SPECIFICATION

TRIAZINE COMPOUND AND USE THEREOF
TECHNICAL FIELD

The present invention belongs to the field of chemical medicines, and relates to a triazine
compound and use thereof.
BACKGROUND

Inflammasomes are of protein complexes that can recognize intracellular pathogen
associated molecular patterns (PAMPs), or damage associated molecular patterns (DAMPs)
and others. The assembly of inflammasomes triggers protein hydrolysis. The dormant
procapase-1 is decomposed into active caspase-1, cytokine precursors pro-IL-1f and
pro-IL-18 are transformed into mature and biologically active IL-1p and IL-18 respectively,
and various biological effects are produced by regulating expressions of inflammation-related
genes. As a receptor of innate body immunity, inflammasome activation can defend against
pathogen infection and stress-induced damage, but its dysregulated activation can also
aggravate inflammatory responses and organ injury. Currently, research on NLRP3
(nucleotide-binding  oligomerization domain (NOD)-like receptor family, pyrin
domain-containing protein 3) inflammasome is the most popular topic.

The NLRP3 inflammasome is composed of a sensor (NLRP3), an adapter (ASC, also
known as PYCARD), and an effector (caspase 1). Typical activation of NLRP3
inflammasome requires dual signals. A first signal activates a TLR4 (Toll like receptor 4)
signaling pathway, promoting nuclear translocation of NF-kB, which induces the production
of precursors such as IL-10 and IL-18, and triggers post-translational modification of NLRP3.
A second signal facilitates the assembly of NLRP3/ASC/pro-caspase-1 complex. Upon
activation, the  NLRP3/ASC/pro-caspase-1  complex  polymerizes with ASC
(apoptosis-associated specklike protein containing a CARD), and then ASC interacts with
cysteine protease caspase-1 to form the inflammasome complex. Subsequently, the
pro-caspase-1 in a precursor form undergoes auto-cleavage and demonstrates an activated
form. The activated caspase-1 cleaves pro-inflammatory cytokines IL-1B and IL-18 in the
precursor form and converts them into IL-1p and IL-18 in active forms. Cytokines IL-1f and
IL-18 are released extracellularly. This process recruits inflammatory cells and amplifies the

inflammatory response. Apoptosis-associated specklike protein containing a CARD also can



recruit and activate caspase-8, and cleave IL-1p and IL-18 in the precursor form and convert
them into IL-1B and IL-18 in active forms, thereby triggering pyroptosis. Atypical activation
of NLRP3 inflammasome does not depend on the activation of TLR4 signaling pathway, and
is initiated through direct recognition of intracellular LPS by caspase-11, triggering activation
of NLRP3 inflammasome and promoting activation and release of Gasdermin D, which
mediates cell death.

The aberrant activation of NLRP3 is associated with numerous diseases, primarily
including inflammasome-related diseases, immunological diseases, inflammatory diseases,
neurological diseases, autoimmune diseases and/or autoinflammatory diseases, cancers,
chronic metabolic  diseases, and neurodegenerative diseases. For example,
cryopyrin-associated periodic syndrome (CAPS), Muckle-Wells syndrome (MWS), familial
cold autoinflammatory syndrome (FCAS), neonatal-onset multisystem inflammatory disease
(NOMID), familial Mediterranean fever (FMF), non-alcoholic steatohepatitis, alcoholic liver
disease, graft-versus-host disease, multiple sclerosis (MS), rheumatoid arthritis, type /I
diabetes mellitus and related complications (for example, nephropathy and retinopathy),
psoriasis, Alzheimer’s disease, atherosclerosis, gout, chronic kidney disease, sepsis, liver
fibrosis, idiopathic pulmonary fibrosis, epilepsy, neuropathic pain, depressive disorders,
Parkinson’s disease, asthma, acute myocardial infarction, systemic lupus erythematosus,
rheumatoid arthritis, Crohn’s disease, ulcerative colitis, inflammatory bowel disease,
rheumatoid arthritis, ankylosing spondylitis, bronchial asthma, acute respiratory distress
syndrome, chronic obstructive pulmonary disease, or ischemic stroke. NLRP3 in the upstream
of cytokines can ultimately block inflammation at its source. Therefore, the development of
new NLRP3 inflammasome inhibitors has high research value.

Summary

An objective of the present invention is to invent a triazine compound and use thereof, or
stereoisomers, solvates, metabolites, deuterated variants, prodrugs, pharmaceutically
acceptable salts or eutectics thereof, including pharmaceutical compositions thereof, for
treating NLRP3-related diseases.

In a first aspect, the present invention provides a compound shown in formula I or a

pharmaceutically acceptable form thereof, where a structure of the formula I is as follows:
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where:

Y=—=X represents a single bond, Y is selected from NR7,, and X is selected from C(=0);

R; is selected from hydrogen, deuterium, halogen, -OH, -NH, -CN, or the following
groups optionally substituted with 0-6 substituents: Ci¢ alkyl, -O-Ci.¢ alkyl, -S-Ci.¢ alkyl,
-NHC(=0)-C1.6 alkyl, -(C=O)NH-C1.s alkyl, C2 alkenyl, C2 alkynyl, and 3- to 6-membered
cycloalkyl; and in Ri, the substituents are selected from deuterium, halogen, -OH, -NH>, or
-CN;

R> and R4 are each independently selected from hydrogen, deuterium, halogen, -OH,
-NH_, -CN, or the following groups optionally substituted with 0-6 substituents: Ci.s alkyl,
-O-Ci alkyl, -S-Ci alkyl, -NHC(=0)-Ci alkyl, -(C=O)NH-Cis alkyl, Cs alkenyl, Cas
alkynyl, and 3- to 6-membered cycloalkyl; and in R> and R4, the substituents are selected from
deuterium, halogen, -OH, -NH>, or -CN;

R3 is selected from hydrogen, deuterium, halogen, -OH, -NH>, -CN, or the following
groups optionally substituted with 0-6 substituents: Ci alkyl, -O-Ci.¢ alkyl, -S-Ci.¢ alkyl,
-NHC(=0)-Ci5 alkyl, -(C=O)NH-Cis alkyl, C,¢ alkenyl, C,¢ alkynyl, 3- to 6-membered
cycloalkyl, 5- and 6-membered heterocycloalkyl, phenyl, and 5- and 6-membered heteroaryl;
in Rs, the substituents are selected from deuterium, halogen, -OH, -NH», -CN, or 3- to
6-membered cycloalkyl; and in Rs, 5- and 6-membered heterocycloalkyl and 5- and
6-membered heteroaryl contain 1-3 heteroatoms selected from at least one of N, S, and O;

Rs is selected from hydrogen, deuterium, halogen, -NH>, -CN, or the following groups
optionally substituted with 0-6 substituents: Ci alkyl, -O-Cis alkyl, -S-Cis alkyl,
-NHC(=0)-Ci.6 alkyl, -(C=O)NH-C,. alkyl, C2 alkenyl, C2 alkynyl, and 3- to 6-membered
cycloalkyl; and in Rs, the substituents are selected from deuterium, halogen, -OH, -NH: or
-CN;

or, Ry and R3, R3 and R4, or R4 and Rs, together with atoms to which these groups are
bound, form a 5- and 6-membered alkane ring, a benzene ring, a 5- and 6-membered alkane

heterocyclic ring, or a 5- and 6-membered heteroaromatic ring that is substituted with 0-6



substituents, where the substituents are selected from deuterium, halogen, -OH, -NH,, -CN, an
oxo group, Ci.¢ alkyl, Ci.¢ fluoroalkyl, Ci.¢ deuterated alkyl, -O-Ci.¢ alkyl, -O-Cj.¢ fluoroalky],
-O-Ci6 deuterated alkyl, Css cycloalkyl, Css fluorocycloalkyl, or 3- to 6-membered
cycloalkyl formed by two of the substituents bound to a same carbon atom; when R> and Rs,
R3 and R4, or R4 and Rs, together with the atoms to which these groups are bound, form a ring,
the 5- and 6-membered alkane heterocyclic ring and the 5- and 6-membered heteroaromatic
ring contain 1-3 heteroatoms selected from at least one of N, S, and O;

when R is selected from -OH, R> and R3, together with the atoms to which these groups
are bound, form the benzene ring, a 5-7 membered alkane heterocyclic ring, or the 5- and
6-membered heteroaromatic ring that is substituted with 0-6 substituents, where the
substituents are selected from deuterium, halogen, -OH, -NHz, -CN, Cis alkyl, Cis
fluoroalkyl, Ci¢ deuterated alkyl, -O-C1.¢ alkyl, -O-Ci.¢ fluoroalkyl, -O-Ci.¢ deuterated alkyl,
Cs.6 cycloalkyl, Cs fluorocycloalkyl, or 3- to 6-membered cycloalkyl formed by two of the
substituents bound to the same carbon atom; and when R> and R3, together with the atoms to
which these groups are bound, form a ring, the 5-7 membered alkane heterocyclic ring and the
5- and 6-membered heteroaromatic ring contain 1-3 heteroatoms selected from at least one of
N and S, or 2 atoms of O;

L is selected from -(CH2)a1-, O, -(CH2)a1-NH-, -NH-(CH2)a1-, and -NH-CH(CH2)a1(CH3)-,
where nl is an integer selected from 0 to 3;

Rs is selected from 6- to 10-membered aryl, 5- to 10-membered heteroaryl, 3- to
8-membered heterocycloalkyl, 3- to 8-membered cycloalkyl, 6- to 10-membered
spirocycloalkyl, 6- to 10-membered heterospirocycloalkyl, 6- to 10-membered bridged
cycloalkyl, 6- to 10-membered heterobridged cycloalkyl, and Ci alkyl that are substituted
with 0-6 substituents; in Re, the substituents are selected from Rsa, halogen, the oxo group,
-OR3ga, -SRgi, -C(=O)Rgs, -OC(=O)Rss, -C(=0O)ORss, -C(=O)NRsaRs,, -NRg.C(=O)Rsp,
-NRgaRsp, -SO2Rsa, -SO2NRsgaRsb, -NRgaSO2Rsp, and -CN; and in Rs, 5- to 10-membered
heteroaryl, 3- to 8-membered heterocycloalkyl, 6- to 10-membered heterospirocycloalkyl, and
6- to 10-membered bridged cycloalkyl contain 1-3 heteroatoms selected from at least one of N,
S and O;

Rsa and Rgy are each independently selected from hydrogen, deuterium, or the following

groups substituted with 0-6 substituents: Ci4 alkyl, 3- to 6-membered cycloalkyl, 4- to



6-membered heterocycloalkyl, phenyl, 5- and 6-membered heteroaryl, (3- to 6-membered
cycloalkyl)-methylene, and (4- to 6-membered heterocycloalkyl)-methylene; in Rg. and Rsp,
the substituents are selected from deuterium, halogen, -N(R10aR10v), -OH, -CN, Ci4 alkyl, Ci
alkoxy, Cis4 deuterated alkyl, 3- to 6-membered cycloalkyl, 4- to 6-membered
heterocycloalkyl, (3- to 6-membered cycloalkyl)-methylene, or (4- to 6-membered
heterocycloalkyl)-methylene; and in Rs. and Rsy, 4- to 6-membered heterocycloalkyl, 5- and
6-membered heteroaryl, and (4- to 6-membered heterocycloalkyl)-methylene contain 1-3
heteroatoms selected from at least one of N, S and O; and 4- to 6-membered heterocycloalkyl
and (4- to 6-membered heterocycloalkyl)-methylene in the substituents contain 1-3
heteroatoms selected from at least one of N, S and O;

or, Rg. and Rgpy, together with atoms to which these groups are bound, form a 3- to
6-membered alkylheterocyclic ring substituted with 0-6 substituents; when Rsa and Rgp,
together with the atoms to which these groups are bound, form a ring, the substituents are
selected from deuterium, halogen, -N(RiaR11), -OH, -CN, Ci4 alkyl, 3- to 6-membered
cycloalkyl, and 4- to 6-membered heterocycloalkyl; and when Rsa. and Rsp, together with the
atoms to which these groups are bound, form the ring, 3- to 6-membered heterocycloalkyl
contains 1-3 heteroatoms selected from at least one of N, S and O, and 4- to 6-membered
heterocycloalkyl in the substituents contains 1-3 heteroatoms selected from at least one of N,
S and O;

R7a 1s selected from hydrogen, or the following groups substituted with 0-6 substituents:
Cis alkyl, Cos alkenyl, Cos alkynyl, 3- to 6-membered cycloalkyl, 4- to 6-membered
heterocycloalkyl, phenyl, and 5- and 6-membered heteroaryl; in R7., the substituents are
selected from hydrogen, deuterium, halogen, -OH, -NHz, or -CN; and in Rz, 4- to
6-membered heterocycloalkyl and 5- and 6-membered heteroaryl contain 1-3 heteroatoms
selected from at least one of N, S and O;

Rioa, Riov, Ri1a, and Ry are each independently selected from hydrogen or Ci4 alkyl;

the pharmaceutically acceptable form is selected from pharmaceutically acceptable salts,
esters, stereoisomers, polymorphs, solvates, nitrogen oxides, isotope markers, metabolites, or
prodrugs.

In some embodiments of the present invention, R; is selected from hydrogen, deuterium,

halogen, -OH, -NH,, -CN, or the following groups optionally substituted with 0-6 substituents:



Ci4 alkyl, -O-C14 alkyl, -S-Ci4 alkyl, Cy4 alkenyl, C>4 alkynyl, and 3- to 6-membered
cycloalkyl, where the substituents are selected from deuterium, halogen, -OH, -NH>, or -CN.

In some preferred embodiments of the present invention, R is selected from hydrogen,
deuterium, halogen, F, Cl, -OH, -NH>, and -CN, or the following groups optionally substituted
with 0-3 substituents: Ci4 alkyl, -O-Ci4 alkyl, -S-Ci.4 alkyl, and 3- to 6-membered cycloalkyl,
where the substituents are selected from deuterium, F, Cl, -OH, -NHa, or -CN.

In some more preferred embodiments of the present invention, R; is selected from
hydrogen, deuterium, F, Cl, -OH, -CHs, fluoromethyl, deuterated methyl, methoxy,
fluoromethoxy, deuterated methoxy, cyclopropyl, and fluorocyclopropyl.

In some embodiments of the present invention, R» and R4 are each independently
selected from hydrogen, deuterium, halogen, -OH, -NH», -CN, or the following groups
optionally substituted with 0-6 substituents: Ci4 alkyl, -O-Ci4 alkyl, -S-Ci4 alkyl, Co4
alkenyl, C24 alkynyl, and 3- to 6-membered cycloalkyl, where the substituents are selected
from deuterium, halogen, -OH, -NH>, or -CN.

In some preferred embodiments of the present invention, R» and R4 are each
independently selected from hydrogen, deuterium, halogen, F, Cl, -OH, -NH,, -CN, or the
following groups optionally substituted with 0-3 substituents: Ci4 alkyl, -O-Ci.4 alkyl, -S-Ci4
alkyl, and 3- to 6-membered cycloalkyl, where the substituents are selected from deuterium, F,
Cl, -OH, -NHa, or -CN.

In some more preferred embodiments of the present invention, R> and R4 are each
independently selected from hydrogen, deuterium, F, CI, -OH, -CH3, fluoromethyl, deuterated
methyl, methoxy, fluoromethoxy, deuterated methoxy, cyclopropyl, and fluorocyclopropyl.

In some embodiments of the present invention, Rj3 is selected from hydrogen, deuterium,
halogen, -OH, -NH3, -CN, or the following groups optionally substituted with 0-6 substituents:
Ci4 alkyl, -O-Ci4 alkyl, -S-C1.4 alkyl, Co4 alkenyl, Co.4 alkynyl, 3- to 6-membered cycloalkyl,
5- and 6-membered heterocycloalkyl, phenyl, and 5- and 6-membered heteroaryl; in Rs, the
substituents are selected from deuterium, halogen, -OH, -NHo>, -CN, -CF3, or cyclopropyl; and
in R3, 5- and 6-membered heterocycloalkyl and 5- and 6-membered heteroaryl contain 1-3
heteroatoms selected from at least one of N, S, and O.

In some preferred embodiments of the present invention, R3 is selected from hydrogen,

deuterium, F, CI, -CN, or the following groups optionally substituted with 0-3 substituents:



Ci4 alkyl, -O-C14 alkyl, -S-Ci.4 alkyl, Co4 alkenyl, Co.4 alkynyl, 3- to 6-membered cycloalkyl,
5- and 6-membered heterocycloalkyl, phenyl, and 5- and 6-membered heteroaryl; in Rs, the
substituents are selected from deuterium, F, Cl, -OH, -NH>, -CF3, -CN, or cyclopropyl; and in
R3, 5- and 6-membered heterocycloalkyl and 5- and 6-membered heteroaryl contain 1-2
heteroatoms selected from at least one of N, S, and O.

In some more preferred embodiments of the present invention, Rz is selected from
hydrogen, deuterium, F, Cl, methyl, fluoromethyl, deuterated methyl, methylthio,
fluoromethylthio, deuterated methylthio, methoxy, fluoromethoxy, deuterated methoxy,
cyclopropyl, fluorocyclopropyl, vinyl, ethynyl, phenyl, fluorophenyl, and deuterated phenyl.

In some embodiments of the present invention, Rs is selected from hydrogen, deuterium,
halogen, -NH>, -CN, or the following groups optionally substituted with 0-6 substituents: Ci4
alkyl, -O-C14 alkyl, -S-Ci4 alkyl, Co4 alkenyl, Cz.4 alkynyl, and 3- to 6-membered cycloalkyl,
where the substituents are selected from deuterium, halogen, -OH, -NH>, or -CN.

In some preferred embodiments of the present invention, Rs is selected from hydrogen,
deuterium, F, CI, -NH2, -CN, or the following groups optionally substituted with 0-3
substituents: Ci4 alkyl, -O-Ci4 alkyl, -S-Ci4 alkyl, and 3- to 6-membered cycloalkyl, where
the substituents are selected from deuterium, F, Cl, -OH, -NH>, or -CN.

In some more preferred embodiments of the present invention, Rs is selected from
hydrogen, deuterium, F, Cl, -CH, -CHj3, fluoromethyl, deuterated methyl, methoxy,
fluoromethoxy, deuterated methoxy, cyclopropyl, and fluorocyclopropyl.

In some embodiments of the present invention, R and Rs, R3 and R4, or R4 and Rs,
together with the atoms to which these groups are bound, form the 5- and 6-membered alkane
ring, the benzene ring, the 5- and 6-membered alkane heterocyclic ring, or the 5- and
6-membered heteroaromatic ring that is substituted with 0-6 substituents, where the
substituents are selected from deuterium, halogen, -OH, -NH>, -CN, the oxo group, Ci.4 alkyl,
Ci4 fluoroalkyl, Ci4 deuterated alkyl, -O-Ci4 alkyl, -O-Ci4 fluoroalkyl, -O-Ci.4 deuterated
alkyl, 3- to 6-membered cycloalkyl, 3- to 6-membered fluorocycloalkyl, or 3- and
4-membered cycloalkyl formed by two of the substituents bound to a same carbon atom;
when R; and R3, R3 and R4, or R4 and Rs, together with the atoms to which these groups are
bound, forms the ring and the 5- and 6-membered alkane heterocyclic ring, the 5- and

6-membered heteroaromatic ring contain 1-2 heteroatoms selected from at least one of N, S,



and O;

In some preferred embodiments of the present invention, R» and R3, or R3 and Ry,
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from deuterium, F, Br, Cl, -OH, -NHo», -CN, the oxo group, methyl, fluoromethyl, deuterated

or @; > that is substituted with 0-3 substituents, where the substituents are selected

methyl, methoxy, fluoromethoxy, deuterated methoxy, cyclopropyl, fluorocyclopropyl, or3-
and 4-membered cycloalkyl formed by two of the substituents bound to the same carbon

atom.

In some embodiments of the present invention, when R is selected from -OH, R, and R3,
together with the atoms to which these groups are bound, form the benzene ring, the 5- and
6-membered alkane heterocyclic ring, or the 5- and 6-membered heteroaromatic ring that is
substituted with 0-6 substituents, where the substituents are selected from deuterium, halogen,
-OH, -NH, -CN, Ci4 alkyl, Ci4 fluoroalkyl, Ci4 deuterated alkyl, -O-Ci.4 alkyl, -O-Ci4
fluoroalkyl, -O-Ci4 deuterated alkyl, 3- to 6-membered cycloalkyl, 3- to 6-membered
fluorocycloalkyl, or 3- and 4-membered cycloalkyl formed by two of the substituents bound
to the same carbon atom; and when R; and Rs, together with the atoms to which these groups
are bound, form the ring, the 5- and 6-membered alkane heterocyclic ring contains two atoms
of O, and the 5- and 6-membered heteroaromatic ring contains 1-2 heteroatoms selected from

at least one of N, S, and O.

In some preferred embodiments of the present invention, when R; is selected from -OH,

R> and R3, together with the atoms to which these groups are bound, form , # ,
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In some embodiments of the present invention, a structural unit R2 R« g selected
from:
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In some embodiments of the present invention, R7. is selected from hydrogen, or the
following groups optionally substituted with 0-6 substituents: Ci4 alkyl, C2 alkenyl, Cas
alkynyl, 3- to 6-membered cycloalkyl, 4- to 6-membered heterocycloalkyl, phenyl, and 5- and
6-membered heteroaryl; and in Rz, the substituents are selected from hydrogen, deuterium,
halogen, -OH, -NH:, or -CN.

In some preferred embodiments of the present invention, R7. is selected from hydrogen,
Ci4 alkyl, Ci4 fluoroalkyl, Ci4 deuterated alkyl, Ci4 alkoxy, Ci4 fluoroalkoxy, Ci4
deuterated alkoxy, carboxyl, Ci4 alkoxycarbonyl, Ci4 fluoroalkoxycarbonyl, Cisdeuterated

alkoxycarbonyl, 3- to 6-membered cycloalkyl, 3- to 6-membered fluorocycloalkyl, phenyl,



~X
X772
LY
pyridinyl, or X ; X1 and X» are each independently selected from CH and N; and X3 is

selected from N-Ci.4 alkyl, NH, S, and O.

In some more preferred embodiments of the present invention, R7a is selected from
hydrogen, methyl, deuterated methyl, fluoromethyl, ethyl, fluoroethyl, isopropyl,
fluoroisopropyl, cyclopropyl, fluorocyclopropyl, cyclohexyl, fluorocyclohexyl, phenyl,

~X
X7 %2
O
2-pyridinyl, and X ; X1 1s selected from CH and N; and X3 is selected from N-methyl, S
and O.
. . . . \ .
In some embodiments of the present invention, a structural unit Nl is selected
from:
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In some embodiments of the present invention, L is selected from O, -NH-, -NH-CH>-,
and -NH-CH(CH3)-.

In some embodiments of the present invention, in Re, the substituents are selected from
fluorine, chlorine, the hydroxy group, the cyanogroup, the oxo group, Ci4 alkyl, Ci4
fluoroalkyl, Ci4 deuterated alkyl, Ci4 alkoxy, Ci4 fluoroalkoxy, Ci4 deuterated alkoxy, 3- to

6-membered cycloalkyl, 3- to 6-membered fluorocycloalkyl, the amino group, the

Y N ]
dimethylamino group, ?L>LO %CO EO _§<>O _§<>OH _§_<o_>N
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In some embodiments of the present invention, Re is selected from the following
structures:
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Ri2: and Ri2p are each independently selected from Rsg,, halogen, the oxo group, -ORgs,,
-SRsga, -C(=O)Rga, -OC(=0)Rsga, -C(=0O)ORsga, -C(=O)NRgaRsp, -NRg.C(=O)Rgb, -NRsaRsp,
-SO2Rsa, -SO2NRsaRsb, -NRgaSO2Rsp, and -CN, and n2 is an integer selected from O to 6.

In some preferred embodiments of the present invention, Riz. and Rizp are each
independently selected from Rs., fluorine, the oxo group, -ORsa, -SRsa, -C(=O)Rsa,
-OC(=0)Rsa, -C(=O)OR3a, -C(=O)NRsaRspb, -NRg.C(=O)R3gp, -NRgaRgp, -SO2R35a, -SO2NRgaRsb,
-NRg.SO2Rsp, and -CN, and n2 is an integer selected from 0 to 3.

In some more preferred embodiments of the present invention, Ri2. and Rizp are each
independently selected from fluorine, chlorine, the hydroxy group, the cyanogroup, the oxo
group, Ci4 alkyl, Ci4 fluoroalkyl, Ci.4 deuterated alkyl, Ci4 alkoxy, Ci4 fluoroalkoxy, Ci4

deuterated alkoxy, 3- to 6-membered cycloalkyl, 3- to 6-membered fluorocycloalkyl, the

oH %X +O-d O
amino group, the dimethylamino group, J?>L ECO, o, % © ) % on >

2
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In some embodiments of the present invention, Re is selected from the following
structures:
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The present invention further provides some specific compounds, where the specific

compounds are selected from:
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The present invention further prov1des another similar compound; in some embodiments
R4 R

Rj

of the present invention, a structural unit R2 R« is selected from'
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In some embodiments of the present invention, a structural unit  N—N is selected
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In some embodiments of the present invention, Re¢ is selected from the following
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The present invention further provides some specific compounds, where the specific

compounds are selected from:
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In a second aspect, the present invention provides a pharmaceutical composition, where

\N P D;C o]

N ’ =~ ou CN
the aforementioned pharmaceutical composition takes the compound shown in formula I, or
pharmaceutically acceptable salts, esters, stereoisomers, tautomers, polymorphs, solvates,
nitrogen oxides, isotope markers, metabolites, or prodrugs thereof as active ingredients,
together with a pharmaceutically acceptable carrier.

A further objective of the present invention is to provide a method for preparing the
pharmaceutical composition of the present invention, and the method includes combining a
compound containing formula I or a pharmaceutically acceptable form thereof, or a mixture
thereof, with one or more pharmaceutically acceptable carriers.

Pharmaceutically acceptable carriers that can be used in the pharmaceutical composition
of the present invention are pharmaceutically acceptable carriers, and examples of suitable
pharmaceutically acceptable carriers are described in Remington's Pharmaceutical Sciences
(2005).

The pharmaceutical composition can be administered in any form as long as the
pharmaceutical composition can prevent, alleviate, or cure the symptoms of human or animal
patients. For example, the pharmaceutical composition can be made into various suitable
dosage forms according to an administration route.

In other some embodiments, the administration of the compound or pharmaceutical
composition of the present invention can be combined with another treatment method.
Another treatment method may be selected from, but not limited to, radiotherapy,
chemotherapy, immunotherapy, or a combination thereof.

The present invention further relates to a pharmaceutical preparation, and the
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pharmaceutical preparation takes a compound of formula I or a pharmaceutically acceptable
form thereof, or a mixture thereof, or a pharmaceutical composition of the present invention
as active ingredients. In some embodiments, the pharmaceutical preparation is a solid
preparation, a semi-solid preparation, a liquid preparation, or a gaseous preparation.

A further objective of the present invention is to provide a product, such as a kit. The
product used herein includes but is not limited to medicine boxes and packages. The product
of the present invention includes: (a) a first container; (b) a pharmaceutical composition in the
first container, where the composition includes: a first therapeutic agent, and the first
therapeutic agent includes: a compound containing formula I, a pharmaceutically acceptable
form thereof, or a mixture thereof; (c) optional package instructions indicating that the
pharmaceutical composition can be used for treating tumor diseases (as defined below); and
(d) a second container.

The first container is a container for containing the pharmaceutical composition. The
container can be used for preparation, storage, transportation and/or independent/bulk sales.
The first container is intended to cover bottles, cans, vials, flasks, syringes, tubes (for example,
for cream products), or any other container for preparing, containing, storing or dispensing
pharmaceutical products.

The second container is a container for containing the first container and the optional
packaging instructions. Examples of the second container include, but are not limited to,
boxes (for example, cartons or plastic boxes), cases, cartons, bags (for example, paper bags or
plastic bags), small bags, and burlap bags. The packaging instructions can be physically
attached outside the first container via a cable tie, glue, staple or other attachment methods, or
can be placed inside the second container without any physical tools for attachment to the first
container. Alternatively, the packaging instructions are located outside the second container.
Preferably, the package instructions located outside the second container are physically
attached via the cable tie, glue, staple or other attachment methods. Alternatively, the package
instructions may be adjacent to or in contact with the outside of the second container without
physical attachment.

The package instructions are trademarks, labels, signs, and others, and list information
related to the pharmaceutical composition located in the first container. The information listed

is usually determined by a regulatory agency (such as the US Food and Drug Administration)
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that governs an area where the product is to be sold. Preferably, the packaging instructions
specifically list indications for which the pharmaceutical composition is approved. The
packaging instructions can be made of any material from which information contained therein
or thereon can be read. Preferably, the package instructions are of printable materials (for
example, paper, plastic, cardboard, foil, adhesive paper or plastic) on which required
information can be impressed (for example, being printed or being coated).

