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TRICYCLIC COMPOUNDS AND USES THEREOF

Technical Field
The present invention relates to tricyclic compounds, pharmaceutical compositions

comprising same, methods for preparing same, and uses thereof.

Backgreund Art

SHPZ (Src homology-2 domain-containing protein tyrosine phosphatase-2) is a non-
receptor protein tyrosine phosphohydrolase encoded by a PTPNI1 gene. SHP2 contains
two SHZ domains (N-terminal SHZ domain and C-terminal SH2 domain), a catalytic
domain and a C-terminal sequence containing two tyrosine phosphorylation sites. The
non-receptor protein tyrosine phosphohydrolase subfamily contains two members, SHP1
and SHP2. The SHP! and SHP2 proteins have 61% similarity in amino acid sequences,
and have up to 75% amino acid identity in the catalytic domains (PTP). SHP1 is mainly
expressed in hematopoietic cells and some epithelial cells, and 1s mainly involved in the
negative regulation of intracellular signaling. SHP2 is widely expressed in various organs
of the human body, and plays an important physiological role in the growth and
development and homeostasis of the human body. After being stimulated by growth
factors or hormones, SHP2 participates in the signal regulation and transduction of many
signaling pathways, including RAS-ERK, JAK-STAT, PI3K-AKT, and PD1-PD-L1,
thereby promoting many biological functions, such as cell proliferation, differentiation
and migration.

Mutation or overexpression of SHP2 would lead to hereditary developmental
discases and tumors. It 15 reported that in the hereditary developmental diseases, 90% of
the LEOPARD Syndrome cases and 50% of the Noonan Syndrome cases have been
found to have gain-of-function (GO¥F) mutations in the PTPN11 gene. Mutations in the
PTPN11 gene have also been reported 1n hematologic malignancies, such as
myelodysplastic syndrome (10%), B-cell acute lymphocytic leukemia (7%, and juvenile
acute myelogenous leukemia (5%). Mutations in SHP2 are rarely found in solid tumors,
but overexpression/activation of SHP2 1s closely related to the occurrence of a variety of

tumors. SHPZ expression in invasive ductal breast cancer has increased by 70%;
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overegxpression of the SHP2 binding protein, GAB2Z has also been detected in 10%-15%
of breast cancers; and overexpression of SHP2 in melanoma 1s often closely related to
POOI Prognosis.

SHP2 1s closely related to tumors, making it becoming an attractive anti-tumor drug
target. Currently, several selective SHP2 nhibitors such as TNO155 (Novartis), RMC-
4630 (Revolution Medicines/Sanofi), JAB-3068 (Jacobio), and RLY-1971 (Relay
Therapeutics ) have entered clinical studies; however, no SHP2 inhibitor has been
approved for marketing.

Therefore, SHPZ inhibitors stand for the development of an attractive therapy for

related diseases, especially cancer, Noonan Syndrome and LEOPARD Syndrome.

Summary of the Invention
The present invention provides a compound of formula (1)

Cyq Lyy

{t

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

ring A 1S a benzene ring or a pyridine ring;

£1s CH,, O, § or NH;

Ry is chosen from (¢ alkynyl, -NR3Ry, -SRs and -SR¢, wherein the C, ¢ alkynyl is
optionally substituted with one or more groups independently chosen from: halogen, -CN,
-OH, -NH;, C;.5 cycloalkyl, 4-8 membered heterocyclyl, -O(C ¢ alkyl), -O(Cy 4
haloalkyl}, -O(Cs.s cycloalkyl), ~-0(4-8 membered heterocyelyl), -S(Cy ¢ alkyl}, -S(Cs4
cycloalkyly, -5(4-8 membered heterocyclyl), -NH(C ¢ alkyl), -N(C, ¢ alkyl),, -NH-CN, -
NHCONH,, -NHCO(C 4 alkyh), -CONR_R,, -COOR_ and -COR,4, wherein R, Ry, R, and
Ry are each independently chosen from hydrogen, C, ¢ alkyl, C, ¢ haloalkyl, -(C,_s alkyl}-
O-(Cy g alkyly, «(Cy_4 alkyh-OH, ~(Cy 4 alkyD)-CN, Cs 5 cyeloalkyl and 4-8 membered
heterocycelyl; R; is independently chosen from hydrogen, C, 4 alkyl, C ¢ haloalkyl, {(Cy4
alkyl}-OH, -(Cy¢ alky}-O-(C 4 alkyl) and -(C_¢ alkyl}-CN; R, and R; are each

independently chosen from C, ¢ cycloalkyl, phenyl, 4-8 membered heterocyclyl and 5-12
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membered heteroaryl; Re is chosen from -CO(C ¢ alkyl), -CO(Cs g cycloalkyl), -CO(4-8
membered heterocyclyl), -CONH,, -CONH(C 4 alkyly, -CONH(C; ¢ cycloalkyl), -
CONH({4-8 membered heterocyclyl), -CON{C, 4 alkvl),, -(Ci4 alkyl)}-O-(C, 4 alkyl}, -(C
¢ alkyl}-OH, «{C ¢ alkyl}-NH(C ¢ alkeyl), (Cy ¢ alkyl)-N{C; ¢ alkyl); and {C, ¢ alkyl}-
NHCO(C 5 alkyl), wherein the C 4 alkyl of Rg 18 optionally substituted with one or more
groups independently chosen from: halogen, -CN, -OH and -0(C, ¢ alkyl); and the above-
mentioned Cs g cycloalkyl, phenyl, 4-8 membered heterocyclyl and 5-12 membered
heteroaryl are each optionally substituted with one or more groups independently chosen
from: halogen, -CN, -CONH,, -OH, oxo, -NH,, C, 4 alkyl, C, alkenyl, C, ¢ alkynyl, C, ¢
haloalkyl, -(C ¢ alkyl}-OH, ~(C;_¢ alkyD)-O-(C 4 alkyl), (Cy 4 alkyD-CN, -O(C¢ alkyly, -
O(C 14 haloalkyl), -S{C, 4 alkyD), -NH(C ¢ alkyl} and -N(C, ¢ alkyi);

Ry’ 1s independently chosen from halogen, -CN, -CONH,, -OH, -NH,, C, ¢ alkyl, C,.
¢ haloalkyl, Cy 5 cycloalkyl, 4-8 membered heterocyelyl, -(C ¢ alkyl)-OH, -(C, 4 alkyl)-
O-(C, s alkyl), (Cyg alkyD-CN, -O(C,_; alkyl), -O(Cy_¢ haloalkyl), -O(C5¢ cycloalkyl), -
0O(4-8 membered heterocyclyl), -S(C ¢ alkyh), -NH(C ¢ alkyl) and -N{C ¢ alkyl),,
wherein the C; g cycloalkyl and 4-8 membered heterocyclyl are each optionally
substituted with one or more halogen;

nisQ, 1,2 o0r3;

R, 15 chosen from -NH,, -NH(C, 4 alkyl}, -N(C, 4 alkyl),, oxo and -OH;

Cy, 18 5-12 membered heterocyclyl or 5-12 membered heteroaryl, each of which is
optionally substituted with one or more groups independently chosen from: halogen, ~-CN,
-CONH,, -OH, oxo, -NH;, Cy¢ atkyl, Cy ¢ alkenyl, C,¢ alkynyl, C 4 haloalkyl, Ci ¢
cycloalkyl, 4-8 membered heterocyclyl, -{(C ¢ alkyD}-OH, -(C, ¢ allkyD)-O-(C, 4 alkyl), -
{C1is alkyD)-ON, -O(C ¢ alkyl}, -O(C 14 haloalkyl}, -O(C5 5 cycloalkyl), -O(4-8 membered
heterocyelyl), -S(C; ¢ alkyly, -NH(C ¢ alkyl), -N{C 4 alkyl},, -NHCO{C ¢ alkyl), -
CONH(C, ¢ alkyl} and -CON(C,_4 alkyl},, wherein the C5 5 cycloalkyl and 4-8 membered
heterocyclyl are each optionally substituted with one or more halogen;

Cy, 1s phenyl or 5-14 membered heteroaryl, each of which is optionally substituted
with one or more groups independently chosen from: halogen, -CN, -CONH,, -OH, oxo,
Cig alkyl, Co ¢ alkenyl, Oy 4 alkynyl, Ci4 haloalkyl, -(C; ¢ alkyD)-OH, -(Cy4 alkyl}-0-(C ¢
alkyl), «(Cyg alkyl}-CN, -O(C 6 alkyl), -O(C\ ¢ haloalkyl), -O(C5 ¢ cycloalkyl), -0(4-8
membered heterocyclyl), -S(C 4 alkyl), -NR;Rg, -NHCO(C | ¢ alkyl), ~-CONH(C s alkyl)
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and ~-CON(C, 4 alkyl),, wherein Ry and Ry are each independently chosen from hydrogen,
Cg alkyl, C4 haloalkyl, (C4 alkyh-OH, -(C¢ alkyD)-0-(C s alkyl), «(C1_4 alkyD-CN,
Cig cycloalkyl, phenyl, 3-8 membered heterocyclyl and 5-6 membered heteroaryl; and

Lisabsent, or Lis S, O, NH, C, 4 alkyl, Cy 4 alkenyl or C; 4 alkynyl.

The above-mentioned compounds and the active compounds (inclading compounds
of general formula and specific compounds) disclosed in the context of the present
ivention, and pharmaceutically acceptable salts thereof, or solvates, racemic mixtures,
enantiomers, diastereomers or tautomers thereof are collectively referred to herein as
“compounds of the present invention”.

The prevent invention also provides a pharmaceutical composition, comprising the
compounds of the present invention, and optionally comprising a pharmaceutically
acceptable excipient.

The prevent invention also provides a method of in vive or in vitro inhibiting the
activity of SHPZ2, comprising contacting SHP2 with an effective amount of the
compounds of the present invention.

The prevent invention also provides a method of treating or preventing a disease
mediated by SHPZ or at least in part by SHPZ, comprising administering to the subject in
need thereof an effective amount of the compounds of the present invention.

The prevent invention also provides a method of treating or preventing cancer,
Noonan Syndrome or LEOPARD Syndrome, comprising administering to the subject in
need thereof an effective amount of the compounds of the present invention.

The prevent invention also provides the use of the compounds of the present
invention in the treatment or prevention of a disease mediated by SHP2 or at least in part
by SHPZ.

The prevent invention also provides the use of the compounds of the present
invention in the treatment or prevention of cancer, Noonan Syndrome or LEOPARD
Syndrome.

The prevent invention also provides the use of the compounds of the present
invention in the manufacture of a medicament for treating or preventing a disease

mediated by SHP2 or at least in part by SHP2.
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The prevent invention also provides the use of the compounds of the present
mvention in the manufacture of a medicament for treating or preventing cancer, Noonan
Syndrome or LEOPARD Syndrome.

The prevent invention also provides the compounds of the present invention for in
vive or in vitro wnhibiting the activity of SHP2.

The prevent invention also provides the compounds of the present invention for use
as a medicament.

The prevent invention also provides the compounds of the present invention for use
as a medicament for treating or preventing a disease mediated by SHPZ or at least in part
by SHP2, especially for treating or preventing cancer, Noonan Syndrome or LEOPARD
Syndrome.

The prevent invention also provides a pharmaceutical combination, comprising the
compounds of the present invention and at least one additional therapeutic agent, wherein
the additional therapeutic agent is preferably chosen from: an anti-neoplastic active agent,
an anti-inflammatory agent or an immunomodulator, wherein the anti-neoplastic active
agent includes a chemotherapeutic agent, an immune checkpoint inhibitor or agonist, and
a targeted therapeutic agent.

The prevent invention also provides a kit for treating or preventing a disease
mediated by SHP2 or at least in part by SHP2. 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.

Detailed Description of the Invention
Definitions

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

A dash (-7} that is not between two letters or symbols 1s used to indicate a point of
attachment for a substituent. For example, -OR, refers to the attachment of Ry, to the rest
of the molecule through an oxygen atom.

The term “alkyl” as used herem refers to a straight or branched saturated

hydrocarbon radical containing 1-18 carbon atoms (C_5), preferably 1-10 carbon atoms
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(C1.10), more preferably 1-6 carbon atoms (Cy.¢), and further more preferably 1-4 carbon
atoms (C.4) or 1-3 carbon atoms (C ;). When the term “alkyl” is prefixed with *(C,.”, it
means the number of carbon atoms in the alkyl, where a is the minimum number of
carbons in the alkyl and b 1s the maximum number of carbons in the alkyl. For example,
“(1¢ alkyl” refers to an alkyl containing 1-6 carbon atoms. “C,y_; alkyl” refers to an alkyl
containing 1-3 carbon atoms. Examples of C, ¢ alkyl inchade, but are not limited to,
methyl, ethyl, propyl (e.g. n-propyl, i-propy!), butyl (e.g. n-butyl, i-butyl, s-butyl and t-
butyl), pentyl (e.g. n-pentyl, i-pentyl, neo-pentyl}, hexyl, and the like. When used as a
linker (e.g., in the definition of L) or between two dashes (-7} (e.g., -(Cy¢ alky[}-OH),
the alkyl refers to an alkylene.

The term “alkenyl” 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 {C,_i3), preferably 2-10 carbon atoms {C,.14), more
preferably 2-6 carbon atoms (C,4), and further more preferably 2-4 carbon atoms (C;.4).
When the term “alkenyl” is prefixed with “C,”, it means the number of carbon atoms in
the alkenyl, where a is the minimum number of carbons in the alkenyl and b 1s the
maximum number of carbons in the alkenyl. For example, “C,4 alkenyl” refers to an
alkenyl containing 2-6 carbon atoms. “C, 4 alkenyl” refers to an alkenyl containing 2-4
carbon atoms. Examples of C, ¢ alkenyl! inchude, but are not limited to, vinyl, propenyl
{e.g. 2-propenyl), and butenyl {e.g. 2-butenyl), and the like. The point of attachment for
the alkenyl can be on or not on the double bonds. When used as a linker (e.g., in the
definition of L}, the alkenyl refers to an alkenylene.

The term “alkyny!” as used herein refers to 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 {C,_i3), preferably 2-10 carbon atoms {C,.14), more
preferably 2-6 carbon atoms (C,4), and further more preferably 2-4 carbon atoms (C;.4).
When the term “alkynyl” is prefixed with “C,,”, it means the number of carbon atoms in
the alkynyl, where a is the minimum number of carbons in the alkynyl and b 1s the
maximum number of carbons in the alkynyl. For example, “C,_ alkynyl” refers to an
alkyny! containing 2-6 carbon atoms. “(, ; alkynvl” refers to an alkynyl containing 2-4
carbon atoms. Examples of C, ¢ alkynyl include, but are not limited to, ethynyl, propyny!

{e.g. 2-propynyl), and butyayl (e.g. 2-butynyl}, and the like. The point of attachment for
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the alkynyl can be on or not on the triple bonds. When used as a hinker (¢.g., in the
definition of L), the alkynyl refers to an alkynylene.

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

The term “haloalkyl” as used herein refers to an alkyl radical, as defined herein, in
which one or more, for example 1, 2, 3, 4, or 5, or all hydrogen atoms are replaced with
halogen atoms, and when more than one hydrogen atoms are replaced with halogen
atoms, the halogen atoms may be the same or different from each 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, or all hydrogen atoms are replaced
with halogen atoms, wherein the halogen atoms are 1dentical 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, or all hydrogen atoms
are replaced with halogen atoms, wherein the halogen atoms are different from each other.
When the term “haloalkyl” 1s prefixed with “C,,”, it means the number of carbon atoms
in the haloalkyl, where a is the minimum number of carbons in the haloalkyl and b is the
maxium number of carbons in the haloalkyl. For example, “C,_¢ haloalkyl” refers to a
haloalkyl 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 C,_ ¢ haloalkyl
include, but are not limited to -C¥Fs, -CHF,, -CH,F, -CH,CF;, ~-CH(CF;),, and the like.

The term “cycloalkcyl” as used herein refers to saturated or partially unsaturated
cyclic hydrocarbon radical having 3-12 ring carbon atoms (C; 1), such as 3-8 ring carbon
atoms {Cs.g), 5-7 ring carbon atoms (Cs.7), 4-7 ring carbon atoms (Cy ;) 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,.”7, it means the number of carbon
atoms in the cycloalkyl, where a is the minimum number of carbons in the cycloalkyl and
b is the maximum number of carbons in the cycloalkyl. For example, “Cy g cycloalkyl” or
“3-8 membered cycloalkyl” refers to a cycloalkyl containing 3-8 ring carbon atoms; “Cs 6
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 have one or more, for example, one or

two double bonds (i.e. partially unsaturated), but not fully conjugated, and not an aryl as
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defined herein. Examples of Cs 5 cycloalkyl include, but are not himited to cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, spiro[2.2]pentyl, cyclopropenyl, cyclobutenyl,
cyclopentenyl, cyclopentadienyl, cyclohexenyl, etc.

The term “heterocyelyl” or “heterocycle” as used herein can be used
mterchangeably and each refers to saturated or partially unsaturated cyclic radicals
having 3-12 ring atoms, such as 5-12 ring atoms (5-12 membered heterocyclyl}), 3-8 ring
atoms (3-8 membered heterocyclyl), 4-8 ring atoms (4-8 membered heterocyclyl), 4-6
ring atoms (4-6 membered heterocyelyl) or 4-5 ring atoms (4-5 membered heterocyclyl),
and containing one or more, for example 1, 2 or 3, preferably 1 or 2 heteroatoms
independently chosen from N, O and S in the rings, with the remaining ring atoms being
carbon; 1t may have one or more rings, for example 1, 2 or 3, preferably 1 or 2 rings. The
heterocyclyl also includes those wherein the N or S heteroatom are optionally oxidized to
various oxidation states. The point of attachment of heterocyelyl can be on the N
heteroatom or carbon. For example, “4-8 membered heterocycly!” 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
membered heterocyclyl” represents a heterocyelyl having 4-6 (4, 5 or 6) ring atoms
comprising at least one, preferably 1 or 2 heteroatoms independently chosen from N, O
and S (preferably N and O), which 1s 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
(), which 1s 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 have one or more,
for examiple, one or two double bonds (i.e. partially unsaturated), but not fully conjugated,
and not a heteroaryl as defined herein. Examples of heterocyclyl include, but are not
limited to: 3-8 membered heterocyclyl, 4-8 membered heterocyclyl, 4-6 membered
heterocyelyl and 4-5 membered heterocyelyl, such as oxetanyl, azetidinyl, pyrrolidyl,
tetrahydrofuranyl, dioxolanyl, tetrahydropyranyl, morpholinyl, thiomorpholinyl,
piperidyl, piperazinyl, tetrahydropyridyl, dihydropyrimidyl, dihydropyrazinyl,
pyrazolidinyl and oxaspiro[3.3Theptyl, preferably oxetanyl (such as oxetan-3-y1},

azetidinyl, tetrahydropyranyl, morpholinyl (such as morpholino}, piperazinyl (such as
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piperazin-1-vl), tetrahydropyridyl (such as 1,2,3,6-tetrahydropyridyl), dihydropyrimidyl
{such as 1,6-dihydropyrimidyl)}.

The term “aryl” or “aromatic ring” as used herein can be used interchangeably and
cach refers to carbocyclic 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 limited to phenyl, naphthalenyl, 1.2,3,4-tetrahydronaphthalenyl,
phenanthryl, indenyl, indanyl, azulenyl, preferably phenyl and naphthalenyl.

The term “heteroaryl” or “hetercaromatic ring” as used herein can be used
interchangeably and each refers to: mono-, bi-, or tri- ring system having 5-15 ring atoms,
preferably 5-14 ring atoms, more preferably 5-12 ring atoms, further preferably 5-10 ring
atoms, and most preferably 5-6 or 8-10 ring atoms, wherein at least one ring 1s 5- o1 6-
membered aromatic 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 5 and O heterocatoms are not adjacent to one another. Preferably, the
heteroaryl 1s 5-12 membered heteroaryl. For example, the heteroaryl includes:

a 5-6 membered monocyclic heteroaryl, 1.€., a monocyclic 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 S (preferably N), and the
remaining ring atoms are carbon atoms; and the heteroaryl is preferably triazolyl, pyridyl,
pyrazinyl, pyrimidyl, pyrazolyl, imidazolyl, isoxazolyl, triazinyl, oxazolyl, thiadiazolyl,
and pyridazinyl, more preferably pyridyl (such as pyridin-4-yl, pyridin-3-yl}, pyrazinyl,
pyrimidyl, and triazinyl (such as 1,2,4-triazinyl), and

a 8-10 membered bicyclic heteroaryl, i.e., a bicycle aromatic hydrocarbyl having 8,
9 or 10 ring atoms, wherein the ring atoms include one or more, such as 1, 2, 3 or 4,
preferably 1, 2 or 3 heteroatoms 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 1s preferably imidazof 1,2-cpyrimidyl, 1 H-pyrrolo]2,3-blpyridyl, indazolyl,
imidazo[ |,2-alpyrazinyl, imidazo[1,5-alpyrazinyl, pyrrolo[1.2-alpyrazinyl, pyrazolof 1,5-
alpyrazinyl, [ 1,2.4}triazolo[1,5-alpyrazinyl, [1,2,4}trazolol4,3-clpyrimidyl,

[1,2.4}triazolo] 1,5-clpyrimidyl, and 1,2,3 4-tetrahydro-1,5-naphthyridinyl.
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Examples of heteroaryl include, but are not limited to: 5-6 membered monocyclic
hetercaryl, such as pyridyl, N-oxide pyridyl, pyrazinyl, pyrimidyl, triazinyl (such as
1.2, 4-triazinyl, 1,3,5-triazinyl), pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, oxadiazolyl
{(such as 1,2 4-oxadiazolyl, 1,2,5-oxadiazolyl and 1,3,4-oxadiazolyl}, thiazolyl,
1sothiazolyl, thiadiazolyl, tetrazolyl, triazolyl, thienyl, furanyl, pyranyl, pyrrolyl, and
pyridazinyl; and a 8-10 membered bicyclic heteroaryl, such as benzoxazolyl,
benzoisoxazolyl, benzothienyl, benzothiazolyl, benzoisothiazolyl, imidazopyrimidyl
{such as imidazo[1,2-c]pyrimidyl), imidazopyrazinyl (such as imidazo[ 1,2-ajpyrazinyl
and imidazo[1,5-alpyrazinyl), imidazopyridyl (such as imidazo[1,2-alpyridyl),
imidazopyridazinyl (such as imidazo 1, 2-bpyridazinyl}, pyrrolopyrazinyl (such as
pyrrolo|1,2-alpyrazinyl), pyrrolopyridyl (such as 1 H-pyrrolo|2,3-blpyridyl),
pyrrolopyrimidyl (such as pyrrolo[3,4-dlpyrimidyl), pyrazolopyrazinyl (such as
pyrazolol1,5-alpyraziny}), pyrazolopyridyl (such as 1 H-pyrazolo[3.4-blpyridyl),
pyrazolopyrimidyl (such as pyrazolo[1,5-alpyrimidyl), triazolopyrimidyl (such as
11,2, 4}irtazolof4,3-clpyrimidyl and [1,2,4Jtriazolo[ 1,5-clpyrimidyl), triazolopyrazinyl
{such as [ 1,2 4}triazolo] 1,5-alpyrazinyl}, triazolopyridyl (such as [1,2 4}triazolo[4,3-
alpyridyl and [ 1,2 4ltriazolo[1,5-alpyridyl), tetrazolopyridyl (such as tetrazolo]1,5-
alpyridyl), benzoturanyl, indolyl, indazolyl, purinyl, quinolinyl, isoquinolinyl, 6,7-
dihydro-4H-pyrazolof 5,1-c{ [ 4]oxazinyl, and 1,23 4-tetrahydro-1,5-naphthyridinyl.

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

The term “-CN” as used herein refers to cyano radical.

The term “ox0” as used herein refers to =0.

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 substituted with one or more” includes 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 substifution patterns that are
sterically impractical, chemically incorrect, synthetically non-feasible and/or inherently

unstable.
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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 from the
indicated group of substituents or radicals, provided that the designated atom’s normal
valence 1s 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 means 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 1s substituted with 1, 2, 3, 0r 4
radicals independently chosen from the indicated group of substituents or radicals,
wherein the said radicals may be the same or different from cach 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 1identify the chemical structure of the compound. Preferably, substituents are those
exemplified in the compounds of the examples of the present application.

Unless otherwise specified, substituents are named into the core structure. For
example, it 1s to be understood that when (cycloalkyhalkyl is listed as a possible
substituent, the point of attachment of this substituent to the core structure is in the alkyl
portion.

When a structural formula herein contains an asterisk “*”, it means that the chiral

Gy

center (or chiral axis) at the mark in the compound is a single configuration of (R)
configuration or {S) configuration; wherein the content of the single-configuration
compound marked with “*7 15 at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, 99.5%, 99.9%, 100%, or any value between these listed vahues). For
example, some compounds of the present invention are axially chiral compounds, such as

e

the following compound of formula (a), and its structural formula contains an asterisk """,
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which means that the compound 15 a compound of formula (b) or compound of formula
{c) in a single configuration.

il

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 (or chiral

axes) and therefore exist in two or more stereoisomeric forms. The racemates of these

isomers, the individual isomers and mixtures enriched in one enantiomer, as well as

diastereomers when there are two chiral centers {or chiral axes), and mixtures partially

enriched with specific diastereomers are within the scope of the present invention. It will

10 be further appreciated by the POSITA that the present invention includes all the
individual stereoisomers {e.g. enantiomers, diastereomers), racemic mixtures or partially
resolved mixtures of the compounds of formula (1) and, where appropriate, the individual
tautomeric forms thereof.

The term "axial chirality” as used herein is a special case of chirality. The molecule

15 has a chiral axis, with muultiple groups arranged around the axis, and their arrangement
makes the molecule unable to superimpose with its mirror image. Axial chirality is most
commonly found in asymmetric biaromatic ring {e.g. biphenyl) compounds with himited
rotation, such as 1,1-bi-(2-naphthol).

The term “stereoisomers” as used herein refers to compounds that have the same

20 chemical constitution but differ in the arrangement of atoms or groups in space.
Stereoisomers include enantiomers, diastereomers and the like.

The terms “enantiomers’” and “enantiomeric forms” as used herein can be used
interchangeably and refer to two stereoisomers of a compound that are non-
superimposable mirror images of each other.

25 The terms “diastereomers” and “diastereomeric forms” as used herein can be used

interchangeably and refer to stereoisomers that have two or more chiral centers (or chiral
axes) and whose molecules are not mirror images of each other. Diastereomers have

different physical properties, such as melting points, boiling points, spectral properties, or
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biological activities. A mixture of diastereomers can be separated by high-resolution
analytical methods such as electrophoresis and chromatography such as HPLC.

In some embodiments, the present invention provides compounds of various
stereoisomeric puritics, that is, enantiomeric or diastercomeric purity expressed in
different “ee” or “de” values. In some embodiments, the compound of formula (I)
described herein has an enantiomeric purity of at least 60% ee (e.g., 60%, 65%, 70%,
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%,
99.9%, 100% ee, or any value between these listed values). In some embodiments, the
compound of formula (1) described herein has an enantiomeric purity of greater than
99.9% ee. In some embodiments, the compound of formula (1) described herein has a
diastereomeric purity of at least 60% de (e.g., 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. 99%, 99.5%, 99.9%, 100% de, or any
value between these listed values). In some embodiments, the compound of formula (1)
described herein has a diastereomeric purity of greater than 99.9% de.

The term “enantiomeric excess” or “ee” refers to the amount of one enantiomer

relative to the other. For a mixture of R and S enantiomers, the percentage of

enantiomeric excess is definedas |R - § § *100, where R and S are the mole or weight
fractions of the respective enantiomers in the mixture, R + 8 = 1. If the optical rotation of
a chiral substance is known, the percentage of enantiomeric excess is defined as
{[a]obs/[ajmax}*100, wherein [a]obs is the optical rotation of the enantiomeric mixture,
and [a}max 1s the optical rotation of the pure enantiomer.

The term “diastereomeric excess” or “de” refers to the amount of one diastereomer
relative to the other, and 1s defined by analogy based on the enantiomeric excess.
Therefore, for a mixture of diastereomers D1 and D2, the percentage of diastereomeric
excess is defined as I D1 -D2 I *100, wherein D1 and D2 are the mole or weight
fractions of the respective diastereomers in the mixture, D1 + D2 = 1.

The diastereomeric excess and enantiomeric excess can be measured by a number of
analytical techniques (including nuclear magnetic resonance spectroscopy, chiral column
chromatography and/or optical polarimetry} according to conventional protocols well
known to a person skilled in the art.

The racemates can be used as such or can be resolved nto their individual isomers.

The resolution can afford stereochemically pure compounds or mixtures enriched in one
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or more 1somers. Methods for separation of 1somers are well known (cf. Allinger N. L.
and Eliel E. L. i “Topics in Stereochemistry”, 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 diastereomeric 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 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.¢., in a form having an optical purity
of > 95%. Alternatively, the racemates can be covalently linked to a chiral compound
{auxiliary) to produce diastereomers which can be separated by chromatography or by
fractional crystallization after which time the chiral auxiliary is chemically removed to
afford the pure enantiomers.

The term “tautomer” as used herein refers to constitutional isomers of compounds
generated by rapid movement of an atom 1n two positions in a molecule. Tautomers
readily interconvert into each other, e.g., enol form and ketone form are tipical tautomers.

A “pharmaceutically acceptable salt” is intended to mean a salt of a free acid or base
of a compound of Formula (I) that is non-toxic, biologically tolerable, or otherwise
biologically suitable for administration to the subject to be treated or prevented. For
example, an acid addition salt includes such as a salt derived from an inorganic acid and
an organic acid. For examples, see, generally, S. M. Berge, et al., “Pharmaceutical Salts”,
J. Pharm. Sci., 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 described 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.
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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 1s a hydrate, when the solvent is alcohol, the solvate
formed 1s 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, monchydrate, and
dihydrate.

