIO0

LCMS: %M 330.2 [M+H]

"H NMR (400 MHz, DMSO-dy): 13.03
(S, 1H), 10.26 (S, 1H), 7.88 (D, 1H), 7.64
(D, 1H), 7.59-7.52 (M, 2H), 7.41 (S, 1H),
7.17 (D, 1H), 7.06 (D, 1H), 4.43 (T, 1H),
3.75 (S, 3H), 3.43-3.38 (M, 2H),
2.51-2.50 (M, 2H), 1.67-1.65 (M, 2H)

179

LCMS: 52 341.1 [M+H]

'"H NMR (400 MHz, DMSO-d,): 13.21
(brs, 1H), 10.56 (S, 1H), 8.03(D, 1H),
7.90 (D, 1H), 7.80(D, 1H), 7.69-7.55 (M,
3H),7.17 (D, 1H), 4.87 (S, 2H)
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A &R R AEH I o
% s Az (NMR #=/ % LCMS) ok
_%_ ¢

LCMS: %) 318.1 [M+H]
o OH 'H NMR (400 MHz, DMSO-dj): 13.13
120 g: @_/_/ N (brs, 1H), 10.31 (S, 1H), 7.96 (D, 1H), B
F—< >}—§ 7.63-7.39(M, 5H), 7.15 (D, 2H), 4.47 (T,
© 1H), 3.42-3.40 (M, 2H), 2.59-2.53 (M,
2H), 1.73-1.66 (M, 2H)
LCMS: 29 318.1 [M+H]
o OH "H NMR (400 MHz, DMSO-dy): 13.25
11 R f': OJ—/ A (br's, 1H), 10.46 (S, 1H), 7.64-7.45(M, B
2 >>:§ 6H), 7.15 (D, 2H), 4.47 (T, 1H),
° 3.43-3.37 (M, 2H), 2.60-2.56 (M, 2H),
1.74-1.66 (M, 2H)

OH
2O
HN .
182 A LCMS: 5 318.1 [M+H] B
o

OH
HN s
183 < > A | LCMS: % 318.1 [M+H] B
(o)
F
LCMS: 5] 334.1 [M+H]
& &i 'HNMR (400 MHz, DMSO-d5): 13.30
OH
184 HN@_/J A (brs, 1H), 10.31 (S, 1H), 7.90-7.55(M, B
ci \ 6H), 7.15 (D, 2H), 4.47 (br s, 1H),

3.43-3.38 (M, 2H), 2.60-2.55 (M, 2H),
1.73-1.68 (M, 2H)

LCMS: 52 334.1 [M+H]

