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ATR INHIBITORS AND USES THEREOF

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to novel
compounds useful as ATR inhibitors, as well as pharmaceu-
tical compositions comprising these compounds and meth-
ods of treatment by administration of these compounds or
the pharmaceutical compositions.

BACKGROUND OF THE DISCLOSURE

[0002] ATR (also known as FRAP-Related Protein 1;
FRP1, MECI1, SCKL, SECKL1) protein kinase is a member
of the PI3-Kinase like kinase (PIKK) family of proteins
involved in repair and maintenance of the genome and its
stability. It is essential to the viability of replicating cells and
is activated during S-phase to regulate firing of replication
origins and to repair damaged replication forks. Therefore,
ATR inhibitors have the potential to be an efficient way in
cancer treatment.

[0003] While progress has been made for ATR inhibitors,
there is still a strong need in the art to develop improved
pharmaceutics having inhibitory activity against ATR.

SUMMARY OF THE DISCLOSURE

[0004] The present disclosure provides compounds,
including stereoisomers, pharmaceutically acceptable salts,
tautomers and prodrugs thereof, which are capable of inhib-
iting ATR protein kinase. Methods for use of such com-
pounds for treatment of various diseases or conditions, such
as cancer, are also provided.

[0005] In one aspect, the present disclosure provides a
compound having Formula

@

or a pharmaceutically acceptable salt thereof,

[0006] wherein

[0007] Z'is CorN;

[0008] Z*is Cor N;

[0009] 73 is CRY N, O, S, S(O) or S(O),;

[0010] Z*is CHor N;

[0011] V is a direct bond, or alkyl optionally substituted

with one or more R* or —N(R“)—;

[0012] Ring A is absent, 3- to 6-membered cycloalkyl,
5-to 6-membered heterocyclyl, 5- to 6-membered aryl,
or 5- to 6-membered heteroaryl;

[0013] R!, in each occurrence, is selected from the
group consisting of hydrogen, halogen, hydroxyl,
cyano, alkyl, haloalkyl, hydroxylalkyl, —C(O)N(R?),,

—C(O)OR?, —S(0),(R?), —S(O)NH)R”) and
—P(O)(R"),;
[0014] Ring B is 5- to 6-membered heterocyclyl or 5- to

6-membered heteroaryl;
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[0015] R?, in each occurrence, is halogen, alkyl, haloal-
kyl, or cycloalkyl;

[0016] R3is;

L ©

[0017] R® and R are each independently hydrogen,
halogen or alkyl;

[0018] R? is alkyl, 3- to 6-membered cycloalkyl, 5- to
6-membered heterocyclyl, 5- to 6-membered aryl, or 5-
to 6-membered heteroaryl, wherein said cycloalkyl,
heterocyclyl, and heteroaryl are optionally substituted
with one or more R,

[0019] R° is selected from the group consisting of
hydroxyl, halogen, cyano, amino, alkyl, alkoxyl, and
haloalkyl;

[0020] R? is hydroxyl, halogen or alkyl;
[0021] nis O, 1, 2, or 3; and
[0022] mis O, 1, 2 or 3.
[0023] In one aspect, the present disclosure provides a

compound having Formula (I):

O

[0024] or a pharmaceutically acceptable salt thereof,
[0025] wherein

[0026] Z'is C or N;

[0027] Z*is Cor N;

[0028] Z°is CH, N, or S;

[0029] Z*is CH or N;

[0030] V is a direct bond or —N(R“)—;

[0031] Ring A is absent, 3- to 6-membered cycloalkyl,

5- to 6-membered heterocyclyl, 5- to 6-membered aryl,
or 5- to 6-membered heteroaryl;

[0032] R is hydrogen, halogen, alkyl, —S(O),(R?), or
—S(O)NE)R”);
[0033] Ring B is 5- to 6-membered heterocyclyl or 5- to

6-membered heteroaryl;

[0034] R? is halogen, alkyl, haloalkyl, or cycloalkyl;
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[0035] R®is
[o o
Nj\ N

[0036] R? is hydrogen or alkyl;

[0037] R?” is alkyl, 3- to 6-membered cycloalkyl, 5- to
6-membered heterocyclyl, 5- to 6-membered aryl, or 5-
to 6-membered heteroaryl, wherein said cycloalkyl,
heterocyclyl, and heteroaryl are optionally substituted
with one or more R,

[0038] R° is selected from the group consisting of
hydroxyl, halogen, cyano, amino, alkyl, alkoxyl, and
haloalkyl;

[0039] nis O, 1, 2, or 3; and
[0040] mis O, 1, 2 or 3.

[0041] In some embodiments, the present disclosure pro-
vides compound having a formula selected from the group
consisting of:

an
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-continued

(XII)

or a pharmaceutically acceptable salt thereof.

[0042] In some embodiments, the present disclosure pro-
vides compound having a formula selected from the group
consisting of:

(11a)

(ITb)

R2

(ITla)
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-continued -continued
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-continued

(VIIe)

(VIID)

(VIIIa)

(VITIb)

or a pharmaceutically acceptable salt thereof.

[0043] In some embodiments, the present disclosure pro-
vides a compound having a formula selected from the group
consisting of:

[@] O \N
SO
\
N
N
B
= NN
\N/N\ (-
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-continued

Ivd)

(Vb)

(Ve)

(VIb)

(VIIb)

or a pharmaceutically acceptable salt thereof.
[0044] In another aspect, the present disclosure provides a
pharmaceutical composition comprising the compound of
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the present disclosure or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable excipient.
[0045] In a further aspect, the present disclosure provides
a method for treating cancer, comprising administering an
effective amount of a compound of the present disclosure or
a pharmaceutically acceptable salt thereof or the pharma-
ceutical composition of the present disclosure to a subject in
need thereof.

[0046] In a further aspect, the present disclosure provides
use of the compound of the present disclosure or a pharma-
ceutically acceptable salt thereof or the pharmaceutical
composition of the present disclosure in the manufacture of
a medicament in the prevention or treatment of cancer.
[0047] In a further aspect, the present disclosure provides
compounds of the present disclosure or a pharmaceutically
acceptable salt thereof or the pharmaceutical composition of
the present disclosure, for use in the treatment of cancer.
[0048] In a further aspect, the present disclosure provides
a method for inhibiting ATR kinase in a subject in need
thereof, comprising administering an effective amount of a
compound of the present disclosure or a pharmaceutically
acceptable salt thereof or the pharmaceutical composition of
the present disclosure to the subject.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0049] Reference will now be made in detail to certain
embodiments of the present disclosure, examples of which
are illustrated in the accompanying structures and formulas.
While the present disclosure will be described in conjunc-
tion with the enumerated embodiments, it will be understood
that they are not intended to limit the present disclosure to
those embodiments. On the contrary, the present disclosure
is intended to cover all alternatives, modifications, and
equivalents, which may be included within the scope of the
present disclosure as defined by the claims. One skilled in
the art will recognize many methods and materials similar or
equivalent to those described herein, which could be used in
the practice of the present disclosure. The present disclosure
is in no way limited to the methods and materials described.
In the event that one or more of the incorporated references
and similar materials differs from or contradicts this appli-
cation, including but not limited to defined terms, term
usage, described techniques, or the like, the present disclo-
sure controls. All references, patents, patent applications
cited in the present disclosure are hereby incorporated by
reference in their entireties.

[0050] It is appreciated that certain features of the present
disclosure, which are, for clarity, described in the context of
separate embodiments, can also be provided in combination
in a single embodiment. Conversely, various features of the
present disclosure, which are, for brevity, described in the
context of a single embodiment, can also be provided
separately or in any suitable sub-combination. It must be
noted that, as used in the specification and the appended
claims, the singular forms “a,” “an,” and “the” include plural
forms of the same unless the context clearly dictates other-
wise. Thus, for example, reference to “a compound”
includes a plurality of compounds.

Definitions

[0051] Definitions of specific functional groups and
chemical terms are described in more detail below. For
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purposes of this disclosure, the chemical elements are iden-
tified in accordance with the Periodic Table of the Elements,
CAS version, Handbook of Chemistry and Physics, 75”Ed.,
inside cover, and specific functional groups are generally
defined as described therein. Additionally, general principles
of organic chemistry, as well as specific functional moieties
and reactivity, are described in Organic Chemistry, Thomas
Sorrell, 2" Edition, University Science Books, Sausalito,
2006; Smith and March March’s Advanced Organic Chem-
istry, 6” Edition, John Wiley & Sons, Inc., New York, 2007;
Larock, Comprehensive Organic Transformations, 3" Edi-
tion, VCH Publishers, Inc., New York, 2018; Carruthers,
Some Modern Methods of Organic Synthesis, 4” Edition,
Cambridge University Press, Cambridge, 2004; the entire
contents of each of which are incorporated herein by refer-
ence.

[0052] Generally, the nomenclature used herein and the
laboratory procedures in organic chemistry, medicinal
chemistry, and pharmacology described herein are those
well known and commonly employed in the art. Unless
defined otherwise, all technical and scientific terms used
herein generally have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs.

[0053] It should be noted that if there is a discrepancy
between a depicted structure and a name given that structure,
the depicted structure is to be accorded more weight. In
addition, if the stereochemistry of a structure or a portion of
a structure is not indicated with, for example, bold or dashed
lines, the structure or portion of the structure is to be
interpreted as encompassing all stereoisomers of it.

[0054] At various places in the present disclosure, linking
substituents are described. Where the structure clearly
requires a linking group, the Markush variables listed for
that group are understood to be linking groups. For example,
if the structure requires a linking group and the Markush
group definition for that variable lists “alkyl”, then it is
understood that the “alkyl” represents a linking alkylene
group.

[0055] When a bond to a substituent is shown to cross a
bond connecting two atoms in a ring, then such substituent
may be bonded to any atom in the ring. When a substituent
is listed without indicating the atom via which such sub-
stituent is bonded to the rest of the compound of a given
formula, then such substituent may be bonded via any atom
in such formula. Combinations of substituents and/or vari-
ables are permissible, but only if such combinations result in
stable compounds.

[0056] When any variable (e.g., R") occurs more than one
time in any constituent or formula for a compound, its
definition at each occurrence is independent of its definition
at every other occurrence. Thus, for example, if a group is
shown to be substituted with 0-2 R’ moieties, then the group
may optionally be substituted with up to two R’ moieties and
R’ at each occurrence is selected independently from the
definition of R’. Also, combinations of substituents and/or
variables are permissible, but only if such combinations
result in stable compounds.

[0057] As used herein, the term “C,;” indicates a range of
the carbon atoms numbers, wherein i and j are integers and
the range of the carbon atoms numbers includes the end-
points (i.e. 1 and j) and each integer point in between, and
wherein j is greater than i. For examples, C, ¢ indicates a
range of one to six carbon atoms, including one carbon atom,
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two carbon atoms, three carbon atoms, four carbon atoms,
five carbon atoms and six carbon atoms. In some embodi-
ments, the term “C,_;,” indicates 1 to 12, particularly 1 to
10, particularly 1 to 8, particularly 1 to 6, particularly 1 to
5, particularly 1 to 4, particularly 1 to 3 or particularly 1 to
2 carbon atoms.

[0058] As used herein, the term “alkyl”, whether as part of
another term or used independently, refers to a saturated
linear or branched-chain hydrocarbon radical, which may be
optionally substituted independently with one or more sub-
stituents described below. The term “C,; alkyl” refers to an
alkyl having i to j carbon atoms.

[0059] Insome embodiments, alkyl groups contain 1 to 10
carbon atoms. In some embodiments, alkyl groups contain 1
to 9 carbon atoms. In some embodiments, alkyl groups
contain 1 to 8 carbon atoms, 1 to 7 carbon atoms, 1 to 6
carbon atoms, 1 to 5 carbon atoms, 1 to 4 carbon atoms, 1
to 3 carbon atoms, or 1 to 2 carbon atoms.

[0060] Examples of “C, o alkyl” include, but are not
limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, and decyl. Examples of “C,  alkyl” are methyl,
ethyl, propyl, isopropyl, n-butyl, i-butyl, s-butyl, t-butyl,
n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-2-butyl, 3-methyl-2-
butyl, 3-methyl-1-butyl, 2-methyl-1-butyl, 1-hexyl, 2-hexyl,
3-hexyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-
pentyl, 3-methyl-3-pentyl, 2-methyl-3-pentyl, 2,3-dimethyl-
2-butyl, 3,3-dimethyl-2-butyl, and the like.

[0061] As used herein, the term “alkoxyl”, whether as part
of another term or used independently, refers to an alkyl
group, as previously defined, attached to the parent molecule
through an oxygen atom. The term *“C, ; alkoxy” means that
the alkyl moiety of the alkoxy group has i to j carbon atoms.
In some embodiments, alkoxy groups contain 1 to 10 carbon
atoms. In some embodiments, alkoxy groups contain 1 to 9
carbon atoms. In some embodiments, alkoxy groups contain
1 to 8 carbon atoms, 1 to 7 carbon atoms, 1 to 6 carbon
atoms, 1 to 5 carbon atoms, 1 to 4 carbon atoms, 1 to 3
carbon atoms, or 1 to 2 carbon atoms. Examples of “C,
alkoxyl” include, but are not limited to, methoxy, ethoxy,
propoxy (e.g. n-propoxy and isopropoxy), t-butoxy, neopen-
toxy, n-hexoxy, and the like.

[0062] As used herein, the term “amino” refers to —NH,.
Amino groups may also be substituted with one or more
groups such as alkyl, aryl, carbonyl or other amino groups.

[0063] As used herein, the term “aryl”, whether as part of
another term or used independently, refers to monocyclic
and polycyclic ring systems having a total of 5 to 20 ring
members, wherein at least one ring in the system is aromatic
and wherein each ring in the system contains 3 to 12 ring
members. Examples of “aryl” include, but are not limited to,
phenyl, biphenyl, naphthyl, anthracyl and the like, which
may bear one or more substituents. Also included within the
scope of the term “aryl”, as it is used herein, is a group in
which an aromatic ring is fused to one or more additional
rings. In the case of polycyclic ring system, only one of the
rings needs to be aromatic (e.g., 2,3-dihydroindole),
although all of the rings may be aromatic (e.g., quinoline).
The second ring can also be fused or bridged. Examples of
polycyclic aryl include, but are not limited to, benzofuranyl,
indanyl, phthalimidyl, naphthimidyl, phenanthridinyl, or
tetrahydronaphthyl, and the like. Aryl groups can be substi-
tuted at one or more ring positions with substituents as
described above.
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[0064] As used herein, the term “cycloalkyl”, whether as
part of another term or used independently, refer to a
monovalent non-aromatic, saturated or partially unsaturated
monocyclic and polycyclic ring system, in which all the ring
atoms are carbon and which contains at least three ring
forming carbon atoms. In some embodiments, the cycloalkyl
may contain 3 to 12 ring forming carbon atoms, 3 to 10 ring
forming carbon atoms, 3 to 9 ring forming carbon atoms, 3
to 8 ring forming carbon atoms, 3 to 7 ring forming carbon
atoms, 3 to 6 ring forming carbon atoms, 3 to 5 ring forming
carbon atoms, 4 to 12 ring forming carbon atoms, 4 to 10
ring forming carbon atoms, 4 to 9 ring forming carbon
atoms, 4 to 8 ring forming carbon atoms, 4 to 7 ring forming
carbon atoms, 4 to 6 ring forming carbon atoms, 4 to 5 ring
forming carbon atoms. Cycloalkyl groups may be saturated
or partially unsaturated.

[0065] Cycloalkyl groups may be substituted. In some
embodiments, the cycloalkyl group may be a saturated
cyclic alkyl group. In some embodiments, the cycloalkyl
group may be a partially unsaturated cyclic alkyl group that
contains at least one double bond or triple bond in its ring
system. In some embodiments, the cycloalkyl group may be
monocyclic or polycyclic. Examples of monocyclic cycloal-
kyl group include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, 1-cyclopent-1-enyl, 1-cyclopent-2-
enyl, l-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-1-enyl,
1-cyclohex-2-enyl, 1-cyclohex-3-enyl, cyclohexadienyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl, cycloun-
decyl and cyclododecyl. Examples of polycyclic cycloalkyl
group include, but are not limited to, adamantyl, norbornyl,
fluorenyl, spiro-pentadienyl, spiro[3.6]-decanyl, bicyclo[1,
1,1]pentenyl, bicyclo[2,2,1]Theptenyl, and the like.

[0066] As used herein, the term “cyano” refers to —CN.
[0067] As used herein, the term “halogen” refers to an
atom selected from fluorine (or fluoro), chlorine (or chloro),
bromine (or bromo) and iodine (or iodo).

[0068] As used herein, the term “haloalkyl” refers to an
alkyl, as defined above, that is substituted by one or more
halogens, as defined above. Examples of haloalkyl include,
but are not limited to, trifluoromethyl, difftuoromethyl,
trichloromethyl, 2,2 2-trifluoroethyl,  1,2-difluoroethyl,
3-bromo-2-fluoropropyl, 1,2-dibromoethyl, and the like.
[0069] As used herein, the term “heteroatom” refers to
nitrogen, oxygen, sulfur or phosphorus, and includes any
oxidized form of nitrogen or sulfur, and any quaternized
form of a basic nitrogen (including N-oxides).

[0070] As used herein, the term “heteroaryl”, whether as
part of another term or used independently, refers to an aryl
group having, in addition to carbon atoms, one or more
heteroatoms. The heteroaryl group can be monocyclic.
Examples of monocyclic heteroaryl include, but are not
limited to, thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thi-
azolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, indolizinyl, purinyl, naphthyridinyl,
benzofuranyl and pteridinyl. The heteroaryl group also
includes polycyclic groups in which a heteroaromatic ring is
fused to one or more aryl, cycloaliphatic, or heterocyclyl
rings, where the radical or point of attachment is on the
heteroaromatic ring. Examples of polycyclic heteroaryl
include, but are not limited to, indolyl, isoindolyl, benzoth-
ienyl, benzofuranyl, benzo[1,3]dioxolyl, dibenzofuranyl,
indazolyl, benzimidazolyl, benzthiazolyl, quinolyl, isoqui-
nolyl, dihydroquinolinyl, dihydroisoquinolinyl, tetrahydro-
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quinolinyl, tetrahydroisoquinolinyl, cinnolinyl, phthalazi-
nyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl, carbazolyl,
acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl, tetra-
hydroquinolinyl, tetrahydroisoquinolinyl, and the like.

[0071] As used herein, the term “heterocyclyl” refers to a
saturated or partially unsaturated carbocyclyl group in which
one or more ring atoms are heteroatoms independently
selected from oxygen, sulfur, nitrogen, phosphorus, and the
like, the remaining ring atoms being carbon, wherein one or
more ring atoms may be optionally substituted indepen-
dently with one or more substituents. In some embodiments,
the heterocyclyl is a saturated heterocyclyl. In some embodi-
ments, the heterocyclyl is a partially unsaturated heterocy-
clyl having one or more double bonds in its ring system. In
some embodiments, the heterocyclyl may contains any
oxidized form of carbon, nitrogen or sulfur, and any quat-
ernized form of a basic nitrogen. “Heterocyclyl” also
includes radicals wherein the heterocyclyl radicals are fused
with a saturated, partially unsaturated, or fully unsaturated
(i.e., aromatic) carbocyclic or heterocyclic ring. The hetero-
cyclyl radical may be carbon linked or nitrogen linked where
such is possible. In some embodiments, the heterocycle is
carbon linked. In some embodiments, the heterocycle is
nitrogen linked. For example, a group derived from pyrrole
may be pyrrol-1-yl (nitrogen linked) or pyrrol-3-yl (carbon
linked). Further, a group derived from imidazole may be
imidazol-1-yl (nitrogen linked) or imidazol-3-yl (carbon
linked).

[0072] In some embodiments, the term “3- to 12-mem-
bered heterocyclyl” refers to a 3- to 12-membered saturated
or partially unsaturated monocyclic or polycyclic heterocy-
clic ring system having 1 to 3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. The fused, spiro
and bridged ring systems are also included within the scope
of this definition. Examples of monocyclic heterocyclyl
include, but are not limited to oxetanyl, 1,1-dioxothieta-
nylpyrrolidyl, tetrahydrofuryl, tetrahydrothienyl, pyrrolyl,
furanyl, thienyl, pyrazolyl, imidazolyl, triazolyl, oxazolyl,
thiazolyl, piperidyl, piperazinyl, piperidinyl, morpholinyl,
pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl,
pyridonyl, pyrimidonyl, pyrazinonyl, pyrimidonyl, pyrida-
zonyl, pyrrolidinyl, triazinonyl, and the like. Examples of
fused heterocyclyl include, but are not limited to, phenyl
fused ring or pyridinyl fused ring, such as quinolinyl,
isoquinolinyl, tetrahydroquinolinyl, tetrahydroisoquinoli-
nyl, quinoxalinyl, quinolizinyl, quinazolinyl, azaindolizinyl,
pteridinyl, chromenyl, isochromenyl, indolyl, isoindolyl,
indolizinyl, indazolyl, purinyl, benzofuranyl, isobenzofura-
nyl, benzimidazolyl, benzothienyl, benzothiazolyl, carba-
zolyl, phenazinyl, phenothiazinyl, phenanthridinyl, imidazo
[1,2-a]pyridinyl, [1,2.4]triazolo[4,3-a]pyridinyl, triazolo[4,
3-alpyridinyl groups, and the like. Examples of spiro
heterocyclyl include, but are not limited to, spiropyranyl,
spirooxazinyl, and the like. Examples of bridged heterocy-
clyl include, but are not limited to, morphanyl, hexameth-
ylenetetraminyl, 3-aza-bicyclo[3.1.0]hexane, 8-aza-bicyclo
[3.2.1]octane, 1-aza-bicyclo[2.2.2]octane, 1,4-diazabicyclo
[2.2.2]octane (DABCO), and the like.

[0073] As used herein, the term “hydroxyl” refers to
—OH.
[0074] As used herein, the term “partially unsaturated”

refers to a radical that includes at least one double or triple
bond. The term “partially unsaturated” is intended to encom-
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pass rings having multiple sites of unsaturation, but is not
intended to include aromatic (i.e., fully unsaturated) moi-
eties.

[0075] As used herein, the term “substituted”, whether
preceded by the term “optionally” or not, means that one or
more hydrogens of the designated moiety are replaced with
a suitable substituent. It will be understood that “substitu-
tion” or “substituted with” includes the implicit proviso that
such substitution is in accordance with permitted valence of
the substituted atom and that the substitution results in a
stable or chemically feasible compound, e.g., which does not
spontaneously undergo transformation such as by rearrange-
ment, cyclization, elimination, etc. Unless otherwise indi-
cated, an “optionally substituted” group may have a suitable
substituent at each substitutable position of the group, and
when more than one position in any given structure may be
substituted with more than one substituent selected from a
specified group, the substituent may be either the same or
different at every position.

[0076] It will be understood by those skilled in the art that
substituents can themselves be substituted, if appropriate.
Unless specifically stated as “unsubstituted”, references to
chemical moieties herein are understood to include substi-
tuted variants. For example, reference to an “aryl” group or
moiety implicitly includes both substituted and unsubsti-
tuted variants.

Compounds

[0077] The present disclosure provides novel compounds
of Formula (I) and pharmaceutically acceptable salts
thereof, synthetic methods for making the compounds, phar-
maceutical compositions containing them and various uses
of the disclosed compounds.

[0078] In one aspect, the present disclosure provides a
compound having Formula (I'):

[0079] or a pharmaceutically acceptable salt thereof,
[0080] wherein

[0081] Z'is CorN;

[0082] Z*is CorN;

[0083] Z?is CR% N, O, S, S(O) or S(0)s;

[0084] Z*is CHor N;

[0085] Vs adirect bond, or alkyl optionally substituted

with one or more R or —N(R“)—;

[0086] Ring A is absent, 3- to 6-membered cycloalkyl,
5-to 6-membered heterocyclyl, 5- to 6-membered aryl,
or 5- to 6-membered heteroaryl;

[0087] R!, in each occurrence, is selected from the
group consisting of hydrogen, halogen, hydroxyl,
cyano, alkyl, haloalkyl, hydroxylalkyl, —C(O)N(R%),,
—C(O)OR?, —S(0),(R?), —S(O)YNH)R?) and
—PO)R").:
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[0088] Ring B is 5- to 6-membered heterocyclyl or 5- to
6-membered heteroaryl;

[0089] R?, in each occurrence, is halogen, alkyl, haloal-
kyl, or cycloalkyl; R? is

L ©
o~

[0090] R® and R are each independently hydrogen,
halogen or alkyl;

[0091] R? is alkyl, 3- to 6-membered cycloalkyl, 5- to
6-membered heterocyclyl, 5- to 6-membered aryl, or 5-
to 6-membered heteroaryl, wherein said cycloalkyl,
heterocyclyl, and heteroaryl are optionally substituted
with one or more R,

[0092] R< is selected from the group consisting of
hydroxyl, halogen, cyano, amino, alkyl, alkoxyl, and
haloalkyl;

[0093] R?is hydroxyl, halogen or alkyl;
[0094] nis O, 1, 2, or 3; and
[0095] mis O, 1, 2 or 3.
[0096] In one aspect, the present disclosure provides a

compound having Formula (I):

O

®Y

[0097] or a pharmaceutically acceptable salt thereof,
[0098] wherein

[0099] Z'is C or N;

[0100] Z?is C or N;

[0101] 7% is CH, N, or S;

[0102] Z*is CH or N;

[0103] V is a direct bond or —N(R*)—;

[0104] Ring A is absent, 3- to 6-membered cycloalkyl,

5- to 6-membered heterocyclyl, 5- to 6-membered aryl,
or 5- to 6-membered heteroaryl;

[0105] R! is hydrogen, halogen, alkyl, —S(O),(R?), or
—S(O)NH)R");
[0106] Ring B is 5- to 6-membered heterocyclyl or 5- to

6-membered heteroaryl;
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[0107] R? is halogen, alkyl, haloalkyl, or cycloalkyl;
[0108] R’is
[O O
Nj\ SNZ
or ;
[0109] R? is hydrogen or alkyl;
[0110] R? is alkyl, 3- to 6-membered cycloalkyl, 5- to

6-membered heterocyclyl, 5- to 6-membered aryl, or 5-
to 6-membered heteroaryl, wherein said cycloalkyl,
heterocyclyl, and heteroaryl are optionally substituted
with one or more R,

[0111] R is selected from the group consisting of
hydroxyl, halogen, cyano, amino, alkyl, alkoxyl, and
haloalkyl;

[0112] nis O, 1, 2, or 3; and

[0113] mis O, 1, 2 or 3.

[0114] In some embodiments, Z' is C.

[0115] In some embodiments, Z" is N.

[0116] In some embodiments, Z> is C.

[0117] In some embodiments, Z* is N.

[0118] In some embodiments, Z' is C and Z* is N.
[0119] In some embodiments, Z' is N and Z* is C.
[0120] In some embodiments, Z' is C and Z* is C.
[0121] In some embodiments, Z' is CR“ In certain

embodiments, R is hydrogen.

[0122] In certain embodiments, R? is alkyl. In certain
embodiments, R? is C,_, alkyl, C,_; alkyl, C,_, alkyl or C, _,
alkyl. In certain embodiments, R¥ is methyl.

[0123] In some embodiments, Z> is CH.

[0124] In some embodiments, 7> is N.

[0125] In some embodiments, Z> is S.

[0126] In some embodiments, Z> is O.

[0127] In some embodiments, Z* is S(O).

[0128] In some embodiments, Z* is S(O),.

[0129] Insomeembodiments, Z'is C, Z*is Nand 7> is CH
or N.

[0130] In some embodiments, Z' is N, Z* is C and Z7 is

CH, C(CH,) or N.
[0131] Insome embodiments, Z'is C, Z*is C and Z> is O,
S, S(O) or S(O),.

[0132] In some embodiments, Z* is C.

[0133] In some embodiments, Z* is N.

[0134] In some embodiments, V is a direct bond.

[0135] In some embodiments, V is alkyl optionally sub-

stituted with one or more R®.
[0136] In certain embodiments, V is C, ¢ alkyl, C, 5 alkyl,
C,_, alkyl or C, 5 alkyl.

[0137] In some embodiments, V is —N(R?).
[0138] In certain embodiments, R is hydrogen.
[0139] In certain embodiments, R* is alkyl. In some

embodiments, R* is C, ¢ alkyl, C, 5 alkyl, C, , alkyl or C, 5
alkyl. In some embodiments, R* is methyl, ethyl, n-propyl,
or isopropyl.

[0140] In some embodiments, Ring A is absent.

[0141] Insome embodiments, Ring A is 3- to 6-membered
cycloalkyl.
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[0142] In some embodiments, Ring A is cyclopropyl. In
certain embodiments, Ring A is

[0143] Insome embodiments, Ring A is 5- to 6-membered
heterocyclyl.
[0144] In certain embodiments, Ring A is 5- to 6-mem-

bered heterocyclyl containing at least one nitrogen atom. In
certain embodiments, Ring A is 5- to 6-membered hetero-
cyclyl containing at least two nitrogen atoms. In certain
embodiments, Ring A is 5- to 6-membered heterocyclyl
containing two nitrogen atoms.

[0145] In some embodiments, Ring A is piperazinyl, tet-
rahydropyranyl or 1,2-thiazinane 1,1-dioxide.

[0146] Insome embodiments, Ring A is 5- to 6-membered
aryl.

[0147] In some embodiments, Ring A is phenyl.

[0148] Insome embodiments, Ring A is 5- to 6-membered
heteroaryl.

[0149] In certain embodiments, Ring A is 5- to 6-mem-

bered heteroaryl containing at least one nitrogen atom.
[0150] In certain embodiments, Ring A is 5-membered
heteroaryl containing at least one nitrogen atom. In certain
embodiments, Ring A is 5-membered heteroaryl containing
at least two nitrogen atoms. In certain embodiments, Ring A
is 5S-membered heteroaryl containing at least three nitrogen
atoms. In certain embodiments, Ring A is 5-membered
heteroaryl containing at least one nitrogen atom and addi-
tional heteroatom(s) selected from O, N or S. In certain
embodiments, Ring A is 5-membered heteroaryl containing
two nitrogen atoms. In certain embodiments, Ring A is
pyrazolyl. In certain embodiments, Ring A is S-membered
heteroaryl containing three nitrogen atoms. In certain
embodiments, Ring A is triazolyl.

[0151] In certain embodiments, Ring A is 6-membered
heteroaryl containing at least one nitrogen atom. In certain
embodiments, Ring A is 6-membered heteroaryl containing
at least one nitrogen atom and additional heteroatom(s)
selected from O, N or S. In certain embodiments, Ring A is
6-membered heteroaryl containing one nitrogen atom. In
certain embodiments, Ring A is pyridyl.

[0152] In some embodiments, Ring A is selected from the
group consisting of:

ROKE

\ bl
\
TN



US 2023/0295166 Al

-continued

O
0] O
N~/
S
S
[0153] In some embodiments, R is hydrogen.
[0154] In some embodiments, R is cyano.
[0155] In some embodiments, R' is halogen. In certain

embodiments, R* is fluoro.

[0156] In some embodiments, R' is alkyl. In certain
embodiments, R' is C,_¢ alkyl, C,  alkyl, C,_, alkyl or C, ,
alkyl. In certain embodiments, R* is methyl.

[0157] In some embodiments, R' is haloalkyl. In certain
embodiments, R' is C, 4 haloalkyl, C, s haloalkyl, C,_,
haloalkyl or C,_, haloalkyl. In certain embodiments, R* is
trifluoromethyl.

[0158] In some embodiments, R' is hydroxylalkyl. In
certain embodiments, R' is C, hydroxylalkyl, C, s
hydroxylalkyl, C,_, hydroxylalkyl or C, ; hydroxylalkyl. In
certain embodiments, R! is hydroxylmethyl.

[0159] In some embodiments, R' is —C(O)N(R?), or
—C(O)OR?. In certain embodiments, R* is hydrogen. In
certain embodiments, R is alkyl. In certain embodiments,
R#is C, zalkyl, C, s alkyl, C, ,alkylor C,_; alkyl. In certain
embodiments, R is methyl.

[0160] In some embodiments, R is —S(0),(R?), —S(0O)
(NH)(R”) or —P(O)(R"),.

[0161] In some embodiments, R” is alkyl. In certain
embodiments, R” is C,_, alkyl, C,_ alkyl, C, , alkyl or C,_,
alkyl. In certain embodiments, R” is methyl.

[0162] In some embodiments, nis O, 1 or 2.

[0163] Insome embodiments, Ring A is 3- to 6-membered
cycloalkyl, and R' is cyano, hydroxyl, hydroxylalkyl,
—C(ON(R?),, —C(O)OR", —S(O),(R"), or —S(O)(NI)
®R".

[0164] Insome embodiments, Ring A is 5- to 6-membered
heterocyclyl, and R! is cyano, alkyl, —S(0),(R?), or —S(O)
(NH)R.)

[0165] Insome embodiments, Ring A is 5- to 6-membered
aryl, and R" is cyano, —S(0),(R?), or —S(O)NH)(R?).
[0166] Insome embodiments, Ring A is 5- to 6-membered
heteroaryl, and R' is cyano, halogen, hydroxyl, alkyl, or
haloalkyl.

[0167] Insome embodiments, Ring A is pyrazolyl, pyridyl
or triazolyl, and R' is halogen, alkyl or haloalkyl.

[0168] In some embodiments, Ring A is cyclopropyl,
cyclopentyl, cyclohexyl, piperazinyl or phenyl, R! is cyano,
hydroxyl, hydroxylalkyl, —C(O)N(R%),, —C(O)OR",
—S(0),(R?), or —S(O)NH)R?), and R? is alkyl, for
example C,  alkyl, C, 5 alkyl, C,_, alkyl or C, ; alkyl.
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[0169] Insome embodiments, Ring B is 5- to 6-membered
heteroaryl.
[0170] In certain embodiments, Ring B is 5- to 6-mem-

bered heteroaryl containing at least one nitrogen atom.
[0171] In certain embodiments, Ring B is 5-membered
heteroaryl containing at least one nitrogen atom. In certain
embodiments, Ring B is 5-membered heteroaryl containing
at least two nitrogen atoms. In certain embodiments, Ring B
is 5-membered heteroaryl containing at least one nitrogen
atom and additional heteroatom(s) selected from O, N or S.
In certain embodiments, Ring B is 5-membered heteroaryl
containing one nitrogen atom. In certain embodiments, Ring
B is 5-membered heteroaryl containing two nitrogen atoms.
In certain embodiments, Ring B is pyrazolyl or pyrrolyl. In
certain embodiments, Ring B is 5-membered heteroaryl
containing three nitrogen atoms. In certain embodiments,
Ring B is triazolyl.

[0172] In certain embodiments, Ring B is 6-membered
heteroaryl containing at least one nitrogen atom. In certain
embodiments, Ring B is 6-membered heteroaryl containing
at least two nitrogen atoms. In certain embodiments, Ring B
is 6-membered heteroaryl containing at least one nitrogen
atom and additional heteroatom(s) selected from O, N or S.
In certain embodiments, Ring B is 6-membered heteroaryl
containing one nitrogen atom. In certain embodiments, Ring
B is 6-membered heteroaryl containing two nitrogen atoms.
In certain embodiments, Ring B is pyridyl.

[0173] In some embodiments, R* is halogen. In certain
embodiments, R? is chloro.

[0174] In some embodiments, R* is alkyl. In some
embodiments, R? is C,_4 alkyl, C, ; alkyl, C,_, alkylor C, ,
alkyl. In some embodiments, R? is methyl, ethyl, n-propyl,
or isopropyl.

[0175] In some embodiments, R is haloalkyl. In some
embodiments, R? is C,_; haloalkyl. In certain embodiments,
R? is triftuoromethyl.

[0176] In some embodiments, R? is cycloalkyl. In certain
embodiments, R? is 3- to 6-membered cycloalkyl. In certain
embodiments, R? is cyclopropyl.

[0177] In some embodiments, m is O, 1 or 2.

[0178]

®)p

is selected from the group consisting of:

W2 h
s Vst

In some embodiments,
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-continued
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[0179] In some embodiments, R> is

C

O

e

[0180] In some embodiments, R? is

[0181] In some embodiments, the present disclosure pro-
vides compound having a formula selected from the group

consisting of:

(Rl)n/@\ v

—_—

%

i N e R
N

12

Sep. 21, 2023

-continued

(RY,

R3
]
(R)@V NN e (R2),,,
v
R3
Ny
A3 AL
N
®RY v \ (Rz)m,
N
R3
(]
<R>/@V NN @ ®2),,
R3
N
/
(R)/@\V e (R,
S\N
R3
AN
LAY
N
®RY v \ (Rz)m,
N
R3
AN
A3 AL
N
1
RY v \ (Rz)m,
N

(I

av)

V)

VD

(VID)

(VIID)

Ix)



US 2023/0295166 Al Sep. 21, 2023

13
-continued
X (Ila)
XD
(IIb)
and
(XII)
(IlTa)
wherein V, Ring A, Ring B, R', R?, R?, m and n are as
defined supra.
[0182] In certain embodiments, in the compounds of For-
mula (II) to (XII),
[0183] V is a direct bond or C, 5 alkyl;
[0184] Ring A is selected from cyclopropyl, cyclopen-
tyl, cyclohexyl, piperazinyl, phenyl, pyrazolyl, pyridi-
nyl, or triazolyl;
[0185] R! is selected from hydrogen, fluoro, cyano, (I1Ib)
methyl, —S(0),(R”), —S(O)NH)(R”) or —PO)R”) 0
25
[0186] Ring B is pyrazolyl, pyrrolyl, or pyridyl; [
[0187] R?is chloro, C, 5 alkyl, C,_; haloalkyl, or 3- to N
6-membered cycloalkyl;
[0188] R’is XN R?,
O, O |
v
P N / \
o} 0 \ N
[ j\ @ -/ g
1V
N N o (IVa)
or ; [ j\
N
[0189] R”is C,_, alkyl; Xy R,
[0190] R is hydrogen, chloro or C,_; alkyl; | / \
[0191] nis O, 1 or 2; and
[0192] mis 0, 1 or 2. oS NN o
[0193] In some embodiments, the present disclosure pro- \N/N \§N 0

vides a compound having a formula selected from the group
consisting of:
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o} | N
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-continued
(IVb)
AN R?
NC | Il\I / \
N
L7 Y
(Va)
o
o
i ¢
>P N / \N
7
L7
(Vb)
o
(o
Xy R?
NC | Il\I / \
N
L7
(Vo) [O
Nj\
| XN RZ,
S SN / \N
N/
L

(Vd)
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(Ve)

vVh

Vg)

(VIa)

(VIIa)
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-continued

(VIIb)

(VIIIa)

(VIIo)

(VIIIb)

(VIId)

or a pharmaceutically acceptable salt thereof.

[0194] In some embodiments, the present disclosure pro-
vides a compound having a formula selected from the group
consisting of:

(1le)
(VIIe)

(VIID) 1)
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SOZ
N
Ny R?,
o\s//o | / \
~ NN _N
N
= H
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-continued
(Illc) (Vo)
RZ,
N/N
H
(VIb)
(I1Id)
| Xy R?,
S N \ / /\N
\ N
N/N _— H
(VIIb)
(Vo)

or a pharmaceutically acceptable salt thereof.

[0195] In some embodiments, the present disclosure pro-

vides a compound selected from the group consisting of:

[0196] (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-
(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-yl)mor-
pholine

[0197] (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-
(1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrimidin-5-yl)mor-
pholine

[0198] (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-
(pyridin-3-yl)pyrazolo[ 1,5-a]pyrimidin-5-yl)morpholine

[0199] (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-
(1H-pyrrol-2-yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpho-
line

[0200] (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclopro-
pyD-3-(1H-pyrazol-5-yl)pyrazolo[ 1,5-a]pyrimidin-5-y1)
morpholine

[0201] (R)-4-(7-(2-fluoropyridin-3-y1)-3-(1H-pyrazol-5-
yDpyrazolo[1,5-a]pyrimidin-5-y1)-3-methylmorpholine

[0202] (R)-imino(methyl)(1-(5-((R)-3-methylmor-
pholino)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-
7-yl)cyclopropyl)-A6-sulfanone

[0203] (S)-imino(methyl)(1-(5-((R)-3-methylmor-
pholino)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a] pyrimidin-
7-yl)cyclopropyl)-A6-sulfanone

Ivd)

(Vb)
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[0204] (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclopro-
pyD-3-(1H-pyrrol-2-yl)pyrazolo[1,5-a|pyrimidin-5-yl)
morpholine

[0205] (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclopro-
pyD-3-(1H-pyrrol-3-yl)pyrazolo[1,5-a|pyrimidin-5-yl)
morpholine

[0206] (R)-4-(3,7-di(1H-pyrazol-5-yl)pyrazolo[1,5-a]py-
rimidin-5-y1)-3-methylmorpholine

[0207] (R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-y1)-7-
(1-(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimi-
din-5-yl)morpholine

[0208] (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclopro-
pyD-3-(3-(trifluoromethyl)-1H-pyrazol-5-yl)pyrazolo[1,
5-a]pyrimidin-5-yl)morpholine

[0209] (R)-4-(3-(3-chloro-1H-pyrazol-5-y1)-7-(1-(methyl-
sulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimidin-5-y1)-3-
methylmorpholine

[0210] (R)-3-methyl-4-(3-(4-methyl-1H-pyrazol-5-yl1)-7-
(1-(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimi-
din-5-yl)morpholine

[0211] (3R)-3-methyl-4-[7-(1-methyl-1H-pyrazol-4-yl)-3-
(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-yl|mor-
pholine

[0212] (R)-3-methyl-4-(7-(4-(methylsulfonyl)phenyl)-3-
(1H-pyrazol-5-yl)pyrazolo[ 1,5-a]pyrimidin-5-yl)mor-
pholine

[0213] (R)-3-methyl-4-(7-(4-(methylsulfonyl)piperazin-
1-yD)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-yl)
morpholine

[0214] (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-
(3-methyl-1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-
yDmorpholine

[0215] (R)-4-(3-(3-cyclopropyl-1H-pyrazol-5-y1)-7-(1-
(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimidin-
5-y1)-3-methylmorpholine

[0216] (R)—N-methyl-N-(5-(3-methylmorpholino)-3-
(1H-pyrazol-5-yl)pyrazolo[ 1,5-a]pyrimidin-7-yl)meth-
anesulfonamide

[0217] (R)-3-methyl-4-(8-(1-methyl-1H-pyrazol-5-y1)-3-
(1H-pyrazol-5-yl)imidazo[1,2-b|pyridazin-6-yl)morpho-
line

[0218] (R)-3-methyl-4-(8-(1-(methylsulfonyl)cyclopro-
pyl)-3-(1H-pyrazol-5-yl)imidazo[1,2-b]pyridazin-6-y1)
morpholine

[0219] (R)-3-methyl-4-(8-(1-methyl-1H-pyrazol-5-y1)-3-
(3-methyl-1H-pyrazol-5-yl)imidazo[1,2-b]pyridazin-6-
yDmorpholine

[0220] (R)-3-methyl-4-(4-(1-(methylsulfonyl)cyclopro-
pyD)-8-(1H-pyrazol-5-yl)imidazo[1,5-a]pyrimidin-2-yl)
morpholine

[0221] (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-y1)-8-
(1H-pyrazol-5-yl)imidazo[1,5-a]pyrimidin-2-yl)morpho-
line

[0222] (R)-4-(4-(1,4-dimethyl-1H-pyrazol-5-y1)-8-(3-
methyl-1H-pyrazol-5-yl)imidazo[1,5-a]pyrimidin-2-yl)-
3-methylmorpholine

[0223] (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-yl1)-7-
(1H-pyrazol-5-yl)imidazo[1,5-b|pyridazin-2-yl)morpho-
line

[0224] (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-y1)-8-
(1H-pyrazol-5-yl)pyrrolo[1,2-a]pyrimidin-2-yl)morpho-
line

Sep. 21, 2023

[0225] (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-
(1H-pyrazol-5-ylisothiazolo[4,5-b]pyridin-5-yl)morpho-
line

[0226] (R)-3-methyl-4-(4-(1-(methylsulfonyl)cyclopro-
pyD-7-(1H-pyrazol-5-yl) imidazo[1,5-b]pyridazin-2-yl)
morpholine

[0227] (R)-3-methyl-4-(7-(3-methyl-1H-pyrazol-5-yl)-4-
(1-(methyl sulfonyl)cyclopropyl)imidazo[1,5-b]
pyridazin-2-yl)morpholine

[0228] (1R,5S)-3-(4-(1-(methylsulfonyl)cyclopropyl)-7-
(1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-y1)-8-oxa-3-
azabicyclo[3.2.1]octane

[0229] (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-7-(1H-
pyrazol-5-yl)  imidazo[1,5-b|pyridazin-2-yl]-3-methyl-
morpholine

[0230] (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-y1)-7-
(3-methyl-1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-
yDmorpholine

[0231] (3R)-4-(4-(1,4-dimethyl-1H-1,2,3-triazol-5-y1)-7-
(3-methyl-1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-
y1)-3-methylmorpholine

[0232] (R)-3-methyl-4-(5-methyl-4-(1-methyl-1H-pyra-
701-5-y1)-7-(1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-
yDmorpholine

[0233] (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-
(3-methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-
yDmorpholine

[0234] (R)-4-(7-(1,4-dimethyl-1H-1,2,3-triazol-5-y1)-3-
(1H-pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-meth-
ylmorpholine

[0235] (3R)-4-[4-(diethylphosphoryl)-7-(1H-pyrazol-5-
yDimidazo [1,5-b]pyridazin-2-yl]-3-methylmorpholine

[0236] (R)-2-methyl-2-(2-(3-methylmorpholino)-7-(1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-4-yl)propanenitrile

[0237] (3R)-4-[4-(2-methanesulfonylpropan-2-yl)-7-(1H-
pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl]-3-methyl-
morpholine

[0238] (R)-3-methyl-4-(7-(3-methyl-1H-pyrazol-5-yl)-4-
(2-(methyl sulfonyl)propan-2-yl)imidazo[1,5-b]
pyridazin-2-yl)morpholine

[0239] (R)-dimethyl(2-(7-(3-methyl-1H-pyrazol-5-y1)-2-
(3-methylmorpholino)imidazo[1,5-b]pyridazin-4-y1)pro-
pan-2-yl)phosphine oxide

[0240] (R)-1-(2-(3-methylmorpholino)-7-(1H-pyrazol-5-
yDimidazo[1,5-b]pyridazin-4-yl)cyclopropane-1-carbo-
nitrile

[0241] (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-5-
methyl-7-(1H-pyrazol-5-yl)imidazo[1,5-b|pyridazin-2-
y1]-3-methylmorpholine

[0242] (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-5-
methyl-7-(3-methyl-1H-pyrazol-5-yl)imidazo[1,5-b]
pyridazin-2-yl]-3-methylmorpholine

[0243] (R)-3-methyl-4-(5-methyl-4-(1-methyl-1H-pyra-
701-5-y1)-7-(3-methyl-1H-pyrazol-5-yl)imidazo[ 1,5-b]
pyridazin-2-yl)morpholine

[0244] (R)-4-(7-(1,4-dimethyl-1H-1,2,3-triazol-5-y1)-3-
(3-methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-
y1)-3-methylmorpholine

[0245] (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclopro-
pyD)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)
morpholine

[0246] (R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-yl)-7-
(1-(methylsulfonyl)cyclopropyl)isothiazolo[4,5-b]|pyri-
din-5-yl)morpholine



US 2023/0295166 Al

[0247] (R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b] pyridin-7-yl)cyclopropane-1-carbo-
nitrile

[0248] (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo [4,5-b]pyridin-7-yl)cyclopro-
pane-1-carbonitrile

[0249] (R)-2-methyl-2-(5-(3-methylmorpholino)-3-(1H-
pyrazol-5-yl) isothiazolo [4,5-b]pyridin-7-yl)propaneni-
trile

[0250] (R)-2-methyl-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-
(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)pro-
panenitrile

[0251] (R)-3-methyl-4-(7-(2-(methylsulfonyl)propan-2-
yD)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)
morpholine

[0252] (R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-yl)-7-
(2-(methylsulfonyl)propan-2-yl)isothiazolo[4,5-b]pyri-
din-5-yl)morpholine

[0253] (R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-7-yl)cyclopentane-1-carbo-
nitrile

[0254] (R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-7-yl)cyclohexane-1-carboni-
trile

[0255] (R)-1-(2-(3-methylmorpholino)-7-(1H-pyrazol-5-
yDimidazo[1,5-b]|pyridazin-4-yl)cyclopentane-1-carboni-
trile

[0256] (R)-1-(2-(3-methylmorpholino)-7-(1H-pyrazol-5-
ylimidazo[1,5-b|pyridazin-4-yl)cyclohexane-1-carboni-
trile

[0257] (3R)-4-[5-chloro-4-(1-methyl-1H-pyrazol-5-yl)-7-
(1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl1]-3-meth-
ylmorpholine

[0258] (R)-4-(5-chloro-4-(1-methyl-1H-pyrazol-5-yl)-7-
(3-methyl-1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-
y1)-3-methylmorpholine

[0259] (R)-1-(7-(3-methyl-1H-pyrazol-5-y1)-2-(3-methyl-
morpholino)imidazo[1,5-b]pyridazin-4-yl)cyclopropane-
1-carbonitrile

[0260] (R)-2-methyl-2-(7-(3-methyl-1H-pyrazol-5-yl)-2-
(3-methylmorpholino) imidazo[1,5-b]|pyridazin-4-yl)pro-
panenitrile

[0261] (R)-7-(1-methyl-1H-pyrazol-5-y1)-3-(3-methyl-
1H-pyrazol-5-y1)-5-(3-methylmorpholino)isoxazolo[4,5-
b]pyridine

[0262] (R)-7-(1-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)-3-(1H-pyrazol-5-yl)isoxazolo[4,5-b]pyri-
dine

[0263] (R)-7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-(3-
methyl-1H-pyrazol-5-yl1)-5-(3-methylmorpholino)isoxa-
zolo[4,5-b]pyridine

[0264] (R)-7-(1,4-dimethyl-1H-pyrazol-5-y1)-5-(3-meth-
ylmorpholino)-3-(1H-pyrazol-5-yl)isoxazolo[4,5-b]pyri-
dine

[0265] (R)-7-(1,4-dimethyl-1H-1,2,3-triazol-5-y1)-5-(3-
methylmorpholino)-3-(1H-pyrazol-5-yl)isoxazolo[4,5-b]
pyridine

[0266] (R)-7-(1,4-dimethyl-1H-1,2,3-triazol-5-y1)-3-(3-
methyl-1H-pyrazol-5-yl1)-5-(3-methylmorpholino)isoxa-
zolo[4,5-b]pyridine

[0267] (R)-3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)-7-(1-(methylsulfonyl)cyclopropyl)isoxazolo
[4,5-b]pyridine
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[0268] (R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yDisoxazolo[4,5-b]pyridin-7-yl)cyclopropane-1-carboni-
trile

[0269] (R)-5-(3-methylmorpholino)-7-(2-(methylsulfo-
nyl)propan-2-yl)-3-(1H-pyrazol-5-yl)isoxazolo[4,5-b]
pyridine

[0270] (R)-3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)-7-(2-(methylsulfonyl)propan-2-yl)isoxazolo
[4,5-b]pyridine

[0271] imino(methyl)(1-(3-(3-methyl-1H-pyrazol-5-yl)-
5-((R)-3-methylmorpholino)isoxazolo[4,5-b]pyridin-7-
yDeyclopropyl)-A6-sulfanone

[0272] imino(methyl)(2-(3-(3-methyl-1H-pyrazol-5-yl)-
5-((R)-3-methylmorpholino)isoxazolo[4,5-b]pyridin-7-
yDpropan-2-yl)-A6-sulfanone

[0273] 7-(1-methyl-1H-pyrazol-5-y1)-3-(3-methyl-1H-
pyrazol-5-y1)-5-((R)-3-methylmorpholino)isothiazolo[4,
5-b]pyridine 1-oxide

[0274] 7-(1-methyl-1H-pyrazol-5-y1)-5-((R)-3-methyl-
morpholino)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b|pyri-
dine 1-oxide

[0275] 7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-(3-methyl-
1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)isothiazolo
[4,5-b]pyridine 1-oxide

[0276] 7-(1,4-dimethyl-1H-pyrazol-5-y1)-5-((R)-3-meth-
ylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridine 1-oxide

[0277] 7-(1,4-dimethyl-1H-1,2,3-triazol-5-y1)-5-((R)-3-
methylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-
b]pyridine 1-oxide

[0278] 7-(1,4-dimethyl-1H-1,2,3-triazol-5-y1)-3-(3-
methyl-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridine 1-oxide

[0279] 3-(3-methyl-1H-pyrazol-5-y1)-5-((R)-3-methyl-
morpholino)-7-(1-(methylsulfonyl)cyclopropyl)isothi-
azolo[4,5-b]pyridine 1-oxide

[0280] 1-(5-((R)-3-methylmorpholino)-1-oxido-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)cyclopro-
pane-1-carbonitrile

[0281] imino(methyl)(1-(3-(3-methyl-1H-pyrazol-5-yl)-
5-((R)-3-methylmorpholino)-1-oxidoisothiazolo[4,5-b]
pyridin-7-yl)cyclopropyl)-A6-sulfanone

[0282] (R)-7-(1-methyl-1H-pyrazol-5-y1)-3-(3-methyl-
1H-pyrazol-5-y1)-5-(3-methylmorpholino)isothiazolo[ 4,
5-b]pyridine 1,1-dioxide

[0283] (R)-7-(1-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b|pyri-
dine 1,1-dioxide

[0284] (R)-7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-(3-
methyl-1H-pyrazol-5-y1)-5-(3-methylmorpholino)isothi-
azolo[4,5-b]pyridine 1,1-dioxide

[0285] (R)-7-(1,4-dimethyl-1H-pyrazol-5-y1)-5-(3-meth-
ylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridine 1,1-dioxide

[0286] (R)-7-(1,4-dimethyl-1H-1,2,3-triazol-5-y1)-5-(3-
methylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-
b]pyridine 1,1-dioxide

[0287] (R)-7-(1,4-dimethyl-1H-1,2,3-triazol-5-y1)-3-(3-
methyl-1H-pyrazol-5-y1)-5-(3-methylmorpholino)isothi-
azolo[4,5-b]pyridine 1,1-dioxide

[0288] (R)-5-(3-methylmorpholino)-7-(1-(methylsulfo-
nyl)cyclopropyl)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridine 1,1-dioxide
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[0289] (R)-3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)-7-(2-(methylsulfonyl)propan-2-yl)isothi-
azolo[4,5-b]pyridine 1,1-dioxide

[0290] imino(methyl)(2-(3-(3-methyl-1H-pyrazol-5-yl)-
5-((R)-3-methylmorpholino)-1,1-dioxidoisothiazolo[4,5-
b]pyridin-7-y)propan-2-yl)-A6-sulfanone

[0291] 4-(5-methyl-4-(1-methyl-1H-pyrazol-5-y1)-7-(1H-
pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl)morpholine

[0292] 4-(5-methyl-4-(1-methyl-1H-pyrazol-5-y1)-7-(3-
methyl-1H-pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl)
morpholine,

[0293] (R)-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo[4,5-b|pyridin-7-yl)propan-2-ol,

[0294] (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-triazol-5-
y1)-3-(3-methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b]pyri-
din-5-yl)morpholine,

[0295] (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-triazol-5-
yD)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)
morpholine,

[0296] (R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-methyl-
morpholine

[0297] (R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-(3-
methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-
3-methylmorpholine

[0298] (R)-4-(7-(3,5-dimethylisoxazol-4-y1)-3-(1H-pyra-
zol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methylmor-
pholine

[0299] (R)-4-(7-(3,5-dimethylisoxazol-4-y1)-3-(3-methyl-
1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-meth-
ylmorpholine

[0300] (R)-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo[4,5-b|pyridin-7-yl)propan-2-ol

[0301] (R)-4-(7-(cyclopropylsulfonyl)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpholine

[0302] (R)-2-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-7-y1)-1,2-thiazinane 1,1-di-
oxide

[0303] (R)—N-(3-chloro-1H-pyrazol-5-yl)-4-(3-methyl-
morpholino)-6-(1-(methylsulfonyl)cyclopropyl)pyrimi-
din-2-amine

[0304] (1R,5S)-3-(4-(1-methyl-1H-pyrazol-5-y1)-7-(1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)-8-oxa-3-
azabicyclo[3.2.1]octane

[0305] (1R,5S)-3-(4-(1-methyl-1H-pyrazol-5-y1)-7-(3-
methyl-1H-pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl)-
8-o0xa-3-azabicyclo[3.2.1]octane

[0306] (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo[4,5-b|pyridin-7-yl)cyclopentane-
1-carbonitrile

[0307] (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo[4,5-b|pyridin-7-yl)cyclohexane-
1-carbonitrile

[0308] (R)-4-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-7-yl)tetrahydro-2H-pyran-4-
carbonitrile

[0309] (R)-4-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo[4,5-b]|pyridin-7-y])tetrahydro-
2H-pyran-4-carbonitrile

[0310] (R)-4-(7-(cyclopropylsulfonyl)-3-(3-methyl-1H-
pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-methyl-
morpholine
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[0311] (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclohexan-
1-0l

[0312] (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclopentane-
1-carboxamide

[0313] (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclohexane-
1-carboxamide

[0314] (R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-7-yl)cyclohexane-1-carbox-
amide

[0315] (R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-7-yl)cyclopentane-1-carbox-
amide

[0316] (R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-7-yl)cyclohexan-1-o0l

[0317] methyl (R)-1-(5-(3-methylmorpholino)-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b|pyridin-7-yl)cyclopen-
tane-1-carboxylate

[0318] (R)-3-methyl-4-(3-(3-methyl-1H-1,2 4-triazol-5-
y1)-7-(1-methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b|pyri-
din-5-yD)morpholine imino(methyl)(1-(3-(3-methyl-1H-
pyrazol-5-y1)-5-((R)-3-methylmorpholino)isothiazolo[4,
5-b]pyridin-7-yl)cyclopropyl)-A6-sulfanone

[0319] (R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-yl)-7-
(2-(methylsulfonyl)phenyl)isothiazolo[4,5-b|pyridin-5-
yDmorpholine

[0320] (R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-yl)-7-
(2-(trifluoromethyl)pyridin-3-yl)isothiazolo[4,5-b]pyri-
din-5-yl)morpholine

[0321] (R)-2-methyl-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-
(3-methylmorpholino)isothiazolo[4,5-b|pyridin-7-yl)pro-
pan-1-ol

[0322] (R)-(1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-meth-
ylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclopro-
pyl)methanol

[0323] (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-triazol-5-
y1)-3-(3-methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b|pyri-
din-5-yl)morpholine

[0324] (R)-2-methyl-2-(5-(3-methylmorpholino)-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)propan-1-ol

[0325] (R)-4-(3-(1H-pyrazol-5-yl)-7-(2-(trifluoromethyl)
pyridin-3-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-methyl-
morpholine

[0326] (R)-3-methyl-4-(7-(1-methyl-1H-1,2 4-triazol-5-
y1)-3-(3-methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b|pyri-
din-5-yl)morpholine

[0327] (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-triazol-5-
y1)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)
morpholine

[0328] (R)-4-(7-chloro-3-(3-methyl-1H-pyrazol-5-yl)iso-
thiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine

[0329] (R)-(4-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-meth-
ylmorpholino)isothiazolo[4,5-b]pyridin-7-y])tetrahydro-
2H-pyran-4-yl)methanol

[0330] (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-methyl-
morpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclopentan-
1-0l

[0331] (R)-4-(7-(1-ethyl-1H-1,2,3-triazol-5-y1)-3-(3-
methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-
3-methylmorpholine
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[0332] (R)-dimethyl(3-(3-methyl-1-H-pyrazol-5-y1)-5-(3- TABLE 1-continued

methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)phos-

phine oxide Compd.

. No. Compound Structure and Name

[0333] (R)-4-(5-fluoro-4-(i-methyl-1H-pyrazol-5-y1)-7-

(1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-y1)-3-meth- 4

ylmorpholine,

or a pharmaceutically acceptable salt thereof.

[0334] Exemplary compounds of the present disclosure
are set forth in Table 1 below.

TABLE 1
Compd.
No. Compound Structure and Name
1 (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-yl)-3-(1H-pyrrol-2-
ylpyrazolo[1,5-a]pyrimidin-5-yl)morpholine
5
N/
-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-(1H-pyrazol-5-
R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-yl)-3-(1H-pyrazol-5 H
yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpholine
(R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclopropyl)-3-(1H-pyrazol-
5 5-yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpholine
6
-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-(1H-pyrazol-4-
(R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-(1H-pyrazol-4-
D)pyrazolo[1,5-a]pyrimidin-5-yl)morpholine
yhpy L Ipy yhmorp (R)-4-(7-(2-fluoropyridin-3-yl)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-
5 alpyrimidin-5-yl)-3-methylmorpholine

O

(R)-3-methyl-4-(7-(1-methyl-1 H-pyrazol-5-yl)-3-(pyridin-3- R)-imino(methyl)(1-(5-((R)-3-methylmorpholino)-3-(1H-pyrazol-
ylpyrazolo[1,5-a]pyrimidin-5-yl)morpholine 5-yl)pyrazolo[1,5-a]pyrimidin-7-yl)cyclopropyl)-A6-sulfanone
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TABLE 1-continued

Compd.
No. Compound Structure and Name
7b
(S)-imino(methyl)(1-(5-((R)-3-methylmorpholino)-3-(1H-pyrazol-
5-ylpyrazolo[1,5-a] pyrimidin-7-yl)cyclopropyl)-A6-sulfanone
8
(R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclopropyl)-3-(1H-
pyrrol-2-yl)pyrazolo[1,5-a Jpyrimidin-5-yl)morpholine
9
(R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclopropyl)-3-(1H-
pyrrol-3-ylypyrazolo[1,5-a]pyrimidin-5-yl)morpholine
10

(R)-4-(3,7-di(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-yl)-3-
methylmorpholine

Compd.
No. Compound Structure and Name
11
(R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-y1)-7-(1-
(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimidin-5-
yDmorpholine
12 [O
Nj\
CFs
N/
H
(R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclopropyl)-3-(3-
(trifluoromethyl)- 1 H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-
yDmorpholine
13
Cl
N
N/
H
(R)-4-(3-(3-chloro-1H-pyrazol-5-yl)-7-(1-
(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimidin-5-yl)-3-
methylmorpholine
14 O

SN

(R)-3-methyl-4-(3-(4-methyl-1H-pyrazol-5-y1)-7-(1-
(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimidin-5-
yDmorpholine
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TABLE 1-continued

Compd.
No. Compound Structure and Name
15 [O
Nj\
3R)-3-methyl-4-[7-(1-methyl-1H-pyrazol-4-yl)-3-(1H-pyrazol-5-
Ly y. py: Y. py:
yl)pyrazolo[1,5-a]pyrimidin-5-ylJmorpholine
16 [O
Nj\
]
(\N N \ |
\ N
/N\) N H
Ms
R)-3-methyl-4-(7-(4-(methylsulfon enyl)-3-(1H-pyrazol-5-
thy! thylsulfonyl)phenyl pyrazol
yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpholine
17 [O
Nj\
(]
e o WY AR
\ e
N
/N N== H
Ms
(R)-3-methyl-4-(7-(4-(methylsulfonyl)piperazin-1-yl1)-3-(1H-
pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpholine
18

(R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-yl)-3-(3-methyl-1H-
pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpholine

Compd.
No. Compound Structure and Name
19 O
N
O,
N\
/ I\{
N
N H
(R)-4-(3-(3-cyclopropyl-1H-pyrazol-5-y1)-7-(1-
(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimidin-5-yl)-3-
methylmorpholine
20 O
N
O O \ N
" | /
0N
N NN 8
. g
N= H
(R)-N-methyl-N-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
ylpyrazolo[1,5-a]pyrimidin-7-yl)methanesulfonamide
21
(R)-3-methyl-4-(8-(1-methyl-1H-pyrazol-5-y1)-3-(1H-pyrazol-5-
yDhimidazo[1,2-b]pyridazin-6-yl)morpholine
22 [O
Nj\
O, O = N
v L
~ /

(R)-3-methyl-4-(8-(1-(methylsulfonyl)cyclopropyl)-3-(1H-
pyrazol-5-yl)imidazo[1,2-b]pyridazin-6-yl)morpholine
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TABLE 1-continued

Compd. Compd.
No. Compound Structure and Name No. Compound Structure and Name
23 27
N N~
H H
(R)-3-methyl-4-(8-(1-methyl-1H-pyrazol-5-yl)-3-(3-methyl-1H- (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-y1)-7-(1H-pyrazol-5-
pyrazol-53-yl)imidazo[1,2-b]pyridazin-6-yl)morpholine yDhimidazo[1,5-b]pyridazin-2-yl)morpholine
24 [o 28 [O
Nj\ Nj\
O = N
\../
/\ 2 AN / \ [\
N N N
\ N/ N/
N= H H
(R)-3-methyl-4-(4-(1-(methylsulfonyl)cyclopropyl)-8-(1H-
pyrazol-5-yl)imidazo[1,5-a]pyrimidin-2-yl)morpholine (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-yl)-8-(1H-pyrazol-5-
ylpyrrolo[1,2-a]pyrimidin-2-yl)morpholine
25 O
[ j\ 29
N
N
Ve
N
H
(R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-y1)-8-(1H-pyrazol-5-
yDimidazo[1,5-a]pyrimidin-2-ylmorpholine (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-y1)-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-5-yl)morpholine
26 O
30

(S

(R)-4-(4-(1,4-dimethyl-1H-pyrazol-5-y!)-8-(3-methyl-1H-
pyrazol-5-yl)imidazo[1,5-a]pyrimidin-2-yl)-3-methylmorpholine

(R)-3-methyl-4-(4-(1-(methylsulfonyl)cyclopropyl)-7-(1H-
pyrazol-5-yl) imidazo[1,5-b]pyridazin-2-yl)morpholine
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Compd. Compd.
No. Compound Structure and Name No. Compound Structure and Name
31 35
N/
H
(R)-3-methyl-4-(7-(3-methyl-1H-pyrazol-5-yl)-4-(1-(methyl (3R)-4-(4-(1 #-dimethyl-1H-1,2,3-triazol-5-y1)-7-(3-methyl -1H-
sulfonyl)eyclopropyl)imidazo[1,5-b]pyridazin-2-yl)morpholine pyrazol-5-yDimidazo[L,5-b]pyridazin-2-yl)-3-methylmorpholine
32 O 36
N
N/
H
(1R,58)-3-(4-(1-(methylsulfonyl)cyclopropyl)-7-(1H-pyrazol-5-
yl)imidazo[1,5-b]pyridazin-2-yl)-8-oxa-3-azabicyclo[3.2.1]octane (R)-3-methyl-4-(5-methyl-4-(1-methyl-1H-pyrazol-5-yl)-7-(1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)morpholine
33 [Oj\ )
N
N
N/
H
G R)'4.' [4.1' (dimethyl-1 H'.l ’2’.3 —triazol—S—yl)—7—(1H—pyralzol—5—yl) (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-yl)-3-(3-methyl-1H-
imidazo[1,5-b]pyridazin-2-yl]-3-methylmorpholine pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine
34 [O 38 [O
Nj\ j\
x Il\I Xy
N
at
/ N
H N/N S— N

N/\

(R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-yl)-7-(3-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)morpholine

(R)-4-(7-(1,4-dimethyl-1H-1,2,3-triazol-5-yl)-3-(1H-pyrazol-5-
ylisothiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine
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Compd.
No. Compound Structure and Name
39
(3R)-4-[4-(diethylphosphoryl)-7-(1H-pyrazol-5-yl)imidazo [1,5-
b]pyridazin-2-yl]-3-methylmorpholine
40 )
N
\ N
NC | N / \
N
\ / N7
N H
(R)-2-methyl-2-(2-(3-methylmorpholino)-7-(1H-pyrazol-5-
yl)imidazo[1,5-b]pyridazin-4-yl)propanenitrile
41
(3R)-4-[4-(2-methanesulfonylpropan-2-yl)-7-(1H-pyrazol -5-
ylimidazo[1,5-b]pyridazin-2-yl]-3-methylmorpholine
42

(R)-3-methyl-4-(7-(3-methyl-1H-pyrazol-5-y1)-4-(2-(methyl
sulfonyl)propan-2-yl)imidazo[1,5-b]pyridazin-2-yl)morpholine

Compd.
No. Compound Structure and Name
43 [O
Nj\
i
e N / \
/
/N
\ 7
N
(R)-dimethyl(2-(7-(3-methyl-1H-pyrazol-5-yl)-2-(3-
methylmorpholino)imidazo[1,5-b]pyridazin-4-yl)propan-2-
yl)phosphine oxide
44 [O
Nj\
(]
NC N / \
N
\ / N~
N H
(R)-1-(2-(3-methylmorpholino)-7-(1H-pyrazol-5-yl)imidazo[1,5-b]
pyridazin-4-yl)cyclopropane-1-carbonitrile
45
(3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-yl)-5-methyl-7-(1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl]-3-methylmorpholine
46 O

(A

(3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-yl1)-5-methyl-7-(3-methyl-
1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl]-3-methylmorpho-
line
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Compd. Compd.
No. Compound Structure and Name No. Compound Structure and Name
47 51
(R)-3-methyl-4-(5-methyl-4-(1-methyl-1 H-pyrazol-5-y1)-7-(3- R)-1-(5-(3 —methyl.mlorpholino)—}(l H—pyrazol—5—yll)is.othiazolo
methyl-1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)morpholine [4,5-b] pyridin-7-yl)eyclopropane-1-carbonitrile
48 52
(R)-1-(3-(3-methyl-1H-pyrazol-5-yl)-5-(3-
(R)-4-(7-(1 ,4-dimethyl-1H-1,2,3-triazol-5-yl)-3-(3-methyl-1H- methylmorpholino)isothiazolo [4,5-b]pyridin-7-yl)cyclopropane-1-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpholine carbonitrile
49 53
(R)—3—methyl—4l— (7_(.1 —(methylsulfon}l/])lcyclopropyl)—3 _.(1 H- (R)-2-methyl-2-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-yl)
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine . . . o
isothiazolo [4,5-b]pyridin-7-yl)propanenitrile
50
54

(R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-yl)-7-(1-
(methylsulfonyl)cyclopropyl)isothiazolo[4,5-blpyridin-5- (R)-2-methyl-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
yDmorpholine methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)propanenitrile
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Compd. Compd.
No. Compound Structure and Name No. Compound Structure and Name
55 59 [O
Nj\
(1
NC N / \
N
\ / N
N H
(R)—3—methyl—4l-(7— (.2' (methylsulfon}./]?propan—Z—yl)—}l(l H-pyrazol- (R)-1-(2-(3-methylmorpholino)-7-(1H-pyrazol-5-yl)imidazo[1,5-
5-yDisothiazolo[4,5-b]pyridin-5-yl)morpholine blpyridazin-4-yl)cyclopentane-1-carbonitrile
56 60 O
N
g
NC N / \
N
\ / N~
N H
(R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-yl)-7-(2-
(methylsulfonyl)propan-Z—yl)isot.hiazolo [4,5-b]pyridin-5- (R)-1-(2-(3-methylmorpholino)-7-(1 H-pyrazol-5-yl)imidazo[1,5-
yhmorpholine b]pyridazin-4-yl)cyclohexane-1-carbonitrile
57 [O 61 fe)
Nj\ [Nj\
N
N e
H
(R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)cyclopentane-1-carbonitrile (3R)-4-[5-chloro-4-(1-methyl-1H-pyrazol-5-yl)-7-(1H-pyrazol-5-
ylimidazo[1,5-b]pyridazin-2-yl]-3-methylmorpholine
58
62

(R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo[4,
5
b]pyridin-7-yl)cyclohexane-1-carbonitrile

(R)-4-(5-chloro-4-(1-methyl-1H-pyrazol-5-yl)-7-(3-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)-3-methylmorpholine
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No. Compound Structure and Name No. Compound Structure and Name
63 [O 67
Nj\
N N
NC | N / \
\ / N~
N H
(R)-1-(7-(3-methyl-1H-pyrazol-5-yl)-2-(3- (R)-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
hylmorpholino)imidazo[1,5-b]pyridazin-4-yl)cyclopropane-1- o) ; i
methylmorp > methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)propan-2-ol
carbonitrile
68 o)
64 0 [ j\
N
N
RS N
NC | N / \
N N\ N
\ / N NN S i
N H N
(R)-2-methyl-2-(7-(3-methyl-1H-pyrazol-5-yl)-2-(3- (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-triazol-5-yl)-3-(3-methyl-
methylmorpholino) imidazo[1,5-b]pyridazin-4-yl)propanenitrile 1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine
65 69 [O
Nj\
(]
/ /\ N N o / / /\
g \ / N
N/N S—N H
4-(5-methyl-4-(1-methyl-1H-pyrazol-5-yl)-7-(1H-pyrazol-5- (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-triazol-5-y1)-3-(1H-
yhimidazo[1,5-b]pyridazin-2-yl)morpholine pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine
66 0) 70

4-(5-methyl-4-(1-methyl-1H-pyrazol-5-yl)-7-(3-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)morpholine

(R)-4-(7-(1,A-dimethyl- 1H-pyrazol-5-y1)-3-(1H-pyrazol-5-
ylisothiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine
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Compd. Compd.
No. Compound Structure and Name No. Compound Structure and Name
71
75
(R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-yl)-3-(3-methyl-1 H-pyrazol- (R)-4-(7-(cyclopropylsulfonyl)-3-(1H-pyrazol-5-yl)isothiazolo
ylisothiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine [4,5-b]pyridin-5-yl)-3-methylmorpholine
72 [o 76 [O
Nj\ Nj\
(R)-4-(7-(3,5-dimethylisoxazol-4-yl)-3-(1H-pyrazol-5- (R)-2-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo
yl)isothiazolo[4,5-b]pyridin-3-yl)-3-methylmorpholine [4,5-b]pyridin-7-yl)-1,2-thiazinane 1,1-dioxide
73 [O 77 [O
Nj\ Nj\
(R)-N-(3-chloro-1H-pyrazol-5-yl)-4-(3-methylmorpholino)-6-(1-
(R)-4-(7-(3,5-dimethylisoxazol-4-yl)-3-(3-methyl-1H-pyrazol-5- (methylsulfonyl)cyclopropyl)pyrimidin-2-amine
ylisothiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine
78 O
74

(R)-2-(3-(3-methyl-1H-pyrazol-5-yl1)-5-(3- (1R,58)-3-(4-(1-methyl- 1H-pyrazol-5-yl)-7-(1H-pyrazol-5-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)propan-2-ol yl)imidazo[1,5-b]pyridazin-2-yl)-8-oxa-3-azabicyclo[3.2.1]octane
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Compd.
No. Compound Structure and Name
79 e}
N
|
NN
N / N~
N— \ N
(1R,58)-3-(4-(1-methyl-1H-pyrazol-5-yl)-7-(3-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)-8-oxa-3-
azabicyclo[3.2.1]octane
80 [O
Nj\
[
NC N / \N
N/
S—N H
(R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclopentane-1-
carbonitrile
81
(R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclohexane-1-
carbonitrile
82 [O
Nj\
R N
O, O
v
/ 1\

=z

N
~y F \
/ e
S—nN

Compd.
No. Compound Structure and Name
83
(R)-4-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)tetrahydro-2H-pyran-4-carbonitrile
84
(R)-4-(3-(3-methyl-1H-pyrazol-5-yl)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)tetrahydro-2H-
pyran-4-carbonitrile
85 [O
Nj\
(R)-4-(7-(cyclopropylsulfonyl)-3-(3-methyl-1H-pyrazol-5-
ylisothiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine
86

(R)-1-(3-(3-methyl-1H-pyrazol-5-yl)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)
cyclohexan-1-ol
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Compd. Compd.
No. Compound Structure and Name No. Compound Structure and Name

(R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo

87 [4,5-b]pyridin-7-yl)cyclopentane-1-carboxamide
91
HN
(R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclopentane-1-
carboxamide (R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)cyclohexan-1-ol
88
HN
(R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3- nlieth}{l (R)-1-(5-(3 —m‘l:ﬂllylmorpholino)—}(1H—pyrazol—5—
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclohexane-1- ybisothiazolo[4,5-b]pyridin-7-yljeyclopentane-1-carboxylate
carboxamide
93
89
H,N
(R)-3-methyl-4-(3-(3-methyl-1H-1,2 4-triazol-5-yl)-7-(1-methyl-
1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine
(R)-1-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)cyclohexane-1-carboxamide 94
90

LN

imino(methyl)(1-(3-(3-methyl-1H-pyrazol-5-y1)-5-((R)-3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclopropyl)-
AS-sulfanone
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o c d Structure and N Compd.
o ompouny clure ang ame No. Compound Structure and Name
95 99
(R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-yl)-7-(2- )
(methylsulfonyl)phenyl)isothiazolo[4,5-b]pyridin-5-yl)morpholine (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-triazol-5-yl)-3-(3-methyl-
1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine
96
100 O
N
]
HO 7 /
/ N~
S—N H
(R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-y])-7-(2-
(trifluoromethyl)pyridin-3-yl)isothiazolo[4,5-b]pyridin-5- (R)-2-methyl-2-(5-(3-methylmorpholino)-3-(1H-pyrazol-5-
yhmorpholine yl)isothiazolo[4,5-b]pyridin-7-yl)propan-1-ol
97 O
[ j\ 101
N
(R)-2-methyl-2-(3-(3-methyl-1H-pyrazol-5-yl)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)propan-1-ol (R)-4-(3-(1H-pyrazol-5-y1)-7-(2-(trifluoromethyl)pyridin-3-
o8 yl )isothiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine

102 O

(A

\

N/N S—N

N

(R)-3-methyl-4-(7-(1-methyl-1H-1,2 4-triazol-5-yl)-3-(3-methyl-

(R)-(1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-
yleyclopropyl)methanol 1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine
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Compd. Compd.
No. Compound Structure and Name No. Compound Structure and Name
103 [O 107 [O
Nj\ Nj\
N
N N
\ i \ s :
N/N\ S—N H N/N —N
(R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-triazol-5-yl)-3-(1 H- (R)-4-(7-(1-ethyl-1H-1,2,3-triazol-3-yl)-3-(3-methyl- 1H-pyrazol-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine 5-yl)isothiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine
104 108
(R)-4-(7-chloro-3-(3-methyl-LH-pyrazol-53-yljisothiazolo[4,3- methylmilif))fcﬁlijlfgl)li};L(Sliigz_;?za};l_kln]%_yprﬁ?j 071_}5/l_)ypll)1_oss_;§l3line oxide
b]pyridin-5-yl)-3-methylmorpholine T o
109
105
(R)-4-(5-fluoro-4-(1-methyl-1H-pyrazol-5-yl)-7-(1H-pyrazol-5-
(R)~(4-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3- ylimidazo[1,5-b]pyridazin-2-yl)-3-methylmorpholine
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)tetrahydro-2H-
pyran-4-yl)methanol
[0335] Compounds provided herein are described with

(R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)cyclopentan-1-ol

reference to both generic formulae and specific compounds.
In addition, the compounds of the present disclosure may
exist in a number of different forms or derivatives, including
but not limited to prodrugs, soft drugs, active metabolic
derivatives (active metabolites), and their pharmaceutically
acceptable salts, all within the scope of the present disclo-
sure.

[0336] As used herein, the term “prodrugs™ refers to
compounds or pharmaceutically acceptable salts thereof
which, when metabolized under physiological conditions or
when converted by solvolysis, yield the desired active
compound. Prodrugs include, without limitation, esters,
amides, carbamates, carbonates, ureides, solvates, or
hydrates of the active compound. Typically, the prodrug is
inactive, or less active than the active compound, but may
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provide one or more advantageous handling, administration,
and/or metabolic properties. For example, some prodrugs
are esters of the active compound; during metabolysis, the
ester group is cleaved to yield the active drug. Also, some
prodrugs are activated enzymatically to yield the active
compound, or a compound which, upon further chemical
reaction, yields the active compound. Prodrugs may proceed
from prodrug form to active form in a single step or may
have one or more intermediate forms which may themselves
have activity or may be inactive. Preparation and use of
prodrugs is discussed in T. Higuchi and V.

[0337] Stella, “Pro-drugs as Novel Delivery Systems”,
Vol. 14 of the A.C.S. Symposium Series, in Bioreversible
Carriers in Drug Design, ed. Edward B. Roche, American
Pharmaceutical Association and Pergamon Press, 1987; in
Prodrugs: Challenges and Rewards, ed. V. Stella, R. Bor-
chardt, M. Hageman, R. Oliyai, H. Maag, J. Tilley, Springer-
Verlag New York, 2007, all of which are hereby incorporated
by reference in their entirety.

[0338] As used herein, the term “soft drug” refers to
compounds that exert a pharmacological effect but break
down to inactive metabolites degradants so that the activity
is of limited time. See, for example, “Soft drugs: Principles
and methods for the design of safe drugs”, Nicholas Bodor,
Medicinal Research Reviews, Vol. 4, No. 4, 449-469, 1984,
which is hereby incorporated by reference in its entirety.
[0339] As used herein, the term “metabolite”, e.g., active
metabolite overlaps with prodrug as described above. Thus,
such metabolites are pharmacologically active compounds
or compounds that further metabolize to pharmacologically
active compounds that are derivatives resulting from meta-
bolic process in the body of a subject. For example, such
metabolites may result from oxidation, reduction, hydroly-
sis, amidation, deamidation, esterification, deesterification,
enzymatic cleavage, and the like, of the administered com-
pound or salt or prodrug. Of these, active metabolites are
such pharmacologically active derivative compounds. For
prodrugs, the prodrug compound is generally inactive or of
lower activity than the metabolic product. For active
metabolites, the parent compound may be either an active
compound or may be an inactive prodrug.

[0340] Prodrugs and active metabolites may be identified
using routine techniques know in the art. See, e.g., Bertolini
etal, 1997, ] Med Chem 40:2011-2016; Shan et al., ] Pharm
Sci 86:756-757; Bagshawe, 1995, DrugDev Res 34:220-
230; Wermuth, supra.

[0341] As used herein, the term “pharmaceutically accept-
able” indicates that the substance or composition is com-
patible chemically and/or toxicologically, with the other
ingredients comprising a formulation, and/or the subjects
being treated therewith.

[0342] As used herein, the term “pharmaceutically accept-
able salt”, unless otherwise indicated, includes salts that
retain the biological effectiveness of the free acids and bases
of the specified compound and that are not biologically or
otherwise undesirable. Contemplated pharmaceutically
acceptable salt forms include, but are not limited to, mono,
bis, tris, tetrakis, and so on. Pharmaceutically acceptable
salts are non-toxic in the amounts and concentrations at
which they are administered. The preparation of such salts
can facilitate the pharmacological use by altering the physi-
cal characteristics of a compound without preventing it from
exerting its physiological effect. Useful alterations in physi-
cal properties include lowering the melting point to facilitate
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transmucosal administration and increasing the solubility to
facilitate administering higher concentrations of the drug.
[0343] Pharmaceutically acceptable salts include acid
addition salts such as those containing sulfate, chloride,
hydrochloride, fumarate, maleate, phosphate, sulfamate,
acetate, citrate, lactate, tartrate, methanesulfonate, ethane-
sulfonate, benzenesulfonate, p-toluenesulfonate, cyclohex-
ylsulfamate and quinate. Pharmaceutically acceptable salts
can be obtained from acids such as hydrochloric acid, maleic
acid, sulfuric acid, phosphoric acid, sulfamic acid, acetic
acid, citric acid, lactic acid, tartaric acid, malonic acid,
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic
acid, p-toluenesulfonic acid, cyclohexylsulfamic acid,
fumaric acid, and quinic acid.

[0344] Pharmaceutically acceptable salts also include
basic addition salts such as those containing benzathine,
chloroprocaine, choline, diethanolamine, ethanolamine,
t-butylamine, ethylenediamine, meglumine, procaine, alu-
minum, calcium, lithium, magnesium, potassium, sodium,
ammonium, alkylamine, and zinc, when acidic functional
groups, such as carboxylic acid or phenol are present. For
example, see Remington’s Pharmaceutical Sciences, 19
ed., Mack Publishing Co., Easton, PA, Vol. 2, p. 1457, 1995;
“Handbook of Pharmaceutical Salts: Properties, Selection,
and Use” by Stahl and Wermuth, Wiley-VCH, Weinheim,
Germany, 2002. Such salts can be prepared using the appro-
priate corresponding bases.

