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BICYCLIC HETEROARYL COMPOUNDS

[0001] This application claims the benefit of priority to U.S. Provisional Application Nos.
63/603,357, filed November 28, 2023, and 63/622,812, filed January 19, 2024, the contents
of each of which are herein incorporated by reference in their entireties.

[0002] In various embodiments, the present disclosure generally relates to novel bicyclic
heteroaryl compounds, compositions comprising the same, methods of preparing and
methods of using the same, e.g., for inhibiting PARG enzyme activity and/or for treating or

preventing a proliferative disease described herein.

BACKGROUND

[0003] Poly(ADP-ribose) glycohydrolase (PARG) is the main enzyme that catalyzes the
degradation of poly(ADP-ribose). PARG is an endo- and exo-glycohydrolase that degrades
PAR generated by the poly (ADP-ribose) polymerase (PARP) family of proteins such as
PARPI, to coordinate DNA repair. Houl J.H. et al., Nature Communications, 10:5654
(2019). PARG expression was found to be upregulated in the majority of human cancers. Id.
Houl er al. also showed that PARG inhibition sensitized cells to radiation-induced DNA
damage, suppressed replication fork progression and impaired cancer cell survival, thus can
be used in cancer treatment. Id.

[0004] Given the therapeutic potential of PARG inhibitors in cancer treatment,

development of novel PARG inhibitors is needed.

BRIEF SUMMARY

[0005] In various embodiments, the present disclosure is based in part on the discovery of
certain novel bicyclic heteroaryl compounds that can be PARG inhibitors and can be used for
inhibiting PARG enzyme activity in a cell (e.g., a cancer cell) and/or for treating or
preventing a proliferative disease, such as cancer, as described herein.

[0006] In some embodiments, the present disclosure provides a compound of Formula I,

or a pharmaceutically acceptable salt thereof:
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Formula I,
wherein the variables are defined herein. In some embodiments, the compound of Formula I
can be characterized as having a structure according to a subformula selected from Formula I-
1,1-2, I-3, I-1a, I-1b, I-1c, [-2a, I-2b, I-3a, I-3b, I-1a-1, I-1a-2, I-2a-1, I-2a-2, I-3a-1, [-3a-2, I-
1b-1, I-1b-2, I-2b-1, I-2b-2, I-3b-1, 1-3b-2, I-A, I-Al, [-A2, I-B, I-C, I-D, I-X, I-Xa, I-Xb, or
[-Xc, as defined herein. In some embodiments, the present disclosure also provides a
compound selected from Table 1 herein, or a pharmaceutically acceptable salt thereof.

[0007] Some embodiments of the present disclosure are directed to a pharmaceutical
composition comprising one or more compounds of the present disclosure (e.g., a compound
of Formula I (e.g., Formula 1-1, I-2, I-3, I-1a, I-1b, I-1c, 1-2a, I-2b, 1-3a, 1-3b, I-1a-1, I-1a-2,
[-2a-1, [-2a-2, [-3a-1, I-3a-2, I-1b-1, I-1b-2, [-2b-1, I-2b-2, I-3b-1, I-3b-2, I-A, I-A1, I-A2, I-
B, I-C, I-D, I-X, I-Xa, [-Xb, or I-Xc), any of the compounds listed in Table 1 herein, or a
pharmaceutically acceptable salt thereof) and optionally a pharmaceutically acceptable
excipient. The pharmaceutical composition described herein can be formulated for different
routes of administration, such as for oral administration or parenteral injection.

[0008] Certain embodiments of the present disclosure are directed to a method of treating
a disease or disorder in which PARG activity is implicated, such as a proliferative disease
herein. In some embodiments, the method comprises administering to a subject in need
thereof a therapeutically effective amount of a compound of the present disclosure (e.g., a
compound of Formula I (e.g., Formula I-1, I-2, I-3, I-1a, I-1b, I-1¢, I-2a, I-2b, I-3a, I-3b, I-1a-
1, I-1a-2, I-2a-1, I-2a-2, I-3a-1, I-3a-2, I-1b-1, I-1b-2, I-2b-1, I-2b-2, I-3b-1, [-3b-2, I-A, I-
Al, I-A2, 1I-B, I-C, I-D, I-X, [-Xa, I-Xb, or I-Xc), any of the compounds listed in Table 1
herein, or a pharmaceutically acceptable salt thereot) or a pharmaceutical composition herein.
In some embodiments, the disease or disorder in which PARG activity is implicated is cancer.

[0009] The administering in the methods herein is not limited to any particular route of
administration. For example, in some embodiments, the administering can be orally, nasally,
transdermally, pulmonary, inhalationally, buccally, sublingually, intraperintoneally,

subcutaneously, intramuscularly, intravenously, rectally, intrapleurally, intrathecally, or
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parenterally. In some embodiments, the administering is orally. In some embodiments, the
administering is a parenteral injection, such as an intraveneous injection.

[0010] Compounds of the present disclosure can be used as a monotherapy or in a
combination therapy. In some embodiments according to the methods described herein, one
or more compounds of the present disclosure can be administered as the only active
ingredient(s). In some embodiments, the method herein further comprises administering to
the subject an additional therapeutic agent, such as additional anticancer agents described
herein.

[0011] It is to be understood that both the foregoing summary and the following detailed
description are exemplary and explanatory only, and are not restrictive of the invention

herein.

DETAILED DESCRIPTION

[0012] In various embodiments, provided herein are novel compounds, pharmaceutical
compositions, methods of preparation and methods of use. The compounds of the present
disclosure are generally PARG inhibitors, which are also useful for treating various diseases

or disorders, such as those described herein, e.g., cancer.

Compounds

Formula I

[0013] In some embodiments, the present disclosure provides a compound of Formula I,

or a pharmaceutically acceptable salt thereof:
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wherein:
J1is CR3,NR?, O, S, or N;
J2is CR*, NR*, O, S, or N;
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PisCR’or N;

J#is CR®or N;

FPisCR or N;

J%isCorN;

J7is C or N;

BisCorN;

provided that the bicyclic ring containing J!-J® is a heteroaryl ring, preferably, the ting of
T, 12,7817, and J® has 1, 2, or 3 ring nitrogen atoms;

L'is null, an optionally substituted C1.6 alkylene, an optionally substituted Cz.
alkenylene, an optionally substituted Ca.6 alkynylene, or an optionally substituted 3-8
membered ring, and R is an optionally substituted 3-8 membered ring; or

L!is null or an optionally substituted 7-12 membered bicyclic ring structure, and R is
hydrogen, deuterium, halogen, CN, OH, NH3, an optionally substituted C14 alkyl, an
optionally substituted Ca4 alkenyl, an optionally substituted C24 alkynyl, an optionally
substituted Ci4 heteroalkyl, or an optionally substituted 3-6 membered ring;

L2 is an optionally substituted C1.4 alkylene or an optionally substituted 3-5 membered
carbocyclic or heterocyclic ring,

R? is hydrogen, deuterium, halogen, CN, OH, an optionally substituted Ci4 alkyl, an
optionally substituted C>4 alkenyl, or an optionally substituted C>.4 alkynyl, or an
optionally substituted 3-5 membered carbocyclic or heterocyclic ring;

R? is hydrogen, deuterium, halogen, CN, G', OG!, NHG', NG'G!, C(0)G', C(O)NHG',
or C(ONG'G;

