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SUBSTITUTED IMIDAZOLES AS GLP-1 
RECEPTOR AGONISTS 

RELATED APPLICATIONS 

This application claims the benefit of and priority to 
International Application No. PCT/CN2020/102955, filed 

(I) 

on Jul. 20, 2020, and International Application No. PCT/ 
CN2021/070120, filed on Jan. 4, 2021, the entire contents of 10 

each of which are incorporated herein by reference in their 
entireties. 

BACKGROUND 15 

Glucagon-like peptide-I (GLP-1) is an incretin of 30 or 

31 amino acids, secreted from L cells in the small intestine. 

GLP-1 exerts a wide range of effects through the GLP-1 20 

or a pharmaceutically acceptable salt, solvate, prodrug, 
stereoisomer, or tautomer thereof, wherein A, X, Y, T, L, R2 , 

and R4 are as described in detail below. 
Another aspect of the application relates to a pharmaceu­

tical composition comprising a compound of Formula (I) or 
a compound described herein, or a pharmaceutically accept­
able salt, solvate, prodrug, stereoisomer, or tautomer thereof, 
and a pharmaceutically acceptable diluent, excipient, or 
earner. 

receptor, such as promotion of glucose dependent insulin 

secretion, inhibition of glucagon secretion, delay of gastric 

emptying, and suppression of feeding. Accordingly, GLP-1 

analogs display potent effects in HbAlc reduction and 25 Another aspect of the application relates to a method of 
treating or preventing a GLP-1 receptor-mediated disease or 
disorder ( e.g., a disease or disorder in which GLP-1 receptor 
plays a role or which is associated with modulation of 
GLP-1 receptor), as described herein ( e.g., diabetes, obesity, 
overweight condition, hyperlipidemia, hypercholesteremia, 
hypertriglyceridemia, atherosclerosis, hypertension, stroke, 

weight loss, and have been developed as effective therapeu­

tic agents for treatment of diabetes and obesity. GLP-1 

analogs also demonstrate efficacy on improving cardiovas-

cular outcomes and retaining renal functions in diabetic 30 

patients, thus providing therapeutic opportunities for a vari-

ety of metabolic disorders and related comorbidities. 

Recently, Liraglutide and Semaglutide treatment is shown to 

decrease liver fat and boost NASH resolution in clinical 35 

coronary heart disease, congestive heart failure, cardiac 
arrhythmias, diabetic kidney disease, dementia, Parkinson's 
disease, Alzheimer's disease, and liver diseases such as 
NAFLD and NASH). The method comprises administering 
to a subject in need of such a treatment a therapeutically trials, suggesting potential utility for NASH. However, most 

of these GLP-1 analogs require an invasive subcutaneous 

administration. Semaglutide in specific formulation can be 
administrated via oral route, but still suffers from inconve­

nient dosing regimen and poor bioavailability. Improving 

metabolic stability and bioavailability of GLP-1 analogs is 

challenging, likely due to their peptidic nature. 

effective amount of a compound of Formula (I) or a com­
pound described herein, or a pharmaceutically acceptable 
salt, solvate, prodrug, stereoisomer, or tautomer thereof, or 

40 a therapeutically effective amount of a pharmaceutical com­
position comprising a compound of Formula (I) or a com­
pound described herein, or a pharmaceutically acceptable 
salt, solvate, prodrug, stereoisomer, or tautomer thereof, and 
a pharmaceutically acceptable diluent, excipient, or carrier. 

Another aspect of the application relates to a method of 
modulating ( e.g., activating or stimulating) GLP-1 receptor. 
The method comprises administering to a subject in need of 
such modulation a therapeutically effective amount of a 
compound of Formula (I) or a compound described herein, 

Currently, there is no approved small molecule GLP-1 45 

receptor agonist for the treatment of diabetes or other 
metabolic disorders where GLP-1 receptor plays a role. 
Thus, there is a need for small molecule GLP-1 receptor 
agonists as therapeutic options for the treatment of these 
disorders. The present application addresses the need. 50 or a pharmaceutically acceptable salt, solvate, prodrug, 

stereoisomer, or tautomer thereof, or a therapeutically effec­
tive amount of a pharmaceutical composition comprising a 
compound of Formula (I) or a compound described herein, 
or a pharmaceutically acceptable salt, solvate, prodrug, 

SUMMARY 

The present application provides novel GLP-1 receptor 
ligands which are useful in the treatment of a disease or 
disorder in which GLP-1 receptor plays a role, such as those 
described herein, including but not limited to diabetes, 
obesity, overweight condition, hyperlipidemia, hypercholes­
teremia, hypertriglyceridemia, atherosclerosis, hyperten­
sion, stroke, coronary heart disease, congestive heart failure, 
cardiac arrhythmias, diabetic kidney disease, dementia, Par­
kinson's disease, Alzheimer's disease, and liver diseases 
such as nonalcoholic fatty liver disease (NAFLD) and 
nonalcoholic steatohepatitis (NASH). 

A first aspect of the application relates to a compound of 
Formula (I): 

55 stereoisomer, or tautomer thereof, and a pharmaceutically 
acceptable diluent, excipient, or carrier. 

Another aspect of the application relates to a compound of 
Formula (I) or a compound described herein, or a pharma­
ceutically acceptable salt, solvate, prodrug, stereoisomer, or 

60 tautomer thereof, or a pharmaceutical composition compris­
ing a compound of Formula (I) or a compound described 
herein, or a pharmaceutically acceptable salt, solvate, prod­
rug, stereoisomer, or tautomer thereof, and a pharmaceuti­
cally acceptable diluent, excipient, or carrier, for use in a 

65 method of treating or preventing a GLP-1 receptor-mediated 
disease or disorder or of modulating (e.g., activating or 
stimulating) GLP-1 receptor. 
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Another aspect of the application relates to use of a 
compound of Formula (I) or a compound described herein, 
or a pharmaceutically acceptable salt, solvate, prodrug, 
stereoisomer, or tautomer thereof, or a pharmaceutical com­
position comprising a compound of Formula (I) or a com- 5 

pound described herein, or a pharmaceutically acceptable 
salt, solvate, prodrug, stereoisomer, or tautomer thereof, and 
a pharmaceutically acceptable diluent, excipient, or carrier, 
in the manufacture of a medicament for treating or prevent-
ing a GLP-1 receptor-mediated disease or disorder or for 10 

modulating ( e.g., activating or stimulating) GLP-1 receptor. 
The present application provides modulators (e.g., ago­

nists) of GLP-1 receptor that are therapeutic agents in the 
treatment of diseases such as diabetes, obesity, metabolic 

15 
diseases, cardiovascular diseases, liver diseases, NASH, 
kidney diseases, neurodegenerative diseases, and other dis­
eases or disorders associated with the modulation of GLP-1 
receptor. 

The present application further provides compounds and 
20 

compositions with an improved therapeutic profile ( e.g., 
efficacy, pharmacodynamics, safety) relative to known 
GLP-1 receptor agonists and alternative routes of adminis­
tration, toward the treatment of various types of diseases 
including diabetes, obesity, metabolic diseases, cardiovas-

25 
cular diseases, liver diseases, NASH, kidney diseases, neu­
rodegenerative diseases, and other diseases associated with 
the modulation of GLP-1 receptor. 

DETAILED DESCRIPTION 

Compounds of the Application 
The present application relates to compounds and com­

positions thereof that are capable of modulating the activity 

30 

of GLP-1 receptor. The application features methods of 
treating, preventing, or ameliorating a disease or disorder in 35 

which GLP-1 receptor plays a role by administering to a 
subject in need thereof a therapeutically effective amount of 
a compound of the present application, or a pharmaceuti­
cally acceptable salt, solvate, prodrug, stereoisomer, or 
tautomer thereof. The compounds of the present application 40 

can be used in the treatment of a variety of GLP-1-mediated 
diseases and disorders by stimulating GLP-1 receptor. Acti­
vation or stimulation of GLP-1 receptor provides treatment, 
prevention, or amelioration of diseases including, but not 
limited to, diabetes, obesity, metabolic diseases, cardiovas- 45 

cular diseases, liver diseases, nonalcoholic steatohepatitis 
(NASH), and other diseases associated with the modulation 
of GLP-1 receptor. 

In a first aspect of the application, a compound of Formula 
(I) is described: 50 

(I) 

55 

60 

65 

4 
or a pharmaceutically acceptable salt, solvate, prodrug, 
stereoisomer, or tautomer thereof, wherein: 

-¥v
~----~ 

X'. __ ,) 
is 

4 

or 

R1 is (CRcRc)0 _2-C3 -C6 cycloalkyl, (CRcRc)0 _2 -phe­
nyl, or (CRcRc)0 _2 -heteroaryl comprising one 5- or 
6-membered ring and 1-3 heteroatoms selected from N, 
0, and S, wherein the cycloalkyl, phenyl, or heteroaryl 
is optionally substituted with one or more substituents 
independently selected from C1-C6 alkyl, C1-C6 haloal­
kyl, C1 -C6 alkoxy, C1 -C6 haloalkoxy, OH, halogen, 
NH2 , NH-(C1 -C6 alkyl), N(C1 -C6 alkyl)2 , CN, N02 , 

and C3 -C6 cycloalkyl, wherein the cycloalkyl is a 
spiro-, bridged-, or mono-cycloalkyl; 

each Re is independently H, C1-C3 alkyl, or C1-C3 haloal­
kyl; 

R2 is C3 -C10 cycloalkyl, phenyl, heterocyclyl comprising 
one or two 5- or 6-membered rings and 1-3 heteroatoms 
selected from N, 0, and S, or heteroaryl comprising one 
or two 5- or 6-membered rings and 1-3 heteroatoms 
selected from N, 0, and S, wherein the cycloalkyl, 
phenyl, heterocyclyl, or heteroaryl is optionally substi­
tuted with one or more substituents independently 
selected from C1 -C6 alkyl optionally substituted with 
cl -C6 alkoxy, cl -C6 haloalkyl, cl -C6 alkoxy, cl -C6 
haloalkoxy, OH, halogen, NH2 , NH-(C1 -C6 alkyl), 
N(C1 -C6 alkyl)2 , CN, and N02 , wherein the cycloalkyl 
is a spiro-, bridged-, or mono-cycloalkyl; 

is a bicyclic heteroaryl ring selected from 
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-continued 

F 

10 

15 

I N N 
,::7 '-

N~(R3)14, r/4 (R3) 14, 
~ 10 20 

~ X(R3)1-4, N~(R3)14, 25 

10 N:J 
30 

N 

r/4(R3)1_3, 

N\ :J 
N-

35 

40 

45 

each R3 is independently halogen, C3 -C10 cycloalkyl, 50 

phenyl, heterocyclyl comprising one or two 3- to 
6-membered rings and 1-3 heteroatoms selected from 
N, 0, and S, or heteroaryl comprising one or two 5- or 
6-membered rings and 1-3 heteroatoms selected from 

55 
N, 0, and S, wherein the cycloalkyl, phenyl, heterocy­
clyl, or heteroaryl is optionally substituted with one or 
more substituents independently selected from C1 -C6 

alkyl, cl -C6 haloalkyl, cl -C6 alkoxy, cl -C6 
haloalkoxy, OH, halogen, NH2 , NH-(C1 -C6 alkyl), 60 

N(C1 -C6 alkyl)2 , CN, and N02 , wherein the cycloalkyl 
is a spiro-, bridged-, or mono-cycloalkyl, provided that 
at least one R3 is cycloalkyl, phenyl, heterocyclyl, or 
heteroaryl; 

R4 is cl -C6 alkyl, cl -C6 haloalkyl, cl -C6 alkoxy, cl -C6 65 

haloalkoxy, NH-(C1 -C6 alkyl), N(C1 -C6 alkyl)2 , or 
CN; 

6 
Lis 

--f4 
or phenylenyl, wherein the phenylenyl is optionally 
substituted with one or more substituents indepen­
dently selected from C1 -C6 alkyl, C1 -C6 haloalkyl, 
C1 -C6 alkoxy, C1 -C6 haloalkoxy, and halogen, or 
wherein when the phenylenyl is substituted with two 
substituents attached to adjacent carbon atoms in the 
phenylenyl ring, the two substituents, together with the 
carbon atoms to which they are attached, may form a 5-
or 6-membered ring optionally comprising 1-3 heteroa­
toms selected from N, 0, and S; 

Rs and R6 are each independently H, C1 -C6 alkyl, C1 -C6 
haloalkyl, C1 -C6 alkoxy, C1 -C6 haloalkoxy, OH, or 
halogen, or Rs and R6 , together with the carbon atom to 
which they are attached, form C3 -C6 cycloalkyl option­
ally substituted with one or more substituents indepen­
dently selected from C1 -C6 alkyl, C1 -C6 haloalkyl, 
C1 -C6 alkoxy, C1 -C6 haloalkoxy, OH, and halogen; and 

T is C(O)OH, (CH2)NHS(0)2-(C1 -C6 alkyl), or het­
eroaryl comprising one 5- or 6-membered ring and 1-3 
heteroatoms selected from N, 0, and S, wherein the 
heteroaryl is optionally substituted with C1 -C6 alkyl, 
cl -C6 haloalkyl, cl -C6 alkoxy, cl -C6 haloalkoxy, OH, 
halogen, or oxo, and when L is 

--f4 
T is not C(O)OH, or when Lis phenylenyl substituted 
with two substituents attached to adjacent carbon atoms 
in the phenylenyl ring, and the two substituents, 
together with the carbon atoms to which they are 
attached, form a 5- or 6-membered ring, T is H, 

provided that when 

--¥v
~----~ 

X'.. .. _,..i 
is 

4 

~,,X; 
Tis oxadiazolonyl, each R3 is independently F, hetero­
cyclyl comprising one or two 3- to 6-membered rings 
and 1-3 heteroatoms selected from N, 0, and S, or 
heteroaryl comprising one or two 5- or 6-membered 
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rings and 1-3 heteroatoms selected from N, 0, and S, 
wherein the heterocyclyl or heteroaryl is optionally 
substituted, L is 

-f4 
and Rs and R6 , together with the carbon atom to which 
they are attached, form C3 -C6 cycloalkyl, then the 
C3 -C6 cycloalkyl is unsubstituted; 

provided that when 

V

~----~ 
X'.. .. _.,/ 

is 

4 

~'')(( 

T is oxadiazolonyl, L is 

-f4 
Rs and R6 , together with the carbon atom to which they 
are attached, form unsubstituted C3 -C6 cycloalkyl, and 
R3 is heterocyclyl comprising one 6-membered ring 
and 1-3 heteroatoms selected from N, 0, and S, then R3 

is substituted; 

provided that when 

-¥v
~----~ 

X\ __ ,: 
is 

4 

~'')(( 

10 

15 

20 

25 

30 

35 

40 

8 
T is oxadiazolonyl, L is 

-f4 
and Rs and R6 are each methyl, then R3 is not heteroaryl 
comprising one 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S; and 

provided that when 

N--:-Y 

~x . 

!S 

>· 
Lis 

-f4 
Rs and R6 are each H, and R3 is heterocyclyl compris­
ing one 6-membered ring and 1-3 heteroatoms selected 
from N, 0, and S, then R3 is substituted. 

In some embodiments, the compounds of Formula (I) 
45 have the structure of Formula (Ial), (Ia2), (Ia3), (Ia4), (Ia5), 

(Ia6), (Ia7), (Ia8), (Ia9), (Ial 0), or (Iall ): 

(Jal) 

50 

55 

60 

65 
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-continued -continued 
(la2) 

0 1-
R, Jlyjj 

(la5) 

N~ 

NAN_,.,,.R2, 

5 

3 I 

(1 

(1wN~1), 
\=1 

O~N' A", 

10 

0~ 

I; 2 

15 /L 
T 

NA 
\ NH 

a-{ 20 

0 
(la6) 

Ri 
(la3) 25 

1-
R, Jlyjj 

t£6N✓R, 30 

(1wN~1), 

N Ri 

0~ 

35 
L 

-7" 

NA 

N NH 

'b--{ 
\ NH 

40 a-{ 
0 

0 

45 

(la4) 

(la7) 

0 

NAN_,.,,.R2, 

50 

1-
R, Jlv)j 

3 

C \=1 
(1wN~/), 

55 
N Ri 

0 

60 

-7" N NH -7" N NH 

'b--{ 
0 

65 'b--{ 
0 



N~ 

3 I 

( ~ 
OJp 

L 

NANH 

b--{ 
0 

N~ 

3 I 

( 
N 
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-continued 

0 y;j A ~ I ~\, 
N N 

\=1 F 

12 
-continued 

(laS) (!all) 

10 

or 0 v5j A ~ I ~\, 
N N 

\=1 F 

15 

20 

(Ia9) 
25 or a pharmaceutically acceptable salt, solvate, prodrug, 

stereoisomer, or tautomer thereof, wherein: 

30 

35 

each R7 is independently C1 -C6 alkyl, C1 -C6 haloalkyl, 

C1 -C6 alkoxy, C1 -C6 haloalkoxy, OH, or halogen; and 

each R11 is independently C1 -C6 alkyl, C1 -C6 haloalkyl, 

C1 -C6 alkoxy, C1 -C6 haloalkoxy, OH, halogen, NH2 , 

NH-(C1 -C6 alkyl), N(C1 -C6 alkyl)2 , CN, NO2 , or 

C3 -C6 cycloalkyl. 

In some embodiments, the compounds of Formula (I) 

have the structure of Formula (Ibl), (Ib2), (Ib3), (Ib4), (Ib5), 
40 

(Ib6), (Ib7), (Ib8), (Ib9), (Ibl0), or (Ibll): 

45 

(!bl) 

(lal0) 5o 

55 

60 

65 
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-continued -continued 
(Ib2) (Ib5) 

10 

15 

20 

(Ib6) 

/Ri 

(Ib3) 25 

R1 

0 

/ 0 / 

ct
N--N NAN_,,R2, 

N--N Av) 
C(NwN ~ 1 > 

\=1 30 

N Ri 

0~ 

35 
L 

~ 

NA 

N NH 

'a-{ 
\ NH 

40 a-{ 
0 

0 

45 

(Ib4) 

Q(R,-),, 

ct
N--N NAN_,,R2, 

50 l 1 

o v)/ (lb7) 

N--N ~ 

\=1 C(NC) ~I> 
N Ri 

55 
N RJ 

60 

~ N NH ~ N NH 

'a-{ 
0 

65 'a-{ 
0 
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(IbS) 

16 
-continued 

(Ibll) 

or 

10 

15 

20 or a pharmaceutically acceptable salt, solvate, prodrug, 
stereoisomer, or tautomer thereof, wherein: 

each R7 is independently C1 -C6 alkyl, C1 -C6 haloalkyl, 
C1 -C6 alkoxy, C1 -C6 haloalkoxy, OH, or halogen; and 

each R11 is independently C1 -C6 alkyl, C1 -C6 haloalkyl, 
(Ib9) 

25 
C1 -C6 alkoxy, C1 -C6 haloalkoxy, OH, halogen, NH2 , 

NH-(C1 -C6 alkyl), N(C1 -C6 alkyl)2 , CN, 0 2 , or C3 -C6 

cycloalkyl. 
For each of the formulae described herein, where appli-

30 cable: 
In some embodiments, 

35 

40 

In some embodiments, is 

45 

(Ibl0) 5o 

55 In some embodiments, R1 is (CRcRc)0 _2 -phenyl substi-
tuted with one or more substituents independently selected 
from straight-chain C1 -C6 alkyl or branched C3 -C6 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

60 haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 
( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
65 i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­

chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
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s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 5 

ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, NO2 , and C3 -C6 cycloalkyl ((e.g., 
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl). 

In some embodiments, R1 is (CRcRc)0 _2 -phenyl substi­
tuted with one or more substituents independently selected 10 

from straight-chain C1 -C4 alkyl or branched C3 -C4 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl (e.g., methyl, ethyl, propyl, i-pro- 15 
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight­
chain C1-C4 alkoxy or branched C3 -C4 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, or t-butoxy), straight-chain C1-C4 haloalkoxy or 20 

branched C3 -C4 haloalkoxy ( e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 
OH, halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C4 alkyl) 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 25 

s-butyl, or t-butyl), N(C1 -C4 alkyl)2 ( e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl), CN, 
NO2 , and C3 -C6 cycloalkyl ((e.g., cyclopropyl, cyclobutyl, 
cyclopentyl, or cyclohexyl). 

In some embodiments, R1 is (CRcRc)0 _2 -phenyl substi- 30 

tuted with one or more substituents independently selected 
from straight-chain C1 -C4 alkyl or branched C3 -C4 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl (e.g., methyl, ethyl, propyl, i-pro- 35 

pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight­
chain C1-C4 alkoxy or branched C3 -C4 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, or t-butoxy), straight-chain C1-C4 haloalkoxy or 40 

branched C3 -C4 haloalkoxy ( e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 
and halogen (e.g., F, Cl, Br, or I). 

In some embodiments, R1 is (CRcRc)0 _2 -phenyl substi- 45 

tuted with one, two, or three substituents as described herein. 
In some embodiments, R1 is (CRcRc)0 _2 -phenyl substi­

tuted with one, two, or three substituents selected from 
methyl, methoxy, CF3 , F, and Cl. 

In some embodiments, R1 is (CRcRc)0 _1-phenyl substi- 50 

tuted with one or more substituents as described herein. 
In some embodiments, R1 is (CRcRc)0 _1-phenyl substi­

tuted with one, two, or three substituents as described herein. 

18 
In some embodiments, R1 is CRcRcphenyl substituted 

with one, two, or three substituents selected from methyl, 
CF 3 , F, and Cl. 

In some embodiments, R1 is (CRcRc)0 _2----C3 -C6 cycloal­
kyl ( e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
bicyclobutanyl, bicyclopentanyl, or bicyclohexanyl) option­
ally substituted with one or more substituents independently 
selected from straight-chain C1 -C6 alkyl or branched C3 -C6 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 
( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, NO2 , and C3 -C6 cycloalkyl ((e.g., 
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl). 

In some embodiments, R1 is (CRcRc)0 _2----C3 -C6 cycloal­
kyl ( e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
bicyclobutanyl, bicyclopentanyl, or bicyclohexanyl) option­
ally substituted with one or more substituents independently 
selected from straight-chain C1 -C4 alkyl or branched C3 -C4 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight­
chain C1-C4 alkoxy or branched C3 -C4 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, or t-butoxy), straight-chain C1 -C4 haloalkoxy or 
branched C3 -C4 haloalkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 
OH, halogen (e.g., F, Cl, Br, or I), NH2 , NH-(C1-C4 alkyl) 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), N(C1 -C4 alkyl)2 ( e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl), CN, 
NO2 , and C3 -C6 cycloalkyl ((e.g., cyclopropyl, cyclobutyl, 
cyclopentyl, or cyclohexyl). 

In some embodiments, R1 is (CRcRc)0 _2----C3 -C6 cycloal­
kyl ( e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
bicyclobutanyl, bicyclopentanyl, or bicyclohexanyl) option­
ally substituted with one, two, or three substituents as In some embodiments, R1 is (CRcRc)0 _1-phenyl substi­

tuted with one, two, or three substituents selected from 
methyl, methoxy, CF3 , F, and Cl. 

55 described herein. 

In some embodiments, R1 is phenyl substituted with one 
or more substituents as described herein. 

In some embodiments, R1 is phenyl substituted with one, 
two, or three substituents as described herein. 

In some embodiments, R1 is phenyl substituted with one, 
two, or three substituents selected from methyl, methoxy, 
CF 3 , F, and Cl. 

In some embodiments, R1 is CRcRcphenyl substituted 
with one or more substituents as described herein. 

In some embodiments, R1 is CRcRcphenyl substituted 
with one, two, or three substituents as described herein. 

In some embodiments, R1 is (CRcRc)0 _2----C3 -C6 cycloal­
kyl ( e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
bicyclobutanyl, bicyclopentanyl, or bicyclohexanyl) option­
ally substituted with one, two, or three substituents selected 

60 from methyl, methoxy, CF3 , F, and Cl. 
In some embodiments, R1 is (CRcRc)0 _1----C3 -C6 cycloal­

kyl ( e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
bicyclobutanyl, bicyclopentanyl, or bicyclohexanyl) option­
ally substituted with one or more substituents as described 

65 herein. 
In some embodiments, R1 is (CRcRc)0 _1----C3 -C6 cycloal­

kyl ( e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
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bicyclobutanyl, bicyclopentanyl, or bicyclohexanyl) option­
ally substituted with one, two, or three substituents as 
described herein. 

20 
In some embodiments, R1 is (CReRc)0 _1-heteroaryl com­

prising one 5-membered ring and 1-3 heteroatoms selected 
from N, 0, and S, optionally substituted as described herein. 

In some embodiments, R1 is (CReRc)0 _1----C3 -C6 cycloal­
kyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 5 

bicyclobutanyl, bicyclopentanyl, or bicyclohexanyl) option­
ally substituted with one, two, or three substituents selected 
from methyl, methoxy, CF3 , F, and Cl. 

In some embodiments, R1 is heteroaryl comprising one 
5-membered ring and 1-3 heteroatoms selected from N, 0, 
and S, optionally substituted as described herein. 

In some embodiments, R1 is (CReRc)0 _2 -heteroaryl com­
prising one 6-membered ring and 1-3 heteroatoms selected 
from N, 0, and S, optionally substituted as described herein. In some embodiments, R1 is cyclohexyl or bicyclopenta­

nyl, each of which is optionally substituted with one or more 10 

substituents as described herein. 

In some embodiments, R1 is (CReRc)0 _1-heteroaryl com­
prising one 6-membered ring and 1-3 heteroatoms selected 
from N, 0, and S, optionally substituted as described herein. 

In some embodiments, R1 is cyclohexyl or bicyclopenta­
nyl, each of which is optionally substituted with one, two, or 
three substituents as described herein. 

In some embodiments, R1 is cyclohexyl or bicyclopenta­
nyl, each of which is optionally substituted with one, two, or 
three substituents selected from methyl, methoxy, CF3 , F, 
and Cl. 

In some embodiments, R1 is heteroaryl comprising one 
6-membered ring and 1-3 heteroatoms selected from N, 0, 

15 and S, optionally substituted as described herein. 
In some embodiments, each Re is H. 
In some embodiments, at least one Re is C1 -C3 alkyl ( e.g., 

methyl, ethyl, propyl, or i-propyl) or C1-C3 haloalkyl (e.g., 
methyl, ethyl, propyl, or i-propyl, each of which is substi-

20 tuted one or more halogen (e.g., F, Cl)). In some embodiments, R1 is (CReRc)0 _2 -heteroaryl com­
prising one 5- or 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
more substituents independently selected from straight­
chain C1-C6 alkyl or branched C3 -C6 alkyl (e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 25 

pentyl, or hexyl), straight-chain C1 -C6 haloalkyl or branched 
C3 -C6 haloalkyl (e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 
straight-chain C1 -C6 alkoxy or branched C3 -C6 alkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkoxy or branched C3 -C6 haloalkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, N02 , and C3 -C6 cycloalkyl ((e.g., 
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl). 

In some embodiments, each Re is independently C1 -C3 

alkyl (e.g., methyl, ethyl, propyl, or i-propyl) or C1-C3 

haloalkyl (e.g., methyl, ethyl, propyl, or i-propyl, each of 
which is substituted one or more halogen (e.g., F, Cl)). 

In some embodiments, R2 is heterocyclyl comprising one 
or two 5- or 6-membered rings and 1-3 heteroatoms selected 
from N, 0, and S, or heteroaryl comprising one or two 5- or 
6-membered rings and 1-3 heteroatoms selected from N, 0, 
and S, wherein the heterocyclyl or heteroaryl is optionally 

30 substituted with one or more substituents independently 
selected from C1 -C6 alkyl ( e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) 
optionally substituted with straight-chain C1 -C6 alkoxy or 
branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, propoxy, 

35 i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy), straight-chain C1 -C6 haloalkyl or branched 
C3 -C6 haloalkyl (e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 

40 straight-chain C1 -C6 alkoxy or branched C3 -C6 alkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkoxy or branched C3 -C6 haloalkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 

In some embodiments, R1 is (CReRc)0 _2 -heteroaryl com­
prising one 5- or 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
more substituents independently selected from straight­
chain C 1 -C 4 alky 1 or branched C3 -C 4 alky 1 (e.g., methy 1, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl), 
straight-chain C1 -C4 haloalkyl or branched C3 -C4 haloalkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl, each of which is substituted with one or 
more halogen ( e.g., F, Cl)), straight-chain C1 -C4 alkoxy or 
branched C3 -C4 alkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy), 
straight-chain C1 -C4 haloalkoxy or branched C3 -C4 

haloalkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, 
n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C4 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, or 
t-butyl), N(C1 -C4 alkyl)2 ( e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl), CN, N02 , and 
C3 -C6 cycloalkyl ((e.g., cyclopropyl, cyclobutyl, cyclopen-
tyl, or cyclohexyl). 

In some embodiments, R1 is (CReRc)0 _2 -heteroaryl com­
prising one 5-membered ring and 1-3 heteroatoms selected 
from N, 0, and S, optionally substituted as described herein. 

45 s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 

50 ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and N02 . 

In some embodiments, R2 is heterocyclyl comprising one 
or two 5- or 6-membered rings and 1-3 heteroatoms selected 
from N, 0, and S, wherein the heterocyclyl is optionally 

55 substituted with one or more substituents independently 
selected from C1 -C6 alkyl ( e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) 
optionally substituted with straight-chain C1 -C6 alkoxy or 
branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, propoxy, 

60 i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy), straight-chain C1 -C6 haloalkyl or branched 
C3 -C6 haloalkyl (e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 

65 straight-chain C1 -C6 alkoxy or branched C3 -C6 alkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
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C1-C6 haloalkoxy or branched C3 -C6 haloalkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 5 

methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and N02 . 

In some embodiments, R2 is heterocyclyl comprising one 10 

5- or 6-membered ring and 1-3 heteroatoms selected from N, 

In some embodiments, R2 is heteroaryl comprising one 
6-membered ring and 1-3 heteroatoms selected from N, 0, 
and S, wherein the heteroaryl is optionally substituted with 
one or more substituents as described herein. 

In some embodiments, R2 is indazolyl or imidazopyridi­
nyl, each of which is optionally substituted with one or more 
substituents independently selected from C1 -C6 alkyl ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl) optionally substituted with straight­
chain C1-C6 alkoxy or branched C3 -C6 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 

0, and S, wherein the heterocyclyl is optionally substituted 
with one or more substituents as described herein. 

In some embodiments, R2 is heterocyclyl comprising one 15 
5-membered ring and 1-3 heteroatoms selected from N, 0, 
and S, wherein the heterocyclyl is optionally substituted 
with one or more substituents as described herein. 

s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl, each of which is substituted with one or 
more halogen (e.g., F, Cl)), straight-chain C1-C6 alkoxy or 
branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy), straight-chain C1 -C6 haloalkoxy or branched 
C3 -C6 haloalkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 

In some embodiments, R2 is heterocyclyl comprising one 
6-membered ring and 1-3 heteroatoms selected from N, 0, 20 

and S, wherein the heterocyclyl is optionally substituted 
with one or more substituents as described herein. or hexyloxy, each of which is substituted with one or more 

halogen (e.g., F, Cl)), OH, halogen (e.g., F, Cl, Br, or I), 
NH2 , NH-(C1 -C6 alkyl) ( e.g., methyl, ethyl, propyl, i-pro-

In some embodiments, R2 is heteroaryl comprising one or 
two 5- or 6-membered rings and 1-3 heteroatoms selected 
from N, 0, and S, wherein the heteroaryl is optionally 
substituted with one or more substituents independently 
selected from C1 -C6 alkyl ( e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) 
optionally substituted with straight-chain C1 -C6 alkoxy or 
branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy), straight-chain C1 -C6 haloalkyl or branched 
C3 -C6 haloalkyl (e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 
straight-chain C1 -C6 alkoxy or branched C3 -C6 alkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkoxy or branched C3 -C6 haloalkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and N02 . 

In some embodiments, R2 is heteroaryl comprising two 5-
or 6-membered rings and 1-3 heteroatoms selected from N, 
0, and S, wherein the heteroaryl is optionally substituted 
with one or more substituents as described herein. 

In some embodiments, R2 is heteroaryl comprising two 5-
or 6-membered rings and 1-3 heteroatoms selected from N 
and 0, wherein the heteroaryl is optionally substituted with 
one or more substituents as described herein. 

In some embodiments, R2 is heteroaryl comprising two 5-
or 6-membered rings and 1-3 heteroatoms selected from N, 
wherein the heteroaryl is optionally substituted with one or 
more substituents as described herein. 

In some embodiments, R2 is heteroaryl comprising one 5-
or 6-membered ring and 1-3 heteroatoms selected from N, 
0, and S, wherein the heteroaryl is optionally substituted 
with one or more substituents as described herein. 

25 pyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), 
N(C1 -C6 alkyl)2 ( e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), CN, and 
N02 . 

In some embodiments, R2 is indazolyl or imidazopyridi-
30 nyl, each of which is optionally substituted with one or more 

substituents independently selected from C1 -C6 alkyl ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl) optionally substituted with straight­
chain C1-C6 alkoxy or branched C3 -C6 alkoxy (e.g., 

35 methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl, each of which is substituted with one or 

40 more halogen (e.g., F, Cl)), straight-chain C1-C6 alkoxy or 
branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy), straight-chain C1 -C6 haloalkoxy or branched 
C3 -C6 haloalkoxy (e.g., methoxy, ethoxy, propoxy, 

45 i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy, each of which is substituted with one or more 
halogen ( e.g., F, Cl)), OH, and halogen ( e.g., F, Cl, Br, or I). 

In some embodiments, R2 is indazolyl or imidazopyridi­
nyl, each of which is optionally substituted with one or more 

50 substituents independently selected from C1 -C6 alkyl ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl) optionally substituted with straight­
chain C1-C6 alkoxy or branched C3 -C6 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 

55 s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl, each of which is substituted with one or 
more halogen (e.g., F, Cl)), and halogen (e.g., F, Cl, Br, or 

60 I). 
In some embodiments, R2 is indazolyl or imidazopyridi­

nyl, each of which is optionally substituted with one, two, or 
three substituents as described herein. 

In some embodiments, R2 is heteroaryl comprising one 
5-membered ring and 1-3 heteroatoms selected from N, 0, 65 

and S, wherein the heteroaryl is optionally substituted with 
one or more substituents as described herein. 

In some embodiments, R2 is spiro-, bridged-, or mono­
C3 -C10 cycloalkyl (e.g., cyclopropyl, cyclobutyl, cyclopen­
tyl, cyclohexyl, cycloheptyl, cyclooctyl, each of which can 
be spiro-, bridged-, or mono-cycloalkyl) optionally substi-
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tuted with one or more substituents independently selected 
from C1-C6 alkyl (e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally 
substituted with straight-chain C1 -C6 alkoxy or branched 
C3 -C6 alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, 5 

n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexy­
loxy), straight-chain C1 -C6 haloalkyl or branched C3 -C6 

haloalkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, 
i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each of which is 

10 substituted with one or more halogen (e.g., F, Cl)), straight-
chain C1-C6 alkoxy or branched C3 -C6 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkoxy or branched C3 -C6 haloalkoxy (e.g., 

15 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 20 

t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and NO2 . 

In some embodiments, R2 is bicyclooctanyl substituted 
with one or more substituents independently selected from 25 

C1 -C6 alkyl ( e.g., methyl, ethyl, propyl, i-propyl, n-butyl, 
i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substi­
tuted with straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
30 i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-

chain C1 -C6 haloalkyl or branched C3 -C6 haloalkyl ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl, each of which is substituted with 
one or more halogen ( e.g., F, Cl)), straight-chain C1 -C6 35 
alkoxy or branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, 
propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, 
pentoxy, or hexyloxy), straight-chain C1 -C6 haloalkoxy or 
branched C3 -C6 haloalkoxy ( e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 40 

or hexyloxy, each of which is substituted with one or more 
halogen (e.g., F, Cl)), OH, halogen (e.g., F, Cl, Br, or I), 
NH2 , NH-(C1-C6 alkyl) (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), 
N(C1-C6 alkyl)2 (e.g., methyl, ethyl, propyl, i-propyl, 45 

n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), CN, and 
NO2 . 

In some embodiments, R2 is phenyl substituted with one 
or more substituents independently selected from C1 -C6 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 50 

s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with 
straight-chain C1 -C6 alkoxy or branched C3 -C6 alkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, 55 

ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl, each of which is substituted with one or 
more halogen ( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or 
branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 60 

or hexyloxy), straight-chain C1 -C6 haloalkoxy or branched 
C3 -C6 haloalkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy, each of which is substituted with one or more 
halogen (e.g., F, Cl)), OH, halogen (e.g., F, Cl, Br, or I), 65 

NH2 , NH-(C1-C6 alkyl) (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), 

24 
N(C1 -C6 alkyl)2 ( e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), CN, and 
NO2 . 

In some embodiments, R2 is indazolyl, imidazopyridinyl, 
phenyl, or bicyclooctanyl, each of which is optionally inde­
pendently substituted with one or more substituents inde­
pendently selected from C1 -C6 alkyl ( e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl) optionally substituted with straight-chain C1 -C6 

alkoxy or branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, 
propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, 
pentoxy, or hexyloxy), straight-chain C1 -C6 haloalkyl or 
branched C3 -C6 haloalkyl (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each 
of which is substituted with one or more halogen (e.g., F, 
Cl)), straight-chain C1-C6 alkoxy or branched C3 -C6 alkoxy 
(e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-bu­
toxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and NO2 . 

In some embodiments, R2 is indazolyl, imidazopyridinyl, 
phenyl, or bicyclooctanyl, each of which is optionally inde­
pendently substituted with one or more substituents inde­
pendently selected from C1 -C6 alkyl ( e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl) optionally substituted with straight-chain C1 -C6 

alkoxy or branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, 
propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, 
pentoxy, or hexyloxy), straight-chain C1 -C6 haloalkyl or 
branched C3 -C6 haloalkyl (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each 
of which is substituted with one or more halogen (e.g., F, 
Cl)), straight-chain C1-C6 alkoxy or branched C3 -C6 alkoxy 
(e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-bu­
toxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, and 
halogen ( e.g., F, Cl, Br, or I). 

In some embodiments, R2 is indazolyl, imidazopyridinyl, 
phenyl, or bicyclooctanyl, each of which is optionally inde­
pendently substituted with one, two, or three substituents as 
described herein. 

In some embodiments 
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which can be spiro-, bridged-, or mono-cycloalkyl) option­
ally substituted with one or two substituents as described 
herein. 

In some embodiments, at least one R3 is phenyl optionally 
substituted with one or more substituents independently 
selected from straight-chain C1 -C6 alkyl or branched C3 -C6 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 
( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-

propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 
(e.g., F, Cl)), straight-chain C1-C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight- 5 

chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 10 

methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and NO2 . 15 chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 

methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 

In some embodiments, at least one R3 is spiro-, bridged-, 
or mono-C3 -C10 cycloalkyl (e.g., cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, each of 
which can be spiro-, bridged-, or mono-cycloalkyl) option­
ally substituted with one or more substituents independently 20 

selected from straight-chain C1 -C6 alkyl or branched C3 -C6 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 25 

hexyl, each of which is substituted with one or more halogen 
(e.g., F, Cl)), straight-chain C1-C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 30 

methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), and 
halogen ( e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is spiro-, bridged-, 35 

or mono-C3 -C10 cycloalkyl (e.g., cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, each of 
which can be spiro-, bridged-, or mono-cycloalkyl) option­
ally substituted with one or more substituents independently 
selected from straight-chain C1 -C4 alkyl or branched C3 -C4 40 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl ( e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight- 45 

chain C1-C4 alkoxy or branched C3 -C4 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, or t-butoxy), straight-chain C1-C4 haloalkoxy or 
branched C3 -C4 haloalkoxy ( e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of 50 

which is substituted with one or more halogen (e.g., F, Cl)), 
and halogen (e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is spiro-, bridged-, 
or mono-C3 -C10 cycloalkyl (e.g., cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, each of 55 

which can be spiro-, bridged-, or mono-cycloalkyl) option­
ally substituted with one or more substituents independently 
selected from straight-chain C1 -C4 alkyl or branched C3 -C4 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 60 

branched C3 -C4 haloalkyl ( e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), and 
halogen ( e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is spiro-, bridged-, 65 

or mono-C3 -C10 cycloalkyl (e.g., cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, each of 

halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and NO2 . 

In some embodiments, at least one R3 is phenyl optionally 
substituted with one or more substituents independently 
selected from straight-chain C1 -C6 alkyl or branched C3 -C6 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 
( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), and 
halogen ( e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is phenyl optionally 
substituted with one or more substituents independently 
selected from straight-chain C1 -C4 alkyl or branched C3 -C4 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight­
chain C1-C4 alkoxy or branched C3 -C4 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, or t-butoxy), straight-chain C1 -C4 haloalkoxy or 
branched C3 -C4 haloalkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 
and halogen (e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is phenyl optionally 
substituted with one or more substituents independently 
selected from straight-chain C1 -C4 alkyl or branched C3 -C4 

alkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), and 
halogen ( e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is phenyl optionally 
substituted with one or two substituents as described herein. 

In some embodiments, at least one R3 is phenyl substi­
tuted with one or two substituents as described herein. 
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In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 3- to 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or more substituents independently selected 
from straight-chain C1 -C6 alkyl or branched C3 -C6 alkyl 5 

(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 10 

(e.g., F, Cl)), straight-chain C1-C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 

15 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 20 

t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and N02 , wherein the heterocyclyl 
comprising two 3- to 6-membered rings and 1-3 heteroatoms 
selected from N, 0, and S may be a spiro- or fused-ring 25 

heterocyclyl. 
In some embodiments, at least one R3 is heterocyclyl 

comprising one or two 3- to 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or more substituents independently selected 30 

from straight-chain C1 -C6 alkyl or branched C3 -C6 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 35 

hexyl, each of which is substituted with one or more halogen 
(e.g., F, Cl)), straight-chain C1-C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 40 

methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), and 
halogen (e.g., F, Cl, Br, or I), wherein the heterocyclyl 
comprising two 3- to 6-membered rings and 1-3 heteroatoms 45 

selected from N, 0, and S may be a spiro- or fused-ring 
heterocyclyl. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 3- to 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi- 50 

tuted with one or more substituents independently selected 
from straight-chain C1 -C4 alkyl or branched C3 -C4 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl (e.g., methyl, ethyl, propyl, i-pro- 55 

pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight­
chain C1-C4 alkoxy or branched C3 -C4 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, or t-butoxy), straight-chain C1-C4 haloalkoxy or 60 

branched C3 -C4 haloalkoxy ( e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 
and halogen (e.g., F, Cl, Br, or I), wherein the heterocyclyl 
comprising two 3- to 6-membered rings and 1-3 heteroatoms 65 

selected from N, 0, and S may be a spiro- or fused-ring 
heterocyclyl. 

50 
In some embodiments, at least one R3 is heterocyclyl 

comprising one or two 3- to 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or more substituents independently selected 
from straight-chain C1 -C4 alkyl or branched C3 -C4 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), and 
halogen (e.g., F, Cl, Br, or I), wherein the heterocyclyl 
comprising two 3- to 6-membered rings and 1-3 heteroatoms 
selected from N, 0, and S may be a spiro- or fused-ring 
heterocyclyl. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 3- to 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or two substituents as described herein, 
wherein the heterocyclyl comprising two 3- to 6-membered 
rings and 1-3 heteroatoms selected from N, 0, and Smay be 
a spiro- or fused-ring heterocyclyl. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 3- to 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, substituted with one 
or two substituents as described herein, wherein the hetero­
cyclyl comprising two 3- to 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S may be a spiro- or 
fused-ring heterocyclyl. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 5- or 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or more substituents independently selected 
from straight-chain C1 -C6 alkyl or branched C3 -C6 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 
( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and N02 . 

In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 5- or 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or more substituents independently selected 
from straight-chain C1 -C6 alkyl or branched C3 -C6 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 
( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
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substituted with one or more halogen (e.g., F, Cl)), and 
halogen ( e.g., F, Cl, Br, or I). 

52 
In some embodiments, at least one R3 is heterocyclyl 

comprising one 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
two substituents as described herein. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, substituted with one or two 
substituents as described herein. 

In some embodiments, at least one R3 is tetrahydropyra-
10 nyl optionally substituted with one or more substituents as 

described herein. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 5- or 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi- 5 

tuted with one or more substituents independently selected 
from straight-chain C1 -C4 alkyl or branched C3 -C4 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl ( e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight­
chain C1-C4 alkoxy or branched C3 -C4 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 15 
s-butoxy, or t-butoxy), straight-chain C1-C4 haloalkoxy or 
branched C3 -C4 haloalkoxy ( e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 
and halogen (e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is tetrahydropyra­
nyl optionally substituted with one or two substituents as 
described herein. 

In some embodiments, at least one R3 is tetrahydropyra­
nyl substituted with one or two substituents as described 
herein. 

In some embodiments, at least one R3 is heteroaryl 
comprising one or two 5- or 6-membered rings and 1-3 

20 heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or more substituents independently selected 
from straight-chain C1 -C6 alkyl or branched C3 -C6 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 

In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 5- or 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or more substituents independently selected 
from straight-chain C1 -C4 alkyl or branched C3 -C4 alkyl 25 

(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl ( e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), and 30 

halogen ( e.g., F, Cl, Br, or I). 

s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 
( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 

In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 5- or 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or two substituents as described herein. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one or two 5- or 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, substituted with one 
or two substituents as described herein. 

methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 

35 halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, and N02 . 

In some embodiments, at least one R3 is heterocyclyl 40 

comprising one 5- or 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
more substituents as described herein. 

In some embodiments, at least one R3 is heteroaryl 
comprising one or two 5- or 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or more substituents independently selected 
from straight-chain C1 -C6 alkyl or branched C3 -C6 alkyl In some embodiments, at least one R3 is heterocyclyl 

comprising one 5- or 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
two substituents as described herein. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one 5- or 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, substituted with one or two 
substituents as described herein. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one 5-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
more substituents as described herein. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one 5-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
two substituents as described herein. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one 5-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, substituted with one or two 
substituents as described herein. 

In some embodiments, at least one R3 is heterocyclyl 
comprising one 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
more substituents as described herein. 

45 ( e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 

50 ( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­
chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 

55 s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), and 
halogen ( e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is heteroaryl 
comprising one or two 5- or 6-membered rings and 1-3 

60 heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or more substituents independently selected 
from straight-chain C1 -C4 alkyl or branched C3 -C4 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 

65 branched C3 -C4 haloalkyl (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight-
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chain C1-C4 alkoxy or branched C3 -C4 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, or t-butoxy), straight-chain C1-C4 haloalkoxy or 
branched C3 -C4 haloalkoxy ( e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of 5 

which is substituted with one or more halogen (e.g., F, Cl)), 
and halogen (e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is heteroaryl 
comprising one or two 5- or 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, optionally substi- 10 

tuted with one or more substituents independently selected 
from straight-chain C1 -C4 alkyl or branched C3 -C4 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl), straight-chain C1 -C4 haloalkyl or 
branched C3 -C4 haloalkyl (e.g., methyl, ethyl, propyl, i-pro- 15 

pyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), and 
halogen ( e.g., F, Cl, Br, or I). 

In some embodiments, at least one R3 is heteroaryl 
comprising one or two 5- or 6-membered rings and 1-3 20 

heteroatoms selected from N, 0, and S, optionally substi­
tuted with one or two substituents as described herein. 

54 
In some embodiments, at least one R3 is pyridyl substi­

tuted with one or two substituents as described herein. 
In some embodiments, R4 is straight-chain C1 -C6 alkyl or 

branched C3 -C6 alkyl (e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), straight­
chain C1-C6 haloalkyl or branched C3 -C6 haloalkyl (e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl, each of which is substituted with 
one or more halogen ( e.g., F, Cl)), straight-chain C1 -C6 

alkoxy or branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, 
propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, 
pentoxy, or hexyloxy), straight-chain C1 -C6 haloalkoxy or 
branched C3 -C6 haloalkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy, each of which is substituted with one or more 
halogen (e.g., F, Cl)), OH, or halogen (e.g., F, Cl, Br, or I). 

In some embodiments, R4 is straight-chain C1 -C6 alkyl or 
branched C3 -C6 alkyl (e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), straight­
chain C1-C6 haloalkyl or branched C3 -C6 haloalkyl (e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 
t-butyl, pentyl, or hexyl, each of which is substituted with 
one or more halogen ( e.g., F, Cl)), or halogen ( e.g., F, Cl, Br, 

In some embodiments, at least one R3 is heteroaryl 
comprising one or two 5- or 6-membered rings and 1-3 
heteroatoms selected from N, 0, and S, substituted with one 
or two substituents as described herein. 

25 or I). 

In some embodiments, at least one R3 is heteroaryl 
comprising one 5- or 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
more substituents as described herein. 

In some embodiments, at least one R3 is heteroaryl 
comprising one 5- or 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
two substituents as described herein. 

In some embodiments, R4 is straight-chain C1 -C6 alkyl or 
branched C3 -C6 alkyl (e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl). 

In some embodiments, R4 is straight-chain C1 -C4 alkyl or 
30 branched C3 -C4 alkyl (e.g., methyl, ethyl, propyl, i-propyl, 

n-butyl, i-butyl, s-butyl, or t-butyl). 
In some embodiments, L is 

In some embodiments, at least one R3 is heteroaryl 35 

comprising one 5- or 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, substituted with one or two 
substituents as described herein. 

In some embodiments, at least one R3 is heteroaryl 
comprising one 5-membered ring and 1-3 heteroatoms 40 

selected from N, 0, and S, optionally substituted with one or 
more substituents as described herein. 

In some embodiments, Lis phenylenyl optionally substi-
tuted with one or more substituents independently selected 
from straight-chain C1 -C6 alkyl or branched C3 -C6 alkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl), straight-chain C1 -C6 

In some embodiments, at least one R3 is heteroaryl 
comprising one 5-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
two substituents as described herein. 

In some embodiments, at least one R3 is heteroaryl 
comprising one 5-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, substituted with one or two 
substituents as described herein. 

In some embodiments, at least one R3 is heteroaryl 
comprising one 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
more substituents as described herein. 

In some embodiments, at least one R3 is heteroaryl 
comprising one 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
two substituents as described herein. 

In some embodiments, at least one R3 is heteroaryl 
comprising one 6-membered ring and 1-3 heteroatoms 
selected from N, 0, and S, substituted with one or two 
substituents as described herein. 

In some embodiments, at least one R3 is pyridyl optionally 
substituted with one or more substituents as described 
herein. 

In some embodiments, at least one R3 is pyridyl optionally 
substituted with one or two substituents as described herein. 

45 haloalkyl or branched C3 -C6 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl, each of which is substituted with one or more halogen 
( e.g., F, Cl)), straight-chain C1 -C6 alkoxy or branched C3 -C6 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
50 i-butoxy, s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight­

chain C1 -C6 haloalkoxy or branched C3 -C6 haloalkoxy ( e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, or 

55 halogen ( e.g., F, Cl, Br, or I). 
In some embodiments, L is phenylenyl substituted with 

two substituents attached to adjacent carbon atoms in the 
phenylenyl ring, and the two substituents, together with the 
carbon atoms to which they are attached, may form a 5- or 

60 6-membered ring optionally comprising 1-3 heteroatoms 
selected from N, 0, and S. 

In some embodiments, R5 and R6 are each H. 
In some embodiments, one ofR5 and R6 is straight-chain 

C1-C6 alkyl or branched C3 -C6 alkyl (e.g., methyl, ethyl, 
65 propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 

hexyl), straight-chain C1 -C6 haloalkyl or branched C3 -C6 

haloalkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, 
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i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight­
chain C1-C6 alkoxy or branched C3 -C6 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 5 

C1-C6 haloalkoxy or branched C3 -C6 haloalkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, or 
halogen (e.g., F, Cl, Br, or I). 10 

In some embodiments, Rs and R6 , together with the 
carbon atom to which they are attached, form C3 -C6 cycloal-
kyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, or cyclo­
hexyl) optionally substituted with one or more substituents 15 
independently selected from straight-chain C1 -C6 alkyl or 
branched C3 -C6 alkyl (e.g., methyl, ethyl, propyl, i-propyl, 
n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), straight­
chain C1 -C6 haloalkyl or branched C3 -C6 haloalkyl ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 20 

t-butyl, pentyl, or hexyl, each of which is substituted with 
one or more halogen ( e.g., F, Cl)), straight-chain C1 -C6 

alkoxy or branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, 
propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, 
pentoxy, or hexyloxy), straight-chain C1 -C6 haloalkoxy or 25 

branched C3 -C6 haloalkoxy ( e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy, each of which is substituted with one or more 
halogen (e.g., F, Cl)), OH, and halogen (e.g., F, Cl, Br, or I). 

In some embodiments, Rs and R6 , together with the 30 

carbon atom to which they are attached, form C3 -C6 cycloal-
kyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, or cyclo­
hexyl) optionally substituted with one or more substituents 
independently selected from straight-chain C1 -C4 alkyl or 
branched C3 -C4 alkyl (e.g., methyl, ethyl, propyl, i-propyl, 35 

n-butyl, i-butyl, s-butyl, or t-butyl), straight-chain C1 -C4 

haloalkyl or branched C3 -C4 haloalkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 
straight-chain C1-C4 alkoxy or branched C3 -C4 alkoxy (e.g., 40 

methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, or t-butoxy), straight-chain C1-C4 haloalkoxy or 
branched C3 -C4 haloalkoxy ( e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of 
which is substituted with one or more halogen (e.g., F, Cl)), 45 

OH, and halogen (e.g., F, Cl, Br, or I). 
In some embodiments, Rs and R6 , together with the 

carbon atom to which they are attached, form C3 -C6 cycloal-
kyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, or cyclo­
hexyl) optionally substituted with one or more straight-chain 50 

C1 -C4 alkyl or branched C3 -C4 alkyl ( e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl). 

In some embodiments, Rs and R6 , together with the 
carbon atom to which they are attached, form cyclopropyl 
optionally substituted with one or two straight-chain C1 -C6 55 

alkyl or branched C3 -C6 alkyl (e.g., methyl, ethyl, propyl, 
i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl). 

In some embodiments, Rs and R6 , together with the 
carbon atom to which they are attached, form cyclopropyl 
optionally substituted with one or two straight-chain C1 -C4 60 

alkyl or branched C3 -C4 alkyl (e.g., methyl, ethyl, propyl, 
i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl). 

56 
In some embodiments, Tis heteroaryl comprising one 5-

or 6-membered ring and 1-3 heteroatoms selected from N, 
0, and S, optionally substituted with one or more substitu­
ents independently selected from straight-chain C1 -C6 alkyl 
or branched C3 -C6 alkyl (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl), 
straight-chain C1 -C6 haloalkyl or branched C3 -C6 haloalkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, t-butyl, pentyl, or hexyl, each of which is substituted 
with one or more halogen ( e.g., F, Cl)), straight-chain C1 -C6 

alkoxy or branched C3 -C6 alkoxy (e.g., methoxy, ethoxy, 
propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, 
pentoxy, or hexyloxy), straight-chain C1 -C6 haloalkoxy or 
branched C3 -C6 haloalkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, pentoxy, 
or hexyloxy, each of which is substituted with one or more 
halogen ( e.g., F, Cl)), OH, halogen ( e.g., F, Cl, Br, or I), and 
oxo (i.e., =0). 

In some embodiments, Tis heteroaryl comprising one 5-
or 6-membered ring and 1-3 heteroatoms selected from N, 
0, and S, optionally substituted with one or more substitu­
ents independently selected from straight-chain C1 -C4 alkyl 
or branched C3 -C4 alkyl (e.g., methyl, ethyl, propyl, i-pro­
pyl, n-butyl, i-butyl, s-butyl, or t-butyl), straight-chain 
C1-C4 haloalkyl or branched C3 -C4 haloalkyl (e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl, 
each of which is substituted with one or more halogen (e.g., 
F, Cl)), straight-chain C1 -C4 alkoxy or branched C3 -C4 

alkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, 
i-butoxy, s-butoxy, or t-butoxy), straight-chain C1 -C4 

haloalkoxy or branched C3 -C4 haloalkoxy (e.g., methoxy, 
ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, s-butoxy, or 
t-butoxy, each of which is substituted with one or more 
halogen ( e.g., F, Cl)), OH, halogen ( e.g., F, Cl, Br, or I), and 
oxo (i.e., =0). 

In some embodiments, T is heteroaryl comprising one 
5-membered ring and 1-3 heteroatoms selected from N, 0, 
and S, optionally substituted with one or more substituents 
as described herein. 

In some embodiments, T is heteroaryl comprising one 
6-membered ring and 1-3 heteroatoms selected from N, 0, 
and S, optionally substituted with one or more substituents 
as described herein. 

In some embodiments, T is heteroaryl selected from 
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, 
thiadiazolyl, oxadiazolonyl, and thiadiazolonyl, each of 
which is optionally substituted with one or more substituents 
as described herein. 

In some embodiments, at least one R7 is straight-chain 
C1-C6 alkyl or branched C3 -C6 alkyl (e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl), straight-chain C1 -C6 haloalkyl or branched C3 -C6 

haloalkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, 
i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each of which is 
substituted with one or more halogen (e.g., F, Cl)), straight­
chain C1-C6 alkoxy or branched C3 -C6 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkoxy or branched C3 -C6 haloalkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, or 
halogen ( e.g., F, Cl, Br, or I). In some embodiments, Rs and R6 , together with the 

carbon atom to which they are attached, form cyclopropyl. 
In some embodiments, Tis C(O)OH. 
In some embodiments, T is (CH2)NHS(0)2-(C1 -C6 

alkyl). 

In some embodiments, at least one R7 is straight-chain 
65 C1-C4 alkyl or branched C3 -C4 alkyl (e.g., methyl, ethyl, 

propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl), 
straight-chain C1 -C4 haloalkyl or branched C3 -C4 haloalkyl 
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(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl, each of which is substituted with one or 
more halogen ( e.g., F, Cl)), straight-chain C1 -C4 alkoxy or 
branched C3 -C4 alkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy), 5 

straight-chain C1 -C4 haloalkoxy or branched C3 -C4 

haloalkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, 
n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, or 
halogen (e.g., F, Cl, Br, or I). 10 

In some embodiments, at least one R7 is straight-chain 
C1 -C4 alkyl or branched C3 -C4 alkyl ( e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl). 

58 
In some embodiments, at least one Ru is F. 
In some embodiments, at least one Ru is F and at least 

one Ru is methyl. 
Any of the moieties described herein for any one of 

In some embodiments, at least one Ru is straight-chain 
C1 -C6 alkyl or branched C3 -C6 alkyl ( e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or 
hexyl), straight-chain C1 -C6 haloalkyl or branched C3 -C6 

15 
L, T, Ri, R0 Ru, R2 , R3 , R4 , Rs, R6 , and R7 can be 
combined with any of the moieties described herein for one 
or more of the remainder of 

haloalkyl (e.g., methyl, ethyl, propyl, i-propyl, n-butyl, 
i-butyl, s-butyl, t-butyl, pentyl, or hexyl, each of which is 20 

substituted with one or more halogen (e.g., F, Cl)), straight­
chain C1-C6 alkoxy or branched C3 -C6 alkoxy (e.g., 
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy), straight-chain 
C1-C6 haloalkoxy or branched C3 -C6 haloalkoxy (e.g., 25 

methoxy, ethoxy, propoxy, i-propoxy, n-butoxy, i-butoxy, 
s-butoxy, t-butoxy, pentoxy, or hexyloxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C6 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, 30 

t-butyl, pentyl, or hexyl), N(C1 -C6 alkyl)2 ( e.g., methyl, 
ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, 
pentyl, or hexyl), CN, NO2 , or C3 -C6 cycloalkyl (e.g., 
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl). 

L, T, Ri, R0 Ru, R2 , R3 , R4 , Rs, R6 , and R7 . 

In some embodiments, 

In some embodiments, at least one Ru is straight-chain 35 

C1 -C4 alkyl or branched C3 -C4 alkyl ( e.g., methyl, ethyl, 
propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl), 
straight-chain C1 -C4 haloalkyl or branched C3 -C4 haloalkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, L, T, Ri, Ro Ru, R2 , R3 , R4 , Rs, R6 , and R7 can be 
s-butyl, or t-butyl, each of which is substituted with one or 40 combined as follows: 
more halogen (e.g., F, Cl)), straight-chain C1-C4 alkoxy or (A-1') In some embodiments, 
branched C3 -C4 alkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy), 
straight-chain C1 -C4 haloalkoxy or branched C3 -C4 

haloalkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, 45 

n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of which is 
substituted with one or more halogen (e.g., F, Cl)), OH, 
halogen ( e.g., F, Cl, Br, or I), NH2 , NH-(C1 -C4 alkyl) ( e.g., 
methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, s-butyl, or 
t-butyl), N(C1 -C4 alkyl)2 ( e.g., methyl, ethyl, propyl, i-pro- 50 

pyl, n-butyl, i-butyl, s-butyl, or t-butyl), CN, 02, or C3 -C6 

cycloalkyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, or 
cyclohexyl). 

In some embodiments, at least one Ru is straight-chain 
C1 -C4 alkyl or branched C3 -C4 alkyl ( e.g., methyl, ethyl, 55 

propyl, i-propyl, n-butyl, i-butyl, s-butyl, or t-butyl), 
straight-chain C1 -C4 haloalkyl or branched C3 -C4 haloalkyl 
(e.g., methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, 
s-butyl, or t-butyl, each of which is substituted with one or 
more halogen ( e.g., F, Cl)), straight-chain C1 -C4 alkoxy or 60 

branched C3 -C4 alkoxy (e.g., methoxy, ethoxy, propoxy, 
i-propoxy, n-butoxy, i-butoxy, s-butoxy, or t-butoxy), 
straight-chain C1 -C4 haloalkoxy or branched C3 -C4 

haloalkoxy (e.g., methoxy, ethoxy, propoxy, i-propoxy, 
n-butoxy, i-butoxy, s-butoxy, or t-butoxy, each of which is 65 

substituted with one or more halogen (e.g., F, Cl)), or 
halogen ( e.g., F, Cl, Br, or I). 

is a bicyclic heteroaryl ring selected from 
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(A-2) In some embodiments, 
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(A-4) In some embodiments, 
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is a bicyclic heteroaryl ring selected from 
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is a bicyclic heteroaryl ring selected from -continued 

5 

N~(R3)1-4, 

~ X/ 
10 

(A-10) In some embodiments, 

\ 
Y,(R3)14, and 

V
N-Y 

\J 15 

><x 

is 

20 

F 

(A-9) In some embodiments, 25 

and 

V
N-Y 

(0 ><x 
30 

is 

35 

is a bicyclic heteroaryl ring selected from 

40 
and 

(0 and 

45 

is a bicyclic heteroaryl ring selected from 50 ,:::?' 

55 F 

(A-11) In some embodiments, 

60 

and 

65 

F 

5(3 v~---~ X ,_, 
is 

4 



73 
-continued 

se ected from is a bicyclic heteroaryl ring I 

F 

(A-12) In some emb d. o 1ments, 

is b. a icyclic heteroaryl ring I se ected from 

US 12,037,339 B2 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

74 
-continued 

F 

(A-13) In some embod· 1ments, 

is a bicyclic heteroaryl • nng selected from 

N-N (R) X 31-4· 

-= 



US 12,037,339 B2 
75 76 

(A-l 4) In some embodiments, is a bicyclic heteroaryl ring selected from 
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is a bicyclic heteroaryl ring selected from (A-17') In some embodiments, 
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(A-18') In some embodiments, is a bicyclic heteroaryl ring selected from 
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-continued -continued 
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is a bicyclic heteroaryl ring selected from (B-8) In some embodiment, 

and 

F 

(B-7) In some embodiments, 20 

is a bicyclic heteroaryl ring selected from 

25 
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30 

35 

is a bicyclic heteroaryl ring selected from 
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is a bicyclic heteroaryl ring selected from is a bicyclic heteroaryl ring selected from 
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(C-1) In som 95 e embodiments, 

are as d • (CR,cR ~cnbed in any o~ o rn 
ents as ~~~~Jt:~y~ su?stitute/J~hl')-(B-12), and R • 

(C-2) I ,rem one °' mo , ,s n some emb d: re substitu-
o iments, 15 

20 

25 
areasd. (~RcRc esc~1bed in any one o ' 
st1tuents)~~2 de~en~ substituted !i~-1 )-(B-12), and R • 

(C-3) Ins en ed herein one, two,°' th, ' ,s ome embod· ee sub-
1ments, 

30 

35 

areasd. 
(
C escnbed • . RcRdo -ph m any one of (A ' 

st1tuents s~lect:~1 substituted with -1 )-(B-12), and R • (C 4) I rom meth 1 one, two hr i is 40 
- n some embod· y ' methoxy CF ' or t ee sub-iments, ' 3, F, and Cl. 

45 

are as described • 96 
phen 1 many y substituted . one of (A-1 ') described h . with one two -(B-12), and R • erem. ' , or three s b • 1 1s 

(C-6) Ins " sl'1uents as 
ome embod· iments, 

areasd. escnbed • 
phenyl substitute m a~y one of (A-1 ') selected fi d with one tw -(B-12), and R • rom methyl ' o, or thr 1 1s 

(C-7) In 'methoxy, CF F dee substituents 
some emb d. 3, , an Cl o iments, • 

areasd. escnbed • 
CR R many c c-phenyl sub . one of (A-1') ( 
described h . st1tuted with - B-12) and R • erein. one or more ' • 1 1s 

(C-8) Ins suhsUtuentsas 

ome embod· iments, 

3,v:~\ ~ X __ , and A 

4 
2 

are as described • 
CR R many 50 c cPhenyl b one of (A 1 ') ( ents as desc .b su stituted with o - - B-12), and R • n ed herein ne, two or thr i is 

(C-9) Ins · ' "suhstitu-

ome emb d. o iments, 

areasd. 
h 

escnbed • 
p enyl subs. in any one of described he t1~ted with one (A-1')-(B-12), and R • 

(C-5) In,:':: emh a· oc more substitu~ts, ;: 
0 1ments, 55 

60 

65 are a d • s escnbed • 
CR R many c cPhen 1 one of (A 1 ') 
ents selected~ substituted with on - -(B-12), and R • rom meth 1 e, two or thr i is y' CF3, F, and Cl ee substitu-
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(C-10) In some embodiments, 

3 Iv:~\ and ~A 
X .. , 

2 
4 

10 

are as described in any one of (A-1 ')-(B-12), and R1 is 
(CRcRc)0 _2----C3 -C6 cycloalkyl ( e.g., cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, bicyclobutanyl, bicy- 15 
clopentanyl, or bicyclohexanyl) optionally substituted with 
one or more substituents as described herein. 

(C-11) In some embodiments, 

3 lv:\ and~A 
X .. , 

2 
4 

20 

25 

are as described in any one of (A-1 ')-(B-12), and R1 is 
30 

(CRcRc)0 _2----C3 -C6 cycloalkyl ( e.g., cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, bicyclobutanyl, bicy­
clopentanyl, or bicyclohexanyl) optionally substituted with 
one, two, or three substituents as described herein. 

(C-12) In some embodiments, 
35 

40 

45 

are as described in any one of (A-1')-(B-12), and R1 is 
(CRcRc)0 _2----C3 -C6 cycloalkyl ( e.g., cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, bicyclobutanyl, bicy­
clopentanyl, or bicyclohexanyl) optionally substituted with 
one, two, or three substituents selected from methy, 50 

methoxy, CF3 , F, and Cl. 
(C-13) In some embodiments, 

55 

60 

are as described in any one of (A-1')-(B-12), and R1 is 
cyclohexyl or bicyclopentanyl, each of which is optionally 65 

substituted with one or more substituents as described 
herein. 

98 
(C-14) In some embodiments, 

3 Iv:~~: and ~A X .. , 

2 
4 

are as described in any one of (A-1')-(B-12), and R1 is 
cyclohexyl or bicyclopentanyl, each of which is optionally 
substituted with one, two, or three substituents as described 
herein. 

(C-15) In some embodiments, 

3 Iv:;:=-\ and ~A X '·-· 
2 

4 

are as described in any one of (A-1')-(B-12), and R1 is 
cyclohexyl or bicyclopentanyl, each of which is optionally 
substituted with one, two, or three substituents selected from 
methyl, methoxy, CF 3 , F, and Cl. 