o OH "H NMR (400 MHz, DMSO-dj): 10.46

Cl OH
185 HN_@_/—/ o |5 1), 7.727.68 (M, 2H), 7.61-7.54 (M, |
3H), 7.16 (D, 2H), 4.47 (S, 1H),

© 3.43-3.39 (M, 2H), 2.60-2.50 (M, 2H),
1.74-1.66 (M, 2H)
(0] OH
O~
186 e A |LCMS: %M 334.1 [M+H] B
@)
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(o] OH
-0~
187 N A | LCMS: 2] 334.1 [M+H] B
(0]
Cl
LCMS: %M 314.2 [M+H]
OH
o "H NMR (400 MHz, DMSO-dy): 12.85
(8% v A (brs, 1H), 10.19 (S, 1H), 7.79-7.56 (M,
/_/—Q—NH 3H), 7.44-7.33(M, 2H), 7.13 (D, 2H),
e 4.47 (T, 1H), 3.42-3.39 (M, 2H),
2.59-2.51 (M, 2H), 1.73-1.66 (M, 2H)
o LCMS: %M 314.2 [M+H]
- "H NMR (400 MHz, MeOD): 7.59-7.53
189 N A | (M, 3H), 7.48-7.41 (M, 2H), 7.18-7.14 A
) \©\/\/°H (M, 2H), 3.60-3.57 (T, 2H), 2.72-2.67 (M,
2H), 2.47 (S, 3H), 1.88-1.81 (M, 2H)
o
HN
190 0 A | LCMS: %) 314.2 [M+H] A
o
OH
(o]
OH .
191 N A | LCMS: %M 314.2 [M+H] ,
o \©\/\/°H
LCMS: ) 342.2 [M+H]
(0]
"HNMR (400 MHz, DMSO-dy): 13.04
OH
192 H A (br's, 1H), 10.28 (S, 1H), 7.86 (D, 1H), ]
\©\><o] 7.65-7.53 (M, 5H), 7.19 (D, 2H),
(0]
o 3.86-3.77 (M, 4H), 2.81 (S, 2H), 1.19 (S,
3H)
LCMS: %) 313.2 [M+H]
o _0._0o "H NMR (400 MHz, DMSO-d;):10.63 (S,
H H
184 H H o, 1H), 8.53 (D, 1H), 8.03 (M, 2H), 7.75 (D, B
\lcl: 1H), 7.68 (D, 1H), 7.53 (T, 1H), 7.42 (T,
1H), 7.04 (M, 1H), 3.90 (S, 3H), 2.30 (S,
3H)
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A BB R AE B

it pn A (NMR 4=/ % LCMS) ﬁi
§ 3
LCMS: 5] 339.2 [M+H]
FH/Q _0._0 "H NMR (400 MHz, DMSO-ds): 10.70
24 L m H K-1 | (S, 1H), 8.50 (D, 1H), 8.00 (T, 2H), 7.65 B
\g/ (D, 1H), 7.55 (M, 2H), 7.26 (M, 1H), 6.67

(S, 1H), 3.88 (S, 3H)
LCMS: M) 339.2 [M+H]
I '"H NMR (400 MHz, DMSO-d;): 10.65

(o) O
F
- . oW . | (5 1H),8.55 (D, 1H), 8.02 (D, 1), 781 |
F g (S, 1H), 7.62 (D, 1H), 7.55 (T, 1H), 7.45
© (T, 1H), 7.26 (D, 1H), 7.05 (T, 1H), 6.95

(S, 1H), 3.91 (S, 3H)
LCMS: 5 307.1 [M-H,0+H]

5 °“H . F 'H NMR (400 MHz, DMSO-d,): 11.63
196 NTN\©)<F K-2 | (S, 1H),7.95 (D, 1H), 7.82 (M, 1H), 7.81 | B
o (S, 1H), 7.73 (M, 2H), 7.68 (M, 1H), 7.24

(M, 2H)
LCMS: %M 285.2 [M+H]
'H NMR (400 MHz, DMSO-d,):  9.96
197 Oy—NH . . | (5 1), 9.01 (S, 1H), 829 (D, 1H), 7.92 B
(DD, 1H), 7.55 (T, 1H),7.46 (DD, 1H),
\ 7.22-7.16 (M, 2H), 7.07-7.04 (M, 2H),
3.87 (S, 3H), 2.25 (S, 3H)
LCMS: 5% 285.2 [M+H]
"H NMR (400 MHz, CDCl;): 10.47 (S,
0 1H), 8.55 (D, 1H), 7.99 (D, 1H), 7.51 (T,
N ”"‘fN _@_ 1H), 7.30 (D, 2H),7.16 (D, 2H), 7.0 (T,
1H), 6.68 (S,1H), 3.87 (S, 3H), 2.33 (S,
3H)
LCMS: %M 253.2 [M-H,0+H]