R*is hydrogen, deuterium, halogen, CN, an optionally substituted C.4 alkyl, an
optionally substituted Cz4 alkenyl, an optionally substituted Cz4 alkynyl, an optionally
substituted C)4 heteroalkyl, OG', NHG', NG'G', or an optionally substituted 3-6
membered ring;

wherein G at each occurrence is independently hydrogen, an optionally substituted C;_4
alkyl, an optionally substituted C>4 alkenyl, an optionally substituted C»4 alkynyl, an
optionally substituted Ci4 heteroalkyl, or an optionally substituted 3-10 membered ring;
or two G’ together with the nitrogen atom they are both attached to are joined to form an

optionally substituted 4-10 membered heterocyclic ring;
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R’ is hydrogen, halogen, CN, OH, G?, or L>-G?, or R% is L*>- G?4, wherein L? is O, NH,
CO, C(O)NH, C(O)N(C14 alkyl), SOz, SO2NH, SO2N(Ci-4 alkyl), an optionally
substituted C)4 alkylene, an optionally substituted C;.4 heteroalkylene, an optionally
substituted Cz4 alkenylene, or an optionally substituted Co4 alkynylene, and G is an
optionally substituted 3-14 membered ring; wherein G** is hydrogen, an optionally
substituted C;_4 alkyl, or an optionally substituted C;.4 heteroalkyl; and

R® and R’ are each independently hydrogen, deuterium, halogen, CN, or an optionally
substituted C;_4 alkyl.

[0014] In some embodiments, the compound of Formula I (including any of the
applicable sub-formulae as described herein) can comprise one or more asymmetric centers
and/or axial chirality, and thus can exist in various stereoisomeric forms, e.g., enantiomers
and/or diastereomers. In some embodiments, the compound of Formula I can exist in the
form of an individual enantiomer and/or diastereomer, as applicable, or a mixture of
stereoisomers, including racemic mixtures and mixtures enriched in one or more
stereoisomers. In some embodiments, when applicable, the compound of Formula I
(including any of the applicable sub-formulae as described herein) can exist as an individual
enantiomer substantially free of the other enantiomer, such as having an enantiomeric excess
("ee") of greater than 60%, preferably, greater than 80% ee, greater than 90% ee, greater than
95% ee, greater than 98% ee, or greater than 99% ee. In some embodiments, when
applicable, the compound of Formula I (including any of the applicable sub-formulae as
described herein) can also exist as a mixture of stereoisomers in any ratio, such as a racemic
mixture.

[0015] In some embodiments, the compound of Formula I (including any of the
applicable sub-formulae as described herein) can exist as an isotopically labeled compound,
particularly, a deuterated analog, wherein one or more of the hydrogen atoms of the
compound of Formula I is/are substituted with a deuterium atom with an abundance above its
natural abundance, e.g., a CD3 analog when the compound has a CHs group. Without
wishing to be bound by theories, it is believed that in certain situations, substitution with
deuterium can lead to a deuterated analog with a better pharmacokinetic profile. Deuterated
analogs can be generally prepared by using commercially available deuterating and/or

deuterated reagents.
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[0016] It should be apparent to those skilled in the art that in certain cases, the compound
of Formula I may exist as a mixture of tautomers. The present disclosure is not limited to any
specific tautomer. Rather, the present disclosure encompasses any and all of such tautomers
whether or not explicitly drawn or referred to.

[0017] The combination of J'-J® in Formula I is not particularly limited, so long as the
bicyclic ring containing J'-J® is a heteroaryl ring. Typically, the 5-membered ring of I', I2, J,

17, and J® in Formula I has 1, 2, or 3 ring nitrogen atoms.

[0018] In some preferred embodiments, J®is N and J®is C.

[0019] In some preferred embodiments, J®is N and J¢is C.

[0020] In some preferred embodiments, both J® and J% are C.

[0021] In some embodiments, J7 is N, and both I® and J® are C.

[0022] In some embodiments, J7 is C.

[0023] Typically, one of J' and J? is N, and the other of J' and J? is defined herein.
[0024] In some embodiments, both J! and JZ are N.

[0025] In some embodiments, J! is N and J? is CR*, wherein R*is defined herein.
[0026] In some embodiments, J? is N and J! is CR3, wherein R? is defined herein.
[0027] In some embodiments, J! is CR? and J? is CR*, wherein R? and R* are as defined

herein. For example, in some embodiments, both J! and J? are CH.

[0028] Typically, J? is CRY, wherein R’ is defined herein.

[0029] In some embodiments, J? can also be N.

[0030] Typically, neither of J* and J 5is N.

[0031] In some embodiments, one of J* and J° is N.

[0032] In some embodiments, J*is CR®, wherein R® is defined herein. Typically, R®is
hydrogen or F.

[0033] In some embodiments, J° is CR?, wherein R is defined herein. Typically, R is
hydrogen.

[0034] In some embodiments, J* and J° are both CH.

[0035] In some embodiments, J* is CF and J° is CH.

[0036] In embodiments where J' is CR?, R? is typically hydrogen, deuterium, or halogen.

In some preferred embodiments, Riis hydrogen. However, in some embodiments, R can be
CN, G', OG', NHG!, NG'G', C(0)G!, C(O)NHG', or C(O)NG'G', wherein G' is defined
herein. For example, in some embodiments, R? can be CN, G', C(0)G', C(O)NHG', or
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C(O)NG'G!, wherein G' is defined herein. In some embodiments, R? can be G'. In some
embodiments, G at each occurrence can be independently selected from C).4 alkyl optionally
substituted with F, C;4 heteroalkyl optionally substituted with F, or a 3-10 membered ring
selected from Cs.10 carbocyclic ring, 4-10 membered heterocyclic ring, or 5-10 membered
heteroaryl, or phenyl, wherein the 3-10 membered ring is optionally substituted with 1-3
substituents independently selected from halogen (e.g., F), CN, OH, Ci. alkyl optionally
substituted with F, C;4heteroalkyl optionally substituted with F, or a 3-4 membered ring
such as cyclopropyl or cyclobutyl. In some embodiments, R* can be G, and G! is C;4 alkyl
optionally substituted with F or C;4 heteroalkyl optionally substituted with F. In some
embodiments, R? can be G, and G! is a 3-6 membered ring selected from Cs. carbocyclic
ring, 4-6 membered heterocyclic ring, or a 5 or 6 membered heteroaryl, wherein the 3-6
membered ring is optionally substituted with 1-3 substituents independently selected from
halogen (e.g., F), CN, OH, Ci.4 alkyl optionally substituted with F, C;4 heteroalkyl optionally
substituted with F, or a 3-4 membered ring such as cyclopropyl or cyclobutyl.

[0037] In embodiments where J? is CR*, R* is typically hydrogen, deuterium, or halogen.
For example, in some embodiments, J % is CH. In some embodiments, J is CF. In some
embodiments, J? is C-Cl. However, in some embodiments, R* can also be CN, an optionally
substituted Ci.4 alkyl, an optionally substituted C>4 alkenyl, an optionally substituted Ca4
alkynyl, an optionally substituted C;.4 heteroalkyl, or an optionally substituted 3-6 membered
ring. For example, in some embodiments, R* can be CN, C.4 alkyl optionally substituted
with F, Ci_4 heteroalkyl optionally substituted with F, or a 3-6 membered ring selected from
C3.6 carbocyclic ring, 4-6 membered heterocyclic ring, or a 5 or 6 membered heteroaryl,
wherein the 3-6 membered ring is optionally substituted with 1-3 substituents independently
selected from halogen (e.g., F), CN, OH, C4 alkyl optionally substituted with F, C;4
heteroalkyl optionally substituted with F, or a 3-4 membered ring such as cyclopropyl or
cyclobutyl. In some embodiments, R* can be an optionally substituted Cs.4 alkynyl. In some
embodiments, R* can be OG!, NHG', or NG!G!, wherein G' is defined herein.