In a third aspect, the present invention provides a use of the aforementioned compound
of formula I, and specific compounds or pharmaceutically acceptable forms thereof, or the
pharmaceutical composition of the present invention in preparation of drugs for prevention
and/or treatment of NLRP3-related diseases.

The present invention provides a method for preventing or treating NLRP3-related
diseases, and the method includes administering the above-mentioned compound of formula I,
the pharmaceutically acceptable form thereof, or the pharmaceutical composition of the
present invention to an individual in need.

The present invention provides a method for preventing or treating NLRP3-related
diseases by using the compound of formula I or the pharmaceutically acceptable form thereof,
or combining the pharmaceutical composition of the present invention with another treatment
method, and the another treatment method includes but is not limited to radiotherapy,
chemotherapy, immunotherapy, or a combination thereof.

In some embodiments, the NLRP3-related diseases comprise inflammatory diseases,
autoimmune diseases, cardiovascular diseases, cancers, renal system diseases, gastrointestinal
diseases, respiratory diseases, endocrine system diseases, or central nervous system diseases.

In some embodiments, the NLRP3-related diseases include: cryopyrin-associated
periodic syndrome (CAPS), Muckle-Wells syndrome (MWS), familial cold autoinflammatory
syndrome (FCAS), neonatal-onset multisystem inflammatory disease (NOMID), familial
Mediterranean fever (FMF), non-alcoholic steatohepatitis, alcoholic liver disease,
graft-versus-host disease, multiple sclerosis (MS), rheumatoid arthritis, type I/II diabetes
mellitus and related complications (for example, nephropathy and retinopathy), psoriasis,
Alzheimer’s disease, atherosclerosis, gout, chronic kidney disease, sepsis, liver fibrosis,
idiopathic pulmonary fibrosis, epilepsy, neuropathic pain, depressive disorders, Parkinson’s

disease, asthma, acute myocardial infarction, systemic lupus erythematosus, rheumatoid

21



arthritis, Crohn’s disease, ulcerative colitis, inflammatory bowel disease, rheumatoid arthritis,
ankylosing spondylitis, bronchial asthma, acute respiratory distress syndrome, chronic
obstructive pulmonary disease, or ischemic stroke.

In a further preferred embodiment, the compound of the present invention can be used in
combination with radiotherapy, chemotherapy or immunotherapy, to prevent or treat the
NLRP3-related diseases.

Beneficial effects of the present invention are that:

The present invention provides a triazine compound and use thereof, and the compound
and the composition can be used to prepare NLRP3 inflammasome inhibitors, thereby
providing a new way for treating NLRP3-related diseases.

Definition of terms:

Unless otherwise defined herein below, all technical and scientific terms used in this
document are intended to have the meanings as commonly understood by those skilled in the
art. The terms “including”, “comprising”, “having”, “containing”, or “relating to” and other
variant forms thereof in this document are inclusive or open-ended and do not exclude other
unenumerated elements or method steps. Those skilled in the art shall understand that the
aforementioned terms such as “including” encompass the meaning of “consisting of”.

In the present invention, “one”, “a”, “the”, “at least one”, and “one or more” can be used
interchangeably. Therefore, for example, a composition comprising “a” pharmaceutically
acceptable excipient may be interpreted to mean that the composition includes “one or more”
pharmaceutically acceptable excipients.

For example, the expression “Ci.4” shall be understood to cover any sub-ranges therein
and each point value, such as Cz4, C34, Ci2, Ci13, Ci4, and others, as well as Ci, Cz, Cs, Ca,
and others.

In the present invention, unless otherwise specified, halogen refers to fluorine, chlorine,
bromine, or iodine.

In the present invention, unless otherwise specified, the term “alkyl” comprises
straight-chain or branched monovalent saturated hydrocarbon groups. For example, alkyl
groups include methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, 3-(2-methyl) butyl, 2-pentyl, 2-methylbutyl, neopentyl, n-hexyl, 2-hexyl,
2-methylpentyl, and others. Similarly, Ci4 in “Ci.4 alkyl” refers to a group having 1, 2, 3, or 4
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carbon atoms arranged in a straight or branched chain form.

In the present invention, unless otherwise specified, the term “cycloalkyl”, “carbocyclic”
or “cycloalkylene” refers to a saturated or partially saturated, monocyclic or polycyclic (such
as bicyclic) non-aromatic hydrocarbon group. Common cycloalkyl groups include, but are not
limited to, monocyclic cycloalkyl groups such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclobutenyl, cyclopentenyl, cyclohexenyl,
and others; or bicyclic cycloalkyl groups, including fused, bridged, or spiro rings, such as
bicyclo [1.1.1] pentyl, bicyclo [2.2.1] heptyl, bicyclo [3.2.1] octyl, bicyclo [5.2.0] nonyl,
decahydronaphthyl, and others. For example, the term “Cs.12 cycloalkyl” refers to a cycloalkyl
group having 3 to 12 ring carbon atoms (such as 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12). The
cycloalkyl or cycloalkylene group in the present invention is optionally substituted with one
or more substituents described herein.

In the present invention, unless otherwise specified, the term “fluoroalkyl” refers to the
aforementioned alkyl group, wherein one or more hydrogen atoms are substituted with
fluorine atoms. For example, the term “Ci4 fluoroalkyl” refers to a Ci4 alkyl group optionally
substituted with one or more (such as 1 to 3) fluorine atoms. Those skilled in the art shall
understand that when there is more than one fluorine atom substituent, the fluorine atoms may
be the same or different and may be located on the same or different C atoms. Examples of
haloalkyl groups include, but are not limited to, -CHxF, -CHF,, -CF3, -CoFs, -CH>CF3, and
others. The fluoroalkyl group in the present invention is optionally substituted with one or
more substituents described herein.

The present invention also encompasses all pharmaceutically acceptable isotopically
labeled compounds that are identical to the compounds of the present invention, except that
one or more atoms are replaced by atoms having the same atomic number but an atomic mass
or mass number different from the atomic mass or mass number predominant in nature.
Examples of isotopes suitable for incorporation into the compounds of the present invention
include, but are not limited to: isotopes of hydrogen (e.g., deuterium (*?H) and trititum (*H));
isotopes of carbon (e.g., *C and '*C); isotopes of chlorine (e.g., 3’Cl); isotopes of iodine (e.g.,
125]); isotopes of nitrogen (e.g., >N and '’N); isotopes of oxygen (e.g., 7O and '80); isotopes
of phosphorus (e.g., 3?P); and isotopes of sulfur (e.g., 3*S).

In present invention, the term “polymorph” refers to different solid crystalline phases of
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certain compounds of the present invention arising from the existence of two or more distinct
molecular arrangements in the solid state. Certain compounds of the present invention may
exist in more than one crystalline form, and the present invention is intended to encompass all
such crystalline forms and mixtures thereof. Generally, crystallization results in the formation
of solvates of the compounds of the present invention. As used in the present invention, the
term “solvate” refers to an aggregate comprising one or more molecules of a compound of the
present invention and one or more solvent molecules. The solvent may be water, in which
case the solvate is a hydrate. Alternatively, the solvent may be an organic solvent. Therefore,
the compounds of the present invention may exist as hydrates, including monohydrates,
dihydrates, hemihydrates, sesquihydrates, trihydrates, tetrahydrates, and others, as well as
corresponding solvated forms. The compounds of the present invention may form true
solvates, but in some cases, they may also retain merely non-stoichiometric water or a mixture
of water combined with a portion of non-stoichiometric solvents. The compounds of the
present invention may be reacted in a solvent or precipitated or crystallized from a solvent.
Solvates of the compounds of the present invention are also encompassed within the scope of
the present invention. The present invention also encompasses all possible crystalline forms or
polymorphs of the compounds of the present invention, which may be a single polymorph or a
mixture of more than one polymorph in any ratio.

In the present invention, the term “stereoisomers” refer to isomers formed resulting from
the presence of at least one asymmetric center. In compounds possessing one or more (e.g.,
one, two, three, or four) asymmetric centers, they can give rise to racemic mixtures, single
enantiomers, diastereomer mixtures, and individual diastereomers. Certain individual
molecules may also exist as geometric isomers (cis/trans). Similarly, the compounds of the
present invention may exist as a mixture of two or more structurally different forms in rapid
equilibrium (commonly referred to as tautomers). Representative examples of tautomers
include keto-enol tautomers, phenol-keto tautomers, nitroso-oxime tautomers, and
imine-enamine tautomers. It is to be understood that the scope of the present invention
encompasses all such isomers or mixtures thereof in any ratio (e.g., 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, and 99%).

In the present invention, pharmaceutically acceptable salts encompass acid addition salts

and base addition salts thereof. The suitable acid addition salt is formed from an acid that
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forms a pharmaceutically acceptable salt. The suitable base addition salts are formed from a
base that forms a pharmaceutically acceptable salt. For an overview of suitable salts, reference
may be made to, for example, Remington's Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pa., (2005); and Handbook of Pharmaceutical Salts: Properties, Selection,
and Use, Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002). Methods for
preparing pharmaceutically acceptable salts of the compounds of the present invention are
known to those skilled in the art. The term “pharmaceutically acceptable acid addition salt”
refers to a salt formed with an inorganic acid or an organic acid that retains the bioavailability
of the free base without other adverse effects. Inorganic acid salts include, but are not limited
to, hydrochloride, hydrobromide, sulfate, nitrate, phosphate, and others; organic acid salts
include, but are not limited to, formate, acetate, 2,2-dichloroacetate, trifluoroacetate,
propionate, caproate, caprylate, caprate, undecylenate, glycolate, gluconate, lactate, sebacate,
adipate, glutarate, malonate, oxalate, maleate, succinate, fumarate, tartrate, citrate, palmitate,
stearate, oleate, cinnamate, laurate, malate, glutamate, pyroglutamate, aspartate, benzoate,
methanesulfonate, benzenesulfonate, p-toluenesulfonate, alginate, ascorbate, salicylate,
4-aminosalicylate, naphthalenedisulfonate, and others. These salts may be prepared by
methods known in this patent. The term “pharmaceutically acceptable base addition salts”
refer to salts formed with inorganic or organic bases that retain the biological effectiveness of
the free acid without other adverse effects. Salts derived from inorganic bases include, but are
not limited to, sodium salts, potassium salts, lithium salts, ammonium salts, calcium salts,
magnesium salts, iron salts, zinc salts, copper salts, manganese salts, aluminum salts, and
others. Preferred inorganic salts are ammonium salts, sodium salts, calcium salts and
magnesium salts. Salts derived from organic bases include, but are not limited to, salts of:
primary amines, secondary amines, and tertiary amines, substituted amines, including
naturally occurring substituted amines, cyclic amines, and basic ion exchange resins, such as
ammonia, isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine,
ethanolamine, diethanolamine, triethanolamine, dimethylethanolamine,
2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine,
histidine, caffeine, procaine, choline, betaine, ethylenediamine, glucosamine,
methylglucosamine, theobromine, purine, piperazine, piperidine, N-ethylpiperidine,

polyamine resins, and others. Preferred organic bases include isopropylamine, diethylamine,
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ethanolamine, trimethylamine, dicyclohexylamine, choline, and hexocaffeine. These salts may
be prepared by methods known in this patent.

In the present invention, unless otherwise specified, the term “ester” refers to esters
derived from the compounds described herein, including physiologically hydrolyzable esters
(which can be hydrolyzed under physiological conditions to release the compound of the
present invention in free acid or alcohol form). The compounds of the present invention may
also be esters themselves.

The compounds of the present invention may exist in the form of solvates (preferably
hydrates), wherein the compounds of the present invention comprise a polar solvent,
particularly such as water, methanol, or ethanol, as a structural element of the crystal lattice of
the compounds. The amount of polar solvent, particularly water, may be present in a
stoichiometric or non-stoichiometric ratio.

Those skilled in the art will understand that not all nitrogen heterocyclic rings are
capable of forming N-oxides, as nitrogen requires an available lone pair of electrons to be
oxidized into an oxide. Those skilled in the art will recognize nitrogen heterocyclic rings
capable of forming N-oxides. Those skilled in the art will also recognize that tertiary amines
are capable of forming N-oxides. The synthetic methods for preparing N-oxides of
heterocyclic rings and tertiary amines are well-known to those skilled in the art, including
oxidation of heterocyclic rings and tertiary amines using peroxy acids such as peroxyacetic
acid and m-chloroperoxybenzoic acid (mCPBA), hydrogen peroxide, alkyl hydroperoxides
such as tert-butyl hydroperoxide, sodium perborate, and dioxiranes such as dimethyldioxirane.
These methods for preparing N-oxides have been extensively described and reviewed in the
literature. See, for example: T.L. Gilchrist, Comprehensive Organic Synthesis, vol. 7, pp.
748-750 (A.R. Katritzky and A.J. Boulton, Eds., Academic Press); and G.W.H. Cheeseman
and E.S.G. Werstiuk, Advances in Heterocyclic Chemistry, vol. 22, pp. 390-392 (A.R.
Katritzky and A.J. Boulton, Eds., Academic Press).

In the present invention, the term “metabolite” refers to a substance formed in the body
when a compound of the present invention is administered. The metabolites of the compound
may be identified using techniques well-established in the art, and their activity may be
characterized through experimental methods. For example, such products may arise from

oxidation, reduction, hydrolysis, amidation, deamidation, esterification, enzymolysis, and
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other reactions of the administered compound. Therefore, the present invention encompasses
metabolites of the compounds of the present invention, including compounds produced by a
method comprising contacting the compounds of the present invention with a mammal for a
time sufficient to obtain their metabolites.

In the present invention, the term “prodrug” refers to certain derivatives of the
compounds of the present invention that, when administered into or onto the body, can be
converted, for example, by hydrolytic cleavage, into a compound of the present invention
having the desired activity. Typically, such a prodrug will be a functional group derivative of
the compound that is readily convertible in vivo to the desired therapeutically active
compound. Additional information regarding the use of prodrugs may be found in Pro-drugs
as Novel Delivery Systems, Volume 14, ACS Symposium Series (T. Higuchi and V. Stella).
For example, the prodrug of the present invention may be prepared by substituting suitable
functional groups present in the compounds of the present invention with certain moieties
known to those skilled in the art as “pro-moieties” (e.g., as described in Design of Prodrugs
by H. Bundgaard, Elsevier, 1985).

In the present application, the term “pharmaceutical composition” refers to a formulation
of the compounds of the present invention with a medium generally accepted in the art for
delivering biologically active compounds to mammals, such as humans. The medium
comprises pharmaceutically acceptable carriers. An object of the pharmaceutical composition
is to facilitate the administration to organisms, enhance the absorption of active ingredients,
and thereby exert biological activity.

In the present application, the term “pharmaceutically acceptable carrier” includes, but is
not limited to, any adjuvant, carrier, excipient, glidant, sweetener, diluent, preservative,
dye/colorant, flavoring agent, surfactant, wetting agent, dispersant, suspending agent,
stabilizer, isotonic agent, solvent, or emulsifier approved by the relevant governmental
regulatory authority or accepted for use in humans or domestic animals.

The terms “drug combination”, “drug co-administration”, “combination therapy”,
“administration of another therapy”, “administration of another therapeutic agent”, and others,
as used herein, refer to a therapeutic regimen obtained by mixing or combining more than one
active ingredient, encompassing both fixed and non-fixed combinations of active ingredients.

The term “fixed combination” refers to the simultaneous administration to a patient of at least
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one compound described herein and at least one synergistic agent in the form of a single
entity or dosage form. The term ‘“non-fixed combination” refers to the simultaneous
administration, co-administration, or sequential administration at variable intervals of at least
one compound described herein and at least one synergistic agent as separate entities to a
patient. These principles are also applied in cocktail therapy, such as the administration of
three or more active ingredients.

In the present invention, unless otherwise specified, the term “tumor” includes but is not
limited to leukemia, gastrointestinal stromal tumor, histiocytic lymphoma, non-small cell lung
cancer, small cell lung cancer, pancreatic cancer, lung squamous cell carcinoma, lung
adenocarcinoma, breast cancer, prostate cancer, liver cancer, skin cancer, epithelial cell
carcinoma, cervical cancer, ovarian cancer, colorectal cancer, nasopharyngeal cancer, brain
cancer, bone cancer, esophageal cancer, melanoma, renal cancer, oral cancer, and other
diseases.

In the present invention, unless otherwise specified, the term “treatment” refers to
reversing, alleviating, inhibiting the progression of a disorder or condition to which such term
is applied, or one or more symptoms thereof, or preventing such disorder or condition or one
or more symptoms thereof.

Without departing from the common general knowledge in the art, the aforementioned
preferred technical features may be freely combined in any manner, thereby yielding the
various preferred embodiments of the present invention.

DESCRIPTION OF THE EMBODIMENTS

The solution of the present invention will be explained with reference to embodiments. It
will be understood by those skilled in the art that the following embodiments are merely
intended for illustrating the present invention, instead of limiting the scope of the present
invention. If technologies or conditions are not specified in the embodiments, technologies or
conditions described in literatures in the art or product specifications should be followed.

Reagents and raw materials used in the embodiments of the present invention are all
commercially available.

Table 1 Abbreviations used herein and meanings thereof

PreHP | Preparative high-performance liquid
AcOH | Acetic acid
LC chromatography
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Aq or

Aqueous solution m/z Mass/charge
aq
BOC
t-butyloxycarboryl Me Methyl
or Boc
CPME | Cyclopentyl methyl ether MeCN | Acetonitrile
DCE 1,2-dichloroethane MeOH | Methyl alcohol
DABC
1,4-diazabicyclo[2.2.2]octane | NMR Nuclear magnetic resonance
O
DCM | Dichloromethane THF Tetrahydrofuran
Sat or
DMA | N,N-dimethylacetamide Saturated
satd
DMA
4-dimethylaminopyridine rt Room temperature
P
EA Ethyl acetate uv Ultraviolet ray
t-BuO
PE Petroleum ether Tertiary butanol
H
DMF | N,N-dimethylformamide Cbz Benzyloxycarbonyl
TFA Trifluoroacetic acid mmol | Millimole
TEA Triethylamine mg Milligram
DME | 1,2-dimethoxyethane min Minute
DMS mL or
Dimethyl sulfoxide Milliliter
0] mL
DPPF
1,1'-bis(diphenylphosphino)fer 2,2'-bis(diphenylphosphino)-1,1'-binapht
or BINAP
rocene hyl
dppf
eq or m-CPB
Equivalent Metachloroperbenzoic acid
equiv A
ESI Electrospray ionization TBS Tert-butyldimethylsilane
Pdx(dba
Et Ethyl Tris(dibenzylideneacetone)dipalladium
)3
G Gram Xantph | 4,5-bis(diphenylphosphino)-9,9-dimethyl
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0s xanthene
H Hour NBS N-bromosuccinimide
rt Room temperature TBAF | Tetrabutylammonium fluoride
Dioxa Liquid chromatography-mass
Dioxane LC-MS
ne spectrometry (LC-MS) spectrometer

The structure of the compound is determined by nuclear magnetic resonance (NMR) or
mass spectrometry (MS). NMR measurements are performed on Bruker AVANCE-400
spectrometer using deuterated dimethyl sulfoxide (DMSO-dg), deuterated chloroform (CDCls)
and deuterated methanol (CD30OD) as solvents. Tetramethylsilane (TMS) is employed as an
internal reference standard. A chemical shift is reported in parts per million (ppm, 10).

MS measurements are performed on Agilent SQD (ESI) mass spectrometer
(manufacturer: Agilent, signal: 6110).

HPLC measurements are performed on Agilent 1200DAD high pressure liquid
chromatograph (Sunfirc C18, 150X 4.6 mm, 5 wn, column) and Waters 2695-2996 high
pressure liquid chromatograph (Gimini C18, 150X 4.5 mm, 5 ym column).

Qingdao Haiyang GF254 silica gel plates are used for thin-layer chromatography, silica
gel plates used for thin-layer chromatography (TLC) are 0.15 mm-0.2 mm, and silica gel
plates used for thin-layer chromatography separation and purification products are 0.4
mm-0.5 mm.

Generally, silica gel with 100-200 meshes and 200-300 meshes from Qingdao Haiyang is
used as a carrier for column chromatography.

Unless otherwise specified in the following embodiments, reactions are all carried out in
argon atmosphere or nitrogen atmosphere. The argon atmosphere or nitrogen atmosphere
refers to a reaction flask being connected to an argon balloon or a nitrogen balloon with a
volume of about 1 L. Hydrogen atmosphere refers to a reaction flask being connected to a
hydrogen balloon with a volume of about 1 L. Hydrogenation reaction is usually vacuumized
and filled with hydrogen, and such operations are repeated three times.

Intermediate INT1:
2-[4-methoxybenzo[b]thiophen-5-yl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

S S s S S
Cl CuBr,/EtOAC QI o Li,COs Q Me,SOy4 Q Bopin, KOAC \ 50
[ _ [ . — 2T
CHCl,,80°C Br DMF,100°C Br K,CO3,MeCN,60°C Br Pd(PPhs),Cly, Diox, o o
o o OH _0 90°C,N, -
INT1a INT1b INT1c INT1d INTA
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Step 1: CuBr: (146.5 g, 656 mmol) was added into EtOAc (250 mL) and the resulting
mixture was stirred for 10 min at 80°C. Then, a compound INT1a (25.0 g, 164 mmol) was
dissolved in chloroform (250 mL), the resulting solution was added to the above suspension,
and the resulting mixture was refluxed at 80°C overnight. After the reaction was completed,
the reaction mixture was concentrated under reduced pressure. The resulting residue was
triturated with EtOAc (500 mL) for 0.5 h and filtered, and the filtrate was concentrated under
reduced pressure to obtain a target compound INT1b (46.0 g, 148 mmol, light brown solid,
yield: 90%), MS: [M+H]"=309.0, 311.0, 313.0.

Step 2: the compound INT1b (45.0 g, 145 mmol) and Li>COs (26.8 g, 363 mmol) were
added into DMF (450 mL) and the resulting mixture was stirred for 6 h at 100°C. After the
reaction was completed, the reaction mixture was filtered, the filtrate was treated with a
hydrochloric acid aqueous solution (900 mL, 0.5 N) and extracted with EtOAc (400 mL x 2),
and an organic phase was washed with water (300 mL x 2), dried with anhydrous Na;SOs,
filtered and concentrated to obtain a target compound INT1c (31.0 g, 135 mmol, light brown
solid, yield: 93%), MS: [M-H]=227.0, 229.0.

Step 3: the compound INT1c (15.0 g, 65.5 mmol) and K>COs (18.1 g, 131 mmol) were
added into MeCN (150 mL), followed by adding Me>SO4 (9.9 g, 78.6 mmol). Under nitrogen
atmosphere, the resulting mixture was stirred overnight at 60°C. The reaction mixture was
cooled to room temperature and filtered. Silica gel (30 g) was added to the filtrate, and then
the resulting mixture was concentrated under reduced pressure, and purified by column
chromatography (PE: EtOAc=10: 1) to obtain the target compound INT1d (13.7 g, 56.4 mmol,
white solid, yield: 86%), 'H NMR (400 MHz, CDCl3) § 7.51-7.46 (m, 2H), 7.45-7.42 (m, 2H)
and 4.00 (s, 3H).

Step 4: the compound INT1d (13.7 g, 56.4 mmol), bis(pinacolato)diboron (17.2 g, 67.7
mmol), KOAc (11.1 g, 113 mmol), and Pd(PPh;)Cl> (2.00 g, 2.82 mmol) were added into
dioxane (137 mL), and the resulting mixture was reacted at 90°C for 12 h under nitrogen
atmosphere. After the reaction was completed, the reaction mixture was filtered. Silica gel (30
g) was added to the filtrate, and then the resulting mixture was concentrated under reduced
pressure, and purified by column chromatography (PE: EtOAc=30: 1) to obtain a target
compound INT1 (7.6 g, 26.2 mmol, colorless solid, yield: 46%), 'H NMR (400 MHz, CDCI3)
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0 7.67 (d, /=8.0 Hz, 1H), 7.61 (d, J/=8.0 Hz, 1H), 7.49 (d, J=5.6 Hz, 1H), 7.35 (d, J=5.2 Hz,
1H), 4.00 (s, 3H), and 1.39 (s, 12H).
Intermediate INT2:
2-[2-(difluoromethoxy)-4-(trifluoromethyl)phenyl]-4,4,5-5-tetramethyl-1,3,2-dioxaborolane
CFs o
\Q\Br + Nao&i CFSQBL C&QBpm
OH cl

F
0~ INT2 O{F

INT2a INT2b INT2e  F

Step 1: the compound INT2a (5 g, 20.7 mmol), INT2b (7.1 g, 52 mmol), cesium
carbonate (11.5 g, 41.5 mmol), water (20 mL) and DMF (80 mL) were added into a 250 mL
three-necked flask sequentially, and were heated up to 120°C and stirred for 12 h. After
cooled to room temperature, the reaction solution was extracted with ethyl acetate and layered.
The organic phase was washed with water and saturated brine separately, dried with
anhydrous sodium sulfate and filtered. The filtrate was concentrated and purified by column
chromatography to obtain a compound INT2c¢ (2.8 g, yellow solid).

Step 2: the compound INT2¢ (2.8 g, 9.6 mmol), bis(pinacolato)diboron (3.7 g, 14.4
mmol), potassium acetate (2.8 g, 29 mmol), Pd(dppf)CL: (0.7 g, 0.96 mmol), and dioxane (30
mL) were added to a 100 mL three-necked flask under nitrogen atmosphere. The resulting
mixture was reacted, heated up to 100°C and stirred for 16 h. After the reaction was
completed, the reaction mixture was cooled to room temperature, and then filtered with celite.
The filtrate was extracted with ethyl acetate. The organic phases were combined and then
washed with water and saturated brine separately, dried with anhydrous sodium sulfate and
filtered. The filtrate was concentrated and purified by column chromatography to obtain a
compound INT2 (1.7 g, white solid). "H NMR (400 MHz, Chloroform-d) & 7.86 (d, J=7.7 Hz,
1H), 7.49 (d, J=7.8, 1H), 7.39 (s, 1H), 6.54 (t, J=72.5 Hz, 1H), 1.35 (s, 12H).

Intermediate INT3:
2-[ 1-(difluoromethylene)-4-methoxy-2,3-dihydro-1H-inden-5-y1]-4,4,5,5-tetramethyl-1,3,2-di

oxaborolane

32



OH ~o oxo o 0

CHjsl, K,CO:
Br X0 TS L oBr No Br o Polyphosphoricacid
ELocLsisausicltns I
DMF HCOOH, Et;N, DMF
INT3a INT3b INT3c
N O‘\S//O
~
? Ly F
Br: = E .
\CQ INT3e o Bopina, KOAC, PdClx(dppf) F/\&Bpm
__ INT3e  _
o—
e p—
INT3d INT3f [ INT3

Step 1: the compound 3-bromo-2-hydroxybenzaldehyde (25.0 g, 104.65 mmol), CHsl
(60.63 g, 373.14 mmol) and KoCOs3 (34.38 g, 248.76 mmol) were dissolved in DMF (200 mL)
and the resulting mixture was heated up to 50°C for 3 h. Upon the addition of water, the
reaction mixture was extracted with ethyl acetate, the resulting organic phases were combined,
dried with anhydrous sodium sulfate and filtered, the solvent was removed from the filtrate
under reduced pressure to obtain a target compound INT3a (yellow oily liquid, 22.5 g, yield:
84%), and no further purification was required, MS/ESI[M+H]":215.1.

Step 2: EtsN (12.71 g, 125.58 mmol) was added into HCOOH (14.45 g, 313.95 mmol)
dropwise at 0°C, the resulting mixture was reacted for 30 min at room temperature, and then a
DMF (200 mL) solution in which the compound INT3a (22.5 g, 104.65 mmol) and
2,2-dimethyl-1,3-dioxane-4,6-dione (15.08 g, 104.65 mmol) were dissolved and added into
the reaction mixture, and the resulting solution was heated up to 100°C and reacted overnight.
NaOH aqueous solution was added to the reaction solution, and the resulting mixture was
adjusted to pH=9, and extracted with ethyl acetate. HCI aqueous solution (3 M) was added to
an aqueous phase, the resulting mixture was adjusted to pH=5, and extracted with ethyl
acetate. After the organic phases were combined, the resulting mixture was dried with
anhydrous sodium sulfate and filtered. The solvent was removed from the filtrate under
reduced pressure, and the resulting residue was purified by column chromatography
(PE:EA=5:1) to obtain a target compound INT3b (white solid, 20.3 g, yield: 75%),
MS/ESI[M+H]":259.1.