(C-16) In some embodiments, 

are as described in any one of (A-1')-(B-12), and R1 is 
(CRcRc)0 _2 -heteroaryl comprising one 5-membered ring 
and 1-3 heteroatoms selected from N, 0, and S, optionally 
substituted as described herein. 

( C-1 7) In some embodiments, 

3 Iv:;:=-\ and ~A X '·-· 
2 

4 

are as described in any one of (A-1')-(B-12), and R1 is 
heteroaryl comprising one 5-membered ring and 1-3 het­
eroatoms selected from N, 0, and S, optionally substituted 
as described herein. 
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(C-18) In some embodiments, 

10 

are as described in any one of (A-1')-(B-12), and R1 is 
(CRcRc)0 _2 -heteroaryl comprising one 6-membered ring 
and 1-3 heteroatoms selected from N, 0, and S, optionally 15 

substituted as described herein. 

(C-19) In some embodiments, 

3 Iv:~\ and rpA X --• 
2 

4 

20 

25 

are as described in any one of (A-1 ')-(B-12), and R1 is 
heteroaryl comprising one 6-membered ring and 1-3 het- 30 

eroatoms selected from N, 0, and S, optionally substituted 
as described herein. 

(D-1) In some embodiments, 

35 

40 

and R1 are as described, as applicable, in any one of 
45 

(A-1 ')-(C-19), and R2 is heterocyclyl comprising one or two 
5- or 6-membered rings and 1-3 heteroatoms selected from 
N, 0, and S, optionally substituted with one or more 

100 
(D-3) In some embodiments, 

Nv--Y rp 3 I( :: , A ' 
X --• 

2 
4 

and R1 are as described, as applicable, in any one of 
(A-1 ')-(C-19), and R2 is heterocyclyl comprising one 
6-membered ring and 1-3 heteroatoms selected from N, 0, 
and S, optionally substituted with one or more substituents 
as described herein. 

(D-4) In some embodiments, 

and R1 are as described, as applicable, in any one of 
(A-1 ')-(C-19), and R2 is heteroaryl comprising one or two 5-
or 6-membered rings and 1-3 heteroatoms selected from N, 
0, and S, optionally substituted with one or more substitu­
ents as described herein. 

(D-5) In some embodiments, 

substituents as described herein. 

(D-2) In some embodiments, 

and R1 are as described, as applicable, in any one of 
(A-1 ')-(C-19), and R2 is heteroaryl comprising one 5-mem­
bered ring and 1-3 heteroatoms selected from N, 0, and S, 
optionally substituted with one or more substituents as 

50 described herein. 

Nv--Y rp 3 I( :: , A ' 
X .. , 

2 
4 

and R1 are as described, as applicable, in any one of 
(A-1 ')-(C-19), and R2 is heterocyclyl comprising one 
5-membered ring and 1-3 heteroatoms selected from N, 0, 
and S, optionally substituted with one or more substituents 
as described herein. 

(D-6) In some embodiments, 

55 

60 

and R1 are as described, as applicable, in any one of 
(A-1 ')-(C-19), and R2 is heteroaryl comprising one 6-mem-

65 bered ring and 1-3 heteroatoms selected from N, 0, and S, 
optionally substituted with one or more substituents as 
described herein. 
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(D-7) In some embodiments, 

and R1 are as described, as applicable, in any one of 
(A-1')-(C-19), and R2 is heteroaryl comprising two 5- or 
6-membered rings and 1-3 heteroatoms selected from N, 0, 
and S, optionally substituted with one or more substituents 
as described herein. 

(D-8) In some embodiments, 

and R1 are as described, as applicable, in any one of 
(A-1 ')-(C-19), and R2 is indazolyl or imidazopyridinyl, each 
of which is optionally substituted with one or more sub­
stituents as described herein. 

(D-9) In some embodiments, 

and R1 are as described, as applicable, in any one of 

(A-1')-(C-19), and R2 is spiro-, bridged-, or mono-C3 -C10 

cycloalkyl ( e.g., cyclopropyl, cyclobutyl, cyclopentyl, 

102 
(D-11) In some embodiments, 

10 

and R1 are as described, as applicable, in any one of 
(A-1 ')-(C-19), and R2 is phenyl optionally substituted with 

15 one or more substituents as described herein. 

20 

25 

(E-1) In some embodiments, 

Ri, and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is spiro-, bridged-, or 

30 mono-C3 -C10 cycloalkyl (e.g., cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, each of 
which can be spiro-, bridged-, or mono-cycloalkyl) option­
ally substituted with one or more substituents as described 
herein. 

35 
(E-2) In some embodiments, 

40 

45 

Ri, and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is phenyl optionally 
substituted with one or more substituents as described 

cyclohexyl, cycloheptyl, cyclooctyl, each of which can be 
50 

herein. 
spiro-, bridged-, or mono-cycloalkyl) optionally substituted 

with one or more substituents as described herein. 

(D-10) In some embodiments, 

55 

60 

and R1 are as described, as applicable, in any one of 65 

(A-1')-(C-19), and R2 is bicyclooctanyl optionally substi­
tuted with one or more substituents as described herein. 

(E-3) In some embodiments, 

Ri, and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is heterocyclyl comprising 
one or two 3- to 6-membered rings and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
more substituents as described herein. 
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(E-4) In some embodiments, 

R1 , and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is heterocyclyl comprising 
one 5- or 6-membered ring and 1-3 heteroatoms selected 
from N, 0, and S, optionally substituted with one or more 
substituents as described herein. 

(E-5) In some embodiments, 

R1 , and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is heterocyclyl comprising 
one 5-membered ring and 1-3 heteroatoms selected from N, 
0, and S, optionally substituted with one or more substitu­
ents as described herein. 

(E-6) In some embodiments, 

R1 , and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is heterocyclyl comprising 
one 6-membered ring and 1-3 heteroatoms selected from N, 
0, and S, optionally substituted with one or more substitu­
ents as described herein. 

(E-7) In some embodiments, 

R1 , and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is tetrahydropyranyl 
optionally substituted with one or more substituents as 
described herein. 

10 

104 
(E-8) In some embodiments, 

Iv·:·--; (pA X --- , , 

2 
4 

Ri, and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is heteroaryl comprising 

15 one or two 5- or 6-membered rings and 1-3 heteroatoms 
selected from N, 0, and S, optionally substituted with one or 
more substituents as described herein. 

20 

25 

(E-9) In some embodiments, 

Iv·:·--; (pA X ,_. , , 

2 
4 

30 
Ri, and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is heteroaryl comprising 
one 5- or 6-membered ring and 1-3 heteroatoms selected 
from N, 0, and S, optionally substituted with one or more 
substituents as described herein. 

35 (E-10) In some embodiments, 

40 

45 

Iv·:·--; (pA X --- , , 

2 
4 

Ri, and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is heteroaryl comprising 
one 5-membered ring and 1-3 heteroatoms selected from N, 
0, and S, optionally substituted with one or more substitu-

50 ents as described herein. 

55 

60 

(E-11) In some embodiments, 

Jv•:•--; (pA X --· , , 

2 
4 

Ri, and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is heteroaryl comprising 

65 one 6-membered ring and 1-3 heteroatoms selected from N, 
0, and S, optionally substituted with one or more substitu­
ents as described herein. 
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(E-12) In some embodiments, 

Iv·:·--; ~A X ,_, , , 

2 
4 

10 

R1 , and R2 are as described, as applicable, in any one of 
(A-1 ')-(D-11 ), and at least one R3 is pyridyl optionally 
substituted with one or more substituents as described 15 

herein. 

(F-1) In some embodiments, 

20 

X --- , , Jv•:•--; ~A 

2 25 
4 

R1 , R2 , and R3 are as described, as applicable, in any one of 30 

(A-1')-(E-12), and Lis 

106 
(F-3) In some embodiments, 

Jv•:·-} ~A X --- , , 

2 
4 

Ri, R2 , and R3 are as described, as applicable, in any one of 
(A-1')-(E-12), and Lis 

ft 
and Rs and R6 , together with the carbon atom to which they 
are attached, form cyclopropyl optionally substituted with 
one or more substituents as described herein. 

(G-1) In some embodiments, 

Jv•:•--; ~A X ,_, , , 

2 
4 

ft 35 Ri, R2 , R3 , Rs, R6 , and L are as described, as applicable, in 
any one of(A-l')-(F-3), and Tis heteroaryl comprising one 
5- or 6-membered ring and 1-3 heteroatoms selected from N, 
0, and S, optionally substituted with one or more substitu­
ents as described herein. 

and Rs and R6 are each H. 

(F-2) In some embodiment 

40 (G-2) In some embodiments, 

Jv•:•-} ~A X --- , , 

2 
4 

45 

50 

Jv•:•--; ~A X --- , , 

2 
4 

Ri, R2 , R3 , Rs, R6 , and Lare as described, as applicable, in 
any one of(A-l')-(F-3), and Tis heteroaryl comprising one 
5-membered ring and 1-3 heteroatoms selected from N, 0, 
and S, optionally substituted with one or more substituents 

R1 , R2 , and R3 are as described, as applicable, in any one of 
(A-1')-(E-12), and Lis 

55 as described herein. 

ft 60 

and Rs and R6 , together with the carbon atom to which they 

are attached, form C3 -C6 cycloalkyl ( e.g., cyclopropyl, 
65 

cyclobutyl, cyclopentyl, or cyclohexyl) optionally substi­

tuted with one or more substituents as described herein. 

(G-3) In some embodiments, 

Iv·:·--; ~A X ,_, , , 

2 
4 
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R1 , R2 , R3 , Rs, R6 , and Lare as described, as applicable, in 
any one of(A-l')-(F-3), and Tis heteroaryl comprising one 
6-membered ring and 1-3 heteroatoms selected from N, 0, 
and S, optionally substituted with one or more substituents 
as described herein. 

(G-4) In some embodiments, 

Iv·:·--; (PA X ,_, , , 

2 
4 

108 
Ri, R2 , R3 , Rs, R6 , and Lare as described, as applicable, in 

any one of (A-l')-(F-3), and Tis heteroaryl selected from 

oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, 

5 thiadiazolyl, oxadiazolonyl, and thiadiazolonyl, each of 

which is optionally substituted with one or more substituents 
as described herein. 

Non-limiting illustrative compounds of the application 

10 
are listed in Table A. As shown in Table A, other tables of 
compounds, examples, schemes, and compounds throughout 
the present application, "or 1" ( or "Or 1 ") and "or 2" ( or "Or 
2") indicate a single stereoisomeric configuration although 

the absolute stereochemistry of the indicated chiral carbon 
15 

atom is not determined, and"& 1" indicates a mixture of the 

stereoisomers of the indicated chiral carbon atom. 

TABLE A 

Cmpd 
No. Structure Chemical name 

2 

(S)-3-(1-( 6-(2,2-dimethylmorpholino )-2-(3-(3-
(4-fluoro-1-methyl- lH-indazol-5-yl)-2-oxo-2,3-

dihydro- lH-imidazol-1-yl )-2-( 4-fluoro-3 ,5-
dimethylphenyl)-4-methyl-4,5,6,7-tetrahydro-

2H-pyrazolo [ 4,3-c ]pyridine-5-
carbonyl)indolizin-1-yl)cyclopropyl)-1,2,4-

oxadiazol-5( 4H)-one 

(S)-3-(1-(2-(3-(3-( 4-fluoro-1-methyl-1 H-indazol-
5-yl)-2-oxo-2,3-dihydro-1 H-imidazol-1-yl)-2-(4-

fluoro-3,5-dimethylphenyl)-4-methyl-4,5,6,7-
tetrahydro-2H-pyrazolo [4,3-c ]pyridine-5-
carbonyl)-6-(2-(trifluoromethyl)pyridin-4-

yl)indolizin-1-yl)cyclopropyl)-1,2,4-oxadiazol-
5 ( 4H)-one 
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~cm;p~d~---------~TA~B~L~E. )A • -;,. ~onlllmetl ---~ 
Structure Chemical name 

F 

I 

N-N \ ceo C N 

4 F 

(Y~ c=eoYN 

F 

I 

N-N \ ceo C N 

, .... rj 
N 0 

...._o 

3-((1R,2S)-1-(6 pyran-4- 1 -((R)-2,2-dimeth 
indazol-/ )l)~-((S)-3-(3-(4-fluo/o~t:trahydro-2H-
yl)-2-(4-ciu 2-oxo-2,3-dihydro-limethyl-lH-

4,5 ,6, 7-tetrai:';:!:;-dimethylphenyl)'.'.;'.!azol-1-
carbonyl )indor . H-pyrazolo[4 3- ] ethyl-! izm-l-yl)-2-meth, c pyndme-5-

,2,4-oxadiazol-5(4H~~:~lopropyl)-

3-((1R,2S)-1-(6- S pyran-4- 1)- (( )-2,2-dimeth 1 
indazol-/ l)~-((S)-3-(3-(4-fluo/o:etrahydro-2H-
yl)-2-( 4-ciuo;;oxo-2,3-dihydro-1 ~~ethyl-! H-

4,5 ,6, 7-tetrah dr-3,5-dimethylphen l)1m1dazol-l-

b 

Y o-2H Y -4-meth 1 
car onyl)ind r . -pyrazolo[4 3- ] •• Y -1 o izm-l-yl)-2-meth, c pyndme-5-

,2,4-oxadiazol-5(4H~~:~lopropyl)-

3-((1 S,2S)-1-(6-pyran-4- 1) ((S)-2,2-dimeth 
indazol-/ l)~-((S)-3-(3-(4-flum';,1:~~ahydro-2H-
yl)-2-(4-ciuo;;oxo-2,3-dihydro-1H methyl-lH-

4,5,6,7-tetrah ~3,5-dimethylphen tm1dazol-l­
carbonyl)incior o-2H-pyrazolo[4 j_)]4-methyl-

1 izm-l-yl)-2-meth, c pyndme-5-
,2,4-oxadiazol-5(4 ylcyclopropyl)­H)-one 

110 



US 12,037,339 B2 
111 ~=--________ __2:TA~B~LEE J'A • cm,,< ~onwmed 

No. Structure 

F 

I 

N-N \ ~o C N 

7 F 

Chemical name 

3-((1 S,2S)-1-(6-pyran-
4

- 1)- ((R)-2,2-dimeth 1 
indazol-/ 2-((S)-3-(3-(4-fluo y :etrahydro-2H-

yl)-2-(4-ci~~;;oxo-2,3-dihydr~~l~methyl-lH-
4,5 ,6, 7-tetrahy~!'.5-dimethylphenyl -'.'.;'.1dazol- l -
carbonyl )indol' . 2H-pyrazolo[4 3-)] methyl-

! izm-l-yl)-2-meth, c pyndme-5-
,2,4-oxadiazol-5(4 ylcyclopropyl)­H)-one 

(S)-3-(1-(2-(3-(3 5-yl)-2 -(4-fluoro-1 -oxo-2 3-d'h -methyl-lH. fl , 1 ydro-lH-imi -mdazol-

tetrahydr~porophenyl)-4-methyl'.:;'z5ol-1-yl)-2-(4-
yrazolo [l 5 ] , ,6,7-

S-(2-meth 1 .' -a pyrazine-5 yl)cycl Y pyndin-4-yl)-lH • -carbonyl)-
opropyl)-l 2 4 . -mdol-1-, , -oxadrnzol-5(4H)-one 

112 
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No. Structure 

r{' 
>=< I 

N-N O}- cY> 
N: I~ 

\,::::::::J F 

N ,, 

9 F 

I 

N-N )- \N 

N: I 
\,::::::::J F 

N ,, 

Chemical name 

3-(1-(6-((R)-2 2 d 
yl)-2-((S)-

3
-(3-(~ ':ethyltetrahydro-

2
H 

yl)-2-oxo-2 -. uoro-1-meth 1-1 • -pyran-4-
meth 1 ,3-dihydro-lH. _Y H-mdazol-5-

y-2-(
4

-(tr'fl -1m1dazol-l tetrah dr 1 uoromethyl) h -yl)-4-
y o-2H- P enyl)-4 5 

carbonyl)' d . pyrazolo[4 3-c] •• , ,6,7-
m ohz_in-1-yl)cy~lo pyndme-5-

oxad1azol-S(4H)_:::pyl)-1,2,4-

3-(1-(7-((S)-2 2 • 
yl)-2-((S)-3-(3- -:1methyltetrahydro-2H 
yl)-2-oxo-2 3-d-h-fluoro-1-methyl-lH • -pyran-4 
fluor '. 1 ydro-lH-i • -mdazol-5 

te:ai;~~~~~t~ylphenyl;~~~:: \~~1)-2-(4-
carbonyl)' d . pyrazolo[4 3-c] Y • ,5,6,7-

m ohz_in-3-yl)cy~lo ;yndme-5-
oxad1azol-S(4H)-!:pyl)-1,2,4-

114 
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-:=----------~TA~BL:_EE PA • cm,,< ~onwmed 

No. Structure 

10 F 

I 

N-N )- \N 

N: I 
~ F 

N ,, 

11 

Chemical name 

3-(1-(7-((R)-2 2 • 
yl)-2-((S)-3-(3-(:fethyltetrahydro-2H 
yl)-2-oxo-2,3-di~ uoro-1-methyl-lH-i-pyran-4-
fluoro-3,5-dim ydro-lH-imidazol-1 ndazol-5-

tetrahydro-2~t~ylphenyl)-4-meth /1)-2-(4-
carbonyl). d . pyrazolo[4 3-c] Y 4,5,6,7-

m ohzm-3-yl) ' pyndme-5-
oxadiazol-S( ~~)~c;;::pyl)-1,2,4-

3-(1-(6-((R)-2 2 d 
yl)-2-((S)-

3
-(3-(~ fethyltetrahydro-

2
H 

yl)-2-oxo-2,3-di- uoro-1-methyl-lH-· -pyran-4-
fluorophe 

1 
hydro-lH-imid 1 mdazol-5-

ny )-4-m th azo -1-yl) 2 ( 
pyrazolo[4 3- ] e . yl-4,5,6 7-tetrah - - 4-

1) ' c pyndme-5 ' ydro-2H 
y cyclopropyl)-1 2 4 -car_bonyl)indol" • -' ' -oxadrnzol-5(4 izm-1-H)-one 

116 
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No. Structure 

12 

r{_c, 
~' I 

N-N O}- (Y> 
N: I~ 
~ F 

N ,, 

13 F 

f '\ 
- I 0 ,:;:9' N 

ct\)~ # 

Chemical name 

3-(1-(2-( (S)-2-(3-chlo 
fluoro-1-meth - ro-4-fluorophen 
d1hydro-1H-· yl lH-mdazol-5-yl)-/l)-

3
-(3-(4-

tetrah dr 1m1dazol-1-yl)-4 -oxo-2,3-
y o-2H -methyl 4 5 

carbonyl)-
6

-(( -pyrazolo[4,3-c] r' -. , ,6,7-
pyran-4- . R)-2,2-dimeth PY idme-5-

yl)mdolizin-1 1) yltetrahydro-2H . -y cyclop -
oxad1azol-5(

4
H) ropyl)-1,2 4--one ' 

3-(1-(6-((R)-2 2 • 
yl)-2-((S)-

3
-(3-(:~ethyltetrahydro-

2
H 

yl)-2-oxo-2 3 d'~ uoro-1-methyl-lH. -pyran-4-
fluoro-3-' - 1 ydro-lH-imidaz -mdazol-5-
tetrahydrme2thylphenyl)-4-metholl-1-yl)-2-(4-

o- H- y-45 6 
carbonyl)' d . pyrazolo[4 3_ ] • '. , ,7-

m ohz_in-1-yl)cy~loc ;yndme-5-
oxadiazol-S(4H)-!:pyl)-1,2,4-

118 
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No. Structure 

14 F 

15 F 

I 

N-N ' ceo C N 

0 

l 

Chemical name 

3-(1-(6-((R)-2 2 d 
yl)-2-((S)-3-(3-(~ fethyltetrahydro-2H 
yl)-2-oxo-2 3- .- uoro-1-meth 1-1 _-pyran-4-

fl , d1hydro-lH-imi/ H-mdazol-5-
uorophenyl)-

4
- azol-1-yl)-2-(4 

tetrah dr methyl-4 5 -
carb y opyrazolo[l 5 , ,6,7-

onyl)mdolizin-l- l), -a]pyrazine-5-
. Y cyclop 1 

oxad1azol-5(4H) ropy )-1,2 4--one ' 

(S)-3-((2-(3-(3- 4 yl)-2-oxo-2 (. -fluoro-1-meth 1 • fl ,3-dihydro-lH .. y-lH-mdazol-5 
uoro-3,5-dim -1m1dazol-l -tetrah dr ethylphenyl)-4 -yl)-2-(4-
carbo y o-2H-pyrazolo 4 -methyl-4,5,6,7-

yl)indoli~~~ti)2-(trifluoro~;t:;i)yridine-5-
y methyl)-! 2 4_ pyndm-4-

one , , oxadrnzol-5(4H)-

120 
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No. Structure 

16 

17 

Chemical name 

3-(1-(6-((S)-2 2 • 
y_l)-_2-((S)-2-(4-~~:ethyltetrahydro-2H­
(1m1dazo[l 5 o-3,5-dimeth 1 h pyran-4-
lH-imid ' -a]pyridin-7-yl)-2 Y P enyl)-3-(3-

azol-1-yl)-4-meth 1 -oxo-2,3-dihydro-
2H-pyrazol [4 y -4,5,6,7-tetrah dr 

carbonyl)indol" · 0 
,
3-c]pyridine-5- y o-

1zm-l-yl)cy 1 
oxadiazol-5(4H\':::pyl)-1,2,4-

3-(1-(6-((R)-2 2 d 
yl)-2-((S)-2-•(~-~methyltetrahydro-2H 

methyl-3-(3- uoro-3,5-dimeth -pyran-4-

y

l)-2 (3-methylimid ylphenyl)-4-
-oxo-

2 
3 d. azo[l 5- ] •• 

4,5,6 7-tetrah , - ihydro-lH-· .d' a pyndm-7-, ydro-2H- 1m1 azol-1- 1 
carbonyl)indolizin- i_i:i)~ol~[ 4,3-c ]pyri~i~e-5-

oxadiazol-5( 4~\':::pyl)-1,
2

,
4

_ 

122 
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No. Structure 

18 

19 re 
~' I 

N-N )- \N 

N: I 
~ F 

N I/ 

Chemical name 

3-(1-(6-((S)-2 2 • 
yl)-2-((S)-2, -d1methyltetrah dro 

methyl-3- 3_-(4-f'luoro-3,5-di:Cth -2H-pyran-4-

y

l)-2 ( (3-methylimid ylphenyl)-4-
-oxo-

2 
3 d. azo[l 5- ] •• 

4,5,6 7-tetrah , - ihydro-lH-· .d' a pyndm-7-, ydro-2H- imi azol-1- 1) 
carbonyl)indol" . pyrazolo[4 3-c] _Yd_ -izm-1-yl)cyclo , pyn me-5-

oxadiazol-5(4H)_:::pyl)-1,2,4-

3-(1-(6-((R)-2 2 • 
yl)-2-((S)-

3
-(3-(:~ethyltetrahydro-

2
H 

yl)-2-oxo-2 3 d-~ uoro-1-methyl-lH. -pyran-4-
fluoro-3 5 d.- 1 ydro-lH-imid 1 -mdazol-5-

tetrah;~o~~~lhylphenyl)-4-~:~ 1?1)-2-(4-
carbonyl)" d _-pyrazolo[4 3-c] y-4,5,6,7-

m ohz_in-1-yl)cy~lo ;yndme-5-
oxad1azol-5(4H)-!:pyl)-1,2,4-
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No. Structure 

20 F 

I 

N-N \ ~o C N 

21 F 

I 

N-N )- \N 

N: I 
~ F 

N ,, 

0 

Chemical name 

3-(1-(6-((S)-2 2 • 
yl)-2-((S)-3-(3•-(~d~ethyltetrahydro-2H 
yl)-2-oxo-2 3 d-~ uoro-1-methyl-lH. -pyran-4 
fluoro-3,5-di~ 1 ydro-lH-imidazol-1-mdazol-5-

tetrahydr ethylphenyl)-4 th -yl)-2-(4-
0

_

2
H -me yl 4 5 

carbonyl)" d _-pyrazolo[4 3-c] • -. , ,6,7-
m ohz_in-1-yl)cy~lo pyndme-5-

oxad1azol-S(4H)_:::pyl)-1,2,4-

3-((6-((R)-2 2 d 
yl)-2-((S)-3-(3: ~methyltetrahydro-2H 
yl)-2-oxo-2 3 i-tuoro-1-methyl-lH :pyran-4-
fluoro-3 5 d.- 1 ydro-lH-imid 1 -mdazol-5-

tetrah;~o~~~lhylphenyl)-4-~:~ 1?1)-2-(4-
carbonyl)ind 

1 
.. -pyrazolo[4 3-c] Y -4,5,6,7-

o izm-1-yl)meth'l pyndme-5-

5
(
4

H)-on{ )-l ,2,4-oxadiazol-
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~=--________ __2:TA~B~LEE J'A • cm,,< ~onwmed 

No. Structure 

22 F 

I 

N-N )- \N 

N: I 
~ F 

N ,, 

0 ..... 0 

23 F 

f \ 

~by)N 

Chemical name 

3-((6-((S)-2 2 • 
yl)-2-((S)-3-(3~d~methyltetrahydro-2H 
yl)-2-oxo-2 3- (_ -fluoro-1-meth 1-1 -pyran-4-
fluoro-3 5 d. d1hydro-lH-imid: lH-mdazol-5 

tetrahy•dr- imethylphenyl)-4 zoth -1-yl)-2-(4-

0

_

2
H -me yl 4 5 

carbonyl)ind r . -pyrazolo[4 3-c]p .d-. , ,6,7-
o izm-1-yl)meth' 1)- yn me-5-

5
(
4
H)-on: l,2,4-oxadiazol 

3-(1-(2-(3-(3-(4-fl 
yl)-2-oxo-2 3-d·huoro-1-methyl-lH • d , 1 ydro-lH-i . -m azol-5-

tetrahyd~~porophenyl)-4-me:::~f-"tosl-1-yl)-2-(4-
6 yrazolo[l 5 ] , ,6,7-
-(tetrahydro-2H , -a pyrazine-5-carbo 

yl)cyclopropyl)-1,iran+yl)indolizin-;:l)­
, oxadrnzol-5(4H)-one 
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::--________ __2:TA~B=LEE PA • cm,,< ~onwmed 

No. Structure 

24 F 

25 F 

Chemical name 

3-(1-(5-((R)-2 2 d 
yl)-2-((R)-3-(3~(~:ethyltetrahydro-2H-

5-yl)-2-oxo-2 3- . uoro-1-meth 1-1 _pyran-4-
fluoro-3 5 : d1hydro-lH-imi/ H-mdazol­

tetrahyd/ -dimethylphenyl)-4- azthol-1-yl)-2-(4-
opyrazolo[l me yl-4 5 6 

lH-indol-1-yl)c 
1 

,S-a]pyrazine-5-c b,' ,

7

-yc opropyl)-1 2 4 ar onyl)-
5(4H)-one , , -oxadiazol-

3-(1-(5-((R)-2 2 d 
yl)-2-((S)-3-(3-(~ fethyltetrahydro-2H 
yl)-2-oxo-2,3-di~ uoro-1-methyl-lH-i~pyran-4-
fluoro-3 5 d' ydro-lH-1mid dazol-5-

tetrahyd , - imethylphenyl)-4 azol-1-yl)-2-(4-
ropyrazolo[l -methyl-4 5 

lH-indol-1-yl)c 1 ,5-a]pyrazine-5-c b, ,6,7-yc opropyl)-1 2 ar onyl)-
5(4H)-one , ,4-oxadiazol-
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No. Structure 

26 F 

27 F 

Chemical name 

3-(1-(5-((R)-2 2 d 
yl)-2-((S)-3-(3-(~-~ethyltetrahydro-

2
H­

yl)-2-oxo-2 3 d'h oro-1-methyl-lH. pyran-4-
fluoro-3-' - 1 ydro-lH-imidaz -mdazol-5-

tetrahydro methylphenyl)-4-m thol-1-yl)-2-(4-
lH- · d pyrazolo[l,5-a] e yl-4,5,6,7-

m ol-1-yl)cy 1 pyrazme-5-carb c opropyl)-l 2 4_ . onyl)-
5(4H)-one , , oxadrnzol-

3-(1-(5-((R)-2 2 d 
yl)-2-((R)-3-(3~(~~ethyltetrahydro-2H 

5-yl)-2-oxo-2 3-d-~ uoro-1-methyl-lH ~pyran-4-
fluoro-3-~ 1 ydro-lH-imida -mdazol-

tetrahydro ethylphenyl)-4-m thzol-1-yl)-2-(4-
pyrazolo[l 

5 
e yl-4 5 6 7 

lH-indol-1-yl)cy 
1

' -a]pyrazine-5-c'.u-'b' -c opropyl)-l 2 4 onyl)-
5(4H)-one , , -oxadiazol-
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29 F 

133 

Structure 

US 12,037,339 B2 

TABLE A-continued 

Chemical name 

3-(1-( 5-((R)-2,2-dimethyltetrahydro-2H-pyran-4-
yl)-2-(3-(3-(4-fluoro-1-methyl- lH-indazol-5-yl)-

2-oxo-2,3-dihydro-1 H-imidazol-1-yl)-2-(4-
methoxyphenyl)-4-methyl-4,5,6,7-

tetrahydropyrazolo [1,5-a ]pyrazine-5-carbony 1 )­
lH-indol-1-yl)cyclopropyl)-1,2,4-oxadiazol-

5 ( 4H)-one 

3-(1-( 5-((R)-2,2-dimethyltetrahydro-2H-pyran-4-
yl)-2-((S)-2-(4-fluorophenyl)-3-(3-(4-

(methoxymethyl)bicyclo[2.2.2]octan-1-yl )-2-
oxo-2,3-dihydro- lH-imidazol-1-yl)-4-methyl-
4,5, 6, 7-tetrahydropyrazo lo [ 1,5-a ]pyrazine-5-
carbonyl)- lH-indol-1-yl)cyclopropyl)-1,2,4-

oxadiazol-5( 4H)-one 
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No. Structure Chemical name 

30 F 

I 

N-N ' ceo C N 

31 F 

0 ..... 0 

3-(3-(5-(2,2-dimeth 
2-((S)-3-(3-(4-fl yltetrahydro-2H-2-oxo-2 . uoro-1-meth 1- • pyran-4-yl)-

fl ,3-dihydro-lH . y lH-mdazol-5- l) 
uoro-3,5-di -1m1dazol-l y -
tetrahydr methylphenyl)-4-m th-yl)-2-(4-

o-2H-pyrazol e yl-4 5 6 7 
carbonyl)-lH-indol-1 ~[1)3-c ]pyridi~e'.s'. -

oxadiazol-S(JH~~::yl)-1,2,4-

3-(1-(5-((S)-2 2 d 
yl)-2-((S)-3-(3-(4 i;ethyltetrahydro-2H 
yl)-2-oxo-2 3- .- uoro-1-meth 1-1 _-pyran-4-, d1hydro-lH-· . y H-mdazol-5-

tetrahyd~~orophenyl)-4-me':~f_";o51-1-yl)-2-(4-
1 . pyrazolo[l 5 , ,6,7-
H-mdol-l-yl)c 

1
' -a]pyrazine-5-c b ye opropyl)-1 2 4 ar. onyl)-

5(4H)-one , , -oxadrnzol-
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c~m;p~d~ _________ ::TA~B:'.L~E. )A • '~,. ~onlllmed 

Structure Chemical name 

32 F 

0 

'""0 

33 F 

3-(1-(5-((S)-2 2 • 
yl)-2-((R)-

3 
' -dimethyltetrah dr 

5-yl)-2-oxo-~~:th-fluoro-1-m:thy~--:;-.pyran-4-
flu , 1 ydro-lH-imi -mdazol-

tetrahydro orophenyl)-4-methyl'.:;'z5ol-1-yl)-2-(4-
1H . pyrazolo[l 5 ] , ,6,7-

-mdol-1-yl)cy 1, -a pyrazine-5-carb c opropyl)-l 2 4 onyl)-
5(4H)-one , , -oxadiazol-

3-(1-(5-((R)-2 2 d 
yl)-2-((S)-

3
-(3-(~ ':ethyltetrahydro-

2
H 

yl)-2-oxo-2 3-d·h- uoro-1-methyl-lH. -pyran-4-, 
1 

ydro-lH-· . -mdazol-5-

tetrahyd~~orophenyl)-4-me':~f_";o51-1-yl)-2-(4-
1 . pyrazolo[l 5 , ,6,7-
H-mdol-l-yl)c 

1
' -a]pyrazine-5-c b ye opropyl)-1 2 4 ar. onyl)-

5(4H)-one , , -oxadrnzol-
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c~m;p~d~ _________ ::TA~B:'.L~E. )A • '~,. ~onlllmed 

Structure Chemical name 

34 F 

N:::c-

/ 

( 
N 

35 F 

I 
N-N ('(N; 
ctC(tj 

3-(1-(5-((R)-2 2 d 
yl)-2-((R)-3-(3~(~~ethyltetrahydro-2H 

5-yl)-2-oxo-2 3-d·h- uoro-1-methyl-lH ~pyran-4-, 1 ydro-lH-i . -mdazol-

tetrahyd~~porophenyl)-4-meth;;'.:;'~o61-1-yl)-2-(4-
1H . yrazolo[l 5 ] , , ,7-

-mdol-1-yl)cy 1, -a pyrazine-5-carb c opropyl)-l 2 4 onyl)-
5(4H)-one , , -oxadiazol-

1-(5-(5-(2,2-dimeth 
1-((5-hydrox yltetrahydro-2H indo :-1,3,4-thiadiazol-2- -pyran-4-yl)-

d. le 2-carbonyl)-2 ( yl)methyl)-1H-

1
methylphen l) - 4-fluoro-3 

5 

pyrazolo[4 3-c]y -4,5,6,7-tetrahydr •-2-H 
meth 1 ' . pyndm-3- 1)-

0 

-y-lH-mdazol-S- l)y 
3

-(4-fluoro-1-
. · Y -1,3-dihydr 
imidazol-2-one o-2H-
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No. Structure Chemical name 

36 F 

I 

N-N \ cro C N 

0 

0 

I 
~N 

HO 

37 F 

I 

N-N \ cro C N 

1-(5-(5-(2 2 d' 1-( (3-hyilio~ imethyltetrahydro-2H 2-carb yisoxazol-5-yl) -pyran-4-yl)-
4 5 6 7 tonyl)-2-(4-fluoro-3 5mdethyl)-1H-indole-

, , , - etrahyd , - 1meth 1 
yl)-3-(4-fluor _;o-2H-pyrazolo[4 3-y] phenyl)-. o -methyl-lH i ' c pyndm-3-

1m1dazol-2-one ,3-d1hydro-
2

H_· . - ndazol-5-yl)-l 

3-(2-(2-(3-(3-(4-fl yl)-2-oxo-2 . uoro-1-meth 1- • fluoro-3 5 /-d1hydro-lH-imiX 1H-mdazol-5-
2H-p;r: i;nethylphenyl)-4 5 a;~l-1-yl)-2-(4-

(tetrah;~ o[4
2

,3-c ]pyridin;-5-;~~etrahydro-
l) o- H-pyran-4 onyl)-5-

y phenyl)-1,2 
4

_ _-yl)-lH-indol-1-
, oxadrnzol-5(4H)-one 
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::-cm;p~d:-----------:TA~B~LEE. )A • '~,. ~onlllmetl ----
Structure Chemical name 

38 

39 F 

~ 

\ /J 
or 1 

0 ~ N 

N-N ~ I \ ~o: jN 

0 

3-(1-(5-((R)-2 2 • 
yl)-2-((S)-

3
-(3- :~ethyltetrahydro-

2
H 

yl)-2-oxo-2 3_) - uoro-1-meth 1-1 • -pyran-4-
1-(4-fl , ihydro-lH-imid y 1 H-mdazol-5-

uoroph 
1 

azo -1 1) tetrah dr eny )ethyl)-4- -y -
2

-((R)-
y o-2H methyl-4 5 6 

carbonyl)-lH . -pyrazolo[4 3- ] • : , ,7--mdol-1-yl)c •c1: pyndme-5-
oxadiazol-S(

4
Hy) propyl)-1,2 4--one ' 

3-(1-(5-((S)-2 2 • 
yl)-2-((S)-3-(3- -:1methyltetrahydro-2H 
yl)-2-oxo-2 3 ( -fluoro-1-meth 1 .-pyran-4-

1-(4-fl , -d1hydro-lH-i .d y-lH-mdazol-5-
uoroph mi azol-1 1) 

tetrahydro-2~nyl)ethyl)-4-meth 1:r -2-((S)-
carbonyl) 

1 
. -pyrazolo[4 3- ] Y • ,

5
,6,7-

- H-mdol-1-yl)c •c1: pyndme-5-
oxadiazol-S(

4
HY) propyl)-1,2 4--one ' 
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::-cm;p~d:-----------:TA~B~LEE. )A • '~,. ~onlllmetl ----
Structure Chemical name 

40 F 

-
\ II 

or 1 

N-N ~ I \ (tO : #N 

41 

'""0 

3-(1-(5-((R)-2 2 • 
yl)-2-((S)-

3
-(3- :~ethyltetrahydro-

2
H 

yl)-2-oxo-2 3_) - uoro-1-meth 1-1 • -pyran-4-
1-(4-fl , ihydro-lH-im1·d y H-mdazol-5-

uoroph 
1 

azol-1 1) tetrahydr eny )ethyl)-4-m th -y -2-((S)-
o-2H e yl-4 5 

carbonyl)-lH . -pyrazolo[4 3-c] • : ,6,7--mdol-l-yl) '
1 

pyndme-5-
oxadiazol-5(4cHy)c opropyl)-1,2 4--one ' 

3-(1-(5-((S)-2 2 • 
yl)-2-((S)-3-(3- -:1methyltetrahydro-2H 
yl)-2-oxo-2 3 ( -fluoro-1-meth 1 .-pyran-4-

1-(4-fl , -d1hydro-lH-im1·d y-lH-mdazol-5-
uoroph 

1 
azol-1 1) 

tetrahydro-2~ny )ethyl)-4-meth l~~ -2-((R)-
carbonyl) 

1 
. -pyrazolo[4 3- ] Y • ,

5
,6,7-

- H-mdol-1-yl)c •c1: pyndme-5-
oxadiazol-S(

4
HY) propyl)-1,2 4--one ' 
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::--________ __2:TA~B=LEE PA • cm,,< ~onwmed 

No. Structure 

42 F 

I 
N-N NN; 

croYN 
N 

43 

Chemical name 

l-(5-(5-(2 2 • 1-( (3-hyilio/imethyltetrahydro-2 2-carb /isothrnzol-5-yl) thH-pyran-4-yl)-

4,5,6,?-~e~J:2~(4-fluoro-3,5:i:i ~-~H-indole­
yl)-3-(4-fluo; _rlo-2H-pyrazolo[4 e3-y] phenyl)-. o -methyl-lH . , c pyndm-3-

dihydro-
2

H-i 'd -mdazol-5-yl)-l 3 
m1 azol-2-one ' -

3-(1-(2-((S)-2-(4 4 • 
fluoro-1-meth ' -d1~uorocyclohex 
dihydro-lH-· yl-lH-mdazol-5-yl)-;i)-

3
-(3-(4-

tetrah dr 1m1dazol-1-yl)-4 -oxo-2 3-y o-2H -methyl 4 ' 
carbonyl) 

5 
(( -pyrazolo[4 3-c] • - ,5,6,7-

- - S)-2 2 d' ' pyndin 5 
pyran-4-yl)-lH. , - imethyltetrah d e- --mdol-1-yl)c Y ro-2H-

oxadiazol-5(4Hy)clopropyl)-1,2 4--one ' 
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::--________ __2:TA~B=LEE PA • cm,,< ~onwmed 

No. Structure 

44 

45 F 

I 
N-N ('rN; 

ceoTN 
0 

Chemical name 

3-(1-(2-((S)-2-(4 4 • fluoro-1-meth , -d1fluorocyclohe 
dihydro-lH-· yl-lH-mdazol-5-yltt)-3-(3-(4-

tetrah dr 1m1dazol-1-yl)-4 -oxo-2,3-
y o-2H- -methyl-4 5 

carbonyl)-S (( pyrazolo[4 3-c] •• , ,6,7-- R)-2 2 d. ' pyndme-5 
pyran-4-yl)-lH. , - imethyltetrah d --mdol-1- 1) Y ro-2H-

oxadiazol-i(4Hcy)clopropyl)-124--one ' ' 

1-((S)-5-(5-((S)-2 • 
pyran-4~yl)-1-( (2-hf ~d1methyltetrahydro-2H-

1H-mdole-
2 

oxythrnzol-5- 1) 
dimethylph -carbonyl)-2-(4-fl Y methyl)-
2H- enyl)-4-meth uoro-3,5-

pyrazolo[
4 

3 yl-4,5,6 7-tetrah 
methyl-lH--' -c]pyridin-3-yl):3_(4 ydro-

mdazol-S-yl)-l,3-dih -fluoro-l-
1m1dazol-2-one ydro-2H-
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::--________ __2:TA~B=LEE PA • cm,,< ~onwmed 

No. Structure 

46 F 

I 
N-N ('(N; 
ccoTN 

0 

47 F 

I 
N-N ('(N; 
ccoTN 

Chemical name 

1-((S)-5-(5-((R)-2 2 • 
pyran-4-yl)-1-((2-h, -d1methyltetrahydro-

1H-indole-2 ydroxythrnzol-5- 2H-
dimethylph -carbonyl)-2-(4-fl yl)methyl)-
2H- enyl)-4-meth uoro-3,5-

pyrazolo[
4 

3 . yl-4,5,6 7-tetrah 
methyl-lH--' -c]pyndin-3-yl):3_( ydro-

mdazol-S-yl)-l 3-di 4-fluoro-1-
1midazol-2-o~e hydro-2H-

1-((4S)-5-(5-(2 2 d. 
4-yl)-1-(1-(5-~ imethyltetrahydro-2H-

yl )cy 1 ydroxy-1 3 4 • pyran-

fl 

c opropyl)-lH-· d ' • -thrndiazol-2 
uoro-3 5 d. m ole-2-c b -

tetrahydr;_;Himethylphenyl)-4-: ;nyl)-2-(4-
fluoro-1 -pyrazolo[4,3-c] e. yl-4,5,6,7-

-methyl-lH-· d pyndm-3-yl)-3 ( . m azol-5- 1 • - 4-
2H-1midazol-2-o~;-1,3-dihydro-
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::--________ __2:TA~B=LEE PA • cm,,< ~onwmed 

No. Structure 

48 F 

I 
N-N (YN; 

ceoYN 

49 F 

N 

I 

~: 
N 

Chemical name 

1-((4S)-5-(5-(2 2 d' 
4-yl)-1-(1- 3-~ imethyltetrahydro-2 

K1 )cycloprop~l)- i:~:dy-11,2,4-thiadia!lran-
uoro-3 5 di o e-2-carb 

tetrahydr;_;H~ethylphenyl)-4-meu':nyl)-2-(4-
fluoro-1-methpirazolo[4,3-c ]pyrid' yl-4,5,6,7-

y -lH-mdazol-5- m-3-yl)-3-(4-
2H-imidazol-2 yl)-1,3-dihydro­

-one 

3-(1-(2-((R)-2-(3 
(4-_fluoro-1-meth -chlorn-4-fluorophen 

d1hydro-lH-· _yl-lH-mdazol-5- 1) yl)-3-(3-
tetrah 1m1dazol-l- 1)- y -2-oxo-2,3-
5-((Ry)dropyrazolo[l 5- ]y 4-methyl-4 5 6 7-

-2 2-d· ' a pyrazm _ ' ' ' 
lH-ind~l-1 '.~ye)thyltetrahydro-2~ -p5-carbonyl)­

cyclopropyl)- l 
2 

yran-4-yl)-
5(4H)-one , ,4-oxadiazol-
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::--________ __2:TA~B=LEE PA • cm,,< ~onwmed 

No. Structure 

50 F 

51 Cl F 

Chemical name 

3-(1-(2-((S)-2-(3-chl fluoro-1-meth 1- oro-4-fluorophen 1 -
d1hydro-lH. Y_ lH-mdazol-5- l) y) 

3
-(3-(4-

tetrah -1m1dazol-l- 1)- y -2-oxo-2,3-
5-((Ry)dropyrazolo[l,5-af 4-methyl-4,5,6 7-

-2,2-dimeth 1 pyrazme-5-carb , 
lH-indol-l Y tetrahydro-2H onyl)--yl)cyclopropyl)-l -pyran-4-yl)-

5
C
4

H)-one ,2,4-oxadiazol-

3-(1-(2-((R)-(3-(4-flu 2-(3,5-dichloro-4-fl 
2,3-dihy;~~; ~methyl- lH-indaz:l~~op~enyl)-3-
tetrah dr -im1dazol-l- l)- -y )-2-oxo-
5-((Ry) opyrazolo[l 5- ] y 4-methyl-4 5 6 7 -2 2-d· ' a pyrazm _ ' ' , -

lH-ind~l-1 '.~ye)thyltetrahydro-2~ -p5-carbonyl)­
cyclopropyl)- l 

2 
yran-4-yl)-

5(4H)-one , ,4-oxadiazol-
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c~m;p~d~ _________ ::TA~B:'.L~E. )A • '~,. ~onlllmed 

Structure Chemical name 

52 Cl F 

53 F 

3-(1-(2-((S)-2- 3 • (3-(4-fluoro-1 ( ,5-dichloro-4-flu 
2,3-dihydro-11-tethyl- lH-indazo~~~p~enyl)-3-
tetrah d im1dazol-l- l)- Y )-2-oxo-
5-((Ry) ropyrazolo[l 5- ] y 4-methyl-4 5 6 7 -2,2-dimeth 1 , a pyrazme-5-carb, , , -

lH-indol-1- 1) y tetrahydro-2H- onyl)-y cyclopropyl)-l pyran-4-yl)-

5
(
4

H)-one ,2,4-oxadiazol-

(S)-3-((2-(2-(4 (methoxymeth :fluorophenyl)-3-
oxo-2 3-d·h yl)b1cyclo[2.2 2] (3-(4-, 1 ydro-lH-· . • octan-1- l) 
4,5,6,7-tetrah dr 1m1dazol-1-yl)-4 y -2-
carbonyl)-5 Y opyrazolo[l,5-a -methyl­

indol-1 -(tetrahydro-2H ]pyrazme-5-
-yl)methyl)-l,

2 4
_ -p.yran-4-yl)-lH-

, oxadrnzol-5(4H)-one 
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~=--________ __2:TA~B~LEE J'A • cm,,< ~onwmed 

No. Structure 

54 F 

I 

N-N \ ceo C N 

55 F 

Chemical name 

2-(5-(2,2-dimeth 1 
((S)-3-(3-(4 fl y tetrahydro-2H oxo-2 3-dih- duoro-l-methyl-lH-1'-pdyran-4-yl)-2-

, Y ro-lH-· • n azol-5- 1) 
3,5-dimethylph 1m1dazol-1-yl)-2-(4-/ -2-

tetrahydro-2H enyl)-4-methyl-4 5 uoro-
c b -pyrazolo[4 3 , ,6,7-
ar onyl)-lH-indol-l- 1•) -c]pyridine-5-y benz01c acid 

2-(2-(3-(3-(4-fluoro-
2-oxo-2 3-d'h 1-methyl-lH-i d 

fluoroph;n 1 i_ ydro-lH-imidazol-~- azol-5-yl)-
a]pyrazineJ) 4,5,6,7-tetrahydro yl)-2-(4-

4 

-carbonyl)-5-(t pyrazolo[l 5-
-yl)-1H-indol-1-yl):trahydro-2H-py;an­enzo1c acid 
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Structure 
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TABLE A • -contmued 

I 

Chemical name 

(S)-3-(2-(3-(3-yl)-2-oxo- (4-fluoro-1-meth - • flu 2,3-dihydro-lH .. yl lH-mdazol-5 
oro-3,5-di -1m1dazol-l -

tetrahydr methylphenyl)-4 th -yl)-2-(4-
o-2H -me yl 4 5 

carbonyl)-
5 

( -pyrazolo[4 3-c] • -. , ,6,7-
. - tetrahydro-2H pyndme-5-

N-N )- \N 

N: I 

mdol-1-yl)b _-pyran-4-yl)-1H-
enz01c acid 

N ,, 

0 

r{ 
)=o 

~ F 

(S)-2-(2-(2-(4-fl (4-(methox uoro-3,5-dimeth 1 lH-imid ylmethyl)phenyl)-2- y phenyl)-3-(3-
2H azo -l-yl)-4-meth oxo-2,3-dihydro-

-pyrazolo[
4 

3- ] . yl-4,5,6,7-tetrah dr 
(tetrahydr 

2
• c pyndme-5-c b Y o-o- H-pyran-

4
- ar_ onyl)-5-

yl)benz · yl)-1H-mdol-1-
01c acid 
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TABLE A • -contmued 

Structure 

F 

F 

I 

N-N \ u-o C N 

0 

r{:N 
'L.('11 

HN-N 

Chemical name 

3-((2-(3-(3-(4-fl 
2 

uoro-1 
-oxo-2,3-dih dr - -methyl-lH-indazol-

fluorophenyl)-15 ~ iH-1m1dazol-1-yl)-2-5(/l-
a ]pyrazine-5 , , , -tetrahydro -yl)-lH . -carbonyl)-5-(2- pyrazolo[l,

5
_ 

-mdol-1-yl)methyl)- l~ethylpyridin-4-
5 ( 4H)-one , ,4-oxadiazol-

1-(5-(1-(lH b 
( 

- enzo[d][l tetrahydro-
2

H- ,2,3]triazol-4- l)-

4 5car6b 7otnyl)-2-(4-fl~~;:;45-ydl)-1H-indoie-t 
" , - etrah d , - 1meth 1 

yl)-3-(4-fluo; _;o-2H-pyrazolo[4 /. ]phenyl)-. o -methyl-lH . , c pyndm-3-
dihydro-

2
H_· 'd -mdazol-5-yl)-l 3 

1m1 azol-2-one ' -

164 



US 12,037,339 B2 
165 ~=--________ __2:TA~B~LEE J'A • cm,,< ~onwmed 

No. Structure 

60 

f> 0 y)J, 
N-N >-- ~ \ jN 

N: I 
\_:::::::::::J F 

N 

o~,, .. o 
~)-o 

0 

61 

0 

62 F 

~o ~/ 

OAJ 0 

Chemical name 

3-(1-(2-((S)-2-(bic 1 
(
4

-fluoro-l-metb ye o[Ll.l]pentan-l­
d1hydro-lH. _yl-lH-mdazol-5- 1) yl)-3-(3-

tetrah dr -1m1dazol-1-yl)-4 y -2-oxo-2 3-
y o-2H -metbyl 4 5 ' 

carbonyl)-S-(( -pyrazolo[4,3-c] r' -. , ,6,7-
pyran-4-yl)-lHS)-2,2-dimetbyltet~iddme-5-

-mdol-l-yl)c 1 Y ro-2H-
oxadiazol-5(4Hy)c opropyl)-1,2 4--one ' 

3-(1-(2-((S)-2-(b (4-fluoro-1-metb ic:clo [_1 .1.1 ]pentan- l -
d1hydro- l H-i _yl lH-mdazol-5- 1)- yl)-3-(3-

tetrah midazol-1-yl)-4 y 2-oxo-2 3-
ydro-

2
H -metbyl-4 5 ' 

carbonyl)-S-(( -pyrazolo[4,3-c] •• , ,6,7-
pyran-4- R)-2,2-dimetb pyndme-5-

yl)-lH-mdol-1-yl)c yltetrahydro-2H-
oxadiazol-5(4Hy)clopropyl)-124--one ' ' 

3-((1S,2S)-1-(5-((R -2 • 
~:::z;l)-2~(S)!2-(!t::;~:i;tetrahydro-2H-
oxo-2 3-dmhe yl)bicyclo[2 2 2] enyl)-3-(3-(4-

, 1 ydro-lH . . • • octan-1-
1 

4,5,6,7-tetrah -1m1dazol-1-yl)-4 y )-2-
carbonyl)-lH . ydropyrazolo[l 5_ ] -metbyl-

1 -mdol-l-yl)-2-m;tb a pyrazme-5-
,2,4-oxadiazol-5(4 ylcyclopropyl)­H)-one 
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63 F 

~o 0r"/ 

OA_/ 0 

64 

65 

3-((1S,2S)-1-(5-((S -2 • 
pyran-4-yl)-2-((S)'.2 ,2-dimethyltetrah dr 
(methoxymeth . -(4-fluorophen y o-2H-
oxo-2,3-dih yl)b1cyclo[2.2.2] yl)-3-(3-(4-
4 5 6 ydro-lH-im·d octan-l-yl)-2-

, , ,7-tetrah dr 1 azol-1-yl)-4 
carbonyl)-lH .Y opyrazolo[l 5- ] -methyl-

! -mdol-l-yl)-2-m~th a pyrazme-5-
,2,4-oxadiazol-5(4H{;~clopropyl)-

N-((1-(5-(2 2 d. 
yl)-2-((S)-3-(3: ~methyltetrahydro-2H 
yl)-2-oxo-23-(.-fluoro-1-meth 1-1 -.pyran-4-fl , d1hydro-lH · . y H-mdazol-5 

uoro-3,5-dim -1m1dazol-l -tetrah dr elhylphenyl)-4 -yl)-2-(4-
y o-2H-pyrazolo[4 3-methyl-4,5,6,7-

y

l) carbonyl)-lH. ' -c]pyridine-5-
cyclopropyl)meth 1 -mdol-1-y )methanesul~ • ionarn1de 

3-(1-(5-((R)-2 2 • 
yl)-2-((S)-3-(3-(:fethyltetrahydro-2H 
yl)-2-oxo-2,3-di~ uoro-1-methyl-lH-i-pyran-4-

fluoro-3 ( . ydro-lH-imid ndazol-5-

4,5,6,7-t~::;:imethyl)phe:;l):~

1

_:t2-(4-
carbonyl)-1H . pyrazolo[l 5-a] .thyl--mdol-l-yl) 1 pyrazme-5-

oxadiazol-5(4cHy)c opropyl)-1,2 4--one ' 
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~cm~p~d~---------~TA~B~L~E. )A • ~.;.lo. -contmued ---~ 
ture Chemical name 

66 F 

67 

F Cl 

I 

N-N \ ~o C N 

68 F 

3-(1-(5-((R)-2 2 d 
yl)-2-((R)-

3
-(3~(~~elhyltetrahydro-

2
H-

5-yl)-2-oxo-2 3 . uoro-1-meth 1 1 .pyran-4-
fluoro-3-( '. -dihydro-lH-imi/- H-mdazol-
4 5 6 tnfluorometh 1) azol-1-yl)-2-(4-

, , ,7-tetrah dr Y phenyl)-4-m 
carbonyl)-lHY opyrazolo[l 5_ ] ethyl--mdol-l-yl)c ' a pyrazme-5-

oxadiazol-5(4Hy)clopropyl)-1,2 4--one ' 

3-(1-(2-((S)-fl 2-(3-chlo 4 uoro-1-methyl-lH~o- -fluorophenyl -3-
dihydro-lH-· . mdazol-5- l)- ) (3-(4-

tetrah dr 1m1dazol-1-yl)-4 y 2-oxo-2,3-
y o-2H -methyl 4 5 

carbonyl)-
7

-(( -pyrazolo[4,3-c] r -. , ,6,7-

pyran-4-yl)ind~;;;;;:f};i):y;tef:ru:t~:~:;~-
oxadiazol-5(4Hy)c opropyl)-1,2 4--one ' 

3-(1-(7-((R)-2 2 d 
il)-2-((R)-

3
-(3~(~~ethyltetrahydro-

2
H­

-yl)-2-oxo-2 . uoro-1-meth 1 .pyran-4-
fluoro-3 5 d:3-d1hydro-lH-im1·dy-llH-mdazol-

, - imeth 1 azo -1 1) tetrahydr Y phenyl)-4-meth -y -2-(4-

carbonyl)in::ir:i:~~o[
1

1) ,5-a ]pyraJ!-:t:6, 7-
. Y cyclopr 1 

oxad1azol-5(4H)-on:py )-1,2,4-
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No. Structure Chemical name 

69 F 

70 

r{_, 
~' I 

N-N O>-- (Y> 
N: I~ 
~ F 

, 
N ,, 

3-(1-(6-((R)-2 2 d 
il)-2-((R)-

3
-(3~(~~ethyltetrahydro-

2
H­

-yl)-2-oxo-2 . uoro-1-meth 1 _pyran-4-
fluoro-3 5 d:3-d1hydro-lH-im1·dy-llH-mdazol-

, - imeth 1 azo -1 1) tetrahydr Y phenyl)-4-meth -y -2-(4-

carbonyl)in::ir:i:~~o[
1

1) ,5-a ]pyraJ!-:t:6, 7-
. Y cyclopr 1 

oxad1azol-5(4H)-on:py )-1,2,4-

3-(1-(2-((S)-2-(3 • fluoro-1 ,4-difluoro h d'h -methyl-lH-i d p enyl)-3-(3-(4 
1 ydro-lH • . n azol-5- 1) -tetrah dr -1m1dazol-1-yl)-4 y -2-oxo-2,3-

y o-2H -methyl 4 
carbonyl)-

6 
(( -pyrazolo[4 3-c] • -. ,5,6,7-- R)-2 2 d' ' pyndme-5 

pyran-4-yl)ind 1· .' - imethyltetrah d -o 1zm-l- 1) Y ro-2H 
oxadiazol-f(4cHy)clopropyl)-1,2 4: -one ' 

172 



US 12,037,339 B2 
173 

=-c:;:---------~TA~B~LEE J'A • 'm''' ~onwmed 

No. Structure 

71 

QF CF 

3 I 

N-N \ ~o C N 

72 

')-{_, 
~' I 

N-N O}- (Y> 
N: I~ 

\,:::::::::J F 

, 
N ,, 

Chemical name 

3-(1-(6-((R)-2 2 d 
yl)-2-((S)-

3
-(3-(~ ':ethyltetrahydro-

2
H 

yl)-2-oxo-2,3-di~ uoro-1-methyl-lH-i-pyran-4-
fluoro-3-(trifl ydro-lH-imidazol 1 ntazol-5-

4,5,6,7-tetrahydruoromethyl)phenyl)--4 -y )-2-(4-o-2H- -methyl 
carbonyl)indolizin- i_i:i)~o~~; 4,3-c ]pyridin~-5-

oxadiazol-S( 4~)_:::pyl)- l ,
2

,
4

_ 

3-(1-(7-((R)-2 2 d 
yl)-2-((S)-

3
-(3-(~ ':ethyltetrahydro-

2
H 

yl)-2-oxo-2 3 d·huoro-1-methyl-lH. -~yran-4-
methyl-2-(

3
:
4

'.
5

::~-1H-imidazol:~\~)~~l-5-
tetrahydro-2H uorophenyl)-4 -

carbon l)' _-pyrazolo[4 3_ • ,5,6,7-
y mdohzin-3- l) ' c ]pyndme-5-

. Y cyclop oxad1azol-S(
4

H) ropyl)-1,2 4--one ' 
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73 F 

I 

N-N \ ceo C N 

74 

QF CF 

3 I 

N-N \ ceo C N 

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-ophenyl)-3-

tetrah dr midazol-1-yl)-4 yl)-2-oxo-
y o-2H- -methyl 4 

carbonyl)-
7

-((R)pyrazolo[4,3-c]py 'd' - ,5,6,7--
2 

2 d' n me-5 
pyran-4-yl)ind 1· .' - imethyltetrah d -

0 
izm-3 1) Y ro-2H 

oxadiazoll(4cHy)clopropyl)-1,2 4: 
-one ' 

3-(1-(7-((R)-2 2 d 
yl)-2-((S)-

3
-(3-(~ ':ethyltetrahydro-

2
H 

yl)-2-oxo-2,3-di~ uoro-1-methyl-lH-i-pyran-4-
fluoro-3-(trifl ydro-lH-imidazol 1 ntazol-5-

4,5,6,7-tetrahydruoromethyl)phenyl)--4 -y )-2-(4-o-2H- -methyl 
carbonyl)indolizin-f _i:i)~o~~; 4,3-c ]pyridin~-5-

oxadiazol-S( 4~)_:::pyl)- l ,
2

,
4

_ 
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No. Structure Chemical name 

75 

'r{_, 
'M, I 

N-N O}- cY> 
N: I~ 
~ F 

, 
N I/ 

76 F 

I 

N-N \ ceo C N 

3-(1-(6-((R)-2 2 d 
yl)-2-((S)-3-(3-(~-fethyltetrahydro-2H-

yl)-2-oxo-2 . uoro-1-meth 1- • pyran-4-

methyl-2-(;:~'.~::~-1H-im~a;:i:~~i~)~~l-5-
tetrahydro-2H-p uorophenyl)-4 5 6 7 -

carbon l)' . yrazolo[4 3- • '.' , -Y mdohzin-1-yl)c ' 1 c]pyndme-5-
oxadiazol-5( 4~)-':::pyl)-1,2,4-

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H- -methyl 4 

carbonyl)-
6

-((R)pyrazolo[4,3-c]py 'd' - ,5,6,7--
2 

2 d' n me-5 
pyran-4-yl)ind 1· .' - imethyltetrah d -o 1zm-l- 1) Y ro-2H 

oxadiazol-f(4cHy)clopropyl)-1,2 4: 
-one ' 
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No. Structure Chemical name 

77 F 

I 

N-N \ 

~(JC N 

78 

rZ_, 
~' I 

N-N O}- cY> 
N: I~ 
~ F 

, 
N I/ 

3-(1-(7-((R)-2 2 d 
yl)-2-((S)-3-(3-(~-fethyltetrahydro-2H­
yl)-2-oxo-2,3-dih uoro-1-methyl-lH-i pyran-4-

fluoro-3- ydro-lH-imida ndazol-5-
tetrahydr me2thylphenyl)-4-me~oll-1-yl)-2-(4-

carbon _o- H_-pyrazolo 4 3- y -4,_5,6,7-
yl)mdohzin-3-yl)} ' 1 c]pyndme-5-

oxadiazol-5( 4~)-':::pyl)-1,2,4-

3-(1-(2-((S)-2-(3 • fluoro-1 ,4-difluoro h d'h -methyl-lH-i d p enyl)-3-(3-(4 
1 ydro-lH • . n azol-5- 1) -tetrah dr -1m1dazol-1-yl)-4 y -2-oxo-2,3-

y o-2H -methyl 4 
carbonyl)-? (( -pyrazolo[4 3-c] • -. ,5,6,7-- R)-2 2 d' ' pyndme-5 
pyran-4-yl)ind 1· .' - imethyltetrah d -

0 
izm-3- 1) Y ro-2H 

oxadiazol-f(4cHy)clopropyl)-1,2 4: 
-one ' 
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No. Structure 

79 re 
N)={ ~~~ 

)-N~/N 

NV N 

, 
N I/ 

80 

QF OCF 

3 I 

N-N \ ~o C N 

Chemical name 

3-(1-(6-((R)-2 2 d 
yl)-2-((S)-

2
_•(;-~melhyltetrahydro-

2
H-

methyl-3- uoro-3,5-dimeth pyran-4-

a ]pyridin-1)~:i~~methyl-[1,2,4]tr;~~~l:nyl)-4-
1-yl)-4 5 6 7 t xo-2,3-dihydro-lH • [4,3-

c , '. '. - etrahydro-2 -1m1dazol-
]pyndme-S-carbo H-pyrazolo[4 

3
_ 

yl)cyclopropyl)-1 2 nyl)mdolizin-1- , 
, ,4-oxadiazol-5(4H)-one 

3-(1-(6-((R)-2 2 d 
yl)-2-((S)-

3
-(3-(~ ':ethyltetrahydro-

2
H 

yl)-2-oxo-2,3-di~ uoro-1-methyl-lH-i-pyran-4-
fluoro-3-(tr'fl ydro-lH-imid 1 ndazol-5-

4 

1 uorom th azo -1-yl)-2 ( 
,5,6,7-tetrahydro-2 e oxy)phenyl)-4-me - 4-

carbony 1 )indolizi!-i'-~)~o ~~; 4,3-c ]pyrid~:;: 
5 

_ 
oxadiazol-S(4~)_:::pyl)-1,2,4-
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No. Structure Chemical name 

81 

82 F 

I 

N-N \ ~o C N 

0 

3-(1-(7-((R)-2 2 d 
yl)-2-((S)-3-(3-(~-fethyltetrahydro-2H­
yl)-2-oxo-2,3-dih uoro-1-methyl-lH-i pyran-4-
fluoro-3-(tr'fl ydro-lH-imid 1 ndazol-5-

4 

1 uorom th azo -1-yl)-2 ( 
,5,6,7-tetrahydro-2 e oxy)phenyl)-4-me - 4-

carbonyl)ind l' _H-pyrazolo[4 3-c] • thyl-o izm-3-yl)c clo , pyndme-5-
oxadiazol-S(4~)_:::pyl)-1,2,4-

3-(1-(6-((S)-2 • 
yl)-2-((S)-3- ,2-dimethyltetrah dr 
yl)-2-oxo-2g--J~ fluoro-1-meJyl-~-~~ -pyran-4 
fluoro-3 5 d' ydro-lH-imida 1 mdazol-5 

tetrah, ~ imethylphenyl)-4 zo -1-yl)-2-(4-
cjb o-2H-pyrazolo[4 3-methyl-4,5,6,7-

yl)c 1 onyl)pyrazolo[l 5: ]-c]pyndine-5-
yc opropyl)-124 , a pyndm-3-, , -oxadiazol-5(4H)-one 
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No. Structure Chemical name 

83 F 

I 

N-N \ ~o C N 

84 F 

I 

N-N \ ~o C N 

3-(1-(6-((R)-2 2 d 
yl)-2-((S)-3-(3-(~-fethyltetrahydro-2H­
yl)-2-oxo-2,3-dih uoro-1-methyl-lH-i pyran-4-
fluoro-3,5-dim ydro-lH-imidazol-1 ndazol-5-

tetrahydr ethylphenyl)-4 th -yl)-2-(4-
carb o-2H-pyrazolo[4 3-me yl-4,5,6,7-

yl)c 1 onyl)pyrazolo[l 5: ]-c]pyr_idine-5-
yc opropyl)-124 , a pyndm-3-, , -oxadiazol-5(4H)-one 

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H- -methyl 4 

carbonyl)-
6

-((R)pyrazolo[4,3-c]py 'd' - ,5,6,7--
2 

2 di n me-5 

1 pyran-4-yl)py;a;ol:ethyltetrahydro-2~­
y )cyclopropyl)-1 2 - [1,5:a]pyridin-3-

, ,4 oxadrnzol-5(4H)-one 
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No. Structure Chemical name 

85 F 

I 

N-N \ cco C N 

Cl 

86 F 

I 

N-N \ cco C N 

0 , .... 0 

~~il-(3-chloro-2-((S)-2- 3 
inda ~ofhenyl)-3-(3-(4-fl ( -cyclopropyl-4-

zo - -yl)-2-oxo-2 3-di~oro-l-methyl-lH-
yl)-

4
-meth 1 4' ydro-lH-imid 

pyrazolo[
4 3

_ ] Y ~ ,5,6,7-tetrahydr azol-1-
d' ' c pyndi o-2H-
1methyltetrahydro-2ne-5-carbonyl)-6-( R 
yl)cyclopropyl)-1 t-pyran-4-yl)indoi· )-2,2-

, ,4-oxadiazol-5(4Hi1-~:~1-

;:C~ -(2-((S)-3-(3-(4-fl y )-2-oxo-2,3-dih uoro-1-methyl-lH-· 
fluoro-3,5-dim ydro-lH-imidazol- mdazol­

tetrahydro-2~t~ylphenyl)-4-meth 1~ -yl)-2-(4-
carbonyl) 6 pyrazolo[4 3-c]p yd4,5,6,7-

l)

. - -((S)-4 ' yn me-5 
y mdolizin-1- 1) -oxaspiro[2.5]o -Y cyclopropyl)-l 2 ctan-7-

5(4H)-one , ,4-oxadiazol-
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No. Structure Chemical name 

87 F 

I 

N-N \ ~o C N 

88 F 

I 

N-N \ ~o C N 

Cl 

3-(1-(2-((S)-3-( 5-yl)-2-oxo- 3-(4-fluoro-1-meth • fluor 2:3-dihydro-lH · · yl-lH-mdazol-
te:ah-3y,5 dr-d1methylphenyl-)~m41dazthol-1-yl)-2-(4-

o-2H -me yl 4 
carbonyl) 

6 
-pyrazolo[4 3-c]p .d-. ,5,6,7-

1)' - -((R)-4 ' yn me-5 
Y mdolizin-l l) -oxaspiro[2 5] --y cyclopro 1) • octan-7-

5
(
4
H)-::e -l,2,4-oxadiazol-

fl
3-(1-(1-chloro-2-((S) 2 uoroph - -(3-c 1 ind enyl)-3-(3-(4-fl ye opropyl-4-
azol-5-yl) 2 uoro-1 1 - -oxo-2 3-dih -methyl-lH-

y )-4-meth 1 4' ydro-lH-imid 
pyrazolo[

4 3
_ ] Y ~ ,5,6,7-tetrahydr azol-1-

d' ' c pyndin _ o-2H-
1methyltetrahydro-2 e 5-carbonyl)-7-((R 
yl)cyclopropyl)-1 t-pyran-4-yl)indol' )-2,2-

, ,4-oxadiazol-5(4Hi1-~:~3-
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No. Structure 

89 F 

f \ ~ I 
0 ~ N 

JJ--,J ~ # 

lN) .... ,,,,, 

N-N ~ 
~'"""··<::_) 

90 F 

I 

N-N \ ~o C N 

Chemical name 

3-(1-(6-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-ophenyl)-3-

tetrah dr midazol-1-yl)-4 yl)-2-oxo-
y o-2H- -methyl 4 

carbonyl)-
2
-((S)pyrazolo[4,3-c]py 'd' - ,5,6,7--2 2-d· n me-5-

pyran-4-yl)py,;olo i~ethyltetrahydro-2H 
yl)cyclopropyl)-124[ ,2-b_]pyridazin-5- -

, , -oxadrnzol-5(4H)-one 

3-(1-(6-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H- -methyl 4 

carbonyl)-2-((R)'.yrazolo[4,3-c]pyrid' - ,5,6,7-
pyran- 2,2-dimeth lte me-5-

l) 4-yl)pyrrolo[l 2 y trahydro-2H 
y cyclopropyl)-124 , -b_]pyridazin-5- -

, , -oxadrnzol-5(4H)-one 
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No. Structure Chemical name 

91 F 

I 

N-N \ cco C N 

0 

92 F 

f '\ 
- I 0 ,::::7 N 

ct\)~ # 

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-ophenyl)-3-

tetrah dr midazol-1-yl)-4 yl)-2-oxo-
y o-2H- -methyl 4 

carbonyl )-6-( (S)'.irazolo[ 4,3-c ]pyridi~e'.5 ,6, 7-

pyran-4-yl)-8-fl :2-dimethyltetrah 5-1 uoromdolizin-1- ydro-2H-
,2,4-oxadiazol-5(4 yl)cyclopropyl)­H)-one 

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H- -methyl 4 

carbonyl)-6-((R)'.yrazolo[4,3-c]pyrid' - ,5,6,7-
pyran-4- 1)- 2,2-dimeth lt me-5-y 

8
-fluoroind 1· • y etrahydro-2H 

1 2 o izm-1- 1) -
' ,4-oxadiazol-S(4 Y cyclopropyl)­H)-one 
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No. Structure Chemical name 

93 F 

I 

N-N \ ~o C N 

, .... 0 

94 F 

I 

N-N \ ~o C N 

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H- -methyl 4 

carbonyl)-7-( (S)'.irazolo[ 4,3-c ]pyridi~e'.5 ,6, 7-

pyran-4-yl)-6-fl :2-dimethyltetrah 5-1 uoromdolizin-3- ydro-2H-
,2,4-oxadiazol-5(4 yl)cyclopropyl)­H)-one 

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H- -methyl 4 

carbonyl)-7-((R)'.yrazolo[4,3-c]pyrid' - ,5,6,7-
pyran-4- 1)- 2,2-dimeth lt me-5-y 

6
-fluoroind 1· • y etrahydro-2H 

) 2 O !Z!Il-3- )) -
' ,4-oxadiazol-S(4 Y cyclopropyl)­H)-one 
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95 F 

I 
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96 F 

I 

N-N \ cco C N 

Chemical name 

3-(1-(2-((S)-2- 3 (
3

-(4-fluoro- ( -cyclopropyl-4-fl 2 3-d'h l-methyl-lH • uorophenyl)-3 
, 1 ydro-lH-· . -mdazol-5- 1 -

tetrah dr 1m1dazol-l-yl) 4 y )-2-oxo-
y o-2H- - -methyl 4 

carbonyl)-7-((s/irazolo[4,3-c]pyridi - ,5,6,7-
pyran-4-yl)-8-fl :2-dimethyltetrah dne-5-1 uoromdolizin-3- 1 y ro-2H-

,2,4-oxadiazol-S(4iJ-~~clopropyl)-

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-ophenyl)-3-

tetrah dr midazol-1-yl)-4 yl)-2-oxo-
y o-2H- -methyl 4 

carbonyl)-?-((R)'.yrazolo[4,3-c]p rid' - ,5,6,7-
pyran-4-yl)-8-fl 2)-dimethyltei/ah dme-5-

1 uoromdolizin-3- y ro-2H-
,2,4-oxadiazol-5(4 yl)cyclopropyl)­H)-one 
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No. Structure Chemical name 

97 F 

I 

N-N \ ctO ' N 

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-ophenyl)-3-

tetrah dr midazol-1-yl)-4 yl)-2-oxo-
y o-2H- -methyl 4 

carbonyl)-
7

-((S)pyrazolo[4,3-c]py 'd' - ,5,6,7--
2 

2 di n me-5 
pyran-4-yl)imid~zomethyltetrahydro-2~-

yl)cyclopropyl)-1 2 [l,2-a]pyridin-3-
, ,4-oxadiazol-5(4H)-one 

0 

98 F 

f '\ 
- I 0 ~ N 

3-(1-(2-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H- -methyl 4 

carbonyl)-
7

-((R)pyrazolo[4,3-c]py 'd' - ,5,6,7--
2 

2 di n me-5 
1 pyran-4-yl)imid~zomethyltetrahydro-2~-

y )cyclopropyl)-1 2 [l,2-a]pyridin-3-
, ,4-oxadiazol-5(4H)-one 

(t'J ~ # 
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Chemical name 

3-(1-(6-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-ophenyl)-3-

tetrah dr midazol-1-yl)-4 yl)-2-oxo-
y o-2H- -methyl 4 

carbonyl)-
3

-((S)pyrazolo[4,3-c]py 'd' - ,5,6,7--2 2-d· n me-5-
pyran-4-yl)py,;olo i~ethyltetrahydro-2H 

yl)cyclopropyl)-1 2 4 [ ,2-b_]pyridazin-7- -
, , -oxadrnzol-5(4H)-one 

3-(1-(6-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H- -methyl 4 

carbonyl)-3-((R)'.yrazolo[4,3-c]pyrid' - ,5,6,7-
pyran- 2,2-dimeth lte me-5-

l) 4-yl)pyrrolo[l 2 y trahydro-2H 
y cyclopropyl)-1 2 4 , -b_]pyridazin-7- -

, , -oxadrnzol-5(4H)-one 
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N 
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102 F 
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N-N \ cco C N 

Chemical name 

3-(1-(7-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H- -methyl 4 

carbonyl )-2-( (S)'.irazolo[ 4,3-c ]pyridi~e'.5 ,6, 7-
pyran-4 ,2-dimethylte 5-

yl)cy 1 -yl)pyrrolo[l 2- ] trahydro-2H­
c opropyl)-1 

2 4 
' a_ pynm1din-6-

, , -oxadrnzol-5(4H)-one 

3-(1-(7-((S)-2-(3 (
3

-(4-fluoro- -cyclopropyl-4-flu 
2,3-dihydro-1 ~~ethyl- lH-indazol -~-o~henyl)-3-

tetrah dr midazol-1-yl)-4 Y )-2-oxo-
y o-2H -methyl 4 

carbonyl)-
2

-((R)-'.irazolo[4,3-c]pyrid' - ,5,6,7-
pyran- ,2-dimeth lte me-5-

yl)cycl 4-yl)pyrrolo[l 2-a]y trahydro-2H­
opropyl)-l 

2 4 
' . pynmidin-6-

, , -oxadrnzol-5(4H)-one 
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Structure 
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TABLE A-continued 

Chemical name 

103 3-(1-(2-((S)-2-(3-cyclopropyl-4-fluorophenyl)-3-
(3-(4-fluoro-1-methyl- lH-indazol-5-yl)-2-oxo-

2,3-dihydro-1 H-imidazol- l -yl)-4-methyl-4,5 ,6, 7-
tetrahydro-2H-pyrazolo[ 4,3-c ]pyridine-5-

carbonyl)-6-(2,2-dimethyltetrahydro-2H-pyran-
4-yl)pyrazolo [1,5-a ]pyrimidin-3-

yl)cyclopropyl)-1,2,4-oxadiazol-5 (4H)-one 

V NH 

N......_oAo 

entific terms used herein have the same meaning as com­
monly understood by one of ordinary skill in the art to which 

30 this application belongs. All patents and publications cited in 
this specification are incorporated herein by reference in 
their entireties. 