[0038] In some preferred embodiments, the compound of Formula I has a structure

according to Formula I-1:



WO 2025/117661 PCT/US2024/057645

8
R1
2 H o L7
~ 2/ ~& 5
L /7 YJ\N&J‘]
JA \Jz’
R5
Formula I-1,

wherein L!, L2, R!, R%, R®, J', J2, J*, and F° include any of those described herein in any
combination.
[0039] In some embodiments, J! in Formula I-1 is N, and the compound can have a
structure according to Formula I-1a:
R
F{Z\Lz/n‘s'p S8 4
&Y NIy
JW
R® R*
Formula I-1a,
wherein L', L2, R, R%, R, R’, J*, and I° include any of those described herein in any
combination. In some embodiments according to Formula I-1a, both J*and J° are CH. In
some embodiments according to Formula I-1a, J* is CF and J Sis CH. For example, in some
embodiments, the compound of Formula I-1a can have a structure according to Formula I-1a-

1 orI-1a-2:

/R1 /R’I
Rz\Lz/H\S/P /E RZ\LQ/H\S//O /E
Y Ny d Y N™
Ny F N
R5 R4 Rs R4
Formula I-1a-1, Formula I-1a-2

wherein L', L2, R!, R%, R*, and R’ include any of those described herein in any combination.
In some embodiments, R* in Formula I-1a-1 or I-1a-2 is hydrogen or halogen, such as
hydrogen, F, or CL

[0040] In some embodiments, J? in Formula I-1 is N. For example, in some

embodiments, the compound can have a structure according to Formula I-1b:
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Formula I-1b,
wherein L!, L2, R!, R%, R? R®, J% and J° include any of those described herein in any
combination. In some embodiments according to Formula I-1b, both J* and J° are CH. In
some embodiments according to Formula I-1b, J*is CF and J° is CH. For example, in some

embodiments, the compound of Formula I-1b can have a structure according to Formula I-1b-

1 or I-1b-2:
R! R!
7~ -~
R2 H £ L‘l R2 H / L’I
\LZ/ \S \L2/ \S
O/ 72N O// Z N
N SN FN SN
RS RS
Formula I-1b-1, Formula I-1b-2,

wherein L', L, R, R?, and R’ include any of those described herein in any combination.
[0041] In some embodiments, both J' and J? in Formula I-1 are N, and the compound can

have a structure according to Formula I-1c:

R? N /O
~ 27N / 5
L OS J\N/g

Formula I-1c,
wherein L', L2, R!, R%, R, J4, and J° include any of those described herein in any
combination. In some preferred embodiments according to Formula I-1¢, both J* and J° are
CH. In some embodiments according to Formula I-1¢, J*is CF and J¥is CH.

[0042] In some preferred embodiments, the compound of Formula I has a structure

according to Formula I-2:

R1
RZ H Y L7
N2 :’SYJS\IKIK“
//J
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Formula -2,
wherein L!, L%, R!, R%, R’ J', J2, J*, and J° include any of those described herein in any

combination.

[0043] In some embodiments, J! in Formula I-2 is N, and the compound can have a

structure according to Formula I-2a:

H 0 1/R1
2 L
PN 2
/\r/ — N
J‘g(N %
RS R*

Formula 1-2a,
wherein L!, L%, R!, R%, R*, R’, J*, and J° include any of those described herein in any
combination. In some embodiments according to Formula I-2a, both J*and J° are CH. In
some embodiments according to Formula I-2a, J* is CF and J? is CH. For example, in some

embodiments, the compound of Formula I-2a can have a structure according to Formula I-2a-
1 or I-2a-2:

/R1 /R1
R3 H\ 2 L R3 H\ 2 L
N o S N 2 S
L 7 = — L r = =
0] N ) N
N N\( FN N\(
R® R* R® R*
Formula I-2a-1, Formula I-2a-2,

wherein L!, L2, R, R?, and R? include any of those described herein in any combination. In
some embodiments, R* in Formula I-2a-1 or I-2a-2 is hydrogen or halogen, preferably, R* is
hydrogen, F, or CL

[0044] In some embodiments, J? in Formula I-2 is N. For example, in some

embodiments, the compound can have a structure according to Formula 1-2b:

R1
2 H L’I/
R\LQ/N\ 4 Js
7 “ — R3

/

J&'/N\N
R5
Formula I-2b,

wherein L', L2, R}, R%, R?, R%, J*, and J° include any of those described herein in any

combination. In some embodiments according to Formula I-2b, both J*and J° are CH. In
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some embodiments according to Formula I-2b, J* is CF and J° is CH. For example, in some

embodiments, the compound of Formula [-2b can have a structure according to Formula I-2b-

1 or I-2b-2:
R’ R
2 H o) L1 - 2 H 0 L’I/
R\LZ/N:S// R\Lz/N‘S//
o/ Za— > d/ Z— >
X N\N F X N\N
RS RS
Formula I-2b-1, Formula I-2b-2

wherein L', L%, R!, R?, and R’ include any of those described herein in any combination.
[0045] In some preferred embodiments, the compound of Formula I has a structure

according to Formula I-3:

y
R? H 2 L1/R
TS RN
JY r v
AT
RS
Formula I-3,

wherein L, L2, R!, R%, R, J!, J?, J*, and J° include any of those described herein in any
combination.
[0046] In some embodiments, J' in Formula I-3 is N, and the compound can have a

structure according to Formula I-3a:

R']
2 H o g
R\ 2/N\SI/ 5 /
NG AN
I Ly
RS R

Formula I-3a,
wherein L', L2, R!, R%, R* R%, J*, and I include any ol those described herein in any
combination. In some embodiments according to Formula I-3a, both J*and J° are CH. In
some embodiments according to Formula I-3a, J* is CF and J°is CH. For example, in some
embodiments, the compound of Formula I-3a can have a structure according to Formula I-3a-

1 or I-3a-2:
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R? R!
rd 7~
R, N K RZ_ NP L
~ — N
|_2 6/ N\N L2 d/s N\N
/ . /
R5 R4 R5 R4
Formula I-3a-1, Formula [-3a-2

wherein L', L2, R}, R?, and R include any of those described herein in any combination. In
some embodiments, R* in Formula I-3a-1 or I-3a-2 is hydrogen or halogen, preferably, R* is
hydrogen, F, or CL

[0047] In some embodiments, J* in Formula I-3 is N. For example, in some

embodiments, the compound can have a structure according to Formula I-3b:

/R'I

|_2/ p YJ >,R3

Formula I-3b,
wherein L', L2, R!, R?, R?, R%, J*, and J° include any of those described herein in any
combination. In some embodiments according to Formula I-3b, both J* and J? are CH. In
some embodiments according to Formula I-3a, J* is CF and J°is CH. For example, in some

embodiments, the compound of Formula I-3b can have a structure according to Formula I-3b-
1 or I-3b-2:

R’ _R!
2 H L! 2 H o L
R
e e
/7 /
7 o 7
N F N
RS RS
Formula I-3b-1, Formula I-3b-2

wherein L', L2, R}, R?, and R’ include any of those described herein in any combination.