"H NMR (400 MHz, DMSO-dy): 11.60
(o}
199 HO HN_{ >\: K-2 | (S, 1H), 7.96 (D, 1H), 7.72 (T, 1H), 7.35 B

198

° bl (M, 2H), 7.30 (M, 1H), 7.22 (M, 3H),
3.32 (S, 3H)
I :
0. 0 LCMS: %) 271.2 [M+H]
200 N_ N K-1 | 'H NMR (400 MHz, DMSO-ds): 10.50 B
\'c],/ \© (S, 1H), 8.55 (D, 1H, J=6Hz), 7.97 (D,
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1H, J=7.8Hz), 7.52 (M, 1H), 7.44 (M,
1H), 7.34 (M, 2H), 7.11 (M, 1H), 7.00
(M, 1H), 6.84 (S, 1H), 3.88 (S, 3H)

201 0 HN" o

LCMS: 52 321.2 [M+H]

'H NMR (400 MHz,CDCl3):  10.64 (S,
1H), 8.60 (DD, 1H), 8.08 — 7.98 (M, 2H),
7.83 —7.74 (M, 3H), 7.55 (DD, 1H), 7.49
—17.34 (M, 3H), 7.06 — 6.97 (M, 1H), 6.95
(S, 1H), 3.89 (S, 3H)

202

LCMS: 52 296.2 [M+H]

"H NMR (400 MHz,CDCls):  10.70 (S,
1H), 8.52 (DD, 1H), 8.02 (DD, 1H), 7.89
(T, 1H), 7.64 (DD, 1H), 7.56 (DD, 1H),
7.45 - 7.33 (M, 2H), 7.05 (DD, 1H), 6.92
(S, 1H), 3.93 (S, 3H)

ZT
ZT

203

LCMS: %) 238.07 [M-H,0+H]

'H NMR (400 MHz, DMSO-d,): 11.56
(S, 2H), 7.94 (D, 1H, J=8Hz), 7.70 (T,
1H, J=6Hz), 7.48 (M, 2H), 7.42 (M, 1H),
7.32 (M, 2H), 7.22 (M, 2H)

204 o' 9
)—NH OH

LCMS: %) 280.08 [M-H,0+H]

'H NMR (400 MHz, DMSO-d): 11.60
(S, 2H), 8.03 (D, 2H, J=6Hz), 7.95 (M,
2H), 7.72 (T, 2H, J=6Hz), 7.25 (D, 2H,
J=6.4Hz), 3.32 (S, 3H)

OH

ZT
ZT

205

K-2

LCMS: %] 281.2 [M-H,O+H]

"H NMR (400 MHz, DMSO-d,): 11.55
(S, 1H), 8.05 (D, 1H), 7.90 (D, 1H), 7.70
(M, 2H), 7.61 (M, 1H), 7.42 (D, 1H), 7.23
(M, 2H), 2.46 (S, 3H)

206

LCMS: 2] 313.2 [M+H]

"H NMR (400 MHz, DMSO-dy): 10.67
(S, 2H), 8.52 (D, 1H, J=7.8Hz), 8.00 (D,
1H), 7.94 (D, 2H, J=8Hz), 7.55 (M, 3H),
7.03 (T, 1H, J=6Hz), 3.88 (S, 3H), 2.58
(S, 3H)

SEHtf] 2 AR SR
[0279]
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384 fLARH . LA 100 u M 2K EE MG Y. K40 fu ik 7% 48h. {8 A EnVision 24X
(PerkinElmer) j@id Cell Titer—Glo(Promega) 54643 #T 403G /7. 43 F EnVision BEARAX
(PerkinElmer) JHILHE R ER M 3/7-Glo (Promega) 38 70 M T-3& 14

SEREF] 3 7F KR A 4 EH O RS PK ORI AC
[0280]  Kf 30 u 1 (LG (100 uM, 7E 54 0. 1% DMSO ) PBS H ) v & 21455 A K )
FIERI ST AIBR N o ZIETES S 1.3.4.6.7.8.9 A1 10 /NI, 25245 2 BY 12 /M 4b
OB o WSCER B S8 R I ISR RH ST ESR VR A5 FH LCMS i BT S AL B M &