The compounds of the present application possess advan­
tageous characteristics, as compared to known compounds, 
such as known GLP-1 agonists. For example, the com­
pounds of the present application display more potent 
GLP-1 agonistic activity, more favorable pharmacokinetic 
properties (e.g., as measured by Cmax, Tmax, and/or AUC), 
and/or less interaction with other cellular targets ( e.g., 
hepatic cellular transporter such as OATPlBl) and accord- 35 

ingly improved safety (e.g., drug-drug interaction). These 
beneficial properties of the compounds of the present appli­
cation can be measured according to methods commonly 
available in the art, such as methods exemplified herein. 40 

Due to the existence of double bonds, the compounds of 
the present application may be in cis or trans, or Z or E, 
configuration. It is understood that although one configura­
tion may be depicted in the structure of the compounds or 
formulae of the present application, the present application 45 

also encompasses the other configuration. For example, the 
compounds or formulae of the present application may be 
depicted in cis or trans, or Z or E, configuration. 

In one embodiment, a compound of the present applica­
tion (e.g., a compound of any of the formulae or any 50 

individual compounds disclosed herein) is a pharmaceuti­
cally acceptable salt. In another embodiment, a compound of 
the present application (e.g., a compound of any of the 
formulae or any individual compounds disclosed herein) is 
a solvate. In another embodiment, a compound of the 55 

present application ( e.g., a compound of any of the formulae 
or any individual compounds disclosed herein) is a hydrate. 

The details of the application are set forth in the accom­
panying description below. Although methods and materials 
similar or equivalent to those described herein can be used 60 

in the practice or testing of the present application, illustra­
tive methods and materials are now described. Other fea­
tures, objects, and advantages of the application will be 
apparent from the description and from the claims. In the 
specification and the appended claims, the singular forms 65 

also include the plural unless the context clearly dictates 
otherwise. Unless defined otherwise, all technical and sci-

Definitions 

The articles "a" and "an" are used in this application to 
refer to one or more than one (i.e., at least one) of the 
grammatical object of the article. By way of example, "an 
element" means one element or more than one element. 

The term "and/or" is used in this application to mean 
either "and" or "or" unless indicated otherwise. 

The application also includes pharmaceutical composi­
tions comprising an effective amount of a compound of the 
present application ( e.g., a compound of any of the formulae 
or any individual compounds disclosed herein) and a phar­
maceutically acceptable carrier. 

The term "alkyl," as used herein, refers to saturated, 
straight or branched-chain hydrocarbon radicals containing, 
in certain embodiments, between one and six carbon atoms. 
Examples ofC1 -C8 alkyl radicals include, but are not limited 
to, methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl, neo­
pentyl, n-hexyl, n-heptyl, and n-octyl radicals. Examples of 
C1 -C6 alkyl radicals include, but are not limited to, methyl, 
ethyl, propyl, isopropyl, n-butyl, tert-butyl, neopentyl, and 
n-hexyl radicals. 

The term "alkenyl," as used herein, denotes a monovalent 
group derived from a hydrocarbon moiety containing, in 
certain embodiments, from two to six carbon atoms having 
at least one carbon-carbon double bond. The double bond 
may or may not be the point of attachment to another group. 
Alkenyl groups include, but are not limited to, for example, 
ethenyl, propenyl, butenyl, l-methyl-2-buten-1-yl and the 
like. 

The term "alkoxy" refers to an -0-alkyl radical. 
The terms "ha!," "halo," and "halogen," as used herein, 

refer to an atom selected from fluorine, chlorine, bromine 
and iodine. 
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The term "aryl," as used herein, refers to a mono- or 
poly-cyclic carbocyclic ring system having one or more 
aromatic rings, fused or non-fused, including, but not lim­
ited to, phenyl, naphthyl, tetrahydronaphthyl, indanyl, inde­
nyl and the like. 

The term "aralkyl," as used herein, refers to an alkyl 
residue attached to an aryl ring. Examples include, but are 
not limited to, benzyl, phenethyl and the like. 

208 
thia-2-azaspiro[3.4]octane 5,5-dioxide, 5-oxa-2-azaspiro 
[3.4]octan-8-amine, 8-amino-5-thia-2-azaspiro[3.4]octane 
5,5-dioxide, and the like. 

The term "alkylamino" refers to a group having the 
5 structure, e.g., NH(C1 -C6 alkyl), where C1 -C6 alkyl is as 

previously defined. 
The term "dialkylamino" refers to a group having the 

structure, e.g., N(C1 -C6 alkyl)2 , where C1 -C6 alkyl is as 
previously defined. 

In accordance with the application, any of the aryls, 
substituted aryls, heteroaryls and substituted heteroaryls 
described herein, can be any aromatic group. Aromatic 
groups can be substituted or unsubstituted. 

As described herein, compounds of the application may 

The term "cycloalkyl," as used herein, denotes a mon­
ovalent group derived from a monocyclic or polycyclic 10 

saturated or partially unsaturated carbocyclic ring com­
pound (fused, bridged, or spiro rings). Examples of C3 -C8 

cycloalkyl include, but not limited to, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cyclopentyl and 
cyclooctyl; and examples of C3 -C12-cycloalkyl include, but 15 optionally be substituted with one or more substituents, such 

as are illustrated generally above, or as exemplified by 
particular classes, subclasses, and species of the application. 
It will be appreciated that the phrase "optionally substituted" 
is used interchangeably with the phrase "substituted or 

not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclo­
hexyl, bicyclo [2.2.1] heptyl, and bicyclo [2.2.2] octyl. Also 
contemplated is a monovalent group derived from a mono­
cyclic or polycyclic carbocyclic ring compound having at 
least one carbon-carbon double bond by the removal of a 
single hydrogen atom. Examples of such groups include, but 
are not limited to, cyclopropenyl, cyclobutenyl, cyclopen­
tenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl, and the 
like. 

The term "heteroaryl," as used herein, refers to a mono­

20 unsubstituted." In general, the term "substituted", whether 
preceded by the term "optionally" or not, refers to the 
replacement of hydrogen radicals in a given structure with 
the radical of a specified substituent. Unless otherwise 
indicated, an optionally substituted group may have a sub-

25 stituent at each substitutable position of the group, and when 
more than one position in any given structure may be 
substituted with more than one substituent selected from a 
specified group, the substituent may be either the same or 

or poly-cyclic (e.g., bi-, or tri-cyclic or more) fused or 
non-fused, radical or ring system having at least one aro­
matic ring, having from five to ten ring atoms of which one 
ring atoms is selected from S, 0, and N; zero, one, or two 
ring atoms are additional heteroatoms independently 30 

selected from S, 0, and N; and the remaining ring atoms are 
carbon. Heteroaryl includes, but is not limited to, pyridinyl, 
pyrazinyl, pyrimidinyl, pyrrolyl, pyrazolyl, imidazolyl, thi­
azolyl, oxazolyl, isooxazolyl, thiadiazolyl, oxadiazolyl, 
thiophenyl, furanyl, quinolinyl, isoquinolinyl, benzimida- 35 

zolyl, benzooxazolyl, quinoxalinyl, and the like. 

different at every position. The terms "optionally substi­
tuted", "optionally substituted alkyl," "optionally substi­
tuted alkenyl," "optionally substituted cycloalkyl," "option-
ally substituted cycloalkenyl," "optionally substituted aryl", 
"optionally substituted heteroaryl," "optionally substituted 
aralkyl", "optionally substituted heteroaralkyl," "optionally 
substituted heterocyclyl," and any other optionally substi­
tuted group as used herein, refer to groups that are substi-

The term "heteroaralkyl" as used herein, refers to an alkyl 
residue attached to a heteroaryl ring. Examples include, but 
are not limited to, pyridinylmethyl, pyrimidinylethyl and the 
like. 

The term "heterocyclyl" or "heterocycloalkyl," as used 
herein, refers to a saturated or unsaturated non-aromatic 3-, 
4-, 5-, 6-, 7-, or 8-memberedmonocyclic, 7-, 8-, 9-, 10-, 11-, 
or 12-membered bicyclic (fused, bridged, or spiro rings), or 
11-, 12, 13, or 14-membered tricyclic ring system (fused, 
bridged, or spiro rings), where (i) each ring contains 
between one and three heteroatoms independently selected 
from oxygen, sulfur and nitrogen, (ii) each 5-membered ring 
has O to 1 double bonds and each 6-membered ring has O to 
2 double bonds, (iii) the nitrogen and sulfur heteroatoms 
may optionally be oxidized, and (iv) the nitrogen heteroatom 
may optionally be quaternized. Representative heterocy­
cloalkyl groups include, but are not limited to, [1,3]dioxo­
lanyl, pyrrolidinyl, pyrazolidinyl, pyrazolinyl, imidazolinyl, 
imidazolidinyl, piperidinyl, piperazinyl, 2-pyridone, oxazo­
lidinyl, isoxazolidinyl, morpholinyl, tetrahydropyranyl, thi­
azolidinyl, isothiazolidinyl, tetrahydrofuryl, dioxanyl, 
oxetanyl, azetidinyl, thietanyl, oxiranyl, aziridinyl, thiiranyl, 
2-oxa-5-azabicyclo[2.2.1 ]heptanyl, 2,5-diazabicyclo[2.2.1] 
heptanyl, 2-oxa-6-azaspiro[3.3]heptanyl, 2,6-diazaspiro 
[3.3]heptanyl, 1,4-dioxa-8-azaspiro[ 4.5]decanyl, 2-azaspiro 
[3.3]heptan-5-amine, l-azaspiro[3.3]heptan-5-amine, 
l-oxa-6-azaspiro[3 .3 ]heptan-3-amine, 2-azaspiro[3.3]hep­
tan-6-amine, l-azaspiro[3 .3 ]heptan-6-amine, 6-azaspiro 
[3.4]octan-2-amine, 5-azaspiro[3.4]octan-2-amine, 
6-azaspiro[3 .4 ]octan-1-amine, 5-azaspiro[3 .4]octan-1-
amine, 5-oxa-2-azaspiro[3.4]octan-7-amine, 7-amino-5-

tuted or unsubstituted by independent replacement of one, 
two, or three or more of the hydrogen atoms thereon with 
substituents including, but not limited to: -F, --Cl, -Br, 

40 -I, --OH, protected hydroxy, -NO2 , ----CN, -NH2 , pro­
tected amino, -NH----C1 -C12-alkyl, -NH----C2 -C12-alk­
enyl, -NH----C2 -C12-alkenyl, -NH----C3 -C12-cycloalkyl, 
-NH-aryl, -NH-heteroaryl, -NH-heterocycloalkyl, -di­
alkylamino, -diarylamino, -diheteroarylamino, -O----C1 -

45 C12-alkyl, ---O----C2 -C12-alkenyl, -O----C2 -C12-alkenyl, 
---O-C3 -C12-cycloalkyl, -O-aryl, ---0-heteroaryl, -O­
heterocycloalkyl, -C(O)----C1 -C12-alkyl, -C(O)----C2 -

C12-alkenyl, ----C(O)-C2 -C12-alkenyl, ----C(O)-C3 -C12-

cycloalkyl, ----C(O)-aryl, -C(O)-heteroaryl, -C(O)-
50 heterocycloalkyl, ----CONH2 , ----CONH----C1 -C12-alkyl, 

----CONH-C2 -C12-alkenyl, -CONH----C2 -C12-alkenyl, 
----CONH-C3 -C12-cycloalkyl, ----CONH-aryl, -CONH-
heteroaryl, ----CONH-heterocycloalkyl, -OCO2-C1-C12-

alkyl, -OCO2-C2 -C12-alkenyl, ---OCO2----C2 -C12-alk-
55 enyl, -OCO2-C3 -C12-cycloalkyl, -OCO2 -aryl, 

---OCO2 -heteroaryl, ---OCO2 -heterocycloalkyl, 
---OCONH2 , ---OCONH-C1 -C12-alkyl, -OCONH----C2 -

C12-alkenyl, -OCONH----C2 -C12-alkenyl, -OCONH­
C3 -C12-cycloalkyl, ---OCONH-aryl, -OCONH-heteroaryl, 

60 ---OCONH-heterocycloalkyl, -NHC(O)----C1 -C12-alkyl, 
-NHC(O)-C2 -C12-alkenyl, -NHC(O)----C2 -C12-alkenyl, 
-NHC(O)-C3 -C12-cycloalkyl, -NHC(O)-aryl, -NHC 
(O)-heteroaryl, -NHC(O)-heterocycloalkyl, -NHCO2 -

C1 -C12-alkyl, -NHCO2----C2 -C12-alkenyl, -NHCO2 -

65 C2 -C12-alkenyl, -NHCO2----C3 -C12-cycloalkyl, 
-NHCO2 -aryl, -NHCO2 -heteroaryl, -NHCO2 -heterocy­
cloalkyl, -NHC(O)NH2 , -NHC(O)NH----C1 -C12-alkyl, 
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-NHC(O)NH-C2 -C12-alkenyl, -NHC(O)NH-C2 -C12-

alkenyl, -NHC(O)NH-C3 -C12-cycloalkyl, -NHC(O) 
NH-aryl, -NHC(O)NH-heteroaryl, NHC(O)NH-heterocy­
cloalkyl, -NHC(S)NH2 , -NHC(S)NH-C1 -C12-alkyl, 
-NHC(S)NH-C2 -C12-alkenyl, -NHC(S)NH-C2 -C12- 5 

alkenyl, -NHC(S)NH-C3 -C12-cycloalkyl, -NHC(S) 
NH-aryl, -NHC(S)NH-heteroaryl, -NHC(S)NH-hetero­
cycloalkyl, -NHC(NH)NH2 , -NHC(NH)NH-C1 -C12-

alkyl, -NHC(NH)NH----C2 -C12-alkenyl, -NHC(NH) 
NH-C2 -C12-alkenyl, -NHC(NH)NH-C3 -C12-

10 

cycloalkyl, -NHC(NH)NH-aryl, -NHC(NH)NH-
heteroaryl, -NHC(NH)NHheterocycloalkyl, -NHC 
(NH)----C1 -C12-alkyl, -NHC(NH)----C2 -C12-alkenyl, 
-NHC(NH)-C2 -C12-alkenyl, -NHC(NH)----C3 -C12-cy-

15 
cloalkyl, -NHC(NH)-aryl, -NHC(NH)-heteroaryl, 
-NHC(NH)-heterocycloalkyl, ----C(NH)NH----C1 -C12-al­
kyl, ----C(NH)NH-C2 -C12-alkenyl, ----C(NH)NH-C2 -C12-

alkeny 1, C(NH)NH----C3 -C 12-cycloalky 1, ----C(NH)NH-ary 1, 
-C(NH)NH-heteroaryl, -C(NH)NHheterocycloalkyl, 20 

-S(O)-C1 -C12-alkyl, -S(O)----C2 -C12-alkenyl, 
-S(O)-C2 -C12-alkenyl, -S(O)-C3 -C12-cycloalkyl, 
-S(O)-aryl, -S(O)-heteroaryl, -S(O)-heterocycloalkyl 
-SO2NH2 , -SO2NH----C1 -C12-alkyl, -SO2NH-C2 -C12-

alkenyl, -SO2NH-C2 -C12-alkenyl, -SO2NH-C3 -C12- 25 

cycloalkyl, -SO2NH-aryl, -SO2NH-heteroaryl, 
-SO2NH-heterocycloalkyl, -NHSO2-C1-C12-alkyl, 
-NHSO2----C2 -C12-alkenyl, -NHSO2----C2 -C12-alkenyl, 
-NHSO2----C3 -C12-cycloalkyl, -NHSO2 -aryl, -NHSO2 -

heteroaryl, -NHSO2 -heterocycloalkyl, -CH2NH2 , 30 

-CH2 SO2CH3 , -aryl, -arylalkyl, -heteroaryl, -heteroarylal­
kyl, -heterocycloalkyl, ----C3 -C12-cycloalkyl, polyalkoxyal­
kyl, polyalkoxy, -methoxymethoxy, -methoxyethoxy, -SH, 
-S-C1 -C12-alkyl, -S----C2 -C12-alkenyl, -S-C2 -C12-

alkenyl, -S----C3 -C12-cycloalkyl, -S-aryl, -S-heteroaryl, 35 

-S-heterocycloalkyl, or methylthiomethyl. 
The term "carrier", as used in this application, encom­

passes carriers, excipients, and diluents and means a mate­
rial, composition or vehicle, such as a liquid or solid filler, 
diluent, excipient, solvent or encapsulating material, 40 

involved in carrying or transporting a pharmaceutical agent 
from one organ, or portion of the body, to another organ, or 
portion of the body of a subject. 

The compounds of the present application may form salts 
which are also within the scope of this application. Refer- 45 

ence to a compound of the Formulae herein is understood to 
include reference to salts thereof, unless otherwise indicated. 

Representative "pharmaceutically acceptable salts" 
include, e.g., water-soluble and water-insoluble salts, such 
as the acetate, amsonate ( 4,4-diaminostilbene-2,2-dis- 50 

ulfonate ), benzenesulfonate, benzonate, bicarbonate, bisul­
fate, bitartrate, borate, bromide, butyrate, calcium, calcium 
edetate, camsylate, carbonate, chloride, citrate, clavulariate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fumer-
ate, fiunarate, gluceptate, gluconate, glutamate, glycollylar- 55 

sanilate, hexafluorophosphate, hexylresorcinate, hydrabam­
ine, hydrobromide, hydrochloride, hydroxynaphthoate, 
iodide, isothionate, lactate, lactobionate, laurate, magne­
sium, malate, maleate, mandelate, mesylate, methylbromide, 
methylnitrate, methylsulfate, mucate, napsylate, nitrate, 60 

N-methylglucamine ammonium salt, 3-hydroxy-2-naph­
thoate, oleate, oxalate, palmitate, pamoate (1,l-methene-bis-
2-hydroxy-3-naphthoate, einbonate ), pantothenate, phos­
phate/di phosphate, picrate, polygalacturonate, propionate, 
p-toluenesulfonate, salicylate, stearate, subacetate, succi- 65 

nate, sulfate, sulfosalicylate, suramate, tannate, tartrate, teo­
clate, tosylate, triethiodide, and valerate salts. 
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The compounds of the present application, for example, 

including the pharmaceutically acceptable salts, solvates, 
prodrugs, stereoisomers, or tautomers of the compounds, 
can exist in a solvated form with other solvent molecules or 
in an unsolvated form. 

"Solvate" means solvent addition forms that contain 
either stoichiometric or non stoichiometric amounts of sol­
vent. Some compounds or salts have a tendency to trap a 
fixed molar ratio of solvent molecules in the crystalline solid 
state, thus forming a solvate. If the solvent is water the 
solvate formed is a hydrate; and if the solvent is alcohol, the 
solvate formed is an alcoholate. Hydrates are formed by the 
combination of one or more molecules of water with one 
molecule of the substance in which the water retains its 
molecular state as H2O. 

All stereoisomers (for example, geometric isomers, opti­
cal isomers and the like) of the present compounds (includ­
ing those of the salts, solvates, esters and prodrugs of the 
compounds as well as the salts, solvates and esters of the 
prodrugs ), such as those which may exist due to asymmetric 
carbons on various substituents, including enantiomeric 
forms (which may exist even in the absence of asymmetric 
carbons), rotameric forms, atropisomers, and diastereomeric 
forms, are contemplated within the scope of this application, 
as are positional isomers (such as, for example, 4-pyridyl 
and 3-pyridyl). For example, if a compound of Formula (I) 
incorporates a double bond or a fused ring, both the cis- and 
trans-forms, as well as mixtures, are embraced within the 
scope of the application. Individual stereoisomers of the 
compound of the application may, for example, be substan­
tially free of other isomers, or may be admixed, for example, 
as racemates or with all other, or other selected, stereoiso­
mers. The chiral centers of the present application can have 
the S or R configuration as defined by the IUPAC 1974 
Recommendations. The use of the terms "salt", "solvate", 
"ester," "prodrug" and the like, is intended to equally apply 
to the salt, solvate, ester and prodrug of enantiomers, ste­
reoisomers, rotamers, tautomers, positional isomers, race­
mates or prodrugs of the inventive compounds. 

The term "isomer" refers to compounds that have the 
same composition and molecular weight but differ in physi­
cal and/or chemical properties. The structural difference may 
be in constitution (geometric isomers) or in the ability to 
rotate the plane of polarized light (stereoisomers). With 
regard to stereoisomers, the compounds of the present 
application (e.g., a compound of any of the formulae or any 
individual compounds disclosed herein) may have one or 
more asymmetric carbon atom and may occur as racemates, 
racemic mixtures or as individual enantiomers or diaste­
reomers. 

In the present specification, the structural formula of the 
compound represents a certain isomer for convenience in 
some cases, but the present application includes all isomers, 
such as geometrical isomers, optical isomers based on an 
asymmetrical carbon, stereoisomers, tautomers, and the like. 

"Isomerism" means compounds that have identical 
molecular formulae but differ in the sequence of bonding of 
their atoms or in the arrangement of their atoms in space. 
Isomers that differ in the arrangement of their atoms in space 
are termed "stereoisomers". Stereoisomers that are not mir­
ror images of one another are termed "diastereoisomers", 
and stereoisomers that are non-superimposable mirror 
images of each other are termed "enantiomers" or some­
times optical isomers. A mixture containing equal amounts 
of individual enantiomeric forms of opposite chirality is 
termed a "racemic mixture". 
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The compounds of the application may contain asymmet-
ric or chiral centers, and, therefore, exist in different ste­
reoisomeric forms. It is intended that all stereoisomeric 
forms of the compounds of the application as well as 
mixtures thereof, including racemic mixtures, form part of 5 

the present application. In addition, the present application 
embraces all geometric and positional isomers. For example, 
if a compound of the application incorporates a double bond 
or a fused ring, both the cis- and trans-forms, as well as 
mixtures, are embraced within the scope of the application. 10 

Each compound herein disclosed includes all the enantiom-
ers that conform to the general structure of the compound. 
The compound may be in a racemic or enantiomerically pure 
form, or any other form in terms of stereochemistry. The 15 
assay results may reflect the data collected for the racemic 
form, the enantiomerically pure form, or any other form in 
terms of stereochemistry. 

A carbon atom bonded to four non-identical substituents 
is termed a "chiral center". 20 
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to the corresponding pure enantiomers. Enantiomers can 
also be separated by use of a chiral HPLC column. 

It is also possible that the compounds of the application 
may exist in different tautomeric forms, and all such forms 
are embraced within the scope of the application. Also, for 
example, all keto-enol and imine-enamine forms of the 
compounds are included in the application. 

"Tautomer" is one of two or more structural isomers that 
exist in equilibrium and is readily converted from one 
isomeric form to another. This conversion results in the 
formal migration of a hydrogen atom accompanied by a 
switch of adjacent conjugated double bonds. Tautomers exist 
as a mixture of a tautomeric set in solution. In solid form, 
usually one tautomer predominates. In solutions where 
tautomerization is possible, a chemical equilibrium of the 
tautomers will be reached. The exact ratio of the tautomers 
depends on several factors, including temperature, solvent 
and pH. The concept of tautomers that are interconvertable 
by tautomerizations is called tautomerism. 

Of the various types oftautomerism that are possible, two 
are commonly observed. In keto-enol tautomerism a simul­
taneous shift of electrons and a hydrogen atom occurs. 
Ring-chain tautomerism arises as a result of the aldehyde 
group (--CHO) in a sugar chain molecule reacting with one 

"Chiral isomer" means a compound with at least one 
chiral center. Compounds with more than one chiral center 
may exist either as an individual diastereomer or as a 
mixture of diastereomers, termed "diastereomeric mixture". 
When one chiral center is present, a stereoisomer may be 
characterized by the absolute configuration (R or S) of that 
chiral center. Absolute configuration refers to the arrange­
ment in space of the substituents attached to the chiral 
center. The substituents attached to the chiral center under 
consideration are ranked in accordance with the Sequence 
Rule of Cahn, Ingold and Prelog. (Cahn et al., Angew. Chem. 
Inter. Edit. 1966, 5, 385; errata 511; Cahn et al., Angew. 
Chem. 1966, 78, 413; Cahn and Ingold, J. Chem. Soc. 1951 
(London), 612; Cahn et al., Experientia 1956, 12, 81; Cahn, 

25 of the hydroxy groups (-OH) in the same molecule to give 
it a cyclic (ring-shaped) form as exhibited by glucose. 

J. Chem. Educ. 1964, 41, 116). 
"Geometric isomer" means the diastereomers that owe 

their existence to hindered rotation about double bonds. 
These configurations are differentiated in their names by the 
prefixes cis and trans, or Z and E, which indicate that the 
groups are on the same or opposite side of the double bond 
in the molecule according to the Cahn-Ingold-Prelog rules. 

In another embodiment of the application, the compound 
of the present application (e.g., a compound of any of the 
formulae or any individual compounds disclosed herein) is 
an enantiomer. In some embodiments the compound is the 
(S)-enantiomer. In other embodiments the compound is the 
(R)-enantiomer. In yet other embodiments, the compounds 

Common tautomeric pairs are: ketone-enol, amide-nitrile, 
lactam-lactim, amide-imidic acid tautomerism in heterocy­
clic rings ( e.g., in nucleobases such as guanine, thymine and 

30 cytosine), amine-enamine and enamine-imine. 
The present application relates to a compound of the 

present application ( e.g., a compound of any of the formulae 
or any individual compounds disclosed herein) or pharma­
ceutically acceptable salts, solvates, prodrugs, stereoiso-

35 mers, or tautomers thereof, capable of modulating (e.g., 
activating or stimulating) GLP-1 receptor, which are useful 
for the treatment of diseases and disorders associated with 
modulation of GLP-1 receptor. The application further 
relates to compounds of the present application (e.g., a 

40 compound of any of the formulae or any individual com­
pounds disclosed herein), or pharmaceutically acceptable 
salts, solvates, prodrugs, stereoisomers, or tautomers 
thereof, which are useful for modulating (e.g., activating or 
stimulating) GLP-1 receptor. In some embodiments, the 

45 GLP-1 receptor is wild-type GLP-1 receptor. In other 
embodiments, the GLP-1 receptor is a mutant GLP-1 recep­
tor. 

of the present application (e.g., a compound of any of the 
formulae or any individual compounds disclosed herein) 
may be ( +) or (-) enantiomers. The compound may contain 50 

more than one stereocenter. 

In some embodiments, the application provides a com­
pound of the present application (e.g., a compound of any of 
the formulae or any individual compounds disclosed herein), 
wherein the compound possesses advantageous characteris-

In another embodiment of the application, the compounds 
of the present application (e.g., a compound of any of the 
formulae or any individual compounds disclosed herein) are 
diastereomers. In some embodiments, the compounds are 55 

the syn diastereomer. In other embodiments, the compounds 

tics, such as increased potency, improved oral bioavailabil­
ity, or desirable phamarcodynamic/pharmacokinetic profile, 
compared to one or more known GLP-1 receptor ligands 
( e.g., incretin or small molecule GLP-1 receptor agonists ). 

Potency of the agonist/activator/stimulator can be deter­
mined by EC50 value. A compound with a lower EC50 value, 
as determined under substantially similar conditions, is a 
more potent agonist/activator/stimulator relative to a com-

are the anti diastereomer. 
Diastereomeric mixtures can be separated into their indi­

vidual diastereomers on the basis of their physical chemical 
differences by methods well known to those skilled in the 
art, such as, for example, by chromatography and/or frac­
tional crystallization. Enantiomers can be separated by con­
verting the enantiomeric mixture into a diastereomeric mix­
ture by reaction with an appropriate optically active 
compound ( e.g., chiral auxiliary such as a chiral alcohol or 
Masher's acid chloride), separating the diastereomers and 
converting ( e.g., hydrolyzing) the individual diastereomers 

60 pound with a higher EC50 value. 
The compounds of the present application can be con­

verted to N-oxides by treatment with an oxidizing agent 
(e.g., 3-chloroperoxybenzoic acid (m-CPBA) and/or hydro­
gen peroxides) to afford other compounds of the present 

65 application. Thus, all shown and claimed nitrogen-contain­
ing compounds are considered, when allowed by valency 
and structure, to include both the compound as shown and 
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its N-oxide derivative (which can be designated as N----;,Q or 
N+-o-). Furthermore, in other instances, the nitrogens in 
the compounds of the present application can be converted 
to N-hydroxy or N-alkoxy compounds. For example, N-hy­
droxy compounds can be prepared by oxidation of the parent 5 

amine by an oxidizing agent such as m-CPBA. All shown 
and claimed nitrogen-containing compounds are also con­
sidered, when allowed by valency and structure, to cover 
both the compounds as shown and its N-hydroxy (i.e., 
N-OH) and N-alkoxy (i.e., N-OR, wherein R is substi- 10 

tuted or unsubstituted cl -C6 alkyl, cl -C6 alkenyl, cl -C6 
alkynyl, 3-14-membered carbocycle or 3-14-membered het­
erocycle) derivatives. 

The term "prodrug," as used in this application, means a 
compound which is convertible in vivo by metabolic means 15 

(e.g., by hydrolysis) to a disclosed compound. 
Since prodrugs are known to enhance numerous desirable 

qualities of pharmaceuticals ( e.g., solubility, bioavailability, 
manufacturing, etc.) the compounds of the present applica­
tion (e.g., a compound of any of the formulae or any 20 

individual compounds disclosed herein), or pharmaceuti­
cally acceptable salts, solvates, prodrugs, stereoisomers, or 
tautomers thereof can be delivered in prodrug form. Thus, 
the present application is intended to cover prodrugs of a 
compound of the present application (e.g., a compound of 25 

any of the formulae or any individual compounds disclosed 
herein), or a pharmaceutically acceptable salt, solvate, prod­
rug, stereoisomer, or tautomer thereof, methods of deliver-
ing the same and compositions containing the same. "Prod­
rugs" are intended to include any covalently bonded carriers 30 

that release an active parent drug of the present application 
in vivo when such prodrug is administered to a manimalian 
subject. Prodrugs are prepared by modifying functional 
groups present in the compound in such a way that the 
modifications are cleaved, either in routine manipulation or 35 

in vivo, to the parent compound. Prodrugs include com­
pounds of the application wherein a hydroxyl or amino, 
group is bonded to any group that, when the prodrug of the 
present application is administered to a manimalian subject, 
it cleaves to form a free hydroxyl or free amino group, 40 

respectively. Examples of prodrugs include, but are not 
limited to, acetate, formate, and benzoate derivatives of 
alcohol and amine functional groups in the compounds of 
each of the formulae described herein or a pharmaceutically 
acceptable salt, solvate, prodrug, stereoisomer, or tautomer 45 

thereof. 
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of the formulae described herein, but for the fact that one or 
more atoms are replaced by an atom having an atomic mass 
or mass number different from the atomic mass or mass 
number most commonly found in nature. Examples of 
isotopes that can be incorporated into compounds of the 
application include isotopes of hydrogen, carbon, nitrogen, 
fluorine, such as 3H, 11C, 14C, 2H and 18F. 

Compounds of the present application (e.g., a compound 
of any of the formulae or any individual compounds dis­
closed herein), or pharmaceutically acceptable salts, sol­
vates, prodrugs, stereoisomers, or tautomers thereof, that 
contain the aforementioned isotopes and/or other isotopes of 
other atoms are within the scope of the present application. 
Isotopically-labeled compounds of the present application, 
for example those into which radioactive isotopes such as 
3H, 14C are incorporated, are useful in drug and/or substrate 
tissue distribution assays. Tritiated, i.e., 3H, and carbon-14, 
i.e., 14C, isotopes are useful for their ease of preparation and 
detectability. 11 C and 18F isotopes are useful in PET (posi­
tron emission tomography). PET is useful in brain imaging. 
Further, substitution with heavier isotopes such as deute­
rium, i.e., 2 H, can afford certain therapeutic advantages 
resulting from greater metabolic stability, for example 
increased in vivo half-life or reduced dosage requirements 
and, hence, may be preferred in some circumstances, isoto-
pically labeled compounds of the present application ( e.g., a 
compound of any of the formulae or any individual com­
pounds disclosed herein), or pharmaceutically acceptable 
salts, solvates, prodrugs, stereoisomers, or tautomers 
thereof, can generally be prepared by carrying out the 
procedures disclosed in the Schemes and/or in the Examples 
described herein, by substituting a readily available isoto­
pically labeled reagent for a non-isotopically labeled 
reagent. In one embodiment, the compound of the present 
application (e.g., a compound of any of the formulae or any 
individual compounds disclosed herein) or pharmaceutically 
acceptable salts, solvates, prodrugs, stereoisomers, or tau­
tomers thereof, is not isotopically labelled. 

The term "administer", "administering", or "administra­
tion" as used in this application refers to either directly 
administering a disclosed compound or pharmaceutically 
acceptable salt of the disclosed compound or a composition 
to a subject, or administering a prodrug, derivative or analog 
of the compound or pharmaceutically acceptable salt of the 
compound or a composition to the subject, which can form 
an equivalent amount of active compound within the sub­
ject's body. 

The term "crystal polymorphs", "polymorphs" or "crystal 
forms" means crystal structures in which a compound ( or a 
salt or solvate thereof) can crystallize in different crystal 
packing arrangements, all of which have the same elemental 
composition. Different crystal forms usually have different 
X-ray diffraction patterns, infrared spectral, melting points, 
density hardness, crystal shape, optical and electrical prop­
erties, stability and solubility. Recrystallization solvent, rate 
of crystallization, storage temperature, and other factors may 
cause one crystal form to dominate. 

A "patient" or "subject" is a mammal, e.g., a human, 
50 mouse, rat, guinea pig, dog, cat, horse, cow, pig, or non­

human primate, such as a monkey, chimpanzee, baboon or 
rhesus. 

As used herein, the term "analog" refers to a compound 
that is structurally similar to another compound but differs 
slightly in composition (as in the replacement of one atom 
by an atom of a different element or in the presence of a 
particular functional group, or the replacement of one func­
tional group by another functional group). Thus, an analog 
is a compound that is similar or comparable in function and 
appearance, but not in structure or origin to the reference 
compound. 

The application also comprehends isotopically-labeled 
compounds, which are identical to those recited in the each 

An "effective amount" or "therapeutically effective 
amount" when used in connection with a compound or 

55 pharmaceutical composition is an amount effective for treat­
ing or preventing a disease in a subject as described herein. 

The term "treating" with regard to a subject, refers to 
improving at least one symptom of the subject's disorder. 
Treating includes curing, improving, or at least partially 

60 ameliorating the disorder. 
The compounds of the present application, or a pharma­

ceutically acceptable salt, solvate, prodrug, stereoisomer, or 
tautomer thereof, can also be used to prevent a disease, 
condition or disorder. As used herein, "preventing" or "pre-

65 vent" describes reducing or eliminating the onset of the 
symptoms or complications of the disease, condition or 
disorder. 
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The term "disorder" is used in this application to mean, 
and is used interchangeably with, the terms disease, condi­
tion, or illness, unless otherwise indicated. 

As used herein, the term "GLP-1 receptor-mediated" 
diseases or disorders means any disease or other deleterious 5 

condition in which GLP-1 receptor, or a mutant thereof, is 
known to play a role. Accordingly, another embodiment of 
the present application relates to treating or lessening the 
severity of one or more diseases in which GLP-1 receptor, 
or a mutant thereof, is known to play a role. Specifically, the 10 

present application relates to a method of treating or less­
ening the severity of a disease or condition as described 
herein, wherein said method comprises administering to a 
subject in need thereof a compounds of the present appli­
cation (e.g., a compound of any of the formulae or any 15 

individual compounds disclosed herein), or pharmaceuti­
cally acceptable salts, solvates, prodrugs, stereoisomers, or 
tautomers thereof, or a composition according to the present 
application. 
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include but are not limited to those methods described 
below. The compounds of the present application (i.e., a 
compound of the present application (e.g., a compound of 
any of the formulae or any individual compounds disclosed 
herein)) can be synthesized by following the steps outlined 
in the examples, schemes, procedures, and/or synthesis 
described herein (e.g., Examples). Starting materials are 
either commercially available or made by known procedures 
in the reported literature or as illustrated. 

A mixture of enantiomers, diastereomers, cis/trans iso­
mers resulting from the processes described above can be 
separated into their single components by chiral salt tech­
nique, chromatography using normal phase, reverse phase or 
chiral colunm, depending on the nature of the separation. 
Analytical Methods, Materials, and Instrumentation 

Unless otherwise noted, reagents and solvents were used 
as received from commercial suppliers. Proton nuclear mag­
netic resonance (NMR) spectra were obtained on either 
Bruker or Varian spectrometers at 400 MHz. Spectra are 

Methods for Preparing the Compounds 
The compounds of the present application may be made 

by a variety of methods, including standard chemistry. 
Suitable synthetic routes are depicted in the Schemes given 
below. 

20 given in ppm (1\) and coupling constants, J, are reported in 
Hertz. Tetramethylsilane (TMS) was used as an internal 
standard. Liquid chromatography-mass spectrometry (LC/ 
MS) were collected using a SHIMADZU LCMS-2020EV or 
Agilent 1260-6125B LCMS. Purity and low resolution mass 

The compounds of the present application (e.g., a com­
pound of any of the formulae or any individual compounds 
disclosed herein) may be prepared by methods known in the 
art of organic synthesis as set forth in part by the following 
synthetic schemes. In the scheme described below, it is well 
understood that protecting groups for sensitive or reactive 
groups are employed where necessary in accordance with 
general principles or chemistry. Protecting groups are 
manipulated according to standard methods of organic syn­
thesis (T. W. Greene and P. G. M. Wuts, "Protective Groups 
in Organic Synthesis", Third edition, Wiley, New York 
1999). These groups are removed at a convenient stage of 
the compound synthesis using methods that are readily 
apparent to those skilled in the art. The selection processes, 

25 spectral data were measured using Agilent 1260-6125B 
LCMS system (with Diode Array Detector, and Agilent 
G6125BA Mass spectrometer) or using Waters Acquity 
UPLC system (with Diode Array Detector, and Waters 3100 
Mass Detector). The purity was characterized by UV wave-

30 length 214 nm, 220 nm, 254 nm and ESL Colunm: poroshell 
120 EC-C18 2.7 µm 4.6x100 mm; Flow rate 0.8 m/min; 
Solvent A (100/0.1 water/formic acid), Solvent B (100 
acetonitrile); gradient: hold 5% B to 0.3 min, 5-95% B from 
0.3 to 2 min, hold 95% B to 4.8 min, 95-5% B from 4.8 to 

35 5.4 min, then hold 5% B to 6.5 min. Or, colunm: Acquity 
UPLC BEH C18 1.7 µm 2.lx50 mm; Flow rate 0.5 m/min; 
SolventA(0.1 % formic acid water), Solvent B (acetonitrile); 
gradient: hold 5% B for 0.2 min, 5-95% B from 0.2 to 2.0 

as well as the reaction conditions and order of their execu­
tion, shall be consistent with the preparation of the com- 40 

pounds of the present application. 

min, hold 95% B to 3.1 min, then 5% B at 3.5 min. 
Abbreviations used in the following examples and else­

where herein are: 
Those skilled in the art will recognize if a stereocenter 

exists in the compounds of the present application (e.g., a 
compound of any of the formulae or any individual com­
pounds disclosed herein). Accordingly, the present applica- 45 

tion includes both possible stereoisomers (unless specified in 
the synthesis) and includes not only racemic compound but 
the individual enantiomers and/or diastereomers as well. 
When a compound is desired as a single enantiomer or 
diastereomer, it may be obtained by stereospecific synthesis 50 

or by resolution of the final product or any convenient 
intermediate. Resolution of the final product, an intermedi-
ate, or a starting material may be affected by any suitable 
method known in the art. See, for example, "Stereochem­
istry of Organic Compounds" by E. L. Elie!, S. H. Wilen, 55 

and L. N. Mander (Wiley-Interscience, 1994). 
The compounds described herein may be made from 

commercially available starting materials or synthesized 
using known organic, inorganic, and/or enzymatic pro­
cesses. 

The compounds of the present application can be prepared 
in a number of ways well known to those skilled in the art 

60 

DIEA N,N-diisopropylethylamine 
DMF N,N-dimethylformamide 
DMA N,N-dimethylacetamide 
DMSO dimethylsulfoxide 
DEAD Diethy !Azodicarboxy late 
EA ethyl acetate 
IPA iso-propyl alcohol 
IPE di-isopropyl ether 
MeCN acetonitrile 
THF tetrahydrofuran 
m-CPBA 3-chlorobenzenecarboperoxoic acid 
DCM dichloromethane 
LC/MS liquid chromatography-mass spectrometry 
MeOH methanol 
MS mass spectrometry 
PE petroleum ether 
NMP N-methyl pyrrolidinone 
NMR nuclear magnetic resonance 
ppm parts per million 
TEA triethylamine 

Biological Assays 
of organic synthesis. By way of example, the compounds of 
the present application can be synthesized using the methods 
described below, together with synthetic methods known in 
the art of synthetic organic chemistry, or variations thereon 
as appreciated by those skilled in the art. Preferred methods 

The biological activities of the compounds of the present 
application can be assessed with methods and assays known 

65 in the art. Exemplary methods are described in the 
Examples, such as GLPlR cAMP assay and human GLP-1 
activity assay. 
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The compounds of the present application also possess 
favorable pharmacokinetic properties and/or activity profile 
against hepatic drug transporters (e.g., OATPlBl, 
OATP1B3), compared to known small molecule GLP-1 
receptor agonists. These properties can be evaluated with 
methods and assays available in the art, such as those 
described and/or exemplified herein. 
Methods of Using the Compounds 

The compounds of the present application are useful for 
modulating ( e.g., activating or stimulating) GLP-1 receptor. 
As such, the compounds of the present application are useful 
for the treatment of a disease or disorder associated with the 
GLP-1 receptor, including metabolic diseases such as dia­
betes and obesity, cardiovascular diseases, liver diseases 
such as NASH, kidney diseases, neurodegenerative diseases, 
and other diseases or disorders associated with the modu­
lation ofGLP-1 receptor. For example, a disease or disorder 
associated with the GLP-1 receptor includes, but is not 
limited to, diabetes (non-insulin-dependent diabetes mellitus 
(Type 2 diabetes) or insulin-dependent diabetes mellitus 
(Type 1 diabetes)), diabetic complication, obesity, impaired 
glucose tolerance, overweight condition, hyperlipidemia, 
hypercholesteremia, atherosclerosis, hypertension, coronary 
heart disease such as myocardial infarction and angina 
pectoris, congestive heart failure, cardiac arrhythmias, brain 
infarction, stroke, liver diseases such as nonalcoholic fatty 
liver disease (NAFLD) and nonalcoholic steatohepatitis 
(NASH), dementia, Parkinson's disease, and diabetic kidney 
disease. 

"Diabetes" is a state or a disease in which the metabolism 
for generating and using glucose becomes deficient due to a 
failure in maintaining an appropriate blood glucose level in 
the body, and encompasses insulin-dependent diabetes mel­
litus (Type 1 diabetes) and non-insulin-dependent diabetes 
mellitus (Type 2 diabetes). 

"Dementia" includes, for example, Alzheimer's disease, 
vascular dementia, and diabetic dementia. 
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embodiments, the GLP-1 receptor is wild-type GLP-1 recep­
tor. In other embodiments, the GLP-1 receptor is mutant 
GLP-1 receptor. 

Another aspect of the application relates to a method of 
5 modulating GLP-1 receptor, the method comprising admin­

istering to a subject in need thereof a therapeutically effec­
tive amount of a compound of the present application ( e.g., 
a compound of any of the formulae or any individual 
compounds disclosed herein), or a pharmaceutically accept-

IO able salt, solvate, prodrug, stereoisomer, ortautomerthereof, 
or a pharmaceutical composition of a compound of the 
present application ( e.g., a compound of any of the formulae 
or any individual compounds disclosed herein). In one 

15 embodiment, modulating GLP-1 receptor is activating 
GLP-1 receptor. In some embodiments, the GLP-1 receptor 
is wild-type GLP-1 receptor. In other embodiments, the 
GLP-1 receptor is mutant GLP-1 receptor. 

Another aspect of the application relates to a compound of 
20 the present application (e.g., a compound of any of the 

formulae or any individual compounds disclosed herein), or 
a pharmaceutically acceptable salt, solvate, prodrug, stereoi­
somer, or tautomer thereof, for use in a method of treating 
a GLP-1 receptor-mediated disease or disorder. In one 

25 embodiment, the GLP-1 receptor-mediated disorder is a 
disease or disorder described herein. In some embodiments, 
the GLP-1 receptor is wild-type GLP-1 receptor. In other 
embodiments, the GLP-1 receptor is mutant GLP-1 receptor. 

In another aspect, the present application relates to a 
30 pharmaceutical composition of a compound of the present 

application (e.g., a compound of any of the formulae or any 
individual compounds disclosed herein), or a pharmaceuti­
cally acceptable salt, solvate, prodrug, stereoisomer, or 
tautomer thereof, for use in a method of treating a GLP-1 

35 receptor-mediated disease or disorder. In one embodiment, 
the GLP-1 receptor-mediated disorder is a disease or disor­
der described herein. In some embodiments, the GLP-1 
receptor is wild-type GLP-1 receptor. In other embodiments, "Diabetic complication" is a complication caused by 

diabetes or hyperglycemia, including ketoacidosis, infec­
tious disease ( e.g., skin infection, soft tissue infection, 40 

biliary system infection, respiratory system infection, uri­
nary tract infection), microangiopathy (e.g., nephropathy, 
retinopathy ), neuropathy (e.g., sensory nerve disorder, 
motor nerve disorder, autonomic nerve disorder), and gan­
grene. Major diabetes complexes include diabetic retinopa­
thy, diabetic nephropathy, and diabetic neuropathy. 

the GLP-1 receptor is mutant GLP-1 receptor. 
Another aspect of the application relates to a compound of 

the present application (e.g., a compound of any of the 
formulae or any individual compounds disclosed herein), or 
a pharmaceutically acceptable salt, solvate, prodrug, stereoi­
somer, or tautomer thereof, for use in modulating GLP-1 

45 receptor. In one embodiment, modulating GLP-1 receptor is 
activating or stimulating GLP-1 receptor. In some embodi­
ments, the GLP-1 receptor is wild-type GLP-1 receptor. In 
other embodiments, the GLP-1 receptor is mutant GLP-1 

A liver disease ( e.g., a liver disease associated with GLP-1 
receptor) includes, but is not limited to, NASH, NAFLD, 
liver inflammation, liver fibrosis, cirrhosis, liver autoim­
mune diseases, autoimmune hepatitis, primary biliary cir- 50 

rhosis, sclerosing cholangitis, autoimmune cholangitis, and 
alcoholic liver disease. 

receptor. 
In another aspect, the present application relates to a 

pharmaceutical composition of a compound of the present 
application (e.g., a compound of any of the formulae or any 
individual compounds disclosed herein), or a pharmaceuti­
cally acceptable salt, solvate, prodrug, stereoisomer, or 

Another aspect of the application relates to a method of 
treating, preventing, inhibiting, or eliminating a disease or 
disorder associated with modulation of GLP-1 receptor ( e.g., 
activation or stimulation of GLP-1 receptor). The method 
comprises administering to a subject in need of a treatment 
for diseases or disorders associated with modulation of 

55 tautomer thereof, for use in modulating GLP-1 receptor. In 
one embodiment, modulating GLP-1 receptor is activating 
or stimulating GLP-1 receptor. In some embodiments, the 
GLP-1 receptor is wild-type GLP-1 receptor. In other 

GLP-1 receptor an effective amount a compound of the 
present application ( e.g., a compound of any of the formulae 60 

or any individual compounds disclosed herein) or a phar­
maceutically acceptable salt, solvate, prodrug, stereoisomer, 

embodiments, the GLP-1 receptor is mutant GLP-1 receptor. 
Another aspect of the application relates to the use of a 

compound of the present application (e.g., a compound of 
any of the formulae or any individual compounds disclosed 
herein), or a pharmaceutically acceptable salt, solvate, prod­
rug, stereoisomer, or tautomer thereof, in the manufacture of 

or tautomer thereof or a pharmaceutical composition of a 
compound of the present application (e.g., a compound of 
any of the formulae or any individual compounds disclosed 
herein). In one embodiment, the GLP-1 receptor-mediated 
disorder is a disease or disorder described herein. In some 

65 a medicament for treating a GLP-1 receptor-mediated dis­
ease or disorder. In one embodiment, the GLP-1 receptor­
mediated disorder is a disease or disorder described herein. 



US 12,037,339 B2 
219 

In some embodiments, the GLP-1 receptor is wild-type 
GLP-1 receptor. In other embodiments, the GLP-1 receptor 
is mutant GLP-1 receptor. 

In another aspect, the present application relates to the use 
of a pharmaceutical composition of a compound of the 5 

present application ( e.g., a compound of any of the formulae 
or any individual compounds disclosed herein), or a phar­
maceutically acceptable salt, solvate, prodrug, stereoisomer, 
or tautomer thereof, in the manufacture of a medicament for 
treating a GLP-1 receptor-mediated disease or disorder. In 10 

one embodiment, the GLP-1 receptor-mediated disorder is a 
disease or disorder described herein. In some embodiments, 
the GLP-1 receptor is wild-type GLP-1 receptor. In other 
embodiments, the GLP-1 receptor is mutant GLP-1 receptor. 

Another aspect of the application relates to the use of a 15 

compound of the present application (e.g., a compound of 
any of the formulae or any individual compounds disclosed 
herein), or a pharmaceutically acceptable salt, solvate, prod­
rug, stereoisomer, or tautomer thereof, in the manufacture of 
a medicament for modulating GLP-1 receptor. In one 20 

embodiment, modulating GLP-1 receptor is activating or 
stimulating GLP-1 receptor. In some embodiments, the 
GLP-1 receptor is wild-type GLP-1 receptor. In other 
embodiments, the GLP-1 receptor is mutant GLP-1 receptor. 

In another aspect, the present application relates to the use 25 

of a pharmaceutical composition of a compound of the 
present application ( e.g., a compound of any of the formulae 
or any individual compounds disclosed herein), or a phar­
maceutically acceptable salt, solvate, prodrug, stereoisomer, 
or tautomer thereof, in the manufacture of a medicament for 30 

modulating GLP-1 receptor. In one embodiment, modulat-
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agent, an agent for treating blood disorders, an agent for 
treating diabetes, an agent for treating immunodeficiency 
disorders, and an agent for treating pain) and non-drug 
therapies (such as, but not limited to, surgery or radiation 
treatment). For instance, the compound of the application 
can be used in combination with other pharmaceutically 
active compounds, preferably compounds that are able to 
enhance the effect of the compound of the application. The 
compound of the application can be administered simulta­
neously (as a single preparation or separate preparation) or 
sequentially to the other drug therapy or treatment modality. 
In general, a combination therapy envisions administration 
of two or more drugs during a single cycle or course of 
therapy. 
Pharmaceutical Compositions 

The present application also provides pharmaceutical 
compositions comprising a compound of the present appli­
cation ( e.g., a compound of any of the formulae or any 
individual compounds disclosed herein), or a pharmaceuti­
cally acceptable salt, solvate, prodrug, stereoisomer, or 
tautomer thereof, in combination with at least one pharma-
ceutically acceptable excipient or carrier. 

A "pharmaceutical composition" is a formulation contain­
ing the compound of the present application in a form 
suitable for administration to a subject. In one embodiment, 
the pharmaceutical composition is in bulk or in unit dosage 
form. The unit dosage form is any of a variety of forms, 
including, for example, a capsule, an IV bag, a tablet, a 
single pump on an aerosol inhaler or a vial. The quantity of 
active ingredient ( e.g., a formulation of the disclosed com­
pound or a pharmaceutically acceptable salt, solvate, prod-
rug, stereoisomer, or tautomer thereof thereof) in a unit dose 
of composition is an effective amount and is varied accord­
ing to the particular treatment involved. One skilled in the 

ing GLP-1 receptor is activating or stimulating GLP-1 
receptor. In some embodiments, the GLP-1 receptor is 
wild-type GLP-1 receptor. In other embodiments, the GLP-1 
receptor is mutant GLP-1 receptor. 

The disclosed compound of the application can be admin­
istered in effective amounts to treat or prevent a disorder 
and/or prevent the development thereof in subjects. 

35 art will appreciate that it is sometimes necessary to make 
routine variations to the dosage depending on the age and 
condition of the patient. The dosage will also depend on the 
route of administration. A variety of routes are contem-

The compound of the application can be administered in 
therapeutically effective amounts in a combinational therapy 40 

with one or more therapeutic agents (pharmaceutical com­
binations) or modalities, e.g., non-drug therapies. For 
example, synergistic effects can occur with other anti­
proliferative, anti-cancer, immunomodulatory or anti-in­
flammatory substances. In some embodiments, a compound 45 

of the present application (e.g., a compound of any of the 
formulae or any individual compounds disclosed herein) is 
administered in combination with an additional therapeutic 
agent selected from an anti-inflammatory agent, an immu­
nomodulatory agent, a chemotherapeutic agent, an agent for 50 

treating cardiovascular disease, an agent for treating liver 
disease, an agent for treating lung disease, an agent for 
treating kidney disease, an agent for treating ocular disease, 
an agent for treating skin disease, an anti-viral agent, an 
agent for treating blood disorders, an agent for treating 55 

diabetes, and an agent for treating immunodeficiency disor­
ders. Where the compound of the application is administered 
in conjunction with other therapies, dosages of the co­
administered compounds will of course vary depending on 
the type of co-drug employed, on the specific drug 60 

employed, on the condition being treated and so forth. 
Combination therapy includes the administration of the 

subject compound in further combination with other bio­
logically active ingredients (such as, but not limited to, an 
anti-inflanimatory agent, an immunomodulatory agent, che- 65 

motherapeutic agent, an agent for treating cardiovascular 
disease, an agent for treating liver disease, an anti-viral 

plated, including oral, pulmonary, rectal, parenteral, trans­
dermal, subcutaneous, intravenous, intramuscular, intraperi­
toneal, inhalational, buccal, sublingual, intrapleural, 
intrathecal, intranasal, and the like. Dosage forms for the 
topical or transdermal administration of a compound of this 
application include powders, sprays, ointments, pastes, 
creams, lotions, gels, solutions, patches and inhalants. In one 
embodiment, the active compound is mixed under sterile 
conditions with a pharmaceutically acceptable carrier, and 
with any preservatives, buffers or propellants that are 
required. 

As used herein, the phrase "pharmaceutically acceptable" 
refers to those compounds, materials, compositions, carriers, 
and/or dosage forms which are, within the scope of sound 
medical judgment, suitable for use in contact with the tissues 
of human beings and animals without excessive toxicity, 
irritation, allergic response, or other problem or complica­
tion, commensurate with a reasonable benefit/risk ratio. 

"Pharmaceutically acceptable excipient" means an excipi-
ent that is useful in preparing a pharmaceutical composition 
that is generally safe, non-toxic and neither biologically nor 
otherwise undesirable, and includes excipient that is accept­
able for veterinary use as well as human pharmaceutical use. 
A "pharmaceutically acceptable excipient" as used in the 
specification and claims includes both one and more than 
one such excipient. 

A pharmaceutical compositions of the application are 
formulated to be compatible with its intended route of 
administration. Examples of routes of administration include 
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parenteral, e.g., intravenous, intradermal, subcutaneous, oral 
(e.g., inhalation), transdermal (topical), and transmucosal 
administration. Solutions or suspensions used for parenteral, 
intradermal, or subcutaneous application can include the 
following components: a sterile diluent such as water for 
injection, saline solution, fixed oils, polyethylene glycols, 
glycerine, propylene glycol or other synthetic solvents; 
antibacterial agents such as benzyl alcohol or methyl para­
bens; antioxidants such as ascorbic acid or sodium bisulfite; 
chelating agents such as ethylenediaminetetraacetic acid; 
buffers such as acetates, citrates or phosphates, and agents 
for the adjustment of tonicity such as sodium chloride or 
dextrose. The pH can be adjusted with acids or bases, such 
as hydrochloric acid or sodium hydroxide. The parenteral 
preparation can be enclosed in ampoules, disposable 
syringes or multiple dose vials made of glass or plastic. 

A compound or pharmaceutical composition of the appli­
cation can be administered to a subject in many of the 
well-known methods currently used for chemotherapeutic 
treatment. The dose chosen should be sufficient to constitute 
effective treatment but not as high as to cause unacceptable 
side effects. The state of the disease condition and the health 
of the patient should preferably be closely monitored during 
and for a reasonable period after treatment. 
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compound of any of the formulae or any individual com­
pounds disclosed herein)) of the present application may be 
manufactured in a manner that is generally known, e.g., by 
means of conventional mixing, dissolving, granulating, dra-

5 gee-making, levigating, emulsifying, encapsulating, entrap­
ping, or lyophilizing processes. Pharmaceutical composi­
tions may be formulated in a conventional manner using one 
or more pharmaceutically acceptable carriers comprising 
excipients and/or auxiliaries that facilitate processing of the 

10 active compound into preparations that can be used phar­
maceutically. Of course, the appropriate formulation is 
dependent upon the route of administration chosen. 

Pharmaceutical compositions suitable for injectable use 
include sterile aqueous solutions (where water soluble) or 

15 dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersion. For 
intravenous administration, suitable carriers include physi­
ological saline, bacteriostatic water, Cremophor EL™ 
(BASF, Parsippany, N.J.) or phosphate buffered saline 

20 (PBS). In all cases, the composition must be sterile and 
should be fluid to the extent that easy syringeability exists. 
It must be stable under the conditions of manufacture and 
storage and must be preserved against the contaminating 

The term "therapeutically effective amount", as used 25 

herein, refers to an amount of a pharmaceutical agent to 
treat, ameliorate, or prevent an identified disease or condi­
tion, or to exhibit a detectable therapeutic or modulatory 
effect. The effect can be detected by any assay method 
known in the art. The precise effective amount for a subject 30 

will depend upon the subject's body weight, size, and health; 

action of microorganisms such as bacteria and fungi. The 
carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, 
propylene glycol, and liquid polyethylene glycol, and the 
like), and suitable mixtures thereof. The proper fluidity can 
be maintained, for example, by the use of a coating such as 
lecithin, by the maintenance of the required particle size in 
the case of dispersion and by the use of surfactants. Pre-

the nature and extent of the condition; and the therapeutic or 
combination of therapeutics selected for administration. 
Therapeutically effective amounts for a given situation can 
be determined by routine experimentation that is within the 35 

skill and judgment of the clinician. In one embodiment, the 
disease or disorder is a disease or disorder described herein. 

vention of the action of microorganisms can be achieved by 
various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, 
and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as 
mannitol, sorbitol, sodium chloride in the composition. 
Prolonged absorption of the injectable compositions can be 
brought about by including in the composition an agent 
which delays absorption, for example, aluminum monoste­
arate and gelatin. 

For any compound, the therapeutically effective amount 
can be estimated initially either in cell culture assays, e.g., 
of neoplastic cells, or in animal models, usually rats, mice, 40 

rabbits, dogs, or pigs. The animal model may also be used 
to determine the appropriate concentration range and route 
of administration. Such information can then be used to 
determine useful doses and routes for administration in 
humans. Therapeutic/prophylactic efficacy and toxicity may 
be determined by standard pharmaceutical procedures in cell 
cultures or experimental animals, e.g., ED50 (the dose thera­
peutically effective in 50% of the population) and LD50 (the 
dose lethal to 50% of the population). The dose ratio 
between toxic and therapeutic effects is the therapeutic 
index, and it can be expressed as the ratio, LD50/ED50 . 