[0048] In some embodiments, in Formula I (e.g., any of the applicable subformulae), L} is
null, an optionally substituted Ci.¢ alkylene, an optionally substituted C>¢ alkenylene, an
optionally substituted C2 alkynylene, an optionally substituted 3-8 membered ring, and R' is
an optionally substituted 3-8 membered ring, such as an optionally substituted 3-6 membered
ring. When substituted, the optionally substituted Ci.¢ alkylene, Ca.¢ alkenylene, Ca

alkynylene, 3-8 membered ring, or 3-6 membered ring can be preferably substituted with 1-3
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substituents, each independently selected from (i) halogen (e.g., F), (ii) OH, (iii) CN, (iv) C4
alkyl optionally substituted with F, (v) Cz.4 alkenyl optionally substituted with F, (vi) C24
alkynyl optionally substituted with F, (vii) a 3-5 membered ring having 0-3 heteroatoms, such
as cyclopropyl, optionally substituted with 1-3 substituents each independently oxo, CN, F,
OH, Ci alkyl optionally substituted with 1-3 F, or Ci heteroalky] optionally substituted
with 1-3 F, and (viii) Ci.4 heteroalkyl having one or two heteroatoms independently N, S, or
O, wherein the S atom may be optionally oxidized, and the C;.4 heteroalkyl is optionally
substituted with F.

[0049] In some embodiments, in Formula I (e.g., any of the applicable subformulae), L! is
an optionally substituted 3-8 membered ring, which contains 0-4 ring heteroatoms
independently selected from N, O, and S, and R' is an optionally substituted 3-6 membered
non-aromatic ring, such as a 3-4 membered cycloalkyl or a 4-5 membered heterocyclic ring.
Typically, the 3-8 membered ring is a 5 or 6 membered heteroaryl ring having 1-3 ring
heteroatoms.

[0050] For example, in some embodiments, in Formula [ (e.g., any of the applicable
subformulae), L' can be an optionally substituted 5-membered heteroaryl ring, such as an
optionally substituted ring selected from thiazole, oxazole, imidazole, oxadiazole, or
thiadiazole, and R' is an optionally substituted 3-6 membered non-aromatic ring, such as a 3-
4 membered cycloalkyl or a 4-5 membered heterocyclic ring. In some embodiments, L' is

/S/s

A 03

N-N . In some embodiments, L' is , wherein the attaching point meta to the
S atom is attached to R'.

[0051] In some embodiments, in Formula I (e.g., any of the applicable subformulae), L'
can be an optionally substituted 6-membered heteroaryl ring, such as an optionally
substituted 6-membered heteroarylene having 1 or 2 ring nitrogens, e.g., an optionally
substituted pyridylene or optionally substituted pyridazylene, and R! is an optionally
substituted 3-6 membered non-aromatic ring, such as a 3-4 membered cycloalkyl or a 4-5

S/
membered heterocyclic ring. For example, in some embodiments, L'is  N—N . In
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)

[0052] In some embodiments, in Formula I (e.g., any of the applicable subformulae), L}

some embodiments, L' is , typically, the attaching point meta to the N atom is

attached to R'.

can also be an optionally substituted phenyl. In some embodiments, ! can be an optionally
substituted 3-8 membered carbocyclic or heterocyclic ring.

[0053] In some embodiments, the inventors herein discovered that having a small 3-4
membered cyclic structure as R! can be beneficial for inhibiting PARG activity. In some
embodiments, in Formula I (e.g., any of the applicable subformulae), L! can be any of those
described herein, and R can be a 3-4 membered ring, such as cyclopropyl or cyclobutyl,
which is optionally substituted. When substituted, the 3-4 membered ring is typically
substituted with 1-3 substituents each independently selected from deuterium, F, OH, CN, C;.
salkyl, C2.4 alkenyl, C2.4 alkynyl, and C;.4 heteroalkyl (e.g., CH.-OCH3), wherein the Ci.4
alkyl, Co4 alkenyl, Cay alkynyl, or Ci.4 heteroalkyl is optionally substituted with 1-3
substituents independently selected from F and OH. In some preferred embodiments, R! can
be an optionally substituted cyclopropyl. Preferably, when substituted, the cyclopropyl is
substituted with 1-3 substituents each independently selected from F, OH, CN, or Ci2 alkyl
optionally substituted with 1-3 F, more preferably, when substituted, the cyclopropyl is

substituted with one or two substituents (e.g., one substituent) each independently selected

\F?A
from F, CN, or methyl optionally substituted with 1-3 F, for example, R!can be N
F
F;y: SO
, or .
[0054] In some preferred embodiments, the compound of Formula I can be characterized

as having a structure according to Formula I-A:

R100

L1
R2 N 5 l
N 2 ~s% J\
L PN X‘J? /\\ 1
1 //J
Jh . Jé:JZ
Nyo

Formula I-A
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wherein:

R!% is hydrogen, F, CN, an optionally substituted alkyl, such as a C1.4 alkyl optionally
substituted with deuterium or F (e.g., CHs, CD3, CH2F, CHF>, etc.), or an optionally
substituted heteroalkyl, such as a Ci.4 heteroalkyl (e.g., CH-OCH3) optionally substituted
with deuterium or F; preferably, R'® is hydrogen, F, CN, or methyl optionally substituted
with deuterium or F (e.g., CHs, CD3, CH2F, CHF, etc.), and
JLI2 03,14 1, 36,17, 18, LY, L2, and R? include any of those described herein in any
combination. Exemplary definitions of the variables for Formula I-A are also shown in
enumerated embodiments A1-29. Typically, in Formula I-A, L' is an optionally substituted 5-
membered heteroarylene having 1-3 ring heteroatoms independently selected from S, N, and
O, for example, an optionally substituted ring selected from thiazole, oxazole, imidazole,

/\sz

N-N

oxadiazole, or thiadiazole. In some embodiments, L!is . In some embodiments,

Aps

N\ﬁ

L'is , wherein the attaching point meta to the S atom is attached to the cyclopropyl

ring in Formula I-A. In some embodiments, in Formula I-A, L' can be an optionally

substituted 6-membered heteroarylene having 1 or 2 ring nitrogens, such as an optionally
-

substituted pyridylene or optionally substituted pyridazylene, for example, N-N or
=)
\N—7

according to Formula I-A, R'® is F. In some embodiments according to Formula I-A, R'% is

. Preferably, R'® is F, CN, CH3, CD3, CH,F, or CHF. In some embodiments

CN. In some embodiments according to Formula I-A, R!% is CHF,. In some embodiments

AN
&‘{/ \J?’ §J1
R

JA Lo )82

N <

according to Formula I-A, the bicyclic heteroaryl moiety \J3 can be a
bicyclic heteroaryl moiety as defined in Formula 1-1, 1-2, I-3, I-1a, I-1b, I-1c, 1-2a, I-2b, I-3a,

[-3b, I-1a-1, I-1a-2, I-2a-1, I-2a-2, I-3a-1, I-3a-2, I-1b-1, I-1b-2, I-2b-1, I-2b-2, I-3b-1, or I-
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NS I
NN
&(/ \\J?/ N\ 1
i | A
[ 1 2/
S I
3b-2. For clarity and to illustrate, in embodiments where 72 is said to be a

bicyclic heteroaryl moiety as defined in Formula I-1a-1, then it should be understood that the

J3 /I I

7INYETA ZIONTR
T N
1 |— // \ ~

moiety of J has a structure of R® R* wherein R* and R® are
defined herein, including those specifically defined for Formula I-1a-1. Similar expressions

in connection with other formulae herein should be understood similarly.

[0055] In some preferred embodiments, the compound according to Formula I-A can

have a structure of Formula I-A1 or [-A2:

¥ b
=N =N
|

1
H
Rz\ Z/N\ //o

J3 J7
L SN\ pEN
O// WI{ J \
)

H
RQ\ 2/N\ Y

J3 J7
L SN
O//\ﬁ J N\
)

1 1
4 L. J8== 2 4. J8== 2
J\] P N
Formula [-A1, Formula [-A2,

2

wherein J', J2, I3, 4, 15, 16,17, I8, L*, and R? include any of those described herein in any

combination. In some embodiments according to Formula I-A1 or [-A2, the bicyclic

52 J7j
7 \Je,//\\ ;
s

4 . 8=z
J\\a,/J J2

heteroaryl moiety J is a bicyclic heteroaryl moiety as defined in Formula
I-1, I-2, I-3, I-1a, I-1b, I-1c¢, I-2a, I-2b, I-3a, I-3b, I-1a-1, I-1a-2, I-2a-1, I-2a-2, [-3a-1, [-3a-2,
I-1b-1, I-1b-2, I-2b-1, I-2b-2, I-3b-1, or [-3b-2.

