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HETEROCARYL HETEROCYCLIC COMPOUNDS AND USES THEREOY

Field of the Invention

The present invention relates to heteroaryl heterocyclic compounds, pharmaceutical
compositions comprising same, methods for preparing same, and uses thereof.

Background of the Invention

Bruton’s Tyrosine kinase (BTK), a member of non-receptor tyrosine protein Tec family
(including BTK, LTK, TEC, BMX, TXK and the like), is widely expressed in hematopoietic
cells except for T cells, NK cells and difterentiated plasma cells. BTK plays an important role in
signaling mediated by B cell antigen receptor (BCR) and Fey recepior (FeyR) in B cells and
myeloid cells, respectively. It is a key regulator on the B cell development, activation, signaling
and survival, BTK can countrol the developmient and differentiation of B cells by activating
positive regulatory factors and differentiation factors of cell cycle, and can also control the
survival and proliferation of B cells by regulating the expressions of pro-apoptotic proteins and
anti-apoptotic proteins. BTK also plays an important role in the migration and adhesion of B
tymphoma cells. In addition, BTK plays a role in many other hematopoietic signaling pathways,
such as Toll-like receptor (TLR) and cytokine receptor-mediated TNF-a production in
macrophages, signaling mediated by IgE receptor (FceRI) in mast cells, inhibition of Fas/APO-1
induced apoptotic signal in B-type lymphoid cells, and collagen induced platelet aggregation.

In humans, BTK gene mutation would lead to a hereditary immunodeficiency disease, X-
linked agammaglobulinaemia (XLA). Point mutation of BTK gene is implicated in human XLA
patients, associated with low to undetective BTK mRNA level and BTK protein expression, as a
consequence, almost completely lack of the maturation and the development of B cells and
immunoglobulins, and significant attenuation of persistent calcinm signal in response to BCR
stimmulation. The effect of BTK mutation is only restricted on B cell populations, vo sigunificant
development defects in other immune cells found in XLA patients. Spontancous mutations of
BTK gene were also found in X-linked imnmnodeficiency (xid) mice, showing a similar but less
severe phenotype. In xid mice or mmutation induced BTK gene knock-out mice, B cell
differentiation was partially blocked at the B cell stage, with reduced number of mature B cells
in blood circulation, and resistance to models of collagen-induced arthritis and staphylococcus-
induced arthritis. It has been indicated by a large amount of evidences that BTK is abundantly
expressed in the circulating B cells in the patients with autoimmune diseases such as rheumatoid
arthritis (RA), primary Sjogren’s syndrome (pSS) and systemic lupus erythematosus (SLE), as
well as B-cell leukemia and lymphoma. The aberrant activation of BCR sigoaling has been
confirmed in these autoimmune diseases and B cell related discases. Inhibition of B cells, BCR
signaling pathway and BTK may slow down the progression of the diseases to varying degrees.

Based on the key role of BTK in the development and functions of B cells, BTK is
considercd as a potential target for the treatment of B cell malignancics and autoimnmune
discases. A variety of BTK inhibitors are being developed for the clinical rescarch of
hematologic malignancies and autoimmune diseases. Small molecule BTK inhibitors {(such as
ibrutinib, acalabrutinib, zanubrutinib, PRN1008, GDC-0853) have shown promising therapeutic
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efficacies. For example, ibrutinib, an irreversible BTK inhibitor, with a relatively high durable
efficacy and low toxicity in clinical studies, has been approved by U.S. Food and Drag
Administration (FDA) for the treatment of relapsed manile cell lymphoma (MCL) in 2013,
chronic Iymphocytic leukeria (CLL) in 2014, Waldenstrém’s macroglobulinaemia (WM) in
2015, and relapsed/refractory marginal zone lymphoma (MZL) in 2017. In particular, the
approved indications were extended to chronic graft-versus-host discase {GVHD) in 2017,
demonstrating the mechanism of BTK in the treatment of chronic astoimmune diseases. in
addition, the irreversible BTK. inhibitor acalabrutinib was approved for the treatment of adult
MCL in 2017 and for CLL in 2019; zanubrutinib was approved by FDA for the treatmment of
MCL in November 2019; and a phase 3 study of PRN1008 against pemphigus is ongoing. Some
irreversible BTK inhibitors (tirabrutinib, spebrutinib, and evobrutinib} and reversible BTK
inhibitors (GDC-0853, AR(-531 and LOXO-305) have been on the stage of pre-clinical and
clinical development.

Therefore, BTK inhibitors represent attractive therapy for the treatment of related discases,
especially cancer, inflammatory diseases or autoimmumne diseases.

Summary of the Invention

Provided is a compound of formula (I):

Ko .
R, X7 X5

1
AL N N o]

H

Rs Cy, N
\N/ \\/ Ty

0

or a pharmaceutically acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer,
a diastereomer or a tautomer thereof, wherein

X and X; are each independently CH or N; or, X 18 N, X5 is CRy4, wherein Ry i3
chosen from Ci6 alkyl;

X3 and X, are each independently C or N;

Y and Y, are each independently CRip or N;

R, and R, are each independently chosen from hydrogen, deuterium, halogen, C.¢ alkyl,
Ci alkynyi, Cig haloalkyl, Cs cycloalkyl and phenyl; or Ry and R, together with the
carbon atoms o which they are attached form the following structures:

WedReln Wiy F # MR ?i%%)’“
'3.{\) ‘zzlb (Rl 3{5\\,7{%} P w%@ g 0
(1) - ’ {1-3) ’ (1-4) or 0B
wherein Ry is independently chosen from deuterium, halogen, hydroxyl, Ci.¢ alkyl, Cos
alkynyl, C; ¢ deuteroalkyl and Cy.6 haloalkyl; or two R, together with the carbon atoms to

which they are attached form 3-6 membered cycloalkyl, mis 0, 1,2, 3 0or4;pis 1,2, 3 or 4;
718 N or CRy; Ry is chosen from hydrogen, deuterium, C.¢ alkyl, halogen and Ci.s haloalkyl;
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or Ry and Ry together with the carbon atoms to which they are attached form {i-6) ,
provided that R; is halogen, or both X and X; are not CH at the same time;

R is hydrogen, deuterium, halogen or Cy4 haloalkyl;

Ry is hydrogen, halogen, -CN, C4 alkyl, Co alkynyl, -(Cy.; alkyl)-OH, -(Cy.; alkyh)-O-
(Cy;3 alkyl), -O-(Cy; alkyl), -CHO, -C(O}NH;, -C{(OYNHCH;, -C(ON(CH;), or 3-hydroxyl-
oxetan-3-yl, wherein the Cps alkyl or C; 5 alkyl is each optionally substituted with one or
more deuterium or halo;

L
. = ~ eI . . . -
Cyis Sy & or 4 ®~; wherein Ry; is chosen from hydrogen, Cy.6 alkyl and

Cs.6 cycloalkyl, wherein the Ci¢ alkyl is optionally substituted with one or more deuterium
or halo;
U, V and W are cach independently N or CRyy; Ryz is hydrogen, deuterium or halogen;
R is hydrogen, Ci alkyl, -C(O)-(C 1 alkyl), -C(O}{Cs.6 cycloalkyl), -C{O)-phenyl, -
C(OINH~(C o6 alkyl), ~C{OINH-(Cs.6 cycloalkyl), -C{OIMN(C6 alkyl)s, phenyl, 5-6
membered monocyclic heteroaryl or 8-10 membered bicyclic heteroaryl, wherein the Cie
alkyl, Csi.6 cycloalkyl, phenyl, 5-6 membered monocyclic heteroaryl or 8-10 membered
bicyclic heteroaryl is each optionally substituted with one or more groups chosen from:
1) halogen;
2) oxo;
3y -CN;
4y Cygalkyl;
5)  Coealkenyl;
6y Chgalkynyl;
7y Cypalkoxy;
8) Cy haloalkyl;
9y ~{CigalkyD)-OH;
10) ~(Ci. alkyl}-O-(Cy 4 alkyl);
11y Cscycloalkyl;
12) 3-12 membered heterocyclyl optionally substituted with onc or more groups
chosen from: deuterium, halogen, hydroxyl, oxo, -CN, Cy¢ alkyl, Ci¢ haloalkyl,
Cs.6 cycloalkyl, Co.g alkynyl, Cyg alkoxy, (Cig alkyD-CN, «(Cig allyl)-O-(C16
alkyl), <(Cy.¢ alkyl}-OH, 4-6 membered heterocyclyl and deuterated 4-6
membered heterocyclyl, wherein the C6 alkyl, Cy6 cycloalkyl or 4-6 membered
heterocyelyl is cach optionally substituted with one or more groups chosen from:
deuterium, halogen, -NH;, -OH, -NH(C,.¢ alkyl), -N(Cy ¢ alkyl), and -NH(C1.4
cycloalkyl)
13) 5-6 membered monocyclic heteroaryl optionally substituted with one or more
groups chosen fronu halogen, -CN, -(Cy¢ alkyD-CN, -(Ci6 alkyD)-OH, C,4 alkyl,
Ca cycloalkyl, Cig alkoxy, -(Cy4 alkyD-0-(Cy6 alkyl), «(Ci6 alkyl}-NH,, -(Ci
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alkyl)}-NH(Cy¢ alkyl), -(Cy6 alkyD}-N{C.¢ alkyl)s, «(Ci6 alkyl)}-NH(Cs4
cycloalkyl) and 4-6 membered heterocyelyl;

14} phenyl optionally substituted with one or more groups chosen from: halogen, -CN,
~{Cy alkyD)-CN, (Cys alkyD)-OH, Cs alkyl, Cs4 cycloalkyl, Cg alkoxy, -(Cy
alkyl)-O-(C alkyl), -(Cy.s alkyD)-NH;, -(Cy ¢ alkyl)-NH{C16 alkyl), {(Ci6
alkyl}-N~{C:.¢ alkyl)z, (Cr alkyl}-NH(C5.¢ cycloatkyl) and 4-6 membered
heterocyelyi;

15) -NR,R,”, wherein R,” and R,’” are each independently chosen from hydrogen,
Cy.s alkyl, Cs4 cycloalkyl, {Cig alkyl)-0-(Cy 4 alkyl) and 4-6 membered
heterocycelyl, wherein the 4-6 membered heterocyclyl is optionally substituted
with one or more substituents of -(Cy4 alkyl}-OH, the C;. alkyl is optionally
substituted with one or more -NRJR.”’, and R.” and R.”” are each independently
chosen from hydrogen, C.4 alkyl, (Cy alky}-OH and 4-6 membered
heterocyelyl;

16) -C{OINRy’Ry™’, wherein Ry’ and Ry’ together with the N atoms to which they are
attached formo 4-6 membered heterocyclyl optionally substituted with oue or
more groups chosen from: deuterium, halogen, -OH, Cy alkyl, -(C, 4 alkyl}-NH;,
~«(Cy6 alkyl)-NH(C 4 alkyl), -(Cy alkyl}-N{Cy6 alkyl)s, (Cre alky)-NH(Cs¢
cycloalkyl), ~-NH,, -NH(C; ¢ atkyl), -N(Ci¢ alkyl)z, -NH(Cs.6 cycloalkyl) and -
{Cy.¢ alkyl)-OH; and

17y -C{O)R,, wherein R, is chosen from hydrogen, Cy alkyl, Cog alkenyl, Cog
alkynyl, -(Cy.s alkyD)-OH and «(Ci¢ allkyl)-O~(C, 4 alkyl);

Rig is hydrogen, deuterium, halogen, CN, Cy6 alkyl or Cy.¢ haloalkyl;
provided that if Ry and R; together with the carbon atoms to which they are attached
form the following structures:

d e E" 3 ~d -~ R 1
S T TR, E o. 1
» i TRel T\ / . J Y
) (133 . 8 s BNy s
(-1} . {-3) , {i-4) or ) andoyis v U , then

~

the 3-12 membered heterocyelyl, when substituted, is not piperazin-1-vl substituted with Cy
alkyl at both 2- and 6- positions.

The above compounds and the active compounds (including general structural formula
compounds and specitic compounds) disclosed in the context of the present invention, including
pharmaceuntically acceptable salts thereof, or solvates, racemic mixtures, enantiomers,
diastercomers or tautomers thereof, which are covered by the above scope, are collectively
referred to herein as “componnds of the present invention”.

Also provided is a pharmaceutical composition, comprising the compounds of the present
invention, and optionally comprising a pharmaceutically acceptable excipient.

Also provided is a method of in vivo or in vitro inhibiting the activity of BTK, comprising
contacting BTK with an effective amount of the compounds of the present invention.

Alseo provided is a method of treating or preventing a disease mediated by BTK or at least in
part by BTK, comprising administering to the subject in need thereof an effective amount of the
compounds of the present invention.
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Also provided is a method of treating or preventing cancer, an inflammatory disease or
autoimmune disease, comprising administering to the subject in need thereof an effective amount

of the compounds of the present invention,

Also provided is a use of the compounds of the present invention for treating or preventing
a disease mediated by BTK or at least in part by BTK.

Also provided is a use of the compounds of the present invention for treating or preventing
cancer, an inflammatory disease or autoinunune disease.

Also provided is a use of the compounds of the present invention in the mwanufacture of a
medicament for {reating or preventing a discase mediated by BTK or at least in part by BTK.

Also provided is a use of the compounds of the present invention in the manufacture of a
medicament for treating or preventing cancer, an inflammatory disease or autoimmune disease.

Also provided are the compounds of the present invention for in vive ot in vitro inhibiting
the activity of BTK.

Also provided are the compounds of the present invention for use as a medicament.

Also provided is a use of the compounds of the present invention for use as a medicament
for treating or preventing a disease mediated by BTK or at least in part by BTE, especially for
treating or preventing cancer, an inflammatory discase or antoimmune discase.

Also provided is a pharmaceutical combination, comprising the compounds of the present
invention and at least one additional therapeutic agent, wherein the therapeutic agent is
preferably chosen from: av anti-inflammatory agent, an immunomodalator or an anti-tumor
active agent, wherein the anti-tumor active agent includes a chemotherapeutic agent, an immune
checkpoint inhibitor or agonist, and a targeted therapeutic agent.

Also provided is a kit for treating or preventing a disease mediated by BTK or at least in
part by BTK. The kit can comprise the pharmaceutical composition of the present invention and
instructions for use, and the pharmaceutical composition comprises the compounds of the present
invention.

Brief Description of the Drawings

Figure 1: Growth curve of subcutancous transplanted tumor TMD8.

Figure 2: The inhibiting effect of the compounds of the present invention on B cell
activation in mouse whole blood induced by anti-IgD antibodies.

Figure 3: The inhibiting effect of the compounds of the present invention on B cell
activation in mouse whole blood induced by anti-IgD antibodies.

Figure 4: Effects of the compounds of the present invention on the arthrosis paw volume in
CIA (collagen induced arthritis) rats {the hind paw volume was measured by a Paw Volume
Meter, the data were represenied by mean = standard ervor, and cach group respectively
represented a normal group, a vehicle control group (1.¢., the model group in the figure),
compound 19 QD groups in different doses, and a 4 mg/kg GDC-0853 group (normal group: n =
3, other groups: n = 8}).
Detailed Description of the Invention

Definitions
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As used in the present application, the following words, phrases and symbols are generally
intended to have the meanings as set forth below, except to the extent that the context in which
they are used indicates otherwise,

A dash (*-7) that is not between two letters or symbols is used to indicate a point of
attachment for a substituent. For example, -OR’ refers to the attachment of R to the rest of the
molecule through an oxygen atom.

The term “alloy!l” as used herein refers to a straight or branched saturated hydrocarbon
radical containing 1-18 carbon atoms {Cy.j5), preferably 1-10 carbon atoms (Cy.10), more
preferably 1-6 carbon atoms (Cye), and further more preferably 1-4 carbon atoms (Cy.4) or 1-3
carbon atoms (Cy.3). When the term “alkyl” is prefixed with “C”, it means the number of carbon
atoms. For example, “C . alkyl” refers to an alkyl containing 1-6 carbon atoms. “Cy.5 alkyl”
refers to an alkyl countaining 1-3 carbon atoms. Examples of Cr.¢ alkyl include, but are not
himited to, methyl, cthyl, propyl {e.g. n-propyl, i-propyl}, butyl (eg. n-butyl, i-butyl, s-butyl and
t-butyl), peatyl (e.g. n-pentyl, i-pentyl, neo-pentyl}, and hexyl, and the like.

The term “alkeny!l” as used herein refers to a straight or branched unsaturated hydrocarbon
radical containing one or more, for example 1, 2, or 3 carbon-carbon double bonds (C=C) and 2-
18 carbon atoms {Cy.q3), preferably 2-10 carbon atoms (Cy.i0), more preferably 2-6 carbon atoms
{Cs.6), and further more preferably 2-4 carbon atoms (Co.4). When the term “alkenyl” is prefixed
with “C”, it means the number of carbon atoms. For example, “Ca.¢ alkenyl” refers to an alkenyl
containing 2-6 carbon atoms, “Co.4 alkenyl” refers to an alkenyl containing 2-4 carbon atoms.
Examples of Cy alkenyl include, but are not limited to, vinyl, propenyl (og. 2-propenyl), and
butenyl (eg. 2-butenyl)}, and the like. The point of attachment for the alkenyl can be on or noton
the double bonds.

The term “alkynyl” as used herein refers o a straight or branched unsaturated hydrocarbon
radical containing one or more, for example 1, 2, or 3, carbon-carbon triple bonds (C=C) and 2-
18 carbon atoms (Cy.q), preferably 2-10 carbon atoms (Cy.q0), more preferably 2-6 carbon atoms
(Ca.6), and further more preferably 2-4 carbon atoms (Cr4). When the term “alkynyl” is prefixed
with “C”, it means the number of carbon atoms. For example, “Cos alkynyl” refers to an alkynyt
coutaining 2-6 carbon atoms. “C,.4 alkynyl” refers to an alkynyl containing 2-4 carbon atoms.
Examples of Cy6 alkynyl include, but are not limited to, cthynyl, propynyl (cg. Z-propynyl), and
butynyl (eg. 2-butynyl), and the like. The point of attachment for the alkynyl can be on or not on
the triple bonds.

The term “halogen” or “halo” as used herein means fluoro, chloro, bromo, and iodo,
preferably fluoro, chloro and bromo, more preferably tluoro and chloro.

The term “haloalky!” as used herein refers to an alkyl radical, as defined herein, in which
one or more, for example 1, 2, 3, 4, or 5, hydrogen atoms are replaced with halogen atom, and
when more than one hydrogen atoms are replaced with halogen atoms, the halogen atorns may be
the same or different from cach other. In one embodiment, the term “haloalkyl” as used herein
refers to an alkyl radical, as defined herein, in which two or more, such as 2, 3, 4, or 5 hydrogen
atoms are replaced with halogen atoms, wherein the halogen atoms are identical to each other. In
another embodiment, the term “haloalkyl” as used herein refers to an alkyl radical, as defined
herein, in which two or more hydrogen atoms, such as 2, 3, 4, or 5 hydrogen atoms are replaced
with halogen atoms, wherein the halogen atoms are different from cach other. When the term
“haloalkyl” is prefixed with “C”, it means the number of carbon atoms. For example, “Ci4
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haloatky!” refers to a haloalky! as defined herein containing 1-6 carbon atoms. “C_4 haloalkyl”
refers to a haloalkyl as defined herein containing 1-4 carbon atoms. Examples of Ci.¢ haloalkyl
include, but are not limited to -CF;, ~-CHF,, -CHRF, -CHLCF3, -CH(CF3),, and the like.

The term “cycloalkyl” as used herein refers to saturated or partially unsaturated cyclic
hydrocarbon radical having 3-12 ring carbon atoms (Cs.yp), such as 3-8 ring carbon atoms {Cs.g),
57 ring carbon atoms {Cs.7), 4-7 ring carbon atoms (Cys.7) or 3-6 ring carbon atoms (Cs.¢), which
may have one or more rings, such as 1, 2, or 3 rings, preferably 1 or 2 rings. When the term
“cycloalkyl” is prefixed with “C”, it means the number of carbon atoms. For example, “Csg
cycloalkyl” or “3-6 membered cycloalkyl” refers to a cycloalkyl containing 3-6 ring carbon
atoms. The cycloalkyl may include a fused or bridged ring, or a spirocyclic ring. The rings of the
cycloalkyl may be saturated or has one or more, for example, one or two double bonds (i.e.
partially unsaturated), but not fully conjugated, and not av aryl as defined herein. Exarmples of
Ca cycloalkyl inchude, but are not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
spiro[2.2]pentyl, cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadienyl, cyclohexenyl,
ete,

The term “heterocyclyl” or “heterocyclic” as used berein can be used interchangeably and
cach refers to satarated or partially unsaturated cyelic radicals having 3-12 ring atoms, such as 3-
8 ring atoms, 4-8 ring atoms, 4-6 ring atoms or 4-5 ring atoms, and containing one or more, for
example 1, 2 or 3, preferably 1 or 2 heteroatoms independently chosen from N, O and 8 in the
rings, with the remaining ring atoms being carbon; it may have one or more rings, for example 1,
2 or 3, preferably | or 2 rings. The heterocyelyl also includes those wherein the N or S
hetercatom are optionally oxidized to various oxidation states. The point of attachment of
heterocyclyl can be on the N heteroatom or carbon. For example, “4-8 membered heterocyelyl”
represents a heterocyclyl having 4-8 (4, 5, 6, 7 or 8) ring atoms comprising at least one, such as 1,
2 or 3, preferably 1 or 2 heteroatoms independently chosen from N, O and S; “4-6 membere
heterocyelyl” represents a heterocyelyl having 4-6 (4, 5 or 6) ring atoms comprising at least one,
preferably 1 or 2 hetercatoms independently chosen from N, O and S (preferably N and O},
which is preferably a monocyclic ring; and “4-5 membered heterocyclyl” represents a
heterocyclyl having 4-5 ring atoms comprising at least one, preferably 1 or 2 heteroatoms
independently chosen from N, O and S {preferably N and O), which is a monocyclic ring. The
heterocyclyl also includes a fused or bridged ring, or a spirocyclic ring. The rings of the
heterocyclyl may be saturated or has one or more, for example, one or two double bonds (i.e.
partially unsaturated), but not fully conjugated, and not a heteroaryl as defined herein. Examples
of heterocyelyl include, but are not limited to: 4-8 membered heterocyelyl, 4-6 membered
heterocycly! and 4-5 membered heterocyclyl, such as oxetanyl, azetidinyl, pyrrolidyl,
tetrahydrofuranyl, dioxolanyl, tetrahydropyranyl, morpholinyl, thiomorpholinyl, piperidyl,
piperazinyl, tetrahydropyridyl, pyrazinyl, pyrazolidinyi and oxaspirof3.3theptyl, preferably
oxctanyl (such as oxetan-3-vl), azetidinyl, tetrahydropyranyl, morpholinyl (such as morpholino),
piperazinyl (such as piperazin-1-yi), tetrahydropyridyl (such as 1,2,3 6-tetrahydropyridyl).

The term “aryl” or “aromatic ring” as used herein can be used interchangeably and cach
refers to carbocyelic hydrocarbon radical of 6 to 14 carbon atoms consisting of one ring or more
fused rings, wherein at least one ring is an aromatic ring. Examples of aryl include, but are not
Hmited to phenyl, naphthalenyl, 1,2,3,4-tetrabydronaphthalenyl, phenanthryl, indenyl, indanyl,
azulenyl, preferably phenyl and naphthalenyl.
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The term “heteroaryl” or “heteroaromatic ring” as used herein can be used interchangeably
and each refers to: mono-, bi-, or tri- ring system having 5-15 ring atoms, preferably 5-12 ring
atoms, more preferably 5-10 ring atoms, and most preferably 5-6 or 8-10 ring atoms, wherein at
least one ring is 5- or 6-membered arorpatic ring containing one or more, for example 1 to 4,
heteroatoms independently chosen from N, O, and S, wherein S and N may be optionally
oxidized to various oxidation states. When the total number of S and O atoms in the heteroaryl
group exceeds 1, said S and O heteroatoms are not adjacent to one another. Preferably, the
heteroaryl is 5-12 membered heteroaryl. For example, the heteroaryl includes:

a 5-6 membered monocyclic heteroaryl, i.e., a monocyelic ring aromatic hydrocarbyl having
5 or 6 ring atoms, wherein the ring atoms include one or more, such as 1, 2 or 3 heteroatoms
independently chosen from N, O and 8 (preferably N), and the remaining ring atoms are carbon
atorns; and the heteroaryl is preferably triazolyl, pyridyl, pyrazinyl, pyrimidyl, pyrazolyl,
imidazolyl, isoxazolyl, triazinyl, oxazolyl, thiadiazolyl, and pyridazinyl, more preferably
triazolyl (such as 1H-1,2,3-triazole), pyridyl (such as pyridin-2-y1), pyrazinyl, and pyrimidyl, and

a 8-10 membered bicyclic heteroaryl, i.e., a bicycle aromatic hydrocarbyl having 8, 9 or 10
ring atorus, wherein the ring atoms include one or more, such as 1, 2, 3 or 4, preferably 1, 2 0r 3
hetercatoms independently chosen from N, O and S (preferably N}, and the remaining ring atoms
are carbon atoms, wherein at least one ring is an aromatic ring; which is preferably 4,5,6,7-
tetrahydropyrazolof 1,5-alpyrazine, such as 4,5,6,7-tetrahydropyrazolof1,5-alpyrazin-2-vl.

Examples of heteroaryl include, but are not lirnited to: 5-6 wmembered monocyelic heteroaryl,
such as pyridyl, N-oxide pyridyl, pyrazinyl, pyrimidyl, triazinyl, pyrazolyl, imidazolyl, oxazolyl,
isoxazolyl, oxadiazolyl (such as 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl and 1,3,4-oxadiazolyl),
thiazolyl, isothiazolyl, thiadiazolyl, tetrazolyl, triazolyl, thienyl, furanyl, pyranyl, pyrrolyl, and
pyridazinyl; and a 8-10 membered bicyclic heteroaryl, such as benzooxazolyl, benzisoxazolyl,
benzothienyl, benzoisothienyl, benzothiazolyl, benzoisothiazolyl, inidazopyridyl (such as
imidazo[1,2-alpyridyl), imidazopyridazinyl (such as imidazof 1,2-b]pyridazinyh), pyrrolopyridyl
(such as 1H-pyrrolof2,3-blpyridyl), pyrrolopyrimidyl (such as pyrrolof3.4-dpyrimidyl},
pyrazolopyridyl (such as 1/ -pyrazolof3,4-blpyridyl), pyrazolopyrimidy! (such as pyrazolo[1,5-a]
pyrimidyl), triazolopyridyl (such as [1,2,4}triazolo[4,3-alpyridyl and [1,2,4] triazolo[1,5-
alpyridyl), tetrazolopyridyl (such as tetrazolof 1,5-alpyridyl), benzofuranyl, indolyl, indazolyl,
purinyl, quinolyl, isoquinslinyl, and 6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazine.

The term “~0OH” as used herein refers to hydroxyl radical.

The term “~CN” as used herein refers to cyano radical,

The term “oxo” as used herein refers to =0.

Any asymmetric atom {¢.g. carbon, etc.) of a compound of formula (I} may exist in an
racemic or enantiomeric rich form, for example in (R) -, (S} - or (RS) - configuration. In some
embodiments, asymmetric atoms have at least 50%, at least 60%, at least 70%, at least 80%, at
feast 90%, at least 95%, at least 99%, or 100% enantiomeric excess in (R) - or (8) configurations,
respectively.

When a structural formula or chemical name herein contains “(RS)”, it means any mixture
of (R) configuration and (8) configuration of the compound.

The term “optional” or “optionally” as used herein means that the subsequently described
event or circumstance may or may not occur, and the description includes instances wherein the
event or circumstance occur and instances in which it does not occur. For example, “optionally
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substituted with one or more” inclades unsubstituted and substituted with 1, 2, 3 or more
substituents as described. It will be understood by those skilled in the art, with respect to any
group containing one or more substituents, that such groups are not intended to introduce any
substitution or substitution patterns that are sterically impractical, chemically incorrect,
synthetically non-feasible and/or inherently unstable.

The term “substituted” or “substituted with...”, as used herein, means that one or more
{such as, 1, 2, 3 or 4) hydrogens on the designated atom or group are replaced with one or more
(such as 1, 2, 3 or 4) substituents, preferably the substituents chosen {rom the indicated group of
substituents or radicals, provided that the designated atom’s normal valence is not exceeded. The
said substituents may be the same or different from each other. The term “substituted with one or
more groups chosen from” or “substituted with one or more” as used herein meaus that one or
more hydrogens on the designated atom or group are independently replaced with one or more
radicals from the indicated group of substituents or radicals, wherein the said radicals may be the
same or different from each other. Preferably, “substituted with one or more groups chosen
from” or “substituted with one or more” means that the designated atom or group is substituted
with 1, 2, 3, or 4 radicals independenily chosen from the indicated group of substituents or
radicals, wherein the said radicals may be the same or different from each other. In some
embodiments, when a substituent is oxo (i.e., =0}, then 2 hydrogens on a single atom are
replaced by the oxo. An optional substituent can be any radicals, provided that combinations of
substituents and/or variables result in a chemically correct and stable compound. A chemically
correct and stable compound is meant to imply a compound that is sufficiently robust to survive
sufficient isolation from a reaction mixture to be able to identify the chemical structure of the
compound. Preferably, substituents are those exemplified in the compounds of the embodiment
of the present application.

Unless otherwise specified, substituents are named into the core structure. For example, it is
to be understood that when (cycloatkyljalkyl is listed as a possible substituent, the point of
attachment of this substituent to the core structure is in the alkyl portion.

it will be appreciated by the person of ordinary skill in the art (“POSITA”) that some of the
compounds of formula (I) may contain one or more chiral centers and therefore exist in two or
more stereoisomeric forms, The racemates of these isomers, the individual 1somers and mixtures
enriched in one enantiomer, as well as diastercomers when there are two chiral centers, and
mixtures partially enriched with specific diastereomers are within the scope of the present
invention. It will be further appreciated by the POSITA that the present invention includes all the
individual stercoisomers (¢.g. enantiomers), racemic mixturcs or partially resolved mixtures of
the compounds of formula (I} and, where appropriate, the individual tautomeric forms thereof.

The racemates can be used as such or can be resolved into their individual isomers. The
resolution can afford stereochemically pure compounds or mixtures enriched in one or more
isomers, Methods for separation of isomers are well known (cf. Allinger N. L. and Elicl E. L. in
“Topics in Stereochemisiry”, Vol. 6, Wiley Interscience, 1971) and include physical methods
such as chromatography using a chiral adsorbent. Individual isomers can be prepared in chiral
form from chiral precursors. Alternatively, individual isomers can be separated chemically from
a mixture by: forming diastercomeric salts with a chiral acid {such as the individual enantiomers
of 10-camphorsulfonic acid, camphoric acid, alpha-bromocamphoric acid, tartaric acid,
diacetyltartaric acid, malic acid, pyrrolidone-5-carboxylic acid, and the like), fractionally
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crystallizing the salts, and then freeing one or both of the resolved bases, optionally repeating the
process, so as obtain either or both substantially free of the other; i.e., in a form having an optical
purity of > 95%, Alternatively, the racemates can be covalently hinked to a chiral compound
(auxiliary) to produce diastercomers which can be separated by chromatography or by fractional
crystallization afier which time the chiral auxiliary is chemically removed to afford the pure
enantiomers, as is known to the POSITA.

The term “tavtomer” as used herein refers to constitutional isomers of compounds
geunerated by rapid movement of an atom in two positions in a molecule. Tautomers readily
interconvert into each other, e.g., enol forrm and ketone form are tipical tautomers.

A “pharmacentically acceptable salt” is intended to mean a salt of a free acid or basc of a
compound of Formula (I) that is non-toxic, biologically tolerable, or otherwise biologically
suitable {or admivistraiion to the subject. For example, an acid addition salt includes such as a
salt derived from an inorganic acid and an organic acid. Said inorganic acid includes such as
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric acid, and nitric
acid; said organic acid includes such as p-toluenesulfonic acid, salicylic acid, methanesulfonic
acid, oxalic acid, succinic acid, citric acid, malic acid, lactic acid, fumaric acid, and the like. For
examples, see, generally, S. M, Berge, et al., “Pharmaceuntical Salts”, J. Pharm, Sc¢i., 1977, 66:1-
19, and Handbook of Pharmaceutical Salts, Properties, Selection, and Use, Stahl and Wermuth,
Eds., Wiley-VCH and VHCA, Zurich, 2002,

In addition, if a compound of the present invention herein is obtained as an acid addition
salt, the free base can be obtained by basifying a solution of the acid addition salt. Conversely, if
the product is a free base, an acid addition salt, particularly a pharmaceutically acceptable acid
addition salt, may be produced by dissolving the free base in a suitable solvent and treating the
solution with an acid, in accordance with conventional procedures for preparing acid addition
salts from base compounds. The POSITA will recognize various synthetic methodologies that
may be used without undue experimentation to prepare non-toxic pharmaceutically acceptable
acid addition salts or base addition salts.

The term “deuterated compound” or “deuterates” refers to a compound in which one or
more hydrogen atoms, such as 1, 2, 3, 4 or 3 hydrogen atoms, are replaced by deuterivm atoms
(D).

The term “solvates”™ means solvent addition forms that contain either stoichiometric or non-
stoichiometric amounts of solvent. Some compounds have a tendency to trap a fixed molar ratio
of solvent molecules in the solid state, thus forming a solvate. If the solvent is water, the solvate
formed is a hydrate, when the solvent is alcohol, the solvate formed is an alcoholate. Hydrates
are formed by the combination of one or more molecules of water, or less than one molecule of
water, with one molecule of the substances in which the water retains its molecular state as H;O,
such combination being able to form one or more hydrates, for example, hemihydrate,
monohydrate, and dihydrate.

As used herein, the terms “group(s)” and “radical(s)” are synonymous and are intended to
indicate fonctional groups or fragments of molecules attachable to other fragments of molecules.

The term “active ingredient” is used to mdicate a chemical substance which has biological
activity. In some embodiments, an “active ingredient” is a chemical substance having
pharmaceutical utility.

10
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The term “pharmaceutical combination” as used herein means a product obtained by mixing
or combining two or more active ingredients, including fixed and non-fixed combinations of
active ingredients, such as a kit, and a pharmaceutical composition. The term “fixed
combination” means that two or more active ingredients (such as compounds of the present
invention and additional therapeutic agents) arc administered simultaneously to a patient in the
form of a single entity or dose. The term “non-fixed combination” means that two or more active
ingredients (such as compounds of the present invention and additional therapeutic agents) are
administered simultaneously, in paralle] or successively to a patient in separate entities, wherein
the administration provides the patient with a therapeutically effective level of the compound.

The terms “treating” or “treatment” or “prevention” of a disease or disorder, in the context
of achieving therapeutic benefit, refer to administering one or more pharmaceutical substances,
especially a compound of formula (1) described herein to a subject that has the disease or
disorder, or has a symptom of a disease or disorder, or has a predisposition toward a discasc or
diserder, with the purpose to cure, heal, alleviate, relieve, alter, remedy, ameliorate, improve, or
affect the disease or disorder, the symptoms of the disease or disorder, or the predisposition
toward the disease or disorder. In some embodiments, the disease or disorder is cancer, such as
solid tumors or hematologic malignancies, inchuding ymphoma, leukemia and myecloma. In
another embodiment, the disease or disorder is an inflammatory diseases or autoimmune disease.

The terms “treating”, “contacting” and “reacting,” in the context of a chemical reaction,
mean adding or mixing two or more reagents under appropriate conditions to produce the
indicated and/or the desired product. It should be appreciated that the reaction which produces
the indicated and/or the desired product may not necessarily result directly from the combination
of two reagents which were initially added, i.e., there may be one or more intermediates which
are produced in the mixture which ultimately lead to the formation of the indicated and/or the
desired product.

The term “effective amount” as used herein refers to an amount or dose of an BTK
inhibiting agent sufficient to generally bring about a therapeutic benefit in patients in need of
treatment for a disease or disorder mediated by BTK or at least in part by BTK., Effective
amounts or doses of the active ingredient of the present disclosure may be ascertained by
methods such as modeling, dose escalation studies or clinical trials, and by taking mto
consideration factors, e.g., the mode or route of administration or drug delivery, the
pharmacokinetics of the agent, the severity and course of the disease or disorder, the subject’s
previous or ongoing therapy, the subject’s health status and response to drugs, and the judgment
of the attending physician.

An exemplary dose is in the range of from about 0.0001 to about 200 mg of active agent per
kg of subject’s body weight per day, such as from about 6.001 to 100 mg/kg/day, or about 0.01
to 35 mg/kg/day, or about 8.1 to 10 mg/kg daily in single or divided dosage units {¢.g., BID, TiD,
QID). For a 70-kg human, an illustrative range for a suitable dosage amount is from about 0.05
to about 7 g/day, or about 0.2 to about 5 g/day. Once improvement of the patient’s disease or
disorder has occurred, the dose may be adjusted for maintenance treatment. For example, the
dosage or the frequency of administration, or both, may be reduced as a function of the
symptoms, to a level at which the desired therapeutic effect is maintained. Of course, if
symptoms have been alleviated to an appropriate level, ireatment may cease. Patients may,
however, require intermittent treatment on a long-term basis upon any recurrence of symptoms,
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The term “inhibition” or “inhibiting” indicates a decrease in the baseline activity of a
biological activity or process. The term “inhibition of BTK activity” is a practical
pharmaceutical activity for purposes of this disclosure and refers to a decrease in the activity of
BTK as a direct or indivect response to the presence of the corupound of the present invention,
relative to the activity of BTK in the absence of the compound of the present invention. The
decrease in activity may be due to the direct interaction of the compound of the present invention
with BTK, or due to the interaction of the compound of the present invention, with one or more
other factors that in turn affect the BTK activity. For example, the presence of the compound of
the present invention may decrease the BTK activity by directly binding to the BTK, by causing
(directly or indirectly} another factor to decrease the BTK activity, or by (directly or indirectly)
decreasing the amount of BTK present in the cell or organism.

The term “subject” or “patient” as used herein means mammals and non-mammals.
Mammals means any member of the mammalia class including, but not limited to, humans; non-
human primates such as chimpanzees and other apes and monkey species; farm animals such as
cattle, horses, sheep, goats, and swine; domestic animals such as rabbits, dogs, and cats;
{aboratory animals including rodents, such as rats, mice, and guinea pigs; and the like. Examples
of non-mammals include, but are not limited to, birds, and the like. The term “subject” or
“patient” does not denote a particular age or sex. In some embodiments, the subject or patient is
a human,

in general, the term “about” is used herein to modify a numerical vaiue above or below the
stated value by a variance of 20%.

Technical and scientific terms used herein and not specifically defined have the meaning
commonly understood by the POSITA to which the present disclosure pertains.

Al numerical ranges herein shall be interpreted as disclosing each numerical value and
subset of numerical values within the range, regardless of whether they are specifically otherwise
disclosed. For example, when referring to any range of values, it should be regarded as referring
to every value within the range of values, for example, every integer within the range of values.
For example, Cy¢ as used herein represents the inchusion of 1, 2, 3, 4, 5 or 6 C. The invention
relates to all values falling within the ranges, all smaller ranges and the upper or lower limits of
the numerical range.

Detailed Description of Embodiments (3);

Fmbodiment 1, A compound of formula {I}:

Rs Cy.
\N/ \\Y// i A
H i H 3

=
\Y
=
@]

or a pharmaceutically acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer,
a diastereomer or a tautomer thereof, whercin
¥ and X, are cach independently CH or N; or, X is N, X, is CRy4, wherein R4 i8 Cig
alkyl;
X5 and X4 are each independently C or N;
12
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Y1 and Y, are each independently CRyp or N;
R; and R, are each independently chosen from hydrogen, deuterium, halogen, Ci.6 alkyl,
Ca.g alkynyl, Cy.¢ haloalkyl, C;56 cycloalkyl and phenyl;
or By and R, together with the carbon atoms to which they are attached form the
following structurcs:

{ Y

¥R} 2y 3 P VRO L
O S A 3P 15
e AN v £ H O
- 2 ) o or  (8)

wherein R is independently chosen from deuterium, halogen, hydroxyl, Cys alkyl, Cos
alkynyl, Ci.¢ deuteroalkyl and Ci6 haloalkyl; or two Re together with the carbon atoms to
which they are attached form 3-6 membered cyeloalkyl; mis 0,1, 2,3 ord;pis 1,2, 3 or 4

Z is N or CR7; Ry 18 chosen from hydrogen, deutertum, .6 alkyl, halogen and Cy.6 haloalkyi;

0

or Ry and R, together with the carbon atoms to which they are attached form (-8 ,
provided that R; is halogen, or both X and X, are not CH at the same time;

R3 is hydrogen, deuterinm, halogen or 1.6 haloalkyl;

Ry is hydrogen, halogen, -CN, C.s altkyl, Co alkynyl, -(Crs alkyl)-OH, -(Cy; alkyl)-0O-
{Cy.3 alkyl), -0-(Cy 5 alkyl), -CHO, -C(O)NH,, -C(OYNHCH,;, -C(O)N(CHs), or 3-hydroxyl-
oxetan-3-yl, wherein the Cy¢ alkyl or C,; alkyl is each optionally substituted with one or
more deuterium or halo;

o Eﬂ NFVY
QNG
S T 4 TN . )
Cyis = U & or 5 & ; wherein Ry s chosen from hydrogen, Ci.s alkyl and

C1.4 cycloalkyl, wherein the C4 alkyl is optionally substituted with one or more deuterium
or halo;
U, V and W are each independently N or CRy3; Ry; is hydrogen, deuterium or halogen;
Rs is hydrogen, Ui alkyl, ~-C(O0)~(C ¢ alkyl), ~-C{O)~(Cs6 cycloalkyl}, -C{O}-phenyl, -
C{OYNH~(C 1 alkyl), -C{OYNH-(Cs.¢ cycloalkyl), -C(OW(Cy¢ alkyl),, phenyl, 5-6
membered monocyclic heteroaryl or 8-10 membered bicyclic heteroaryl, wherein the Ci
alkyl, Css eycloalkyl, phenyl, 5-6 membered monocyelic heteroaryl or 8-10 membered
bicyclic heteroaryl is cach optionally sabstitated with one or more groups chosen from:
1} halogen;
2) oxo;
3y -ON;
4y Cpealkyl;
5y Cyealkenyl;
6y (o alkynyl;
7y  Ciealkoxy,
8) (i haloalkyl;
9} {CipalkyD)-OH;
10) ~(Cy. alkyD)-0-(Cy¢ alkyl);
13
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11} Cs cycloalkyl;

2) 3-12 membered heterocycelyl optionally substituted with one or more groups
chosen from: deuterium, halogen, hydroxyl, oxo, ~CN, Ci¢ alkyl, Cy.¢ haloalkyl,
Ci6 eyeloalkyl, Cog alkyuyl, C s abkoxy, -{(Cig alkyl}-CN, ~(C ¢ alkyl)-O-(C
alkyl), ~(Cy alkyl}-OH, 4-6 membered heterocyelyl and deuterated 4-6
membered heterocyclyl, wherein the Cy4 alkyl, Cs4 cycloalkyl or 4-6 membered
heterocyclyl is each optionally substituted with one or more groups chosen from:
deuterium, halogen, -NH,, -OH, -NH(C /s aliyl), -N{C ¢ alkyl); and -NH(Cs 4
cycloalkyly

13) 5-6 membered monocyclic heteroaryl optionally substituted with one or more
groups chosen from: halogen, -CN, -(C¢ alkyD)-CN, -(Cy.s alky])-OH, (14 alkyl,
Ci.g cycloalkyl, Cys alkoxy, -{Cy.e alkyD-0-{C6 alkyl), ~{Cig alkyl)-NHz, «(Cio6
alkyl}-NH(C;¢ alkyl), -(C16 alkyD)-N(C alkyl}, -(Cy6 alkyl)-NH(Cs.6
cycloalkyl) and 4-6 membered heterocyelyl;

14) phenyl optionally substituted with one or more groups chosen from: halogen, -CN,
~{Cr.6 alkyD)~-CN, ~(C1.6 alky])~-OH, Cy.6 alkyl, Cig cycloalkyl, Ci6 alkoxy, ~(Cis
alkyl)-O-(C. alkyl), -(Ci.¢ alkyl)-NH,, -(Cy¢ alkyl}-NH(C, 4 alkyl}, (C, .6
alkyl)-N-(Ci alkyl)y, «(Ci alkyl}-NH(C1.6 cycloalkyl) and 4-6 membered
heterocyclyvl;

15) -NR.'R.”’, wherein Ry and R, are each independenily chosen fromw hydrogen,
Cig alkyl, Cs cycloalkyl, {C alkyD)-O~(Cr6 alkyl) and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocyclyl is optionally substituted
with one or more substituents of -(C,¢ alkyl}-OH, the €14 alkyl is optionally
substituted with one or more -NR.R.", and R.” and R.”” are each independently
chosen from hydrogen, C g alkyl, -(Cy alkyl}-OH and 4-6 membered
heterocyclyl;

16y -C(OINR,'R,”’, wherein Ry, and Ry’ together with the N atoms to which they are
attached form 4-6 membered heterocyclyl optionally substituted with one or
more groups chosen from: deuterium, halogen, -OH, Cy¢ alkyl, -{C4 alkyl)-NHa,,
-{Cy.6 alkyD)-NH(C ¢ alkyl), -(Cy6 alkyl)-N{Cy¢ alkyl),, -(C) s alkyl)-NH{(C14
cycloalkyly, -NH;, -NH(C; ¢ alkyl), -N(C alkyl),, -NH{Cs ¢ cycloalkyl) and -
(Cr.g alkyl}-OH; and

17y -C(O)R, wherein R is chosen from hydrogen, Ci.s alkyl, Ca.s alkenyl, Cos
alloynyl, ~(C4 alky)-OH and ~(C;¢ alkyl}-O-{Cy 4 alkyl);

Ry is hydrogen, deuterium, halogen, CN, Cy alkyl or C;¢ haloalkyl;
provided that if Ry and R, together with the carbon atoms to which they are attached
form the following structures:

N N Rus
o \} ; . R AN AN i N
. t\. _.«’E ‘RB}Q ./'] . "I: S 1 O ‘;TT.‘IN | ?/
’ (-3) ) or M8 andcyis U7 fhen

the 3-12 membered heterocyclyl, when substituted, is not piperazin-1-yl substituted with Cy¢
alkyl at both 2- and 6~ positions;
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for example, X; and X, are each independently CH or N; or, X, is N, X5 is CRya,
wheretn Ryg is Cig alkyls
X3is N, and X4 is C;
both Yy and Y, are CH;
R is hydrogen, deuterium or halogen;
R, and R, together with the carbon atoms to which they are attached form the following

structures:
N ey G(Rém
LS
{-3) or (i-4) ; wherein R 1s independently chosen from halogen,

hydroxyl, Ci¢ alkyt and Cy ¢ haloalkyl, mis G, lor2; pis 1, 2 or 3;

or Ry and Ry together with the carbou atoms to which they are attached form (-8)
provided that R; is halogen, or both X and X, are not CH at the same time;
Ry is ~{(Cy 5 alkyD)-OH;

o] N\v
_ I Mg o
Cyis "% U 7% wherein Ry is Cpg alkyl;
both U and V are CH; and
R is chosen from

\hﬁ!\ﬁ. b

;\j\ o l//J% I
N
& (/H R)i\ \ jN \f 3
< J NI
N""‘N R
Y "
Rzz , Rz , © :

Ro s chosen from Cig alkyl;

Raz 18 independently chosen from €16 alkyl, {Ci.6 alkyl)-0-(C4 alkyl} or 4-6
membered heterocyelyl;

Ay, A, and A; are each independently CH; and Ry5 is a 6 membered heterocycelyl
optionally substituted with onc or more substituents chosen from C ¢ alkyl and 4 membered

21 21
9

wherein

heterocyelyl:
provided that the 6 membered heterocyclyl, when substituted, is not
a piperazin- -yl substituted with C,¢ alkyl at both 2- and -6 positions.

preferably, Ry and R, together with the carbon atoms to which they are attached form

e

(+-8) , provided that Rj is halogen, or both X and X are not CH at the same time;

15
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for example, or Ry and R, together with the carbon atoms to which they are attached
form the following structure:

;f\i/\i%@ m

»,_{VO
(-5) . wherein R is independently chosen from deuterium, halogen, hydroxyl,

Ch.s alkyl, Cog alkynyl, Cys denteroalkyt and C¢ haloalkyl, mis 0, 1 or 2;

()

preferably, mis 0.

