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571 | Abstract: Disclosed are pyridinone compounds, method for preparing these compounds, and
' methods for treating fibrotic disorders.
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5 Pyridinone compounds, method of /making such compounds, "~

pharmaceutical compositions and medicaments comprising such compounds, and methods "

of using such compounds to treat, prevent or diagnose \diseases, disorders, or conditions &

. 11_;-J
associated with fibrosis are provided. : -

Description ‘ : ‘ -

10 Fibrosis is the formation of excess fibrous connective tissue in an organ

or tissue in a reparative or reactive process. Examples of fibrosis include, but are not limited
to pulmonary fibrosis, liver fibrosis, dermal fibrosis, and renal fibrosis. Pulmonary fibrosis,
also called idiopathic pulmonary fibrosis (IPF), interstitial d1ffuse \pulmonary fibrosis,
inflammatory pulmonary fibrosis, or fibrosing alveolitis, is a' lung dlsorder_ and a
15  heterogeneous group of conditions characterized by abnormal formation of fibrous tissue
between alveoli caused by alveolitis comprising cellular infiltration into the alveolar septae
with resulting fibrosis. The effects of IPF are chronic, progressive, and often fatal.
There continues to be a need for safe and effective drugs to treat fibrotic
conditions such as idiopathic pﬁlmenary fibrosis.

20 SUMMARY

Some embodiments of the present application provide a compound

having the structure of formula (I):

@

25 : ora pharmaceutlcally acceptable salt thereof, wherein

Rlis selected from the group cons1st1ng of halogen -CN, -C(O)R8 SOzR16
C1 ¢ alkyl optlonally substituted with one or more R, Cy alkenyl optlonally
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substituted with one or more R, C.6 alkynyl optionally substituted with one or more

R4, Ce.10 aryl optionally substituted with one or more R4, 5-10 membered heteroaryl
optionally substituted with one or more R*, Cs10 carbocyclyl optionally substituted
with one or more R*, and 3-10 membered heterocyclyl optionally substituted with
one or more R _

R? is selected from thé group consisting of halogen -CN, -OR’, -SR’, -
NR®R’, and -C(O)R%;

R? is selected from the group con31st1ng of hydrogen -(CH3)y(Cs.19 aryl), -
(CHy)n~(5-10 membered heteroaryl), -(CHa),-(Cs.19 carbocyclyl), and -(CH;),-(3-10
membered heterocyclyl), each optionaliy sﬁbstitu_ted with one or more R%;

each R' is independently selected from the group consisting of
halogen, -CN, -OH, _-C(O)RS, -SO,R'S, optionally substituted C,. alkyl, optionally
substituted C,¢ alkenyl, op‘tionallyk substituted C,.¢ alkynyl, optionally substituted C;.
¢ alkoxy, opﬁonélly substituted Cs.1 aryl optionally substituted with one or more R! I
Cr.14 aralkyl optionally substituted with one or moréR“, 5-10 membered heteroaryl
optionally substituted with one or more R, or independently two geminal R*
tdgether are 0Xo; ,

each R’ is 1ndependently selected from the group consisting of hydrogen,
optlonally substituted C;¢ alkyl, optlonally substituted C,. alkenyl, optionally
substituted C,.¢ alkynyl, optionally substituted C, g alkoxyalkyl, C¢.1o aryl optionally

substituted with one or more R"!, Cy.14 aralkyl optionally substituted with one or
more R'!, and -(CH,)n-(3-10 membered heterocyclyl) optibnally substituted with one
or more RIO; k |

RS is selected from the group consisting of hydrogen, optionally substituted
C.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl, Ce.
1o aryl optionally substituted with one or more R”_, C7.4 aralkyl optionally
substituted with one or more R“, (5-10 membered heteroaryl)alkyl optionally
substituted with one or more R'!, -C(O)R?, and -C(O)OR’; |

R’ is selected from the group consisting of hydrogen, optionally substituted
C1.6 alkyl, optionally substituted C,.¢ alkenyl, optionaily substituted C,.¢ alkynyl, Cs.
10 aryl optionally‘ substituted with one or more R!!, Ci.p4 aralkyl éptionally

......
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substituted with one or more R, (5-10 membered heteroaryl)alkyl optlonally

substituted with one or more R'!, -C(O)R®, and C(O)OR5

or R® and R’ together with the nitrogen to which they are attached form a 3-

10 membered heterocyclyl optionally substituted with one or, more Rlo‘;'

each R® is independently selected from the groﬁp consisting of hydlfogen,

optionally substituted Cy4 alkyl, optionally substituted C,. alkenyl, optionally

substituted C,.¢ alkynyl, Ce.1o aryl optionally substituted with one or more R”, Cr.14

| aralkyl optionally substituted with one or more R'', -NR'?R", and -OR?;

each R’ is independently selected from the group consisting of  hydroxy,
halogen, optionally substituted C, élkyl, optionally substituted C,s alkenyl,
optionally substituted Cy.¢ alkynyl, optionally substituted C\ alkylthio, opt'ioneilly
substituted C,.5 alkoxyalkyl, optionally substituted Cs.;o carbocyclyl, optionally
substituted Cs.10 aryl, -OR®, -NR™RS, -C(O)R?, -CN, -SO,R'®, and —NO;