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

The term “active ingredient” 1s used to indicate a chemical substance which has
biological activity. In some embodiments, an “active ingredient” is a chemical substance
having pharmaceutical utility.

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) are 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
parallel or successively to a patient in separate entitics, 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 compounds of the present invention to a subject
that has the disease or disorder, or has a symptom of a disease or disorder, or has a
predisposition toward a disease or disorder, 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.



10

[\
941

WO 2022/166844 PCT/CN2022/074753
16

In some embodiments, the disease or disorder is cancer, such as solid tumors or
hematologic malignancies, including leukemia, lymphoma and myeloma. In another
embodiment, the disease or disorder is Noonan Syndrome or LEOPARD Syndrome.

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 a SHP2
inhibitor sufficient to generally bring about a therapeutic benefit in patients in need of
treatment or prevention for a disease or disorder mediated by SHP2 or at least in part by
SHP2. 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 into 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 0.001 to 100
mg/kg/day, or about .01 to 35 mg/kg/day, or about 0.1 to 10 mg/kg daily i single or
divided dosage units (e.g., BID, TID, QID). For a 70-kg human, an illustrative range fora

-
/
I

suitable dosage amount is from about 0.05 to about 7 g/day, or about 0.2 to about 5 g/day.
Once mmprovement of the patient’s discase 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 1s maintained. Of course, if symptoms have been
alleviated to an appropriate level, treatment may cease. Patients may, however, require
intermittent treatment on a long-term basis upon any recurrence of symptoms,

The term “inhibition” or “inhibiting” mdicates a decrease in the baseline activity of

a biological activity or process. The term “inhibition of SHPZ activity” is a practical
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pharmaceutical activity for purposes of this disclosure and refers to a decrease in the
activity of SHP2 as a direct or indirect response to the presence of the compound of the
present invention, relative to the activity of SHP2 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 SHPZ, or due to the mteraction of the compound
of the present invention, with one or more other factors that in turn affect the SHP2
activity. For example, the presence of the compound of the present mvention may
decrease the SHP2 activity by directly binding to the SHP2, by causing (directly or
indirectly) another factor to decrease the SHP2 activity, or by (directly or indirectly)
decreasing the amount of SHP2 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; laboratory 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” 1s used herein to modify a numerical value 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,

All numerical ranges herein shall be interpreted as disclosing each numerical value
and subset of mamerical 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, C; ¢ as used herein represents the
melusion 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

Embediment 1. A compound of formula (I):
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or a pharmaceutically acceptable salt thereof, or a solvate, a racemic mixiture, an
enantiomer, a diastereomer or a tautomer thercof, wherein

ring A is a benzene ring or a pyridine ring;

Z 158 CHs, O, S or NH;

R 15 chosen from Cy 4 alkynyl, -NR3Ry, -8R and -SR, wherein the C, 4 alkynyl 1s
optionally substituted with one or more groups independently chosen from: halogen, -CN,
-OH, -NH,, (5 cycloalkyl, 4-8 membered heterocyclyl, -O(C ¢ alkyl), -O(C1 ¢
haloalkyl), -O(C; 5 cycloalkyl), -O(4-8 membered heterocyelyl), -8(C ¢ alkyl}, -5(Cs 5
cycloalkyl), -5(4-8 membered heterocyclyly, -NH(C ¢ alkyl), -N{(C, ¢ alkyl},, -NH-CN, -
NHCONH,, -NHCO(C, 4 alkyl), -CONR_R,, -COOR, and -COR,, wherein R, Ry, R, and
R, are each mdependently chosen from hydrogen, C, 4 alkyl, C, 4 haloalkyl, -(C,_¢ alkyD)-
O-(C g alkyl}, {C ¢ alkyD)-OH, (C ¢ alkyD)-CN, Cy¢ cycloalkyl and 4-8 membered
heterocycelyl; R is independently chosen from hydrogen, C; ¢ alkyl, T 4 haloalkyl, «(C, ¢
alkyD)-OH, ~(Cy¢ alkyD}-0-~(C1 4 alkyly and -(Cy 4 alky])-CN; R4 and R are each
independently chosen from C;_3 cycloalkyl, phenyl, 4-8 membered heterocyclyl and 5-12
membered heteroaryl; Re is chosen from -CO(C ¢ alkyl), -CO(Cs g cycloalkyl), -CO(4-8
membered heterocyclyl), -CONH,, -CONH(C 4 alkyly, -CONH(C; ¢ cycloalkyl), -
CONH(4-8 membered heterocyclyl), -CON(C, ¢ alkyl),, (T4 alkyl)-O-(Cy 4 alkyl), -(C.
¢ alky}-OH, {(C ¢ alkyl}-NH{C ¢ alkeyl), (C¢ alkyl)-N{C ¢ alkyl}, and {C ¢ alkyl}-
NHCO(C 5 alkyl), wherein the Cy ¢ alkyl of Rg 18 optionally substituted with one or more
groups independently chosen from: halogen, -CN, -OH and -0(C, ¢ alkyl); and the above-
mentioned Cy g cycloalkyl, phenyl, 4-8 membered heterocyclyl and 5-12 membered
heteroaryl are each optionally substituted with one or more groups independently chosen
from: halogen, -CN, -CONH,, -OH, oxo, -NH,, C, 4 alkyl, C, alkenyl, C, ¢ alkynyl, C, ¢
haloalkyl, -(C ¢ alkyl}-OH, ~(C;_¢ alkyD)-O-(C 4 alkyl), (Cy 4 alkyD-CN, -O(C¢ alkyly, -
O(C 6 haloalkyl), -S{(C,_¢ alkyly, -NH(C ¢ alkyl} and -N(C, ¢ alkyl};

Ry’ 1s independently chosen from halogen, -CN, -CONH,, -OH, -NH,, C, ¢ alkyl, C,.
¢ haloalkyl, C¢ cycloalkyl, 4-8 membered heterocyelyl, -(C, ¢ alkyl)-OH, -(Cy 4 alkyl)-
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O-(Cy ¢ alkyly, «(Cy¢ alkyD-CN, -O(C, ¢ alkyl), -O(Cy_5 haloalloyl), -O(C5 ¢ cycloalkyl), -
0(4-8 membered heterocyclyl), -S(C ¢ alkyl), -NH(C ¢ alkyl) and -N(C ¢ alkyl)},,
wherein the ;3 cycloalkyl and 4-8 membered heterocyclyl are each optionally
substituted with one or more halogen;

nis 0, 1,2 or 3;

Ry is chosen from -NH,, -NH{(C ¢ alkyl), -N(C ¢ alkyl),, oxo and -OH;

Cy; 18 5-12 membered heterocyclyl or 5-12 membered heteroaryl, each of which 1s
optionally substituted with one or more groups independently chosen from: halogen, ~-CN,
~CONH,, -OH, oxo, -NH,, Cy4 alkyl, Cy4 alkenyl, C, ¢ alkynyl, Cy ¢ haloalkyl, Cs 4
cycloalkyl, 4-8 membered heterocyelyl, -{(Cy ¢ alkyD-OH, «{(C ¢ alkyD)-O-(C ¢ alkyl), -
(Cyg alkyD-CN, -O(C | ¢ alkyl), -O(C_4 haloalkyl), -O(Cq ¢ cycloalkyl), -O(4-8 membered
heterocyelyl), -S{C ¢ alkyl), -NH(C, ¢ alkyl), -N{C ¢ alkyl},, -NHCO{C, ¢ alkyl), -
CONH(C ¢ alkyly and -CON(C, 4 alkyl},, wherein the Cs ¢ cycloalkyl and 4-8 membered
heterocyclyl are each optionally substituted with one or more halogen;

Cys 1s phenyl or 5-14 membered heteroaryl, each of which is optionally substituted
with one or more groups independently chosen from: halogen, -CN, -CONH,, -OH, oxo,
Cg atkyl, Co¢ alkenyl, Cy 4 alkynyl, Ci4 haloalkyl, «(C, 4 alkyl}-OH, -(Cy4 alkyD-0-(C
alkyly, -(Cyg alkyl}-CN, -O(Cy¢ alkyl}, -O(C, ¢ haloalkyl), -O(C. ¢ cycloalkyl}, -O{4-8
membered heterocyelyl), -S(C 4 alkyl), -NR,Rg, -NHCO(C ¢ alkyl), -CONH(C ¢ alkyl)
and -CON(C, 4 alkyl),, wherein R; and Ry are each independently chosen from hydrogen,
Cy.g alkyl, Cy ¢ haloalkyl, (Cy ¢ alkyD}-OH, (C ¢ alkyl}-O-(C1_4 alkyl}, -{C 4 alky)-CN,
;5 cycloalkyl, phenyl, 3-8 membered heterocyclyl and 5-6 membered heteroaryl; and

L is absent, or L is 8, O, NH, €4 alkyl, 14 alkenyl or C, 4 alkynyl.

Embediment 2. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to embodiment 1, wherein the compound is a compound of
formula (IA):

Gy, Cy
2\L/ e R,
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Embodiment 3. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to embodiment 1 or 2, wherein 7 is CH, or O; and preferably,
Z 15 CH,.

Embediment 4. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to any one of embodiments 1-3, whereimn R; 1s chosen from
(56 alkynyl, -NR3R, and -SR;5, wherein the C, ¢ alkynyl is optionally substituted with one
or more groups independently chosen from: halogen, -CN, ~-OH, -NH,, Cs 5 cycloalkyl, 4-
8 membered heterocyelyl, -O(C 4 alkyl), -O(Cy ¢ haloalkyl), -O(Cs ¢ cycloalkyl), -0(4-8
membered heterocyclyl), -S(C4 alkyl), -S{Cs5 cycloalkyl), -S(4-8 membered
heterocyelyl), -NH{C, ¢ alkyl), -N(C¢ alkyl),, -NHCONH,, -NHCO(C ¢ alkyl), -
CONR,R,, -COOR, and -CORg, wherein R, Ry, R, and Ry are each independently chosen
from hydrogen, C, ¢ alkyl, (Cy_¢ alkyl}-O-(C 4 alkyl), «(C s allyl)-OH, Cy5 cycloalkyl
and 4-8 membered heterocyclyl; R; is independently chosen from hydrogen and C ¢
alkyl; Ry and Rs are each independently chosen from C, 3 cycloalkyl, 4-8 membered
heterocycelyl and 5-12 membered hetercaryl; and the above-mentioned (s g cycloalkyl, 4-
& membered heterocyclyl and 5-12 membered heteroaryl are each optionally substituted
with one or more groups independently chosen from: halogen, -CN, -CONH,, -OH, oxo,
-NH,, C) ¢ alkyl and -O(C, 4 alky]).

Embediment S. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to embodiment 4, wherein R is Cy ¢ alkynyl, wherein the Cy4
alkynyl is optionally substituted with one or more groups independently chosen from: -
OH, -O(C ¢ alkyl), -NH(C,_4 alkyl), -N{C_¢ alkyl),, -NHCONH,, -CONR,R,,, -COOR,
and -CORy, wherein R, Ry, R, and Ry are each independently chosen from hydrogen, Ci
alkyl, (T ¢ alky}-O-(Cy ¢ alkyl), Cy5 cycloalkyl and 4-8 membered heterocyelyl,
wherein the Cy g cycloalkyl and 4-8 membered heterocyelyl are each optionally
substituted with one or more groups independently chosen from: C ¢ alkyl and -O(C ¢
alkyly; preferably, Ry is C, 4 alkynyl, wherein the €5 ¢ alkynyl is optionally substituted
with one or more groups independently chosen from: -OH, -CONH,, -O(C, ¢ alkyl), -

NH(C,¢ alkyl), -N(C, ¢ alkyl),, -NHCONH:, -CONH(C, ¢ alkyl), -CONH(C, ¢ alky1)-O-
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(Cy alkyl), -CON(C, ¢ alkyl),, -CON{C 4 alkyl{C; 4 alkyl-0-Cy 4 alkyl), -CONH(C; 5
cycloalkyl), -COOH, -COO(C 4 alkyD), -CO(C 1 alkyl}, -CO(4-8 membered
heterocyclyl) and -C(O{4-8 membered heterocyclvl)-0O-(C 4 alkyl); more preferably, R, is
ethynyl, propynyl or butynyl, each of which is unsubstituted or substituted with -OH, -
CONH,, -OCH;, -NH{CHj3;), -N{(CH,),, -NHCONH,, -CONH(C, ;5 alky}), -
CONH(CH,CH,)-O-(CHs;), ~-CON(CH;),, ~-CON(CH; {( CH,CH,-0O-CHj3), -
CONH(cyclopropyl), -COOH, -COO{CHj;), -CO(CH,), -CO{azetidinyl) or -
CO(azetidinyl)-O-(CH3); and most preferably, Ry is ethynyl, or ethynyl substituted with -
CONH(C, ; alkyl).

Embodiment 6. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tantomer thereof according to embodiment 4, wherein Ry is chosen from -NR3R, and -
SRs, wherein the R, 18 independently chosen from hydrogen and C, ¢ alkyl; and Ry and R
are each independently chosen from C; g cycloalkyl, 4-8 membered heterocyelyl and 5-6
membered heteroaryl, wherein the (s 5 cycloalkyl, 4-8 membered heterocyclyl and 5-6
membered heteroaryl are each optionally substituted with one or more groups
mdependently chosen from: Cy_4 alkyl.

Embediment 7. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to any one of embodiments 1-6, wherein R, is chosen from
halogen, -CN, -O{C1 4 alkyl) and -5(C; ¢ alkyl}, and n is 0 or 1; preferably, Ry’ is halogen,
and n is 0 or 1; and more preferably, n1s 0.

Embediment 8. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to any one of embodiments 1-7, wherein R, 1s chosen from -
NH; and oxo; and preferably, R, is -NH,.

Embediment 9. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to any one of embodiments {-8, wherein Cy, is 5-12
membered heterocyelyl or 5-12 membered heteroaryl, preferably 5-10 membered
heterocyclyl or 5-10 membered heteroaryl, and more preferably 5-6 membered

heterocyclyl or 5-9 membered heteroaryl, which is optionally substituted with one or
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more groups independently chosen from: oxo, -NH,, -CN, halogen, C 4 alkyl, C1 ¢
haloalkyl and -(C, 4 alky])-OH.

Embodiment 10. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thercof according to embodiment 9, wherein Cy, 1s chosen from 1,6-
dihydropyrimidyl, pyrazinyl, pyrimidyl, 1,2,4-triazinyl, imidazopyrimidyl,
triazolopyrimidyl, imidazopyrazinyl, pyrrolopyrazinyl, pyrazolopyrazinyl and
triazolopyrazinyl, each of which is optionally substituted with one or more groups
independently chosen from: oxo, -NH,, -CN, halogen, Cy ¢ alkyl, C; ¢ haloalkyl and -(C ¢
alkyD-OH.

Embediment 11. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the

tautorer thereof according to embodiment 10, wherein Cy, 1s chosen from

& F NN :"i/'\;\j W N '}s\/"\ é{//\N
I\ F M;\ N A \C/& N\/;\;\ N j; f’\ ”Lf\
\jf;\N W f/ N f’\/\r\a %’\N WA X

NN A g T///\N
NN N\{\E a N\’Af <,J\/L N o

which is optionally substituted with one or more groups independently chosen from: -

NHy, -CN, halogen, C ¢ alkyl, C_¢ haloalkyl and -(C_4 alky}-OH; preferably, Cy, is

!
Yo , ¢ach of

NN YN w7 N \ﬁf%\?j
T e o
chosen from N Aoz ,

each of which 1s optionally substituted with one or more groups independently
chosen from: -NH,, -CN, halogen, C 4 alkyl, C, ¢ haloalky! and -(C 4 alkyl}-OH;
\i://\N Py ;‘/\N ;\/\N
; K
more preferably, Cy, is chosen from ¢ M “ﬁ\ GMK N\/\j C:J ‘ ]
each of which 1s optionally substituted with one or more groups independently

chosen from: -NH,, C,4 alkyl and -(C ¢ alkyl}-OH;
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\c‘é = N
P
further preferably, Cy, is H , which is optionally substituted with one or

f\N/\\\N
. s G
more groups independently chosen from: -NH; and C¢ alkyl; or Cy, is © ,

which is optionally substituted with one or more groups independently chosen from: €4

~ Ss

S N

N

alkyl; or Cy, is , which is optionally substituted with one or more groups

\ji{//,;\\N
PSS
independently chosen from: -NH,, € ¢ alkyl and -(Cy_4 alkyD}-OH; or Cy; 1s \ezs/

L]

which is optionally substituted with one or more groups independently chosen from: -
NH; and C ¢ alkyl.
Embodiment 12, The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
10 tautomer thereof according to any one of embodiments 1-11, wherein Cy, is phenyl or 5-
14 membered heteroaryl, preferably phenyl or 5-10 membered heteroaryl, and more
preferably phenyl, 5-6 membered heteroaryl or 9-10 membered heteroaryl, each of which
is optionally substituted with one or more groups independently chosen from: halogen, -
N, -OH, Cy; alkyl, Cy_ ¢ haloalkyl, -O(C, ¢ alkyly, -S(C 4 alkyl) and -NR;R,, wherein R,
15 and Ry are each independently chosen from hydrogen, Cy¢ alkyl, Cy ¢ haloalkyl, «(C; ¢
alkyl}-OH, «(Cy¢ alkyD)-O-(C 4 alkyl), -(Cy alkyl}-CN and Cs ¢ cycloalkyl.
Embodiment 13, The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the

tautomer thereof according to embodiment 1, wherein the compound is a compound of

20 formula (If):

wherein
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7 15 CH; or O; and preferably, 7 i1s CHy;

R, 15 chosen from Cy 4 alkynyl, -NR3R, and -SR;, wherein the C, ¢ alkynyl 18
optionally substituted with one or more groups independently chosen from: halogen, -CN,
-OH, -NH,, C5.5 eycloalkyl, 4-8 membered heterocyclyl, -O(C ¢ alkyl), -O(C1 .4
haloalkyl), -O(C5 5 cycloalkyl), -0O(4-8 membered heterocyelyl), -8(C ¢ alkyl}, -S5(Cqg
cycloalkyl}, -S{4-8 membered heterocyclyl), -NH(C ¢ alkyl), -N(C; ¢ alloyl),, -NH-CN, -
NHCONH,, -NHCO(C, 4 alky), -CONR,R,, -COOR, and -COR,, wherein R, Ry, R, and
Ry are each independently chosen from hydrogen, C, ¢ alkyl, <(C, ¢ alky}-O~(C, 4 alkyl), -
{C1 alkyD)-OH, (55 cycloalkyl and 4-8 membered heterocycelyl; R; is independently
chosen from hydrogen and C, ¢ alkyl; Ry and Rs are each independently chosen from Cy 4
cycloalkyl, 4-8 membered heterocyclyl and 5-6 membered heteroaryl; and the above-
mentioned Cs 3 cycloalkyl, 4-8 membered heterocyclyl and 5-6 membered heteroaryl are
each optionally substituted with one or more groups independently chosen from: C 4
alkyl and ~-O(C ¢ alkyl); preferably, R is C, ¢ alkynyl, wherein the C, 4 allkynyl is
optionally substituted with one or more groups independently chosen from: -OH, -
CONH,, -O(C ¢ alkyl), -NH(C, ¢ alkyl), -N(C,_¢ alkyl),, -CONH{C ¢ alkyl} and -
CON(C | alkyl),; further preferably, R, 1s ethynyl, propynyl or butynyl, each of which is
unsubstituted or substituted with -OH, -CONH,, -OCH;, -NH(CHj;), -N{CHs),, -
CONH(CH;) or -CON(CH;),: and more preferably, R, 1s ethynyl;

R, is chosen from halogen, -CN, -O(C ¢ alkyl) and -S(C, 4 alkyl}, and nis O or 1;
preferably, By is halogen, and n is 0 or 1; and more preferably, nis §;

R; 18 -NH»;

R and Ry, are each independently chosen from hydrogen, -NH;, halogen, €4 alkyl
and C; ¢ haloallyl; and preferably, Ry and Ry, are each independently chosen from
hydrogen and C_¢ alkyl;

Cy; 1s phenyl or 5-14 membered heteroaryl, preferably phenyl or 5-10 membered
heteroaryl, and more preferably phenyl, each of which is optionally substituted with one
or more groups independently chosen from: halogen, -CN, -OH, C; 4 alkyl, C; ¢ haloalkyl,
- Cy s alkyly, -S{C4 alkyl} and -NR,Rg, wherein R, and R are each independently
chosen from hydrogen, -(C,_4 alkyl}-OH, -(Cy 4 alkyl}-0-(C, ¢ alkyl) and C; 4 cycloalkyl;
and

L is absent.
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Embodiment 14. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to embodiment 1, wherein the compound is a compound of

formula (1H):

wherein

Z1s CH,;

Ry 15 chosen from C, ¢ alkynyl, -NR3R, and -SR;, wherein the C, ¢ alkynyl 15
optionally substituted with one or more groups independently chosen from: halogen, -CN,
-OH, -NH,, C;¢ cycloalkyl, 4-8 membered heterocycelyl, -O(C ¢ alkyly, -O(Cy 4
haloalkyl), -O(Cy.e cycloalkyl}, -0(4-8 membered heterocyelyl), -S(Cy ¢ alkyl}, ~S{Cs¢
cycloalkyl), -5(4-8 membered heterocyclyl), -NH(C ¢ alkyl}, -N(C, ¢ alkyl),, -NH-CN, -
NHCONH,, -NHCO{C/ ¢ alkyl}, -CONR, R, -COOR, and -CORy, wherein R, Ry, R, and
Ry are each mdependently chosen from hydrogen, C,4 alkyl, -(C, ¢ alkyD)-0-(C,_4 alkyl), -
(Cy alkyl}-OH, Cs ¢ cycloalkyl and 4-8 membered heterocyelyl; R; is independently
chosen from hydrogen and C ¢ alkyl; Ry and Rs are each independently chosen from Cyg
cycloalkyl, 4-8 membered heterocyclyl and 5-6 membered heteroaryl; and the above-
mentioned Cs g cycloalkyl, 4-8 membered heterocyclyl and 5-6 membered heteroary! are
each optionally substituted with one or more groups independently chosen from: Cy 4
alkyl and -O(C /4 alkyl); preferably, R, 1s C, 4 alkynyl, wherein the C, ¢ alkynyl 15
optionally substituted with one or more groups independently chosen from: -OH, -
CONH,, -O{C 4 alkyl), -NH(C,_; alkyl), -N(C ¢ alkyl),, -CONH(C, 4 alkyl) and -
CON(C ¢ alkyl),; further preferably, R, is ethynyl, propynyl or butynyl, each of which is
unsubstituted or substituted with -OH, -CONH,, ~-OCH,, -NH{CHj;), -N(CH;3}, or -
CONH(CH;); and more preferably, Ry is ethynyl;

Ry’ s chosen from halogen, -CN, -O{(C ¢ alkyl} and -8{(C, 5 alkyD), and nis O or 1;

preferably, R, is halogen, and n is 0 or 1; and more preferably, nis O;
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R, 15 chosen from -NH, and oxo; and preferably, R, is -NH»;

Ry, Ry and Ry; are each independently chosen from hydrogen, -NH,, -CN, C, ¢
alkyl and Cy 4 haloalkyl; preferably, R,,, Ry, and R; are each independently chosen from
hydrogen and C; ¢ alkyl; and more preferably, Ry, Ry; and Ry5 are all hydrogen;

Cy; 1s phenyl or 5-14 membered heteroaryl, preferably phenyl or 5-10 membered
heteroaryl, and more preferably 5-6 membered heteroaryl, each of which is optionally
substituted with one or more groups independently chosen from: halogen, -CN, -OH, C 4
alkyl, Cy4 haloalkyl, -O(C ¢ alkyl}, -S(C ¢ alkyl} and -NR;Rq, wherein Ry and Ry are
each independently chosen from hvdrogen, -(C, 4 alkyl}-OH, (Cy ¢ alkyl}-0O-{C, ¢ alkyl)
and Cy g cycloalkyl; and

L 1s absent, or L 18 §; and preferably, L 1s S,

Embediment 15. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to embodiment 1, wherein the compound is a compound of

formula (IV):

wherein

7 is CHs or O; and preferably, 7 is CHo;

Ry 1s Cy 4 alkynyl, wherein the C, ¢ alkynyl 1s optionally substituted with one or
more groups independently chosen from: halogen, -CN, -OH, -NH,, Cs 5 cycloalkyl, 4-8
membered heterocyclyl, -O(Cq alkyl), -O(C ¢ haloalkyl), -O(C. ¢ cycloalkyl}, -O{4-8
membered heterocyclyl), -5(Cy 4 alkyl), -S{Cs 5 cycloalkyl), -S{4-8 membered
heterocyclyl), -NH{C ¢ alkyl}, -N{C | ¢ alkyl),, -NH-CN, -NHCONH,, -NHCO(C ¢ alkyl},
-CONR,R,, -COOR_ and -COR, wherein R, Ry, R, and R are each independently
chosen from hydrogen, Cy ¢ alkyl, -(Cy4 alkyD}-O-(Cy¢ alkyl), -(Ci6 alkyl}-OH, C5 5
cycloalkyl and 4-8 membered heterocyclyl; the above-mentioned C; ¢ cycloalkyl and 4-8

membered heterocyelyl are each optionally substituted with one or more groups
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independently chosen from: Cy 4 alkyl and -O(C1 ¢ alkyl); preferably, Ry is Cy ¢ abloynyl,
wherein the C, 4 alkynyl is optionally substituted with one or more groups independently
chosen from: ~-OH, -O(C ¢ allkyl), -NH(C ¢ alkyl}, -N{C ¢ alkyl},, -CONH{C ¢ alkvyl}
and ~-CON(C, 4 alkyl),; further preferably, Ry is ethynyl, propynyl or butynyl, cach of
which 1s unsubstituted or substituted with -OH, -OCH;, -NH{CH;) or -N(CHjs)»; and more
preferably, B, is ethynyl;

Ry’ 15 chosen from halogen, -O(C, ¢ alkyl) and -S(C, 5 alkyl), and nis O or 1
preferably, Ry’ is halogen, and n is ¢ or 1; and more preferably, nis ;

Ry is -NH;;

R4 18 chosen from hydrogen, -NH, and Cy 4 alkyl; preferably, Ry, is hydrogen or -
NH,; and more preferably, Ry, is hydrogen;

R4 18 Cy ¢ alkyl;

Cy, 18 phenyl or 5-14 membered heteroaryl, preferably phenyl or 5-10 membered
heteroaryl, and more preferably 5-6 membered hetercaryl or 9-10 membered heteroarvl,
each of which is optionally substituted with one or more groups independently chosen
from: halogen, -CN, -OH, C, ¢ alkyl, C, ¢ haloalkyl, -O(C, ¢ alkyl}, -S{C ¢ alkyl) and -
NR-Rg, wherein R; and Rg are each independently chosen from hydrogen, -(C, s alkyl)-
OH and ~(Cy_¢ alky}-O~(C ¢ alkyl); and

L is absent, or L 18 S; and preferably, L is S.

Embediment 16. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to embodiment 1, wherein the compound 1s a compound of

formula (V)

wherein

Z is CH; or O; and preferably, Z is CHy;
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Ry 18 Cy s alkynyl, wherein the Co ¢ alkynyl is optionally substituted with one or
more groups independently chosen from: halogen, -CN, -OH, -NH,, Cs 5 cycloalkyl, 4-8
membered heterocyelyl, ~-O(C 4 alkyl), -O(C, ¢ haloalkyl}, ~-O(5 5 cycloalkyl), -0(4-8
membered heterocyelyl), -S(C1 ¢ alkyl), -5(Cs g eycloalkyl), -5(4-8 membered
heterocycelyl), -NH(C, 4 alkyl), -N(C, ¢ alkyl},, -NH-CN, -NHCONH,, -NHCO(C | ; alkyl},
~CONRR,, -COOR, and -CORy, wherein R, Ry, R and R, are each independently
chosen from hydrogen, C, ¢ alkyl, C, ¢ haloalkyl, {(C ¢ alky}-O-(Cy 4 alkyl), -(Ci 4
alky}-OH, ~(C, 4 alkyl}-CN, Cs 5 cycloalkyl and 4-8 membered heterocyclyl; and the
above~-mentioned Cs g cycloalkyl and 4-8 membered heterocyclyl are each optionally
substituted with one or more groups independently chosen from: C¢ alkyl and -O(C ¢
alkyly; preferably, R, 1s Cy4 alkynyl, wherein the C,_¢ alkynyl 1s optionally substituted
with one or more groups independently chosen from: -OH, -O(C; ¢ alkyl), -NH(C, ¢
alkyl), -N{C ¢ alkyl),, -NHCONH,, -CONR,R,,, -COOR_ and -COR,, wherein R, Ry, R,
and Ry are each independently chosen from hydrogen, Cy¢ alkyl, -(C, ¢ alkyl}-0-(C, ¢
alkyly, C;5 cycloalkyl and 4-8 membered heterocyelyl, wherein the C, ¢ cycloalkyl and 4-
& membered heterocyclyl are each optionally substituted with one or more groups
mdependently chosen from: Cy4 altkyl and -O(C, 4 alkyl); more preferably, R 18 Cy 4
alkynyl, wherein the C, 4 alkynyl is optionally substituted with one or more groups
independently chosen from: -OH, -CONH,, -O(C, 4 alkyl), -NH{C ¢ alkyl}, -N(C, 4
alkyl),, -NHCONH,, -CONH({C ¢ alkyl), -CONH{C ¢ alkyl}-O-(C, ¢ alkyl}, -CON(C, ¢
alkyly,, ~-CON(C 4 alkyl}C ¢ alkyl-O-C, ¢ alkyl), -CONH(C; 3 cycloalkyl), ~-COOH, -
COO(C ¢ alkyly, -CO(Cy ¢ alkyl), -CO(4-8 membered heterocyelyl) and -CO(4-8
membered heterocyclyl}-O-(C ¢ allkeyl); further preferably, R, s ethynyl, propynyl or
butynyl, each of which is unsubstituted or substituted with -OH, -CONH,, -OCH;, -
NH{CH;), -N{CH3),, -NHCONH,, -CONH(C_; alkyl}, -CONH{CH,CH,)-O-(CH3), -
CON(CH;),, ~-CON(CH3)Y(CH,CH,-0O-CH,), ~-CONH{cyclopropyl), -COOH, -COO(CH,),
~CO(CHg), -CO(azetidinyl) or -CO(azetidiny}-O-(CH;); and most preferably, R, is
ethynyl substituted with -CONH{(CH,), -CONH{CH,CH;) or -CONH(CH,CH,)-0O-{CH;);

R, is chosen from halogen, -O(C ¢ alkvl) and -S(C, 4 alkyl}, and nis O or I;
preferably, By is halogen, and n is 0 or 1; and more preferably, nis §;

RQ 18 -\:Hz,
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Rys and Ry5” are each independently chosen from hydrogen, -NH,, -CN, halogen, C,.
¢ alkyl, Ci ¢ haloalkyl and -(C, ¢ alky}-OH; preferably, Rys and R 5" are each
independently chosen from hydrogen, -NH,, Cy 4 alkyl and -(C,_4 alkyl}-OH; and more
preferably, both Rys and Rys™ are hydrogen;

Cy; 1s phenyl or 5-14 membered heteroaryl, preferably phenyl or 53-10 membered
heteroaryl, and more preferably 5-6 membered heteroaryl or 9-10 membered heteroaryl,
each of which is optionally substituted with one or more groups independently chosen
from: halogen, -CN, -OH, C ¢ alkyl, C\_¢ haloalkyl, -O(C ¢ alkyl}, -5(C, 4 alkyl) and -
NR;Rg, wherein R, and R are each independently chosen from hydrogen, -{(C; ¢ alkyl)-
OH, -(Cy4 alkyl)-0-(C 4 alkyl) and Cy 5 cycloalkyl; and

L is absent, or L 1s 5; and preferably, L is 5.