Embeodiment 2.  The compound of embodiment 1, or a pharmaceutically acceptable
salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer
10 thereof, wherein R; and R, together with the carbon atoms to which they are atiached

?*J:D{i Ra)m

form {9 , i.e. the compound is a compound of formula (1A):
Niﬁe)m

X, ]
Ry XF xgTN
; i ¥

N i v
Rs Cy ! N Kyoos
\Ej/ \\E//\\\r \v/ 4 (
‘:’2\ 2N O Ry

%

(1A

Embodiment 3. The compound of embodiment 2, or a pharmaceutically acceptable salt
15 thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof,
wherein R, and R, together with the carbon atoms to which they are attached
™, ""‘W
¥~ [Re} /=W
m N
S Y™
N e e A \
form B LKy N, Xyis O, Y is CH, Cy s * "Ji‘, and the compound is a
compound of formula (11}

20 wherein
Xy and X; are each independently CH or N; or, X is N, X5 is CRy4, wherein Ry, is
chosen from C ¢ alkyl;
Y,isCHorN;
R3 is hydrogen, deuterium, halogen or C haloalkyl;
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R4 is hydrogen, halogen, -CN, Cys atkyl, -(Cy alkyl}-OH, «(Cy.; deuteroalkyh)-OH, -
{C1.3 alky}-0~(C 15 alkyl), ~O-(Cyz alkyly, -CHO, ~C{ONH,, ~-C{ONHCH;, -C(ON(CHa)
or 3-hydroxyl-oxetan-3-yi, wherein the Ci¢ alkyl is optionally substituted with one or more
halo;

W is N or CRy,, and Ry is hydrogen or halogen;

Rs is hydrogen, Cy.¢ alkyl, -C{O)-(C1 ¢ alkyl), -C(O)-{Cs.¢ cycloalkyl), -C{(O)-phenyl, -
C(OYNHAC) 6 alkyD), -C(OINH-(Cs.6 cycloalkyl), ~-C{OIN(Cy.6 alkyl),, phenyl, 5-6
membered monocycelic heteroaryl or 8-10 membered bicyclic heteroaryl, wherein the Cis
alkyl, Cs4 cycloalkyl, phenyl, 5-6 membered monocyclic hetercaryl or 8-10 membered
bicyclic heteroaryl is cach optionally substituted with one or more groups chosen from:

1} halogen;

2y oxo;

3y -CN;

4y Cigalkyl

5)  Cuealkenyl;

63  Cogalkynyl;

7y (i alkoxy;

8) Ci¢ haloalkyl;

9 ~{CigalkyD)-0OH;

10) (Ci.g alkyD-O-(Cyg alkyl);

11y Gy cycloaikyl;

12) 3-12 membered heterocyclyl optionally substituted with one or more substituents
chosen from halogen, hydroxyl, oxo, -CN, Cy¢ alkyl, €6 haloalkyl, C56
cycioalkyl, Cs¢ alkynyl, Cy6 alkoxy, -(C s alkyl}3-CN, «(C ¢ alkyl}-O-(Cy 4
alkyl), (Cy alkyl)-OH, 4-6 membered heterocyclyl, 4-6 membered
fluoroheterocyclyl and deunterated 4-6 membered heterocycelyl, wherein the Ci
alkyl is optionally substituted with one or more -OH;

13) 5-6 membered monocyclic heteroaryl optionally substituted with one or more
substituents chosen from halogen, -CN, «{C, 4 alkyl}-CN, -{C s alkyD)-OH, C
alkyl, Cs.¢ cycloalkyl, Cy alkoxy, -(Cy.¢ alkyl)}-0-(C16 alkyl), (Cr6 alkyD)-NH,,
-{Cy.6 alkyl}-NH(C; ¢ alkyl}, -(Cy.s alkyl}-N(Ci alkyl)s, (Cr6 alkyD)-NH{Cs6
cycloalkyl) and 4-6 membered heterocyclyl;

14) phenyl optionally substituted with one or more substituents chosen from halogeu,
-CN, (Cy6 alkyh-CN, ~(Cy6 alkyh-OH, Cy¢ alkyl, Cs¢ cycloalkyl, Cy4 alkoxy, -
(Cy6 alkyl)-O(Cy6 alkyl), (Cr6 alkyl)-NH,, -(Cy6 alkyD)-NH{(C alkyl), (Ci6
alkyl)}-N(C 1.6 alkylh, ~(C1.6 alky)-NH{Cs.6 eycloalkyl) and 4-6 membered
heterocyclyl;

15y -NR,'R,", wherein R, and R, are cach independently chosen from hydrogen,
Ci6 alkyl, Cs6 cycloalkyl, -(Cy alkyl)-O-(Cy6 alkyl) and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocyclyl is optionally substituted
with one or more substituents of -(Cy.¢ alky1)-OH, the Ci¢ alkyl is optionally
substituted with one or more -NR.R,”’, and R.” and R.”” are cach independently
chosen from hydrogen, Ci. alkyl, {(Cy¢ alkyl)-OH and 4-6 membered
heterocyclyl;

17
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16) -C{ONR,'Ry,”’, wherein Ry’ and Ry,"” together with the N atoms to which they are
attached form 4-6 membered heterocyclyl, wherein the 4-6 membered
heterocyclyl is optionally substituted with one or more substituents chosen from
halogen, ~-OH, Cy_s alkyl, -(C;¢ alkyD-NH,, ~(C¢ alky)-NH(C ¢ alkvl), (Cig

5 alkyl)-N(Cy4 alkyl),, -(C)s alkyl)-NH(Cs.6 cycloalkyl) and -(Cy4 alkyl}-OH; and
17y (YR, wherein R, is chosen from hydrogen, Ci6 atkyl, Cog alkenyl, Cog
alkynyl and <(C 6 alkyD}-0-{Cy 4 alkyl);
Ry is halogen, C, alkyl or hydroxyl; and
mis0,1,2o0r3;
10

preferably, W is N or CRy,, and Ry is halogen; and/or

preferably, Rs is 5-6 membered monocychic heteroaryl or 8-10 membered bicyclic
heteroaryl optionally substituted with one or more groups chosen fronu
15 1} Cigalkyl; and
2y 4-6 membered heterocycloalkyl, which is optionally substituted with C1.¢ alkyl
and 4-6 membered heterocyclyl;

preferably, 5-6 membered monocyclic heteroaryl is 5 membered monocyclic heteroaryl,
20 more preferably triazolyl

preferably, 8-10 membered bicyclic hetercaryl is 8 membered bicyclic heteroaryl, more
preferably 4,5,6,7-tetrahydropyrazolof 1,5-alpyrazinyl.

25  FEmbodiment 4, The compound of embodiment 2, or a pharmaceutically acceptable salt
thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a tautomer thereof,
wherein R; and R, together with the carbon atoms to which they are attached

i
"
form  (F1) L X318 N, X1 G Y15 CH, Cy s SN ési, and the compound is a
compound of formula (111}

Rqq {Rgm
o 15 X ’
- Ry XP N7
{ & —
N

HN U R

: | b
30 (i

wherein
X and X, are each independently CH or N; or, X; is N, X5 18 CRy4, wherein Ryg is
chosen from Cy.6 allyl;
YyisCHorN;
35 Rj is hydrogen, deuterium, halogen or Cy¢ haloalkyl;

18
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R4 is hydrogen, halogen, -CN, Cys alkyl, -(Ci5 alkyl}-OH, «(C;.; deuteroalkyl)-OH, -
{C13 alkyD)~0-(Ci5 atkyl), -0~(Cyz alkyl), ~-CHO, -C{O)NHz, ~-C(O)NHCH;, ~-CION(CHz )
or 3-hydroxyl-oxetan-3-yi, wherein the Ci¢ alkyl is optionally substituted with one or more
halo;

U and V are cach independently chosen from N or CH;

Rs is hydrogen, Cy.¢ alkyl, -C{O)-(C1 ¢ alkyl), -C(O)-{Cs.¢ cycloalkyl), -C{(O)-phenyl, -
C(OYNHAC) 6 alkyD), -C(OINH-(Cs.6 cycloalkyl), ~-C{OIN(Cy.6 alkyl),, phenyl, 5-6
membered monocycelic heteroaryl or 8-10 membered bicyclic heteroaryl, wherein the Cis
alkyl, Cs4 cycloalkyl, phenyl, 5-6 membered monocyclic hetercaryl or 8-10 membered
bicyclic heteroaryl is cach optionally substituted with one or more groups chosen from:

1) halogen;

2} oxo;

3 -CN;

4y Cygalkyl;

5) Chealkenyl;

6} Crealkynyl;

7y Cig alkoxy;

8} Cy¢ haloalkyl;

9 ~{CiealkyD-OH;

19 «(Crs alkyD-0-(Cyg alkyly;

11y Gy cycloaikyl;

123 3-12 membered heterocyclyl optionally substituted with one or more substituents
chosen from halogen, hydroxyl, oxo, -CN, C:¢ alkyl, C¢ haloalkyl, Cs6
cycloalkyl, Cog alkynyl, Ci6 altkoxy, -{(C ¢ alkyl}-CN, ~(C 6 alkyl}-0O-(Cy
alkyl}, (Cys alkyl}-OH, 4-6 membered heterocyelyl, 4-6 membered
fluoroheterocyelyl and deuterated 4-6 membered heterocyclyl, wherein the Ciq
alkyl is optionally substituted with one or more -OH;

13) 5-6 membered monocyclic heteroaryl optionally substituted with one or more
substituents chosen from halogen, -CN, «(C, alkyl}-CN, -(C s alkyD-OH, Ci
alkyl, Cs.6 cycloalkyl, Cy alkoxy, «(Cy.6 alky}-0-(C 16 alkyl), (Cy.¢ alkyl)-NH,,
~(Cy.6 alkyl3-NH(C 4 alkyl}, -(C16 alkyl)-N(Cy6 alkyl)y, «(Cre alkyl}-NH(C1 6
cycloalkyl) and 4-6 membered heterocyclyl;

14} phenyl optionally substituted with ove or more substituents chosen from halogen,
~CN, ~(Cy6 alky}-CN, ~(Cy ¢ alkyD)-OH, C,¢ alkyl, Cs4 cycloalkyl, Cy ¢ alkoxy, -
{Cig alkyl}-O(Cy 6 alkyly, (C s alkyl)-NH,, -(Cj ¢ alkyh)-NH{C, ¢ alkyl), {Ci6
alkyl)-N(C1.5 alkylh, ~(Cr6 alkyl}-NH{Cs6 cyeloalkyl) and 4-6 membered
heterocyclyl;

15) -NR,'R,”’, wherein R,” and R,” are cach independently chosen from hydrogen,
Cr.s alkyl, Cs6 cycloalkyl, (Cy¢ alkyl)-O-(Ci6 alkyl} and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocyclyl is optionally substituted
with one or more substituents of (Cy.¢ alkvl)-OH, the C,.6 alkyl is optionally
substituted with one or more -NR.R.”’, and R.” and R.” are cach independently
chosen from hydrogen, Ci6 alkyl, -(Cy¢ alky})-OH and 4-6 membered
heterocyelyl;
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16) -C{OINR,'Ry,”’, wherein Ry’ and Ry, together with the N atoms to which they are
attached form 4-6 membered heterocyclyl, wherein the 4-6 membered
heterocyclyl is optionally substituted with one or more substituents chosen from
halogen, -OH, Cs alkyl, «(Cy¢ alkyl}-NH,, ~(Cy6 alky}-NH(C ¢ alkyl}, (Cy 4
alkyl)-N(C1.4 alkyl)y, -(C s alkyl)-NH(C16 cycloalkyl) and -(Cy4 alkyl}-OH; and
17y (R, wherein R, is chosen from hydrogen, Ci6 atkyl, Cog alkenyl, Cog
abkynyl and <(Cj6 alkyl}-O-{Cy ¢ alkyl);
R is halogen, Cy ¢ alkyl or hydroxyl;
mis 0, 1,2 or3; and
Ryy 18 hydrogen, Cy alkyl or €5 deutercalkyl;
provided that the 3-12 membered heterocyclyl, when substitated, is not piperazin-1-yl
substituted with Cy.¢ alkyl at both 2- and 6- positions;

preferably, U is CH, and V is N or CH; more preferably, both U and V are CH;
preferably, Riq is Cy.5 alkyl, preferably methyl or ethyl, and more preferably methyl;
preferably, 5-6 membered monocyclic heteroaryl is 6 membered monocyclic heteroaryl,
more preferably pyridyl, pyrazinyl and pyrimidyl;
preferably, 5-6 membered monocyclic hetercaryl is 5 membered monocyelic heteroaryl,
more preferably triazolyl;
preferably, 8-10 mermbered bicyclic heteroaryl is 9 membered bieyelic heteroaryl, more
preferably 4,5.6,7-tetrahydropyrazolo] 1,5-alpyrazinyl; and/or
preferably, 3-12 membered heterocyelyl is 4-8 membered heterocyclyl, more preferably
4-6 membered heterocyclyl; provided that the 3-12 membered heterocyclyl, when
substituted, is not piperazin-1-yl substifitted with Cy_¢ alkyl at both 2- and 6- positions;
more preferably, 3-12 membered heterocyclyl is oxetanyl, azetidinyl, tetrahydropyranyl,
morpholinyl, piperazinyl or tetrahydropyridyl; provided that the 3-12 membered heterocyelyl,
when substituted, is not piperazin-1-yl substituted with Cy4 alkyl at both 2- and 6- positions.

Embodiment 5. The compound of any ove of embodiments 1-4, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein both X and X, are CH, or one of X; and X is N, and the other is
CH;

and preferably, both X, and X, arc CH.

Embodiment 6. The compound of any one of embodiments 1-4, or a pharmaceutically
acceptable salt thereof, or a solvale, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein X is N, X 18 CRy4, wherein Ry4 is chosen from C alkyl,

Embodiment 7. The compound of any one of embodiments 1-6, or a pharmaceutically

acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein Y, is CH.
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Embodiment 8. The compound of any one of embodiments 1-7, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thercof, wherein Rz is hydrogen or halogen.

Embodiment 9. The compound of any one of embodiments 1-8, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein Ry is Cyg alkyl, «(Cys alkyl}-OH, «(C ;5 deuteroalkyl}-OH, (C 5
alkyD)-0~(Cy 5 alkyl) or -CHO, wherein the Cy¢ alkyl is optionally substituted with one or
more halo;

preferably, Ry is Cig alkyl or {Cy 5 alkyD)-0-(Cy.5 alkyl), wherein the Cys alkyl is substituted
with one or more halo;

preferably, Ry is hydroxymethyl, hydroxy denteromethyl, hydroxyethyl, methoxymethyl or
fluoromethyl;

more preferably, Ry 1s hydroxymethyl or hydroxy deuteromethyl;
and more preferably, R4 is hydroxymethyl.

Embodiment 10. The compeound of any one of embodiments 1-9, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diasterecomer or a
tautomer thereof, wherein Rs is hydrogen, and Ry is -(C1; alkyl)-OH.

Embodiment 11. The compound of any one of embodiments 1-10, or a pharmaceutically
acceptable salf thereof, or a solvate, a racemic mixture, an cnantiomer, a diastercomer or a
tautomer thereof, wherein Rs is hydrogen, -C{O)-(C16 alkyl), -C(O)(C5.6 cycloalkyl), -C(O)-
phenyl, -C{OYNH-(C ¢ alkyl}, -C(OWH-(C1.6 cycloalkyl) or -C{OMN(Cy.5 alkyl).

Embodiment 12.  The compound of any one of embodiments 1-10, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein Rs is 3-6 membered monocyclic heteroaryl or §-10 membered
bicyelic heteroaryl, wherein the 5-6 membered monocyelic heteroaryl or 8-10 membered
bicyelic heteroaryl is cach optionally substituted with one or more groups chosen from:

(a4 cycloalkyl;
3-12 membered heterocyelyl optionally substituted with one or more Ci.s alkyl,
wherein the Cr alkyl is substituted with one or more -OH; and
-NR,'R,", wherein R,” and R, are each independently chosen from hydrogen
and Cie alkyl, wherein the C.6 alkyl is optionally substituted with -NR'R,",
and R." and R,”” are cach independently chosen from €y alkyl, (Ci.6 alkyi}-OH
and 4-6 membered heterocyclyl,

provided that if Ry and R; together with the carbon atorns to which they are attached

form the following structures:
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- ‘ Sy
&b ’ {-3) R {-4) or (I-6) ,and Cyis 7% U , then the 3-

12 membered heterocyclyl, when substifitted, is not piperazin-~1-yl substitated with C ¢ alkyl
at both 2- and 6- positions,

Embodiment 13. The compound of any one of embodiments 1-10, or a pharmaceutically

acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tantomer thereof, wherein Rs is chosen from

wha P \ E\ﬁ
N L L

N—N N~
/ / .
Fot | Ras 24 Ror ,Rez R Roa

angd B
wherein
Ry 1s chosen from Ci alkyl, Ci.¢ haloalkyl and -(Cyi4 alkyl}-0O«(C 5 alkyl};
nisQ, 1 or2;
Ry and Ra; are each independently chosen from hydrogen, -CN, (¢ alkyl, Cy.s haloalkyl, -
{Cy alkyl}-O~{C 4 alkyl), 4-6 membered heterocyclyl or -C(O)R,, and R, is chosen from
hydrogen, Cy¢ altkyl or ~(Cy4 alkyl}-0-(C 6 alkyl);
Ry4 is chosen from hydrogen, €6 alkyl, «{Cy.s alkyl)-0-(Cy¢ alkyl), or ~-C(OINRYRy™,
wherein Ry” and Ry’ together with the N atoms to which they are attached form 4-6

i

vy e

o
Azf’)

R13 N

e

membercd heterocyclyl; preferably, Rs is
1, Ao and Aj are each independently CH or N; and Ry; is chosen from:

1) Thydrogen;

2y Crealkyl;

3y Cysalkoxy;

4% halogen;

5) Cascycloalkyl;

6} 3-12 membered heterocyelyl optionaily substituted with one or more substituents
chosen from oxo, -CN, ¢ alkyl, Ci alkoxy, -(Cy4 alkyD-CN, ~(Cy alky}-O-
(Cy.6 alkyl), 4-6 membered heterccyclyl and deunterated 4-6 membered
heterocyclyl, wherein the Cy¢ alkyl is optionally substituted with one or more -
OH;

22



WO 2021/164735 PCT/CN2021/076869
7y phenyl optionally substituted with one or more substituents chosen from 4-6
membered heterocyelyl;
8} -NR.R.”’, wherein R,y and R, are each independently chosen from hydrogen,
Cr alkyl, {Crg alkvl}-O-(Cy 5 alkyl) and 4-6 membered heterocyelyl, wherein

193]

the 4-6 membered heterocyelyl is optionally substituted with {C ¢ alkyl)-OH, the
Ci6 alkyl is optionally substituted with one or more -NRJR,”, and R.” and R.”’
are each independently chosen from hydrogen, Cyg alkyl, «(Cy4 alkyl}-OH and 4-
6 membered heterocyclyl; and
9y -C{O)NRy'Ry,”’, wherein Ry,” and Ry, together with the N atoms to which they are
10 attached form 4-6 membered heterocyelyl, wherein the 4-6 membered
heterocyelyl is optionally substituted with one or more Cy5 alkyl;
provided that if Ry and R» together with the carbou atorus to which they are attached
form the following structures:

.

S N b W

) 3 , 4 or U8 apdcyis CUT
15 then the 3-12 membered heterocyclyl, when substitited, is not piperazin-1-yl substituted

with Cy.6 alkyl at both 2- and 6- positions.

Embediment 14.  The compound of embodiment 13, or a pharmaceutically acceptable salt
thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof,

§
s

N
Ny

HEP ]
\N/\
L

20 wherein B3 is 3-12 membered heterocyelyl, preferably

provided that if R; and R, together with the carbon atoms to which they are attached
form the following structores:

(-8} and Cyis U7 then the

3-12 membered heterocyclyl, when substituted, is not piperazin-1-yl substituted with Cyg
alkyl at both 2- and 6- positions.

or

b2
(9]

Embodiment 15,  The compound of embodiment 13, or a pharmaceutically acceptable salt
thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a tantomer thereof,
30 wherein R is piperazinyl optionally substituted with one or more substituents chosen from
Ci6 alky! and 4-5 membered heterocyclyl;
provided that if Ry and R» together with the carbon atoms to which they are attached
form the following structures:
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{1-8}

(1-4)

7 then the
piperazinyl, when substituted, is not piperazin-1-yl substituted with €, alkyl at both 2- and

LN
or ,and Cyis "% Y
6~ positions,

Embediment 16,
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a

The compound of any one of embodiments 1-13, or a pharmaceutically
tautomer thereof, wherein Rs is chosen from

Py b
S | PO +

1 '?Aa\i?
=

-4
F=R
P

Ay M

|
N
~
b O i
2, 5 Ag
N Asohg \I/ AZYAa B
T N

Ras
\[ j\ Far N o o PN
VP j\ 3\\/O
R o ! R

_<>

28
9 » 2 o 9 ’

SN

wherein Roq, Rog’, Ros, Ras”, Roy and Ray” are cach independently chosen from
hydrogen, oxo and Cy.¢ alkyl;

Rag i3 Cyg alkyl, «(C g allkyl}-0~(C 16 alkyl) or tetrahydroforanyl;

Rag is Cig alkoxy; Rag 18 hydrogen or ~(Cy4 alky}-OH;

Ripis Crp alkyl;

Az, A; and As are each independently CH or N;

and

preterably, both A and A, are CH, or one of Ay and A; 18 N, and the other 1s CH;
and more preferably, both A and A, are CH.

Embodiment 17.  The compound of any one of embodiments 1-16, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an cnantiomer, a diastercomer or a

ondn

S

D

T

Rm\[m]\
TR

N 24"

N
]

i
Pow A

tautomer thereof, wherein Rs is 9) , whereinA,, A, and A; are cach
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independently CH or N, and Ry4 and Ry are each independently chosen from hydrogen,

oxo and £y alkyl;
and preferably, when Rys is Cre alkyl (such as C1.; alkyl, more preferably methvl), Rs

Roge,, ( 1\

N Rod’

is preferably 0 , wherein Aj, A, and Aj are each independently CH or N, and
Ros™ 18 Urg alkyl (such as ;5 alkyl, more preferably methyl}, and more preferably

Embediment 18,  The compound of embodiments 16 or 17, or a pharmaceutically acceptable
salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a lautomer
thereof, wherein Rys and Ry’ are each independently chosen from hydrogen and C, ¢ alkyl.

Embodiment 19.  The compound of any one of embodiments 13-18, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein Ay, A, and As are all CH, or Ay is N and both A, and A are CH,
or Az is N and both A; and A, are CH,

Embodiment 28.  The compound of any one of embodiments 1-13, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a

tautomer thereof, wherein R is chosen from:
i

£,

Ay

A %
Roge. M
b \\N
@ g 5’&?‘“'

NN
/ /
ot Rz gpd ¢ ,
wherein Ry is Cyg alkyl Ry is chosen from hydrogen, € alkyl and 4 membered
heterocycelyl; Ay and A, are respectively CH; and Ryq and Ry are cach independently
chosen from hydrogen and Ci alkyl.
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Embodiment 21. The compound of any one of embodiments 4-20, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a

Rt Ry Ry Rys
ok, X T
| |
T I N N e e

tautomer thereof, wherein i , wherein

Ry; 15 Cpp alkyl or Cy deuterpalkyl;

preferably, Ryy is Cy; alkyl, preferably methyl or ethyl, and more preferably methyl;
and preferably, Ry, is Cy; deuteroalkyl, preferably trideuteromethyl.

Embodiment 22. The compound of any oue of embodiments 4-21, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein both X and X, are CH, or one of X; and X, is N, and the other is
CH; Y, 18 CH; Ry is hydrogen; Ry is -(Cy5 alkyD)-OH; U is CH, Vis Nor CH, and Ry is Crs

N

-

N Rag'

Z

@ﬂ

alkyl; Rs is chosen from o , whereinR;4 and Ry’ are cach independently chosen
from hydrogen, oxo and Cy¢ alkyl, both A; and A are CH, or Ay is N and A, is CH; Reis Cy
galkyl; andmis Oor 2,

Embodiment 23, The compound of any one of embodiments 4-22, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein both U and V are CH, and R;; is methyl.

Embediment 24, The compound of any one of embodiments 1-23, or a pharmacentically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein Rg is Ciz alkyl; and m is 2.

Embodiment 25, The compound of any one of embodiments 1-24, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein Rg is Ciz alkyl; and m is 1,

Embodiment 26. The compound of any one of embodiments 1-24, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein Re is Cis alkyl or hydroxyh and m is 3,

Embodiment 27. The compound of any one of embodiments 1-26, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
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tautomer thereof, wherein Rg together with the five-membered ring to which they are

NIy
attached forms %

Embodiment 28.  The compound of any one of embodiments 1-27, or a pharmacentically

5 acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein 3-12 membered heterocyclyl is chosen from oxetanyl, azetidinyl,
tetrahydropyranyl, morpholinyl, piperazinyl, tetrahydropyridyl, azaoxaspiro]S.3jnonyl,
diazabicyclof2.2. 1 theptyl, diazaspiro[5.2]octyl, diazaoxabicyclo{4.4.0]decyl,
azaoxaspirof5.4]decyl and diazabicyclof[3.1. 1 heptyl,

16 provided that if Ry and R, together with the carbon atoms to which they are atiached
form the following structures:

H 0
o ‘o ) ; g e gy 3 :
- R . & AR e
e Rs F ERWy ‘,‘,.{\Rb‘; mn RN
b /

e £ - SR, N Wb Hos
{4-13 i {-3) . {i-4} oF (-8} cand Cyis U then the 3-

2 membered heterocyclyl, when substituted, is not piperazin-1-yl substituted with C, .
alkyl at both 2~ and 6- positions ;

Ca—
Ty

preferably, 3-12 membered heterocyclyl is chosen from:

}
e

NG, e @ " il L E N
N \l\ ‘NXW s /”Q l/ \} H/c}N ZI\ N RSy \! m[::v
S W dn & & &1 5 0O W &
H H N o) N N H H A 6 Y
s » » M, , M, o s B, o » » s O, H aﬂd

o

provided that if R; and R, together with the carbon atoms to which they are attached form

20 the following structures:

- N N i 3 NN
= \f o SN J‘{:RG,{ ot f -7
; 3 E\RG.};'J . \[ / 1 ‘
(1-3) ) {t-4) or (8 ,and Cy is " then the 3-12

membered heterocyclyl, when substituted, is not piperazin-1-yl substituted with €, alkyl at both
2~ and 6~ positions.

[0
(=

Embodiment 29, The compound of embodiment 4, or a pharmaceutically acceptable salt
thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a tautomer thereof,
wherein both X and X; are CH, Y, 1s CH; Rs 18 hydrogen; Ry ts (5 alkyD-OH; both U
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4

F=x
L

N

AN

Roan,, [

<> , wherein Roq s Cy 3 alkyl,

N

and V are CH, and Ry; is methyl; Rs is chosen from
and both A, and A; are CH,; and Ry together with the five-membered ring to which they are

¥

attached forms %

The compound of embodiment 1, or a pharmaceuniicaily acceptable sali

5  Embodiment 30.
thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a {automer thercof,

wherein the compound is a compound of formula (IB)

Ya_ 2N

The compound of embodiment 38, or a pharmaceutically acceptable salt

10 Embsdiment 31.
thereof, or a solvale, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof,

wherein the compound is a compound of formula (IV):

ﬁm 7z, ~Re)m
O N
N
) g
HN 9]
i | _ L
R5 Y?\;‘//"N 0 "3
(V)
wherein
15 Xy and X, are each independently CH or N; or, X, is N, X, is CRy4, wherein Ry4 is
chosen from C16 alkyl
YoisCHorN;
R is hydrogen, deuterium, halogen or Cy6 haloalkyl;
Ry is hydrogen, halogen, -CN, Cyi alkyl, «(Cy alkyD)-OH, «(C,.z deuteroalky!}-OH, -
20 {Cr3 alkyl}-O«(Cy3 alkyl), -0-(Ci5 alkyl), ~-CHO, -C{OWNH,, ~-CENNHCH;, ~-C{OWN{CHs),
or 3-hydroxyl-oxetan-3-yl, wherein the C;.¢ alkyl is optionally substituted with one or more

halo;
U and V are cach independently chosen from N or CH;

Z is N or CH;
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Rs is hydrogen, Ci alkyl, ~-C{O)-(Cy6 alkyl), -C{O)-(C16 cycloalkyly, -C(O}-phenyt, -
C(OINHAC6 allkyl), -C{ONH~{Cs.6 cycloalkyl), ~C(OIN(Ci alkyl), phenyl, 5-6
membered monocyclic hetercaryl or 8-10 membered bicyclic heteroaryl, wherein the Cis
alkyl, Cs6 cycloalkyl, phenyl, 5-6 membered monocyclic heteroaryl or 8-10 membered

5 bicyclic heteroaryl is cach optionally substituted with one or more groups chosen from:
1)  halogen;
2} oxo;
3y -CN;
4y Cpgalkyl
10 5y  Cyealkenyl;
6) Cagalkynyl;

7y Crealkoxy;

8} Ci¢ haloalkyl;

9 -{Cigalky)-OH;

15 10) «(Cy. alkyD}-O~(Ci.g alkyl);

11y Cagcycloalkyl;

12} 3-12 membered heterocyely! optionally sabstituted with one or more substituents
chosen from halogen, hydroxyl, oxe, -CN, Ci alkyl, Cs haloalkyl, Cs6
cycloalkyl, Cre alkynyl, Ci¢ alkoxy, ~(C1 alkyl}-CN, «(Cy5 alkyl3-0-{(C16

20 alkyl), «(Cy.6 alkyD-OH, 4-6 membered heterocyelyl, 4-6 membered
fluoroheterocyelyl and deuterated 4-6 membered heterocycelyl, wherein the Cis
alkyl is optionally substituted with one or more -OH;

13) 5-6 membered monocyclic heteroaryl optionally substituted with one or more
substituents chosen from halogen, -CN, «(Cs alky}-CN, «(C alky}-OH, Cys

25 alkyl, Ca6 cycloalkyl, Cy alkoxy, (Cy6 alkyl}-0-(C6 alky), {C6 alkyl-NH;,
~(Cy.6 alkyl}-NH(C 4 alkyl}, -(Cy6 alkyl)-N{Cy6 alkyl)a, ~(Cie alky}-NH(C14
cycloalkyl) and 4-6 membered heterocyelyl;

14) phenyl optionally substituted with one or more substituents chosen from halogen,
~CN, ~{Cy4 alkyD}-ON, ~(Cy6 alkyD)-OH, Ci¢ alkyl, Cs cycloalkyl, C 4 alkoxy, -

36 {C1.6 alkyl)-O(C 16 alkyl}, «(Cy.6 alkyl}-NH,, -(C16 alkyD)-NH(C ¢ alkyl), {(Ci¢
ablioyD)-N(C 15 alkylyy, ~(Cy 6 alkyl)-NH{C; 6 cycloalkyl) and 4-6 membered
heterocyclyl;

15y -NR.'R,”, wherein Ry and R, are each independenily chosen from hydrogen,

Ci alkyl, Cs¢ cycloalkyl, -(Cy 4 alkyl)-0-(Cy ¢ alkyl) and 4-6 membered

35 heterocyclyl, wherein the 4-6 membered heterocyciyl is optionally substituted
with one or more substituents of -{(Cy.6 alky}-OH, the Cy alkyl is optionally
substituted with one or more ~NR.R.”, and R, and R.”” are cach independently
chosen from hydrogen, Ci6 alkyl, (Cy.¢ alkyl}-OH and 4-6 membered
heterocyclyl;

40 16y -CONRY'Ry”’, wherein Ry’ and Ry together with the N atoms to which they are

attached form 4-6 membered heterocyelyl, wherein the 4-6 membered

heterocycelyl is optionally substituted with one or more substituents chosen from

halogen, -OH, Cy¢ alkyl, {C1 alky)-NHa, ~(Cy¢ alky}-NH(C14 alkyl), «(Cis

alkyl}-N(C 1.6 alkylly, -(Cy 6 alkyl}-NH(C5 ¢ cycloalkyl) and -(Cy.4 alkyl}-OH; and
29
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17y -C{O)R,, wherein R, is chosen from hydrogen, Ci alkyl, Cog alkenyl, Cog
allkynyl and «(C6 alkyl}-O-{Ci¢ alkyl);
Re 138 halogen, Cy.¢ alkyl or hydroxyl;
mis 8, 1,2 or3; and
Ry is hydrogen, Cy.4 alkyl or C .4 deuteroalkyl;

preferably, both X, and X; are CH, or one of Xy and X; is N, and the other is CH,

preferably, both X and X, are CH;

preferably, Y, is CH;

preferably, R; is hydrogen or halogen;

preferably, Ry is Cyg alkyl, (Cy.; alkyD-OH, -(C3 deutercalkyl)-OH, -(Cy_; alky}-O-
{C1.3 alkyl} or -CHO, wherein the Cy.¢ alkyl is oplionally substitoied with one or more
halogen; more preferably Ry 1s «(Cy 3 alkyl)-OH;

preferably, Ry 18 Cig alkyl or «(Cy3 alkyl)-0-(C; 5 alkyl), wherein the C 5 atkyl is
substituted with one or more halo;

preferably, Ry is hydroxymethyl, hydroxy deuteromethyl, hydroxyethyl,
methoxymethyl or fluoromethyl; ; more preferably, Ry is hydroxymethyl;

preferably, Rz is hydrogen, and Ry is -(C; alkyl}-OH;

R

1 Rt Fat R
O Noy, C)TN ! OTN | O Ny,
i {
A P 4 X l \\»j\ 1}
preferably, "= Y7 g N ‘ﬁ‘, * S or % S

alkyl or Cy4 deuteroalkyl;

,wherein Ry is Cyg

preferably, Z is CH;
preferably, U is CH, and V is N or CH; more preferably, both U and V are CH;
preferably, both U and V are CH, and Ry, is methyl;
preferably, Ryq is Cy 5 alkyl, preferably methyl or ethyl, and more preferably methyl;
preferably, Ry, is Cy; dentercalkyl, preferably trideuteromethyl;
preferably, R, is halogen;
preferably, Rg is Cyz alkyl;
preferably, mis O or 1;
preferably, 5-6 membered monocyclic heteroaryl is 6 membered monocyclic heteroaryl,
more preferably pyridyl, pyrazinyl and pyrimidyl;
preferably, 5-6 membered monocyclic heteroaryl is § membered mouocyclic heteroaryl,
more preferably triazolyl;
preferably, 8-10 membered bicyclic heteroaryl 18 9 membered bicyclic heteroaryl, more
preferably 4,5,6,7-tetrahydropyrazolo[ 1,5-alpyrazinyl; and/or
and preferably, 3-12 membered heterocyclyl is 4-6 membered heterocyclyl, more
preferably oxetanyl, azetidinyl, tetrahydropyranyl, morpholinyl, piperazinyl or
tetrahydropyridyl.

Fmbodiment 32, The compound of any one of embodiments 30-31, or a pharmaceutically

acceptable salf thereof, or a solvale, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein Y, is CH.
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Embodiment 33. The compound of any one of embodiments 30-32, or a pharmaceutically
acceptable salt thereof, or a solvale, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein Rs is hydrogen, -C{0)~-(C ¢ alkvl), -C{O)-{Cs6 cycloalkyl), -C(O)-
phenyl, ~-C{ONH~(C\.¢ alkyl}, -C(OINH~(C1.6 cycloalkyl) or -C(O)N(Cy6 alkyl),.

193]

Embodiment 34. The compound of any one of embodiments 30-32, or a pharmaceuticaily
accepiable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein Rs 1s 5-6 membered monocyclic heteroaryl or 8-10 membered

10 bicyclic heteroaryl, wherein the 5-6 membered monocyclic heteroaryl or 8-10 membered

bicyclic heteroaryl is each optionally substituted with one or more groups chosen from:

Cas cycloalkyl;
3-12 membered heterocyelyl optionally substituted with one or more Cy alkyl,
wherein the €y 4 alkyl is substituted with one or more -OH; and

i5 -NR,R,”, wherein R, and R, are each independently chosen from hydrogen
and C.¢ alkyl, wherein the Cye allyl is optionally substituted with -NRSR.”,
and R’ and R."” are cach independently chosen from Cy¢ alkyl, {C.¢ alky}-OH
and 4-6 membered heterocyclyl.

20  Embodiment 35, The compound of any one of embodimeunts 30-34, or a pharmaceutically
acceptable salf thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein Rs is chosen from:

i BN Na: N
e, B N N
\W N N N
il / { N N Ry N \\ N N
N»-—N N ?j {Ro vy Z(:\ > N O >
N——N N> A N N
21 N / 7 /
Rn Rm 24 Ra , Rez Rz , O , Roa
|
S
A(J\\*\P;d
if
e
and s R

[
W

wherein

Rz; is chosen from (6 alkvl, Cy4 haloalkyl and -(C ¢ alky}-0-(Cy4 alkyl);

nis, 1or2;

Ry and Ry are cach independently chosen from hydrogen, -ON, Cy¢ alkyl, C.6 haloalkyl,
~{(C16 alkyh-0-(C 4 alkyl), 4-6 membered heterocyelyl or ~-C(O)R,, and R, is chosen from
30 hydrogen, Cig alkyl or -(Cyg altky)-O-(Cy 6 alkyl);

Ry4 is chosen from hydrogen, Ci alkyl, -(Cys altkyl}-O-(Cy s alkyl), or -C{ONRLRy”,
wherein Ry, and Ry,”" together with the N atoms to which they are attached form 4-6
membered heterocyclyl;
Aj, As and As are each independently CH or N; and
35 Rys is chosen fromu
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1) hydrogen;
23 Cre alkyl;
3) Cig alkoxy,
4) halogen;
53 Ca cycloalkyl;
6) 4-8 membered heterocycelyl optionally substituted with one or more substituents
chosen from oxo, -CN, Cy 4 alkyl, Ci4 alkoxy, <{(C s alkyl}-CN, -(C1s alkyl}-0-(Cy ¢

193]

alkyl), 4-6 membered heterocyclyl and deuterated 4-6 membered heterocyclyl,
wherein the Cy6 alkyl is optionally substituted with one or more -OH;
10 7} phenyl optionally substituted with one or more substituents chosen from 4-6
membered heterocyelyl;
83 -NR,R,”’, wherein R, and R, are each independently chosen from hydrogen, Ci
alkyl, -(Cs alkyl}-0-(Cy alkyl) and 4-6 membered heterocycelyl, wherein the 4-6
membered heterocyelyl is optionally substituted with one or more -(Cy ¢ alkyl)-OH,
15 the Cy.¢ alkyl is optionally substituted with one or more -NR'R.”’, and R.” and R.”’
are each independently chosen from hydrogen, Cig alkyl, (C1.6 alkyD)-OH and 4-6
membered heterocyclyl; and
9) -C(O)NRy,'Ry”’, wherein Ry’ and Ry’ together with the N atoms to which they are
attached form 4-6 membered heterocyelyl, wherein the 4-6 membered heterocyelyl is
20 optionally substituted with one or more Cy alkyl;

preferably, Rs is , wherein A; and A, are each independently CHor N, and R;; is
4-6 membered heterocyclyl optionally substituted with one or more substituents chosen
from oxo, Cy alkyl, Cy4 alkoxy, ~(Cy¢ alkyl}-0-(Cs alkyl) and 4-6 membered
heterocyclyl;

]
193]

Y]

3

1
2. L

P

N
preferably, Rs is Re’ \Rﬁ", wherein A, and A, are cach independently CH or NbR,” and

Ra" together with the N atoms to which they are attached form 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocyclyl is optionally substituted with one

30 or more substituents chosen from oxo, Ci6 alkyl, Ci.6 alkoxy and 4-6 membered
heterocyelyl;
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i

AN

\ i\gN
/NJ

preferably, Rsis R | wherein Ry is chosen from hydrogen, -CN, Cy¢ alkyl, Ci

haloalkyl, -(Cy_g alky)-0-(C ¢ alkyl), 4-6 membered heterocyelyl or ~C{O)R,, and R, is
chosen from hydrogen, C ¢ alkyl or -(Cy¢ alkyl)-0-(C s alkyl);

5 preferably, Rys is piperazinyl optionally substituted with one or more substituents chosen
from Cy_; alleyl and 4-5 membered heterocyclyl;

preferably, Rs is chosen from:

/’i\ ,/1‘\
& SN AT SN
i { i j i
A2 /A3 A?_ an A1 \N s v i v vy
\r w;r Rz ‘5\3 /i\ ﬁf‘{\\\? /j“}“\N ?/i;:r?
i

Pz

N 4
=N
N
O?u
\Y
F

R;;s 0] R27 F‘izﬁ 29
b 9 b 2
a{&\
i i
AjA3
oY
N,
10 and Rag:

wherein Rag, Ryg’, Ros, Rys’, Roy and Ryy” are each independently chosen from
hydrogen, oxo and C,¢ alkyl;
Ros 18 Crp alkyl, ~(Cys alkyD-O-(Cy6 alkyl) or tetrahydrofuranyl;
Rag is Cyig alkoxy; Rae is hydrogen or -(Ci.s alky)-OH;
i5 Rap is Cig alkyl; and
Ay, A; and A; are cach independently CH or N;

ij’u\
A/J\\‘\‘s\ﬁ
¥
Poe 2Py

;\l./ ’

L

& ;
¢ , whereind g, Az and A are each independently CH or
N, and Roq and Rys” are each independently chosen from hydrogen, oxo and Cy4 alkyl;

preferably, Rs is
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preferably, when Rys is Ci alkyl (such as C.; alkyl, more preferably methyl), Rs is

i
A{’J\\w\:
P

1
Az
Rose,, [

preferably o , wherein A, A, and Aj are each independently CH or N, and
Roy” is Cy alkyl {such as Cy alkyl, more preferably methyl), and more preferably

rrnyy

i
Ay

A

N Rod'

N

Ag
3]
Az\\f/\s
Fiogn, [Nj
N
°
5
preferably, Ry; and Ry, are cach independently chosen from hydrogen and C; ¢ alkyl;
preferably, Ay, Az and Aj are all CH, or A; is N and both A, and Ajare CH, or Az is N
and both Ay and A are CH;
and preferably, Ay, A, and Aj are all CH.
10

Embediment 36.  The compound of any one of embodiments 30-35, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein

both Xy and X, are CH, or one of X, and X5 is N, and the other is CH;
15 Y, 1s CH;

R; is hydrogen;

Rsis ~(C1..3 aiky})-OH,

7 is CH;

UisCH, and VisNor CH;

AA N N
1) -
Ap. 2 ”:
R o
20 Rsis ot Rz wherein A and A, are each independently CH or N, and R is

4-6 membered heterocyclyl optionally substituted with one or more substituents chosen
from oxo, Ci6 alkyl, Cy¢ alkoxy, -(Cys alkyl})-0-(Cy¢ alkyl) and 4-6 membered
heterocycelyl; Rys is chosen from hydrogen, -CN, Cy ¢ alkyl, Cy ¢ haloalkyl, «{(Cy¢ altkyD)-O-
{Cyg allyl), 4-6 membered heterocyclyl or -C(O)R, and R, is chosen from hydrogen, Cis
25 alloyl or -(Cios alkyl3-0-(C 6 alkyl);
R is hydrogen or halogen;
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mis 0, 1 or 2; and
RU is (:1.3 aikyl;

O

preferably, Rs is chosen from , whereinRos and Rys’ are each
independently chosen from hydrogen, oxo and Cy.s alkyl, both Ay and Ay are CH, or Ay is N

and A, is CH;

(9]

and more preferably, both A, and A, are CH.