[0056] In some embodiments, in Formula I (e.g, I-A), L! can also be an optionally

substituted Ci-4 alkylene, an optionally substituted Cz.4 alkenylene, or an optionally

PCT/US2024/057645
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substituted C>.4 alkynylene, and R’ is an optionally substituted 3-8 membered ring (e.g., as
described herein).

[0057] In some embodiments, in Formula I (e.g., any of the applicable subformulae), L!
can be null or an optionally substituted 7-12 membered bicyclic ring structure; and R is
hydrogen, deuterium, halogen, CN, OH, NH>, an optionally substituted C1.4 alkyl, an
optionally substituted C>4 alkenyl, an optionally substituted C24 alkynyl, an optionally
substituted Ci4 heteroalkyl, or an optionally substituted 3-6 membered ring. When
substituted, the optionally substituted 7-12 membered bicyclic ring structure, Ci.4 alkyl, Co4
alkenyl, C>.4 alkynyl, Ci4 heteroalkyl, or 3-6 membered ring can be preferably substituted
with 1-3 substituents, each independently selected from (i) halogen (e.g., F), (ii) OH, (iii) CN,
(iv) Ci4 alkyl optionally substituted with F, (v) C>4 alkenyl optionally substituted with F, (vi)
C24 alkynyl optionally substituted with F, (vii) a 3-5 membered ring having 0-3 heteroatoms,
such as cyclopropyl, optionally substituted with 1-3 substituents each independently oxo, CN,
F, OH, Ci2 alkyl optionally substituted with 1-3 F, or Ci.2 heteroalky] optionally substituted
with 1-3 F, and (viii) Ci4 heteroalkyl having one or two heteroatoms independently N, S, or
O, wherein the S atom may be optionally oxidized, and the C;.4 heteroalky] is optionally
substituted with F. Typically, in such embodiments, L is an optionally substituted 8-10
membered fused bicyclic ring structure, such as a fused bicyclic heterocyclic or heteroaryl
ring, and R! is hydrogen, deuterium, halogen (preferably, F or Cl), OH, CN, Ci.4 alkyl, Co.4
alkenyl, C4 alkynyl, or C14heteroalkyl, wherein the Ci4 alkyl, Cz4 alkenyl, C24 alkynyl, or
Cisheteroalkyl is optionally substituted with 1-3 substituents independently selected from F
and OH. In some preferred embodiments, R! is hydrogen, F, OH, CN, or C;.4 alkyl optionally
substituted with 1-3 substituents independently selected from F and OH.

[0058] In some embodiments, L! is an optionally substituted 8-10 membered fused
bicyclic ring structure, which has a first and second constituent ring, wherein the first
constituent ring is a S-membered heteroaryl ring having 1-3 ring heteroatoms independently
selected from N, O, and S, and the second constituent ring is an aryl, heteroaryl, carbocyclic,
or heterocyclic ring. In some embodiments, L! is an optionally substituted 8 or 9 membered
fused bicyclic heteroaryl having a first and second constituent ring, wherein the first
constituent ring is a S-membered heteroaryl ring having 1-3 ring heteroatoms independently
selected from N, O, and S, and the second constituent ring is phenyl, a 5-membered

heteroaryl, or a 6-membered heteroaryl. In some embodiments, L! is an optionally
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substituted 8 or 9 membered fused bicyclic heterocyclyl ring having a first and second
constituent ring, wherein the first constituent ring is a 5-membered heteroaryl ring having 1-3
ring heteroatoms independently selected from N, O, and S, and the second constituent ring is

a 5-6 membered carbocyclic or heterocyclic ring. In some embodiments, the first constituent

/\rs
N\/g; '
ring is a thiazole ring, . In some embodiments, the second constituent ring is a 5

\
N—?/
or 6 membered heteroaryl, such as a pyridine ring, e.g., . In some embodiments,

the second constituent ring is a 5 or 6 membered heterocyclyl, typically having 1 or 2 ring

heteroatoms independently N, O, and S, wherein the S atom is optionally oxidized, for

example, the second constituent ring can be , which is optionally substituted. In
these embodiments, L! typically attaches to I7 through a ring atom of the first constituent ring

and attaches to R! through a ring atom of the second constituent ring. For example, in some

X

embodiments, L' can be a fused bicyclic heteroaryl having a structure of N= R ,
wherein the thiazole ring (first constituent ring) attaches to J7 through the carbon atom as
shown, and R! is attached to a ring carbon atom of the pyridine ring (second constituent ring).

[0059] In embodiments where L!is an optionally substituted 8-10 membered fused
bicyclic ring structure described herein, R! can be preferably hydrogen, deuterium, halogen
(preferably, F or Cl), OH, CN, Ci4alkyl, C2.4 alkenyl, C24 alkynyl, or Ci.4 heteroalkyl,
wherein the C14 alkyl, C2.4 alkenyl, Co4 alkynyl, or Ci4 heteroalkyl is optionally substituted
with 1-3 substituents independently selected from F and OH. In some preferred
embodiments, R is hydrogen, F, OH, CN, or C1.4 alkyl optionally substituted with 1-3
substituents independently selected from F and OH.

[0060] In some more specific embodiments, the compound of Formula I can be

characterized as having a structure according to Formula I-B:
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NI
be- 7
JN - 8=
\js/J J
Formula [-B

wherein:

Ring B is an optionally substituted 5 or 6 membered heterocyclyl or heteroaryl ring having 1-
3 ring heteroatoms independently N, O, or S;

R!is hydrogen, deuterium, halogen, CN, OH, NHa, an optionally substituted C;.4 alkyl, an
optionally substituted C-4 alkenyl, an optionally substituted C>4 alkynyl, an optionally
substituted Ci-4 heteroalkyl, or an optionally substituted 3-6 membered ring; and

JL 1203, 04,05, 15,07, 18, L2, and R? include any of those described herein in any combination.
Exemplary definitions of the variables for Formula I-B are also shown in enumerated
embodiments C1-26. When substituted, the 5 or 6 membered heterocyclyl or heteroaryl ring
of Ring B is preferably substituted with 1-3 substituents independently selected from (i)
halogen (e.g., F), (ii) OH, (iii) CN, (iv) Ci.4 alkyl optionally substituted with F, (v) Ca4
alkeny] optionally substituted with F, (vi) C2.4 alkynyl optionally substituted with F, (vii) oxo
(as valency permits), (viii) C14 heteroalkyl having one or two heteroatoms independently N,
S, or O, wherein the S atom may be optionally oxidized, and the C1.4 heteroalkyl is optionally
substituted with F, and (ix) a 3-5 membered ring having 0-3 heteroatoms, such as
cyclopropyl, optionally substituted with 1-3 substituents each independently oxo, CN, F, OH,
Ci2 alkyl optionally substituted with 1-3 F, or C;.» heteroalkyl optionally substituted with 1-3
F. In some embodiments, ring B is an optionally substituted 6-membered heteroaryl, such as
an optionally substituted pyridine. To be clear, in Formula I-B, ring B is always connected to
R!, thus, when it is said that ring B is substituted, it should be understood that ring B has one
or more substituents at the remaining positions. In some embodiments according to Formula
I-B, R' is hydrogen, deuterium, halogen (preferably, F or C1), OH, CN, Cj.4alkyl, Ca4
alkenyl, C2 4 alkynyl, or C;4heteroalkyl, wherein the C;.4alkyl, C24 alkenyl, C24 alkynyl, or

Ciaheteroalkyl is optionally substituted with 1-3 substituents independently selected from F
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and OH. In some embodiments according to Formula I-B, the bicyclic heteroaryl moiety

J3 ;Z\
N6
/\\{/ \\J? z \ﬁ
[ T

4 §==

JRTJSI}J - is a bicyclic heteroaryl moiety as defined in Formula I-1, I-2, I-3, I-1a,
I-1b, I-1c, I-2a, I-2b, I-3a, I-3b, I-1a-1, I-1a-2, I-2a-1, I-2a-2, I-3a-1, I-3a-2, I-1b-1, I- 1b-2, I-
2b-1, I-2b-2, I-3b-1, or [-3b-2.