Embediment 17. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the
tautomer thereof according to any one of embodiments 1-16, wherein Cy; s phenyl,
pyridyl, pyrimidyl, indazolyl, pyrrolopyridyl or 1,2,3,4-tetrahydro-1,5-naphthyridinyl,
cach of which 1s optionally substituted with one or more groups independently chosen
from: halogen, -CN, -OH, C ¢ alkyl, T haloalkyl, -O(C ¢ alkyl}, -5(C,_4 alkyl) and -
NR;Rg, wherein R, and R are each independently chosen from hydrogen, -{(C; ¢ alkyl)-
OH, -(Cy4 allky)-0-(C 4 alkyl) and Cy 5 cycloalkyl.

Embediment 18. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the

tautomer thereof according to embodiment 17, wherein

N HIN- N
. - O AN / NH
O 0O oWy oYy

each of which 1s optionally substituted with one or more groups independently

chosen from: halogen, -CN, -OH, C alkyl, C, ¢ haloalkyl, -O(C ¢ alkyl}, -8(C_4 alkyl)

Cy, 1s chosen from

and -NR;Rg, wherein R, and Rg are each independently chosen from hydrogen, (Cy4
alkyD}-OH, -(Cy¢ allkyD)-0-(Cy 4 alkyly and Cq g cycloalkyl;

preferably, Cy, is chosen from

COF O O (5wl Pt
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each of which 1s optionally substituted with one or more groups independently
chosen from: halogen, -CN, -OH, C alkyl, C, ¢ haloalkyl, -O(C ¢ alkyl}, -8(C_4 alkyl)
and -NR,Ry, wherein R, and R are each independently chosen from hydrogen, (C/ 4

alkyD}-OH, -(Cy¢ allyD)-0-(Cy 4 alkyly and Cy g eycloalkyl; and

SN PND)
= N Nz , each of which is

optionally substituted with one or more groups independently chosen from: halogen, -CN,

-OH, Cy ¢ alkyl, C; ¢ haloalkyl, -O(C, ¢ alkyl), -S{Cy4 alkyl) and -NR;R;, wherein R; and

more preferably, Cy, is chosen from

Ry are each independently chosen from hydrogen, -{C, 4 alky)-OH, -(C, ¢ allkyl}-O-(Cy ¢
alkyly and C; 5 cycloalkyl.

Embediment 19. The compound or the pharmaceutically acceptable salt
thereof, or the solvate, the racemic mixture, the enantiomer, the diastercomer or the

tautorer thereof according to embodiment 18, wherein

4

Cy, 18 , which is optionally substituted with one or more groups
independently chosen from: halogen, -CN, -OH, €4 alkyl, C, ¢ haloalkyl, -O(C, ¢ alkyl)
and -S(C1 4 alkyl);

or

Cys is Noe®  which is optionally substituted with one or more groups
independently chosen from: halogen, C, 4 alkyl, -O(C ¢ alkyl) and -NR;Rg, wherein R,
and Ry are each independently chosen from hydrogen, -(C; ¢ alkyl}-OH, «(C, ¢ alkyl}-O-
{C14 alkyly and Cy 5 cycloalkyl; and preferably, both R, and Ry are hydrogen;

or

DS

Cys 18 Noe?  which is optionally substituted with one or more groups
independently chosen from: C, 4 alkyl and -NR;R,, wherein R, and Ry are each
independently chosen from hydrogen, -(C ¢ alkyl)-OH and -(C, ¢ alkyl}-O~(C, ¢ alkyl);
and preferably, both R; and Ry are hydrogen.

Embodiment 20. The compound or the pharmaceutically acceptable salt

thereof, or the solvate, the racemic mixture, the enantiomer, the diastereomer or the

tautomer thercof according to embodiment 1, which 1s chosen from:
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No. Structural formula No. Structural formula
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Embediment 21. A pharmaceutical composition, comprising the compound

and/or the pharmaceutically acceptable salt thereof according to any one of embodiments

1-20, and optionally comprising a pharmaceutically acceptable excipient.
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Embodiment 22. A method of in vive or in vitro inhibiting the activity of SHP2,
comprising contacting SHPZ with an effective amount of the compound and/or the
pharmaceutically acceptable salt thereof according to any one of embodiments 1-20.

Embodiment 23, Use of the compound and/or the pharmaceutically acceptable
salt thereof according to any one of embodiments 1-20 n the manufacture of a
medicament for treating or preventing a disease mediated by SHP2 or at least in part by
SHP?Z, and preferably for treating or preventing cancer, Noonan Syndrome and
LEOPARD Syndrome, wherein the cancer 1s preferably a solid tumor or hematologic
malignancy, including leukemia, lymphoma and myeloma; and the cancer is more
preferably chosen from breast cancer, melanoma, glioblastoma, esophageal cancer,
gastric cancer, colon cancer, colorectal cancer, pancreatic cancer, lung cancer, head and
neck cancer (such as squamous cell carcinoma of the head and neck), liver cancer, renal
cancer, ovarian cancer, cervical cancer, prostate cancer, endometrial cancer, thyroid
carcinoma, sarcoma, adrenal carcinoma, acute myelogenous leukemia (AML), juvenile
acute myelogenous leukemia, chronic myelogenous leukemia (CML), acute lymphocytic
leukermia (ALL), B-cell acute lymphocytic leukemia (B-ALL), acute lymphoblastic
leukemia, chronic lymphocytic leukerma (CLL), diffuse large B-cell lymphoma
{DLBCL), large B-cell lymphoma (LBCL), B-cell lymphoma, T-cell lymphoma, mantle
cell lymphoma, follicular lymphoma, non-Hodgkin's lymphoma, Hodgkin's lymphoma,
myelodysplastic syndrome, and myeloma (such as multiple myeloma).

Embediment 24. 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 and/or the pharmaceutically acceptable salt thereof according to any one of
embodiments 1-20, wherein the disease is a disease mediated by SHPZ or at least in part
by SHP2, and the dis¢ase is preferably cancer, Noonan Syndrome and LEOPARD
Syndrome, wherein the cancer is preferably a solid tumor or hematologic malignancy,
including leukemia, lymphoma and myeloma; and the cancer is more preferably chosen
from breast cancer, melanoma, glioblastoma, esophageal cancer, gastric cancer, colon
cancer, colorectal cancer, pancreatic cancer, lung cancer, head and neck cancer (such as
squamous cell carcinoma of the head and neck), liver cancer, renal cancer, ovarian cancer,
cervical cancer, prostate cancer, endometrial cancer, thyroid carcinoma, sarcoma, adrenal

carcinoma, acute myelogenous leukemia (AML), juvenile acute myelogenous leukemia,
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chronic myelogenous leukemia (CML), acute lymphoeytic leukemia (ALL), B-cell acute
Iymphocytic leukemia (B-ALL), acute lymphoblastic leukemia, chronic lymphocytic
leukemia (CLL), diffuse large B-cell lymphoma (DLBCL), large B-cell lymphoma
{(LBCL), B-cell lymphoma, T-cell lymphoma, mantle cell lymphoma, follicular
Iymphoma, non-Hodgkin's lymphoma, Hodgkin's lymphoma, myelodysplastic syndrome,
and myeloma (such as multiple myelomay).

Embodiment 25, The compound and/or the pharmaceutically acceptable salt
thereof according to any one of embodiments 1-20, for use as a medicament.

Embediment 26. The compound and/or the pharmaceutically acceptable salt
thereot according to any one of embodiments 1-20, for use in treating or preventing a
disease mediated by SHP2 or at least in part by SHP2, and preferably for use in treating
or preventing cancer, Noonan Syndrome and LEOPARD Svndrome, wherein the cancer
is preferably a solid tumor or hematologic malignancy, including leukemia, lymphoma
and myeloma; and the cancer is more preferably chosen from breast cancer, melanoma,
glioblastoma, esophageal cancer, gastric cancer, colon cancer, colorectal cancer,
pancreatic cancer, lung cancer, head and neck cancer (such as squamous cell carcinoma
of the head and neck), liver cancer, renal cancer, ovarian cancer, cervical cancer, prostate
cancer, endometrial cancer, thyroid carcinoma, sarcoma, adrenal carcinoma, acuie
myelogenous leukemia (AML), juvenile acute myelogenous leukemia, chronic
myelogenous leukemia (CML), acute lymphocytic leukemia (ALL), B-cell acute
lymphocytic leukemia (B-ALL), acute lymphoblastic leukemia, chronic lymphocytic
leukermia (CLL}, diffuse large B-cell lymphoma (DLBCL), large B-cell lymphoma
(LBCL), B-cell lymphoma, T-cell lymphoma, mantle cell lymphoma, follicular
lymphoma, non-Hodgkin's lymphoma, Hodgkin's lymphoma, myelodysplastic syndrome,
and myeloma (such as multiple myeloma).

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

therapeutic agent.
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The various embodiments of the present invention (including the following
examples) and the features of the various embodiments should be mterpreted as being
arbitrarily combined with each other, and the various solutions obtained from these
mutual combinations are all included in the scope of the present invention, just hike the
solutions obtained from the mutual combinations specifically and individually set forth
herein, unless clearly stated otherwise in the context.

General synthetic methods

The compound of formula (I} 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 present patent application. The
synthetic routes shown 1n Scheme 1 to Scheme 4 illustrate the general synthetic methods
of the compounds of the present invention.

Scheme 1:

Rg
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Ring A, Z, Ry, R;", n, L and Cy, thereof are defined as for formula (I); Pg 1s an
amino protecting group; and Ry and Ry, are each independently chosen from hydrogen, -
NH,, halogen, Cy4 alkyl and C, ¢ haloalkyl.

As shown in Scheme 1, a compound of fornmla II-A 1s reacted with acetonitrile
under the catalysis of hydrogen chloride to obtain a compound of formula [I-B. The
compound of formula H-B 1s reacted with a corresponding malonate under atkaline
conditions (sodium ethoxide/ethanol) to obtain a compound of formula H-C. The
compound of formula {1-C is reacted with 2,4,6-triisopropyl benzenesulfonyl chloride to
obtain a compound of formula H-D. The compound of formula 1-D is reacted with a

compound of formula 1I-E under alkaline conditions (Et;N or DIEA) to obtain a
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compound of formula H-F. The compound of formula -F 1s deprotected with an acid to
obtain a compound of formula H-G.

Scheme 2:
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5 Ring A, Z, Ry, Ry, n, L and Cy, thereof are defined as for formula (I); Pgis an

aming protecting group; and Ry, Ry, and Ry; are each independently chosen from
hydrogen, -NH,, -CN, C,¢ alkyl and C_¢ haloalkyl.
As shown in Scheme 2, a compound of formula II-A and a compound of formula
1H-B are subjected to a nucleophilic substitution reaction under alkaline conditions (Ef;N
10 or DIEA) to obtain a compound of formula HH-C. The compound of formula Ill-C and a
sulfur-containing sodium salt or boronic ester are subjected to a coupling reaction under
the catalysis of palladium to obtain a compound of formula HI-D. Palladium-catalyzed
coupling reaction is carried out under suitable conditions. The base used can be chosen
from Cs.CO;5, K,CO;5, DIEA, etc., and the catalyst used can be chosen from Pd,(dba),
15 PA(PPh)y, Pd(dppHCl-CH,Cly, etc. The compound of formula I11-D is deprotected with
an acid to obtain a compound of formula IT1-E.

Scheme 3:
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Ring A, 7, R, Ry, n, L and Cy, thereof are defined as for formula (I); Pgis an
amino protecting group; R4 is chosen from hydrogen, -NH; and C 4 alkyl; and R4 1s
Cy.6 alkyl.

3 As shown in Scheme 3, a compound of formula IV-A is reacted with a compound of
formula IV-B under BOP and DBU conditions to obtain a compound of formula [V-C.
The compound of formula IV-C is reacted with NIS to obtain a compound of formula IV-
D. The compound of formula I'V-1} and a sulfur-containing sodium salt or boronic ester
are subjected to a coupling reaction under the catalysis of palladium to obtain a

10 compound of formula IV-E. Palladinm-catalyzed coupling reaction s carried out under

suitable conditions. The base used can be chosen from Cs,CO5, K,CO5, DIEA, etc., and
the catalyst used can be chosen from Pd,(dba);, Pd(PPh,),, Pd(dppH)ClL-CH,Cl,, ete. The
compound of formula 1V-E 1s deprotected with an acid to obtain a compound of formula
IV-F.

15 Scheme 4:
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e A R1 R']
R Rl

Ring A, Ry, Ry, n, L and Cy, thereof are defined as for formula (1); Pg is an amino
protecting group; and R is chosen from hydrogen, -NH,, -CN, halogen, C ¢ alkyl, C
haloalkyl and ~(C, 4 alkyl)-OH.

As shown in Scheme 4, a compound of formula V-A is reacted with a compound of
formula V-B under alkaline conditions (Et;N or DIEA) to obtain a compound of formula
V-C. The compound of formula IV-C is reacted with DIBAL-H to obtain a compound of
formula V-D. The compound of formula V-D and a sulfur-containing sodium salt or
boronic ester are subjected to a coupling reaction under the catalysis of palladium and
deprotected with an acid to obtain a compound of formula V-E. Palladinm-catalyzed
coupling reaction is carried out under suitable conditions. The base used can be chosen
from Cs,COs, K,CU0,, DIEA, etc., and the catalyst used can be chosen from Pdy(dba),
Pd(PPh;)y, Pd(dpphCl,-CH,Cl, ete.

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 (1995) 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.
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Pharmeeutical Compositions and Utility

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

A pharmaceutically acceptable 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. Examples of other
excipients 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. Osol, a standard
reference text in the art.

A pharmaceutical composition comprising a compound of the present invention 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
includes subcutaneous, intracutaneous, intravenous, intramuscular, intraarticular,
intraarterial, intrasynovial, infrasternal, intrathecal, 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, liquid
preparation, or supposttory. In some embodiments, a pharmaceutical composition
comprising a compound of the present invention 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
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solutions. Commonly used carriers for tablets include lactose and corn starch. Lubricating
agents, such as magnesitum stearate, are also typically added to tablets. For oral
administration in a capsule form, useful diluents include lactose and dried corn starch.
When aqueous suspensions or ermalsions are administered orally, the active ingredient
can be suspended or dissolved mn an oily phase combined with emulsifyving 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, 5, 10, 15, 20, 25, 50, 75, 80, 85, 90, 95, 100, 125, 150, 200, 250, 3060, 400
and 500 mg in a 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 i a capsule.

A sterile injectable composition (e.g., aqueous or oleaginous suspension} can be
formulated according to techniques known mn the art using suitable dispersing or wetting
agents {for example, Tween 80) and suspending agents. The sterile injectable
composition can also 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 employed are
mannitol, water, Ringer’s solution and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medinm (¢.g.,
synthetic mono- or di-glycerides). Fatty acids, such as oleic acid and its glyceride
derivatives, and natural pharmaceutically acceptable oils, such as olive oil or castor oil,
especially in their polyoxyethylated versions, can be used as sterile injectable medium.
These oil solutions or suspensions can also contain a long-chain alcohol diluent or
dispersant, or carboxymethyl cellulose or similar dispersing agents.

An inhalation composition can be prepared according to techniques well known in
the art of pharmaceutical formulation and can be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives, absorption promoters to
enhance biocavailability, 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
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molecular weight alcohols (greater than C12). In some embodiments, the
pharmaceutically acceptable carrier is one in which the active ingredient 1s soluble.
Emulsifiers, 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 o1, self-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 o1l and
about 1 part almond o1l. Ointments may be formulated by mixing a sohation of the active
ingredient in a vegetable oil, such as almond oil, with warm soft paraffin and allowing
the mixture to cool. An example of such an ointment is one which includes about 30% by
weight almond o1l 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 SHP2. The compounds of the present
mvention 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 (¢.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 effect, for example, in subjects with cancer.

As used herein, the term “cancer” refers to a cellular disorder characterized by
uncontrolled or disregulated cell proliferation, decreased cellular differentiation,
inappropriate ability to invade surrounding tissue, and/or ability to establish new growth
at ectopic sites. The term “cancer” includes, but 1s 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.
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Non-limiting examples of solid tumors include pancreatic cancer; bladder cancer;
colorectal cancer; colon cancer; breast cancer, including metastatic breast cancer; prostate
cancer, including androgen-dependent and androgen-independent prostate cancer;
testicular cancer; renal cancer, including, ¢.g., metastatic renal cell carcinoma; urothelial
carcinoma; liver cancer; hepatocellular cancer; hung cancer, including, e.¢., non-small
cell lung cancer (NSCLC), bronchioloalveolar carcinoma (BAC), and adenocarcinoma of
the lung; ovarian cancer, including, e.g., progressive epithelial or primary peritoneal
cancer; cervical cancer; endometrial cancer; gastric cancer; esophageal cancer; head and
neck cancer, including, e.g., squamous cell carcinoma of the head and neck; skin cancer,
inchuding, e.g., melanoma and basal carcinoma; neurcendocrine cancer, including
metastatic neuroendocring tumors; brain tumors, including, e.g., glioma, anaplastic
oligodendroglioma, adult glioblastoma multiforme, and adult anaplastic astrocytoma;
bone cancer; sarcoma, including, ¢.g., Kaposi’s sarcoma; adrenal carcinoma;
mesothelioma; mesothelial carcinoma; choriocarcinoma; muscle carcinoma, connective
tissue carcinoma; and thyroid carcinoma.

Non-limiting examples of hematologic malignancies include acute myelogenous
leukemia (AML); juvenile acute myelogenous leukemia; chronic myelogenous leukemia
{CML), inchading accelerated phase CML and CML blastic phase (CML-BP); acute
Iymphocytic leukemia (ALL); B-cell acute bymphocytic leukemia (B-ALL); chronic
lymphocytic leukemia (CLL), including high risk CLL; human acute monocytic leukemia
{M(5)); hairy cell leukemia; lymphocytic leukemia; chronic lymphoid leukemia;
myelogenous leukemia; acute lymphoblastic leukermia; small lymphotic lymphoma (SLL);
lymphoblastic lymphoma; Hodgkin’s lymphoma; non-Hodgkin’s lymphoma (NHL);
mantle cell lymphoma (MCL); B-cell lymphoma; T-cell lymphoma; diffuse large B-cell
fymphoma (DLBCL); large B-cell lymphoma (LBCL); follicular lymphoma; marginal
zone lymphoma; Burkitt’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 blasts (RAEB) and refractory anemia with excess blasts in

transformation (RAEB-T); and myeloproliferative syndrome.
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in some embodiments, solid tumor 1s breast cancer, melanoma, glioblastoma,
esophageal cancer, gastric cancer, colon cancer, colorectal cancer, pancreatic cancer, hang
cancer, head and neck cancer (such as squamous cell carcinoma of the head and neck),
liver cancer, renal cancer, ovarian cancer, cervical cancer, prostate cancer, endometrial
cancer, thyroid carcinoma, sarcoma, adrenal carcinoma.

In some embodiments, hematologic malignancy is acute myelogenous leukemia
{AML), juvenile acute myelogenous leukemia, chromc myelogenous leukermia (CML),
acute lymphocytic leukemia (ALL), B-cell acute lymphocytic leukemia (B-ALL), acute
lymphoblastic leukemia, chronic lymphocytic leukemia (CLL), diffuse large B-cell
Iymphoma (DLBCL)}, large B-cell lymphoma (LBCL), B-cell lymphoma, T-cell
Iymphoma, mantle cell lymphoma, follicular lymphoma, non-Hodgkin’s lymphoma,
Hodgkin’s lymphoma, myelodysplastic syndrome, myeloma (such as 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.

In addition, the compounds of the present invention {(e.g., a compound of any of the
examples as described herein) can be administered in combination with additional
therapeutic agents for the treatment of diseases or disorders described herein, such as
cancer. The additional therapeutic agents may be administered separately with the
compound of the present invention or included with such an ingredient ina
pharmaceutical composition according to the disclosure, such as a fixed-dose
combination drug product. In some embodiments, additional therapeutic agents are those
that are known or discovered to be effective in the treatment of diseases mediated by
SHP2 or at least in part by SHPZ, such as another SHP?2 inhibitor or a compound active
against another target associated with the particular disease. The combination may serve
to increase cfficacy (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.

in some embodiments, the compounds of the present invention {(e.g., a compound of
any of the examples as described herein) can be administered in combination with
additional therapeutic agents, such as anti-neoplastic active agents, anti-inflammatory
agents, or immunomodulators, wherein the anti-neoplastic active agents include

chemotherapeutic agents, immune checkpoint inhibitors or agonists, and targeted
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therapeutic agents. The term “anti-neoplastic active agent” as used herein refers to any
agent that is 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-himiting examples of chemotherapeutic agents include topoisomerase |
inhibitors (e.g., irinotecan, topotecan, camptothecin and analogs or metabolites thereof,
and doxorubicin}; topoisomerase H inhibitors {¢.g., ¢toposide, teniposide, mitoxanirone,
idarubicin, and daunorubicin}; alkylating agents (e.g., melphalan, chlorambucil, busulfan,
thiotepa, ifosfamide, carmustine, lomustine, semustine, streptozocin, decarbazine,
methotrexate, mitomycin C, and cyclophosphamide); DNA intercalators (e.g., cisplatin,
oxaliplatin, and carboplatin); free radical generators such as bleomycin; nucleoside
mimetics {e.g., S-fluorouracil, capecitabine, gemcitabine, fludarabine, cytarabine,
azacitidine, mercaptopurine, thioguanine, pentostatin, and hydroxyurea); paclitaxel,
docetaxel, and related analogs; vincristine, 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 PD-1
inhibitors, for example, anti-PD-1 antibodies, such as pembrolizumab, nivolumab, and
PDROOT (spartalizumab); PD-L1 inhibitors, for example, anti-PD-L1 antibodies, such as
atezolizumab, durvalumab, and avelumab; CTLA-4 inhibitors, such as anti- CTLA-4
antibodies, 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 wnhibitors (such as
bortezomib); NF-xB inhibitors, including kB kinase inhibitors; KRAS G12C inhibitors;
ERK inhibitors; CIIK4/6 inhibitors; PI3KS inhibitors; SYK inhibitors; Bcl2 inhibitors;
IDO inhibitors; AZAR inhibitors; BRAF inhibitors (such as dabrafenib); MEK inhibitors
{such as trametinib); mTOR inhibitors (such as rapamycin}, anti-CD40 antibodies (suc
as APX005M, RO7009789); antibodies that bind to proteins overexpressed in cancer to
down-regulate cell replication, such as anti-CD20 antibodies (such as rituximab,
ibritumomab tiuxetan, and tositumomab), anti-Her? monoclonal antibodies (such as

trastuzumab), anti-EGFR antibodies (such as cetuximab) and anti-VEGF antibodies (such
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as 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 inhibition of which 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 numbers used (for example, amounts, temperature, etc.), 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, temperature s in
degrees Centigrade, and pressure is at or near atmospheric. Al MS data were determined
by Agilent 6120 or Agilent 1100, All 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. All compound names except the reagents
are generated by Chemdraw 16.0.

if there 1s any atom with empty valence(s) in any one of the structures disclosed
herein, the empty balance(s) 1s (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 name is correct.

List of abbreviations used in the following examples:

AcOH Acetic acid

{Boc),O Di-tert-butyl dicarbonate

BOP Benzotriazol- 1 -yloxytris{(dimethylamino)phosphonium
hexafluorophosphate

CD,0D Deuterated methanol

CDCly Deuterated chloroform

m-CPBA m-~chloroperoxybenzoic acid

DBU 1,8-diazabicyclo-undec-7-ene

DCM Dichloromethane
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DIBAL-H
DIEA
DMAP
DMA
DMF
DMSO-dg
EA/EtOAC
Et:N
EtOH

o
o

HMDSLA
HATU

KOAc

L

LDA

M
MeCN
Mel
MeOH
MeSO;H
mg

mL
mmol
mol
NaOMe
NBS
NCS
NFSI
NIS
Ti{OFE,
TMSCN

PCT/CN2022/074753
66

Diisobutylaluminiom hydride
N, N-diisopropylethylamine
4-dimethylaminopyridine

N, N-dimethylacetamide

N, N-dimethylformamide
Deuterated dimethyl sulfoxide
Ethyl acetate

Triethylamine

Hihanol

Gram

Lithium hexamethyldisilazide
2-(7-azabenzotriazol-1-y[)-N NN . N'-
tetramethyluronium hexafluorophosphate
Potassium acetate

Liter

Lithtum diisopropylamide
Mole/liter

Acetonitrile

fodomethane

Methanol

Methanesulfonic acid
Milligram

Milliliter

Millimole

Mole

Sodium methoxide
N-bromosuccinimide
N-chlorosuccinimide
N-fluorobisbenzenesulfonamide
N-todosuccinimide

Ethyl titanate

Trimethylsilyl cyanide
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Pd>(dba), Tris(dibenzylidene acetone)dipalladium
Pd{dpptHClL,»CH,Cl, [ 1,1"-bis(diphenylphosphino) ferrocenejpalladium

dichloride dichloromethane complex

Pd(PPh;)»,ChL Bis(triphenylphosphine)palladram chioride

PE Petroleum ether

TFA Trifluoroacetic acid

THF Tetrahydrofuran

Xant-phos 4,5-bis{diphenylphosphino)-9.9-dimethylxanthene

Example 1 Synthesis of Compounds
Intermediate I-Al

Sedium 2-amine-3-chloropyridine-4-thiolate

i Stom 1 Ci Step 2 i
HaN A A e N A 8\/\(0\ L HRN A SNa
! i
N~ N,z o] N,z
-A1

Step 1: Methyl 3-((2-amino-3-chloropyridin-4-yhthio)prepanoate

Under nitrogen, 3-chloro-4-iodopyridin-2-amine (10.0 g, 39.3 mmol), methyl 3-
mercaptopropanoate (5.20 g, 42.8 mmol), palladinm acetate (0.44 g, 1.97 mmol), Xant-
phos (2.27 g, 3.93 mmol) and DIEA (10.2 g, 78.6 mmol) were placed 1 1,4-dioxane (160
mL). The reaction solution was refluxed and stirred for 2 hours, cooled to room
temperature 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 (9.70 g, yield 100%). [M+H]" 201.1

Step 2: Sedium I-amine-3-chloropyridine-4-thiolate

Under nitrogen, to a solution of methyl 3-((2-amino-3-chloropyridin-4-
yhithiopropanoate (9.70 g, 39.3 mmol) in tetrahydrofuran was added 2 M sodium
ethoxide/ethanol solution (20 mL, 40 mmol). The reaction was stirred at room
temperature for 2 hours and concentrated in vacuum under reduced pressure. To the
resulting residue was added dichloromethane and the mixture was stirred. A solid was
precipitated and the mixture was filtered. The filter cake was collected to give the target

product {7.18 g, vield 100%). [M+2H-Na]" 161.0
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The intermediates in the table below were prepared by following the steps for

preparing intermediate I-A1 from corresponding starting materials and reagents:

Interme | Structural 1L.C-MS Interme 1.C-MS

Structural formula

diates

formula

[M-+2H-Na]*

diates

[M+2H-Na]*

1-A3

H ]

SNa

219.0

I-AS

H
THEL, Q/\/N\H\\\I/

289.0

I-A6

128.1

-A10

127.2

-AZ20

q G
N. A 8Na
T
L ?i 2
CF,

N7 Sha
e

1801

[y
941

20

N

Intermediate I-A2
3-{{Z-amino-3-chlorepyridin-4-yl)thio}-6-chlorepyrazin-2-amine

SNa

X
Br fl o~ ci
HZN%L Step 1 s Step 2 HiaN \,/,)\N Step 3 HN._J

NH,
e ol —

S
N |

Qr HzN\E"%\N : Na. i ?‘!‘EQ/‘k(‘i
i N Cl a2 g

Step 1: Methyl 3-((3-amino-5-chlsropyrazin-2-yijthie)propansate

Under nitrogen, 3-bromo-6-chloropyrazin-2-amine (500 mg, 2.4 mmol), methyl 3-
mercaptopropanoate (317 mg, 2.6 mmol), Pdy(dba}; (110 mg, 0.12 mmol), Xant-phos
(138 mg, 0.24 mmol) and DIEA (620 mg, 4.8 mmol} were placed in 1,4-dioxane (20 mL).
The reaction solution was refluxed and stirred for 16 hours, cooled to room temperature
and concenirated in vacoum under reduced pressure, and the resulting residue was
purified with silica gel column chromatography (petrolenm ether/ethyl acetate) to give
the target product (460 mg, yield 78%). [M+H]" 248.0