10 Embodiment 37.  The compound of embodiment 1, or a pharmaceutically acceptable salt
thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof,
which is chosen from:

No. Structural formula No. Stmcturai formula
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Embeodiment 38. A pharmaceutical composition, comprising the compound of any one of
embodiments 1-37 and/or a pharmaceutically accepiable salt thereof, and optionally
comprising a pharmaceutically acceptable excipient.

193]

Embodiment 39. A method of in vive or in virro inhibiting the activity of BTK, comprising
contacting BTK with an effective amount of the compound of any one of embodiments 1-37,
and/or a pharmaceutically acceptable salt thereof.

10 Embediment 40,  Usc of the compound of any one of embodiments 1-37 and/or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for treating or
preventing a disease mediated by BTK or at least in part by BTK, preferably for treating or
preventing cancer, an intlammatory disease or autoimmune discase, wherein the cancer is
preferably solid tumor or hematologic malignancy, including lymphoma, leukemia and

15 myeloma; the cancer is more preferably chosen from B cell malignancy, diffuse large B-cell
Iymphoma {DLBCL), large B-cell lymphoma (LBCL), B-cell lymphora, manile cell
Iymphoma, follicular lymphoma, non-Hodgkin’s lymphoma, Hodgkin’s lymphoma,
Waldenstrom macroglobulinemia, marginal zone lymphoma, Burkitt’s lymphoma, non-
Burkitt’s highly degree B cell malignant lymphoma, extranodal marginal-zone B-cell

20 Iymphoma, small lymphotic lymphoma (SLL), lymphoblastic lymphoma, lyrmaphocytic
leukemia, myelogenous leukemia, acute myelogenous leukemia (AML), chronic
myelogenous leukemia (CML), human acute monocytic leakemia, acute lymphocytic
leukemia (ALL), B cell acute lymphocytic leukemia (B-ALL), hairy cell leukemia, chronic
tymphocytic leukemia (CLL) (such as high risk CLL), myelodysplastic syndrome, acute

25 lymphoblastic leukemia, royeloma (such as multiple myeloma) or graft versus host disease;
and the inflammatory disease or autoimmune disease is preferably chosen from; systemic
inflammation and local inflammation, arthritis, rheumatoid arthritis, inflammation
associated with immunosuppression, organ-graft refection, allergic disease, ulcerative colitis,
Crohn’s disease, dermatitis, asthma, fupus erythernatosus, Sjogren syndrome, multiple

30 sclerosis, scleroderma (also referred to as systemic sclerosis), multiple sclerosis osteoporosis,
idiopathic thrombocytopenic purpura, autoimmune hemolytic anemia, antineutrophil
cytoplasmatic antibody vasculitis, chronic obstructive pulmonary disease, psoriasis, sicca
syndrome, pemphigus valgaris, diseases associated with kidney transplantation.

(o8]
(¥

Embodiment 4. A method of treating or preventing a disease in a subject, comprising
administering to the subject in need thereof an effective amount of the compound of any one
of embodiments 1-37, and/or a pharmaceutically acceptable salt thereof, wherein the disease
is a discasc mediated by BTK or at least in part by BTK; the discase is preferably cancer, an
inflammatory disease or autoimmune disease; the cancer is preferably solid tumor or

40 hematologic malignancy, including fymphoma, leukemia and myeloma; the cancer is more

preferably chosen from B cell malignancy, diffuse large B-cell lymiphoma (DLBCL), large

B-cell lymphoma (LBCL), B-cell lymphoma, mantle cell lymphoma, follicular lymphoma,

non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, Waldenstrom macroglobulinemia,

marginal zone lymphoma, Burkitt’s lymphoma, non-Burkitt’s highly degree B cell
56
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malignant lymphoma, extranodal marginal-zone B-cell lymphoma, small Iymphotic
Iymphoma {SLL), lymphoblastic tymphoma, lymphoeytic leukemia, myelogenous leukemia,
acute myelogenous leukemia (AML), chronic myelogenous leakemia (CML), human acute
monocytic leukemia, acute lymphocytic leukemia (ALL), B cell acute lymphocytic

193]

leukemia (B-ALL), hairy cell leukemia, chronic lymphocytic leukemia (CLL) (such as high
risk CLL), myelodysplastic syndrome, acute lymphoblastic leukemia, myeloma (such as
multiple myeloma) or graft versus host discase; and the inflammatory disease or
auptoimmune disease is preferably chosen from: systemic inflamrnation and local
inflammation, arthritis, rheumatoid arthritis, mflammation associated with
10 mmunosuppression, organ-graft refection, allergic discase, ulcerative colitis, Crohn’s
disease, dermatitis, asthma, lupus erythematosus, Sjogren syndrome, nmultiple sclerosis,
scleroderma, multiple sclerosis osteoporosis, idiopathic thrombocytopenic purpura,
autoimmune hemolytic anemia, antineutrophil cytoplasmatic antibody vasculitis, chronic
obstructive pulmonary discase, psoriasis, sicca syndrome, pemphigus valgaris, and diseases
15 associated with kidney transplantation.

Embodiment 42.  The compound of any one of embodiments 1-37 and/or a pharmaceutically
acceptable salt thereof, for use as a medicament,

20 Embodiment 43.  The compound of any one of embodiments 1-37 and/or a pharmaceutically
acceptable salt thereof, for use in treating or preventing a discase mediated by BTK or at
least in part by BTK, and preferably for use in treating or preventing cancer, an
inflammatory disease or autoimmune disease, wherein the cancer is preferably solid tumor
or hematologic malignancy, including lymphoma, leukemia and myeloma; the cancer is
large B-cell tymphoma (LBCL), B-cell lymphoma, mantle cell lymphoma, follicular
lymphoma, non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, Waldenstrom
macroglobulinemia, marginal zone lymphoma, Burkitt’s lymphoma, non-Burkitt’s highly
degree B cell malignant lymphoma, extranodal marginal-zone B-cell lymphora, small

30 tymphotic lymphoma (SLL), lymphoblastic lymphoma, lymphocytic leukemis,
myelogenous leukemia, acute myelogenous leukemia (AML), chronic myelogenous
leukemia (CML), human acute monocytic leukemia, acute lymphocytic leukemia (ALL), B
cell acate lymphocytic leukemia (B-ALL), hairy cell leukemia, chronic lymphocytic
leukemia (CLL) (such as high risk CLL), myelodysplastic syndrome, acuie lymphoblastic

(o8]
(¥

leukemia, myeloma (such as multiple myeloma) or graft versus host disease; and the
inflammatory disease or autoimmune disease is preferably chosen from: systemic
inflamation and local inflammation, arthritis, rheumatoid arthritis, inflammation

associated with immunosuppression, organ-graft refection, allergic disease, ulcerative colitis,
Crohn’s disease, dermatitis, asthma, fupus erythematosus, Sjogren syndrome, nultiple

40 sclerosis, scleroderma, multiple sclerosis osteoporosis, idiopathic thrombocytopenic purpura,
autormmane hemolytic anemia, antineutrophil cytoplasmatic antibody vasculiiis, chronic
obstructive pulmonary discase, psoriasis, sicca syndrome, pemphigus valgaris, and diseases
associated with kidney transplantation,
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Embodiment 44. A pharmaceutical combination, comprising the compound of any one of
embodiments 1-37 and/or a pharmaceutically acceptable salt thereof, and at least one
additional therapeutic agent, wherein the therapeutic agent is preferably chosen from: an
anti-inflammatory ageot, an immunomodulator or an anti-tumor active agent, wherein the

5 anti-tumor active agent includes a chemotherapeutic agent, an immune checkpoint inhibitor
or agonist, and a targeted therapeutic agent.
Embodiment 45, A compound of formula (V1)
Xz
Ray %‘? R
R N
32 I \
A O
v

10 or a solvate, a racemic mixture, an enantiomer, a diastercomer and a tautomer thereof,

wherein

Ky, Ko, X5, Xy, Ry, Ry and Ry are as defined in any one of embodiments 1-34;
Rsy- is -CHO, -C,.; alkyl-OH, -C,_; alkyl-OAc, Ci.z alkyl, -C(0)-Cy.5 alkyl or Cia
haloalkyl, and
ot R
..LB, ¢ 1 /0 Rd
"y Rg  —i- |
]

15 Rx; is halogen, -B{OH),, -B(OC.6 alkyl)s, Ry or O Ry ,and Ry is

hydrogen or Cy.s alkyl.

Embodiment 46.  The compound of embodiment 45, which is
R9) n

20
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Raz Ras

(V-8)

N N \

hdl ? 7 \‘ R
Rag N
LN
{(V-10)
{v-8) or , wherein Z is N or CR7; Ry and

Ry are each independently hydrogen or halogen; Ry is halogen or Crg alkyl; and nis 1 or 2.

Embodiment 47.  The compound of embodiment 45, which is chosen fron:
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Detailed Description of Embodiments (11):

Embodiment 1. A compound of formula {I}:

or a pharmaceutically acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer,
a diastereomer or a tautomer thereof, wherein
Xy and X, are each independently CH or N; X5 and X, are each independently C or N;
Y, and Y are each independently CRyp or N;
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Ry and R, are each independently chosen from hydrogen, deuterium, halogen, Cj¢ alkyl,
Cog alleynyl, Cig haloalkyl, s cycloalkyl and phenyl; or Ry and R together with the
carbon atoms to which they are attached form the following structures:

MR, K2 RN AR ;fﬁ’%}m
3{\ J) E' ;"“(Rs}m . /\ \/——(Ra)p %/C) e ]5

-1 2 R . ) o (B)
wherein R is independently chosen from deuterium, halogen, C1.s alkyl, Cos altkynvl, Ci6
deuteroalkyl and Ci.6 haloalkyl; or two Re together with the carbon atoms to which they are
attached form 3-6 membered cycloatkyl, mis 0, 1,2, 3ord;p1s 1,2, 3 0r4; Zis N or CRy;
Ry is chosen from hydrogen, deuterium, (s alkyl, halogen and C,.6 haloalkyl;

R is hydrogen, deuterium, halogen or Ci.6 haloalkyl;

R4 is hydrogen, halogen, -CN, C.6 alkyl, Cog alkynyl, <(Cy.3 alkyD}-OH, ~«(Cy.5 alkyl}-O-
(Cy3 alkyl), -O-(Cy.5 alkyl), -CHO, -C{OYNH,, -C{(O)NHCH;, -C(O)N(CHs); or 3-hydroxyl-
oxetan-3-yl, wherein the Cy ¢ alkyl or C; 5 alkyl is cach optionally substituted with one or
more deuterium or halo;

R =W
OiN}V AL i

Cyis * \U/L‘é‘ or S ’yff‘ wherein Ry is chosen from hydrogen, Ci.6 alkyl and
(3.6 cycloalkyl, wherein the Cy alkyl is optionally substituted with one or more deuterium
or halo;

U, V and W are cach independently N or CRys; Ry is hydrogen, deuterinm or halogen;

R is hydrogen, Cy4 alkyl, -C{OY{C s alkyl}, -C(OY(Cs.4 cycloalkyl), ~-C(OMNHA{C4
alkyly, -C(O)NH~(C1.6 cycloalkyl), -C{OYN(C\¢ alkyl)s, phenyl, 5-6 membered monocyclic
heteroaryl or 8-10 membered bicyclic heteroaryl, wherein the €y alkyl, Cs. cycloalkyl,
phenyl, 5-6 membered monocyclic heteroaryl or 8-10 membered bicyclic heteroaryl is cach
optionally substituted with one or more groups chosen from:

1) halogen;

2y oXo;

3y -CN;

4y Crealkyl;

5y  Cop alkenyl;

6) Crealkynyl;

7y Cigalkoxy;

8) Ci haloalkyl;

9 ~{Cyalkyl}-OH;

10) ~(Ci¢ alkyD)-0-(Cy alkyl);

11) 4-8 membered heterocyclyl optionally substituted with one or more groups
chosen from: deutertum, halogen, hydroxyl, oxo, -CN, Cy¢ alkyl, C1¢ haloalkyl,
Ci6 eyeloalkyl, Cog alkyuyl, C s abkoxy, -{(Cig alkyl}-CN, «(C ¢ alkyl)-O-(C
alkyl), (Cy alkyl}-OH and 4-6 membered heterocyclyl, wherein the Cig alkyl,
Cs.6 cycloalkyl or 4-6 membered heterocyclyl is each optionally substituted with
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one or more groups chosen from: deuterium, halogen, -NH,, -NH(C\ alkyl), -
N{C\.¢ alkyl); and -NH(Cs.6 cycloalkyl);

12} 3-6 merbered monocyelic heteroaryl optionally substituted with one or more
groups chosen from: halogen, -CN, ~(Cy4 alkyD)-ON, ~(Cy 4 alkyD-OH, Cy alkyl,
Cs.6 cycloalkyl, Cy alkoxy, -(Cy4 alkyh)-0-(C 4 alkyh), (C.6 alkyl)-NH,, (Ci
alkyl}-NH(C.¢ alkyl), -(Cy.6 alkyD}-N(C1.¢ alkyl)s, «(Cy.6 alkyl}-NH(Cs4
cycloalkyl} and 4-6 membered heterocyclyi;

13) pheny! optionally substituted with one or more groups chosen {rom: halogen, -CN,
-{Cy.6 alkyD)-CN, (Cy.s allky))-OH, Cy6 alkyl, Cs.4 cycloalkyl, Ci6 alkoxy, -(Cis
alkyD-0-(C g alkyly, (C 5 alky}-NH;, «(Cy ¢ alkyD)-NH(C, ¢ alkyh), (Cy ¢
alkyl}-N-{Cr ¢ ableyl)z, {Cre alkylD-NH(C5.6 cycloatkyl) and 4-6 membered
heterocyclyl;

14y -NR,R,”’, wherein R,” and R’ are each independently chosen from hydrogen,
Ci.s alkyl, Cs cycloalkyl, (Cig alkyl)-0-(Cy5 alkyl) and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocyclyl is optionally substituted
with one or more substituents of «{Cy.6 alkyl)-GH;

15) -C{O)NRy’Ry”’, wherein Ry and Ry, together with the N atoms to which they are
attached form 4-6 membered heterocyclyl optionally substituted with one or
more groups chosen from: deuterium, halogen, -OH, Cy. alkyl, -{C1.6 alkyl}-NHo,
-{Cy. alkyD)-NH(C.¢ alkyl), ~(C 1.6 alkyl)-N(Ci.6 alkyls, -(Cye alkyD-NH{Cs6
cycloalkyly, -NH,, -NH(C ¢ alkyl), -N(Cy alkyl)y, -NH(Cy6 cycloalkyl) and -
(Cy alkyl)-OH; and

16) ~C(O)R,, wherein R, is chosen from hydrogen, Cy. alkyl, Co.6 alkenyl, Co6
alkynyl, ~{(C14 alkyl}-OH and «(Cy¢ alkyl}-O-(C 4 alkyl);

Ryg is hydrogen, desterium, halogen, CN, C,¢ alkyl or Cy_4 haloalkyl

Embodiment 2. The compound of embodiment 1, or a pharmaceutically acceptable salt
thereof, or a solvate, a racemic mixture, an enantiorner, a diastereomer or a tautomer thereof,
wherein the compound is 2 compound of formula (A):

Embodiment 3. The compound of embodiment 2, ot a pharmaceutically acceptable salt
thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a tantomer thereof,
wherein the compound is a compound of formula (I1):
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wherein

X, and X, are each independently CH or N;

Yo is CH or N

B3 is hydrogen, deuterium, halogen or Cy¢ haloalkyl;

Ry is hydrogen, halogen, -CN, Cy¢ alkyl, +(Cy3 alkyl)-OH, (C3 deuteroalkyl)-OH, -
(C15 alkyh)-0~(Cy.3 alkyl), -O-(Ci5 alkyl), -CHO, -C(O)NH,, -C(O)NHCH;, -C(ON(CH3),
or 3-hydroxyl-oxetan-3-v1;

Wis N or CRyp, and Ry is hydrogen or halogen;

Rs is Cyg alkyl, phenyl, 5-6 merobered monocyclic heteroaryl or 8-10 membered
bicyclic heteroaryl, cach of which is optionally substituted with one or more groups chosen
from:

1} halogen;

2y oxo;

3y -CN;

4y Cygalkyl;

5y Crealkenyl;

6) Chgalkynyl;

7y Cigalkoxy;

8) (4. haloalkyl;

9}y ~{Ci6alkyl-OH;

18y ~(Cr alkyl)-O~(C 5 alkyl);

11) 4-8 membered heterocyelyl optionally substituted with one or more substituents
chosen from halogen, hydroxyl, oxo, -CN, Cy alkyl, C)s haloalkyl, Cs¢
cycioalkyl, Cog alkynyl, Cig alkoxy, -(C1.s alkyl3-CN, «(Cy.6 alkyl}-0-(Ci6
alkyl), (Cy6 alkyl}-OH, 4-6 membered heterocyelyl and 4-6 membered
fluoroheterocyclyl;

12} 5-6 membered monocyclic hetercaryl optionally substituted with one or more
substituents chosen from halogen, -CN, -(Cy¢ alkyl)-CN, ~(Cy.6 alkyl}-OH, C1.4
alkyl, Cs.5 cycloalkyl, Cyg alkoxy, (Cs alkyD-0-(C1 ¢ alkyl), «(Cy 5 alleyl)-NH,,
~{Cys alkyD-NH(C ¢ alkyl}, (Cy6 alkyl}-N{Cy 6 alkyl),, (Cs allkyD}-NH{(Cs
cycloalkyl) and 4-6 membered heterocyelyl;

13} phenyl optionally substituted with one or more substituents chosen from halogen,
-CN, «Cy6 alkyD-CN, -(Cy alkyD-OH, C alkyl, Cs6 cycloalkyl, Ci5 alkoxy, -
(Croe alkyl)-O{C 6 alloyly, «(Cig alkyD)-NH,, {Ci6 alkyh)-NH{C ¢ alkyl), (Cy
alkyD}-N(C ¢ alkyl),, ~(Cy4 alky}-NH(C;4 cycloalkyl) and 4-6 membered
heterocyclyl;
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14) -NRSR,”, wherein R, and R,’” are each independently chosen from hydrogen,
Crog alkyl, Csg cycloalkyl, (U6 alkvl)-O-(Cy6 alkyl) and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocycelyl is optionally substitaied
with one or more substituents of -{C4 alkyl}-CH;

15) -C{O)NRYRy,”’, wherein Ry, and Ry, together with the N atoms to which they are
attached form 4-6 membered heterocyelyl, wherein the 4-6 membered
heterocyelyl is optionally sabstituted with one or more substituents chosen from
halogen, -OH, Ci4 alkyl, (Cy6 alkyl}-NH,, (C s alkyl}-NH(C s allyl), «(Cis
alkyl)-N(C 16 alkyl)y, ~(Ci6 alkyl)-NH{C5.4 cycloalkyl} and -(Ci.¢ alkyl)-OH; and

16) -C(OYR,, wherein R, is chosen from hydrogen, Cy.s alkyl, Cos alkenyl, Cyg
alkynyl and -(Cy.¢ alky}-O-(Cy ¢ alkyl);

Rg is halogen or Cre alkyl; and
misQ, 1or2;

preferably, W is N or CRy», and Ry, is halogen;

preferably, Rs is 5-6 membered monocyclic heteroaryl or 8-10 membered bicyclic
heteroaryl optionally substituted with one or more groups chosen from:
1y Cisalkyl; and
2} 4-6 membered heterocycloalkyl, which is optionally substituted with C.s alkyi
and 4-6 membered heterocyclyl;

preferably, 5-6 membered monocyclic heteroaryl is 5 membered monocyelic heteroaryl,
more preferably triazolyl;

preferably, 8-10 membered bicyclic heteroaryl is 8 membered bicyclic heteroaryl, more
preferably 4,5,6,7-tetrahydropyrazolof 1,5-alpyrazinyl.

Embodiment 4. The compound of embodiment 2, or a pharmaceuiicaily acceptable sali
thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thercof,
wherein the compound is a compound of formula (FH):

Ry {Rg)m
O N X 7
~ Ry X7 N7
< N s
H:’? U | R
Rs YazN O R3
()

wherein
X, and X5 are each independently CH or N;
Yy,is CHorN;
Rz is hydrogen, deuterium, halogen or Cy6 haloalkyl;
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R4 is hydrogen, halogen, -CN, Cys alkyl, -(Ci5 alkyl}-OH, «(C;.; deuteroalkyl)-OH, -

{C1.3 alky}-0~(C 15 alkyl), ~O-(Cyz alkyly, -CHO, ~C{ONH,, ~-C{ONHCH;, -C(ON(CHa)
or 3-hydroxyl-oxetan-3-yi;

U and V are cach independently chosen from N or CH;

Rsis Cy alkyl, phenyl, 5-6 membered monocyclic heteroaryl or 8-10 membered

bicyclic heteroaryl, cach of which is optionally substituted with one or more groups chosen

from:

1) halogen;

2y oxo;

3y -CN;

4y Cygalkyl;

5y Coe alkenyl;

6) Cyalkynyl;

7y Crgalkoxy;

8} Cie haloalkyl;

9 ~«{Crgalkyh-OH;

10) "(CH; 311{}’1)-0-(6“;.5 alkyi);

11) 4-8 membered heterocyclyl optionally substituted with one or more substituents
chosen from halogen, hydroxyl, oxo, -CN, Ci¢ alkyl, Ci¢ haloalkyl, Cae
cycloalkyl, Co.g alkynyl, Crg alkoxy, ~{(C 1.6 alkyD-CN, «(Cy.6 alkyD-0-(Crs
alkyl), (Ci.¢ alkyl)-OH, 4-6 membered heterocyelyl and 4-6 membered
fluorcheterocyclyl;

12) 5-6 membered monocyelic heteroaryl optionally substituted with one or more
substituents chosen from halogen, -CN, «(Cs alky}-CN, «(C alky}-OH, Cys
alkyl, Ca6 cycloalkyl, Cy alkoxy, (Cy6 alkyl}-0-(C6 alky), {C6 alkyl-NH;,
~(Cy.6 alkyl}-NH(C 4 alkyl}, -(Cy6 alkyl)-N{Cy6 alkyl)a, ~(Cie alky}-NH(C14
cycloalkyl) and 4-6 membered heterocyelyl;

13} phenyl optionally substituted with one or more substituents chosen from halogen,
~CN, ~{Cy4 alkyD}-ON, ~(Cy6 alkyD)-OH, Ci¢ alkyl, Cs cycloalkyl, C 4 alkoxy, -
{C1.6 alkyl)-O(C 16 alkyl}, «(Cy.6 alkyl}-NH,, -(C16 alkyD)-NH(C ¢ alkyl), {(Ci¢
ablioyD)-N(C 15 alkylyy, ~(Cy 6 alkyl)-NH{C; 6 cycloalkyl) and 4-6 membered
heterocyclyl;

14) -NR'R,”, wherein R, and R, are each independenily chosen from hydrogen,
Ci alkyl, Cs¢ cycloalkyl, -(Cy 4 alkyl)-0-(Cy ¢ alkyl) and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterccyciyl is optionally substituted
with one or more substituents of -(Cy.6 alky}}-OH;

15} ~C(OINRL 'Ry, wherein Ry’ and Ry’ together with the N atoms to which they are
attached form 4-6 membered heterocyclyl, wherein the 4-6 membered
heterocyclyl is optionally substituted with one or more substituents chosen from
halogen, ~-OH, Ci6 alkyl, -(Ci6 alloyl)-NHa, «(Ci6 alkyl}-NH(Cy 6 alkyl}, (Cis
alkyl)-N{(C 1.4 alkyl ), ~(Ci6 alkyl)-NH(C5.6 cycloalkyl) and ~(Cy.6 alkyl)-OH; and

16} -C{O)R., wherein R, is chosen from hydrogen, Cy alkyl, Cy alkenyl, Cog
atkynyl and -(Cy alkyD)-0-(C, 4 alkyl);

Rg 18 halogen or C; ¢ alkyl;
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mis @, 1or2;and
Ry is hydrogen, Ci.s alkyl or Ci.6 deuteroalkyl;

preferably, U is CH, and V is N or CH; more preferably, both U and V are CH;
preferably, Ry is Cy 5 alkyl, preferably methyl or ethyl, and more preferably methyl;

193]

preferably, 5-6 membered monocyclic heteroaryl is 6 membered monocyclic heteroaryl,
more preferably pyridyl, pyrazinyl and pyrimidyi;
preferably, 5-6 membered monocyclic heteroaryl is 5 membered monocycelic heteroaryl,
more preferably triazolyl;
10 preferably, 8-10 membered bicyclic heteroaryl is 9 membered bicyclic heteroaryl, more
preferably 4,5,6,7-tetrahydropyrazolof 1,5-a]pyrazinyl;
and preferably, 4-8 membered heterocyelyl is 4-6 membered heterocyelyl, more
preferably oxctanyl, azetidinyl, tetrahydropyranyl, morpholinyl, piperazinyl or
tetrahydropyridyl.
15
Embodiment 5. The compound of any ove of embodiments 1-4, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer ora
tautomer thereof, wherein both X; and X, are CH, or one of X; and X; is N, and the other is
CH;
28
and preferably, both X, and X are CH.

Embodiment 6. The compound of any one of embodiments 1-5, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
25 tautomer thereof, wherein Y, is CH.

Embediment 7, The compound of any one of embodiments 1-6, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer ora
tautomer thereof, wherein Rs is hydrogen or halogen.

Embodiment 8. The compound of any one of embodiments 1-7, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastersomer or a
tautomer thereof, wherein Ry 1s Cyg alkyl, «{Ci alkyD-OH, «(C) .3 deutercalkyl)-GH or -
CHO;

(o8]
(¥

and preferably, R4 is hydroxymethy! or hydroxy deuteromethyl.

Embodiment 9, The compound of any one of embodiments 1-8, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
40 tautomer thereof, wherein Rz is hydrogen, and Ry is <(Cyz alkyl}-OH.

Embodiment 10. The compeound of any one of embodiments 1-9, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein Rs is chosen from
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Ry ts chosen from Cy alkyl, C s haloalkyl and -(Cy_4 alkyl}-0-(C ¢ alkyl);

nisQ, 1 or2;

Rz and Rys are each independently chosen from hydrogen, Cy¢ alkyl, C16 haloalkyl, €Ci4
alkyD-O-(C s alkyl), 4-6 membered heterocyciyl or -C{(O)R,, and R, is chosen from
hydrogen, Cy4 alkyl or -(Cy6 alkyD-0-(Cy 4 alkyl);

A and A, are cach independently CH or N; and Ry is chosen from:

0
2)
3)

4

6)

preferably, Rs is

hydrogen;

Ci alkyl;

4-6 membered heterocyclyl optionally substituted with one or woore substituents
chosen from oxo, Cy.g alkyl, Ci alkoxy, ~(Ci¢ alkyl)-0-(C s alkyl) and 4-6
membered heterocycelyl;

phenyl optionally substituted with one or more substituents chosen {rom 4-6
membered heterocyclyl;

-MNR,R,, wherein R, and R, are each independently chosen from hydrogen,
Cis alkyl, «(Cs alkyl)-O~(Cr alkyl) and 4-6 membered heterocyclyl, wherein
the 4-6 membered heterocyclyl is optionally substituted with -(C .6 alkyl)-OH;
and

-C{ONRy’Ry,”’, wherein Ry and Ry, together with the N atoms to which they are
attached form 4-6 membered heterocyclyl, wherein the 4-6 membered
heterocyclyl is optionally substituted with one or more C.6 alkyl;

Embodiment 11.  The compound of embodiment 10, or a pharmaceutically acceptable salt

thereof, or a solvale, a racemic mixture, an enantiomer, a diastercomer or a tautomer thereof,

wherein R is piperazinyl optionally substituted with one or more substituents chosen from

Cie alkyl and 4-5 membered heterocyelyl.

Embodiment 12.  The compound of any one of embodiments 1-10, or a pharmaceutically

acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a

tautomer thereof, wherein Rs is chosen from
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wherein Rpg, Roa”, Ros, Ras”, Ryy and Ryy” are cach independently chosen from
hydrogen, oxo and Cy ¢ alkyl;

5 Ryg is Ciog alkyl, «(Cyg alkyl)-O-(C; ¢ alkyl) or tetrahydrofuranyl;
Rog is €16 alkoxy; Rog 18 hydrogen or ~{Cy alkyl}-OH;
R_g() 18 Cj_f; aikyi;
Ay and A; are cach independently CH or N;
10 preferably, both Ay and A; are CH, or one of Ay and A; is N, and the other is CH;

and more preferably, both A and A, are CH.

Embodiment 13.  The compound of any one of embodiments 1-12, or a pharmacentically

acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
N&;\}t«

=

2
Z

Rié\E

15 tantomer thereof, wherein Rs is chosen from é whereinR,4 and Ro4’ are each
5 S5 " 24 24

S

)N

N Rzq'

&

=

indepeundently chosen from hydrogen, oxo and C.¢ alkyl:
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preferably, when Rus is Ci¢ alkyl (such as Cy.; alkyl, more preferably methyl),
W‘L}\- i

)

Ag Ry, =

Raq' Rag

g> is preferably o , wherein Ryy” is Ci6 alkeyl (such as Cy; alkyl,

Z

N N

Z

N

o)

X

Aq
i
A

=

2

Roge,, E

more preferably methyl), and more preferably o

Y

N

NS

N

5  Embodiment 14.  The compound of embodiments 12 or 13, or a pharmaceutically acceptable
salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a tautomer
thereof, wherein Rog and Ry’ are each independently chosen from hydrogen and Cy.s alkyl.

Embeodiment 15.  The compound of any one of embodiments 10-14, or a pharmaceutically
10 acceptable salt thereef, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein both A and A, are CH, or A; is N and A, is CH.

Embodiment 16.  The compound of any one of embodiments 1-10, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a

15 tantomer thereof, wherein R is chosen from:
i
)
Ay 2
anba
Ry N
+ 3 L
N .

2
1{5
lN fN
Ry , Rop and

wherein Ry is Cy alkyl; Ry 1s chosen from hydrogen, Ci alkyl and 4 membered
heterocyclyl; A and A, are respectively CH; and Ras and Rpy” are each independently
chosen from hydrogen and Ci6 alkyl
20
Embodiment 17. The compound of any one of embodiments 4-16, or a pharmaceutically
acceptable salf thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
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R‘I‘:

tautomer thereof, wherein B s % ’/\5{* L"L?é %I/L?i

Ry 15 €y alkyl or Cy¢ deuteroalkyl;

, wherein

preferably, Ry, is Cy; alkyl, preferably methyl or ethyl, and more preferably methyl;
and preferably, Ry is Cy5 deuteroalkyl, preferably trideuteromethyl.

Embodiment 18. The compound of any one of emrbodiments 4-17, or a pharmaceutically

acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein both Xy and X, are CH, or one of X, and X5 is N, and the other is
CH; Y, is CH; Ry is hydrogen; Ry is «(C; altkyl)-OH; Uis CH, VisNor CH, and Ry is Cy»

RO
N Raq

alkyl; Rs is chosen from o , whereinRy4 and Ry’ are each independently chosen
from hydrogen, oxo and Cy¢ alkyl, both A; and A, are CH, or Ay is N and A, is CH; R is 4.
s alkyi; and mis D or 2.

Embodiment 19, The compound of any one of embodiments 4-18, or a pharmaceutically

acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein both U and V are CH, and Ry; is methyl.

Embediment 20. The compound of any onc of embodiments 1-19, or a pharmaceutically

acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a
tautomer thereof, wherein Rg is Cr5 alkyl; and m is 2.

Fmboediment 21, The compound of any one of embodiments 1-20, or a pharmaceutically

acceptable salt thereof, or a solvate, a racemic mixture, an cnantiomer, a diastercomer or a
tautomer thereof, wherein Rg together with the five-membered ring to which they are

R

attached forms b

Embediment 22, The compound of embodiment 1, or a pharmaceutically acceptable salt

thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof,
wherein the compound is a compound of formula (IB)
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Embodiment 23.  The compound of embodiment 22, or a pharmaceutically acceptable salt
thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof]

5 wherein the compound is a compound of formula (IV):
?‘?»m 2=y ~ARpIM
oj\:N\iv 2, X?,,in
i
" \“%/N .<
Rs Yo N O Rs
(v}

wherein

X1 and X; are each independently CH or N;

Y.isCHorN;

10 R is hydrogen, deuterium, halogen or C ¢ haloalkyl;

Ry is hydrogen, halogen, -CN, 1.6 alkyl, -(C15 alkyl}-OH, -{C:.5 deuteroalkyl}-OH, -
{Cy.3 alky}-0~(C 5 alkyl), ~O-(Cyz alkyly, -CHO, ~C{ONH,, ~-C{OINHCH;, ~-C(ON(CHz),
or 3-hydroxyl-oxetan-3-yl;

U and V are cach independently chosen from N or CH;

15 Z is N or CH;

Rs 18 Cyg alkyl, phenyl, 5-6 membered monocyclic hetercaryl or 8-10 membered
bicyclic heteroaryl, each of which is optionally substituted with one or more groups chosen
from:

1}  halogen;
20 2y ox0;

3y -CN;
4y Cigalkyl;
5)  Coealkenyl;
6}  Cogalkynyl;
25 7y Ciealkoxy;
8} (i haloalkyl;
9 ~{Cigalky))-OH;
10) ~Ci alkyl}-O-(Cig alkyl);
11y 4-8 membered heterocyelyl optionally substituted with one or more substituents
30 chosen from halogen, hydroxyl, oxo, -CN, C; alkyl, Ci.¢ haloalkyl, Cs
cycloalkyl, Cye alkynyl, Cy alkoxy, -(Ci.¢ alkyl)-CN, «(Ci alkyD-0-(C 1
alkyly, -(Cy6 alkyl}-OH, 4-6 membered heterocyelyl and 4-6 membered
fluoroheterocyelyl;
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12) 5-6 membered monocyclic heteroaryl optionally substituted with one or more
substituents chosen from halogen, ~-CN, ~(Cy6 alkyD-CN, ({1 alkyl}-OH, Ci ¢
alkyl, Cas cycloalkyl, Cig alkoxy, «(Ci.¢ alkyD-0-(Cy.6 alkyl), -(Cy.6 alkyl)-NH,,
~(Cig alkyD)-NH{(Cy¢ alkyD), -(C ¢ alkyD)-N{C, g alkyl),, «(Cy6 alkyD}-NH(Cs4
cycloalkyl) and 4-6 membered heterocyclyl;

193]

13} phenyl optionally substituted with one or more substituents chosen from halogen,
-CN, «(Cyp alky}-CN, «(Cy alkyD-OH, Cy alkyl, Cs.4 cycloalkyl, Cy¢ alkoxy, -
{Cy6 alkyl)-O(C 1 alkyly, (Crg alkyly)-NH,, {C6 alkyl}-NH(C ¢ alkyl}, (Cy s
alkyl}-N(C 1.6 alkyl),, -(Ci.¢ alkyl)-NH{(C5 6 cycloalkyl) and 4-6 membered

10 heterocyelyl;

14) -NR,'R,”, wherein R,” and R,”” are each independently chosen from hydrogen
Cis allyl, Cs.6 cycloalkyl, {Cie alky)-0-(C6 alkyl) and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocyciyl is optionally substituted
with one or more substitaents of «{(C ¢ alkyl)-OH;

15 15y -C{OINRy’Ry™’, wherein Ry’ and Ry’ together with the N atoms to which they are
attached form 4-6 membered heterocyclyl, wherein the 4-6 membered
heterocyelyl is optionally substituted with one or more substituents chosen from
halogen, -OH, Cy¢ alkyl, «(Cy. alkyl}-NHa, -(Cy6 alkyl}-NH(C 5 alkyl), (Ci6
alkyl}-N(C g alkyDa, -(Cie alkyD-NH{(Cs.6 cycloalkyl) am’l ~{Crg alkyD)-OH; and

20 16) -C(O)R,, wherein R is chosen from hydrogen, Ci.s alkyl, Ca.s alkenyl, Cog
alkynyl and (Cy.¢ alkyl}-O~(C .6 alkyl);

Re is halogen or Cy alkyl;
mis 0, 1or2; and
Ry is hydrogen, Cy 4 allyl or Cy ¢ deuterocalkyl;
25
preferably, both X and X, are CH, or one of X; and X, is N, and the other is CH;
preferably, both X, and X; are CH;
preferably, Y, is CH;
preferably, Rz is hydrogen or halogen;
30 preferably, Ry is Cog alkyl, -(Cy.; alkyl)-OH, ~(Cy.; deuteroalkyl)-OH or -CHO; more
eferably Ry is -(Cy 5 alkyl)-OH;
preferably, Ry is hydroxymethyl or hydroxy deuteromethyl;
preferably, Rs is hydrogen, and R; is ~(Cy3 aIkV }—OH'
R

S /\sia jiﬁ J\/\@‘ I/%ei

35 alkyl or Cs devteroalkyl;
preferably, Z is CH;
preferably, U is CH, and V is N or CH; more preferably, both U and V are CH;
preferably, both U and V are CH, and Ry, is methyl;

preferably, , wherein Ri1 i8 Cig

preferably, Ryy is Ci5 alkyl, preferably methyl or ethyl, and more preferably methyl;
40 preferably, Ry is Cy5 deuteroalkyl, preferably trideuteromethyl;
preferably, Rg is halogen;
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preferably, mis O or i
preferably, 5-6 membered monocyclic heteroaryl is 6 membered monocyclic heteroaryl,
more preferably pyridyl, pyrazinyl and pyrivoidyi;
preferably, 5-6 membered monocyclic heteroaryl is § membered monocyclic heteroaryl,

193]

more preferably triazolyl;
preferably, 8-10 membered bicyclic hetercaryl is 9 membered bicyclic heteroaryl, more
preferably 4,5,6,7-tetrahydropyrazolof 1,5-alpyrazinyl;
and preferably, 4-8 membered heterocyclyl is 4-6 membered heterocyclyl, more
preferably oxetanyl, azetidinyl, tetrahydropyranyl, morpholinyl, piperazinyl or
10 tetrahydropyridyl.

Embodiment 24, The compound of any one of embodiments 22-23, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an cnantiomer, a diastercomer or a
tautomer thereof, wherein Y, is CH.

15
Embodiment 25, The compound of any ove of embodiments 22-24, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein Rs is chosen from:
‘ . b
P | N =
(/);\N rjzw | 2’ P
N»—ii\i (7Q21)W“L—:\ ,J “} o __/> 2\[')
F{m N/ A N Ria
, Ry Ry and ;
20 wherein
Ry1 is chosen from C¢ alkyl, Cy6 haloalkyl and -(C ¢ alkyD)-0-(C alkyl);
nisQ, 1or2;
Ry and Ry are each independently chosen from hydrogen, Cy¢ alkyl, C ¢ haloalkyl, -
{Cys allyD}-0~(C ¢ alkyl}, 4-6 membered heterocyelyl or -C{(O)R,, and R, is chosen from
25 hydrogen, C.¢ alkyt or -(Cye alkyD)-0-(C s alkyl);
Ay and A; are each independently CH or N; and
Rz is chosen from:
1} hydrogen;
2) Cyo6 alkyl;

30 3} 4-6 membered heterocyclyl optionally substituted with one or more substituents
chosen from oxo, C16 alkyl, Cis alkoxy, «(Cr¢ alkyD-0-(C16 alkyl) and 4-6
membered heterocyclyl;

4) phenyl optionally substituted with one or more substitucnts chosen from 4-6
membered heterocycelyl;

35 51-NR,R,”, wherein R, and R, are each independently chosen from hydrogen, Ci¢

alkyl, «(Cj.s alkyD-0O~(C16 alkyl) and 4-6 membered heterocyclyl, wherein the 4-6
membered heterocycelyl is optionally substituted with one or more -(Cy s alkyl)-OH;
and
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6) -C{ONRy’Ry”’, wherein Ry and Ry’ together with the N atoms to which they are
attached form 4-6 membered heterocyclyl, wherein the 4-6 membered heterocyelvl is
opiionally substituted with one or more Ci.¢ alkyl;

vy v

o
Ay &

N
preferably, Rs is Ra” TRa" , wherein A; and A, are each independently CH or N;R," and

R, together with the N atoms to which they are attached form 4-6 membered
heteroeyelyl, wherein the 4-6 membered heterocyclyl is optionally substituted with one
or more substituents chosen from oxo, Cie alkyl, Cy6 alkoxy and 4-6 membered

heterocyclyls

preferably, Ry is piperazinyl optionally substituted with one or more substituents chosen
from C.¢ alkyt and 4-5 membered heterocyelyl;

preferably, Rs is chosen from:

ﬁi N oo
Ao 7 A{L‘“\“N e :f"”k e
I A 7SN P
M 2,27 AE“: N 2 TSN 5 N
2 i

N 2 AP

A
2 2?
Ras o Ay
] Rag \[ ]\ Rer N N HiY 5
6 N e \E l \O\ o N/\E
o] R K,/

Rag , 07 Ry Rm

>w/

wherein Ras, Ra4’, Ros, Ras”, Ro7 and Ro7” are each independently chosen from
hydrogen, oxo and ¢ alkyl;

Rag s Cys alkyl, (C s alkyD-O-~(Cy6 alkyl) or tetrahydrofuranyl;

Roz is Ci6 alkoxy; Ry is hydrogen or -(Cy alkyl)-OH;

Rzgis 1.6 alkyl; and

Ay and Ao are cach independently CH or N;
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anbn
ﬁ”‘&“
AZT)
R’M\iNj\
NT Ray
preferably, Rs is chosen from o) , whereinRy, and Roy” are cach

independently chosen from hydrogen, oxo and Cy¢ alkyl;
more preferably, when Ryg is Cis alkyl (such as Cy.5 alkyl, more preferably methyl),

‘ pY
e
: RN

‘ﬁ* =N f;‘ N
Az o AZ P
RM\\[NJ\ RZ‘& ’r,,[Nj\
<<> is preferably ¢ , wherein Ros” 18 Ty alkyl (such as Cy.5 alkyl,
ke
A7 N
il
Ag_\r/)
Rogn,, ENj
(NS
more preferably methyl), and more preferably o

preferably, Ros and Rps” are each independently chosen from hydrogen and Ci6 alkyl;
preferably, one of Ay and Aj i N, and the other is CH;

preferably, Ay is N and A, is CH;

and preferably, both A; and A, are CH.

Embodiment 26.  The compound of any ove of embodiments 22-25, or a pharmaceutically
acceptable salt thereof, or a solvate, a racemic mixture, an enantiomer, a diastercomer or a
tautomer thereof, wherein

both Xy and X, are CH, or one of X; and X5 is N, and the other is CH;
Y, is CH;

Rs is hydrogen;

Ry is ~(Cy 5 alkyl)-OH;

7 is CH;

UisCH, and Vis N or CH;
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Rs is chosen from

R is hydrogen or halo
mis 0, 1 or2; and
R]] 18 Cl;g dlkyl,

<>¢

gen,

and preferably, both Ay and A are CH.

Embodiment 27.

which is chosen from:

PCT/CN2021/076869

& , whereinR,, and Ry,” are each independently chosen

from hydrogen, oxo and C,¢ alkyl, both A and A, are CH, or A; is N and A, is CH;

The compound of embodiment 1, or a pharmaceutically acceptable salt
thereof, or a solvate, a racemic mixture, an enantiomer, a diastereomer or a tavtomer thereof,

No. | Structural formula No. Stmctural formula
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Embodiment 28. A pharmaceutical composition, comprising the compound of any one of
embodiments 1-27 and/or a pharmaceutically acceptable salt thereof, and optionally
5 comprising & pharmaceutically acceptable excipient.

Embodiment 28, A method of in vive or in vitro inhibiting the activity of BTK, comprising
contacting BTK with an effective amount of the compound of any one of embodiments 1-27,
and/or a pharmaceutically acceptable salt thereof.