[0345] Pharmaceutically acceptable salts can be prepared
by standard techniques. For example, the free-base form of
a compound can be dissolved in a suitable solvent, such as
an aqueous or aqueous-alcohol solution containing the
appropriate acid and then isolated by evaporating the solu-
tion. Thus, if the particular compound is a base, the desired
pharmaceutically acceptable salt may be prepared by any
suitable method available in the art, for example, treatment
of the free base with an inorganic acid, such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid and the like, or with an organic acid, such as acetic acid,
maleic acid, succinic acid, mandelic acid, fumaric acid,
malonic acid, pyruvic acid, oxalic acid, glycolic acid, sali-
cylic acid, a pyranosidyl acid, such as glucuronic acid or
galacturonic acid, an alpha-hydroxy acid, such as citric acid
or tartaric acid, an amino acid, such as aspartic acid or
glutamic acid, an aromatic acid, such as benzoic acid or
cinnamic acid, a sulfonic acid, such as p-toluenesulfonic
acid or ethanesulfonic acid, or the like.

[0346] Similarly, if the particular compound is an acid, the
desired pharmaceutically acceptable salt may be prepared by
any suitable method, for example, treatment of the free acid
with an inorganic or organic base, such as an amine (pri-
mary, secondary or tertiary), an alkali metal hydroxide or
alkaline earth metal hydroxide, or the like.

[0347] Illustrative examples of suitable salts include
organic salts derived from amino acids, such as L-glycine,
L-lysine, and L-arginine, ammonia, primary, secondary, and
tertiary amines, and cyclic amines, such as hydroxyethylpyr-
rolidine, piperidine, morpholine or piperazine, and inorganic
salts derived from sodium, calcium, potassium, magnesium,
manganese, iron, copper, zinc, aluminum and lithium.
[0348] It is also to be understood that the compounds of
present disclosure can exist in unsolvated forms, solvated
forms (e.g., hydrated forms), and solid forms (e.g., crystal or
polymorphic forms), and the present disclosure is intended
to encompass all such forms.



US 2023/0295166 Al

[0349] As used herein, the term “solvate” or “solvated
form” refers to 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 crystalline solid state, thus
forming a solvate. If the solvent is water the solvate formed
is a hydrate; and if the solvent is alcohol, the solvate formed
is an alcoholate. Hydrates are formed by the combination of
one or more molecules of water with one molecule of the
substance in which the water retains its molecular state as
H,O. Examples of solvents that form solvates include, but
are not limited to, water, isopropanol, ethanol, methanol,
DMSO, ethyl acetate, acetic acid, and ethanolamine.
[0350] As used herein, the terms “crystal form”, “crystal-
line form”, “polymorphic forms™ and “polymorphs” can be
used interchangeably, and mean crystal structures in which
a compound (or a salt or solvate thereof) can crystallize in
different crystal packing arrangements, all of which have the
same elemental composition. Different crystal forms usually
have different X-ray diffraction patterns, infrared spectral,
melting points, density hardness, crystal shape, optical and
electrical properties, stability and solubility. Recrystalliza-
tion solvent, rate of crystallization, storage temperature, and
other factors may cause one crystal form to dominate.
Crystal polymorphs of the compounds can be prepared by
crystallization under different conditions.

[0351] The compounds of present disclosure can comprise
one or more asymmetric centers depending on substituent
selection, and thus can exist in various stereoisomeric forms,
e.g., enantiomers and/or diastereomers. For example, the
compounds provided herein may have an asymmetric carbon
center, and thus compounds provided herein may have either
the (R) or (S) stereo-configuration at a carbon asymmetric
center. Therefore, compounds of the present disclosure may
be in the form of an individual enantiomer, diastereomer or
geometric isomer, or may be in the form of a mixture of
stereoisomers.

[0352] As used herein, the term “enantiomer’ refers to two
stereoisomers of a compound which are non-superimposable
mirror images of one another. The term “diastereomer”
refers to a pair of optical isomers which are not mirror
images of one another. Diastereomers have different physi-
cal properties, e.g. melting points, boiling points, spectral
properties, and reactivities.

[0353] Where a particular enantiomer is preferred, it may,
in some embodiments be provided substantially free of the
opposite enantiomer, and may also be referred to as “opti-
cally enriched”. “Optically enriched”, as used herein, means
that the compound is made up of a significantly greater
proportion of one enantiomer. In certain embodiments, the
compound is made up of at least about 90% by weight of a
preferred enantiomer. In other embodiments, the compound
is made up of at least about 95%, 98%, or 99% by weight of
a preferred enantiomer. Preferred enantiomers may be iso-
lated from racemic mixtures by any method known to those
skilled in the art, for example by chromatography or crys-
tallization, by the use of stereochemically uniform starting
materials for the synthesis or by stereoselective synthesis.
Optionally a derivatization can be carried out before a
separation of stereoisomers. The separation of a mixture of
stereoisomers can be carried out at an intermediate step
during the synthesis of a compound provided herein or it can
be done on a final racemic product. Absolute stereochem-
istry may be determined by X-ray crystallography of crys-
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talline products or crystalline intermediates which are
derivatized, if necessary, with a reagent containing a stereo-
genic center of known configuration. Alternatively, absolute
stereochemistry may be determined by Vibrational Circular
Dichroism (VCD) spectroscopy analysis. See, for example,
Jacques, et al., Enantiomers, Racemates and Resolutions
(Wiley Interscience, New York, 1981); Wilen, S. H., et al.,
Tetrahedron 33:2725 (1977); Eliel, E. L. Stereochemistry of
Carbon Compounds (McGraw-Hill, NY, 1962); Wilen, S. H.
Tables of Resolving Agents and Optical Resolutions p. 268
(E. L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame,
IN 1972).

[0354] In some embodiments, mixtures of diastereomers,
for example mixtures of diastereomers enriched with 51% or
more of one of the diastereomers, including for example
60% or more, 70% or more, 80% or more, or 90% or more
of one of the diastereomers are provided.

[0355] Insome embodiments, compounds provided herein
may have one or more double bonds that can exist as either
the Z or E isomer, unless otherwise indicated. The present
disclosure additionally encompasses the compounds as indi-
vidual isomers substantially free of other isomers and alter-
natively, as mixtures of various isomers, e.g., racemic mix-
tures of enantiomers.

[0356] The compounds of the present disclosure may also
exist in different tautomeric forms, and all such forms are
embraced within the scope of the present disclosure. The
term “tautomer” or “tautomeric form” refers to structural
isomers of different energies which are interconvertible via
a low energy barrier. For example, proton tautomers (also
known as prototropic tautomers) include interconversions
via migration of a proton, such as keto-enol, amide-imidic
acid, lactam-lactim, imine-enamine isomerizations and
annular forms where a proton can occupy two or more
positions of a heterocyclic system (for example, 1H- and
3H-imidazole, 1H-, 2H- and 4H-1,2,4-triazole, 1H- and
2H-isoindole, and 1H- and 2H-pyrazole). Valence tautomers
include interconversions by reorganization of some of the
bonding electrons. Tautomers can be in equilibrium or
sterically locked into one form by appropriate substitution.
Compounds of the present disclosure identified by name or
structure as one particular tautomeric form are intended to
include other tautomeric forms unless otherwise specified.
[0357] The present disclosure is also intended to include
all isotopes of atoms in the compounds. Isotopes of an atom
include atoms having the same atomic number but different
mass numbers. For example, unless otherwise specified,
hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur,
fluorine, chlorine, bromide or iodine in the compounds of
present disclosure are meant to also include their isotopes,
such as but not limited to 'H, 2H, 3H, *'C, 2C, 3C, *C,
14N, 15N, 1605 1705 1805 31R 32P, 328, 33S, 34S, 36S, 17F, 18F,
1°F, 33Cl1, *7Cl, °Br, ®'Br, '**1, '*7I and '*'1. In some
embodiments, hydrogen includes protium, deuterium and
tritium. In some embodiments, carbon includes '*C and *2C.

Synthesis of Compounds

[0358] Synthesis of the compounds provided herein,
including pharmaceutically acceptable salts thereof, are
illustrated in the synthetic schemes in the examples. The
compounds provided herein can be prepared using any
known organic synthesis techniques and can be synthesized
according to any of numerous possible synthetic routes, and
thus these schemes are illustrative only and are not meant to
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limit other possible methods that can be used to prepare the
compounds provided herein. Additionally, the steps in the
Schemes are for better illustration and can be changed as
appropriate. The embodiments of the compounds in
examples were synthesized for the purposes of research and
potentially submission to regulatory agencies.

[0359] The reactions for preparing compounds of the
present disclosure can be carried out in suitable solvents,
which can be readily selected by one skilled in the art of
organic synthesis. Suitable solvents can be substantially
non-reactive with the starting materials (reactants), the inter-
mediates, or products at the temperatures at which the
reactions are carried out, e.g. temperatures that can range
from the solvent’s freezing temperature to the solvent’s
boiling temperature. A given reaction can be carried out in
one solvent or a mixture of more than one solvent. Depend-
ing on the particular reaction step, suitable solvents for a
particular reaction step can be selected by one skilled in the
art.

[0360] Preparation of compounds of the present disclosure
can involve the protection and deprotection of various
chemical groups. The need for protection and deprotection,
and the selection of appropriate protecting groups, can be
readily determined by one skilled in the art. The chemistry
of protecting groups can be found, for example, in T. W.
Greene and P. G. M. Wuts, Protective Groups in Organic
Synthesis, 3rd Ed., Wiley & Sons, Inc., New York (1999), in
P. Kocienski, Protecting Groups, Georg Thieme Verlag,
2003, and in Peter G. M. Wuts, Greene’s Protective Groups
in Organic Synthesis, 5 Edition, Wiley, 2014, all of which
are incorporated herein by reference in its entirety.

[0361] Reactions can be monitored according to any suit-
able method known in the art. For example, product forma-
tion can be monitored by spectroscopic means, such as
nuclear magnetic resonance spectroscopy (e.g. *H or *3C),
infrared spectroscopy, spectrophotometry (e.g. UV-visible),
mass spectrometry, or by chromatographic methods such as
high performance liquid chromatography (HPLC), liquid
chromatography-mass spectroscopy (LCMS), or thin layer
chromatography (TLC). Compounds can be purified by one
skilled in the art by a variety of methods, including high
performance liquid chromatography (HPLC) (“Preparative
LC-MS Purification: Improved Compound Specific Method
Optimization” Karl F. Blom, Brian Glass, Richard Sparks,
Andrew P. Combs J. Combi. Chem. 2004, 6(6), 874-883,
which is incorporated herein by reference in its entirety), and
normal phase silica chromatography.

[0362] The known starting materials of the present disclo-
sure can be synthesized by using or according to the known
methods in the art, or can be purchased from commercial
suppliers. Unless otherwise noted, analytical grade solvents
and commercially available reagents were used without
further purification.

[0363] Unless otherwise specified, the reactions of the
present disclosure were all done under a positive pressure of
nitrogen or argon or with a drying tube in anhydrous
solvents, and the reaction flasks were typically fitted with
rubber septa for the introduction of substrates and reagents
via syringe. Glassware was oven dried and/or heat dried.
[0364] For illustrative purposes, the Examples section
below shows synthetic route for preparing the compounds of
the present disclosure as well as key intermediates. Those
skilled in the art will appreciate that other synthetic routes
may be used to synthesize the inventive compounds.
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Although specific starting materials and reagents are
depicted, other starting materials and reagents can be easily
substituted to provide a variety of derivatives and/or reaction
conditions. In addition, many of the compounds prepared by
the methods described below can be further modified in light
of this disclosure using conventional chemistry well known
to those skilled in the art.

Pharmaceutical Compositions

[0365] In a further aspect, there is provided pharmaceuti-
cal compositions comprising one or more molecules or
compounds of the present disclosure, or a pharmaceutically
acceptable salt thereof.

[0366] Inanother aspect, there is provided pharmaceutical
composition comprising one or more molecules or com-
pounds of the present disclosure, or a pharmaceutically
acceptable salt thereof, and at least one pharmaceutical
acceptable excipient.

[0367] As used herein, the term “pharmaceutical compo-
sition” refers to a formulation containing the molecules or
compounds of the present disclosure in a form suitable for
administration to a subject.

[0368] As used herein, the term “pharmaceutically accept-
able excipient” means an excipient that is useful in preparing
a pharmaceutical composition that is generally safe, non-
toxic and neither biologically nor otherwise undesirable, and
includes excipient that is acceptable for veterinary use as
well as human pharmaceutical use. A “pharmaceutically
acceptable excipient” as used herein includes both one and
more than one such excipient. The term “pharmaceutically
acceptable excipient” also encompasses “pharmaceutically
acceptable carrier” and “pharmaceutically acceptable
diluent”.

[0369] The particular excipient used will depend upon the
means and purpose for which the compounds of the present
disclosure is being applied. Solvents are generally selected
based on solvents recognized by persons skilled in the art as
safe to be administered to a mammal including humans. In
general, safe solvents are non-toxic aqueous solvents such as
water and other non-toxic solvents that are soluble or
miscible in water. Suitable aqueous solvents include water,
ethanol, propylene glycol, polyethylene glycols (e.g., PEG
400, PEG 300), etc. and mixtures thereof.

[0370] In some embodiments, suitable excipients may
include buffers such as phosphate, citrate and other organic
acids; antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl ammonium
chloride; hexamethonium chloride; benzalkonium chloride,
benzethonium chloride; phenol, butyl or benzyl alcohol;
alkyl parabens such as methyl or propyl paraben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low
molecular weight (less than about 10 residues) polypeptides;
proteins, such as serum albumin, gelatin, or immunoglobu-
lins; hydrophilic polymers such as polyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagine, histi-
dine, arginine, or lysine; monosaccharides, disaccharides
and other carbohydrates including glucose, mannose, or
dextrins; chelating agents such as EDTA; sugars such as
sucrose, mannitol, trehalose or sorbitol; salt-forming coun-
ter-ions such as sodium; metal complexes (e.g., Zn-protein
complexes); and/or non-ionic surfactants such as
TWEEN™, PLURONICS™ or polyethylene glycol (PEG).
[0371] In some embodiments, suitable excipients may
include one or more stabilizing agents, surfactants, wetting



US 2023/0295166 Al

agents, lubricating agents, emulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents, glidants, pro-
cessing aids, colorants, sweeteners, perfuming agents, fla-
voring agents and other known additives to provide an
elegant presentation of the drug (i.e., a compound of the
present disclosure or pharmaceutical composition thereof)
or aid in the manufacturing of the pharmaceutical product
(i.e., medicament). The active pharmaceutical ingredients
may also be entrapped in microcapsules prepared, for
example, by coacervation techniques or by interfacial
polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsules and poly-(methylmethacylate) micro-
capsules, respectively, in colloidal drug delivery systems
(for example, liposomes, albumin microspheres, microemul-
sions, nano-particles and nanocapsules) or in macroemul-
sions. Such techniques are disclosed in Remington’s Phar-
maceutical Sciences 16th edition, Osol, A. Ed. (1980).
A“liposome” is a small vesicle composed of various types of
lipids, phospholipids and/or surfactant which is useful for
delivery of a drug (such as the compounds disclosed herein
and, optionally, a chemotherapeutic agent) to a mammal
including humans. The components of the liposome are
commonly arranged in a bilayer formation, similar to the
lipid arrangement of biological membranes.

[0372] The pharmaceutical compositions provided herein
can be in any form that allows for the composition to be
administered to a subject, including, but not limited to a
human, and formulated to be compatible with an intended
route of administration.

[0373] A variety of routes are contemplated for the phar-
maceutical compositions provided herein, and accordingly
the pharmaceutical composition provided herein may be
supplied in bulk or in unit dosage form depending on the
intended administration route. For example, for oral, buccal,
and sublingual administration, powders, suspensions, gran-
ules, tablets, pills, capsules, gelcaps, and caplets may be
acceptable as solid dosage forms, and emulsions, syrups,
elixirs, suspensions, and solutions may be acceptable as
liquid dosage forms. For injection administration, emulsions
and suspensions may be acceptable as liquid dosage forms,
and a powder suitable for reconstitution with an appropriate
solution as solid dosage forms. For inhalation administra-
tion, solutions, sprays, dry powders, and aerosols may be
acceptable dosage form. For topical (including buccal and
sublingual) or transdermal administration, powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, and
patches may be acceptable dosage form. For vaginal admin-
istration, pessaries, tampons, creams, gels, pastes, foams and
spray may be acceptable dosage form.

[0374] The quantity of active ingredient in a unit dosage
form of composition is a therapeutically effective amount
and is varied according to the particular treatment involved.
As used herein, the term “therapeutically effective amount”
refers to an amount of a molecule, compound, or composi-
tion comprising the molecule or compound to treat, amelio-
rate, or prevent an identified disease or condition, or to
exhibit a detectable therapeutic or inhibitory effect. The
effect can be detected by any assay method known in the art.
The precise effective amount for a subject will depend upon
the subject’s body weight, size, and health; the nature and
extent of the condition; the rate of administration; the
therapeutic or combination of therapeutics selected for
administration; and the discretion of the prescribing physi-
cian. Therapeutically effective amounts for a given situation
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can be determined by routine experimentation that is within
the skill and judgment of the clinician.

[0375] In some embodiments, the pharmaceutical compo-
sitions of the present disclosure may be in a form of
formulation for oral administration.

[0376] In certain embodiments, the pharmaceutical com-
positions of the present disclosure may be in the form of
tablet formulations. Suitable pharmaceutically-acceptable
excipients for a tablet formulation include, for example,
inert diluents such as lactose, sodium carbonate, calcium
phosphate or calcium carbonate, granulating and disintegrat-
ing agents such as corn starch or algenic acid; binding agents
such as starch; lubricating agents such as magnesium stear-
ate, stearic acid or talc; preservative agents such as ethyl or
propyl p-hydroxybenzoate, and anti-oxidants, such as ascor-
bic acid. Tablet formulations may be uncoated or coated
either to modify their disintegration and the subsequent
absorption of the active ingredient within the gastrointestinal
tract, or to improve their stability and/or appearance, in
either case using conventional coating agents and proce-
dures well known in the art.

[0377] In certain embodiments, the pharmaceutical com-
positions of the present disclosure may be in a form of hard
gelatin capsules in which the active ingredient is mixed with
an inert solid diluent, for example, calcium carbonate,
calcium phosphate or kaolin, or as soft gelatin capsules in
which the active ingredient is mixed with water or an oil
such as peanut oil, liquid paraffin, or olive oil.

[0378] In certain embodiments, the pharmaceutical com-
positions of the present disclosure may be in the form of
aqueous suspensions, which generally contain the active
ingredient in finely powdered form together with one or
more suspending agents, such as sodium carboxymethylcel-
Iulose, methylcellulose, hydroxypropylmethylcellulose,
sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and
gum acacia; dispersing or wetting agents such as lecithin or
condensation products of an alkylene oxide with fatty acids
(for example polyoxethylene stearate), or condensation
products of ethylene oxide with long chain aliphatic alco-
hols, for example heptadecaethyleneoxycetanol, or conden-
sation products of ethylene oxide with partial esters derived
from fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of ethylene
oxide with partial esters derived from fatty acids and hexitol
anhydrides, for example polyethylene sorbitan monooleate.
The aqueous suspensions may also contain one or more
preservatives (such as ethyl or propyl p-hydroxybenzoate,
anti-oxidants (such as ascorbic acid), coloring agents, fla-
voring agents, and/or sweetening agents (such as sucrose,
saccharine or aspartame).

[0379] In certain embodiments, the pharmaceutical com-
positions of the present disclosure may be in the form of oily
suspensions, which generally contain suspended active
ingredient in a vegetable oil (such as arachis oil, olive oil,
sesame oil or coconut 0il) or in a mineral oil (such as liquid
paraffin). The oily suspensions may also contain a thicken-
ing agent such as beeswax, hard paraffin or cetyl alcohol.
Sweetening agents such as those set out above, and flavoring
agents may be added to provide a palatable oral preparation.
These compositions may be preserved by the addition of an
anti-oxidant such as ascorbic acid.

[0380] In certain embodiments, the pharmaceutical com-
positions of the present disclosure may be in the form of
oil-in-water emulsions. The oily phase may be a vegetable
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oil, such as olive oil or arachis oil, or a mineral oil, such as
for example liquid paraffin or a mixture of any of these.
Suitable emulsifying agents may be, for example, naturally-
occurring gums such as gum acacia or gum tragacanth,
naturally-occurring phosphatides such as soya bean, leci-
thin, esters or partial esters derived from fatty acids and
hexitol anhydrides (for example sorbitan monooleate) and
condensation products of the said partial esters with ethylene
oxide such as polyoxyethylene sorbitan monooleate. The
emulsions may also contain sweetening, flavoring and pre-
servative agents.

[0381] In certain embodiments, the pharmaceutical com-
positions provided herein may be in the form of syrups and
elixirs, which may contain sweetening agents such as glyc-
erol, propylene glycol, sorbitol, aspartame or sucrose, a
demulcent, a preservative, a flavoring and/or coloring agent.

[0382] In some embodiments, the pharmaceutical compo-
sitions of the present disclosure may be in a form of
formulation for injection administration.

[0383] In certain embodiments, the pharmaceutical com-
positions of the present disclosure may be in the form of a
sterile injectable preparation, such as a sterile injectable
aqueous or oleaginous suspension. This suspension may be
formulated according to the known art using those suitable
dispersing or wetting agents and suspending agents, which
have been mentioned above. The sterile injectable prepara-
tion may also be a sterile injectable solution or suspension
in a non-toxic parenterally acceptable diluent or solvent,
such as a solution in 1,3-butanediol or prepared as a lyo-
philized powder. Among the acceptable vehicles and sol-
vents that may be employed are water, Ringer’s solution and
isotonic sodium chloride solution.

[0384] In addition, sterile fixed oils may conventionally be
employed as a solvent or suspending medium. For this
purpose any bland fixed oil may be employed including
synthetic mono- or diglycerides. In addition, fatty acids such
as oleic acid may likewise be used in the preparation of
injectables.

[0385] In some embodiments, the pharmaceutical compo-
sitions of the present disclosure may be in a form of
formulation for inhalation administration.

[0386] In certain embodiments, the pharmaceutical com-
positions of the present disclosure may be in the form of
aqueous and nonaqueous (e.g., in a fluorocarbon propellant)
aerosols containing any appropriate solvents and optionally
other compounds such as, but not limited to, stabilizers,
antimicrobial agents, antioxidants, pH modifiers, surfac-
tants, bioavailability modifiers and combinations of these.
The carriers and stabilizers vary with the requirements of the
particular compound, but typically include nonionic surfac-
tants (Tweens, Pluronics, or polyethylene glycol), innocuous
proteins like serum albumin, sorbitan esters, oleic acid,
lecithin, amino acids such as glycine, buffers, salts, sugars or
sugar alcohols.

[0387] In some embodiments, the pharmaceutical compo-
sitions of the present disclosure may be in a form of
formulation for topical or transdermal administration.
[0388] In certain embodiments, the pharmaceutical com-
positions provided herein may be in the form of creams,
ointments, gels and aqueous or oily solutions or suspensions,
which may generally be obtained by formulating an active
ingredient with a conventional, topically acceptable excipi-
ents such as animal and vegetable fats, oils, waxes, paraffins,
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starch, tragacanth, cellulose derivatives, polyethylene gly-
cols, silicones, bentonites, silicic acid, talc and zinc oxide, or
mixtures thereof.

[0389] In certain embodiments, the pharmaceutical com-
positions provided herein may be formulated in the form of
transdermal skin patches that are well known to those of
ordinary skill in the art.

[0390] Besides those representative dosage forms
described above, pharmaceutically acceptable excipients
and carriers are generally known to those skilled in the art
and are thus included in the present disclosure. Such excipi-
ents and carriers are described, for example, in “Remingtons
Pharmaceutical Sciences” Mack Pub. Co., New Jersey
(1991), in “Remington: The Science and Practice of Phar-
macy”, Ed. University of the Sciences in Philadelphia, 21*
Edition, LWW (2005), which are incorporated herein by
reference.

[0391] In some embodiments, the pharmaceutical compo-
sitions of the present disclosure can be formulated as a single
dosage form. The amount of the compounds provided herein
in the single dosage form will vary depending on the subject
treated and particular mode of administration.

[0392] In some embodiments, the pharmaceutical compo-
sitions of the present disclosure can be formulated so that a
dosage of between 0.001-1000 mg/kg body weight/day, for
example, 0.01-800 mg/kg body weight/day, 0.01-700 mg/kg
body weight/day, 0.01-600 mg/kg body weight/day, 0.01-
500 mg/kg body weight/day, 0.01-400 mg/kg body weight/
day, 0.01-300 mg/kg body weight/day, 0.1-200 mg/kg body
weight/day, 0.1-150 mg/kg body weight/day, 0.1-100 mg/kg
body weight/day, 0.5-100 mg/kg body weight/day, 0.5-80
mg/kg body weight/day, 0.5-60 mg/kg body weight/day,
0.5-50 mg/kg body weight/day, 1-50 mg/kg body weight/
day, 1-45 mg/kg body weight/day, 1-40 mg/kg body weight/
day, 1-35 mg/kg body weight/day, 1-30 mg/kg body weight/
day, 1-25 mg/kg body weight/day of the compounds
provided herein, or a pharmaceutically acceptable salt
thereof, can be administered. In some instances, dosage
levels below the lower limit of the aforesaid range may be
more than adequate, while in other cases still larger doses
may be employed without causing any harmful side effect,
provided that such larger doses are first divided into several
small doses for administration throughout the day. For
further information on routes of administration and dosage
regimes, see Chapter 25.3 in Volume 5 of Comprehensive
Medicinal Chemistry (Corwin Hansch; Chairman of Edito-
rial Board), Pergamon Press 1990, which is specifically
incorporated herein by reference.

[0393] In some embodiments, the pharmaceutical compo-
sitions of the present disclosure can be formulated as short-
acting, fast-releasing, long-acting, and sustained-releasing.
Accordingly, the pharmaceutical formulations of the present
disclosure may also be formulated for controlled release or
for slow release.

[0394] In a further aspect, there is also provided veterinary
compositions comprising one or more molecules or com-
pounds of the present disclosure or pharmaceutically accept-
able salts thereof and a veterinary carrier. Veterinary carriers
are materials useful for the purpose of administering the
composition and may be solid, liquid or gaseous materials
which are otherwise inert or acceptable in the veterinary art
and are compatible with the active ingredient. These veteri-
nary compositions may be administered parenterally, orally
or by any other desired route.
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[0395] The pharmaceutical compositions or veterinary
compositions may be packaged in a variety of ways depend-
ing upon the method used for administering the drug. For
example, an article for distribution can include a container
having deposited therein the compositions in an appropriate
form. Suitable containers are well known to those skilled in
the art and include materials such as bottles (plastic and
glass), sachets, ampoules, plastic bags, metal cylinders, and
the like. The container may also include a tamper-proof
assemblage to prevent indiscreet access to the contents of
the package. In addition, the container has deposited thereon
a label that describes the contents of the container. The label
may also include appropriate warnings. The compositions
may also be packaged in unit-dose or multi-dose containers,
for example sealed ampoules and vials, and may be stored
in a freeze-dried (lyophilized) condition requiring only the
addition of the sterile liquid carrier, for example water, for
injection immediately prior to use. Extemporaneous injec-
tion solutions and suspensions are prepared from sterile
powders, granules and tablets of the kind previously
described.

[0396] In a further aspect, there is also provided pharma-
ceutical compositions comprise one or more compounds of
the present disclosure, or a pharmaceutically acceptable salt
thereof, as a first active ingredient, and a second active
ingredient.

[0397] Insome embodiments, the second active ingredient
has complementary activities to the compound provided
herein such that they do not adversely affect each other. Such
ingredients are suitably present in combination in amounts
that are effective for the purpose intended.

[0398] In some embodiments, the second active ingredient
can include:

[0399] (i) antiproliferative/antineoplastic drugs and
combinations thereof, as used in medical oncology
such as alkylating agents (for example cis-platin, car-
boplatin, cyclophosphamide, nitrogen mustard, mel-
phalan, chlorambucil, busulphan and nitrosoureas);
antimetabolites (for example antifolates such as fluo-
ropyrimidines like 5-fluorouracil and tegafur, raltitr-
exed, methotrexate, cytosine arabinoside, hydroxyurea
and gemcitabine); antitumour antibiotics (for example
anthracyclines like adriamycin, bleomycin, doxorubi-
cin, daunomycin, epirubicin, idarubicin, mitomycin-C,
dactinomycin and mithramycin); antimitotic agents (for
example vinca alkaloids like vincristine, vinblastine,
vindesine and vinorelbine and taxoids like paclitaxel
and taxotere); and topoisomerase inhibitors (for
example epipodophyllotoxins like etoposide and teni-
poside, amsacrine, topotecan and camptothecins);

[0400] (ii) cytostatic agents such as antioestrogens (for
example tamoxifen, toremifene, raloxifene, droloxifene
and iodoxyfene), oestrogen receptor down regulators
(for example fulvestrant), antiandrogens (for example
bicalutamide, flutamide, nilutamide and cyproterone
acetate), LHRH antagonists or LHRH agonists (for
example goserelin, leuprorelin and buserelin), proges-
togens (for example megestrol acetate), aromatase
inhibitors (for example as anastrozole, letrozole, vora-
zole and exemestane) and inhibitors of Sa-reductase
such as finasteride;

[0401] (iii) anti-invasion agents (for example c-Src
kinase family inhibitors like 4-(6-chloro-2,3-methyl-
enedioxyanilino)-7-[2-(4-methylpiperazin-1-yl)
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ethoxy|-5-tetrahydropyran-4-yloxyquinazoline
(AZD0530) and N-(2-chloro-6-methylphenyl)-2-{6-[4-
(2-hydroxyethyl)piperazin-1-yl]-2-methylpyrimidin-4-
ylamino}thiazole-5-carboxamide (dasatinib, BMS-
354825), and metalloproteinase inhibitors like
marimastat and inhibitors of urokinase plasminogen
activator receptor function);

[0402] (iv) inhibitors of growth factor function: for

example such inhibitors include growth factor antibod-
ies and growth factor receptor antibodies (for example
the anti-erbB2 antibody trastuzumab [Herceptin™] and
the anti-erbB1 antibody cetuximab [C225]); such
inhibitors also include, for example, tyrosine kinase
inhibitors, for example inhibitors of the epidermal
growth factor family (for example EGFR family tyro-
sine kinase inhibitors such as N-(3-chloro-4-fluorophe-
nyl)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-
4-amine(gefitinib, ZD 1839), N-(3-ethynylphenyl)-6,7-
bis(2-methoxyethoxy)quinazolin-4-amine  (erlotinib,
OSI-774) and 6-acrylamido-N-(3-chloro-4-fluorophe-
nyl)-7-(3-morpholinopropoxy)quinazolin-4-amine (CI
1033) and erbB2 tyrosine kinase inhibitors such as
lapatinib), inhibitors of the hepatocyte growth factor
family, inhibitors of the platelet-derived growth factor
family such as imatinib, inhibitors of serine/threonine
kinases (for example Ras/Raf signalling inhibitors such
as farnesyl transferase inhibitors, for example sorafenib
(BAY 43-9006)) and inhibitors of cell signalling
through MEK and/or Akt kinases;

[0403] (v) antiangiogenic agents such as those which

inhibit the effects of vascular endothelial growth factor,
[for example the anti-vascular endothelial cell growth
factor antibody bevacizumab (Avastin™) and VEGF
receptor tyrosine kinase inhibitors such as 4-(4-bromo-
2-fluoroanilino)-6-methoxy-7-(1-methylpiperidin-4-
ylmethoxy)quinazoline (ZD6474; Example 2 within
WO 01/32651), 4-(4-fluoro-2-methylindol-5-yloxy)-6-
methoxy-7-(3-pyrrolidin-1-ylpropoxy)quinazoline
(AZD2171; Example 240 within WO 00/47212), vata-
lanib (PTK787; WO 98/35985) and SU11248 (suni-
tinib; WO 01/60814), and compounds that work by
other mechanisms (for example linomide, inhibitors of
integrin avfB3 function and angiostatin)];

[0404] (vi) vascular damaging agents such as combret-

astatin A4 and compounds disclosed in International
Patent Applications WO 99/02166, WO 00/40529, WO
00/41669, WO 01/92224, WO 02/04434 and WO
02/08213;

[0405] (vii) antisense therapies, such as ISIS 2503, an

anti-ras antisense agent; (viii) gene therapy approaches,
including approaches to replace aberrant genes such as
aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT
(gene-directed enzyme pro-drug therapy) approaches
such as those using cytosine deaminase, thymidine
kinase or a bacterial nitroreductase enzyme and
approaches to increase patient tolerance to chemo-
therapy or radiotherapy such as multi-drug resistance
gene therapy; and (ix) immunotherapeutic approaches,
including ex-vivo and in-vivo approaches to increase
the immunogenicity of patient tumour cells, such as
transfection with cytokines such as interleukin 2, inter-
leukin 4 or granulocyte-macrophage colony stimulating
factor, approaches to decrease T-cell anergy,
approaches using transfected immune cells such as



US 2023/0295166 Al

cytokine-transfected dendritic cells, approaches using
cytokine-transfected tumour cell lines and approaches
using anti-idiotypic antibodies.

Method of Treatment of Disease

[0406] In an aspect, the present disclosure provides com-
pounds of Formula (I) or pharmaceutically acceptable salts
thereof, which are capable of inhibiting ATR kinase. The
inhibitory properties of compounds of Formula (I) may be
demonstrated using the test procedures set out herein.
[0407] Accordingly, the compounds of Formula (I) may be
used in the treatment (therapeutic or prophylactic) of con-
ditions or diseases in a subject which are mediated by ATR
kinase.

[0408] As used herein, a “subject” refers to a human and
a non-human animal. Examples of a non-human animal
include all vertebrates, e.g., mammals, such as non-human
primates (particularly higher primates), dog, rodent (e.g.,
mouse or rat), guinea pig, cat, and non-mammals, such as
birds, amphibians, reptiles, etc. In a preferred embodiment,
the subject is a human. In another embodiment, the subject
is an experimental animal or animal suitable as a disease
model.

[0409] In some embodiments, the compounds of Formula
(D can be used as antitumour agents. In some embodiments,
the compounds of Formula (I) can be used as anti-prolif-
erative, apoptotic and/or anti-invasive agents in the contain-
ment and/or treatment of solid and/or liquid tumour disease.
In certain embodiments, the compounds of Formula (I) are
useful in the prevention or treatment of those tumours which
are sensitive to inhibition of ATR. In certain embodiments,
the compounds of Formula (I) are useful in the prevention or
treatment of those tumours which are mediated alone or in
part by ATR.

[0410] In some embodiments, the compounds of Formula
(D) are useful for the treatment of proliferative diseases,
including malignant diseases such as cancer as well as
non-malignant diseases such as inflammatory diseases,
obstructive airways diseases, immune diseases or cardiovas-
cular diseases.

[0411] In some embodiments, the compounds of Formula
(D are useful for the treatment of cancer, for example but not
limited to, haematologic malignancies such as leukaemia,
multiple myeloma, lymphomas such as Hodgkin’s disease,
non-Hodgkin’s lymphomas (including mantle cell lym-
phoma), and myelodysplastic syndromes, and also solid
tumours and their metastases such as breast cancer, lung
cancer (non-small cell lung cancer (NSCL), small cell lung
cancer (SCLC), squamous cell carcinoma), endometrial can-
cer, tumours of the central nervous system such as gliomas,
dysembryoplastic neuroepithelial tumour, glioblastoma mul-
tiforme, mixed gliomas, medulloblastoma, retinoblastoma,
neuroblastoma, germinoma and teratoma, cancers of the
gastrointestinal tract such as gastric cancer, oesophagal
cancer, hepatocellular (liver) carcinoma, cholangiocarcino-
mas, colon and rectal carcinomas, cancers of the small
intestine, pancreatic cancers, cancers of the skin such as
melanomas (in particular metastatic melanoma), thyroid
cancers, cancers of the head and neck and cancers of the
salivary glands, prostate, testis, ovary, cervix, uterus, vulva,
bladder, kidney (including renal cell carcinoma, clear cell
and renal oncocytoma), squamous cell carcinomas, sarco-
mas such as osteosarcoma, chondrosarcoma, leiomyosar-
coma, soft tissue sarcoma, Ewing’s sarcoma, gastrointestinal
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stromal tumour (GIST), Kaposi’s sarcoma, and paediatric
cancers such as rhabdomyosarcomas and neuroblastomas.

[0412] In some embodiments, the compounds of Formula
(I) are useful for the treatment of autoimmune and/or
inflammatory diseases, for example but not limited to,
allergy, Alzheimer’s disease, acute disseminated encephalo-
myelitis, Addison’s disease, ankylosing spondylitis,
antiphospholipid antibody syndrome, asthma, atherosclero-
sis, autoimmune hemolytic anemia, autoimmune hemolytic
and thrombocytopenic states, autoimmune hepatitis, auto-
immune inner ear disease, bullous pemphigoid, coeliac
disease, chagas disease, chronic obstructive pulmonary dis-
ease, chronic Idiopathic thrombocytopenic purpura (ITP),
churg-strauss syndrome, Crohn’s disease, dermatomyositis,
diabetes mellitus type 1, endometriosis, Goodpasture’s syn-
drome (and associated glomerulonephritis and pulmonary
hemorrhage), graves’ disease, guillain-barre syndrome,
hashimoto’s disease, hidradenitis suppurativa, idiopathic
thrombocytopenic purpura, interstitial cystitis, irritable
bowel syndrome, lupus erythematosus, morphea, multiple
sclerosis, myasthenia gravis, narcolepsy, neuromyotonia,
Parkinson’s disease, pemphigus vulgaris, pernicious anae-
mia, polymyositis, primary biliary cirrhosis, psoriasis, pso-
riatic arthritis, rheumatoid arthritis, schizophrenia, septic
shock, scleroderma, Sjogren’s disease, systemic lupus ery-
thematosus (and associated glomerulonephritis), temporal
arteritis, tissue graft rejection and hyperacute rejection of
transplanted organs, vasculitis (ANCA-associated and other
vasculitides), vitiligo, and Wegener’s granulomatosis.

[0413] As used herein, the term “therapy” is intended to
have its normal meaning of dealing with a disease in order
to entirely or partially relieve one, some or all of its
symptoms, or to correct or compensate for the underlying
pathology, thereby achieving beneficial or desired clinical
results. For purposes of this disclosure, beneficial or desired
clinical results include, but are not limited to, alleviation of
symptoms, diminishment of extent of disease, stabilized
(i.e., not worsening) state of disease, delay or slowing of
disease progression, amelioration or palliation of the disease
state, and remission (whether partial or total), whether
detectable or undetectable. “Therapy” can also mean pro-
longing survival as compared to expected survival if not
receiving it. Those in need of therapy include those already
with the condition or disorder as well as those prone to have
the condition or disorder or those in which the condition or
disorder is to be prevented. The term “therapy” also encom-
passes prophylaxis unless there are specific indications to
the contrary. The terms “therapeutic” and “therapeutically”
should be interpreted in a corresponding manner.

[0414] As used herein, the term “prophylaxis” or “pro-
phylactic” is intended to have its normal meaning and
includes primary prophylaxis to prevent the development of
the disease and secondary prophylaxis whereby the disease
has already developed and the patient is temporarily or
permanently protected against exacerbation or worsening of
the disease or the development of new symptoms associated
with the disease.

[0415] The term “treatment” is used synonymously with
“therapy”. Similarly the term “treat” can be regarded as
“applying therapy” where “therapy” is as defined herein.

[0416] In a further aspect, the present disclosure provides
use of the compound of the present disclosure or a pharma-
ceutically acceptable salt thereof or the pharmaceutical
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composition of the present disclosure for use in therapy, for
example, for use in therapy associated with ATR kinase.
[0417] In a further aspect, the present disclosure provides
use of the compound of the present disclosure or a pharma-
ceutically acceptable salt thereof or the pharmaceutical
composition of the present disclosure, in the manufacture of
a medicament for treating cancer.

[0418] In a further aspect, the present disclosure provides
use of the compound of the present disclosure or a pharma-
ceutically acceptable salt thereof or the pharmaceutical
composition of the present disclosure, in the manufacture of
a medicament for treating cancer.

[0419] In another aspect, the present disclosure provides a
compound of the present disclosure or a pharmaceutically
acceptable salt thereof or a pharmaceutical composition of
the present disclosure, for use in the treatment of cancer.
[0420] In some embodiments, the compounds of Formula
(D can be used further combination with other biologically
active ingredients (such as, but not limited to, a second and
different antineoplastic agent) and non-drug therapies (such
as, but not limited to, surgery or radiation treatment). For
instance, the compounds of Formula (I) can be used in
combination with other pharmaceutically active compounds,
or non-drug therapies, preferably compounds that are able to
enhance the effect of the compounds of Formula (I). The
compounds of Formula (I) can be administered simultane-
ously (as a single preparation or separate preparation) or
sequentially to the other therapies. In general, a combination
therapy envisions administration of two or more drugs/
treatments during a single cycle or course of therapy.

[0421] In some embodiments, the compounds of Formula
(D are used in combination with one or more of traditional
chemotherapeutic agents, which encompass a wide range of
therapeutic treatments in the field of oncology. These agents
are administered at various stages of the disease for the
purposes of shrinking tumors, destroying remaining cancer
cells left over after surgery, inducing remission, maintaining
remission and/or alleviating symptoms relating to the cancer
or its treatment.

[0422] In some embodiments, the compounds of Formula
(D) are used in combination with one or more targeted
anti-cancer agents that modulate protein kinases involved in
various disease states.

[0423] In some embodiments, the compounds of Formula
(D) are used in combination with one or more targeted
anti-cancer agents that modulate non-kinase biological tar-
gets, pathway, or processes.

[0424] In some embodiments, the compounds of Formula
(D) are used in combination with one or more of other
anti-cancer agents that include, but are not limited to, gene
therapy, RNAi cancer therapy, chemoprotective agents (e.g.,
amfostine, mesna, and dexrazoxane), drug-antibody conju-
gate (e.g. brentuximab vedotin, ibritumomab tioxetan), can-
cer immunotherapy such as Interleukin-2, cancer vaccines
(e.g., sipuleucel-T) or monoclonal antibodies (e.g., Bevaci-
zumab, Alemtuzumab, Rituximab, Trastuzumab, etc.).
[0425] In some embodiments, the compounds of Formula
(D) are used in combination with one or more anti-inflam-
matory agent including but not limited to NSAIDs, non-
specific and COX-2 specific cyclooxgenase enzyme inhibi-
tors, gold compounds, corticosteroids, methotrexate, tumor
necrosis factor receptor (TNF) receptors antagonists, immu-
nosuppressants and methotrexate.

Sep. 21, 2023

[0426] In some embodiments, the compounds of Formula
() are used in combination with radiation therapy or sur-
geries. Radiation is commonly delivered internally (implan-
tation of radioactive material near cancer site) or externally
from a machine that employs photon (x-ray or gamma-ray)
or particle radiation. Where the combination therapy further
comprises radiation treatment, the radiation treatment may
be conducted at any suitable time so long as a beneficial
effect from the co-action of the combination of the thera-
peutic agents and radiation treatment is achieved.

[0427] Accordingly, in a further aspect, the present dis-
closure provides a method for treating diseases associated
with ATR kinase in a subject in need thereof, comprising
administering an effective amount of a compound of the
present disclosure or a pharmaceutically acceptable salt
thereof or the pharmaceutical composition of the present
disclosure to the subject.

EXAMPLES

[0428] For the purpose of illustration, the following
examples are included. However, it is to be understood that
these examples do not limit the present disclosure and are
only meant to suggest a method of practicing the present
disclosure. Persons skilled in the art will recognize that the
chemical reactions described may be readily adapted to
prepare a number of other compounds of the present dis-
closure, and alternative methods for preparing the com-
pounds of the present disclosure are deemed to be within the
scope of the present disclosure. For example, the synthesis
of non-exemplified compounds according to the present
disclosure may be successtully performed by modifications
apparent to those skilled in the art, e.g., by appropriately
protecting interfering groups, by utilizing other suitable
reagents and building blocks known in the art other than
those described, and/or by making routine modifications of
reaction conditions. Alternatively, other reactions disclosed
herein or known in the art will be recognized as having
applicability for preparing other compounds of the present
disclosure.

Example 1
Synthesis of (R)-3-methyl-4-(7-(1-methyl-1H-pyra-

z0l-5-y1)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimi-
din-5-yl)morpholine

[0429]
/o
B
™
Cl N—N
\
AN 12

| Pd(PPhs),, Na,CO;
cl N7 NX\_—Br DME, H,0, 60° C.
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-continued

O

C

N
H

14

B 1-BuOH, M.W, 145°C.

1-3

A, ok
N—N\

1-6

Pd(PPhy)4, KrCO3
dioxane, H,O, 100° C.

HCl/dioxane
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Step 1. 3-bromo-5-chloro-7-(1-methyl-1H-pyrazol-
5-yDpyrazolo[1,5-a]pyrimidine

[0430]
/o
\ B
cl m/ o
N—N
Xy \
| Pd(PPhy)s, Na,CO;
cl NTN\,—Br DME, H,0, 60° C.
\
N\

[0431] A mixture of 3-bromo-5,7-dichloropyrazolo[1,5-a]
pyrimidine (1.0 g, 3.74 mmol), 1-methyl-5-(tetramethyl-1,
3,2-dioxaborolan-2-yl)-1H-pyrazole (0.78 g, 3.74 mmol),
Pd(PPh,), (0.22 g, 0.18 mmol) and Na,CO, (0.79 g, 7.49
mmol) in co-solvent of DME (60 mL) and H,O (12 mL) was
stirred at 60° C. for 4 h. LC-MS showed the reaction was
complete. The reaction mixture was diluted with H,O (50
ml), then extracted with EA (60 mLx3). The combined
organic layer was washed with brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=2:1, V/V)
to give the desired product (187 mg, yield: 16%). LC/MS
(ESD): m/z 312 [M+H]".

Step 2. (R)-4-(3-bromo-7-(1-methyl-1H-pyrazol-5-
yDpyrazolo[1,5-a]pyrimidin-5-y1)-3-methylmorpho-
line

[0432]

N
H

pr  0-BuOH, MW, 145°C.
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-continued

[0433] A mixture of 5-{3-bromo-5-chloropyrazolo[1,5-a]
pyrimidin-7-yl}-1-methyl-1H-pyrazole (167 mg, 0.53
mmol) and (3R)-3-methylmorpholine (486 mg, 4.80 mmol)
in n-BuOH (2 ml) was stirred at 145° C. for 1 h under
microwave irradiation. LC-MS showed the reaction was
complete. The reaction mixture was diluted with H,O (20
ml) and extracted with EA (30 m[.x3). The combined
organic layer was washed with brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=1:1, V/V)
to give the desired product (148 mg, yield: 73%). LC/MS
(ESD): m/z 377 [M+H]".

Step 3. (3R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-
y1)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yDpyrazolo[1,5-a]pyrimidin-5-yl)morpholine

[0434]

THP

Pd(PPhs)4, K,CO3
dioxane, H,O, 100° C.

[0435] A mixture of (3R)-4-[3-bromo-7-(1-methyl-1H-
pyrazol-5-yl)pyrazolo| 1,5-a]pyrimidin-5-yl]-3-methylmor-

43
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pholine (128 mg, 0.33 mmol), 1-(oxan-2-yl)-5-(tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole (188 mg, 0.67
mmol), PA(PPh,), (39 mg, 0.03 mmol) and K,CO; (117 mg,
0.84 mmol) in co-solvent of dioxane (5 mL) and H,O (1 mL)
was stirred at 100° C. for 16 h under N, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
diluted with H,O (20 mL), then extracted with EA (30
ml.x3). The combined organic layer was washed with brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (PE:EA=1:2, V/V) to give the desired product (59
mg, yield: 38%). LC/MS (ESI): m/z 449 [M+H]".

Step 4. (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-
yD)-3-(1H-pyrazol-5-yl)pyrazolo [1,5-a]pyrimidin-5-
yD)morpholine

[0436]

HCl/dioxane

[0437] A mixture of (3R)-3-methyl-4-[7-(1-methyl-1H-
pyrazol-5-y1)-3-[1-(oxan-2-y1)-1H-pyrazol-5-yl|pyrazolo[1,
S-alpyrimidin-5-yl]morpholine (59 mg, 0.13 mmol) in HCI
solution (4 M in dioxane, 3 ml) was stirred at room
temperature for 0.5 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
vacuo. The residue was purified by Prep-HPLC (Ciq,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (44.2 mg, yield: 92%). LC/MS (ESI): m/z
365 [M+H]*". "H NMR (400 MHz, DMSO) 8 12.67 (s, 1H),
8.42 (s, 1H), 8.30 (s, 1H), 7.63 (d, J=1.9 Hz, 2H), 6.90 (s,
1H), 6.80 (d, J=1.9 Hz, 1H), 6.76 (s, 1H), 4.59 (s, 1H), 4.26
(d, J=13.5 Hz, 1H), 4.00 (dd, J=11.5, 3.3 Hz, 1H), 3.85 (s,
3H), 3.78 (d, J=11.4 Hz, 1H), 3.67 (dd, J=11.5, 2.9 Hz, 1H),
3.55-3.49 (m, 1H), 3.27-3.24 (m, 1H), 1.29 (d, J=6.7 Hz,
3H).
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Example 2
Synthesis of (R)-3-methyl-4-(7-(1-methyl-H-pyra-

zol-5-y1)-3-(1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrimi-
din-5-yl)morpholine

/
B
oc\Nﬁ/B\O
\
N=—
2-1

Pd(PPh3)y, K5CO3
dioxane, H,O, 100° C.

[0438]

Step 1. (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-
yD-3-(1H-pyrazol-4-yl)pyrazolo [1,5-a]pyrimidin-5-
yDmorpholine

5
Boc\ B
o

N=—

Pd(PPh3)y, K5CO3
dioxane, H,O, 100° C.

[0439]
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-continued

[0440] A mixture of (3R)-4-[3-bromo-7-(1-methyl-1H-
pyrazol-5-yl)pyrazolo[ 1,5-a]pyrimidin-5-yl]-3-methylmor-
pholine (100 mg, 0.26 mmol), tert-butyl 4-(tetramethyl-1,3,
2-dioxaborolan-2-yl)-1H-pyrazole-1-carboxylate (155 mg,
0.53 mmol), Pd(PPh,), (30 mg, 0.02 mmol) and K,CO; (91
mg, 0.66 mmol) in co-solvent of dioxane (3 mL) and H,O
(0.6 mL) was stirred at 100° C. for 16 h under N, atmo-
sphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with H,O (20 mL), then
extracted with EA (30 m[.x3). The combined organic layer
was washed with brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by Prep-
HPLC (C,g, 10-95%, MeOH in H,O with 0.1% HCOOH) to
give the desired product (34.5 mg, yield: 36%). LC/MS
(ESD): n/z 365 [M+H]". '"H NMR (400 MHz, DMSO) §
12.78 (s, 1H), 8.22 (s, 1H), 8.05 (s, 2H), 7.62 (d, J=1.9 Hz,
1H), 6.85 (s, 1H), 6.79 (d, J=1.9 Hz, 1H), 4.60-4.53 (m, 1H),
421 (d, J=12.3 Hz, 1H), 4.00 (dd, J=11.1, 3.1 Hz, 1H), 3.84
(s, 3H), 3.79-3.77 (m, 1H), 3.67 (dd, J=11.5, 3.0 Hz, 1H),
3.55-3.49 (m, 1H), 3.27-3.23 (m, 1H), 1.28 (d, J=6.7 Hz,
3H).

Example 3
Synthesis of (R)-3-methyl-4-(7-(1-methyl-1H-pyra-

zol-5-y1)-3-(pyridin-3-yl)pyrazolo[ 1,5-a]pyrimidin-
5-yDmorpholine

[0441]

B(OH
[:i()j:]\~., ﬂ::/§ij]//’ -
&
N N
3-1

Pd(PPh3)4, K,CO3
dioxane, H,O, 100° C.

1-5



US 2023/0295166 Al

45

-continued

Step 1. (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-
yD)-3-(pyridin-3-yl)pyrazolo[1,5-a]pyrimidin-5-y1)
morpholine [1,5-a]pyrimidine

[0442]

Pd(PPhs)4, KoCO3
dioxane, H,O, 100° C.

[0443] A mixture of (3R)-4-[3-bromo-7-(1-methyl-1H-
pyrazol-5-yl)pyrazolo| 1,5-a]pyrimidin-5-yl]-3-methylmor-

pholine (100 mg, 0.26 mmol), pyridin-3-ylboronic acid
(65.2 mg, 0.53 mmol), Pd(PPh,), (30 mg, 0.02 mmol) and
K,COj; (91 mg, 0.66 mmol) in co-solvent of dioxane (2 m[.)
and H,O (0.4 mL) was stirred at 100° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with H,O (20 mL), then
extracted with DCM (30 mL.x3). The combined organic
layer was washed with brine, dried over anhydrous Na,SO,,

Sep. 21, 2023

filtered and concentrated. The residue was purified by Prep-
HPLC (C,g, 10-95%, MeOH in H,O with 0.1% HCOOH) to
give the desired product (34.0 mg, yield: 34%). LC/MS
(ESD): m/z 376 [M+H]*. "H NMR (400 MHz, DMSO) 8 9.31
(d, J=1.9 Hz, 1H), 8.58 (s, 1H), 8.42 (dt, J=8.0, 1.8 Hz, 1H),
8.36 (dd, J=4.7, 1.5 Hz, 1H), 8.15 (s, 0.5H), 7.65 (d, J=1.9
Hz, 1H), 7.43-7.40 (m, 1H), 6.96 (s, 1H), 6.82 (d, J=1.9 Hz,
1H), 4.59-4.58 (m, 1H), 4.25 (d, J=13.2 Hz, 1H), 4.02 (dd,
J=11.4, 3.4 Hz, 1H), 3.87 (s, 3H), 3.80 (d, J=11.4 Hz, 1H),
3.68 (dd, J=11.4, 2.9 Hz, 1H), 3.59-3.50 (m, 2H), 1.31 (d,
J=6.7 Hz, 3H).

Example 4
Synthesis of (R)-3-methyl-4-(7-(1-methyl-1H-pyra-

701-5-y1)-3-(1H-pyrrol-2-yl)pyrazolo[1,5-a|pyrimi-
din-5-yl)morpholine

[0444]

X\, B(OH),
o

\
Boce

4-1

Pd(PPhy)y, K,CO3
dioxane/H,0, 100° C.

1-5

TFA, DCM
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Step 1. tert-butyl (R)-2-(7-(1-methyl-1H-pyrazol-5-
y1)-5-(3-methylmorpholino) pyrazolo[1,5-a]pyrimi-
din-3-yl)-1H-pyrrole-1-carboxylate

[0445]

(0]
\ B(OH),
[Nj\ @/
\
Boce

™ N
| Pd(PPh3)y, K,CO3
dioxane/H,O, 100° C.
N \ Br
N/N N==

[0446] A mixture of (3R)-4-[3-bromo-7-(1-methyl-1H-
pyrazol-5-yl)pyrazolo| 1,5-a]pyrimidin-5-yl]-3-methylmor-
pholine (120 mg, 0.31 mmol), (1-(tert-butoxycarbonyl)-1H-
pyrrol-2-yl)boronic acid (134 mg, 0.64 mmol), Pd(PPh;),
(36 mg, 0.03 mmol) and K,CO, (109 mg, 0.79 mmol) in
co-solvent of dioxane (4 mL) and H,O (0.8 mL) was stirred
at 100° C. for 16 h under N, atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with H,O (20 mL), then extracted with EA (20 m[.x3). The
combined organic layer was washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel (PE:
EA=1:2, V/V) to give the desired product (79 mg, yield:
53%). LC/MS (ESI): m/z 464 [M+H]*.

Step 2. (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-
yD-3-(1H-pyrrol-2-yl)pyrazolo [1,5-a]pyrimidin-5-
yDmorpholine

[0447]

TFA, DCM

Sep. 21, 2023

-continued

[0448] To a solution of tert-butyl 2-[7-(1-methyl-1H-pyra-
zol-5-y1)-5-[(3R)-3-methyl morpholin-4-yl]pyrazolo[1,5-a]
pyrimidin-3-yl]-1H-pyrrole-1-carboxylate (40 mg, 0.08
mmol) in DCM (3 mL) was added TFA (0.6 mL). The
mixture was stirred at room temperature for 2 h. LC-MS
showed the reaction was complete. The reaction mixture was
concentrated under vacuo. The residue was purified by
Prep-HPLC (C,q, 10-95%, MeOH in H,O with 0.1%
HCOOH) to give the desired product (13.2 mg, yield: 42%).
LC/MS (BESI): m/z 364 [M+H]*. 'H NMR (400 MHz,
DMSO0) 6 10.80 (s, 1H), 8.25 (s, 1H), 7.63 (d, J=1.9 Hz, 1H),
6.92-6.71 (m, 3H), 6.52 (t, J=3.5 Hz, 1H), 6.09 (dd, J=5.6,
2.6 Hz, 1H), 4.59 (d, J=5.0 Hz, 1H), 4.26 (d, J=13.2 Hz, 1H),
4.01 (dd, J=11.2, 3.1 Hz, 1H), 3.85 (s, 3H), 3.78 (d, I=11.4
Hz, 1H), 3.67 (dd, J=11.5, 2.8 Hz, 1H), 3.52 (td, J=11.9, 2.8
Hz, 1H), 3.30-3.21 (m, 1H), 1.28 (d, J=6.7 Hz, 3H).

Example 5
Synthesis of (R)-3-methyl-4-(7-(1-(methylsulfonyl)

cyclopropyl)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]
pyrimidin-5-yl)morpholine

[0449]
o O
/
cl \/s/ -
o/ ©
| SN 5-2
NaH, DMF
cl NTN,_—Br
\
N\
5-1
[o
N
H
5-4
Br n-BuOH
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Br:
\/\ Br

XN NaOH, TBAB, Toluene

o) 0
N

e N \ Br

\

N _——

5-7

Pd(PPhs)4, KoCO3
dioxane/H,O, 100° C.

HCl/Dioxane
R —
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Step 1. methyl 2-(3-bromo-5-chloropyrazolo[1,5-a]
pyrimidin-7-y1)-2-(methylsulfonyl) acetate

[0450]
cl O
~7
~
| NN O// 0
NaH, DMF
cl N7 N\_—Br
\
N\
Br
[0451] To a solution of methyl 2-methanesulfonylacetate

(0.60 g, 3.93 mmol) in DMF (20 mL) at 0° C. was added
NaH (0.22 g, 5.62 mmol) portion wise. The mixture was
stirred at 0° C. for 30 min, then a solution of 3-bromo-5,7-
dichloropyrazolo [1,5-a]pyrimidine (1 g, 3.75 mmol) in
DMF (2 ml) was added drop wise. The resulting mixture
was stirred at room temperature for 1 h. LC-MS showed the
reaction was complete. The reaction mixture was quenched
with saturated NH,CI aqueous solution and extracted with
EA (30 mLx2). The combined organic layer was washed
with brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=3:1, V/V) to give the desired
product (1 g, yield: 69%). LC/MS (ESI) m/z: 382/384
[M+H]*. "H NMR (400 MHz, DMSO) § 8.55 (s, 1H), 7.48
(s, 1H), 6.78 (s, 1H), 3.78 (s, 3H), 3.41 (s, 4H).

Step 2. (R)-4-(3-bromo-7-((methylsulfonyl)methyl)
pyrazolo[1,5-a]pyrimidin-5-yl)-3-methylmorpholine

[0452]

N
H

Br n-BuOH
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-continued
[O

Nj\
Ny

@) O

|

~ N \ Br
L

[0453] To a solution of methyl 2-(3-bromo-5-chloropyra-
zolo[1,5-a]pyrimidin-7-yl)-2-(methylsulfonyl)acetate (500
mg, 1.31 mmol) in n-BuOH (15 mL) was added (3R)-3-
methylmorpholine (1.19 g, 11.76 mmol). The mixture was
stirred at 145° C. for 1 h under microwave irradiation. The
reaction mixture was diluted with EA (50 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (PE:EA=2:1, V/V) to give the
desired product (280 mg, yield: 77%). LC/MS (ESD) m/z:
389/391 [M+H]*.

Step 3. (R)-4-(3-bromo-7-(1-(methylsulfonyl)cyclo-
propyl)pyrazolo[1,5-a]pyrimidin-5-yl)-3-methylmor-

pholine
[0454]
[O
Nj\ -
\/\Br
Xy NaOH, TBAB, Toluene
O O
v
~ N \ Br
\
N\
Br
[0455] To a solution of (R)-4-(3-bromo-7-((methylsulfo-

nyl)methyl)pyrazolo[1,5-a]pyrimidin-5-yl)-3-methylmor-
pholine (200 mg, 0.51 mmol) in Toluene (10 ml) were
added 1,2-dibromoethane (0.11 mL, 1.28 mmol), NaOH (10

48
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M in H,0, 0.51 mL, 5.14 mmol) and TBAB (32 mg, 0.10
mmol) successively. The mixture was stirred at 60° C. for 3
h. LC-MS showed the reaction was complete. The reaction
mixture was diluted with DCM (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=2:1, V/V) to give the desired
product (170 mg, yield: 79%). LC/MS (ESI) m/z: 415/417
[M+H]".

Step 4. (3R)-3-methyl-4-(7-(1-(methylsulfonyl)cy-
clopropyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpho-

line
[0456]
e}
0 /
Nt ﬁ
[ j\ m/ No
N N—N
THP
Pd(PPhs)4, KoCO3
dioxane/H,0, 100° C.
Br

[0457] To a solution of (R)-4-(3-bromo-7-(1-(methyl-
sulfonyl)cyclopropyl)pyrazolo[1,5-a]  pyrimidin-5-y1)-3-
methylmorpholine (170 mg, 0.41 mmol) and 1-(oxan-2-yl)-
5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole

(227.7 mg, 0.82 mmol) in co-solvent of dioxane (10 mL.) and
H,O (2 mL) were added K,CO; (141.4 mg, 1.02 mmol) and
Pd(PPh,), (47.28 mg, 0.041 mmol). The mixture was stirred
at 100° C. for 6 h under nitrogen atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
diluted with EA (50 mL), then washed with water and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (PE:EA=1:1, V/V) to give the desired product (150
mg, yield: 75%). LC/MS (ESI) m/z: 487 [M+H]".
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Step 5. (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclo- -continued
propyl)-3-(1H-pyrazol-5-y1) pyrazolo[1,5-a]pyrimi-
din-5-yl)morpholine

[0458]

HCl/Dioxane
—_—

L (\Y/?
N N_N\THP

6-6

Pd(PPhs)4, KoCO3
dioxane/H,0, 100° C.

[0459] To a solution of (3R)-3-methyl-4-(7-(1-(methyl-
sulfonyl)cyclopropyl)-3-(1-(tetrahydro-2H-pyran-2-y1)-1H-
pyrazol-5-yl)pyrazolo[ 1,5-a]pyrimidin-5-yl)morpholine
(120 mg, 0.25 mmol) in DCM (3 ml) was added HCl 6-5
solution (4M in dioxane, 3 mL). The mixture was stirred at

room temperature for 1 h. LC-MS showed the reaction was

complete. The reaction mixture was concentrated under

vacuo. The residue was purified by Pre-HPLC (C, 4, 10-95%, Y
MeOH in H,O with 0.1% HCOOH) to afford the desired [ j\
N

product (35 mg, yield: 35%). LC/MS (ESI) m/z: 403
[M+H]+. 'H NMR (400 MHz, DMSO) § 12.74 (d, J=87.9
Hz, 1H), 8.32 (s, 1H), 7.52 (s, 1H), 6.98 (s, 1H), 6.71 (s, 1H),
4.58 (s, 1H), 4.22 (s, 1H), 4.00 (dd, J=11.4, 3.1 Hz, 1H), 3.79
(d, J=11.5 Hz, 1H), 3.66 (dd, J=11.4, 2.8 Hz, 1H), 3.51 (td,
J=11.7, 2.7 Hz, 1H), 3.29-3.20 (m, 1H), 3.16 (s, 3H),
1.93-1.83 (m, 2H), 1.65 (q, J=5.7 Hz, 2H), 1.25 (t, J=11.2
Hz, 3H).

HCl/Dioxane

Example 6

Synthesis of (R)-4-(7-(2-fluoropyridin-3-yl)-3-(1H-
pyrazol-5-yl)pyrazolo[ 1,5-a]pyrimidin-5-yl)-3-meth-

ylmorpholine
[0460]
N B(OH),
ClL |
N/ F
| \N 6-2 / \
N
Pd(PPh3),, K,CO; N~
Cl N \ Br dioxane/H,O H
\
Ne=
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Step 1. 3-bromo-5-chloro-7-(2-fluoropyridin-3-y1) [0464] To a solution of 3-bromo-5-chloro-7-(2-fluoropyri-
pyrazolo[1,5-a]pyrimidine din-3-yl)pyrazolo[1,5-a]pyrimidine (300 mg, 0.92 mmol) in
[0461] n-BuOH (10 ml) was added (3R)-3-methylmorpholine

(833.8 mg, 8.24 mmol). The reaction was stirred at 145° C.
for 1 h under microwave irradiation. LC-MS showed the

B(OH), reaction was complete. The mixture was diluted with EA (60

o N mL), then washed with water and brine, dried over anhy-

| drous Na,SO,, filtered and concentrated. The residue was

N N/ F purified by column chromatography on silica gel (PE:EA=2:

| Pa(PPhy)s, K200, 1, V/V) to afford the desired product (280 mg, yield: 78%).

al NTN\_-Br dioxane/T,0 LC/MS (BSI) m/z: 392/394 [M+H]*. 'H NMR (400 MHz,
\ DMSO) 6 8.47 (dt, I=20.7, 10.4 Hz, 1H), 8.33 (ddd, J=9.4,

N== 7.4, 1.9 Hz, 1H), 7.98 (s, 1H), 7.60 (ddd, J=7.1, 4.9, 1.9 Hz,

1H), 7.05 (s, 1H), 4.54 (d, J=6.2 Hz, 1H), 4.21 (d, J=14.8 Hz,
1H), 4.02-3.92 (m, 1H), 3.76 (d, J=11.5 Hz, 1H), 3.64 (dd,
J=11.5, 3.0 Hz, 1H), 3.49 (td, J=11.9, 2.9 Hz, 1H), 3.30-3.20
(m, 1H), 1.26 (d, J=6.7 Hz, 3H).

Br Step 3. (3R)-4-(7-(2-fluoropyridin-3-y1)-3-(1-(tetra-
hydro-2H-pyran-2-y1)-1H-pyrazol-5-yl)pyrazolo[ 1,
5-a]pyrimidin-5-y1)-3-methylmorpholine

[0465]

[0462] To a solution of 3-bromo-5,7-dichloropyrazolo[1,
S-alpyrimidine (0.46 mL, 3.75 mmol) and (2-fluoropyridin-
3-yDboronic acid (2.20 g, 7.49 mmol) in co-solvent of
dioxane (50 mL) and H,O (10 mL) were added K,CO; (1.29 o

g, 9.37 mmol) and Pd(PPh;), (0.43 g, 0.38 mmol). The /
mixture was stirred at 90° C. overnight under nitrogen &/N\
atmosphere. The reaction was diluted with EA (60 mL), then N \ 0

washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=3:1, V/V) to
afford the desired product (650 mg, yield: 53%). LC/MS
(BSI) m/z: 327/329 [M+H]*. 'H NMR (400 MHz, DMSO)
88.54 (dd, J=4.9,0.9 Hz, 1H), 8.47 (s, 1H), 8.43 (ddd, =9 .4,
7.5, 1.9 Hz, 1H), 7.69-7.63 (m, 1H), 7.61 (s, 1H).

Step 2. (R)-4-(3-bromo-7-(2-fluoropyridin-3-yl)
pyrazolo[1,5-a]pyrimidin-5-y1)-3-methylmorpholine

Q.

n-BuOH

THP

Pd(PPhs)y, K,CO3
dioxane/H,0, 100° C.

[0463]

THP

[0466] To a solution of (R)-4-(3-bromo-7-(2-fluoropyri-
6-3 din-3-yl)pyrazolo[1,5-a]pyrimidin-5-y1)-3-methylmorpho-
line (140 mg, 0.36 mmol) and 1-(oxan-2-yl)-5-(tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole (198.6 mg, 0.71
mmol) in co-solvent of dioxane (10 mL) and H,O (2 mL)
were added K,CO; (123.3 mg, 0.89 mmol) and Pd(Phh,),
(41.2 mg, 0.04 mmol). The mixture was stirred at 100° C.
overnight under nitrogen atmosphere. LC-MS showed the
reaction was complete.
[0467] The reaction was diluted with EA (50 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=1:1, V/V) to
afford the desired product (120 mg, yield: 72%). LC/MS
(ESD) m/z: 464 [M+H]".
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Step 4. (R)-4-(7-(2-fluoropyridin-3-y1)-3-(1H-pyra-
zol-5-yl)pyrazolo[1,5-a]pyrimidin-5-y1)-3-methyl-
morpholine

[0468]

HCl/Dioxane
_—

[0469] A mixture of (3R)-4-(7-(2-fluoropyridin-3-yl)-3-
(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)pyrazolo|[1,
S-alpyrimidin-5-yl)-3-methylmorpholine (120 mg, 6
mmol) in HCI solution (4M in dioxane, 3 mL) was stirred at
room temperature for 2 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
vacuo. The residue was purified by Pre-HPLC (C, 4, 10-95%,
MeOH in H,O with 0.1% HCOOH) to afford the desired
product (20 mg, yield: 20%). LC/MS (ESI) m/z: 380
[M+H]*. "HNMR (400 MHz, DMSO) 3 8.49 (dd, J=4.9, 1.1
Hz, 1H), 8.37 (ddd, J=9.4, 7.4, 1.9 Hz, 1H), 8.25 (d, J=6.6
Hz, 1H), 7.62 (ddd, I=7.1, 4.9, 1.8 Hz, 2H), 7.02 (s, 1H),
6.76 (s, 1H), 4.58 (s, 1H), 4.26 (d, J=12.7 Hz, 1H), 4.01 (dd,
J=11.4, 3.4 Hz, 1H), 3.79 (d, J=11.4 Hz, 1H), 3.67 (dd,
J=11.4, 2.9 Hz, 1H), 3.53 (td, J=11.8, 2.8 Hz, 1H), 3.26 (s,
J=6.7 Hz, 3H). '"H NMR (400 MHz, MeOD)
,J=4.9, 1.0 Hz, 1H), 8.28 (ddd, J=9.3, 7.5, 1.9 Hz,
(d, I=4.6 Hz, 1H), 7.60 (dd, J=11.3, 2.3 Hz, 1H),

), 6.85 (d, J=2.0 Hz, 1H), 6.81 (d, J=11.1
J=4.2 Hz, 1H), 4.24 (d, J=13.4 Hz, 1H),
4.05 (dd, J=11.4, 3.6 Hz, 1H), 3.84 (d, J=11.5 Hz, 1H), 3.78
(dd, J=11.6, 2.9 Hz, 1H), 3.64 (td, J=12.0, 3.0 Hz, 1H), 3.40
(td, J=12.9, 3.8 Hz, 1H), 1.39 (d, J=6.8 Hz, 1H).

Example 7
Synthesis of imino(methyl)(I-(5-((R)-3-methylmor-
pholino)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimi-
din-7-yl)cyclopropyl)-A6-sulfanone

[0470]
0
I S\)]\
/ O/\
| Sy 7-2
LDA, THF
a 1\{ N\,_—Br
N\
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-continued
1

NaOH
—_—
THF/HL,0
73
o
cl [
N
i1
| SN 7-5
—_—
g n-BuOH, 145° C.
~ N \ Br
N\
7-4
[O
Nj\
NalO,
_ -
| Xy MeOH/H>O
S
~ N \ Br
N\
7-6
o
[ I
N F3C)]\NH2
7-8
_—
A
S
~ N \ Br
N
77
[O
Br
N B N
o) CF;
Y 7-10
_ =
X o XN NaOH, TBAB
Toluene
N7 |
Ny 74
~ N \ Br
N\

7-9
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-continued

0
/

B
A ~0

\

N/N\
THP
7-12

Pd(dppf)Cla, K»CO3, DME

1) HCl/Dioxane
2) SFC

Step 1. ethyl 2-(3-bromo-5-chloropyrazolo[1,5-a]
pyrimidin-7-yl)-2-(methylthio) acetate

[0471]
al o
S
AN e \)J\O/\
| LDA, THF
cl I\{ N, —Br
N\
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-continued
S
-~ Br
(6]
[0472] To a solution of ethyl 2-(methylsulfanyl)acetate (1

g, 7.49 mmol) in THF (30 mL) at -60° C. was added LDA
(2 M in THF, 4.68 mL, 9.37 mmol) drop wise. The mixture
was stirred at —=60° C. for 1 h, then a solution of 3-bromo-
5,7-dichloropyrazolo [1,5-a]pyrimidine (1 g, 3.75 mmol) in
THF (2 mL) was added drop wise. The resulting mixture was
stirred at —60° C. for an additional 1 h. LC-MS showed the
reaction was complete. The reaction mixture was quenched
with saturated NH,Cl aqueous solution, then extracted with
EA (30 mLx3). The combined organic layer was washed
with brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=50:1, V/V) to afford the
desired product (1.2 g, yield: 87%). LC/MS (ESI) m/z:
364/396 [M+H]".

Step 2. 3-bromo-5-chloro-7-((methylthio)methyl)
pyrazolo[1,5-a]pyrimidine

[0473]

NaOH
—_—
THF/H,0
Cl
)
S
~ N \ Br
N\

[0474] To a solution of ethyl 2-(3-bromo-5-chloropyra-
zolo[1,5-a]pyrimidin-7-yl)-2-(methylthio)acetate (1.2 g,
3.29 mmol) in co-solvent of THF (40 mL.) and H,O (12 mL)
was added NaOH (0.39 g, 9.87 mmol). The mixture was
stirred at 60° C. for 30 min. LC-MS showed the reaction was
complete. The reaction was diluted with EA (50 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=50:1, V/V) to
afford the desired product (670 mg, yield: 69%). LC/MS
(ESI) m/z: 292/294 [M+H]".
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Step 3. (R)-4-(3-bromo-7-((methylthio)methyl)pyra-
zolo[1,5-a]pyrimidin-5-yl)-3-methylmorpholine

[0475]
O
L [ j\
(] d
S n-BuOH, 145° C.
~ N \ Br
\
N\
[O
Nj\
Ny
<
~ N \ Br
\
N _
[0476] To a solution of 3-bromo-5-chloro-7-((methylthio)

methyl)pyrazolo[1,5-a]pyrimidine (670 mg, 2.29 mmol) in
n-BuOH (10 ml) were added (3R)-3-methylmorpholine
(2.08 g, 20.61 mmol). The mixture was stirred at 145° C. for
1 h under microwave irradiation. LC-MS showed reaction
was complete. The mixture was diluted with EA (50 mL),
then washed with water and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=5:1, V/V)
to afford the desired product (730 mg, yield: 89%). LC/MS
(ESD) my/z: 357/359 [M+H]".

Step 4. (3R)-4-(3-bromo-7-((methylsulfinyl)methyl)
pyrazolo[1,5-a]pyrimidin-5-y1)-3-methylmorpholine

[0477]
[o
Nj\
NalO,
XN MeOH/H,O
o
~ N \ Br
\
N m—
[o
Nj\
0 AN
]
~ N \ Br
\
N _—

Sep. 21, 2023

[0478] To a solution of (R)-4-(3-bromo-7-((methylthio)
methyl)pyrazolo[ 1,5-a]pyrimidin-5-yl)-3-methylmorpho-
line (730 mg, 2.04 mmol) in co-solvent of MeOH (25 mL.)
and H,O (5 mL) was added sodium periodate (437.0 mg,
2.04 mmol). The mixture was stirred at room temperature
overnight. LC-MS showed reaction was complete. The
reaction was diluted with DCM (50 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (DCM:MeOH=50:1, V/V) to afford
the desired product (680 mg, yield: 89%). LC/MS (ESI) n/z:
373/375 [M+H]".

Step 5. ((3-bromo-5-((R)-3-methylmorpholino)pyra-
zolo[1,5-a]pyrimidin-7-yl)methyl)(methy1)((2,2,2-
trifluoroethyl)imino)-16-sulfanone

[0479]
O
C '
N )]\
F;C NH,
0 AN
]
-~ N \ Br
\
N\
[O
o) CF; N
S
A N
\/
v N \ Br
\
N\
[0480] To a solution of (3R)-4-(3-bromo-7-((methylsulfi-

nyl)methyl)pyrazolo[1,5-a]pyrimidin-5-yl)-3-methylmor-
pholine (680 mg, 1.82 mmol) and trifluoroacetamide (411.8
mg, 3.64 mmol) in DCM (30 mL)) were added MgO (293.6
mg, 7.28 mmol), (Diacetoxyiodo)benzene (880.1 mg, 2.73
mmol) and Rhodium acetate (12.7 mg, 0.046 mmol). The
mixture was stirred at room temperature overnight under
nitrogen atmosphere. LC-MS showed reaction was com-
plete. The reaction mixture was diluted with DCM (50 mL),
then washed with water and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=3:1, V/V)
to afford the desired product (500 mg, yield: 56%). LC/MS
(ESI) m/z: 484/486 [M+H]".
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Step 6. (1-(3-bromo-5-((R)-3-methylmorpholino)
pyrazolo[1,5-a]pyrimidin-7-yl)cyclopropyl)(imino)
(methyl)-A6-sulfanone

[0481]

O

OYCR N
AN
N O
N\

Br
Br /\/

NaOH, TBAB
Toluene

[0482] To a solution of N-[({3-bromo-5-[(3R)-3-methyl-
morpholin-4-yl]pyrazolo[1,5-a] pyrimidin-7-yl}methyl)
(methyl)oxo-A6-sulfanylidene]-2,2,2-trifluoroacetamide
(400 mg, 0.83 mmol) in Toluene (20 ml.) were added
1,2-dibromoethane (388 mg, 2.07 mmol), NaOH (10 M in
H,0, 0.83 mL, 8.26 mmol) and TBAB (54 mg, 0.17 mmol).
The mixture was stirred at 60° C. overnight. LC-MS showed
reaction was complete. The reaction was diluted with EA (50
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (DCM:
MeOH=30:1, V/V) to afford the desired product (140 mg,
vield: 40%). LC/MS (ESI) m/z: 414/416 [M+H]".

Step 7. Imino(methyl)(1-(5-((R)-3-methylmor-
pholino)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
zol-5-yl)pyrazolo[1,5-a]pyrimidin-7-yl)cyclopro-
pyD)-A6-sulfanone

[0483]

/
B
(Y \O
\N/N
THP
x N Pd(dppH)Cl,, KoCO3, DME
\ Br
N —_—
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-continued
[O
N
HN
N\
~ N N
\
N /
THP
[0484] To a solution of (1-(3-bromo-5-((R)-3-methylmor-

pholino)pyrazolo[1,5-a]pyrimidin-7-yl)cyclopropyl)(imino)
(methyl)-A6-sulfanone (130 mg, 0.31 mmol) and 1-(oxan-
2-y1)-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole

(174.6 mg, 0.62 mmol) in DME (5 mL) were added K,CO,
(107.8 mg, 0.78 mmol) and Pd(dppf)Cl, (22.96 mg, 0.031
mmol). The mixture was stirred at 90° C. overnight under
nitrogen atmosphere. LC-MS showed reaction was com-
plete. The reaction was diluted with EA (50 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=1:1, V/V) to
afford the desired product (45 mg, yield: 29%). LC/MS
(ESI) m/z: 486 [M+H]".

Step 8. Imino(methyl)(1-(5-((R)-3-methylmor-
pholino)-3-(1H-pyrazol-5-yl)pyrazolo [1,5-a]pyrimi-
din-7-yl)cyclopropyl)-A6-sulfanone

[0485]

1) HCl/Dioxane

[0486]

A solution of imino(methyl)(1-(5-((R)-3-methyl-
morpholino)-3-(1-(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-
5-yDpyrazolo[1,5-a]pyrimidin-7-yl)cyclopropyl)-A6-sul-
fanone (40 mg, 0.08 mmol) in DCM (2 mL) was added HCl
solution (4M in dioxane, 2 mL.). The mixture was stirred at
room temperature for 30 min. LC-MS showed the reaction
was complete. The reaction mixture was concentrated under
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vacuo. The residue was purified by Prep-HPLC (Ciq,
10-95%, MeOH in H,O with 0.1% HCOOH) to obtain the
diastereomer (20 mg), which was further separated by SFC
(Chiral column OJ-H 4.6x250 mm, 5 pm; pump A: SF CO,,
pump B: MeOH+0.05% DEA, 5%-40%, 8.5 min) to afford
the (R)-imino(methyl)(1-(5-((R)-3-methylmorpholino)-3-
(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-7-yl)cyclopro-
pyD-A6-sulfanone (0.8 mg, yield: 2.4%) and (S)-imino
(methyl)(1-(5-((R)-3-methylmorpholino)-3-(1H-pyrazol-5-
yDpyrazolo[1,5-a] pyrimidin-7-yl)cyclopropyl)-A6-
sulfanone (2.5 mg, yield: 7.5%). LC/MS (ESI) m/z: 402
[M+H]*. "H NMR (400 MHz, DMSO) 8 8.31 (s, 1H), 7.59
(s, 1H), 6.97 (s, 1H), 6.72 (s, 1H), 4.57 (d, J=5.8 Hz, 1H),
422 (d, J=12.9 Hz, 1H), 4.01 (dd, J=11.3, 3.2 Hz, 1H),
3.87-3.76 (m, 2H), 3.66 (dd, J=11.4, 2.8 Hz, 1H), 3.52 (dd,
J=11.9, 2.8 Hz, 1H), 3.01 (s, 3H), 1.79 (dd, J=14.9, 10.4, 4.2
Hz, 2H), 1.59-1.45 (m, 2H), 1.27 (d, J=6.7 Hz, 3H).

Example 8

Synthesis of (R)-3-methyl-4-(7-(1-(methylsulfonyl)
cyclopropyl)-3-(1H-pyrrol-2-yl)pyrazolo[ 1,5-a]py-
rimidin-5-yl)morpholine

[0487)]

/ N/Boc

B(OH),
8-1

Pd(PPh3)4, K,CO3
dioxane/H,O, 100° C.

HCl/Dioxane

Boc

Sep. 21, 2023

Step 1. Tert-butyl(R)-2-(5-(3-methylmorpholino)-7-
(1-(methylsulfonyl)cyclopropyl) pyrazolo[1,5-a]
pyrimidin-3-y1)-1H-pyrrole-1-carboxylate

/i ;N/Boc

B(OH),

[0488]

Pd(PPh3)y, K,CO3
dioxane/H,O, 100° C.

Boc

[0489] A mixture of (3R)-4-[3-bromo-7-(1-(methane-
sulfonyl)cyclopropyl)pyrazolo[1,5-a]  pyrimidin-5-y1]-3-
methylmorpholine (128 mg, 0.30 mmol), {1-[(tert-butoxy)
carbonyl]-1H-pyrrol-2-yl}boronic acid (130 mg, 0.62
mmol), Pd(PPh;), (35.6 mg, 0.03 mmol) and K,CO, (107
mg, 0.77 mmol) in co-solvent of dioxane (5 mL) and H,O
(1 mL) was stirred at 100° C. for 16 h under N, atmosphere.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with EA (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by flash chromatog-
raphy on silica gel (PE:EA=5:1, V/V) to give the desired
product (71 mg, yield: 45%). LC/MS (ESI): m/z 502
[M+H]".

Step 2. (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclo-
propyl)-3-(1H-pyrrol-2-yl)pyrazolo[1,5-a]pyrimidin-
5-yDmorpholine

[0490]
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-continued o -continued

[0491] To a solution of tert-butyl 2-[7-(1-methanesulfo-
nyleyclopropyl)-5-[(3R)-3-methyl morpholin-4-yl|pyrazolo
[1,5-a]pyrimidin-3-y1]-1H-pyrrole-1-carboxylate (71 mg,
0.14 mmol) in DCM (5 mL) was added TFA (2 mL). The
mixture was stirred at room temperature for 4 h. LC-MS
showed the reaction was complete. The reaction mixture was Step 1. (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclo-
concentrated under vacuo to dryness. The residue was propyl)-3-(1-(triisopropylsilyl)-1H-pyrrol-3-yl)pyra-
purified by Prep-HPLC (C,4, 10-95%, MeOH in H,O with zolo[1,5-a]pyrimidin-5-yl)morpholine

0.1% HCOOH) to give the desired product (32 mg, yield:

56%). LC/MS (ESI): m/z 402 [M+H]*. "H NMR (400 MHz, (04931

DMSO0) § 10.78 (s, 1H), 8.26 (s, 1H), 6.93 (s, 1H), 6.77-6.71

(m, 1H), 6.49-6.47 (m, 1H), 6.08 (m, 6.09-6.07, 2.6 Hz, 1H),

4.58-4.56 (m, 1H), 4.22 (d,J=12.9 Hz, 1H), 4.00 (dd, J=11.3,

3.1 Hz, 1H), 3.79 (d, J=11.4 Hz, 1H), 3.66 (dd, J=11.4,2.8

Hz, 1H), 3.57-3.46 (m, 1H), 3.28-3.20 (m, 1H), 3.15 (s, 3H), o
2.08 (s, 1H), 1.88 (q, J=5.4 Hz, 2H), 1.63 (q, J=5.7 Hz, 2H), 0
1.26 (d, J=6.7 Hz, 3H). — /

N N O

Example 9

Xy Pd(PPhy)s, Na;COs
DME/H,0, 90° C.