SR 4 KRR PR A AR (MMT) - 25 48 (0A) A7
[0281]1 Z&F R R A R A M AR LS R 0A. EMHEHR (301,
100 u M, 7/E544 0. 1% DMSO [ PBS W) HIZR 257 F ARG 7 RHTUE, 88 — UG &, FF8: = .
FRAESE 2510 4 ) e M AR BB AP S s IG . EFARJGE 28 RIGFEIY . XWETFARMIMEI T
AT REFR, 5 CE HEAT H AU 2R G, RN AR
[0282]  7E 5% FERBLAG I H 4-6 K5, KT AW T VA0 TH U RS > R B50RH S5 1) 2= 38
FEARE A DIKRZ) 200 un KB RNFENETFREERE (g1-8) VI=AV1 ), 3
HORRGIE Jettn. 25 1 S IRANEE 9 A R 28 s — U0 v R R i iE et
[0283] i BIUARS T REANETFARMEIITA =N . B5 SR B B E R R
2R R SR A 5 A B B, 1 0 TR — A8 BRSNS IR IS R . R e
N ZEELE =N 2 AT P38, DU e Ak = A5 4
[0284]  S4h, T T—2e ¥ (LU RNEH) @B N 7 = AN XA (1- 458, 2-
&,3- WEB ) BB R E IR XM ZER . EFAR 0A BB, SN (21) AT (22) &=
I3 — B E I ES, AN =0 2 — (23) FAFERER ARk . 2 B0t X5 1R 4T
VRO, T 32 520 X A W T AR B 29 G e BeAS 40 o A8 H Bl 2 DXy T AR
[0285]  XFLLFZEud AT ERM / BEy -
[0286] AR B AL B HE ARCE AR AE TS/ #5100 B TR ORE B O A0 JE 4 4k B 4 B
(fibrillation) HIEEZSEL. X TREAXAT, M UL ARSI & o B 1B vE53 9
TR HEER) (BUE 0-5) -

- 0 =JLiBfk

« 1 =5/MPAIR A, TEIZIX T N, 5-10 % 250 i T 5 2 1 m a e i ok (KT 1IR3 41
M2 2R 50% ) T 2IAAEAFIE R o PG 51 018 5 AL T 41 B i 2k B IX L [X 38, H AT B A7
TE i Ji JE o 43 K

2 =RREIRAL, R XA N, 11-25% 2851 T 22 i eE gl i k. (R T IEH 4
FRER 50% ) T EINAEAAE M . PG 401 S8 H A7 AE T 40 Mo fid 2% ) ax e X dg b, HL A RRA7AE
S L B A 2k o

3 =HEIRAL, R XA N, 26-50 % 24 5T T2 25 i gl i k. (R T IEH 4 i
R 50% ) T EIUNAEAAE ) o PG 401 S8 H A7 AE T 40 Mo fid 2% () ax e X dg b, HL AT RRA7AE
S L B A 2k o

4 =B EIBAL, R XA N, 51-75% 24 5T T 2 25 i CE g e i k. (R T IEH 4
R 50% ) T EINAEAAE M PG 401 S8 H A7 AE T 40 Mo id 2% () ax e X 35 b, HL A RRA7AE
R S L B A 2k o
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« 5 =F IR, 7R XA N, 76-100 % 28 0 T 58 3 A m i f i ok (KT IEH 40
2 2 8 5096 ) 1 2N AEAEIE I o PG 403 218 W A7 AE T 40 B4 2k X L8 X 38, BT REAF
FERZ R B4 2k