Step 2: Sedium 3-amino-S-chloropyrazine-2-thielate

Under nitrogen, to a solution of methyl 3-((3-amino-5-chloropyrazin-2-
yhithio)propanoate (460 mg, 1.87 mmol} in tetrahydrofuran was added 2 M sodium
ethoxide/ethanol solution. The reaction was stirred at room temperature for 2 hours and
concentrated in vacuum under reduced pressure. To the resulting residue was added

dichloromethane and the mixture was stirred. A solid was precipitated and the mixture
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was filtered. The filter cake was collected to give the target product (400 mg, yield

118%). [M+2H-Na]" 162.0

Step 3: 3~((2-amino-3-chlorspyridin-4-yijthio}-6-chlorepyrazin-2-amine

Under nitrogen, sodinm 3-amino-5-chloropyrazine-2-thiolate (300 mg, 1.63 mmol},

7
/

3-chloro-4-iodopyridin-2-amine (414 mg, 1.63 mmol), Pd,{dba}; (75 myg, 0.08 mmol},
Kant-phos (93 mg, 0.16 mmol) and DIEA (0.55 mL, 3.26 mmol) were placed in 1,4-

dioxane (20 mL). The reaction solution was refluxed and stirred for 4 hours and 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

{(water/methanol) to give the target product (300 mg, vield 65%). [M+H]" 288.0

The ntermediates 1n the table below were prepared by following the steps for

preparing intermediate -A2 from corresponding starting materials and reagents:

interme ) LC-MS Interme ‘ ) LC-MS
. Structural fermula , . Structural fermula
diate IM-+H diate [M-+H
NH, o N,
Habl N._.8 HoN o~ S N
I-A9 z \*{\j/ \(’l\iﬁf\ 254.0 AL N E Mo B 302.0
N7 Ny X \\“r\(:i
i
¢ NH, Ci MM,
A0 “d s N 2l -8 / N
-A12 i 317.0 [-A13 P \Iﬂfl\ 301.0
N N%‘r\Ci Na. Ncﬁ/ i
NH, el
HaN N, S i
LAl | Tj VKN 269.0 L-A15 HQNWS\(’\N 273.0
No & NQH\CE E:‘ji:/i N\?\V/‘L\CE
ol o
HoN P
1-Al6 N $“{/\‘=N 258.0 -A17 ‘ N/ I/\?E 287.6
% N g, 7/\01
HZN\{}N 8 P th\:a NHy
I-A1S Med Ny 254.0 -A19 N SN 307.0
ci « 4 */H\cs
cl NH,
CFy s n PN S\%N
-A21 N7 | ~YFON 293.0 [-A22 ?L\ P{i\ | 288.0
b NN e
N7 N,
c NiH,
ot Ol A S Py
HaN S. N )
-A23 N s 274. A2 3 ! ,
I-A21 T \[\ /iT 74.0 [-A24 iN N\\)\m 444.0
et N el N
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S A8 W F
N NN [M+Naj" Hah $
~nT | R 2 P 877
1-A25 U /S A -A26 YY) 257.0
H = = S
BQG/NH gy
F NH;
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S S Ny Ne Ay,
F ci
HN s R

1-A29 AN 257.0 1-A30 H*'N\’”’\I TN 2920
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Ci

| W/L
Ci \/S
LA31 | HN 5\2\ 298.1 1-A32 T 291.1

7 N Ny N\/’\
! Ci
NS 1/
N F s itz F NH
La3z T \%\N 286.0 LA34 | N2 S%\N 272.1

} 260, £ \
N\j/l\(;i N E N\\V/E‘}\Ci

Gl J\
' Tl A8
7 =N
1-A35 HZNWS //’LN 287.0 -A36 U I\ ! 443.0
i 7 “Ci
SQC’NH

ol NH;
HyN N 8 :
1-A37 g \K/LN 254.0 [-A3R Hz”\@/sﬂ 288.0
: NS N

N CI

N, ol NH,
s

\,,\NJ, ) 255.0 1-A40 r@f \/’k;\a 273.0
Na \N e S N\\“)\Ci

Intermediate [-A4

6-amino-2-hydroxy-5-iode-3-methyipyrimidin-4(3H}-one

NH, NH,
@ if“
i e "

o7 N oM o ?EE/\OH

E
1-A4

Under nitrogen, 6-amino-2-hydroxy-3-methylpyrimidin-4(3H}-one (1.41 g, 10 mmol)
and NIS (2.47 g, 11 mmol) were placed in tetrahydrofuran (20 mL} and stirred at room
temperature for 16 hours. The mixture was filtered, and the filter cake was collected to
give the target product (2.40 g, yield 90%). [M+H]" 2

Intermediate [-A8
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Tert-butyl (8-bromo-5-(methylsulfinyllimidazo{{,2-c]pyrimidin-7-y}{tert-

butoxycarbonylcarbamate

NH, NH; . NHy
Step 1 Step 2 r 8
=/ EN op Br. ’/i ep /j\i tep 3
e M . > & -~
N SN s HNT SN N,,F S
Boc. _Boc
EOC\N,BQC N
Brf\“ Step 4 Br\/f,\/;\t
v NJ\S/ s
= =l
-A8

Step 1: S-brome-2-(methylthie)pyrimidine-4,6-diamine
At 0°C, to a solution of 2-(methylthio)pyrimidine-4,6-diamine (§ g, 32 mmol) in

N,N-dimethylformamide (50 mL) was added NBS (6.2 g, 35 mmol}. The reaction was
stirred at room temperature for 12 hours, and the reaction solution was poured into water
(200 mL), filtered and dried to give the target product as a yellow sohid (5.7 g, yield 76%).
[M+H]T 234.9, 236.9

Step 2: 8-brome-5-{methylthio)imidazo{1.2-¢c]pyrimidin-7-amine

To a solution of 5-bromo-2-(methylthio)pyrimidine-4,6-diamine (5.7 g, 24.2 mmol)
in N,N-dimethylformamide (70 mL) was added 40% 2-chloroacetaldehyde agueous
solution (7.1 g, 36 mmol). The reaction was stirred at 80°C for 2 hours, and the reaction
solution was poured into water (500 ml), adjusted with solid sodium hydroxide to a pH
value of 10 and extracted with ethy! acetate. The organic phases were 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 (3.0 g, vield 48%). [M+H]" 258.9, 260.9

Step 3: Tert-butyl (8-brome-5-{(methylthie)imidazo[l,2-c|pyrimidin-7-yI){tert-
butoxyecarbonyicarbamate

To a solution of 8-bromo-5-(methylthioyimidazo[1,2-clpyrimidin-7-amine (3.0 g,
11.6 mmol) in tetrahydroforan (40 mL) were added (Boc),0 (7.6 g, 24.8 mmol) and
DMAP (283 mg, 2.3 mmol). The reaction was stirred at room temperature for 12 hours,
and the reaction solution was poured into water (200 mL) and extracted with ethyl acetate.

The organic phases were collected and combined, and concentrated in vacoum under
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reduced pressure, and the resulting residue was purified with silica gel column
chromatography {petroleum ether/ethyl acetate) to give the target product (3.6 g, vield
68%). [M+H]" 459.2, 461.2, '"H NMR (400 MHz, CDCly): § 7.71 (d, J = 1.4 Hz, 1H),
7.57(d,§=14Hz 1H), 2.72 (s, 3H), 1.42 (s, 18H).

Step 4: Tert-butyl (8-bromo-S-(methylsulfinyDimidazo[1,2-cjpyrimidin-7-
yh{tert-butoxyecarboenyljcarbamate

At 0°C, to a solution of tert-butyl {8-bromo-S-(methylthioyimidazo[1,2-clpyrimidin-
7-yi¥tert-butoxycarbonyljcarbamate (400 mg, 0.87 mmol) in dichloromethane (10 mL}
was added m-chloroperoxybenzoic acid (530 mg, 2.6 mmol). The reaction was stirred at
0°C for 2 hours, and a saturated sodium hydrogen sulfite aqueous solution (2 mL) was
added thereto. The reaction solution was adjusted with a saturated sodium bicarbonate
aqueous solution to a pH value of 8 and extracted with dichloromethane. The organic
phases were combined, dried over anhydrous sodium sulfate, and concentrated to give a
crude target product (500 mg, vield 120%]), which was used in the reaction of the next
step directly. [M+H] 475.0

Intermediates [-B1 and [-B2
Enantiomers of 1-(2,3-dichlorophenyl)-2-methyl-6-0x0-1,6-dthydropyrimidin-4-yi

2,4,6-triisopropylbenzenesulfonate

Gl

. L o o !
O ] Sl 7Y L Sep2 J\ __________ Stepd
X PN S
2

N Ci /k
i/ /L PN Step 4

-B1 + -B2

Step 1: N-(2,3-dichlorophenylacetimidamide

2,3-dichloroaniline (13.0 g, 80.0 mmol) was placed in | M hydrogen
chloride/acetonitrile (160 mL, 160 mmol). The reaction was stirred at 120°C for 16 hours
and concentrated in vacuum under reduced pressure to give the target product (19.5 g,
vield 120%), which was used in the reaction of the next step directly.

Step 2: 1-(2,3-dichlorephenyh-2-methyipyrimidine-4,6(1H4,5H)-dione
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N-(2 3-dichlorophenyhacetimidamide (19.5 g, 80 mmol) and diethyl malonate (25.6
g, 160 mmol) were placed i ethanol (80 mL), and to the solution was added 2 M sodium
ethoxide/ethanol solution (120 mL, 240 mmol). The reaction was stirred at 120°C for 16
hours and concentrated in vacuum under reduced pressure. The resulting residue was
dissolved in water (100 mL), and the solution was adjusted with 6 M hydrochloric acid to
a pH value of 2, and a solid was precipitated. The mixture was filtered, and the filter cake
was collected and dried under reduced pressure to give the target product (10.5 g, yield
49%). [M+H]" 271.0

Step 3: 1-(2,3-dichlorephenyh)-2-methyi-6-exe-1,6-dihydropyrimidin-4-vi 2.4,6-
triisopropylbenzenesulfonate

To a solution of 3-(2,3-dichlorophenyl)-6-hydroxy-2-methylpyrimidin-4(3H}-one
{10.5 g, 38.7 mmol) and 2.4,6-triisopropylbenzenesulfonic acid (17.7 g, 58.5 mmol) in
dichloromethane {50 mL) were added DMAP (240 mg, 1.9 mmol} and tricthylamine (9.9
2, 97.4 mmol}. The reaction was stirred at room temperature for 2 hours and concentrated
in vacuum under reduced pressure. The resulting residue was purified with silica gel
column chromatography (ethyl acetate/petroleum ether=1/3) to give the target product
(18.0 g, vield 87%). [M+H]" 537.2

Step 4: Enantiomers of 1-(2,3-dicklerophenyl)-2-methyl-6-0xe-1,6-
dihvdropyrimidin-4-yi 2.4,6-triisepropylbenzencsulfonate

1-(2,3-dichlorophenyl}-2-methyl-6-oxo-1,6-dihydropyrimidin-4-yl 2,4,6-
triisopropylbenzenesulfonate (19.0 g) was resolved by chiral HPLC to obtain a pair of
enantiomers. Chiral HPLC resclution conditions: column: IG-H (046 cm LD, x 15 em L,
mobile phase: carbon dioxide/ethanol = 60 : 40; flow rate: 2.5 ml./minute; detector: UV
254 nm. First eluent (intermediate I-B2, 8.66 g, RT = (.808 minutes}, ee% = 100%.
Second eluent (intermediate I-B1, 9.66 g, RT = 1.236 minutes), ee% = 99.94%.

The intermediates in the table below were prepared by following the steps 1-3 for

preparing intermediates I-B1 and 1-B2 from corresponding starting materials and reagents:

Interme LC-MS | Interme LC-MS
Structural formula o Structural formula .
diates [M+H] | diates {M+H]

c

o
5052 | 1-BS e N,LN Y| s
o A _J
)\\///l\ .5 i
(o] O \b i
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1-B8 TSy 5032 | 1-B9 517.2
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1-Bi0 NTSN f 5371 | 1Bl 528.2
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1-B12 5052 | 1-Bl4 509.2
I-B15 5052 | 1-Bi6 503.2
-B17 4992 | I-BIS 533.2
I-B19 5211 | 1-B20 547.2
-B23 5152 | I-B25S 505.2

F 0
SN Ci i Ci |
1-B27 | //[NLNN 'l 5212 | 1-B28 [INLN TS 547.2
o ’//‘))\O"S\\ o \\'//’/[\Q: g;\\;{
A




WO 2022/166844 PCT/CN2022/074753
75
E
1-B29 [r N b a 5214 | B30 555.2
S
JO P RPN
B3t | d NN 5372 | 1-B34 533.1
QMQ’SQ.\ i
O A
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The intermediates in the table below were prepared by following the steps 1-3 for

preparing intermediates I-B1 and I-B2 from corresponding substituted aniline, diethyl 2-

methylmalonate or diethyl 2-fluoromalonate, and reagents:

Interme LC-MS | Interme LO-MS
Structural formula N Structural formula N
diates IM+H] diates {M-+H]
I-B4 519.2 I-B13 5511
Fu O
L A
1-B24 NTTR g » 5352 I-B35 561.2
Q)W%O’S\b
Ci
!Jyai
1-B42 L%’\N/LN roe 555.1

The intermediates in the table below were prepared from intermediate 1-B13 by

chiral resolution by following the step 4 for preparing intermediates 1-B1 and [-B2:

Chiral HPLC resolution conditions: column: IG-H (0.46 cm L.D. x 15 ¢m L); mobile

phase: carbon dioxide/ethanol = 80 : 20; flow rate: 2.5 mL/minute; detector: UV 254 nm.
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First eluent (intermediate I-B21, RT = 2.784 minutes), ee% = 100%. Second eluent

(intermediate I-B22, RT = 3.119 minutes), ee% = 99.92%.

LC-MS
Intermediates | Structural formula 7

[M+H]
I-B21 5511
1-B22 551.1

Intermediate [-B26
1-(2-chloropyridin-4-ylI}-2-methyl-6-oxe-1,6-dihydropyrimidin-4-yl 2.4,6-

triisopropyibenzenesulfonate

\ /)

PO N
Ny Step 1 MO NH Step 2 ‘ /J\
R NP N R S
CEME GE/L\///\NJ\ i\/(N\
H 0% ™7 o

/{j |
.. ‘ i RSN
M o5 Y
o] o] \b i
PN

1-B26

Step 1: N-(Z-chloropyridin-4-yl)acetimidamide

2-chloro-4-iodopyridine (3.78 g, 15.8 mmeol), acetimidamide hydrochloride (1.92 g,
20.3 mmol), cuprous iodide (301 mg, 1.58 mmol), cesium carbonate (13.2 g, 40.6 mmol}
and N,N-dimethylformamide (22 mbL) were placed in a sealed tube. The reaction was
stirred at 90°C for 12 hours and cooled to room temperature, and acetonitrile (200 mL)
was added thereto. The mixture was filtered, and the filtrate was concentrated in vacuum
under reduced pressure to give the target product (1.75 g, vield 70%), which was used n
the reaction of the next step directly. [M-+H]" 170.0

Step 2: 3-(2-chloropyridin-4-yi)-6-hydroxy-2-methylpyrimidin-4(3H)-one

N-{2-chloropyridin-4-yhacetimidamide (1.70 g, 10.0 mmol), bis(2,4,6-

trichlorophenylimalonate (5.55 g, 12 mmol} and tetrahydrofuran (20 mL) were placed in
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a sealed tube. The reaction was stirred at 90°C for 16 hours and concentrated in vacuum
under reduced pressure. The resulting residue was purified with silica gel column
chromatography (water/methanol) to give the target product {1.19 g, yield 50%). [M+H]"
238.0

L]

Step 3: 1-(2-chlorepyridin-4-yi)-2-methyl-6-oxe-1,6-dihvdropyrimidin-4-yi
2,4,6-triisoprepylbenzenesulfonate

The target product was prepared by following the step 3 for preparing intermediates
1-B1 and I-B2 from corresponding starting materials and reagents. [M+H]' 504.2

The intermediates in the table below were prepared by following the steps for

10 preparing intermediate I-B26 from corresponding starting materials and reagents:

fnterme LC-MS Interme LC-M»s
Structural formula . Structural formula .
diates {M+H] diates IM-+H]
E:
F\r/{% Cfl | i
1-B32 e 20 NS 5302 1-B33 535.2
N Lz
o,
M.
\\\I/'*\\I/CH ; /1 J\
1-B36 sy g T 5282 -B39 591.1
e O,‘S\Ol
F
-B40 5152 I-B41 551.2
N el
NN ;
1-B43 5462 I-B44 E\INLN - /J/l\ 362.1
041\,/%0:3\\ j
Cl
A A
-B4s 3421 I-B46 i\/ \N»LN &Tl\ 567.1
PP
P
1-B47 551.2
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Intermediate I-B48
2-amino-1-(2,3~-dichlorophenyl})-6-0x0-1,6-dihydropyrimidin-4-yl 2,4,6-

triisoprepyibenzenesulionate

1 N <
Ay _CH step 1 X, Ci s step 2 | i /Sii siep 3
| L S
P )

Step 1: 1-(2,3-dichlorophenyljthiourca

The solution of 2,3-dichloroaniline (6.48 g, 40 mmol) and benzoyl isothiocyanate
(9.79 g, 60 mmol) in acetone (20 mL) was stirred at reflux for 30 minutes. The reaction
solution was poured into ice-water, filtered. The filter cake was washed with cold acetone,
collected, added with 1 M NaOH aqueous solution (50 mL) and stirred at 80°C for 3
hours. After cooling to room temperature, the mixture was extracted with DCM. The
organic layer was collected and concentrated in vacuum under reduced pressure. The
residue was purified by silica gel column chromatography (eluting with PE/EA) to give
target product as white solid (8.2 g, 93% yield).

Step 2: 3-(2,3-dichlorophenyl}-6-hydroxy-2-mercaptopyrimidin-4(3H)-one

The solution of 1-(2,3-dichlorophenylithiourea (1.1 g, 5.0 mmol), diethyl malonate
(1.6 g, 10.0 mmol), 18-crown-6 (661 mg, 2.5 mmol) and 2 M NaOMe/MeOH (5.0 mL,
10.0 mmol) in 1,4-dioxane (15 mL) was stirred at 70°C for 3 hours. The reaction solution
was purified by silica gel column chromatography (eluting with DCM/MeOH) to give
target product as yellow solid (1.8 g, 99% vield). [M+H]" 289.0

Step 3: 3-(2,3-dichlorophenyl}-6-hydroxy-2-(methylthio)pyrimidin-4(3#}-one
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At 0°C, to the solution of 3-(2,3-dichlorophenyh)-6-hydroxy-2-mercaptopyrimidin-
43 Hy-one (1.45 g, 5.0 mmol) in THF (10 mL) was added Mel (1.42 g, 10.0 mmol) and
stirred at room temperature for 3 hours. The reaction solution was concentrated in
vacuum under reduced pressure. The residue was purified by silica gel column
chromatography {eluting with DCM/MeOH) to give target product as yellow o1l (1.18 g,
78% yield).

Step 4: 1-(2,3-dichlorophenyl}-2-(methylthio)-6-0x0-1,6-dihydropyrimidin-4-vi
2.4.6-triisopropylbenzenesulfonate

The solution of 3-(2,3-dichlorophenyl)-6-hydroxy-2-(methylthioypyrimidin-4(3 H}-
one {1.18 g, 3.9 mmol), bis(2,4,6-trichlorophenyl} malonate (1.77 g, 5.9 mmol), DMAP
(24 mg, 0.20 mmol} and Et;N (790 mg, 7.8 mmol) in DCM (25 ml) was stirred at room
temperature for 2 hours. The reaction solution was concentrated in vacuum under reduced
pressure. The residue was purified by silica gel column chromatography (ehating with
PE/EA) to give target product as white solid (500 mg, 22% vield). [M-+H]" 568.4

Step 5: 1-(2,3-dichlorophenyl)-2-(methylsulfonyl)-6-ox0-1,6-dihydrepyrimidin-
4-v1 2,4,6-triisopropylbenzenesulfonate

At 0C, to the solution of 1-(2,3-dichlorophenyl)-2-(methylthio)-6-0x0-1,6~
dihydropyrimidin-4-yl 2.4 6-triisopropylbenzenesulfonate (500 mg, 0.88 mmol) in DCM
(30 mL) was added the solution of m-CPBA (757 mg, 4.4 mmol) in DCM dropwise, and
stirred at room temperature for 4 hours. The reaction solution was concentrated in
vacuum under reduced pressure. The residue was purified by silica gel colamn
chromatography (eluting with PE/EA) to give target product (420 mg, 80% yield).

Step 6: 2-amino-1-(2,3~-dichlorsphenyl)-6-6x0-1,6-dihyvdropyrimidin-4-yi 2,4,6-
triisepropylbenzenesulfonate

1-(2,3-dichlorophenyl}-2-(methylsulfonyl}-6-oxo-1,6-dihydropyrimidin-4-yi 2,4,6-
triisopropylbenzenesulfonate (420 mg, 0.70 mmol) was disselved in 0.5 M NH;/THF
solution (7.0 mL, 3.5 mmol) and stirred at room temperature for 6 hours. The reaction
solution was concentrated i vacuuwm under reduced pressure. The residue was purified
by silica gel column chromatography (eluting with PE/EA) to give target product as

yellow oil (120 mg, 48% vield). [M+H]" 538.2.

Intermediate §-C3
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{(R)-2-methyl-N-({5)-5-((trimethylsilvljethynyl}-1,3-dihydrespirs[indene-2,4"-
piperidin]-3-yhpropane-2-sulfinamide

Bot. .~ Boc. G [ o]

N M OC . N
K/Lfg Step 1 o™ Step 2 LA "oH Step 3
e R e D
0

;

P
Step 4

Step 1: 1-{tert-butyl) 4-ethyi 4-(4-bromebenzyl)piperidine-1,4-dicarboxylate

At -78°C, under nitrogen, to a solution of [-tert-butyl-4-ethylpiperidine-1,4-

W

dicarboxylate (20.6 g, 80 mmol) in anhydrous tetrahydrofuran (100 mL) was added
dropwise 2 M LDA/tetrahydrofuran solution (52 mL, 104 mmol). The reaction was
stirred at -78°C for 2 hours, and a solution of 1-bromo-4-(bromomethyl)benzene (194 g,
80 mmol) in anhydrous tetrahydrofuran was added dropwise thereto. The reaction was

10 stirred at -78°C for 3 hours and warmed to room temperature, and the reaction solution
was poured into water and extracted with ethyl acetate. The organic phase was washed
with saturated brine, dried over anhydrous sodium sulfate, and concentrated in vacuum
under reduced pressure to give the target product as a white solid, which was used in the
reaction of the next step directly.

15 Step 2: 4-(4-bremobenzyl)-1-(tert-butoxycarbonyl)piperidine-4-carbexylic acid

I-{tert-butyl} 4-ethyl 4-(4-bromobenzylpipendine-1,4-dicarboxylate (80 mmol) and

lithiom hydroxide (18.7 g, 780 mmol) were placed in ethanol (200 mL) and water (100
mkb}). The reaction was stirred at 90°C for 16 hours and concentrated in vacuum under
reduced pressure. The residue was dissolved in water and washed with ethyl

20 acetate/petroleum ether (volume ratio | : 1). The aqueous phase was collected, adjusted
with 6 M hydrochloric acid to a pH value of 3, and extracted with ethyl acetate. The
organic phase was washed with saturated brine, dried over anhydrous sodium sulfate, and

concentrated in vacuum under reduced pressure to give the target product as a white solid
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(34.0 g, two-step yield 107%), which was used in the reaction of the next step directly.
[M+H-56]"342.2

Step 3: Tert-butyl 6-breme-1-oxe-1,3-dihydrospirs|indene-2,4'-piperidine}-1'-
carboxylate

4-(4-bromobenzyl)- I -(tert-butoxycarbonylpiperidine-4-carboxylic acid (34.0 g, 85
mmol} was placed in polyphosphoric acid (200 mL). The reaction was stirred at 1206°C
for 16 hours, cooled to room temperature, and dissolved by adding water, and the mixture
was adjusted with sodium hydroxide to a pH value of 9. To the solution was added
{Boc)O, and the mixture was stirred at room temperature for 16 hours. The reaction
solution was extracted with ethyl acetate, and the organic phase was collected and
concentrated in vacuum under reduced pressure. The resulting residue was purified with
silica gel column chromatography (petroleum ether/ethyl acetate) to give the target
product as a yellow solid (23.4 g, vield 72%). [M+H-56]" 324.0

Step 4: Tert-butyl (R, E)-6-bromo-1-({(tert-butylsulfinyl}imineo)-1,3-
dihydrospirelindene-1,4'-piperidine}-1'-carboxylate

Under nitrogen, tert-butyl 6-bromo-1-oxo0-1,3-dihydrospiro[indene-2,4'-piperidine]-
P'-carboxylate (23.4 g, 62 mumol) and (R}-2-methylpropane-2-sulfinamide (28.7 g, 237
mmol) were placed in Ti(OEt), (200 mL). The reaction was stirred at 80°C for 16 hours,
and the reaction solution was poured into water/ethyl acetate and filtered. The organic
phase was washed with saturated brine, dried over anhydrous sodium sulfate, and
concentrated in vacuum under reduced pressure to give the target product, which was
used n the reaction of the next step directly.

Step 5: Tert-butyl (5)-6-brome-1-(({R)-tert-butylsulfinyl)amine)-1,3-
dihydrospirolindene-2,4'-piperidine}-1'-carboxylate

Under nitrogen, tert-butyl (R E}-6-bromo-1-{(tert-butylsulfinyl}imino)-1,3-
dihydrospiro]indene-2,4'-piperidine}-1'-carboxylate (62 mmol} was placed in anhydrous
tetrahydrofuran (200 mL). Sodium borohydride (9.07 g, 240 mmol) was added in batches
to the mixture at -78°C, and the resulting solution was stirred at this temperature for 30
minutes, warmed to room temperature, poured into water, and extracted 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
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{petroleum ether/cthyl acetate) to give the target product as a yellow solid (14.5 ¢, yield
48%). [M+H] 485.2

Step 6: Tert-butyl (S)-1-(((R)-tert-butylsulfinyl)amine)-6-
{{(trimethyisilylethynyl)-1,3-dihydrospiro]indene-2,4'-piperidine]-1'-carboxylate

Under nitrogen, tert-butyl (S)-6-bromo-1-({({R }-tert-butylsulfinyDamino)-1,3-
dihydrospirofindene-2,4'-piperidine}-1'-carboxylate (6.0 g, 12.4 mmol),
cthynyitrimethylsilane (20 ml), PA(PPh;)-Cl, (0.87 g, 1.2 mmol), cuprous iodide (0.24 g,
1.2 mmol), triethylamine (40 mL) and N, N-dimethylformamide (40 mL) were placed ina
sealed tube. The reaction was stirred at 90°C for 16 hours and concentrated in vacunm
under reduced pressure, and the resulting residue was purified with silica gel column
chromatography {petroleum ether/ethyl acetate) to give the target product.

Step 7: (R)-2-methyl-NV-{(5)-5-((trimethylsilyhethynyl)-1,3-
dihvdrospiroelindene-2,4"-piperidin}-3-yDpropane-2-sulfinamide

To a solution of tert-butyl (5)-1-(((R)-tert-butylsulfinyljamino}-6-
{{trimethylsilyvljethynyl)-1,3-dihydrospirofindene-2,4'-piperidine}-1'-carboxylate (12.4
mmol} in dichloromethane (60 mL) was added dropwise methanesulfonic acid (3.6 g,
37.1 mmol). The reaction was stirred at room temperature for 30 minutes, and the
reaction solution was adjusted with aqueous ammonia to a pH value of 8 under ice bath
cooling. The organic phase was collected and concentrated in vacuum under reduced
pressure to give the target product as a brown solid (3.9 g, two-step yield 78%). [M+H]"
403.2

The intermediates in the table below were prepared by following the steps for

preparing intermediate I-C3 from corresponding starting materials and reagents:

Interme

diates

Structural formulia

LC-MS
(M+H]

Enterme

diates

Structural formala

BC-MS
IM-+H]"

I-C4

I-Ce

MS
HNTS,
R o)
HNK {8

\

TMS

403.2
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Intermediate I-C20
3-((5)-E-(((B)-tert-butylsulfinyl)amine)-1,3-dihydroespire}indene-2,4 -piperidin}-6-
yi}-N-methyipropislamide
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Step 1: tert-butyl (8)-1-(({R)-tert-butylsulfinyamins)-6-(3-(methylamine}-3-
gxoprop-i-yn-1-yi}-1,3-dihydrospiro{indene-1,4'-piperidine]-1'-carbexylate

Under N,, tert-butyl (S}-6-bromo- [ -{({{R)-tert-butylsulfinylamino)}-1,3-
dihydrospirofindene-2,4'-piperidine]-1'-carboxylate {(4.85 g, 10.0 mmol), Pd{PPh;).Cl,
(701 mg, 6.1 mmol), Cul (380 mg, 0.2 mmol), KOAc (2.94 g, 30.0 mmol) and DMSO
{100 mL) were placed in three-necked flask. At 90°C, to the stirred mixture was added
dropwise the solution of N-methylpropiolamide (2.49 g, 30.0 mmol) in BMSO (50 mL)
during 2 hours, and then stirred for additional 3 hours. The reaction solution was poured
into water and filtered. The solid was collected and purified by silica gel column
chromatography (eluting with DCM/EA) to give target product.