Step 3: polyphosphoric acid (200 g) was heated up to 90°C, the compound INT3b (20.3
g, 78.34 mmol) was added into polyphosphoric acid. The resulting mixture was suspended for
heating after one hour of reaction. The aqueous solution was added into the reaction mixture,
and the resulting solution was cooled to room temperature and extracted with

dichloromethane. The organic phase was washed with saturated NaCl aqueous solution, dried
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with anhydrous sodium sulfate and filtered. The solvent was removed from the filtrate under
reduced pressure, and the resulting residue was purified by column chromatography (PE:
EA=5:1) to obtain a target compound INT3c (yellow solid, 9.7 g, yield: 51.3%),
MS/ESI[M+H]":241.1.

Step 4: the compound  INT3c¢ 4.7 g, 19.50 mmol) and
2-[(difluoroMethyl)sulfonyl]pyridine (5.65 g, 29.25 mmol) were dissolved in DMF (30 mL),
the DMF solution was cooled to -50°C, potassium tert-butoxide was added into the DMF
solution under nitrogen atmosphere. The resulting mixture was heated up to -40°C and reacted
for 3 h, and then a saturated ammonium chloride aqueous solution (26 mL) was added into the
reaction mixture for quenching the reaction. 3N HCI (26 mL) was then added into the
quenched solvent, the resulting mixture was heated to room temperature and extracted with
ethyl acetate. The organic phases were combined, dried with anhydrous sodium sulfate and
filtered, and the solvent was removed from the filtrate under reduced pressure, and the
resulting residue was purified by column chromatography (PE: EA=20: 1) to obtain a target
compound INT3e (yellow oily liquid, 1.92 g, yield: 35.8%). 'H NMR (400 MHz, CDCl3) &
7.53 (d, J/=7.7 Hz, 1H), 7.11 (d, J=7.7 Hz, 1H), 3.75 (s, 3H), 3.01-2.95 (m, 2H), 2.76-2.65 (m,
2H).

Step 5: under nitrogen atmosphere, the compound INT3e (1.92 g, 6.98 mmol),
bis(pinacolato)diboron (2.66 g, 10.47 mmol), PdCL (dppf) (0.57 g, 0.7 mmol) and potassium
acetate (2.05 g, 20.94 mmol) were dissolved in a 1,4-dioxane solution. The resulting mixture
was refluxed at 100°C overnight. After the reaction was completed, the reaction mixture was
returned to room temperature, and extracted with water and ethyl acetate. The organic phases
were combined, dried with anhydrous sodium sulfate and filtered. The solvent was removed
from the filtrate under reduced pressure, and the resulting residue was purified by column
chromatography (PE: EA=10: 1) to obtain a target compound INT3 (yellow solid, 1.02 g,
yield: 45.4%). '"H NMR (400 MHz, CDCls) 8 7.60 (d, J=8.0 Hz, 1H), 7.12 (d, J=8.0 Hz, 1H),
3.81 (s, 3H), 2.97-2.82 (m, 2H), 2.62-2.51 (m, 2H), 1.30 (s, 12H).

Intermediate INT4:
2-(4-methoxybenzofuran-5-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

o o o o o
CuBr. \ Li,CO Me,SO. \ \
@ e B wsr i2CO; — \\ o ;80, B B.’O
I o OH N oL ©

INT4a INT4b INT4c INT4d INT4

34



Step 1: CuBr2 (66 g, 223 mmol) was added into EtOAc (120 mL) and the resulting
mixture was stirred for 10 min at 80°C. Then, a compound INT4a (10 g, 136 mmol) was
dissolved in chloroform (120 mL), the resulting solution was added to the above suspension,
and the resulting mixture was refluxed at 80°C overnight. After the reaction was completed,
the reaction mixture was concentrated under reduced pressure. The resulting residue was
triturated with EtOAc (200 mL) for 0.5 h and filtered, and the filtrate was concentrated under
reduced pressure to obtain a target compound INT4b (7.3 g). 'H NMR (400 MHz,
Chloroform-d) & 7.39 (d, J=1.8 Hz, 1H), 6.76 (dt, J/=4.7, 2.1 Hz, 1H), 3.12 (m, 2H), 3.05-2.98
(m, 2H).

Step 2: the compound INT4b (7.3 g, 25 mmol) and Li2COs (11 g, 150 mmol) were added
into DMF (70 mL) and the resulting mixture was stirred for 6 h at 100°C. After the reaction
was completed, the reaction mixture was filtered, the filtrate was adjusted to pH=1 using the
hydrochloric acid aqueous solution and extracted with EtOAc (150 mL X 3), and an organic
phase was washed with a saturated brine solution, dried with anhydrous Na>SOs, and filtered,
and the filtrate was concentrated to obtain a target compound INT4c¢ (5.5 g). 'H NMR (400
MHz, Chloroform-d) & 7.55 (d, J=2.2 Hz, 1H), 7.34 (d, J=8.7 Hz, 1H), 7.02 (dd, J=8.7, 0.9
Hz, 1H), 6.89 (dd, J=2.2, 1.0 Hz, 1H), 5.94 (s, 1H).

Step 3: the compound INT4c¢ (5.5 g, 26 mmol), KoCOs (7.17 g, 52 mmol), and Me2SO4
(4.1 g, 33 mmol) were added into MeCN (60 mL) sequentially, and the resulting mixture was
stirred at 60°C overnight under a nitrogen atmosphere. The reaction mixture was cooled to
room temperature and filtered. Silica gel was added to the filtrate, and then the resulting
mixture was concentrated under reduced pressure, and purified by column chromatography
(PE: EtOAc=10: 1) to obtain a target compound INT4d (5 g), 'H NMR (400 MHz,
Chloroform-d) & 7.56 (d, J/=2.3 Hz, 1H), 7.42 (d, J/=8.7 Hz, 1H), 7.12 (dd, J=8.7, 1.0 Hz, 1H),
6.91 (dd, J=2.4, 1.0 Hz, 1H), 4.08 (s, 3H).

Step 4: the compound INT4d (1 g, 4.4 mmol), bis(pinacolato)diboron (2.2 g, 8.8 mmol),
KOAc (1.7 g, 17.6 mmol), and Pd(PPh)Cl: (322 mg, 0.44 mmol) were added into dioxane (15
mL), and the resulting mixture was reacted for 12 h at 90°C under nitrogen atmosphere. After
the reaction was completed, the reaction mixture was filtered. Silica gel was added to the
filtrate, and then the resulting mixture was concentrated under reduced pressure, and purified

by column chromatography (PE: EtOAc=10: 1) to obtain a target compound INT4 (410 mg),
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'"H NMR (400 MHz, Chloroform-d) & 7.63 (d, /=8.3 Hz, 1H), 7.54 (d, J/=2.2 Hz, 1H), 7.22 (dd,
J=8.3, 1.0 Hz, 1H), 6.90 (dd, J=2.2, 1.0 Hz, 1H), 4.05 (s, 3H), 1.37 (s, 12H).
Intermediate INTS5:

6-bromo-2-(4-methoxybenzyl)-4-methyl-1,2,4-triazine-3,5(2H,4H)-dione

2 \N P /©/\C| \ P
HN ~ N
0
o< B — Ml o< J&Br o= ‘//&Br
HN—N HN_N /N_N
. PMB
int5a int5b INT5

Step 1: the compound INT5a (50 g, 260 mmol) and methyl iodide (37 g, 260 mmol)
were dissolved in ultra-dry DMF (250.0 mL), DIEA (36 g, 281 mmol) was added into the
reaction flask, and the resulting mixture was reacted for 3 h at room temperature. After most
of raw material was reacted, the reaction mixture was extracted four times with EA and the
saturated brine solution, and the organic phase was concentrated, and then purified by column
chromatography with the silica gel (PE/EA 8:1 to 6:1) to obtain a white solid compound
INT5b (39 g).

Step 2: the compound INT5Sb (39g, 189.3 mmol) and 4-methoxychlorobenzyl (40 g, 265
mmol) were dissolved in ultra-dry DMF (500.0 mL), K>COs3 (52 g, 378.6 mmol) was added
into the reaction flask, and the resulting mixture was reacted for 8§ h at room temperature.
After the reaction of raw materials was confirmed complete by TLC, the reaction mixture was
extracted three times with 200 mL ethyl acetate and water, and the organic phase was washed
twice with 200 mL saturated brine solution, dried with anhydrous sodium sulfate, and
concentrated to obtain a compound INT5. 'H NMR (400 MHz, DMSO-d6) & 7.36-7.20 (m,
2H), 7.00-6.82 (m, 2H), 5.01(s, 2H), 3.74(s, 3H), 3.20(s, 3H).

Intermediate INT6:

2-(4-cyclopropyl-2-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

I
\Q\ Br Agj\Br ;bk@'apin
[ONQ O SN

INT6a INT6b INTé

Step 1: the compound INT6a (500 mg, 1.6 mmol), cyclopropylboronic acid (505 mg,
5.87 mmol) and potassium carbonate (883 mg, 6.39 mmol) were mixed in dioxane (10 mL)
and water (5 mL), followed by adding Pd(dppf)Cl> (65.9 mg,0.080 mmol) under nitrogen
atmosphere, and then the resulting mixture was stirred at 120°C under nitrogen atmosphere

and fully reacted. After cooled to room temperature, the reaction mixture was diluted with
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ethyl acetate (20 mL), and the organic phase was washed with brine (30 mL), dried with
anhydrous sodium sulfate, and filtered. The filtrate was concentrated in vacuum to obtain a
crude product compound INT6b, and the compound INT6b was directly used in a next step.
Step 2: the compound INT6b (1.2 g, 4.4 mmol), bis(pinacolato)diboron (2.2 g, 8.8
mmol), KOAc (1.7 g, 17.6 mmol), and Pd(dppf)Cl> (322 mg, 0.44 mmol) were added into
dioxane (15 mL), and the resulting mixture was reacted for 12 h at 90°C under nitrogen
atmosphere. After the reaction was completed, the reaction mixture was filtered. Silica gel
was added to the filtrate, and then the resulting mixture was concentrated under reduced
pressure, and purified by column chromatography (PE: EtOAc=10: 1) to obtain a target
compound INT6 (0.82g).
Intermediate INT7:

6-bromo-3-chloro-4-methyl-1,2,4-triazin-5(4H)-ketone
O,

=N tBUONO —N>_ H20,, AcOH NH NaH, Mel Q N
Br—<_ /)—NH, Br—<_ ) C — Br— ,)—Cl —_— j

N_N>_ CuCl, MeCN N=N N_N>_ B N/>—C|

INT7a INT7b INT7¢ INT?

Step 1: the compound INT7a (10 g, 57.15 mmol) and cuprous chloride (11 g, 111.11
mmol) were placed in a sealed tube, tert-butyl nitrite (12 g, 116.50 mmol) and acetonitrile (35
mL) were also added into the sealed tube, and the sealed tube was quickly sealed. The
resulting mixture was heated up to 80°C and reacted for 4 h. After the reaction was completed,
the reaction mixture was concentrated. The resulting residue was purified by column
chromatography, and 10% EA: PE elution product was concentrated to obtain a light yellow
solid product INT7b (5.31 g). LC-MS: ESI[M+H]"=193.0.

Step 2: the compound INT7b (5.31 g, 25.24 mmol) and acetic acid (25 mL) were added
into the reaction flask, the reaction flask was placed in an ice bath, hydrogen peroxide (5 mL)
was slowly dropped into the reaction flask, and the resulting mixture was slowly returned to
room temperature and reacted overnight. After the reaction was completed, a sodium
thiosulfate aqueous solution was added into the reaction mixture for quenching the reaction.
Then, the reaction mixture was extracted with EA (ethyl acetate) and 5% TEA (triethylamine).
The organic phase was concentrated under reduced pressure. The resulting residual was
purified by column chromatography to obtain a light yellow solid product INT7¢ (5.12 g).
LC-MS: ESI[M+H]"=209.1.
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Step 3: the compound INT7¢ (3 g, 14.26 mmol) and anhydrous DMF (30 mL) were
placed in the three-necked bottle under nitrogen atmosphere, the resulting mixture was reacted
and placed in the ice bath, NaH (1.15 g, 28.79 mmol) was slowly added into the reaction
mixture, the resulting mixture was returned to room temperature and reacted for 1 h, methyl
iodide (2.02 g, 14.26 mmol) was slowly dropped into the reaction mixture, and the resulting
mixture was reacted overnight under room temperature. After the reaction was completed,
water was added into the reaction mixture for quenching the reaction, the reaction mixture
was extracted with EA, washed with the saturated brine solution, dried and concentrated, and
the resulting residue was purified by column chromatography to obtain a white solid product
INT7 (0.8 g). LC-MS: ESI[M+H]*=224.0. '"H NMR (400 MHz, DMSO-d5) 6 3.45 (s, 3H).
Intermediate INTS:

2-(4-(methoxymethoxy)benzo[b]thiophen-5-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

NS
= OMOM =

OH OMOM
INT1c INT8a INT8

Step 1: the compound INT1e¢ (220 g, 960 mmol) and diisopropylethylamine (186 g, 1440
mmol) were added into dichloromethane (1.1 L), followed by bromomethyl methyl ether (132
g, 1056 mmol) slowly added dropwise at 0°C, and the resulting mixture was stirred for 1 h at
room temperature. After the reaction was completed, a saturated ammonium chloride aqueous
solution (300 mL X 3) was added into the reaction mixture for washing, and the organic phase
was dried with anhydrous sodium sulfate, then concentrated under reduced pressure, and
purified by column chromatography (PE: EtOAc=30: 1) to obtain a target compound INT8a
(183 g, 670 mmol, light yellow oily substance, yield: 70%), 'H NMR (400 MHz, CDCI3) &
7.55-7.45 (m, 3H), 7.43 (d, J=5.5 Hz, 1H), 5.27 (s, 2H), 3.70 (s, 3H).

Step 2: the compound INT8a (20.0 g, 73.2 mmol), bis(pinacolato)diboron (22.3 g, 87.8
mmol), KOAc (14.3 g, 146 mmol), and Pd(PPh;)Cl> (2.57 g, 3.66 mmol) were added into
anhydrous dioxane (200 mL), and the resulting mixture was reacted for 12 h at 100°C under
nitrogen atmosphere. After the reaction was completed, the reaction mixture was filtered. The
filtrate was concentrated under reduced pressure, and purified by column chromatography (PE:
EtOAc=30: 1) to obtain a target compound INT8 (14.5 g, 45.3 mmol, colorless solid, yield:
62%). '"H NMR (400 MHz, CDCl3) 8 7.71 (d, J=8.1 Hz, 1H), 7.63 (d, J/=8.1 Hz, 1H), 7.55 (d,
J=5.5 Hz, 1H), 7.35 (d, J=5.6 Hz, 1H), 5.25 (s, 2H), 3.62 (s, 3H), 1.37 (s, 12H).
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Embodiment 1:
(R)-3-(1-(difluoromethylene)-4-hydroxy-2,3-dihydro-1H-inden-5-yl)-6-((1-(2-hydroxyethyl)p
iperidin-3-yl)amino)-4-methyl-1,2,4-triazin-5(4 H)-ketone
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Step 1: the compound INTS5 (8.00 g, 24.54 mmol), 1a (12.71 g, 49.08 mmol), Pd(OAc).
(0.56 g, 2.45 mmol), BINAP (1.53 g, 2.45 mmol), cesium carbonate (23.93 g, 73.62 mmol),
and dioxane (180 mL) were added into the reaction flask, and then stirred for 15 h at 100°C
under nitrogen atmosphere. After the reaction was completed, the reaction mixture was cooled
to room temperature and directly stirred with silica gel, and the resulting mixture was purified
by silica gel column chromatography (petroleum ether: ethyl acetate=1: 0-2: 1) to obtain a
compound 1b (7.00 g, 66.7%), MS/ESI[M+H]"=432.0.

Step 2: the compound 1b (7.00 g, 16.24 mmol) and dichloromethane (60 mL) were
added in the reaction flask and cooled to 0°C, followed by slowing dropping
trifluoromethanesulfonic acid (6 mL) into the reaction flask, and the resulting mixture was
stirred for 15 h at room temperature. After the reaction was completed, the reaction mixture
was cooled to 0°C-5°C with acetonitrile (60 mL), solid sodium bicarbonate was added into the
cooled mixture until no large amounts of bubbles were generated, then the pH of the cooled
mixture was adjusted to be 7-8 with ammonia water, the pH-adjusted mixture was dried with
anhydrous sodium sulfate, filtered and concentrated, and the obtained crude product was
purified by silica gel column chromatography (petroleum ether: ethyl acetate=1: 0-1: 2) to
obtain a compound 1c¢ (4.05 g, 80.5%), MS/ESI[M+H]"=312.0.

Step 3: the compound 1¢ (4.00 g, 12.86 mmol) was dispersed in phosphorus oxychloride
(25 mL) and the resulting mixture was stirred for 12 h at 110°C under nitrogen atmosphere.
After the reaction was completed, the solvent was directly concentrated, the resulting residue
was dispersed in acetonitrile (60 mL) and dichloromethane (100 mL), the resulting mixture
was cooled to 0°C-5°C, solid sodium bicarbonate was added into the cooled mixture until no

large amounts of bubbles were generated, then the pH of the cooled mixture was adjusted to
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be 7-8 with the ammonia water, and the pH-adjusted mixture was dried with anhydrous
sodium sulfate, filtered and concentrated, and the obtained crude product was purified by
silica gel column chromatography (dichloromethane: methanol=1: 0-10: 1) to obtain a
compound 1d (3.00 g, 71.4%), MS/ESI[M+H]"=330.0.

Step 4: the compound 1d (2.12g, 6.43 mmol), INT3 (1.80 g, 5.59 mmol), Pd(dppf)Cl>
(409 mg, 0.06 mmol), cesium carbonate (5.45g, 16.77 mmol), dioxane (60 mL) and water (6
mL) were added into the reaction flask and stirred for 15 h at 100°C under nitrogen
atmosphere. After the reaction was completed, the reaction mixture was cooled to room
temperature, and directly mixed with the silica gel, and the resulting mixture was purified by
silica gel column chromatography (petroleum ether: ethyl acetate=1: 0-0: 1) to obtain a
compound 1e (1.10 g, 40.3%), MS/ESI[M+H]"=490.1.

Step 5: the compound 1e (1.10 g, 2.25 mmol) and dichloromethane (50 mL) were added
into the reaction flask, and cooled to -10°C under nitrogen atmosphere, followed by adding 1
M dichloromethane solution of boron tribromide (6.71 mL, 6.71 mmol), and the resulting
mixture was reacted for 2 h at a constant temperature. After the reaction was completed,
methanol (10 mL) was added into the reaction mixture for quenching the reaction, and the
solvent was concentrated directly. The resulting residue was purified by silica gel column
chromatography (dichloromethane: methanol=1: 0-9: 1) to obtain a compound 1f (498 mg,
46.6%), MS/ESI[M+H]*=476.0.

Step 6: the compound 1f (479 mg, 1.01 mmol) and ethanol (25 mL) were added in the
reaction flask. Under nitrogen atmosphere, lithium borohydride solid (177 mg, 8.07 mmol)
was added into the reaction mixture in batches, and the resulting mixture was reacted at 55°C
for 12 h. After the reaction was completed, saturated ammonium chloride (20 mL) was added
into the reaction mixture for quenching the reaction, followed by adding 50 mL ethyl acetate.
The aqueous phase was further extracted three times with ethyl acetate (30), and the organic
phases were combined, dried with anhydrous sodium sulfate, filtered and concentrated. The
resulting residue was purified by Pre-HPLC (FA system) to obtain a compound 1 (14 mg,
3.2%). '"H NMR (400 MHz, Methanol-ds) & 8.39 (br s, 2H), 7.13 (d, /=8.0 Hz, 1H), 6.98 (dd,
J=8.0, 1.6 Hz, 1H), 4.26-4.14 (m, 1H), 3.72 (t, J=5.2 Hz, 2H), 3.45-3.35 (m, 1H), 3.23 (s, 3H),
3.17-3.07 (m, 1H), 2.98-2.87 (m, 4H), 2.82-2.64 (m, 4H), 2.01-1.86 (m, 2H), 1.81-1.58 (m,
2H). MS/ESI[M+H]"=434.0.

40



Embodiment 2:
(R)-3-(1-(difluoromethylene)-4-hydroxy-2,3-dihydro-1H-inden-5-yl)-6-((1-ethylpiperidin-3-y
l)amino)-4-methyl-1,2 4-triazin-5(4H)-ketone

o)

NP \ 0O 4/& \NJy
N
o e S SIS () S I—
. _ - - N—N
HN' N~ N-N / C i :

HN-N

N\ " N 2d N\

PMB
2a INTS 2b

/%;} i N9
INT3 F\ \NJSﬁNH ‘/g*NH
ey %Q*

O
/
2e

Step 1: the compound INTS5 (1.50 g, 4.60 mmol), 2a (1.13 g, 6.90 mmol), BINAP Pd G3

(0.46 g, 0.46 mmol), cesium carbonate (4.48 g, 13.8 mmol), and dioxane (30 mL) were added
into the reaction flask, and then stirred for 15 h at 100°C under nitrogen atmosphere. After the
reaction was completed, the reaction mixture was cooled to room temperature, and directly
mixed with the silica gel, and the resulting mixture was purified by silica gel column
chromatography (dichloromethane: methyl alcohol=1: 0- 35: 1) to obtain a compound 2b
(1.41 g, 82.4%), MS/ESI[M+H]"=374.0.

Step 2: the compound 2b (1.41 g, 3.79 mmol) and dichloromethane (10 mL) were added
in the reaction flask and cooled to 0°C, followed by slowing dropping
trifluoromethanesulfonic acid (3 mL) into the reaction flask, and the resulting mixture was
stirred for 15 h at room temperature. After the reaction was completed, the reaction mixture
was cooled to 0°C-5°C with acetonitrile (10 mL), solid sodium bicarbonate was added into the
cooled mixture until no large amounts of bubbles were generated, then the pH of the cooled
mixture was adjusted to be 7-8 with ammonia water, the pH-adjusted mixture was dried with
anhydrous sodium sulfate, filtered and concentrated, and the obtained crude product was
purified by silica gel column chromatography (dichloromethane: methyl alcohol=1: 0-4: 1) to
obtain a compound 2¢ (850 mg, 89.5%), MS/ESI[M+H]"=254.0.

Step 3: the compound 2¢ (850 mg, 3.36 mmol) was dispersed in phosphorus oxychloride
(10 mL) and the resulting mixture was stirred for 12 h at 110°C under nitrogen atmosphere.
After the reaction was completed, the solvent was directly concentrated, the resulting residue
was dispersed in acetonitrile (10 mL) and dichloromethane (10 mL), the resulting mixture was

cooled to 0°C-5°C, solid sodium bicarbonate was added into the cooled mixture until no large

41



amounts of bubbles were generated, then the pH of the cooled mixture was adjusted to be 7-8
with the ammonia water, and the pH-adjusted mixture was dried with anhydrous sodium
sulfate, filtered and concentrated and the obtained crude product was purified by silica gel
column chromatography (dichloromethane: methanol=1: 0-10: 1) to obtain a compound 2d
(605 mg, 65.9%), MS/ESI[M+H]"=272.0.

Step 4: the compound 2d (200mg, 0.74 mmol), INT3 (261 mg, 0.81 mmol), Pd(dppf)Cl>
(54 mg, 0.07 mmol), cesium carbonate (720mg, 2.21 mmol), dioxane (12 mL) and water (2
mL) were added into the reaction flask and stirred for 15 h at 100°C under nitrogen
atmosphere. After the reaction was completed, the reaction mixture was cooled to room
temperature, and directly mixed with the silica gel, and the resulting mixture was purified by
silica gel column chromatography (dichloromethane: methanol=1: 0- 10: 1) to obtain a
compound 2e (99 mg, 31.1%), MS/ESI[M+H]"=432.1.

Step 5: the compound 2e (99 mg, 0.23 mmol) and dichloromethane (6 mL) were added
into the reaction flask, and cooled to -10°C under nitrogen atmosphere, followed by adding
IM dichloromethane solution of boron tribromide(0.69 mL, 0.69 mmol), and the resulting
mixture was reacted for 2 h at a constant temperature. After the reaction was completed,
methanol (4 mL) was added into the reaction mixture for quenching the reaction, and the
solvent was concentrated directly. The resulting residue was purified by silica gel column
chromatography (dichloromethane: methanol=1: 0-9: 1) to obtain a compound 2 (70 mg,
73.2%). '"H NMR (400 MHz, DMSO-ds) 6 9.78 (br s, 1H), 9.58 (br s, 1H), 7.24 (d, J=8.0 Hz,
1H), 7.07-6.97 (m, 1H), 4.36-4.23 (m, 1H), 3.57-3.48 (m, 3H), 3.26-3.18 (m, 5H), 3.08-2.98
(m, 2H), 2.87-2.80 (m, 3H), 2.05-1.93 (m, 2H), 1.88-1.65 (m, 2H), 1.28-1.20 (m, 3H),
MS/ESI[M+H] [M+H]"=418.0.

Embodiment 3:
(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-1,2,4-tria
zin-5(4H)-ketone
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(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-1,2,

4-triazin-5(4H)-ketone was prepared by referring to Embodiment 2, to obtain a compound
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(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-1,2,4-tria
zin-5(4H)-ketone (70 mg, 80.6%), 'H NMR (400 MHz, DMSO-ds) 8 10.46 (br s, 1H), 9.60
(br s, 1H), 7.80-7.73 (m, 2H), 7.65 (d, J/=8.0 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H), 4.37-4.27 (m,
1H), 3.58-3.48 (m, 3H), 3.29-3.18 (m, 5H), 2.92-2.82 (m, 1H), 2.05-1.96 (m, 2H), 1.88-1.68
(m, 2H), 1.28-1.24 (m, 3H), MS/ESI[M+H]" [M+H]"=386.0.
Embodiment 4:
(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)-1,2,4-tr
iazin-5(4H)-ketone
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Step 1: the compound INTS5 (3.00 g, 9.20 mmol), 4a (1.15 g, 10.1 mmol), Cs>CO3 (6.01
g, 18.4 mmol), BINAP (573 mg, 0.92 mmol) and Pd(OA)2(208 mg, 0.92 mmol) were weighed
and added to dioxane (60 mL), and the resulting mixture was replaced three times with Na,
and then heated up to 110°C, and stirred overnight. After the reaction was completed, the
reaction mixture was mixed with silica gel and concentrated under reduced pressure, and
purified by column chromatography (DCM: MeOH=10: 1) to obtain a target compound 4b
(3.30 g, 9.18 mmol, light yellow viscous substance, yield: 99%), MS/ESI[M+H]"=360.2.

Step 2: the compound 4b (3.30 g, 9.18 mmol) was dissolved in dichloromethane (30 mL),
followed by slowly adding TfOH (4.13 g, 27.5 mmol) at room temperature, and the resulting
mixture was stirred overnight. After the reaction was completed, the pH of the reaction
mixture was adjusted to about 8 with ammonia water, the pH-adjusted reaction mixture was
dried with anhydrous Na;SO4 and filtered, the filtrate was mixed with silica gel, and the
resulting mixture was concentrated under reduced pressure and purified by column
chromatography (DCM: MeOH=5: 1) to obtain a target compound 4¢ (770 mg, 3.22 mmol,
light yellow solid, yield: 35%), MS/ESI[M+H]|"=240.1.

Step 3: POCI3 (4 mL) was added to the compound 4¢ (770 mg, 3.22 mmol), and the
resulting mixture was heated to 110°C, and stirred overnight. After the reaction was

completed, an excessive amount of POCl; was concentrated under pressure to obtain the
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target compound 4d (1.5 g, 3.30 mmol, light brown solid, yield: 100%),
MS/ESI[M+H]"=258.2.

Step 4: the compound 4d (1.1 g, 2.42 mmol), INT1 (772 mg, 2.66 mmol), Cs>2CO3 (3.94
g, 12.1 mmol), and Pd(dppf)Cl> (176 mg, 0.24 mmol) were weighed and added to dioxane (20
mL) and water (4 mL), and the resulting mixture was replaced three times with N>, heated up
to 100°C, and stirred overnight. After the reaction was completed, the reaction mixture was
mixed with silica gel and concentrated under reduced pressure, and purified by column
chromatography (DCM: MeOH=10: 1) to obtain a target compound 4e (550 mg, 1.43 mmol,
light yellow viscous substance, yield: 59%), MS/ESI[M+H]"=386.2.