Pharmaceutical compositions that exhibit large therapeutic 
indices are preferred. The dosage may vary within this range 
depending upon the dosage form employed, sensitivity of 
the patient, and the route of administration. 

Dosage and administration are adjusted to provide suffi­
cient 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 administration, drug combination(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. 

The pharmaceutical compositions containing active com­
pound (i.e., a compound of the present application (e.g., a 

Sterile injectable solutions can be prepared by incorpo­
rating the active compound in the required amount in an 
appropriate solvent with one or a combination of ingredients 

45 enumerated above, as required, followed by filtered steril­
ization. Generally, dispersions are prepared by incorporating 
the active compound into a sterile vehicle that contains a 
basic dispersion medium and the required other ingredients 
from those enumerated above. In the case of sterile powders 

50 for the preparation of sterile injectable solutions, methods of 
preparation are vacuum drying and freeze-drying that yields 
a powder of the active ingredient plus any additional desired 
ingredient from a previously sterile-filtered solution thereof. 

Oral compositions generally include an inert diluent or an 
55 edible pharmaceutically acceptable carrier. They can be 

enclosed in gelatin capsules or compressed into tablets. For 
the purpose of oral therapeutic administration, the active 
compound can be incorporated with excipients and used in 
the form of tablets, troches, or capsules. Oral compositions 

60 can also be prepared using a fluid carrier for use as a 
mouthwash, wherein the compound in the fluid carrier is 
applied orally and swished and expectorated or swallowed. 
Pharmaceutically compatible binding agents, and/or adju­
vant materials can be included as part of the composition. 

65 The tablets, pills, capsules, troches and the like can contain 
any of the following ingredients, or compounds ofa similar 
nature: a binder such as microcrystalline cellulose, gum 
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tragacanth or gelatin; an excipient such as starch or lactose, 
224 

wherein the parent compound is modified by making acid or 
base salts thereof. Examples of pharmaceutically acceptable 
salts include, but are not limited to, mineral or organic acid 
salts of basic residues such as amines, alkali or organic salts 

a disintegrating agent such as alginic acid, Primogel, or corn 
starch; a lubricant such as magnesium stearate or Sterotes; a 
glidant such as colloidal silicon dioxide; a sweetening agent 
such as sucrose or saccharin; or a flavoring agent such as 
peppermint, methyl salicylate, or orange flavoring. 

For administration by inhalation, the compound is deliv­
ered in the form of an aerosol spray from pressured container 
or dispenser, which contains a suitable propellant, e.g., a gas 
such as carbon dioxide, or a nebulizer. 

5 of acidic residues such as carboxylic acids, and the like. The 
pharmaceutically acceptable salts include the conventional 
non-toxic salts or the quaternary ammonium salts of the 
parent compound formed, for example, from non-toxic 
inorganic or organic acids. For example, such conventional 

Systemic administration can also be by transmucosal or 
transdermal means. For transmucosal or transdermal admin­
istration, penetrants appropriate to the barrier to be perme­
ated are used in the formulation. Such penetrants are gen­
erally known in the art, and include, for example, for 
transmucosal administration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can be 
accomplished through the use of nasal sprays or supposito­
ries. For transdermal administration, the active compound is 
formulated into ointments, salves, gels, or creams as gen­
erally known in the art. 

10 non-toxic salts include, but are not limited to, those derived 
from inorganic and organic acids selected from 2-acetoxy­
benzoic, 2-hydroxyethane sulfonic, acetic, ascorbic, ben­
zene sulfonic, benzoic, bicarbonic, carbonic, citric, edetic, 
ethane disulfonic, 1,2-ethane sulfonic, fumaric, glucohep-

15 tonic, gluconic, glutamic, glycolic, glycollyarsanilic, hexyl­
resorc1mc, hydrabamic, hydrobromic, hydrochloric, 
hydroiodic, hydroxymaleic, hydroxynaphthoic, isethionic, 
lactic, lactobionic, lauryl sulfonic, maleic, malic, mandelic, 
methane sulfonic, napsylic, nitric, oxalic, pamoic, pantoth-

20 enic, phenylacetic, phosphoric, polygalacturonic, propionic, 
salicyclic, stearic, subacetic, succinic, sulfamic, sulfanilic, 
sulfuric, tannic, tartaric, toluene sulfonic, and the commonly 
occurring amine acids, e.g., glycine, alanine, phenylalanine, 

The active compound can be prepared with pharmaceu­
tically acceptable carriers that will protect the compound 
against rapid elimination from the body, such as a controlled 
release formulation, including implants and microencapsu- 25 

lated delivery systems. Biodegradable, biocompatible poly­
mers can be used, such as ethylene vinyl acetate, polyan­
hydrides, polyglycolic acid, collagen, polyorthoesters, and 
polylactic acid. Methods for preparation of such formula­
tions will be apparent to those skilled in the art. The 30 

materials can also be obtained commercially from Alza 
Corporation and Nova Pharmaceuticals, Inc. Liposomal 
suspensions (including liposomes targeted to infected cells 
with monoclonal antibodies to viral antigens) can also be 
used as pharmaceutically acceptable carriers. These can be 35 

prepared according to methods known to those skilled in the 
art, for example, as described in U.S. Pat. No. 4,522,811. 

It is especially advantageous to formulate oral or paren­
teral compositions in dosage unit form for ease of admin­
istration and uniformity of dosage. Dosage unit form as used 40 

herein refers to physically discrete units suited as unitary 
dosages for the subject to be treated; each unit containing a 
predetermined quantity of active compound calculated to 
produce the desired therapeutic effect in association with the 
required pharmaceutical carrier. The specification for the 45 

dosage unit forms of the application are dictated by and 
directly dependent on the unique characteristics of the active 
compound and the particular therapeutic effect to be 
achieved. 

In therapeutic applications, the dosages of the pharma- 50 

ceutical compositions used in accordance with the applica­
tion vary depending on the agent, the age, weight, and 
clinical condition of the recipient patient, and the experience 
and judgment of the clinician or practitioner administering 

arginine, etc. 
Other examples of pharmaceutically acceptable salts 

include hexanoic acid, cyclopentane propionic acid, pyruvic 
acid, malonic acid, 3-(4-hydroxybenzoyl)benzoic acid, cin­
namic acid, 4-chlorobenzenesulfonic acid, 2-naphthalene­
sulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, 
4-methylbicyclo-[2.2.2]-oct-2-ene-l-carboxylic acid, 3-phe­
nylpropionic acid, trimethylacetic acid, tertiary butylacetic 
acid, muconic acid, and the like. The present application also 
encompasses salts formed when an acidic proton present in 
the parent compound either is replaced by a metal ion, e.g., 
an alkali metal ion, an alkaline earth ion, or an aluminum 
ion; or coordinates with an organic base such as etha-
nolamine, diethanolamine, triethanolamine, tromethamine, 
N-methylglucamine, and the like. 

It should be understood that all references to pharmaceu­
tically acceptable salts include solvent addition forms (sol­
vates) or crystal forms (polymorphs) as defined herein, of 
the same salt. 

The compound of the present application can also be 
prepared as esters, for example, pharmaceutically acceptable 
esters. For example, a carboxylic acid function group in a 
compound can be converted to its corresponding ester, e.g., 
a methyl, ethyl or other ester. Also, an alcohol group in a 
compound can be converted to its corresponding ester, e.g., 
an acetate, propionate or other ester. 

The compound of the present application can also be 
prepared as prodrugs, for example, pharmaceutically accept­
able prodrugs. The terms "pro-drug" and "prodrug" are used 
interchangeably herein and refer to any compound which 
releases an active parent drug in vivo. Since prodrugs are 

the therapy, among other factors affecting the selected 
dosage. Dosages can range from about 0.01 mg/kg per day 
to about 5000 mg/kg per day. An effective amount of a 
pharmaceutical agent is that which provides an objectively 
identifiable improvement as noted by the clinician or other 
qualified observer. As used herein, the term "dosage effec­
tive manner" refers to amount of an active compound to 
produce the desired biological effect in a subject or cell. 

55 known to enhance numerous desirable qualities of pharma­
ceuticals ( e.g., solubility, bioavailability, manufacturing, 
etc.), the compound of the present application can be deliv­
ered in prodrug form. Thus, the present application is 
intended to cover prodrugs of the presently claimed com-

The pharmaceutical compositions can be included in a 
container, pack, or dispenser together with instructions for 
administration. 

As used herein, "pharmaceutically acceptable salts" refer 
to derivatives of the compound of the present application 

60 pound, methods of delivering the same and compositions 
containing the same. "Prodrugs" are intended to include any 
covalently bonded carriers that release an active parent drug 
of the present application in vivo when such prodrug is 
administered to a subject. Prodrugs in the present applica-

65 tion are prepared by modifying functional groups present in 
the compound in such a way that the modifications are 
cleaved, either in routine manipulation or in vivo, to the 
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parent compound. Prodrugs include the compound of the 
present application wherein a hydroxy, amino, sulfhydryl, 
carboxy or carbonyl group is bonded to any group that may 
be cleaved in vivo to form a free hydroxyl, free amino, free 
sulfhydryl, free carboxy or free carbonyl group, respec- 5 
tively. 

Examples of prodrugs include, but are not limited to, 
esters ( e.g., acetate, dialkylaminoacetates, formates, phos­
phates, sulfates and benzoate derivatives) and carbamates 
(e.g., N,N-dimethylaminocarbonyl) of hydroxy functional 

10 
groups, esters (e.g., ethyl esters, morpholinoethanol esters) 
of carboxyl functional groups, N-acyl derivatives (e.g., 
N-acetyl) N-Marmich bases, Schiff bases and enaminones of 
amino functional groups, oximes, acetals, ketals and enol 
esters of ketone and aldehyde functional groups in the 
compound of the application, and the like, See Bundegaard, 15 

H., Design of Prodrugs, p 1-92, Elsevier, New York-Oxford 
(1985). 

The compound, or pharmaceutically acceptable salts, tau­
tomers, prodrugs, solvates, metabolites, polymorphs, ana­
logs or derivatives thereof, are administered orally, nasally, 20 

transdermally, pulmonary, inhalationally, buccally, sublin­
gually, intraperintoneally, subcutaneously, intramuscularly, 
intravenously, rectally, intrapleurally, intrathecally and par­
enterally. In one embodiment, the compound or a pharma­
ceutically acceptable salt, solvate, prodrug, stereoisomer, or 25 
tautomer thereof is administered orally. One skilled in the art 
will recognize the advantages of certain routes of adminis­
tration. 

The dosage regimen utilizing the compound is selected in 
accordance with a variety of factors including type, species, 
age, weight, sex and medical condition of the patient; the 30 

severity of the condition to be treated; the route of admin­
istration; the renal and hepatic function of the patient; and 
the particular compound or pharmaceutically acceptable 
salt, solvate, prodrug, stereoisomer, or tautomer thereof 
employed. An ordinarily skilled physician or veterinarian 35 

can readily determine and prescribe the effective amount of 
the drug required to prevent, counter or arrest the progress 
of the condition. 

226 
strued as limiting this application in scope or spirit to the 
specific procedures herein described. It is to be understood 
that the examples are provided to illustrate certain embodi­
ments and that no limitation to the scope of the application 
is intended thereby. It is to be further understood that resort 
may be had to various other embodiments, modifications, 
and equivalents thereof which may suggest themselves to 
those skilled in the art without departing from the spirit of 
the present application and/or scope of the appended claims. 

Example 1: Synthesis of Intermediate 1 

1-A 

N~> 
Br~ 

Step 1: 1-B 

F 

1-C 

1-B 

step 3 -

step 2 -

Intermediate 1 

To a solutionofl-A(20.0 g, 0.16 mo!) inMeCN (500 mL) 
was added NBS (31.3 g, 0.176 mo!) in portions at 10° C. The 
resulting mixture was warmed up to 25° C. and stirred for 30 
min. After cooling down to 10° C., saturated aqueous 
Na2 S2O3 (500 mL) was added slowly into the reaction 
mixture. The organic layer was separated and the aqueous 
layer was extracted with ethyl acetate (300 mLx3). The Techniques for formulation and administration of the 

disclosed compound of the application can be found in 
Remington: the Science and Practice of Pharmacy, 19th 

edition, Mack Publishing Co., Easton, PA (1995). In an 
embodiment, the compound described herein, and the phar­
maceutically acceptable salts, solvates, prodrugs, stereoiso­
mers, or tautomers thereof, are used in pharmaceutical 
preparations in combination with a pharmaceutically accept­
able carrier or diluent. Suitable pharmaceutically acceptable 
carriers include inert solid fillers or diluents and sterile 
aqueous or organic solutions. The compound or pharmaceu­
tically acceptable salts, solvates, prodrugs, stereoisomers, or 
tautomers thereof will be present in such pharmaceutical 
compositions in amounts sufficient to provide the desired 
dosage amount in the range described herein. 

40 combined organic layers were washed with water (100 
mLx3) and brine (100 mLx3), dried over anhydrous sodium 
sulfate, filtered and concentrated to give a residue, which 
was washed with petroleum ether to afford 1-B (19.2 g, 
58.88% yield). MS: m/z=204 (M+l). 

All percentages and ratios used herein, unless otherwise 
indicated, are by weight. Other features and advantages of 
the present application are apparent from the different 
examples. The provided examples illustrate different com­
ponents and methodology useful in practicing the present 
application. The examples do not limit the claimed applica­
tion. Based on the present application the skilled artisan can 
identify and employ other components and methodology 
useful for practicing the present application. 

EXAMPLES 

The application is further illustrated by the following 
examples and synthesis schemes, which are not to be con-

45 Step 2: 1-C 
To a solution of 1-B (19.2 g, 89.3 mmol) in AcOH (600 

mL) was added NaNO2 (7.39 g, 107 mmol) at 10° C. The 
mixture was stirred at 25° C. for 4 hr. After cooling down to 
10° C., aqueous NaOH (50% w/w) was added slowly to the 

50 reaction mixture until pH=7-8. The aqueous layer was 
extracted with ethyl acetate (500 mLx3). The combined 
organic layers were washed with water (100 mLx3) and 
brine (100 mLx3), dried over anhydrous sodium sulfate, 
filtered and concentrated under vacuum. The residue was 

55 purified by flash chromatography (9% dichloromethane in 
ethyl acetate) to afford 1-C (9.2 g, 45.47% yield). MS: 
m/z=215 (M+l). 
Step 3: Intermediate 1 

To a solution of 1-C (9.2 g, 42.0 mmol) in DMF (50 mL) 
60 was added t-BuOK ( 4.7 g, 42.0 mmol) at 0° C. The resulting 

mixture was stirred at 25° C. for 40 min. CH3I (3.1 mL, 50.3 
mmol) was added dropwise at 0° C. After stirring at 25° C. 
for 18 hr, the reaction mixture was quenched with saturated 
aqueous NH4 Cl (200 mL) and the aqueous layer was 

65 extracted with ethyl acetate (300 mLx3). The combined 
organic layers were washed with saturated aqueous NH4 Cl 
(100 mLx3), water (100 mLx3) and brine (100 mLx3), dried 
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over anhydrous sodium sulfate, filtered and concentrated 
under vacuum. The residue was purified by flash chroma­
tography (25% petroleum ether in ethyl acetate) to afford 
Intermediate 1 (5.5 g, 56.12% yield). 1H NMR (400 MHz, 
CDCl3 ) Ii 8.02 (s, lH), 7.45 (dd, J=8.8, 6.2 Hz, lH), 7.07 (d, 5 

J=8.8 Hz, lH), 4.07 (s, 3H) ppm; MS: m/z=229 (M+l). 

Example 2: Synthesis of Intermediate 2 

228 
mLx3) and the combined organic layers were dried over 
sodium sulfate, concentrated to give 2-D (10.1 g, 51 % 
yield). 1H NMR (400 MHz, CDCl3 ) Ii 3.39-3.26 (m, lH), 
2.40 (m, 2H), 1.24 (d, J=6.4 Hz, 3H) ppm; MS: m/z=85 
(M+l). 

Step 4: 2-E 

To a solution of 2-D (10.1 g, 120.2 mmol) in ethanol (60 
mL) was added ethyl acrylate (14.4 g, 144.2 mmol) and 

10 Et3 N (20 mL, 144.2 mmol). The reaction solution was 
heated at 70° C. for 3 hr. After cooling to 25° C., N-meth­
ylpiperazine (4 mL, 36.1 mmol) and (Boc)2 0 (33.1 mL, 
144.2 mmol) was added and was stirred at 25° C. for 14 hr. 
Water (100 mL) was added and the aqueous layer was 

2-A 2-B 

15 extracted with toluene (100 mLx3). The combined organic 
layers were dried over sodium sulfate, concentrated to give 
2-E (34.1 g, crude). MS: m/z=285 (M+l). 

Step 5: Intermediate 2 
Step 3 ----- Step 4 ----- 20 To a mixture of2-E (34.1 g) in THF (500 mL) was added 

2-C 

t-BuOK (13.5 g, 120.2 mmol) at 25° C. and stirred for 2 hr. 
2 N HCI (90 mL) was added and stirred for 30 min. The 
reaction solution was diluted with water (500 mL) and 
extracted with Ethyl acetate (500 mLx3). The combined 

25 organic layers were dried over sodium sulfate and concen­
trated. The residue was purified by silica gel colunm (PE/ 
EA=20/1) to give Intermediate 2 (9.2 g, 32% yield). 1H 
NMR ( 400 MHz, CDCl3 ) Ii 5.17-4.97 (m, lH), 4.36 (m, lH), 
3.80 (d, J=5.6 Hz, lH), 3.24 (m, lH), 2.53-2.45 (m, 2H), 

30 1.49 (s, 9H), 1.35-1.31 (m, 3H) ppm; MS: m/z=329 (M+l). 
2-E Intermediate 2 

Step 1: 2-B 
To a stirring mixture of 2-A (28.23 g, 0.375 mo!) in ethyl 35 

acetate (200 mL) was added (Boc)2 0 (86.13 g, 0.395 mo!) 
dissolved in ethyl acetate (200 mL) dropwise at 0° C. for 30 
min. Then, TMEDA (59.6 mL, 0.395 mo!) in ethyl acetate 
(50 mL) was added dropwise at 0° C. MsCI (30.6 mL, 0.395 
mo!) was then added dropwise at 0° C. for 46 min. The 40 

reaction mixture was stirred at 0° C. for 3 .2 hr. After 
filtration, the filtrate was concentrated to about half volume 
and poured into hexane (800 mL) and stirred at 0° C. for 2 
hr. 2-B (79.6 g, 83.9% yield) was obtained after filtration. 1H 
NMR (400 MHz, CDCl3 ) ll 4.58 (m, lH), 4.22 (m, lH), 3.98 45 

(m, lH), 3.04 (s, 3H), 1.44 (s, 9H), 1.24 (d, J=6.9 Hz, 3H) 
ppm; MS: m/z=254 (M+l). 
Step 2: 2-C 

To a stirring mixture of sodium cyanide (47.2 g, 0.407 
mo!) in DMF (500 mL) was added TBAB (10.2 g, 31.3 50 

mmol) and stirred at 35° C. for 2 hr. 2-B (79.6 g, 0.313 mo!) 
was then added and stirred for another 48 hr. Water (500 mL) 
was added and the aqueous layer was extracted with ethyl 
acetate (1000 mLx3). The combined organic layers were 
dried over sodium sulfate, and concentrated to give 2-C ( 43 55 

g, 74% yield). 1H NMR (400 MHz, CDCl3 ) ll 4.68 (m, lH), 
3.95 (m, lH), 2.80-2.63 (m, lH), 1.45 (s, 9H), 1.31 (dd, 
J=ll.8, 6.0 Hz, 3H) ppm; MS: m/z=185 (M+l). 
Step 3: 2-D 

To a mixture of 2-C (43 g, 0.232 mo!) in THF (500 mL) 60 

was added methanesulfonic acid (37.6 mL, 0.580 mo!) at 0° 
C. and stirred for 20 min. The reaction mixture was heated 
to 65° C. and stirred for 3 hr. The reaction mixture was then 
cooled to 25° C. and filtered. The cake was dissolved in 
DCM (200 mL) and the mixture was adjusted to pH -13 65 

with aqueous sodium carbonate and NaOH (6 M). After 
separation, the aqueous layer was extracted with DCM (300 

Example 3: Synthesis of Intermediate 3 

F F 

v~v step 2 -
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Intermediate 3 

Step 1: 3-B 

230 
were dried over sodium sulfate, concentrated and purified by 
silica gel colunm (PE/EA=l0/1) to give 3-B (2.58 g, 74% 
yield). 1H NMR (400 MHz, CDCl3 ) Ii 7.17-6.92 (m, 2H), 
2.22 (s, 6H), 1.53-1.46 (m, 18H) ppm; MS: m/z=439 (M-1). 

5 Step 2: 3-C 
To a solution of3-B (2.58 g, 7.29 mmol) in NMP (20 mL) 

was added methanesulfonic acid (1.40 g, 14.58 mmol). The 
reaction mixture was heated up to 80° C. and stirred for 12 
hr. After cooling down to room temperature, the reaction 

10 
mixture was poured into toluene (20 mL) and adjust pH to 
-9 with aqueous K2CO3 . The organic layer was collected 
and dried over sodium sulfate. Then Intermediate 2 (1.73 g, 
7.29 mmol) and pyridine hydrochloride (84.3 mg, 0.73 
mmol) was added into the organic layer, the resulting 
mixture was heated at 90° C. for 1 hr. The reaction mixture 

15 was poured into water (40 mL) and adjust pH to -9 with 
aqueous NaOH and extracted with ethyl acetate (50 mLx3). 
The combined organic layers were dried over sodium sulfate 
and concentrated to give a residue, which was purified by 
silica gel colunm (PE/EA=4/1) to give 3-C (1.80 g, 66% 

20 yield). MS: m/z=375 (M+l). 
Step 3: 3-D 

To a solution of N-(2,2-dimethoxyethyl)imidazole-l-car­
boxamide (1.29 g, 6.47 mmol) and 3-C (2.2 g, 5.88 mmol) 
in DMA (30 mL) was added t-BuOK (1.98 g, 17.65 mmol) 

25 at 25° C. The reaction mixture was stirred at 25° C. for 4 hr. 
The reaction mixture was poured into water (80 mL) and 
extracted with ethyl acetate (50 mLx3). The organic layer 
was washed with brine ( 50 mLx3 ), dried over sodium sulfate 
and concentrated to give a residue, which was purified by 

30 
silica gel column (DCM/EA=3/1) to give 3-D (1.34 g, 45% 
yield). MS: m/z=506 (M+l). 
Step 4: 3-E 

To a solution of3-D (1.29 g, 2.55 mmol) in THF (20 mL) 
was added methanesulfonic acid (196 mg, 2.04 mmol). The 
reaction mixture was stirred at 60° C. for 2 hr. Then the 

35 reaction mixture was cooled and adjust pH to -9 with 
aqueous K3 PO4 . Boc2O (222.7 mg, 1.02 mmol) was added 
to the reaction mixture. The reaction mixture was stirred at 
25° C. for 1 hr. Then the reaction mixture was poured into 
water (40 mL) and extracted with ethyl acetate (30 mLx3). 

40 The organic layer was washed with brine (20 mLx3), dried 
over sodium sulfate and concentrated to give a residue, 
which was purified by silica gel colunm to give 3-E (729 mg, 
65% yield). MS: m/z=442 (M+l). 

45 
Step 5: 3-F 

To a solution of 3-E (700 mg, 1.59 mmol), Intermediate 
1 (727 mg, 3.17 mmol), (IS, 2S)-(+)-N,N-dimethylcyclo­
hexane-l,2-diamine (112.7 mg, 0.79 mmol) andK2 CO3 (657 
mg, 4.76 mmol) in NMP (15 mL) was added Cul (60.5 mg, 
0.32 mmol). The reaction mixture was stirred at 130° C. 

50 under argon for 3 hr. After cooling down to room tempera­
ture, the reaction mixture was poured into water ( 40 mL) and 
extracted with ethyl acetate (30 mLx3). The organic layer 
was washed with brine (20 mLx3), dried over sodium 
sulfate, concentrated and purified by silica gel colunm to 

55 give 3-F (774 mg, 82.6% yield). MS: m/z=590 (M+l). 
Step 6: Intermediate 3 

To a solution of 3-F ( 400 mg, 678.39 µmo!) in DCM (3 
mL) was added HCl/dioxane (4 M, 3 mL) at 25° C. The 
reaction mixture was stirred at 25° C. for 2 hr. The excess of 

60 solvent was removed under reduced pressure to give the 
crude product Intermediate 3 (396 mg, HCI salt). MS: 
m/z=490 (M+l). 

To a solution of3-A (2 g, 9.85 mmol) in THF (20 mL) was 
added n-BuLi (2.5 M, 3.94 mL, 9.85 mmol) at -78° C. The 
reaction mixture was stirred at - 70° C. for 1 hr. Di-tert­
butyl-diazene-1,2-dicarboxylate (2.27 g, 9.85 mmol) was 
added, and the reaction mixture was stirred at -40° C. for 30 
min and warmed up to 25° C. for another 2 hr. Aqueous 65 

NH4 Cl (50 mL) was added, the aqueous layer was extracted 
with ethyl acetate (50 mLx2). The combined organic layers 

Example 4: Synthesis of Intermediates 4-7 

Intermediates 4-7 in Table 1 were made according to the 
procedure of Intermediate 3. 
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Intermediate 8 

60 Step 1: 8-B 
To a solution of8-A (10 g, 104.07 mmol) in methanol (60 

mL) was added 2-aminoethanol (7.63 g, 124.89 mmol) and 
stirred for 1 hr. Then sodium borohydride (4.72 g, 124.89 
mmol) was added slowly at 0° C. The resulting mixture was 

65 stirred for another 1 hr before being poured into water (100 
mL), and to which benzyl chloroformate (21.29 g, 124.80 
mmol) was added dropwise. The resulting mixture was 
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stirred for another 2 hr. The mixture was extracted with ethyl 
acetate (100 mLx3). The combined organic layers were 
washed with brine (100 mL), dried over sodium sulfate and 
concentrated to give a residue. The residue was purified by 
flash chromatography (DCM/MeOH=l0/1) to give 8-B (16 5 

g, 55.88% yield). 1H NMR (300 MHz, CDCl3 ): Ii 7.49 (d, 
J=7.5 Hz, lH), 7.39-7.14 (m, 5H), 6.20 (d, 1=52.6 Hz, lH), 
5.12 (d, J=7.1 Hz, 2H), 4.52 (s, 2H), 3.89-3.70 (m, 2H), 3.58 
(d, J=4.9 Hz, 2H). 

236 
Step 6: 8-G 

To a solution of 8-F (160 mg, 301.55 µmo!) in ethyl 
acetate (2 mL) was added HCl/dioxane (4 M, 2 mL). The 
reaction mixture was stirred for 1 hr. The mixture was 
diluted with ethyl acetate (10 mL) and saturated aqueous 
NaHCO3 (20 mL). The organic layer was washed with brine 
(20 mL), dried over sodium sulfate and concentrated. The 
residue was purified by flash chromatography (PE/EA=l/1) 
to give 8-G (110 mg, 99.56% yield). MS: m/z=367.2 (M+l). 

Step 2: 8-C 10 Step 7: 8-H 
To a solution of 8-B (15 g, 54.49 mmol) and triph­

enylphosphine (42.87 g, 163.46 mmol) in THF (200 mL) 
was added di-tert-butyl azodicarboxylate (25.52 g, 110.8 
mmol) in THF (200 mL) at 0° C. dropwise. The resulting 
mixture was stirred for 16 hr. The mixture was concentrated, 15 

and the residue was dissolved in DCM (50 mL) and TFA (30 
mL). After stirring for 0.5 hr, the mixture was concentrated, 
re-dissolved in DCM (100 mL) and basified by saturated 
NaHCO3 to pH 7-8. After separation, the organic layer was 
washed with brine (50 mL) and concentrated to give a crude 20 

product. The crude product was dissolved in DCM (30 mL) 
and petroleum ether was added until a white precipitate 
formed. The mixture was filtered, and the filtrate was 
concentrated and purified by flash chromatography (PE/ 
EA=l/1) to give 8-C (10 g, 38.87 mmol, 71.33% yield). 1H 25 

NMR (300 MHz, CDCl3 ): Ii 7.51 (bs, lH), 7.41-7.33 (m, 
SH), 6.09 (d, J=l0.7 Hz, lH), 5.18 (s, 2H), 4.75 (s, 2H), 
4.30-4.19 (m, 2H), 4.00-3.93 (m, 2H); MS: m/z=257.9 
(M+l). 

To a solution oftriphosgene (90 mg, 300.23 µmo!) in THF 
(10 mL) was added 8-G (110 mg, 300.23 µmo!) in THF (5 
mL) at 0° C. followed by TEA (152 mg, 1.50 mmol) in THF 
(5 mL). The reaction mixture was stirred for 1 hr. Then 
2,2-dimethoxyethanamine (158 mg, 1.50 mmol) in THF (5 
mL) was added at 0° C. The reaction mixture was stirred for 
another 1 hr. The mixture was diluted with brine (10 mL) 
and extracted with ethyl acetate (10 mL). The organic layer 
was dried, concentrated to give 8-H (140 mg, 93.73% yield). 
MS: m/z=497.7 (M+l). 
Step 8: 8-I 

A solution of 8-H (140 mg, 281 .40 µmo!) in DCM (2 mL) 
was added HCl/dioxane ( 4 M, 1 mL). The resulting mixture 
was stirred for 2 hr. The reaction mixture was diluted with 
saturated aqueous NaHCO3 (l0mL) and DCM (l0mL). The 
organic layer was dried over sodium sulfate and concen-
trated to give a crude product, which was purified by 
prep-TLC (PE/EA=l/2) to give 8-I (105 mg, 86.09% yield). 
MS: m/z=434.2 (M+l). 

Step 3: 8-D 30 Step 9: 8-J 
To a solutionof8-C (6 g, 23.32 mmol) inMeCN (150mL) 

was added NIS (7.87 g, 34.98 mmol) in MeCN (150 mL) 
dropwise at 0° C. The mixture was stirred for 16 hr before 
being poured into water (100 mL) and extracted with ethyl 
acetate (100 mLx2). The combined organic layers were 35 

washed with saturated Na2 SO3 solution (100 mL), brine 
(100 mL) and concentrated to give 8-D (8.2 g, 91.76% 
yield). MS: m/z=383.6 (M+l). 
Step 4: 8-E 

A mixture of 8-D (8 g, 20.88 mmol), diphenylmetha- 40 

nimine (7.57 g, 41.76 mmol), potassium tert-butoxide (7.03 
g, 62.63 mmol), Pdidba)3 (1.91 g, 2.09 mmol) and xantphos 
(2.42 g, 4.18 mmol) in toluene (100 mL) was stirred and 
refluxed for 16 hr. The reaction mixture was filtered and the 
filtrate was concentrated. The residue was purified by flash 45 

chromatography (DCM/MeOH=15/1) to give 1,1-diphenyl­
N-( 4,5,6, 7-tetrahydropyrazolo[ 1,5-a ]pyrazin-3-yl)metha­
nimine (3.3 g). 1HNMR(400MHz, CDCl3 ): ll 7.76-7.72 (m, 
2H), 7.52-7.45 (m, 3H), 7.42-7.32 (m, 3H), 7.25-7.20 (m, 
2H), 6.04 (s, lH), 4.21 (s, 2H), 4.01 (t, J=5.5 Hz, 2H), 50 

3.31-3.23 (m, 2H); MS: m/z=302.9 (M+l). The intermediate 
was dissolved in DCM (100 mL) and TEA (3.3 g, 32.7 
mmol) was added, then benzyl chloroformate (2 g, 11.7 
mmol) was added dropwise. After stirring for 1 hr, the 
mixture was washed with brine (100 mL), dried over sodium 55 

sulfate and concentrated. The crude product was purified by 
flash chromatography (PE/EA=l/1) to give 8-E (3.9 g, 
42.79% yield). MS: m/z=436.7 (M+l). 
Step 5: 8-F 

Amixture of8-E (2.16 g, 4.95 mmol), l-bromo-4-fluoro- 60 

benzene (1.73 g, 9.90 mmol), Pd(OAc)2 (333.29 mg, 1.48 
mmol), 1,10-phenanthroline (891.73 mg, 4.95 mmol) and 
Cs2CO3 (4.84 g, 14.85 mmol) in toluene (50 mL) was stirred 
at 140° C. for 12 hr. The reaction mixture was concentrated 
to give a crude product, which was purified by flash chro- 65 

matography (PE/EA=l/1) to give 8-F (280 mg, 10.66% 
yield). MS: m/z=558.7 (M+l). 

A mixture of 8-I (105 mg, 242.25 µmo!), Intermediate 1 
(83 mg, 363.38 µmo!), (1S,2S)-Nl,N2-dimethylcyclo­
hexane-l,2-diamine (34 mg, 242.25 µmo!), Cul (46 mg, 
242.25 µmo!) and K2 CO3 (100 mg, 726.75 µmo!) in dioxane 
(5 mL) was stirred at 100° C. for 16 hr. The reaction mixture 
was concentrated to give a crude product, which was puri-
fied by flash chromatography (PE/EA=l/1) to give 8-J (55 
mg, 39.04% yield). MS: m/z=582.1 (M+l). 
Step 10: Intermediate 8 

To a solution of8-J (55 mg, 94.57 µmo!) in DCM (2 mL) 
was added a solution of boron trichloride in DCM (2 mL, 1 
M) at 0° C. and the resulting mixture was stirred for 2 hr. The 
reaction was quenched with MeOH (2 mL), and diluted with 
saturated aqueous NaHCO3 (20 mL) and DCM (10 mL). 
After separation, the organic layer was washed with brine, 
dried over sodium sulfate and concentrated to give Interme-
diate 8 (45 mg, crude). MS: m/z=448.2 (M+l). 

Example 6a: Synthesis of Intermediate 9 

QFF QFF 

step 1 -
0 HN.___ 

NH2 9-A 

Intermediate 9 

A mixture of 9-A (7.83 g, 58.38 mmol), tert-butyl N-ami­
nocarbamate (7.72 g, 58.38 mmol) and hexane (100 mL) 
was stirred to reflux for 1 hr. White solid was filtered and 
washed with hexane. To this solid was added 1 M borane 
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solution in THF (58.35 mL) to obtain a clear mixture, which 
was stirred at room temperature until the evolution of 
hydrogen ceased. 6 M HCI (58.35 mL) was added and the 
mixture was heated to reflux for 45 min. The mixture was 
concentrated in vacuo and washed with THF to give Inter- 5 

mediate 9 (9.36 g, 99% yield, HCI salt). 1H NMR (400 MHz, 
DMSO) Ii 7.15 (bs, 5H), 3.09 (t, J=9.4 Hz, lH), 2.16-1.94 
(m, 4H), 1.94-1.72 (m, 2H), 1.57 (m, 2H); MS: m/z=151.0 
(M+l). 

Example 6b: Synthesis of Intermediate 10 

10-A 
10-B 

10-C 

step 3 -
Intermediate 10 

10 

15 

20 

30 

Step 1: 10-B 

To a stirred and cooled mixture (-50° C.) of 10-A (20 g, 
67.38 mmol) in pentane (15 mL) and diethyl ether (3 mL) in 
a 500 mL 3-neck RBF (attached with nitrogen line, ther­
mometer, and addition funnel) was added an ether solution 35 

of methyllithium lithium bromide complex (1 M, 161.72 
mL) slowly. After the addition was completed, the mixture 
was allowed to warm to 0° C. After 2 hr, the addition funnel 
was swapped out for a distillation head with attached 200 40 
mL RBF in a - 78° C. bath. A vacuum was slowly applied to 
the system and the distillate collected. A solution of 10-B 
(130 mL, about 0.3 M) in diethyl ether was obtained, which 
was used into the next step without further purification. 1 H 
NMR (300 MHz, CDCl3 ) Ii 1.93 (s, 6H). 45 

Step 2: 10-C 

Under a nitrogen atmosphere, Mn(dpm)3 (435.41 mg, 
720.0 µmo!) was dissolved in isopropanol (200 mL) and 
cooled to 0° C. A solution of phenylsilane (3.90 g, 36.0 
mmol) and tert-butyl (NE)-N-tert-butoxycarbonyliminocar- 50 

bamate (12.43 g, 54.0 mmol) in DCM (200 mL) were added, 
followed by 10-B (0.3 M, 120 mL) in ether/pentane. The 
resulting mixture was stirred at 0° C. for 21 hr. The reaction 
was quenched by addition of water (200 mL) and brine (500 
mL). The mixture was stirred for 5 min and extracted with 55 

ethyl acetate. The organic layer was dried over MgSO4 , 

filtered and concentrated to give a residue, which was 
purified by silica gel column (PE/EA=l0/1) to give 10-C 
(8.3 g, 77.27% yield). 1H NMR (400 MHz, DMSO-d6 ) Ii 
9.00 (s, lH), 2.37 (s, lH), 1.92 (s, 6H), 1.40 (s, 18H). 60 

Step 3: Intermediate 10 

To a solution of 10-C (8.3 g, 27.82 mmol) in DCM (20 
mL) was added HCl/dioxane ( 4 M, 69.54 mL) at 25° C. The 
reaction was stirred at 25° C. for 16 hr. After filtration, the 65 

solid was collected and dried to give Intermediate 10 (3.3 g, 
69.35% yield, HCI salt). 
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11-D 

F 

step 5 -

&Nb~ / 
N 
H 

Intermediate 11 

240 
Step 2: 11-B 

To a solution oftriphosgene (480 mg, 1.62 mmol) in THF 
(66 mL) were added 11-A (600 mg, 1.62 mmol) and trieth­
ylamine (819 mg, 8.1 mmol). The resulting mixture was 

5 warmed up to room temperature and stirred for 1 hr. Then 
the reaction was cooled to 0° C., 2,2-dimethoxyethanamine 
(851 mg, 8.1 mmol) was added, the mixture was warmed up 
to room temperature and stirred at for further 3 hr. The 
reaction mixture was filtered and the filtrate was concen-

10 
trated in vacuo to give 11-B (1.46 g, crude). MS: m/z=501.8 
(M+l). 
Step 3: 11-C 

To a solutionofll-B (1.36 g) in DCM (14 mL) was added 
HCl in dioxane (4 M, 7.46 mL). The reaction mixture was 
stirred at 25° C. for 16 hr. Then the reaction mixture was 

15 adjusted to pH -10 with aqueous NaOH. Boc2O (710 mg, 
3.25 mmol) was added and the reaction mixture was stirred 
at 25° C. for 4 hr. The reaction mixture was poured into 
water (15 mL) and extracted with ethyl acetate (15 mLx3). 
The organic layer was washed with brine (15 mL), dried 

20 over sodium sulfate and concentrated under reduced pres­
sure. The crude product was purified by silica gel colunm 
(DCM/methanol=20/1) to give 11-C (378 mg, 31% yield). 
MS: m/z=437.8 (M+l). 
Step 4: 11-D 

To a solution oflntermediate 1 (275.37 mg, 1.20 mmol), 
11-C (338 mg, 1.0 mmol), (1S,2S)-Nl,N2-dimethylcyclo­

hexane-l,2-diamine (342.02 mg, 2.40 mmol) and Cul 
(228.97 mg, 1.20 mmol) in dioxane (17 mL) was added 

30 K2 CO3 (332.33 mg, 2.40 mmol). The reaction mixture was 
stirred at 100° C. under argon for 16 hr. The resulting 
mixture was filtered and the filtrate was concentrated in 
vacuo to give a residue, which was purified by combi-flash 

35 (eluted with DCM/methanol=20/1) to afford 11-D (309 mg, 
52% yield). MS: m/z=585.7 (M+l). 

To a solution of Intermediate 2 (1.2 g, 5.04 mmol) in 
ethanol (11 mL) was added Intermediate 9 (1.12 g, 5.04 
mmol) and HCl (2 M, 4 mL) at 25° C. The resulting mixture 
was warmed to 50° C. and stirred for 1 hr. The mixture was 40 

quenched with saturated aqueous K2CO3 and extracted with 
ethyl acetate (50 mLx3). The organic layers were dried over 
sodium sulfate and filtered. The filtrate was concentrated in 
vacuo to give the crude product, which was purified by 
combi-flash eluting with DCM/MeOH=20/1 to afford 11-A 45 

(0.998 g, 53% yield). MS: m/z=371.0 (M+l). 

Step 5: Intermediate 11 
A mixture of 11-D (309 mg, 0.527 mmol) and HCl in 

dioxane (4 M, 10.55 mL) was stirred for 0.5 hr. The solvent 
was removed under reduced pressure to give Intermediate 11 
(250 mg, 97% yield). MS: m/z=485.8 (M+l). 

Example 8: Synthesis of Intermediates 12-16 

Intermediates 12-16 in Table 2 were made according to 
the procedure of Intermediate 11. 

Name 

Intermediate 
12 

TABLE 2 

Structure 

F F 

F 

' 
&-N6N0 

N ,,,, 
H 

1H NMR and/or LC/MS data 

MS: m/z - 512.2 (M + 1). 
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Example 9: Synthesis of Intermediate 17 
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17-H 

17-1 

step 8 -

step 9 -

Intermediate 1 7 
45 

Step 1: 17-B 
To a solution of 17-A (10 g, 72.39 mmol) in isopropyl 

alcohol (80 mL) was added tert-butyl N-amino carbamate 
(9.57 g, 72.39 mmol) at 25° C. The resulting mixture was 

"~ 
step 7 -

50 heated to 90° C. for 2 hr. To the reaction mixture was added 
petroleum ether (160 mL) at 25° C. and the resulting mixture 
was stirred for 10 minutes and filtered, the residue was 
washed by petroleum ether ( 40 mLx2) and dried to afford 
17-B (12 g, 65% yield). MS: m/z=197.2 (M+l-56). 

55 Step 2: 17-C 
To a solution of 17-B (10 g, 39.64 mmol) in methanol 

(150 mL) was added Palladium (843 mg, 7.93 mmol) at 25° 
C. under a hydrogen atmosphere. The resulting mixture was 
stirred at 25° C. for 3 hr. The reaction was filtered and 

-N ~r~J: 
o a-

' N 
Boe 

17-G 

60 concentrated under reduced pressure to afford 17-C (9 g, 
89% yield). MS: m/z=277.2 (M+23). 
Step 3: 17-D 

To a solution of 17-C (1 g, 3.93 mmol) in DCM (15 mL) 
was added HCl/dioxane (4 M, 2 mL) at 25° C., the mixture 

65 was stirred for 18 hr. The reaction mixture was concentrated 
under reduced pressure to afford 17-D (0.72 g, 95% yield, 
HCl salt). MS: m/z=155 (M+l). 
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Step 4: 17-E 
To a mixture of 17-D (1.1 g, 7.13 mmol, HCI salt) in 

ethanol (50 mL) was added N-ethyl-N-isopropyl-propan-2-
amine (1.38 g, 10.70 mmol) at 25° C. and stirred for 3 
minutes, then Intermediate 2 (1.70 g, 7.13 mmol) was added 5 

to the mixture. The resulting mixture was stirred at 70° C. 
for 3 hr. The reaction mixture was concentrated and purified 
with flash (30% Ethyl acetate in Petroleum ether) to afford 
17-E (1.5 g, 56% yield). MS: m/z=375.3 (M+l). 
Step 5: 17-F 

To a solution of 17-E (450 mg, 1.20 mmol), DIEA (465 
mg, 3.61 mmol) in THF (5 mL) was added phenyl carbono­
chloridate (376 mg, 2.40 mmol), and the reaction was stirred 

10 

at 25° C. for 2 hr. The reaction was concentrated to give 17-F 
15 

(590 mg, crude). MS: m/z=495, (M+l). 
Step 6: 17-G 

Crude 17-F (590 mg, 1.2 mmol) was dissolved in 5 mL of 
pyridine, to which 2,2-dimethoxyethanamine (379 mg, 3.61 
mmol) was added. The mixture was stirred at 25° C. for 3 hr. 20 

The reaction was concentrated to give 17-G (3 g, crude). 
MS: m/z=506 (M+l). 
Step 7: 17-H 

To a solution of crude 17-G (3 g) in THF (5 mL) was 
treated withmethanesulfonic acid (569 mg, 5.93 mmol). The 25 

solution was stirred at 60° C. for 2 hr. Aqueous K3PO4 was 
added to adjusted pH -9, and then Boc2O (388 mg, 1.78 
mmol) was added, and the reaction was stirred at 25° C. for 
16 hr. The reaction was poured into water and extracted with 
ethyl acetate (20 mLx3), the organic layer was dried over 30 

sodium sulfate and concentrated to give a residue. The 
residue was purified by prep-TLC (DCM/MeOH=l0/1) to 
give 17-H (300 mg, 56.5% yield over 3 steps). MS: 
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Step 1: 18-B 

step 2 

-------

step 3 

-------

step 4 

-------

Intermediate 18 

To a solution of 18-A (6 g, 28.27 mmol) in toluene (50 
mL) was added benzyl alcohol (3.06 g, 28.27 mmol, 2.91 
mL), DPPA (10.31 g, 42.41 mmol), triethylamine (7.15 g, 
70.68 mmol). The mixture was stirred at 90° C. for 20 hr. 
The mixture was diluted with ethyl acetate (200 mL) and 

m/z=442.1, (M+l). 
Step 8: 17-I 

To a solution of 17-H (300 mg, 679.5 µmo!) and Inter­
mediate 1 in NMP (2 mL) was added Nl,N2-dimethylcy­
clohexane-l,2-diamine (82 mg, 579.84 µmo!), Cul (69 mg, 
362.4 µmo!) and K2CO3 (300 mg, 2.17 mmol), the reaction 
was heated at 130° C. for 3 hr. The reaction was diluted with 
10 mL of ethyl acetate and washed with brine (10 mLx5). 
The organic layer was dried, concentrated and purified by 
colunm chromatography (PE/EA=5/3) to give 17-I (320 mg, 
75.9% yield). MS: m/z=590.2, (M+l). 

35 washed with aqueous NaHCO3 (100 mLx2). The organic 
phase was dried over sodium sulfate and concentrated under 
reduced pressure. The crude was purified by chromato­
graphic colunm (PE/EA=2/1) to give 18-B (5.8 g, 58.18% 
yield). MS: m/z=317.8 (M+l). 

Step 9: Intermediate 17 
To a solution of 17-I (320 mg, 542.71 µmo!) in DCM (4 

mL) was added TFA (6.19 g, 54.27 mmol, 4.2 mL), the 
reaction was stirred at 25° C. for 16 hr. Solvent was 

40 Step 2: 18-C 

To a solution of 18-B (5 g, 15.75 mmol) in THF (50 mL) 
was added sodium borohydride (5.96 g, 157.54 mmol). The 
resulting mixture was stirred for 18 hr and quenched with 

45 100 mL HCI (IM) and extracted with ethyl acetate (200 
mLx3), the combined organic phases were dried with 
sodium sulfate, concentrated under reduced pressure to give 
18-C (5.3 g, crude). MS: m/z=289.9 (M+l). 

Step 3: 18-D 
removed, the residue was treated with 5 mL of toluene and 50 

concentrated, and repeated three times to give Intermediate 
To a mixture of 18-C (1.5 g, 5.19 mmol), silver trifluo­

romethanesulfonate (2 g, 7.78 mmol) and DCM (22.5 mL) 
was added Mel (1.1 g, 7.78 mmol) dropwise at 0° C. The 
reaction mixture was stirred for 3 hr. The resulting mixture 

17 (250 mg, 89% yield, TFA salt). MS: m/z=490.1 (M+l). 

OH 

Example 10: Synthesis of Intermediate 18 

0 

18-A 

step 1 

-------

55 was filtered and the filtrate was concentrated in vacuo to give 
the crude product, which was purified by combi-flash (PE/ 
EA=2/1) to afford 18-D (323 mg, 20% yield). 1H NMR (400 
MHz, DMSO) Ii 7.51-7.20 (m, 5H), 6.93 (s, lH), 4.95 (s, 
2H), 3.20 (s, 3H), 2.93 (s, 2H), 1.73 (dd, J=9.8, 6.2 Hz, 6H), 

60 1.42 (dd, J=9.8, 6.2 Hz, 6H); MS: m/z=303.9 (M+l). 

Step 4: Intermediate 18 

A mixture of 18-D (323 mg, 1.06 mmol), Pd/C (40 mg) 
and methanol (10 mL) was stirred at under H2 for 18 hr. The 

65 reaction was filtered and the filtrate was concentrated in 
vacuo to afford Intermediate 18 (190 mg, crude). MS: 
m/z=l 70.2 (M+l). 
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Example 11: Synthesis of Intermediate 19 
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step 11 

--------

55 Step 1: 19-B 
To a solution of 19-A (5 g, 24.39 mmol), DEAD (5.10 g, 

29.27 mmol) and tert-butyl N-(2-aminoethyl)carbamate 
(4.69 g, 29.27 mmol) in THF (50 mL) was added Ph3 P (7.68 
g, 29.27 mmol) at 0° C. for 0.5 hr. Then the mixture was 

60 stirred for 4 hr before MeOH (50 mL), water (12 mL) and 
NaOH (1.95 g, 48.78 mmol) were added, which was then 
stirred further for 1 hr. The mixture was concentrated, water 
(50 mL) was added, the mixture was extracted with ethyl 
acetate (50 mLx3). The aqueous phase was acidized (1 M 

65 HCl) to pH -3 and extracted with ethyl acetate (50 mLx3), 
dried over sodium sulfate, filtered and concentrated to give 
19-B (8.1 g, 24.24 mmol, 99.4% yield). 
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Step 2: 19-C 
To a mixture of 19-B (8.1 g, 24.24 mmol), 

N-methoxymethanamine (1.48 g, 15.18 mmol, HCI salt) in 
DCM (100 mL) was added TEA (7.36 g, 72.72 mmol, 10.14 
mL) and HATU (9.22 g, 24.24 mmol) at 30° C. The reaction 5 

solution was stirred for 2 hr at 30° C. Then, ethyl acetate 
(100 mL) was added and the mixture reaction was washed 
with H2O (100 mLx3), dried over sodium sulfate, filtered 
and concentrated. The crude product was purified by silica 
gel chromatography (PE/EA=5/1-1/1) to obtain 19-C (7.7 g, 10 

20.41 mmol, 84.21 % yield). 
Step 3: 19-D 

To a solution of 19-C (7 g, 18.56 mmol) in THF (50 mL) 
was added MeMgBr (1 M, 92.78 mL) at 0° C. Then the 
mixture was stirred for 2 hr at 25° C. The mixture was 15 

concentrated and purified by colunm chromatography (EA/ 
PE=l/10-1/1) to give 19-D (6 g, 18.06 mmol, 97.34% yield). 
MS: m/z=232.0 (M+l-100). 
Step 4: 19-E 

To a mixture of 19-D (6 g, 18.06 mmol) in methanol (5 20 

mL) was added HCl/dioxane (4 M, 40 mL) at 0° C. and 
stirred for 1 hr, the reaction mixture was concentrated to give 
white solid. Then, DCM (40 mL) and TEA (18.28 g, 180.62 
mmol, 25.17 mL) were added, NaBH3 CN (4.54 g, 72.25 
mmol) was added at 0° C. and stirred for 2 hr. The solution 25 

was concentrated and purified by silica gel chromatography 
(DCM/MeOH=50/1-10/1, v/v) to obtain 19-E (3.1 g, 14.35 
mmol, 79.43% yield). 
Step 5: 19-F 

To a mixture of 19-E (3.1 g, 14.35 mmol) in H2 SO4 (40 30 

mL) was added KNO3 (7.25 g, 71.73 mmol) at 0° C. The 
reaction solution was stirred for 5 hr at 45° C. Then, the 
solution was poured into ice-water (200 mL) and the yellow 
solid was generated and filtered. Then the solid was dis­
solved in HCI/MeOH (4 M, 50 mL) and refluxed for 2 hr. 35 

The mixture was concentrated to obtain 19-F (2 g, 7.66 
mmol, 53.40% yield). 
Step 6: 19-G 

To a mixture of 19-F (1.8 g, 6.89 mmol) and TEA (2.09 
g, 20.68 mmol, 2.88 mL) in DCM (30 mL) was added 40 

Boc2 O (1.81 g, 8.27 mmol) at 25° C., and stirred for 2 hr. 
Then, the solution was concentrated. The crude product was 
purified by silica gel chromatography (PE/EA=l0/1-4/1) to 
obtain 19-G (2.0 g, 5.54 mmol, 80.31 % yield). 
Step 7: 19-H 45 

To a mixture of 19-G (1.5 g, 4.15 mmol) and NH4 Cl (2.22 
g, 41.53 mmol) in ethanol (50 mL) and water (50 mL) was 
added Zn (1.36 g, 20.76 mmol) at 25° C. The mixture was 

Name 

Intermediate 
20 

250 
stirred for 1 hr, filtered and concentrated. The crude product 
was purified by silica gel chromatography (PE/EA=l0/1-2/ 
1) to obtain 19-H (1.1 g, 3.32 mmol, 79.97% yield). 
Step 8: 19-I 

To a mixture of 19-H (800 mg, 2.42 mmol) and bis 
(trichloromethyl) carbonate (2.15 g, 7.25 mmol) in DCM 
(10 mL) was added TEA (977.66 mg, 9.66 mmol, 1.35 mL) 
at - 78° C. and stirred for 1 hr. 2,2-dimethoxyethanamine 
(1.27 g, 12.08 mmol, 1.32 mL) was added and stirred at 0° 
C. for 30 min. The mixture was concentrated to give a 
residue, which was dissolved in THF (20 mL) and trifluo­
romethanesulfonic acid (724.99 mg, 4.83 mmol, 423.97 µL) 
was added at 30° C. The reaction solution was stirred for 2 
hr at 70° C. Boc2O (1.05 g, 4.83 mmol, 1.11 mL) was added 
and stirred at 25° C. for 1 hr. The mixture was filtered and 
concentrated. The residue was purified by colunm chroma­
tography on silica gel (EA/PE=l/1-1/0) to give 19-I (600 
mg, 1.51 mmol, 62.37% yield). 
Step 9: 19-J 

To a mixture of 19-I (68.91 mg, 173.03 µmo!) and 
(4-fluoro-3,5-dimethyl-phenyl)boronic acid (37.78 mg, 
224.94 µmo!) in dioxane ( 4 mL) and H2 O (1 mL) was added 
Pd(dppf)Cl2 (12.66 mg, 17.30 µmo!) and K2 CO3 (71.74 mg, 
519.10 µmo!) at 30° C. The reaction solution was stirred for 
2 hr at 100° C. The mixture was filtered and concentrated. 
The residue was purified by colunm chromatography on 
silica gel (EA/PE=l/1-1/0) to give 19-J (70 mg, 158.55 
µmo!, 91.63% yield). 
Step 10: 19-K 

To a mixture of 19-J (70 mg, 158.55 µmo!), Intermediate 
1 (62.26 mg, 271.80 µmo!), K2CO3 (75.13 mg, 543.60 µmo!) 
and Cul (17.25 mg, 90.60 µmo!) in NMP (5 mL) was stirred 
at 80° C. for 6 hr. Then, the solution was concentrated and 
purified by silica gel chromatography (PE/EA/TEA=4/1/ 
0.01-1/1:0.01) to obtain 19-K (68 mg, 115.33 µmo!, 72.7% 
yield). MS: m/z=590.4 (M+l). 
Step 11: Intermediate 19 

19-K (50 mg, 84.80 µmo!) was dissolved in HCl/dioxane 
(4 M, 2 mL) and stirred at 25° C. for 16 hr. The reaction was 
then concentrated to give Intermediate 19 ( 45 mg, 95% 
yield). MS: m/z=490.1 (M+l). 

Example 12: Synthesis of Intermediates 20-24 

Intermediates 20-24 in Table 3 were made according to 
the procedure of Intermediate 19. 

TABLE 3 

Structure 1H NMR and/or LC/MS data 

F MS: m/z - 476 (M + 1). 
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MS: m/z -474 (M+ 1). 

MS: m/z - 462 1 ( . M+ 1). 
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Example 13: Synthesis of Intermediate 25 -continued 
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15 Intermediate 25 

Step 1: 25-B 
20 

To a solution of 25-A (intermediate for Intermediate 22, 

0.26 g, 750.58 µmo!), DIEA(291 mg, 2.25 mmol) in THF (5 

mL) was added phenyl carbonochloridate (153 mg, 975.76 

25 µmo!). The reaction was stirred at 0° C. for 2 hr. The reaction 

was concentrated to give 25-B (0.4 g, crude). MS: 

m/z=467.1 (M+l). 

30 Step 2: 25-C 

35 

40 

To a solution of25-B (0.4 g) in pyridine (8 mL) was added 

Intermediate 18 (290 mg, 1.71 mmol), the reaction was 

stirred at 20° C. for 15 hr. The mixture was concentrated to 

give a residue, which was purified by silica gel column 

(PE/EA=l/1) to give 25-C (0.33 g, 71 % yield). MS: 

m/z=542.2 (M+l). 

Step 3: 25-D 

To a solution of 25-C (0.3 g, 553.86 µmo!) in dioxane (10 

mL) was added 2-bromo-1,1-dimethoxy-ethane (2.8 g, 

45 16.62 mmol, 2 mL), t-BuOK (620 mg, 5.54 mmol) and 

18-crown-6 (586 mg, 2.22 mmol). The reaction was sealed 

in a tube and heated at 120° C. for 36 hr. The solvent was 

50 
removed, and the residue was diluted with 20 mL of ethyl 

acetate. The organic layer was washed with water ( 5 mLx2), 

dried over sodium sulfate and concentrated to give the crude 

product. The crude product was purified by flash column 

55 chromatography (PE/EA=l/1) to give 25-D (0.18 g, 52% 

yield). MS: m/z=630.4 (M+l). 

Step 4: Intermediate 25 

60 To a solution of 25-D (0.18 g, 285.82 µmo!) in ethyl 

65 

acetate (2 mL) was added HCI (2 M, 1.4 mL). The reaction 

was stirred at 25° C. for 6 hr. The reaction was concentrated 

to give a residue, which was purified by reverse-phase 

column (55% MeCN in water) to give Intermediate 25 (0.08 

g, 56% yield). MS: m/z=466.2 (M+l). 
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intermediate 19-Pl Compounds in Table 4 
as Intermediate 19-Pl were obtained by SFC • and Interm d. separat10n 

TABLE 4 e rnte 19-P2. 

Name Structure 
Intermediate F ------------~:'.::~=-------17-Pl ~ Chiral separation condition 

Column· D • 
H 250 ~m a;c;~ CHIRALPAK IC-

Mobile phase· C mm I.D., 5 µrn· 

°' I NH, ·otn - ,,,,;; C"'"° H ( 0 .,o/c 
/ g/min; Wav 1 , Flow rate: 50 8:~bfrCN foooe,~ ~•~ W '" = 

Intermediate F 
17-P2 

H 

H 
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-::----------~T~A~B~L=E1 44. • N-,,. ~,mmool 

Structure Chiral sep • aratlon condition 

Intermediate 
20-Pl 

Intermediate 
20-P2 

Intermediate 
22-Pl 

Intermediate 
22-P2 

N 

I 

( 
N 
H 

N 

I 

( 
N 
H 

F 

F 

F 

F 

Column: Daicel C 
OD-H 250 HIRALPAK 
Mobile pha~ x 

2
0 mm I.D., 

5 
• 

NH.-OH) - 65~~/MeOH (0.2%µm, 
g/min· Wa 1 , Flow rate· 50 

, ve ength· • 
Temperature: 350 C.UV 214 nm; 

Column: CHIRA mm x 20 mm 5 LPAK OD-H 250 
50% methanol ( fil;'; Modifier: 
;low: 40 g/min-0~1/o DEA); Total 

14 nm; Tern , avelength: UV 
perature: 350 C. 

258 
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-::----------~T~A~B~L=E1 44. • N-,,. ~,mmool 

Structure Chiral sep • aratlon condition 

Intermediate 
23-Pl 

Intermediate 
23-P2 

Intermediate 
24-Pl 

Intermediate 
24-P2 

Cl 

Cl 

N 

I 

( 
N 
H 

Cl 

N:::c-

/ 

( 
N 
H 

F 

F 

F 

Column: Daicel C 
OD-H 250 HIRALPAK 
Mobile pha~ Cx 20 mm I.D., 5 
NH.-OH) - 70/3~/MeOH (0.2%µm. 
g/min· Wa 1 , Flow rate· 50 

' ve ength· • 
Temperature: 35" c: UV 214 nm; 

260 



Name 

Intermediate 
25-Pl 

Intermediate 
25-P2 

N 

I 

(' .. ,.,, 
N 
H 

N 

I 

( 
H 
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TABLE 4-continued 

Structure Chiral separation condition 

F Column: Daicel CHIRALPAK 
OD-H 250 mm x 20 mm I.D., 5 µm; 

~ 
0

/ Mobile phase: CO/MeOH (0.2% 
~ NH4 OH) - 80/20; Flow rate: 50 

~N 

\=1 

F 

g/min; Wave length: UV 214 nm; 
Temperature: 35° C. 

262 

Example 16: Synthesis of Intermediate 26 
35 

Example 17: Synthesis of Intermediate 27 

)5 
J)'

Br 

40 step 1 
step 1 ------------ 0 

27-A 

26-A Br 
45 

,mJ5 

step 2 -----'-----.,,/0 J5 and/or 
0 

TfD 50 27-B 

Intermediate 26 Br 

step 3 -----To a solution of 26-A (25 g, 195.05 mmol) in THF (250 '-----.,,/0 

mL) was added LDA (2 M, 117.03 mL) at -70° C. for 0.5 55 

hr. The mixture was stirred at - 70° C. for 0.5 hr, and then 0 

1,1,1-trifluoro-N-phenyl-N-(trifluoromethylsulfonyl) meth- 27-C 

anesulfonamide (76.65 g, 214.56 mmol) in THF (250 mL) 
was added to the reaction mixture at -60° C. for 1 hr. After 

60 Br 
the addition, the temperature was raised to 25° C. slowly. 

step 4 The mixture was stirred at 25° C. for 16 hr. The reaction -----mixture was quenched by aqueous NH4Cl (200 mL) and H2N 

extracted by ethyl acetate (300 mLx2). The combined 
organic layers were washed with brine (200 mL), dried over 65 0 

sodium sulfate and concentrated with a rotary evaporator to 27-D 

obtain Intermediate 26 (95 g, crude). 
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-continued 

~~Br step 5 

--------
NC~ 

Step 1: 27-B 

27-E 

CN 

27-F 

CN 

27-G 

CN 

27-H 

N 

CN 

27-1 

~ 

# 

Br 

step 6 

--------

step 7 

--------

step 8 

--------

step 9 

--------

CN 

Intermediate 27 

To a solution of 27-A (25 g, 134.40 mmol) in DCM (100 
mL) was added ethyl 2-(triphenyl-phosphanylidene)acetate 
( 46.82 g, 134.40 mmol). The reaction was stirred at 0° C. for 
2 hr. Solvent was removed under reduced pressure to give a 
solid, which was then washed by PE/EA=l0/1 (100 mL) to 

264 
afford the crude product. The crude product was purified by 
silica gel chromatography (PE/EA=l0/1-5/1) to give 27-B 
(26.5 g, 77% yield). MS: rn/z=256.0 (M+l, ESI). 

5 
Step 2: 27-C 

10 

To a solution of27-B (30 g, 117.14 mmol) in MeOH (300 
mL) was added NaBH4 (5.32 g, 140.57 mmol) and NiCl2 

(1.52 g, 11.71 mmol). The reaction mixture was stirred for 
1 hr. The mixture was diluted with water (200 mL ), extracted 
with EA (200 mLx3). The combined organic layers were 
washed with brine, dried over sodium sulfate, filtered and 
concentrated to give 27-C (25 g, 82% yield). MS: rn/z=258.0 
(M+l). 

15 Step 3: 27-D 
To a solution of 27-C (25 g, 96.86 mmol) in MeOH (200 

mL) was added NH3 H2 O (1.13 kg, 30%). The reaction 
mixture was stirred for 16 hr. Solvent was removed under 

20 vacuum to give 27-D (20 g, 90% yield). MS: rn/z=229.0 

(M+l). 
Step 4: 27-E 

To a solution of 27-D (20 g, 87.31 mmol) in dry dioxane 
25 (200 mL) was added TFAA (36.6 g, 174.62 mmol, 24.61 

mL) and pyridine (17.2 g, 218.27 mmol, 17.65 mL) at 0° C. 
The reaction mixture was stirred at 0° C. for 1 hr. The 

reaction was diluted with H2 O (200 mL) and extracted with 

30 ethyl acetate (200 mLx3). The combined organic layers 
were washed with brine, dried over sodium sulfate, filtered 
and concentrated to give the crude product, which was 
purified by flash chromatography (PE/EA=3/1) to give 27-E 

35 
(16 g, 87% yield). MS: rn/z=211.0 (M+l). 

40 

45 

Step 5: 27-F 
To a solution of27-E (15 g, 71.07 mmol) in MeCN (200 

mL) was added ethyl 3-bromo-2-oxo-propanoate (27.7 g, 
142.14 mmol, 17.77 mL) and NaHCO3 (11.9 g, 142.14 
mmol). The mixture was stirred at 90° C. for 16 hr. The 
mixture was filtered, and the filtrate was concentrated in 
vacuum to give a residue, which was purified by silica gel 
chromatography (PE/EA=4/1) to give 27-F (1.0 g, 5% 
yield). 
Step 6: 27-G 

A mixture of 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (298 mg, 1.17 

mmol), 27-F (300 mg, 976.75 µmo!), Pd(dppf)Cl2 (71.47 
mg, 97.67 µmo!), and potassium acetate (192 mg, 1.95 
mmol) in dioxane (5 mL) was stirred at 90° C. for 8 hr. The 
mixture was concentrated in vacuum, the residue was added 

55 to water (20 mL), and extracted with ethyl acetate (20 
mLx2). The combined organic layers were washed with 
brine (20 mLx2), dried over sodium sulfate, concentrated to 
give 27-G (320 mg). MS: rn/z=355.1 (M+l). 

60 Step 7: 27-H 
A mixture of 27-G (320 mg, 903.43 µmo!), Intermediate 

26 ( 470 mg, 1.81 mmol), potassium carbonate (375 mg, 2.71 
mmol), Pd(dppf)Cl2 (66 mg, 90.34 µmo!) in dioxane (3 mL) 

65 
and water (1 mL) was stirred at 110° C. for 2 hr. The mixture 
was concentrated and the residue was added to water (20 
mL), extracted with ethyl acetate (20 mLx2). The combined 
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organic layers were washed with brine (20 mLx2), dried 
over sodium sulfate, concentrated and purified by column 
chromatography on silica gel (PE/EA=8/1) to give 27-H 
(200 mg, 59% yield). MS: m/z=339.1 (M+l). 
Step 8: 27-I 

To a solution of27-H (150 mg, 443.26 µmo!) in MeOH (3 
mL) was added Pd/C (47 mg, 10%), the mixture was stirred 

266 
-continued 

at 25° C. for 1 hr under H2 . The mixture was filtered, and the 
filtrate was concentrated to give 27-I (145 mg). MS: 10 

m/z=341.1 (M+l). 
Step 9: Intermediate 27 

To a solution of 27-I (180 mg, 528.77 µmo!) in methanol 
(5 mL) was added sodium hydroxide solution (5 M, 1.06 
mL), and stirred at 50° C. for 3 hr. The reaction mixture was 
adjusted to pH -3 with HCI (1 M). The solution was 
extracted with ethyl acetate (10 mLx3), and the combined 
organic layers were dried over sodium sulfate and concen­
trated to give a residue, which was purified by reverse-phase 
colunm (35% MeCN in H20) to give Intermediate 27 (98 
mg, 59% yield). MS: m/z=313.2 (M+l). 

/'--a 

Example 18: Synthesis of Intermediate 28 

27-1 

28-A 

step 1 -

step 2 -

Name 

Intermediate 
29 

Intermediate 28 

15 
Step 1: 28-A 

To a solution of 27-I (330 mg, 969.40 µmo!) and 1,3,2-

dioxathiolane 2,2-dioxide (361 mg, 2.91 mmol) in DMPU 

20 (10 mL) was added KHMDS (1 M, 7.76 mL) dropwise at 0° 

C. The reaction mixture was stirred for 1 hr at 0° C. 

Saturated NH4 Cl solution (10 mL) was added to quench the 

25 
reaction. The reaction mixture was diluted with water (30 

mL) and extracted with ethyl acetate (30 mLx3). The 

organic phase was washed with aqueous LiCI (10 mLx3), 

followed by brine (15 mL), dried over anhydrous sodium 
30 sulfate and concentrated to dryness. The crude product was 

purified by flash colunm chromatography (PE/EA=l/1) to 

give 28-A (200 mg, 56% yield). MS: m/z=367.2 (M+l). 