each R'® is independently selected from the group consxstmg of optionally

~~~~~~

substituted Cy alkyl, optionally substituted C,.¢ alkenyl, and optionally substltuted |

C,.¢ alkynyl, or mdependently two geminal R'” together are oxo;

each R is 1ndependcntly selected from the group consisting of halogen, -
CN, optionally substituted C16 alkyl, optionally substituted C,.¢ alkenyl, opfionally
substituted Cy.¢ alkynyl, -O-(CHy),-C,.5 alkoxy, -C(O)R?, and optionally substituted
C,.¢alkoxy; | ' |

each R is independently selected frdm the group. consisting of hydrogen,
6ptionally substituted C16 alkyl, optionally substituted Cjs alkenyl, optionally
substituted C,.¢ alkynyl, Cq.1o aryl optionally substituted witﬁ one or moré R and
C7.14 aralkyl optionally substituted with one or more Rl L

each R" is independently selected from the group consisﬁng of hydrogen,

optionally substituted Cp¢ alkyl, optionally substituted C,¢ alkenyl, optionally

substituted C,6 alkynyl, Cs.19 aryl optionally substituted with one or more R”, ahd
Cy.14 aralkyl optionally substituted with one or more R';

R" is selected from the group consisting of hydfogen, optionally substituted
C\.¢ alkyl, optionally substituted Cq. 9 aryl, and -C(O)Rs;
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RY is selected from the group consisting of hydrogen, optionally substituted r
Ci.salkyl, optionally substituted Ce.1 aryl, and -C(O)R®; ’ e’

st

cach R'® is independently selected from the group consisting of optionally ’:‘:ﬂ_

substituted C,.¢ alkyl, optionally substituted C, alkenyl, optionally substituted C, )

L

alkynyl, Cq.1o aryl optionally substituted with one or more R , Craa afalkyl ,

 optionally substituted with one or more R'!, -NR”R"®, and -OR; A

Z is selected from oxygen and sulfur; _ L@

each n is independently an integer from 0 to 4; and | o L

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

when R? is H, then R! is selected from Cs-10 aryl optionally éubstituted-with
one or more RY, of 5-10 membered hetefoaryl optionally substitutéd with one or
more R4; | :

“when R? is -NH-(2-fluoro-4-bromo-phenyl) and R' is C(O)OH, then R

cannot be -CH,-phenyl; |

when R% is methoxy, R‘1 is 4-methoxyphenyl, and Z is.O, then R is not -
(CH,)-2-fluro- 4-chloro-phenyl; v

when R% is a phenyl; R?%is OR® or NR®R’; then R is not triazolyl;

when R? is 4-methyl phenyl, R? is morpholinyl, and Zis O, then R'is not -
methyl; and : . ‘
when R? is 4-methyl phenyl, R? is -N(CHa),, Z is O; then R' is not methyl.

Some embodiments of the present épplicat_ion provide a compound

having the structure of formula (II):

(IH

or a pharmaceutically acceptable salt thereof, wherein

R? is selected from the group consisting of optionally substituted C,. alkyl,
optionally substituted C,.¢ alkenyl, and Optionally substituted Cy.¢ alkynyl;

4



10

15

20

25

30

R® is selected from the group consisting of hydrogen, -(CHy)n-(Cs.10 aryl), - [

(CH,)n-(5-10 membered heteroaryl), -(CH2)u~(C3.10 carbocyclyl), and -(CHz),,-(B-lO
membered heterocyclyl), each optionally substituted with one or more R, |

Y is selected from N and CR?;

each R* is independently. selected from the group consisting of
halogen, -CN, -OH, -C(O)R®, -SO,R"®, optionally substituted C. alkyl, optionally
substituted C,. alkenyl, optionally substituted Cz-_6 alkynyl, optionally substituted Ci.
¢ alkoxy, Cs.1o aryl optionally substituted with one or more R”, Cy.14 aralkyl
optionally substituted with one or niore R'", 5-10 membered heteroaryl optionally

substituted with one or more R'!,

or independently. two adjacent R* together with the carbon atoms to which |

they are attached form a fused ring selected from the group consisting of optionally

substituted phenyl, bptionally substituted 5-6 'membered. heteroaryl, optionally

substituted Cs.; carbocyclyl, and optionally substituted 3-7 membered heterocyclyl;
each R’ is independently selected from the group consisting of hydroxy,
halogen, optionally substituted Ci¢ alkyl, optionally substituted Cy¢ alkenyl,
optionally substituted C,.¢ alkynyl, optionally substituted Cl_g alkylthio, optionally
substituted C,s- alkoxyalkyl, optionally substituted Cs.9 carbocyclyl, optionally
substituted Ce.10 aryl, -OR’, -NR™R'® -C(O)R?, -CN, -sozR“, and-NOy;

R is selected from the group consisting of hydrogen, optionally substituted

C1.¢ alkyl, optionally substituted Cs.1 aryl, and -C(O)R®; ,
RY is selected from the greup consisting of hydrogen, optionally substituted
Ci¢alkyl, optionaliy substituted Cq.19 aryl, and -C‘(O)Rg; ‘ ,
each R® is independently selected from the group consisting of hydrogen,
optionally substituted C,¢ alkyl, optionally substituted C,¢ alkenyl, optionally
substituted C,.¢ alkynyl, Cq.19 aryl optionally substituted with one or more Rl,], Cf-14
aralkyl optionally substituted with one or more R -NR'?R" , and -ORS;

each R is independently selected from the group consisting of hydrogen,

| optionally substituted C, alkyl, optionally substituted C,¢ alkenyl, obtionally

substituted C, alkynyl, Cq.19 aryl optionally substituted with one or more R”,' and

C.14 aralkyl optionally substituted with one or more R! #;

&
[

-----
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each R" is 1ndependently selected from the group cons1st1ng of hydrogen r
substituted C,.¢ alkynyl, Cq.10 aryl optionally substituted with one or more R'!, and ~
Cria arai‘kyl optionally substituted with one or more R! 1; =

5 each R’ is independently selected from the group consisting of hydrogen, }
~ optionally substituted Ci. alkyl, optionally substituted Cp.s alkenyl, optionally "
substituted Cz.¢ alkynyl, optionally substituted Cz.5 alkoxyalkyl, Cs.1g aryl optionally L

substituted with one or more R'!, Cy.14 '.aralkyl optionally substituted with one or

more R'!, and -(CH,),-(3-10 membered heterocyclyl) optlonally substituted with one - a
10 ormore R'%;
each R" ‘ is independently selected from the group consisting of optionally
substituted Cy alkyl, optionally substituted Ca.¢ alkenyl, and optionally substituted
C..6 alkynyl, or independently two geminal RY together are oxo;
each R!! is independently selected from thé »grouf) consisting of halogen, -
15 CN, optionally substituted C,.¢ alkyl, optionally substituted C, alkenyl, optionally
substituted C_¢ alkynyl, and optionally substitutéd C,.¢alkoxy; |
~ each R'® is independently selected _from the group consisting of optionally
substituted C.¢ alkyl, op_tionally substitufed C,.6 alkenyl, optionally substituted C,.4
alkynyl, _C(,_Ilo aryl optionally substitutel_l with one or more R, Cri4 aralkyl
20 optionally substituted with one or more R'', -NR'?R"3, and -OR’;
. .Z is selected from oxygen and sulfur;
eachn is.independently an integer from 0 to 4; and
the bonds represented by a solid and dashed line are independently éelected

from the gfoup consisting of a single bond and a double bond. |

.H

25 , In some 'ernbodiments, if R is hydrogen, then
R4 R
R* . ;’
R4

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

. or optionally substituted 5 or 6 membered heterocyclyl. |

dm
or a pharmaceutically acceptable salt thereof, wherein

R' is selected from the group consisting of halogen, -CN, -C(O)R®, -SO;R',

- Cis .alkyl optionally substituted with one or more R, Cy¢ alkenyl optionaliy

substituted with one or more R*, Cy.4 alkynyl optionally substituted with one or more
R, Ce10 aryl optionally substituted with one or more R*, 5-10 membered heteroaryl
optionally substituted with one or more R, Cs.10 carbocyclyl optionally substituted
with one or more R*, and 3-10 membered heterocyclyl optionally substituted with
one or more R*; _ ‘

R’ is selected from the group consisting of hydrogen, <(CH2)y~(Cs.10 aryl), -
(CH2)a-(5-10 membered heteroaryl), -(CHy)n~(Cs.1o carbocyclyl), and -(CH,)s-(3-10
membered heterocyclyl), each optionally substituted with one or more R?;

ring A is selected from the group consisting of phenyl, 5-6 membered

‘heteroaryl, Cs.; carbocyclyl, and 3-7 membered heterocy‘/clyl, each optionally

substituted with one or more R*;
each R* is independently selected from the group consisting of

halogen, -CN, -OH, -C(O)R®, -SO,R'®, optionally substituted Cy.¢ alkyl, optionally

substituted C,.¢ alkenyl, optionally substituted C,. alkynyl, optionally substituted C;.

¢ alkoxy, optionally substituted Cs.10 aryl optionally substituted with one or more R’
C7.14 aralkyl optionally substituted with one or more R, 5-10 membered heteroaryl
optionally substituted with one or more R'', or independently two geminal R*

together are 0xo;

Pt

,,,,,,
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each R® is independently selected from the group cbnsisting of hydfoxy,
halogen, optionally substituted C;s alkyl, optionally substituted C,s alkenyl,

optionally substituted C. alkynyl, optionally substituted Cy alkylthio, optionally
substituted C,g alkoxyalkyl, optionally substituted Cj.;o carbocyclyl, optionally -

substituted Cs.1o aryl, -OR’, -NR™RY, -C(O)R?, -SOZR16 -CN and -NOy;

R is selected from the group consisting of hydrogen, optionally substltuted
" Crsalkyl, optionally substituted Cq.1 aryl, and -C(O)R?;

R" is selected from the group consisting of hydrdgen, optionally substitufed
C ¢ alkyl, optionally substituted Ce.1 aryl, and -C(O)R®; |

each R® is independently selected from the groﬁp consisting of hydrogen,
optionally substituted C,¢ alkyl, optioneilly substituted C,. -alkenyl, optionally
substituted Ca. alkynyl, Ce.10 aryl optionally substituted with one or more R'!, Cy.14
aralkyl optionally substituted with one or more R', -NR"R", and -OR>;

,,,,,

each R'? is independently selected from the group consisting of hydrogen,

“ optionally substituted Cy¢ alkyl, optionally substituted C,. alkenyl, optionally

substituted C,. alkynyl, C.1o aryl optionally substituted with one or more R and
C7.14 aralkyl optionally substltuted with one or more R”

each R is 1ndependent1y selected from the group cons1st1ng of hydrogen,
optionally substituted C, alkyl, optionally substituted Cz¢ alkenyl, optionally

substituted C,. alkynyl, Ce.1o aryl optionally substituted with one or more R'', and
C-.14 aralkyl optionally substituted with one or more R"';

each R’ is independently selected from the group consisting of hydrogen,

optionally substituted Cy¢ alkyl, optionally substituted C, alkenyl, optionally

substituted C,.¢ alkynyl, optionally substituted C,.g alkoxyalkyl, Ce.19 aryl optionally

substituted with one or more R'!, Cy.14 aralkyl optionally substituted with one or’

more R” and -(CHy),-(3-10 membered heterocyclyl) optionally substituted with one

ormore R 10.

each R10 is independently selected from the group consisting of optionally :

substituted C,. alkyl, optionally substituted C, alkenyl, and optionally substituted

C,.6 alkynyl, or independently two geminal RY together are oxo;
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each R'' is independently selected from the group consisting of halogen, -
CN, optionally substituted C; . alkyl, optionally substituted C2;6 alkenyl, optionally
substituted C,. alkynyl, and optionally substituted C,¢alkoxy;

each R'S is indepéndently selected from the group consisting of optionally

substituted C,.¢ alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,
alkynyl, Ce.o aryl optionally substituted with one or more R, Cr.4 aralkyl
optionally substituted with one or more R' i, -NR'“R" and -OR’;
' Z is selected from oxygen and sulfur;
each n is independently an integer from 0 to 4; and
the bonds represented by a solid and dashed line are 1ndependently selected
from the group consisting of a single bond and a double bond, provided that

when R? is H, then R' is selected from Cg.19 aryl optionally substituted with

one or more R, or 5-10 membered heteroaryl‘op'tionally substituted with one or

more R*; _
when R’ is phenyl optionally substituted with one or more R®, and Z is O;

then ring A cannot be optionally substituted phenyl;

when ring A is selected from cyclopentenyl, optionally substituted pyrrolyl or. .

optionally substituted dihydropyrrolidinyl, R’ is phenyl optionally substituted with

one or more R®, and Z is O; then R’ ig not halogen, 3-methoxy phenyl or 3,5-

dimethoxy phenyl; .

when ring A is pyridyl, R is optlonally substituted phenyl and Z is O; then n
in R3 is zero and R? is not halogen substituted phenyl;

“when ring A is optionally substituted pyrimidyl, R® is phenyl or benzyl, and Z

is O; then R' is not methyl or benzyl;

when ring A is optionally substituted furanyl, R is phenyl optionally
substituted with one or more R9, and Z is O; then R'is ho_t fluoro;

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

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

,,,,,,,,,



when ring A is pyradizinyl, R® is 4-NO,-phenyl, and Z is O; then R' is not '

o

methyl.

e

Some embodiments of the present application provide a compound, “

having the structure of formula (IV):

<—<
=<

av)
or a pharmaceutically acceptable salt thereof, wherein _
R' is selected from the group consisting of hydrogen, Cy alkyl optionally
. substituted with one or more R*, Cy. alkenyl optionally substituted with one or more
10 R*, Cp alkynyl optionélly substituted with one or more ;R4-, Ce.10 aryl optionally
substituted with one or more R*, 5-10 membered heteroaryl ,dptionally substituted
with one or more R*, Cs.19 carbocyclyl optionally substituted with one or more R,
and 3-10 membered heterocyclyl optionally substituted with one or more R*;
each R? is independently selected from the group consisting of hydrogen, -
15 halogen, optionally substituted C;. alkyl, optionally substituted C,s alkenyl,
| optionally substituted C;. alkynyl, -CN, -OR’, -NR°R’, and -C(O)R®, |
~ or both R? together with the carbon atoms to which they are attached form a
fused ring selected from the group consisting of phenyl, 5-6 membered heteroaryl,
>C3-.7 éarbocyclyl, and 3-7 membered heterocyclyl, each optionally substituted with
20 one or more'R4; _ | '
each R* is independently selected from the group cOnsfsting of halogen, -CN,
optionally v'substituted Ci alkyl, optionally substituted Cj.¢ alkenyl, optionally
substituted C,.¢ alkynyl, and optionally substituted C,.¢ alkoxy;

-10-
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each R’ is independently selected from the group consisting of hydrogen,
eptionally substituted C;¢ alkyl, optionally substituted C,¢ alkenyl, optionally
substituted Cy.6 elkynyl, optionally substituted C,.g alkoxyalkyl, Cs._;o aryl optionally
substituted with one or more RY Coua aralkyl optionally substituted with one or
more R'!, -(CH,)a-(3-10 membered heterocyclyl) optionally substituted with one or
moré R', and -(CH2)n-(Ce.10 aryl) optionally substituted with one or more R

R® is selected from the group consisting of hydrogen, optionally substituted
C,.¢ alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl, Cs.
10 -aryl optionally substituted with one or more R'! C7_14 aratkyl opfionally
substituted with one or more R', (5-10 membered ‘heteroaryl)alkyl optionally
substituted with one or more R'', -C(O)R’, and -C(O)OR?;

R is selected from the greup consisting of hydregeq, ‘optionally substituted
C.¢ alkyl, optionally substituted Cy.6 alkenyl, optionally substituted C,. alkynyl, Cq.
10 aryl optionally substituted with one or more R", Cr.i4 aralkyl optionally
substituted with one or more R'! (5-10 membered heteroaryl)alkyl optionally
substituted with one or more R, -C(O)R?, and -C(O)OR’;

: orR® and R’ together with the nitrogen to which they are attached form an 3-

10 membered heterocyclyl optionally substituted with one or more RY,

each R? is independently selected from the group consisting of optionally
substituted C,.¢ alkyl, optionally suBstituted C,.6 alkenyl, eptionally substituted C,
alkynyl, -NR"R", and -OR’;

each Y is indépendently N or CR%;

each R’ is independently selected from the group consisting of halogen, '

optionally substituted C, alkyl, optionally substituted C,¢ alkenyl, optionally
substituted C,. alkynyl, optionally substituted C;.¢ alkoxy, and -NR'*R",

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

each R' is independently selected from the group consisting of 0X0,
optionally substituted C,.¢ alkyl, optionally substituted C,.¢ alkenyl, and optionally
substitute_d C,.6 alkynyl; | ‘

-11-
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each R”, is indepéndently selected from the group consisting of halogen, -
CN, optionally substituted C,.¢ alkyl, optionally substitutéd C,.¢ alkenyl, optionally ‘
substituted C,.¢ alkynyl, and optionally substituted C; alkoxy; ‘
each R" is independently selected from the group consisting of hydrogen, =
5 optionally substituted C1-6 alkyl, optionally substituted C,¢ alkenyl, optionally
substituted C,.¢ alkynyl, Ce.19 aryl optionally substituted with one or more R, and 5
C.14 aralkyl optionally substituted with one or more R L o
each R" is indepéndently selected from the group consisting of hydrogen, ¥
optionally substituted Cj alkyl, optionally substituted C,. alkenyl, optionally ,
10 substituted C,.4 alkynyl, Ce.19 aryl optionally substituted with one or more R", and -
C7.14 aralkyl optionally substituted with one or more R
R' is selected from the group consisting of hydrogen, optionally substituted
C.¢alkyl, optionally substituted Cq.19 aryl, and -C(O)Rg;
~ RY is selected from the group consisting of hydrogen, optionally substituted
15 C\.¢alkyl, optionally substituted Cs.1¢ aryl, and -_C(O)RS;
Z is selected from oxygen and sulfur;

nis an integer from Oto 4;
m is an integer from 1 to 4; and
the bonds represented by a solid and dashed line are independently selected

20 from the group consisting of a single bond and a double bond.

Some embodiments of the present _applicat_-idn provide a compound

having the structure of formula (V):

25 or a pharmaceutically acceptable salt thereof, wherein

A is a Cs. carbocyclyl optionally substituted with one or more R*;

-12-
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each R? is independehtly selected from the group consisting of hydrogen, ™

halégén, optionally substituted C;. alkyl, optionally sﬁbstituted C,¢ alkenyl,
optionally substituted Cy.¢ alkynyl, -CN, -OR’, -NRR’, and -C(O)R?,

or both R? together with the carbon atoms to which they are attached form a °

fused ring selected from the group consisting of phenyl, 5-6 membered heteroaryl,

C;.7 carbocyclyl, and 3-7 membered heterocyclyl, each optionally substftuted with .7

4
one or more R™;

R is selected from the group consisting of ~(CHy)a-(Ce.10 aryl), -(CH),-(5-10

membered heteroaryl), (CHy)u-(Cs.1o carbocyclyl), and -(CHp)u-(3-10 membered .

heterocyclyl), each optionally substituted with one or more R?;

each R* is independently selected from the group consisting of

halogen, -CN, -OH, -C(O)Rs, -SO,R'®, optionally substituted C;.¢ alkyl, optionally

substitutéd C, alkenyl, oﬁtionally substituted C,.¢ alkynyl, optionally substituted C.

¢ alkoxy, optionally substituted Cs._1o aryl optionally substituted with one or more Rli,
Cy.14 aralkyl optionally substituted with one or more R'', 5-10 menibered heteroaryl
optionally substituted with one or more R'', or independently two geminal R*
together are oxo;

| each R’ is independently selected from the group consisting of hydrogen,
optionally substituted c,-g alkyl, optionally substituted C, alkenyl, optionally
substituted C,.¢ alkynyl, optionally substituted C,.g alkoxyalkyl, Cs.1o aryl optionally

substituted with one or more R'', C;.14 aralkyl optionally substituted with one or
more R, and -(CH,),-(3-10 membered heterocyclyl) optionally substituted with one
or more Rlo; _

R is selected from the group consisting of hydrogen, optionally substituted
Ci.¢ alkyl, optionally substituted Cy.¢ alkenyl, optionally substituted C,. alkynyl, Cs.
1o aryl optionally substituted with one or more R!!, C;.4 aralkyl optionally

‘substituted with one or more R (5-10 membered heteroaryl)alkyl optionally

substituted with one or more R'', -C(O)R®, and -C(O)OR’; |
R’ is selected from the group consisting of hyd'rogen', optionally substituted
C,.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢ alkynyl, Cs.

10 aryl optionally substituted with one or more R, C.14 aralkyl optionally
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substituted with one or more R", (5-10 membered heteroaryl)alkyl optionally
substituted with one or more R!!, -C(O_)RS, and -C(O)ORS; ‘

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

each R® is independently selected from the group consisting of hydrogen,
optionally substituted C; alvkyl, optionally substituted C,.¢ alkenyl, optionally

~ substituted Cyp.¢ alkynyl, Cq.1o aryl optionally substituted with one or more R“, Cr1a

aralkyl optionally substituted with one or more R"", -NRHRB, and -OR’;

each R’ is independently selected froni the group consisting of- halogen,
optionally substituted C,.¢ alkyl, optionally substituted C,. alkenyl, - optionally
substituted C,.¢ alkynyl, optionally substituted C,.¢ alkylthio, optionally subsﬁtuted

C,.s alkoxyalkyl, optionally substituted Cs.jo carbocyclyl, optionally substituted Ce.39 -

aryl, -OR’, -NR"R", -C(O)R®, -SO,R"®, and -NOy;
each R is independently selected from the group consisting of optionally

substituted C,.¢ alkyl, optionally substituted C, ¢ alkenyl, and optionally substituted

- Cp alkynyl, or independently two geminal R'® together are oxo;

each R' is independently selected from the group consisting of halogen, -
CN, optionally substituted C,. alkyl, optionally substituted C,. alkenyl, optlonally
substituted Cy.¢ alkynyl, and optlonally substituted Cy.¢ alkoxy,

each R' is independently selected from the group consisting of hydrogen
optlonally substituted Cys alkyl, optionally substituted C,.s alkenyl, optionally
substituted Cz. alkynyl, Cé.19 aryl optionally substituted with one or more R", and
C1.14 aralkyl optionally substituted with one or more R

each R is independently selected from the group consisting of hydrogen,

optionally substituted C,¢ alkyl, optionally substituted C,¢ alkenyl, optionally '

substituted C,.¢ alkynyl, Cq.19 aryl optionally substituted with 'one or more R“, and
C.14 aralkyl optionally substituted with one or more R' 5

R is selected from the group consisting of hydrogen,, optionally substituted
C,.¢alkyl, optionally substituted C.1 aryl, and -C(O)R®;

R is selected from the group consisting of hydrogen, optionally substituted

© Cyalkyl, optionally substituted Ce.1 aryl, and -C(O)R®;

-14-
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each R'® is independently selected from the groﬁp consisting of optionally ,
substituted C,. alkyl, optionally suBstituted Cy6 alkenyl, ‘optionally substituted Cy.6 ,
alkynyl, Ce.10 aryl optionally substituted with one or more R, Cry4 aralkyl **
optionally substituted with one or more Rl 1, -NR"R", and -QRS; _ : e

Z is selected from oxygen and sulfur; |

. each n is independently an integer from 0 to 4; and oMV

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

from the group consisting of a single bond and a double bond. | w1

Some embodiments of the present application provide a compound .=

having the structure of formula (VIa):

(VIa)

or a pharmaceutically acceptable salt thereof, wherein

R'isa Cys 'carbocyclyl optionally substituted with one or more R*;

each R? is independently selected from the group consisting of hydrogen,
halogen, optionally substituted Cis alkyl,' optioneilly substituted C,¢ alkenyl,
optionally substituted C,. alkynyl, -CN, -OR®, NR®R’, and -C(O)R®, |

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

R is selected from the group consisting of -(CH)x~(Cs.10 aryl), -(CHo)y-(5-10
membered heteroaryl), -(CHj),,-(C;-lo carbocyclyl), and ‘-(CHz)n-i(»3-10 membered

heterocyclyl), each optionally substituted with one or more R’;

each R* is independently selected from the ~group consisting of
halogen, -CN, -OH, -C(O)Rs, -SOzR16, optionally substituted C,. alkyl, optionally
substituted C;.¢ alkenyl, optionally substituted C,_¢ alky_nylv, optionally subsﬁtuted C.
s alkoxy, optionally substituted C.j9 aryl optionally substituted with one or more R",
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C7:14 aralkyl optionally substituted with one or more R”, 5-10 membered heteroaryl
optionally substituted with one or more R”, or independently two geminal R*
together are oxo; ' , A

each R’ is independently selected from the group consisting of hydrogen,
optionally substituted Cj¢ alkyl, optionally substituted C alkenyl, optionally
substituted C,. alkynyl, optionally substituted Cy.¢ alkoxyalkyl, Ce.19 aryl optionally
substituted with one or more R", Cr.i4 aralkyl optionally substituted with one or
more Rll and -(CH,),-(3-10 membered heterocyclyl) optionally substituted with one
or more R'?; ‘

R® is selected from the group consisting of hydrogen, optionally substituted
Ci.s alkyl, optionally substituted C,.6 alkenyl, optionally substituted Cy.¢ alkynyl, Cs.
10 aryl optionally substituted with one or more R Cria aralkyl optionally
substituted with one or more R'', (5-10 membered heteroaryl)alkyl optionally
substituted with one or more R'', -C(O)R®, and C(O)OR5 '

R’ is selected from the group consisting of hydrogen optionally substituted
C.¢ alkyl, optionally substituted Cy.¢ alkenyl, optlonally substituted C,.¢ alkynyl, Cs.
10 aryl optionally substituted with one or more R'', C7,4 aralkyl optionally
substituted with one or more R", (5-10 membered heteroaryl)alkyl optionatly
substituted with one or more R"', -C(O)R®, and -C(O)OR’;

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

each R® is independently selected from the group consisting of hydrogen,
optionally substituted C;.c alkyl, optionally substituted C,¢ alkenyl, optionally
substituted Cy.¢ alkynyl, Cs_1o aryl optionally substituted with one or more R, Cr1a
aralkyl optionally substituted with one or more R'" .NR"R"?, and -OR’;

each R® is independently selected from the group consisting of halogen,

optionally substituted Ci.¢ alkyl, optionally substituted Cy¢ alkenyl, optionally

‘substituted Cj.¢ alkynyl, optionally substituted C,.¢ alkylthio, optionally substituted

Cs g alkoxyalkyl, optionally substituted Cs.j9 carbocyclyl, optionally substituted Ce.19
aryl, -OR’, -NR"“R", -C(O)R?, -SO,R'®, and ~NOy; |
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each R" is independently selected from the group consisting of optionally
substituted C\.¢ alkyl, optionally substituted C,. alkenyl, and optionally substituted

C,.¢ alkynyl, or independently two geminal R'? together are oxo;

each R" is independently selected from the group consistihg of halogen, - f

CN, optionally substituted C, alkyl, optionally substituted C,.¢ alkenyl, optionally
substituted C,.¢ alkynyl, and optionally substituted C; .6 alkoxy;
each R" is independently selected from the group consisting of hydrogen,

v

ot

........

e

optionally substituted C,s alkyl, optionally substituted C2 6 alkenyl optionally "1

substituted Cy.6 alkynyl, Cs.19 aryl optionally substituted w1th one or more R!!, and
Cria aralkyl optionally substituted with one or more R'';

~ each RY is independently selected from the group consisting of hydrogen,
optionally substituted Cj. aikyl, optionally substituted Cys alkenyl, optionally
substituted C,.¢ alkynyl, Cq.1¢ aryl optionally' substituted with one or more Rlbl, and

Cj.14 aralkyl optionally substituted with one or more R'';

R" is selected from the group consisting of hydrogen, optionally substituted

Cy.¢alkyl, optionally substituted Cq.19 aryl, and_-C(O)RS;

“RY is selected from the group consisting of hydrogen, optionally substituted
Ci¢alkyl, optionally substituted Cs.10 aryl, and -C(O)R%; |
| each R'® is indepehdent-ly selected from the group consisting of optionally
substituted C,¢ alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.
alkynyl, Cg:o aryl opﬁonally ‘substituted with one or more R', Cy.;4 aralkyl
optionally substituted with one or more R -NR‘uR”, and -OR’;
Z is selected from oxygen and sulfur; '
each n is independently an integer from 0 to 4; and
the bonds represented by a solid and dashed line are independently selected
from the group consisting of a single bond and a double bond. -

Some embodiments of the present application providé a éompound

having the structure of formula (VII):

-17-
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or a pharmaceutically acceptable salt thereof, wherein

each R? is independently selected from the group consisting of hydrogen,

halogen, optionally substituted Ci.¢ alkyl, optionally substituted C,s alkenyl, .

optionally substituted Cy.¢ alkynyl, -CN, -OR®, -NR°R’, and -C(O)R?,
or both R? together with the carbon atoms to which they are attached form a

fused ring selected from the group consisting of phenyl, 5-6 membered heteroaryl,

Gy carbocyclyl, and 3-7 membered heterocyclyl, each optionally substituted with

one or more R4;

R? is selé_cted from the group consisting of -(CH3)y-(Ce.10 aryl), 5(CH2)n-(5-10
membered heteroaryl), -(CH2)a-(Cs.10 carbocyclyl), and -(CHz),-(3-10 membered
heterocyclyl), each optionally substituted" with one of more R®;

each R* is independently selected from the | group consisting of
halogen, -CN, -OH, -C(O)Rs, -SOR'®, optionally substituted C. alkyl, optionally
substituted C, alkenyl, optionally substituted C,.¢ alkynyl, optionally substituted C.

¢ alkoxy, optionally substituted Cs.19 aryl optionally substituted with one or more R'',

C7.14 aralkyl optionally substituted with one or more R”, 5-10 membered heteroaryl'

optionally substituted with one or more R'" or independently two geminal R*

together are oxo;

each R’ is independently selected from the group consisting of hydrogen,

optionally substituted C,¢ alkyl, optionally substituted C,s -alkenyl, optionall'y |

substituted Cy. alkynyl, optionally substituted C;.g alkoxyalkyl, Cs.10 aryl optionally
substituted with one or more R'!, C;.4 aralkyl optionally substituted with one or
more R'!, and -(CHa),-(3-10 membered heterpcyclyl) optionally substituted with one
or more Rlo;

R® is selected from the group consisting of hydrogen, optionally substituted
Ci.6 alkyl, optionally substituted C,.s alkenyl, optionally substituted Cy.s alkynyl, Cs.
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10 aryl optionally substituted with one or more R", C7y4 aralkyl optionally ,

substituted with one or more R'', (5-10 membered heteroaryl)alkyl optionally \*

)]

substituted with one or more R'', -C(O)R8 and C(O)OR5 e

C.¢ alkyl, _optlonally substituted C,.¢ alkenyl, optlonally substituted C,.¢ alkynyl, C6_ ,

10 aryl optionally substituted with one or more R'', Cj.4 aralkyl optionally
substituted with lone or more R', (5-10 membered heteroaryl)alkyl optlonally
substituted with one or more R’ -C(O)R8 and -C(O)OR’; |

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

each R® is independently selected from the group consisting of hydrogen,
optionally substituted C;¢ alkyl, optionally substituted C,.¢ alkenyl, optionally
substituted C;.6 aikynyl; Cé.10 aryl optionaily substituted with one or more R“, Cra4
aralkyl optionally substituted with ohe or more R’ ! .NR"R", and -OR’; _

each R’ is independently selected from the group consisting of halogen,
optionally substituted C,¢ alkyl, optibnally substituted C, alkenyl, optionally
substituted C,.¢ alkynyl, optionally substituted Cy.¢ alkylthio, optionally substituted
C,.g alkoxyalkyl, optionally substituted Cs._j¢ carbocyclyl, optionally substituted Cq.o
aryl, -OR’, -NR"R", -C(O)R®, -SO,R'’, and -NO;

each R'® is independently selected from the group consisting of optionally
substituted C . alkyl, optionally substituted C,¢ alkenyl, and optionally substituted
C, alkynyl, or indépendently two geminal R' together are 0X0;

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

each R' is independently selected from the group consisting of hydrogen,
optionally substituted Ci¢ alkyl, 'optionally substituted Cy alkényl, optionally
substituted C,. alkynyl, C(,-](j aryl optionally substituted with one or more R and
C.14 aralkyl optionally substituted with one or more R'

each R" is independently selected from the group consisting of hydrogen,
optionally substituted Cj.¢ alkyl, optionally substituted C2-6 alkenyl, bptionally
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substituted C,. alkynyl, Ce.1o aryl optionally substltuted with one or more R, and
C7.14 aralkyl optionally substituted with one or more R i,

R" is selected from the group consisting of hydrogen, optionally substituted
Cysalkyl, optionally substituted Cs 1o aryl, and -C(O)R®;

RY is selected from the group consisting of hydrogen, optionally substituted
C1_6 alkyl, optionally substituted Cs.1¢ aryl, and -C(O)RS;

-Q is selected from C(O) and S(O)g

each R'® is independently selected from the group consisting of optionally
substituted C,. alkyl, optionally substituted C,¢ alkenyl, optionally substituted C, ¢

alkynyl, Ce.1o aryl optionally substituted with one or more R , Cra aralkyl
optionally substituted with one or more R NRlzR13 and OR5

Z is selected from oxygen and sulfur;

each n is independently an integer from 0 to 4,

‘tis 1 or2; and

the bonds represented by a solid and dashed line are independently selected
from the group consisting of a single bond and a double bond.

Some embodiments of the present application provide a compound
having the structure of formula (VIb):

Ci6 alkyl optionally substituted with one or more R, C,s alkenyl optionally
substituted with one or more R*, C,.6 alkynyl optionally substituted with one or more
R* Cq.10 aryl optionally substituted with one or more R, 5-10 memberéd heteroaryl
optionally substituted with one or more RY, Cs.10 carbocyclyl optionally substituted
with one or more R, ahd 3-10 membered heterocyclyl bptionally substituted with

one or more R*:

(VIb)
R' is selected from the group consisting of halogen, -CN, -C(O)R®, -SO,R'S,

20-
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each R” is independently selected from the group consisting of hydrogen, .

t

halogen, optionally substituted Ci.¢ alkyl, optionally substituted C,s alkenyl, ,

optionally substituted C,.6 alkynyl, -CN, -OR®, -NR°R’, and -C(O)R®,

or both R? together with the carbon atoms to which they are attached form a

}
e
SO
o

tend

Pl

e

[

fused ring selected from the group consisting of phenyl, 5-6 membered heteroaryl, .

Csg carbocyélyl, and 3-7 memberedv heterocyclyl, each optionally substituted with
one or more R*; »

R is selected from the group consisting of -(CH3);4-(Ce.10 aryl), -(CH,);4-(5-
10 membered heteroaryl), -(CH3)14~(Cs.1o carbocyclyl), and -(CH;),4-(3-10
membered heterocyclyl), each optionally substituted with one or more R’;

each R* is independently selected from the group consisting of
halogen, -CN, -OH, -C(O)R®, -SO;R'®, optionally substituted Cy.6 alkyl, optionally
substituted C, 4 alkenyl, optionally substituted C,.¢ alkynyl, optionally substituted C.

- alkoxy, optionally substituted Ce.1o aryl optionally substituted with one or more R'',

L

Cs.14 aralkyl optionally substituted with one or more R“, 5-10 membered heteroaryl

optionally substituted with one or more R'!, or independently two geminal R*
together are oxo;

‘each R’ is indepehdently selected from the groﬁp consisting of hydrogen,
optionally substituted C,¢ alkyl, optionally substituted C,. alkenyl, optionally
substituted C,.¢ alkynyl, optionally substituted C,.g alkoxyalkyl, Cs.19 aryl optionally
substituted with one or more R'', Cy.;4 aralkyl optionally substituted with one or
more R'!, and -(CH,)n-(3-10 membered heterocyclyl) optionally substituted with one
or more Rlo; _ '

R® is selected from the group consisting of hydrogen, optionally substituted
C1.s alkyl, optionally substituted C,.¢ alkenyl, optionally substituted. C».¢ alkynyl, Cq.
10 aryl optionally substituted with one or more R Crua aralkyl optionally
substituted with one dr more R'', (5-10 membered heteroaryl)alkyl optionally
substituted with one or more R'", -C(O)R?, and -C(O)OR’; _

R’ is selected from the group consisting of hydrogen, optionally substituted
C1.s alkyl, optionally substituted C,. alkenyl, optionélly substituted C,.¢ alkynyl, C.
10 aryl optionally substituted with one or more R', Cr.u4 aralkyl optionally
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substituted with one or more R'!, (5-10 membered heteroaryl)alkyl optionally'

substituted with one or more R"!, -C(O)R®, and -C(O)OR®;’

or R® and R7 together with the nitrogen to which they are attached form an 3-
10 membered hetefocyclyl optionally substituted with one or more R'%;

cach R® is independently selected from the group consisting of hydrogen,
optionally substituted C. alkyl, optionally substituted C2_6 élkenyl, optionally

substituted Cs.4 alkynyl., Ce.10 aryl optionally substituted with one or more Rl l, Cris

aralkyl optionally substituted with one or more R", -NRIZR13 , and -OR’;

each R’ is independently selected from the group conéisting of halogen,
optionally substituted C,¢ alkyl, optionally substifuted C2_6 alkenyl, optionally
substituted C,¢ alkynyl, optionally substituted C,. alkylthio, optionally substituted
Cys alkoxyalkyl, optionally substituted Cs.jo carbocyclyl, optionally substituted Cq.19
aryl, -OR®, -NRM“R", -C(O)R, -SO,R®, and -NO;;

each R'° is independently selected from the group.consisting of optionally
substituted Cy.¢ alkyl, optionally substituted C,.¢ alkenyl, and optionally substituted
C,.6 alkynyl, or independently two geminal R together are oxo; _

each R'! is independently selected from the groﬁp consisting of hélogen, -
CN, optionally substituted C,.¢ alkyl, optionally substituted C,.¢ alkenyl, optionally
substituted Cs. alkynyl, and optionally substitutéd Cj¢alkoxy; '

~each R is independently selected from the group consisting of hydrogen,

optionally substituted Cj¢ alkyl, optionally substituted C,¢ alkenyl, optionally
substituted C,.¢ alkynyl, Ce.10 aryl optionally substituted with one or more R", and
Cy.14 aralkyl optionally substituted with one or more R”; '

each R" is independently selected from the group consisting of hydrogen,
optionally substituted Cp¢ alkyl, optionally substituted Cys alkenyl, optionally
substituted C,. alkynyl, Ce.1g aryl optionally substituted w_ith one or more R'", and
C7.14 aralkyl optionally substituted with one or more R

R™ is selected from the group consisting of hydrogen, optionally substituted
Ci¢alkyl, optionally substituted Ce._19 aryl, and -C(O)R%;

R" is selected from the group consisting of hydrogen, optionally substituted

Ci¢alkyl, optlonally substituted Ce.1¢ aryl, and C(O)R8
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each R'® is indep.endently selected from the group consisting of optionally

substituted Ci alkyl, optionally substituted C, alkenyl, optionally substituted Cy.6
alkynyl, Ce.;o aryl optionally substituted with one or more R', C;.4 aralkyl
optionally substituted with one or more R'’, -NR'R", and OR5

Z is selected from oxygen and sulfur,

each n is independently an integer from 0 to 4; and

the bonds represented by a solid and dashed line aré independently selected
from the group consisting of a single bond and a double bond; provided that

when R! is selected from the group consisting of optionally substituted Cg.1
aryl, optionally substituted 5 to 10 membered heteroaryl, optionally substituted 6 to
10 membered heterocyclyl, optionally substituted hexyl, optionally substituted élkyl,
optionally substituted alkenyl; each of R? is hydrogen or one of R? is hydrogen and
the other R* is methyl; and Z is O; then R? is not -CH,-phenyl substituted with one or
more halogen atoms; and provided that |

R! is not 4-methoxy phenyl.

Some embodiments of the present application provide a compound

having the structure of formula (VIII):

(VIID) | |
R® is selected from the group consisting of optionally substituted C,.¢ alkyl,

optionally substituted C,.¢ alkenyl, optionally substituted C,¢ alkyhyl, -(CHzl)n-(C6_|o
aryl) optionally substituted with one or more R’, -(CH,),-(5-10 membered
heteroaryl) optionally substituted with one or more R®, -(CH,)s-(Cs.10 carbocyclyl)
optionally substituted with one or more R’, and -(CH,),-(3-10 membered
heterocyclyl) optionally substituted with one or more R’

each R’ is independently selected from the group consisting of halogen,
optionally substituted C,¢ alkyl, optionally substituted C,¢ alkenyl, optionally
substituted C,.¢ alkynyl, optionally substituted C1’_6 alkylthio, optionally substituted
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C,.g alkoxyalkyl, optionally substituted Cs.;9 carbocyclyl, optionally substituted Cg. 19
aryl, -OR’, -NR"R"®, -C(O)R?, -SO,R®, and -NO3; |
R" is selected from the group consisting of hydrogen, optionally substituted

C\.salkyl, optionally substituted Cg.o aryl, and -C(O)R®;

R" is selected from the group consisting of hydrogen, optionally substituted

C\.salkyl, optionally substituted Ce.0 aryl, and -C(O)R®;

each R® is independently selected from the group consisting of hydrogen,
optionally substituted C; alkyl, optionally substituted Cy alkenyl, optionally
substituted Cy alkynyl, Cq.10 aryl optionally substituted with one or more R" C7_]4
aralkyl optionally substituted with one or more R'!, -NR"R", and -OR’;

each R is indepeﬁdently selected from the group consisting of hydrogen,
optionally: substituted C,. alkyl, optionally substituted C,. alkenyl, optionally
substituted C,.¢ alkynyl, Cq.jo aryl o'ptionally substituted with one or more R”, and
C7-,4' aralkyl optionally substituted with one or more R';

each R" is independently selected from the group consisting of hydrogen,

optionally substituted C,¢ alkyl, optionally substituted C,¢ alkenyl, optionally"

substituted Cy. alkynyl, Ce.19 aryl optionally substituted with one or more R", and
C7.14 aralkyl optionally substituted with one or more R”v; ‘

each R’ is independently selected from the group consisting of hydrogen,
optionally substituted C,¢ alkyl, optionally substituted C,; alkenyl, optionally
substituted C,.¢ alkynyl, optionally substituted C,_g alkoxyalkyl, Ce.19 aryl optionally
substituted with one or more R', C7.14 aralkyl optionally substituted with one or
more R, and -(CHy),~(3-10 membered heterocyclyl) optionally substituted with one
or more Rm; '

each R' is independently selected from the group consisting of optionally

substituted Cy. alkyl, optionally substituted C,.¢ alkenyl, and optionally substituted

Cy.6 alkynyl, or independently two geminal R'? together are oxo;

each R"' is independently selected from the group consisting of halogen, -
CN, optionally substituted C;¢ alkyl, optionally substituted C,.¢ alkenyl, optionally
substituted C,.¢ alkynyl, and optionally substituted C,_¢ alkoxy;
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each R'7 is independently selected from the group consisting of hydrogen,

~ oxo, halogen, -CN, -C(O)RS, -SO,R'S, Cy6 alkyl optionally substituted with one or

more R*, Chs alkenyl optionally substituted with one or more R* Cps alkynyl

optionally substituted with one or more R*, Cg.1 aryl optionally substituted with one

or more R*, 5-10 membered heteroaryl optionally substituted with one or more R?,
Cs.19 carbocyclyl optionally substituted with one or more_R4, and 3-10 meémbered
heterocyclyl optionally substituted with one or more R?, o

or independently two adjacent R'” together with the carbon atoms to which

they are attached form a fused phenyl or 5-6 membered heteroaryl, each optionally

substituted with one or more R*

,,,,,,

.....

each R* is independently selected from the group consisting of

halogen, -CN, -OH, -C(O)R®, -SO,R'®, optionally substituted C,.¢ alkyl, optionally
substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl, optionally substituted C;.
¢ alkoxy, optionally substituted Ce.19 aryl optionally substituted with one or more R !
C.14 aralkyl optionally substituted with one or more R", 5-10 membered heteroaryl
optionally substituted with one ér more R, or independently two geminal R4
together are oxo;

each R'® is indepehdently selected from the group consisting of optionally
substituted C, alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.¢
alkynyl, Cg.,o aryl 6ptionally substituted with one or more R, Cy.4 aralkyl
optionally substituted with one or more R'!,-NR'?R", and -OR; |

Z is selected from oxygen and sulfur;

each n is independently an integer from 0 to 4;

sis 0, 1,or 3; and _

the bonds represented by a solid and dashed line are independently selec'ted'
from the group consisting of a single bond and a double bond.

Some embodiments of the present application provide a compound

having the structure of formula (IX):
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R! R?
l}l Z
R3
Ixjy

_ R' is selected from the group consisting of  hydrogen,
halogen, -CN, -C(O)R®, -SO,R'®, C, alky! optionally substituted with one or more
R4; Ca.6 alkenyl optionally substituted with one or more R, C,.s alkynyl optionally

~ substituted with one or more R4, Ce.10 aryl optionally substituted with one or more

R?, 5-10 membered heteroaryl optionally substituted with one or more R, Cy0
carbocyclyl optionally substituted with one or more R*, and 3-10 membered

heterocyclyl optionally substituted with one or more R*;

each R® is independently selected from the group consisting of hydrogen,

halogen, optionally substituted C, alkyl, optionally substituted C,4 alkenyl,
optionally substituted C,.¢ alkynyl, -CN, -OR>, -NR®R, and -C(O)R®,

or both R? together with the carbon atoms to which they are attached form a

fused ring selected from the group consisting of Cs.7 carbocyclyl and 3-7 membered

heterocyclyl, each optionally substltuted with one or more R*;

R? is selected from the group con51st1ng of -(CHy)y(Cé.10 aryl), (CH2)n (5-10
membered heteroaryl), -(CH,)a-(Cs.10 carbocyclyl), and -(CHz), -(3-10 membered
heterocyclyl), each optionally substituted with one or more R”;

each R* is independently selected from the group consisting of
halogen, -CN, -OH, -C(O)R®, -SO,R'S, optionally substituted C . alkyl, optionally
substituted C,_¢ alkenyl, optionally substituted C,.¢ alkynyl, optionally substituted C;.
¢ alkoxy, optionally substituted Cs.1¢ aryl oﬁtionally substituted with one or more R'!,
C-.14 aralkyl optionally substitutedeith one or more R'!, 5-10 membered heteroaryl
optionally substituted with one or more R'', or independently two geminal R*
together are 0xo; |

each R’ is independently selected from the group consisting of hydrogen,
optionally substituted C;. alkyl, optionally substituted C,, alkenyl, optionally
substituted Cy_-galkynyl, optionally substituted C, g alkoxyalkyl, Ce.19 aryl optionally

26-



10

15

20

25

30

substituted with one or more R, Cy.,4 aralkyl optionally substituted with one or

more R'!, and -(CH),-(3-10 membered heterocyclyl) optlonally substituted with one

or more R'°

R® is selected from the group consisting of hydrogen, optionally substituted

. Cjgalkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl, Cs.

10 aryl optionally substituted with one or more R“, Cr.14 aralkyl optionally
substituted with one or more R", (5-10 membered heteroaryl)alkyl optionally
substituted with one or more R!', -C(O)R?, and -C(O)OR?; |

R is selected from the group consisting -of hydrogen, optionally substituted
C.¢ alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C;.¢ alkynyl, Cs.
1o aryl optionally substituted with one or more R11 Cr.14 aralkyl optionally
substituted with one or more R',, (5-10 membered heteroaryl)alkyl optlonally
substituted with one or more R"', -C(O)R®, and -C(O)OR’;

or R® and R together with the nitrogen to which they are attached form an 3-
10 membered heterocycly1 optionally substituted with one or more R';

each R® is' independently selected from the group consisting of hydrogen;

optionally substituted C;¢ alkyl, optionally substituted C,¢ alkenyl, optionally

substituted C,¢ alkynyl, Cq_1 aryl optionally substituted with one or more R" Cry4 -
~ aralkyl optionally substituted with one or more R', .NR?R", and -OR’;

each R’ is independently selected from the group consisting of halogen,
optionally substituted C,¢ alkyl, optionally substituted C,¢ alkenyl, optionally
substituted C, alkynyl, optionally substituted C,.¢ alkylthio, optionally substituted
Cy.s alkoxyalkyl, optionally substituted Cs.;o carbocyclyl, optionally substituted Ce.1o
aryl, -OR’, -NR"R", -C(O)R?, -SO;R"®, and -NO,;

each R' is independently selected frém- the group consisting of optionally
substituted C,.¢ alkyl, optionally substituted C,.¢ alkenyl, and optionally substituted
C,.6 alkynyl, or independently two geminal R' together are oxd;

each R'' is independently selected from the group consisting of halogen, -
CN, optionally s_ubstituted Ci alkyl, optionally substituted C,. alkenyl, optionally
substituted C,.¢ alkynyl, and optiohally substituted C.¢ alkoxy;
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each R is independently selected from the group consisting of hydrogen,

~ optionally substituted C,¢ alkyl, optionally substituted C,¢ alkenyl, optionally

substituted C,.¢ alkynyl, C¢.1o aryl optionally substituted with one or more R'! and.

C7.14 aralkyl optionally substituted with one or more R L _
each R" is independently selected from the group consisting 'of hydrogen,
optionally substituted C,¢ alkyl, optionally substituted 'C2-6' alkenyl, optionally
substituted C,.¢ alkynyl, Cq.10 aryl optionally subsfituted.with one or more R'', and
C1.14 aralkyl optionally substituted with one or more R";
R" is selected from the group consisting of hydrogen, optionally substituted
Csalkyl, ’optidnally substituted C 1o aryl, and -C(O)R%,;
R™ is selected from the group consisting of hydrogen: optionally substituted
| C 1.6 alkyl, optionally substituted Ce.1o aryl, and -C(O)R®; |
each R'® is 'independently' selected from the group consisting of optionally
substituted C,.¢ alkyl, optionally substituted C,. alkenyl, optionally substituted Cas
alkynyl, Ce.io aryl optionally substituted with one or more R", Cr.4 aralkyl
optionally substituted with one or more R'!, -NR'?R'®, and -OR’;
Z is selected from oxygen and sulfur; and
each n is independently an integer from 0 to 4.
Some embodiments disclosed herein relate to methods of treating a
fibrotic .condition, comprising administering a‘ therapeutically effective amount of a
compound of any one of Formulae (I), (II), (IIT), (IV), (V), (VIa), (VIb), (VII), (VIII) and
(IX), a compound selected from Table 1, a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition thereof to a subject in need thereof. In some such
embodiments, the method ﬁlrther comprises identifying the subject as having or at risk of
having said fibrotic condition. In some such embodiments, the fibrotic condition is selected
from the group consisting of pulmonary fibrosis, dermal fibrosis, pancreatic fibrosis, liver
fibrosis, and renal fibrosis. In some embodiment, the fibrotic condition is idiopathic
pulmonary fibrosis. In some embodiments, the subject receiving such method of treatment
is a human. | |
Some embodiments disclosed herein relate to use of a therapeutically

effective amount of a compound of any one of Formulae (I), (II), (Il), (IV), (V), (Vla),
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(VIb), (VID), (VIII) and (IX), a compound selected from Table 1, a pharmaceutically

acceptable salt thereof, or a pharmaceutical composition thereof in the preparation of a

- medicament for treating a fibrotic condition. In some such embodiments, the use further

comprises identifying the subject as having or at risk of having said fibrotic condition. In
some such embodiments, the fibrotic condition is selected from the group consisting of
pulmonary fibrosis, dermal fibrosis, pancreatic fibrosis, liver fibrosis, and renal fibrosis. In
some embodiments, the fibrotic condition is idiopathic pulmonary fibrosis. In some
embodiments, the subject receiving such treatment is a human being. o

Some embodiments disclosed: herein relate to a therapeutically effective
amount of a compound of any one of Formulae (I), (II), (ITT), (IV), (V), (VIa), (VIb), (VII),
(VIII) and (IX), a compound selected from Table 1, a pharmaceutically acceptable salt
thereof, or a pharmaceutical composition thereof for use in treating a fibrotic condition. In
some such embodiments, the use further comprises identifying the subject as having or at
risk of having said fibrotic condition. In some such embodiments, the fibrotic condition is
selected from the group' consisting of pulmonary fibrosis, dermal fibrosis, pancfeatic

fibrosis, liver fibrosis, and renal fibrosis. In some embodiments, the fibrotic condition is

idiopathic pulmonary fibrosis. In some embodiments, the subject receiving such treatment

is a human being.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Definitions A

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of ordinary skill in the art. All
patents, applications, published applications and other publications referenced herein are
incorporated by reference in their entirety unless stated otherwise. In the event that there are
a plurality of definitions for a term herein, those in this section prevail unless stated
otherwise. As used in the specification and the appended claims, the singular forms “a,”
“an” and “the” include plural referents unless the context clearly dictates otherwise. Unless
otherwise indicated, conventional methods of mass spectfoscopy, NMR,V HPLC, protein
chemistry, biochemistry, recombinant DNA techniques and pharmacology are employed.

(33 3%

The use of “or” or “and” means “and/or” unless stated otherwise. Furthermore, use of the
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term “including” as well as other forms, such as “include”, “includes,” and “included,” is

b

not limiting. As used in this specification, whether in a transitional phrase or in the body of

the claim, the terms “comprise(s)” and “comprising” are to be interpreted as having an open-

ended meaning. That is, the terms are to be interpreted synonymously with the phrases
“having at least” or “including at least.” When used in the context of a process, the term
“comprising” means that the process includes at least the recited steps, but may include

additional steps. When used in the context of a compound, composition, or device, the term

“comprising” means that the compound, composition, or device includes at least the recited

features or components, but may also include additional features or components.
The section headings used herein are for organizational purposes only and
are not to be construed as limiting the subject matter described.

As used herein, common organic abbreviations are defined as follows:

Ac Acetyl

Ac,O Acetic anhydride

aq. Aqueous

Bn Benzyl

Bz Benzoyl

BOC or Boc tert-Butoxycarbonyl

Bu n-Butyl

cat. Catalytic

Cbz Carbobenzyloxy

CDI l., I -.carbonyldiimidazole

°C | . Temperature in degrees Centigrade

DBU 1',8-Diazabicyclo[5.4.0]undec-7-ene ‘
" DCE 1,2-Dichloroethane

DCM Methylene chloride

DIEA Diis'opro_pylethylamine

DMA | Dimethylacetamide.

DME Dimethoxyethane

DMF N,N'-Dimethylformamide

DMSO Dimethylsulfoxide
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DPPA

Diphenylphosphoryl azide

ee% Enantiomeric excess

Et Ethyl

EtOAc or EA Ethyl acetate

g | Gram(s)

hor hr Hour(s)

HATU 2-( 1H—7-az§1benzotriazol- 1-yl)-1,1 ,3,3-tétramethyl 'uroﬁium
_hexafluorophosphate |

HOBT N-Hydroxybenzotriazole

iPr Isopropyl

LCMS Liquid chromatography-mass spectrometry

LDA Lithium diisopropylamide

LiHMDS Lithium bis(trimethylsilyl)amide

m or min Minute(s)

mCPBA meta-Chloroperoxybenzoic Acid

MeOH Methanol

MeCN Acetonitrile -

mL Milliliter(s)
MTBE Methyl tertiary-butyl ether

NH,OAc Ammonium acetate

PE Petroleum ether

PG Protecting group

Pd/C Palladium on activated carbon ‘

Pd(dppf)Cl, 1, 1 ’-Bis(diphenyiphosphino)ferrocene-

palladium(Il)dichloride

Ph Phenyl

ppt Precipitate

PMBC 4-Methoxybenzyl chloride

RCM Ring closing metathesis

rt Room temperature

sBuLi sec-Butylithium
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SFC Supercritical fluid chromatography

TBAF Tetrabutylammonium fluoride
TEA Triethylamine

TCDI 1,1'-Thiocarbonyl diimidazole
Tert, t tertiary

TFA Trifluoroacetic acid

TFAA Trifluoroacetic acid anhydride
THF Tetrahydrofuran

TLC - Thin-layer chromatography

TMEDA = Tetramethylethylenediamine
TMSNCO trimethylsilyl isocyanate
uL Microliter(s)

“Solvate” refers to the compound formed by the interaction of a solvent

- and a compound described herein or salt thereof. Suitable solvates are pharmaceutically

acceptable solvates including hydrates.

- The term “pharmaceutically acceptable salt” refers to salts that retain the

biological effectiveness and properties of a compound and, which are not biologically or

otherwise undesirable for use in a pharmaceutical. In many cases, the compounds disclosed
herein are capable of forming acid and/or base salts by virtue of the presence of amino
and/or carboxyl groups or groups similar thereto. Pharmaceutically acceptable acid addition
salts can be formed with inorganic acids and organic acids. Inorganic acids from which salts

can be derived include, for example, hydrochloric acid, hydrobromic acid, sulfuric acid,

nitric acid, phosphoric acid, and the like. Organic acids from which salts can be derived

include, for example, acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid,
maleic acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic
acid, salicylic acid, and the like. Pharmacéutically acceptable base addition salts can be

formed with inorganic and organic bases. Inorganic bases from which salts can be derived

include, for example, sodium, potassium, lithium, ammonium, calcium, magnesium, iron,

zinc, copper, manganese, aluminum, and the like; particularly preferred are the ammonium,

potassium, sodium, calcium and magnesium salts. Organic bases from which salts can be
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derived include, for example, primary, secondary, and tertiary amines, substituted amines
including naturally occurring SubStituted amines, cyclic amines, basic ion exchange resins,
and the like, specifically such as isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropylamine, and ethanolamine. Many such salts are known in the art, as
descn'béd in WO 87/05297, Johnston et al., pubiished Septeniber 11, 1987 (incorporated by
reference herein in its entirety). |

As used herein, “C, to Cp” or “C,s” in which “a” and “b” are integers
refer to the number of carbbn atoms in the specified group. That is,‘ the group can contain
from “a” to “b”, inclusive, carbon atoms. Thus, for exémple, a “Cy to Cy alkyl” or “Cj4
alkyl” group refers to all alkyl groups having from 1 to 4 carbons; that is;' CHj3-, CH;CH,-,
CH;CH,CHj;-, (CH3),CH-, CH;CH,CH,CH,-, CH3;CH,CH(CH3)- and (CH3);C-.

The term “halogen” or “halo,” as used herein, means any one of the radio-
stable atoms of column 7 of the Periodic Table of the Elements, e.g., fluorine, chlorine,
bromine, or iodine, with fluorine and chlorine being preferred.

As used herein, “alkyl” refers to a straight or branched hydrocarbon chain
that is fully saturated (i.e., contains no double of triple bonds). The alkyl group may have 1
to 20 carbon atoms (whenever it appears herein, a numerical range such as “1 to 20” refers

to each integer in the given range; e.g., “1 to 20 carbon atoms” means that the alkyl group

may consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc., up to and including 20

carbon atorhs, although the present definition also covers the occurrence of the term “alkyl”
where no numerical range is designated). The alkyl group may also be a medium size alkyl
having 1 to 9 carbon atoms. The alkyl group could also be a lower alkyl having 1 to 4
carbon atoms. The alkyl group may be designated as “C;4 alkyl” or similar designations.
By way of example only, “C.4 alkyl” indicates that there are one to four carbon atoms in the
alkyl chain, i.e., the alkyl chain is selected from the group consisting of methyl, ethyl,
propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, and t-butyl. Typical alkyl groups include,

but are in no way limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, -

pentyl, hexyl, and the like.

As used herein, “alkoxy” refers to the formula ~OR wherein R is an alkyl

as is defined above, such as “C,.9 alkoxy”, including but not limited to methoxy, ethoxy, n-
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propoxy, 1-methylethoxy (isopropoxy), n-butoxy, iso-butoxy, sec-butoxy, and tert-butoxy,
and the like. | |
As used herein, “alkylthio” refers to the formula —SR wherein R is an

alkyl as is defined above, such as “C, alkylthio” and the like, including but not limited to

methylmercapto, ethylmercapto, .  n-propylmercapto, 1-methylethylmercapto -

(isopropylmercapto), n-butylmercapto, iso-butylmercapto, sec-butylmercapto, tert-

butylmercapto, and the like.

As used herein, “alkenyl” refers to a straight or branched hydrocarbon

~ chain containing one or more double bonds. The alkenyl group may have 2 to 20 carbon

atoms, although the present definition also covers the occurrence of the term “alkenyl”
where no numerical range is designated. The alkenyl group may also be a medium size
alkenyl having 2 to 9 carbon atoms. The alkenyl group could also be a lower alkenyl having
2 to 4 carbon atoms. The alkenyl group may be designated as “C,.4 alkenyl” or similar
designations. By way of example only, “C,4 alkenyl” indicates that there are two to four

carbon atoms ‘in the alkenyl chain, i.e., the alkenyl chain-is selected from the group

consisting of ethenyl, propen-1-yl, propen-2-yl, propen-3-yl, buten-1-yl, buten-2-yl, buten-

3-yl, buten-4-yl, 1-methyl-propen-1-yl, 2-methyl-propen-1-yi, l-ethyl-ethen-l-yl, 2-methyl-
propen-3-yl, ‘buta-1,3-dienyl, buta-1,2,-dienyl, and buta-1,2-dien-4-yl. Typical' alkenyl
g.roups include, but are in no way limited to, ethenyl, propenyl, butenyl, pentenyl, and
hexenyl, and the like. _

As used herein, “alkynyl” refers to a straight or branched hydrocarbon
chain containing one or more triple bonds. The alkynyl group may have 2 to 20 carbon
atoms, although the present definition also covers the occurrence of the term “élkynyl”
where no numerical range is designated. The alkynyl group may also be a medium size
alkynyl having 2 to 9 carbon atoms. The alkynyl group could also be a lower alkynyl
having 2 to 4 carbon atoms. The alkynyl group may be designated as “C,4 alkynyl” or
similar designations. By way of example only, “C,4 alkynyl” indicates that there are two to
four carbon atoms in the alkynyl chain, i.e., the alkynyl chain is selected from the group
consisting of ethynyl, propyn-1-yl, propyn-2-yl, butyn-1-yl, butyn-3-yl, butyn-4-yl, and 2-
butynyl. Typical alkynyl groups include, but are in no way limited to, ethynyl, propynyl,
butynyl, pentynyl, and hexynyl, and the like. | ‘
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As used herein, “heteroalkyl” refers to a straight or branched hydrocarbon
chain containing 'one_ or more heteroatoms, that is, an element other than carbon, including

but not limited to, nitrogen, oxygen and sulfur, in the chain backbonev.vThe heteroalkyl group

may have 1 to 20 carbon atom, although the present definition also covers the occurrence of |

the term “heteroalkyl” where no numerical range is designated. The heteroalkyl group may

“also be a medium size heteroalkyl having 1 to 9 carbon atoms. The heteroalky! group could

also be a lower heteroalkyl having 1 to 4 carbon atoms. The heteroalkyl group may be
designated as “C;4 heteroalkyl” or similar designations. The heteroalkyl group may contain
one or more heteroatoms. By way of example only, “C,4 heteroalkyl” indicates that there
are one to four carbon atoms in.the heteroalkyl chain and additionally one or more
heteroatoms in the backbone of the chain.

As used herein, “alkylene” means a branched, or straight chain fully
saturated di-radical chemical group containing only carbon and hydrogen that is attached to
the rest of the molecule via two points of attachment (i.e., an alkanediyl). The alkylene
group may have 1 to 20 carbon atoms, although the present definition also covers the
occurrence of the term alkylehc where no numerical range is designated. The alkylene
group may also be a medium size alkylene having 1 to 9 carbon atorﬁs. The alkylene group
could also be a lower alkylene having 1 to 4 carbon atoms. The alkylene group may be
designated as “Ci4 alkylene” or similar designations. By way of example only,' “Cia
alkylene” indicates that there are one to four carbon atoms in.the alkylene chain, i.e., the
alkylene chain is selected from the group consisting of methylene, ethylene, ethan-1,1-diyl,
propylene, propan-1,1-diyl, propan-2,2-diyl, 1-methyl-ethylene, butyl'ene, butan-1,1-diyl,
butan-2,2-diyl, 2-methyl-propan-1,1-diyl, 1-methyl-propylene, 2-methyl-propylene, 1,1-:
dimethyl-ethylene, 1,2-dimethyl-ethylene, and 1-ethyl-ethylene.

As used herein, “alkenylene” means a straight or branched chain di-
radical chemical group containing only carbon and hydrogen and containing at least one
carbon-carbon double bond that is attached to the rest of the molecule via two points of
attachment. The alkenylene group may have 2 to 20 carbon atoms, although the present
definition also covers the occurrence of the term 'alkenylene where no numerical range is
désignated.' The alkenylene group may also be a medium size alkenylene having 2 to 9

carbon atoms. The alkenylene group could also be a lower alkenylene having 2 to 4 carbon
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atoms. The alkenylene group may be designated as “C,4 alkenylene’; or similar
designations. By way of example only, “C;4 alkenylené;’ indicates that there are two to four
carbon atoms in fhe alkenylene chain, i.e., the alkenylene chain is selected from the group
consisting of ethenylene, ethen-1,1-diyl, propenylene, propen-1,1-diyl, prop-2-en-1,1-diyl,
1-methyl-ethenylene, but-1-enylene, but-2-enylene, but-1,3-dienylene, buten-1,1-diyl, but-
1,3-dien-1,1-diyl, but-2-en-1,1-diyl, but-3-en-1,1-diyl, 1-methyl-prop-2-en-1,1-diyl, 2-
methyl-prop-2-en-1,1-diyl,  1-ethyl-ethenylene, >1,2-dimethyl-ethenyler‘1¢, .1 -methyl-
propenylene, 2-methyl-propenylene, 3-methyl-propenylene, 2-methyl-propen-1,1-diyl, and
2,2-dimethyl-ethen-1,1-diyl.

.The term “aromatic” refers to a ring or ring system‘ having a conjugated pi
electron system and includes both carbocyclic aromatic (e.g., phenyl) and heterocyclic
aromatic groups (e.g., pyridine). The term includes monocyclic or fused-ring polycyclic
(i.e., rings which share adjacent pairs of atoms) groups provided that the entire ring system

is aromatic.

As used herein, “aryl” refers to an aromatic ring or ring system (i.e., two

_or more fused rings that share two adjacent carbon atoms) containing only carbon in the ring

backbone. When the aryl is a ring system, every ring in the system is aromatic. The aryl
group may have 6 to 18 carbon atoms,' although the present definition also covers the
occurrence of the term “aryl” where no numerical range is designated. In some
embodiments, the aryl group has 6 to 10 carbon atoms. The.aryl group may be designated as
“Ce-10 aryl,” “Cg or Cyg aryl,” or similar designations. Examples of aryl groups include, but
are not limited to, phenyl, naphthyl, azulenyl, and anthracenyl.
| As used herein, “aryloxy” and “arylthio” refers to RO- and RS-; in which
R is an aryl as is defined above, such as “Cs.19 aryloxy” or “Cq 1o arylthio” and the like,
including but not limited to phenyloxy. |
| An “aralkyl” or“‘ary_lalkyl” is an éryl group connected, as a substituent,
via an alkylene group, such as “C7.4 aralkyl” and the like, including but not limited to
benzyl, 2-phenylethyl, 3-phenylpropyl, and naphthylalkyl. in some cases, the alkylene
group is a lower alkylene group (i.e., a C;.4 alkylene group).
As used herein, “heteroaryl” refers to an aromatic ring or ring system

(i.e., two or more fused rings that share two adjacent atoms) that contain(s) one or more
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heteroatoms, that is, an element other than carbon, includihg but not limited- to, nitrogen,
oxygen and sulfur, in the ring backbone. When the heteroaryl is a ring system, every ring in
the system is aromatic. The heteroaryl group may have 5-18 ring fnembers (i.e., the number

of atoms making up the ring backbone, including carbon atoms and heteroatoms), although

the present definition also covers the occurrence of the term “heteroaryl” where no

numerical range is designated. In some embodiments, the heteroaryl group has 5 to 10 ring

members or 5 to 7 ring members. The heteroaryl group may be designated as “5-7

 membered heteroaryl,” “5-10 membered heteroaryl,” or similar designations. Examples of

heteroaryl rings include, but are not limited to, furyl, thienyl, phthalazinyl, pyrrolyl,
oxazolyl, thiazolyl, imidaiolyl, pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, thiadiazolyl,
pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, quinolinyl, isoquinlinyl,
benzimidazolyl, benzoxazolyl, behzothiazolyl, indolyl, isoindolyl, and benzothienyl.

A “heteroaralkyl” or “heteroarylalkyl” is heteroaryl group connected, as a

substituent, via an alkylene group. Examples include but are not limited to 2-thienylmethyl,

‘3-thienylmethyl, furylmethyl, thienylethyl, pyrrolylalkyl, pyridylalkyl, iszaZollylalkyl, and

imidazolylalkyl. In some cases, the alkylene group is a lower alkylene group (i.e., a C4
alkylene group).

' As used herein, “carbocyclyl” means a non-aromatic cyclic ring or ring
éystem containing only carbon atoms in the ring system backbone. When the carbocyclyl is
a ring system, two or more rings may be joined together in a fused, bridged or spiro-
connected fashion. Carbocyclyls may have any degree of saturation provided that at least
one ring in a ring system is not aromatic. Thus, carbocyclyls include cycloalkyls,
cycloalkenyls; and cycloalkynyls. The cérbocyclyl group may have 3 to 20 carbon atoms,’
although the present definition also covers the occurrence of the term “carbocyclyl” where
no numerical range is designated. The carbocyclyl group may also be a medium size
carbocyclyl having 3 to 10 carbon atoms. The carbocyclyl group could also.be .a
carbocyclyl having 3 to 6 carbon atoms. THe carbocyclyl group may be designated as “Cs.6
carbocyclyl” or similar designations. Examples of carbocyclyl rings include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, 2,3-dihydro-
indene, bicycle[2.2.2]octanyl, adamantyl, and spiro[4.4]nonany1. |
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A “(carbocyclyl)alkyl” is a carbocyclyl group connected, as a substituent,
via an alkylene group, such as “Ca.p0 '(carbocyclyl)alkyl” and the like, including but not

- limited to, cyclopropylmethyl, cyclobutylmethyl, cyclopropylethyl, cyclopropylbutyl,

cyclobutylethyl, cyclopropylisopropyl, cyclopentylmethyl, cyclopentylethyl,

. cyclohexylmethyl, cyclohexylethyl, cycloheptylmethyl, and the like. In some cases, the

alkylene group is a lower alkylene group.

As used hereiri, “cycloalkyl” means a fully saturated carbocyclyl ring or

ring system. Examples include cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.

As used herein, “cycloalkenyl” means a carbocyclyl ring or ring system
having at least one double bond, wherein no ring in the ring system is aromatic. An example
is cyclohexenyl. | | '

As used herein, “heterocyclyl” means a non-aromatic cyclic ring or ring
system containing at least one heteroatom in the ring backbone. Heterocyclyls may be
joined together in a fused, bﬁdged or spiro-connected fashion. Heterocyclyls may have any

degree of saturation provided that at least one ring in the ring system is not aromatic. The

“heteroatom(s) may be present in either a non-aromatic or aromatic ring in the ring system.

The heterocyclyl group may have 3 to 20 ring members (i.e., the number of atoms making -

up the ring backbone, including carbon atoms and heteroatoms), although the present
definition also covers the occurrence of the term “heterocyclyl” where no numerical range is
designated. The heterocyclyl group may also be a medium size heterocyclyl having 3 to 10
ring members. The heterocyclyl group could also be a heterocyclyl having 3 to 6 ring
members. The heterocyclyl group may be'designated as “3-6 membered heterocyclyl” or
similar designations. In preferred six membered fnonocyclic heterocyclyls, the
heteroatom(s) are selected from one up to three of O, N or S, and in preferred five
membered monocyclic heterocyclyls, the heteroatom(s) are selected from one or two
heteroatoms selected from O, N, or S.. Examples of heterocyclyl rings include, but are not
limited to, azepinyl, acridinyl, carbazolyl, = cinnolinyl, dioxolanyl, imidazolinyl,

imidazolidinyl, morpholinyl, oxiranyl, oxepanyl, ‘thiepanyl, piperidinyl, piperazinyl,

' dioxopiperazinyl, pyrrolidinyl, "pyrrolidonyl, pyrrolidionyl, 4-piperidonyl, pyrazolinyl,

pyrazolidinyl, 1,3-dioxinyl, 1,3-dioxanyl, 1;4-dioxinyl, 1,4-di6xany1, 1,3-oxathianyl, 1,4-
oxathiinyl, 1,4-oxathianyl, 2H-1,2-oxazinyl, trioxanyl, hexahydro-1,3,5-triazinyl, 1,3-
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dioxolyl, 1,3-diox01anyl, 1,3-dithiolyl, 1,3-dithiolanyl, isoxazolinyl, isoxazolidinyl,
oxazolinyl, oxazolidinyl, oxazolidinonyl, thiazolinyl, thiazolidinyl, 1,3-oxathiolanyl,
indolinyl, isoindolinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, tetrahydro-1,4-thiazinyl,  thiamorpholinyl, dihydrobenzofuranyl,
benzimidazolidinyl, and tetrahydroquinoline.

A “(heterocyclyl)alkyl” is a. heterocyclyl group connected, as a
substituent, via an alkylene group. Examples include, but are not limited to,
imidazolinylmethyl and indolinylethyl. |

As used herein, “acyl” refers to -C(=O)R, wherein R is hydrogen, C;¢4
alkyl, Cy.6 alkenyl, C,.¢ alkynyl, C3_7 carbocyclyl, Cq.19 aryl, 5-10'-membered heteroaryl, and

5-10 membered heterocyclyl, as defined herein. Non-limiting examples include formyl, '

acetyl, propanoyl, benzoyl, and acryl.

- An “O-carboxy” group refers to a “~OC(=O)R” group in which R is
selected from hydrogen, Ci. alkyl, Cz_g alkenyl, Cz;g alkyriyl, C;.7 carbocyclyl, Ce.19 aryl, 5-
10 membered heteroaryl, and 5-10 membered heterocyclyl, as defined herein.

A “C-carboxy” group refers to. a “-C(=O)OR” group in which R is

~ selected from hydrogen, Cy.¢ alkyl, Cy.4 alkenyl, C;. alkynyl, C3 7 carbocyelyl, Cg.10 aryl, 5-

10 membered heteroaryl, and 5-10 membered heterocyclyl, as defined herem A non-
limiting example includes carboxyl (i.e., -C(=0)OH).

A “cyano” group refers to a “-CN” group.

A “cyanato” group refers to an “~-OCN” group.

An “isocyanato” group refers to a “-NCO” group. -

A “thiocyanato” group refers to a “-SCN” group.

An “isothiocyanato” group refers to an “ -NCS” group.

A “sulfinyl” group refers to an “-S(=0O)R” group in which R is selected
from hydrogen, C, alkyl, Cy¢ alkenyl Cy6 alkynyl, Cs; carbocyclyl Ce.10 aryl, 5-10

- membered heteroaryl, and 5-10 membered heterocyclyl, as defined herein.

A “sulfonyl” group refers to an “-SO,R” group in which R is selected
from hydrogen, C,s alkyl, Cy¢ 'alkenyl, Cy¢ alkynyl, Cs.; carbocyclyl, Ce.19 aryl, 5-10