Step 5: the compound 4e (550 mg, 1.43 mmol) was dissolved in DCM (5.5 mL) and
cooled to 0°C, followed by adding BBr; (4.29 mL, 4.29 mmol, 1.0 M) dropwise, and the
resulting mixture was stirred for 1 h at room temperature. After the reaction was completed, a
proper amount of methanol was added into the reaction mixture for quenching the reaction,
the quenched mixture was concentrated under reduced pressure to obtain the crude product,
the crude product was dissolved in methanol (5 mL), and the resulting solvent was purified to
obtain the target compound 4 (295 mg, 0.79 mmol, light yellow powder, yield: 55%). 'H
NMR (400 MHz, MeOD) 6 8.46 (s, 1H), 7.63 (d, J=5.6 Hz, 1H), 7.58 (dd, J=6.9, 4.3 Hz, 2H),
7.29 (d, J=8.3 Hz, 1H), 4.30 (dt, J=13.0, 4.7 Hz, 1H), 3.52 (d, J=11.5 Hz, 1H), 3.36 (s, 3H),
3.25-3.15 (m, 1H), 3.02-2.80 (m, 2H), 2.75 (s, 3H), 2.07 (dd, J=21.0, 10.1 Hz, 2H), 1.94-1.69
(m, 2H). MS/ESI[M+H]"=372.2.

Embodiment 5:
(R)-6-((1-(3,3-difluorocyclobutyl)piperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-
4-methyl-1,2,4-triazin-5(4H)-ketone
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Step 1: the compound 5a (25.0 g, 231 mmol), pyridine (21.6 g, 277 mmol) and

dichloromethane (125 mL) were weighed into a flask and cooled to 0°C, followed by slowly
dropping T£:0 (71.7 g, 254 mmol), and the resulting mixture was stirred at room temperature
and reacted for 1 h. The reaction mixture was filtered, and a filter cake was washed with
dichloromethane (20 mL), the filtrate was collected to obtain the dichloromethane solution of
the target compound 5b (light yellow).

Step 2: the compound Se (50.9 g, 254 mmol) and triethylamine (70.1 g, 693 mmol) were
dissolved in dichloromethane (250 mL), the dichloromethane solution of the above compound
S5b was added into the solvent dropwise at room temperature, and the resulting mixture was
stirred overnight at room. After the reaction was completed, the reaction mixture was mixed
with silica gel and concentrated under reduced pressure, and purified by column
chromatography (PE: EtOAc=3: 1, iodine color development) to obtain a target compound 5d
(20.0 g, 68.9 mmol, light yellow solid, two-step yield: 30%), MS/ESI[M+H]*=291.1.

Step 3: the compound 5d (20.0 g, 68.9 mmol) was dissolved in ethyl acetate (100 mL),
followed by adding HCI/EtOAc (86 mL, 345 mmol, 4.0 M), and the resulting mixture was
stirred for 1 h at room temperature. After the reaction was completed, the reaction mixture
was concentrated under reduced pressure to obtain a target compound 5e (15.6 g, 59.3 mmol,
white solid, yield: 86%), MS/ESI[M+H]"=191.2.

(R)-6-((1-(3,3-difluorocyclobutyl)piperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-
5-yl)-4-methyl-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 2. 'H
NMR (400 MHz, CDCl3) & 7.62 (d, J=5.5 Hz, 1H), 7.47-7.31 (m, 2H), 7.21 (d, J=8.5 Hz, 1H),
6.31 (s, 1H), 4.24 (s, 1H), 3.60 (s, 3H), 2.67 (dd, J=11.5, 7.9 Hz, 3H), 2.52-2.33 (m, 4H), 2.23
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(dd, J=16.5, 9.0 Hz, 1H), 1.83-1.70 (m, 4H), 1.66-1.61 (m, 1H). MS/ESI[M-+H]"=448.3.
Embodiment 6:
(R)-6-((1-(ethyl-d5)piperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-1,2,
4-triazin-5(4H)-ketone
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Step 1: the compound Sc¢ (10.0 g, 49.9 mmol) and K>CO3 (13.8 g, 99.8 mmol) were
added into MeCN (100 mL), followed by adding deuterated bromoethane (6.83 g, 59.9 mmol),
and the resulting mixture was stirred overnight at the room temperature. After the reaction
was completed, the reaction mixture was filtered, the filtrate was concentrated under reduced
pressure, the filter cake was dissolved in EtOAc (100 mL) and washed with water (30 mL x
3), the organic phase was collected and dried with anhydrous Na2SO,, filtered and
concentrated under reduced pressure to obtain a target compound 6a (10.1 g, 43.3 mmol, light
brown solid, yield: 87%). 'H NMR (400 MHz, CDCl3) § 4.99 (s, 1H), 3.73 (s, 1H), 2.54-2.21
(m, 4H), 1.74-1.52 (m, 4H), 1.45 (s, 9H).

Step 2: the compound 6a (10.1 g, 43.3 mmol) was dissolved in dioxane (50 mL),
followed by slowly adding HCl/dioxane (65 mL, 4.0 M), and the resulting mixture was stirred
for 1 h at room temperature. The reaction mixture was concentrated under reduced pressure to
obtain a target compound 6b (9.20 g, 44.6 mmol, white solid, yield: 100%).

(R)-6-((1-(ethyl-d5)piperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl
-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 2. 'H NMR (400 MHz,
MeOD) ¢ 8.51 (s, 1H), 7.64 (d, J=5.6 Hz, 1H), 7.58 (dd, J=6.9, 4.5 Hz, 2H), 7.30 (d, /=8.2 Hz,
1H), 4.35 (t, /=8.8 Hz, 1H), 3.65 (d, J=9.4 Hz, 1H), 3.36 (s, 3H), 3.30 (d, J=4.5 Hz, 1H),
3.09-2.80 (m, 2H), 2.09 (dd, J=26.7, 9.0 Hz, 2H), 1.96-1.71 (m, 2H). MS/ESI[M+H]*=391.5.
Embodiment 7:
(R)-6-((1-(ethyl-d5)piperidin-3-yl)amino)-3-(1-hydroxynaphthalen-2-yl)-4-methyl-1,2,4-triazi
n-5(4H)-ketone
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(R)-6-((1-(ethyl-d5)piperidin-3-yl)amino)-3-(1-hydroxynaphthalen-2-yl)-4-methyl-1,2,4-
triazin-5(4H)-ketone (60 mg, 19.5%) was prepared by referring to Embodiment 2. 'H NMR
(400 MHz, DMSO-ds) & 10.14 (br s, 1H), 8.29 (d, J=8.0 Hz, 1H), 7.92 (d, J=7.6 Hz, 1H),
7.68-7.45 (m, 3H), 7.38 (d, J/=8.4 Hz, 1H), 6.83 (br s, 1H), 4.16-4.01 (m, 1H), 3.19 (s, 3H),
2.95-2.74 (m, 1H), 2.65-2.54 (m, 1H), 2.29-2.09 (m, 2H), 1.84-1.45 (m, 4H).
MS/ESI[M+H]"=385.0.

Embodiment 8:
(R)-6-((1-(cyclopropylmethyl)piperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-
methyl-1,2,4-triazin-5(4H)-ketone
>y Y thr —n
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Step 1: the compound 5¢ (1.0 g, 5 mmol) and bromomethyl cyclopropane (675 mg, 5
mmol) were dissolved in 10 mL anhydrous acetonitrile, followed by adding potassium
carbonate (759 mg, 5.5 mmol), and the reaction solution was stirred overnight at room
temperature. The generation of target products was confirmed by an LC-MS. The reaction
solution was filtered, the filtrate was concentrated under reduced pressure. The resulting
residue was diluted with ethyl acetate, the organic phase was washed three times with water
and saturated brine solution, dried with anhydrous sodium sulfate, and filtered, and the filtrate
was concentrated under reduced pressure to obtain a crude product. The crude product was
purified by methanol/dichloromethane to obtain a target product 8a (300 mg, yield: 24%).
MS/ESI[M+H]"=255.6.

Step 2: the compound 8a (300 mg, 1.18 mmol) was completely dissolved in anhydrous
DCM (5 mL), followed by adding hydrochloric acid dioxane solution (4 M, 5 mL). The

resulting mixture was reacted for 2 h at room temperature, and the complete reaction of the
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raw materials was confirmed by the LC-MS. The reaction solution was concentrated under
reduced pressure to obtain a compound 8b (267 mg, yield: 100%), MS/ESI[M+H]*=155.1.
(R)-6-((1-(cyclopropylmethyl)piperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)
-4-methyl-1,2,4-triazin-5(4H)-ketone (128 mg, 39.1%) was synthesized by referring to
Embodiment 2. '"H NMR (400 MHz, DMSO-ds) & 10.41 (br s, 1H), 9.54 (br s, 1H), 7.79-7.70
(m, 2H), 7.63 (d, J/=8.0 Hz, 1H), 7.28 (d, /=8.4 Hz, 1H), 4.41-4.29 (m, 1H), 3.72-3.54 (m, 2H),
3.23 (s, 3H), 3.15-3.02 (m, 2H), 2.97-2.80 (m, 2H), 2.06-1.94 (m, 2H), 1.86-1.68 (m, 2H),
1.14-1.01 (m, 1H), 0.72-0.58 (m,2H), 0.46-0.33 (m, 2H). MS/ESI[M+H]"=412.0.
Embodiment 9:
(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-6-((1-(2-hydroxyethyl)piperidin-3-yl)amino)-4-meth
yl-1,2,4-triazin-5(4H)-ketone
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(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-6-((1-(2-hydroxyethyl)piperidin-3-yl)amino)-4-
methyl-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 1.
MS/ESI[M+H]*=402.2. 'H NMR (400 MHz, Methanol-ds) & 7.52 (d, J=5.6 Hz, 1H),
7.47-7.40 (m, 2H), 7.18 (d, J=8.0 Hz, 1H), 4.12-4.02 (m, 1H), 3.64-3.57 (m, 2H), 3.24 (s, 3H),
3.01-2.91 (m, 1H), 2.66-2.57 (m, 1H), 2.55-2.47 (m, 2H), 2.44-2.26 (m, 2H), 1.87-1.67 (m,
2H), 1.65-1.47 (m, 2H).

Embodiment 10:
(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-((1-(methyl-d3)piperidin-3-yl)amino)-1,
2,4-triazin-5(4H)-ketone
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Step 1: the compound 5¢ (2 g, 10 mmol), CDsI (1.5 g, 10 mmol), K2CO3 (2.76 g, 20
mmol) and acetonitrile (30 mL) were added into a drying flask as solvents, and reacted

overnight at room temperature, upon the addition of water, the reaction mixture was extracted
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three times with ethyl acetate, the organic phases were combined, dried with anhydrous
sodium sulfate, and filtered, and the filtrate was concentrated under reduced pressure. The
resulting residue was purified by column chromatography to obtain a compound 10a (white
solid, 2.03 g). MS/ESI[M+H]*=218.2.

Step 2: the compound 10a (2.03 g, 9.35 mmol), 1,4-dioxane (10 mL), and HCI (4 M, in
dioxane) (9.35 mL) were added into the drying flask, and reacted for 3 h at room temperature.
The reaction mixture was concentrated under reduced pressure to remove the excess solvent
to obtain a compound 10b (white solid, 1.32 g), and the compound 10b can be directly used in
next reaction.

Step 3: the compound 10b (1.32 g, 7 mmol), INTS (2.28 g, 7 mmol), Pd(OAc), (157.2
mg, 0.7 mmol), BINAP (435.9 mg, 0.7 mmol), and Cs2COs (6.6 g, 35 mmol) were added into
the drying flask, under nitrogen atmosphere, the resulting mixture was reacted overnight at
100°C with dioxane (35 mL) as a solvent, after the completion of the reaction was confirmed
by TLC, the reaction mixture was filtered and concentrated under reduced pressure, the
resulting residue was purified by column chromatography to obtain a compound 10c¢ (brown
oily liquid, 0.95 g). MS/ESI[M+H]"=363.2.

Step 4: the compound 10c¢ (0.95 g, 2.6 mmol), DCM (10 mL) and TfOH (1.17 g, 7.8
mmol) were added into the drying flask, and reacted overnight at room temperature, after the
completion of the reaction was confirmed by TLC, the pH of the reaction mixture was
adjusted to pH=8-9 with dry NaHCO3 and a small amount of ammonia water, and the
reaction mixture was dried with anhydrous Na>SO4 and filtered, the filtrate was concentrated
under reduced pressure, and the resulting residue was purified by column chromatography to
obtain a compound 10d (brown oily liquid, 600 mg). MS/ESI[M+H]"=243.2.

Step 5: the compound 10d (600 mg, 2.5 mmol) and POCl; (6 mL) were added into the
drying flask, and the resulting mixture was reacted overnight at 100°C, after the reaction was
completed, the reaction mixture was concentrated under reduced pressure to remove excess
POCIl;, the PH of the reaction mixture was adjusted to 8-9 with dry NaHCO3 and a small
amount of ammonia water, and the reaction mixture was dried with anhydrous Na,SO4 and
filtered,,the filtrate was concentrated under reduced pressure, and the resulting residue was
purified by column chromatography to obtain a compound 10e (light brown solid, 487 mg).
MS/ESI[M+H]™=261.1.
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Step 6: the compound 10e (200 mg, 0.77 mmol), INT1 (268 mg, 0.93 mmol),
Pd(dppf)Clz (58.6 mg, 0.08 mmol), Cs2COs (1.17 g, 3.6 mmol) and 1,4-dioxane/H>O (6 mL/1
mL) were added into the drying flask, and reacted overnight at 100°C. After the completion of
the reaction was confirmed by TLC, the reaction solution was returned to room temperature
and filtered, and the filtrate was concentrated under reduced pressure. The resulting residue
was purified by column chromatography to obtain a compound 10f (yellow oily liquid, 108
mg). MS/ESI[M+H]"=389.2.

Step 7: under nitrogen atmosphere, the compound 10f (108 mg, 0.28 mmol) and DCM (2
mL) were added into the drying flask and cooled at -10°C, followed by adding BBr3; (1 M, 1
mL) dropwise, and the resulting mixture was reacted for 3 h. After MeOH was added into the
reaction solution for quenching the reaction, the reaction solution was returned to room
temperature and concentrated under reduced pressure. The resulting residue was purified by
column chromatography to obtain a compound 10 (light yellow solid, 15.6 mg). 'H NMR
(400 MHz, CDCl3) 6 7.55 (d, J=5.5 Hz, 1H), 7.35-7.28 (m, 2H), 7.14 (d, J=8.5 Hz, 1H), 4.15
(s, 1H), 3.51 (s, 3H), 2.64-2.38 (m, 4H), 2.28-2.09 (m, 4H), 1.59-1.48 (m, 1H).

Embodiment 11:
(R)-3-(4-cyclopropyl-2-hydroxyphenyl)-6-((1-ethylpiperidin-3-yl)amino)-4-methyl-1,2,4-triaz
in-5(4H)-ketone
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Step 1: the compound 2d (150 mg, 0.32 mmol), INT6 (104.2 mg, 0.38 mmol),
Pd(dppf)Cl2 (22 mg, 0.03 mmol), and Cs2CO3 (417.3 mg, 1.28 mmol) were added into the
drying flask, under nitrogen atmosphere, the resulting mixture was reacted overnight at 100°C
with dioxane as a solvent. After the completion of the reaction was confirmed by TLC, the
reaction mixture was filtered, and the filtrate was concentrated under reduced pressure to
remove the excess solvent, the resulting residue was purified by column chromatography to
obtain a compound 11a (brown oily liquid, 79 mg). MS/ESI[M+H]"=384.2.

Step 2: under nitrogen atmosphere, the compound 11a (79 mg, 0.21 mmol) and DCM (1
mL) were added into the drying flask and cooled at-10°C, followed by adding BBr3 (1 M, 0.84
mL) dropwise, and the resulting mixture was reacted for 3 h. After MeOH was added into the

reaction solution for quenching the reaction, the reaction solution was returned to room
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temperature and concentrated under reduced pressure. The resulting residue was purified by
column chromatography to obtain a compound 11 (off-white solid, 4.5 mg). 'H NMR (400
MHz, CD3;0OD) 6 7.61 (d, /=4.1 Hz, 1H), 7.16-7.08 (m, 2H), 4.25-4.19 (m, 1H), 3.34 (s, 3H),
2.95-2.75 (m, 4H), 2.15-2.02 (m, 4H), 1.97-1.78 (m, 3H), 1.79-1.62 (m, 2H), 1.33-1.24 (m,
5H), 1.23-1.12 (m, 1H).

Embodiment 12:
(R)-4-ethyl-6-((1-ethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-1,2,4-triazi
n-5(4H)-ketone
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Step 1: the compound INTSa (200 mg, 1.04 mmol) was added into the reaction flask,
then, DMF (10 mL) and DIEA (269 mg, 2.08 mmol) were added into the reaction flask,
followed by slowly dropping iodoethane (163 mg, 1.04 mmol), and the resulting mixture was
reacted for 3 h at room temperature, after the completion of the reaction was confirmed by
LC-MS, water was added into the reaction mixture, the reaction mixture was extracted with
EA and re-extracted with the water phase, the organic phases were combined and
concentrated, and the resulting residue was purified by column chromatography and
concentrated to obtain a product 12a (200 mg). LC-MS: ESI[M+H]*=221.0.

Step 2: the compound 12a (200 mg, 0.91 mmol), potassium carbonate (251 mg, 1.82
mmol) and PMBCI (213 mg, 1.36 mmol) were added in the reaction flask, followed by adding
DMF (10 mL), and the resulting mixture was heated to 60°C and reacted for 3 h. After the
completion of the reaction was confirmed by LC-MS, water was added into the reaction
mixture, the reaction mixture was extracted with EA and re-extracted with the water phase,
the organic phases were combined and concentrated, and the resulting residue was purified by
column chromatography and concentrated to obtain a product 12b (110 mg). LC-MS:
ESI[M+H]"=341.1.

Step 3: the compound 12b (110 mg, 0.32 mmol), 2a (83 mg, 0.65 mmol), palladium
acetate (6 mg, 0.03 mmol), BINAP (35 mg, 0.06 mmol), cesium carbonate (185 g, 0.57 mmol),

and dioxane (10 mL) were added into the reaction flask, and then stirred for 15 h at 100°C
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under nitrogen atmosphere. After the reaction was completed, the reaction mixture was cooled
to room temperature and concentrated, and the resulting residue was purified by silica gel
column chromatography to obtain a product 12¢ (69 mg), LC-MS:ESI[M+H]"=387.0.

Step 4: the compound 12¢ (69 mg, 0.18 mmol) was added in the reaction flask, and
added dichloromethane (5 mL), and cooled to 0°C, followed by slowing dropping
trifluoromethanesulfonic acid (I mL) into the reaction flask, and the resulting mixture was
stirred for 15 h at room temperature. After the reaction was completed, the reaction mixture
was cooled to 0°C-5°C with acetonitrile (10 mL), solid sodium bicarbonate was added into the
cooled mixture until no large amounts of bubbles were generated, then the pH of the cooled
mixture was adjusted to be 7-8 with ammonia water, the mixture was dried with anhydrous
sodium sulfate, filtered and concentrated under reduced pressure, and the obtained crude
product was purified by silica gel column chromatography to obtain a compound 12d (43 mg),
LC-MS:ESI[M+H]"=268.1.

Step 5: the compound 12d (43 mg, 0.16 mmol) was dispersed in phosphorus oxychloride
(10 mL) and the resulting mixture was stirred for 12 h at 110°C under nitrogen atmosphere.
After the reaction was completed, the solvent was directly concentrated, the resulting residue
was dispersed in acetonitrile (10 mL) and dichloromethane (10 mL), the resulting mixture was
cooled to 0°C-5°C, solid sodium bicarbonate was added into the cooled mixture until no large
amounts of bubbles were generated, then the pH of the cooled mixture was adjusted to be 7-8
with the ammonia water, and the mixture was dried with anhydrous sodium sulfate, filtered
and concentrated under reduced pressure, and the obtained crude product was purified by
silica gel column chromatography to obtain a compound 12e (30 mg),
LC-MS:ESI[M+H]"=286.1.

Step 6: the compound 12e (30 mg, 0.10 mmol), INT1 (46 mg, 0.16 mmol), Pd(dppf)-Cl>
(7 mg, 0.01 mmol), cesium carbonate (68 mg, 0.21 mmol), dioxane (8 mL)/water (2 mL) were
added into the reaction flask and stirred for 15 h at 100°C under nitrogen atmosphere. After
the reaction was completed, the reaction mixture was cooled to room temperature, and the
resulting residue was purified by silica gel column chromatography to obtain a compound 12f
(22 mg), LC-MS:ESI[M+H]"=414.0.

Step 7: the compound 12f (22 mg, 0.05 mmol) was added into the reaction flask and
added DCM (10 mL) and cooled to -10°C, followed by slowly dropping BBr3 (67 mg, 0.27
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mmol), and the resulting mixture was reacted for 3 h at -10°C After the completion of the
reaction was confirmed by MS, methanol was added into the reaction mixture for quenching
the reaction, the reaction solution was concentrated, and the resulting residue was purified by
silica gel column chromatography to obtain a compound 12 (5 mg).
LC-MS:ESI[M+H]"=400.1. 'H NMR (400 MHz, DMSO-ds) 8 10.26 (s, 1H), 7.73 (d, J=8.0
Hz, 1H), 7.71 (d, J=8.0 Hz, 1H), 7.59 (d, J=8.0 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H), 3.83 (q,
J=8.0, 4.0 Hz, 2H), 2.38-2.34 (m, 4H), 1.67-1.55 (m, 4H), 1.49-1.45 (m, 2H), 1.14 (t, J=8.0
Hz 3H), 1.02 (t, /=8.0 Hz 3H).
Embodiment 13:
(R)-3-(1-(difluoromethylene)-4-hydroxy-2,3-dihydro-1H-inden-5-yl)-4-methyl-6-((1-methylpi
peridin-3-yl)amino)-1,2,4-triazin-5 (4H)-ketone
F \
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(R)-3-(1-(difluoromethylene)-4-hydroxy-2,3-dihydro-1H-inden-5-yl)-4-methyl-6-((1-met
hylpiperidin-3-yl) amino)-1,2,4-triazin-5 (4H)-ketone was prepared by referring to
Embodiment 2. MS/ESI[M+H]"=404.2. '"H NMR (400 MHz,CDsOD) & 7.28 (d, J=7.7 Hz,
1H), 7.13 (d, J=7.5 Hz, 1H), 4.33-4.28 (m, 1H), 3.36 (s, 3H), 3.12-3.03 (m, 2H), 2.95-2.91 (m,
2H), 2.84-2.81 (m, 1H), 2.27(s, 3H), 2.25-2.09 (m, 3H), 2.04-1.94 (m, 2H), 1.82-1.74 (m, 1H),
1.42-1.34 (m, 2H).
Embodiment 14:
(R)-6-((1-(3,3-Difluorocyclobutyl)piperidin-3-yl)amino)-3-(1-(difluoromethylene)-4-hydroxy
-2,3-dihydro-1H-inden-5-yl)-4-methyl-1,2,4-triazin-5(4H)-ketone
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(R)-6-((1-(3,3-Difluorocyclobutyl)piperidin-3-yl)amino)-3-(1-(difluoromethylene)-4-hyd
roxy-2,3-dihydro-1H-inden-5-yl)-4-methyl-1,2,4-triazin-5(4H)-ketone ~ was prepared by
referring to Embodiment 2. MS/ESI[M+H]*=480.2. 'H NMR (400 MHz, CDs;OD) & 7.08 (d,
J=7.9 Hz, 1H), 6.86 (d, J/=7.8 Hz, 1H), 4.02 (s, 1H), 3.25 (S, 3H), 2.96-2.90 (m, 2H),
2.76-2.72 (m, 2H), 2.65-2.52 (m, 2H), 2.47-2.24 (m, 3H), 2.12-2.07 (m, 1H), 1.98-1.92 (m,
1H), 1.59-1.46 (m, 3H), 1.25-1.23 (m, 2H), 1.20-1.18 (m, 4H).
Embodiment 15:
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(R)-3-(1-(difluoromethylene)-4-hydroxy-2,3-dihydro-1H-inden-5-yl)-6-((1-(ethyl-d5)piperidi
n—3-yl)amino) 4-methyl-1,2,4-triazin-5(4H)-ketone
u« ) A \\NJ;NH oo . F § \\NJ/{:NH
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Step 1: under nitrogen atmosphere, the compound 6e (132 mg, 0.5 mmol), INT3 (193.2
mg, 0.6 mmol), Pd(dppf)Cl> (36.6 mg, 0.05 mmol), Cs;CO; (652 mg, 2 mmol) and
dioxane/H20 (5 mL/1 mL) were added into the drying flask, and reacted overnight at 100°C.
After the completion of the reaction was confirmed by TLC, the reaction solution was
returned to room temperature and filtered, and the filtrate was concentrated under reduced
pressure. The resulting residue was purified by column chromatography to obtain a compound
15a (brown oily liquid, 108 mg). MS/ESI[M+H]"=437.2.

Step 2: under nitrogen atmosphere, the compound 15a (108 mg, 0.25 mmol) and DCM
(2 mL) were added into the drying flask and cooled at -10°C, followed by adding BBr3 (1 M,
1 mL) dropwise, and the resulting mixture was reacted for 3 h, after MeOH was added into
the reaction solution for quenching the reaction, the reaction solution was returned to room
temperature and concentrated under reduced pressure. The resulting residue was purified to
obtain a compound 15 (light yellow solid, 42.5 mg). '"H NMR (400 MHz,CD3OD) & 7.28 (d,
J=7.7 Hz, 1H), 7.13 (d, J=7.5 Hz, 1H), 4.33-4.28 (m, 1H), 3.38 (s, 3H), 3.10-3.04 (m, 2H),
2.94-2.91 (m, 2H), 2.84-2.80 (m, 1H), 2.25-2.09 (m, 3H), 2.04-1.94 (m, 2H), 1.82-1.72 (m,
1H), 1.34-1.31 (m, 2H).
Embodiment 16:
(R)-6-((1-cyclopropylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-1,
2,4-triazin-5(4H)-ketone
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Step 1: the compound Sc¢ (400 mg, 2 mmol) and 16a (522 mg, 3 mmol) were dissolved in
9 mL tetrahydropyran and 1 mL methanol, followed by adding sodium cyanoborohydride
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(378 mg, 6 mmol) and glacial acetic acid (1.44 g, 24 mmol) sequentially at room temperature
under nitrogen atmosphere, and the reaction solution was stirred for 16 h at 65°C. After the
completion of the reaction was confirmed by TLC, the reaction solution was filtered, and the
filtrate was concentrated under reduced pressure. The resulting residue was diluted with a
saturated sodium bicarbonate solution and the diluent was extracted three times with DCM,
the organic phases were combined and washed with the saturated brine solution, dried with
anhydrous sodium sulfate, and filtered, and the filtrate was concentrated under reduced
pressure to obtain a crude product. The crude product was purified by
methanol/dichloromethane to obtain a compound 16b (300 mg, yield: 62.5%),
MS/ESI[M+H]"=241.3.

Step 2: the compound 16b (300 mg, 1.25 mmol) was completely dissolved in anhydrous
DCM (5 mL), followed by adding hydrochloric acid dioxane solution (4 M, 10 mL). The
resulting mixture was reacted for 2 h at room temperature, and the complete reaction of the
raw materials was confirmed by the LC-MS. The reaction solution was concentrated under
reduced pressure to obtain a compound 16¢ (270 mg), MS/ESI[M+H]|"=141.1.

Step 3: the compound INT5 (300 mg, 0.92 mmol), 16¢ (193.2 mg, 1.38 mmol),
Pd(OAc): (20.2 mg, 0.09 mmol), BINAP (56.1 mg, 0.09 mmol), and Cs:CO3 (1.47 g, 4.5
mmol) were added into the drying flask, under nitrogen atmosphere, the resulting mixture was
reacted overnight at 100°C with dioxane (10 mL) as a solvent. After the completion of the
reaction was confirmed by TLC, the reaction mixture was filtered and concentrated under
reduced pressur, the resulting residue was purified by column chromatography to obtain a
compound 16d (yellow oily liquid, 385 mg). MS/ESI[M+H]"=386.2.

Step 4: the compound 16d (325 mg, 0.84 mmol), DCM (4 mL) and TfOH (378.2 mg,
2.52 mmol) were added into the drying flask and reacted overnight at room temperature, after
the completion of the reaction was confirmed by TLC, the pH of the reaction mixture was
adjusted to 8-9 with dry NaHCOs3 and a small amount of ammonia water, and the reaction
mixture was dried with anhydrous Na>SOgs and filtered, the filtrate was concentrated under
reduced pressure, and the resulting residue was purified by column chromatography to obtain
a compound 16e (brown solid, 201 mg). MS/ESI[M+H]|"=266.2.