Synthesis of (R)-3-methyl-4-(7-(1-(methylsulfonyl) O\S//O

cyclopropyl)-3-(1H-pyrrol-3-yl)pyrazolo[ 1,5-a]py- / NTN\_-Br
rimidin-5-yl)morpholine

[0492]

0
/

TIPS\NQ/B\O

9-1

Pd(PPh3)4, Na2C03
DME/H,0, 90° C.

[0494] A mixture of (3R)-4-[3-bromo-7-(1-methanesulfo-
nylcyclopropyl)pyrazolo[1,5-a] pyrimidin-5-yl]-3-methyl-
morpholine (100 mg, 0.24 mmol), 3-(tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-[tris(propan-2-y1)silyl]-1H-pyrrole
(168 mg, 0.48 mmol), Pd(PPh,), (27.8 mg, 0.024 mmol) and
TBAF/THF Na,CO; (76 mg, 0.72 mmol) in co-solvent of DME (3 mL)
and H,O (0.6 mL) was stirred at 90° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by flash chro-
matography on silica gel (PE:EA=2:1, V/V) to give the
9-2 desired product (49 mg, yield: 36%). LC/MS (ESI): m/z 558
[M+H]".
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Step 2. (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclo- —continued
propyl)-3-(1H-pyrrol-3-yl)pyrazolo[1,5-a]pyrimidin- o
5-yl)morpholine
[0495]
N
H
10-4
By  MBuOH, M.W, 145°C.
TBAF/THF
N 10-3
N1
O
[ 0
N @
o Ny 10-6
_—
\\S — TsOH, THF, 70° C.
-~ NN NH
\ \ Br
N\
[0496] A mixture of (3R)-4-[7-(1-methanesulfonylcyclo-
propyl)-3-{1-[tris(propan-2-y1)silyl]-1H-pyrrol-3- 10-5
yl}pyrazolo[1,5-a]pyrimidin-5-y1]-3-methylmorpholine (44
mg, 0.07 mmol) and TBAF (1.0 M in THF, 0.15 mL)) in THF
(5 mL) was stirred at room temperature for 0.5 h. LC-MS
showed the reaction was complete. The reaction mixture was
diluted with EA (40 mL), then washed with water and brine, 0
dried over anhydrous Na,SO,, filtered and concentrated. /
The residue was purified by Prep-HPLC (C,5, 10-95%, 0 (E/ o
MeOH in H,O with 0.1% HCOOH) to give the desired \ o
product (14.7 mg, yield: 46%). LC/MS (ESI): m/z 402 N—N\
[M+H]*. '"H NMR (400 MHz, DMSO) & 10.69 (s, 1H), 8.15 N THP
(s, 1H), 7.22 (s, 1H), 6.89 (s, 1H), 6.76 (d, J=2.1 Hz, 1H), 10.8
6.52 (d, J=1.4 Hz, 1H), 4.52 (d, J=5.3 Hz, 1H), 4.14 (d,
J=12.5 Hz, 1H), 4.03-3.95 (m, 1H), 3.78 (d, J=11.4 Hz, 1H), PdCly(dppf), K,CO3
3.66 (dd, J=11.3, 2.6 Hz, 1H), 3.51 (t, J=10.6 Hz, 1H), DME/H0, 100° C.
3.28-3.19 (m, 1H), 3.16 (s, 3H), 1.87 (q, J=5.5 Hz, 2H), 1.62 Br

(9, J=5.8 Hz, 2H), 1.25 (d, J=6.7 Hz, 3H).
Example 10

Synthesis of (R)-4-(3,7-di(1H-pyrazol-5-yl)pyrazolo
[1,5-a]pyrimidin-5-y1)-3-methylmorpholine

[0497]
/o
\ B
™
¢ N_N\ TFA/DCM, rt
THP
Sy 10-2
| Pd(PPhy),, NayCO;
ol N X\_—Br DME/H,0, 60° C.
\
N\

10-1 10-9
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-continued

Step 1. 3-bromo-5-chloro-7-(1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-yl)pyrazolo [1,5-a]pyrimi-

dine
[0498]
/o
B
N—N\
| Sy THP
Pd(PPh3)4, Na2C03
cl NN\, Br DME/HL,0, 60° C.
\
N\

[0499] A mixture of 3-bromo-5,7-dichloropyrazolo[1,5-a]
pyrimidine (400 mg, 1.49 mmol), 1-(oxan-2-yl)-5-(tetraM-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (420 mg, 1.51
mmol), Pd(PPh;), (87 mg, 0.075 mmol) and Na,CO; (320
mg, 3.01 mmol) in co-solvent of DME (20 m[.) and H,O (4
ml) was stirred at 60° C. for 4 h under N, atmosphere.
LC-MS showed the reaction was complete. The mixture was
diluted with EA (40 mL), then washed with water and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by flash chromatography on silica
gel (PE:EA=10:1, V/V) to afford the desired product (376
mg, yield: 65%). LC/MS (ESI): m/z 382/384 [M+H]".

Sep. 21, 2023
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Step 2. (R)-4-(3-bromo-7-(1H-pyrazol-5-yl)pyrazolo
[1,5-a]pyrimidin-5-y1)-3-methylmorpholine

[0500]

N
H

n-BuOH, M.W, 145° C.

Br

[0501] A mixture of 5-{3-bromo-5-chloropyrazolo[1,5-a]
pyrimidin-7-yl1}-1-(oxan-2-yl)-1H-pyrazole (100 mg, 0.26
mmol) and (3R)-3-methylmorpholine (238 mg, 2.35 mmol)
in n-BuOH (3 mL) was stirred at 145° C. for 1 h under
microwave irradiation. LC-MS showed the reaction was
complete. The reaction mixture was diluted with EA (40
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by flash chromatography on silica gel (PE:EA=3:1,
V/V) to afford the desired product (66 mg, yield: 69%).
LC/MS (ESD): m/z 363/365 [M+H]".

Step 3. (3R)-4-(3-bromo-7-(1-(tetrahydro-2H-pyran-
2-y1)-1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-
y1)-3-methylmorpholine

[0502]

_—
TsOH, THF, 70° C.
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-continued
Br
[0503] A mixture of (3R)-4-[3-bromo-7-(1H-pyrazol-5-yl)

pyrazolo[1,5-a]pyrimidin-5-yl]-3-methylmorpholine (60
mg, 0.16 mmol), 3,4-dihydro-2H-pyran (64 mg, 0.76 mmol)
and 4-methylbenzenesulfonic acid (6 mg, 0.03 mmol) in
THF (5§ mL) was stirred at 70° C. for 5 h. LC-MS showed
the reaction was complete. The reaction mixture was diluted
with EA (40 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by flash chromatography on silica gel
(PE:EA=3:1, V/V) to afford the desired product (72 mg,
yield: 97%). LC/MS (ESI): m/z 447 [M+H]".

Step 4. (3R)-4-(3,7-bis(1-(tetrahydro-2H-pyran-2-
y)-1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-y1)-
3-methylmorpholine

’Oﬁ
O™
N—N

\

THP

[0504]

PdCly(dppf), K2CO;3
DME/H,0, 100° C.

Sep. 21, 2023

[0505] A mixture of (3R)-4-{3-bromo-7-[1-(oxan-2-yl)-
1H-pyrazol-5-yl]pyrazolo[1,5-a] pyrimidin-5-y1}-3-methyl-
morpholine (72 mg, 0.16 mmol), 1-(oxan-2-yl)-5-(tetra
methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (89.7 mg,
0.32 mmol), Pd(dppf)Cl, (11.7 mg, 0.016 mmol) and K,CO,
(55.5 mg, 0.40 mmol) in co-solvent of DME (3 mL) and
H,O (0.6 mL) was stirred at 100° C. for 5 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by flash chro-
matography on silica gel (PE:EA=1:1, V/V) to afford the
desired product (47 mg, yield: 67%). LC/MS (ESI): m/z 519
[M+H]".

Step 5. (R)-4-(3,7-di(1H-pyrazol-5-yl)pyrazolo|[1,5-
a]pyrimidin-5-y1)-3-methylmorpholine

[0506]

TFA/DCM
—_—

[0507] A mixture of (3R)-4-{3,7-bis[1-(oxan-2-yl)-1H-
pyrazol-5-yl|pyrazolo[1,5-alpyrimidin-5-y1}-3-methylmor-
pholine (38 mg, 0.07 mmol) and TFA (1.0 mL) in DCM (3
ml) was stirred at room temperature for 16 h. LC-MS
showed the reaction was complete. The reaction was con-
centrated under vacuo. The residue was purified by Prep-
HPLC (C,g, 10-95%, MeOH in H,O with 0.1% HCOOH) to
give the desired product (10 mg, yield: 38%). LC/MS (ESI):
m/z 351 [M+H]*. *H NMR (400 MHz, DMSO) & 13.62 (s,
1H), 8.40 (s, 1H), 7.99 (s, 1H), 7.68-7.54 (m, 2H), 7.22 (s,
1H), 6.78 (s, 1H), 4.57 (d, J=5.1 Hz, 1H), 4.24 (d, ]=12.8 Hz,
1H), 4.02 (dd, J=11.4, 3.0 Hz, 1H), 3.80 (d, J=11.4 Hz, 1H),
3.70 (dd, J=11.4, 2.8 Hz, 1H), 3.57-3.53 (m, 1H), 3.26 (s,
1H), 1.29 (d, J=6.7 Hz, 3H).
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Example 11
Synthesis of (R)-3-methyl-4-(3-(3-methyl-1H-pyra-
701-5-y1)-7-(1-(methylsulfonyl)cyclopropyl)pyrazolo
[1,5-a]pyrimidin-5-yl)morpholine
[0508]
W RO
\
N/N\
Boc
11-1
PACly(dppD), K2CO3

DME/H,0, 100° C.

TFA/DCM, 1t

Step 1. (R)-tert-butyl3-methyl-5-(5-(3-methylmor-
pholino)-7-(1-(methylsulfonyl)cyclopropyl)pyrazolo
[1,5-a]pyrimidin-3-yl)-1H-pyrazole-1-carboxylate

[0509]

\/

PdCly(dppf), KoCO3
DME/H,0, 100° C.

Sep. 21, 2023

-continued

Boc

[0510] A mixture of (3R)-4-[3-bromo-7-(1-methanesulfo-
nylcyclopropyl)pyrazolo[1,5-a] pyrimidin-5-yl]-3-methyl-
morpholine (81 mg, 0.19 mmol), {1-[(tert-butoxy)carbo-
nyl]-3-methyl-1H-pyrazol-5-yl}boronic acid (88 mg, 0.38
mmol), PdCL,(dppf) (14 mg, 0.02 mmol) and K,CO; (67
mg, 0.48 mmol) in co-solvent of DME (3 mL) and H,O (0.6
ml) was stirred at 100° C. for 16 h under N, atmosphere.
LC-MS showed the reaction was complete. The mixture was
diluted with EA (40 mL), then washed with water and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by flash chromatography on silica
gel (PE:EA=1:1, V/V) to afford the desired product (41 mg,
yield: 40%/). LC/MS (ESI): m/z 517 [M+H]*.

Step 2. (R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-
yD)-7-(1-(methylsulfonyl)cyclopropyl)pyrazolo[1,5-
a]pyrimidin-5-yl)morpholine

[0511]

[0512]

A mixture of (R)-tert-butyl5-[7-(1-methanesulfo-
nylcyclopropyl)-5-[(3R)-3-methyl morpholin-4-yl|pyrazolo
[1,5-a]pyrimidin-3-y1]-3-methyl-1H-pyrazole-1-carboxy-

late (37 mg, 0.07 mmol) and TFA (0.6 mL) in DCM (3 mL)
was stirred at room temperature for 1 h. LC-MS showed the
reaction was complete. The reaction mixture was concen-
trated under vacuo. The residue was purified by Prep-HPLC
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(Cis, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (10 mg, yield: 33%). LC/MS (ESI): m/z
417 [M+H[*. '"H NMR (400 MHz, DMSO) 12.32 (d, ]=53.9
Hz, 1H), 8.27 (d, J=36.6 Hz, 1H), 6.96 (d, J=16.8 Hz, 1H),
6.47 (d, I=40.5 Hz, 1H), 4.56 (dd, J=14.7, 13.4 Hz, 1H),
4.32-4.12 (m, 1H), 4.00 (dd, J=11.5, 3.3 Hz, 1H), 3.79 (d,
J=11.5Hz, 1H), 3.65 (dd, J=11.5, 2.3 Hz, 1H), 3.55-3.45 (m,
1H), 3.27-3.20 (m, 1H), 3.15 (s, 3H), 2.23 (d, J=27.4 Hz,
3H), 1.87 (q, J=5.5 Hz, 2H), 1.63 (q, J=5.7 Hz, 2H), 1.26 (d,
J=6.7 Hz, 3H).

Example 12

Synthesis of (R)-3-methyl-4-(7-(1-(methylsulfonyl)
cyclopropyl)-3-(3-(trifluoromethyl)-1H-pyrazol-5-
yDpyrazolo[1,5-a]pyrimidin-5-yl)morpholine

[0513]

K>CO3, Pd(dppf)Cls, DME

HCl/dioxa
—

ne

CF;

Sep. 21, 2023

Step 1. (3R)-3-methyl-4-(7-(1-(methylsulfonyl)cy-
clopropyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-3-(trit-
luoromethyl)-1H-pyrazol-5-yl)pyrazolo[1,5-a]py-
rimidin-5-yl)morpholine

[0514]

CF3

THP

[0515] To a solution of (R)-4-(3-bromo-7-(1-(methyl-
sulfonyl)cyclopropyl)pyrazolo[ 1,5-a]pyrimidin-5-y1)-3-
methylmorpholine (100 mg, 0.24 mmol) in DME (5 mL)
were added [1-(oxan-2-yl)-3-(trifluoromethyl)-1H-pyrazol-
S-yl]boronic acid (127.3 mg, 0.48 mmol), K,CO; (0.36 mL,
0.72 mmol) and Pd(dppf)Cl, (17.63 mg, 0.024 mmol). The
mixture was stirred at 100° C. overnight under nitrogen
atmosphere. LC-MS showed the reaction was complete. The
reaction was diluted with EA (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by Prep-TLC (PE:
EA=3:1, V/V) to afford the desired product (45 mg, yield:
33%). LC/MS (ESI) m/z: 555 [M+H]".

Step 2. (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclo-
propyl)-3-(3-(trifluoromethyl)- 1H-pyrazol-5-yl)pyra-
zolo[1,5-a]pyrimidin-5-yl)morpholine

[0516]

HCl/dioxane
CF; ——————*
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-continued

[0517] A solution of (3R)-3-methyl-4-(7-(1-(methylsulfo-
nyl)cyclopropyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-3-(trif-
luoromethyl)-1H-pyrazol-5-yl)pyrazolo[ 1,5-a|pyrimidin-5-
yDmorpholine (45 mg, 0.08 mmol) in DCM (2 mL) was
added HCl solution (4M in dioxane, 2 mL.). The mixture was
stirred at room temperature for 30 min. LC-MS showed the
reaction was complete. The reaction mixture was concen-
trated under vacuo. The residue was purified by Prep-HPLC
(Cis, 10-95%, MeOH in H,O with 0.1% HCOOH) to afford
the desired product (20 mg, yield: 52%). LC/MS (ESI) m/z:
471 [M+H]*. "H NMR (400 MHz, DMSO) 8 13.61 (s, 1H),
8.43 (s, 1H), 7.06 (s, 1H), 6.96 (s, 1H), 4.61 (s, 1H), 4.29 (d,
J=13.4 Hz, 1H), 4.01 (dd, J=11.3, 2.9 Hz, 1H), 3.80 (d,
J=11.4 Hz, 1H), 3.66 (dd, J=11.4, 2.8 Hz, 1H), 3.51 (1d,
J=11.9, 2.8 Hz, 1H), 3.30-3.22 (m, 1H), 3.16 (s, 3H), 1.89
(dd, J=7.6, 5.4 Hz, 2H), 1.65 (q, J=5.7 Hz, 2H), 1.27 (d,
J=6.7 Hz, 3H).

Example 13

Synthesis of (R)-4-(3-(3-chloro-1H-pyrazol-5-y1)-7-
(1-(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]py-
rimidin-5-y1)-3-methylmorpholine

[0518]

13-1

Pd(dppfHCla, K,CO;
DME/H,0, 90° C.

Br
I%/Cl
N—N
/
SEM
13-3
Pd(dppfHCly, K,CO;5
o DME/H,0, 100° C.
B/
AN

Sep. 21, 2023

-continued

TBAF, THF

Step 1. (R)-3-methyl-4-(7-(1-(methylsulfonyl)cyclo-
propyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyrazolo[1,5-a]pyrimidin-5-yl)morpholine
[0519]

Pd(dppD)Cla, K,CO;3
DME/H,0, 90° C.

[0520] A mixture of (3S)-4-[3-bromo-7-(1-methanesulfo-
nylcyclopropyl)pyrazolo[1,5-a] pyrimidin-5-y1]-3-methyl-
morpholine (100 mg, 0.25 mmol), 4,4,5,5-tetramethyl-2-
(tetramethyl-1,3,2-dioxaborolan-2-y1)-1,3,2-dioxaborolane
(250 mg, 1.0 mmol), Pd(dppH)Cl, (17.5 mg, 0.025 mmol)
and K,CO; (165 mg, 1.2 mmol) in co-solvent of DME (5
mL) and H,O (0.5 mL) was stirred at 90° C. for 6 h under
N, atmosphere. LC-MS showed the reaction was complete.
The reaction mixture was diluted with EA (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=3:1, V/V) to
afford the desired product (50 mg, yield: 45%). LC/MS
(ESD): m/z 437 [M+H]".
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Step 2. (R)-4-(3-(3-chloro-1-((2-(trimethylsilyl)
ethoxy)methyl)-1H-pyrazol-5-y1)-7-(1-(methylsulfo-
nyl)cyclopropyl)pyrazolo[1,5-a]pyrimidin-5-y1)-3-
methylmorpholine

[0521]

I cl
1
—N

N
/

SEM

D ——————————
PdCly(dppf), K,CO3
DME/H,0, 100° C.

Cl

SEM

[0522] A mixture of (R)-3-methyl-4-(7-(1-(methylsulfo-
nyl)cyclopropyl)-3-(4,4,5,5-tetra  methyl-1,3,2-dioxaboro-
lan-2-yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpholine (97 mg,
0.21 mmol), 3-chloro-5-iodo-1-{[2-(trimethylsilyl)ethoxy]
methyl}-1H-pyrazole (150 mg, 0.42 mmol), Pd(dppH)Cl, (15
mg, 0.02 mmol) and K,CO, (2.0 M in H,0, 0.26 mL, 0.52
mmol) in DME (4 mL) was stirred at 100° C. for 10 h under
N, atmosphere. LC-MS showed the reaction was complete.
The reaction mixture was diluted with EA (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=2:1, V/V) to
afford the desired product (63 mg, yield: 52%). LC/MS
(ESD): m/z 567 [M+H]™.

Step 3. (R)-4-(3-(3-chloro-1H-pyrazol-5-y1)-7-(1-
(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimi-
din-5-y1)-3-methylmorpholine

[0523]

TBAF, THF

Sep. 21, 2023

-continued

[0524] A mixture of (3S)-4-[3-(3-chloro-1-{[2-(trimethyl-
silylethoxy]methyl}-1H-pyrazol-5-yl)-7-(1-methanesulfo-
nylcyclopropyl)pyrazolo[1,5-a]pyrimidin-5-yl]-3-methyl-
morpholine (34 mg, 0.06 mmol) in TBAF (1.0 M in THF, 3
ml) was stirred at 70° C. for 2 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (40 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=1:2, V/V) to obtain a crude (45 mg), which was
further purified by Pre-HPLC (C,4, 10-95%, MeOH in H,O
with 0.1% HCOOH) to give the desired product (20 mg,
yield: 76%). LC/MS (ESI): m/z 437 [M+H]. 'H NMR (400
MHz, DMSO) 8 13.10 (s, 1H), 8.42 (s, 1H), 7.09 (s, 1H),
6.67 (s, 1H), 4.65 (s, 1H), 4.33 (d, J=12.7 Hz, 1H), 4.07 (dd,
J=11.5, 3.3 Hz, 1H), 3.85 (d, J=11.5 Hz, 1H), 3.71 (dd,
J=11.5,2.9 Hz, 1H), 3.55 (dt, J=11.8, 6.1 Hz, 1H), 3.33-3.26
(m, 1H), 3.21 (s, 3H), 1.94 (dd, J=7.7, 5.4 Hz, 2H), 1.70 (q,
J=5.7 Hz, 2H), 1.32 (d, J=6.7 Hz, 3H).

Example 14
Synthesis of (R)-3-methyl-4-(3-(4-methyl-1H-pyra-

zol-5-y1)-7-(1-(methylsulfonyl)cyclopropyl)pyrazolo
[1,5-a]pyrimidin-5-yl)morpholine

[0525]

O)%
B
0 g\r ~0

THP
141
K>CO3, Pd(dppf)Cls, DME
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-continued

HCl/dioxane
—_—

Step 1. Ethyl (3R)-3-methyl-4-(3-(4-methyl-1-(tet-
rahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(1-
(methylsulfonyl)cyclopropyl)pyrazolo[1,5-a]pyrimi-
din-5-yl)morpholine

[0526]

Sep. 21, 2023

[0527] To a solution of (R)-4-(3-bromo-7-(1-(methyl-
sulfonyl)cyclopropyl)pyrazolo[1,5-a]  pyrimidin-5-y1)-3-
methylmorpholine (100 mg, 0.24 mmol) in DME (10 mL)
were added 4-methyl-1-(oxan-2-yl)-5-(tetramethyl-1,3,2-di-
oxaborolan-2-yl)-1H-pyrazole (140.7 mg, 0.48 mmol),
K,CO; (2M in H,0, 0.36 mL, 0.72 mmol) and Pd(dppf)Cl,
(17.6 mg, 0.02 mmol). The mixture was stirred at 100° C.
overnight under nitrogen atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (40 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated.

[0528] The residue was purified by column chromatogra-
phy on silica gel (PE:EA=2:1, V/V) to afford the desired
product (50 mg, yield: 41%). LC/MS (ESI) m/z: 501
[M+H]".

Step 2. (R)-3-methyl-4-(3-(4-methyl-1H-pyrazol-5-
yD)-7-(1-(methylsulfonyl)cyclopropyl)pyrazolo[1,5-
a]pyrimidin-5-yl)morpholine

[0529]

HCl/dioxane
—_—

[0530] A mixture of ethyl (3R)-3-methyl-4-(3-(4-methyl-
1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(1-(meth-
ylsulfonyl)cyclopropyl)pyrazolo[ 1,5-a]pyrimidin-5-yl)mor-
pholine (50 mg, 0.1 mmol) in DCM (1 mL) was added HCI
solution (4M in dioxane, 1 mL). The mixture was stirred at
room temperature for 30 min. LC-MS showed the reaction
was complete. The reaction mixture was concentrated under
vacuo. The residue was purified by Prep-HPLC (Ciq,
10-95%, MeOH in H,O with 0.1% HCOOH) to afford the
desired product (15 mg, yield: 36%). LC-MS (ESI) m/z: 417
[M+H]*. "H NMR (400 MHz, DMSO) 8 12.34 (s, 1H), 8.15
(s, 1H), 7.33 (s, 1H), 6.99 (s, 1H), 4.57 (s, 1H), 4.20 (s, 1H),
4.01-3.90 (m, 1H), 3.75 (d, J=11.3 Hz, 1H), 3.62 (dd, J=11.6,
2.9 Hz, 1H), 3.46 (dt, J=11.8, 5.9 Hz, 1H), 3.22 (dd, J=13.1,
3.4 Hz, 1H), 3.18 (s, 3H), 2.17 (s, 3H), 1.89 (dd, J=7.7, 5.4
Hz, 2H), 1.65 (q, J=5.7 Hz, 2H), 1.22 (d, J=6.7 Hz, 3H).
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Example 15
Synthesis of (3R)-3-methyl-4-[7-(1-methyl-1H-
pyrazol-4-y1)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]
pyrimidin-5-ylJmorpholine
[0531]
(6]
g
Lo
N—
| Sy 15-2
Pd(PPh3)4, Na2C03
al N7 N,_—Br DME/H0, 60° C.
\
N\
15-1
[O
Nj\
H
15-4
NMP, MW, 150° C.
Br

O
o )
Ny \O
\
N THP

15-6

PdCly(dppf), K,CO3
DME/H,0, 100° C.

HCl/dioxane

Sep. 21, 2023

-continued
[\
N
H
15
Step 1. 4-{3-bromo-5-chloropyrazolo[1,5-alpyrimi-
din-7-y1}-1-methyl-1H-pyrazole
[0532]
O
al /
s
Ny \—
| Pd(PPh3)s, NasCO;3
cl NN, Br DME/H,0, 60° C.
\
N _—
Br
[0533] A mixture of 3-bromo-5,7-dichloropyrazolo[1,5-a]

pyrimidine (400 mg, 1.50 mmol), 1-methyl-4-(tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole (311.8 mg, 1.50
mmol), Pd(PPh,), (173.2 mg, 0.15 mmol) and Na,CO; (2M
in H,0, 1.5 mL, 2.99 mmol) in DME (15 mL) was stirred at
60° C. for 3 h under N, atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (40 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=10:1, V/V) to afford the desired product (400
mg, yield: 85%). LC/MS (ESI): m/z 312/314 [M+H]".

Step 2. (3R)-4-[3-bromo-7-(1-methyl-1H-pyrazol-4-
yDpyrazolo[1,5-a]pyrimidin-5-y1]-3-methylmorpho-

line
[0534]
[O
Nj\
H
—_—
NMP, MW, 150° C.

Br
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-continued

[0535] A mixture of 4-{3-bromo-5-chloropyrazolo[1,5-a]
pyrimidin-7-yl}-1-methyl-1H-pyrazole (200 mg, 0.64
mmol) and (3R)-3-methylmorpholine (194.2 mg, 1.92
mmol) in NMP (3 mL) was stirred at 150° C. for 1 h under
microwave irradiation.

[0536] LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (PE:EA=3:1, V/V) to afford
the desired product (200 mg, yield: 82%). LC/MS (ESI): m/z
377/379 [M+H]".

Step 3. (3R)-3-methyl-4-[7-(1-methyl-1H-pyrazol-4-
yD)-3-[1-(oxan-2-yl)-1H-pyrazol-5-yl|pyrazolo[1,5-
a]pyrimidin-5-yljmorpholine

[0537)]

QL %
¥ \

THP

Pd(dppf)Cly, K,CO3
DME/H,0, 100° C.

Sep. 21, 2023

[0538] A mixture of (3R)-4-[3-bromo-7-(1-methyl-1H-
pyrazol-4-yl)pyrazolo[ 1,5-a]pyrimidin-5-yl]-3-methylmor-
pholine (200 mg, 0.53 mmol), 1-(oxan-2-yl)-5-(tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole (221.2 mg, 0.80
mmol), K,CO; (183.2 mg, 1.33 mmol) and Pd(dppf)Cl,
(38.8 mg, 0.05 mmol) in co-solvent of DME (5 mL) and
H,O (1 mlL) was stirred at 100° C. for 5 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (PE:EA=1:1, V/V) to afford
the desired product (120 mg, yield: 50%). LC/MS (ESI): m/z
449 [M+H]".

Step 4. (3R)-3-methyl-4-[7-(1-methyl-1H-pyrazol-4-
yD)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-
yl]morpholine

[0539]

HCl/dioxane

[0540] To a solution of (3R)-3-methyl-4-[ 7-(1-methyl-1H-
pyrazol-4-y1)-3-[1-(oxan-2-y1)-1H-pyrazol-5-yl|pyrazolo[1,
S-alpyrimidin-5-yl]morpholine (100 mg, 0.22 mmol) in
DCM (4 mlL) was added HCI solution (4M in dioxane, 1.5
mL). The mixture was stirred at room temperature for 0.5 h.
LC-MS showed the reaction was complete. The reaction
mixture was concentrated under reduced pressure. The resi-
due was purified by Prep-HPLC (C,g, 10-95%, MeOH in
H,O with 0.1% HCOOH) to give the desired product (40
mg, yield: 49%). LC/MS (ESI): m/z 365 [M+H]*. 'H NMR
(400 MHz, DMSO) 8 12.74 (s, 1H), 8.97 (s, 1H), 8.58 (s,
1H), 8.38 (s, 1H), 7.59 (s, 1H), 7.08 (s, 1H), 6.76 (s, 1H),
4.66 (d, I=5.3 Hz, 1H), 4.28 (d, J=13.7 Hz, 1H), 4.02 (dd,
J=11.4, 3.3 Hz, 1H), 3.81 (d, J=11.3 Hz, 1H), 3.69 (dd,
J=11.4,2.8 Hz, 1H), 3.53 (td, J=12.0, 2.9 Hz, 1H), 3.25 (dd,
J=12.9, 3.5 Hz, 1H), 1.27 (d, J=6.7 Hz, 3H).
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Example 16
Synthesis of (R)-3-methyl-4-(7-(4-(methylsulfonyl)
phenyl)-3-(1H-pyrazol-5-yl)pyrazolo[ 1,5-a]pyrimi-
din-5-yl)morpholine
[0541]
O,
N\~
\\O
HO
cl B
OH
| Sy 16-2
Pd(PPh3)4, NazCO3
al N7 NX\_—Br DME/H,0
\
N fanel
16-1
[O
Nj\
H
16-4
Br  NMP, MW, 150° C.
O
m— 4
N~ N \O
\
THP
16-6

Pd(dppD)Cls, KCO3, DME

HCl/dioxane

Sep. 21, 2023

-continued
[O
N
]
N [ \N
o) \ N
N\ N== "
S
~
\\O
16
Step 1. 3-bromo-5-chloro-7-(4-methanesulfonylphe-
nyl)pyrazolo[1,5-a]pyrimidine
[0542]
O,
\\S -
\\O
Cl ie)
N
| Sy OH
Pd(PPh3)4, NazCO3
cl N7 X\_—Br DME/H,0
N\
Cl
AN
\ Br
O o
N\ N
-~
\\O

[0543] A suspension of 3-bromo-5,7-dichloropyrazolo[1,
S-alpyrimidine (400 mg, 1.50 mmol), (4-methanesulfo-
nylphenyl)boronic acid (300 mg, 1.50 mmol), Pd(PPh;),
(173.2 mg, 0.15 mmol) and Na,CO;, (2M in H,O, 1.50 mL,
2.99 mmol) in DME (15 mL) was stirred at 60° C. for 3 h
under N, atmosphere. LC-MS showed the reaction was
complete. The reaction mixture was diluted with EA (40
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:
EA=10:1, V/V) to afford the desired product (350 mg, yield:
60%/). LC/MS (ESI): m/z 386/388 [M+H]".
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Step 2. (3R)-4-[3-bromo-7-(4-methanesulfonylphe-
nyl)pyrazolo[ 1,5-a]pyrimidin-5-yl]-3-methylmor-
pholine

[0544]

Br

_—_—
NMP, MW, 150° C.

0,
\\s
~
\\o

[0545] A mixture of 3-bromo-5-chloro-7-(4-methane-
sulfonylphenyl)pyrazolo[1,5a]pyrimidine (200 mg, 0.52
mmol) and (3R)-3-methylmorpholine (157 mg, 1.55 mmol)
in NMP (3 mL) was stirred at 150° C. for 1 h under
microwave irradiation. LC-MS showed the reaction was
complete. The reaction mixture was diluted with EA (40
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=3:
1, V/V) to afford the desired product (180 mg, yield: 77%).
LC/MS (ESI): m/z 451/453 [M+H]*.

Step 3. (3R)-3-methyl-4-(7-(4-(methylsulfonyl)phe-
nyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yDpyrazolo[1,5-a]pyrimidin-5-yl)morpholine

O
WB/
N\N \O
\

THP
Pd(dppD)Cly, K-CO3, DME

[0546]

Sep. 21, 2023

-continued

0,
\\s
~
\\o

[0547] To a solution of (R)-4-(3-bromo-7-(4-(methyl-
sulfonyl)phenyl)pyrazolo[ 1,5-a]pyrimidin-5-y1)-3-methyl-
morpholine (60 mg, 0.15 mmol) and 1-(oxan-2-yl)-5-(tetra
methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (86.3 mg,
0.31 mmol) in DME (5 mL) were added K,CO; (54 mg, 0.39
mmol) and Pd(PPh,), (18 mg, 0.02 mmol). The mixture was
stirred at 90° C. for 3 h under N, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
diluted with EA (40 mL), then washed with water and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (PE:EA=1:1, V/V) to afford the desired product
(25 mg, yield: 35%). LC/MS (ESI) m/z: 523 [M+H]".

Step 4. (R)-3-methyl-4-(7-(4-(methylsulfonyl)phe-
nyl)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a|pyrimidin-5-
yD)morpholine

[0548]

HCl/dioxane

0,
\\s
-~
\\o

[0549] A mixture of (3R)-3-methyl-4-(7-(4-(methylsulfo-
nyl)phenyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-



US 2023/0295166 Al

yDpyrazolo[1,5-a]pyrimidin-5-yl)morpholine (40 mg, 0.08
mmol) in DCM (2 mL) was added HCI (4M in dioxane, 2
ml). The mixture was stirred at room temperature for 30
min. LC-MS showed the reaction was complete. The reac-
tion mixture was concentrated under vacuo. The residue was
purified by Pre-HPLC (C,g, 10-95%, MeOH in H,O with
0.1% HCOOH) to afford the desired product (20 mg, yield:
59%). LC/MS (ESI) m/z: 439 [M+H]*. 'H NMR (400 MHz,
CDCl,) 0 8.18 (s, 1H), 8.16-8.09 (m, 4H), 7.63 (d, J=1.7 Hz,
1H), 6.52 (s, 1H), 6.43 (s, 1H), 4.46 (d, J=4.5 Hz, 1H),
4.18-4.06 (m, 2H), 3.89 (d, J=11.5 Hz, 1H), 3.81 (dd, J=11.6,
2.9 Hz, 1H), 3.66 (td, J=12.0, 3.1 Hz, 1H), 3.47 (td, J=12.8,
3.8 Hz, 1H), 3.12 (s, 3H), 1.44 (d, J=6.8 Hz, 3H).

Example 17
Synthesis of (R)-3-methyl-4-(7-(4-(methylsulfonyl)

piperazin-1-yl)-3-(1H-pyrazol-5-yl)pyrazolo[ 1,5-a]
pyrimidin-5-yl)morpholine

[0550]
Cl HN/\
N
| AN k/ N Ms
KHCO3, MeCN, H,O
ClL I\{
N\
17-1
(0]
H
\N
| 17-3
_—
NMP, MW, 150° C.
(\N N\
\) \N
N —
Ms/
17-2
[O
N
NIS
—_—
| SN MeCN
(\N L
\) §\I
N —
Ms/
17-4
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o -continued
o, A\
N
B Ve
/ N
N o} I
THP
Y
Pd(PPhy)s, K»CO;
| dioxane, H,O, 90° C.
‘/\N I\{ \ I
N\) N==
Ms/
17-5
[O
Nj\
HCI
X —_—
| N dioxane
N
N
Ms/
17-6
[O
N
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N NN / N
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Step 1. 5-chloro-7-(4-(methylsulfonyl)piperazin-1-
yDpyrazolo[1,5-a]pyrimidine

[0551]
cl HN/\
N
| Xy k/ Ms
KHCO3, MeCN, H,O
Cl N
\
N\
Cl
]
S
N\) N==
Ms/
[0552] To a solution of 5,7-dichloropyrazolo[1,5-a]py-

rimidine (940 mg, 5.0 mmol) and 1-methanesulfonylpipera-
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zine (821 mg, 5.0 mmol) in CH;CN (12 mL) and H,O (12
mL) was added KHCO, (1.0 g, 10.0 mmol). The mixture
was stirred at room temperature overnight. LC-MS showed
the reaction was complete. The reaction mixture was diluted
with EA (40 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=10:1, V/V) to afford the desired product (1.45
g, vield: 92%). LC/MS (ESI): m/z 316 [M+H]*. 'H NMR
(400 MHz, CDCl,) 3 8.04 (d, J=2.3 Hz, 1H), 6.54 (d, J=2.3
Hz, 1H), 6.13 (s, 1H), 3.89-3.85 (m, 4H), 3.53-3.49 (m, 4H),
2.86 (s, 3H).

Step 2. (R)-3-methyl-4-(7-(4-(methylsulfonyl)piper-
azin-1-yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpholine

[0553]

o
cl [ j\
Y N
| 5,

N\ NMP, MW, 150° C.

(A

B
/Q B{N\\

[0554] To a solution of 1-{5-chloropyrazolo[1,5-a]pyrimi-
din-7-yl}-4-methanesulfonylpiperazine (205 mg, 0.65
mmol) and (3R)-3-methylmorpholine (197 mg, 1.95 mmol)
in NMP (3 mL) was added KHCO; (292 mg, 2.92 mmol).
The mixture was stirred at 150° C. for 1 h under microwave
irradiation. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated.

[0555] The residue was purified by column chromatogra-
phy on silica gel (PE:EA=6:1, V/V) to afford the desired
product (150 mg, yield: 61%). LC/MS (ESI): m/z 381
[M+H]*. "H NMR (400 MHz, CDCl,) 8 7.86 (d, J=2.2 Hz,
1H), 6.12 (d, J=2.1 Hz, 1H), 5.55 (s, 1H), 4.32 (d, ]=4.8 Hz,
1H), 4.04-3.96 (m, 2H), 3.78 (dd, J=18.3, 7.2 Hz, 2H),
3.72-3.65 (m, 4H), 3.57 (dd, J=11.8, 3.1 Hz, 1H), 3.51 (t,
J=4.9 Hz, 4H), 3.30 (t, J=4.6 Hz, 1H), 2.85 (s, 3H), 1.31 (d,
J=6.8 Hz, 3H).
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Step 3. (R)-4-(3-i0do-7-(4-(methylsulfonyl)piper-
azin-1-yl)pyrazolo[1,5-a]pyrimidin-5-yl)-3-methyl-

morpholine
[0556]
[O
Nj\
NIS
| SN MeCN
SR
Ve /N\) N== [O
Nj\
@
(\N I\{ \ I
N N=
Ms/
[0557] To a solution of (3R)-4-[7-(4-methanesulfonylpip-

erazin-1-yl)pyrazolo[1,5-a]pyrimidin-5-y1]-3-methylmor-
pholine (140 mg, 0.37 mmol) in CH,CN (10 mL) was added
NIS (91 mg, 0.41 mmol). The mixture was stirred at room
temperature for 30 min. LC-MS showed the reaction was
complete. The reaction mixture was diluted with EA (40
ml), then washed with saturated Na,S,0; solution and
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by column chromatography
onsilica gel (PE:EA=6:1, V/V) to afford the desired product
(160 mg, yield: 86%). LC/MS (ESI): m/z 507 [M+H]*. 'H
NMR (400 MHz, CDCl,) 8 7.83 (s, 1H), 5.55 (s, 1H), 4.35
(d, J=6.8 Hz, 1H), 4.15 (d, J=11.6 Hz, 1H), 4.04 (dd, J=11 .4,
3.7 Hz, 1H), 3.82 (d, J=11.4 Hz, 1H), 3.76 (d, J=3.0 Hz, 1H),
3.63 (dd, J=8.0, 3.9 Hz, 4H), 3.58 (dd, J=11.7,3.0 Hz, 1H),
3.50 (t, J=4.8 Hz, 4H), 3.32 (dd, J=12.9, 9.0 Hz, 1H), 2.85
(s, 3H), 1.34 (d, ]=6.8 Hz, 3H).

Step 4. (3R)-3-methyl-4-(7-(4-(methylsulfonyl)pip-
erazin-1-yl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-5-yl)morpho-

line
[0558]
(0]
0 / \
[ j\ \B/C\N
/ N
N 0 /
THP
Ny
Pd(PPhs)4, K2CO3
| dioxane, H,O, 90° C.
St
N\) N=
Ms/
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-continued

(A

-~

Ms

[0559] A mixture of (3R)-4-[3-iodo-7-(4-methanesulfo-
nylpiperazin-1-yl)pyrazolo[ 1,5-a]pyrimidin-5-y1]-3-methyl-
morpholine (163 mg, 0.32 mmol), 1-(oxan-2-yl)-3-(tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (134 mg, 0.48
mmol), Pd(dppf)Cl, (24 mg, 0.03 mmol) and K,CO; (111
mg, 0.81 mmol) in co-solvent of dioxane (10 mL) and H,O
(2 mL) was stirred at 100° C. overnight under N, atmo-
sphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (PE:EA=3:1, V/V) to afford
the desired product (120 mg, yield: 70%). LC/MS (ESI): m/z
531 [M+H]*.

Step 5. (R)-3-methyl-4-(7-(4-(methylsulfonyl)piper-
azin-1-y1)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]py-
rimidin-5-yl)morpholine

[0560]
[o
Nj\
HCl
|\N dioxane
\
N 4 N
Ms”” THP/
[o
Nj\
(]
LA
N
— H
Ms/N N

[0561] A mixture of (3R)-3-methyl-4-(7-(4-(methylsulfo-
nyl)piperazin-1-y1)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl)pyrazolo[ 1,5-a]pyrimidin-5-yl)morpholine
(120 mg, 0.23 mmol) in DCM (4 ml) was added HCl
solution (4 M in dioxane, 4 mL.). The mixture was stirred at
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room temperature for 2 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
vacuo. The residue was purified by Prep-HPLC (C18,
20-95%, acetonitrile in H,O with 0.1% HCOOH) to give the
desired product (25.2 mg, yield: 25%). LC/MS (ESI): m/z
447 [M+H[*. '"H NMR (400 MHz, DMSO) 8 12.81-12.47
(m, 1H), 8.43-8.05 (m, 1H), 7.81-7.36 (m, 1H), 6.89-6.56
(m, 1H), 591 (s, 1H), 4.56 (s, 1H), 4.15 (s, 1H), 3.99 (dd,
J=11.3, 3.4 Hz, 1H), 3.79-3.62 (m, 6H), 3.52-3.45 (m, 1H),
3.36-3.33 (m, 4H), 3.21 (td, J=12.8, 3.6 Hz, 1H), 2.97 (s,
3H), 1.24 (d, J=6.7 Hz, 3H).

Example 18
Synthesis of (R)-3-methyl-4-(7-(1-methyl-1H-pyra-

701-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)pyrazolo[1,5-
a]pyrimidin-5-yl)morpholine

[0562]

\
[ j\ NN
N Boc

18-1

PdCly(dppf), K2COs3
DME/H,0, 100° C.

TFA/DCM

18
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Step 1. tert-butyl(R)-3-methyl-5-(7-(1-methyl-1H-
pyrazol-5-y1)-5-(3-methylmorpholino)pyrazolo[1,5-
a]pyrimidin-3-yl)-1H-pyrazole-1-carboxylate

[0563]

0 \(y P
\
[ j\ NN
N Boc

2

PdCly(dppf1), K2CO;3
DME/H,0, 100° C.

[0564] A mixture of (3R)-4-[3-bromo-7-(1-methyl-1H-
pyrazol-5-yl)pyrazolo| 1,5-a]pyrimidin-5-yl]-3-methylmor-
pholine (102 mg, 0.27 mmol), {1-[(tert-butoxy)carbonyl]-
3-methyl-1H-pyrazol-5-yl}boronic acid (79 mg, 035
mmol), Pd(dppf)Cl, (20 mg, 0.027 mmol) and K,CO; (93
mg, 0.68 mmol) in co-solvent of dioxane (5 mL) and H,O
(1 mL) was stirred at 90° C. overnight under N, atmosphere.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with EA (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=10:1, V/V) to afford the
desired product (102 mg, yield: 78%). LC/MS (ESI): m/z
479 [M+H]".

Step 2. (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-
y1)-3-(3-methyl-1H-pyrazol-5-yl)pyrazolo[1,5-a]
pyrimidin-5-yl)morpholine

[0565]

TFA/DCM
—_—
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[0566] A mixture of tert-butyl3-methyl-5-[7-(1-methyl-
1H-pyrazol-5-y1)-5-[(3R)-3-methylmorpholin-4-yl|pyra-

zolo[1,5-a]pyrimidin-3-yl]-1H-pyrazole-1-carboxylate (102
mg, 0.21 mmol) in DCM (3 mL) was added HCI solution (4
M in dioxane, 3 mL). The mixture was stirred at room
temperature for 2 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
vacuo. The residue was purified by Prep-HPLC (C18,
20-95%, acetonitrile in H,O with 0.1% HCOOH) to give the
desired product (18.2 mg, yield: 23%). LC/MS (ESI): m/z
379 [M+H]*. 'H NMR (400 MHz, DMSO)  12.25 (br, 1H),
8.26 (s, 1H), 7.63 (d, J=1.9 Hz, 1H), 6.88 (s, 1H), 6.80 (d,
J=1.9 Hz, 1H), 6.51 (s, 1H), 4.63-4.52 (m, 1H), 4.31-4.20
(m, 1H), 4.00 (dd, J=11.3, 3.3 Hz, 1H), 3.85 (s, 3H),
3.80-3.76 (m, 1H), 3.69-3.64 (m, 1H), 3.54-3.49 (m, 1H),
3.26-3.23 (m, 1H), 2.24 (s, 3H), 1.28 (d, J=6.7 Hz, 3H).

Example 19

Synthesis of (R)-4-(3-(3-cyclopropyl-1H-pyrazol-5-
yD)-7-(1-(methylsulfonyl)cyclopropyl)pyrazolo[1,5-
a]pyrimidin-5-y1)-3-methylmorpholine

[0567)]

THP
19-1
Pd(dppf)Cla, K»CO3, DME
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-continued

Step 1. (3R)-4-(3-(3-cyclopropyl-1-(tetrahydro-2H-

pyran-2-y1)-1H-pyrazol-5-yl)-7-(1-(methylsulfonyl)

cyclopropyl)pyrazolo[ 1,5-a]pyrimidin-5-yl)-3-meth-
ylmorpholine

[0568]

THP

HCl/dioxane
—_—

Pd(dppf)Cls, K,CO;3, DME

\ /
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[0569] To a solution of (3R)-4-[3-bromo-7-(1-methane-
sulfonylcyclopropyl)pyrazolo[1,5-a] pyrimidin-5-y1]-3-
methylmorpholine (100 mg, 0.24 mmol) and [3-cyclopro-
pyl-1-(oxan-2-yl)-1H-pyrazol-5-yl|boronic acid (142.1 mg,
0.60 mmol) in DME (5 mL) was added K,CO, (2M in H,O,
0.36 mlL, 0.72 mmol) and Pd(dppf)Cl, (17.62 mg, 0.024
mmol). The mixture was stirred at 100° C. for 4 h under
nitrogen atmosphere. LC-MS showed the reaction was com-
plete. The reaction mixture was diluted with EA (40 mL),
then washed with water and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=3:1, V/V)
to afford the desired product (60 mg, yield: 47%). LC/MS
(ESD): m/z 527 [M+H]".

Step 2. (R)-4-(3-(3-cyclopropyl-1H-pyrazol-5-y1)-7-
(1-(methylsulfonyl)cyclopropyl) pyrazolo[1,5-a]
pyrimidin-5-y1)-3-methylmorpholine

[0570]

HCl/dioxane
_—

[0571] To a solution of (3R)-4-(3-(3-cyclopropyl-1-(tetra-
hydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(1-(methylsulfo-
nyl)cyclopropyl)pyrazolo[ 1,5-a]pyrimidin-5-y1)-3-methyl-
morpholine (60 mg, 0.11 mmol) in DCM (2 ml) was added
HCI solution (4M in dioxane, 2 mL). The mixture was
stirred at room temperature for 1 h. LC-MS showed the
reaction was complete. The reaction mixture was concen-
trated under vacuo. The residue was purified by Pre-HPLC
(C18, 20-95%, acetonitrile in H,O with 0.1% HCOOH) to
afford the desired product (30 mg, yield: 59%). LC/MS
(ESI) m/z: 443 [M+H]". '"H NMR (400 MHz, DMSO) §
12.29 (s, 1H), 8.29 (s, 1H), 6.97 (s, 1H), 6.39 (d, J=39.4 Hz,
1H), 4.57 (s, 1H), 4.24 (s, 1H), 4.05-3.95 (m, 1H), 3.79 (d,
J=11.5Hz, 1H), 3.66 (dd, J=11.5, 2.9 Hz, 1H), 3.55-3.46 (m,
1H), 3.29-3.20 (m, 1H), 3.15 (s, 3H), 1.90 (s, 1H), 1.88 (dd,
J=7.6, 5.4 Hz, 2H), 1.64 (q, J=5.7 Hz, 2H), 1.26 (d, ]=6.7
Hz, 3H), 0.87 (s, 2H), 0.69 (s, 2H).
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Example 20

Synthesis of (R)—N-methyl-N-(5-(3-methylmor-
pholino)-3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimi-
din-7-yl)methanesulfonamide

[0572]

cl

Sy CH,NH,HCI

—_—
| K2CO3, McCN

cl NN

\

N

20-1

Cl [ j\
N
it

Sy 20-3

EZ/
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A, o
N—N\

20-6

Xy
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Step 1. 5-chloro-N-methylpyrazolo[1,5-a]pyrimidin-
7-amine
[0573]

Cl Cl
/f\N CH;NH,+HCI | AN
e
K,CO3, MeCN
a NN Sy NN
\ H \

N= Ne=—
[0574] To a solution of 5,7-dichloropyrazolo[1,5-a]py-

rimidine (400 mg, 2.13 mmol) in MeCN (4 mL) were added
CH,NH,-HCI (215.5 mg, 3.19 mmol) and K,CO, (882.1
mg, 6.38 mmol). The mixture was stirred at 80° C. over-
night. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by flash chro-
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matography on silica gel (PE:EA=3:1, V/V) to afford the
desired product (380 mg, yield: 98%). LC/MS (ESD) m/z:
183 [M+H]".

Step 2. (R)—N-methyl-5-(3-methylmorpholino)
pyrazolo[1,5-a]pyrimidin-7-amine

[0575]
Oj\
Ny j\
/ﬁ\
- 5
N=
[0576] To a solution of 5-chloro-N-methylpyrazolo[1,5-a]

pyrimidin-7-amine (150 mg, 0.82 mmol) in NMP (3 mL)
were added (3R)-3-methylmorpholine (249.3 mg, 2.46
mmol) and K,CO, (227.1 mg, 1.64 mmol). The mixture was
stirred at 200° C. for 1 h under microwave irradiation.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with EA (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by flash chromatog-
raphy on silica gel (PE:EA=3:1, V/V) to afford the desired
product (125 mg, yield: 55%). LCMS m/z 248 [M+H]*.

Step 3. (R)-3-iodo-N-methyl-5-(3-methylmor-
pholino)pyrazolo[1,5-a]pyrimidin-7-amine

[0577]
[O O
Nj\ [Nj\
NIS
] ]
Sy NN Sy NN
N= N=
[0578] To a solution of N-methyl-5-[(3R)-3-methylmor-

pholin-4-yl|pyrazolo[1,5-a]pyrimidin-7-amine (175 mg,
0.71 mmol) in MeCN (6 mL) were added 1-lodpyrrolidin-
2,5-dionamine (122.4 mg, 0.71 mmol). The mixture was
stirred at room temperature for 1 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (40 mL), then washed with saturated Na,S,0,
aqueous solution and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by flash
chromatography on silica gel (PE:EA=3:1, V/V) to afford
the desired product (200 mg, yield: 75%). LC/MS (ESI) n/z:
374 [M+H]".

Sep. 21, 2023

Step 4. N-methyl-5-((R)-3-methylmorpholino)-3-(1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)pyra-
zolo[1,5-a]pyrimidin-7-amine

[0579]
(6]
0 /
N B
N—N
N \
THP
(]
NN
\
N\
[O
N
\N
H
THP
[0580] To a solution of (R)-3-iodo-N-methyl-5-(3-methyl

morpholino)pyrazolo[1,5-a]pyrimidin-7-amine (180 mg,
0.48 mmol) in co-solvent of dioxane (5 mL) and H,O (1 mL)
were added 1-(oxan-2-yl)-5-(tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-pyrazole (335.4 mg, 1.21 mmol), K,CO,
(133.3 mg, 0.97 mmol) and Pd(dppD)Cl, (70.6 mg, 0.10
mmol). The mixture was stirred at 100° C. overnight under
nitrogen atmosphere. LC-MS showed the reaction was com-
plete. The reaction mixture was diluted with EA (40 mL),
then washed with water and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by flash chromatography on silica gel (PE:EA=2:1, V/V) to
afford the desired product (70 mg, yield: 36%). LC/MS
(ESI) m/z: 398 [M+H]".

Step 5. N-methyl-N-(5-((R)-3-methylmorpholino)-
3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)
pyrazolo[1,5-a]pyrimidin-7-yl)methanesulfonamide

[0581]
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-continued
[O
0 SN
N
S
/ N

N
N
I

[0582] To solution of N-methyl-5-((R)-3-methylmor-
pholino)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)
pyrazolo[1,5-a]pyrimidin-7-amine (53 mg, 0.13 mmol) in
THF (2 mL) at -78° C. was added LDA (2 M in THF, 0.2
ml, 0.40 mmol) drop wise. The mixture was stirred at —78°
C. for 30 min, then a solution of methanesulfonyl chloride
(0.03 mL, 0.33 mmol) in THF (0.5 mL) was added drop
wise. The resulting mixture was stirred at room temperature
for 1 h. LC-MS showed the reaction was complete. The
reaction mixture was quenched with saturated NH,Cl aque-
ous solution and extracted with EA (30 mL.x2). The com-
bined organic layer was washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by flash chromatography on silica gel (DCM:
MeOH=30:1, V/V) to afford the desired product (38 mg,
yield: 59%). LC/MS (ESI) (m/z): 476 [M+H]".

Step 6. (R)—N-methyl-N-(5-(3-methylmorpholino)-
3-(1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidin-7-yl)

methanesulfonamide
[0583]
[O
Nj\
HCl/dioxane
A | e
¢ / \
~
N AN N
/ | \ N/
N= /
THP
[O
Nj\
O | \N
N4
\S
/NTINTN [\
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[0584] A mixture of N-methyl-N-(5-((R)-3-methylmor-
pholino)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)
pyrazolo[1,5-a]pyrimidin-7-yl)methanesulfonamide (50 mg,
0.11 mmol) in HCI solution (4 M in dioxane, 2 ml.) was
stirred at room temperature for 2 h. LC-MS showed the
reaction was complete. The reaction mixture was concen-
trated under vacuo. The residue was purified by Pre-HPLC
(Cis, 10-95%, MeOH in H,O with 0.1% HCOOH) to afford
the desired product (10.6 mg, yield: 25%). LC/MS (ESI)
m/z: 392 [M+H]*. 'H NMR (400 MHz, DMSO0) & 12.75 (d,
J=81.4 Hz, 1H), 8.31 (s, 1H), 7.56 (s, 1H), 6.84 (s, 1H), 6.73
(s, 1H), 4.58 (s, 1H), 4.21 (d, J=12.2 Hz, 1H), 4.00 (dd,
J=11.4, 3.3 Hz, 1H), 3.78 (d, J=11.4 Hz, 1H), 3.66 (dd,
J=11.5, 2.9 Hz, 1H), 3.51 (td, J=11.9, 2.9 Hz, 1H), 3.44 (d,
J=4.2 Hz, 3H), 3.40 (s, 3H), 3.31-3.21 (m, 1H), 1.27 (d,
J=6.7 Hz, 3H).

Example 21
Synthesis of (R)-3-methyl-4-(8-(1-methyl-1H-pyra-

zol-5-y1)-3-(1H-pyrazol-5-yl)imidazo[1,2-b]
pyridazin-6-yl)morpholine

[0585]
l
N NBS, AIBN
_—
| N CHCl;
Br \
N /
21-1
0
W /
N
cl N\N [¢]
| \Il‘f 21-3
N Pd(PPh;)s, Nay,CO3(2M)
Br \ Br DME
\_/
212
[O
N
H
215
KF, DMSO
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Step 1. 3,8-dibromo-6-chloroimidazo|1,2-b]

pyridazine
[0586]
Cl Cl
N NBS, AIBN Xy
| —o
N CHCl N
Br \J Br \\>/Br
" \_/
[0587] To a solution of 8-bromo-6-chloroimidazo[1,2-b]

pyridazine (1.1 g, 4.73 mmol) and AIBN (80 mg, 0.47
mmol) in CHCl; (50 mL) was added NBS (1.68 g, 9.46
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mmol) portion wise. The mixture was stirred at 80° C. for 3
h. LC-MS showed the reaction was complete. The reaction
mixture was concentrated under vacuo to dryness. The
residue was purified by flash chromatography on silica gel
(PE:EA=10:1, V/V) to give the desired product (580 mg,
yield: 39%/). LC/MS (ESI): m/z 310/312/314 [M+H]".

Step 2. 3-bromo-6-chloro-8-(1-methyl-1H-pyrazol-
5-yDimidazo[1,2-b]pyridazine

[0588]

o)
cl WB/
N AN

~N 0
XN \

Pd(PPhs)s, NayCO3(2M)

Br I\I j/Br DME

Br

[0589] To a solution of 3,8-dibromo-6-chloroimidazo[1,2-
blpyridazine (350 mg, 1.12 mmol), 1-methyl-5-(tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (468 mg, 2.25
mmol) and Na,CO, (2M in H,0, 1.7 mL, 3.38 mmol) in
DME (10 mL) was added Pd(PPh,), (130 mg, 0.11 mmol).
The mixture was stirred at 90° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (50 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by flash chro-
matography on silica gel (PE:EA=5:1, V/V) to give the
desired product (250 mg, yield: 71%). LC/MS (ESI): m/z
312/314 [M+H]*.

Step 3. (R)-4-(3-bromo-8-(1-methyl-1H-pyrazol-5-
yDimidazo[1,2-b|pyridazin-6-y1)-3-methylmorpho-
line

[0590]
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[0591] To a solution of 3-bromo-6-chloro-8-(1-methyl-

1H-pyrazol-5-yl)imidazo[1,2-b|pyridazine (170 mg, 0.54
mmol) and KF (158 mg, 2.72 mmol) in DMSO (17 mL) was
added (3R)-3-methylmorpholine (550 mg, 5.44 mmol). The
mixture was stirred at 180° C. for 1 h under microwave
irradiation. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (60 mL), then washed
with water (20 mL.x3) and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by flash chromatography on silica gel (PE:EA=3:1, V/V) to
give the desired product (65 mg, yield: 32%). LC/MS (ESD):
m/z 377/379 [M+H]".

Step 4. (3R)-3-methyl-4-(8-(1-methyl-1H-pyrazol-5-
y1)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
ylimidazo[1,2-b]pyridazin-6-yl)morpholine

[0592]

(0]
O
-
A\
N
N N o]
\
THP
Pd(PPhy),, K,CO3
dioxane, H,O

[0593] To a solution of (R)-4-(3-bromo-8-(1-methyl-1H-
pyrazol-5-yl)imidazo[ 1,2-b]pyridazin-6-yl)-3-methylmor-
pholine (65 mg, 0.17 mmol), 1-(oxan-2-yl)-5-(tetra methyl-

Sep. 21, 2023

1,3,2-dioxaborolan-2-yl)-1H-pyrazole (96 mg, 0.35 mmol),
K,CO; (71 mg, 0.52 mmol) in co-solvent of dioxane (3 mL.)
and H,O (0.6 mL) was added Pd(PPh,), (20 mg, 0.02
mmol). The mixture was stirred at 100° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (60 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by flash chro-
matography on silica gel (PE:EA=2:1, V/V) to give the
desired product (55 mg, yield: 71%). LC/MS (ESI): m/z 449
[M+H]".

Step 5. (R)-3-methyl-4-(8-(1-methyl-1H-pyrazol-5-
yD-3-(1H-pyrazol-5-yl)imidazo [1,2-b]pyridazin-6-
yD)morpholine

[0594]

HCl/dioxane

[0595] A mixture of (3R)-3-methyl-4-(8-(1-methyl-1H-
pyrazol-5-y1)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-
5-yDimidazo[1,2-b]pyridazin-6-yl)morpholine (55 mg, 0.12
mmol) in HCI solution (4M in dioxane, 2 mL) was stirred at
room temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
vacuo to dryness. The residue was purified by Prep-HPLC
(Cyg, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (6 mg, yield: 13%). LC/MS (ESID): m/z
365 [M+H]*. 'H NMR (400 MHz, DMSO) § 13.31 (d,
J=114.0 Hz, 1H), 8.15-7.64 (m, 3H), 7.32 (d, ]=22.6 Hz,
1H), 7.14 (d, J=26.1 Hz, 1H), 6.88 (d, J=1.9 Hz, 1H), 4.43
(dd, J=10.0, 4.4 Hz, 1H), 4.08 (dd, J=11.4,3.0 Hz, 1H), 4.03
(s, 3H), 3.94 (d, J=12.6 Hz, 1H), 3.82 (dt, J=11.6, 7.0 Hz,
2H), 3.69-3.61 (m, 1H), 3.34 (dd, J=12.3, 3.7 Hz, 1H), 1.32
(d, J=6.7 Hz, 3H).
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Example 22

Synthesis of (R)-3-methyl-4-(8-(1-(methylsulfonyl)
cyclopropyl)-3-(1H-pyrazol-5-yl)imidazo|[1,2-b]
pyridazin-6-yl)morpholine

[0596]

| | 22-1
N NaH, DMF

B
r\/\ Br
_—

10M NaOH
TBAB, PhMe

O, T

THP
22-6

Pd(PPhs)4, K5CO3
dioxane, H,O
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N

Step 1. Methyl 2-(3-bromo-6-chloroimidazo[1,2-b]
pyridazin-8-y1)-2-(methylsulfonyl) acetate

[0597]

O
~° d
O// ~

| -
N Nall, DMF

Br I\I J/Br

Cl

0 Xy

|
N,

\O O0=S=0 IXTJ/BI

[0598] To a solution of methyl 2-methanesulfonylacetate
(340 mg, 2.24 mmol) in DMF (10 mL) at 0° C. was added
NaH (60%, 149 mg, 3.73 mmol) portion wise. The mixture
was stirred at 0° C. for 20 min, then a solution of 3,8-
dibromo-6-chloroimidazo[1,2-b|pyridazine (580 mg, 1.86
mmol) in DMF (1 mL) was added. The resulting mixture
was stirred at 0° C. for 2 h. LC-MS showed the reaction was
complete. The reaction mixture was quenched with saturated
NH,Cl aqueous solution, then extracted with EA (30 mL.x2).
The combined organic layer was washed with brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by flash chromatography on silica gel
(PE:EA=10:1, V/V) to afford the desired product (680 mg,
yield: 95%). LC/MS (ESI): m/z 382/384 [M+H]".
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Step 2. (R)-4-(3-bromo-8-((methylsulfonyl)methyl)
imidazo[1,2-b|pyridazin-6-yl)-3-methylmorpholine
[0599]
cl [O
0 NN N
) )
~o ( i>/Br KF, NMP
O=T=O N /
[O
N
=
(6] O N
v L
~ \ J/Br
\_/
[0600] To a solution of methyl 2-{3-bromo-6-chloroimi-

dazo[1,2-b]pyridazin-8-yl}-2-methanesulfonylacetate (300
mg, 0.784 mmol) and (3R)-3-methylmorpholine (397 mg,
3.92 mmol) in NMP (5 mL) was added KF (91 mg, 1.57
mmol). The mixture was stirred at 180° C. for 1 h under
microwave irradiation. LC-MS showed the reaction was
complete. The mixture was diluted with EA (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by flash
chromatography on silica gel (PE:EA=5:1, V/V) to afford
the desired product (110 mg, yield: 36%). LC/MS (ESI): m/z
389/391[M+H]".

Step 3. (R)-4-(3-bromo-8-(1-(methylsulfonyl)cyclo-
propyl)imidazo[1,2-bpyridazin-6-yl)-3-methylmor-
pholine

[0601]

B
r\/\ Br
_—

10M NaOH
TBAB, PhMe
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[0602] To a solution of (R)-4-(3-bromo-8-((methylsulfo-

nyl)methyl)imidazo[ 1,2-b]pyridazin-6-yl)-3-methylmor-
pholine (110 mg, 0.28 mmol), 1,2-dibromoethane (0.06 mL,,
0.71 mmol) and TBAB (18 mg, 0.06 mmol) in Toluene (8
mL) was added NaOH (10 M in H,O, 0.28 mL, 2.83 mmol).
The mixture was stirred at 60° C. for 2h. LC-MS showed the
reaction was complete. The mixture was diluted with EA (40
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by flash chromatography on silica gel (PE:EA=3:1,
V/V) to afford the desired product (50 mg, yield: 43%).
LC/MS (ESD): mv/z 415/417 [M+H]".

Step 4. (3R)-3-methyl-4-(8-(1-(methylsulfonyl)cy-
clopropyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl)imidazo[1,2-b]pyridazin-6-yl)morpho-

line
[0603]
(0] O
(L D
B\
Ny 0
N \
THP
Pd(PPhy),, K,CO3
dioxane, H,O
Br
[O
N
(@] O
v
~
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[0604] To a solution of (R)-4-(3-bromo-8-(1-(methyl-
sulfonyl)cyclopropyl)imidazo|1,2-b]pyridazin-6-yl)-3-
methylmorpholine (50 mg, 0.12 mmol), 1-(oxan-2-yl)-5-
(tetra methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (67 mg,
0.24 mmol), K,CO; (50 mg, 0.36 mmol) in co-solvent of
dioxane (3 mL) and H,O (0.6 mL) was added Pd(PPh,), (14
mg, 0.012 mmol). The mixture was stirred at 100° C. for 16
h under N, atmosphere. LC-MS showed the reaction was
complete. The mixture was diluted with EA (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by flash
chromatography on silica gel (PE:EA=2:1, V/V) to afford
the desired product (55 mg, yield: 94%). LC/MS (ESI): m/z
487 [M+H]".

Step 5. (R)-3-methyl-4-(8-(1-(methylsulfonyl)cyclo-
propyl)-3-(1H-pyrazol-5-yl)imidazo[1,2-b]
pyridazin-6-yl)morpholine

[0605]
[O
N
x HCl/dioxane
N
O\S//O | IL 7\
~ _N
/ N
N /
THP
[O
BY
x
\\S/O | I / \
~ \ _N
WA
[0606] A mixture of (3R)-3-methyl-4-(8-(1-(methylsulfo-

nyl)cyclopropyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
zol-5-yl)imidazo[1,2-b]pyridazin-6-yl)morpholine (55 mg,
0.11 mmol) in HCI solution (4M in dioxane, 3 mL) was
stirred at room temperature for 1 h. LC-MS showed the
reaction was complete. The reaction mixture was concen-
trated under vacuo. The residue was purified by Prep-HPLC
(Cis, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (4.8 mg, yield: 11%). LC/MS (ESI): m/z
403 [M+H]*. "H NMR (400 MHz, DMSO) 8 13.09 (s, 1H),
7.99 (t,J=71.7 Hz, 2H), 7.33 (s, 1H), 7.05 (s, 1H), 4.39-4.27
(m, 1H), 4.01 (dd, J=11.4, 3.0 Hz, 1H), 3.77 (ddd, J=19.6,
13.7, 7.6 Hz, 3H), 3.58 (td, J=11.7, 2.7 Hz, 1H), 3.26-3.22
(m, 1H), 3.14 (s, 3H), 1.81 (q, J=5.0 Hz, 2H), 1.57 (q, J=5.4
Hz, 2H), 1.23 (d, J=6.7 Hz, 3H).
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Example 23

Synthesis of (R)-3-methyl-4-(8-(1-methyl-1H-pyra-
701-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)imidazo[1,2-
blpyridazin-6-yl)morpholine

[0607]

Boce
23-1

1. Pd(dppf)Cl,, K,CO3
dioxane, H,O
2. HCl/Dioxane

Step 1. (R)-3-methyl-4-(8-(1-methyl-1H-pyrazol-5-
y1)-3-(3-methyl-1H-pyrazol-5-yl)imidazo[1,2-b]
pyridazin-6-yl)morpholine

[0608]

\ OH
Boce
1. Pd(dppf)Cl,, K,CO3
dioxane, H,O
2. HCl/Dioxane
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[0609] To a mixture of (R)-4-(3-bromo-8-(1-methyl-1H-
pyrazol-5-yl)imidazo[ 1,2-b]pyridazin-6-yl)-3-methylmor-
pholine (50 mg, 0.13 mmol), {1-[(tert-butoxy) carbonyl]-3-
methyl-1H-pyrazol-5-yl}boronic acid (60 mg, 0.27 mmol),
K,CO; (55 mg, 0.40 mmol) in co-solvent of dioxane (2.5
mL) and H,O (0.5 mL) was added Pd(dppf)Cl, (5 mg, 0.01
mmol). The mixture was stirred at 100° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was dissolved in DCM (2
mL), then HCI solution (4M in dioxane, 1 mL) was added.
The mixture was stirred at room temperature for 1 h. LC-MS
showed the reaction was complete. The reaction mixture was
concentrated under vacuo. The residue was purified by
Prep-HPLC (C,4, 10-95%, MeOH in H,O with 0.1%
HCOOH) to give the desired product (6 mg, yield: 12%).
[0610] LC/MS (ESD): m/z 379 [M+H]*. '"H NMR (400
MHz, DMSO) 8 12.79 (s, 1H), 7.93 (s, 1H), 7.60 (d, J=1.9
Hz, 1H), 7.23 (s, 1H), 6.83 (s, 1H), 6.81 (d, J=1.9 Hz, 1H),
4.36 (q, J=6.7 Hz, 1H), 4.02 (dd, J=11.3, 3.3 Hz, 1H), 3.97
(s, 3H), 3.91-3.86 (m, 1H), 3.80-3.73 (m, 2H), 3.62-3.57 (m,
1H), 3.30-3.28 (m, 1H), 2.32 (s, 3H), 1.25 (d, J=6.6 Hz, 3H).

Example 24

Synthesis of (R)-3-methyl-4-(4-(1-(methylsulfonyl)
cyclopropyl)-8-(1H-pyrazol-5-yl)imidazo[1,5-a]
pyrimidin-2-yl)morpholine

[0611]
0 o/\
NH, /\OM
0
242
HNT N Cs,CO3, DMF, 120° C.

\— N\

24-3

24-1
OH
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| (@] —_
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0
N
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AIBN, NBS
—_—
CCly, 80° C.

CH3 SOzNa
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24-10
B

TBAB, NaOH (10M)
Toluene
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Step 1. Ethyl 2-hydroxy-4-methylimidazo[1,5-a]
pyrimidine-8-carboxylate
[0612]
/\

—

NN
\w

[0613] To a suspension of ethyl 5-amino-1H-imidazole-4-
carboxylate (2.5 g, 16.11 mmol) and Cs,CO; (10.5 g, 32.22
mmol) in DMF (20 mI) was added ethyl (27)-3-cthoxybut-
2-enoate (3.06 g, 19.34 mmol). The mixture was stirred at
120° C. for 16 h. LC-MS showed the reaction was complete.
The reaction mixture was diluted with DCM (40 mL), then
filtered. Then filter cake was washed with DCM and MeOH
(4:1, 40 mL). The filtrate was concentrated to give the crude
product (3.17 g), which was used in the next step without
further purification. LC/MS (ESI): m/z 222 [M+H]".

Step 2. Ethyl 2-chloro-4-methylimidazo[1,5-a]py-
rimidine-8-carboxylate

[0614]
oH
N POC;
| O _
N7\
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[0615] A mixture of ethyl 2-hydroxy-4-methylimidazo[1,
S-alpyrimidine-8-carboxylate (3.1 g, 14.01 mmol) in POCI,
(30 mL)) was stirred at 100° C. for 2 h.

[0616] LC-MS showed the reaction was complete. The
reaction mixture was concentrated under reduced pressure.
The mixture was diluted with DCM (40 mL.), then washed
with saturated NaHCO; aqueous solution and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by flash chromatography on silica gel
(PE:EA=5:1, V/V) to afford the desired product (2.52 g,
yield: 65%). LC/MS (ESI): m/z 240 [M+H]".

Step 3. Ethyl 6-bromo-4-(bromomethyl)-2-chloro-
imidazo[1,5-a]pyrimidine-8-carboxylate

[0617]
cl
Ny AIBN, NBS
| O _ =
CCly, 80° C.
NTN

cl
AN
| 0
Br:
NN

[0618] To asolution of ethyl 2-chloro-4-methylimidazo[1,
S-alpyrimidine-8-carboxylate (2.5 g 10.43 mmol) and AIBN
(170 mg, 1.04 mmol) in CCl, (50 mL) was added NBS (4.3
g, 24.0 mmol). The mixture was stirred at 90° C. for 8 h.
LC-MS showed the reaction was complete. The mixture was
diluted with DCM (40 mL), then washed with water and
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by flash chromatography on
silica gel (PE:EA=5:1, V/V) to afford the desired product
(275 g, yield: 66%). LC/MS(ESI): m/z 396/398/400
[M+H]™".
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Step 4. Ethyl 6-bromo-2-chloro-4-((methylsulfonyl)
methyl)imidazo[1,5-a]pyrimidine-8-carboxylate

[0619]

l
SN
| o CH;S0,Na
Br -
NN
0
)§N N
Br
cl
Xy
o, O
N 0
S
/ NN

[0620] To a solution of ethyl 6-bromo-4-(bromomethyl)-
2-chloroimidazo[1,5-a]pyrimidine-8-carboxylate (1 g, 2.52
mmol) in DMF (15 mL) at -60° C. was added methane-
sulfonylsodium (0.26 g, 2.52 mmol). The mixture was
stirred at —60° C. for 1 h. LC-MS showed the reaction was
complete. The mixture was diluted with DCM (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by flash
chromatography on silica gel (PE:EA=3:1, V/V) to afford
the desired product (850 mg, yield: 85%). LC/MS (ESI): m/z
396/398 [M+H]".

Step 5. Ethyl (R)-6-bromo-2-(3-methylmorpholino)-
4-((methylsulfonyl)methyl) imidazo[1,5-a]pyrimi-
dine-8-carboxylate

[0621]
0
cl [
Xy N
RN 0 i
g
/ NN
0
)kN /\
Br
[o
Nj\
AN
N 0
g
/ NN

Br
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[0622] To a solution of ethyl 6-bromo-2-chloro-4-(meth-
anesulfonylmethyl)imidazo[1,5-a]pyrimidine-8-carboxylate
(850 mg, 2.14 mmol) in MeCN (15 mL) was added (3R)-
3-methylmorpholine (650 mg, 6.43 mmol). The mixture was
stirred at 80° C. for 1.5 h. LC-MS showed the reaction was
complete. The mixture was concentrated to dryness. The
residue was purified by flash chromatography on silica gel
(PE:EA=1:1, V/V) to afford the desired product (827 mg,
vield: 84%). LC/MS (ESI): m/z 461/463 [M+H]".

Step 6. Ethyl (R)-2-(3-methylmorpholino)-4-((meth-
ylsulfonyl)methyl)imidazo[1,5-a]pyrimidine-8-car-

boxylate
[0623]
[O
Nj\
Pd/C, Hy
Xy _—
2 | >
S
/ NN
(6]
D={ TN
Br
[O
Nj\
Ny

(6] O

v 0

/ NN

6]
— N\

[0624] To a solution of ethyl (R)-6-bromo-2-(3-methyl-

morpholino)-4-((methylsulfonyl)methyl)imidazo[1,5-a]py-
rimidine-8-carboxylate (820 mg, 1.78 mmol) in THF (8 mL)
was added Pd/C (10%, 200 mg). The mixture was stirred at
room temperature for 2 h under H, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
filtered, the filtrate was concentrated under vacuo. The
residue was purified by flash chromatography on silica gel
(PE:EA=1:1, V/V) to afford the desired product (570 mg,
yield: 84%). LC/MS (ESI): m/z 383 [M+H]".

Step 7. (R)-2-(3-methylmorpholino)-4-(1-(methyl-

sulfonyl)cyclopropyl)imidazo[ 1,5-a]pyrimidine-8-

carboxylic acid

[0625]
[o
Nj\ -
Br /\/
XN TBAB, NaOH (10M)
O\\ /O | O Toluene
S
/ NN

VRN
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[0626] To a solution of ethyl (R)-2-(3-methylmorpholino)-
4-((methylsulfonyl)methyl)  imidazo[1,5-a]pyrimidine-8-
carboxylate (300 mg, 0.78 mmol), 1,2-dibromoethane (0.17
ml, 1.96 mmol) and TBAB (51 mg, 0.16 mmol) in Toluene
(10 mL) was added NaOH (10 M in H,O, 0.78 mL, 7.84
mmol). The mixture was stirred at 60° C. for 16 h. LC-MS
showed the reaction was complete. The mixture was con-
centrated under reduced pressure. The residue was diluted
with DCM (50 mL), then adjusted to PH=5 by the addition
of HCl solution (1M). The aqueous layer was separated, then
extracted with DCM (30 mLx2) twice. The combined
organic layer was washed with brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by flash chromatography on silica gel (DCM:MeOH=10:1,
V/V) to afford the desired product (298 mg, yield: 99%).
LC/MS (ESD): m/z 381 [M+H]™.

Step 8. (R)-3-methyl-4-(4-(1-(methylsulfonyl)cyclo-
propyl)imidazo[ 1,5-a]pyrimidin-2-yl)morpholine

[0627]

[O
Nj\
NaOH, MeOH
N
N2 | 0
S
/ N7\
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N
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[0628] To a solution of (R)-2-(3-methylmorpholino)-4-(1-

(methylsulfonyl)cyclopropyl) imidazo[1,5-a]pyrimidine-8-
carboxylic acid (298 mg, 0.78 mmol) in co-solvent of
MeOH (8 mL) and H,O (2 mL) was added NaOH (94 mg,
2.35 mmol). The mixture was stirred at 60° C. for 16 h.
LC-MS showed the reaction was complete. The mixture was
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diluted with DCM (40 mL), then washed with water and
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by flash chromatography on
silica gel (PE:EA=1:1, V/V) to afford the desired product
(130 mg, yield: 49%). LC/MS (ESI): m/z 337 [M+H]".

Step 9. (R)-4-(8-bromo-4-(1-(methylsulfonyl)cyclo-
propyl)imidazo[1,5-a]pyrimidin-2-yl)-3-methylmor-

pholine

[0629]
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[0630] To a solution of (R)-3-methyl-4-(4-(1-(methyl-
sulfonyl)cyclopropyl)imidazo[1,5-a]pyrimidin-2-yl)mor-

pholine (130 mg, 0.386 mmol) in THF (8 mL) at -70° C.
was added NBS (69 mg, 0.386 mmol). The mixture was
stirred at —70° C. for 30 min. LC-MS showed the reaction
was complete. The mixture was quenched with saturated
Na,S,0; aqueous solution, then extracted with DCM (20
ml.x3). The combined organic phase was washed brine,
dried over anhydrous Na,SO,, filtered and concentrated to
dryness. The residue was purified by flash chromatography
on silica gel (PE:EA=1:1, V/V) to afford the desired product
(100 mg, yield: 62%). LC/MS (ESI): m/z 415/417 [M+H]".

Step 10. (3R)-3-methyl-4-(4-(1-(methylsulfonyl)
cyclopropyl)-8-(1-(tetrahydro-2H-pyran-2-y1)-1H-
pyrazol-5-yl)imidazo[1,5-a]pyrimidin-2-yl)morpho-

line
[0631]
0 0
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N
N N\N e}
\
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[0632] To a solution of (R)-4-(8-bromo-4-(1-(methyl-
sulfonyl)cyclopropyl)imidazo[1,5-a]pyrimidin-2-y1)-3-
methylmorpholine (100 mg, 0.24 mmol), 1-(oxan-2-yl)-5-
(tetra methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (134
mg, 0.48 mmol) and K,CO; (100 mg, 0.72 mmol) in
co-solvent of dioxane (10 mL) and H,O (2 mL) was added
Pd(PPh,), (56 mg, 0.05 mmol). The mixture was stirred at
100° C. for 15 h under N, atmosphere. LC-MS showed the
reaction was complete. The mixture was diluted with DCM
(40 mL), then washed with water and brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by flash chromatography on silica gel (PE:
EA=1:1, V/V) to afford the desired product (37 mg, yield:
32%). LC/MS (ESI): m/z 488 [M+H]".

Step 11. (R)-3-methyl-4-(4-(1-(methylsulfonyl)cy-
clopropyl)-8-(1H-pyrazol-5-yl)imidazo[1,5-a|py-
rimidin-2-yl)morpholine

[0633]
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[0634] A mixture of (3R)-3-methyl-4-(4-(1-(methylsulfo-
nyl)cyclopropyl)-8-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
zol-5-yl)imidazo[ 1,5-a]pyrimidin-2-yl)morpholine (35 mg,
0.07 mmol) in HCI solution (4 M in dioxane, 3 mL) was
stirred at room temperature for 1 h. LC-MS showed the
reaction was complete. The reaction mixture was concen-
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trated under vacuo. The residue was purified by Prep-HPLC
(Cys, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (6 mg, yield: 21%). LC/MS (ESI): m/z
403 [M+H]*". "H NMR (400 MHz, DMSO) 8 12.81 (s, 1H),
8.18 (s, 1H), 8.05 (s, 1H), 7.48 (d, J=1.1 Hz, 1H), 7.07 (s,
1H), 6.63 (d, J=1.5 Hz, 1H), 4.54 (d, J=5.3 Hz, 1H), 4.20 (d,
J=13.0 Hz, 1H), 3.99 (dd, J=11.4, 3.4 Hz, 1H), 3.78 (d,
J=11.4 Hz, 1H), 3.66 (dd, J=11.4, 2.8 Hz, 1H), 3.50 (1d,
J=11.9, 2.8 Hz, 1H), 3.25 (d, I=9.5 Hz, 1H), 3.20 (s, 3H),
1.26 (d, J=6.7 Hz, 3H).

Example 25

Synthesis of (R)-3-methyl-4-(4-(1-methyl-1H-pyra-
zol-5-y1)-8-(1H-pyrazol-5-yl)imidazo[ 1,5-a]pyrimi-
din-2-yl)morpholine

[0635]
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Step 1. Ethyl 2,4-dihydroxyimidazo[1,5-a|pyrimi-
dine-8-carboxylate

[0636]

O O
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[0637] To a suspension of ethyl 5-amino-1H-imidazole-4-
carboxylate (2.4 g, 15.47 mmol) and Cs,CO; (15.1 g, 46.40
mmol) in DMF (100 ml) was added 1,3-diethyl propane-
dioate (4.95 g, 30.94 mmol). The mixture was stirred at 120°
C. for 16 h. LC-MS showed the reaction was complete. After
cooling to room temperature, the mixture was diluted with
DCM (100 mL), then filtered. Then filter cake was washed
with DCM and MeOH (4:1, 40 ml). The filtrate was
concentrated to give the crude product (3.45 g), which was
used in the next step without further purification. LC/MS
(ESD): m/z 224 [M+H]".

Step 2. Ethyl 2,4-dichloroimidazo[1,5-a]pyrimidine-
8-carboxylate

[0638]
OH
N J POCI;
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[0639] A mixture of ethyl 2.4-dihydroxyimidazo[1,5-a]
pyrimidine-8-carboxylate (3.45 g) in POCI, (40 mL) was
stirred at 100° C. for 2 h. LC-MS showed the reaction was
complete. The mixture was concentrated under reduced
pressure. The residue was diluted with DCM (100 mL), then
washed with saturated NaHCO; aqueous solution and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by flash chromatography on silica
gel (PE:EA=5:1, V/V) to give the desired product (1.05 g,
yield: 26%). LC/MS (ESI): m/z 260/262 [M+H]".