10

Embodiment 3¢.  Use of the compound of any one of embediments 1-27 and/or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for treating or
preventing a disease mediated by BTK or at least 1o part by BTK, preferably for treating or
preventing cancer, an inflammatory discase or autoimmune disease, wherein the cancer is

[—y
¥4

preferably solid tumor or hematologic malignancy, including lymphoma, leukemia and

myeloma; the cancer is more preferably chosen from B cell malignancy, diffuse large B-cell

tymphoma (DLBCL), large B-cell lymphoma (LBCL), B-cell lymphoma, mantle cell
lymphoma, follicular lymphoma, non-Hodgkin’s lymphoma, Hodgkin’s lymphoma,

Waldenstrom macroglobulinemia, marginal zone lymphoma, Burkiit's lymphoma, non-

20 Burkitt’s highly degree B cell malignant lymphoma, extranodal marginal-zone B-cell
Iymphoma, small lymphotic lymphoma (SLL), Iymphoblastic Iymphorsa, lymphocytic
leukemia, myelogenous leukemia, acute myelogenous leukemia (AML), chronic
myelogenous leukemia (CML), human acute monocytic leukemia, acute lymphocytic
feukemia (ALL), B cell acute lymphocytic leukemia (B-ALL), hairy cell leukemia, chronic

25 Iymphocytic leukemia {CLL) (such as high risk CLL), myelodysplastic syndrome, acute

lymphoblastic leukemia, myeloma (such as multiple myeloma) or graft versus host disease;

and the inflammatory discase or autoimmune disease is preferably chosen from: systemic
inflammation and local inflammation, arthritis, rheumatoid arthritis, inflammation
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associated with immunosuppression, organ-graft refection, allergic disease, ulcerative colitis,
Crohn’s disease, dermatitis, asthma, fupus erythematosus, Sjogren syndrome, multiple
sclerosis, seleroderma (also referred (o as sysiernic sclerosis), multiple sclerosis osteoporosis,
idiopathic thrombocytopenic purpura, autoimmune hemolytic anemia, antineutrophil

193]

cytoplasmatic antibody vasculitis, chronic obstructive pulmonary disease, psoriasis, sicca
syndrome, pemphigus valgaris, discases associated with kidney transplantation.

Embodiment 31, A mecthod of treating or preventing a disease in a subject, comprising

administering to the subject 1n need thereof an effective amount of the compound of any one

10 of embodiments 1-27, and/or a pharmaceutically acceptable salt thereof, wherein the discase
is a disease mediated by BTK or at least in part by BTK; the disease is preferably cancer, an
inflammatory disease or autoimmune disease; the cancer is preferably solid tumor or
hematologic malignancy, including bymphoma, lcukemia and myeloma; the cancer is more
preferably chosen from B cell malignancy, diffuse large B-cell lymphoma (BDLBCL), large

15 B-cell tymphoma (L.BCL), B-cell lymphoma, mantle cell lymphoma, follicular lymphoma,
nou-Hodgkin’s lymphorsa, Hodgkin’s lymphoma, Waldensirom macroglobulinemia,
marginal zone lymphoma, Burkitt's lymphoma, non-Burkitt’s highly degree B cell
malignant lymphoma, extranodal marginal-zone B-cell lymphoma, small lymphotic
lymphoma (SLL), Iymphoblastic lymphoma, lymphocytic lenkemia, myelogenous lenkemia,

20 acute myelogenous lenkemia (AML), chronic myelogenous leukemia ({CML), human acute
monocylic leukeria, acute lymphocytic leukemia (ALL), B cell acute lymphocytic
leukemia (B-ALL), hairy cell leukemia, chronic lymphocytic leukemia (CLL) (such as high
risk CLL}, myelodysplastic syndrome, acute lymphoblastic leukemia, myeloma (such as
multipie myeloma) or graft versus host disease; and the inflammatory discase or

25 autoimmune disease is preferably chosen from: systemic inflammation and local
inflammation, arthritis, rheumatoid arthritis, inflammation associated with
immunosuppression, organ-graft refection, allergic disease, ulcerative colitis, Crohn’s
disease, dermatitis, asthima, hipus erythematosus, Sjogren syndrome, multiple sclerosis,
scleroderma, multiple sclerosis osteoporosis, idiopathic thrombocylopenic purpura,

30 autotmmune hemolytic ancmia, antincutrophil cytoplasmatic antibody vasculitis, chronic
obstructive pulmoenary disease, psoriasis, sicca syndrome, pemphigus valgaris, and diseases
associated with kidney transplantation.

Embodiment 32,  The compound of any onc of embodiments 1-27 and/or a pharmaceutically

(o8]
(¥

acceptable salt thereof, for use as a medicament,

Embodiment 33,  The compound of any one of embodiments 1-27 and/or a pharmaceutically
acceptable salt thereof, for use in treating or preventing a discase mediated by BTK or at
least in part by BTK, and preferably for use in treating or preventing cancer, an

40 inflammatory disease or autoimmune disease, wherein the cancer is preferably solid tamor
or hematologic malignancy, including lymphoma, leukemia and myeloma; the cancer is
more preferably chosen from B cell malignancy, diffuse large B-cell lymnphoma (DLBCL),
large B-cell lymphoma (LBCL), B-cell lymphoma, mantle cell lymphoma, follicular
lymphoma, non-Hodgkin’s lymphoma, Hedgkin’s lymphoma, Waldenstrom
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macroglobulinemia, marginal zone tymphoma, Burkitt’s lymphoma, non-Burkitt’s highly
degree B cell malignant lymphoma, extranodal marginal-zone B-cell lymphoma, small
tymphotic tymphoma (SLL), lymuphoblastic ymphoma, lymphocytic leukemia,
myelogenous leukemia, acute myelogenous leukemia (AML), chronic myelogenous

193]

leukemia {CML), human acute monocytic leukemia, acute lymphocytic leukemia (ALL), B
cell acute lymphocytic leukemia (B-ALL), hairy cell leukemia, chronic lymphocytic
leukemia (CLL) (such as high risk CLL), myelodyspiastic syndrome, acute lymphoblastic
leukemia, myeloma (such as multiple myeloma) or graft versus host disease; and the
inflammatory discase or autoimmune discase is preferably chosen from: systemic
10 inflammation and local inflammation, arthritis, rheumatoid arthritis, mflammation
associated with immunosuppression, organ-graft refection, allergic disease, ulcerative colitis,
Crohn’s disease, derratitis, asthiua, fupus erythematosus, Sjogren syndrome, multiple
sclerosis, scleroderma, multiple sclerosis osteoporosis, idiopathic thrombocytopenic purpura,
autoimmune hemolytic anemia, antineutrophil cytoplasmatic antibody vasculitis, chronic
15 obstructive pulmonary disease, psoriasis, sicca syndrome, pemphigus valgaris, and diseases
associated with kidney transplantation.

Embediment 34. A pharmaceutical combination, comprising the compound of any one of
embodiments 1-27 and/or a pharmaceutically acceptable salt thereof, and at least one
20 additional therapeutic agent, whercin the therapeutic agent is preferably chosen from: an
anti-inflammatory agent, an immunomodulator or an anti-tumor active agent, wherein the
anti-tumor active agent includes a chemotherapeutic agent, an timmune checkpoint inhibitor
or agonist, and a targeted therapeutic agent.

25  Embediment 35. A compound of formula (V)

Py X,
3 );“/} g
R N
32 ! \
N e}
v}
or a solvate, a racemic mixture, an enantiomer, a diastereomer and a tautomer thereof,
wherein
Xy, Xo, X3, Xy, Ry, Ry and R are as defined in any one of embodiments 1-27;
30 Ry is -OH, oxo (=0}, or -0-(Cy¢ alkyl), and
Ry R
y R d O R,
—fe v 4 ad
£ Rg ~—i-B
O AN R.
Rz, is halogen, -B{OH),, -B(OC¢ alkyl)s, Ra or G ¢ and Rgis

hydrogen or Cy_s alkyl,

Embodiment 36.  The compound of embodiment 35, which is

85



WO 2021/164735 PCT/CN2021/076869

R Z;VRS
R Ra«
< ]/AN A 31 31 r//,/\\N N j
R32 ] SN N S RSZ i Rﬁ? I 1 N s

N 0 Ra N O Ry

{¥-1) {V-3)
R
N YNNI,
Raz NN S5

R .

or v-4) , and Z is N or CR+; Ry and R are each independently

hydrogen or halogen; Rg is halogen or C4 alkyl; andnis 1 or 2.

Embodiment 37. A compound, which is chosen from:
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The various embodiments of the present invention (including the following examples) and
the features of the various embodiments should be interpreted as being arbitrarily combined with
each other, and the various sohutions obtained by these mutual combinations are all included 1o
the scope of the present invention, just like the solutions obtained by listing these mutual
combinations specifically and individually herein, unless clearly stated otherwise in the context.

General synthetic methods

The compound of {ormula (1) and/or a pharmaceutically acceptable salt thereof described
herein can be synthesized using commercially available starting materials, by methods known in
the art, or methods disclosed in the patent application. The synthetic routes shown in Scheme 1
to Scheme 2 illustrate the general synthetic methods for preparing the compounds of the present
invention, and the synthetic routes shown in Scheme 3 to Scheme 6 ilustrate the general

synthetic methods for preparing the material 1-1 used in Scheme 1 to Scheme 2.
Scheme ¥

CHO
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As shown in Scheme 1, a compound of formula 1-1 is reacted with a dihaloarylaldehyde
compound of formula 1-2 under the catalysis of cuprous iodide to obtain a compound of formula
1-3. The carbon-nitrogen coupling reaction catalyzed by cuprous iodide is carried out under
suitable conditions. The solvent used can be chosen from polar solvents such as 1.4-dioxane,
DMF, ete., and the base used can be chosen from Cs,COn, NayC(h, K3POy, ctec. Under suitable
conditions, a compound of formula 1-4 is obtained by reducing the compound of formula 1-3.
The reducing agent used can be chosen from sodium borohydride, potassium borohydride,
lithium borohydride, etc., and the solvent used can be chosen from polar solvents, such as
methanot, ethanol or mixed solvent of methanol and dichloromethane. A compound of formula
1-5 is obtained by acetylating the hydroxyl on the compound of formula 1-4. The compound of
formula 1-5 is reacted with bis(pinacolato)diboron under suitable conditions to obtain a boracic
acid or boronic acid ester compound of formmula 1-6. The compound of formula 1-6 is reacted
with a halide of formula 1-7 by Suzuki coupling reaction under the catalysis of appropriate
palladium reagent to obtain a compound of formula 1-8. Palladium catalyzed Suzuki coupling
reaction is carried out under suitable conditions, The solvent used can be chosen from polar
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soivents such as 1,4-dioxane, DMF, THF or mixed solvent of 1,4-dioxane and water. The base
used can be chosen from Cs,C05, NaxCOs, KsPOy, ete., and the catalyst used can be chosen from
Pd{dppHCly CH2Clo, PA(PPh3)4, PA(OAcC), etc. A compound of formula (3-1) of the present
invention is obtained by deacetylating the compound of formula 1-8 under appropriate alkaline
conditions. The base used can be chosen from potassium carbonate, sodium carbonate, lithium
hydroxide, etc., and the solvent used can be chosen from polar solvents, such as methanol,

ethanol or mixed solvent of methanol and water.
Scheme 2:

Ry

K
{OH X Qxéfﬁ
| XN
e Reo DY SN ARG :

|

AY
\
Yo N O R

(1)

As shown in Scheme 2, the compound of formula 1-3 is reacted with a boracic acid or boric
acid ester of formula 2-1 by Suzuki coupling reaction under the catalysis of appropriate
palladium reagent to obtain a compound of formula 2-2. Palladium catalyzed Suzuki coupling
rcaction is carricd out under suitable conditions. The solvent used can be chosen from polar
soivents such as 1,4-dioxane, DMF, THF or mixed solvent of 1,4-dioxane and water, the base
used can be chosen from Cs;C05, NayCOs, K5POy, ete., and the catalyst used can be chosen from
PA(dppHHCl-CHRCly, PA(PPhy)s, PA(OAC), ete, Under suitable conditions, the compound of
formula (I-1) is obtained by reducing the compound of formula 2-2. The reducing agent used can
be chosen from sodium borohydride, potassium borohydride, lithium borohydride, etc., and the
solvent used can be chosen from polar solvents, sach as methanol, ethanol or mixed solvent of
methanol and dichloromethane.

Scheme 3:

Vs 193

As shown in Scheme 3, the compound of formula 3-1 is subjected to a substitution reaction
with bromoacetaldehyde diethyl acetal under suitable conditions to obtain a compound of
formula 3-2. The base used can be chosen from cesium carbonate, cte., and the solvent used can
be chosen from polar solvents such as DMF or 1,4-dioxane, The compound of formula 3-2 is
hydrolyzed in an alkaline solution to obtain a compound of formula 3-3. The base used can be
chosen from lithinm hydroxide, potassium carbonate, sodium carbonate, ete., and the solvent
used can be chosen from polar solvents, such as methanol, ethano! or mixed solvent of methano]
and water, The compound of formula 3-3 i3 subjected to a condeunsation reaction with HATU and
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aquecus ammonia to obtain a compound of formula 3-4. The compound of formula 3-4 is
subjected to ring closure in acetic acid to obtain a compound of formula 3-5,
Scheme 4:

O 0 Ry
\1/ R»] -’«;’\N?:{

N — N
rﬁ{é‘% L S Rz
0 A i 3
g \]]/\\R o R
O 3
3_2 3'5

As shown in Scheme 4, the compound of formula 3-2 can be subjected to a ring closure
reaction with ammonium acetate in acetic acid to obtain a compound of formula 3-3.

Scheme 5

As shown in Scheme 5, the compound of formmla 3-1 is reacted with 0-(2,4-
dinitrophenybihydroxylamine to obtain a compound of formula 5-1. The compound of formula 5-
1 is subjected to a ring closure reaction with ammonium acetate in formamide solution to obtain
a compound of formula 5-2.

Scheme 6:

R R,
ﬁi Ry 1%@(”‘ R
SO A HN Ay 2
o R fgs
3% 8-2

As shown in Scheme 6, the compound of formula 3-1 is subjected to a substitution reaction
with hydrazine hydrate to obtain a compound of formula 6-1. The compound of formula 6-1 is
subjected to a ring closuare reaction with triethyl orthoformate in DMF solution to obtain a
compound of formula 6-2,

The substituents of the compounds thus obtained can be further modified to provide other
desired compounds. Synthetic chemistry transformations are described, for example, in R.
Larock, Comprehensive Organic Transformations, VCH Publishers (1989); L. Fieser and M.
Fieser, Fieser and Fieser's Reagents for Organic Synthesis, John Wiley and Sons (1994); L.
Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (19953) and
subsequent editions thereof.

Before use, the compound(s) of the present invention can be purified by column
chromatography, high performance liquid chromatography, crystallization or other suitable
methods.

Pharmcentical Compositions and Utility

The compound of the present invention herein (e.g., a compound of any of the ernbodiments
as described herein) is used, alone or in combination with one or more additional therapentic
agents, to formulate pharmacentical compositions. A pharmaceutical composition comprises: {(a)
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an effective amount of the compounds of the present invention; (b) a pharmaceutically
acceptable excipient {e.g., one or more pharmaceutically aceeptable carriers); and optionally (c)
at least one additional therapeutic agent.

A pharmaceutically acceplable excipient refers to an excipient that is compatible with active
ingredients of the composition {and in some embodiments, capable of stabilizing the active
ingredients) and not deleterious to the subject to be treated. For example, solubilizing agents,
such as cyclodextrins {which form specific, more soluble complexes with the compounds of the
present invention), can be utilized as pharmaceutical excipients for delivery of' the active
ingredients. Exarnples of other excipients or carries include colloidal silicon dioxide, magnesium
stearate, cellulose, sodium lauryl sulfate, and pigments such as D&C Yellow # 10. Suitable
pharmaceutically acceptable excipients are disclosed in Remington’s Pharmaceutical Sciences, A.
(s0l, a standard reference text in the art.

A pharmaceutical composition comprising a compound of the present invention hercin can
be administered in various known manners, such as orally, topically, rectally, parenterally, by
inhalation spray, or via an implanted reservoir. The term “parenteral” as used herein inclades
subcuianeous, infracutaneous, intravenous, intramuscular, intraarticalar, intraarierial,
intrasynovial, intrasternal, mtrathecal, intralesional and intracranial injection or infusion
techniques.

A pharmaceutical composition described herein can be prepared in the form of tablet,
capsule, sachet, dragee, powder, granule, lozenge, powder for reconstitution, liguid preparation,
ot suppository. In some embodiments, a pharmaceutical composition comprising a compound of
the present invention herein is formulated for intravenous infusion, topical administration, or oral
administration.

An oral composition can be any orally acceptable dosage form including, but not limited to,
tablets, capsules, emulsions, and aqueous suspensions, dispersions and solutions. Commonly
used carriers for tablets include lactose and corn starch. Lubricating agents, such as magnesium
stearate, are also typically added to tablets. For oral administration in a capsule form, nseful
diluents inchade lactose and dried corn starch. When aqueous suspensions or emulsions are
administered orally, the active ingredient can be suspended or dissolved in an oily phase
combined with emulsifying or suspending agents. If desired, certain sweetening, flavoring, or
coloring agents can be added.

In some embodiments, the compound of the present invention can be present in an amount
of 1, 3,10, 15, 20, 25, 50, 75, 80, 83, 90, 95, 100, 125, 150, 200, 250, 300, 400 and 500 mgina
tablet, In some embodiments, the compound of the present invention can be present in an amount
of 1, 5, 10, 15, 20, 25, 50, 75, 80, 85, 90, 95, 100, 125, 150, 200, 250, 300, 400 and 500 mg in a
capsule.

A sterile injectable composition {(e.g., aqueous or oleaginous suspension) can be formulate
according to techniques known in the art using suitable dispersing or wetting ageuts (for example,
Tween 80) and suspending agents. The sterile injectable composition can alse be a sterile
injectable solution or suspension in a non-toxic parenterally acceptable diluent or solvent, for
example, as a solution in 1,3-butanediol. Among the pharmaceutically acceptable vehicles and
solvents that can be employved are mannitol, water, Ringer’s solution and isotonic sodium
chloride solution. In addition, sterile, fixed otls are conventionally employed as a solvent or
suspending medium (e.g., synthetic mono- or di-glycerides). Fatty acids, such as oleic acid and
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its glyceride derivatives, and natural pharmaceuticaily acceptabie oils, such as olive oil or castor
oil, especially in their polyoxyethylated versions, can be used as sterile injectable medium. These
oil solutions or saspensions can also contain a long-chain alcohol diluent or dispersant, or
carboxymethyl cellulose or similar dispersing agents.

An inhalation coraposition can be prepared according to techniques well known in the art of
pharmaceutical formulation and can be prepared as solutions in saline, employing benzyl aleohol
or other suitable preservatives, absorption promoters to enhance bicavailability, fluorocarbons,
and/or other solubilizing or dispersing agents known in the art.

A topical composition can be formulated in form of oil, cream, lotion, ointment, and the like,
Suitable carriers for the composition include vegetable or mineral oils, white petrolatum (white
soft paraffin}, branched chain fats or oils, animal fats and high molecular weight alcohols
(greater than C12). In some embodiments, the pharmaceutically acceptable carrier is ove in
which the active ingredient is soluble. Ernulsifiers, stabilizers, humectants and antioxidants may
also be included as well as agents imparting color or fragrance, if desired. Additionally,
transdermal penetration enhancers may be employed in those topical formulations. Examples of
such enhancers can be found in U.S. Patent Nos, 3,989,816 and 4,444,762,

Creams may be formulated from a mixture of mineral oil, seif-emulsifying beeswax and
water in which mixture the active ingredient, dissolved in a small amount of an oil, such as
almond oil, is admixed. An example of such a cream is one which includes, by weight, about 40
parts water, about 20 parts beeswax, about 40 parts mineral oil and about 1 part almond oil.
Ointruents may be formulated by mixing a solution of the active ingredient in a vegetable otl,
such as aimond oil, with warm soft paraffin and aliowing the mixture to cool. An example of
such an ointment is one which includes about 30% by weight almond oil and about 70% by
weight white soft paraffin.

Suitable in vitro assays can be used to evaluate the effect of the compounds of the present
invention in inhibiting the activity of BTK. The compounds of the present invention can further
be examined for additional effects in preventing or treating cancer by in vivo assays. For
example, the compound of the present invention can be administered to an animal {e.g., a mouse
model) having cancer and its therapeutic effects can be accessed. If the pre-clinical results are
successful, the dosage range and administration route for animals, such as humans, can be
projected.

The compound of the present invention can be shown to have sufficient pre-clinical
practical utility to merit clinical trials hoped to demonstrate a beneficial therapeutic or
prophylactic cffect, for cxample, in subjects with cancer.

As used herein, the term “‘cancer” refers to a cellular disorder characterized by uncontrolled
or disregulated cell proliferation, decreased celiular differentiation, inappropriate ability to
invade surrounding tissue, and/or ability to establish new growth at ectopic sites, The term
“cancer” includes, but is not limited to, solid tumors and hematologic malignancies, such as
leukemia, lymphoma or myeloma. The term “cancer” encompasses diseases of skin, tissues,
organs, bone, cartilage, blood, and vessels. The term “cancer” further encompasses primary
cancer, and metastatic cancer, recurrent cancer and refractory cancer.

Non-limiting examples of solid tumors include pancreatic cancer; bladder cancer; colorectal
cancer; breast cancer, including metastatic breast cancer; prostate cancer, including androgen-
dependent and androgen-independent prostate cancer; testicular cancer; renal cancer, including,
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e.g., metastatic renal cell carcinoma; urothelial carcinoma; liver cancer; hepatocellular cancer;
fung cancer, including, e.g., non-small cell lung cancer (NSCLC), bronehioloalveolar carcinoma
{BAC), and adenocarcinoma of the fung; ovarian cancer, including, e.g., progressive epithelial or
primary peritoneal cancer: cervical cancer; endometrial cancer; gastric cancer; esophageal cancer;
head and neck cancer, including, ¢.g., squarmous cell carcinoma of the head and neck; skin
cancer, including, e.g., melanoma and basal carcinoma; neuroendocrine cancer, including
metastatic neuroendocrine tumors; brain tamors, including, ¢.g., glioma, anaplastic
oligodendroglioma, adult glioblastoma multiforioe, and adult anaplastic astrocytoma; boue
cancer; sarcoma, including, ¢.g., Kaposi’s sarcoma; adrenal carcinoma; mesothelial carcinoma;
choriocarcinoma; muscle carcinoma; connective tissue carcinoma; and thyroid carcinoma.

Non-limiting examples of hematologic malignancies include acute myelogenous leukemia
(AML); chrouvic myelogenous feukemia (CML), including accelerated phase CML and CML
blastic phase (CML-BP); acute lymphocytic leukemia (ALL); chronic lymphocytic leukemia
(CLL), including high risk CLL; human acute monocytic leukemia (M(5)); hairy cell leukemia;
Tymphocytic leukemia; chronic lymphoid leukemia; myelogenous leukemia; myelodysplastic
syndrome or acuie lymphoblastic leukemia; small Iymphotic lymphoma (SLL), Iymphoblastic
tymphoma, and Hodgkin's lymphoma; non-Hodgkin’s lymphoma (NHL); follicular lymphoma;
mantle cell lymphoma (MCL); B-cell lymphoma; T cell lymphoma; diffuse large B-cell
fymiphoma (DLBCL); large B-cell lymphoma (LBCL); follicular lymphoma, marginal zone
Fymphoma, Burkiit's lymphoma, non-Burkitt's highly degree B cell malignant lymphoma,
extranodal marginal-zone B-cell lymphoma; multiple myeloma (MM); Waldenstrom
macroglobulinemia; myelodysplastic syndrome (MDS), including refractory anemia (RA),
refractory anemia with ring sideroblasts (RARS), refractory anemia with excess of blast (RAEB)
and refractory anemia with excess blasts in transformation (RAEB-T); and myeloproliferative
syndrome.

In some cmbodiments, hematologic malignaney is recurrent or refractory diffuse large B-
cell lymphoma (DLBCL), recurrent or refractory mantle cell lymphoma, recurrent or refractory
follicular lymphowma, recurrent or refractory CLL, recurrent or refractory SLL, and recurrent or
refractory multiple myeloma,

The compound of the present invention can be used to achieve a beneficial therapeutic or
prophylactic effect, for example, in subjects with cancer.

The compound of the present invention can be used to achieve a beneficial therapeutic or
prophylactic effect, for example, in subjects with an autoimmune disease, or in subjects with
inflammatory discases.

The term “autoimmune disease” refers to a disease or disorder arising from and/or directed
against an individual’s own tissues or organs, or a co-segregate or manifestation thereof, or
resulting condition therefrom. Examples of autoimmune diseases inchude, but are not Hmited to:
chronic obstructive pulmonary disease (COPD), allergic rhinitis, lupus erythematosus,
myasthenia gravis, Sjogren syndrome, multiple sclerosis (MS), seleroderma (also referred to as
systemic sclerosis), multiple sclerosis osteoporosis, arthritis (such as rheumatoid arthritis (RA),
and collagen-induced arthritis}, psoriasis, inflammatory bowel disease, asthma, idiopathic
thrombocytopenic purpura, autoimmune hemolytic anemia, antineutrophil cytoplasmatic
antibody vasculitis, chronic obstructive pulmonary disease, sicca syndrome, pemiphigus valgaris,
and discases associated with kidney transplantation and myeloproliferative discase, such as
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myelofibrosis, and post-polycythemia vera/essential thrombocytosis myelofibrosis {post-PV/ET
myelofibrosis). In some embodiment, autoimmune disease is chosen from arthritis, such as,
rhewmatoid arthritis (RA), collagen indaced arthritis, and the like,

The term “inflanunatory disease” or “inflammatory condition” refers to a pathological state
that leads to inflarnmation, especially due to neutrophil chemotaxis. Non-limiting examples of
inflammatory diseases include systemic inflammation and local inflammation, inflammation
associated with immunosuppression, organ-graft refection, allergic disease, inflanunatory skin
disease (including psoriasis and atopic dermatitis); systemic scleroderma and sclerosis; reactions
associated with inflammatory bowel diseases (IBD, such as Crohn’s discase and ulcerative
colitis); ischemia reperfusion injury, including reperfusion injury of tissue caused by surgery,
myocardial ischemia, sach as myocardial infarction, cardiac arrest, reperfusion after heart
operation and abnormal contractile response of coronary vessel after percutaneous transluminal
coronary angioplasty, surgical tissue reperfusion injury of stroke and abdominal aortic ancurysm;
cerebral edema secondary to stroke: cranial injury, and hemorrhagic shock; suffocation; adult
respiratory distress syndrome; acute fung injury; Behcet’s disease; dermatomyositis;
polymyositis; multiple sclerosis (MS); dermatitis; meningitis; encephalitis; nveitis; osteoarthritis;
hapus nephritis; autoimmune disease such as rtheumatoid arthritis (RA), Sjorgen’s syndrome, and
vasculitis; diseases involving leukopedesis; septicemia or central nervous system (CNS)
inflammatory disease secondary to trauma, and multiple organ injury syndrome; alcoholic
hepatitis; bacterial pneumonia; antigen-antibody complex mediated disease, including
glomerulonephritis; pyacmia; sarcoidosis; immunopathologic responses to tissue/organ
transplantation; Iung inflammation, including pleurisy, alveolitis, vasculitis, pneumonia, chronic
bronchitis, bronchiectasia, diffuse panbronchiolitis, hypersensitivity pneumonitis, idiopathic
pulmonary fibrosis (1PF}, cystic fibrosis, etc. Preferably indications include, but are not limited
to, chronic inflammation, autoimmune diabetes, theurnatoid arthritis (RA), rheumatoid
spondylitis, gouty arthritis and other arthrosis conditions, muktiple sclerosis (MS), asthma,
systemic Inpus erythematosus, adult respiratory distress syndrome, Beheet’s disease, psoriasis,
chronic pulmonary inflammatory disease, graft versus host reaction, Crohn’s disease, ulcerative
colitis, inflammatory bowel disease (IBD), Alzheimer’s disease and pyresis, and any diseases
associated with inflammmation and related conditions.

In addition, the compounds of the present invention {(e.g., a compound of any of the
embodiments as described herein} can be administered in combination with additional
therapeutic agents for the treatment of diseases or disorders described herein, such as cancer, an
inflammatory disease or antoimmune discase. The additional active mgredients may be
administered separately with the compound of the present invention or included with such an
ingredient in a pharmaceutical composition according to the disclosure, such as a fixed-dose
combination drug product, In some embodiments, additional active ingredients are those that are
known or discovered to be effective in the treatment of discases mediated by BTK or at least in
part by BTK, such as another BTK inhibitor or a compound active against another target
associated with the particular disease. The combination may serve to increase efficacy {(e.g., by
including in the combination a compound potentiating the potency or effectiveness of the
compound of the present invention), decrease one or more side effects, or decrease the required
dose of the compound of the present invention.
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In some embodiments, the compounds of the present invention (such as any compound
herein) can be administered in combination with additional therapeutic agents, such as anti-
inflammatory agents, immunomodalators or anti-tumor active agents, wherein the anti-tumor
active agents include chemotherapeutic agents, irornune checkpoint inhibitors or agonists, and
targeted therapeutic agents. The term “anti-tumor active agent” as used herein refers to any agent
that 1s administered to a subject suffering from cancer for the purposes of treating the cancer,
such as a chemotherapeutic agent, an immune checkpoint inhibitor or agonist, and a targeted
therapeutic agent.

Non-limiting examples of chemotherapeutic agents include topoisomerase | inhibitors {¢.g.,
irinotecan, topotecan, camptothecin and analogs or metabolites thereof, and doxorubicin};
topoisomerase I inhibitors (e.g., etoposide, teniposide, mitoxantrone, idarubicin, and
daunorubicin); alkylating agents (e.g., melphalan, chlorambucil, busulfan, thiotepa, ifosfamide,
carmustine, lomustine, semusting, streptozocin, decarbazine, methotrexate, mitomycin C, and
cyclophosphamide); DNA intercalators {e.g., cisplatin, oxaliplatin, and carboplatin); and free
radical generators such as bleomycin; nucleoside mimetics (e.g., 5-fluorouracil, capecitabine,
gemcitabine, flodarabine, cytarabine, azacitidine, mercaptopurine, thioguanine, pentostatin, and
hydroxyurea); paclitaxel, docetaxel, and related analogs; vineristine, vinblastin, and related
analogs; thalidomide and related analogs (e.g., CC-5013 and CC-4047).

Non-limiting examples of immune checkpoint inhibitors or agonists include PD3-1 inhibitors,
for exarmple, anti-PD-1 antibodies, such as pembrolizumab and nivolumab; PD-L1 inhibitors, for
example, anti-PD-L1 antibodics, such as atezolizumab, durvalumab, and avelumab; CTLA-4
inhibitors, such as anti- CTLA-4 antibody, for example ipilimumab; and BTLA inhibitors, LAG-
3 inhibitors, TIM3 inhibitors, TIGIT inhibitors, VISTA inhibitors, OX-40 agonists, and the like.

Targeted therapeutic agents include various small molecule or macromolecular targeted
therapeutic agents, and non-limiting examples thereof include: protein tyrosine kinase inhibitors
(such as imatinib mesylate and gefitinib); proteasome inhibitors (such as bortezomib); NF-«B
inhibitors, including IxB kinase inhibitors; PI3K5 inhibitors; SYK inhibitors; BelZ inhibitors;
antibodies that bind to proteins overexpressed in cancer to down-regulate cell replication, such as
anti-CD20 antibody (such as rituximab, ibrituimomab tiuxetan, and tositurmomab), anti-Her2
monoclonal antibody (trastuzumab), anti-EGFR antibody (cetuximab) and anti-VEGFR antibody
{bevacizumab); anti-angiogenic drugs, such as lenalidomide; and other protein or enzyme
inhibitors, these proteins or enzymes are known to be upregulated, overexpressed or activated in
cancers, and the inhibiting on them can down-regulate cell replication,

EXAMPLES

The examples below are intended to be purely exemplary and should not be considered to
be limiting in any way. Efforts have been made to ensure the accuracy with respect to nambers
used (for example, amounts, temperature, cte.), but those skilled in the art should understand that
some experimental errors and deviations should be accounted for. Unless indicated otherwise,
parts are parts by weight, temperatare is in degrees Centigrade, and pressure is at or near
atmospheric. All MS data were determined by Agilent 6120 or Agilent 1100, Al NMR data were
generated using a Varian 400 MR machine. All reagents and materials, except synthesized
intermediates, used in the present invention are commercially available. The reference GDC-
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0853 (fenebrutinib) was purchased from Shanghai Linkchem Medical Technology Co., Ltd. All
compound names except the reagents are generated by Chemdraw 16.0.

If there 13 any atom with empty valence(s) in any one of the stractures disclosed herein, the
empty balance(s) is (are) the hydrogen atom(s) which 1s (are) omitted for convenience purpose,

In the present application, in the case of inconsistency of the name and structure of a
compound, when the two of which are both given for the compound, it is subject to the structure
of the compound, unless the context shows that the structure of the compound is incorrect and
the narve is correct.

In the following examples, the abbreviations are used:

Ac Acetyl

AcOK Potassium acetate

BINAP Bis-{diphenylphosphino}-1,1'-binaphthyl

CD1 N,N'-carbonyldiimidazole

CD;0OD Deuterated methanol

DBCM Dichloromethane

DIAD Diisopropyl azodicarboxylate

DIEA N,N-diisopropylethylamine

DMF N, N-dimethylformamide

DMSO Dimethyl sulfoxide

DMSO-dg Deuterated dimethyl sulfoxide

EA/EtOAe Ethyl acetate

Fit:N Triethylamine

EtOH Ethanol

g Gram

HATU 2-(T-azabenzotriazole)-N,NN' N'-tetramethyluronium
hexaflucrophosphate

HMDSL1 Lithium hexamethyldisilazide

L Liter

M Mole/liter

McCGH Methanol

mg Milligram

mk Millititer

mmol Millimole

mol Mole

NBS N-bromosuccinimide

Pdo(dba)s Tris{dibenzylidene acetone)dipalladium

Pd{dppHCl, CHxCh [1,1-bis{diphenylphosphino) ferrocene Jpalladiom
dichloride dichloromethane complex

PE Petroleum ether

TFA Trifluorcacetic acid

THF Tetrahydrofuran

Xphos 2-dicyclohexylphosphine-2',4',6 -iriisopropy! biphenyt

Xant-phos 4,5-bis(diphenylphosphino}-9,9-dimethylxanthene
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Example § Synthesis of Compounds
Intermediate I-1
4-chloro-2-(1-0xe-1,6,7,8-tetrahydre-2H-cyclopentald Slpyrroloil,2-glpyrazin-2-
yhnicotinaldehyde

Ci
N Step 1 fC‘ o Step 2 ’&\ o Step 3
i ‘)20 —_— [-/‘\ & —_— L \\\: i . S,
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s g
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D A ¥ e J0-
SISt s o
H - & ;
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I
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Step 5 \ Step 7 AN Step 8
— 9 \{/ —— M \h/',j{/« —_—
/ o
{

5 -1
Step 1: Z-chiorocyclopentan-1-ene-i-carbaldehyde
At 0-5°C, phosphorus oxychloride (4.45 mL, 47.7 mmol) was dropwise added to DMF (4.6
mk, 59.6 mmot) under nitrogen. The reaction solution was stirred at 8-5°C for 10 minutes, and
then further stirred at room temperature for 15 minutes. Cyclopentanone (2.5 g, 29.8 mmol) was
10 dropwise added to the above-mentioned reaction solution at §-3°C, which was reacted at room
temperature for 1 hour, and then poured into ice water (the pH value was adjusted to 5 with an
agueous sodium carbonate solution), and 100 mL of water was added. The reaction solution was
extracted with petroleum ether/ethvl acetate = 10/1 (100 mL x 2), and the organic phase was
collected and combined, washed with saturated brine {100 mL), dried with anhydrous sodivm
5 sulfate, and concentrated {o give the target product (2.4 g, vield 62%), which was directly used in
the next step.
Step 2: (£)-3-(Z-chlovecyclopenta-i-ene-1-yhethyl acrylate
Under nitrogen, 2-chlorocyclopentan-1-ene-1-carbaldebyde (2.4 g, 18.4 mmol) and
cthoxy{formyhmethylenetriphenylphosphorane (6.4 g, 18.4 mmol} were placed in
20 dichloromethane (30 mL), which was reacted at the reflux temperature for 6 hours. The reaction
solution was concentrated in vacuum under reduced pressure, and the resulting residue was
purified with silica gel column chromatography (petroleurn ether/ethyl acetate) to give the target
product (3.3 g, vield 89%). [M+H]" 201.1
Step 3: Ethyl 1.4,5,6-tetrabydrocyclopentadiene]b]pyrrole-2-carboxylate
Under nitrogen, to a solution of (£)-3-(2-chlorocyclopenta-1-ene-1-ylethy] acrylate (3.3 g,
16.5 mmol) in DMSO (20 L) was added sodium azide (1.6 g, 24 muuol}, which was reacted at
65°C for 16 hours. Water (200 mL} was added to the reaction solution, and the mixture was
extracted with ethyl acetate (530 mL x 2). The organic phase was collected and combined, and
96
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concenirated in vacuum under reduced pressure, and the resulting residue was purified with
silica gel column chromatography (petroleum ether/ethyl acetate) to give the target product (700
mg, yield 24%). [M+HT" 180.1. "H NMR (400 MHz, CDClL): 8 8.81 (s, 1H), 6.65 (s, 1H), 4.30-
4.26 (1o, 2H), 2.75-2.55 (m, 4H), 2.42-2.40 (m, 2H), 1.35-1.31 (m, 3H).

Step 4: Ethyl 1-(2,2-diethoxyethyl}-1,4,5,6-tetrahydrocyclopentadieno]bpyrrole-2-
carboxylate
To a solution of ethyl 1,4,3,6-tetrahydrocyclopentadieno & ]pyrrole-2~carboxylate (700 mg,
3.9 mumol) in BDMF(5 mL) was added cesium carbonate (3.2 g, 9.7 mmol} and
bromoacetaldehyde dicthyl acetal (1.55 g, 7.8 mmol), which was reacted at 166°C for 16 hours.
Water (50 mL) was added to the reaction solution, and the mixture was extracted with ethyl
acetate {20 mL x 2. The organic phase was collected and combined, and concentrated in vacuum
onder reduced pressure, and the resulting residue was purified with silica gel column
chromatography (petroleum cther/ethyl acetate) to give the target product (1.0 g, yield 92%).
[M+Na] 318.1
Step 5: 1-(2,2-diethoxyethyl}-1,4.5,6-tetrahydrocyclopentadiens{bjpyrrole-2-carboxylic acid
To a solution of ethyl 1-(2,2-dicthoxyethyl)-1,4,5,6-tetrahydrocyclopentadieno[d]pyrrole-2-
carboxylate (1.0 g, 3.6 mmol) in cthanol (10 mL} and water (10 mL) was added hthium
hydroxide monohydrate (650 mg, 14.4 mmol), which was reacted at 86°C for 12 hours. Ethanol
was removed in vacuum under reduced pressure, and the pH was adjusted to 5-6 with
concentrated hydrochloric acid, and walter (20 mL) was added. The reaction solution was
extracted with ethyl acetate (20 mL x 2), the organic phase was collected and combined, dried
with anhydrous sodium sulfate, and concentrated to give the target product (800 mg, vield 83%).
[M-H] 266.1
Step 6: 1-(2,2-diethoxyethyl)-1,4,5,6-tetrahydrocyclopentadienolbipyrrole-2-carboxamide
At 3-5°C, under nitrogen, to a solution of 1-{2,2-diethoxyethyl)-1,4,5,6-
tetrahydrocyclopentadienof A lpyrrole-2-carboxylic acid (800 mg, 3 mmol) in DMF(5 mL) was
added tricthylamine (0.84 mL, 6 mmol) and HATU (1.7 g, 4.5 mmol). After reacting at room
temperature for 30 minutes, the reaction solution was poured into concentrated aqueous
ammonia (20 mL) and stirred for 10 minutes. Water {20 mL) was added, the reaction solution
was extracted with dichioromethane (20 mL x 2), and the organic phasc was collected and
combined, and concentrated to give the target product (1.0 g, vield 125%), which was directly
used in the next step.
Step 7: 7.8-dibydro-2H-cyclopental4,Sipyrrolofl,2-¢lpyrazin-1{6H}-one
1-(2,2-dicthoxyethyl)-1,4,5,6-tctrahydrocyclopentadieno| b lpyrrole-2-carboxamide (1.0 g,
3.75 mmel) was dissolved in acetic acid (10 mL), which was reacted at 100°C for 4 hours (acetic
acid was removed in vacuum under reduced pressure, the pH value was adjusted to 8 with
aqueous ammonia), water {20 mL) was added, and the mixture was extracted with
dichloromethane (20 mL x 2). The organic phasc was collected and combined, and concentrated
in vacuum under reduced pressure, and the resulting residue was purified with silica gel column
chromatography {dichloromethane/methanol) to give the target product (600 mg, yield 92%,).
IM+H] 175.1
Step 8: 4-chloro-2-(1-ex0-1,6,7.8-tetrahydro-2H-cyclopenta4,Sipyrrelo{l,2-a|pyrazin-2-
yhnicotinaldehyde

97



193]

16

WO 2021/164735 PCT/CN2021/076869

Under nitrogen, to a selution of 7,8-dihydro-2H-cyclopenta[4,5pyrrolo[1,2-alpyrazin-
1{6H}-one (600 mg, 3.5 mmol) and 2-bromo-4-chloronicotinaldehyde (1.1 g, 5.1 mmol}y in 1,4~
dioxane (30 mL) was added cuprous iodide (665 mg, 3.5 mmol), 4,7-dimethoxy-1,10-
phenanthroline (580 mg, 2.45 mwmol) and cesiom carbonate (2.2 g, 7.0 umol). The mixtare was
reacted at 90°C for 12 hours, and then cooled to room temperature. The mixture was
concentrated in vacuum under reduced pressure, and the resulting residue was purified with
silica get column chromatography (petrolewm ether/cthyl acetate) to give the target product (400
mg, yield 37%). [M+H] 314.0

The intermediates in the following table were prepared with corresponding materials and
reagents according to the preparation steps of intermediate 1-1:

Intermedi Structural formula LC-MS
ate S [M+H]
1-33 a. ) 342.0
|
2 K]
164 o [ /NK\ ) 343.0
D
NN O
1-77 ﬁv 328.0
179 q /(\P;\ 342.0
-—‘\0
E‘,;O K/\N'/ Y,
1-86 Ci\ﬁ\\/N\'\)}\\ 330.0
b o
P CL
1-84 a L hﬂ;j’Q 356.1
L 6
30 ¢ NQ(% 28,1
1€ \r/\ 328,
1-95 341.8
t\r v
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1-96 NP ;&THQ ” 338.0
G

/
PO 7 Ny 386.0,
1-98 an L NK\ - |
o

388.0

Intermediate §-2
{(3-((5-(28,5R)-2,5-dimethyl-4-{oxetan-3-vl)piperazin-1-yhpyridin-2-yDamine)- I -methyl-6-
0x9-1.6-dihydropyridin-3-yhiberacic acid

Step 2
—_——————— =

o
S NO,
|
N
Br Re g OH
OH
Step 5 Step 6
RITEAN
<.L~
(}’}
5 12

Step 1: t-bapyl (2R 58)-2,5-dimethyl-4-(6-nitropyridin-3-yhpiperazin-i-carboxylate
Under nitrogen, to a solution of S-bromeo-2-nitropyridine (7.0 g, 32.7 mmol) and -butv!
{2R,55)-2,5-dimethylpiperazin-1-carboxylate (10.0 g, 49.0 muol} in 1,4-dioxane (150 mL) was
added Xant-phos (3.8 g, 0.64 mmol)}, Pdo(dba); (3.0 g, 0.32 mmol) and cesium carbonate (21.3 g,
16 65.3 mmol). The mixture was reacted at 100°C for 16 hours, and then cooled to room
temperature, The reaction solution was concentrated in vacuum under reduced pressure, and the
resulting residue was purified with silica gel column chromatography (petroleurn ether/ethyl
acetate) to give the target product. [M+H]™ 337.1
Step 2: CR,58)-2,5-dimethyl-1-{(6-nitropyridin-3-yl)piperazine
15 Under nitrogen, to a solution of ~-bury! (2R,55)-2,5-dimethyl-4-(6-nitropyridin-3~
yhipiperazin-1-carboxvlate obtained from step 1 10 methanol (10 mL) was added concentrated
hydrochioric acid (3 mL). The reaction was stirred at room temperature for 30 minutes, and
concentrated in vacunm under reduced pressure, and the resulting residue was purified with
silica gel column chromatography (methanol/water) to give the target product (3.3 g, two-step
20 vield 43%). [M+H]" 237.1
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Step 3: (25,5R)-2,5-dimethyl-1-{6-nitropyridin-3-vi}-4-(oxetan-3-yijpiperazine

Under nitrogen, to a solution of (2R,58)-2,5-dimethyl-1-(6-nitropyridin-3-yl) piperazine
(3.3 g, 14.0 vorool) and oxetan-3-one (3.1 g, 42.0 mmol) in methanol (20 mL) was added zinc
chioride (5.7 g, 42.0 mmol} and sodium cyanoborohydride (2.6 g, 42.0 mmol). The reaction was
stirred at 30°C for § hours, and concentrated in vacuum under reduced pressure, and the resulting
residne was purified with silica gel column chromatography (methanol/water) to give the target
product (3.3 g, yield 80%). [M+H] 293.1
Step 4: 5-((258,5R}-2,5-dimethyl-4-(oxetan-3-y)piperazin-1-yDpyridin-2-amine