Step 2: 3-(($y-1-(({R)-tert-butylsulfinvl)amine}-1,3-dihydrospiro{indene-2,4"-
piperidinj-6-yi}-N-methylpropislamide

In an ice-bath, to the solution of tert-butyl (5)-1-(({(R)-tert-butylsulfinylamino)-6-(3-
{(methylamino)-3-oxoprop- 1 -yn-1-y1}-1,3-dihydrospiro{ indene-2,4"-piperidine}-1'-
carboxylate in DCM (15 mL) was added MeSO3H (3.84 g, 40.0 mmol) dropwise. The
reaction solution was stirred at room temperature for 30 minutes, adjusted pH to 8 with
aqueous armmonia in an ice-bath. The organic layer was collected, concentrated in
vacuum under reduced pressure to give target product as yellow solid (2.2 g, 57% vyield
of two steps). [M+H]" 388.2

The intermediates in the table below were prepared by following the steps for

preparing intermediate I-C20 from corresponding starting materials and reagents:

Interme LC-MS | Interme LC-MS
. Structural fermula ] Structural formula
diates {NE-FH]'* diates {Nﬁ*ﬁr

-C21 402.2 [-C23 402.2
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1-C24 406.2 | 1-C25 H*‘f\;;j@ © 414.2
1-C27 416.2 1-C33 432.2
1-C36 414.2

Intermediate 1-C35
3-((5)-1-({((R)-tert-butylsulfinyl}amineg)-1,3-dihydrospire|indene-2,4'-piperidin}-6-
yh-N-(2-methexyethyi}-NV-methyipropiclamide

5 035
Step 1: 3-((5)-1'-(tert-butoxycarbonyl)-1-(({(R)-tert-butylsulfinyl)aming)-1,3~
dihydrospirelindene-2,4"-piperidin}-6-y)prepielic acid
To the solution of tert-butyl (8)- 1 -(({R)-tert-butylsulfinyl)amino }-6-(3-methoxy-3-
oxoprop-1-yn-1-yl)-1,3-dihydrospiro[indene-2,4'-piperidine}- 1 '-carboxylate (1.0 g, 2.05
10 mmol; prepared by following the steps 1-6 for preparing intermediate 1-C3) in
EtOH/water (10 mIL/2 mL) was added LiOH (245 mg, 10.23 mumol), stirred at 85°C for |

hour and concentrated in vacuum under reduced pressure. The residue was dissolved in
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water, extracted with EA. The aqueous layer was collected, adjusted pH to 6 with AcOH,
extracted with DCM. The organic layer was collected, dried over anhydrous Na,80,, and
concentrated in vacuum under reduced pressure to give target product as white solid (920
mg, 95% vield). [M+H] 475.2.

Step 2: tert-butyl ($)-1-({({B)-tert-butylsulinyhamino}-6-(3-((2-
methoxyethyl)(methyhamine)-3-oxoprop-1-yn-1-yl)-1,3-dihydrospire|indene-2,4'-
piperidine]-1'-carboxylate

To the solution of 3-(($)-1'-(tert-butoxycarbonyl)- I -({({ R)-tert-butylsulfinyliamino}-
1,3-dihvydrospiro[indene-2.4'-piperidin]-6-yhpropiolic acid (477 mg, 1.0 mmol), 2-
methoxy-N-methylethan-1-amine (178 mg, 2.0 mmol) and HATU (760 mg, 2.0 mmol) in
DMF (5 mL) was added Et;N (202 mg, 2.0 mmol) dropwise. The reaction mixture was
stirred at room temperature for 1 hour, poured into water and filtered. The solid was
collected to give target product.

Step 3: 3-((5)-1-(({(£)-tert-butyisulfinvi)amino)-1,3-dihydrospire{indene-2,4'-
piperidin]-6-yI}-N-(2-methexyethyl}-V-methyipropislamide

The target product was prepared by following the step 7 for preparing intermediate
I-C3 from corresponding starting materials and reagents (380 mg, 85% yield of two

steps). [M+H]" 446.2

Intermediate -C1
(R}-N-{{8)-5-ethynyl-1,3-dihydrospire{indene-2 4'-piperidin}-1-yI)}-2-

methylpropane-2-sulfinamide

of
HNTSY
T O
T
___________________________ :
!

AN

-G
To a solution of tert-butyl (S)-1-(((R)-tert-butylsulfinyDamino)-5-
((trimethylsilylDethynyl)-1,3-dihydrospiro{indene-2,4"-piperiding}-1'-carboxylate (1.08 g,
2.2 mmol) in dichloromethane (10 mL) was added dropwise trifluoroacetic acid (5 mL).
The reaction was stirred at room temperature for 5 minutes and concentrated in vacuum

under reduced pressure, and the resulting residue was purified with silica gel column
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chromatography (water/methanol) to give the target product (0.25 g, vield 35%). [M+H]
331.2
The intermediates in the table below were prepared by following the steps for

preparing intermediate I-C1 from corresponding starting materials and reagents:

Interme LC-MS | Interme , LC-MS
. Structural formuila _ . Structural formula .
diate [M-+H] | diate IVi+H]

(R)P HQNS?
-C22 ' 2272

H?E’S\\Q

1.C2 HQ\: ) 2 Lm

2
G2
o
!

5
Intermediate |-C5
R)-Z-methyl-NV-{{R)-6-({trimethylsilyDethynyl}-3#-spiro|{benzofuran-2,4'-
piperidin|-3-yhpropane-2-sulfinamide
|-
S o
NN set g7 sw2 @H% __________ Se3
7N Ny Y ;
o F Br | A E L 8r” F \/N\Eioc
(Rjj/
Boc\N i(? N Hi}f;;;) 0
K i Step 4 N
o N T > o ‘§
‘—<Br N
\
™S
C8
10 Step 1: 2-(4-bromo-2-flusrophenyl}-2-({{rimethylsilvl)oxy)acetonitrile
Under nitrogen, to a solution of 4-bromo-2-fluorobenzaldehyde (6.84 g, 33.7 mmol)
and DMAP (50 mg) in acetonitrile (50 mL) was added dropwise TMSCN (3.78 g, 38.0
mmol}). The reaction was stirred at room temperature for 4 hours and concentrated in
vacuum under reduced pressure, and the residue was used in the reaction of the next step
15 directly.

Step 2: Tert-butvl 4-(4-brome-2-flusrobenzoyi}-4-hydroxypiperidine-1-
carboxylate
At -78°C, under nitrogen, 2-(4-bromo-2-tluorophenyl)-2-

((trimethylsilylDoxy)acetonitrile was dissolved in anhydrous tetrahydrofuran (150 mL),
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and 1 M LiIHMDS/tetrahydrofuran sohation (37.1 mL, 37.1 mmol) was added dropwise
thereto. The reaction was stirred at -78°C for 1.5 hours, and a solution of tert-butyl 4-
oxopiperidine-|-carboxylate (7.39 g, 37.1 mmol} in anhydrous tetrahydrofuran (30 mL)
was added dropwise thereto. The reaction was stirred at -78°C for 3 hours, and 1 M
hydrochloric acid (200 mL} was added dropwise thereto. The reaction solution was
warmed to room temperature, the organic phase was collected, and the agneous phase
was extracted with ethyl acetate. The organic phases were combined, washed with saline,
dried over anhydrous sodium sulfate and concentrated in vacuum under reduced pressure,
and the residue was used in the reaction of the next step directly.

Step 3: Tert-butyl 6-bromo-3-oxo-3H-spire[benzofuran-2,4"-piperidine}-1'-
carbexylate

Tert-butyl 4-(4-bromo-2-fluorobenzoyl)-4-hydroxypiperidine-1-carboxylate (13.56
g, 33.7 mmoL) was dissolved in 1,4-dioxane, and potassinm t-butoxide (4.16 ¢, 37.1
mmol} was added thereto. The reaction was stirred at 85°C for 3 hours 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 (6.6 g,
yield 51.2%). [M+H-36]" 326.0

Step 4: (R)-2-methyl-N-{((R)-6-((trimethyisilylethynyl)-3H-spiro[benzofuran-
2,4'-piperidin|-3-y)propane-2-sulfinamide

The target product was prepared by following the steps 4-7 for preparing
intermediate 1-C3 from corresponding starting materials and reagents. [M-+H]" 405.2

The mntermediates in the table below were prepared by following the steps for

preparing intermediate I-C5 from corresponding starting materials and reagents:

Interme | ) LC-MS | interme 1,C-MS
. Structural formula 7 . Structural formula -
diate [M+H]" | diate {M+H]
/
(R)\g/
1-Co HN T o 3872 | 1028 404.2
/
(R)\SPL/
Loz | ENTYRE e 3902|1032 405.2
o/ \3%-----555555-----{0
= HN—
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Intermediates I-C8 and [-C¥’
(R)-N-((5)-5-(3-hydroxyprop-1-vn-1-vi}-1,3-dihvdrospire{indene-2,4'-piperidin}-3-
yvi}-2-methylprepane-2-sulfinamide and (R)}-N-({5)-53-3-{tert-butoxy)prop-{-yn-i-

yi}-1,3-dihydrospiro{indene-2,4'-piperidin}-3-yi)-2-methyipropane-2-sulfinamide

/ \?’/
i3]

S
HN/\ HN N HNT

‘ib’“ o NG et

-C8 -G8
Step 2

\\}”, % \%/
(F} ]

-8, -5
Stvp“i Boc. NN HN " Step 3 R |
K (3) i\/, _E] S 2(5)
O-TBS OH
@ = e

5 -C8

Step I: Tert-butyl (5)-6-(3-({tert-butvidimethyisilyloxy)prop-1-vn-1-yi)-1-

BQCx

{({R)-tert-butylsulfinyDamine}-1,3-dihydrospirslindene-2,4"-piperidine]-1'-
carboxylate
The target product was prepared by following the step 6 for preparing intermediate
10 1-C3 from corresponding starting materials and reagents. [M+H]" 575.2
Step 2: (R)-NV-{{(5)-5-(3-hydrexyprop-1-yn-1-vi}-1,3-dihydrospire|indene-2,4'-
piperidin}-3-yi}-2-methylprepane-Z-sulfinamide and (R}-NV-((5}-5-(3-(tert-
butoxy)prop-i-yu-1-yi)-1,3-dihydrospire{indene-2,4'-piperidin}-3-yI}-2-
methyipropane-2-sulfinamide
15 The mixture of target products I-C8 and 1-C8’* was prepared by following the step 7
for preparing intermediate I-C3 from corresponding starting materials and reagents.
[M+H]T 361.2,417.2
Step 3: (R)-V-({8)-53-(3-hydroxyprop-1-yn-1-yi}-1,3-dihvdrospire|indene-2.4'-
piperidin]-3-vi}-2-methylpropane-2-sulfinamide
20 The target product was prepared by following the steps for preparing intermediate I-
(1 from corresponding starting materials and reagents. [M+H]" 361.2
Intermediate I-C11
(R)-2-methyl-NV-((5}-5-((1-methyl-1H-pyrazol-4-yDamine)-1,3-dihvdrospire{indene-

2.4’ -piperidin}-3-vijproepane-2-sulfinamide
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N F
-8 o

5y

BGC‘N HN™ g Step 1 Bac\N/\ HN" ™
[\ N A (S

Step 1: Tert-butyl (8)-1-(((R)-tert-butylsulfinyDamine)-6-({(1-methyl-1 H-
pyrazol-4-yhamine)-1,3-dihydrospire{indene-2,4'-piperidine]-1'-carboxylate
Under nitrogen, tert-butyl (8)-6-bromo-1-({{R)-tert-butylsulfinylamino)-1,3-
dihydrospiro[indene-2,4'-piperidine - 1 '-carboxylate (485 mg, 1.0 mmol}, 1-methyl-1H-
pyrazol-4-amine (135 mg, 1.4 mmol), Xant-phos (35 mg, 0.06 mmol)}, Pdy{dba); (27 mg,
(.03 mmol) and CsCO; (650 mg, 2.0 mmol) were placed in 1,4-dioxane (15 mL}). The
reaction was stirred at 110°C for 16 hours and concentrated in vacunm under reduced
pressure, and the resulting residue was purified with silica gel column chromatography
{(water/methanol) to give the target product. [M+H]" 502.3
Step 2: (R)-2-methyb-N-{(5)-85-((1-methyl- 1 H-pyrazel-4-yhamino}-1,3-
dihydrospirefindene-2,4'-piperidin}-3-yhprepane-2-sulfinamide
The target product was prepared by following the steps for preparing intermediate -
C1 from corresponding starting materials and reagents. [M+H]" 402.2
Compound |
{(5)-1"-(8-((2-amino-3-chlorepyridin-4-yithie)imidazo| 1, 2-¢|pyrimidin-S-y1}-5-
ethynyl-1,3-dihydrospirofindene-2, 4'npiperidin}ui—amine
h : / ng Ne R ,
Hrﬁ”\ H%} I\’J\ci j\/\i\ /)Ht‘%i E\A?/ Yj I//J\N/\ HN"
VQQ s ~ 1@ Tz A K/r%

\ . =

-C1
i
N‘&S‘;\
_swr ”J},‘N”\
Ll
Qx

B

1
Step 1: (R)-N-((S)-5-ethynyl-1'-(8-iodoimidaze|1,2-¢|pyrimidin-S-yi}-1,3-
dihydrospirolindene-2,4'-piperidin}-1-yl}-2-methylprepane-2-sulfinamide
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Intermediate I-C1 (149 mg, 0.45 mmol), 5-chloro-8-iodoimidazof1,2-¢]pyrimidine
(126 mg, 0.45 mmol) and diisopropylethylamine (116 mg, (.90 mmol) were placed in
N N-dimethylformamide (2 mL). The reaction was stirred at room temperature for 30
minutes. The reaction solution was purified with silica gel column chromatography
{water/methanol) to give the target product {132 mg, yield 51%). [M+H]" 574.1

Step 2: (R)-N-((8)-1"-(8-((2~-amino-3-chloropyridin-4-yhthie)imidazo{l,2-
clpyrimidin-5-yl)-5-ethynyl-1,3-dihvdrospirelindene-2,4'-piperidin}-1-vI}-2-
methylpropane-2-sulfinamide

Under nitrogen, (R)-N~({5)-5-ethynyl-1'-(8-iodoimidazo[1,2-cJpyrimidin-5-y1}-1,3-
dihydrospiro[indene-2,4'-piperidinj- 1 -y1)-2-methylpropane-2-sulfinamide (132 mg, 0.23
mmol), intermediate I-A 1 (42 mg, 0.23 mmol), Xant-phos {13.3 mg, 0.023 mmol),
Pdy(dba); (10.5 mg, 0.012 mmol) and diisopropylethylamine (59 mg, 0.46 mmol} were
placed in 1,4-dioxane (4 mbL).The reaction was stirred at 100°C for 3 hours 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 (101
mg, yield 72%). [M+H]" 606.2

Step 3: (8)-17-(8-((2-amine-3-chloropyridin-4-vl)thio)imidaze{1,2-clpyrimidin-
S-y}-S-ethynyl-1,3-dihydrospire{indene-2,4'-piperidin|-1-amine

(R)-N-((5)-1'-(8-((Z-amino-3-chloropyridin-4-yhthioywmidazo[ 1,2-cJpyrimidin-5-
vI}-5-ethynyl-1,3-dihydrospirof indene-2.4'-piperidin]-1-y1)-2-methylpropane-2-
sulfinamide (101 mg, 0.17 mmol) was dissolved in 2 M hydrogen chloride/methanol
solution. The reaction was stirred at room temperature for 3 minutes. Under ice bath
cooling, the reaction solution was diluted with dichloromethane (15 mL) and adjusted
with aqueous ammonia to a pH value of 8. The organic phase was collected and
concentrated in vacuum under reduced pressure, and the resulting residue was purified
with thin layer chromatography (dichloromethane/methanol = 12/1) to give the target
product (76 mg, two-step yield 91%). [M+H]" 502.1. '"H NMR (400 MHz, CD,0D): 5
8.08-7.97 (m, 1H), 7.85-7.79 (m, 1H), 7.57-7.51 {m, 1H}, 7.51-7.45 (m, 1H), 7.39-7.28
{m, 3H), 5.93-5.82 (m, 1H}, 4.06-3.96 (m, 3H), 3.43-3.33 (m, 3H), 3.20-3.13 (m, 1H),
2.86-2.74 (m, 1H), 2.14-2.05 (m, 1H), 2.04-1.95 (m, 1H), 1.76-1.65 (m, 1H), 1.53-1.42
{m, 1H}.
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The compounds in the table below were prepared by following the steps for

preparing compound 1 from corresponding intermediates and reagents:
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Compound 4
{S)-6~amino-2-(1-amine-S-ethynyl-1,3-dihvdrospire|indene-2,4"-piperidin{-1'-yi)-3-
methyl-5-(-methyl-1 H-pyrrole2,3-blpyridin-3-ylipyrimidin-4(3H)-one

RH,

N,
; ; j
oY FON Y Y !
HN~ Sy M N el
S
j/ i 0P NTToH o N T T Ty

LS
Step 1 k@\ ------------------------- >
\\ RN

TMS ™S ™S
G
N \ \
N e

N== 1 e N?JY\'} P ’ \L N.,.N\‘,‘ e
N ‘\z/\ J Y\iﬁ ") “} Ao

NN HNS X Stop 4 N B NN

------------------------- B Lv/i/ & e o i:i ?(3;,‘.

Step 3 2 I !\/’\ 7N\
\\\ \i\\
™S
4
5 Step 1: (R)-NV-{(5)-1"-{4-amino-1-methyl-6-0x0-1,6-dikydrepyrimidin-2-yi}-5-

{{(trimethylsilyl}ethynyl)-1,3-dihydrospire|indene-2 4 -piperidin-1-yi}-2-
methyvipropane-2-sulfinamide

6-amino-2-hydroxy-3-methylpyrimidin-4(3H}-one (170 mg, 1.20 mmol}, BOP (1.06
2, 2.40 mmol} and DBU (366 mg, 2.40 mmol) were placed in anhydrous acetonitrile (10

10 mb), and the reaction was stirred at room temperature for 30 minutes. Intermediate 1-C6

(242 mg, 0.60 mmol) was added thercto, and the reaction was stirred at room temperature
for 16 hours. The reaction solution was purified with silica gel column chromatography
(water/methanol) to give the target product (95 mg, vield 15%). [M+H] 526.3

Step 2: (R)-N-{{8)-1"-{4-amino-5-icdo-1-methyl-6-6x0-1,6-dihydropyrimidin-2-

[y
941

yi-S-((trimethylsilyl}ethynyl)-1,3-dihydrospirolindene-2,4'-piperidin-i-yi)-2-
methyvipropane-2-sulfinamide

Under nitrogen, (R)-N-((S)-1'-(4-amino- l-methyl-6-0x0-1,6-dihydropyrimidin-2-
v-5-((trimethylsilylhethynyl)- 1,3-dihydrospiro[indene-2 4"-piperidin]- 1 -y1}-2-
methylpropane-2-sulfinamide (95 mg, 0.18 mmol) and NIS (45 mg, .20 mmol} were
20 placed m N, N-dimethylformamide (2 mL). The reaction was stirred at room temperature
for 1 hour, and the reaction solution was purified with silica gel column chromatography

{(water/methanol) to give the target product (70 mg, vield 60%). [M+H] 652.3
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Step 3: (R)-N-{(8}-1"-{4-amino-1-methyl-5-(I-methyl-1 H-pyrroto[2,3-blpyridin-
3-yh-6-0x0-1,6-dihydropyrimidin-2-y1-5-({{rimethylsilyDethynvl}-1,3-
dihydrospirelindene-2,4'-piperidin}-1-vi}-2-methylpropane-2-sulfinamide

Under nitrogen, (R)-N-({S)-1'-(4-amino-5-iodo-1-methyl-6-0x0-1,6-
dihydropyrimidin-2-y1-5-{{(trimethylsilylethynyl)-1,3-dihydrospiro{ indene-2,4'-
piperidin}-1-vh-2-methylpropane-2-sulfinamide (70 mg, 0.11 mmol), 1-methyl-3-
{4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi)-1 H-pyrrolo[ 2,3-blpyridine (36 mg, 0.14
mmol), PA{PPhs), (12 mg, 0.01 mmol) and potassium carbonate (45 mg, .32 mmol)
were placed in 1,4-dioxane (3 mL) and water (0.3 mL). The reaction was reacted at
100°C for 1 hour, and the reaction solution was purified with silica gel column
chromatography (water/methanol) to give the target product (10 mg, yield 14%). [M+H]"
656.3

Step 4: {(5)-6-amino-2-(1-amino-S-ethynyl-1,3-dihydrospirelindene-2.4'-
piperidinj-1'-y)-3-methy}-8-(1-methyl-1H-pyrrolo|2,3-bipyridin-3-yDpyrimidin-
4(3H)-one

(R)-N-((8)-1'-{4-amino-1-methyl-5-(1-methyl-1 H-pyrrolo| 2,3-blpyridin-3-y1}-6-
oxo-1,6-dihydropyrimidin-2-y1}-5-((trimethylsityDethynyl)-1,3-dihydrospiro[indene-2,4'-
piperidin}-1-v)-2-methylpropane-2-sulfinamide (10 mg, 0.015 mmol) was dissolved in 2
M hydrogen chloride/methanol solution. The reaction was stirred at room temperature for
3 minutes. Under ice bath cooling, the reaction solution was diluted with
dichloromethane (15 mL) and adjusted with aqueous ammonia to a pH value of 8. The
organic phase was collected and concentrated in vacuum under reduced pressure. The
resulting residue and potassium carbonate (10 mg, 0.072 mmol) were placed in methanol
{0.5 mL). The mixture was stirred at room temperature for 10 mimutes and purified with
thin layer chromatography {dichloromethane/methanol = 15/1) to give the target product
(5.5 mg, yield 75%). [M+H]" 480.2. "H NMR (400 MHz, CD;0D): § 8.26-8.20 (m, 1H),
7.82-7.75 (m, 1H), 7.37-7.30 (m, 4H), 7.11-7.07 (m, 1H), 3.99-3.96 (m, 1H)}, 3.90 (s, 3H),
3.54-3.49 (m, 2H), 3.47 (s, 3H), 3.41-3.39 (m, 1H), 3.16-3.07 (m, 3H), 2.78-2.72 (m, 1H},
2.05-1.98 (m, 1H), 1.96-1.86 (m, 1H), 1.65-1.59 (m, 1H), 1.44-1.37 (m, 1H).

The compounds in the table below were prepared by following the steps for

preparing compound 4 from corresponding intermediates and reagents:
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Compound 299
{$)-5-((2-amine-3-chleropyridin-4-ylithio)-2-(1-amino-6-ethynyi-1,3-
dihydrospiro]indene-2,4'-piperidin}-1'-yi)-3-methylpyrimidin-4(3H}-one

C3
ci ’ ol
HaN Ay S 2y (R)\#— HaN. Ay Ay
N7 LS HN- Sy sioe 3 N i
- E Nt e
o7 N @ S (SN

299

Step 1: (B}-N-{{§)-1'-(5-iods-1-methyl-6-0oxo-1,6-dihydropyrimidin-2-yI}-5-
{(trimethylsilvi)ethynyl}-1,3-dihydrospiro|indene-2,4 -piperidin}-3-y1}-2-
methylpropane-2-sulfinamide

Intermediate 1-C3 (0.88 g, 2.19 mmol)}, 2-chloro-3-i0do-3-methylpyrimidin-4(3H)-
one (0.59 g, 2.19 mmol) and DIEA (0.57 g, 4.38 mmol) were placed in DMA (5 mL} and
stirred at 90°C for 3 hours. The reaction solution was purified by silica gel column
chromatography (eluting with water/MeOH) to give target product (0.82 g, 59% vield).
[M+H] 637.2

Step 2: (B)y-N-({(5)-1"-(5-((2-amins-3-chlsropyridin-4-yijthic)-1-methyl-6-o0x0-
1,6-dihydropyrimidin-2-vI)-5-((trimethylsilvljethynyi)-1,3-dihydrospiro[indene-2,4'-
piperidin}-3-vI)-2-methyipropane-2-sulfinamide

Under No, (R}-N-((8)-1'-(5-10do-1-methyl-6-0x0-1,6-dihydropyrimidin-2-yi)-5-
{(trimethylsilyhethynyl)-1,3-dihydrospirofindene-2,4'-piperidin}-3-yi)-2-methylpropane-
Z-sulfinamide {637 mg, 1.0 mmol), intermediate I-Al (337 mg, 1.85 mmol}, 4,7-
dimethoxy-1,10-phenanthroline (156 mg, 0.65 mmol}, Cul (43 mg, 0.23 mmol) and
anhydrous K3PO, (420 mg, 1.98 mmol) were placed in 1,4-dioxane (10 mL). The
reaction solution was stirred at 100°C for 3 hours, and concentrated in vacuum under
reduced pressure. The residue was purified by silica gel column chromatography (eluting

with water/MeQH) to give target product {506 mg, 76% vyield). [M+H]" 669.2
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Step 3: (8)-5-((Z-amino-3-chleropyridin-4-yljthio)-2-(1-amine-6-cthynyi-1,3-
dihydrospire|indene-2.4'-piperidin}-1'-yh-3-methylpyrimidin-4(3H}-one

(RYy-N-((S)-1"-(5-((2-amino-3-chloropyridin-4-yhithio)- 1 -methyl-6-ox0-1,6-
dibydropyrimidin-2-y1)-5-({trimethylsilyDethynyl)-1,3-dihydrospirof indene-2,4'-
piperidin]-3-yh)-2-methylpropane-2-sulfinamide (506 mg, 0.76 mmol) was dissolved in 2
M HCIVMeOH solution (6 mL}). The reaction solution was stirred at room temperature for
5 minutes, diluted with DCM (15 mL) and adjusted pH to 8 with agqueous ammonia i an
ice-bath. The organic layer was collected and concentrated in vacuum under reduced
pressure. The residue was dissolved in MeOH (5 mL), added K,CO; powder (522 mg,
3.78 mmol} and stirred at room temperature for 15 minutes. The reaction solution was
purified by thin layer chromatography (eluting with DCM/MeOH = 12/1) to give target
product (96 mg, 26% yield). [M+H]" 493.2. "H NMR (400 MHz, CD,0D): § 8.16-8.11
(m, 1H), 7.62-7.56 {m, 1H), 7.51-7.48 (m, 1H), 7.35-7.30 (m, 1H), 7.24-7.19 {(m, 1H),
6.17-6.10 (m, 1H), 3.99 (s, 1H), 3.77-3.69 (m, ZH}, 3.53 (s, 3H), 3.42 (s, 1H}, 3.28-3.19
{m, 2H), 3.18-3.12 (m, 1H), 2.85-2.76 (m, 1H), 2.05-1.96 (1n, 1H), 1.94-1.86 (m, 1H)},
1.68-1.60 (m, 1H), 1.46-1.38 (m, 1H).

The compounds in the table below were prepared by following the steps for

preparing compound 299 from corresponding intermediates and reagents:
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Compound 12
(8)-6-(1-amino-6-ethynyl-1,3-dihydrospire|indene-2,4'-piperidin}-1'-y1}-3-(2,3-
dichlorephenyl}-2-methylpyrimidin-4(3H})-one

\
MN/LN o
o 0’\9’\3}
a1
cl ci
N NG
< e / e
Step 2 S NLN ot Step 3 R VY
’ P HA- Sy > NH
© @ G O © !\]/ S
immmms \\:_—'.I
12
5 Step b: (R)-N-{(8)-1"-(1-(2,3-dichlerophenyl}-2-methyl-6-0xe-1,6-

dihydropyrimidin-4-yh-5-{{(trimethylsilylethynyl)-1,3-dihydrospiro{indene-2,4'-
piperidin}-3-yi)-2-methylprepane-2-sulfinamide

Intermediate I-B1 (2.0 g, 3.73 mmoL), intermediate {-C3 (1.5 ¢, 3.73 mmoL) and
DIEA (1.9 g, 14.9 mmoL) were placed in N, N-dimethylformamide (5 mL). The reaction

10 was stirred at 100°C for 3 hours, and the reaction solution was purified with silica gel
column chromatography (water/methanol) to give the target product.

Step 2: (R)-N{{8)-1"-(1-(2,3-dichlorophenyl}-2-methyl-6-0x0-1,6-
dihydropyrimidin-4-yi)-S-ethynyl-1,3-dihydrespire|indene-2,4'-piperidin]-3-y1}-2-
methylpropane-2-sulfinamide

15 {(R)-N-{((5)-1'-(1-(2,3-dichloropheny})-2-methyi-6-ox0-1,6-dihydropyrimidin-4-yi)-
5-{{trimethylsilyljethynyl)-1,3-dihydrospirolindene-2,4"-piperidin}-3-yi}-2-
methylpropane-2-sulfinamide was dissolved in 2 M hydrogen chloride/methano! solution
(5§ mL, 10 mmol). The reaction was stirred at room temperature for 10 minutes, and under
ice bath cooling, aqueous ammonia (3 mL) and water (30 mL ) were added thereto. The

20 mixture was extracted with dichioromethane. The organic phases were collected and
combined, and concentrated in vacuum under reduced pressure to give a crude target

product. [M+H]" 551.2
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Step 3: (8)-6-(1-amine-6-ethynyl-1,3-dihydrospirelindene-2,4'-piperidin}-1'-yi)-
3-(2,3-dichlorophenyl)-2-methyipyrimidin-4(3f)-one

The crude (R)-NV-{(8)-1'-(1-(2,3-dichlorophenyl)-2-methyl-6-0x0-1,6-
dihydropyrimidin-4-yl)-S-ethynyl-1,3-dihydrospiro|indene-2,4'-piperidin]-3-y1)-2-
methylpropane-2-sulfinamide and potassium carbonate (2.1 g, 14.9 mmol) were placed
in methanol (15 mL), and the mixture was stirred at room temperatare for 30 minutes.
Water was added thereto, and the mixture was extracted with dichloromethane. The
organic phases were collected and combined, and concentrated in vacuum under reduced
pressure, and the residue was purified with silica gel column chromatography
(dichloromethane/methanol) to give the target product (490 myg, three-step yield 27%).
IM+HT" 479.2. "H NMR (400 MHz, CD;0D); 8 7.70 (dd, T = 8.2, 1.5 Hz, 1H), 7.52-7.45
{m, 2H), 7.38(dd, } =79, 1.5 Hz, 1H), 7.33-7.27 {(m, 1 H), 7.19 (d, } = 7.7 Hz, 1H), 5.48
(s, 1H), 4.51-4.05 (m, 2H), 3.92 (s, 1H), 3.39 (s, 1H), 3.26- 3.12 (m, 3H), 2.77 (d, J =
16.1 Hz, 1H), 2.06 (s, 3H), 1.89-1.67 {(m, 2H), 1.63-1.54(m, 1H), 1.39-1.31 {(m, 1H).