Step 5: the compound 16e (201 mg, 0.81 mmol) and POCI; (5 mL) were added into the

drying flask, and the resulting mixture was reacted overnight at 100°C, after the reaction was
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completed, the reaction mixture was concentrated under reduced pressure to remove excess
POCI;, the pH of the reaction mixture was adjusted to 8-9 with dry NaHCO3 and a small
amount of ammonia water, and the reaction mixture was dried with anhydrous Na2SO4 and
filtered, the filtrate was concentrated under reduced pressure, and the resulting residue was
purified by column chromatography to obtain a compound 16f (light brown solid, 102 mg).
MS/ESI[M+H]"=284.1.

Step 6: under nitrogen atmosphere, the compound 16f (102 mg, 0.36 mmol), the
compound INT1 (125.3 mg, 0.43 mmol), Pd(dppf)Cl2 (29.3 mg, 0.04 mmol), Cs2CO3 (469.4
mg, 1.44 mmol) and 1,4-dioxane/H>0O (4 mL/0.8 mL) were added into the drying flask and
reacted overnight at 100°C. After the completion of the reaction was confirmed by TLC, the
reaction solution was returned to room temperature and filtered, and the filtrate was
concentrated under reduced pressure. The resulting residue was purified by column
chromatography to obtain a compound 16g (bright yellow oily liquid, 87 mg).
MS/ESI[M+H]"=412.2.

Step 7: under nitrogen atmosphere, the compound 16g (87 mg, 0.21 mmol) and DCM (2
mL) were added into the drying flask and cooled at -10°C, followed by adding BBr3 (1 M,
0.84 mL) dropwise, and the resulting mixture was reacted for 3 h. After MeOH was added
into the reaction solution for quenching the reaction, the reaction solution was returned to
room temperature and concentrated under reduced pressure. The resulting residue was
purified by column chromatography to obtain a compound 16 (off-white solid, 22.1 mg). 'H
NMR (400 MHz, CDs;0OD) 6 7.52 (d, J=5.5 Hz, 1H), 7.48-7.44 (m, 2H), 7.19 (d, J/=8.3 Hz,1H),
4.01 (s, 1H), 3.23 (s, 3H), 3.15-3.02 (m, 2H), 2.97-2.80 (m, 2H), 2.06-1.94 (m, 2H), 1.86-1.68
(m, 2H), 1.14-1.01 (m, 1H), 0.72-0.58 (m, 2H), 0.46-0.33 (m, 2H). MS/ESI[M+H]|"=398.2.
Embodiment 17:

(R)-4-ethyl-3-(4-hydroxybenzo[b]thiophen-5-yl)-6-[ (1-methylpiperidin-3-yl)amino]-1,2,4-tria
zin-5(4H)-ketone
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(R)-4-ethyl-3-(4-hydroxybenzo[b]thiophen-5-yl)-6-[ (1-methylpiperidin-3-yl)amino]-1,2,
4-triazin-5(4H)-ketone was prepared by referring to Embodiment 12. 'H NMR (400 MHz,
DMSO ) 6 10.22 (s, 1H), 7.73 (d, J=4.0 Hz, 2H), 7.59 (d, J=8.0 Hz, 1H), 7.29 (d, J=8.0 Hz,
1H), 4.14 (s, 1H), 3.72 (q, J=8.0, 4.0 Hz, 2H), 3.05-2.95 (m, 1H), 2.74-2.68 (m, 1H), 2.41 (s,
3H), 1.85-1.73 (m, 2H), 1.68-1.55 (m, 2H), 1.00 (t, J =8.0 Hz, 3H). MS/ESI[M+H]"=386.1.
Embodiment 18:
(R)-3-(1-hydroxy-2-naphthyl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)-1,2,4-triazin-5(4H)

-ketone
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(R)-3-(1-hydroxy-2-naphthyl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)-1,2,4-triazin-
5(4H)-ketone was prepared by referring to Embodiment 2. MS/ESI[M+H]*=366.2.
Embodiment 19:
(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(1-hydroxynaphthalen-2-yl)-4-methyl-1,2,4-triazin-5(
4H)-ketone
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(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(1-hydroxynaphthalen-2-yl)-4-methyl-1,2,4-triazi
n-5(4H)-ketone was prepared by referring to Embodiment 2. MS/ESI[M+H]"=380.2.
Embodiment 20:
(R)-6-((1-(2-hydroxyethyl)piperidin-3-yl)amino]-3-(1-hydroxynaphthalen-2-yl)-4-methyl-1,2,
4-triazin-5(4H)-ketone
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(R)-6-((1-(2-hydroxyethyl)piperidin-3-yl)amino]-3-(1-hydroxynaphthalen-2-yl)-4-methyl
-1,2,4-triazin-5(4H)-ketone ~ was  prepared by referring to  Embodiment 1.
MS/ESI[M+H]"=396.2.

Embodiment 21:
(R)-4-cyclopropyl-3-(4-hydroxybenzo[b]thiophen-5-yl)-6-((1-methylpiperidin-3-yl)amino)-1,
2,4-triazin-5(4H)-ketone

HoN

i /@A Q J> N <LN P <L P
/\ < — N
>—B
i % T o e X PR g O
N. N ~ DiEa omr \ N-N HN-N
N So PME N— N—
H PMB

INT5a 21a 21b 21c 21d

< 5

N e
_POCl CI—<}\le§\ sz Cown I 7z< 5;}% J&NH @% J&NH

(R)-4-cyclopropyl-3-(4-hydroxybenzo[b]thiophen-5-yl)-6-((1-methylpiperidin-3-yl)amin
0)-1,2,4-triazin-5(4H)-ketone ~ was  prepared by referring to Embodiment 12.
MS/ESI[M+H]"=398.2.

Embodiment 22:
(R)-4-cyclopropyl-6-((1-ethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-1,2,
4-triazin-5(4H)-ketone
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(R)-4-cyclopropyl-6-((1 -ethylpiperidin—3 -yl)amino)-3 -(4-hydr0xybenzo [b]thiophen-5-yl)
-1,2,4-triazin-5(4H)-ketone ~ was  prepared by referring to Embodiment 12.
MS/ESI[M+H]"=412.2.

Embodiment 23:
(R)-4-cyclopropyl-3-(4-hydroxybenzo[b]thiophen-5-y1)-6-((1-(2-hydroxyethyl)piperidin-3-yl)

amino)-1,2,4-triazin-5(4H)-ketone
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(R)-4-cyclopropyl-3-(4-hydroxybenzo[b]thiophen-5-yl)-6-((1-(2-hydroxyethyl)piperidin-
3-yl)amino)-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 11.
MS/ESI[M+H]"=428.2.
Embodiment 24:
(R)-3-(4-ethynyl-2-hydroxyphenyl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)-1,2,4-triazin
-5(4H)-ketone
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Step 1: the compound 24a (2.0 g, 9.35 mmol) and HBr (48%, 18 mL) were added into
the drying flask, and the resulting mixed solution was stirred overnight at 100°C. After the
reaction was completed, the mixed solution was returned to room temperature, quenched with
water and extracted three times with ethyl acetate, the resulting organic phases were
combined, dried with anhydrous sodium sulfate and filtered, and the filtrate was concentrated
under reduced pressure. The resulting residue was purified by column chromatography to
obtain a compound 24b (1.13 g, 60%). LC-MS: ESI[M+H]"=200.9.

Step 2: the compound 24b (1.13 g, 5.65 mmol) was added into the drying flask and
dissolved in THF (20 mL), the resulting solution was cooled to 0°C, followed by adding NaH
(60%, 339.2 mg, 8.48 mmol), the resulting mixture was stirred for 20 min, followed by
adding MOMCI (797.1 mg, 8.48 mmol), the resulting solution was reacted for 4 h, quenched

with a saturated NH4ClI aqueous solution, dispensed, extracted three times with ethyl acetate,
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the resulting organic phases were combined, dried with anhydrous sodium sulfate, and
filtered,and the filtrate was concentrated under reduced pressure. The resulting residue was
purified by column chromatography to obtain a compound 24c¢ (1.24 g, 90%). LC-MS:
ESI[M+H]"=245.1.

Step 3: the compound 24c¢ (1.24 g, 5.08 mmol), (Bpin) (1.55 g, 6.1 mmol), Pd(dppf)Cl>
(36.6 mg, 0.05 mmol), KOAc (1.0 g, 10.2 mmol), and 1,4-dioxane (20 mL) were added into
the drying flask and stirred overnight at 100°C. After the reaction was completed, the mixed
solution was returned to room temperature and extracted three times with ethyl acetate upon
the addition of water, the resulting organic phases were combined, dried with anhydrous
sodium sulfate and filtrated, and the filtrate was concentrated under reduced pressure. The
resulting residue was purified by column chromatography to obtain a compound 24d (684 mg,
46%). LC-MS: ESI[M+H]"=293.1.

Step 4: K2COs (646.8 mg, 4.68 mmol) and compound 24e (539.2 mg, 2.81 mmol) were
added into the solution of the compound 24d (684 mg, 2.34 mmol) in MeOH (8 mL) at room
temperature, the resulting mixture was reacted for 3 h at room temperature, and the reaction
mixture was concentrated under reduced pressure to remove the excess solvent, dissolved in
water, extracted with DCM, dried with anhydrous sodium sulfate, and filtered, and the filtrate
was concentrated under reduced pressure. The resulting residue was purified by column
chromatography to obtain a compound 24f (366 mg, 54%). LC-MS: ESI[M+H]*=289.2.

Step 5: the compound 24f (182 mg, 0.63 mmol), 16¢ (206.0 mg, 0.76 mmol),
Pd(dppf)Cl2 (43.9 mg, 0.06 mmol), Cs2CO3 (616.1 mg, 1.89 mmol) and 1,4-dioxane (20 mL)
were added into the drying flask and reacted overnight at 100°C, after the reaction was
completed, the mixed solution was returned to room temperature and filtered, and the filtrate
was concentrated under reduced pressure. The resulting residue was purified by column
chromatography to obtain a compound 24g (87 mg, 35%). LC-MS: ESI[M+H]*=384.2.

Step 6: the compound 24¢g (87 mg, 0.22 mmol),1,4-dioxane (3 mL), and HCI (4 M, in
dioxane) (0.3 mL) were added into the drying flask, and reacted for 3 h at room temperature,
the reaction mixture was concentrated under reduced pressure to remove the excess solvent to
obtain a compound 24 (9.8 mg, 13%). LC-MS: ESI[M+H]"=340.2. 'H NMR (400 MHz,
CD30D) 6 7.30 (d, /=7.8 Hz, 1H), 7.05 (d, J=7.8 Hz, 1H), 7.01 (s, 1H), 4.20-4.13 (m, 1H),
3.32 (s, 3H),3.04-2.88 (m, 1H), 2.72-2.54 (m, 1H), 2.32 (s, 3H), 2.30-2.19 (m, 2H), 1.98-1.86
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(m, 1H), 1.84-1.75 (m, 1H), 1.70-1.55 (m, 2H), 1.34-1.32 (m, 1H).

Embodiment 25:
(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(4-ethynyl-2-hydroxyphenyl)-4-methyl-1,2,4-triazin-5
(4H)-ketone
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(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(4-ethynyl-2-hydroxyphenyl)-4-methyl-1,2,4-tria
zin-5(4H)-ketone was prepared by referring to Embodiment 24. MS/ESI[M+H]"=354.2. 'H
NMR (400 MHz, CDs;0OD) 6 7.33 (d, J=7.8 Hz, 1H), 7.11-7.00 (m, 2H), 4.20-4.13 (m, 1H),
3.60 (s, 1H), 3.35 (s, 1H), 3.10-3.02 (m, 1H), 2.77-2.68 (m, 1H), 2.52 (dd, J=14.2, 7.0 Hz,
2H), 2.34-2.21 (m, 1H), 2.02-1.92 (m, 1H), 1.86-1.78 (m, 1H), 1.75-1.67 (m, 1H), 1.64-1.54
(m, 1H), 1.36-1.31 (m,1H), 1.14 (t, J/=7.2 Hz, 3H).

Embodiment 26:
(R)-3-(4-ethynyl-2-hydroxyphenyl)-6-((1-(2-hydroxyethyl)piperidin-3-yl)amino)-4-methyl-1,
2,4-triazin-5(4H)-ketone
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(R)-3-(4-ethynyl-2-hydroxyphenyl)-6-((1-(2-hydroxyethyl)piperidin-3-yl)amino)-4-meth
yl-1,2,4-triazin-5(4H)-ketone ~ was  prepared by referring to Embodiment 1.
MS/ESI[M+H]*=370.2.

Embodiment 27:
(R)-3-(2-hydroxy-4-(prop-1-yn-1-yl)phenyl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)-1,2,
4-triazin-5(4H)-ketone
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Step 1: the compound 24c¢ (8 g, 30.88 mmol, 1.0 eq), 24e (8.9 g, 46.32 mmol, 1.5 eq) and
anhydrous potassium carbonate (8.5 g, 61.76 mmol, 2.0 eq) were added into methanol (150
mL) and the resulting mixture was reacted at room temperature for 3 h. No raw materials were
detected by TLC, the reaction mixture was concentrated under reduced pressure, and
extracted with ethyl acetate (30 mL x 3) upon the addition of water (30 mL). The resulting
organic phases were combined, dried with anhydrous sodium sulfate, and filtered. The filtrate
was concentrated under reduced pressure, and the crude product was purified by silica gel
column chromatography (EA: PE=1: 150) to obtain a compound 27a (3 g, yield: 38.5%).

Step 2: the compound 27a (500 mg, 1.96 mmol, 1.0 eq) was dissolved in anhydrous THF
(10 mL), and the resulting solvent was cooled to -70°C, followed by adding 1.6 mol/L n-butyl
lithium THF solution (1.35 mL, 1.1 eq) dropwise, the resulting mixture was reacted for 1 h at
-75°C to -70°C, followed by adding methyl iodide (834.6 mg, 5.88 mmol, 3.0 eq), the
resulting solvent was normally heated to room temperature and reacted for 16 h. After the
completion of the reaction was confirmed by LC-MS, the saturated ammonium chloride
aqueous solution (50 mL) was added into the reaction mixture, the resulting solvent was
extracted with ethyl acetate (50 mL x 2), and the resulting organic phases were combined,
dried with anhydrous sodium sulfate and filtered, the filtrate was concentrated under reduced
pressure, and the crude product was purified by silica gel column chromatography (EA: PE=1:
100) to obtain a compound 27b (485 mg, yield: 91.9%).

Step 3: the compound 27b (1.28 g, 5.0 mmol), (Bpin)z (1.55 g, 6.0 mmol), Pd(dppf)Cl>
(36.6 mg, 0.05 mmol), KOAc (1.0 g, 10.2 mmol), and 1,4-dioxane (20 mL) were added into
the drying flask and stirred overnight at 100°C. After the reaction was completed, the mixed
solution was returned to room temperature and extracted three times with ethyl acetate upon
the addition of water, the resulting organic phases were combined, dried with anhydrous
sodium sulfate and filtrated, and the filtrate was concentrated under reduced pressure. The
resulting residue was purified by column chromatography to obtain a compound 27¢ (684 mg,
46%). LC-MS: ESI[M+H]"=303.1.

(R)-3-(2-hydroxy-4-(prop-1-yn-1-yl)phenyl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)
-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 24. LC-MS:
ESI[M+H]"=354.2. 'H NMR (400 MHz, DMSO-ds) 3 10.36 (br s, 1H), 7.31 (d, /=8.0 Hz, 1H),
7.06-6.93 (m, 2H), 6.82 (d, /=8.0 Hz, 1H), 4.18-3.91 (m, 1H), 3.23 (s, 3H), 2.79-2.70 (m, 1H),
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2.54-2.45 (m, 1H), 2.24 (s, 3H), 2.21-2.08 (m, 5H), 1.79-1.52 (m, 4H).
Embodiment 28:
(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(2-hydroxy-4-(prop-1-yn-1-yl)phenyl)-4-methyl-1,2,4-
triazin-5(4H)-ketone
Bpin
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(R)-6-((1-Ethylpiperidin-3-yl)amino)-3-(2-hydroxy-4-(prop-1-yn-1-yl)phenyl)-4-methyl-
1,2,4-triazin-5(4H)-ketone ~ was  prepared by referring to  Embodiment 27.
MS/ESI[M+H]"=368.2. '"H NMR (400 MHz, Methanol-ds) & 7.25 (d, J=8.0 Hz, 1H), 6.95 (dd,
J=8.0, 1.2 Hz, 1H), 6.91 (d, J=1.2 Hz, 1H), 4.60 (br s, 1H), 4.23-4.06 (m, 1H), 3.32 (s, 3H),
3.09-2.98 (m, 1H), 2.75-2.63 (m, 1H), 2.56-2.41 (m, 2H), 2.35-2.19 (m, 2H), 2.03 (s, 3H),
1.99-1.91 (m, 1H), 1.86-1.77 (m, 1H), 1.74-1.52 (m, 2H), 1.12 (d, J/=7.2 Hz, 3H).
Embodiment 29:
(R)-6-((1-(2-hydroxyethyl)piperidin-3-yl)amino)-3-(2-hydroxy-4-(prop-1-yn-1-yl)phenyl)-4-
methyl-1,2,4-triazin-5(4H)-ketone
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(R)-6-((1-(2-hydroxyethyl)piperidin-3-yl)amino)-3-(2-hydroxy-4-(prop-1-yn-1-yl)phenyl)
-4-methyl-1,2 4-triazin-5(4H)-ketone was prepared by referring to Embodiment 1.
MS/ESI[M+H]"=384.2.

Embodiment 30:
3-(4-hydroxybenzo[b]thiophen-5-yl)-6-(((1R,2R)-2-hydroxycyclohexyl)amino)-4-methyl-1,2,
4-triazin-5(4H)-ketone.
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Step 1: the compound INT7 (444 mg, 2.00 mmol), 30a (230 mg, 2.00 mmol), and
DIPEA (1.03 g, 8 mmol) were added into the drying flask, added 1,4-dioxane (15 mL) as a
solven, the resulting mixture was reacted overnight at 80°C. After the reaction was completed,

the reaction mixture was concentrated under reduced pressure to remove the excess solvent,
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the resulting residue was purified by column chromatography to obtain a compound 30b (526
mg). MS/ESI[M+H]"=259.1.

Step 2: the compound 30b (163 mg, 0.63 mmol), INT1 (250.9 mg, 0.76 mmol),
Pd(dppf)Cl> (43.9 mg, 0.06 mmol), and Cs>CO3 (782.4 mg, 2.4 mmol) were added into the
drying flask, under nitrogen atmosphere, the resulting mixture was reacted overnight at 100°C
with 1,4-dioxane/H20 (6 mL/0.5 mL) as a solvent. After the completion of the reaction was
confirmed by TLC, the reaction mixture was filtered, and the filtrate was concentrated under
reduced pressure to remove the excess solvent, the resulting residue was purified by column
chromatography to obtain a compound 30¢ (202 mg). MS/ESI[M+H]"=387.1.

Step 3: under nitrogen atmosphere, the compound 30¢ (66 mg, 0.17 mmol) and DCM
(1.5 mL) were added into the drying flask and cooled at -10°C, followed by adding BBr3 (1 M,
0.7 mL) dropwise, and the resulting mixture was reacted for 3 h. After MeOH was added into
the reaction solution for quenching the reaction, the reaction solution was returned to room
temperature and concentrated under reduced pressure. The resulting residue was purified by
column chromatography to obtain a compound 30 (33.5 mg). MS/ESI[M+H]*=373.2. 'H
NMR (400 MHz, DMSO-ds) 6 7.66-7.60 (m, 2H), 7.49 (d, J/=8.4 Hz, 1H), 7.19 (d, J=8.4 Hz,
1H), 6.65 (d, J=7.2 Hz, 1H), 4.75-4.64 (m, 1H), 3.63-3.52 (m, 1H), 3.49-3.40 (m, 1H), 3.13 (s,
3H), 2.09-1.99 (m, 1H), 1.91-1.79 (m, 1H), 1.66-1.51 (m, 2H), 1.28-1.10 (m, 4H).
Embodiment 31:
3-(4-ethynyl-2-hydroxyphenyl)-6-(((1R,2R)-2-hydroxycyclohexyl)amino)-4-methyl-1,2,4-tria
zin-5(4H)-ketone
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3-(4-ethynyl-2-hydroxyphenyl)-6-(((1R,2R)-2-hydroxycyclohexyl)amino)-4-methyl-1,2,
4-triazin-5(4H)-ketone was prepared by referring to Embodiment 24. MS/ESI[M+H]"=341.2.
Embodiment 32:
3-(2-hydroxy-4-(prop-1-yn-1-yl)phenyl)-6-(((1R,2R)-2-hydroxycyclohexyl)amino)-4-methyl-
1,2,4-triazin-5(4H)-ketone.
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3-(2-hydroxy-4-(prop-1-yn-1-yl)phenyl)-6-(((1R,2R)-2-hydroxycyclohexyl)amino)-4-me
thyl-1,2,4-triazin-5(4H)-ketone ~ was prepared by referring to Embodiment 24.
MS/ESI[M+H]"=355.2.
Embodiment 33:
6-(((1R,2R)-2-hydroxycyclohexyl)amino)-3-(1-hydroxynaphthalene-2-yl)-4-methyl-1,2,4-tria
zine-5(4H)-ketone
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6-(((1R,2R)-2-hydroxycyclohexyl)amino)-3-(1-hydroxynaphthalene-2-yl)-4-methyl-1,2,4
-triazine-5(4H)-ketone was prepared by referring to Embodiment 30. MS/ESI[M+H]"=367.2.
Embodiment 34:
(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-(((4-methylmorpholino-2-yl)methyl)ami
no)-1,2,4-triazine-5(4H)-ketone
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(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-(((4-methylmorpholino-2-yl)methyl)
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amino)-1,2,4-triazine-5(4H)-ketone was prepared by referring to Embodiment 4.
MS/ESI[M+H]*=388.2. '"H NMR (400 MHz, CD30D) § 7.53 (d, J=5.7 Hz, 1H), 7.43-7.37 (m,
2H), 7.21 (d, J=8.3 Hz, 1H), 4.03 (s, 1H), 3.62-3.57 (m, 2H), 3.52-3.47 (m, 2H), 3.35 (s,1H),
3.25 (s, 3H), 2.68-2.62 (m, 2H), 2.63-2.54 (m, 2H), 2.48-2.42 (m, 2H), 2.18 (s, 3H).
Embodiment 35:
(8)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-(((4-methylmorpholino-2-yl)methyl)ami
no)-1,2,4-triazine-5(4H)-ketone
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(8)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-(((4-methylmorpholino-2-yl)methyl)
amino)-1,2,4-triazine-5(4H)-ketone was prepared by referring to Embodiment 4.
MS/ESI[M+H]*=388.2. 'H NMR (400 MHz, CD30D) § 7.53 (d, J/=5.7 Hz, 1H), 7.43-7.37 (m,
2H), 7.21 (d, J=8.3 Hz, 1H), 4.03 (s, 1H), 3.62-3.57 (m, 2H), 3.52-3.47 (m, 2H), 3.35 (s,1H),
3.25 (s, 3H), 2.68-2.62 (m, 2H), 2.63-2.54 (m, 2H), 2.48-2.42 (m, 2H), 2.18 (s, 3H).
Embodiment 36:
(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-(((1-isopropylpiperidin-3-yl)amino)-1,2,
4-triazin-5(4H)-ketone
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(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-(((1-isopropylpiperidin-3-yl)amino)
-1,2,4-triazin-5(4H)-ketone ~ was  prepared by referring to  Embodiment 4.
MS/ESI[M+H]*=400.2. 'H NMR (400 MHz, DMSO-ds) 6 8.16 (s, 1H), 7.76 - 7.64 (m, 2H),
7.58 (d, J=8.2 Hz, 1H), 7.27 (d, /=8.2 Hz, 1H), 6.84 (d, J/=8.4 Hz, 1H), 4.11-4.03 (m, 1H),
3.19 (s, 3H), 2.91-2.83 (m, 2H), 2.69-2.61 (m, 1H), 2.45-2.36 (m, 2H), 1.79-1.51 (m, 4H),
1.02 (dd, J=6.5, 1.8 Hz, 6H).
Embodiment 37:
(R)-6-((5,5-difluoro-1-methylpiperidin-3-yl)amino)-3-(4-hydroxybenzb[b]thiophen-5-yl)-4-m
ethyl-1,2,4-triazin-5(4H)-ketone
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(R)-6-((5,5-difluoro- 1-methylpiperidin-3-yl)amino)-3-(4-hydroxybenzb[b]thiophen-5-yl)

-4-methyl-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 4.
MS/ESI[M+H]*=408.2. 'H NMR (400 MHz, CD3OD) 4 7.52 (d, J=5.5 Hz, 1H), 7.48-7.44 (m,
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2H), 7.19 (d, J=8.3 Hz,1 H), 4.01 (s, 1H), 3.23 (s, 3H), 2.87 (s,1H), 2.68-2.62 (m, 2H),
2.63-2.54 (m, 2H), 2.18 (s, 3H), 2.15-2.12(m, 2H).

Embodiment 38:
(R)-3-(4-(difluoromethoxy)benzo[b]thiophen-5-yl)-4-methyl-6-((1-methylpiperidin-3-yl)amin
0)-1,2,4-triazin-5(4H)-ketone

/ \
N Q@ F \ N N*gi
Br cl
ﬂsr QS% Sig 2 Pd(PPhQZCIZ B,Pin, ﬂ i sé;?—w /)—NH
s ~ N-N
e} 2

KOH,MeCN/H,0,50°C,4h Cs CO3,Diox,100°C,12h Pd(dppf)Clz Cs,CO;,
OH : F%F R Diox/H,0,100°C, 12h F—
F

INT1c 38a 38b

38

Step 1:  5-bromobenzo[b]thiophen-4-ol INTlc (1.00 g, 4.37 mmol),
2-(difluoromethyl)sulfonyl)pyridine (1.69 g, 8.74 mmol), KOH (1.23 g, 21.85 mmol), dioxane
(10 mL), and water (2.5 mL) were added in the reaction flask, and stirred for 4 h at 50°C.
After the reaction was completed, the reaction system was layered, the upper organic phases
were collected, directly mixed with the silica gel, and purified by silica gel column
chromatography (petroleum ether: ethyl acetate=30:1) to obtain a compound 38a (1.10 g, 3.94
mmol, 90%). '"H NMR (400 MHz, CDCls) § 7.65 (d, J=8.6 Hz, 1H), 7.54 (d, J=8.6 Hz, 1H),
7.50 (t, J=6.4 Hz, 2H), 6.61 (t, J=74.3 Hz, 1H). "°F NMR (377 MHz, CDCl5) § -80.02.

Step 2: the compound 38a (1.10 g, 3.94 mmol), bis(pinacolato)diboron (1.20 g, 4.73
mmol), potassium acetate (773 mg, 7.88 mmol), and
trans-dichlorobis(triphenyl-phosphine)palladium(Il) (274 mg, 0.39 mmol) were added into the
reaction flask, followed by adding dioxane (10 mL), under nitrogen atmosphere, the resulting
mixture was stirred for 12 h at 100°C. After the reaction was completed, the reaction mixture
was directly mixed with the silica gel, and purified by silica gel column chromatography
(petroleum ether: ethyl acetate=20:1) to obtain a compound 38b (760 mg, 2.33 mmol, 59%).
'"H NMR (400 MHz, CDCl3) 4 7.78 (dd, J=8.1, 0.5 Hz, 1H), 7.71 (d, J=8.1 Hz, 1H), 7.56 (d,
J=5.3 Hz, 1H), 7.43 (d, J=5.5 Hz, 1H), 6.68 (t, J/=76.2 Hz, 1H), 1.38 (s, 12H). '°F NMR (377
MHz, CDCls) 6 -80.86.

Step 3: the compound 4d (100 mg, 0.39 mmol), 2-(4-(difluoromethoxy)benzo[b]-
thiophen-5-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborane 38b (153 mg, 0.47 mmol), cesium
carbonate (254 mg, 0.78 mmol), and [1,1'-bis(diphenylphosphino)ferrocene]palladium
dichloride (29.3 mg, 0.04 mmol) were added into dioxane (1 mL) and water (0.2 mL), under

nitrogen atmosphere, the resulting mixture was stirred for 12 h at 100°C. After the reaction

67



was completed, the reaction mixture was directly mixed with the silica gel, and purified by
silica gel column chromatography (dichloromethane: methanol=10:1) to obtain a crude
product, and then the crude product was subjected to reversed-phase preparative separation to
obtain a compound 38 (40.0 mg, 0.095 mmol, 24%). MS/ESI[M+H]*=422.2. '"H NMR (400
MHz, MeOD) & 8.50 (s, 1H), 8.07 (d, /=8.3 Hz, 1H), 7.84 (d, J=5.6 Hz, 1H), 7.57 (d, J=5.6
Hz, 1H), 7.51 (d, J=8.3 Hz, 1H), 6.81 (t, /=73.2 Hz, 1H), 4.31-4.20 (m, 1H), 3.37 (d, J=9.0
Hz, 1H), 3.29 (s, 3H), 3.16-3.01 (m, 1H), 2.74 (d, J=8.2 Hz, 2H), 2.66 (s, 3H), 2.12-1.93 (m,
2H), 1.86-1.66 (m, 2H).