At roomn temperature, to a mixture of (28,5R)-2,5-dimethyl-1-(6-nitropyridin-3-yl)-4-
{oxetan-3-yl)piperazine (3.3 g, 11.3 mmol) and 10% palladium-carbon (with 50% water, 400 mg)
in methanol (50 mL)} was introduced with hydrogen, which was reacted at room temperature for
12 hours. The reaction solution was filtered, and the filirate was collected, and concentrated in
vacuum under reduced pressure to give the target product (2.94 g, yield 99%), which was
directly used in the next step. [M+H] 263.1
Step 5: 5-bromo-3-((53-((25,5R)-1,5-dimethyl-4-(oxetan-3-ylpiperazin-1-yhpyridin-2-
yhamino)-1-methylpyridin-2(1 #)-one

Under nitrogen, to a solution of 5+((28,5R)-2,5-dimethyl-4-(oxetan-3-ylipiperazin-1-
vhpyridin-2-amine (2.94 g, 11.2 mmo}), 3,5-dibromo-I-methyipyridin-2(1H)-one 3.0 ¢, 11.2
mmol) in 1,4-dioxane {150 mL) was added Xant-phos (325 mg, 0.56 mmol), Pda(dba): (515 mg,
0.56 mmol) and cestum carbonate (7.3 g, 22.5 mmol). The mixtare was reacted at 100°C for 16
hours, and then cooled to room temperature. The reaction solution was concentrated in vacuum
under reduced pressure, and the resulting residue was purified with silica gel column
chromatography (methanol/dichloromethane) to give (4.7 g, yield 93%). [M+H]" 448.1, 450.0
Step 6: (5~-((5-((25,5R)-2,5-dimethyl-4-(oxetan-3-yDpiperazin-1-yhpyridin-2-vhamine)- -
methyl-6-0x0-1,6-dihydropyridin-3-yl}beracic acid

Under nitrogen, to a solution of 5-bromo-3-((5-((25,5R}-2.5-dimethyi-4-(oxetan-3-
vhipiperazin-1-yhpyridin-2-yamino)-1-methylpyridin-2(1 H)-one (4.7 g, 10.5 mumol),
bis(pinacolato)diboron (13.3 g, 52.4 mmwol) in 1,4-dioxane (200 mL) was added Xphos (500 mg,
1.05 mmol), Pdy(dba); (480 mg, 0.52 mmol} and potassiom acetate (3.0 g, 31.4 mmol). The
mixture was reacted at 60°C for 16 hours, and then cooled to room temperature. The reaction
solution was filtered, and the filtrate was collected and concentrated in vacunm under reduced
pressure, and the resulting residue was purified with silica gel column chromatography
{methanol/water) to give the target compound (2.3 g, vield 53%). [M+H] 414.2

The intermediates in the following table were prepared with corresponding materials and
reagents according to the preparation steps of intermediate [-2:

Structural LC-MS . Structural LC-MS
Intermediate

Intermediate + . .
formula {ME+H] formula M+
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Intermediate -3

5-brome-3-{(5-ethyl(2-methoxyethyDamino)pyridin-2-yhamine}-1 -methylpyridin-2(1 H)-

one
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Step 1: N-(2-methoxyethyl)-6-pitropyridin-3-amine

To a solution of 5-fluoro-2-nitropyridine (4.26 g, 30 mmol) and 2-methoxyethylamine (2.48
g, 33 mmol) in BDMSO (30 mL) was added triethylamine (21.2 g, 210 mmoi}. The mixture was
reacted at 100°C for 4 hours, and then cooled to room temperature. The reaction solution was
poured into water (200 mL), and extracted with ethyl acetate (200 mL x 2. The organic phase
was collected and combined, and concentrated in vacuum under reduced pressure, and the
resulting residue was purified with silica gel column chromatography
{methanol/dichloromethane) to give the target product (5,92 g, vield 100%). [M+H]" 198.1
Step 2: N-ethyl-V-(2-methoxyethyl)-6-nitropyridin-3-amine

At 0-5°C, under nitregen, to a solution of N-(2-methoxyethyl)-6-nitropyridin-3-amine (986
mg, 5.0 mmol) in DMF (10 mL) was added 60% sodium hydride (mineral oil dispersion) (240
mg, 6.0 mmol), and stirred at this temperature for I hour. Bromoethane was added to the mixture,
and the mixture was reacted at 60°C for 2 hours, and cooled to room ieroperature. The reaction
solution was concentrated in vacuum under reduced pressure, and the resulting residue was
dissolved in dichloromethane (100 mL), and washed with water (50 mL). The organic phase was
collected, and concentrated in vacnum under reduced pressure to give the target product (1.13 g,
yield 100%), which was directly used in the next step. [M+H]" 226.1
Step 3: N'-ethyl-N'-(2-methoxyethylpyridin-2,5-diamine

At room temperature, to a mixture of V-ethyl-NV-(2-methoxyethyl)-6-nitropyridin-3-amine
{(1.13 ¢, 5.0 mmol) and 10% palladivm-carbon {with 50% water, 200 mg} in methanol (26 mL)
was introduced with hydrogen, which was reacted at room temperature for 16 hours. The
reaction solution was {iltered, and the filtrate was collected and concentrated in vacuum under
reduced pressure, and the resulting residue was purified with silica gel column chromatography
{methanol/water) to give the target product (875 mg, vield 90%). [M+H]" 196.1
Step 4: 5-bromo-3-((5-ethyi(2-methoxyethyDamine)pyridin-2-yDamino)-1-methyipyridin-
2(1 Hy-one

Under nitrogen, to a solution of N -ethyl-N"-(2-methoxyethyl)pyridin-2,5-diamine (195 mg,
1.0 mmol}, 3,5-dibromo-1-methylpyridin-2(1 H)-one (267 mg, 1.0 mmol) in 1,4-dioxane (5 ml.)
was added Xant-phos (58 mg, 0.1 mmol), Pda{dba); (92 mg, 0.1 mmol} and cesium carbonate
{652 myg, 2.0 mmol). The mixture was reacted at 100°C {or 16 hours, and then cooled to room
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resulting residue was purified with silica gel column chromatography
(methanol/dichloromethane) to give the target product (257 mg, vield 67%). [M+H] 381.1,

383.1

The intermediates i the following table were prepared with corresponding materials and

reagents according to the preparation steps of intermediate [-3:

Intermediate

Structural
formula

LC-MS
[MA+H]
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{3-(acetoxymethyl}-2-(7,7-dimethyl-1-0x0-1,6,7.8-tetrabydro-2 -
eyclopentald, Sipyrrole]l,2-alpyrazin-2-vhpyridin-4-yhberacic acid
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Step 1: 2-(4-chioro-3-(hydroxymethylipyridin-2-y1)-7,7-dimethyl-7 8-dihydro-2H-
eyclopentald,Sipyrrololl,2-alpyrazin-1{6H)-one

At 0-5°C, under nitrogen, to a solution of 4-chloro-2-(7,7-dimethyl-1-0x0-1,6,7,8-
tetrahydro-2H-cyclopental4,5ipyreolo]1,2-alpyrazin-2-y1) nicotinaldehyde (1.71 g, 5.0 mmol)
(intermediate 1-55) in methanol (5 mL) and dichloromethane (15 mL) was added sodium
borohydride (0.13 g, 3.5 mmol), and the mixture was reacted at this temperature for 10 minutes,
A saturated agueous ammonium chloride solution (5 mL)} was added to the reaction solution, and
the mixture was extracted with dichloromethane (30 mL x 2). The organic phase was collected
and combined, and concentrated in vacuum under reduced pressure to give the target product
(1.72 g, vield 100%), which was directly used in the next step. [M+H]" 344.1
Step 2: Acetic acid (4-chlore-2-(7,7-dimethyl-1-0%0-1,6,7 8-tetrabhydro-2H-
cyclopentald,Slpyrrolo]l,2-alpyrazin-2-yhpyridin-3-yimethyl ester

vl

At 0-5°C, under nitrogen, to a solution of 2-(4-chloro-3-(hydroxymethylypyridin-2-y1)-7,7-
dimethyl-7 8-dihydro-2 H-cyclopenta[4,5pyrrolo[1,2-alpyrazin-1{6H}-one (1.72 g, 5.0 mmol)
and triethylamine (2.53 g, 25 mmol) in dichloromethane (30 ml) was added acetylchioride (1.18
g, 15 mmol), and the mixture was reacted at this teroperatare for 1 hour. Water (20 mL) and
dichloromethane (30 mL}) were added to the reaction solution, the organic phase was collected
and combined, and concentrated in vacuum under reduced pressure, and the resulting residue
was purified with silica gel column chromatography (petroleum ether/ethyl acetate) to give the
target product (1.65 g, yvield 86%). [M+H]™ 386.1
Step 3: (3-(acetoxymethyl}-2-(7,7-dimethyl-1-0x0-1,6,7 8- tetrahydro-2H-
evelopentald.Sipyrrolo]l,2-¢lpyrazin-2-yhpyridin-4-yhboracic acid

Under nitrogen, to a solution of acetic acid (4-chloro-2-(7,7-dimethyl-1-0x0-1,6,7,8-
tetrahydro-2H-cyclopental4,5 Jpyrrolol 1,2-alpyrazin-2-ylpyridin-3-yDmethyl ester 3.0 g, 7.79
mwmol), bis{pinacolatoidiboron (5.9 g, 23.3 mumol) in 1,4-dioxane (120 mL) was added Xphos
(333 mg, 0.7 mmol}, Pd(dppHCL; CH-CL (870 mg, 0.7 mmol) and potassium acetate (2.3 g, 23.3
mmol). The mixture was reacted at 90°C for 16 hours, and then cooled to room temperature. The
reaction solution was concentrated in vacuum under reduced pressure, and the resulting residue
was purified with silica gel column chromatography (methanol/water) to give the target product
(2.9 g, yield 94%). [M+H] 396.1

The intermediates in the following table were prepared with corresponding materials and
reagents according to the preparation steps of intermediate I-4:
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Intermediate | Structural f i LE-MS
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Intermediate -3
S-bromo-3-((1-ethyl-1H-1,2,3-triazole-4-yDamino)-1-methylpyrazin-2(1 H)-one

|
O N
L T
%\N SN Br
1

HN
N-nf T o
< S
N—N

(

Under nitrogen, 3,5-dibromo-1-methylpyrazin-2(14}-one (5.0 g, 18.7 mmol} and 1-ethyl-
1H-1,2 3-triazole-4~amine (2.1 g, 18.7 mumol) were dissolved in N-methylpyrrolidone (7 mL).
The mixture was reacted at 120°C for 3 hours, and cooled to room temperature. The mixture was
filtered, and the filter cake was washed with methanol (5 mL)}, to give the target product (3.9 g,
yield 50%). [IM+H]" 299.0, 301.0

The intermediate in the following table was prepared with corresponding materials and

reagents according to the preparation steps of intermediate I-5:

LC-MS
Intermediate | Structural formula LC-M .
[M+H]
[
HNT N Br
-6 313.0,315.0
@
N—N
A\

Intermediate §-13
{5)-3-brome-1,6-dimethyl-3-{(5-(Z-methyl-4-(oxetan-3-yvijpiperazin-I-ylpyridin-2-
yhamino)pyridin-2(1 H}-one
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Step 1: 3,5-dibromo-6-methyipyridin-2{(1 H}-one

Under nitrogen, to a solution of 6-methylpyridin-2(1 H}-one (949 mg, 8.7 mmol} in DMF(30
mb) was added NBS (3.1 g, 17.4 mmol). The mixture was reacted at room temperature for 4
hours, The reaction solution was poured into water {50 mL), and the precipitated solid was
collected, and then washed with methanol to give the target product, which was directly used in
the next step.
Step 2: 3,5-dibrome-1,6-dimethyipyridin-2(1 H}-one

Under nitrogen, to a solution of 3,5-dibromo-6-methylpyridin-2(1 H}-one (2.3 g, 8.7 mmol)
in DMF(30 mL) was added todomethane (1.3 g, 8.7 mmol} and cesium carbonate (1.6 g, 11.3
mmol). The mixture was reacted at room temperature for 2 hours. The reaction solution was
poured into water (50 mL), the precipitated solid was collected, and then the solid was washed
with methanol to give the target product (2.2 g, two-step vield 92%,). [IM+H] 281.8
Step 3: (5)-5-bromo-1,6-dimethyl-3-((5-(2-methyl-4-{oxetan-3-yljpiperazin-1-yDpyridin-2-
vhamino)pyridin-2(1H}-one

The intermediate §-13 was prepared with 3,5-dibromo-1,6-dimethylpyridin-2(1#)-one and
corresponding reagents according to the corresponding steps of intermediate 1-2. [M+H] 448.1,
450.1

Intermediate {-16
{S}-6-chioro-Z-ethyl-4-{{(5-(2-methyl-4-(oxetan-3-yhpiperazin-{-ylipyridin-2-yamine)
pyridazine-3(2H}-one

-~
R
0\T l}l
1
Hﬂ\f\/ Ry \CI
Y P
OupNoyg Step 1 O N Step 2 N
T Il _— = N —_— = RN
PN i 7
Br Cl PN o N
B 7 TN
HE
\N/'
(8]
-18

Step 1: 4-brome-6-chlore-Z-ethylpyridazine-3(2H)-one
At (G-5°C, under nitrogen, to a solution of 4-bromo-6-chloro-3(2H)-one (1.0 g, 4.8 mmol} in
DMF(20 mL) was added 60% sodiam hydride {(mineral oil dispersion) (0.46 g, 11.5 mmol). The
mixture was reacted at 0-5°C for 30 minutes, then iodocthene (1.5 g, 9.6 mmol) was added, and
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the reaction was continued at room temperature for 5 minutes. The reaction solution was poured
into water, extracted with ethyl acetate, the organic phase was collected and combined, and
concenirated in vacoum under reduced pressure, and the resulting residoe was purified with
silica gel column chromatography (methanol/water) to give the target product (.91 g, yield
80%). [M+H] 238.9
Step 2: (8)-6-chioro-2-ethyl-4-((5-(C-methyl-4-(oxetan-3-yhipiperazin-1-yhpyridin-2-
yhamino) pyridazine-3(2H}-oune

The intermediate I-16 was prepared with 4-bromo-6-chloro-2-ethylpyridazine-3(2H)-one
and corresponding reagents according to the corresponding steps of intermediate 1-2, [M+H]"
405.1

Intermediate I-31
5-bromo-1-methyl-3-{{1-(2,2 2-trifinoroethyi)}-1H-1,2 3-triazole-4-yhamino)pyridin-2(1 H)-

sne
oW
/{Ni); A\){.f ~.
JESS N
NO; ‘ HNT ST B
¢ Step ¢ N Stepe s
«7 N —— (.N---N B (\,/ ,‘.\‘
HN-N )\* . NN
F F §
T
£ F
1-31

Step 1: 4-nitro-1-(2,2,2-trifluoroethyl)- 1 H-1,2,3-triazole

At 0-3°C, under nitrogen, (o a solution of 4-nitro-1H-1,2,3-triazole (4.0 g, 35.1 mmol), 2-
trifluoroethanol (5.12 mL, 43.8 mmol) and triphenylphosphine (18.4 g,43.8 mmol) in
tetrahydrofuran (180mli) was added DIAD (13.9 g, 43.8 mmol). The mixtare was reacted at 60°C
for 16 hours, and then cooled to room temperature, concentrated in vacuam under reduced
pressure, and the resolting residue was purified with silica gel coluron chromatography
{petroleum cther/cthyl acetate) to give the target product (4.61 g, vield 68%). [M+H]™ 197.0
Step 2: S-bromo-1-methyl-3-((1-(2,2,2-trifluoroethyl)-1 H4-1,2,3-triazole-4-yl)amine)pyridin-
2{1H}-one

The intermediate 1-31 was prepared with 4-nitro-1-(2,2, 2-trifluoroethyly-1H-1,2,3~triazole
and corresponding reagents according to the corresponding steps of intermediate 1-3. {M-+H]
352.0, 3539

The intermediates in the following table were prepared with corresponding materials and
reagents according to the preparation steps of intermediates 1-31, |-3 and [-5:

.| Structurail LC-MS o » Structural LC-MS
Intermediate - intermediate -
formula iM-+H} formula IM-+H}
oﬁ 04 ;&\N
i
X .
HA o 316.0, H Br 317.0,
1-32 A, o 133 A .
i 318.0 N oa 319.0
NN N—N
§ §
F F
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Intermediate §-37
S-brome-~1-methyl-3-((1'-(oxetan-3-yD)-1°,2°,3", 6 - tetrahydro-[3,4"-bispyridin}-6-
yhamino)pyridin-2(1H)-one
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Step 1: t-butyl 6-pitro-3°,6°-dihydro-[3,4°-bispyridin]-1’(2° H)carbexylate
Under nitrogen, to a solution of -nitrogen-tert-butyl-4,5-cyclohexene-4-borate (4.41 g, 15
mmol)}, 5-huoro-2-nitropyridine (3.03 g, 15 mmol} in 1,4-dioxane (20 mL) and water (2 mL) was
added Pd(dpp)Cl CH,Cl, (612 mg, 0.75 mmol) and sodium carbonate (3.18 g, 30 mmol). The
10 mixture was reacted at 100°C for 3 hours, and then cooled to room temperature, concentrated in
vacuum under reduced pressure, and the resulting residue was purified with silica gel column
chromatography {petroleum ether/ethyl acetate) to give the target product (4.58 g, vield 100%;.
[M+H]" 306.1
Step 2: S-bromo-1-methyl-3-((1-(oxetan-3-y1}-17,2",3".6 -tetrahydro-{3,4'-bispyridin]-6-
15 yhamine)pyridin-2(1H)-one
The intermediate 1-37 was prepared with +-bury/ 6-nitro-3",6"-dihydro-[3,4’-bispyridin |-
1’(2"Hy carboxylate and corresponding reagents according to the corresponding steps of
intermediate 1-2. [M+H] 417.0, 419.0
The intermediate in the following table was prepared with corresponding materials and
20 reagents according to the preparation steps of intermediate [-37:

LC-MS

Intermediate | Structural formaula .
{M-+H]
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412.0,414.0

Intermediate 1-43
(8)-5-bromo-1-methyb-3-((5-C-methyi-4-(oxetan-3-yDpiperazin-1-yhpyrazin-2-
yhamino)pyridin-2(15}-one

|
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Step 1: #-buyl (83-3-methyl-4-{S-nitropyrazin-2-yl)piperazin-i-carboxylate

To a solution of 2-bromo-5-nitropyrazine (1.22 g, 6.0 mmol), +-burvi (5)-3-
methylpiperazin-1-carboxylate (1.00 g, 5.0 mmol) in DMF{10 mL) was added potassium
carbonate {1.38 g, 10 mmol). The mixture was reacted at 80°C for 4 hours, and then cooled to
rooim temperature, concentrated in vacuum under reduced pressure, and the resulting residue was
purified with silica gel column chromatography (petroleum ether/ethyl acetate) to give the target
product (1.50 g, yield 93%). [M+H-56]" 268.1
Step 2: (8)-5-brome-1-methyi-3-((5-(Z-methyi-4-(oxetan-3-yi)piperazin-i-yhipyrazin-2-
vhamino)pyridin-2(1H)-one

The intermediate 1-43 was prepared with -butyl (S)-3-methyl-4-(S-nitropyrazin-2-yi}
piperazin-1-carboxylate and corresponding reagents according to the corresponding steps of
intermediate 1-2. [M+H]" 435.1, 437.1

Intermediate -44

{S)}-5-bromo-1-methyl-3-((5-(Z-methyl-4-(oxetan-3-yi)piperazin-1-yhpyrimidin-2-
yhaminojpyridin-2(1H}-one
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Step 1: S-bromo-N,V-bis(4-methoxy benzyDpyrimidin-2Z-amine

At 0-5°C, under nitrogen, to a solution of 5-bromopyrimidin-2-amine (3.48 g, 20 mmol) in
tetrahydrofuran (60 mL) was added 60% sodium hydride (mineral oil dispersion) (1,72 g, 43
mimol). The mixture was reacted at 0-5°C for 30 minutes, then p-methoxybenzyl chloride (7.83 g,
50 mmol) was added, and the reaction was continued at 75°C for 8 hours. The reaction solution
was poured into water, extracted with ethyl acetate, the organic phase was collected and
combined, and concentrated in vacuum under reduced pressure, and the resulting residuc was
purified with silica gel column chromatography (petroleum ether/ethyl acetate} to give the target
product (2.07 g, yield 25%). [M+H]" 414.1, 416.1
Step 2: +-bugyl (S)-4-(2-(bis(4-methoxy benzyhamino)pyrimidin-5-yi)-3-methylpiperazin-1-
carboxylate

Under nitrogen, to a solution of 5-bromo-N, N-bis(4-methoxy benzylypyrimidin-2-amine
(2.07 g, 5.0 mmol) and -buiy! (8)-3-methylpiperazin-1-carboxylate (10.0 g, 49.0 mmol} in
tohuene (30 mL) was added BINAP (311 mg, 4.50 mmol}, Pdy(dba}; (229 mg, 0.25 mmol) and
teri-butoxysodium (960 mg, 10 mmol). The mixture was reacted at 80°C for 8 hours, and then
cooled to room temperature. The reaction solution was concentrated in vacuum under reduced
pressure, and the resulting residue was purified with silica gel column chromatography
(petroleum ether/ethyl acetate) to give the target product (1.60 g, vield 30%). [M+H]" 534.3
Step 3: (5)-5-(2-methylpiperazin-1-vlipyrimidin-2-amine

Under nitrogen, a solution of t-butyl {8)-4-{2-(bis(4-methoxy benzyhamino)pyrimidin-5-
yi3-methylpiperazin-1-carboxylate (1.60 g, 3.0 mmol} in trifluoroacetic acid (10 mL) was
stirred at room temperature for 30 minutes, concentrated in vaconm under reduced pressure, to
give the target product, which was directly used in the next step. [M+H]" 194.1
Step 4: -batyl (5)-4-(Z-aminopyrimidin-3-yi)-3-methyipiperazin-i-carboxylate

To a sohation of {S)-5-(2-methylpiperazin-1-yljpyrimidin-2-amine obtained from the
previous step and di-tert-butyl dicarbonate (720 mg, 3.3 munol) in dichloromethane (10 mL) was
added triethylamine (455 mg, 4.5 mmol). The mixture was reacted at room temperature for 1
hours, The mixtare was concentrated in vacuum under reduced pressure, and the resuliing
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residue was purified with silica gel column chromatography (dichloromethane/methanol) to give
the target product (380 mg, two-step yield 100%). [M+H] 294.1
Step 5: (8)-5-bromo-1-methyl-3-((3-(Z-methyl-4-(oxetan-3-yDpiperazin-1-yDpyrimidin-2-
yhamino)pyridin-2{1H)-one

193]

The intermediate 1-44 was prepared with r-bury! (8)-4-(2-aminopyrimidin-5-y1)-3-
methylpiperazin-1-carboxylate and corresponding reagents according to the corresponding steps
of intermediate 1-2. [M+H] 435.0, 437.0

Intermediate §-45
10 5-bremo-i-methyl-3-((8-({tetrahydro-2H-pyran-3-yhamine)pyridin-2-yhamino)pyridin-
21 H)y-one

NO, 3
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Step 1: é-nitro-N-(tetrahydro-2H-pyran-3-yDpyridin-3-amine

Under nitrogen, to a solution of tetrahydro-2H-pyran-3-amine (0.61 g, 6.0 mmol) and 5-
bromo-2-nitropyridine (1.46 g, 7.2 mmol) in 1,4-dioxane (50 mL)} was added BINAP {0.37 g,
0.60 mmol), Pdy(dba); (0.55 g, 0.60 mmol) and cesium carbonate (3.91 g, 12 mmol). The

j—y
(¥4

mixture was reacted at 100°C for 16 hours, and then cooled to room temperature. The reaction
solution was concentrated in vacuum under reduced pressure, and the resulting residue was
purified with silica gel column chromatography (dichloromethane/methancl) to give the target
20 product (0.72 g, yield 54%). [M+H]" 2241
Step 2: S-brome-1-methyl-3-((5-((tetrahydro-2 H-pyran-3-yhamino)pyridin-2-
yviiamino)pyridin-2{1H}-one
The intermediate 1-45 was prepared with 6-nitro-N-( tetrahydro-2H-pyran-3-yl) pyridin-3-
amine and corresponding reagents according to the corresponding steps of intermediate -3,
25  [M+H] 379.0, 381.0
The intermediate in the following table was prepared with corresponding materials and
reagents according to the preparation steps of intermediate [-45:

Int diate | Structural f 1 LE-MS
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}
N 2 Br
Z N
1-46 g 409.0, 411.0
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Intermediate I-47
S-bromo-1-methyi-3-((8-(morpholin-d-carbonyDpyridin-2-yhamino)pyridin-2(1 H}-one
|
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Step 1: (6-aminopyridin-3-yh{merpholino)ketone

Under nitrogen, a solution of é-aminonicotinic acid (1.38 g, 10 rumol), CDK1.95 g, 12
mmol) in DMF (12 mL) was reacted at 70°C for 1 hour, and then stirred at room temperature for
1 hour. Morpholine (1.74 g, 20 mmol) was added to the mixture, and the mixture was reacted at
room temperatare for 16 hours. The reaction solution was concentrated in vacuum under reduced
pressure, and the resolting residue was purified with silica gel coluron chromatography
{dichloromethane/methanol) to give the target product (1.05 g, vield 51%). [M+H]" 208.1
Step 2: S-bromo-1-methyl-3-((5-(morphelin-4-carbonylipyridin-2-yDamino)pyridin-2(1 F)-
one

The intermediate 1-47 was prepared with (6-aminopyridin-3-yl}(morpholinojketone and
corresponding reagents according to the corresponding steps of intermediate 1-3. [M+H]" 393.0,
395.0

The intermediates in the following table were prepared with corresponding materials and

reagents according to the preparation steps of intermediate 1-47:

LC-MS

Intermediate | Structural fermula (MEH]
i
HNT S gy
1-48 N 406.0, 408.0

1165 396.0, 398.0

Intermediate §-52
4-chloro-2-(6-fluoro-1-oxopyrazine(l,2-alindel-2(1 H)-yinicotinaldehyde
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Step 1: Ethyl 1-2,2-dicthoxyethyD)-7-fluoro-1H-indol-2-carboxylate

To a solution of ethyl 7-fluoro-1H-indol-2-carboxylate (2.07 g, 10 mmeol) in DMF(15 mi)
was added 2-bromo-1,1-diethoxyethane (4,0 2, 2() mmol} and cesium carbonate (8.2 g, 25 mmol},
The mixture was reacted at 110°C for 16 hours, and then cooled to room temperature, poured
into water, and extracted with ethyl acetate. The organic phase was collected and combined, and
concentrated in vacuum under reduced pressure, and the resulting residue was purified with
silica gel colamn chromatography (petroleurn ether/ethyl acetate) to give the target product (2.5
g, vield 77%). [M+H-EtOH]" 278.1
Step 2: 6-fluoropyrazino{l,2-alindol-1{2H}-one

To a solution of ethyl 1-(2,2-diethoxyethyl)-7-flaoro-1H-indol-2~carboxylate (2.5 g, 7.7
mmol) in acetic acid (50 mL) was added amumoniom acetate (12 g, 154 mmol). The mixtare was
reacted at 110°C for 16 hours, and then cooled to room temperature, concentrated in vacuum
under reduced pressure, and the resulting residue was purified with silica gel column
chromatography {petrolenm cther/ethyl acetate) to give the target product (2.5 g, vield 77%).
[M+H]" 203.0
Step 3: 4-chlore-2-{6-flucro-1-oxopyrazine{l,2-ajindel-2{1 H)-ynicotinaldehyde

The intermediate 1-52 was prepared with 6-fluoropyrazinof},2-«] indol-1{2#)-one and
corresponding reagents according to the corresponding steps of intermediate I-1. [M+H] 342.0

The intermediates in the following table were prepared with corresponding materials and
rcagents according to the preparation steps of intermediates 1-52 and I-1:

. LC-MS
Intermediate | Structural formula .
IM+HY
i-53 342.9
1-59 342.0
I-66 3250
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Intermediate }-58
4-chlore-2-(7,7-difluoro-1-ex0-6,7,8,%-tetrahydropyrazine}1,2-¢lindol-2(1 H)-
yvimnicotinaldehyde
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Step 1: 7,7-difluoro-8,9-dihydropyrazine|l,2-¢lindel-1,6(2H,7H}-dione

The target compound was prepared with ethyt 6,6-fluore-7-0x0-4,5,6,7-tetrahydro-1H-
indol-2-carboxylate according to the corresponding steps of intermediate I-1, [M+H]™ 239.0
Step 2: 7,7-difluoro-6-hydroxyl-6,7,8,9-tetrahydropyrazino|1,2-a]indol- 1 (2 H)-one

At 0-5°C, under nitrogen, to a solution of 7,7-difluoro-8,9-dihydropyrazinof 1,2-alindol-
1,6(2H,7H)-dione (500 mg, 2.1 mmol) in methanol (10 mL) was added sodium borohydride (239
mg, 6.3 mmol}, and the mixture was reacted at this temperature for 10 minutes. A saturated
aqueous ammonium chloride soiution (5 ml.) was added to the reaction solution, and the mixture
was exiracted with dichloromethane (10 ml x 2). The organic phase was collected and combined,
and concentrated in vacuum under reduced pressure to give the target product, which was
directly used in the next step.
Step 3: 7,7-difluoro-6,7,8,9-tetrabydropyrazinoll,2-alindol-1(2H)-one

Under nitrogen, to a solution of 7,7-difluoro-6-hydrox¥1-6,7,8,9-tetrahydropyrazino[ 1,2~
alindol-1{2H}-one obtained from the previous step in trifluorcacetic acid (5 mL) was added
triethylsilane (771 mg, 6.3 mmol). The mixture was reacted at room temperature for 1 hour, and
concentrated in vacuum under reduced pressure, a saturated aqueous sodium bicarbonate
solution (10 mb) was added to the resulting residue, and the mixture was extracted with
dichloromethane (10 mL x 2). The organic phase was collected and combined, and concentrated
in vacuum under reduced pressure, and the resulting residue was purified with silica gel column
chromatography {methanol/water) to give the target product {120 mg, two-step yield 26%).
IM+H] 225.0
Step 4: 4-chlore-2-(7,7-difluoro-1-0x0-6,7,8,9-tetrahydropyrazine|,2-¢lindol-2(1 H)-
yinicotinaldehyde
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The intermediate {-58 was prepared with 7,7-difluoro-6,7,8,9-tetrahydropyrazino{1,2-
aljindol-1(2H)-one and corresponding reagents according to the corresponding steps of
intermediate 1-1. [M+H]" 364.0
The intermediate in the {ollowing table was prepared with corresponding materials and
rcagents according to the preparation steps of intermediate I-58:

. ) LC-MS
Intermediate | Structural formula .
IM+HY
P
N F
1-60 o Q@ 364.0
hd 1
Ao R

Intermediate §-61
4-chlore-2-(8,10-difluoro-1-oxopyrazine}l,2-glindol-2(1 H}-yDinicotinaldehyde

F ' o A F
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Step 1: Ethyl 3,5-difluore-1H-indol-2-carboxylate

At §-5°C, under nitrogen, to a solution of ethyl 5-fluoro-1H-indol-2-carboxylate (4.14 g, 20
mmol) in acetonitrile (100 mL) was added Selectfluor (7.08 g, 20 mmol), and the mixture was
reacted at this temperatare for 16 hours. A saturated aqueous ammoniam chloride solution (20
ml) and water (100 mL) were added to the reaction solution, and the mixture was extracted with
ethyl acetate (50 mL x 2). The organic phase was collected and combined, and concentrated in
vacuum under reduced pressure, and the resulting residuc was purified with silica gel column
chromatography {ethyl acetate/petroleum ether) to give the target product (2.4 g, vield 53%;.
[M+HT 226
Step 2: 4-chloro-2-(8,10-difluero-1-oxopyrazine|i,2-alindol-2(1 H)-vhinicotinaldehyde

The intermediate -61 was prepared with cthyl 3,5-ditlnoro-1H-indol-2-carboxylate and
corresponding reagents according to the corresponding steps of intermediate 1-52. [M+H] 360.0

Intermediate [-62
Acetic acid (2-(9-brome-7,7-dimethyl-1-0x0-1,6,7,8-tetrahydre-2H-
cyclopentai4,Sipyrrolel,2-aipyrazin-2-yi}-4-chloropyridin-3-yi)methyi ester

L
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162

At 0°C, to a solution of acetic acid (4-chloro-2-(7,7-dimethyl-1-0x0-1,6,7,8-tetrahydro-2 H-
cyclopentaf4,5lpyrrolo[1,2-alpyrazin-2-ylpyridin-3-ylmethyl ester (800 mg, 2.07 mmol} in
dichloromethane (30 miL) was added NBS (367 mg, 2.07mmol). The mixture was reacted at

room temperature for 16 hours, quenched with a saturated aqueous ammoniun chloride solution,

and extracted with ethyl acetate. The organic phase was collected and combined, dried with
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anthydrous sodium sulfate, and concentrated in vacuum under reduced pressure, and the resulting
residue was purified with silica gel column chromatography (petroleum ethey/ethyl acetate) to
give the target product (800 mg, yield 83%). [M+H]" 464.0, 466.0

Intermediate §-63
4-chloro-2-(7,7-dimethyi-4-0x0-4,6,7,8-tetrahydro-3#H-cyclopentald,Sipyrrolef2,1-
SH1,2 4triazin-3-yhnicotinaldehyde
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Step 1: Ethyl 1-amine-5.5-dimethyl-1,4,5,6-tetrahydrocyclopentadieno|dlpyrrole-2-
carboxylate

At 0-3°C, under nitrogen, to a solution of cthyl 5,5-dimethyl-1,4,5,6-
tetrahydrocyclopentadieno[s]pyrrole-2-carboxylate (5.0 g, 24.1 mmol} in DMF(30 mL) was
added 60% sodium hydride (mineral oil dispersion) (1.06 g, 26.5 mmol). The mixture was
reacted at 0-5°C for 30 minutes, then O~(2,4-dinitrophenyl) hydroxylarine (5.3 g, 26.5 mimol)
was added to the reaction solution, and the mixture was reacted at room temperature for 3 hours.
The mixture was concentrated in vacuum under reduced pressure, and the resulting residue was
purified with silica gel column chromatography (petroleum ether/ethyl acetate) to give the target
product {(4.3g, vield 75%). [M+H] 223.0
Step 2: 7,7-dimethyl-7,8-dihydro-3H-cyclopental4,Slpyrrole[2,1-/1{1,2 4]triazin-4(6 H)-one

Under nitrogen, to a mixture of ethyl 1-amino-53,5-dimethyi-1,4,5,6-
tetrahydrocyclopentadienof s lpyrrole-2-carboxylate (4.3g, 19.3 mmol} and formamide (30 mL)
was added ammonium acetate (7.4 g, 96.5 mmol). The mixture was reacted at 140°C for 16 hours,
aud then cooled to room temperature. The mixture was filtered, and the filter cake was collected
and washed with methanol to give the target product (3.1 g, yield 80%). [M+H]" 204.0
Step 3: 4-chlove-2-(7,7-dimethyl-4-0x0-4,6,7.8-tetrahydro-3H-cyclopental4,Sipyrrolof2,1-
SL2 4itriazin-3-ynicotinaldehyde

The intermediate 1-63 was prepared with 7,7-dimethyl-7,8-dihydro-3H-cyclopenta {4,5]
pyrrolo [2,1-/111,2,4] triazin-4{6H)-one and corresponding reagents according to the
corresponding steps of intermediate I-1. [M+H] 343.1

The intermediates in the {ollowing table were prepared with corresponding materials and
reagenis according to the preparation sieps of intermediate 1-63:

X ) LC-MS
Intermediate | Structural formula
{M+H]
SO NS &
N
1-93 Tl Ay L/w/é' 329.0
ln o
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Intermediate [-68
{8-{{tert-butoxycarbonyl} (1-ethyl-1#4-1,2 3-triazole-4-yhamino)-{1,2,4] triazole|l,5-
a]pyridin-6-yhboracic acid
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The intermediate 1-68 was prepared with intermediate 1-21 and corresponding reagents
according to step 1 of intermediate 1-74 and step 6 of intermediate 1-2. [M+H]" 374.1

The intermediate in the following table was prepared with corresponding materials and

reagents according to the preparation steps of intermediate [-68:
LC-MS

Intermediate | Structural formula .
IMHT
|
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Intermediate [-74
4-chloro-2-(7-methyl-1-0x0-6,7,8,9-tetrahydropyrazine[l,2-ajindol-2{(1 /)~

vijnicotinaldehyde
Q, o)
> e oy
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15 Step 1: 7-0x0-4,5,6,7-tetrahydro-1 H-indol-1,2-dicarboxylic acid 1-(tert-butylester 2-ethyl
ester
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To a solution of ethyl 7-ox0-4,5,6,7-tetrahydro-1/4-indol-2-carboxylate (2.07 g, 10 mmol)
and di-tert-butyl dicarbonate (7.51 g, 30 mmeol) in tetrahydrofaran (30 mlb) was added 4-
dimethylaminopyridine (0.12 g, 1.0 mmol). The mixture was reacted at room temperature for 16
hours. The mixture was concentrated in vacuum under reduced pressure, and the resulting
residue was purified with silica gel column chromatography (petroleum ether/ethyl acetate) to
give the target product (3.07 g, vield 100%). [M+Na]™ 330.3
Step 2: Ethyl 6-methyl-7-0x0-4,3,6,7-tetrahydro- 1 H-indol-2-carboxylate

At -78°C, under nitrogen, to a solution of 7-oxo-4,3,6,7-tetrahydro-1H-indol-1,2-
dicarboxylic acid 1-(tert-butylester 2-cthyl ester (3.07 g, 10 mmol) in tetrahydrofuran (50 mL)
was dropwise added 1M HMDSLi/tetrahydrofuran solution (24 mL, 24 mmol), the mixture was
naturally warmed to 0°C, and the reaction was continued for 30 minutes, At -78°C, iodomethane
(3.41 g, 24 romol) was dropwise added to the reaction solution, the mixture was naturally
warmed to room temperature, and the reaction was continued for 4 hours, The reaction solution
was cooled to 0°C, and quenched by adding a saturated agueons ammonium chloride solution,
extracted with ethy] acetate (30 mL x 2). The organic phase was collected and combined, dried
with anhydrous sodiom sulfate, and concentrated in vacuum under reduced pressure. Under
nitrogen, the resulting residue rifluorcacetic acid (10 mL) solution was stirred at room
temperature for 30 minutes, and concentrated in vacuum under reduced pressure, and the
resulting residue was purified with silica gel column chromatography (water/methanol) to give
the target product (1.19 g, yield 54%). [M-+H]" 221.1
Step 3: Ethyl 6-methyl-4,5,6,7-tetrahydre-1 #-indol-2-carboxylate

Under nitrogen, to a solution of ethyl 6-methyl-7-0x0-4,5,6,7-tetrahiydro-1H-indoi-2-
carboxylate (1,19 g, 5.38 mmol) in trifluorcacetic acid (10 mL) was added tricthylsilane (2.5
mwL}. The mixture was reacted at room temperature for 16 hours, and concentrated in vacuum
under reduced pressure, and the resulting residue was purified with silica gel column
chromatography (methanol/water) to give the target product (980 mg, yield 88%). [M+H] 208.1
Step 4: 4-chlors-2-(7-methyi-1-0%06-6,7.8,9-tetrahydropyrazine{1.2-alindo}-2{1H)}-
yhnicotinaldehyde

The intermediate I-74 was prepared with ethyl 6-methyl-4,5.6,7-tetrahydro-1 H-indol-2-
carboxylate and corresponding reagents according to the corresponding steps of intermediate §-1.
[M+HT 342.0

Intermediate §-75
4-chloro-2-(7,7-dimethyl-1-0xe-1,6,7 8-tetrahydre-2H-cyclopentald, Sipyrrole[,2-
diil,2. 4]triazin-2-yinicotinaldehyde
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Step 1: 5,5-dimethyl-1.4,5,6-tetrahydrocyclopentadienc|b]pyrrole-2-carbohydrazide
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A solution of ethyl 5,5-dimethyl-1,4,5,6-tetrahydrocyclopentadienof bpyrrole-2-
carboxylate (2.49 g, 12 mmol}, an aguecus hydrazine hydrate solution (20 mL, 36 mmol} in
ethanol (8 mL) was reacted in microwave reactor at 150°C for 2 hours, and then cooled to room
temperature. The rcaction was filtered and washed with water, and the filter cake was coliected,
and dried in vacuum under reduced pressure to give the target product (2.09 g, vield 90%).
[M+HT 194.1
Step 2: 7,7-dimethyl-7,8-dihydro-2H-cyclopentald,Sipyrrole]1,2-d1{1,2 4]triazin-1{6 H)-one

Under nitrogen, a solution of 5,5-dimethyl-1,4.5,6-tetrahydrocyclopentadieno[b]pyrrole-2-
carbohydrazide (2.09 g, 10.5 mmol), tricthyl orthoformate (3.11 g, 21.0 mmol) in DMF(8 mL)
was reacted at 160°C for 16 hours. The reaction was cooled to room temperature, filtered, and
washed with methanol, and the filter cake was collected, and dried in vacuum under reduced
pressure (o give the target product (1.65 g, yield 77%). [M-+H]" 204.1
Step 3: 4-chloro-2-(7,7-dimethyl-1-0x0-1,6,7 8-tetrahydro-2H-cyclopental4,Sipyrrolo]i,2-
di11,2,4|triazin-Z-yiinicotinaldehyde

The intermediate I-75 was prepared with 7,7-dimethyl-7,8-dihydro-2H-
cyclopental4,5]pyrrolo[1,2-d1[1.2,4]triazin-1{6/}-one and corresponding reagents according to
the corresponding steps of intermediate I-1, [M+H] 343.1

The intermediates in the following table were prepared with corresponding materials and
reagents according to the preparation steps of intermediate 1-75:

) LC-MS
Intermediate | Structural formula IM+H]
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Intermediate §-83
2-{4-chioro-3-(flusromethyhpyridin-2-y)-7.7-dimethyl-7,8-dihydro-2 H-

cyclopentald. Sipyrrole]l,2-¢lpyrazin-1{(6H}-one
-OMs
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Step 1: (C-brome-4-chloropyridin-3-yhmethanol

At 0-3°C, 1o a solution of 2-bromo-4-chloronicotinaldehyde (2.7 g, 12.2 mmol) in
dichloromethane (30 mL) and methanol (10 mL) was added sodium borohydride (325 mg, 8.6
mmel), and stirred at this temperature for 30 mimutes. The reaction was quenched by adding
water to the reaction solution, and extracted with dichloromethane, the organic phase was
collected, and concentrated in vacuuwr under reduced pressure, and the resulting residue was
purified with silica gel colurun chromatography (petroicum cther/ethyl acetate) to give the target
product (2.5 g, yield 92%).
Step 2: (C-bromo-4-chleropyridin-3-yimethyl methanesuifonate

At 0-3°C, to a solution of (2-bromo-~4-chloropyridin-3-yl) methanol (1.0 g, 4.5 mmol) in
dichloromethane (30 mL} was added methanesulfonyl] chloride (373 mg, 5.0 mumol), and stirred
at this temperature for 30 minutes, The reaction was quenched by adding water to the reaction
solution, and extracted with dichloromethane, the organic phase was collected, and dried with
anhydrous sodium sulfate. The reaction solution was filtered, and the filtrate was collected,
concentrated in vacuum under reduced pressure to give the target product (1.35 g, vield 100%),
which was directly used in the next step. [M+H] 299.9, 301.9
Step 3: 2-bromo-4-chloro-3-{fluoromethylpyridine

To a solution of (2-bromo-4-chloropyridin-3-yl} methyl methanesulfonate (1.35 g, 5.0
mmol) in dried tetrahydrofuran (20 mL) was added 1M tetrabutylammonium
fluoride/tetrahydroturan (5.0 mL, 5.0 mmol}, and stirred at 65°C for 2 hours. The reaction was
quenched by adding water to the reaction solution, and extracted with ethyl acetate, the organic
phase was collected, and concentrated in vacuum under reduced pressure, and the resulting
residue was {reated with silica gel columm chromatography (petrolenm ether/ethyl acetate) to
give the target product (700 mg, yield 62%). [M+H] 223.9, 225.9

2-{4-chloro-3-{fluoromethyl) pyridin-2-y1)-7,7-dimethyl-7,8-dihydro-2 H-cyclopenta
[4,5pyrrolof1,2-alpyrazin-1(6H)-one was prepared with corresponding materials and reagents
according to preparation step 8 of intermediate 1-1. [M+H]™ 346.1
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Intermediate §-91
d-chloro-2-(10-fluoro-1-0x0-6,7.8,9-tetrahydropyrazinoe]l,2-alindol- 2(1 H)-
yhnicotinaldehyde
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5 Step 1: Ethyl 3-fluore-1H-indol-2-carboxylate

To a solution of ethyl 1 H-indol-2-carboxylate (35.0 g, 185 mmol) in acetonitrile (1.75 L)
was added 1-chloromethyl-4-fluoro-1,4-diazobicyclof2.2.2Joctanedi (tetrafluoroboric acid)salt
(65.5 g, 1185 mmol), and stirred at room temperature for 45 minutes, The reaction was quenched
by adding saturated brine, the organic phase was collected, and concentrated in vacuum under

10 reduced pressure, and the resulting residue was purified with silica gel column chromatography

(petroleum ether/ethyl acctate) to give the target product (18.0 g, yicld 47%).
Step 2: Ethyl 3-flucro-4,5,6,7-tetrahydro-1H-indol-2-carboxylate