[0061] In some embodiments, in Formula I (e.g., any of the applicable subformulae), 1!
can also be null, i.e., R! is directly attached to J” of the bicyclic heteroaryl. For example, in
some embodiments, the compound of Formula I can be characterized as having a structure

according to Formula I-C:

R1
H |
R? N..O 5
N 0 \S// J\\ J7
©d A R
Jk Jlg‘“Jé/
\33’ ’
Formula [-C

wherein J', 12, 13, 14, 1°, 16, 17, 38 R', L%, and R? include any of those described herein in
any combination. Typically, in Formula I-C, R! is an optionally substituted 5-membered
heteroaryl having 1-3 ring heteroatoms independently selected from S, N, and O, for
example, an optionally substituted ring selected from thiazole, oxazole, imidazole,
oxadiazole, or thiadiazole. In some embodiments, in Formula I-C, R! can be an optionally
substituted 6-membered heteroaryl having 1 or 2 ring nitrogens, such as an optionally
substituted pyridyl or optionally substituted pyridazyl. When substituted, the optionally
substituted 5-membered heteroaryl or optionally substituted 6-membered heteroaryl can be
preferably substituted with 1-3 substituents, each independently selected from (i) halogen
(e.g., F), (i1) OH, (iii) CN, (iv) Ci. alkyl optionally substituted with F, (v) C2.4 alkenyl
optionally substituted with F, (vi) C24 alkynyl optionally substituted with F, (vii) a 3-5
membered ring having 0-3 heteroatoms, such as cyclopropyl, optionally substituted with 1-3
substituents each independently oxo, CN, F, OH, C;2 alkyl optionally substituted with 1-3 F,
or Ci2 heteroalkyl optionally substituted with 1-3 F, and (viii) Ci.4 heteroalkyl having one or
two heteroatoms independently N, S, or O, wherein the S atom may be optionally oxidized,

and the C;4 heteroalkyl is optionally substituted with F. For example, in some embodiments,
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in Formula I-C, R! can be a thiazole, oxazole, imidazole, oxadiazole, or thiadiazole, each of

which is optionally substituted with a Ci.2 alkyl optionally substituted with F, such as CFzH,

N/S

\N/ F
CHs, CFs3, ete. For example, in some embodiments, in Formula I-C, R! can be Fo,
Ay s 1
F o, , , , . In some embodiments, in Formula I-

C, R! can be an optionally substituted C;_4 alkyl, an optionally substituted C».4 alkenyl, or an

optionally substituted C24 alkynyl. In some embodiments according to Formula I-C, the

bicyclic heteroaryl moiety J is a bicyclic heteroaryl moiety as defined in
Formula I-1, I-2, I-3, I-1a, I-1b, I-1¢, I-2a, I-2b, I-3a, I-3b, I-1a-1, I-1a-2, [-2a-1, [-2a-2, I-3a-

1,1-3a-2, I-1b-1, I-1b-2, I-2b-1, I-2b-2, I-3b- 1, or I-3b-2.

[0062] Exemplified L'-R! suitable for Formula I (e.g., any of the applicable subformulae)
include any of those respective groups as shown in the specific compounds listed in Table 1
herein.

[0063] In some specific embodiments, unless otherwise specified or contrary from

F
IN\
N

S
context, L!-R!in Formula I (e.g., any of the applicable subformulae) can be I

F
F NC HO NC F.
IN\ IN\ IN\ /N\ IN\
T\f ) f\f ’ TZ/ ) S\f i EZ/ )
, ,or ,orLI-R'is , preferably, or
NC
N

N

by
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[0064] In some specific embodiments, unless otherwise specified or contrary from
/Sl/s
N—Z \
context, L!-R!in Formula I (e.g., any of the applicable subformulae) can be N=" or
/Sl/s
N
4 O
HO
[0065] In some specific embodiments, unless otherwise specified or contrary from
N\/ S
NZNF
context, L'-R'in Formula I (e.g., any of the applicable subformulae) can be F
[0066] In Formula I (e.g., any of the applicable subformulae), L is typically an optionally

substituted 3-5 membered carbocyclic or heterocyclic ring, such as an optionally substituted
cyclopropyl ring or a fused or bridged Ca.s carbocyclic ring. In some embodiments, L% can be

an optionally substituted cyclopropyl ring. In some embodiments, L can be an optionally

substituted cyclobutyl ring. In some embodiments, L.> can be \&, optionally substituted
F

e X
with F, such as or . In some embodiments, L? can be , optionally

substituted with one or two substituents independently selected from F, C;. alkyl optionally
substituted with F (e.g., CH3, CH2F, CHF>, or CF3), CN, C».3 alkynyl optionally substituted
with F, or C;4 heteroalkyl optionally substituted with F (e.g., CH2CH2OCH3, or CH2OCH3),

\Jﬁ g \/@)\
e.g., . In some embodiments, L% can be . In some embodiments, 1.2

can also be an optionally substituted Ci4 alkylene, which can be straight chained or branched
C1.4 alkylene, such as C(CHa),.

[0067] Various groups are suitable for R%. Typically, R? can be hydrogen, F, C1.> alkyl
optionally substituted with F (e.g., CHs, CHF, or CF3), CN, cyclopropyl, or Cz-3 alkynyl

optionally substituted with F, such as = ior = E
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[0068] Exemplified L.2-R? suitable for Formula I (e.g., any of the applicable subformulae)
include any of those respective groups as shown in the specific compounds listed in Table 1
herein.
[0069] For example, in some embodiments, unless otherwise specified or contrary from

context, in Formula [ (e.g., any of the applicable subformulae), L2-R%can be \J>, \(% R

F
N N AR OV SN

embodiments, unless otherwise specified or contrary from context, in Formula [ (e.g., any of

E
KK KT F
the applicable subformulae), L>-R? can be , . , F , F )

o— o—
N ool
FF Y CN, \ , A : , ,or , or L*-R? can
Q 0}
\}J \ \/%J \
be © % or . In some preferred embodiments, unless otherwise

specified or contrary from context, in Formula I (e.g., any of the applicable subformulae), L*-

o —
R2canbe % %
[0070] In some preferred embodiments, L? is a substituted cyclopropylene, and the

compound of Formula I can be characterized as having a structure according to Formula I-D,