FE—EEIEOL T, AT LUE FH R 23 B SR 5 44 DXty B0 ade 1) DXty i 1) 1R 226 i 3% 0 A
/ BARR %, ASEAS AT DAELER A8 %) %6 AN 24540 (0-5) o B T R BN Xy B 41, ik vt
T ECEIRLIY 3 X
(02871 FH[RIH IS AR R 60 BB BCE B VP, AN A 22 Ak e AT XA 70 A 22, RN R
AR H A DA X i B A AR BN R b B AR AR PR T S B B (O T N )
2000 v m) FR: bl bR B T 52 B f ™ BRI Y 1/3.2/3 B 3/3. 54, i S T AR 1
1/3 (AT DL T8 55 24 667 wm IXERT 0 ) BAER/DNFIRMA CRTHRE 5-10% BA K
B AN/ BRI R ) WA BCAS 4 1o Wi/ MR AR BEAN SR TH b ZEqd (3/3), WU
SHCAS 5 30 WA PCE T ™ E Y BRI AL, WS 758 15,

[0288]  BRIXPPEEAR IR E BT 794, 10 B0 B i 3 R A AT 1 V49, LAEEA o 24771
(R SR ELAR R 2 me o 5 IR B SR R S 7 (PR A3 i 52 B e M S sz i U ) ad i il
LR E R EA

AR ( NIRR B 58 2 JE R R 2R B )

« EEM (RJEAH R B APk 28 (tidemark) , »90% J& /%)

« PR (7 s R ER) 61-90% )

« R (BRI s SR ) 31-60% )

< BREE (R s R 11-30% )

/M (R, A G2 F i 10% )

[0289] & 1 LA B 3 MLEARECE Vo3 b, b AT T AN 1R AL TE FE I &

« BIREHCEIBWTEIE (un) 2R E P2 2R R R AR A (4B 2k B B pE AR
S BB AR AT ) 5 e RS B R v I B o 12 AR A AR R AR A BB B R
(HMEB 1/3) E5id SR IHAE AR EIY) ) E AR 5 s R 232 BRI IE A 5

o SR IBAR TS (0m) f BRI B 1 SROBE A O # Al A o i K TR SR
50 % B BCE IR X 38 18, X TS IRIE i 2 2 FE ) (25 %R E ) BRI, (=
F2 T 2 RN B 1 SRR A 2R S e 21 B VR B B A2 2 50 96 B K
[0290]  FRAPTSRAYIEAE (HCE 40BN R B S0 P 2 AR 2K, (H 2 T B IR SR R o 1) 1R
TREE B AL ) IR B, 227 78 A 1) X 33 R B A S T 22 W s PR R B ) B A, 7
DX P R A I I I 2 T ) = A XY R R A B B R A P BRI X R4S . 2
FERTAEAE ATATT AL O OU AR AL ) B 8 B o 78 DX 1 R s gE AT U, o BE T e 2 =
AN DT HR R AR AN R R TR RE T R DUR T BB AR
[0291] B EMIVE LAy 28 (/N R AIER ) 8 B Beiil ittt 47 . 8 1 Re Il = 5F
Ta e B, NG X AR A1 = 200 wme ARYE DL N ARHEI AN PR KREH (—
AR T R ) RS -

« 1 =/N, 735 299 um

« 2 =1F,300-399 um

« 3 =2K,400-499 um
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* 4 =1 K, 500-599

5 =K, = 600

S T SEBRE R R (bR 22 5 1) VIS S 1o 1) ez B 20 R ) o
[0292] K3 f B R IR 0 AU B 3CE 1BAAS 70 1 = XA B A ( = AN In
R DUE B i 1B AG 51 o AR BG IR 5717 B35 F 55 45 40 LA AR R K543 40