35 Step 2: Intermediate 28 

40 

To a solution of 28-A (81 mg, 221.04 µmo!) in MeOH (3 

mL) was added aqueous NaOH (2 M, 6 mL), and stirred at 

50° C. for 2 hr. The reaction mixture was extracted with 

ethyl acetate (10 mLx2). Then the aqueous solution was 

adjusted to pH -3 with HCI (1 M). The solution was 

extracted with ethyl acetate (10 mLx3) and the combined 

45 organic phase was dried over sodium sulfate and concen­

trated to give Intermediate 28 (80 mg, crude). MS: 

m/z=339.1 (M+l). 

50 
Example 19: Synthesis of Intermediate 29 

Intermediate 29 in Table 5 was made according to the 

procedure of Intermediate 28. 

TABLE 5 

Structure 1H NMR and/or LC/MS data 

0 MS: rn/z - 311 (M + 1). 

HO 
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Example 20: Synthesis of Intermediate 30 

OJ 

0 

step 1 ---
CN 

30-A 

0 

Intermediate 30 

To a solution ofKHMDS (1 M, 7.05 mL) was added 30-A 
(300 mg, 881.28 µmo!) and (4R)-4-methyl-1,3,2-dioxathio­
lane 2,2-dioxide (122 mg, 881.28 µmo!) in THF (5 mL) at 0° 

5 
/-o 

10 

/-o 

15 

/-o 
20 

0 
25 

30 

-continued 

31-D 

31-E 

CN 

31-F 

31-G 

step 4 ---

step 5 ---

step 6 ---

step 7 ---
C. The mixture was stirred at 0° C. for 2 hr. The mixture was 
poured into aqueous NH4 Cl (20 mL), extracted with ethyl 35 
acetate (20 mLx2). The combined organic layers were 
washed with brine (20 mLx2), dried over sodium sulfate, 
concentrated in vacuum to give Intermediate 30 (300 mg, 
96% yield). MS: m/z=353.1 (M+l). 

HO 

CN 

Example 21a: Synthesis of Intermediate 31 

Br 

°' 31-A 

step 1 ---

/-o 

/-o 

31-B 

31-C 

step 2 ---Br 

<t step 3 ---

40 Intermediate 31 

Step 1: 31-B 
To a solution of 31-A (15 g, 87.20 mmol, 10.34 mL) in 

45 MeCN (100 mL) was added sodium bicarbonate (14.65 g, 
174.40 mmol) and ethyl 3-bromo-2-oxo-propanoate (25.51 
g, 130.80 mmol, 16.35 mL). The mixture was stirred at 90° 
C. for 16 hr. The mixture was filtered and the filtrate was 
concentrated in vacuum. The residue was diluted with H2O 

50 (50 mL), extracted with ethyl acetate (50 mLx3), dried over 
anhydrous sodium sulfate and concentrated to dryness. The 
crude product was purified by silica gel chromatography 
(PE/EA=l0/1) to give 31-B (2.6 g, 11% yield). MS: 

55 

60 

65 

m/z=268.1 (M+l). 
Step 2: 31-C 

A mixture of 31-B (2.43 g, 9.06 mmol), 4,4,5,5-tetram­
ethyl-2-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3, 
2-dioxaborolane (2.99 g, 11.78 mmol), KOAc (1.78 g, 18.13 
mmol) and Pd(dppf)Cl2 (663 mg, 906.36 µmo!) in dioxane 
(30 mL) was stirred at 90° C. for 16 hr. The mixture was 
filtered and the filtrate was concentrated in vacuum to give 
31-C (2.5 g, crude). MS: m/z=316.2 (M+l). 
Step 3: 31-D 

To a solution of 31-C (2.5 g, 7.93 mmol) in dioxane (20 
mL) and water (5 mL) was added K2 CO3 (2.19 g, 15.86 
mmol), Pd(dppf)Cl2 (580 mg, 793.22 µmo!), and Interme­
diate 26 ( 4.13 g, 15.86 mmol), the mixture was stirred at 90° 
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C. for 1 hr. The reaction mixture was concentrated in 
vacuum. The residue was diluted with ethyl acetate (50 mL), 
washed with water (50 mL) and brine (50 mL), dried over 
sodium sulfate, concentrated in vacuum and purified by 
colunm chromatography on silica gel (PE/EA=3/1) to give 5 

31-D (2.1 g, 88% yield). MS: m/z=300.1 (M+l). 

Step 4: 31-E 

To a solution of 31-D (1.3 g, 4.34 mmol) in methanol (30 
mL) was added Pd/C (10%, 50% wet, 400 mg) under 10 

hydrogen. The reaction was stirred at 25° C. for 2 hr at 15 
psi. The mixture was filtered and the filtrate was concen­
trated to give 31-E (1.2 g, 92% yield). MS: m/z=302.1 
(M+l). 

Step 5: 31-F 
15 

To a mixture of 31-E (1.1 g, 3.65 mmol), 2-bromoac­
etonitrile ( 482 mg, 4.01 mmol, 279.99 µL), ferrous sulfate 
heptahydrate (508 mg, 1.82 mmol) and NaI (547 mg, 3.65 
mmol) in DMSO (10 mL) was added hydrogen peroxide 20 

(1.88 mL, 30%) dropwise. The reaction mixture was stirred 
at 0° C. for 20 min. The reaction was diluted with water (20 
mL) and extracted with ethyl acetate (20 mLx3). The 
combined organic phase was washed with brine, dried over 
sodium sulfate and concentrated. The residue was purified 25 

by silica gel colunm (PE/EA=4/1) to give 31-F (530 mg, 
43% yield). MS: m/z=341.3 (M+l). 

Step 6: 31-G 

0 

270 
-continued 

32-A 

step 2 -----

Intermediate 3 2 

To a solution of31-F (220 mg, 646.27 µmo!) in DMPU (3 
mL) was added 1,3,2-dioxathiolane 2,2-dioxide (241 mg, 
1.94 mmol), then LiHMDS (1 M, 5 .82 mL) was added to the 
mixture slowly at 0° C. The mixture was stirred at 0° C. for 

30 
Step 1: 32-A 

2 hr. The mixture was poured into water (10 mL), extracted 
with ethyl acetate (10 mLx2). The combined organic layers 35 

were washed with brine (10 mLxl0), dried over sodium 
sulfate and concentrated to give a residue, which was 
purified by colunm chromatography on silica gel (EA/PE=l/ 

To a solution of ethyl 27-F (10 mg, 32.56 µmo!) in 
dioxane (2 mL) was added 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2-(trifluoromethyl)pyridine (9 mg, 32.56 
µmo!), Pd(dppf)Cl2 (3 mg, 3.2 µmo!) and K2 CO3 (9 mg, 
65.12 µmo!). The mixture was stirred at 90° C. for 16 hr. The 
mixture was concentrated in vacuum to give a residue, 
which was then diluted with water (20 mL), extracted with 
ethyl acetate (20 mLx3). The organic phase was washed 
with brine, dried over sodium sulfate and concentrated in 5) to give 31-G (135 mg, 57% yield). MS: m/z=367.1 

(M+l). 

Step 7. Intermediate 31 

40 vacuum. The crude was purified by flash chromatography 
(PE/EA=2/1) to give 32-A (10 mg, 82% yield). MS: 
m/z=374.1 (M+l). To a solution of31-G (135 mg, 368.40 µmo!) in MeOH (2 

mL) was added NaOH (5 M, 1.47 mL). The mixture was 
stirred at 50° C. for 3 hr. The mixture was concentrated in 

45 
vacuum and the residue was added to HCI (1 M, 10 mL), 
extracted with ethyl acetate (10 mLx2). The combined 
organic layers were washed with brine (10 mLx2), dried 
over sodium sulfate, concentrated in vacuum to give Inter­
mediate 31 (65 mg, 50% yield). MS: m/z=339.1 (M+l). 

Example 21 b: Synthesis of Intermediate 32 

OJ 

0 
step 1 -----

Br 

CN 

27-F 

Step 2: Intermediate 32 

To a solution of 32-A (10 mg, 26.79 µmo!) in MeOH (1 
mL) was added NaOH (5 M, 535.72 µL), the reaction 
mixture was stirred at 25° C. for 2 hr. The mixture was 
concentrated and adjusted to pH -5 with 1 N HCI. The 
mixture was filtered, and the filter cake was washed with 

50 H2 O (0.5 mL) and dried on vacuum to give Intermediate 32 
(8 mg, 87% yield). MS: m/z=346.2 (M+l). 

55 

60 

65 

Example 22: Synthesis of Intermediate 33 

Br 

27-F 

step 1 -



US 12,037,339 B2 
271 

-continued 

272 
reaction mixture was stirred at 25° C. for 2 hr. The mixture 
was concentrated and adjusted to pH -5 with 1 N HCL The 
reaction mixture was extracted with ethyl acetate (20 
mLx3), the combined organic layers were washed with brine 

step 2 --- 5 (10 mL), dried over sodium sulfate and concentrated in 
vacuum to give Intermediate 33 (13 mg, 93% yield). MS: 
m/z=372.0 (M+l). 

Br 

10 
CN 

33-A 

15 

CF3 

0 step 3 20 ---
25 

33-B 

30 

35 

Intermediate 33 
40 

Step 1: 33-A 
To a three-neck flask was added LiHMDS (1 M, 1.63 mL) 

and cooled to -40° C., then 27-F (100 mg, 325.58 µmo!) and 
1,3,2-dioxathiolane 2,2-dioxide (60 mg, 488.37 µmo!) in 45 

THF (2 mL) was added. The mixture was stirred at -40° C. 
for 2 hr. The reaction mixture was extracted with ethyl 
acetate (20 mLx2). The combined organic layers were 
washed with brine (10 mLx2), dried over sodium sulfate, 
concentrated in vacuum to give the crude product. The crude 50 

was purified by silica gel chromatography (PE/EA=4/1) to 
give 33-A (20 mg, 18% yield). MS: m/z=333.0 (M+l). 
Step 2: 33-B 

To a solution of33-A (15 mg, 45.02 µmo!) in dioxane (5 
mL) and water (0.5 mL) was added K2 CO3 (18 mg, 135.06 55 

µmo!), 4-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-
(trifluoromethyl)pyridine (12 mg, 45.02 µmo!) and Pd(dppf) 
Cl2 (32 mg, 45.02 µmo!). The mixture was stirred at 90° C. 
for 2 hr. Dioxane was removed in vacuum and the crude was 
diluted with water (20 mL), extracted with ethyl acetate (20 60 

mLx3). The organic layer was washed with brine, dried over 
sodium sulfate and concentrated in vacuum. The crude was 
purified by prep-TLC (PE/EA=l/1) to give 33-B (15 mg, 
83% yield). MS: m/z=400.1 (M+l). 
Step 3: Intermediate 33 65 

To a solution of33-B (15 mg, 37.56 µmo!) in THF (1 mL) 
and MeOH (1 mL) was added NaOH (6 M, 2.0 mL). The 

Example 23: Isolation of Intermediate 27-Pl and 
Intermediate 27-P2 

step 1 
N ~ ---------

✓,:::; 

CN 

Intermediate 27 

CN 

Intermediate 27 -P 1 

CN 

Intermediate 27-P2 

Intermediate 27 (100 mg) was separated by SFC (Col­
unm: Daicel CHIRALPAK AD-H 0.46 cm I.D.x15 cm L, 5 
m; Mobile phase: HEP/EtOH (0.1% DEA)=60/40; Flow 
rate: 0.5 mL; Wave length: UV 254 nm; Temperature: 25° 
C.) to give Intermediate 27-P (40 mg) and Intermediate 
27-P2 (40 mg). 

Example 24: Synthesis and Isolation of 
Intermediates 29-Pl, 29-P2, 30-Pl, 30-P2, 30-P3, 

30-P4, 31-Pl, and 31-P2 

Compounds in Table 6 were obtained by SFC separation 
as described in Intermediate 27-Pl and Intermediate 27-P2. 



Name 

Intermediate 
28-Pl 

Intermediate 
28-P2 

Intermediate 

30-Pl 

and 

Intermediate 

30-P2 

(mixture) 

Intermediate 
30-P3 

Intermediate 
30-P4 

Intermediate 
30-Pl 

HO 

0 
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TABLE 6 

Structure 

~,,,,, ... 

Chiral separation condition 

(0.1 % DEA) - 60/40; Flow rate: 0.5 
0 mL; Column Temp: 25° C. Q 

Column: AD-H, 0.46cm I.D. x 15 cm L; 
Mobile Phase: A/B: HEP/ETOH 

Column: Daicel CHIRAi.PAK IG-H 

250 mm x 20 mm I.D., 5 µm; Mobile 

phase: COiMeOH (0.2% NH4 ·OH) -

60/40; Flow rate: 50 g/min; 

Wavelength: UV 214 nm; 

Temperature: 35° C. 

Q 
Column: Daicel CHIRAi.PAK IG-H 
250 mm x 20 mm I.D., 5 µm; Mobile 
phase: COiMeOH (0.2% NH4 ·OH) -

O O 70/30; Flow rate: 50 g/min; 
,. Wavelength: UV 214 nm; 

,,,,,. Temperature: 35° C. 

rN 

274 



Name 

Intermediate 
30-P2 

Intermediate 
31-Pl 

Intermediate 
31-P2 

HO 

0 
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TABLE 6-continued 

Structure Chiral separation condition 

G 
Column: Daicel CHIRALPAK IG-H 
250 mm x 20 mm I.D., 5 µm; Mobile 
phase: COiMeOH (0.2% NH4OH) -

0 50/50; Flow rate: 40 g/min; Wave 
~ ,,· length: UV 214 nm; Temperature: 
~ ,,,,, 35° C. 

35 

276 

Example 25: Synthesis of Intermediate 34 -continued 

~o 

0 

NH 

34-A 

0 

NH 

Br 

34-B 

Step 1 -

Step 2 -

40 0 

45 
Intermediate 34 

Step 1: 34-B 
To a solution of 34-A (10 g, 37.30 mmol) and 2-(3,6-

50 dihydro-2H-pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxa­
borolane (7.84 g, 37.30 mmol) in dioxane (100 mL) and 
water (10 mL) was added K2 CO3 (10.29 g, 74.60 mmol) and 
Pd(dppf)Cl2 (2.73 g, 3.73 mmol). The reaction was stirred at 
90° C. for 4 hr. The reaction was cooled, diluted with 200 

55 mL ethyl acetate and 100 mL water. The solid was filtered 
and the organic layer was dried over anhydrous sodium 
sulfate and concentrated to give a residue, which was 
combined with the solid to give 34-B (6 g, 59% yield). MS: 
m/z=272.2 (M+l). 

60 Step 2: Intermediate 34 
To a solution of34-B (5 g, 18.43 mmol) in DMF (25 mL) 

and MeOH (25 mL) was added Pd/C (10%, 50% wet, 1 g). 
The mixture was stirred under H2 at 15 psi for 4 hr. The 
mixture was filtered and the filtrate was concentrated to give 

65 a residue, which was purified by silica gel colunm chroma­
tography (PE/EA=9/1) to give Intermediate 34 (3.8 g, 72% 
yield). MS: m/z=274.1 (M+l). 
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Example 26: Synthesis of Intermediates 35 and 36 

Intermediates 35-36 in Table 7 were made according to 
the procedure of Intermediate 34. 

Name 

Intermediate 
35 

Intermediate 
36 

0 

TABLE 7 

Structure 

Example 27: Synthesis of Intermediate 37 

1H NMR and/or LC/MS data 

MS: rn/z - 302 (M + 1) 

MS: rn/z - 281.1 (M + 1) 

30 

\__o 

\__o>--wBr f I ~ ~ 
0 N # 

H 

34-A 

Br 

37-A 

I 
0 

('JN 
37-B 

step 2 -----

step 3 -

35 
0 

40 

45 
\__o 

0 

50 

55 

60 

65 

278 

-continued 

I 

('JN 
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step 4 -----

step 5 -----
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280 
Step 4: 37-D 

To a solution of 37-C (200 mg, 534.14 µmo!) in DMSO 

(5 mL) was added hydroxylamine hydrochloride (185.59 

5 mg, 2.67 mmol) and sodium bicarbonate (224.37 mg, 2.67 

mmol). The mixture was stirred at 60° C. for 4 hr. The 

mixture was poured into water, extracted with ethyl acetate 

(10 mLx2). The combined organic layers were washed with 
10 water (10 mL) and brine (10 mL), dried over sodium sulfate, 

concentrated in vacuum to give 37-D (200 mg, crude). MS: 

m/z=408 (M+l). 
Step 1: 37-A 

To a solution of 34-A (5.0 g, 18.65 mmol) in DMSO (50 15 
st

ep 
5

: 
37

-E 
To a solution of37-D (200 mg, 343.59 µmo!) in DMSO 

mL) was added 2-fluorobenzonitrile (6.78 g, 55.95 mmol, 

6.05 mL) and potassium tert-butoxide (6.28 g, 55.95 mmol). 

The mixture was stirred at 140° C. for 16 hr. The mixture 

was cooled to 25° C., poured into water, extracted with ethyl 

acetate (30 mLx2). The combined organic layers were 

washed with water (30 mLx2) and brine (30 mL), concen­

trated in vacuum and purified by colunm chromatography on 

silica gel (PE/EA=20/1 to 10/1) to give 37-A (2.5 g, 36% 

yield). MS: m/z=369 (M+l). 

Step 2: 37-B 

(5 mL) was addeddi(imidazol-1-yl)methanone (111 mg, 687 

µmo!) and 2,3,4,6,7,8,9,10-octahydropyrimido[l,2-a] 

20 azepine (104 mg, 687 µmo!). The mixture was stirred at 25° 

C. for 3 hr. The mixture was poured into water and extracted 

with ethyl acetate (10 mLx2). The combined organic layers 

were washed with water (10 mL) and brine (10 mL), dried 
25 over sodium sulfate, and concentrated to give 37-E (120 mg, 

crude). MS: m/z=434, (M+l). 

Step 6: Intermediate 37 
To a solution of 37-A (1.3 g, 3.52 mmol) in dioxane (10 

mL) was added 2-(3,6-dihydro-2H-pyran-4-yl)-4,4,5,5-te- 30 
To a solution of 37-E (120 mg, 229 µmo!) in MeOH (5 

mL) was added NaOH (2 M, 1.15 mL). The mixture was 
tramethyl-1,3,2-dioxaborolane (887.62 mg, 4.23 mmol), 

Pd(dppf)Cl2 (257.39 mg, 352.10 µmo!), sodium carbonate 
stirred at 60° C. for 1 hr. The mixture was concentrated and 

to the residue was added water (10 mL). The mixture was 
(559.78 mg, 5.28 mmol) and water (2 mL). The mixture was 

35 extracted with ethyl acetate (10 mLx2), and the water phase 
stirred at 90° C. for 1 hr. The mixture was filtered, the filtrate 

was neutralized with aqueous HCI, extracted with ethyl 

acetate (10 mLx2). The combined organic layers were 
was concentrated in vacuum and purified by colunm chro­

matography on silica gel (PE/EA=l0/1) to give 37-B (1.22 

g, 88% yield). MS: m/z=373 (M+l). 

Step 3: 37-C 

washed with brine (10 mL), dried over sodium sulfate, and 

40 concentrated in vacuum to give Intermediate 37 (90 mg, 

67% yield). MS: m/z=406, (M+l). To a solution of 37-B (600 mg, 1.52 mmol) in EtOH (10 

mL) was added Pd/C (60 mg, 10%, 55% wet). The mixture 

was stirred at 25° C. for 30 min under hydrogen. The 

mixture was filtered, and the filtrate was concentrated in 45 

vacuum to give 37-C (560 mg, crude). MS: m/z=375 (M+l). 

Name 

Intermediate 
38 

Example 28: Synthesis of Intermediate 38 

Intermediate 38 in Table 8 was made according to the 

procedure of Intermediate 37. 

TABLE 8 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 434 (M + 1). 
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Example 29: Synthesis of Intermediate 39 

Intermediate 34 

N 

g 
0 

39-A 

HO 

0 

g 
0 

Step 1: 39-A 

N 

step 1 -

step 2 

--------

Intermediate 39 

To a solution of Intermediate 34 (300 mg, 1. 10 mmol) in 

DCM (6 mL) was added 4 A molecular sieves (500 mg), 

(3-formylphenyl)boronic acid (247 mg, 1.65 mmol), DIEA 

(355 mg, 2.74 mmol, 477.94 µL) and Cu(OAc)2 (218 mg, 

1.10 mmol). The mixture was stirred at 35° C. under oxygen 

for 16 hr. Water (50 mL) was added to quench the reaction. 

The resulting solution was extracted with ethyl acetate (50 

mLx2), and the combined organic layers were washed with 

brine, dried over anhydrous sodium sulfate, and concen-

trated to give a residue. The residue was purified by silica gel 

282 
chromatography (PE/EA=20/1) to give 39-A (290 mg, 70% 

yield). MS: m/z=400.1 (M+23). 

Step 2: Intermediate 39 

To a solution of 39-A (290 mg, 768.35 µmo!) in MeOH (6 

mL) was dropwise added 2 M NaOH (2 mL) at 0° C. The 

reaction solution was stirred at 25° C. for 16 hr. The mixture 

10 was concentrated to give a residue, which was then diluted 

with water (20 mL), adjusted to pH 3-4 with 6 M HCI at 0° 

C. and extracted with ethyl acetate (20 mLx3). The com­

bined organic layers were dried over anhydrous sodium 
15 sulfate and concentrated to give Intermediate 39 (245 mg, 

91% yield). MS: m/z=350.2 (M+l). 

20 
Example 30: Synthesis of Intermediate 40 

25 

\_o 

30 0 

Intennediate 3 6 

35 

40 

step 2 

--------
45 

40-A 

50 

55 ) 
0 

step 3 

--------0 
60 

(,=NH 
HN 

65 
'-.OH 

40-B 
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) 
0 

I 
0 

)-NH 
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0 

40-C 

Step 1: 40-A 

step 4 -

Intermediate 40 

284 
Step 2: 40-B 

To a solution of 40-A (1.1 g, 3.44 mmol) in ethanol (15 

mL) was added hydroxylamine hydrochloride (718.07 mg, 
5 

10.33 mmol) and DIPEA (1.34 g, 10.33 mmol). The mixture 

was stirred at 80° C. for 16 hr. The reaction mixture was 

concentrated under vacuum to give a crude product, which 

10 was purified by column chromatography (PE/EA=l/1) to 

give 40-B (1.1 g, 90.63% yield). MS: m/z=353.1 (M+l). 

Step 3: 40-C 

15 To a solution of 40-B (1.1 g, 3.12 mmol) in DMSO (10 

20 

mL) was added di(imidazol-1-yl)methanone (1.01 g, 6.24 

mmol) and 2,3,4,6,7,8,9,10-octahydropyrimido[l,2-a] 

azepine (950.44 mg, 6.24 mmol, 931.80 µL). The reaction 

mixture was stirred at 25° C. for 3 hr. The reaction mixture 

was cooled to 0° C., quenched with saturated aqueous 

NH4 Cl (25 mL) and extracted with ethyl acetate (15 mLx3). 

25 The combined organic layers were dried over sodium sulfate 

and concentrated under vacuum to give 40-C (1 g, 84.66% 

yield). MS: m/z=378.8 (M+l). 

30 
Step 4: Intermediate 40 

To a solution of 40-C (500 mg, 1.32 mmol) in water (5 

mL), THF (5 mL) and methanol (5 mL) was added lithium 

hydroxide hydrate (277.26 mg, 6.61 mmol). The resulting 
To a solution of Intermediate 36 (1.1 g, 3.92 mmol) in 35 solution was stirred at 250 C. for 16 hr. About half volume 

DMF (10 mL) was added potassium bis(trimethylsilyl) of methanol was removed in vacuum and HCl (1 M) was 
amide (0.5 M, 15.70 mL) in an ice-water bath, which was added to the residue until pH -5. The resulting mixture was 
then stirred for 1 hr at 250 C. 2-chloroacetonitrile (888.77 40 extracted with ethyl acetate (20 mLx2), and the combined 
mg, 11.77 mmol, 740.64 µL) was added and the resulting 

solution was stirred at 25° C. for 16 hr. To the mixture was 

added saturated aqueous NH4 Cl (50 mL) and extracted with 

ethyl acetate (20 mLx3), the combined organic layers were 45 

dried over sodium sulfate and concentrated under reduced 

pressure. The residue was purified by silica gel colunm 

(PE/EA=2/1) to give 40-A (1.1 g, 87.78% yield). MS: 

m/z=319.9 (M+l). 

Name 

Intermediate 
41 

organic layers were dried over sodium sulfate and concen-

trated under reduced pressure to give Intermediate 40 ( 400 

mg, 86.41% yield). MS: m/z=351.1 (M+l). 

Example 31: Synthesis of Intermediate 41 

Intermediate 41 in Table 9 was made according to the 

procedure of Intermediate 40. 

TABLE 9 

Structure 1H NMR and/or LC/MS data 

OMS: m/z - 344.0 (M + 1). 
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Example 32: Synthesis of Intermediate 42 

42-A 

I 0 

&'OH 

42-B 

Step 2 -

cl'o~k:~ 

) 
0 

0 

Step 1: 42-B 

42-C 

42-D 

HO 

0 

Step 4 

--------

Intermediate 42 

To a mixture of 42-A (7.0 g, 26.71 nnnol) in EtOH/H2O 

286 
33.87 nnnol) and DIPEA (10.94 g, 84.67 nnnol). After 
stirred at 25° C. for 4 hr, the mixture was poured into water 
(100 mL) and extracted with ethyl acetate (250 mLx2). The 
combined organic layers were washed with water (100 mL ), 

5 brine (100 mL), dried over sodium sulfate and filtered. The 
filtrate was concentrated under reduced pressure. The resi­
due was purified by silica gel column (PE/EA=50/1) to 
afford 42-C (7.3 g, 74.27% yield). 1H NMR (400 MHz, 
CDC13) Ii 7.99-7.97 (m, lH), 7.79-7.76 (m, lH), 7.41-7.37 

10 (m, lH), 7.16-7.13 (m, lH), 4.45-4.41 (m, 2H), 1.18-1.14 
(m, 2H), 0.02 (s, 9H) ppm. 

Step 3: 42-D 

To a mixture oflntermediate 35 (2.40 g, 7.96 nnnol), 42-C 
15 (3.33 g, 9.56 nnnol) and N,N-dimethylethane-1,2-diamine 

(140.40 mg, 1.59 nnnol) in dioxane (30 mL) was added Cul 
(151.66 mg, 0.80 nnnol) and K3 PO4 (4.22 g, 19.91 nnnol). 
The resulting mixture was stirred in sealed tube at 110° C. 
for 40 hr. After cooling to 25° C., the reaction mixture was 

20 
poured into ice-water (50 mL) and extracted with ethyl 
acetate (50 mLx2). The combined organic layers were 
washed with water (50 mL), brine (50 mL), dried over 
sodium sulfate and filtered. The filtrate was concentrated 

25 under reduced pressure. The residue was purified by silica 
gel column (PE/EA=20/1) to afford 42-D (400 mg, 9.63% 
yield). MS: m/z=522.3 (M+l). 

Step 4: Intermediate 42 

30 
To a mixture of 42-D (400 mg, 0.77 nnnol) in EtOH/H2O 

(12 mL, 5/1) was addedNaOH (61.60 mg, 1.54 mmol).After 
stirred at 25° C. for 2 hr, the resulting mixture was poured 
into ice-water (50 mL) and extracted with ethyl acetate (50 
mLx2). The combined organic layers were washed with 

35 water (50 mL), brine (50 mL), dried over sodium sulfate and 
filtered. The filtrate was concentrated under reduced pres­
sure to afford Intermediate 42 (190 mg, crude). MS: 
m/z=494.5 (M+l). 

HO 

50 

Example 33: Synthesis of Intermediate 43 

\ )=o 
N-o 

Intermediate 41 

OSEM 

Step 1 -

(60 mL, 5/1) was added NaOH (2.14 g, 53.43 nnnol). After 55 

stirred at 25° C. for 2 hr, the volatile fractions were removed 
under reduced pressure. The residue was diluted with water 
(100 mL) and pH was adjusted to -5 by HCl (IM). The 
mixture was extracted with ethyl acetate (250 mLx2). The 
combined organic layers were washed with water (100 mL), 60 

brine (100 mL), dried over sodium sulfate and filtered. The 
filtrate was concentrated under reduced pressure to afford 
42-B (7.1 g, crude). MS: m/z=249.0 (M+l). 

0 

~N 
SEM~N / )ro 

Step 2: 42-C 
To a mixture of 42-B (7.00 g, 28.22 nnnol) and 2-(trim- 65 

ethylsilyl)ethan-1-ol (4.00 g, 33.87 nnnol) in DMF (70 mL) 
was added HOBT (4.58 g, 33.87 nnnol), EDCI (6.50 g, 

0 

43-A 
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OH 
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(N 
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0 

Intermediate 43 

10 

15 
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ia 
I 

0 Step 5 

t;\ -----

OBn 

44-E 

To a solution of Intermediate 41 (0.1 g, 291.26 µmo!) in 
THF (10 mL) was added DIEA (188 mg, 1.46 mmol) and 
2-(chloromethoxy)ethyl-trimethyl-silane (107 mg, 640.78 

20 
µmo!). The reaction was stirred at 0° C. for 1 hr. The mixture 
was poured into water (10 mL), extracted with ethyl acetate ia 

I (20 mLx2). The combined organic layers were washed with 
brine, dried over sodium sulfate and concentrated to give 
43-A (0.17 g, crude). MS: m/z=626.3 (M+23). 
Step 2: Intermediate 43 

25 

Step 6 
0 -----

To a solution of 43-A (0.17 g, 281.53 µmo!) in DMSO (5 
mL) was added MgBr2 (518 mg, 2.82 mmol). The reaction 
was stirred at 40° C. for 8 hr. The reaction was diluted with 
water (5 mL) and extracted with ethyl acetate (10 mLx3). 30 

The combined organic phase was washed with brine, dried 
over sodium sulfate and concentrated to give Intermediate 

t;\ 
OH 

44-F 

43 (0.12 g, 90% yield). MS: m/z=496.2 (M+23). 

Example 34: Synthesis of Intermediate 44 35 

0 

'-....0~ I ;7
'\N 

OH 

44-A 

Step 1 ----

44-B 

44-C 

c,~ =-
OBn 

44-D 

40 

45 

Intermediate 44 

Step 1: 44-B 
50 To a solution of 44-A (4 g, 27.95 mmol) in DMF (5 mL) 

and acetonitrile (35 mL) was added potassium carbonate 
(7.73 g, 55.91 mmol, 3.37 mL). The reaction mixture was 
stirred for 15 min at 25° C. Then bromomethylbenzene (5.26 
g, 30.75 mmol, 3.65 mL) was added dropwise. The reaction 

55 mixture was stirred for 5 hr at 25° C. The reaction mixture 
was concentrated, diluted with water (15 mL) and extracted 
with ethyl acetate (10 mLx3). The combined organic phase 
was washed with brine (10 mL), dried over anhydrous 

60 sodium sulfate and concentrated to give a residue. The 
residue was purified by FCC (Gradient: 15-30% EA in PE) 
to give 44-B (4.72 g, 72% yield). MS: m/z=234.1 (M+l). 
Step 2: 44-C 

To a solution of 44-B (3 g, 12.86 mmol) in MeOH (30 
65 mL) was added sodium borohydride (973.31 mg, 25.73 

mmol) slowly. The reaction mixture was stirred for 5 hr at 
25° C. The reaction mixture was concentrated, diluted with 
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water (20 mL) and extracted with ethyl acetate (15 mLx3). 
The combined organic phase was washed with brine (15 
mL), dried over anhydrous sodium sulfate and concentrated 
to give 44-C (3.2 g, 97% yield). MS: m/z=206.1 (M+l). 
Step 3: 44-D 

A solution of 44-C (856 mg, 4.17 mmol) in thionyl 
chloride (10 mL) was heat at 80° C. for 16 hr. The reaction 
mixture was concentrated to dryness, and extracted with 
ethyl acetate (5 mLx3) from water (10 mL). The combined 
organic phase was washed with brine (5 mL), dried over 
anhydrous sodium sulfate, and concentrated to give a resi-
due. The residue was purified by FCC (Gradient: 5-10% EA 
in PE) to give 44-D (466 mg, 50% yield). MS: m/z=224.1 
(M+l). 
Step 4: 44-E 

To a solution of Intermediate 35 (270 mg, 894.23 µmo!) 
in DMF (5 mL) was added cesium carbonate (437 mg, 1.34 
mmol) and stirred for 10 min at 25° C. Then 44-D (200 mg, 
894.23 µmo!) was added and the reaction mixture was stirred 
for 5 hr at 60° C. The reaction mixture was poured into water 
(15 mL) and extracted with ethyl acetate (5 mLx3). The 
combined organic phase was washed with brine (5 mL), 
dried over anhydrous sodium sulfate, and concentrated to 
give a residue. The residue was purified by FCC (Gradient: 
20% EA in PE) to give 44-E (414 mg, 95% yield). MS: 
m/z=489.1 (M+l). 
Step 5: 44-F 

A solution of 44-E (414 mg, 847.36 µmo!) in TFA (5 mL) 
was heated at 60° C. for 24 hr. The reaction mixture was 
concentrated and purified by FCC (Gradient: 30% EA in PE) 
to give 44-F (125 mg, 37% yield). MS: m/z=399.1 (M+l). 
Step 6: Intermediate 44 

To a solution of 44-F (125 mg, 313.71 µmo!) in THF (3 
mL) was added sodium hydroxide solution (25%, 30 µL). 
The reaction mixture was stirred for 16 hr at 25° C. The 
reaction mixture was concentrated and then water ( 5 mL) 
was added and adjusted pH to 2-3 with 2 M HCI. The 
aqueous phase was extracted with DCM (3 mLx3). The 
combined organic phase was washed with brine (3 mL), 
dried over anhydrous sodium sulfate, and concentrated to 
dryness. The residue was purified by prep-TLC (Gradient: 
33.3% EA in PE with 1 % HCOOH) to give Intermediate 44 
(62 mg, 54% yield). MS: m/z=371.1 (M+l). 

Example 35: Synthesis of Intermediate 45 

45-A 

step 1 -

45-B 

......-N 

step 2 -

)-
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s 

45-C 
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55 

Intermediate 45 

60 Step 1: 45-B 

To a solution of 45-A (1 g, 5.19 mmol) in THF (10 mL) 
was added sodium thiomethoxide (730 mg, 10.42 mmol), 
and stirred overnight. The mixture was diluted with H20 (20 

65 mL) and extracted with ethyl acetate (30 mLx3). The 
combined organic layers were washed with brine (20 mL) 
and dried over sodium sulfate and concentrated. The crude 
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product was purified by silica gel column (PE/EA=l0/1) to 
give 45-B (200 mg, yield 18.87%). MS: m/z=204.9 (M+l). 
Step 2: 45-C 

To a solution of 45-B (200 mg, 0.98 mmol) in THF (5 mL) 
was added LiAIH4 (44.6 mg, 1.17 mmol) at 0° C. The 5 
mixture was stirred at 0° C. for 3 hr. The reaction was 
quenched with H2 O (10 mL) and extracted with DCM (30 
mLx3). The combined organic layers were washed with 
brine (30 mL) and dried over MgSO4 , filtered and concen­
trated to give 45-C (60 mg, crude). MS: m/z=163.0 (M+l). 

10 
Step 3: 45-D 

To a solution of 45-C (60 mg, 0.37 mmol) in DCM (3 mL) 
was added methanesulfonyl chloride (32 mg, 0.28 mmol) 
and DMAP (67.78 mg, 0.56 mmol), and the mixture was 
stirred overnight. The reaction mixture was poured into H2O 
(10 mL) and extracted with DCM (30 mLx3). The combined 15 

organic layers were washed with brine (30 mL), dried over 
MgSO 4 , filtered and concentrated. The crude product was 
purified by silica gel column (PE/EA=l0/1) to give 45-D (50 
mg, yield 74.87%). MS: m/z=180.8 (M+l). 
Step 4: 45-E 20 

To a solution of 45-D (50 mg, 0.28 mmol) and Interme­
diate 35 (100 mg, 0.33 mmol) in MeCN (2 mL) was added 
cesium carbonate (180.34 mg, 0.55 mmol), and the mixture 
was stirred for 16 hr. The mixture was filtered, and the 
filtrate was diluted with H2O (30 mL) and extracted with 25 

DCM (30 mLx3). The combined organic layers were 
washed with brine (30 mLx2), dried over MgSO4 , filtered 
and concentrated. The crude product was purified by silica 
gel column (PE/EA=5/1) to give 45-E (80 mg, yield 
65.05%). MS: m/z=445.7 (M+l). 30 

Step 5: 45-F 
To a solution of 45-E (80 mg, 179.53 µmo!) in DCM (2 

mL) was added m-CPBA (91.12 mg, 448.84 µmo!, 85% 
purity) and stirred for 16 hr. The reaction was quenched with 
aqueous Na2 S2O3 (3 mL) and extracted with DCM (30 35 

mLx3). The combined organic layers were washed with 
brine (30 mLx2), dried over MgSO4 , filtered and concen­
trated. The crude product was purified by silica gel column 
(PE/EA=l0/1) to give 45-F (40 mg, yield 46.65%). MS: 
m/z=477.6 (M+l). 40 

Step 6: Intermediate 45 
To a solution of 45-F (40 mg, 83.75 µmo!) in THF (1 mL) 

was added aqueous lithium hydroxide (3M, 0.1 mL) drop­
wise at 0° C. The mixture was stirred at 60° C. for 2 hr. The 
mixture was filtered and filtrate was concentrated to give 45 

Intermediate 45 (20 mg, crude). MS: m/z=387.7 (M+l). 

Example 36: Synthesis of Intermediate 46 

\__o>--OO'Br 
f I ~ 
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H 

34-A 
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Step 7 -
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-= 

46-G 

46-H 

HO 

Step 8 -----

Step 9 -----

Intermediate 46 

A mixture of 34-A (10 g, 37.30 mmol) in DMF (50 mL) 
under nitrogen atmosphere was added sodium hydride (60% 
dispersion in mineral oil, 857.49 mg, 37.30 mmol), and the 
reaction mixture was stirred for 1 hr at 25° C. before 
2-chloroacetonitrile (2.82 g, 37.30 mmol) was added slowly. 
The resulting mixture was stirred for further 18 hr. The 
reaction mixture was quenched with water (250 mL) and 
extracted with ethyl acetate ( 450 mLx3). The combined 
organic layers were dried over sodium sulfate and concen­
trated to give a residue, which was purified by column 
chromatography (PE/EA=5/1) to give 46-A (9 g, 78.56% 
yield). 1H NMR (400 MHz, CDCl3 ) Ii 7.88 (d, J=l.7 Hz, 
lH), 7.65-7.50 (m, lH), 7.42-7.29 (m, 2H), 5.62 (s, 2H), 
4.45 (q, J=7.1 Hz, 2H), 1.46 (t, J=7.1 Hz, 3H). 
Step 2: 46-B 

294 
(300 mLx3). The combined organic layers were dried over 
sodium sulfate and concentrated under vacuum to give a 
residue, which was purified by colunm chromatography 
(PE/EA=5/1) to give 46-B (4.5 g, 57.62% yield). MS: 

5 rn/z=332.9 (M+l). 
Step 3: 46-C 

A mixture of 46-B (2 g, 6.0 mmol), sodium bicarbonate 
(2.52 g, 30.01 mmol) and hydroxylamine hydrochloride 
(2.09 g, 30.01 mmol) in DMSO (50 mL) was heated at 50° 

1° C. for 3 hr. The reaction mixture was cooled to room 
temperature, quenched with water and extracted with ethyl 
acetate (100 mLx3). The combined organic layers were 
dried over sodium sulfate and concentrated under vacuum to 

15 give a residue, which was purified by colunm chromatog­
raphy (PE/EA=3/1) to give 46-C (2.0 g, 90.98% yield). MS: 
rn/z=365.8 (M+l). 
Step 4: 46-D 

A mixture of 46-C (2.66 g, 7.26 mmol) in DMSO (30 mL) 
20 was added 1,1'-carbonyldiimidazole (2.36 g, 14.53 mmol) 

and 1,8-diazabicyclo[5.4.0]undec-7-ene (2.21 g, 14.53 
mmol). The mixture was stirred at 25° C. for 3 hr. The 
reaction mixture was cooled to 0° C. and quenched with 
saturated aqueous NH4 Cl (50 mL) and extracted with ethyl 

25 acetate (50 mLx3). The combined organic layers were dried 
over sodium sulfate and concentrated under vacuum to give 
46-D (2.2 g, 77.23% yield). MS: rn/z=391.6 (M+l). 
Step 5: 46-E 

A mixture of Intermediate 26 (2.6 g, 9.99 mmol), 4,4,5, 
30 5-tetramethyl-2-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)-1,3,2-dioxaborolane (2.54 g, 9.99 mmol) and Potassium 
Acetate (1.96 g, 19.98 mmol) in dioxane (25 mL) was 
degassed for 15 min, and to which was added cyclopentyl 
( diphenyl)phosphane; dichloromethane; dichloropalladium; 

35 iron (244.77 mg, 299.73 µmo!). The reaction mixture was 
degassed again for 15 min, and then heated at 80° C. for 16 
hr. The mixture was cooled, filtered and washed with MTBE 
(10 mLx4). The organic extracts were combined, concen­
trated, and to which was added aqueous 2M NaOH solution 

40 (26 mL) under an ice bath. The basic aqueous solution was 
extracted with MTBE (10 mLx3) and the organic extracts 
were discarded. The aqueous phase was cooled and adjusted 
to pH -3-5 with concentrated HCI. The mixture was 
extracted with ethyl acetate (50 mLx3), and the combined 

45 organic layers were washed with water (100 mL) and brine 
(100 mL), dried over sodium sulfate, filtered and concen­
trated. The crude product was purified by colunm chroma­
tography (0-15% EA in hexane) to give 2-(6,6-dimethyl-2, 
5-dihydropyran-4-y 1)-4,4, 5, 5-tetramethy 1-1,3,2-

50 dioxaborolane (1.5 g, 6.3 mmol). 
A mixture of 2-( 6,6-dimethyl-2,5-dihydropyran-4-yl)-4,4, 

5,5-tetramethyl-1,3,2-dioxaborolane (1.5 g, 6.3 mmol), 
Intermediate 46-D (2 g, 5.10 mmol) and Na2CO3 (1.08 g, 
10.20 mmol) and Pd(dppf)Cl2 (416.43 mg, 509.94 µmo!) in 

55 dioxane (15 mL) and water (5 mL) under nitrogen atmo­
sphere was heated at 90° C. for 16 hr. The mixture was 
concentrated and purified by colunm chromatography 
(DCM/MeOH=50/1) to give 46-E (2.5 g, crude). MS: 
rn/z=423.8 (M+l). 

60 Step 6: 46-F 
A mixture of 46-A (7.2 g, 23.44 mmol) and 1,3,2-

dioxathiolane 2,2-dioxide (7.27 g, 58.60 mmol) in THF (50 
mL) under nitrogen atmosphere was cooled to 5° C. and then 
lithium bis(trimethylsilyl)amide (1 M, 23.44 mL) was added 
dropwise. The reaction mixture was stirred at this tempera- 65 

ture for 0.5 hr. The reaction mixture was quenched with 
saturated aqueous NH4 Cl and extracted with ethyl acetate 

A mixture of 46-E (2.5 g, 6.38 mmol), Rh/C (1.5 g) in 
methanol (30 mL) under H2 atmosphere (1 atm) was stirred 
at 25° C. for 16 hr. The mixture was filtered and the filtrate 
was concentrated under reduced pressure. To the residue in 
methanol was added Pd/C (1.5 g), and the mixture was 
stirred at 25° C. for 16 hr under H2 atmosphere (1 atm). The 
mixture was filtered and concentrated to a residue, which 
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was purified by column chromatography (DCM/MeOH=3/ 
1) to give 46-F (700 mg, 28.63% yield). MS: m/z=383.9 
(M+l). 
Step 7: 46-G 

A mixture of 46-F (700 mg, 1.83 mmol) and hydroxylam- 5 
ine hydrochloride (634.23 mg, 9.13 mmol) and TEA (1.85 g, 
18.25 mmol) in ethanol (10 mL) was stirred at 25° C. for 16 
hr. The reaction mixture was concentrated under vacuum 
and the residue was purified by colunm chromatography 
(PE/EA=l/1) to give 46-G (450 mg, 61.71% yield). MS: 

10 
m/z=399.9 (M+l). 
Step 8: 46-H 

To a mixture of 46-G (450 mg, 1.13 mmol) in DMSO (5 
mL) was added 2,3,4,6, 7,8,9, 10-octahydropyrimido[l ,2-a] 
azepine (342.98 mg, 2.25 mmol) and di(imidazol-1-yl) 
methanone (365.31 mg, 2.25 mmol). The reaction mixture 15 

was stirred at 25° C. for 3 hr. The reaction mixture was 
cooled to 0° C. and quenched with saturated aqueous NH4 Cl 
(15 mL) and extracted with ethyl acetate (15 mLx3). The 
combined organic layers were dried over sodium sulfate and 
concentrated under vacuum to give 46-H (440 mg, 91.80% 20 

yield). MS: m/z=425.7 (M+l). 
Step 9: Intermediate 46 

To a solution of 46-H (440 mg, 1.03 mmol) in methanol 
(2 mL), water (2 mL) and THF (2 mL) was added lithium 
hydroxide hydrate (216.98 mg, 5.17 mmol). The resulting 25 

solution was stirred at 50° C. for 16 hr. Solvent was removed 
under vacuum, and the residue was diluted with water (15 
mL) and adjusted to pH=3-5 with HCl (1 M). The mixture 
was extracted with ethyl acetate (20 mLx2), and the com- 30 
bined organic layers were dried over sodium sulfate and 
concentrated under reduced pressure to give Intermediate 46 
(385 mg, 93.68% yield). MS: m/z=419.8 (M+23). 

Example 37: Isolation of Intermediate 35-Pl and 
Intermediate 35-P2 

35 
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) 
0 

0 

Intermediate 35-Pl 

Intermediate 35-P2 

Intermediate 35 (5.3 g) was separated by SFC (Colunm: 

CHIRALPAK @IE 4.6x250 mm 5 µm; Mobile phase: 

) 
Hexane/EtOH=30/70; Colunm temperature: 25° C.; Flow 

40 rate: 1 mL/min) to give Intermediate 35-Pl (Rt=l0.94 min) 

and Intermediate 35-P2 (2.5 g, Rt=21.33 min). 

0 

0 

Intermediate 35 

step 1 -

Name 

Intermediate 
46-Pl 

45 
Example 38: Isolation of Intermediates 46-Pl and 

46-P2 

Compounds in Table 10 were obtained by SFC separation 

as Intermediate 35-Pl and Intermediate 35-P2. 

TABLE 10 

Structure Chiral separation condition: 

Q 
Column: Daicel CHIRALPAK OJ-H 
250 mm x 20 mm I.D., 5 µrn; Mobile 

O phase: CO/MeOH (0.1 % DEA) -
84/16; Flow rate: 50 g/min; Wave 
length: UV 214 nm; Temperature: 

HO~,,,,,,·· 35° C. 

o/N-;:! v-< 0 

1i~o 



Name 

Intermediate 
46-P2 
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Example 39: Synthesis of Intermediate 47 -continued 

Intermediate 35-P2 

47-A 

47-C 

20 

25 

30 

35 

40 

45 

50 

55 

Q Q 0 

or 1 
-N~,,,,,··· 

r"-N~ 

kN 

47-D 

47-E 

Step 5 -

Intermediate 4 7 

Step 1: 47-A 
60 

To a solution oflntermediate 35-P2 (1.5 g, 4.98 mmol) in 
methanol (20 mL) and water (10 mL) was added sodium 
hydroxide (597.21 mg, 14.93 mmol). The mixture was 
stirred at 60° C. for 3 hr. About half volume of methanol was 

65 removed in vacuum and 1 M HCl was added to the residue 
until pH -1. The resulting mixture was extracted with ethyl 
acetate (50 mLx2). The combined organic layers were dried 
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over sodium sulfate and concentrated under reduced pres­
sure to give 47-A (1.30 g, 95.56% yield). MS: m/z=274 
(M+l). 
Step 2: 47-B 

300 
Step 5: 47-E 

To a solution of 47-D (380 mg, 860.58 µmo!), hydrox­

ylamine hydrochloride (598.02 mg, 8.61 mmol) in DMSO 

To a solution of 47-A (1.30 g, 4.76 mmol) in DMA (30 5 (10 mL) was added sodium bicarbonate (722.89 mg, 8.61 

mL) was added thionyl chloride (679.19 mg, 5.71 mmol) in 

an ice-water bath. After addition, the resulting mixture was 

warmed up to 25° C. and stirred for 3 hr. To the resulting 

mixture was added TEA (1.44 g, 14.27 mmol) and N-meth- 10 

ylaniline (611.57 mg, 5.71 mmol) in ice-water bath. The 

mixture was warmed up to 25° C. and stirred for 16 hr. Water 

(20 mL) was added to the reaction mixture. After filtration, 

the solid was collected, washed with water (10 mL) and 

dried under vacuum to give 47-B (1.52 g, 88.17% yield). 

MS: m/z=363 (M+l). 

Step 3: 47-C 

15 

mmol). The resulting mixture was heated at 60° C. for 5 hr 

before ethyl acetate (70 mL) was added. The organic layer 

was separated and washed with water (20 mL), brine (20 

mL), dried over sodium sulfate and concentrated under 

reduced pressure. The residue was dissolved in DMSO (10 

mL), to which was added CDI (279.08 mg, 1.72 mmol) and 

DBU (327.02 mg, 2.15 mmol). The mixture was stirred for 

4 hr at 25° C. After that, saturated aqueous NH4 Cl (20 mL) 

was added, the aqueous layer was extracted with ethyl 

acetate (30 mLx3). The combined organic layers were 

To a suspension of sodium hydride (503.17 mg, 12.58 20 washed with brine (20 mL), dried over sodium sulfate and 

mmol, 60% dispersion in mineral oil) in 1,3-dimethylimi­

dazolidin-2-one (40 mL) was added 47-B (1.52 g, 4.19 

mmol) in ice-water bath. After addition, the resulting mix­

ture was warmed to 25° C. and stirred for 1 hr. 2-chloroac- 25 

etonitrile (474.90 mg, 6.29 mmol) was added and the 

resulting solution was stirred at 25° C. for 16 hr. To the 

resulting mixture saturated aqueous NH4 Cl (80 mL) was 

added and the aqueous layer was extracted with ethyl acetate 30 

concentrated under reduced pressure. The residue was puri­

fied by silica gel colunm (PE/EA=l/1) to give 47-E (220 mg, 

51.07% yield). 1H NMR (400 MHz, CDCl3 ) Ii 11.14 (s, lH), 

7.60-7.23 (m, 5H), 7.06 (t, J=28.0 Hz, 4H), 4.13-3.97 (m, 

3H), 3.82-3.63 (m, 2H), 3.48 (s, 3H), 2.86 (s, lH), 1.98 (s, 

3H), 1.88-1.66 (m, 2H), 1.49-1.33 (m, 2H), 1.18 (M, 6H) 

ppm; MS: m/z=501 (M+l). 

Step 6: Intermediate 47 
(40 mLx3). The combined organic layers were dried over To a solution of 47_E c22o.oo mg, 439.48 µmo!) in 
sodium sulfate and concentrated under reduced pressure to 

give 47-C (1.68 g, crude). MS: m/z=402 (M+l). 

Step 4: 47-D 
To a solution of 47-C (1.68 g, 4.18 mmol), (4R)-4-methyl-

1,3,2-dioxathiolane 2,2-dioxide (1.73 g, 12.55 mmol) in 
DMPU (20 mL) was added LiHMDS (1 M, 33.47 mL) under 

35 

methoxy ethanol (3 mL) was added potassium hydroxide 
(246.57 mg, 4.39 mmol). The reaction mixture was heated at 
100° C. for 3 hr. After cooling down, to the resulting mixture 

was added HCI (6 M) in ice-water bath until pH -5. The 
reaction mixture was stirred at 25° C. for 10 min and the 

aqueous layer was extracted with ethyl acetate (15 mLx3). 
ice-water cooling (<15° C.). The resulting solution was 40 The combined organic layers were washed with water (10 
stirred at 150 C. for 4 hr. The reaction was quenched by mL), brine (10 mL), dried over sodium sulfate and concen-
saturated aqueous NH4 Cl (30 mL) and the aqueous layer 
was extracted with ethyl acetate (30 mLx3). The combined 
organic layers were washed with water (20 mL), brine (15 45 

mL), dried over sodium sulfate and concentration under 
reduced pressure. The residue was purified by silica gel 
colunm (PE/EA=3/1) to give 47-D (380 mg, 20.57% yield). 
MS: m/z=442 (M+l). 

Name 

Intermediate 
48 (As for 
47-D) 

trated under reduced pressure to give Intermediate 47 (270 
mg, crude). MS: m/z=412 (M+l). 

Example 40: Synthesis of Intermediates 48 and 49 

The compounds in Table 11 were made according to the 
procedure of Intermediate 47. 

TABLE 11 

Structure 1H NMR and/or LC/MS data 

9 
MS: rn/z - 428 (M + 1) 

-N 

~CN 



Name 

Intermediate 
49 

301 
TABLE 11-continued 

Structure 
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1H NMR and/or LC/MS data 

MS: rn/z - 412 (M + 1). 

Example 41: Synthesis of Intermediate 50 were dried over sodium sulfate, and concentrated to give a 
20 residue. The residue was purified by reverse-phase (ACN: 

0.1 % HCOOH in H2O=50:50) to give Intermediate 50 (190 
mg, 50% yield). MS: m/z=350.2 (M+l). 

step 1 -
25 Example 42: Synthesis of Intermediate 51-Pl and 

Intermediate 51-P2 

30 S / 

()-s step 1 - step 2 -
HO 

Step 1: 50-A 

37-C 

50-A 

HO 

step 2 -

Intermediate 50 

35 

40 

50 

To a solution of 37-C (1 g, 2.67 mmol) in THF (30 mL) 55 
was added NaOH (13.35 mmol, 10% aqueous solution), the 
reaction was stirred at 20° C. for 16 hr. Most of the solvent 
was evaporated, and the residue was diluted with 5 mL of 
water, and charged with con. HCl until pH -3. The mixture 
was filtered and the solid was dissolved in 10 mL of THF, 60 

dried over sodium sulfate and concentrated to give 50-A 
(760 mg, 82% yield). MS: m/z=347.1 (M+l). 
Step 2: Intermediate 50 

To a solution of50-A(380 mg, 1.10 mmol) in THF (5 mL) 
was added Dibal-H (1 M, 4.39 mL), and stirred at 20° C. for 65 

48 hr. The reaction was poured into 5 mL of 1 M HCl and 
extracted with ethyl acetate (5 mLx3), the organic layers 

N 

51-A 

0 

51-B 

Hols>-; \ /J s 
N 

51-C 

c
1
ls>-; \ /J s 

N 

51-D 

N 

step 3 -

step 4 -

step 5 -
~~s / 

l>--s 
N 

51-E 
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step 6 -0 N 

Step 1: 51-B 

\ -) i 
(N~/-

o 
51-F 

Intermediate 51-Pl 

Intermediate 51-Pl 

To a solution of 51-A (1 g, 7.62 mmol) in THF (10 mL) 
was added n-BuLi (2.4 M, 6.35 mL) dropwise at -78° C. 
The reaction mixture was warmed to -60° C. and stirred for 
1 hr. Then, to the resulting mixture was added DMF (5.57 g, 
76.21 mmol) and stirred at -60° C. for 2 hr. The reaction was 
diluted with water (10 mL) and extracted with ethyl acetate 

304 
Step 3: 51-D 

To a mixture of 51-C (1 g, 6.20 mmol) and DMAP (1.14 
g, 9.30 mmol) in DCM (2 mL) was added MsCI (78.45 mg, 
6.82 mmol) dropwise in an ice bath. After stirred for 18 hr, 

5 the resulting mixture was concentrated. The residue was 
purified by silica gel colunm chromatography (EA/DCM=l/ 
5) to give 51-D (390mg, 2.17 mmol, 35.0% yield). 1H NMR 
(400 MHz, CDCl3 ) Ii 7.47 (s, lH), 4.80 (d, J=0.5 Hz, 2H), 
2.70 (s, 3H). 

10 
Step 4: 51-E 

To a suspension ofCs2 CO3 (108.17 mg, 331.81 µmo!) in 
MeCN (5 mL) in an ice bath was added Intermediate 35 (50 
mg, 165.90 mo!). After stirring for 1 hr, 51-D (29.81 mg, 
165.90 µmo!) was added and the resulting mixture was 
stirred for 16 hr. The mixture was diluted with ice-water (20 

15 mL) and extracted with ethyl acetate (20 mLx3). The 
combined organic layers were dried over sodium sulfate and 
concentrated under reduced pressure. The residue was puri­
fied by silica gel colunm (PE/EA=5/1) to give 51-E (50 mg, 
112.46 µmo!, 67.79% yield). MS: m/z=444.9 (M+l). 

20 Step 5: 51-F 
51-E (800 mg, 1.8 mmol) in DCM (20 mL) is mixed 

portionwise under stirring with mCPBA (776.28 mg, 85% 
purity) under an argon atmosphere and at 0° C. The reaction 
was stirred for 30 minutes at 0° C., then 18 hr at 25° C. The 

25 mixture was washed with NaHCO3 (2 M), water and brine. 
The organic phase was dried over sodium sulfate and 
concentrated to give a residue, which was purified by 
colunm chromatography (PE/EA= 1/1) to give 51-F ( 600 mg, 
70% yield). MS: m/z=476.9 (M+l). 

30 
Step 6: Intermediate 51-Pl and Intermediate 51-P2 

The mixture of 51-F (600 mg, 1.26 mmol), NaOH (503.56 
mg, 12.59 mmol) in THF (3 mL) and H2O (3 mL) in a sealed 
tube was heated at 60° C. for 18 hr. Solvent was removed 
under vacuum, and the residue was diluted with water (3 

35 
mL), adjusted to pH=3-5 with HCI (1 M). The solid was 
collected by filtration and dried, which was separated by 
chiral prep-HPLC (Colunm: OJ-H, 20x250 mm; Flow: 40 
g/min; Solvent: MeOH (NH40H 0.2%): CO2=30:70; Time: 
7.94 min, 12.42 min) to afford Intermediate 51-Pl (150 mg, 

40 
388.13 µmo!, 30.83% yield, RT=5.13 min) and Intermediate 
51-P2 (150 mg, 388.13 µmo!, 30.83% yield, RT=7.27 min). 

Intermediate 51-Pl: lH NMR (400 MHz, DMSO) ll 13.08 
(bs, lH), 11.03 (d, J=2.2 Hz, lH), 7.68 (d, J=8.7 Hz, lH), 
7.52 (s, lH), 7.27 (dd, J=8.7, 1.5 Hz, lH), 7.21 (s, lH), 7.02 

45 
(d, 1=2.6 Hz, lH), 5.64 (s, 2H), 3.71 (d, J=7.3 Hz, 2H), 3.02 
(t, J=12.4 Hz, lH), 1.69 (d, J=12.8 Hz, 2H), 1.64-1.46 (m, 
2H), 1.32-1.24 (m, 3H), 1.19 (s, 3H). MS: m/z=387 (M+l). 

Intermediate 51-P2: 1 H NMR ( 400 MHz, D MSO) Ii 13. 03 
(bs, lH), 11.03 (s, lH), 7.68 (d, J=8.8 Hz, lH), 7.52 (s, lH), 

50 
7.27 (d, J=8.6 Hz, lH), 7.21 (s, lH), 7.02 (s, lH), 5.64 (s, 
2H), 3.72 (d, J=7.7 Hz, 2H), 3.01 (d, J=12.8 Hz, 2H), 1.68 
(s, 2H), 1.56 (dt, 1=26.0, 10.9 Hz, 2H), 1.26 (d, J=12.3 Hz, 
3H), 1.19 (s, 3H). 

(50 mLx3). The combined organic layers were dried with 
anhydrous sodium sulfate, filtered and concentrated in 
vacuum. The residue was purified by silica gel column 
chromatography (EA/DCM=l/5) to give 51-B (1.1 g, 6.91 55 
mmol, 90.65% yield). MS: m/z=159.9 (M+l). 

Example 43: Synthesis of Intermediate 52 

Step 2: 51-C 
To a mixture ofLiBH4 (276.33 mg, 12.56 mmol) in THF 

(10 mL) was added dropwise a solution of 51-B (1 g, 6.28 
mmol) in THF (10 mL) at 25° C. The resulting mixture was 
stirred for 18 hr before diluting with HCI (IM, 1 mL). The 60 

mixture was adjusted to pH -8 with saturated aqueous 
NaHCO3 , and extracted with DCM (10 mLx3). The com­
bined organic layers were dried over anhydrous sodium 
sulfate, filtered and concentrated in vacuum. The residue 
was purified by silica gel colunm chromatography (EA/ 65 

DCM=l/3) to give 51-C (0.9 g, 5.58 mmol, 88.87% yield). 
MS: m/z=161.9 (M+l). 

\__o>-WBr 
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0 N # -

vZCN 
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52-F 

HO 

0 N 

H0-{=07 
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Intermediate 5 2 

Step 1: 52-A 

Step 7 -

A mixture of ethyl 46-B (2 g, 6.0 mmol), sodium bicar-
bonate (2.52 g, 30.01 mmol, 1.17 mL) and hydroxylamine 
hydrochloride (2.09 g, 30.01 mmol, 1.25 mL) in DMSO (50 
mL) was heated at 50° C. for 3 hrs. The reaction mixture was 
cooled to room temperature and quenched with water and 
extracted with ethyl acetate (100 mLx3). The combined 
organic layer was dried over sodium sulfate and concen-
trated under vacuum to give a residue. The residue (with 
crude from another batch together) was purified by column 
chromatography (PE/EA=3/1) to give 52-A (1.32 g, byprod-
uct). 
Step 2: 52-B 

A mixture of ethyl 52-A (1.1 g, 3.13 mmol), 2-(6,6-
dimethy 1-2, 5-dihydropyran-4-y 1)-4,4,5 ,5-tetramethyl-1,3 ,2-
dioxaborolane (447.52 mg, 1.88 mmol), sodium carbonate 
( 663 .95 mg), and 1, 1 '-Bis( diphenylphosphino )ferrocene pal-
ladium(II)dichloride (458.36 mg, 626.43 µmo!) in dioxane 
(10 mL) and water (3 mL) was heated at 90° C. for 18 hrs. 
The solvent was removed under vacuum to give a crude 
product. The crude product was purified by colunm chro-
matography (PE/EA=l/10) to give 52-B (1 g, 83.48% yield). 
Step 3: 52-C 

A mixture of52-B (1 g, 2.62 mmol) in methanol (15 mL) 
was added Pd/C (10%, 556.51 mg), the mixture was stirred 
under the atmosphere of hydrogen with a balloon for 18 hrs. 
The reaction mixture was filtered and the filtered cake was 
washed with methanol. The filtrate was concentrated under 
vacuum to give a residue, which was purified by column 
chromatography (PE/EA=l/10) to give 52-C (1 g, 2.60 
mmol, 99.48% yield). 
Step 4: 52-D 

A mixture of52-C (160mg, 416.16 µmo!) and phosphorus 
pentasulfide (370.0 mg, 832.32 µmo!) in THF (3 mL) was 
heated at 50° C. for 18 hrs. The solvent was removed under 
vacuum to give a crude product, which was purified by 
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column chromatography (PE/EA=3/1) to obtain 52-D (130 
mg, 78% yield). MS: m/z=400.8 (M+l). 
Step 5: 52-E 

A mixture of 52-D (100 mg, 249.67 µmo!) in THF (3 mL) 
was added S-chloro chloromethanethioate (163.51 mg, 1.25 5 

mmol) slowly at 25° C., and the mixture was stirred for 2 hr. 
The mixture was quenched with water and extracted with 
DCM (20 mLx2). The combined organic layer was dried 
over sodium sulfate and concentrated under vacuum to give 
a residue, which was purified by combi-flash (PE/EA=5/1) 10 

to afford 52-E (75 mg, 65.5% yield). MS: m/z=458.9 (M+l). 
Step 6: 52-F 

To a mixture of 52-E (257 mg, 0.56 mmol) and dioxane 
(10 mL) was added a solution of triphenylphosphine (146.99 15 
mg, 0.56 mmol) in dioxane (5 mL) at 10° C., and the 
reaction stirred for 10 minutes. Azidotrimethylsilane (129 
mg, 1.12 mmol) was added and the reaction mixture was 
stirred 120° C. for 3 hr. Solvent was removed under reduced 
pressure, the residue was purified by combi-flash (DCM/ 20 
methanol=15/1) to afford 52-F (60 mg, 24%). MS: 
m/z=441.8 (M+l). 

Step 7. Intermediate 52 

A mixture of 52-F (60 mg, 0.136 mmol) in KOH (2 M, 2 
mL) and THF (5 mL) was stirred at 70° C. for 18 hr. Most 25 

solvent was removed under reduced pressure, and the mix­
ture was adjusted to pH=5-6 and extracted with ethyl acetate 
(10 mLx3). The combined organic phase was dried over 
sodium sulfate and then filtered. The filtrate was concen-
trated in vacuo to afford Intermediate 52 (60 mg, crude). 30 

MS: m/z=413.8 (M+l). 

Example 44: Synthesis of Intermediate 53 
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Intermediate 53 
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:::::::--

step 4 -----
A mixture of 53-A (11 g, 52.31 mmol) in thionyl chloride 

45 (180.40 g, 1.52 mo!, 110.0 mL) was stirred at 70° C. for 16 
hr. The mixture was concentrated to dryness, and dissolved 
in DCM (100 mL). NH3 H2O (100 mL) was added in an 
ice-water bath, and the reaction was warmed up to 25° C. 
and stirred for 0.5 hr. The mixture was concentrated under 

53-C 

BnO~ ~'\ 
s 

:::::::-- step 5 -----
# 

0 

53-E 

53-G 

53-D 

Bn0'9 
~ '\ 

s 
:::::::--

HO 

step 6 -----

50 reduced pressure to afford 53-B (16.26 g, crude). MS: 
m/z=208.9 (M+l). 
Step 2: 53-C 

To a solution of 53-B (16.26 g) in DCE (160 mL) was 
added sulfuryl chloride (15.81 g, 117 mmol) at 0° C. very 

55 slowly. Then the reaction mixture was stirred at 25° C. for 
3 hr. The resulting mixture was concentrated in vacuum, and 
the residue was treated with ethyl acetate (100 mL) and H2O 
(100 mL). The aqueous layer was then extracted with ethyl 
acetate (200 mLx2). The combined organics were washed 

60 with brine (200 mL), dried over anhydrous sodium sulfate, 
filtered and concentrated in vacuum. The residue was puri­
fied by column chromatography on silica gel (DCM/ 
MeOH=l0/1) to give 53-C (7.3 g, 92% yield). MS: 
m/z=102.0 (M+l). 

65 Step 3: 53-D 
To a solution of 53-C (7.3 g, 72.19 mmol) in DMF (50 

mL) at 0° C. was added K2 CO3 (19.95 g, 144.37 mmol) 
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followed by benzyl bromide (14.2 mL, 83.01 mmol). The 

reaction mixture was allowed to stir for 24 hr at 25° C. The 

reaction mixture was diluted with H2 O (200 mL) and 

extracted with Et2 O. The organic layer was washed with 5 

brine, dried over sodium sulfate, and evaporated to give a 

crude product, which was purified by colunm flash chroma­

tography (heptane/EA=4/1) to give 53-D (3.78 g, 27% 

yield). 1H NMR (400 MHz, CDCl3 ) Ii 8.48 (d, J=4.7 Hz, 10 

lH), 7.49 (dd, J=7.7, 1.0 Hz, 2H), 7.45-7.32 (m, 3H), 6.67 

(d, J=4.7 Hz, lH), 5.45 (s, 2H); MS: m/z=191.9 (M+l). 