The compounds in the table below were prepared by following the steps for

preparing compound 12 from corresponding intermediates and reagents:
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Compound 81
(8)-6-(1-amine-6-(oxetan-3-yithie)-1,3-dihydrospire|indene-2,4'-piperidinj-1'-yI)-3-
(2,3-dicklorsphenyl)-2-methyipyrimidin-4(3H)-one

i Step 1
cl ¢l
Crl L oY
' A
_
ZINSy (R,N/ NTTN
Step 2 N NP HN’”S‘*Q Step 3 Aol NH

o

Step 1: (R)-N-((5)-8-brome-1'-(1-(2,3-dichlorophenyl}-2-methyvi-6-0x0-1,6-

dihydropyrimidin-4-yB-1,3-dihydrospiro[indene-2,4'-piperidin}-3-yi)-2-
methyipropane-2-sulfinamide
The target product was prepared by following the step | for preparing compound 12
10 from corresponding starting materials and reagents. [M+H]" 639.1
Step 2: Ethyl 3-(((8)-1-(({R)-tert-butylsulfinyhamine}-1'-(1-(2,3-
dichlorephenyl)-2-methyl-6-oxo-1,6-dihydropyrimidin-4-yi}-1,3-
dihydrospiro{indene-2,4'-piperidin}-6-vl)thie)propaneate
The target product was prepared by following the step 1 for preparing intermediate
15 1-Al from corresponding starting materials and reagents. [M-+H]™ 691.1
Step 3: Ethyl (8)-3-((1-amine-1"-(1-(2,3-dichlerophenyl})-2-methyl-6-0x6-1,6-
dihydropyrimidin-4-yi)-1,3-dihydrospire[indene-2,4'-piperidin}-6-
vi)thie)propanoate
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The target product was prepared by following the step 2 for preparing compound 12
from corresponding starting materials and reagents. [M+H]" 587.2

Step 4: Sedium (S)-1-amins-1"-(1-(2,3-dichlorophenyl}-2-methyl-6-0xo-1,6-
dihydropyrimidin-4-vh-1,3-dihydrospirs|indene-2,4'-piperidine}-6-thiolate

The target product was prepared by following the step 2 for preparing intermediate
i-Al from corresponding starting materials and reagents.

Step 5: (8)-6-(1-amino-6-{oxetan-3-ylthio)-1,3-dihydrospiro|indene-2,4'-
piperidinj-1'-yI)-3~(2,3-dichlorophenyi)-2-methyipyrimidin-4(3#}-one

Sodium (8)-1-amino-1'-(1-(2,3-dichloropheny!}-2-methyl-6-0x0-1,6-
dihydropyrimidin-4-yi)-1,3-dihydrospirofindene-2,4'-piperidine]-6-thiolate was dissolved
i N,N-dimethylformamide (3 mL), and 3-bromooxetane (93 mg, 0.68 mmol) was added
thereto. The reaction was stirred at room temperature for 30 minutes, and water (10 mL)
was added thereto. The mixture was extracted with dichloromethane. The organic phases
were collected and combined, and concentrated in vacuum under reduced pressure, and
the residue was purified with silica gel column chromatography
(dichloromethane/methanol) to give the target product (13 mg, yield 7.0%). [M+H]"
543.2. '"H NMR (400 MHz, CD,OD): 8 7.71 (dd, J=8.1, 1.4 Hz, 1H), 7.48 (t, = 8.0 Hz,
1H), 7.38(dd, J = 7.9, 1.4 Hz, 1H), 7.29 (5, I1H), 7.21-7.10 (m, ZH), 5.48 (s, 1H), 5.04 (1,
J=6.8 Hz, 2H), 4.58-4.47 (m, 3H), 4.44-4.10 (m, 2H), 3.91 (s, 1H), 3.25-3.20 {(m, 2H),
3.03(d, J =159 Hz, 1H),2.75(d, J = 15.9 Hz, 1H), 2.06 (s, 3H), 1.90-1.79 (m, 1H),
1.77-1.67 (m, 1H), 1.62-1.54 (m, 1H)}, 1.39-1.32 (m, 1H).

The compounds in the table below were prepared by following the steps for

preparing compound 81 from corresponding intermediates and reagents:
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Compound 87
{($)-(3-(1-amino-6-3~-methoxyprop-1-yn-1-yl)-1,3-dihvdrospire|indene-2,4'-

piperidin}-1"-y1)-6-((Z-aminopyrimidin-4-yljthio)pyrazin-2-ylymethanol

Step 1: Methyl 6-bromo-3-{((8)}-1-(({R)-tert-butylsulfinyljamine)-6-(3-
methoxyprop-i-yr-1-yi)-1.3-dihydrospirelindene-2.4'-piperidin}-1'-vl)pyrazine-2-
carboxylate

The target product was prepared by following the step 1 for preparing compound |
from corresponding starting materials and reagents. [M+H]" 589.1

Step 2: (R}-N-{((5)-1'-(8-brome-3-(hydroxymethyl}pyrazin-2-y1)-5-(3-
methoxyprop-1-yn-1-yi)-1,3-dihydrospiro|indene-2,4 -piperidin-3-yl}-2-
methyipropane-2-sulfinamide

Under nitrogen, at -78°C, to a solution of methy! 6-bromo-3-((3)-1-({({R)-tert-
butylsulfinyl}amino}-6-(3-methoxyprop-1-yn-1-yl}-1,3-dihydrospiro{indene-2,4'-
piperidin}-1-ylpyrazine-2-carboxylate (380 mg, 0.64 mmol) in anhydrous THF (15 mL)
was added dropwise 1.0 M DIBAL-H solution (3.2 mL, 3.2 mmol}. The reaction mixture
was stirred at -78°C for 2 hours, warmed to room temperature and stirred for 20 minutes.
Na,S0,-10H,0 and water (20 mL) were added thereto, and the mixture was filtered. The
aqueous layer was extracted with dichloromethane. The organic phases were collected
and combined, washed with saturated brine, dried over anhydrous Na,S0,, and
concentrated in vacuum under reduced pressure. The residue was purified with silica gel
column chromatography (water/methanol) to give the target product (186 mg, yield 52%,).

IM+H] 561.2
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Step 3: (S)-(3-(1-amino-6-(3-methoxyprop-1-yn-1-vi)-1,3-dihydrespirolindene-
2.4'-piperidin}-1'-yD)-6-((Z-aminopyrimidin-4-yhthie)pyrazin-2-yhmethanoel

The target product was prepared by following the steps 2-3 for preparing compound
| from corresponding starting materials and reagents. [M+H]" 504.2. "H NMR (400 MHz,
CD;0D): 6831 (5, 1H), 7.90(d, J = 5.5 Hz, IH), 745 (s, 1H), 7.27 (4, } = 7.7 Hz, 1H),
7.19(d, ¥ =78 Hz, 1H), 628 (d,J =355, 1H), 4.66 (s, 2H), 430 (s, 2H), 3.93 (s, 1H),
3.84-3.75 (m, 2H), 3.41 (s, 3H). 3.26-3.17 (m, 2H), 3.13 (d, F = 16.0 Hz, 1H), 2.76 (d, J
= 16.1 Hz, 1H), 2.03-1.83 {m, 2H), 1.61 (d, J = 12.2 Hz, 1H), 1.39(d, J = 12.6 Hz, 1H}.

The compounds in the table below were prepared by following the steps for

preparing compound 87 from corresponding intermediates and reagents:
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Compound 159
{(5»-1-(3-(}-amino-1'-(6~-amino-5-((2-amino-3-chloropyridin-4-yljthio)pyrazin-2-yi)-
1.3-dikydrospire[indene-2 4 -piperidin]-6-yl)prop-2-yn-1-yhurea

= N
— - step 2 =
w1 o{ ) e sz N

158

5 Step 1: N, N-bis{(4-methexybenzylprep-2-yn-I-amine
To the solution of propargylamine (550 mg, 10 mmol) in MeCN (30 mbL) was added
p-methoxybenzyl chloride (3.4 g, 22 mmol) and K,CO; (4.1 g, 30 mmol). The reaction
solution was heated to 60°C and stirred for 16 hours. After cooling to room temperature,
added water (100 mL), extracted with EA (100 mL x 2). The organic layer was collected,
10 combined, and concentrated in vacuum under reduced pressure. The residue was purified
by silica gel column chromatography (eluting with PE/EA) to give target product (2.1 g,
71% vield). [M+H]" 296.1
Step 2: N-(4-methoxybenzyl)-N-(prop-2-vo-1-yl}evanamide
N, N-bis(4-methoxybenzyhyprop-2-yn-1-amine (2.1 g, 7.1 mmol), BrCN (1.5 g, 14.2
15 mmol} and K,CO; (2.2 g, 16.3 mmol) were placed in 1,4-dioxane (70 mL), stirred at
room temperature for 20 hours, added water (50 mL), extracted with EA (50 mL x 2).
The organic layer was collected, combined, and concentrated in vacuum under reduced
pressure. The residue was purified by silica gel column chromatography (cluting with

PE/EA) to give target product {750 mg, 50% yield). [M+Na]" 223.2
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Step 3: (R)}-N-({5}-1'-(6-amino-5-{(Z-amino-3-chiorepyridin-4-yhthic)pyrazin-2-
vi-5-(3~«(N-(4-methoxybenzyljcyanamido)prop-1-yu-1-vh)-1,3-dihydrospiro[indene-
2,4'-piperidin|-3-yi}-2-methylprepane-2-sulfinamide

Under Na, (R)-N-{(S)-1'-(6-amino-5-((2-amino-3-chloropyridin-4-ylithio )pyrazin-2-
y1)-5-bromo-1,3-dihydrospirofindene-2,4"-piperidin]-3-y1)-2-methylpropane-2-
sulfinamide (424 mg, 0.67 mmol; prepared by following the step 1 for preparing
compound 1 from intermediates -A2 and 1-C4), N-(4-methoxybenzyl)-N-(prop-2-yn-1-
vhcyanamide (200 mg, 1 mmol), PA(PPh;),ClL; (94 mg, 0.13 mmol), Cul (25 mg, 0.13
mmol) and DIEA (1 mL) were placed in DMF (3 mL). The reaction solution was heated
to 90°C and stirred for 20 hours. The mixture was concentrated in vacuum under reduced
pressure. The residue was purified by silica gel column chromatography (eluting with
water/MeOH) to give target product (70 mg, 14% yield). [M+H]" 756.3

Step 4: ($)-N-(3-(1-amino-1'-(6-amine-5-((Z-amine-3-chloropyridin-4-
vhithio)pyrazin-2-vi)-1,3-dihyvdrospire|indene-2,4"-piperidin]-6-vi)prop-2-yn-1-yI)-
N-(4-methexybenzyl)cyanamide

(R)-N-({(5)-1"-(6-amino-5-({2-amino-3-chloropyridin-4-ylthioypyrazin-2-y1}-5-(3-
(N-{4-methoxybenzyljcyanamidojprop-1-yn-1-yl}-1,3-dihydrospiro[indene-2.4'-
piperidin}-3-vi)-2-methylpropane-2-sulfinamide (70 mg, 0.09 mmol) was dissolved in 2
M HCYMeOH solution (1 mL) and stirred at room temperature for 10 minutes. The
mixture was adjusted to pH = 9 with aqueous ammonia, added water (10 mL), extracted
with DCM (10 mL x 2). The organic layer was collected, combined, and concentrated in
vacuum under reduced pressure to give target product (50 mg, 85% vield). [M+H]  652.2

Step 8: (5-1-3-(1-amineo-1'-(6-amino-5-((2-amino-3-chloropyridin-4-
yhthio)pyrazin-2-yi)-1,3-dihydrospiro|indene-2,4"-piperidin|-6-yhprop-2-yn-1-
viurea

To (5)-N-(3-(1-amino-1'-{6-amino-5-({2-amino-3-chloropyridin-4-yljthiopyrazin-2-
yi)-1,3-dihydrospiro[indene-2,4'-piperidin}-6-yhprop-2-yn-1-yh)-N-(4-
methoxybenzylicyanamide (50 mg, 0.07 mmol) was added TFA (2 mL) and stirred at
50°C for 1 hour. After cooling to room temperature, the mixture was concentrated in
vacuum under reduced pressure, added saturated NaHCO, agueous solution (10 mL),
extracted with DCM (10 mL x 2). The organic layer was collected, combined, and

concentrated in vacuum under reduced pressure. The residue was purified by thin layer
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chromatography (eluting with DCM/McOH) to give target product (10 mg, 25% vield).
[M+HT" 550.2. "TH NMR (400 MHz, CD;0D}: § 7.59-7.56 (m, 2H), 7.42 (s, 1H), 7.30-
7.25 (m, 1H), 7.22-7.18 (m, 1H), 5.94-5.86 (m, 1H)}, 4.33-4.24 (m, 2H), 4.09 (s, 2H), 3.96
(s, 1H), 3.25-3.13 (m, 3H), 2.84-2.80 {(m, 1H), 1.88-1.67 {(m, ZH), 1.58-1.56 (m, 1H},
1.40-1.38 (m, 1H).

Compeound 222
(8)-3-(1-amino-1'-(6-amino-5-((2-amine-3-chloropyridin-4-yi)thio)-3-chlorspyrazin-
2-y)-1,3-dihydrespirslindene-2,4'-piperidin|-6-vi}-N-methylpropislamide

C Ny / Ci NH,
HaN A Sy, N HZN\H\\\ s\r/}\

-":j\,;"/i ?*I@{:/!\ N~ Ny

Step 2

222

Step 1: 3-((8)-1'-(6-amino-5-((2-amino-3-chloropyridin-4-yijthie)-3-
chioropyrazin-2-yD-1-({({ R)-tert-butylsulfinyl)amine}-1,3-dihydrespiro{indene-2,4'-
piperidin}-6-vi)-V-methylipropioclamide

To the solution of 3-((§)-1'-(6~amino-5-((2-amino-3-chloropyridin-4-
yhithiopyrazin-2-yD-1-({({R)-tert-butylsulfinylyamino)-1,3-dihvdrospirof indene-2,4'-
piperidin}-6-y1}-N-methylpropiolamide (96 mg, 0.15 mmol; prepared by following the
step | for preparing compound | from intermediates [-A2 and -C20) in DMF (3 mL) was
added NCS (40 mg, 0.30 mmol) and stirred at room temperature for 30 minutes. The
reaction solution was purified by silica gel column chromatography (eluting with
water/MeOH) to give target product.

Step 2: (§)-3-(1-amine-1'-(6-amino-5-((2-amine-3-chleropyridin-4-yl)thio}-3-
chlorepyrazin-2-yi)-1,3-dihydrospire|indene-2,4"-piperidin}-6-yi)-/V-
methyipropiolamide

The target product was prepared by following the step 3 for preparing compound 1

from corresponding starting materials and reagents (26 mg, 31% yield of two steps).
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[M+H]" 569.2. 'H NMR (400 MHz, CD;0D): 8 7.60 (d, J = 5.5 Hz, 1H), 7.55 (s, 1H),
7.40(d, J=77Hz, 1H),7.26(d,J=7.8 Hz, 1H), 594 (d,J = 5.5 Hz, I1H), 4.08-4.01 (m,
2H), 3.94 (s, 1H), 3.22-3.12 (m, 3H}, 2.81-2.74 (m, 4H), 1.99-1.82 (m, 2H), 1.58 (d, J =
13.4 Hz, 1H), 1.36(d, J = 13.2 Hz, 1H).

The compounds in the table below were prepared by following the steps for

preparing compound 222 from corresponding intermediates and reagents:
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Compound 239
{(3)-3-(1-amino-1"-(6-amino-5-((2-amino-3-chloropyridin-4-yljthie)-3-fluerepvrazin-

2-yB-1,3-dihydrespirslindene-2,4'-piperidin|-6 mvi}nz\f’nmethyigimpmiam;de

NH,
Qj

At 0°C, to the solution of (8)-3-(1-amino-1'-(6-amino-5-((2-amino-3-chloropyridin-

229

4-yhthioypyrazin-2-yl)-1,3-dihydrospiro[indene-2,4"-piperidin}-6-y1)-N-
methylpropiolamide (compound 229; 165 mg, 0.31 mmol) in DMF (2 mL) and MeCN (3
mb) was added NFSI (97 mg, .31 mmol) and stirred at room temperature for 3 hours.
The reaction solution was purified by silica gel column chromatography (eluting with

water/MeOH) and thin layer chromatography (eluting with DCM/MeOH)} to give target
product (28 mg, 16% vield). [M+H]" 553.2. 'H NMR (400 MHz, CD,0D): 8 7.63-7.57
{m, 1H), 7.54 (s, 1H), 7.42-7.38 (m, 1H), 7.26 (d, } = 7.7 Hz, 1H), 599 (d, J = 5.5 Hz,
1H), 4.30-4.26 (m, 2H), 3.94 (s, 1H), 3.34-3.32 (m, 1H)}, 3.26-3.01 (m, 2H), 2.82-2.78 (m,
4H), 1.95-1.72 (m, 2H), 1.59-1.55 (m, 1H), 1.35-1.31 (m, 1H).

Compound 240
(5)-3-(1-amino-1"-(6-amine-5-{(2-amine-3-chleropyridin-4-yhthis)-3-bremeopyrazin-

2-y)-1,3-dihvdrespirs{indene-2,4'-piperidin]-6-vl)}-N-methylpropiclamide

Ci NH, o

HaN_A s\(}\N EVEN s%
N\; N%«/U\N/\ hH, e N
| s |
L\/’ O
N2 N

229 240
To the solution of (§)-3-(1-amino-1"-(6-amino-5-((2-amino-3-chloropyridin-4-
yhithio)pyrazin-2-yl)-1,3-dihydrospirofindene-2,4"-piperidin}-6-y1)-N-
methylpropiolamide (compound 229; 60 mg, 0.093 mmol) in DMF (1.5 mL) was added
NBS (33 mg, 0.188 mmol) and stirred at room temperature for | hour. The reaction
solution was purified by silica gel column chromatography (ehuting with water/MeOH)

and thin layer chromatography (cluting with DCM/MeOH) to give target product (15 mg,



L]

10

15

WO 2022/166844 PCT/CN2022/074753
165

26% vield). [M+H]" 613.1. "H NMR (400 MHz, CD;0D): 8 7.62 (d, J = 5.5 Hz, 1H),
7.57 (s, 1H), 741 (4, J =77 Hz, 1H), 727 (d,J=7.8 Hz, [H), 5.96 (d, } = 5.6 Hz, 1H),
4.09-3.91 (m, 3H), 3.24-3.09 (m, 3H)}, 2.87-2.73 {(m, 4H), 2.04-1.80 (m, 2H), 1.62-1.58
{(m, 1H), 1.41-1.37 {(m, 1H).

Compound 243
8)-3-(1-amino-1'-(5-(3.4-dihydre-1,5-naphthyridin-1 2H)-vDpyrazin-2-yi}-1,3-
3 painy Yopy

dihydrospiro{indene-2,4 -piperidin|-6-vi}-N-ethylpropiclamide
: Y pip 3 yip

N/I% N N (Rﬁ/
Step 1 u N%JJ\N -8,
AT ol

]
/
O
]
| W——
HN""\

Step 2

243

Step 1: 3-((8)-1-{((()-tert-butylsulfinyhaminog)-1'-(5-(3,4-dihydre-1,5-

naphthyridin-12H)-yhpyrazin-2-yl}-1,3-dihvdrospire{indene-2,4"-piperidin}-6-vI}-
N-ethylpropiolamide

Under N», 3-({$)-1'-(5-bromopyrazin-2-y1)- I -{({({ )-tert-butylsulfinyDamino}-1,3-
dihydrospiro| indene-2,4-piperidin}-6-yl)-N-ethylpropiolamide (80 mg, 0.14 mmol;
prepared by following the step 1 for preparing compound | from 2.5-dibromopyrazine
and intermediate 1-C23), 1,2,3,4-tetrahydro-1,5-naphthyridine (37 mg, 0.28 mmol)},
Pdy{(dba); (9 mg, 0.01 mmol), Xant-phos (12 mg, 0.02 mmol) and Cs,CO;5 (91 mg, 0.28
mmol) were placed in 1.4-dioxane (10 mL). The reaction mixture was heated to 100°C
and stirred for 16 hours. After concentration in vacuum under reduced pressure, the
residue was purified by silica gel column chromatography (cluting with water/MeOH,
0.05% formic acid) to give target product.

Step 2: (8)-3-(1-amine-1'-(5-(3,4-dihydro-1,5-naphthyridin- 12 H)-yDpyrazin-2-
vi)-1,3-dihvdrospire}indene-2,4 -piperidin]-6-vD-N-ethyipropiclamide
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The target product was prepared by following the step 3 for preparing compound 1
from corresponding starting materials and reagents (25 mg, 35% yield). [M+H]" 508.3.
'"H NMR (400 MHz, CD,0D): 6 8.06 (d, ] = 2.4 Hz, 2H), 7.83 (dd, J = 4.7, 1.3 Hz, 1H),
7.56(s, 1H), 7.42(d, } =76 Hz, 1H), 7.28 (d, ] = 7.8 Hz, 1H), 7.08 (dd, } = 8.4, 1.2 Hz,
1H), 7.03-6.95(m, 1H), 4.25-4.12 (m, 2H), 3.95 (s, 1H}, 3.72-3.65 (m, 2H), 3.29-3.14 (m,
5H), 2.99(t, J = 6.5 Hz, 2H), 2.81 (d, I = 16.3 Hz, 1H), 2.18-2.09 (m, 2ZH), 1.96-1.75 (m,
2H), 1.60(d, J=12.5 Hz, 1H), 1.37(d, J=12.7 Hz, 1H), 1.16 {t, } =7.3 Hz, 3H).

The compounds in the table below were prepared by following the steps for

preparing compound 243 from corresponding intermediates and reagents:
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Compound 279
(8)-3-(1-amino-1'-(5-((Z-amino-3-chloropyridin-4-yhthio)pyrazin-2-vi}-1,3-
dihydrospirs|indene-2,4'-piperidin|-6-yl}propislic acid

Gl C!

H N > .
2 Xy / N (R)\;’ \//\/ P N \}{/
o’ | o @
P N(\ /]/HN’ Slep 1 N\// Ny &
[\\ S ® =

W/E N
Step 2 N N‘“*/‘[\NA

279
5 Step 1: 3-((5)-1"-(5-((Z-amino-3-chloropyridin-4-ylithio)pyrazin-2-yh-1-({{H)-tert-

butyisulfinyl}amine)-1,3-dihydrospire|indene-2,4"-piperidin}-6-yl)propielic acid
To the solution of ethyl 3-({8)-1'-(5-((Z-amino-3-chloropyridin-4-yithio)pyrazin-2-

yi-1-{(((R)-tert-butylsulfinyl}amino)-1,3-dihydrospiro| indene-2,4"-piperidin}-6-
vhpropiolate (320 mg, 0.5 mmol; prepared by following the step 1 for preparing

10 compound 1 from intermediates I-A 15 and I-C30) in EtOH/water was added LiOH (120
mg, 5.0 mmol). The reaction solution was stirred at 70°C for 1 hour, adjusted pH to 3
with MeSO;H. After concentration in vacuum under reduced pressure, the residue was
purified by silica gel column chromatography (eluting with DCM/MeOH) to give target

product (80 mg, 26% vield).

[y
941

Step 2: (8)-3-(1-amine-1'-(5-((2-amine-3-chloropyridin-4-ylithio)pyrazin-2-vi)-
1,3-dihvdrespiro[indene-2,4"-piperidin]-6-yl)propiolic acid

The target product was prepared by following the step 3 for preparing compound 1
from corresponding starting materials and reagents (30 mg, 45% vield). [M+H]" 507.2.
'H NMR (400 MHz, CD;0D): & 8.45-8.30 (m, 2H), 7.73-7.54 (m, 3H), 7.49-7.38 {m, 1H),
20 6.00-591 (m, 1H), 4.55-4.46 (m, ZH), 4.41-4.34 (m, 1H}, 3.46-3.38 (m, 2H), 3.27-3.21
{m, ZH), 1.91-1.67 (m, 4H).

The compounds in the table below were prepared by following the steps for

preparing compound 279 from corresponding intermediates and reagents:
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Compounds 56 and 57
Diastereomers of (S)-6-(1-amino-6-ethynyi-1,3-dihvdrospire|indene-2,4"-piperidin}-

1'-yB)-3-(2-chloersphenyl)-2-methyipyrimidin-4(3H)-one

2 o e GE/L
e N/L\N R N pg N
oAy N o7 o

L L

{S)-6-(1-amino-6-¢thynyl-1,3-dihydrospiro[indene-2.4"-piperidin}-1'-y1)-3-(2-
chlorophenyl)-2-methylpyrimidin-4(3H}-one (compound 42) was resolved by chiral
HPLC to obtain a pair of diastereomers. Chiral HPLC conditions: column: IC (2 X 25 cm);
mobile phase: acetonitrile/ethanol = 10 ; 90; flow rate: 15 mL/minute; detector: UV 254
nn.

First eluent (compound 56, RT = 6,942 minutes), de% = 100%, [M+H]" 445.2. 'H
NMR (400 MHz, CD;0D): & 7.65-7.59 (m, 1H), 7.53-7.46 (m, 3H), 7.41-7.36 (m, 1H),
7.33-7.28 (m, 1H), 7.22-7.17 (m, 1H}, 5.48 (s, 1H), 4.27 (br, 2H), 3.92 (s, 1H)}, 3.39 (s,
tH), 3.27-3.13 (m, 3H}, 2.82-2.74 (m, 1H), 2.04 (s, 3H), 1.88-1.79 (m, 1H), 1.77-1.67 (m,
1H), 1.61-1.54 (m, 1H), 1.39-1.32 (m, 1H).

Second eluent (compound 57, RT = 9.352 minutes), de% = 100%, [M+H]|" 445.2. 'H
NMR (400 MHz, CD.0OD): § 7.66-7.60 (m, 1H), 7.54-7.45 (m, 3H), 7.41-7.36 (m, 1H),
7.33-7.27 (m, 1H), 7.22-7.17 (m, 1H), 5.48 (s, 1H), 4.27 (br, 2H), 3.93 (s, 1H), 3.39 (s,
1H), 3.27-3.12 (m, 3H), 2.83-2.74 (m, 1H}, 2.04 (s, 3H), 1.88-1.78 (m, 1H), 1.77-1.68 (m,
IH), 1.61-1.54 {m, 1H), 1.40-1.33 {(m, 1H).

The compounds in the table below were prepared by following the chiral resolution

conditions of compounds 56 and 57:
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The diastercomers in the table are subjected to chiral HPLC under the following

conditions (flow rate: 15 mi/minute; detector: UV 254 nm):

Compounds Column Mebile phase RY/minute de¥%
38 7.180 100%
IC (2 x 25 cm) Acetonitrile/ethanol = 10:90
59 9.684 100%
63 6.427 100%
IC (2 x 25 em) Acetoniirile/ethanol = 10:90
66 7.045 100%
88 , 6.136 93.39%
IC2Zx25em) Acetonitrile/sthanol = 10:90
89 6.832 93.92%
1602 4 , 10.838% 100%
ODH (2 x 25 cm) | n-Heptane/ethanol = 50:50
103 12.127 99.30%
108 7 v 6.311 96.97%
@2 x25cm) Acetonitrile/ethanol = 10:90
109 7.7702 97.01%
110 14.376 100%
ODH (2 x 25 em) | Acetonitrile/ethanol = 10:90
11t 23.609 100%
113 5.515 100%
IC (2 x 25 cm) Acetonitrile/ethanol = 10:90
114 6.581 100%
T8 , _ 7 4.193 97.78%
IC{Z x 25 cm) Acetonitrile /ethanol = 40:60
119 4.660 97 17%
124 , 8.555 100%
IC2Zx25em) Acetonitrile/sthanol = 10:90
125 10.658 96.90%
161 6.693 99.01%
IC (2x25 cm) Acetonitrile/ethanol = 10:90
162 3.071 95.18%
163 9.344 100%
IC (2x25 cm) Acetonitrile/ethanol = 10:90
164 11.191 93.96%
181 5.810 100%
ODH (2x25 cm) | Acetonitrile/ethanol = 50:50
182 7.066 100%
190 12,754 100%
TA (2x25 cmy) Acetonitrile/ethanol = 10:90
191 19.343 100%
192 , 5.340 100%
ADH (2x25 em) | Acetonitrile/ethanol = 10:90
193 14.222 100%
200 5.599 100%
IA (2%25 cm) Acetonitrile/ethanol = 10:90
201 10.573 100%
267 18.586 99.815
IC (2x25 cm) Ethanol
208 25.797 95.57%
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209 7 10.679 100%
IC (2%25 cmy) Ethanol
210 14.798 F00%
217 10.544 100%
1C (2%x25 cm) Ethanol
218 15.425 100%
220 6.682 100%
IA (2%25 cm) Acetonitrile/ethanol = 10:90
221 13.507 100%
267 7 v 7.854 100%
: ODH (2x25 cm) | Acetonitrile/ethanol = 10:90
268 14.016 100%

The compounds in the table below were prepared by following the steps for

preparing the above compounds from corresponding intermediates and reagents:

Compounds Molecular
Structural fermuls
weight
136 50943
137 504.42
138 509.43
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N = ?;5 N N/"\ NHQ

304 576.12
303 505.04

Example 2 Assay of Full-length SHP2 Phosphatase Activity

1. Reagents and materials

¢« Human full-length SHPZ recombinant protein: BPS Bioscience, Cat# 79018;

» SHP2 substrate DiIFMUP (1 mM): BPS Bioscience, Cat# 79769,

= SHPZ activating peptide (100 uM): BPS Bioscience, Cat# 79319-2;

. DTT: Merck, Cat# DTT-RO;

° 384-well plate: Corning, Cat# 3575,

*  96-well plate: Thermo Fisher Scientific, Cat# 249952,

. Instrument; EnVision 2104, PerkinElmer.