membered heteroaryl, and 5-10 membered heterocyclyl, as defined herein.
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An “S-sulfonamido” group refers to a “-SO,NRARg” group in which R
and Rp are each independently selected from hydrogen, Ci¢ alkyl, Cy alkenyl,‘ Crs alkynyi,
Cig c.:arbocyclyl,'C(,_]O aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined herein. |

An “N-sulfonamido” group refers to a “-N(R»)SO,Rp” group in which R
and Ry, are each independently selected from hydrogen, Cy.¢ alkyl, Cy. alkenyl, Cy alkynyl,
C;.7 carbocyclyl, Ce.19 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as

defined herein.

An “O-carbamyl” group refers to a “-OC(=O)NRRp” group in which R

and Rp are each independently selected from hydrogen, C.¢ alkyl, C,.¢ alkenyl, C,.¢ alkynyl, |

C;.7 carbocyclyl, Cq.10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined herein.

An “N-carbamyl” group refers to an “-N(R,)OC(=O)Rp” group in which
Ra and Rp are each independently selected from hydrogén, Cis alkyl, Cy¢ alkenyl, Cy
alkynyl; Csy carbécyclyl, Ce.10 aryl, 5-10 membered heteroaryl, .and 5-10 membered
heterocyclyl, as defined herein. _ ‘ '

An “O-thiocarbamyl” group refers to a “~-OC(=S)NRRg” group in whiéh
Ra and Rp are ¢ach independently selected from hydrogen, C;. alkyl, C, alkenyl, Cy
alkynyl, Cs; carbocyclyl, Ce.io aryl, 5-10 membered heteroaryl, and 5-10 membered
heterocyclyl, as defined herein. , '

‘An “N-thiocarbamyl” group refers t6 an “-N(R,)OC(=S)Rg” group in
which Ra and Rp are each independently selected from hydrogen, C; alkyl, Cy. alkenyl,
Cy.6 alkynyl, Cs.7 carbocyclyl, Ce.19 aryl, 5-10 membered heteroaryl, and 5-10 membered
heterocyclyl, as defined herein. _

A “C-amido” group refers to a “-C(=O)NRRg” group in which R, and

Rp are each independently selected from hydrogen, C.¢ alkyl, C,¢ alkenyl, C,.¢ alkynyl, C;;
carbocyclyl, Ce.1o aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as

defined herein.

An “N-amido” group refers to a “-N(RA)C(=O)Rp” group in which R,

~and Rp are each independently selected from hydrogen, C, ¢ alkyl, C,.¢ alkenyl, C,.¢ alkynyl,
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C;.7 carbocyclyl, C6;10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as

. defined herein.

An “amino” group refers to a “-NR,Rp” group in which R, and Ry are
each independently selected from hydl'ogen, Cl_g alkyl, C,.¢ alkenyl, Cy4 alkynyl, Cs;
carbocyclyl, Co.10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined herein. A non-limiting example includes free amino (i.e., -NH,).

An “aminoalkyl” group refers to an amino group connected via an
alkylene group. | |

An “alkoxyalkyl” group refers to an alkoxy group connected via an
alkylene group, such as a “C, g alkoxyalkyl” and the like. '

As used herein, a substitufed group is derived from the unsubstituted
parent group in which there has been an exchange of one or more hydrogen atoms for
another atom or group. Unless otherwise indicated, when a group is deemed to be
“substituted,” it is meant that the group is substituted with one or more substituents
independently selected from C;-Cg alkyl, Ci-Cs alkenyl, C;-Cs alkynyl, C,-Cs heteroalkyl,
C;-C; carbocyclyl (optionally substituted with halo, C;-Cg alkyl, -Ci-C4 alkoxy, C;-Cg
haloalkyl, and C;-Cs¢ haloalkoxy), C;-Cs-carbocyclyl-C;-Cs-alkyl (optionally substituted
with halo, C;-Cs alkyl, C,-Cs alkoxy, C;-Cg¢ haloalkyl, and C;-Cs haloalkoxy), 5-10
membered heterocyclyl (optionally substituted with halo, C,-Cg alkyl, C,-Cg alkoxy, C-Cg
haloalkyl, and C;-Cs haloalkoxy), 5-10 membered heterocyclyl—Cl-Cé-alkyl (optionally
substituted with halo, C;-Cs alkyl, C,-Cs alkoxy, C;-Cg haloalkyl, and C;-Cg haloalkoxy),
aryl (optionally substituted with halo, C,-Cs alkyl, C,-Cs alkoxy, C;-C¢ haloalkyl, and C;-Cg
haloalkoxy), aryl(C,-C¢)alkyl (optionally substituted with halo, C;-C alkyl, C;-Cs alkoxy,
C,-Cs haloalkyl, and C;-Cs haloalkoxy), 5-10 membered heteroaryl (optionally substituted
with halo, C;-C¢ alkyl, C;-C¢ alkoxy, C,;-Cs haloalkyl, and C,-Cs haloalkoxy), 5-10
membered heteroaryl(C;-C¢)alkyl (optionally substituted with halo, C;-C¢ alkyl, C;-Cs
alkoxy, C;-Cs haloalkyl, and Ci-Cs haloalkoxy), halo, cyano, hydroxy, C;-C¢ alkoxy, C;-Cs
alkoxy(C,-Cg)alkyl (i.e., ether), aryloxy, sulthydryl (mercapfo), halo(C;-Cg¢)alkyl (e.g., —
CF3), halo(C;-Cg)alkoxy (e.g., OCF3), Ci-Cg alkylthio, arylthio, amino, amino(C;-Cg)alkyl,
nitro, O-carbamyl, .N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-

sulfonamido, N-sulfonamido, C-carboxy, O-carboxy, acyl, cyanato, isocyanato, thiocyanato,
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isothiocyanato, sulfinyl, sulfonyl, and oxo (=0). Wherever a group is described as
“optionally substituted” that group can be substituted with the above substituents.

It is to be understood that certain radical naming conventions can include

either a mono-radical or a di-radical, depending on the context. For example, where a

substituent requires two points of attachment to the rest of the molecule, it is understood that
the substituent is a di-radical. For example, a substituent identified as alkyl that requires two
points of attachment includes di-radicals such as ~CH,—, ~CH,CH;~, ~CH,CH(CH3)CH~,
and the like. Other radical naming conventions clearly indicate that the radical is a di-
radical such as “alkylene” or “alkenylene.” |

When two R groups are said to form a ring (e.g., a carbocyclyl,
heterocyclyl, aryl, or heteroaryl ring) “together with the atom to which they are attached,” it

is meant that the collective unit of the atom and the two R groups are the recited ring. The

~ ring is not otherwise limited by the definition of each R group when taken individually. For

example, when the following substructure is present:

A
e

and R' and R are defined as selected from the group consisting of hydrogen and alkyl, or R’
and R? together with the nitrogen to which they are attached form a heterocyclyl, it is meant

that R' and R? can be selected from hydrogen or alkyl, or alternatively, the substructure has

o

where ring A is a heteroaryl ring containing the depicted nitrogen.

structure:

Similarly, when two “adjacent” R groups are said to form a ring “together
with the atom to which they are attached,” it is meant that the collective unit of the atoms,

intervening bonds, and the two R groups are the recited ring. For example, when the

following substructure is present:

4)-
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and R' and R? are defined as selected from the group consisting of hydrogen and alkyl, or R’

~ and R? together with the atoms to which they are attached form an aryl or carbocylyl, it is

meant that R' and R? can be selected from hydrogen or alkyl, or alternatively, the

substructure has structure:

where A is an aryl ring or a carbocylyl containing the depicted double bond.
Wherever a substituent is depicted as a di-radical (i.e., has two points of

attachment to the rest of the molecule), it is to be understood that the substituent can be

attached in any directional configuration unless otherwise indicated. Thus, for example, a

A
substituent depicted as —AE- or E includes the substituent being oriented such

that the A is attached at the leftmost attachment point of the molecule as well as the case in

which A is attached at the rightmost attachment point of the molecule.

As used herein, "isosteres" of a chemical group are other chemical groups
that exhibit the same or similar properties. For example, tetrazole is an isostere of
carboxylic acid because it mimics the properties of carboxylic acid even though they both
have very different molecular formulae. Tetrazole is one of many possible isosteric
replacements for carboxylic acid. Other carboxylic acid isosteres contemplated include -
SO;H, -SO,HNR, -PO,(R),, -PO;(R)z,. -CONHNHSO,R, -COHNSO;R, and ~CONRCN,
where R is selected from hydrogen, Cy.6 alkyl, C,. alkenyl, Ca.6 alkynyl, Cs.7 carbocyclyl,
Ce.10 aryl, 5-10 membered heteroaryl, and 5-10 membered hetefocyclyl, as defined herein.
In addition, carboxylic acid isosteres can include 5-7 membered carbocycles or heterocycles
containing any combination of CH,, O, S, or N in any chemically stable oxidation state,

where any of the atoms of said ring structure are optionally substituted in one or more
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positions. The following structures are non-limiting examples of carbocyclic and

heterocyclic isosteres contemplated. The atoms of said ring structure may be optionally

substituted at one or more positions with R as defined above.

. SH " ' ‘
N N N N_ N,
;\(/ N ;\N)*N gs\(/ N 5\( »/o” SN N
1t \ W \ \
HN—N N=N HN N—N NH NH
: HO,C HS
N, N N N,
SRR, TN
NH 0—-N S—N =
F | OH
OH )

0 o
0 NH g\NJ\NH | NH
) NH | f\iﬁ—i | o— g\fi\Q

(o] .0 : o

It is also contemplated that when chemical substituents are added to a
carboxylic isostere, the compound retains the properties of a carboxylic isostere. It is
contemplated that when a carboxylic isostere is optionally substituted with one or more
moieties selected from R as defined above, then the substitution and substitution position is
selected such that it does not eliminate the carboxylic acid isosteric properties of the
compound. Similarly, it is also contemplated that the vplacement of one or more R
substltuents upon a carbocyclic or heterocyclic carboxylic acid isostere is not a substitution
at one or more atom(s) that maintain(s) or is/are integral to the carboxylic acid isosteric
properties of the compound, if such substituent(s) would destroy the carboxylic acid

isosteric properties of the compound.

Other carboxylic acid isosteres not specifically exemplified in this

' specification are also contemplated.

- “Subject” as used herein, means a human or a non-ﬁuman mammal, e.g.,

a dog, a cat, a mouse, a rat, a cow, a sheep, a pig, a goat, a non-human primate or a bird,
e.g., a chicken, as well as any other vertebrate or invertebrate.

The term “mammal” is used in its usual biological sense. Thus, it

specifically includes, but is not limited to, primates, including simians (chimpanzees, apes,
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monkeys) and humans, cattle, horses, sheep, goats, swine, rabbits, dogs, cats, rodents, rats,
mice guinea pigs, or the like.

The term “pharmaceutically acceptable carrier” or “pharmaceutically
acceptable excipient” includes any and all solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying agents and the like. The use of such
media and agents for pharmaceutically active substances is well known in the art. Except
insofar as any conventional media or agent is incompatible with the active ingredient, its use
in the therapeutic compositions is contemplated. In addition, various adjuvants such as are
commonly used in the art may be included. Considerations for the inclusion of various
components in pharmaceutical compositions are described, e.g., in Gilman et al. (Eds.)
(1990); Goodman and Gilman’s: The Pharmacological Basis of Therapeutics, 8th Ed.,
Pergamon Press.

A therapeutic effect relieves, to some extent, one or more of the
symptoms of a disease or condition, and includes curing a disease or condition. “Curing”
means tﬁat the symptoms of a disease or condition are eliminated; however, certain iong-
term or permanent effects may exist even after a cure is obtained (such as extensive tissue
damage). |

“Treat,” “treatment,” or “treating,” as used herein_refers to administering
a compound or pharmaceutical composition to a Sﬁbject for prophylactic and/or therapeutic
purposes. The term “prophylactic treatment” refers to treating a subject who does not yet
exhibit symptoms of a disease or condition, but who is susceptible to, or otherwise at risk of,

a particular disease or condition, whereby the treatment reduces the likelihood that the

~ patient will develop the disease or condition. The term “therapeutic treatment” refers to

administering treatment to a subject already suffering from a disease or condition.

Where the compounds disclosed herein have at least one chiral center,
they may exist as individual enantiomers and diastereomers or as mixtures of such isomers,
including racemates. Separation of the individual isomers or selective synthesis of the
individual isomers is accomplished by application of various methods which are well known
to practitioners in the art. Unless otherwise indicated, all such isomers and mixtures thereof

are included in the scope of the compounds disclosed herein. Furthermore, compounds

disclosed herein may exist in one or more crystalline or amorphous forms. Unless otherwise
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| _
indicated, all such forms are included in the scope of the compounds disclosed herein
including any polymorphic forms. In addition, some of the compounds disclosed herein
may form solvates with water (i.e., hydrates) or common organic solvents. Unless otherwise

indicated, such solvates are included in theiscope of the compounds disclosed herein.
' \

The skilled artisan will“recognize that some structures described herein -

may be resonance forms or tautomers of compounds that may be fairly represented by other
chemical structures, even when kinetically; the artisan recognizes that such structures may
only represent a very small portion of a sar|nple of such compound(s). Such compounds are

considered within the scope of the strucf!ures depicted, though such resonance forms or

|
tautomers are not represented herein. \
\

Isotopes may be preseﬁt in fhe .compounds described. Each chemical
element as represented in a compound structure may include any isotope of said element.
For example, in a compound structure a’ hydrogen atom may be exp11c1tly disclosed or
understood to be present in the compound. | At any position of the compound that a hydrogen
atom may be present, the hydrogen atom cian be any isotope of hydrogen, including but not
limited to hydrogen-1 (protlum) and hydrf)gen-z (deuterium). Thus, reference herein to a

compound encompasses all potential 1so’top1c forms unless the context clearly dictates

otherwise. : F

Compounds

Formula |

Some embodiments disclosed herein relate to a compound of formula (I)

as described above or a pharmaceutically ac,ceptable salt thereof.
I

R

Y

Some embodiments disclosed herein with respect to the compounds of

formula (1), R? is selected from the group consisting of halogen, -OR>* -NR®R’, and -
| _
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C(O)RS;R3 is selected from the group consisting of -(CHj),-(Ce.19 aryl), -(CHy)s-(5-10
membered heteroaryl), -(CHj)n-(Cs.;o carbocyclyl), and Q(CHz)n-(3-10 ‘membered

heterocyclyl), each optionally substituted with one or more R%;each R’ is independently

selected from the group consisting of halogen, optionally substituted Ci.¢ alkyl, optionally

substituted C,.¢ alkenyl, optionally substituted C,.¢ alkynyl, optionally substituted Ci
alkylthio, optionally substituted C,s alkoxyalkyl, optionally substituted Cs.;o carbocyclyl,
optionally substituted Ce.10 aryl, -OR®, -NRMR', -C(O)R?, -SO;R"6, and -NOy; and each R"'
is independently selected from the group consisting of halogen, -CN, optionally substituted
Ci alkyl, optionally substituted C, alkenyl, optlonally substituted C,4 alkynyl, and
optionally substituted C; ¢ alkoxy

In some embodiments, Rlisa Ce-10 aryl optionally substituted with one or
more R*. In some further embodiments, R' is a phenyl optionally substituted with one or
more R*.

In some embodiments, R' is a 5-10 membered heteroaryl optionally
substituted with one or more R*. In some such embbdiments, R' is a pyrazolyl or l-methyl
pyrazolyl optionally substituted with one or more R*. In some such embodiments, R'isa
pyridazinyl optionally substituted with one or more R*. In some such embodiments, R'isa
pyrimidinyl optionally substituted with one or more R*. .

In any of the embodiments of Formula (I) described herein, each R is
independently selected from halogen, or optionally substituted Cj 'alkyl. In some
embodiments, R* is halogen. In some embodiments, R* is substituted Cj alkyl. In some
other embodimenté, R* is unsubstituted Cy alkyl. In some embodimenfs, R* is fluoro. In

some other embodiments, R* is methyl.

In some embodiments, R? is halogen. In some further embodiments, R? is

selected from bromo or chloro.

In some embodiments, R?is -CN.

In some embodiments, R* is ~OR’. In some embodiments, R is selected
from hydrogen, optionally substituted C;.¢ alkyl, optionally substituted C,.g alkoxyalkyl, C;.
14 aralkyl optionally substituted with one or more R'!, C¢.10 aryl optiqnally substituted with
one or more R'', and -(CH,),-(3-10 membered heterocyclyl) optionally substituted with one

or more R'’. In some embodiments, R’ is hydrogen. In some embodiments, R’ is optionally
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substituted C;¢ alkyl. In some such embodiments, R’ is methyl. In some such
embodiments, R® is halogen substituted ethyl. In some embodiments, R’ is Ce.10 aryl
optionally ‘substituted with one or more R''. In some such embbd’iments, R’ is phenyl
optionally substituted with one or more R''. In some such embodiments, R’ is unsubstituted
phenyl. In some embodiments, R’ is Cr.14 aralkyl optionally substituted with one or more
R'". In some such embodiments, R is benzyl o'ptionalIy substituted with one or more R''. In
some such embodiments, R’ is unsubstituted benzy. In some such embodiments, R’ is
optionally substituted C,5 alkoxyalkyl. In some such embodiments, R’ is selected from —
(CH,),0CHs, ~(CHy),0C3H; or —(CHy);0(CH,)OCH,. In some such embodiments, R’ is -
(CH,)p-(5 or 6 membered heterocyclyl) optionally substituted with ,one or more R In

. 5. _(CHz)n"NG . . . 10
some such embodiments, R’ is , optionally substituted with one or more R™.

—(CH)-N Y —(CHp)N O
vIn some such embodiments, R’ is selected from " 2 /

—(CHg)h"N ,S', —(¢H2)n'N N , —(CHz)n 0, —(CHa), S, or
_-(CHZ)n‘CN . R . 10 v .
, €ach optionally substituted with one or more R™. In some embodiments,
s ) ) —(CHy"N ) X 5
R’ can be optionally substituted . In some embodiments, R’ can be

—(CHz)-N O

~ optionally substituted \_/ . In some embodiments, R> can be optionally

/\
—(CH2)y~N S

substituted \_/ . In some embodiments, R’ can be optionally substituted

—(CHp)r-N N . . . .
/. In some embodiments, R’ can be optionally substituted

—(CHZ)HCO . 5 . .
. In some embodiments, R’ can be optionally substituted

o} - N
. In some embodiments, R’ can be optionally substituted

—(CHy) CN ' '
" . In some embodiments of this paragraph, n is 0. In some embodiments of

this paragraph, n is 1. In some embodiments of this paragraph, R_5 is substituted with one or
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more substituents selected from C, ¢ alkyl, Cy alkdxy, Ci.¢alkyl, -O(CH,),OCH3, halogen .
or -C(O)NH,. _ o -
| Iﬁ some einbodiments, R?is -NR°R’. In some embodiments, each R® and I
“Ris independently selec_ted from hydrogen, C,¢ alkyl, Cs.19 aryl optionally substituted with
one or more R“, Cria aralkyl optionally substituted with one or more R”, (5-10 membered
heteroaryl)alkyl optionally substituted with one or more R, -C(O)R®, or -C(O)OR®. In
some embodiments, R® is hydrogen. In some other embodiments, R® is Cy6 alkyl. In some
embodiments, R’ is hydrogen. In some embodiments, R’ is Cy alkyl. In some embodiments, "
R’ is C.10 aryl optionally substituted with one or more R''. In some embodiments, R’ is ‘~
phenyl optionally subStituted with one or more R". In some other embodiments, R’ is
unsubstituted phenyl. | ‘

In some embodiments, R’ is C7.14 aralkyl optionélly substituted with one
or more R''. In some embodi.mé:nts, R’ is benzyl or —(CHz)zPh, each optionally substituted
with one or more R!'. In some such embodiments, R’ is substituted with one or more
substituents selected from Cj alkyl, Ci¢ alkoxy, C,.¢ alkyl, -O(CH,);OCHj3, halogen or -

CN. In some embodiments, R’ is unsubstituted benzyl. In some other embodiments, R’ is
unsubstituted ~(CHp),Ph. |

In some embodiments, R’ is (6 rhembered heteroaryl)alkyl optionally
substituted with one or more R'. In some embodiments, R’ is ~CH,-pyridyl, -CH,-
pyrimidinyl or —CH;-pyrazinyl, each optionally substituted with one or more R'". In some
embodiments, R is unsubstituted ~CH,-pyridyl. In some embodiments, R’ is unsubstituted
—CH;-pyrazinyl. In some embodiments, R’ is unsubstituted -CHz-pyrimidinyl.

In some embodiments, R’ is -C(O)RS. In some embodiments, R® is
selected from C,.¢ alkyl, Cg.1o aryl, or NR'R". In some embo‘dime‘nts, R® is selected from
methyl, ethyl, propyl, isopropyl, butyl, pentyl or phenyl. In some embodiments, R® is
methyl.. In some other embodiments, R® is phenyl. In some embodiments, R® is -NR'ZR",

In some embodiments, each R'? and R"is independently selected from hydrogen, C;.¢ alkyl,
or benzyl. |

In .some embodiments, R’ is -C(O)OR’. In some embodiments, R® is
selected from hydrogen, Cl_g alkyl, Ce.19 aryl optionally substituted with one or more R'!, or

Cr.14 aralkyl optionally substituted with one or more R'!. In some embodiments, R® is
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selected from methyl, ethyl, isopropyl, or butyl. In some embodiments, R® is selected from
phenyl or benzyl, each optionally substituted with one or more R,

In some embodiments, R® and R together with the nitrogen to which they
are attach‘ed form a 6-10 membered heterocyclyl optionally substituted with one or more

R". In some embodiments, the heterocyclyl formed by R® and R’ together with the nitrogen

000 &

to which they are attached is selected from v | ' , €ach

optionally substltuted with one or more R'’. In some such embodlments the heterocyclyl

formed by R® and R together with the nitrogen to which they are attached can be optionally

G/

substituted ~w . In some such embodiments, the heterocyclyl formed by RS and R’

()

together with the nitrogen to which they are attached can be optionally substituted ~~ . In

some such embodiments, the heterocyclyl formed by R® and R’ together with the nitrogen to |

)
N~
which they are attached can be optionally substituted Aw . In some such embodiments,

the heterocyclyl formed by R® and R’ together with the nitrogen to which they are attached

can be optionally substituted «\TN . In some embodiments, R’ is C; alkyl. In some
embodiments, two geminal R' together are oxo. In some other embodiments, the
heterocyclyl formed by R® and R’ together with the nitrogen to which they are attached is
unsubstituted. | |

In some embodiments, R? is -SR°. In some such embodiments, R’is Cs.10

_aryl optionally substituted with one or more R". In some further such embodiments, R’ is

optionally substituted phenyl.

_50-

o

.......

,,,,,,

,,,,,,



10

15

20

25

30

In some embodiments, R* is -C(O)R®. In some embodiments, R® is
selected from -NR'?R'. In some embodiments, each R'* and R"? is independently selected
from hydrogen, optionally substituted C,.¢ alkyl, Cq.j9 aryl optionally substituted with one or

more R”, or C;.y4 aralkyl optionally substituted with one or more R''. In some

embodiments, each R'? and R" is independently selected from hydrogen, C,.¢ alkyl, phen l.
phenyl

optionally substituted with one or more R or benzyl optionally substituted with one or
more R'!. In some embodiments, the phenyl or benzyl is unsubstituted. »

In some embodiments, R? is -C(O)OR5 . In some embodiments, R’ is
hydrogen or C, ¢ alkyl. ‘

In any of the embodiments of formula (I) described herein, each R'! is
independently selected from —CN, halogen, optionally substituted C,. alkyl, optionally
substituted Cp alkoxy, O-(CH,),-Czs alkoxy, or -C(O) NR™ZR“. In some such
embodiments, R is selected from —CN, -Cl, -F, -CHj3, ~OCHj3, —OC,Hs, —CF; or —~OCF;.
In some embodiments, R'! is —F. In some embodiments, R'"' is —OCF; In yet some other
embodiments, R'" is ~OC,Hs. In yet some other embodiments, R is methyl. In some
embodiments, R"! is -O-(CH,),-OCHs. In some other embodiments, R'! is -C(O)NH,

Some embodiments disclosed herein with resbect to the compounds of
formula (I), R® is selected from the group consisting of -(CH)y*(Ce.10 aryl), -(CH2),-(5-10
membered heteroaryl), -(CHy).-(Cs.10 carbocyclyl), and -(CH,),-(3-10 membered

heterocyclyl), each optionally substituted with one or more R°. In some embodiments, n is

0.

‘In some embodiments, R® is -(CH2)n-(Ce-10 aryl) optionally substituted
with one or more R®. In some embodiments, R is -(CH,)n-phenyl, optionally substituted
with one or more R°. In some embodiments, n is 0. Ih some other embodiments, R® is
unsubstituted -(CH,),-phenyl. In some other embodiments, R3 is unsubstituted phenyl. |

In any of the embodiments of formula (I) described heréin, R’ is selected
from halogen, optionally substituted C;.¢ alkyl, or ~OR’. In some further embodiments, R®

is selected from fluoro, chloro. In some further embodiments, R’ is selected from methyl,

- ethyl, or trifluoromethyl. In some embodiments, R’ is -OR’. In some embodiment, R’ is

selected from hydrogen, Cis alkyl or halo substituted C;s alkyl. In some further

embodiments, R’ is selected from trifluoromethyl or ethyl. In some further embodiments;
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R’ is optionally substituted C, g alkoxyalkyl. In some embodiment, R’ is N-RMRlS. In some

such embodiments, R’ is -NH-C(O)R®. In some further such embodiments, R’ is selected

' from -NH-C(0)-C,. 6alkyl or -NH-C(O)-NH,. In some embodiments, R’ is hydroxy.

Some embodiments described herein with respect to compounds of
formula (I), R® is unsubstituted. In some other embodiments, R® is hydrogen. '

In some embodiments, Z is oxygen.

In some embodiments, the bonds represented by a solid and dashed line
are double bonds. In some such embodiments, compounds of formula (I) are also
R2 |
1
BN N

l}l Z

represented by 'R

In some embodiments, the compound of formula (I) is selected from the

group consisting of Compounds 85-162, 401-414, 523-545, 550, 551 and 664 in Table 1.

In some further embodiments, the compound of formula (I) is selected from the group

consisting of Compounds 85-162, 401-414, 523-538, 540, 541, 543, 545-,664 and 696-707 |

of Table 1.

Some alternative embodiments provide compounds of formula (I) with
the same variable definitions as provided above with the exception that R? is selected from
5-10 membered heteroaryl or 3-10 menibered heterocyclyl, each opti(')nally substituted with
one or more R*. One non-limiting example of these alternative embodiments is where the

compound of formula (I) is Compound 708 of Table 1.

Formula II

Some embodiments disclosed herein relate to a compound of formula (I1)

as described above or a pharmaceutically acceptable salt thereof.

- -52-
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(D
Some embodiments disclosed herein with respect to the compounds of

formula (II), formula (II) is also represented by formula (IIa):

(ITa)

R’ is selected from the group cohsisting of -(CH,),-(Cs.19 aryl), -(CHz)n-(S-IO
membered heteroaryl), -(CHi)n-(C3-10 carbocyclyl), ehd -(CHp)n-(3-10 membered
heterocyclyl), each optionally substituted with one or tnore R’ and | '

each R’ is independently selected from the group consisting of halogen, optionally
substituted Cy.¢ alkyl, optionally substituted Cy.6 alkenyl, optionally substituted C,.¢ alkynyl,
optionally substituted C;¢ alkylthio, .optionally substituted C,.s alkoxyalkyl, optionally
substituted Ca.;o carbocyclyl, optionally substituted Ce.o aryl, -OR’, -NR"R",
C(O)R?, -SO;R", and -NO;.

In some embodiments, R? is selected from optionally substituted C,;

alkyl. In some embodiments, R is selected from methyl, ethyl, isopropyl, or trifluoromethyl.

In some embodiments, R? is methyl.

Some embodiments disclosed herein with respect to the compounds of

formula (IT), , R3 is hydrogen. In some such embodiments, the the compound of formula (II)
is selected from the group consisting of compounds 562-565, 567, 662 and 663 of Table 1.
Some embodiments disclosed herein with respect to the compounds of
formula (II), R is selected from the group consisting of -(CH)a-(Ce.10 aryl), -(CHa)s-(5-10
membered heteroaryl), -(CHy)n-(Cs.;o carbocyclyl), and -(CHy)»-(3-10 membered
heterocyclyl), each optionally substituted with one or more R’. In some émbodiments, n is .
In some embodirhents, R? is selected from -(CH,)-(Ce.10 aryl), optionally
substituted with one or more R’. In some embodiments, R is -(CH,),-phenyl optionally

substituted with one or more R°. In some embodiments, R® is phenyl, optionally substituted

‘with one or more R’. In some embodiments, R’ is unsubstituted phehyl. In some

embodiments, R? is unsubstituted ~(CH,)y-(Ce.10 aryl).
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In some embodiments, R® is selected from -(CHz)s-(9 menﬁbered

heterocyclyl), optionally substituted with one or more R°. In some embodiments, R is

N

0]
P @30 @ )
selected from 0 o~/ or O |, each optionally substituted with

SN

one or more R°. In some such embodiments, R is optionally substituted O . Insome

Caaa’s

0]

“such embodiments, R® is optionally substituted 0~/ . In some such embodiments, R is

v

ol » ' ,
optionally substituted ©:> . In some such embodiments, R® is optionally substituted

WA

s
O . In some embodiments, R® is unsubstitued.

In some embodiments, R’ is selected from -(CHj),-(10 membered

heterocyclyl), optionally substituted with one or more R°. In some embodiments, n is 0. In

v

v

o)
0]

some embodiments, R? is selected from 0" or 'O\) , each optionally substituted
with one or more R’. In some embodiments, R is unsubstitued.

In any of embodiments of formula (II) described herein, each R’ is
independently selected from halogen, optionally substituted Cy.¢ alkyl, -OR®, -NR"R" or -
C(O)R®. In some embodiments, R’ is selected from methyl, ethyl, propyl isopropyl, or
trifluoromethyl. In some embodiments, R is selected from fluoro or chloro.

In some embodiments, R’ is -OR’ , and wherein R’ is selected from

optionally substituted Cy.¢ alkyl. In some embodiments, R’ is unsubstituted C alkyl. In
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some embodiments, R’ is selected from methyl, ethyl, propyl, isopropyl or trifluoromethyl.
In some embodiments, R’ is methyl. In some other embodiments, R’ is trifluoromethyl.
In some embodiments, R’ is -NR'R"’, and wherein each ‘R14 and RY is

independently selected from hydrogen, Cy.¢ alkyl or -C(O)R®. In some embodiments, R? is

selected from optionally substituted Ci.¢ alkyl, -OR® or -NR?RB, In some embodiments, o

each R and R" is independently selected from hydrogen or Ci¢ alkyl. In some
embodiments, each R'> and R" is independently selected from hydrogen or methyl. In some
embodiments, R’ is selected from hydrogen orv C 6‘ alkyl. In some embodiments, eéch R"
and R" is independently selected from hydrogen, methyl ethyl, -C(O)NH,, -C(O)NHCH, -
C(O)N(CHs),,-C(O)OH or -C(O)OEt.

In some embodiments, R’ is -C(O)Rs. In some embodiments, R® is

selected from optionally substituted Cy¢ alkyl or -NR'?R'®. In some embodiments, R® is
selected from methyl, -NH; or -NHCHj.

In some embodiments, all Y is CR".

In some embodiments, at least one Y in - Y’ sf; is N. In some

SR Q0

embodiments, ¥ f;{ is selected from each optlonally

b4
Y Y
I
. . 4 . . Y\Y"-‘ ;;‘ . .
substituted with one to four R*. In some such embodiments, is optionally
SN ' vy
| I
. ff . Y\Y"" S_és L. .
substituted - . In some such embodiments, is optionally substituted
N : : P 4 ‘
= : Y. I

Ny ' 4
. In some such embodiments, ¥ 5{ is optionally substituted ; .
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ﬁ =Y : o h

: Ys /)\(j v

In some embodiments, at least one Y in Y is N. In some ==

s e, 5,

is selected from each optlonally

embodiments,

Y Y [
) ) 4 ) Y\Y/)\é:‘ . e
substituted with one to four R". In some such embodiments, | is optionally 7,
| | | | g -
substituted ¥ . In some such embodiments, Y ¢ is optionally substituted
N .
| A ' Y/Y\\Y N7
=

. In some such embodiments, Y ¢ is optionally substituted 5 .

Y-
: T/ Ny
. . Y\Y)\ ; .
In some other embodiments, two of Y in are N. In some

h4 N, .
! 1 )
Y ALS Z X N_ N~
embodiments, oY i ¥ , }‘J’ 5 5 - ;é,

18 selected from

NN E\
C by va; U, G,
or each optionally substituted with one to three R
Yo Y | N‘\N
In some such embodiments, Y is optionally substituted

¥ . In some such

Y g

Yo )\ N

embodiments, Y f’s is optionally substituted Ry . In some such embodiments,

Ul [} Y
Yo )\ N A

S : $ . NS

Y is optionally substituted . In some such embodiments, Y is
- N : X

optionally substituted . In some such embodiments, - Y ~ is optionally
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A,
¢y, L

substituted . In some such embodiments, Y 5’:‘ is optionally substituted

¥
Yy NS

i A
N\)\ ‘ YN )\
"é . In some such embodiments, Y

some such embodiments, Y s’:( is optionally substituted

In some other embodiments, two of Y in Y ; are N. In some such

N. - _N
Yo P . N
Y/)\; 1 t‘;’ , Oor Z g R a

embodiments, is selected from each

/Y\
optionally substituted with one to three R*. In some such further embodiments N

QI El va; u; fx

is selected from

\.’./ Y
. . 4 . Y\Y//Kfr‘j . .
. substituted with one to three R". In some such embodiments, ' is optionally
N‘ PANS
[ VY
. é—\‘ . . . Y\Y/)\f . . .
substituted . In some such embodiments, is optionally substituted
_N Na ‘
N vy N™S

]
\ . . . Y\Y//K e;‘ . . . N / f
, . , is optionally substituted . In
N
y Sy

kA PR

some such embodiments, is optionally substituted ¥ . In some such

SRS

embodiments, Y ?é is optionally substituted g‘ In some such embodiments,

. =57-
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Yy K\N | y Sy

\YJ\; N . \)\ ~ %Y/J\;

is optionally substltuted *ej In some such embodiments, is

| Y\Y

(VN

optionally substituted ¥ . In some such embodiments,

_is optionally

substituted

Y /Y\

)\f‘é fé of formula (II) or

(I1a) described herein, R* is selected from hydrogen, halogen, -CN, optionaily substituted

In any of the embodiments of “y

C1.¢alkyl, optionally substituted Cy.¢ alkoxy or 5 membered heteroaryl optionally subst_ithted
with one or more R!!. In some embodiments, R* is selected from hydrogen, fluoro, chloro,
methyl, ethyl, methoxy, ethoxy or thiazolyl. ,

In some other embodiments, two adjacent R* together with the carbon
atoms to which they are attached form a fused ring selected from optionally substituted 5 or
6 membered heteroaryl or optionally substituted 5 or 6 membered heterocyclyl.

In some embodiments, the optionally substituted 5 or 6 membered

heterocyclyl formed by two adjacent R* together with the carbon atoms to which they are

{x <I EI EI

attached is >s_elected from whereln each R17

independently selected from hydrogen, optlonally substituted  Cy alkyl, optionally
substituted Cs.¢ cycloalkyl, Ce.10 aryl optionally substituted with one or rhore R“, Cris
aralkyl optionally .substituted with one or more R', or optionally substituted C,.s
alkoxyalkyl. In some such embodiments, R'" is selected from hydrogen, methyl, ethyl, -
(CH,),0H or -(CH2),OCH3. In some futher such embodiments, the optioﬁally substituted 5

(
W Nk B0
<ZI£ <ZI;" <21(£ [on,

or 6 membered heterocyclyl is selected from

58
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¥ . In some further such embodiments, the optionally substituted 5 or

HO//<\N //<\N

6 membered heterocyclyl is selected from & or & . In some

“embodiments, the optionally substituted 5 or 6 membered heterocyclyl is substituted with

one or more substituents selected from Cy.¢ alkyl or halogen. In some other embodiments,
the 5 or 6 membered heterocyclyl is unsubstituted. |
In some embodiments, the optionally substituted 5 or 6 membered
heteroaryl formed by two adjacent R* together with the carbon atoms to which they are
R18

’\;( R‘G“NQ( QI gi <\I

attached is selected from

S 3

0 N
I, o
N7 or N o , wherein each R is independently selected from hydrogen,

optionally substituted C,.¢ alkyl, optionally substituted C;.¢ cycloalkyl, Ce 1o aryl optionally

substituted with one or more R 1, C7.14 aralkyl optionally substituted with one or more R”,.

or optionally substituted Cp.g alkoxyalkyl. In some such embodiments, R"® is selected from

hydrogen or methyl. In some futher such embodfments the optionally substituted 5 or 6

i, &, -

membered heteroaryl is selected from

& & ol «zﬁ; &,

the optionally substituted 5 or 6 membered heterocyclyl is substl,tuted with one or more

. In some embodiments,

substituents selected from C, alkyl or halogen. In some other embodiments, the 5 or 6

membered heterocyclyl is unsubstituted.

In some embodiments, the substituent on the 5 or 6 membered heteroaryl

or 5 or 6 membered heterocyclyl formed by two adjacent R* together with the carbon atoms

C -59-
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to which they are attached is selected from C, alkyl, C,¢ alkoxy, oxo or halogen. In some
further embodiments, the substituent is selected from methyl, fluoro, or oxo. In some

embodiments, the substituent is oxo. In some such embodiments, the 5 or 6 membered

R1.7 R17
o] rL M \N Y
T =X
heteroaryl or 5 or 6 membered heterocyclyl are selected from 0" ¥ or Sy

Il?” R17
\

Os  N_ N %y
o
0" ¥ or ° “‘:‘,R”isalkyl.‘

In some embodiments, Z is oxygen.

In some embodiments of

In some embodiments, the bonds represented by a solid and dashed line
are double bonds, provided that when the optionally substituted 5 or 6 membered heteroaryl

formed by two adjacent R* together with the carbon atoms to which they -are attached is

[ N §

e L oY
selected from ' ;a , ¥ , Or NN , one of the bonds represented by a solid
v | |

Y

and dashed line in \ )’)5 is a single bond. In some embodiments, the bonds represented

by a solid and dashed line are double bonds in formula (Ila). In some such embodiments,

Y.
T,/" \'Y R2
Yoo i
Xy N
l;l p4
compounds of formula (II) are also represented by R® . In some such
Y-
T/ \'Y RZ
Y-
\Y | N
l}l Z
embodiments, compounds of formula (Ila) are also represented by R®

In some embodiments, the compound of formula (II) is selected from the

group consisting of Compounds 163-216, 241-243, 245, 246, 248-252, 254, 255',‘ 258-261,
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263, 415-430, 432, 552-567, 629, 662 and 663 of Table 1. In some further embodiments, ™

the compound of formula‘(II) is selected from the group consisting of Compounds 163-216,

241-243, 245, 246, 248-252, 254, 255, 258-261, 263, 415-430, 432, 552-561, 566 and 629 of
Table 1.

Formula [1I : : -
Some embodiments disclosed -herein relate to a compound of formula

(III) as described above or a pharmaceutically acceptable salt thereof.

(11D

Some embodiments disclosed herein with respect to the compounds of

formula (IIT), R? is selected from the group consisting of -(CHz)n-(C6-1o aryl), -(CH,),-(5-10
membered heteroaryl), -(CH,)u-(Cs.10- carbocyclyl), and -(CH,)a-(3-10 membered
heterocyclyl), each optionally substituted with one or more R’; and each R’ is independently
vselected from the group consisting of halogen, optionally substituted C. alkyl, optionally
substituted C,¢ alkenyl, optionally substituted C,¢ alkynyl, optionally substituted C,
alkylthio, optionally substituted C,3 alkoxyalkyl, optionally substituted C;.10 carbocyclyl,
optionally substituted Ce.1 aryl, -OR’, -NR"R", -C(O)R?, -SO,R®, and ~-NO,, |
In some embodiments, R' is selected ffom halogen, C;.¢ alkyl optionally
substituted with one or more R*, Cs.1¢ aryl optionally substituted with one or more R or 5
to 6-membered heteroaryl optionally substituted with one or more R*. In some
embodiments, R' is bromo or fluoro. In some erﬁbodiments, R_l_ is methyl optionally
substituted with one or more R®. In some embodiments, R' is methyl. In some
~ embodiments, R' is phenyl optionally substituted with one or more R®.  In some
embodiments, R' is pyridazinyl optionally substituted with one or more R4I_n some
embodiments, R’ is unsubstituted phenyl. In some embodiments, R' is pyrazolyl or 1-methyl

pyrazolyl optionally substituted with one or more R*. In some embodiment, R* is selected

from halogen.
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Some embodiments disclosed herein with respect to the compounds of
formula (II1), R’ is selected from the group consisting of -(CHy)a-(Cs.10 aryl), -(CHy)u-(5-10
membered heteroaryl), -(CH),-(Cs.;o carbocyclyl), and -(CHp),-(3-10 membered
heterocyclyl), each optionally substituted with one or more R’. In some embodiments, n is
0. -

In soxﬁe embodiments, R® is selected from -(CHz)n-(C6.10 aryl) optionally
substituted with one or more R’ |

In some embodiments, R? is phenyl, optionally substituted with one or
more R®. In some other embodiments, R is unsubstituted phenyl..

Some embodiments disclosed herein with respect to the compounds of

formula (I1I), R® is hydrogen. In some such embodiments, the the compound of formula-

(IIT) is selected from the group consisting of compounds 576, 578, 590, 595, 611-613, 616,

618, 621-623, 637 and 638 of Table 1.

In any of embodiments of formula (III) described he_rein, R’ is selected

from cyano, halogen, optionally substituted Cy.¢ alkyl, or optionally substituted C,. alkoxy.

In some further embodiments, R’ is selected from cyano, fluoro, chloro, methyl, ethyl, -

ethoxy, methoxy, trifluoromethyl or trifluoromethoxy. In some embodiments, R’ is ethoxy.
In some embodiments, R’ is trifluoromethoxy. In still some other embodiment, R’ is
difluoromethoxy. |

In any of the embodiments of formula (III) described herein, ring A is
selected from 6-membered heteroaryl, 5-membered heterocyclyl or 6;membered

heterocyclyl, each optionally substituted with one or more R*.

In some such embodiments, ring A is selected from o v
17
$ : R17
)
N N N7 N N‘f\j NP N
. R N-R17 . | . I . 'N . |
o bLLL P s "LLL T , o o v wav
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R17 R17
! !

N .
N“ N S N- - N-N N _N
* N | | /\N )|\/(\N | N /||/\/8 -/‘i;NR17 ‘ /L<NR17 |
M,% e 'bLLL "”"',% M“’,_%L M,%’“ o ,% o
R17 _ i '":J
! ’ : . Ly
N N;\ ;N /\ v /\ -
| /\N O\/\N | . N_R17 N \NR17 S\\\N O\\N -
S e NN N
o s v ’ o ’ B s ~or o , each

optionally substituted with one or more R*; and wherein each R'” is independently selected

from hydrogen, optionally substituted C, alkyl, optionally substituted Cs¢ cycloalkyl, I
: ¥

optionally substituted C,.3 alkoxyalkyl, optionally substituted C-carboxy, acyl, Cg¢.1o aryl

optionally substituted with one or more R", or C.14 aralkyl optionally substituted with one

ormore R'".
In some embodiments, ring A is selected from e
EW 517 . ‘ R17

I
N NZ -S -0 -N
N N AY N Y
s . _ N-R' - \/HlN | /\N | N ! N
YO, w s T il
v ' P Y N‘"” ) N‘N" o R

R17 .
/
N N 2\ =N 5\
23 % s Nan17 2 AR N
E)\( R "z_'_L/‘\< g
" e i o w , e , i e ~ or
/\
m)\<. |
~ each optionally substituted with one or more R*.
RY - R17
N N
N’ Y Y
)|\/<N | N
: : . % e
In some embodiments, ring A is selected from o oo

=\ -N
' N\ N—R17 N= \NR17
o G

e or K

~, each optionally substituted with one or more R*.
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In some embodiments, ring A is optionally substituted ww . In

17
RX

some embodiments, ring A is optionally substituted

R17
!
N
A is optionally substituted - -~ . In some embodiments, ring A is optionally substituted
/QN_RW
&L‘ e

. In some embodiments, ring A is optionally substituted
Nﬁ
Qs N

embodiments, ring A is optionally substituted /wa/ . In some embodiments, ring A is

optionally substituted " ~_ In some embodiments, ring A is optionally substituted

R17
)
N’O\ N’N

v A
e ' : : . : e

~ In some embodiments, ring A is optionally substituted ~"  In some
_/ NR17

g

embodiments, ring A 1is optionally substituted R ~  _ In some embodiments, ring A is
/N\
NR"
optionally substituted - ~ In some embodiments, ring A is optionally substituted
R17
! . . .
N 0
[ | )

/K‘(N‘RW
0 : : — : \
~ . In some embodiments, ring A is optionally substituted s . In some

-64-
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N-R17
T ,
embodiments, ring A is optionally substituted o . In some embodiments, ring A
_N |
N= 'NR17
is optionally substituted e ~ In some embodiments, ring A is optionally
8N Y
S\ A o O\ N
m)\< Y
substituted ~ _In some embodiments, ring A is optionally substituted ~ In

any of embodiments of ring A as described herein in formula (III), R is selected from

hydrogen, methyl, ethyl, isopropyl, cyclopropyl, -(CH,),F, -(CH,),OH, -(CH,),OCH3;, -
(CHz)zOCsz, -(CH2)20C3H7, -C(O)OtBu, -C(O)CH3 or benzyl.

% ;
In some futher such embodlments rmg A is selected from ww
N/
/ﬁlN NH N— N ~Bn
%
JQ"” Q Et @W /QW JQW @

0 o N N/
L} '> )QN—<] QN{ /@N—{Oﬂa J/\%N - )T\'/(‘N
3 e ) .711’ o ua VLLL '\N\ra “L‘l N\Ma
.

,iPr g |
L< /r\< /[/\< J/\<NH L(N— )/\<N Et J/\<N——|Pr
_N, _/—F N’N 3 | _ N
%J;n(: | 9 NH’ ‘HL)\( | E)\(N Et’ %)\< iPr %)*(
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. N/N\ N/N\ N’N\i_ N’N\ N’N\ N‘\NH Ng\N_
N )|\/<N /||\/<N )|\/<N )|\/<N ”‘a)\< E)\<
RS Ry s @N} e s RS " s Yy , oy , o~

b

A BN CNA =
et V= TN o\'/\NH O\/\N V7w
%)\< %)\< E)\< D ”H)\T ““L)\f - m)\<
: o v , o F o o ~w  Or o

, each
optionally substituted with one or more R*.

N X

P
In some such futher embodiments, ring A is selected from =~ ww

817 Rﬂ :
)NQN LN(‘NR”_ NiN‘NR17 /QN _ES:\\ N »LLL)O%\N

5 E’ N"",E' e ,E’ T ,hLL" o ~ or -~ each optionally

substituted with one or more R,

In any of the embodiments of formula (III) described herein, R* is
selected from halogen, optionally substituted C;¢ alkyl, or C;.;4 aralkyl optionally

substituted with one or more R"', or two geminal R* together are oxo. In some further

10  embodiments, R* is selected from fluoro, methyl, triﬂuoromethyl, or benzyl. In some
embodiments, two geminal R* together are oxo. |
In some embodiments, ring A is unsubstituted. -
In some embodiments, Z is oxygen.
In some embodiments, the bonds represented by a solid and dashed line
R17 R17
1 !
NS N-Q N N-N,
o e Lo A
15  are double bonds, provided that when ring A is K A R A R e ;Hl o
R17 '
!
N\
| N
or R ~ _ one of the bonds represented by a solid and dashed line is a single bond. In
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some such embodiments, compounds of formula (III) are also represent.ed by

In sbme embodiments, the compound of formula (III) is selected from the

group consisting of Compounds 29-63, 392-400, 568-628, 630-661, and 665 of Table 1. In

5 some futher embodiments, the compound of formula (IIl) is selected from the group
consisting of Compounds 29-63, 392-400, 568-574, 577, 579-584, 586-589, 591-594, 596-

608, 614, 615, 617, 619, 620, 624-626, 631, 634-636, 640, 642-655, 657-661, 665, and 669-
695 of Table 1.

10 Formula IV

Some embodiments disclosed herein relate to a compound of formula

(IV) as described above or a pharmaceutically acceptable salt thereof.

i
7

Y ¥

Y

(O\/j;o/
avy

15 In some embodiments, R' is selected from the group consisting of

hydrogen, C,. alkyl optionally substituted with one or more R?, or 5-membered heteroaryl .

optionally substituted with one or more R*.

In some embodiments, R' is selected from methyl, phenyl, pyrazolyl, or
1-methyl pyrazolyl, each optionally substituted with one or more R*. In some embodiments,

20 R!is methyl. In some embodiments, R' is unsubstituted phenyl. In some embodiments, R’
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is unsubstituted pyrazolyl. In yet some other embodiments, R' is 'unsﬁbstituted 1-methyl
pyrazolyl. '

| In some embodiments, R? is selected from hydrogen or optionally. 0
substitu_ted Ci.salkyl. ' : ' R

In some embodiments, all Y are CR®. In some other embodiment, at least

one Y is nitrogen.

In some embodiments, R* is selected from halogen, Cy¢ alkyl or C.6 -
alkoxy. In some embodiments, R* is selected from fluoro or methyl. |

In some embodiments, m is 1. In some embodiments, m is 2. In some | ‘
embodiments, m is 3.

In some embodiments, Z is oxygeﬁ.

In some embodiments, the bonds represented by a solid and dashed line

are double bonds.

In some embodiments, the compound of formula (IV) is selected from the

group consisting of Compounds 21-26 of Table 1.

Formula V

Some embodiments disclosed herein relate to a compound of formula (V)

as described above or a pharmaceutically acceptable salt thereof.

In some embodiments, each R? is independently selected from hydrogen,
Ci.salkyl or -ORS_ '
| In somé embodiments, each R? is hydrogen.
In some embodiments, R? is -(CH2),-(Cs.10 aryl), Optionally substituted
with one or more R®. In some embodiments, R’ is phenyl, optionally substifuted with one or

more R®. In some other embodiments, R® is unsubstituted phenyl.
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In some embodiménts, R’ is selected from halogen, optionally substituted
Ci.¢alkyl, optionall‘y substituted C,.g alkoxyalkyl, -ORS, or -NRMR". In some embodiments,
R’ is selected from fluoro, . chloro, rhethyl, ethyl, methoxy, ethdxy, trifluoromethyl,
trifluoromethoxy, -NHCH;, -NH,, or -NHC(O)CHs. In some embodiments, R’ is
5  trifluoromethoxy. ' |
In some embodiments, ring A is a Cs carbocyclyl optionally substituted
with one or more R?..In some embodiments, ring A is a Cs carbocyclyl optionally substituted
with one or more R*. In some other embodiments, ring A is unsubstituted.
In some embodiments, wherein R* is selected from halogen, optionally
10 substituted C, alkyl, optionally substituted Cy.s alkoxy, or independently two geminal R*
together are oxo. _
In some embodiments, ring A is an unsubstituted Cs.; carbocyclyl.
In some embodiments, Z is oxygen. | |
In some embodiments, the bonds represented by a solid and dashed line

15  are double bonds.

In some embodiments, the compound of formula (V) is selected from the

group consisting of Compounds 27 and 28 of Table 1.

Formula Vla

20 Some embodiments disclosed herein relate to a compound of formula

(VIa) as described above or a pharmaceutically acceptable salt thereof.

(VIa)

In some embodiments, R' is a C4 carbocyclyl optionally substituted with

25  one or more R*.

In some embodiments, R' is a Cs carbocyclyl optionally substituted with

one or more R*.
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In some embodiments, R' is a Cq carbocyclyl optionally substituted with

one or more R*,

In some embodiments, R* is selected from halogen, optionally substituted |

C 1 alkyl, or optionally substituted C,.¢ alkoxy. In some embodiments, R* is selected from
fluoro, chloro, methyl, methoxy, ethoxy, trifluoromethyl, or trifluoromethoxy. |
In some other embodiments, R' is unsubstituted.

_ In some embodiments, each R? is independently»sele’cted from hydrogen,
halogen, optionally substituted Ci.¢ alkyl, -OR’ or -NR°R’. In séme embodiments, R? is
hydrogen. In some embodiment, R? is halogen. | | ‘

In some embodiments, R* is optionally substituted Cy alkyl. In some
embodiments, R? is methyl. In some other embodiments, R%is triﬂubromethyl.

In some embodiments, R is selected from -(CH),-(Cg.10 aryl), optionally

substituted with one or more R’ In some embodiments, R} is phenyl, optionally substituted

with one or more R’.

In some embodiments, R’ is selected from halogen, optionally substituted
Cis alkyl, optionally substituted C,.g alkoxyalkyl, -OR®, or -NR'R'®. In some embodiments,
R’ is sele;:ted from fluoro, chloro, methyl, ethyl, methoxy, ethoxy, trifluoromethyl,
trifluoromethoxy, -NHCH3;, -NH,, or -NHC(O)CH3.

In some embodiment, R? is unsubstituted phenyl.

In some embodiments, Z is oxygen.

In some embodiments, the bonds represented by a solid and dashed line
are double bonds. | v

| o In some embodiments, the compound of formula (VIa) is selected from

the group consisting of Compounds 64-66 of Table 1.

Formula VII

Some embodiments disclosed herein relate to a compound of formula

(VII) as described above or a pharmaceutically acceptable salt thereof.
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(VID)
In some embodiments, each R? is independently selected from hydrogen,

halogen, optionally substituted C,.¢ alkyl, -OR? or -NR°R’. In some embodiments, R? is

hydrogen. In some embodiments, R? is halogen. In some embodiments, R? is optionally
substituted Cy_ alkyl. In some further embodiments, R? is methyl or trifluoromethyl.

' In some embodiments, R® is selected from -(CHy)n-(Ce.10 aryl), optionally
substituted with one or more R°. In some embodiments, R® is phenyl optionally substituted
with one or more R’. |
| In some embodiments, R’ is selected from halogen, optionally substituted
Ci.¢ alkyl, optionally substi_tuted Cy.5 alkoxyalkyl, .-ORS , or -NR"R". In some embodiments,
R’ is selected from fluoro, chloro, methyl, ethyl, methoxy, ethoxy, trifluoromethyl,
trifluoromethoxy, -NHCH;, -NH,, or —NHC(O)CH;.

In some embodiments, R* is unsubstituted phenyl.

In some embodiments, Q is C(O). In some other embodiments, Q is S(O),.
In some embodiments, t is 2.

In some embodiments, R'S is selected from optionally substituted Cj.
alkyl, Ce.;0 aryl optionally substituted with one or more R'!, C;.4 aralkyl optionally

substituted with one or more R”, -NRIZRB, or -OR’. In some embodiments, R'® is

optionally substituted C, alkyl. In some embodiments, R'® is selected from methyl, ethyl,

propyl, isopropyl, or butyl. In some embodiments, R'® is phenyl optionally substituted with
one or more R". In some other embodiments, R' is unsubsﬁtutéd phenyl. In some
embodiments, R' is benzyl optionally substituted with one or more R'". In some other
embodiments, R'® is unsubstituted benzyl. In some embodiments, R!® is -NR?RB. In some
embodiments, each R'? and R" is independently selected from hydrogen or optionally
substituted Ci¢ alkyl. In some embodiments, R' is -OR’. In some embodiments, R’ is
selected from hydrogen or optionally substituted C,.¢ alkyl. In some further embodiments, R’
isv selected from methyl, ethyl, propyl, isopropyl, or butyl. |
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In some embodiments, Z is oxygen.

In some embodiments, the bonds represented by a solid and dashed line

are double bonds.

In some embodiments, the compound of formula (VII) is selected from

the group consisting of Compounds 67-76 of Table 1.

Formula VIb

Some embodiments disclosed herein relate to.a cdmpound of formula

(VIb) as described above or a pharmaceutically acceptable salt theré_of.

(VIb)

In some embodiments, R! is selected from C.¢ alkyl optionally

substituted with one or more R*, Cg.1 aryl optionally substituted with one or more R?, or 5-
10 membered heteroaryl optionally substituted with one or more R*. In some embodiments,
R' is selected from C,. alkyl optionally substituted with one or more R*. In some. further
embodiments, R' is selected from methyl, ethyl, propyl, or i_sopropyl. In some further
embodiments, R' is phenyl optionally substituted with one or more R®. In some
embodiments, R! is selected from 5 or 6 membered heteroaryl, each optionally substituted
with one or more R*. In some further embodiments, R' is selected from pyrazolyl or 1-
methyl pyrazolyl, each optionally substituted with one or more R*. In some other
embodiment, R! is unsubstituted. |

In some embodiments, R* is selected from halogen or optionally

substituted'Cl-g alkyl. In some embodiments, R* is fluoro.

In some embodiments, each R* is independently selected from hydrogen,

halogen, or optionally substituted Cy alkyl. In some embodiments, R? is hydrogen.

In some embodiments, R®is -(CH3)14-(Cé.10 aryl), optionally substituted
with one or more R’. In some embodiments, R® is -(CHy)14-phenyl, optionally substituted

with one or more R°. In some other embodiments, R’ is unsubstituted. In some
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embodiments, R® is -(CH,)-phenyl, optionally substituted with one or more R®. In some

‘embodiments, R® is -(CH,),-phenyl, optionally substituted with one or more R®. In some

other embodiments, R? is unsubstituted.

In some embodiments, R’ is selected from halogen, optionally substituted

C16 alkyl, optionally substituted C,5 alkoxyalkyl, -OR’, -C(O)R® or -NR'R". In some

further embodiments, R’ is selected from fluoro, chloro, methyl, ethyl, methoxy, ethoxy,

trifluoromethyl, trifluoromethoxy, -C(O)CH3;, -NHCH3, -NH;, or -NHC(O)CHj.
In some émbodiments,_Z is oxygen.

In some embodiments, the bonds represented by a solid and dashed line

are double bonds.

In some embodiments, the compound of formula (VIb) is selected from

the group consisting of Compounds 77-80 of Table 1.

Formula VIII

Some embodiments disclosed herein relate to a compound of formula

(VIII) as described above or a pharmaceutically acceptable salt thereof.

(VII)

In some embodiments, R? is selected from optionally substituted Cj.¢

alkyl or -(CHy),-(Cg.19 aryl) optionally’ substituted_ with one or more R’. In some
embodiments, R® is -(CH,)n-(Ce.10 aryl) optionally substituted with one or more R’. In some
embodiments, R? is phenyl optionally substituted with one or more R,

In some embodiments, R’ is selected from halogen, optionally substituted
Ci alkyl, optionally subsﬁtuted Cp.s alkoxyalkyl, -OR’, -C(O)R® or -NR'R" . In some
further embodiments, R’ is selected from fluoro, chloro, methyl, ethyl, methoxy, ethoxy,

trifluoromethyl, trifluoromethoxy, -C(O)CH3, -NHCHj, -NH,, or -NHC(O)CH3. In some

embodiments, R’ is trifluoromethoxy.

In some other embodiments, R? is unsubstituted phenyl.
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In some embodiments, R® is optionally substituted Ci6 alkyl. In some
further embodiments, R¥is Cy6 alkyl. ‘

In some embodiments, each R'” is independently sellected from hydrogen,
halogen, optionally substituted C;.¢ alkyl or oxo. In some embodiments, each RY7 s
hydrogen. | _

In some embodiments, two adjacent R' together with the carbon atoms to

which they are attached form a fused phenyl optionally substituted with one or more R*. In
some further embodiments, at least one R” is oxo. In some embodiments, at least one R'7 is
optionally substituted C;.¢ alkyl. In some embodiments, the fused phenyl is unsubstituted.
v In some embodiments, two adjacent R'7 together with the carbon atoms to
which they are attached form a fused 5-6 membered heteroaryl, optionally substituted with
one or more R*. In some embodiments, at least one R'” is oxo. In some embodiments, at
least one R'7 is optionally substituted C,¢ alkyl. In some embodiments, the fused 5-6
membered heteroeryl is unsubstituted. -

In some embodiments, R* is selected frorn halogen or optionally
substituted Cy alkyl. »

In some embodiments, n is 0. In some other embodiments, n is 1. In yet
some other embodiments, n is 3.

| In some embodiments, Z 1s oxygen.
In some embodiments, the compound of formula (VIII) is selected from

the group consisting of Compounds 81, 82, and 513-519 of Table 1.

Formula IX

Some embodiments. disclosed herein relate to a compound of formula

(IX) as described above or a pharmaceutically acceptable salt thereof.

.R2 ’

R! R
NT Sz
s
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In some embodiments, R' is selected from C alkyl optionally
substituted with one or more R*, Cq.,¢ aryl optionally substituted with one'ot' more R*, 6r 5-
10 membered hetéroaryl optionally substituted with one or more R*. In some embodiments,
R' is Cjgalkyl optionally Substituted with one or more R?. In some embodiments, R is Cé. 1o
aryl optionally substituted with one or more R”. _

In some futher embodiments, R’ }is phenyl optionally substituted with one or
more R*, Inv some embodiments, R! is 5 or 6 membered heteroaryl optionally substituted
with one br more R*. In some further embbdiments, R is pyrazolyl or 1-methyl pyrazolyl
optionally substituted with one or more R*, o

In some embodiments, R* is selected from halogen, optionally substituted
Cisalkyl, or optior.lallly substituted C; ¢ alkoxy. '

In some embodiments, R' is unsubstituted.

In some embodiments, each R? is independently selected from hydrogen,
halogen or optionally substituted C;. alkyl. In some embodiments, R? is hydrogen.

In some embodiments, R® is -(CH2)n-(Cs.10 aryl), optionally substituted
with one or more R°. In some futher embodiments, R? is phenylvopti_onally» substituted with
one or more R®. In some other embodiments, R® is unsubstituted.

In some embodiments, R’ is selected from halogen, optionally substituted

" Cy6 alkyl, optionally substituted C,g alkoxyalkyl, -OR’, -C(O)R® or -NR™R". In some

further embodiments, R’ is selected from fluoro, chloro, methyl, ethyl, methoxy, ethoxy,
trifluoromethyl, trifluoromethoxy, -C(O)CH3, -NHCHj3, -NH,, or -NHC(O)CHs.

In some embodiments, Z is oxygen. ' | |

In some embodiments, the compound of formula (IX) is selected from the
group consisting of Compounds 83, 84, 520-522 of Table 1.

| Some embodiments described herein relate to one or more compounds

selected from the group consisting of Compounds 1-20, 217-240, 244, 247, 253, 256, 257,
262, 264-283, 285, 287-339, 341-391, 431, 433, 434, 438-440, 442, 446-512, 546-549, 575,
585, 609, 610, 627, 628, 630, 632, 633, 639, 641, 656, 666-668, 708 and 709 of Table 1.

In some embodiments, compounds are selected from the following

compounds as listed in Table 1.

TABLE 1.
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Administration and Pharmaceutical Compositions

Some embodiments include pharmaceutical compositions compﬁsing: .(a) a safe
and therapeutically effective amount of a corﬁpound described herein (including enantiomers,
diastereoisomers, tautomers, polymorphs, and solvates thereof), or pharmaceutically acceptable salts
thereof; and (b) a pharmaceutically acceptable carrier, diluent, excipient or combination thereof.

The compounds are administered at a therapeutically effective dosage, e.g., a
dosage sufficient to provide treatment for the disease states previously described. While human
dosage levels have yet to be optimized for the compounds of the preferred embodiments, generally, a
daily dose for most of the compounds described herein is from about 0.25 mg/kg to about 120 mg/kg
or more of body weight, from about 0.5 mg/kg or less to about 70 mg/kg, from about 1.0 mg/kg to
about 50 mg/kg of body Weighf, or from about 1.5 mg/kg to about 10 mg/kg of body weight. Thus,

for administration to a 70 kg person, the dosage range would be from about 17 mg per day to about

8000 mg per day, from about 35 mg per day or less to about 7000 mg per day or more, from about
' -139-
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70 mg per day to about 6000 mg per déy, from about 100 mg per day to about 5000 mg per day, o}
from about 200 mg to about 3000 mg per day. The amount of active eompound administered will, df

,,,,,,,,

manner and schedule of administration and the Judgment of the prescnbmg physician. '

Administration of the compounds disclosed herein or the pharmaceutlcally """
acceptable salts thereof can be via any of the accepted modes of administration for agents that serve .
similar utilities including, but not limited to, orally, subcutaneously, intravenously, intranasally*
topically, transdermally, intraperitoneally, intramuscularly, intrapulmonarilly, vagmally, rectally, or o
intraocularly. Oral and parenteral administrations are customary in treating the lndlcatlons that are™
the subject of the preferred embodiments. . Jx

The compounds useful as described above can be formulated into pharmaceutical
compositions for use in treatment of these conditions. Standard pharmaceutical formulation
techniques are used, such as those disclosed in Remington's The Science and Practice of Pharmacy,
21st Ed., Lippincott Williams & Wilkins (2005), incorporated by reference in its entirety.

In addition to the selected compound useful as described above, come
embodiments include compositions containing a- pharmaceutically-acceptable carrier. The term
"phafmaceutically-acceptable carrier”, as used herein, means one or more compatible solid or liquid
filler diluents or encapsulating substances, which are suitable for administration to a mammal. The
term "compatible", as used herein, means that the components of the composition are capable of
being commingled with the subject compound, and with each other, in a manner such that there is no
interaction, which would substantially reduce the pharmaceutical efficacy of the composition under
ordinary use situations. Pharmaceutically-acceptable carriers fnust, of course, be of sufficiently high
purity and sufficiently low toxicity to render them suitable for administration preferably to an
animal, preferably mammal being treated. |

Some examples of substances, which can serve as pharmaceutlcally acceptable
carriers or components thereof, are sugars, such as lactose, glucose end sucrose; starches, such as
corn starch and potato starch; cellulose and its derivatives, such as sodium carboxymethyl cellulose,
ethyl cellulose, and methyl cellulose; powdered tragacanth; malt; gelatin; talc; solid lubricants, such
as stearic acid and magnesium stearate; calcium sulfate; yegetable oéls, such as peanut oil,
cottonseed oil, sesame oil, olive oil, com oil and oil of theobroma; polyols such as propylene glycol,

glycerine, sorbitol, mannitol, and polyethylene glycol‘; alginic- acid; emulsifiers, such as the

TWEENS; wetting agents, such sodium lauryl sulfate; coloring agents; flavoring agents; tableting

-140-



,,,,,

bt

agents, stabilizers; antioxidants; preservatives; pyrogen-free water; isotonic saline; and phosphate;..:-

buffer solutions.

P

The choice of a pharmaceutically-acceptable carrier to be used in conjunction.

.....

]

with the subject compound is basically determined by the way the compound is to be administered.

The compositions described herein are preferably provided in unit dosage form. ,

As used herein, a "unit dosage form" is a composition containing an amount of a compound that is |,

suitable for administration to an animal, preferably mammal subject, in a single dose, according to

good medical practice. The preparation of a single or unit dosage form however, does not imply that ~

the dosage form is administered once per day or once per course of therapy. Such dosage forms are ™

contemplated to be administered once, twice, thrice or more per day and may be administered as <
infusion over a period of time (e.g., from about 30 minutes to about 2-6 houfs), or administered as a
continuous infusion, and may be given more than once during a course of therapy, though a single
administration is not specifically excluded. The skilled artisan will recognize that the formulation
does not specifically contemplate the entire course of therapy and such decisions are left for those
skilled in the art of treatment rather than formulation. '

The compositions useful as described above may be in any of a variety of suitable
forms for a variety of routes for administration, for example, for oral, nasal, rectal, topical (including
transdermal), ocular, intracerebral, intracranial, intrathecal, int‘ra-aﬂerial,v- intravenous, intramuscular,
or other parental routes of administration. The skilled artisan will appreciate that oral and nasal
compositions include compositions that are administered by inhalation, and rﬁade using available
methodologies. Depending upon the particular route of administration desired, a variety of
pharmaceutically—acceptaBle_ carriers well-known in the art may be used. Pharmaceutically-
acceptable carriers include, for example, solid or liquid fillers, diluents, hydrotropies, surface-active
agents, and encapsulating substances. Optional pharmaceutically-active materials may be included,
which do not substantially interfere with the inhibitory activity of the compound. ‘The amount of
carrier employed in conjunction with the compound is sufficient to provide é practical quantity of
material for administration per unit dose of the compound. Techhiques and compositions for making
dosage forms useful in the methods described herein are described in the following references, all
incorporated by reference herein: Modern Pharmaceutics, 4th Ed., Chapters 9 and 10 (Banker &
Rhodes, editors, 2002); Lieberman et al., Pharmaceutical Dosage Forms: Tablets (1989); and Ansel,

Introduction to Pharmaceutical Dosage Forms 8th Edition (2004).
Various oral dosage forms can be used, including such solid forms as tablets,

capsules, granules and bulk powders. Tablets can be compressed, tablet triturates, enteric-coated,
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sugar-coated, film-coated, or multiple-compressed, containing suitable binders, lubricants, diluents;™
. P
disintegrating agents, coloring agents, flavoring agents, flow-inducing agents, and melting agents.-.

ru__:I

Liquid oral dosage forms include aqueous solutions, emulsions, suspensions, solutions and/or:

|.-.u.1b
suspensions reconstituted from non-effervescent granules, and effervescent preparations;:

,,,,,

reconstituted from effervescent granules, containing suitable solvents, preservatives, emulsifying:,
agents, suspending agents, diluents, sweeteners, melting agents, coloring agents and ﬂavon'ng"J-'fl

agents.

The pharmaceutically-acceptable carriers suitable for the preparation of unit..

dosage forms for peroral administration is well-known in the art. Tablets typically compriseffj‘

conventional pharmaceutically-compatible adjuvants as inert diluents, such as calcium carbonate,
sodium carbonate, mannitol, lactose and cellulose; binders such as starch, gelatin and sucrose;
disintegrants such as starch, alginic acid and croscarmelose; lubricants such as magnesium stearate,
stearic acid and talc. Glidants such as silicon dioxide can be used to improve flow characteristics of
the powder mixture. Coloring agents, such as the FD&C dyes, can be added for appearance.
Sweeteners and flavoring agents, such as aspartame, saccharin, menthol, peppermint, énd- fruit
flavors, are useful adjuvants for chewable tablets. Capsules typically comprise one or more solid
diluents disclosed above. The selection of carrier components depends on secondary considerations
like taste, cost, and shelf stability, which are not critical, and can be readily made by a person skilled
in the art. |
Peroral compositions also include liquid solutions, emulsions, suspensions, and

the like. The pharmaceutically-acceptable carriers suitable for preparation of such compositions are
well known in the art. Typical components of carriers for syrups, elixirs, emulsions and suspensions
include ethanol, glycerol, propylene glycol, p.olyethylene glycol, liquid sucrose, sorbitol and water.
For a suspension, typical suspending agents include methyl cellulose, sodium carboxymethyl
cellulose, AVICEL RC-591, tragacanth and sodium alginate; typical wetting agents include lecithin
and polysorbate 80; and typical preservatives include methyl paraben and sodium benzoate. Peroral
liquid compositions may also contain one or more components such as sWeeteners, flavoring agents
and colorants disclosed above. ,

| Such compositions may also be coated by' conventional methods, typically with
pH or time-dependent coatings, such that the subject compound is released in the gastrointestinal
tract in the vicinity of the desired topical application, or at various times to extend the desired action.

Such dosage forms typically include, but are not limited to, one or more of cellulose acetate
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phthalate, polyvinylacetate phthalate, hydroxypropyl methyl cellulose phthalate, ethyl cellulose;-

Eudragit coatings, waxes and shellac. | ‘ b

Compositions described herein may optionally include other drug actives. e
Other compositions useful for attaining systemic dehvery of the subJectm
compounds include sublingual, buccal and nasal dosage forms. Such compositions typlcallyL.
comprise one or more of soluble filler substances such as sucrose, sorbitol and mannitol; and blnders,

it

such as acacia, mlcrocrystalllne cellulose, carboxymethyl cellulose and hydroxypropyl methyl

cellulose. Glidants, lubricants, sweeteners, colorants, antioxidants and flavoring agents dlsclosed

above may also be included.

A liquid composition, which is formulated for topical ophthalmic use, is"™
formulated such that it can be administered topically to the eyé. The comfort should be maximized
as much as possible, although sometimes formulation coﬁsiderations (e.g. drug stability) may
necessitate less than opﬁmal comfort. In the case that comfort cannot be maximized, the liquid
should be formulated such that the liquid is tolerable to the patient for topical ophthalmic use.
Additionally, an ophthalmically acceptable liquid should either be packaged for single use, or

contam a preservative to prevent contamination over multiple uses.

For ophthalmic application, solutions or medicaments are often prepared using a
physiological saline solution as a major vehicle. Ophthalmic solutions should preferably be
maintained at a comfortable pH with an appropriate buffer system. The formulations may also
contain conventional, pharmaceutically acceptable preservatives, stabilizers and surfactants.

Preservatives that may be used in the pharmaceutical compositions disclosed

herein include, but are not limited to, benzalkonium chloride, PHMB, chlorobutanol, thimerosal,
phenylmercuric, acetate and phenylmercuric nitrate. A useful surfactant is, for example, Tween 80.
Likewise, various useful vehicles may be used in the dphthalmic preparations disclosed herein..
These vehicles include, but are not limited to, polyvinyl alcohol, pbvidone, hydroxypropyl methyl
cellulose, poloxamers, carboxymethyl cellulose, hydroxyethyl cellulose and purified water.

Tonicity adjustors may be édded as needed or convenient, They include, but are
not limited to, salts, particularly sodium chloride, potassium chloride, ménnitol and glycerin, or any
other suitable ophthalmically acceptable tonicity adjustor. |

Various buffers and means for adjusting pH may be used so long as the resulting
preparation is ophthalmically acceptable. For many compositions, the pH will be between 4 and 9.
Accordingly, buffers include acetate buffers, citrate buffers, phosphate buffers and borate buffers.

Acids or bases may be used to adjust the pH of these formulations as needed. -
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In a similar vein, an ophthalmicélly acceptable antioxidant includes, but is not -
limited to, sodium metabisulfite, sodium thiosulfate, acetylcysteine, butylated hydroxyanisole and
butylated hydroxytoluene. _ | -

Other excipient components, which may be inclllded in the ophthalmiéf“:‘
preparations, are chelating agents. A useful chelating agent is edetate disodium, although other
chelating agents may also be used in place or in conjunction with it. | J*

For topical uSe, creams, ointments, gels, solutions or suspensions, etc., containinéiiiﬂf'
the compound disclosed herein are employed. Topical formulations may generally be comprised of am
pharmaceutical carrier, co-solvent, emulsifier, penetraﬁon enhancer, preservative system, andJ
emollient. | | o
For intravenous administration, the compounds and compositions described
herein may be dissolved or dispersed in a pharmaceutically acceptable diluent, such as a saline or
dextrose solution. Suitable excipients may be included to achieve the desired pH, including but not
limited to NaOH, sodium carbonate, sodium acetate, HCI, and citric acid. In various embodiments,
the pH of the final composition ranges from 2 to 8, or preferably from 4 to 7. Antioxidant excipients