Bt
[0293]  Jy T EALMI LI JE o1 ORFF, M R B4 () 52 21 de ™ FE 52 0 ) U0 i AT i T

R E . A Cool SNAP-Pro & st FEAH LI 456 2 s 6 7 N4k 21 TmagePro Plus B4, M

XL GO R TC AT T A, A T PO, A SRS -

« £ 9em (A ) e BE BN bR 2 Z2 10 (BB A 5 X s o tH B 3R 10T ) R T

N, ME B N 2R

« B WNARFE IR (A DT 50 % o di i B E B s B R R 1 s ) Ak
HEJ5 ) THI AR

o SATHIAR PN TG R o 1 T AR

TR HP s 25 A7 17 2 o 1) T AR DA 2135 R o (R TR, I HL MR TR AR Fh s 25 TG 25 o
[RITHIAR DAFS BUEAT L BT (&8 B & 3 i 4 i A0 2 1 SRS B e R A g ) AT AR « X P ME
SR G Rl Sk 5 i AR AT LR, DAAS 3 2 o 10 AR 1 43 AN AT ART 5 JoR TR AR [ 40 e, e AT1HE
HIEHEAT LA iz R PG R H R 1 AN 2R AE R IR R . 2 RE v DL SR AR YR
T A 1 71 BRI I (R VR 9T 8RR o Al BE AN R TR B B Xy o
[0294] VRSN TN SR A2 e 1), WUIAE SO RE SR R ARR FE 7 T AT #A IR (B4 F 2 44
1) MIFRAE, (HANEFELE OA 1547
[0295]  FGALHVECE ZAECE T BB O8N T Ira U R IR ) A DL ARiERVF
ﬁj\ H

< 0 =&

o 1 =FERIPRAEIG 0 B g B AR A M3 22, WBR IR, T B i 0 B I R A AE T 2
SN ISP SR ERib]

o 2 =FEWIAR A HE 0 WG BP0 M 3 22, AR BB A0 BE A e B R R R kPR A
TR, B B8 R P 1E) B AR AU R ST AR Y 1/4, (HIEH 5 BR T 28 T 3| T X 35k

3 =TEWIBR AL TG 0 B WE BRI R AH B 1S 22, A5 A0 R B B R SR e M B2 e P AR
W (A ), A fE e B 1E) o AR S AR ) 5 22 3/4, i BESCE T R T AR AT LA B i
(), AH DT Bl A K& B E el (R B B b )

o 4 =TEFBR AL IG N g BRI R 2 I 22, A K i A B S R B B RS AR, A 5
B KA I 2 3/4, HIOGHT s & BUR 9, BESIFR VRSN 250 wm B R /> (3%
THTECE T L B R TR )

o 5 =TEFAR AL IG N g BRI R 2 I 22, A K A B L R 2 B RS AR, A 5
A R AR % 3/4, BT HCE & LB, BEMIAR TR KT 250 um

FA, AR AR A XA R AR/ I E S S R R AT T E .