Step 3. Ethyl 2-chloro-4-iodoimidazo[1,5-a]pyrimi-
dine-8-carboxylate
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[0641] To a solution of ethyl 2,4-dichloroimidazo[1,5-a]

pyrimidine-8-carboxylate (1.05 g, 4.04 mmol) in MeCN (30
ml) was added Nal (3.03 g, 20.19 mmol). The mixture was
stirred at 80° C. for 8 h. LC-MS showed the reaction was
complete. The mixture was diluted with EA (60 mL), then
washed with saturated Na,S,0; aqueous solution and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (PE:EA=5:1, V/V) to afford the desired product
(1.4 g, yield: 98%). LC/MS (ESI): m/z 352 [M+H]".

Step 4. Ethyl 2-chloro-4-(1-methyl-1H-pyrazol-5-
ylimidazo[1,5-a]pyrimidine-8-carboxylate

[0642]
o
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[0643] To a solution of ethyl 2-chloro-4-iodoimidazo[1,5-
a]pyrimidine-8-carboxylate (1.4 g, 3.98 mmol), 1-methyl-
5-(tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-pyrazole (1.24
g, 5.97 mmol) and Na,CO; (2M in H,0, 6 mL,, 11.95 mmol)
in DME (30 ml.) was added Pd(PPh;), (0.23 g, 0.199
mmol). The mixture was stirred at 40° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
mixture was diluted with EA (60 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=3:1, V/V) to afford the
desired product (415 mg, yield: 34%). LC/MS (ESI): m/z
306 [M+H]".

Step 5. Ethyl (R)-4-(1-methyl-1H-pyrazol-5-y1)-2-
(3-methylmorpholino)imidazo[1,5-a]pyrimidine-8-

carboxylate
[0644]
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[0645] To a solution of ethyl 2-chloro-4-(1-methyl-1H-

pyrazol-5-yl)imidazo[1,5-a]pyrimidine-8-carboxylate (415
mg, 1.36 mmol) in MeCN (10 ml) was added (3R)-3-
methylmorpholine (412 mg, 4.07 mmol). The mixture was
stirred at 80° C. for 16 h. LC-MS showed the reaction was
complete. The mixture was concentrated to dryness. The
residue was purified by flash chromatography on silica gel
(PE:EA=1:1, V/V) to afford the desired product (447 mg,
yield: 89%). LC/MS (ESI): m/z 371 [M+H]".
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Step 6. (R)-4-(1-methyl-1H-pyrazol-5-yl1)-2-(3-
methylmorpholino)imidazo[1,5-a]pyrimidine-8-car-
boxylic acid

[0646]
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[0647] To asolution of ethyl (R)-4-(1-methyl-1H-pyrazol-

5-y)-2-(3-methylmorpholino) imidazo[1,5-a]pyrimidine-8-
carboxylate (447 mg, 1.21 mmol) in co-solvent of MeOH (9
mL) and H,O (3 mL) was added NaOH (145 mg, 3.62
mmol). The mixture was stirred at 50° C. for 16 h. LC-MS
showed the reaction was complete. The reaction mixture was
adjusted to PH=S5 by the addition of HCI solution (1N), then
extracted with DCM (30 mL.x3). The combined organic
layer was washed with brine, dried over anhydrous Na,SO,,
filtered and concentrated to give the desired product (387
mg, yield: 94%). LC/MS (ESI): m/z 343 [M+H]".

Step 7. (R)—N-methoxy-N-methyl-4-(1-methyl-1H-
pyrazol-5-yl1)-2-(3-methylmorpholino)imidazo[1,5-a]
pyrimidine-8-carboxamide

[0648]
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[0649] To a solution of (R)-4-(1-methyl-1H-pyrazol-5-yl)-
2-(3-methylmorpholino)imidazo [1,5-a]pyrimidine-8-car-
boxylic acid (380 mg, 1.11 mmol), HOBT (225 mg, 1.67
mmol), EDCI (319 mg, 1.66 mmol) and TEA (0.62 mL, 4.44
mmol) in DCM (10 mL) was added methoxy(methyl)amine
(0.111 mL, 1.44 mmol).

[0650] The mixture was stirred at room temperature for 3
h. LC-MS showed the reaction was complete. The mixture
was diluted with EA (60 mL), then washed with water and
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by column chromatography
on silica gel (PE:EA=3:1, V/V) to afford the desired product
(427 mg, yield: 99%). LC/MS (ESI): m/z 386 [M+H]".

Step 8. (R)-1-(4-(1-methyl-1H-pyrazol-5-y1)-2-(3-
methylmorpholino)imidazo[1,5-a]pyrimidin-8-yl1)
ethan-1-one

[0651]
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[0652] To a solution of (R)—N-methoxy-N-methyl-4-(1-

methyl-1H-pyrazol-5-y1)-2-(3-methyl morpholino)imidazo
[1,5-a]pyrimidine-8-carboxamide (427 mg, 1.11 mmol) in
THF (10 mL) at 0° C. was added CH;MgBr (2.5 M, 0.9 mL,
2.22 mmol) drop wise.
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[0653] The mixture was stirred at 0° C. for 2 h. LC-MS
showed the reaction was complete.

[0654] The mixture was quenched with saturated NH,Cl
aqueous solution, then extracted with EA (30 mL.x3). The
combined organic phase was washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated to dryness.
The residue was purified by flash chromatography on silica
gel (PE:EA=1:1, V/V) to afford the desired product (335 mg,
yield: 89%). LC/MS (ESI): m/z 341 [M+H]".

Step 9. (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-
yD-8-(1H-pyrazol-5-yl)imidazo[1,5-a]pyrimidin-2-

yD)morpholine
[0655]
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[0656] A mixture of (R)-1-(4-(1-methyl-1H-pyrazol-5-yl)-

2-(3-methylmorpholino)imidazo [1,5-a]pyrimidin-8-yl)
ethan-1-one (150 mg, 0.441 mmol) in DMF-DMA (3 mL,
22.41 mmol) was stirred at 120° C. for 48 h. LC-MS showed
the reaction was complete. The mixture was concentrated to
obtain a yellow o0il (180 mg), which was used in the next step
without further purification. The yellow oil was dissolved in
EtOH (3 mL), then hydrazine hydrate (1 mL) was added.
The mixture was stirred at 75° C. for 2h. LC-MS showed the
reaction was complete.

[0657] The reaction mixture was diluted with EA (60 mL),
then washed with water and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by Prep-HPLC (C,, 10-95%, MeOH in H,O with 0.1%
HCOOH) to give the desired product (11 mg, yield: 7%).
LC/MS (BESI): m/z 365 [M+H]*. 'H NMR (400 MHz,
DMSO) 3 7.86 (s, 1H), 7.73 (d, J=2.0 Hz, 1H), 7.54 (s, 1H),
6.97-6.90 (m, 2H), 6.70 (d, J=1.2 Hz, 1H), 4.57 (dd, =143,
6.9 Hz, 1H), 4.24 (d, J=13.2 Hz, 1H), 3.99 (dd, J=11.6, 3.3
Hz, 1H), 3.95 (s, 3H), 3.77 (d, J=11.4 Hz, 1H), 3.68-3.64 (m,
1H), 3.52-3.49 (m, 1H), 3.26-3.23 (m, 1H), 1.27 (d, J=6.7
Hz, 3H).
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O
Synthesis of (R)-3-methyl-4-(4-(1-methyl-1H-pyra- o
701-5-y1)-7-(1H-pyrazol-5-yl)imidazo[1,5-b] Cl ~
pyridazin-2-yl)morpholine g
NH
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DME

1) Pd/C, Hy, MeOH
2) HCl/Dioxane

27-16
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Step 1.
5,6-dichloro-2-(4-methoxybenzyl)pyridazin-3
(2H)-one

[0659]

Cl Cl

[0660] To a solution of 5,6-dichloropyridazin-3 (2H)-one
(300 mg, 1.82 mmol) in DMF (5 mL) was added K,CO,
(754.0 mg, 5.46 mmol) and 1-(chloromethyl)-4-methoxy
benzene (0.50 mL, 3.64 mmol). The reaction was stirred at
room temperature overnight. LC-MS showed the reaction
was complete. The mixture was diluted with EA (40 mL),
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then washed with water and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=20:1,
V/V) to afford the desired product (400 mg, yield: 77%).
LC/MS (ESI): nv/z 285 [M+H]*. '"H NMR (400 MHz,
CDCl,) 8 7.41-7.36 (m, 1H), 7.07 (s, 1H), 6.88-6.83 (m,
1H), 5.18 (s, 1H), 3.79 (s, 2H).

Step 2. 6-chloro-2-(4-methoxybenzyl)-5-(1-methyl-
1H-pyrazol-5-yl)pyridazin-3 (2H)-one

[0661]
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[0662] To a solution of 5,6-dichloro-2-(4-methoxybenzyl)

pyridazin-3 (2H)-one (200 mg, 0.70 mmol) and 1-methyl-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyra-
zole (291.9 mg, 1.40 mmol) in DME (10 mL) were added
Na,CO, (2M in H,0O, 0.88 mL, 1.75 mmol) and Pd(dppf)Cl,
(51.3 mg, 0.07 mmol). The mixture was stirred at 100° C.
overnight under nitrogen atmosphere. LC-MS showed the
reaction was complete. The mixture was diluted with EA (40
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=1:
1, V/V) to afford the desired product (110 mg, yield: 47%).
LC/MS (ESD) m/z: 331 [M+H]. "H NMR (400 MHz, CDCI,)
8 7.60 (d, I=1.7 Hz, 1H), 7.47 (d, J=8.7 Hz, 2H), 6.95-6.86
(m, 3H), 6.41 (d, I=1.7 Hz, 1H), 5.25 (s, 2H), 3.84 (s, 3H),
3.80 (s, 3H).

Step 3. 1-(4-methoxybenzyl)-4-(1-methyl-1H-pyra-
70l-5-y1)-6-0x0-1,6-dihydropyridazine-3-carbonitrile

[0663]
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[0664] To a solution of 6-chloro-2-(4-methoxybenzyl)-5-

(1-methyl-1H-pyrazol-5-yl) pyridazin-3 (2H)-one (450 mg,
1.36 mmol) in DMF (8 mL) were added Zn(CN), (319.6 mg,
2.72 mmol), dppt (150.8 mg, 0.27 mmol) and Pd,(dba),
(124.6 mg, 0.14 mmol). The reaction was stirred at 120° C.
overnight under nitrogen atmosphere. LC-MS showed the
reaction was complete. The mixture was diluted with EA (40
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=2:
1, V/V) to afford the desired product (200 mg, yield: 46%).
LC/MS (ES) mv/z: 322 [M+H]".

Step 4. 4-(1-methyl-1H-pyrazol-5-y1)-6-oxo-1,6-
dihydropyridazine-3-carbonitrile
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[0666] To a solution of 1-(4-methoxybenzyl)-4-(1-methyl-

1H-pyrazol-5-y1)-6-0x0-1,6-dihydropyridazine-3-carboni-
trile (660 mg, 2.05 mmol) in CH;CN (30 mL) and H,O (6
ml) was added Ceric ammonium nitrate (4.1 mL, 8.22
mmol). The mixture was stirred at room temperature over-
night. LC-MS showed the reaction was complete. The
mixture was diluted with DCM (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=1:1, V/V) to afford the
desired product (350 mg, yield: 85%). LC/MS (ESD) m/z:
202 [M+H]".
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Step 5. 6-(aminomethyl)-5-(1-methyl-1H-pyrazol-5-
yDpyridazin-3 (2H)-one

[0667]
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[0668] To a solution of 4-(1-methyl-1H-pyrazol-5-y1)-6-

oxo0-1,6-dihydro pyridazine-3-carbonitrile (350 mg, 1.74
mmol) in MeOH (20 mL) was added Pd/C (10%, 35 mg) and
one drop of conc. HCl. The mixture was stirred at room
temperature for 4 h under H, atmosphere. LC-MS showed
the reaction was complete. The reaction mixture was filtered
and the filtrate was concentrated to give the desired product
(350 mg, yield: 98%). LC/MS (ESD) (m/z): 206 [M+H]".

Step 6. ethyl 2-(((4-(1-methyl-1H-pyrazol-5-y1)-6-
oxo0-1,6-dihydropyridazin-3-yl)methyl)amino)-2-

oxoacetate
[0669]
O
O
Cl \/
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[0670] To a solution of 6-(aminomethyl)-5-(1-methyl-1H-
pyrazol-5-yl)pyridazin-3 (2H)-one (350 mg, 1.71 mmol) and
TEA (0.95 mL, 6.82 mmol) in DCM (30 mL) was added
ethyl 2-chloro-2-oxoacetate (0.286 mlL., 2.558 mmol). The
mixture was stirred at room temperature for 3 h. LC-MS
showed the reaction was complete. The mixture was diluted
with DCM (40 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (DCM:MeOH=30:1, V/V) to afford the desired product
(400 mg, yield: 77%). LC/MS (ESI) m/z: 306 [M+H]".
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Step 7. ethyl 2-chloro-4-(1-methyl-1H-pyrazol-5-yl)
imidazo[1,5-b|pyridazine-7-carboxylate

[0671]

POCL;

DCE

[0672] To a solution of ethyl 2-(((4-(1-methyl-1H-pyra-
zol-5-yl)-6-0x0-1,6-dihydropyridazin-3-yl)methyl)amino)-

2-oxoacetate (250 mg, 0.82 mmol) in 1,2-dichloroethane (5
ml.) was added POCI; (0.46 mL, 4.91 mmol) dropwise. The
mixture was stirred at 80° C. overnight. LC-MS showed the
reaction was complete. The reaction mixture was concen-
trated under vacuo. The residue was diluted with DCM (40
mL), then washed with saturated NaHCO; aqueous solution
and brine, dried over anhydrous Na,SO,, filtered and con-
centrated. The residue was purified by column chromatog-
raphy on silica gel (DCM:MeOH=50:1, V/V) to afford the
desired product (200 mg, yield: 79%). LC/MS (ESD) m/z:
306 [M+H]*. '"H NMR (400 MHz, DMSO) § 7.81 (s, 1H),
7.71 (d, J=2.0 Hz, 1H), 7.46 (s, 1H), 6.93 (d, ]=2.0 Hz, 1H),
4.41 (q, J=7.1 Hz, 2H), 4.00 (s, 3H), 1.36 (t, J=7.1 Hz, 3H).

Step 8. ethyl (R)-4-(1-methyl-1H-pyrazol-5-yl)-2-
(3-methylmorpholino)imidazo[1,5-b]pyridazine-7-
carboxylate

[0673]
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[0674] To a solution of ethyl 2-chloro-4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazine-7-carboxylate (200
mg, 0.65 mmol) in NMP (10 ml) was added (3R)-3-
methylmorpholine (264.7 mg, 2.62 mmol). The mixture was
stirred at 150° C. for 1 h under microwave irradiation.
LC-MS showed the reaction was complete. The mixture was
diluted with DCM (40 mL), then washed with water and
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by column chromatography
on silica gel (DCM:MeOH=20:1, V/V) to afford the desired
product (80 mg, yield: 33%). LC/MS (ESI) m/z: 371
[M+H]".

Step 9. (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-
yDimidazo[1,5-b]pyridazin-2-yl)morpholine

[0675]

1) NaOH, MeOH/H,0

2) IM HC1

[0676] To asolution of ethyl (R)-4-(1-methyl-1H-pyrazol-
5-y)-2-(3-methylmorpholino) imidazo[1,5-b]pyridazine-7-
carboxylate (200 mg, 0.54 mmol) in co-solvent of MeOH (3
mL) and H,O (1 mL) was added NaOH (64.8 mg, 1.62
mmol). The mixture was stirred at 50° C. for 1 h. After
cooling to room temperature, the reaction mixture was
adjusted to pH=3 by the addition of HCI solution (1 M), then
extracted with EA (20 m[.x3). The combined organic layer
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was washed with brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MeOH=30:1,
V/V) to afford the desired product (100 mg, yield: 62%).
LC/MS (ESD) mv/z: 299 [M+H]".

Step 10. (R)-4-(5,7-diiodo-4-(1-methyl-1H-pyrazol-
5-yDimidazo[1,5-b]pyridazin-2-yl)-3-methylmor-
pholine

[0677]

[0678] To a solution of (R)-3-methyl-4-(4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)morpholine (60
mg, 0.20 mmol) in CH;CN (2 mL) was added NIS (135.7
mg, 0.60 mmol). The mixture was stirred at room tempera-
ture for 2 h. LC-MS showed the reaction was complete. The
mixture was diluted with DCM (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=1:1, V/V) to afford the
desired product (100 mg, yield: 90%). LC/MS (ESI) m/z:
551 [M+H]*.

Step 11. (3R)-4-(5-i0do-4-(1-methyl-1H-pyrazol-5-

y1)-7-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-

yDimidazo[1,5-b]pyridazin-2-y1)-3-methylmorpho-

line

[0679]

DME
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THP

[0680] To a solution of (R)-4-(5,7-diiodo-4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b] pyridazin-2-yl)-3-methylmor-
pholine (100 mg, 0.18 mmol) and 1-(tetrahydro-2H-pyran-
2-y1)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazole (75.8 mg, 0.27 mmol) in DME (5 mL) were added
K,CO; (2M in H,0O, 0.27 mL, 0.55 mmol) and Bis(triph-
enylphosphine)palladium(II) chloride (141.4 mg, 0.18
mmol). The mixture was stirred at 80° C. overnight under
nitrogen atmosphere. LC-MS showed the reaction was com-
plete. The mixture was diluted with EA (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MeOH=30:1,
V/V) to afford the desired product (60 mg, yield: 57%).
LC/MS (ESD) m/z: 575 [M+H]".

Step 12. (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-
yD)-7-(1H-pyrazol-5-yl)imidazo[ 1,5-b|pyridazin-2-
yD)morpholine

[0681]

1) Pd/C, Hy, MeOH
2) HCl/Dioxane

[0682] To a solution of (3R)-4-(5-iodo-4-(1-methyl-1H-
pyrazol-5-y1)-7-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-
5-yDimidazo[1,5-b]pyridazin-2-yl)-3-methylmorpholine

(50 mg, 0.09 mmol) in MeOH (5 mL) was added Pd/C (10%,
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10 mg). The mixture was stirred at room temperature for 2
h under N, atmosphere. LC-MS showed the reaction was
complete. The mixture was filtered and the filtrate was
concentrated to dryness. The residue was dissolved in DCM
(2 mL), then HCl solution (4M in dioxane, 1 mL) was added.
The mixture was stirred at room temperature for 2 h. LC-MS
showed the reaction was complete. The reaction mixture was
concentrated under vacuo. The residue was purified by
Pre-HPLC (Cis, 10-95%, MeOH in H,O with 0.1%
HCOOH) to afford the desired product (3 mg, yield: 9%).
LC/MS (BSI) m/z: 365 [M+H]*. 'H NMR (400 MHz,
DMSO) 8 7.73 (s, 1H), 7.66 (d, J=1.9 Hz, 1H), 7.43 (s, 1H),
7.14 (d, J=1.9 Hz, 1H), 6.98 (s, 1H), 6.81 (d, I=1.9 Hz, 1H),
4.40 (d, J=6.5 Hz, 1H), 4.01 (dd, J=11.6, 3.5 Hz, 1H), 3.98
(s, 3H), 3.95 (s, 1H), 3.91 (s, 1H), 3.78 (d, J=11.3 Hz, 1H),
3.73 (dd, J=11.4, 2.7 Hz, 1H), 3.61-3.54 (m, 1H), 3.28 (dd,
J=12.7, 3.7 Hz, 2H), 1.26 (d, J=6.7 Hz, 3H).

[0683] The title compound can also been synthesized
following the procedure as shown below.

ILN—O
\P
[ j/ \
0
27.2'
I
N DMF
< 0
\
N
271
) )
o) cl o N
Hﬂ‘i 274
N DCM, 0° C.
< 0
\
N
2731
0 )
e NH t-BuOK
| 2 pEr——
TN
N N\
275
N o
N
N NaOH
= 0 - -
0 O~

Cl

27

-7
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O
DIPEA, POCI;
—_—

27-9'

Pd(PPhy),Cls, 2M K,CO;3

SN

DME, 60° C.

NIS, CH3;CN
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27

Step 1. ethyl 1-amino-1H-imidazole-5-carboxylate

[0684]
HZN—O\P
J b
O
H
N LiHMDS, DMF
6]
U
N
LN O
\
N (6]
U
N
[0685] To a solution of ethyl 1H-imidazole-5-carboxylate

(2 g, 178 mmol) in DMF (200 mmol) at 0° C. LIHMDS (1M
in THF, 196 mL, 196 mmol) dropwise. The mixture was
stirred at 0° C. for 1 h, them amino diphenylphosphinate (50
g, 214 mmol) was added portion wise. After the addition, the
resulting mixture was stirred at 0° C. for an additional 2 h.
LC-MS showed the reaction was complete. The reaction
mixture was quenched with H,O (200 mL), then concen-
trated to dryness. The residue was diluted with EA (500 mL),
then filtered. The filter cake was washed with EA (200 mL).
The combined organic phase was dried over anhydrous

Sep. 21, 2023

Na,SO,, filtered and concentrated. The residue was purified
by column chromatography (DCM:MeOH=10:1, V/V) to
give the desired product (14 g, yield: 50.6%). LC/MS (ESI):
m/z 156.2 [M+H]*.

Step 2. ethyl 1-(3-ethoxy-3-oxopropanamido)-1H-
imidazole-5-carboxylate

[0686]
J o o
HZI\{ % CIMO/\
N DCM, 0° C., 1h

o
O O
A

e

[0687] To a solution of ethyl 1-amino-1H-imidazole-5-
carboxylate (14 g, 90.2 mmol) in DCM (200 mL) at 0° C.
was added ethyl 3-chloro-3-oxopropanoate (15.1 mlL, 117
mmol) drop wise. The mixture was stirred at room tempera-
ture for 16 h. LC-MS showed the reaction was complete.
The reaction mixture was quenched with saturated NaHCO,
aqueous solution, then extracted with DCM (100 m[.x3).
The combined organic phase was washed with brine, dried
over anhydrous Na,SO,, filtered and concentrated to dry-
ness. The residue was purified by column chromatography
(DCM:MeOH=10:1, V/V) to give the desired product (24 g,
yield: 98%). LC/MS (ESI): m/z 270.3 [M+H]*.

Step 3. ethyl 2-hydroxy-4-ox0-3,4-dihydroimidazo
[1,5-b]pyridazine-3-carboxylate

[0688]
0 0
/\OMTH o t-BuOK
X THF
o
N
FNTS
s 0
o SN

[0689] To a suspension of ethyl 1-(3-ethoxy-3-oxopro-
panamido)-1H-imidazole-5-carboxylate (24 g, 89.1 mmol)
in THF (300 mL) at 0° C. was added t-BuOK (30 g, 267.0
mmol) portion wise. After the addition, the mixture was
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stirred at room temperature for 5 h. LC-MS showed the
reaction was complete. The reaction mixture was adjusted to
PH=2 by the addition of 6M HCI aqueous solution, then
concentrated to dryness. The residue was suspended in
co-solvent of DCM and MeOH (2:1, V:V, 200 mL), then
stirred at room temperature for 0.5 h. The resulting mixture
was filtered, the filter cake was washed with DCM and
MeOH (2:1, V/V, 100 mL). The filtrate was concentrated
under reduced pressure to give the crude product, which was
used in the next step without further purification (16 g).
LC/MS (ESI): m/z 224.2 [M+H]™.

Step 4. imidazo[1,5-b]|pyridazine-2,4 (1H,3H)-dione

[0690]
N o
N
N/ V-
_ o NaOH N
e
© O\/ (6]
[0691] A mixture of ethyl 2-hydroxy-4-0x0-3,4-dihydro-

imidazo[1,5-b|pyridazine-3-carboxylate (16 g, 71.7 mmol)
in NaOH aqueous solution (4M, 120 mL) was stirred at 100°
C. for 16 h. LC-MS showed the reaction was complete. After
cooling to room temperature, the mixture was adjusted to
PH=2 by the addition of 6M HCI aqueous solution, then
filtered. The filter cake was washed with ice-water twice (50
ml.x2), then concentrated under vacuo to give the desired
product (8 g, yield: 59%).

[0692] LC/MS (ESD): m/z 152 [M+H]*.

Step 5. 2,4-dichloroimidazo[1,5-b]pyridazine

[0693]
O Cl
NH DIPEA, POCl3 | N III
_—m
N toluene N
0 > cl >
\ 7 \ 7
N N
[0694] To a solution of imidazo[1,5-b]|pyridazine-2,4 (1H,

3H)-dione (8 g, 52.9 mmol) and DIPEA (13.66 g, 106 mmol)
in toluene (80 mL) at 0° C. was added POCI, (19.7 mL, 212
mmol) drop wise. After the addition, the mixture was stirred
at 120° C. for 16 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated, then
diluted with EA (200 mL). The organic phase was washed
with saturated NaHCO; aqueous solution and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography (PE:EA=3:
1, V/V) to give the desired product (7.2 g, yield: 72%).
LC/MS (ESI): m/z 188/190 [M+H]".

Sep. 21, 2023

Step 6. 2-chloro-4-(1-methyl-1H-pyrazol-5-yl)imi-
dazo[1,5-b]pyridazine

[0695]
O
cl m—B/
Ny \o
XN \
| IL Pd(PPh3)2Clz, Na2C03,
Cl DME, 60° C.
\ 7
N
[0696] To a solution of 2,4-dichloroimidazo[1,5-b]

pyridazine (1 g, 5.32 mmol) and 1-methyl-5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (1.44 g, 6.91
mmol) in DME (20 mL) were added bis(triphenylphosphine)
palladium(II) chloride (0.83 g, 1.06 mmol) and Na,CO; (2M
in H,0, 5.32 ml, 10.64 mmol). The reaction was charged
with N, twice, then stirred at 60° C. overnight. LC-MS
showed the reaction was complete. The mixture was diluted
with EA (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=3:1, V/V) to give the desired product (500 mg,
yield: 40%). LC/MS ESI (m/z): 234 [M+H]".

Step 7. (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-
yDimidazo[1,5-b]pyridazin-2-yl)morpholine

O
| [j\
| H
N,

[0697]

—_—

> sulfolane, KF
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[0698] To a solution of 2-chloro-4-(1-methyl-1H-pyrazol-
5-yDimidazo[1,5-b]pyridazine (1 g, 4.28 mmol) in sulfolane
(20 mL) was added (R)-3-methylmorpholine (1.30 g, 12.839
mmol) and KF (0.75 g, 12.839 mmol). The mixture was
stirred at 180° C. for 8 h. LC-MS showed the reaction was
complete. The mixture was diluted with EA (50 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MeOH=20:1,
V/V) to give the desired product (330 mg, yield: 26%).
LC/MS ESI (m/z): 299 [M+H]".

Step 8. (3R)-4-[5,7-diiodo-4-(1-methyl-1H-pyrazol-
5-yDimidazo[1,5-b]pyridazin-2-yl]-3-methylmor-

pholine
[0699]
[O
N
NIS, CH3CN
_— =

SN

[0700] To a solution of (3R)-3-methyl-4-[4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yllmorpholine (230
mg, 0.77 mmol) in MeCN (15 mL) was added NIS (520.3
mg, 2.31 mmol). The mixture was stirred at room tempera-
ture for 2 h. LC-MS showed the reaction was complete. The
mixture was diluted with EA (50 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (DCM:MeOH=20:1, V/V) to give the
desired product (340 mg, yield: 80%). LC/MS ESI (m/z):
551 [M+H]*.

Sep. 21, 2023

Step 9. (3R)-4-[5-i0do-4-(1-methyl-1H-pyrazol-5-
y1)-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo[1,5-b]
pyridazin-2-yl]-3-methylmorpholine

Pd(PPh3),Cly, K>CO3,
DME

[0701]

[0702] To a solution of (3R)-4-[5,7-diiodo-4-(1-methyl-
1H-pyrazol-5-yl)imidazo[1,5-b] pyridazin-2-yl]-3-methyl-
morpholine (170 mg, 0.31 mmol) and 1-(oxan-2-yl)-5-(te-
tramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (128.9 mg,
0.46 mmol) in co-solvent of DME (5 mL) and H,O (1 mL)
were added K,CO; (42.7 mg, 0.31 mmol) and Pd(PPh,),Cl,
(43.4 mg, 0.06 mmol). The mixture was stirred at 80° C.
overnight under nitrogen atmosphere. LC-MS showed the
reaction was complete. The mixture was diluted with EA (50
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=1:
1, V/V) to give the desired product (80 mg, yield: 45%).
LC/MS ESI (m/z): 575 [M+H]".

Step 10. (3R)-3-methyl-4-[4-(1-methyl-1H-pyrazol-
5-yD)-7-(1H-pyrazol-5-yl)imidazo [1,5-b]pyridazin-
2-yllmorpholine

[0703]

1) Pd/C, H,
—_—

2) BN
/
N~ ¥
/
THP
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-continued -continued
Cl
~
| o Nal
cl N\
- (6]
28-4
(6]
\
[0704] To a solution of (3R)-4-[5-iodo-4-(1-methyl-1H- /N B\O
pyrazol-5-y1)-7-[ 1-(oxan-2-yl)-1H-pyrazol-5-yl]Jimidazo|1, Cl N l
5-b]pyridazin-2-yl]-3-methylmorpholine (80 mg, 0.14 \
mmol) in MeOH (4 mL) was added Pd/C (10%, 20 mg). The Xy J 286
mixture was stirred at room temperature for 12 h under H, | O
atmosphere. A drop of Et;N was added to the above solution, . NN
then the resulting mixture was continued to stir at room o
temperature for an additional 2 h under H, atmosphere. =
LC-MS showed the reaction was complete. The reaction 285
mixture was filtered and concentrated. The residue was
purified by Prep-HPLC (C18, 10-95%, MeOH in H,O with o
0.1% HCOOH) to give the desired product (12.4 mg, yield:
24%). LC/MS (ESD): m/z 365 [M+H]*. 'H NMR (400 MHz, cl
DMSO0) 3 7.72 (s, 1H), 7.65 (d, J=1.9 Hz, 1H), 7.43 (s, 1H), N
7.13 (d, J=1.9 Hz, 1H), 6.98 (s, 1H), 6.81 (d, I=1.9 Hz, 1H), e H
4.40 (d, J=6.4 Hz, 1H), 4.01 (d, J=8.2 Hz, 1H), 3.98 (s, 3H), | N o 28-8
3.93 (d, J=12.7 Hz, 1H), 3.76 (dd, J=15.8, 7.0 Hz, 2H), 3.58 e
(dd, J=12.1, 9.3 Hz, 1H), 3.26 (s, 1H), 1.26 (d, J=6.7 Hz, ~ N7\
3H). s _ SN
N/
AN
Example 28 287
O
Synthesis of (R)-3-methyl-4-(4-(1-methyl-1H-pyra-
701-5-y1)-8-(1H-pyrazol-5-yl)pyrrolo[ 1,2-a|pyrimi-
din-2-yl)morpholine N
[0705] Ny TR
| 0
o o o~ NN
\ —N, = O/\
NH, ;o o N
(6] 28-2
TN
——
(6]
28-1 ~ o
OH SN
H
N J POCI; o
| @] —_
HO SN OH
(6]

28-3 28-10
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MeLi
AN >
| 0
A N \
\ N0
N/N = \
\ /
28-11
[o
Nj\
1) DMF—DMA
| SN o  DNHNH
A N \
\ —
N—N
28-12
[o
Nj\
B
IS NN / /\N
\ N
N/N s
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Step 1. ethyl 2.4-dihydroxypyrrolo[1,2-a|pyrimi-
dine-8-carboxylate

[0706]

o] o]
V2N s

TN

(6]
OH
~
| 0
HO NN
— (6]
[0707] To a suspension of ethyl 2-amino-1H-pyrrole-3-

carboxylate (2 g, 13.0 mmol) and Cs,CO; (12.7 g, 38.9

Sep. 21, 2023

mmol) in DMF (80 mL) was added 1,3-dimethyl propane-
dioate (3.7 mL, 32.4 mmol). The mixture was stirred at 120°
C. for 6 h. LC-MS showed the reaction was complete. The
reaction mixture was filtered, the filtrate was concentrated
under reduced pressure to dryness. The residue was sus-
pended in co-solvent of DCM (160 mL) and MeOH (40
mL), then stirred at room temperature for 0.5 h. The result-
ing mixture was filtered, the filtrate was concentrated under
vacuo to give the crude product (2.8 g). LC/MS (ESI): m/z
223 [M+H]".

Step 2. ethyl 2.4-dichloropyrrolo[1,2-a]pyrimidine-
8-carboxylate

[0708]
OH
N J POCI;
| o] — =
HO NN
— (6]
Cl
~
| 0
a NN
— (6]
[0709] To a mixture of ethyl 2,4-dihydroxypyrrolo[1,2-a]

pyrimidine-8-carboxylate (2.8 g, 12.6 mmol) in POCI; (40
ml) was stirred at 100° C. for 2 h. LC-MS showed the
reaction was complete. The mixture was concentrated under
reduced pressure to dryness, then diluted with DCM (80
ml). The resulting mixture was washed with saturated
NaHCO; aqueous solution and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=2:1, V/V)
to afford the desired product (1.25 g, yield: 37%). LC/MS
(ESI): m/z 259/261 [M+H]".

Step 3. ethyl 2-chloro-4-iodopyrrolo[1,2-a]pyrimi-
dine-8-carboxylate

[0710]
cl
Ny J
| o Nal
cl NN
. o)
cl
Ny J
| 0
I NN
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[0711] To a mixture of ethyl 2,4-dichloropyrrolo[1,2-a] -continued
pyrimidine-8-carboxylate (1.25 g, 4.82 mmol) in NMP (30 O
ml) was added Nal (3.62 g 24.1 mmol). The mixture was
stirred at 120° C. for 4 h. LC-MS showed the reaction was
complete. LC-MS showed the reaction was complete. The N

reaction mixture was diluted with DCM (20 mL), then

washed with saturated Na,S,0; aqueous solution and brine, Xy

dried over anhydrous Na,SO,, filtered and concentrated. | 0

The residue was purified by column chromatography on

silica gel (PE:EA=2:1, V/V) to afford the desired product N NN

(1.27 g, yield: 75%). LC/MS (ESI): m/z 351/353 [M+H]*. g —_ 07N
N/

Step 4. ethyl 2-chloro-4-(1-methyl-1H-pyrazol-5-yl)
pyrrolo[1,2-a]pyrimidine-8-carboxylate

[0712] [0715] To a solution of ethyl 2-chloro-4-(1-methyl-1H-
pyrazol-5-yl)pyrrolo[1,2-a]pyrimidine-8-carboxylate (400
mg, 1.31 mmol) in NMP (10 ml) was added (3R)-3-

o) methylmorpholine (398 mg, 3.94 mmol). The reaction was
WB/ stirred at 120° C. for 1 h under microwave irradiation.
N\N \ LC-MS showed the reaction was complete. The reaction

\ o mixture was diluted with DCM (20 mL), then washed with

Cl
X
| N o water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
1 NN
— o/\

tography on silica gel (PE:EA=2:1, V/V) to afford the
desired product (300 mg, yield: 62%). LC/MS (ESI): m/z

cl 370 [M+H]".
Xy Step 6. (R)-4-(1-methyl-1H-pyrazol-5-y1)-2-(3-
| o] methylmorpholino)pyrrolo[1,2-a]pyrimidine-8-car-
boxylic acid
A N \ Y.
\N/N — 07N [0716]
AN

O
[0713] To a solution of ethyl 2-chloro-4-iodopyrrolo[1,2-
a]pyrimidine-8-carboxylate (600 mg, 1.71 mmol) and

1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)- [N
1H-pyrazole (427 mg, 2.05 mmol) in DME (15 mL) were
added Na,CO; (2M in H,O, 1.7 mL, 3.42 mmol) and N NaOH |
Pd(PPh,), (198 mg, 0.17 mmol). The reaction was stirred at | N o
40° C. overnight under nitrogen atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was = NN
diluted with DCM (30 mL), then washed with water and \
brine, dried over anhydrous Na,SO,, filtered and concen- N/N\
trated. The residue was purified by column chromatography o
on silica gel (PE:EA=2:1, V/V) to afford the desired product
(400 mg, yield: 76%). LC/MS (ESI): m/z 305 [M+H]".
Step 5. ethyl (R)-4-(1-methyl-1H-pyrazol-5-yl)-2- N
(3-methylmorpholino)pyrrolo[1,2-a] pyrimidine-8-
carboxylate XN
[0714] | 0
= NN
OH
cl © \N/N\ ==
XN N
| O H [0717] To asolution of ethyl (R)-4-(1-methyl-1H-pyrazol-
NMP 5-y)-2-(3-methylmorpholino) pyrrolo[1,2-a]pyrimidine-8-
S NN .
\ o /\ carboxylate (300 mg, 0.81 mmol) 1n.co-solvent pf MeOH (9
N—DN == mL) and H,O (3 mL) was added sodium hydroxide (162 mg,
AN 4.06 mmol). The reaction was stirred at 70° C. overnight.

LC-MS showed the reaction was complete. The reaction
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mixture was concentrated under vacuo to afford the crude
product (250 mg). LC/MS (ESI): m/z 342 [M+H]*.

Step 7. (R)—N-methoxy-N-methyl-4-(1-methyl-1H-
pyrazol-5-y1)-2-(3-methyl morpholino)pyrrolo[1,2-
a]pyrimidine-8-carboxamide

[0718]
[O
Nj\ o
NN
H
N
| 0
A N \
\ — OH
N/N
[O
Nj\
AN
| 0
A N \
\ — NN
N/N /
[0719] To a solution of (R)-4-(1-methyl-1H-pyrazol-5-yl)-

2-(3-methylmorpholino)pyrrolo  [1,2-a]pyrimidine-8-car-
boxylic acid (150 mg, 0.44 mmol) in DCM (20 mL) was
added N,O-dimethylhydroxylamine (86 mg, 0.88 mmol),
EDCI (126 mg, 0.66 mmol), HOBT (89 mg, 0.66 mmol) and
TEA (0.31 mL, 2.20 mmol). The mixture was stirred at room
temperature overnight. LC-MS showed the reaction was
complete. The reaction mixture was diluted with DCM (20
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=1:
1, V/V) to afford the desired product (85 mg, yield: 45%).
LC/MS (ESI): m/z 385 [M+H]".

Step 8. (R)—N-methoxy-N-methyl-4-(1-methyl-1H-
pyrazol-5-y1)-2-(3-methyl morpholino)pyrrolo[1,2-
a]pyrimidine-8-carboxamide

[0720]
0
.
N MeLi
B
A NN o
N/
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[0721] To a solution of (R)—N-methoxy-N-methyl-4-(1-
methyl-1H-pyrazol-5-y1)-2-(3-methylmorpholino)pyrrolo
[1,2-a]pyrimidine-8-carboxamide (85 mg, 0.22 mmol) in
THF (10 mL) at 0° C. was added methyllithium (1.3 M in
THEF, 1.7 mL, 2.21 mmol) drop wise. After the addition, the
mixture was stirred at room temperature overnight. LC-MS
showed the reaction was complete. The reaction mixture was
quenched with saturated NH,CI aqueous solution, then
extracted with EA twice (40 mLx2). The combined organic
phase was washed with brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=2:1, V/V) to
afford the desired product (30 mg, yield: 39%). LC/MS
(ESD): m/z 340 [M+H]".

Step 9. (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-
yD-4-(1H-pyrazol-5-yl)pyrrolo [1,2-a]pyrimidin-2-

yD)morpholine
[0722]
[O
Nj\
1) DMF—DMA
Sy 2) NH,NH
| o ) NH,NH,
\ N \
N—N ==
[O
Nj\
]
S NN / /\N
\ N
N/N == H
[0723] A mixture of (R)-1-(4-(1-methyl-1H-pyrazol-5-yl)-

2-(3-methylmorpholino) pyrrolo [1,2-a]pyrimidin-8-yl)
ethan-1-one (100 mg, 0.30 mmol) and N,N-Dimethylforma-
mide dimethyl acetal (175 mg, 1.47 mmol) was stirred at
120° C. overnight. The reaction mixture was concentrated
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under vacuo. The residue was dissolved in EtOH (0.25 mL)
and hydrazine hydrate (0.75 mL), then heated to 75° C. for
1 h. LC-MS showed the reaction was complete. The reaction
mixture was diluted with DCM (20 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by Prep-HPLC (C18,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (11 mg, yield: 10%). LC/MS (ESI): n/z 364
[M+H]*. 'H NMR (400 MHz, DMSO) 8 12.56 (s, 1H), 7.70
(d, J=2.0 Hz, 1H), 7.51 (s, 1H), 7.09 (d, J=3.3 Hz, 1H), 6.81
(d, J=2.0 Hz, 1H), 6.79 (d, J=3.3 Hz, 1H), 6.76 (s, 1H), 6.73
(s, 1H), 4.49 (d, J=6.6 Hz, 1H), 4.13 (d, J=12.8 Hz, 1H), 3.99
(dd, J=11.3, 3.4 Hz, 1H), 3.85 (d, J=4.2 Hz, 3H), 3.77 (d,
J=11.3 Hz, 1H), 3.67 (dd, J=11.4, 3.0 Hz, 1H), 3.52 (1d,
J=11.9, 2.9 Hz, 1H), 3.25-3.18 (m, 1H), 1.25 (d, J=6.7 Hz,
3H).

Example 29
Synthesis of (3R)-3-methyl-4-[7-(1-methyl-1H-

pyrazol-5-y1)-3-(1H-pyrazol-5-y1)-[ 1,2]thiazolo[4,5-
b]pyridin-5-yl|morpholine

[0724]
Cl
Ny SOCl,, MeOH
—_——
cl Z N coon
NH,
29-1
Cl
S
N t-BuONO
O Cul
cl 7 ™~
NH, O
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1)
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N
H
AN 294
—_—
0
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I 0
29-3
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-continued Step 1. methyl
o 3-amino-4,6-dichloropyridine-2-carboxylate
0 >B%\” [0725]
o NN
/ Cl
N
29-10 N
N
| Ny Droxae SOCI>, MeOH
P
o S - cl COOH
/ NI
S~—N al
29-9
AN
O
o a 7 ~
\B 4{\” NH, O
O/ —N
THP/ [0726] To a solution of 3-amino-4,6-dichloropyridine-2-
0.1 carboxylic acid (10.0 g 48.30 mmol) in MeOH (150 mL)

was added SOCI, (21.0 mL, 289.83 mmol) drop wise. After
the addition, the mixture was stirred at 60° C. for 16 h.
LCMS showed the reaction was completed. The reaction
mixture was concentrated under reduced pressure, then
diluted with DCM (100 mL). The organic phase was washed
with saturated NaHCO; aqueous solution and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=10:1) to give the desired product (10 g 94%).
LC/MS (ESD): m/z 222 [M+H]".

Step 2. methyl 4,6-dichloro-3-iodopicolinate

[0727]
HCl/Dioxane al
S
N t-BuONO
_—
O Cul
cl 7 ™~

NH; O
cl
\ N

0
cl 7 ~

I 0

[0728] To a solution of methyl 3-amino-4,6-dichloropyri-
dine-2-carboxylate (3.0 g, 13.57 mmol) and Cul (3.1 g,
16.29 mmol) in CH,CN (130 mL) was added a solution of
t-BuONO (2.1 g, 20.36 mmol) in CH;CN (20 mL). After the
addition, the mixture was stirred at 65° C. for 3 h. LC-MS
showed the reaction was complete. The mixture was diluted
29 with EA (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
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gel (PE:EA=10:1) to give the desired product (3 g, yield:
67%). LC/MS ESI (m/z): 332 [M+H]*.

Step 3. methyl (R)-4-chloro-3-iodo-6-(3-methylmor-
pholino)picolinate

[0729]

0
| [j\
x N
N H
_—

Cl

Cl

[0730] To a solution of methyl 4,6-dichloro-3-iodopyri-
dine-2-carboxylate (1.0 g, 3.01 mmol) in NMP (15.0 mL)
was added (3R)-3-methylmorpholine (0.9 g, 9.04 mmol).
The mixture was stirred at 120° C. for 12 h. LC-MS showed
the reaction was complete. The mixture was diluted with EA
(50 mL), then washed with water and brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel (PE:
EA=10:1) to give the desired product (130 mg. yield: 11%).
LC/MS ESI (m/z): 397 [M+H]".

Step 4. methyl (R)-3-(acetylthio)-4-chloro-6-(3-
methylmorpholino)picolinate

[0731]
O
S
N )L
SK
)
a0 NN
[@]
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[0732] To a solution of 4-chloro-3-iodo-N-methoxy-N-
methyl-6-[(3R)-3-methylmorpholin-4-yl|pyridine-2-car-
boxamide (160.0 mg, 0.38 mmol) and potassium thioacetate
(128.8 mg, 1.13 mmol) in toluene (15.0 mL) were added Cul
(38.4 mg, 0.20 mmol) and o-phenanthroline (72.7 mg, 0.40
mmol). The mixture was charged with N, twice, then stirred
at 110° C. for 6 h. LC-MS showed the reaction was
complete. The mixture was diluted with EA (50 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=3:1) to give the
desired product (110 mg, yield: 79%). LC/MS ESI (m/z):
345 [M+H]".

Step 5. methyl (R)-4-chloro-3-mercapto-6-(3-meth-
ylmorpholino)picolinate

[0733]
[o
Nj\
XN EtONa
—_—
| o EiOH
cl 7 ~

Y
(6]

Cl

[0734] To a solution of methyl 3-(acetylsulfanyl)-4-
chloro-6-[(3R)-3-methylmorpholin-4-yl]  pyridine-2-car-
boxylate (70.0 mg, 0.20 mmol) in EtOH (4.0 mL) was added
EtONa (20% in EtOH, 103.6 mg, 0.31 mmol). After the
addition, the mixture was stirred at room temperature for 10
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min. LC-MS showed the reaction was complete. The mix-
ture was diluted with DCM (30 mL), then washed with water
and brine, dried over anhydrous Na,SO,, filtered and con-
centrated. The residue was purified by column chromatog-
raphy on silica gel (PE:EA=3:1) to give the desired product
(50 mg, yield: 81%). LC/MS ESI (m/z): 303 [M+H]*.

Step 6. (R)-7-chloro-5-(3-methylmorpholino)isothi-
azolo[4,5-b]pyridin-3 (2H)-one

(A

[0735]

(A

HOSA
_—
| Xy KOH | A
(0]
al 7 ~ al
SH (6] S~——NH
[0736] To a solvent of methyl 4-chloro-6-[(3R)-3-methyl-

morpholin-4-yl]-3-sulfanylpyridine-2-carboxylate (50 mg,
0.16 mmol) and KOH (18.5 mg, 0.34 mmol) in co-solvent of
H,O (2 mL) and THF (2 mL) was added a solution of HOSA
(64.5 mg, 0.25 mmol) and KOH (27.8 mg, 0.51 mmol) in
H,O (1 mL) drop wise. After the addition, the mixture was
stirred at room temperature for 12 h. LC-MS showed the
reaction was complete. The mixture was diluted with DCM
(30 mL), then washed with water and brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel (PE:
EA=1:1) to give the desired product (40 mg, yield: 84%).
LC/MS ESI (m/z): 286 [M+H]".

Step 7. (R)-4-(3-bromo-7-chloroisothiazolo[4,5-b]
pyridin-5-y1)-3-methylmorpholine

[0737]
[O [O
N N
POBry
—_—
(] ]
a Z 0 a 7 Br
/
S—NH S—N
[0738] A mixture of 7-chloro-5-[(3R)-3-methylmorpho-

lin-4-y1]-2H,3H-[1,2]thiazolo[4,5-b] pyridin-3-one (40 mg,
0.14 mmol) and POBr; (1.2 g, 4.20 mmol) was stirred at
100° C. for 12 h. LC-MS showed the reaction was complete.
After cooling to room temperature, the mixture was diluted
with DCM (30 mL), then poured into ice-water. The organic
layer was separated, then washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel (PE:
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EA=10:1) to give the desired product (20 mg, yield: 41%).
LC/MS ESI (m/z): 348/350 [M+H]".

Step 8. (R)-4-(3-bromo-7-(1-methyl-1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line

[0739]

| Dioxane
cl 7 Br
/
S—N
[0740] To a solution of (3R)-4-{3-bromo-7-chloro-[1,2]

thiazolo[4,5-b]pyridin-5-y1}-3-methylmorpholine (10.0 mg,
0.03 mmol) and 1-methyl-5-(tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-pyrazole (9.0 mg, 0.04 mmol) in dioxane (1
ml) were added Pd(PPh;), (3.3 mg, 0.003 mmol) and
Na,CO, (2M in H,O, 0.03 mL, 0.06 mmol). The mixture
was charged with N, twice, then stirred at 100° C. for 12 h.
LC-MS showed the reaction was complete. After cooling to
room temperature, the mixture was diluted with DCM (30
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:
EA=10:1) to give the desired product (3 mg, yield: 27%).
LC/MS ESI (m/z): 394/396 [M+H]".

Step 9. (3R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-
yD)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-5-yl)morpholine

[0741]
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THP

[0742] To a solution of (3R)-4-[3-bromo-7-(1-methyl-1H-
pyrazol-5-y1)-[1,2]thiazolo[4,5-b] pyridin-5-yl]-3-methyl-
morpholine (3.0 mg, 0.01 mmol) and 1-(oxan-2-yl)-5-(te-
tramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (4.2 mg,
0.02 mmol) in dioxane (1 mL) were added Pd(PPh,), (0.88
mg, 0.001 mmol) and K,CO; (2M in H,0, 0.01 mL, 0.02
mmol). The mixture was charged with N, twice, then stirred
at 100° C. for 12 h. LC-MS showed the reaction was
complete. After cooling to room temperature, the mixture
was diluted with DCM (30 mL), then washed with water and
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by column chromatography
on silica gel (PE:EA=10:1) to give the desired product (1
mg, yield: 28%). LC/MS ESI (m/z): 466 [M+H]™".

Step 10. (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-
yD)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-
yDmorpholine

[0743]

HCl/Dioxane
_—

108

Sep. 21, 2023

[0744] To a solution of (3R)-3-methyl-4-[ 7-(1-methyl-1H-
pyrazol-5-y1)-3-[1-(oxan-2-y1)-1H-pyrazol-5-yl1]-[1,2]thi-
azolo[4,5-b]pyridin-5-ylJmorpholine (7.0 mg, 0.02 mmol) in
DCM (1 mL) was added HCI solution (4M in dioxane, 1
mL). The resulting mixture was stirred at room temperature
for 2 h. LC-MS showed the reaction was complete. The
mixture was concentrated under reduced pressure, the resi-
due was purified by prep-HPLC (C,g, 10-95%, MeOH in
H,0 with 0.1% HCOOH) to give the desired product (3 mg,
yield: 52%). LC/MS ESI (m/z): 382 [M+H]*. 'H NMR (400
MHz, DMSO)  13.72 (s, 1H), 7.81 (d, J=77.1 Hz, 1H), 7.68
(d, J=2.0 Hz, 1H), 7.42 (d, J=1.9 Hz, 1H), 7.41 (s, 1H), 6.78
(d, J=1.9 Hz, 1H), 4.59 (d, J=4.6 Hz, 1H), 4.19 (d, J=13.4
Hz, 1H), 4.04 (dd, J=11.3,3.0 Hz, 1H), 3.99 (s, 3H), 3.82 (d,
J=11.3 Hz, 1H), 3.73 (dd, J=11.4, 2.9 Hz, 1H), 3.58 (1d,
J=11.9, 2.9 Hz, 1H), 3.31-3.24 (m, 1H), 1.26 (d, J=6.6 Hz,
3H).

Example 30
Synthesis of (R)-3-methyl-4-(4-(1-(methylsulfonyl)

cyclopropyl)-7-(1H-pyrazol-5-yl) imidazo[1,5-b]
pyridazin-2-yl)morpholine

[0745]
(¢) /O
cl -~ s/
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Step 1. methyl 2-(2-chloroimidazo[1,5-b]pyridazin-
4-y1)-2-(methylsulfonyl)acetate

[0746]

a »
A S//\
Ny o d

N, Cs,CO3, MeCN
Cl

[0747] A mixture of 2,4-dichloroimidazo|1,5-b]pyridazine
(500 mg, 2.65 mmol), methyl 2-methanesulfonylacetate
(609 mg, 4.0 mmol) and Cs,CO; (1.74 g, 5.34 mmol) in
MeCN (10 mL) was stirred at 60° C. for 5 h. LC-MS showed
the reaction was complete. The reaction mixture was diluted
with DCM (20 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (EA) to afford the desired product (484 mg, yield: 60%).
LC/MS(ESI): m/z 304 [M+H]".

Step 2. (R)-3-methyl-4-(4-((methylsulfonyl)methyl)
imidazo[1,5-b|pyridazin-2-yl)morpholine

cl O
N [j\
| N
N 5

[0748]

NV
/ > KF, sulfolane
N
O 0]

[0749] A mixture of methyl 2-{2-chloroimidazo[1,5-b]
pyridazin-4-y1}-2-methanesulfonyl acetate (300 mg, 0.98



US 2023/0295166 Al
110

mmol), (3R)-3-methylmorpholine (400 mg, 3.95 mmol) and
KF (170 mg, 58.0 mmol) in sulfolane (7 mL) was stirred at
180° C. for 7 h. LC-MS showed the reaction was complete.
The reaction mixture was diluted with EA (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MeOH=20:1,
V/V) to afford the desired product (150 mg, yield: 49%).
LC/MS(ESI): m/z 311 [M+H]*.

Step 3. (R)-3-methyl-4-(4-(1-(methylsulfonyl)cyclo-
propyl)imidazo[1,5-b]pyridazin-2-yl)morpholine

[0750]

Br
\/\Br

TBAB, PhMe
NaOH/H,0

[0751] A mixture of (3R)-4-[4-(methanesulfonylmethyl)
imidazo[1,5-b|pyridazin-2-yl]-3-methylmorpholine (274
mg, 0.88 mmol), 1,2-dibromoethane (657 mg, 3.49 mmol),
TBAB (57 mg, 0.17 mmol) and NaOH (10 M in H,0, 1.7
ml, 17.0 mmol) in toluene (10 mL) was stirred at 60° C. for
16 h. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (EA) to afford the desired
product (106 mg, yield: 35%). LC/MS(ESI): m/z 337
[M+H]™".

Step 4. (R)-4-(5,7-diiodo-4-(1-(methylsulfonyl)cy-
clopropyl)imidazo[1,5-b]pyridazin-2-yl)-3-methyl-
morpholine

[0752]
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[0753] A mixture of (3R)-4-[4-(1-methanesulfonylcyclo-
propyl)imidazo[1,5-b]pyridazin-2-y1]-3-methylmorpholine
(100 mg, 0.29 mmol) and NIS (267 mg, 1.18 mmol) in
MeCN (5 mL) was stirred at room temperature for 16 h.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with EA (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=1:1, V/V) to afford the
desired product (171 mg, yield: 97%). LC/MS(ESI): m/z
589 [M+H]*.

Step 5. (3R)-4-(5-10do-4-(1-(methylsulfonyl)cyclo-
propyl)-7-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
zol-5-yl)imidazo[1,5-b]pyridazin-2-y1)-3-methyl-
morpholine

[0754]

THP

oy
T

PACly(PPhs)s, 2M K>CO3,
DME

[0755] A mixture of (3R)-4-[5,7-diiodo-4-(1-methane-
sulfonylcyclopropyl)imidazo[1,5-b]pyridazin-2-yl]-3-meth-
ylmorpholine (160 mg, 0.27 mmol), 1-(oxan-2-yl)-5-(te-
tramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (151 mg,
0.54 mmol), PdC1,(PPh;), (38 mg, 0.05 mmol) and K,CO,
(2.0 M in H,0, 0.4 mL, 0.80 mmol) in DME (5 mL) was
stirred at 100° C. for 16 h under N, atmosphere. LC-MS
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showed the reaction was complete. The reaction mixture was
diluted with EA (40 mL), then washed with water and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (DCM:MeOH=20:1, V/V) to afford the desired
product (60 mg, yield: 36%). LC/MS(ESI): m/z 613
[M+H]™".

Step 6. (R)-3-methyl-4-(4-(1-(methylsulfonyl)cyclo-
propyl)-7-(1H-pyrazol-5-yl)imidazo[1,5-b]
pyridazin-2-yl)morpholine

[0756]

1) Pd/C, H,
2) EgN

[0757] To asolution of (3R)-4-[5-i0do-4-(1-methanesulfo-
nylcyclopropyl)-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo
[1,5-b]pyridazin-2-yl1]-3-methylmorpholine (70 mg, 0.11
mmol) in MeOH (5 mL) was added Pd/C (10%, 10 mg). The
mixture was stirred at room temperature for 12 h under H,
atmosphere. A drop of Et;N was added to the above solution,
then the resulting mixture was continued to stir at room
temperature for an additional 2 h under H, atmosphere.
LC-MS showed the reaction was complete. The reaction
mixture was filtered and concentrated. The residue was
purified by Prep-HPLC (C18, 10-95%, MeOH in H,O with
0.1% HCOOH) to give the desired product (19 mg, yield:
41%). LC/MS (ESD): m/z 403 [M+H]*. '"H NMR (400 MHz,
DMSO) 6 13.27 (s, 1H), 7.70 (s, 1H), 7.59 (s, 1H), 7.11 (s,
1H), 7.09 (d, J=1.9 Hz, 1H), 4.34 (d, J=6.8 Hz, 1H), 4.00
(dd, J=11.4, 3.3 Hz, 1H), 3.89 (d, J=11.8 Hz, 1H), 3.78 (d,
J=11.4 Hz, 1H), 3.71 (dd, J=11.4, 2.8 Hz, 1H), 3.56 (1d,
J=11.8, 2.9 Hz, 1H), 3.30-3.20 (m, 1H), 3.09 (s, 3H), 1.76
(dd, J=6.0, 4.3 Hz, 2H), 1.48 (t, J=5.2 Hz, 2H), 1.24 (d, J=6.7
Hz, 3H).

Sep. 21, 2023

Example 31

Synthesis of (R)-3-methyl-4-(7-(3-methyl-1H-pyra-
701-5-y1)-4-(1-(methylsulfonyl)cyclopropyl)imidazo
[1,5-b]pyridazin-2-yl)morpholine

[0758]
|
o~ o
o L
N
31-2
N
\ / n-Buli, THF
31-1
THP
| OH
N N B/\ 30-5
\ / OH Pd(PPh3)>Cly, K2CO3 (2M)
DME, 100° C.
31-3
1) Pd/C, Hy
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N
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/
THP
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-continued -continued

L L

THP

31

[0762] To a solution of (3R)-4-[5,7-diiodo-4-(1-methane-

Step 1. (3-methyl-1-(tetrahydro-2H-pyran-2-y])-1H- sulfonylcyclopropyl)imidazo[1,5-b]pyridazin-2-y1]-3-meth-

pyrazol-5-yl)boronic acid ylmorpholine (150 mg, 0.26 mmol) and (3-methyl-1-(tetra-

[0759] hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)boronic acid (161

mg, 0.77 mmol) in DME (5 mL) were added K,CO; (2M in

H,0, 038 ml, 0.765 mmol) and Pd(PPh;),Cl, (18 mg,

0.026 mmol). The mixture was stirred at 100° C. for 16 h

o under N, atmosphere. LC-MS showed the reaction was

| J\ complete. The mixture was diluted with DCM (50 mL), then

~o TP washed with water and brine, dried over anhydrous Na,SO,,

)\ | OH filtered and concentrated. The residue was purified by col-

N B/ umn chromatography on silica gel (PE:EA=1:1, V/V) to give

N N \ the desired product (116 mg, yield: 73%). LC/MS ESI (m/z):
\ / \ / OH 627 [M+HJ*.

Step 3. (R)-3-methyl-4-(7-(3-methyl-1H-pyrazol-5-
y1)-4-(1-(methylsulfonyl)cyclopropyl)imidazo[1,5-b]
[0760] To a solution of 3-methyl-1-(oxan-2-yl)-1H-pyra- pyridazin-2-yl)morpholine
zole (3 g, 18.1 mmol) in THF (40 mL) at -78° C. was added
n-BuLi (2.5M in THF, 8 mL, 19.9 mmol) drop wise. The  [0763]
solution was stirred at —=78° C. for 30 min, then tris(propan-
2-yl) borate (5.01 mL, 21.7 mmol) was added slowly. The
mixture was stirred at —=78° C. for an additional 1 h, then HCI
solution (2M, 18 mL, 36.1 mmol) was added. The resulting
mixture was stirred at room temperature for 0.5 h. LC-MS
showed the reaction was complete. The mixture was diluted
with DCM (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was recrystallized from PE/EA (10:1, V/V) to give
the desired product (1.3 g, yield: 34%). LC/MS ESI (m/z):
211 [M+H]*.
Step 2. (3R)-4-(5-i0do-7-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-yl)-4-(1-(methylsulfo-
nyl)cyclopropyl)imidazo[1,5-b]|pyridazin-2-yl)-3-

methylmorpholine
[0761]

THP
R
N,
e B
N
\ / \OH

Pd(PPh3),Cly, K>CO3 (2M)
DME, 100° C.
[0764] To asolution of (3R)-4-(5-i0do-7-(3-methyl-1-(tet-
rahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-4-(1-(methyl-
sulfonyl)cyclopropyl)imidazo|1,5-b]pyridazin-2-yl)-3-
methylmorpholine (116 mg, 0.185 mmol) in MeOH (6 mL)
was added Pd/C (10%, 20 mg). The mixture was stirred at
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room temperature for 12 h under H, atmosphere. A drop of -continued

Et;N was added to the above solution, then the resulting

mixture was continued to stir at room temperature for an THP

additional 2 h under H, atmosphere. LC-MS showed the

reaction was complete. The reaction mixture was filtered and

concentrated. The residue was purified by Prep-HPLC (C18,

10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (12.2 mg, yield: 16%). LC/MS (ESI): m/z
417 [M+H]*. "H NMR (400 MHz, DMSO) 8 12.91 (s, 1H),
7.56 (s, 1H), 7.08 (s, 1H), 6.83 (s, 1H), 4.33 (dd, I=13.0, 6.6
Hz, 1H), 4.00 (dd, J=11.4, 3.3 Hz, 1H), 3.88 (dd, J=13.4, 1.1
Hz, 1H), 3.74 (dt, I=11.5, 7.1 Hz, 2H), 3.56 (td, I=11.7, 2.7
Hz, 1H), 3.25-3.21 (m, 1H), 3.08 (s, 3H), 2.28 (s, 3H),
1.79-1.70 (m, 2H), 1.52-1.43 (m, 2H), 1.24 (d, J=6.7 Hz,
3H).

Example 32
P O
Synthesis of (1R,55)-3-(4-(1-(methylsulfonyl)cyclo- @
propyl)-7-(1H-pyrazol-5-yl)imidazo[1,5-b]
pyridazin-2-yl)-8-oxa-3-azabicyclo[3.2.1]octane
1) Pd/C, H,
[0765]
/ \ 2) EgN
N

N7
/

THP

Br.
\/\Br

TBAB, PhMe

NaOH
Step 1. (1R,58)-3-(4-((methylsulfonyl)methyl)imi-
dazo[1,5-b]pyridazin-2-y1)-8 oxa-3-azabicyclo[3.2.
1]octane
[0766]
NIS
CH;CN
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[0767] To a suspension of methyl 2-{2-chloroimidazo[1,
5-blpyridazin-4-yl}-2-methane sulfonylacetate (600 mg,
1.98 mmol) and KF (573 mg, 9.88 mmol) in sulfolane (10
ml) was added 8-oxa-3-azabicyclo[3.2.1]octane (671 mg,
5.93 mmol). The mixture was stirred at 180° C. for 5 h.
LC-MS showed the reaction was complete. The mixture was
diluted with DCM (50 mL), then washed with water and
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by column chromatography
on silica gel (PE:EA=1:1, V/V) to give the desired product
(181 mg, yield: 28%). LC/MS ESI (m/z): 323 [M+H]*.

Step 2. (1R,5S5)-3-(4-(1-(methylsulfonyl)cyclopro-
pyDimidazo[1,5-b]pyridazin-2-yl)-8-oxa-3-azabicy-
clo[3.2.1]octane

[0768]

Br.
\/\ Br

TBAB, PhMe
NaOH

[0769] To a solution of (1R,5S)-3-(4-((methylsulfonyl)
methyl)imidazo[ 1,5-b]pyridazin-2-y1)-8-oxa-3-azabicyclo

Sep. 21, 2023

[3.2.1]octane (181 mg, 0.561 mmol), 1,2-dibromoethane
(1.05 g, 5.61 mmol) and TBAB (36 mg, 0.112 mmol) in
toluene (8 mL) was added NaOH solution (10M in H,0, 1.1
ml, 11.2 mmol). The mixture was stirred at 60° C. for 3 h.
LC-MS showed the reaction was complete. The reaction
mixture was poured into H,O (40 mL) and extracted with
DCM (30 mL.x3). The combined organic phase was washed
with brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=1:1, V/V) to give the desired
product (153 mg, yield: 78%). LC/MS ESI (m/z): 349
[M+H]".

Step 3. (1R,58)-3-(5,7-diiodo-4-(1-(methylsulfonyl)
cyclopropyl)imidazo[1,5-b]pyridazin-2-y1)-8-oxa-3-
azabicyclo[3.2.1]octane

[0770]

[0771] To a solution of (1R,55)-3-(4-(1-(methylsulfonyl)
cyclopropyl)imidazo[1,5-b]pyridazin-2-yl)-8-oxa-3-azabi-
cyclo[3.2.1]octane (153 mg, 0.44 mmol) in MeCN (8 mL)
was added NIS (395 mg, 1.76 mmol) portion wise. The
mixture was stirred at 80° C. for 4 h. LC-MS showed the
reaction was complete. The reaction mixture was quenched
with saturated Na,S,0; aqueous solution and extracted with
DCM (30 mL.x3). The combined organic phase was washed
with brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=1:1, V/V) to give the desired
product (260 mg, yield: 98%). LC/MS ESI (m/z): 601
[M+H]".
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Step 4. 3-[5-i0do-4-(1-methanesulfonylcyclopro-
pyD-7-[1-(oxan-2-y1)-1H-pyrazol-5-yl|imidazo[1,5-
blpyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane
[0772]

THP

Loy
)

PdCL,(PPhs)s, KoCO3
Dioxane/H,0

THP

[0773] To a solution of 3-[5,7-diiodo-4-(1-methanesulfo-
nylcyclopropyl)imidazo[1,5-b] pyridazin-2-yl]-8-oxa-3-
azabicyclo[3.2.1]octane (145 mg, 0.24 mmol) and 1-(oxan-
2-y1)-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole
(87.4 mg, 0.31 mmol) in co-solvent of Dioxane (7 mL) and
H,O (0.7 mL) were added PdCl,(PPh;), (17.0 mg, 0.02
mmol) and K,CO, (100.0 mg, 0.73 mmol). The mixture was
stirred at 100° C. overnight under N, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
poured into H,O (30 mL) and extracted with DCM twice (30
ml.x2). The combined organic phase was washed with brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (DCM:MeOH=20:1, V/V) to give the desired
product (60 mg, yield: 40%). LC/MS ESI (m/z): 625
[M+H]™".

Step 5. 3-[4-(1-methanesulfonylcyclopropyl)-7-(1H-

pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl]-8-oxa-3-

azabicyclo[3.2.1]octane

[0774]

1)Pd/C, H,
2) BN
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-continued

[0775] To a solution of (1R,5S)-3-(5-i0do-4-(1-(methyl-
sulfonyl)cyclopropyl)-7-(1-(tetrahydro-2H-pyran-2-y1)-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)-8-oxa-3-azabi-
cyclo[3.2.1]octane (60 mg, 0.1 mmol) in MeOH (6 mL) was
added Pd/C (10%, 10 mg). The mixture was stirred at room
temperature for 12 h under H, atmosphere. A drop of Et;N
was added to the above solution, then the resulting mixture
was continued to stir at room temperature for an additional
2 h under H, atmosphere. LC-MS showed the reaction was
complete. The reaction mixture was filtered and concen-
trated. The residue was purified by Prep-HPLC (C18,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (9.1 mg, yield: 23%). LC/MS (ESI): m/z 415
[M+H]*. '"H NMR (400 MHz, DMSO) & 13.31 (s, 1H), 7.69
(s, 1H), 7.57 (s, 1H), 7.09 (d, J=1.8 Hz, 1H), 7.05 (s, 1H),
4.50 (s, 2H), 3.87 (d, J=12.3 Hz, 2H), 3.17-3.13 (m, 2H),
3.09 (s, 3H), 1.91-1.81 (m, 4H), 1.75 (q, J=5.0 Hz, 2H), 1.48
(9, J=5.4 Hz, 2H).

Example 33
Synthesis of (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-

yD)-7-(1H-pyrazol-5-yl)imidazo[ 1,5-b|pyridazin-2-
y1]-3-methylmorpholine

[0776]
s BuzSnCl
—N s ——
\N¢N Buli
33-1
Cl
Q)
N,
a \ >
BuzSn N
33-3
= - -
—N
\NéN
332
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-continued

NIS

1) Pd/C, H,
—_—

2) BN
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-continued
33
Step 1.
1,4-dimethyl-5-(tributylstannyl)-1H-1,2,3-triazole
[0777]
SnBuz
= BuzSnCl, BuLi
—N — =
=N —N,
N \( =N
[0778] To a solution of n-Bul.i (2.5M in THF, 27.7 mL,

69.19 mmol) in THF (300 mL) at -78° C. was added a
solution of 1,4-dimethyl-1H-1,2,3-triazole (5.60 g, 57.66
mmol) in THF (50 mL) drop wise under nitrogen atmo-
sphere. The mixture was stirred at =78° C. for 1 h, then
tributyltin chloride (17.2 mL., 63.43 mmol) was added drop
wise. The resulting mixture was stirred at =78° C. for 30
min, then gradually warmed to room temperature for an
additional 1 h. LC-MS showed the reaction was complete.
The reaction mixture was quenched with saturated NH,Cl
aqueous solution (200 mL), then extracted with EA twice
(100 mL.x2). The combined organic phase was washed with
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by flash column chroma-
tography (PE:EA=10:1) to give the desired product (17.0 g,
yield: 76%). LC/MS (ESI): m/z 388 [M+H]".

Step 2. 5-{2-chloroimidazo[1,5-blpyridazin-4-y1}-1,
4-dimethyl-1H-1,2,3-triazole

[0779]
Cl
(]
N
SnBujz Cl \ >
N
NS
— N Cul, Pd(PPh3),Cl,, DIPEA
\. =N DMSO, 100° C.



US 2023/0295166 Al

-continued

[0780] To a solution of 2.,4-dichloroimidazo[1,5-b]
pyridazine (1 g, 5.32 mmol) and 1,4-dimethyl-5-(tributyl-
stannyl)-1H-1,2,3-triazole (3.1 g, 7.98 mmol) in DMSO (40
ml) were added Cul (0.1 g, 0.53 mmol), PdC1,(PPh,), (0.37
g, 0.53 mmol) and DIPEA (2.2 mL, 13.30 mmol). The
mixture was stirred at 100° C. overnight under nitrogen
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (50 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by flash column
chromatography (PE:EA=3:1) to give the desired product
(320 mg, yield: 24%). LC/MS (ESI): m/z 249 [M+H]".

Step 3. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)
imidazo[1,5-b|pyridazin-2-yl]-3-methylmorpholine

[0781]

R
N—N.

[0782] To a solution of 5-{2-chloroimidazo[1,5-b]
pyridazin-4-yl}-1,4-dimethyl-1H-1,2,3-triazole (320 mg,
1.29 mmol) and (3R)-3-methylmorpholine (520.6 mg, 5.15
mmol) in sulfolane (3 mL) was added KF (224.2 mg, 3.86
mmol). The mixture was stirred at 180° C. for 8 h in a sealed
tube. LC-MS showed the reaction was complete. The reac-
tion mixture was diluted with EA (50 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by Prep-HPLC (C18,
10-95%, MeCN in H,O with 0.1% HCOOH) to give the
desired product (134 mg, yield: 33%). LC/MS (ESI): m/z
314 [M+H]™.

Sep. 21, 2023
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Step 4. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-
5,7-diiodoimidazo[ 1,5-b]pyridazin-2-yl]-3-methyl-
morpholine

[0783]

[0784] To a solution of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-yl)imidazo[1,5-b|pyridazin-2-yl]-3-methylmorpho-
line (134 mg, 0.43 mmol) in CH;CN (10 ml) was added
NIS (384.8 mg, 1.71 mmol). The resulting mixture was
stirred at room temperature for 1 h. LC-MS showed the
reaction was complete. The mixture was quenched with
saturated Na,S,0; aqueous solution, then extracted with EA
(50 mL). The organic layer was washed with brine, dried
over Na,SO,, filtered and concentrated. The residue was
purified by flash column chromatography (DCM:
MeOH=20:1) to give the desired product (209 mg, yield:
86%). LC/MS (ESI): m/z 566 [M+H]".

Step 5. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-
5-iodo-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl|imidazo[1,
5-b]pyridazin-2-yl]-3-methylmorpholine

[0785]

THP
| o]
N B/\
\ /

Pd(dpph)Cls, K>CO;3
Dioxane, H,O, 100° C.
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[0786] To a solution of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-y1)-5,7-diiodoimidazo[1,5-b|pyridazin-2-yl]-3-meth-
ylmorpholine (195.0 mg, 0.35 mmol) and 1-(oxan-2-yl)-5-
(tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (144.0
mg, 0.52 mmol) in co-solvent of dioxane (20 mL.) and H,O
(2 mL) were added PdCl,(PPh,), (48.4 mg, 0.07 mmol) and
Cs,CO; (337.3 mg, 1.04 mmol). The mixture was stirred at
100° C. overnight under N, atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (DCM:MeOH=10:1, V/V) to give the desired product
(66 mg, yield: 32%). LC/MS (ESI): m/z 590 [M+H]".

Step 6. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-
7-(1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-y1]-3-
methylmorpholine

[0787)]

[0788] To a solution of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-y1)-5-iodo-7-[ 1-(oxan-2-y1)-1H-pyrazol-5-y1]imi-

dazo[1,5-b]pyridazin-2-yl]-3-methylmorpholine (66 mg,
0.11 mmol) in MeOH (8 mL) was added Pd/C (10%, 10 mg).
The mixture was stirred at room temperature overnight
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under hydrogen atmosphere. A drop of Et;N was added to
the above solution, then the resulting mixture was continued
to stir at room temperature for an additional 2 h under H,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was filtered, then concentrated. The residue
was purified by prep-HPLC (C,4, 10-95%, MeOH in H,O
with 0.1% HCOOH) to give the desired product (5.8 mg,
yield: 13%). LC/MS ESI (m/z): 380 [M+H]*. 'H NMR (400
MHz, DMSO) § 13.41 (br, 1H), 7.73 (s, 1H), 7.32 (s, 1H),
7.14 (d, I=1.9 Hz, 1H), 7.06 (s, 1H), 4.37 (d, I=6.4 Hz, 1H),
4.04-3.99 (m, 4H), 3.93 (d, J=12.1 Hz, 1H), 3.78 (d, I=11.4
Hz, 1H),3.72 (dd, J=11.4, 2.6 Hz, 1H), 3.56 (dd, J=11.8, 2.8
Hz, 1H), 3.28-3.25 (m, 1H), 2.27 (s, 3H), 1.26 (d, J=6.7 Hz,
3H).

Example 34

Synthesis of (R)-3-methyl-4-(4-(1-methyl-1H-pyra-
701-5-y1)-7-(3-methyl-1H-pyrazol-5-yl)imidazo[1,5-
blpyridazin-2-yl)morpholine

[0789]

ILN—O
P

34-2
DMF

>
S

0 0
OJ CIMO/\

Hzl‘{ 34-4
N DCM, 0° C.
< 0
\
N
343
0 0
A OMNH t-BuOK
| 0 .
N THF
N /\
345
K. o
N
N, NaOH
e O - >
O O\/
34-6
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N DIPEA, POCl;

= —_—

| | 349
N Pd(PPh3),Cl,, 2M K,CO;4

cl > DME, 60° C.
\ 7

sulfolane, KF,
180° C.

NIS, CH;CN

r.t.

34-14
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-continued

34

Step 1. ethyl 1-amino-1H-imidazole-5-carboxylate
[0790]

ILN—O
\P
JOYs
@]
§ LiHMDS, DMF
[@]
<
N

J

HN O
\
N 0
<]
N

[0791] To a solution of ethyl 1H-imidazole-5-carboxylate
(25 g, 178 mmol) in DMF (200 mL) at 0° C. was added
LiHMDS (1M in THF, 196 mL,, 196 mmol) drop wise. The
mixture was stirred at 0° C. for 1 h, then amino diphe-
nylphosphinate (50 g, 214 mmol) was added portion wise.
After the addition, the resulting mixture was stirred at 0° C.
for an additional 2 h. LC-MS showed the reaction was
complete. The reaction mixture was quenched with H,O
(200 mL), then concentrated to dryness. The residue was
diluted with EA (500 mL), then filtered. The filter cake was
washed with EA (200 mL). The combined organic phase was
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dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography (DCM:
MeOH=10:1, V/V) to give the desired product (14 g, yield:
50.6%). LC/MS (ESI): m/z 156.2 [M+H]*.

Step 2. ethyl 1-(3-ethoxy-3-oxopropanamido)-1H-
imidazole-5-carboxylate

[0792]

0 0
OJ CIMO/\

H,N
\N DCM, 0°C.,1h
T °
N

(€] (€]

/\OMTH .
e

[0793] To a solution of ethyl 1-amino-1H-imidazole-5-
carboxylate (14 g, 90.2 mmol) in DCM (200 mL) at 0° C.
was added ethyl 3-chloro-3-oxopropanoate (15.1 mL, 117
mmol) drop wise. The mixture was stirred at room tempera-
ture for 16 h. LC-MS showed the reaction was complete.
The reaction mixture was quenched with saturated NaHCO,
aqueous solution, then extracted with DCM (100 m[.x3).
The combined organic phase was washed with brine, dried
over anhydrous Na,SO,, filtered and concentrated to dry-
ness. The residue was purified by column chromatography
(DCM:MeOH=10:1, V/V) to give the desired product (24 g,
yield: 98%). LC/MS (ESI): m/z 270.3 [M+H]*.

Step 3. ethyl 2-hydroxy-4-ox0-3,4-dihydroimidazo
[1,5-b]pyridazine-3-carboxylate

[0794]

AN

Il‘TH o t-BuOK
—_— -
N J THF
N
N
_N OH
/N7 N
e O
0 o\/

[0795] To a suspension of ethyl 1-(3-ethoxy-3-oxopro-
panamido)-1H-imidazole-5-carboxylate (24 g, 89.1 mmol)
in THF (300 mL) at 0° C. was added t-BuOK (30 g, 267.0
mmol) portion wise. After the addition, the mixture was
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stirred at room temperature for 5 h. LC-MS showed the
reaction was complete. The reaction mixture was adjusted to
PH=2 by the addition of 6M HCI aqueous solution, then
concentrated to dryness. The residue was suspended in
co-solvent of DCM and MeOH (2:1, V:V, 200 mL), then
stirred at room temperature for 0.5 h. The resulting mixture
was filtered, the filter cake was washed with DCM and
MeOH (2:1, V/V, 100 mL). The filtrate was concentrated
under reduced pressure to give the crude product, which was
used in the next step without further purification (16 g).
LC/MS (ESI): m/z 224.2 [M+H]™.

Step 4. imidazo[1,5-b]pyridazine-2,4 (1H,3H)-dione

[0796]
N, OH H
/\ N -~ S N O
N / NaOH /\ ¥ -
e O a N, _
(6] 0.
~ 0]
[0797] A mixture of ethyl 2-hydroxy-4-0x0-3,4-dihydro-

imidazo[1,5-b|pyridazine-3-carboxylate (16 g, 71.7 mmol)
in NaOH aqueous solution (4M, 120 mL) was stirred at 100°
C. for 16 h. LC-MS showed the reaction was complete. After
cooling to room temperature, the mixture was adjusted to
PH=2 by the addition of 6M HCI aqueous solution, then
filtered. The filter cake was washed with ice-water twice (50
ml.x2), then concentrated under vacuo to give the desired
product (8 g, yield: 59%). LC/MS (ESI): m/z 152 [M+H]*.

Step 5. 2,4-dichloroimidazo[1,5-b]pyridazine

[0798]
O Cl
NH  DIPEA, POCh | SN
—_—
N toluene Il\]
0 > cl >
\ 7 \ /
N N
[0799] To a solution of imidazo[1,5-b]pyridazine-2,4 (1H,

3H)-dione (8 g, 52.9 mmol) and DIPEA (13.66 g, 106 mmol)
in toluene (80 mL) at 0° C. was added POCI; (19.7 mL, 212
mmol) drop wise. After the addition, the mixture was stirred
at 120° C. for 16 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated, then
diluted with EA (200 mL). The organic phase was washed
with saturated NaHCO; aqueous solution and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography (PE:EA=3:
1, V/V) to give the desired product (7.2 g, yield: 72%).
LC/MS (ESI): m/z 188/190 [M+H]".
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Step 6. 2-chloro-4-(1-methyl-1H-pyrazol-5-yl)imi- -continued
dazo[1,5-b]pyridazine
[0800]
O
cl WB/
Ny \o
N \ .
| | [0803] To a solution of 2-chloro-4-(1-methyl-1H-pyrazol-
N Pd(PPh;3)>Cl, NaxCO3, 5-yDimidazo[1,5-b]pyridazine (1 g, 4.28 mmol) in sulfolane
Cl DME, 60° C. (20 mL) was added (R)-3-methylmorpholine (1.30 g, 12.839
\ / mmol) and KF (0.75 g, 12.839 mmol). The mixture was
N stirred at 180° C. for 8 h. LC-MS showed the reaction was

complete. The mixture was diluted with EA (50 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MeOH=20:1,
V/V) to give the desired product (330 mg, yield: 26%).
LC/MS ESI (m/z): 299 [M+H]".

Step 8. (3R)-4-[5,7-diiodo-4-(1-methyl-1H-pyrazol-
5-yDimidazo[1,5-b]pyridazin-2-yl]-3-methylmor-

pholine
[0804]
[0801] To a solution of 2.,4-dichloroimidazo[1,5-b]
pyridazine (1 g, 5.32 mmol) and 1-methyl-5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (1.44 g, 6.91 NCS, CH;CN
mmol) in DME (20 mL) were added bis(triphenylphosphine) _—

palladium(II) chloride (0.83 g, 1.06 mmol) and Na,CO; (2M
in H,0, 5.32 ml, 10.64 mmol). The reaction was charged
with N, twice, then stirred at 60° C. overnight. LC-MS
showed the reaction was complete. The mixture was diluted
with EA (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=3:1, V/V) to give the desired product (500 mg,
yield: 40%). LC/MS ESI (m/z): 234 [M+H]".

Step 7. (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-
ylimidazo[1,5-b]pyridazin-2-yl)morpholine

[0802]

[0805] To a solution of (3R)-3-methyl-4-[4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-ylJmorpholine (230
mg, 0.77 mmol) in MeCN (15 mL) was added NIS (520.3
mg, 2.31 mmol). The mixture was stirred at room tempera-
ture for 2 h. LC-MS showed the reaction was complete. The
mixture was diluted with EA (50 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (DCM:MeOH=20:1, V/V) to give the
desired product (340 mg, yield: 80%). LC/MS ESI (m/z):
551 [M+H]*.
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Step 10. (3R)-4-(5-i0do-7-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-4-(1-methyl-1H-
pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl)-3-meth-
ylmorpholine
[0806]
/THP
N—N
/k)\la(om2
PACly(PPhs)s, 2M K>CO3,
DME

THP

[0807] To a solution of (3R)-4-[5,7-diiodo-4-(1-methyl-
1H-pyrazol-5-yl)imidazo[1,5-b] pyridazin-2-yl]-3-methyl-
morpholine (200 mg, 0.36 mmol) and [3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-yl]boronic acid (152 mg, 0.72 mmol) in
DME (6 mL) were added PdCl,(PPh,), (51 mg, 0.07 mmol)
and K,CO; (2.0 M in H,O, 0.45 mL, 0.90 mmol). The
mixture was stirred at 100° C. for 16 h under N, atmosphere.
[0808] LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (DCM:MeOH=20:1, V/V) to
afford the desired product (134 mg, yield: 62%).

[0809] LC/MS(ESD: m/z 589 [M+H]".