may include sodium bisulfite, acetone sodium bisulfite, sodium formaldehyde, sulfoxylate, thiourea,
and EDTA. Other non-limiting examples of suitable excipients fouhd; iﬁ the final intravenous
composition may include sodium or potassium phosphates, citric acid, tartaric acid, gelatin, and
carbohydrates such as dextrose, mannitol, and dextran. Further acceptable excipients are described
in Powell, et al., Compendium of Excipients for Parenteral Formulations, PDA J Pharm Sci and
Tech 1998, 52 238-311 and Nema et al., Excipients and Their Role in Approved Injectable Products:
Cun“ent‘Usage and Future Directions, PDA J Pharm Sci and Te ech 2011, 65 287-332, both of which
are incorporated herein by reference in their entirety. Antimicrobial agents may also be included to -
achieve a bacteriostatic or fungistatic solution, including but not limited to phenylmercuric nitrate,
thimerosal, benzethonium chloride, benzalkonium chloride, phenol, cresol, and chlorobutanol.

The compositions for intravenous administration may be provided to caregivers in
the form of one more solids that are reconstituted with a suitable diluent such as sterile water, saline
or dextrose in water shortly prior to administration. In other embodimehts, _the compositions are
provided in solution ready to administer parenterally. In still other embodiments, the compositions
are provided in a solution that is further diluted prior to administration. In embodiments that include
administering a combination of a compound described herein and another agent, the combination

may be provided to caregivers as a mixture, or the caregivers may mix the two agents prior to

administration, or the two agents may be administered separately.
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The actual dose of the active compounds described herein depends on the spe01ﬁc o

N‘

compound, and on the condition to be treated the selection of the appropriate dose is well within the

knowledge of the skilled artisan. _ | @

Method of Treatment | ' e

Cog
Some embodlments described herein relate to a method of treating a ﬁbrotlc

subject in an effective amount for therapeutic treatment or prophylactlc treatment of the fibrotic -
condition.

A “fibrotic condition,” “fibroproliferative condition,” “fibrotic disease,”
“fibroproliferative disease,” “fibrotic - disorder,” and “fibroproliferative disorder” are used
interchangeably to refer to a condition, disease or disorder that is characterized by dysregulated
proliferation or activity of fibroblasts and/or abnormal accumulation of fibronectin and/or pathologic
or excessive accumulation of collagenous tissue. Typically, any such disease, disorder or condition is
amenable to treatment by administration of a compound having anti-fibrotic activity. Fibrotic
disorders include, but are not limited to, pulmonary ﬁbrosis, including idibpathic pulmonary fibrosis
(IPF) and pulmonary fibrosis from a known etiology, dermal fibrosis, pancreatic fibrosis, liver
ﬁbrosis (e.g., hepatic fibrosis associated with chronic active hepatitis), and renal ﬁbros'is;

In some embodiments, the subject is a human.

The terms “therapeutically effective amount,” as used herein, refer to an amount
of a compound sufficient to cure, ameliorate, slow progression of, prevent, or reduce the likelihood
of onset of the identified disease or condition, or to exhibit a detectable therapeutic, prophylactic, or
inhibitory effect. The effect can be detected by, for example, the aséays disclosed in the following
examples. The precise effective amount for a subject will depend upon the subject's body weight,
size, and health; the nature and extent of thei condition; and the therapeutic or combination of
therapeutics selected for administration. Therapeutically and prophylactically effective amounts for a
given situation can be determined by routine experimentation that is within the skill and judgment of
the clinician. |

For any compound, the therapeutically or prophylacticaily effective amount can
be estimated initially either in cell culture assays, e.g., of neoplastic cells, or in animal models,

usually rats, mice, rabbits, dogs, or pigs. The animal model may also be used to determine the
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determine useful doses and routés for administration in humans. b

ot
e

Therapeutic/prophylactic efficacy and toxicity may be determined by standard”

pharmaceutical procedures in cell cultures or -experimental animals, e.g., EDs(the dose

ot

therapeutically effective in 50% of the population) and LDs(the dose lethal to 50% of theo
population). The dose ratio between therapeutic and toxic effects is the therapeutic index, and it can-
be expressed as the ratio, EDsy/LDsy. Pharmaceutical compositions that exhibit large therapeuticw

indices are preferred. However, pharmaceutical compositions that exhibit narrow therapeutic indices:,..

. . ' o U
studies may be used in formulating a range of dosage for human use. The dosage contained in such

compositions is preferab‘ly within a range of circulating concentrations that include an EDsywith
little or no toxicity. The dosage may vary within .this range depending upon the dosage form
employed, sensitivity of the patient, and the route of administration.

The exact dosage will be determined by the practitioner, in light of factors related
to the subject that requires treatment. Dosage and administration are adjusted to provide sufficient
levels of the active agent(s) or to maintain the desired effect. Factors which may be taken into
account include the severity of the disease state, general health of the subject, age, weight, and
gender of the subject, diet, time and frequency of adrhinistration, drug éombination(s), reaction
sensitivities, and tolerance/response to therapy. Long-acting pharmaceutical compositions may be
administered every 3 to 4 days, every Week, or once every two weeks depending on half-life and
clearance rate of the particular formulation. | _ |

In one aspect, treating a condition described herein results in an increase in
average survival time of a population of treated subjects in comparison to a population of untreated
subjects. Preferably, the average survival time is increased by more than about 30 days; more
preferably, by more than about 60 days; more preferably, by more than about 90 days; and even
more preferably by more than about 120 days. An increase in survival time of a population may be
measured by any reproducible means. In a preferred aspect, an increase in average survival time of a
population may be measured, for example, by calculating for a population the average length of
survival following initiation of treatment with an active compound. In an another preferred aspect,
an increase in average survival time of a population may also be measured, for example, by

calculating for a population the average length of survival following completion of a first round of

treatment with an active compound.
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In another aspect, treating a condition described herein results in a decrease in the

mortallty rate of a population of treated subjects in comparison to a populatlon of subjects receiving
o)

.....

\ L"I
population of treated subjects in comparison to a population receiving monotherapy with a drug that -

preferably, by more than about 5%; more preferably, by more than about 10%; and most preferabl,y,
by more than about 25%. In a preferred aspect, a decrease in the mortality rate of a population of
treated subjects may be measured by any reproducible means. In another preferred aspect, a decrease_

in the mortality rate of a population may be measured, for exemple, by calculating for a population
the average number of disease-related deaths per unit time following initiation of treatment with an
active compound. In another preferred aspect, a decrease in the rnortality rate of a population may
also be measured, for example, by calculating fora population the average number of disease related
deaths per unit time following completion of a first round of treatment, with an active compound.

~ In another aspect, treating a condition described herein results in a reduction in

the rate of cellular proliferation. Preferably, after treatment, the rate of cellular proliferation is
reduced by at least about 5%; more preferably, by at least about 10%; more preferably, by at least
about 20%; more preferably, by at least about 30%; more preferably, by at least about 40%; more

preferably, by at least about 50%; even more preferably, by at least about 60%; and most preferably,
by at least about 75%. The rate of cellular proliferation may be measured by any reproducible means
of measurement. In a preferred aspect, the rate of cellular proliferatioh is‘measured, for example, by
measuring the number of dividing cells in a tissue sample per unit time. |
In another aspect, treating a condition described herein results in a reduction in
the proportion of proliferating cells. Preferably, after treatment, the proportion of proliferating cells
is reduced by at least about 5%; more preferably, by at least about 10%; mote preferably, by at least
about 20%; more preferably, by at least about 30%; more preferabiy,- by at least about 40%; more
preferably, by at least about 50%; even more preferably, by at 1eaét aQout 60%; and most prefer'ably,

by at least about 75%. The proportion of proliferating-celfs may be rneasure'd by any reproducible

means of measurement. In a preferred aspect, the proportion of proliferating cells is measured, for

example, by quantifying the number of dividing cells relative to the number of nondividing cells in a
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tissue sample. In another preferred aspect, the proportion of proliferating cells is equivalent to the ; '

mitotic index.

i

In another aspect, treating a condition described herein results in a decrease in ™

size of an area or zone of cellular proliferation. Preferably, after treatment, size of an area or zone of *

cellular proliferation is reduced by at least 5% relative to its size prior to treatment; more preferably,

reduced by at least about 10%; more preferably, reduced by at least about 20%; more preferably, -

reduced by at least about 30%; more preferably, reduced by at least about 40%; more preferably,

preferably, reduced by at least about 75%. Size of an area or zone of cellular proliferation may be -

measured by any reproducible means of measurement. In a preferred aspect, size of an area or zone -.

of cellular proliferation may be measured as a diameter or width of an area or zone of cellular
proliferation. "

The methods described herein may include identifying a subject in need of
treatment. In a preferred embodiment, the methods include identifying a mainmal in need of
treatment. In a highly preferred embodiment, the methods include identifying a human in need of
treatment. Identifying a subject in need of treatment may be acconiplished by any means that

indicates a subject who may benefit from treatment. For example, identifying a subject in need of

~ treatment may occur by clinical diagnosis, laboratory testing, or any other means known to one of

skill in the art, including any combination of means for identification.

" As described elsewhere herein, the compounds ldescribed herein may be
formulated in pharmaceutical compositions, if desired, and can be adniinistered by any route that
permits treatment of the disease or condition. A preferred route of administration is oral
administration. Administration may take the form of single dose administration, or the compound of
the embodiments can be administered over a period of time, either in divided doses or in a
continuous-release formulation or administration method (e.g., a pump). However the compounds of
the embodiments are administered to the subject, the amounts of compound administered and the
route of administration chosen should be selected to permit efficacious treatment of the disease
condition.

Further embodiments-include administering a combination of compounds to a
subject in need therebf. A combination can include a compound, composition, pharmaceutical
composition described herein with an additional medicament.

' Some embodiments include co-administering a compouhd, composition, and/or

pharmaceutical composition described herein, with an additional ‘medicament. By “co-
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admmlstratlon ” it is meant that the two or more agents may be found in the patient’s bloodstream at

the same time, regardless of when or how they are actually administered. In some embodiments, the

agents are administered simultaneously. In some such such embodiments, administration in ™.

......

e

......

combination is accomplished by combining the agents in a single dosage form. In some™

embodiments, the agents are administered sequentially. In some embodiments the agents are™

j "

administered through the same route, such as orally. In some other embodiments, the agents are "’

administered through different routes such as one being administered orally and another bemg'

administered i.v. Thus, for example, the combination of active ingredients may be: (1) co- =

.....

oy

[

formulated and administered or delivered simultaneously in a combined formulation; (2) delivered .

by alternation or in parallel as separate formulations; or (3) by any other combination therapy r«

regimen known in the art. When delivered in alternation therapy, the methods described herein may
comprise administering or delivering the active ingredients sequentially, e.g., in separate solution,
emulsion, suspension, tablets, pills or capsules, or by different injections in separate syringes. In
general, during alternation therapy, an effective dosage of each active ingredient is administered
sequentially, 1.e., serially, whereas in simultaneous therapy, effective dosages of two or more active
ingredients are administered together. Various sequences of intermittent combination therapy may
also be used.

Pulmonary Fibrosis

Pulmonary fibrosis also called idiopathic pulmonary fibrosis (IPF), interstitial
diffuse pulmonary fibrosis, inﬂarhmatory pulmonary fibrosis, or fibrosing alveolitis, is a lung
disorder and a heterogeneous group of conditions characterized by abnormal formation of fibrous
tissue between alveoli caused by alveolitis comprising cellular infiltration into the alveolar septae
with resulting fibrosis. The effects of IPF are chronic, progreseive, and often fatal. The compounds
and methods described herein are useful in the treatment of pulmonary fibrosis, such as IPF.

Renal Fibrosis ‘

Irrespective of the nature of the initial insult, renal fibrosis is considered to be the
common final pathway by which kidney disease progresses to end- stage renal failure. The

compounds and methods described herein are useful in the treatment of renal fibrosis.

Synthesis
The compounds disclosed herein may be synthesized by ‘methods described
below, or by modification of these methods. Ways of modifying the methodology include, among

others, temperature, solvent, reagents etc., known to those skilled in the art. In general, during any
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of the processes for preparation of the compounds disclosed herein, it may be necessary and/or, ,

desirable to protect sensitive or reactive groups on any of the molecules concerned. This may be

achieved by means of conventional protecting groups, such as those described in Protective Groups" ;ﬁ‘

in Organic Chemistiy (ed. JF.W. McOmie, Plenum Press, 1973); and P.G.M. Green, T.W. Wautts,

r'l

i

incorporated herein by reference in their entirety. The protecting groups may be removed at a ™

convenient subsequent stage using methods known from the art. Synthetic chemistry transformations <=

useful in synthesizing applicable compounds are known in the art and include ¢. g those described in
R. Larock, Comprehensive Organic Ti ransformatzons VCH Publishers, 1989, or L. 'Paquette, ed.,

Encyclopedza of Reagents for Organic Synthesis, John Wiley and Sons, 1995 which are both hereby
incorporated herein by reference in their entlrety. The routes shown and described herem are
illustrative only and are not intended, nor are they to be construed, to limit the scope of the claims in
any manner whatsoever. Those skilled in the art will be able to recognize modifications of the
disclosed syntheses and to devise alternate routes based on the disclosures herein; all such

modifications and alternate routes are within the scope of the claims.

EXAMPLES

Additional embodiments are disclosed in further detail in the following examples,

which are not in any way intended to limit the scope of the claims.

Example 1-A
Synthesis of Compound 1 (Scheme I)
fo) OEt
- Hs/\n/ (m m-CPBA m_( 1. Ac;0, reflux, 18h a0 0
S ,
| B NaOEt DMF ‘ DCM rt | 2. EGN, HOMeOH HO SN ST OE
N“ el
120°C
-1 1-2 13 . : 14
HO 0
B(OH), | b

=
J gz e e
| s v
LI : X -
HO \N S OFEt o .
1-4

Cu(OAG),, Py, PyNO
4A MS, DCM, Oy, rt
cl

Compound 1

‘To a solution of ethyl thloglycolate (11.14 g, 92.8 mmol) in 400 mL of DMF was
added NaOEt (14.5 g, 185.7 mmol) by pomon wise. The resulting mixture was stirred for 30 min at
0°C. And then I-1 (10 g, 71.4 mmol) was added to the solution by portion wise. The mixture was
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‘stirred at 120 °C overnight. The reaction mixture was cooled to rt., diluted with water (300 mL)

Pl

extracted with EtOAc (300 mL x 3) the combined orgamc layers were Washed with brine, dried over -

iy

followed by quench with saturated ag. Na28203 The orgamc layer was separated, the aqueous layer "
was extracted with EtOAc (200 mL x 3). The combined organic layers were washed with saturated , ":T
ag. NaHCOs and brine, dried over anhydrous Na,SO4 and concentrated. The crude product was
washed Wlth petroleum ether to produce I-3 (7.5 g, 93% yield) as a white solid. MS (ESI) m/z
[M+H]" 224.0. | | |

I-3 (7.0 g, 31.4 mmol) was added into 60 mL of Ac,0 ,the solution was heated to
reflux overnight. The reaction mixture was concentrated, the residue was dissolved with 100 mL of
MeOH, and 6 mL of TEA was added thereto, the mixture was stirred at rt for 4 hours, and then it
was concentrated, diluted with EtOAc (500 mL), washed with water and brine, dried over anhydrous
Na,SO; and concentrated. The residue was purified by flash chromatography on silica gel with
petroleum ether/EtOAc (20:1—10:1-5:1-1:1—1:2—1:10) to afford I-4 (2.8 g, 40% yield) as a
brown solid. MS (ESI) m/z [M+H]" 223 8. |

A flask was charged with 1-4 (1.0 g, 4.48 mmol), 4-chlorophenyl boronic acid
(2.11 g, 13.45 mmol), Cu(OAc), (4.05 g, 22.4 mmol), pyridine N-oxide (4.26 g, 44.8 mmol),
pyridine (2.69 g, 35.8 mmol), 4A molecular sieve (1.0 g) and 300 mL of anhydrous DCM. The
mixture was stirred under oxygen atmoephere af rt. overnight. The reaction was monitored by TLC,
when the starting material was consumed, the mixture was concentrated, diluted with water (100
‘mL), extracted with EtOAc (300 mLx3). The combined organic layer was washed with brine, dried
over anhydrous Na;SO, and concentrated. The residue was purified by flash chromatography on
silica gel with petroleum ether/EtOAc (50:1—30:1—10:1—5:1-2:1) to afford Compound 1 (900
mg, 60% yield) as a pale yellow solid. "H NMR (DMSO-d;, 400 MHz) & 8.04-8.00 (m, 2H), 7.71
(d, J=8.4Hz, 2H), 7.60 (d, J=8.4Hz, 2H), 6.60 (d, J=9.6Hz, 1H), 4.24 (q, J=7.2Hz, 2H), 1.24 (t,
J=1.2Hz, 3H). MS (ESI) m/z [M+H]" 333.9.

Compound 2 was prepared following the procedure for obtaining Compound 1

using 1-(2-chloropyridin-3- yl)ethanone in place of I-1 as a white solid. "H NMR (CD,0D, 400
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MHz) 6 8.06 (d, J=9.2 Hz, 1H), 770767(m 2H) 7.50-7.48 (m, 2H) 6.68 (d, J/=9.6 Hz, 1H), 42&# ,
(q,J=7.2 Hz, 2H) 2.69 (s, 3H), 1.35 (t, J=7.2 Hz, 3H). MS (ESI) m/z (M+H)" 347.9.

Example 1-B ::'_:‘;
’ Synthesis of Compound 3 (Scheme II) i
5
OEt : _
HS/\,( COOEt _
COOEt | AN NaOFEt _Naoke N 11,
z Offt ———> \
TR sTY EOH “hcg0retn o~
0
I1-1 -2
I-,«u«:h
DCM rt o
-5 -6 li6A
B(OH),
OAc o OH
g8 NS
N, MeOH Xy, A , cl
_Ets_'_io__> HO N‘ S OFt > 07 N7 S 0—\
‘ Cu(O_Ac)z, Py, PyNO
I-7 4AMS, DCM, rt
+ .
OAc
HO y \ 0 ) : C
« | Compound 3
N S OEt
I-7A

NaH (1.29 g, 54 mmol) wés added to the stirred mixture of II-1 (5.0 g, 27 mmol )

and ethyl thioglycolate (3.9 g, 32.4 mmol ) in DMF (50 mL) at 0°C. The reaction mixture was stirred

10 at rt overnight. The reaction was slowly quenched with water (50 mL) and then extracted with

EtOAc (50 mLx3). The combined organic layer was washed with brine, dried over Na;SO,, and

concentrated to afford the crude I1-2 (3.7 g, 51% crude yield), which was used for next step directly.

NaOEt (1.87 g, 27.4 mmol) was added to the mixture of II-2 (3.7 g, 13.7 mmol)

in 30 mL of EtOH, and the reaction mixture was stirred at rt for 2 hours. Then the mixture was

15 adjusted to pH=2 with ag. HCI (2 M), the precipitated solid was collect to afford II-3 (2.4 g, 79%
yleld) which was used for next step directly.

| A mixture of II-3 (3 g, 13.4 mmol) and NaOAc (2.2 g, 26.8 mmol) in AczO (50

ml) was stirred at reflux for 2 hours. The mixture was cooled to rt., concentrated in vacuo, the

mixture was dissolved in EtOAc (100 mL), washed with saturated acj. Na,CO; and water. The

20  organic phase was dried over Na,SOq, concentrated under reduced pressure to give I1-4 (3 g, 84%
yield).
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- white solid. _
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To a stirring solution of 1I-4 (3 g, 11.3 mmol) in anhydrous DCM (60 mL) at O°q
was added m-CPBA (5.85 g, 34 mmol). Then the mixture was stirred overnight at rt. After that the ",
mixture was washed with saturated ag. Na,SO; solution, dried over Na;SOy4 and concentrated under """ =

......

reduced pressure. The residue was re-crystallized from EtOAc to produce II-5 (2.5 g, 79% yield) as**

Porste

ether/EtOAc (20:1) to give a mixture of II-6 and II-6A (1.5 g, 52% .yield) as yellow solid. J

To a stirring solution of mixture II-6 and II-6A (1.3 g, 4 mmol) in MeOH (65| ,,,,,
mL) was added TEA (10 mL) at rt. Then the mixture was stirred for 1 h at ambient temperature. The
mixture was concentrated under reduced pressure to afford a mixture of II-7 and II-7A (1.0 g, 88%
crude yield) as yellow solid, which was used directly without further purification.

A mixture of II-7 and II-7A (500 mg, 1.8 mmol), 4-chlorophenyl boronic acid
(842 mg, 5.4 mmol), Cu(OAc), (1.63 g, 9 mmol), pyridine-N-oxide (1.71 g, 18 mmol) and pyridine
(1.42 g, 18 mmol) in anhydrous DCM (50 mL) was stirred for 80 hours at rt under air. Then the
mixture was washed with water and the organic phase was dried over Na;SOs, concentrated under
reduced pressure. The residue was purified by Prep-HPLC to give Compound 3 (100 mg, 16%
yield). 'H NMR (CD;0D, 400 MHz) 0 7.96 (d, J=9.2 Hz, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7;41 (d,
J=8.4 Hz, 2H), 6.43 (d, /= 9.2 Hz, IH), 4.15 (q, J="1.2 Hz, 2H), 1.24 (t, J= 7.2 Hz, 3H). MS (ESI)
m/z (M+H) 349.9. | |

Compound 4 was prepared following the similar procedure for obtammg
Compound 3 using 1-(2-chloropyridin-3-yl)propan-1-one in place of II-1. "H NMR (DMSO-d;,
400 MHz) 6 12.3 (brs, 1H), 8.03 (d, J = 9.6 Hz, 1H), 6.53 (d, /= 9.2 Hz, 1H), 4.29 (q, /= 7.2 Hz,
2H), 3.12 (q, /= 7.2 Hz, 2H), 1.33 (t,J= 7.2 Hz, 3H), 1.15 (t, /= 7.2 Hz, 3H).
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Example 2 : ho
Synthesis of S-Acyl Pirfenidone Analogs (Scheme III)

0 . 0 -
Xy . 1) n-BuLi, THF, -70°C ] x;;:-'
I o) : ' x ___’HBr | x .
d - ‘ EtOH, reflux Y
N (¢} . , X

-2
ni-3 -

| X S : s
2 R . Ny [N
-4 S I .

- . N 1

Cu(OAc),, Py, PyNO
4AMS, O,, DCM Z
‘-.,-..ll.
or CH3CN \, "
: -5 o

To a solution of ITI-1 (30 g, 0.162 mol, 1 eq.) in 300 mL of anhydrous THF was
added dropwise a solution of n-BuLi (2.5M in hexane, 77.5 mL, 0.19 mol, 1.2 eq.) at -70°C. After
completion of addition, the mixture was stirred at -70°C for 20 min, followed by addition of a
solution of N-methoxy-N-methylacetamide (33 g, 0.322 mol, 2 eq.) in 100 mL of anhydrous THF by -
drop wise, the solution was allowed to warm to rt and stirred for 2 hrs. The reaction was quenched
with saturated ag. NH4Cl (100 mL), extracted with EtOAc (300 mLx3), the organic layer was
washed with brine, dried over anhydrous Na,SO, and concentrated in vacuo. The residue was
purified by flash chromatography on silica gel with petroleum ether/EtOAc (100:1) to yield- II11-2
(14.8 g, 62% yield) as a white solid. "H NMR (DMSO-ds, 400 MHz) & 8.81 (d,J=2.0 Hz, 1H), 8.16
(dd, J=2.4, 8.4 Hz, 1H), 6.90 (d, J = 8.8 Hz, 1H), 3.93 (s, 3H), 2.55 (s, 3H). MS (ESI) m/z [M+H]"
151.6.

To a solution of HI-2 (5 g, 33 mmol) in 20 mL of EtOH was added aq. HBr
(48%, 60 mL), the reaction mixture was heated to reflux overnight. After being cooled to rt., the
mixture was neutralized by addition of saturated aq. NaHCO;, extracted with EtOAc (100 mLx3).
The combined organic layer was washed with brine, dried over anhydrous Na,SO, and concentrated
to supply crude HI-3 (3 g, 65% yield) as white solid. |

To a solution of III-3 (1 eq.) in DCM (0.1 mmol/mL) was added boronic acid ITI-
4 (2 eq.), Cu(OAc), (1 eq), Pyridiné (10 eq.) and Pyridine-N-Oxide (2 eq.), followed by addition of
4A molecular sieve (quantity approx. equal to III-3. ). The reaction mixture was stirred at rt under
oxygen atmosphere overnight. After complétion of the reaction indicated by TLC, the resulting
mixture was filtered and washed with , the filtrate was washed with brine, dried over Na,SO4 and

concentrated. The residue was purified by column chromatography on silica gel to give III-5.
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Compound 10 (61% yield): "H NMR (DMSO-d;, 400 MHz) 6 8.43 (d, J = 2. 4,
Hz, lH) 7.90 (dd, J=9.6,2.4 Hz, 1H), 7.39 (d, J = 8.8 Hz, 2H), 7.06 (d, J = 8.8 Hz, 2H), 6.51 (d, J_.
=9.6 Hz, 1H), 3.81 (s, 3H), 2.41 (s, 3H). - l-‘il"li,

Compound 11 (67% yield): 'H NMR (DMSO-d5, 300 MHz) 5842 (d,J=2 4
Hz, 1H), 7.88 (dd, J = 9.6, 2.4 Hz, 1H), 7.34 (d, J = 8.7 Hz, 2H), 7.02 (d, J = 9.0 Hz, 2H), 6.49 (d, JJ,
= 9.6 Hz, 1H), 4.68-4.64 (m, 1H), 340 (s, 3H), 1.28 (s, 3H), 1.26 (s, 3H).

Compound 12 (50% yield): '"H NMR (DMSO-d, 400 MHz) § 8.57 (d, J = 2.4™"
Hz, 1H), 7.95-7.92 (m, 2H), 7.87 (d, J = 7.6 Hz, lH), 7.82-7.79 (m, 2H), 6.56 (d, J = 9.6 Hz, 1H),",
2.43 (s, 3H). : ‘"-J

Compound 13 (78% yield): "H NMR (DMSO-dj, 400 MHz) 4 8.52 (d, J = 2. 4
Hz, 1H), 7.95-7.91 (m, 1H), 7.64 (d, J = 8.8Hz, 2H), 7.56 (d, J = 8.8Hz, 2H), 6.56 (d, J = 9.6Hz,
1H), 2.4 (s, 3H). | . |

Compound 14 (74% yield): "H NMR (DMSO-d;, 400 MHz) & 8.49 (d, J =
2.4Hz, 1H), 7.91 (dd, J = 9.6, 2.4 Hz, 1H), 7.56-7.52 (m, 2H), 7.40-7.35 (m, 2H), 6.53 (d, J = 9.6
Hz, 1H), 2.42 (s, 3H).

Compound 15 (67% yield): '"H NMR (DMSO-ds, 400 MHz) & 8.45 (d, J =
2.4Hz, 1H), 7.90 (dd, J = 9.6, 2.8 Hz, 1H), 7.46-7.41 (m, 1H), 7.03 (t, 3H) 6.52 (d, J = 9.6Hz, 1H),
3.79 (s, 3H), 2.42 (s, 3H).

Compound 16 (74% yield): 'H NMR (DMSO-d;, 400 MHz) & 8.53 (d, J =
2.8Hz, 1H), 790 (dd, J = 9.6, 2.4 Hz, 1H), 7.64-7.58 (m, 1H), 7.52-7.48 (m, 1H), 7.41-7.35 (m,
2H), 6.57 (d, J=9.6 Hz, 2H), 2.45 (s, 3H).

Compound 17 (64% yield): '"H NMR (DMSO-ds, 400 MHz) & 8.55 (d, J =
2.4Hz, 1H), 7.92 (dd, J = 9.6, 2.4 Hz, 1H), 7.67-7.63- (m, 2H), 7.55 (d, J = 8.4 Hz, 2H), 6.56 (d, J =
9.6 Hz, 1H), 2.42 (s, 3H).

Compound 18 (23% yield): '"H NMR (DMSO-ds, 400 MHz) & 8.37 (d, J =
2.4Hz, 1H), 7.92 (dd, J= 9.6, 2.4 Hz, 1H), 7.20 (d, J= 8.4 Hz, 1H), 6.95 (d, J= 2.8 Hz, 1H), 6.52 (d,
J=9.6 Hz, 1H), 4.06 (q, J = 6.8 Hz, 2H), 2.40 (s, 3H), 2.00 (s, 3H), 1.34 (t, J = 6.8 Hz, 3H).

Compound 19 (40% yield): '"H NMR (DMSO-ds, 400 MHz) & 10.18 (s, 1H),
8.46 (d, J = 2.4 Hz, 1H), 7.91 (dd, J = 9.6, 2.4 Hz, 1H), 7.73 (s, 1H), 7.60 (d, J = 8.4 Hz, 1H), 7.46
(t, J = 8.0 Hz, 1H), 7.12 (dd, J = 7.6, 0.8 Hz, 1H), 6.53 (d, J = 9.6 Hz, 1H), 2.41 (s, 3H), 2 .05 (s,
3H).

Compound 20 was prepared following the general procedure, 'except the solvent

was changed to acetonitrile (10% yield). '"H NMR (CDCl;, 400MHz) & 8.06 (d, J = 2.4 Hz, 1H),
| 155 |
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797 (dd, J = 10, 2.4 Hz, 1H), 7.53-7.45 (m, 1H), 7.43-7.36 (m, 1H), 7.34-7.25 (m, 2H), 6.67 (d, /=
10 Hz, 1H), 2.45 (s, 3H). MS (ESI) m /7 (M+H)" 232.0. |

. ¥
, Example 3-A :'j‘
Svnthesis of Compound 21 (SchemelVy ..

Cu(OAC), NS PEG-Tos N

\(1 Py ~ K,CO3, DMF ' e
N ~ DCM-DMF - : ‘ o
H 0, ' 5
4AMS |
V-1 o . OH O™~ Oup” i
5 ‘ V-2 Compound 21 J

To a solution of 5 methyl-2-pyridone IV-1 (643 mg, 5.9 mmol) in DCM (71 mL)l 3
and DMF (23.5 mL), Cu(OAc); (2.14 g, 11.784 mmol), 4-hydroxy phenyl boronic acid (0.975 g,
7.07 mmol), pyridine (0.95 mL, 11.784 mmol) and activated 4 A molecular sieves (7.1 g) were
added. The mixture was stirred at rt for 24 hours. A concentrated solution of NH,OH was added,
10 filtered through celite. Filtrate was evaporated under vacuum, and the resulting crude was purified
by flash chromatography (Si0,; DCM/MeOH) to afford IV-2, 600 mg (51% yield) of pure product
as pale yellow solid. MS: m/z 202.2 (M+H). | |
To a suspension of IV-2 (250 mg, 1.24 mmol) in DMF (9 mL) was added PEG-
Tos (395 mg, 1.24 mmol), K,CO4 (343 mg, 2.48 mmol) and heated at 50°C for 24 hours. Reaction
15  mixture was filtered through a celite pad, washed with MeOH and solvents were removed under
vacuum. The crude material was purified by flash chromatography (SiOzl; DCM/MeOH) to afford
Compound 21 (400 mg, 93% yield) of pure product as colorless oil. MS: m/z 348.4 (M+H).
Compound 22 was prepared following the similar procedure for obtalmng
Compound 21 using 1-(3-hydroxyphenyl)-5-methylpyridin-2(1H)-one in place of IV-2. MS:
20 m/z=348.6 (M+H).

: Example 3-B
- Synthesis of Compound 23 (Scheme V)

B( OH)z
B(OH)z
| |
Br N -
| Va ' i

~0
FV-4

N O Cu©Ac Py, PYNO Pd(dppf)Cla, NaZCO3
4A MS, DCM, O,, r.t DME/H,0, reflux

V-1 : ' v-3 Compound 23
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A mixture of V-1 (4.3 g, 22 mmol), boronic acid V-2 (2.75 g, 14 mmol), pyriding,
(3.58 mL, 43.9 mmol), pyridine N-oxide (4.2 g, 43.9 mmol), 4A molecular sieve (300 mg) and"
Cu(OAc), (7.95 g, 43.9 mmol) in anhydrous DCM (200 mL) was degassed by purging with O,. Th;é
reaction mixture was stirred at r.t. for.12 hours. The suspension was ﬁlte;ed and filtrate was washed“:'
with brine, dried over anhydrous Na,SO4, and concentrated in vacuo. The residue was purified by

|[!

flash chromatography on silica gel with PE/EtOAc (10:1—2:1) to give V-3 (1.76 g, 36% yield). 'H i
NMR (CDCls, 300 MHz) 6 7.48 (s, 1H), 7.26-7.23 (m, 2H), 7.01-6.98 (m, 2H), 6.54 (s, 1H), 4.14 (t=
J=4.8 Hz, 2H), 3.76 (t, J = 4.8 Hz, 2H), 345 (5, 3H), 227 (s, 3H) ©

added Na,COs (320 mg, 3.02 mmol), V-4 (317 mg, 2.26 mmol), Pd(dppf)Cl, (110 mg, 0 15 mmol)

The mixture was purged with nitrogen and then heated at reflux overnight. The mixture was cooled

to r.t., diluted with water (30 mL), extracted with EtOAc (100 mL5<3). The combined organic layer

‘was washed with brine, dried over anhydrous Na,SO, and concentrated in vacuo. The residue was

purified by flash chromatography on silica gel with PE/EtOAc (10:1—1:1) to produce Compound
23 (300 mg, 56% yield) as a‘ yellow oil. '"H NMR (CDC13, 400 MHz) 6 7.33-7.30 (m, 2H), 7.25-
7.23 (m, 2H), 7.17 (s, 1H), 7.11-7.07 (m, 2H), 7.02-7.00 (m, 2H), 6.56 (s, 1H), 4.15 (t, J= 4.8 Hz,
2H), 3.76 (t, J= 4.8 Hz, 2H), 3.45 (s, 3H), 2.12 (s, 3H). -
~ Compound 24 was prepared following the similar procedure for obtaining
Compound 23 using tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole-1-
carboxylate in place of V-4 as a yellow oil. 'H NMR (CDCls, 400 MHz) 6 7. 58 (s, 2H), 7.30 (d J=
8.8Hz 2H), 7.26 (s, 1H), 7.01 (d, J = 8.8 Hz, 2H), 6.58 (s, 1H), 4.15 (t J=4.8Hz, 2H), 3.76 (t, J =
4.8 Hz, 2H), 3.46 (s, 3H), 2.21 (s, 3H).
Compound 25 was prepared following the similar procedure for obtaining
Compoﬁnd 23 using 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole in place
of V-4 as a yellow oil. '"H NMR (CDCl;, 400 MHz) & 7.47 (s, 1H), 7.36 (s, 1H), 7.31-7.22 (m, 3H),
7.03-6.98 (m, 2H), 6.55 (s, 1H), 4.14 (1, J = 4.8 Hz, 2H), 3.93 (s, 3H), 3.76 (t, J = 4.8 Hz, 2H), 3.46
(s, 3H), 2.21 (s, 3H). " |
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Example 3-C .‘ | hot
Synthesis of Compound 26 (Scheme VI) 3

Br: . PhB(OH)z 0 - B
[ PAAPPNCLKCO; [ Rl Bt

2:K2C03 refux oL ,

N/ o P reflux . s

DME/H,0, reflux N" o N" 0 e
VI V-2 VI-3 -

B(OH); . ' i

| A
0\/\0/ ’ N 0 . L—"_”
Vi4 o : _ -y
' el
Cu(OAc),, Py, PyNO o)

DCM, Oy, rt '

0\/\0/
Compound 26

To a stirred mixture of VI-1 (600 mg, 2.97 mtnol), phenyl boronic acid (435 mg,
3.56 mmol), and K3CO; (409 mg, 8.91 mmol) in DME/H,0 (22 mL, viv=10/ 1) was added
Pd(dppf)Cl; (436 mg, 0.594 mmol). The mixture was purged with nitrogen for three times and then
heated at 100°C overnight. The mixture was concentr_ated to remove DME, diluted with H,O (50
mL), extracted with EtOAc (100 mLx3). The combined organic layer was washed with water and
brine, dried over anhydrous Na,SO4, and concentrated in vacuo. The crude product was purified by
prep-TLC (PE/EA=5/1) to give VI- 2 (226 mg, 38% yield). -

A mixture of VI-2 (226 mg, 1.13 mmol) with aq. HBr (48%, 10 mL) was heated
to reflux under nitrogen overnight. After being cooled to r.t., the mixture was neutralized by adding
saturated ag. NaHCQ;, and then extracted with EtOAc (80 mLx3). The combined organic layer was
washed with water and brine, dried over anhydrous Na;SO4, and concentrated ih vacuo to afford VI-
3 (180 mg, 85% yield).

To a stirred mixture of VI-3 (180 mg, 0.972 mmol), boronic acid VI-4 (285 mg,
1.46 mmol), copper (II) acetate (528 mg, 2.92 mmol) and pyridine (231 mg, 2.92 mmol) in DCM (10
mL) was added pyridine-N-oxide (277 mg, 2.92 mmol) in one portion. The solution was stirred at r.t.
under oxygen atmosphere overnight. After completion of the reaction indicated by TLC, the
resulting mixture was concentrated in vacuo. Dissolved the residue in ethyl acetate (100 mL),
filtered, and washed the filtrate with brine. The organic phase was dried over anhydrotls sodium
sulfate, filtered, concentrated in vacuo to afford a yellowish solid. The crude product was purified by
prep-HPLC to give CompoundA26-(48.8 mg, 15% yield) as a yellow solid. 'H NMR (CDCl,,
400MHz) 6 7.42-7.28 (m, 7H), 7.20 (s., 1H), 7.00 (d, J = 8.8 Hz, 2H), 6.57 (s, 1H), 4.14 (t, J = 4.8
Hz, 2H), 3.76 (t, /= 4.8 Hz, 2H), 3.46 (s, 3H), 2.15 (s, 3H).
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vaample 4 :
Synthesis of Compound 27 (Scheme VII

W
N\ NH,OH,-70°C \ L
(o] NH2 o]

o

O vii-1 vike

o NH2

\ , N g

NH Y | ot

2 0 0 conc.HCI N, - PhB(OH), g e
W vil-2 — - Vike

- 103 - : .

/~° © 11oiac N © cuAd,, Py, PyNO z

o NayCOs, H,0, 1t /’ 0

Compound 27

VII-1 (2 g, 20 mmol) was added dropwise to ammonia (7 mL) at -70°C. The"™

reaction mixture was stirred at -70°C for 1 hour, and then the reaction mixture was‘ warmed to rt for
one additional hour. The organic layer was separated and evaporated to produce VII-2, which was
used directly for next step. | , ‘ . | |

A mixture of VII-2 (0.69 g, 10 mmol), VII-3 (1.56 g, 10 mmol), and Na,COs
(1.06 g, 10 mmol) in water (25 ml) waé stirred at rt overnight. And then the fnixture was extracted
with EtOAc (50 mLx3). The combined organic layer was washed with brine, dried over anhydrous
Na;SO, and concentrated. The residué was purified by flash chromatography on silica gel with
PE/EtOAc (4/1) to yield VII-4 (0.55 g, 24% .yield). "H NMR (CDCl,, 400 MHz) ¢ 7.13 (s, 1 H),
6.63 (d, /=10 Hz, 1 H), 5.88 (d, /= 10 Hz, v1 H), 5.39 (brs, 1H), 4.24-4.15 (m, 2H), 2.50-2.42 (m,
1H), 2.33-2.25 (m, 1H), 2.02-1.95 (m, 1H), 1.92-1.80 (m, 2H), 1.76-1.66 (m, 1H), 1._27-1.18 (m,
3H). ' | ‘

A solution of VII-4 (1.13 g, 5 mmol) in conc. HCI (30 mL) was stirred ina sealed
tube at 110°C overnight. The solvent was evaporated under vacuum to yield crude VII-5 (0.95 g,
111% crude yield). "H NMR (DMSO-d;, 400 MHz) 6 7.85 (d, J= 8.8Hz, 1 H), 6.82 (d, /= 8.8Hz, 1
H), 2.93-2.80 (m, 2H), 2.78-2.72 (m, 2H), 2.13-2.02 (m, 2H). |

To a mixture of VII-5 (0.513 g, 3 mmol) and phenyl! boronic acid VII-6 (0.732 g,
6 mmol) in acetonitrile (30 mL) was added Cu(OAc), (1.64 g, 9 mmol), pyridine (1.42 g, 18 mmol)
and pyridine-N-oxide (0.86 g, 9 mmol). The mixture was stirred under oxygen atmosphere at rt
overnight. The mixture was diluted with water (50 mL) and extracted with CH,>Cl, (50 mLx3). The
combiv_ned organic layer was washed with brine, dried over Na,SOy, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel with petroleum

ether/EtOAc (8:1~ 1: 1) to afford Compound 27 (0.38 g, 60% yield). 'H NMR.(CDC13, 400 MHz)
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2H), 2.50-2.46 (m, 2H), 2.07-2.00 (m, 2H). MS (ESI) m/z M+H)" 2120. - © ,

Compound 28 was prepared following the similar procedure for obtainingi
Compound 27 using (4-(trifluoromethoxy)phenyl)boronic acid in place of phen.yl boronic acid (VII—
6). "H NMR: (CDCls, 400 MHz) 6 7.37-7.26 (m, 5 H), 6.50 (d, /= 9.2 Hz, 1 H), 2.81-2.77 (m, 2H)‘, ‘
2.51-2.47 (m, 2H), 2.09-2.02 (m, 2H). MS (ESI) m/z (M+H)" 295.9.

Examnle 5-A ) (s .
Synthesis of Compound 29 (Scheme VIII)

B(OH), xx

il &) .
& . Hy, PtO, A Bry V | vila -
HN(\":Q TFA, 2MPa, 100°C H'("jij CHol,  HN  CuOAS), Py, PYNO > W
° 0 4AMS, DCM, Oy, rt
vill-1 vill-2 ' e

viil-6
MeB(OH),

Pd(PPh3)4 N32C03
DME/H0

120°C

VIII 5
Compound 29

An autoclave was charged with VIII-1 (4.0 g, 27..6 mmol), PtO, (400 mg) and 50
mL of TFA. The mixture was stirred at 110°C under hydrogen (pressure 2.0 MPa) for 1 day, then
the solution was filtered, and the solid was washed with MeOH. The filtrate was concentrated under
reduced pressure. The resulting residue was purified by column chromatography on silica gel with
petroleum ether/EtOAc (10:1—5:1—1:1—-1:5—EtOAc) to give VIII-2 (2.1 g, 51% yield) as white
solid. "H NMR (CDCls, 400 MHz) 6 12.85 (brs, 1H), 7.16 (d, J = 6.4 Hz, 1H), 6.02 (d, J = 6.4 Hz,
1H), 2.60-2.50 (m, 4 H), 1.81-1.71 (m, 4H). MS (ESD) m/z [M+H]" 149.8. | |

To a solution of VIII-2 (1.04 g, 7 mmol) in CHCl3 (20 mL) was added Br, (1.12
g, 7 mmol) dropwise at 0°C. The reaction mixture was stirred at rt for 2 hrs. And then the reaction
mixture was poured into ice-water, and the solid formed was collected by filtration, the filtrate was
extracted with EtOAc (50 mLx3), the solid was re-dissolved in EtOAc (40 mL). The combinéd
organic layer was washed with brine, dried over Na,SO, and concentrated under reduced pressure to

afford crude VIII-3 (1.3 g, 61% yield). "H NMR (CDCLs, 300 MHz) & 7.44 (s, 1H), 2.62-2.52 (m,

4H), 1.81-1.72 (m, 4H). MS (ESI) m/z [M+H]" 227.

VIII-3 (500 mg, 2.2 mmol, 1.0 eq.), VIII-4 (405 mg, 3.3‘mmol, 1.5 eq.),
Cu(OAc); (1.2 g, 6.6 mmol, 3 eq.), pyridine-N-oxide (630 mg, 6.6 mmol, 3 €q.) and pyridine (520
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(M+H)" 303.9. |
| A flask was éharged with VIII-S (300 mg, Immol, 1 eq.), MeB(OH) 2 (240 mg; ’LM
4.0 mmol, 4 eq.), and Na,CO; (418 mg, 3.0-mmol, 3 eq.) in DME/H,0 (24 mL, V/V=5/1). It was '
purged with Ny, and then Pd(PPh;)s (115 mg, 0.1 mmol, 0.1 eq.) was added. The reaction mlxture
was purged with N, again and then stirred at 110°C overnight. The mlxture was concentrated under ----- -
reduced pressure to remove the solvent, and then it was diluted with HzO (30 mL), extracted with
EtOAc (30 mLX3); the combined organic layer was washed with brine, dried over Na,SOy, and -
concentrated in vacuo. The residue was purified by prep-TLC (PE: EA=2.5:1) to give Compound 29
(190 mg, 79% yield) as white sblid "H NMR (CDCl;, 400 MHz) 6 7.47-7.42 (m, 2H) 7.39-7. 35
(m, 3H), 6.99 (s, 1H), 2.61-2.58 (m, 2H), 2.52-2.50 (m, 2H), 2.00 (s, 3H), 1.81-1.75 (m, 4H). MS
(EST) m/z [M+H]" 240.1.

Compound 30 was prepared following the similar procedure for obtaining
Compound 29 using (4-fluorophenyl)boronic acid in place of methyl boronic acid (VIII-6) as a
white solid. "H NMR (CDCl;, 400 MHz) § 7.48-7.37 (m, 5H), 7.26;7;23 (m, 2H), 7.10-7.06 (m,
3H), 2.68-2.64 (m, 2H), 2.40-2.37 (m, 2H), 1.81-1.77 (m, 2H), 1.72-1.68 (m, 2H). MS (ESI). m/z
[M+H]" 320.0.

Compound 31 was prepared following the similar procedure for obtaining
Compound 29 using 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole in place
of methyl boronic acid (VIII-6). '"H NMR (CDC13, 400 MHz) ¢ 7.49-7.45 (m,v3H), 7.41-7.39 (m,
3H), 7.34 (s, 1H), 7.15 (s, 1H), 3.93 (s, 3H), 2.65-2.62 (m, 2H), 2.55-2.52 (m, 2H), 1.80-1.72 (m,
4H). MS (ESD) m/z [M+H]" 306.2.

Compound 32 was vprepared following the similar procedure for obtaining
Comound 30 using (4-(trifluoromethoxy)phenyl)boronic acid in pla_cé of phenyl boronic acid (VIII—
4). "TH NMR (CDCl;, 400 MHz) & 7.49-7.45 (m, 2H), 7.31 (d, J = 84 Hz '2H), 7.26-7.22 (m, 2H),
7.11-7.06 (m, 3H), 2.66-2.63 (m, 2H), 2.40-2.37 (m, 2H), 1.81-1.74 (m, 2H),1.72-1.67 (m, 2H). MS
- (ESD m/z [M+H]" 404.2.
Compound 33 was _preparéd following the similar procedure for obtaining

Compound 31 using (4-(trifluoromethoxy)phenyl)boronic acid in place of phenyl boronic acid
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(VIII4). "H NMR (CDCls, 400 MHz) 8 7.46-7.43 (m, 3H), 7.34-7.30 (m, 3H), 7.17 (s, 1H), 3.94 (s, 1.

3H), 2.64-2.61 (m, 2H), 2.54-2.51 (m, 2H), 1.81-1.72 (m, 4H). MS (ESI) m/z [M+H]* 390.2.

Compound 34 was prepared following the similar procedure for obtaining

Compound 30 using (4-(trifluoromethoxy)phenyl)boronic acid in place of phenyl boronic acid ™

(VIII-4) and (4-fluorophenyl)boronic acid in place of methyl boronic acid (VIII-6). 'H NMR
p p [

2H), 2.41 (t, J= 6.0 Hz, 2H), 1.82-1.76 (m, 2H), 1.72-1.66 (m, 2H). MS (ESI) m/z [M+H]" 404.0.

™
ot

(CDCls, 400 MHz) & 7.48-7.45 (m, 2H), 7.44-7.30 (m, 3H), 7.10-6.97 (m, 4H), 2.64 (t, /= 6.0 Hz,

]

Compound 35 was prepared following the similar procedure for obtaining =

Compound 29 using (4-ethoxy-2-methylphenyl)boronic acid in place of phenyl boronic acid (VIII-

4) and 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole in place of methyl -

boronic acid (VIII-6). '"H NMR (CDCls, 400 MHz) 6 7.45 (s, 1H), 7.33 (s, 1H), 7.08 (d, /= 8.4 Hz,
1H), 7.00 (s, 1H), 6.85-6.77 (m, 2H), 4.04 (q, J = 6.8 Hz, 2H), 3.92 (s, 3H), 2.65-2.61 (m, 2H), 2.57-
2.52 (m, 2H), 3.13 (s, 3H), 1.82-1.70 (m, 4H), 1.42 (t, J = 6.8 Hz, 3H). MS (ESI) m/z [M+H]"
364.1. - I -

Compound 36 was prepared following the similar procedure for obtaining
Compound 29 using (4-ethony-methylphenyl)boronic acid in place of phenyl boronic acid (VIII-
4) and fert-butyl 4-(4,4,5,5-tetramethyl-1,3,2I-dioxaborolan-2-yl)-1H-pyrazole-1-carboxylate in place
of methyl boronic acid (VIII-6). "H NMR (CDCls, 400 MHz) 6 7.72 (s, 2H), 7.19 (s, 1H), 7.10 (d, J
= 8.4 Hz, 1H), 6.92 (s, 1H), 6.85-6.82 (m, 2H), 4.05 (q, J = 6.8 Hz, 2H), 2.65-2.61 (m, 2H), 2.57-
2.52 (m, 2H), 2.01 (s, 3H), 1.80-1.70 (m,‘4H), 1.35 (t, J= 6.8 Hz, 3H).. MS (ESI) m/z [M+H]"
3501 |

Compound ‘37 was prepared following the similar procedure for obtaining
Compound 29 using (4-(trifluoromethoxy)phenyl)boronic acid in place of phenyl boronic acia
(VIII-4) and tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole-1-carboxylate
in place of methyl boronic acid (VIII-6) as white solid. Na,COs3 was replaced with K3P04. H
NMR (CDCl;, 400 MHz) 6 7.60-7.52 (m, 2H), 7.46 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H),
7.14 (s, le), 2.65-2.62 (m, 2H), 2.52-2.49 (m, 2H), 1.82-1.70 (m, 4H). MS (ESD) m/z [M+H]" 376;0. '
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Example 5-B
Synthesis of Compound 38 (Scheme IX)

o]

. FSC)HI\ ' YCO . NH,4OAc, HOAc _ /(\ICOZB 1) DMF-DMA, DMF, refluL | ™
) 2 —» >
i 0 . reflux, 90 min FiC N/

© 2) NH3 H,0, MeOH, 80°C

N
H OA
1X-1 IX-2 ‘ X3 IX-4
CFs
B(OH), B(OH),
: F.
. N7
CF, |
X
NZ 1 OCF; F |
Bro, HOAc ~ Br X . Ix-6 _ IX-8 - N™ =0
reflux Cu(OACc),, Py, PyNO ~ Pd(dppf)Cly,Na;CO3,
N0 (OAcl,, Fy. Py DME/H,0
H DCM, Oy, reflux 100 °C
OCF3 ‘ ~ OCF,
Compound 38
IX-5 IX-7 mp

A mixture of IX-1 (14.2 g, 84.6 mmol), IX-2 (10.0 g, 76.9 mmol), NH;OAc (12.0
g 153.8 mmol) in HOAc (18.6 g, 307.6 mmol) was heated at reflux for 90 min. The mixture was
allowed to cool to rt. Water (30 mL) was added and the reaction mixture was extracted with DCM
(100 mLx3). The combined organic layer was washed with brine, dried over anhydrous Na,SO4 and
concentrated in vacué. The crude product was purified by column chromatography with petroleum
ether/EtOAc (5:1—1:1) to afford IX-3 (12 g, 67 % yield) as yellow solid. MS (ESI) m/z [M+H]"
234.1. ,

A mixture of IX-3 (12 g, 52 mmol) and DMF-dimethylacetal (6.2 g, 52 mmol) in
DMF (30 mL) was heated to reflux ovemi_ght. And then it was allowed to cool to rt. The solvent was

- removed under reduced pressure and the residue was treated with 18% ammonia in methanol (50

mL) at 80°C for 2 hrs. The solvent was removed under reduced pressure and the resulting residue
was purified by column chromatography with petroleum ether/EtOAc (2:1—»1:2) yield IX-4 (2;3 g,
21% yield) as a yellow solid. MS (ESI) m/z [M+H]" 214.9.

A solution of Br, (747 mg, 4.67 mmol) in HOAc (5 mL) was added dropwise to a
stirred solution of IX-4 (1 g, 4.67 mmol) in HOAc (10 mL). Upon complete addition, the reaction
mixture was allowed to stir at rt for 30 min before being heated at reflux for 2 hrs. Once the reaction
mixture was cooled to rt, water (20 mL) was added, the resultant 'preéipitate was filtered off and air-
dried. The product was then taken up in EtOAc (100 mL), the organic layer was washed with water,

saturated aqueous sodium hydrogen carbonate, brine, dried over anhydrous Na;SO4 and
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concentrated in vacuo. The crude product was purified by column chromatography with petroleum
ether/EtOAc (2:1—1:2) to afford IX-5 (1.3 g, 95 % yield) as solid. MS (ESI) m/z [M+H]" 293.
To a stirred solution of IX-5 (500 mg, 1.7 mmol), IX-6 (380 mg, 1.88 mmol),

Cu(OAc), (923 mg, 5.1 mmol) and pyridine (408 mg, 5.1 mmol) in DCM (10 mL) was added |

pyridine-N-oxide (484 mg, 5.1 mmol) in one portion. The solution was refluxed under oxygen
atmosphefe overnight. After completion of the reaction indicated by TLC, the reaction mixture was
concentrated iﬁ vacuo. Dissolved the residue in ethyl acetate (100 mL), filtered, and washed the
filtrate with brine. The organic phase was dried over anhydrous sodium sulfate, filtered, concentrated
in vacuo to afford a yellowish solid. The crude product was purified by flash column
chromatography with petroléum ether/EtOAc (5:1—1:1) to afford IX-7 (600 mg,v 78% yield) as a
yellow solid. MS (ESI) m/z [M+H]" 453.

_ To a stirred mixture of IX-7 (250 mg, 0.55 mmol), IX-8 (116 mg, 0.83 mmol),
and Na;CO3 (117 mg, 1.1 mmol) in DME/H,O (5 mL, v:v=5:1) was added Pd(dppf)Cl, (41 mg,
0.055 mmol). The mixture was purged with nitrogen for three times and then heated at 100°C
overnight. The mixture was concentrated to refnove diluted with water (30 mL), extracted with
EtOAc (30mLx3). The combined organic layer was washed with brine, dried over anhydrous
Na,;SO4 and concentrated in vacuo. The crude product was purified by flash column chromatography
with PE/EA (5:1—-1:1) to giv_é Compound 38 (176.5 mg, 68% yield) as a yellow solid. '"H NMR
(DMSO-ds, 400 MHz) 6 8.94 (d, J=80 Hz, 1H), 8.08 (d, J = 8.0 Hz, 1H), 7.99 (s, 1H), 7.78-7.72
(m, 4H), 7.59-7.55 (m, 2H), 7.31-7.27 (m, 2H). MS (ESI) m/z [M+H]" 469.1.

Compound 39 was prepared following the similar procedure for obtaining
Compound 38 ﬁsing 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole in
replace of IX-8. "H NMR (DMSO-ds, 400 MHz) 6 8.91 (d, J = 8.4 Hz, 1H), 8.33 (s, 1H), 8.19 (s,
1H), 8.09-8L06 (m, 2H), 7.74-7.70 (m, 2H), 7.60-7.57 (m, 2H), 3.87 (s, 3H). MS (ESI) m / z
[M+H]" 455.0. | |
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Example 5-C
Synthesis of Compound 40 (Scheme X)

NH NH ’ ~S
? B, 2 soch Y Hy0p, HCI, H;0
N NH, » B N NH, ___0_> Br. Y . . -
| _ aq.HBr, 110°C N 100°C | microwave, 110°C, 15 min
P P
N“ B : Nl
X-1 X-2 X-3
- ’ B(OH
B(OH); Oz

| ‘ © Br 7/8\N : " N-S,
Y . /N
'\II/S‘N " OCF, | ' ) | f
Br. y’ X5 . N o) X-7 - . N o
N0 Cu(OAc),, Py, PyNO © Pd(PPhs)s, K2CO3 ©
H 4AMS, DCM, O, DME/H,0, reflux
X4

Compound 40

To the mixture of X~1 (10.0 g, 10 mmol) dissolved in HBr 48% (200 mL), Br,

(12.5 mL, 13;4 mmol) was added dropwise under ice-water cooling bath, maintaining the
temperature below 40°C. After that, the mixture was heated at 110°C for 5 hrs. The reaction mixture
was cooled to rt, filtered and washed with little water. The filter cake is basified to pH 7~8 with

saturated ag. NaHCOs and extracted with EtOAc (200 mLx3). The combined organic layer was

washed with brine, dried over anhydrous Na,SOy4 and concentrated to yield X-2 (17.2 g, 71% yield).
"H NMR (DMSO-ds, 400 MHZ) 6 7.95 (s, 1H), 5.20 (brs, 4H).

X-2 (5.0 g, 18.9 mmol) was dissolved in SOCl, (50 mL). The mixture was stirred -

at 100°C for 5 hrs. Removed the excessive solvent, the residue was diluted with EtOAc (200 mL),
washed with brine, dried over Na,;SQ,. Filtration, céncentration and the residue was X-3 (4.64 g,
100% yield); Compound 3 was used in next step without further purification. '"H NMR (DMSO-d;,
400 MHz) 6 8.55 (s, 1H). |

X-3 (1.0 g, 4 mmol) was dissolved in water (10 mL), and then two drops H,0,
(30%) and 2 drops conc. HCl was added. The mixture was stirred at 100°C for 15 min under
microwave. After being cooled to rt, the reaction mixture was extracted with EtOAc (50 mLx3). The
combined organic layer was washed with brine, dried over anhydrous Na,SQ, and concentrated in

vacuo to afford X-4 (700 mg, 75% yield). X-4 was used in next step without further purification. H

'NMR (DMSO-ds, 400 MHz) 6 11.97 (s, 1H), 7.81 (s, 1H).

To a solution of X-4 (330 mg , 1.4 mmol) in DCM (30 mL), Cu(OAc), (800 mg,
4.4 mmol), X-5 (500 mg, 2 mmol), pyridine (I mL), pyridine-N-oxide (400 mg, 4 mmol) and finely
ground, activated 4 A molecular sieves (300 mg) were added. The mixture was stirred at rt for 12 hrs
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‘under O, atmosphere. The mixture was diluted with EtOAc (100 mL) and filtered, the filtrate was
washed with brine, dried over Na,SOy4, and concentrated. The residue was purified by flash column
chromatography (PE/EtOAc= 5/1) to give X-6 (280 mg, 50% yield) as a yellow solid. '"H NMR
(CDCls, 400 MHz) 6 7.67 (s, 1H), 7.50-7.48 (m, 2H), 7.41-7.39 (m, 2H).

X-6 (230 mg, 0.58 mmol), X-7 (100 mg, 0.71 mmol) and K,CO; (300 mg, 2.17
mmol) were charged into 22 mL of DME/H,0 (v/v=10/1). The reaction mixture was degassed by N,
for thrée times and then Pd(PPhs)s (60 mg, 0.052 mmol ) was added. The reaction mixture was
refluxed for 3 hrs. After being cooled to rt, the mixture was diluted with EtOAc (60 mL) and filtered.
The filtrate was washed with brine, 1dried over Na,SOy, concentrated. The residue was purified by
flash column chromatography (PE/EtOAc= 5/1) to give Compound 40 (150 mg, 63 % yield) as a
yellow solid. "H NMR (CDCls, 400 MHz) 6 7.77-7.73 (m, 2H), 7.56-7.51 (m, 3H), 7.41 (d, J= 8.0
Hz, 2H); 7.22-7.17 (m, 2H). MS (ESI) m/z (M+H)" 407.8.

Conipound 41 was prepared following the similar procedure for obtaining
Compound 40 using 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole in
replace of X-7. '"H NMR (CDCls, 400 MHz) 6 8.23 (s, 1H), 7.85 (s, 1H), 7.58 (s, 1H), 7.53 (d, J =
8.8 Hz, 2H), 7.41 (d, J = 8.8 Hz, 2H), 4.00 (s, 3H). MS (ESI) m/z (M+H)" 393.8.

Example 5-D
Synthesis of Compound 42 (Scheme XI)

N7 N7
) (COCI), DCM - J__J  1)DMF-DMA, 50°C, 2h N NBS
>
2) NH3- CH20|2 2) NaH, DMF DCE, rt
HN" Y0 N~ O
XI-2 XI-3
B(OH),
i NI ,\ ‘ BOH), . F N‘ X
.
. | d 7
N OCF;, L |
B | P XI5 . N (@] Xi-7 - N o)
| Pd(dppf)Clp, K,CO5
” C:/&Onﬁé)zbfybmo DME/H,0, reflux
XI-6

Compound 42
To the solution of XI-1 (10 g, 73 mmol, 1 eq) in 50 mL of DCM was added 15

mL of oxalyl chloride (adding a drop of DMF). The mixture was stirred for 18 hrs at rt. All the
volatiles were removed under reduced pressure. The residue was dried and used directly for the next

step (11.3 g, 100% yield). The solid was dissolved in 30 mL of DCM ahd added into 200 mL of
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CH,Cl,-NHj3 at -30°C. The mixture was stirred for 18 hrs. LCMS analysis showed the reaction
completed. All the volatiles were removed under reduced pressure to afford XI-2 (7 g, 71% yield),
which was used directly for the next step. 'H NMR (DMSO-d;, 400 MHz): 6 8.45 (m, 1H), 7.93 (s,
1H), 7.71 (d, J=7.6 Hz, 1H), 7.54 (s, 1H), 7.23 (m, 1H), 2.48 (s, 3H).

- A mixture of XI-2 (13 g, 956 mmol, 1 eq) and 18.2 mL of N,N-
dimethylformamide dimethyl acetal was heated at 50°C for 2 hrs. During the second hour, all the
volatiles was removed. The residue was cooled to rt., diluted with 100 mL of anhydrous N,N-
dimethylformamide, and then treated carefully with batch wise portions of sodium hydride (5 g,
124.3 mmol, 1.3 eq, 60% oil dispersion; caution: vigorous evolution of hydrogen). The mixture was
heated at 80°C for 2.5 hrs, and then ice-cooled, treated cautiously with 25 mL of 2-propanol, and
then maintained at 0-5°C overnight. The solid were collected, and then dissolved in 10 mL of hot
water. The solution was filtered, the filtrate was ice-cooled and then treated dropwise with
concentrated hydrochloric acid to pH=~7.0. After storage at 0-5°C for 3 hrs, the precipitated solids
were collected, washed with ice-cold water, and dried in vacuum to give XI-3 (3 g, 32% yield). 'H
NMR (DMSO-d;, 300 MHz): 6 8.90 (s, 1H), 8.49 (d, J=7.6 Hz, 1H), 7.51-7.43 (m, 2H), 6.61 (d, J
=7.6 Hz, 1H). |

A suspensioﬂ of XI-3 (2.36 g, 15.7 mmol, 1 eq), N-bromosuécinimide (3.1g,173
mmol, 1 eq), and 50 mL of 1,2-dichlor6ethane was stirred at rt for 3.5 hrs. The mixture was filtered;
the solids were washed successively with small amounts of chloroform, water, and diethyl ether, and
then dried to leave XI-4 (0.8 g, 23% yield). MS (ESI) m/z (M+H)" 226.8.

A flask was charged with XI-4.(O.6 g, 2.67 mmol, 1 eq.), XI-5 (1.1 g, 5.33 mmol,
2 eq.), Cu(OAc), (1.45 g, 8 mmol, 3 eq.), pyridine (2.1 g, 26'.7‘ mmol, 10 eq.), pyridine-N-oxide (0.76
g mg, 8.01 mmol, 3 eq.), 200 mg of 4A molecular sieves and 45 mL of CH2C12. The mixture was
stirred under oxygen atmosphere at rt for 18 hrs. LCMS .analysis showed the reaction completed. All
the volatiles were removed under reduced pressure. The residue was diluted with water, extracted
with ethyl acetate (100 mLx3). The combined organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated to give a brown oil. Purification by column
chromatography on silica gel with petroleum ether/EtOAc (3:1—1:1) to provide XI-6 (0.5 g, 50%
yield). MS (ESI) m/z (M+H)" 386.8. | | |

, A flak was charged with XI-6 (140 mg, 0.36 mmol, 1 eq), XI-7 (76 mg, 0.54
mmol, 1.5 eq), K,CO3 (100 mg, 0.72 mmol, 2 eq), Pd(dppf)Cl, (13 mg, 0.018 mmol, 0.05 eq), 10 mL

~of DME and 2 mL of H,0, and then it was flushed with nitrogen for threé times. The mixture was

heated at 100°C for 18 hrs. LCMS analysis showed the reaction completed. All the volatiles were
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removed under reduced pressure. The residue was diluted with water, extracted with ethyl acetate

(50 mLx3). The combined organic layer was washed with brine, dried over anhydrous sodium
sulfate, filtered and concentrated to give bréwn oil. Purification by prep-TLC (PE/EA=2/1) gave
Compound 42 (102.4 mg, 71% yield). "H NMR (CDCl;, 300MHz): & 8.93 (m,le), 8.74 (d, J=7.8
Hz, 2H), 7.54-7.42 (m, SH), 7.39-7.31 (m, 3H), 7.09 (t, /=9.0 Hz, 2H). MS (ESI) m/; (M+H)"
400.9.

| Compound 43 was prepared following the similar pfocedure for obtaining
Compound 42 using 1-methyl-4-(4,4,5,S-tetramethyl-1,3,2-dioxaborolan‘-2-yl)-lH-pyrazole in
replace of XI-7. 'H NMR (CDCl;, 400MHz): 8 9.04 (m, 1H), 8.80 (d, J = 8.4Hz, 1H), 8.22 (s,. 1H),
7.80 (s, 1H), 7.58 (s, 1H), 7.56-7.51 (m, 3H), 7.40 (d, J = 8.4 Hz, 2H), 4.00 (s, 3H). MS (ESI) m/z
(M+H)" 386.9. | |

Compound 45: A flask was charged with Compound 42 (500 mg, 1.25 mmol, 1

eq) and Pd/C (50 mg), 30 mL of MeOH and 3 mL of H,O. The mixture was stirred for 18 hrs under
hydrogen (45 Psi). LCMS analysis showed the reaction completed. The mixture was filtered. The
filtrate was concentrated and purified by prep-TLC (PE/EA=2/1) to give Compound 45 as a white
solid (300 mg, 59% yield). 'H NMR (CDCl;, 400MHz): § 7.45 (d, J = 8.8 Hz, 2H), 7.36-7.26 (m,
4H), 7.14 (t, J=8.8 Hz, 2H), 6.99 (s, 1H), 4.30 (s, 1H), 3.29 (m, 2H), 2.67 (t, J = 6.4 Hz, 2H), 1.93
(m, 2H). MS (EST) m/z (M+H)" 404.9. -

, Compound 44 was prepared following the similar procedure for obtaining
Compound 45. '"H NMR (CDCl;, 300MHz): & 7.41 (s, 1H), 7.36-7.32 (m, 3H), 7.20-7.15 (m, 2H),
6.90 (s, 1H), 4.41 (brs, 1H), 3.85 (s, 3H), 3.20 (m, 2H), 2.54 (m, 2H), 1.82 (m, 2H). MS (ESI) m/z
(M+H)" 390.9. |

Compound 395 was prepared following the similar procedure for ‘obtaining

Compound 43 using (4-cyanophenyl)boronic acid in place of XI-5. 'H NMR (CDCls, 400MHz) &

1 9.10 (dd, J = 1.6 Hz, 4.4 Hz, 1H), 8.79 (dd, J = 2.0, 8.0Hz, 1H), 8.21 (s, 1H), 7.85 (d, J = 8.4 Hz,

2H), 7.79 (s, 1H), 7.65 (d, J = 8.4 Hz, 2H), 7.56-7.52 (m, 2H), 3.99 (s, 3H). MS (ESI) m / z (M+H)"
328.0. "
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Pd(dppfiCl;, KsPO, :
Ry DME/H,0, reflux ~Ry

Ro=Me,Boc
XI-6* Xi-g*
R; = 4-CN, 4-Cl, 4-OCF3;, 2-Me-40Et
R3 =Me, H

XI-6* with various R' groups can be prepared following the similar procedure
described in the synthesis of XI-6. The last Suzuki-Coupling step was conducted either using
Method 1 or Method 2 as described herein. Compounds 571, 572 and 579-581 were prepared by
Suzuki-Coupling of XI-6* with the corresponding XI-8* using standard procedure described
Method A using K3POy in place of K2CO3. The HCI salts were prepared by reacting the compounds
with ag. HC1 (1.0M, 1.1 eq) at 0°C in dioxne for 20 mins then concentrated and dried in vacuo.

~ Compound 571: "H NMR (CDCl,, 400MHz) § 9.03 (dd, J = 2.0, 5.2 Hz, 1H),
8.79 (dd, J =1.6, 8.0Hz, 1H), 8.20 (s, 1H), 7.79 (s, 1H), 7.56 (s, 1H), 7.53-7.50 (m, 3H), 7.43 (d, J
=6.8 Hz, 2H), 3.99 (s, 3H). MS (ESI) m/z (M+H)" 385.0. |

Compound 572: '"H NMR (DMSO-d;, 400MHz) & 12.90 (s, lH), 9.09 (dd, J =
2.0, 4.8 Hz, 1H), 8.65 (dd, J=1.6, 8.0Hz, 1H), 8.43 (s, 1H), 8.11 (s, 1H), 8.01 (s, 1H), 7.66-7.63 (m,
5H). MS (ESI) m/z (M+H)" 322.9.

Compound 579: '"H NMR (DMSO-ds, 400MHz) & 12.88 (s, 1H), 9.09 (dd, J
=1.6, 4.4 Hz, 1H), 8.64 (dd, J =1.6, 8.0Hz, 1H), 8.44 (s, 1H), 8.13 (s, 1H), 8.05 (s, 1H), 7.73 (d, J
=8.8Hz, 2H), 7.66-7.62 (m, 1H), 7.58 (d, J =8.4 Hz, 2H). MS (ESI) m/z (M+H)" 373.1.

Compound 580: 'H NMR (DMSO-ds, 300MHz) § 12.86 (s, 1H), 9.09 (dd, J =
1.8, 4.5 Hz, 1H), 8.65 (dd, J= 1.8, 8.1Hz, 1H), 8.43 (s, 1H), 8.10 (s, 1H), 7.86 (s, 1H), 7.65-7.62 (m,
1H), 7.30-7.23 (m, 1H), 6.99 (d, J = 2.4Hz, 1H), 6.93-6.89 (m,1H), 4.09 (q, J =7.2Hz, 2H), 2.07 (s,
3H), 1.37 (t,J =7.2Hz, 3H). MS (ESI) m/z (M+H)" 347.1. | |

Compound 581: "TH NMR (DMSO-d,, 300MHz) § 12.90 (s, 1H), 9.09 (d, J= 3.0
Hz, 1H), 8.66 (d, J = 7.2Hz, 1H), 8.34 (s, 1H), 8.08-8.04 (m, 4H), 7.85 (d, J = 8.1Hz, 2H), 7.67-7.64
(m, 2H). MS (EST) mz M+H) 3141,
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Svynthesis of Compound 46 (Scheme XII) . "

NH, NH, | z -
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.o i
)
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SN NaSEt Br N 3 N
P |

- 0
- > > ™
- DMF, 60°C Cu(OAc),, Py, PyO ; J
N~ 0 ' N~ S0
H 4AMS,DCM, O, -
Xi-4 XIi-5 _ . XIi-7 ot
OCF3 oo
B(OH), F N%\
N
F
Xil-8 o N- 0
Pd(dppf)Cly, K,CO4
DME/H,0, reflux
OCF; -
Compound 46
5 To the mixture of XII-1 (10.0 g, 10 mmol) dissolved in HBr 48% (200 mL), Br»

(12.5 mL, 13.4 mmol) was added dropwise under ice-water cooling bath, maintaining the
temperature below 40°C. After that, the mixture was heated at 110°C for 5 hrs. The reaction mixture
was cooled to rt, filtered and washed with little water. The filter cake is basified to pH 7~8 with.
saturated ag. NaHCO; and extracted with EtOAc (200 mLx3). The combined organic layer was
10  washed with ‘brine dried over anhydrous Na;SO,4 and concentrated to yield XII-2 (17.2 g, 71% ;
| yield). 'H NMR (DMSO-ds, 400 MHz) §7.95 (s, 1H), 5.20 (brs, 4H).
XII-2 (5.0 g, 18.9 mmol) and aqueous glyoxal (40%, 5 mL) was dissolved in n-
BuOH (15 mL), the mixture was stirred at 80°C for 2 hrs. The reaction mixture was cooled to rt, a
solid was precipitated out, filtered, washed with PE and dried in vacuum to afford XII-3 (5.0 g, 92%
15  yield) as a yellow solid, which was used in next step without further pun'ﬁcatioh. "H NMR (CDCl,
400 MHz) ¢ 9.18 (d,J=2.0Hz, 1H), 9.11 (d, J=2.0Hz, 1H), 8.84 (s, 1H). |
XII-3 (5.0 g, 17.3 mmol) and NaOMe (1.4 g, 26 mmol) were dissolved in MeOH
(60 mL), and then the mixture was stirred at 60°C fof 0.5 h. Removed the solvent, diluted with
20 EtOAc (100 mL), washed with brine, dried over Na,SO4 and concentrated to give XII-4 3.7 g, 89%
yield) as a light yellow solid, which was used in next step without further purification. 'H NMR
(CDCl3, 300 MHz) 6 9.05 (d, J= 1.8 Hz, 1H), 8.88 (d, /= 1.8 Hz, 1H), 8.46 (s, 1H), 4.17 (s, 3H).
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XII-4 (2.0 g, 8.4 mmol) and NaSEt (3.2 g, 38 mmol) was dissolved in DMF (30

mL), the mixturé was stirred at 60°C for 1.5 hrs. The vreaction mixture was cooled to rt, diluted with

water (30 mL) and acidified to pH=6~7 with conc. HCL. The precipitate was collected by filtration,

washed with wéter and dried in Vacﬁum to afford XII-5 (1.9 g, 100% yield) as a brown solid. 'H
NMR (DMSO-ds, 400 MHz) § 8.84 (d, /= 2.0 Hz, 1H), 8.57 (d, /= 1.6 Hz, 1H), 7.95 (s, 1H).

' To a solution of XII-5 (2.0 g, 10 mmol) in .DCM (100 mL), copper (II) acetate

(3.6 g, 20 mmol), XII-6 (2.0 g, 12 mmol), pyridine (3 mL), pyridine-N-oxide (1.9 g, 20 mmol) and

finely ground, activated 4A molecular sieves (3.0 g) were added. The mixture was stirred at rt. for 18

hrs under O, atmosphere. The solvent was evaporated and the residue was diluted with AcOEt (150
mL) and filtered. The filtrate was washed with brine, dried over Na,SO,4 and concentrated. The
residue was purified by flash chromatography on silica gel with petroleum ether/EtOAc (1:1~1:2) to
yield XII-7 (400 mg, 12 % yield) as a yellow solid. MS (ESI) m/z (M+H)" 386.

Compound 46 was prepared following the similar procedure for obtainiﬁg'

Compound 42 (75 mg, 72 % yield). "H NMR (CD;OD, 400 MHz) 6 9.01 (d, J = 2.0 Hz, 1H), 8.89

d, J = 2.0 Hz, 1H), 7.83 (s, 1H), 7.73-7.70 (m, 2H), 7.68-7.65 (m, 2H), 7.51 (d, J = 8.0 Hz,

2H),7.21-7.16 (m, 2H). MS (ESI) m/z (M+H)" 401.9.

Compound 47 was prepared following the similar procedure for obtaining
Compound 46 using 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole in
replace of XII-8. "H NMR (CD;0D, 400 MHz) 6 9.01 (d, J = 2.0 Hz, 1H), 8.89 (d, J = 2.0 Hz, 1H),

8.35 (s, 1H), 8.04 (m, 2H), 7.73-7.70 (m 2H), 7.55-7.50 (m, 2H), 3.97 (s, 3H). MS (ESI) m/z
(M+H)" 387.9.
B(OH)2
N

Cu(OAc),, Py, PyNO Pd(dppf)Cla, ch03

NT0 4AMS, DCM, O, © DME/H,0, reflux
H
XII-5

Cl
Xll-7a ’ Cl
: Compound 397

Compound 397 was prepared following the similar procedure for obtaining

Compound 47 using XII-6a in place of XII-6. "H NMR (CDCl;, 400 MHz) ¢ 8.98 (d, J =2.0 Hz,
1H), 8.90 (d, J =2.0 Hz, 1H), 8.13 (s, 1H), 7.80 (s, 1H), 7.64 (s, 1H), 7.55-7.52 (m, 2H), 7.47-7.45
(m, 2H), 4.00 (s, 3H). MS (ESI) m/z [M+H]" 337.9.
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Compound 398 was prepared following the similar procedure for obtaining

Compound 397 using (4-cyanophenyl)boronic acid in place of XII-6a. '"H NMR (CDCls, 400 MHz) -

8 9.00 (d, J =2.0 Hz, 1H), 8.93 (d, J =2.0 Hz, 1H), 8.14 (s, 1H), 7.89-7.87 (m, 2H), 7.81 (s, 1H),
7.71-7.67 (m, 2H), 7.64 (5, 1H), 4.00 (5, 3H). MS (ESD m/z [M+H]" 328.9.

N% N
Br. x lN Boc. \ .
\
\(I N} o HCI(1.1eq.)
a €
N X0 Xu-8b e mETE
Pd(PPhg)q, KaPO, (ag.) “MeOHICHEN
DMF, 80°C ‘ ‘ . ’
Cl . Ci o
Xil-7a Compound 399 ] ‘

Compound 399a

To a solution of XII-7a (400 mg, 1.2 mmol, 1 eq.) in DMF (4 mL) was added agq.
K3PO4 (2 M, 1.2 mL, 2.4 mmol, 2 eq.), XII-8b (425 mg, 1.44 mmol, 1.2 eq.), Pd(PPhs)s (67 mg,
0.06 mmol, 0.05 eq.). The mixture was purged with nitrogen and then heated at 80°C for 5 hrs. The
mixture was cooled to rt, diluted with water (20 mL), extracted with EtOAc (30 mLx3). The
combined organic layer was washed with brine, dried over anhydrous Na,504, and éoncentrated in
vacuo. The residue was puriﬁed by flash chromatography '(PE/EA=1/3) to give Compound 399 (90
mg, 24% yield).)IH NMR (CDCIs, 400 MHz) ¢ 8.99 (d, J =2.0 Hz, 1H), 8.93 (d, J =2.0 Hz, 1H),
8.15 (s, 2H), 7.68 (s, 1H), 7.56-7.52 (m, 2H), 7.48-7.46 (m, 2H). MS (ESI) m/ [M+H]" 323.9.

To the mixture of Compound 399 (85 mg, 0.365 mmol) in MeOH (5 mL) and
CH3CN (5 mL) was added aq.HCI (0.2 M, 2 mL, 0.4 mmol, 1.1 eq.). After stirring for 0.5 h,
removed the solvent under reduced pressure, and the residue was dried in vacuum to afford the
hydrochloride salt Compound 399a as a yellow solid (120 mg,' 91% yield). "H NMR (DMSO-ds,
400 MHz) 6 9.12 (d, J =2.0 Hz, 1H), 8.95 (d, J =2.0 Hz, 1H), 8.28 (s, 2H), 8.11 (s, 1H), 7.68-7.62
(m, 4H). MS (ESI) m/z [M+H]" 323.9. '

Compound 400 was prepared following the similar procedure for obtaining
Comound 399 by reacting XI1-7 with XII-8b. "H NMR (CD;0D, 400 MHz) 4 9.09 (d, J =1.6 Hz,
1H), 8.88 (d, J =1.6 Hz, 1H), 8.35-8.20 (m, 2H), 8.05 (s, 1H), 7.71-7.68 (m, 2H), 7.52-7.50 (m, 2H).
MS (ESI) m/z [M+H]" 374.2. '_

The hydrochloride salt of Compound 400 was prepared following the similar
procedure for obtaining Compound 399a as a yellow solid. '"H NMR (DMSO-ds, 400 MHz) 6 9.12
(d, J=2.0 Hz, 1H), 8.95 (d, J =2.0 Hz, 1H), 8.29 (s, 2H), 8.16 (s, 1H), 7.76-1.73 (m, 2H), 7.62-7.59
(m, 2H) MS (ESI) m/z [M+H]" 374.0.

-172-



10

15

20

25

30

Compounds 573 and 574 were prepared by following the similar procedure
described in the synthesis of Compound 399. The corresponding HCI salts were also prepared
following the similar procedure described in the synthesis of Compound 399a.

Compounds 573: '"H NMR (DMSO'd6, 400 MHz) ¢ 12.93 (s, lH) 9.11 (d, J
=1.6 Hz, 1H), 8.93 (d, J=1.6 Hz, 1H), 8.37 (s, IH), 8.12-8.06 (m, 4H), 7.84- 782(m 2H). MS (ES))
m/z (M+H)' 315.0.

Compound 574: "H NMR (DMSO-ds, 400 MHz) 0 1293 (s, 1H), 9.12 (s, 1H),
8.94 (s, 1H), 8.40 (s, 1H), 8.11 (s, 1H), 7.98 (s, 1H), 7.32 (m, 1H), 7.00 (m, 1H), 6.91 (m, 1H), 4.10
(g, /=6.8 Hz, 2H), 2.09 (s, 3H) 1.37 (t, J=6.8 Hz, 3H). MS (ESI) m/z (M+H)" 348.1.

Compound 575: To a solutlon of XII-7 (300 mg, 0.78 mmol) in DMF (5 mL)
was added Pd(OAc), (9 mg, 0.039 mmol), Et;N (240 mg, 2.4 mmol), HCOOH (72 mg, 1.5 mmol)
and PPh; (20.4 mg, 0.078 mlﬁol)‘. The mixture was purged with nitrogen for three times and then
heated at 60°C under nitrogen for 12 hrs. After cooling td rt, the mixture was concentrated, the
residue was partitioned between H,O and EtOAc. The organic layer was washed with brine, dried
over Na,SO,, concentrated in vacuo. The crude residue was purified by column chromatography on
silica gel using EA as eluent to afford Compound 575 (146 mg, 61% yield). "H NMR (DMSO-ds,
300 MHz) 6 9.02 (d, J=1.5 Hz, 1H), 8.88 (d, J=1.8 Hz, 1H), 7.89 (d, J=7.5 Hz, 1H), 7.70 (d, J=8.7
Hz, 2H), 7.6OV(d, J=8.4 Hz, 2H), 6.82 (d, /=7.5 Hz, 1H).

Compound 577 was prepared by Suzuki-coupling of XII-_7 with XII-8b in
DMF/H,0 at 100°C for 12h followed by reacting with 1,3-dioxolan-2-one in the presence of NaOH.
"H NMR (DMSO-d;, 300 MHz) 89.12 (s, 1H), 8.95 (s, 1H), 8.42 (s, 1H), 8.15 (s, 1H), 8.07 (s, 1H),
7.75 (d, J=8.7 Hz, 2H), 7.61 (d, J=8.7 Hz, 2H), 4.18 (d, J=5.7 Hz, 2H), 3.77 (d, J=6.9 Hz, 2H).

Boc. 0
= N:\>_ i - HN NZ
N/w Ris B‘O H/N \ N q NI\ \ _ :\L‘
Br X N = N N\ N BBr; )
| XlI-8b . N |
AN | DCM : N0
DMF/H,0, 100°C Compound 576
Xil-4 . p

Compound 576 was prepared by Suzuki-Coupling of XII-4 and XII-8b using the
standard procedure described herein followed by reaction with BBrs in DCM. '"H NMR (DMSO-ds,
300 MHz) 6 12.83 (s, 1H), 9.04 (s, 1H), 8.84 (s, 1H), 8.17 (s, 1H), 7.82 (s, 1H).

Compound 578 was prepared following the similar procedure described in the
synthesis of Compound 576 using 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazole in place of XII-8b. '"H NMR (DMSO-ds, 300 MHz) 6 8.99 (s, 1H), 8.80 (s, 1H), 8.27 (s,
1H), 7.93 (s, 1H), 7.84 (.s, 1H), 3.88 (s, 3H): '
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Example 5-F
Synthesis of Compound 48 (Scheme XIII)

1) CH=CH,MgBr, THF,

NO =
| 02 2 'UN% PhOP(O)Cl, ! | A 2 -70°C o NH
—_—— —_— > AN
N”NoH |, HOAC 280 N“oH 180 NNl 2NHC »
50, periodic acid _ N cl
Xm1 Xil-2 Xill-3 XIli-4
o
N _° ‘
N&B\_ \ \
=\ ° N = N -
NaOMeDMF I\ AN Xill6 N I N NaH,DMF N | N
© 130°C NP OMe Pd(dppf)Cly, K2§303 . . Mel . |
: DME/H,0, 100°C N” OMe N7 OMe
XIli-5 XII7 il
\
B(OH), N \ =
N& A N—
\N [
] = OCF; ' N7 S0
aq. HBr NQ N—
—_— oY e
reflux NS0 Cu(OAc),, Py, PyNO
N 4AMS, Oy, DCM
Xlii-9 | OCFa
Compound 48

| A suspension of XIII-1 (10.3 g, 73.4 mmol, 1 eq) in 46 mL.of acetic acid, 20 mL
of water, 1.4 mL of concentrated sulfuric acid and periodic acid (3.5 g, 18 mmol, 025 eq) was
stirred at 90°C for 15 minutes Whereby‘ a solution was obtained. lodine crystals (7.7 g, 30.1 mmol,
0.4 eq) were added portionwise and after 20 minutes a dense yellow precipitate had formed. The
mixture was cooled and saturatéd sodium thiosulphate (50 mL) was added. The solid was filtered

and washed with saturated sodium thiosulphate (50 mL) followed by water. The solid was dried

- under vacuum to afford XIII-2 (14 g, 72% yield).

A suspension of XIII-2 (15 g, 56.4 mrhol, 1 eq.) in 35 mL of phenyl
dichlorophosphate was heated at 1>80°C for 30 minutes whereby a brown solution was obtained. TLC
analysis (PE:EA=10:1) showed the reaction completed. The solution was allowed to cool then
poured onto ice/water, neutralized by a portionwise addition of solid NaHCO; and extracted with
ethyl acetate (150 mLx3), and then washed with ag. NaHCO; (5%, 50 mL). The organic layer was
dried over anhydrous sodium sulfate, filtered and concentrated to give brown solid. The crude
product was purified by flash chromatography on silica gel with petroleum ether/EtOAc (5:1—2:1)
to give XIII-3 as yellow solid (14 g, 87% yield). MS (ESI) hz/z (M+H)" 284.7. '
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"To a solution of vinyl magnesium bromide (66 mL, 66 mmol, 3.4 eq, 1.0 M
solution in 2-methyl tetrahydrofuran) at -70°C under nitrogen was added a solution of XIII-3 (5.5 g,
19.3 mmol, 1 eq.) in 120 mL of dry tetrahydrofuran, dropwise over 45 min. After 30 min at -70°C
TLC analysis (PE:EA=3:1) showed the starting material was consumed completély. The reaction
was quenched with saturated ammonium chloride (50 mL). The'mixture was extracted with ethyl
acetate (150 mLx3). The combined organic layers was washed with brine, dried over anhydrous
sodium sulfate, filtered and concentrated to give a brown oil. It was purified by flash
chromatography on silica gel with petroleum ether/EtOAc (5:1—-2:1) to give XIII-4 (0.5 g, 9%
yield). MS (ESI) m/z (M+H)" 278.8.

A flask was charged with XIII-4 (450 mg, 1.6 mmol, leq), NaOMe (864 mg, 16
mmol, 10 eq.) and 8 mL of DMF. The mixture was heated at 130°C for 18 hrs. LCMS analysis
showed the reaction completed. The reaction mixture was cooled down to rt, diluted with water,
extracted with ethyl acetated (50 mLx3). The combined organic léyer was washed with brine, dried
over anhydrous sodium sulfate, filtered and concentrated to yield XIII-5 (0.2 g, 46% yield). MS
(ESI) m/z (M+H)" 274.8. '

XIII-7 was prepared following the similar procedure for obtaining Compound 42
using 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (XIII-6) in replace of
XI-7. (150 mg, 51% yield). MS (ESI) m/z (M+H)" 228.9.

o To a solution of XIII-7 (100 fng, 0.44 mmol, 1 eq.) in DMF (5 mL) was added
NaH (60% in mineral oil, 35 mg, 0.88 mmol, 2 eq.). After stirring for 30 min, Mel (75 mg, 0.53
mmol, 1.2 eq.) was added. The mixture was stirred af rt. for 2 hrs. And then it was slowly quenched
with water, extracted with EtOAc (30 mLx3). The combined organic layer was washed with brine,
dried over anhydrous Na,SO4 and concentrated. The residue was purified by prep-TLC (PE/EA
=1:2) to afford XIII-8 (90 mg, 85% yield). MS (ESI) m/z (M+H)"243.0.

A mixture of XII-8 (90 mg, 0.374 mmol) in 10 mL ag.HBr (48%) was heated to
reflux overnight. After being cooled to rt, the mixture was neutralized by addition of saturated aq.
NaHCOs, extracted with DCM/i-PrOH (30 mLx3, v/v=9/1). The combined organic layer was
washed with brine, dried over anhydrous Na;SO,4 and concentrated to afford crude XIII-9 (70 mg,
82% yield). MS (ESI) m/z (M+H)* 229.0.

Compound 48 was prepared following the similar pfocedure for obtaining XTI-7.
(51.9 mg, 43% yield). '"H NMR (CDCl,, 3_()0MHz): 3 7.63 (s, 1H), 7.53 (s, 1H), 7.42 (d, /= 8.7 Hz,
2H), 7.27 (dl, J=8.7 HZ, 2H), 7.03 (d, J = 3.0 Hz, 1H), 6.95 (s, 1H), 6.39 (d, J= 3 Hz, 1H), 4.10 (s,
3H), 3.90 (s, 3H). MS (ESI) m/z (M+H)" 388.9.
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Compound 49 was prepared following the similar proceduré for obtaining
Compound 48 using 1-propenylmagnesium bromide in place of vinyl magnesium bromide and (4-
fluorophenyl)boronic acid in place of XIII-6. "H NMR (CDCl;, 300MHz) 6 7.43 (d, J = 8.7 Hz,
2H), 7.32-7.29 (m, 4H); 7.02 (t, J = 8.4 Hz, 2H), 6.77 (s, 1H), 6.71 (s, 1H), 4.08 (s, 3H), 1.69 (s,
3H). MS (ESI) m/z (M+H)" 416.9.

B(OH),

' NH F = F . Pdy(dba)s, KOH, Ly
N Xill-6a NH 1) NaH, DMF \ '
| » | N —_— N Bn dioxane/H;0,
o
“NT Cl Pd(dppf)Cla, KoCO3 N e 2) BnBr | ) reflux
Xin-4 DME/H,0, reflux N e O
Xlil-7a Xili-8a L= Q

F. . F F. _
B(OH), == y = \
A - NH ~
N-g I l Mel, Cs;CO3
N ook N0 KOt-Bu, DMSO Ny ——— N So
| — " - - DMF, t
O Cu(OAc),, Py, PyNO, THF, O,
4AMS, DCM, O,
Compound 590
OCF4 OCF,4 OCF3
Compound 392 Compound 591 Compound 592

XIII-7a was prepared following the similar procedure for obtaining Compound
42. MS (ESI) m/z (M+H)" 246.9.

| To a solution of XIII-7a (400 mg, 1.63 mmol, 1 eq.) in 10 mL of DMF was added
NaH (60% dispersion in mineral oil, 98 mg, 2.44 mmol, 1.5 eq.) at 0°C. The mixture was stirred at
0°C for 30min. After that, BnBr (417 mg, 2.44 mmol, 1.5 eq.) was added into the flask. The
resulting mixture was stirred for 16hrs at rt. TLC (PE/ EA=5/1) analysis showed the reaction
completed. The mixture was diluted with water, extracted with EtOA (50 mLx3). The combined
organic layer was washed with brine, dried over Na,SO;, filtered and concentrated to give a yellow
oil. Purification by column chromatography on silica gel (PE/EA=5/1) afford XIII-8a (250 mg, 46%

yield). MS (ESI) m/z (M+H)" 336.9. |
| A flask was charged with XIII-8a (250 mg, 0.74 mmol, 1 eq.), KOH (499 mg, 8.9
mmol, 12 eq.), L; (97 mg, 0.23 mmol, 0.3 eq.), 10 mL of dioxane and 10 mL of H,O. Th¢ flask was
flushed with nitrogen, and then Pdy(dba); (37 mg, 0.04 mmol, 0.05 eq.) was added. The mixture was
flushed with nitrogen again, and heated to reflux for 10 hrs. LCMS analysis showed the reaction
completed. The mixture was cooled down to rt, diluted with water (20 mL), extracted with ethy!

acetate (50 mLx3). The combined organic layer was washed with brine, dried over anhydrous
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sodium sulfate, filtered and concentrated. Purification by prep-TLC (PE/EA=1/1) gave Compound
590 (200 mg, 85% yield). MS (ESI) m/z (M+H)" 318.9.

Compouhd 392 was prepared by Suzuki Coupling of Compound 590 with XIII-
10 following the similar procedure for obtaining Compound 48 (19% yield). '"H NMR (CDCl,,