Step 4: 53-E 

To freshly prepared LDA (0.58 mmol) in Et2 O (4.5 mL) 15 

at - 78° C. under N2 was added 53-D (500 mg, 2.61 mo!) in 

Et2 O (0.3 mL). After 15 min, DMF (213 mg, 2.92 mmol) in 

Et2 O (0.2 mL) was added and stirring at -78° C. for 15 min. 

The reaction mixture was quenched with saturated NH4 Cl 20 

and extracted with ethyl acetate. The organic layer was 

washed with brine, dried over sodium sulfate, and evapo­

rated to give a residue, which was purified by combi-flash 

(PE/EA=4/1) to afford 53-E (100 mg, 17% yield). 1H NMR 25 

(400 MHz, CDCl3 ) Ii 10.05 (s, lH), 7.53-7.33 (m, 5H), 7.17 

(s, lH), 5.46 (s, 2H); MS: m/z=220.1 (M+l). 

Step 5: 53-F 
30 

To a solution of 53-E (259 mg, 1.18 mmol) in methanol 
(10 mL) was added sodium borohydride (67 mg, 1.77 
mmol). The mixture was stirred at 25° C. for 0.5 hr. The 
solvent was removed, and the residue was purified by 
combi-flash (DCM/methanol=20/1) to afford 53-F (159 mg, 35 

60% yield). MS: m/z=221.9 (M+l). 

Step 6: 53-G 

To a solution of 53-F (110 mg, 0.497 mmol) in DCM (2 
mL) was added thionyl chloride (177 mg, 1.49 mmol) at 25° 40 
C. The reaction was stirred for 2 hr. The reaction mixture 
was concentrated in vacuo to afford 53-G (110 mg, crude). 
MS: m/z=239.9 (M+l). 

Step 7: 53-H 

A mixture of Intermediate 35, 53-G (109 mg, 0.456 
45 

310 
Example 45: Synthesis of Intermediate 54 

46-B 

54-A 

Step 1: 54-A 

Step 1 -

Step 2 -

Intermediate 54 

A 20 mL microwave reaction tube was charged with 46-B 
(600 mg, 1.80 mmol), (2-methyl-4-pyridyl)boronic acid 
(295.94 mg, 2.16 mmol), K2CO3 (746.65 mg, 5.40 mmol) 
and cyclopentyl( diphenyl)phosphane; dichloromethane; 

mmol), Cs2 CO3 (297 mg, 0.912 mmol) and DMF (5 mL) 
was stirred at 60° C. for 3 hr. Water (20 mL) was added and 
extracted with ethyl acetate (20 mLx3). The organic phase 
was dried over sodium sulfate and then filtered. The filtrate 
was concentrated in vacuo and purified by combi-flash 
(DCM/methanol=20/1) to afford 53-H (112 mg, 48% yield). 
MS: m/z=504.7 (M+l). 

Step 8: 53-I 

50 
dichloropalladium; iron (147.06 mg, 180.08 µmo!) in water 
(3 mL) and dioxane (12 mL). After 02 was purged by 
bubbling N2 into the reaction solution, the tube was sealed 
and heated at 120° C. for 50 min in a Biotage microwave 
reactor. The reaction was cooled to 25° C., diluted with ethyl 

Amixture of 53-H (107 mg, 0.212 mmol) and TFA(5 mL) 
was stirred at 50° C. for 2 hr. The reaction mixture was 
concentrated in vacuo to give 53-1 (80 mg, 91 % yield). MS: 
m/z=414.8 (M+l). 

Step 9: Intermediate 53 

A mixture of 53-H (84 mg, 0.202 mmol) in NaOH (2 M, 
5 mL) and THF (5 mL) was stirred at 25° C. for 2 hr. Most 
solvent was removed, and the mixture was adjusted to 
pH=5-6 and extracted with ethyl acetate (30 mLx3). The 
organic phase was dried over sodium sulfate and then 
filtered. The filtrate was concentrated in vacuo to give 
Intermediate 53 (60 mg, 76% yield). MS: m/z=386.7 (M+l). 

55 acetate and filtered. The filtrate was concentrated under 
reduced pressure. The crude product was purified by flash 
chromatography (EA in PE, 0-50%) to afford 54-A (590 mg, 
1.71 mmol, 87.59% yield). MS: m/z=346.2 (M+l). 

Step 2: Intermediate 54 
60 

A mixture of 54-A (550 mg, 1.59 mmol) and lithium 
hydroxide hydrate (267.29 mg, 6.37 mmol) in THF (6 mL) 
and water (1 mL) was stirred at 25° C. for 24 hr. The reaction 
mixture was acidified with 1 M HCI and concentrated. The 

65 crude product was purified by FCC (Methanol in DCM, 
0-10%) to give Intermediate 54 (300 mg, 945.36 µmo!, 
59.37% yield). MS: m/z=318.1 (M+l). 
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Example 46: Synthesis of Compound 1 

/'-a 

0 

33-A 

HO 

Br 
step 1 ---

Br 

step 2 ---
1-1 

CN 
1-2 

F 

f '\ 
__, I 

)l)-N N ~ l7 

l") ... ,,,,,, "=1 F 

0 N r{; 
N\_} 

CN 
1-3 

step 3 ---

step 4 ---

10 

15 

20 

25 

30 

35 

40 

45 

N 

0 

-continued 
F 

f '\ 
---c I 

N N ~ 17 

"=1F 

r{; 
N\_} 

1-4 
F 

f '\ 

step 5 ---

-= I 

)l)-N N ~ l7 

l") ... ,,,,,, "=1 F 

0 N r{; 
N\_} 

Compound 1 

To a solution of 33-A (30 mg, 90.04 µmo!) in MeOH (5 

50 
mL) was added NaOH (6 M, 2 mL). The reaction mixture 
was stirred at 25° C. for 2 hr. MeOH was removed, the 
mixture was adjusted to pH-, 5 with HCI (IM), the mixture 
was extracted with ethyl acetate (20 mLx3). The combined 
organic layers were washed with brine (10 mL), dried over 

55 sodium sulfate, concentrated in vacuum to give 1-1 (25 mg, 
91% yield). MS: m/z=305.0 (M+l). 

Step 2: 1-2 

To a solution of 1-1 (25 mg, 81.93 µmo!), Intermediate 3 

60 (40 mg, 81.93 µmo!) and HATU (46 mg, 122.9 µmo!) in 
DMF (2 mL) was added DIEA (52 mg, 409.67 µmo!). The 
reaction mixture was stirred for 1 hr at 25° C. The mixture 
was diluted with water (20 mL) and extracted with ethyl 
acetate (20 mLx3). The combined organic phase was 

65 washed with brine (30 mL), filtered. The filtrate was con­
centrated and purified by prep-TLC (DCM/MeOH=l0/1) to 
give 1-2 (30 mg, 47% yield). MS: m/z=776.1 (M+l). 
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Step 3: 1-3 
To a solution of 1-2 (30 mg, 38.63 µmo!) in toluene (5 

mL) was added 2,2-dimethylmorpholine (22 mg, 193.14 
µmo!), t-BuONa (11 mg, 115.89 µmo!), Jonephos (3 mg, 
7.73 µmo!) and Pdidba)3 (4 mg, 3.86 µmo!). The mixture 5 
was stirred at 100° C. for 16 hr. The reaction mixture was 
extracted with ethyl acetate (50 mLx2), the combined 
organic layers were washed with brine (50 mLx2), dried 
over sodium sulfate, concentrated in vacuum. The crude was 
purified by prep-TLC (DCM/MeOH=l0/1) to give 1-3 (10 

10 
mg, 32% yield). MS: m/z=811.3 (M+l). 
Step 4: 1-4 

To a solutionofl-3 (10 mg, 12.33 µmo!) inDMSO (2 mL) 
was added NH2 OH·HCI (25 mg, 369.96 µmo!) and NaHCO3 

(31 mg, 369.96 µmo!). The mixture was stirred at 60° C. for 
16 hr. The reaction mixture was diluted with ethyl acetate 15 

(20 mL), washed with brine (10 mLx2), dried over anhy­
drous sodium sulfate and filtered. The filtrate was concen­
trated to give 1-4 (10 mg, 96% yield). MS: m/z=844.3 
(M+l). 
Step 5: Compound 1 20 

To a solution of 1-4 (10mg, 11.85 µmo!) inDMSO (3 mL) 
was added DBU (15 mg, 59.25 µmo!) and CDI (8 mg, 59.25 
µmo!). The reaction mixture was stirred for 2 hr at 25° C. 
The reaction was concentrated and purified by prep-HPLC 
(Chromatographic colunms: Xbridge 5µ C18 150x19 mm 25 

Mobile Phase: MeCN-H2O (0.1 % FA)) to give Compound 
1 (1.0 mg, 9.70% yield). 1H NMR (400 MHz, CD3 OD) Ii 
8.15 (d, J=21.6 Hz, lH), 7.66-7.40 (m, 5H), 7.16 (d, J=6.0 
Hz, 2H), 6.88-6.64 (m, 4H), 5.34-5.20 (m, lH), 4.11 (s, 3H), 
3.87-3.77 (m, 2H), 3.62-3.47 (m, 2H), 2.97-2.65 (m, 6H), 30 

2.27 (s, 6H), 1.47-1.43 (m, 4H), 1.33-1.29 (m, 9H); MS: 
m/z=870.2 (M+l). 

Example 47: Synthesis of Compound 2 

Interemdiate 33 
F 

step 1 ---

35 

40 

45 

314 
-continued 

F 

f '\ 
~ I 

N N ~ # 

\=1F 
step 3 ---N I 

CF3 

0 

2-2 

F 

f '\ 
- I 

N N ~ # 

\=1 F 

I 

N 
I 

CF3 

0 

Compound 2 

Step 1: 2-1 
To a solution of Intermediate 33 (13 mg, 35.01 µmo!), 

f '\ 
-= I 

)l)--N N ~ # 

50 
Intermediate 3 (17 mg, 35.01 µmo!) and HATU (19 mg, 
52.52 µmo!) in DMF (2 mL) was added DIEA (90 mg, 
700.22 µmo!). The mixture was stirred for 1 hr at 25° C. The 
reaction mixture was diluted with water (20 mL) and 
extracted with ethyl acetate (20 mLx3). The combined 

l") ... ,,,,,, \=1 F 

N 
I 

CF3 

0 

CN 
2-1 

step 2 ---
55 organic layers were washed with brine (30 mL) and filtered. 

The filtrate was concentrated and purified by prep-TLC 
(DCM/MeOH=l0/1) to give 2-1 (12 mg, 41% yield). MS: 
m/z=843.2 (M+l). 
Step 2: 2-2 

60 To a solutionof2-1 (12 mg, 14.24 µmo!) inDMSO (1 mL) 
was added NaHCO3 (23 mg, 284.76 µmo!) and NH2OH·HCI 
(19 mg, 284.76 µmo!). The mixture was stirred at 60° C. for 
16 hr. The reaction mixture was diluted with ethyl acetate 
(20 mL), washed with brine (10 mLx2), dried over anhy-

65 drous sodium sulfate and filtered. The filtrate was concen­
trated to dryness to give 2-2 (10 mg, 80% yield). MS: 
m/z=876.2 (M+l). 
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Step 3: Compound 2 
To a solution of2-2 (10mg, 11.42 µmo!) inDMSO (1 mL) 

was added CDI (2 mg, 11.42 µmo!) and DBU (3 mg, 11.42 
µmo!). The reaction mixture was stirred for 2 hr at 25° C. 
The reaction mixture was diluted with ethyl acetate (20 mL ), 5 
washed with water (10 mLx3) and brine (10 mL), dried over 
anhydrous sodium sulfate and filtered. The filtrate was 
concentrated and purified by prep-HPLC (Chromatographic 
colunms: Xbridge 5µ C18 150x19 mm Mobile Phase: 
MeCN-H2 O (0.1 % NH40H)) to give Compound 2 (1.1 mg, 
11% yield). 1H NMR (400 MHz, CD3OD) Ii 8.81-8.65 (m, 

Name 

Compound 3 
(from 

Intermediate 
3 and 30-P2) 

Compound 4 
(from 

intermediate 
3 and 30-Pl) 

316 
2H), 8.16-7.84 (m, 3H), 7.69-7.64 (m, 2H), 7.48-7.43 (m, 
lH), 7.33-7.13 (m, 4H), 6.86-6.62 (m, 2H), 5.33-5.17 (m, 
lH), 4.10-4.00 (m, 3H), 3.61-3.46 (m, 2H), 2.86-2.63 (m, 
2H), 2.25 (s, 6H), 1.75-1.71 (m, 2H), 1.45-1.39 (m, 2H), 
1.27 (s, 3H); MS: m/z=902.2, (M+l). 

Example 48: Synthesis of Compounds 3-23 

The compounds in Table 12 were made according to the 
procedure of Compound 2. 

TABLE 12 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 883.1 (M + 1); 
1H NMR (400 MHz, CD3OD) I, 8.20-

8.00 (m, 2H), 7.65 (s, lH), 7.44-
7.53 (m, 2H), 7.16 (d, J - 6.0 Hz, 
2H), 6.69-6.89 (m, 3H), 5.81 (s, 
lH), 4.12 (s, 3H), 3.83-3.87 (m, 

2H), 3.48-3.63 (m, 3H), 2.98-2.79 
(m, 2H), 2.29 (s, 6H), 2.03-1.93 

(m, 2H), 1.77-1.46 (m, 7H), 1.35-
0.99 (m, llH). 

MS: m/z - 883.1 (M + 1); 
1H NMR (400 MHz, CD3OD) I, 8.20-

8.00 (m, 2H), 7.65 (s, lH), 7.44-
7.53 (m, 2H), 7.16 (d, J - 6.0 Hz, 
2H), 6.69-6.89 (m, 3H), 5.81 (s, 
lH), 4.12 (s, 3H), 3.83-3.87 (m, 

2H), 3.48-3.63 (m, 3H), 2.98-2.79 
(m, 2H), 2.29 (s, 6H), 2.03-1.93 

(m, 2H), 1.77-1.46 (m, 7H), 1.35-
0.99 (m, llH). 



Name 

Compound 5 
(from 

mtermedrnte 
3 and 30-P3) 

Compound 6 
(from 

mtermedrnte 
3 and 30-P4) 
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TABLE 12 -continued 

Structure 

re 
y°" I 

N-N \ cj:Nb C N 

0 

N-o 

'""',J:o 00 

re 
y°" I 

N-N \ cj:Nb C N 

1HNMR and/or LC/MS data 

1 MS: m/z - 883 
H NMR (400 ~Hz .1 (M + 1); 

8.00 (m, 2H) 7 65 CD30D) I, 8.20-
7.53 (m, 2H), 7 i6 (s, lH), 7.44-

2
H), 6.69-6 ,89.( (d, J - 6.0 Hz 

lH), 4.12 (~ 
3

H m, 3H), 5.81 (s ' 
2H), 3.48-

3 
' ), 3.83-3.87 ( ' 

( 

.63 (m 3H) m, 
m, 2H), 2.29 (s '6H , 2.98-2.79 

(m, 2H), 1.77-146 ), 2.03-1.93 
0 99 c· (m, 7H) 1.35-

. m, 11H). ' 

1 MS: m/z - 883 
H NMR (400 ~Hz .1 (M + 1); 

8.00 (m, 2H) 7 65 CD30D) I, 8.20-
7.53 (m, 2H), 7 i6 (s, lH), 7.44-

2
H), 6.69-6 ,89. (d, J - 6.0 Hz 

lH), 4.12 (~ 3Jm, 3H), 5.81 (s , 
2H), 3.48-

3 
' ), 3.83-3.87 ( ' 

( 

.63 (m 3H) m, 
m, 2H), 2.29 (s '6H , 2.98-2.79 

(m, 2H), 1.77-146 ), 2.03-1.93 
o.99 c~, S':it), 1.35-

318 



Name 

Compound 7 
(from 

intermediate 
22-Pl and 

54) 

Compound 8 
(from 

intermediate 
12 and 28-

P2) 
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TABLE 12-continued 

Structure 

F 

1H NMR and/or LC/MS data 

MS: m/z - 820 (M + 1); 
1H NMR (400 MHz, CDC13) I, 10.93 

(s, lH), 8.62-8.54 (m, lH), 8.18-
8.11 (m, lH), 8.07-8.00 (m, lH), 
7.97 (s, lH), 7.83-7.75 (m, 2H), 
7.73-7.67 (m, 2H), 7.60 (m, 4H), 
7.15-7.05 (m, 2H), 6.87-6.79 (m, 

lH), 6.71-6.52 (m, lH), 6.34-
6.21 (m, lH), 4.54-4.39 (m, 2H), 

4.13 (s, 3H), 3.83 (m, 2H), 2.69 (s, 
3H), 1.65 (d, J - 6.9 Hz, 3H), 1.25 

(m,4H). 

MS: m/z - 891.2 (M + 1); 
1H NMR (400 MHz, CD3OD) I, 8.18-

8.05 (m, 2H), 7.83-7.78 (m, 2H), 
7.66-7.41 (m, 5H), 7.32-7.29 (m, 
lH), 6.96 (s, lH), 6.89-6.82 (m, 

lH), 6.73-6.71 (m, lH), 5.92-5.88 
(m, lH), 5.25-5.17 (m, lH), 4.30-
4.26 (m, lH), 4.10 (d, J - 9.6 Hz, 
3H), 3.86-3.73 (m, 2H), 3.58-3.51 
(m, lH), 2.99-2.84 (m, 2H), 1.80-

1.22 (m, 17H). 
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Name 

Compound 9 
(from 

intermediate 
3 and 31-Pl) 

Compound 
10 (from 

intermediate 
3 and 31-P2) 
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TABLE 12-continued 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 869.2 (M + 1); 
1H NMR (400 MHz, CD3OD) I, 8.18-

8.09 (m, 2H), 7.52 (d, J - 9.2 Hz, 
lH), 7.46-7.41 (m, lH), 7.31-7.25 

(m, lH), 7.17-7.12 (m, 2H), 6.89 (d, 
J - 2.8 Hz, lH), 6.79 (s, lH), 6.73-

6.68 (m, lH), 5.87-5.83 (m, lH), 
4.10 (d, J - 14.2 Hz, 3H), 3.88-
3.74 (m, 2H), 3.48 (s, 2H), 3.02-
2.81 (m, 3H), 2.27 (d, J - 9.6 Hz, 

6H), 1.81-1.24 (m, 17H). 

MS: m/z - 869.2 (M + 1); 
1H NMR (400 MHz, CD3OD)) I, 8.18-

8.09 (m, 2H), 7.52 (d, J - 9.2 Hz, 
lH), 7.46-7.41 (m, lH), 7.31-7.25 

(m, lH), 7.17-7.12 (m, 2H), 6.89 (d, 
J - 2.8 Hz, lH), 6.79 (s, lH), 6.73-

6.68 (m, lH), 5.87-5.83 (m, lH), 
4.10 (d, J - 14.2 Hz, 3H), 3.88-
3.74 (m, 2H), 3.48 (s, 2H), 3.02-
2.81 (m, 3H), 2.27 (d, J - 9.6 Hz, 

6H), 1.81-1.24 (m, 17H). 
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Compound 
11 (from 

intermediate 
13 and 28-

P2) 

Compound 
12 (from 

intermediate 
14 and 28-

P2) 
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TABLE 12-continued 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 841.2 (M + 1); 
1H NMR (400 MHz, DMSO-d6 ) Ii 
11.97 (s, lH), 8.30 (s, lH), 8.13 (s, 
lH), 7.69 (s, lH), 7.63 (d, J - 8.8 
Hz, lH), 7.56-7.40 (m, 3H), 7.44-
7.31 (m, 2H), 7.07 (s, lH), 6.99-
6.71 (m, 2H), 5.68 (d, J - 6.8 Hz, 

lH), 4.90 (d, J - 80.4 Hz, lH), 4.11 
(s, 3H), 3.71 (d, J - 7.2 Hz, 2H), 
3.63-3.61 (m, 2H), 3.27-3.13 (m, 
lH), 2.99-2.70 (m, 3H), 1.77-1.61 
(m, 2H), 1.62-1.36 (m, 4H), 1.40-

1.21 (m, 6H), 1.19 (s, 3H). 

MS: m/z - 875.2 (M + 1); 
1H NMR (400 MHz, DMSO-d6 ) Ii 
11.91 (s, lH), 8.30 (s, lH), 8.13 (s, 
lH), 7.73-7.53 (m, 3H), 7.50-7.30 

(m, 3H), 7.09 (d, J - 30.8 Hz, lH), 
7.00-6.69 (m, 2H), 5.70 (d, J - 7.2 
Hz, lH), 4.89 (d, J - 75.6 Hz, lH), 

4.11 (s, 3H), 3.71 (d, J - 7.2 Hz, 
2H), 3.49-3.38 (m, 2H), 3.28-3.11 
(m, lH), 2.98-2.70 (m, 3H), 1.70 
(d, J - 9.2 Hz, 2H), 1.61-1.38 (m, 
4H), 1.38-1.20 (m, 6H), 1.19 (s, 

3H). 
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Compound 
13 (from 

intermediate 
15 and 28-

P2) 

Compound 
14 (from 

intermediate 
22-Pl and 

28-P2) 
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TABLE 12-continued 

Structure 

F 

1H NMR and/or LC/MS data 

MS: m/z - 855.3 (M + 1); 
1H NMR (400 MHz, DMSO-d6 ) Ii 
11.93 (s, lH), 8.31 (s, lH), 8.13 (s, 
lH), 7.69 (s, lH), 7.64 (d, J - 8.8 
Hz, lH), 7.53-7.40 (m, 2H), 7.40-

7.19 (m, 3H), 7.08 (s, lH), 6.97 (s, 
lH), 6.86 (d, J - 8.8 Hz, lH), 5.66 
(d, J - 6.0 Hz, lH), 5.01 (s, 0.5H), 

4.78 (s, 0.5H), 4.11 (s, 3H), 3.71 (d, 
J - 7.2 Hz, 2H), 2.96-2.67 (m, 4H), 

2.27 (s, 3H), 1.76-1.63 (m, 2H), 
1.60-1.38 (m, 4H), 1.38-1.11 (m, 

llH). 

MS: m/z - 841.2 (M + 1); 
1H NMR (400 MHz, DMSO-d6 ) Ii 
8.30 (s, lH), 8.09 (s, lH), 7.70 (s, 

lH), 7.58-7.55 (m, 3H), 7.45 (d, J -
10.0 Hz, 2H), 7.34-7.18 (m, 2H), 
7.06 (s, lH), 6.85 (d, J - 9.6 Hz, 
2H), 5.77-5.75 (m, lH), 4.22-4.12 
(m, 5H), 3.70-3.68 (m, 4H), 2.88-

2.84 (m, lH), 2.67 (s, lH), 2.33 (s, 
lH), 1.68 (d, J - 13.6 Hz, 2H), 1.62-

1.33 (m, 6H), 1.26-1.19 (m, 6H). 
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Compound 
l5 (from 

mtermedrnte 
3 and 32) 

Compound 
l6 (from 

mtermedrnte 
6 and 28-Pl) 
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TABLE 12 -continued 

Structure 

re 
y°" I 

N-N ~ \N 

\J 
N ,, 

F 

, .... r+: 
00 

1HN MR and/or LC/MS d ala 

1 MS: m/z - 876 
H NMR (400 ~Hz-~ (M + 1); 

8.76 (m, lH) 8 49 D30D) I, 8.87-
7.82 (m, 3H), 7 67 (s, 3H), 8.18-
lH), 7.50-7 o'6 (. (d, J - 9.6 Hz 

( 
· m 4H) , 

m, 2H), 5.34-5 32 , 6.88-6.64 
4.02 (m, 3H) 3. 18 (m, lH), 4.11-
2.27 (s, 3H),' 2.i8 -2.88 (m, 2H), 
lH), 2.04-2 00 ( (t, J - 7.6 Hz 
(m, lH), 1.48-1 m, lH), 1.63-1.55 

.47 (m lH) 
(s, 6H). ' , 1.29 

1 MS: m/z - 837 ( 
H NMR (400 MHz M + 1, ES!); 

(s, 2H), 8.38-8 22, CD30D) I, 8.50 
7.76 (m, lH) 7 50 (m, 2H), 8.12-
7.04 (m, 3H) 6 96 (m, 3H), 7.18-
3.95-3.61 (m: 2H) -6.74 (m, 2H), 
3H), 2.24 (s 6H , 3.07-2.73 (m 

' ), 1.54-111 ( ' 
17H). • m, 
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Name 

Compound 
17 (from 

intermediate 
7 and 28-P2) 

Compound 
18 (from 

intermediate 
7 and 28-Pl) 
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TABLE 12-continued 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 851.3 (M + 1); 
1H NMR (400 MHz, CD3OD) I, 8.10-

8.04 (m, 2H), 7.60 (s, lH), 7.60-
7.49 (m, 2H), 7.33-7.26 (m, 2 H), 

7.15 (s, lH), 7.13 (s, lH), 7.07 (m, 
lH), 6.88-6.81 (m, 2H), 6.66 (s, 
lH), 5.86-5.83 (m, 1 H), 5.19-

5.17 (m, lH), 4.25-4.23 (m, 1 H), 
3.83-3.76 (m, 3H), 2.89-2.86 (m, 
4 H), 2.63 (s, 3H), 2.23 (s, 6H), 

1.77-1.21 (m, 14H). 

MS: m/z - 851.3 (M + 1); 
1H NMR (400 MHz, CD3OD) I, 8.10-

8.04 (m, 2H), 7.60 (s, lH), 7.60-
7.49 (m, 2H), 7.33-7.26 (m, 2 H), 

7.15 (s, lH), 7.13 (s, lH), 7.07 (m, 
lH), 6.88-6.81 (m, 2H), 6.66 (s, 
lH), 5.86-5.83 (m, 1 H), 5.19-

5.17 (m, lH), 4.25-4.23 (m, 1 H), 
3.83-3.76 (m, 3H), 2.89-2.86 (m, 
4 H), 2.63 (s, 3H), 2.23 (s, 6H), 

1.77-1.21 (m, 14H). 
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Name 

Compound 
19 (from 

intermediate 
3 and 28-P2) 

Compound 
20 (from 

intermediate 
3 and 28-Pl) 

US 12,037,339 B2 
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TABLE 12-continued 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 869.3 (M + 1); 
1H NMR (400 MHz, CD3OD) I, 8.14 

(d, J - 28.0 Hz, lH), 8.00 (d, J -
28.0 Hz, lH), 7.59 (d, J - 16.0 Hz, 

lH), 7.54-7.43 (m, 2H), 7.28 (s, 
lH), 7.16 (d, J - 4.0 Hz, 2H), 6.89-
6.78 (m, 2H), 6.64 (d, J - 24.0 Hz, 
lH), 5.87 (s, lH), 4.26 (d, J - 12.0 
Hz, lH), 4.10 (d, J - 12.0 Hz, 3H), 

3.86-3.76 (m, 2H), 3.54-3.48 (m, 
lH), 2.89-2.85 (m, 3H), 2.28 (s, 

6H), 1.87-1.62 (m, 3H), 1.59-1.54 
(m, 2H), 1.47-1.42 (m, 4H), 1.37-

1.23 (m, SH). 

MS: m/z - 869.3, (M + 1); 
1H NMR (400 MHz, CD3OD) I, 8.15 

(d, J - 28.0 Hz, lH), 8.01 (d, J -
28.0 Hz, lH), 7.59 (d, J - 16.0 Hz, 

lH), 7.52-7.42 (m, 2H), 7.28 (s, 
lH), 7.17 (d, J - 4.0 Hz, 2H), 6.89-
6.78 (m, 2H), 6.64 (d, J - 24.0 Hz, 
lH), 5.86 (d, J - 4.0 Hz, lH), 4.26 

(d, J - 8.0 Hz, lH), 4.10 (d, J - 12.0 
Hz, 3H), 3.91-3.70 (m, 2H), 3.54-
3.48 (m, lH), 2.89-2.85 (m, 3H), 
2.28-2.26 (m, 6H), 1.77-1.69 (m, 
3H), 1.57-1.54 (m, 2H), 1.50-1.40 

(m, 4H), 1.39-1.03 (m, SH). 
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Name 

Compound 
21 (from 

mtermedrnte 
3 and 27-P2) 

Compound 
22 (from 

mtermedrnte 
3 and 27-Pl) 
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TABLE 12 -continued 

Structure 

re 
y°" I 

N-N \ cJ:Nb C N 

0 

re 
y°" I 

N-N \ cJ:Nb C N 

0 
, ..... >: 
00 

1HNMR and/or LC/MS data 

1 MS: m/z - 843 
H NMR (400 MH,-3, (M + 1); 
(d, J - 16.4 Hz 1 H CD30D) I, 8.15 
13.2 Hz 1 H) ' ), 8.00 (d J 

7 ' 7 68 ( ' -.4
4 

(m, 2 H) ' • s, l H), 7.51-

2 
H) ' 731 (s 1 H) , 6.88-6 77 ( ' , 7.18 (s 

0.5 H), 6.54 (~ 0 ;1H 2 H), 6.66 (s , 
4.11-4.07 (m,' 4 .H) ), 5.79 (s, lH), 

3H), 3.0l-
2 8 

, 3.87-3.75 ( • 0 (m 5 H) m, 
H), 1.77-1.46 (m, 8 H , 2.28 (s, 6 

(m, 6 H). ), 1.33-1.25 

1 MS: m/z - 843 
H NMR (400 MH,-3, (M + 1); 
(d, J - 16.4 Hz 1 H CD30D) I, 8.15 
12.0 Hz 1 H) ' ), 8.00 (d J 

7 ' 7 67 ( ' -.4
4 

(m, 2 H) ' • s, l H), 7.51-

2 
H) ' 732 (s 1 H) , 6.88-6 77 ( ' , 7.18 (s 

0.5 H), 6.55 (~ 0 ;1H 2 H), 6.66 (s , 
4.10-4.07 (m,' 

4 
·H) ), 5.79 (s, lH), 

3H), 3.0l-
2 8 

, 3.87-3.75 ( • 0 (m 5 H) m, 
H), 1.77-1.46 (m, 8 H , 2.28 (s, 6 

(m, 6 H). ), 1.33-1.25 
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~;~ _______ ::TA~B~L~_:12-c • 
-~iam~e~------~~;~=---contmued 

Compound Structure --~~~~~~~~~~~~;~;~;~~~~;~::-
. n _ • - ~-=m,-we =Cm COMS ,W. 

22 and 29) ~ 1 MS: m/z - 813 
~ H NMR (40~ MH.2 (M + 1); 

11.86 (s, lH) 
8 

z, DMSO-d ) 
0 

/ 

lH) ' .30 (s lH) 
6 

, 7.74 (s lH) ' , 8.09 (s 

O q_;N 3H), 7.47 (d ' , 7.68-7.50 ( ' 

(
t ,J-96H m, 

N;:;.-

/ 

( 
N 
H 

I 
\ , J - 8.4 Hz 2H. z, lH), 7.27 

NUN ~ JN 6it~.~'.3~::/1:62CH;·, ~-~~- ~'.1~Hc~· 
3H) • m 2H) ' 

( 

, 4.03-3.67 (m '3H) , 4.12 (s, 
F m, 4H), 2.70 (s , 1H , 3.52-3.43 

(m, 5H), 1.39 (d' ), 1.79-1.46 
1.34-1 17,J ( - 6.8 Hz, 3H) 

· m, 2H). ' 

0 

Example 49· . Synthesis of C F ompound 24 

Intermediate 19-Pl 

F 

N;:;.-

/ 

( 
N 

0 

Compound 24 

step 1 -

30 

35 

40 

55 

60 

65 
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To a solution of Intermediate 19-P (11 mg, 22.47 µmo!), 
Intermediate 46-P2 (10 mg, 25.16 µmo!) and HATU (13 mg, 
33.71 µmo!) in NMP (2 mL) was added DIEA (15 mg, 
112.36 µmo!). The reaction mixture was stirred for 16 hr at 
25'° C. The mixture was concentrated and purified by 5 

reverse-phase colunm (MeCN: 0.5% FA in H2O=60:40) to 
give Compound 24 (3.2 mg, 16% yield). 1H NMR (400 
MHz, DMSO-d6) Ii 12.13 (s, lH), 8.31 (s, lH), 7.63-7.50 (m, 
4H), 7.25-7.24 (m, 3H), 7.06 (s, lH), 6.91-6.82 (m, 2H), 

Name 

Compound 
25 (from 

intermediate 
19-P2 and 

46-P2) 

Compound 
26 (from 

intermediate 
20-Pl and 

46-P2) 

338 
5.65 (s, lH), 4.33 (s, 2H), 4.11 (s, 3H), 3.90 (s, 2H), 3.72 (d, 
J=7.6 Hz, 2H), 3.04 (s, lH), 2.23 (s, 6H), 1.67-1.63 (s, 6H), 
1.62-1.37 (m, 5H), 1.28-1.23 (m, 3H), 1.18 (s, 3H); MS: 
9/z=869.3 (M+l). 

Example 50: Synthesis of Compounds 25-52 

The compounds in Table 13 were made according to the 
procedure of Compound 24. 

TABLE 13 

Structure 

F 

F 

1H NMR and/or LC/MS data 

MS: m/z - 869.3, (M + 1); 
1H NMR (400 MHz, DMSO-d6) Ii 
12.13 (s, lH), 8.31 (s, lH), 7.63-

7.49 (m, 4H), 7.25 (s, 3H), 7.06 (s, 
lH), 6.91-6.81 (m, 2H), 5.64 (s, 

lH), 4.34 (s, 2H), 4.12 (s, 3H), 3.90 
(s, 2H), 3.72 (d, J - 7.6 Hz, 2H), 
3.05 (s, lH), 2.23 (s, 6H), 2.00-

1.98 (m, lH), 1.89-1.36 (m, !OH), 
1.30-1.14 (m, 6H). 

MS: m/z - 855 (M + 1); 
1H NMR (400 MHz, DMSO-d6) I, 
12.14 (s, lH), 8.31 (s, lH), 7.53-
7.49 (m, 6H), 7.23-7.21 (m, 2H), 
7.07 (s, lH), 6.88-6.86 (m, 2H), 
5.65-5.63 (m, lH), 4.55-4.31 (m, 
2H), 4.12 (s, 3H), 3.95-3.70 (m, 
4H), 3.06 (m, lH), 2.26 (s, 3H), 
1.86-1.42 (m, llH), 1.28 (s, 3H), 

1.19 (s, 3H). 
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• 
ture -~;am;e :---------__::~~~~--contmued 

Compound 
27 (from 

intermediate 
20-P2 and 

46-P2) 

Compound 
. 28 (from 
mtermediate 
21 and 46-

P2) 

F 

\ 
0 

iHNMR and/or LC/MS data 

1 MS: m/z - 855 ( 
H NMR (400 MHz M + 1); 
12.14 (s, lH) 

8 
, DMSO-d6) 1, 

7
.49 (m, 6H), .3l (s, lH), 7.53-

7.07 (s, 1H , 7.23-7.21 (m, 2H) 
5 65 5 ), 6.88-6.86 ( ' · - .63 (m lH) m, 2H) 
2HJ, 4.12 cs' 3H , 4.55-4.31 cU: 
4H), 3.06 (n'i 1J• 3.95-3.70 (m, 
1.86-1 42 ( ' ), 2.26 (s 3H), . m, 11H) 1 , , 

1 1 ' •28 (s 3H) 
. 9 (s, 3H). , , 

1 MS: m/z - 853 
H NMR (400-MHz (M + 1); 
12.06 (s, lH) 

8 
, DMSO-d6) 1, 

7
.38 (m, 6H), 

7
·:; (s, lH), 7.69-

7.06-6.95 (m: 2H) -7.10 (m, 2H), 
2H), 5.66-5 , 6.85-6.83 ( 
3H .64 (m lH) m, 

), 3.78 (s 3H) ' , 4.12 (s 
3H), 3.08-3 04 , 3.75-3.66 (m' 

(m, 11H), 1.28 (;m;;H), 1.65-1.5,5 
' ), 1.18 (s, 3H). 
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Name 

Compound 
29 (from 

intermediate 
25-Pl and 

46-P2) 

Compound 
30 (from 

intermediate 
3 and 38) 
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TABLE 13-continued 

Structure 

F 

1H NMR and/or LC/MS data 

MS: m/z - 845.3 (M + 1); 
1H NMR (400 MHz, DMSO-d6) Ii 
12.08 (s, lH), 7.47-7.45 (m, 4H), 
7.22 (t, J - 8.0 Hz, 3H), 6.86 (s, 

lH), 6.71 (s, lH), 6.48 (s, lH), 5.82-
5.46 (m, lH), 4.76-4.01 (m, 3H), 

3.93-3.78 (m, lH), 3.72 (d, J - 8.0 
Hz, 2H), 3.22 (s, 3H), 3.09-3.01 

(m, lH), 2.98 (s, 2H), 2.87 (s, lH), 
2.94-2.12 (m, 5H), 1.87-1.62 (m, 
6H), 1.61-1.45 (m, 9H), 1.36-1.23 

(m, 6H), 1.22-1.11 (m, 4H). 

MS: m/z - 905 (M + 1); 
1H NMR (400 MHz, DMSO-d6) Ii 
13.08 (s, lH), 8.29 (s, lH), 7.85-
7.75 (m, 3H), 7.70-7.35 (m, 6H), 
7.27-6.86 (m, 6H), 5.50-5.42 (m, 
lH), 4.10 (s, 3H), 3.78-3.64 (m, 

2H), 3.53-3.49 (m, lH), 3.30-2.28 
(m, 4H), 2.24 (s, 6H), 1.79-1.52 

(m, 4H), 1.29-1.12 (m, 9H). 
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Name 

Compound 
31 (from 

intermediate 
22-Pl and 

46-Pl) 

Compound 
32 (from 

intermediate 
22-P2 and 

46-Pl) 

US 12,037,339 B2 
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TABLE 13-continued 

Structure 

F 

F 

1H NMR and/or LC/MS data 

MS: m/z - 841.5 (M + 1); 
1H NMR (400 MHz, DMSO-d6) Ii 
12.15 (s, lH), 8.30 (s, lH), 7.69-
7.53 (m, 3H), 7.53-7.45 (m, 2H), 
7.35-7.17 (m, 3H), 7.06 (s, lH), 
6.92-6.80 (m, 2H), 5.92-5.61 (m, 
lH), 4.26-4.58 (m, 3H), 4.12 (s, 

3H), 3.88 (s, lH), 3.72 (d, J - 7.6 
Hz, 2H), 3.05 (t, J - 12.0 Hz, lH), 

1.88-1.61 (m, 5H), 1.61-1.50 (m, 
2H), 1.47-1.34 (m, 3H), 1.28 (s, 

3H), 1.23-1.13 (m, 4H). 

MS: m/z - 841.5 (M + 1); 
1H NMR (400 MHz, DMSO-d6) Ii 
12.10 (s, lH), 8.30 (s, lH), 7.69-

7.53 (m, 3H), 7.49 (d, J - 7.6 Hz, 
lH), 7.33-7.17 (m, 3H), 7.06 (s, 

lH), 6.92-6.80 (m, 2H), 5.87-5.56 
(m, lH), 4.23-4.62 (m, 3H), 4.11 

(s, 3H), 3.88 (s, lH), 3.72 (d, J - 7.6 
Hz, 2H), 3.05 (t, J - 12.0 Hz, lH), 

1.89-1.63 (m, 5H), 1.60-1.50 (m, 
2H), 1.46-1.34 (m, 3H), 1.28 (s, 

3H), 1.23-1.10 (m, 4H). 
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Name 

Compound 
33 (from 

intermediate 
22-Pl and 

46-P2) 

Compound 
34 (from 

intermediate 
22-P2 and 

46-P2) 
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TABLE 13-continued 

Structure 

F 

F 

1H NMR and/or LC/MS data 

MS: m/z - 841.3 (M + 1); 
1H NMR (400 MHz, DMSO-d6) Ii 
12.10 (s, lH), 8.30 (s, lH), 7.69-

7.51 (m, 3H), 7.48 (d, J - 8.4 Hz, 
lH), 7.33-7.18 (m, 3H), 7.06 (s, 
lH), 6.86 (s, 2H), 5.87-5.56 (m, 
lH), 4.23-4.63 (m, 3H), 4.11 (s, 

3H), 3.88 (s, lH), 3.72 (d, J - 7.6 
Hz, 2H), 3.03 (t, J - 12.0 Hz, lH), 

1.91-1.34 (m, !OH), 1.33-1.10 
(m, 7H). 

MS: m/z - 841.2 (M + 1); 
1H NMR (400 MHz, DMSO-d6) Ii 
12.17 (s, lH), 8.30 (s, lH), 7.68-

7.54 (m, 3H), 7.48 (d, J - 8.0 Hz, 
lH), 7.34-7.18 (m, 3H), 7.05 (s, 

lH), 6.87 (s, J - 15.6 Hz, 2H), 5.82 
(s, lH), 5.66 (s, lH), 4.23-4.63 (m, 

3H), 4.11 (s, 3H), 3.89 (s, lH), 3.72 
(d, J - 7.6 Hz, 2H), 3.04 (t, J - 12.8 
Hz, lH), 1.91-1.38 (m, !OH), 1.37-

1.10 (m, 7H). 
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Name 

Compound 
35 (from 

intermediate 
4 and 45) 

Compound 
36 (from 

intermediate 
4 and 44) 
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TABLE 1 3-continued 

Structure 

'r{_ 
y°" I 

N-N \ ctNb ' N 

N 

0 

N 

f 0 
I 

~N 

HO 

1HNMR and/or LC/MS data 

1 MS: m/z - 8445 
H NMR (400 MH,° (M + 1); 
(s, 2H), 7.61-7 51' ( DMSO) I, 8.29 

7.05 (m, 3H) 6. m, 4H), 7.32-

2
H) 4 ' •92 (s 2H) , .70 (s, 2H), 410 , 5.53 (s, 
(s, lH), 3.71 (d J ·_ (s, 3H), 4.00 
3.08-2.76 (m, 4H -

8
.3 Hz, 2H), 

1.80-1 62 ( ), 2-24 (s 6H) 
2H) 1 ~, 2H), 1.54-1.48 ( , 

, . 4-1.12 (m, 6H). m, 

1 MS: m/z - 828 3 ( 
H NMR (400 MHz M + 1); 

8.15 (s, lH) , CD30D) 1, 
7.24 (d, J - 8 6.53-7.36 (m, 4H) 

J - 6.0 Hz, 2H): 6 ~;, lH), 7.14 (d, 
2H), 5.54 (s, 2H),· 4 7~' lH), 6.65 (s, 
(s, lH), 4.10 (s 3H. (s, 2H), 4.59 

3H), 3.08-3 o' ), 3.84-3.75 ( 
2H · 5 (m 2H) m, 

), 2.28 (s 6H) ' , 2.95 (s 
4H), 1.3

6 
(; 

3
H, 1.76-1.58 (m: 

' ), 1.25 (s, 3H). 

348 



US 12,037,339 B2 
349 

-~=-_______ _:T~A~B~L~E 133 • 

ture ~N~am;;:e :---------~:'.~'.._~--contmued 

Compound 
37 (from 

intermediate 
4 and 37) 

Compound 
. 38 (from 
mtermediate 
17-P2 and 

46-P2) 

)-{_ 
Y~\ I 

N-N \ ctNb C N 

0 
:- "'",J(o u 
~" 0 

iHNMR and/or LC/MS data 

MS: m/z - 8 
1H NMR (40~ J~ (M + 1); 
8.16 (s, lH) 7 z, CD30D) I, 
7.68-7 62 ( ' .?7-7.74 (m 3H) 

7 

. m, 2H) 7 5 , , 
.50-7 43 ( ' • 8 (br 2H) 

3 

. m, 2H) 7 1 , , 
H), 7.04 (br 1H ' • 8-7.13 (m 

lH), 6.71-6 65 ), 6.97-6.94 (m' 

3H), 4.05 (d, .J - (~ 2H), 4.41 (s.' 
3.34 (m, 6H) 3 26 Hz, 3H), 3.61-
2.28 (s, 6H) , • -2.79 (m, 3H) 

• 1.92-1 75 ( ' · m,4H). 

1 MS: m/z - 869 3 
H NMR (400 MH, (M + 1); 

8.19 (s, lH) 7 z, CD30D) I, 

5.45-5.23 (~ -i~-6
•
75 

(m, 12H) 
3.85-3 75 ( ' ), 4.12 (s 3H)' 

1 

. m, 2H) 3 5 , , 
H), 3.12-3 1 ' • 5-3.50 ( . 0 (m 2H) m, 

(m, 2H), 1.
95

_ 1 • , 2.90-2.85 
.05 (m, 20H). 
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-=N~am;e ________ ::TA~B~L~E_lll3 • 
-~:~~--;;:------~;~=--contmued 

Compound Structure --~~~~~~~~~~~~~~~~::~::~::~~~~~~::--
. 39 (from F -

''-"=' ~ mtermediate ~ !H NMR and/or LC/MS d 
<;-e>) , MS, "" _ Seo S 

H NMR (400 MH, (M + 1); 
8.19 (s, lH) 7 z, CD30D) I, 

5.45-5.23 (~ -i~-6
•
75 

(m, 12H) 

I 
3.85-3 75 ( ' ), 4.12 (s 3H)' 

0 q;N lH), 3 .• 12-3ml, 2H), 3.55-3.50 ( , 

N ~ I 

--.;:: ( . 0 (m 2H) m, 

Compound 
40 (from 

intermediate 
17-Pl and 

46-P2) 

N- ' m, ,,n, LO>- ' , LOO-LS; ~ N LOS (m, '°'"· 

lNL,, \J : # 

0 

1 MS: rn/z - 869 3 
H NMR (400 MH, (M + 1); 

8.19 (s, lH) 7 z, CD30D) I, 

5.45-5.23 (~ -i~-6
-
75 

(m, 12H) 
3.85-3 75 ( ' ), 4.12 (s 3H)' 

1 

. m, 2H) 3 5 , , 
H), 3.12-3 1 , • 5-3.50 ( 

( 

· O (m 2H) m, 
m, 2H), 1.

95
_ 1 • , 2.90-2.85 

.05 (m, 20H). 
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Name 

Compound 
41 (from 

intermediate 
17-P2 and 

46-Pl) 

Compound 
42 (from 

intermediate 
4 and 53) 

0 
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TABLE 13-continued 

Structure 

N I/ 

0-0H 

1H NMR and/or LC/MS data 

MS: m/z - 869.3, (M + 1); 
1H NMR (400 MHz, CD3OD) Ii 
8.19 (s, lH), 7.52-6.75 (m, 12H), 
5.45-5.23 (m, 2H), 4.12 (s, 3H), 
3.85-3.75 (m, 2H), 3.55-3.50 (m, 
lH), 3.12-3.10 (m, 2H), 2.90-2.85 

(m, 2H), 1.95-1.05 (m, 20H). 

MS: m/z - 843.5 (M + 1); 
1H NMR (400 MHz, DMSO) I, 8.29 

(s, 2H), 7.72-7.56 (m, 2H), 7.49 
(s, 2H), 7.21 (d, J - 8.6 Hz, lH), 
7.13 (d, J - 5.3 Hz, 2H), 7.03 (s, 

lH), 6.92 (s, lH), 6.55 (s, lH), 5.72 
(s, 2H), 4.72 (s, 2H), 4.11 (s, 3H), 
4.00 (s, lH), 3.71 (d, J - 8.5 Hz, 
2H), 3.11-2.81 (m, 4H), 2.25 (s, 

6H), 1.82-1.61 (m, 2H), 1.60-1.43 
(m, 2H), 1.34-1.07 (m, 6H). 
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Name 

Compound 
43 (from 

intermediate 
11 and 46-

Pl) 

Compound 
44 (from 

intermediate 
11 and 46-

P2) 

Compound 
45 (from 

intermediate 
3 and 51-Pl) 

US 12,037,339 B2 
355 

TABLE 1 3-continued 

Structure 

F 

&Nb ~ I )N 

0 ~ f '""""0 o, 1 

~ ~ 

J_)=o 
0 

'r(_ 
y°" I 

N-N \ 

ctO' N 

0 

1HNMR and/or LC/MS data 

1 MS: m/z - 8645 ( 
H NMR (400 MH~ M + 1); 
12.12 (s, lH), S.30, DMSO-d6) 1, 
7.40 (m, 4H) (s, lH), 7.72-

6
·
73 

(d ' 7.27-6.93 ( 1H , J - 26.3 Hz 1H m, 3H), 
), 4.24 (s, 2H) 4 1,3 ), 5.45 (s, 

(d, J - 7.7 Hz 2H. (s, 3H), 3.72 

3
.11-2 89 ( ' ), 3.49 (s lH) 

lH), 2 .• 28-ts' 2H), 2.83-2.64 ( , · 8 (m SH) m, 
(m, SH) 1 

28 
' , 1.88-1.40 

' . -1.19 (m, 9H). 

1 MS: m/z - 8645 
H NMR (400 MH~ (M + 1); 
12.13 (s, lH) 

8 
, DMSO-d6) 1, 

7.42 (m, 4H), 7-;~ (s, lH), 7.80-
7.12-6.92 (~ iH -7.14 (m, 2H) 

26.3 Hz, lH) ' ), 6.73 (d, J - ' 
2H) ' 5-44 (s lH) , 4.13 (s, 3H) 3 ' , 4.24 (s, 
Hz, 2H), 3.43 (s , n-i72 (d, J - 7.7 
12.5 Hz, 

2
H) 

2
,
8 

), 3.04 (t, J -

2
.30-1 85 ( ' • 

5
-
2

-
6
0 (m lH) 

SH) lm3, SH), 1.85-1.3,7 ( , 
, . 6-1.05 (m, 9H). m, 

MS: m/z - 857 6 
1H NMR (400 • (M + 1); 
11.08-10.S6 (m ~~z, DMSO) 1, 

(m, lH), 7.70-7 54 ), 8.35-8.24 
7.34 (m, 2H) 7 30 (m, 2H), 7.52-

5
·
65

-4 97 ( ' • -6-75 (m 7H) 

3 

. m, 3H) 4 , , 
.72 (d J -

8 
, .12 (s 3H) 

( 
' .l Hz lH) ' ' 

m, lH), 3.10-2 75' , 3.60-3.25 
2.15 (m, 6Hj 1 ➔~' 2H), 2.30-

2H), 1.65-1 45 • -1.66 (m, 
1.34 (m, 2H) • (m, 3H), 1.45-

, 1.2? (s 3H) 3H). , , 1.18 (s, 

356 



Name 

Compound 
46 (from 

intermediate 
3 and 51-P2) 

Compound 
47 (from 

intermediate 
3 and 45) 

US 12,037,339 B2 
357 

TABLE 13-continued 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 857.7 (M + 1); 
1H NMR (400 MHz, DMSO) I, 
11.12-10.82 (m, lH), 8.35-8.24 

(m, lH), 7.70-7.54 (m, 2H), 7.52-
7.34 (m, 2H), 7.30-6.75 (m, 7H), 
5.65-4.97 (m, 3H), 4.12 (s, 3H), 

3.72 (d, J - 8.1 Hz, 2H), 3.60-3.25 
(m, lH), 3.10-2.75 (m, 2H), 2.30-

2.15 (m, 6H), 1.75-1.66 (m, 
2H), 1.65-1.45 (m, 3H), 1 .45-

1.34 (m, 2H), 1.27 (s, 3H), 1.18 (s, 
3H). 

MS: m/z - 884.5 (M + 1); 
1H NMR (400 MHz, CDC13 ) Ii 

12.79 (s, lH), 8.07 (s, lH), 7.54 (s, 
lH), 7.38 (d, J - 8.6 Hz, lH), 7.29 
(s, lH), 7.26 (d, J - 6.9 Hz, lH), 
7.20 (d, J - 8.6 Hz, lH), 7.14 (d, 

J - 8.9 Hz, lH), 7.09 (d, J - 6.1 Hz, 
2H), 6. 72 (s, lH), 6.68 (s, lH), 6.53 
(d, J - 2.9 Hz, lH), 5.37 (q, J - 6.6 
Hz, lH), 4.99 (dd, J - 12.8, 4.4 Hz, 

lH), 4.07 (s, 3H), 3.94-3.83 (m, 
2H), 3.20-3.02 (m, 2H), 2.92-2.76 
(m, 2H), 2.44-2.38 (m, lH), 2.26 
(s, 6H), 2.00-1.90 (m, 2H), 1.87-
1.76 (m, 4H), 1.66 (d, J - 6.8 Hz, 

3H), 1.36 (s, 3H), 1.30 (s, 3H). 
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Name 

Compound 
48 (from 

intermediate 
3 and 52) 

Compound 
49 (from 

intermediate 
23-P2 and 

46-P2) 

Compound 
50 (from 

intermediate 
23-Pl and 

46-P2) 

US 12,037,339 B2 
359 

TABLE 1 3-continued 

Structure 

'rC 
y°" I 

N-N \ c]:Nb ' N 

F 

F 

N:::--

/ 

(. 
N 

1HNMR and/or LC/MS data 

1 MS: m/z - 885 3 
H NMR (400 • (M + 1); 

12.49 (brs, 1 H) MHz, DMSO) I, 
(d, J - 8.3 Hz '2~

31 
(s, lH), 7.64 

7.53-7 35 ( ' ), 7.56 (s lH) . m, 2H) 7 3 , , 
3H) 7 08 ( , • 2-7.14 ( , . s lH) m, 

5.49 (d J 6 , , 6.89 (m 2H) 
' - .8 Hz lH ' , 

9.5 Hz, lH) 
4 

1l' ), 4.30 (d, J -
J - 8.1 Hz, 2Hi°, 3 ;~' 

3
H), 3.73 (d, 

2.74 (m, 3H) 2 26 (m, lH), 3.12-
1.45 (m, 7H), 1 42 (s, 6H), 2.12-

, · -1.09 (m, !OH). 

1 MS: m/z - 875 1 ( 
H NMR (400 MH; M + 1); 
8.30 (s, lH), 7 66 , DMSO-d6) I, 
7.21 (s, lH) 

7
• 
09

-
7

.42 (m, 6H) 
6.79 (m, 2H) '5 • (s, lH), 6.96: 
lH) 

4 
, .68 (s lH) , .34 (s, 2H), 4 1' , 4.50 (s, 

(s, 2H), 3.73 (d J ·_ 1 (s, 3H), 3.86 
1.80-1.55 (m, SH)- 7.6 Hz, 2H), 
1.31-1 20 ( ' 1.

43 
(s 3H) . m, 3H) 1 , , , .18 (s, 3H). 

1 MS: m/z - 875 2 ( 
H NMR (400 MH; M + 1); 
8.30 (s, lH), 7 77 , DMSO-d6) I, 

7.22 (s, lH) 7 0.9 (-7.39 (m, 6H) 
lH) ' • s lH) ' , 6.83 (s, lH), 5 84 , 6.92 (s, 
(s, 1H), 4.51 (s ni (s, lH), 5.70 
4.11 (s 3H) 3 , ), 4.32 (s 2H) 

J ' , .82 ( 2 ' , 
- 7.6 Hz, 2H) 1 9s, H), 3.72 (d, 
1.42 (s 3H) 1' • 4-1.45 (m SH) 

, , .31-1.21 (m 3 , 
1.18 (s, 3H). ' H), 
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- -::-_______ _2T~A~B~L=E 1313 • Name -contmued 

Structure 

Compound 
51 (from Cl 

F 

intermediate 
24-P2 and 

46-P2) 

Compound 
52 (from Cl 

F 

intermediate 
24-Pl and 

46-P2) 

N=--

/ 

(. 
N 

0 

N 

J_)=o 
----- 0 

iHNMR and/or LC/MS data 

1 MS: m/z - 909 
H NMR (40~ MH.1 (M + 1); 

12.18 (s, lH) 
8 

z, DMSO-d ) 
0 

3H) , .31 (s lH) 6 , 7.56-7 43 ( ' , 7.64 (s 
J - 7 • m, 3H) 7 ' - .2 Hz 1 H) 7 , .23 (d 

6 8 ' , 13 ( • . 3 (m, 2H) 5 67 s, lH), 7.00-
4.30 (m, 3H) '4 i1 (s, lH), 4.61-
2H), 3.72 (d, ,J ~ 7 (s, 3H), 3.88 (s .6 Hz 3H) • 

1.05(m,17H). ,1.91-

1 MS: m/z - 909 
H NMR (40~ MH.1 (M + 1); 

12.21 (s, lH) 
8 

z, DMSO-d ) 
0 

3H) , .31 (s lH) 6 , 7.56-7.41 (m ' , 7.63 (s, 
J - 6.8 Hz lH) 7 ' 

3
H), 7.23 (d 

( 1 
' , 13 ( • 

s, H), 6.86 (s • s, lH), 6.95 
4.59-4.27 (m 

3
H•)1H), 5.70 (s lH) 

(
s 2H ' ' 4 .11 ( 3 ' ' ' ), 3.73 (d, J - 7 :- H), 3.86 

1.84-1 07 ( • Hz, lH) . m, 17H). ' 
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Example 51: Synthesis of Compound 53 -continued 
F 

OH 

0 

(N 
SEM-N I 

)-0 
0 

Intermediate 43 

F 

53-1 

Step 1 -

Step 2 -

10 

15 

20 

Compound 53 

25 

Step 1: 53-1 

30 To a solution of Intermediate 43 (17 mg, 35.44 µmo!), 

Intermediate 25-P2 (15 mg, 32.22 µmo!) and HATU (18 mg, 

48.33 µmo!) in DMF (2 mL) was added DIEA (21 mg, 

161.10 µmo!). The reaction was stirred at 20° C. for 3 hr. The 

mixture was concentrated and purified by reverse-phase 
35 

column (70% MeCN in water) to give 53-1 (0.02 g, 67% 

yield). MS: m/z=921.3 (M+l). 

40 Step 2: Compound 53 

To a solution of 53-1 (0.02 g, 21.71 µmo!) in THF (2 mL) 

was added CH3 COOH (52 mg, 868.49 µmo!) and TBAF (1 

45 M, 868 µL). The reaction was stirred at 80° C. for 72 hr. The 

mixture was concentrated and purified by reverse-phase 

column (65% MeCN in water) to give Compound 53 (7 mg, 

41% yield). 1H NMR (400 MHz, CD3OD) S 7.46 (s, lH), 
50 

7.41-7.38 (m, 2H), 7.19 (d, J=8.4 Hz, lH), 6.98 (t, J=8.4 Hz, 

2H), 6.84 (s, lH), 6.51 (s, 2H), 6.22 (s, lH), 5.63 (s, lH), 

5.35 (s, 2H), 4.51 (s, 2H), 4.21 (s, lH), 3.97 (d, J=l0.8 Hz, 

55 2H), 3.73 (s, lH), 3.50 (td, J=l0.8, 3.6 Hz, 2H), 3.19 (s, 3H), 

2.92 (s, 2H), 2.87-2.75 (m, lH), 1.94 (s, 6H), 1.78-1.67 (m, 

3H), 1.42 (s, 6H), 1.38-1.19 (m, 4H); MS: m/z=791.3 

60 (M+l). 

65 

Example 52: Synthesis of Compound 54 

The compound in Table 14 was made according to the 

procedure of Compound 53. 



Name 

Compound 
54 (from 
intermediate 
3 and 42) 

US 12,037,339 B2 
365 

TABLE 14 

Structure 1H NMR and/or LC/MS data 

F MS: m/z - 865.2 (M + 1); 
1NMR (400 MHz, DMSO-d6 ) I, 
8.29 (s, lH), 7.96-7.94 (m, lH), 

I 
7.77-7.73 (m, lH), 7.62-7.54 (m, 
4H), 7.44-7.40 (m, lH), 7.17-
7.11 (m, 3H), 7.02-6.96 (m, 2H), 

N 6.90-6.86 (m, 2H), 5.48-5.43 (m, 
N-N lH), 4.69-4.66 (m, lH), 4.10 (s, 

N 3H), 3.74-3.72 (m, 3H), 2.74-2.68 
N, / (m, 3H), 2.25 (s, 6H), 1.71-1.50 
\=-1 F (m, 5H), 1.28 (s, 3H), 1.19 (s, 3H), 

1.18-1.11 (m, 2H). 

N 

366 

Example 53: Synthesis of Compound 55 -continued 
F 

HO 

Intermediate 50 

F 

55-1 

step 1 -

step 2 -

30 

35 

40 

45 

50 

Compound 55 

Step 1: 55-1 

To a solution of Intermediate 8 (20 mg, 44.70 µmo!) in 
DMF (2 mL) was added Intermediate 50 (18 mg, 53.64 

55 µmo!), HATU (34 mg, 89.40 µmo!) and DIEA (29 mg, 
223.49 µmo!). The reaction was stirred at 15° C. for 4 hr. The 
reaction was diluted with ethyl acetate (10 mL), and ethyl 
acetate layer was washed with brine (5 mLx5), dried over 
sodium sulfate and concentrated to give a residue, which 

60 was purified by reverse phase (0.1 % FA in water:MeCN=44: 
56) to give 55-1 (12 mg, 34% yield). MS: m/z=801.2 
(M+23). 

Step 2: Compound 55 

65 Toasolutionof55-l (12mg, 15.41 µmol)indioxane/H 2O 
(3:1, 3 mL) was added 2-methylbut-2-ene (5.40 mg, 77.04 
µmo!), KH2PO4 (6 mg, 46.22 µmo!) and NaCIO2 (4 mg, 
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46.22 µmo!). The reaction was stirred at 20° C. for 4 hr. The 
mixture was concentrated and purified by reverse phase (0.1 

4H), 3.58 (t, J=ll.2 Hz, 2H), 2.88-2.86 (m, lH), 1.86-1.79 
(m, 4H); MS: m/z=795.2 (M+l). 

FA in water:MeCN=43:57) to give Compound 55 (3.7 mg, 
30% yield). 1H NMR (400 MHz, MeOD) Ii 8.28 (s, lH), 
8.15 (s, lH), 7.93 (d, J=8.0 Hz, lH), 7.67-7.47 (m, 7H), 5 

7.16-7.12 (m, 3H), 7.01-6.99 (m, 2H), 6.84 (s, lH), 6.67 (s, 
lH), 4.62-4.44 (m, 2H), 4.21-4.20 (m, 2H), 4.10-4.03 (m, 

Example 54: Synthesis of Compounds 56 and 57 

The compounds in Table 15 were made according to the 
procedure of Compound 55. 

Name 

Compound 
56 (from 
intermediate 
3 and 39) 

Compound 
57 (from 
intermediate 
5 and 50) 

TABLE 15 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 837.3 (M + 1); 
1H NMR (400 MHz, DMSO-d6 ) I, 13.36 
(s, lH), 8.29-8.19 (m, lH), 7.97-7.81 
(m, 2H), 7.66-7.58 (m, 4H), 7.44-7.42 
(m, lH), 7.31 (d, J - 8.8 Hz, lH), 7.21 (d, 
J - 8.4 Hz, lH), 7.15 (d, J - 5.6 Hz, lH), 
7.03 (s, 2H), 6.97 (s, lH), 6.90 (s, lH), 
5.47 (d, J - 6.4 Hz, lH),4.23 (s, lH),4.10 
(s, 3H), 3.97 (d, J - 9.2 Hz, 2H), 3.45 (s, 
3H), 2.85-2.67 (m, 3H), 2.24 (s, 6H), 1.75 
(s, 4H), 1.31-1.10 (m, 3H). 

F MS: m/z - 809.3 (M + 1); 
1H NMR (400 MHz, DMSO-d6 ) I, 
13.0 (s, lH), 7.97-7.89 (m, lH), 
7.74-7.68 (m, lH), 7.61 (d, J - 8.4 
Hz, 2H), 7.57-7.50 (m, 2H), 7.40 

lf 
/ (d, J - 7.6 Hz, 2H), 7.28 (s, lH), 

O 7.13 (s, 2H), 6.99-6.92 (m, 2H), 
N \\ 6.89-6.82 (m, lH), 5.46-5.42 (m, 

8:
N- J"-N lH), 5.34-5.30 (m, lH), 4.57-4.4~ 

N, / (m, 2H), 4.41 (s, 2H), 3.97 (d, J _ 
\::::::::::1 9.6 Hz, 2H), 3.49-3.43 (m, 2H), 

3.33 (s, 3H), 3.28 (s, 2H), 2.89-
2.81 (m, 2H), 2.48 (s, 6H), 2.19 (s, 

N 4H), 1.78-1.70 (m, 3H). 
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Example 55: Synthesis of Compound 58 

5 

HO 

I step 1 -----0 N 

~NH 15 J, )=o 
0 

Intermediate 40 

20 

F 25 

\ I 
O y)i N\N 

30 

~N~ # 

\==-1 F 

35 

40 

45 

Compound 58 

To a mixture of Intermediate 8 (40 mg, 89.40 µmo!), 50 

intermediate 40 (46.98 mg, 134.10 µmo!), EDCI (34.28 mg, 
178.80 µmo!), HOBT (18.12 mg, 134.10 µmo!) and DCM 
(1.5 mL) was added TEA(27.14 mg, 268.19 µmo!) at 25° C. 
The mixture was stirred overnight. The resulting mixture 
was diluted with water (10 mL) and extracted with ethyl 55 

acetate (20 mLx3). The organic phase was dried over 
sodium sulfate and then filtered. The crude product was 
further purified by Prep-HPLC (Waters2545, colunm: 
Gemini-C18 150x21.2 mm, 5 µm; mobile phase: MeCN-

60 
H20 (0.1% FA), MeCN from 25% to 40%) to afford 
Compound 58 (15.5 mg, 22%). 1H NMR (400 MHz, 
DMSO) Ii 8.47 (d, J=5.2 Hz, lH), 8.26 (s, lH), 8.13 (d, 
J=13.2 Hz, 2H), 7.75 (s, 2H), 7.70-7.45 (m, 5H), 7.31-7.22 
(m, 2H), 7.10 (s, lH), 7.00 (s, lH), 6.79 (s, lH), 5.48 (s, 2H), 65 

4.90 (s, 2H), 4.39 (s, 2H), 4.25 (s, 2H), 4.09 (s, 3H), 2.54 (s, 
3H); MS: rn/z=779.5 (M+l). 

) 
0 

370 
Example 56: Synthesis of Compound 59 

Intermediate 34 

) 
0 

59-1 

) 
0 

59-2 

) 
0 

N ,# 

O O:NO, 

NH2 

59-3 

step 1 -

step 2 -

step 3 -

step 4 -
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-continued -continued 

"l 
5 

step 5 HO step 9 
0 ----------

N N 

0 10 0 

~ 
NH2 CXN~N 

I 
~ ✓ 

NH2 \ 
59-4 15 Boe 

59-8 

F 

20 P; ~ J 
"l N-N )l y)i )N 

0 step 6 ctNJ C 
----- 25 

N 

0 step 10 (XN~N 
N -----

✓ 30 

H 
0 

59-5 N 

35 Cf N 

II 
N-N 

I 
Boe 

40 59-9 

"'--0 
F 

step 7 

P; ~ J 
-

N 

0 

CXN~N 
45 

N-N )l y)i )N ✓ 
\ ctNJ C 
Boe 

59-6 50 

N 

0 
55 

N 

HO step 8 ----- Cf N 
N II 60 

0 HN-N (XN~N Compound 59 

✓ 
H 

65 Step 1: 59-1 
59-7 To a suspension of sodium hydride (840 mg, 21 mmol, 

60% in mineral oil) in dry DMF (30 mL) was added 
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Step 7: 59-7 

To a solution of 59-6 (500 mg, 1.02 mmol) in MeOH (5 
mL) was added NaOH (122 mg, 3.06 mmol). The reaction 
was heated at 60° C. for 2 hr. The reaction was concentrated, 

Intermediate 34 (3.7 g, 0.014 mo!). The solution was stirred 

at 20° C. for 10 min. Then 1,3-difluoro-2-nitrobenzene (2.16 

g, 0.014 mo!) was added into the reaction mixture, and the 

reaction was heated at 100° C. for 2 hr. The reaction was 

quenched with 50 mL of saturated NH4 Cl solution and 

extracted with ethyl acetate (80 mLx3). The organic phase 

was washed by water (30 mLx3) and brine (30 mL), dried 

5 diluted with 5 mL of water, the aqueous phase was washed 
with ethyl acetate (3 mLx3), and then adjusted to pH -6 by 
HCI (1 M). The mixture was extracted with ethyl acetate (5 
mLx3), and the organic layer was dried over sodium sulfate, 

over sodium sulfate, and concentrated to give 59-1 (5.56 g, 10 

crude). MS: m/z=413 (M+l). 