2. Preparation of reaction selutions

= The test compound was dissolved in DMSO and diluted with DMSO to 100.0
uM, and the compound was further 3-fold diluted with DMSQO to: 100.00, 33.33, 11.11,
3.70, 1.23, 0,41, 0.14 and 0.05 uM. Then 4 pL of the compound at different dilution
concentrations was added to 96 plL of an enzymatic reaction buffer to prepare a 4X test
compound, wherein DM SO was at the concentration of 4% (DMSO was at the final
concentration of 1%).

= Preparation of 1 X enzymatic reaction buffer: the 5X reaction buffer (250 mM
HEPES, 500 mM NaCl, 2.5 mM EDTA, 0.005% Brij-35 and 0.01% BSA, pH 7.2) was
diluted 5-fold with deionized water, and then DTT was added thereto so that the 1X
enzymatic reaction buffer contained S mM DTT.

¢ Preparation of 4X mixed solution of SHP2 enzyme/activating peptide: the
SHP2 enzyme (75.5 nM) and activating peptide (100 pM) were diluted with the

enzymatic reaction buffer to prepare a 4X mixed solution of SHP2 enzyme/activating
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peptide (0.12 nM SHP2 and 2 uM activating peptide), so that the SHP2 enzyme and
activating peptide were at the final concentrations of 0.03 nM and 0.5 uM 0 the
enzymatic reaction system, respectively.

«  Preparation of 2X DiFMUP substrate: 1 mM DiFMUP was dilated 100-fold
with the enzymatic reaction buffer to prepare a 2X substrate (10 pM), so that the
substrate DiIFMUP was at the final concentration of 5 uM in the enzymatic reaction
system.

3.  Experimental steps

*  To the corresponding wells of the 384-well plate was added 2.5 pLL of 4X test
compound or 2.5 uLL of 4% DMSO solution, and centrifugation was carried out at 1000
rpm for 30 seconds.

»  To the test compound well and positive control well was added 2.5 ull of 4X
mixed solution of SHP2 enzyme/activating peptide while to the negative control well was
added 2.5 pL of 1 X enzymatic reaction buffer; centrifugation was carried out at 1000 rpm
for 30 seconds and incubation was carried out at room temperature for 30 minutes.

¢ To each well was added 5 uL of 2X DiFMUP substrate to initiate the
enzymatic reaction, then the plate was transiently oscillated and centrifuged at 1000 rpm
for 30 seconds, and the 384-well plate was sealed with a sealing membrane and incubated
at 25°C on a low-speed shaker (100 rpm) in the dark for 60 minutes.

«  The fluorescence value (relative fluorescence units, RFU) of each well was
detected on EnVision2104 (excifation: 355 nm, emission: 460 nm).

4. Data analysis

RFU of compound well - RFU of negative control
well

inhibition rate (%) = 100 - x 100
RFU of positive control well - RFU of negative

control well
wherein
»  the RFU of compound well refers to the fluorescence reading at 460 nm of the
well containing the test compounds;
«  the RFU of negative control well refers to the fluorescence reading at 460 nm

of the background well containing 1% DMSO and the enzymatic reaction buffer;



WO 2022/166844 PCT/CN2022/074753
188

«  the RFU of positive control well refers to the fluorescence reading at 460 nm of
the well containing 1% DMSO and the mixed solution of SHP2 enzyme/activating
peptide.

1C5g values were calculated following formala 205: vy = A + ((B-A)/(1 +

5 ((C/Xy DY)y, by using the XL-Fit 5.0 software.

8, Test results

Compound | {{s Compound | {Csy | Compound | ICs Compound | 1Cs
ne. {pM} e, (M) | no, {pM) 1o, {uh)

I 0.002 {23 (.757 {45 0.011 67 0.001
2 0.005 {24 0.412 | 46 0.096 68 0.130
3 0.008 {25 0.012 |47 0.011 69 0.005
4 (0.004 {26 0.158 | 48 (.063 70 0.002
5 0.002 {27 0.001 | 49 0.003 71 0.001
6 0.420 |28 > 1 50 0.015 72 0.978
7 0.016 {29 0.025 {51 0.001 73 0.253
8 0.003 {30 0.002 | 52 < 0.0005 | 74 0.004
9 0.004 {31 0.005 1353 0.018 75 0.002
10 0.035 {32 (3.001 {54 0.003 76 0.002
i1 0.097 {33 0.310 {55 0.026 77 0.005
12 0.001 34 0.004 | 56 0.002 78 0.003
i3 >1 35 0.017 {57 0.028 79 0.601
14 > 1 36 0.006 | 58 0.013 &0 0.004
5 0.008 | 37 0.044 | 59 (0.248 81 0.002
I6 0.004 | 38 (.046 | 60 0.013 &2 0.002
17 0.018 | 39 0.021 {61 0.003 83 0.001
I8 > 1 40 0.002 {62 0.005 84 0.067
19 > 1 41 0.021 | 63 0.004 85 0.050
20 0.012 |42 0.006 | 64 0.184 86 0.602
21 0.541 |43 3.006 |65 0.002 &7 0.001
22 (0.348 | 44 0.060 | 66 (0.024 38 0.0008
&9 0.015 101 0.012 {114 0.053 126 0.002
90 0.0011 | 102 0.002 | 115 0.002 127 0.0006
91 0.0007 | 103 0.017 i 116 .0005 128 0.6009
92 0.011 104 0.004 § 117 0.002 129 0.0006
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a3 0.016 106 0.009 {118 0.003 130 >1.0
94 0.007 107 0.739 {119 0.178 131 0.003
a5 0.003 108 0.001 {120 0.045 132 0.003
96 0.003 109 0118 {121 > 1.0 133 0.029
97 0.002 110 (.249 | 122 0.00006 134 0.0014
98 (.003 iil 0.002 {123 (0.0006 135 0.005
99 0.002 112 .002 | 124 0.0013 147 0.003
100 0.002 113 0.002 {125 0.096 1438 0.004
155 0.001 i93 0,001 | 231 <0.0005 | 269 0.000Y
156 0.006 194 0.001 {232 0.002 270 0.0004
157 0.002 i95 0.001 | 233 0.0011 271 0.001
158 0.003 i96 (4.003 | 234 0.0028 272 0.017
159 (.001 197 0.003 | 235 (.0017 273 0.001
160 0.013 198 0.016 | 236 0.0013 274 0.001
16l 0.001 199 0.001 § 237 0.0039 273 0.0005
162 0.034 | 200 0.025 | 238 0.0013 276 $.002
163 8.001 201 3.001 | 239 0.003 277 0.001
164 (4.042 | 202 G.001 | 240 (.0015 278 0.005
165 0.006 | 203 (.002 | 241 0.0012 279 0.0004
166 0.006 | 204 0.006 | 242 0.0007 280 0.011
167 0.023 205 0,012 | 243 0.0007 281 0.010
168 0.010 | 206 0.003 | 244 0.011 282 0.001
169 0.006 | 207 0.002 | 245 <0.0005 | 283 0.001
170 0.009 | 208 (.058 | 246 0.133 284 0.002
171 0.006 | 209 0.001 | 247 0.001 285 0.085
172 0.001 210 (4,052 | 248 <0.0005 | 286 0.002
173 0.001 211 0.017 {249 0.001 287 0.012
174 0.006 | 212 0.023 | 250 0.001 288 0.602
175 8.014 | 213 (.068 | 251 0.001 289 0.002
176 (0.038 | 214 0.004 | 252 0.001 290 0.001
177 0.002 | 215 (4,025 {253 0.001 291 0.001
178 0.002 | 216 0.001 {254 0.003 292 0.0009
179 0.004 217 0,001 | 255 0.003 293 0.001
180 8.013 218 (.104 | 256 0.004 294 0.001
I81 0.044 | 219 0.003 {257 <0.0005 | 295 0.602
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182 0.001 220 0.317 | 258 0.010 296 0.0003
i83 0.002 | 221 (.001 | 259 0.004 297 0.0003
134 0.003 222 0.004 | 260 0.001 298 0.0003
i85 0.014 223 0.004 | 261 0.0009 299 0.001
186 0.042 | 224 (3.009 | 262 0.0003 300 0.001
187 (.001 225 0.002 | 263 0.009 301 0.0004
188 0.0035 226 (.001 | 264 0.0006 302 0.0004
189 0.001 227 0.001 263 0.0004 303 0.0005
190 0.253 228 0,203 | 266 0.003
191 0.001 229 0.001 | 267 >0.1
192 >1.0 230 0.010 | 268 0.001

Example 3 Assay of intracellular pERK1/2 (Thr202/Tyr204) phosphorylation

1. Reagents and materials

«  pERKI/2 (Thr202/Tyr204) HTRF kit: Cisbio, Cat#f 64ERKPEH;

» Cell line: Miapaca2, ATCC, CRL-1420;

+  OptiPlate"™-384-well plate: PerkinElmer, Cat# 6007299;

«  96-well plate: Comning, Cat¥# 353072,

» Instrument: EnVision2104, PerkinElmer.

2. Preparation of reaction solutions

¢ The test compound was dissolved in DMSO and diluted with DMSO to 600.0
uM, and the compound was further 3-fold diluted with DMSO to: 600.0, 200.0, 66.7,
22.2,74,2.5,0.82 and 0.27 pM. Then 10 yL of the compound at different dilution
concentrations was added to 190 pL of a BMEM medium to prepare a 10X test
compound, wherein DMSO was at the concentration of 5% (DMSO was at the final
concentration of 0.5%).

. 1X cell lysis buffer: 4X cell lysis stock solution (provided by the kit) was
diluted 4-fold with deionized water, and then 1% 100X blocking stock solution (provided
by the kit) was added thereto.

«  pERKI/Z detection solution {prepared just before use): the pERK1/2 d2
antibody {provided by the kit) and pERK1/2 Cryptate antibody (provided by the kit) were
diluted with the detection solution (provided by the kity ataratioof 1 : 1 : 38.

3.  Experimental steps
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«  MiapacaZ2 cells were inoculated into a 96-well plate at a density of 10000
cells/well at 90 pl/well and cultured in a cell incubator at 5% CO, and 37°C overnight.

+ 10 uL of 10X test compound was added to the 90 pL cell culture 96-well plate;
to the cell positive control well was added 10 gL of 5% DMSO culture solution; and the

5 plate was cultured in a cell incubator at 5% CO, and 37°C for 2 hours.

*  The medium in the 96-well plate was removed; 50 pL of 1X cell lysis buffer
was added to each well; the plate was placed in a microplate shaker; and lysis under
shaking was carried out at 900 rpm at room temperature for 1 hour.

. 16 pL of the lysis buffer in the 96-well plate was taken and transferred to a

10 384-well plate, and centrifugation was carried out at 1000 rpm for 30 seconds; then 4 gl
of pERK1/2 detection solution was added to each well and centrifugation was carried out
at 1000 rpm for 30 seconds; and the 384-well plate was sealed with a sealing membrane
and incubated at 25°C on a low-speed shaker (100 rpm) in the dark for 2 hours.

«  The fluorescence value (relative fluorescence units, RFU) of each well was
15 detected on EnVision2 104 (emission 1: 665 nm, emission 2: 615 nm).
4. Data analysis
RFUgs5 um
RFUg15 um

Fluorescence ratio =

Fluorescence ratio of compound well -
fluorescence ratio of negative control well

Inhibition rate (%) = 100 - : _ % 100
Fluorescence ratio of positive control well -

fluorescence ratio of negative control well
wherein
= the fluorescence ratio of compound well refers to the fluorescence ratio of the
20 well containing the test compounds;
«  the fluorescence ratio of negative control well refers to the fluorescence ratio of
the background containing the cell lysis buffer and no MiapacaZ2 cells;
+  the fluorescence ratio of positive control well refers to the fluorescence ratio of

the well containing 0.5% DMSO and Miapaca?2 cells.

o
[

1C5, values were calculated following formula 205: vy = A + ((B-AY(1 +

{(C/X) D)), by using the XL-Fit 5.0 software.
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5. Test results

Compoundg | 1Cs Compound | [Cs, Compound | ICs Compound | s
B, () B89, {puh4) fg. (i) Bo {uhi)
i 0.018 32 $.006 55 0.388 78 0.043
2 0.023 34 .244 56 0.085 79 0.060
3 0.081 35 0274 57 0.526 80 0.125
4 0.160 36 0.033 58 0.260 81 0.089
5 (.023 37 0.599 60 >1.0 &2 (.043
6 >3 38 0.343 61 (.078 83 (.057
7 0.028 39 0,294 62 0.105 84 > 1

8 0.008 40 0.006 63 6.177 85 0.785
9 (L038 41 0.115 64 {.891 &6 (.006
i0 (¢.220 42 0.133 65 (.060 &7 .002
1§ 1.148 43 0.117 66 0.271 88 0.026
i2 0.007 44 .415 67 0.039 39 0.153
i5 0.087 45 0.261 68 0.510 90 0.053
16 0.034 46 0.648 69 0.066 91 0.017
i7 0.203 47 0115 70 G.141 92 6.117
20 (.052 48 0.231 71 (4.022 93 (.301
25 0.151 49 8.018 72 > 1.0 94 0.155
26 >3 50 0.318 73 >1.0 95 (.002
27 0.011 51 0.021 74 0.223 96 0.055
29 0.489 52 0.037 75 0.046 97 0.011
30 3.008 53 0.364 76 (.004 98 .020
31 0.037 54 $.036 77 0.056 99 0.040
100 (0.012 108 0.007 115 (.026 122 (.007
101 0.096 109 $.259 116 0.001 123 0.004
102 0.012 110 0.959 117 0.024 124 0.015
103 0.080 111 0.015 118 0.040 125 0.175
104 0.040 112 0.006 119 0.698 126 0.042
106 (.084 113 0.014 120 {.385 127 (.013
107 > 1.0 114 $.284 121 > 1.0 128 0.015
129 0.003 131 0.004 132 0.009 133 0.147
134 0.003 135 0.056 147 0.010 143 0.013
155 0.002 193 0.024 231 0.007 269 0.007
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156 0.010 194 0.018 232 0.008 270 0.002
7 0.025 195 0.011 233 (.014 271 {1.004
158 0.031 196 0.008 234 0.153 272 0.252
159 0.005 197 0.029 235 0.009 273 0.005
il 0.056 198 0.191 236 {(.003 274 {(1.006
0.013 199 0.0605 237 0.004 275 0.002
io2 (.155 200 0.512 238 (.004 276 (.004
163 0.014 201 0.006 239 0.015 277 0.011
164 0.154 202 0.040 240 0.018 278 0.034
165 0.039 203 0.007 241 0.010 279 0.183
i66 0.038 204 (.054 242 0.013 280 0.035
7 (0.124 205 0.029 243 (.019 281 (.167
i68 0.034 206 0.069 244 0.139 282 0.003
169 0.125 207 0.009 245 (.012 283 0,737
170 0.143 208 0.187 246 0.6885 284 0.005
0.038 209 0.019 247 0.003 285 0.962
/2 0.008 210 0.527 248 (.002 286 (.016
3 0.018 211 0.161 249 0.031 287 0.140
/4 (.033 212 0.223 250 (.072 288 (.004
175 0.122 213 0.447 251 0.024 289 0.004
176 0.041 214 0.100 252 0,003 290 0.004
177 0.007 215 0.167 253 0.010 291 0.009
178 0.048 216 (.045 254 0.011 292 0.006
9 0.112 217 0.049 235 (.008 293 (.005
180 0.251 218 0.944 256 0.012 294 0.018
0.447 219 0.067 257 001 295 .022
is2 0.023 220 >1 258 0.188 296 0.002
183 0.050 221 0,015 259 0.023 297 0.001
ig4 0.067 222 0.006 260 {(1.005 298 (.001
185 >1.0 223 0.023 261 0.007 299 0.002
186 >1.0 224 0.020 262 (.007 300 (.013
187 0.003 225 0.006 263 0.204 301 0.005
188 0.014 226 0.002 264 0.002 302 0.005
igy 0.007 227 6.062 265 (.0009 303 0.009

190 0.672 228 >1 266 0.026
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191 0.021 229 {3.002 267 >1
192 >1.0 230 0.031 268 {1.063
Example 4 Assay of cell proliferation en Miapaca2 3D spheroids
1. Reagents and materials
» CellTiter-Glo ® 3D Cell Viability Assay Kit: Promega, Cat# G9683;
s CellCarrier Spheroid ULA 96-well plate: Corning, Cat# 4515;
« Instrument: Envision, Perkinelmer;
o Cell ine: Miapaca2, ATCC, Cat# CRL-1420.
2. Preparation of reaction solutions
» The test compound was dissolved in DMSO and diluted with DMSO to 3000.0
1M, and the compound was further 3-fold diluted with DMSO to: 1000.0, 333.3,
1111, 37.0, 12.3, 4.1, and 1.4 uM. Then 2 pl of the compound at different
dilution concentrations was added to 198 pl of a 1640 medium to prepare a3 10X
test compound, wherein DMSO was at the concentration of 1% (DMSO was at the
final concentration of 0.1%).
3. Experimental methods

L

Day0: Digest cells and count cell numbers. Miapaca2 cells were inoculated into a
spheroid ULA 96-well plate at a density of 300 cells/well at 100 pl/well and
cultured in a cell incubator at 5% CO, and 37°C.

Day2: The cell spheroids formed at day2. Add 10 pL of 10X test compounds to
the 96-well plate. To the cell positive control well was added 10 gl of 1% DMSO
1640 medium. Incubate the cell spheroids in a cell incubator at 5% COZ and 37°C
for additional 5 days.

Cell viability assay: Add 50 pL of CellTiter-Glo reagent to cach well, place the
plate in a microplate shaker, and lysis under shaking at 900 rpm at room
temperature for 5 minutes. Then incubate the plate at room temperature in the dark
for 30 minutes.

The luminescene of each well was detected on Envision2104.

4. Data analysis

®

Cell Survial% = (Lum{d7 treatment)—Lum{d2 cell}/(Lum(d7 celly-Lum{d2
celly <100
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Wherein:

Lum{d7 treatment) refers to the luminescene of the fest compound treated cells

on day7,
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PCT/CN2022/074753

Lum{d2 cell) refers to the luminescene of the 0.1% DMSO treated Miapaca2 cells

on dayZ;

Lum{d7 celly refers to the luminescene of the 0.1% DMSO treated Miapaca?2 cells

on day7.

¥Csp values were calculated following formula 205 y=A+{(B-AY{1+({(C/X)y D)),

by using the XL-Fit 5.0 software.

5. Test resuits

Compound | 1Cgy Compound | §Cs, Compound | 1Cqy Compound | Csg,
no, {3h} 0o, () ne (1M} 80 (b}
135 0.095 191 0.058 237 (.0024 271 0.002
147 0.048 193 (.090 238 8.001 273 0.002
148 (.047 194 0.036 239 .0021 274 .003
155 0.0009 | 195 (.030 240 0.003 275 0.002
156 0.031 196 0.021 241 0.0038 276 0.003
157 0.028 197 0.038 242 0.002 277 0.005
158 $.032 199 0.012 243 8.015 278 0.016
139 0.006 201 0.018 244 0.041 279 0.042
160 0.041 202 (.046 245 0.017 250 0.035
i6l (.008 203 0.016 247 (.001 281 (.024
163 0.020 204 0.121 248 0.0004 282 0.002
165 0.071 205 0.068 249 0.019 283 0.243
166 0.110 206 0.078 250 0.014 284 0.004
168 0.077 207 0.035 251 8.029 286 0.009
170 (.162 209 0.038 252 (.001 288 (.002
i71 0.039 216 {1.028 253 0.002 289 0.002
172 0.009 217 0.062 254 (0.010 290 {1.0003
173 0.024 219 0.006 255 0.003 291 0.0003
174 8.053 221 0.063 256 8.006 292 0.001
i75 (.100 222 0.015 257 {1.0003 293 {1.00G9
176 0.097 225 .002 259 0.005 294 0.009
177 (.004 226 0.0004 260 (0.002 295 (.004
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178 0.041 227 {1.0004 261 0.002 296 0.0007
179 0.065 229 0.0005 262 0.001 297 {:.0003
is2 0.018 230 0.0074 264 0.0004 298 0.0003
183 0.068 231 0.0008 265 0.0004 299 0.001
ig4 0.096 232 0.0009 266 0.010 300 (.016
iy 0.003 233 (1.0032 268 0.017 301 0.001
188 (0.047 235 0.0009 269 0.003 302 (1.001
189 0.015 236 .001 276 0.0006
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CLAIMS

1. A compound of formula (I):

Cyz Cy

-

it

ARy
“)\(Rf)n

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

ring A 1s a benzene ring or a pyridine ring;

£1s CH,, O, § or NH;

R, is chosen from (¢ alkynyl, -NR3R,, -SRs and -SR¢, wherein the C,_4 alkynyl is
optionally substituted with one or more groups independently chosen from: halogen, -CN,
-OH, -NH;, Cy5 cycloalkyl, 4-8 membered heterocyclyl, -O(C ¢ alkyl), -O(C, 4
haloalkyl), -O(Cy¢ cycloalkyl), -0(4-8 membered heterocyclyl), -S(C s alkyl), -5(Csp
cycloalkyl), -5(4-8 membered heterocyclyl), -NH(C ¢ alkyl}, -N(C,_¢ alkyl}., -NH-CN, -
NHCONH,, -NHCO{C 4 alkyh), -CONRR,, -COOR, and -CORy, wherein R, Ry, R, and
R, are each independently chosen from hydrogen, C, 4 alkyl, C, 4 haloalkyl, «(C,_ alkyl}-
O-(Cy ¢ alkyly, «(Cy¢ alkyD-OH, ~(C ¢ alkyD)-CN, Cs 4 cyeloalkyl and 4-8 membered
heterocycelyl; Ry is independently chosen from hydrogen, C¢ alkyl, C 4 haloalkyl, «(C
alkyl}-OH, -(Cy¢ alky}-O-(C 4 alkyl) and -(C_¢ alkyl}-CN; R, and R; are each
independently chosen from Cy g cycloalkyl, phenyl, 4-8 membered heterocyclyl and 5-12
membered heteroaryl; Re 1s chosen from -CO(C ¢ alkyl), -CO(C5 5 cycloalkyl), -CO(4-8
membered heterocyclyl), -CONH,, -CONH(C, ¢ alkyl), -CONH(Cs ¢ cycloalkyly, -
CONH(4-8 membered heterocyclyl), ~-CON(C, 4 alkyl)y, -(Cy 4 alky)-O~(Cy 4 alkyl), -(Cy.
¢ alky)-OH, ~(C ¢ alky}-NH(C, ¢ alkyl), «(C,_s alkyD-N(C, 4 alkyl), and (C, ¢ alkyD)-
NHCO(C 4 alkyl), wherein the C ¢ alkyl of R¢ is optionally substituted with one or more
groups independently chosen from: halogen, -CN, -OH and -O(C, 4 alkyl); and the above-
mentioned Cs g cycloalkyl, phenyl, 4-8 membered heterocyclyl and 5-12 membered
heteroaryl are each optionally substituted with one or more groups independently chosen

from: halogen, -CN, -CONH., -OH, oxo, -NH,, C, 4 alkyl, C, ¢ alkenyl, C, ¢ alkynyl, Cy ¢
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haloalkyl, -(C ¢ alkyD}-OH, ~(C; ¢ alkyD}-O-(Cy 4 alkyl), (Cy 4 alkyD-CN, -O(Cy ¢ alkyly, -
O(C 14 haloalkyl), -S{C, 4 alkyD), -NH(C ¢ alkyl} and -N(C, ¢ alkyi);

Ry’ 1s independently chosen from halogen, -CN, -CONH,, -OH, -NH,, C, ¢ alkyl, C;_
¢ haloalkyl, C¢ cycloalkyl, 4-8 membered heterocyelyl, -(C, ¢ alkyl)-OH, -(Cy 4 alkyl)-
O-(Cy 4 alkyl), (C g alkyD-CN, -O(C s alkyl), -O(C1_¢ haloalkyl), -O(Cs ¢ cycloalkyly, -
0O(4-8 membered heterocyclhyl), -S(C ¢ alkyl), -NH(C ¢ alkyl) and -N{C ¢ alkyl),,
wherein the Cy g cycloalkyl and 4-8 membered heterocyclyl are each optionally
substituted with one or more halogen;

nisQ, 1,2 o0r3;

R, 15 chosen from -NH,, -NH(C, 4 alkyl}, -N(C, 4 alkyl),, oxo and -OH;

Cy, 18 5-12 membered heterocyclyl or 5-12 membered heteroaryl, each of which is
optionally substituted with one or more groups independently chosen from: halogen, ~-CN,
-CONH,, -OH, oxo, -NH,, C4 alkyl, Cy 4 alkenyl, C, ¢ alkynyl, C; 4 haloalkyl, Cy4
cycloalkyl, 4-8 membered heterocyelyl, -(C ¢ alky)-OH, (C\_4 allkyD-0-(C, ¢ alkyl)}, -
{C1 g alkyD)-ON, -O(C ¢ alkyl}, -O(C+ 4 haloalkyl}, -O(C5 ¢ cycloalkyl), -O(4-8 membered
heterocyclyl), -8(C 4 altkyl), -NH(C ¢ alkyl}, -N{C¢ alkyl},, -NHCO{C ¢ alkyl), -
CONH(C_; alkyl} and -CON(C, ¢ alkyl},, wherein the (55 cycloalkyl and 4-8 membered
heterocyclyl are each optionally substituted with one or more halogen;

Cy, 18 phenyl or 5-14 membered heteroaryl, each of which is optionally substituted
with one or more groups independently chosen from: halogen, -CN, -CONH,, -OH, oxo,
Cig alkyl, Co ¢ alkenyl, Oy 4 alkynyl, Ci4 haloalkyl, -(C; ¢ alkyD)-OH, -(Cy4 alkyl}-0-(C ¢
alkyl}, -(Cyg alkyD-CN, -O(Cy 4 alkyl), -O(C ¢ haloalkyl), -O(C5 5 cycloalkyly, -0O(4-8
membered heterocyclyl), -S(C 4 alkyl), -NR;Rg, -NHCO(C | ¢ alkyl), ~-CONH(C s alkyl)
and ~-CON{C 4 alkyl),, wherein R, and Ry are each independently chosen from hydrogen,
Cy¢ alkyl, Cy ¢ haloalkyl, -(Cy_4 alkyh-OH, (Cy 4 alkyD}-0-{(C ¢ alkyl), -(C,_4 alkyD)-CN,
(5.5 cycloalkyl, phenyl, 3-8 membered heterocyclyl and 5-6 membered heteroaryl; and

Lisabsent, or L is §, O, NH, C, 4 alkyl, C, 4 alkenyl or C, ¢ allkynyl.

2. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according

to claim 1, wherein the compound 1s a compound of formula (IA):



(3}

10

15

o
W

WO 2022/166844 PCT/CN2022/074753

3. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according

to claim | or 2, wherein Z is CH» or O; and preferably, Z is CHo.

4. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according
to any one of claims 1-3, wherein Ry 1s chosen from C, 4 alkynyl, -NR3R4 and -SR;,
wherein the C, ; alkynyl 1s optionally substituted with one or more groups independently
chosen from: halogen, -CN, -OH, -NH,, C; cycloalkyl, 4-8 membered heterocyclyl, -
O(Cy4 alkyl), ~O(Cy_¢ haloalkyl), -O(Cs 5 cyeloalkyl), -O(4-8 membered heterocyclyl), -
S(C 1 alkyly, -S(Csg cycloalkyl), -8(4-8 membered heterocyclyl), -NH(C 4 alkyl), -N(C4.
¢ alkyly,, -NHCONH,, -NHCO(C_; altkyl), ~CONRR,, -COOR_ and -COR,;, wherein R,,
Ry, R and Ry are each independently chosen from hydrogen, C ¢ alkyl, «(Cy ¢ alkyl)-O-
(Cy¢ alkyly, (T4 alky-OH, Cy ¢ cycloalkyl and 4-8 membered heterocyelyl; Ry is
independently chosen from hydrogen and C ¢ alkyl; R, and R; are each independently
chosen from Cy ¢ cycloalkyl, 4-8 membered heterocyclyl and 5-12 membered heteroaryl;
and the above-mentioned Cs g cycloalkyl, 4-8 membered heterocyelyl and 5-12
membered heteroaryl are cach optionally substituted with one or more groups
mdependently chosen from: halogen, -CN, -CONH,, -OH, oxo, -NH;, C 4 alkyl and -
O(Cy 4 alkyl).

5. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according
to claim 4, wherein R, 18 Cp ¢ alkynyl, wherein the C, 4 alkynyl 1s optionally substituted
with one or more groups independently chosen from: -OH, -O(C ¢ alkyl), -NH(C, 4
alkyl), -N(C ¢ alkyl),, -NHCONH,, -CONR,R,, -COOR, and -CORy, wherein R,, R;,, R,
and Ry are each independently chosen from hydrogen, Cy ¢ alkyl, -(Cy 4 alkyD)-0-(C ¢



10

[\
941

WO 2022/166844 PCT/CN2022/074753
200

alkyl), Cs5 5 cycloalkyl and 4-8 membered heterocyelyl, wherein the Cs 4 cyeloalkyl and 4-
§ membered heterocyclyl are each optionally substituted with one or more groups
independently chosen from: C 4 alkyl and -O{C ¢ alkyl); preferably, R, is C,4 alkynyl,
wherein the C. ¢ alkynyl is optionally substitated with one or more groups independently
chosen from: -OH, ~-CONH,, -O(C; alkyl), -NH(C ¢ alkyl), -N{C 4 alkyl}),, -NHCONH,,
~CONH(C, 4 atkyh), -CONH(C, 4 alky}-0-(C, ¢ alleyl), -CON(C, ¢ alkyl),, -CON{C1 4
alkyIXCy 4 alkyl-O-Cy 4 alkyl), -CONH(C; 5 cycloalkyl), -COOH, -COO(C, 4 atkyl), -
CO(C 6 alkyl), -CO(4-8 membered heterocyciyl) and -CO(4-8 membered heterocyclyl)-
O~(Cy ¢ alkyl); more preferably, R, is ethynyl, propynyl or butynyl, each of which is
unsubstitated or substituted with -OH, -CONH,, -OCH,, -NH{CH;), -N{CH,)s, -
NHCONH,, -CONH(C, 5 alkyl), -CONH(CH,CH,)-O-(CHj3), -CON(CHjs},, -
CON(CH;{CH,CH»-O-CHs), -CONH(cyclopropyl), -COOH, -COO(CH;), -CO(CH;), -
CO(azetidinyl) or -CO{azetidinyl}-O-(CH;); and most preferably, R is ethynyl, or
ethynyl substituted with -CONH(C, 5 alkyl).

6. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according
to claim 4, wherein R, is chosen from -NR3R, and -SRs, wherein the R; is independently
chosen from hydrogen and C, ¢ alkyl; and R, and Rs are each independently chosen from
(5.5 cycloalkyl, 4-8 membered heterocyelyl and 5-6 membered heteroaryl, wherein the
Ci.¢ cycloalkyl, 4-8 membered heterocyelyl and 5-6 membered heteroaryl are each

optionally substituted with one or more groups independently chosen from: C ¢ alkyl.

7. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereot according
to any one of claims 1-6, wherein R’ is chosen from halogen, ~-CN, -O{C ¢ alkyl) and -
S{Cy.¢ alkyl), and n is 0 or 1; preferably, Ry’ is halogen, and n is 0 or 1; and more

preferably, n is 0.

8. The compound or the pharmaceutically acceptable salt thereof, or the solvate,

the racemic mixture, the enantiomer, the diastereomer or the tautomer thereot according
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to any one of claims 1-7, wherein R, 1s chosen from -NH; and oxo; and preferably, R, 1s -

NH,.

9. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tantomer thereof according
to any one of claims [-8, wherein Cy, 1s 5-12 membered heterocyelyl or 5-12 membered
heteroaryl, preferably 5-10 membered heterocyclyl or 5-10 membered heteroaryl, and
more preferably 5-6 membered heterocyclyl or 5-9 membered heteroaryl, which is
optionally substituted with one or more groups independently chosen from: oxo, -NH;, -

CN, halogen, C¢ alkyl, C¢ haloalkyl and -{C ¢ alkyl}-OH.

16. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixtare, the enantiomer, the diastereomer or the tautomer thereof according
to claim 9, wherein Cy, 1s chosen from ,6-dihydropyrimidyl, pyrazinyl, pyrimidyl,

1,2 4-triazinyl, imidazopyrimidyl, triazolopyrimidyl, imidazopyrazinyl, pyrrolopyrazinyl,
pyrazolopyrazinyl and triazolopyrazinyl, each of which is optionally substituted with one
or more groups independently chosen from: oxo, -NH,, -CN, halogen, C,_¢ alkyl, C, ¢

haloalkyl and -(C,_¢ alkyl)-OH.

11. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according

to claim 10, wherein Cyy 1s chosen from

Py N \g/w VPG
r M;\ N \T\)ﬁ N;j; e

\f
\éffN W é’S/N \;\//\N FT,{/’\N ess/N
S e e B Sl d “W

which is optionally substituted with one or more groups independently chosen from: -

NHy, -CN, halogen, C ¢ alkyl, C_¢ haloalkyl and -(C_4 alky}-OH; preferably, Cy, is

5 SN AN AN
oy T T Sk

, each of

/'ex‘\

chosen from
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each of which 1s optionally substituted with one or more groups independently
chosen from: -NH,, -CN, halogen, C, 4 alkyl, C,_4 haloalky! and -(C,_4 alky}-OH;

more preferably, Cy, is chosen from

A sy N \ﬁVf\N
Ofﬁﬁg St n e Na(iﬁ

s
b4

each of which i1s optionally substituted with one or more groups independently
chosen from: -NH,, C, ¢ alkyl and (C, ¢ alkyl}-OH;
\sfé = E
turther preferably, Cy; 1s H - , which 1s optionally substituted with one or
Sy

. N
more groups independently chosen from: -NH; and C, ¢ alkyl; or Cyy is QM’SS\,

which is optionally substituted with one or more groups independently chosen from: €4

<&
FNF N
alkyl; or Cyy is <™, which is optionally substituted with one or more groups
WA
P
PN

independently chosen from: -NH,, € ¢ alkyl and -(Cy 4 alkyD)-OH; or Cy; 1s A/
which is optionally substituted with one or more groups mdependently chosen from: -

N}§2 and CI—G ﬂ}.ky}

12. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according
to any one of claims 1-11, wherein Cy, is phenyl or 5-14 membered heteroaryl,
preferably phenyl or 5-10 membered heteroaryl, and more preferably phenyl, 5-6
membered heteroaryl or 9-10 membered heteroaryl, each of which is optionally
substituted with one or more groups independently chosen from: halogen, -CN, -OH, Cy4
alkyl, C ¢ haloalkyl, -O(C ¢ alkyl), -5(C ¢ alkyl) and -NR,Rg, wherein R, and Ry are
each independently chosen from hydrogen, C,¢ alkvl, ;¢ haloalkyl, -{(C ¢ alkyl}-OH, -

(Cys alkyD)-O-(Cy ¢ ableyl), {Cy ¢ alkyl}-CN and Cy g cycloalkyl.
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13. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tantomer thereof according

to claim |, wherein the compound is a compound of formula (1)

20

39
s
Cyg/ \N/\\\\N
M\
8] N
Ryp o
1
2\\ / /\/\/>/

(n N/ :\\qu')n

wherein

7 is CHs or O; and preferably, 7 is CHo;

Ry 15 chosen from Cy 4 alkynyl, -NR3R, and -SR;, wherein the C,¢ alkynyl 18
optionally substituted with one or more groups independently chosen from: halogen, -CN,
-OH, -NH,, C5.5 eycloalkyl, 4-8 membered heterocyclyl, -O(C ¢ alkyl), -O(C1 .4
haloalkyl), -O(C5 5 cycloalkyl), -0O(4-8 membered heterocyelyl), -8(C ¢ alkyl}, -S5(Cqg
cycloalkyl), -S{4-8 membered heterocyclyl), -NH(C ¢ alkyl}, -N(C ¢ alkyl),, -NH-CN, -
NHCONH,, -NHCO(C, 4 alkyl), ~CONR,R,,, -COOR_ and -COR,, wherein R,, Ry, R, and
R, are each mdependently chosen from hydrogen, C, 4 alkyl, -(Cy ¢ alkyD-0-(C, 4 alkyl), -
{Ci alkyl}-OH, (53 cycloalkyl and 4-8 membered heterocyclyl; R, is independently
chosen from hydrogen and C; ¢ alkyl; Ry and Rs are each independently chosen from Cs
cycloalkyl, 4-8 membered heterocyclyl and 5-6 membered heteroaryl; and the above-
mentioned Cs 3 cycloalkyl, 4-8 membered heterocyclyl and 5-6 membered heteroaryl are
each optionally substituted with one or more groups independently chosen from: C 4
alkyl and -O(C ¢ alkyl); preferably, R, 1s C, ¢ alkynyl, wherein the C, ¢ altkynyl is
optionally substituted with one or more groups independently chosen from: -OH, -
CONH,, -O(C ¢ alkyl), -NH{C ¢ alloyl), -N(C, ¢ alkyl),, -CONH{C, ¢ alkyl} and -
CON(C | alkyl),; further preferably, R, 1s ethynyl, propynyl or butynyl, each of which is
unsubstituted or substituted with -OH, -CONH,, -OCH;, -NH(CHj;), -N{CHs),, -
CONH(CH;) or -CON(CH;),: and more preferably, R, 1s ethynyl;

R, is chosen from halogen, -CN, -O(C ¢ alkyl) and -S(C, 4 alkyl}, andnis O or 1;
preferably, B, is halogen, and n 1s 0 or 1; and more preferably, nis 0;

Rz is -NHQ;
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R and Ryq are each independently chosen from hydrogen, -NH,, halogen, C; ¢ alkyl
and C, 4 haloalkyl; and preferably, Ry and Ry are each independently chosen from
hydrogen and C_4 alkyl;

Cy; 18 phenyl or 5-14 membered heteroaryl, preferably phenyl or 5-10 membered
heteroaryl, and more preferably phenyl, each of which is optionally substituted with one
or more groups independently chosen from: halogen, -CN, -OH, C, 4 alkyl, C, ¢ haloalkyl,
-O(C ¢ alkyl)y, -S(C, ¢ alkyl) and -NR;R;, wherein R, and Ry are cach independently
chosen from hydrogen, -(C,_4 alkyl)-OH, ~(C,_ alkyl}-O-(C ¢ alkyl) and C55 cycloalkyl,
and

L is absent.

14. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according
to claim 1, wherein the compound is a compound of formula (11}

Rqq

)\;

wherein

Z is CHy;

Ry is chosen from C. ¢ alkynyl, -NR3R, and -SRs, wherein the C, ¢ alkynyl is
optionally substituted with one or more groups independently chosen from: halogen, -CN,
-OH, -NH,, Cy¢ cycloalkyl, 4-8 membered heterocyclyl, -O(C, ; alkyl}, -O(C14
haloalkyl), -O(C; 5 cycloalkyl), -O(4-8 membered heterocyclyl), -S{C ¢ alkyl), -S(Cag
cycloalkyl), -S{4-8 membered heterocyclyl), -NH(C ¢ alkyl), -N{C ¢ alkyl},, -NH-CN, -
NHCONH,;, -NHCO(C 4 alkyl), -CONR,R,, -COOR, and -COR,, wherein R,, R, R, and
Ry are each independently chosen from hydrogen, C, 4 alkyl, -(C,_¢ alkyl}-0-(C1 4 alkyl), -
(C1¢ alkyl}-OH, C; 5 cycloalkyl and 4-8 membered heterocyelyl; R 1s mndependently
chosen from hydrogen and C,_; alkyl; Ry and R are each independently chosen from Cig

cycloalkyl, 4-8 membered heterocyclyl and 5-6 membered heteroarvi; and the above-
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mentioned Cy g cycloalkyl, 4-8 membered heterocyclyl and 5-6 membered heteroaryl are
gach optionally substituted with one or more groups independently chosen from: C 4
alkyl and -O(C,_4 alkyl); preferably, R, is {54 alkynyl, wherein the C, ¢ alkynyl is
optionally substituted with one or more groups independently chosen from: -OH, -
CONH,, -O(C ¢ alkyh), -NH(C, 4 alkyl), -N(C{_s alkyl},, -CONH(C ; alkyl) and -
CON(C ¢ alkyl),; further preferably, Ry is ethynyl, propynyl or butynyl, each of which is
unsubstituted or substituted with -OH, -CONH,, -OCH,, -NH{CHj;), -N(CH,}, or -
CONH(CH;); and more preferably, Ry is ethynyl;

Ry’ 1s chosen from halogen, -CN, -O(C ¢ alkyl) and -S{C 4 alkyD), and nis Qor 1;
preferably, Ry™ 1s halogen, and n 15 0 or 1; and more preferably, nis 0;

R, 15 chosen from -NH, and oxo; and preferably, R, 15 -NH,;

Ry, Rys and Ry; are each independently chosen from hydrogen, -NH,, -CN, C\
alkyl and Cy 4 haloalkyl; preferably, Ry, Ry, and Rz are each independently chosen from
hydrogen and C, ¢ alkyl; and more preferably, Ry, R); and Ry are all hydrogen;

Cy, 1s phenyl or 5-14 membered heteroaryl, preferably phenyl or 5-10 membered
heteroaryl, and more preferably 5-6 membered heteroaryl, each of which 1s optionally
substituted with one or more groups independently chosen from: halogen, -CN, -OH, C4
alkyl, Cy ¢ haloalkyl, -G(C ¢ alkyl}, -S5(C ¢ alkyl) and -NR;Rg, wherein R, and Ry are
each independently chosen from hydrogen, -(Cy ¢ alkyD-OH, (Cy4 allyl}-0-(C ¢ alkyl)
and Cs ¢ cycloalkyl; and

L is absent, or L is S; and preferably, L is 8.

15. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according

to claim 1, wherein the compound is a compound of formula (1V):

wherein
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7 15 CH; or O; and preferably, 7 i1s CHy;

R, 15 Co 4 alkynyl, wherein the Cy alkynyl 1s optionally substituted with ong or
more groups independently chosen from: halogen, -CN, -OH, -NH,, C,¢ cycloalkyl, 4-8
membered heterocyelyl, -O(Cy ¢ alkyl), -O(Cy ¢ haloalkyl), -O(C, ¢ cycloalkyl), -O(4-8
membered heterocyclyl), -S(C4 alkyl), -S{Cs5 cycloalkyl), -S(4-8 membered
heterocyelyl), -NH{C, ¢ alkyl}, -N{C ¢ alkyl),, -NH-CN, -NHCONH,, -NHCO(C\ ¢ alkyl},
-CONR,R,, -COOR, and -COR, wherein R, Ry, R, and Ry are each independently
chosen from hydrogen, C, alkyl, «(C, 4 alkyD}-O-(C,_s alkyl), «(Cyi6 alkyD-OH, Csg
cycloalkyl and 4-8 membered heterocyclyl; the above-mentioned C; ¢ cycloalkyl and 4-8
membered heterocyelyl are each optionally substituted with one or more groups
mdependently chosen from: Cy4 altkyl and -O(C, 4 alkyl); preferably, Ry 1s C, 4 alkynyl,
wherein the € ¢ alkynyl is optionally substituted with one or more groups independently
chosen from: -OH, -O(C, 4 alkyl), -NH{C ¢ alkyl}, -N(C, ¢ alkyl),, -CONH(C ¢ alky])
and -CON(C, 4 alkyl),; further preferably, Ry is ethynyl, propynyl or butynyl, each of
which is unsubstituted or substituted with -OH, -OCH;, -NH{CH;) or -N{CH;)»; and more
preferably, R, is ethynyl;

R, 1s chosen from halogen, -O(C ¢ alkyl) and -S(C 4 alkyl}, and nis O or [
preferably, B, is halogen, and n 1s 0 or 1; and more preferably, nis 0;

R, 1s -NH,;

R4 is chosen from hydrogen, -NH; and C, ¢ alkyl; preferably, Ry, is hydrogen or -
NH,»; and more preferably, Ry, is hydrogen;

Ry 18 Cyg alkyl;

Cy; 1s phenyl or 5-14 membered heteroaryl, preferably phenyl or 5-10 membered
heteroaryl, and more preferably 5-6 membered heteroaryl or 9-10 membered heteroaryl,
each of which is optionally substituted with one or more groups independently chosen
from: halogen, -CN, -OH, C ¢ alkyl, C\_¢ haloalkyl, -O(C ¢ alkyl}, -5(C, 4 alkyl) and -
NR,Rg, wherein Ry and Ry are each independently chosen from hydrogen, -(C;_¢ alkyl)-
OH and ~(C ¢ alkyl}-O-(Cy ¢ alkyl); and

L is absent, or L is S; and preferably, L is S.
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16. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastercomer or the tautomer thereof according
to claim |, wherein the compound is a compound of formula (V)

Rys

L
Cys” %\N

V) ==/ "1Ry)n

wherein

7 1s CH, or O; and preferably, 7 is CHy;

Ry 1s Cy 4 alkynyl, wherein the C, ¢ alkynyl 1s optionally substituted with one or
more groups independently chosen from: halogen, -CN, -OH, -NH,, Cs 5 cycloalkyl, 4-8
membered heterocyclyl, -O(Cq alkyl), -O(C ¢ haloalkyl), -O(C. ¢ cycloalkyl}, -O{4-8
membered heterocyclyl), -5(Cy 4 alkyl), -S{Cs 5 cycloalkyl), -S{4-8 membered
heterocyclyl), -NH(C ¢ alkyl), -N(C ¢ alkyl);, -NH-CN, -NHCONH,, -NHCO(C ¢ alkyl),
-CONR,R,, -COOR_ and -COR, wherein R, R,, R, and R, are each independently
chosen from hydrogen, C; ¢ alkyl, C; ¢ haloalkyl, «(C, ¢ alkyl}-O-(Cy ¢ alkyl), (Cy 4
alkyl}-OH, -(Cy_, alkyD)-CN, Cy 5 cycloalkyl and 4-8 membered heterocyclyl; and the
above-mentioned Cs g cycloalkyl and 4-8 membered heterocyelyl are each optionally
substituted with one or more groups independently chosen from: Cy ¢ alkyl and -O(C ¢
alkyl}y; preferably, R, is Cy 4 alkynyl, wherein the C; ¢ alkynyl is optionally substituted
with one or more groups independently chosen from: -OH, -O(C, ¢ alkyl), -NH(C ¢
alkyly, -N(C, ¢ alkyl),, -NHCONH,, -CONR,R,, -COOR, and -COR, wherein R, Ry, R,
and R, are each independently chosen from hydrogen, C ¢ alkyl, -(Cy_4 alkyl}-O-(C
alkyl), Cs 5 cycloalkyl and 4-8 membered heterocyelyl, wherein the Cs 3 cycloalkyl and 4-
& membered heterocyclyl are cach optionally substituted with one or more groups
independently chosen from: C, ¢ alkyl and -O{C ¢ alkyl); more preferably, Ry 1s Co4
alkynyl, wherein the C, ¢ alkynyl is optionally substituted with one or more groups
mdependently chosen from: -OH, -CONH,, -O(Cy¢ alkyl), -NH(C; ¢ alkyl), -N(C1 4
alkyly,, -NHCONH,, ~-CONH(C, ¢ alkyl}, ~-CONH(C, ; alkyi}-O~{C ¢ alkyl), -CON{C ¢

alkyl)s, -CON(C s alkyD(C ¢ alkyl-0-C, ¢ alkyl), -CONH(Csg cycloalkyl), -COOH, -
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COO(C ¢ alkyly, -CO(C ¢ alkeyl), -CO(4-8 membered heterocyelyl) and -CO(4-8
membered heterocyclyD)-O-(C 4 alkyl); further preferably, R, 1s ethynyl, propynyl or
butynyl, each of which is unsubstituted or substituted with -OH, -CONH,, -OCH,, -
NH{CH3;), -N{CHj3),, -NHCONH,, -CONH(C, ; alkyl), -CONH{CH,CH;)-O-(CH;), -
CON(CH;),, -CON(CH3}(CH,CH,-O-CH,), -CONH{(cyclopropyl), -COOH, -COO(CH,),
~CO(CHg), -CO(azetidinyl) or -CO(azetidinyl}-O-(CHs); and most preferably, Ry is
ethynyl substituted with -CONH(CH,), -CONH(CH,CH,) or -CONH(CH,CH,)-0O-(CH;);

R, is chosen from halogen, -O(C ¢ alkvl) and -S(C, 4 alkyl}, and nis O or I;
preferably, B, is halogen, and n 1s 0 or 1; and more preferably, nis 0;

R, is -NHy;

Rysand R, are each independently chosen from hydrogen, -NH,, -CN, halogen, C,_
¢ alkyl, Cy ¢ haloalkyl and ~(C, ¢ alky}-OH; preferably, Ris and Ry5” are each
independently chosen from hydrogen, -NH,, C 4 alkyl and -(Cy_4 alky])-OH; and more
preferably, both R5 and Ry5” are hydrogen;

Cy, 1s phenyl or 5-14 membered heteroaryl, preferably phenyl or 5-10 membered
heteroaryl, and more preferably 5-6 membered heteroaryl or 9-10 membered heteroaryl,
each of which 1s optionally substituted with one or more groups independently chosen
from: halogen, -CN, -OH, C ¢ alkyl, C\¢ haloalkyl, -O(Cy_¢ alkyl}, -S(C, 4 alkyl} and -
NR,;Rg, wherein Ry and Rg are each independently chosen from hydrogen, -(Cy ¢ alkyl)-
OH, «(C) ¢ alkyD)-0O-(C ¢ alkyl) and C;5 cycloalkyl; and

L is absent, or L is S; and preferably, L is 8.

17. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according
to any one of claims 1-16, wherein Cy, 1s phenyl, pyridyl, pyrimidyl, indazolyl,
pyrrolopyridvl or 1,2,3,4-tetrahydro-1,5-naphthyridinyl, each of which is optionally
substituted with one or more groups independently chosen from: halogen, -CN, -OH, C, ¢
alkyl, C ¢ haloalkyl, -O(Cy ¢ alkyl), -S(C ¢ alkyl) and -NR;R;, wherein R, and Ry are
each independently chosen from hydrogen, ~(C 4 alkyl}-OH, «(C,¢ alky}-0-(C, ¢ alkyl)

and (5.5 cycloalkyl.
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18. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according

to claim 17, wherein

N O HN Y
X 7 i A A NH
O 0wy Oy iy

5 each of which is optionally substituted with one or more groups independently

chosen from: halogen, -CN, -OH, C, ¢ alkyl, C\ ¢ haloalkyl, -O{C ¢ alkyl}, -8(C, 4 alkyl)

Cys 1s chosen from

and -NR,Rg, wherein R, and Ry are cach independently chosen from hydrogen, ~(C1 4
alkyl-OH, -(Cy¢ alkyl}-O-(C1 4 alkyl) and C; 5 cycloalkyl;

preferably, Cy, is chosen from

o . N T/QN\ HN—

- i ) o i i

Y i\‘?z.N\ /\%’1 /si 2N ';* N
(I Wy vy

10 N

each of which is optionally substituted with one or more groups independently
chosen from: halogen, -CN, -OH, C, ¢ alkyl, €, haloalkyl, -O(C, ¢ alkyl}, -S{C14 alkyl)
and -NR;Rg, wherein R, and Ry are each independently chosen from hydrogen, -(Cy4

alkyD)-OH, ~(C,¢ alkyD-0O-(C, ¢ alkyl) and Cs ¢ cycloalkyl; and

more preferably, Cy, is chosen from i g J , ¢ach of which is

optionally substituted with one or more groups independently chosen from: halogen, -CN,
~OH, €, ¢ alkyl, C, ¢ haloalkyl, -O(C, ¢ alkyl), -S(Cy4 alkyl) and -NR,Rg, wherein Ry and
Ry are each independently chosen from hydrogen, -(Cy 4 alkyl)-OH, -(C,_4 alkyD)-O-(Cy4

[y
941

alkyl) and Cy 5 cycloalkyl.
20
18. The compound or the pharmacentically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastercomer or the tautomer thereof according

to claim 18, wherein

LY
Cy, 18 , which is optionally substituted with one or more groups
independently chosen from: halogen, -CN, -OH, C, ¢ alkyl, € ¢ haloalkyl, ~-O(C, ¢ alkyh)
and -S(C1 4 alkyl);

b2
(3}

ar
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oy

Cy,is N~ which is optionally substituted with one or more groups
independently chosen from: halogen, Ci alkyl, -O(C¢ alkyl) and -NR;Rg, wherein R
and Ry are cach independently chosen from hydrogen, -(Cy 4 alkyl)-OH, -{C ¢ alkyl}-O-
(Cy4 alkyly and C4 5 cycloalkyl; and preferably, both R, and R; are hydrogen,

or

e

Cy, is N . which is optionally substituted with one or more groups
independently chosen from: Cy ¢ alkyl and -NR;Rg, wherein R; and Rg are each
independently chosen from hydrogen, -(Cy_4 alkyl)-OH and ~(C; ¢ alkyl}-O-(C ¢ alkyl);

and preferably, both R; and Ry are hydrogen.

26. The compound or the pharmaceutically acceptable salt thereof, or the solvate,
the racemic mixture, the enantiomer, the diastereomer or the tautomer thereof according

to claim 1, which is chosen from:

No. Structural formuda No. Structural formuda
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21. A pharmaceutical composition, comprising the compound and/or the
pharmaceutically acceptable salt thereof according to any one of claims 1-20, and

optionally comprising a pharmaceutically acceptable excipient.

22. A method of in vivo or in vitro inhibiting the activity of SHP2, comprising
contacting SHP2 with an effective amount of the compound and/or the pharmaceutically

acceptable salt thereof according to any one of claims 1-20.

23. Use of the compound and/or the pharmaceutically acceptable salt thereof
according to any one of claims 1-20 in the manufacture of a medicament for treating or
preventing a disease mediated by SHP2 or at least in part by SHP2, and preferably for
treating or preventing cancer, Noonan Syndrome and LEOPARD Syndrome, wherein the
cancer is preferably a solid tumor or hematologic malignancy, including leukemia,
lymphoma and myeloma; and the cancer is more preferably chosen from breast cancer,

melanoma, glioblastoma, esophageal cancer, gastric cancer, colon cancer, colorectal




10

15

20

25

30

WO 2022/166844 PCT/CN2022/074753
233

cancer, pancreatic cancer, lung cancer, head and neck cancer (such as squamous cell
carcinoma of the head and neck), liver cancer, renal cancer, ovarian cancer, cervical
cancer, prostate cancer, endometrial cancer, thyroid carcinoma, sarcoma, adrenal
carcinoma, acute myelogenous leukemia (AML), juvenile acute myelogenous leukemia,
chronic myelogenous leukemia (CML), acute lymphocytic leukemia (ALL), B-cell acute
lymphocytic leukemia (B-ALL), acute lymphoblastic leukemia, chronic lymphocytic
leukemia (CLL), diffuse large B-cell lymphoma (DLBCL), large B-cell lymphoma
(LBCL), B-cell lymphoma, T-cell lymphoma, mantle cell lymphoma, follicular
lymphoma, non-Hodgkin's lymphoma, Hodgkin's lymphoma, myelodysplastic syndrome,

and myeloma (such as multiple myeloma).

24. 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 and/or
the pharmaceutically acceptable salt thereof according to any one of claims 1-20, wherein
the disease is a disease mediated by SHP2 or at least in part by SHP2, and the disease is
preferably cancer, Noonan Syndrome and LEOPARD Syndrome, wherein the cancer 1s
preferably a solid tumor or hematologic malignancy, including leukemia, lymphoma and
myeloma; and the cancer is more preferably chosen from breast cancer, melanoma,
glioblastoma, esophageal cancer, gastric cancer, colon cancer, colorectal cancer,
pancreatic cancer, lung cancer, head and neck cancer (such as squamous cell carcinoma
of the head and neck), liver cancer, renal cancer, ovarian cancer, cervical cancer, prostate
cancer, endometrial cancer, thyroid carcinoma, sarcoma, adrenal carcinoma, acute
myelogenous leukemia (AML), juvenile acute myelogenous leukemia, chronic
myelogenous leukemia (CML), acute lymphocytic leukemia (ALL), B-cell acute
lymphocytic leukemia (B-ALL), acute lymphoblastic leukemia, chronic lymphocytic
leukemia (CLL), diffuse large B-cell lymphoma (DLBCL), large B-cell lymphoma
(LBCL), B-cell lymphoma, T-cell lymphoma, mantle cell lymphoma, follicular
lymphoma, non-Hodgkin's lymphoma, Hodgkin's lymphoma, myelodysplastic syndrome,

and myeloma (such as multiple myeloma).

25. The compound and/or the pharmaceutically acceptable salt thereof according to

any one of claims 1-20, for use as a medicament.
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26. The compound and/or the pharmaceutically acceptable salt thereof according to
any one of claims 1-20, for use in treating or preventing a disease mediated by SHP2 or
at least in part by SHP2, and preferably for use in treating or preventing cancer, Noonan
Syndrome and LEOPARD Syndrome, wherein the cancer is preferably a solid tumor or
hematologic malignancy, including leukemia, lymphoma and myeloma; and the cancer is
more preferably chosen from breast cancer, melanoma, glioblastoma, esophageal cancer,
gastric cancer, colon cancer, colorectal cancer, pancreatic cancer, lung cancer, head and
neck cancer (such as squamous cell carcinoma of the head and neck), liver cancer, renal
cancer, ovarian cancer, cervical cancer, prostate cancer, endometrial cancer, thyroid
carcinoma, sarcoma, adrenal carcinoma, acute myelogenous leukemia (AML), juvenile
acute myelogenous leukemia, chronic myelogenous leukemia (CML), acute lymphocytic
leukemia (ALL), B-cell acute lymphocytic leukemia (B-ALL), acute lymphoblastic
leukemia, chronic lymphocytic leukemia (CLL), diffuse large B-cell lymphoma
(DLBCL), large B-cell lymphoma (LBCL), B-cell lymphoma, T-cell lymphoma, mantle
cell lymphoma, follicular lymphoma, non-Hodgkin's lymphoma, Hodgkin's lymphoma,

myelodysplastic syndrome, and myeloma (such as multiple myeloma).

27. A pharmaceutical combination, comprising the compound and/or the
pharmaceutically acceptable salt thereof according to any one of claims 1-20, and at least
one additional therapeutic agent, wherein the additional therapeutic agent is preferably
chosen from: an anti-neoplastic active agent, an anti-inflammatory agent or an
immunomodulator, wherein the anti-neoplastic active agent includes a chemotherapeutic

agent, an immune checkpoint inhibitor or agonist, and a targeted therapeutic agent.
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