400MHz) & 7.53-7.50 (m, 4H), 7.36-7.27 (m, 7H), 7.19 (d, J =2.8 Hz, 1H), 7.14 (t, J = 8.4 Hz, 2H),
7.01 (s, 1H), 6.46 (d, J = 2.8 Hz, 1H), 5.86 (s, 2H). MS (ESI) m/z (M+H)" 479.1.

To a solution of Compound 392 (220 mg, 0.51 mmol, 1 eq) and DMSO (400 mg,
5.14 mmol, 10 eq) in 20 mL of THF was added KO#-Bu (1.15 g, 10.28 mmol, 20 eq) at 0°C. The
mixture was stirred for 18h at rt under oxygen. The reaction was quenched with water, extracted
with EtOAc. The éombined organic layer was washed with brine, dried over anhydrous sodium
sulfate, filtrated and concentrated. Purification by prep-TLC (PE: EA=1:1) gave Compound 591 as
a white solid (140 mg, 70% yield). "H NMR (DMSO-da, 400MHz) 6 12.37 (s, 1H), 7.69-7.65 (m,
4H), 7.51 (d, J=8.4 Hz, 2H), 7.44 (t, J=2.8 Hz, 1H), 7.29-7.25 (m, 3H), 6.48 (t, /=2.4 Hz, 1H). MS
(ESI) m/z (M+H)" 388.9. | .

To a solution of.Compound 591 (200 mg, 0.52 mmol, 1 eq) in 5 mL of DMF was
added Cs,CO; (336 mg, 1.03 mmol, 2 eq) at rt. The mixture was stirred for 30miﬁ. Mel (146 mg,
1.03 mmol, 2 eq) was added into the flask. The mixture was stirred for 18h at rt. The mixture was
diluted with water, extracted with EtOAc. The combined organic layer was washed with brine, dried
over Na,SQOy, filtered and concenfrated to give yellow solid. Purification by prep-TLC (PE:EA=1:1)
gave Compound 592 as a light yellow solid (90 mg, 43% yield). "HNMR (DMSO-d;, 400MHz) &
7.68-7.64 (m, 4H), 752 (d, J=8.0 Hz, 2H), 7.48 (d, J=2.8 Hz, 1H), 7.31-7.26 (m, 3H), 6.42 (d, J=2.8
Hz, 1H), 4.11 (s, 3H). MS (ESI) m/z (M+H)" 403.1. ‘

| Compound 394 was prepared following the similar procedure for obtaining

Compound 392 and using 4-bromo-7-chloro-1H-pyrrolo[2,3-c]pyridine in place of XIII-4, XIII-6 in
place of XIII-6a, and methyl iodide in place of BnBr. '"H NMR (CDCls, 400MHz) § 7.70 (s, 1H),
7.60 (s, 1H), 7.49 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.10 (d, J=2.8 Hz, 1H), 7.02 (s, 1H),
6.46 (d, J=2.8 Hz, 1H), 4.20 (s, 3H), 3.97 (s, 3H). MS (ESI) m/z (M+H)" 389.0. |
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Compound 593 was prepared following the similar procedure for obtaining
Compound 48 using XIII-4b in place of XIII-4. The ethylation by EtI and treatment with NaOMe
were conducte following the similar procedure described in the synthesis of Compound 592 and

5 XIII-5. After HBr hydrolysis, XIII-7b was subject to two Suzuki-Coupling reacions to afford
Compound 593 as a white solid. "H NMR (DMSO-ds, 400 MHz) ¢ 12.94 (s, 1H), 8.05~7.98 (m,
2H), 7.63~7.61 (m, 2H), 7.52~7.49 (m, 3H), 7.38 (s, 1H), 6.61 (d, J=2.‘4 Hz, 1H), 4.51 .(q, J=1.2 Hz,
2H), 1.33 (t, J=7.2 Hz, 3H). MS (ESI) m/z (M+H)" 389.1.

HCi salt compound 593a: "H NMR (DMSO-d;, 400 MHz) 6 8.01 (s, 2H), 7.62 (d,

10 J=8.8 Hz, 2H), 7.98 (s, 1H), 7.53~7.50 (m, 3H), 7.38 (s, 1H), 6.61 (d, J/=8.8 Hz, 1H), 4.51 (q, J=7.2
Hz, 2H), 1.33 (t, J/=7.2 Hz, 3H). MS (ESI) m/z [M+H]" 389.1.

Compound 595 was obtained by Suzuki-Coupling of XIII-4b with XIII-6a,
followed by dechlorination following the same procedure described above in the dechlorinatioﬁ of
XIII-8a. '"H NMR (CDCls, 400 MHz) 6 11.18 (s, 1H), 7.52~7.49 (m, 2H), 7.16~7.11 (m, 3H), 6.97

15 (s, 1H), 6.41 (d, J=3.2 Hz, 1H), 4.66 (q, J=12 Hz, 2H), 1.52 (t, /= 7.2 Hz, 3H). MS (ESI) m/z
(M+H)" 257.1. - .

Compound 594 was obtained by Suzuki Coupling of Compound 595 with XIII-
10 following the same procedure for obtaining Compound 48. 'H NMR (CDCl;, 400 MHz) ¢
7.54~1.51 (m, 2H), 7.35 (d, J/=8.4 Hz, 1H), 7.18~7.12 (m, 3H), 7.00 (s, 1H), 6.42 (d, /=2.4 Hz, IIH),

20 4.62(q,J=7.2 Hz, 2H), 1.51 (t, J=7.2 Hz, 3H). MS (ESI) m/z (M+H)" 417.2.
| | Compound 615 was obtained as a white solid by reacting Compound 593 with 2-
(2-bromoethoxy)tetrahydro-2H-pyran in the presence of CSéCO:; in DMF at 50°C, followed by
hydroxy deprotection using TsOH in MeOH at 60°C. 'H NMR (DMSO-ds, 400MHz) 6 8.12 (s,
1H), 7.83 (s, 1H), 7.64 (d, /=8.8Hz, 2H), 7.55-7.51 (m, 3H), 7.38 (s, 1H), 4.92 (t, /=5.2Hz, 1H),
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4.57 (q, J=7.2Hz, 2H), 4.16 (t, J=5.6Hz, 2H), 3.76 (q, J=4.6Hz, 2H), 1.35 (t, /=7.2Hz, . 3H). MS
(ESI) m/z (M+H)" 433.0.

"Compound 59'6 was prepared by following the similar procedure for the

preparation of Compound 48. 'H NMR (DMSO-ds, 400 MHz) & 8.13 (s, 1H), 7.82 (s, 1H),

7.66~7.62 (m, 3H), 7.53~7.51 (m, 2H), 7.40 (s, 1H), 7.31~7.25 (m, 5H) 6.68 (d, /=2.8 Hz, 1H), 5.77

(s, 2H), 3.87 (s, 3H). MS (ESI) m/z (M+H)" 465.1.

HCl salt compound 596a: '"H NMR (DMSO-ds, 400 MHz) § 8.11 (s, 1H), 7.80 (s,
1H), 7.64~7.60 (m, 3H), 7.51~7.49 (m, 3H), 7.39 (s, 1H), 7.31~7.22 (m, 5H), 6.66 (d, /= 2.8 Hz,
1H), 5.76 (s, 2H), 3.85 (s, 3H). MS (ESI) m/; (M+H)+ 465.1. |

Compound 614 was obtained by amino deprotection of Compound 596 using
KOBu, followed by reactidn with 2-(2-bromoethoxy)tetrahydro-2H-pyran in the presence of Cs;COs
in DMF, then hydroxy deprotection using TsOH in MeOH. 'H NMR (DMSO-dj, 400MHz) 3 8.12
(s, 1H), 7.82 (s, 1H), 7.63 (d, J= 6.8Hz, 2H), 7.52 (d, J= 8.4Hz, 2H), 7.47 (s, 1H), 7.38 (s, 1H), 6.60
(d, /=2.8Hz, 1H), 4.54 (t, J=6.0Hz, 2H), 3.87 (s, 3H), 3.70 (t, J=5.6Hz, 2H). MS (ESI) m/z (M+H)‘+
419.1. ' |

Compound 597 was prepared by }following the similar procedure for the
preparation of Compound 48 using (4-cyanophenyl)boronic acid in place of XIII-10. 'H NMR
(DMSO-dg, 400 MHz) 6 8.11 (s, 1H), 7.99 (d, /=38.5 Hz, 2H), 7.80 (s, 1H), 7.72 (d, J= 8.5 Hz, 2H),
7.46 (d, J= 2.8 Hz, 1H), 7.35 (s, 1H), 6.60 (d, J = 2.8 Hz, 1H), 4.07 (s, 3H), 3.85 (s, 3H). |

HCI salt compound 597a: TH NMR (DMSO-dg, 400 MHz) 6 8.13 (s, 1H), 8.01 (d,
J=17.5Hz, 2H), 7.78 (m, 3H), 7.48 (s, 1H), 7.37 (s, 1H), 6.62 (s, 1H), 4.09 (s, 3H), 3.86 (s, 3H).

Compound 600 was prepared by following the simiiar procedure for the
preparation of Compound 597 using the Boc-protected boronic ester in place of XIII-6. '"H NMR
(DMSO-ds, 400 MHz) 6 12.95 (s, 1H), 8.13 (s, 1H), 7.99 (d, J = 8.4 Hz, 2H), 7.87 (s, 1H), 7.73 (d, J
=84 HZ, 2H), 7.45 (d, J = 2.8 Hz, 1H), 7.37 (s, 1H), 6.61 (d, J = 2.8 Hz, 1H), 4.08 (s, 3H).

HCl salt compound 600a: "H NMR (DMSO-d;, 400 MHz) 6 8.00 (m, 4H), 7.74
(d, /= 8.0 Hz, 2H), 7.46 (m, 1H), 7.37 (s, 1H), 6.61 (d, /= 2.4 Hz, 1H), 4.08 (s, 3H). |

| Compound 599 was obtained by Suzuki-Coupling of 4-bromo-1-methyl-1H-
pyrrolo[2,3-c]pyridin-7(6H)-one with (4-chlorophenyl)boronic acid then Suzuki-Coupling with
XIII-6, following the similar procedure described in the synthesisvof XIH-8b and Compound 593.
"H NMR (DMSO-ds, 400 MHz) 6 8.10 (s, 1H), 7.78 (s, 1H), 7.57 (m, 2H), 7.50 (m, 2H), 744 (d,J=
2.8 Hz, 1H), 7.30 (s, 1H), 6.58 (d, /= 2.8 Hz, 1H), 4.07 (s, 3H), 3.85 (s, 3H).
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- preparation of Compound 599 using the Boc-protected boronic ester in place of XIII-6. 'H NMR

(DMSO-dy, 400 MHz) 8 12.95 (s, 1H), 8.13 (s, 1H), 7.88 (s, 1H), 7.59 (m, 2H), 7.52 (m, 2H), 7.45
(d, J=2.8 Hz, 1H), 7.34 (s, 1H), 6.62 (d, /= 2.8 Hz, 1H), 4.10 (s, 3H).

HCl salt compound 598a: "H NMR (DMSO-d;s, 400 MHz) § 8.05 (d J =2 Hz,
2H), 7.56 (m, 2H), 7.50 (m, 2H), 7.44 (d, J = 2.8 Hz, 1H), 7.34 (s, 1H), 6.6 (d, /= 2.8 Hz, 1H), 4.07
(s, 3H).

Compounds 601 and 602 was prepared following the similar procedure described
in the synthesis of Compound 598 using the corresponding aromatic boronic acids. Their respective
HCI salts compounds 601a and 602a were also obtained by reacting with aq. HCI in ecetonitrile.

Compound 601: "H NMR (DMSO-d;, 400MHz) & 12.90 (s, 1H), 8.09 (s, 1H),
7.84 (s, 1H), 7.40 (d, /=2.4 Hz, 1H), 7.14 (d, J=8.0 Hz, 2H), 6.92 (d, J=2.0 Hz, 1H), 6.85 (d, J/=8.0
Hz, 1H), 6.59 (d, J/=2.8 Hz, 1H), 4.07 (m, 5H), 2.02 (s, 3H), 1.34 (t, J/=6.8 Hz, 3H). MS (ESI) m/;

 (M+H)" 349.0.

Compound 601a: '"H NMR (DMSO-ds, 400MHz)v8 8.04 (s, 2H), 7.42 (d, J=2.8
Hz, 1H), 7.15 (d, J=8.4 Hz, 2H), 6.93 (d, /=2.4 Hz, 1H), 6.85 (d, /=8.4 Hz, 1H), 6.61 (d, /=2.8 Hz,
1H), 4.09-4.05 (m, 5H), 2.04 (s, 3H), 1.35 (t, J=6.8 Hz, 3H). MS (ESI) m/z (M+H)* 348.9.

Compound 602: "H NMR (DMSO-ds, 400MHz) 8 12.94 (s, 1H), 8.13 (s, 1H),
7.89 (s, 1H), 7.62 (d, J=8.4 Hz, 2H), 7.51 (d, J=8.4 Hz, 2H), 7.45 (d, J=2.4 Hz, 1H), 7.38 (s, 1H),
6.62 (d, J=3.2 Hz, 1H), 4.09 (s, 3H).

Compound 602a: '"H NMR (DMSO-d;, 400MHz) § 8.06 (s, 2H), 7.62 (d, J=8.0
Hz, 2H), 7.51 (d, J=8.0 Hz, 2H), 7.46 (d, /=2.8 Hz, 1H), 7.40 (s, 1H), 6.62 (d, J/=2.8 Hz, 1H), 4.09
(s, 3H). MS (ESI) m/z (M+H)" 374.9.

Compound 603 was prepared by benzyl deprotection of 1-benzyl-4-bromo-6-(4-
(m'ﬂuoromethoxy)phenyl)-1H-pyrrolo[2,3A—c]py1idin-7(6H)-one to form an intermediate 4-bromo-6-
(4-(trifluoromethoxy)phenyl)-1H-pyrrolo[2,3-c]pyridin-7(6H)-one, followed by Suzuki-Coupling
with XIII-6 to afford the final product. '"H NMR (DMSO-d;, 400 MHz) & 12.29 (s, 1H), 8.14 (s,

" 1H), 7.83 (s, 1H), 7.64 (d, J~ 8.8Hz, 2H), 7.52 (d, J= 8.8Hz, 2H), 7.43 (m, 1H), 7.38 (s, 1H), 6.66

(m, 1H), 3.86 (s, 3H). MS (ESI) m/z (M+H)" 375.0.

Compound 604 was prepared by Suzuki-Coupling of 4-bromo-6-(4-
(trifluoromethoxy)phenyl)-1H-pyrrolo[2,3-¢c]pyridin-7(6H)-one ‘with XI1I-8b. "H NMR (DMSO-dj,
400 MHz) 6 12.93 (s, 1H), 12.27 (s, 1H), 8.15 (s, 1H), 7.90 (s, 1H), 7.64 (d, J= 8.4Hz, 2H), 7.52 (d,
J=84 Hz; 2H), 7.41 (d, J= 8.4 Hz, 2H), 6.67 (d,’J= 2.4 Hz, 1H). HCI salt compound 604a: H
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NMR (DMSO-ds, 400 MHz) 6 12.28 (s, 1H), 8.06 (s, 2H), 7.64 (d, J= 8.4Hz, 2H), 7.52 (d, /= 8.4
Hz, 2H), 7.42 (m, 2H), 6.67 (d, J= 2.4 Hz, 1H). MS (ESI) m/z (M+H)" 361.0.
Compound 609 was obtained by Pd/C hydrogenation of 4-bromo-6-(4-

~ (trifluoromethoxy)phenyl)-1H-pyrrolo[2,3-c]pyridin-7(6H)-one as a white solid. '"H NMR (DMSO-

ds, 400 MHz) 6 12.15 (s, 1H), 7.59-7.57 (m, 2H), 7.51-7.49 (m, 2H), 7.35 (t, /= 2.6 Hz, 1H), 7.17
(d, J=172Hz, 1H), 6.62 (d, J= 7.2 Hz, 1H), 6.37 (d, /= 2.0 Hz, 1H). MS (ESI) m/z (M+H)" 295.0.

Compound 610 ‘was obtained by ethylétion of Compound 609 using Etl in the
presence of Cs,CO; in DMF. 'H NMR (DMSO-ds, 400 MHz) 67.57-7.55 (m, 2H), 7.50-7.48 (i,
2H), 7.44 (d,J = 2.4 Hz, 1H), 7.16 (d, /= 7.2 Hz, 1H), 6.56 (d, /= 7.2 Hz, 1H), 6.33 (d, /= 2.8 Hz,
1H), 4.46 (q, J = 7.2 Hz, 2H), 1.31 (t, J= 7.2 Hz, 3H). MS (ESI) m/z (M+H)" 322.9.

Other compounds Weré also prepared using the various procedures described in
Example 5-F.
~ Compound 605; 'H NMR (CDCls, 400 MHz) 6 10.73 (s, 1H), 7.73 (s, 1H), 7.63
(s, 1H), 7.50 (d, J=8.4 Hz, 2H), 7.44 (d, /=8.4 Hz, 2H), 732(s 1H), 7.08 (s, 1H), 657(d J=2.4 Hz,
1H) , 3.98 (s, 3H). MS (ESI) m/z (M+H)" 324.9. ,

Compound 606: '"H NMR (DMSO-d;, 400 MHz) & 12.95 (s, 1H), 12.28 (s, 1H),
8.15 (s, 1H), 7.90 (s; 1H), 7.61~7.54 (m, 4H), 7.43 (s, 1H), 7.37 (s, 1H), 6.68 (d, J =2.0 Hz, 1H).
HCl salt: MS (EST) m/z (M+H)* 310.9. | |

Compound 607: '"H NMR (DMSO-ds, 400 MHz) 6 12.93 (s, 1H), 12.21 (s, 1H),
8.13~7.89 (m, 2H), 7.42{7.4‘1 (m, 1H), 7.20~7.18 (m, 2H), 6.96~6.86 (m, 2H), 6.68 (d, J= 2.4 Hz,
1H), 4.08 (q, J =6.8 Hz, 2H), 2.04 (s, 3H), 1.36 (t, J =6.8 Hz, 3H). MS (ESI) m/z (M+H)" 334.9.

| Compound 608: 'H NMR (DMSO-ds, 400 MHz) 6 12.37 (s, 1H), 8.07~8.02 (m,

4H), 7.78 (d, J= 8.8 Hz, 2H), 7.45 (d, J= 8.8 Hz, 2H), 6.70 (d, /= 2.4 Hz, 1H). MS (ESI) m/z
(M+H)"* 301.9. o S

Compouhd 611: "H NMR (DMSO-ds, 400 MHz) 6 10.97 (s, 1H), 8.01 (s, 1H),
7.71 (s, 1H), 7.41 (s, 1H),698 (s, 1H), 6.50 (d, /= 2.8 Hz, lH) 4.51 (q, J = 6.8 Hz, 2H), 385 (s,
3H), 1.33 (t, J = 6.8 Hz, 3H). MS (ESI) m/z (M+H)" 242.9. o

Compound 612: "H NMR (DMSO-d, 400 MHz) 6 12.08 (s, 1H), 11.03 (s, 1H),
8.06 (s, 1H), 7.76 (s, 1H), 7.35 (s, 1H), 7.05 (d, J = 5.6 Hz, iH), 6.58 (d, J = 2.8 Hz, 1H), 3.87 (s,
3H). MS (ESI) m/z [M+H]" 215.0.

Compound 613: "H NMR (DMSO-ds, 400 MHz) 6 12. 91 (s, 1H), 11.00 (d, J =
3.6 Hz, 1H), 8.05 (s, 1H), 7.81 (s, 1H), 7.43 (d, J= 2.8 Hz, 1H), 7.03 (d, /= 5.2 Hz, 1H), 6.53 (d, J =
2.8 Hz, 1H), 4.54 (q, J= 7.2 Hz, 2H), 1.36 (t, /= 7.2 Hz, 3H). MS (ESI) m/z [M+H]" 229.1.
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Compound 616: 'H NMR (DMSO-d;, 400 MHZ) 5 12.93 (s, 1H), 12.08 (s, 1H),
11.05 (s, 1H), 7.96 (brs, 2H), 7.35 (d, J = 2.8 Hz, 1H), 7.07 (s, 1H), 6.60 (d, J = 2.8 Hz, 1H). MS
(ESI) m/z [M+H]" 201.1. |

Compound 647 was prepared following the similar procedure described in the
synthesis of compound 593 using benzyl bromide in place‘of’ ethyl bromide in the reaction with
XIII-4b. After Suzuki-Coupling with XIII-10, benzyl was replaced by isopropyl by reaction with
KOBu followed by isopropyl iodide. A second Suzuki-Coupling with 1-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole affored the final product. '"H NMR (DMSO-ds,

400 MHz) 5 8.13 (s, 1H), 7.81 (s, 1H), 7.72 (d, J=3.2 Hz, 1H), 7.63 (d, J=8.8 Hz, 2H), 7.52 (d, J=8.8

Hz, 2H), 7.38 (s, 1H), 6.67 (d, J/=3.2 Hz, 1H), 5.77-5.70 (m, 1H), 3.88 (s, 3H), 1.44 (d, J=6.8 Hz,
6H). MS (ESI) m/z (M+H)' 417.1. '

Compound 648 was prepared following the similar procedure described in the
synthesis of Compound 647 using the Boc-protected boronic ester in the last 'coupling reaction. 'H
NMR (DMSO-ds, 400 MHz) 6 12.96 (s, 1H), 8.14 (s, 1H), 7.89 (s, 1H), 7.71 (d, /=3.2 Hz, 1H), 7.64
(d, /=8.8 Hz, 2H), 7.52 (d, J/=8.8 Hz, 2H), 7.39 (s, 1H), 6.67 (d, /=3.2 Hz, 1H), 5.77-5.71 (m, 1H),
1.44 (d, J/=6.8 Hz, 6H). MS (ESI) m/z (M+H)" 403.1.

Compounds 649 and 650 were prepared by Suzuki-Coupling of 4-bromo-6-(4-
(trifluoromethoxy)phenyl)-1H-pyrrolo[2,3-c]pyridin-7(6H)-one with cyclopropylboronic acid then a
second Suzuki Coupling with the corresponding boronic esters. Compound 649: "H NMR (DM’SO-
ds, 400 MHz) 6 8.12 (s, 1H), 7.81 (s, 1H), 7.64 (d, /=8.8 Hz, 2H), 7.53 (d, J/=8.8 Hz, 2H), 7.46 (d,
J=2.8 Hz, 1H), 7.38 (s,' 1H), 6.57 (d, J=2.8 Hz, 1H), 4.20-4.15 (m, 1H), 3.86 (s, 3H), 1.07-0.96 (m,
4H). MS (ESI) m/z (M+H)" 415.0. Compound 650: "H NMR (DMSO-ds, 400 MHz) 6 12.95 (brs,
1H); 8.13 (s, 1H), 7.88 v(s, 1H), 7.64 (d, /=8.8 Hz, 2H), 7.52 (d, J=8.8 Hz, 2H), 7.38 (d, /=3.6 Hz,
1H), 7.40 (s, 1H), 6.58 (d, /=3.6 Hz, 1H), 4.19-4.14 (m, 1H), 1.03-0.97 (m, 4H). MS (ESI) m/z
(M+H)" 401.1. '

Compounds 651 and 654 were prepared by reacting 4-bromo-6-(4-

(trifluoromethoxy)phenyl)-1H-pyrrolo[2,3-c]pyridin-7(6H)-one with 1-chloro-2-methoxyethane in
the presence of Cs,CO; in DMF, followed by Suzuki-Coupling with the corresponding boronic
esters. Compound 651: "H NMR (DMSO-ds, 400 MHz) 6 8.13 (s, 1H), 7.82 (s; 1H), 7.64 (d, J=8.8
Hz, 2H), 7.53 (d, J/=8.8 Hz, 2H), 7.50 (d, /=3.2 Hz, lH), 7.39 (s, 1H), 6.61 (d, J=3.2 Hz, 1H), 4.66
(t, J=5.6 Hz, 2H), 3.88 (s, 3H), 3.66 (t, J=5.6 Hz, 2H), 3.23 (s, 3H). MS (ESI) m/z (M+H)" 433.1.
Compound 654: '"H NMR (DMSO-ds, 300 MHZ) 0 12.96 (brs, iH),' 8.03 (brs, 2H), 7.63 (d, J=9.0
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Hz, 2H), 7.51 (d, J=3.0 Hz, 1H), 7.49 (d, J=9.0 Hz, 2H), 7.41 (s, 1H), 6.61 (d,' J=3.0 Hz, 1H), 4.66
(t, J=5.4 Hz, 2H), 3.65 (t, J=5.4 Hz, 2H), 3.23 (s, 3H). MS (ESI) m/z (M+H)" 419.1.

Compounds 652 | and 653 were prepared by reacting 4-bromo-6-(4-
(trifluoromethoxy)phenyl)- 1H-pyrrolo[2,3-c]pyridin-7(6H)-one with 1-bromo-2-fluoroethane in the

‘presence of Cs;CO; in DMF, followed by Suzuki-Coupling with the corresponding boronic esters.

Compound 652: '"H NMR (DMSO-d, 400 MHz) 6 12.96 (brs, 1H), 8.03 (brs, 2H), 7.64 (d, J=8.4
Hz, 2H), 7.53 (d, /=2.8 Hz, 1H), 7.52 (d, J=8.8 Hz, 2H), 7.44 (s, 1H), 6.66 (d, J/=2.8 Hz, 1H), 4.85-
4.75 (m, 3H), 4.69 (m, 1H). MS (ESI) m/z (M+H)" 407.1. Compound 653: 'H NMR (DMSO-dg,
400 MHz) ¢ 8.14 (s, 1H), 7.83 (s, 1H), 7.64 (d, J=8.8 Hz, 2H), 7.53 (d, J=2.8 Hz, 1H), 7.52 (d, J=8.8
Hz, 2H), 7.42 (s, 1H), 6.65 (d, J=2.8 Hz, 1H), 4.84-4.77 (m, 3H), 4.69 (m, 1H), 3.87 (s, 3H). MS
(EST) m/z M+H) 4211, '

Compound 655 was prepared following the similar procedure described in the
synthesis of compound 593 where 1-(difluoromethoxy)-4-iodobenzene was used in place of XIII-10,
and Cul, Cs;COs3, and 8-hydroxyquinoline in DMSO/dioxane used as the reaction catalysts. The
reaction mixture was purged with N, and stirred at 110°C ovemight. In the last step coupling
reaction, Pd-118 and K3PO, were used in place of Pd(dppf)Cl, and K,CO:s. "H NMR (DMSO-dj,
400 MHz) 6 8.10 (s, 1H), 7.79 (s, 1H), 7.54-7.51 (m, 3H), 7.32-7.14 (m, 4H), 6.59 (d, /=2.8Hz, 1H),
4.51 (q, J=7.2Hz, 2H), 3.85 (s, 3H), 1.33 (t, J=7.2Hz, 3H).

Compound 691 was prepared following the similar procedure described in the
synthesis of Compound 593 using 4-bromo-1-(2-ethoxyethyl)-6-(4-(trifluoromethoxy)phenyl)-1H-
pyrrolo[2,3-c]pyridin-7(6H)-one in place of XIII-8b. '"H NMR (CDCls;, 400 MHz) & 7.83 (br. s.,
2H), 7.51 (d, J=8.5 Hz, 2H), 7.36 (d, J/=8.5 Hz, 2H), 7.29 (d, J=2.5 Hz, 1H), 7.08 (s, 1H), 6.47 (d,
J=2.3 Hz, 1H), 4.76 (t, J=4.9 Hz, 2H), 3.81 (t, J=4.9 Hz, 2H), 3.45 (q, J/=6.9 Hz, 2H), 1.15 (t, /=6.9
Hz, 3H). MS (ESI) m/z (M+H)" 433.1.

Compound 692 was prepared following the similar procedure described in thé
synthesis of Compound 593 using 4-bromo-1-(2-isopropoxyethyl)-6-(4-(trifluoromethoxy)phenyl)-
1H-pyrrolo[2,3-c]pyridin-7(6H)-one in pléce of XIII-8b. 'H NMR (CDCls, 400 MHz) & 7.85 (br.s.,

2H), 7.52 (d, J=8.4 Hz, 2H), 7.36 (d, J=8.4 Hz, 2H), 7.31 (d, J=2.4 Hz, 1H), 7.08 (s, 1H), 6.46 (d,

J=2.4 Hz, 1H), 4.74 (t, ]=4.8 Hz, 2H), 3.79 (t, ]=4.8 Hz, 2H), 3.52~3.45 (m, 1H),1.09 (d, ]=6.0 Hz,
6H). |

. Compound 693 was prepared by the Suzuki-coupling of 4-bromo-6-(4- ‘
| (trifluoromethoxy)phenyl)-2,3-dihydro-1H-pyrrolo[2,3-c]pyridin-7(6H)-one ~ with  1-methyl-4-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole  catalyzed by Pd-118/K;PO4 - in
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dioxane/H,0 mixture; followed by reaction with acetyl chloride to afford the final product. 'H
NMR (CDCls, 400 MHz) & 7.53 (s, 1H), 7.49-7.45 (m, 2H), 7.42 (s, 1H), 7.40 - 7.34 (m, 2H), 7.28
(s, 1H), 4.28 (t, J=8.2 Hz, 2H),3.95 (s, 3H), 3.04 (t, J=8.2 Hz, 2H), 2.36 (s, 3H).

BoczO N‘Boc H2 Pd/C N\Boc HCI- Meoﬁ
- DMAP, DCM MeOH 70°C

Xill-7 Xill-11 xm 12

: B(OH), N;N \
' A ' N N-Boc
\ _ : \ © - | X ‘
IN ' 7/ .
N \H OCF,4

N
Boc,0, DMAP N, | - N o
\ N oc > N Ny Boc Xi-10
N

_ lNi 0 DCM,0,
X.III-1 3 Xli-14 OCF,
5 Compound 690

XII-7 (2.5 g, 11 mmol) was dissolved in DCM (20 mL), then DMAP (98 mg,
0.66 mmol) and Boc,0 (2.87 g, 13 mmol) was added. The mixture was stirred at 25°C for 1h, then
the solvent was removed in vacuo to give XIII-11 (3.3 g, yield 91.6%)). |

XIII-11 (4 g, 12.2 mmol) was dissolved in MeOH (40 mL), then Pd/C (400 mg,

10 10%) vs}as added. The mixture was purged with hydrogen for three times and then stirreded at 70°C

for 40h. Then the solvent was removed in vacuo to give XIII-12 (3.1 g, yield 77%) as a white solid.

XI1I-12 (3. 3 g, 10.3 mmol) was dissolved in HCI-MeOH (4 M, 30 mL). The
mixture was stirreded at 70°C for 2h. Then the solvent was removed in vacuo to give XIII-13 (2.1 g,
yield 97%) as a white solid.

15 ' XIII-13 (1.5 g, 6.9 mmol) was dissolved in sat. ag. NaHCO3 (20 mL) and
MeOH/H,0 (v/v=1/1, 20 mL), then DMAP (102 mg, 0.69 mmol) and Boc,0 (2.27 g, 1.0 mmol) was
added. The mixture was stirred at 25°C for 48h. Then the mixture was extracted with EA, the
combined organic phase was dried over anhydrous Na;SOs,, filtered, concentrated in vacuo to afford
a yellowish solid. The crude product was purified to give XIII-14 (380 mg, 16.8%) as a white solid.

20 XIII-14 was reacted with XIII-10 following the standard. procedure described
herein to give Compound 690 (230 mg, 41.7%) as a white solid. "HNMR (CDCl;, 400 MHz) ¢ 7.51
(s, 1H), 7.44 (d, /=8.5 Hz, 2H), 7.39 (s, 1H), 7.32 (d, /=8.5 Hz, 2H), 7.20 (s, lHj, 4.11 (t, /=8.3Hz,
2H), 3.93 (s, 3H), 3.05 (t, /=8.3 Hz, 2H), 1.52 (s, 9H). MS (ESI) m/z (M+H)" 477.2.
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Example 5-G
Synthesns of Compounds 50-53 (Scheme XIV)

cl OH OH
NO, POCI NO, NaOAc NO NO
ﬁ reflux3 f I DMF, 120°C f I 2 DI\N/I:O::I:’C' ~ | )
OH N7l Nl ' SN N7
Xiv-1 XIV-2 XIV-3 Xiv-4
HO Ny O AN
~ OH : S 0~ “COOEt Fo/HOA
Bry . Bra A | NO, XIV-6 Br | A\ NO: erne
0,
H0 ‘ PPhs, DIAD, THF 80°C
SN o * N N0
_ XIV-5 XIvV-7
o] 0
O/Y O/Y O/YO
Br. NH 1) NaH, DMF Br- N aq. HBr, EtOH Br N
| N —_— - | XY’ “Bn —_—_— , | Xr” “Bn
2) BnBr
> reflux :
N o N o~ N"So
XIv-8 .
XIv-9 : v XIV-10
o) ' O
. 0 ) o}
B(OH), Br /\rf . Ar. /\N(
© | XY “Bn Y Ny “Bn
N : N
der, 0 ArB(OR), 0
'Cu(OAc),, Py, PyNO Pd(dppf)Clo, KoCO3,
4A MS, O,, DCM DME/H-0, reflux XIV-14
OCF OCF,
XIV-12
o 0
NH Ar N
N ‘ N ~
H,, PIC 1)NaH DMF N
—_—_—
EtOH i 2) Mel
' } OCF3 OCF,4
XIv-18 XIV-16
5 XIV-1 (10 g, 64.1 mmol) was added into POCI; (20 mL), the reaction mixture

was heated at reflux for 2 hrs. The mixture was cooled to rt and poured into saturated aqueous
Na,COs, the mixture was extracted with EtOAc. The combined organic phase was dried over
Na;SO,, and concentrated under reduced pressure. The residue was purified by column
chromatography (PE:EA=10:1) to afford XIV-2 as a pale yellow solid (10 g, 83% yield). '"HNMR

10  (CDCls, 300MHz) 6 8.45 (d, /= 5.4 Hz, 1 H), 7.48 (d, /= 5.4 Hz, 1H).
To a solution of XIV-2 (10 g, 52.1 mmol) in DMF (60 mL) was added NaOAc
(10.3 g, 125 mmol), the feaction mixture was stirred at 120°C for 3 hrs. The mixture was cooled to rt

and poured into water, extracted with EtOAc. Combined brganic phase was washed with brine and
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concentrated under vacuum to afford the crude product. The residue was purified by column

chromatography (PE:EA=1:1) to afford XIV-3 as a pale yellow solid (5.4 g, 60% yield). 'THNMR

(CD;0D, 300MHz) 6 8.14 (d, J=6.0 Hz, 1H), 6.98 (d, /=6.0Hz, 1H).

To a solution of XIV-3 (5.4 g, 31.03 mmol) in DMF (30 mL) was added NaOMe
(8.4 g, 155.17 mmol), the reaction mixture was stirred at 80°C for 10 hrs. The mixture was cooled to
rt and poured into water, extracted with EtOAc. Combined organic phase was washed with brine and
concentrated under vacuum to afford the crude product. The residue was purified by column
chromatography (PE:EA=1:1) to afford XIV-4 as a pale yellow solid (4.5 g, 85% yield). '"HNMR
(CDCl3, 300MHz) § 11.48 (brs, 1H), 8.10 (d, /= 5.7 Hz, 1H), 6.71 (d, J= 5.7 Hz, 1H), 4.11 (s, 3H).

To a suspension of XIV-4 (4.5 g, 26.47 mmol) in water (30 mL) were added drop
wise Br; (5.3 g, 33.35 mmol) at rt, the reaction mixture was stirred for 30 min then heated at 50°C
for 1h. After cooling to rt, the mixture was filtered, washed with water and dried under vacuum to
yield XIV-5 as a pale yellow solid. (3.0 g, 46% yield). '"HNMR (CDCl;, 400MHz) & 8.29 (s, 1H),
4.08 (s, 3H).

A flask was charged with XIV-5 (2.49 g, 10 mmol, 1 eq.), XIV-6 (1.25 g, 12
mmol, 1.2 eq.), PPh; (3.14 g, 12 mmol, 1.2 eq.) and 30 mL of anhydrous THF, flushed with nitrogen
for three times. DIAD (2.42 g, 12 mmol, 1.2 eq.) was added drop wise into the mixture at 0°C. After
that, the mixture was warme_d to rt and stirred for another 16 hrs. TLC (PE:EA=5:1) analysis showed
the reaction completed. The mixture was diluted with water, extracted with EtOAc (100 mLx3). The
combined organic layer was washed with brine, dried over Na;SO,, filtered and concentrated to give
a yellow oil. Purification by column chromatography gave XIV-7 (3 g, yield 89%). '"H NMR
(CDCl3, 300MHz): 8 8.33 (s, 1H), 4.82 (s, 2H), 4.27 (q, /= 7.2 Hz, 2 H), 4.02 (s, 3H), 130 (¢t, J=
7.2 Hz, 3H). '

A flask was charged with XIV-7 (3 g, 8.96 mmol, 1 eq.), Fe powder (2 g, 35.82
mmol, 4 eq.) and 40 mL of AcOH. The mixture was heated at 80°C for 3 hrs. TLC (PE:EA=3:1)
analysis showed the reaction completed. The mixture was cooled down to rt, adjusted pH=7-8 with

saturated aq. K3POs, extracted with EtOA (100 mLx3). The combined organic layer was washed

with brine, dried over Na,SO,, filtered and concentrated to give a yellow oil. Purification by column

chromatography gave XIV-8 (1.5 g, 65% yield). MS (ESI) m/z (M+H)" 260.8

‘To a solution of XIV-8 (1 g, 3.86 mmol, 1 eq.) in 15 mL of DMF was added NaH
(60%, 185 mg, 4.63 mmol, 1.2 eq.) at 0°C. The mixture was stirred at 0°C for 30 min. After that,
BnBr (792 mg, 4.63 mmol, 1.2 eq.) was added. The resulting mixture was stirred for 16 hrs at 1t.
TLC (PE:EA=3:1) analysis showed the reaction completed. The mixture was diluted with water,

-186-

......



10

15

20

25

30

extracted with EtOA (80 mLx3). The combined organic layer was washed with brine, dried over
Na,S0q, filtered and concentrated to give yellow oil. Purification by column chromatography gave
XIV-9 (1.2 g, 89% yield). MS (ESI) m/z (M+H)" 350.9. |

| To a solution of XIV-9 (50 mg, 0.14 mmol, 1 eq.) in 6 mL of EtOH was added 1
mL of ag. HBr (40%). The mixture was heated at 100°C for 1 h. TLC (EA) analysis showed the
reaction completed. The mixture was cooled down to rt, adjusted pH=7-8 with saturated aq.
NaHCOs, extracted with EtOA (50 mLx3). The combined organic layer was washed with brine,
dried over Na;SOy, ﬁltered'l and concentrated to give XIV-10 (45 mg, 95% yield). TH NMR (CDCl3,

' 400MHz): § 12.49 (brs, 1H), 7.26-7.22 (m; 6H), 5.64 (s, 2H), 4.73 (s, 2H).

The preparation of XIV-12 was fbllowed the generél procedure as described in
the synthesis of X-6. ' _

Compound 50 was prepared following the similar procedure for obtaining
Compound 40 using 1-methyl-4-(4,4,5,S-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole in
replace of X-7. "H NMR (CDCls, 300MHz) § 7.56 (s, 1H), 7.51 (s, 1H), 7.30-7.17 (m, 11H), 5.58
(s, 2H), 4.65 (s, 2H), 3.86 (s, 3H). MS (ESI) m/z [M+H]" 496.9.

Compound' 51 was prepared following the similar procedure for obtaining

Compound 40. "H NMR (CDCls, 300MHz) § 7.29-7.19 (m, 11H), 7.05-7.02 (m, 3H), 5.59 (s, 2H),

4.60 (s, 2H). MS (ESI) m/z [M+H]" 511.2.

Compound 52: A flask was chargéd with Compound 51 (340 mg, 0.67 mmol),
Pd/C (34 mg, 10% mol) and 10 mL of EtOH. The mixture was stirred for 30 hrs under hydrogen (50
psi). TLC (PE: EA=I1:1) analysis showed the reaction completed. The mixture was filtered; the
filtrate was concentrated to give yellow solid. Purification by prep-TLC gave Compound 52 (190
mg, 68% yield). "H NMR (CDCl;, 400MHz) § 8.07 (s, 1H), 7.49 (d, J=8.8 Hz, 2H), 7.40-7.38 (m,
4H), 7.12-7.10 (m, 3H), 4.74 (s, 2H). MS (ESI) m/; [M+H]+ 421.2.

Compound 53: To a solution of Compoimd 52 (100 mg, 0.24 mmol, 1 eq.) in 5
mL of DMF was added NaH (14 mg, 0.54 mmol, 1.5 eq.) at 0°C. The mixture was stirred at 0°C for
30 min. After that, Mel (50.7 mg, 0.54 mmol, 1.5 eq.) was added into the flask. The resulting
mixture was stirred for 16 hrs at rt. TLC (PE: EA=1:1) analysis showed the reaction completed. The
mixture was Idiluted with water, extracted with EtOAc (50 mLx3). The combined organic layer was
washed with brine, dried over Na,SO, filtered and concentrated to give yellow oil. Purification by
prep-TLC gave Compound 53 (55.5 mg, 54% yield). '"H NMR (CDCls;, 300MHz) & 7.51-7.48 (m,
2H), 7.42-137 (m, 4H), 7.22 (s, 1H), 7.16-7.13 (m, 2H), 4.63 (s, 2H), 3.61 (s, 3H).
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| To a solution of XIV-8 (200 mg, 0.77 mmol, 1 eq.) in 10 mL of DMF was added
NaH (60% dispersion in mineral oil, 60 mg, 1.16 mmol, 1.5 eq.) at 0°C. The mixture was stirred at
0°C for 30 min. After that, PMBC (181 mg, 1.16 mmol, 1.5 eq.) was added into the flask. The
resulting mixture was stirred for another 16 hrs at rt. TLC (PE/ EA=3/ l\) analysis showed the
reaction completed. The mixture was diluted with water (20 mL), extracted With EtOA (30 mLx3).
The combined organic layer was washed with brine, dried over Na;;_SO4, filtered and concentrated to
give yellow oil. Purification by prep-TLC (PE/ EA=3/1) yield XIV-9a (245 mg, 85% yield). MS
(ESI) m/z (M+H)" 379.0. .
XIV-12a was prepared folloWing the scheme illustrated above. MS (ESI) m/z
(M+H)" 526.9. |
' The mixture of XIV-12a (100 mg, 0.19 mmol) and 5 mL of TFA was heated at
80°C for 6 hrs. TLC (EA) analysis showed the reaction completed. The mixture was cooled down to
1t, most of TFA was evaporated, the residue was neutralized with saturated ag. NaHCO3, extracted
with EtOAc (50 mLx3). The combined organic layer was washed with brine, dried over Na,SO,,
filtered, concentrated to give a yellow solid. Purification by prep-TLC (EA) gave Compound 393
(72.3 mg, 93% yield). '"H NMR (CDCls, 400MHz) & 8.06 (brs, 1H), 7.67 (s, 1H), 7.63 (s, 1H), 7.48-
7.45 (m, 2H), 7.38-7.35 (m, 2H), 7.22 (s, lH),.4.81 (s, 2H), 3.95 (s, 3H). MS (ESI) m/z (M+H)"
406.9.
Compound 396 was prepared following the similar procedure for obtaining XI‘V-
12a using methyl iodide in place of PMBC. "H NMR (CDCl;, 400 MHz) § ”/.64-7.61 (m, 2H), 7.47-
745 (m, 2H), 7.39-7.37 (m, 2H), 7.31 (s, 1H), 4.67 (s, 2H); 3.95 (s, 3H), 3.58 (s, 3H). MS (ESI) m/z
[M+H]" 420.9. -
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XIV-Sb was obtained from XIV-3 in tWo steps by bromination and Suzuki-
Coupling with (4-fluorophenyl)boronic acid using the standard procedure described herein.
A solution of XIV-5b (1.5 g, 5.6 mmol) in conc. HCI/AcOH (14 mL, v/v= 1/1)
S was heated at reflux overnight. After cooling to r.t, the mixture was concentrated under reduced
pressure to give XIV-6b without further purification (1.1 g, 78% yield). .
XIV-6b (1.1 g, 4.4 mmol) was added into aq.NaOH (15 mL, 1M). Then Na,S,04
(1.5 g, 8.8 mmol) was added. The mixture was stirred at rt; under dark for 1h. After completion of
the reaction indicated by TLC (PE/EA =1:2), the mixture was acidified to pH=5~6, then extrected
10 ‘with EA. The organic layer was washed with brine, dried over Na,SO;, concentrated in vacuo to
give XIV-7b without further purification (0.8 g, 83% yield).
A mixture of XIV-7b (0.8g, 3.6 mmol) in CH;C(OEt); (10 mL) was heated at
reflux overnight. After cooling to rt, the mixture was ﬁltered, the filtrate cake was washed with
* EA/PE (1:1) to give crude XIV-8b (340 mg, 39% yield).
15 ' ~ Compound 568 was obtained by Suzuki-Coupling of XIV-8b with XIV-11 using
- standard procedure described herein. "H NMR ( Methanol-d,, 300MHz) & 7.78 (s, 1H), 7.72-7.67
(m, 2H), 7.55-7.51 (m, 2H), 7.41 (d, J =8.4 Hz, 2H), 7.16-7.10 (m, 2H), 2.59 (s, 3H).
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To a solution of XV-1 (15 g, 96.2 mmol) in AcOH (120 mL) were added Br, (16.7
g, 105.8 mmol). After addition, the reaction mixture was stirred at 70°C for 30min. Then the reaction
mixture was poured into ice-water, the resulting precipitate was collected by filtration, washed with

water and dried in reduced pressure to afford XV-2 as a yellow solid (14 g, 60% yield). 'H NMR

(DMSO-d,, 400MHz) § 7.85 (s, 1H). |

XV-2 (2 g, 8.5 mmol) was added into POCI,OPh (10 mL), and then the reaction
mixture was heated at refluxed for 2 hrs. The mixture was cooled to rt and neutralize with saturated
aq. Na2C03; the mixture was extracted with EtOAc. The combined organic phase was dried over
Na;SO4, and concentrated under reduced pressure. The residue was purified by column

chromatography (PE:EA=10:1) to afford XV-3 as a pale yellow solid. (1.5 g, 65% yield). '"HNMR
(CDCls, 300MHz) 4 8.71 (s, 1 H).
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To a solution of XV-3 (544 ing, 2 mmol) in 10 mL of DMF was added BnNH;
(268 mg, 2 mmol) at 0°C. The mixture was stirred for 18h at rt. TLC (PE: EA=5:1) analysis showed
the reaction completed. The mixture was diluted with water, extracted with EtOAc (30 mLx3). The
combiﬁed organic layer was washed with brine, dried over Na;SOs, filtered, concentrated to give
yellow oil. Purification by column chromatography gave XV-4 as a white solid (400 mg, 58% yield).
MS (ESI) m/z [M+H]" 342.2. |

To a solution of XV-4 (200 mg, 0.58 mmol, 1 eq.) in 6 mL of AcOH was added
Fe powder (131 mg, 2.34 mmol, 4 eq.). The mixture was heated at 70-80°C and stirred for 3 hrs.
TLC (PE: EA=5:1) analysis showed the reaction completed. The. mixture was cooled down to rt,
heutralized with saturated aq. K3PO4,;éxtracted with EtOAé (50 mLx3). The combined organic layer
was washed with brine, dried over Na;SQ,, filtered, concentrated to give yellow oil. Purification by
prep-TLC gave crude XV-5 (182 mg, 100% crude yield). MS (ESI) m/z (M+H)" 313.9. -

The mixture of XV-5 (1.5 g, 4.8 mmol, 1 eq) and 20 mL of formic acid was‘
heated at 100°C for 18 hrs. The reaction mixture was cooled down to rt, neutraliied with saturated

aq. KsPOs, extracted with EtOAc (100 mLx3). The combined organic layer was washed with brine,

* dried over Na,SO,, filtered, concentrated to give XV-6 (1.2 g, 82% yield). MS (ESI) m/z (M+H)"

304.0.

The preparation of XV-8 followed the similar procedure for obtaining X-6 (1.1 g,
61% yield). MS (ESI) m/z (M+H)" 465.9.
Compound 54 was prepared following the similar procedure for obtaining

Compound 40. '"H NMR (CDCl,, 300MHz) 8 7.75 (s, 1H), 7.44 (d, J = 8.1 Hz, 2H), 7.26-6.90 (m,

10H), 6.55-6.50 (m, 2H), 4.92 (s, 2H). MS (ESI) m/z (M+H)" 480.2.

Compound 55 was prepared following the similar prééedure for obtaining
Compound 40 using 1-methyl-4;(4,4,5,5-tetramethy141,3,2’-dioxaborolan—2-yl)-1H-pyrazolc in
replace of X-7. 'H NMR (CDCls, 300MHz) & 7.73 (s, 1H), 7.44-7.41 (m,,2H), 7.32-7.19 (m, 6H),
6.92 (s, 1H), 6.73-6.63 (m, 3H), 5.05 (s, 2H), 3.70 (s, 3H). MS (ESI) m/z (M+H)" 466.0.

XV-11: A flask was charged with XV-10, Pd/C (10% mol) and EtOH. The
mixture was stirred for 24 hrs under hydrogen (50 psi). TLC (PE: EA=1:1) analysis showed the

reaction completed. The mixture was filtered; the filtrate was concentrated to give a yellow solid.

Purification by prep-TLC gave XV-11.

Compound 56 was prepared from the Pd/C catalytic hydrogenation of
Compound 54. '"H NMR (DMSO-ds, 400 MHz): & 13.74 (s, 1H), 8.32 (s, 1H), 8.12-8.09 (m, 2H),
7.73-7.67 (m, 3H), 7.57-7.54 (m, 2H), 7.28-7.23 (m, 2H). MS (ESI) m/z (M+H)" 390.0.
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Compound 57 was prepared from the catalytic hydrogenation of Compound 55.
"H NMR (CDCl;, 400MHz): 6 12.39 (s, 1H), 8.33 (s, 1H), 8.09 (s, 2H), 7.82 (s, 1H), 7.55 (d, /=8.8
Hz, 2H), 7.45-7.41 (m, 2H), 3.99 (s, 3H). MS (ESI) m/z (M+H)" 376.0.

, XV-12: To a solution of XV-11 (1 eq.) in DMF was added NaH (1.5 eq.) at 0°C.
The mixture was stirred at 0°C for 30 min. After that, Mel (1.5 eq.) was added. The resulting
mixture was stirred for 16 hrs at rt. TLC (PE: EA=1:1) analysis showed the reaction completed. The
mixture was diluted with water, extracted with EtOAc. The combined organic layer was washed with
brine, dried over Na;SQ,, filtered and concentrated. The residue was purified by prep-HPLC to yield
XV-12.

Compound 58 was pfepared by reacting Compound 56 with NaH in DMF
followed by Mel. "H NMR (CDCl;, 4OOMHz)£ §7.90-7.75 (m, 3H), 7.56-7.13 (m, TH), 4.19 (s, 3H).
MS (ESI) m/z (M+H)" 404.0.

v Compound 59 waé prepared from Compound 57. "H NMR (CDCl;, 400MHz): &
8.26 (s, 1H), 7.86 (s, 1H), 7.79 (s, 1H), 7.50 (d, J=8.8 Hz, 2H), 7.40-7.33 (m, 3H), 4.17 (s, 3H), 3.97
(s, 3H). MS (ESI) m/z (M+H)" 390.1.

Alternative synthesis of Compound 59

B(OH),
B A\ N0z _CHNHz HCL e/ AcoH \ﬁj: _HCOOH __ \(i e
' N el TEA DME. reflux . O Cu(OAc),, PyNO, Py
. 0, 4AMS, DCM
Xv-4 nae | V8¢

-\
N—‘\\N
Br
gt
HCI
N 0 XV-9¢ aq.

O —— Compound 59a

Pd(dppf)Cl,, K2003 dioxane
DME/H,0

OCF; OCF; -
XV-8¢c Compound 59

The alternative synthesis of Compound 59 was performed according to the
standard procedure as described herein. HCI salt compound 59a: '"H NMR (DMSO-dg, 400MHz) &
8.43 (s, 1H), 7.97 (s, 1H), 7.67 (s, 1H), 7.63 (d, J = 8.8 Hz, 2H), 7.54 (d, J = 8.8 Hz, 2H), 7.38 (s,
1H), 3.89 (s, 3H), 3.61 (s, 3H). MS (ESI) m/z (M+H)" 390.1.

Compound 636 was prepared following a modified synthg:tic route where XV-3

was reacted with ethylamine instead of benzy amine, followed by two-step Suzuki-Coupling
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reactions. Pd-118, K3PO4 were used in place of Pd(dppf)Cl, and K,COs. 'H NMR (DMSO-d;, 400
MHz): 6 8.14 (s, 1H), 7.96 (s, 1H), 7.66 (s, 1H), 7.61 (d, J= 8.4 Hz, 2H), 7.51 (d, J= 8.4 Hz, 2H),
7.26 (s, 1H), 4.01 (q, J=7.2 Hé, 2H), 3.88 (s, 3H), 1.06 (t, J= 7.2 Hz, 3H).

Compound 637 was prepared by Suzuki-Coupling of a modified XV-5 (where
benzyl is replaced by ethyl) with 1-methyl-4-(4,4,5,5-tetramethyl-.1,3,2-dioxabor61an-2-yl)-1H’-
pyrazole, followed by reaction with HCOOH. "H NMR (DMSO-d6, 400 MHz) 6 12.2 (s, 1H), 9.17
(s, 1H), 7.96 (s, 1H), 7.63 (s, 1H), 7.19 (s, 1H), 4.04 (q, /=7.2Hz, 2H), 3.91 (s, 3H), 1.11 (t, /=7.2Hz,
3H).

Conipound 638 was prepared following the same procedure for the synthesis of
Compound 637 using the Boc-protected bononic ester. "H NMR (DMSO-d;, 400 MHz) & 9.41 (s,
1H), 7.94 (s, 2H), 7.38 (s, 1H), 4.16 (q, J/=7.2Hz, 2H), 1.28 (t, J/=7.2Hz, 3H).

Compouhd 640 was prepared following the same procedure for the synthes‘isv of
Compound 636 with a Boc-protected boronic ester in place in the last Suzuki-Coupling reaction. 'H
NMR (DMSO-dg, 400 MHz): 6 13.07 (brs, 1H), 8.14 (s, 1H), 8.02 (s, 1H), 7.72 (s, 1H), 7.61 (d,
J=8.8 Hz, 2H), 7.51 (d, /=8.8 Hz, 2H), 7.26 (s, 1 H), 3.97 (q, J=7.2 HZ,IZH), 1.02 (t, J=7.2 Hz, 3H).
HCI salt Compound 640a: "H NMR (DMSO-ds, 400 MHz): 6 8.76 (s, 1H), 7.91 (s, 2H), 7.65 (d, J=
8.8 Hz, 2H), 7.55 (d, J=8.8 Hz, 2H), 7.46 (s, 1H), 4.05 (q, J=6.8Hz, 2H), 1.08 (t, J=6.8Hz, 3H).

Compound 641 was prepared by Pd/C hydrogénation (50psi) of XV-8 in ethanol
at 40°C overnight. "H NMR (DMSO-dj, 400 MHz) ¢ 8.58 (é, vlvH), 7.62-7.54 (m, 6H), 6.78 (d,
J=7.2Hz, 1H). HCI salt compound 641a: '"H NMR (DMSO-ds, 400 MHz) 6 8.01 (s, 1H), 7.68-7.54
(m, 6H), 6.83 (d, /<6.4Hz, 1H). |

Compound 639 was prepared by Pd/C hydrogenation of a modified XV-8
(wherein benzyl is replaced by ethyl). "H NMR (DMSO-ds, 400 MHz): 6 8.14 (s, 1H), 7.55 (m,
5H), 6.83 (d, /=7.6 Hz, 1H), 4.23 (q, J=6.8Hz, 2H), 1.40 (t, J=6.8Hz, 3H)‘. HCI salt compound
639a: "H NMR (DMSO-d;, 400 MHz): 6 8.69 (s, 1H), 7.69 (d, J=7.6Hz, 1H), 7.61-7.54 (m, 4Hj,
6.96 (d, J=7.6Hz, 1H), 4.31 (q, J=7.2Hz, 2H), 1.43 (t, /=7.2Hz, 3H).

Alternatively, Compound 639 can be prepared from reacting Compound 641
§vith NaH followed by reacting with ethyl iodide. .

Compound 642 was prepared by Suzuki-Coupling of XV-8 with 1-ethyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole followed by deprotection of the benzyl
group using KO¢-Bu in DMSO. 'H NMR (DMSO—d6, 300MHz): 3 8.46 (s, 1H), 8.32 (s, 1H), 8.11
(s, 1H), 7.78 (s, 1H), 7.69 (d, /=8.7 Hz, 2H), 7.58 (d, J=8.7 Hz, 2H), 4.17 (t, J=7.2 Hz, 2H), 1.41 (,
J=1.2 Hz, 3H). :
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Compound 643 was prepared by Suzuki-Coupling of XV-8 with 1-isopropyl-4- *

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole followed by‘deprotection of the benzyl
group using KOr-Bu in DMSO. 'H NMR (DMSO-dy, 400MHz): § 13.63 (brs, IH), 8.46 (s, 1H),
8.30 (s, 1H), 8.12 (s, 1H), 7.77 (s, 1H), 7.67 (d, J=8.4 Hz, 2H), 7.57 (d, J=8.4 Hz, 2H), 4.52 (m, 2H),
1.44 (d, J=6.4 Hz, 6H). B
| Compound 644 was prepared by Suzuki-Coupling of a modified XV-8 (wherein

pyrazole using Pd-118 and K3POy in dioxane/H,O reluxing for 8h. '"H NMR (DMSO-ds, 400MHz):

58.06 (s, 1 H), 8.00 (s, 1 H), 7.66 (s, 1 H), 7.60 (d, J= 8.8 Hz, 2H), 7.51 (d, /= 8.8 Hz, 2H), 728 (5, "

1H), 4.16 (q, J= 7.2 Hz, 2H), 3.55 (s, 3H), 1.40 (t, /= 8.8 Hz, 3H).

| Compound 645 was prepared by Suzuki-Coupling of a modified XV-8 (wherein
benzyl is replaced by methyl) with 1-isopropyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazble using Pd;l 18 and K3POy in dioxane/H,O reluxing for 8h. 'H .NMR (DMSO-ds, 400MHz):

6 8.04 (d, J=7.2 Hz, 2H), 7.65 (s, 1 H), 7.61 (d, /~8.8 Hz, 2H), 7.53 (d, /=8.8 Hz, 2H) , 7.29 (s, 1H),"

4.52 (m, 1 H), 3.55 (s, 3 H), 1.44 (d, J/=6.8 Hz, 6H).

Compound 646 was prepared by Suzuki-Coupling of XV-8 with 1-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, then KO#-Bu deprotecting of the benzyl
group, followed by deprotonation with NaH in DMF, then reaction with 1-bromo-2-fluoroethane.
"H NMR (DMSO-d6, 300MHz) & 8.44 (s, 1H), 8.39 (s, 1H), 8.09 (s, 1H), 7.84 (s, 1H), 7.68 (d,
J=8.7 Hz, 2H), 7.57 (d, J=8.7 Hz, 2H),‘4.9O (m, 1H), 4.82 (m, 1H), 4.74 (s, 2H), 3.89 (s, 3H).

| Compound 665 was prepared by Suzuki-Coupling of XV-8 with 1-methyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, then KO¢-Bu deprotécting of the benzyl
group, followed by deprotonation with NaH in DMF, then reacting with Mel. '"H NMR (DMSO-dj,
400 MHz) 6 8.43 (s, 1H), 8.30 (s, 1H), 8.08 (s, 1H), 7.78 (s, 1H), 7.64 (d, J/=8.8 Hz, 2H), 7.55 (d,
J=8.8 Hz, 2H), 4.05 (s, 3H), 3.88 (s, 3H). MS (ESI) m/z (M+H)" 390.1. |

Compound 669 was prepared by reacting 7-bromo-3-ethyl-3H-imidazo[4,5-
cJpyridin-4(5H)-one with XV-7 following the standard copper acetate/pyridine/pyridine-N-oxidé
catalyzed reaction in DMF at 100°C to form 7-brom0-3-ethyl-5-(4-(triﬂuoromethoxy)phenyl)-3ﬁ-
imidazo[4,5-c]pyridin-4(5H)-one, followed by Suzuki-couling with tert-butyl 4-(4,4,5,5-tetramethyl-_
1,3,2-dioxaborolan-2-yl)-1H-pyrazole-1-carboxylate, catalyzed by Pd-118/KsPO4 in dioxane/H,0
mixture under reflux condition to provide the final product. 'H NMR (DMSO-dg, 400 MHz) 6 12.86
(brs, 1H), 8.43 (brs, 1H), 8.36 (s, 1H), 8.17 (brs, 1H), 7.80 (s, 1H), 7.65.(d, J=8.4 Hz, 2H), 7.54 (d,
J=8.4 Hz, 2H), 4.45 (q, J=7.2 Hz, 2H), 1.40 (t, J=7.2 Hz, 3H). MS (ESI) m /7 [M+H]" 390.1.
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Compound 670 was prepared by reacting Compound 642 with ethyl iodide with
the presence of NaH in DMF solution at rt for 2hrs. "H NMR (CDCls, 4OOMHZ) 8 8.29 (s, 1H), 7.92
(s, IH), 7.82 (s, 1H), 7.51 (d, /=8.8 Hz, 2H), 7.38 (d, J=8.8 Hz, 2H), 7.37 (s, 1H), 4.56 (q, /=7.2 Hz,
2H), 4.24 (q, /=7.2 Hz, 2H), 1.59-1.51 (m, 6H). MS (ESI) m/z [M+H]" 418.1.

Compound 671 was prepared by reacting Compound 643 with ethyl iodide in the

presence of NaH in DMF solution at rt for 2hrs. 'H NMR (CDCls, 300MHz) 6 8.33 (s, 1H), 7.95 (s,
1H), 7.86 (s, 1H), 7.53 (d, J=8.4 Hz, 2H), 7.41 (d, J=8.4 Hz, 2H), 7.39 (s, 1H), 4.62-4.55 (m, 3H),
1.60-1.55 (m, 9H). MS (ESI) m/z [M+H]" 431.9. |

_ Compound 673 was prepared by reacting Compound 643 with methyl iodide in
the presence of NaH in DMF solution at rt for 2hrs. '"H NMR (CDC13, 300MHz): 5 8.29 (s, 1H),
7.84 (d, J~10.0 Hz, 2H), 7.41 (d, /=8.4 Hz, 2H), 7.49 (d, /=9.2 Hz, 2H), 7.38-7.34 (m, 3H), 4.57 -

© 4.52 (m, 1H), 4.16 (s, 3H), 1.47 (s, 3H), 1.45 (s, 3H). MS (ESI) m/z [M+H]" 418.1.

Compound 672 was prepared by reacting XV-8 with tert-butyl 4-(4,4,5,5-
tetramethyl-l,3,2-dioxaborolan—2-yl)-1H-pyrazole-1-carboxylafe catalyzed by Pd-118/KsPO, in
dioxane/H,O mixture under reflux condition overnight, followed by removal of the benzyl protecting
group using t-BuOK in DMSO/THF at rt for 1h under oxygen atmosphere. MS (ESI) m/z [M+H]"
361.9.'H NMR (DMSO-ds, 400 MHz) & 13.66 (brs, 1H), 12.87 (brs, 1H), 8.45 (brs, 1H), 8.31 (brs,
1H), 8.19 (brs., 1H), 7.79 (brs, 1H), 7.66 (d, /=8.5Hz, 2H), 7.54 (d, /=8.5Hz, 2H).

Compound 674 was prepared by reacting 7-bromo-1,2—dimethyl-lH;imidazo[4,5-
c]pyridin-4(5H)-one with XV-7 following the standard copper acetate/pyridine/pyridine-N-oxide
catalyzed reaction in DMF at 100°C to form 7-Bromo- 1,2-dimethyl-5-(4-(trifluoromethoxy)phenyl)-
1H-imidazo[4,5-c]pyridin-4(5H)-one; followed by Suzuki-couling with 1-methyl-4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, catalyzed by Pd-118/K3PO, in dioxane/H,0O
mixture under reflux condition to provide the final product. 'H NMR (DMSO-ds, 300MHz): & 7.56

(s, 1H), 7.51 - 7.45 (m, 3H), 7.31 (d, /=8.3 Hz, 2H), 6.9 (s, 1H), 3.9 (s, 3H), 3.44 (s, 3H), 2.55 (s,

3H). MS (ESI) m/z (M+H)" 404.1.

Compound 675 was brepared following the similar procedure for the synthesis of
Compound 674 using tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole-1-
carboxylate in place of 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole. 'H

~ NMR (DMSO-dg, 400MHz) 3 13.07 (brs, 1H), 7.98 (brs, 1H), 7.69 (brs, 1H), 7.59 (d, J=8.0Hz, 2H),

7.50 (d, J=8.0Hz, 2H), 7.21 (s, 1H), 3.40 (s, 3H), 2.45 (s, 3H). MS (ESI) m/z (M+H)" 390.0.

-195-

.....



10

15

B(OH),

OH OH : o-
Br NO, Br NH Br N '
“ 1) NayS,04, aq. NaOH v 2 N .
L | . > || Ha m, | OCF,
N~ “OH 2) HC _ N~ “OH 110°C ” 0 Xv-7
Xv-2 XV-3a \ Xv-4a CU(OAC),, Py, PyNO,
N o—( 4AMS, DCM, O,
O’\( N/ \ \N
Br N SN2 ' N\ Y
) B
| = N;>_ e} |
N7 0. XV-6a .
Pd-118, NayCOs,
dioxane/H40, reflux
OCF3 Pd-118= PdCI,(Dt-BPF) OCF3
XV-5a . Compound 569

XV-4a was obtained in two steps from XV-2 following the similar proceduré
described in the synthesis of XIV-7b and XIV-8b. XV-5a was obtained by Suzuki-Coupling of XV-
4a and XV-7 using the standard procedure described herein.

Compound 569 was obtained by Suzuki- Couphng of XV-5a and XV-6a
following the similar procedure described in the synthesis of Compound 209. '"H NMR (CDCls,
300 MHz) 6 7.83 (s, 1H), 7.79 (s, 1H), 7.52-7.47 (m, 3H), 7.40 (d, J/=8.7Hz, 2H), 4.01 (s, 3H), 2.73
s, 3H). | |

o
o«\( | o—( OH NH : Y
N 2 X
Br. N X . |

| H2 PdIC ‘ N0

N (0] CH3C(OEt
MeOH

@ © reflux

OCF, OCF, OCF3 c OCFZ 570
XV.5a XV-5b . Compoun

To a solution of XV-5a (150 mg, 0.39 mol) in MeOH (10 mL) was added Pd/C
(20 mg), the mixture was stirred at rt under H, overnight. After completion of the reaction indicated
by TLC (EA:PE=1:1), the mixture was filtered, the filtrate was concentrated in vacuo to afford a
mixture of Compound 570 and XV-SB. The mixture were added intb CH;3C(OEt); (10 mL). The
mixture was heated at reflux overnight; After cooling to rt, the mixture was filtered, the cake was
collected and purified by prep-TLC (EA:PE=1:1) to give Compound 570 (50 mg, 41% yield). !
NMR (DMSO-ds, 300 MHz) 6 7.77 (d, J=7.5 Hz, 1H), 7.60-7.52 (m, 4H), 6.94 (d, /=7.2 Hz, 1H),
2.59 (s, 3H).
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Example 5-1

}.....h.
Synthesis of Compounds 60-63 (Scheme XVI) _ fod
\ . bod
L = Pdy(dba)s, KOH,L )
AN xvu 2 _ WH _1)Nat, DMF__ N\Et dioxaneH,0 -~
|
& Pd(dppf)Cl,, K2C03 2) Etl -~
N~ DME/H,0, reflux Cl = Q O ocw,
L
XVI-1 : XVI-3 » Xvi4 P N
| | TR
B(OH)2 ’ \N ) , i
) —
N _ | "
N N~gt OCFs NS0 -
| N XVI- -
N X0 Cu(OAc),, Py, PYNO ' , 2]
H 4AMS, 0, DCM :
XVI-5 :
OCF,
Compound 60 .
5 _ XVI-3 was prepared following the similar procedure for ‘obtaining XIII-7. MS
(ESI) m/z (M+H)" 233.0.

XVI-4 was prepared following the similar procedure for obtaining XV-12, using
ethyl iodide in place of methyl iodide. MS (ESI) m/z (M+H)" 261.1.
XVI-5: A flask was charged with XVI-4 (150 mg, 0.57 mmol, 1 eq.), Pd,(dba);
10 (285 mg, 0.46 mmol, 0.8 eq.), KOH (383 mg, 6.84 mmol, 12 eq.), Ligand (252 mg, 0.57 mmol, 1
eq.), 10 mL of dioxane and 10 mL of H,O, flushed with nitrogen for three times. The mixture was
heated at 100°C for 10 hrs. LCMS analysis showed the reaction completed. The mixture was cooled
down to rt, diluted with water, extracted with ethyl acetate (50 mL$<3). The combined organic layer
‘ was washed with brine, dried over anhydrous sodium sulfate, filtrated and concentrated. Purification
15 by prep-TLC gave XVI-5 (130 mg, yield 72%). MS (ESI) m/z (M+H)" 243.1..
| . Compound 60 was prepared following the similar procedure for obtaining X-6.
"H NMR (CDCl;, 400MHz) & 7.71 (s, 1H), 7.60 (s, lH) 7.50 (d, J/=8.4 Hz, 2H), 7.34 (d, /=8.4 Hz,
2H), 7.18 (d, J=2.8 Hz, 1H), 7.04 (s, 1H), 6.47 (d, J=2.8 Hz, 1H), 4.61 (q, J/=7.2 Hz, 2H), 3.97 (s,
3H), 148 (t, J=7.2 Hz, 3H). MS (ESI) m/z (M+H)" 403.1. |
20 Compound 61 was prepared following the similar procedure for obtaining XII-7
hsing (4-ethoxy-2-methylphenyl)boronic acid in place of XII-6. "H NMR (CDCls, 300 MHz) J 9.03
(d, J = 2.0 Hz, 1H), 8.86 (d, /= 2.0 Hz, 1H), 7.73 (s, 1H), 7.16 (d, J = 8.0 Hz, 1H), 6.89-6.84 (m,
2H), 4.07 (q, J = 7.2 Hz, 2H), 2.18 (s, 3H), 1.44 (t, J= 7.2 Hz, 3H). MS (ESI) m/z (M+H)" 359.9.
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Compound 62‘ was prepared from Compound 61 following the similar procedure
for obtaining Compound 46.. "H NMR (CDCls, 400 MHz) 6 8.93 (d, J = 2.0 Hz, 1H), 8.90 (d, J =
2.0 Hz, 1H), 7.57-7.54 (m, 2H), 7.43 (s, 1H), 7.22-7.14 (m, 3H), 6.90-6.84 (m, 2H), 4.07 (g, /= 7.2
Hz, 2H), 2.22 (s, 3H), 1.44 (t, J=172Hz, 3H). MS'(ESI) m/z (M+H)" 376.0.
5 Compound 63 was prepared from Compound 61 following the similar procedure
for obtaining Compound 47. "H NMR (CDCl;, 400 MHz) ¢ 8.93 (d, J = 2.0 Hz, 1H), 8.90 (d, J =
2.0 Hz, 1H), 8.14 ( s, 1H), 7.79 (s, 1H), 7.56 (s, 1H), 7.20 (d, J = 8.8 Hz, 1H), 6.90-6.85 (m, 2H),
4.08 (q,J = 7.2 Hz, 2H), 3.99 (s, 3H), 2.19 (s, 3H), 1.45 (t, J = 7.2 Hz, 3H). MS (ESI) m/z (M+H)"
362.0.

10 ‘ Example 5-J
‘ Synthesis of Compounds 582-584 and 586-587

*Na_Ri - CH(COOH), CICOOEL, TEA A NN PhOPh
OHCKj/ ‘)’R — = | R R,
\ S Piperidine, Py, reflux Acetone, NaN3 S

Ho™ o Ny~ Y0 240°C

v 2 . 3
R1 H, Me .

B(OH),

R R ' © \{I Revy P
1 1 0 Bl
N=( N=( OCF3 _ N;>— 0
s NBS,DMF g S - 8
N - . SN
] rt l X0 Cu(OAc),,Py, PyNO A: Pd(dppf)Cly,K3PO4

\J

N0 N 4AMS, DCM, Oy, 1t DME/H,0, reflux
4 5 i OCF3 B: Pd-118, K3PO4
dioxane/H,0, 60°C
Rs Ry R R, = -Boc, -Me
N N=< _ HCL. HN N,:<
N, | N |
A\ S N S
X : X
| ag. HCI (1M) |
N7 0 _ N7
dioxane
OCF; OCF,
9 10 '
R1 H, Me , R, =H, Me
=H, Me R3=H, Me

A flask was charged with compound 1 (3.0 g, 1 eq.), malonic acid (1.2 eq.),
15 pyridine (20 mL), peperidine (1.56 mL). The mixture was stirred under nitrogen atmosphere at 90°C
for 2h, cooled, concentrated under reduced pressue, the residue was diluted with water and adjusted

pH=~5 by adding aq. HCl,'the resulting solid was filtered and washed with water, the solid was dried

in vacuo to give compound 2.
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CICOOEt (1.2 eq) was added into the solution of compound 2 (1.0 g, 1.0 eq.) and
TEA (1.3 eq) in 20 mL of acetone by dropwise at 0°C. The mixture was stirred at 0°C for 1h. The
resulting mixture was added into the solution of sodium azide (4 eq.) in 30 mL of acetone and water
(v/v=1:1) at 0°C and stirred for 30 mins. The mixture was diluted with water, extracted with EtOAc.

The combined organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered

and concentrated to afford compound 3.

Compound 3 was added into 10 mL of oxydlbenzene The mixture was stirred at

240°C for 2h,cooled the mixture to rt and stirred overnight, filtered the resultmg brown solid and
washed with EtOAc to give compound 4 as a pale-brown solid.

- A suspension of 4 (1 eq.), N-bromosuccinimide (1.1 eq.) and 50 mL of DMF was
stirred at rt for 4h. The mixture was filtered; the solids were washed successively with small
amounts of DCM and dried to give compound 5 as a brown solid.

Compound 7 was prepared from reacting compdund 5 with compound 6 using
Method 1 as described herein.

Compound 9 was prepared by. Suzuki-coupling of Compound 7 with the
corresponding boronic ester 8 uSing the standard procedure A or B described herein.

Compound 582 was prepared following procedure A. 'H NMR (DMSO-dy,
3OOMHz) 0 12.96 (s, 1H), 9.73 (s, 1H), 8.42 (s, 1H), 8.18 (s 1H), 8.13 (s, 1H), 7.73 (d J=8.7THz,
2H), 7.58 (d, J=8.7Hz, 2H). MS (ESI) m/z (M+H)" 378.9. _

Compound 583 was prepared following procedure A. 'H NMR (DMSO-dg,
400MHz) 6 9.72 (s, 1H), 8.40 (s, 1H), 8.10 (d, J=9.6Hz, 2H), 7.72 (d, J =8.8Hz, 2H), 7.58 (d,
J=8.4Hz, 2H), 3.89 (s, 3H). MS (ESI) m/z (M+H)" 393.0. v

Compound 584 was prepared following procedure B. '"H NMR (CDCl,
400MHz) & 8.18 (s, 1H), 7.80 (s, 1H), 7.52 (d, J/=9.2Hz, 3H), 7.38 (d, J=8.4Hz, 2H), 3.98 (s, 3H),
291 (s 3H). MS (ESI) m/z (M+H)" 407.0.

Compound 586 was prepared followmg procedure A. 'H NMR (DMSO-dj,
400MHz) 6 8.51 (s, 1H), 8.15 (s, 1H), 8.10 (s, IH), 7.70 (d, J=8.8Hz, 2H), 7.57 (d, J=8.4Hz, 2H),
7.35-7. 24 (m, 5H), 5.39 (s, 2H), 2.90 (s, 3H). MS (ESI) m/z (M+H)" 483.0. .

Compound 587 was prepared following procedure B 'H NMR (DMSO-ds,
300MHz) & 12.94 (s, 1H), 8.41 (s, 1H), 8.16 (s, 1H), 8.08 (s, 1H), 7.71 (d J=8.7Hz, 2H), 7.58 (d
J=8.THz, 2H), 2.91 (s, 3H). MS (ESI) m/z (M+H)" 392.7. _

‘ ~ Compound 585 was prepared by Suzuki-Coupling of 2- methylthlazolo[S 4-
c]pyr‘idin;4(5H)-one with (4-(trifluoromethoxy)phenyl)boronic acid using the same method
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described in the synthesis of Compound 7. 'H NMR (DMSO-ds, 400 MHz) 6 7.76 (d, /=7.2Hz, ™

1H), 7.65 (d, J=9.2Hz, 2H), 7.55 (d, J=8.8Hz, 2H), 6.96 (d, J=7.2Hz, 1H), 2.84 (s 3H). MS (ESI)
Pt
m/y (M+H)" 326.8. ‘ |

- Example 5-K ~
Synthesis of Compound 589 | o
Os _H : OO+ NH,
o , ‘ o N
XU\ 1)n-Buli, THF, -78°C H,0, o O o
® ) - O | Ny 0N _DPPALBUOH ) 0
N0 2) DMF | I HoooH A EtN, Tol N o7
N o 0-4°C N" 0 . .
3 : 4
NH, N,( el
-~ Br OH  CH,C(OE Bi_. 0 -
\(j\/[ | \/ 4C(OE); | N L
MeCN AcOH N cH reflux g
H
5 6 . \ 7 ‘
B(OH ,_< N N:(
- N ~ N }_B'O |
N= | N~ 0 N0
Br. 0 OCF3 N™ =0 :
| ™ 8 _ : 10 o
N7 Yo  Cu(OAc), Py, PyNO, Pd(dppf)Clp.CH,Cly
H 0,, 4AMS, DCM .
NayCOj3, dioxane/H,0, reflux
7 OCF3
OCF
Compound 589
9
To a solution of compound 1 (5 g, 36 mmol) in THF (50 mL) was added n-BuLi
10

(2.5 M in hexane, 31.5 mL, 79 mmol) at -78°C, then the mixture was stirred at 0°C for 1h. DMF (12
mL, 157.5 mmol) was added at -78°C, and then the mixture was stirred at 0°C for additional 1h.
After completion of the reaction, the mixture was quenched with saturated aq. NH4Cl. The mixture
was concentrated in vacuo, the residue was partitioned between H,O and EtOAc. The organic layer
was washed with brine, dried over Na,SO4, concentrated in vacuo. The crude residue was purified by
15 column chromatography on silica gel (PE:EA=4:1) to afford compound 2 (1.5 g, 25% yield). .
To a solution of compound 2 (1.5 g, 9.0 mmol) in HCOOH (20 mL) was 'added
H,0, (3.1g, 27 mmol) at 0~4°C. The mixture was stirred at rt ovemight. After bcompletion of the
reaction, the mixture was quenched with aq. NaHSOs. The mixture was concentrated in vacuo, the
residue was partitioned between H,O and EtOAc. The organic layer was washed with brine, dried
20 over Na,SOy, concentrated in vacuo. The crude residue was purified by column chromatography on
‘ vsrhca gel (PE EA=1:1) to afford compound 3 (1.5 g, 94% yield).
To a solution of compound 3 (1.5 g, 8.2 mmol) in toluene (20 mL) was added

Et;N (2.1 g, 20.5 mmol), 4A molecular sieve (3.0 g). The mixture was purged with nitrogen for three
| -200-
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times and then heated to reflux under nitrogen for 0.5h. Then t-BuOH (0.73 g, 9.8 mmol), DPPA
(2.4 g, 8.6 mmol) were added in turn. The mixture was stirred at reflux overnight. After cooling to rt,
the mixture was filtered, the filtrate was partitioned between H,O and EtOAc. The organic layer was
washed with brine, dried over Na,SO,, concentrated in vacuo. The crude residue was purified by
column chromatogréphy on silica gel (PE:EA=3: 1) to afford compound 4 (500 mg, 42% yield).

Compound 6 was prepared by bromination of compound 4 using NBS followed
by HBr hydrolysis. A mixture of comgpound 6 (300 g, 1.5 mmol) in CH3C(OEt)3 (10 mL) was
refluxed overnight. After cooling to rt, the mixture was filtered, the cake was washed with EA/PE
(viv=1/1) to give compound 7 (150 mg, 44% yield). MS (EST) m/z (M+H)" 230.8.

Compound 589 was preparéd from compound 7 by two Suzuki coupling steps as
indicated in the scheme above. 'H NMR (DMSO-dg, 300 MHz) 5 8.32 (s, 1H), 8.05 (d, J=4.5 Hz,
2H), 7.68 (d, J=8.7 Hz, 2H), 7.59 (d, J=8.7 Hz, 2H), 3.88 (s, 3H), 2.71 (s,. 3H).

Preparation of Compound 588

0]
H

=N
A
N~ N~
Br_ BINHNH, _NaH, THE_ g N~en m-CPBA B'\(% Bn 1) Acz0, reflux Br\(i Bn
X
pron, 0% T _ DCM, rt 2)EtN, H0MeOH
/

3a 4a ©  ba

The mixture of compound 1a (16 g, 60.4 mmol, 1 eq.), BaNHNH, (15 g, 129.3
mmol, 2 eq.) in 100 mL of i-PrOH was sealed and heatéd by microwave at 110°C for 20 min. TLC
analysis (PE/EA=5/1) showed the reaction completed. The mixture was cooled to rt. The precipitate
was ﬁltéred and washed with cool i-PrOH to give a light yellow solid Compound 2a. (16.5 g, 74%
yield). ,

Compound 2a (12 g, 32.5 mmol, 1 eq.) was dissolved in 1200 mL of THF, treated
with NaH (60% dispersion in mineral oil, 1.56 g, 39.02 mmol, 1.2 eq.). The mixture was heated to
reflux for 2h. The mixture was cooled down to rt. The reaction was quenched with water slowly,
extracted with EtOAc. The combined organic layer was washed with brine, dried over anhydrous
sodium sulfate, filtered and concentrated to give brown oil. Punﬁcauon by column (PE/EA
=20/1~5/1) gave compound 3a (5.5 g, yield 59%).

To a solution of compound 3a (5.5 g, 19.1 mmol, 1 eq.) in 100 mL of DCM was
added m-CPBA (6.5 g, 38.2 mmol, 2 eq.). The mixture was stirred for 18h at rt. The reaction was
diluted with water, extractéd with DCM. The combined organic layer was washed with brine, dried
over anhydrous sodium sulfate, filtered and concentrated to give brown oil. Purification by column

(PE/EA =5/1~1/1) gave compound 4a (5.2 g, yield 89%).
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"The solution of compound 4a (4 g, 13.1 mmol, 1 eq.) in 70 mL of Ac,O was

: .heated' to reflux for 18h. All the volatiles were removed under vacuo. The residue was diluted with

MeOH and adjusted pH=7-8 with Et;N. The mixture was stirred for 4h at rt. The reaction was

diluted with water, extracted with EtOAc (150 mLx3). The combined organic layer was washed with

brine, dried over anhydrous sodium sulfate, filtered and concentrated to give brown oil. Purification

by column chrom (PE/EA =5/1~1/1) gave compound 5a (0.6 g, yield 15%). MS (ESI) m/z (M+H)"
305.9. - |

Compound 588 was prepared from compound Sa in three steps by Suzuki

coupling with compound 8 followed by Suzuki coupling with compound 10, then deprotection of the
benzyl group using KOz-Bu in DMSO. '"H NMR (DMSO-ds, 400MHz) 6‘14.37 (s, 1H), 8.33 (s,
1H), 8.28 (s, 1H), 7.94 (s, 1H), 7.68 (d, /=8.4 Hz, 2H), 7.57-7.51 (m, 3H), 3.88 (s, 3H).

HCl salt Comound 588a: 'H NMR (DMSO-ds, 400MHz) § 8.38 (s, 1H), 8.28 (s,
1H), 7.94 (s, 1H), 7.69 (d, J=8.8 Hz, 2H), 7.57 (d, J/=8.8 Hz, 2H), 7.50 (s, 1H), 3.88 (s, 3H). MS
(ESI) m/z (M+H)" 376.0.

Compounds 657 and 658 were prepared by reacting Compound 588 with ethyl -
- iodide and NaH in DMF. Compound 657: "H NMR (DMSO-ds, 400MHz): & 8.62 (s, 1H), 8.18 (s,
1H), 7.90 (s, 1H), 7.64 (d, J=8.8 Hz, 2H), 7.55 (d, /=8.8 Hz, 2H), 7.42 (s, 1H), 4.44 (q, J/=7.2 Hz,

2H), 3.88 (s, 3H), 1.53 (t, J=7.2 Hz, 3H). Compound 658: 'H NMR (DMSO-ds, 400MHz): § 8.27
(s, 1H), 8.26 (s, 1H), 7.92 (s, 1H), 7.68 (d, /=8.8 Hz, 2H), 7.55 (d, J=8.8 Hz, 2H), 7.51 (s, 1H), 4.72
(q, J=6.8 Hz, 2H), 3.88 (s, 3H), 1.40 (t, J=6.8 Hz, 3H),

| Preparation of Compound 660:

,N
Br N-gn
N PMB N
| N2 )
N0 10b0 N o EBUOK DMSE TFA, 105 C
THF, O,
_ Pd-118, K3PO4,
@ dioxane/H,0, 95°C <j . @ ©
OCF3 '

OCF3 OCF3 OCF3
9a 11a 12a Compound 660

To a solution of compound 9a (1.8 g, 3.88 mmol, 1 eq.) in dioxane/H,0 (72 mL,
v/v=5/1) was added K3POy (1.6 g, 7.76 mmol, 2 eq.), compound 10b (1.47 g, 4.66 mmol, 1.2 eq.),
Pd-118 (125 mg, 0.19 mmol, 6.05 eq.). The mixture was purged with nitrogen and then heated at
95°C for 8 hrs. The mixture was cooled to rt, diluted with.water, extracted with EtOAc. The

combined organic layer was washed with brine, dried over anhydrous Na,SO;4, and concentrated in
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vacuo. The residue was purified by column chromatogfaphy _(PE/EA=1/ 1) to give 11a as white solid
(1.3 g, 59% yield). - | |

To a solution of compound 11a (1.3 g, 2.27 mmol, 1 eq.), DMSO (1.77 g, 22.76
mmol, 10 eq.) in THF (75 mL) was added ~BuOK (5.1 g, 45.4 mmol, 20 eq.) at 0°C. The mixture
was stirred under oxygen atmosphere at rt for 3h. The reaction was quenched with water, extracted
with EtOAc. The combined organic layer was washed with brine, dried over anhydrous Na,SO,4 and
concentrated in vacuo. The residue was purified by column chromatography (PE/EA=1/3) to give
crude compound 12a (1.1 g, 100% yield). | '

The solution of compound 12a (320 mg, 0.66 mmol, 1 eq.) in TFA (5 mL) was
heated at 105°C for 3hrs. The mixture was cooled to rt. All the volatiles were removed under
reduced pressure. The residue was neutralized with saturated ag. NaHCO;, extracted with EtOAc.
The combined organic layer was washed with brine, dried over anhydrous Na;SO4, and concentrated
to give brown oil. Purification by column chromatography gave Compound 660 (180 mg, 75%
yield). "H NMR (DMSO-ds, 400MHz): § 14.27 (brs, 1H), 13.00 (brs, 1H), 8.38 (brs, 1H), 8.25 (brs,
1H), 8.01 (brs, 1H), 7.67 (d, J=8.4 Hz, 2H), 7.55 (d, J=8.4 Hz, 2H), 7.50 (s, 1H). MS (ESI) m/z
(M+Na)" 383.9. | ' |

Compounds 659 and 661 were prepared by reacting compound 12a with ethyl
iodide and NaH in DMF, separating the two intermediates and then treating each with TFA to

affored the final products. Compound 659: "H NMR (DMSO-dj, 400MHz): § 13.01 (brs, 1H), 8.65

(s, 1H), 8.09 (brs, 2H), 7.63 (d, J=8.0 Hz, 2H), 7.53 (d, J=8.0 Hz, 2H), 7.43 (s, IIH), 443 (q, J=17.2
Hz, 2H), 1.51 (t,J=7.2 Hz, 3H). MS (ESI) m/z (M+H)" 389.9. Compound 661: '"H NMR (DMSO-
ds, 400MHz): § 13.04 (br, 1H), 8.30 (s, 1H), 8.27-8.14 (br, 2H), 7.68 (d, J=8.4 Hz, 2H), 7.55 (d,
J=8.4 Hz, 2H), 7.53 (s, 1H), 4.72 (q, J=7.2 Hz, 2H), 1.40 (¢, J=7.2 Hz, 3H). MS (ESI) m/z (M+H)"
389.9. | |

COmpound 689 was prepared by reacting compound 9a with (4-
fluorophenyl)boronic acid catalyzed by Pd-118/K;PO, in dioxane/H,O at 90°C, followed by -BuOK
deprotecting benzyl group to afford the final product. "H NMR (CDCl;, 400 MHz) 6 8.08 (s, 1H),
7.59 - 7.52 (m, 4H), 7.39 (d, J=8.4 Hz, 2H), 7.19 (t, J=8.4 Hz, 2H), 7.08 (s, 1H). MS (ESI) m/;
[M+H]" 390.0. |
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Example 5-L
Svynthesis of Compound 617

NH, N=\ .
Br -
B A\ M HEOOH pOC|3 Br N B NaoMe
| 1 b
P reflux reﬂux K2CO3, DMF, 60°C
N~ Br
1

N/ ol MeOH
3
B(OH) | N=\
_ Q 2B A N~Et N} :ﬁ \J\KIN\E
N |
N=\ e OCF N
Br Et By E *
A aq.HBr | 7
| _ /——0———-> _ Pd(dppf)Cly, Na,CO;
N o 100°C N" "0 Cu(OAc), Py, PyNO DME/H,0 , reflux
: 4AMS, D

Compound 617

To a solution of compound 1 (10 g, 37.8 mmol) was édded 20 mL of HCOOH.

The mixture was refluxed overnight. The mixture was concentrated, purified by column
chromatography on silica gel (DCM: MeOH=5:1) to give compound 2 (8 g, yield 99%).

A mixture of compound 2 (8.0 g, 37.4 mmol) in POCIl; (10 mL) was refluxed for
3h. Cooled down to rt. Then poured into water slowly, adjusted pH=7~8 with saturated aq. NaHCO;,
extracted with EtOAc. The combined organic layer was washed with brine, dried over anhydrous
Na,SO; and concentrated. The residue was purified by column chromatography on silica gel
(PE:EA=2:1 to 1:1) to give compound 3 (4.57 g, 53% yield ).

Compounds 4-8 were prepared following the similar procedures described in

Example 5-F.

Compound 617 was prepared by Suzuki-Coupling of compound 8 with

compound 9 following the standard procedure described herein as a white solid.
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Alternative Synthesis of Compound 617

B(OH),
Bn, ©
Bn. N
o C "NH N ,
B Br NH, HCOOH BN\ N OCF,
r - V02 BnNHz Fe/HCI N A - T ' 7 .
| i EtOH, 95°c § = 100°C N0 Cu(OAc),, Py, PyNO
N NZ e - H .
, 0O,, DMF, 90°C
1a da
' Bn_
N
’\\N HN—\
Br N :>_
| N
Etl, NaH

N0 . N _DMSO, ¢BuQK __» Compound 617

: Pd(dppf)Cly, cho3 » 02 THE
DME/H,0, reflux
OCF. OCF
6a ’ OCF,4

. 8a
9a

The detailed synthetic procedure for the alternative synthg:sis of Compound 617

has been described herein. '"H NMR (DMSO-ds, 400 MHz) 6 8.41 (s, 1H), 8.36 (s, 1H), 8.06 (s, 1H),

5  7.78 (s, 1H), 7.65 (d, J/=8.8Hz, 2H), 7.54 (d, J=8.8Hz, 2H), 4.45 (q, J=7.2Hz, 2H), 3.86 (s, 3H), 1.40
(t, J=7.2Hz, 3H). | |

-~ Compound 618 was prepared by Suzuki-Coupling of compound 6 with

compound 9, followed by HBr acid hydrolysis. 'H NMR (CDCls, 400 MHz) 6 8.20 (d, J.= 6.4 Hz,

1H), 7.93 (s, 1H), 7.38 (s, 1H), 4.56 (d, J.= 7.2Hz, 2H), 3.95 (s, :3H) ,1.53 (t, J=7.2Hz, 3H). MS
10 (ESI) m/z (M+H)" 244.1. ' ‘

Example 5-M
Synthesis of Compound 619
i NaNO,, - N=N N= N\
Br: N NH, H20 HCI NH NaOMe § Etl K2CO3
| N DMF, 70°C N o acetone, reflux
.

N/N N’N N=N

‘ ) N—
P | s Ve
N >0 N N" "0
A 4B 4c

15
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BOH, N N> |

/\
) O ek X
N ocF |
ap 2. HBr Brﬁ"‘ 6 N

.~ O Ppd(dppiCly, cho3
100°C Cu(OAc),, Py, PyNO DME/H,0, reftux

N" "0 4ams, DM, 0, rt
SA ' OCF3 OCF,

7A Compound 619

A solution of NaNO, (7.8 g, 113.3 mmol) in water (30 mL) was added dropwise

into a solution of compound 1 (20 g, 75.5 mmol) in 2N hydrochloric acid (100 mL) at 0°C, and .

~ stirred for 1h at 0°C. The precipitate was filtered and wash with ice-water and dried in vacuum to =~

afford compound 2 (17 g, 82% yield) as a yellow brown solid.

Compounds 3, 4A-4C, SA, and 7A were prepared following the similar
procedures described in Example 5-F.

Compound 619 was prepared ‘by .Suzuki-Coupling of compound 7a with
compound 8 following the standard procedure described herein. 1I_-I NMR (CDCl;, 400MHz) 6 8.08
(s, 1H), 7.84 (s, 1H), 7.52 (d, J=8.0 Hz, 2H), 7.38 (d, J=8.4 Hz, 3H), 4.78 (q, J=6.8 Hz, 2H), 3.99 (s,
3H), 174 (t, J=6.8 Hz, 3H).

Compound 620 was preparéd following the similar procedure described in the
synthesis of Compound 619 using the Boc-protected boronic ester in place of comound 8. "H NMR
(CDCl3, 400MHz) 6 12.99 (s, 1H), 8.34 (s, 1H), 8.15 (s, 1H), 7.96 (s, 1H), 7.65-7.69 (m, 2H), 7.57
(d, J=8.4 Hz, 2H), 4.79 (q, /=7.2 Hz, 2H), 1.63 (t, J=7.2 Hz, 3H).

Compound 624 was prepared from compound 4B following the general
procedure described above. "HNMR (DMSO-d;, 400 MHz) ¢ 8.01 (s, 1H), 7.71 (s, 1H), 7.67-7.65
(m, 2H), 7.55-7.53 (m, 3H), 4.42 (q, J=7.2Hz, 2H), 3.90 (s, 3H), 1.20 (t, J/=7.2Hz, 3H). MS (ESI)
m/z [M+H]" 405.1. |

Compound 633 was prepared from cofnpound 4B following the gen_eraj

procedure described above to form an intermediate compbund 7B followed by Pd/C hydrogenation

- to affored the final product. "HNMR (CDCl;, 400MHz) ¢ 7.46 (d, J=8.8 Hz, 2H), 7.37-7.33 (m,

25

3H), 6.50 (d, J=7.2 Hz, 1H), 4.60 (q, J=7.2 Hz, 2H), 1.64 (t, /=7.2 Hz, 3H). MS (ESI) m/z [M+H]"
324.9. -

Compound 625 was prepared from compound 4C following the general

procedure described above. 'H NMR (DMSO-dg, 400 MHz) 6 8.47 (s, 1H), 8.13 (s, 1H), 7.90 (s,
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1H), 7.71-7.69 (m, 2H), 7.59 (d, /=8.4Hz, 2H), 4.86 (q, /=7.2Hz, 2H), 3.91 (s, 3H), 1.52 (t, J/=7.2Hz,
3H). MS (ESI) m/z [M+H]" 405.1.

Compound 630 was prepared from compound 4C following the general
procedure described above to form an intermediate compound 7C followed by Pd/C hydrogenation
to affored the final product. "HNMR (CDCls, 400MHz) & 7.46 (d, J=8.8 Hz, 2H),7.38 (d, J=8.8 Hz,
2H), 7.19 (d, J=7.2 Hz, 1H), 6.93 (d, J=7.2 Hz, 1H), 4.92 (q, J=7.2 Hz, 2H), 1.63 (t, /=7.2 Hz, 3H).
MS (ESI) m/z [M+H]" 325.1. | ‘

Compound 634 was prepared by Suzuki-Coupling of compound 7C with tert-
butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole-1-carboxylate using Pd-118,
K3PO, in dioxane/H,0. "HNMR (DMSO-ds, 400MHz) 6 13.1 (s, 1H), 8.47 (s, 1H), 8.23 (s, 1H),
7.93 (s, 1H), 7.71 (d, J=8.38 Hz, 2H), 7.59 (d, /=8.8 Hz, 2H), 4.86 (q, J/=7.2 Hz, 2H), 1.53 (t, J=7.2
Hz, 3H). MS (ESI) m/z [M+H]" 391.1.

HCI salt compound 634a: "HNMR (DMSO-ds, 400MHz) 6 8.36 (s, 2H), 7.93 (s,

“1H), 7.70 (d, J=8.4 Hz, 2H), 7.59 (d, J=8.4 Hz, 2H), 4.86 (q, /=7.2 Hz, 2H), 1.53 (t, J=7.2 Hz, 3H).

MS (ESI) m/z [M+H], 391.0, |

-Compound 621 was prepared by Suzuki-Coupling of compound 4C with
compound 8 followed by HBr hydrolysis. '"H NMR (DMSO-ds, 400MHz) 6 11.8 (s, 1H), 8.39 (s,
1H), 8.08 (s, 1H), 7.50 (s, 1H), 4.85 (q, /=7.2Hz, 2H), 3.91 (s, 3H), 1.52 (t, J/=7.2Hz, 3H).

Compound 622 was prepared by Suzuki-Coupling of compound 4B with

compound 8 followed by HBr hydrolysis. 'H NMR (DMSO-ds, 400MHz) 6 11.66 (s, 1H), 7.96 (s,r
1H), 7.64 (s, 1H), 7;13 (s, 1H), 4.31 (q, J=7.2Hz, 2H), 3.90 (s, 3H), 1.15 (t, J=7.2Hz, 3H).

Compound 623 was prepared by amino protecﬁon 6f compbund 3 using SEMCI
and NaH in DMF, followed by Suzuki-Coupling with comound 8 then HCI hydrolysis in MeOH as a
white solid. '"H NMR (DMSO-dy, 400 MHz) 6 11.61 (s, 1H), 8.28 '(sb, 1H), 7.99 (s, 1H), 7.47 (s, 1H),
3.89 (s, 3H). MS (EST) m/z (M+H)" 216.9. |

Compound 631 was prepared from Compound 623 by first protecting the
triazole hydrogen with Trt-Cl, then Suzuki-Coupling with (4-(triﬂuoromethoXy)phenyl)boronic acid
using standard procedure described herein, followed by deprotecting in HCI/MeOH solution.
"HNMR (DMSO-ds, 400 MHz) ¢ 8.38 (s, 1H), 8.07 (s, 1H), 7.89 (s, 1H), 7.69 (d, /~8.4 Hz, 2H),
7.58 (d, J=8.4 Hz, 2H), 3.90 (s, 3H). MS (ESI) m/z [M+H]*376.9.

Compound 632 was prepared by reacting 3-benzyl-7-bromo-3H-
[1,2,3]triazolo[4,5-c]pyridin-4(5H)-one with compound 6, followed by deprotection of the Bz group
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using Pd/C in hydrogen atmosphere (45 Psi) at rt overnight. 'H NMR (CDCls, 400 MHz) 6 7.67-
7.60 (m, 3H), 7.55 (d, J=8.8 Hz, 2H), 6.82 (brs, 1H). MS (ESI) m/z (M+H)"296.9.

Compound 635 was prepared following the similar synthetic scheme described in
the synthesis of Compound 619 using isopropyl iodide in place of ethyl iodide in the reaction with
compound 3. H NMR (CDCls, 400 MHz) 6 8.08 (s, 1H), 7.85 (s, 1H), 7.51l (d, J= 8.8 Hz, 2H), 7.37
(d, /= 8.8 Hz, 2H), 7.36 (s, 1H), 5.19-5.12 (m, 1H), 4.00 (s, 3H), 1.75 (d, J= 6.8 Hz, 6H).

-Compound 676 was prepared following the similar procedure described in the
synthesis of Com.pound' 619.  First, 7-bromo-3-isopropyl-4-methoxy-3H-[1,2,3]triazolo[4,5-
c]pyridine was formed by reacting compound 3 with isopropyl iodide; followed by Pd(dppf)Cl»
catalyzed Suzuki-coupling with compound 8, subsequent acid hydrolysis to form 1-isopropyl-7-(1-
methyl-lH-pyrazol-4-yl)-1H-[l,2,3]triazolo[4,5-c]pyridin-4(5H)—one. "~ Finally, copper acetate
catalyzed coupling with compound 6,»provided the final product. "H NMR (CDCls, 400 MHz) &
8.41 (s, 1H), 7.85 (s, 1H), 7.52 (d, /=8.4Hz ,2H), 7.41 (d, J=8.4 Hz, 2H), 7.37 (s, 1H), 5.73~5.66 (m,
1H), 4.00 (s, 3H), 1.75 (d, J=6.8 Hz, 6H). MS (ESI) m/z (M+H)" 418.9. '

Compound 677 was prepared similarly as Compound 676 using 7-bromo-1-.

isopropyl-4-methoxy-3H-[1,2,3triazolo[4,5-c]pyridine as starting material. "H NMR (CDCI13, 4QO
MHz) 6 7.59 (s, 1H), 7.54 (s, 1H), 7.48 (d, J=8.4Hz ,2H), 7.34 (d, J=8.4 Hz, 2H), 7.13 (s, 1H),
4.67~4.57 (m, 1H), 4.01(s, 3H), 1.55 (d, J=6.8 Hz, 6H). MS (ESI) m/z (M+H)" 418.8. |

Compound 679 was prepared following the similar procedure descﬁbed in the

synthesis of Compound 676 using 7-bromo-2-(2-fluoroethyl)-4-methoxy-2H-[1,2,3]triazolo[4,5-

c]pyridine as starting material as a white solid. "H NMR (DMSO-ds, 400 MHz) 6 8.31 (s, 1H), 8.07-

(s, 1H), 7.93 (s, 1H), 7.68 (d, J=8.8 Hz, 2H), 7..58 (d, J/=8.8 Hz, 2H), 5.14 (s, 2H), 5.09 - 5.06 (m,
1H), 5.03-5.01 (m, 1H), 3.89 (s, 3H). :

' Compound 684 was prepared following the similar procedure described in the
synthesis of Compound 676 using 7-bromo-3-(2-fluoroethyl)-4-methoxy-2H-[1,2,3]triazolo[4,5-
c]pyridine as starting material. "H NMR (CDCls, 400 MHz) & 8.47 (s, 1H), 7.87 (s, 1H), 7.52 (d,
J=8.8 Hz, 2H), 7.43-7.39 (m, 3H), 5.27 (t, J= 4.8 Hz, 1H), 5.22 (t, J= 4.8 Hz, 1H), 5.04 (t, J= 4.8 Hz,
1H), 4.92 (t, J= 4.8 Hz, 1H), 4.01 (s, 3H).

Compound 687 was prepared following the similar procedure described in the
synthésis of Compound 676 using 7-bromo-1-(2-fluoroethyl)-4-methoxy-2H-[1,2,3]triazolo[4,5-
c]pyridine as starting material. 'H NMR (CDCl3, 400 MHz) 0 7.60 (s, 1H), 7.54 (s, 1H), 7.50 (d,

J=8.8 Hz, 2H), 7.36 (d, /=8.8 Hz, 2H), 7.18 (s, 1H), 4.85 (t, /=4.8 Hz, 1H), 4.73 (t, /=4.8 Hz, 1H),

4.65 (t, J=4.8 Hz, 1H), 4.60 (t, J=4.8 Hz, 1H), 4.01 (s, 3H).
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B(OH), B(OH),

y N/Et . Et

\
t _N HCIMeOH N bors
4APd(d f)Cl, , K,CO | | - 70°c —» Compound 680
ppn)Ciy , KoLO3 N o) o
DME/H,0, reflux _ Cu(OAc),, Py, PyNO
10A 1A 4AMS, DMF, O,

A mixture of compound 4A (1.0 g, 3.906 mmol, leq), compound 9 (820 mg,
5.859 mmol, 1.5eq), Pd(dppf)Cl, (287 mg , 0.391 mmol , 0.1eq) and K,CO; (1.08 g, 7.812 mmol,
2eq) in DME/H,0 (20 mL, v/v=5/1) was flushed with N,. And then the mixture was stirred at 80°C
under N, for 1h. 30 mL of water was added and extracted with EtOAc. The combined organic layer
was washed with brine, dried over Na,SO4 and concentrated. The residue was purified to afford

compound 10A (750 mg, 71% yield).

A mixture of compound 10A (650 mg, 2.39 mmol) in HCI/MeOH (4M, 50 mL‘)'

was stirred at 70°C overnight. The mixture was concentrated and adjusted to pH =7~8 with saturated
aq. NaHCO;. The mixture was filtered and the filter cake was dried in vacuum to afford compound
11A (570 mg, 92% yield). |

- A flask was charged with compound 11A (250 mg, 0.97 mmol, 1 eq), compound
6 (260 mg, 1.26 mmol, 1.3 eq), Cu(OAc), (351 mg, 1.94 mmol, 2 eq),: Py (230 mg, 2.91 mmol, 3eq),
pyridine N-Oxide (184 mg, 1.94 mmol, 2 eq) and 4A molecular sieves (150 mg) in DMF. The
mixture was stirred under O, at rt o.vemight. The mixture was concentrated and 50 mL of water was
added. The mixture was extracted with EtOAc. The combined organic layer was washed with brine,
dried over Na,SO, and concentrated. The residue was ﬁuriﬁed to afford Compound 680 (300 mg,
74% yield) as a white solid. "H NMR (DMSO-d;, 400 MHz) & 8.02 (dd, J=5.6, 8.8 Hz, 2H), 7.89 (s,
1H), 7.71 (d, J/=8.8 Hz, 2H)b, 7.57 (d, J=8.4 Hz, 2H), 7.31 (t, /=8.8 Hz, 2H), 4.78 (q, J=7.2 Hz, 2H),
1.5 (t, J=7.2 Hz, 3H). MS (ESI) m/z [M+H]" 419.0, |

Compound 682 was prepared following the similar procedure described in th;e
synthesis of Compound 680 using 4B as starting material. '"H NMR (CDCl;, 400 MHz) 6 7.53 ((i,
J=8.8 Hz, 2H), 7.43 (dd, J=3.2, 8.4 Hz, 2H), 7.36 (d, /=8.4Hz, 2H), 7.25 - 7.19 (m, 3H), 4.23 (q,
J=1.2 Hz, 2H), 1.24 (t, J/=7.2 Hz, 3H).

Compound 683 was prepared following the similar procedure described in the
synthesis of Compound 680 using 4C as starting material. "H NMR (CDCl;, 400 MHz) 6 7.93-7.90
(m, 2H), 7.53 (d, J=8.8 Hz, 2H), 7.42 (d, J=8.4 Hz, 2H), 7.34 (s, 1H), 7.19 (t, /=8.8 Hz, 2H), 4.99 (q,
J=1.2 HZ, 2H), 1.67 (t, J=7.2 Hz, 3H).
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Compound 685 was prepared following the similar procedure described in the
synthesis of Compound.680 using 4-(tributylstannyl)pyridazine in place of compound 9 catalyzed by
Pd(PPh;),Cl, in dioxane refluxed overnight. After HCl hydrolysis, (4-eth6xy-2-
methylphenyl)boronic acid was used in place of compound 6 to afford the final product. '"H NMR

5  (CDCls, 400 MHz) 6 9.70 (s, 1H), 9.22 (d, J=5.2 Hz, 1H), 8.12 (dd, J=2.4, 5.4 Hz, 1H), 7.68 (s, 1H),
7.18 (d, /=8.4 Hz, 1H),6.91 - 6.83 (m, 2H), 4.80 (q, J/=7.4 Hz, 2H), 4.08 (q, /=6.8 Hz, 2H), 2.17 (s,
3H), 1.76 (t, J=7.4 Hz, 3H), 1.45 (t, J=7.0 Hz, 3H).

Compound 686 was prepared following the similar procedure described in the
synthesis of Compound 619 using (4-ethoxy-2-methylphenyl)boronic acid in place of compound 6 to

10  afford the final product; "H NMR (CDCl;, 400 MHz) 6 8.07 (s, 1H), 7.83 (s, 1H), 7.26 (s, 1H), 7.18
(d, /=8.8 Hz, iH), 6.88 (d, /=2.4Hz, 1H), 6.85 (dd, J=2.4, 8.8 Hz, 1H), 4.77(q, /=7.2 Hz, 2H), 4.08
(9, J/=7.2 Hz, 2H), 3.99 (s, 3H), 2.16 (s, 3H), 1.75(t, J=7.2 Hz, 3H), 1.45 (t, J=7.2Hz, 3H).
| Compound 688 was prepared following the similar procedure described in the
synthesis of Compound 619 using (4-(2-methoxyethoxy)phenyl)boronic acid in place of compound 6
15 to afford thé final product. '"H NMR (CDCls, 400 MHz) 6 8.07 (s, 1H), 7.84 (s, 1H), 7.39 - 7.34 (m,
3H), 7.06 (dd, J=2.0, 6.8 Hz, 2H), 4.77 (q, J=7.2 Hz, 2H), 4.19 (t, J=4.8 Hz, 2H), 3.99 (s, 3H), 3.79
(t, J=4.8 Hz, 2H), 3.48 (s, 3H), 1.74 (t, J=7.2 Hz, 3H).

Example 5-N
20 Synthesis of Compound 626
NO .
Br Br 2 NO, HN—
| \ H;0, XY HpS04, HNOy B A PBr,  Br 1) CHp=CHMgBr, THF g
P —_— l J — —_— X oC | X
NZ > Br TFA NZ “Br 100°C, 4h NP g 5°C. 10n | | o _
) 70°C, 20, 90°C,3h ) ) NZ B2 NHC _ N e
2 ‘ © 5
3 a
t t B(OH), .
Etl, ch03 . _NaOMe g © F Et‘N F Et‘N
> F \ aq.HBr \
acetone, 60°C 8 | = - | S
——————
Pd-118, Na,CO; WP reflux
dioxane/H,0, reflux ’ | }’:‘I °
F. Et, 9
B(OH), N | 10
| EN
OCF, N0
1
Cu(OAc),, Py, PyNO,
4AMS, DCM, O,
OCF,
Compound 626

-210-



10

15

20

Hydrogen peroxide (30 %, 35 mL) was added slowly to the solution of compound