Embodiment 39:

(R)-3-(4-cyclopropyl-2-hydroxyphenyl)-4-methyl-6-(( 1-methylpiperidin-3-yl)amino)-1,2,4-tri
azin-5(4H)-ketone
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(R)-3-(4-cyclopropyl-2-hydroxyphenyl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)-1,2,
4-triazin-5(4H)-ketone was prepared by referring to Embodiment 11. MS/ESI[M+H]"=356.2.
'"H NMR (400 MHz, CD3OD) 6 7.55 (d, J=4.1 Hz, 1H), 7.17-7.10 (m, 2H), 4.25-4.19 (m, 1H),
3.34 (s, 3H), 2.95-2.75 (m, 3H), 2.18 (s, 3H), 1.97-1.78 (m, 3H), 1.77-1.61 (m, 2H), 1.32-1.25
(m, 5H), 1.23-1.12 (m, 1H).

Embodiment 40:
6-((3R,5R)-5-fluoro-1-methylpiperidine-3-yl)amino)-3-(4-hydroxybenzo[b]thiophene-5-yl)-4-
methyl-1,2,4-triazine -5(4H)-ketone
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Step 1: the compound 40a (4.75 g, 21.8 mmol), paraformaldehyde (1.31 g, 43.6 mmol),

40f )
E

and acetic acid (0.26 g, 4.36 mmol) were added into methanol (50 mL), followed by adding
sodium cyanoborohydride (2.74 g, 43.6 mmol), and the resulting mixture was stirred for 1 h at

50°C. After the reaction was completed, the reaction mixture was mixed with silica gel and
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concentrated under reduced pressure, and purified by column chromatography (DCM:
MeOH=10: 1, iodine color development) to obtain a compound 40b (4.67 g, 20.1 mmol, yield:
92%). 'H NMR (400 MHz, CDCl3-d) 8 4.92-4.64 (m, 2H), 3.99 (s, 1H), 2.77-2.39 (m, 3H),
2.30 (s, 3H), 1.94-1.80 (m, 1H), 1.45 (s, 9H). MS/ESI[M+H]"=233.0.

Step 2: the compound 40b (4.67 g, 20.1 mmol) was dissolved in dioxane (25 mL),
followed by adding HCl/dioxane (25 mL, 101 mmol, 4.0 M), and the resulting mixture was
stirred for 1 h at 25°C, after the reaction was completed, the reaction mixture was
concentrated under reduced pressure to obtain a target product 40¢ (4.60 g, 22.4 mmol, yield:
111%). '"H NMR (400 MHz, CD30D-d4) & 5.37-5.24 (m, 1H), 4.98-4.89 (m, 1H), 3.92-3.77
(m, 3H), 3.51 (dd, J=39.2, 13.9 Hz, 1H), 3.06 (s, 3H), 2.63-2.55 (m, 1H), 2.15-1.98 (m, 1H).
MS/ESI[M+H]™=133.0.

6-(((3R, 5R)-5-fluoro-1-methylpiperidine-3-yl) amino)-3-(4-hydroxybenzo[b]thiophene-
5-yl)-4-methyl-1,2,4-triazine -5(4H)-ketone was prepared by referring to Embodiment 4.
MS/ESI[M+H]*=390.0. '"H NMR (400 MHz, CDCls-d) 8 7.60 (d, J=5.4 Hz, 1H), 7.43-7.31 (m,
2H), 7.19 (d, J=8.5 Hz, 1H), 6.17 (d, J=8.1 Hz, 1H), 4.90-4.72 (m, 1H), 4.45 (s, 1H), 3.57 (s,
3H), 2.91-2.78 (m, 1H), 2.68-2.60 (m, 1H), 2.56-2.48 (m, 1H), 2.46-2.38 (m, 1H), 2.37 (s,
3H), 2.28-2.17 (m, 1H), 1.91-1.81 (m, 1H).

Embodiment 41:
6-(((3R,5R)-1-ethyl-5-fluoropiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-me
thyl-1,2,4-triazin-5(4H)-ketone
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6-(((3R,5R)-1-ethyl-5-ﬂuoropiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-S-yl)-
4-methyl-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 40.
MS/ESI[M+H]*=404.0. 'H NMR (400 MHz, CD30D-d) & 7.61 (d, J=5.6 Hz, 1H), 7.58-7.49
(m, 2H), 7.28 (d, J=8.3 Hz, 1H), 4.98-4.93 (m, 1H), 4.85-4.80 (m, 2H), 4.51-4.43 (m, 1H),
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3.34 (s, 3H), 3.12-3.01 (m, 1H), 2.98-2.83 (m, 1H), 2.55 (t, J/=7.2 Hz, 2H), 2.52-2.41 (m, 1H),
2.31-2.13 (m, 2H), 2.03-1.86 (m, 1H), 1.12 (t, /=7.2 Hz, 3H).

Embodiment 42:
4-ethyl-6-(((3R,5R)-1-ethyl-5-fluoropiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-y
1)-1,2,4-triazin-5(4H)-ketone

NH,
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S~ N—N OH NJ
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Cs,CO3 S 42 F
dioxane/H,0 42d F

Step 1: the compound 12b (300 mg, 0.88 mmol), 41b (192 mg, 0.88 mmol), Pd(OAc):
(20.4 mg, 0.09 mmol), BINAP (56.04 mg, 0.09 mmol), and Cs,COs3 (1.15 g, 3.52 mmol) were
added into the drying flask, with dioxane (8 mL) as a solvent, under nitrogen atmosphere, the
resulting mixture was reacted overnight at 100°C , after the completion of the reaction was
confirmed by TLC, the reaction mixture was filtered and concentrated under reduced pressure,
the resulting residue was purified by column chromatography to obtain a compound 42a
(yellow oily liquid, 217 mg). MS/ESI[M+H]"=406.2.

Step 2: the compound 42a (217 mg, 0.54 mmol), DCM (5 mL) and TfOH (243.2 mg,
1.62 mmol) were added into the drying flask and reacted overnight at room temperature, after
the completion of the reaction was confirmed by TLC, the reaction mixture was adjusted to
about 8-9 with dry NaHCOs3; and a small amount of ammonia water, and the pH-adjusted
reaction mixture was dried with anhydrous Na>SO4 and filtered, the filtrate was concentrated
under reduced pressure, and the resulting residue was purified by column chromatography to
obtain a compound 42b (light yellow solid, 114 mg). MS/ESI[M+H]"=286.2.

Step 3: the compound 42b (114 mg, 0.4 mmol) and POCI; (8 mL) were added into the
drying flask, and the resulting mixture was reacted overnight at 100°C, after the reaction was
completed, the reaction mixture was concentrated under reduced pressure to remove excess

POCI3, and the resulting residue was purified by column chromatography to obtain a
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compound 42c¢ (light brown solid, 106 mg). MS/ESI[M+H]|"*=304.1.

Step 4: the compound 42¢ (106 mg, 0.35 mmol), INT8 (112 mg, 0.35 mmol),
Pd(dppf)Cl2 (29.3 mg, 0.04 mmol), Cs2CO; (456.4 mg, 1.4 mmol) and 1,4-dioxane/H20O (5
mL/1 mL) were added into the drying flask, and reacted overnight at 100°C. After the
completion of the reaction was confirmed by TLC, the reaction solution was returned to room
temperature and filtered, and the filtrate was concentrated under reduced pressure. The
resulting residue was purified by column chromatography to obtain a compound 42d (yellow
oily liquid, 86 mg). MS/ESI[M+H]"=462.2.

Step 5: the compound 42d (86 mg, 0.19 mmol) and dioxane (2 mL) were added into the
drying flask, followed by adding HCL in MeOH (4 M) (0.2 mL) dropwise, and the resulting
mixture was reacted for 2 h at room temperature. The reaction mixture was concentrated
under reduced pressure. The resulting residue was purified by column chromatography to
obtain a compound 42 (light yellow solid, 7.8 mg). MS/ESI[M+H]*=418.2. 'H NMR (400
MHz, CD;0D) & 7.51 (d, J=5.5 Hz, 1H), 7.22 (d, J=5.5 Hz, 1H), 7.12-7.05 (m, 2H), 4.41-4.30
(m,1H), 3.94 -3.84 (m, 2H), 3.02-2.94 (m, 1H), 2.89-2.75 (m, 1H), 2.48-2.38 (m, 3H ),
2.19-2.02 (m, 3H), 1.99-1.76 (m, 2H), 1.02 (t, J=7.2 Hz, 3H), 0.96 (t, J=7.2 Hz, 3H).
Embodiment 43:
4-ethyl-6-(((3R,5R)-5-fluoro-1-methylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5
-yl)-1,2,4-triazin-5(4H)-ketone
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4-ethyl-6-(((3R,5R)-5-fluoro-1-methylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[ b]thiop
hen-5-yl)-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 42.
MS/ESI[M+H]*=404.2. '"H NMR (400 MHz, CD;OD) & 7.51 (d, J=5.5 Hz, 1H), 7.26 (d,
J=5.5 Hz, 1H), 7.15 (d, J=8.1 Hz, 1H), 7.08 (d, J/=8.2 Hz, 1H), 4.43-4.31 (m, 1H), 3.89-3.85
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(m, 2H), 2.99-2.93 (m, 1H), 2.83-2.75 (m, 1H), 2.41-2.28 (m, 1H), 2.24 (s, 3H), 2.16-2.03 (m,
3H), 1.96-1.78 (m, 2H), 0.97 (t, J=7.1 Hz, 3H).

Embodiment 44:
(R)-3-(4-(cyclopropylethynyl)-2-hydroxyphenyl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)
-1,2,4-triazin-5(4H)-ketone

OH OMOM OMOM OMOM
e G e
44a

44b
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Step 1: 2-bromo-5-iodophenol 44a (5.0 g, 16.72 mmol) and tetrahydrofuran (50 mL)

OMO!

<

were added into a reaction flask and cooled to 0°C, followed by adding NaH (1.0 g, 25.08
mmol, 60%) in batches, the resulting mixture was reacted for 0.5 h, followed by adding
chloromethoxymethane (2.02 g, 25.08 mmol) and reacting for 1 h at room temperature. After
the reaction was completed, a saturated aqueous ammonium chloride solution (50 mL) was
added into the reaction mixture to quench the reaction, and then the quenched reaction
mixture was extracted with ethyl acetate (50 mL), the aqueous phase was further extracted
with ethyl acetate (20 mL), ethyl acetate layers were combined, directly mixed with silica gel,
and purified by silica gel column chromatography (petroleum ether: ethyl acetate=1:0-19:1) to
obtain a compound 44b (5.7 g, 99.5%). MS/ESI [M+H]* = 342.8.

Step 2: the compound 44b (2000 mg, 5.85 mmol), Pd(PPhs)CL: (410 mg, 0.59 mmol),
Cul (222 mg, 1.17 mmol), DIEA (2.3 g, 17.54 mmol), and tetrahydrofuran (50 mL) were
added into the reaction flask, under nitrogen atmosphere, the resulting mixture was stirred for
0.5 h at room temperature, followed by adding ethynylcyclopropane (385 mg, 5.85 mmol) and
reacting for 15 h at room temperature. After the reaction was completed, the reaction mixture
was directly mixed with the silica gel, and the resulting mixture was purified by silica gel
column chromatography (petroleum ether: ethyl acetate=1: 0-24: 1) to obtain a compound 44c¢
(1.7 g, crude product).

Step 3: the compound 44¢ (1.4 g, 5.00 mmol) was added into the reaction flask, followed

by adding tetrahydrofuran (50 mL) under nitrogen atmosphere. The resulting mixture was
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cooled to -78°C, followed by slowly adding n-butyl lithium (2.6 mL, 6.50 mmol, 0.5 M)
dropwise and reacting for 1 h at a constant temperature. Upon the addition of a solution of
2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.4 g, 7.50 mmol) in tetrahydrofuran
(10 mL), the reaction mixture was reacted for 1 h at the constant temperature, followed by
warming up to room temperature and reacting for 1 h. After the reaction was completed, the
saturated aqueous ammonium chloride solution (50 mL) was added into the reaction mixture
to quench the reaction, the quenched reaction mixture was extracted with ethyl acetate (50
mL), and the aqueous phase was further extracted with ethyl acetate (50 mL), ethyl acetate
layers were combined, directly mixed with silica gel, and purified by silica gel column
chromatography (petroleum ether: ethyl acetate=1:0-10:1) to obtain a compound 44d (1.2 g,
73.1%). '"H NMR (400 MHz, Chloroform-d) & 7.58 (d, J=8.0 Hz, 1H), 7.26 (s, 1H), 7.02 (d,
J=8.0 Hz, 1H), 5.17 (s, 2H), 3.50 (s, 3H), 1.47-1.41 (m, 1H), 1.34 (s, 12H), 0.90-0.79 (m,
4H).

(R)-3-(4-(cyclopropylethynyl)-2-hydroxyphenyl)-4-methyl-6-((1-methylpiperidin-3-yl)a
mino)-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 24.
MS/ESI[M+H]"=380.2. '"H NMR NMR (400 MHz, CD;0D) 8 7.25 (d, J=7.8 Hz, 1H), 6.96 (d,
J=7.8 Hz, 1H), 6.90 (s, 1H), 4.25 (s, 1H), 3.56-3.43 (m, 1H), 3.32 (s, 3H), 3.01-2.81 (m, 2H),
2.77 (s, 3H), 2.12-1.99 (m, 3H), 1.89-1.80 (m, 1H), 1.78-1.67 (m, 1H), 1.54-1.44 (m, 1H),
1.37-1.27 (m, 1H), 0.97-0.88 (m, 2H), 0.79-0.70 (m, 2H).

Embodiment 45:
(R)-3-(4-(cyclopropylethynyl)-2-hydroxyphenyl)-6-((1-ethylpiperidin-3-yl)amino)-4-methyl-1,
2,4-triazin-5(4H)-ketone

44d 45a

(R)-3-(4-(cyclopropylethynyl)-2-hydroxyphenyl)-6-((1-ethylpiperidin-3-yl)amino)-4-met
hyl-1,2,4-triazin-5(4H)-ketone  was prepared by referring to Embodiment 44.
MS/ESI[M+H]*=394.2. '"H NMR (400 MHz, CD;OD) & 7.25 (d, J=7.8 Hz, 1H), 6.95 (d,
J=7.9 Hz, 1H), 6.90 (s, 1H), 4.25 (d, J=9.6 Hz, 1H), 3.55-3.42 (m, 1H), 3.33 (s, 3H), 3.05 (dd,
J=14.1, 6.9 Hz, 2H), 2.93-2.76 (m, 2H), 2.10-2.01 (m, 3H), 1.93-1.70 (m, 2H), 1.53-1.43 (m,
1H), 1.32-1.26 (m, 4H), 0.95-0.86 (m, 2H), 0.80-0.69 (m, 2H).
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Embodiment 46:
(R)-3-(4'-fluoro-3-hydroxy-[ 1,1'-biphenyl]-4-yl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)-
1,2,4-triazin-5(4H)-ketone
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Step 1: the compound 44b (400 mg, 1.17 mmol), 46a (259.7 mg, 1.17 mmol),
Pd(dppf)Cl2 (87.8 mg, 0.12 mmol), Cs2CO;3 (750.0 mg, 2.3 mmol) and 1,4-dioxane/H>O (10
mL/2 mL) were added into the drying flask, and reacted overnight at 100°C under nitrogen
atmosphere. After the reaction was completed, the mixed solution was returned to room
temperature and filtered, and the filtrate was concentrated under reduced pressure. The
resulting residue was purified by column chromatography to obtain a compound 46b (312 mg,
86%). '"H NMR (400 MHz,CDCl3 ) 6 7.51 (d, J=8.2 Hz,2H), 7.47-7.40 (m, 1H), 7.24 (d, J=2.0
Hz, 1H), 7.09-6.96 (m, 3H), 5.23 (s, 2H), 3.48 (s, 3H).

Step 2: the compound 46b (312 mg, 1.01 mmol), (Bpin): (304.8 mg, 1.2 mmol),
Pd(dppf)Cl» (73.2 mg, 0.1 mmol), KOAc (198.2 mg, 2.02 mmol), and 1,4-dioxane (10 mL)
were added into the drying flask and stirred overnight at 100°C. After the reaction was
completed, the mixed solution was returned to room temperature and extracted three times
with ethyl acetate upon the addition of water, the resulting organic phases were combined,
dried with anhydrous sodium sulfate and filtrated, and the filtrate was concentrated under
reduced pressure. The resulting residue was purified by column chromatography to obtain a
compound 46¢ (201 mg, 56%). MS/ESI[M+H]*=359.2.

Step 3: the compound 46¢ (201 mg, 0.56 mmol), 4d (143.9 mg, 0.56 mmol), Pd(dppf)Cl>
(43.9 mg, 0.06 mmol), Cs2CO3 (730.2 mg, 2.24 mmol) and 1,4-dioxane/H>O (6 mL/1 mL)
were added into the drying flask, and reacted overnight at 100°C under nitrogen atmosphere.
After the reaction was completed, the mixed solution was returned to room temperature and
filtered, and the filtrate was concentrated under reduced pressure. The resulting residue was

purified by column chromatography to obtain a compound 46b (154 mg, 60%).
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MS/ESI[M+H]"™=454.2.

Step 4: the compound 46d (154 mg, 0.34 mmol) and 1,4-dioxane (3 mL), and HCI (4 M,
in dioxane) (0.4 mL) were added into the drying flask, and reacted for 3 h at room
temperature, the reaction mixture was concentrated under reduced pressure to remove the
excess solvent to obtain a compound 46 (16.5 mg, 12%). MS/ESI[M+H]"*=410.2. 'H NMR
(400 MHz, CD30D) 6 7.65 (dd, J=8.8, 5.3 Hz, 2H), 7.40 (d, J/=7.9 Hz, 1H), 7.25-7.12 (m, 4H),
4.18-4.10 (m, 1H), 3.37 (s, 3H), 3.05-2.89 (m, 1H), 2.70-2.54 (m, 1H), 2.31 (s, 3H), 2.30-2.14
(m, 2H), 1.98-1.87 (m, 1H), 1.85-1.76 (m, 1H), 1.74-1.62 (m, 1H), 1.61-1.50 (m, 1H),
1.36-1.28 (m,1H).

Embodiment 47:
(R)-3-(2-hydroxy-4-(pyrimidin-2-yl)phenyl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)-1,2,
4-triazin-5(4H)-ketone
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Step 1: the compound 47a (460 mg, 2 mmol), 47b (480 mg, 3 mmol), Pd(PPhs)+ (230 mg,
0.2 mmol), sodium carbonate (640 mg, 6 mmol), dioxane (10 mL), and water (2 mL) were
added into the reaction flask. Under nitrogen atmosphere as the replacement reaction system,
the resulting mixture was reacted overnight at 100°C. The reaction mixture was filtered, and
the filtrate was concentrated under reduced pressure to obtain a compound 47¢ (310 mg),
MS/ESI[M+H]"=266.1.

Step 2: the compound 47c¢ (160 mg, 0.6 mmol), Pd(dppf)Cl> (44 mg, 0.06 mmol),
potassium acetate (176 mg, 1.08 mmol), Bopinz (305 mg, 1.2 mmol), and dioxane (6 mL)
were added into the reaction flask. Under nitrogen atmosphere as the replacement reaction
system, the resulting mixture was reacted overnight at 100°C. The reaction mixture was
filtered, and the filtrate was concentrated under reduced pressure, mixed with silica gel, and
purified by column chromatography to obtain a target compound 47d (220 mg), MS/ESI
[M+H]*=313.1.
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(R)-3-(2-hydroxy-4-(pyrimidin-2-yl)phenyl)-4-methyl-6-((1-methylpiperidin-3-yl)amino)
-1,2,4-triazin-5(4H)-ketone ~ was  prepared by referring to Embodiment 4.
MS/ESI[M+H]*=394.4. 'H NMR (400 MHz, Chloroform-d) 3 8.82 (d, /=4.8 Hz, 2H), 8.13 (d,
J=1.7 Hz, 1H), 8.01 (dd, J=8.2, 1.7 Hz, 1H), 7.42 (d, J=8.3 Hz, 1H), 7.23 (t, J/=4.8 Hz, 1H),
6.42 (s, 1H), 4.34-4.12 (m, 1H), 3.58 (s, 3H), 2.59 (s, 2H), 2.50 (s, 2H), 2.28 (s, 3H), 1.76 (d,
J=21.9 Hz, 4H), 1.67-1.55 (m, 1H).

Embodiment 48:
3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-(7-methyloctahydro-1H-pyrrolo[2,3-b]pyridi
n-1-yl)-1,2,4-triazin-5(4H)-ketone
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3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl-6-(7-methyloctahydro-1H-pyrrolo[2,3-b]
pyridin-1-yl)-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 4.
MS/ESI[M+H]*=398.4. 'H NMR (400 MHz, CD30D) 8 7.53 (d, J/=5.7 Hz, 1H), 7.43-7.37 (m,
2H), 7.21 (d, /=8.3 Hz,1 H), 4.21-4.13 (m, 1H), 3.31 (s, 3H), 2.95-2.87 (m, 2H), 2.67-2.42 (m,
2H), 2.55-2.39 (m, 3H), 2.18 (s, 3H), 1.97-1.78 (m, 3H), 1.53-1.34 (m, 2H).
Embodiment 49:
6-(((2R,3R)-1,2-dimethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methy
1-1,2,4-triazin-5(4H)-ketone
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6-(((2R,3R)-1,2-dimethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[ b]thiophen-5-yl)-4-
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methyl-1,2,4-triazin-5 (4H)-ketone was prepared by referring to Embodiment 40 to obtain a
compound 49 (115 mg, 33.8%). 'H NMR (400 MHz, DMSO-ds) & 10.22 (br s, 1H), 7.72 (d,
J=5.6 Hz, 1H), 7.69 (d, J=5.6 Hz, 1H), 7.59 (d, /=8.0 Hz, 1H), 7.29 (d, J=8.0 Hz, 1H),
6.39-6.31 (m, 1H), 4.07-3.97 (m, 1H), 3.20 (s, 3H), 2.87-2.74 (m, 1H), 2.44-2.31 (m, 1H),
2.21 (s, 3H), 2.16-2.02 (m, 1H), 1.99-1.90 (m, 1H), 1.74-1.58 (m, 1H), 1.55-1.39 (m, 2H),
1.04 (d, J=6.4 Hz, 3H). MS/ESI[M+H]"=386.0.

Embodiment 50:
6-(((3R,6S)-1,6-dimethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-methyl
-1,2,4-triazin-5 (4H)-ketone
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6-(((3R,6S5)-1,6-dimethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-m
ethyl-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 40.
MS/ESI[M+H]*=386.2. 'H NMR (400 MHz, CD30D) 8 7.53 (d, J/=5.7 Hz, 1H), 7.43-7.37 (m,
2H), 7.21 (d, J/=8.3 Hz,1 H), 4.03 (m, 1H), 3.27 (s, 3H), 2.86-2.74 (m, 2H), 2.46-2.41 (m, 2H),
2.18 (s, 3H), 1.84-1.79 (m, 2H), 1.77-1.61 (m, 2H), 1.16 (s, 3H).
Embodiment 51:
3-(4-hydroxybenzo[b]thiophen-5-yl1)-6-{[(3R)-1-methylpiperidin-3-yl]amino } -4-(2-methoxyet
hyl)-4H,5H-1,2 4-triazin-5-ketone
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3-(4-hydroxybenzo[b]thiophen-5-yl)-6-{[(3R)-1-methylpiperidin-3-yl]amino } -4-(2-meth

oxyethyl)-4H,5H-1,2,4-triazin-5-ketone was prepared by referring to Embodiment 12 to
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obtain a compound 51 (24 mg, 44.4%). '"H NMR (400 MHz, Methanol-ds) 8 7.61 (d, J=5.6 Hz,
1H), 7.56-7.51 (m, 2H), 7.29 (d, J/=8.4 Hz, 1H), 4.23-4.14 (m, 1H), 4.08 (t, J/=5.6 Hz, 2H),
3.44 (t, J=5.6 Hz, 2H), 3.11-3.01 (m, 4H), 2.76-2.66 (m, 1H), 2.45-2.34 (m, 5H), 2.02-1.81 (m,
2H), 1.77-1.56 (m, 2H). LC-MS:ESI[M+H]*=416.0.

Embodiment 52:
3-(2-fluoro-4-hydroxybenzo[b]thiophen-5-y1)-6-{[(3R,5R)-5-fluoro-1-methylpiperidin-3-yl]a
mino }-4-methyl-4H,5H-1,2,4-triazin-5-ketone

SN SN O s2c F 5:

Step 1: the compound INT1d (5.00 g, 20.6 mmol) was dissolved in tetrahydrofuran (25
mL), under nitrogen atmosphere, the resulting solution was cooled to -70°C, followed by
slowing adding LDA (12.4 mL, 2.0 M, 24.7 mmol) dropwise and then stirring for 1 h at a
constant temperature. Then, a solution of N-fluorodibenzenesulfonamide (7.16 g, 22.7 mmol)
in tetrahydrofuran (25 mL) was added into the resulting mixture dropwise,after the dropwise
addition, the resulting mixture was reacted for 1 h at the constant temperature, and then the
reaction mixture was warmed to room temperature and stirred overnight. After the reaction
was completed, a saturated aqueous ammonium chloride solution (100 mL) was added into
the reaction mixture to quench the reaction, the quenched mixture was extracted with ethyl
acetate (30 mL x 3), dried with anhydrous sodium sulfate, and filtered, the filtrate was mixed
with silica gel, concentrated under reduced pressure, and then purified by column
chromatography (PE: EtOAc=1: 0) to obtain a compound 52a (2.80 g, 10.7 mmol, yield:
52%). '"H NMR (400 MHz, CDCl3-d) é 7.41 (d, /=8.4 Hz, 1H), 7.23 (d, J=6.4 Hz, 1H), 6.80
(d, /=2.4 Hz, 1H), 3.91 (s, 3H).

Step 2: the compound 52a (2.80 g, 10.7 mmol), bis(pinacolato)diboron (3.25 g, 12.8
mmol), KOAc (2.10 g, 21.4 mmol), and Pd(dppf)Cl> (751 mg, 1.07 mmol) were added into
anhydrous dioxane (30 mL), and the resulting mixture was reacted for 12 h at 100°C under
nitrogen atmosphere. After the reaction was completed, the reaction mixture was filtered, the
filtrate was concentrated under reduced pressure, and purified by column chromatography (PE:

EtOAc=30: 1) to obtain a target compound 52b (2.10 g, 6.81 mmol, colorless solid, yield:
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64%), '"H NMR (400 MHz, CDCl3) 8 7.63 (d, J/=8.0 Hz, 1H), 7.40 (d, J/=8.4 Hz, 1H), 6.84 (d,
J=2.4 Hz, 1H), 3.94 (s, 3H), 1.38 (s, 12H).
3-(2-fluoro-4-hydroxybenzo[b]thiophen-5-y1)-6-{[(3R,5R)-5-fluoro-1-methylpiperidin-3
-yl]Jamino }-4-methyl-4H,5H-1,2,4-triazin-5-ketone was prepared by referring to Embodiment
4. "H NMR (400 MHz, CDCl3-d) 4 7.20-7.13 (m, 2H), 6.94 (d, J=2.4 Hz, 1H), 6.17 (d, J=8.0
Hz, 1H), 4.90-4.71 (m, 1H), 4.42 (s, 1H), 3.54 (s, 3H), 2.86-2.77 (m, 1H), 2.67-2.61 (m, 1H),
2.55-2.48 (m, 1H), 2.45-2.39 (m, 1H), 2.37 (s, 3H), 2.25-2.17 (m, 1H), 1.89-1.81 (m, 1H).
LC-MS: ESI[M+H]*=408.0.
Embodiment 53:
3-(4-cyclopropyl-2-hydroxyphenyl)-6-(((3R,5R)-1-ethyl-5-fluoropiperidin-3-yl)amino)-4-met
hyl-1,2,4-triazin-5 (4H)-ketone
H\\ C %QBW %@ J%{HD - @ J&Néb
N
53

41e

-

& 'NTG F
3-(4-cyclopropyl-2-hydroxyphenyl)-6-(((3R,5R)-1-ethyl-5-fluoropiperidin-3-yl)amino)-4
-methyl-1,2,4-triazin-5 (4H)-ketone was prepared by referring to Embodiment 11 to obtain a
compound 53 (light yellow solid, 42.3 mg). '"H NMR (400 MHz, CD3;0D) 6 7.41 (d, J=8.0 Hz,
1H), 6.85 (d, J=8.1 Hz, 1H), 6.79 (s, 1H), 4.65 (t, J=12.0 Hz, 1H), 3.91-3.72 (m, 3H), 3.49 (s,
3H), 3.37 (m, 4H), 3.19-3.03 (m, 1H), 2.57 (m, 1H), 1.99 (m, 1H), 1.41 (m, 4H), 1.11 (m, 2H),
0.80 (m, 2H).
Embodiment 54:
(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-isopropyl-6-((1-methylpiperidin-3-yl)amino)-1,2,4

-triazin-5(4H)-ketone

s
SR e T AL S~ e
r o )—NH
ﬁ)\ % % . 4 O:< AngH ————————>  HN=N
N+ N o} D|EA DMF /N*N N—
H PMB PMB a 54d
54c
INTSa 543 54b
< 4 ; Jy
N NH o NH
POC, o INTI
N—-N /
N— 54f
54e

(R)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-isopropyl-6-((1-methylpiperidin-3-yl)amino)-
1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 12 to obtain a
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compound 54 (11 mg, yield: 19.30%). LC-MS: ESI[M+H]'=400.0. NMR (400 MHz,
MeOD)6 7.53 (d, J=5.6 Hz), 7.47 (dd, J=8.2, 7.2 Hz), 7.14 (d, J/=8.3 Hz), 4.32 (dt, J/=12.8, 6.4
Hz), 3.96-3.86 (m), 2.25 (s), 2.14-2.05 (m), 1.91 (s), 1.76 (dd, J=9.2, 4.4 Hz), 1.64-1.55 (m),
1.54-1.40 (m), 1.29 (d, /=6.4 Hz).