To a solution of ethyl 3-fluoro-1#H-indol-2-carboxylate {10.5 g, 50.7 mmol} in acetic acid
(210 ml) was added platinum dioxide (1.57 g, 1185 mumel). Under stirring at room temperature,

[
L3

the reaction solution was introduced with hydrogen, and reacted for 8 hours. The reaction
solution was filtered, the filirate was collected, and concentrated in vacuum under reduced
pressure, and the resulting residue was diluted by adding water, and neutralized to pH = 8 with
agueous ammonia. The reaction solution was extracted with ethyl acetate, and the organic phase
was collected, and concentrated in vacoum under reduced pressure, to give the target product
20 (10.5 g, yield 98%). [M+H] 212.0

4-chloro-2-(10-fluoro-1-0x0-6,7,8,9-tetrahydropyrazino{ 1,2-a}indol-2(1 H)-y1)
nicotinaldehyde was prepared with corresponding materials and reagents according to
preparation steps S-8 of intermediate -1, [M+H] 346.0

25 Intermediate §-92
{R5)-2-(4-chloro-3-pyridine carboxaldehyde-2-y1)-7,7-dimethyil-1-0x0-1,6,7.8-tetrahydro-
2H-cyclopental4,Sjpyrrolo]l,2-a]pyrazin-6-yl acetate

82

To a solution of intermediate 1-55 (1.0 g, 3.0 mmol} in 1,4-dioxane (15 mL) was added lead
30 acetate (2.0 g, 4.5 mmol), and the reaction was stirred at room temperature for 3 hours. The
reaction solution was concenirated in vacuum under reduced pressure, and the resulting residue
was diluted by adding water, and ncutralized to pH = 8 with aqueous ammonia. The reaction
solution was extracted with ethyl acetate, the organic phase was collected, and concentrated in
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vacuwm under reduced pressure, and the resulting residue was purified with sitica gel column
chromatography (methanol/water) to give the target product (600 myg, yield 50%). [M+H]" 400.0

Intermediate -99
{5-bromo-2'-{7,7-dimethyl-1-0x0-1,6,7.8-tetrahydro-2 H-cyclopentaj4,Sjpyrrolof1,2-
aipyrazin-2-yi)}-1-methyi-6-ox0-1,6-dihydro-[3,4'- bxspw:dm -3-yDmethyl acetate

OA%;\/\))L

i OAC <jl -
r” \
-4 1-88

Ij\ \T’\Tf Br

Under nitrogen, a solution of 3-bromo-5-iodo-1-methylpyridin-2(1 H}-one (626 mg, 2.0
mmol), intermediate -4 (790 mg, 2.0 mmol), Pd(dppHCh CHLClL (162 mg, 0.20 muol), Xphos
(94 mg, 0.20 mmol) and potassium phosphate (848 mg, 4.0 mmol) in acetonitrile (40 mL) and
water {2 mL) was reacted at 30°C for 3 hours. The reaction solution was concentrated in vacuum
under reduced pressure, and the resulting residue was purified with silica gel column
chromatography (methanol/water) to give the target product. [M+H]™ 537.1, 539.1

Intermediate 1-167
N-{8-bromo-1-methyl-2-0x0-1, 2 dﬁmdmpvndm 3-yhipropanamide

|
.
i HM
U NP Br
N Br r&

107

Under nitrogen, to a solution of 3-amino-5-bromo-1-methylpyridin-2(1 H}-one (649 mg, 3.0
mmol), propionyl] chloride (416 mg, 4.5 romol) in dichloromethane (20 mL) was dropwise added
tricthylamine {455 mg, 4.5 mmol), and reacted at room temperature for | hour. The reaction
solution was concentrated in vacuum under reduced pressure, and the resulting residue was
puritied with silica gel column chromatography (methanol/dichloromethane) to give the target
product. [M+H]" 259.0, 261.0

The intermediates in the following table were prepared with corresponding materials and
reagents according to the preparation steps of intermediate [-107:

Int diat Structural LC-MS Int diat Structural LC-MS
ntermediate n Intermediate e
formula [M+H] formula IM+H]"
' o]

; |
Oe N N
4 259.0, | T 285.0,
1-108 HNI/j\Br =127 N X Br

261.0 B 287.0
o [y

1128 Ly, 3070

309.0

131



wh

16

pmat
L

20

N
h

WO 2021/164735 PCT/CN2021/076869

Compounnd 1
2-(3-({5-{ethyl (2-methoxyethyl)aminopyridin-2-yhamino)-3'-(hydroxymethyi)-1-methyl-6-
oxo-1,6-dihydro-[3.4-bispyridin]-2'-y1)-7,7-dimethyl-7,8-dihydro-2H-
cyclopentaid, Sipyrrolo]l,2-¢]pyrazin-1(6H}-one

T N
)
KN "‘v"‘i T o
I‘:,\;ﬁ + (PH /GA%;;\!:}/%Q"'? S&:p ! .
hd SR N
N LN O
L »

Oy ,.hli\‘\: M ._N,,{ﬁ:géﬁ
" ,:[E,\ BN !A_}‘\\: . Nmﬁ}f—:\:\\\’r‘
[ . \“\ N0
.
] S N\
g R

Step 1: Acetic acid (2'-(7,7-dimethyl-1-0x0-1,6,7 8-tetrahydro-2H-
cyclopental4,Sipyrrelo]l,2-aipyrazin-2-vi}-8-{(5-(ethyl (2-methoxyethyhamino)pyridin-2-
vhamino)-1-methyl-6-ox0-1,6-dihyvdro-{3.4 -bispyridin]-3"-yhmethyl ester

Under nitrogen, to a solution of intermediate I-3 (126 mg, 8.33 mmol) and intermediate 1-4
(134 mg, 0.33 mmol) in |.4-dioxane (5.0 mL) and water (0.5 L) was added Xphos (31 mg,
0.066 mmol), Pd{dppHCl, CHCl, (27 mg, 0.033 mmol) and potassium phosphate trihrydrate
{264 mg, 0.99 mmol). The mixture was reacted at 100°C for 4 hours, and then cooled to room
temperature. The reaction solution was concentrated in vacuum under reduced pressure, and the
resulting residue was purificd with silica gel column chromatography (methanol/water) to give
the target product. [M+H]" 652.3
Step 2: Z-(5-((5-(ethyl (2-methoxyethyDamine)pyridin-2-yDamino)-3'-(hydroxymethyl)-1-
methyl-6-0x0-1,6-dihydro-[{3,4"-bispyridin}-2'-y1}-7,7-dimethyl-7,8-dihydro-2H-
cyclopentald,Spyrrolo{l,2-gipyrazin-1{(6H)-one

To a sohation of acetic acid (2'-(7,7-dimethyl-1-ox0-1,6,7 8-tetrahydro-2 H-
cyclopental4,5pyrrolo1,2-alpyrazin-2-yD)-5-{({5-(ethyl (2-methoxyethylJamino)pyridin-2-
yhamino)-1-methyl-6-ox0-1,6-dihydro-[3,4-bispyridin]-3'-yDmethyl ester obtained from step 1
in methanol (5§ mL) was added potassium carbonate (137 mg, 4.99 mmol), which was reacted at
room temperature for 2 hours. The reaction solution was concentrated in vacuum under reduced
pressure, and the resulting residue was purified with thin layer chromatography
{methanol/dichloromethane = 1/20) to give the target product (100 mg, two-step yield 50%).
[M+HT 610.3. "H NMR (400 MHz, CD;0D): 5 8.57-8.51 (m, 1H), 8.42-8.37 (m, 1H), 7.77-7.74
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{(m, 1H), 7.60-7.57 (m, 1H), 7.48-7.45 {m, 1H), 7.23-7.19 (m, 2H), 7.01-6.97 (m, 1H}, 6.95-6.91
(m, 1H), 6.80-6.76 (m, 1H), 4.61-4.57 {(m, 1H), 4.50-4.45 (m, 1H), 3.69 (s, 3H), 3.53-3.50 (1,
2H), 3.44-3.40 (m, 2H), 3.39- 3.34 (m, 2H), 3.32 (s, 3H), 2.78-2.69 {m, ZH), 2.66-2.57 {m, 2H),
1.36-1.27 (xn, 6H), 1.13-1.08 {m, 3H).

The compounds in the following table were prepared with corresponding intermediates and
reagents according to the preparation steps of compound 1:
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Compound 2
2-(5-((5-((25,5R)-2,5-dimethyl-4-(oxetan-3-ylpiperazin-1-yDpyridin-2-yhamine)-3'-
{(hydroxymethyi-I-methyl-6-0x0-1,6~-dihydro-[3,4'-bispyridin]-2'-y})-7.8~dihydro-2H-
eyclopental4,Sipyrrolofl,2-a]pyrazin-1{6H)-one

o
/f\“ "o g /E\ e
O i . e U N YN
PNy orr gy Step
i N N“B’J&\"/ + ( G N i N \\r,; _—
w0 g o os
11 G- ‘
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Hh AN g N ‘TE’-&/ H N”l’\\”ﬁ/ - Bf’i\\-}f N
%;’\\N N Q qt v r//‘\.N \:;N o]
t‘k;_/:j i p = » \\\\ /.ﬂ
/Q) il F ' (R]
. T{?' o~ N S
o AN Oz’

Step 1: 5-{(5-((25,5R)-2,5-dimethyl-4-(oxetan-3-yvDpiperazin-1-yUpyridin-2-yHamine)-1-methyi-6-
ox0-2'-(1-0x0-1,6,7 8-tetrahydro-2 H-cyclopental4,Sipyrrelof §,2-a¢|pyrazin-2-yi)-1,6-dikydro-[3,4'-
bispyridin}-3'-carbaldehyde

Under nitrogen, to a solution of (5-((5-((25,5R)-2.5-dimethyl-4-(oxetan-3-yl)piperazin- -
yhpyridin-2-yhamino)- [ -methyl-6-0x0-1,6-dibydropyridin-3-yiiboracic acid (171 mg, .41 mmol) and
4-chloro-2-(1-0x0-1,6,7,8-tetrahydro-2 H-cyclopental4,5 [pyrrolof 1,2 -a]pyrazin-2-ylnicotinaldehyde
(100 mg, 0.32 mmol) in 1,4-dioxane (10 mL} and water (2 mL} was added Xphos (20 mg, 0.03 mmol),
Pd{dppHCh, CHoCh (25 mg, 0.03 mmol) and cesium carbonate (260 mg, 0.8 mmol), The mixture was
reacted at 90°C for 4 howrs, and then cooled to room temperature, Water (30 mL) was added to the
reaction solution, and the mixture was extracted with ethyl acetate (30 mL x 2). The organic phase was
collected and combined, and concentrated in vacoum under reduced pressure to give the target product
(180 mg, vield 68%), which was directly used in the next step. [M+H]' 647.3
Step 2: 2-(5-((5-((25,58)-2,5-dimethyl-4-(oxetan-3-ypiperazin-1-yDpyridin-2-yhamino}-3'-
{hydroxymethyl-1-methyl-6-0x0-1,6-dihydre-[3,4'-bispyridin]-2'-yD-7,8-dihydro-2 H-
cyclopental4,Sipyrrolofl,2-alpyrazin-1{6H}-one

At 0-5°C, under nitrogen, to a solution of 5-((5-((28,5R)-2,5-dimethyl-4-(oxetan-3-yl)piperazin-1-
vhpyridin-2-yDamino)- | -methyl-6-ox0-2'-(1-0x0-1,6,7,8-tetrabydro-2 H-cyclopenta[4,5 Jpyrrolo]1,2-
aipyrazin-2-v1)-1,6-dihydro-[3,4'-bispyridin]-3'-carbaldehyde (180 mg, 0.28 mmol} in methanol (4 mL)
and dichloromethane (10 mL) was added sodivm borohydride (16 mg, 0.42 mmol), and reacted at room
temperature for 15 minutes. The reaction was guenched by adding water (0.5 mL) to the reaction
solution, and concentrated in vacuum under reduced pressure, and the resulting residue was purified
with silica gel column chromatography (methanol/water) and purified with thin layer chromatography
(methanol/dichloromethane =1/20) to give the target product (80 mg, vield 44%). [M+H]' 649.3. H
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NMR {400 MHz, CDiOD): 6 8.73(d, } =22 Hz, 1H). 8.54 (d, } =5.1 Hz, 1H). 8.00(d, } = 2.6 Hz, 1H),
7.59-7.46 (m, 3H), 7.24 (d, F =59 Hz, 1H), 7.03 (d, ] = 8.8 Hz, 1H), 6.94 (s, 1H), 6.79 (4, J = 5.9 Hz,
iH), 4.77-4.55 (m, 5H), 4.49-4.47 (m, 1H), 3.81-3.64 (m, 4H), 3.20-3.18 (m, 1H), 2.91-2.87 (m, 3H),
2.77-2.73 (m, 4H), 2.62-2.42 (m, 3H), 1.94-1.92 {m, 1H), 0.89-0.86 (m, 6H).

The compounds in the following table were prepared with corresponding intermediates and reagents
according to the preparation steps of compound 2:
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Compousnd 68
2-(5-((5-acetyl-4,5,6,7-tetrahyvdropyrazele{1,5-glpyrazin-2-yjamino}-3'-(hydroxymethyi-1-
methyl-6-oxe-1,6-dihydre-{3.4'-bispyridin}-2'-y1}-7,7-dimethyi-7,8-dthydro-2 H-

eyclopental4,Sipyrrolofl,2-a]pyrazin-1{6H)-one

/.
oK
|
HNk =
N
jx,s
H‘N——)
‘* ./
o
5 =\ 68

The compound 68 was prepared with compound 68a and corresponding reagents according to
step 2 of intermediate I-4 and step 2 of compound 2. [M+H]" 595.2
"H NMR (400 MHz, CD;0D): 5 8.55-8.50 (m, 1H), 8.07-8.01 (m, 1H), 7.58-7.54 (m, 1H), 7.43 (s, 1H),
7.24-7.19 (m, 1H), 6.93 (s, 1H}, 6.81-6.74 {m, 1H), 5.98-5.91 (m, 1H), 4.77-4.70 (i, 2H), 4.62-4.52 {1,
10 1H), 4.51-4.40 (m, 1H), 4.10-4.07 (m, 1H), 4.06-3.93 (m, 3H), 3.68 (s, 3H), 2.78-2.70 (m, 2H}, 2.64-
2.59 (m, 2H), 2.21-2.16 (m, 3H), 1.30-1.27 (m, 6H).

Compound 69
2-{3"-(hydroxymethyl)-1-methyl-5-((5-methyi-4,5,6, 7-tetrahydropyrazole{1,5-¢ipyrazin-2-
15 yhamine)-6-o0x0-1,6-dihydro-[3,4'-bispyridin}-2'-y1}-7,7-dimethyl-7,8-dihydro-2 H-
eyclopentald,Sipyrrelofl,2-alpyrazin-1{6H)-one
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The compound 69 was prepared with compound 68a and corresponding reagents according to
step 3 of intermediate 1-2 and step 2 of compound 2. [M+H]' 576.2
"H NMR (400 MHz, CD;0D): § 8.57-8.50 (m, 1H), 8.04-7.96 {(m, 1H)}, 7.59-7.55 (m, 1H}, 7.46-7.41
{m, 1H), 7.24-7.1% (m, 1H), 6.93 (s, 1 H), 6.81-6.73 (m, 1H), 5.86 (s, 1H), 4.60-4.53 (m, {H), 4.50-4.41
{m, 1H), 4.09-3.97 (m, 2H), 3.68 {s, 3H), 3.64-3.58 (1, 2H), 2.98-2.88 (m, 2H), 2.78-2.6%9 (m, 2H),
2.66-2.58 (m, 2H), 2.46 (s, 3H), 1.30-1.27 (im, 6H).

Compound 70
2-(3'-(hydroxymethyl)-5-({5-(2-methoxymethyi}-4,5,6,7-tetrahydrepyrazelo[1,5-¢|pyrazin-2-
yiyamine)~1-methyl-6-ex0-1,6-dikydro-[3,4-bispyridin}-2'-y1}-7,7-dimethyl-7,8-dihydro-2 H-

cyclopentald,Sipyrrolofl, Zwa]pw azin-1 (6H}w@no

o\,

| i '/"
Oy N 20
I\\J\ r/\g? \ B l)\C/N

I SNy
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A 70

192



10

26

N
A4

WO 2021/164735 PCT/CN2021/076869

-193-

The compound 70 was prepared with compound 68a and corresponding reagents according to
step 2 of intermediate I-10 and compound 2. [M+H]" 611.3
'"H NMR (400 MHz, CD:0D): 5 8.51 (4, J= 5.1 Hz, 1H), 7.96 (d, T = 2.2 Hz, 1H), 7.54 (d, T = 5.1 Hz,
1H), 7.41(d, I =22 Hz, 1H), 7.19 (d, = 5.9 Hz, 1), 6.92 (s, 1H), 6.76 (d, § = 5.9 Hz, 1H), 5.84 (s,
iH), 4.55(d, J=12.0Hz, [H), 444 (4, J = 12.0 Hz, {H), 4.03-3.98 (m, 2H), 3.71-3.68 (m, 2H), 3.66 (s,
3H), 3.59-3.55 (m, 2H), 3.33 (5, 3H), 3.03-2.97 {m, 2H), 2.78-2.73 (m, 2H), 2.73-2.70 (xn, 2H), 2.62-
2.58 (m, 2H}, 1.29-1.26 {m, 6H).

Compound 96
{83-2-(3'-(hydroxymethyh)-I-methyi-5-((5-(2-methylpiperazine)-1-yDpyridin-2-vl)amino }-6-0x0-
1,6-dihyvdro-[3.4'-bispyridin]-2'-y})-7,7-dimethyl-7,8-dihvdro-2 H-cyclopental4,Sipyrrolol, 2-
alpyrazin-1(6H-one

NH, o\\\?, OH \/ﬁ“é\
7N | . HN
i G, N OAC i ”
“ . , .
- | i N’\g/' — PN
. N N NMW)% j

‘) \'I Br i ] RS N
> SN O s, N
‘ -89 1™
Boc i
N
-168 H

98

Under nitrogen, a solution of intermediate 1-168 (108 mg, 0.37 mmol), intermediate 1-99 (200 mg,
0.37 mamol}, Pdx(dba); (37 mg, 0.04 mmol), Xant-phos (23 mg, 0.04 mmol) and cesium carbonate (241
mg, 0.74 mmol) in T, 4-dioxane (20 mL) was reacted at 100°C for 12 hours.

The reaction solution was concentrated in vacuum under reduced pressure, potassium carbonate
(276 mg, 5.0 munol) and methanol (10 mL) were added, and the mixture was stirred at room
temperature for 15 minutes, The reaction solution was concentrated in vacuum under reduced pressure,
and the resulting residue was purified with silica gel column chromatography (methanol/water) to give
vellow solid (120 mg, two-step vield 42%). [M+H]" 707 4.

To a solution of the yellow solid in methanol (2 mL) was added concentrated hydrochloric acid,
and stirred at room temperature for 30 minutes. The reaction solution was concentrated in vacuum
onder reduced pressure, and the resulting residoe was purified with silica gel column chromatography
(methano /dichloromethane) to give compound 96 (50 mg, yield 49%). [M+H]" 607.3

'H NMR (400 MHz, CD:0D) 8 8.67 (d, J = 1.8 Hz, 1H), 8.53 (d, J = 5.1 Hz, 1H), 7.94 (d, J = 2.6 Hz,

1H), 7.56-7.52 (m, 2H), 7.44-742 (m, 1H), 7.20(d, F = 59 Hz, 1H), 7.01 (d, 1 =89 Hz, 1H)}, 6.92 s,

iH), 6.77(d,J =159 Hz, 1H), 4.55-4.41 (m, 2H), 3.68 (s, 3H), 3.38-3.32 (m, 1H), 3.07-2.86 (m, 5SH),
2.77-2.55 (m, SH), 1.29-1.27 (m, 6H), 0.90 (d, J = 6.3 Hz, 3H).

The compounds in the following table were prepared with intermediate 1-99 and corresponding
amine ntermediates and reagents according to the preparation steps of compound 96:
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Compound 98
2-(5-amine-3'-(hydroxymethyl)-1-methyl-6-0x0-1,6-dihydro-[3,4"-bispyridin]-2'-yD-7,7-
dimethy‘i -7,8-dihydro-2H-cyclopentaid, Slpyrrolofl,2-alpyrazin-1{6H)-one

I/ o7 T
IO G s yatl HZJ\JU{@’

5 148
Under nitrogen, a solution of intermediate I-148 (220 mg, 0.60 mmol), intermediate 1-4

(237 mg, 0.60 mmol), Pd(dppHCl: CHCls (49 mg, 0.06 mmol), Xphos(57 mg, 0.12 mmol) and

potassium phosphate trihydrate (479 mg, 1.80 mmol) in 1,4-dioxane (10 mL) and water (1 mL)

was reacted at 100°C for 4 hours, The reaction solution was concentraied in vacuum under

16 reduced pressure, and the resulting residuc was purified with silica gel columm chromatography
{methanol/water) to give yellow solid (268 mg, yield 70%). [M+H] 638.3.

To a solution of the yellow solid in methanol (5§ ml} was added trifluoroacetic acid (2 mlL),
and stirred at room temperature for 2 hours. The reaction solation was concentrated in vacuum
under reduced pressure, and potassium carbonate (174 mg, 1.26 mmol} and methanol (5 mL)

15 were added to the resulting residue, and the mixture was stirred at room temperature for 15
mimates. The reaction solution was concentrated in vacuum under reduced pressure, and purified
with silica gel column chromatography (methanol/water) to give compound 98 (48 mg, yield

6%). [M+H] 43222
"H NMR (400 MHz, CD;0D) § 8.55-8.48 (m, 1H), 7.52-7.48 (m, 1H), 7.36-7.30 (m, 1H), 7.24-
20 7.20 (m, 1H), 6.95-6.91 (m, 1H), 6.91-6.86 (m, 1H), 6.78-6.72 {m, 1H), 4.55-4.49 (m, 1H), 4.47-
4.41 {m, 1H), 3.64 (s, 3H), 2.79-2.68 (i, 2H), 2.66-2.56 (m, ZH), 1.30-1.27 (m, 6H}.

4

Compounds 119 and 128
2-(3"-{hydroxymethyl}-5-({5-(Z-methoxyethyl-4-methyl-4,5,6,7-tetrahydropyrazols{1,5-
alpyrazin-2-yl) amide)-1-methyl-6-0x0-1,6-dihydro-13,4"-bispyridin]-2'-yD-7,7-dimethyi-

25
7,8-dihydro-2H-cyclopentald, Slpyrrolell,2-4]{1,2 4}iriazin-1(6H}-one optically pure
enantiomer
; ot ! E e
o o . / ‘:z.a‘-
O;IN | L,.o l{;\j?,{; T o\T N\' fom . ,{ ]‘ 05 N [om.;,\N,\\/i
X ~— 2o/ ” /ii\, : \ ‘\,/
N o \“j \\\T,N\r} ~/ HN \\1/ -\T/ BN r ‘\f/ HNT TR \\/N H/‘L\,
Sy N O Resolution /KN SN0 ‘/KN 2N O
v ) N § !
N j N
”(E'RS)/\' _—s (G
N N~ N~
¢ { Ié
) )
g a 0
\ 5 N\
110 119 & 120
30 (R8)-2-(3'-(hydroxymethyl}-5-{((5-(2-methoxyethyl}-4-methyl-4,5,6,7-

tetrahydropyrazolof 1, 5-apyrazin-2-yhamido)-1-methyl-6-ox0-1,6-dihydro-{ 3 4'-bispyridin}-2'-
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yh-7,7-dimethyl-7,8-dihydro-2H-cyclopenta]4,5 Jpyrrolof1,2-d][ 1,2,4]triazin-1{6H)-one
(compound 110, 110 mg) was resolved by chiral HPLC to give a pair of optically pure
enantiomers, (R)-2-(3'-(hyvdroxymethy}-5-((5-2-methoxyethyl-4-methyi-4,5,6,7-
tetrahydropyrazolof 1, 5-alpyrazin-2-yhamido)-1-rocthyl-6-oxo-1,6-dibydro-[ 3 4"-bispyridin}-2'-
yI)-7,7-dimethyl-7,8-dihydro-2 H-cyclopental4,Slpyrrolo[ 1,2-d}{ 1,2, 4 }triazin-1{6/)-one and ($)-
2-(3'-{hydroxymethyl}-5-((5-(2-methoxyethyl)-4-methyl-4,5,6,7-tetrahydropyrazolo{ 1,5~
alpyrazin-2-yhamido}-1-methyl-6-oxo-1,6-dihydro-{ 3,4 -bispyridin}-2'-yi}-7,7-dimethyl-7,8-
dihydro-2H-cyclopental4,Sjpyrrolof1,2-4]{ 1,2, 4]triazin-1{6H}-one. Chiral HPLC resolution
conditions: column: AD-H (0.46 cm 1D, x 15 cm L); Mobile phase: COy/ethanol = 60:40; Flow
rate: 2.5 mL; Detector wavelength: UV 254 nm).

Under the above conditions, the compound obtained after removing the solvent from the
first eluent obtained was named compound 119 (40 mg, yield 36%,), ec% = 100%, MS (m/z);
626.3[M+H]". "H NMR (400 MHz, CD;0D) § 8.57-8.51 (m, 1H), 8.43-8.38 (m, 1H), 7.97-7.91
(m, 1H), 7.60-7.57 {(m, 1H), 7.41-7.38 (m, 1H), 7.07-7.01 (m, 1H), 5.93-5.89 (m, 1H), 4.60-4.51
(m, 2H}, 4.04-3.91 {m, 2H), 3.83-3.76 (m, 1H}, 3.68 (s, 3H), 3.60-3.53 (m, 2H), 3.40-3.35 (m,
1H), 2.99-2.87 (m, 2H), 2.86-2.81 {m, 2H), 2.73-2.62 (m, 3H), 1.43-1.39 (m, 3H), 1.31 (s, 6H).

Under the above conditions, the compound obtained after removing the solvent from the
second eluent obtained was named compound 120 (42 mg, yield 38%,), ec% = 99.68%, MS
(m/z): 626 3[M+HT". "H NMR (400 MHz, CD:0D) 5 8.56-8.52 (m, 1H), 8.42-8.38 (m, 1H),
7.95-7.92 (ru, 1H), 7.60-7.57 (m, 1H), 7.41-7.38 (m, 1H), 7.06-7.02 (1, 1H}, 5.93-5.89 {m, 1H),
4.60-4.49 (m, 2H), 4.03-3.93 (m, 2H), 3.82-3.76 (m, 1H), 3.68 (s, 3H), 3.59-3.52 (m, 2H), 3.40-
3.34 (m, 1H), 2.99-2.87 (m, 2H), 2.86-2.81 (s, 2H), 2.73-2.62 (m, 3H), 1.43-1.39 (m, 3H), 1.30
(s, 6H).

Compound

Structural formaula

LC-MS
IM+H"

H NMR

Original
compound

116

625.3

TH NMR (400 MHz, CD-0D) 5 8.53 (d, J
= 5.1 Hz, 1H), 7.97-7.95 (m, 1H), 7.56 (d,
J=5.1Hz, 1H), 742 (d, T = 2.2 Hz, 1H),
7.21(d, J=5.9 Hz, 1H), 6.92 (s, 1H), 6.76
(d, J=5.9 Hz, 1H), 5.90 (s, 1H), 4.60-4.39
(m, 2H), 4.01-3.97 (m, 2H), 3.79 (g, J =
6.6 Hz, TH), 3.67 (s, 3H), 3.61-3.52 (m,
2H), 3.39-3.32 (m, 4H), 2.94-2.90 (m,
2H), 2.79-2.53 {m, SH), 1.40(d, ] = 6.5
Hz, 3H), 1.30-1.26 (m, 6H).

111

202




1H), 3.17-3.07 (m, 2H), 2.92-2.55 (m,
4H), 2.54-2.46 {m, 1), 2.44-2.25 (m,
1H), 1.23-1.17 (m, 6H), 0.97 (d, T = 6.3
Hz, 3H).

WO 2021/164735 PCT/CN2021/076869
"H NMR (400 MHz, CD,0OD) 6 8.52 (d, J
. =5.1 Hz, 1H), 7.97-7.95 (m, 1H). 7.56 (d,
J=5.1Hz, 1H), 7.41(d, J=2.1 Hz, 1H),
7.21(d, J=5.9 Hz, 1H), 6.92 (s, 1H), 6.76
d, ] =5.9 Hz, 1H), 5.90 (s, 1H), 4.62-4.39
117 6253 | (GITS9HE 1), 590 (s, 1H)
| /- (m, 2H), 4.06-3.89 (m, 2H), 3.78 (g, ] =
Qj(”l o /‘Nﬁ 6.6 Hz, 1H), 3.67 (s, 3H), 3.60-3.48 (m,
BTN ,\rN\.‘ = 3 LY 1.0 &
ye 1O TH), 3.42-3.32 (m, 4H), 3.00-2.84 (m,
e 2H), 2.79-2.54 (m, SH), 1.40(d, T = 6.5
iﬂj Hz, 3H), 1.30-1.26 (m, 6H).
o b e TH NMR (400 MHz, CD:0OD) 5 8.50 (d, J
1Oy =« N 7T T = \
Byt i L\YNY& = 5.1 Hz, 1H), 7.97 (t, ] = 2.4 Hz, 1H),
S LN o 7.53(d, J=5.1Hz 1H), 7.40(d, =22
h{_'} Hz, 1H), 7.19(d, J = 6.4 Hz, 1H), 6.91 (s,
136 A 6232 1H), 6.75 (d, J = 5.8 Hz, 1H), 5.88 (s, 1H),
4.72-4.39 (m, 6H), 4.03-3.90 (m, 3H),
3.78-3.76 (m, 1H), 3.65 (s, 3H), 3.19-3.08
(m, 1H), 2.84-2.51 (m, 5H), 1.28-1.24 (m,
"H NMR (400 MHz, CD:0D) 5 8.53 (d, J
=52 Hz, 1H), 8.02-7.96 (m, 1H), 7.57 (d,
J=5.1Hz, 1H), 7.41(d, J = 6.4 Hz, 1H),
i / - ; . . e ~ ) .
= i 7.25-7. ,6.92 (s, 1H), 6.76 (d,
137 QTNB IOH(\Ny’ . 25 18 (i, 1H), 6.92 (s, 1H), 6 6)(4:?J
S = 5.9 Hz, 1H), 5.90 (s, TH), 4.70-4.48 (m,
(o e 6H), 4.05-3.95 (m, 3H), 3.83-3.79 (m,
) 1H), 3.68 (s, 3H), 3.21-3.17 (m, 1H), 2.84-
ot 2.60 (m, SH), 1.32-1.24 (m, 9H).
"H NMR (400 MHz, CD;0D): § 8.69 (1, ]
=2.4 Hz, 1H), 8.56 (dd, T = 5.1, 1.2 Hz,
. 1H), 7.97 (4, ] = 2.5 Hz, 1H), 7.59 (d, ] =
oy o, /\)@L 5.1 Hz, 1H), 7.55-7.51 (m, 1H), 747 (dd,
N ’\ﬁr”"ﬁr’@ J=8.9,2.8 Hz, 1H), 7.39 (d, ] = 6.0 Hz,
2 T 1H), 7.04 (d, ] = 8.9 Hz, 1H), 6.91 (s, 1H),
198 < 679.3 b 108 6 2 1H), 6.91 s, 1H), 1 o
e 6.83 (dd, J = 5.9, 2.1 Hz, 1H), 4.76-4.46
® (m, 7H), 3.78-3.63(m, 4H), 3.55-3.44 (m,

203




WO 2021/164735 PCT/CN2021/076869

'H NMR (400 MHz, CD:0D): 8 8.67 (4, J
=2.1Hz, 1H), 8.55(dd, T=5.1, 1.7 Hz,
+ 1H), 7.95 (d, ] = 2.7 Hz, 1H), 7.59 (d, ] =
5.2 Hz, TH), 7.51(dd, J = 3.8, 2.3 Hz,
1H), 7.44 (dd, T = 8.9, 2.9 Hz, 1H), 7.39
(d, J=5.9 Hz, 1H), 7.03(d, J = 8.9 Hz,

199 679.3 T A
1H), 6.91 (s, 1H), 6.83 (dd, } = 5.9, 2.1
HIO’-. / L - ] ~ Y ; a b P oo
%/’i“, (’OH(/\NﬁM Hz, ]H),<4,7,w4.46 (m,‘”/H), 3.76-3.65 (m,
IS 3H), 3.56 -3.44 (m, 2H), 3,13-3,00 (m,
Ay NN o 2H), 2.76-2.39 (m, SH), 2.26-2.14 (m,
/ \\;j 1H), 1.24-1.18 {m, 6H), 0.97 (d, J = 6.3
®3 Hz, 3H).
@

The optically pure enantiomeric/diastereomeric compounds in the above table were
obtained by chiral HPLC resolution. The resolution conditions were: flow rate: 2.5 ml, detector
wavelength: UV 254 nm; the chiral column and mobile phase used, and the ee(de) values of the
obtained compounds were shown in the table below (wherein in cach pair of cnantiormeric

5 compounds, the earlier numbered compounds were the compounds obtained after removing the
solvent from the first eluent obtained from the chiral column, and the later numbered compounds
were the compounds obtained after removing the solvent from the second eluent obtained from
the chiral column):

Compound | Column Mobile phase ee(de)%e
116 AD-H (0.46 em COy/ethanol (0.1%DEA) = | 100%
117 LD x15cm ) 6(:40 99.76%
136 AS-H{0.46 cm COy/isopropyl alcohol 100%
137 D x 15 cm L) (0.1%DEA) = 60:40 98.50%
198 AD-H (3,46 cro COo/isopropyl aleohol 99.38%
199 ID.x 15cm L) (0.1%DEA) = 50:50 98.42%
10 Compound 135

2-((2'-(7,7-dimethyl-1-0x0-1,6,7,8-tetrahydro-2 H-cyclopentaj4,5]pyrrole|l,2-a|pyrazin-2-
yB-3'~{hydroxyvmethyl)-1-methyi-6-0x0-1,6-dihydro-{3,4"-bispyridin]-S-yhamino)}-6,7-
dikydropyrazelo[l,5-alpyrazin-S(4H}-nitrile

/ |
- CQ?,N | OH
AN i
\n/[\ HN%N\
N SN

135a

138

204
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To a solution of compound 135a (250 mg, 0.36 mmol) in methanol (5 mL) was added

concentrated hydrochloric acid (2 mL), and stisred at 50°C for 30 minutes. The reaction solution
was concentrated in vacuurn under reduced pressure, acetonitrile (20 ml), potassium carbonate
(150 mg, 1.08 romol) and cyanogen bromide (45 mg, 0.43 romol) were added to the reaction
solution, and the mixture was stirred at room temperature for 1 hour. The reaction solution was
poured into water, and extracted with dichloromethane, the organic phase was collected, and
concentrated in vactum under reduced pressure, and the resulting residue was purified with
silica gel colamn chromatography (methanol/water) to give compound 135 (60 mg, yield 29%).
[M+H] 578.3
"H NMR (400 MHz, CD;0D) 8 8.49 (d, J = 5.1 Hz, 1H), 8.05(d, ] = 1.§ Hz, 1H), 7.51 (d J=
7.2 Hez, 1H), 741 (d, = 1.8 Hz, TH), 7.18 {(d, J = 5.9 Hz, 1H), 6.90 (s, 1H), 6.75 (d, ] = 5.9 He,
1H), 5.89 (s, 1H), 4.57-4.37 (m, 4H), 410 (t, J = 5.3 Hz, 2H), 3.77-3.58 (m, 5H), 2.78-2.53 (m
4H), 1.28-1.24 (m, 6H).
The compounds in the following table were prepared with corresponding intermediates and
reagents according to the preparation steps of compound 135:

Compound | Structural formula | LC-MS | 'THNMR Intermediate
IVi+H]
142 550.2 "H NMR (400 MHz, [-187 and I-

m«JYL/r i @ CD0OD/CDCE=1/2) § 8.60- 129
(o o 8.56 (m, 1H), 8.05-8.01 (m,
w, 1H), 7.62-7.61 (m, 1H), 7.56-
Y 7.53 (m, 1H), 7.10-7.06 (m,
TH), 7.06-7.03 (m, 1H), 6.71-
6.65 (m, 1H), 5.94-5.88 (im,
1H), 4.54-4.52 (m, 2H), 4.45-
4.41 (m, 2H}, 4.25-4.17 (m,
2H), 3.78-3.72 (m, 5H), 2.95-
2.89 {(m, 2H), 2.86-2.80 (m,
2H), 2.64-2.55 (m, 2H).

143 ok, oo | 5793 | THNMR (400 MHz, 1-187 and I-
e Lor CD,OD/CDCL=2/1) § 8.60- 114
O 8.55 (m, 1H), 8.34-8.31 (m,
(. 1H), 8.06-8.02 (m, 1H), 7.59-
i 7.56 (m, 1H), 7.48-7.45 (i,
1H), 7.11-7.08 (m, 1H), 5.98-
5.93 (m, 1H), 4.58-4.52 (i,
4F), 4.21-4.16 (m, 2H), 3.78-
3.74 (m, 2H), 3.72 (s, 3H),
2.86-2.84 (m, 2H), 2.69-2.65
(m, 2H), 1.34 (s, 6H).

Compound 223
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{8)-2-(3"-(methoxymethyi}-1-methyl-5-(methyl{(5-(Z-methyl-4-(oxetan-3-y)piperazin-1-
yvhpyridin-2-vhamine)-6-oxe-1,6~dihydro-{3,4'-bispyridin]-2'-v1)-7,7-dimethyl-7,8-dihydro-
2H-cyclopentald,Slpyrrolefl,2-alpyrazin-1{6H}-one

/
O "
E e
\'Ni\
i
I/N [
223

At 0-3°C, to a solution of compound 19 (100 mg, 0.15 mmol) in DMF(10 mL) was added
6% NaH (38 mg, 0.95 mmol}, and stirred at this temperature for 30 minutes. lodomethane (123
mg, 0.87 mmol) was further added, and the reaction solution was reacted at room temperature for
30 minutes. The reaction solution was poured into water, and exiracted with ethyl acetate, the
organic phase was collected, and concentrated in vacuum under reduced pressure, and the
resulting residue was purified with silica gel column chromatography (methanol/water) to give
compound 223 (18 mg, vield 7%). [M+H] 691.2.

"H NMR (400 MHz, CD30D) & 8.61-8.54 (m, 1H), 7.96-7.89 (m, 1H), 7.85-7.79 (m, 1H),
7.78-7.71 (m, 1H), 7.62-7.56 (im, 1H), 7.47-7.39 (m, 1H), 7.24-7.17 (m, 1H), 6.91 (s, 1H), 6.77-
6.66 (m, 2H), 4.72-4.67 (m, 2H), 4.64-4.58 {m, 3H), 4.42-4.35 {m, 1H), 4.27-4.19 (m, 1H}, 3.68
(s, 3H), 3.54-3.47 (m, 1H), 3.34 (s, 3H), 3.14 (s, 3H), 3.07-2.96 (m, 2H), 2.78-2.71 {m, ZH),
2.67-2.59 (m, 3H), 2.59-2.51 (m, 1H), 2.43-2.34 (m, 1H), 2.14-2.05 (m, 1H), 1.29 (s, 6H), 0.93-
0.90 (m, 3H).

Compound 228

| | | /.
G\}?/N ] OH(,\N { 0“\\‘:’“? j:o (\»N@
S | Ny S ® e
ZN O P =N O
SN

Z

Yo, N e, ]
Cl [8 7
X g
o] [8)
18 228

At 0-3°C, to a solution of compound 19 (200 mg, 0.30 mmol} in DMF{1( mL) was added
60% NaH (38 mg, 0.95 mmol}, and stirred at this temperature for 30 minutes. lodomethane (111
mg, 0.78 mmol) was further added, and the reaction solution was reacted at room temperature for
30 minutes. The reaction solution was poured into water, and exiracted with ethyl acetate, the
organic phase was collected, and concentrated in vacuum under reduced pressure, and the
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resulting residue was purified with silica gel column chromatography (methanol/water) to give
compound 228 (45 mg, vield 9%). [M+H] 677.3.

"H NMR (400 MHz, CD30D) 6 8.74-8.68 (m, 1H), 8.55-8.49 (m, 1H), 7.98-7.89 (m, 1H),
7.57-7.51 (m, 1H), 7.43-7.39 (m, 1H), 7.37-7.32 (m, 1H}, 7.22-7.14 (m, 1H), 7.01-6.95 (m, 1H),
6.91 (s, 1H), 6.79-6.71 (m, 1H), 4.70-4.65 {m, 2H), 4.63-4.55 (m, 2H), 4.42-4.34 (m, 1H), 4.28-
4.21 (m, 1H}, 3.68 (s, 3H), 3.51-3.44 (m, ZH), 3.11 (s, 3H), 3.09-2.98 (m, 2H), 2.76-2.69 (m, ZH),
2.63-2.58 (m, 2H), 2.56-2.50 (1, 1H), 2.49-2.38 (m, 2H), 2.23-2.15 (m, 1H), 1.27 (s, 6H), 0.97-
0.91 (m, 3H).

Example 2 Determination of Biochemical BTK
i. Reagenis and materials

BTK recomwbinant protein: Invitrogeu, Cat# PV3363;

Z-LYTE® kinasc test kit-tyrosine 1 peptide: Invitrogen, Cat# PV3190;

384-well low-flange black flat-bottomed polystyrene NBS microplate, no lid, no
sterilization: Corning, Cat# 3575;

96-well polystyrene conical-bottomed MicroWell™ plate, sealed with a lid: Thermo
Scientific™ Nunce™, Cat# 277143,

Envision mulii-mode plate reader: PerkinElmer;

Mixmate® shaker: Eppendorf;

T8-2102 shaking incubator: TENSUC;

2. Methods

2'-LYTE® biochemical assay employs a fluorescence resonance energy transfer (FRET) -
based, coupled-enzyme format and is based on the differential sensitivity of phosphorylated and
non-phosphorylated peptides to proteolytic cleavage. Both ends of the short peptide substrate are
labeled with two fluorescent groups to form a FRET paired combination. In the priroary reaction
(the Kinase Reaction), the kinase transfers the v-phosphate of ATP to a single serine or threonine
residne on the short peptide substrate. In the secondary reaction (the development reaction), the
non-phosphorylated short peptides were recognized and cleaved by a site-specific protease (the
development reagent). Phosphorylated short peptides can resist such cleavage. Cleavage of short
peptides can disrupt the donor (such as coumarin) and receptor fluorophores (fluorescein) on the
short peptides, while the phosphorylated short peptides can maintain FRET. The calculation
method of the ratio is as follows, and the ratio of the respective emission signals generated by the
donor fluorophores emitted {after excitation at 400 nm) to the receptors is calculated. Emission
stgnal ratio = emitted light by coumarin (445 nm)/emitted light by fluorescein (520 nm). If the
FRET short peptide is phosphorylated {such as no kinase inhibitor), the emitted light ratio will
remain in a lower level. If the FRET short peptide is non-phosphorylated (such as kinase
inhibitor), the emitted light ratio will be in a higher level. In this way, the inhibitory effects of
different compound inhibitors on BTK kinase activity would be distinguished.

The experiment were carried out according to the instructions of the Z'-LYTE®™ kinase test
kit-tyrosine I peptide. Reagent preparation: 1.33 = kinase buffer: 5 » kinase buffer was diluted
with water to 1.33 x kinase buffer; an cuzyme solution: the kinase was dissolved in 1.33 x kinase
buffer with the final working concentration being 3.32 nM; a shert peptide solution: a short
peptide stock solution (1 mM dissolved in DMSGO) was dissolved in 1.33 x kinase buffer with the
final working concentration being 2 uM; Z-LYTE Tyr01 phosphorylated short peptide solution,
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0.6 ul of stock solution (! mM dissolved in DMSO) was dissolved in 149.4 ul of 1.33 x kinase
buffer; an ATP solution: an ATP stock solution (10 mM agueous solution) was dissolved in 1.33
x kinase buffer with the final working concentration being 32 uM; a color-developing solation:
color-developing solution B was dissolved in color-developing buffer with the final working
conceniration being | x color-developing solution; 4 » compound preparation: the compound
was diluted in 3-fold gradient concentration to finally obtain 4% DMSO aquecus solution
containing different concentrations of the compound, with the final working concentration being
3000, 1000, 333.33, 111,11, 37.04, 12.35, 4,12, 1.37 oM, 8 concentration points in total.