L'\
H
R2 N..© s L7
X //S /\\JG,/f\\
R
(R101)q J4\ 3‘}\]8:\]2

N

Formula I-D,
wherein:

qislor2;
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R!%! is F or methy] optionally substituted with F or R'! is F, C;.; alkyl optionally

substituted with F (e.g., CHs, CHzF, CHF2, or CFs), CN, C2. alkynyl optionally

substituted with F, or C4 heteroalkyl optionally substituted with F (e.g., CH2OCH3); and
T2 P, 04 108,17, 18, LY, RY, and R? are defined herein. Exemplary definitions of the
variables for Formula I-D are also shown in enumerated embodiments B1-43. Typically, in
such embodiments, R!%! is F. In some embodiments, R'% is C4 heteroalkyl optionally
substituted with F. For example, in some embodiments, R*! is CH>OCHs. In some

embodiments, R'%! is CH;CH>OCH;. In some embodiments, q is 1. In some embodiments,

101 s
the moiety of R™q can have a stereochemistry selected from R0’ R R0 ,
e
R101 R§01 R101 . .
, or , preferably, . For example, in some embodiments, the
RZ
Rzi{\
, ) (é101) | /
moiety of 9 can be selected from
R2 K\
N
0
/ , preferably, . In some embodiments, q is 2. In some embodiments,
sza R R?
| R101 R101
101
the moiety of (R™a can have a structure of R101 or R101 , typically,

the two R'%! groups are the same, for example, both are F. Typically, in Formula I-D, R? is

hydrogen, F, C1.2 alkyl optionally substituted with F (e.g., CH3, CH2F, CHF>, or CF3), CN,

cyclopropyl, or Cz.3 alkynyl optionally substituted with F, such as = ior = ! For
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R2
O F
| F F
. . . (R101)
example, in some embodiments, the moiety of 9 can be or . In

R2
= o~
|
. . (R101) '.:
some embodiments, the moiety of a4 can be > or . In

\o/\“.»ﬁj \O/\‘"ﬁ:”

101

some embodiments, the moiety of (R™)q can be or s
2

5

\O/\”,.
. . (R101)
preferably, . In some preferred embodiments, the moiety of 9 can

/O\‘ %
be . In some embodiments according to Formula I-D, the bicyclic heteroaryl

52 /jJZ\
’ \\T? - \§J1
2

JA oJ8== 2

e

moiety \J3 is a bicyclic heteroaryl moiety as defined in Formula I-1, I-2, I-
3,1-1a, I-1b, I-1c, I-2a, I-2b, I-3a, I-3b, I-1a-1, I-1a-2, I-2a-1, I-2a-2, I-3a-1, I-3a-2, I-1b-1, I-

1b-2, I-2b-1, I-2b-2, [-3b-1, or [-3b-2.

e

[0071] In some embodiments, the compound of Formula I-D can be characterized as

having a structure according to Formula I-X:

Formula I-X,

wherein:
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R!%'is F, C;.2 alkyl optionally substituted with F (e.g., CHs, CHyF, CHF», or CF3), CN,
C>3 alkynyl optionally substituted with F, or C14 heteroalkyl optionally substituted with F
(e.g., CH>CH>OCH3s, or CH2OCH3); and
LI 04 P16, 17, 18, LY, RY, and R? are defined herein. Exemplary definitions of the
variables for Formula I-X are also shown in enumerated embodiments D1-26. Without
wishing to be bound by theories, it is believed that compounds having stereochemistry as
drawn in Formula I-X are better than the other possible stereoisomers for inhibiting
PARG activities and/or for inhibiting cancer cell growth. As exemplified in the Examples
section, compounds having the as-drawn stereochemistry may be synthesized through
chiral starting material or through chiral separation using SFC or HPLC.
[0072] In some preferred embodiments, R!% in Formula I-X is a C1 heteroalkyl
optionally substituted with F (e.g., CH.CH20OCH3, or CH2OCH3). For example, in some
embodiments, R'°! is CH2OCH3, In some embodiments, R'°! is CH:CH2OCH3,

[0073] R? in Formula I-X is typically methyl. Other suitable R? include those defined
herein.
[0074] In some preferred embodiments, the compound of Formula I-X can be

characterized as having a structure according to Formula [-Xa:

1
1/R
|“" T
HN_ O g5 7
(0] oS J
~ ,/S ¢ J64 \x .
O 1 1 ,\J
Jh\ . Jé:JZ/
Nye

Formula I-Xa,
wherein J', J2, 13,14, 15, 76,77, 13, L, and R! are defined herein.

[0075] In some embodiments according to Formula I-X, the bicyclic heteroaryl moiety

J? can be a bicyclic heteroaryl moiety as defined in Formula I-1, I-2, I-3, I-
la, I-1b, I-1c, I-2a, I-2b, I-3a, I-3b, I-1a-1, I-1a-2, I-2a-1, [-2a-2, I-3a-1, I-3a-2, I-1b-1, I-1b-
2, 1-2b-1, 1-2b-2, I-3b-1, or I-3b-2.
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[0076] For example, in some preferred embodiments, the compound of Formula I-X can

be characterized as having a structure according to Formula I-Xb:

1

\ 1/R
| HN. O L
- 7 Z N/\<
N N
R® R

Formula I-Xb,
wherein L', R, R* and R’ are defined herein.
[0077] In embodiments, the compound of Formula I-X can be characterized as having a

structure according to Formula I-Xc:

R1
N /
I HN. ,/O L
7~ ” 2 N/\<N
Y
RS R*
Formula I-Xc,
wherein L', R, R* and R’ are defined herein.
[0078] For example, typically, in Formula I-Xb or I-Xc, R* is hydrogen or halogen,

preferably, R* is hydrogen, F or Cl. Typical definitions of L!, R, and R for Formula I-Xb or

I-Xc are described in enumerated embodiments D12-26.

[0079] In Formula I and its subformulae, J? is typically CR?, wherein R’ is defined
herein.

[0080] In some embodiments, R can be hydrogen, halogen (e.g., Cl), or OH.

[0081] In some embodiments, R’ can be L3-G**, wherein L’ is an optionally substituted

Cz.4 alkynylene. For example, in some embodiments, R can be GZA——-__-"_!, wherein G**
is defined herein, for example, G** is a C4 heteroalkyl, e.g., CH-OCH3 or CH>CH>OCHs.
[0082] In some embodiments, R’ can be G2, and G* is an optionally substituted 3-14
membered ring, preferably, a heteroaryl or heterocyclic ring.
[0083] In some embodiments, R’ can be an optionally substituted 4-12 membered
heterocyclic ring having 1-4 ring heteroatoms independently selected from N, O, and S,
wherein the S atom is optionally oxidized. The 4-12 membered heterocyclic ring is typically

a monocyclic ring (typically has 4-7 ring members with 1 or 2 ring heteroatoms) or a bicyclic
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ring (typically has 5-12 ring members with 1-3 ring heteroatoms), which can be a fused,
spiro, or bridged bicyclic ring.