Embodiment 55:
(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-(methyl-d3)-1,2,
4-triazin-5(4H)-ketone

NH,

; e O e G g
B cD
Blr\HJ\NH cDy BF%N’Cns ~o I%N ¢ 2a o NH O:< A
L e A Y I G HN-N "
“N" Yo DIEA, DMF N7 Yo N"o J
H H PMB 55d

INT5a 55a 55b

DG O
N o~ O\[Z< AngH J&NH
POCI c—  pnH INT1 —

N / 55f

(R)-6-((1-ethylpiperidin-3-yl)amino)-3-(4-hydroxybenzo[b]thiophen-5-yl)-4-(methyl-d3)
-1,2,4-triazin-5(4H)-ketone was prepared by referring to Embodiment 12 to obtain a target
compound 55 (yellow solid, 37mg, yield: 14.34%). LC-MS: ESI[M+H]=389.0. '"H NMR (400
MHz, DMSO) ¢ 7.76 (q, J=5.6 Hz, 2H), 7.65 (d, J=8.3 Hz, 1H), 7.30 (d, /=8.3 Hz, 1H), 3.54
(dd, J=25.8, 10.7 Hz, 2H), 3.20 (d, J=7.0 Hz, 2H), 2.91-2.75 (m, 2H), 1.99 (d, J/=10.6 Hz, 2H),
1.84-1.67 (m, 2H), 1.24 (t, J/=7.2 Hz, 3H).

Biological activity tests

1. Determination of inhibitory activity of NLRP3 inflammasome in human
monocytes

Reagents: THP-1 cells: Wuhan Pricella Biotechnology Co., Ltd., PMA: Sigma-Aldrich,
RPMI culture medium: Hyclone, LPS: Sigma-Aldrich, Opti-MEM culture medium: Gibco,
Nigericin: Invivogen, Human IL-1B ELISA assay kit: 4A Biotech, reference compound
MCC950: MedChemExpress (MCE).

Experimental method: THP-1 cells were cultured in RPMI culture medium containing
PMA (10 uM), and then inoculated in 48-well plates at a density of 2x10° cells/mL, the plates
were incubated overnight in a 5% CO: incubator at 37°C. The next day, the above culture
medium was replaced with Opti-MEM culture medium containing 1 pg/mL LPS. After 3

hours, the grown cells were simulated for 40 min with a drug, and then simulated for 40 min
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with Nigericin (10 pM), and a cell supernatant was harvested for ELISA analysis. A
compound MCC950 was purchased from MCE, Ref-1 was synthesized according to a
synthesis method of Embodiment 63 in Patent W0O2021193897, Ref-2 was synthesized
according to a synthesis method of Embodiment 1 in Patent W02022230912, Ref-3 was
synthesized according to a synthesis method of Embodiment 26 in Patent W02022238347.

HN-§—/ FsC N/ %NH F.C J&NH
HN i / N- N N= '
‘\ﬁo o o

MCC950 Ref-1 Ref-2 Ref-3
The experimental results are shown in Table 2.

Table 2 Inhibitory activity of NLRP3 inflammasome

Compound number ICso(nM) Compound number ICs0(nM)
1 4.24 2 4.86
3 2.11 4 4.21
5 3.56 6 3.01
7 22.10 8 1.92
9 3.95 10 3.90
11 6.50 12 7.20
13 1.36 14 32.03
15 1.45 16 1.62
17 3.19 18 25.04
19 19.05 20 35.06

21 3.51 22 2.57
23 8.95 24 12.05
25 6.70 26 25.08
27 14.34 28 29.60
29 46.51 30 1.97
31 3.64 32 8.53
33 12.50 34 75.01
36 1.55 37 15.11
38 257.01 39 30.01
40 2.97 41 2.02
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42 4.76 43 5.66
44 80.01 45 345.05
46 25.51 47 450.08
48 18.53 49 8.12
50 350.45 51 180.05
52 5.06 53 18.70
55 3.50 MCC950 120
Ref-1 12.22 Ref-2 14.72
Ref-3 6.49

Conclusion: the compounds of the present invention have good inhibitory activity
against NLRP3 inflammasome, and preferred compounds have better inhibitory effects on
NLRP3 inflammasome than MCC950, Ref-1, Ref-2, and Ref-3.

2. Determination of inhibitory activity of compounds on IL-1f in human PBMC
cells

Human peripheral blood mononuclear cells (PBMCs) were taken and cultured overnight
in RPMI 1640 culture medium containing 10% FBS and antibiotics before stimulation. On the
second day, the culture medium was replaced with a serum-reduced culture medium, the
grown cells were stimulated for 3 h with LPS at a working concentration of 1 pg/mL,
stimulated for 40 min with a drug, and then stimulated for 40 min with Nigericin at a
concentration of 10 puM, the cell supernatant was harvested, and the yield of IL-1B was
detected by ELISA.

The experimental results are shown in Table 3:

Table 3 Inhibitory effect of compounds on IL-1 in PBMC cells

Compound number ICso(nM) Compound number ICs0(nM)
3 1.23 4 1.42
MCC950 7.81

Conclusion: the compounds of the present invention have good inhibitory activity
against IL-1p in human PBMC cells, and preferred compounds 3, 4 and others have better
inhibitory activity ICso on IL-1p in human PBMC cells than MCC950.

3. Inhibition experiment of compounds on hERG potassium ion channel

Cell culture and treatment: CHO cells stably expressing hERG were cultured in cell
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culture flasks and incubated in a 5% CO: incubator at 37°C. When a cell density reached
60%-80%, the cell culture medium was aspirated, washed once with PBS, and then digested
with Detachin. After digestion, the grown cells were neutralized in the cell culture medium,
and then centrifuged, the supernatant was aspirated, the cell culture medium was added again
to resuspend the grown cells, and the cell density was adjusted to 2-5x10° cells/mL for later
use.

Compound preparation: the compound stock solution was diluted in 100% DMSO, that
is, 10 pL compound stock solution was serially diluted in 20 uL. DMSO by 3 folds to obtain
six concentrations. Six concentrations of the compound (4 pL for each concentration) were
diluted in 396 pL extracellular fluid by 100 folds to obtain six intermediate concentrations.
Six intermediate concentrations of the compound (80 puL for each concentration) were diluted
in 320 uL extracellular fluid by 5 folds to obtain final concentrations to be tested. A highest
test concentration is 40 uM, with six subsequent concentrations of 40 pM, 13.33 uM, 4.44 uM,
1.48 uM, 0.49 uM, and 0.16 uM in total. DMSO in a final test concentration was not more
than 0.2%, and DMSO at this concentration had no effect on the hERG potassium channel.
The entire dilution process for compound preparation was performed using Bravo instrument.

Electrophysiological recording process: the processes of single-celled high-impedance
sealing and whole-cell mode formation were all automatically completed by Qpatch
instrument, under the whole-cell recording mode, the cells were clamped at -80 mV, before
5-second + 40 mV depolarization stimulus, the cells were given 50-millisecond - 50 mV
pre-voltage, followed by repolarization to -50 mV for 5 seconds, and then returning to -80 mV.
The voltage stimulus was given every 15 seconds, after 2 minutes of recording, extracellular
fluid was recorded for 5 min, and then a drug was administrated, started from a lowest test
concentration, each test concentration of the compound was given for 2.5 minutes, after all
concentrations were given consecutively, a positive control compound Cisapride (3 uM) was
given. At least 3 cells were tested for each concentration (n>3).

Data processing: data analysis and processing were performed using GraphPad Prism 5.0
and Excel software. ICso values of the compounds were calculated by fitting with the
following equation using GraphPad Prism 5 software:

Y=Bottom + (Top-Bottom)/(1+10"((LogIC50-X)*HillSlope)) .

where X is the Log value of the test sample concentration, Y is an inhibition percentage
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at a corresponding concentration, and Bottom and Top are the minimum and maximum
inhibition percentages, respectively.
The experimental results are shown in Table 4:

Table 4 Results of inhibition of compounds on hERG potassium ion channel

20 uM 20 uM
Comp Comp
Structure Inhibiti Structure Inhibiti
ound ound
on ratio on ratio
o OH
Ref-1 | NS | 52.40% |3 ﬁ%ﬁ“” 38.23%
o )
\ (0]
N
4 9@‘%_“{ N 14.87% | 5 @%J&”” 19.97%
= OH { N—
\ O

IS \N ,»—NH 0 AngH
8 >~ N-N P 6948% | 9 f°” 8.83%
N

N
12 s&—ﬁN_N/ Ny 52.99% | 16 @ﬁ:&"” 35.63%
~ o O
NS
) 0 = \’\14§’NH
17 | s » 2283% | 24 i 6.83%
<o D o O

OH N— —
(0]
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OH S \ »—NH
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OH N—

Conclusion: compounds 3, 4, 5, 9, 16, 17, 24, 30, 40, 41, 42, 43, 54 and others have

weak inhibitory effects on the hERG potassium ion channel, having weaker inhibitory effect
than the reference compound Ref-1.

4. Pharmacokinetic evaluation of compounds in Balb/c mice

Experimental purpose: to understand pharmacokinetic properties of the compounds.

Experimental basis: Technical Guidelines for Nonclinical Pharmacokinetic Studies of
Chemical Drugs, 2014.

Experimental protocol: the pharmacokinetic properties of the compounds were
investigated via intravenous administration and intragastric administration in Balb/c mice.

Sample preparation: the compound was weighed and dissolved in DMSO, followed by
adding a sodium chloride solution for injection, to prepare a compound solution for
administration.

Sampling: 6 Balb/c male mice (Chengdu Dossy Experimental Animals Co., Ltd., license
number: SCXK (Chuan) 2020-030) were selected, where three mice were subjected to
intravenous administration (IV) and other three mice were subjected for intragastric
administration (PO), approximately 0.05 mL blood was respectively harvested at Smin, 15
min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h, 10 h, 24 h and 48 h after administration, the harvested
blood was centrifuged at 3500 rpm for 15 min, and the supernatant plasma was harvested and
stored at -40°C until determination. The blood drug concentration was quantitatively analyzed
by LC-MS/MS, and pharmacokinetic parameters were calculated, such as peak concentration
(Cmax), area under the concentration-time curve (AUCo.y), half-life (T1.), clearance (CL),
volume of distribution at steady state (Vdss), and bioavailability (F).

The results of pharmacokinetic evaluation are shown in Table 5 below:

Table 5 Pharmacokinetic test results of compounds in Balb/c mice

Dose,
Cmax | AUC 0y T2 CL Vdss F

Compound | administration
ug/L | ug/L*h h | L/hkg| L/kg %

route

Ref-2 5 mg/kg, PO | 246 270 2.6 | 18.59 | 67.02 -
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Ref-3 5 mg/kg, PO | 1136 1822 0.87 | 2.01 1.50 -
2 5 mg/kg, PO | 2694 15214 2.82 | 033 1.34 -
5mgkg, IV | 1989 8305 54 0.58 4.51
3 81.05
5 mg/kg, PO | 1008 6730 4.9 0.72 4.34
4 5 mg/kg, PO | 4613 16881 3.00 | 0.30 1.28 -
6 5 mg/kg, PO | 1335 8298 3.18 | 0.61 2.75 -
9 5 mg/kg, PO | 2277 4400 0.85 1.14 1.40 -
12 5 mg/kg, PO | 2735 12832 3.08 | 0.40 1.80
13 5 mg/kg, PO | 11356 | 98703 547 | 0.05 0.39 -
17 5 mg/kg, PO | 1847 17765 420 | 0.28 1.70 -
30 5 mg/kg, PO | 9807 4383 0.19 | 144 0.39 -
36 5 mg/kg, PO | 1510 3318 1.24 | 1.47 2.59 -
40 5 mg/kg, PO | 15039 | 40421 2.86 | 0.12 0.42 -
42 5 mg/kg, PO | 2705 2496 1.61 1.99 4.57 -
43 5 mg/kg, PO | 5068 15692 225 | 0.32 1.03 -
51 5 mg/kg, PO | 2940 9784 2.39 | 0.51 1.78 -
52 5 mg/kg, PO | 8574 21440 3.16 | 0.23 1.04 -
53 5 mg/kg, PO | 1421 1405 3.85 | 3.53 19.69 -
54 5 mg/kg, PO | 1553 7468 4.25 | 047 2.84 -
55 5 mg/kg, PO | 1706 7454 291 | 0.67 2.82 -

Conclusion: the compounds of the present invention have good pharmacokinetic
properties in Balb/c mice, including good oral bioavailability, exposure, half-life, and
clearance, after oral administration, compounds 2, 3, 4, 6, 9, 12, 13, 17, 30, 36, 40, 41, 43, 51,
52, 53, 54, 55 and others have superior PK parameters such as Cmax, AUC .y, and Ti/; to the

reference compounds Ref-2 and Ref-3.

5. Evaluation of LPS-induced mouse model

Experimental method: Balb/c mice at 7-8 weeks were orally administered with 25 mg/kg
or 50 mg/kg of the compound or a vehicle control (sterile 0.9% NaCl solution), after 1 hour,
the mice were intraperitoneally injected with 10 mg/kg LPS (Sigma, L2880). The survival

status of mice was observed every 12 h for 72 h, and the 72-hour survival rate of mice was

obtained.
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The experimental results are shown in Table 6:

Table 6 Survival rate of LPS-induced mice with compounds

72h
Group
Survival Cage separation Oh | 12h | 24h | 36h | 48h | 72h
description
rate
First cage (5 mice) 5 5 5 4 2 2
LPS 20%
Second cage (5 mice) | 5 5 4 2 1 0
MCC950 First cage (5 mice) 5 5 5 4 4 4
60%
25 mg/kg Second cage (5 mice) | 5 5 4 4 2 2
Ref-2 First cage (5 mice) 5 5 5 4 2 2
50%
25 mg/kg Second cage (5 mice) | 5 5 4 4 3 3
Compound First cage (5 mice) 5 5 5 5 4 4
3 90%
Second cage (5 mice) | 5 5 5 5 5 5
25 mg/kg
Compound First cage (6 mice) 6 6 6 6 6 6
3 92% 6 6
Second cage (6 mice) | 6 5 5 5
50 mg/kg
Compound First cage (5 mice) 5 5 5 5 5 5
4 80%
Second cage (5 mice) | 5 5 5 4 4 3
25 mg/kg
Compound First cage (5 mice) 5 5 5 5 5 5
4 100%
Second cage (5 mice) | 5 5 5 5 5 5
50 mg/kg
Compound First cage (5 mice) 5 5 5 5 5 3
9 70%
Second cage (5 mice) | 5 5 5 5 5 4
25 mg/kg
Compound First cage (5 mice) 5 5 5 5 5 5
40 90%
25 me/ke Second cage (5 mice) | 5 5 5 5 4 4
Compound First cage (5 mice) 5 5 5 5 5 5
41 100%
Second cage (5 mice) | 5 5 5 5 5 5

25 mg/kg
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Conclusion: the compounds of the present invention can increase the survival rate of
LPS-induced mice, especially at a same dose, compounds 3, 4, 9, 40, 41 and others have
higher survival rates of LPS-induced mice than the reference compounds MCC950 and Ref-2.

6. Evaluation of in vivo brain-to-plasma ratio of compound

Experimental purpose: to obtain the brain-to-plasma ratio of the compound

Experimental protocol: the brain-to-plasma ratio of the compound was investigated by
monitoring the content of the compound in mouse brain and plasma.

Experimental procedure: the compound was weighed, followed by adding a small
amount of DMSO and adding a sodium chloride solution for injection, to prepare a 10 mg -
mL™' compound solution for administration. Male mice were orally administered at 10 mg -
kg™, and whole plasma and whole brain tissue were sampled at 1 h and 6 h after
administration (n=3). Whole plasma was centrifuged at 3500 rpm for 15 min, and the
supernatant plasma was harvested. A centrifuge tube was weighed as M1, the centrifuge tube
containing the whole brain tissue was weighed as M2, the centrifuge tube containing water for
homogenization was weighed as M3, and the centrifuge tube after the removal of 30 pL
homogenate was weighed as M4. 30 pL plasma and 30 pL brain homogenate were sampled
and added into the centrifuge tube, followed by adding 120 pL acetonitrile containing 20 ng *
mL™" internal standard SAHA to each sample for precipitate and vortex for 30 seconds, and
the resulting mixture was centrifuged at 13,000 rpm for 15 min, and the supernatant was taken
and added into a sample vial for determination.

Standard curve range: 10-10,000 ng-mL™".

Content of drug in brain = measured value % 0.03 x (M3-M1) / [(M2-M1) x (M3-M4)].

Brain-to-plasma ratios of mice after compound administration are shown in Table 7
below:

Table 7 Test results of brain-to-plasma ratios in mice after compound administration

lh 6 h
Compound | Brain Plasma | Brain-to-plasma | Brain Plasma | Brain-to-plasma
(mg/g) | (ng/mL) ratio (mg/g) | (ng/mL) ratio
3 761 2082 0.36 104 312 0.33
4 1779 3344 0.53 335 1369 0.25
9 66 1830 0.04 20 46 0.46
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12 498 3840 0.13 215 1699 0.13
17 745 5243 0.14 290 1872 0.16
40 1346 7238 0.19 199 1464 0.14
Ref-1 56 2329 0.02 24 523 0.06
Ref-2 168 264 0.63 1.53 8.27 0.17

Conclusion: some compounds of the present invention have good brain penetration
potential, and particularly, compounds 3, 4, 12, 17, 40 and others have significantly superior
brain-to-plasma ratios to the reference compounds Ref-1 and Ref-2.

7. Evaluation of in vivo distribution of cerebrospinal fluid and plasma after
compound administration

Experimental procedure: the compound was weighed, followed by adding a small
amount of DMSO and then adding a sodium chloride solution for injection, to prepare a 5
mg-mL"! compound solution for administration. Large male mice were intravenously
administered at 5 mg * kg, and cerebrospinal fluid and whole plasma were respectively
sampled at 0.25 h and 2 h after administration (n=1). Whole plasma was centrifuged at 3500
rpm for 15 min, and the supernatant plasma was harvested. 10 uL plasma and 10 pL
cerebrospinal fluid were sampled and added into the centrifuge tube, followed by adding 40
uL acetonitrile containing 20 ng - mL ™" internal standard SAHA to each sample for precipitate
and vortex for 30 seconds, and the resulting mixture was centrifuged at 13,000 rpm for 15 min,
and the supernatant was taken and added into a sample vial for determination. Standard curve
range: 1-1000 ng-mL™".

Table 8 Test results of distribution of cerebrospinal fluid and plasma in mice after
compound administration

0.25h 2h

Compound | Cerebrospinal Plasma Cerebrospinal Plasma

fluid (ng/g) (ng/mL) fluid (ng/g) (ng/mL)

3 79 781 15 185
17 47 713 25 590
40 191 5028 0.51 826
41 67 668 1 38
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42 35 965 1 46

43 151 6797 40 1911

Conclusion: some compounds of the present invention have good brain penetration
potential, and particularly, compounds 40, 43 and others have high distribution concentrations
in cerebrospinal fluid.

8. Evaluation of affinity of compound for human NLRP3 protein

Experimental purpose: protein was immobilized on a CMS5 chip as a solid phase, and
small molecules were diluted in a concentration gradient and then injected for interaction with
the protein, so as to obtain fitted affinity values.

Instrument models and specific consumables: Biacore T200 Cytiva (Sweden),
consumables: Series S Sensor Chip CMS5 Cytiva (Sweden) BR100012 LOT 10344853, Amine
Coupling Kit Cytiva (Sweden) BR100050 LOT 35063.

Reagents: Buffer: PBS 10X (1.37 M NaCl, 26.8 mM KCI, 81 mM Na,HPOs, 17.6 mM
KH>PO4, pH 7.2-7.4) (Sangon Biotech, Lot #J806FC0551), Tween20 (Sigma) (Cat. No.
P9416), DMSO (Sigma) (Cat. No. 67-68-5, Lot #WXBF-1310V).

Experimental procedure:

Protein immobilization: Chip selection: CMS5 experimental procedure: Run — Manual
Run: Manual Run was selected for controlled immobilization. The protein was immobilized
under a specific acidic environment (tests were conducted at pH values of 4.0, 4.5, and 5.0),
and a ligand protein was diluted to 10 ug/mL with 10 mM sodium acetate having different pH
values, in a manual mode, samples were sequentially injected in the pH environment having
strongest signal response. Protein immobilization parameter settings: concentration 30-50
ug/mL, pH environment 4.0, flow rate 10 pL/min, temperature 25°C. Solutions required for
immobilization: 100 uL NHS, 100 pL. EDC, 150 puL Ethanolamine (NHS and EDC are chip
activation reagents, to activate dextran groups on the chip surface, and Ethanolamine is a
blocking reagent used to block groups that are not bound to the protein) instruments
automatically mixed EDC and NHS to activate the chip surface. After protein immobilization,
the reference channel was blocked (with EDC, NHS, and Ethanolamine).

Injection of small molecules: setting of experimental procedure: ethod-LMW Kinetics,
injection time setting: 120s contact, 300s dissociation time, all samples and buffers were

filtered through a 0.22um filter membrane before the experiment.
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NLRP3 protein sequence SEQ ID NO:1:

MKMASTRCKLARYLEDLEDVDLKKFKMHLEDYPPQKGCIPLPRGQTEKADHVD
LATLMIDFNGEEKAWAMAVWIFAAINRRDLYEKAKRDEPKWGSDNARVSNPTVICQE
DSIEEEWMGLLEYLSRISICKMKKDYRKKYRKYVRSRFQCIEDRNARLGESVSLNKR
YTRLRLIKEHRSQQEREQELLAIGKTKTCESPVSPIKMELLFDPDDEHSEPVHTVVFQG
AAGIGKTILARKMMLDWASGTLYQDRFDYLFYIHCREVSLVTQRSLGDLIMSCCPDP
NPPIHKIVRKPSRILFLMDGFDELQGAFDEHIGPLCTDWQKAERGDILLSSLIRKKLLPE
ASLLITTRPVALEKLQHLLDHPRHVEILGFSEAKRKEYFFKYFSDEAQARAAFSLIQEN
EVLFTMCFIPLVCWIVCTGLKQQMESGKSLAQTSKTTTAVY VFFLSSLLQPRGGSQEH
GLCAHLWGLCSLAADGIWNQKILFEESDLRNHGLQKADVSAFLRMNLFQKEVDCEK
FYSFIHMTFQEFFAAMYYLLEEEKEGRTNVPGSRLKLPSRDVTVLLENYGKFEKGYLI
FVVRFLFGLVNQERTSYLEKKLSCKISQQIRLELLKWIEVKAKAKKLQIQPSQLELFYC
LYEMQEEDFVQRAMDYFPKIEINLSTRMDHMVSSFCIENCHRVESLSLGFLHNMPKEE
EEEEKEGRHLDMVQCVLPSSSHAACSHGLVNSHLTSSFCRGLFSVLSTSQSLTELDLSD
NSLGDPGMRVLCETLQHPGCNIRRLWLGRCGLSHECCFDISLVLSSNQKLVELDLSDN
ALGDFGIRLLCVGLKHLLCNLKKLWLVSCCLTSACCQDLASVLSTSHSLTRLY VGENA
LGDSGVAILCEKAKNPQCNLQKLGLVNSGLTSVCCSALSSVLSTNQNLTHLYLRGNTL
GDKGIKLLCEGLLHPDCKLQVLELDNCNLTSHCCWDLSTLLTSSQSLRKLSLGNNDL
GDLGVMMFCEVLKQQSCLLQNLGLSEMYFNYETKSALETLQEEKPELTVVFEPSW.