Step 11. (R)-3-methyl-4-(4-(1-methyl-1H-pyrazol-5-
y1)-7-(3-methyl-1H-pyrazol-5-yl)imidazo[1,5-b]
pyridazin-2-yl)morpholine

[0810]

1) Pd/C, H,
2) Et;N
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-continued

[0811] To a solution of (3R)-4-{5-iodo-7-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl]-4-(1-methyl-1H-pyrazol-5-yl)
imidazo[1,5-b]pyridazin-2-y1}-3-methylmorpholine (134
mg, 0.22 mmol) in MeOH (3 mL) was Pd/C (10%, 20 mg).
The mixture was stirred at room temperature for 12 h under
H, atmosphere. A drop of Et;N was added to the above
solution, then resulting mixture was continued to stir at room
temperature for an additional 2 h under H, atmosphere.
LC-MS showed the reaction was complete. The reaction
mixture was filtered, then concentrated. The residue was
purified by Prep-HPLC (C18, 10-95%, MeOH in H,O with
0.1% HCOOH) to give the desired product (10 mg, yield:
11%). LC/MS (EST): m/z 379 [M+H]*. "H NMR (400 MHz,
DMSO0) 8 12.95 (s, 1H), 7.65 (d, J=1.9 Hz, 1H), 7.41 (s, 1H),
6.96 (s, 1H), 6.88 (s, 1H), 6.80 (d, J=1.9 Hz, 1H), 4.39 (d,
J=6.6 Hz, 1H), 4.04-4.00 (m, 1H), 3.98 (s, 3H), 3.92 (d,
J=12.0 Hz, 1H), 3.75 (dt, J=11.5, 7.0 Hz, 2H), 3.58 (1d,
J=11.8, 2.8 Hz, 1H), 3.30-3.22 (m, 1H), 2.29 (s, 3H), 1.26 (d,
J=6.7 Hz, 3H).

Example 35

Synthesis of (3R)-4-(4-(1,4-dimethyl-1H-1,2,3-tri-
azol-5-y1)-7-(3-methyl-1H-pyrazol-5-yl)imidazo[1,
5-b]pyridazin-2-yl)-3-methylmorpholine

[0812]
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-continued

1) Pd/C, H,
2) EgN

35

Step 1. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-
5-i0do-7-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-yl]
imidazo[1,5-b|pyridazin-2-yl]-3-methylmorpholine

[0813]

0.
SN
N \
N/N\
THP

Pd(dppf)Cls, K5CO;3
dioxane, H,O, 100° C.

THP

[0814] To a solution of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-y1)-5,7-diiodoimidazo[1,5-b] pyridazin-2-yl1]-3-
methylmorpholine (276 mg, 0.49 mmol) and [3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl]boronic acid (307.7 mg, 1.47

Sep. 21, 2023

mmol) in co-solvent of dioxane (20 mL) and H,O (2 mL)
were added PdClL,(PPh;), (68.56 mg, 0.10 mmol) and
Cs,CO; (636.5 mg, 1.95 mmol). The mixture was stirred at
100° C. overnight under nitrogen atmosphere. LC-MS
showed the reaction was complete.

[0815] The mixture was diluted with EA (50 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MeOH=20:1,
V/V) to give the desired product (82 mg, yield: 28%).
LC/MS ESI (m/z): 604 [M+H]".

Step 2. (3R)-4-(4-(1,4-dimethyl-1H-1,2,3-triazol-5-
y1)-7-(3-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)-3-meth-
ylmorpholine

[0816]

[0817] To asolution of (3R)-4-(4-(1,4-dimethyl-1H-1,2,3-
triazol-5-y1)-5-i0do-7-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl)-3-meth-
ylmorpholine (60 mg, 0.1 mmol) in MeOH (8 mL) was
added Pd/C (10%, 6 mg). The mixture was stirred at room
temperature for 12 h under H, atmosphere. A drop of Et;N
was added to the above solution, then the resulting mixture
was continued to stir at room temperature for an additional
2 h under H, atmosphere. LC-MS showed the reaction was
complete. The reaction mixture was filtered, then concen-
trated. The residue was purified by prep-HPLC (Cig,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (10 mg, yield: 25%). LC/MS ESI (m/z): 394
[M+H]*. '"H NMR (400 MHz, DMSO) § 7.29 (s, 1H), 7.04
(s, 1H), 6.88 (s, 1H), 4.35 (d, J=6.6 Hz, 1H), 4.05-3.98 (m,
4H), 3.93 (d, J=12.7 Hz, 1H), 3.74 (dt, J=11.6, 7.0 Hz, 2H),
3.57 (td, I=11.9, 2.8 Hz, 1H), 3.27 (dd, J=12.9, 3.6 Hz, 1H),
2.30 (s, 3H), 2.26 (s, 3H), 1.26 (d, J=6.7 Hz, 3H).
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Example 36

Synthesis of (R)-3-methyl-4-(5-methyl-4-(1-methyl-
1H-pyrazol-5-y1)-7-(1H-pyrazol-5-yl)imidazo[1,5-b]

pyridazin-2-yl)morpholine

[0818]

0,
wa
/ _N

(6] N

/

THP

Pd(PPh3),Cl,, k>CO;
DME

(CH;z)4Sn

HCl/Dioxane

36-2

36

_—
Pd(PPhy),, DMF
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Step 1. (3R)-4-(5-i0do-4-(1-methyl-1H-pyrazol-5-

yD)-7-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-

yDimidazo[1,5-b]pyridazin-2-y1)-3-methylmorpho-
line

[0819]

THP

Pd(PPh3),Cl, k2CO;
DME

THP

[0820] To a solution of (R)-4-(5,7-diiodo-4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b] pyridazin-2-yl)-3-methylmor-
pholine (300 mg, 0.55 mmol) and 1-(tetrahydro-2H-pyran-
2-y1)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazole (303.4 mg, 1.09 mmol) in DME (8 mL) were added
K,CO; (2M in H,O, 0.82 mL, 1.64 mmol) and Bis(triph-
enylphosphine)palladium(II) chloride (42.4 mg, 0.06
mmol). The mixture was stirred at 80° C. overnight under
nitrogen atmosphere. LC-MS showed the reaction was com-
plete. The mixture was diluted with DCM (50 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=3:1, V/V) to give
the desired product (120 mg, yield: 38%). LC/MS ESI (m/z):
575 [M+H]*.

Step 2. (3R)-3-methyl-4-(5-methyl-4-(1-methyl-1H-

pyrazol-5-yl1)-7-(1-(tetrahydro-2H-pyran-2-y1)-1H-

pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)morpho-

line

[0821]

(CHz)4Sn
_ -
Pd(PPhs),, DMF
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-continued temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
reduced pressure. The residue was purified by Prep-HPLC
(C18, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (20 mg, yield: 31%). LC/MS (ESI) m/z:
379 [M+H]*. "H NMR (400 MHz, DMSO) § 13.46 (s, 1H),
7.67 (s, 1H), 7.62 (d, I=1.9 Hz, 1H), 7.10 (d, J=1.7 Hz, 1H),
6.77 (s, 1H), 6.55 (d, I=1.9 Hz, 1H), 4.34 (d, J=6.6 Hz, 1H),

/ \ 3.99 (dd, J=11.2, 3.2 Hz, 1H), 3.89 (d, J=13.2 Hz, 1H), 3.75

N/N (d, 1=9.7 Hz, 4H), 3.69 (dd, J=11.4, 2.7 Hz, 1H), 3.55 (1d,
/ J=11.8, 2.8 Hz, 1H), 3.25 (d, J=12.4 Hz, 1H), 1.93 (s, 3H),
THP 1.24 (d, I=6.7 Hz, 3H).
[0822] To a solution of (3R)-4-(5-iodo-4-(1-methyl-1H- Example 37

pyrazol-5-y1)-7-(1-(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-
5-yDimidazo[1,5-b]pyridazin-2-yl)-3-methylmorpholine

(120 mg, 0.21 mmol) in DMF (3 mL) were added tetram- Synthesis of (R)-3-methyl-4-(7-(l-methyl- l.H-pyra-
ethyltin (0.15 mL, 1.05 mmol) and Pd(PPh, ), (24.1 mg, 0.02 z0l-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)isothiazolo[4,
mmol). The mixture was stirred at 100° C. overnight under 5-b]pyridin-5-yl)morpholine

nitrogen atmosphere. LC-MS showed the reaction was com-
plete. The mixture was diluted with DCM (50 mL), then [0825]
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-

umn chromatography on silica gel (PE:EA=3:1, V/V) to give 0
the desired product (80 mg, yield: 83%). LC/MS ESI (m/z):
463 [M+H]".
N
Step 3. (R)-3-methyl-4-(5-methyl-4-(1-methyl-1H- POCl3
pyrazol-5-y1)-7-(1H-pyrazol-5-yl)imidazo|[1,5-b] x _—
pyridazin-2-yl)morpholine | N
[0823] cl S o
S— NI
29-8
O,
o e
—— [ j\ O/ " )
HCl/Dioxane /
N
/ \ 37-2
_N v Pd(PPhs)s, 2M Na,CO;
/N | Dioxane
Cl / ClL
/
S—N
37-1
(0]
[ j\ (HO)ZBW
N N—N
THP
Y
Pd(PPhs)s, 2M K>CO;
| Dioxane
S 7 cl
[0824] To a solution of (3R)-3-methyl-4-(5-methyl-4-(1- \ & L
methyl-1H-pyrazol-5-y1)-7-(1-(tetra hydro-2H-pyran-2-yl)- N AN N

1H-pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl)morpholine
(80 mg, 0.17 mmol) in DCM (2 mL) was added HCl solution 37-3
(4M in Dioxane, 1 mL). The mixture was stirred at room
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-continued

HCl/Dioxane

Step 1. (R)-4-(3,7-dichloroisothiazolo[4,5-b]pyridin-
5-yD)-3-methylmorpholine

[0826]
[O [O
N Nj\
POCI;
] (]
cl Z o cl 7 al
/
S—NH S—N
[0827] A mixture of 7-chloro-5-[(3R)-3-methylmorpho-

lin-4-y1]-2H,3H-[1,2]thiazolo[4,5-b] pyridin-3-one (90 mg,
0.32 mmol) and POCI; (0.88 mL, 9.45 mmol) was stirred at
100° C. for 12 h. LC-MS showed the reaction was complete.

[0828] After cooling to room temperature, the mixture was
diluted with DCM (30 mL), then poured into ice-water. The
organic layer was separated, then washed with saturated
NaHCO; aqueous solution and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=10:1) to
give the desired product (60 mg, yield: 63%). LC/MS ESI
(m/z): 304/306 [M+H]".

Sep. 21, 2023

Step 2. (R)-4-(3-chloro-7-(1-methyl-1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line
[0829]
O.
(6]
C (]
N o NN
/
AN Pd(PPhs)s, 2M NayCO;
| Dioxane
Cl F Cl
/
S—N

[0830] To a solution of (3R)-4-{3,7-dichloro-[1,2]thiazolo
[4,5-b]pyridin-5-y1}-3-methyl morpholine (50 mg, 0.16
mmol) and 1-methyl-5-(tetramethyl-1,3,2-dioxaborolan-2-
yD)-1H-pyrazole (68.4 mg, 0.33 mmol) in dioxane (2 mL)
were added Pd(PPh,), (38.0 mg, 0.03 mmol) and Na,CO,
(2M in H,0, 0.16 mL, 0.33 mmol). The mixture was charged
with N, twice, then stirred at room temperature for 12 h.
LC-MS showed the reaction was complete. After cooling to
room temperature, the mixture was diluted with DCM (30
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:
EA=10:1) to give the desired product (10 mg, yield: 17%).
LC/MS ESI (m/z): 350 [M+H]".

Step 3. (3R)-3-methyl-4-(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(1-methyl-1H-
pyrazol-5-yl)isothiazolo[4,5-b[pyridin-5-yl)morpho-

line
[0831]
O
[ (HO)ZBW
N NN
THP
vy
Pd(PPhy)s, 2M K,CO;
| Dioxane
S A al
\N/N S \I\{
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[0832] To a solution of (3R)-4-[3-chloro-7-(1-methyl-1H-
pyrazol-5-y1)-[1,2]thiazolo[4,5-b] pyridin-5-yl]-3-methyl-
morpholine (10 mg, 0.03 mmol) and 3-methyl-1-(oxan-2-
y1)-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole
(16.7 mg, 0.06 mmol) in dioxane (2 ml) were added
Pd(PPh,), (3.30 mg, 0.003 mmol) and K,CO; (2M in H,O,
0.03 mL, 0.06 mmol). The mixture was charged with N,
twice, then stirred at 100° C. for 12 h. LC-MS showed the
reaction was complete. After cooling to room temperature,
the mixture was diluted with DCM (30 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (PE:EA=10:1, V/V) to give the
desired product (3 mg, yield: 22%). LC/MS ESI (m/z): 480
[M+H]™".

Step 4. (R)-3-methyl-4-(7-(1-methyl-1H-pyrazol-5-
y1)-3-(3-methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-yl)morpholine

[0833]

HCl/Dioxane

[0834] To a solution of (3R)-3-methyl-4-{3-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl]-7-(1-methyl-1H-pyrazol-5-

yD)-[1,2]thiazolo[4,5-b]pyridin-5-yl}morpholine (3 mg,
0.006 mmol) in DCM (1 mL) was added HCI solution (4M

Sep. 21, 2023
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in dioxane, 1 mL). The resulting mixture was stirred at room
temperature for 2 h. LC-MS showed the reaction was
complete. The mixture was concentrated under reduced
pressure, the residue was purified by prep-HPLC (C,g,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (1 mg, yield: 40%). LC/MS ESI (m/z): 396
[M+H]*. "H NMR (400 MHz, DMSO) § 7.67 (d, J=2.0 Hz,
1H), 7.40 (s, 1H), 7.15 (s, 1H), 6.77 (d, ]=2.0 Hz, 1H), 4.57
(d, J=6.3 Hz, 1H), 4.19 (d, J=12.6 Hz, 1H), 4.05 (d, J=8.0
Hz, 1H), 3.99 (s, 3H), 3.82 (d, J=11.3 Hz, 1H), 3.73 (dd,
J=11.5, 2.8 Hz, 1H), 3.59 (dd, J=11.6, 8.9 Hz, 2H), 3.24 (d,
J=3.5 Hz, 1H), 2.32 (s, 3H), 1.26 (d, J=6.6 Hz, 4H).

Example 38
Synthesis of (R)-4-(7-(1,4-dimethyl-1H-1,2,3-tri-

azol-5-y1)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-y1)-3-methylmorpholine

[0835]
O
\_
N N=N
38-1
N Pd(PPh3):Cly
| MeyNAc, DMF
Cl / Cl
S—N
37-1
@]
0 Wl
N
[j\ © 7
N THP
38-3
> N
| Pd(PPhs)s, KoCO3(2M)
dioxane
/
HCl/Dioxane
—_—
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N
]
= / / \N
N / N 7
\\N/N S—N H
AN
38
Step 1. (R)-4-(3-chloro-7-(1,4-dimethyl-1H-1,2,3-
triazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-meth-
ylmorpholine
[0836]
O
[ —~
BN i
N=N
Sy Pd(PPhy),Cly
| MeyNAc, DMF
Cl A Cl
/
S—N
[O
N
]
A 7 cl
N /
\\N/N S—N
[0837] To a solution of (3R)-4-{3,7-dichloro-[1,2]thiazolo

[4,5-b]pyridin-5-y1}-3-methyl morpholine (70 mg, 0.23
mmol), 1,4-dimethyl-1H-1,2,3-triazole (112 mg, 1.15
mmol) and Me,NAc (81 mg, 0.69 mmol) in DMF (3 mL)
was added Pd(PPh;),Cl, (32 mg, 0.05 mmol). The mixture
was stirred at 140° C. for 6 h. LC-MS showed the reaction
was complete. The mixture was diluted with DCM (50 mL),
then washed with water and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=3:1, V/V)
to give the desired product (45 mg, yield: 54%). LC/MS ESI
(m/z): 365 [M+H]".

128
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Step 2. (3R)-4-(7-(1,4-dimethyl-1H-1,2,3-triazol-5-
yD)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line
[0838]
O
O,
( ]
N 0 NN
/
THP
AN
Pd(PPhy)s, K,CO3(2M)
| dioxane
N S 7 cl
\\N/N S \I\{
[O
Nj\
\ THP
[0839] To a solution of (R)-4-(3-chloro-7-(1,4-dimethyl-

1H-1,2,3-triazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-

methylmorpholine (45 mg, 0.12 mmol), 1-(oxan-2-yl)-5-
(tetra methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (69 mg,
0.25 mmol) and K,CO; (2M in H,0, 0.19 mL,, 0.37 mmol)
in dioxane (3 mL) was added Pd(PPh;), (14 mg, 0.01
mmol). The mixture was stirred at 100° C. for 16 h. LC-MS
showed the reaction was complete. The mixture was diluted
with DCM (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (DCM:MeOH=20:1, V/V) to give the desired product
(22 mg, yield: 37%). LC/MS ESI (m/z): 481 [M+H]".

Step 3. (R)-4-(7-(1,4-dimethyl-1H-1,2,3-triazol-5-
yD)-3-(1H-pyrazol-5-yl)isothiazolo [4,5-b]pyridin-5-
y1)-3-methylmorpholine

[0840]

HCl/Dioxane
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-continued -continued

[0841] To asolution of (3R)-4-(7-(1,4-dimethyl-1H-1,2,3-
triazol-5-y1)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-
5-yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpholine
(22 mg, 0.05 mmol) in DCM (2 mL.) was added HCl solution
(4M in dioxane, 1 mL). The mixture was stirred at room
temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
reduced pressure. The residue was purified by Prep-HPLC
(C18, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (2.5 mg, yield: 14%). LC/MS (ESI) n/z:
397.5 [M+H]*. 'H NMR (400 MHz, DMSO) & 13.53 (4,
J=176.0 Hz, 1H), 7.82 (d, J=88.5 Hz, 1H), 7.48 (s, 1H), 7.44

Pd(PPh3)>Cly, K>CO;

DME/H,0
(d, J=1.3 Hz, 1H), 4.56 (dd, J=11.6, 6.3 Hz, 1H), 4.20 (dt,
J=13.4, 5.9 Hz, 1H), 4.05 (dd, J=12.1, 2.6 Hz, 1H), 3.99 (s,
3H), 3.82 (d, J=11.5 Hz, 1H), 3.72 (dd, J=11.5, 2.7 Hz, 1H),
3.62-3.54 (m, 1H), 3.28-3.23 (m, 1H), 2.25 (s, 3H), 1.27 (d,
J=6.7 Hz, 3H).
Example 39
Synthesis of (3R)-4-[4-(diethylphosphoryl)-7-(1H-
pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl]-3-meth-
ylmorpholine
1) Pd/C, H,
[0842] - .
2) EgN
N
Cl (ﬁ N/
SN AN THP/
_— -
| IL Pdy(dba);, XantPhos 39-6
TEA, Dioxane

a \N>
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Step 1. 2-chloro-4-(diethylphosphoryl)imidazo[1,5-

b]pyridazine
[0843]
Cl o
ﬂ
N Pd;(dba)s, XantPhos
Cl > TEA, Dioxane
\ 7
N
[0844] To a solution of 2.,4-dichloroimidazo[1,5-b]

pyridazine (500 mg, 2.66 mmol) and (ethylphosphonoyl)
ethane (338.6 mg, 3.19 mmol) in dioxane (15 ml) were
added Pd(dba); (243.5 mg, 0.27 mmol), XantPhos (153.9
mg, 0.27 mmol) and TEA (0.74 ml, 5.34 mmol). The
mixture was stirred at 70° C. overnight under nitrogen
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with DCM (20 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MeOH=20:1,
V/V) to afford the desired product (560 mg, yield: 82%).
LC/MS(ESI): m/z 258 [M+H]".

Step 2. (3R)-4-[4-(diethylphosphoryl)imidazo[1,5-b]
pyridazin-2-yl]-3-methylmorpholine
[0845]
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[0846] To a solution of 2-chloro-4-(diethylphosphoryl)
imidazo[1,5-b|pyridazine (560 mg, 2.17 mmol) in NMP (15
ml) was added (3R)-3-methylmorpholine (659.5 mg, 6.52
mmol). The mixture was stirred at 120° C. overnight.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with DCM (20 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (DCM:MeOH=20:1, V/V) to afford
the desired product (150 mg, yield: 21%). LC/MS(ESI): m/z
323 [M+H]™".

Step 3. (3R)-4-[4-(diethylphosphoryl)-5,7-diiodo-
imidazo[1,5-b|pyridazin-2-yl]-3-methylmorpholine

[0847)]

[0848] To a solution of (3R)-4-[4-(diethylphosphoryl)imi-
dazo[1,5-b]pyridazin-2-y1]-3-methylmorpholine (150 mg,
0.47 mmol) in MeCN (15 mL) were added NIS (523.5 mg,
2.33 mmol) portion wise. The mixture was stirred at room
temperature overnight. LC-MS showed the reaction was
complete. The reaction mixture was diluted with EA (20
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (DCM:
MeOH=20:1, V/V) to afford the desired product (180 mg,
vield: 67%). LC/MS(ESI): m/z 575 [M+H]".
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Step 4. (3R)-4-[4-(diethylphosphoryl)-5-iodo-7-[1-
(oxan-2-yl)-1H-pyrazol-5-yllimidazo[ 1,5-b]
pyridazin-2-yl]-3-methylmorpholine
[0849]
THP
| O
N B/
W
Pd(PPh3),Cly, K>CO;

DME/HL0

THP

[0850] To a solution of (3R)-4-[4-(diethylphosphoryl)-5,
7-diiodoimidazo[1,5-b]pyridazin-2-yl]-3-methylmorpholine
(180 mg, 0.31 mmol) and 1-(oxan-2-yl)-5-(tetramethyl-1,3,
2-dioxaborolan-2-yl)-1H-pyrazole (130.8 mg, 0.47 mmol)
in co-solvent of DME (10 mL) and H,O (2 mL) were added
K,CO; (130.0 mg, 0.94 mmol) and Pd(PPh;),Cl, (22.0 mg,
0.03 mmol). The mixture was stirred at 80° C. overnight
under nitrogen atmosphere. The reaction mixture was
diluted with EA (20 mL), then washed with water and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (DCM:MeOH=20:1, V/V) to afford the desired
product (120 mg, yield: 64%). LC/MS(ESI): m/z 599
[M+H]™".

Step 5. (3R)-4-[4-(diethylphosphoryl)-7-(1H-pyra-
zol-5-yl)imidazo[ 1,5-b]pyridazin-2-y1]-3-methyl-
morpholine

[0851]

1) Pd/C, H,
—_—
2) EgN
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[0852] To a solution of (3R)-4-[4-(diethylphosphoryl)-5-
i0odo-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo[1,5-b]
pyridazin-2-yl]-3-methylmorpholine (120 mg, 0.20 mmol)
in MeOH (6 ml) was added Pd/C (10%, 20 mg). The
mixture was stirred at room temperature overnight under H,
atmosphere. A drop of Et,N was added to the above solution,
then the resulting mixture was continued to stir at room
temperature for an additional 2 h under H, atmosphere.
LC-MS showed the reaction was complete. The reaction
mixture was filtered and concentrated. The residue was
purified by Prep-HPLC (C18, 10-95%, MeOH in H,O with
0.1% HCOOH) to give the desired product (20 mg, yield:
25%). LC/MS (ESI): m/z 389 [M+H]*. 'H NMR (400 MHz,
DMSO) 8 7.83 (s, 1H), 7.74 (s, 1H), 7.11 (d, J=1.6 Hz, 1H),
7.04 (d, I=13.9 Hz, 1H), 4.35 (d, J=6.3 Hz, 1H), 4.01 (dd,
J=11.2, 2.9 Hz, 1H), 3.88 (d, J=12.6 Hz, 1H), 3.75 (dt,
J=11.6, 6.9 Hz, 2H), 3.56 (dt, J=13.2, 9.9 Hz, 1H), 3.28 (d,
J=12.8 Hz, 1H), 2.34-1.95 (m, 4H), 1.24 (d, J=6.7 Hz, 3H),
1.03 (dt, J=17.3, 7.6 Hz, 6H).

Example 40

Synthesis of (R)-2-methyl-2-(2-(3-methylmor-
pholino)-7-(1H-pyrazol-5-yl)imidazo[ 1,5-b]
pyridazin-4-yl)propanenitrile

[0853]
[O
N
CH;l
XN t-BuONa, THF
NC | N,
N
40-1
[O
N
NIS
—_—
| XN CH;CN
NC N,

40-2
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-continued Step 1. (R)-2-methyl-2-(2-(3-methylmorpholino)
imidazo[1,5-b|pyridazin-4-yl) propanenitrile

O
0 N, 4{\” [0854]
[ / N

N THP o

40-4
AN
| PdCly(PPhy),

2M K,CO3, DME N

I CH;l
\ >/ XN t-BuONa, THF

1 NC

NC

PA/C, Hy |
\ N -

|
/ \_7

\ / N/N N

[0855] To a solution of 2-{2-[(3R)-3-methylmorpholin-4-
40-5 yl]limidazo[1,5-b]pyridazin-4-yl}acetonitrile (100 mg, 0.39
mmol) and t-BuONa (96 mg, 0.77 mmol) in anhydrous THF
(5 mL) at 0° C. was added a solution of CH,I (110 mg, 0.77
mmol) in anhydrous THF (1 mL) drop wise. After the
[ addition, the resulting mixture was stirred at 0° C. for 1 h.

NC

LC-MS showed the reaction was complete. The reaction

mixture was diluted with EA (40 mL), then washed with

water and brine, dried over anhydrous Na,SO,, filtered and

HCl/Dioxane concentrated. The residue was purified by column chroma-

- tography on silica gel (DCM:MeOH=20:1, V/V) to afford

NC | Il\I / \ the desired product (110 mg, yield: 76%). LC/MS (ESI): m/z
N 286 [M+H]".

THP Step 2. (R)-2-(5,7-diiodo-2-(3-methylmorpholino)
imidazo[1,5-b|pyridazin-4-yl)-2-methylpropaneni-
trile

[0856]

NIS
—_—
XN CH;CN

NC
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-continued
[O
N
Sy
NC | IL
I
L

[0857] A mixture of 2-methyl-2-{2-[(3R)-3-methylmor-
pholin-4-yl]imidazo[ 1,5-b]pyridazin-4-y1}propanenitrile

(85 mg, 0.29 mmol) and NIS (268 mg, 1.19 mmol) in MeCN
(4 mL) was stirred at 80° C. for 16 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with DCM (20 mL), then washed with saturated Na,S,O,
aqueous solution and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=1:1, V/V) to
afford the desired product (91 mg, yield: 56%). LC/MS
(ESD): m/z 538 [M+H]".

Step 3. 2-(5-i0do-2-((R)-3-methylmorpholino)-7-(1-
(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-yl)imidazo
[1,5-b]pyridazin-4-yl)-2-methylpropanenitrile

[0858]

o)
N\
[ ]
N
N o N~
Ny THP
| | PdCl,(PPhs),
NC N 2 M K,CO;, DME
\ >/1
N

[o
N
AN
NC | Il\I / |
\ / N/N
N
I THP
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[0859] To a solution of 2-{5,7-diiodo-2-[(3R)-3-methyl-
morpholin-4-yl]imidazo[1,5-b]  pyridazin-4-yl}-2-methyl-
propanenitrile (45 mg, 0.08 mmol) and 1-(oxan-2-yl)-5-
(tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (35 mg,
0.12 mmol) in DME (3 mL) were added PdCl1,(PPh;), (11
mg, 0.02 mmol) and K,CO, (2.0 M in H,0, 0.12 mL, 0.24
mmol). The mixture was stirred at 100° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (40 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (PE:EA=1:1, V/V) to afford
the desired product (15 mg, yield: 31%). LC/MS (ESI): m/z
562 [M+H]".

Step 4. 2-methyl-2-(2-((R)-3-methylmorpholino)-7-
(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)imi-
dazo[1,5-b]pyridazin-4-yl)propanenitrile

[0860]
[O
N
Pd/C, H,
Xy E——
NC | Il\I / |
\ / NN
N /
I THP
[O
N
Ny
NC | IL / |
\ / NN
N
THP
[0861] A mixture of 2-{5-iodo-2-[(3R)-3-methylmorpho-

lin-4-y1]-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo[1,5-b]
pyridazin-4-y1}-2-methylpropanenitrile (85 mg, 0.15 mmol)
and Pd/C (10%, 40 mg) in MeOH (3 mL) was stirred at room
temperature for 5 h under H, atmosphere. LC-MS showed
the reaction was complete. The reaction mixture was fil-
tered, then the filtrate was concentrated under reduced
pressure. The residue was purified by column chromatog-
raphy on silica gel (DCM:MeOH=20:1, V/V) to afford the
desired product (40 mg, yield: 60%). LC/MS (ESI): m/z 436
[M+H]".
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Step 5. (R)-2-methyl-2-(2-(3-methylmorpholino)-7-
(1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-4-y1)pro-

panenitrile
[0862]
[O
N
HCl/Dioxane
Ny
NC | Il\I / |
\ / N—N
N /
THP
[O
N
AN
NC | Il\I / |
\ / N—N
N H
[0863] A mixture of 2-methyl-2-{2-[(3R)-3-methylmor-

pholin-4-yl1]-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo|[ 1,
5-b]pyridazin-4-yl}propanenitrile (40 mg, 0.09 mmol) in
HCl solution (4.0 M in dioxane, 3.0 m[.) was stirred at room
temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
reduced pressure. The residue was purified by Prep-HPLC
(C18, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (20 mg, yield: 61%). LC/MS (ESI): m/z
352 [M+H]*. 'H NMR (400 MHz, DMSO) & 13.21 (s, 1H),
8.14 (s, 1H), 7.77 (s, 1H), 7.72 (d, J=1.2 Hz, 1H), 7.10 (d,
J=1.9Hz, 1H), 6.73 (s, 1H), 4.35 (d, J=6.6 Hz, 1H), 4.01 (dd,
J=11.3,3.1 Hz, 1H), 3.86 (d, J=13.1 Hz, 1H),3.78 (d,J=11.4
Hz, 1H), 3.71 (dd, J=11.5, 2.7 Hz, 1H), 3.56 (td, J=11.8, 2.9
Hz, 1H), 3.29 (d, J=3.6 Hz, 1H), 1.88 (d, J=1.2 Hz, 6H), 1.25
(d, J=6.7 Hz, 3H).

Example 41

Synthesis of (3R)-4-[4-(2-methanesulfonylpropan-2-
y)-7-(1H-pyrazol-5-yl)imidazo[ 1,5-b|pyridazin-2-
y1]-3-methylmorpholine

[0864]

Cl O

Cl
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41-3

THP
41-8

PACI,(PPhs),, K,CO;
DME/H,0, 100° C.

Pd/C, H,
—
a
N~ N
/
THP
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-continued

41

Step 1. methyl 2-{2-chloroimidazo[1,5-b]pyridazin-
4-y1}-2-methanesulfonylacetate
[0865]

[0866] To a solution of 2.,4-dichloroimidazo[1,5-b]
pyridazine (1 g, 5.32 mmol) in CH,CN (20 mL) were added
methyl 2-methanesulfonylacetate (1.21 g, 7.98 mmol) and
Cs,CO; (3.47 g, 10.64 mmol). The reaction was stirred at
60° C. for 6 h. LC-MS showed the reaction was complete.
The reaction mixture was diluted with DCM (20 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=2:1, V/V) to
afford the desired product (755 mg, yield: 47%). LC/MS
(ESD): m/z 304 [M+H]".

Step 2. (3R)-4-[4-(methanesulfonylmethyl)imidazo
[1,5-b]pyridazin-2-y1]-3-methyl morpholine

[0867]
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-continued

[0868] To a solution of methyl 2-{2-chloroimidazo[1,5-b]
pyridazin-4-yl}-2-methane sulfonylacetate (755 mg, 2.49
mmol) in sulfolane (10 ml) were added (3R)-3-methyl
morpholine (754 mg, 7.46 mmol) and KF (432 mg, 7.46
mmol). The mixture was stirred at 180° C. for 5 h. LC-MS
showed the reaction was complete. The reaction mixture was
diluted with DCM (20 mL), then washed with water and
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by column chromatography
onssilica gel (PE:EA=1:1, V/V) to afford the desired product
(490 mg, yield: 64%). LC/MS (ESI): m/z 311 [M+H]".

Step 3. (3R)-4-[4-(2-methanesulfonylpropan-2-yl)
imidazo[1,5-b|pyridazin-2-yl]-3-methylmorpholine

[0869]

[0870]
ethyl)imidazo|[1,5-b]|pyridazin-2-yl]-3-methylmorpholine

(300 mg, 0.97 mmol) in THF (9 mL) were added iodometh-
ane (0.24 mL, 3.87 mmol) and Sodium tert-butoxide (371.5
mg, 3.87 mmol). LC-MS showed the reaction was complete.
The reaction mixture was diluted with DCM (20 mL), then
washed with water and brine, dried over anhydrous Na,SO,,

To a solution of (3R)-4-[4-(methanesulfonylm-

filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=1:1, V/V) to
afford the desired product (210 mg, yield: 64%). LC/MS
(ESD): m/z 339 [M+H]™".
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Step 4. (3R)-4-[5,7-diiodo-4-(2-methanesulfonylpro-
pan-2-yl)imidazo[1,5-b|pyridazin-2-yl]-3-methyl-
morpholine

[0871]

[0872] To a solution of (3R)-4-[4-(2-methanesulfonylpro-
pan-2-ylimidazo[1,5-b|pyridazin-2-yl]-3-methylmorpho-
line (210 mg, 0.62 mmol) in CH;CN (20 ml) was added
NIS (107 mg, 0.62 mmol) portion wise. The reaction was
stirred at 80° C. overnight. LC-MS showed the reaction was
complete. The reaction mixture was diluted with DCM (20
mL), then washed with saturated Na,S,0; aqueous solution
and brine, dried over anhydrous Na,SO,, filtered and con-
centrated. The residue was purified by column chromatog-
raphy on silica gel (PE:EA=1:1, V/V) to afford the desired
product (50 mg, yield: 14%). LC/MS (ESI): m/z 591
[M+H]™".

Step 5. (3R)-4-[5-i0do-4-(2-methanesulfonylpropan-
2-y1)-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl|imidazo[1,5-
blpyridazin-2-yl]-3-methylmorpholine

[0873]
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[0874] To a solution of (3R)-4-[5,7-diiodo-4-(2-methane-
sulfonylpropan-2-yl)imidazo [1,5-b] pyridazin-2-yl]-3-
methylmorpholine (80 mg, 0.14 mmol) in DME (5 mL) were
added 1-(oxan-2-yl)-5-(tetramethyl-1,3,2-dioxaborolan-2-
yl)-1H-pyrazole (76 mg, 0.27 mmol), Pd(PPh,),Cl, (19 mg,
0.03 mmol) and K,CO; (56 mg, 0.41 mmol). The mixture
was stirred at 100° C. overnight under nitrogen atmosphere.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with DCM (20 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=1:1, V/V) to afford the
desired product (42 mg, yield: 51%). LC/MS (ESI): m/z 615
[M+H]".

Step 6. (3R)-4-[4-(2-methanesulfonylpropan-2-yl)-
7-(1H-pyrazol-5-yl)imidazo[1,5-b] pyridazin-2-yl]-
3-methylmorpholine

[0875]

[0876]

To a solution of (3R)-4-[5-i0do-4-(2-methanesulfo-
nylpropan-2-yl)-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo

[1,5-b]pyridazin-2-yl]-3-methylmorpholine (42 mg, 0.07
mmol) in MeOH (4 mL) was added Pd/C (10%, 40 mg). The
mixture was stirred at room temperature for 12 h under H,
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atmosphere. LC-MS showed the reaction was completed.
The reaction mixture was filtered, the filtrate was concen-
trated under reduced pressure. The residue was purified by
Prep-HPLC (C18, 10-95%, MeOH in H,O with 0.1%
HCOOH) to afford the desired product (2.5 mg, yield: 9%).
LC/MS (ESI): nv/z 405 [M+H]*. '"H NMR (400 MHz,
DMSO) 8 13.29 (d, J=159.7 Hz, 1H), 7.68 (d, J=29.9 Hz,
2H), 7.09 (s, 1H), 6.82 (s, 1H), 4.37 (s, 1H), 4.02 (d, I=8.8
Hz, 1H), 3.91-3.59 (m, 3H), 3.57 (dt, J=11.7, 5.9 Hz, 1H),
3.30-3.17 (m, 1H), 2.94 (s, 3H), 1.92 (t, J=7.6 Hz, 6H), 1.23
(d, J=6.7 Hz, 3H).

Example 42
Synthesis of (R)-3-methyl-4-(7-(3-methyl-1H-pyra-

701-5-y1)-4-(2-(methy! sulfonyl)propan-2-yl)imidazo
[1,5-b]pyridazin-2-yl)morpholine

[0877]

HCl/Dioxane

42-3
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Step 1. (3R)-3-methyl-4-(7-(3-methyl-1-(tetrahydro-

2H-pyran-2-yl)-1H-pyrazol-5-y1)-4-(2-(methylsulfo-

nyl)propan-2-yl)imidazo[ 1,5-b]pyridazin-2-yl)mor-
pholine

[0878]

[0879] To a solution of (R)-4-(5,7-diiodo-4-(2-(methyl-
sulfonyl)propan-2-yl)imidazo[1,5-b] pyridazin-2-yl)-3-
methylmorpholine (100 mg, 0.17 mmol) in DME (20 mL)
was added (3-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl)boronic acid (71 mg, 0.34 mmol), K,CO, 2M
in H,0O, 0.25 mL, 0.51 mmol) and Bis(triphenyl-phosphine)
palladium(Il) chloride (13 mg, 0.02 mmol). The reaction
was stirred at 100° C. overnight under nitrogen atmosphere.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with DCM (20 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (DCM:MeOH=30:1, V/V) to afford
the desired product (30 mg, yield: 35%). LC/MS (ESI): m/z
503 [M+H]*.

Step 2. (R)-3-methyl-4-(7-(3-methyl-1H-pyrazol-5-
y1)-4-(2-(methylsulfonyl)propan-2-yl)imidazo[1,5-b]
pyridazin-2-yl)morpholine

[0880]

HCl/Dioxane

_—
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O
[Nj\
Br
AN BTN
| | TBAB, KOH/H,0
NC N 2-MeTHF
\ 7
N
44-5
O
[0881] A solution of (3R)-3-methyl-4-(7-(3-methyl-1-(tet-
rahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-4-(2-(methyl-
sulfonyl)propan-2-yl)imidazo[1,5-b]pyridazin-2-yl)mor- N
pholine (30 mg, 0.06 mmol) in HCI solution (4M in dioxane,
2 ml) was stirred at room temperature for 1 h. LC-MS XN %»
showed the reaction was complete. The reaction mixture was | | :
concentrated in vacuo. The residue was purified by Pre- NC N
HPLC (C,4, 10-95%, MeOH in H,O with 0.1% HCOOH) to \ >

afford the desired product (7 mg, yield: 28%). LC/MS (ESI)
m/z: 419 [M+H]*. "H NMR (400 MHz, DMSO) 8 7.68 (s, 44-6
1H), 6.84 (s, 1H), 6.79 (s, 1H), 4.34 (q, J=6.8 Hz, 1H), 4.02

O
(dd, J=11.4, 3.1 Hz, 1H), 3.85 (d, J=13.1 Hz, 1H), 3.81-3.72 o
(m, 2H), 3.58 (dd, J=11.8, 8.9 Hz, 1H), 3.24 (d, ]=3.8 z, BA{\”
1H), 2.94 (s, 3H), 2.28 (s, 3H), 1.92 (d, J=1.1 Hz, 6H), 1.23 N o v—N

(d, J=6.7 Hz, 3H). /
THP
N 44-8
Example 44 - | | PdCI(PPhy)s
I K,CO3/H,0, dioxane
Synthesis of (R)-1-(2-(3-methylmorpholino)-7-(1H- \ >/
pyrazol-5-yl)imidazo[1,5-b]pyridazin-4-yl)cyclopro- N
pane-1-carbonitrile I
44-7
[0882] o]

cl e}
~~ al
XN Pd/C, H,

A N 0 | | ——
| IL 442 NC N / |
cl > Cs,CO3, MeCN \ / N —~N
\ 7 Ny
N I THP
a4-1 449
o)
cl o [
Sy [ j\ ¥
| §
NC N " Ny
\ > 44-4 | |
DIPEA, NMP
K A, NC N / |
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Step 1. ethyl 2-(2-chloroimidazo[1,5-b]pyridazin-4-
yD)-2-cyanoacetate

[0883]

Cs,C03, MeCN

a \N>

Cl
XN
NC | IL
W
N
[@) [@]

[0884] A mixture of 2,4-dichloroimidazo|1,5-b]pyridazine
(500 mg, 2.65 mmol), ethyl 2-cyanoacetate (453 mg, 40
mmol) and Cs,CO; (1.74 g, 5.34 mmol) in MeCN (10 mL)
was stirred at 60° C. for 3 h. LC-MS showed the reaction
was complete. The reaction mixture was diluted with DCM
(20 mL), then washed with water and brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel
(DCM:MeOH=5:1, V/V) to afford the desired product (600
mg, yield: 85%). LC/MS (ESI): m/z 265 [M+H]™".

Step 2. (R)-2-(2-(3-methylmorpholino)imidazo[ 1,5-
blpyridazin-4-yl)acetonitrile

[0885]
cl o
- [
|
NC | N N
_ -
\ > DIPEA, NMP
N
o) 0

NC

/
Zx
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[0886] A mixture of ethyl 2-{2-chloroimidazo[1,5-b]
pyridazin-4-yl}-2-cyanoacetate (200 mg, 0.75 mmol), (3R)-
3-methylmorpholine (306 mg, 3.02 mmol) and DIPEA (390
mg, 3.02 mmol) in NMP (5 mL) was stirred at 200° C. for
5h. LC-MS showed the reaction was complete. The reaction
mixture was diluted with DCM (20 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (DCM:MeOH=15:1, V/V) to afford
the desired product (50 mg, yield: 25%). LC/MS (ESI): m/z
258 [M+H]".

Step 3. (R)-1-(2-(3-methylmorpholino)imidazo[ 1,5-
b]pyridazin-4-yl)cyclopropane-1-carbonitrile

[0887]
[o
N B
Br /\/ T
_ =
AN TBAB, KOH/H,0
| | 2-MeTHF
NC N
7
N
[o
N
N
NC | IL
\ 7
N
[0888] A mixture of 2-{2-[(3R)-3-methylmorpholin-4-yl]

imidazo[1,5-blpyridazin-4-yl} acetonitrile (200 mg, 0.77
mmol), 1,2-dibromoethane (580 mg, 3.08 mmol), TBAB (50
mg, 0.15 mmol) and KOH (10.0 M in H,O, 1.5 mL, 15
mmol) in 2-Methyltetrahydrofuran (20 ml.) was stirred at
80° C. for 4 h. LC-MS showed the reaction was complete.
The reaction mixture was diluted with EA (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=1:1, V/V) to
afford the desired product (180 mg, yield: 81%). LC/MS
(ESD): m/z 284 [M+H]".
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Step 4. (R)-1-(5,7-diiodo-2-(3-methylmorpholino)
imidazo[1,5-b|pyridazin-4-yl)cyclopropane-1-carbo-

nitrile
[0889]
[O
N
NIS
Xy CH;CN
NC | Il\f
W,
N
[O
N
Ny
NC | IL
>/1
W
N
1
[0890] A mixture of 1-{2-[(3R)-3-methylmorpholin-4-yl]

imidazo[1,5-b]pyridazin-4-yl} cyclopropane-1-carbonitrile
(200 mg, 0.70 mmol) and NIS (640 mg, 2.84 mmol) in
MeCN (8 ml) was stirred at room temperature for 4 h.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with EA (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=1:1, V/V) to afford the
desired product (200 mg, yield: 52%). LC/MS (ESI): m/z
536 [M+H]*.

Step 5. 1-(5-i0do-2-((R)-3-methylmorpholino)-7-(1-
(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-yl)imidazo
[1,5-b]pyridazin-4-yl)cyclopropane-1-carbonitrile

[0891]
© o)
( (]
N fo) N N
/
THP
N
| | PdCly(PPhy),
NC N K,CO3/H,0, dioxane

D
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-continued
[O
Nj\
AN
NC | Il\I /
N
\ 7
N
I THP
[0892] To a solution of 1-{5,7-diiodo-2-[(3R)-3-methyl-

morpholin-4-yl]imidazo[1,5-b]pyridazin-4-
yl}cyclopropane-1-carbonitrile (100 mg, 0.18 mmol) and
1-(oxan-2-yl)-5-(tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-
pyrazole (104 mg, 0.37 mmol) in DME (3 mL) was added
PdC1,(PPh;), (26 mg, 0.18 mmol) and K,CO; (2.0 M in
H,0, 0.28 mL, 0.56 mmol). The mixture was stirred at 100°
C. for 16 h under N, atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (40 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (DCM:MeOH=1:1, V/V) to afford the desired product
(50 mg, yield: 47%). LC/MS (ESI): m/z 560 [M+H]*.

Step 6. (R)-1-(2-(3-methylmorpholino)-7-(1H-pyra-
zol-5-yl)imidazo[1,5-b]pyridazin-4-yl)cyclopropane-
1-carbonitrile

[0893]
[O
N
PA/C, Hy
NN g
NC | Il\I /
N
\ 7
N |
I THP
[O
N
AN
NC | Il\I /
N
-
\ N/ N
[0894] A mixture of 1-{5-iodo-2-[(3R)-3-methylmorpho-

lin-4-y1]-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo[1,5-b]

pyridazin-4-yl}cyclopropane-1-carbonitrile (24 mg, 0.04
mmol) and Pd/C (10%, 10 mg) in MeOH (3 mL) was stirred
at room temperature for 16 h under H, atmosphere. LC-MS
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showed the reaction was complete. The reaction mixture was
filtered, then the filtrate was concentrated under reduced
pressure. The residue was purified by Prep-HPLC (C18,
10-95%, MeOH in H,O with 0.1% HCOOH) to afford the
desired product (8 mg, yield: 53%). LC/MS (ESI): m/z 350
[M+H]*. 'H NMR (400 MHz, DMSO) 8 13.54 (s, 1H), 8.33
(s, 1H), 7.71 (s, 2H), 7.10 (d, J=1.9 Hz, 1H), 6.79 (s, 1H),
437 (d, J=6.4 Hz, 1H), 3.99 (dd, J=11.3, 3.2 Hz, 1H), 3.88
(d, I=12.9 Hz, 1H), 3.77 (d, J=11.3 Hz, 1H), 3.69 (dd,
J=11.4,2.7Hz, 1H),3.55 (dd, J=11.9, 2.8 Hz, 1H), 3.26-3.22
(m, 1H), 1.88-1.78 (m, 3H), 1.74 (dd, J=8.4, 4.5 Hz, 1H),
1.23 (d, J=6.7 Hz, 3H).

Example 45

Synthesis of (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-
y1)-5-methyl-7-(1H-pyrazol-5-yl)imidazo[1,5-b]
pyridazin-2-yl]-3-methylmorpholine

[0895]

THP
/ 0
N /

Pd(dpph)Cls, K>CO;3
dioxane, H,O, 100° C.

MeySn, Pd(PPhs),
_——
DMF

HCl/dioxane
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45

Step 1. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-
5-iodo-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl|imidazo[1,
5-b]pyridazin-2-yl]-3-methylmorpholine

[0896]

Pd(dppf)Cly, K,CO3
dioxane, H,O, 100° C.

[0897] To a solution of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-y1)-5,7-diiodoimidazo[1,5-b] pyridazin-2-yl1]-3-
methylmorpholine (330 mg, 0.58 mmol) and 1-(oxan-2-yl)-
5-(tetra methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (487
mg, 1.75 mmol) in co-solvent of dioxane (10 mL) and H,O
(1 mL) were added Pd(dppf)Cl, (43 mg, 0.06 mmol) and
Cs,CO; (571 mg, 1.75 mmol). The mixture was stirred at
100° C. overnight under nitrogen atmosphere. LC-MS
showed the reaction was complete. The mixture was diluted
with EA (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=3:1, V/V) to give the desired product (255 mg,
yield: 74%). LC/MS ESI (m/z): 590 [M+H]".
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Step 2. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-
5-methyl-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo
[1,5-b]pyridazin-2-yl]-3-methylmorpholine

[0898]

MeySn, Pd(PPhs),
_——
DMF

[0899] To a solution of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-y1)-5-iodo-7-[ 1-(oxan-2-y1)-1H-pyrazol-5-y1]imi-
dazo[1,5-b]pyridazin-2-yl]-3-methylmorpholine (120 mg,
0.20 mmol) and tetramethyltin (0.14 mL, 1.02 mmol) in
DMF (6 mL) was added Pd(PPh;), (46 mg, 0.04 mmol). The
mixture was stirred at 100° C. overnight under nitrogen
atmosphere. LC-MS showed the reaction was complete. The
mixture was diluted with EA (50 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=1:1, V/V) to give the desired
product (84 mg, yield: 87%). LC/MS ESI (m/z): 478
[M+H]™".

Step 3. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-
5-methyl-7-(1H-pyrazol-5-yl) imidazo[1,5-b]
pyridazin-2-yl]-3-methylmorpholine

[0900]

HCl/dioxane
B — e

142
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[0901] To a solution of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-y1)-5-methyl-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imi-
dazo[1,5-b]pyridazin-2-y1]-3-methylmorpholine (84 mg,
0.18 mmol) in DCM (2 mL.) was added HCl solution (4M in
dioxane, 2 mL). The mixture was stirred at ambient tem-
perature for 1 h. LC-MS showed the reaction was complete.
The mixture was concentrated under reduced pressure, the
residue was purified by prep-HPLC (C, 4, 10-95%, MeOH in
H,O with 0.1% HCOOH) to give the desired product (16.5
mg, yield: 24%). LC/MS ESI (m/z): 394 [M+H]*. '"H NMR
(400 MHz, DMSO) 6 13.44 (s, 1H), 7.70 (s, 1H), 7.11 (d,
J=1.8 Hz, 1H), 6.87 (s, 1H), 4.32 (d, J=5.7 Hz, 1H), 4.00 (dd,
J=11.9, 3.8 Hz, 1H), 3.89 (t, J=4.6 Hz, 4H), 3.76 (d, I=11.2
Hz, 1H), 3.70 (d, J=11.5 Hz, 1H), 3.56 (td, J=11.8, 2.8 Hz,
1H), 3.25 (dd, J=12.8, 3.6 Hz, 1H), 2.19 (s, 3H), 1.87 (s,
3H), 1.25 (d, J=6.4 Hz, 3H).
Example 46
Synthesis of (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-
yD)-5-methyl-7-(3-methyl-1H-pyrazol-5-yl)imidazo
[1,5-b]pyridazin-2-y1]-3-methylmorpholine
[0902]

| oH
N
N, \
\ / OH

Pd(dppf)Clz, K5CO;3
dioxane, H,O, 100° C.

Me,Sn, Pd(PPhs),
_——
DMF

46-2
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-continued

HCl/dioxane

46-3

46

Step 1. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-
5-i0do-7-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-yl]
imidazo[1,5-b|pyridazin-2-yl]-3-methylmorpholine

[0903]

THP
| oH
PN
N, \
\ / OH

Pd(dppf)Cls, K5CO;3
dioxane, H,O, 100° C.

Sep. 21, 2023

[0904] A mixture of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-y1)-5,7-diiodoimidazo[1,5-b] pyridazin-2-yl1]-3-
methylmorpholine (276 mg, 0.49 mmol), [3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl|boronic acid (308 mg, 1.47
mmol), PACL,(PPh,), (69 mg, 0.10 mmol) and Cs,CO, (637
mg, 1.95 mmol) in co-solvent of dioxane (20 mL) and H,O
(2 mL) was stirred at 100° C. overnight under nitrogen
atmosphere. LC-MS showed the reaction was complete. The
mixture was diluted with EA (50 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=3:1, V/V) to give the desired
product (82 mg, yield: 28%). LC/MS ESI (m/z): 604
[M+H]".

Step 2. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-

5-methyl-7-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-

yllimidazo[1,5-b]pyridazin-2-yl1]-3-methylmorpho-
line

[0905]

Me,Sn, Pd(PPhs),
_——
DMF

[0906] A mixture of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-y1)-5-iodo-7-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-
yllimidazo[1,5-b|pyridazin-2-y1]-3-methylmorpholine (25
mg, 0.04 mmol), tetramethyltin (0.03 mL, 0.21 mmol) and
Pd(PPh,), (9.6 mg, 0.01 mmol) in DMF (2 ml.) was stirred
at 100° C. overnight under nitrogen atmosphere. LC-MS
showed the reaction was complete. The mixture was diluted
with EA (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=1:1, V/V) to give the desired product (18 mg,
yield: 88%). LC/MS ESI (m/z): 492 [M+H]".
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Step 3. (3R)-4-[4-(dimethyl-1H-1,2,3-triazol-5-y1)-
5-methyl-7-(3-methyl-1H-pyrazol-5-yl)imidazo[1,5-
blpyridazin-2-yl]-3-methylmorpholine

[0907]

HCl/dioxane
—_—

[0908] To a solution of (3R)-4-[4-(dimethyl-1H-1,2,3-tri-
azol-5-y1)-5-methyl-7-[3-methyl-1-(oxan-2-y1)-1H-pyrazol-
5-yllimidazo[1,5-b]pyridazin-2-yl]-3-methylmorpholine

(18 mg, 0.04 mmol) in DCM (2 mL.) was added HCl solution
(4M in dioxane, 2 mL). The mixture was stirred at ambient
temperature for 1 h. LC-MS showed the reaction was
complete. The mixture was concentrated under reduced
pressure, the residue was purified by prep-HPLC (C,g,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (6.7 mg, yield: 45%). LC/MS ESI (n/z): 408
[M+H]*. *H NMR (400 MHz, DMSO) 8 12.86 (br, 1H), 6.85
(s, 2H), 4.30 (d, J=6.2 Hz, 1H), 4.03-3.97 (m, 1H), 3.93-3.85
(m, 4H), 3.76 (d, J=11.4 Hz, 1H), 3.70 (d, J=11.3 Hz, 1H),
3.56 (dd, J=11.9, 9.3 Hz, 1H), 3.29-3.22 (m, 1H), 2.28 (s,
3H), 2.19 (s, 3H), 1.85 (s, 3H), 1.25 (d, J=6.5 Hz, 3H).

Example 47
Synthesis of (R)-3-methyl-4-(5-methyl-4-(1-methyl-

1H-pyrazol-5-y1)-7-(3-methyl-1H-pyrazol-5-yl)imi-
dazo[1,5-b]pyridazin-2-yl)morpholine

[0909]

(CH3z)4Sn
_—
Pd(PPh3)s, DMF
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HCl/dioxane

47

Step 1. (3R)-3-methyl-4-(5-methyl-7-(3-methyl-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl1)-4-(1-
methyl-1H-pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-
yD)morpholine

[0910]

(CH3}4Sn
_
Pd(PPhs),, DMF

THP

[0911]
rahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)-4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl)-3-methylmor-
pholine (100 mg, 0.17 mmol) in DMF (2 ml.) was added

To a solution of (3R)-4-(5-i0do-7-(3-methyl-1-(tet-
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tetramethylstannane (0.12 mL, 0.85 mmol) and Pd(PPh;),
(39 mg, 0.04 mmol). The reaction was stirred at 100° C.
overnight under nitrogen atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with DCM (20 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (DCM:MeOH=30:1, V/V) to afford the desired product
(50 mg, yield: 61%). LC/MS (ESI): m/z 477 [M+H]*.

Step 2. (R)-3-methyl-4-(5-methyl-4-(1-methyl-1H-
pyrazol-5-y1)-7-(3-methyl-1H-pyrazol-5-yl)imidazo
[1,5-b]pyridazin-2-yl)morpholine

[0912]

HCl/Dioxane

[0913] A solution of (3R)-3-methyl-4-(5-methyl-7-(3-
methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-4-
(1-methyl-1H-pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl)
morpholine (50 mg, 0.11 mmol) in HCI solution (4M in
dioxane, 2 ml) was stirred at room temperature for 1 h.
LC-MS showed the reaction was complete. The reaction
mixture was concentrated in vacuo. The residue was purified
by Pre-HPLC (C, 4, 10-95%, MeOH in H,O with 0.1% TFA)
to afford the desired product (12 mg, yield: 29%). LC/MS
(ESI) m/z: 393 [M+H]*. "H NMR (400 MHz, DMSO) 8 7.66
(d, J=1.9 Hz, 1H), 7.22 (s, 1H), 7.04 (s, 1H), 6.61 (d, J=1.9
Hz, 1H), 4.44 (d, J=6.5 Hz, 1H), 4.05-3.99 (m, 2H), 3.80 (s,
3H), 3.78 (s, 1H), 3.71 (dd, J=11.7, 2.8 Hz, 1H), 3.56 (dd,
J=12.0, 9.2 Hz, 1H), 3.39-3.30 (m, 1H), 2.40 (s, 3H), 2.02
(s, 3H), 1.30 (d, J=6.7 Hz, 3H).

Sep. 21, 2023

Example 48

Synthesis of (R)-4-(7-(1,4-dimethyl-1H-1,2,3-tri-
azol-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-5-y1)-3-methylmorpholine

[0914]

N/

[o (HO)ZB%WN/

N THP
432

HCl/Dioxane
—_—
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Step 1. (3R)-4-(7-(1,4-dimethyl-1H-1,2,3-triazol-5-
y1)-3-(3-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-meth-
ylmorpholine
[0915]
© HO,
Ol 5T
N HO N—N
/
THP
]
S 7 cl
N /
\\N/N S—N
THP
[0916] To a mixture of (3R)-4-[3-chloro-7-(dimethyl-1H-

1,2,3-triazol-5-y1)-[1,2]thiazolo [4,5-b]pyridin-5-y1]-3-
methylmorpholine (15 mg, 0.04 mmol) and [3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl|boronic acid (18 mg, 0.08
mmol) in dioxane (3 mL) were added K,CO; (2M in H,O,
0.06 mL, 0.12 mmol) and Pd(PPh,), (10 mg, 0.01 mmol).
The mixture was stirred at 100° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with DCM (20 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=1:1, V/V) to
afford the desired product (10 mg, yield: 49%). LC/MS
(ESD): m/z 495 [M+H]™.

Step 2. (R)-4-(7-(1,4-dimethyl-1H-1,2,3-triazol-5-
y1)-3-(3-methyl-1H-pyrazol-5-yl) isothiazolo[4,5-b]
pyridin-5-y1)-3-methylmorpholine
[0917]

HCl/Dioxane
—_—
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[0918] To a mixture of (3R)-4-(7-(1,4-dimethyl-1H-1,2,3-
triazol-5-y1)-3-(3-methyl-1-(tetrahydro-2H-pyran-2-y1)-1H-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methyl mor-
pholine (10 mg, 0.02 mmol) in DCM (2 mL) was added HCl
solution (4M in dioxane, 1 mL). The mixture was stirred at
room temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
reduced pressure. The residue was purified by Prep-HPLC
(C18, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (3.5 mg, yield: 42%). LC/MS (ESI): m/z
411 [M+H]*. '"H NMR (400 MHz, DMSQ) 8 13.27 (s, 1H),
7.45 (s, 1H), 7.16 (s, 1H), 4.54 (q, J=7.0 Hz, 1H), 4.22-4.16
(m, 1H), 4.05 (dd, J=11.3, 3.0 Hz, 1H), 3.99 (s, 3H), 3.82 (d,
J=11.3 Hz, 1H), 3.73 (dd, I=11.4, 2.8 Hz, 1H), 3.58 (dd,
J=11.7, 9.1 Hz, 1H), 3.28 (d, J=3.6 Hz, 1H), 2.33 (s, 3H),
2.25 (s, 3H), 1.26 (d, J=6.6 Hz, 3H).

Example 49

Synthesis of (R)-3-methyl-4-(7-(1-(methylsulfonyl)
cyclopropyl)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-yl)morpholine

[0919]
[O
Nj\
PMBOH
| Xy Nall, DMF
Cl Z Cl
S——N
49-1
0 0
N\
0 N N
N /
THP
Xy Pd(PPhy)y, KoCOs,
| dioxane
PMBO 7 ) cl
S—N
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MsCl, TEA

CI;SO0,Na

(X

Pd(dppf)Cl,, CO
N TEA veon

TEA, MeOH

Cl

LiBH,

HCl/Dioxane
_—
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49

Step 1. (R)-4-(3-chloro-7-((4-methoxybenzyl)oxy)
isothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpholine

[0920]
[O
Nj\
PMBOH
| Xy Naf., DMF
Cl Z Cl
/
S—nN
[O
N
]
PMBO 7 a
/
S—n
[0921] To a solution of 4-Methoxybenzyl alcohol (250

mg, 1.81 mmol) in DMF (10 mL) at 0° C. was added NaH
(60% dispersion in mineral oil, 99 mg, 2.47 mmol) portion
wise. The mixture was stirred at 0° C. for 15 min, then
(3R)-4-{3,7-dichloro-[1,2]thiazolo  [4,5-b]pyridin-5-y1}-3-
methylmorpholine (500 mg, 1.64 mmol) was added portion
wise. The resulting mixture was stirred at 0° C. for 1 h.
LC-MS showed the reaction was complete. The reaction
mixture was quenched with saturated NH,Cl aqueous solu-
tion, then extracted with EA (50 mLx3). The combined
organic phase was washed with brine, dried over anhydrous
Na,SO,, filtered and concentrated to dryness. The residue
was purified by column chromatography on silica gel (PE:
EA=5:1, V/V) to afford the desired product (385 mg, yield:
58%). LC/MS (ESI): m/z 406 [M+H]".
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Step 2. (3R)-4-(7-((4-methoxybenzyl)oxy)-3-(1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothi-
azolo[4,5-b]pyridin-5-y1)-3-methylmorpholine

[0922]
(0] (@]
( ]
0 NN
N /
THP
vy Pd(PPhs)s, KoCOs,
| dioxane
PMBO ~ cl
S—nN
[0923] To a solution of (R)-4-(3-chloro-7-((4-methoxy-

benzyl)oxy)isothiazolo[4,5-b]pyridin-5-yl)-3-methylmor-
pholine (385 mg, 0.95 mmol) and 1-(oxan-2-yl)-5-(tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (791 mg, 2.84
mmol) in dioxane (12 ml) were added K,CO; (2M in H,O,
2.4 mL, 4.74 mmol) and Pd(PPh;), (219 mg, 0.19 mmol).
The mixture was stirred at 100° C. for 16 h under nitrogen
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with DCM (20 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=3:1, V/V) to
afford the desired product (356 mg, yield: 72%). LC/MS
(ESD): m/z 522 [M+H]".

Step 3. (R)-4-(7-chloro-3-(1H-pyrazol-5-yl)isothi-
azolo[4,5-b]pyridin-5-y1)-3-methyl morpholine

[0924]
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-continued 1, V/V) to afford the desired product (90 mg, yield: 48%).

O LC/MS (ESD): m/z 420 [M+H]".
[ j\ Step 5. methyl 5-((R)-3-methylmorpholino)-3-(1-
N

(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothi-
azolo[4,5-b]pyridine-7-carboxylate

[0928]

[0925] A mixture of (3R)-4-(7-((4-methoxybenzyl)oxy)-
3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothi-

azolo[4,5-b]pyridin-5-yl)-3-methylmorpholine (356 mg,
0.68 mmol) in POCIl; (6 mL) was stirred at 100° C. for 3 h.
LC-MS showed the reaction was complete. The reaction
mixture was concentrated in vacuo to dryness, then diluted
with DCM (40 mL). The resulting mixture was washed with
saturated NaHCO; aqueous solution and brine, dried over

anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel (PE: [ j\
N

Pd(dppf)Cl,, CO
_—
TEA, MeOH

EA=5:1, V/V) to afford the desired product (150 mg, yield:
65%). LC/MS (ESI): m/z 336 [M+H]*.

Step 4. (3R)-4-(7-chloro-3-(1-(tetrahydro-2H-pyran-
2-y1)-1H-pyrazol-5-yl) isothiazolo[4,5-b]pyridin-5-
y1)-3-methylmorpholine

[0926]

[0929] To a solution of (3R)-4-(7-chloro-3-(1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-yl) isothiazolo[4,5-b]pyridin-
5-y)-3-methylmorpholine (90 mg, 0.22 mmol) and TEA
(0.15 mL, 1.07 mmol) in MeOH (10 mL) was added
Pd(dpp)Cl, (31 mg, 0.04 mmol). The mixture was stirred at
60° C. for 16 h under CO atmosphere. LC-MS showed the
reaction was complete. The mixture was filtered, the filtrate
was concentrated in vacuo to dryness. The residue was
purified by column chromatography on silica gel (PE:EA=3:
1, V/V) to afford the desired product (45 mg, yield: 47%).
LC/MS (ESD): m/z 444 [M+H]".

Step 6. (5-((R)-3-methylmorpholino)-3-(1-(tetra-
hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)methanol

[0930]

[0927] To a solution of (R)-4-(7-chloro-3-(1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpholine (150
mg, 0.45 mmol) and TsOH (15.4 mg, 0.09 mmol) in THF (6
ml) was added DHP (225 mg, 2.68 mmol). The mixture was
stirred at 60° C. for 16 h. LC-MS showed the reaction was
complete. The reaction mixture was diluted with DCM (30
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=3:
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[0931] To a mixture of methyl methyl 5-((R)-3-methyl-
morpholino)-3-(1-(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-
5-yDisothiazolo[4,5-b]pyridine-7-carboxylate (45 mg, 0.10
mmol) in THF (2 mL) at 0° C. was added LiBH, (2M in
THEF, 0.25 mL, 0.50 mmol) drop wise. The mixture was
stirred at room temperature for 2 h. LC-MS showed the
reaction was complete. The reaction mixture was quenched
with saturated NH,Cl aqueous solution, then extracted with
EA (30 mL.x2). The combined organic phase was washed
with brine, dried over anhydrous Na,SO,, filtered and
concentrated to dryness. The residue was purified by column
chromatography on silica gel (PE:EA=1:1, V/V) to afford
the desired product (32 mg, yield: 76%). LC/MS (ESI): m/z
416 [M+H]".

Step 7. (5-((R)-3-methylmorpholino)-3-(1-(tetra-
hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)methyl methanesulfonate

[0932]

MsCl, TEA

Sep. 21, 2023

[0933] To a solution of (5-((R)-3-methylmorpholino)-3-
(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-y])methanol (32 mg, 0.08 mmol) and TEA
(0.03 mL, 0.23 mmol) in DCM (2 mL) at 0° C. was added
MsCl (0.012 mL., 0.154 mmol) drop wise. The mixture was
stirred at room temperature for 16 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with DCM (30 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=3:1, V/V) to afford the desired product (25 mg,
yield: 66%). LC/MS (ESI): m/z 494 [M+H]".

Step 8. (3R)-3-methyl-4-(7-((methylsulfonyl)
methyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
zol-5-yl)isothiazolo[4,5-b|pyridin-5-yl)morpholine

[0934]

CI;S0,Na

[0935] To a solution of (5-((R)-3-methylmorpholino)-3-
(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)methyl methanesulfonate (25 mg, 0.05
mmol) in DMF (3 mL) was added CH;SO,Na (15.5 mg,
0.15 mmol). The mixture was stirred at room temperature for
16 h. LC-MS showed the reaction was complete. The
reaction mixture was diluted with DCM (30 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=3:1, V/V) to
afford the desired product (22 mg, yield: 91%). LC/MS
(ESI): m/z 478 [M+H]".
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Step 9. (3R)-3-methyl-4-(7-(1-(methylsulfonyl)cy-
clopropyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl)isothiazolo[4,5-b[pyridin-5-yl)morpho-
line

[0936]

[0937] To asolution of (3R)-3-methyl-4-(7-((methylsulfo-
nyl)methyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yDisothiazolo[4,5-b]pyridin-5-yl)morpholine (22 mg, 0.05
mmol), 1,2-dibromoethane (0.02 mL, 0.23 mmol) and
TBAB (3 mg, 0.01 mmol) in Toluene (5 mL) was added
NaOH (10M in H,0, 0.05 mL, 0.46 mmol). The mixture was
stirred at 60° C. for 3 h. LC-MS showed the reaction was
complete. The reaction mixture was diluted with DCM (30
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=1:
1, V/V) to afford the desired product (20 mg, yield: 86%).
LC/MS (ESD): m/z 504 [M+H]*.

Step 10. (R)-3-methyl-4-(7-(1-(methylsulfonyl)cy-
clopropyl)-3-(1H-pyrazol-5-yl) isothiazolo[4,5-b]
pyridin-5-yl)morpholine

[0938]

HCl/Dioxane
—_—
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[0939] To a solution of (3R)-3-methyl-4-(7-(1-(methyl-
sulfonyl)cyclopropyl)-3-(1-(tetrahydro-2H-pyran-2-y1)-1H-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl) morpholine (20
mg, 0.04 mmol) in DCM (1 mL) was added HCl solution
(4M in dioxane, 1 mL). The mixture was stirred at room
temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated in vacuo.
The residue was purified by Pre-HPLC (C,,, 10-95%,
MeOH in H,O with 0.1% TFA) to afford the desired product
(3.4 mg, yield: 20%). LC/MS (ESI) m/z: 420 [M+H]*. 'H
NMR (400 MHz, DMSO) § 13.57 (d, I=169.7 Hz, 1H), 7.87
(d, I=83.3 Hz, 1H), 7.59 (s, 1H), 7.47 (d, J=1.8 Hz, 1H), 4.63
(dd, JI=12.9, 6.8 Hz, 1H), 4.24 (d, J=13.2 Hz, 1H), 4.14 (dd,
J=11.6, 3.0 Hz, 1H), 3.92 (d, J=11.2 Hz, 1H), 3.81 (dd,
J=11.4,2.7 Hz, 1H), 3.66 (td, J=11.8, 2.8 Hz, 1H), 3.38-3.30
(m, 1H), 3.17 (s, 3H), 1.91-1.83 (m, 2H), 1.67-1.58 (m, 2H),
1.34 (d, J=6.6 Hz, 3H).

Example 50
Synthesis of (R)-3-methyl-4-(3-(3-methyl-1H-pyra-

701-5-y1)-7-(1-(methylsulfonyl)cyclopropyl)isothi-
azolo[4,5-b]pyridin-5-yl)morpholine

[0940]
HO\
o . W
HO/ N—N
THP/
N
50-2
AN Pd(PPhy)s, KoCOs,
| dioxane
PMBO
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Step 1. (3R)-4-(7-((4-methoxybenzyl)oxy)-3-(3-
methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yDjisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-

line
[0941]
O HO\
Ol
N
N Ho N
THP/
AN Pd(PPhs)s, KoCOs,
| dioxane
PMBO ~ cl
/
S—N
[O
Nj\
[0942] To a mixture of (R)-4-(3-chloro-7-((4-methoxy-

benzyl)oxy)isothiazolo[4,5-b]pyridin-5-yl)-3-methylmor-
pholine (500 mg, 1.23 mmol), [3-methyl-1-(oxan-2-y1)-1H-
pyrazol-5-yl]boronic acid (776 mg, 3.70 mmol) and K,CO,
(2M in H,0, 3.1 mL, 6.16 mmol) in dioxane (15 mL) was
added Pd(PPh,), (285 mg, 0.25 mmol). The mixture was
stirred at 100° C. for 16 h under N, atmosphere. LC-MS
showed the reaction was complete. The mixture was diluted
with EA (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by flash chromatography on silica gel
(PE:EA=3:1, V/V) to afford the desired product (484 mg,
yield: 73%). LC/MS (ESI): m/z 536 [M+H]".

Step 2. (R)-4-(7-chloro-3-(3-methyl-1H-pyrazol-5-
yDjisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line

[0943]

153
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[0944] To a mixture of (3R)-4-(7-((4-methoxybenzyl)
0xy)-3-(3-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
zol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line (484 mg, 0.90 mmol) in POCI, (10 mL) was stirred at
100° C. for 3 h. LC-MS showed the reaction was complete.
The mixture was concentrated under reduced pressure to
dryness. The residue was diluted with DCM (40 mL), then
washed with saturated NaHCO; aqueous solution and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (PE:EA=5:1, V/V) to afford the desired product
(282 mg, yield: 89%). LC/MS (ESI): m/z 350 [M+H]".

Step 3. (3R)-4-(7-chloro-3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-y1)-3-methylmorpholine

[0945]

[0946] To a solution of (R)-4-(7-chloro-3-(3-methyl-1H-
pyrazol-5-yl)isothiazolo[4,5-b] pyridin-5-yl)-3-methylmor-
pholine (282 mg, 0.81 mmol) and TsOH (28 mg, 0.16 mmol)
in THF (10 mL) was added DHP (406 mg, 4.84 mmol). The
mixture was stirred at 60° C. for 16 h. LC-MS showed the
reaction was complete. The mixture was diluted with EA (50
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
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purified by column chromatography on silica gel (PE:EA=3:
1, V/V) to afford the desired product (200 mg, yield: 57%).
LC/MS (ESI): m/z 434 [M+H]".

Step 4. methyl 3-(3-methyl-1-(tetrahydro-2H-pyran-
2-yl)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridine-7-carboxylate

[0947)]

Pd(dppf)Cly, CO
TEA, MeOH

[0948] To a mixture of (3R)-4-(7-chloro-3-(3-methyl-1-
(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-yl)isothiazolo[4,
5-b]pyridin-5-y1)-3-methylmorpholine (200 mg, 0.46 mmol)
and TEA (0.64 mL, 4.61 mmol) in MeOH (10 mL) was
added Pd(dppD)Cl, (67 mg, 0.09 mmol). The mixture was
stirred at 60° C. for 16 h under CO atmosphere. LC-MS
showed the reaction was complete. The mixture was filtered
and concentrated to dryness. The residue was purified by
column chromatography on silica gel (PE:EA=3:1, V/V) to
afford the desired product (110 mg, yield: 52%). LC/MS
(ESD): m/z 458 [M+H]".

Step 5. (3-(3-methyl-1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)isothi-
azolo[4,5-b]pyridin-7-yl)methanol

[0949]

LiBH,
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THP

[0950] To a solution of methyl 3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-5-((R)-3-methylmor-
pholino)isothiazolo[4,5-b]pyridine-7-carboxylate (110 mg,
0.24 mmol) in THF (5 mL) at 0° C. was added LiBH, 2M
in THF, 0.6 mL, 1.20 mmol). The mixture was stirred at
room temperature for 2 h. LC-MS showed the reaction was
complete. The mixture was diluted with EA (50 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=3:1, V/V) to
afford the desired product (82 mg, yield: 79%). LC/MS
(ESD): m/z 430 [M+H]".

Step 6. (3-(3-methyl-1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-y1)-5-((R)-3-methyl morpholino)iso-
thiazolo[4,5-b]pyridin-7-yl)methyl methanesulfonate

[0951]

MsCl, TEA
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[0952] To a mixture of (3-(3-methyl-1-(tetrahydro-2H-
pyran-2-y1)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)methanol (82 mg, 0.19
mmol) and TEA (0.08 mL, 0.57 mmol) in DCM (5 mL) at
0° C. was added MsCl (0.03 mL, 0.38 mmol). The mixture
was stirred at room temperature for 6 h. LC-MS showed the
reaction was complete. LC-MS showed the reaction was
complete. The mixture was diluted with DCM (30 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=5:1, V/V) to
afford the desired product (70 mg, yield: 72%). LC/MS
(ESD): m/z 508 [M+H]™.

Step 7. (3R)-3-methyl-4-(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-((methylsulfo-
nyl)methyl)isothiazolo[4,5-b]pyridin-5-yl)morpho-

line

[0953]

CI;S0,Na

[0954] To a mixture of (3-(3-methyl-1-(tetrahydro-2H-
pyran-2-y1)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)methyl methanesulfonate (70
mg, 0.14 mmol) in DMF (3 mL) was added CH;SO,Na (42
mg, 0.41 mmol). The mixture was stirred at 40° C. for 16 h.
LC-MS showed the reaction was complete. The mixture was
diluted with EA (40 mL), then washed with water and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (PE:EA=3:1, V/V) to afford the desired product
(54 mg, yield: 80%). LC/MS (ESI): m/z 492 [M+H]".

Sep. 21, 2023

Step 8. (3R)-3-methyl-4-(3-(3-methyl-1-(tetrahydro-

2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(1-(methylsulfo-

nyl)cyclopropyl)isothiazolo[4,5-b]pyridin-5-yl)mor-
pholine

[0955]

[0956] To a solution of (3R)-3-methyl-4-(3-(3-methyl-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-((methyl-
sulfonyl)methyl)isothiazolo[4,5-b]pyridin-5-yl)morpholine
(24 mg, 0.05 mmol), 1,2-dibromoethane (0.02 mL, 0.25
mmol) and TBAB (3.15 mg, 0.01 mmol) in Toluene (3 mL)
was added NaOH (10 M in H,O, 0.05 mL, 0.5 mmol). The
mixture was stirred at 60° C. for 3 h. LC-MS showed the
reaction was complete. LC-MS showed the reaction was
complete. The mixture was diluted with EA (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=3:1, V/V) to
afford the desired product (21 mg, yield: 83%). LC/MS
(ESI): m/z 518 [M+H]".

Step 9. (R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-
yD)-7-(1-(methylsulfonyl)cyclo propyl)isothiazolo[4,
5-b]pyridin-5-yl)morpholine
[0957]

HCl/Dioxane
—_ =
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(A

[0958] To a solution of (3R)-3-methyl-4-(3-(3-methyl-1-
(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-y1)-7-(1-(methyl-
sulfonyl)cyclopropyl)isothiazolo[4,5-b]pyridin-5-yl) mor-
pholine (21 mg, 0.04 mmol) in DCM (1.0 mL) was added
HCI solution (4M in dioxane, 1.0 mL). The mixture was
stirred at room temperature for 1 h. LC-MS showed the
reaction was complete. The mixture was concentrated in
vacuo to dryness. The residue was purified by Prep-HPLC
(Cis, 10-95%, MeCN in H,O with 0.1% HCOOH) to give
the desired product (6 mg, yield: 34%). LC/MS (ESI): m/z
434 [M+H]". '"H NMR (400 MHz, DMSO) & 13.07 (4,
J=118.7 Hz, 1H), 7.49 (s, 1H), 7.10 (s, 1H), 4.53 (dd, J=15.0,
6.6 Hz, 1H), 4.14 (d, J=13.5 Hz, 1H), 4.04 (dd, J=11.3,2.9
Hz, 1H), 3.82 (d, J=11.3 Hz, 1H), 3.72 (dd, J=11.4, 2.8 Hz,
1H), 3.57 (td, J=11.8, 2.7 Hz, 1H), 3.24 (dd, J=12.7, 3.5 Hz,
1H), 3.07 (s, 3H), 2.30 (s, 3H), 1.77 (q, J=4.3 Hz, 2H),
1.56-1.49 (m, 2H), 1.24 (d, J=6.6 Hz, 3H).

Example 51
Synthesis of (R)-1-(5-(3-methylmorpholino)-3-(1H-

pyrazol-5-yl)isothiazolo[4,5-b[pyridin-7-yl)cyclo-
propane-1-carbonitrile

[0959]
[O
Nj\
Br
Br/\/
—_—
Xy TBAB, KOH/H,0
| 2-MeTHF
NC
Z cl
S~—N
51-1
0
N\
o ) 4 |
[ j\ ) /N/N
N THP
51-3
A PACL(PPh3),, 2M K2CO5
| DME
NC
F cl
S—~—N
512

Sep. 21, 2023

-continued

(A

51

Step 1. (R)-1-(3-chloro-5-(3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclopropane-1-car-

bonitrile
[0960]
[O
Nj\ s
. AN
_—
Xy TBAB, KOWILO
| 2-MeTHF
NC
7 al
/
S~
[O
N
(]
NC
Z cl
Vi
S—N
[0961] A mixture of 2-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-yl]-[1,2]thiazolo[4,5-b]  pyridin-7-yl}acetonitrile
(30 mg, 0.09 mmol), 1,2-dibromoethane (73 mg, 0.38
mmol), TBAB (6 mg, 0.02 mmol) and KOH (10.0 M in H,O,
0.2 mL, 1.9 mmol) in 2-Methyltetrahydrofuran (3 mL) was
stirred at 70° C. for 4 h. LC-MS showed the reaction was
complete. The reaction mixture was diluted with EA (40
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mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=2:
1, V/V) to afford the desired product (26 mg, yield: 81%).
LC/MS (ESID): m/z 335 [M+H]".

Step 2. 1-(5-((R)-3-methylmorpholino)-3-(1-(tetra-
hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)cyclopropane-1-carbonitrile

[0962]
O (6]
( )
o/ N—N
N /
THP
Xy PACLy(PPhy)s, 2M K5CO;3
| DME
NC
7 cl
S—N
[0963] A mixture of 1-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-yl1]-[1,2]thiazolo[4,5-b] pyridin-7-
yl}cyclopropane-1-carbonitrile (30 mg, 0.09 mmol),

1-(oxan-2-yl)-5-(tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-
pyrazole (50 mg, 0.18 mmol), Pd(dppf)Cl, (13 mg, 0.02
mmol) and K,CO; (2.0 M in H,0, 0.13 mL, 0.26 mmol) in
dioxane (1 mL) was stirred at 100° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
mixture was diluted with EA (10 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by flash chromatog-
raphy on silica gel (DCM:MeOH=20:1, V/V) to afford the
desired product (15 mg, yield: 37%). LC/MS (ESI): m/z 451
[M+H]".

Step 3. (R)-1-(5-(3-methylmorpholino)-3-(1H-pyra-
zol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)cyclopro-
pane-1-carbonitrile
[0964]
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[0965] A mixture of 1-{5-[(3R)-3-methylmorpholin-4-yl]-
3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]pyri-
din-7-yl}cyclopropane-1-carbonitrile (15 mg, 0.03 mmol) in
TFA (2.0 mL) was stirred at room temperature for 2 h.
LC-MS showed the reaction was complete. The reaction
mixture was concentrated under reduced pressure. The resi-
due was purified by Prep-HPLC (C18, 10-95%, MeOH in
H,0 with 0.1% HCOOH) to give the desired product (5 mg,
yield: 40%). LC/MS (ESI): m/z 367 [M+H]*. 'H NMR (400
MHz, DMSO) § 13.51 (d, J=175.8 Hz, 1H), 7.79 (d, J=88.0
Hz, 1H), 7.38 (d, J=1.8 Hz, 1H), 7.14 (s, 1H), 4.58 (s, 1H),
4.07 (dd, J=42.5,10.4 Hz, 2H), 3.80 (d, J=11.3 Hz, 1H), 3.68
(dd, J=11.4, 2.7 Hz, 1H), 3.53 (td, J=11.8, 2.7 Hz, 1H),
3.28-3.17 (m, 1H), 1.93-1.72 (m, 4H), 1.22 (d, J=6.6 Hz,
3H).

Example 52
Synthesis of (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-

(3-methylmorpholino)isothiazolo [4,5-b]pyridin-7-
yDeyclopropane-1-carbonitrile

[0966]
HO,
AN
o) /BW
HO NN
THP/
N
522
XN PdCLy(dppf), 2M K,CO;3
| Dioxane
NC
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Step 1. 1-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclopropane-1-car-

bonitrile

[0967]

o HO,

1
HO N—N
N
THP
XN PACLy(dppf), 2M K2CO;3
| Dioxane

NC

7 cl

S—N

[0968] A mixture of 1-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-yl1]-[1,2]thiazolo[4,5-b] pyridin-7-
yl}cyclopropane-1-carbonitrile (55 mg, 0.16 mmol),

[3-methyl-1-(oxan-2-y1)-1H-pyrazol-5-yl]|boronic acid (103
mg, 0.49 mmol), Pd(dppf)Cl, (24 mg, 0.03 mmol) and
K,CO; (2.0 M in H,0, 0.25 mL, 0.50 mmol) in dioxane (3
mL) was stirred at 100° C. for 16 h under N, atmosphere.
LC-MS showed the reaction was complete. The mixture was
diluted with EA (30 mL), then washed with water and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by flash chromatography on silica
gel (DCM:MeOH=20:1, V/V) to afford the desired product
(40 mg, yield: 52%). LC/MS (ESI): m/z 465 [M+H]".

Sep. 21, 2023

Step 2. (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino) isothiazolo[4,5-b]pyridin-7-y1)
cyclopropane-1-carbonitrile

[0969]

[0970] A mixture of 1-{3-[3-methyl-1-(oxan-2-yl)-1H-
pyrazol-5-y1]-5-[(3S)-3-methyl  morpholin-4-yl]-[1,2]thi-
azolo[4,5-b]pyridin-7-yl}cyclopropane-1-carbonitrile (40
mg, 0.08 mmol) in TFA (4.0 mL) was stirred at 25° C. for
2 h. LC-MS showed the reaction was complete. The reaction
mixture was concentrated under reduced pressure. The resi-
due was purified by Prep-HPLC (C18, 10-95%, MeOH in
H,O with 0.1% HCOOH) to give the desired product (10
mg, yield: 30%). LC/MS (ESD): m/z 381 [M+H]*. '"H NMR
(400 MHz, DMSO) 9§ 13.10 (d, J=125.6 Hz, 1H), 7.13 (s,
2H), 4.56 (s, 1H), 4.13 (d, J=12.6 Hz, 1H), 4.02 (d, J=11.1
Hz, 1H), 3.81 (d, J=11.4 Hz, 1H), 3.69 (dd, J=11.4, 2.8 Hz,
1H), 3.54 (dt, J=11.8, 6.0 Hz, 1H), 3.26 (d, J=11.8 Hz, 1H),
2.32(d, J=19.7 Hz, 3H), 1.83 (dd, J=29.1, 8.6 Hz, 4H), 1.23
(d, J=6.7 Hz, 3H).