Step 2: 59-2 

To a solutionof59-l (5.56 g, 0.013 mo!) inDMF (30mL) 

was added (4-methoxyphenyl)methanamine (1.85 g, 0.013 15 

mo!) and K2 CO3 (9.88 g, 0.072 mo!). The reaction was 

heated at 80° C. for 1 hr. The reaction was diluted with 50 

mL of ethyl acetate, washed with brine (30 mLx3) and dried 

over sodium sulfate, and concentrated under depressed pres- 20 

sure to give 59-2 (3.2 g, 47% yield). MS: m/z=530.1 (M+l). 

Step 3: 59-3 

To a solution of 59-2 (3.2 g, 0.006 mo!) in DCM (20 mL) 

was added TFA (10 mL). The reaction was stirred at 40° C. 25 

filtered and concentrated to give 59-7 (200 mg, 54% yield). 
MS: m/z=363.2 (M+l). 

Step 8: 59-8 

To a solution of 59-7 (200 mg, 551.91 µmo!) in water (2 
mL) and dioxane (8 mL) was added (Boc)2O (180.68 mg, 
827.86 µmo!), NaOH (22.08 mg, 551.91 µmo!) and DMAP 
(2 mg, 16.37 µmo!). The reaction was stirred at 20° C. for 2 
hr. The reaction was concentrated, diluted with 5 mL of 
water, the aqueous phase was extracted with ethyl acetate (5 
mLx3). The organic layer was dried over sodium sulfate, 
filtered and concentrated to give a residue, which was 
purified by prep-TLC (DCM/MeOH=20/1) to give 59-8 
(48.7 mg, 19% yield). MS: m/z=485.0 (M+23). 

Step 9: 59-9 

To a solution of 59-8 (48.7 mg, 0.11 mmol) in DMF (5 
mL) was added Intermediate 4 (50 mg, 0.11 mmol) and 
HATU (63 mg, 0.17 mmol). The solution was stirred for 5 
min, then DIEA (204 mg, 2.2 mmol) was introduced into the 
solution. The reaction was stirred at 25° C. for 16 hr. The 

for 2 hr. The reaction was diluted with 20 mL of water and 

extracted with DCM (30 mLx3). The organic phase was 

dried over sodium sulfate and concentrated to give a residue, 

which was purified by silica gel chromatography (PE/ 

EA=l0/1 to 2/1) to give 59-3 (2.16 g, 88% yield). MS: 
m/z=410 (M+l). 

30 
reaction was diluted with 50 mL of ethyl acetate and washed 
with brine (20 mLx3), dried over sodium sulfate and con­
centrated to give 59-9 (65 mg, crude). MS: m/z=820.2, 
(M+l-100). 

Step 4: 59-4 
To a solution of 59-3 (2.16 g, 0.005 mo!) in MeOH (40 

35 
mL) and H2O (l0mL) was added reductive Fe (2.96 g, 0.052 
mo!) and NH4 Cl (5.34 g, 0.1 mo!), the reaction was heated 
at 80° C. for 4 hr. The reaction was filtered, concentrated and 

diluted with 30 mL of water. The aqueous phase was 
40 

extracted with ethyl acetate (30 mLx3). The organic layer 
was dried over sodium sulfate and concentrated to give 59-4 

(950 mg, crude). MS: m/z=380.2 (M+l). 
Step 5: 59-S 

To a solution of 59-4 (950 mg, 2.5 mmol) in AcOH (10 45 

mL) and H2O (5 mL) was added NaNO2 (276 mg, 4 mmol) 
at 0° C. The reaction was stirred at 0° C. for 1 hr. The 
reaction was concentrated, diluted with 10 mL of water, the 
aqueous phase was extracted with ethyl acetate (10 mLx3). 50 

Then the organic layer was dried over sodium sulfate and 
concentrated to give a residue, which was purified by silica 
gel chromatography (DCM/MeOH=l00/1 to 40/1) to give 
59-5 (422 mg, 43% yield). MS: m/z=391.2 (M+l). 55 

Step 6: 59-6 
To a solution of 59-5 ( 422 mg, 1.08 mmol) in dioxane (2 

mL) was added (Boc)2 O (306 mg, 1.41 mmol), NaOH (43 
mg, 1.08 mmol) and DMAP (2 mg, 16.37 µmo!). The 60 

reaction was stirred at 25° C. for 2 hr. The reaction was 

quenched by water (5 ml), and the mixture was then 
extracted by ethyl acetate (10 mLx3). The organic phase was 
washed by brine, dried over sodium sulfate and concentrated 

65 
to give 59-6 (500 mg, 94% yield). MS: m/z=391.2 (M+l-
100). 

Step 10: Compound 59 

To a solution of 59-9 (65 mg, 70.6 mmoL) in DCM (5 mL) 
was added TFA (1 mL). The reaction mixture was stirred at 
20° C. for 2 hr. The reaction mixture was concentrated to 
give a residue, which was purified by prep-HPLC (Chro-
matographic columns: ACQUITY BEH C18, 50x2.1 mm, 
1.7µ. Mobile Phase: MeCN-H2O (0.05% FA) Gradient: 
5%-95%) to give Compound 59 (8 mg, 9% yield). 1H NMR 
(400 MHz, CD3 OD) Ii 8.18 (s, lH), 7.84-7.83 (m, lH), 
7.67-7.63 (m, 2H), 7.55 (d, J=7.2 Hz, lH), 7.50-7.47 (m, 
lH), 7.43-7.14 (m, 5H), 6.72-6.70 (m, 3H), 4.14-4.04 (m, 
5H), 3.67-3.56 (m, 3H), 3.52-3.49 (m, lH), 2.93-2.91 (m, 
3H), 2.31 (s, 6H), 1.88-1.86 (m, 4H). MS: m/z=820.2 
(M+l). 

Example 57: Synthesis of Compounds 60 and 61 

Intermediate 46 

Step 1 -----
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Compound 60 

Compound 61 
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To a solution of Intermediate 46 (100 mg, 251.62 µmo!) 

in DMF (3 mL) was added DIEA (260.16 mg, 2.01 mmol), 

N,N,N',N'-tetramethyl-1-(3-oxido-2,3-dihydrotriazolo[ 4,5-
5 b ]pyridin-3-ium-1-yl)methanediamine hexafluorophosphate 

(192.36 mg, 503.24 µmo!) and Intermediate 16 (118.25 mg, 

251.62 µmo!). The resulting solution was stirred at 25° C. for 

10 16 hr. The mixture was diluted with water (5 mL) and the 

aqueous layer was extracted with ethyl acetate (5 mLx3). 

The combined organic layers were washed with brine (5 

mL), dried over sodium sulfate and concentration to give a 
15 

residue, which was purified by prep-HPLC (chromato-

graphic colunm: Gemini-C18 150x21.2 mm, 5 µm; mobile 

phase: MeCN-H2O (0.1 % TFA); gradient: 60-70%) to give 

20 a mixture of diasteromers. The mixture was further sepa­

rated by SFC to give two desired isomers. The isomers were 

separately further purified by prep-HPLC (chromatographic 

colunm: Gemini-C18 150x21.2 mm, 5 µm; mobile phase: 
25 

MeCN-H2 O (0.1% TFA); gradient: 500-70%) to give: 

Compound 60 (SFC chromatographic colunm: chiralpak-
3o OD (4.6 mmx250 mm), mobile phase: 70% CO2-300% 

MeOH (0.2% NH3 H2O); Flow: 2.5 mL/min; retention time: 

16.28 mi, 30.0 mg, 14.67% yield); 1H NMR (400 MHz, 

35 DMSO) m 12.10 (s, lH), 8.32 (s, lH), 7.80-7.38 (mi, 4H), 

7.37-6.91 (m, 3H), 6.91-6.59 (m, lH), 5.78-5.28 (i, lH), 

5.18-4.56 (m, lH), 4.51-4.21 (m, lH), 4.13 (s, 3H), 3.71-

3.67 (m, 2H), 3.59-3.34 (i, lH), 3.13-2.64 (m, 3H), 2.63-
40 2.55 (i, lH), 2.18 (s, 6H), 1.98-1.40 (i, SH), 1.34-1.23 (i, 

5H), 1.19 (s, 3H); MS: m/z=812.6 (M+l). 

45 Compound 61 (SFC chromatographic colunm: chiralpak-

50 

OD ( 4.6 mmx250 mm); mobile phase: 70% CO2-30% 

MeOH (0.2% NH3 H2O); Flow: 2.5 mL/min, retention time: 

20.43 mi, 30.0 mg, 14.67% yield); 1H NMR (400 MHz, 

DMSO) Ii 12.11 (s, lH), 8.32 (s, lH), 7.82-7.37 (m, 4H), 

7.32-6.89 (m, 3H), 6.89-656 (i, lH), 5.771-5.31 (m, lH), 

5.20-4.50 (m, lH), 4.50-4.19 (m, lH), 4.13 (s, 3H), 3.72 (d, 
55 J=S.1 Hz, 2H), 3.57-3.34 (m, lH), 3.12-2.63 (m, 3H), 2.59 

(d, J=3.2 Hz, lH), 2.18 (s, 6H), 1.91-1.42 (8, SH), 1.34-1.22 

(m, 5H), 1.19 (s, 3H); MS: m/z=812.6 (M+l). 

60 

65 

Example 58: Synthesis of Compounds 62 and 63 

The compounds in Table 16 were made according to the 

procedure of Compound 60 and Compound 61. 



Name 

Compound 
62 (from 

intermediate 
25-Pl and 

49) 

Compound 
63 (from 

intermediate 
25-Pl and 

49) 

0 
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TABLE 16 

Structure 

F 

1H NMR and/or LC/MS data 

1H NMR (400 MHz, CD3OD) Ii 
8.52 (s, 3H), 7.52-7.51 (m, 2H), 

7.29 (d, J - 7.6 Hz, lH), 7.13-7.08 
(m, 2H), 6.91-6.32 (m, 2H), 5.82 

(s, lH), 5.48 (s, lH), 5.28-5.26 (m, 
- ff 0/ lH), 4.81 (s, lH), 4.62 (s, lH), 4.35-

0 4.33 (m, lH), 4.20-4.16 (m, lH), 
3.93-3.82 (m, lH), 3.24-3.07 (m, 

N 3H), 2.36 (t, J - 7.6 Hz, lH), 2.21-
N, / 2.19 (m, lH), 2.07-2.04 (m, 5H), 
\.=J 1.78-1.54 (m, SH), 1.38-1.29 (m, 

16H), 0.92 (t, J - 6.0 Hz, 2H). 

F 

Chiral separation condition: 
Column: Daicel CHIRALPAK OD­

H 250 mm x 20 mm I.D. 5 µm; 
Mobile phase: COiMeOH (0.2% 
NH4 •OH) - 70/30; Flow rate: 50 
g/min; Wave length: UV 214 nm; 

Temperature: 35° C. (retention time, 
5.809 min) 

1H NMR (400 MHz, CD3OD) Ii 
8.49 (s, 4H), 7.52-7.48 (m, 2H), 

7.26 (d, J - 8.4 Hz, lH), 7.11-7.06 
(m, 2H), 6.89-6.81 (m, lH), 6.54-

6.27 (m, 2H), 5.78 (s, lH), 5.50 (s, 
lH), 4.40-4.29 (m, 2H), 4.18-4.13 
(m, lH), 3.91-3.79 (m, 3H), 3.13-
2.92 (m, 4H), 2.33 (t, J - 7.2 Hz, 

lH), 2.22-2.14 (m, 3H), 2.04-
2.01 (m, 2H), 1.76-1.52 (m, !OH), 
1.36-1.26 (m, 12H), 0.89 (t, J - 6.4 

Hz, 2H). 
Chiral separation condition: 

Column: Daicel CHIRALPAK OD­
H 250 mm x 20 mm I.D. 5 µm; 

Mobile phase: COiMeOH (0.2% 
NH4 •OH) - 70/30; Flow rate: 50 
g/min; Wave length: UV 214 nm; 

Temperature: 35° C. (retention time, 
3.274 min). 

50 

Example 59: Synthesis of Compound 64 

9 
-N 

0 

~CN 

Intermediate 48 

step 1 -
55 

60 

65 

378 

-continued 

64-1 

step 2 -
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-continued 

-N 

64-3 

Compound 64 

Step 1: 64-1 

step 3 -

step 4 -

380 
sodium sulfate and filtered. The filtrate was concentrated and 
purified by silica gel column (PE/EA=l/1) to afford 64-2 
(210.0 mg, 88.91%). MS: rn/z=510.2 (M+l). 
Step 3: 64-3 

To a solution of 64-2 (210.0 mg, 0.41 mmol) in 
2-Methoxyethanol (5 mL), H2O (1 mL) was added KOH 
(462.39 mg, 8.24 mmol). The resulting mixture was heated 
up to 100° C. and stirred for 60 hr. The reaction mixture was 
concentrated under vacuum. The residue was diluted with 

10 water (20 mL) and adjusted to pH - 3 with HCl (concen­
trated). The aqueous mixture was extracted with ethyl 
acetate (50 mLx2). The combined organic layers were 
washed with water (50 mL), brine (50 mL), dried over 

15 sodium sulfate and filtered. The filtrate was concentrated 

20 

under reduced pressure. The residue was purified by silica 
gel colunm (PE/EA=2/1 to DCM/MeOH=l0/1) to afford 
64-3 (160.0 mg, 92.34%). MS: rn/z=421.2 (M+l). 
Step 4: Compound 64 

To a solution of 64-3 (160.0 mg, 0.38 mmol), Intermediate 
3 (240.15 mg, 0.46 mmol, HCl salt) in Pyridine (10 mL) was 
added EDCI (146.10 mg, 0.76 mmol). After stirred at 25° C. 
for 16 hr, the solvent was removed in vacuo. The residue was 
diluted with water (50 mL) and extracted with ethyl acetate 

25 (50 mLx2). The combined organic layers were washed with 
water (50 mL), brine (50 mL), dried over sodium sulfate and 
filtered. The filtrate was concentrated under reduced pres­
sure. The residue was purified by prepHPLC (0.1 % FA) to 
afford Compound 64 (120.0 mg, 35.36%). 1H NMR (400 

30 MHz, DMSO-d6) Ii 8.31 (s, lH), 7.67-7.63 (m, 2H), 7.50-
7.45 (m, 2H), 7.22-7.17 (m, 3H), 7.08-7.07 (m, lH), 6.96 (s, 
lH), 6.73 (s, lH), 4.12-4.08 (m, 3H), 3.73-3.66 (m, 3H), 
3.53-3.40 (m, lH), 3.06-3.03 (m, 2H), 2.44-2.43 (m, 3H), 

35 
2.26-2.22 (m, 6H), 1.69-1.50 (m, 5H), 1.41-1.40 (m, 2H), 
1.28 (s, 3H), 1.19 (s, 3H), 1.09-1.03 (m, 2H); MS: 
rn/z=892.4 (M+l). 

Example 60: Synthesis of Intermediate 55 

40 

45 

50 

55-A Intermediate 55 

To a solution of Intermediate 48 (300.0 mg, 0.70 mmol) 
in MeOH (10 mL) was added Raney Nickel (20.0 mg). The 

55 resulting mixture was stirred at 35° C. for 5 hr under H2 

To a mixture of 55-A (900 mg, 5.95 mmol) in HCl 
(concentrated, 30 mL) was added NaNO2 (492.89 mg, 7.14 
mmol) in water (60 mL) at 0° C. for 0.5 hr. The mixture was 
stirred for 1 hr at 0° C. Then, to the mixture was added SnC12 

(3.39 g, 17.86 mmol) in HCl (concentrated, 50 mL) at 0° C. 
for 1 hr. The reaction solution was stirred for 0.5 hr at 0° C., 

atmosphere. The reaction mixture was filtered and the filtrate 
was concentrated in vacuo. The residue was purified by 
silica gel colunm (PE/EA=l/1 to DCM/MeOH=l0/1) to 
afford 64-1 (200.0 mg, 66.04%). MS: rn/z=432.3 (M+l). 
Step 2: 64-2 

60 and quenched with water (150 mL) at 0° C. The reaction 
mixture was neutralized with saturated aqueous NaOH until 
the pH -8, and to which ethyl acetate (200 mL) was added. 
Then the mixture was filtered and the organic layer was 

To a solution of 64-1 (200.0 mg, 0.46 mmol) in DCM (5 
mL) was added MsCl (106.12 mg, 0.93 mmol) and DIEA 
(119.79 mg, 0.93 mmol). After stirred at 25° C. for 1 hr, the 
mixture was poured into ice-water (50 mL) and extracted 65 

with DCM (50 mLx2). The combined organic layers were 
washed with water (50 mL), brine (50 mL), dried over 

washed with brine (80 mL), dried over sodium sulfate and 
concentrated to give Intermediate 55 (500 mg, crude). 

The compound in Table 17 was made according to the 
procedure of Intermediate 55. 
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Name 

Intermediate 
56 

381 
TABLE 17 

Structure 1H NMR and/or LC/MS data 

,yly, 
y 

HN 
'NH2 

MS: m/z - 163.1 (M + 1). 

Example 61: Synthesis of Intermediate 57 

F 

(7''' step 1 -
HN 

'-NH2 

57-A 

57-B 

F 

¢-CC; 

step 2 -

N_...N NH 

step 3 -
}--NH 0-

0 ~ 
N 0-
\ 
Boe 

57-C 

10 

15 

20 

25 

30 

35 

40 

45 
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-continued 

F ¢:c, 
N-N ~NH 

\=1 
N 

\ 
Boe 

57-D 

F 

step 4 -

¢:", I \\ y)N step5 
N-N J'------ -

cj:0' 
\ 
Boe 

57-E 

Intermediate 57 

Step 1: 57-B 
To a mixture of Intermediate 2 (700 mg, 2.94 mmol) in 

ethanol (20 mL) was added 57-A (812.88 mg, 3.53 mmol, 
HCl salt) and H20 (264.62 mg, 14.69 mmol) at 25° C. The 

50 reaction solution was stirred for 2 hr at 80° C. The mixture 
was concentrated to give a residue, to which was added H20 
(50 mL) and extracted with ethyl acetate (50 mLx2). The 
combined organic layers were washed with brine (60 mL), 
dried over sodium sulfate and concentrated to give a crude 

55 product. The crude product was purified by silica gel chro­
matography (PE/EA=2/1) to give 57-B (750mg, 1.81 mmol, 
61.61% yield). MS: m/z=163.1 (M+l). 
Step 2: 57-C 

To a mixture of 57-B (750 mg, 1.81 mmol) and DIEA 
60 (1.17 g, 9.05 mmol, 1.58 mL) in THF (16 mL) was added 

phenyl carbonochloridate (368.37 mg, 2.35 mmol, 294.70 
µL) at 25° C. The reaction solution was stirred for 1 hr at 25° 
C. Then, 2,2-dimethoxyethanamine (761.12 mg, 7.24 mmol, 
788.73 µL) was added to the reaction mixture at 25° C. The 

65 reaction solution was stirred for 1 hr at 25° C. The solution 
was concentrated with a rotary evaporator to give 57-C (950 
mg, crude). MS: m/z=546.3 (M+l). 
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Step 3: 57-D 
To a mixture of 57-C (950 mg) in THF (15 mL) was added 

CF3 SO3 H (214.46 mg, 2.61 mmol) at 25° C. The reaction 
mixture was stirred for 2 hr at 60° C. Then, (Boe )20 (570.09 
mg, 2.61 mmol) and TEA (528.65 mg, 5.22 mmol, 728.17 
µL) were added at 25° C. The reaction mixture was stirred 
for 2 hr at 25° C. The mixture was concentrated to give a 
residue, which was purified by silica gel chromatography 
(PE/EA=l/1) to obtain 57-D (500 mg, 1.04 mmol, 59.64% 
yield). MS: m/z=482.2 (M+l). 
Step 4: 57-E 

To a mixture of 57-E (500 mg, 1.04 mmol), Intermediate 
1 (309.24 mg, 1.35 mmol) and (1S,2S)-Nl,N2-dimethyl­
cyclohexane-l,2-diamine (73.86 mg, 519.27 µmo!, 81.89 
µL) in NMP (6 mL) was added K2 CO3 (430.60 mg, 3.12 
mmol) and Cul (98.90 mg, 519.27 µmo!) at 25° C. After 02 

Name 

Intermediate 
58 

Intermediate 
59 

Name 

Intermediate 
60 

384 
was purged by bubbling N2 into the reaction solution, the 
reaction mixture was stirred for 2.5 hr at 135° C. The 
mixture was quenched with H2O (50 mL) and extracted by 
ethyl acetate (50 mLx2). The combined organic layers were 

5 washed with brine (40 mL), dried over sodium sulfate and 
concentrated to give a residue, which was purified by silica 
gel chromatography (PE/EA=l/1) to give 57-E (380 mg, 
603.58 µmo!, 58.12% yield). MS: m/z=630.3 (M+l). 
Step 5: Intermediate 57 

To a solution of 57-E (0.13 g, 206.49 µmo!) in MeOH (4 
10 mL) was added HCI (4 M in MeOH, 1.03 mL), and the 

mixture was stirred at 25° C. for 6 hr. The reaction was 
concentrated to Intermediate 57 (0.11 g, 194.37 µmo!, 
94.13% yield, HCI salt). MS: m/z=530.1 (M+l). 

The compounds in Table 18 were made according to the 
procedure of Intermediate 57. 

TABLE 18 

Structure 1H NMR and/or LC/MS data 

The compound in Table 19 was made according to the 
procedure of Intermediate 11. 

TABLE 19 

Structure 1H NMR and/or LC/MS data 
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The compounds in Table 20 were made according to the 
procedure of Intermediate 19-Pl and Intermediate 19-P2. 

Name 

Intermediate 
61-Pl 

Intermediate 
61-P2 

N==--

/ 

(, 
N 
H 

TABLE 20 

Structure 

F 

F 

Chiral separation condition: 

Column: Daicel CHIRALPAK OZ­
H 250 nnn x 20 mm I.D. 5 µrn; 

Mobile phase: CO/MeOH (0.2% 
NH4•OH) - 80/20; Flow rate: 50 

g/min; 
Wavelength: UV 214 nm; 

Temperature: 35° C. 

The compounds in Table 21 were made according to the 
procedure of Compound 24. 

Name 

Compound 
65 (from 

intermediate 
61-Pl and 

46-P2) 

TABLE 21 

Structure 1H NMR and/or LC/MS data 

386 



Name 

Compound 
66 (from 

intermediate 
61-P2 and 

46-P2) 
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TABLE 21-continued 

Structure 1H NMR and/or LC/MS data 

F MS: m/z - 909.3, (M + 1); 
1H NMR (400 MHz, DMSO-d6) I, 
8.30 (s, lH), 7.96 (s, lH), 7.80 (s, 

I 
lH), 7.66-7.64 (m, 2H), 7.50-7.48 

(m, 2H), 7.24 (s, lH), 7.11 (s, lH), 
6.93-6.89 (m, 2H), 5.69 (s, lH), 

)l
O N 4.37 (s, 2H), 4.11 (s, 3H), 3.27 (d, 

J - 7.6 Hz, 4H), 3.04 (s, lH), 2.03-
N 1.38 (m, llH), 1.31-1.13 (m, 6H). 

\=1 F 

The compounds in Table 22 were made according to the 
procedure of Compound 2. 

Name 

Compound 
67 (from 

intermediate 
14 and 31-

P2) 

TABLE 22 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 875.1 (M + 1); 
1H NMR (400 MHz, DMSO-d6) I, 

12.0 (s, lH), 8.30-8.23 (m, lH), 
8.16-8.14 (m, lH), 7.65-7.55 (m, 

3H), 7.48-7.43 (m, 2H), 7.29-7.27 
(m, lH), 7.13-6.95 (m, 2H), 6.71 (d, 
J - 7.6 Hz, lH), 6.42 (s, lH), 5.68-

5.67 (m, lH), 4.11-4.04 (m, 4H), 
3.72-3.70 (m, 2H), 3.43-3.38 (m, 
lH), 2.96-2.90 (m, lH), 2.71-2.67 
(m, 2H), 1.75-1.61 (m, 4H), 1.50-
1.44 (m, 4H), 1.33 (d, J - 6.8 Hz, 
3H), 1.26-1.24 (m, 3H), 1.19-1.16 

(m, 3H). 

388 



Name 

Compound 
. 68 (from 
mtermediate 
19-Pl and 

31-P2) 

Compound 
69 (from 

intermediate 
19-Pl and 

28-P2) 

Compound 
70 (from 

mtermedrnte 
60 and 28-

P2) 
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TABLE 22 • -contmued 

Structure 

F 

N::--

/ 

( 
N 

F 

N=--

/ 

( 
N 

F 

¢:" 
N_N- )l (Y~N 

NJ~ 
F 

N ,, 

1HN MR and/or LC/MS d ala 

i MS: m/z - 869 2 H NMR (400 • (M + 1)· 
12.01 (s, lH) 8MHz, DMSO-d6) I, 

J - 7.2 Hz lH) ·;16 (s, lH), 8.16 (d 
lH), 7.54 °(t, J: 7 i (d, J - 9.2 H~ 
7.24 (m, 3H) 7 06 Hz, lH), 7.30-' 
lH), 6.72 (d,' J ~ 

6 
~s, lH), 6.82 (s, 

(s, lH), 5.78 (s lH Hz, lH), 6.48 
5H), 3.72-3 10' ), 4.17-4.12 (m 

(m, 2H), 2.23 (s (~H 4H), 2.97-2.90, 
' ), 1.67-119 ( 

17H). • m, 

i MS: m/z - 869 2 
H NMR (400 MH. (M + 1); 

11.84 (s, lH) 
8 

z, DMSO-d6) 0 

(

lH), 7.72 (s 1H)3\ (s, lH), 8.09 (s c' lH), 7.46 ,(d /- 963 (s, lH), 7.54 
s, 2H), 7.06 (;, 1~) ·: Hz, lH), 7.24 
Hz, lH), 6.81 (s lH .86 (d, J - 9.2 
4.21 (s 

2
H) 

4 
' ), 5.78 (s lH) 

4H) ' ' .12 ( 3 ' • , 2.90 (s, lH), 2 i H), 3. 71 (s, 
(d, J - 9.6 Hz 2H). 3 (s, 6H), 1.69 

7H) 1 
2 

' , 1.60-1.34 ( 
, . 6-1.18 (m, SH). m, 

1 MS: m/z - 859 
H NMR (40~ M .3 (M + 1)· 
11.89 (s, lH) 8 Hz, DMSO-d6) I, 
7.69-7 28 ( ' .30-8.12 (m 2H) . m, 7H) 71 , , 
2H), 5.6S (s 1H , • 2-7.04 (m 
lH), 4.11 (s' 3H), 5.01-4.79 (m, 
2H) 2 90 ' ), 3.72-3.70 ( ' 

' · -2 59 ( m 119. ( ml, 4H), 1.71-, 
. m, 7H). 

390 



Name 

Compound 
71 (from 

mtermedrnte 
57 and 28-

P2) 

Compound 
72 (from 

mtermedrnte 
58 and 31-

Compound 
73 (from 

mtermedrnte 
59 and 31-

P2) 
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TABLE 2 2-continued 

Structure 

rec,, 
r?i I 

N-N \ cj:Nb ' N 

& NCJ C \N 

~ 
r?i ~ I 

N-N \ cj:Nb ' N 

1HN MR and/or LC/MS d ala 

i MS: m/z 90 
H NMR (400 M-Hz ~2 (M + 1); 

(s, lH), 8.29 (s lH MSO-d6) I, 11.94 
7.90-7.6l (m ' ), 8.11 (s, lH) 

Hz, 2H) 7 27' 4H), 7.45 (d J - 8 4' 
J _ ' · -6.91 (m ' • - 8.0 Hz lH) 

5 
, 2H), 6.85 (d 

I - 74.8 Hz lH)·:
0/8, 1H), 4.90 (d 

(s, 2H), 3.26-3 08. 1 (s, 3H), 3.70, 
2.69 (m 3H) • (m, 1H), 2.98-

, , 1.98-0 82 ( . m, 17H). 

1 MS: m/z - 877 2 ( 
H NMR (400 M • M + 1); 

12.0 (s, lH), 
830 

(~z1 DMSO-d6) 1, 
7.2 Hz, lH) 

7 64
, H), 8.15 (d, J -

lH), 7.51-7.47 "cm(~, J - 8.8 Hz, 
(m, 3H), 7.17 (d J -H), 7.42-7.30 

7.08 (s lH) 
6 

' - 2.8 Hz lH) 6 , , .71 (d J , , 
.42 (s, !H) 

5 69 
' - 7.6 Hz, lH) 

(m, lH), 4.1'1-4.04 ((, lH), 4.99-4.82, 
J - 8.0 Hz, 2H) 2 9m3, 4H), 3.71 (d ' · -2 66 ( ' 

1.67-117 ( • m, 4H) . m, 17H). ' 

i MS: m/z - 881 3 
H NMR (400 MH. (M + 1); 

8.30 (s, lH), 8.10 (d zJ ~MSO-d6) I, 
7.64 (d, J -

8 8 
' - 7.2 Hz lH) 

( 

· Hz lH) ' , 
m, lH), 7.28-7 22 , , 7.49-7.40 

lH), 7.03-6.76 (m ~m, 3H), 7.09 (s 
6.8 Hz, lH), 

6 38
' H), 6.69 (d, J ~ 

(m, lH), 4.09-4.07 ((, lH), 5.65-5.62 
J - 8.0 Hz, 2H), 2 9~' 3H), 3.71 (d, 

2.65 (m, 2H) 2 i°3 (s, lH), 2.67-
1.73-1.48 (m: 6H) -1.98 (m, 2H), 

12H), 1.01-0.98 (m' ;.34-1.17 (m, 

( 
' H), 0.67-0 63 

m, 2H). • 
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Compound Structure --~~~~~~~~~~~~~~~:~;~~~~~~-;;:--
74 (from -

1

H N 
=m,oW<re MR =(m CUMS d 

"~.rn- ~ 
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e ' MS, m(, - 000 
') H NMR (,WO M (M • )), 8.29 (s, lH), 8.15 (~z, DMSO-d6) I, 

7.89-7.61 (m 5H • J - 7.2 Hz lH) 
7.30 (s, lH) 7 , ), 7.43 (m lH) , 

N ~ 6 71 ( , .15 (d J - , , N- \ . d, J - 6.9 Hz, lH)- 2.4 Hz, lH), 

Compound 
75 (from 

mtermedrnte 
58 and 28-

Compound 
76 (from 

mtermedrnte 
59 and 28-

P2) 

I N ,.,HM (m. m) , 6.42 (s, lH), 

1.45-1, ), 2.93 (m, lH) 
.09 (m, 17H). , 

N 

,I··,,,,,,, NUN F 3.68-3.57 (m 6H , 4.11 (s, 3H) 

8:
N-N ~ \N 

\J F 

N ,, 

F 

f '\ 
~ a ~ I 

cf.:NJ ~ # 

i MS: rn/z - 877 H NMR (400 ~ .2 (M + 1)· 
(d, J - 23.6 H Hz, CD30D) Ii 8 1 

Hz z, lH) 8 02 ( • 
6 

'lH), 7.59 (d /-. d, J - 19.6 
7.43-7.51(m 3' -17.6Hz,1H) 
Hz, 2H), 7.03-:i2 7.30 (d, J - 2.4 

6.83 (m, lH) 6 76 (m, lH), 6.91-
lH), 5.88 (s lH) (d, J - 13.2 Hz 
(d, J - 8.8 °Hz ;;·

26 
(s, lH), 4.11 

2H), 2.80-3 1 , ), 3.82-3.87 ( . 2 (m 4H) m, 
(m, 4H), 1.48_1• , 1.57-1.77 .10 (m, 13H). 

1 MS: rn/z - 881 
H NMR (40~ MH.2 (M + 1); 

8.30 (s, lH) 
8 12 

z, DMSO-d6) 0 

(m, 2H), 7.45.(d ~,_lH), 
7

.72-7.61 
7.28 (s, 2H) 7 , - 8.4 Hz, 2H) 
(m, 3H), 5.66 -(~O i~ lH), 6.98-6.85 
3.70 (s, 2H), 2.90 ( ), 4.11 (s, 3H), 

2
H), 2.08 (s lH) l s, lH), 2. 75 (s 
1.44 (m, 4H) 1 '33.69 (s, 2H), 1.54-

o.
9

9 (s, 2H). 
0

-
6
1.1 8 (m, 13H) 

' · 4 (s, 2H). ' 
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TABLE 22-continued 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 855.3 (M + 1); 
1H NMR (400 MHz, DMSO-d6) I, 

12.03 (br, lH), 8.30 (s, lH), 8.15 (d, 
J - 7.2 Hz, lH), 7.63 (d, J - 8.4 Hz, 
lH), 7.48-7.21 (m, 5H), 7.08 (d, J -

2.8 Hz, lH), 6.97 (s, lH), 6.71 (d, J -
7.2 Hz, lH), 6.42 (s, lH), 5.68-
5.66 (m, lH), 4.10 (s, 3H), 3.73-
3.70 (m, 2H), 3.45-3.30 (m, 2H), 
3.00-2.85 (m, 2H), 2.71-2.69 (m, 
lH), 2.27 (s, 3H), 1.80-1.11 (m, 

17H). 

MS: m/z - 859.3 (M + 1); 
1H NMR (400 MHz, DMSO-d6) I, 

8.26 (s, lH), 8.12-8.11 (m, lH), 
7.64-7.47 (m, 4H), 7.28-7.03 (m, 

4H), 6.70 (d, J - 6.8, lH), 6.40 (s, 
lH), 5.67-5.66 (m, lH), 4.10-4.06 
(m, 4H), 3.71-3.69 (m, 2H), 2.95-
2.89 (m, 2H), 2.68 (s, 2H), 1.74-

1.43 (m, SH), 1.32 (d, J - 6.4, 3H), 
1.25-1.22 (m, 3H), 1.18-1.16 (m, 

3H). 
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Example 62: Synthesis of Intermediate 62 

Intermediate 62 in Table 23 was made according to the 
procedure of Intermediate 3. 

Name 

Intermediate 
62 

TABLE 23 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 473.1 (M + 1). 

398 

Example 63: Synthesis of Intermediate 63 Example 65: Synthesis of Intermediate 65 

Intermediate 63 in Table 24 was made according to the 
procedure of Intermediate 55. 

Name 

Intermediate 
63 

TABLE 24 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 211.1 (M + 1). 

Example 64: Synthesis of Intermediate 64 

Intermediate 64 in Table 25 was made according to the 
procedure of Intermediate 57. 

TABLE 25 

25 

~~Br 

30 V 
65-A 

35 

40 

45 

Name Structure 1H NMR and/or LC/MS data 

Intermediate 
64 

step 1 -

0 

I 
65-C 

65-B 

Br 

step 2 -

step 3 -
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-continued 

0>--wN.__N ~ Br 

HO ~ ,,,::9 

65-D 

1:}-wlli 
65-E 

65-F 

0 
~ 

10 

~ ,,,::9 

65-G 

0 

10 

~ 

65-H 

0 

10 

~ 

65-1 

0 

10 

65-J 

US 12,037,339 B2 

step 4 -----

step 5 -----

step 6 -----

step 7 -----

step 8 -----

step 9 -----

step 10 

--------

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

0 

10 

0 

10 

Step 1: 65-B 

400 
-continued 

65-K 

~ 

# 

~ 
N 

65-L 

0 

step 11 

--------

step 12 

--------

Intermediate 65 

To a solution of Hydroxylamine-O-sulfonic acid (107.37 
g, 949.39 mmol) in 300 mL of cold water was added 65-A 
(100 g, 632.93 mmol, 61.73 mL) at 25° C. The mixture was 
heated at 90° C. for 40 minutes, after cooling to room 
temperature, potassium carbonate (138 g) was added, fol­
lowed by the removal of water by evaporation in vacuum. 
The residue was treated with 300 mL of ethanol and the 
insoluble precipitate was removed by filtration. The filtrate 
was treated with 140 mL of 57% hydroiodic acid and stored 
at -20° C. The solids were then collected by filtration to give 
65-B (40 g, 132.48 mmol, 20.9% yield, HI salt), which is 
used in the next step without further purification. 
Step 2: 65-C 

To a freshly prepared solution of 65-B ( 40 g, 132.48 
mmol, HI salt) in DMF (300 mL) was added dimethyl 
but-2-ynedioate (65.33 g, 459.72 mmol) and K2CO3 (63.54 
g, 459.72 mmol). The mixture was stirred at 25° C. for 12 
hrs. The mixture was filtered and concentrated to give a 
residue, which was purified by colunm chromatography on 
silica gel (EA/PE=l/10-1/3) to give 65-C (20 g, 63.88 mmol, 
27.8% yield). 
Step 3: 65-D 

A mixture of65-C (20 g, 63.88 mmol) in cone. H2 SO4 (50 
mL) and Water (50 mL) was stirred for 3 hrs at 100° C. After 
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cooling to 0° C., pH 8 was attained with an aqueous solution 
of 8 M sodium hydroxide. Then, 6 M hydrochloric acid was 
added till pH=3, the mixture was extracted with DCM (100 
mLx3), the combined organic phases were dried over anhy­
drous magnesium sulfate, filtered, and concentrated. The 5 

precipitate was collected by filtration, washed with MTBE 
to give 65-D (12 g, 49.78 mmol, 77.9% yield). 
Step 4: 65-E 

To a mixture of 65-D (2 g, 8.30 mmol) in THF (30 mL) 
and DCM (30 mL) was added oxalyl dichloride (1.58 g, 10 

12.45 mmol) at 0° C. under the N2 atmosphere for 0.5 hr, 
then DMF (64 µL) was added and stirred for 1 hr before 
t-BuONa (7.97 g, 82.97 mmol) was added. The reaction 
solution was stirred for 1.5 hrs at 25° C. Then, water (20 mL) 15 
was added and the solution was concentrated with a rotary 
evaporator. Ethyl acetate (80 mL) was added and the organic 
phase was dried over Na2 SO4 , filtered and concentrated to 
give a residue, which was purified by silica gel chromatog­
raphy (PE/EA=l0/1-1/2) to obtain 65-E (1.6 g, 5.38 mmol, 20 

64.9% yield). 
Step 5: 65-F 

To a mixture of 65-E (1.6 g, 5.38 mmol), 4,4,5,5-tetram­
ethyl-2-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3, 
2-dioxaborolane (1.37 g, 5.38 mmol) in dioxane (20 mL) 25 

was added KOAc (1.59 g, 16.15 mmol) and Pd(dppf)Cl2 

(393.99 mg, 538.45 µmo!) at 30° C. under N2 atmosphere. 
The reaction was stirred for 2 hrs at 100° C. Then, the 
mixture was filtered and concentrated to give 65-F (1.85 g, 
crude), which was used for the next step without further 30 

purification. MS: m/z=345.3 (M+l). 
Step 6: 65-G 

To a mixture oflntermediate 26 (2.34 g, 9.01 mmol), 65-F 
(1.55 g, crude) in water (2 mL) and dioxane (10 mL) was 
added Pd(dppf)Cl2 (3.29 g, 4.50 mmol) and K2 CO3 (622.34 35 

mg, 4.50 mmol) at 30° C. The reaction mixture was stirred 
for 2 hrs at 100° C. The mixture was filtered and concen­
trated to give a residue, which was purified by silica gel 
chromatography (PE/PE=l0/1-3/1) to obtain 65-G (1.3 g, 
3.96 mmol, 87.9% yield). MS: m/z=329.2 (M+l). 40 

Step 7: 65-H 
To a mixture of65-G (1.3 g, 3.96 mmol) in Methanol (100 

mL) was added Pd/C (130 mg) at 25° C. The reaction 
solution was stirred for 4 hrs at 25° C. under H2 atmosphere. 
Then, the mixture was filtered and concentrated to give 65-H 45 

(1.32 g, crude), which was used for the next step without 
further purification. MS: m/z=331.2 (M+l). 
Step 8: 65-I 

To a mixture of65-H (1.3 g, crude), NaHCO3 (661.03 mg, 
7.87 mmol) in MeCN (40 mL) was added NIS (1.06 g, 4.72 50 

mmol) at 0° C. The reaction solution was stirred for 0.5 hr 
at 0° C. Then, the solution was concentrated to give a 
residue, which was purified by silica gel chromatography 
(PE/EA=l0/1-3/1) to obtain 65-I (1.7 g, 3.73 mmol, 94.7% 
yield). 55 

Step 9: 65-J 
A 30 mL microwave reaction tube was charged with 65-I 

(1.55 g, 3.40 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxa­
borolan-2-yl)isoxazole (662.45 mg, 3.40 mmol), Pd(dppf) 
Cl2 (248.54 mg, 339.68 µmo!) and KF (986.76 mg, 16.98 60 

mmol) in DMSO (10 mL) and Water (1 mL). After 02 was 
purged by bubbling N2 into the reaction solution, the tube 
was sealed and heated at 90° C. for 45 minutes in a Biotage 
microwave reactor. The reaction was cooled to room tem­
perature, filtered, diluted with EA (50 mL), and the organic 65 

phase was washed with water (30 mL), dried over Na2 SO4 , 

filtered and concentrated to give a residue, which was 

402 
purified by flash chromatography (0-100%, EA/PE) to 
deliver 65-J (1 g, 2.52 mmol, 74.1 % yield). 
Step 10: 65-K 

A 30 mL microwave reaction tube was charged with 65-J 
(1 g, 2.52 mmol) and KF (1.46 g, 25.16 mmol) in Methanol 
(10 mL) and Water (2 mL ). After 02 was purged by bubbling 
N2 into the reaction solution, the tube was sealed and heated 
at 100° C. for 45 minutes in a Biotage microwave reactor. 
The reaction was cooled to room temperature, and concen­
trated to give a residue, which was purified by flash chro­
matography (0-100%, EA/PE) to deliver 65-K (800 mg, 2.17 
mmol, 86.1 % yield). MS: m/z=314.2 (M-55). 
Step 11: 65-L 

To a mixture of 65-K (800 mg, 2.17 mmol), 1,3,2-
dioxathiolane 2,2-dioxide (290.63 mg, 2.38 mmol) in THF 
(50 mL) was added LiHDMS (1 M, 10.82 mL) at 0° C. The 
reaction solution was stirred for 0.5 hr at 0° C. Then, sat. 
NH4 Cl (5 mL) was added and the organic phase was 
separated and concentrated with a rotary evaporator. The 
crude product was purified by silica gel chromatography 
(PE/EA=4/1) to obtain 65-L (700 mg, 1.77 mmol, 81.7% 
yield). MS: m/z=340.2 (M-55). 
Step 12: Intermediate 65 

A mixture of 65-L (700 mg, 1.77 mmol) in HCl/dioxane 
(4 M, 20 mL) was stirred for4 hrs at 35° C. The mixture was 
concentrated and purified by prep-HPLC (colunm: 
XBridge® Prep C18 5 µm 19x150 mm; A: 0.2% HCO2 H 
water, B: acetonitrile; gradient: 5-95% B; GT: 16 min; flow 
rate: 15 mL/min) to give Intermediate 65 (102 mg). 

Example 66: Synthesis of Intermediate 66 

Intermediate 28-P2 

step 1 ---

Intermediate 66 

To a solution oflntermediate 28-P2 (50 mg, 147.75 µmo!) 
in MeCN ( 4 mL) was added NCS (30 mg, 221.63 µmo!). The 
mixture was stirred at 25° C. for 1 hr. The reaction mixture 
was diluted with EA (20 mL), washed with brine (10 mLx2), 
dried over anhydrous Na2 SO4 , and filtered. The filtrate was 
concentrated and purified by reverse-phase colunm ( 45% 
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MeCN in H2O (0.1% FA)) to give Intermediate 66 (25 mg, 
45% yield). MS: m/z=373.1 (M+l). 

Example 67: Synthesis of Intermediate 67 

Intermediate 67 in Table 26 was made according to the 
procedure of Intermediate 66. 

TABLE 26 

1HNMR 
and/or 
LC/MS 

10 

404 
-continued 

68-F 

step 6 -

Name 

Intermediate 
67 

Structure 

0 

data 

MS: 
rn/z -
373.1 

(M+ 1). 

15 

HODO/ 

step 7 

HOD 

step 8 - -
20 68-G 68-H 

25 
OD 

step 9 

D 

step 10 - --------
TfD 

68-1 68-J 

30 
Example 68: Synthesis of Intermediate 68 

step 11 

--------
'---o 0 step 1 35 

'---o~o/ 
-

~ 68-A N 

'---o 0 40 68-K 

'--.O~OH 

step 2 -
68-B 

'---o 0 0 step 3 45 
~ 

'---o~o/ 
- N step 12 

--------# 
68-C 

'---o OH 0 step 4 50 

'---o~o/ 
- ~ 

N 

68-L 
68-D 

't 55 

,½ step 5 N ~ step 13 - --------60 
# 

0 0 

~ I 
65 N 

68-E 68-M 
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Intermediate 68 

Step 1: 68-B 
To a solution of68-A(50 g, 337.48 mmol) in MeOH (200 

mL) was added LiOH (aq.) (4 M, 168.74 mL), the mixture 
was stirred at 80° C. for 2 hrs. The reaction mixture was 
neutralized with citric acid, extracted with DCM (200 
mLxl0). The combined organic layers were washed with 
water, dried over sodium sulfate, and concentrated m 
vacuum to give 68-B (28.5 g, 62.96% yield). 
Step 2: 68-C 

To a solution of 68-B (23 g, 171 .48 mmol) in THF (200 
mL) was added the suspension of CDI (33.37 g, 205.77 
mmol) in THF (100 mL) dropwise. The mixture was stirred 
at 25° C. for 2 hrs. At the same time, another flask with 
potassium 3-methoxy-3-oxopropanoate (40.17 g, 257.21 
mmol) and MgCl2 (17 .96 g, 188.62 mmol) in 200 mL of TH 
was stirred at 25° C. for 2 hrs. The imidazoline solution was 
then transferred into the latter solution dropwise and the 
resulting mixture was stirred at 25° C. for 16 hrs. The 
mixture was acidified with 60 mL of aqueous HCI (2M) and 
extracted with EA (300 mLx3). The combined organic 
layers were washed with sat. NaHCO3 aqueous solution, 
brine, dried over sodium sulfate and concentrated in vacuum 
to give 68-C (25 g, 76.7% yield). 
Step 3: 68-D 

To a solution of 68-C (25 g, 131 .45 mmol) in MeOH (200 
mL) was added NaBH4 (4.97 g, 131.45 mmol) slowly at 0° 
C. The mixture was stirred at 0° C. for 1 hr. The mixture was 
quenched with aqueous HCI (1 M, 30 mL), then 200 mL of 
water was added to the mixture. The reaction mixture was 
extracted with EA (100 mLx5), dried over sodium sulfate, 
and concentrated in vacuum to give 68-D (14 g, 55.4% 
yield). 
Step 4: 68-E 

To a solution of 68-D (14 g, 72.84 mmol) in DMF (100 
mL) was added imidazole (9.92 g, 145.67 mmol) and TBSCI 
(14.27 g, 94.69 mmol). The mixture was stirred at 25° C. for 
16 hrs. The mixture was added into water, and extracted with 
EA (100 mLx2). The combined organic layers were washed 
with brine (100 mLx2), dried over sodium sulfate, and 
concentrated in vacuum to give a residue, which was puri­
fied by colunm chromatography on silica gel (EA in PE, 
0-10%) to give 68-E (11 g, 49.3% yield). 
Step 5: 68-F 

406 
were dried over sodium sulfate, and concentrated to give a 
residue, which was purified by colunm chromatography on 
silica gel (EA in PE, 0-10%) to give 68-F (10.5 g, 96.1% 
yield). 

5 Step 6: 68-G 
To a solution of 68-F (10.5 g, 34.48 mmol) in MeOH (100 

mL) was added p-toluenesulfonic acid monohydrate (6.56 g, 
34.48 mmol). The mixture was stirred at 25° C. for 16 hrs. 
The mixture was added to water (100 mL), and concentrated 

10 in vacuum to remove MeOH. The residue was extracted with 
DCM (30 mLx6), the combined organic layers were washed 
with water (100 mL), dried over sodium sulfate, and con­
centrated in vacuum to give 68-G (4.8 g, 88.0% yield). 

15 

Step 7: 68-H 
To a solution of 68-G ( 4.8 g, 30.34 mmol) in DCM (100 

mL) was added bis(trimethylsilyl)trifluoroacetamide (5.86 
g, 22.76 mmol), which was stirred at 25° C. for 2 hrs. The 
mixture was then cooled down to -10° C. Triethyl silane 
(14.11 g, 121.37 mmol, 19.39 mL) was added followed by 

20 Boron trifluoride diethyl etherate (10.77 g, 75.86 mmol, 9.53 
mL). The mixture was then allowed to warm to 0° C. slowly 
and stirred at 0° C. for 30 minutes. The mixture was added 
to water (200 mL), and extracted with DCM (50 mLx6). The 
combined organic layers were washed with water (200 mL), 

25 dried over sodium sulfate, and concentrated in vacuum to 
give 68-H (3.8 g, 97.7% yield). 
Step 8: 68-I 

To a solution of oxalyl dichloride (4.89 g, 38.54 mmol, 
3.35 mL) in 30 mL of DCM at -78° C. was added DMSO 

30 (5.79 g, 74.12 mmol, 5.26 mL) in 10 mL of DCM dropwise. 
The mixture was stirred for 20 minutes and 68-H (3.8 g, 
29.65 mmol) in 10 mL of DCM was added dropwise. The 
mixture was stirred at -78° C. for 20 minutes, TEA (15.0 g, 
148.24 mmol, 20.66 mL) was then added and the mixture 

35 was warmed slowly to 25° C. for 30 minutes. The mixture 
was poured into water (50 mL), extracted with DCM (50 
mLx6). The combined organic layers were washed with 
water (100 mL), dried over sodium sulfate, and concentrated 
in vacuum to give a residue, which was purified by colurmi 

40 chromatography on silica gel (PE/EA=20/1-10/1) to give 
68-I (2.0 g, 53.5% yield). 
Step 9: 68-J 

To a solution of 68-I (2.0 g, 15.85 mmol) in THF (20 mL) 
was added LDA (2 M, 15.85 mL) dropwise at -78° C., and 

45 was stirred at this temperature for 30 minutes. Then 1,1,1-
trifluoro-N-pheny 1-N-( trifluoromethy lsulfony l)methane­
sulfonamide (6.23 g, 17.44 mmol) in THF (20 mL) was 
added to the mixture dropwise (keeping temperature below 
-60° C.). The mixture was warmed to 25° C. slowly and 

50 stirred for 16 hrs. The mixture was poured into water (50 
mL), extracted with EA (30 mLx2). The combined organic 
layers were washed with brine (50 mL), dried over sodium 
sulfate, and concentrated to give 68-J (6.0 g, crude), which 
was used for the next step without further purification. 

55 Step 10: 68-K 
To a solution of27-F (530 mg, 1.73 mmol) in dioxane (10 

mL) was added 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (569.65 mg, 
2.24 mmol), Pd(dppf)Cl2 (126.26 mg, 172.56 µmo!) and 

60 K2 CO3 (476.97 mg, 3.45 mmol). The mixture was stirred at 
90° C. for 2 hrs. The mixture was filtered and concentrated 

To a solution of 68-E (11 g, 35.89 mmol) in THF (100 
mL) was added Titanium isopropoxide (2.04 g, 7.18 mmol). 
Ethyl magnesium bromide (1 M, 107.68 mL) was then 
added dropwise by a syringe pump over 1 hr at 0° C. The 
mixture was stirred at 0° C. for 2 hrs. The mixture was 
quenched with aqueous HCI (1 M, 30 mL), then to which 65 

200 mL of water was added. The reaction mixture was 
extracted with EA (100 mLx5), the combined organic layers 

in vacuum. The residue was dissolved in dioxane (10 mL), 
to which 68-J (877.64 mg), K2 CO3 (476.97 mg, 3.45 mmol), 
Pd(dppf)Cl2 (126.26 mg, 172.56 µmo!) and water (4 mL) 
was added. The mixture was stirred at 90° C. for 1 hr under 
nitrogen atmosphere. The mixture was added into water, 
extracted with EA (20 mLx2). The combined organic layers 
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were washed with brine (20 mL), dried over sodium sulfate, 
and concentrated in vacuum to give a residue, which was 
purified by colunm chromatography on silica gel (PE/ 
EA=l0/1-5/1) to give 68-K (300 mg, 51.7% yield). MS: 
m/z=337 (M+l). 

Example 70: Synthesis of Intermediate 70 

Step 11: 68-L 

To a solution of 68-K (300 mg, 891.84 µmo!) in EA (5 
mL) was added Pd/C (30 mg, 55% wet, 10%). The mixture 
was stirred at 25° C. for 30 minutes under hydrogen atmo- 10 

sphere. The mixture was filtered and concentrated in vacuum 

5 PN Cl N ~ 

HO I # 
step 1 -----

to give 68-L (240 mg, 79.5% yield). MS: m/z=339.1 (M+l). 

Step 12: 68-M 

Toa solutionofLiHMDS (1 M, 7.09 mL)inTHF (l0mL) 15 
was added the mixture of 68-L (240 mg, 709.22 µmo!) and 
1,3,2-dioxathiolane 2,2-dioxide (264.08 mg, 2.13 mmol) in 
THF dropwise at 0° C. The mixture was stirred at 25° C. for 
2 hrs. The mixture was added into water, extracted with EA 
(5 mLx2). The combined organic layers were washed with 20 

brine (5 mLx2), dried over sodium sulfate, and concentrated 
in vacuum to give a residue, which was purified by colunm 
chromatography on silica gel (PE/EA=l0/1-5/1) to give 
68-M (110 mg, 31.1% yield). MS: m/z=365.1 (M+l). 

Step 13: Intermediate 68 

To a solution of 68-M (110 mg, 220.34 µmo!) in Methanol 

25 

(5 mL) was added aqueous NaOH (4 M, 550.85 µL). The 
mixture was stirred at 60° C. for 1 hr. The mixture was 
neutralized with aqueous HCI, extracted with EA (5 mLx2). 30 
The combined organic layers were washed with brine (5 
mL), dried over sodium sulfate, and concentrated in vacuum 
to give a residue, which was purified by reverse phase 
chromatography (MeCN in H20, 0-70%) to give Interme­
diate 68 (52 mg, 70.2% yield). MS: m/z=337.1 (M+l). 

Example 69: Synthesis of Intermediate 69 

X ~,,,,, ~ 
TfD~ TfDD 

Intermediate 26 

and/or 

Intermediate 69 

step 1 -

35 

40 

45 

50 

55 

A suspension of Intermediate 26 (25 g, 90.07 mmol), 60 

4,4,5,5-tetramethyl-2-( 4,4,5,5-tetramethyl-1,3,2-dioxaboro­
lan-2-yl)-1,3,2-dioxaborolane (26.84 g, 105.68 mmol), 
potassium acetate (14.14 g, 144.10 mmol), Pd(dppf)Cl2 

(2.11 g, 2.88 mmol) in dioxane (300 mL) was stirred at 100° 
C. for 6 hrs. The reaction mixture was filtered and concen- 65 

trated to give Intermediate 69 ( 45 g, crude), which was used 
for the next step without further purification. 
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~ 
N 

70-H 

Step 1: 70-B 

step 8 -----

Intermediate 70 

To a solution of 70-A (10 g, 63.07 mmol), 
N-methoxymethanamine (6.77 g, 69.38 mmol, HCI salt) and 
DIPEA (20.38 g, 157.69 mmol, 27.47 mL) in DCM (200 
mL) was addedHATU (31.18 g, 82.0 mmol) at 0° C., and the 
resulting solution was stirred overnight. The reaction mix­
ture was washed with water (100 mL), and brine (100 mL). 
The organic layer was dried over Na2 SO4 , filtered and 
evaporated to afford a residue, which was purified by flash 
chromatography (EA in PE, 0-35%) to obtain 70-B (11 g, 
54.56 mmol, 86.5% yield). MS: m/z=202.1 (M+l). 

Step 2: 70-C 

To a mixture of70-B (11 g, 54.56 mmol) in THF (200 mL) 
was added Diisobutylaluminum hydride (1 M, 81.84 mL) at 
0° C. and stirred for 1 hr. The reaction mixture was quenched 
with NH4 Cl solution (50 mL). The mixture was filtered, the 
filtrate was extracted with EA (50 mLx3). The combined 
organic layers were washed with brine (50 mLx3), dried 
over Na2 SO4 , filtered and concentrated to deliver 70-C (3.9 
g, 27.36 mmol, 50.1% yield). MS: m/z=143.1 (M+l). 

Step 3: 70-D 

To a solution of 70-C (3.9 g, 27 .36 mmol) in DCM (150 
mL) was added 2-(triphenyl-phosphanylidene)acetonitrile 
(8.24 g, 27.36 mmol) and stirred at 25° C. for 3 hrs. The 
reaction mixture was concentrated and purified by flash 
chromatography on silica gel (EA in PE, 0-30%) to give 
70-D (4.1 g, 24.76 mmol, 90.7% yield). MS: m/z=166.1 
(M+l). 

Step 4: 70-E 

A suspension of 70-D (4.1 g, 24.76 mmol), Intermediate 
69 (7.01 g, 29.71 mmol), K2 CO3 (6.84 g, 49.52 mmol), 
Pd(dppf)Cl2 (905.91 mg, 1.24 mmol) in H2 O (30 mL) and 
dioxane (150 mL) was stirred at 100° C. under N2 atmo­
sphere for 3 hrs. The reaction mixture was concentrated and 
the residue was purified by flash chromatography on silica 
gel (EA/PE=l/10-3/1) to give 70-E (2.3 g, 9.53 mmol, 
38.5% yield). MS: m/z=242.2 (M+l). 

410 
Step 5: 70-F 

To a solution of70-E (2.3 g, 9.53 mmol) in EA (200 mL) 
was added Pd/C (231.54 mg) under hydrogen atmosphere, 
and the reaction mixture was stirred at 25° C. for 48 hrs. The 

5 reaction mixture was filtered, and the filtrate was concen­
trated to give a residue, which was purified by flash chro­
matography on silica gel (EA/PE=l/10-1/1) to give 70-F 
(0.8 g, 3.26 mmol, 34.2% yield). MS: m/z=246.2 (M+l). 

10 
Step 6: 70-G 

A 30 mL microwave reaction tube was charged with 
methyl 3-bromo-2-oxo-propanoate (790.99 mg, 4.24 mmol), 
70-F (0.8 g, 3.26 mmol) and sodium bicarbonate (547.92 
mg, 6.52 mmol) in MeCN (10 mL). After 02 was purged by 

15 bubbling N2 into the reaction solution, the tube was sealed 
and heated at 120° C. for 1 hr in a Biotage microwave 
reactor. The reaction was cooled to room temperature, and 
the reaction mixture was filtered and concentrated under 
reduced pressure to give a residue, which was purified by 

20 flash chromatography on silica gel (EA/PE=l/10-1/3) to 
give 70-G (280 mg, 855.28 µmo!, 26.2% yield). MS: 
m/z=328.2 (M+l). 

Step 7: 70-H 

25 
To a solution of 70-G (280 mg, 855.28 µmo!), 1,3,2-

dioxathiolane 2,2-dioxide (318.46 mg, 2.57 mmol) and 
DMPU (219.24 mg, 1.71 mmol) in THF (5 mL) was added 
LiHMDS (1 M, 5.13 mL), and stirred for 0.2 hr at 0° C. The 
reaction was quenched with NH4 Cl solution (10 mL). The 

30 
mixture was extracted with EA (20 mLx3). The combined 
organic layers were washed with brine (20 mLx3), dried 
over Na2 SO4 , filtered and concentrated to give a residue, 
which was purified by flash chromatography on silica gel 
(EA/PE=l/10-1/3) to give 70-H (130 mg, 367.84 µmo!, 

35 
43.0% yield). MS: m/z=354.2 (M+l). 

Step 8: Intermediate 70 

To a mixture of70-H (130 mg, 367.84 µmo!) in water (1 
mL), THF (4 mL) and MeOH (4 mL) was added NaOH 
(73 .57 mg, 1.84 mmol) at 25° C. The mixture was stirred for 

40 3 hrs at 50° C. The reaction mixture was cooled to room 
temperature and adjusted to pH - 5 with aqueous HCI (1 M). 
The mixture was extracted with EA (20 mLx3). The com­
bined organic layers were concentrated with a rotary evapo­
rator to give Intermediate 70 (63 mg). MS: m/z=340.2 

45 (M+l). 

Example 71: Synthesis of Intermediate 71 
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Intermediate 71 

412 
Step 1: 71-B 

A suspension of Intermediate 69 (26.64 g, 55.94 mmol), 
71-A (12 g, 46.61 mmol), K2 CO3 (12.88 g, 93.23 mmol), 
Pd(dppf)Cl2 (1.02 g, 1.40 mmol) in H2O (40 mL) and 

5 dioxane (160 mL) was stirred at 70° C. for 2 hrs. The 
reaction mixture was concentrated to give a residue, which 
was purified by flash chromatography on silica gel (EA in 
PE, 0-10%) to give 71-B (8.3 g, 34.34 mmol, 73.7% yield). 
MS: m/z=242.1 (M+l). 

10 Step 2: 71-C 

15 

20 

25 

30 

35 

40 

45 

A suspension of71-B (5.8 g, 24.0 mmol), methylboronic 
acid (4.31 g, 71.99 mmol), K2 CO3 (9.95 g, 71.99 mmol), 
Pd(PPh3 ) 4 (1.39 g, 1.20 mmol) in dioxane (60 mL) was 
stirred at 105° C. for 2 hrs. The reaction mixture was 
concentrated, and the residue was purified by flash chroma­
tography on silica gel (EA in PE, 0-15%) to give 71-C (5 g, 
22.60 mmol, 94.2% yield). MS: m/z=222.2 (M+l). 
Step 3: 71-D 

To a solution of 71-C (5 g, 22.60 mmol) in MeOH (60 
mL) was added Pd/C (548.88 mg) under hydrogen atmo­
sphere. The reaction mixture was stirred at 25° C. for 16 hrs. 
The reaction mixture was filtered, and the filtrate was 
concentrated to give 71-D (4.5 g, 20.15 mmol, 89.2% yield). 
MS: m/z=224.2 (M+l). 
Step 4: 71-E 

A 30 mL microwave reaction tube was charged with 
methyl 3-bromo-2-oxo-propanoate (7.52 g, 40.31 mmol, 
4.42 mL), 71-D (4.5 g, 20.15 mmol) and sodium bicarbonate 
(6.77 g, 80.61 mmol) in MeCN (20 mL). After 02 was 
purged by bubbling N2 into the reaction solution, the tube 
was sealed and heated at 100° C. for 0.75 hr in a Biotage 
microwave reactor. The reaction was cooled to room tem­
perature, and the reaction mixture was filtered and concen­
trated to give a residue, which was purified by flash chro­
matography on silica gel (EA in PE, 0-10%) to give 71-E 
(1.5 g, 4.91 mmol, 24.4% yield). MS: m/z=306.2 (M+l). 
Step 5: 71-F 

To a solutionof71-E (1.5 g, 4.91 mmol) inDMSO (4 mL) 
and water (0.8 mL) was added 2-bromoacetonitrile (1.77 g, 
14.74 mmol), NaI (736.34 mg, 4.91 mmol), Fe2 SO4 ·7H2 O 
(1.21 g, 4.91 mmol), then H2O2 (30%, 1.39 g) was added 
dropwise at 0° C. After addition, the mixture was stirred for 
20 minutes. The reaction mixture was quenched with water 
(100 mL) and extracted with EA (50 mLx3). The combined 
organic layers were washed with aqueous Na2 SO3 (80 mL), 
brine (80 mL), dried over Na2 SO4 , filtered and concentrated 
to give a residue, which was purified by combi-flash (EA in 
PE, 0-20%) to give 71-F (880 mg, 2.56 mmol, 52.0% yield). 
MS: m/z=345.2 (M+l). 

50 Step 6: 71-G 
To a solution of 71-F (880 mg, 2.56 mmol), 1,3,2-

dioxathiolane 2,2-dioxide (951.47 mg, 7.67 mmol) and 
DMPU (655.03 mg, 5.11 mmol) in THF (5 mL) was added 
LiHMDS (1 M, 15.33 mL), and stirred for 0.2 hr at 0° C. The 
reaction was quenched with aqueous NH4Cl (10 mL). The 
mixture was extracted with EA (20 mLx3). The combined 
organic layers were washed with brine (20 mLx3), dried 
over Na2 SO4 , filtered and concentrated to give a residue, 
which was purified by flash chromatography on silica gel 

60 (EA/PE=l/10-1/3) to give 71-G (560 mg, 1.51 mmol, 59.2% 
yield). MS: m/z=371.2 (M+l). 
Step 7. Intermediate 71 

To a solution of71-G (560 mg, 1.51 mmol) in DMSO (6 
mL) was added Potassium fluoride (2.64 g, 45.35 mmol). 

65 The mixture was heated at 130° C. in a Biotage microwave 
reactor for 3 hrs. The reaction mixture was poured into water 
(20 mL) and extracted with EA (30 mLx3). The aqueous 
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layer was adjusted to pH 4-5 with aqueous HCI (1 M) and 
extracted with EA (30 mLx3). The combined organic layers 
were washed with brine (50 mL), dried over Na2 SO4 , 

filtered and concentrated to give Intermediate 71 (400 mg, 
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crude). MS: m/z=357.2 (M+l). 5 

Example 72: Synthesis of Intermediate 72 
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Intermediate 72 

To a solution of72-A(10 g, 79.92 mmol) inDMF (70 mL) 
was added NaH (4.16 g, 103.90 mmol, 60%), and the 
reaction was stirred for 0.3 hr at 25° C., before 0-(2,4-
dinitrophenyl)hydroxylamine (23.87 g, 119.88 mmol) was 
added. The reaction was stirred at 25° C. for another 12 hrs. 
The reaction was quenched with saturated aqueous 
Na2 S2O3 , diluted with water, and extracted with EA. The 
organic layer was dried, filtered, and concentrated to give a 
residue, which was purified by silica gel colunm chroma­
tography (EA in PE, 0-100%) to afford 72-B (7 g, 49.95 
mmol, 62.5% yield). 
Step 2: 72-C 

A mixture of 72-B (5 g, 35.68 mmol), 2-bromopropane­
dial (10.77 g, 71.36 mmol) in H3 PO4 (10 mL) and dioxane 
(30 mL) was stirred for 1 hr at 25° C. Water (50 mL) and EA 
(100 mL) were added, and the organic phase was separated 
and concentrated to give a residue, which was purified by 
silica gel chromatography (PE/EA=l 00/1-10/1) to give 72-C 
(2.5 g, 9.80 mmol, 27.5% yield). MS: m/z=255.3 (M+l). 
Step 3: 72-D 

To a mixture of72-C (1.5 g, 5.88 mmol), 4,4,5,5-tetram­
ethyl-2-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3, 
2-dioxaborolane (1.79 g, 7.06 mmol) in dioxane (15 mL) 
was added KOAc (1.73 g, 17.64 mmol) and Pd(dppf)Cl2 

55 (4.30 g, 5.88 mmol) at 30° C. The reaction was stirred for 2 
hrs at 100° C. Then, the solution was concentrated to give a 
residue, which was purified by silica gel chromatography 
(PE/EA=l0/1-1/1) to give 72-D (1.31 g, crude). 
Step 4: 72-E 

60 To a mixture of 72-D (1.31 g, crude), Intermediate 26 
(2.32 g, 8.93 mmol) in water (5 mL) and dioxane (50 mL) 
was added K2 CO3 (2.47 g, 17.86 mmol) and Pd(dppf)Cl2 

(435.72 mg, 595.48 µmo!) at 30° C. The reaction was stirred 
for 2 hrs at 100° C. The mixture was filtered, and the filtrate 

65 was evaporated to give a residue, which was purified by 
silica gel chromatography (PE/EA=l0/1-1/1) to give 72-E 
(1.5 g, 5.24 mmol, 88.0% yield). MS: m/z=287.2 (M+l). 
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Step 5: 72-F 

To a mixture of72-E (1.3 g, 4.54 mmol) in Methanol (100 
mL) was added Pd/C (100 mg) at 25° C. The reaction was 
stirred for 12 hrs at 25° C. under H2 atmosphere. Then, the 
mixture was filtered and concentrated to give 72-F (1.2 g, 5 

4.16 mmol, 91.7% yield). MS: m/z=289.2 (M+l). 