Specific steps of the experiment: In the experiment, there were three control groups, each
with 8§ replicate wells, which were (1 100% inhibition group (no ATP), C2 0% inhibition group
{(with ATP), and C3 100% phosphorylation group, respectively. 2.5 ul of serially dituted
compound was added to each well of a 384-well plate, with double replicate wells, and 4%
DMSO solution was added to wells C1, C2, and C3, Afier that, except for wells C3, 2.5 pl of
BTK enzyme solntion was added to ecach remaining well, which was left to stand at 4°C for 30
minutes. After that, except for wells C3, 2.5 ul of short peptide solution was added to each well,
and 5 ul of phosphorylated short peptide solution was added to each of wells C3. 2.5 pl of 1.33x
kinase buffer was added to cach of wells C1 and C3, and 2.5 ul of ATP solution was added to
each of the remaining wells. The wells were centrifuged transiently, and the plate was shaken at
1600 rpm for 30 seconds to perform transient centrifuge. The 384-well plate was placed in a
shaking mcubator protected from light and incubated at room temperature for 1 hour. After the
enzymatic reaction was completed, 5 ul of development solution was added to each well, which
was centrifuged transiently, and the plate was shaken at 1000 rpm for 30 seconds to perform
transient centrifuge. The 384-well plate was placed in a shaking incubator protected from light
and incubated at room temperature for 1 hour until the color-developing reaction was completed.
3. Detection

After the development reaction was completed, the 384-well plate was taken out to
perform plate reading using the Envision multi-mode plate reader, and the optical signal was
detected at the emission wavelength of 405 nm and the excitation wavelength of 460 nm/S35 nm.
The reading value at 460 nm/535 nm of each well was used as the signal value of each well.
4. Calculation

The average signal value of C3 was regarded as 100% phosphorylation, the average signal
value of C1 was regarded as 0% phosphorylation, and the average signal value of C2 was used to
calenlate the phosphorylation ratio of short peptides in the presence of BTK kinase. According to
the signal value in each well, the inhibition ratio (%) of cach concentration of compounds was
calculated, and the 205 model in XL-Fit 5.3 software (ID Business Solutions Limited) was used
to obtain an 1Cse value,

The phosphorylation ratio is calculated as follows:
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Phosphorylation ratio (%) = 100-100 x [{emission signal ratio X Fipeu)-Creon )/ {{Cav, -
Ciooee) + [emission signal ratio X (Fioo - Foe)l}
wheren, the emission signal ratio = coumarin emission signal (460 nm)/fluorescein
emission signal (535 nm); Cipgn, = average value of coumarin emission signal in C3; Cge, =

5 average value of coumarin emission signal in CI; Fige, = average value of fluorescein emission
signal in C3; Fgo, = average value of fluorescein emission signal in C1.
The inhibition ratio is calcalated as follows:
Tnhibition ratio (%) = 100 x (phosphorylation ratio in C2 - phosphorylation ratio in testing
well)/phosphorylation ratio in C2
16 8. Testvresults
Compound | ICs Compound | ICsp Compound | ICs Compound | ICsp
Ne. {ul) Na. {uM) N, {uh) Ne. {pM)
0.035 21 (.008 42 0.269 61 0.004

2 0.009 22 0.010 43 0.009 2 0.021
3 $.224 23 0.044 44 0.022 63 0.008
4 0.756 24 0.003 45 0.011 64 $4.020
5 0.009 25 0.008 46 (.008 65 0.014
6 $.002 26 0.067 47 $.003 66 3.011
7 <0.001 {27 0.607 43 $.004 67 0.082
8 0.012 28 $.603 49 .606 68 (.005
9 <0001 2 0.008 50 0.024 69 $.007
10 0.018 30 0.009 51 0.01 70 0.010
11 $.106 31 (5.609 52 0.018 71 6.606
13 - 32 (0.017 53 6.033 72 0.058
14 (0.051 33 0.025 54 0.015 73 G216
15 0.017 34 0.005 55 0.619 74 6.017
16 - 35 0.017 56 0.020 75 0.011
17 - 36 0.031 57 0.006 76 (.123
18 8.004 37 0.132 58 0.008 77 3.441
19 0.008 40 >3 59 $.0665 78 0.008
20 0.027 41 0.612 60 0.004 79 < 0.001
&0 $.005 12 0.230 38 <0.001 |39 0.024
81 (.008 120 3.008 159 6.006 1598 6.604
82 0.006 121 0.023 160 0.003 199 6.008
83 0.013 122 <0.001 | 161 0.004 200 0.004
84 0.009 123 0.013 162 4,001 201 (.005
85 0.011 124 0.006 163 0.0608 202 (3.008
86 0.016 125 0.033 164 0.012 203 < 0.001
&7 0.011 126 0.026 165 0.004 204 0.011
&8 $.134 127 0.010 166 0.035 205 0.015
89 4.011 130 (.316 167 0.016 206 0.013
90 0.026 131 2.007 168 0.028 207 0.011
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91 0.017 132 0.051 169 0.060 208 0.004
92 8.010 133 0.033 170 (3.018 209 $.011
93 $.049 134 0.059 171 0.013 210 0.021
94 0.007 135 0.008 172 0.041 211 0.017
95 0.010 136 0.004 173 0.080 212 0.010
96 4.007 137 {(3.006 17 0.002 213 0.015
97 (.009 138 0.218 i75 0.071 214 0.031
98 1.269% 139 0.039 176 0.003 215 0.031
99 0.006 140 < 0.001 77 0.006 216 0.011
100 0.005 141 0.014 178 {3.006 217 $3.008
101 0.006 142 0.051 179 (.019 218 0.006
102 0.011 143 0.004 180 0.016 219 0.004
103 >3 144 0.018 181 0.012 220 0.005
104 $.010 145 (.033 182 0.008 221 0.008
105 0.067 146 0.624 183 0.025 222 0.008
106 0.012 147 1.563 184 0.077 223 >3
107 0.012 148 0.112 185 0.013 224 0.009
108 8.007 149 0.019 186 (.014 225 (0.011
109 0.020 150 0.012 187 (.014 226 0.017
110 $.002 151 0.002 188 0.041 227 $.008
111 0.008 152 0.353 189 0.039 228 0.171
112 0.005 153 0.117 190 0.029 229 6.012
114 >3 154 3.008 191 0.011 230 0.029
115 0.012 155 0.122 192 0.069 231 0.005
116 0.010 156 0.006 193 0.012 232 0.012
117 0.004 157 0.016 194 0.065 233 0.040
118 8.005 158 0.194 195 (.038 234 (4.032
119 0.007 196 (.002 235 0.022
197 0.066 236 0.024
Example 3
Determination of phosphorylated BTK in Ramos cells
i. Reagents and materials
5 Ramos cells: Ramos cells were purchased from American Standard Biological Collection

10

Center ATCC Cell Bank, PRMI 1640 mediom countaining L-glutamine, 1.5 g/l of sodium

bicarbonate, 2.383 g/l of HEPES solution, 0.11 g/L of sodium pyravate and 4.5 g/L of glucose

was used, added 10% fetal bovine serum FBS, and placed in a 5% CO,, 37°C cell incubator for

normal culture;

PRMI 1640 mediur: GIBCO, Cat# A10491-01;

Fetal bovine serum (FBS): GIBCO, Cat# 100100-147;

Hank’s balanced salt solution (HBSS): GIBCO, Cat# 14025-092,

Immunoglobulin M (IgM): Jackson Immune, Cat# 109-006-129;

3% hydrogen peroxide (3% HOp): Rigma, Cat# 88597-100ML-F;
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Phosphorylated BTK HTRF detection kit (BTK phospho-Y223 HTRF kit): Cisbio, Cat#
63ADKO17PEH;

Microwell plate reader: Envision, Perkin Elmer;

384-well plate CulturPlate TM384: Perkin Elmer, Cat# 6007680

96-well plate: Corning, Cat# 3799,
2. Methods

Ramos cells were starved in PRMI 1640 medium with 1% FBS for 2 hours. The starved
Ramos cells were diluted with Hank’s balanced salt solution to 5.0 x 10° cells/ml, seeded in a 96-
well plate with 20 pL/well (1.0 x 10° cells/well), and cultured in a 3% CO,, 37°C cell incubator,
After culturing for ! hour, the test compound was diluted with Hank’s balanced salt solution in
4-fold gradient to the corresponding concentrations, and then 5 pl/well of the diluted test
compound with different concentrations (the final concentrations of the test compound were 3.0,
0.75, 0.188, 0.047, 0.012, 0.0029, 0.0007 and 0.00018 pM, and the final concentration of DMSO
was 0.3%, double replicate wells) or 5 pl/well of control solution (1.5% DMSQO, § replicate
wells) were added to 20 pl/well of cell culture system, which incubated together for another
hour, then 5 uL/well of a mixed solution of human tomunoglobuliv M (final concentration was
10 ug/mL) and hydrogen peroxide (final concentration was 3.3 mM) diluted with Hank’s
balanced salt solution was added to the treating wells for the test compound and the control
treating wells for anti-human immunoglobulin M, and 5 pl/well of Hank’s balanced salt solution
was added to negative control treating wells. The plate was incubated in a 5% CO,, 37°C cell
incubator for 10 minutes.

16 pl/well of cell lysis buffer was added to each well of a 96-well plate, which was mixed
well and lysed at room temperature for 30 minutes. 16 uL/well of lysis buffer was pipetted to a
new 384 well plate, and then added 4 plL/well of phosphorylated BTK antibody, centrifuged
(1000 rpm) for 1 minuie, then shaken for 1 minute, further centrifuged (1000 rpm) for T minute,
and finally placed in a constant temperature incubator overnight, Detection was performed on the
next day,
3.  Detection

The 384 well plate incubated overnight in the constant temperature incubator was taken
out to detect the luminescence signal using the Envision microwell plate reader at the cmission
wavelength of 320nm and excitation wavelength of 665nm/615nm. The reading value at
665nm/615nm of each well multiplied by 10" was used as the signal vatue of each well.
4. Calculation

The average signal value of the wells supplemented with the mixed solution of human
tmmunoglobulin M (final concentration was 10 pg/mb) and hydrogen peroxide (final
concentration was 3.3 mM} without the test compound was regarded as the high value, and the
average signal value of the wells without immunoglobulin M stimulation and without the test
compound was regarded as the low value. According to the signal value in each well, the
inhibition ratio (%) of each concentration of compounds was calculated, and the 205 model in
X1.-Fit 5.3 software (1D Business Solutions Limited) was used to obtain an ICsg value,

The inhibition ratio is calculated as follows:
inhtbition ratio (%) = 100% - {(treating well for the test compound - negative control treating
well)/{control treating well for anti-human immunoglobulin M - negative control treating well}}
% 100%, wherein,
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Treating well for the test compound: represents the signal value of Ramos cells treated
with anti-human immunogiobulin M, hydrogen peroxide and the test compound.

Control treating well for anti-human immuonoglobulin M: represents the signal value of
Ramos cells treated with anti-human vnmunoglobulin M, hydrogen peroxide but without the test
compound.

Negative contro} treating well: represents the signal value of Ramos cells without the test
compound and without immunoglobulin stimulation.

5.  Test resulis

Compound | {Cs Compound | ICs Compound | s Compound | ICsp
Nao. (M) Mo. {pM) No. {uM) No. {(uM)
i 0.005 21 0.015 42 0.341 61 0.002
2 0.010 {22 0.018 43 0.002 62 0.003
3 0.339 123 0.030 44 0.018 63 0.005
4 0480 {24 0.014 43 (1.005 64 3.010
5 0.002 125 $.024 46 0.005 65 0.002
6 0.002 {26 0.007 47 0.003 66 0.002
7 0.003 27 0.001 48 0.006 67 0.060
8 0.002 28 0.002 49 0.001 68 0.002
0.004 {29 0.030 50 0.002 69 0.002
10 0.010 {30 0.008 51 0.008 70 0.002
11 0.155 31 $.006 52 (¢.018 71 (1.006
13 0.001 32 $.030 53 0.025 72 0.097
14 0014 |33 (.026 54 ¢.616 73 3.116
15 0.012 34 0.010 55 0.008 74 0.011
16 0.002 35 0.006 56 0.024 75 0.007
17 0.004 |36 6.012 57 0.003 76 0.060
18 0.004 |37 0.011 38 0.004 77 0.132
19 0,004 140 >3 59 0.001 78 0.003
2 0.017 {41 0.002 60 0.003 79 0.002
36 $.002 12 0.013 38 - 39 (.603
81 (.802 120 (0.005 159 (.026 198 (.012
32 $.002 121 $4.021 160 ¢.611 199 (4.025
83 0.013 122 0.007 161 0.007 200 0.021
R4 0.011 123 0.009 162 0.006 201 0.008
85 0.002 124 6.007 163 0.034 202 0.017
86 0.006 125 0.021 164 0.023 203 0.007
87 0.003 126 0.020 165 0.031 204 0.007
88 - 127 0.018 166 0.121 205 0.015
89 0.008 128 - 167 ¢.012 206 0.607
90 (.807 129 - 168 0,020 207 (.008
91 0.004 130 - 169 0.030 208 0.004
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92 0.007 131 - 170 0.016 209 0.005
93 (.046 132 (.028 171 0.011 210 .019
94 0.002 133 0.013 172 0.011 211 0.020
95 0.003 134 $.054 173 0.028 212 0.011
96 0.005 135 0.005 174 0.044 213 0.015
97 0.003 136 0.005 175 0.040 214 0.024
98 - 137 0.004 176 0.016 215 0.051
99 0.004 138 - 177 0.021 216 0.007
160 0.002 139 0.011 178 $.012 217 .010
101 0.002 140 (3.011 179 (4.070 218 0.012
162 0.002 141 0.013 180 0.084 219 0.011
103 - 142 0.060 181 0.038 220 0.016
104 0.006 143 0.005 182 0.034 221 0.012
105 0.011 144 0.038 183 0.067 222 0.008
106 0.001 145 0.016 184 0.080 223 -
167 0.002 146 - 185 0.013 224 0.007
108 0.001 147 - 186 (.010 225 (.009
169 .004 148 - 187 (.028 226 0.011
110 0.002 149 0.008 188 0.039 227 0.005
111 0.002 150 0.012 189 0.051 228 (.139
112 0.003 151 $.028 190 0.040 229 0.010
113 - 152 - 191 0.010 230 0.020
114 - 153 - 192 0.016 231 0.004
115 0.010 154 0.013 193 0.006 232 0.008
116 8.011 153 - 194 - 233 0.008
117 8.007 156 $.012 195 - 234 .010
118 (.001 157 (.025 196 (4.007 235 .013
119 0.002 158 - 197 - 236 0.004
Example 4 Determination of B cell activity in whole blood of rats

. Reagenis and materials

Peripheral whole blood of female Wistar rats;

phosphaie buffer PBS: GIBCO, Cat# C20012500BT;

anti-rat B220PE antibody (PE anti-rat B220); ¢Bioscience, Cat# 12-0460-82;

anti-rat CD86 FITC antibody (FITC anti-rat CD86): eBioscience, Cat# 11-0860-82;

10 times lysis buffer (10 x lysis buffer): BD Biosciences, Cat# 555899;

fixation buffer (IC fixation buffer): Invitrogen, Cat# 00-8222-49;

96 well U-shaped bottom plate: Nunc, Cat#f 163320;

96 well V-shaped bottom plate: Nune, Cat# 49952;

dimethyl sulfoxide (BMSO): Sigma-Aldrich, Cat# 34869-41;

anti-rat immmunoglobulin D {Mouse Anti-rat 1gD3): Bio-rad, Catif MCA190;

flow cytometer: BD FACS Canto 11, BD.
2. Methods
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In the determination of the compound activity, the collected peripheral whole blood of rat
was added to a 96 well plate at 80 pl/well and cultured in a 5% COy, 37°C cell incubator. After
half an hour, the test compound was difuted with PBS 10 a 3-fold gradient to the correspounding
concentrations, and then the diluted test compound with different concentrations was added to
the culture system of rat whole blood at 10 pL/well (the final concentration of the test compound
was 1.0, .33, 0.11, 0.037, 0.012, 0.0041, 0.0014, and 0.0005 pM, the final concentration of
DMSO was 0.3%, double replicate wells), or the control solution (0.3% DMSQO, 6 replicate wells)
was added to the corresponding well at 10 ul/well, which were incubated in the cell incubator
for one hour, Then 10 pL/well of anti-rat immunoglobulin D diluted in PBS (the final
concentration was 10 pug/mb) was add to the treating wells of the test compound and control
wells for anti-rat immunoglobulin D, or 10 pL/well of PBS was added to the negative control
wells, which were mixed well to continue the culture in a 5% CO,, 37°C cell incubator, and
incubated for 18 hours.

On the second day, the 96-well plates were taken out and the flow cytometry antibody
mixture {the final concentration of anti-rat B220PE antibody was 1 pg/ml. and the {inal
counceniration of anti~rat CD86 FITC antibody was 1 ug/ml) diluted with PBS was added to each
well of plate, which were incubated for 30 minutes in the dark, and then 50 uL of blood from
cach well was pipetted to the freshly prepared 500 ub of lysis buffer to lyse red blood cells. The
plates were shaken for 20 minutes, centrifuged to remove the supernatant, then washed, fixed,
and detected on a flow cylometer.

3.  Detection
The B cell activation in the sample was determined by flow dyeing method.
4.  Calculation
The average value of the proportion of activated B cells in the wells with anti-rat
fmmunoglobulin D but without the test compound was used as the control treating well for anti-
rat immunoglobulin D, and the average value of the proportion of activated B cells in the wells
without immunoglobulin D stimulation and without the test compound was used as the negative
control treating well. According to the B cell activation ratio in each well, the inhibition ratio (%)
of each concentration was caleulated, and then the ICsg value was obtained by using the 205
model in XL-Fit 5.3 softwarc (ID Business Solations Limited).
The inhibition ratio is calenlated as follows:
inhibition ratio (%) = 100% - {{treating well for the test compound - negative control treating
well)/(control treating well for anti-rat immunoglobulin I - negative control ireating well}} x
100%, wherein,

Treating well for the test compound: represents the B cell activation ratio in rat whole
blood treated with anti-rat immunoglobulin D and the test compound.

Control treating well for anti-rat immunogiobalin D: represents the B cell activation
ratio in rat whole blood treated with anti-rat immunoglobulin D but without the test compound.

Negative control treating well: represents the B celi activation ratio in rat whole biood
without the test compound and without immunoglobulin stimnlation.

Through the above-mentioned test, the compound of the present invention has a potency to
inhibit B cell activation in rat whole blood.
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Compound | 1Cs Compound | ICs Compound | 1Cs Compound | 1Cs
Mo, {uM) No, {(#M) No., (M) No. (M)
2 0.054 21 $.024 31 0.093 60 0.034
5 0.002 22 0.034 43 0.052 63 0.044
8 0.017 23 0.277 43 0.026 64 0.052
13 0.005 24 0.085 49 0.010 71 0.092
16 0.008 25 0.029 50 0.084 75 0.085
17 0.026 26 0.019 57 0.021 78 0.041
19 0.003 27 0.005 58 0.006 79 0.006
29 0.462 28 0.078 59 0.019

Example § Stability test in liver microsomes
1.  Experiment materials:

Both male CD-1 mouse pooled liver microsomes and male 8D rat pooled liver microsomes
were purchased from BioreclamationIVT Corporation, USA.

Phenacetin, ghucose-6-phosphate dehydrogenase (G-6-PDH) and nicotinamide adenine
dinucleotide phosphate (NADP) were all purchased from Sigma-Aldrich Corporation, USA.
Glucose-6-phosphate (G-6-P) was purchased from Shanghai Eybridge Chemical Techuology Co.,
Lid.

2. Solution preparation:

Ten mM test compound stock solution: a certain amount of test compound was weighed,
and dissolved with an appropriate volume of BMSO to prepare a stock solution with a
concentration of 10mM for use.

Reaction stopping solation: an appropriate amount of internal standard compound
phenacetin was dissolved in acetonitrile to prepare a reaction stopping solution with a
concentration of 1000 ng/mL for use at room temperature.

3.  Experhment method:

The test compound stock solution was diluted with an organic solvent (usually a mixture of
acetonitrile, methanol and water with various ratios, depending on the solubility of the
compound, if necessary, 1 N hydrochloric actd or 1 N sodinm hydroxide would be added to
facilitate solubilization) to the 8.1 mM (the final concentration of the compound in the reaction
system was | uM} and the concentration percentage of the organic solvents in the incubation
system 1o more than 1% (wherein the percentage of DMSO was required {o be no more than
0.19%). An appropriate amount of 100 mM NADP, 500 mM G-6-P and 100 Unit/mL G-6-PDH
were mixed and diluted with ultrapure water {the final system contains 1 mM NADP, 5 mM G-6-
P and 1 Unit/ml G-6-PDH), pre-incubated in a 37°C water bath for 10 minutes and then placed
on ice for use as a NADPH regeneration solution. 20 mg/mb liver microsomes solution and 200
mM phesphate butfer was mixed, and diluted with ultrapure water to give a liver microsomes
solution containing 2.5 mg/mL liver microsomes (the final concentration of the reaction system
is 0.5 mg/mL) and 50 mM phosphate buffer. The dituted liver microsomes solution was mixed
with 0.1 mM compound solution, a mixture of 100 mM EDTA, 360 mM MgCl, solution, 200
mM phosphate buffer (the final system was 3 mM MgCly, | mM EDTA and 50 mM phosphate
buffer) and water in an appropriate volume was added. Finally, the NADPH regeneration
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solution was added, then the reaction solution was placed in a 37°C water bath to start the
reaction {the reaction time was 30 minutes), and the reaction was stopped by adding the ice-cold
acetonitrile reaction stopping sofution containing the internal standard. The 0-minute sample was
not incubated in a 37°C water bath, and its difference from the 30-minute sample further lies in
that the ice-cold acetonitrile reaction stopping solution containing the internal standard was
added first, and then the NADPH regeneration solution was added. The sample added with the
reaction stopping internal standard solution was vortexed and mixed well, and then centrifuged
at 4400 rpm for 10 minutes. The supernatant was taken and diluted ten times with 50% methanol
for LC-MS5/MS analysis,

4. Analysis method:

LL-MS/MS was used to determine the concentration of the compound in the sample. The
percentage of the remaining compound after 30 minutes of incubation comparing with that in the
U-minute samplc was calculated using the peak area ratio of the compound to the internal
standard as an indicator, to evaluate the metabolic stability of the compound.

Instrument: API4500, API4000 or LT Mass Spectrometer; the liquid phase is UHPLC
system { Shimadzu LC-30 AD, model Nexra X2) including ligoid delivery unit, column
thermostat, detector and autosampler; or Agilent 1200 Binary Pump serics HPLC and CTC
Autosampler.

Chromatographic column: Waters XSELECT Hss T3 Cig (2.5 um, 2.1 x 50 jm) or
CAPCELLPAK MG (5 um, 2.0 = 50 mmy

Mobile phase:

A water with 0.1% FA (formic acid) (with or without 0.1% ACN (acetonitrile))

B: acetonitrile with 0.1% FA (formic acid).

As results, the stability of the compounds 2, 9, 19, 22, 34, 44, 56, 58, 63, 64, 74, 75, 78, 79
of the present invention in rat & mouse liver microsommes is better than that of the reference
GDC-0853,

Compound | pyars | Mpmes | SOOI By | s
Ne. Xo.

GDC - 0853 | 810% | 76.3% | 38 ~100% | 97.1%
2 089%  [905% |63 §9.6% | 85.8%
5 R9.5% 195.7% |64 97.1% | 95.6%
9 537% | 918% |72 §7.7% | 97.5%
37 56% | 834% |73 R40% | 83.0%
34 T100% | §9.5% | 78 GTR% | 83.4%
44 57.1%  |93.1% |79 ~160% | ~ 100%
56 93.7% | 89.5%

*RLM, rat liver microsomes.
**MELM, mouse liver microsomes,

Example 6 Study on in vive pharmacokinetics in mice
1.  Experiment materials:
Sohatol H515 was purchased from BASF, Germany, ethanol (anhydrous) was purchased
from Nanjing Chemical Reagent Co., Lid., physiological saline was purchased from Huaayu
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{Wuxi} Pharmaceutical Co., Ltd., dimethyl sulfoxide (DMSO) and sodium carboxymethyl
cellulose 800 -1200 (CMC-Na) were purchased from Sinopharm Chemical Reagent Co., Ltd.

2.  Solution preparation:

Preparation of ethanol/Solutel mixed solution (1:1, v/v): taking an appropriate amount of
Solutol H515 in a centrifuge tube and placing in a 37°C water bath until dissolved, placing on the
bench top to room temperature, taking 1 mL of Solutol in a centrifuge tube containing 1 mL of
cthanol and mixing well to obtain the mixed sohution.

Preparation of the formulation for intravenous administration: accurately weighing an
appropriate amount of compound 19 powder and GDC-0853 and placing in a centrifuge tube
respectively, then adding an appropriate amount of dimethyl sulfoxide, vortexing to completely
dissolve to obtain a stock solution. Taking an appropriate amount of stock solution and placing
in a blavk centrifuge tube, adding an appropriate amount of ethanol/Solutol mixed solution
prepared in advance, vortexing, then adding an appropriate amount of physiological saline, and
mixing wel until a transparent liquid.

Preparation of the formulations for intragastric administration: accurately weighing an
appropriate amount of compound 19 powder and GDC-0853 and placing in a centrifuge tube
respectively, adding an appropriate amount of CMC-Na whose pH value was adjusted to 2.1
with hydrochioric acid, vortexing and sonicating to a uniform suspension liquid.

3.  Administration to animals and sample collection:

Male ICR mice were purchased from Shanghat Lingchang Biotechnology Co., Ltd. 18 mice
were randomly divided into intravenous adminisiration group and intragastric administration
group. The mice were fasted overnight before administration. The mice were withheld food but
allowed to access water freely within 4 hours after administration, and allowed to freely access
food and water after 4 hours. After anesthesia with isoflurane, blood was collected from the
retroorbital venous plexus and placing in an centrifuge tube containing anticoagulant, and the
cenirifuge tube was stored in an box containing wet ice until the plasma was centrifuged.

4. Sample analysis:

The plasma samples were pre-treated and then analyzed by liquid chromatography-tandem
mass spectrometry (LC-MS/MS), the instrument model was APIS500. The avalytical
chromatographic column was Waters XSELECT HSS T3 C18 colummn (50 » 2.1 mm, 2.5 pm). In
the mobile phases, deionized water containing 0.1% formic acid and 0.1% acetonitrile was used
as the aqueous phase and acetonitrile containing .1% formic acid was used as the organic phase.
The concentrations of the compound in the samples were determined as follows. Firstly, a
standard curve was established, and the peak area ratios of the compound 19 to the internal
standard in the standard curve were used as indexes. The theoretical concentrations of compound
19 and the peal area ratios of compound 19 to the internal standard were fitted with a quadratic
regression equation to obtain the regression equation. The sample concentrations were calculate
by measuring the peak area ratio of the compound of the test sample to the internal standard
according to the standard curve. The concentrations of GDC-0853 in the samples were
determined following the same procedure.

5.  Data analysis:

The pharmacokinetic parameters of compound 19 and GDC-0853 in mice were calculated
by Therme Kinetica software using the average drug concentration in plasma at each time point
by non-compartmental analysis.
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As results, the compound 19 of the present invention has a higher plasma exposure (AUCq.)

after oral adminisiration in mice, which is about 1.7 times that of the reference GDC-0853, The

average valoe of maximum plasma conceniration {Chax) of compound 19 of the present invention
is similar to that of GDBC-0833 {Cux of compound 19 is 3807 ng/mL, and C,,,, of GDC-0853 is
4063 ng/mL), but compound 19 has a longer climination half-life (T1,) (the Ty, of compound 19

15 2.7 b, and Ty of GDC-0853 is 1.5 h). The plasma concentration of compound 19 at 8h is
about 3.9-folds higher than that of GBC-0853 ( 555 ng/mL for compound 19, and 143 ng/mi for

GDC-0853), and the plasma concentration of compound 19 at 24 h can still be detected {the

average concentration is 8.5 ng/mL), but the plasma conceniration of GDC-0853 at 24 h is below

the lower limit of quantification (2.4 ng/mL}. The test results are shown in the following Table:

Compound 19 GDC-0853
Dosage (mg/kg) 10 10
AUCp. (ng/mL*h) 17806 10268
Tip(h) 2.7 1.5
Crax (ng/mL}) 3807 4063
Cgp (ng/mL) 555 143
Coan (ng/ml) 8.5 <2.4

Example 7 Evaluation of in vive efficacy of the compound of the present invention in TMDS8
subcutanesus xenograft model

Objects: To investigate the anti-tumor activity of compound 19 in TMD8 subcutaneous

xenograft model in nude mice.

Methods: Human diffuse large B-cell lymphoma celis TMDS (acquired under Heense from
Tokyo Medical and Dental University} were cultured in RPM11640 medium containing 10%
fetal bovine serum. 1 x 10 tumor cells suspended in RPMI1640 medium mixed well with
Matrigel (purchased from Corning, USA)at 1 : 1 were implanted subcutaneously on the right
flank of each male Balb/c nude mouse (Shanghai Lingchang Biotechnology Co., Ltd.), pretreated
with cyclophosphamide (at a dose of 200 mg/kg, intraperitoneal injection 24 h before cell
noculation). When the average tumor volume reached about 400 mm’, animals were randomly
assigned to the following groups with 8 animals per group according to the tumor volume:
vehicle control, positive reference compound Ibrutinib (Shanghai Tianxi Chemical Co., LTI
(30 mg/kg), reference compound GDC-0853 (10 mg/kg), compound 19 (10 mg/kg and 30
mg/kg). Ibrutinib was formulated in 0.5% sodium methylcellulose solution, and GDC-0853 and
compound 19 were prepared in 0.5% hydroxypropyl methyleellulose solution (pH = 3). All
drugs were administered by oral gavage, once a day, and the vehicle control group was
administered orally with 0.5% hydroxypropyl methylcellulose sohution (pH = 3).

Tumor volumes (tumor volume = 0.5 « long diameter x short diameter®) and body weights
of the mice were measured regularly. The tumor volume change and body weight were
statistically analyzed, with p < 0.05 considered statistically significant, and p < 0.01 as extremely
statistically significant.

The anti-tumeor activity was evaluated by tumor growth inhibition.
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Tumor growth inhibition (TG %) = 100% » (1 - (TVot (veatment group) = £ VD0 (reatment
group)) (T VDt feontrol group) - T VD0 eontrol group)))

Relative body weight (RBW%) = BWp/BW pne x 100%

wherein, TV represents the tumor volume obtained at first measurement, namely, the
tumor volume before drug administration, and TV, represents the tumor volume on the day of
measurement; BWpg represents the body weight of the animal obtained at first measurement,
nametly, the body weight of the animal before drug administration; BWyp, represents the body
weight of the animal on the day of measurerment.

Results: The experimental results were shown in Table 1 and Figure 1.

21 days after treatment, compared with the vehicle control group, ibrutinib at 50 mg/kg led
to a 42.4% reduction in tumor growth; GDC-0853 at 10 mg/kg was associated with a TGl of -
12.8%. Compound 19 of the present invention showed a dose-dependent anti-tumor efticacy
with TGls of 76.5% and 114% at 10 mg/kg and 30 mg/kg, respectively, which had extremely
significant statistical difference compared with the vehicle control group. All 8 mice in the
compound 19 (30mg/kg) treated group showed complete tumor regression (CR) on Day 21
Therefore, compound 19 exhibited statistically significant superior efficacy to Tbrutinib or GDC-
0853 at tested dose in TMD-8 model. in addition, the tumor volume changes in the two dose
groups of compound 19 had statistically significant or extremely significant difference compared
with the two refercuces, indicating that compound 19 of the present invention exhibited
significantly superior anti-tumor efficacy to the two references at the tested doses. In addition,
the tumor volume changes in the two dose groups of compound 19 had statistically significant or
extremely significant statistical difference compared with the two references, indicating that the
anti-tumor effect of compound 19 of the present invention s significantly better than that of the
two reference compounds at the tested doses. In this experiment, no body weight loss was
observed in mice regardless of treatment, indicating that all the compounds at tested doses were
well tolerated.

The results showed that compound 19 of the present invention displayed a dose-dependent
apti-tumor activity in the TMDS subcutaneouns xenografl model, and complete tumor regression
would be achievable by continuous daily dosing of compound 19 at 30 mg/kg,

Table 1 The effect of each compound on the growth of TMDS subcutaneous transplantation
xenograft model

Tumor volume {mm’) + SD Number of
animals with RBW (%)
Groups TGl (%) | rasw BW (%)
Day 0 Pay 21 CR {Day 21)
{DBay 21)
Vehicle group 403 £ 40 3229+ 1227 - - 116.0
Tbrutinib
T 397 + 42 2027 + 991 424 ] 1114
50 mg/kg
GDC-0853
v 397 4+ 46 3585 + 494 -12.8 0 115.5
10 mg/kg
) 1 v o co
Compound 191y 41 | 1065276355 | 7635 0 111.0
10 mg/kg
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Compound 19

396 + 47 TR 114 8 109.8

30 mg/kg

10

Compared with the vehicle group: ** p < 0.01; Compared with ibratinib treatment group: # p <
0.053, ## p < 0.01; Compared with GDC-0853 treatment group: 88 p < 0.01,

Example 8 Evaluation for in vive efficacy of the inhibitory effect on BTK target

Objects: B cells in mice whole blood were induced and activated by the anti-IgD antibody,
and the inhibitory effect of the compound of the present invention on B cell activation in vivo
was studied, so as to determine the inhibitory effect of the compound of the present invention on
the BTK target in vivo.

Methods: CS7TBL/6 mice (female, 18-20 g, purchased from Shanghai Lingchang
Biotechnology Co., Ltd.) were grouped according to Table 2.

Table 2 Grouping information of in vive administration

Groups

Time for
Number biood

of Yehicle coliection
animals after
administration

Vehicle

aroup 0.5% Oral gavage,

0 6 16h
10 mL/kg in

Dosage Mode of Administration Dosage
{mg/kg) adminisiration velume form

GDC-0853 20

L3

HPMC, single .
° weight

16h Solution

Compound
232

pH=3 | adwministration

o
<D
5]

36

The animals of each group were administered, then were placed in CO; for anesthesia at
designated time points, blood samples were taken {rom rats via retro-orbital bleeding, and
heparin was used for anticoagulation; 90 pL of whole blood was taken from mice of cach group,
and added to a 96 well culture plate, and anti-mouse gl antibody (BIO-RAD, Cat#f MCA4693)
was added to each well to a final concentration of 0.01 pg/ul. (respectively for the each drug-
treated group and anti-IgD antibody-inducted vehicle group); in addition, 90 uL of whole blood
of mice in the vehicle group was taken and added to the 96-well culture plate, and PBS
{phosphate buffer, GIBCO, Cat# C20012500BT) was added to each well to a final concentration
of 8.01 ug/uL (namely, the vehicle control group); Bach group was mixed well and incubated in
a 37°C/5% CQ, incubator for 4 hours. In addition, the blood of mice in the drug-treated group
was centrifuged to separate plasma for blood concentration analysis,

The cultured whole blood was added with fluorescently labeled antibodies including anti-
CD19-APC (BD Biosciences, Cat# 550992} and anti-CD69-PE (BD Biosciences, Cat# 553237),
mixed well, and incubated at room temperature in the dark for 30 minutes; 50 uL of the sample
was transferred to a 96-well deep V-shaped cultare plate containing 380 pL of fresh lysis buffer
(BD Biosciences, Cat# 555899), shaken, and placed at room temperature in the dark for 15
minutes to remove red blood cells; which was added with 400 L of FACS buffer (2%FBS/PBS,
FBS: fetal bovine serum, GIBCO, Cat# 100100-147; PBS: GIBCO, Cat# C200125008T),
centrifuged at 1200 rpm at 4°C for § minutes; the supernatant was removed, the cell clumps were
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washed twice with FACS buffer, and cenirifuged; then the cells were resuspended with 400 pl
of FACS buffer, the expression of CD69+ in (D 19+ positive cells (B cells) was detected using
BD FACS LSRFortessa flow cytometer and the data was analyzed.

Calculation for B cell activation ratio;

B cell activation ratio = percentage of CD69'CD19" double positive B cells/percentage of
CD19" single positive B cells
Calculation for inhibition ratio;

Inhibition ratio = (percentage of B cell activation ratio in anti-IgD antibody-induced
vehicle group-percentage of B cell activation ratio in drug-treated group)/(percentage of B cell
activation ratio in anti-Igl} antibody-induced vehicle group-percentage of B cell activation ratio
in vehicle control group) x 100%

All data are represented by mean + standard error. For the comparison between each drog-
treated group and the anti-IgD antibody-induced vehicle group, p valuc was calculated by
Graphpad Prism using one-way ANOVA analysis of variance and Dunnett's test, and for the
comparison between each drug-treated group, p value was caleulated by using unpaired t test.

Resnits: The experimental resolts are shown in Figure 2 and Table 3.

In this experiment, after 16 hours of adminisiration, the inhibition ratio of GDC-0853 20
mg/kg on B cell activation is 9%. The inhibition ratio of the compound 232 of the present
invention at a dose of 20 mg/kg on B cell activation is 89%, which has a significantly statistical
difference compared with the anti-1gD antibody-induced vehicle group.

Table 3 Effect of in vive administration on anti-IgD antibody-induced B cell activation in mice
whole blood

B cell activation
Drug

ratio {the o o
Inkibition conceniratio

Posage Time
(mg/kg) ()

proportion of
activated B cells
to total B cells)

Groups : .
P ratio (%) ninplasma

{ng/ml.)

Vehicle control group 16 5.6+ 0.6 100% /
Anti-IgD antibody-

16 31.7£227 0% /
inducted vehicle group )
GDC-0853 20 16 293467 9% 5.01 £2.26
Compound 232 20 16 84+1977% 89% 762 +41.7

#iH#H represents p < 0.0001 compared with the vehicle control group;
**% represents p < 0.001 compared with the anti-IgD antibody-induced vehicle group;
& represents p < (.05 compared with the reference GDC-0853-treated group.

According to the above-mentioned method, the mnhibitory effect on BTK target in vivo was
further measured between compound 19 and compound 176 (referred to “reference compound
176”) in PCT patent application WO 2013067274, and grouping was performed according to
table 4 below.

Table 4 Grouping information of in vivo administration
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Time for
i} . blood
Number Mode of Administ .
\ [Bosage . L . collection Bosage
Groups L of Vehicle | admipistrat |  ration .
{mg/kg) . . after form
- animals ion volume . .
administra
tion
Vehicle ,
- 0 6 , 16 h -
roup Oral
Reference 0.5% gAVagE, .
i ) gavage, 10 mL/kg i
compound 5 3 HPMC, single ) i 16h Solution
e Ly - | i weight
176 pH =13 | administrati
Compound on v .
1})9 5 3 16h Solution

Results: The experimental results are shown in Figure 3 and Table 5.

In this cxperiment, after 16 hours of admuinistration, the inhibition ratio of reference
compound 176 at a dose of 5 mg/kg on B cell activation is 48%; The inhibition ratio of the

compound 19 of the present inveuntion at a dose of § mg/kg on B cell activation is 80%, which
has a remarkable statistical difference compared with the anti-IgD antibody-induced vehicle

group.

Table 5 Effect of in vivo administration on anti-IgD antibody-induced B cell activation in mice

whole blood

B cell activation

Groups Posage Time  ratio {the proportion Inhibition
{mg/kg) {h) of activated B cells ratio (%)
to total B cells)
Vehicle control group / 16 5.0+£0.5 100%
Anti-IgD agtibedy—inducted / 06 g4 17 0%
vehicle group

Compound 19 5 16 83x1.277 80%
Reference compound 176 5 16 13.9+06 & 48%

#it#H# represents p < 0.0001 compared with the vehicle conirol group;
** represents p < 0.01 compared with the anti-lgD antibody-induced vehicle group;
*HE¥ represents p < 0.0001 compared with the anti-IgD antibody-indunced vehicle group;

& represents p < .05 compared with compound 19-treated group.

Example 9 Therapeutic effect of the compound of the present inveniion on a rat arthritis
meodel induced by type I collagen

Study methods

An appropriate amount of bovine type H collagen (CI1, Chondrex (Redmond, WA, USA),
Cat #20021) was weighed and dissolved in 0.1 mole of acetic acid (SPGC Sinopharm Chemical
222




193]

16

]
Wh

30

WO 2021/164735 PCT/CN2021/076869
Reagent Co., Ltd (Shanghai, P.R.China), Cat#: 10000218.), which was formulated into a solution
with a concentration of 6 mg/mL, stirred at 4°C overnight, and added with an equal volume of
Freund’s incomplete adjuvant (Sigma-Aldrich. {St. Louis, MO, USA), Cat#: SLBW0366.), fully
emulsified to prepare an emulsion with a CII concentration of 3 mg/mL.

Female Lewis rats were purchased from Beijing Vital River Laboratory Animal Technology
Co., Ltd (certificate number 1100111911070522, initial body weight of 110-130 grams), and 3
rats were randomly selected as normal group, and the remaining rats were grouped according to
the following table. In the first immunization on day 0, the rats except that in the normal group
were ancsthetized with isoflurane (Hebet Yipin Pharmaceutical Co., Ltd., Lot: C002170601.),
and then disinfected with 75% alcohol. 0.2 mL of emulsion was injected intradermally at the
base of the tail thereof. A second challenge was carried out on day 7, and 0.2 mL of emulsion

was intraderually injected using the same method.
Table 6 Grouping Information of modching administration

Normal group

Vehicle control group 0 mg/kg
GDC-0853-4 4 mp/kg
Compound 19-0.06 Day 0 and 0.06 mg/kg A ) )
- Day 7, 600 — Once a day, from| 8ratsin  {0.5% HPMC-
Compound 19-0.25 0.25 mg/kg v
pg CII Day 0 to Day 19 | each group {Na pH 3
Compound 19-1 HIFA 1 mg/kg
Compound 19-4 4mgkg
Compound 19-16 16 mg/kg

After grouping and modeling, the normal group was not administered, and the rats in the
other groups were administered with the control vehicle, 4 mg/kg of the reference GDC-0853,
and each dose of compound 19 orally once a day until the end of the experiment. Grouping and
dosage regimen are shown in Table 6,

The paw volume was measured on day 8 after immunization, and the left and right hind paw
volumes (V) were measured every day after the paw volume increase was detected.

The arthrosis paw volumes of the left and right hind limbs of each animal were measured,
and the average paw volume (APV, which shows the swelling change of the paw of the animal)
was calculated according to the following formula:

Average paw volume APV = (Viea + Vg )/2

Effect of drugs on the average paw volame was subjected to significance analysis by
GraphPad with repeated measure ANOVA and Dunnett's multiple comparisons {est, and the p
value was calculated, wherein "p < 0.01 indicated that there was a significant difference
compared with the normal group, and **p < 0.01 indicated that there was a significant difference
compared with the vehicle control group.