Example 53
Synthesis of (R)-2-methyl-2-(5-(3-methylmor-
pholino)-3-(1H-pyrazol-5-yl) isothiazolo [4,5-b]
pyridin-7-yl)propanenitrile

[0971]
o
[ .
¥ M
~ N0 Ny
| Xy K,COs3, Cul, DMF
Cl A Cl
/
S—nN
531
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[O
N
H,S0,4
\ N —_——
| AcOI/H,O
NC
A al
/\ S—N
0 0
53-2
[O
Nj\
CHyl
—_—
| Ny t-BuONa, THF
NC
F cl
S—N
533

THP
N
53-5
= N PdCl,(PPh3),, K,CO3/H,O
| DME
NC
Z cl
S—N
53-4
HCl/Dioxane
—_—
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Step 1. ethyl 2-(3-chloro-5-((R)-3-methylmor-
pholino)isothiazolo[4,5-b]pyridin-7-yl)-2-cyanoac-
etate

[0972]

(A

| SN K,COs, Cul, DMF
Cl / Cl
S—~—N
[O
N
\ N
NC |
F cl

[0973] A mixture of (3R)-4-{3,7-dichloro-[1,2]thiazolo[4,
5-b]pyridin-5-y1}-3-methyl morpholine (100 mg, 0.33
mmol), ethyl 2-cyanoacetate (74 mg, 0.65 mmol), K,CO,
(136 mg, 0.98 mmol) and Cul (12 mg, 0.06 mmol) in
anhydrous DMF (2 mL) was stirred at 100° C. for 16 h under
N, atmosphere. LC-MS showed the reaction was complete.
The reaction mixture was diluted with DCM (20 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MeOH=40:1,
V/V) to afford the desired product (100 mg, yield: 79%).
LC/MS (ESI): m/z 381 [M+H]". Step 2. (R)-2-(3-chloro-5-
(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
acetonitrile



US 2023/0295166 Al

[O
Nj\
,80,/AcOWILO

SN >
NC
F al

S~—~N

~ o 0

NC P a

S—~—N

[0974] To a solution of ethyl 2-{3-chloro-5-[(3R)-3-meth-
ylmorpholin-4-y1]-[1,2]thiazolo [4,5-b]pyridin-7-yl}-2-cya-
noacetate (100 mg, 0.26 mmol) in co-solvent of AcOH (2
mL) and H,O (2 mL) was added H,SO, (0.2 mL). The
resulting mixture was stirred at 120° C. for 2 h. LC-MS
showed the reaction was complete. The reaction mixture was
diluted with DCM (30 mL), then washed with saturated
NaHCO; aqueous solution and brine, dried over anhydrous
Na,SO,, filtered and concentrated.

[0975] The residue was purified by column chromatogra-
phy on silica gel (PE:EA=2:1, V/V) to afford the desired
product (67 mg, yield: 82%). LC/MS (ESI): m/z 309
[M+H]™".

Step 3. (R)-2-(3-chloro-5-(3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)-2-methylpropaneni-

trile
[0976]
[O
N
CH;
B ——
| Xy t-BuONa, THF
NC
/ cl
S—N
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[0977] To a solution of 2-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-yl}acetonitrile
(18 mg, 0.05 mmol) and t-BuONa (11 mg, 0.11 mmol) in
anhydrous DMF (1 mL) at 0° C. was added a solution of
CH,I (16 mg, 0.11 mmol) in anhydrous DMF (0.5 mL) drop
wise. After the addition, the resulting mixture was stirred at
room temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was diluted with EA (40
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated.

[0978] The residue was purified by column chromatogra-
phy on silica gel (PE:EA=2:1, V/V) to afford the desired
product (10 mg, yield: 50%). LC/MS (ESI): m/z 337
[M+H]".

Step 4. 2-methyl-2-(5-((R)-3-methylmorpholino)-3-
(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)iso-
thiazolo[4,5-b]pyridin-7-yl)propanenitrile

[0979]
O (6]
( e
o N—N
N /
THP
| SN PdCly(PPhs),, 2M K»CO3, DME
NC
7 cl
/
S—N
[0980] A mixture of 2-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-yl]-[1,2]thiazolo[4,5-b]  pyridin-7-y1}-2-methyl-
propanenitrile (38 mg, 0.11 mmol), 1-(oxan-2-yl)-5-(tetra
methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (63 mg, 0.22
mmol), Pd(dppH)Cl, (16 mg, 0.02 mmol) and K,CO; (2.0 M



US 2023/0295166 Al

in H,0, 0.17 mL, 0.34 mmol) in Dioxane (1.5 mL) was
stirred at 100° C. for 16 h under N, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
diluted with H,O (20 mL), then extracted with EA (20
ml.x3). The combined organic layer was washed with brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (DCM:MeOH=20:1, V/V) to give the desired
product (30 mg, yield: 58%). LC/MS (ESI): m/z 453
[M+H]".

Step 5. (R)-2-methyl-2-(5-(3-methylmorpholino)-3-
(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-7-y1)
propanenitrile

[0981]

HCl/Dioxane

Ne 7 /

S—N

[0982] A mixture of 2-methyl-2-{5-[(3S)-3-methylmor-
pholin-4-yl1]-3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thi-
azolo[4,5-b]pyridin-7-yl }propanenitrile (80 mg, 0.17 mmol)
in HCI solution (4.0 M in dioxane, 2.0 mL.) was stirred at
room temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
reduced pressure. The residue was purified by Prep-HPLC
(C18, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (10 mg, yield: 15%). LC/MS (ESI): m/z
369 [M+H]". '"H NMR (400 MHz, DMSO) & 13.51 (4,
J=174.9 Hz, 1H), 7.70 (s, 1H), 7.40 (d, J=1.9 Hz, 1H), 7.16
(s, 1H), 4.57 (d, J=4.9 Hz, 1H), 4.12 (d, J=12.3 Hz, 1H), 4.04
(dd, J=11.1, 3.2 Hz, 1H), 3.83 (d, J=11.3 Hz, 1H), 3.71 (dd,
J=11.4,2.8 Hz, 1H), 3.56 (td, J=11.8, 3.0 Hz, 1H), 3.30-3.22
(m, 1H), 1.89 (d, J=1.2 Hz, 6H), 1.25 (d, J=6.7 Hz, 3H).

Sep. 21, 2023

Example 54
Synthesis of (R)-2-methyl-2-(3-(3-methyl-1H-pyra-
z0l-5-y1)-5-(3-methylmorpholino)isothiazolo[4,5-b]
pyridin-7-yl)propanenitrile

[0983]
HO,
AN
) /B W
HO N—N
/
N THP
54-2
XN PdCly(dppf), 2M K,CO3
| Dioxane
NC
7 al

54

Step 1. 2-methyl-2-(3-(3-methyl-1-(tetrahydro-2H-
pyran-2-y1)-1H-pyrazol-5-y1)-5-((R)-3-methylmor-
pholino)isothiazolo[4,5-b]pyridin-7-yl)propanenitrile

[0984]
o)
HO,
(T
HO NN
N
/
THP
XN PdCL(dppf), 2M K,CO;
| Dioxane
NC
Z cl



US 2023/0295166 Al

-continued

[0985] A mixture of 2-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-y1}-2-methylpro-
panenitrile (100 mg, 0.29 mmol), [3-methyl-1-(oxan-2-yl)-
1H-pyrazol-5-yl]boronic acid (187 mg, 0.89 mmol),
Pd(dppf)Cl, (45 mg, 0.06 mmol) and K,CO; (2.0 M in H,O,
0.45 mL,, 0.90 mmol) in Dioxane (6 mL.) was stirred at 100°
C. for 16 h under N, atmosphere. LC-MS showed the
reaction was complete. The mixture was diluted with EA (30
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by flash chromatography on silica gel (DCM:
MeOH=20:1, V/V) to afford the desired product (80 mg,
yield: 57%). LC/MS (ESI): m/z 467 [M+H]".

Step 2. (R)-2-methyl-2-(3-(3-methyl-1H-pyrazol-5-
y1)-5-(3-methylmorpholino) isothiazolo[4,5-b]|pyri-
din-7-yl)propanenitrile

[0986]

TFA

[0987] A mixture of 2-methyl-2-{3-[3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-y1]-5-[ (3S)-3-methylmorpholin-4-y1]-[ 1,
2]thiazolo[4,5-b]pyridin-7-yl }propanenitrile (100 mg, 0.21

162
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mmol) in TFA (4.0 mL) was stirred at 25° C. for 2 h. LC-MS
showed the reaction was complete. The reaction mixture was
concentrated under reduced pressure. The residue was puri-
fied by Prep-HPLC (C18, 10-95%, MeOH in H,O with 0.1%
HCOOH) to give the desired product (20 mg, yield: 16%).
LC/MS (ESI): n/z 383 [M+H]*. '"H NMR (400 MHz,
DMSO) 8 13.26-12.95 (m, 1H), 7.13 (t,J=13.3 Hz, 2H), 4.55
(s, 1H), 4.08 (dd, J=31.5, 11.5 Hz, 2H), 3.83 (d, J=11.4 Hz,
1H), 3.71 (d, I=9.1 Hz, 1H), 3.57 (t, I=10.5 Hz, 1H), 3.28
(s, 1H), 2.32 (d, J=21.5 Hz, 3H), 1.89 (d, J=1.2 Hz, 6H), 1.25
(d, J=6.6 Hz, 3H).

Example 55
Synthesis of (R)-3-methyl-4-(7-(2-(methylsulfonyl)

propan-2-yl)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-yl)morpholine

[0988]

HCl/Dioxane
_—

55
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Step 1. (3R)-3-methyl-4-(7-(2-(methylsulfonyl)pro-
pan-2-y1)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
z0l-5-yl)isothiazolo[4,5-b|pyridin-5-yl)morpholine

[0989]

[0990] To a solution of (3R)-3-methyl-4-(7-((methylsulfo-
nyl)methyl)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yDjisothiazolo[4,5-b]pyridin-5-yl)morpholine (30 mg, 0.06
mmol) and t-BuONa (18 mg, 0.19 mmol) in THF (6 mL)
was added Mel (27 mg, 0.19 mmol). The mixture was stirred
at room temperature for 16 h. LC-MS showed the reaction
was complete. The mixture was diluted with EA (40 mL),
then washed with water and brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (PE:EA=5:1, V/V)
to afford the desired product (27 mg, yield: 85%). LC/MS
(ESD): m/z 506 [M+H]™.

Step 2. (R)-3-methyl-4-(7-(2-(methylsulfonyl)pro-
pan-2-y1)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyri-
din-5-yl)morpholine

[0991]

HCl/Dioxane
—_—
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[0992] To a mixture of (3R)-3-methyl-4-(7-(2-(methyl-
sulfonyl)propan-2-y1)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine (27
mg, 0.05 mmol) in DCM (0.5 mL) was added HC1 solution
(4M in dioxane, 1.5 mL). The mixture was stirred at room
temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
vacuo. The residue was purified by Prep-HPLC (Ciq,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (5.8 mg, yield: 25.8%). LC/MS (ESI): m/z
422 [M+H]*. "H NMR (400 MHz, DMSO) 8 7.75 (s, 1H),
737 (d, I=1.9 Hz, 1H), 7.27 (s, 1H), 4.59-4.51 (m, 1H),
4.16-4.09 (m, 1H), 4.05 (dd, J=11.5, 3.4 Hz, 1H), 3.83 (d,
J=11.2 Hz, 1H), 3.74 (dd, J=11.4, 2.8 Hz, 1H), 3.62-3.55 (m,
1H), 3.27-3.25 (m, 1H), 2.92 (s, 3H), 1.98 (d, J=4.0 Hz, 6H),
1.23 (d, J=6.7 Hz, 3H).

Example 56

Synthesis of (R)-3-methyl-4-(3-(3-methyl-1H-pyra-
701-5-y1)-7-(2-(methylsulfonyl)propan-2-yl)isothi-
azolo[4,5-b]pyridin-5-yl)morpholine

[0993]

HCl/Dioxane
—_—
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[0994] Step 1. (3R)-3-methyl-4-(3-(3-methyl-1-(tetra-
hydro-2H-pyran-2-y1)-1H-pyrazol-5-y1)-7-(2-(methylsulfo-
nyl)propan-2-yl)isothiazolo[4,5-b]|pyridin-5-yl)morpholine

[0995] To a solution of (3R)-3-methyl-4-(3-(3-methyl-1-
(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-y1)-7-((methyl-
sulfonyl)methyl)isothiazolo[4,5-b]|pyridin-5-yl)morpholine
(30 mg, 0.06 mmol) and t-BuONa (18 mg, 0.18 mmol) in
THF (3 mL) was added Mel (26 mg, 0.18 mmol). The
mixture was stirred at room temperature for 16 h. LC-MS
showed the reaction was complete. LC-MS showed the
reaction was complete. The mixture was diluted with EA (40
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=3:
1, V/V) to afford the desired product (24 mg, yield: 76%).
LC/MS (ESD): m/z 520 [M+H]".

Sep. 21, 2023

Step 2. (R)-3-methyl-4-(3-(3-methyl-1H-pyrazol-5-
y)-7-(2-(methylsulfonyl)propan-2-yl)isothiazolo[4,
5-b]pyridin-5-yl)morpholine

[0996]

HCl/Dioxane
R —

[0997] To a mixture of (3R)-3-methyl-4-(3-(3-methyl-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(2-(methyl-
sulfonyl)propan-2-yl)isothiazolo[4,5-b]pyridin-5-yl) mor-
pholine (24 mg, 0.05 mmol) in DCM (1.0 mL) was added
HCI solution (4M in dioxane, 1.0 mL). The mixture was
stirred at room temperature for 1 h. LC-MS showed the
reaction was complete. The mixture was concentrated in
vacuo to dryness. The residue was purified by Prep-HPLC
(Cyg, 10-95%, MeCN in H,O with 0.1% HCOOH) to give
the desired product (6.4 mg, yield: 32%). LC/MS (ESI): m/z
436 [M+H]*". "H NMR (400 MHz, DMSO) 8 13.11 (s, 1H),
7.26 (s, 1H), 7.10 (s, 1H), 4.59-4.47 (m, 1H), 4.12 (dd,
J=12.8, 1.6 Hz, 1H), 4.05 (dd, J=11.4, 3.3 Hz, 1H), 3.83 (d,
J=11.2 Hz, 1H), 3.74 (dd, J=11.3, 2.8 Hz, 1H), 3.59 (1d,
J=11.8, 2.8 Hz, 1H), 3.28-3.24 (m, 1H), 2.91 (s, 3H), 2.31 (s,
3H), 1.98 (d, I=4.2 Hz, 6H), 1.23 (d, J=6.6 Hz, 3H).

Example 57
Synthesis of (R)-1-(5-(3-methylmorpholino)-3-(1H-

pyrazol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)cyclo-
pentane-1-carbonitrile

[0998]
[Oj\
N /\/\/ Br
Br
| X N TBAB, KO/H,0, 2-MeTHF
NC
Z cl
/
S—N
57-1
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Step 1. (R)-1-(3-chloro-5-(3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclopentane-1-carbo-

nitrile
[0999]
[O
N /\/\/ Br
Br
x N TBAB, KOH/H,0, 2-MeTHF
NC |
/ cl
S—N
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[1000] A mixture of 2-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-yl]-[1,2]thiazolo[4,5-b]  pyridin-7-yl}acetonitrile
(158 mg, 0.51 mmol), 1,4-dibromobutane (443 mg, 2.05
mmol), TBAB (33 mg, 0.10 mmol) and KOH (10.0 M in
H,0, 1.0 mL, 10.0 mmol) in 2-Methyltetrahydrofuran (10
ml) was stirred at 80° C. for 3 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (50 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (DCM:MOH=40:1, V/V) to afford the desired product
(125 mg, yield: 67%). LC/MS (ESI): m/z 363 [M+H]*.

Step 2. 1-(5-((R)-3-methylmorpholino)-3-(1-(tetra-
hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)cyclopentane-1-carbonitrile

[1001]

O
(6]
C (]
N o) N
/
THP
Sy Pd(PPh3),Cla, 2M K>CO3
NC | Dioxane
& cl
/
Sm—N
[O
Nj\
[1002] A mixture of 1-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-yl} cyclopentane-
1-carbonitrile (113 mg, 0.31 mmol), 1-(oxan-2-yl)-5-(te-
tramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (217 mg,
0.78 mmol), Pd(dppf)Cl, (45 mg, 0.06 mmol) and K,CO,
(2.0 M in H,0, 0.46 mL, 0.92 mmol) in DME (5§ mL) was
stirred at 100° C. for 16 h under N, atmosphere. LC-MS



US 2023/0295166 Al

showed the reaction was complete. The reaction mixture was
diluted with H,O (20 mL), then extracted with EA (50
ml.x3). The combined organic layer was washed with brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (DCM:MeOH=40:1, V/V) to give the desired
product (80 mg, yield: 53%). LC/MS (ESI): m/z 479
[M+H]".

Step 3. (R)-1-(5-(3-methylmorpholino)-3-(1H-pyra-
zol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)cyclopen-
tane-1-carbonitrile

[1003]

[1004] A mixture of 1-{5-[(3S)-3-methylmorpholin-4-yl]-
3-[1-(oxan-2-y])-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]pyri-
din-7-yl}cyclopentane-1-carbonitrile (130 mg, 0.27 mmol)
in TFA (6.0 mL) was stirred at room temperature for 1 h.
LC-MS showed the reaction was complete. The reaction
mixture was concentrated under reduced pressure. The resi-
due was purified by Prep-HPLC (C18, 10-95%, MeOH in
H,O with 0.1% HCOOH) to give the desired product (20
mg, yield: 18%). LC/MS (ESI): m/z 395 [M+H]*. 'H NMR
(400 MHz, DMSO) 8 13.51 (d, I=175.6 Hz, 1H), 7.80 (d,
J=90.8 Hz, 1H), 7.40 (s, 1H), 7.17 (d, J=13.3 Hz, 1H), 4.58
(s, 1H), 4.21-3.97 (m, 2H), 3.83 (d, J=11.4 Hz, 1H), 3.71
(dd, J=11.4, 2.7 Hz, 1H), 3.56 (1, J=10.5 Hz, 1H), 3.28 (s,
1H), 2.65-2.56 (m, 2H), 2.40-2.31 (m, 2H), 1.97 (t, I=6.1
Hz, 4H), 1.25 (d, J=6.5 Hz, 3H).

Sep. 21, 2023

Example 58

Synthesis of (R)-1-(5-(3-methylmorpholino)-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)cyclo-
hexane-1-carbonitrile

[1005]
[O
Nj\
- VN Br
XN TBAB, KOW/H,0, 2-MTHF
NC |
Z cl
S—N
58-1
0)
Bpin 4{\H
N
N THP
58-3

XN

| Pd(PPh3)>Cls, 2M K>CO;3

Dioxane
NC
Z cl
S—N

58
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Step 1. (R)-1-(3-chloro-5-(3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl) cyclohexane-1-car-
bonitrile
[1006]
[O
N
Br/\/\/\ Br
| IS N TBAB, KOH/H,0, 2-MeTHF
NC
7 cl
/
S—N
[O
Nj\
(]
NC
& cl
/
S—N
[1007] A mixture of 2-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-yl}acetonitrile

(158 mg, 0.51 mmol), 1,5-dibromopentane (470 mg, 2.05
mmol), TBAB (33 mg, 0.10 mmol) and KOH (10.0 M in
H,0, 1.0 mL, 10.0 mmol) in 2-Methyltetrahydrofuran (10
ml) was stirred at 80° C. for 3 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (200 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (DCM:MeOH=40:1, V/V) to afford the desired product
(161 mg, yield: 83%). LC/MS (ESI): m/z 377 [M+H]*.

Step 2. 1-(5-((R)-3-methylmorpholino)-3-(1-(tetra-
hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)cyclohexane-1-carbonitrile

[1008]
o
o)
\
C (]
N J NN
THP/
AN
| Pd(PPh3)>Cly, 2M K,CO;3
Dioxane
NC
Z cl
/
S—N
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[1009] A mixture of 1-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-yl }cyclohexane-
1-carbonitrile (145 mg, 0.38 mmol), 1-(oxan-2-yl)-5-(te-
tramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (168 mg,
0.96 mmol), Pd(dppf)Cl, (56 mg, 0.07 mmol) and K,CO,
(2.0 M in H,O, 0.58 mL, 1.16 mmol) in DME (5§ mL) was
stirred at 100° C. for 16 h under N, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
diluted with H,O (20 mL), then extracted with EA (50
ml.x3). The combined organic layer was washed with brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (DCM:MeOH=40:1, V/V) to give the desired
product (100 mg, yield: 52%). LC/MS (ESI): m/z 493
[M+H]".

Step 3. (R)-1-(5-(3-methylmorpholino)-3-(1H-pyra-
zol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)cyclohexane-
1-carbonitrile

[1010]

[1011]

A mixture of 1-{5-[(3S)-3-methylmorpholin-4-y1]-
3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]pyri-
din-7-yl}cyclohexane-1-carbonitrile (100 mg, 0.20 mmol)
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in TFA (6.0 mL) was stirred at room temperature for 2 h.
LC-MS showed the reaction was complete. The reaction
mixture was concentrated under reduced pressure. The resi-
due was purified by Prep-HPLC (C18, 10-95%, MeOH in
H,O with 0.1% HCOOH) to give the desired product (20
mg, yield: 24%). LC/MS (ESD): m/z 409 [M+H]*. '"H NMR
(400 MHz, DMSO) 8 13.51 (d, I=173.9 Hz, 1H), 7.80 (d,
J=87.1 Hz, 1H), 7.39 (d, J=1.6 Hz, 1H), 7.20 (s, 1H), 4.57
(s, 1H), 4.12 (d, J=12.6 Hz, 1H), 4.04 (d, J=8.5 Hz, 1H), 3.83
(d, I=11.3 Hz, 1H), 3.71 (dd, J=11.3, 2.6 Hz, 1H), 3.56 (dd,
J=11.7,9.1 Hz, 1H), 3.27 (d, J=12.7 Hz, 1H), 2.35 (d, J=13.0
Hz, 2H), 2.07 (dd, J=17.1, 8.9 Hz, 2H), 1.93 (d, J=13.9 Hz,
2H), 1.75 (dt, J=39.1, 13.2 Hz, 3H), 1.42-1.33 (m, 1H), 1.25
(d, J=6.6 Hz, 3H).

Example 59

Synthesis of 1-{2-[(3R)-3-methylmorpholin-4-yl]-7-
(1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-4-
yl}eyclopentane-1-carbonitrile

[1012]
[Oj\
N /\/\/Br
Br
N
NC | N,
N
59-1
[O
N
NIS
—_—
| N Il\I CH3CN
NC N,
N
59-2
0 /
[ j\ . -
N THP
59-4
N
| | Pd(PPh3),Cl,, 2M K,CO3
NC N Dioxane
\ >/1
N
I
59-3
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-continued
[O
N
Pd/C, H,
AN >
|
NC | N /
N
\ 7
N /
I THP
59-5
[O
N
N
NC | Il\I /
N
-
\ VA
59
Step 1. 1-{2-[(3R)-3-methylmorpholin-4-yl]imidazo
[1,5-b]pyridazin-4-yl}cyclopentane-1-carbonitrile
[1013]
[Oj\
1 NN
Br
AN
|
NC | N,
L7
N
[O
N
x
|
NC | N,
7
N
[1014] To a solution of 2-{2-[(3R)-3-methylmorpholin-4-

yl]limidazo[1,5-b]pyridazin-4-yl}acetonitrile (250 mg, 0.97
mmol) in 2-Methyltetrahydrofuran (15 mL) were added
1,4-dibromobutane (1.16 mL, 9.72 mmol), TBAB (42 mg,
0.19 mmol) and KOH (10M in H,0, 6.8 mL, 68.01 mmol).
The reaction was stirred at 70° C. overnight. LC-MS showed
the reaction was complete. The mixture was diluted with EA
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(40 mL), then washed with water and brine, dried over -continued
anhydrous Na,SO,, filtered and concentrated. The residue O
was purified by column chromatography on silica gel (PE:
EA=5:1, V/V) to afford the desired product (250 mg, yield:
82.63%). LC/MS (ESI): m/z 312 [M+H]". N
Step 2.1-{5,7-diiodo-2-[(3R)-3-methylmorpholin-4-
yl]imidazo[1,5-b]pyridazin-4-y1}cyclopentane-1- XN
carbonitrile | |
[1015] Ne NGV
\ 7
N /
[0 I THP
N [1018] To a solution of 1-{5,7-diiodo-2-[(3R)-3-methyl-
NIS morpholin-4-yl]imidazo[1,5-b]pyridazin-4-
e yl}cyclopentane-1-carbonitrile (130 mg, 0.23 mmol) in
| Il\I CH;CN dioxane (8 mL) were added 1-(oxan-2-yl)-5-(tetramethyl-1,
NC N 3,2-dioxaborolan-2-yl)-1H-pyrazole (128 mg, 0.46 mmol),
Pd(PPh;),Cl, (33 mg, 0.05 mmol) and K,CO; (95.71 mg,
\ / 0.69 mmol). The reaction was stirred at 80° C. overnight
N under nitrogen atmosphere. LC-MS showed the reaction was
o] complete. The mixture was diluted with EA (40 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
N umn chromatography on silica gel (PE:EA=5:1, V/V) to
afford the desired product (66 mg, yield: 48.67%). LC/MS
Ny (ESI): m/z 588 [M+H]".
NC | I!I Step 4. 1-{2-[(3R)-3-methylmorpholin-4-y1]-7-(1H-
>/I pyrazol-5-yl)imidazo[1,5-b]pyridazine-4-
\ / yl}eyclopentane-1-carbonitrile
N
1 [1019]
[1016] To a solution of 1-{2-[(3R)-3-methylmorpholin-4- o
yl]imidazo[1,5-b]pyridazin-4-y1}cyclopentane-1-carboni-
trile (250 mg, 0.80 mmol) in CH;CN (15 ml) was added
NIS (180.6 mg, 0.80 mmol). The mixture was stirred at 80° N
C. overnight. LC-MS showed the reaction was complete.
The mixture was diluted with EA (40 mL), then washed with Pd/C, H,
saturated Na,S,0, aqueous solution and brine, dried over y -
anhydrous Na,SO,, filtered and concentrated. The residue | |
was purified by column chromatography on silica gel (PE: NC N / \
EA=5:1, V/V) to afford the desired product (150 mg, yield: \ / N N
33.17%). LC/MS (ESI): m/z 564 [M+H]". N
Step 3. 1-{5-iodo-2-[(3R)-3-methylmorpholin-4-yl]- I THP
7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo[1,5-b] 0
pyridazin-4-yl}cyclopentane-1-carbonitrile
[1017]
N
O | A N
|
Qg S AN L
N N N
| L7
THP N
Ny
| | Pd(PPh3);Cly, 2M K5CO;
NC N Dioxane ) )
[1020] To a solution of 1-{5-i0do-2-[(3R)-3-methylmor-

D

pholin-4-y1]-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]Jimidazo|[ 1,

5-b]pyridazin-4-yl}cyclopentane-1-carbonitrile (66 mg,
0.11 mmol) in MeOH (3 ml) was added Pd/C (10%, 35.87
mg). The mixture was stirred at room temperature overnight
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under H, atmosphere. LC-MS showed the reaction was -continued
complete. The mixture was filtered, then concentrated in
vacuo. The residue was purified by Prep-HPLC (Ciq,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (1 mg, yield: 2.36%). LC/MS (ESI): m/z378
[M+H]*. "H NMR (400 MHz, DMSO) 8 8.34 (s, 1H), 8.08

Pd/C, H
(s, 1H), 7.28 (d, J=2.2 Hz, 1H), 7.06 (s, 1H), 4.48 (d, J=4.5 —
Hz, 1H), 4.19-3.91 (m, 2H), 3.81 (d, J=11.7 Hz, 1H), 3.70
(d, J=9.1 Hz, 1H), 3.56 (dd, J=11.8, 9.2 Hz, 1H), 3.36 (dd, / \
J=17.5, 8.1 Hz, 1H), 2.72-2.59 (m, 2H), 2.39-2.25 (m, 2H), N/N
1.94 (s, 4H), 1.30 (d, J=6.7 Hz, 3H). /
THP
Example 60
O.
Synthesis of (R)-1-(2-(3-methylmorpholino)-7-(1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-4-yl)cyclo-
hexane-1-carbonitrile N
[1021] XN
NC | Il\I /
N
O -
[ \ 7/ N
N
W N N 60
| \1|\I TBAB, KOW/H,0, 2-MeTHF
CN Step 1. (R)-1-(2-(3-methylmorpholino)imidazo[1,5-
\ / b|pyridazin-4-yl)cyclohexane-1-carbonitrile
N [1022]
60-1
O
[ j\ O
N [ j\
N
NN
N N NIS Br Br
| | CH;CN SN TBAB, KOH/H,0, 2-MeTHF
NC N | |
\ > CN. N,
L7
O
60-2 [
(6] N
\, 4{\”
O/ NN x
/ | ]
THP NC N,
60-4 \ /
Pd(PPh;),Cly, 2M K,CO;4 N
Dioxane

[1023] A mixture of 2-{2-[(3R)-3-methylmorpholin-4-yl]
imidazo[1,5-blpyridazin-4-yl} acetonitrile (500 mg, 1.94
mmol), 1,2-dibromoethane (1.78 g, 7.77 mmol), TBAB (125
mg, 0.38 mmol) and KOH (10.0 M in H,0O, 3.8 mL, 38.8
mmol) in 2-Methyltetrahydrofuran (40 ml.) was stirred at




US 2023/0295166 Al
171

80° C. for 4 h. LC-MS showed the reaction was complete.
The reaction mixture was diluted with EA (200 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MeOH=15:1,
V/V) to afford the desired product (430 mg, yield: 68%).
LC/MS (ESD): m/z 326 [M+H]".

Step 2. (R)-1-(5,7-diiodo-2-(3-methylmorpholino)
imidazo[1,5-b|pyridazin-4-yl)cyclohexane-1-carbo-

nitrile
[1024]
[O
Nj\
N NIS
| | CH;CN
NC N,
7
N
[1025] A mixture of 1-{2-[(3R)-3-methylmorpholin-4-yl]

imidazo[1,5-b]pyridazin-4-yl}  cyclohexane-1-carbonitrile
(430 mg, 1.32 mmol) and NIS (1.19 g, 5.28 mmol) in MeCN
(10 mL) was stirred at 80° C. for 4 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with DCM (40 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (PE:EA=2:1, V/V) to afford the desired product (356 mg,
yield: 46%). LC/MS (ESI): m/z 578 [M+H]".

Step 3. 1-(5-i0do-2-((R)-3-methylmorpholino)-7-(1-

(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-yl)imidazo

[1,5-b]pyridazin-4-yl)cyclohexane-1-carbonitrile

=a

N/N

/

THP

Pd(PPh3),Cly, 2M K,CO3
Dioxane

[1026]

0,
\
B
/
o]
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[1027] A mixture of 1-{5,7-diiodo-2-[(3R)-3-methylmor-
pholin-4-yl]imidazo[ 1,5-b]pyridazin-4-yl}cyclohexane-1-
carbonitrile (195 mg, 0.34 mmol), 1-(oxan-2-yl)-5-(tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (122 mg, 0.44
mmol), PACL,(PPh,), (25 mg, 0.03 mmol) and K,CO, (2.0
M in H,O, 0.34 mL, 0.68 mmol) in DME (20 mL) was
stirred at 100° C. for 16 h under N, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
diluted with H,O (40 mL), then extracted with EA (50
ml.x3). The combined organic layer was washed with brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by column chromatography on
silica gel (DCM:MeOH=20:1, V/V) to give the desired
product (50 mg, yield: 24%). LC/MS (ESI): m/z 602
[M+H]".

Step 4. (R)-1-(2-(3-methylmorpholino)-7-(1H-pyra-
zol-5-yl)imidazo[1,5-b]pyridazin-4-yl)cyclohexane-
1-carbonitrile

[1028]

PA/C, T,
—_—
o
.
AN
NC | Il\I / \
N
\ N/ g

[1029] A mixture of 1-{5-iodo-2-[(3R)-3-methylmorpho-
lin-4-y1]-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo[1,5-b]
pyridazin-4-yl}cyclohexane-1-carbonitrile (50 mg, 0.08
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mmol) and Pd/C (10%, 20 mg) in MeOH (3 mL) was stirred
at room temperature for 16 h under H, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
filtered, then concentrated under reduced pressure to dry-
ness. The residue was purified by Prep-HPLC (CI18,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (10 mg, yield: 30%). LC/MS(ESI): m/z 392
[M+H]*. '"H NMR (400 MHz, DMSO) & 13.34 (d, J=164.8
Hz, 1H), 7.84 (d, J=28.4 Hz, 1H), 7.68 (d, J=34.9 Hz, 1H),
7.10 (s, 1H), 6.76 (d, J=22.2 Hz, 1H), 4.37 (s, 1H), 4.01 (d,
J=10.2 Hz, 1H), 3.93-3.67 (m, 3H), 3.56 (t, J=10.6 Hz, 1H),
3.28 (d, J=13.6 Hz, 1H), 2.35 (d, I=13.7 Hz, 2H), 2.03 (dd,
J=20.3, 14.4 Hz, 2H), 1.90 (d, J=13.9 Hz, 2H), 1.83-1.64 (m,
3H), 1.45-1.32 (m, 1H), 1.25 (d, J=6.4 Hz, 3H).

Example 61

Synthesis of (3R)-4-[5-chloro-4-(1-methyl-1H-pyra-
zol-5-y1)-7-(1H-pyrazol-5-yl) imidazo[1,5-b]
pyridazin-2-yl]-3-methylmorpholine

[1030]

N Pd(PPh3)>Cls, 2M NayCO;
al \ DME, 60° C.

NCS, CH;CN

AN

Sep. 21, 2023

-continued
(0]

C

NIS, CH3;CN

AN

HCl/Dioxane

61
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Step 1. 5-{2-chloroimidazo[1,5-b]pyridazin-4-yl1}-1- [1034] To a solution of 5-{2-chloroimidazo[1,5-b]
methyl-1H-pyrazole pyridazin-4-y1}-1-methyl-1H-pyrazole (2.25 g, 9.63 mmol)
[1031] in sulfolane (50 mL) were added (3R)-3-methylmorpholine

(2.92 g, 28.89 mmol) and KF (1.68 g, 28.89 mmol). The
reaction was stirred at 180° C. for 8 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted

al | /O with DCM (60 mL), then washed with water and brine, dried
N B over anhydrous Na,SO,, filtered and concentrated. The
Xy \ / Y residue was purified by column chromatography on silica
| | gel (PE:EA=1:1, V/V) to afford the desired product (710 mg,
N. Pd(PPh3),Cl,, 2M Na,CO 1ald- o . +
a \ > ]SI\Z/IE,Z60° o yield: 25%). LC/MS (ESI): m/z 299 [M+H]".
N Step 3. (3R)-4-[5-chloro-4-(1-methyl-1H-pyrazol-5-
yDimidazo[1,5-b]pyridazin-2-yl]-3-methylmorpho-
line
[1035]
[1032] To a solution of 2.,4-dichloroimidazo[1,5-b] O
pyridazine (3 g, 15.96 mmol) and 1-methyl-5-(tetramethyl-
1,3,2-dioxaborolan-2-y1)-1H-pyrazole (4.32 g, 20.74 mmol)

in DME (90 mL) were added Pd(PPh,),Cl, (1.12 g, 1.60 N
mmol) and Na,CO; (2M in H,O, 16.0 mL, 31.91 mmol).
The reaction was stirred at 60° C. overnight under nitrogen
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with DCM (60 mL), then
washed with water and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (PE:EA=3:1, V/V) to
afford the desired product (2.25 g, yield: 60%). LC/MS
(ESD): m/z 234 [M+H]".

NCS, CH3;CN

—_—

SN

Step 2. (3R)-3-methyl-4-[4-(1-methyl-1H-pyrazol-5-
ylimidazo[1,5-b]pyridazin-2-yljmorpholine

[1033]

[1036] To a solution of (3R)-3-methyl-4-[4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b] pyridazin-2-yl]morpholine
(400 mg, 1.34 mmol) in CH;CN (20 mL.) were added NCS
(179 mg, 1.34 mmol). The reaction was stirred at 80° C. for
4 h. LC-MS showed the reaction was complete. The reaction
mixture was diluted with DCM (60 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (DCM:MeOH=30:1, V/V) to afford
the desired product (190 mg, yield: 42%). LC/MS (ESI): m/z
333 [M+H]".
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Step 4. (3R)-4-[5-chloro-7-i0do-4-(1-methyl-1H- -continued
pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl]-3-meth-
ylmorpholine

[1037]

NIS, CH;CN THP

[1040] To a solution of (3R)-4-[5-chloro-7-iodo-4-(1-
methyl-1H-pyrazol-5-yl)imidazo[1,5-b] pyridazin-2-yl]-3-
methylmorpholine (80 mg, 0.17 mmol) in dioxane (5 mL)
were added 1-(oxan-2-yl)-5-(tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-pyrazole (121 mg, 0.44 mmol), Pd(PPh,),Cl,
(25 mg, 0.04 mmol) and K,CO; (2M in H,0, 0.25 mL, 0.52
mmol). The reaction was stirred at 100° C. overnight under
nitrogen atmosphere. LC-MS showed the reaction was com-
plete. The reaction mixture was diluted with DCM (60 mL),
then washed with saturated Na,S,0; aqueous solution and
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by column chromatography
on silica gel (DCM:MeOH=20:1, V/V) to afford the desired
product (60 mg, yield: 71%). LC/MS (ESI): m/z 483
[M+H]".

Step 6. (3R)-4-[5-chloro-4-(1-methyl-1H-pyrazol-5-
[1038] To a solution of (3R)-4-[5-chloro-4-(1-methyl-1H- yD-7-(1H-pyrazol-5-ylimidazo [1.5-bJpyridazin-2-
pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-y1]-3-methylmor- y1]-3-methylmorpholine
pholine (100 mg, 0.30 mmol) in CH;CN (5 mL) was added [1041]
NIS (68 mg, 0.30 mmol). The mixture was stirred at room
temperature for 2 h. LC-MS showed the reaction was

complete. The reaction mixture was diluted with DCM (60 o]
mL), then washed with saturated Na,S,0; aqueous solution
and brine, dried over anhydrous Na,SO,, filtered and con-
centrated. The residue was purified by column chromatog- N

raphy on silica gel (DCM:MeOH=30:1, V/V) to afford the
desired product (130 mg, yield: 94%). LC/MS (ESI): m/z
459 [M+H]".

HCl/Dioxane
—_—

Step 5. (3R)-4-[5-chloro-4-(1-methyl-1H-pyrazol-5-
yD)-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo[1,5-b]
pyridazin-2-yl]-3-methylmorpholine

[1039]

o N

THP

[1042] To a solution of (3R)-4-[5-chloro-4-(1-methyl-1H-
pyrazol-5-y1)-7-[1-(oxan-2-yl)-1H-pyrazol-5-yl]imidazo|1,
5-b]pyridazin-2-yl]-3-methylmorpholine (80 mg, 0.17
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mmol) in DCM (2 mL) was added HCI solution (4M in
dioxane, 2 mL). The mixture was stirred at room tempera-
ture for 1 h. LC-MS showed the reaction was complete. The
reaction mixture was concentrated in vacuo. The residue was
purified by Pre-HPLC (C,,, 10-95%, MeOH in H,O with
0.1% TFA) to afford the desired product (12 mg, yield:
18%). LC/MS (EST) m/z: 399 [M+H]*. "H NMR (400 MHz,
DMSO) 6 13.44 (d, I=118.0 Hz, 1H), 7.77 (s, 1H), 7.59 (d,
J=1.8 Hz, 1H), 7.14 (d, J=1.9 Hz, 1H), 6.95 (s, 1H), 6.55 (d,
J=1.8 Hz, 1H), 4.38 (d, J=5.8 Hz, 1H), 4.06-3.85 (m, 2H),
3.81-3.71 (m, 4H), 3.70 (dd, J=11.5, 2.6 Hz, 1H), 3.63-3.47
(m, 1H), 3.30-3.26 (m, 1H), 1.27 (d, J=6.7 Hz, 3H).

Example 62

Synthesis of (3R)-4-[5-chloro-4-(1-methyl-1H-pyra-
z0l-5-y1)-7-(3-methyl-1H-pyrazol-5-yl)imidazo[1,5-
blpyridazin-2-yl]-3-methylmorpholine

[1043]

THP

N,
' B(OH),

Pd(PPh3),Cl,, 2M K,CO3
Dioxane

HCl/Dioxane

62
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Step 1. (3R)-4-{5-chloro-7-[3-methyl-1-(oxan-2-yl)-
1H-pyrazol-5-yl]-4-(1-methyl-1H-pyrazol-5-yl)imi-
dazo[1,5-b]pyridazin-2-yl}-3-methylmorpholine

[1044]

Pd(PPh3),Cl,, 2M K,CO3
Dioxane

[1045] To a solution (3R)-4-[5-chloro-7-iodo-4-(1-
methyl-1H-pyrazol-5-yl)imidazo [1,5-b]pyridazin-2-yl]-3-
methylmorpholine (60 mg, 0.13 mmol) in dioxane (3 mL)
were added [3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-yl|bo-
ronic acid (55 mg, 0.26 mmol), Pd(PPh,),Cl, (18.4 mg, 0.03
mmol) and K,CO; (54.24 mg, 0.392 mmol). The mixture
was stirred at 100° C. overnight under nitrogen atmosphere.
LC-MS showed the reaction was complete. The mixture was
diluted with EA (40 mL), then washed with water and brine,
dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by flash chromatography on silica
gel (PE:EA=5:1, V/V) to afford the desired product (40 mg,
yield: 61.53%). LC/MS (ESI): m/z 497 [M+H]".

Step 2. (3R)-4-[5-chloro-4-(1-methyl-1H-pyrazol-5-
y1)-7-(3-methyl-1H-pyrazol-5-yl) imidazo[1,5-b]
pyridazin-2-yl]-3-methylmorpholine

[1046]

HCl/Dioxane
B — e
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-continued

[1047] To a solution of (3R)-4-{5-chloro-7-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl]-4-(1-methyl-1H-pyrazol-5-yl)
imidazo[1,5-b]pyridazin-2-y1}-3-methylmorpholine (140
mg, 0.28 mmol) in DCM (5 mL) was added HCI solution
(4M in dioxane, 5 mL). The mixture was stirred at room
temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
vacuo. The residue was purified by Prep-HPLC (Ciq,
10-95%, MeOH in H,O with 0.1% HCOOH) to give the
desired product (33 mg, yield: 28.37%). LC/MS (ESI): m/z
413 [M+H]". '"H NMR (400 MHz, DMSO) & 13.03 (d,
J=106.2 Hz, 1H), 7.59 (d, J=1.9 Hz, 1H), 6.95 (s, 1H), 6.88
(s, 1H), 6.54 (d, J=1.8 Hz, 1H), 4.36 (s, 1H), 4.07-3.85 (m,
2H), 3.86-3.73 (m, 4H), 3.70 (dd, J=11.5, 2.7 Hz, 1H),
3.64-3.45 (m, 1H), 3.29 (s, 1H), 2.32 (d, J=15.9 Hz, 3H),
1.26 (t, I=6.3 Hz, 3H).

Example 63

Synthesis of (R)-1-(7-(3-methyl-1H-pyrazol-5-y1)-2-
(3-methylmorpholino)imidazo[1,5-b]pyridazin-4-y1)
cyclopropane-1-carbonitrile

[1048]
o
N N~
/
THP
| \Il‘f 63-2
NC N PACL(PPhy),, 2M K,CO5
I DME
\ 7
N
I
63-1
[o
N
A
| Il‘I PA/C, H,
NC N / \
N
\ / N~
N |
I THP
63-3
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[O
Nj\
vy
NC | Il\I / \
\ / N~ ¥
N H

63

Step 1. 1-(5-i0do-7-(3-methyl-1-(tetrahydro-2H-
pyran-2-y1)-1H-pyrazol-5-y1)-2-((R)-3-methylmor-
pholino)imidazo[1,5-b]pyridazin-4-yl)cyclopropane-
1-carbonitrile

[1049]
[O
N (HO)ZBA{\"/
N—N
x
| Il\I THP
NC N PdCLy(PPhy)s, 2M K,CO;4
1 DME
|/
N
1
[O
Nj\
Ny
NC | Il\I / \
N
\ / N~
N /
I THP
[1050] A mixture of 1-{5,7-diiodo-2-[(3R)-3-methylmor-

pholin-4-ylJimidazo[1,5-b]pyridazin-4-yl}cyclopropane-1-
carbonitrile (200 mg, 0.37 mmol), [3-methyl-1-(oxan-2-yl)-
1H-pyrazol-5-yl]boronic acid (157 mg, 0.74 mmol),
Pd(dppf)Cl, (50 mg, 0.07 mmol) and K,CO; (2.0 M in H,O,
0.5 mL, 1.0 mmol) in DME (5 mL) was stirred at 100° C. for
16 h under N, atmosphere. LC-MS showed the reaction was
complete. The reaction mixture was diluted with H,O (20
ml), then extracted with EA (20 mL.x3). The combined
organic layer was washed with brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (DCM:MeOH=20:
1, V/V) to give the desired product (60 mg, yield: 28%).
LC/MS (ESD): m/z 574 [M+H]".
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Step 2. (R)-1-(7-(3-methyl-1H-pyrazol-5-y1)-2-(3-
methylmorpholino)imidazo[1,5-b]pyridazin-4-y1)
cyclopropane-1-carbonitrile

[1051]
[O
Nj\
x
| Il‘I PA/C, H,
NC N / \
\ / N~
N
I THP
[O
N
N
NC | Il\I / \
\ / N~
N
[1052] A mixture of 1-{5-iodo-7-[3-methyl-1-(oxan-2-y1)-

1H-pyrazol-5-y1]-2-[(3S)-3-methyl morpholin-4-yl]imidazo
[1,5-b]pyridazin-4-y1}cyclopropane-1-carbonitrile (92 mg,
0.16 mmol) and Pd/C (10%, 40 mg) in MeOH (5 mL) was
stirred at 30° C. for 16 h under H, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
filtered, then the filtrate was concentrated under reduced
pressure to dryness. The residue was purified by Prep-HPLC
(C18, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (9 mg, yield: 15%). LC/MS (ESI): m/z
448 [M+H]*. '"H NMR (400 MHz, DMSO) & 12.97 (s, 1H),
7.68 (s, 1H), 6.84 (s, 1H), 6.78 (s, 1H), 4.36 (d, J=6.0 Hz,
1H), 4.00 (dd, J=11.4, 3.2 Hz, 1H), 3.88 (d, J=12.6 Hz, 1H),
3.77 (d, J=11.3 Hz, 1H), 3.69 (dd, J=11.4, 2.8 Hz, 1H), 3.54
(td, J=11.7, 2.8 Hz, 1H), 3.25 (td, J=12.9, 3.7 Hz, 1H), 2.28
(s, 3H), 1.84-1.71 (m, 4H), 1.23 (d, J=6.7 Hz, 3H).

Example 64
Synthesis of (R)-2-methyl-2-(7-(3-methyl-1H-pyra-
701-5-y1)-2-(3-methylmorpholino) imidazo[1,5-b]
pyridazin-4-yl)propanenitrile

[1053]
o)
[ j\ (HO)ZBW
N NN
THP
| \Il‘f 64-2
NC N PdCI,(PPhs);, 2M K,CO3
\ ) 1 DME
N
I
64-1
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L
| \Il‘I PA/C, H,
NC N / \
\ / N~
N
I THP
64-3
[o
Nj\
SN
NC | Il\I / \
\ }{ N
64

Step 1. 2-(5-i0do-7-(3-methyl-1-(tetrahydro-2H-
pyran-2-y1)-1H-pyrazol-5-y1)-2-((R)-3-methylmor-
pholino)imidazo[ 1,5-b]pyridazin-4-y1)-2-methylpro-

panenitrile
[1054]
[O
N (HO)zBA{\”/
N—N
x
| Il\I THP/
NC N PdCL,(PPhs)s, 2M K>CO;3
1 DME
|/
N
1
[O
Nj\
Ny
NC | Il\I / \
N
\ / N~
N /
I THP
[1055] A mixture of 2-{5,7-diiodo-2-[(3R)-3-methylmor-

pholin-4-yllimidazo[1,5-b]pyridazin-4-y1}-2-methylpropa-
nenitrile (200 mg, 0.37 mmol), [3-methyl-1-(oxan-2-y1)-1H-
pyrazol-5-yl|boronic acid (156 mg, 0.74 mmol), Pd(dppf)
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Cl, (50 mg, 0.07 mmol) and K,CO; (2.0 M in H,O, 0.5 mL,
1.0 mmol) in DME (5 mL) was stirred at 100° C. for 16 h
under N, atmosphere. LC-MS showed the reaction was
complete. The reaction mixture was diluted with H,O (20
mL), then extracted with EA (20 mLx3). The combined
organic layer was washed with brine, dried over anhydrous
Na,SO,, filtered and concentrated. The residue was purified
by column chromatography on silica gel (DCM:MeOH=20:
1, V/V) to give the desired product (60 mg, yield: 28%).
LC/MS (ESD): m/z 576 [M+H]".

Step 2. (R)-2-methyl-2-(7-(3-methyl-1H-pyrazol-5-
y1)-2-(3-methylmorpholino) imidazo[1,5-b]
pyridazin-4-yl)propanenitrile

[1056]
[O
N
x
| Il‘I PA/C, H,
NC N / \
N
\ / N
N
I THP
[O
N
AN
NC | Il\I /
N
\ / N~
N H
[1057] A mixture of 2-{5-iodo-7-[3-methyl-1-(oxan-2-y1)-

1H-pyrazol-5-y1]-2-[(3R)-3-methyl morpholin-4-yl]imidazo
[1,5-b]pyridazin-4-y1}-2-methylpropanenitrile (120 mg,
0.21 mmol) and Pd/C (10%, 60 mg) in MeOH (6 mL) was
stirred at 30° C. for 16 h under H, atmosphere. LC-MS
showed the reaction was complete. The reaction mixture was
filtered, then the filtrate was concentrated under reduced
pressure to dryness. The residue was purified by Prep-HPLC
(C18, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (10 mg, yield: 13%). LC/MS (ESI): m/z
366 [M+H]*. 'H NMR (400 MHz, DMSO) § 12.93 (d,
J=104.0 Hz, 1H), 7.75 (s, 1H), 6.85 (s, 1H), 6.72 (s, 1H),
434 (d, J=6.9 Hz, 1H), 4.01 (dd, J=11.2, 2.4 Hz, 1H),
3.91-3.67 (m, 3H), 3.56 (td, J=11.7, 2.7 Hz, 1H), 3.29-3.21
(m, 1H), 2.29 (s, 3H), 1.87 (s, 6H), 1.24 (t, J=8.0 Hz, 3H).

Sep. 21, 2023

Example 65

Synthesis of 3-[5-methyl-4-(1-methyl-1H-pyrazol-5-
yD)-7-(1H-pyrazol-5-yl)imidazo [1,5-b]pyridazin-2-
yl]-8-oxa-3-azabicyclo[3.2.1]octane

[1058]
O
e}
N N/ N B\/
\ / %
l
N 65-2
\7/1 PdCL(PPh3),, 2M K,CO;3,
\ / dioxane
N

/ SnMe,
_ -
Pd(PPh3),, DMF

N (PPhs)4

HCl/Dioxane

_—

65
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Step 1.3-[5-i0do-4-(1-methyl-1H-pyrazol-5-y1)-7-[1-
(oxan-2-yl)-1H-pyrazol-5-yllimidazo[ 1,5-b]
pyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane

[1059]

THP

/Il\I B/O
N
"
65-2

PdCl,(PPh3),, 2M K,CO;3,
dioxane

THP

[1060] To a solution of 3-[5,7-diiodo-4-(1-methyl-1H-
pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-yl]-8-oxa-3-azabi-
cyclo[3.2.1]octane (400 mg, 0.71 mmol) in dioxane (10 mL)
was added 1-(oxan-2-yl)-5-(tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-pyrazole (594 mg, 2.14 mmol), Pd(PPh,),Cl,
(100 mg, 0.14 mmol) and K,CO, (295 mg, 2.14 mmol). The
mixture was stirred at 100° C. overnight under nitrogen
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (50 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (DCM:MOH=40:1, V/V) to
afford the desired product (340 mg, yield: 81.48%). LC/MS
(ESD): m/z 587 [M+H]™.

Step 2. 3-[5-methyl-4-(1-methyl-1H-pyrazol-5-yl)-
7-[1-(oxan-2-yl)-1H-pyrazol-5-yl] imidazo[1,5-b]
pyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane

[1061]

/ \ SnMey
—_—
Pd(PPhz)4, DMF
N
N ~
/
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N
N7
/
THP
[1062] To a solution of 3-[5-iodo-4-(1-methyl-1H-pyra-

zol-5-y1)-7-[1-(oxan-2-y1)-1H-pyrazol-5-yl|imidazo[ 1,5-b]
pyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane (200 mg,
0.34 mmol) in DMF (10 ml) were added Sn(CH,), (0.31 mL,
1.71 mmol) and Pd(PPh,), (78.8 mg, 0.07 mmol). The
mixture was stirred at 100° C. overnight under N, atmo-
sphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (50 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (DCM:MOH=40:1, V/V) to
afford the desired product (105 mg, yield: 64.88%). LC/MS
(ESD): m/z 475 [M+H]".

Step 3. 3-[5-methyl-4-(1-methyl-1H-pyrazol-5-yl)-
7-(1H-pyrazol-5-yl)imidazo[1,5-b] pyridazin-2-yl]-
8-oxa-3-azabicyclo[3.2.1]octane

[1063]

HCl/Dioxane
>

[1064] To asolution of 3-[5-methyl-4-(1-methyl-1H-pyra-
zol-5-y1)-7-[1-(oxan-2-y1)-1H-pyrazol-5-yl|imidazo[ 1,5-b]

pyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane (100 mg,
0.21 mmol) in DCM (5 mL) was added HCl solution (4M in
Dioxane, 5 mL). The mixture was stirred at room tempera-
ture for 1 h. LC-MS showed the reaction was complete. The
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reaction mixture was concentrated under reduced pressure.
The residue was purified by Prep-HPLC (C18, 10-95%,
MeOH in H,O with 0.1% HCOOH) to give the desired
product (14 mg, yield: 17.02%). LC/MS (ESI): m/z 391
[M+H]*. 'H NMR (400 MHz, DMSO) 8 7.70 (t, J=46.0 Hz,
2H), 7.11 (s, 1H), 6.74 (s, 1H), 6.55 (d, J=1.7 Hz, 1H), 4.48
(s, 2H), 3.88 (d, J=12.1 Hz, 2H), 3.74 (s, 3H), 3.15 (d, J=11.7
Hz, 2H), 1.91 (d, J=15.0 Hz, 3H), 1.84 (d, J=8.1 Hz, 4H).

-continued

SnMey
—_—
Pd(PPhs)s, DMF
Example 66 / \
Synthesis of 3-[5-methyl-4-(1-methyl-1H-pyrazol-5- N7
yD)-7-(3-methyl-1H-pyrazol-5-yl) imidazo[1,5-b] THIZ

pyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane

[1065]

HCl/Dioxane

—_—

66-7

NIS, CH3;CN
/ N
N
H
66
Step 1.3-[4-(1-methyl-1H-pyrazol-5-yl)imidazo[1,5-
_— blpyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane
| OH [1066]
Ve N B/
N\ / Non
66-5

N,
1 PdCL(PPh3),, 2M K,CO3
\ / dioxane
N
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-continued

[1067] To a solution of 5-{2-chloroimidazo[1,5-b]
pyridazin-4-y1}-1-methyl-1H-pyrazole (1 g, 4.28 mmol) in
NMP (10 mL) were added 8-oxa-3-azabicyclo[3.2.1]octane
(1.45 g, 12.84 mmol) and DIPEA (1.66 g, 12.84 mmol). The
mixture was stirred at 180° C. for 8 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (60 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by column chromatography on silica
gel (DCM:MOH=40:1, V/V) to afford the desired product
(1.14 g, yield: 85.83%). LC/MS (ESI): n/z 311 [M+H]".

Step 2.3-[5,7-diiodo-4-(1-methyl-1H-pyrazol-5-yl)
imidazo[1,5-b|pyridazin-2-yl]-8-oxa-3-azabicyclo[3.
2.1]octane

[1068]

NIS, CH;CN

Sep. 21, 2023

[1069] To a solution of 3-[4-(1-methyl-1H-pyrazol-5-yl)
imidazo[1,5-b|pyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]
octane (1.13 g, 3.64 mmol) in CH;CN (30 ml) was added
NIS (1.89 g, 10.923 mmol) portion wise. The mixture was
stirred at room temperature for 2 h. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (60 mL), then washed with saturated Na,S,O,
aqueous solution and brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by col-
umn chromatography on silica gel (DCM:MOH=40:1, V/V)
to afford the desired product (1.7 g, yield: 83.06%). LC/MS
(ESD): m/z 563 [M+H]".

Step 3. 3-{5-iodo-7-[3-methyl-1-(oxan-2-y1)-1H-
pyrazol-5-yl1]-4-(1-methyl-1H-pyrazol-5-yl)imidazo
[1,5-b]pyridazin-2-y1}-8-oxa-3-azabicyclo[3.2.1]
octane

[1070]

66-5

N,
1 PdCL(PPh3),, 2M K,CO3
\ / dioxane
N

66-4

THP

[1071] To a solution of 3-[5,7-diiodo-4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl]-8-oxa-3-azabi-
cyclo[3.2.1]octane (40 mg, 0.71 mmol) in dioxane (10 mL)
were added [3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-yl|bo-
ronic acid (449 mg, 2.14 mmol), Pd(PPh;),Cl, (100 mg,
0.14 mmol) and K,CO; (295 mg, 2.14 mmol). The mixture
was stirred at 100° C. overnight under nitrogen atmosphere.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with EA (60 mL), then washed with
saturated Na,S,O, aqueous solution and brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel
(DCM:MOH=30:1, V/V) to afford the desired product (315
mg, vield: 73.72%). LC/MS (ESI): m/z 601 [M+H]".
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Step 4. 3-{5-methyl-7-[3-methyl-1-(oxan-2-y1)-1H- _continued
pyrazol-5-yl]-4-(1-methyl-1H-pyrazol-5-yl)imidazo
[1,5-b]pyridazin-2-y1}-8-oxa-3-azabicyclo[3.2.1]
octane
[1072]
N
N
H
HCl/Dioxane
e
/ \N [1075] To a solution of 3-{5-methyl-7-[3-methyl-1-(oxan-
N~ 2-y1)-1H-pyrazol-5-yl]-4-(1-methyl-1H-pyrazol-5-yl)imi-
/ dazo[1,5-b]pyridazin-2-y1}-8-oxa-3-azabicyclo[3.2.1]oc-
THP tane (140 mg, 0.29 mmol) in DCM (7 mL) was added HCl
66-7 solution (4M in Dioxane, 7 mL). The mixture was stirred at

room temperature for 1 h. LC-MS showed the reaction was
complete. The reaction mixture was concentrated under
reduced pressure. The residue was purified by Prep-HPLC
(C18, 10-95%, MeOH in H,O with 0.1% HCOOH) to give
the desired product (15 mg, yield: 12.94%). LC/MS (ESI):
m/z 405 [M+H]*. 'H NMR (400 MHz, DMSO) 8 12.89 (s,
1H), 7.62 (d, I=1.8 Hz, 1H), 6.85 (s, 1H), 6.71 (s, 1H), 6.54

(d, I=1.8 Hz, 1H), 4.48 (s, 2H), 3.87 (d, J=12.4 Hz, 2H), 3.74
/ \N (s, 3H), 3.14 (d, J=10.7 Hz, 2H), 2.29 (s, 3H), 1.91 (s, 3H),
N~ 1.86 (s, 4H).
H
Example 67

66

Synthesis of (R)-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-

(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
[1073] To a solution of 3-{5-iodo-7-[3-methyl-1-(oxan-2- propan-2-ol
yD)-1H-pyrazol-5-y1]-4-(1-methyl-1H-pyrazol-5-yl)imidazo [1076]
[1,5-b]pyridazin-2-y1}-8-oxa-3-azabicyclo[3.2.1]octane
(200 mg, 0.33 mmol) in DMF (10 mL) were added Sn(CH,),,
(0.31 mL, 1.67 mmol) and Pd(PPh,), (77 mg, 0.07 mmol).
The mixture was stirred at 100° C. overnight under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (60 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (DCM:MOH=20:1, V/V) to
afford the desired product (140 mg, yield: 86.03%). LC/MS
(ESD): m/z 489 [M+H]".

CH;MgBr

Step 5. 3-[5-methyl-4-(1-methyl-1H-pyrazol-5-yl)-
7-(3-methyl-1H-pyrazol-5-yl)imidazo[ 1,5-b]
pyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane

[1074]

HCl/Dioxane

HCl/Dioxane
_—
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Step 1. 2-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)propan-2-ol

[1077]

[1078] To solution of methyl 3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-5-((R)-3-methylmor-
pholino)isothiazolo[4,5-b|pyridine-7-carboxylate (70 mg,
0.15 mmol) in THF (5 mL) at 0° C. was added Methyl
magnesium bromide (3M in ethyl ether, 0.15 mL, 0.46
mmol) drop wise. After stirring at 0° C. for 30 min, the
mixture was warmed to room temperature and stirred for an
additional 1 h. LC-MS showed the reaction was complete.
The reaction mixture was quenched with saturated NH,Cl
aqueous solution and diluted with EA (30 mL). The organic
layer was separated, then washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel (PE:
EA=1:1, V/V) to afford the desired product (35 mg, yield:
50%). LC/MS (ESI): m/z 458 [M+H]".

Sep. 21, 2023

Step 2. (R)-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
propan-2-ol

[1079]

HCl/Dioxane
—_—

[1080] A mixture of 2-(3-(3-methyl-1-(tetrahydro-2H-
pyran-2-y)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)propan-2-ol (30 mg, 0.07
mmol) in HCI solution (4M in Dioxane, 2 mL) was stirred
at room temperature for 1 h. LC-MS showed the reaction
was complete. The reaction mixture was concentrated in
vacuo. The residue was purified by Pre-HPLC (C, 4, 10-95%,
MeOH in H,O with 0.1% HCOOH) to afford the desired
product (17 mg, yield: 69.42%). LC/MS (ESI) m/z: 374
[M+H]*. "H NMR (400 MHz, DMSO) 8 12.95 (d, ]=103.8
Hz, 1H), 7.09 (s, 1H), 7.02 (s, 1H), 6.06 (s, 1H), 4.53 (s, 1H),
4.09 (d, J=12.9 Hz, 1H), 4.02 (d, J=9.1 Hz, 1H), 3.81 (d,
J=11.3 Hz, 1H),3.72 (d, J=11.1 Hz, 1H), 3.57 (t, J=10.8 Hz,
1H), 3.22 (t, J=11.1 Hz, 1H), 2.29 (s, 3H), 1.56 (s, 6H), 1.21
(d, J=6.6 Hz, 3H).

Example 68

Synthesis of (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-
triazol-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)isothi-
azolo[4,5-b]pyridin-5-yl)morpholine

[1081]
o
\ _
N N=N
68-2
Xy Pd(PPhy),Cly, MegNAc,
| DMa, 140° C.
Cl / Cl
S~—N
68-1
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-continued
o) (HO)ZBA{\”/
NN
N THP
68-4

| Pd(PPhs)4, 2M K>CO3
Dioxane

Step 1. (R)-4-(3-chloro-7-(1-methyl-1H-1,2,3-tri-
azol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methyl-

morpholine
[1082]
o
[ ~—n7 X
Nj\ N\
N=N
y Pd(PPhs3),Cly, Me,NAG,
| DMA, 140° C.
Cl Z Cl
/
S—N

HCl/Dioxane
—_—
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-continued
[O
N
(]
N S Z al
\ /

N, S—N
N— \

[1083] To a mixture of (3R)-4-{3,7-dichloro-[1,2]thiazolo
[4,5-b]pyridin-5-y1}-3-methyl morpholine (250 mg, 0.82
mmol), 1-methyl-1H-1,2,3-triazole (410 mg, 4.93 mmol)
and Me,NAc (289 mg, 2.46 mmol) in DMA (10 mL) was
added Pd(PPh;),Cl, (115 mg, 0.164 mmol). The mixture
was stirred at 140° C. for 12 h under N, atmosphere. LC-MS
showed the reaction was complete. The mixture was poured
into H,O and extracted with EA (30 m[.x3). The combined
organic phase was washed with brine, dried over anhydrous
Na,SO,, filtered and concentrated to dryness. The residue
was purified by column chromatography on silica gel (PE:
EA=1:1, V/V) to give the desired product (200 mg, yield:
69%). LC/MS (ESI): m/z 351 [M+H]*.

Step 2. (3R)-3-methyl-4-(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(1-methyl-1H-1,
2,3-triazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)mor-

pholine
[1084]
O
[ (HO)zBW
N N—N
THP
Sy Pd
(PPhy)s, 2M KCO;
| Dioxane
N S & cl
\\N/N S \1\{

THP

[1085] To a mixture of (R)-4-(3-chloro-7-(1-methyl-1H-
1,2,3-triazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-methyl-
morpholine (100 mg, 0.29 mmol), [3-methyl-1-(oxan-2-yl)-
1H-pyrazol-5-yl]boronic acid (180 mg, 0.86 mmol) and
K,CO; (2M in H,0, 0.7 mL, 1.42 mmol) in dioxane (8 mL.)
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was added tetrakis (triphenylphosphane) palladium (66 mg, Example 69
0.06 mmol). The mixture was stirred at 100° C. for 16 h
under N, atmosphere. LC-MS showed the reaction was Synthesis of (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-

complete. The reaction mixture was diluted with EA (50
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=1:
1, V/V) to give the desired product (60 mg, yield: 44%).
LC/MS ESI (m/z): 481 [M+H]*.

Step 3. (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-tri-
azol-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-5-yl)morpholine

triazol-5-y1)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-yl)morpholine

[1088]

[1086]

O -
N THP
69-2
\ N
| Pd(PPhy),, 2M K,CO;3
Dioxane
S Z cl
HCl/Dioxane N /
N— \ —N
69-1

HCl/Dioxane
—_—

[1087] To a mixture of (3R)-3-methyl-4-(3-(3-methyl-1-

(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-y1)-7-(1-methyl- 0
1H-1,2,3-triazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)mor-

pholine (60 mg, 0.13 mmol) in DCM (0.5 mL) was added

HCI solution (4 M in dioxane, 1.5 mL). The mixture was N

stirred at room temperature for 1 h. LC-MS showed the

reaction was complete. The mixture was concentrated to XN

dryness. The residue was purified by Prep-HPLC (Ci4, |

10-95%, MeCN in H,O with 0.1% HCOOH) to give the ~ e / \
desired product (18 mg, yield: 36%). LC/MS (ESI): m/z 397
[M+H]*. "H NMR (400 MHz, DMSO) 8 13.12 (d, I=127.1 N—N. S—N
Hz, 1H), 8.25 (s, 1H), 7.50 (s, 1H), 7.16 (s, 1H), 4.61-4.53 N\

(m, 1H), 4.21 (s, 3H), 4.20-4.14 (m, 1H), 4.06 (d, J=10.3 Hz, 69
1H), 3.83 (d, J=11.3 Hz, 1H), 3.77-3.71 (m, 1H), 3.63-3.54

(m, 1H), 3.31-3.23 (m, 1H), 2.32 (s, 3H), 1.27 (d, J=6.6 Hz,

3H).
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Step 1. (3R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-
triazol-5-y1)-3-(1-(tetrahydro-2H-pyran-2-y1)-1H-
pyrazol-5-yl)isothiazolo[4,5-b[pyridin-5-yl)morpho-
line
[1089]

=a

N/N

/

THP

0,
\
B
/
o

| Pd(PPhs)4, 2M K>CO3
Dioxane

Cl

THP

[1090] To a mixture of (R)-4-(3-chloro-7-(1-methyl-1H-
1,2,3-triazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-methyl-

morpholine (95 mg, 0.27 mmol), 1-(oxan-2-yl)-5-(tetra
methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (226 mg,
0.81 mmol) and K,CO; (2M in H,0, 0.68 mL, 1.36 mmol)
in dioxane (8 mlL) was added Pd(PPh;), (63 mg, 0.05
mmol). The mixture was stirred at 100° C. for 16 h under N,
atmosphere. LC-MS showed the reaction was complete. The
reaction mixture was diluted with EA (50 mL), then washed
with water and brine, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was purified by column
chromatography on silica gel (PE:EA=1:1, V/V) to give the
desired product (52 mg, yield: 41%). LC/MS ESI (m/z): 467
[M+H]™".

Step 2. (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-tri-
azol-5-y1)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-yl)morpholine
[1091]

HCl/Dioxane
—_—
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-continued

[1092] To a mixture of (3R)-3-methyl-4-(7-(1-methyl-1H-
1,2,3-triazol-5-y1)-3-(1-(tetrahydro-2H-pyran-2-y1)-1H-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine (52
mg, 0.11 mmol) in DCM (0.5 mL) was added HC1 solution
(4M in dioxane, 1.5 mL). The mixture was stirred at room
temperature for 1 h. LC-MS showed the reaction was
complete. The mixture was concentrated to dryness. The
residue was purified by Prep-HPLC (C, 4, 10-95%, MeCN in
H,O with 0.1% HCOOH) to give the desired product (8 mg,
yield: 19%). LC/MS (ESI): m/z 383 [M+H]*. 'H NMR (400
MHz, DMSO) 9 13.53 (d, J=193.9 Hz, 1H), 8.26 (s, 1H),
7.77 (s, 1H), 7.49 (s, 1H), 7.43 (s, 1H), 4.61-4.54 (m, 1H),
4.20 (s,3H),4.17 (s, 1H), 4.05 (dd, J=10.5, 1.3 Hz, 1H), 3.83
(d, I=11.4 Hz, 1H), 3.76-3.71 (m, 1H), 3.59 (dd, I=12.4, 10.8
Hz, 1H), 3.29-3.25 (m, 1H), 1.27 (d, J=6.6 Hz, 3H).

Example 70
Synthesis of (R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-

yD)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-
y1)-3-methylmorpholine

[1093]
0
0. >B / |
[ o N/N
. /
70-2
xy Pd(dppf)Cls, 2M K,CO;
| Dioxane
al A OPMB

1) TFA
—_—

2) POCl3
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HCl/Dioxane

—_—

Step 1. (R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-
((4-methoxybenzyl)oxy)isothiazolo[4,5-b|pyridin-5-
y1)-3-methylmorpholine

[1094]
o)
0
[ j\ >B / |
N o NN
/
Xy Pd(dppfCla, 2M K,CO3
| Dioxane
al F OPMB
/
S—N
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-continued
[O
N
(]
A F OPMB
\N/N\ S \I\{

[1095] To a solution of (R)-4-(7-chloro-3-((4-methoxy-
benzyl)oxy)isothiazolo[4,5-b]pyridin-5-yl)-3-methylmor-
pholine (500 mg, 1.232 mmol) in dioxane (20 mL) was
added 1,4-dimethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-pyrazole (547.17 mg, 2.464 mmol), K,CO,
(1.848 mL, 3.695 mmol) and Pd(dppH)Cl, (90.13 mg, 0.123
mmol), and the reaction was stirred at 100° C. for 4 hr under
nitrogen atmosphere. LC-MS showed the reaction was com-
plete. The reaction was diluted with EA (20 mL) and water
(20 mL). The organic layer was separated, washed with
further saturated NaCl solution, dried over anhydrous
Na,SO,, filtered and concentrated in vacuo. The residue was
purified column chromatography on silica gel (PE:EA=3:1,
V/V) to afford the desired product (520 mg, 1.117 mmol,
90.67%). LC/MS (ESI) m/z: 466 (M+H)*.

Step 2. (R)-4-(3-chloro-7-(1,4-dimethyl-1H-pyrazol-
5-yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmor-

pholine)
[1096]
[O
Nj\
1) TFA
X —_—
| N 2) POCL
= A OPMB
\N/N S \I\{

[1097] To a solution of (R)-4-(7-(1,4-dimethyl-1H-pyra-
zol-5-y1)-3-((4-methoxybenzyl)oxy)isothiazolo[4,5-b|pyri-
din-5-y1)-3-methylmorpholine (520 mg, 1.117 mmol) in
TFA (10 mL). The mixture was stirred at 70° C. for 1 h.
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LC-MS showed the reaction was complete. The reaction Step 4. (R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-
mixture was concentrated under vacuo. The residue was (lH-pyraZOI-S-yl)isothiazolo[4,§-b]pyridin-S-yl)-3-
dissolved in Toluene (30 mL) and DIEA Ethyldiisopro- methylmorpholine

pylamine (0.738 mL, 4.468 mmol) and POCl, (0.416 mL, [1100]

4.468 mmol) was added to the mixture. Then the reaction

was stirred at 120° C. for 3 hr. LC-MS showed the reaction

was complete. The mixture was concentrated in vacuo and

the residue was purified by column chromatography on [

silica gel (PE:EA=2:1, V/V) to afford the desired product

(130 mg, 0.357 mmol, 31.99%). LC/MS (ESI) m/z: 364 N

(M+H)+, HCl/Dioxane

Step 3. (3R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-

(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)iso-
thiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine

[1098]

[1101] A solution of (3R)-4-(7-(1,4-dimethyl-1H-pyrazol-
5-yD)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)iso-
thiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine (35 mg,
0.073 mmol) in HCl/Dioxane (4M) (2 mlL) was stirred at
room temperature for 1 hr. The reaction mixture was con-
centrated in vacuo. The residue was purified by Pre-HPL.C
(Cyg, 10-95%, MeOH in H,O with 0.1% HCOOH) to afford
the desired product (10 mg, 0.025 mmol, 34.65%). LC/MS
(ESD) m/z: 396 (M+H)*. 1H NMR (400 MHz, DMSO-d6) &
7.72 (m, 1H), 7.48 (s, 1H), 7.44 (d, I=1.9 Hz, 1H), 7.36 (s,
1H), 4.57 (d, J=5.8 Hz, 1H), 4.21 (d, J=12.6 Hz, 1H), 4.04
(d, I=8.6 Hz, 1H), 3.81 (d, J=11.3 Hz, 1H), 3.75 (s, 3H), 3.71
(d, J=2.8 Hz, 1H), 3.62-3.55 (m, 1H), 3.27 (d, J=12.7 Hz,
1H), 1.98 (s, 3H), 1.26 (d, J=6.6 Hz, 3H).

Example 71
Synthesis of (R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-
\ THP/ yD)-3-(3 -met.hyl- 1H-pyrazol-5 -yl)lsothla;olo [4,5-b]
pyridin-5-y1)-3-methylmorpholine
[1102]

[1099] To a solution of (R)-4-(3-chloro-7-(1,4-dimethyl-
1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methyl- O\ /
morpholine (60 mg, 0.165 mmol) in dioxane (2 mL) was O B |
added 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetramethyl- [ j\ O/ N—N
1,3,2-dioxaborolan-2-y1)-1H-pyrazole (91.73 mg, 0.330 /
mmol), K,CO; (0.247 mL, 0.495 mmol) and Pd(PPh;), THP
(19.05 mg, 0.016 mmol), and the reaction was stirred at 100° 71-2

C. overnight under nitrogen atmosphere. LC-MS showed the
reaction was complete. The reaction was diluted with EA (10
ml) and water (10 mL). The organic layer was separated,
washed with further saturated NaCl solution, dried over
anhydrous Na,SO,, filtered and concentrated in vacuo. The
residue was purified Pre-TLC (DCM:MeOH=30:1, V/V) to
afford the desired product (35 mg, 0.073 mmol, 44.26%). 711
LC/MS (ESD) m/z: 480 (M+H)" 496 (M+H)".
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HCl/Dioxane

Step 1. (3R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-
(3-methyl-1-(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-
5-yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmor-
pholine

[1103]

0
\B%\"/
o/ N/N
/

THP
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[1104] To a solution of (R)-4-(3-chloro-7-(1,4-dimethyl-
1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methyl-
morpholine (60 mg, 0.165 mmol) in dioxane (2 mL) was
added 3-methyl-1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-te-
tramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole = (144.54
mg, 0.495 mmol), K,CO; (68.37 mg, 0.495 mmol) and
Pd(PPh;), (19.05 mg, 0.016 mmol), and the reaction was
stirred at 100° C. overnight under nitrogen atmosphere.
LC-MS showed the reaction was complete. The reaction was
diluted with EA (10 mL) and water (10 mL). The organic
layer was separated, washed with further saturated NaCl
solution, dried over anhydrous Na,SO,, filtered and con-
centrated in vacuo. The residue was purified Pre-TLC
(DCM:MeOH=30:1, V/V) to afford the desired product (35
mg, 0.071 mmol, 43.00%). LC/MS (ESD) m/z: 494 (M+H)*
410 (M+H)".

Step 2. (R)-4-(7-(1,4-dimethyl-1H-pyrazol-5-y1)-3-
(3-methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b|pyri-
din-5-y1)-3-methylmorpholine

[1105]

HCl/Dioxane

[1106] A solution of (3R)-4-(7-(1,4-dimethyl-1H-pyrazol-
5-yD)-3-(3-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
zol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line (35 mg, 0.071 mmol) in HCl/Dioxane (4M) (2 mL) was
stirred at room temperature for 1 hr. The reaction mixture
was concentrated in vacuo. The residue was purified by
Pre-HPLC (C,5, 10-95%, MeOH in H,O with 0.1%
HCOOH) to afford the desired product (15 mg, 0.037 mmol,
51.66%). LC/MS (ESI) m/z: 410 (M+H)*. "H NMR (400
MHz, DMSO) 8 7.48 (s, 1H), 7.35 (s, 1H), 7.16 (s, 1H), 4.55
(d, J=5.8 Hz, 1H), 4.21 (d, J=12.2 Hz, 1H), 4.04 (d, J=8.0
Hz, 1H), 3.81 (d, J=11.5 Hz, 1H), 3.73 (m, 4H), 3.60 (m,
1H), 3.29-3.23 (m, 1H), 2.33 (s, 3H), 1.98 (s, 3H), 1.26 (d,
J=6.6 Hz, 3H).
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Example 72

Synthesis of (R)-4-(7-(3,5-dimethylisoxazol-4-yl)-3-
(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-

methylmorpholine
[1107]
O\ =N
¥ V.
[ j\ ’ )
N
72-2
Xy Pd(dppf)Cla, 2M K,CO3
| Dioxane
al Z OPMB

1) TFA

e ——

2) DIPEA, THF

OTf

HCl/Dioxane
—_—
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-continued

Step 1. (R)-4-(7-(3,5-dimethylisoxazol-4-y1)-3-((4-
methoxybenzyl)oxy)isothiazolo[4,5-b]pyridin-5-y1)-
3-methylmorpholine

[1108]

= N Pd(dppf)Cl,, 2M K,CO;3
| Dioxane

F OPMB

[1109] To a solution of (R)-4-(7-chloro-3-((4-methoxy-
benzyl)oxy)isothiazolo[4,5-b]pyridin-5-yl)-3-methylmor-
pholine (350 mg, 0.862 mmol) in dioxan e(13 mlL) was
added 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)isoxazole (121.53 mg, 0.862 mmol), K,CO, (1.293
ml, 2.587 mmol) and Pd(dppf)Cl, (63.09 mg, 0.086 mmol),
and the reaction was stirred at 100° C. overnight under
nitrogen atmosphere. LC-MS showed the reaction was com-
plete. The reaction was diluted with EA (20 mL) and water
(20 mL). The organic layer was separated, washed with
further saturated NaCl solution, dried over anhydrous
Na,SO,, filtered and concentrated in vacuo. The residue was
purified column chromatography on silica gel (PE:EA=5:1,
V/V) to afford the desired product (220 mg, 0.472 mmol,
54.69%). LC/MS (ESI) m/z: 467 (M+H)*.
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Step 2. (R)-4-(3-chloro-7-(3,5-dimethylisoxazol-4-
yDjisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line

[1110]

1) TFA

_—

2) DIEA, THF

OTf

[1111] To a solution of (R)-4-(7-(3,5-dimethylisoxazol-4-
y1)-3-((4-methoxybenzyl)oxy )isothiazolo[4,5-b|pyridin-5-
yD)-3-methylmorpholine (220 mg, 0.472 mmol) in TFA (5
ml). The mixture was stirred at 70° C. for 1 h. LC-MS
showed the reaction was complete. The reaction mixture was
concentrated under vacuo. The residue was dissolved in
THF (10 mL) DIEA (0.390 mL, 2.358 mmol) and N-Phenyl-
bis(trifluoromethanesulfonimide) (505.37 mg, 1.415 mmol)
was added to the mixture. Then the reaction was stirred at
70'C for 2 hr. LC-MS showed the reaction was complete.
The mixture was concentrated in vacuo and the residue was
purified by column chromatography on silica gel (PE:EA=4:
1, V/V) to afford the desired product (170 mg, 0.355 mmol,
75.35%). LC/MS (ESI) m/z: 478 (M+H)™.

Step 3. (R)-7-(3,5-dimethylisoxazol-4-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-3-yl
trifluoromethanesulfonate

Lo

/

THP

[1112]

OTf

Sep. 21, 2023

-continued

(A

THP

[1113] To a solution of (R)-7-(3,5-dimethylisoxazol-4-yl)-
5-(3-methylmorpholino)isothiazolo[4,5-b]pyridin-3-yl trif-
luoromethanesulfonate (85 mg, 0.178 mmol) in DME (3
ml) was added 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-te-
tramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (98.83 mg,
0.355 mmol), K,CO (0.266 mL, 0.533 mmol) and Pd(dppf)
Cl, (13.00 mg, 0.018 mmol), and the reaction was stirred at
100° C. 4 hr under nitrogen atmosphere. LC-MS showed the
reaction was complete. The reaction was diluted with EA (10
ml) and water (10 mL). The organic layer was separated,
washed with further saturated NaCl solution, dried over
anhydrous Na,SO,, filtered and concentrated in vacuo. The
residue was purified Pre-TLC (DCM:MeOH=30:1, V/V) to
afford the desired product (30 mg, 0.062 mmol, 35.14%).
LC/MS (ESD) m/z: 480 (M+H)" 396 (M+H)".

Step 4. (R)-4-(7-(3,5-dimethylisoxazol-4-y1)-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-meth-
ylmorpholine

[1114]

HCl/Dioxane
—_—

[1115] A solution of (3R)-4-(7-(3,5-dimethylisoxazol-4-
yD)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)iso-

thiazolo[4,5-b]pyridin-5-yl)-3-methylmorpholine (30 mg,
0.062 mmol) in HCl/Dioxane (4M) (2 mlL) was stirred at
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room temperature for 1 hr. The reaction mixture was con- Step 1. (3R)-4-(7-(3,5-dimethylisoxazol-4-y1)-3-(3-
centrated in vacuo. The residue was purified by Pre-HPLC methyl-1-(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-
(Cys» 10-95%, MeOH in H,O with 0.1% HCOOH) to afford yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
the desired product (6 mg, 0.015 mmol, 24.24%). LC/MS line

(ESI) m/z: 396 (M+H)*. 1H NMR (400 MHz, DMSO) 6  [1117]
7.78 (s, 1H), 7.43 (d, I=1.5 Hz, 1H), 7.29 (s, 1H), 4.55 (d,
J=6.1 Hz, 1H), 4.18 (d, J=13.6 Hz, 1H), 4.04 (d, J=8.6 Hz,

1H), 3.81 (d, J=11.2 Hz, 1H), 3.72 (d, J=11.3 Hz, 1H), 3.57 HO.
m, 1H), 3.27 (m, 1H), 2.43 (s, 3H), 2.24 (s, 3H), 1.25 (d, N A |
J=6.7 Hz, 3H). . / N

Example 73

Synthesis of (R)-4-(7-(3,5-dimethylisoxazol-4-yl)-3-
(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-
methylmorpholine

OTf

[1116]

THP
73-2

ot [1118] To a solution of (R)-7-(3,5-dimethylisoxazol-4-yl)-
5-(3-methylmorpholino)isothiazolo[4,5-b]pyridin-3-yl trif-
luoromethanesulfonate (85 mg, 0.178 mmol) in DME (3
ml) was added 3-methyl-1-(tetrahydro-2H-pyran-2-yl)-5-
73-1 (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole
(74.77 mg, 0.356 mmol), K,CO; (0.266 mL, 0.533 mmol)
and Pd(dppf)Cl, (13.00 mg, 0.018 mmol), and the reaction
was stirred at 100° C. for 4 hr under nitrogen atmosphere.
LC-MS showed the reaction was complete. The reaction was
diluted with EA (10 mL) and water (10 mL). The organic
HCl/Dioxane layer was separated, washed with further saturated NaCl
solution, dried over anhydrous Na,SO,, filtered and con-
centrated in vacuo. The residue was purified Pre-TLC
(DCM:MeOH=30:1, V/V) to afford the desired product (20
mg, 0.040 mmol, 22.72%). LC/MS (ESD) m/z: 494 (M+H)*
410 (M+H)".