1 (40 g, 186.8 mmol) in TFA (200 mL). The resulting mixture was stirred at 70°C for 2h and at 90°C

for another 3h. After the mixture was cooled to rt, the mixture was poured over crushed ice. The

mixture was extracted with DCM. The combined organic layers were washed with aq. Na,S;03 and -

brine, dried over anhydrous Na,SO, and concentrated in vacuo to afford compound 2 (45 g, 96%
crude yield), which was used directly for the next step. ,

Compound 2 (45 g, 180 mmol) was added to the mixture of conc. sulfuric acid
(200 mL) and fuming nitric acid (150 mL) at rt during stirring. The mixture waé heated to 100°C and
then stirred for 2h. The reaction mixture was allowed to cool to rt and then poured over crushed ice.

The mixture was neutralized with NH3.H,O in the ice bath. The precipitate was filtered and washed

with PE to give compound 3 (29.6 g, 56% yield). .

Compound 3 (18g, 60.84 mmol) was added into the stirring PBr; (46 mL) in
portions at 0~5°C. The mixture was stirred at 5°C for about 7h, and then it was poured over crushed
ice and extracted with EA. The combinéd organic layers were washed with brine, dried over
anhydrous Na;SO,, and concentrated in vacuo to afford the crude product, which was purified by
flash column chromatography (PE:EA=10:1) to give compound 4 (10 g, 59% yield). |

Compounds 5-10 were prepared following the general procedure described in the
synthesis of Compound 48. v

Compound 626 was prepared by Suzuki-Coupling of compounds 10 and 11. 'H
NMR (CDCl3, 400 MHz) ¢ 7.51 (d, J= 8.4 Hz, 2H), 7.44~7.41 (m, 2H), 7.32 (d, /= 8.4 Hz, 2H),
7.14 (t, J=8.4Hz, 2H), 6.94 (d, /=2.8Hz,1H), 6.91~6.89 (m, 2H) , 3.67 (q, J/=7.2Hz, 2H), 1.10 (t,
J=7.2Hz, 3H). MS (ESI) m/; (M+H)+ 417.1.
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Example 5-O
Synthesis of Compound 656

: Et OH Et
Etl, K,CO4 N CHaCOOH),(1.2eq) I CICOOEt, TEA
\ acetone, reflux \ Il Piperidine, Py, reflux | ) Acetone, NaN;
' 3

2
B(OH),

) Et,
N
\ AN
=t N \ OCF, |
VZ \N PhOPh s N0

0
240°C Cu(OAG),,Py, PyNO,
4AMS. DCM, O,
5

OCF -
Compound 656
Cs,CO; (124 g, 0.38 mol) was added to a solution of the compound 1 (60 g, 0.63

mol) in acetone (500 mL). And then iodoethane (118 g, 0.76 mol, 61 mL) was added to the stirring
mixture. The mixture was stirred at reflux overnight. The mixture was cooled to rt, filtered and the
solvent’ was evaporated. The residue was purified by column chromatography (PE:EA=200:1 to
100:1) to afford compound 2(30 g, 39% yield).

A flask was charged with compound 2 (23 g, 187 fnmol), malonic acid (23.3 g,
224 mmol), pyridine (100 mL) and piperidine (22 mL). The mixture was reflux under nitrogen
atmosphere overnight. Then the mixture was cooled to rt and concentrated under reduced pressue.
The residue was diluted with water and adjusted to pH=~5 by aq. HCI (2 N), the resulting solid was
filtered and washed with amount water, the solid was dried in vacuo to give eompound 3 (263 g,
85% yield). _

Ethyl chloroformate (10 g, 87.6 mmol) was added dropwise into the solution of
compound 3 (10 g, 73 mmol) and TEA "(11.1 g, 109.5 minol) in 100 mL of acetone at 0°C. The
mixture was stirred at 0°C for 1.5h. The resulting mixture was added into the solution of sodium
azide (14.3 g, 219 mmol) in 30 mL of acetone and water (V/V=1/1) at 0°C and stirred for 30 min.
Then the mixture was warmed to rt and stirred for another 2h. The mixture was poured onto ice-

water and the precipitate was collect by filtration. The solid was washed with amount water, dried in

vacuo to give compound 4 (2.87 g, 21% yield).

Compound 4 (2.8 g, 15 mmol) was added into 20 mL of diphenyl ether and the .

mixture was stirred at 240°C for 3h. Then the mixture was cooled to rt and the residue was purified
by column chromatography (PE:EA=1:1 to EA:MeOH= 100:1) to afford compound 5 (1.1 8,46 %
yield).
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To a solution of compound 5 (200 mg, 1.24 mmol) in DCM (10 mL) was added
compound 6 (306.5 mg, 1.49 mmol), Cu(OAc), (743 mg, 2.48 mmol),‘Pyridine (1.17 g, 12.4 mmol,
1.2 mL) and Pyridine-N-Oxide (295 mg, 3.1 mmol), followed by addition of 4A molecular sieve
(100 mg). The reaction mixture was stirred at 30°C under oxygen atmosphere overnight. The
resulting mixture was filtered and washed with EtOAc; the filtrate was washed with brine, dried over
Na;SO4 and concentrated in vacuo. The residue was purified by column chromatography on silica

gel (PE/EA =1:1) to give Compound 656 (80 mg, 20% yield). "H NMR (CDCl;, 400 MHz) & 7.46

- (d,.J=9.2 Hz, 2H), 7.32 (d, J=8.0 Hz, 2H), 7.10 (d, J=7.6 Hz, 1H), 6.93 (d, /=3.2 Hz, 1H), 6.84 (d,

J=3.2 Hz, 1H), 6.45 (d, /=7.2 Hz, 1H), 4.10 (q, J=7.2 Hz, 2H), 1.48 (t, /=7.2 Hz, 3H). MS (ESI) m/z
(M+H)" 323.0.

NCS, 2.05eq NBS
Compound 5, —_—
656 DMF, 90°C MeCN, r.t. -
. Pd(dppf)Clz,K3PO4
dioxane/H,0, 90°C
OCF; OCFs ‘ ~ OCFs
7\ B 8 10
N- N
N | \
| N
Hj, Pd/IC N (o]
_—
50 °C,MeOH
OCF;
Compound 694

To a solution of compound 656 (1.8 g, 5.6 mmol) in DMF" (20 mL) was added

NCS (1.53 g, 11.5 mmol). The mixture was heated at 90°C for 2 hrs. Then the mixture was washed

with water, exteacted with EA. The organic layer was washed with brine, dried under Na;SOy,
concentrated in vacuo. The crude residue was puriﬁed. to afford compound 7 (1.6 g, 73% yield).

To a solution of compound 7 (1.0 g, 2.56 mmol) in MeCN (20 mL) was added

NBS (543 mg, 3.07 mmol) at 0~5°C. The mixture was stirred at rt overnight. Then the mixture was
concentrated in vacuo. The crude residue was purified to afford compound 8 (0.5 g, 42% yield).

| To a stirred mixture of compound 8 (800 mg, 1.7 mmol), and 9 (530 mg, 2.55

mmol) in dioxane/HZO. (30 mL,V:V=5:1) was added K;PO, (720 mg, 3.4 mmoi), Pd(dppf)Cl, (125

mg, 0.17 mmol) under N, protectioh. The reaction mixture was heated at 90°C overnight. Thé
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mixture was poured into water, extracted with EtOAc, the organic layer was washed with brine, "™

dried over anhydrous Na,;SO4, and concentrated in vacuo, the residue was purified to afford "
compound 10 (310 mg, yield: 38. 8%) -

Compound 10 (250 mg, 0. 53 mmol) was dissolved in MeOH (20 mL), Pd/C (30 8
mg) was added under N, protect, the reaction was stirred overnight at H, balloon at 50°C. The =
suspention was ﬁltered_ through a pad of celite. The filter cake was washed with MeOH, the w
combined filtrate was concentrated in vacuo, the‘crude product was purified to afford Compound
694 (95 mg, 45% yield). "H NMR (400MHz,CDCl3) 6 7.57 (s, 1H), 7.49 - 7.42 (m, 3H), 7.29 (d,
J=8.4 Hz, 2H), 6.93 - 6.90 (m, 1H), 6.89 - 6.84 (m, 2H), 396(s 3H) 3.86 (q, J=7.2 Hz, 2H), 1.18 (4,
10  J=7.2 Hz, 3H). MS (ESI) m/z [M+H]" 403.1.

Compound 695 was prepared following the similar procedure described in the
synthesis of Compound 694 using 1-benzyl-5-(4-(trifluoromethoxy)phenyl)-1H-pyrrolo[3,2-
clpyridin-4(5H)-one as starting material. "H NMR (DMSO-ds, 400 MHz) 6 11.5 (s, 1H), 8.16 (s,

1H), 7.83 (s, 1H), 7.61 (d, J=8.8 Hz, 2H), 7.51 (d, J=8.8 Hz, 2H), 7.42 (s, 1H), 7.19 (s, 1H), 6.66 (s,
15 1H), 3.89 (s, 3H).

Example 5-P
Svynthesis of Compound 678

NsN;EM Boc. o
N;N\NH , N;N\NH AN N \3ABo
Br. Br. y
ﬁ l:\::?;(?:' ® SEMD:/::I > |N/ B PEIIBKPO,
’ /Bn .
N7 Br NZ o dioxane/H,0
3
Boc : Boc _ B(OH \ N

o CulOAcLPy, PNO,
N 4AMS, DMF, 0,, 50°C

N N=N =
N\ ¥ N ] N="% CH
X = HaPdiC Ny x oc;:3 5A HCUMeOH
\ “MeOR, Tt \
BN MeOH,rt
; ,

5 OCF4 OCF,

20 _ _ 6 _ Compound 678
To a solution of BnOH (2.3 g, 21.7 mmol) in DMF (50 mL) was added NaH (60%

dispersion in mineral oil, 1.5 g, 36.2 mmol) at 0°C, the mixture was stirred for 30 mins at rt,
compound 1 (5 g, 18.1 mmol) was added, the solution was heated to 100°C for 3-4 hours, then
* quenched with aq. HCI (IN), extracted with EA, the combined organic layer was washed with brine.

25  and concentrated to give crude product, which was purified to afford compound 2 (4 g, yield 72%)).
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To a solution of compound 2 (4 g, 13.2 mmol) in DMF (50 mL) was added NaH

(60% dispersion in mineral oil, 1 g, 26.4 mmol) at 0°C, the mixture was stirred for 30 mintues at rt,

and then SEM-CI (3.3 g, 19.8 mmol) was added, the reaction was stirred for 12 hours at rt. The
mixture was quenched with water, extracted with EA, the combined organic layer was washed with

brine and concentrated to give crude product, the residue was purified to afford compound 3 (3.7 g,
yield 65%).

To a stirred mixture of compound 3 (4 g, 9.2mmol), and 3A (4.2g, 18.4 mmol) in |

dioxane/H,O (100 mL, V/V=5/1) was added K3PO, (3.9g, 18.4 mmol), Pd-118 (600 mg, 0.92 mmol)
under N, protection. The reaction mixture was heated to 60-70°C overnight. The mixture was poured
into water, extracted with EtOAc, the organic layer was washed with brine, dried over anhydroﬁs
Na;S04, and concentrated in vacuo, the residue was purified by column chromatography on silica gel
(PE/EA =5:1) to afford compound 4 (3 g, yield 62.5%).

To a solution of compound 4 (3 g, 5.7 mmol) in MeOH (50 mL) was added Pd/C
(600 mg) under N, protection, the reaction was st1rred overnight under H, balloon at rt, then the
mixture was filtered through a pad of celite. The filter cake was Washed with MeOH (50 mL), the
combined filtrates was concentrated in vacuo, the crude product was purified to afford compound 5
(1.2 g, 48% yield).

To a solution of compound 5 (400 mg, 0.93 mmol) in DMF (20 mL) was added

compound SA (288 mg, 1.4 mmol), and Cu(OAc), (336.7 mg, 1.86 mmol), Py (367.4 mg, 4.65

mmol), pyridine N-Oxide (176.7 mg, 1.86 mmol). The reaction mixture was stirred at 50°C
overnight, and then it was poured into water, extracted with EA, the combined organic layer was
washed with brine and concentrated to give crude product. The residue was purified to afford
compound 6 (300 mg, yield 54%).

Compound 6 (700 mg, 1.18 mmol) was dissolved in HCI/MeOH (4M, 20 mL), the
reaction was stirred for 1-2 hours at rt, and then the solvents were evaporated. The residue was
neutralized with saturated aq. NaHCOs, and extracted with EA. The combined organic layer was
concentrated in vacuo, and the crude product was washed with EA to afford Compound 678 (260
mg, 61%yield).

"H NMR (DMSO-ds, 400 MHz) 5 8.28 (brs, 2H), 7.92 (s 1H), 7.69 (d, J/=8.4Hz, 2H), 7.57 (d,
J=8.0Hz, 2H). MS (ESI) m/z [M+H]" 362.9.
Compound 681 was prepared following the similar procedure described in the

synthesis of Compound 678 using (4-fluorophenyl)boronic acid in place of compound 3A. '"H NMR
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(CD;0D, 400 MHz) & 7.84-7.80 (m, 2H), 7.70-7.64 (m, 3H), 7.49 (d, J=8.4Hz, 2H), 7.25-7.20 (m,

2H). MS (ESI) m/z [M+H]+ 391.0.

Example 6-A v
Synthesis of Compound 64 (Scheme XVII

O_BF:;K . O\(l
PhB(OH -
B'\(j _ XVil-2 aq HBI/EIOH N (OH),
Pd(OAQ)N-BUPAD, Cu(OAc Py, PyNO
N/ o 2 o reflux

CSzCO3 ToulenelHZO 4A MS, DCM, 02
100°C, 12 h

Xvii-1 XVIi-3 . XVlIl4 , compound 64
A mixture of XVII-1 (1.57 g, 8.35 mmol), XVII-2 (1.61 g, 9.19 mmol), Pd(OAc);

(0.187 g, 0.835 mmol), n-BuPAd; (0.298 g, 0.835 mmol) and CSzCO3 (8.17 g, 25.05 mmol) in

10 toluene/H,O (50 mL/10 mL) was degassed by purging with nitrogen. The mixture was heated at

100°C for 12 hrs. After being cooled to rt, the mixture was diluted with water (30 mL), extracted
with EtOAc (100 mLx3). The combined organic layer was washed with brine, dried over anhydrous
Na,SO4 and concentrated in vacuo. The residue was purified by flash chromatography on silica gel
(PE/EA =100:1—40:1) to produce XVII-3 as a yellow oil (0.8 g, 54% yield). .

Compound 64: "H NMR (CDCl;, 300MHz) & 7.50-7.47 (m, 2H), 7.42-7.34 (m,
4H), 7.12 (d, J = 2.1Hz, 1H), 6.64 (d, J = 6.9Hz,. 1H), 2.72-2.80 (m, 1H), 2.05-1.96 (m, 2H), 1.80-
1.63 (m, 4H), 1.52-1.47 (m, 2H). MS (ESI) m/z [M+H]' 240.1.

15

Example 6-B
Svynthesis of Compound 65 (Scheme XVIII)

O—B(oH), PhB(OH D\(l
B XVIlI-2 H \ o >
n 29 HBIEIOH , CulOAG), Py, PYNO
o~ Pd(dpph)CL Na2003

N

reflux 4A MS, DCM, O,
. Toulene/H,0, reflux
XVIIl-1 Xviil-3 _ XVill-4 _

Compound 65
To a solution of XVHI-1 (2.1 g, 10.9 mmol) in toulene/H,O (60 mL, v/v=5/1)

was added Na,COj3 (1.4 g, 14.71 mmol), XVHI-2 (1.2 g, 11.99 mmol), followed by Pd(dppf)Cl, (812

mg, 1.11 mmol). The mixture was purged with nitrogen and then heated at reflux overnight. The

20

25

mixture was cooled to rt., diluted with water (50 mL), extracted with EtOAc (100 mLx3). The

combined organic layer was washed with brine, dried over anhydrous Na,SO, and concentrated in

vacuo. The residue was purified by flash chromatography on silica gel (PE/EA 100:1—40:1) to give
216- |
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XVIII-3 as a yellow oil (0.4 g, 24% yield). "H NMR (CDCls, 300 MHz) 6 7.97 (d, J = 2.4Hz, 1H),
7.46 (dd, J = 8.4, 2.4Hz, 1H), 6.68 (d, J = 8.4Hz, 1H), 3.90 (s, 3H), 3.51-3.40 (m, 1H), 2.37-2.30 (m, '~

2H), 2.28-1.99 (m, 3H), 1.96-1.82 (m, 1H). - -

Compound 65: "H NMR (CDCls, 400 MHz) 6 7.51-7.47 (m, 2H), 7.46-7.36 (m, "

4H), 7.08 (d, J = 2.8Hz, 1H), 6.65 (d, J = 9.2Hz, 1H), 3.35-3.26 (m, 1H), 2.31-2.23 (m, 2H), 2.09-

1.96 (m, 3H),1.87-1.83 (m, 1H). MS (ESI) m/z [M+H]" 226.0. | . , 5

| Compound 66 was prepared following the similar procedure for obtaining -
Compound 64. "H NMR (CDCls, 400 MHz) 6 7.51-7.46 (m, 2H), 7.43-7.33 (m, 4H), 7.09 (d, J = J“

2.4Hz, 1H), 6.63 (d, J = 9.6Hz, 1H), 2.32-2.25 (m, 1H), 1.87-1.82 (m, 4H), 1.76-1.72 (m, 1H), 1.41- o

,
------

10 1.18 (m, SH). MS (ESI) m/z [M+H]" 254.1. : _

Example 7 '
Synthesis of Compounds 67—76 (Scheme XIX)

. Boc, 0

N ,
: Br: 1 N B HN .
NG * PhB(OH), \(\l , N;>‘ ‘Oi_ A
n X2 N , XX4 |
- ‘ = N~ 0
"N o Cu(OAc),, Py, PyNO Pd(dppf)Cla, K,CO3
XiX-1 DCM _ _ DME/H,0, reflux © ‘
' XIX-5

XiX-3 v
0 N~
. O . /N\ . N’
5 =
2 Mo N R-O A
R Q Na,CO |
M EN [ 3,C0s
XIX.5 R Cl ——— R )J\ —_— N 0
-5+

XIX-6 , o dioxane/H,0
XiXx-8
XIX-7 XIX-9
N ),
R-NH A 0 VOIS
- reflux | I TEA,DOM |
XIX-5 + R-NCO —» v N“o  XIX-5 + R—'ﬁ—CI —_—

. XIX-10 o o
‘ XiX-11 . XIX-12 XiX-13
15 » | » - |

XIX-3 was prepared following the similar procedure for obtaining V-3 using
XIX-2 in place of V-2 as a yellow solid. |

XIX-5 was pfepared follbwing the similar procedure for obtaining Compound 23
using XIX-4 in place of V-4,
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XIX-7: To a stirring solution of XIX-5 (1.0 eq) and TEA (3 eq.) in DCM was
added acyl chloride (2.0 e(j) dropwise at 0°C. The mixture was stirred for 1h at rt. then it was washed
with water and brine, dried over Na,SOs, and concentrated under reduced pressure. The residue was
purified by prep- -TLC (EtOAc) to afford XIX-7.

Compound 67: "H NMR (CDCls, 400 MHz) ¢ 8.34 (s 1 H) 7.82 (s, 1 H), 7.59-
7.41(m, 7 H), 6.77-6.74 (m, 1 H), 2.72 (s, 3H).

‘ Compound 68: '"H NMR (CDCls, 400 MHZ) 08.54 (s, 1 H), 8.13(d, /J=7.2 Hz,
2 H), 7.91 (s, 1 H), 7.66-7.43 (m, 10 H), 6.78 (d, /= 9.6 Hz, 1 H).

Compound 69: "H NMR (CDCl;, 400 MHz) 6 8.34 (s, 1 H) 7.86 (s 1 H), 7.59-
7.28 (m, 12 H), 6.75 (d, /= 8.8 Hz, 1 H), 4.45 (s, 2 H).

Compound 72: '"H NMR (CDClv3, 400 MHz) 6 8.34 (s, 1 H), 7.80 (s, 1 H), 7.60-

7.40 (m, 7 H), 6.74 (d, J = 8.8 Hz, 1 H), 3.15-3.10 (m, 2 H), 1.81-1.72 (m, 2 H), 1.481-1.40 (m, 2 H),

0.98-0.93 (m, 3 H).

XIX-9: To a solution of XIX-5 (1.0 eq) in dioxane/H,O (v/v=10:1) was added
Na,COs (1.5 eq) -with stim'ng at 0°C for 10 min. Then XIX-8 (1.2 eq) was added dropwise. The
mixture was stirred at rt for 5 hours. The reaction was concentrated. The residue was partitioned
between EtOAc and VH20. The organic layer was separated, washed with brine, dried over Na,SOy,
concentrated. The crude product was purified by prep-TLC (EtOAc) to give XIX-9.

Compound 73: 'H NMR (DMSO-dj, 400 MHz) & 8.80 (s, 1H), 8.33 (s, 1H), 8.22
(d, J=2.4 Hz, 1H), 8.01 (dd, J=2.4, 9.6 Hz, 1H), 7.57-7.52 (m, 2H), 7.49-7.45 (m, 3H), 6.58 (d, /=
9.6 Hz, 1H), 4.4 (q, /= 7.2 Hz, 2H), 1.36 (t, J = 7.2Hz, 3H).

Compound 74: 1H NMR (DMSO-ds, 400 MHz) § 8.78 (s, 1H), 8 33 (s, lH), 8.22
(d, J=2.4 Hz, 1H), 8.00 (dd, /= 2.8, 9.6 Hz, 1H), 7.57-7.53 (m, 2H), 7.49-7.46 (m, 3H), 6.58 (d, /=
9.6 Hz, 1H), 4.40 (t, J = 6.4 Hz, 2H), 1.74-1.70 (m, 2H), 1.46-1.39 (m, 2H), 0.94 (t, /= 7.2 Hz, 3H).

XIX-11: A mixture of XIX-5 (1 eq.) and XIX-10 (0.5 mmol/mL) was stirred at
90-100°C under N, overnight. The mixture was concentrated. The residue was purified by prep-TLC
(PE: EtOAc = 1:1) to give XIX-11. '

Compound 75: '"H NMR (DMSO-ds, 300 MHz) 6 8.70 (s, l'H), 8.24-8.21 (m,
2H), 8.14 (d, J = 2.4 Hz, 1H), 7.95 (dd, J = 9.3, 2.4 Hz, 1H), 7.53-7.42 (m, 5H), 6.53 (d, /= 9.3 Hz,
1H), 3.99-3.92 (m, 1H), 1.18 (s, 3H), 1.15 (s, 3H). o '

Compound 76: '"H NMR (DMSO-ds, 300 MHz) J 8.70 (s, 1H), 8.51 (t, /= 6.0
Hz, 1H), 8.20 (d, J= 0.6 Hz, 1H), 8.13 (d, J=2.1 Hz, 1H), 7.95 (dd, J = 9.6,‘ 2.7 Hz, 1H), 7.51-7.42

(m, 5H), 6.53 (d, J= 9.3 Hz, 1H), 3.31-3.24 (m, 2H), 1.12-1.07 (m, 3H).
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XIX-13: To a solution of XIX-5 (1 eq.) in DCM (0.16 mmol/mL) was added
XIX-12 (1.25 eq.) and TEA (3 eq.) at 0°C. Then the mixture was stirred at rt. overnight. The mixture
was concentrated, diluted with water, extracted with EtOAc. The combined organic layer was

washed with brine, dried over anhydrous Na,SO4 and concentrated -in vacuo. The residue was

- purified by prep-TLC (PE: EA = 1:2) to give XIX-13.

Compound 70: "H NMR (CDCls, 400MHz) & 8.19 (s, 1H), 8.04-8.02 (m, 2H),
7.82 (s, 1H), 7.69-7.65 (m, 1H), 7.58-7.49 (m, 6H), 7.47-7.45 (m, 1H), 7.39-7.37 (m, 2H), 6.72 (d, J
=9.2 Hz, 1H). MS (ESI) m/z (M+H)" 378.1. -

Compound 71: "H NMR (CDCls, 400MHz) & 8.1 (s, 1H), 7.91 (s, 1H), 7.55-
7.39 (m, 7H), 6.75 (d, J = 9.6 Hz, 1H), 3.35 (s, 3H). MS (ESI) m/z (M+Na)" 338.0.

Example 8
Synthesis of Compounds 77-80 (Scheme XX)
. R/(A)n\Br o R
l KCOs N” 0
N0 L)\
H DMF ( R

, XX-3
XX-3: XX-1 (1 eq.), XX-2 (1.2 eq.) and K,COs (1.5 eq.) were dissolved in DMF.

The solution was stirred at 50°C for 6 hrs under N, atmosphere. The reaction mixture was diluted
with water and extracted withv EtOAc. The combined organic phase was washed with brine, dried
over Na;SO4 and concentrated to give crude product, if was purified by prep-TLC (PE:EA= 1:1) to
yvield XX-3. - |

Compound 77 was prepared by reacting 5-(4-fluorophenyl)pyridin-2(1H)-one
with (2-bromoethyl)benzene following the general prdcedure described above. "H NMR (CDCls,
400 MHz) 6 7.53 (m, 1H), 7.33-7.24 (m, 3H), 7.18-7.16 (d, J = 6.8 Hz, 2H), 7.09-7.00 (m, 4H), 6.92
(d, J=2.4 Hz, 1H), 6.68-6.66 (d, J = 9.6 Hz, 1H), 4.23-4.20 (m, 2H), 3.12-3.09 (m, 2H). MS (ESI)
m/z (M+H)" 293.9, '
' Compound 79 was prepared by reacting 5-(4-ﬂuoroph¢nyl)pyridin-2(IH)-one
with (bromomethyl)benzene follovﬁng the general procedure described above. '"H NMR (CDCls,
400 MHz) 6 7.57-7.55 (m, 1H), 7.42-7.41 (d, J=238 Hz, 1H), 7.38-7.28 (m, 7H), 7.10-7.05 (m, 2H),
6.72-6.70 (d, J = 9.2 Hz, 1H), 5.22 (s, 2H). MS (ESI) m/z (M+H)" 280.1.

Compound 78 was prepared by reacting 5-methylpyridin-2(1H)-one with
(bromomethyl)benzene following the general procedure described above. '"H NMR (CDCl;, 400

'
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MHz) ¢ 7.36-7.27 (m, 5H), 7.19-7.16 (m, 1H), 7.02 (s, 1H), 6.58-6.56 (d, J = 7.2 Hz, 1H), 5.12 (s,
2H), 2.03 (s, 3H). MS (ESI) m/z (M+H)" 199.8. , _

Compound 80 was prepared by reacting S-methylpyridin-Z(lH)-oné with (2-
bromoethyl)benzene following the general procedure described above. 'H NMR (CDCls, 400 MHz)
6 7.31-7.21 (m, 3H), 7.18-7.15 (m, 3H), 6.70 (s, 1H), 6.54-6.52 (d, J = 9.2 Hz, 1H), 4.16-4.08 (m,
2H), 3.06-3.02 (m, 2H), 1.96 (s, 3H). MS (ESI) m/z (M+H)" 213.9.

, Example 9
Synthesis of Compound 82 (Scheme XXI)
, B(OH), ‘
OCF,4
.0 0 1) NH,-NH; H,0, DMSO o
xx12 , N 100°C _ N
o 2) ag. HCI
u 0 Cu(OAc),, Py, PyNO :
XXI-1 4A MS, O, DCM
: OCF3 : . OCF;
XX1-3 Compound 82

XXI-3 was obtained following the similar procedure for obtaining X-6 as a red
solid. "H NMR (CDCl;, 300MHz) & 7.52-7.35 (m, SH), 7.26 (s, 1H), 6.82 (d, J = 8.1 Hz, 1H), 2.37
(s, 3H). '

To the solution of XXI-3 (500 mg, 1.56 mmol) in 10 mL of DMSO was added
hydrazine hydrate (1 mL) at 0°C, The mixture was stirred at 100°C for 2 hrs. After being cooled, the
mixture was quenched with ag. HCl (IM) and stirred for 1 h, extracted with EA (50 mLx3).The
combined organic layers were washed with brihe, dried o?er anhydrous Na,SO4 and cdncentrated.
The residue was purified by column chromatography on silica gel (PE/EA=20/1) to afford
Comopund 82 (50 mg, 11% yield) as a white solid. "H NMR (CDCl;, 400MHz) 6 7.48 (d, J = 8.8
Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.15 (s, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H),
3.69 (s, 2 H), 2.35 (s, 3H). MS (ESI) m/z [M+H]" 308.1. B

Compound 81 was obtained by reacting indolin-2-one with (4-
(trifluoromethoxy)phenyl)boronic acid refluxing in anhydrous DCM under oxygen atmosphere
overnight in the presence of Cu(OAc)z and 4A molecuiar sieve as a white solid. '"H NMR (CDCls,
400MHz) 6 7.47 (d, J = 8.0 Hz, 2H), 7.38-7.32 (m, 3H), 7.23 (t, /= 7.6 Hz; 1H),7.11 (t, J= 7.6 Hz,
1H), 6.80 (d, J=7.6 Hz, 1H), 3.73 (s, 2H). MS (ESI) m/z [M+H]" 294.0,
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Example 10
Svynthesis of Compounds 83 and 84 (Scheme XXII)

\(1 ' PhB(OH); N X0 1) Hz, Raney Ni, EtOH
N" 0  Cu(OAc),, Py, PyNO @ 2) chiral hplc separatlon © ©

4AMS, O, DCM -

XXHi-2 Compound 83 Compound 84
RorS$S SorR

XXII-2 was prepared following the similar procedure for obtaining XIX-3 as a
white solid. - | |

XXII-2 (500 mg, 2.7 mmol) was dissolved in EtOH, the solution was degassed
with Ar for three times and then Raney Ni was added. The mixture was degassed by Ar and H; in
turn for three times. The mixture was stirred .at rt for 24 hrs under H; (15~20 psi). The reaction was
detected by LCMS and TLC .The reaction mixture was filtrated and washed with EA, the filtrate was
concentrated and the residue was purified by column chromatography (PE/EA=3/ 1) and then
separated by chiral prep-HPLC to give the two pure optical enantiomer: Compound 83 (149 mg,
30% yield) and Compound 84 (30.3 mg, 6% yield). The absolute chiraljty of the two compounds
was not identified.

Compound 83: '"H NMR (CDCls, 400 MHz) & 7.41-7.37 (m, 2H), 7.27-7.23 (m,
3H), 3.59-3.54 (m, 1H), 3.36-3.30 (m, ’lH), 2.66-2.50 (m, 2H), 2.19-2.10 (m, 1H), 2.00-1.94 (m,
1H), 1.67-1.57 (m, 1H), 1.07 (d, J=6.8 Hz, 3H) . MS (ESI) m/; (M+H)" 190.0. RT (SFC)=3.99.

Compound 84: "H NMR (CDCl;, 400 MHz) § 7.41-7.37 (m, 2H), 7.27-7.23 (m,

3H), 3.59-3.55 (m, 1H), 3.36-3.31 (m, 1H), 2.66-2.50 (m, 2H), 2.19-2.10 (m, 1H), 2.00-1.94 (m,

1H), 1.67-1.57 (m, 1H), 1.07 (d, J = 6.8 Hz, 3H). MS (ESI) m/z (M+H)" 190.0. RT (SFC)=4.18.
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Example ll-A
Synthesis of Compounds 85-87 (Scheme XXIII)

¢ ~o F—@—B(OH)Z
@ NaOMe ﬁj\ NBS, CH30N Br | AN _ ' Xxin4
Cl

N7 o Pd(PPhy)s, KoCO3
XXill-1 X2 i3 DMEMH,0

B(OH)2

OCF3
__faHBr XXIT
* HBr

Cu(OAc),, Py, PyNO

XXMI- 5 . 4A MS, 0,, DCM
XXII-6 :
F
Cl
. | =
BBra POCl3 N~ ~0
100°C
OCF3 ’ OCFs OCF,4
Compound 85 Compound 86 Compound 87

XXIII-1 (15 g, 0.1 mol) was dlssolved in anhydrous DMF (80 mL), and then
freshly prepared sodium methoxide (24 g, 0.44 mol) was added. The resulting mixture was stirred at
110 - 120°C for 12 hrs under N,. Cooled to 1t, diluted with EA (800 mL) and washed with water and
brine, driéd over Na,SOy, concentrated. The residue was purified by flash column chromatography
(PE/EA = 10:1) to give XXIII-2 (7.5 g, 54% yield) as a colorless oil.

The mixture of XXITI-2 (7.4 g, 53 mmol) and N-bromosuccinimide (9.3 g, 52
mmol) in anhydrous CH3CN (250 mg) was stirred at 70-85°C for 12 hrs in dark. Cooled to rt, fhe
mixture was coﬁcentrated and the residue was purified by flash column chromatography
(PE/EA=50/1) to give XXIII-3 (8.3 g, 72% yield) as a white solid.

XXIII-3(16.0 g, 38.2 mmol), XXIII-4 (13.4 g, 95.9 mmol) and K,CO; (36.6 g,
265.3 mmol) were dissolved in a mixture of DME/H,0 (250 mL /25 mL). The solution was degassed
by N, for three times and then Pd(PPhs), (8.5 g, 7.37 mmol ) was added. The reaction mixture was
stirred at 90-100°C for 10h under N; and then cooled to rt, diluted with AcOEt and filtered, the
filtrate was washed with brine. The separated organic phase was dried over NaZSO4, concentrated.
The residue was purified by flash column chromatography (PE/EA = 20:1~5:1) to give XXIII-5
(16.0 g, 93 % yield). . B

A solution of XXIII-5 (15.0 g, 64.4 mmol) in ag.HBr (48%, 250 mL) was stirred
at 100°C for 7h. Then the mixture was cooled to rt, the formed precipitate was filtrated, washed with
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water to give XXIII-6 (.17.6 g, yield 91%) as a white solid, which would be utilized in next step
without any further purification.

To a solutin of XXITI-6 (4.6 g, 21 mmol) in DCM (180 mL), copper (II) acetate
(7.42 g, 41 mmol), XXIII-7 (8.65 g, 42 mmol), pyridine (10 mL), pyridine-N-oxide (7.8 g, 82
mmol) and 4 A moleéular sieves (3.0 g ) were added. The mixture was stirred at rt for 38 hrs under
O, atmosphere. The mixture was filtered; the filtrate was washed with brine, dried over Na,SOy,
concentrated. The residue was puriﬁéd by flash column chromatography (PE/EA=1/1) to give
Compohnd 85 (3.7 g, 46% yield) as a white solid. "H NMR (CD;0D, 400 MHz) & 7.57-7.55 (m,

3H), 7.47-7.44 (m, 4H), 7.13-7.09 (m, 2H), 6.12 (s, 1H), 3.90 (s, 3H). MS (ESI) m/z (M+H)" 380.0.

To a solution of Compound 85 (2.0 g, 5.26 mmol) in dry DCM (25 mL) was
added BBr; (2.63 g, 10.52 mmol) dropwise at -65 °C~-70°C. After addition, the mixture was stirred
at 5~8 °C for 12 h, but the starting material still remained. More BBr; (5.26 g, 21 mmol) was added
dropwise at -65 °C~-70 °C, after that, the mixture was stirred at 25~30°C for 24 hrs. And then the
mixture was cooled to 0 °C under ice;water bath, quenched with methanol by dropwise addition until
no smoke appeared. Then the mixture was concentrated, the residue was basified to pH 8~9 with
saturated aq.NaHCO3,'ex_tracted with EA (50 mLx3), washed. with brine, dried over Na,SOa,
concentrated. The residue was purified by flash column chromatography (PE/EtOAc= 1/2) to give
Cdmpound 86 (1.2 g, 52 % yield) as a white solid. "H NMR (CD;0D, 400 MHz) J 7.58-7.49 (m,
5H), 7.45-7.43 (m, 2H), 7.13-7.09 (m, 2H), 6.01 (s, 1H). MS (ESI) m/z (M+H)* 366.0.

To a solution of Compound 86 (3.3 g, 9.0 mmol) in POCI; (60 mL) was added N, '

N — Dimethylaniline (1.5 g, 12.4 mmol). The resulting mixture was stirred at 100 °C for 2 hrs, cooled
to rt, distilled most of POCI; quenched with ice-water, and then basified to pH 7-8 with saturated agq.
NaHCOs3, and extracted with EA (50 mLx3). The combined organic phase was washed with brine,
dried over Na;SO; and concentrated. The residue was purified by flash chromatography
(PE:EA=5:1) to give Compound 87 (2.0 g, 58% yield) as a light yellow solid. "H NMR (CD;0D,
400 MHz) & 7.72 (s, 1H), 7.61-7.58 (m, 2H), 7.48-7.44 (m, 4H), 7.19-7.15 (m, 2H), 6.85 (s, 1H).
MS (ESI) m/z (M+H)" 384.0. ' |

Compound 88: Compound 87 was dissolved in 4-methoxybenzylamine (2 mL),

the mixture was stirred at 180°C for 2.5h under N,. After being cooled to rt, the mixture was diluted

with EA (60 mL), washed with ag. HCI (2 M) with brine, dried over Na,SO,4 and concentrated. The
residue was purified by prep-TLC (PE:EA=1:2) to give an intermediate (47 mg, 50% yield) which
was further dissolved ih TFA (2 mL) and stirred at rt for 3h. Then it was diluted with water and
basified to pH 8-9 with saturated ag. NaHCO;, extracted with EA (30 mLx3). The combined organic
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layer was washed with brine, dried over anhydrous Na;SO4 and concentrated. The residue was
purified by prep-TLC (PE/EA=1/3) to give Compound 88 (30 mg, 79% yield). '"H NMR (CD;OD,
400 MHz) ¢ 7.53-7.51 (m, ZH), 7.45-7.40 (m, 4H), 7.32 (s, IH), 7.19 (t, J = 8.8 Hz, 2H), 5.78 (s,
1H). '

Compound 89: A mixture of Compound 87 (75 mg , 0.2 mmol) in benzylamine
(1 mL) was stirred at 180°C for 4 hrs, then it was cooled to rt and purified by flash column
chromatography (PE:AE=1:1) to give Compound 89 (80 mg, 90% yield). '"H NMR (CDCl;,
400MHz) 6 7.47-7.44 (m, 2H), 7.38-7.34 (m, 4H), 7.31-7.27 (m, 5H), 7.16-7.12 (m, 2H), 7.06 (s,

1H), 5.70 (s, 1H), 4.59 (t, /= 5.2 Hz, 1H), 4.34 (d, J = 5.2 Hz, 2H). MS (ESI) m/z (M+H)" 455.3.

Compound 90 was prepared following the similar procedure for obtaining

Compound 88 using 1-(4-methoxyphenyl)-N-methylmethanamine . in place of 4-

methoxybenzylamine. "H NMR (CDCls, 400 MHz) & 7.47-7.45 (m, 2H), 7.34-7.28 (m, 4H), 7.17-
7.12 (m, 2H), 7.03 (s, 1H), 5.65 (s, 1H), 4.28 (m, 1H), 2.83 (d, J = 4.8 Hz, 3H). MS (ESI) m/
(M+H)" 379.0. |

Compounds 104 and 107-110 were prepared by the reaction of Compound 88 (1
eq.) with the relevant acyl chloride (1 1 eq.) in DCM and pyridine (5 eq.). The mixture was stirred at
1t overﬁight. ' .

Compound 104: '"H NMR (CDCl3, 400MHz) 6 7.7:6 (s, 1H), 7.47 (d, J = 8.8Hz,
2H), 7.36-7.30 (m, 4H), 7.23-7.19 (m, 3H), 6.96 (s, 1H), 2.06 (s 3H).

Compound 107: '"H NMR (CDCl;, 400MHz) 3 7.78 (s, 1H), 7.47 (d, J = 8.8Hz,
2H), 7.35-7.31 (m, 4H), 7.24-7.19 (m, 3H), 6.95 (s, 1H), 2.22 (t, J= 7.6Hz, 2H), 1.59-1.51 (m, 2H),
1.36-1.26 (m, 2H), 0.89 (t, /= 7.2Hz, 3H) . |

Compound 108: '"H NMR (CDCls, 400MHz) & 7.79 (s, 1H), 7.47 (d, J = 8.8Hz,
2H), 7.36-7.31 (m, 4H), 7.25-7.20 (m, 3H), 7.02 (s, 1H), 2.39-2.32 (m, 1H), 1.12 (d, J = 6.8Hz, 2H).

Compound 109: "H NMR (CDCl;, 300MHz) § 7.81 (s, 1H), 7.50-7.46 (m, 2H),
7.38-7.33 (m, 4H), 7.25-7.21 (m, 3H), 6.97 (s, 1H), 2.24 (t, J = 7.5Hz, 2H), 1.59 (t, J = 6.9Hz, 2H),
1.32-1.26 (m, 4H), 0.89 (t, /= 6.9 Hz, 3H). _

Compound 110: '"H NMR (CDCl, 400MHz) 8 7.78 (s, 1H), 7.47 (d, J = 8.8Hz,

- 2H), 7.35-7.31 (m, 4H), 7.24-7.20 (m, 3H), 6.94 (s, 1H), 2.20 (¢, J = 7.6Hz, 2H), 0.93 (¢, J = 7.6Hz,

3H).
Compound 106: To a solution of Compound 88 (120 mg, 0.33 mmol) in toluene

(3 mL) was added propionic anhydride (50 mg, 0.38 mmol). The mixture was heated to reflux

overnight. The reaction was concentrated to remove toluene. The residue was purified by prep-
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HPLC to give Compound 106 (38.2 mg, 28% yield). "H NMR (CDCls, 400MHz) & 7.78 (s, 1H),
7.46 (d, J = 8.8 Hz, 2H), 7.36-7.31 (m, 4H), 7.24-7.20 (m, 3H), 6.96 (s, 1H), 2.27 (q, J= 7.6 Hz,
2H), 111 (t, J=7.6 Hz, 3H).

Compounds 105, 112 and 113 were prepared by reacting Compound 88 with the
relevant chloroformate in LIHMDS and THF.

Compound 105: 'H NMR (CDCl;, 40‘0MHZ) 8 7.48-7.45 (m, 3H), 7.34-7.30 (m,
4H), 7.23-7.17 (m, 3H), 6.46 (s, 1H), 4.12 (d, /= 6.8 Hz, 2H), 1.70-1.63 (m, 2H), 0.93 (t, /= 7.6 Hz,
3H). '

Compound 112: "H NMR (CDCl;, 400MHz) § 7.49-7.41 (m, 3H), 7.34-7.30 (m,
4H), 7.23-7.16 (m, 3H), 6.41 (s, 1H), 5.05-4.98 (m, 1H), 1.26 (d, J/ = 6.4 Hz, 6H).

Compound 113: '"H NMR (CDCl;, 400MHz) & 7.53 (s, 1H), 7.49 (d, J = 9.2Hz,
4H), 741737 (rh, 4H), 7.34 (d, J = 8.4Hz, 2H), 7.28-7.14 (m, 3H), 7.15-7.12 (m, 2H), 6.81 (s, 1H).

Compound 91: To a solution of Compound 86 (250 mg, 07 mmol) in dry DMF
(5§ mL) was added BnBr (128_ mg, 0.77 mmol) and Na,COs (112 mg, 1.1 mmol), the reaction mixture
was stirred at rt overni ght. And then it was diluted 'w.ith water (10 ‘mL), extracted by ethyl acetate (30
‘.mL><3). The combined extract was washed with brine and water, dried over Na,SO4, concentrated to
give crude product. The crude product was purified by flash chromatography (PE/EA=5/1) to give
Compound 91 (60 mg, 19% yield). "H NMR (CD;OD, 400 MHz) § 7.59-7.56 (m, 3H), 7.53-7.49
(m, 2H), 7.46 (d, J =8.4 Hz, 2H), 7.40-7.33 (m, 5H), 7.14-7.09 (m, 2H), 6.23 (s, 1H), 5.23 (s, 2H).
MS (ESI) m/z (M+H)" 456.1.

Compounds 92-100 were prepared by reacﬁng Compound 87 with the relevant

alcohol (1 eq.) in DMF and NAH (1.5 eq.) at rt for 2 hrs. After the reaction mixture was quenched

with water and extract with EA, the the organic phase was washed with brine, dried over Na;SO4
and concentrated in vacuo. The residue was purification by prep-TLC to give the final product.

Compound 92: "H NMR (CDCls, 400 MHz) 6 7.47-7.45 (m, 2H), 7.41-7.37 (m,
2H), 7.35-7.33 (m, 2H), 7.24 (m, 1H), 7.08-7.04 (m, 2H), 6.06 (s, 1H), 4.15-4.12 (m, 2H), 3.69-3.66
(m, 4H), 2.76-2.74 (m, 2H), 2.47-2.45 (m, 4H). MS (ESI) m/z (M+H)" 479.2.

Compound 93: "H NMR (CDCls, 400 MHz) & 7.47-7.45 (m, 2H), 7.38-7.32 (m,
4H), 7.23 (s, 1H), 7.69—7.05 (m, 2H), 6.06 (s, 1H), 4.30 (m, 2H), 3.06 (m, 2H), 2.70 (m, 4H), 1.84(m,
4H). MS (ESI) m/z (M+H)" 463.1. v

Compound 94: '"H NMR (CDC13, 400 MHz) 6 7.47-7.45 (m, 2H), 7.36-7.32 (m,

4H), 7.24 (m, 1H), 7.09-7.05 (m, 2H), 6.04 (s, 1H), 4.11-4.09 (m, 2H), 2.98-2.93 (m, 10H). MS

(ESD m/z (M+H)" 527.0.
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Compound 95: "H NMR (CDCls, 400 MHz) 6 7.47-7.45 (m, 2H), 7.37-7.32 (m,
4H), 7.26 (s, 1H), 7.11-7.07 (m, 2H), 6.06 (s, 1H), 4.58 (m, 1H), 2.62 (m, 4H), 2.42 (s, 3H) 2.27 (m
2H), 2.02 (m, 2H). MS (ESI) m/z (M+H)" 463.1.

Compound 96: '"H NMR (CDCl;, 400 MHz) 6 7.47-7.45 (m, 2H), 7.42-7.39 (ni,
2H), 7.35-7.33 (m, 2H), 7.25 (s, 1H), 7.09-7.05 (m, 2H), 6.06 (s, 1H), 4.15 (t, J = 4.4 Hz, 2H), 3.72
(t, J=4.4 Hz, 2H), 3.37 (s, 3H). MS (ESI) m/z (M+H)" 424.1. _ .

Compound 97: "H NMR (CDCls, 400 MHz) § 7.47-7.45 (m, 2H), 7.36-7.32 (m,
4H), 7.23 (s, 1H), 7.10-7.06 (m, 2H), 6.04 (s, 1H), 4.15-4.12 (m, 2H), 3.65-3.62 (m, 2H), 3.17-3.13
(m, 2H), 2.32-2.28 (m, 2H), 2.91-1.84 (m, 2H). MS (ESI) m/z'(M+H)+ 477.1.

" Compound 98: '"H NMR (CDCl;, 400 MHz) 6 7.47-7.44 (m, 2H), 7.35-7.32 (m,
4H), 7.23 (s, 1H), 7.10-7.06 (m, 2H), 6.04 (s, 1H), 4.22-4.19 (m, 2H), 4.10 (s, 2H), 3.73-3.71 (m,
2H), 3.62-3.59 (m, 2H), 3.11-3.08 (m, 2H). MS (ESI) m/z (M+H)" 492.9.

Compound 99: "H NMR (CDCl;, 400 MHz) J 7.47-7.44 (m, 2H), 7.36-7.29 (m,
5H), 7.14-7.10 (m, 2H), 6.06 (s, 1H), 4.72 (s, IH), 3.05-2.91 (m, 4H), 2.53-2.39 (m, 4H). MS (ESI)
m/z M+H)" 498.0.

Compound 100: "H NMR (CDCl;, 400 MHz) 6 7.47-7.45 (m, 2H), 7.39-7.32 (m,
4H), 7.24 (s, 1H), 7.09-7.04 (m, 2H), 6.05 (s, 1H), 4.14-4.11 (m, 2H), 2.83-2.80 (m, 2H), 2.69 (brm
4H), 2.49 (s, 3H). MS (ESI) m/z (M+H)" 492.1.

Compound 102: To a stirred mixture of Compound 87 (200 mg, 0.521 mmol),
phenol (59 .rng,i 0.625 mmol), and K3PO4 (331 mg, 1.56 mmol) in THF (5 mL) was added Pd,(dba);
(96 mg, 0.104 mmol). The mixture was purged with nitrogen for three times and then heated to
reflux ovemight. The mixture was concentrated to remove THF, diluted with H,O, extracted with
EtOAc (30 mL><>3), the organic layer was washed with brine, dried over anhydrous Na,SO4, and
concentrated in vacuo, the crude product was purified by prep-HPLC to give Compound 102 (158
mg, 69% yield) as a yéllow solid. "H NMR: (CD_C13, 400MHz) 6 7.53-7.42 (m, 6H), 7.35-7.33 (m,

'3H), 7.30-7.26 (m, 1H), 7.14-7.09 (m, 4H), 5.82 (s, 1H).

Compound 541 was prepared following the similar procedure described in the

sYnthesis of Compound 85 by réagting- ‘4-chloro-5-(4-fluorophenyl)pyridin-2(1H)-one with 2-

methyl-4-ethoxy boronic acid. "H NMR (DMSO-ds, 400 MHz) J 7.66 (s, 1H), 7.49 (m, 2H), 7.28-

7.20 (m, 3H), 6.93 (s, 1H), 6.93-6.87 (m, 1H), 6.81 (s, 1H), 4.05 (q, J =6.8 Hz, 2H), 2.06 (s, 3H),
1.33 (t, J = 6.8 Hz, 3H). MS (ESI) m/z (M+H)" 358.0. | _

| Compound 551 was prepared by reacting Compound 541 with 2-methoxyethanol

in DMF and KOH at 150°C overnight. "H NMR (CDCl,, 400 MHz) § 7.45-7.39 (m, 2H), 7.14-7.02
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(m, 4H), 6.85-6.80 (m, 2H); 6.07 (s, 1H), 4.14 (t, J =4.4 Hz, 2H), 4.04 (q, J =7.2 Hz, 2H), 3.72 (t, J
=4.4 Hz, 2H), 3.38 (s, 3H), 2.16 (s, 3H), 1.42 (t, J = 7.2 Hz, 3H). MS (ESI) m/z (M+H)" 398.2.
Compound 550 was prepared following the similar procedure for the synthesis of
Compouhd 551 usihg 4-chlor9—2-methoxy—5-(1-methyl-1H-pyrazol-4_—y1)pyridine in place of XXIII-
5. "H NMR (CDCl;, 400 Mﬁz) 0 7.69 (s, 1H), 7.63 (s, 1H), 7.29 (s, 1H), 7.11 (d, /= 8.4 Hz, 1 H),
6.85-7.96 (m, 2H), 6.05 (s, 1H), 4.18 (t, J = 4.4 Hz, 2H), 4.06 (q, J =6.8 Hz, 2 H), 3.91 (s, 3H), 3.82
(t, J= 4.4 Hz, 2H), 3.48 (s, 3H), 2.14 (s, 3H), 1.42 (t, J = 6.8 Hz, 3H). MS (EST) m/z (M+H)" 384.1.

Example 11-B
Svynthesis of Compound 101 (Scheme XXIV)

\'ro\/\ Br QO 0]
O xxiv-2 K,CO3, MeOH
[ :/[/ X2 N Nece L0 MR N necez
NaH/DMF AcO HO
Cbz XXIV-3 XXIV-4
XXIV-1 0 Ch o :
Z
Y\N‘ Y\NH
N\) N\)
: J
N N Cbhz O ?
HO —/— N x
xxw-4 Hz PdIC |
© NaH DMF © ‘ | Vo
OCF ' :
s OCF, OCF3
Compound 87 XXIV6 Compound 101

To the solution of XXIV-1 (20 g, 85.5 mmol) in DMF (100 mL) was added NaH
(60%, 4.1 g, 103 mmol) in portions. The mixture was stirred at rt for 30 min. Then XXIV-2 (14.3 g,
85.5 mmol) was added. The reaction was stirred at rt 6vemight. The reaction was quenched with ice-
water carefully, and then extracted with EtOAc (100 mLx2). The combined organic layer was
washed with brine, dried over anhydrous Na,SOy4 and concentrated. The residue was used for next
step directly (40 g, 140% crude yield).
To the solution of XXIV-3 (6.8 g, 21.25 mmol) in MeOH (50 mL) was added
K2C03 (8.8 g, 64 mmol). The mixture was stirred at rt for 2hrs. Then concentrated, diluted with H,O,
extracted with EtOAc (100 mLx2). The combined organic layer was washed with brine, dried over
anhydrous Na,SO, and concentrated. The crude product was used directly (3.0 g, 51% yield).
' To the solution of XXIV-4 (900 mg, 3.24 mmol) in DMF (10 mL) was added
NaH (60%, 160 mg, 3.9 mmol). The mixture was stirred at 1t for 30 min. Then Compound 87 (1.25
g, 3.24 mmol) was added. The reaction was stirred at rt overnight. LCMS showed the reaction was
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vco'mpleted. The reaction was quenched with ice-water carefully, and then extracted with EtOAc (30
mLx3). The combined organic layer was washed with brine, dried over anhydrous Na;SO4 and
concentrated to give XXIV-6 (140 mg, 22% yield).
A mixture of XXIV-6 (140 mg, 0.224 mmol) and Pd/C in ethanol (5 mL) was
5  stirred under H, at rt for 4 hours. Filtered the reaction, and concentrated. The residue was purified by
prep-HPLC to afford Compound 101 (30.9 mg, 28% yield). "H NMR (CDCl;, 400MHz) & 7.45-
7.40 (m, 2H), 7.36-7.31 (m, 4H), 7.26 (m, 1H), 7.11-7.07 (m, 2H), 6.14 (s, 1H), 4.18 (m, 2H), 3.75-
3.70 (m, 4H), 3.30 (m, 2H), 3.07 (m, 2H). ' |

Example 11-C

10 Synthesis of Compounds 117 and 118 (Scheme XXV)
Br CHO COOH
AN LDA, DMF Hy0, conc.H,S04
| i} l S HCi)(iH Br | D
PN~ -710°C, THF MeOH
N©o N No” 0-4°C N N0
XXV-1 XXV-2 XXV-3
COOH COOMe
GOOMe aq.HBr ~ B HySO, Br.
| = | : MeOH N o
N” "0 :
N o H H
XXV-4 XXV-5 XXV-6
B(OH), B(OH
COOMe OH: F COOMe
Br. SN N
OCF;3 : | E |
N“ 0 N70
XXV-7 XXV-9
' Pd(PPha),,
G OCF, OCF,
XXV-8 XXV-10
F
COOH
. v N
LiOH |
_— - ON"To BnNH,
MeOH/H,0 -
HATU, DIEA, DCM
OCF5

Compound 117

OCF3
Compound 118

, XXV-6 was obtained following the synthetic scheme as described above. MS
(ESI) m/z (M+H)" 231.95. '
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XXV-10 was prepared following the sirrﬁlar procedure for obtaining Compound
40. '"HNMR (CDCl;, 400MHz) 6 7.50-7.42 (m, 2H), 7.40-7.31 (m, 4H), 7.26-7.20 (m, 1H), 7.10-
7. 03 (m, 3H), 3.73 (s, 3H).

Compound 117: The mixture of XXV-10 (1.0 g, 2.5 mmol), LiOH.H,O (1.0 g, 24
mmol) in MeOH/H,0 (15 mL/3 mL) was stirred at rt overnight. The mixture was evaporated and
then aéidiﬁéd with ag. HCl (2 M) to pH=4~5, extracted with EtOAc (30 mLx3). The combined
organic layer was washed with brine, dried over anhydroué Na,;SO4 and concentrated. The residue
was purified by prep-HPLC to give Compound 117 (806 mg, 83% yield) as a white solid. "H NMR
(DMSO-dg, 400 MHz) ¢ 7.80 (s, 1H), 7.72-7.67 (m, 2H), 7.57-7.53 (m, 2H), 7.43-7.38 (m, 2H),
7.25-7.20 (m, 2H), 6.75 (s, 1H). MS (ESI) m/z [M+H]" 394.0.

Compound 118: To a solution of Compound 117 (98.2 mg, 0.25 mmol) in dry
DCM (40 mL) was added benzyl amine. (29 mg, 0.28 mmol), followed by adding HATU (105 mg,

0.28 mmol) and DIEA (65 mg, 0.5 mmol). The reaction mixture was stirred at rt overnight. The

resulting mixture was concentrated to remove solvent, diluted with EtOAc (50 mL), washed with 5%
citric acid, sat. ag. NaHCOs and brine, dried over Na;SOs, concentrated to give crude product. The
crude product was purified by prep-TLC (PE: EA=5:1) to yield Compound 118 (10 mg, 8.3% yield)

 as a yellow solid. 'HNMR (CD;0D, 400 MHz) 8 7.69 (s, 1H), 7.60 (d, J = 8.8 Hz, 2H), 7.48 (d, / =

8.4 Hz, 2H), 7.34-7.26 (m, 5H), 7.12-7.10 (m, 2H), 7.02-6.98 (m 2H), 6.69 (s, 1H), 4.38 (s, 2H).
MS (ESI) m/z (M+H)" 483.1.

General procedlire for preparing Compounds 103, 111, and 114: To a mixture of
Compound 117 (1 eq.) in toluene was added TEA (2.6 eq.) and 4A molecular sieve. The mixture
was stirred at 100°C for 1h, then DPPA (1.05 eq.) and the relevant alcohol (1.2 eq.) was added under
N, protection. The reaction mixture was stirred at 110°C overnight. The mixture was concentrated,
diluted with H,O, extracted with EtOAc. The combined organic layer was washed with water and
brine, dried over anhydrous Na,SO;, and concentrated in vacuo, the residue was purified by prep-
TLC (PE:EA=2:1) to give the final product. S |

Compound 103: "H NMR (CDCl3, 400 MHz) 6 7.52 (s, 1H), 7.49-7.45 (m, 2H),
7.44-7.26 (m, 9H), 7.22-7.15 (m, 3H), 6.53 (s, 1H), 5.18 (s, 2H). MS (ESI) m/z [M-+H]" 499.0.

Compound 111: "H NMR (CDCls, 400 MHz) ¢ 7.47-7.45 (m, 3H), 7.33-7.30 (m,

4H), 7.21-7.17 (m, 3H), 6.50 (s, 1H), 3.76 (s, 3H). MS (EST) m/z [M+H]* 422.0.

Compound 114: "TH NMR (CDCls, 400 MHz) 6 7.50-7.45 (m, 3H), 7.35-7.30 (m,

4H), 7.22-7.17 (m, 3H), 6.46 (s,1H), 4.21 (g, J = 6.8 Hz, 2 H), 1.28 (t, J = 6.8 Hz, 3H). MS (ESI)

m/z [M+H]" 436.1.
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General procedure for preparing Compounds 115 and 116: To the solution of
Compound 117 (1 eq.) in toluene was added TEA (2.5 eq) and 4A molecular sieve (100 mg). The
mixture was heated to 100°C for 30 minutes.Then cooled to 80°C, the relevant amine (1.2 eq.) and
DPPA (1.2 eq) were added. The mixture was heated to 110°C for 3 hrs. The mixture was filtered,
diluted with water, extracted with EtOAc. The combined organic layer was washed with. brine, dried
over anhydrous Na,SO4 and concentrated. The residue was purified by Prep-HPLC to give the final
product. B
Compound 115: '"H NMR (400 MHz, CDCls) 6 7.46-7.44 (m, 2H), 7.35-7.30 (m,
5H), 7.20-7.15 (m, 3H), 6.09 (s, 1H), 4.77 (s, 1H), 3.13 (d, J=6.0 Hz, 2H), 1.51 (m, 2H), 0.90 (t, J
7.2 Hz, 3H). | - |
‘Compound 116: '"H NMR (CDCls, 400 MHz) 6 7.33 (s, 2H), 7.26-7.22 (m, SH),
7.21-7.17 (m, 6H), 7.03-6.97 (m, 3H), 6.90 (brs, 1H), 4.24 (d, /=5.2 Hz, 2H).- V'

Compound 119 was prepared following the similar procedure for obtaining
Compbund 85 using (4-ethoxy-2-methylphenyl)boronic acid in place of XXIII-7. "H NMR (CDCl,,
400 MHz) ¢ 7.38-7.34 (m, 2H), 7.13-7.11 (m, 2H), 7.08-7.04 (m, 2H), 6.84-6.78 (m, 2H), 6.10 (s,
1H), 4.04 (q, J = 7.2 Hz, 2 H), 3.85 (s, 3H), 2.17 (s, 3H), 1.42 (t, /= 7.2 Hz, 3H). MS (ESI) m/z
(M+H)" 353.9. | | |

Compound 120 was prepared following the similar procedure for obtaining

Compound 85 using 1-methy1-4-(4,4,5,5-tetraméthy1—1,3,2-dioxaborolan-2-yl)-lH-pyrazole in place -

of XXIII-4 as a white solid. '"H NMR (CD;0D, 400 MHz) 6 7.61 (m, 2H), 7.47-7.43 (m, 2H), 7.38-
7.33 (m, 3H), 6.07 (s, 1H), 3.93 (s, 3H), 3.91(s, 3H). MS (ESI) m/z (M+H)" 365.9. |
Compound 121 was prépared following the similar procedure for obtaining
Compound 86. 'H NMR (DMSO-d;, 400MHz) 6 7.97 (s, 1H), 7.82 (s, 1H), 7.76 (s, 1H), 7.55-7.53
(m, 2H), 7.48-7.46 (m, 2H), 6.00 (s, 1H), 3.89 (s, 3H). MS (ESI) m/z (M+H)" 352.0.
- Compound 122 was prepared following the similar procedure for obtaining
Compound 87. '"H NMR (CD;0D, 400 MHz) ¢ 7.88 (s, 1H), 7.81 (s, 1H), 7.68 (s, 1H), 7.59-7.57
(m, 2H), 7.48-7.46 (m, 2H), 6.84 (s, 1H), 4.90 (s, 3H). MS (ESI) m/z (M+H)" 370.1.
General procedure for preparing Compounds 123, 126-129, 131-135, 160 and
161: A mixture of Compound 122 (200 mg, 0.542 mmol) in the relevant amine (1 mL) was stirred
at 130~160 °C for 4 hrs. After being cooled to rt, the mixture was diluted with H,O, extracted with
EtOAc, the organic layer was washed with water and brine, dried over anhydrous Na,SO4, and
concentrated in vacuo, the crude product was purified by flash column chromatography

(PE:AE=1:3) to give the final product.
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Compound 123: 'H NMR (CD;0D, 400 MHz) 6 7.82 (s, 1H), 7.64 (s, 1H), 7.51-
7.47 (m, 2H), 7.42-7.38 (m, 2H), 7.36-7.35 (m, SH), 7.28-7.25 (m, 1H), 5.53 (s, 1H), 4.45 (d, J = 4.4
Hz, 2H), 3.97 (s, 3H). MS (ESI) m/z (M+H)" 441.1.

| Compound 126: "H NMR (CDCl;, 400 MHz) § 7.55 (s, 1H), 7.50-7.45 (m, 2H),
7.40 (s, 1H), 7.33-7.28 (m, 4H), 7.25 (m, 1H), 7.13-7.09 (m, 3H), 6.00 (s, 1H), 4.16 (s, 2H), 3.81 (s,
3H), 2.65 (s, 3H). MS (ESI) m/z (M+H)" 455, -

Compound 127: 'TH NMR (CDCls, 400 MHz) 6 7.61 (s, 1H), 7.55 (s, 1H), 7.46-
7.42 (m, 2H), 7.32-7.28 (m, 2H), 7.12 (s, 1H), 6.05 (s, 1H), 3.93 (s, 3H), 2.91 (m, 4H), 1.56 (m, 6H).
MS (ESI) m/z (M+H)" 419. o |

Compound 128: "H NMR (CDCl;, 400 MHz) § 7.63 (s, 1H), 7.52 (s, 1H), 7.45-
7.41 (m, 2H), 7.32-7.28 (m, 2H), 7.12 (s, 1H), 6.06 (s, 1H), 3.92 (s, 3H), 3.70 (m, 4H), 2.96 (m, 4H).
MS (ESI) m/z (M+H)" 421.1. | |

Compound 129: "H NMR (CDCl3, 400 MHz) ¢ 7.60 (s, 1H), 7.51 (s,.1H), 7.48-
7.45 (m, 2H), 7.33-7.30 (m, 2H), 7.20-7.17 (m, 3H), 7.13-7.11 (m, 1H), 7.08-7.05 (m, 1H), 6.23 (s,
1H), 4.23 (s, 2H), 3.89 (s, 3H), 3.28 (t, J = 6.0 Hz, 2H), 2.77 (t, J = 6.0 Hz, 2H). MS (ESI) m/z
(M+H)" 467.1. . |

Compound 131: "H NMR (CDCls, 400 MHz) 6 7.45-7.41 (m, 2H), 7.37-7.26 (m,
6H), 7.18-7.16 (m, 2H), 7.08 (s, 1H), 7.02 (s, 1H), 5.70 (s, 1H), 4.43 (t, J = 6.4 Hz, 1H), 3.88 (s,
3H), 3.42 (q, J = 6.4 Hz, 2H), 2.93 (t, J = 6.4 Hz, 3H). MS (ESI) m/z (M+H)" 454.0.

Compound 132: "H NMR (CDCls, 400 MHz) & 7.49 (s, 1H), 7.45-7.42 (m, 2H),
7.39-7.33 (m, 3H), 7.31-7.24 (m, 3H), 7.05 (s, 1H), 5.90 (s, 1H), 4.61-4.55 (m, 3H), 3.91 (s, 3H).
MS (ESI) m/z (M+H)" 508.0.

Compound 133: "H NMR (CDCl;, 400 MHz) 6 7.49 (s, 1H), 7.44-7.39 (m, 3H),
7.30-7.26 (m, 3H), 7.04 (s, 1H), 6.95-6.90 (m, 2H), 5.81 (s, 1H), 4.79 (t, J = 6.0 Hz, 1H), 4.41 (d, J =
6.0 Hz, 2H), 3.94 (s, 3H). M (ESI) m/y (MHH)™ 477.1, |

Compound 134: "H NMR (CDCls, 400 MHz) ¢ 7.51 (s, 1H), 7.45-7.39 (m, 3H),
7.30-7.25 (m, 2H), 7.22-7.20 (m, 2H), 7.06 (s, 1H), 6.90-6.87 (m, 2H), 5.70 (s, 1H), 4.70 (t, J = 5.2
Hz, 1H), 4.25 (d, J= 5.2 Hz, 2H), 3.93 (s, 3H), 3.81 (s, 3H). MS (ESI) m/z (M+H)" 471.2.

Compound 135: "H NMR (CDCls, 400 MHz) 6 7.56 (s, 1H), 7.48-7.42 (m, 3H),
7.32-7.30 (m, 2H), 7.13 (s, 1H), 7.03-7.00 (m, 2H), 6.85-6.81 (m, 2H), 5.98 (s, 1H), 4.08 (s, 2H),
3.85 (s, 3H), 3.79 (s, 3H), 2.59 (s, 3H). MS (ESI) m/z (M+H)" 485.0.
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Compound 160: "H NMR (CDCl;, 400 MHz) ¢ 8.56-8.55 (m, 2H), 7.61 (d, J
=8.0 Hz, 1H), 7.52 (s, 1H), 7.43-7.41 (m, 3H), 7.31-7.28 (m, 3H) 7.08 (s, 1H), 5.64 (s, 1H), 4.82 (t
J=5.6 Hz 1H), 4.37 (d J=5.6Hz, 2H), 3.94 (s, 3H). MS (ESI) m/z (M+H)" 442.0.

| Compound 161: '"H NMR (CDCl;, 400 MHz) 6 8.53 (d, J = 4.4 Hz, 1H), 7.71-

7.67 (m, 1H), 7.61 (s, 1H), 7.54 (s, 1H), 7.46-7.44 (m, 2H), 7.30-7.27 (m, 3H), 7.23-7.20 (m, 1H),
7.11 (s, 1H), 6.10 (t, J= 4.4 Hz, 1H), 5.67 (s, 1H), 4.44 (d, /= 4.4 Hz, 2H), 3.98 (5, 3H). MS (ESI)
m/z (M+H)" 442.0.

Compound 124: Compound 134 (200 mg, 0.42 mmol) was dissolved in TFA (3
mL). The solution was stirred at rt for 3 days under N,. After the material was consumed, most of
TFA was evaporated, the remaining mixture was diluted with water and neutralized with saturated
aq. NaHCOs3, extracted with EA (30 mLx3), the organic phase was washed with brine, dried over
Na,S0Oy4, concentrated. The residue was purified by prep-TLC (PE/EA =1/3) to give Compound 124
(50 mg, 34% yield). '"H NMR (CDCls, 400 MHz) & 7.54 (s, 1H), 7.45-7.43 (m, 3H), 7.31-7.29 (m,
2H), 7.12 (s, 1H), 5.80 (s, 1H), 4.39 (brs, 2H), 3.96 (s, 3H). MS (ESI) m/z (M+H)" 350.9.

Compound 125 was prepared from Compound 135 following the similar

procedure for obtaining'C.omp(')und 124. "TH NMR (CDCls, 400 MHz) 8 7.50 (s, 1H), 7.45~7.41 (m,

3H), 7.30~7.28 (m, 2H), 7.04 (s, 1H), 5.63 (s, 1H), 4.50 (t, /= 4.8 Hz, 1H), 3.95 (s, 3H), 2.83 (d, J =
4.8 Hz, 3H). MS (ESI) m/z (M+H)" 364.9.

Compound 130: To a stirred mixture of Compound 122 (100 mg, 0.271 mmol, 1

eq.), aniline (76 mg, 0.81 mmol, 3.0 eq), Xantphos (8 mg, 0.0135 mmol, 0.05 eq.), and K3PO,4 (57
mg, 0.271 mmol, 1.0 eq.) in DMF (2 mL) was added Pdy(dba); (12 mg, 0.0135 mmol, 0.05 eq.). The
mixture was purged with nitrogen for three times and then heated at 100°C under nitrogen overnight.
After being cooled to rt, the mixture was diluted with H;O (10 mL), extracted with EtOAc (20
mLx3). The combined organic layer was washed with brine, dried over anhydrous Na,SO4, and
concentrated in vacuo. The crude product was purified by Prep-HPLC to afford Compound 130 (20
mg, 18% yield). "H NMR (CDCl;, 400MHz) 6 7.62 (s, 1H), 7.53 (s, 1H), 7.47-7.44 (m, 2H), 7.38 (t,
J=1.6 Hz, 2H), 7.32 (d, J =8.4 Hz, 2H), 7.22-7.18 (m, 4H), 6.20 (s, 1H), 6.12 (s, 1H), 3.99 (s, 3H).

Compound 158 was prepared following the similar procedure for obtaining
Compound 117 using 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1H-pyrazole in
place of XXV-9 as a white solid. '"H NMR (CD;0D, 400 MHz) 6 7.71 (m, 2H), 7.61-7.58 (m, 2H)
7.55 (s, 1H), 7.48-7.46 (m, 2H) 6.83 (s, 1H), 3.88 (s, 3H). MS (ESI) m/z [M+H]" 380.1."

Compound 159 was prepared following the similar procedure for obtaining

Compound 118 using propan-1-amine in place of benzyl amine as a white solid. "H NMR (400
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MHz, CDCl;) 0 7.52 (s, 1H), 7.46 (s, 1H), 7.35-7.32'(m, 3H), 7.29-7.26 (m, 2H), 6.85 (t, /= 4.8 Hz,
1H), 6.59 (s, lH); 3.86 (s, 3H), 3.22 (q, J= 6.4 Hz, 2H), 1.45 (q, /= 7.2 Hz, 2H), 0.82 (t, /= 7.2 Hz,
3H). MS (ESI) m/z [M+H]" 420.1. | |

o Compounds 136-140 were prepared from Compound 158 following the similar
procedure for obtaining Compound 103.

Compound 136: "H NMR (400 MHz, CDCl3) 6 7.52 (s, 1H), 7.45-7.41 (m, 4H),
1.32-7.29 (m, 2H), 7.17 (s, IH), 6.71 (s, 1H), 4.18-4.14 (m, 2H), 3.98 (s, 3H), 1.67-1.59 (m, 2H),
1.42-1.23 (m, 2H), 0.94 (t,J=172 Hi, 3H). MS (ESI) m/z [M+H]" 450.1. v

Compound 137: "H NMR (400 MHz, CDCls) 6 7.50 (s, 1H), 7.45 (s, 1H), 7.43-
7.41 (m, 3H), 7.29-7.27 (m, 2H), 7.16 (s, 1H), 6.72 (s, 1H), 4.22-4.17 (m, 2H), 3.96 (s, 3H), 1.28-
1.25(m, 3H). MS (ESI) m/z [M+H]" 422.1. |

Compound 138: 'H NMR (400 MHz, CDCl5) 6 7.51 (s, 1H), 7.45-7.43 (m, 4H),
7.33-7.30 (m, 2H), 7.18 (s, 1H), 6.75 (s, 1H), 3.98 (s, 3H), 3.77 (s, 3H). MS (ESI) m/z [M+H]"
408.1.

Compound 139: "H NMR (400 MHz, CDCl3) 6 7.52 (s, 1H), 7.47-7.43 (m, 4H),
7.33-7.30 (m, 2H), 7.17 (s, 1H), 6.65 (s, 1H), 5.05-5.00 (m, 1H), 3.98 .(s, 3H), 1.28 (d, J = 6.0 Hz,
3H). MS (ESI) m/z [M+H]" 436.1. |

Compound 140: '"H NMR (CDCl3, 400 MHz) 6 7.49 (s, 2H), 7.44-7.40 (m, 3H),
7.38 (m, 5H), 7.33-7.30 (m, 2H), 7.29 (s, 1H), 7.16 (s, 1H), 6.77 (s, 1H), 5.18 (s, 2H), 3.95 (s, 3H).
MS (ESI) m/z [M+H]" 484.14.

Compound 141: Compound 124 (150 mg, 0.43 mmol) was dissolved in 6 mL of
DCM/pyridine (v/v=1/1), and then acetyl chloride (36 mg,' 0.46 mmol) was added. The mixture was
stirred at rt overnight. Then the mixture was diluted with DCM (50 mL), washed with water and
brine, dried over Na,;SQy, concentrated in vacuo to give the crude product. The crude product was
purification by prep-TLC (PE/EA =1/1) to afford Compound 141 (70 mg, 42% yield). '"H NMR
(CDCls, 400 MHz) 6 7.73 (s, 1H), 7.54 (s, 1H), 7.45-7.43 (m, 3H), 7.32-7.30 (m, 2H), 7.22-7.19 (m,
2H), 3.99 (s, 3H), 2.12 (s, 3H). MS (ESI) m/z (M+H)"392.9. |

Compound 142 was prepared following the similar proéedure for obtaining

Compound 141 using bezoyl chloride in place of acetyl chloride. '"H NMR (CDCl;, 400 MHz) &

- 8.07 (s, 1H), 7.94 (s, 1H), 7.68-7.64 (m, 3H), 7.58-7.55 (m, 1H), 7.49-7.44 (m, SH), 7.34-7.32 (m,

2H), 7.25 (s, 1H), 4.00 (s, 3H). MS (ESD) m/z (M+H)" 455.
Compound 143 was prepared from Compound 121 following the similar

procedure for obtaining Compound 91. "H NMR (CD;0D, 400 MHz) & 7.83 (s, 2H), 7.73 (s, 1H),
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7.56 (d, J = 6.4 Hz, 2H), 7.54-7.37 (m, 7H), 6.20 (s, 1H), 5.27 (s, 2H), 3.84 (s, 3H). MS (ESD) m/z

(M+H)" 442.1.

Compounds 144-152 were prepared by reacting Compound 121 with the relevant

- alcohol (1 eq.) in DMF and NAH (1.5 veq.) at rt for 2 hrs. After the reaction mixture was quenched

with water and extract with EA, the the organic phase was washed with brine, dried over Na;SO4
and concentrated in vacuo. The residue was purification by prep-TLC to give the final product.

Compound 144: "H NMR (DMSO-d;;, 400 MHz) & 7.94 (s, 1H), 7.87 (s, 1H), 7.
78 (s, 1H), 7.58 (d, J = 8.8 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 5.99 (s, 1H), 4.20-4.18 (m, 2H), 3.80
(s, 3H), 3.75-3.73 (m, 2H), 3.35 (s, 3H).

Compouni_i‘145: "H NMR (DMSO-d;, 400 MHz) § 7.80 (s, 1H), 7.63 (s, 1H), 7.
46-7.44 (m, 2H), 7.38 (s, 1H), 7.33-7.26 (m, 2H), 6.05 (s, 1H), 4.18 (m, 2H), 3.91 (s, 3H), 2.97-3.00
(m, 2H), 2.62 (m, 4H), 1.82 (m, 4H).

Compound 146: 'H NMR (DMSO-ds, 400 MHz) 6 7.80 (s, 1H), 7.55 (s, 1H), 7.
42-7.46 (m, 3H), 7.33-7.35 (m, 2H), 6.04 (s, 1H), 4.15 (t, J =5.2 Hz, 2H), 3.95 (s, 3H), 3.83 (t, J
=5.2 Hz, 2H), 3.39 (t, /=6.8 Hz, 2H), 2.36 (t, J =8.0 Hz, 2H), 2.05-1.98 (m, 2H).

Compound 147: "H NMR (CDCl;, 400 MHZ) 5 7.80 (s, 1H), 7.67 (s, 1H), 7.45-
7.43 (m, 2H), 7.39 (s, 1H), 7.33-7.26 (m, 2H), 6.05 (s, 1H), 4.16 (t, J =5.2 Hz, 2H), 3.92 (s, 3H),
3.74 (m, 4H,), 2.85 (t, J=5.2 Hz, 2H), 2.56 (m, 4H).

Compound 148: "H NMR (CDCl;, 400 MHz) 6 7.65 (s, 1H), 7.56 (s, 1H), 7.46-
7.44 (m, 2H), 7.36-7.34 (m, 3H), 6.05 (s, 1H), 4.17-4.14 (m, 2H), 3.93 (s, 3H), 3.11-3.03 (m, 10H). .
MS (ESI) m/z (M+H)" 513.1.

' Compouhd 149: 'TH NMR (CDCls, 400 MHz) & 7.55 (s, 1H), 7.43 (m, 3H), 7. 35

(m, 3H,), 6.06 (s, 1H), 4.73 (m, 1H), 3.95 (s, 3H), 3.21-3.14 (m, 2H), 3.03-2.09 (m, 2H), 2.59-2.45
(m, 4H). .

Compound 150: "H NMR (CDCl;, 400 MHz) & 7.69 (s, 1H), 7.56 (s, 1H), 7.46-
7.44 (m, 2H), 7.38-7.33 (m, 3H), 6.05 (s, 1H), 4.24-4.21 (m, 2H), 4.16 (s, 2H), 3.93-3.91 (m, 5H),
3.84-3.81 (m, 2H), 3.39-3.37 (m, 2H). MS (ESI) m/z (M+H)" 479.1.

Compound 151: "H NMR (CDCl;, 400 MHz) & 7.59 (s, 1H), 7.54 (s, 1H), 7.46-
7.43 (m, 2H), 7.37-7.34 (m, 3H), 6.06 (s, 1H), 4.61-4.58 (m, 1H), 3.94 (s, 3H), 2.90 (m, 2H), 2.55
(m, 3H), 2.18-2.08 (m, 2H), 1.80-1.67 (m, 2H). MS (ESI) m/z (M+H)" 449.0.

Compound 152: "H NMR (CDCl;, 400 MHz) & 7.82 (s, 1H), 7.65 (s, 1H), 7.46-
7.44 (m, 2H), 7.40 (s, 1H), 7.39-7.32 (m, 2H), 6.04 (s, 1H), 4.16 (t, J = 5.6 Hz, 2H), 3.95 (s, 3H),
2.87 (t, J=56 Hz, 2H), 2.61-2.49 (m, 8H), 2.31 (s, 3H). .
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Compound 153: Compound 122 (1.5 g, 4.06 mmol), phenol (763 mg, 8.12
mmol) and K3POy (2.6 g, 12.2 mmol) were added into DMF (15 mL). The solution was degassed by
N, for three times and then Pdy(dba); (570 mg, 0.81 mmol) was added..The reaction mixture wa‘s
stirred at 110°C for 14 hrs under N,. After being cooled to rt, the mixture was diluted with EA (80
mL) and filtered; the filterate. was washed with brine. The separated organic phase was dried over
Na,SO,, concentrated under reduced pressure. The residue was purified by flash column
chromatography (PE/EA =1/1) to give Compound 153 (848 mg, 49 % yield). "H NMR (CDCl, 400
MHz) § 7.76 (s, 1H), 7.69 (s, 1H), 7.50-7.44 (m, 5H), 7.36-7.26 (m, 3H), 7.16 (m, 2H), 5.79 (s, 1H),
3.94 (s, 3H). MS (ESI) m/z (M+H)" 428.

Compound 156 was prepared following the similar lprocedure for obtaining
Compound 153 using 3-chloro-5-hydroxybenzonitrile in place of phenol. "H NMR (CDCls, 400
MHz) 6 7.64-7.59 (m, 3H), 7.52 (s, 1H), 7.48-7.44 (m, 3H), 7.39-7.36 (m, 3H), 5.82 (s, 1H), 3.94 (s,
3H). MS (ESI) m/z (M+H)" 486.9.

F Oy OH F Og NHp ' F N
X : N X

\O\& 1) (COCl)p, DCM ' Q& TFAA, TEA I
NS0 >

: N g ——— N™ ~0
i 2) NH,OH DCM i
OCF, OCF; . OCF3
Compound 117 XXV-11 Compound 401

To a stirred mixture of Compound 117 (350 mg, 0.89 mmol) in 10 mL of DCM
was added oxalyl chloride (335.mg, 2.63 mmol) at 0°C. The mixture was stirred for 2hrs, and then
the mixture was concentrated under reduced pressure. The residue was re-dissoloved in DCM (10
mL) and the mixture Was added to the well-stirred ammonia (5 mL) at 0°C. After the mixture was
stirred at 0°C for 30 min, the reaction mixture was extracted Witﬁ EA (20 mLx3). The combined
organic layer‘ was washed with brine, dried over anhydrous Na;SO4 and concentrated. The residue
was purified by column chromatography (CH,Cl,/MeOH= 20/1) to give XXV-11 (220 rrig, 63%
yield). MS (ESI) m/z (M+H)" 393.1. ‘ _

To a solution of XXV-11 (220 mg, 0.56 mmol) in 10 mL of DCM was added
TEA (85.3 mg, 0.84 mmol) and TFAA (81.6 mg, 0.84 mmol). The reaction mixture was stirred at rt
under N for 3 hrs and then diluted with DCM (30 mL) and filtered. The filtrate was washed with
brine, dried over Na,SOy, the residue was purified by prep-HPLC to give Compound 401 (180 mg,
86% yield). "H NMR (CDCls, 400 MHz) & 7.48-7.37 (m, 7H), 7.19-7.14 (m, 3H). MS (ESI) m/z
(M+H)" 375.1. | -
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Compound 402 was prepared following the similar procedure for obtaining
Compound 401 using Comound 158 in place of Compound 117. '"H NMR (CDCls, 400 MHz) 6 7.83
(s, 1H), 7.76 (d, J = 9.6 Hz, 1H), 7.61 (s, 3H), 7.39 (m, 2H), 7.12 (d, J = 9.6 Hz, 1H), 3.97 (s, 3H).
MS (ESI). m/z (M+H)" 361:1. |

Compound 403 was prepared following the similar procedure for obtaining
Compound 153 using 4-chloro-1-(4-ethoxy-2-methylphenyl)-5-(1-methyl-1H-pyrazol-4-yl)pyridin-
2(1H)-one in place of Compound 122. "H NMR: (CDCls, 400MHz) 6 7.74 (s, 1H), 7.67 (s, 1H),

. 7.47-7.43 (m, 2H), 7.39 (s, 1H), 7.30 (d, J = 3.6 Hz, 1H), 7.17 (d, J = 3.6 Hz, 2H), 7.12 (d, /= 3.6

Hz, 2H), 6.85-6.80 (m, 2H), 5.80-(s, 1H), 4.04 (q, J= 7.2 Hz, 2 H), 3.92 (s, 3H), 2.15 (s, 3H), 1.32 (,
J= 6.8 Hz, 3H). MS (ESI) m/z (M+H)" 402.2. |

) \
N cl R R’
| : N N
N\ : R, .. (o
N N N
| H N
N0 XXV-12 |
. N0
160°C
(OCFs OCE
Compound 122 :
XXV-13

A mixture of Compound 122 in the relevant amine (1 mmol/1 mL) was stirred at
160°C for 4 hrs. After being coéled to rt, the mixture was diluted with H,O, extracted with EtOAc,
the organic layer was washed with water and brine, dried over anhydrous Na;SOy4, and concentrated
in vacuo, the crude product was purified by column chromatography (PE/EtOAc =1/1) to give the
final products. |

Alternatively, a solution of Compound 122 (1.355 mmol) in toluene (20 mL) were
added the relevant amine (2.71 mmol), NaOtBu (520 mg, 5.42 mmol), Xphos (64.9 mg, 0.136
mmol), Pd(OAc), (30.5 mg, 0.136 mmol). The mixture was degassed under in vacuum and purged
with N; three times. The reaction mixture was heated to 100°C or to reflux overnight. The mixture
was cooled to rt, diluted with water, extracted with EA. The combined organic layer was dried over
Na;S0q, concentrated in vacuum. The residual was purified by silica gel chromatography eluted with

DCM:MeOH (50:1-10:1) to give the final product.
Compounds 404-407, 411, 526-531, and 546-549 were prepared following the

general scheme as illustrated above.
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Compound 404: "H NMR (CDCls, 400MHz) 6 7.50 (s, 1H), 7.43-7.39 (m, 3H),
7.30-7.25 (m, 3H), 7.06 (s, 1H), 6.88-6.80 (m, 2H), 5.64 (s, 1H), 4.85 (t, /= 6.0 Hz, 1H), 434 d,J=
6.0 Hz, 2H) 3.93 (s, 3H). MS (ESI) m/z (M+H)" 477.1.

Compound 405: '"H NMR (CDCL, 400MHz) & 7.54 (s, 1H), 7.45-7.40 (m, 4H),
7.30-7.24 (m, 4H), 7.08 (s, 1H), 5.59 (s, 1H), 4.92 (t, J = 6.0 Hz, 1H), 4.38 (d, J = 6.0 Hz, 2H), 3.95
(s, 3H). MS (ESI) m/z (M+H)" 510.1.

Compound 406: 'H NMR (CDCL, 400MHz) & 7.52 (s 1H), 7.47-7.40 (m, 3H),
7.35-7.20 (m, 5H), 7.11 (s, 1H), 5.91 (s, 1H), 4.97 (t, J = 6.0 Hz, 1H), 4.34 (d, J = 6.0 Hz, 2H), 3.95
(s, 3H). MS (ESI) m/z (M+H)" 475.1. |

Compound 407: "H NMR (CDCl;, 400MHz) ¢ 7.52 (s, 1H), 7.46-7.41 (m, 3H),
7.32-7.25 (m, 4H), 7.08-7.03 (m, 3H), 5.65 (s, 1H), 4.77 (t, J = 5.6 Hz, 1H), 430 (d, J = 5.6 Hz, 2H),
3.94 (s, 3H). MS (ESI) m/z (M+H)" 458.9.

Compound 411: "H NMR (CDCls, 400 MHz) 6 8.62 (s, 1H), 8.53 (s, 2H), 7.60
(s, 1H), 7.50 (s, 1H), 7.45-7.43 (m, 2H), 7.31-7.29 (m, 2H), 7.12 (s, 1H), 5.74 (t, J = 5.2 Hz, 1H),
5.68 (s, 1H), 4.52 (d, J = 5.2 Hz, 2H), 3.98(s, 3H). MS (ESI) m/z (M+H)" 443.0. |

Compound 526: '"H NMR (CDCl;, 300MHz) 6 7.58 (d, J = 8.1Hz, 2H), 7.48 (s,
1H), 7.33-7.38 (m, 5H); 6.59 (s, 1H), 7.21 (d, J = 8.1Hz, 2H), 7.03 (s, 1H), 5.48 (s, 1H), 4.87 (t, J =
5.7Hz, 1H), 4.36 (d, J = 5.7Hz, 2H), 3.89 (s, 3H).

Compound 527: 'H NMR (Methanol-d;, 300 MHz) & 7.75 (s, 1H), 7.55 (d,
J=5.7Hz, 2H), 7.50-7.41 (m, 5H), 7.34 (d, J=8.7Hz, 2H), 5.52 (s, 1H), 4.51 (s, 2H), 3.86 (s, 3H).

Compound 528: "H NMR (DMSO-ds, 400MHz) ¢ 7.89 (s, 1H), 757 (s, 1H),
7.52 (d, J = 8.4Hz, 2H), 7.44 (d, J = 8.4Hz, 2H), 7.40 (s, 1H), 7.25 (t, J = 8.8Hz, 1H), 6.80-6.83 (dd,

Ji=2.4Hz, J,=12.4Hz), 6.74-6.77 (dd, J;=2.4Hz, J,=8.8Hz), 6.63 (t, J = 5.6Hz, 1H), 5.35 (s, 1H),
4.32 (d, J = 5.6Hz, 2H), 4.00 (q, J = 6.8Hz, 2H), 3.86 (s, 3H), 1.29 (t, J = 6.8Hz, 3H).

Compound 529: "H NMR (CDCl;, 300MHz) 8 8.65 (d, J = 5.1Hz, 2H), 7.58 (s,
1H), 7.47 (s, 1H), 7.35-7.40 (m, 3H), 7.16-7.24 (m, 2H), 7.05 (s, 1H), 6.10 (t, J = 4.5Hz ,1H), 5.65
(s, 1H),4 50 (d, J=4.5Hz, 2H), 3.92 (s, 3H).

Compound 530: MS (ESI) m/z [M+H]" 485.0. Hydrogen chlorlde salt: "TH NMR

(CDCls, 400 MHz) 6 7.91 (s, H), 7.58 (s, H), 7.54-7.50 (m, 2H), 7.48-7.43 (m, 2H), 7.33 (m, 1H),

7.26 (d, J= 8.4 Hz, 2H), 6.89 (d,J= 8.4 Hz, 2H), 6.51 (m, 1H), 5.27 (s, 1H), 4.28 (d, J.= 6.0 Hz,
2H), 3.99 (q, J.= 6.8 Hz, 2H), 3.88 (s, 3H) , 1.31 (t, J.= 7.2 Hz, 3H)
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Compound 531: "H NMR (CDCls, 300MHz) 6 9.1 (s, 1H), 8.62 (s, 2H), 7.46 (s, *

1H), 7.35 (d, /= 9.3Hz, 3H), 7.24 (s, 1H), 7.20 (d, /= 4.2Hz, 1H), 7.03 (s, 1H), 5.53 (s, 1H), 4.80 (t
J=15.7THz, 1H), 4.34 (d, J = 5.7Hz, 2H), 3.88 (s, 3H). MS (ESI) m / z [M+H]" 443.0,

Preparation of various salts of Compound 531: Compound 531 was dissolved in
MeOH, followed by addition of aquesou salt solution. The mixture was sttired at rt for 1h. The
reaction mixture was concentrated to dryness. The residual aquedus solution was lyophilivzed. to give
the final corresponding salt of Compound 531. _

Hydrogen chloride salt: "H NMR (DMSO-ds, 400MHz) 0 9.10 (s, 1H), 8.82 (s,
2H), 7.95 (s, 1H), 7.60 (s, 1H), 7.52 (d, J = 9.2Hz, 2H), 7.43 (d, J = 8.4Hz, 2H), 7.40 (s, 1H), 6.80 (t,
J=5.6Hz, 1H), 5.43 (s, 1H), 4.45 (d, J = 5.6Hz, 1H), 3.87 (s, 3H).

Citrate salt: ,]H NMR (DMSO-dg, 400MHz) 6 12.22 (brs, 1H), 9.08 (s, 1H), 9.08
(s, 1H), 8.80 (s, 1H), 7.91 (s, 1H), 7.58 (s, 1H), 7.49 (d, J = 8.8Hz, 2H), 7.41 (d, /= 8.8Hz, 2H), 7.31

(s, 1H), 6.56 (t, J = 6Hz, 1H), 5.28 (s, 1H), 4.41 (d, J = 6Hz, 2H), 3.86 (s, 3H), 2.74 (d, J = 15.6Hz,

2H), 2.65 (d, J = 15.6Hz, 2H).

p-TsOH salt: "H NMR (DMSO-ds, 400MHz) 6 9.11 (s, 1H), 8.82 (s, 2H), 7.97 (s,
1H), 7.61 (s, 1H), 7.45-7.56 (m, 7H), 7.10 (d, J = 8Hz, 2H), 6.94 (s, 1H), 5.48 (s, 1H), 4.47 (d, J =
5.2Hz, 2H), 3.87 (s, 3H), 2.27 (s, 3H).

Acetic acid salt: "H NMR (DMSO-ds, 400MHz) 0 9.18 (s, 1H), 8.70l(s, 2H), 7.53

(s, 1H), 744 (s, 1H), 742 (d, J = 8.8Hz, 2H), 7.29 (d, J = 8.8Hz, 2H), 7.10 (s, 1H), 4.87 (t, /=

5.6Hz, 1H), 4.41 (d, J= 5.6Hz, 2H), 3.95 (s, 3H), 2.06 (s, 1H).

Compounds  546-549  were prepared by  reacting 4-bromo-1-(4—'
(trifluoromethoxy)phenyl)pyridin-2(1H)-one with the corresponding-amines. -

' Compound 546: "H NMR (DMSO-d, 300 MHz) 6 8.83 (d, J=5.1Hz, 2H), 7.49-

7.44 (m, 6H), 7.37 (d, J=7.5Hz, 1H), 6.01 (dd, J=1.8, 7.5 Hz, 1H), 5.17 (s, 1H), 4.49 (d, J=5.7Hz,
2H). | |

Compound 547: "H NMR (DMSO-d;, 300 MHz) 6 8.55 (d, J=4.2Hz, 1H), 7.82
(d, J/=7.5Hz, 1H), 7.66 (d, /=5.1Hz, 1H),7.44-7.43 (m, 7H), 6.02 (t, J=7.5 Hz, 1H), 5.14 (s, 1H), 4.38
(d, J=5.7Hz, 2H).

Compound 548: '"H NMR (DMSO-d, 300 MHz) ¢ 9.12 (s, 1H), 8.80 (s, 2H),
7.45-7.37 (m, 6H), 6.90 (t, J=7.5 Hz, 1H), 5.30 (s, 1H), 4.39 (d, J/=5.7Hz, 2H).

Compound 549: '"H NMR (DMSO- d6, 300 MHz) 5 8.68-8. 63 (m, 2H), 8.58 (s,
1H), 7.51-7.36 (m, 6H), 5 98 (d, J=7.5 Hz, 1H), 5.23 (s, 1H), 4.48 (d, J 5.1Hz, 2H).
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Compound 538 was prepared from Compound 403 in three steps: first, 'r" ‘

Compound 403 (3.6 g, 11 mmol) was stirred in HBr aqueous solution (40%, 30 mL) at 90°C for
12hrs. After standard workup,’the resulting intermediate was redissolved in POCl; (20 mL) and

refluxed for 2h to afford the corresponding chloride (520 mg, 18% yield). Subsequently, acetone (10 =~

mL), K,CO3 (342 mg, 2.48 mmol) and iodomethane (387 mg, 2.48 mmol) were added in portions.
The mixture was stirred at 60°C overnight. The mixture was cooled to rt and filtered. The filtrate
was concentrated and purified by flash column chromatography (PE:EA=2:1) to give Compound
538 (252 mg, 43%) 'H NMR (DMSO-ds, 400 MHz) ¢ 7.96 (s, 1H), 7.69 (s, 1H), 7.64 (s, 1H),
7.18~7.16 (d, J= 8 Hz,1H), 6.92 (s, 1H), 6.85-6.83 (m, 1H) , 6.76 (s, 1H), 4.05 (q, /= 6.8 Hz, 2H),
3.82 (s, 3H), 2.01 (s, 3H), 1.33 (4, J=68 Hz, 3H). MS (ESI) m/z (M+H)+ 344.1. |

Compound 543: Compound 538 (100 mg, 0.29 mmol) was dissolved in BnNH,
(5 mL), the mixture was stirred at 160°C for 3h under N,. After cooled to rt, the mixture was diluted
with water and extracted with EtOAc. Following standard workup and purification, Compound 543
was obtained (53 mg, yield 44 %). MS (ESI) m/z (M+H)" 414.9. -

| Alternative way to prepare Compound 543; first, _5I-bromo-4-chloro-2-
methoxypyn'diné was reacted with 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-
pyrazole under the standard Suzuki-Coupling condition to form 4-chloro-2-methoxy-5-(1-methyl-
1H-pyrazol-4-yl)pyridine; then it was subject to HBr h'ydrolysisv,‘ followed by a second Suzuki-
Coupling with (4-ethoxy-2-methylphenyl)boronic acid, then reaction with BnNH, as described
herein. Hydrogen chloride salt: '"H NMR (DMSO-ds, 400 MHz) 'H NMR (DMSO-ds, 400MHz) 6
8.01 (s, 1H), 7.64 (s, 1H), 7.46 (s, 1H), 7.41-7.35 (m, SH), 7.28 (m, 1H), 7.18 (d, J = 8.8Hz, 1H),
6.93 (s, 1H), 6.83 (d, /= 8.8Hz, 1H), 5.87 (s, 1H), 4.45 (s, 2H), 4.04 (q, /= 6.8Hz, 2H), 3.89 (s, 3H),
2.00 (s, 3H), 1.32 (t, /= 6.8Hz, 3H).

Compounds 699-704 and 706 were prepared by reacting 4-chloro-1-(4-ethoxy-2-
methylphenyl)-5-(1-methyl-1H-pyrazol-4-yl)pyridin-2(1H)-one with the correspondihg amines
followin the similar procedure described above. The HCl salts thereof were alsb prepared following
the similar procedure above.

Compound 699: "H NMR (DMSO-ds, 400 MHz) 6 8.54 (d, J=4.0 Hz, IHI), 7.90
(s, 1H), 7.80 (dt; J=18, 7.7 Hz, 1H), 7.58 (s, 1H), 7.40 (d, /=7.8 Hz, 1H), 7.29 (dd, J;=5.3,
J»=6.8Hz, 1H), 7.08 (s, 1H), 7.04 (d, J=8.5 Hz, 1H), 6.86 (d, /=2.8 Hz, 1H), 6.78 (dd, J;=2.9, J,=8.7
Hz, 1H), 6.49 (t, J=5.5 Hz, 1H), 5.75 (s, 1H), 5.22 (s, 1H), 4.42 (d, J=5.5 Hz, 2H), 4.03 (q, J=6.9 Hz,
2H), 3;87 (s, 3H), 2.00 (s, 3H), 1.32 (t, /~7.0 Hz, 3H). MS (ESI) m/z (M+H)" 416.2.
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MS (ESI) m/z (M+H)"416.2. @

L

HCI salt of Compound 699: "H NMR (DMSO-d, 400 MHz) 6 8.74 (d, J~4.5 Hz, :‘

.......

(s, 1H), 4.65 (d, J=4.5 Hz, 2H), 4.07-4.01 (m, 2H), 3.88 (s,3H), 2.00 (s, 3H), 1.32 (t, /=6.9 Hz, 3H). <=

Compound 700: '"H NMR (DMSO-ds, 400 MHz) 6 8.56-8.50 (m, 2H), 7.91 (s,
1H), 7.58 (s, 1H), 7.37 (d, /=5.8 Hz, 2H), 7.08-7.01 (m, 2H), 6.85 (d, /<2.5 Hz, 1H), 6.77(dd, =
J1=2.8, /,=8.5 Hz, 1H), 6.46 (t, J=6.1 Hz, 1H), 5.75 (s, 1H), 5.09 (s, 1H), 438 (d, J=6.0 Hz, 2H), =
4.02 (q, J=6.9 Hz, 2H), 3.87 (s, 3H), 1.99 (s, 3H), 1.32 (t, /=6.9 Hz, 3H). MS (ESI) m/z (M+H)" |
416.2. . | ©

~ HCl salt of Compound 700: "TH NMR (DMSO-d;, 400 MHz) & 8.85 (d, J=6.5 Hz,
2H), 7.98 (d, J=6.3 Hz, 2H), 7.96 (s, 1H), 7.63 (s, 1H), 7.17 (s, 1H), 7.04 (d, J=8.8 Hz, 1H), 6.86 (d,
J=2.8 Hz, 1H), 6.78 (dd, J,=2.8, J,=8.5 Hz, 1H), 6.73 (t, /=6.1 Hz, 1H), 5.20 (s, 1H), 4.66 (d, J=6.0
Hz, 2H), 4.03 (d, J=7.0 Hz, 2H), 3.88 (s, 3H), 2.00-1.98 (m,3H), 1.32 (t, J/=6.9 Hz, 3H). MS (ESI)
m/z (M+H)" 416.2. ,
| Compound 701: "H NMR (DMSO-ds, 400 MHz) ¢ 8.59 (d, J=1.8 Hz, 1H), 8.47
(dd, J;=1.6, J=4.9 Hz, 1H), 7.89 (s, 1H), 7.77 (d, /=7.8 Hz, 1H), 7.56 (s, 1H), 7.38 (dd, J;=4.8,
J=1.8 Hz, 1H), 7.06-7.01 (m, 2H), 6.85 (d, J=2.5 Hz, 1H), 6.77 (dd, J,=2.8, J,=8.5 Hz, 1H), 6.42 (,
J=6.1 Hz, 1H), 5.75 (s, 1H), 5.20 (s, 1H), 4.38 (d, /=6.0 Hz,2H), 4.02 (q, J=7.0 Hz, 2H), 3.86 (s,
3H), 1.9 (s, 3H), 1.32 (t, /=7.0 Hz, 3H). MS (ESI) m/z (M+H)" 416.2.

HCI salt of Compound 701: "H NMR (DMSO-dg, 400 MHz) & 8.90 (s, 1H), 8.78
(d, J=5.3 Hz, 1H), 8.46 (d, /=8.0 Hz, 1H), 8.00-7.91 (m, 2H), 7.61 (s, 1H), 7.17 (s, 1H), 7.05 (d,
J=8.5Hz, 1H), 6.87 (d, J=2.5 Hz, 1H), 6.78 (dd, J;=2.5, J,=8.5 Hz, 1H), 6.74 (t, J=6.0 Hz, 1H), 5.39
(s, 1H), 4.56 (d, J=5.8 Hz, 2H), 4.06-4.01 (m, 2H), 3.87 (s, 3H),1.99 (s, 3H), 1.32 (t, J=6.9 Hz, 3H).
MS (ESI) m/z (M+H)" 416.2. '

Compound 702: "H NMR (DMSO-ds, 400 MHz) & 7.87 (s., 1H), 7.55 (s, 1H),

© 7.45~7.40 (m, 1H), 7.30~7.20 (m, 1H), 7.10~7.02 (m, 3H), 6.85 (d, J=2.4 Hz, 1H), 6.79~6.76 (m,

1H), 6.35~6.31 (m, 1H), 5.18 (s, 1H), 4.35 (d, J=5.6 Hz, 2H), 4.02 (q, J/=7.2 Hz, 2H), 3.86 (s, 3H),
2.00 (s, 3H), 1.32 (1, /=7.2 Hz, 3H).

| HCl salt of Compound 702: "H NMR (DMSO-ds, 400 MHz) 3 7.91 (s, 1H), 7.58
(s, 1H), 7.47~7.43 (m, 1H), 7.30~7.24 (m, 2H), 7.10 (d, J=8.4 Hz, 2H), 6.8 (s., 1H), 6.81 (d, J=8.4
Hz, TH), 6.73 (s, 1H), 5.42 (s, 1H), 4.39 (d, J=4.8 Hz, 2H), 4.03 (q, J=6.8 Hz, 2H), 3.87 (s, 3H), 2.00
(s, 3H), 1.32 (t, J=6.8 Hz, 3H). -
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| Compound 703: 'H NMR (DMSO-ds, 400 MHz) & 7.92 (s., 1H), 7.57 (s, 1H),
7.12~7.03 (m, 5H), 6.85 (d, /=2.4 Hz, 1H), 6.78 (d, J/=2.4 Hz, 1H), 6.46 (t, J=6.0 Hz, 1H), 5.15 (s,
1H), 4.36 (d, J=6.0 Hz, 2H), 4.02 (q, J=7.2 Hz, 2H), 3.87 (s, 3H), 2.00 (s, 3H) , 1.32 (t, J=7.2 Hz,
3H). - o
HCl salt of Compound 703: "H NMR (DMSO-ds, 400 MHz) & 7.98 (s, 1H), 7.61
(s, 1H), 7.26 (s, 1H), 7.13~7.10 (m, 4H), 6.88 (brs, 2H), 6.80 (d, J=8.4Hz, 1H), 5.42 (s, 1H), 4.41 (d,
J=4.8 Hz, 2H), 4.03 (q, J=6.8 Hz, 2H), 3.88 (s, 3H), 2.0 (s, 3H), 1.32 (t, J=6.8 Hz, 3H). |
| Compound 704: 'TH NMR (DMSO-ds, 400 MHz) 6 7.91 (s, 1H), 7.83 (d, J=8.0
Hz, 2H), 7.61 - 7.52 (m, 3H), 7.06 (s, 1H), 7.03 (d, J=8.8 Hz, 1H), 6.85 (d, /=2.8 Hz, 1H), 6.78 (dd,
J=2.8, 8.4 Hz, 1H), 6.50 (t, J=6.0 Hz, 1H), 5.76 (s, 1H), 5.10 (s, 1H), 4.44 (d, J=6.0 Hz, 2H), 4.03
(q,/=7.2 Hz, 2H), 3.87 (s, 3H), 1.99 (s, 3H), 1.32 (t, J=7.2 Hz, 3H). o
HCI salt of Compound 704: "H NMR (DMSO-dy, 400 MHz) & 7.95 (s, 1H), 7.83
(d, J=8.0 Hz, 2H), 7.61 (s, 1H), 7.56 (d, J=8.0 Hz, 2H), 7.27 (s, 1H), 7.09 (d, J=8.8 Hz, 1H), 6.99 (¢,
J=5.8 Hz, 1H), 6.87 (d, J=2.8 Hz, 1H), 6.79 (dd, J=2.8, 8.8 Hz, 1H), 5.41 (s, 1H), 4.48 (d, ]=5.6 Hz,
2H), 4.02 (q, J=7.2 Hz, 2H), 3.87 (s, 3H), 1.98 (s, 3H), 1.31 (t, J=7.2Hz, 3H).
~ Compound 705: "H NMR (DMSO-d;, 400 IMHz) § 7.84 (s, 1H), 7.58 (s, 1H),
7.33-7.21 (m, 4H), 7.16 (d, J=7.2Hz, 2H), 7.16 (d, J=7.2Hz, 1H), 7.07 (s, 1H), 6.87 (d, /=2.8Hz,
1H), 5.69 (s, 1H), 4.11 (d, J=8.8Hz, 2H), 4.02 (q, J=7.2Hz, 2H), 3.75 (s, 3H), 2.52 (s, 3H), 2.00 (s,
3H), 1.31 (t, J= 7.2Hz, 3H). )
HCl salt of Compound 705: '"H NMR (DMSO-d, 400 MHz) § 7.87 (s, 1H), 7.60
(s, 1H), 7.37-7.24 (m, 4H), 7.19 (d, J=7.0 Hz, 2H), 7.14 (d, J=8.8 Hz, 1H), 6.91 (d, J=2.5 Hz, 1H),
6.83 (dd, J/=2.8, 8.5Hz, 1H), 5.83 (s, 1H), 4.26-4.13 (m,.2H), 4.05 (q, J=7.0 Hz, 2H), 3.78 (s, 3H),
2.58 (s, 3H), 2.03 (s, 3H), 1.34 (t, J=7.0 Hz, 3H). |
Compound 706: "H NMR (DMSO-ds, 400 MHz) § 7.86 (s, 1H), 7.54 (s, 1H),
7.41 (s, 1H), 7.12 (d, /=8.4 Hz, 1H), 7.05 (d, /=6.8 Hz, 1H), 6.86 (d, /=2.8Hz, 1H), 6.80-6.72 (m,
3H), 5.97 (t, J=5.6 Hz, 1H ), 5.15 (s, 1H), 4.22 (d, J/=5.2 Hz, 2H), 4.06-3.98 (m, 4H), 3.85 (s, 3H),
2.29 (s, 3H), 2.01 (s, 3H), 1.35-1.29 (m, 6H). , | |
HCI salt of Compound 706: "H NMR (DMSO-d;, 400 MHz) & 7.97 (s, 1H), 7.62
(s, 1H), 7.41 (s, 1H), 7:16 (dd, J=8.5, 17.3 Hz, 2H), 6.98-6.90 (m, 2H), 6.84 (dd, J=2.8, 8.5 Hz, 1'H)',
6.80 (s, 1H), 6.74 (dd, J=2.6, 8.4 Hz, 1H), 5.66 (br. s., 1H), 431 (d, /=5.3 Hz, 2H), 4.10-3.91 (m,
4H), 3.88 (s, 3H), 2.32 (s, 3H), 2.02 (s, 3H), 1.35-1.29 (m, 6H).
Compound 707: 'H NMR (DMSO-ds, 400 MHz) & 7.85 (s, 1H), 7.53 (s, 1H), 7.26
(d, J/=8.4 Hz, 2H), 7.01 (t, J=2.4 Hz, 2H), 6.90 (d, /=8.8 Hz, 2H), 6.83 (d, /~2.8 Hz, 1H), 6.76 (t,
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J=5.6Hz, 1H), 5.18 (s,1H), 4.24 (d, J=5.6 Hz, 2H), 4.06-4.00 (m, 4H), 3.84 (s, 3H), 3.63 (t, /~4.8,
2H), 3.29 (s, 3H), 1.97 (s, 3H), 1.31 (¢, J=6.8 Hz, 3H).

HCI salt of Compound 707: TH NMR (DMSO-d;, 400 MHz) 6 7.97 (s, 1H), 7.61

(s, 1H), 7.36 (d, J/=2.5Hz, 1H), 7.31 (d, J/=8.5Hz, 2H), 7.18 -7.06 (m, 2H), 6.96 - 6.89 (m, 3H), 6.84-
6.81 (m, 1H), 5.71 (brs, 1H), 4.34 (brs, 2H), 4.09-4.02 (m, 4H), 3.89 (S, 3H), 3.66-3.64 (m, 2H), 3.30
(s, 3H), 2.00 (s, 3H), 1.33 (t, /=7.0 Hz, 3H).

| ' Compound 708 was prepared by HBr hydrolysis of 2-methoxy-4,5-bis(1-methyl-
1H-pyrazol-4-yl)pyridine, followed by standard copper acetate/pyridine/pyridine-N-oxide catalyzed
reaction lin DMEF at 90°C to afford the final product. 'H NMR (DMSO-ds, 400 MHz) § 7.71 (s, 1H),
7.65-7.63 (m, 3H), 7.56 (s, 1H), 7.52 (d, J=8.0 Hz, 2H), 7.33 (s, 1H), 7.28 (s, 1H), 6.60 (s, 1H), 3.82
(s, 3H), 3.81 (s, 3H).. '

\ ‘
N cl OH \ QR
N L N O

X\ R N |
7 @ X N
N~ 0 XXV-14 |

N~ "0
sz(dba)3,K3PO4
DMF,110°C
OCF; OCF,
Compound 122
XXV-15

Compound 122 (1 eq.), phenol (XXV-14, 2 eq.) and K;PO4 (3 eq.) were added
into DMF. The solution was degassed by nitrogen for three times and then Pdy(dba); (0.2 eq.) was
added. The reaction mixture was stirred at 110°C for 14 hrs under N,. After being cooled to rt, the
mixture was diluted with EA and filtered; the filtrate was washed with brine. The separated organic
phase was dried over Na;SO,, concentrated under reduced pressure. The residue was purified by
column chromatography (PE/EA =1/1) to give the final product.

Coinpounds 408-410 and 412-414 were prepared following the general scheme as
illustrated above. | '

Compound 408: "H NMR (CDCls, 400 MHz) 6 7.74 (s, 1H), 7.68 (s, 1H), 7.49-
7.45 (m, 3H), 7.37-7.33 (m, 2H), 7.30-7.22 (m, 4H); 5.79 (s, 1H), 3.94 (s, 3H). MS (ESI) m/z
(M+H)" 446.1. ’ '

Compound 409: '"H NMR (CDCls, 400 MHz) 6 7.70 (s, 1H), 7.67 (s, 1H), 7.50
(s, 1H), 7.47-7.42 (m, 3H), 7.37-7.33 (m, 2H), 7.05-7.00 (m, 1H), 6.98-6.96 (m, 1H), 6.94-6.90 (m,
1H), 5.84 (s, 1H), 3.94 (s, 3H). MS (ESI) m/z (M+H)" 445.9.
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Compound 410: 'H NMR (CDCls, 400 MHz) § 7.72 (s, 1H), 7.68 (s, 1H), 7.49-
7.44 (m, 3H), 7.36-7.34 (m, 2H), 7.17-7.14 (m, 4H), 5.76 (s, 1H), 3.94 (s, 3H). MS (ESI) m/z r
(M+H)" 445.9. | » | "
Compound 412: "H NMR (CDCls, 400MHz) 6 7.70 (s, 1H), 7.67 (s, 1H), 7.49-
7.42 (m, SH), 736-7.34 (m, 2H), 7.12-7.10 (m, 2H), 5.78 (s, 1H), 3.94 (s, 3H). MS (ESI) m/z ;
(M+H)" 462.1. :
Compound 413: "TH NMR (CDCl;, 400MHz) 6 7.70 (s, 1H), 7.67 (s, 1H), 7.50 (S, P
1H), 7.47-7.35 (m, 5H), 7.32~7.29 (m, 1H), 7.20-7.19 (m, 1H), 7.10-7.06 (m, 1H), 5.82 (s, 1H),3.94
(s, 3H). MS (ESI) m/z (M+H)" 462.1. |
Compound 414: "H NMR (CDCls, 400 MHz) 6 7.83 (s, 1H), 7.79 (s, 1H), 7.55-
7.45 (m, 4H), 7.40-7.34 (m, 3H), 7.31-7.29 (m, 1H), 7.24-7.21 (m, 1H), 5.74 (s, 1H), 3.97 (s, 3H). ™
MS (ESI) m/z (M+H)" 462.5.1. ‘
‘ Compounds 533 and 535 were prepared by reacting Compound 122 with the
corresponding substituted phenol in DMF and KOH at 130°C overnight. »
Compound 533: "HNMR (CDCls, 400 MHz) 6 7.75 (s, 1H), 7.68 (s, 1H), 7.48-
7.43 (m, 3H), 7.34 (d, J=8.4 Hz, 2H), 7.06 (d, /=9.2 Hz, 2H), 6.69 (d, /=9.2 Hz, 2H), 5.78 (s, 1H),
4.15 (t, J=4.8 Hz, 1H), 3.94 (s, 3H), 3.78 (1, J/~4.8 Hz, 2H), 3.48 (s, 3H). |
Compound 535: "H NMR (DMSO-dg, 400 MHz) 4 8. 05~8.01 (m, 5H), 7. 84 (s,
1H), 761 (d, J=8.8 Hz, 2H), 7.53 (d, J= 84Hz 2H), 7.45 (s, 1H) , 7.37 (s, 1H), 7.35 (s, 1H) , 5.46
(s, 1H), 3.84 (s, 3H). MS (ESI) m/z (M+H) 457.2.