The average arthrosis paw volume of cach animal before administration was used as the
bascline (or considered 100% inhibition of inflammation}. The averaged paw swelling (APS) of
cach animal is calculated according to the following formula, wherein, APV is the average paw
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volume of the animal administered on day 1, and APV is the average paw volume of the animal
administered on day t:

The averaged paw swelling APSy = (APVy -APVa)

The area under the curve (AUC) of the average paw volame change is the area under the
curve of the arthrosis score change calculated by the trapezoid method, and the calculation
formula is:

AUCsaw votume = 1/2 % {(APSy; + APSgp) ¥ {dy-di) + 172 x (APSg + APSg) x (ds-dp) +...... +1/2 %
(APSg + APSyp.ry) X (da-dnoy)

EDsg is calculated by XLAit software according to the AUC inhibition ratio of the arca under
the curve of the average paw volume change. The selected model is *“log (inhibitor) vs. response
- YVariable slope™

Resuits

Lewis rats started to develop symptoms on day 11 after the first immunization with bovine
type Il collagen, and the paw volume of the right hind limb gradually increased with the
developing of course of the disease. The paw volume increase of the rat in the vehicle control
group was compared with that in the normal group, there was a statistically significant difference
(""p < 0.01). The paw volume of the rat with GDC-0853 was significantly reduced (**p < 0.01)
compared with that in the vehicle control group. Oral administration of 0.06, 0.25, 1, 4 and 16
mg/kg QD of compound 19 solution once a day dose-dependently inhibited paw swelling, and
the inhibition ratios of area under the curve were 58.8%, 91.3%, 95.9%. 93.2% and 97.5%,
respectively; The minimum effective dose was (.06 mg/kg/day, with EDsp < 0.06 mg/kg/day,
EDogg = 0.26 mg/kg. 0.25 mg/kg/day of compound 19 {inhibition ratic of area under the curve
was 91.3%) has the similar efficacy to 4 mg/kg/day of GDC-0853 (inhibition ratio of area under
compounds cao sigoificantly improve paw volame swelling compared with the model group (p <
0.001, paired t test by Graphpad). There was a statistical ditference between 4 mg/kg/day of
compound 19 (inhibition ratio of area under the curve was 93.2%) and the same dose of GDC-
0853 (inhibition ratio of area under the curve was 87.1%), and the compound 19 significantly
increased the improvement in paw volume swelling (p < 0.001, paired t test by Graphpad). The
results are as shown in Figure 4,
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CLAIMS

1. A compound of formula (I):

[
Xz
Ry X7 TR
R oy J\ )“4 E:'A__,' Ry
E N N \(&~(
H i \
Yo 2N O Rs
Y

(¥4

or a pharmaceutically acceptable salt thereof, or a soivate, a racemic mixture, an enantiomer,

a diastereomer or a lautomer thereof, wherein

X, and X; are each independently CH or N; or, Xj is N, X; is CRy4, wherein Ry4 18 Cig

alkyl;
10 X5 and X4 are each independently C or N;
Y1 and Y: are each independently CRyp or N;

Ry and R» are each independently chosen from hydrogen, deuterium, halogen, Ci.¢ alkyl,

Ca.s altkynyl, Cy haloalkyl, Cs.6 cycloalkyl and phenyl; or Ry and R, together with the
carbon atoms to which they are attached form the following structures:

RN N 2N ¥ ,\Rs) ¥
@{LJ EI// ol ?{L\J—{Rﬁ)p e j:ﬁ

-

15 (-1} . &2 . (-3} i (5“4) or (i-8)
wherein R is independently chosen from deuterium, halogen, hydroxyl, Cy alkyl, Cos
alkynyl, C;.¢ deuteroalkyl and C 4 haloalkyl; or two Re together with the carbon atoms to

which they are attached form 3-6 membered cycloatkyl; mis 0,1, 2,3 or4;pis 1,2, 3 or 4;

Zis N or CRy; Ry is chosen from hydrogen, deuterium, Cy alkyl, halogen and C, ¢ haloalkyl;

L

20 or Ry and R, together with the carbon atoms te which they are attached form {i-6) ,
provided that Rs is halogen, or both Xy and X, are not CH at the same time;
Rj is hydrogen, deuterivim, halogen or Cy4 haloalkyl;

Ry is hydrogen, halogen, -CN, C alkyl, Ca alkynyl, -(Cy.3 alkyl)-OH, ~(C,; alkyl)-O-
{Cy3 alkyl), -0~(Cy5 alkyl), -CHO, -C(O)NH,, -C(ONHCH;, -C(O)N(CH3), or 3-hydroxyl-

25 oxetan-3-yl, wherein the Cy6 alkyl or Ci.3 alkyl is each optionally substituted with one or
more deuterium or halo;
B
NE!L o N l
. 2y R . . - , - 4
Cyis Xy éss or ~ B ,wherein Ry is chosen from hydrogen, Cy4 alkyl and
Cs.6 cycloalkyl, wherein the i alkyl is optionally substituted with one or more deuterium
or halo;
30 U, ¥V and W are each independently N or CRyy; Ryz 18 hydrogen, denterium or halogen;
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Rs is hydrogen, Cig alkyl, -C(O){C16 alkyl), -C(O){C5.6 cycloalkyl), ~-C{O)-phenyl, -
C{OINH~C 6 alloyl), “C{ONH~(Cs6 cycloalkyl), ~COOMN(Ci alkyl)s, pheayl, 5-6
membered monocyclic heteroaryl or 8-10 membered bicyclic heteroaryl, wherein the Cie
alkyl, Cs6 cycloalkyl, phenyl, 5-6 membered monocyclic heteroaryl or 8-10 membered

5 bicyclic heteroaryl is each optionally substituted with one or more groups chosen from:
1)  halogen;
2} oxo;
3y -CN;
4y Cpgalkyl
10 5y  Cyealkenyl;
6) Cagalkynyl;

7y Crealkoxy;
8} Ci¢ haloalkyl;
9 -{Cigalky)-OH;
15 10} «(Cy. alky}-O~(C.g alkyl);
11y Cagcycloalkyl;
12} 3-12 membered heterocyelyl optionally substituted with one or more groups
chosen from: deuterium, halogen, hydroxyl, oxo, -CN, Cy4 alkyl, C,.¢ halsalkyl,
Cs.6 cycloalkyl, Co.g alkynyl, Cye alkoxy, «(Cig alkyD-CN, «(Ci6 ally}-O-(C16
20 alkyl}, -(Cy.¢ alkyl}-OH, 4-6 membered heterocycelyl and deuterated 4-6
membered heterocyelyl, wherein the Cy¢ alkyl, Cy4 cycloalkyl or 4-6 membered
heterocyclyl is each optionally substituted with one or more groups chosen from:
deuterium, halogen, -NHy, -OH, -NH(C, ¢ altkyl), -N(Cy.¢ alkyl), and -NH(C1.4
cycloalkyl);
25 13) 5-6 membered monocyclic hetercary! optionally substituted with one or more
groups chosen from: halogen, -CN, -(Cy.4 alkyD)-CN, -(C16 alkyl}-OH, C, alkyl,
(15 cycloalkyl, Ci¢ altkoxy, -(Cys alkyl}-0-(Cy ¢ alkyl), <(Cys alkyl}-NHy, -(Ci 5
alkyl)}-NH(C; ¢ alkyl), (Cy5 allkyD-N(C1.¢ alkylh, -(Ciq alkyD)-NH{C5 ¢
cycloalkyl) and 4-6 membered heterocyclyl;
30 14) phenyl optionally substituted with one or more groups chosen from: halogen, -CN,
~«{Cy6 alkyD)-ON, «Cy ¢ alkyl)-OH, C\ ¢ alkyl, Cs6 cycloalkyl, Cy 4 alkoxy, «(Ci
alkyl}-O-{Crg ablyl), (Cys alkyD)-NH;, -(Cis alkyl}-NH(Cy.5 alkyl), {Cig
alkyl)-N~(C.¢ alkyl)s, {Cr.e alkyl)-NH(C5.6 cycloalloyt) and 4-6 membered
heterocyclyl;

(o8]
(¥

15) -NR,R,”, wherein R,” and R, are each independently chosen from hydrogen,
Cioe alkyl, Csg cycloalkyl, -(Crs alkyl)-O-(Cy6 alkyl) and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocyclyl is optionally substitaied
with one or more substituents of -(Cy.s alkyl}-OH, the Cy4 alkyl is optionally
substituted with one or more -NRJR,”’, and R.” and R.”” are each independently

40 chosen from hydrogen, Ci.¢ alkyl, «(Cy6 allyD)-OH and 4-6 membered
heterocyelyi;

16) -C{O)NRy'Ry”’, wherein Ry, and Ry, together with the N atoms to which they are
attached form 4-6 membered heterocyelyl optionally substituted with one or
more groups chosen from: deuterium, halogen, -OH, Cy¢ alkyl, «(C16 alkyl)-NH,
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~{Cy.6 alkyD)-NH{(Ci 6 alkyl), (Ci6 alkyl)-N(Cy alkylyy, ~(Cys alkyD)-NH{C14
cycloalkyl), -NH,, -NH{C; ¢ alkovl), -N(Cy alkyl})n, -NH{C16 cycloalkyl) and -
(Cr.g alkyl)-OH; and

17y -C(O)R, wherein R, is chosen from hydrogen, U4 alkyl, Cog alkenyl, Cos
alkynyl, (Cq.¢ alkyl)-OH and ~(C,.¢ alkyl}-O~(C ¢ alkyl);
Ryq is hydrogen, deuterium, halogen, CN, C,.¢ alkyl or Cy halealkyl;
provided that if Ry and R, together with the carbon atoms to which they are attached

193]

form the following structures:

Ris

I A
g e 3 e
Py )”:‘RQ":T: ST
B

S / N

- (1-8)

4

{1 \ , or cand Cyis % U7
16 12 membered heterocyclyl, when substituted, is not piperazin-1-yl substituted with C, alkyl

)

%

", then the 3-

at both 2- and 6- positions.

The compound of claim 1, or a pharmaceutically acceptable salt thercof, or a solvate, a
raceimic mixture, an enantiomer, a diastereomer or a tautomer thereof, wherein R, and R,

?‘“’DQRS}m

P

E.*-i

15 together with the carbon atoms to which they are attached form (1) , L.e. the

compound is a compound of formula (1A):

3. The compound of claim 2, or a pharmaceutically acceptable salt thereof, or a solvate, a
20 racemic mixture, an enantiomer, a diastereomer or a tautorner thereof, wherein Ry and R;

?ﬁ‘j:\}ﬁ Re).,

”

together with the carbon atoms to which they are attached form (-1} , X318 N, X418 C,

W
|
SN
Yiis CH, Cy is }L f";\ and the compound is a compound of formula (I1);
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wherein

Xy and X, are each independently CH or N; or, X, is N, X, is CRya, wherein Ry4is
chosen from Ci alkyl;

YxisCHorN;

Ry is hydrogen, deuterium, halogen or C ¢ haloalkyl;

Ry is hydrogen, halogen, -CN, Cy6 alkyl, -(C.5 alkyD)-OH, «(C.; deuteroalkyl}-OH, -
{C13 alkyD}-0-(Cy.5 atkyl), -0~(Cyz alkyl), ~-CHO, ~-C{O)NHz, ~-C(O)NHCH;, ~C(ON(CHz )
or 3-hydroxyl-oxetan-3-yi, wherein the Cy4 alkyl is optionally substituted with one or more
halo;

W is N or CRyy, and Ry, is hydrogen or halogen;

Rs is hydrogen, C1.¢ alkyl, -C(O)-(C1 ¢ alkyl), -C(O)-{Cs.4 cycloalkyl), -C(O)-phenyl, -
C{OYNH~Cy 6 alkyl), -C{OWNH~{Cs.6 cycloalkyl), ~-CLOMN(C g alkyl),, phenyl, 5-6
membered monocyclic heteroaryl or 8-10 membered bicyclic heteroaryl, wherein the Cis
alkyl, Cs.6 cycloalkyl, phenyl, 5-6 membered monocyclic heteroaryl or 8-10 membered
bicyclic heteroaryl is cach optionally substituted with one or more groups chosen from:

1) halogen;

2} oxo;

3y -CN;

4y Cigalkyl;

5 Coealkenyl;

6) Crealkynyl;

7y (i alkoxy;

8) Ci¢ haloalkyl;

9 ~{Cigalky)-0OH;

10) (Cig alkyD)-0-(Cy g alkyl);

11y Csgcycloalkyl;

12} 3-12 membered heterocyclyl optionally substituted with one or more substituents
chosen from halogen, hydroxyl, oxo, -CN, ;¢ alkyl, Ci4 haloalkyl, Cs4
cycloalkyl, Cp6 alkynyl, Cyg alkoxy, -(C s alkyl}-CN, «(Cys alky}-0-(C1 4
alkyl), «Cy alkyD)-OH, 4-6 membered heterocyclyl, 4-6 membered
fluoroheterocyclyl and deuterated 4-6 membered heterocycelyl, wherein the C
alkyl is optionally substituted with one or more -OH;

13) 5-6 membered monocyclic heteroaryl optionally substituted with one or more
substituents chosen from halogen, -CN, «{(C, 4 alkyD}-CN, ~{C . alkyD}-OH, C
alkyl, Cy¢ cycloalkyl, Cy alkoxy, «(Cy¢ alkyl)-O-(C16 alkyl), -{Cy ¢ alkyl}-NH,,
~«(Cy6 alkyl)-NH(Cy 4 alkyl), -(Cy alkyl}-N(Ci6 alkyl),, (Cre alky)-NH(Cs ¢
cycloalkyl) and 4-6 membered heterocyclyl;
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14) phenyl optionally substituted with one or more substituents chosen from halogen,
-CN, «Cres alkyD)-CN, «(Cr6 alkyD-OH, Ci6 alkyl, Cs6 cycloalkyl, Ci.s alkoxy, ~
(Crg alkyD)-O(Cs alleyl), (Cios alkyD-NHo, «(Ci.g alkyl)-NH{C ¢ alkyl), «Ci4
alkyl}-N(C s alkyly, ~(C¢ alkyl)-NH{C; 4 cyeloalkyl) and 4-6 membered

5 heterocyclyl;
15) -NRSR,"”, wherein R, and R,”’ are each independently chosen from hydrogen,
Ci alkyl, Cs cycloalkyl, (T4 alkvl)-O-(Cy ¢ alkyl) and 4-6 membered
heterocyelyl, wherein the 4-6 membered heterocyclyl is optionally substituted
with one or more substituents of (Cy¢ alkyD)-OH, the C, alkyl is optionally
10 substituted with one or more -NRJR,”’, and R,” and R, are each independently
chosen from hydrogen, Cy6 alkyl, «(Cy¢ alkyD)-OH and 4-6 membered
heterocyclyl;
16) ~C(OINRL'Ry”’, wherein Ry,” and Ry, together with the N atoms to which they are
attached form 4-6 membered heterocyelyl, wherein the 4-6 membered
15 heterocyclyl is optionally substituted with one or more substituents chosen from
halogen, —O}‘L Cg..@ aikyi, "(61-6 dﬂ\}/i}N,Hz ~(CJ.6 aikyl}NH(Cjé Eﬂk}"i), ~(_C,=..5
alkyD}-N(C ¢ alkeyl),, ~(C¢ alky}-NH(C5.4 cycloalkyl) and -(Cs alkyl}-OH; and
17y -C(O)R,, wherein R, is chosen from hydrogen, Cy alkyl, Co alkenyl, Cog
alkynyl and -{C1.6 alkyD)-O~(C6 alkyl);
20 R is halogen, Ci.¢ alkyl or hydroxyl; and
mis0, 1,2 o0r3.
4. The compound of claim 2, or a pharmaceutically acceptable salt thereof, or a solvate, a
25 racemic mixture, an enantiomer, a diastereomer or a tautorner thereof, wherein R, and R,
?"j\:\;ﬁ Ro).,
%
together with the carbon atorns to which they are attached form {-1) , X3is N, Xyis C,
Ry
Oa N v
: 'S N : ,
YyisCH, Cyis " U and the compound is a compound of formula (TTf):
??11 (Rghm
QO N\V ¢
e
HF?! u
Rs
(i)
wherein
30 Xy and X, are each independently CH or N; or, Xy is N, X5 1s CRi4, wherein Ryg is

chosen from Cy¢ alkyl;
YyisCHorN;
R is hydrogen, deuterium, halogen or Cy¢ haloalkyl;
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R4 is hydrogen, halogen, -CN, Cys alkyl, -(Ci5 alkyl}-OH, «(C;.; deuteroalkyl)-OH, -
{C13 alkyD)~0-(Ci5 atkyl), -0~(Cyz alkyl), ~-CHO, -C{O)NHz, ~-C(O)NHCH;, ~-CION(CHz )
or 3-hydroxyl-oxetan-3-yi, wherein the Ci¢ alkyl is optionally substituted with one or more
halo;

U and V are cach independently chosen from N or CH;

Rs is hydrogen, Cy.¢ alkyl, -C{O)-(C1 ¢ alkyl), -C(O)-{Cs.¢ cycloalkyl), -C{(O)-phenyl, -
C(OYNHAC) 6 alkyD), -C(OINH-(Cs.6 cycloalkyl), ~-C{OIN(Cy.6 alkyl),, phenyl, 5-6
membered monocycelic heteroaryl or 8-10 membered bicyclic heteroaryl, wherein the Cis
alkyl, Cs4 cycloalkyl, phenyl, 5-6 membered monocyclic hetercaryl or 8-10 membered
bicyclic heteroaryl is cach optionally substituted with one or more groups chosen from:

1) halogen;

2} oxo;

3 -CN;

4y Cygalkyl;

5) Chealkenyl;

6} Crealkynyl;

7y Cig alkoxy;

8} Cy¢ haloalkyl;

9 ~{CiealkyD-OH;

10) «(Cy.g alkyD-O-(Cy alkyl);

11y Gy cycloaikyl;

123 3-12 membered heterocyclyl optionally substituted with one or more substituents
chosen from halogen, hydroxyl, oxo, -CN, C:¢ alkyl, C¢ haloalkyl, Cs6
cycloalkyl, Cog alkynyl, Ci6 altkoxy, -{(C ¢ alkyl}-CN, ~(C 6 alkyl}-0O-(Cy
alkyl}, (Cys alkyl}-OH, 4-6 membered heterocyelyl, 4-6 membered
fluoroheterocyelyl and deuterated 4-6 membered heterocyclyl, wherein the Ciq
alkyl is optionally substituted with one or more -OH;

13) 5-6 membered monocyclic heteroaryl optionally substituted with one or more
substituents chosen from halogen, -CN, «(C, alkyl}-CN, -(C s alkyD-OH, Ci
alkyl, Cs.6 cycloalkyl, Cy alkoxy, «(Cy.6 alky}-0-(C 16 alkyl), (Cy.¢ alkyl)-NH,,
~(Cy.6 alkyl3-NH(C 4 alkyl}, -(C16 alkyl)-N(Cy6 alkyl)y, «(Cre alkyl}-NH(C1 6
cycloalkyl) and 4-6 membered heterocyclyl;

14} phenyl optionally substituted with one or more substituents chosen from halogen,
~CN, ~(Cy6 alky}-CN, ~(Cy ¢ alkyD)-OH, C,¢ alkyl, Cs4 cycloalkyl, Cy ¢ alkoxy, -
{Cig alkyl}-O(Cy 6 alkyly, (C s alkyl)-NH,, -(Cj ¢ alkyh)-NH{C, ¢ alkyl), {Ci6
alkyl)-N(C1.5 alkylh, ~(Cr6 alkyl}-NH{Cs6 cyeloalkyl) and 4-6 membered
heterocyclyl;

15) -NR,'R,”’, wherein R, and R, are cach independently chosen from hydrogen,
Cr.s alkyl, Cs6 cycloalkyl, (Cy¢ alkyl)-O-(Ci6 alkyl} and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocyclyl is optionally substituted
with one or more substituents of <(Cr.¢ alkvl)-OH, the C,.6 alkyl is optionally
substituted with one or more -NR.R.”’, and R.” and R.” are cach independently
chosen from hydrogen, Ci6 alkyl, -(Cy¢ alky})-OH and 4-6 membered
heterocyelyl;
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16) -C{OINR,’Ry,”’, wherein Ry’ and Ry,"” together with the N atoms to which they are
attached form 4-6 membered heterocyclyl, wherein the 4-6 membered
heterocyclyl is optionally substituted with one or more substituents chosen from
halogen, -OH, Cs alkyl, «(Cy¢ alkyl}-NH,, ~(Cy6 alky}-NH(C ¢ alkyl}, (Cy 4
alkyl)-N(C1.4 alkyl)y, -(C s alkyl)-NH(C16 cycloalkyl) and -(Cy4 alkyl}-OH; and
17y (R, wherein R, is chosen from hydrogen, Ci6 atkyl, Cog alkenyl, Cog
abkynyl and <(Cj6 alkyl}-O-{C ¢ alkyl);
R is halogen, Cy ¢ alkyl or hydroxyl;
mis 0, 1,2 or3; and
Ryy 18 hydrogen, Cy alkyl or €5 deutercalkyl;
provided that the 3-12 membered heterocyclyl, when substituted, is not piperazin-1-yl
substituted with Ci.¢ alkyl at both 2- and 6- positions,

The compeound of any one of claims 1-4, or a pharmaceutically acceptable salt thereof, or a
solvate, a racemic mixture, an enantiomer, a diastereomer or a {automer thereof, wherein
both X and X; are CH, or one of X; and X5 1s N, and the other 1s CH,

The compound of any one of claims 1-5, or a pharmaceutically acceptable salt thereof, ora
solvate, a racemic mixture, an enantiomer, a diastercomer or a tautomer thereof, wherein Y,
1s CH.

The compound of any one of claims 1-6, or a pharmaceutically acceptable salt thereof, ora
solvate, a racemic mixture, an enantiomer, a diastercomer or a tautomer thereof, wherein Rs
is hydrogen or halogen.

The compound of any one of claims 1-7, or a pharmaccutically acceptable salt thereof, or a
solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof, wherein Ry
is Cyrg alkyl, ~{(Cy5 alkyl}-OH, «(Cy 5 deuteroalkyl}-OH, «(Cy; alkyD)-0-(Cy; alkyl) or -CHO,
wherein the Cy alkyl is optionally substituted with one or more halo.

The compound of any one of claims 1-8, or a pharmaceutically acceptable salt thereof, or a
solvate, a racemic mixture, an enantiomer, a diastercomer or a tautomer thereof, wherein R,
is hydrogen, and Ry is ~(Cy.3 alkyl}-OH.

The compound of any one of claims 1-9, or a pharmaceutically acceptable salt thereof, ora

solvate, a racemic mixture, an enantiomer, a diastereomer or a {automer thereof, wherein Rs
is chosen from
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2 As

wherein
Ry is chosen from (4 alkyl, C) ¢ haloalkyl and ~(C.5 alkyl}-O~(Cy¢ alkyl);
nis 0, 1 or2;
Rj; and Rys5 are each independently chosen from hydrogen, -CN, Cy 4 alkyl, Cy haloalkyi, -
(Cy.6 alkyl}-O~(C ¢ alkyl), 4-6 membered heterocyelyl or -C(O)R,, and R, is chosen from
hydrogen, (4 atkyl or -{Cy¢ alkyD}-0-(Cy ¢ alkyl);
R34 is chosen from hydrogen, Cis alkyl, -(Cys alkyl}-O-(Cy ¢ alkyl), or -C(OINRG'Ry”,
wherein Ry’ and Ry together with the N atoms to which they are attached form 4-6
membered heterocycelyl;
Aj, Az and Aj; are each independently CH or N; and Ry; is chosen from:
1) hydrogen;
2y Cigalkyl;
3y Cygalkoxy;
4) halogen;
5y Cse cycloalkyl;
6) 3-12 membered heterocyclyl optionally substituted with one or more substituents
chosen from oxo, -CN, Cy alkyl, Cy6 alkoxy, -{(Ci6 alkyl)-CN, -(Cy¢ alky}-O-
{(Ci.6 alkyl), 4-6 membered heterocyclyl and deuterated 4-6 membered
heterocyclvl, wherein the Cis alkyl is optionally substituted with one or more -
OH;
7y phenyl optionally substituted with one or more substituents chosen from 4-6
membered heterocyelyl;
8) -NR,R,”, wherein R, and R’ are each independently chosen from hydrogen,
Crg alkvl, (T alkyl}-O-(Cy 6 alkyl} and 4-6 membered heterocycivl, wherein
the 4-6 membered heterocyelyl is optionally substituted with -(C ¢ alkyl)-OH, the
Ci.6 alkyl is optionally substituted with one or more -NRJR,”, and R, and R,
are each independently chesen from hydrogen, Cy alkyl, (Cy6 alky!}-OH and 4-
6 membered heterocyclyl; and
9y -C{OYNRy'Ry”’, wherein Ry,” and Ry together with the N atoms to which they are
attached form 4-6 membered heterocyelyl, whercin the 4-6 membered
heterocycelyl is optionally substituted with one or more Cy4 alkyl;
provided that if Ry and R, together with the carbon atoms to which they are attached
form the following structures:
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‘:“L :-fs\RGf m FTTN .
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(-1} {i-4) oF ) and Cy is ~, then the

L] bl

3-12 membered heterocyclyl, when substituted, is not piperazin-1-yl substitated with Cg
alkyl at both 2- and 6- positions.

5 11. The compound of claim 16, or a pharmaceutically acceptable salt thereof, or a solvate, a
racemic mixture, an ¢nantiomer, a diastereomer or a tautomer thereof, wherein Rys is
piperazinyl optionally substituted with one or more substituents chosen from C\ ¢ alkyl and
4-5 membered heterocyclyl
provided thatif R; and R, together with the carbon atoms to which they are attached

10 form the following structures:

RS

e

)

" -1y

, or ,and Cy is © %, then the
3-12 membered heterocyelyl, when substituted, is not piperazin-1-yl substituted with Cy ¢

alkyt at both 2- and 6- positions.

15 12. The compound of any oue of clairus 1-10, or a pharmaceutically acceptable salt thereof, or a
solvate, a racemic mixture, an enantiomer, a diastercomer or a tautomer thercof, wherein R

is chosen from

3 lé\1 EEE o %
RN
Ragn N Fogm N AzT//As ﬁfi**‘i;a o £7ON Ay
2. 2P b
\E l I j NP AZT/’Aa T Ry Ro?
. . N
N Rod' Ry N \[ ]\ Ry N M 5
S S oy UL ISR e
s} , o , Rug ¢ Ry R Ras | i“\/Cj
>,
Ag
o N/ﬁ
N\
and Rao ;
20 wherein Ros, Ros’, Ros, Ros™, Ros and Rys” are each independently chosen from

hydrogen, oxo and Cy6 alkyl;
Rog 18 Crg alkyl, (Cr.¢ alkyl}-O-(C 6 alkyl} or tetrahydrofiranyl;
Rag is Cys alkoxy; Ryg 18 hydrogen or -(C ¢ alkyD-OH;
Ray is Cig alkyl; and
25 Ay, As and Az are each independently CH or N,
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13. The compound of any one of claims 1-12, or a pharmaceutically acceptable salt thereof, or a
solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof, wherein Rs

wwan

X,

LY
i |
Ao 2Ps
L
N7 TRoy
18 O , whereinA,, A, and A; are each independently CH or N, and Ry, and Ry’

are cach independently chosen from hydrogen, oxo and Cy alkyl.

5
14. The compound of claim 13, or a pharmaceutically acceptable salt thereof, or a soivate, a
racernic mixture, an enantiomer, a diastereomer or a tautomer thereof, wherein Ry and Ryy’
arc each independently chosen from hydrogen and C, 6 alkyl.
16 15. The compound of any one of claims 13-14, or a pharmaceutically acceptable salt thereof, or

a solvate, a racernic mixiure, an enantiomer, a diastereomer or a tautomer thereof, wherein
Ay, Arand Az arc all CH, or A, is N, and both A, and As are CH, or A; is N, and both A4
and A, are CH.

15 16. The compound of any one of claims 1-10, or a pharmaceutically acceptable salt thereof, or &
solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof, wherein R

is chosen front:

e
£y
AzT%j
i
R N
l \N 24
%\N NT Ray
I
/N /‘N
Rat  Ra apd ¢

wherein Ry is Ci.e alkyl; Ry is chosen from hydrogen, Cie alky! and 4 membered
20 heterocyclyl; A and A, are respectively CH; and Raa and Rys” are cach independently
chosen from hydrogen and Cy¢ alkyl

17. The compound of any one of claims 4-16, or a pharmaceutically acceptable salt thereof, or a
solvaie, a racemic mixture, an cnantiomer, a diastercomer or a tautomer thereof, wherein

Ra1 Ri1 R R
i I
[N VRN 1 N N
25 @ U ; i3 AN ‘éi"ﬂ % *éi or % fi,wherein RiisCigalkylorCie
deuteroalkyl.
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18. The compound of claim 4, or a pharmaceutically acceptable salt thereof, or a solvate, a
racemic mixture, an enantiomer, a diastereomer or a tautomer thereof, wherein both X and
o are CH, or one of X and X is N, and the other is CH; Y, 18 CH; Rs is hydrogen; Rqis -
{Cy5 allyD)-OH; U is CH, V is N or CH, and Ry is €5 alkyl; Rs is chosen from
b

»=x
y
=

Raa'

/——f"
O

(9]

, whereinRos and Ry’ are cach independently chosen from hydrogen, oxo and
Cialkyl, both A; and A;are CH, or A is Nand A, 18 CH; Rgis Cigalkyl; and mis O or 2,

19. The compound of any one of claims 4-18, or a pharmaceutically acceptable salt thereof, or a
solvale, a racemic mixture, an enantiomer, a diastercomer or a tautomer thereof, wherein
10 both U and V are CH, and Ry is methyl.

24 The compound of any one of claims 1-19, or a pharmaceutically acceptable salt thereof, or a
solvate, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof, wherein Rg
is Cy; alkyh and mis 2.

21. The compound of any one of claims 1-20, or a pharmaceutically acceptable salt thereof, or a

solvale, a racemic mixture, an enantiomer, a diastereomer or a tautomer thereof, wherein Rg
::ds'g

together with the five-membered ring to which they are attached forms %

20 22. The compound of claim 4, or a pharmaceutically acceptable salt thereof, or a solvate, a
racemic mixture, an enantiomer, a diastercomer or a tautomer thercof, wherein both X and
X, are CH; Y, is CH; Ry is hydrogen; Ry is <(Cy.; alkyl)-OH; both U and V are CH, and Ry,
i
PN

A
3
A,

=z

2.

Roga,, E
g

is methyl; Rs is chosen frow O, whereim Roq 1s Ci3 alkyl, and both Ay and A, are

nY

N

CH; and Rg together with the five-membered ring to which they are attached forms

~,

L%

&

]
W
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23. The compound of claim I, or a pharmaceutically acceptable salt thereof, or a solvate, a
racemic mixture, an enantiomer, a diastereomer or a tantomer thereof, wherein the compound

16

20

N
[

13 a compound of formula (IB)

24, The compound of claim 23, or a pharmaceutically acceptable salt thereof, or a solvate, a

racemic mixture, an enantiomer, a diastereomer or a tautomer thereof, wherein the
compound is a compound of formula (IV):
’rf“ Zz=y ~ARe)M

RS Yz&N
(tv)

wherein

X; and X, are each independently CH or N; or, X118 N, X5 is CRy4, wherein Ry, is
chosen from C, alkylk

Yois CHorN;

R; is hydrogen, denterium, halogen or £y haloaikyi;

Ry is hydrogen, halogen, ~-CN, Ci6 alkyl, -{C15 alkyl}-OH, «(Ci.z deuteroalkyl)-QH, -
(Cy3 alkyD-O~(C 13 alkyl), -0-(C 5 alkyl), -CHO, -C{OYNH,, -C{(OINHCH;, -C(O)N(CHs),
or 3-hydroxyl-oxetan-3-yi, wherein the Ci4 alkyl is optionally substituted with one or more
halo;

U and V are each independently chosen from N or CH;

Z s N or CH;

Rs is hydrogen, Ci¢ alkyl, -C{O}-(Ci¢ alkyl), ~-C{O)(C1¢ cycloalkyl), -C{O}-phenyt, -
C(O)NH~(C 1.4 alkkyl), -C(OYNH-(Cs.6 cycloalkyl), ~-C{OIN(Cy¢ alkyl),, phenyl, 5-6
membered monocyclic heteroaryl or 8-10 membered bicyclic heteroaryl, wherein the Cis
alkyl, Cs6 cycloalkyl, phenyl, 5-6 membered monocyelic heteroaryt or 8-10 membered
bicyclic heteroaryl is each optionally substituted with one or more groups chosen from:

1} halogen;
2) oxo;
3y -CN;
4y Cygalkyl;
5y Crealkenyl;
6y  Crealkynyl;
7y Cialkoxy;
8} () haloalkyl;
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9 ~{CigalkyD)-OH;

10) ~(Ci alkyl}-O-(Cig alkyl);

11y Cagcycloalkyl;

12) 3-12 wembered heterocyclyl optionally substituted with one or more substituents
chosen from halogen, hydroxyl, oxo, -CN, Cy¢ alkyl, Cs haloalkyl, Cy4
cycloalkyl, Cog alkynyl, Ci alkoxy, ~(C s alkyD}-CN, «(Cy¢ alkyl}-O-(Cy 4
atkyh), «(Cy¢ alkyD)-OH, 4-6 membered heterocyclyl, 4-6 membered
fuorcheterocyelyl and deuterated 4-6 membered heterocyclyl, wherein the Ci
alkyl is optionally substituted with one or more -OH;

13) 5-6 membered monocyclic heteroaryl optionally substituted with one or more
substituents chosen from halogen, -CN, {(Cs alkyl}-CN, -(C 6 alkyD-OH, Ci5
alkyl, Cag cycloalkyl, Cig alkoxy, «(Cig alkyl)-0-(C 6 alkyy, (C6 alkyl)-NHs,
~(Cie alkyl}-NH(C,¢ alkyl}, -(Cy. alkyD)-N(Cy6 alkyl), -(Cye alkyl)-NH(Cs.6
cycloalkyl) and 4-6 membered heterocyelyl;

14) phenyl optionally substituted with one or more substituents chosen from halogen,
~CN, ~{Ci.6 alkyD-CN, ~(Cy6 alkyD)-OH, Ci6 alkyl, Cy6 cycloalkyl, C6 alkoxy, -
{C1_6 311{}’1)-0(C1_6 aikyi), m(CH, aikyl)mNHg, '(Cj.('; alkyi)-NH(Ci_s aikyl}, “{Cl-ﬁ
alkyl)-N(Cy.5 alkyl)y, -(Cy alkyl}-NH(C14 cycloalkyl) and 4-6 membered
heterocyclyl;

15) -NR.'R.”’, wherein Ry” and R, are each independenily chosen fromw hydrogen,
Ci6 alkyl, Csg cycloalkyl, (Cy.g alkyh)-0-(Ci6 alkyl) and 4-6 membered
heterocyclyl, wherein the 4-6 membered heterocyciyl is optionally substituted
with one or more substituents of -(C).¢ alkyD}-OH, the €y alkyl is optionally
substituted with one or more -NR'R.”, and R." and R,” are each independently
chosen from hydrogen, Ci6 alkyl, {(C ¢ alky1)-OH and 4-6 membered
heterocyelyl;

16) -C(OINR,'R,”’, wherein Ry, and Ry’ together with the N atoms to which they are
attached form 4-6 membered heterocyelyl, wherein the 4-6 membered
heterocyclyl is optionally substituted with one or more substituents chosen from
halogen, -OH, Ci6 alkyl, -(Cy alkyl)-INH,, ~(Cr¢ alkyl)-NH(C ¢ alkyly, (Cy4
abioyD-N(C 15 alkyly, -(Cig alkyl}-NH{C56 cycloalkyl) and -(Cy ¢ alkyl}-OH; and

17y -C{O)R,, wherein R, is chosen from hydrogen, {4 alkyl, Cog alkenyl, Cog
alkynyl and «(C.¢ alkyD}-O~(Cig alkyl);

Ry 1s halogen, €y alkyl or hydroxyl;
mis@, 1,2 o0r3;and
Ry is hydrogen, Cy. alkyl or C6 deuteroalkyl.

25. The compound of any one of claims 23-24, or a pharmaceutically acceptable salt thereof, ora
solvate, a racemic mixture, an enantiomer, a diastercomer or a tautomer thereof, wherein Y,
ts CH.
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26. The compound of any one of claims 23-25, or a pharmaceutically acceptable salt thereof, or a

solvate, a racemic mixture, an enantiomer, a diastereomer or a {automer thereof, wherein R

is chosen from:

e i o
§
T i i , Y Sy b Ay
e N i =
@ % % N a NoorlN N N
N ' S~
N—N I/ i (Royyr ) > N O >
PS/1 N—N 4 ) O N 'J N {\’\ -) N
Ras Ryt Fot Ry . Raz Raz , O , Fas
whn
A?’/L\\*\"r?
i
Azan
and 3 :
wherein

Ro1 is chosen from Cg alkyl, Cyi6 haloalkyl and -(C ¢ alkyD)-0-(C,.6 alkyl);
nis(, 1 or2;
Ry and Ry are each independently chosen from hydrogen, -CN, Cy¢ alkyl, Cy6 haloalkyl,

~{Cy.s alkoyD-0-(Cy6 alkyl), 4-6 membered heterocyelyl or ~-C{O)R,, and R, is chosen from

hyd

rogen, Cyg alkyl or -{Cy¢ alkyD)-0-(C s alkyl);
Roy4 is chosen from hydrogen, €16 alkyl, {Ci4 alky}-O-(C 5 alkyl), or -C(OMNRYR,,

wherein Ry’ and Ry’ together with the N atoms to which they are attached form 4-6

membered heterocyelyl;

Ay, A; and A; are cach independently CH or N; and

Ris is chosen from:

1) hydrogen;

2y Cig alkyl;

3y Cig alkoxy;

4) halogen;

53} Cag cycloaikyi;

6} 4-8 membered heterocyelyl optionally substitaied with one or more substituents
chosen from oxo, -CN, Cy alkyl, Cy¢ alkoxy, (C ¢ alkyD)-CN, -(C 6 alky}-0-(Cy 4
alkyl), 4-6 membered heterocyelyl and deuterated 4-6 membered heterocyclyl,
wherein the C, alkyl is optionally substituted with one or more -OH;

73 phenyt optionally substituted with one or more substituents chosen from 4-6
membered heterocyclyl;

8) -NR,R,”’, wherein R, and R,”” are each independently chosen from hydrogen, Ci
alkyl, -(Ci alkyl}-0-(Cy4 alkyl) and 4-6 membered heterocyclyl, wherein the 4-6
membered heterocyelyl is optionally substituted with one or more ~(C ¢ alkyl}-OH,
the Cy_s alkyl is optionally substituted with one or more -NRR,”’, and R, and R.”’
arc cach independently chosen from hydrogen, Cy¢ alkyl, -(Cy.4 alkyl}-OH and 4-6
membered heterocyclyl; and
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9 -C{ONRy’Ry”’, wherein Ry and Ry’ together with the N atoms to which they are
attached form 4-6 membered heterocyclyl, wherein the 4-6 membered heterocyelvl is
optionally substituted with one or more Cy4 alkyl.

5
27. The compound of any one of claims 23-26, or a pharmaceutically acceptable salt thereof, or
a solvate, a racemic mixture, an ¢nantiomer, a diastereomer or a tautomer thereof, wherein
both X and X, are CH, or one of X and X, is N, and the other is CH;
Y, is CH;
10 R; s hydrogen;
Ry is ~(Cy; alkyl}-OH;
Z is CH;
UisCH, and Vis N or CH;
o
IR,
Az\% :’*)
Ris N
Rsis or Bz wherein A; and A; are each independently CH or N, and Ry3 is
15 4-6 membered heterocyclyl optionally substituted with one ot more substituents chosen
from oxo, Crg alkyl, Cig alkoxy, -(C.¢ alkyD)-0-{C,.¢ alkyl) and 4-6 membered
heterocyclyl; Ros is chosen from hydrogen, -CN, Cy alkyl, Cy haloalkyl, «{(C alkyl)-O-
{Cig alkyl), 4-6 membered heterocyclyl or -C{O)R,, and R, is chosen from hydrogen, Cie
atkyt or -(Cys alkyl -0~(Cy 4 alkyh);
20 R is hydrogen or halogen;

mis 0, 1 or 2; and
R“ is {:1_3 Eiikyl.

25 28, The compound of claim 1, or a pharmaceutically acceptable salt thereof, or a solvate, a
racemic mixture, an enantiomer, a diastercomer or a tautomer thereof, which is chosen from:

No. Structural formula No. Stmctural formula
1 2

E 2?5\

I
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233

234

236

29,

31,

A pharmaceutical composition, comprising the compound of any one of claims 1-28 and/or
a pharmaceutically acceptable salt thereof, and optionally comprising a pharmaceutically
acceptable excipient.

. A method of in vivo or in vitro inhibiting the activity of BTK, comprising contacting BTK

with an effective amount of the compound of any onc of claims 1-28, and/or a
pharmaceutically acceptable salt thereof.

Use of the compound of any one of claims 1-28 and/or a pharmaceutically acceptable salt
thereot in the manufacture of a medicament for treating or preventing a disease mediated by
BTK or at least in part by BTK, preferably for treating or preventing cancer, an
inflammatory disease or antoimmune disease, wherein the cancer is preferably solid tumor
or hematologic malignancy, including lymphoma, leukemia and myeloma; the cancer is
more preferably chosen from B cell malignancy, diffuse large B-cell lymphoma (DLBCL),
large B-cell tymphoma (LBCL), B-cell lymphoma, mantle cell lymphoma, follicular
Iymphoma, non-Hodgkin’s lymphoma, Hedgkin’s lymphoma, Waldenstrom
macroglobulinemia, marginal zone lymphoma, Burkitt’s lymphoma, non-Burkitt’s highly
degree B cell malignant lymphoma, extranodal marginal-zone B-cell lyvmphoma, small
lymphotic lymphoma (SLL), lymphoblastic lymphoma, lymphocytic leukemia,
myelogenous leukemia, acute myelogenous leukemia (AML), chronic myelogenous
leukemia (CML), human acute monocytic leukemia, acute lymphocytic leukemia (ALL), B
cell acute lymphocytic leukemia (B-ALL), hairy cell leukemia, chronic lymphocytic
leukemia (CLL) (such as high risk CLL), myelodysplastic syndrome, acute lymphoblastic
leukemia, myeloma (such as multiple myeloma) or graft versus host disease; and the
inflammatory disease or autoimmune disease is preferably chosen from: systemic
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34,

inflammation and local inflammation, arthritis, rheumatoid arthritis, inflammation

associated with immunosuppression, organ-graft refection, allergic disease, ulcerative colitis,
Crohn’s disease, dermatiiis, asthma, lupus ervthematosus, Sjogren syndrome, multiple
sclerosis, scleroderma, multiple sclerosis osteoporosis, idiopathic thrombocylopenic purpura,
autotmmune hemolytic anemia, antineutrophil cytoplasmatic antibody vasculitis, chronic
obstructive pulmonary disease, psoriasis, sicca syndrome, pemphigus valgaris, and diseases
associated with kidney transplantation.

A method of treating or preventing a disease in a subject, comprising administering to the
subject in need thereof an effective amount of the compound of any one of claims 1-28,
and/or a pharmaceutically acceptable salt thereof, wherein the disease is a disease mediated
by BTK or at least in part by BTK; the disease is preferably cancer, an inflammatory disease
or autoimmune discase; the cancer is preferably solid tumor or hematologic malignancy,
including lymphoma, leukemia and myeloma; the cancer is more preferably chosen from B
cell malignancy, diffuse large B-cell lymphoma (BLBCL), large B-cell lymphoma (LBCL),
B-cell lymphoma, mautle cell yrophoma, follicular lymphowma, nos-Hodgkin’s lymphowa,
Hodgkin’s lymphoma, Waldenstrom macroglobulinemia, marginal zone lymphoma,
Burkitt’s fymphoma, non-Burkitt’s highly degree B cell malignant lymphoma, extranodal
marginal-zone B-cell lymphoma, small lymphotic lymphoma (SLL), lymphoblastic
tymphoma, Iymphocytic leukemia, myelogenous leukernia, acute myelogenous leukemia
{AML), chronic myelogenous leukemia (CML), human acute monocytic leukemia, acute
tymphocytic leukemia (ALL}, B cell acute lymphocytic leukemia (B-ALL), hairy cell
leukemia, chronic lymphocytic leukemia (CLL) (such as high risk CLL), myelodysplastic
syndrome, acute lymphoblastic leukemia, myeloma (such as multiple myeloma) or graft
versus host disease; and the inflammatory disease or autoimmune disease is preferably
chosen from; systemic inflammation and local mflanumation, arthritis, rheumatoid arthritis,
inflammation associated with immunosuppression, organ-graft refection, allergic disease,
ulcerative colitis, Crohn’s disease, dermatitis, asthma, lupus erythematosus, Sjogren
syndrome, multiple sclerosis, scleroderma, rultiple sclerosis osteoporosis, idiopathic
thrombocytopenic purpura, antoimimune hemolytic anemia, antineutrophil cytoplasmatic
antibody vasculitis, chronic obstructive pulmonary disease, psoriasis, sicca syndrome,
pemphigus valgaris, and diseases associated with kidney transplantation.

The compound of any one of claims 1-28 and/or a pharmaceutically acceptable salt thereof,
for use as a medicament.

The compound of any one of claims 1-28 and/or a pharmacentically acceptable salt thereof,
for use in treating or preventing a discase mediated by BTK or at least in part by BTK, and
preferably for use in treating or preventing cancer, an inflammatory disease or autoimmune
disease, wherein the cancer is preferably solid tumor or hematologic malignancy, including
Iyraphoma, leakemia and myeloma; the cancer is more preferably chosen from B cell
malignancy, diffuse large B-cell lymphoma (DLBCL)}, large B-cell lymphoma (LBCL), B-
cell lymphoma, mantle cell lymphoma, follicular lymphoma, non-Hedgkin’s ymphoma,
Hodgkin’s tymphoma, Waldenstrom macroglobulinemia, marginal zone lymphoma,

261



WO 2021/164735 PCT/CN2021/076869
Burkitt’s lymphoma, non-Burkitt’s highly degree B cell malignant lymphoma, extranodal
marginal-zone B-cell lymphoma, small lymphotic lymphoma (SLL), lymphoblastic
Iymphoma, lymphocytic leukemia, myelogenous leukemia, acute myelogenous leukemia
(AML), chronic myelogenous leukemia (CML), human acute monocytic leukemia, acute

193]

lymphocytic leukemia (ALL), B cell acute lymphocytic leukemia (B-ALL}, hairy cell
leukemia, chronic lymphocytic leukemia (CLL) (such as high risk CLL}, myelodysplastic
syndrome, acute lymphoblastic leukenna, myeloma {(such as multiple myeloma} or graft
versus host disease; and the inflammatory disease or autoimmune disease is preferably
chosen from: systemic inflanunation and local inflammation, arthritis, rheumatoid arthritis,
10 inflammation associated with immunosuppression, organ-gratt refection, allergic disease,
ulcerative colitis, Crohn’s disease, dermatitis, asthma, lupus erythematosus, Sjogren
syndrome, mwultiple selerosis, scleroderma, multiple sclerosis osteoporosis, idiopathic
thrombocytopenic purpura, autoimmunc hemolytic anemia, antincutrophil cytoplasmatic
antibody vasculitis, chronic obstructive pulmonary disease, psoriasis, sicca syndrome,
15 pemphigus valgaris, and diseases associated with kidney transplantation.

35. A pharmacentical combination, comprising the compound of any one of claims 1-28 and/or
a pharmaceutically acceptable salt thereof, and at least one additional therapeutic agent,
wherein the therapeutic agent is preferably chosen from: an anti-inflammatory agent, an
20 mmunomodulator or an anti-tumor active agent, wherein the anti-tumor active agent
includes a chemotherapeutic agent, an immune checkpoint inhibitor or agonist, and a
targeted therapeutic agent.

36. A compound of formula (V1)

P O
Vi

39
W

or a solvate, a racemic mixture, an enantiomer, a diastereomer and a tautomer thereof,
wherein

Xy, X, X3, X4, Ry, Rp and R; are as defined in any one of claims 1-28;

Riyp is -CHO, -Cy ;3 alkyl-OH, -C,_; alkyl-OAc, Cy alkyl, -C{0)-Cs alkyl or Gy

30 haloalkyl, and
ool R
(- d . O Ry
wz‘Bb:th —- ': :><
]
Rsp 18 halogen, -B{OH),, -B(GC, 4 alkyl);, Ra or % Ry ,and Rq is
hydrogen or Cy alkyl,

37. The compound of claim 36, which is
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v-8) or , wherein Z is N or CRy; Ry and

Ry arc each independently hydrogen or halogen; Ry is halogen or Cy4 alkyl; and nis 1 or 2.

38. The compound of claim 36, which is chosen from:

o LD
N. N o
QAc
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