Step 2. (R)-4-(7-(3,5-dimethylisoxazol-4-yl1)-3-(3-
methyl-1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-
y1)-3-methylmorpholine e

[1119]

HCl/Dioxane
—_—
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-continued -continued

[1120] A solution of (3R)-4-(7-(3,5-dimethylisoxazol-4-
y1)-3-(3-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-
5-yDisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpholine
(20 mg, 0.040 mmol) in HCl/Dioxane (4M) (2 mL) was
stirred at room temperature for 1 hr. The reaction mixture Step 1. 2-(3-(3-methyl-l-(tetrahydro-ZH-pyraI}Q-
was concentrated in vacuo. The residue was purified by Yl)'?H'PVfaZ°1'5 -yh-5 -((R)-3-methylmorphohno)
Pre-HHPLC (C,e, 10-95%, MeOH in H,0 with 0.1% isothiazolo[4,5-b]pyridin-7-yl)propan-2-ol
HCOOH) to afford the desired product (6 mg, 0.015 mmol,

36.14%). LC/MS (ESD) m/z: 411 (M+H)*. 1H NMR (400  [1122]

MHz, DMS0) d 7.27 (s, 1H), 7.15 (s, 1H), 4.53 (d, J=5.9 Hz,

1H), 4.18 (d, J=12.4 Hz, 1H), 4.04 (d, J=8.6 Hz, 1H), 3.81

(d, I=11.4 Hz, 1H), 3.73 (d, J=11.4 Hz, 1H), 3.58 (t, J=10.3

Hz, 1H), 3.23 (s, 1H), 2.42 (s, 3H), 2.32 (s, 3H), 2.24 (s, 3H), 0

1.25 (d, 1=6.6 Hz, 3H). [ j\
Example 74 N

Synthesis of (R)-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-
(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
propan-2-ol

[1121]

CH3;MgBr

[1123] To solution of methyl 3-(3-methyl-1-(tetrahydro-

2H-pyran-2-yl)-1H-pyrazol-5-y1)-5-((R)-3-methylmor-

pholino)isothiazolo[4,5-b]pyridine-7-carboxylate (70 mg,
HCl/Dioxane 0.153 mmol) in THF (5 mL) were added Methyl magnesium
bromide (in ethyl ether) (0.153 mL, 0.459 mmol) drop wise
at 0° C. After stirring at 0° C. for 30 min, the mixture was
warmed to room temperature and stirred for another 1 hr.
The reaction was quenched with saturated NH,Cl solution
and diluted with EA. The organic layer was separated and
concentrated in vacuo. The residue was purified Prep-TLC
742 (PE:EA=1:1, V/V) to give desired product (35 mg, 0.076
mmol, 49.99%). LC/MS (ESI) (m/z): 458 (M+H)".
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Step 2. (R)-2-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3- -continued
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)

propan-2-ol o)
[1124] 0 j: \B—{\”
/ _N
(6] N
. /

THP

75-4
Ny
o
HCl/Dioxane A . o
—_— S
\ /
O S—~—N
75-3

HCl/Dioxane
B

[1125] A solution of 2-(3-(3-methyl-1-(tetrahydro-2H- 755
pyran-2-y1)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)propan-2-ol (30 mg, 0.066

mmol) in HCl/Dioxane (4M) (2 mL) was stirred at room

temperature for 1 hr. The reaction mixture was concentrated

in vacuo. The residue was purified by Pre-HPLC (Ciq, N

10-95%, MeOH in H,O with 0.1% HCOOH) to afford the
desired product (17 mg, 0.046 mmol, 69.42%). LC/MS

(ESI) m/z: 374 (M+H)*. 'H NMR (400 MHz, DMSO) § N
12.95 (d, J=103.8 Hz, 1H), 7.09 (s, 1H), 7.02 (s, 1H), 6.06 19 |
(s, 1H), 4.53 (s, 1H), 4.09 (d, J=12.9 Hz, 1H), 4.02 (d, J=9.1 \\S F / \
Hz, 1H), 3.81 (d, J=11.3 Hz, 1H), 3.72 (d, J=11.1 Hz, 1H), 2 / N/N
3.57 (t,J=10.8 Hz, 1H), 3.22 (t,J=11.1 Hz, 1H), 2.29 (s, 3H), O S—nN H
1.56 (s, 6H), 1.21 (d, J=6.6 Hz, 3H).
Example 75 »
Synthesis of (R)-4-(7-(cyclopropylsulfonyl)-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-meth-
ylmorpholine Step 1. (R)-4-(3-chloro-7-(cyclopropylsulfonyl)iso-
[1126] thiazolo[4,5-b]pyridin-5-y1)-3-methylmorpholine
[1127]
O
© D ll
S—Na o
| o
N |
75-2 S—Na
Ny — N >
| (6]
Ny
Cl Z / Cl |
S—N cl Z cl
/
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[N
Ny

(@)
\\S\ S ol
VA

[1128] To a solution of (R)-4-(3,7-dichloroisothiazolo[4,
5-b]pyridin-5-y1)-3-methylmorpholine (150 mg, 0.493
mmol) in DMF (5 mL) was added sodium cyclopropane-
sulfinate (94.77 mg, 0.740 mmol) and Cs,CO; (321.32 mg,
0.986 mmol), and the reaction was stirred at 70° C. over-
night. LC-MS showed the reaction was complete. The
reaction was diluted with EA (10 mL) and water (10 mL).
The organic layer was separated, washed with saturated
NaCl, dried over anhydrous Na,SO,, filtered and concen-
trated in vacuo. The residue was purified by Prep-TLC
(PE:EA=2:1, V/V) to afford the desired product (70 mg,
0.187 mmol, 37.97%). LC/MS (ESI) m/z: 374 (M+H)*. 'H
NMR (400 MHz, CDCI13) 8 7.28 (s, 1H), 4.46 (d, I=6.7 Hz,
1H), 4.17 (dd, J=13.4, 2.5 Hz, 1H), 4.10 (dd, J=11.5,3.7 Hz,
1H), 3.88 (d, J=11.5 Hz, 1H), 3.81 (dd, J=11.6, 3.0 Hz, 1H),
3.66 (td, J=11.9, 3.0 Hz, 1H), 3.41 (td, J=12.7, 3.9 Hz, 1H),
2.61-2.52 (m, 1H), 1.47 (dd, J=4.6, 2.2 Hz, 2H), 1.36 (d,
J=6.8 Hz, 3H), 1.12 (dd, J=7.9, 2.0 Hz, 2H).

Step 2. (3R)-4-(7-(cyclopropylsulfonyl)-3-(1-(tetra-
hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-5-y1)-3-methylmorpholine

[1129]
O o)
e
o/ N/N
b /
THP
SN
o |

\ & cl

Sep. 21, 2023

[1130] To a solution of (R)-4-(3-chloro-7-(cyclopropy-
Isulfonyl)isothiazolo[4,5-b|pyridin-5-y1)-3-methylmorpho-
line (60 mg, 0.160 mmol) in dioxane (2.5 mL) was added
1-(tetrahydro-2H-pyran-2-y1)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole (94.36 mg, 0.481 mmol),
K,CO; (0.241 mL, 0.481 mmol) and Pd(dppt)Cl, (11.74 mg,
0.016 mmol), and the reaction was stirred at 100° C.
overnight under nitrogen atmosphere. LC-MS showed the
reaction was complete. The reaction was diluted with EA (10
ml) and water (10 mL). The organic layer was separated,
washed with further saturated NaCl, dried over anhydrous
Na,SO,, filtered and concentrated in vacuo. The residue was
purified by Pre-TL.C (DCM:MeOH=30:1, V/V) to afford the
desired product (50 mg, 0.102 mmol, 63.64%). LC/MS
(ESD) m/z: 489 (M+H)™.

Step 3. (R)-4-(7-(cyclopropylsulfonyl)-3-(1H-pyra-
70l-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-methyl-
morpholine

[1131]

HCl/Dioxane
_—

[1132] A solution of (R)-4-(7-(cyclopropylsulfonyl)-3-
(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methyl-
morpholine (50 mg, 0.102 mmol) in HCI solution (4M in
dioxane, 2 ml) was stirred at room temperature for 1 hr.
LC-MS showed the reaction was complete. The reaction
mixture was concentrated in vacuo. The residue was purified
by prep-HPLC (C,g, 10-95%, MeOH in H,O with 0.1%
TFA) to afford the desired product (10 mg, 0.025 mmol,
24.15%). LC/MS (ESI) m/z: 406 (M+H)*. '"H NMR (400
MHz, DMSO) 9 13.55 (d, J=174.5 Hz, 1H), 7.68 (s, 2H),
7.38 (s, 1H), 4.60 (s, 1H), 4.19 (d, I=12.8 Hz, 1H), 4.08-4.02
(m, 1H), 3.83 (d, I=11.4 Hz, 1H), 3.73 (dd, J=11.5, 2.8 Hz,
1H), 3.58 (dd, J=11.6, 9.1 Hz, 1H), 3.29 (s, 1H), 3.22-3.19
(m, 1H), 1.29 (d, J=3.4 Hz, 2H), 1.27 (d, J=6.7 Hz, 3H), 1.16
(dd, J=7.8, 2.3 Hz, 2H).
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Example 76

Synthesis of (R)-2-(5-(3-methylmorpholino)-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)-1,2-
thiazinane 1,1-dioxide

[1133]
\\//
]
Cl Z Cl
/
S—~—nN
76-1
j\ ji A
N
76-4
HCl/Dioxane
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Step 1. (R)-2-(3-chloro-5-(3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-y1)-1,2-thiazinane 1,1-
dioxide
[1134]
O oL 0
W/
\NH
N
]
Cl 7 Cl
/
S—N
[O
Nj\
0. 0 Sy
VAl
~y F ol
/
S—N

[1135] To a solution of (R)-4-(3,7-dichloroisothiazolo[4,

5-b]pyridin-5-y1)-3-methylmorpholine (150 mg, 0.493
mmol) in toluene (5 ml) was added 1,2-thiazinane 1,1-
dioxide (99.99 mg, 0.740 mmol), Cs,CO; (321.32 mg, 0.986
mmol) and Pd(OAc), (11.07 mg, 0.049 mmol), and the
reaction was stirred at 100° C. overnight under nitrogen
atmosphere. LC-MS showed the reaction was complete. The
reaction was diluted with EA (20 mL) and water (20 mL).
The organic layer was separated, washed with saturated
NaCl, dried over anhydrous Na,SO,, filtered and concen-
trated in vacuo. The residue was purified by column chro-
matography on silica gel (PE:EA=2:1, V/V) to afford the
desired product (50 mg, 0.124 mmol, 25.17%). LC/MS
(ESD) m/z: 403 (M+H)™.

Step 2. 2-(5-((R)-3-methylmorpholino)-3-(1-(tetra-
hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-y1)-1,2-thiazinane 1,1-dioxide

[1136]
0 0
L o
1 ) THP/N/N
0o 0 SN
\Vall

~y P ol
4
S—nN
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-continued [1139] A solution of 2-(5-((R)-3-methylmorpholino)-3-(1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo[4,

O 5-b]pyridin-7-y1)-1,2-thiazinane 1,1-dioxide (30 mg, 0.058

[ j\ mmol) in HCI solution (4M in dioxane, 2 mL) was stirred at

room temperature for 1 hr. LC-MS showed the reaction was

N complete. The reaction mixture was concentrated in vacuo.

The residue was purified by Pre-HPLC (C,,, 10-95%,

MeOH in H,O with 0.1% TFA) to afford the desired product

(10 mg, 0.023 mmol, 39.79%). LC/MS (ESI) m/z: 435

(M+H)".1H NMR (400 MHz, DMSO) 9 13.46 (d, J=166.0

Hz, 1H), 7.77 (d, I=88.4 Hz, 1H), 7.35 (d, J=1.9 Hz, 1H),

7.06 (s, 1H), 4.50 (s, 1H), 4.13-3.97 (m, 2H), 3.82 (dd,
J=13.8, 8.4 Hz, 3H), 3.69 (dd, J=11.4, 2.8 Hz, 1H), 3.58-3.51

[1137] To a solution of (R)-2-(3-chloro-5-(3-methylmor- (m, 1H), 3.50-3.46 (m, 2H), 3.25-3.21 (m, 1H), 2.21 (s, 2H),

pholino)isothiazolo[4,5-b]pyridin-7-yl)-1,2-thiazinane 1,1- 1.87 (s, 2H), 1.22 (d, J=6.6 Hz, 3H)

dioxide (50 mg, 0.124 mmol) in dioxane (1.5 mL) was added

1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-1H-pyrazole (69.03 mg, 0.248 mmol), Example 77

K,CO; (0.186 mL, 0.372 mmol) and Pd(PPh,), (143.39 mg,

0.124 mmol). The reaction was stirred at 100° C. overnight Synthesis of (R)—N-(3-chloro-1H-pyrazol-5-yl)-4-
under nitrogen atmosphere. LC-MS showed the reaction was (3-methylmorpholino)-6-(1-(methylsulfonyl)cyclo-
complete. The reaction was diluted with EA (10 mL) and propyl)pyrimidin-2-amine

water (10 mL). The organic layer was separated, washed

with saturated NaCl, dried over anhydrous Na,SO,, filtered [1140]
and concentrated in vacuo. The residue was purified by
prep-TLC (DCM:MeOH=30:1, V/V) to afford the desired

product (30 mg, 0.058 mmol, 46.61%). LC/MS (ESI) m/z:

519 (M+H)*.

Step 3. (R)-2-(5-(3-methylmorpholino)-3-(1H-pyra-
zol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)-1,2-thiazi- cl
nane 1,1-dioxide

N\
[1138] l N
H,N I\{
Boc
77-2

Brettphos Pd Gz, Cs,CO3, dioxane

HCl/Dioxane
—_—

71




US 2023/0295166 Al

Step 1. (R)—N-(3-chloro-1H-pyrazol-5-y1)-4-(3-
methylmorpholino)-6-(1-(methylsulfonyl)cyclopro-
pyDpyrimidin-2-amine
[1141]

Boce

Brettphos Pd Gz, Cs,CO3, dioxane

[1142] To a solution of (3R)-4-[2-chloro-6-(1-methane-
sulfonylcyclopropyl)pyrimidin-4-y1]-3-methylmorpholine
(87 mg, 0.26 mmol) and tert-butyl S-amino-3-chloro-1H-
pyrazole-1-carboxylate (86 mg, 0.39 mmol) in dioxane (4
ml) were added BrettPhos Pd G3 (24 mg, 0.02 mmol) and
Cs,CO; (172 mg, 0.52 mmol). The mixture was stirred at
100° C. for 16 h under N, atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with EA (40 mL), then washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated. The
residue was purified by prep-HPLC (C18, 10-95%, MeOH
in H,O with 0.1% HCOOH) to give the desired product (43
mg, yield: 39%). 1H NMR (400 MHz, DMSO-d6) § 12.24
(s, 1H), 9.86 (s, 1H), 6.37 (s, 1H), 5.93 (s, 1H), 4.41 (s, 1H),
4.02 (d, J=13.7 Hz, 1H), 3.93 (dd, J=11.4, 3.4 Hz, 1H), 3.73
(d, I=11.4 Hz, 1H), 3.58 (dd, J=11.5, 2.9 Hz, 1H), 3.43 (1,
J=11.9, 2.9 Hz, 1H), 3.19-3.10 (m, 4H), 1.63 (t, J=5.8 Hz,
2H), 1.51 (s, 2H), 1.19 (d, J=6.7 Hz, 3H).

Example 78
Synthesis of 3-[4-(1-methyl-1H-pyrazol-5-y1)-7-
(1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-y1]-8-
oxa-3-azabicyclo[3.2.1]octane

[1143]

THP

N/N B(OH),
\ /

78-2

PdCly(PPhs),, 2M K,CO;3,
DME
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HCl/Dioxane
—_—

78-4

78

Step 1. 3-[4-(1-methyl-1H-pyrazol-5-y1)-7-[1-(oxan-
2-y1)-1H-pyrazol-5-yl]imidazo[1,5-b]pyridazin-2-
yl]-8-oxa-3-azabicyclo[3.2.1]octane

[1144]
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-continued

THP

[1145] To a solution of 3-[5-iodo-4-(1-methyl-1H-pyra-
zol-5-y1)-7-[1-(oxan-2-y1)-1H-pyrazol-5-yl|imidazo[ 1,5-b]
pyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane (250 mg,
0.426 mmol) in MeOH (15 mL) were added Pd/C (0.044
ml, 0.426 mmol) under H, atmosphere, and the reaction was
stirred at room temperature overnight. Then the reaction was
concentrated in vacuo to afford 3-[4-(1-methyl-1H-pyrazol-
5-yD)-7-[1-(oxan-2-y1)-1H-pyrazol-5-yl]imidazo[ 1,5-b]
pyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane (100 mg,
0.217 mmol, 50.93%). LC/MS (ESI) m/z: 461 (M+H)"

Step 2. 3-[4-(1-methyl-1H-pyrazol-5-y1)-7-(1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl]-8-oxa-3-
azabicyclo[3.2.1]octane

[1146]

HCl/Dioxane
_——

N
N/
/
THP
EOZ
N

N,

N

[1147] To a solution of 3-[4-(1-methyl-1H-pyrazol-5-yl)-
7-[1-(oxan-2-yl)-1H-pyrazol-5-yl|imidazo[1,5-b]pyridazin-
2-yl]-8-oxa-3-azabicyclo[3.2.1]octane (100 mg, 0.217
mmol) in DCM (10 mL) were added HCl/dioxane (10 mL),
and the reaction was stirred at room temperature for 1 hour.

Sep. 21, 2023

The reaction mixture was extracted with Ethyl Acetate,
washed with H,O and brine, dried over Na,SO,, filtered and
concentrated in vacuum to give the title product 3-[4-(1-
methyl-1H-pyrazol-5-y1)-7-(1H-pyrazol-5-yl)imidazo[ 1,5-
blpyridazin-2-yl]-8-oxa-3-azabicyclo[3.2.1]octane (7 mg,
0.019 mmol, 8.56%). LC/MS (ESI) m/z:377 (M+H)". 'H
NMR (400 MHz, DMSO) 8 7.73 (s, 1H), 7.66 (d, I=1.9 Hz,
1H), 7.44 (s, 1H), 7.14 (d, I=1.8 Hz, 1H), 6.94 (s, 1H), 6.80
(d, I=1.9Hz, 1H), 4.51 (s, 2H), 3.96 (d, J=14.5 Hz, 3H), 3.93
(d, J=12.4 Hz, 2H), 3.24-3.10 (m, 2H), 1.87 (s, 4H).

Example 79

Synthesis of 3-[4-(1-methyl-1H-pyrazol-5-y1)-7-(3-
methyl-1H-pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-
yl]-8-oxa-3-azabicyclo[3.2.1]octane

[1148]

79-2
PACI,(PPhs),, 2M K,CO;,
DME

Pd/C, H,

HCl/Dioxane
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-continued Step 2.3-[4-(1-methyl-1H-pyrazol-5-y1)-7-(3-
methyl-1H-pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-
yl]-8-oxa-3-azabicyclo[3.2.1]octane

[1151]

N HCl/Dioxane
N/ - =
H
/ 1\
79 N N
/
Step 1. 3-{7-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-
y1]-4-(1-methyl-1H-pyrazol-5-yl)imidazo[1,5-b]
pyridazin-2-yl}-8-oxa-3-azabicyclo[3.2.1]octane
[1149]
/ 1
N
H
[1152] To a solution of 3-{7-[3-methyl-1-(oxan-2-yl)-1H-
pyrazol-5-yl]-4-(1-methyl-1H-pyrazol-5-yl)imidazo[ 1,5-b]
pyridazin-2-yl}-8-oxa-3-azabicyclo[3.2.1]octane (96 mg,
0.202 mmol) in DCM (6 mL) were added HCl/Dioxane (6
ml), and the reaction was stirred at room temperature for 1
hour. The reaction mixture was extracted with Ethyl Acetate,
washed with H,O and brine, dried over Na,SO,, filtered and
concentrated in vacuum to give the title product 3-[4-(1-
methyl-1H-pyrazol-5-y1)-7-(3-methyl-1H-pyrazol-5-yl)imi-
dazo[1,5-b]pyridazin-2-y1]-8-oxa-3-azabicyclo[3.2.1]oc-
tane (10 mg, 0.026 mmol, 12.66%). LC/MS (ESI) m/z:391
M+H)™.
[1153] 'H NMR (400 MHz, DMSO) 8 7.65 (d, I=1.9 Hz,
1H), 7.41 (s, 1H), 6.92 (s, 1H), 6.88 (s, 1H), 6.79 (d, =1.9
Hz, 1H), 4.51 (s, 2H), 3.98 (s, 3H), 3.92 (d, J=12.4 Hz, 2H),
3.18 (dd, J=12.5, 2.2 Hz, 2H), 2.30 (s, 3H), 1.87 (s, 4H).
Example 80
/ \ Synthesis of (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-
N/N (3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
/ cyclopentane-1-carbonitrile
THP [1154]
O
[1150] To a solution of 3-{5-iodo-7-[3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-y1]-4-(1-methyl-1H-pyrazol-5-yl)imidazo
[1,5-b]pyridazin-2-y1}-8-oxa-3-azabicyclo[3.2.1]octane N NN Br
(150 mg, 0.250 mmol) in MeOH (10 ml.) were added Pd/C Br
(0.026 mL, 0.250 mmol) at the H, protection, and the =y KOH, TBAB
reaction was stirred at room temperature overnight. Then the | 2-Me—THEF, H,0
reaction was concentrated in vacuo to afford 3-{7-[3- NE a al
methyl-1-(oxan-2-yl)-1H-pyrazol-5-yl]-4-(1-methyl-1H- /
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-y1}-8-oxa-3-azabi- S—nN
cyclo[3.2.1]octane (96 mg, 0.202 mmol, 80.98%). LC/MS 80-1

(ESI) m/z:475 (M+H)*
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Step 1. (R)-1-(3-chloro-5-(3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclopentane-1-carbo-

nitrile
[1155]
[O
T PN
Br
XN KOH, TBAB
| 2-Me—THF, H,0
NC
# cl
S—N
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[1156] A mixture of 2-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-yl}acetonitrile
(152 mg, 0.492 mmol), 1,4-dibromobutane (0.235 mL,
1.969 mmol), KOH (552.40 mg, 9.845 mmol) and TBAB
(0.031 mL, 0.098 mmol) in 2-methyltetrahydrofuran (10
ml) and water (1 mL) was stirred at 80° C. for 4 hrs under
nitrogen atmosphere. The reaction mixture was diluted with
water and extracted with ethyl acetate. The combined
organic layer was washed with brine, dried over Na,SO,,
filtered and concentrated in vacuo. The residue was purified
on flash column chromatography (Silica, 0~30% Ethyl
Acetate in petroleum ether) to give the title product 1-{3-
chloro-5-[(3R)-3-methylmorpholin-4-yl1]-[ 1,2 ]thiazolo[4,5-
blpyridin-7-yl}cyclopentane-1-carbonitrile (140 mg, 0.386
mmol, 78.37%). LC-MS(ESI+): m/z (M+H)=362.9, 364.8

Step 2. 1-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclopentane-1-carbo-

nitrile
[1157]
0 HO,
O, T
HO n—N
1 /
THP
SN Pd(PPh3),Cla, K,CO5
| dioxane*H,O
NC
A cl
/
S—N
[1158] A mixture of 1-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-yl} cyclopentane-
1-carbonitrile (140 mg, 0.386 mmol), [3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-yl]boronic acid (324.13 mg, 1.543 mmol),
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Pd(dppf)Cl, (56.46 mg, 0.077 mmol) and K,CO; (266.60
mg, 1.929 mmol) in dioxane (10 mL) and water (1 mL) was
stirred overnight at 100° C. under nitrogen atmosphere.
[1159] The reaction mixture was diluted with water and
extracted with ethyl acetate. The combined organic layer
was washed with brine, dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified on flash
column chromatography (Silica, 0~80% Ethyl Acetate in
petroleum ether) to give the title product 1-{3-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-y1]-5-[ (3R )-3-methylmorpholin-
4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-y1}cyclopentane-1-car-
bonitrile (91 mg, 0.185 mmol, 47.88%). LC-MS(ESI+): m/z
(M+H-THP)=408.9

Step 3. (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclopentane-1-carbonitrile

[1160]

[1161] To a solution of 1-{3-[3-methyl-1-(oxan-2-y1)-1H-
pyrazol-5-y1]-5-[ (3R)-3-methylmorpholin-4-yl]-[1,2]thi-
azolo[4,5-b]pyridin-7-yl}cyclopentane-1-carbonitrile (91
mg, 0.185 mmol) in DCM (5 mL) was added TFA (5 mL)
and the resulting mixture was stirred for 3 hrs at ambient
temperature. The mixture was concentrated and basified
with saturated ammonium. The mixture was concentrated
and the residue was purified on flash column chromatogra-
phy (Silica, 0~10% MeOH in DCM) and Prep-HPLC (C18,
10-95%, acetonitrile in water with 0.1% formic acid) to give
the title product 1-[3-(3-methyl-1H-pyrazol-5-y1)-5-[(3R)-
3-methylmorpholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-y1]
cyclopentane-1-carbonitrile (44.2 mg, 0.108 mmol,
58.57%). LC-MS(ESI+): m/z (M+H)=408.9. '"H NMR (400
MHz, DMSO) § 13.10 (d, J=123.6 Hz, 1H), 7.15 (d, J=14.6

Sep. 21, 2023

Hz, 2H), 4.56 (s, 1H), 4.13 (d, J=12.3 Hz, 1H), 4.04 (d, ]=9.8
Hz, 1H), 3.82 (d, J=11.2 Hz, 1H), 3.71 (dd, I=11.4, 2.7 Hz,
1H), 3.62-3.51 (m, 1H), 3.30-3.23 (m, 1H), 2.63-2.55 (m.
2H), 2.39-2.27 (m, 5H), 2.01-1.91 (m, 4H), 1.24 (d, ]=6.6
Hz, 3H).

Example 81

Synthesis of (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-
(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclohexane-1-carbonitrile

[1162]

oUret)

HO
/

THP

81-2

| Pd(PPh3),Cl, 2M K>CO3

NC Dioxane

81
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Step 1. 1-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclohexane-1-carbo-

nitrile
[1163]
o)
HO,
C g
N HO N—N
/
SN N THP
| Pd(PPh3),Cly, 2M K>CO;3
NC Dioxane
7 cl
/
S—N
[1164] A mixture of 1-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-yl }cyclohexane-
1-carbonitrile (130 mg, 0.34 mmol), [3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-yl]boronic acid (290 mg, 1.38 mmol),
PdCl,(dpp?) (50 mg, 0.06 mmol) and K,CO; (2.0 M in H,O,
0.70 mL, 1.40 mmol) in dioxane (5 mL) was stirred at 100°
C. for 16 h under N, atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with H,O (20 mL), then extracted with EA (50 m[.x3). The
combined organic layer was washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel
(DCM:MeOH=40:1, V/V) to give the desired product (139
mg, yield: 79%). LC/MS (ESI): m/z 507 [M+H]™".

Step 2. (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-

methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)

cyclohexane-1-carbonitrile

[1165]

Sep. 21, 2023
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[1166] A mixture of 1-{3-[3-methyl-1-(oxan-2-yl)-1H-
pyrazol-5-yl1]-5-[(3S)-3-methylmorpholin-4-y1]-[1,2]thi-
azolo[4,5-b]pyridin-7-yl }cyclohexane-1-carbonitrile (139
mg, 0.27 mmol) in TFA (5.0 mL) was stirred at 30° C. for
2 h. LC-MS showed the reaction was complete. The reaction
mixture was concentrated under reduced pressure. The resi-
due was purified by prep-HPLC (C18, 10-95%, MeOH in
H,O with 0.1% HCOOH) to give the desired product (20
mg, yield: 17%). LC/MS (ESI): mv/z 423 [M+H]*. IH NMR
(400 MHz, DMSO-d6) d 13.10 (d, J=123.2 Hz, 1H), 7.15
(dd, J=26.7, 15.1 Hz, 2H), 4.55 (s, 1H), 4.09 (dd, J=35.7,
11.7 Hz, 2H), 3.83 (d, J=11.2 Hz, 1H), 3.71 (d, J=9.1 Hz,
1H), 3.57 (t, J=10.7 Hz, 1H), 3.27 (s, 1H), 2.38-2.27 (m,
5H), 2.10-2.01 (m, 2H), 1.93 (d, J=14.1 Hz, 2H), 1.74 (dt,
J=39.1, 13.3 Hz, 3H), 1.37 (dd, =17 .4, 8.4 Hz, 1H), 1.25 (d,
J=6.5 Hz, 3H).

Example 82

Synthesis of 2-[3-(3-methyl-1H-pyrazol-5-yl)-5-
[(3R)-3-methylmorpholin-4-yl1]-[1,2]thiazolo[4,5-b]
pyridin-7-y1]-11"6,2-thiazinane-1,1-dione

[1167]

o\\ //o
[O @H
Nj\
82-2
(]
cl 7~ Cl
/
S—nN
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Step 1. 2-{3-chloro-5-[(3R)-3-methylmorpholin-4-
y1]-[1,2]thiazolo[4,5-b]pyridin-7-y1}-1A"6,2-thiazi-
nane-1,1-dione

[1168]
¢ N
SNH
N
(]
Cl Z Cl
/
S—N

HCl/Dioxane
B ——
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[1169] To a solution of (3R)-4-{3,7-dichloro-[1,2]thiazolo
[4,5-b]pyridin-5-y1}-3-methylmorpholine (200 mg, 0.657
mmol) and 1)°6,2-thiazinane-1,1-dione (177.76 mg, 1.315
mmol) in toluene (8 mL) were added Pd(OAc), (14.76 mg,
0.066 mmol), XANT PHOS (76.08 mg, 0.131 mmol) and
CS,CO; (428.43 mg, 1.315 mmol), and the reaction was
stirred at 100° C. overnight under nitrogen atmosphere. The
reaction was diluted with DCM and water. The organic layer
was separated, washed with further saturated NaCl solution,
and concentrated in vacuo. The residue was purified via
Biotage (PE:EA=2:1) to afford the 2-{3-chloro-5-[(3R)-3-
methylmorpholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-y1}-
17"6,2-thiazinane-1,1-dione (110 mg, 0.273 mmol,
41.52%). LC/MS (ESD) n/z:403 (M+H)*.

Step 2. 2-{3-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-
y1]-5-[(3R)-3-methylmorpholin-4-yl1]-[1,2]thiazolo
[4,5-b]pyridin-7-y1}-1)."6,2-thiazinane-1,1-dione

[1170]
° HO
C T
N HO =N
/
THP
0 0 N Pd(PPhy)y, 2M K,CO5
\\S// Dioxane

|
~y VY ol
Rt

[1171] To a solution of 2-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-y1}-11"6,2-thi-

azinane-1,1-dione (100 mg, 0.248 mmol) in dioxane (10
ml) was added [3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-yl]
boronic acid (156.38 mg, 0.745 mmol), Pd(PPh;), (28.68
mg, 0.025 mmol), K,CO; (68.60 mg, 0.496 mmol), and the



US 2023/0295166 Al Sep. 21, 2023

205
reaction was stirred at 100° C. overnight under nitrogen Example 83
atmosphere. The reaction was diluted with EA and water.
The organic layer was separated, washed with further satu- Synthesis of (R)-4-(5-(3-methylmorpholino)-3-(1H-
rated NaCl solution, and concentrated in vacuo to give the pyrazol-5-yl)isothiazolo[4,5-b]pyridin-7-y])tetra-
title product 2-{3-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5- hydro-2H-pyran-4-carbonitrile
y1]-5-[(3R)-3-methylmorpholin-4-y1]-[ 1,2 ]thiazolo[4,5-b] [1174]

pyridin-7-y1}-1)"6,2-thiazinane-1,1-dione (50 mg, 0.094
mmol, 37.82%). LC/MS (ESI) m/z:533 (M+H)*.
O

Step 3. 2-[3-(3-methyl-1H-pyrazol-5-y1)-5-[(3R)-3-
methylmorpholin-4-yl1]-[1,2]thiazolo[4,5-b]pyridin-
7-y1]-1176,2-thiazinane-1,1-dione N 0
Br/\/ \/\Br
[1172] | SN TBAB, KOH/H,0, 2-MeTHF
NC
Z cl
/
S—N
83-1
O
O
(]
N
HCl/Dioxane o /N/
N THP
N N 83-3
| Pd(PPh;),Cly, 2M K,CO;4
NC Dioxane
7 cl
/
S—N
O
TFA
—_—

[1173] To a solution of 2-{3-[3-methyl-1-(oxan-2-y1)-1H-
pyrazol-5-y1]-5-[ (3R)-3-methylmorpholin-4-yl]-[1,2]thi- 834
azolo[4,5-blpyridin-7-y1}-11"6,2-thiazinane-1,1-dione (50 o
mg, 0.094 mmol) in DCM (5§ mL) were added HCl/Dioxane
(5 mL), and the reaction was stirred at room temperature for
1 hour. The reaction mixture was extracted with Ethyl N

Acetate, washed with H,O and brine, dried over Na,SO,,
filtered and concentrated in vacuo to give the title product
2-[3-(3-methyl-1H-pyrazol-5-y1)-5-[ (3R )-3-methylmorpho-
lin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-y1]-17"6,2-thiazi-
nane-1,1-dione (11 mg, 0.025 mmol, 26.13%). LC/MS (ESI)
m/z:449 (M+H)*. "H NMR (400 MHz, DMSO-d6) § 13.07
(d, J=112.8 Hz, 1H), 7.09 (d, J=9.6 Hz, 2H), 4.51 (s, 1H),
4.19-3.96 (m, 2H), 3.91-3.75 (m, 3H), 3.72 (dd, I=11.5, 2.8
Hz, 1H), 3.57 (td, J=11.8, 2.9 Hz, 1H), 3.53-3.46 (m, 2H), 83
3.30-3.15 (m, 1H), 2.31 (s, 3H), 2.22 (s, 2H), 1.88 (s, 2H),

1.24 (d, J=6.6 Hz, 3H).
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Step 1. (R)-4-(3-chloro-5-(3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)tetrahydro-2H-pyran-
4-carbonitrile

[1175]
[O
N 0
Br/\/ \/\ Br
| Xy TBAB, KOW/H,0, 2-MeTHF
NC
A cl
/
S—N
[O
Nj\
(]
NC
7 al
Vi
S—N
0

[1176] A mixture of 2-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-yl}acetonitrile
(260 mg, 0.84 mmol), 1-bromo-2-(2-bromoethoxy)ethane
(783 mg, 3.37 mmol), KOH (10.0 M in H,0, 1.6 mL, 16.0
mmol) and TBAB (54 mg, 0.16 mmol) in 2-MTHF (16 mL)
was stirred at 80° C. for 2 h. LC-MS showed the reaction
was complete. The reaction mixture was diluted with EA (60
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=1:
1, V/V) to afford the desired product (134 mg, yield: 42%).
LC/MS (ESD): m/z 379 [M+H]*.

Step 2. 4-(5-((R)-3-methylmorpholino)-3-(1-(tetra-
hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-7-yl)tetrahydro-2H-pyran-4-carboni-

trile
[1177]
@)
(@]
\
[ /B‘{\”
N o NN
THP/
Ny
| Pd(PPh3),Cly, 2M K,CO;3
NC Dioxane
A cl
S—N
(0]
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[1178] A mixture of 4-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-yl }oxane-4-car-
bonitrile (60 mg, 0.15 mmol), 1-(oxan-2-yl)-5-(tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole (110 mg, 0.39
mmol), PAC1,(dppf) (23 mg, 0.03 mmol) and K,CO; (2.0 M
in H,0, 0.23 mL, 0.47 mmol) in dioxane (2 mL) was stirred
at 100° C. for 16 h under N, atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with H,O (20 mL), then extracted with EA (50 mL.x3). The
combined organic layer was washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel
(DCM:MeOH=40:1, V/V) to give the desired product (40
mg, yield: 51%). LC/MS (ESI): m/z 495 [M+H]".

Step 3. (R)-4-(5-(3-methylmorpholino)-3-(1H-pyra-
70l-5-yl)isothiazolo[4,5-b|pyridin-7-y])tetrahydro-
2H-pyran-4-carbonitrile

[1179]

[1180] A mixture of 4-{5-[(3S)-3-methylmorpholin-4-yl]-
3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]pyri-
din-7-yl}oxane-4-carbonitrile (47 mg, 0.09 mmol) in TFA
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(3.0 mL) was stirred at 30° C. for 1 h. LC-MS showed the
reaction was complete. The reaction mixture was concen-
trated under reduced pressure. The residue was purified by
Prep-HPLC (C18, 10-95%, MeOH in H,O with 0.1%
HCOOH) to give the desired product (10 mg, yield: 25%).
LC/MS (ESI): m/z 411 [M+H]". 1H NMR (400 MHz,
DMSO) 8 13.51 (d, J=174.9 Hz, 1H), 7.80 (d, J=87.4 Hz,
1H), 7.40 (d, J=1.6 Hz, 1H), 7.21 (s, 1H), 4.59 (s, 1H),
4.20-4.00 (m, 4H), 3.87-3.68 (m, 4H), 3.56 (dd, J=11.6, 9.0
Hz, 1H), 3.27 (d, J=13.0 Hz, 1H), 2.38-2.27 (m, 4H), 1.25
(d, J=6.7 Hz, 3H).

Example 84

Synthesis of (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-
(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclopentane-1-carbonitrile

[1181]
o)
HO
[ j\ \B 4{\”/
N 1o’ N—N
THP/
=y
| Pd(PPh;),Cly, K>CO4
NC Z o dioxane*H,O
/
S—N
0

TFA
DCM

84-2
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84
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Step 1. 4-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)tetrahydro-2H-pyran-
4-carbonitrile

[1182]
(0]
HO,
Ol 5<r
N 1o’ N—N
/
AN N THP
| Pd(PPh3),Cly, KCO;
NC dioxane*H,O
& cl
/
S—N
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[1183] A mixture of 4-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-yl]-thiazolo[4,5-b]pyridin-7-yl}oxane-4-carboni-
trile (60 mg, 0.158 mmol), [3-methyl-1-(oxan-2-yl)-1H-
pyrazol-5-yl|boronic acid (133.05 mg, 0.633 mmol),
Pd(dppf)Cl, (23.17 mg, 0.032 mmol) and K,CO; (552.84
mg, 4 mmol) in dioxane (10 mL) and water (2 mL) was
stirred overnight at 100° C. under nitrogen atmosphere. The
reaction mixture was diluted with water and extracted with
ethyl acetate. The combined organic layer was washed with
brine, dried over Na,SO,, filtered and concentrated in
vacuo. The residue was purified on flash column chroma-
tography (Silica, 0~100% Ethyl Acetate in petroleum ether)
to give the title product 4-{3-[3-methyl-1-(oxan-2-yl)-1H-
pyrazol-5-y1]-5-[(3R)-3-methylmorpholin-4-yl]-[ 1,2]thi-
azolo[4,5-b]pyridin-7-yl}oxane-4-carbonitrile (47 mg,
0.092 mmol, 58.35%). LC-MS(ESI+): m/z (M+H)=508.9

Step 2. (R)-4-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
tetrahydro-2H-pyran-4-carbonitrile

[1184]

TFA
DCM
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[1185] To a solution of 4-{3-[3-methyl-1-(oxan-2-yl)-1H-
pyrazol-5-y1]-5-[ (3R)-3-methylmorpholin-4-yl]-[1,2]thi-
azolo[4,5-b]pyridin-7-yl}oxane-4-carbonitrile (47 mg,
0.092 mmol) in DCM (3 mL) was added TFA (3 mL) and the
resulting mixture was stirred for 3 hrs at ambient tempera-
ture. The mixture was concentrated and basified with satu-
rated ammonium. The mixture was concentrated and the
residue was purified on flash column chromatography
(Silica, 0~10% MeOH in DCM) and Prep-HPLC (CI18,
10-95%, acetonitrile in water with 0.1% formic acid) to give
the title product 4-[3-(3-methyl-1H-pyrazol-5-y1)-5-[(3R)-
3-methylmorpholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-y1]
oxane-4-carbonitrile (16.2 mg, 0.038 mmol, 41.29%). LC-
MS(ESI+): m/z (M+H)=424.8. 'H NMR (400 MHz, DMSO)
8 13.11 (d, J=123.3 Hz, 1H), 7.29-7.04 (m, 2H), 4.58 (s, 1H),
4.19-4.01 (m, 4H), 3.86-3.68 (m, 4H), 3.62-3.52 (m, 1H),
3.31-3.23 (m, 1H), 2.39-2.25 (m, 7H), 1.25 (d, J=6.6 Hz,
3H).

Example 85

Synthesis of (R)-4-(7-(cyclopropylsulfonyl)-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-meth-
ylmorpholine

[1186]

Sep. 21, 2023
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HCl/Dioxane
—_—

Step 1. (R)-4-(7-(cyclopropylsulfonyl)-3-(3-methyl-
1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-
methylmorpholine

[1187]

[1188]

To a solution of (R)-4-(3-chloro-7-(cyclopropy-
Isulfonyl)isothiazolo[4,5-b|pyridin-5-y1)-3-methylmorpho-
line (70 mg, 0.187 mmol) in dioxane (3.0 mL) was added
3-methyl-1-(tetrahydro-2H-pyran-2-yl1)-5-(4.4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (117.97 mg,
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0.562 mmol), K,CO; (0.468 mL, 0.936 mmol) and Example 86
Pd(PPh;), (21.63 mg, 0.019 mmol), and the reaction was
stirred at 100° C. overnight under nitrogen atmosphere. Synthesis of (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-

LC-MS showed the reaction was complete. The reaction was
diluted with EA (10 mL) and water (10 mL). The organic
layer was separated, washed with further saturated NaCl
solution, dried over anhydrous Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by prep-TLC
(DCM:MeOH=30:1, V/V) to afford the desired product (80
mg, 0.159 mmol, 84.84%). LC/MS (ESI) m/z: 504 (M+H)™".

(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclohexan-1-o0l

[1191]

Step 2. (R)-4-(7-(cyclopropylsulfonyl)-3-(3-methyl-
1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-
methylmorpholine
POB13, 80° C.

—_—

[1189]

86-1

HCl/Dioxane
DHP, TsOH

—_—
THEF, 60° C.

O

86-4
BuLi, THF, -78° C. to .t

[1190] A solution of (3R)-4-(7-(cyclopropylsulfonyl)-3-
(3-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)
isothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpholine (80
mg, 0.159 mmol) in HCI solution (4M in dioxane, 2 mL.) was
stirred at room temperature for 1 hr. LC-MS showed the
reaction was complete. The reaction mixture was concen-
trated in vacuo. The residue was purified by prep-HPLC
(C,s, 10-95%, MeOH in H,O with 0.1% TFA) to afford the
desired product (35 mg, 0.083 mmol, 52.52%). LC/MS
(ESI) m/z: 420 (M+H)". "H NMR (400 MHz, DMSO-d6) 8
7.67 (s, 1H), 7.10 (s, 1H), 4.60 (d, J=6.4 Hz, 1H), 4.19 (d,
J=11.9 Hz, 1H), 4.09-4.03 (m, 1H), 3.84 (d, J=11.4 Hz, 1H),
3.73 (dd, J=11.4, 2.8 Hz, 1H), 3.59 (d, J=2.8 Hz, 1H), 3.32 86-5
(dd, J=12.6, 9.0 Hz, 1H), 3.22-3.17 (m, 1H), 2.32 (s, 3H),

1.28 (m, 5H), 1.16 (dd, J=7.8, 2.4 Hz, 2H).
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-continued Step 2. (3R)-4-(7-bromo-3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-y1)-3-methylmorpholine

[1195]

DHP, TsOH
—_—.
THF, 60° C.

Step 1. (R)-4-(7-bromo-3-(3-methyl-1H-pyrazol-5-
yDjisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line

[1192]

POB3, 80° C. [1196] A mixture of (3R)-4-[7-bromo-3-(3-methyl-1H-
—_— pyrazol-5-yl)-[1,2]thiazolo[4,5-b]pyridin-5-y1]-3-methyl-

morpholine (100 mg, 0.25 mmol), DHP (95 mg, 1.14 mmol)

and TsOH (8 mg, 0.05 mmol) in THF (5§ mL) was stirred at

65° C. for 16 h. LCMS showed the reaction was completed.

The reaction mixture was diluted with EA and washed with

H,O. The organic layer was dried over anhydrous Na,SO,,

filtered and concentrated. The residue was purified by col-

umn chromatography on silica gel (PE:EA=2:1, V/V) to

O afford the desired product (38 mg, yield: 31%). LC/MS

[ j\ (BESD): m/z 478 [M+H]".
N

Step 3. 1-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclohexan-1-ol

[1197]

e}

[1193] A mixture of (3R)-4-{7-[(4-methoxyphenyl)
methoxy]-3-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-y1]-[ 1,
2]thiazolo[4,5-b]pyridin-5-y1}-3-methylmorpholine (200
mg, 0.37 mmol) and POBr; (200 mg, 0.37 mmol) was stirred
at 80° C. under N, atmosphere for 3 h. The reaction mixture
was diluted with DCM and washed with H,O. The organic
layer was dried over Na,SO,, filtered and concentrated in
vacuum.

BuLi, THF, -78° C. to r.t

[1194] The residue was purified on flash column eluting
with DCM:MeOH=20:1 to give the desired product (50 mg,
yield: 33%). LC/MS (ESI): m/z 394 [M+H]".
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-continued

(A

[1198] To a solution of (3R)-4-{7-bromo-3-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]pyridin-5-
yl}-3-methylmorpholine (38 mg, 0.08 mmol) and cyclo-
hexanone (39 mg, 0.39 mmol) in anhydrous THF (3 mL)
was added n-Bul.i (2.5 M in hexane, 0.12 mL, 0.32 mmol)
slowly. The resulting mixture was stirred at =78° C. under
N, atmosphere for 1 h. LCMS showed the reaction was
completed. The reaction mixture was quenched with
NaHCO; aqueous solution and extracted with EA. The
combined organic layer was dried over Na,SO,, filtered and
concentrated in vacuum. The residue was purified by column
chromatography on silica gel (PE:EA=1:1, V/V) to afford
the desired product (17 mg, yield: 43%). LC/MS (ESI): m/z
498 [M+H]".

Step 4. (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclohexan-1-o0l

[1199]

[1200] A mixture of 1-{3-[3-methyl-1-(oxan-2-yl)-1H-
pyrazol-5-y1]-5-[ (3R)-3-methylmorpholin-4-yl]-[1,2]thi-
azolo[4,5-b]pyridin-7-yl}cyclohexan-1-01 (22 mg, 0.04

mmol) in DCM/TFA (V/V, 2 mL/1 mL) was stirred at room

temperature for 16 h.

Sep. 21, 2023

[1201] After concentration, the residue was purified by
prep-HPLC (C18, 10-95%, MeOH in H,O with 0.1%
HCOOH) to give the desired product (3 mg, yield: 16%).
LC/MS (BESI): m/z 414 [M+H]*. 'H NMR (400 MHz,
DMSO-d6) & 13.01 (s, 1H), 7.09 (s, 1H), 7.05 (s, 1H), 5.83
(s, 1H), 4.55(d, J=5.8 Hz, 1H), 4.10 (d, J=12.2 Hz, 1H), 4.03
(d, J=8.7 Hz, 1H), 3.81 (d, J=11.2 Hz, 1H), 3.72 (d, J=8.8
Hz, 1H), 3.57 (t, I=10.6 Hz, 1H), 3.20 (d, J=12.7 Hz, 1H),
2.29 (s, 3H), 1.87-1.71 (m, 6H), 1.58 (s, 2H), 1.36 (d, J=12.3
Hz, 1H), 1.25-1.20 (m, 4H).

Example 87

Synthesis of (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-
(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclopentane-1-carbonitrile

[1202]

LN

Step 1. (R)-1-(3-chloro-5-(3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclopentane-1-carbo-
nitrile
[1203]
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H,N

[1204] To a solution of (R)-1-(3-(3-methyl-1H-pyrazol-5-
y1)-5-(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclopentane-1-carbonitrile (13 mg, 0.0318 mmol) in TFA
(3.5 mL) was added concentrated H,SO, (0.5 mL) and the
resulting mixture was stirred at 100° C. for 2 hrs under
nitrogen atmosphere. The mixture was concentrated and
basified with saturated ammonium. The mixture was con-
centrated and the residue was purified on flash column
chromatography (Silica, 0~10% MeOH in DCM) and Prep-
HPLC (C18, 10-95%, acetonitrile in water with 0.1% formic
acid) to give the title product (R)-1-(3-(3-methyl-1H-pyra-
z0l-5-y1)-5-(3-methylmorpholino)isothiazolo[4,5-b|pyridin-
7-yl)cyclopentane-1-carboxamide (8.8 mg, 0.0206 mmol,
64.83%). LC-MS(ESI+): m/z (M+H)=426.9. IH NMR (400
MHz, DMSO) § 7.24-6.97 (m, 4H), 4.52 (d, J=4.8 Hz, 1H),
4.15-4.01 (m, 2H), 3.83 (d, J=11.3 Hz, 1H), 3.75-3.69 (m,
1H), 3.60-3.54 (m, 1H), 3.27-3.23 (m, 1H), 2.67-2.58 (m,
2H), 2.30 (s, 3H), 2.04-1.91 (m, 2H), 1.74-1.63 (m, 4H),
1.26 (d, J=6.7 Hz, 3H).

Example 88

Synthesis of (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-
(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclohexane-1-carboxamide

[1205]
[O
N /\/\/Br
Br
Xy KOH, TBAB
| 2-Me—THF, H,0
NC
F cl
S—N
88-1
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-continued
0
HO
AN
[ j\ ]
N HO N—N
Ny THP
| Pd(PPh3),Cl,, K,CO3
dioxanesH,O
NC 2
Z cl
S—N
88-2

0,80,
TFA

88-3

H,N

88

Step 1. 1-{3-chloro-5-[(3R)-3-methylmorpholin-4-
y1]-[1,2]thiazolo[4,5-b]pyridin-7-yl}cyclohexane-1-

carbonitrile
[1206]
[Oj\
T AN
Br
Xy KOH, TBAB
| 2-Me—THF, H,0
NC
A cl
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[O
N
Xy
NC |
e al
S—N

[1207] A mixture of 2-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-yl]-thiazolo[4,5-b]pyridin-7-yl }acetonitrile (174
mg, 0.563 mmol), 1,5-dibromopentane (0.308 mlL, 2.254
mmol), KOH (632.35 mg, 11.270 mmol) and TBAB (0.035
ml, 0.113 mmol) in 2-Methyltetrahydrofuran (10 mL) and
water (1 ml.) was stirred at 80° C. for 4 hrs under nitrogen
atmosphere. The reaction mixture was diluted with water
and extracted with ethyl acetate. The combined organic layer
was washed with brine, dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified on flash
column chromatography (Silica, 0~30% Ethyl Acetate in
petroleum ether) to give the title product 1-{3-chloro-5-
[(3R)-3-methylmorpholin-4-yl1]-[ 1,2]thiazolo[4,5-b]pyridin-
7-yl}cyclohexane-1-carbonitrile (169 mg, 0.448 mmol,
79.57%). LC-MS(ESI+): m/z (M+H)=376.9, 378.8 Step 2.
1-{3-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-y1]-5-[(3R)-3-
methylmorpholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-
yl}cyclohexane-1-carbonitrile

N -
Ny THP
| Pd(PPh3),Cl,, K>CO3
dioxane*H,O
NC 2
/ cl
S—N

[1208] A mixture of 1-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-yl}cyclohexane-
1-carbonitrile (84 mg, 0.223 mmol), [3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-yl]boronic acid (187.24 mg, 0.891 mmol),
Pd(dpph)Cl, (32.61 mg, 0.045 mmol) and K,CO; (110.57

Sep. 21, 2023
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mg, 0.8 mmol) in dioxane (2 mL) and water (0.4 mL) was
stirred overnight at 100° C. under nitrogen atmosphere.

[1209] The reaction mixture was diluted with water and
extracted with ethyl acetate. The combined organic layer
was washed with brine, dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified on flash
column chromatography (Silica, 0~60% Ethyl Acetate in
petroleum ether) to give the title product 1-{3-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-y1]-5-[(3R)-3-methylmorpholin-
4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-y1}cyclohexane-1-car-
bonitrile (79 mg, 0.156 mmol, 69.96%). LC-MS(ESI+): m/z
(M+H)=506.9

Step 3. 1-[3-(3-methyl-1H-pyrazol-5-y1)-5-[(3R)-3-
methylmorpholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-
7-yl]cyclohexane-1-carboxamide

[1210]

H,N

[1211] To a solution of 1-{3-[3-methyl-1-(oxan-2-y1)-1H-
pyrazol-5-y1]-5-[(3R)-3-methylmorpholin-4-yl]-[ 1,2]thi-
azolo[4,5-b]pyridin-7-yl}cyclohexane-1-carbonitrile (79
mg, 0.156 mmol) in TFA (3.5 mL) was added H,SO, (0.5
ml) and the resulting mixture was stirred for 2 hrs at 100°
C. under nitrogen atmosphere. The mixture was concen-
trated and basified with saturated ammonium. The mixture
was extracted with ethyl acetate and the organic layer was
washed with brine, dried over Na,SO,, filtered and concen-
trated. The residue was purified on Prep-HPLC (C18,
10-95%, acetonitrile in water with 0.1% formic acid) to give
the title product 1-[3-(3-methyl-1H-pyrazol-5-y1)-5-[(3R)-
3-methylmorpholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-y1]
cyclohexane-1-carboxamide (16.4 mg, 0.037 mmol,
23.87%). LC-MS(ESI+): m/z (M+H)=440.9. '"H NMR (400
MHz, DMSO) § 12.80 (br, 1H), 7.17 (d, J=18.1 Hz, 2H),
7.08 (d, J=8.5 Hz, 2H), 4.50 (d, J=5.8 Hz, 1H), 4.06 (dd,
J=19.6, 8.3 Hz, 2H), 3.83 (d, J=11.3 Hz, 1H), 3.72 (dd,
J=11.4, 2.9 Hz, 1H), 3.62-3.52 (m, 1H), 3.29-3.22 (m, 1H),
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2.57-2.52 (m, 2H), 2.30 (s, 3H), 1.84-1.75 (m, 2H), 1.65-1. Step 1. 1-{5-[(3R)-3-methylmorpholin-4-yl]-3-[1-
55 (m, SH), 1.35-1.28 (m, 1H), 1.26 (d, J=6.7 Hz, 3H). (oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]
pyridin-7-yl}cyclohexane-1-carbonitrile
Example 89
[1213]
Synthesis of 1-{5-[(3R)-3-methylmorpholin-4-yl]-3-
(1H-pyrazol-5-y1)-[1,2]thiazolo[4,5-b]pyridin-7-
yl}eyclohexane-1-carboxamide
[1212]
O
[ PinBA{\H
N N/N
o /
SN N THP
. / | PA(PPh3)>Cly, K>CO3
PinB | NC dioxane<H,O
N N—N A cl
/
Ny THP S—N
| Pd(PPh3),Cly, K,CO3
NC dioxane*H,O
Z cl
/
S—N

[1214] A mixture of 1-{3-chloro-5-[(3R)-3-methylmor-
89-2 pholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-7-yl }cyclohexane-

1-carbonitrile (84 mg, 0.223 mmol), 1-(oxan-2-yl)-5-(te-
tramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole = (123.98
mg, 0.446 mmol), Pd(dppD)Cl, (32.61 mg, 0.045 mmol) and
K,CO; (110.57 mg, 0.8 mmol) in dioxane (2 mL) and water
(0.4 mL) was stirred overnight at 100° C. under nitrogen
atmosphere. The reaction mixture was diluted with water
and extracted with ethyl acetate. The combined organic layer
was washed with brine, dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified on flash
HN column chromatography (Silica, 0~60% Ethyl Acetate in
petroleum ether) to give the title product 1-{5-[(3R)-3-
methylmorpholin-4-y1]-3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-

[1,2]thiazolo[4,5-b]pyridin-7-y1}cyclohexane-1-carbonitrile
(70 mg, 0.142 mmol, 63.76%). LC-MS(ESI+): m/z (M+H)
=492.8

89
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Step 2. 1-{5-[(3R)-3-methylmorpholin-4-y1]-3-(1H-
pyrazol-5-yl)-[1,2]thiazolo[4,5-b]pyridin-7-
yl}eyclohexane-1-carboxamide

[1215]

LN

[1216] To a solution of 1-{5-[(3R)-3-methylmorpholin-4-
y1]-3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]
pyridin-7-yl}cyclohexane-1-carbonitrile (70 mg, 0.142
mmol) in TFA (3.5 mL) was added H,SO, (0.5 mL) and the
resulting mixture was stirred for 2 hrs at 100° C. under
nitrogen atmosphere. The mixture was concentrated and
basified with saturated ammonium. The mixture was
extracted with ethyl acetate and the organic layer was
washed with brine, dried over Na,SO,, filtered and concen-
trated. The residue was purified on Prep-HPLC (CI18,
10-95%, acetonitrile in water with 0.1% formic acid) to give
the title product 1-{5-[(3R)-3-methylmorpholin-4-yl]-3-
(1H-pyrazol-5-y1)-[1,2]thiazolo[4,5-b]pyridin-7-
yl}cyclohexane-1-carboxamide (22.4 mg, 0.053 mmol,
36.96%). LC-MS(ESI+): m/z (M+H)=426.9. 'H NMR (400
MHz, DMSO) § 13.60 (br, 1H), 7.68 (s, 1H), 7.36 (d, I=1.7
Hz, 1H), 7.18 (d, J=17.6 Hz, 2H), 7.08 (s, 1H), 4.52 (d, J=6.0
Hz, 1H), 4.07 (t, J=13.0 Hz, 2H), 3.83 (d, J=11.2 Hz, 1H),
3.72 (dd, J=11.4, 2.7 Hz, 1H), 3.56 (dt, J=11.6, 5.9 Hz, 1H),
3.30-3.23 (m, 1H), 2.58-2.53 (m, 2H), 1.85-1.75 (m, 2H),
1.66-1.54 (m, 5H), 1.35-1.28 (m, 1H), 1.26 (d, J=6.6 Hz,
3H).
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Example 90

Synthesis of 1-{5-[(3R)-3-methylmorpholin-4-y1]-3-
(1H-pyrazol-5-y1)-[1,2]thiazolo[4,5-b]pyridin-7-
yl}cyclopentane-1-carboxamide

[1217]

[Oj\
¥ NN Br
Br
XN KOH, TBAB
| 2-Me— THF, H,0
A al
S—N
90-1
o
[ PmB%\H
N
-
N N
THP
Ny Pd(PPh3),Cl,, K>CO3
| dioxane*H,O
NC
Z cl
SN
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Step 1. 1-{3-chloro-5-[(3R)-3-methylmorpholin-4-
y1]-[1,2]thiazolo[4,5-b]pyridin-7-yl}cyclopentane-1-

carbonitrile
[1218]
[Oj\
N AN
Br
XN KOH, TBAB
| 2-Me—THF, H,0
NC
A cl
/
S—N
[O
N
(]
NC
Z al
/
S—N
[1219] A mixture of 2-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-yl}acetonitrile
(100 mg, 0.324 mmol), 1,4-dibromobutane (0.155 mL,
1.295 mmol), KOH (363.42 mg, 6.477 mmol) and TBAB
(0.020 mL, 0.065 mmol) in 2-Methyltetrahydrofuran (10
ml) and water (1 mL) was stirred at 80° C. for 4 hrs under
nitrogen atmosphere. The reaction mixture was diluted with
water and extracted with ethyl acetate. The combined
organic layer was washed with brine, dried over Na,SO,,
filtered and concentrated in vacuo. The residue was purified
on flash column chromatography (Silica, 0~30% Ethyl
Acetate in petroleum ether) to give the title product 1-{3-
chloro-5-[(3R)-3-methylmorpholin-4-y1]-[1,2]thiazolo[4,5-
blpyridin-7-yl}cyclopentane-1-carbonitrile (92 mg, 0.254
mmol, 78.28%). LC-MS(ESI+): m/z (M+H)=362.8, 364.9

Step 2. 1-{5-[(3R)-3-methylmorpholin-4-y1]-3-[1-
(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]
pyridin-7-yl}cyclopentane-1-carbonitrile

[1220]
O.
[ j\ PinB%\”
N
—
¥ /
THP
~ N Pd(PPh3),Cl,, K5CO3
| dioxane*H,O
NC
7 cl
S—N
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-continued
[O
Nj\
NC
N
THP
[1221] A mixture of 1-{3-chloro-5-[(3R)-3-methylmor-

pholin-4-yl]-thiazolo[4,5-b]pyridin-7-yl}cyclopentane-1-
carbonitrile (92 mg, 0.254 mmol), 1-(oxan-2-yl)-5-(tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (141.04 mg,
0.507 mmol), Pd(dppH)Cl, (37.10 mg, 0.051 mmol) and
K,CO, (110.57 mg, 0.8 mmol) in dioxane (2 mL) and water
(0.4 mL) was stirred overnight at 100° C. under nitrogen
atmosphere. The reaction mixture was diluted with water
and extracted with Ethyl Acetate. The combined organic
layer was washed with brine, dried over Na,SO,, filtered
and concentrated in vacuo. The residue was purified on flash
column chromatography (Silica, 0~60% Ethyl Acetate in
petroleum ether) to give the title product 1-{5-[(3R)-3-
methylmorpholin-4-y1]-3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-
[1,2]thiazolo[4,5-b]pyridin-7-yl}cyclopentane-1-carboni-
trile (85 mg, 0.178 mmol, 70.05%). LC-MS(ESI+): m/z
(M+H)=478.8

Step 3. 1-{5-[(3R)-3-methylmorpholin-4-y1]-3-(1H-
pyrazol-5-yl)-[1,2]thiazolo[4,5-b]pyridin-7-
yl}cyclopentane-1-carboxamide

[1222]

[1223]

To a solution of 1-{5-[(3R)-3-methylmorpholin-4-
y1]-3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]
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pyridin-7-yl}cyclopentane-1-carbonitrile (40 mg, 0.084
mmol) in TFA (3.5 mL) was added H,SO, (0.5 mL) and the
resulting mixture was stirred for 2 hrs at 100° C. under
nitrogen atmosphere. The mixture was concentrated and
basified with saturated ammonium. The mixture was
extracted with Ethyl Acetate and the organic layer was
washed with brine, dried over Na,SO,, filtered and concen-
trated. The residue was purified on prep-HPLC (C18,
20-95%, MeOH in water with 0.1% formic acid) to give the
title product 1-{5-[(3R)-3-methylmorpholin-4-y1]-3-(1H-
pyrazol-5-y1)-[1,2]thiazolo[4,5-b]pyridin-7-
yl}cyclopentane-1-carboxamide (15.6 mg, 0.038 mmol,
45.24%). LC-MS(ESI+): m/z (M+H)=412.9. '"H NMR (400
MHz, DMSO) § 13.57 (br, 1H), 7.72 (s, 1H), 7.37 (d, I=1.6
Hz, 1H), 7.17 (s, 1H), 7.08 (s, 2H), 4.54 (d, J=5.9 Hz, 1H),
4.13-4.03 (m, 2H), 3.83 (d, J=11.3 Hz, 1H), 3.74-3.69 (m,
1H), 3.57 (dd, J=11.6, 9.2 Hz, 1H), 3.28-3.24 (m, 1H),
2.67-2.58 (m, 2H), 2.04-1.93 (m, 2H), 1.72-1.66 (m, 4H),
1.26 (d, J=6.6 Hz, 3H).

Example 91

Synthesis of (R)-1-(5-(3-methylmorpholino)-3-(1H-
pyrazol-5-yl)isothiazolo[4,5-b[pyridin-7-yl)cyclo-

hexan-1-o0l
[1224]
[O
Nj\
PMBOH
_ =
| XN Nall, DMF, 0° C.
Cl / Cl
S—N
91-1
0
N\
o ) 4 |
N
C T
THP
N
91-3
AN Pd(PPhy)s, KoCO3/H,0,
| dioxane, 100° C.
PMBO Z ) cl
S—N

Sep. 21, 2023

-continued

7 / \

Tz

POBr3, 80° C.

DHP, TsOH
_— =
THF, 60° C.

91-7

BuLi, THF, -78° C. to r.t
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-continued Step 2. (3R)-4-(7-((4-methoxybenzyl)oxy)-3-(1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothi-

o azolo[4,5-b]pyridin-5-y1)-3-methylmorpholine
[ j\ [1227]
N

o —
N /
THP

x N Pd(PPh3)4, K,CO3/H,0,
dioxane, 100° C.

PMBO

Step 1. (R)-4-(3-chloro-7-((4-methoxybenzyl)oxy)
isothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpholine

[1225]

PMBOH

B —

Sy NaH, DMF, 07 C. [1228] A mixture of (3R)-4-{3-chloro-7-[(4-methoxyphe-
| nyl)methoxy]-[1,2]thiazolo[4,5-b]pyridin-5-y1}-3-methyl-
al cl morpholine (500 mg, 1.23 mmol), 1-(oxan-2-yl)-5-(tetram-

/ ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (1.02 g, 3.69
S—nN mmol), Pd(PPh;), (284 mg, 0.24 mmol) and K,CO; (2.0 M
in H,0, 3.0 mL, 6.16 mmol) in dioxane (15 mL) was stirred
o at 100° C. for 16 h under N, atmosphere. LC-MS showed the
reaction was complete. The reaction mixture was diluted
with H,O (20 mL), then extracted with EA (50 mL.x3). The
N combined organic layer was washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated. The residue
was purified by column chromatography on silica gel (PE:
EA=2:1, V/V) to give the desired product (200 mg, yield:
| 31%). LC/MS (ESI): m/z 522 [M+H]".
F Cl

N e / Step 3. (R)-4-(7-bromo-3-(1H-pyrazol-5-yl)isothi-
N azolo[4,5-b]pyridin-5-y1)-3-methylmorpholine

PMBO

[1229]

[1226] To a solution of NaH (dispersion in paraffin liquid,
60% w, 0.4 g, 9.90 mmol) in anhydrous DMF (15 mL) was
added a solution of (4-methoxyphenyl)methanol (1.0 g, 7.23
mmol) in anhydrous DMF (5 mL) slowly. The resulting
mixture was stirred at 0° C. for 15 min. Then (3R)-4-{3,7-
dichloro-[1,2]thiazolo[4,5-b]pyridin-5-y1}-3-methylmor-
pholine (2.0 g, 6.57 mmol) was added to the mixture in one
portion. The resulting mixture was stirred at 0° C. for 1 h.
The reaction mixture was quenched with NaHCO, aqueous
solution. The mixture was extracted with EA and the com-
bined organic layer was dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified on flash
column eluting with PE:EA=2:1 to afford the desired prod-
uct (1.18 g, yield: 44%). LC/MS (ESI): m/z 406 [M+H]".

POBI3, 80° C.
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-continued Step 5. 1-(5-((R)-3-methylmorpholino)-3-(1-(tetra-
0 hydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo
[ j\ [4,5-b]pyridin-7-yl)cyclohexan-1-o0l
N

[1233]

(A

BuLi, THF, -78° C. to r.t
[1230] A mixture of (3R)-4-{7-[(4-methoxyphenyl)
methoxy]-3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo
[4,5-b]pyridin-5-y1}-3-methylmorpholine (200 mg, 0.38
mmol) and POBr; (500 mg, 1.74 mmol) was stirred at 80°
C. under N, atmosphere for 3 h. The reaction mixture was
diluted with DCM and washed with H,O. The organic layer 0

was dried over Na,SO,, filtered and concentrated in vacuo.

The residue was purified on flash column eluting with

DCM:MeOH=20:1 to give the desired product (64 mg, N

yield: 43%). LC/MS (ESI): m/z 380 [M+H]".

Step 4. (3R)-4-(7-bromo-3-(1-(tetrahydro-2H-pyran-
2-y1)-1H-pyrazol-5-yl)isothiazolo[4,5-b|pyridin-5-
y1)-3-methylmorpholine

[1231]

[1234] To a solution of (3R)-4-{7-bromo-3-[1-(oxan-2-
y1)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]pyridin-5-y1}-3-

methylmorpholine (64 mg, 0.13 mmol) and cyclohexanone
(40 mg, 0.41 mmol) in anhydrous THF (2 mL) was added

DHP, TsOH n-Buli (2.5 M in hexane, 0.16 mL, 0.41 mmol) slowly. The
THF, 60° C. resulting mixture was stirred at -78° C. under N, atmo-

sphere for 2 h. LCMS showed the reaction was completed.
The reaction mixture was quenched with NaHCO; aqueous
solution and extracted with EA. The combined organic layer
was dried over Na,SO,, filtered and concentrated in
[O vacuum. The residue was purified by column chromatogra-

phy on silica gel (PE:EA=2:1, V/V) to afford the desired
product (32 mg, yield: 48%). LC/MS (ESI): m/z 484

N [M+H]".
S Step 6. (R)- 1 -.(5 -3 -methylmmjpholino)-S-(l H-pyra-
| zol-5-yl)isothiazolo[4,5-b]pyridin-7-yl)cyclohexan-
- a / \N 1-0l
N~ [1235]
S—~—N |
THP

[1232] A mixture of (3R)-4-[7-bromo-3-(1H-pyrazol-5-
yD)-[1,2]thiazolo[4,5-b]pyridin-5-yl]-3-methylmorpholine
(64 mg, 0.16 mmol), 3,4-Dihydro-2H-pyran (63 mg, 0.75
mmol) and TsOH (5 mg, 0.03 mmol) in THF (3 mL) was
stirred at 65° C. for 16 h. LC-MS showed the reaction was
complete. The reaction mixture was diluted with EA (40
mL), then washed with water and brine, dried over anhy-
drous Na,SO,, filtered and concentrated. The residue was
purified by column chromatography on silica gel (PE:EA=2:
1, V/V) to afford the desired product (64 mg, yield: 81%).
LC/MS (ESI): m/z 464 [M+H]".
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-continued -continued

[1236] A mixture of 1-{5-[(3R)-3-methylmorpholin-4-yl]- 92
3-[1-(oxan-2-y])-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]pyri-
din-7-yl}cyclohexan-1-o0l (30 mg, 0.06 mmol) in DCM/TFA
(V/V, 1 mL/1 mL) was stirred at room temperature for 16 h.

After concentration, the residue was purified by prep-HPLC Step 1. 1-{5-[(3R)-3-methylmorpholin-4-y1]-3-(1H-
(Clg, 10-95%, MeOH in HzO with 0.1% HCOOH) to give pyrazol_s_yl)_[],2]thjazol0[4,5_b]pyridin_7_
the desired product (5 mg, yield: 20%). LC/MS (ESI): m/z yl}cyclopentane-1-carboxylic acid

400 [M+H]*. 1H NMR (400 MHz, DMSO-d6) 8 13.46 (s,
1H), 7.70 (s, 1H), 7.36 (s, 1H), 7.06 (s, 1H), 585 (s, 1H),  [1238]
4.56 (s, 1H), 4.06 (dd, J=33.0, 11.4 Hz, 2H), 3.76 (dd,
J=36.6, 10.5 Hz, 2H), 3.56 (t, J=10.8 Hz, 1H), 3.21 (d,
J=11.6 Hz, 1H), 1.81 (dd, ]=36.6, 11.9 Hz, 6H), 1.58 (s, 2H),
1.36 (d, 1=10.6 Hz, 1H), 1.25-1.12 (m, 4T).

Example 92

Synthesis of 1-{5-[(3R)-3-methylmorpholin-4-yl]-3-
(1H-pyrazol-5-y1)-[1,2]thiazolo[4,5-b]pyridin-7-
yl}cyclopentane-1-carboxylate

[1237]

[1239] A solution of 1-{5-[(3R)-3-methylmorpholin-4-
y1]-3-[1-(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]

pyridin-7-yl}cyclopentane-1-carbonitrile (67 mg, 0.140
mmol) in HCI (12 mL, 144.000 mmol, 37% in water) was
stirred overnight at 100° C. under nitrogen atmosphere.

SOCL,, DMF
MeOH

After concentrated in vacuo, the residue was azeotroped
with toluene twice to give the title product 1-{5-[(3R)-3-
methylmorpholin-4-y1]-3-(1H-pyrazol-5-y1)-[ 1,2]thiazolo
[4,5-b]pyridin-7-yl}cyclopentane-1-carboxylic acid (57 mg,
92-2 0.138 mmol, 98.48%) and used in next step without further
purification. LC-MS(ESI+): m/z (M+H)=413.9.
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Step 2. 1-{5-[(3R)-3-methylmorpholin-4-y1]-3-(1H- -continued
pyrazol-5-yl)-[1,2]thiazolo[4,5-b]pyridin-7-
yl}cyclopentane-1-carboxylate
[1240]
(6]
b
O o
N\ _n
SOCL,, DMF N N ~
—_—
MeOH 93-3
Xy Pd(PPhy),, 2M Na,COs
| Dioxane
al A COOCH;
S—nN
93-2
NH,NH,*H,0
_—

MeOH

[1241] To an ice-cooled solution of 1- 5-[.(3R%-3-methyl-
morpholin-4-yl]-3-(1H-pyrazol-5-y1)-[1,2]thiazolo[4,5-b]
pyridin-7-yl}cyclopentane-1-carboxylic acid (57 mg, 0.138
mmol) and DMF (0.05 mL, 0.646 mmolf in MeOH %10 ml.)
was added SOCI, (1 mL, 13.785 mmol) dropwise and the 93-4
resulting mixture was stirred for 2 hrs at 60° C. under

nitroﬁgen atmosphere. The mixture was concentrated and

basified with saturated NaHCO; and extracted with ethyl 0

acetate. The organic layer was washed with brine, dried over
Na,SO,, filtered and concentrated. The residue was purified
N

NH

—_—
NaOH, THF

on OpreF-HPLC (C18, 20-95%, acetonitrile in water with

.1% formic acid) to give the title product methyll-iS-
[(3R)-3-methylmorpholin-4-y1]-3-(1H-pyrazol-5-y1)-[1,2
thiazolo[4,5-b|pyridin-7-yl}cyclopentane-1-carboxylate
(18.4 mg, 0.043 mmol, 31.22%). LC-MS(ESI+): m/z (M+H)
=427.9. "HNMR (400 MHz, DMSO) 8 7.74 (s, 1H), 7.37 (d,
J=1.8 Hz, 1H), 7.09 (s, 1H), 4.61-4.53 (m, 1H), 4.13 (d,
J=12.6 Hz, 1H), 4.06-4.00 (m, 1H), 3.81 (d, J=11.3 Hz, 1H),
3.74-3.70 (m, 1H), 3.58 (s, 3H), 3.57-3.53 (m, 1H), 3.28-3.
22 (m, 1H), 2.63-2.56 (m, 2H), 2.22-2.10 (m, 2H), 1.80-1.71
(m, 4H), 1.23 (d, J=6.6 Hz, 3H).

Example 93 Synthesis of (3R)-3-methyl-4-[3-(3-
methyl-1H-1,2 4-triazol-5-y1)-7-(1-methyl-1H-pyra-
zol-5-y1)-[1,2]thiazolo[4,5-b]pyridin-5-ylJmorpho-
line

[1242]

(A

Pd(dppf)Cl,, CO

—_—
| N MeOH, EN
Cl / / Cl
S—nN
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Step 1. methyl 7-chloro-5-[(3R)-3-methylmorpho- -continued
lin-4-y1]-[1,2]thiazolo[4,5-b]pyridine-3-carboxylate
[1243]
[O
Nj\
Pd(dppD)Cls, CO
—_—
| XN MeOH, EzN
a F al [1246] To a solution of methyl 7-chloro-5-[(3R)-3-meth-
/ ylmorpholin-4-yl]-[1,2]thiazolo[4,5-b]pyridine-3-carboxy-
S—nN late (175 mg, 0.534 mmol) in dioxane (10 mL) was added
0 1-methyl-5-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyra-
zole (333.25 mg, 1.602 mmol), Pd(dppf)Cl, (39.06 mg,
0.053 mmol) and K,CO, (147.57 mg, 1.068 mmol). The
N reaction was stirred at 100° C. overnight under nitrogen
atmosphere. The reaction was diluted with EA and water.
N The organic layer was separated, washed with further satu-
| N rated NaCl, and concentrated in vacuo to give the ftitle
product methyl 7-(1-methyl-1H-pyrazol-5-y1)-5-[(3R)-3-
cl ~ COOCH; methylmorpholin-4-y1]-[1,2]thiazolo[4,5-b|pyridine-3-car-
boxylate (130 mg, 0.348 mmol, 65.20%). LC/MS (ESI)
S—nN m/z:374 (M+H)*.
) ) ) Step 3. 7-(1-methyl-1H-pyrazol-5-y1)-5-[(3R)-3-
[1244]  To a solution of (3R)-4-{3,7-dichloro-[1,2]thiazolo methylmorpholin-4-yl]-[1,2]thiazolo[4,5-b]pyridine-
[4,5-b]pyridin-5-y1}-3-methylmorpholine (500 mg, 1.644 3-carbohydrazide

mmol) in MeOH (25 mlL) was added Pd(dppf)Cl, (360.80
mg, 0.493 mmol) and TEA (2.285 mL, 16.437 mmol), and ~ [1247]

the reaction was stirred at 60° C. for overnight under CO

atmosphere. The reaction was diluted with EA and water. o

The organic layer was separated, washed with further satu-

rated NaCl solution, and concentrated in vacuo. The residue

was purified via Biotage (PE:EA=5:1) to afford the methyl N
7-chloro-5-[(3R)-3-methylmorpholin-4-yl]-[1,2]thiazolo[4,
5-b]pyridine-3-carboxylate (175 mg, 0.534 mmol, 32.48%).
LC/MS (EST) m/z:328 (M+H)*.

NHzNH2°H20
MeOH

Step 2. methyl 7-(1-methyl-1H-pyrazol-5-y1)-5-
[(3R)-3-methylmorpholin-4-y1]-[1,2]thiazolo[4,5-b]
pyridine-3-carboxylate

[1245]
° |
C T
N \
N N\
XN Pd(PPh;)s, 2M Na,CO;4
| Dioxane [1248] To a solution of methyl 7-(1-methyl-1H-pyrazol-
al / COOCH; 5-yD)-5-[(3R)-3-methylmorpholin-4-y1]-[1,2]thiazolo[4,5-b]
pyridine-3-carboxylate (100 mg, 0.268 mmol) in MeOH (10
S—nN mL) were added NH,NH,-H,O (1 mL), and the reaction was

stirred at 80° C. overnight. The reaction mixture was
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extracted with ethyl acetate, washed with H,O and brine,
dried over Na,SO,, filtered and concentrated in vacuo to
give the title product 7-(1-methyl-1H-pyrazol-5-y1)-5-[(3R)-
3-methylmorpholin-4-yl]-thiazolo[4,5-b|pyridine-3-carbo-
hydrazide (100 mg, 0.268 mmol, 100.00%). LC/MS (ESI)
m/z:374 (M+H)™".

Step 4. (3R)-3-methyl-4-[3-(3-methyl-1H-1,2.4-
triazol-5-y1)-7-(1-methyl-1H-pyrazol-5-y1)-[1,2]
thiazolo[4,5-b]pyridin-5-yljmorpholine

[1249]

NH

A

—_—
NaOH, THF

N—N

N

[1250] To a solution of 7-(1-methyl-1H-pyrazol-5-yl)-5-
[(3R)-3-methylmorpholin-4-yl1]-[ 1,2]thiazolo[4,5-b]pyri-
dine-3-carbohydrazide (100 mg, 0.268 mmol) in MeOH (10
ml) were added ethanimidamide (31.11 mg, 0.536 mmol)
and KOH (30.05 mg, 0.536 mmol), and the reaction was
stirred at 80° C. for 4 hours. The reaction was diluted with
EA and water. The organic layer was separated, washed with
further saturated NaCl solution, and concentrated in vacuo.
The residue was purified via Biotage (20:1; 10 g Cartridge
column) to afford (3R)-3-methyl-4-[3-(3-methyl-1H-1,2.4-
triazol-5-y1)-7-(1-methyl-1H-pyrazol-5-y1)-[1,2]thiazolo[4,
5-b]pyridin-5-yljmorpholine (22 mg, 0.055 mmol, 20.72%).
LC/MS (ESI) m/z:397 (M+H)* "H NMR (400 MHz, DMSO)
8 7.69 (d, I=1.9 Hz, 1H), 7.39 (s, 1H), 6.80 (d, J=1.8 Hz,
1H), 4.60 (s, 1H), 4.30 (d, J=13.1 Hz, 1H), 4.02 (s, 1H), 4.00
(s, 3H), 3.79 (d, J=11.3 Hz, 1H), 3.71 (d, J=11.6 Hz, 1H),
3.55(t,1=10.5 Hz, 1H), 3.28-3.11 (m, 1H), 2.44 (s, 3H), 1.23
(d, J=6.6 Hz, 3H).

Sep. 21, 2023

Example 94

Synthesis of imino(methyl)(1-(3-(3-methyl-1H-pyra-
z0l-5-y1)-5-((R)-3-methylmorpholino)isothiazolo[4,
5-b]pyridin-7-yl)cyclopropyl)-16-sulfanone

[1251]

PR

FsC NH,
B
Rh(OAc),
PhI(OAc),
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-continued

HCl/Dioxane
—_—

Step 1. (3R)-3-methyl-4-(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-((methylthio)
methyl)isothiazolo[4,5-b|pyridin-5-yl)morpholine

[1252]

MeSNa
—_—

Sep. 21, 2023

[1253] To a mixture of (3-(3-methyl-1-(tetrahydro-2H-
pyran-2-y)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)

isothiazolo[4,5-b]pyridin-7-yl)methyl methanesulfonate
(388 mg, 0.764 mmol) in DMF (10 mL) was added MeSNa
(107 mg, 1.53 mmol). The mixture was stirred at rt for 2 hs.
LC-MS showed the reaction was complete. The reaction
mixture was poured into H,O and extracted with EA (30
ml.x3). The combined organic phase was washed brine,
dried over Na,SO,, filtered and concentrated. The residue
was purified by flash chromatography (silica gel (10 g),
0-100%, EA in PE) to give (3R)-3-methyl-4-(3-(3-methyl-
1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-((methyl-
thio)methyl)isothiazolo[4,5-b]pyridin-5-yl)morpholine (231
mg, 0.503 mmol, 66%). LC/MS (ESI): m/z 460.7 [M+1]+.