Experimental result shows that the affinity Kd value of compound 40 for human NLRP3
protein is 62.13 nM.
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CLAIMS
1. A compound of formula I or a pharmaceutically acceptable form thereof, wherein a

structure of the formula I is as follows:

R, R;
Y—X
R, \ />7L\
N—N Re
R, R
X1

where:

Y===X represents a single bond, Y is selected from NR7,, and X is selected from C(=0);

Ri is selected from hydrogen, deuterium, halogen, -OH, -NH», -CN, or the following
groups optionally substituted with 0-6 substituents: Ci alkyl, -O-Ci.¢ alkyl, -S-Ci.¢ alkyl,
-NHC(=0)-Ci.6 alkyl, -(C=O)NH-Ci. alkyl, C2 alkenyl, C2 alkynyl, and 3- to 6-membered
cycloalkyl; and in R, the substituents are selected from deuterium, halogen, -OH, -NH>, or
-CN;

R> and R4 are each independently selected from hydrogen, deuterium, halogen, -OH,
-NH_, -CN, or the following groups optionally substituted with 0-6 substituents: Ci.¢ alkyl,
-O-C1 alkyl, -S-Ci alkyl, -NHC(=0)-Ci alkyl, -(C=O)NH-Ci. alkyl, C2 alkenyl, Cz¢
alkynyl, and 3- to 6-membered cycloalkyl; and in Rz and R4, the substituents are selected from
deuterium, halogen, -OH, -NH>, or -CN;

Rs is selected from hydrogen, deuterium, halogen, -OH, -NH,, -CN, or the following
groups optionally substituted with 0-6 substituents: Ci¢ alkyl, -O-Ci alkyl, -S-Ci alkyl,
-NHC(=0)-C1 alkyl, -(C=O)NH-Ci alkyl, Co alkenyl, Cz alkynyl, 3- to 6-membered
cycloalkyl, 5- and 6-membered heterocycloalkyl, phenyl, and 5- and 6-membered heteroaryl;
in R3, the substituents are selected from deuterium, halogen, -OH, -NH», -CN, or 3- to
6-membered cycloalkyl; and in Rs, 5- and 6-membered heterocycloalkyl and 5- and
6-membered heteroaryl contain 1-3 heteroatoms selected from at least one of N, S, and O;

Rs is selected from hydrogen, deuterium, halogen, -NH», -CN, or the following groups
optionally substituted with 0-6 substituents: Cis alkyl, -O-Cis alkyl, -S-Cis alkyl,
-NHC(=0)-C1 alkyl, -(C=O)NH-C alkyl, Cs alkenyl, Cy6 alkynyl, and 3- to 6-membered

cycloalkyl; and in Rs, the substituents are selected from deuterium, halogen, -OH, -NH» or
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-CN;

or, R> and R3, R3 and R4, or R4 and Rs, together with atoms to which these groups are
bound, form a 5- and 6-membered alkane ring, a benzene ring, a 5- and 6-membered alkane
heterocyclic ring, or a 5- and 6-membered heteroaromatic ring that is substituted with 0-6
substituents, wherein the substituents are selected from deuterium, halogen, -OH, -NH>, -CN,
an oxo group, Cis alkyl, Cis fluoroalkyl, Cis deuterated alkyl, -O-Ci¢ alkyl, -O-Ci.
fluoroalkyl, -O-Cis deuterated alkyl, Cs.s cycloalkyl, Cs¢ fluorocycloalkyl, or 3- to
6-membered cycloalkyl formed by two of the substituents bound to a same carbon atom;
when R; and R3, R3 and R4, or R4 and Rs, together with the atoms to which these groups are
bound, form a ring, the 5- and 6-membered alkane heterocyclic ring and the 5- and
6-membered heteroaromatic ring contain 1-3 heteroatoms selected from at least one of N, S,
and O;

when R; is selected from -OH, R> and R3, together with the atoms to which these groups
are bound, form the benzene ring, a 5-7 membered alkane heterocyclic ring, or the 5- and
6-membered heteroaromatic ring that is substituted with 0-6 substituents, wherein the
substituents are selected from deuterium, halogen, -OH, -NH,, -CN, Cis alkyl, Cis
fluoroalkyl, Ci.s deuterated alkyl, -O-Ci. alkyl, -O-Ci.s fluoroalkyl, -O-Ci deuterated alkyl,
Cs.6 cycloalkyl, Cs fluorocycloalkyl, or 3- to 6-membered cycloalkyl formed by two of the
substituents bound to the same carbon atom; and when R, and R3, together with the atoms to
which these groups are bound, form a ring, the 5-7 membered alkane heterocyclic ring and the
5- and 6-membered heteroaromatic ring contain 1-3 heteroatoms selected from at least one of
N and S, or 2 atoms of O;

L is selected from -(CH2)a1-, O, -(CH2)n1-NH-, -NH-(CH2)n1-, and -NH-CH(CH2)n1(CH3)-,
where nl is an integer selected from 0 to 3;

Rs is selected from 6- to 10-membered aryl, 5- to 10-membered heteroaryl, 3- to
8-membered heterocycloalkyl, 3- to 8-membered cycloalkyl, 6- to 10-membered
spirocycloalkyl, 6- to 10-membered heterospirocycloalkyl, 6- to 10-membered bridged
cycloalkyl, 6- to 10-membered heterobridged cycloalkyl, and Ci alkyl that are substituted
with 0-6 substituents; in Re, the substituents are selected from Rsa, halogen, the oxo group,
-ORsa, -SRga, -C(=O)Rsa, -OC(=O)Rss, -C(=O)ORsa, -C(=O)NRsaRsp, -NRg.C(=O)Rsp,
-NRsaRsp, -SO2Rsa, -SO2NRsRsp, -NRg.SO2Rsp, and -CN; and in Rs, 5- to 10-membered
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heteroaryl, 3- to 8-membered heterocycloalkyl, 6- to 10-membered heterospirocycloalkyl, and
6- to 10-membered bridged cycloalkyl contain 1-3 heteroatoms selected from at least one of N,
S and O;

Rsa and Rgy are each independently selected from hydrogen, deuterium, or the following
groups substituted with 0-6 substituents: Ci4 alkyl, 3- to 6-membered cycloalkyl, 4- to
6-membered heterocycloalkyl, phenyl, 5- and 6-membered heteroaryl, (3- to 6-membered
cycloalkyl)-methylene, and (4- to 6-membered heterocycloalkyl)-methylene; in Rg. and Rsgp,
the substituents are selected from deuterium, halogen, -N(R10aR10), -OH, -CN, Ci4 alkyl, Ci14
alkoxy, Ci4 deuterated alkyl, 3- to 6-membered cycloalkyl, 4- to 6-membered
heterocycloalkyl, (3- to 6-membered cycloalkyl)-methylene, or (4- to 6-membered
heterocycloalkyl)-methylene; and in Rs. and Rsy, 4- to 6-membered heterocycloalkyl, 5- and
6-membered heteroaryl, and (4- to 6-membered heterocycloalkyl)-methylene contain 1-3
heteroatoms selected from at least one of N, S and O; and 4- to 6-membered heterocycloalkyl
and (4- to 6-membered heterocycloalkyl)-methylene in the substituents contain 1-3
heteroatoms selected from at least one of N, S and O;

or, Rg, and Rgp, together with atoms to which these groups are bound, form a 3- to
6-membered alkylheterocyclic ring substituted with 0-6 substituents; when Rs. and Rsp,
together with the atoms to which these groups are bound, form a ring, the substituents are
selected from deuterium, halogen, -N(RiiaR11), -OH, -CN, Ci4 alkyl, 3- to 6-membered
cycloalkyl, and 4- to 6-membered heterocycloalkyl; and when Rg. and Rsp, together with the
atoms to which these groups are bound, form the ring, 3- to 6-membered heterocycloalkyl
contains 1-3 heteroatoms selected from at least one of N, S and O, and 4- to 6-membered
heterocycloalkyl in the substituents contains 1-3 heteroatoms selected from at least one of N,
S and O;

R7a 1s selected from hydrogen, or the following groups substituted with 0-6 substituents:
Cis alkyl, Cos alkenyl, Css alkynyl, 3- to 6-membered cycloalkyl, 4- to 6-membered
heterocycloalkyl, phenyl, and 5- and 6-membered heteroaryl; in R7., the substituents are
selected from hydrogen, deuterium, halogen, -OH, -NHz, or -CN; and in Rz, 4- to
6-membered heterocycloalkyl and 5- and 6-membered heteroaryl contain 1-3 heteroatoms
selected from at least one of N, S and O;

Rioa, Riov, Ri1a, and Ry, are each independently selected from hydrogen or Ci4 alkyl;
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the pharmaceutically acceptable form is selected from pharmaceutically acceptable salts,
esters, stereoisomers, polymorphs, solvates, nitrogen oxides, isotope markers, metabolites, or
prodrugs.

2. The compound according to claim 1, wherein

R; is selected from hydrogen, deuterium, halogen, -OH, -NHz, -CN, or the following
groups optionally substituted with 0-6 substituents: Ci4 alkyl, -O-C14 alkyl, -S-C1.4 alkyl, C24
alkenyl, Cz4 alkynyl, and 3- to 6-membered cycloalkyl, wherein the substituents are selected
from deuterium, halogen, -OH, -NHa, or -CN;

preferably, R; is selected from hydrogen, deuterium, halogen, F, Cl, -OH, -NHa», -CN, or
the following groups optionally substituted with 0-3 substituents: Ci4 alkyl, -O-Ci4 alkyl,
-S-Ci4 alkyl, and 3- to 6-membered cycloalkyl, wherein the substituents are selected from
deuterium, F, Cl, -OH, -NHa, or -CN;

more preferably, R; is selected from hydrogen, deuterium, F, Cl, -OH, -CHs,
fluoromethyl, deuterated methyl, methoxy, fluoromethoxy, deuterated methoxy, cyclopropyl,
and fluorocyclopropyl.

3. The compound according to claim 1 or 2, wherein

R> and R4 are each independently selected from hydrogen, deuterium, halogen, -OH,
-NH_, -CN, or the following groups optionally substituted with 0-6 substituents: Ci4 alkyl,
-O-Ci4 alkyl, -S-Ci4 alkyl, Cy4 alkenyl, C24 alkynyl, and 3- to 6-membered cycloalkyl,
wherein the substituents are selected from deuterium, halogen, -OH, -NH>, or -CN;

preferably, R» and R4 are each independently selected from hydrogen, deuterium, F, CI,
-OH, -NHaz, -CN, or the following groups optionally substituted with 0-3 substituents: Ci4
alkyl, -O-Ci4 alkyl, -S-Ci4 alkyl, and 3- to 6-membered cycloalkyl, wherein the substituents
are selected from deuterium, F, Cl, -OH, -NHo, or -CN;

more preferably, Rz and R4 are each independently selected from hydrogen, deuterium, F,
Cl, -OH, -CHs, fluoromethyl, deuterated methyl, methoxy, fluoromethoxy, deuterated
methoxy, cyclopropyl, and fluorocyclopropyl.

4. The compound according to any of claims 1-3, wherein

R3 is selected from hydrogen, deuterium, halogen, -OH, -NH, -CN, or the following
groups optionally substituted with 0-6 substituents: Ci4 alkyl, -O-C14 alkyl, -S-C1.4 alkyl, C24
alkenyl, Cz4 alkynyl, 3- to 6-membered cycloalkyl, 5- and 6-membered heterocycloalkyl,
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phenyl, and 5- and 6-membered heteroaryl; in R3, the substituents are selected from deuterium,
halogen, -OH, -NH;, -CN, -CF;, or cyclopropyl; and in Rj3, 5- and 6-membered
heterocycloalkyl and 5- and 6-membered heteroaryl contain 1-3 heteroatoms selected from at
least one of N, S, and O;

preferably, R3 is selected from hydrogen, deuterium, F, Cl, -CN, or the following groups
optionally substituted with 0-3 substituents: Ci4 alkyl, -O-Ci4 alkyl, -S-Ci4 alkyl, Co4
alkenyl, Cz4 alkynyl, 3- to 6-membered cycloalkyl, 5- and 6-membered heterocycloalkyl,
phenyl, and 5- and 6-membered heteroaryl; in R3, the substituents are selected from deuterium,
F, Cl, -OH, -NHa, -CF3, -CN, or cyclopropyl; and in R3, 5- and 6-membered heterocycloalkyl
and 5- and 6-membered heteroaryl contain 1-2 heteroatoms selected from at least one of N, S,
and O;

more preferably, Rs3 is selected from hydrogen, deuterium, F, CI, methyl, fluoromethyl,
deuterated methyl, methylthio, fluoromethylthio, deuterated methylthio, methoxy,
fluoromethoxy, deuterated methoxy, cyclopropyl, fluorocyclopropyl, vinyl, ethynyl, phenyl,
fluorophenyl, and deuterated phenyl.

5. The compound according to any of claims 1-4, wherein

Rs is selected from hydrogen, deuterium, halogen, -NH>, -CN, or the following groups
optionally substituted with 0-6 substituents: Ci4 alkyl, -O-Ci4 alkyl, -S-Ci4 alkyl, Co4
alkenyl, Cz4 alkynyl, and 3- to 6-membered cycloalkyl, wherein the substituents are selected
from deuterium, halogen, -OH, -NHa, or -CN;

preferably, Rs is selected from hydrogen, deuterium, F, Cl, -NH_, -CN, or the following
groups optionally substituted with 0-3 substituents: Ci4 alkyl, -O-Ci4 alkyl, -S-Ci4 alkyl, and
3- to 6-membered cycloalkyl, wherein the substituents are selected from deuterium, F, Cl,
-OH, -NHz, or -CN;

more preferably, Rs is selected from hydrogen, deuterium, F, CI, -CH, -CHs,
fluoromethyl, deuterated methyl, methoxy, fluoromethoxy, deuterated methoxy, cyclopropyl,
and fluorocyclopropyl.

6. The compound according to any of claims 1-5, wherein

R> and R3, R3 and R4, or R4 and Rs, together with the atoms to which these groups are
bound, form the 5- and 6-membered alkane ring, the benzene ring, the 5- and 6-membered

alkane heterocyclic ring, or the 5- and 6-membered heteroaromatic ring that is substituted
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with 0-6 substituents, wherein the substituents are selected from deuterium, halogen, -OH,
-NH,, -CN, the oxo group, Ci4 alkyl, Ci4 fluoroalkyl, Ci4 deuterated alkyl, -O-Ci4 alkyl,
-O-C14 fluoroalkyl, -O-C14 deuterated alkyl, 3- to 6-membered cycloalkyl, 3- to 6-membered
fluorocycloalkyl, or 3- and 4-membered cycloalkyl formed by two of the substituents bound
to a same carbon atom; when R> and R3, R3 and R4, or R4 and Rs, together with the atoms to
which these groups are bound, forms the ring and the 5- and 6-membered alkane heterocyclic
ring, the 5- and 6-membered heteroaromatic ring contain 1-2 heteroatoms selected from at
least one of N, S, and O;

preferably, R> and R3, or R3 and Ra, together with atoms to which these groups are bound,
y . * %
e A e A jI
| jS (\/‘[ \ o | | ¥
forms @, X , H ;{, “é‘, qﬁ, H (é, /:L;‘, g"{,F F o, ;\,
O~ X % % N N
¢ | | | g g
O:[ﬁ , OC\/[;‘ , ©[j\ , (Ojé’é‘ , [O:\[‘é‘ R Qj‘ or @éf‘

substituents, wherein the substituents are selected from deuterium, F, Br, CI, -OH, -NHa, -CN,

that is substituted with 0-3

the oxo group, methyl, fluoromethyl, deuterated methyl, methoxy, fluoromethoxy, deuterated
methoxy, cyclopropyl, fluorocyclopropyl, or3- and 4-membered cycloalkyl formed by two of

the substituents bound to the same carbon atom.

7. The compound according to any of claims 1-5, wherein

when R is selected from -OH, R, and R3, together with the atoms to which these groups
are bound, form the benzene ring, the 5- and 6-membered alkane heterocyclic ring, or the 5-
and 6-membered heteroaromatic ring that is substituted with 0-6 substituents, wherein the
substituents are selected from deuterium, halogen, -OH, -NH»,, -CN, Ci4 alkyl, Ci4
fluoroalkyl, Ci4 deuterated alkyl, -O-C1.4 alkyl, -O-Ci4 fluoroalkyl, -O-Ci4 deuterated alkyl,
3- to 6-membered cycloalkyl, 3- to 6-membered fluorocycloalkyl, or 3- and 4-membered
cycloalkyl formed by two of the substituents bound to the same carbon atom; and when R»
and Rs, together with the atoms to which these groups are bound, form the ring, the 5- and
6-membered alkane heterocyclic ring contains two atoms of O, and the 5- and 6-membered

heteroaromatic ring contains 1-2 heteroatoms selected from at least one of N, S, and O;

preferably, when R, is selected from -OH, R and Rs, together with the atoms to which
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8. The compound according to any of claims 1-7, wherein a structural unit R R« s
selected from:

e R o £ R S S -
5 %s O G F%G 25 V%

5

R oH N

H y H H H N
L@?* LO;, C|j\\NO§, LQE’ CFG/LNOE, @dE, Brﬁgé, {W\Og,

b

CFsQ; Qﬁ ca@% %Qé Qs ca@% CQ? %Qs

, CFs, CFs | CFs CFaH | CFH CFH CFH

OCF,H

BT T v v v s

CFH CFH CFH OCFH |

e e e e e . 0
Q= e e o o S
Lo O o Qb o Q} Rl
R e O ek re e

9. The compound according to any of claims 1-8, wherein
R7a is selected from hydrogen, or the following groups optionally substituted with 0-6

substituents: Ci4 alkyl, Css alkenyl, Cos alkynyl, 3- to 6-membered cycloalkyl, 4- to
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6-membered heterocycloalkyl, phenyl, and 5- and 6-membered heteroaryl; in Rz, the
substituents are selected from hydrogen, deuterium, halogen, -OH, -NHa, or -CN;
preferably, Rz, is selected from hydrogen, Ci4 alkyl, Ci4 fluoroalkyl, Ci4 deuterated
alkyl, Ci4 alkoxy, Ci4 fluoroalkoxy, Ci4 deuterated alkoxy, carboxyl, Ci4 alkoxycarbonyl,
Ci4 fluoroalkoxycarbonyl, Ci4deuterated alkoxycarbonyl, 3- to 6-membered cycloalkyl, 3- to
X/X2

X3

6-membered fluorocycloalkyl, phenyl, pyridinyl, or :ll" ; X1 and X are each

independently selected from CH and N; and X3 is selected from N-C;4 alkyl, NH, S, and O;
more preferably, R7a is selected from hydrogen, methyl, deuterated methyl, fluoromethyl,
ethyl, fluoroethyl, isopropyl, fluoroisopropyl, cyclopropyl, fluorocyclopropyl, cyclohexyl,

~X
X7 X2
k)
fluorocyclohexyl, phenyl, 2-pyridinyl, and = ; X1 1s selected from CH and N; and X3 is

selected from N-methyl, S and O.

e

10. The compound according to any of claims 1-9, wherein a structural unit ~ n—N is

B A s A e dlin s Ao e 4

2

selected from:

P (\N A\ <CF3 o

— o S‘< /N‘/< o HFZC\N (0] FaC, 0 "

ISR R R o I o
N-N N-N N-N N-N | N-N - and N-N |

11. The compound according to any of claims 1-10, wherein L is selected from O, -NH-,
-NH-CHz-, and -NH-CH(CH3)-.

12. The compound according to any of claims 1-11, wherein in Rs, the substituents are
selected from fluorine, chlorine, a hydroxy group, a cyanogroup, the oxo group, Ci4 alkyl,
Ci4 fluoroalkyl, Ci4 deuterated alkyl, Ci4 alkoxy, Ci4 fluoroalkoxy, Ci4 deuterated alkoxy,
3- to 6-membered cycloalkyl, 3- to 6-membered fluorocycloalkyl, an amino group, a

Y N ]
dimethylamino group, ?L>LO %CO EO _§<>O _§<>OH _§_<o_>N

2 2 5 2 5 2

Q @) Q
§}NH2, _§< , H:Z, %—N>I\-I_’ -§)>’ ‘%‘Q’ 'E/_OH and _§<>O.

5
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13. The compound according to any of claims 1-12, wherein R is selected from the
following structures:

R
1128 Riza (Ry2b)n2 (R1zb)n2

\;\L/\N/Rua ot | R

- N 12b) 2
/\) \g\J ‘z{\[ }(R12b)n2 L/N Ri2a ?S\/Q X@
(R120)n2 , (Rizb)n2 , (o) Ri2a

b 2 2 2

(0] ~
(Rizp)n2 - # -
¥ p o) >~ (Rizb)n2 Fa
G(Rub)nz I_(R12b)n2 R12b (R12p)n2
, HO HO OH , HN

(Rizp)n2 Rz R 12b)n2 (Ri2b) 2

12b)n2 | > 2oz ~
%@ﬁz ) | @Rm \;/((5 eﬁ?j | f(}) ;j\ L/o
o O T A o B g

12b Ri2p Ri2p Ri2b Ri2p

R
j:‘\/l\rRma ?’\><‘/R12a ?\X‘/Rma }{\/Rma ;j/\ oA N ¥ \/\\|12b)n2
R R (Ri2o0)n2 | o Razp)nz | N
12b 12b , , , _
Ry2p) (R120)n2
N 12b)n2 —
%'/\j—(R ) ?‘J\(BN—(R%)@ % /E\:\NH JI: %(Rﬂb)n? Ly, NH
~ > <
N_ A (Rizbh2 , N , N._N : YN : 2N . (Rioha N ’
\gq/ Ri2a )(Q(Rmb)nz Riaa
R12a }{Q
R n o .
Rizb (Rizohnz | Riza (Razohe , and Riab, wherein

Ri2a and Ri2p are each independently selected from Rg,, halogen, the oxo group, -ORg,,
-SRsga, -C(=O)Rga, -OC(=0)Rsga, -C(=0O)ORsga, -C(=O)NRgaRsp, -NRg.C(=O)Rgpb, -NRsaRsp,
-SO2R3a, -SO2NRsaRsb, -NRgaSO2Rsp, and -CN, and n2 is an integer selected from 0 to 6;

preferably, Ri2. and Riz, are each independently selected from Rsa, halogen, the oxo
group, -ORsa, -SRsa, -C(=O)Rsa, -OC(=0)Rsa, -C(=0)ORsa, -C(=O)NRsaRsb, -NRssC(=O)Rsp,
-NRsaRsgb, -SO2Rsa, -SO2NRgaRsp, -NRg.SO2Rsp, and -CN, and n2 is an integer selected from 0
to 3;

more preferably, Ri2. and Rz are each independently selected from fluorine, chlorine,
the hydroxy group, the cyanogroup, the oxo group, Ci4 alkyl, Ci4 fluoroalkyl, Ci4 deuterated
alkyl, Ci4 alkoxy, Ci4 fluoroalkoxy, Ci4 deuterated alkoxy, 3- to 6-membered cycloalkyl, 3-

OH
to 6-membered fluorocycloalkyl, the amino group, the dimethylamino group, 7>L ,
O Ho

(e sx? O Ao W P Y o

5 5 3
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14. The compound according to any of claims 1-13, wherein R is selected from the
following structures:

?%/O\‘\, EQIT/, P%G\IW, %O\IU, y@t\o, %O“\/A, %QI\AOH, ‘5\/@,
%LLEO’ ‘%O\I\DO’ }LL/G\I\O)’ XG\‘@/A, }{O\IVCﬁ, %@“%OH’ %O\‘ﬂ

s OH

b

FF o}
Qﬁ\o/’ ?{i\j\‘\, E/O\‘To(’ E\/O\IVCN, }(O\‘TOKVN\’ mﬁk, ?{Q‘TO}/O\,

OH CF3
?ﬁ%’ }L’D/\OH, }LE/\OH, HO?O’ )A\©\0H’ yQ<FF’ ?G\‘\, HO\;/\O
¢ ¥ ) %QNH ©
HZND, Hoj/\j’ %%H’ }{\/l!l\, 5 . o, WO\, >“\/><O‘CD3
E&(OH -51/><OH :LLLXOH {@Q :{E,\; NH 3{\@0 ;{]\TQO J{\@\F

b2
E/@\OH, HOJ@ %DU ) QOH :etJ:} o %©OH )g;NH WOH
N

F3C

‘a
QOH’ y{O/ , \(o\f EQ ﬁOH :NO’ ?{@“\’ ﬁ\, R\Q/OH
§W£L¢@@gk%ﬁgﬁy@wfggﬂ

2

SGLTGNS S0 S S A ¢ LR O SN G UING oY
and }"Ql CDs,

15. The compound according to any of claims 1-14, wherein the compound is selected
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16. The compound according to claim 1, wherein a structural unit Rz R is selected
from

o & o, 5 OF S QF s
@ﬁ“Q§2Q5Q§Q§”i®<©;«Q%

b 3

H H
R oH N

H ¥ H H H H
L@? /ng’ mj\NOg’ LQE, cpsﬁQE’ @d§’ Brﬁgi {(\\Oé

5 5 3

cpan el D At et e Dt

, CFs, CFs CFs CFH CFH CFH CFH
OCFH
m@;— caoQé— HcmoQg— ng o QE OCFH OCFH
CFH | CFH | CRaH | OCFH F~ OG? CFaOGE*

OCF; OCF3 OCF3 OCF3 OCF3 Q
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17. The compound according to claim 16, wherein a structural unit ~ nN—n is selected

B S AT AT S M S M S M T

N \ P CF3

4 (\N < o

= o s4 o NL o HFzC\N O KRG O \

I G s U o CRY o PRV o GRS e
N-N N-N N-N N-N N-N and N-N |

from:

18. The compound according to claim 16 or 17, wherein L is selected from O, -NH-,

-NH-CH:-, and-NH-CH(CH3)-.
19. The compound according to any of claims 1-18, wherein R is selected from the
following structures:

O SO S SOy s WD, o2
%LEO %QIEO %@NO XONT)/A Lo LA, }LQU\

- OH

5 2 5 2 2 b 3

Q‘U\O/, ?e{é'\, E/GHO( S{O\‘VCN %QWN\ mﬂi ta&/Q\NL{O\

2 b b b
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OH CF;
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}S‘ N\’ Qi/\"\l\’ :%—CN\Q N\ N\ﬁ N\ﬁ o b ‘5??- N b ‘}LL NH’

0
S X ey P
8 o AL %L L.
21‘/><\O'" o , HO O, % , OH,  HN—/ : , OH |
. F.C e
TANe e ING TN AN ST o
&OH’ e . OH | % OH, s 5 (@) , % N\, N

2 b

<y;><OH %O\‘\/ : '§<><OH , %O“\)OLNHZ ’ jQVVCF3 Z@Ug N\/FKF

2 b b
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20. The compound according to any of claims 16-19, wherein the compound is selected

from:
iy, y {w% B g

mﬂ 4 4 NS o G
4Q_< 4Q_< C L % C f°“ 4Q_<N7N D
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Sty Ry iy *:QH%

\ N9 \
N N N
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21. The compound according to claim 1, wherein a structural unit Rz R is selected
from:

R ol o Qb Qo Q-
B RF C@ Sytigsy o Baes

5

H
H OH

H H ¥ H H H H
L@Ef ﬁO§, qLNOE, LQE, CFG/LNOE, EN{:;E, Brﬁgé M?

b b 3

CFsQ; Qz ca@% %Qz Qs CFanf cQ; %Qs

, CFs, CFs | CFs CFaH | CFH CFH CFH
OCFH
m@? CFgoQg— HFzCOQ%’ Q? oQ; o OcFaH
CFH CFH CFH | OCFH F~ OG? CF3OG§’
OCF, OCF; OCF; OCF; OCF3
9 b b b

O OH

»@% G, A @‘? Q}"?” ”C% (Q
% % % m %Qj;’ D%‘@’; @Z, ﬂj,
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22. The compound according to claim 21, wherein a structural unit ~ N—n is selected

B S A T e i Slke T Al 4

!\l N\ = Z CF3

N
= o s4{ o N{ o HFzC\N O RC 0 <N 0O
N-N N-N N-N N-N N-N ’and N-N |

b

from:

23. The compound according to claim 21 or 22, wherein L is selected from O, -NH-,

-NH-CHz>-, and -NH-CH(CH3)-.
24. The compound according to any of claims 21-23, wherein Rg is selected from the
following structures:

?»{O“\, EQY , “‘“@“W, “f““‘o“ﬂ, V@“m, y@w&, w@ww, fﬁ,
%*—:_EO ?{O\I\Do }{G\IO XO\‘E(A E{Q‘VCFS }(O\‘%OH %Q‘ﬂ

- OH

5 2 5 2 2 3 b

O”U\o/ L B‘Qof J o *OW mui E‘QEO\

2 b b b

%Q/\ m\, :LLLCN‘ x&\ xd\ Xd\ Y%\N\ z@ SN
B e e 0 VA, oh G20
o “ﬁﬁﬁ%;wégQ ﬁij o
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OH
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.. OH
é N— ,w' >/
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25. The compound according to any of claims 21-24, wherein the compound is selected
from:

%@NJ&W @%J& e @J&C y @J&"“

2 b b

et e e O
o CJ @%J&?L{ @ﬂ Q F@j CN

, F , Or

F3C
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26. The compound according to any of claims 1-14, wherein a structural unit

is selected from:

7\ 7\
. o (e L Lo ome, Q. K, Qo
@ O 9 Y5 S A5 S A (RS R 5
%(\/ %(\/ %(\/ %(\/ %(\/ %(\/ T<\/g T(\ Var T(\/g
N—N N—N N—N N—N N—N N—N N—N N—-N

2 5 5 2 2 2 5 b b

N

& N N

= o s4 o NL o HFzC\N 0 FC 0 (o O N
N N N N NJ§ n N

4 Jﬁ—; -4 J&; - J/@ -4 J&é +Q J&% 2 WWas S0
N-N N-N N-N NN N-N N-N ©  and .

27. The compound according to claim 26, wherein Rs is selected from the following

OH F
¥ W OH F 4N
O eNNe
N
structures: 2 >N\ I I NS, NS, 2N and N

28. The compound according to claim 26 or 27, wherein the compound is selected from:

\ (o]
NJ& DC O
s \ N N
OH N—-N
N = OH J
[ s

/

@ J&NH

29. A pharmaceutical composition, wherein the pharmaceutical composition takes the

N

compound according to any one of claims 1-28, or pharmaceutically acceptable salts, esters,
stereoisomers, tautomers, polymorphs, solvates, nitrogen oxides, isotope markers, metabolites,
or prodrugs thereof as active ingredients, together with a pharmaceutically acceptable carrier.

30. A use of the compound according to any one of claims 1-28or pharmaceutically
acceptable salts, esters, stereoisomers, tautomers, polymorphs, solvates, nitrogen oxides,
isotope markers, metabolites, or prodrugs, and the pharmaceutical composition according to
claim 29 in preparation of drugs for prevention and/or treatment of NLRP3-related diseases.

31. The use according to claim 30, wherein the NLRP3-related diseases comprise
inflammatory diseases, autoimmune diseases, cardiovascular diseases, cancers, renal system
diseases, gastrointestinal diseases, respiratory diseases, endocrine system diseases, or central
nervous system diseases.

32. The use according to claim 31, wherein the NLRP3-related diseases comprise

cryopyrin-associated periodic syndrome (CAPS), Muckle-Wells syndrome, familial cold

autoinflammatory syndrome, neonatal-onset multisystem inflammatory disease (NOMID),
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familial Mediterranean fever, non-alcoholic steatohepatitis, alcoholic liver disease,
graft-versus-host disease, multiple sclerosis, rheumatoid arthritis, type I/Il diabetes mellitus
and related complications, psoriasis, Alzheimer’s disease, atherosclerosis, gout, chronic
kidney disease, sepsis, liver fibrosis, idiopathic pulmonary fibrosis, epilepsy, neuropathic pain,
depressive disorders, Parkinson’s disease, asthma, acute myocardial infarction, systemic lupus
erythematosus, rheumatoid arthritis, Crohn’s disease, ulcerative colitis, inflammatory bowel
disease, rheumatoid arthritis, ankylosing spondylitis, bronchial asthma, acute respiratory

distress syndrome, chronic obstructive pulmonary disease, or ischemic stroke.
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