(02961  JIrA MEAE AT b (2 P& / 5759 ), A8 PR T - e 2 ARh rb R Akl &
TAKIEE (BET R BEETIRIX ) .
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ST 5 < 5 R K BRRE it A B TR AR A A R R ORI B4k
[0297] 41X #CHE AL A P01 LC-MS/MS 23 #r 48 FH it %4 & Agilent 1100HPLC A Leap
Technologies HahHFEZS ) APT 3000 K347 . f#FH HPLC Phenomenex 5 K , 100A Luna
C18(2) Zr#rAE, R~F N 2. 0x 50mm ( £% 5 00B-4252-B0) , Ji& & 4 30°C, Jiii# A 0. 6mL/min, ¥
NARFAR 10ul, IBATIHE] Y 6. Omin. WiEhAH AL 9 0. 1% HER KIS, TRENAH B1 5 0. 1%
TR 2 TR . 46 BEAEISETE] 0 1529 90% A1/10% B1 ;I [A] 1. Omin IF 24 90% A1/10% B1 ;
IFIE] 2. Omin 524 10% A1/90% B1 ;IsHA] 4. Omin BFA 10% A1/90% B1 ;B [A] 4. 10min By
90% A1/10% B1 ;Ff[a] 6. Omin I5F A 90% A1/10% Bl. A ¥0A0 N 5 kRvE B B AL A8 £ I
MM (Multiple Reaction Monitoring) (MRM) € & vEHKH1T. PANHIH T H RS 25310
I ) 2 i 1 AR T V2 DL R OW R B R AR DG 1T SR B R AR
[0298] K BRI iy« 388 Job A0 0T B K BRI 2 P I B R R IR 40 (1) 45 0 A& 0 s R
VERSAEDR#E i 2 o 3 [F) AR VHEFIASE it BB AN 5 20 1R Hh s I T R oA 30 94 1 55 il ke
B TR DUUE H & A AR RN K BRI 2R A o TEIRIETR A A1 B0 5, ok B AR FIAE i 1
FIEW RS R F IR K IS RS TR B IR 1E TA 525 f5 KA A LKA i (FE
t = 0.0.5.1.2.4 1 6h JF46 ) #BFRH, XT38 2 rh I AR AL &A= B it 2 % .
[0299]  KERMRICTIFE M < 7E PN S0 b B A e 71 v o 4 AioBE IR 4 1R 15 0 A & 0 s TR
SR VRIS HEARE HH 25 o PA SR 0 28 77108 I P A T A5 0 LU a8 IR B VA R AE IR ok
il o B R AR A BT i) s ) R R O A i o L B8 B A B 0 R, RSN 1. 0-mL
N AR HER R . BB DA IR E IO 30 204t . WEBAME D RBEL FIE O E NS
EUME T 34, i IR RE J SO 2 2R TR 78 R R AT I R A L IR AEAE -80°C, A fE
55 DL RS EOR BRL A 5 BT IR 1) 77 R SR dh AT b 2
[0300]  fb &4t F S5 ZHZUAFE 5 30 w L 100 u MAL &40 (545 0. 1% DMSO 1 PBS)
N R RS A JE R ST N B . ZEFras IR ] 55 (Ohr, 0. Shr. lhr. 2hr4hr £
6hr) Xt Bt DA< SR A6 o BN (] sS4 F DY R 304 IR G S IR OG0T, 7R A IR
FBEANCER R T M AR, 5 Inl &8 WEFRAER IR G, HA/E AC TR E TR,
TRHE, FFESC 30min. fHH LC-MS/MS - #rf ME i) i, 3R 2 B R R~ 718
TS R R B IR B . ND = AR 7€ o

=2
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CN 105228626 A

i P B

153/153 7T

o %R FERRB A o LK ) 69 K B (ng/mL)
T=0h T=05h | T=1h| T=2h | T=4h | T=6h

o 4335 9.1 4.9 0 ND ND
d 592 35.4 6.3 25 ND ND
62 411 10875 | 526 | 157 ND ND
s 587 28.5 9.41 95 ND ND
113 565.5 2523 42 0 ND ND
i 925.5 50.6 4.4 0 ND ND
123 4430 1102 | 74125 | 3375 38 0

L 7280 29425 | 1365 | 546 ND ND
12 108.8 35 0 0 ND ND

SEJtA] 6: AR tH AL S B AN E )
[0179] O ¥ il %3 I8 I VE 0 i 1) B 18 AR 29510, K 100mg IOASC R 1 AL &4
BCHUKVEVE 25 BT 32 i ER VA AR T DMSO, 28 /5 5 10m1 19 0. 9% Jo e Eh/K ISR & - Kk
BN TV e P 7 A

SEJA] 7 AR AL S VI DR E )

[0180] T #il4% FHl T2 3k AU 25 A &0, ¥ 400mg F A SCHR Hy AL B AN T 3 A 3
SR, IR AL P 7 A
Jagiill i
AR HheE
mg
o-4h 400
2R IZH 50
RBEARFHLEEZMN 25
FLbE 120
PR R 5 5
(01811 TR A S BV A J N TR 55 1 A I e A
Jos BE L 7
AR HENREGSE
mg
A4 200
LA, "M% TR 148
ARG R 5% 2
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