Step 2. (3R)-3-methyl-4-(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-((methylsulfinyl)
methyl)isothiazolo[4,5-b]|pyridin-5-yl)morpholine

[1254]

[1255] To a mixture of (3R)-3-methyl-4-(3-(3-methyl-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-((methyl-
thio)methyl)isothiazolo[4,5-b]pyridin-5-yl)morpholine (231
mg, 0.503 mmol) in MeOH (10 mL) and H,O (2 mL) was
added NalO4 (215 mg, 1.01 mmol). After the mixture was
stirred at rt for 2 hs. LC-MS showed the reaction was
complete. The reaction mixture was poured into H,O and
extracted with DCM (30 mL*3). The combined organic
phase was washed brine, dried over Na,SO,, filtered and
concentrated. The residue was purified by flash chromatog-
raphy (silica gel (10 g), 0-100%, MeOH in DCM) to give
(3R)-3-methyl-4-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
y1)-1H-pyrazol-5-y1)-7-((methylsulfinyl)methyl)isothiazolo
[4,5-b]pyridin-5-yl)morpholine (221 mg, 0.465 mmol,
92%). LC/MS (ESI): m/z 476.7 [M+H]".
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Step 3. 2,2,2-trifluoro-N-(methyl((3-(3-methyl-1-
(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-y1)-5-((R)-
3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-yl)

methyl)(ox0)-16-sulfanylidene)acetamide

[1256]

PR

FsC NH,

_—
Rh(OAc),
PhI(OAc),

THP

[1257] To a mixture of (3R)-3-methyl-4-(3-(3-methyl-1-
(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-5-y1)-7-((methyl-
sulfinyl)methyl)isothiazolo[4,5-b]pyridin-5-yl)morpholine
(220 mg, 0.463 mmol), PhI(OAc), (542 mg, 1.16 mmol) and
trifluoroacetamide (78 mg, 0.694 mmol) in anisole (8 mL)
was added Rh(OAc), (21 mg, 0.093 mmol). After the
mixture was stirred at 60° C. for 12 hs. LC-MS showed the
reaction was complete. The mixture was filtered and con-
centrated to dryness. The residue was purified by flash
chromatography (silica gel (4 g), 0-100%, EA in PE) to give
2,2 2-trifluoro-N-(methyl((3-(3-methyl-1-(tetrahydro-2H-
pyran-2-y1)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)methyl)(0x0)-16-sulfa-
nylidene)acetamide (30 mg, 0.051 mmol, 11%). LC/MS
(ESD): m/z 587.2 [M+H]*.

Step 4. imino(methyl)(1-(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-5-((R)-3-methyl-
morpholino)isothiazolo[4,5-b|pyridin-7-yl)cyclopro-
pyD)-16-sulfanone

[1258]
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THP

[1259] To a solution of 2,2,2-trifluoro-N-(methyl((3-(3-
methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-5-
((R)-3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
methyl)(oxo)-16-sulfanylidene)acetamide (30 mg, 0.051
mmol), 1,2-dibromoethane (20 mg, 0.102 mmol) and TBAB
(4 mg, 0.013 mmol) in Toluene (3 mL) was added NaOH
(0.051 mL, 0.511 mmol, 10M in H,0). After the mixture
was stirred at 60° C. for 1 hr. LC-MS showed the reaction
was complete. The reaction mixture was poured into H,O
and extracted with DCM (30 mL*3). The combined organic
phase was washed brine, dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by flash
chromatography (silica gel (4 g), 0-100%, EA in PE) to give
imino(methyl)(1-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)isothi-
azolo[4,5-b]pyridin-7-yl)cyclopropyl)-16-sulfanone (6 mg,
0.012 mmol, 23%). LC/MS (ESI): m/z 517.2 [M+H]".

Step 5. imino(methyl)(1-(3-(3-methyl-1H-pyrazol-5-
y1)-5-((R)-3-methylmorpholino)isothiazolo[4,5-b]
pyridin-7-yl)cyclopropyl)-16-sulfanone

[1260]

HCl/Dioxane
—_—

[1261]

To a mixture of imino(methyl)(1-(3-(3-methyl-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-5-((R)-3-
methylmorpholino)isothiazolo[4,5-b|pyridin-7-yl)cyclopro-
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pyD)-16-sulfanone (6 mg, 0.012 mmol) in DCM (0.5 mL) -continued

was added HCl/dioxane (1.5 mL, 4M). After the mixture was 0

stirred at rt for 1 hr. LC-MS showed the reaction was [ ‘{\'/
complete. The mixture was concentrated to dryness. Then (HO),B |
the crude product was purified by prep-HPLC (C, 5, 10-95%, N NN
MeCN in H,O with 0.1% HCOOH) to give imino(methyl)

(1-(3-(3-methyl-1H-pyrazol-5-y1)-5-((R)-3-methylmor- THP
pholino)isothiazolo[4,5-b]pyridin-7-yl)cyclopropyl)-16-sul- Ms N Pd(dppf)Cly, K,CO3
fanone (3 mg, 0.007 mmol, 60%). LC/MS (ESI): nvz 433.6 | dioxane, H,0
[M+H]*. '"H NMR (400 MHz, DMSO-d6) S 13.18 (s, 1H), ~ OTf

7.46 (d, I=4.6 Hz, 1H), 7.10 (s, 1H), 4.59-4.43 (m, 1H), /

4.18-4.09 (m, 1H), 4.08-3.95 (m, 2H), 3.82 (d, J=11.2 Hz, S—nN

1H), 3.72 (d, J=11.3 Hz, 1H), 3.57 (t, J=10.6 Hz, 1H),

3.28-3.17 (m, 2H), 2.90 (s, 3H), 2.30 (s, 3H), 1.85 (dt, 95-4

J=10.6, 5.5 Hz, 1H), 1.58 (d, J=5.0 Hz, 1H), 1.45 (dd,

J=17.8,11.5 Hz, 1H), 1.39-1.28 (m, 1H), 1.25-1.21 (m, 3H). o

Example 95 [

Synthesis of (3R)-4-[7-(2-methanesulfonylphenyl)- TFA
3-(3-methyl-1H-pyrazol-5-y1)-[ 1,2]thiazolo[4,5-b] —_—

pyridin-5-y1]-3-methylmorpholine beM
[1262]
o Ms
[ j\ o
N
Xy Pd(dppf)Cl,, K2CO;
| dioxane, H,O
al A OPMB
S—nN
95-1
[O /
Nj\ 95
Ms AN TFA
| Step 1. 1-{5-[(3R)-3-methylmorpholin-4-yl]-3-[1-
Z OPMB (oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]
/ pyridin-7-yl}cyclopentane-1-carbonitrile
S—N
1263
95-2 [ ]
O
[ j\ © T
N B(OH),
PhNT£, DIEA
_—
Ms | N THF N
e oH NN Pd(dppf)CL, K>CO;
/ | dioxane, H,O
S—nN cl Z OPMB
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[O
N
Ms | xy
7 OPMB
S—N

[1264] A mixture of (3R)-4-{7-chloro-3-[(4-methoxyphe-
nyl)methoxy]-[1,2]thiazolo[4,5-b]pyridin-5-y1}-3-methyl-
morpholine (210 mg, 0.517 mmol), (2-methanesulfonylphe-
nyl)boronic acid (206.96 mg, 1.035 mmol), Pd(dppf)Cl,
(75.71 mg, 0.103 mmol) and K,CO; (110.57 mg, 0.8 mmol)
in dioxane (2 mL) and water (0.4 mL) was stirred overnight
at 100° C. under nitrogen atmosphere. The reaction mixture
was diluted with water and extracted with ethyl acetate. The
combined organic layer was washed with brine, dried over
Na,SO,, filtered and concentrated in vacuo. The residue was
purified on flash column chromatography (Silica, 0~60%
Ethyl Acetate in petroleum ether) to give the title product
(3R)-4-[ 7-(2-methanesulfonylphenyl)-3-[ (4-methoxyphe-
nyl)methoxy]-[1,2]thiazolo[4,5-b]pyridin-5-y1]-3-methyl-
morpholine (214 mg, 0.407 mmol, 78.69%). LC-MS(ESI+):
m/z (M+H)=525.7

Step 2. 7-(2-methanesulfonylphenyl)-5-[(3R)-3-
methylmorpholin-4-yl]-thiazolo[4,5-b]pyridin-3-ol
[1265]

(A

B ——
Ms | N TFA
/ OPMB
S—N

Sep. 21, 2023

[1266] A solution of (3R)-4-[7-(2-methanesulfonylphe-
nyl)-3-[(4-methoxyphenyl)methoxy]|-[ 1,2]thiazolo[4,5-b]
pyridin-5-yl]-3-methylmorpholine (214 mg, 0.407 mmol) in
TFA (5 mL) was stirred at 70° C. for 1 h under nitrogen
atmosphere. The reaction mixture was concentrated in vacuo
to give the crude title product 7-(2-methanesulfonylphenyl)-
5-[(3R)-3-methylmorpholin-4-yl1]-[1,2]thiazolo[4,5-b]pyri-
din-3-0l (160 mg, 0.395 mmol, 96.92%). LC-MS(ESI+):
m/z (M+H)=405.8

Step 3. 7-(2-methanesulfonylphenyl)-5-[(3R)-3-
methylmorpholin-4-y1]-[1,2]thiazolo[4,5-b]pyridin-
3-yl trifluoromethanesulfonate

[1267]
[O
Nj\
PhNTY,, DIEA
—_—
Ms | AN THF
7 OH
/
S—nN
[O
N
Ms | AN
Z OTf
/
S—N
[1268] A mixture of 7-(2-methanesulfonylphenyl)-5-

[(3R)-3-methylmorpholin-4-yl]-[ 1,2]thiazolo[4,5-b]pyridin-
3-0l (165 mg, 0.407 mmol), 1,1,1-trifluoro-N-phenyl-N-
trifluoromethanesulfonylmethanesulfonamide (581.47 mg,
1.628 mmol) and DIEA (0.672 mL, 4.069 mmol) in THF (10
ml) was stirred at 70° C. for 2 hrs under nitrogen atmo-
sphere. After diluted with water, the reaction mixture was
extracted with ethyl acetate and the organic layer was
washed with brine, dried over Na,SO,, filtered and concen-
trated. The residue was purified on flash column chroma-
tography (Silica, 0~60% Ethyl Acetate in petroleum ether) to
give the title product 7-(2-methanesulfonylphenyl)-5-[(3R)-
3-methylmorpholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-3-yl
trifluoromethanesulfonate (48 mg, 0.089 mmol, 21.94%).
LC-MS(ESI+): m/z (M+H)=537.8.
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Step 4. (3R)-4-[7-(2-methanesulfonylphenyl)-3-[3-
methyl-1-(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo
[4,5-b]pyridin-5-y1]-3-methylmorpholine

[1269]
O
Ot
-
N N
/
THP
Ms SN Pd(dppf)Cly, KoCO5
| dioxane, H,O
[1270] A mixture of 7-(2-methanesulfonylphenyl)-5-

[(3R)-3-methylmorpholin-4-yl1]-[ 1,2]thiazolo[4,5-b]pyridin-
3-yl trifluoromethanesulfonate (42 mg, 0.078 mmol),
[3-methyl-1-(oxan-2-y1)-1H-pyrazol-5-yl]|boronic acid (49.
23 mg, 0.234 mmol), Pd(dppf)Cl, (11.43 mg, 0.016 mmol)
and K,CO; (110.57 mg, 0.8 mmol) in dioxane (2 mL) and
water (0.4 mL) was stirred overnight at 100° C. under
nitrogen atmosphere. The reaction mixture was diluted with
water and extracted with ethyl acetate. The combined
organic layer was washed with brine, dried over Na,SO,,
filtered and concentrated in vacuo. The residue was purified
on flash column chromatography (Silica, 0~60% Ethyl
Acetate in petroleum ether) to give the title product (3R)-
4-[7-(2-methanesulfonylphenyl)-3-[3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-y1]-[1,2]thiazolo[4,5-b]pyridin-5-y1]-3-
methylmorpholine (37 mg, 0.067 mmol, 85.53%). LC-MS
(ESI+): m/z (M+H)=553.8

Step 5. (3R)-4-[7-(2-methanesulfonylphenyl)-3-(3-
methyl-1H-pyrazol-5-yl)-[1,2]thiazolo[4,5-b]pyri-
din-5-yl1]-3-methylmorpholine

[1271]

Sep. 21, 2023
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[1272] To a solution of (3R)-4-[7-(2-methanesulfonylphe-
nyl)-3-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-y1]-[ 1,2 ]thi-
azolo[4,5-b]pyridin-5-yl]-3-methylmorpholine (37 mg,
0.067 mmol) in DCM (2 mL.) was added TFA (2 mL) and the
resulting mixture was stirred for 3 hrs at ambient tempera-
ture. The mixture was concentrated and basified with satu-
rated ammonium. The mixture was concentrated and the
residue was purified on flash column chromatography
(Silica, 0~10% MeOH in DCM) and Prep-HPLC (C18,
10-95%, acetonitrile in water with 0.1% formic acid) to give
the title product (3R)-4-[7-(2-methanesulfonylphenyl)-3-(3-
methyl-1H-pyrazol-5-yl)-[ 1,2]thiazolo[4,5-b]pyridin-5-y1]-
3-methylmorpholine (16.6 mg, 0.035 mmol, 52.90%). LC-
MS(ESI+): m/z (M+H)=469.8. "H NMR (400 MHz, DMSO)
813.09 (br, 1H), 8.20 (d, J=7.7 Hz, 1H), 7.88 (dt, ]=15.3,7.3
Hz, 2H), 7.66 (d, I=7.6 Hz, 1H), 7.35 (s, 1H), 7.16 (s, 1H),
4.47 (d, J=6.2 Hz, 1H), 4.17 (d, J=13.4 Hz, 1H), 4.04 (d,
J=8.6 Hz, 1H), 3.79 (d, J=11.3 Hz, 1H), 3.72 (d, ]=9.4 Hz,
1H), 3.58 (t, I=10.6 Hz, 1H), 3.26 (t, J=11.0 Hz, 1H), 3.11
(s, 3H), 2.33 (s, 3H), 1.25 (d, I=6.5 Hz, 3H).

Example 96
Synthesis of (3R)-3-methyl-4-[3-(3-methyl-1H-

pyrazol-5-y1)-7-[2-(trifluoromethyl)pyridin-3-y1]-[1,
2]thiazolo[4,5-b]pyridin-5-yllmorpholine

[1273]
o CF;
BPin
[ b \
N |
/
N Pd(dppf)Cly, K2C0;
| dioxane, H,O
al A OPMB
S—~—N
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PhNTf,, DIEA

THP

Pd(dpph)Cls, K>CO;3
dioxane, H,O

OTf
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-continued
96
Step 1. (3R)-4-{3-[(4-methoxyphenyl)methoxy]-7-
[2-(trifluvoromethyl)phenyl]-[ 1,2]thiazolo[4,5-b]pyri-
din-5-y1}-3-methylmorpholine
[1274]
o CF,
[ j\ NS -
N |
L
_— -
N Pd(dppf)Cla, K2C0;
| dioxane, H,O
cl Z OPMB
S—N

[1275] A mixture of (3R)-4-{7-chloro-3-[(4-methoxyphe-
nyl)methoxy]-[1,2]thiazolo[4,5-b]pyridin-5-y1}-3-methyl-
morpholine (207 mg, 0.510 mmol), 4,4,5,5-tetramethyl-2-
[2-(trifluoromethyl)phenyl]-1,3,2-dioxaborolane  (277.49
mg, 1.020 mmol), Pd(dppD)Cl, (74.63 mg, 0.102 mmol) and
K,CO, (110.57 mg, 0.8 mmol) in dioxane (2 mL) and water
(0.4 mL) was stirred overnight at 100° C. under nitrogen
atmosphere. The reaction mixture was diluted with water
and extracted with ethyl acetate. The combined organic layer
was washed with brine, dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified on flash
column chromatography (Silica, 0~50% Ethyl Acetate in
petroleum ether) to give the title product (3R)-4-{3-[(4-
methoxyphenyl)methoxy|-7-[2-(trifluoromethyl)phenyl]-[ 1,
2]thiazolo[4,5-b]pyridin-5-y1}-3-methylmorpholine (202
mg, 0.392 mmol, 76.83%). LC-MS(ESI+): m/z (M+H)
=516.8
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Step 2. 5-[(3R)-3-methylmorpholin-4-y1]-7-[ 2-(trif-
luoromethyl)pyridin-3-yl]-thiazolo[4,5-b]pyridin-3-
ol

[1276]

[1277] A solution of (3R)-4-{3-[(4-methoxyphenyl)
methoxy|-7-[2-(trifluoromethyl)pyridin-3-yl]-[ 1,2]thiazolo
[4,5-b]pyridin-5-y1}-3-methylmorpholine (202 mg, 0.391
mmol) in TFA (5 mL) was stirred at 70° C. for 1 h under
nitrogen atmosphere. The reaction mixture was concentrated
in vacuo to give the crude title product 5-[(3R)-3-methyl-
morpholin-4-yl]-7-[2-(trifluoromethyl)pyridin-3-y1]-[1,2]
thiazolo[4,5-b]pyridin-3-ol (144 mg, 0.363 mmol, 92.90%).
LC-MS(ESI+): m/z (M+H)=396.8

Step 3. 5-[(3R)-3-methylmorpholin-4-y1]-7-[ 2-(trif-
luoromethyl)pyridin-3-yl]-[1,2]thiazolo[4,5-b]pyri-
din-3-yl trifluoromethanesulfonate

[1278]

PhNT®,, DIEA
THF

Sep. 21, 2023

-continued

OTf

[1279] A mixture of 5-[(3R)-3-methylmorpholin-4-yl]-7-
[2-(trifluoromethyl)pyridin-3-yl]-[1,2]thiazolo[4,5-b]pyri-
din-3-01 (144 mg, 0.363 mmol), 1,1,1-trifluoro-N-phenyl-
N-trifluoromethanesulfonylmethanesulfonamide  (389.34
mg, 1.090 mmol) and DIEA (0.600 mL, 3. mmol) in THF
(10 mL) was stirred at 70° C. for 2 hrs under nitrogen
atmosphere. After diluted with water, the reaction mixture
was extracted with ethyl acetate and the organic layer was
washed with brine, dried over Na,SO,, filtered and concen-
trated. The residue was purified on flash column chroma-
tography (Silica, 0~60% Ethyl Acetate in petroleum ether) to
give the title product 5-[(3R)-3-methylmorpholin-4-yl]-7-
[2-(trifluoromethyl)pyridin-3-yl]-[1,2]thiazolo[4,5-b]pyri-
din-3-y1 trifluoromethanesulfonate (108 mg, 0.204 mmol,
56.26%). LC-MS(ESI+): m/z (M+H)=528.7.

Step 4. (3R)-3-methyl-4-{3-[3-methyl-1-(oxan-2-

yD)-1H-pyrazol-5-yl]-7-[2-(trifluoromethyl)pyridin-
3-yl]-[1,2]thiazolo[4,5-b]pyridin-5-y1} morpholine

[1280]

N

/

THP

Pd(dppf)Cl,, K,CO3
dioxane, H,O

OTf

[1281] A mixture of 5-[(3R)-3-methylmorpholin-4-yl]-7-
[2-(trifluoromethyl)pyridin-3-yl]-[1,2]thiazolo[4,5-b]pyri-

din-3-yl trifluoromethanesulfonate (54 mg, 0.102 mmol),
[3-methyl-1-(oxan-2-y1)-1H-pyrazol-5-yl]|boronic acid (85.
85 mg, 0.409 mmol), Pd(dppH)Cl, (14.95 mg, 0.020 mmol)
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and K,CO; (82.93 mg, 0.6 mmol) in dioxane (2 ml.) and
water (0.3 mL) was stirred overnight at 100° C. under
nitrogen atmosphere. The reaction mixture was diluted with
water and extracted with ethyl acetate. The combined
organic layer was washed with brine, dried over Na,SO,,
filtered and concentrated in vacuo. The residue was purified
on flash column chromatography (Silica, 0~60% Ethyl
Acetate in petroleum ether) to give the title product (3R)-
3-methyl-4-{3-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-yl]-
7-[2-(trifluoromethyl)pyridin-3-yl]-[ 1,2]thiazolo[4,5-b]
pyridin-5-yl}morpholine (37 mg, 0.068 mmol, 66.49%).
LC-MS(ESI+): m/z (M+H)=544.9 Step 5. (3R)-3-methyl-4-
[3-(3-methyl-1H-pyrazol-5-y1)-7-[2-(trifluoromethyl)pyri-
din-3-yl]-[1,2]thiazolo[4,5-b]|pyridin-5-yljmorpholine

[1282] To a solution of (3R)-3-methyl-4-{3-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl]-7-[ 2-(trifluvoromethyl)pyri-
din-3-yl]-[1,2]thiazolo[4,5-b]pyridin-5-yl}morpholine (37
mg, 0.068 mmol) in DCM (2 mL) was added TFA (2 mL)
and the resulting mixture was stirred for 1 h at ambient
temperature. The mixture was concentrated and basified
with saturated ammonium. The mixture was concentrated
and the residue was purified on flash column chromatogra-
phy (Silica, 0~10% MeOH in DCM) and Prep-HPLC (C18,
10-95%, acetonitrile in water with 0.1% formic acid) to give
the title product (3R)-3-methyl-4-[3-(3-methyl-1H-pyrazol-
5-yD)-7-[2-(trifluoromethyl)pyridin-3-yl]-[ 1,2]thiazolo[4,5-
blpyridin-5-yllmorpholine (10.2 mg, 0.022 mmol, 32.60%).
LC-MS(ESI+): m/z (M+H)=460.8. '"H NMR (400 MHz,
DMSO) § 13.53-12.65 (m, 1H), 8.95 (d, J=4.3 Hz, 1H), 8.23
(d, J=7.7 Hz, 1H), 7.94 (dd, J=7.8, 4.8 Hz, 1H), 7.32 (s, 1H),
7.16 (s, 1H), 4.47 (d, J=6.2 Hz, 1H), 4.16 (d, J=12.9 Hz, 1H),
4.04 (d, I=8.5 Hz, 1H), 3.80 (d, J=11.3 Hz, 1H), 3.72 (d,
J=9.0 Hz, 1H), 3.58 (t, J=10.6 Hz, 1H), 3.25 (d, J=12.6 Hz,
1H), 2.33 (s, 3H), 1.24 (d, J=6.5 Hz, 3H).

Sep. 21, 2023

Example 97
Synthesis of (R)-2-methyl-2-(3-(3-methyl-1H-pyra-
z0l-5-y1)-5-(3-methylmorpholino)isothiazolo[4,5-b]
pyridin-7-yl)propan-1-ol

[1283]

HCI/H,0, 100° C.

_—_—

BH;— THF, 60° C.

Step 1. (R)-2-methyl-2-(3-(3-methyl-1H-pyrazol-5-

y1)-5-(3-methylmorpholino)isothiazolo[4,5-b|pyri-
din-7-yl)propanoic acid

[1284]

HCI/H,0, 100° C.
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[1285] A mixture of 2-methyl-2-{3-[3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-y1]-5-[ (3R)-3-methylmorpholin-4-yl]-[1,
2]thiazolo[4,5-b]pyridin-7-y1 }propanenitrile (130 mg, 0.27
mmol) in HCI/H,O (10 mL) was stirred at 100° C. for 16 h.
LCMS showed the reaction was completed. After concen-
tration, the residue was used for the next step without further
purification. LC/MS (ESI): m/z 402 [M+H]".

Step 2. (R)-2-methyl-2-(3-(3-methyl-1H-pyrazol-5-
y1)-5-(3-methylmorpholino)isothiazolo[4,5-b]pyri-
din-7-yl)propan-1-ol

[1286]

BH;—THF, 60° C.

[1287] To a solution of 2-methyl-2-[3-(3-methyl-1H-pyra-
zol-5-y1)-5-[(3R)-3-methylmorpholin-4-y1]-[1,2]thiazolo[ 4,
5-b]pyridin-7-yl|propanoic acid (100 mg, 0.24 mmol) in
anhydrous THF (5 mL) was added BH, in THF (2.0 M, 0.6
ml, 1.24 mmol) slowly. The resulting mixture was stirred at
60° C. for 1 h. LCMS showed the reaction was completed.
The reaction mixture was quenched with HCI/H, (1.0 M)
and extracted with EA. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo. The residue was
purified by prep-HPLC (C18, 10-95%, MeOH in H,O with

Sep. 21, 2023

0.1% HCOOH) to give the desired product (20 mg, yield:
20%). LC/MS (ESI): m/z 388 [M+H]*. 1H NMR (400 MHz,
DMSO) § 7.11 (s, 1H), 7.00 (s, 1H), 4.90 (s, 1H), 4.51 (d,
J=5.1 Hz, 1H), 4.06 (t, J=13.7 Hz, 2H), 3.82 (d, J=11.4 Hz,
1H), 3.75-3.64 (m, 3H), 3.57 (t, J=10.5 Hz, 1H), 3.23 (d,
J=12.2 Hz, 1H), 2.30 (s, 3H), 1.41 (s, 6H), 1.23 (d, J=6.6 Hz,
3H).

Example 98
Synthesis of (R)-(1-(3-(3-methyl-1H-pyrazol-5-yl)-

5-(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-
yDeyclopropyl)methanol

[1288]

HCI/H,0, 100° C.

BH;— THF, 60° C.

HO

98
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Step 1. (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclopropane-1-carboxylic acid

[1289]

HCVH,0, 100° C.

[1290] A mixture of 1-(3-(3-methyl-1-(tetrahydro-2H-
pyran-2-y1)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)

isothiazolo[4,5-b]pyridin-7-yl)cyclopropane-1-carbonitrile

(70 mg, 0.15 mmol) in HCI/H, (10 mL) was stirred at 100°
C. for 16 h. LCMS showed the reaction was completed.
After concentration, the residue was used for the next step
without further purification. LC/MS (ESI): m/z 400 [M+H]*.

Step 2. (R)-(1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclopropyl)methanol

[1291]

BH;—THF, 60° C.
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[1292] To a solution of 1-[3-(3-methyl-1H-pyrazol-5-yl)-
5-[(3R)-3-methylmorpholin-4-yl1]-[1,2]thiazolo[4,5-b]pyri-
din-7-yl]cyclopropane-1-carboxylic acid (50 mg, 0.12
mmol) in anhydrous THF (3 mL) was added BH; in THF
(2.0 M, 0.3 mL, 0.62 mmol) slowly. The resulting mixture
was stirred at 60° C. for 1 h. LCMS showed the reaction was
completed. The reaction mixture was quenched with HCI/H,
(1.0 M) and extracted with EA. The organic layer was dried
over Na,SO,, filtered and concentrated in vacuo. The resi-
due was purified by prep-HPLC (C18, 10-95%, MeOH in
H,0 with 0.1% HCOOH) to give the desired product (5 mg,
yield: 10%). LC/MS (ESI): m/z 386 [M+H]*. IH NMR (400
MHz, DMSO-d6) 6 13.02 (d, J=115.0 Hz, 1H), 7.11 (s, 2H),
4.90 (s, 1H), 4.49 (s, 1H), 4.05 (dd, J=24.6, 11.1 Hz, 2H),
3.80 (d, J=11.3 Hz, 1H), 3.70 (d, I=9.6 Hz, 1H), 3.62-3.50
(m, 3H), 3.22 (t, J=11.0 Hz, 1H), 2.30 (s, 3H), 1.22 (d, J=6.6
Hz, 3H), 0.95 (s, 4H).

Example 99

Synthesis of (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-
triazol-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)isothi-
azolo[4,5-b]pyridin-5-yl)morpholine

[1293]
o)
-
\
N N=N
99-2
Xy Pd(PPh3),Cly, MeyNAc,
| DMA, 140° C.
Cl / / Cl
S—N
99-1
o)
<HO>2B4{\|(
N/N
N THP
99-4
\N
Pd(PPhs)s, 2M K,CO;
| Dioxane
S 7 cl
N
N X S /
N— —N
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-continued [1295] To a mixture of (3R)-4-{3,7-dichloro-[1,2]thiazolo
[4,5-b]pyridin-5-y1}-3-methylmorpholine (250 mg, 0.822
mmol), 1-methyl-1H-1,2,3-triazole (410 mg, 4.93 mmol)
and Me,NAc (289 mg, 2.46 mmol) in DMA (10 mL) was
added Pd(PPh,),Cl, (115 mg, 0.164 mmol). After the mix-
ture was stirred at 140° C. for 12 h under N,.

[1296] LCMS showed the reaction was complete. The
HCDioxane mixture was poured into H,O and extracted with EA (30
ml[.*3). The combined organic phase was washed brine,
dried over Na,SO,, filtered and concentrated to dryness. The
residue was purified by flash chromatography (silica gel (12
g), 0-100%, EA in PE) to give (R)-4-(3-chloro-7-(1-methyl-
1H-1,2,3-triazol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-
methylmorpholine (200 mg, 0.570 mmol, 69%). LC/MS
99-5 (ESI): m/z 351.8/352.5 [M+1]".

Step 2. (3R)-3-methyl-4-(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(1-methyl-1H-1,
2,3-triazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)mor-

pholine
[1297]
O
[ (HO)zBW
N NN
99
THP
AN
Pd(PPhs)s, 2M K>CO;
| Dioxane
Step 1. (R)-4-(3-chloro-7-(1-methyl-1H-1,2,3-tri- S F Cl
azol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methyl- N
morpholine \\N/N S—N
AN
[1294]
O
[ —~
Nj\ N\/}
N=N
XN Pd(PPh3),Cly, MesNAc,
| DMA, 140° C.
Cl 7 Cl
/
S—nN [1298] To a mixture of (R)-4-(3-chloro-7-(1-methyl-1H-
1,2,3-triazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-methyl-
0 morpholine (100 mg, 0.285 mmol), [3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-yl|boronic acid (180 mg, 0.855 mmol) and
K,CO; (0.713 ml, 1.42 mmol, 2M in H,O) in dioxane (8
N ml.) was added tetrakis(triphenylphosphane) palladium (66
mg, 0.057 mmol). The mixture was stirred at 100° C. for 16
Xy h under N,. LCMS showed the reaction was complete. The
| mixture was filtered and concentrated to dryness. The resi-
P due was purified by flash chromatography (silica gel (12 g),
N ) €l 0-100%, EA in PE) to give (3R)-3-methyl-4-(3-(3-methyl-
\\N/N S 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(1-

methyl-1H-1,2,3-triazol-5-yl)isothiazolo[4,5-b|pyridin-5-
yDmorpholine (60 mg, 0.125 mmol, 44%). LC/MS (ESI):
m/z 481.7 [M+1]".
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Step 3. (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-tri-
azol-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-5-yl)morpholine

[1299]

N

N—

1300] To a mixture of (3R)-
tetrahydro 2H- ran -2-yl)-1H-pyrazol-5-yl)-7- gl -methyl-
H-1,2,3-triazol- -yl)lsothlazolo 4,5-b|pyridin-5-yl)mor-
holine (60 m , 0.125 mmol) in DCM (0.5 mL) was added
Cl/dloxane 5 ml, 4M). After the mixture was stirred at
rt for 1 hr. LCMS showed the reaction was complete. The
mixture was concentrated to dryness. Then the crude product
was purified b Pre -HPLC (C,;, 10-95%, MeCN in H,O
with 0.1% H H? ive (R) 3-methy1 4-(7- (l-methyl-
1H-1,2,3-triazol-5 3 methyl-1H- 1pyrazol 5-ylglsoth1-
azolo[4 5- b]pyrldln- -yl morpholine ( 0.045 mmol,
36%). LC/MS (ESI): m/z 397.5 [M+H]". H NMR 3400
MHz, DMSO-d6) 8 13.12 (d, J=127.1 Hz, 1H), 8.25 H
750(s 1H), 7.16 (s, 1H), 4.61-4.53 (m, lH) 421 (s, 3H
4.20-4.14 (m, 1H), 4.06 d, ]=10.3 Hz, 1H), 383(d J 113
Hz, 1H), 3.77-3.71 (m, lH) 3.63-3.54 (m, 1H), 3.31-3.23
(m 1H), 2.32 (s, 3H l27(d J=6.6 Hz, 3H).

Example 100

3-methyl-4-(3-(3-methyl-1-

Synthesis of (R)-2-methyl-2-(5-(3-methylmor-
pholino)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b|pyri-
din-7-yl)propan-1-ol

[1301]

HCI/H,0, 100° C.
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-continued

BH;—THEF, 60° C.

100-2
[O
N
)
HO / / /\N
A

Step 1. (R)-2-methyl-2-(5-(3-methylmorpholino)-3-
(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-7-y1)
propanoic acid

[1302]

HCVH,0, 100° C.

[1303] A mixture of 2-methyl-2-{5-[(3R)-3-methylmor-
pholin-4-y1]-3-[1-(oxan-2-y1)-1H-pyrazol-5-y1]-[1,2]thi-
azolo[4,5-b]pyridin-7-yl}propanenitrile (150 mg, 0.33
mmol) in HCI/H,O (20 mL) was stirred at 100° C. for 16 h.
LCMS showed the reaction was completed. After concen-
tration, the residue was used for the next step without further
purification. LC/MS (ESI): m/z 388 [M+H]".
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Step 2. (R)-2-methyl-2-(5-(3-methylmorpholino)-3- -continued
(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-7-y1)
propan-1-ol
[1304]
TFA
DCM

BH;— THEF, 60° C.

[1305] To a solution of 2-methyl-2-{5-[(3R)-3-methyl-
morpholin-4-yl]-3-(1H-pyrazol-5-y1)-[1,2]thiazolo[4,5-b]

pyridin-7-yl}propanoic acid (100 mg, 0.25 mmol) in THF (3 Step 1. (3R)-3-me?hyl-4-{3-[l-(oxar.l-.2-yl)-lH-pyra-
mL) was added BH, (2.0 M in THF, 0.6 mL, 1.29 mmol) z01-5-y1]-7-[2-(trifluoromethyl)pyridin-3-y1]-[1,2]
slowly. The resulting mixture was stirred at 60° C. for 1 h. thiazolo[4,5-b]pyridin-5-yl}morpholine

LCMS showed the reaction was completed. The reaction

mixture was quenched with HCI/H, (1.0 M) and extracted [1307]
with EA. The organic layer was dried over Na,SO,, filtered
and concentrated in vacuo. The residue was purified by o
Prep-HPLC (C18, 10-95%, MeOH in H,O with 0.1%
HCOOH) to give the desired product (20 mg, yield: 20%). PiHBA{\H
LC/MS (ESI): m/z 374 [M+H]". 1H NMR (400 MHz, N N—N
DMSO0) 8 13.61 (s, 1H), 7.69 (s, 1H), 7.39 (d, J=1.4 Hz, 1H), /
7.01 (s, 1H), 4.92 (t, J=5.0 Hz, 1H), 4.53 (d, J=5.8 Hz, 1H), THP
4.11-3.99 (m, 2H), 3.82 (d, I=11.4 HZ, lH), 3.69 (dd, J:l46, CF3 = N Pd(dppHCly, K>CO;3
8.5 Hz, 3H), 3.57 (t, J=10.3 Hz, 1H), 3.25 (dd, J=12.4, 9.5 dioxane, H,0O
Hz, 1H), 1.41 (s, 6H), 1.23 (d, J=6.6 Hz, 3H).
Example 101
Synthesis of (3R)-3-methyl-4-[3-(1H-pyrazol-5-y1)- o
7-[2-(trifluoromethyl)pyridin-3-yl]-[ 1,2]thiazolo[4,5-
b]pyridin-5-yl|morpholine
[1306] N
O.
[ j\ PinBA{\H
N
N N~
/
THP
_—
Pd(dppf)Cla, KoCO5
dioxane, H,O

OTf
[1308] A mixture of 5-[(3R)-3-methylmorpholin-4-yl]-7-
[2-(trifluoromethyl)pyridin-3-yl]-[1,2]thiazolo[4,5-b]pyri-
din-3-yl trifluoromethanesulfonate (54 mg, 0.102 mmol),
101-1 1-(oxan-2-yl)-5-(tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-
pyrazole (56.74 mg, 0.204 mmol), Pd(dppD)Cl, (14.95 mg,




US 2023/0295166 Al

237

0.020 mmol) and K,CO; (82.93 mg, 0.6 mmol) in dioxane
(2 mL) and water (0.3 mL) was stirred overnight at 100° C.
under nitrogen atmosphere. The reaction mixture was
diluted with water and extracted with ethyl acetate. The
combined organic layer was washed with brine, dried over
Na,SO,, filtered and concentrated in vacuo. The residue was
purified on flash column chromatography (Silica, 0~60%
Ethyl Acetate in petroleum ether) to give the title product
(3R)-3-methyl-4-{3-[1-(oxan-2-y1)-1H-pyrazol-5-yl]-7-[2-
(trifluvoromethyl)pyridin-3-yl1]-[ 1,2]thiazolo[4,5-b|pyridin-
5-yl}morpholine (27 mg, 0.051 mmol, 49.89%). LC-MS
(ESI+): m/z (M+H)=530.8 Step 2. (3R)-3-methyl-4-[3-(1H-
pyrazol-5-y1)-7-[ 2-(trifluoromethyl)pyridin-3-y1]-[ 1,2]
thiazolo[4,5-b]pyridin-5-yl|Jmorpholine

[1309] To a solution of (3R)-3-methyl-4-{3-[1-(oxan-2-
yD)-1H-pyrazol-5-y1]-7-[ 2-(trifluoromethyl)pyridin-3-y1]-[ 1,
2]thiazolo[4,5-b]pyridin-5-yl }morpholine (27 mg, 0.051
mmol) in DCM (2 mL) was added TFA (2 mL) and the
resulting mixture was stirred for 1 h at ambient temperature.
The mixture was concentrated and basified with saturated
ammonium. The mixture was concentrated and the residue
was purified on flash column chromatography (Silica,
0~10% MeOH in DCM) and Prep-HPLC (C18, 10-95%,
acetonitrile in water with 0.1% formic acid) to give the title
product  (3R)-3-methyl-4-[3-(1H-pyrazol-5-y1)-7-[ 2-(trif-
luoromethyl)pyridin-3-yl]-[1,2]thiazolo[4,5-b]|pyridin-5-yl]
morpholine (8.2 mg, 0.018 mmol, 36.09%). LC-MS(ESI+):
m/z (M+H)=446.8. '"H NMR (400 MHz, DMSO) 8 14.09-
12.88 (m, 1H), 8.95 (d, J=4.5 Hz, 1H), 8.23 (d, J=7.8 Hz,
1H), 7.94 (dd, J=7.8, 4.8 Hz, 1H), 7.79 (br, 1H), 7.44 (d,
J=1.4 Hz, 1H), 7.33 (s, 1H), 4.49 (d, J=5.8 Hz, 1H), 4.16 (d,
J=13.1 Hz, 1H), 4.04 (d, J=9.0 Hz, 1H), 3.80 (d, I=11.3 Hz,
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1H), 3.71 (d, J=9.1 Hz, 1H), 3.58 (t, J=10.4 Hz, 1H), 3.25
(d, I=12.7 Hz, 1H), 1.24 (d, J=6.5 Hz, 3H).

Example 102

Synthesis of (R)-3-methyl-4-(7-(1-methyl-1H-1,2,4-
triazol-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)isothi-
azolo[4,5-b]pyridin-5-yl)morpholine

[1310]

102-2

321921-71-5, K5POy, Pd(OAc),
NMP, 120° C.
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Step 1. (3R)-3-methyl-4-(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-7-(1-methyl-1H-1,
2,4-triazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)mor-
pholine
[1311]
N,
=
\
N—N,
N\
321921-71-5, K3PO,, PA(OAc),
NMP, 120° C.

\

N—N

S—N |
THP

[1312] A mixture of (3R)-4-{7-chloro-3-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]pyridin-5-
yl1}-3-methylmorpholine (50 mg, 0.11 mmol), 1-methyl-1H-
1,2,4-triazole (19 mg, 023 mmol), Butyldi-1-
adamantylphosphine (4 mg, 0.01 mmol), K PO, (48 mg,
0.23 mmol), and Pd(OAc), (2 mg, 0.01 mmol) in NMP (2
ml) was stirred at 120° C. under N, atmosphere for 16 h.
LCMS showed the reaction was completed. The reaction
mixture was diluted with H,O and extracted with EA. The
combined organic layer was dried over Na,SO,, filtered and
concentrated in vacuum. The residue was purified by column
chromatography on silica gel (DCM:MeOH=40:1, V/V) to
afford the desired product (20 mg, yield: 36%). LC/MS
(ESD): m/z 481 [M+H]".

Step 2. (R)-3-methyl-4-(7-(1-methyl-1H-1,2.4-tri-
azol-5-y1)-3-(3-methyl-1H-pyrazol-5-yl)isothiazolo
[4,5-b]pyridin-5-yl)morpholine

[1313]

TFA
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[1314] A mixture of (3R)-3-methyl-4-{3-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl]-7-(1-methyl-1H-1,2.4-triazol-
5-y1)-[1,2]thiazolo[4,5-b]pyridin-5-yl}morpholine (26 mg,
0.05 mmol) in TFA (2 mL) was stirred at room temperature
for 2 h. After concentration, the residue was purified by
prep-HPLC (C18, 10-95%, MeOH in H,O with 0.1%
HCOOH) to give the desired product (1.1 mg, yield: 5%).
LC/MS (ESI): m/z 397 [M+H]*. 1H NMR (400 MHz,
DMSO) 6 13.07 (d, J=117.2 Hz, 1H), 8.29 (s, 1H), 7.59 (s,
1H), 7.13 (s, 1H), 4.59 (s, 1H), 4.30 (s, 3H), 4.19 (d, J=12.2
Hz, 1H), 4.08 (d, J=10.3 Hz, 1H), 3.85 (d, J=11.3 Hz, 1H),
3.77 (d, J=9.5 Hz, 1H), 3.61 (d, J=11.6 Hz, 1H), 3.29-3.24
(m, 1H), 2.31 (s, 3H), 1.29 (d, J=6.6 Hz, 3H).

Example 103
Synthesis of (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-

triazol-5-y1)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-yl)morpholine

[1315]
o)
o \
/BA{\H
o /N/N
N THP
103-2
SN Pd(PPhs)s, 2M K,CO
34> 2 3
| Dioxane
= A cl
N
\\N/N S\I\{
HCl/Dioxane
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-continued

103

Step 1. (3R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-
triazol-5-y1)-3-(1-(tetrahydro-2H-pyran-2-y1)-1H-
pyrazol-5-yl)isothiazolo[4,5-b[pyridin-5-yl)morpho-

line
[1316]
© 0
C (]
N 0 N/N
THP
Xy

Pd(PPhs)4, 2M K>CO3
| Dioxane

N
\\N/N S\I\{
[1317] To a mixture of (R)-4-(3-chloro-7-(1-methyl-1H-

1,2,3-triazol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-methyl-
morpholine (95 mg, 0.271 mmol), 1-(oxan-2-yl)-5-(tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (226 mg, 0.812
mmol) and K,CO, (0.677 mL, 1.35 mmol, 2M in H,O) in
dioxane (8 mL) was added Pd(PPh,), (63 mg, 0.054 mmol).
After the mixture was stirred at 100° C. for 16 hs under N,,.
LC-MS showed the reaction was complete. The mixture was
filtered and concentrated to dryness. The residue was puri-

Sep. 21, 2023

fied by flash chromatography (silica gel (12 g), 0-100%, EA
in PE) to give (3R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-tri-
azol-5-y1)-3-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yDjisothiazolo[4,5-b]pyridin-5-yl)morpholine (52 mg, 0.111
mmol, 41%). LC/MS (ESI): m/z 467.6 [M+1]*.

Step 2. (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-tri-
azol-5-y1)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-yl)morpholine

[1318]

HCl/Dioxane
—_—

[1319] To a mixture of (3R)-3-methyl-4-(7-(1-methyl-1H-
1,2,3-triazol-5-y1)-3-(1-(tetrahydro-2H-pyran-2-y1)-1H-
pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-yl)morpholine (52
mg, 0.111 mmol) in DCM (0.5 mL) was added HCl/dioxane
(1.5 mL, 4M). After the mixture was stirred at rt for 1 hr.
LC-MS showed the reaction was complete. The mixture was
concentrated to dryness. Then the crude product was purified
by Prep-HPLC (C,5, 10-95%, MeCN in H,O with 0.1%
HCOOH) to give (R)-3-methyl-4-(7-(1-methyl-1H-1,2,3-tri-
azol-5-y1)-3-(1H-pyrazol-5-yl)isothiazolo[4,5-b]pyridin-5-
yDmorpholine (8 mg, 0.021 mmol, 19%). LC/MS (ESI): m/z
383.5 [M+H]*". 'H NMR (400 MHz, DMSO-d6) 8 13.53 (d,
J=193.9 Hz, 1H), 8.26 (s, 1H), 7.77 (s, 1H), 7.49 (s, 1H),
7.43 (s, 1H), 4.61-4.54 (m, 1H), 4.20 (s, 3H), 4.17 (s, 1H),
4.05 (dd, J=10.5, 1.3 Hz, 1H), 3.83 (d, J=11.4 Hz, 1H),
3.76-3.71 (m, 1H), 3.59 (dd, J=12.4, 10.8 Hz, 1H), 3.29-3.25
(m, 1H), 1.27 (d, J=6.6 Hz, 3H).
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Example 104

Synthesis of (R)-4-(7-chloro-3-(3-methyl-1H-pyra-
zol-5-yl)isothiazolo[4,5-b]pyridin-5-y1)-3-methyl-
morpholine

[1320]

HCl/Dioxane

240

Step 1. (R)-4-(7-chloro-3-(3-methyl-1H-pyrazol-5-
yDjisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line
[1321]

HCl/Dioxane

Sep. 21, 2023

[1322] A mixture of (3R)-4-{7-chloro-3-[3-methyl-1-
(oxan-2-yl)-1H-pyrazol-5-yl]-[1,2]thiazolo[4,5-b]pyridin-5-
yl}-3-methylmorpholine (10 mg, 0.02 mmol) in TFA (2 mL)
was stirred at room temperature for 2 h. LC-MS showed the
reaction was complete. The reaction mixture was concen-
trated under reduced pressure. The residue was purified by
Prep-HPLC (C18, 10-95%, MeOH in H,O with 0.1%
HCOOH) to give the desired product (2 mg, yield: 24%).
LC/MS (ESI): m/z 350 [M+H]*. 1H NMR (400 MHz,
DMSO) 6 13.13 (d, J=120.2 Hz, 1H), 7.50 (s, 1H), 7.11 (s,
1H), 4.51 (s, 1H), 4.11 (d, J=12.3 Hz, 1H), 4.02 (d, J=11.2
Hz, 1H), 3.80 (d, J=11.5 Hz, 1H), 3.70 (d, J=11.6 Hz, 1H),
3.55 (t, J=11.6 Hz, 1H), 3.24 (d, J=11.9 Hz, 1H), 2.31 (s,
3H), 1.23 (d, J=6.5 Hz, 3H).

Example 105

Synthesis of (R)-(4-(3-(3-methyl-1H-pyrazol-5-yl)-
5-(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-
yDtetrahydro-2H-pyran-4-yl)methanol

[1323]
o)
<HO>2B4{\|(
N~ N
N /
THP
Ny 105-2
| PACLy(dppf), 2M K>CO3
NC Dioxane
Z al
/
S—N
0
105-1

105-4
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-continued Step 2. (R)-4-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
tetrahydro-2H-pyran-4-carboxylic acid

[1326]

HO

105

Step 1. 4-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)tetrahydro-2H-pyran-
4-carbonitrile

[1324]
o)
[ j\ (HO)ZB_N
N N N
B N THP
| PACLy(dppf), 2M K,CO;3
NC Dioxane
7 cl
S—nN [1327] A mixture of 4-{3-[3-methyl-1-(oxan-2-yl)-1H-
o pyrazol-5-y1]-5-[(3R)-3-methylmorpholin-4-yl]-[ 1,2]thi-

azolo[4,5-b]pyridin-7-yl}oxane-4-carbonitrile (81 mg, 0.15
mmol) in HCI/H,O (10 mL) was stirred at 100° C. for 16 h.
LCMS showed the reaction was completed. After concen-
tration, the residue was used for the next step without further
purification. LC/MS (ESI): m/z 444 [M+H]".

Step 3. (R)-(4-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
tetrahydro-2H-pyran-4-yl)methanol

[1328]

[1325] A mixture of 4-{3-chloro-5-[(3R)-3-methylmor-
pholin-4-yl]-[1,2]thiazolo[4,5-b]pyridin-7-yl }oxane-4-car-
bonitrile (190 mg, 0.50 mmol), PdCL,(dppf) (73 mg, 0.10
mmol) and K,CO; (2.0 M in H,O, 0.7 mL) in dioxane (5
ml) was stirred at 100° C. under N, atmosphere for 16 h.
LC-MS showed the reaction was complete. The reaction
mixture was diluted with EA (40 mL), then washed with
water and brine, dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by column chroma-
tography on silica gel (PE:EA=1:2, V/V) to afford the
desired product (81 mg, yield: 31%). LC/MS (ESI): m/z 509
[M+H]™".
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-continued -continued

DHP
—_—
TsOH, THF

[1329] To a solution of 4-[3-(3-methyl-1H-pyrazol-5-yl)-
5-[(3R)-3-methylmorpholin-4-y1]-[1,2]thiazolo[4,5-b]pyri-
din-7-ylJoxane-4-carboxylic acid (50 mg, 0.11 mmol) in
anhydrous THF (3 mL) was added BH;-THF (2.0 M, 0.16
ml) at room temperature. The resulting mixture was stirred
at 60° C. for 1 h. LCMS showed the reaction was completed.
The reaction mixture was quenched with MeOH and con-
centrated. The residue was diluted with EA and washed with
NaHCO; aqueous solution. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuum. The residue
was purified by Prep-HPLC (C18, 10-95%, MeOH in H,O
with 0.1% HCOOH) to give the desired product (10 mg,
yield: 20%). LC/MS (ESI): m/z 430 [M+H]*. 1TH NMR (400
MHz, DMSO-d6) 8 13.09 (s, 1H), 7.12 (s, 1H), 7.01 (s, 1H),
4.84 (s, 1H), 4.51 (d, J=6.3 Hz, 1H), 4.07 (dd, J=25.1, 10.3
Hz, 2H), 3.83-3.68 (m, 6H), 3.61-3.47 (m, 3H), 3.25-3.19
(m, 1H), 2.31 (s, 3H), 2.19 (s, 2H), 2.06-1.95 (m, 2H), 1.22
(d, J=6.6 Hz, 3H).

106-4
—_—
BuLi, THF

Example 106

TFA

Synthesis of (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-

(3-methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclopentan-1-ol

[1330]

POBr;

106
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Step 1. (R)-4-(7-bromo-3-(3-methyl-1H-pyrazol-5-
yDjisothiazolo[4,5-b]pyridin-5-y1)-3-methylmorpho-
line

[1331]

[1332] To a solution of (3R)-4-(7-((4-methoxybenzyl)
oxy)-3-(3-methyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyra-
zol-5-yl)isothiazolo[4,5-b|pyridin-5-y1)-3-methylmorpho-
line (500 mg, 0.933 mmol) in POBr; (0.759 mL, 7.467
mmol). The mixture was stirred at 65° C. for 3 hr. LC-MS
showed the reaction was complete. The mixture was diluted
with EA (20 mL) and saturated Na,CO; solution (20 mL).
The organic layer was separated, washed with further satu-
rated NaCl solution dried over anhydrous Na,SO,, filtered
and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (DCM:MeOH=30:1,
V/V) to afford the crude desired product (300 mg, 0.761
mmol, 81.51%). LC/MS (ESI) m/z: 394 (M+H)™.

Step 2. (3R)-4-(7-bromo-3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo[4,5-b]
pyridin-5-y1)-3-methylmorpholine

[1333]

DHP
—_—
TsOH, THF
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-continued

THP

[1334] To a solution of (R)-4-(7-bromo-3-(3-methyl-1H-
pyrazol-5-yl)isothiazolo[4,5-b[pyridin-5-y1)-3-methylmor-
pholine (300 mg, 0.789 mmol) in THF (5 mL) were added
3,4-dihydro-2H-pyran (0.278 mL, 3.043 mmol) and p-tolu-
enesulfonic acid (0.024 mL, 0.152 mmol), and the reaction
was stirred at 65° C. for 3 hr. The reaction was diluted with
DCM and water. The organic layer was separated, washed
with further saturated NaCl solution, and concentrated in
vacuo. The residue was purified via column chromatography
onssilica gel (PE:EA=4:1, V/V) to afford the desired product
(70 mg, 0.146 mmol, 19.23%). LC/MS (ESI) m/z: 478
(M+H)*".

Step 3. 1-(3-(3-methyl-1-(tetrahydro-2H-pyran-2-
yD)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclopentan-1-ol

[1335]

—_—
BuLi, THF

HO.

THP

[1336] To a solution of (3R)-4-(7-bromo-3-(3-methyl-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)isothiazolo[4,

5-b]pyridin-5-y1)-3-methylmorpholine (70 mg, 0.146 mmol)
and cyclopentanone (0.052 mL, 0.585 mmol) in THF (5 mL)
at =70° C. was added n-Bul.i (0.234 mL,, 0.585 mmol) drop
wise. The mixture was stirred at —=70° C. for 1 h. LC-MS
showed the reaction was complete. The reaction mixture was
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quenched with saturated NH,Cl aqueous solution, then
extracted with EA (30 mL.x3).

[1337] The combined organic layer was washed with
brine, dried over anhydrous Na,SO,, filtered and concen-
trated. The residue was purified by column chromatography
on silica gel (PE:EA=50:1, V/V) to afford the desired
product (20 mg, 0.041 mmol, 28.26%). LC/MS (ESI) m/z:
484 [M+H]".

Step 4. (R)-1-(3-(3-methyl-1H-pyrazol-5-y1)-5-(3-
methylmorpholino)isothiazolo[4,5-b]pyridin-7-y1)
cyclopentan-1-ol

[1338]

[1339] A solution of 1-(3-(3-methyl-1-(tetrahydro-2H-
pyran-2-y1)-1H-pyrazol-5-y1)-5-((R)-3-methylmorpholino)
isothiazolo[4,5-b]pyridin-7-yl)cyclopentan-1-ol (20 mg,
0.041 mmol) in DCM (1 mL) and TFA (1 mL) was stirred
at room temperature for 3 hr. The reaction mixture was
concentrated in vacuo. The residue was purified by Pre-
HPLC (C,4, 10-95%, MeOH in H,O with 0.1% HCOOH) to
afford the desired product (3 mg, 0.008 mmol, 18.32%).
LC/MS (ESD m/z: 399 (M+H)". 1H NMR (400 MHz,
DMSO-d6) 8 12.95 (d, J=106.8 Hz, 1H), 7.09 (s, 1H), 7.03
(s, 1H), 5.89 (s, 1H), 4.54 (d, J=4.9 Hz, 1H), 4.09 (d, J=12.3
Hz, 1H), 4.02 (d, J=8.6 Hz, 1H), 3.80 (d, J=11.3 Hz, 1H),
3.71 (d, J=9.4 Hz, 1H), 3.56 (t, I=10.4 Hz, 1H), 3.21 (t,
J=11.2 Hz, 1H), 2.29 (s, 3H), 2.04-1.83 (m, 8H), 1.20 (d,
J=6.6 Hz, 3H).

Sep. 21, 2023

Example 107

Synthesis of (3R)-4-[7-(1-ethyl-1H-1,2,3-triazol-5-
y1)-3-(3-methyl-1H-pyrazol-5-yl)-[1,2]thiazolo[4,5-
b]pyridin-5-yl]-3-methylmorpholine

[1340]
0
[Nj\ /\ N/E
\
N=N
XN Pd(PPh3),Cly, MeNOAG
| DMA, 140° C.
ol P cl
/
S
107-1
0
[ j\ (HO)ZBW
N N~ N
THP
AN Pd(PPhy)s, K2CO;

dioxane, H,O
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Step 1. (3R)-4-[3-chloro-7-(1-ethyl-1H-1,2,3-tri-
azol-5-y1)-[1,2]thiazolo[4,5-b|pyridin-5-y1]-3-meth-
ylmorpholine
[1341]
O
\
N=N
XN Pd(PPh3),Cly, MesNOAc
| DMA, 140° C.
a 7 “
/
S—N
[O
N
(]
=~ F > cl
N
\\N/N S—N
[1342] A mixture of (3R)-4-{3,7-dichloro-[1,2]thiazolo[4,

5-b]pyridin-5-y1}-3-methylmorpholine (200 mg, 0.657
mmol), 1-ethyl-1H-1,2,3-triazole (383.12 mg, 3.945 mmol),
tetramethylammonium acetate (262.70 mg, 1.972 mmol)
and Pd(PPh,),Cl, (92.29 mg, 0.131 mmol) in DMA (3 mL)
was stirred at 140° C. for 8 hrs under nitrogen atmosphere.
The reaction mixture was diluted with water and extracted
with ethyl acetate. The organic layer was washed with brine,
dried over Na,SO,, filtered and concentrated in vacuo. The
residue was purified on flash column chromatography
(Silica, 0~100% ethyl acetate in petroleum ether) to give the
title product (3R)-4-[3-chloro-7-(1-ethyl-1H-1,2,3-triazol-5-
yD)-[1,2]thiazolo[4,5-b]pyridin-5-yl]-3-methylmorpholine
(130 mg, 0.356 mmol, 54.19%). LC-MS(ESI+): m/z (M+H)
=364.8, 366.8

Step 2. (3R)-4-[7-(1-ethyl-1H-1,2,3-triazol-5-y1)-3-
[3-methyl-1-(oxan-2-y1)-1H-pyrazol-5-yl]-[1,2]thi-
azolo[4,5-b]pyridin-5-y1]-3-methylmorpholine

[1343]
1)
[ j\ (HO)ZB_{\"/
N N/N
/
THP
AN Pd(PPhs)s, K2CO;
| dioxane, H,O
~ F ) cl
N
N\ N S—N
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[1344] A mixture of (3R)-4-[3-chloro-7-(1-ethyl-1H-1,2,
3-triazol-5-yl)-[1,2]thiazolo[4,5-b]pyridin-5-y1]-3-methyl-
morpholine (130 mg, 0.356 mmol), [3-methyl-1-(oxan-2-
yD)-1H-pyrazol-5-yl]boronic acid (224.51 mg, 1.069 mmol),
Pd(PPh,), (82.28 mg, 0.071 mmol) and K,CO; (3 mL, 6.000
mmol) in dioxane (15 ml) and water (3 mL) was stirred
overnight at 100° C. under nitrogen atmosphere. The reac-
tion mixture was diluted with water and extracted with ethyl
acetate. The combined organic layer was washed with brine,
dried over Na,SO,, filtered and concentrated in vacuo. The
residue was purified on flash column chromatography
(Silica, 0~100% Ethyl Acetate in petroleum ether) to give
the title product (3R)-4-[7-(1-ethyl-1H-1,2,3-triazol-5-y1)-3-
[3-methyl-1-(oxan-2-y1)-1H-pyrazol-5-yl]-[ 1,2]thiazolo[ 4,
5-b]pyridin-5-y1]-3-methylmorpholine (74 mg, 0.150 mmol,
41.99%). LC-MS(ESI+): m/z (M+H)=494.8

Step 3. (3R)-4-[7-(1-ethyl-1H-1,2,3-triazol-5-y1)-3-
(3-methyl-1H-pyrazol-5-y1)-[ 1,2]thiazolo[4,5-b]pyri-
din-5-yl1]-3-methylmorpholine

[1345]
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[1346] To a solution of (3R)-4-[7-(1-ethyl-1H-1,2,3-tri-
azol-5-y1)-3-[3-methyl-1-(oxan-2-yl)-1H-pyrazol-5-y1]-[ 1,
2]thiazolo[4,5-b]pyridin-5-y1]-3-methylmorpholine (74 mg,
0.150 mmol) in DCM (2 mL) was added TFA (2 mL) and the
resulting mixture was stirred for 1 h at ambient temperature.
The mixture was concentrated and basified with saturated
ammonium. The mixture was concentrated and the residue
was purified on flash column chromatography (Silica,
0~10% MeOH in DCM) and Prep-HPLC (C18, 10-95%,
acetonitrile in water with 0.1% formic acid) to give the title
product (3R)-4-[7-(1-ethyl-1H-1,2,3-triazol-5-y1)-3-(3-
methyl-1H-pyrazol-5-yl)-[1,2]thiazolo[4,5-b]pyridin-5-y1]-
3-methylmorpholine (16.7 mg, 0.041 mmol, 27.19%). LC-
MS(BSI+): m/z (M+H)=410.9. "H NMR (400 MHz, DMSO)
8 13.13 (d, J=125.0 Hz, 1H), 8.21 (s, 1H), 7.46 (s, 1H), 7.17
(s, 1H), 4.52 (dd, J=14.5, 7.2 Hz, 3H), 4.18 (d, J=12.5 Hz,
1H), 4.05 (d, I=10.2 Hz, 1H), 3.83 (d, J=11.3 Hz, 1H), 3.74
(d, I=10.8 Hz, 1H), 3.59 (t, J=10.7 Hz, 1H), 3.27 (d, J=11.4
Hz, 1H), 2.31 (s, 3H), 1.38 (t, J=7.2 Hz, 3H), 1.26 (d, I=6.5
Hz, 3H).

Example 108

Synthesis of dimethyl(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-5-((R)-3-methyl-
morpholino)isothiazolo[4,5-b]pyridin-7-yl)phos-
phine oxide

[1347]

HCl/Dioxane
—_—

108-1

Step 1. dimethyl(3-(3-methyl-1-(tetrahydro-2H-
pyran-2-y1)-1H-pyrazol-5-y1)-5-((R)-3-methylmor-
pholino)isothiazolo[4,5-b]pyridin-7-yl)phosphine
oxide

[1348]

HCl/Dioxane
—_—

0
[N
vy
| /A
\\P A N
N\ / ht
S—N

[1349] A solution of dimethyl(3-(3-methyl-1-(tetrahydro-
2H-pyran-2-yl)-1H-pyrazol-5-y1)-5-((R)-3-methylmor-

pholino)isothiazolo[4,5-b]pyridin-7-yl)phosphine oxide (15
mg, 0.032 mmol) in HCl/Dioxane (4M) (1 mL) was stirred
at room temperature for 1 hr. The reaction mixture was
concentrated in vacuo. The residue was purified by prep-
HPLC (C,4, 10-95%, MeOH in H,O with 0.1% HCOOH) to
afford the desired product (4 mg, 0.010 mmol, 32.39%).
LC/MS (BSI) m/z: 476 (M+H)*. 'H NMR (400 MHz,
DMSO) 8 13.03 (d, J=124.9 Hz, 1H), 7.49 (d, J=13.6 Hz,
1H), 7.10 (s, 1H), 4.58 (s, 1H), 4.15 (d, J=12.8 Hz, 1H), 4.05
(d, J=113 Hz, 1H), 3.83 (d, J=11.4 Hz, 1H), 3.73 (d, J=12.2
Hz, 1H), 3.58 (t, J=11.3 Hz, 1H), 3.25 (d, J=10.4 Hz, 1H),
2.30 (s, 3H), 1.85 (d, I=13.8 Hz, 6H), 1.24 (d, J=6.2 Hz, 3H).

Example 109

Synthesis of (R)-4-(5-fluoro-4-(1-methyl-1H-pyra-
zol-5-y1)-7-(1H-pyrazol-5-yl)imidazo[1,5-b]
pyridazin-2-yl)-3-methylmorpholine

[1350]

Cl

X
| T Selectfluoro

—_—
N DMF, 65° C.

cl \N>
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| IL Pd(PPh3),Cla, 2M K>CO3
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N
F
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=
N N
| H
N, sulfolane, KF, 200° C.
\ )
N
F
NIS
MeCN
T}|IP
N BPin

Pd(PPh3),Cl,, 2M K,CO;3
dioxane, 100° C.

HCl/dioxane
_—

109-6
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109
Step 1. 2,4-dichloro-5-fluoroimidazo[1,5-b]
pyridazine
[1351]
Cl Cl
| N T Selectfluoro | N Il\I
—_—
N DMF65°C. N
cl ‘> cl >
\ 7 \ 7
N N
F
[1352] To a solution of 2,4-dichloroimidazo[1,5-b]

pyridazine (607 mg, 3.228 mmol) in DMF (40 mL) was
added selectfluor (2287.37 mg, 6.457 mmol) and the result-
ing mixture was stirred overnight at 65° C. under nitrogen
atmosphere. After quenched with saturated NaHCO;, the
mixture was extracted with ethyl acetate and the organic
layer was washed with brine, dried over Na,SO,, filtered
and concentrated in vacuo. The residue was purified on flash
column chromatography (Silica, 0~10% ethyl acetate in
petroleum ether) to give the title product 2,4-dichloro-5-
fluoroimidazo[1,5-b]pyridazine (124 mg, 0.602 mmol,
18.64%). LC-MS(ESI+): m/z (M+H)=205.8, 207.8 Step 2.
2-chloro-5-fluoro-4-(1-methyl-1H-pyrazol-S-yl)imidazo|1,
5-b]pyridazine

Cl
B

N

| in
\

Pd(PPh3),Cl,, 2M K,CO;
DME, 60° C.

)
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[1353] A mixture of 2,4-dichloro-5-fluoroimidazo[1,5-b]
pyridazine (124 mg, 0.602 mmol), 1-methyl-5-(tetramethyl-
1,3,2-dioxaborolan-2-y1)-1H-pyrazole (131.50 mg, 0.632
mmol), Pd(PPh;),Cl, (42.25 mg, 0.060 mmol) and Na,CO,
(191.39 mg, 1.806 mmol) in DME (10 mL) and H,O (1 mL)
was stirred overnight at 60° C. under nitrogen atmosphere.
The reaction mixture was concentrated in vacuo and the
residue was purified on flash column chromatography
(Silica, 0~40% Ethyl Acetate in petroleum ether) to give the
title product 5-{2-chloro-5-fluoroimidazo[1,5-b]pyridazin-
4-yl}-1-methyl-1H-pyrazole (110 mg, 0.437 mmol,
72.62%). LC-MS(ESI+): m/z (M+H)=251.9, 253.9.

Step 3. (R)-4-(5-fluoro-4-(1-methyl-1H-pyrazol-5-
yDimidazo[1,5-b]pyridazin-2-y1)-3-methylmorpho-
line

| [Oj\
SN

N N

| H

> sulfolane, KF, 200° C.
N

[1354]

[1355] A mixture of 5-{2-chloro-5-fluoroimidazo[1,5-b]
pyridazin-4-yl}-1-methyl-1H-pyrazole (110 mg, 0.437
mmol), (3R)-3-methylmorpholine (132.61 mg, 1.311 mmol)
and potassium fluoride (0.031 mlL,, 1.311 mmol) in sulfolane
(2 mL) was stirred at 200° C. under nitrogen atmosphere for
8 hrs in a sealed tube. The reaction mixture was purified on
flash column chromatography (Silica, 0~10% MeOH in
DCM) and Prep-HPLC (C18, 10-95% acetonitrile in water
with 0.1% formic acid) to give the title product (3R)-4-[5-
fluoro-4-(1-methyl-1H-pyrazol-5-yl)imidazo| 1,5-b]
pyridazin-2-yl]-3-methylmorpholine (56 mg, 0.177 mmol,
40.50%). LC-MS(ESI+): m/z (M+H)=316.9

Sep. 21, 2023

Step 4. 2-chloro-5-fluoro-4-(1-methyl-1H-pyrazol-
5-yDimidazo[1,5-b]pyridazine

[1356]

[1357] To a solution of (3R)-4-[5-fluoro-4-(1-methyl-1H-
pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-yl]-3-methylmor-
pholine (56 mg, 0.177 mmol) in acetonitrile (10 mL) was
added NIS (47.79 mg, 0.212 mmol) and the resulting mix-
ture was stirred at ambient temperature under nitrogen
atmosphere for 1.5 hrs. The reaction mixture was quenched
with saturated NaHCO; and saturated Na,S,0; and
extracted with ethyl acetate. The organic layer was washed
with water twice and brine, dried over Na,SO,, filtered and
concentrated. The residue was purified on flash column
chromatography (Silica, 0~100% Ethyl Acetate in petroleum
ether) to give the title product (3R)-4-[5-fluoro-7-iodo-4-(1-
methyl-1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-y1]-3-
methylmorpholine (35 mg, 0.079 mmol, 44.71%). LC-MS
(ESI+): m/z (M+H)=442.7

Step 5. (3R)-4-(5-fluoro-4-(1-methyl-1H-pyrazol-5-

yD)-7-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-

yDimidazo[1,5-b]pyridazin-2-y1)-3-methylmorpho-
line

[1358]

THP

Pd(PPh3),Cly, 2M K,CO3
dioxane, 100° C.
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[1359] A mixture of (3R)-4-[5-fluoro-7-iodo-4-(1-methyl-
1H-pyrazol-5-yl)imidazo[1,5-b]pyridazin-2-y1]-3-methyl-
morpholine (35 mg, 0.079 mmol), 1-(oxan-2-yl)-5-(tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (55.04 mg,
0.198 mmol), Pd(PPh,),Cl, (5.56 mg, 0.008 mmol) and
K,CO; (32.81 mg, 0.237 mmol) in dioxane (10 mL) and
water (1 mL.) was stirred overnight at 100° C. under nitrogen
atmosphere. The reaction mixture was concentrated in vacuo
and the residue was purified on flash column chromatogra-
phy (Silica, 0~10% MeOH in DCM) to give the title product
(3R)-4-[5-fluoro-4-(1-methyl-1H-pyrazol-5-y1)-7-[ 1-(oxan-
2-y1)-1H-pyrazol-5-yl]imidazo[1,5-b]pyridazin-2-y1]-3-
methylmorpholine (18 mg, 0.039 mmol, 48.75%). LC-MS
(ESI+): m/z (M+H)=466.9.

Step 6. (R)-4-(5-fluoro-4-(1-methyl-1H-pyrazol-5-
y)-7-(1H-pyrazol-5-yl)imidazo[ 1,5-b|pyridazin-2-
y1)-3-methylmorpholine

[1360]

HCl/dioxane
—_—
DCM

[1361] To a solution of (3R)-4-[5-fluoro-4-(1-methyl-1H-
pyrazol-5-y1)-7-[ 1-(oxan-2-yl)-1H-pyrazol-5-yl]Jimidazo|1,

5-b]pyridazin-2-yl]-3-methylmorpholine (18 mg, 0.039
mmol) in DCM (2 mL) was added HCl/dioxane (4M, 2 mL)

Sep. 21, 2023

and the resulting mixture was stirred for 1 h at ambient
temperature. The mixture was concentrated and basified
with saturated ammonium. The mixture was concentrated
and the residue was purified on flash column chromatogra-
phy (Silica, 0~10% MeOH in DCM) and Prep-HPLC (C18,
10-95%, acetonitrile in water with 0.1% formic acid) to give
the title product (3R)-4-[5-fluoro-4-(1-methyl-1H-pyrazol-
5-yD)-7-(1H-pyrazol-5-yl)imidazo[ 1,5-b]pyridazin-2-y1]-3-
methylmorpholine (4.9 mg, 0.013 mmol, 33.21%). LC-MS
(ESI+): n/z (M+H)=407.9. "H NMR (400 MHz, DMSO) 8
13.37 (d, J=122.0 Hz, 1H), 7.78 (d, J=85.7 Hz, 1H), 7.62 (d,
J=1.9 Hz, 1H), 7.12 (s, 1H), 6.90 (s, 1H), 6.64 (s, 1H), 4.39
(s, 1H), 4.00 (dd, J=11.4, 3.1 Hz, 1H), 3.94 (d, J=15.1 Hz,
4H), 3.77 (d, J=11.5 Hz, 1H), 3.71 (dd, J=11.5, 2.7 Hz, 1H),
3.56 (td, J=11.8, 2.8 Hz, 1H), 3.28 (d, J=13.1 Hz, 1H), 1.27
(d, J=6.7 Hz, 3H).

Example 110

Biochemical Assays

[1362] Assay 1: ATR Inhibition Assay

[1363] Detection of ATR kinase activity utilized the
Mobility shift assay to measure the phosphorylation of the
substrate protein FAM-RAD17 (GL, Cat. No. 514318, Lot.
No. P19042-MJ524315). The assay was developed and
conducted at Chempartner. All the test compounds were
dissolved in 100% DMSO at concentration of 20 mM, then
prepare compounds and conducted the assay as follows:

[1364] 1) Transfer 80 ul 20 mM compound to 40 ul of
100% DMSO in a 96-well plate.

[1365] 2) Serially dilute the compound by transferring
20 ul to 60 ul of 100% DMSO in the next well and so
forth for a total of 10 concentrations.

[1366] 3) Add 100 pl of 100% DMSO to two empty
wells for no compound control and no enzyme control
in the same 96-well plate. Mark the plate as source
plate.

[1367] 4) Transfer 40 ul of compound from source plate
to a new 384-well plate as the intermediate plate.

[1368]
Echo.

[1369] 6) Add ATR kinase (Eurofins, Cat. No. 14-953,
Lot. No. D14 JPOO7N) into Kinase base buffer (50 mM
HEPES, pH 7.5; 0.0015% Brij-35; 0.01% Triton) to
prepare 2x enzyme solution, then add 10 pl of 2x
enzyme solution to each well of the 384-well assay
plate, incubate at room temperature for 10 min.

[1370] 7) Add FAM-RADI17 and ATP (Sigma, Cat. No.
A7699-1G, CAS No. 987-65-5) in the kinase base
buffer to prepare 2xpeptide solution, then add 10 pl to
the assay plate.

[1371] 8) Incubate at 28° C. for specified period of time.
Add 40 pl of stop buffer (100 mM HEPES, pH 7.5;
0.015% Brij-35; 0.2% Coating Reagent #3; 50 mM
EDTA) to stop reaction.

[1372] 9) Collect data on Caliper. Convert conversion
values to inhibition values.

5) Transfer 60 nl compounds to assay plate by

Percent inhibition=(max—conversion)/(max—min)
*100

wherein “max” stands for DMSO control; “min” stands for
low control.
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[1373] Fit the data in XLFit excel add-in version 5.4.0.8 to
obtain IC50 values. Equation used is:

Y=Bottom+(Top-Bottom)/(1+(IC50/X) HillSlope)
wherein X means concentration in a format not transformed
to logarithms.

[1374] The following Table 2 lists the IC,, values for
exemplary compounds of Formula (I).

TABLE 2

Compd. ATR
No. IC5¢ (M)

e I I NP SR VAR SO

o ®

N
3
B e B e OB WO

A: ICsq < 100 nM; B: 100 nM = [Csq = 500 nM; C: ICsq > 500 nM

[1375] For the other compounds provided herein for which
the results are not shown, all have an IC,, against ATR
kinase of no more than 1000 nM. Some of these compounds
have an ICs, against ATR kinase of no more than 500 nM,
some no more than 400 nM, some no more than 300 nM,
some no more than 200 nM, or no more than 100 nM, or
even no more than 50 nM.

[1376] Therefore, as determined by ATR inhibition assay,
the compounds of the present disclosure have a good inhibi-
tory effect on ATR kinase activity.
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[1377] Assay 2: Tumor Cell Aanti-proliferation Assay
(CTG Assay)
[1378] Human colorectal cancer cells HT-29 (HTB-38)

and LoVo (CCL-229) were selected for the CTG assay, the
two cell lines were originally obtained from the American
Type Culture Collection (ATCC). FBS and appropriate addi-
tives were added into base medium to prepare complete
medium, then the cell layer was briefly rinsed with 0.25%
(w/v) Trypsin-0.038% (w/v) EDTA solution to remove all
traces of serum that contains trypsin inhibitor. After that,
appropriate volume of Trypsin-EDTA solution was added to
flask and cells under an inverted microscope were observed
until cell layer was dispersed. At last, appropriate volume of
complete growth medium was added and cells were aspi-
rated by gently pipetting. Numbers were collected and
counted with Vi-cell XR and cell density was adjusted, cells
were seeded into 96-well opaque-walled clear bottom tissue-
culture treated plates in the CO, incubator for 20-24 hours.
All the test compounds were at 10 mM in DMSO. Com-
pounds were then added to the cell media in 3-fold serial
dilutions, the final DMSO concentration was 0.5%. Plates
were incubated for 96 h at 5% CO,, 37° C. Before the
measurement, the appropriate volume of CellTiter-Glo Buf-
fer was transferred into the amber bottle containing CellTi-
ter-Glo substrate to reconstitute the lyophilized enzyme/
substrate mixture, mixed gently, thereby forming the
CellTiter-Glo Reagent (Promega Cat. No. G7573). The plate
and its contents were equilibrated to room temperature for
approximately 30 minutes, then 100 pl. of CellTiter-Glo
Reagent was added to the assay plate, the contents were
mixed for 2 minutes on an orbital shaker to induce cell lysis,
incubated at room temperature for 10 minutes to stabilize
luminescent signal. At last the clear bottom was pasted with
white back seal and luminescence was recorded with
Enspire. IC;, and Gl;, values were calculated with XLFit
curve fitting software using 4 Parameter Logistic Model
Y=Bottom+(Top-Bottom)/(1+(IC50/X) HillSlope).

[1379] The following Table 3 provides the IC,, values for
exemplary compounds of Formula ().
TABLE 3
Compound LoVo
No. IC5, (M)
1 491
5 516
6 803
11 384
18 384
22 622
23 446
25 550
27 67
28 471
29 14
30 152
31 84
32 553
33 162
34 23
35 129
36 17.8
37 36.6
38 40.4
40 23.8
41 86.6
42 79.3
44 43.9
45 81.7
46 51.2
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TABLE 3-continued

Compound LoVo
No. IC5¢ (M)
47 17.1
48 333
49 16.1
50 17.0
51 15.9
52 17.7
53 12.8
54 66.7
55 13.7
56 19.0
57 2.5
58 <1
59 28.1
60 4.1
61 26.5
62 14.6
63 38.9
64 15.1
65 55.2
66 69.0
67 5
68 16
69 15
70 18
71 23
72 101
73 41
74 5
75 15.3
76 243
77 1000
78 152
79 246
80 10
81 10
82 20
83 14
84 9
85 4
86 9
87 3
88 1
89 <1
90 5
91 2
92 94
94 12
95 36
96 32.7
97 10
98 14
99 16
100 16
101 15.5
102 26
103 15
104 154
105 9
106 46
107 15
108 35

[1380] The foregoing description is considered as illustra-
tive only of the principles of the present disclosure. Further,
since numerous modifications and changes will be readily
apparent to those skilled in the art, it is not desired to limit
the invention to the exact construction and process shown as
described above. Accordingly, all suitable modifications and
equivalents may be considered to fall within the scope of the
invention as defined by the claims that follow.
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1. A compound having Formula (I'):

R3

0N

I3

/@\ N
~
(RY, v Z\Z{'W(RZ)M

or a pharmaceutically acceptable salt thereof,

wherein

Z'is Cor N;

Z?is C or N;

73 is CRY N, O, S, S(0) or S(0).;

Z*is CH or N;

V is a direct bond, or alkyl optionally substituted with one
or more R® or —N(R“)—;

Ring A is absent, 3- to 6-membered cycloalkyl, 5- to
6-membered heterocyclyl, 5- to 6-membered aryl, or 5-
to 6-membered heteroaryl;

R!, in each occurrence, is selected from the group con-
sisting of hydrogen, hydroxyl, halogen, cyano, alkyl,
haloalkyl, hydroxylalkyl, —C(O)N(R%),, —C(O)OR?,
—S(0),(R”), —S(O)NH)(R”) and —P(O)(R");

Ring B is 5- to 6-membered heterocyclyl or 5- to 6-mem-
bered heteroaryl;

R?, in each occurrence, is halogen, alkyl, haloalkyl, or
cycloalkyl;

L ©
e

R“ and R? are each independently hydrogen, halogen or
alkyl;

R? is alkyl, 3- to 6-membered cycloalkyl, 5- to 6-mem-
bered heterocyclyl, 5- to 6-membered aryl, or 5- to
6-membered heteroaryl, wherein said cycloalkyl, het-
erocyclyl, and heteroaryl are optionally substituted
with one or more R,

R¢ is selected from the group consisting of hydroxyl,
halogen, cyano, amino, alkyl, alkoxyl, and haloalkyl;

R is hydroxyl, halogen or alkyl;
nis 0,1, 2, or 3; and

mis 0, 1, 2 or 3.
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2. A compound having Formula (I):

@

or a pharmaceutically acceptable salt thereof,

wherein

7' is C or N;

7% is Cor N;

7Z?is CH, N, or S;

7% is CH or N;

V is a direct bond or —N(R“)}—;

Ring A is absent, 3- to 6-membered cycloalkyl, 5- to
6-membered heterocyclyl, 5- to 6-membered aryl, or 5-
to 6-membered heteroaryl;

R*' is hydrogen, halogen, alkyl, —S(O),(R?), or —S(O)
(NH)R");

Ring B is 5- to 6-membered heterocyclyl or 5- to 6-mem-
bered heteroaryl;

R? is halogen, alkyl, haloalkyl, or cycloalkyl;

R? is or;

(A

SO 2
\I\/V+VW ‘VV\]FVVV
R® is hydrogen or alkyl;

R’ is alkyl, 3- to 6-membered cycloalkyl, 5- to 6-mem-
bered heterocyclyl, 5- to 6-membered aryl, or 5- to
6-membered heteroaryl, wherein said cycloalkyl, het-
erocyclyl, and heteroaryl are optionally substituted
with one or more R,

R is selected from the group consisting of hydroxyl,
halogen, cyano, amino, alkyl, alkoxyl, and haloalkyl;

nis 0, 1, 2, or 3; and

mis 0, 1, 2 or 3.

3-6. (canceled)

7. The compound of claim 1 or 2, or a pharmaceutically
acceptable salt thereof, wherein Z* and Z? are selected from
any one of the following:

(1) Z'is C and Z* is N,

(2) 2" is N and Z* is C; or

(3)Z'is Cand Z%is C.

8-17. (canceled)

18. The compound of claim 1 or 2, or a pharmaceutically
acceptable salt thereof, wherein Z', Z* and Z* are selected
from any one of the following:

(1)Z"'is C, Z% is N and is CH or N;

(2) 2" is N, Z? is C and Z* is CH, C(CH,) or N; or

(3)Z'is C, Z%is C and Z* is O, S, S(O) or S(O).

19-35. (canceled)

36. The compound of claim 1 or 2, or a pharmaceutically
acceptable salt thereof, wherein Ring A is selected from the
group consisting of:

37. (canceled)

38. The compound of claim 1 or 2, or a pharmaceutically
acceptable salt thereof, wherein R' is hydrogen, cyano,
fluoro, hydroxyl, C, 5 alkyl, C,_; haloalkyl, C,_; hydroxyl-
alkyl, —C(O)N(R%),, —C(0O)OR?, —S(0),(R"), S(O)(NH)
(R”) or —P(O)R"),.

39-45. (canceled)

46. The compound of claim 1 or 2, or a pharmaceutically
acceptable salt thereof, wherein Ring A is pyrazolyl, pyridyl
or triazolyl, and R* is halogen or alkyl.

47. (canceled)

48. The compound of claim 1 or 2, or a pharmaceutically
acceptable salt thereof, wherein Ring A is cyclopropyl,
cyclopentyl, cyclohexyl, piperazinyl or phenyl, and R*' is
cyano, —(0),(R?), or —S(OYNH)(R?).

49-61. (canceled)

62. The compound of claim 1 or 2, or a pharmaceutically
acceptable salt thereof, wherein

®)y,
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is selected from the group consisting of: -continued
av)

N
H - P
H
N
H V)
ClL
ANEYAY
e
N N/
H H
(VD
CF3, ,

(VID)

23
N (VIID)
/E’%* -

2
63-64. (canceled) \ (R Jm>

65. The compound of claim 1 or 2, having a formula
selected from the group consisting of: 1x)

ﬁ\
”@ Ry
= N

an

®Y)
X)
(1)
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XD

(XII)

(11a)

(ITb)

(ITla)

-continued
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0. 0 | SN o
\/ I
Pt \ N / /\N
/¥
0
o
| XN RZ,
S NN / /\N
L/
o
o
Ny R?,
o\\S e | / \
~ NN N

(IIIb)

(IVa)

(IVb)

(Va)

(Vb)
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(Vo)

(VIId)
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or a pharmaceutically acceptable salt thereof.

66. The compound of claim 65, or a pharmaceutically

acceptable salt thereof, wherein:

V is a direct bond or C,_; alkyl;

Ring A is selected from cyclopropyl, cyclopentyl, cyclo-
hexyl, piperazinyl, phenyl, pyrazolyl, pyridinyl, or tri-
azolyl;

R! is selected from hydrogen, hydroxyl, fluoro, cyano,
methyl, —S(0),(R”), —S(O)INH)[R”) or —P(O)(R")
23

Ring B is pyrazolyl, pyrrolyl, or pyridyl;

R? is chloro, C, 5 alkyl, C,_; haloalkyl, or 3- to 6-mem-
bered cycloalkyl;

Sep. 21, 2023

R?is
[O
Nj\

SOZ
N
or ;
R?is C,_, alkyl;

R9 is hydrogen, chloro or C,_, alkyl;

nis 0,1 or 2; and

mis 0, 1 or 2.

67-68. (canceled)

69. A compound selected from the group consisting of:
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-continued -continued

or a pharmaceutically acceptable salt thereof.

70. A pharmaceutical composition comprising the com-
pound of claim 1 or 2 or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier.

71. A method for treating cancer, comprising administer-
ing an effective amount of a compound of claim 1 or 2 or a
pharmaceutically acceptable salt thereof to a subject in need
thereof.

’ 72-73. (canceled)

74. A method for inhibiting ATR kinase in a subject in
need thereof, comprising administering an effective amount
of a compound of claim 1 or 2 or a pharmaceutically
acceptable salt thereof to the subject.

#* #* #* #* #*