Step 6: 72-G 

To a solution of72-F (1 g, 3.47 mmol) in DMSO (10 mL) 
and Water (2 mL) was added 2-bromoacetonitrile (2.08 g, 10 
17.34 mmol), H2O2 (30%, 1.18 g), FeSO4 ·7H2 O (964.19 
mg, 3.47 mmol). Then, NaI (519.85 mg, 3.47 mmol) was 
added. After addition, the mixture was stirred for 10 min­
utes. The reaction mixture was quenched with water (100 
mL) and extracted with EA (50 mLx3). The combined 15 
organic layers were washed with aqueous Na2 SO3 (80 mL), 
brine (80 mL), dried over Na2 SO4 , filtered and concentrated 
to give a residue, which was purified by combi flash (EA in 
PE, 0-20%) to give 72-G (201 mg, 17.7% yield). MS: 
m/z=328.1 (M+l). 

Step 7: 72-H 
20 

To a mixture of 72-G (200 mg, 610.92 µmo!), 1,3,2-
dioxathiolane 2,2-dioxide (90.99 mg, 733.10 µmo!) and 
DMPU (156.60 mg, 1.22 mmol) in THF (10 mL) was added 
LiHDMS (1 M, 3.05 mL) at 0° C. The reaction solution was 25 

stirred for 15 minutes at 0° C. Aqueous NH4 Cl (50 mL) and 
EA (100 mL) were added, the organic phase was dried over 
Na2 SO4 , filtered and concentrated to give a residue, which 
was purified by silica gel chromatography (PE/EA=4/1-1/1) 
to give 72-H (128 mg, 59.3% yield). 

Step 8: Intermediate 72 

30 

A mixture of 72-H (128 mg, 362.18 µmo!) and LiOH 
(86.74 mg, 3.62 mmol) in THF (5 mL), Methanol (5 mL) 
and Water (1 mL) was stirred for 4 hrs at 40° C. Then, the 35 
solution was concentrated with a rotary evaporator. The 
crude product was purified by prep-HPLC (colunm: 
XBridge® Prep C18 5 µm 19x150 mm; A: 0.2% HCO2H 
water, B: acetonitrile; gradient: 5-95% B; GT: 16 min; flow 
rate: 15 mL/min) to give Intermediate 72 (122 mg). 40 
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Intermediate 73 

418 
Step 4: 73-E 

A suspension of 73-D (6.8 g, 24.81 mmol), 4,4,5,5-
tetramethyl-2-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1,3,2-dioxaborolane (7.56 g, 29.77 mmol), potassium 

5 acetate (3.65 g, 37.21 mmol), Pd(dppf)Cl2 (907.67 g, 1.24 
mmol) in dioxane (100 mL) was stirred at 100° C. for 6 hrs. 
The reaction mixture was filtered and concentrated. The 
residue was purified by flash chromatography on silica gel 
(EA/PE=l/20-2/1) to give 73-E (12 g, crude). 

10 Step 5: 73-F 
A suspension of73-E (12 g, crude), Intermediate 26 (17 .5 

g, 33.63 mmol), K2CO3 (6.2 g, 44.84 mmol), Pd(dppf)Cl2 

(820.22 mg, 1.12 mmol) in dioxane (200 mL) and water ( 40 

15 mL) was stirred at 100° C. for 6 hrs. The reaction mixture 
was concentrated, and the residue was purified by flash 
chromatography on silica gel (EA/PE=l/10-5/1) to give 
73-F (6.5 g, 21.29 mmol, 94.9% yield). MS: rn/z=306.2 
(M+l). 

20 Step 6: 73-G 
To a solution of 73-F (6.5 g, 21.29 mmol) in Methanol 

(100 mL) was added Pd/C (517.07 mg) under hydrogen 
atmosphere. The reaction mixture was stirred at 25° C. for 
24 hrs. The reaction mixture was filtered, and the filtrate was 

25 concentrated to give 73-G (6.5 g, 21.01 mmol, 98.7% yield). 
MS: rn/z=310.2 (M+l). 
Step 7: 73-H 

To a mixture of 73-G (6.5 g, 21.01 mmol) in Methanol 
(100 mL) was added aqueous ammonium hydroxide (28%, 

30 25.78 mL) at 25° C. The reaction solution was stirred for 24 
hrs at 25° C. Then, methanol was removed with a rotary 
evaporator. The mixture was extracted with EA (30 mLx3). 
The combined organic layers were washed with NaHCO3 

35 
(30 mLx3), dried over Na2 SO4 , filtered and concentrated to 
give 73-H (3 g, 10.70 mmol, 50.9% yield). MS: rn/z=281.2 
(M+l). 
Step 8: 73-I 

To a solution of 73-H (3 g, 10.70 mmol) in dry dioxane 
40 (30 mL) was added TFAA (4.50 g, 21.40 mmol, 3.02 mL) 

and Pyridine (2.12 g, 26.75 mmol, 2.16 mL) at 25° C. The 
reaction mixture was stirred at 25° C. for 2 hrs. The solution 
was concentrated to give a residue, which was purified by To a mixture of 73-A (13 g, 59.10 mmol), 

N-methoxymethanamine (11.52 g, 118.20 mmol, HCI salt) 
and HATU (67.42 g, 125.27 mmol) in DCM (160 mL) was 45 
added TEA (17.94 g, 177.27 mmol, 16.90 mL), and stirred 

flash chromatography on silica gel (EA in PE, 0-20%) to 
give 73-I (2 g, 7.62 mmol, 71.3% yield). MS: rn/z=263.2 
(M+l). 

for 2 hrs. The resulting mixture was diluted with water (300 
mL) and extracted with EA (300 mL ). The separated organic 
layer was washed with water (300 mLx3) and brine, dried 
over Na2 SO4 , filtered and concentrated to give 73-B (13 g, 50 

83.6% yield). 
Step 2: 73-C 

Step 9: 73-J 
To a mixture of 73-I (1.5 g, 5.72 mmol), ethyl 3-bromo-

2-oxo-propanoate (1.67 g, 8.58 mmol, 1.07 mL) in MeCN 
(10 mL) was added NaHCO3 (2.40 g, 28.59 mmol) at 25° C. 
The reaction solution was stirred for 8 hrs at 100° C. The 
solution was concentrated to give a residue, which was 
purified by silica gel chromatography (PE/EA=4/1) to give 
73-J (500 mg, 1 .40 mmol, 24.4% yield). 
Step 10: 73-K 

To a solution of 73-J (130 mg, 362.72 µmo!) and 1,3,2-
dioxathiolane 2,2-dioxide (54.02 mg, 435.26 µmo!) in THF 
(5 mL) was added LiHMDS (1 M, 1.81 mL) dropwise at 0° 
C. The reaction mixture was stirred for 2 hrs at 0° C., before 

To a mixture of 73-B (13 g, 49.42 mmol) in THF (150 
mL) was added Diisobutylaluminum hydride (1 M, 98.84 
mL) at 0° C. and stirred for 40 minutes. The reaction mixture 55 

was quenched with NH4 Cl solution (50 mL). The mixture 
was filtered, the filtrate was extracted with EA (30 mLx3). 
The combined organic layers were washed with brine (30 
mLx3), dried over Na2 SO4 , filtered and concentrated to 
deliver 73-C (11 g, crude). MS: m/z=203.9 (M+l). 60 quenching with aqueous NH4 Cl (10 mL). Then, water (20 

mL) was added, and the mixture was extracted with EA (20 
mLx3), the combined organic phases were washed with 
saturated aqueous NaHCO3 (10 mLx3), followed by brine 

Step 3: 73-D 
To a solution of71-C (11 g, crude) in DCM (150 mL) was 

added ethyl 2-(triphenyl-phosphanylidene)acetate (18.79 g, 
53.92 mmol) and stirred at 25° C. for 3 hrs. The reaction 
mixture was concentrated and purified by flash chromatog- 65 

raphy on silica gel (PE/EA=20/1-5/1) to give 73-D (6.8 g, 
46.0% yield). MS: rn/z=274.0 (M+l). 

(10 mL), dried over anhydrous Na2 SO4 , and filtered. The 
filtrate was concentrated to give a residue, which was 
purified by flash chromatography (20% EA in PE) to give 
73-K (56 mg, 145.67 µmo!, 40.2% yield). 
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Step 11: Intermediate 73 -continued 
To a mixture of 73-K (55 mg, 143.06 µmo!) in THF (3 

mL), Water (1 mL) and Methanol (3 mL) was added NaOH 
(22.89 mg, 572.26 µmo!) and heated at 50° C. for 2 hrs. After 

5 
cooling to room temperature, the mixture was concentrated 
and acidified with aqueous HCI (1 M) to pH=3. The white 
solid was collected by filtration and washed with water to 
give Intermediate 73 (49.5 mg, 138.89 µmo!, 97.1% yield). 

step 6 -
10 
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Intermediate 7 4 

Step 1: 74-B 
30 A solution of 74-A (5 g, 26.31 mmol), Intermediate 69 

(8.15 g, 34.21 mmol), K2 CO3 (7.27 g, 52.63 mmol), 
Pd(dppf)Cl2 (962.70 mg, 1.32 mmol) in H2 O (10 mL) and 
dioxane (50 mL) was stirred at 100° C. for 2 hrs. The 
reaction mixture was concentrated, and the residue was 

35 purified by flash chromatography on silica gel (EA/PE=l/ 
10-1/4) to give 74-B (5.1 g, 23.05 mmol, 87.6% yield). MS: 
m/z=222.2 (M+l). 
Step 2: 74-C 

To a solution of74-B (5.1 g, 23.05 mmol) in EtOH (100 
40 mL) was added Pd/C (559.85 mg) under H2 atmosphere. The 

reaction mixture was stirred at 25° C. for 48 hrs. The 
reaction mixture was filtered, and the filtrate was concen­
trated to give 74-C (5.2 g, crude). MS: m/z=224.2 (M+l). 
Step 3: 74-D 

45 A mixture of methyl 3-bromo-2-oxo-propanoate (5.01 g, 
26.87 mmol, 2.95 mL), 74-C (3 g, 13.44 mmol) and sodium 
bicarbonate (2.82 g, 33.59 mmol) in MeCN (20 mL) was 
sealed and heated at 120° C. for 1 hr in a Biotage microwave 
reactor. The reaction was cooled to room temperature, 

50 filtered and concentrated to give a residue, which was 
purified by flash chromatography on silica gel (EA in PE, 
0-10%) to give 74-D (520 mg, 1.70 mmol, 12.7% yield). 
MS: m/z=306.2 (M+l). 
Step 4: 74-E 

55 To a solution of74-D (425 mg, 1.39 mmol) in DMSO (4 
mL) and Water (0.8 mL) was added 2-bromoacetonitrile 
(417.38 mg, 3.48 mmol), NaI (104.31 mg, 695.94 µmo!), 
and Fe2 SO4 ·7H2 O (171.76 mg, 695.94 µmo!). Then, H2O2 

(30%, 789.07 mg) was added at 0° C. dropwise. After 
60 addition, the mixture was stirred for 15 minutes. The reac­

tion was quenched with water (50 mL) and extracted with 
EA (30 mLx3). The combined organic layers were washed 
with aqueous Na2 SO3 (80 mL), brine (80 mL), dried over 
Na2 SO4 , filtered and concentrated to give a residue, which 

65 was purified by combi flash (EA in PE, 0-15%) to give 74-E 
(100 mg, 290.38 µmo!, 20.9% yield). 1 H NMR ( 400 MHz, 
DMSO-d6 ) Ii 8.54 (d, J=7.0 Hz, lH), 7.44 (d, J=7.7 Hz, lH), 
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6.81 (s, lH), 4.56 (s, 2H), 3.77 (s, 3H), 3.66 (dd, J=8.7, 1.9 
Hz, 2H), 3.08 (t, J=12.3 Hz, lH), 1.66 (dd, J=13.2, 3.4 Hz, 
2H), 1.58-1.39 (m, 2H), 1.20 (s, 3H), 1.12 (s, 3H). MS: 
m/z=345.2 (M+l). 

Step 5: 74-F 

To a solution of 74-E (100 mg, 290.38 µmo!), 1,3,2-
dioxathiolane 2,2-dioxide (108.12 mg, 871.13 µmo!) and 
DMPU (74.44 mg, 580.76 µmo!) in THF (3 mL) was added 
LiHMDS (1 M, 1.74 mL) at 0° C. The reaction was stirred 

5 

10 

for 0.2 hr before quenching with aqueous NH4Cl (50 mL). 
The mixture was extracted with EA (30 mLx3). The com­
bined organic layers were washed with brine (50 mL), dried 
over Na2 SO4 , filtered and concentrated to give a residue, 
which was purified by silica gel (EA in PE, 0-15%) to give 15 

74-F (43 mg, 116.09 µmo!, 40.0% yield). 1H NMR (400 
MHz, DMSO-d6) Ii 8.57 (d, J=6.7 Hz, lH), 7.54 (d, J=7.6 
Hz, lH), 6.88 (s, lH), 3.85 (s, 3H), 3.74 (d, J=8.6 Hz, 2H), 
3.25-3.18 (m, lH); 1.99 (q, J=4.6 Hz, 2H), 1.73 (d, J=12.4 

20 
Hz, 2H), 1.62-1.42 (m, 4H), 1.32-1.17 (m, 6H). MS: 
m/z=371.2 (M+l). 

Step 6: Intermediate 74 

To a solution of74-F (43 mg, 116.09 µmo!) in DMSO (2 
mL) and H2O (0.5 mL) was added Potassium fluoride 25 

(202.34 mg, 3.48 mmol), the mixture was stirred for 1 hr at 
130° C. in a Biotage microwave reactor. The reaction was 
quenched with water (50 mL) and extracted with EA (30 
mL). The aqueous phase was acidified with aqueous HCI (1 

30 
M) to pH=3-4 and extracted with EA (30 mLx2). The 
organic layers were washed with brine (50 mL), dried over 
Na2 SO4 , filtered and concentrated to give Intermediate 74 
(36 mg, 101 µmo!, 87% yield). MS: m/z=357.2 (M+l). 

35 

Example 75: Synthesis of Intermediate 75 

75-A 

75-B 

~>--C ~ # lo 
75-C 

step 1 

--------

step 2 

--------

step 3 

--------

40 

45 

50 

55 

60 

65 
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step 4 
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step 5 -
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--------

step 7 

--------

step 8 -
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O~N N 
HO 

~ 
N 

Intermediate 7 5 

Step 1: 75-B 

step 9 

--------

To a mixture of 75-A (10.8 g, 40.13 mmol), 4,4,5,5-
tetramethyl-2-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1,3,2-dioxaborolane (11.21 g, 44.15 mmol) and KOAc 
(5.91 g, 60.20 mmol) in dioxane (100 mL) was added 
1, I '-Bis( diphenylphosphino )ferrocene-palladium(II)dichlo­
ride dichloromethane complex (655.51 mg, 802.69 µmo!) at 
25° C. The reaction solution was stirred at 100° C. for 6 hrs 
and concentrated to give a residue. The residue was diluted 
with H2 O (200 mL) and extracted with EA (200 mLx2). The 
combined organic layers were washed with brine (150 mL), 
dried over Na2 SO4 and concentrated to give 75-B (10 g, 
crude). MS: rn/z=235.2 (M+l). 
Step 2: 75-C 

To a mixture of75-B (10 g, crude), Intermediate 26 (16.68 
g, 64.10 mmol) and K2CO3 (11.81 g, 85.46 mmol) in 
dioxane (160 mL) and Water (40 mL) was added 1,1'-Bis 
( diphenylphosphino )ferrocene-palladium(II)dichloride 
dichloromethane complex (1.05 g, 1.28 mmol) at 25° C. The 
reaction solution was stirred at 100° C. for 2 hrs and 
concentrated to give a residue. The residue was diluted with 
H2 O (150 mL) and extracted with EA (150 mLx2). The 
combined organic layers were washed with brine (150 mL), 
dried over Na2 SO4 and concentrated to give a residue, which 
was purified by silica gel chromatography (PE/EA=l/1) to 
give 75-C (9.2 g, 30.63 mmol, 71.7% yield). MS: rn/z=301.2 
(M+l). 
Step 3: 75-D 

424 
organic layers were washed with brine (80 mL), dried over 
Na2 SO4 and concentrated to give a residue, which was 
purified by silica gel chromatography (PE/EA=l/1) to give 
75-E (9 g, 23.61 mmol, 79.3% yield). MS: rn/z=381.1 

5 (M+l). 
Step 5: 75-F 

To a mixture of75-E (9 g, 23.61 mmol) in Water (8 mL), 
THF (32 mL) and Methanol (32 mL) was added NaOH (2.83 
g, 70.82 mmol) at 25° C. The reaction solution was stirred 
at 25° C. for 1 hr. Then, the solution was treated with 

10 d aqueous citric acid (1.0 M) until pH=5 and concentrate 
with a rotary evaporator to give 75-F (9 g, crude). MS: 
rn/z=353.1 (M+l). 
Step 6: 75-G 

To a mixture of 75-F (4 g) in THF (80 mL) was added 
15 Oxalyl chloride (2.87 g, 22.65 mmol, 1.97 mL) at 0° C. The 

reaction mixture was stirred at 0° C. for 0.5 hr before sodium 
tert-butoxide (10.88 g, 113.25 mmol) was added. The reac­
tion was stirred for another 1.5 hrs at 25° C. The reaction 
was quenched with aqueous NH4Cl and extracted with EA 

20 (80 mLx2). The combined organic layers were washed with 
brine (80 mL), dried over Na2 SO4 and concentrated to give 
a residue, which was purified by silica gel chromatography 
(PE/EA=l/1) to afford 75-G (2.6 g, 6.35 mmol, 56.1 % 
yield). MS: rn/z=409.1 (M+l). 

25 Step 7: 75-H 
To a mixture of 75-G (2.6 g, 6.35 mmol), 4-( 4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)isoxazole (2.48 g, 12.7 
mmol) andPd(dppf)Cl2 (259.16 mg, 317.6 µmo!) in Water (4 
mL) and DMSO (16 mL) was added KF (3.69 g, 63.52 
mmol) at 25° C. The reaction was stirred at 90° C. for 3 hrs 

30 in a Biotage microwave reactor. The reaction was quenched 
with H2O (50 mL) and extracted with EA (50 mL). The 
mixture was concentrated, diluted with H2 O (80 mL), and 
extracted with EA (80 mLx2). The combined organic layers 
were washed with brine (80 mL), dried over Na2 SO4 and 

35 concentrated to give a residue, which was purified by silica 
gel chromatography (PE/EA=l/2) to give 75-H (1 g, 2.71 
mmol, 42.6% yield). MS: rn/z=370.3 (M+l). 
Step 8: 75-I 

To a mixture of 75-H (450 mg, 1.22 mmol), 1,3,2-
40 dioxathiolane 2,2-dioxide (151.17 mg, 1.22 mmol) and 

DMPU (312.22 mg, 2.44 mmol) in THF (15 mL) was added 
LiHMDS (1 M, 6.09 mL) at 0° C. The reaction solution was 
stirred for 0.2 hr at 0° C. before quenching with H2 O ( 40 
mL). The mixture was extracted with EA ( 40 mLx2), and the 

45 combined organic layers were washed with brine (50 mL), 
dried over Na2 SO4 and concentrated to give 75-I (500 mg, 
crude). 
Step 9: Intermediate 75 

To a solution of 75-I (500 mg, crude) in MeCN (4 mL) 
50 was added trifluoroacetic acid (4 mL) at 25° C. The mixture 

was stirred for 1.5 hrs at 70° C. The mixture was concen­
trated and purified by prep-HPLC (colunm: XBridge® Prep 
C18 5 µm 19x150 mm; A: 0.2% HCO2H water, B: acetoni­
trile; gradient: 5-95% B; GT: 16 min; flow rate: 15 mL/min) 

55 to give Intermediate 75 (165 mg, 486.17 µmo!, 38.5% yield). 

To a mixture of 75-C (9.2 g, 30.63 mmol) in Methanol 
(180 mL) was added Pd/C (920 mg) at 25° C. The reaction 
mixture was stirred for 3 hrs at 25° C. under H2 atmosphere. 
Then, the mixture was filtered and concentrated to give 75-D 60 

(9 g, crude). MS: rn/z=303.2 (M+l). 

MS: rn/z=340.2 (M+l). 

Example 76: Synthesis of Intermediate 76 

Step 4: 75-E 
To a solution of75-D (9 g) in MeCN (100 mL) was added 

NBS (6.89 g, 38.69 mmol, 3.28 mL) at 25° C. The reaction 
mixture was stirred at 25° C. for 0.5 hr and concentrated to 65 

give a crude. The crude mixture was diluted with H2O (80 
mL) and extracted with EA (150 mLx2). The combined 

76-A 

step 1 -----
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76-J 

N 
~ 

N # 

76-K 

76-L 

Step 1: 76-B 

step 10 

--------

step 11 

--------

step 12 

--------

Intermediate 7 6 

To a mixture of 76-A (25 g, 199.80 mmol) in THF (125 
mL) was added l-bromopyrrolidine-2,5-dione (37.3 g, 
209.79 mmol) in THF (125 mL) dropwise at 0° C. The 
reaction was stirred at 0° C. for 0.5 hr, and was concentrated 
to give a residue. The residue was purified by silica gel 
column (PE/EA=6/1) to give 76-B (35.9 g, 88% yield). MS: 
m/z=203.9 (M+l). 
Step 2: 76-C 

To a mixture of 76-B (35.9 g, 175.96 mmol) and methyl 
prop-2-ynoate (19.2 g, 228.75 mmol, 20.4 mL) in THF (300 

60 mL) was added TBAF (1 M, 88 mL) dropwise. The reaction 
was stirred at 20° C. for 1 hr. The reaction was concentrated 
to give a residue, which was purified by silica gel column 
(PE/EA=8/1) to give 76-C (40 g, 79% yield). MS: 
m/z=288.0 (M+l). 

65 Step 3: 76-D 
To a solution of 76-C (14.0 g, 48.60 mmol) in toluene 

(280 mL) was added diphenylmethanimine (13.2 g, 72.89 
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mmol), Pdidba)3 (2.22 g, 2.43 mmol), xantphos (2.8 g, 4.86 
mmol) and Cs2 CO3 (31.7 g, 97.19 mmol). The reaction 
mixture was stirred at 120° C. for 16 hrs. The reaction 
mixture was diluted with water (200 mL ), extracted with EA 
(200 mLx3). The combined organic phases were dried over 5 

anhydrous Na2 SO4 and concentrated to give a residue, 
which was purified by silica gel colunm (PE/EA=8/1) to 
give 76-D (10 g, 53% yield). MS: m/z=389.1 (M+l). 
Step 4: 76-E 

428 
Step 11: 76-L 

To a solution of76-K (0.24 g, 675.3 µmo!) in MeOH (15 
mL) was added KF (588.5 mg, 10.13 mmol) in H2O (3 mL). 
The mixture was stirred at 90° C. for 30 minutes in a 
microwave reactor. The reaction was concentrated to give a 
residue, which was purified by flash chromatography (PE/ 
EA=2/1) to give 76-L (0.065 g, 30.7% yield). MS: 
m/z=328.1 (M+l). 
Step 12: Intermediate 76 

To a solution of 76-L (0.065 g, 207.44 µmo!) and 1,3,2-To a solution of76-D (10 g, 25.75 mmol) in dioxane (10 10 

mL) was added HCI (4 M in dioxane, 64.38 mL). The 
reaction was stirred at 25° C. for 10 hrs. The reaction 
mixture was concentrated to give a residue, which was 
diluted with MeOH (20 mL). After stirring for 20 minutes, 
76-E (4.3 g, 74% yield) was filter out. MS: m/z=225.1 
(M+l). 
Step 5: 76-F 

To a solution of76-E (4.3 g, 19.18 mmol) in MeOH (40 
mL) was added NaOMe (2.1 g, 38.36 mmol), and the 20 

mixture was stirred at 80° C. for 4 hrs. The reaction mixture 
was concentrated, to which water (20 mL) was added, and 

dioxathiolane 2,2-dioxide (128.73 mg, 1.04 mmol) in DMI 
(4 mL) was added KHMDS (1 M, 2.1 mL) dropwise at 0° C. 
The reaction was stirred for 3 hrs at 0° C. before water (0.5 
mL) was added. The mixture was stirred at 20° C. for 

15 another 2 hrs. The mixture was concentrated and purified by 
reverse-phase colunm (0.1% FA in water/MeCN=l00/0-0/ 
100) to give Intermediate 76 (0.045 g, 64% yield). MS: 
m/z=340.1 (M+l). 

the mixture was neutralized with concentrated HCI. After 
stirring for 10 minutes, 76-F (2.2 g, 60% yield) was filter 
out. MS: m/z=193.1 (M+l). 
Step 6: 76-G 

To a mixture of 76-F (1.5 g, 7.81 mmol) and 1,1,1-
trifluoro-N-pheny 1-N-( trifluoromethy lsulfony l)methane­
sulfonamide (5.58 g, 15.61 mmol) in DCM (60 mL) was 
added DBU (3.56 g, 23.42 mmol), and the mixture was 
stirred at 0° C. for 0.5 hr. The reaction mixture was con­
centrated to give a residue, which was purified by silica gel 
colunm (PE/EA=8/1) to give 76-G (1.5 g, 59% yield). MS: 
m/z=325.0 (M+l). 

25 

30 

Step 7: 76-H 35 

To a solution of 76-G (1.5 g, 4.63 mmol) in dioxane (50 
mL) and water (10 mL) was added Intermediate 69 (1.65 g, 
6.94 mmol), Pd(dppf)Cl2 (0.15 g, 462.63 µmo!), and K2 CO3 

(1.92 g, 13.88 mmol). The mixture was stirred at 80° C. for 
3 hrs under N 2 atmosphere. The mixture was concentrated to 40 

give a residue, which was purified by flash chromatography 
(PE/EA=4/1) to give 76-H (1.0 g, 75% yield). MS: 
m/z=287.1 (M+l). 
Step 8: 76-I 

To a solution of 76-H (1.0 g, 3.49 mmol) in MeOH (25 45 

mL) and THF (25 mL) was added Pd/C (10%, 50% wet, 0.2 
g). The reaction was stirred at 25° C. for 0.5 hr under 
hydrogen atmosphere. The reaction mixture was filtered and 
concentrated to give a residue, which was purified by flash 
chromatography (PE/EA=4/1) to give 76-I (0.37 g, 1.28 50 

mmol, 37% yield). MS: m/z=289.1 (M+l). 
Step 9: 76-J 

To a mixture of76-I (0.3 g, 1.04 mmol) in THF (20 mL) 
was slowly added l-bromopyrrolidine-2,5-dione (185.18 
mg, 1.04 mmol) at 0° C. The reaction was stirred at 0° C. for 55 

30 minutes. The reaction was concentrated to give a residue, 
which was purified by flash chromatography (PE/EA=5/1) 
to give 76-J (0.32 g, 84% yield). MS: m/z=367.1 (M+l). 
Step 10: 76-K 

To a solution of76-J (0.32 g, 871.4 µmo!) in dioxane (2.5 60 

mL) and water (0.5 mL) was added 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)isoxazole (340 mg, 1.74 mmol), 
Pd(dppf)Cl2 (0.01 g, 261.4 µmo!), and K2CO3 (361 mg, 2.61 
mmol). The mixture was stirred at 75° C. for 4 hrs under N2 

atmosphere. The mixture was concentrated to give a residue, 65 

which was purified by flash chromatography (PE/EA=4/1) 
to give 76-K (0.24 g, 77.5% yield). MS: m/z=356.2 (M+l). 

Example 77: Synthesis of Intermediate 77 

0 N 
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HO N 
N 

Intermediate 77 

To a solution of77-A (5 g, 32.23 mmol) and 2-bromopro­
panedial (5.35 g, 35.45 mmol) in methanol (4 mL) was 
addedAcOH (16 mL). The reaction mixture was stirred for 

430 
Step 4: 77-E 

To a mixture of77-D (1.8 g, 5.93 mmol) in THF (20 mL) 
was slowly added l-bromopyrrolidine-2,5-dione (1.37 g, 
7.71 mmol). The reaction was stirred at 25° C. for 2 hrs 

5 before water ( 50 mL) was added. The mixture was extracted 
with EA (30 mLx3), and the combined organic phases were 
washed with brine (100 mL), dried and concentrated to give 
a residue, which was purified by flash chromatography 
(PE/EA=3/1) to give 77-E (1.95 g, 86% yield). MS: 

10 m/z=382.1 (M+l). 
Step 5: 77-F 

To a solutionof77-E (1.95 g, 5.1 mmol) inDMSO (4 mL) 
and water (275 µL) was added 4-(4,4,5,5-tetramethyl-1,3,2-

15 dioxaborolan-2-yl)isoxazole (1.99 g, 10.2 mmol), KF (889 
mg, 15.3 mmol), and Pd(dppf)Cl2 (373 mg, 510 µmo!). The 
mixture was stirred at 130° C. for 8 hrs under N 2 atmo­
sphere. The mixture was filtered through a Celite pad and the 
filtrate was diluted with brine (20 mL). The aqueous layer 

20 was extracted with EA (30 mLx2). The combined organic 
layers were dried over Na2 SO4 and concentrated to give a 
residue, which was purified by flash chromatography (PE/ 
EA=l/1) to give 77-F (800 mg, 45.8% yield). MS: 
m/z=343.2 (M+l). 

25 Step 6: Intermediate 77 
To a solution of 77-F (300 mg, 876.19 µmo!) and 1,3,2-

dioxathiolane 2,2-dioxide (326 mg, 2.63 mmol) in THF (6 
mL) was added KHMDS (1 M, 5.26 mL) dropwise at 0° C. 
The reaction was stirred for 1 hr at 0° C. before water (0.5 

30 mL) was added. The mixture was stirred at 20° C. for 
another 2 hrs.Aqueous NH4 Cl (10 mL) was added to quench 
the reaction, and then water ( 50 mL) was added. The mixture 
was extracted with EA (15 mLx3), the combined organic 
phases were washed with aqueous NaHCO3 (10 mLx3), 

35 brine (10 mLx2), dried over anhydrous Na2 SO4 , and con­
centrated to give a residue, which was purified by prep­
HPLC (Colunm: Xbridge prep C18 5 µm OBD 19*150 mm; 
Condition: A: water (0.1% FA); B: Acetonitrile; 10-20% B 
in 8 min, hold at 100% B at for 2 min, back to 5% B with 

40 0.5 min, stop at 13 min. Flow rate: 20 ml/min; Detector: 
214/254 nm) to give Intermediate 77 (20 mg, 6.7% yield). 
MS: m/z=341.1 (M+l). 

16 hrs. The mixture was poured into water (200 mL) and 
extracted with EA (200 mLx2). The combined organic 
layers were washed with aqueous NaHCO3 (200 mL) and 45 
brine (200 mL), dried over sodium sulfate, and concentrated 

Example 78: Synthesis of Intermediate 68-Pl and 
Intermediate 68-P2 

to give a residue, which was purified by chromatography on 
silica gel (PF/EA=4/1) to give 77-B (6.28 g, 71% yield). 
MS: m/z=269.9 (M+l). 
Step 2: 77-C 

A mixture of 77-B (6.2 g, 22.96 mmol), Intermediate 69 
(6.01 g, 25.25 mmol), K2 CO3 (9.52 g, 68.87 mmol, 4.16 mL) 
and Pd(dppf)Cl2 (1.68 g, 2.30 mmol) indioxane (16 mL) and 
water ( 4 mL) was stirred at 90° C. for 3 hrs under N 2 

atmosphere. Dioxane was removed in vacuum to give a 55 

residue, which was diluted with water (20 mL), extracted 
with EA (20 mLx3), washed with brine, dried over Na2 SO4 

and concentrated in vacuum. The crude was purified by flash 
chromatography (PE/EA=5/1) to give 77-C (5.4 g, 78% 
yield). MS: m/z=302.1 (M+l). 60 

Step 3: 77-D 
To a solution of77-C (4 g, 13.27 mmol) in methanol (30 

mL) and THF (30 mL) was added Pd/C (800 mg). The 
reaction mixture was stirred for 1 hr under H2 atmosphere. 
The mixture was filtered and concentrated to give a residue, 65 

which was purified by flash chromatography (PE/EA=4/1) 
to give 77-D (1.8 g, 45% yield). MS: m/z=304.1 (M+l). 

Intermediate 68 

Intermediate 68-Pl 

step 1 -
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Intermediate 68-P2 

Name 

Intermediate 
65-Pl 

Intermediate 
65-P2 

Intermediate 
70-Pl 

Intermediate 
70-P2 
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Intermediate 68 (52 mg) was separated by SFC (Colunm: 

CHIRALPAK IG, 250 mmx20 mm I.D., 5 µm; Mobile 

phase: COi{MeOH/ACN=l/1[0.2% NH3 (7M Solution in 

5 MeOH)]}=55/45; Wave length: UV 214 nm; Colunm tem­

perature: 35° C.; Flow rate: 45 g/min) to give Intermediate 

68-Pl (17 mg) and Intermediate 68-P2 (18 mg). 

The intermediates in Table 27 below were made according 
10 

to the procedure of Intermediate 68-Pl and Intermediate 

68-P2. 

Structure 

~,,,,,··· 

N ,. 
N/ ~,,,,,. 

==N 

TABLE 27 

Chiral separation condition: 

0 
Column: Daicel ChiralPak AD-H 250 mm*30 mm 

0 

I.D., 5 µrn; Mobile phase: CO/EtOH (0.1 % DEA) -
60:40, Flow rate: 50 g/min; Wave length: UV 

254 nm; Temperature: 40° C. 

I 

0 

I.D., 5 µrn; Mobile phase: CO/EtOH (0.1 % DEA) -
60:40; Flow rate: 50 g/min; Wave length: UV 254 

run; Temperature: 40° C. 0 
Column: Daicel ChiralPak AD-H 250 mm*30 mm 



Name 

Intermediate 
71-Pl 

Intermediate 
71-P2 

Intermediate 
72-Pl 

Intermediate 
72-P2 

Intermediate 
73-Pl 
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TABLE 27-continued 

Structure Chiral separation condition: 

0 
Column: Daicel ChiralPak AD-H 250 rnrn*30 mm 

I.D., 5 µrn; Mobile phase: CO/MeOH (0.1% DEA) -
F O 65:35; Flow rate: 50 g/min; Wave length: UV 

254 nm; Temperature: 40° C. 
I 

~,,,,,··· 

==N 

N....._ ✓,::; 
N 

==N 

N....._ ✓,::; 
N 

==N 

Column: Daicel ChiralPak AD-H 250 mm* 30 mm 
I.D., 5 µrn; Mobile phase: CO/EtOH (0.1 % DEA) -

60:40; Flow rate: 50 g/min; Wave length: UV 
254 nm; Temperature: 40° C. 

Column: Daicel ChiralPak AD-H 250 rnrn*30 mm 
I.D., 5 µrn; Mobile phase: CO/IPA (0.1% DEA) -
65:35; Flow rate: 50 g/min; Wave length: UV 254 

run; Temperature: 40° C. 

434 
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Intermediate 
73-P2 

Intermediate 
74-Pl 

Intermediate 
74-P2 

Intermedidate 
75-Pl 

Intermediate 
75-P2 
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TABLE 27-continued 

Structure 

0 \_ N # 

==N 

Chiral separation condition: 

Column: Daicel ChiralPak AD-H 250 mm*30 mm 
I.D., 5 µrn; Mobile phase: CO2EtOH (0.1 % DEA) -

65:35; Flow rate: 50 g/min; Wave length: UV 
254 nm; Temperature: 40° C. 

Column: Daicel ChiralPak IG-H 250 mm*30 mm 
I.D., 5 µrn; Mobile phase: COiEtOH (0.1 % DEA) -

60:40; Flow rate: 50 g/min; Wave length: UV 
254 nm; Temperature: 40° C. 
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Name 

Intermediate 
76-Pl 

Intermediate 
76-P2 

437 

Structure 

US 12,037,339 B2 

TABLE 27-continued 

Chiral separation condition: 

Column: Daicel ChiralPak OZ-H 250 mm x 20 mm 
I.D., 5 µm; Mobile phase: COiMeOH (0.2% NH3 

(7M Solution in MeOH)) - 80:20; Flow rate: 50 
g/min; Wave length: UV 254 nm; Temperature: 

35° C. 

438 

Example 79: Synthesis of Compounds 79-103 

The compounds in Table 28 were made according to the 40 

procedure of Compound 2. 

Name 

Compound 79 
(from 

intermediate 62 
and 28-P2) 

TABLE 28 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 852.2 (M + 1); 
1H NMR (400 MHz, CD3OD) I, 8.48 (s, lH), 

8.36-8.29 (m, lH), 8.01 (s, lH), 7.95-7.87 
(m, lH), 7.58-7.46 (m, 2H), 7.38-7.32 (m, 

lH), 7.13 (d, J - 6.0 Hz, 2H), 6.87-6.81 (m, 
2H), 5.32 (t, J - 4.4 Hz, lH), 3.84-3.78 (m, 

lH), 3.46 (s, 2H), 3.11 (s, lH), 2.78-2.74 
(m, 3H), 2.29-2.19 (m, 9H), 2.01-1.92 (m, 
4H), 1.58 (s, 3H), 1.33 (s, 6H), 0.89-0.86 

(m,4H). 
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Compound 80 Structure 

(from F 

1

H N mtermedrnte 64 ¢; MR and/or LC/MS data 

and 28-P2) i MS: m/z - 925 
H NMR (400 Miz .2 (M + 1); 

OCF3 ;H), 8.29-8.25 (m 1':i~SO-d6) I, 11.97 (s 
/ /7 (m, 5H), 7.44 (d J _.11 (m, lH), 7_74'. 

~ lH), 7.13-6.95 (rr: 2~)9.2 Hz, lH), 7.30 

439 

Compound 81 
(from 

mtermedrnte 64 
and 31-P2) 

Compound 82 
(from 

mtermedrnte 3 
and 65-Pl) 

N-N ~ \ z, lH), 5.69 (m 1 , , 6.85 (d, J - 9 2 

»-
N 4.11 (s, 3H), 3.70 ,(d H), 4.98-4.79 (m, lH). 

LNJ..,,,, NJ C W (m, <H), ,:;,-,°;; )!; i'i:tLO; 

F i MS: m/z - 925 2 
H NMR (400 Miz D. (M + 1); 

OCF3 lH), 8.29 (s, lH) 8, 1 MSO-d6) I, 12.05 ( 
/ 7.42 (m, 5H), 7 29 3-8.10 (m, lH), 7.7:, 

J 7~07 (m, lH), 6.95-28~6 (m, lH), 7.14-

N-N ' - "'n, HD ew (m, HD,'·'° ,,, 
\\ N (dlH), 5.02-4.81 'c~, 1J)' lH), 5.68-5.67 cr:i 

,/"-N , ) - o.rn,, m) ,o; <.H (s, SOD, uo' 
l / 2.67 (m, 2H),' 1.11}i~c(m, 2H), 2.72-\=-1 F • m,17H). 

N ,, 



Name 

Compound 83 
(from 

mtermedrnte 3 
and 65-P2) 

Compound 84 
(from 

mtermedrnte 59 
and 65-P2) 

Compound 85 
(from 

mtermedrnte 59 
and 66) 

US 12,037,339 B2 
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TABLE 2 • 8-contmued 

Structure 
F 

1

HNM 
R and/or LC/MS d ala 

i MS: m/z - 870 
lHH NMR (400 t-.iHz .2 (M + 1); 

), 8.55 (s lH) , DMSO) I, 11 92 

I (t
~- 6J ~j ;HJ: 1.6s c8/ 8

J ~-9
1
:~ 7.70· c/t 

N-N ' W (,(:' '."; ;w, rn (,(:' - ~ i\~/'° 

8:
Nu~N N 468~7(~: im: ~:~~z ((q~~)~ ~--~7~/~t) :}:?: 

3.68 (m s, 3H), 4 o4 , .00-

- LOS (m ;,~"· uno; ,~;;;HO, rn 
F 2H) ' ), 2.23 (s 6H) ' ), 2. 78-

, 1.61-1.47 (m ' , 1.77-1.65 (m 

N '< <H), LW (s ,;:"'' UO,UO (m ' ' ), 1.20 (s, 3H). ' 

N 
~'-N 

F 

I/ '\ 
~ a ~ I 

c]:NJ ~ # 

F 

r\-<I r°" "-J / 

N-N \ c]:Nb ' N 

Cl 

i MS:m/z-8 H NMR (400 M - 82.2 (M + 1)· 
lH) Hz DMS ' , 8.58-8.54 ( 1' O-d6) Ii 11 92 

7.62 (m 2H) s, H), 8.31 (s lH) • (s, 
7.26 (m 2H , 7.47-7.36 (m 2H , 7.74-

6 88

, ), 7.10 (d J _ 3 ' ), 7.33-
. (m 2H ' - 2 H 1 

4 08 ( 

' ), 5.71-5 60 (. z, H), 7.01-
. m 3H) • m lH) 3 39 ( ' , 3.73-3 71 ( ' , 4.10-

. m lH) • m 2H) 2H) 
2 

' , 3.13-3 02 ( ' , 3.47-
, .08-2.06 (m 2 • m, 2H), 2.74 (s 

1.56 (m 3H) , H), 1.71 (s 3H) , 
1.24 (m 3H , 1.39-1.31 (m 4H , 1.61-

J - 8 
8 

' ), 1.22-1.14 ( ' ), 1.26-
. Hz, 2H), 0.65 (d t• 3H), 1.00 (d • - 15.6 Hz, 2H). 

1
H MS: m/z - 915 NMR (400 M - .2 (M + 1)· 
(m lH) Hz, DMSO d ) ' 7 6 , 7.96 (s, lH) 7 - 6 I, 8.30-8.24 

. 1-7.41 (m 2H) , .17-7.63 (m 2H) 
lH) 7 o ' , 7 .28 ( 2 • , • · 4-6.98 (m s, H), 7.10 ( 

Hz, lH), 4.10 (d J, 2H), 5.72 (d J - 2 s, 
2H) 3 • -142H ' - 1.2 , .08 (s, 3H) 2 0 • z, 3H), 3.72 ( 

(m 7H) ' • 8 (s 2H) s, ' , 1.38-1.20 (m 1'rn ' 1.72-1.51 
(m, 2H) 0 64, ( ), 0.93-0.89 

' · s, 2H). 



Name 

Compound 86 
(from 

mtermedrnte 3 
and 68-Pl) 

Compound 87 
(from 

mtermedrnte 3 
and 68-P2) 

US 12,037,339 B2 
443 

TABLE 2S • -contmued 

Structure 

)-(_ 
y°" I 

N-N \ cJ:O ' N 

od ~ 
11 ...... Vo 

1HN MR and/or LC/MS d ala 

i MS:m/z-8 
H NMR (400 M~ 67 (M + 1); 

(m, 2H) 
7 

z, MeOD) , 2H , .72-7.25 (m 4 u 8.27-7.87 
), 7.01-6.49 (m 3 H), 7.21-7.09 (m 

3 lH), 4.20-4.02 (m' H), 5.38-5.10 (m , 
H), 3.23-2.69 (m '

3
H), 4.01-3.41 ( ' 

7H), 1.62-118 (, 3H), 2.28 (d, J - Sm 3,H · m, 11H) o • z, 
4H). , .91-0.40 (m, 

i MS:m/z-8 
H NMR (400 M~ 67 (M + 1); 

(m, 2H) 7 
6 

z, MeOD) , H • · 7-7.23 (m u 8.26-7 98 
z, 2H), 6.95- , 4H), 7.17 (d • 

lH) 4 6·56 (m 3H) ' J - 6 4 
(m, 3H .11 (d, J - 10.2' Hz , 5.34-5.07 (~, 

), 3.08-2.72 (m '
3

H), 4.01-3 53 
Hz, 7H), 1.49-1 26 , 3H), 2.28 (d J ~ 5 · (m 11H ' .2 

(m, 4H). ), 0.86-0.43 

444 



Compound 89 
(from 

mtermedrnte 59 
and 70-Pl) 

Compound 90 
(from 

mtermedrnte 59 
and 70-P2) 

~ y°" ---J I 
N-N \ c]:Nb ' N 

i MS: rn/z - 8 H NMR (400 MH- 82.2 (M + 1)· 
(m, lH) 7 z, DMSO-d ) ' lH) 

7 

, .99-7.97 (m 2H) 6 Ii 8.28-8.2
2 

, .50-7.48 (m ' , 7.63-7 61 ( 
7.07 (s, lH) 6 96, lH), 7.28-7.26 (. m, 

( 1 

' · -6 82 ( m, 2H) 
m, H), 4.09 (s 3H m, 3H), 5.63-5 62, 
3.15-3.13 (m 2H ), 3.71-3.69 (m 2H 
2.06-2 05 ( ' ), 2.85-2 65 ( ' ), · m, lH) l • m, 3H) 
1.30-117 ( ' .75-1 50 ( ' · m 9H) • m SH) 0 , , 1.01-0 92 ( , , 

.62-0.60 (m, 2 H). m, 2H), 

F i MS: rn/z - 88 
H NMR (400 Mir 2.2 (M + 1)· 
lH), 8.32-8 19 ( z, DMSO) I, 11 89 (b 
2H), 7.71-7.52 m, lH), 8.03-7 93 r, 

/ lH), 7.34-7.17 (m(m, lH), 7.49-7:38 t' 
N-N \ 6.(78 (m, 3H), 5.63, (!H} 7.08 (s, lH), ~Cll-

N s, 3H) 3 78 ' - 7.0 Hz 
N)-__N °'"' ,_;,_;,,;\:;(~om,,.,,;;:~• <.W u ·;: t:n "i"' uo' ,'.,'.'} ~ :; t; ni), ,";:;, 

F , .18 (s, 3H), 1.04- z, 3H), 1.25 
0.72-0 54 ( 0.85 (m, 2H) 

N " • m, m). , 



Compound 92 
(from 

mtermedrnte 59 
and 73-P2) 

Compound 93 
(from 

mtermedrnte 59 
and 74-Pl) 

0 

447 448 

od ;y 
" ..... -Vo 

F i MS: rn/z - 8 H NMR (400 MH- 99.2 (M + 1)· 
lH), 8.30-8 24 z, DMSO-d6) I, '11 

/ (s, lH), 7.63-7 ~, lH), 8.00 (s, rn/~ (br, 

1(:), 7.29-7.27 .(m ~";i)lH), 7.48-7.41 (~8 

N-N , , ' - rn n ' ' "'° (s m ' )-__ N HD, ,,,;,,,,;,_"D, o,n (,(, ': ,,'/°' 
NUN 3.7(1 (s, 2H), 2.9~\ (4 ~Hz), lH), 4.11 c"s ~~,) 

s, 2H) 1 7 ' , 2 74 ( ' , 
--:::: 1.33 (d J _· 3 (s, 2H), 1.49:1 45s, 2H), 2.06 

F ' - 6.2 Hz 3H • (m, 5H) 
1.01-0 98 ( ' ), 1.25-119 ( ' 

N " , m, m), o.es ,;, ,,;;,'· SH), 

F i MS: rn/z -H NMR (400 MH- 899.2 (M + 1)· 
2H) 7 52 z, MeOD) 1, ' 7 0 , . -7.37 (m 3H) 8.18-8.11 ( 
· 1-6.91 ' ,7.29-71 m, 

/ 6.58 (d J ~m, 2H), 6.76 (d J _.39 (m, 2H), 
, - 12 4 H ' - 8 Hz 1 

N-N ' rn-s.os<m in ,, m), ;,so-, M , H), 
\\ N 4.23 (m, lH) ' ), 4.98-4.94 (m. (m, lH), 

N/---N rn (m ;"'° (,(, ' - nA ,; HD, ,,,._ 
l / LOO(m •,,\"' '-"'-rn (m ,!; "D, rn ~ oo' ),(,M-LM( ' ),W 

F . 8 (m, 2H), 0.73-0 :, /5H), 1.03-

N " , m~ 

F 



Name 

Compound 94 
(from 

mtermedrnte 59 
and 74-P2) 

Compound 95 
(from 

mtermedrnte 59 
and 71-Pl) 
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TABLE 2S • -contmued 

Structure 

F 

I/ ' 
- a ~ I 

cj:NJ ": j 

F 

1HN MR and/or LC/MS d ala 

i MS: m/z - 899 
H NMR (400 M°ir .2 (M + 1)· 

(m, 2H) 7 z, MeOD) , ' 2H , .52-7.37 (m 3 u 8.18-8.11 
), 7.01-6.91 (m ' H), 7.29-7.10 ( 

Hz, lH), 6.58 (d J ~H), 6.76 (d, J - 37~• 
5.84 (m lH) • - 12.4 Hz lH) • 

4.94 (m 'rn , 5.12-5.08 (m 'rn , 5.86-
J -

12 

' ), 4.28-4.23 (m ' ), 4.98-
2.78.1mHz3JH), 3.92-3.77,(~H):J 4.10 (d, 
124( ' ),2.17-206( 'H),2.90-
. m 15H • m 2H) · J, 1.03-0_98 err: 2H, 1.84-

0
_
68 

(m, 
2

H). ' ), 0.73-

F 

I/ ' 

1
H MS: m/z - 899 NMR (400 M"i°r .2 (M + 1)· 

lH), 8 30 ( z, DMSO) 1, ' 

450 

- a ~ I 

7.77-7 .• 61 (~ 12~• 8.09 (d, J - 7 i2i-r°4 (br, 
7.22 (m 

2
H)' ), 7.50-7_39 ( • z, lH), 

7 

' , 7.10-6 9 m, lH) 7 34 
.0 Hz lH • 1 (m 2H) ' • -

H 

• ),6.58( ',6.78(tJ 
z, lH), 4.14- s, lH), 5.66 (d , -

2H) 3.94 (m 4H , J - 6 4 
, 3.47-3.35 ( ' ), 3.79-3 66 (. 

1.61-117 ( m, 2H), 2.13-2 02 (. m, 

cj:NJ ": j 

· m, 19H) l • m, lH) 0 7 , .03-0.95 ( , 
• 1-0.59 (m, 2H). m, 2H), 

od ~ 
11 ..... -vo 



Compound 97 
(from 

mtermedrnte 59 
and 75-Pl) 

Compound 98 
(from 

mtermedrnte 59 
and 75-P2) 

F 

f ' ~ a ~ I 

ctNJ ~ # 

F 

f ' ~ a ~ I 

ctNJ ~ # 

452 

i MS: rn/z - 8 H NMR (400 MH- 88.2 (M + 1)· 
lH), 8.18-8.11 z, MeOD) I, 8.41-8 
7.29-7.00 (m 4c;;i), lH), 7.53-7.41 (~36 (m, 
(s, lH), 6.6/ (d , 6.95-6.91 (m, lH), 2H), 

(m, lH) 
4 29 

' J - 32 Hz 1H , 6.81 
H 

2 

' · -4.23 (m lH) ' ), 5.88-5 8
5 

n:')' H), 3.89-3.81 (:n , 4.10 (d, J - .12 4 
, 3.34-3.31 ( ' 2H), 3.56-3 4 • 

2.79-2.74 (m lHm), lH), 3.19-2.93 (. 8 (m, 
1 25 ( ' , 2.15-2 09 m, 3H) 
· m, 16H) • (m, lH) ' , 1.03-0.98 (m 2H , 1.86-

0.68 (m, 2H). ' ), 0.73-

i MS: rn/z - 888 
H NMR (400 M- .2 (M + 1)· 

(m, lH) 
8 

Hz, MeOD) , ' , .18-8 11 ( u 8.41-8 36 
2H) 7 2 • m, lH) 7 • 1H , • 9-7.00 (m 4H , .53-7.41 (m 
), 6.81 (s lH) ' ), 6.95-6 91 ( ' 
5.88-5 85, , 6.67 (d, J - 32. H m, 

4.10 (d,· J -(7, lH), 4.29-4.23 (m z, lH), 
2H) 2.4 Hz 2H) ' lH) 
1 , 3.56-3.48 (m 'rn , 3.89-3.81 (~ 
H), 3.19-2 93 ( ' ), 

3
.34-3 31 ( ' lH) 

2 
· m, 3H) 2 • m, 

, .15-209( , .79-274( 
16 · m lH) • m H), 1.03-0 98 ( ' , 1.86-1 25 ( ' . m, 2H) 0 • m, 

2H). , • 73-0.68 (m, 



Name 

Compound 99 
(from 

mtermedrnte 59 
and 72-Pl) 

Compound 100 
(from 

mtermedrnte 59 
and 72-P2) 

US 12,037,339 B2 
453 454 

TABLE 2S • -contmued 

Structure 

F 

I/ '\ 
- a ~ I 

cj:NJ ": j 

'\odo 
11111"" 0 

N~ 

F 

I/ '\ 
__, a ~ I 

cj:NJ ": j 

1HN MR and/or LC/MS d ala 

1
H MS: m/z - 888 NMR (400 M - .2 (M + 1)· 
lH) Hz DMS ' • 

8
.34-8.14 ( ' O-d6) Ii 12 14 

(d, J - 9 2 m, 2H), 7.79 (s • (s, 
7.23 (m .2HH)z, lH), 7.47-7 43 ( , lH), 7.64 

' , 7.09 (d • m, lH) 7 3 

6
-
9
4 (m 2H ' J - 2.8 Hz ' • 

2

-
lH), 5.00-4.i2 6~3 (s, lH), 5.68-~~~ 6.99-
3.73-3.70 ( ( , lH), 4.11-4 04 (. (m, 

2 

m, 2H) 3 
11 

• m, 3H) 
.63 (m 2H) ' • -2.98 (m 2H) ' ' , 2.08-2.05 (m lH , 2.67-

0.63 (m, 21H).' ), 1.73-

1
H MS: m/z - 888 NMR (400 M - .2 (M + 1)· 
lH) Hz DMS ' • 

8
.34-8.14 ( ' O-d6) Ii 12 14 

(d, J - 9 2 m, 2H), 7.79 (s • (s, 
7.23 (m ·21f)z, lH), 7.47-7 43 ( , lH), 7.64 

6.94 c:n 2H 7.o9 Cd, J - 2.8 H~· rnJ, 7.32-
rnJ ' ), 6.53 (s lH) • lH), 6.99-
3 , 5.00-4.82 (m lH , 5.68-5.63 (m 

H), 3.73-3 70 ( ' ), 
4

.11-4.04 ( ' 
2H) 

2 
· m, 2H) 3 m, , .67-2.63 (m 2H' .11-2.98 (m 

lH), 1.7
3

_
0

• ), 2.08-2.05 ( ' 
.63 (m, 21H). m, 



Name 

Compound 101 
(from 

intermediate 59 
and 76-Pl) 

Compound 102 
(from 

intermediate 59 
and 76-P2) 

US 12,037,339 B2 
455 456 

TABLE 28-continued 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 882.3 (M + 1); 
1H NMR (400 MHz, DMSO-d6) I, 12.03 (s, 
lH), 8.61 (d, J - 72 Hz, lH), 8.30 (s, lH), 

7.64 (d, J - 8.8 Hz, lH), 7.45 (t, J - 7.6 Hz, 
lH), 7.36-7.20 (m, 2H), 7.10 (d, J - 3.2 Hz, 
lH), 7.00-6.92 (m, 2H), 6.86 (d, J - 7.2 Hz, 
lH), 6.51 (s, lH), 5.64 (q, J - 6.0 Hz, lH), 
4.94-4.74 (m, lH), 4.11 (s, 3H), 4.03-3.91 
(m, lH), 3.76-3.67 (m, 2H), 3.44-3.30 (m, 
2H), 3.18-3.07 (m, lH), 2.86-2.65 (m, 2H), 
2.13-2.01 (m, lH), 1.83-1.71 (m, 2H), 1.71-
1.50 (m, 4H), 1.34 (d, J - 6.8 Hz, 3H), 1.27 

(s, 3H), 1.19 (s, 3H), 1.04-0.94 (m, 2H), 0.70-
0.60 (m, 2H). 

MS: m/z - 882.3 (M + 1); 
1H NMR (400 MHz, DMSO-d6) Ii 12.03 (s, 
lH), 8.61 (d, J - 7.2 Hz, lH), 8.30 (s, lH), 

7.64 (d, J - 8.8 Hz, lH), 7.45 (t, J - 7.6 Hz, 
lH), 7.36-7.22 (m, 2H), 7.10 (d, J - 2.8 Hz, 
lH), 7.02-6.90 (m, 2H), 6.86 (d, J - 7.2 Hz, 
lH), 6.52 (s, lH), 5.64 (q, J - 6.0 Hz, lH), 
4.93-4.73 (m, lH), 4.12 (s, 3H), 4.02-3.91 
(m, lH), 3.80-3.61 (m, 2H), 3.48-3.33 (m, 
2H), 3.19-3.01 (m, lH), 2.81-2.63 (m, 2H), 
2.15-2.02 (m, lH), 1.86-1.72 (m, 2H), 1.72-
1.50 (m, 4H), 1.34 (d, J - 6.8 Hz, 3H), 1.26 

(s, 3H), 1.18 (s, 3H), 1.07-0.94 (m, 2H), 0.73-
0.55 (m, 2H). 
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Name 

Compound 103 
(from 

intermediate 59 
and 77) 

TABLE 28-continued 

Structure 1H NMR and/or LC/MS data 

MS: m/z - 883.2 (M + 1); 
1H NMR (400 MHz, DMSO-d6 ) I, 11.97 (br, 
lH), 9.01-8.98 (m, lH), 8.69 (m, lH), 8.30 
(m, lH), 7.65-7.55 (m, lH), 7.56-7.43 (m, 

lH), 7.29-7.23 (m, 2H), 7.09 (d, J - 2.8 Hz, 
lH), 7.01-6.90 (m, 2H), 5.68-5.64 (m, lH), 

4.97-4.76 (m, lH), 4.11-4.02 (m, 3H), 3.74-
3.71 (m, 2H), 3.45-3.38 (m, lH), 3.26-

3.13 (m, 2H), 2.80-2.67 (m, 2H), 2.08-2.06 
(m, lH), 1.75-1.13 (m, 16H), 1.00-0.94 (m, 

2H), 0.67-0.60 (m, 2H). 

Example 80: h-GLP-1 Activity Assay TABLE 29-continued 

Human GLP-1 agonizing activity was detected m 
HEK293 cells with stable expression of human GLP-1 by 30 

Cisbio cAMP Gs dynamic kit (Catalog #62AM4PEC) 
according to manufacturer's protocol. Briefly, cells were 
collected and resuspended in assay buffer containing 0.1 % 
BSA and 0.5 mM of IBMX at concentration to 2.5xl05 

cells/mL. Two µL 5x compound solution and 8 µL cell 35 

suspension were added to each well of low-volume 384 
white assay plate. After 30 min incubation at 37° C., 5 µL 
cAMP-d2 working solution and 5 µL anti-cAMP antibody­
cryptate were added to each well, and incubate at room 
temperature for 1 hr. Series dilution of cAMP was used as 40 

standard. Human GLP-1 (7-37) was used as positive control 
and 10 nM human GLP-1 was set as 100% response. HTRF 
signals were read at 665 and 615 nm with En Vision plate 
reader and calculated cAMP concentration by interpolation 
to the standard curve. The EC50 value of the tested com- 45 

pounds was calculated by fitting the dose response curve 
using a 4-parameter non-linear regression routine and rela­
tive EC50 was presented in Table 29. 

As shown in Table 29, the compounds exhibit potent 
h-GLP-1 agonism activity ("A" means >0 nM and s20 nM; 50 

"B" means >20 nM and sl00 nM; "C" means >100 nM). 

TABLE 29 

h-GLP-1 activity of compounds of the application 

Compound No. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

h-GLP-1 Activity (EC50, nM) 

A 
A 
A 
B 
A 
B 
A 
A 
B 
A 
A 

55 

60 

65 

h-GLP-1 activity of compounds of the application 

Compound No. 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

h-GLP-1 Activity (EC50, nM) 

A 
A 
A 
A 
B 
A 
A 
A 
B 
A 
B 
B 
A 
C 
A 
C 
B 
B 
B 
C 
C 
A 
C 
C 
C 
C 
A 
C 
A 
C 
C 
C 
A 
C 
B 
A 
A 
A 
C 
A 
C 
C 
A 
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TABLE 29-continued 

h-GLP-1 activity of compounds of the application 

Compound No. h-GLP-1 Activity (EC50, nM) 

55 C 
56 A 
57 C 
58 A 
59 C 
60 A 
61 B 
62 B 
63 C 
64 C 
65 A 
66 C 
67 A 
68 A 
69 A 
70 A 
71 A 
72 A 
73 A 
74 A 
75 A 
76 A 
77 A 
78 A 
79 A 
80 A 
81 A 
82 B 
83 A 
84 A 
85 B 
86 A 
87 A 
88 C 
89 B 
90 A 
91 A 
92 A 
93 A 
94 B 
95 C 
96 A 
97 C 
98 B 
99 A 

100 B 
101 C 
102 A 
103 A 

Example 81: Pharmacokinetics of the Compounds 
of the Application 

Compounds of the present application were formulated in 
10% DMSO/10%/Cremophor EL/15% PEG400/65% 100 
mM Glycine-NaOH pH 10, and administered via oral gav­
age (PO) at the dosages of 5 or 10 mg per kilogram body 
weight in fasted SD rats. Plasma samples were collected at 
0.25, 0.5, 1, 2, 4, 6, 8, and 24 hours post dosing. Compound 
concentration was determined by LC-MS and pharmacoki­
netics parameters were calculated by WinNonlin 8.2 using 
Non-Compartmental Analysis model. PK parameters of rep­
resentative compounds were listed in Table 30. 

TABLE 30 

PO ammeters 

Cmpd No. Dose (mg/kg) Cmax (ng/mL) AUC (ng hr/mL) F (%) 

460 
TABLE 30-continued 

PO arameters 

Cmpd No. Dose (mg/kg) Cmax (ng/mL) AUC (ng hr/mL) F (%) 

73 
76 
90 
91 

1700 
962 

1370 
738 

10193 
5321 
3338 
2661 

90 
30 
59 
22 

10 Ref. Cmpd 1 

30 

Example 82: OATPlBl Inhibition Assay 

HEK293 cells over-expressing human OATPlBl were 
used for determining the inhibitory effect of compounds of 

35 the application on OATPlBl-mediated transportation. Cells 
were seeded at a density of 400,000 cells per well in 24-well 
plates. When reaching confluence of 80-90%, cells were 
washed with pre-warmed assay buffer and then pre-incu­
bated with serially diluted test compounds or negative 

40 
control (NC) or positive inhibitor (PC, Rifampicin) for 30 
min, followed by coincubation with the same test compound 
and OATPlBl substrate estradiol 17-~-D-glucuronide for 
10 min. Cells were washed with pre-cooled buffer, and lysed 

45 by freeze-thaw cycles. After extraction by mixture of 4-col­
unm of methanol, the substrate concentration was deter­
mined by LC-MS/MS, and protein concentration was deter­
mined by BCA method. The substrate transport velocity U is 
calculated as V=Czysa,J(P*T), where Czysate is substrate 

50 concentration in lysate, P is protein concentration in lysate, 
and T is incubation time. Relative transport activity Y is 
calculated as Y=VrAIVNc· The IC50 value of the tested 
compounds was calculated by fitting Y to compound con­
centration using a 4-parameter non-linear regression routine 

55 in Prism. 

60 

TABLE 31 

IC50 of OATPlBl of Representative 
Compounds of the Application 

Cmpd No. ICso (µM) 

Ref. Cmpd 1 <1 
10 >1 
19 >1 

Ref. Cmpd 1 
19 

10 
5 

571 
572 

4528 
2998 

10 65 73 >1 
26 76 >1 
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TABLE 31-continued 

IC50 of OATPlBl of Representative 
Compounds of the Application 

Cmpd No. 

90 
91 

EQUIVALENTS 

ICso (µM) 

>1 
>1 

US 12,037,339 B2 
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Those skilled in the art will recognize, or be able to 
ascertain, using no more than routine experimentation, 15 

numerous equivalents to the specific embodiments described 
specifically herein. Such equivalents are intended to be 
encompassed in the scope of the following claims. 

The invention claimed is: 20 

1. A compound selected from the group consisting of: 

25 

30 

35 

40 

45 

50 

55 

60 

65 

462 
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10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

or a pharmaceutically acceptable salt or tautomer thereof. 

464 
2. A pharmaceutical composition comprising a pharma­

ceutically acceptable diluent, carrier, or excipient and a 
compound of claim 1, or a pharmaceutically acceptable salt 
or tautomer thereof. 

3. A compound which is: 

or a pharmaceutically acceptable salt or tautomer thereof. 

4. The compound of claim 3, which is: 
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5. The compound of claim 3, which is a pharmaceutically 
acceptable salt of: 

10 

15 

20 

25 

466 
8. The compound of claim 7, which is: 

6. A pharmaceutical composition comprising a pharma­
ceutically acceptable diluent, carrier, or excipient and a 30 

compound of claim 3, or a pharmaceutically acceptable salt 
or tautomer thereof. 

7. A compound which is: 
9. The compound of claim 7, which is a pharmaceutically 

35 
acceptable salt of: 

40 

45 

50 

55 

60 

10. A pharmaceutical composition comprising a pharma-
65 ceutically acceptable diluent, carrier, or excipient and the 

compound of claim 7, or a pharmaceutically acceptable salt 
or a pharmaceutically acceptable salt or tautomer thereof. or tautomer thereof. 
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11. A compound which is: 

or a pharmaceutically acceptable salt or tautomer thereof. 

12. The compound of claim 11, which is: 

10 

15 

20 

25 

468 
13. The compound of claim 11, which is a pharmaceuti­

cally acceptable salt of: 

30 14. A pharmaceutical composition comprising a pharma­
ceutically acceptable diluent, carrier, or excipient and the 
compound of claim 11, or a pharmaceutically acceptable salt 
or tautomer thereof. 

15. A compound which is: 
35 

40 

45 

50 

55 

60 

65 

or a pharmaceutically acceptable salt or tautomer thereof. 
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16. The co 469 mpound of claim 15 • 'which is: 19. Acom 470 pound which is: 

F 

10 

N-' rr-t ctN!s+\ 
'CH3 

15 

20 

25 

30 

17. Th e compound 
cally acceptable I of claim 15 wh1· h • sa t of: ' c 1s a ph 

armaceuti-
35 

or a ph armaceutic 11 20 a Y acceptable 
. The compound of claim 19 salt ~r tautomer thereof 

, which is: • 

F 

40 

vN rr-(' 
ctN!s+\ 

3 

45 

50 

55 

60 

18.A h p armaceuf I ceutically acce ta ica. composition co • • 
compound f Ip. ble diluent car • mpnsmg a pha o c mml

5 
, ner, or ex. • rma-

or tautomer thereof ' or a pharmaceuticall c1p1ent and the 65 . y acceptable salt 
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21. The compound of claim 19, which is a pharmaceuti­
cally acceptable salt of: 

10 

15 

20 

25 

30 

22. A pharmaceutical composition comprising a pharma­
ceutically acceptable diluent, carrier, or excipient and the 
compound of claim 19, or a pharmaceutically acceptable salt 35 

or tautomer thereof. 

23. A compound which is: 

40 

45 

50 

55 

60 

472 
24. The compound of claim 23, which is: 

25. The compound of claim 23, which is a pharmaceuti­
cally acceptable salt of: 

26. A pharmaceutical composition comprising a pharma-
65 ceutically acceptable diluent, carrier, or excipient and the 

compound of claim 23, or a pharmaceutically acceptable salt 
or a pharmaceutically acceptable salt or tautomer thereof. or tautomer thereof. 
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27. A compound which is: 

or a pharmaceutically acceptable salt or tautomer thereof. 

28. The compound of claim 27, which is: 

10 

15 

20 

25 

30 

35 

474 
29. The compound of claim 27, which is a pharmaceuti­

cally acceptable salt of: 

30. A pharmaceutical composition comprising a pharma­
ceutically acceptable diluent, carrier, or excipient and the 
compound of claim 27, or a pharmaceutically acceptable salt 

40 
or tautomer thereof. 

31. A compound which is: 

45 

50 

55 

60 

65 

or a pharmaceutically acceptable salt or tautomer thereof. 
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32. The co 475 mpound of claim 31 • 'which is: 33. The com 476 
cally acceptabl!ounld of claim 31 wh· h. sa t of: , 1c 1s a h P armaceuti-

10 

15 

20 

25 

34. A pharma • 
ceutically acce ~eut1cal composition 

30 compound of Ip _able diluent, carri comprising a phar oc t ca= 31 °', ocex • • =-
automer thereof ' or a pharmaceutic 11 c1p1ent and the . a y acceptable salt 

* * * * * 