Preparation of Compound 664: To a solution of Comeund 122 (210 mg, 0.569
mmol) in dioxane (20 mL) were added pyridazin-3-ylmethanamine hydrochloride (165 mg, 1.14
mmol), NaOtBu (218 mg, 2.28 mrriol), Xphos (27.2 mg, 0.057 mmol), precatalyst 13 (44.8 mg,
0.057 mmol). The mixture was degassed under in vacuum and purged with N, three times. The
reaction mixture was stirred at 100°C for 14h. The mixture was cooled to rt. The mixture was diluted
‘with water and extracted with EA. The combined organic layer was dried over Na;SQOy, concentrated
in vacuum. The residue was purified by column chromatography on silica gel eluted with
DCM:MeOH (50:1-10:'1) to give Compound 664 (50 mg, 20% yield) as a pale yellow solid. 'H
NMR (DMSO-ds, 400MHz) 6 9.15 (s, 1H), 7.91 (s, 1H), 7.67 (s, 2H), 7.60 (s, 1H), 7.49 (d, /=8.8Hz,
2H), 7.42 (d, J=8.8Hz, 2H), 7.33 (s, 1H), 6.67 (t, 1H), 5.25 (s, 1H), 4.62 (t, J=5.6Hz, 1H), 3.87 (s,
3H). |
Compound 696 was prepared by reacting 4-chloro-1-(4—ethoxy—2-methyl-phenyl)-
5-(1 —methyl-lH-pyralzol-4-y1)py1idin-2(1H)-one with 2-isopropoxyethanol in the presence of NaH in
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DMEF solution at rt for 12hrs to afford the final product as a yellow solid. '"H NMR (CDCls, 400
MHz) 6 7.78 (s, 1H), 7.66 (s, 1H), 7.32 (s, 1H), 7.15 - 7.12 (m, 1H), 6.89 - 6.81 (m, 2H), 6.08 (s,
1H), 4.22 - 4.18.(m, 2H), 4.10-4.05 (q, J=6.9 Hz, 2H), 3.93 (s, 3H), 3.87-3.85 (dd, J=3.6, 5.6 Hz,
2H), 3.77-3.74 (td, J=6.1, 12.2 Hz, 1H), 2.16 (s, 3H),1.45 (t, J=6.9 Hz, 3H), 1.27 (d, J=6.3 Hz, 6H).

5 MS (ESI) m/z (M+H") 412.3.

Compound 697 was prepared by reacting 4-chloro-1-(4-ethoxy-2-methylphenyl)-
5-(1-methyl-1H-pyra201-4-yl)pyridin—2(1H)-one with 2>-(2-meth0xyethoxy)ethanol in the presence of
'NaH in DMF solution at rt for 12 hrs to afford the final pr'oduct. as a light yellow solid. "H NMR

- (CDCls, 400 MHz) J 7.79 (s, 1H), 7.64 (s, 1H), 7.31 (s, 1H), 7.13 (d, J=8.5 Hz, 1H), 6.89 - 6.81 (m,

10 2H), 6.07 (s, 1H), 425-420 (m, 2H), 4.11 - 4.03 (q, J/=6.9 Hz, 2H), 3.96 - 3.90 (m, 5H), 3.78 - 3.72
(m, 2H), 3.66- 3.60 (m, 2H), 3.45 - 3.40 (m, 3H), 2.16 (s, 3H), 1.45 (t, /=6.9 Hz, 3H). MS (ESI)

m/z, (M+H") 428 3.

Compound 698 was prepared by reacting 4-ch10r0-1-(4-ethdxy—2-methylphenyl)-
5-(1-methyl-1H-pyrazol-4-yl)pyridin-2(1H)-one with tetrahydr0-2H-pyran-4-ol in the presence of

15 NaH in DMF solution at rt for 16 hrs to afford the final product as a light yéllow solid. "H NMR
(CDCl3, 400 MHz) 6 7.63 (5, 1H), 7.60 (s, 1H), 7.31 (s, 1H), 7.13 (d, J=8.5 Hz, 1H), 6.89 - 6.81 (m,

2H), 6.10 (s, 1H), 4.64 (t t, J=3.9, 8.0 Hz, 1H), 4.07 (q, /=6.9 Hz, 2H), 4.04 - 3.96 (m, 2H), 3.95 (s,

3H), 3.64 (dt, /=1.8, 8.8 Hz, 2H),221 - 2.12 (m, 5H), 1.91 (ttd, /=4.0, 8.4, 12.8 Hz, 2H), 1.45 (t,

J=1.0 Hz, 3H). MS (ESI) m/z (M+H") 410.2.

20
' Example 11-D
Synthesis of Compound 154 {(Scheme XXVI)
. . o l O
oH Etl / K,COq m CPBA DCM /@;\/ NaOH, /©/\ ~
3 EtOH/H,0
, Actone, reflux T refiux HO
O sxviq - _ XXVI-2 XXV' -3 XXVI-4
N cl 0 \ )
N, | ~ N 0
\ ' N Ho/@( N | q '
N X0 Xxvi4 |
- N"0
sz(dba)3,K3PO4
DMF,110°C
Compound 122 OCFs
Compound 154
25 XXVI-1 (1.0 g, 6.67 mmol) and K>COs (1.38 g, 10 mmol) were added into in

acetone (25 mL). And then EtI (1.14 g, 7.33 mmol) was added. The mixture was heated to reflux for
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24 hrs. The mixture was cooled to rt and removed the solvent. Then the crude product was diluted
with EA (100 mL), washed with water and brine, dried over Na;SOs, concentrated in vacuo to give

XXVI-2 (870 mg, 73% yield), which was used directly without further purification.

A mixture of XXVI-2 (1.2 g, 6.74 mmol) and m-CPBA (1.5 g, 8.76 mmol) in
"~ DCM (30 mL) was refluxed for 48 hrs. The reaction mixture was cooled to rt, diluted with DCM

(100 mL), washed with saturated ag.Na;S,;0; and ag. K,CO;, driéd over Na,SO,. Concentrated in
vacuo to give XXVI-3 (1.0 g, 77% crude yield), which was used directly without further
pﬁriﬁcation. | '

XXVI-3 (1 g, 5 mmol) was dissolved in ethanol (10 mL), then treated with a
solution of NaOH (2.6 g) in H,O (3 mL) slowly. The resultant mixture was stirred at rt for 4 hrs. The
resultant mixture was concentrated and residue was diluted with water (10 mL). The mixture was
made acidic with diluted HCI (aq.) and extrated with EA (50 mLx3). The organic phases were
combined, washed with brine, dried over Na,SQOy, concentrated under reduced presssure to give the
crude product. The residue was puri‘ﬁcation by flash chromatography on silica gel
(PE/EA=5:1-2:1) to give XXVI-4 (800 mg, ~100% yield).

’. Compound 154 was prepared by following the similar procedure described in
synthesis of Compound 153 (101 mg, 20 % yield)q. "H NMR (CDCl;, 400 MHz) 6 7.76 (s, 1H), 7.68
(s, 1H), 7.47-7.44 (m, 3H), 7.36-7.34 (m, 2H), 6.93-6.84 (m, 3H), 5.80 (s, 1H), 4.05 (q, /= 7.2 Hz,
2H), 3.93 (s, 3H), 2.24 (s, 3H), 1.46 (t, /= 7.2 Hz, 3H). MS (ESI) m/z (M+H)" 486.

Compound 155 was prepared by following the similar procedure for obtaining

‘Compound 154 using 3-chloro-4-ethoxyphenol in place of XXVI-4. "H NMR (CDCls, 400 MHz) ¢
7.71 (s, 1H), 7.67 (s, 1H), 7.48~7.44 (m, 3H), 7.36~7.34 (m, 2H), 7.21 (s, 1H), 7.03~6.96 (m, 2H),

5.80 (s, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.94 (s, 3H), 1.51 (t, J= 7.2 Hz, 3H). MS (ESI) m/z (M+H)"
505.9.

Comound 157 was prépared by following the similar procedure forl obtaining
Compound 154 using 2-ethoxy-5-hydroxybenzonitrile in place of XXVI-4. 'H NMR (CDCl;, 400
MHz) 6 7.67 (d, J = 7.6 Hz, 2H), 7.50-7.44 (m, 3H), 7.39-7.31 (m, 4H), 7.03 (d, /= 9.2 Hz, 1H),
5.73 (s, 1H), 4.19 (q, J = 6.8 Hz, 2H), 3.94 (s, 3H), 1.52 (t, /= 6.8 Hz, 3H). MS (ESI) m/z (M+H)"
497.

- Compound 162 was prepared following the similar procedure for obtaining

Compound 85 using 1—methyl-4-(4,4,5,5-tetramethyl-1,3,27dioxaborolan-2-yl)elH-pyrazole n place'

of XXIII-4 and using (4-ethoxy-2-methylphenyl)boronic acid in place of XXIII-7. '"H NMR
(DMSO-ds, 400 MHz) 6 7.93 (s, 1H), 7.71 (s, 1H), 7.64 (s, 1H), 7.10 (d, J = 8.0 Hz, 1H), 6.90 (d, J =
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2.8 Hz, 1H), 6.84-6.81 (m, 1H), 5.95 (s, 1H), 4.04 (g, J = 7.2 Hz, 2H), 3.86 (s, 3H), 3.79 (s, 3H), ~

2.00 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). MS (ESI) m/z (M+H)" 340.1.
Compound 532 was prepared following the similar procedure for obtaining

Compound 154 using 4-chlor0-1-(4-ﬂuorophenyl)-5-(1-methyl-1H-pyrazol-4-y1)pyridin-2(1H)-one
in place of Compound 122 and using phenol in place of XXIV-4. '"H NMR (CDCls, 400 MHz) ¢
7.75 (s, 1H), 7.68 (s, 1H), 7.49-7.44 (m, 3H), 7.39-7.36 (m, 2H), 7.32-7.20 (m, lH), 7.18-7.14 (m,
4H), 5.79 (s, 1H), 3.93 (s, 3H). MS (ESD) m/; [M+H]" 362.1 _

- Compound 534 was preparéd following the similar procedure for the synthesis of
Compound 532. 'H NMR (Methénol-d4, 400 MHz) ¢ 8.02 (s, 1H), 7.93 (s, 1H), 7.85 (s, 1H),
v7.58~7.54 (m, 4H), 7.45 (d, J= 8.8 Hz, 2H), 7.41~7.37 (m, 1H) , 7.27 (d, J= 8.8 Hz, 2H), 5.67 (s,
1H), 3.93 (s, 3H). MS (ESI) m/z (M+H)" 378.1.

Example 11-E
Svynthesis of Compound 542

N
o
cl o cl N}B‘O:t
4 |

X CU':(MezNHCHz)z% N NBS,DMF,90°C ;Bfﬁ o
IN/ | NaOWMe, Phie, 100°C 'N/ - .- Pd(dppfiCly, K;CO4

¢ © N™ 70 DME/H0, reflux
1 2 3
\ N \ .
\ { HZN/\'rJ N N N AN
| X 6 N\ | L N~ aq HBr | N P
» .
N —_—
N" "0 Pd(OAc),, Xantphos N/ o~ reflux . ‘ X0
5 NaOtBu, toluene, 100°C , Compund 62 ‘

To a mixture of compound 1 (68 g, 0.465 mol) in toluene (250 mL) was added
Cul (17.9 g, 0.093mol), (Me,NHCH,), (36.8 g, 0.418 mol) and NaOMe (50.2 g 0.93 mol). The
mixture was purged with nitrogen for three times and then heated at 100°C for 8 hours. The mixture
was concentrated to remove toluene, diluted with H,O and extracted with EtOAc. "After standard
workup, the crude product was chromatographed on silica gel (PE) to give ¢0mp0und 2 (39.5 g, 60%
yield). o

To a solution of compound 2 (28.7 g. 0.2 mol).in DMF (50 mL) was added NBS
(35.5 g, 0.2 mol). The mixture was heated at 90°C for 8 hdﬁrs. The crude compound 3 was collected
by filtration. (22 g, 50% yield).

To a stirred mixture of compound 3 (4 g, 18.1 mfnol), compound 4 4.52 g 21.72

mmol), and K,COs (5 g, 36.2 mmol) in DME/H,0 (48 mL,v/v=5/1) was added Pd(dppf)Cl, (668 '

mg, 0.91 mmol) under N, protection. The reaction mixture was degassed with nitrogen again and
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refluxed overnight. The mixture was concentrated, diluted with H,O and extfacted with EtOAc. The
combined organic layer was washed with brine, dried over anhydrous Na;SO,, and concentrated in
vacuo. The residue was purified by column chromatography (PE/EA=2/1) to give compound 5 (2.8 g,
69% yield) as a pale yellow solid. |

To a solution of compound 5 (500 mg, 2.24 mmol) in toluene (20 mL) were added
compound 6 (757.1 mg, 4.48 mmol), NaOtBu (860.2 mg, 8.96 mmol), Xantphos (129.5 mg, 0.224

mmol), Pd(OAc); (50.2 mg, 0.224 mmol). The mixture was degassed under in vacuum and purged

with N; three times. The reaction mixture was stirred at 100°C for 14h. The mixture was cooled to rt,
diluted with water and extracted with EA. The combined organic layer was dried over Na,SOs,
concentrated in vacuum. The residue was purified by silica gel chromatography eluted with

DCM:MeOH (50:1-10:1) to afford compound 7 (300 mg, 45%) as a pale yelldw solid.

Compound 7 (300 mg, 1.01 mmol) was dissolved in ag. HBr (40%, 15 mL), the

mixture was heated to reflux overnight. After cooling to rt, the mixture was adjusted with ag. NaOH
(1 M) to pH=4-5, the resulting precipitate was collected by filtration and dried in vacuo to give
Compound 542 (40 mg, 14% yield). 'H NMR (DMSO-dg, 400MHz) 6 10.60 (s, 1H), 8.81 (d, J =
4.8Hz, 2H), 7.85 (s, 1H), 7.55 (s, 1H), 7.43 (t, J = 4.8Hz, 2H), 6.99 (s, 1H), 6.33 (t, /= 5.2Hz, 1H),
5.16 (s, 1H),4.47 (d,J= 5.2Hz, 1H), 3.89 (s, 3H). E

Compound 544 was prepared following the similar procedure for the synthesis of

Compound 542 using pyridin-2-ylmethanamine in place of compound 6. '"H NMR (DMSO-ds, 400
MHz) ¢ 10.56 (s, 1H), 8.52-8.51 (m, 1H), 7.85 (s, 1H), 7.90-7.56 (m, 1H), 7.53 (s, 1H), 7.33 (d, J

'=8.0 Hz, 1H), 7.29-7.26 (m, 1H), 6.95 (s, 1H), 6.33 (t, J=5.6 Hz, 1H), 5.05 (s, 1H), 4.37-4.35 (d,

J=5.6 Hz, 2H), 3.88 (s, 3H).

Example 11-E
Synthesis of Compound 536
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Py e o
POCl % Phenol Q\(i _ A o B N
. N“o c » C
100°C KOH, DMF130°C ‘ -
QL. @
6 .M -y
| Compound 536

Preparation of compound 3 was followed the general procedure. A mixture of
compound 3 (2.9 g, 8.5 mmol) and Pd/C (0.29 g) in methanol (20 mL) was stirred under H; at rt for
3 hours. The mixture was filtered and concentrated to give compound 4 (2.7 g, 98% yield).

A mixture of compound 4 (2.5 g, 8 mmol) in ag. HBr (40%, 20 mL) was stirred at
90°C for 12 hrs.‘After being cooled to rt, the mixture was poured into water, neutralized with
NaHCO;, and then extracted with DCM/i-PrOH. The combined organic layer was washed with
brine, dried over anhydrous Na;SO4 and concentrated in vacuo to afford crude compound 5 (2.05 g,
86% yield). c

Compound 5 (2.4 g, 0.008 mol) in POCI; (20 mL) was stirred at 100°C for 2h.
After completion, the residue was diluted with H,O and extracted with EtOAc. Following general
workup procedure, the residue was purified by flash chfoma-tography (PE:EA=1:1) to give
compound 6 (560 mg, 22% yield). - ‘

A mixture of compound 6 (300 mg, 0.95 mmol), KOH (107 mg, 1.91 mmol) in

DMF (20 mL) was added phenol (134 mg, 1.4'mm01). The mixture was stirred at 130°C for 2h.

After cooled to rt, the mixture was diluted with HO and extracted with EtOAc. After general
workup procedﬁ.re, the residue was purified by prep-HPLC to give compound 7 (232 mg, 65%
yield). _
Toa solutlon of compound 7 (240 mg, 0. 62 mmol) in DCM (20 mL) was added
AcCl (O 8 mL, 0.93 mmol). The mixture was stirred at rt for 2 h, and the mixture was diluted with
DCM ( 100 mL), the organic layer was washed Wlth water, brine, dned over anhydrous Na,SOy and |
concentrated, the residue was purified by prep.TLC (PE/EA=3/1) to give Compound 536 (132 mg,

52% yield). H NMR (DMSO-d;, 400 MHz) 6 10.12 (s, 1H), 7.72 (m, 2H), 7.67-7.63 (m, 2H), 7.54-
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7.48 (m, 3H), 7.41-7.37 (m, 1H), 7.34-7.33 (m, 1H), 7.29-7.26 (m, 2H), 7.23-7.21 (m, 2H), 7.11- 709' jjj
(m, 1H), 5.35 (s, 1H), 2.03 (s, 3H). MS (ESI) m/z (M+H)" 415.1. -

Compound 537 was prepared following the similar procedure for the synthesis of ’

Compound 536, using Compound 539 in place of Compound 1. The hydrogenation step was:=
conducted after the substitution of phenol. TMS-NCO was used in place of AcCl. 'H NMRI !

(DMSO- d6, 400 MHz) 6 8.86 (s, 1H), 8.06 (s, 1H), 7.93 (s, 1H), 7.84 (s, 1H), 7.57-7.53 (m, 3H)

(M+H)" 402.0.

Compound 545 was prepared following the similar procedure for the synthesis of -----

Compound 536 using (4-methoxyphenyl)boronic acid in place of Compound 1. The hydrogenatlon

and reaction with AcCl steps were eliminated.

Vo] N | Q
. | A Cl\/\o/ |
N™ 0 o N0
i -K,CO4, DMF, 100°C , © :
o~
OH OMe
Compound 545 Compound 540

Compound 540: To a solution of Compound 545 (200 mg, 0.56 mmol) in DMF

(5 mL), 1-chloro-2-methoxyethane (68mg, 0.72mmol) and K,CO; (155mg, 1.12mmol) was added.

The mixture was stirred at 100°C overnight, then diluted with water and extracted with EA. After
standard workup procedure, the residue was buﬁﬁed by prep-TLC (PE:EA=1:1) to give Compound
540 (100 mg, yield 43%) 'H NMR (CDCls, 400 MHz) & 7.74 (s, 1H), 7.68 (s, 1H), 7.51 (s, 1H),
7.45 (t, J=8.0 Hz, 2H), 7.30 (d, J= 8.8 Hz, 2H), 7.26 (s, 1H), 7.16 (d, J= 8.0 Hz, 2H), 7.03 (d, J= 8.8
Hz, 2H), 5.79 (s, 1H), 4.16 (t, J=4.8 Hz, 2H), 3.93 (s, 3H), 3.77 (t, J= 4.8 Hz, 2H), 3.46 (s, 3H). MS
(ESI) m/z (M+H)" 418.1.
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Example 12-A o

Synthesis of 4-Methyl, 5-Phenyl Pirfenidone Analogs (Scheme XXVID

R

- ‘
ArB(OH), Br A\ <\__>‘B(°H)2
Bra A\ XXVil-2 _ | XXVI4
| Cu(QAc)z, Py N0 AA: Pd(dppf)Clp, K2CO3
 N70  PyNO,DCM, 4AMS

|
Ar DME/H,0, reflux
XXVII-1 02 OXXVII-3

B: Pd(PPhs),, Na;CO3
- toluene/EtOH/H,0, reflux - XXVII-5

C: Pd(dppf)Cly, Na>CO5
toluene/H,0, reflux

XXVII-3: To a solution of XXVII-1 (1 eq.) in DCM (0.1 mmol/mL) was added :
the relevant boronic acid XXVII-2 (1.5~2 eq.), Cu(OAc); (1~3 eq), Pyridine (10 eq.) and Pyridine- “

,,,,,,,

\'l

N-Oxide (2~3 eq.), followed by addition of 4A molecular sieve (200~500 mg). The reaction mixture |

" was stirred at rt under oxygen atmosphere overnight. After completibn of the reaction indicated by

TLC, the resulting mixture was filtered and washed with ethyl acetate; the filtrate was washed with

brine, dried over Na,SO,4 and concentrated. The residue was purified by flash chromatography on

silica gel to give the final product.

Three general procedures for the preparatlon of XXVII-5:

Method A: To a mixture of XXVII-3 (1 eq.), the relevant boromc acid XXVII-4
(1.2 eq.) and K,CO3 (2 eq) in DME /H,0 (v/v=6/1) was added Pd(dppf)Cl, (0.1 eq) The reactlon
mixture was degassed by purging with nitrogen and then was heated to reflux overmght After the
completion of the reaction, the ml)_(ture was cooled to rt, concentrated in vacuo. The residue was
dilﬁted with water and extrécted with EtOAc. The combined organic layér was washed with brine,
dried over Na,SO4, and concentrated under reduced pressure. The r_ésidue was buriﬁed by flash

chromatography on silica gel to afford the final product.
Method B: To a mixture of XXVII-3 (1 eq.), the relevant boronic acid XXVII-4

(1.2 eq.) and Na,CO;3 (2 eq.) in toluene/EtOH/HZO (v/v/v=5/2/1) was added Pd(PPh;), (0.1 eq.). The:

reaction mixture was degassed by purging with nitrogen and then was heated to reflux overnight.

After the completion of the reaction, the mixture was cooled to rt, concentrated in vacuo. The

residue was diluted with water and extracted with EtOAc. The combined organic layer was washed

with brine, dried over Na;SOs, and concentrated under reduced pressure. The residue was puriﬁed

by flash chromatography on silica gel to afford the final product.
Method C: To a mixture of XXVII-3 (1 eq.), boronic acid XXVII-4 (1.2 eq.) and
Na,CO; (2 eq.) in toluene/H,0 (v/v=5/1) was added Pd(dppf)Cl, (0.1 eq.). The reaction mixture was
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degassed by purging with nitrogen and then was heated to reflux overnight. After the completion of :

the reaction, the mixture was cooled to rt, concentrated in vacuo. The residue was diluted with water

silica gel to afford the final product. =

Compounds 163-171, 191, 194, 201-205, 552 were prepared following the
Method A as described above. ' Compounds 172-177 were prepared followmg the Method B as
described above. Compounds 195-198 were prepared followmg the Method C as described above.

Compound 163: "H NMR (CDCls, 400 MHz) & 7.69-7.60 (m, 4H), 7.44-7.35 (m, ;
3H), 7.30-7.26 (m, 2H), 7.20 (s, 1H), 6.60 (s, 1H), 2.16 (s, 3H).

Compound 164: '"H NMR (CDCls, 400 MHz) & 7.50-7.47 (m, 2H), 7.43-7.38 (m,
3H), 7.35-7.31 (m; 2H), 7.30-7.26 (m, 2H), 7.21 (s, 1H), 6.60 (s, 1H), 2.16 (s, 3H).

Compound 165: "H NMR (CDCl;, 400MHz) 6 7.50-7.35 (m, 8H), 7.30-7.26 (m,
2H), 7.22 (s, 1H), 6.59 (s, 1H), 2.16 (s, 3H).

Compound 166: "H NMR (CDCls, 400MHz) 3 7.53-7.49 (m, 1H), 7.44-7.37 (m,
4H), 7.34 (s, 1H), 7.30-7.19 (m, 3H), 7.19 (s, 1H), 6.59 (s, 1H), 2.16 (s, 3H).

Compound 167: 'H NMR: (CDCls, 400MHz) § 8.67 (s, 1H), 7.69 (s, 1H), 7.44-
7.27 (m, 8H), 7.01 (d, J= 7.6 Hz, 1H), 6.66 (s, 1H), 2.21 (s; 3H), 2.01 (s, 3H).

Compound 168: "H NMR: (CDCl;, 400MHz) § 7.43-7.35 (m, 3H), 7.32-7.28 (Ih,
2H), 7.17 (s, 1H), 7.13 (d, J = 8.8Hz, 1H), 6.84-6.78 (m, 3H), 4.04 (q, J = 7.6 Hz, 2H), 2.22 (s, 3H),
2.15 (é, 3H), 1.42 (t, J= 7.6 Hz, 3H). _

| Compound 169: 'H NMR: (CDCls, 400MHz) & 7.98 (s, 1H); 7.44-7.35 (m, 3H),
7.29-7.25 (m, 3H), 7.22-7.18 (m, 1H),'7.03 (d, J = 8.4Hz, 1H), 6.79 (s, 1H), 2.28 (s, 3H), 2.20 (s,
3H). . '

Compound 170: '"H NMR: (CDCls, 400MHz) § 7.78 (d, J = 8.4 Hz, 2H), 7.60 (d,
J= 8.0 Hz, 2H), 7.45-7.38 (m, 3H), 7.30.7.27 (m, 3H), 6.77 (s, 1H), 2.21 (s, 3H).

Compound 171: '"H NMR: (CDCl, 400MHz) ) 7.50-7.41 (m, 5H), 7.31-7.25 (m,

' 5H), 6.87 (s, 1H); 2.24 (s, 3H). .

Compound 172: '"H NMR (CDCls, 400MHz) § 9.07 (s, 1H), 7.67 (s, 1H), 7.29-
7.21 (m, 5H), 7.12-7.07 (m, 2H), 6.95- 693 (m, 1H), 6.60 (s, 1H), 2.17 (s, 3H), 1.95 (s, 3H). MS
(ESI) m/z [M+H]' 337.0.
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Compound 173: '"H NMR (CDCl;, 400MHz) 0 7.75 (d, J= 8.4 Hz, 2H), 7.58 (d *"";

J = 8.4 Hz, 2H), 7.27-7.24 (m, 2H), 7.18 (s, 1H), 7.13-7.09 (m, 2H), 6.59 (s, 1H), 2.13 (s, 3H). MS vvvv
(EST) m/z [M+H]" 348.0. _ | c::ze:i‘:r
~ Compound 174: "H NMR (CDCls, 400MHz) 6 7.54-7.50 (m, 1H), 7.41-7.38 (m, |

1H), 7.33 (s, 1H), 7. 29-7 24 (m, 3H), 7.17 (s, 1H), 7.10 (t, J=8.4 Hz, 2H), 6.58 (s, 1H), 2.13 (s, 3H). =
MS (ESI) m/z [M+H]" 364.0. ]
Compound 175: "H NMR (CDCls, 400MHz) & 7.26-7.22 (m, 2H), 7.13-7.06 (m, o=

' 4H), 6.84-6.78 (m, 2H), 6.58 (s, 1H), 4.04 (q, J= 6.8 Hz, 2H) 2.16 (m, 3H), 2.14 (m, 3H), 1.42 (t, J -

= 6.8 Hz, 3H). MS (ESI) m/z [M+H] 338.2. ‘ f:;;;;;j
Compound 176: "H NMR (CDCl;, 400MHz) 6 7.50-7.46 (m, 2H), 7.43-7.41 (m, _.,
3H), 7.26-7.23 (m, 2H), 7.20 (s, 1H), 7.12-7.07 (m 2H), 6.58 (s, 1H), 2.13 (s, 3H). MS (ESI) m/;
[M+H]" 280.1. o
, Compound 177: "H NMR (CDC13, 400MHz) 6 7.77-7.68 (m, 4H), 7.35-7.31 (m,
2H), 7.26-7.17 (m, 3H), 6.67 (s, 1H), 2.21 (s, 3H). MS (ESI) m/z [M+H]" 348.1. |
Compound 191: '"H NMR (CD;0D, 400 MHz) 5 7.61-7.57 (m, 2H), 7.52 (s, 1H),
7.46-7.41 (m, SH), 7.32-7.30 (m, 1H), 6.59 (s, 1H), 2.22 (s, 3H). MS (ESI) m/z (M+H)" 380.0.
| Compound 194: '"H NMR (CDCls, 400 MHz) & 7.51-7.48 (m , 2H), 7.41-7. 32 (m
. 3H), 7.27-7.13 (m, 4H), 6.60 (s, 1H), 2.11 (s, 3H). MS (ESI) m/z (M+H)" 364.1.
Compound 195: "H NMR (CDCls, 400 MHz) & 7.50-7. 45 (m, 3H), 7.36-7.32 (m
2H), 7.24-7.19 (m, 2H), 7.15-7.10 (m, 1H), 6.58 (s, 1H), 2.13 (s, 3H).
Compound 196: "H NMR (CDCls, 400 MHz) & 7.49-7.45 (m, 2H), 7.36-7.32 (m,
2H), 7.24-7.19 (m, 2H), 7.15-7.10 (m, 1H), 7.03-6.99 (m, 1H), 6.58 (s, 1H), 2.13 (s, 3H).
Compound 197: "H NMR (CDCl;, 400MHz) & 7.50-7.47 (m, 3H), 7.40 (s, 1H),
7.37-7.32 (m, 2H), 7.18 (s, 1H), 7.13 (d, J= 8.0 Hz, 1H), 6.60 (s, 1H), 2.15 (s, 3H).
Compound 198: 'H NMR (CDCls, 400MHz) & 7.48-7.42 (m, 3H), 7.36-7.32 (m,
2H), 7.20 (s,'lH) 7.10 (m, 1H), 7.02 (m, 1H), 6.59 (s, 1H), 2.15 (s, 3H).
Compound 201: 'H NMR (CDCl;, 400 MHz) 3 7.48-7.46 (m , 2H), 7.35-7.30 (m
2H) 7.16 (s, 1H), 6.90-6.88 (m , 1H), 6.78 (s, 1H), 6.75-6.71 (m , 1H), 6.56 (s, 1H), 4.29 (s, 4H),
2.16 (s, 3H). MS (ESI) m/z (M+H)" 404.0.
Compound 202: '"H NMR (CDCl;, 400 MHz) 6 7. 50-747 (m, 2H), 7.35-7.31 (m
,2H), 7.17 (s, 1H), 6.85-6.82 (m , 1H), 6.75-6.70 (m , 2H), 6.56 (s, 1H), 6.00 (s, 2H), 2.15 (s, 3H).
MS (ESD) m/z (M+H)" 389.9.
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. Compound 203: Na,CO; was used instead of K2CO3 H NMR (CDCl;, 400*"":“

MHZ)5749 7.47 (m 2H), 7.34-7.30 (m, 2H), 6.90-6.86 (m, 2H), 672670 (m 2H), 6.60 (s, 1H)

5.99 (s, 2H), 2.19 (s, 3H). MS (ESI) m/z [M+H]" 390.1.

et

Compound 204: Pd(PPh;)4 was used instead of Pd(dppf)Cl,, and Na,CO3; wast=

 used instead of K,COs. "H NMR (CDCls, 400MHz) 6 7.51-7.49 (m, 2H), 7.34-7.30 (m, 2H), 7.18 5

1H), 6.93-6.84 (m, 2H), 6.72-6.70 (m, 1H), 6.56 (s, 1H), 4.28 (s, 4H), 2.09 (s, 3H). MS (ESI) m/z -
[M+H]" 403.9. ‘ | | | | s

Compound 205: 5-bromo-4-(triﬂuoromethyl)pyridin-Z(1H)-one was used instead .-,
of XXVII-1. Na,COs was used instead of K,CO;. '"H NMR (CDCls, 400'MHz) 6 7.50-7.48 (m,
2H), 7.37(d,J = 8.4Hz, 2H), 7.32-7.26 (m, 3H), 7.11-7.07 (m, 3H). MS (ESI) m/z [M+H]" 417.8.

Compound 552: "H NMR (CDCls, 400 MHz) & 9.04 (s, 1H), 8.05 (s, 1H), 7.98
(d, J = 8.4Hz, 1H), 7.39-7.36 (m , 1H), 7.17-7.13 (m , 2H), 6.84 (s, 1H), 6.80 (dd, J=1.6, 4.4 Hz,
1H), 8.16 (dd, J=2.4, 8.4Hz, 1H), 6.62 (s, 1H), 4.04 (q, J = 7.2Hz, 2 H), 2.20 (s, 3H), 2.19 (s, 3H),
1.41 (t, /= 7.2 Hz, 3H). MS (ESI) m/z (M+H)" 377.1.

frond

Example 12-B
Svynthesis of 4-Methyl, 5-Phenyl Pirfenidone Analogs (Scheme XXVIII)

o _
|-
(OB ) R—/l
BN XXVIL2_ Xy N aq.HBr
| A .~ Pd(dppfCl»,KoCO4 ' A .~ 100°C
N™ O DME/H,0, reflux N™ "0
XXVII-1 XXvii-3
XXVII-4
Method 1: ArB(OH),, Cu(OAC)2, Z
Py, PyNO, DCM, 4A MS, O, R— |
> X X
Method 2: ArX, Cul, K,CO3, DMF 'N o
|
Method 3; ArX, Cul, K;COs, Ar
8-hydroxyquinoline, DMF XXVIil-5

XXVIII-3 was prepared following Method A for obtaining XXVII-5.

XXVIII4: A mixture of XXVIII-3 in aq. HBr (48%) was stirred at 100°C
overnight. After being cooled to rt, the mixture was concentrated in vacuo. The remaining mixture
was neutralized with saturated ag.NaHCOs, and extracted with EtOAc (30 mLx3). The combined
orgahic layer was washed with water and brine, dried ové_r anhydrous Na;SO4, and concentrated in
vacuo to afford the crude XXVIII-4. | |

Three general procedures for the preparation of XXVIII 5

| Method 1: To a solution of XXVIII-4 (1 eq.) i in DCM 0.1 mmol/mL) was added
the relevant boronic acid XXVIII-2 (1 5~2 eq.), Cu(OAc), (1~3 eq), pyridine (10 eq.) and Pyridine-
’ -253-



------

N-Oxide (2~3 eq.), followed by addition of 4A molecular sieve (200~500 mg). The reaction mixture :

was stirred at rt under oxygen atmosphere overnight. After compleﬁon of the reaction indicated by r

brine, dried over Na,SO, and concentrated. The residue was purified by flash chromatography on

silica gel to give the title compound. Compounds 181-183, 178-180, 192 and 193 were prepared ¢
. A
following Method 1.

r

Compound 178; "H NMR (CDCls, 400MHz) & 7.43-7.39 (m, 2H), 7.28-7.23 (m, &
SH), 7.12-7.08 (m, 3H), 6.60 (s, 1H), 2.13 (s, 3H). MS (ESI) m/z [M+H]" 298.0.

“““ "o I‘
o

Compound 179: '"H NMR (CDCl;, 400MHz) 6 7.34 (s, 1H), 7.30-7.21 (m, 3H), :;;:;u‘.
7.16 (d, J = 8.4 Hz 1H), 7.12-7.07 (m, 2H), 7.02 (s, 1H), 6.59 (s, 1H), 2.19 (s, 3H), 2.15 (s, 3H). MS l
(ESI) m/z [M+H]" 327.9. ' v

Compound 180: 'H NMR. (CDCl3, 400 MHz) & 7.38-7.33 (m, 2H), 7.18 (s, 1H),
7.09 (t, J = 8.8Hz, 2H), 6.60 (s, 2H), 6.57 (s, 1H), 3.85 (s, 9H), 2.13 (s, 3H). MS (ESI) m/z (M+H)"
370.1. | - |

~ Compound 192: "H NMR (CDCls, 400MHz) 6 7.49-7 .46.(m, 2H), 7 .45-7;32 (m,

3H), 7.20 (s, 1H), 7.09-7.00 (m, 2H), 6.98 (m, 1H), 6.58 (s, 1H), 2.16 (s, 3H). MS (ESI) m/z (M+H)"
364.0. | o |

Compound 193: '"H NMR (CDCl;, 400 MHz) & 7.38-7.34 (m, 1H), 7.33-6.98 (m,
5H), 6.84-6.78 (m, 2H), 6.58 (s, 1H), 4.04 (g, /J=7.2 Hz, 2 H), 2.17 (s, 6H), 1.42 (t, /= 7.2 Hz, 3H).
MS (ESI) m/z (M+H)" 338.1. |

Compound 181: "H NMR (CDCls, 400MHz) § 7.50 (d, J = 8.8 Hz, 2H), 7.38 (d,
J = 8.8Hz, 2H), 7.28-7.23 (m, 3H), 7.13 (t,J=8.4 Hz, ZH), 6.86 (s, 1H), 2.21 (s, 3H).

Compound 182: "H NMR (CDCls, 400MHz) § 7.25-7.21 (m, 2H), 7.16 (s, 1H),
7.08 (t, J = 8.4Hz, 2H), 6.95-9.92 (m, 2H), 6.88-6.85 (m, 1H), 6.56 (s, 1H), 4.28 (s, 4H). 2.11 (s,
3H). : - '

Compound 183: '"H NMR (CDCl;, 400MHz) § 7.26-7.22 (m, 2H), 7.16 (s, 1H),
7.09 (t,J = 8.4 Hz, .2H), 6.92 (s, 1H), 6.88-6.80 (m, 2H), 6.56 (s, 1H). 6.02 (s, 2H), 2.12 (s, 3H).

Method 2: To a stirred mixture of 5-(4-ﬂuorophenyl)-4-methylpyridin-2(lH)-one
(203 mg, 1 mmol, 1.0 eq.), 1-bromo-2-methy1-4-(triﬂuororhethoxy)benzene ’(382,mg, 1.5 mmol, 1.5
eq.), and K,CO3 (276 mg, 2 mmol, 2.0 eq.) in DMF (5 mL) was added Cul (19 mg, 0.1 mmol, 0.1
eq.). The reaction mixture was stirred at 140°C for 3 days under N, protection. The mixture was
cooled to rt, diluted with EA (50 mL), washed with watér .and brine, concen;trated. The residue was

purified by flash chromatography on silica gel (PE: EA=5:1—1:1) to give Compound 186 (40 mg,
254 |
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11% yield). "H NMR (CDCl;, 400MHz) 6 7.27-7.17 (m, 8H), 7.12-7.07 (m, 1H), 6.60 (s, 1H), 2. 23,
(s, 3H), 2.15 (s, 3H). MS (EST) m/z M+H] 378.0.

f-. .u,‘

Fe .~ = NO, Nz ¢ " " “3%" 4« ""0rag a4 e
% . H2 Pd/iC TMS R

N Cul, K,CO3, EtOH > “oem >
DMF, 100°C o
XXVill4a v » | o- ',:';Ij',

H
H2N N

XXVHil-Sa XXV'" -6a ~ Compound 557

XXVIII-5a was prepared from XXVIII-4a following Method 2 as descnbed i
above. XXVIII-6a was prepared by hydrogenation (50Psi) of XXVIII-5a in ethanol at rt for 4h -
Compound 557 was obtained from reacting XXVITI-6a with TMS-NCO. 'H NMR (DMSO-ds,
400 MHz) 6 8.21 (d, /=8 Hz, 1H), 7.99 (s, 1H), 7.93 (s, 1H), 7.42-7.39 (m, 2H), 7.30-7.26 (m, 2H),
7.09 (t, J/=7.6 Hz, 1H), 7.01 (m, 2H), 6.93 (m, 1H), 6.17 (s, 2H), 2.26 (s, 3H). MS (ESI) m/z
[M+H]" 338.0.

Method 3: To a stirred mixture of 5-(4-ﬂuorophenyl)-4-methylpy1idih-2( 1H)-one
(2.04 g, 10 mmol, 1.0 eq.), 4-brom(5benzo[d][1,3]di0xole (3.0 g, 15 mmol, 1.5 eq.), and K,COs (2.76
g, 20 mmol, 2eq.) in DMF (50 mL) was added Cul (191 mg, 1 mmol, 0.1 eq.) and 8-
hydroxyquinoline (140 mg, 1 mmol, 0.1 eq.). The reaction mixture was stirred at 140°C for 3 days
under N, protecﬁon. The mixture was cooled to rt, diluted with EA (250 mL), washed with water
and brine, concentrated. The residue was purified by flash chrdmatography on silica gel
(PE‘EA=5'1—>1:1) to yield Compound 184 (680 mg, 21% yield) as white solid. '"H NMR (CDCl;,
400 MHz) § 7.35-7.32 (m, 2H), 7.26 (s, 1H), 7.18 (t, J=8.8Hz, 2H), 7.02-6.94 (m 3H), 6.67 (s 1H),
6.13 (s, 2H), 2.21 (s, 3H). MS (ESI) m/z [M+H]" 323.8.

Compound 185 was prepared following the similar procedure for obtaining
Compound 184 using S-bromo-23-dihydrobenzo[b][1,4]dioxine in place of 4-
bromobenzo[d][1,3]dioxole. 'H NMR (CDCl;, 400 MHz) ¢ 7.28-7.24 (m, 3H), 7.11-7.06 (m, 3H),
6.94-6.88 (m, 3H), 6.57 (s, 1H), 4.30-4.28 (m, 4H), 2.13 (s, 3H). MS (ESI) m/z [M+H]" 338.1.

Compound 187: To.the solution of Compound 172 (378 mg, 1.12 mmol) in
EtOH/H,0 (10 mL, v/v=2/1) was added aq.H,SO4 (6 M, 2 mL). The mixture was heated to reflux
overnight. LCMS showed the reaction was completed. The ‘mixt.ure was concentrated, extracted with

EtOAc (30 mLx3). The combined organic layer was washed with brine, dried over anhydrous

Na,SOy4 and concentrated. The residue was purified by prep-TLC (PE/EA=3/1) to give Compound
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187 (200 mg, 60% yield). '"H NMR (CDCl;, 400 MHz) & 7.26-7. 21 (m 3H), 7.18 (s, 1H), 7.11-7. O6r

(m, 2H), 6.75-6.68 (m, 3H), 6.56 (s, 1H), 2.12 (s, 3H). - s

Compound 188: To the solution of Compound 187 (80 mg, 0.102 mmol) i in

THF/H,0 (2 mL, v/v=4/1) was added KOCN (10 mg, 0.112 mmol) and AcOH (one drop). The

e

-

mixture was heated to reflux ovemlght. LCMS showed the reaction was completed. The mixture was | ,;J.:,

concentrated, diluted with EtOAc (50 mL), washed with brine, dried over anhydrous Na,SO, and r

concentrated. The residue was purified by prep-HPLC to give Compound 188 (62.2 mg, 67%

yield). "H NMR (CDCls, 400 MHz) § 8.12 (s, 1H), 7.62 (s, 1H), 7.24-7.21 (m, 3H), 7.13-7.08 (m,
2H), 6.88 (d, J = 8.8Hz, 1H), 6.81 (d, J= 8.0 Hz, 1H), 6.60 (s, 1H), 4.84 (s, 2H), 2.18 (s, 3H).

Compound 559 was prepared reacting XXVIII-4a with 2-fluoro-5-iodoaniline

using Method 3 as described above, followed by reacting with TMS-NCO. '"H NMR (DMSO-d;,
400 MHz) 6 8.53 (s, 1H), 8.19 (d, J=6.0Hz, 1H), 7.44-7.40 (m, 3H), 7.29-7.20 (m, 3H), 6.97 (m,

'1H), 6.43 (s, 1H), 6.27 (s, 2H), 2.08 (s, 3H).

Example 12-C .
Synthesis of Co ound 199 (Scheme XXIX)

% ~ le
XXlX 1 TSNHNHz
Pd(dppf)CIz ~ NaOAc, DME/H,0
Na,CO4, DME/H,0 110°C -

OCF3 : OCF; : OCF,4
Compound 87 ‘ XXIX-2

Compound 199
To a stirred mixture of Compound 87 (200 mg, 0.52 mmol), XXIX-1 (92 mg,

0.68 mmol), and Na,CO; (60 mg, 1.4 mmol) in DME/HZO (18 mL, V/V=8/1) was added
Pd(dppf)Cl, (140 mg, 0.99 mmol) undér N, protection. The reaction mixture was stirred at 110°C
overnight. The mixture was concentrated to remove DME , diluted with HZO’ extracted with EtOAc
(30 mLx3), the organic layer was washed with water and brine, dried over anhydrous Na,SO4 and
concentrated in vacuo, the re_sidue was purified by prep-TLC (PE:EA=2.5:1) to give XXIX-2 (112
mg, yield: 57%) as a white solid. MS (EST) m/z [M+H]" 376.09. | |

XXIX-2 (170 mg, 0.45 mmql), TsNHNH, (338 mg, 1.81 mmol), and NaOAc (371 -

mg, 4.53 mmol) were added into DME/H,O (20 mL, v/v=5/1). The reaction mixture was stirred at
110°C oVemight. The mixture was concentrated to remove DME , diluted with H,O, extracted with

EtOAc (30 mLx3), the organic layer was washed with water and brine, dried over anhydrous =

Na;SO,, and concentrated in vacuo, the residue was purified by prep-HPLC to afford Compound
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199 (107 mg, yield 64%) as white solid. 'H NMR (CDCls, 400 MHz) 6 7.49-7.46 (m, 2H), 7.33-7.31 "~

e

(m, 2H), 7.26-7.22 (m, 2H), 7.14 (s, 1H), 7.11-7.06 (m, 2H), 6.60 (s, 1H), 2.46-2.41(m, 2H), 1.12- ~

1.07 (m, 3H). MS (EST) m/z [M+H]" 378.10.

Example 12-D
Svnthesis of Comnound 200 (Scheme XXX)

XXX 1

v " Pd(PPhy)s, ch03 Pd/C EtOH
PhMe, 120°C :
OCFs - OCF4 | OCF,
Compound 87 XXX-2 Compound 200

To a stirred mixture of Compound 87 (150 mg, 0.270 mmol), XXX-1 (135 mg,
0.4 mmol), and K,COs (186 mg, 1.35 mmol) in toluene (5 mL) was added Pd(PPhs)s (30 mg, 0.0270

mmol). The mixture was purged with nitrogen for three times and then heated at 120°C overnight.
And then the mixture was concentrated, diluted with H,0, extracted with EtOAc (30 mLx3), the

organic layer was washed with water and brine, dried over anhydrous Na,SO, and concentrated in
vacuo. The crude product was punﬁed by prep- TLC (PE:EA=S: 1) to yield XXX-2 (135 mg, 88%
yield). ,

A mixture of XXX-2 (100 mg, 0.259 mmol) and dry Pd/C.in ethanol (5§ mL) was

-stirred under Hj at rt for 1h. Filtered the reaction, and concentrated the organic layer to give

Compound 200 (61.6 mg, 61% yield). "H NMR (CDCl;, 400MHz) §7.49 (d, J = 8.8Hz, 2H), 7.34
(d, J = 8.4Hz, 2H), 7.25-7.23 (m, 2H), 7.14-7.08 (m, 3H), 6.65 (s 1H),285 2.77 (m, 1H), 1.14 (d, J
= 6.8Hz, 6H). . . '
Compound 629: To a mixture of 5-bromo-1-(4-ethoxy-2-methylphenyl)-4-
methylpyridin-2(1H)-one (1.5 g, 4.66 mmol) and 4-(tributylstannyl)pyridazine (3.44 g, 9.31 mmol)
in dioxane (20 mL) was added Pd(PPh3),Cl, (0.163 g, 0.233 mmol) under N at rt. The mixture was
refluxed overnight. The mixture was concentrated, diluted with water and extracted with EtOAc. The

organic layer were washed with brine, dried over Na,SO,, and concentrated under reduced pressure.

The residue was purified by chromafography on silica gel (PE/EA=1:2—EA) to produce Compound

629 as a yellow solid (0.806 g, 54% yield). "H NMR (DMSO-ds, 400 MHz) 6 9.33 (d, J=2.4 Hz,
1H), 9.21 (d, J=5.6 Hz, 1H), 7.78 (dd, J=2.4, 5.2 Hz, 1H), 7.70 (s, 1H), 7.18 (d, J=8.8 Hz, 1H), 6.92

(d, J=2.4 Hz, 1H), 6.85 (dd, J=2.4, 8.4 Hz, 1H), 6.50 (s, 1H), 4.07 (q, J=6.8 Hz, 2H), 2.21 (s, 3H),

2.04 (s, 3H), 1.32 (t, J=6.8 Hz, 3H). MS (ESI) m/z [M+H]" 322.0.
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Example 12-D .
Synthesis of Compound 189 (Scheme XXXI)

B(OH)Z

| \
COOEt !
NaOH : NH,CI
XXXI 2 a 4 N 0

Cu(OAC)2, E‘OH/Hzo EDCI HOBLDIEA L
PyNO, DCM, 4A MS NH,
XXXI-1 -0, |
‘ XXXI4

XXXI-3 O Compound 189

XXXI-3 was obtained followmg the similar procedure for obtaining XXVII-3.

To a solution of XXXI-3 (300 mg, 0.854 mmol) in EtOH (10 mL) was added a
solution of NaOH (102 mg, 2.56 mmol) in water (8 mL). The reaction mixture was heated to 100°C
for 4 hrs. After concentration in vacuo, the mixture was acidified with ag. HCl (IN). Then the
mixture was extracted with EtOAc (30 mLx3). The combined organic layer.was washed with brine,
dried over anhydrous Na,SO, and concentrated. The crude product was used for next step dlrectly
without further purification (200 mg, 72% yield). MS (ESI) m/z [M+H] 324.0.

| XXXI-4 (150 mg, 0.464 mmol), HOBT (70 mg, 0.51 mmol), EDC-HCI (100 mg,

051 mmol) and DIEA (260 mg, 2 mmol) were charged into dry DCM (5 mL), followed by NH,Cl

(75 mg, 1.4 mmol). The reaction mixture was stirred at rt overnight. The mixture was diluted with
water (10 mL), extracted with EtOAc (20 mLx3). The combined organic layer was washed with
brine, dried over anhydrous Na;SO, and concentrated. The residue was purified ‘by prep-HPLC to
afford Compound 189 as a pale yellow solid (21.8 mg, 17% yield). "H NMR (CDCl;, 400 MHz) &
7.89 (s, 1H), 7.84 (m, 1H), 7.59-7.53 (m, 2H), 7.27-7.22 (m, 3H), 7.13-6.99 (m, 2 H), 6.56 (s, 1H),
2.14 (s, 3H). MS (ESI) m/z (M+Na)* 344.9.

Compound 190: To a solution of XXXI-4 (250 mg, 0.77 mmol), HATU (350
mg, 0.92 mmol), and DIEA (300 mg, 2.3 mmol) in dry DCM (8 mL) was added thé methylamine
hydrochloride (78 mg, 1.16 mmol). The reaction mixture was stirred at rt o{/emight. The mixture
was diluted with wéter (20 mL), extracted with EtOAc (30 mLx3). The combined organic layer was
washed with brine, dried over anhydrous Na;SO4 and concentrated. The residue was purified by
prep-TLC (DCM:MeOH=10:1) to pfoduce Compound 190 aé a white solid (159.3 mg, 61% yield).
'"H NMR (CDCl3, 400 MHz) § 7.81 (s, 1H), 7.75 (m, 1H), 7.52-7.46 (m, 2H), 7.27-7.21 (m, 3H),
7.13-7.08 (m, 2 H), 6.70 (brs, 1H), 6.57 (s, 1H),2.96 (d, J= 48Hz 3H) 2.14 (s, 3H). MS (ESI) m/z

© (M+H)*336.9.
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Example 12-E
Synthesis of Compound 206 (Scheme XXXI)

- (HO)B. A
. /S
(H0)23—©—Br /s _ fj\ Y

N//\\)\ XXXII-2 o Z XXXH-4 :
= - . '
Br  Pd(dppfiCly KsCOs 5 PA@pPNCl, KeCOs . | N

R DME/H,0 ) <
XXXII-1 2 XXXII-3 DME/H,0, reflux ‘ N c|>
B(OH),
N//\S
= OCF3
HBr/AcOH . _ XXX1-2
—_— A >
Cu(OAc),, Py
N NO, DCM, 4A MS
Xxxi-6 H Py o
2
OCF;
Compound 206

To a stirred mixture of XXXII-1 (1.5 g, 9.15 mmol), XXXII-2 (1.83 g, 9. 15
mmol), and K,CO3 (3.79 g, 27.45 mmol) in DME/H,O (50 mL, v:v=5:1) was added Pd(dppf)Cl;
(1.34 g, 1.83 mmol) under N, protection. The reaction mixture was heated to reflux overnight. The

mixture was poured into water, extracted with EtOAc (150 mLx3). The combined organic layer was

-washed with brine, dried over anhydrous Na,SO, and concentrated. The residue was purified by

flash chromatography on silica gel (PE:EA=10:1—5:1—3:1) to afford XXXII-3 (600 mg, 21%
yield).

To a stirred mixture of XXXII-3 (400 mg, 1.7 mmol), XXXII-4 (425.8 mg, 2.55
mmol), and K,COs (703.8 mg, 5.1 mmol) in DME/H,0 (50 mL, v:v=5:1) was added Pd(dppf)Cl,
(120 mg, 0.17 mmol) under N; protection. The reaction mixture was heated to reflux for 4 hours,
then the mixture was poured into water, extracted with EtOAc (30 mLx3), the organic layer was
washed with brine, dried over anhydrous Na,SO4 and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (PE:EA=3:1—1:1) to afford XXXII-5 (220 mg,
46% y1eld) MS (ESI) m/z [M+H]" 283.

A mixture of XXXII-5 (100 mg, 0.35 mmol) in AcOH (5 mL) and ag. HBr
(40%, 5 mL) was heated to reflux overnight. And then it was neutralized with ag. NaOH (1 M),
extracted with EA (30 mLx3). The combined organic layef was washed with brine, dried over

Na,SOy, and concentrated in vacuo to give XXXII-6 (80 mg,' 85% yield). 'H NMR (DMSO-dj, 300

MHz) 8 9.12 (s, 1H), 8.36 (s, 1H), 7.73-7.70 (d, J = 7.8 Hz, 2H), 7.41-7.39 (d, J =8.1Hz, 2H), 7.25

(s, 1H), 6.30 (s, 1H), 1.90 (s, 3H).
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Compound 206 was prepared by following the 51m11ar procedure for obtalnlng":”

XXVII-3 (150 mg, 58% yield). '"H NMR (CDCls, 400 MHz) 6 8.79 (s, 1H), 8.12 (s, 1H), 7.63 (d, f
= 8.4 Hz, 2H), 7.49 (d, J = 8.8 Hz, 2H) 7.34 (m, 4H), 723 (s, 1H), 6.61 (s, 1H), 2.19 (s 3H). MS‘ ?
(ESI) m/z [M+H]" 429.1. : v o ‘ {5

5 Example 12-F | '
’ Synthesis of Compound 207 (Scheme XXXIII) : o

B(OH)z ,,,,,,
Br | N A
N HBr/ACOH
XXXll-2 0 >
Pd(dppf)Cly, cho3 TSOH oy e
DME/H,0, reflux ] LA
OCF3 o OcF , :

XXX1II-4 ' ? OCFs ' ocFs

[0878]  XXXIII-3 was prepared following the similar procedure for obtaining XXXII-5.
10 XXXIII-4 was prepared following the similar procedure for obtaining XXXII-6.
| To a solutioh of XXXIII-3 (450 mg, 1.2 mmol) in toluene (50 mL) was added
2,2-dimethoxypropane (9 mL)v and TsOH (45.6 mg, 0.24 mmol), the mixture was keated to reflux
overnight. The mixture was poured into water, extracted with EA (50 mLx3). The combined organic
layer was washed with brine and concentrated to give crude product, which was purified by prep-
15 HPLC to give Compound 207 (200 mg, 41% yield). "H NMR (CDCls; 400 MHz) 6 7.49-7.47 (m,
" 2H), 7.33-7.31 (d, J = 8.4Hz, 2H), 7.24 (s, 1H), 6.83-6.79 (m, 1H), 6.77-6.75 (m, 1H), 6.64-6.62 (m,
1H), 6.57 (s, 1H), 2.18 (s, 3H), 1.70 (s, 6H). MS (ESI) m/z [M+H]+ 418. |
Compound 211 was prepared following the similar procedure for obtaining
Compound 207 using (3,4-dimethoxyphenyl)boronic ‘acid in place of XXXIII-2. "H NMR (CDCl,,
20 400 MHz) 6 7.49-7.46 (m, 2H), 7.34-7.31 (m, 2H), 7.16 (s, 1H), 6.75-6.73 (d, J = 7.6 Hz, 1H), 667-
6.64 (m, 2H), 6.56 (s, 1H), 2.16 (s, 3H), 1.70 (s, 6H). MS (ESI) m/z [M+H]+ 417.9.

- XXXII-3a o
Pd(dppf)Cl, KOAc, Pd(PPh3)4,lf)sPO4
dioxane, 80°C, overnight : DMF, 100°C. _

OCF : ‘ v ,
3 OCF3 ocC F3
XXXHI-1 XXXIlI-2a ~Compound 415

XXXIII-2a was prepared by following the similar procedure for obtalnlng
XXXIII-3 using bis (pinacolato)diboron in place of XXXIII-2 as a wh1te solid.

4
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Compound 415: To a solution of XXXIII-2a (200 mg, 1.06 mmol) in DMF (4*\
mL) was added K;PO4 (476 mg 2.11 mmol), XXXIII-3a (500 mg, 3.16 mmol), Pd(PPh3), (122 mg,

0.106 mmol.). The mixture was purged with nitrogen and then heated at 100°C overnight. Ther
mixture was cooled to rt, diluted with water (20 mL), extracted with EtOAc (30 mL><3) The '

yield). ‘H NMR (CDCls, 400MHz) 8 7.50 (d, J = 8.8 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.29 (s,
1H), 7.15-7.08 (m, 2H), 6.98-6.96 (m, 1H), 6.62 (s, 1H), 2.17 (s, 1H). MS (ESI) m/z (M+H)" 425.9.

Example 12-G | _
Synthesis of Compound 208 (Scheme XXXIV) ‘

B(OH), F7‘Lo
O
)
; ; B

: i
' & OCF, | x
O 0 ~ XXXIV-3
XY XIT -y
F o Pd(fippf)Clz, KOOAc F o Pd(dppfCl,, cho3 :
XXXIV-1 dioxane, 90°C XXXIV-2 DME/H,0

OCF,
Compound 208

A flask was charged with XXXIV-2 (1 g, 4.2 mmol), bis (pinacolato)diboron
(1.27 g, 5 mmol) and KOAc (0.5 g, 5 mmol) in 1,4-dioxane (30 mL). The flask was purged with
nitrogen for three times. And then Pd(dppf)Cl, (150 mg, 0.21 mmol) was added thereto and then the
mixture was purged with nitrogen again. The mixture was stirred at 90°C for 12 hrs. After the
starting material was consumed, the mixture was cooled to rt, the solvent Wés evaporated in vacuo.
The residue was diluted with water (30 mL), extracted with EA (50 mLx3). The combined organic
layer was washed with brine, dried over Na,SO4 and Concentrated. The residue was purified by
column chromatography on silica gel (PE:EA=10:1 to 5:1) to provide XXXIV-2 (800v mg, 67%
yield) as a white solid. '

Comound 208 was obtaining following the ‘similar procedure for obtaining
XXXII-5. "H NMR (CDCls, 400 MHz) & 7.48-7.45 (m, 2H), 7.33 (d, J= 8.4Hz, 2H), 7.18 (s, 1H),
7.11-7.09 (m, 1H), 7.02-6.97 (m, 2H), 6.59 (s, 1H), 2.14 (s, 3H). MS (ESI) m‘/z [M+H]" 425.9.
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B’\f\l _ Boer \ﬁl # i: \d
N0 K2003 MeCN Pd(dppf)Cl, KOAc

H dioxane, 80°C
XXXIV-1a XXXIV-2a _ ‘ XXXIV-3a

Br

has
F X
° Q | Hy, PA(OH),/C 0 A
XXXIV4a _ %o § |
—» N” ~0 F %«O ‘ X0
N XXXIV-5a , Compound 565

To a mixture of XXXIV-1 (700 mg, 3.763 mmol) in MeCN (20 mL) was added
BnBr (954 mg, 15.465 mmol) and K,CO3 (1.349 g, 7.523 mmol). The mixture was stirred at rt
overnight, and then it was concentrated to remove MeCN, diluted with H,0, extracted with EtOAc.

The organic layer was washed with water and brine, dried over anhydrous Na,SOy4, and concentrated

in vacuo. The crude product was chromatographed on silica gel (PE:EA=1:1) to give XXXIV-2 (600
mg, yield 58 %). MS (ESI) m/z [M+H]" 278.2. | .

XXXIV-3a was prepared from Suzuki-Coupling of XXXIV-2a and bis
(pinacolato)diboron following the standard procedure described above. XXXIV-5a was prepared by
Suzuki-Coupling of XXXIV-3a with XXXIV-4a following the standard procedure described above.

A mixture of XXXIV-5a (250 mg, 0.704 mmol). and Pd(OH),/C (25 mg) in EtOH
(10 mL) was stirred under 1 atm of H, at 50°C overnight. After completion of the reaction, the
mixture was filtered and concenﬁated, the residue was purified by prep-TLC (PE/EA=5/1) to afford
Compound 565 (40 mg, 22% yield). "H NMR (CDCls, 400 MHz) & 7.35 (s, 1H), 7.16-7.06 (m ,
2H), 6.92 (d, J="7.6 Hz, 1 H), 6.52 (s, 1H), 2.16 (s, 3H). MS (ESI) m/z (M+H)" 266.1.
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Example 12-H
Synthesis of Compound 209 (Scheme XXX\Q

1) CICH,COCI, Et3N, THF

# B-B; i:
Br. NH, T
\C[ 2) NaH, r.t \@ Pd( dppf)Cl2 KOAc

XXXV-1 OH dioxane, 90°C

XXXV-2 XXXV-4
B’ﬁ
N“~0

o: ] \% @\(i
0 NaH THF

XXXV-5
N82C03/Pd-1 18 CH3|
dioxane/H,0, 90°C '

OCF, o OCF3
Compound 209 Compound 210
TEA (4.06 g, 0.04 mmol) was added to a solut1on of XXXV-1 (§ g, 27 mmol) in

THF (150 mL). And then 2-chloroacetyl chloride (3.33 g, 0.03 mmol) was added in portions at 0°C. |

After 20 minutes, the mixture was stirred at rt for 2 hrs. The reaction mixture was cooled to 0°C and

NaH (60%, 2.2 g, 54 mmol) was added in portions. The 'reacti(_)n mixture was stirred at 0°C for 20

minutes then at rt for 2h before being quenched with water. The solvent was removed in vacuo and
the resulting mixture diluted with water. The precipitate was‘ﬁltered, washed with water and dried in
vacuo to give XXXV-2 (5.5 g, 89% yield). |

To the solution of XXXV-2 (2.3 g, 10 mmol) in dioxane (20 mL), bis
(pinacolato)diboron (3.05 g, 12 mmol), potassium acetate (2 g , 20 mmol) and Pd(dppf)Cl» (730 mg,
1 mmol) was added. The mixture was purged with nitrogen and sitirred at 90°C overnight. Then the

mixture was diluted with EA (200 mL) and filtrated. The organic phase was washed with Brine, dried

over Na;SOy, concentrated in vacuo to give the crude product. The residue was purification by .

column chromatography on silica gel (PE:EA=3:1 to 1:1) to give XXXV-4 (1.9 g, 69% yield) .

To the solution of XXXV-4 (1.4 g, 5.1 mmol) in dioxane/H,0 (15 mL/3 mL),

XXXV-5 (1.47 g, 4.2 mmol), Na,COs (890 mg, 8.4 mmol) and Pd-118 (137 mg , 6.21 mmol) were
added. The mixture was purged with nitrogen and stirred at 90°C overnight. Then the mixture was
diluted with EA (100 mL) and filtrated. The organic phase was washed with brine, dried over
Na,;SO4, concentrated in vacuo to give the crude product. The re_sidué was purified by column

chromatography on silica gel (PE:EA=2:1 to 1:1) to afford Compound 209 (1.36 g, 64% yield). ]H‘

NMR (CDCl;, 400 MHz) & 9.05 (s, 1H), 7.49-7.45 (m, 2H), 7.35-7.32 (m, 2H), 7.16 (s, 1H), 7.03-
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7.00 (m, 1H), 6.89-6.87 (m, 1H) ,6.74 (s, 1H), 6.58 (s, 1H), 4.65 (s, 2H), 2.13 (s, 3H). MS (ESI) m/z,.
M+H)" 416.9. ‘ o

i

Compound 210: Compound 209 (4OQ mg, 0.96 mmol) was dissolved in THF (2
mL), NaH (60%, 60 mg, 1.2 mmol) was added in portions under stirring at 0°C. After about 30~

minutes, iodomethane (2.1 g, 14.6 mmol) was added; the mixture was stirred at rt for 14 hrs. Then o

-diluted with water and extracted with EA (30 mLx3). The combined organic phase was washed with ]

brine, dried over Na,SO4, concentrated in vacuo to give the crude product, which was purified by

prep-TLC (PE:EA= 2:1) to provide Compound 210 (262 mg, 63% yield). '"H NMR (CDCl, 400 t

MHz) 6 7.50-7.48 (m, 2H), 7.36-7.31 (m, 2H), 7.19 (s, 1H), 7.03-7.00 (m, 1H), 6.91 (4, J= 8.0 Hz, ¢
1H), 6.87 (s, 1H), 6.59 (s, 1H), 4.66 (s, 2H), 3.38 (s, 3H), 2.15 (s, 3H). MS (ESI) m/z (M+H)* 431.0. =

0. 0
B XXXV-5 . CHal, K,CO,
(0] - —_—
l Pd-118, Na,COs _ acetone, reflux
' N° 7O gioxane/H,0,90°C _ . OCF4 " OCF,
XXXv-4a Compound 423 ' Compound 428

XXXV-4a was prepared by following the similar procedure for obtaining XXXV-
4 using 2-amino-6-bromophenol in place of XXXV-1. o ‘
To the solution of XXV-4a (450 mg, 1.64 mmol) in dioxané/HZO (10 mL / 2 mL),
XXV-5 (516 mg, 1.49 mmol), Na,CO; (316 mg, 2.98 mmol) and Pd-118 (50 mg', 0.08 mmol) was
added. The mixture was purged with nitrogen and sitirred at 90°C overnight. Then the mixture was
diluted with EA (100 mL) and filtered. The organic phase was washed with brine, dried over
Na,S0O4, concentrated in vacuo to give the crude product. The residue was purified by column
chromatography (PE/EA=2/1) to produce Compound 423 (440 mg, 65% yield). 'H NMR (CDCls,
400 MHz) 6 8.59 (s, 1H), 7.49 (d, J = 8.8 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.18 (s, 1H), 7.02-6.98
(m, 1H), 6.88-6.85 (m, 2H) , 6.58 (s, 1H), 4.62 (s, 2H), 2.09 (s, 3H). MS (ESI) m/z (M+H)" 416.9.
_ To the stirring mixture of Compound 423 (370 mg, 0.89 mmol) in acetone (5
mL), K»COs (180 mg, 1.33 mmol) and iodomethane (139 mg, 0.98 mmol) were added in portions.
Th'e mixture was refluxed overnight. The mixture was cooled to rt and filtered. The filtrate was
concentrated in vacuo to give the crude product. The residue was purified by column
chromatography (PE/EA=2/1) to give Compound 428 (230 mg, 60% yield). '"H NMR (CDCls, 400
MHz) §7.49 (d, /= 8.8 Hz, 2H), 7.32 (d, /= 8.4 Hz, 2H), 7.17 (s, IH), 7.11-7.07 (m, 1H), 7.04-7.02
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(m, 1H), 6.91-6.89 (m, 1H) , 6.58 (s 1H), 4.62 (s, 2H), 3.40 (s, 3H) 2.08 (s, 3H). MS (ESI) m/z
(M+H)" 431.0.

Compounds 424 and 425 were prepared following the similar procedure for

,,,,,,,

.obtaining Compounds 423 and 428 using 2-amino-5-bromophenol as starting material. e

Compound 424: "H NMR (CDCl3, 400 MHz) 5 8.49 (s, 1H), 7.50-7.46 (m, 2H), = .
7.35-7.31 (m, 2H), 7.18 (s, 1H), 6.91 (s, 1H), 6.89-6.83 (m, 2H), 6.59 (s 1H), 4.65 (s, 2H), 2.16 (s ‘ :
3H). MS (ESI) m/z (M+H)" 416.9. | s

Compound 425: "H NMR (CDCls, 400 MHz) 0 7.48 (d, J = 8. 8 Hz, 2H), 7.33 (d '''''
J = 8.4 Hz, 2H), 7.19 (s, 1H), 7.01-6.92 (m, 3H), 6.58 (s, 1H), 4.65 (s 2H), 3.39 (s, 3H), 2.17 (s, a
3H). MS (ESD) m/z (MHH)' 4310. -

‘ Compounds 426 and 427 were prepared following the similar procedure for
obtaining Compounds 423 and 428 using 2-émino-3-bromophenol as starting material. |

Compound 426: "H NMR (CDCls, 400 MHZ) 0 8.28 (s, 1H), 7.50 (d, J = 8.8 Hz,
2H), 7.33 (d, J = 8.4 Hz, 2H), 7.23 (s, 1H), 7.02 (d, J = 4.8 Hz, 2H), 6.85-6.83 (m, lH) 6.59 (s, lH)
4.58 (s, 2H), 1.97 (s, 3H). MS (ESI) m/z (M+H)" 416.9.

Compound 427: "H NMR (CDCls, 400MHz) & 7. 46 d,J =’9 2 Hz, 2H), 7.34 (d,
J=8.4 Hz, 2H), 7.24 (s, 1H), 7.10-7.08 (m, 2H), 6.91-6.89 (m, 1H), 6.63 (s, 1H), 4.61-4.50 (m, 2H),‘
3.04 (s, 3H), 2.07 (s, 3H). MS (ESI) m/z (M+H)" 431.0.

Compoun_d 566 was obtained by reacting Compound - 424 with 2-(2-
bromoethoxy)tetrahydro-2H-pyran in DMF with the presence of Cs;CO;, followed by hydfoxy
group deprotection using TéOH. H,0. 'H NMR (CDCls, 300 MHz) 6 7.47 (d, J= 9.0 Hz, 2H), 7.33
(d, J= 8.4 Hz, 2H), 7.18~7.13 (m, 2H), 6.94 (d, J= 7.2 Hz, 2H), 6.58 (s, 1H), 4.67 (s, 2H), 4. 16(t J

= 5.4 Hz, 2H), 3.98 (m, 2H), 2.16 (s, 3H) MS (ESI) m/z (M+H)" 461.0.
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XXXV-1 XXXV-2b dioxane, reflux

|
NS0
0 :
\ OCF3
o 0

XXXV-3b

B\©: o XXXV-5 HCI/MeOH -
— —_—
N "Pd(dppf)Cl, K5CO3
XXXV-4b Trt DME/H,0, reflux
H
=.<N
o)
0 x
N0
Etl, K,CO3
—_—

acetone, reflux

OCF; -

Compound 429 ‘ OCF3
Compound 430

To a solution of XXXV-1 (3 g, 16 mmol) in dry DCM (50 mL) was added TEA

(3.2 g, 32 mmol). The reaction mixture was cooled to 0°C, triphosgene (1.6 g, 5.3 rrimol) was added
slowly. The mixture was stirred overnight at rt, then quenched with water, extracted with DCM (80

5 mLx3). The combined organic layer was washed with brine, dried over anhydrous Na,SO, and

concentrated. The residue was purified by column chromatography on silica gel (PE/EA=10/1) to

~ afford XXXV-2b (2.7g, 79% yield).

To a solution of XXXV-2b (500 mg, 2.97 mmol) in dry DCM (20 mL) was added
TEA (360 mg, 3.56 mmol) and Trt-Cl (992 mg, 3.56 mmol). The mixture was stirred overnight at rt,
10 then poured into water, extracted with DCM (50 mLx3). The combined organic layer was washed

with brine, dried over anhydrous Na,SO,, and concentrated in vacuo. The residue was purified by

column chromatography on silica gel (PE/EA=10/1) to afford XXXV-3b (1.2 g, 89% yield).

XXXV-4b was prepared following the similar procedure for obtaining XXXV-4.

MS (ESI) m/z (M+H)" 503.9.
15

MS (ESI) m/z (M+H)" 645.1.

Compound 429: XXXV-6b (800 mg, 1.24 mmol) was dissolved in a solution of
HCl/Me_OH (4 M, 50 mL), the mixture was stirred overnight at 70°C. And then the mixture Was
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XXXV-6b was prepared following the 51m11ar procedure descnbed in Method A.
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concentrated, the residue was diluted with water (20 mL) and adjusted to pH= 7~8 with saturated ag. :
NaHCOs3, extracted with EtOAc (80 mLx3). The combined organic layer was washed with brme,r .

dried over anhydrous Na2804, and concentrated in vacuo. The residue was purified by ‘columnw

chromatography on silica gel (PE/EA=10/ 1-5/1) to afford COmpound 429 (370 mg, 74% yield) @

Compound 428 using ethyl iodide 1nstead of methyl iodide. '"H NMR (CDC13, 400 MHz) ¢ 7. 48-
7.46 (m, 2H), 7.34-7.32 (m, 2H), 7.18 (s, 1H), 7.14 (s, 1H), 7.11 708 (m, 1H), 7.02-7.00 (m, lH) e

431.1.

10 Compound 553 was prepared following the similar procedure described in the r:
synthesis of Compdund 429 using 2-amino-4-bromophenol in place of XXXV-1. "H NMR (DMSO-
ds, 400 MHz) 6 7.64 (d, J/=6.8Hz, 2H), 7.53-7.49 (m, 3H), 7.32 (d, J=8.0H_z, 1H), 7.10 (d, J=8.4Hz,
2H), 6.48 (s, 1H), 2.13 (s, 3H). MS (ESI) m/z [M+H]+ 403.0. |

Compound 554 was prepared following the similar procedure described in the

15  synthesis of Compound 430. '"H NMR (DMSO-d;, 400 MHz) & 7.66-7.63 (fn, 2H), 7.58 (s, 1H),
7.53-7.51 (m, 2H), 7.40-7‘.37 (m, 2H), 7.18-7.15 (m, 1H), 6.50 (s, 1H), 3.86 (q, J/=6.8Hz, 2H), 2.16
(s, 3H), 1.26 (t, /=6.8Hz, 3H). MS (ESI) m/z [M+H]+ 431.1. | |

_ ‘ >?LQ
o-Bﬁ

0
Br
OH NaH/DMF
_CDLTHE >= o >=o i
? f2
NH. reflux SEM-CI XXXI a
© XXXV-1¢ , xo0xv-2e xxxviEM Pd-118, KsPO,
¢ dioxane/H,0,80 °C

HCldioxane HN)’ ) I\ _ Bl KOs - N Q\(i

o Acetone, reflux
0

OCF;
OCF;

Compound 555 Compound 556

CF4

: O
XXXV-4c

To a solution of XXXV-1¢ (200 mg, 1.08 mmol) in dry THF(15 ml) was added
20 CDI (262 mg, 1.62mmol). The reaction mixture was heated to reflux overnight, then quenched with

water, extracted with EA, the organic layer was washed with brine, dried over anhydrous Na;SOy,
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and concentrated in vacuo. The residue was purified by chromatography on silica gel (PE:EA=10: 1)I
to afford XXXV-2¢ (160 mg, yield 70%). | NG
To a solution of XXXV-2¢ (5.3 g, 25 mmol) in DMF (20 mL) was added NaH ™
(60% dispersion in mineral oil, 1.5 g, 37.5 mmol) at 0 °C, The mixture was stirred for 30 mins at rt, “*
5 then SEM-CI (6.2 g, 37.5 mmol) was added slowly, and then the reaction mixture was st1rred‘L
overnight at rt. The mixture was poured into water, extracted with EA, the organic layer was washed r
with brine, dried over anhydrous Na,SOs and concentrated. The residue was purified by &
chromatography on silica gel (PE:EA=15:1—35:1) to afford XXXV-3¢ (2.7 g, yield 31%). 2
XXXV-4¢ was prepared following the similar procedure described in the
10  synthesis of Compound 423. Compound 555 was prepared by acid hydrolysis of XXXV-4c. 'H .
NMR (CD;0D, 400 MHz) 6 7.62-7.57 (m, 3H), 7.45 (d, J/=8.4Hz, 2H), 7.22 (d, J=8. OHz,1H), 7.13-
+7.06 (m, 2H), 6.62 (s, 1H), 2.19 (s, 3H). MS (ESI) m/z [M+H]" 403.1.
Compound 556 was prepared following the s1m11ar procedure described in. the
synthesis of Compound 430. "H NMR (CD;0D, 400 MHz) ¢ 7.63-1.57 (m, 3H), 7.46-7.44 (d, J=
15 8.4Hz, 2H), 7.31-7.26 (m, 2H), 7.13-7.11 (d, J=7.6Hz, 1H), 6.62 (s, 1H), 3.94 (q, J=7.2Hz, 2H), 2.18
| (s, 3H), 1.36 (t, d=7.2 Hz, 3H). MS (ESI) m/z [M+H]+ 431.0. o
Compound 558 was prepared by reacting Compound 429 with (2-
bromoethoxy)(tert-butyl)dimethylsilane in acetone with the presence of K,COs;, followed by
deprotection of the TBDMS protecting group using TBAF. 'H NMR (CDCl;, 400 MHz) § 8.19
20 (s,lH), 7.47 (d, J=8.8Hz, 2H), 7.33 (d, /=8.4Hz, 2H), 7.19 (s, 1H), 7.05 (d, J=8.4Hz, 1H), 7.00 (s,

1H), 6.88 (d, J=2.0Hz, 1H), 6.57 (s, 1H), 4.67 (t, /=8.0Hz, 2H), 4.19 (t, J=8.0Hz, 2H), 2.17 (s, 3H). .

MS (ESI) m/z [M+H]" 447.2 : _ :
\©iOH THF, reflux ﬁ >= K2C03 actone U >= Pd(dppf) CI2
XXXV-1 ©XXXv-2d ' reflux XXXV-3d KOAc, dloxone
Q4 | Q
Br- . ’ . Et
\ : N o
>?L‘? 2 I'JN:LO/ s )
B N '
0 \@ o XXXV-5d aq. HBr -
> X _—
0 Pd(dppf)Cl, KzCO3 | 95~100°C
P D
XXXV-4d DME/H,0, refiux N o7

XXXV-6d

Compound 562 '

XXXV-2d was prepared following the similar procedure described in the
25  synthesis of XXXV-2¢c. XXXV-4d was prepared by reacting XXXV-2d with ethyl iodide followed

by Suzuki-coupling using the standard procedure described in the synthesis of XXXV-4b.
o -268- |
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XXXV-6d was prepared by reacting XXXV-4d with XXXV-Sd using Method Ar ;
as described herein. Compound 562 was obtained from acid hydrolysis of XXXV-6d. 1H NMRr ;
(DMSO-ds, 300 MHz) 6 11.65 (s, 1H), 7.35~7.39 (m, 2H), 7.29 (s, 1H), 7.12 (d, J=7. 8 Hz, 1H), 6. 35l
(s, 1H), 3.95 (t, J=6.6Hz, 2H) , 2.14 (s, 3H) , 1.32 (t, J=6.6 Hz, 3H). MS (ESI) m/z (M+H)" 270.9.

Compound 662 was prepared following the similar procedure described in the '''''

synthesis of Compound 562 using CICH,COCI in place of CDI in the reaction with XXXV-I The g
subsequent reaction with Etl was eliminated. After the second Suzuki-Coupling reaction, methyl
iodide was used to methylate the proton on the benzo[b][1,4]oxazin-3(4H)-one moiety before ‘:37?'
performing the HBr hydrolysis. '"H NMR (DMSO-ds, 400 MHz) 6 7.21 (s, 1H), 7.08 (s, 1H), 7. 02 =
(d, J=8.0 Hz, 1H), 6.96 (d, J= 8.0 Hz, 1H), 6.27 (s, 1H), 4.67 (s, 2H), 3.29 (s, 3H), 2.07 (s, 3H). MS &
(ESI) m/z (M+H)" 270.9.

Compound 663 was prepared following the similar procedure described in the
synthesis of Compound 562 using Trt-Cl in place of Etl in the reaction with XXXV-2d and 5-
bromo-4-1hethy1-1-((2-(trimethylsilyl)etthy)methyl)pyridin-Z(1H)-one wes .used in place of
XXXV-5d. Finally, the trityl group was removed by HCI in MeOH solution. 'H NMR (DMSO-ds,

400 MHz) 6 11.73 (s, 1H), 7.31 (d, J=8.4 Hz, 1H), 7.25 (s, 1H) , 7.01 (s, 1H) , 7.00 (d, J=6.8 Hz,

1H) , 6.33 (s, 1H) , 2.05 (s, 3H). MS (ESI) m/z (M+H)" 243.1.

Br. 0.
=
0 h ) Y\O
i . N” "0 HN

o8 Ol XXXV-5¢ CHyl, K,CO3 aq. HBr/EtOH
: . —_——— >
N0 Pd-118, K3PO4 | N acetone, reflux reflux
H. dioxane/H,0, 85°C N ‘ '

XXXV-4e ) XXXV-6e

H
Compound 563

~ XXXV-4e was prepared by following the similar procedure for obtaining XXXV-
4 using 2-amino-5-bromophenol in place of XXXV-1. XXXV-6e was obtained by reacting XXXV-
4e with XXXV-5e following the similar procedure described in the synthesis of Compound 423.
Compound 563 was obtained by methylation of XXXV-6e followed by HBr -hydrolysis. 'H NMR
(DMSO-ds, 400MHz) 6 11.54 (s, 1H), 7.17-7.15 (m, 2H), 6.99-6.95 (m, 2H), 6.24 (s, 1H), 4.65 (s,
2H), 3.27 (s, 3H), 2.04 (s, 3H). .

Q
(HORB A \>~o : >*°
Br@[o L =N Et—N

HCI/MeOH Etl, K CO aq.
=0 v — =5 HBHEIOH
N : o
\ Pd(dppf)Cly, KoCO3 l Xy 70°C acetone reflux el X
DME/H0, reflux A

XXXV-3b LAY
: Compound 5§64
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Compound 564 was prepared from XXXV-3b following the synthetic scheme :
described above. "H NMR (400MHz, CDCl3) 6 7.26-7.23 (m, 1H), 7. 10 (s, 1H), 7.06-7.00 (m, 2H), rﬁ"

6.49 (s, 1H), 3.92 (q, J=7.2Hz, 2H), 2.13 (s, 3H), 142 (t, J=7.2Hz, 3H). MS (ESI) m/; [M+H]+ ‘‘‘‘‘
270 9 » ] (et

o ' o
j\ B SEM -::::1
T HCI/MeOH
Pd(dppf)Cl, KZCO3 50°C
DME/H,0, reflux

o . ru.‘_il
5 XXXV-4 ' . Compound 567

Conipound 567 was prepéred by Suzuki-Coupling of XXXV-4. with SEM-
protected 5-br0m0-4-methylpyridin—2(1H)—one, followed by HCI hydrolysis. '"H NMR (DMSO-d;,
300 MHz) 6 11.54 (s, 1H), 10.74 (s, 1H), 7.14 (s, 1H), 6.97 (d, J= 8.0 Hz, 1H), 6.85 (d, J= 6.0 Hz,
1H), 6.78 (s, 1H), 6.27 (s, 1H), 4.64 (s,2H), 2.04 (s, 3H). MS (ESI) m/z (M+H)" 257.0.

10
_ Example 13-A
Synthesis of 4-Methyl, S-Pyrazole analogs (Scheme XXXVI)
| HN -
Br Boe. o N
X N \
O, ot T
N” 0 XXXVI-2 - ' N0
= | Pd(dppf)Cl,,K,CO3 ' ZaN
R DME/H,0, reflux _ R |
XXXVI1 | XXXVI-3
15

To a solution of XXXVI-1 (1 eq.) in DME/H,0 (v/v=10/1) was added K,COs (2
eq.), XXXVI-2 (1.5 eq.), Pd(dppf)Clz (0.1 eq.). The mixture was purged with nitrogen and then
heated at reflux overnight. The mixture was cooled to rt, diluted with water, extracted with EtOAc.
The combined drganic layer was washed with brine, dried over anhydrous Na,SOs, and concentrated
in vacuo. The residue was purified by flash chromatography to give the ﬁnal product. |
20 ‘ Compound 217: 'H NMR (CD;0D, 400 MHz) & 7.85-7.65 (m, 3H), 7.59-7.55
(m, 2H),'7.48-7.45 (m, 1H), 7.17-7.14 (m, 1H), 6.57 (s, 1H), 2.31 (s, 3H),‘ 2.13 (s, 3H).

Compound 218: 'H NMR (CDCl;, 400MHz) 6 7.60 (s, 2H), 7.47 (d, J = 8.0Hz,
2H), 7.34 (d, J = 8.0Hz, 2H), 7.24 (s, 1H), 6.59 (s, 1H), 2.22 (s, 3H). MS (ESI) m/z (M+H)" 336.0.
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Compound 219: "H NMR (CDCl:, 400MHz) 3 7.58 (s, 2H), 7.16-7.10 (m, 2H),1.

6.84-6.79 (m, 2H), 6.60 (s, 1H), 4.04 (q, J = 6.8Hz, 2H), 2.23 (s, 3H), 2.16 (s, 3H), 1.42 (t, J—r
6.8Hz, 3H). ~

Compound 220: '"H NMR (CDC13, 400MHz) 5 7.59 (s, 2H), 7.26 (s, 2H), 6.60 (s

3H), 3.86 (s, 9H), 2.23 (s, 3H). MS (ESI) m/z (MHH) 342.1.

The 4-methyl, 5-(1-Me) pyrazole analogs were prepared following the same

prodecure for obtaining XXXVI-3 using 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- =

1H-pyrazole in place of XXXVI-2.

Compound 221: '"H NMR (CDCl;, 400MHz) § 7.50 (s, 1H), 7.26 (s, 1H), 6.59-

6.55 (m, 4H), 3.86 (s, 12H), 2.30 (s, 3H). MS (ESI) m/z (M+H)" 356.0.

'Compound 226: "H NMR (CD;OD, 400 MHz) & 7.81-7.71 (m, SH), 7.59-7.57
(m, 2H), 6.57 (s, 1H), 3.91 (s, 3H), 2.31 (s, 3H). MS (ESI) m/z (M+H) 334.1.

Compound 227: '"H NMR (CD;0D, 400 MHz) & 7.51-7.47 (m, 2H), 7.38-7.37
(m, 2H), 7.30-7.25 (m, 2H), 7.21 (s, 1H) 6.56 (s, 1H), 3.94 (s, 3H), 2.22 (s, 3H). MS (ESI) m/z
(M+H)" 350.1. o

Compound 228: 'H NMR (CD;0D, 400 MHz) & 7.86-7.84 (m, 2H), 7.71 (s, 1H),
7.67-7.65 (m, 2H), 7.61-7.58 (m, 2H), 6.58 (s, 1H), 3.92 (s, 3H), 2.31 (s 3H). MS (ESI) m/z
(M+H)* 334.1.

Compounds 225, 229 and 230 were prepared following Method 1 as described in
Example 12-B. o o |

Compound 225: "H NMR (CD,0D, 400 MHz) & 9.08 (s, 1H), 8.13 (d, J = 2.0
Hz, 1 H), 8.08-8.04 (m, 1H), 7.58-7.55 (m, 1H), 7.50 (s, 1H), 7.39 (s, 1H), 7.33 (s, lH), 6.61 (s, 1H),
3.94 (s, 3H), 2.25 (s, 3H). MS (EST) m/z (M+H)" 322.9. |

Compound 229: '"H NMR (CDCl;, 400MHz) 6 7.45 (s, 1H), 7.36-7.32 (m, 2H),
7.28-7.25 (m, 1H), 7.14 (d, J = 8.0Hz, 1H), 7.05 (s, 1H), 6.57 (s, 1H), 3.93 (s, 3H), 2.23 (s, 3H), 2.16
(s, 3H). MS (ESI) m/z (M+Na) 314.1.

Compound 230: "H NMR (CDCl;, 400MHz) 0747 (s, 1H), 7.46-7.37 (m, 3H),
7.28-7.23 (m, 1H), 7.15 (s, 1H), 6.58 (s, 1H) 3.93 (s, 3H), 2.22 (s, 3H). MS (ESI) m/z (M+Na)"
283.9.

Compound 222 was prepared following a modified Method 1 procedure, using
DMSO in place of DCM and the molecular sieve was not used. 'H NMR (CDCl;, 300MHz) § 7.45
(s, 1H), 7.34 (s, 1H), 7.19 (s, 1H), 6.94-6.91 (m, 2H), 6.85-6.81 (m, 1H), 6.50 (s, IH) 4.26 (s, 4H),
3.92 (s, 3H), 2.19 (s, 3H). MS (ESI) m/z [M+H]" 324
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Compounds 223 and 224 were prepared fol]owmg the 81m11ar procedure as: *.
described in the synthesis of Compound 222. Compound 223: H NMR (CDCl;, 300MHz) & 7.40 .
(s, 1H), 7.29 (s, 1H), 7.14 (s, 1H), 6.83-6.79 (m, 2H), 6.74-6.71 (m, 1H), 6.48 (s, 1H), 5.96 (s, 2H), :ﬁ
3.87 (s, 3H), 2.15 (s, 3H). MS (ESI) m/z [M+H]" 310.0. Compound 224: 'H NMR (CDCi3, e
400MHz) 6 8.17 (s, 1H) 7.81 (s, 1H), 7.70-7.67 (d, J = 8.8Hz, 1H), 7.48-7.45 (m, 2H), 7.38 (s, 1H), 1
7.28 (s, 1H), 6.59 (s, 1H), 3.94 (s, 3H), 2.24 (s, 3H). MS (ESI) m/z [M+H]" 307.1.
_ Compounds 231 and 232 were prepared following Method 3 as described in "
Example 12-B. ‘ s
| Compound 231: 'H NMR (CDCl3, 400MHz) 6 8.06 (s, 1H), 7.57 (s, 1H), 7.43 (s, oo
1H), 6.87-6.72 (m, 4H), 4.28-4.22 (m, 4H), 3.96 (s, 1H), 2.37 (s, 3H). MS (ESI) m/z [M+H] 323.9: +—
Compound 232: 'H NMR (CDCl3, 400MHz) 6 7.47 (s, 1H), 7.36 (s, 1H), 7.21 (s,
1H), 6.93-6.85 (m, 3H), 6.57 (s, 1H), 6.04 (s, 2H), 3.94 (s, 3H), 2.21 (s, 3H). MS (ESI) m/z [M+H]"
309.8. _
Compound 431 was prepared following the similar procedure for obtaining
XXXVI-3 vdsing Pd-118 and K3POj instead of Pd(dppf)Cl, and K;COs. The Boc protecting group
was subsequently removed in HCI/MeOH solution at rt. '"H NMR (CDCl3, 400MHz) 6 7.59 (s, 2H),-
7.47-7.45 (m, 2H), 7.38-7.35 (m, 2H), 7.23 (s, 1H), 6.59 (s, 1H), 2.22 (s, 3H). MS (ESI) m/z
(M+H)+ 285.9. '

Example 13-B o
Svnthesis of Compound 233 (Scheme XXXVII)

H Q
NH,  HCOOH /@[N DHP i \ff\ Q
Br

—_— > 7 pTeOH THE - N
reflux N> p-TSOH,THF /<I . /> R
Br NH; Br Pd(dppf)Cl, KOAc O- “g N
XXXViI-2 dioxane, reflux 7
XXXVII-1 ' XXXVII-3 o}

XXXVil4

\ J\(i
N °‘$
N N &0 HCI/dlox ne
| : XXXVIl-4 ane
N“~0 © Cu(OAc), Py, PyNO :
DMSO

XXXVII-5

N
no.  HN=Z

- Compound 233a )
A solution of XXXVII-l (10 g, 53.4 mmol) in HCOOH (50 mL) was heated at

XXXVII-6

reflux for 2 hours, after cooled to rt, aq.NaOH (10%) was added slowly untll the mixture was basic.
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Then extracted with EtOAc (100 mLx3), the combined organic layers were washed with brine, drled
over Na,SO4, and concentrated in vacuo to give XXXVII-2 (9 g, 85% yleld)

.........

(1.3 g, 7.6 mmol), DHP (35ml). The reaction mixture was stirred at 60°C overnight. The reactlon
mixture was poured into ice-water, and the aqueous was extracted with EA (50 mLx3), the ‘
combined organic layers were washed with brine, dried over Na,S0Os, and concentrated in_ vacuo to l
give crude XXXVII-3 (4.8 g, 67% yield). ‘ ' e
To a solution of XXXVII-3 (1 g, 3.5 mmol) in dioxane (20 mL) was added KOAc )
(0.69 g, 7 mmol), bis(pinacolato)diboron (0.95 g 3.67 mmol), Pd(dppf)Cl, (0.25 g, 0.035 mmol) o

[

under N, protection. The reaction mixture was degassed with nitrogen, and then heated to reflux .

'ovemlght. The reaction mixture was poured into ice-water, and the aqueous was extracted with EA

(60 mLx3), the combined organic layers were washed with brine, dried over Na;SO,, and

concentrated in vacuo to-give crude XXXVII-4 (0.8 g, 70% yield).
XXXVII-6 was prepared followmg the procedure described in the synthesis of

Compound 222. MS (ESI) m/z [M+H]" 390.1.

XXXVII-6 (200 mg, 0.5 mmol) was dissolved in a solution of HCl/dloxane 4M,
50 mL), the mixture was stirred overnight at rt, the mixture was concentrated to yield the
hydrochloride salt Compound 233a (120 mg, 79% yield). '"H NMR (DMSO-d;;, 400 MHz) 6 9.66
(s, 1H), 7.99-7.94 (m, 2H), 7.90 (s, 1H), 7.64-7.60 (m, 3H), 6.48 (s, lH); 3..84 (s, 3H), 2.55 (s, 3H).
MS (ESI) m/z [M+H]" 305.9. |

Compound 235 was prepared ffom Compound 122 following the similar
procedure for obtaining Compound 199. '"HNMR (CD;0D, 400 MHz) 8 7.76 (s, 1H), 7.59-7.54 (m,
4H), 7.48 (d, J = 8.4 Hz, 2H), 6.58 (s, 1H), 3.94 (s, 3H) 265(q,/J=76Hz 2H),1.19 (t,J=17.6
Hz 3H). MS (ESI) m/z (M+H)" 364.0.

Example 13-C ‘
Svynthesis of Compound 236 (Scheme XXXVIII)

\ \
IN Cl v . : /N
N\ \ ' /IL N\ \
| = Sn(n-Bu), | SN
X I-
N 0 XXXVIII-2 . N o
Pd(PPhy)s,K,CO3
PhiMe, 120°C
OCF, - OCF, OCF;
Compound 122 XXXVHI-3
Compound 236
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overnight. The mixture was concentrated to remove solvent, diluted with HO (10 mL), extracted

5  with EtOAc (20 mLx3). The combined organic layer was washed with brine, dried over anhydrous

o
Na,SO4 and concentrated in vacuo. The crude product was purified by prep-HPLC to give r
- XXXVIII-3 (130 mg, 64% yleld) : . et

A mixture of XXXVIII-3 (130 mg, 0.259 mmol) and Pd/C in ethanol (5 mL) was '{3333'
stlrred under H; at rt for 1 hour. Filtered the mixture, and concentrated to give Compound 236 (86.2 =

Lo

10  mg, 66% yield). '"H NMR (CDCls, 400MHz) & 7.48-7.45 (m, 3H), 7.36-7.31 (m, 3H), 7.17 (s, 1H),
6.63 (s, 1H), 3.95 (5, 3H), 2.97-2.90 (m, 1H), 1.17 (d, J = 6.8 Hz, 6H). MS (ESI) m/z (M+H)" 378.1.

- Example 13-D
Synthesis of Compound 238 (Scheme XXXIX)

,\;\—‘/z ' /N \ \N
F,C  Br N, o
H 3 ) N
(HO),B | N XXIX2 N | N aq. HBr (40%) . N | N
. ) F 0, )
NZ o Pd(dppf)Cl, aq. KsPO,  T3C N oo AcOH.80°C FiC N0
. . _
XXXIX-1 dioxane, 90°C XXXIX-3 XXXIX.4
B(OH), _
N
N |
OCF, #c | N
CXXXIX-5 : N0
Cu(OAc),, Py, PyNO,
4AMS, DCM, O,
OCF;
15 Compound 238

To a stirred mixture of XXXIX-1 (400 mg, 2.4 mmol), XXXIX-2 (500 mg, 2.18
mfnol), and K3P04 (2 M, 1.1 mL, 2.2 mmol) in dioxane (20 mL) was added Pd(dppf)Cl, (160 mg,
0.218 mmol) under N, protection. The reaction mixture was degassed with nitrogen again and stirred -
at 90°C overnight. The mixture was concentrated, diluted with H,O (20 mL), extracted with EtOAc |

20 (30 mLx3). The combined organic layer was washed with brine, dried over anhydfous Na,SO4, and
concentrated in vacuo. The residue was purified by column chromatography (PE/EA=2/1) to give
XXXIX-3 (400 mg, 67% yield). _

A mixture of XXXIX-3 (400 mg, 1.48 mmol) in ag. HBr (40%, 10 mL) and

HOACc (5 mL) was stirred at 90°C for 12 hrs. After being cooled to rt, the mixture was poured into
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water (20 mL), neutralized Wlth NayCOs, and then extracted with DCM/1—PrOH (30 mLx3, v/v=9/1)....

The combmed organic layer was washed with brine, dried over anhydrous Na;SO4, and concentratedr '

in vacuo to afford crude XXXIX-4 (220 mg, 58% yield) as light yellow oil. MS (ESI) m/z (M+H) -

257.9.

5 Compound 238 was prepared following the general procedure described in (

.......

Method 1 as pale yellow solid (80 mg, 24% yield). "H NMR (CDCl;, 400MHz)  7.46-7.40 (m, 3H), ,
7.34-7.30 (m, 2H), 7.19 (s, 1H), 6.56 (s, 1H), 3.99 (s, 3H), 2.05 (s, 3H). MS (ESD m/z (M+H)" ™

418.0.

Compound 237 was prepared following the similar procedure for obtaining
10  Compound 238 using (1,3,5-trimethyl-1H-pyrazol-4-yl)boronic acid in place of XXXIX-1 and 5-
bromo-2-methoxy-4-methylpyridine in place of XXXIX-2. 'H NMR (CDCl;, 400MHz) 6 7.45-7.41

~(m, 2H), 7.31-7.26 (m, 2H), 7.04 (s, 1H), 6.54 (s, 1H), 3.73 (s, 3H), 209(s 3H), 2.07 (s, 3H), 1.96
(s, 3H). MS (ESI) m/z [M+H]" 378.2.

Compound 239 was prepared following the similar procedure fo'r-obtaining -

15 Compound 238 using (4-ethoxy-2-methylphenyl)boronic acid in place of XXXIX-5 as a pale yellow
solid. "H NMR (CDCl3, 400MHz) 6 7.40 (s, 1H), 7.10-7.05 (m, 2H), 6.85-6.75 (m, 2H), 6.55 (s,
-1H), 4.02 (q, /= 6.8 Hz, 2 H), 3.97 (s, 3H), 2.11 (s, 3H), 2.04 (s, 3H), 1.40 (t, /= 6.8 Hz, 3H). MS

(EST) m/z (M+H)* 392.1.

Example 13-E

20 Synthesis of Compound 234 (Scheme XL)
B(OH),
\
Br\gl ,N \
AN N Ny
N N
0 .
Br N ~ | N0 N:>— 8 |
[ XL-2 _ XL-4 N“ 0  ag. HBr (40%)
- Lo —_—
N70 Pd(dppf)Clz, K,CO3
H Cu(OAC)Py, DMEM,0 - EtOH, reflux
XL PyNO, DCM, 4A MS, O,
\ oL
\ /7
N Ny | XL-5
N X
X I
| L N So
N0 @ ———
Acetone/K,CO3
: 0
OH Y
XL6

Compound 234

XL-6 was prepared following the synthesis scheme described herewith.
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44% yield) as a white solid. "H NMR (CDCls, 400MHz) § 7.46 (s, 1H), 7.35 (s, 1H), 6.98 (s, lH)

To a solution of XL-6 (100 mg, 0.34 mmol) in acetone (10 mL) was addedTH
compound 2-iodopropane (83.7 mg, 0.51 mmol), and K,CO; (84 mg, 0.68 mmol). The reactlonr g
mixture was heated to reflux overnight. After cooling to rt, the mixture was poured into ice-water, l~
extracted with EA (50mL><3) The combined organic layer was washed with brine and concentrated
to give crude product. The residue was purified by prep-HPLC to give Compound 234 (50 mg, i
1
7.10-7.07 (m, 2H), 6.8 (s, 1H), 6.78-6.76 (m, 1H), 6.56 (s, 1H), 4.57-4.51 (m, 1H), 3.92 (s, 3H), 2.23
(s, 3H), 2.13 (s, 3H), 1.34 (d, J = 6 Hz, 6H). MS (ESI) m/z [M+H]" 337.9. o -

Compound 240 was prepared following the similar procedure for obtaining -
Compound 234 using 5-bromo-4-(trifluoromethyl)pyridin-2(1H)-one in place of XL-1 and (4- "
(tnﬂuoromethoxy)phenyl)boromc acid in place of XL-2. '"H NMR (CDCl3, 4OOMHz) 0 7.48-7.46
(m, 3H), 7.42 (s, 1H), 7.38-7.25 (m, 3H), 7.07 (s, 1H), 3.94 (s, 3H). MS (ESI) m/z [M+H]" 4039,

Example 14-A
Svynthesis of Compound 243 (Scheme XLI) .

- (n-Bu)3SnCl —
N, / —» N / Sn(n-Bu);
N LDA, THF, -70°C. N

XLl ) XLI-2 '
N .
B N*
"N A\ |
| N;__/>—Sn(n-Bu)3 X | N
N® 70 B
XLi-2 N0
Pd(PPhg)zClz dioxane
reflux
OCF3 ) _
XLI-3 OCFs
Compound 243

A solution of LDA (1 M in THF, 10 mL, 10 mmcl) was added dropwise to a

-solution of XLI-1 (0.8 g, 10 mmol) and (n-Bu);SnCl (3.7 g, 11 mmol) in THF (10 mL) at -70°C

under N,. The reaction mixture was stirred at -70°C. for 1 hour. The reaction was quenched with
saturated ag. NH4Cl (50 mL) and extracted with EA (50 mL‘><3'), the organic layer dried over
Na,S0O4, and concentrated ‘under reduced pressure. The residue was purified by column
chromatography on silica gel (PE/EA=1/1) to give XLI-2 (1 g, 27% yield).

To a mixture of XLI-3 (0.2 g, 0.58 mmol) and XLI-2 (0.43 g, 1.2 mmol) in
dioxane (20 mL) was added Pd(PPh3),Cl,. (0.04 | g, 0.058 mmol) under N; at rt. The mixture was
stirred at reflux overnight. The mixture was diluted with water (20 mL) and extracted with CH,Cl,
(30 mLx3). The combined organic layer was washed with brine, dried over Na,SO,, and

concentrated under reduced pressure. The residue was purified by column chromatography on silica
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gel (eluted with EA) to afford Compound 243 (0.16 g, 80% yield). '"H NMR (CDCl,, 400 MHz) 5 '”'"‘

9.25-9.20 (m, 2H), 7.47-7.33 (m, 3H), 7.38-7.34 (m, 2H), 7.31 (s, 1 H), 6.65 (s, 1 H), 2.23 (s, 3H)
MS (ESI) m/z (M+H)* 348.0. |

Compound 241: To a stirred mixture of XLI-3 (300 mg, 0.86 mmol), pyridin-3- co
ylboronic acid (160 mg, 1.04 mmol), and K3PO, (0.86 ml, 1.72 mmol) in DMF (10 mL) was added

Pd(PPhs)s (100 mg, 0.086 mmol) under N protection. The reaction mixture was stirred at 110°C w

overnight. The mixture was concentrated, diluted with H,O, extracted with EtOAc (30 mLx3), the l,,

organic layer was washed with brine, dried over anhydrous Na,SO4 and concentrated in vacuo, the

- residue was purlﬁed by prep-HPLC to give Compound 241 (122 mg, 41% yield) as a white sohd
"H NMR (DMSO-dj, 400 MHz) 6 8.63 (s, 1H), 8.57-8.56 (m, 1H), 7.90-7.85 (m, 1H), 7.70-7.64 (m

3H), 7.53-7. 51 (m, 2H), 7.48-7.45 (m, 1H) , 6.52 (s, 1H), 2.14 (s, 3H). MS (ESI) m/z [M+H]" 347.1.

Compound 242 was prepared follow the similar procedure for obtaining
Compound 241 using pyrrdm—4-ylboromc acid in place of pyridin-3-ylboronic acid. '"H NMR
(DMSO-ds, 400 'MHz) 6 8.60 (d, /=4.8 Hz, 2H), 7.71 (s, 1H), 7.66-7.64 (m, 2H), 7.53-7.47 (m, 4H)
6.52 (s, 1H), 2.19 (s, 3H). MS (ESI) m/z [M+H]" 347.1.

Compound 247 was prepared according to Method 4: To a solution of XLI-3
(900 mg, 2.59 mmol) in dioxane/H,O (12 mL, v/v=5/1) was added K2COs (720 rng, 5.18 mmol), 1-
methyl-S-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan—2-yl)-1H-pyrazole (600 mg, 2.85 mmol),
Pd(dppf)Cl; (180 mg, 0.26 mmol). The mixture was purged with ,ni.trogen a_nd then heated at 100°C
by microwave for 40 min. The mixture was cooied to rt, diluted with 'water, extracted with EtOAc
(30 mLx3). The combined organic layer was washed with brine, dried over anhydrous Na,SO,, and
concentrated in vacuo. The residue was purified by flash chromatography on silica gel (PE: EA=

'10: 1—>l'1) to give Compound 247 as a yellow solid (175 mg, 20 % yield). "H NMR (CDCl, 400

MHz) & 7.53 (s, 1H), 7.48-7.45 (m, 2H), 7.36-7.32 (m, 2H), 7.26 (m, 1H), 6.60 (s, 1H), 6.23s, 1H),
3.76 (s, 3H), 2.03 (s, 3H).

Compound 254 was prepared following the similar procedure for obtaining XL-5

using 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzo[d]oxazole in place of XI.-4 and using 5- -

XLI-3 in place of XL-3 as a white solid. "H NMR (CDCls, 400 MHz) & 8.16 (s, 1H), 7.71 (s, 1H),
7.63 (d, J = 8.4 Hz, 1H), 7.52-7.48 (m, 2H), 7.35-7.29 (m, 3H), 7.25 (d, J = 8.4 Hz, 1H), 6.61 (s,
1H), 2.15 (s, 3H).v MS (ESI) m/z (M+H)" 387.0. _

_ Compound 255 was prepared following the similar procedure for obtaining
Compound 254 using (1-methyl-1H-indol-5-yl)boronic acid and Na,COs instead of K,CO; as a
yelloW solid. "H NMR (DMSO-ds, 400 MHz) & 7.65-7.63 (m, 2H), 7.54-7.45 (m, 5H), 7.35 (d, J =
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2.8Hz, 1H), 7.16 (dd, J = 1.6, 8.4 Hz, 2H), 6.47 (s, 1H), 6.20 (d, J = 2.8 Hz, 1H), 3.81 (s, 3H), 2.13 "‘

s, 3H).

Compound 259 was. prepared followmg the similar procedure for obtammg

,,,,,

Compound 255 using 5-(4,4,5,5-tetramethyl-1,3,2-d10xaborolan-2-yl)benzo[c][1,2,5]oxad1azole. TH oo

NMR (CDCl;, 400 MHz) 6 7.90 (dd, J = 1.2, 9.6Hz, 1H), 7.75 (s, 1H), 7.50-7.48 (m, 2H), 7.39-7.34 =

(m, 4H), 6.64 (s, 1H), 2.22 (s, 3H).

Compound 251 was prepared following the similar procedure for obtaining
Compound 255 using 5-(4,4,5,5-tetramethyl-1, 3 2-dioxaborolan-2-yl)benzo[d]thiazole. '"H NMR
(CDCls, 400 MHz) 8 9.06 (s, 1H), 8.06 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.52-7.49 (m, 2H), 7. 39-
7.32 (m, 3H), 7.27 (d, J = 8.4 Hz, 1H), 6.63 (s, 1H), 2.19 (s, 3H). | '

Compound 244 was prepared following the similar procedure for obtaining XL-3
by reacting 5-(1H-imidazol-1-yl)-4-methylpyridin-2(1H)-one with (4-(trifluoromethoxy)phenyl)
boronic acid. '"H NMR (CDC13; 400 MHz) é 7.60 (s, 1H), 7.57-7.50 (m, 4H), 7.37-7.33 (m, 2H),
7.25 (m, 1H), 6.58 (s, 1H), 2.01 (s, 1H). MS (ESI) m/z (M+H)" 336.1. _

Compound 245 was pfeparedi folldwing the similar procedure for obtaining XL-5

by reacting XLI-3 with 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole. 'H

NMR (CDCls, 400 MHz) § 7.99 (s, 1H), 7.62 (s, 1H), 7.51 (d, J = 9.2Hz, 2H), 7.45 (d, J = 8.8Hz,

1H), 7.34-7.23 (m, 4H), 6.61 (s, 1H), 4.11 (s, 3H), 2.15 (s, 3H). MS (ESI) m/z [M+H]" 400.1.
| Compound 246 was prepared following the similar procedure for obtaining XL-5
by reacting XLI-3 with 2-methyl-5-(4,4,5,5—tetramethyl-1,3,2-dioxaborolan—Z-yl)'-2H-indazble. H
NMR (CDCls, 400 MHz) § 7.97 (s, 1H), 7.80 (d, J = 8.8Hz, 1H), 7.56 (s, 1H), 7.51 (d, J = 9.2Hz,
2H), 7.36 (m, 3H), 7.25 (m, 1H), 6.81 (s, 1H), 4.29 (s, 3H). 2.22 (s, 3H). MS (ESI) m/z [M+H]"
400.1. '
Compound 249 was prepared prepared following the similar procedure fdr

obtaining XL~5 by reacting XLI-3 with 1-methyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-

foo b
i

i, el

1

1H-indazole. "H NMR (CDCls, 400 MHz) & 8.02 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.52~7.50 (m,

2H), 7.35~7.33 (m, 2H), 7.29~7.28 (m, 2H) ,7.07 (d, /= 8.0 Hz, 1H), 6.62 (s, 1H), 4.09 (s, 3H), 2.18
(s, 3H). MS (ESI) m/z (M+H)" 400.0.

Compound 250 prepared following the similar procédure for obtaining XL-5 by
reacting XLI-3 with 2-methyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole. 'H

NMR (CDCls, 400 MHz) 3 7.94 (s, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.58 (s, 1H), 7.53~7.50 (m, 2H),

7.34~732 (m, 2H), 727 (m, 1H),7.00 (d, J = 8.0 Hz, 1H), 6.61 (s, 1H) , 4.25 (s 3H), 2.19 (s, 3H) .
MS (ESI) m/z (M+H)" 400.0.
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Compound 258 was prepared following the similar procedure for obtaining XL-Sr -

using 1-methyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H- 1ndole in place of. X1L4 andr

using XLI-3 in place of XL-3 as a yellow solid. '"H NMR (DMSO-ds, 400 MHz) 6 7.66-7.62 (m -
1H), 7.56-7.48 (m, 4H), 7.44 (s, 1H), 7.33 (s, 1H), 7.02 (d, J = 8.0Hz, 1H), 6.48 (s, 1H), 6.42 (m,
1H), 3.78 (s, 3H), 2.15 (s, 3H). MS (ESI) m/; (M+H)" 398.9.

e

i

Compound 260 was prepared following the similar ‘procedure for obtaining XL-5 r.n)
using 6 (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzo[d]thiazole in place of XL-4 and usmg
XLI-3 in place of XL-3. 'H NMR (CDCL, 400MHz) 3 9.05 (s, 1H), 8.17 (4, J = 8.4 Hz, 1H), 7. 88
(s, 1H), 7.52-7.43 (m, 3H), 7.37-7.32 (m, 2H), 728 7.26 (m, 1H), 6.63 (s, 1H), 2.19 (s, 3H) MS
(EST) m/z (M+H)" 403.0. | ‘ |

Compound 432 was prepared following the similar procedure for obtaining
compound 243 using Pd-118 and K;POq instead of Pd(dppf)Cl, and K>COs. "H NMR (CDCl;;
400MHz) 6 9.25 (d, J = 5.2 Hz, 1H), 9.20 (s, 1H), 7.50-7.47 (m, 2H), 7.44-7.42 (m, 1H), 7.38-7.35
(m, 2H), 7.30 (s, 1H), 6.64 (s, lH), 2.22 (s, 3H). MS (ESI) m/z (M+H)+.2‘97.9.'

Example 14-B
Synthesis of Compound 248 (Scheme XLII)

Ui)l S
[
N= O PAGPRICICHCly C'/\ﬂ/
XL+ HN—Q :/>—B\
N 0

K3PO4 dioxane
80°C NaHCO3, EtOH, reflux

XLiI-2

XLI-3 OCF, OCFs
Compound 248

A flask was charged with XLI-3 (0.8 g, 2.30 mmol, 1 eq), XLII-2 (1.02 g, 4.60
mmol, 2 eq), Pd(dppf)CL,-CH,Cl, (0.094 g, 0.11 mmol, 0.05 eq), K;PO4 (1.22 g, 4.60 mmol, 2 eq)
and 50 mL of dioxane, flushed with nitrogen for three times. The mixture was heated at 80°C for 8
hrs. LCMS analysis showed the reaction completed. The reaction mixture was cooled down to rt,
diluted with water, extracted with ethyl acetate (80 mLx3). The combined organic layer was washed
with brine, dried over anhydrous sodium sulfate, filtered and concentrated to give brown oil.

Recrystallization from EA gave offwhite solid XLII-3 (O 4 g, 48% yield). MS (ESI) m/z (M+H)"

1362.9.

A flask was charged with XLII-3 (300 mg, 0.83 mmol, 1 eq), NaHCO; (139 mg,
1. 66 mmol, 2 eq), aq. 2-chloroacetaldehyde (40%, 1.6 g, 8.3 mmol, 10 eq) and 20 mL of EtOH. The

mixture was heated to reflux for 18 hrs. LCMS analysis showed the reaction completed. The reaction
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mixture was cooled down to rt, diluted with water, extracted with ethyl acetate (50 mLx3). The
combined organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered andr lllll
concentrated to give a brown oil. Purification by prep-TLC (PE/EA—2/ 1) gave Compound 248 as at
brown solid (145.5 mg, 45% yield). MS (ESI) m/z (M+H)" 386.9. "TH NMR (DMSO-dj, 400 MHz)
0 9.05 (d, J=2.4 Hz, 1H), 8.64 (d, J=2.4 Hz, 1H), 7.90 (s, 1H), 7.84 (s, 1H), 7.76 (s, 1H),766(d J,].
= 8.4 Hz, 2H), 7.54 (d, /= 8.4 Hz, 2H), 655(s 1H), 222(s 3H).

Compound 252 was prepared following the similar 'procedure for obtaining
Compound 248 using 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-amine in place bf Mﬁ
XLII-2. MS (ESI) m/z (M+H)" 386.9. "H NMR (DMSO-ds, 300 MHz): § 8.62 (s, 1H), 7.92 (s, 1H),
7.72 (s, 1H), 7.66-7.53 (m, 6H), 7.33 (d, J = 6.8 Hz, 1H), 6.52 (s, 1H), 2.19 (s, 3H). ‘*’:"’

Example 14-C
Synthesis of Compound 253, 256 and 257 (Scheme XLIII)

) HIN\N '
N, |
N X
| 1) NaN3, Cu(OAc),, |

CuCN DMF, 100°C N0
__——‘—» .
NMP,180°C © 2)HCIMeOH-
OCF3 OCF, . OCF,
XLi-A XLIN-2 ) * Compound 253

CHl, ch;o3

DMF

OCF, ' OCF3
Compound 256 Compound 257

To the solution of XLIII-1 (600 mg, 1.7 mmol) in 5 mL of NMP was added
CuCN (462 mg, 5.1 mmol). The mixture was heated to 180 °C for 3 hrs. The mixture was dilufed
with H,O, extracted with EtOAc (50 mLx3). The combined organic layer was washed with brine,
dried over anhydrous Na;SO4, and concentrated in vacuo, the residue was purified by column
chromatography on silica gel (PE/EA=5/1) to give XLIII-2 (400 mg, 80 % yield) as a white solid.

To the solution of XLIII-2 (300 mg, 1 mmol) in 3 mL of DMF was added NaN3
(.130 mg, 2 mmol).and Cu(OAc), (360 mg, 2 mmél). The mixture was heat_ed to 100°C under
microwave for 20 minutes. And then the mixture was filtered at 70°C, the filtrate Was cooled to rt,
the mixture was filtered again. The residual solid was dissolved in HCI/MeOH (4 M), stirred at rt for
1 h. The mixture was concentrated to give Compound 253 (50 mg, 14.5 % yield) as black solid. 'H
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NMR (DMSO-ds, 400 MHz) 6 8.17 (s, 1H), 7.60 (m, 2H), 7.51 (m, 2H), 6.51 (s, 1H), 2.36 (s, 3H). :

MS (ESI) m/z (M+H)" 338.0.
To the solution of Compound 253 (200 mg, 0.59 mmol) in 2 mL of DMF was

added CHsI (100 mg, 0.7 mmol).and K,COj; (170 mg, 1.2 mmol). The mixture was stirred at 1t for &

T

3hrs. The mixture was diluted with H,O, extracted with EtOAc (50 mLx3). The combined organlc i

LA

layer was washed with brine, dried over anhydrous Na,SO,, and concentrated in vacuo, the res1due -

-

was purified by prep-TLC (PE/EA—I/I) to give Compound 256 (130 mg, 62% yield) and b

Compound 257 (40 mg, 19% yield). '"H NMR (CDCls, 400 MHz) & 8.15 (s, 1H), 7.50 (d, J = 8. 8
Hz, 2H), 7.36 (d, J = 8.8 Hz, 2H), 6.60 (s, 1H), 4.38 (s, 3H), 2.55 (s, 3H). MS (ESI) m/; (M+H)
351.9. "H NMR (CDCls, 400 MHz) & 7.48-7.44 (m, 3H), 7.35 (d, J = 8.8 Hz, 2H), 6.65 (s, 1H), 4.05
(s, 3H), 2.13 (s, 3H). MS (ESI) m/z (M+H)" 351.9.
| Compounds 261-264 were also prepared following thé general procedure as

described herein.

Compound 261: "H NMR (CDC13, 400 MHz) 6 9.04 (s, 1H), 8.03-8.00 (m, 1H),
7.53-7.47 (m, 3H), 7.42-7.28 (m, 4H), 6.65 (s, 1H), 2.07 (s, 3H). MS (ESI) m/z [M+H]" 402.8.

Compound 262: MS (ESI) m/z [M+H]" 352.8. '"H NMR (CDCl,, 400 MHz) ¢
8.87 (m, 1H), 7.70 (s, 1H), 7.51-7.47 (m, 2H), 7.35-7.27 (m, 3H), 6.60 (s, 1H), 2.36 (s, 3H).

Compound 263: 'H NMR (DMSO-dg, 400 MHz) 6 9.42 (s, 1H), 8.10 (d, J = 8.0
Hz, 1H), 7.78 (s, 1H), 7.64-7.59 (m, 3H), 7.51-7.45 (m 3H), 6.55 (s, 1H), 1.98 s, 3H) ‘MS (ESI)
m/z [M+H]" 402.9. .

Compound 264: '"H NMR (CDCl3, 400 MHz) 6 8.54 (s, 1H), 8.48 (s, 1H), 7.49-
7.45 (m, 2H), 7.37-7.32 (m, 2H), 7.29 (s, 1H), 6.61 (s, 1H), 2.19 (s,"3H). MS (ESI) m/z [M+H]"
353.1.

Example 15
5-Bromo Pyridone Analogs

Compounds 265-273 were prepared following Method 1 in Example 12-B using
5- bromopyrldm 2(1H) -one reacting with the relevant boronic acids.

Compound 265: 'THNMR (DMSO-ds, 400MHz) & 7.97 (s, 1H), 7.63 (d, J = 9.6

Hz, 1 H), 7.52-7.48 (m, 2H), 7.37-7.32 (m, 2H),648 (d, J=9.6 Hz, 1 H). MS (ESI) m/z (M+ H)*

268.1.

Compound 266: '"HNMR (DMSO-ds, 400MHz) & 8.34 (s, 1H), 8.02 (d, J=9.6

Hz, 1 H), 7.85-7.81 (m, 1H ), 7.46-7.38 (m, 3H), 6.88 (d, /= 9.6 Hz, 1 H), 4.21 (s, 3H). MS (ESI)
m/z (M+ H)* 280.0.
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Compound 267: "HNMR (DMSO-ds, 400MHz) 8 7.92 (d, J=2.8 Hz, 1H), 7.60 :
(dd, J=9.6, 2.8 Hz, 1 H), 7.32-7.29 (m, 2H), 7.02-6.99 (m, 2H), 6.45 (d, J = 9.6 Hz, 1H), 4.70-4.63
(m, 1H), 1.32 (d, J = 6.0 Hz, 6H). MS (ESI) m/z (M+ H)" 310.0.

Compound 268: "HNMR (DMSO-dy, 400MHz) 3 8.07 (d, /= 2.8 Hz, 1H), 7.91 ©
(s, 1H), 7.85-7.82 (m, 1H), 7.80-7.73 (m, 2H), 7.65 (dd, J = 9.6, 2.8 Hz, 1 H), 6.51 (d, J=9.6 Hz, @

1H). MS (ESI) m/z (M+ H)" 319.9.

Compound 269: "HNMR (DMSO-ds, 400MHz) § 7.98 (d, J = 2.8 Hz, 1H), 7.63 —

(dd, J=9.6,2.8 Hz, 1 H), 760756 (m, 2H), 7.50-7.47 (m, 2H), 6.48 (d, J =9.6 Hz, 1H). MS (ESI) =

m/z (M+ H)' 285.8.

| Compound 270: '"HNMR (DMSO ds, 4OOMHz) $8.03 (d, J = 2.8 Hz, 1H), 7.66-
7.59 (m, 3H), 7.53-7.50 (m, 2H), 6.50 (d, J= 10 Hz, 1H). MS (ESD) m/z (M+ H)" 335.9.

Compound 271: "THNMR (DMSO-ds, 400MHz) 8 10.17 (s, 1H), 7.96 (d, J= 2.8

Hz, 1H), 7.70 (s, 1H), 7.67-7.58 (m, 2H), 7.44 (t, J = 8.0 Hz, 1H), 7.10-7.07 (m, 1H), 6.49 (d, J = 10

Hz, 1H), 2.07 (s, 3H). MS (ESI) m/z (M+ Na)* 328.9.

Compound 272: "HNMR (DMSO-d, 400MHz) § 7.98 (d, J = 2.8 Hz, 1H ), 7.62
(dd, J=9.6,2.8 Hz, 1 H), 7.58-7.50 (m, 1H ), 7.42-7.39 (m, 1H ), 7.33-7.27 (m, 2H), 6.47 (d, J= 9.6

Hz, 1H). MS (ESI) m/z (M+ H)" 267.8.

Compound 273: 'HNMR (DMSO-ds, 400MHz) § 7.83 (d J=28Hz, 1H),7.63
(dd, J=9.6,2.8 Hz, 1 H), 7.15 (d, J = 8.4 Hz, 1H), 6.93 (d, J=2.8 Hz, 1H ), 6.86-6.83 (m, 1H), 6.47
(d, J=9.6 Hz, 1H ), 4.07 (q, J = 6.8 Hz, 2H ), 2.01 (s, 3H), 1.35 (1, J = 6.8 Hz, 3H). MS (ESI) m/;

(M+ H)* 307.9.

Compoundsv274-278, 280 and 281 were prepared following Method 1 in Example
12-B by reacting 5-trifluoromethyl pyridin-2(1H)-one reacting with the relevant boronic acids.

Compound 274: 'H NMR (CDCls, 400 MHz) 6 7.73 (s, 1H), 7.58-7.49 (m, 2H),‘
7.22-7.15 (m, 3H), 6.74 (d, J = 9.6 Hz, 1H). MS (ESI) m/z (M+H)" 257.9.

Compbund 275: "H NMR (CDCls, 400 MHz) 6 7.73 (s, 1H), 7.54 (d, J = 9.6 Hz,
1H), 7.48-7.42 (m, 2H), 7.38-7.36 (m, 2H), 6.73 (d, J = 9.6 Hz, 1H). MS (ESI) m/z (M+H)" 324.1.

Compound 276: "H NMR (CDCl;, 400 MHz) 5 7.74 (s, 1H), 7.54-7.50 (m, 1H),

7.457.40 (m, 1H), 7.03-6.99 (m, 1H), 6.94-6.90 (m, 2H), 6.72 (d, J = 9.6 Hz, 1H) 385(s 3H). MS
*(ESD) m/z (M+H)" 270.1.

Example 16
5-substituted Pyridone Analogs
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= 9 6 Hz, 1H), 2.07 (s 3H) MS (ESI) m/z (M+H) 296.9. :

.
[

A

Compound 277: "HNMR (DMSO-d;, 400MHz) & 10.18 (s, 1H), 8.25 (5, 1H);.
7.79-7.75 (m, 1H), 7.71 (s, 1H), 7.63-7.61 (m, 1H), 7.48-7.43 (m, 1H), 7.14-7.11 (m, 1H), 6.66 (d, J,. -

1H ), 7.18 (d, /= 8.4 Hz, 1H), 6.91 (s, 1H), 684681 (m, 1H ), 6.61 (d, /= 9.6 Hz, lH),404 (q,L

J=6.8 Hz, 2H), 1.97 (s, 3H), 1.31 (t, /=6.8 Hz, 3H). MS (ESI) m/z (M+H)" 298.1. r

Compound 280: "H NMR: (CDCls, 400MHz) 6 7.67 (s, 1H), 7.55-7.48 (m, 2H), ™

7.40-7.35 (m, 1H), 7.32-7.28 (m, 2H), 6.75 (d, J = 9.6 Hz, 1H). MS (ESI) m/z (M+H)" 258.1.

[1004]  Compound 281: 'H NMR: (CDCl;, 400MHz) 6 7.61-7.53 (m, 3H), 7.47-7.37 (m, o=

3H), 6.76 (d, J = 9.6 Hz, 1H). MS (ESI) m/z (M+H)" 273.9. g
’ Compound 279 were prepared following Method 2 in Example 12-B by reacting
5-trifluoromethyl pyridin-2(1H)-one with 5-bromopyridine. '"H NMR (CDClL,, 400MHz) 0 9.31 (s,
1H), 8.89 (s, 2H), 7.72 (s, 1H), 7.59 (d, J = 9.6 Hz, 1H), 6.78 (d, /= 9.6 Hz, lH) MS (ESI) m/z

(M+H)" 242.0.

Compound 282 was prepared following Method 1 in Example 12-B by reacting
5-methyl pyridine-2(1H)-one with (3, 4 ,5-triflurophenyl)boronic acid. "H NMR (CDCl;, 300 MHz) &
7.28 (d, J = 2.4 Hz, 1H), 7.10-7.03 (m, 3H), 6.59 (d, J= 9.6 Hz, 1H), 2.10 (s, 3H). MS (ESI) m/z‘
(M+H)"239.9. '

Compound 283 was prepared following Method 2 by reacting 5-methyl pyridine-
2(1H)-one with 1-fluoro-2-iodobenzene. '"H NMR (DMSO-ds, 300 MHz) 6 7.42-7.31 (rﬁ, 2H), 7.30-

7.21 (m, 3H), 7.01 (s, 1H), 6.62 (d, J = 9.6 Hz, 1H), 2.09 (s, 3H). MS (ESI) m/z (M+H)" 204.1..

Compound 285 was prepared following the general methods described herein. H

NMR (CDCl;, 400 MHz) 6 7.50-7.47 (m, 2H), 7.43-7.35 (m, 4H), 7.10 (d, /= 2.4Hz, 1H), 6.64 (d, J
= 9.6Hz, 1H), 2.73-2.65 (m, 1H), 1.20 (d, J= 6.8Hz, 6H). MS (ESI) m/z (M+H)" 214.2. | |

' Compound 287: To a mixture of 5-bromo-1-phenylpyridin-2(1H)-one (0.25 g, 1

mmol) and ethynyltrimethylsilane (5 mL) in DMF (10 mL) and TEA (2 mL) was added Cul (0.02 g,

0.1 mmol) and Pd(PPh3);Cl, (0.07 g, 0.1 mmol). The mixture was purged with nitrogen for 5

~ minutes and stirred under N, at 100°C overnight. The reaction mixture was worked up to afford an

intermediate product (0.16 g, 60% yield), which was mixed with TBAF (0.16 g, 0.6 mmol) in
CH,Cl, (5 mL) was stirred at rt for 3 hours. The organic layer was concentrated and the residuo was
purified by column chromatography (PE/EA = 10/1) to yield Compouﬁd 287 (0.08 g, 68% yield).
"H NMR (CDCl;, 400 MHz) 6 7.6 (d, J = 2.4Hz, 1 H), 7.54-7.35 (m, 6H), 6.63 (d, J = 9.6Hz, 1H),
3.03 (s, 1H). MS (ESI) m/z (M+H)" 196.1.
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Example 17 : F

5-Phenvl Pyridone Analogs

Compounds 288 through 331 were prepared followmg the similar proceduresL
described herein in Method A through C and Method 1 through 4.

Compound 288: "H NMR (DMSO-d;, 400 MHz) & 7.91-7.87 (m, 2H), 7.68-7.64 =
(m, 2H), 7.37 (d, J = 8.8 Hz, 2H), 722(LJ 8.8 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H), 6.57 (d, /=92 ~

Hz, 1H), 4.70-4.64 (m, 1H), 1.30 (d, J = 6.0 Hz, 6H). MS (ESI) m/z [M+H]* 324.1.
Compound 289: "H NMR (DMSO-ds, 400 MHz) & 8.05 (d,J=2.4 Hz, 1H), 7.96-

7.93 (m, 2H), 7.86-7.84 (m, 2H), 7.79-7.77 (m, 1H), 7.72-7.68 (m, 2H), 7.24 (1, J = 8.8 Hz, 2H)

6.62 (d, J=9.6 Hz, 1H). MS (ESI) m/z [M+H]" 333.9.

Compound 290: '"H NMR (DMSO-ds, 400 MHz) 6 8.02-7.94 (m, 2H), 7.69-7.66
(m, 2H), 7.61-7.53 (m, 2H), 7.46-7.37 (m, 2H), 7.36-7.22 (m, 2H), 6.62 (d, J =9.6Hz, 1H). MS
(ESI) m/z [M+H]" 284.0. .

Compound 291: 'H NMR (CDCl;, 400 MHz) 6 7.69 dd, J 2 4, 9.6 Hz, 1H),
7.61-7.58 (m, 1H), 7.48-7.35 (m, 6H) 7.08 (t, J=8.4 Hz, 2H), 6.78 (d, J—96Hz 1H). MS (ESI)
m/z [M+H]" 300.1. _ _

Compound 294: "H NMR (CDCls, 4OOMHZ): 8 7.72-7.70 (m, 1H), 7.53 (s, 1H),
7.46-7.39 (m, 6H), 7.37-7.32 (m, 1H), 7.22-7.17 (m, 2H), 6.74 (d, J =9.6 Hz, 1H). MS (ESI) m/;
(M+H)" 266.0. ‘

Compound 295: "H NMR (CDCl;, 400MHz) § 7.73-7.70 (m, 1H), 7.57 (s, 1H),
7.46-7.39 (m, SH), 7.36-7.32 (m, lH), 7.02-6.97 (m, 3H), 6.75 (d, J=9.6 Hz, 1H), 3.84 (s, 3H). MS
(ESI) m/z (M+H)" 277.9. : |

Compound 296: '"H NMR (CDCls, 400MHz): & 7.73-7.70 (m, 1H), 7.52-7.40 (m,
6H), 7.36-7.32 (m, 1H), 7.24-7.14 (m, 3H), 6.75 (d, J =9.6 Hz, 1H). MS (ESI) m/z (M+H)" 266.1.

, Compound 297: "H NMR (CDCls, 400MHz): § 7.76-7.65 (m, 5H), 7.55 (s, 1H),
7.46-7.40 (m, 4H), 7.38-7.32 (m, 1H), 6.77 (d, J=9.6 Hz, 1H). MS (ESI) m/z (M+H)" 315.2.

Compound 298: "H NMR (CDCls, 400MHz): § 7.76-7.73 (m, 1H), 7.47-7.40 (m,
5H), 7.35-7.31 (m, 1H), 7.15 (d, J =8.4 Hz, 1H), 6.88-6.82 (m, 2H), 6.77 (d, J =9.2 Hz, 1H), 4.06 (q,
J=6.8 Hz, 2H), 2.17 (s, 3H), 1.44 (t, J =6.8 Hz, 3H). MS (ESI) m/z (M+H)" 305.9,

Compound 308: "H NMR (CDCls, 400MHz) 8 7.69-7.66 (m, 1H), 7.49-7.45 (m,

- 2H), 7.35 (d, J = 8Hz, 2H), 7.25-7.15 (m, 3H), 6.97-6.93 (m, 2H), 6.75 (d, J = 9.6 Hz, 1H),.3.83 (s,

3H). MS (ESI) m/z (M+H)" 296.0.
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" Compound 309: "H NMR (CDCls, 400MHz) & 7.68-7.65 (m, 1H), 7.35 (d, J =, ,
2.4Hz, 1H), 7.43-7.33 (m, 3H), 7.01-6.93 (m, SH), 675 (d, J = 9.2Hz, 1H), 3.83 (s, 6H). MS (ESI)
m/z (M+H)" 308.0. . . |

Compound 310: 'H NMR (CDCl3, 300MHz) § 7.72-7.69 (m, 1H), 7.60-7.57 (m,*”
1H), 7.43-7.41 (m, 3H), 7.37-7.33 (m, 3H), 6.96-6.93 (m, 2H), 6.77 (d, J=9.6 Hz, 1H), 3.83 (s, 3H).
MS (ESI) m/z (M+H)" 311.9.

Coped

Compound 314: "H NMR (CDCl;, 400MHz) & 7.68 (dd, J=2.8, 9.6 Hz, 1H),
7.52-7.49 (m, 3H), 7.41-7.29(m, 6H), 6.75 (d, J = 9.6 Hz, 1H). MS(ESD) m/z M+H)" 3159. =~ =

Compound 315: "H NMR (CDCl;, 400MHz) 3 7.68-7.65 (m, 1H), 7.56 (d, J = oo
4.0Hz, 1H), 7.42-7.28 (m, 6H), 7.04-7.00 (m, 2H), 6.76 (d, J= 9.2 Hz, 1H), 3.86 (s, 3H). MS (ESI) -
m/z (M+H)' 3120,

Compound 316: 'H NMR: (CDCL, 400MHz) & 7.67-7.64 (m, 1H), 7.56 (s, 1H),
7.42 (s, 1H), 7.34-7.28 (m, 5H), 7.00-6.97 (m, 2H), 6.76 (d, J = 9.2 Hz, 1H), 4.63-4.55 (m, 1H), 1.38
(s, 3H), 1.36 (s, 3H). MS (ESI) m/z (M+H)" 340.1. .

Compound 317: 'H NMR: (DMSO-ds, 400 MHz) & 8.09 (m, 1 H), 7.96 (dd,
J=2.8, 9.6 Hz, 1H), 7.75 (s, 1H), 7.62-7.53 (m, 3H), 7.43-7.33 (m, 4H), 6.59 (d, / = 9.6 Hz, 1 H).
MS (ESI) m/z (M+H)" 299.9. |

Compound 318 "H NMR: (CDCl;, 400MHz) 8 7.73-7.66 (m, 5H), 7.54 (s, 1H),
7.43-7.30 (m, 4H), 6.78 (d, /= 9.6 Hz, 1H). MS (ESI) m/z (M+H)" 349.9.

. Compound 319: 'H NMR: (CDCl3, 400MHz) 6 7.68-7.65 (m, 1H), 7.56 (s, 1H), ‘
7.43-7.39 (m, 2H), 7.34-7.28 (m, 3H), 7.01-6.96 (m, 3H), 6.75 (d, J=9.6 Hz, 1H), 3.84 (s, 3H). MS
(ESD) m/z (M+H)" 311.9. | - |

Compound 320: "H NMR: (CDCls, 400MHz) 6 8.11 (s, 1H), 7.97-7.94 (m, 1H),
7.78 (s, 1H), 7.61-7.32 (m, 7H), 6.60 (d, /= 9.6 Hz, 1H). MS (ESI) m/z (M+H)+_299.9
» Compound 321: '"H NMR: (CDCl;, 400MHz) 6 7.42 (d, J = 4.0Hz, 1H), 7.43-
7.38 (m, 2H), 7.29-7.27 (m, 3H), 7.12 (d, J = 8.0Hz, 1H), 6.84-6.80 (m, 2H), 6.75 (d, J = 9.6Hz,
1H), 4.03 (q, J = 6.8Hz, 2H), 2.13 (s, 3H), 1.41 (t, J= 6.8Hz, 3H). MS (ESI) m/z (M+H)" 340.1
Compound 322: 'H NMR: (CDCl;, 400MHz) § 7.73-7.69 (m, 1H), 7.60-7.58 (m,
1H), 7.46-7.29 (m, 8H), 6.79 (d, J = 9.6Hz, 1H). MS (EST) m/z (M+H)" 316.0.
| Compound 292: '"H NMR (CDCls, 400 MHz) 6 8.36-8.31 (m, 2H) 7.86-7.85 (m,
1H), 7.74-7.68 (m, 2H), 7.50 (s, 1H), 7.42-7.38 (m, 2H), 7.15-7.11 (m, 2H), 6.78 (d, /= 9.2 Hz, 1H).
MS (ESI) m/z [M+H]" 310.8.

-285-



10

15

20

25

30

Compound 299: "HNMR (CDCl;, 400MHz) 8 8.77 (brs, 2H), 7.73-7.68 (m, lH)
7.51-7.32 (m, 8H), 6.77-6.72 (m, 1H). MS (ESI) m/z (M-H) 249.2, |
~ Compound 302: "HNMR (CDCl;, 400MHz) 6 7.78-7.75 (m, 1H), 7.62-7.58 (m, ©
1H), 7.47-7.40 (m, 8H), 7.35-7.32 (m, 1H), 6.79 (d, J = 9.6 Hz, 1H). MS (ESI) m/z (M+H)" 282.2.

Compound 300: "HNMR (CDCls, 400MHz) 6 927 (s, 1H), 895 (s, 2H), 7.80- =

7.75 (m, 1H), 7.51-7.35 (m, 6H), 6.79 (d, J= 9.6 Hz, 1H). MS (ESI) m/z (M+H)" 250.0.

Compound 301: "HNMR (CDCls;, 400MHz) & 7.76-7.72 (m, 1H), 7.50-7.39 (m,
7H), 7.38-7.27 (m, 3H), 6.78 (d, J= 9.6 Hz, 1H). MS (ESI) m/z (M+H)" 265.9.

Compound 311: "H NMR (CDCls, 400MHz) § 9.26 (s, 1H), 8.94 (s, 2H), 7.72
(dd, J=2.8, 9.6 Hz, 1H), 7.41 (d, J= 2.0 Hz, 1H), 7.35-7.33 (m, 2H), 6.97- 695(m 2H), 6.77 (d, J =
9.6 Hz, 1H), 3.84 (s, 3H). MS (ESI) m/z (M+H)" 279.9.

Compound 323: 'H NMR: (CDCl;, 400MHz) & 8.82 (brs, 2H), 7.72-7.68 (m,

i
,,,,,

-------

......

lH) 752(dJ 2.4Hz, 1H), 747742(m 2H) 7.39-7.30 (m, 4H)679(dJ 96Hz 1H). MS

- (ESI) m/z (M+H)" 283.1.

Compound 312: 'H NMR (CDCls, 400MHz)  7.71-7.68 (m, 1H), 7.48-7.39 (m,

3H), 7.37-7.27 (m, 4H), 6.96-6.93 (m, 2H), 6.76 (d, J = 9.6 Hz, 1H), 3.83 (s, 3H) MS (ESI) m/z
(M+H)" 296.0. -

Compound 324: "H NMR: (CDCl3, 400MHz) § 7.70-7.67 (m, 1H), 7.48-7.41 (m,

4H), 7.37-7.28 (m, SH), 6.79 (d, J= 9.6 Hz, 1H). MS (ESI) m/z (M+H)* 300.1.

Compound 303: "HNMR (DMSO-ds, 400MHz) & 7.90-7.86 (m, 2H), 7.59-7.51
(m, 6H), 6.97-6.94 (m, 2H), 6.59 (d, J = 9.6 Hz, 1H), 3.76 (s, 3H). MS (ESD) m/z z (M+H)" 312.0.

Compound 304: "HNMR (DMSO-ds, 400MHz) & 7.95-7.76 (m, 6H), 7.59-7.54
(m, 2H), 6.98-6.95 (m, 2H), 6.60 (d, J = 9.6 Hz, 1H), 3.76 (s, 3H). MS (ESI) m/z (M+H)" 345.9.

Compound 305: "HNMR (DMSO-dy, 400MHz) § 7.89-7.82 (m, 2H), 7.66-7.54
(m, 4H), 7.43-7.39 (m, 2H), 7.08-7.03 (m, 2H), 6.98-6.96 (m, 2H), 6.56 (d, J = 9.2 Hz, 1H), 3.82 (s,
3H), 3.77 (s, 3H). MS (ESI) m/z (M+H) 308.0. | |

Compound 306: 'THNMR (DMSO-ds, 400MHz) 5 7.91:7.87 (m, 2H), 7.59-7.53
(m, 4H), 7.39-7.33 (m, 2H), 6.99-6.96 (m, 2H), 6.59 (d, J = 9.2 Hz, 1H), 3.78 (s, 3H). MS (ESI) m/z
(M-+H)" 296.1. | |

Compound 307: "HNMR (DMSO-ds, 400MHz) 8 7.88-7.82 (m, 2H), 7.56-7.54
(m, 2H), 7.39-7.36 (m, 2H), 7.04-6.95 (m, 4H), 6.56 (d, /=9.2 Hz, 1H), 4.71-4.66 (m, 1H), 3.78 (s,
3H), 1.31 (d, J = 6.0 Hz, 6H). MS (EST) m/z (M+H)" 336.1. |
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Compound 313: 'H NMR (CDCls, 400MHz) § 7.69-7.66 (m, 1H), 7.58-7.51 (m}~
3H), 7.49-7.42 (m, 4H), 7.36-7.29 (m, 3H), 6.77 (d, J = 9.6 Hz, 1H). MS (ESI) m/z (M+H)" 281.9. f

Compound 293: "H NMR (DMSO-dj, 400 MHz) 6 7.90-7.87 (m, 2H), 7.68-7. 64:
(m, 2H), 7.26-7.13 (m, 3H), 6.65-6.54 (m, 4H), 5.40 (brs, 2H). MS (ESI) m/z [M+H]" 280.9.

Compound 325: '"H NMR (DMSO-ds, 400 MHz) & 8.13 (d, J = 2.8 Hz, 1H)f B
8.02-7.99 (m, 1H), 7.86-7.81 (m, 4H), 7.60-7.56 (m, 2H), 7.40-7.35 (m, 4H), 6.64 (d, J = 9.6 Hz,
1H). MS (ESI) m/z (M+H)" 344.9, | -

Compound 326: "H NMR (DMSO-ds, 400 MHz) & 7.88 (4, J = 2.4 Hz, 1H), -,
7.75-7.72 (m, 1H), 7.60-7.54 (m, 4H), 7.34-7.29 (m, 1H), 7.25-7.22 (m, 1H), 7.13-7.05 (m, 4H), 637:L
(d, J=9.6 Hz, 1H). MS (ESI) m/z (M+H)* 345.2. D

Compound 327: '"H NMR (DMSO-ds, 400 MHz) & 8.15 (d, J = 2.8 Hz, 1H),
8.04-8.01 (m, 1H), 7.87-7.82 (m, 4H), 7.64-7.57 (m, 4H), 7.38 (s, 2H), 6.65 (d, J= 9.6 Hz, 1H). MS
(ESI) m/z (M+H)"* 360.9. | |
| Compound 328: 'H NMR (DMSO-d, 400 MHz) & 8.09 (d, J = 2.8 Hz, 1H),
8.00-7.97 (m, 1H), 7.85-7.80 (m, 4H), 7.44-7.41 (m, 2H), 7.37 (s, 2H), 7.08- 3-7.02 (m, 2H), 6.62 (0, J
= 9.6 Hz, 1H), 3.82 (s, 3H). MS (ESI) m/z (M+H)" 356.9.

Compound 329: "HNMR (DMSO-ds, 400 MHz) § 8.21 (s, 1H), 8.02 (dd, J = 2.4,
9.6 Hz, 1H), 7.96 (5, 1H), 7.87-7.65 (m, TH), 7.40 (5, 2H), 6.65 (d, /= 9.6 Hz lH) MS (ESI) m/z.
(M+H)* 394.9.

Compound 330: 'TH NMR (DMSO-ds, 400 MHz) & 8.08 (d, J = 2.8 Hz, 1H),
7.98-7.95 (m, 1H), 7.84-7.76 (m, 4H), 7.39-7.36 (m, 4H), 7.02 (d, J = 8.8 Hz, 2H), 6.60 (d, /= 9.6
Hz, 1H), 4.70-4.64 (m, 1H), 1.29 (d, J= 6.0 Hz, 6H). MS (ESI) m/z (M+H)* 384.8. |

Compound 331: "H NMR (DMSO-ds, 400 MHz) 8 8.11 (d, J = 2.4 Hz, 1H),
8.03-8.00 (m, 1H), 7.87-7.81 (m, 4H), 7.49-7.42 (m, 1H), 7.39 (s, 2H), 7.11-7.04 (m, 3H), 6.63 (d, J
— 0.6 Hz, 1H), 3.81 (5, 3H). MS (ESI) m/z (M-H)" 356.9.

Example 18
2(1H)-Thione Analogs

Compounds 332-339 and 341-343 were prepared according to the general
procecure: To a solution of Pirfenidone analog (1 eq.) in toluene was added Lawesson reagent (0.6
eq.). The reaction mixture was refluxed under nitrogen overnight. After bemg cooled to rt, the
mixture was concentrated under reduced pressure. The residue was purified by flash chromatography

on silica gel (eluenting with petroleum ether/EtOAc) to provide final thione analogs.
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Compound 332: '"H NMR (DMSO-ds, 400 MHz) & 7.83 (s, 1H), 7.47-7.44 (m,"”
1H), 7.32-7.25 (m, 3H), 7.08-7.04 (m, 2H), 3.82 (s, 3H), 2.13 (s, 3H). MS (ESI) m/z (M+H)* 231.9. ™
Compound 333: "H NMR (CDCL, 300 MHz) § 7.67 (d, J = 8.7 Hz, 1 H); 7.41- ©
7.38 (m, SH), .15 (d,J = 9.0 Hz, 1H), 2.17 (s, 3H). MS (ESD) m/z (M+H) 2859.

3'1

1H), 7.25-7.20 (m, 2H), 7.09 (d, /= 9.0 Hz, 1 H), 6.96 (d, J=9.0 Hz, 2H) 4.60-4.52 (m 1H), 2.15 {
(s, 3H), 135 (d, J= 6.0 Hz, 6H). MS (ESI) m/z (M+H)" 259.9. = N
Compound 335: "H NMR (CDCl, 300 MHz) 4 7.68 (d, J = 9.0 Hz, 1H), 7.51- o -
7.47 (m, 2H), 7.37 (s, 1H), 7.30 (d, J = 1.8 Hz, 1H), 7.28 (s, 1H ), 7.12 (dd, J = 2.1, 9.0 Hz, 1H), o»
2.18 (s, 3H). MS (ESI) m/z (M+H)" 236.2. | ‘ =
Compound 336: "H NMR (CDCl, 300 MHz) & 7.67 (d, J = 9.0 Hz, lH) 7.39 s,
1H), 7.37-7.10 (m, SH), 2.17 (s, 3H). MS (ESI) m/z (M+H)" 219.9.
Compound 337: "H NMR (CDCls, 400 MHz) 6 7.75-7.57 (m, 5H), 7.37 (s, 1H),
7.13 (d, J = 8.8 Hz, 1H), 2.17 (s, 3H). MS (ESI) m/z (M+H)" 270.0. | .
| Compound 338: '"H NMR (CDCls, 300 MHz) & 7.67 (d, J = 9.0 Hz, 1H); 7.53-
748 (m, 1H), 7.39 (s, 1H), 7.21-7.08 (m, 4H), 2.17 (s, 3H). MS (ESI) m/z (M+H)" 219.9.
Compound 339: '"H NMR (CDCl, 300 MHz) & 7.67 (d, J = 9.0 Hz, 1H), 7.42-

- 7.40 (m, 2H), 7.11 (d, /= 8.7 Hz, 1H), 7.01 (d, /= 8.7 Hz, 1H)690(dJ 9.0 Hz, 1H)686684

(m, 1H), 3.82 (s, 3H), 2.17 (s, 3H). MS (ESI) m/z (M+H)" 231.9.

Compound 341: 'H NMR (DMSO-dg, 400 MHz) & 7.84 (s, 1H), 7.69-7.67 (m,
IH) 7.54-7.38 (m, 4H), 7.37 (dd, /=2.0, 9.2 Hz, 1H), 2.14 (s, 3H). MS (ESI) m/z (M+H)" 236.1.

Compound 342: "TH NMR (DMSO-d;, 400 MHz) & 7.73 (s, 1H), 7.44 (d, J = 8.8
Hz, 1H), 7.30 (dd, J=2.0, 8.8 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 6.91 (d, J = 2.8 Hz, 1H), 6.84 (dd, J
=28, 8.4 Hz, 1H), 4.04 (q, J = 6.8 Hz, 2H), 2.11 (s, 3H), 1.94 (s, 3H), 1.33 (t, J = 6.8 Hz, 3H). MS
(ESI) m/z (M+H)* 260.1. |

Compound 343: 'H NMR (DMSO-ds, 400 MHz) 6 10.17 (s, 1H), 7.83 (s, 1H),
7.63 (d, J = 1.6 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.45-7.41 (m, 2H), 7.31 (dd, J = 2.0, 8.8 Hz, 1H),
6.96 (t, J = 6.4 Hz, 1H), 2.11 (s, 3H), 2.05 (s, 3H). MS (ESI) m/z (M+H)"* 258.9.

Example 19
5-Heterocycle Substituted Analogs

Compounds 344-346 were prepared following the similar procedure in- Scheme
XXVII, Method 1. |
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Compound 344: '"H NMR (DMSO-ds, 400 MHz) 6 9.11-9.09 (m, 3H), 8.26 (m,,

K]

.,

1H), 8.05-8.02 (m, 1H), 7.58-7.55 (m, 2H), 7.39:7.35 (m, 2H), 6.64 (d, J = 9.6 Hz, 1H). MS (ESD)

m/z (M+H)" 267.8. | o

rmeste

_ Compound 345: '"H NMR (DMSO-ds, 400 MHz) 6 9.13 (m, 3H), 8.31 (m, 1H), ©*
8.08-8.05 (m, 1H), 7.61-7.57 (m; 1H), 7.54-7.50 (m, 1H), 7.42-7.36 (m, 2H), 6.68 (d, J = 9.6 Hz, *

L0

1H). MS (ESI) m/z (M+H)" 267.7.

1H). MS (ESI) m/z (M+H)" 289.9. |

Compound 347 was prepared following the similar synthetic procedure for
obtaining Compound 243: "H NMR (CDCls, 4OO'MHZI) 0934, J =24 Hz, 1H), 9.20 (d, /= 5.6
Hz, 1H), 7.79-7.74 (m, 2H), 7.52-7.49 (m, 2H), 7.41-7.39 (m, 2H), 6.85 (d, J = 9.6 Hz, 1H). MS
(ESD) m/z (M+H)" 334.9.

Compound 348 was prepared following the similar procedure in Scheme
XXVIII, Method 1, except that the first step intermediate was formed by reacting imidazole with 5-
bromo-2-methoxypyridine in DMSO with the presence o_f L-proline ,Cul, K,CO5 and 4A molecular
sieve. '"H NMR (400 MHz, CDCl;) 6 7.69 (s, 1H), 7.53-7.47 (m, 4H), 7.39-7.36 (m, 2H), 7.21 (s,
1H), 7.11 (s, 1H), 6.78 (d, J= 8.0 Hz, 1H). MS (ESD) m/z (M+H)" 321.9.

Exainple 20 _
3-Methyl Substituted Analogs (Scheme XLIV

B(OH),
. . © . Br. I N
Br. Br. Br.
| N NaOMe | \ aq.HBr N XLIV-4 N o
N Cl MeoH, reflux N (0] EtOH, reflux . l’:li 0 CU(OAC)z, Py, PyNO_

XLIV-5

To a solution of NaOMe (5.29 g, 98 mmol) in MeOH (500 mL) was added XLIV-
1 (10 g, 49 mmol) by portionwise. The reaction mixture 'wés heated to reflux overnight. The solution
was cooled, quenched with water slowly, extracted with PE (100 mL x3). The combined organic
layer was washed with brine and concentrated to give XLIV-2 (8.0 g, 81% yield) as a white solid.

XLIV-5 was prepared following the similar prdcedufe in Method 1 for obtaining
XXVIII-5. "H NMR (CDCl3, 300 MHz) 6 7.51-7.35 (m, 7H), 2.19 (s, 3H). MS (ESI) m/z [M+H]"
265.8.
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Compound 346: "H NMR (CDCl;, 400 MHz) 6 9.20 (s, 1H), 8.86 (s, 2H), 7.70- ~
7.67 (m, 1H), 7.54 (d, J = 2.4 Hz, 1H), 7.52-7.43 (m, 2H), 7.34-7.29 (m, 2H), 6.86 (d, J = 9.6 Hz,
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Compounds 349, 351 and 353 were prepared by reacting XLIV-5 with the,

relevant boromc acid or ester followmg the similar procedure described in Method A. .

o

Y]

I

3H), 7.20-7.16 (m, 1H), 6.96 (s, 1H), 2.17 (s, 3H), 2.08 (s, 3H). MS (ESI) m/z [M+H] 200.0. o

Compound 351: "H' NMR (DMSO-ds, 300 MHz) & 7.80 (m, 2H), 7.78-7.62 (m,
2H) 7.52-7.44 (m, 5H), 7.23-7.17 (m, 2H) 2.09 (s, 3H). MS (ESI) m/z [M+H]" 280.1.

Compound 353: 'H NMR (DMSO -ds, 300 MHz) 6 7.99 (s, 1H), 7.74-7.68 (m, "
3H), 7.49-7.39 (m, 5H), 3.78 (s, 3H), 2.06 (s, 3H). MS (ESI) m/z [M+H]" 265.9.

Compound  350: To a  mixture of  S-bromo-3- methyl 1- (4-
(trifluoromethox y)phenyl)pyridin-2(1H)-one (300 mg, 0.86 mmol, 1 eq.) in 12 mL of
toluene/EtOH/H,O (v/v/v=4/1/1) were added (4-fluorophenyl)boronic acid (242 mg, 1.73 mmol, 2
eq.) and K,COs (357 mg, 2.59 mmol, 3 eq.). The mixture was degasséd by N, for three times and
then Pd(PPh;), (100 mg, 0.08 mmol, 0.1 eq.) was added. The reaction vessel was sealed and heated
in microwave at 100°C for 1h. Aftér being cooled to rt, the mixture was diluted with EA (100 mL),
washed with water and brine, dried over anhydrous Na,SO,4 and concentrated. The resulting residue
was purified by prep-TLC (PE/EA=3/2) to afford Compound 350 (210 mg, 67% yield) as a white
solid. 'TH NMR (CDCl;, 400MHz) § 7.55 (s, lH) 7.51-7.47 (m, 2H), 7 41-7.34 (m, 5H), 7.11 (t J=
8.8 Hz, 2H), 2.27 (s, 3H). MS (ESI) m/z [M+H]" 364.0.

Compound 352 was prepared by following the similar procédure for obtaining
Compound 350 using 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole in
place of (4-fluorophenyl)boronic acid as a white solid. 'H NMRv (CDCls, 400MHz) 6 7.58 (s, 1H),
7.48-7.43 (m, 4H), 7.36-7.32 (m, 3H), 3.93 (s, 3H), 2.24 (s, 3H). MS (ESi) m/z [M+H]" 350.1.

Example 21
Pirfenidone Analogs with Heterocyclic Core

Compound 354 was prepared following the similar procedure described in
Method 1 by reacting isoquinolin-3(2H)-one with phenyl boronic acid. '"H NMR (DMSO-ds,
400MHz) 6 8.75 (s, 1H), 7.60-7.50 (m, 6H), 7.35-7.28 (m, 2H), 6.92-6. 88 (m, lH) 6.59 (s, 1H). MS
(ESI) m/z (M+H)" 222.0. ‘

Compounds 355 and 356 were prepared following the similar procedure described

in Scheme XXVII and Method A using S-bromopyrimidin-2(1H)-one in place of XXVII-1 and

Pd(PPh3), in place of Pd(dppf)Cl,.

Compound 355: 'H NMR (CDCl, 400 MHz) 6 8.83 (d, J=3.6 Hz, lH) 7.77 (d,
J=3.6 Hz, 1H), 7.61 (s, 1H), 7.56-7.44 (m, 6H), 3.96 (s, 3H). MS (ESI) m/z [M+H]" 253.0.
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400 MHz) 6 8.60 (brs, 1H), 7.52-7. 40 (m, 6H), 2.16 (s, 3H). MS (ESI) m/z [M+H]" 187.1.

Compound 356: 'H NMR (CDCl;, 400 MHz) 5 8.95 (d, J =3.2 Hz, lH) 7.85 (d .
J=3.6 Hz, 1H), 7.57-7.40 (m, TH), 7.17 (t, /=8.4 Hz, 2H). MS (ESI) m/z [M+H]" 267.0.

f :NI
Compound 357 was prepared following the similar procedure described 1n‘ =

' Scheme XXVIII and Method A using 5-bromo-2- methoxypynmrdme in place of XXVIII-1 and ==

Pd(PPh;), in place of Pd(dppf)Cl, "H NMR (DMSO-ds, 400 MHz) 6 9.11 (d, J = 2.8 Hz, 1H), 8.58 =
: _ s
(d, J = 3.6 Hz, 1H), 7.79-7.74 (m, 4H), 7.58 (d, J = 8.4 Hz, 2 H), 7.30 (t, J = 8.4 Hz, 2 H).

_ forsd
Compound 358 was prepared following the general procedure described in +=

v )

Compounds 359 and 360 were prepared following the general procedure , T

described in Method 1 by reacting 6-methylpyridazin-3(2H)-one with the relevant boronic acid.
- Compound 359: "TH NMR (CDCl;, 300 MHz) 6 7.58 (d, J = 7.8 Hz, 2H), 7.49-

7.44 (m, 2H), 7.39-7.34 (m, 1H), 7.11 (d, J= 9.6 Hz, 1H), 6.68 (d, /= 9.3 Hz, 1H), 2.38 (s, 3H). MS
(ESI) m/z [M+H]" 187.1. |

Compound 360: "H NMR (DMSO-ds, 300 MHz) & 7.66 (d, J = 9.0 Hz, 2H),
7.47-7.40 (m, 3H), 6.99 (d, J = 9.6Hz, 1H), 2 .28 (s, 3H). MS (ESI) m/z [M+H]" 271.1. |

Compound 361 was prepared following the general procedure described in
Method A by reacting 6-chloro-2-pheny1pyridazin-3v(2H)-one with 1-methyl-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole. '"H NMR (DMvSO-d(;, 400 MHz) ¢ 8.25 (s, 1H), 7.90-7.85
(m, 2H), 7.60-7.59 (m, 2H),_7.51-7.50 (m, 2H), 7.41 (t, J= 7.6 Hz, 1H), 7.11 (d, /= 10.0 Hz, 1H),
3.86 (s, 3H). MS (ESI) m/z [M+H]" 252.8." Compounds 362 and 363 zwere- prepared similarly
starting with 6-chloro-2-(4-(trifluoromethoxy)phenyl)pyridazin-3(2H)-one. |

Compound 362: '"H NMR (CDCl;, 400MHz) ¢ 7_.82-’.7.71> (m, SH), 735, J =
8.0Hz, 2H), 7.18-7.14 (m, 3H). MS (ESD) m/z (M+H)" 351.0.

Compound 363: 'H NMR (CDCl3, 400MHz) ¢ 7.84 (s, 1H), 7.78 (s, 1H), 7.75
(d, J= 6.8 Hz, 2H), 749(d J=10 Hz, lH) 734731 (m, 2H), 7.08 (d, /= 9.6 Hz, lH) 3.96 (s, 3H).
MS (ESI) m/z (M+H)" 337.1.

Compound 364 was prepared following the similar procedure for obtammg
Compound 355 using (4-(tnﬂuoromethoxy)phenyl)boromc acid in place of phenyl boronic acid. 'H
NMR (CDCls, 400 MHz) J 8.85 (s, 1H), 7.75 (s, 1H), 7.60-7.52 (m, 4H), 7.40-7.35 (m, 2H), 3.97 (s,
3H). MS (ESI) m/z (M+H)" 337.2. |

Compound 365: To a solution of 1-phenylpyrimidin-2(1H)-one (250 mg, 1.45
mmol) in dry THF (20 mL) was added a solution of NaBH, (58 mg, 1.5 mmol) in 20 mL MeOH by
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dropwise at 0°C. The reaction mixture was stirred at rt for 1h. The mixture was concentrated tb ;
remove DCM, the residue was purified by SFC to give 1-phenyl-3,4—dihydropyrifnidin-2(lH)—ohe o
and Compound 365 (74.8 mg, 30% yield) as a white solid. 'H NMR (CDCl;, 400 MHz) 6 7.41-7.33
(m, 4H), 7.23-7.21 (m, 1H), 6.53 (brs, 1H), 6.14-6.11 (m, 1H), 4.88-4.84 (m, 1H), 4.32-4.31 (m, *~* |

2H). MS (ESI) m/z [M+H] 174.9. | v S X

Example 22 o '
4-Methyl Substituted Analogs - -

Compound 366: To a stirred mixture of 5-bromo¥4-methy1-l-phenylpyridin- ’

s,

2(1H)-one (300 mg, 1.15 mmol) and Pd(dppf)Cl, (83 mg, 0.1 mmol) in 10 mL of anhydrous dioxane -
was added Zn(Me), (1.2 M in toluene, 3.8 mL, 4.56 mmol) under N, protection. The reaction ”‘
. mixture was refluxed overnight. After being cooled to rt, the mixture was filtered, concentrated. The B
resulting residue was diluted with H,O (30 mL), extracted with EtOAc (50 mLx3). The combined
organic layer was washed with brine, dried over anhydrous Na,SO;, and concentrated in vacuo. The
residue was purified by prep-TLC (PE/EA=3/1) to produce Compound 366 (60 mg, 26% yield) as a
white solid. "H NMR (CDCls, 400MHz) 6 7.49-7.45 (m, 2H), 7.41-7.36 (m, 3H), 7.07 (s, 1H), 6.49
(s, 1H), 2.18 (s, 3H), 2.03 (s, 3H). MS (ESI) m/z [M+H]" 200.1. |

Compound 367 was prepared following the similar procedure for obtaining
Comound. 366 using 5-bromo-4-methyl-1-(4-(triftuoromethoxy)phenyl)pyridin-2(1H)-one instead of
5-bromo-4-methyl-1-phenylpyridin-2(1H)-one. "H NMR (CDCls, 400-MHz) 6 7.42-7.39 (m, 2H),
7.33-7.30 (m, 2H), 7.03 (s, 1H), 6.48 (s, IH)', 2.17 (s, 3H), 2.03 (s, 3H). MS (ESI) m/z (M+H)"
284.1. ' |

Compound 368 was prepared followihg the similar vprocedure described in
Method 1 by  reacting  4-methyl-5-(trifluoromethyl)pyridin-2(1H)-one with - (4-
(triﬂuoromethoxy)phényl)boronic acid as a yellow solid. 'H NMR (CDCl3, 400MHz) 6 7.70 (s, 1H),
7.44-7.41 (m, 2H), 7.39-7.36 (m, 2H), 6.61 (s, 1H), 2.38 (s, 3H). MS (ESI) m/z (M+H)" 337.9.

Example 23
5-Pyrazole Substituted Analogs (Scheme XLV)
B ’ | 0 AN
r N=\ 1
\ . ) B N )
. / A
L 2f
N 0 XLV-2
— N 0
z ' '
4R Pd(PPhg)4, K;CO3 %
N ! DME/HY0, reflux )
\ t
LV-
XLv- XLV-3
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To a mixture of XLV-1 (1 eq.), XLV-2 (1.3 eq.) and K,CO; (2 eq.) in DME/H,0
(v/v=6/1) was added Pd(PPhs)s (0.1 eq.). The reaction mixture was degassed by purging with ~
nitrogen and then was heated to reflux ovemlght After the completlon of the reaction, the mrxture
was cooled to rt, diluted with water and extracted with CH,Cl,. The combined organic layer was “
washed with brine, dried over Na,SO,, and concentrated under reduced pressure. The residue was ‘=
purified by flash chromatography on silica gel (PE/EA—l/ 1 to EA) to afford XLV-3 Compounds e
369-377 were prepared following the general procedure discussed above. : t::'

Compound 369: "H NMR (DMSO-ds, 400 MHz) & 12.8 (brs, 1H), 8.09-8. 01 (m =
1H), 7.90-7.78 (m, 2H), 7.33 (d, J = 8.8 Hz, 1 H), 7.01 (d, /= 8.8Hz, 1 H), 6.50 (d, /= 9.6 Hz, IH)
4.68-4.62 (m, 1H), 128 (d, J = 6.0 Hz, 6H). | | |1 |

Compound 370: "H NMR (CDCl;, 400 MHz) & 7.67 (s, 2H), 7.58-7.55 (m, 1H), -
7.48 (s, 1H), 7.33 (d, /= 8.8Hz, 2 H), 7.00 (d, /= 8.8Hz, 2 H), 6.73 (d, /=9.2Hz, 1 H), 3.85 (s, 3H).

| Compound 371: "H NMR (DMSO-djs, 400 MHz) 6 8.10 (brs, 1H), 7.91 (s, 1H),
7.86-7.82 (m, 2H), 7.60-7.57 (m, 2H), 7.60-7.57 (m, 2H), 6.54 (d, /= 9.2Hz, 1 H).

Compound 372: '"H NMR (DMSO-ds, 400MHz) 6 8.11 (brs, 1H), 7.96 (s, 1H),
7.89-7.85 (m, 2H), 7.61-7.57 (m, 1H), 7.46 (d, J = 8.0 Hz, 1 H), 7.37-7.31 (m, 2H), 6.58 (d, /= 8.0
Hz, 1 H). | |

Compound 373: '"H NMR (DMSO-ds, 400 MHz) d 12.87 (brs, 1H), 8.10 (brs,
1H), 7.99 (s, 1H), 7.90-7.77 (m, 6H), 6.58 (d, /= 8.4 Hz, 1H).

Compound 374: "H NMR (DMSO-d, 400 MHz) 6 12.87 (brs, 1H), 8.10 (brs,
1H), 7.99 (s, 1H), 7.87 (d, J = 8.4 Hz, 2 H), 7.63-7.60 (m, 2H), 7.54-7.50 (m, 2H), 6.55 (d, /= 9.6
Hz, 1 H). |

Compound 375: 'H NMR (DMSO-ds, 400MHz) & 12;86 (brs, 1H), 8.10 (brs,
1H), 7.90-7.80 (m, 3H), 7.44-7.39 (m, 1H), 7.03-6.98 (m, 3H), 6.53 (d, J = 9.2 Hz, 1H), 3.78 (s,
3H). ' '
| Compound 376: 'H NMR (DMSO-ds, 400MHz) & 12.86 (brs, 1H), 8.10 (s, 1H),
7.87-7.79.(m, A3H), 7.18 (d, J=8.8 Hz, 1H), 6.95-6.86 (m, 2H), 6.55 (d, J=72 Hz, 1H), 4.07 (q, J
=6.8 Hz, 2H), 2.03 (s, 3H), 1.35 (t, J =6.8 Hz, 3H). MS (ESI) m/z (M+H)" 295.9.

Compound 377: '"H NMR (DMSO-d;, 4OOMHz) 6 12.86 (brs, 1H), 8.09 (brs,
1H), 7.91 (d, /= 2.4 Hz, 1H), 7.85- 782(m 2 H), 7.53-7.49 (m, 2H) 7.37- 733(m 2H), 6.53 (d, J =
9.6 Hz, 1H).

Compound 627 was obtained from the corresponding non-Boc protected boronic

ester following the general procedure described in Method A: "H NMR (CDC13, 400 MHz) ¢ 7.45-
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7.39 (m, 3H), 7.37-7.30 (m, 3H), 7.18 (s, 1H), 6.51 (s, 1H), 3.91 (s, 3H), 2. 19(s 3H). MS (ESI) m/z
(M+H)" 300.1.

r'l

Compound 628: '"H NMR (DMSO-dg, 400 MHz) & 8.83 (s, 1H), 7.87 (s, 1H), ~":?;;

© 7.57 (s, 1H), 7.55 (m, 1H), 7.46 (s, 1H), 7.34-7.31 (m, 2H), 6.93-6.89 (m, 1H), 6.40 (s, 1H), 5.95 (s, =

2H), 3.81 (s, 3H), 2.21 (s, 3H). MS (ESI) m/z M+H)" 324.1. |

[
HN

. N’\ \ : R'\N’N\ S
N — ,
| R'-X, KoCO3, ACN N "~
or Phi, Cul, K,CO3, DMF N“To S
W 1407 @ o

XLV-3a

© XLV-4 A

Compound 385: To a solution of XLV-3a (0.2 g, 0.8 mmol) in CH3CN (15 mL)
was added K,COs (0.5 g, 3.6 mmol), benzyl chloride (0.37 g, 2.9 mmol). The mixture was purged
with nitrogen and then heated to reflux overnight. The mixture was cooled to rt, diluted with water,
extracted with EtOAc (20 mLx3). The combined organic layer was washed with brine, dried over .
anhydrous Na,SO,, and concentrated in vacuo. The residue was purified by column chromatdgraphy
on silica gel (PE:EA=1:2) to give Compound 385 (112.8 mg, 46% yield). 'H NMR (DMSO-d;,
400MHz) 6 8.18 (s, 1H), 7.91 (d, J=2.4 Hz, 1H), 7.85 (s, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.53-7.42
(m, 5H), 7.33-7.21 (m, 5H), 6.53 (d, J=9.6 Hz, 1H), 5.28 (s, 2H). MS (ESL) m/z (M+H)" 328.2. |

Compound 388 was prepared following the similar procedure for obtaining
Compound 385 using isopropyl iodide in place of benzyl chloride. "H NMR (CDClL;, 400MHz) &
7.58-7.50 (m, SH), 7.47-7.40 (m, 4H) 6.72 (d, J= 9.6 Hz, 1H), 4.54-4.48 (m, 1H), 1.52 (d, /= 6.8
Hz, 6H). MS (ESI) m/z (M+H)" 280 0.

Compound 389 To a stirred mixture of XLV-3a.(0. 2 g, 0.8 mmol), iodobenzene
(2 g, 9.8 mmol), and K,CO; (0.89 g, 6.4 mmol) in DMF (2 mL) was added Cul (0.12 g, 0.8 mmol).
The mixture was purged with nitrogen for three times and then heated at 140°C under miérowave for
2 hrs. The mixture was diluted with H,0, extracted with EtOAc (20. mLx3). The combined organic
layer was washed with water vand brine, dried over anhydrous Na,SO, and concentrated in vacuo.
The crude product was chromatographed on silica gel (PE: EA = 1:2) to give Compound 389 (50.3
mg, 25% yield). '"H NMR (CDCls, 400MHz) & 8.01 (s, lH) 7.81 (s, 1H), 7.69 (d, J = 8.0 Hz, 2H),
7.63-7.60 (m, 1H), 7.55-7.42 (m 8H), 7.33-7.29 (m, 1H), 6.76 (d, J = 8.0 Hz, 1H). MS (ESI) m/z
(M+H)" 314.2.
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N O - XLV-2a

—-
Z Ap Pd(PPhz)s, KzCO3 oo
! ¢
xS or DME/H,0, reflux |
XLV-1 Pd(dppf)Clz, K2CO3 ' o
DME/H,0, reflux : XLV-5 o

Compounds 378, 379, 381, 387 and 390 were prepared following the s1m11ar .......
procedure for obtaining XLV-3 using XLV-2a in place of XLV-2.

|‘“7‘""(

Compound 378: 'H NMR (DMSO-ds, 400 MHz) & 12.30 (brs, 1H), 7.54-7.51
(m, 1H), 7.44-740 (m, 2H), 7.03-7.00 (m, 3H), 6.54 (d, /= 92, 1H), 3.80 (s, 3H), 2.18 (5, 6H). MS 'n

- (ESD) m/z (M+H) 295.9. I

Compound 379: "H NMR (DMSO- dg, 400 MHz) ¢ 12.30 (brs 1H), 7.44-7.36
(m 3H), 7.21-7.17 (m, 3H), 6.72 (d, /= 9.6 Hz, 1H), 227(s 6H)

Compound 381: "H NMR (CDCls, 400MHz) 6 7.50-7.43 (m, 1H), 7.40-7.36 (m,
1H), 7.23-7.10 (m, 4H), 6.73 (d, J=9.6 Hz, 1H), 2.27 (s, 6H). MS (ESI) m/z (M+H)" 283.1.

Compound 387: 1H NMR (DMSO-ds, 400 MHz) 8 7.53 (d, J=9.2 Hz, 1H), 7.32
(s, 1H), 7.53 (d, J= 8.4 Hz, IH),b 6.94 (s, 1H), 6.87-6.84 (m, 1H), 6.54 (d, /= 9.2 Hz, 1H), 4.05 (q, J
=6.8 Hz, 2H), 2.17 (s, 6H), 2.05 (s, 3H), 1.35 (t, J =6.8 Hz, 3H). MS (ESI) m/z (M+H)" 323 .4,

Compound 390: "H NMR (CDCl;, 400MHz) & 8.79-8.78 (m, 2H), 7.46-7.45 (m,
2H), 7.40-7.38 (m, 1H), 7.18 (s, 1H), 6.74 (d, J = 9.6 Hz, 1H), 2.28 (s, 6H). MS (ESI) m/z (M+H)"
267.1. | |

Compound 380 were prepared following the similar procedure for obtaining
XLV-3 using XLV-2a in place of XLV-2 and using Pd(dppf)Cl, in place of Pd(PPh;)s. '"H NMR
(DMSO-ds, 400MHz): 6 12.25 (s, 1H), 7.60-7.47 (m, 6H), 6.51 (d, J=9.2 Hi, 1H), 2.16 (s, 6H). MS
(EST) m/z (M+H)* 299.8. -

Br
L, b i:
N” "0 .
@ XLV-2a HCI-dloxane
R

Pd(PPhy), K2C03 TMeoR
XLV-1 DME/H,0, reflux - R‘ ’

XLV4a - ’ XLV-S

Additonal Boc-deprotection procedure: To a solution of XL.V-4a (1 eq.) in MeOH

(0.1-0.2 mmol/mL) was added a sblution of HCI (gas) in dioxane (4 M, volume was two times of
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6.8, 2.4 Hz, 1H), 7.54-7.50 (m, 5H), 6.55 (dd, /= 8.8, 1.2 Hz, 1H),2.16 (s, 6H).

MeOH). The mixture was stirred at t for 1h. After the completion of the reaction, the mixture was .
concentrated in vacuo. The crude product was purified by prep-HPLC to yield XLV-5. The:r """" ‘
prepratlon of Comounds 382-384 and 386 followed the above deprotection procedure. =

‘Compound 382: '"H NMR (DMSO-ds, 400 MHz) 6 12.28 (s, 1H), 7.50 (dd, J = <=
9.6, 2.8 Hz, 1H), 7.42 (d,J= 2.4 Hz, 1H), 7.33 (dd, J = 6.8, 2.0 Hz, 1H), 7.02 (d, /= 9.2 Hz, 1H), =
5.52 (d, J=9.2 Hz, 1H), 4.70-4.64 (m, 1H), 2.17 (s, 6H),1.30 (s, 6H).

Compound 383: "H NMR (DMSO-ds, 400 MHz) 6 12.27 (s, 1H), 7.61 (dd, J = 1~

Compound 384: "H NMR (DMSO-ds, 400 MHz) & 12.27 (s, 1H), 7.88 (s, 1H), -
7.82-7.73 (m, 3H), 7.55-7.52 (m, 2H), 6.56 I(dd, J=28.8, 0.8 Hz, 1H), 2.16 (s, 6H).

Compound 386: 'H NMR (DMSO-ds, 400 MHz) 6 12.27 (s, 1H), 7.88 '(s,. 1H),
7.49 (dd, J = 9.6, 2.8 Hz, 1H), 7.40-7.34 (m, 3H), 7.04-7.02 (m, 2H), 6.50 (d, J = 9.2 Hz, 1H), 3.79
(s, 3H), 2.15 (s, 6H). .

Compound 391 was prepared by following the similar procedure for obtaining
Compound 238 (Scheme XXXIX) by using 4-bromo-1,5-dimethyl-1H-pyrazole in place of XXXIX-
2. "H NMR (CDCls, 400 MHz) 6 7.49-7.42 (m, 4H), 7.38-7.33 (m, 2H), 7.26-7.24 (m, 1H), 6.71 (d,
J=19.2 Hz, 1H), 3.83 (s, 3H), 2.32 (s, 3H). MS (ESI) m/z [M+H]" 349.9.
' Compounds 420-422 were prepared following Séheme XLV usihg 5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzo[d]thiazole or 5-(4,4,5,5-tetramethyl- 1,3,2-dioxaborolan-
2-yl)benzo[d]oxazole as XL'V-2 and 5-bromo-1-(4-ethoxy-2-methylphenyl)-4-methylpyridin-2(1H)-

~one or 5-bromo-1-(4-chlorophenyl)-4-methylpyridin-2(1H)-one as XLV-1.

Compound 420: '"H NMR (CDCls;, 400MHz) § 8.14 (s, 1H), 7.70 (s, 1H), 7.62-
7.59 (m, 1H), 7.32-7.30 (m, 1H), 7.15-7.12 (m, 2H), 6.85-6.79 (m, 2H), 6.61 (s, 1H), 4.03 (q, /= 6.8
Hz, 2H), 2.18 (s, 3H), 2.16 (s, 3H), 1.41 (t, J = 6.8 Hz, 3H). MS (ESI) m/z (M+H)" 361.1.

Compound 421: 'H NMR (CDCl;, 400MHz) § 9.07 (s, 1H), 8.05 (s, 1H), 8.00
(d, J = 8.0 Hz, 1H), 7.48-7.43 (m, 2H), 7.42-7.37 (m, 3H), 7.26 (s, 1H), 6.62 (s 1H), 2.18 (s, 3H).
MS (ESI) m/z (M+H)" 352.9.

Compound 422: "H NMR (CDCl;, 400MHz) & 8.16 (s 1H) 7.70 (s, 1H), 7.62 (d,
J=28.0 Hz, 1H), 7.48-7.43 (m, 2H), 7.41-7.38 (m, 2H), 7.32-7.28 (m, 2H), 6.60 (s; 1H), 2.14 (s, 3H).
MS (ESI) m/z (M+H)" 337.2.
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Example 24
5-Phenyl, 4-Alkyl Substituted Analogs (Scheme XL.VI)

‘ XLVI-5
NO,
% XLVI-2 \Q(i H PAIC C'COOEt NazC;Q\(‘l

H Cu(OAc),, Py, PYNO, EtOH : dloxane/HZO
XLVIA1 4A MS, DCM 0, Jk
N02 NHZ : N OEt
XLVI-3 XLVI4 : H
Compound 416

XLVI-3 was prepared following the general procedure described in Method 1. ‘3‘"‘:

MS (ESI) m/z (M+H)" 325.1.

A mixture of XLVI-3 (2.3 g, 7.08 mmol) and Pd/C (~0.2 g) in ethanol (30 mL) “

o

......

was stirred under Hj at rt overnight. Filtered the mixture, and concentrated the filtrate to give XLVI-

4 (1.6 g, 77% vield.). MS (ESI) m/z (M+H)"* 294.9. -

To a solution of XLVI-4 (400 mg, 1.36 inmol) in dioxane/HZO (11 mL, v/v=10:1)
was added Na,CO; (288 mg, 2.72 mmol) with stirring at 0°C. Then ethyl chloroformate (XLVI-5)
(443 mg, 4.08 mmol) was édded dropwise. The mixture was stirred at rt for 5 hours. The reaction
was evaporated to dryness. The residue was diluted with water (20 mL), extracted with EtOAc 30
mLx3). The combined organic layer was washed with brine, dried over anhydrous Na,SOj and
concentrated. The crude was purified by prep-TLC (PE/EA=1/1) to give Compound 416 (389 mg,
78% yield) as a white solid. "H NMR (DMSO-d, 400 MHz) 6 9.81 (s, 1H), 7.54 (é 1H), 7.47-7.34
(m, 5H), 7.24-7.20 (m, 2H), 7.05 (d, J = 8.0 Hz, 1H), 6.44 (s, lH) 4.11 (q,J 7.2 Hz, 2H) 2.08 (s,
3H), 1.22 (t, J= 7.2 Hz, 3H). MS (EST) m/z [M+H] 366.9.

Compound 417. To the solutlon of XLVI-4 (500 - mg, 1.7 mmol) in Py (2 mL)

was added dimethylcarbamic chloride (365 mg, 3.4 mmol). The mixture was stirred at rt overnight. -

The reaction was partitioned between EA (100 mL) and H,O (20 mL). The organic layer was
separated, washed with ag. HCl (2N) and brine, dried over anhydrous Na,SOy4 and concentrated.
The residue was purified by prep-TLC (PE/EA=1/3) to give Compound 417 (160 mg, 26%
yield)."H NMR (DMSO-ds, 400 MHz) ¢ 8.46 (s, 1H), 7.57 (s, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.44-
7.41 (m, 2H), 7.39 (s, 1H), 7.31 (t, /= 8.0 Hz, 1H), 7.22 (t, J = 8.8 Hz, 2H), 7.00-6.98 (m, 1H), 6.44
(s, 1H), 2.91 (s, 6H), 2.09 (s, 3H). MS (ESI) m/z [M+H]" 365.9.

Compound 419: To the solution of XLVI-4 (500 mg, 1.7 mmol) in Py (2 mL)

 was added methylcarbamic chloride (317 mg, 3.4 mmol). The mixture was stirred at rt ovemighf.

The reaction was partitioned between EA (100 mL) and H,O (20 mL). The organic layer Wa.s

separated, washed with agq. HCI (2N) and brine, dried over anhydrous Na;SO4 and concentrated.
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The res1due was purified by prep-TLC (PE/EA=1/3) to give Compound 419 (209 mg, 35% yield).,

'"H NMR (DMSO-ds, 400 MHz) & 8.73 (s, 1H), 7.57 (s, 1H), 7.47-7.42 (m, 3H), 7.38-7.30 (m, 2H), " >

7.27-7.22 (m, 2H), 6.96 (d, J = 7.2Hz, 1H), 6.46 (s, 1H), 6.11-6.07 (m, 1H), 2.64 (d, J = 4.8Hz, 3H), ©
2.11 (s, 3H). MS (ESI) m/z [M+H]" 351.9,

using (4- mtrophenyl)boromc acid in place of XLVI-2. MS (ESI) m/z (M+H) 294.9.

foo.d

Compound 418: To the solution of XLVI-4a (500 mg, 1.7 mmol) in DCM (15 +*

mL) was added TMSNCO (978 mg, 8.5 mmol). The ‘mixture was stirred at rt overnight. LCMS
showed the reaction was completed. The mixture was filtered and concentrated The residue was
purified by prep-TLC (PE/EA=1/3) to afford Compound 418 (101 mg, 18% yield). 'H NMR -.
(DMSO-dj, 400 MHz) ¢ 8.70 (s, 1H), 7.48-7.39 (m, 5H), 7.28-7.20 (m, 4H), 6.41 (s, 1H), 5.89 (s,
2H), 2.08 (s, 3H). MS (ESD m/z [M+H]" 337.9.

Compound 560 was prepared by reacting XLVI-4' with isocyanatoethane in
DCM at 1t overnight. '"H NMR (DMSO-ds, 400 MHz) & 8.50 (s, 1H), 7.58 (s, 1H), 7.46-7.41 (m,
3H), 7.33-7.24 (m, 4H), 6.95 (d, J=7.2Hz, 1H), 6.45 (s,.1H), 6.08 (d, J=7.2 Hz, 1H), 3.74 (m, 1H),
2.11 (s, 3H), 1.10 (d, J=6.4 Hz, 6H). '

‘ Compound 561 was prepared by reacting XLVI-4 with 2—isocyanat015ropane in
DCM at rt overnight. "H NMR (DMSO-d;;, 400 MHz) 6 8.62 (s, 1H), 7.56 (s, 1H), 7.44-7.39 (m,
3H), 7.32-7.30 (m, 2H), 7.22 (t, J-8.8 Hz, 2H), 6.94-6.92 (m, 1H), 6.43 (s; 1H), 6.15 (t, /=5.6 Hz,
1H), 3.11-3.04 (m, 2H), 2.08 (s, 3H), 7.02 (t, J=7.2 Hz, 3H). |

Additional compounds as shown in Table 1 were also preparéd. Those skilled in
the art will be able to recognize modifications of the disclosed syntheses and to devise alternate
routes based on the disclosures herein. -

Compound 666: "H NMR (CDCl;, 400 MHz) 6 8.20~8.10 (m, 4H), 7.42~7.40
(m, 2H), 7.27 (m, 2H). MS (ESI) m/z [M+H]" 337.0.

Compound 667: '"H NMR (CDCls, 400 MHz) 8. 04~8 00 (m, 2H), 7. 51~7 49
(m, 1H), 7.20~7.15 (m, 2H), 6.90~6.85 (m, 2H), 4.14~4.09 (q, J = 7.2 Hz, 2H), 2.30 (s, 3H),
1.48~1.44 (t, J= 7.2 Hz, 3H). MS (ESI) m/; [M+H]" 311.0.

 Compound 668: "H NMR (CDCls, 400MHz) 3 8.26 (s, 1H),7.90 (s, 1H), 6.79(t,
J= 8 OHz, 2H), 5.40 (s, 1H), 4.72 (d, J= 8.0Hz, 1H), 4.49-4.38 (m, 2H) 3.94-3.90 (q, J= 6.4Hz, 1H),
3.81-3.66 (m, 4H), 2.75-2.65 (m, 1H), 2.28-2.16 (m, 4H), 2.05-1.97 (m, 2H), 1.52-1.44 (m, 3H),
1.31-1.25 (m, 3H). MS (ESI) m/z (M+H)" 449.1. EE%: 95.5%.
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Example 25 |
5-Haloalkyl Substituted Anal ogs (Scheme XLVII)

F3C
FsC Ci
3 m ch03 Nal | A NO,
+
N“So DMF reflux NZ
NO,
XLVII-1 XLVH-2 XLVII- 3 '
XLViI-3
- CFC
F"Cm , m No
N0 :
cl cl
Fe/HCI N0 ~"oH socl,
XLVIEZ ——» —_— —>
EtOH K,CO,, DMF, 130°C DCM, Et;N

HN

HN 1
NH
2 xwu-sl XLvi-  ©
: XLVt oo _ OH
‘ 8 AN
N TL
/Lo N0

XLVII-7 ' Cl
—»
Nal (cat.), CH3CN

Compound 709 "
To a mixture of XLVII-1 (8.2 g, 50 mmol, 1 eq) in DMF (60 mL) was added

XLVII-2 (13.1 g, 75 mmol, 1.5 eq), K»CO; (11.0 g, 80 mmol, 1.6 eq) and Nal (1.4 g, 9.3 mmél, 0.18
eq). The resulting mixture was refluxed for 4 h under N,. Then the mixture was cooled to rt and
diluted with H,O and extracted with EA. The combined organic phase was washed with brine, driegi
over Na,SOy, and filtrated. EA was evaporated to allow solid precipitate out. The solid was ﬁltered,
and the filter cake was washed with PE to give the pure XLVII-3 (11.2 g, 70%) as a brown solid.
The ﬁltraté was concentrated and purified by flash column chromatography (PE:EA=10:1~1:1) to
afford the XLVII-3’(1.7 g, 10. 6%) as a yellow oil.

The mixture of XLVII-3 (9.85 g, 31 mmol, 1 eq) and reductive iron power (52g,
93 mmol, 3 eq) in 80 mL of 50% EtOH was heated to reflux, conc HCI (0.34 mL, 4 mmol) was

added dropwise, then the mixture was refluxed for 4h. Then the mixture was cooled to rt, filtered,

washed the filter cake with EA, the filtrate was washed with brine, dried over Na,SQO,, and
concentrated to afford XLVII-4 (8.9 g, crude yield 100%).
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The mixture of XLVII-4 (6.0 g, 20.8 mmol, 1 eq),' chloroethanol (20 mL, 300H
mmol, 14.4 eq) and K,COj3 (5.75 g, 41.6 mmol, 2 eq) in DMF (50 mL) was stirred at 130°C for 28h, |

i
x,

After the mixture was cooled to rt, diluted with H,O, and extracted with EA, the filtrate was,
concentrated and the residue was purified to afford XLVII-S (2.5 g, 36.% ) as a yellow solid. e ,

The mixture of XLVII-5 (2.0 g, 6 mmol, 1 eq), SOCL, (0.65 mL, 9 mmol, 1.5 eq) ;’
and Et;N (1.3 mL, 9 mmol, 1.5 eq) in DCM (50 mL) was stirred at rt for 28h under N,. The reaction r
was then quenched with H,O, extracted with EA, the filtrate was concentrated and the residue was "~
purified to produce XLVII-6 (1.5 g, 71%) as a yellow solid. ' @

The mixture of XLVII-6 (900 mg, 2.6 mmol, 1 eq), XLVII-7 (1.2 g, 7.8 mmol, 3
eq) and Nal (30 mg, catalytic amount) in CH3CN (50 mL) was refluxed for 16h ﬁnder N,. The Iuﬂ :
solvent was then removed and the resulting residue was purified to give Compouhd 709 (420 mg,
37%) as a yellow colloid substance. "H NMR (CDCls, 400 MHz) § 7.61 (s, 1H), 7.51 (dd, J =2.6,
9.7 Hz, 1H), 7.11 (d, J =8.5 Hz, 1H), 6.76 - 6.70 (m, 2H), 6.58 (dd, J =2.6, 8.7 Hz, 1H), 4.74 (t, J
=4.5 Hz, 1H), 3.66 - 3.60 (m, 2H), 3.16 (q, J =5.3 Hz, 2H), 2.72 - 2.44 (m, 12H). MS (ESI) m/z
(M+H") 445.1. o

Example 26
ET-1 Assay

Assay of Inhibitory Effect on TGF-b induced Endothelin-1 Production

Fibroblasts (primary human lung and dermal, HFL-1, 3T3 etc) are seeded in 96-
well plates at ~15000 cells/well and serum starved for 0-48 hours. After media exchange,
compounds serially diluted in DMSO are added to the cells. After a brief incubation of ~30 mih,
stimulants (TGFb, serum, LPA etc) are added followed by further incubation for 16-48 hours. Media
is then harvested and stored frozen in plate format for later cndothélin-l (ET-1) determination by
ELISA. Toxicity measurements are made using the ATPlite kit (Perkin—Eimer). ET-1 is quantified
using an ELISA kit (R&D Systems). The amount of ET-1 produced in the assay wells are back-
calculated using the ELISA standard. The ability of a compouhd to inhibit ET-1 production is
typically analyzed by fitting dose-response curves to a 4-parameter logistic function to obtain an

EC50 value. A measure of cytotoxicity (CC50) is likewise reported from the same experiment using
the ATPlite data.

Assay Data for Compounds

Compounds of some embodiments were prepared according to synthetic methods

described herein and assay. data obtained for ECsy against ET-1. The assay data obtained is
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presented in Table 2, in which A= less than 50 uM, B = greater than or equal to 50 nM and less than:

or equal to 200 uM; and C = greater than 200 pM.

TABLE 2.

Compd. ECs, Compd. | ECs Compd. | = EC;s Compd. EC;s
# ET-1 # ET-1 # ET-1 # ET-1
10 C 59 A 107 C 154 C
11 C 60 A 108 C 156 C
12 C 61 A 110 -C 157 A
13 C 62 C 111 C 158 C
14 C 63 A 112 C 159 C
15 C 64 B 113 C © 160 B
17 C 65 C 114 C 161 A
18 C 66 B 115 C 162 A
19 B 67 C 116 C 163 A
21 C 68 C 118 C 164 A
22 C 71 C 119 A 165. B
23 B 73 A 120 A 166 A
24 C 74 B 121 C 167 C
25 C 75 . B 122 C 168 B
26 A 77 B 123 A 169 B
27 C 78 c ‘124 C 170 A .
28 B 79 A 125 C 171 B
29 B 80 B 126 A 172 C
31 A 81 B 127 C 173 C
32 C 82 C 128 A 174 A
33 A 83 C 129 B 175 B
34 A 84 C 130 C 176 B
35 A 85 C 131 C 177 B
36 A 86 B 132 C 178 B
37 B 87 A 133 B 180 B
38 C 88 B 134 A 181 C
39 A 89 C 135 B 182 C
40 C 90 C 136 B 183 C
42 C 91 C 137 C 184 B
43 A 92 B 138 C . 185 B
44 C 93 . A 139 C 186 ‘A
45 C 94 C 140 B 187 B
46 A 95 A 141 Cc 188 A
47 A 96 C 143 C 189" C
49 A 97 C 144 C 190 B
50 C 98 B 145 B 191 B
51 C 99 A 146 C 192 A
52 C 100 A 147 C 193 B
53 C 101 C 148 C 194 A
54 C 102 C 149 B 195 A
55 C 103 C 150 B 196 B
56 C 104 C 151 A 197 B
57 C 105 C 152 B 198 - B
58 A 106 C 153 A 199 B
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Compd. ECs, Compd. ECs, Compd. Compd. ECs
# ET-1 # ET-1 # ET-1 # ET-1
200 B 255 C 319 A 380 C
201 B 256 C 320 A 381 C
202 B 257 C 321 A 382 B
203 A 258 A 322 A 383 B
204 A 259 B 323 -C 384 B
205 B 260 B 324 B 385 B
206 B 261 C 327 - C 387 B
207 B 262 B 328 C 388 C
208 B 263 A 329 C 390 C
209 A 264 C 330 C 391 A
210 A 265 C 331 C 392 C
211 C 266 C - 332 C 393 C
212 B 267 C 333 B 394 A
213 C 268 C 334 C 395 B
214 B 269 C 336 C 396 C
216 B 270 C 338 C 397 C
217 C 271 C 344 C 308 C
218 A 272 C 345 C 399 C
219 B 273 C 346 C 400 A
220 C 274 C 347 B 401 - C
221 C 275 C "~ 349 C 402 A
222 C 276 C 350 B 403 A
223 C 277 C 351 A 404 A
224 C 278 B 352 B 405 A
225 C 279 C 353 B - 406 B
226 C 281 - C 354 B 407 A
227 C 282 C 355 C 408 C
228 B 283 C 356 B 409 A
229 B 285 C 357 C 410 A
230 C 287 C 359 C 411 B
231 B 288 B 360 A 412 C
232 C 289 B 361 C 413 A
233 C 290 B 362 C 414 A
234 C 291 C 363 C 415 A
235 B 294 B 364 C 416 A
236 B 296 C 365 C 417 A
237 B 298 B 366 C 418 B
238 B 299 C 367 C 419 B
240 C 300 C 368 C 420 B
241 C 302 B 369 B 421 B
242 C 303 B 370 C 422 C
243 B 309 B 371 C 423 C
244 C 310 B 372 C 424 B
247 C 311 C 373 C 425 A
248 C 312 C 374 A 426 C
250 B 313 B 375 C 427 C
251 A 314 A 376 . A 429 C
252 B 315 A 377 "B 430 A
253 C 316 A 378 B 431 C
- 254 A 318 A 379 C 432 C
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| Compd. ECsy ||| Compd. ECs - Compd. ECs ||| Compd. ECsp |,
# ET-1 # ET-1 #_ | ET-1 # ET-1 _|..
438 C 566 C 609 A 676 A s
439 C 568 C 610 A 677 B ©
440 C 569 A 611 A 678 B |
442 C 570 C 612 A 679 A )
526 C 571 C 614 A 680 C
527 A 573 C 615 A 681 B 0
528 A 574 A 617 A 682 A -
529 C 575 A 618 B 683 A -
530 A 577 B 619 A 684 B
531 A 579 C 620 A 685 A =
532 A 580 A 622 C 686 B
533 B 581 C 623 C 687 A
534 A 582 A 624 A 688 B .
535 A 583 A 625 A 689 A
536 A 584 A 626 A 690 A
537 A 585 C 628 A 691 A
540 A 586 A 629 A 692 A
541 C 587 A 631 A 693 B
542 A 588 C 634 A 694 A
543 A 591 A 636 C 695 A
544 B 593 A 647 A 696 B
545 C 594 A 648 A 697 B
546 C 595 A 649 A 698 B
547 A 596 A 650 A 699 B
550 A 597 C 651 A 700 B
552 C 598 A 657 A 701 A
553 A 599 A 665 A 702 A
554 C 600 A 666 A 703 A
555 C 601 A 667 A 704 A
556 C 602 A 669 A 705 A
557 A 603 A 670 A 706 A
558 B 604 A 671 A 707 A
559 A 605 A 672 A 708 B
562 A 606 A 673 A 709 B
563 A 607 A 674 B
565 A 608 B 675 A

Example 27

Cell Proliferation Assay
Assay of Inhibitory Effect on Cell Proliferation (BrdU Incorporation)

[1150] Fibroblasts (primary human lung and dermal, HFL-1, 3T3 etc) were plated on a
96-well plate and serum starved for 24-48 hours. The media were then exchanged for media
containing stimulants (LPA, TGFb, serum etc) and cultured further for 16-24 hours before BrdU
addition. After culturing for another 8 hours, cells were washed with PBS and the amount of BrdU

incorporated into the cells was assayed by absorbance at 450 nm using the Cell proliferation ELISA
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system (RPN250, Amersham LIFE SCIENCE). The difference between the amount of BrdU; """"

incorporated in the stimulant-added well and the amount of BrdU incorporated in the well containing -

no stimulant represented the amount of BrdU incorporation accelerated by stimulant. The increaseffi

of BrdU incorporation without the addition of test. compounds was set as 100% and the™

concentration of compound with 50% inhibition in the increase of BrdU incorporation (ICso value)=
‘ LY

was determined. The test compounds were added 0-30 min before stimulant addition.

, o

Assay Data for Compounds } -

[1151] Compounds of some embodiments were prepared according to synthetic methods

described herein and assay data obtained for ICsy for BrdU inhibition. The assay data obtained is ‘

or equal to 200 uM; and C = greater than 200 pM.

TABLE 3.

Compd. | IC5c BRDU || Compd. | IC5 BRDU || Compd. | IC5 BRDU {| Compd. | IC5 BRDU
# # # B # ,
13 C 126 A 219 C 383 B
21 C 133 B 229 A 385 A
28 B 134 A 234 C 387 B:
29 C 153 A 237 A 391 B
31 B 155 A 238 A 394 A
4] A 157 C 239 A 395 B
43 C 160 A 243 C 399 A
46 A . 161 A 251 A 400 A
47 A 162 A 252 " B 402 C
49 A 175 A 254 A | 403 A
50 A 180 A 258 A . 404 . A
51 C 184 A 259 A 405 A
52 - C 185 A 260 A 406 A
53 C 188 A 261 A 407 A
58 A 189 C 262 A 410 A
59 A 192 A 263 A 411 A
60 A 195 A 276 C 413 A
61 A 196 A 278 B 414 A
63 A 198 A 282 C 415 A
68 C 201 A 285 C 416 A
71 C 202 A 290 C 417 A
73 C 203 A 300 C 418 B
75 B 204 A 316 A 419 B
80 C 206 A 333 C 424 A
86 A 207 A 350 B 425 A
87 A 208 B 351 B 430 A
101 B 209 A 353 C 431 B
119 A 210 C 360 B 432 B
120 A 216 A 374 B 531 A
123 A 218 A 376 C 535 A
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ICsy BRDU

Compd. Compd. | IC5, BRDU (| Compd. | IC5 BRDU |{| Compd. | IC5 BRDU
# # # #
538 B 575 A 610 A 650 A
542 A 583 A 615 A 651 A
543 A 584 A 617. B 657 A
544 A 588 A 618 B 658 C
547 A 591 C 619 A 662 C
550 A 594 A 620 A 664 A
551 A 595 B 624 A 665 B
553 A 600 C 625 A 681 A
557 A 601 A 626 A 682 A
562 A 602 A 629 C 683 A
563 A 603 A 631 C 684 A
564 A 604 A 636 C 685 A
565 A 605 A 640 C 686 A
569 A 606 A 647 A 687 A
570 C 607 A 648 A 688 B
574 A 609 A 649 B 689 A
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While the disclosure has been illus.t'rated and described in detail in the-

foregoing description, such illustration and description are to be considered illustrative or

" exemplary and not restrictive. The disclosure is not limited to the disclosed embodiments.

Variations to the disclosed embodiments can be understood and effected by those skilled in

. the art in practicing the claimed disclosure, from a study of the drawings, the disclosure and

the appended claims.

All references cited herein are incorporated herein by reference in their
entirety. To the extent publications and patents or patent applications incdrporated by
reference contradict the disclosure contained in the speciﬁcé‘tion,‘ the épeciﬁcation is
intended to supersede and/or take precedence over any such contradictory material.

| Unless otherwise defined, all terms (including technical and scientific
terms) are to be given their ordinary and customary meaning to a person of Ordinary skill in

the art, and are not to be limited to a special or customized meaning unless expressly so

“defined herein. It should be noted that the use of particular terminology when describing

certain features or aspects of the disclosure should not be taken to imply that the
terminology is being re-defined herein to be restricted to include any sﬁeciﬁc characteristics
of the features or aspects of the disclosure with which that terminology is associated.
| Where a range of values is provided, it is understood that the upper and
lower limit, and each intervening value between the upper and lower limit of the range is
encompassed within the embodiments. |
Terms and phrases used in this application, and variations thereof,
especially in the appended claims, unless otherwise expressly stated, should be construed as
open ended as opposed to limiting. As examples of the foregoing, the term ‘including’
should be read to mean ‘including, without limitatioh,’ ‘including but not limited to,” or the
like; the term ‘comprising’ as used herein is synonymous with ‘including,” ‘containing,” or

‘characterized by,” and is inclusive or open-ended and does not exclude additional, unrecited

elements or method steps; the term ‘having’ should be interpreted as ‘having at least;’ the -

term ‘includes’ should be interpreted as ‘includes but is not limited to;’ the term ‘example’
is used to provide exemplary instances of the item in discussion, not an exhaustive or

limiting list thereof; adjectives such as ‘known’, ‘normal’, ‘standard’, and terms of similar

meaning should not be construed as limiting the item described to a given time period or to -
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an item available as of a given time, but instead should be read to encompass known,
normal, or standard technologies that may be available or known now or at any time in the
future; and use of terms like ‘preferably,” ‘preferred,” ‘desired,” or ‘desirable,” and words of
similar meaning should not be understood as implying that certain features are critical,
essential, or even important to the structure or function of the invention, but instead as
merely intended to Highlight alternative or additional features that may or may not be.
utilized in a particular embodiment of the invention. Likewise, a group of itéms linked with
the conjunction ‘and’ should not be read as requiring that each and every one of those items
be present in the grouping, but rather should be read as ‘and/or’ unless expressly stated
otherwise. Similarly, a group of items linked with the conjunction ‘or’ should not be read as
requiring mutual exclusivity among that group, but rather should be read as ‘and/or’ unless
expressly stated otherwise. |

With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from.
the singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity. The
indefinite article “a” or “an” does not exclude a plurality. A single processor or other unit
may fulfill the functions of several items recited in the claims. .The mere fact that certain
measures are recited in mutually different dépendent claims does not indicate that a
combination of these measures cannot be used to advantage. Ahy reference signs in the
claims should not be construed as limiting the scope.

It will be further understood by those within the art that if a specific

number of an introduced claim recitation is intended, such an intent will be explicitly recited

in the claim, and in the absence of such recitation no such intent is present. For example, as
an aid to understanding, the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to introduce claim recitations.

However, the use of such phrases should not be construed to imply that the introduction of a

(
claim recitation by the indefinite articles “a” or “an” limits any particular claim containing

such introduced claim recitation to embodiments containing only one such recitation, even

when the same claim includes the introductory phrases “one or more” or “at least one” and

indefinite articles such as “a” or “an” (e.g., “a” and/or “an” should typically be interpreted to
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mean “at least one” or “one or more”); the same holds true for the use of definite articles
used to introduce claim recitations. In addition, even if a specific number of an introduced
claim recitation is expliéitly recited, those skilled in the art will recognize that such
recitation should typically be interpreted to mean at least the recited number (e.g., the bare
recitation of “two recitations,” without other modifiers, typically means at least two
recitations, or two or more recitations). Furthermore, in those instances where a convention
analogous to “at least one of A, B, and C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would understand the convention (e.g., “a
system having at least one of A, B, and C” would include but not be limited to systems that

have A alone, B alone, C alone, A and B together, A and C together, B and C together,

“and/or A, B, and C together, etc.). In those instances where a convention analogous to “at

least one of A, B, or C, etc.” is used, in general such a construction is intended in the sense
one having skill in the art would understand the convention (e.g., “a system having at least
one of A, B, or C” would include but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together, and/or A, B, and C together,
etc.). It will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, whether in the description, claims,
or drawings, 'shQuld be understood to contemplate the possibilities of including one of the
terms, either of the terms, or both terms. For example, the phrase “A or B” will be
understood to include the possibilities of “A” or “B” or “A and B.”

All numbers expressing quantities of ingredients, reaction conditions, and
so forth used in the specification are to be understood as being modified in all instances by

the term ‘about.” Accordingly, unless indicated to the contrary, the numerical parameters set

forth herein are approximations that may vary depending upon the desired properties sought

to be obtained. At the very least, and not as an attempt to limit the application of the
doctrine of equivalents to the scope of any claims in any application claiming priority to the
present application, each numerical parameter should be construed in light of the number of
significant digits and ordinary rounding approaches.

| Furthermore, although the foregoing has been described in some detail by
way of illustrations and examples for purposes of clarity and understahding, it is apparent to

those skilled in the art that certain changes and modiﬁcations may be practiced. Therefore,
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the description and examples should not be construed as limiting the scope of the invention r

to the specific embodiments and éxamples described herein, but rather to also cover all ;
modification and alternatives coming with the true scope and spirit of the invention. et
I':‘:E,!
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1. A compound having the structure of formula (I): 77

_ 10
or a pharmaceutically acceptable salt théreoﬁ wherein
R! is selected from the group consisting of Ce.1o aryl optionally substituted
with one or more R*, 5-10 membered heteroaryl optionally substituted with one or
more R*, Cs.;o carbocyclyl optionally substituted with one or more R* and 3-10

membered heterocyclyl optionally substituted with one or more R*

R’ is selected from the group consisting of (CHz),~(Cé.10 aryl), (CHp)a-(5-10

membered heteroaryl), -(CH,),~(Cs.1o carbocyclyl), and -(CH»),-(3-10 membered

heterocyclyl), each optionally substituted with one or more R’

N Rt

Kt

ring Ais optionally substituted with one or more R’ wherein
R" is independently selected from hydrogen, optionally substituted Ci alkyl,
optionally substituted Css cycloalkyl, optionally substituted Cas alkoxyalkyl,
optionally substituted C-carboxy, acyl, Ce.1¢ aryl optionally substituted with one or

more R'!, or C7.14 aralky! optionally substituted with one or more R!:

each R* is independently selected from the group consisting of halogen, -CN,’

-OH, -C(O)R®, -SO,R'S, optionally substituted C;.¢ alkyl, optionally substituted Cp
alkenyl, optionally substituted C,¢ alkynyl, optionally substituted C,s alkoxy,
optionally substituted Ce.10 aryl optionally substitutéd with one or more R, Cy.14
aralkyl optionally substituted with one or more R'!, 5-10 membered heteroaryl
optionally substituted with one or more R'!, or indépendently two geminal R*
together are oxo; | ' ,

each R’ is independently selected from the group consisting of hydroxy,
halogen, optionally substituted C;¢ alkyl, optionélly substituted FCM “alkenyl,

310 -
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optionally substituted C,¢ alkynyl, optionally substituted C,¢ alkylthio, optionally
substituted Cz-g_ alkoxyalkyl, optionally substituted Cs.1o carbocyclyl, optionally
substituted Cs.10 aryl, -OR’, -NR'“R", -C(O)R®, -SO,R'®, -CN, and -NOy;

R'* is selected from the group consisting of hydrogen, optidnally substituted -

C1salkyl, optionally substituted Ce.19 aryl, and -C(O)R®;
R' is selected from the group consisting of hydrogen, optionally substituted
Ci¢alkyl, optionally substituted Cs.19 aryl, and -C(O)Rs;

each R® is independently selected from the group consisting of hydrogen, .

optionally substituted C;4 alkyl, optionally substituted C,¢ alkenyl, optionally

substituted Cy¢ alkynyl, C.19 aryl optionally substituted with one or more R”, Craa
aralky! optionally substituted with one or more R, -NR'*R"3, and -OR’;

each R'? is independently selected from the group coﬁsisting of hydrogen,
optionally substituted C;¢ alkyl, optionally substituted C2-6 alkenyl, optionaily
substituted C,. alkynyl, Ce.10 aryl optionally substituted with one or more R", and
Cs.14 aralkyl optionally substituted with one or more R”;

each R" is independently selected from the group consisting of hydrogen,

optionally substituted Cis alkyl optionally substituted C,. 6> alkenyl, 'optionallyv
. substituted C,. alkynyl, Ce.10 aryl optionally substituted with one or more R, and

C7.14 aralkyl optlonally substituted with one or more R

each R’ is independently selected from the group consisting of hydrogen,
optionally substituted C;¢ alkyl, optionally substituted C,¢ alkenyl, optionally
substituted C,¢ alkynyl, optionally substituted C,.g alkoxyalkyl, C¢;o aryl optionally
substituted with one or more R”, Cr.14 aralkyl optionally Substitutéd with one or
more R, and -(CH,),-(3-10 membered heterocyclyl) optionally substituted wifh one
or more RIO; | _

each R is independently selected ﬁoﬁ the group consisting of optionally
substituted C,. alkyl, optionally substituted C,.¢ alkenyl, and optionally substituted
Cas alkynyl, or independeﬂtly two gemihal R together are oxo;

each R" is independently selected from the group consisting of halogen, -
CN, optionally substitutéd C1. alkyl, optionally substituted Cy. alkenyl, optionally
substituted Cs.¢ alkynyl, and optionall‘y substituted Clg alkoxy;
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each R'® is independently selected from the group éonsisting of ‘optiona_lly
substituted C,.¢ alkyl, optionally substituted C,¢ alkenyl, optionally substituted C,.¢
alkynyl, Ce.;o aryl optionally substituted with one or more R', Cj,, aralkyl
optionally substituted with one or more R", -NR'?R", and -OR’;

Z is selected from oxygen and sulfur; |

each n is 0; and | |

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

from the group consisting of a single bond and a double bond.

2. The compound of Claim 1, wherein

each R’ is independently selected from the group consisting of halogen, -

optionally substituted C,¢ alkyl, optionally substituted C,. alkenyl, optionally

substituted Ca6 alkynyl, optionally substituted Ci.¢ alkylthio, optionally substituted

C,.s alkoxyalkyl, optionally substituted Cs.;o carbocyclyl, optionally substituted Cq.10

aryl, -OR’, -NR“R", -C(O)R?, -SO,R"®, and -NO,. |

3. The compound of Claim 1, wherein R' is selected from Cg.1o aryl optionally
substituted with one or more R*, or 5 to 6 membered heteroaryl optionally substituted with

4
one or more R,

4. The compound of Claim 3, wherein R' is phenyl optionally substituted with one

or more R*.
5. The compounld‘ of Claim 3, wherein R! is pyridazinyl optionally substituted with
one or more R*.

6. The compound of Claim 3, wherein R' is pyrazolyl or 1-methyl pyrazolyl

opﬁoﬁally substituted with one or more R*.

7. The compound of Claim 1, wherein R’ is -(CHy)y-(Ce.1o aryl) optionally
substituted with one or more R’. |
| 8. The compound of Claim 7, wherein R® is phenyl, optionally substituted with one
or more R’.

9. The compound of Claim 7, wherein R? is unisubstituted.

10. The compound of Claim 8, wherein R’ is selected from cyano, halogen,

optionally substituted C,alkyl, or optionally substituted C;.¢ alkoxy.
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11. The compound of Claim 10, wherein R’ is selected from cyano, fluoro, chloro,
methyl, ethyl, ethoxy, methoxy, trifluoromethyl, trifluoromethoxy or difluoromethoxy.

12. The compound of Claim 1, wherein R* is selected from halogen, optionally
substituted Cy alkyl, or C7.14 aralkyl optionally substituted with one or more R'', or two

5 geminal R* together are oxo. - ' .

13. The compound of Claim 12, wherein R* is selected from fluoro, methyl,
trifluoromethyl, -(CH);OH, benzyl, or two geminal R* together are 0Xo.

14. The compound of Claim 1, wherein Z is oxygen. _

15. The compound of Claim 1, wherein the bonds represented by a solid and dashed

10 - line are double bonds.

16. The compound of Claim 1, wherein the compound is selected from the group

consisting of:
F E
N/\\ ,N N—\
N N N \ N
I [
N (0] N 0
OCF, OCF,
F \ \ \
N= N
’\ _ N,\ \ N“"\\N N/N \ N:\N \ Et\N’\\
N N N BN N
| | | S
N 0] N O N~ Y0 N o
OCF; OCF; OCF, ot CFs
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HN Et,
N’ \ N’\\
N N
| AN
N 0]
OCF,
i-Pr, Me

OCF,

N
X
N~ "0
OCF3
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or pharmaceutically acceptable salts thereof.
17. A pharmaceutical composition comprising an effective amount of a compound of

Claim 1, or a pharrhaceuti_cally acceptable salt thereof, and a pharmaceutically acceptable
carrier, diluent, éxcipient or combination thereof.

F |
N=
N—
%
N~ "0

18. A compound of structure OCF3 | or a pharmaceutically acceptable
salt thereof.
\
N'N \ \N/\\
N\ N
N" o

:

19. A compound of structure

thereof.
20. A compound of structure OCFs | or a pharmaceutically
acceptable salt thereof.

315

OCF3 | or a pharmaceutically acceptable salt -

.......

......



10 -

15

tﬁ -
“, M*‘E o gt
ﬁ%?»;{rf f;% ’ 5L
4 .
% 25
. P y
Re: %0
21. A compound of structure OCF3 | or a phar ceutiz?fl‘lyn.qgceptable
salt thereof. |

22. Use of a compound of any one of claims 1 to 16 and
composition of claim 17 in the preparation of a medicament for treating a fibrotic condition.
* 23. The use of claim 22, wherein the fibrotic condition is selected from pulmonary

fibrosis, dermal fibrosis, pancreatic fibrosis, liver fibrosis, and renal fibrosis.

24. The use of Claim 22, wherein the fibrotic condition is idiopathic pulmonary

fibrosis. » ‘

25. A pharmaceutical 'Compositi(')n comprising a compound of any one of claifns_ 1to
16 and 18-21 for use in the treatment of a fibrotic condition.

26. The pharmaceutical composition of claim 25; wherein the fibrotic condition is
selected from pulmonary fibrosis, dermal fibrosis, pancreatic fibrosis, ‘liver fibrosis, and
renal fibrosis. o | |

27. The pharmaceutical composition of claim 25, wherein the fibrotic condition is

idiopathic pulmonary fibrosis.
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