[0084] In some embodiments, R’ can be an optionally substituted 4-7 membered
heterocyclic ring having 1-3 ring heteroatoms independently selected from N, O, and S,
wherein the S atom is optionally oxidized (e.g., S(O), SO., S(=NH)(=0)) for example, a
monocyclic 5 or 6 membered heterocyclic ring having 1 or 2 ring heteroatoms, such as a
pyrrolidine, piperidine, or piperazine ring. For example, in some embodiments, R’ is a ring

H

N
G CHOH b 4 O
selected from H 7 or O NH

each of which is optionally substituted. When substituted, the 4-7 membered heterocyclic
ring can be typically substituted with 1-3 substituents each independently oxo, halogen (e.g.,
F), OH, CN, G*, 0G4, C(0)G*, C(O)NH>, SO.G*, P(0)G*GA,C(O)NHGA, C(O)NG*GA,
SO:NHG?A, S(=NH)(=0)G*, S(=N-G*)(=0)G*, SO:NG*G*, NHC(0)G*, or N(G*)C(0)G*,
wherein G* at each occurrence is an optionally substituted group independently selected from
(1) Ci4alkyl; (i) Ci-4 heteroalkyl; and (iii) a 3-10 membered ring, or two GA together with the
intervening atom(s) are joined to form an optionally substituted 4-10 membered heterocyclic
ring;
wherein when substituted, the Ci.4 alkyl or Ci14 heteroalkyl is preferably
substituted with 1-3 substituents each independently (1) halogen (preferably F),
CN, OH, or NH3, (2) C;.4 heteroalkyl optionally substituted with F; or (3) an
optionally substituted 3-10 membered ring; and
when substituted, the 3-10 membered ring or the 4-10 membered heterocyclic ring
is preferably substituted with 1-3 substituents independently (1) oxo (as
applicable), halogen (e.g., F, Cl), CN, OH, or NHz; (2) C1.4 alkyl optionally
substituted with F; (3) Ci.4 heteroalkyl optionally substituted with F; or (4) a 3-6
membered ring optionally substituted 1-3 substituents independently selected from
oxo, F, Cl, CN, OH, C;4alkyl optionally substituted with F, and C;.4 heteroalkyl
optionally substituted with F.
[0085] In some more specific embodiments, R’ can have a structure according to F-1, F-

2, or F-3 below:
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n(R™®) n(R n(R
R' (E-1), R" (F-2), or R (E-3),

wherein:

n is an integer of 0-4,

(@)  R!%ateach occurrence is independently oxo, halogen (e.g., F), OH, CN, G*, OG*,
C(0)G*, SO.G*, P(O)G*G*,C(O)NHG*, C(OING”G*, SO:NHG?,
S(=NH)(=0)G*, S(=N-G*)(=0)G*, SO:NGAGA, NHC(0)GA, or N(GMC(0)GA,
or

) two R'? are joined to form an optionally substituted 3-6 membered ring (e.g.,
cyclopropyl, cyclobutyl, or oxetane ring), and any remaining R'? are as defined in
(a); or

(¢)  one R'°and R are joined to form an optionally substituted 3-6 membered ring,
and any remaining R'° are as defined in (a);

R!!is hydrogen, G*, C(0)G*, SO-G*, C(Q)OG*, C(O)NHG*, C(O)NGAGA, SO:NHGA,

S(=NH)(=0)G*, S(=N-G*}(=0)G*, or SO-NG*G*, or defined in (c) above;

wherein G* at each occurrence is an optionally substituted group independently selected

from (i) C14 alkyl; (ii) C14 heteroalkyl; and (iii) a 3-10 membered ring, or two G*

together with the intervening atom(s) are joined to form an optionally substituted 4-10

membered heterocyclic ring;
wherein when substituted, the Ci4 alkyl or Ci4 heteroalkyl is preferably
substituted with 1-3 substituents each independently (1) halogen (preferably F),
CN, OH, or NHo, (2) C1.4 heteroalkyl optionally substituted with F; or (3) an
optionally substituted 3-10 membered ring; and
when substituted, the 3-10 membered ring or the 4-10 membered heterocyclic ring
is preferably substituted with 1-3 substituents independently (1) oxo (as
applicable), halogen (e.g., F, Cl), CN, OH, or NH2; (2) C14 alkyl optionally
substituted with F; (3) Ci.4 heteroalkyl optionally substituted with F; or (4) a 3-6
membered ring optionally substituted 1-3 substituents independently selected from
oxo, F, Cl, CN, OH, Ci4 alkyl optionally substituted with F, and C;4 heteroalkyl

optionally substituted with F.
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To be clear, when it is said that two R are joined to form a ring structure, the two R!?can be
attached to the same carbon, two adjacent carbon atoms, or two non-adjacent carbon atoms, thus,
the ring formed can be a spiro ring, a fused ring, or a bridged ring. Similarly, when it is said that
one R'%and R are joined to form a ring structure, the R'? can be attached to a carbon atom
adjacent to the nitrogen atom of (NR!!) or a non-adjacent carbon atom, thus forming a fused ring
or a bridged ring.

[0086] In some embodiments, in F-1, F-2, or F-3, nis 0, 1, or 2; R'® at each occurrence is
independently CN or G*, and R'! is hydrogen, G*, C(0)G#, SO.G*, C(0)0G*, C(O)NHG?,
C(O)NG*G*, SO.NHG?, S(=NH)(=0)G*, S(=N-G*)(=0)G*, or SO:NGAG*, wherein G* is
defined herein. In some embodiments, G* at each occurrence is independently:

(1) a Ci4alkyl optionally substituted with 1-3 substituents each independently F, OH, Ci4
alkoxy optionally substituted with 1-3 F, NH(C1.4 alkyl), or N(C1.3 alkyl)(C).3 alkyl); or
(2) a 3-10 membered ring, (C14 alkylene)-(3-10 membered ring), or (Ci.4 heteroalkylene)-
(3-10 membered ring), preferably, the 3-10 membered ring is a 3-6 membered ring
selected from Cs. cycloalkyl, 4-6 membered heterocyclyl, 5 or 6-membered heteroaryl, or
phenyl, wherein the 3-10 membered ring is optionally substituted with 1-3 substituents
independently selected from oxo, F, Cl, OH, CN, Ci4alkyl optionally substituted with F,
Ci4 alkoxy optionally substituted with F, and optionally substituted 3-5 membered ring
(e.g., cyclopropyl, cyclobutyl, azetidinyl, oxetanyl, etc.).

[0087] In some embodiments, in F-1, F-2, or F-3, nis 0, 1, or 2; R'? at each occurrence is
independently CN, cyclopropyl, Ci.4 alkyl optionally substituted with F (e.g., CH3) or C14
heteroalkyl optionally substituted with F (e.g., CH,OCH3), and R!! is hydrogen, G*, C(0)G*,
S0,G#, C(0)OG*, C(O)NHG, C(O)NGAG?, SO.NHG?, S(=NH)(=0)G*, S(=N-
G*)(=0)G*, or SO-NGAG*, wherein G* is defined herein.

[0088] In some embodiments, in F-1, F-2, or F-3, n is 0. For example, in some

embodiments, in Formula I (or any of the applicable subformulae herein), R’ is characterized

|
as having a structure of F-4, F-5, or F-6, R (F-4), R (F-5), or R (F-6), wherein R!!
is defined herein.
[0089] In some embodiments, in F-1, F-2, or F-3, nis 1. For example, in some

embodiments, in connection with Formula I (or any of the applicable subformulae herein), R’



WO 2025/117661 PCT/US2024/057645
31

R10
KN

is characterized as having a structure of F-7, R" (F-7), wherein R'? and R!! are
defined herein. Typically, R'®in F-7 is F, OH, or G* (as defined herein). In some

embodiments, in connection with Formula I (or any of the applicable subformulae herein), R>

IéF Eém

is characterized as having a structure of F-7a or F-7b, R" (F-7a) or R (F-7b),

wherein R'! is defined herein.

[0090] In some embodiments, in connection with Formula I (or any of the applicable
A
)
|
subformulae herein), R’ is characterized as having a structure of F-8, R (F-8),e.g.,

-
N
)
R“O/[']‘
R™ | wherein R'® and R'" are defined herein. Typically, R'®in F-8 is G* (as defined
herein). For example, in some embodiments, R'? in F-8 is a Ci.4 alkyl optionally substituted
with F, e.g., CHs, CH2F, CHF3, or CFs. In some embodiments, R'® in F-8 is a C1.4

heteroalkyl optionally substituted with deuterium and/or F. For example, in some

embodiments, R'° in F-8 is methoxymethyl group, CH>OCHj3, e.g., having a structure of

X
/O\\\"[N]
|

R" . In some embodiments, in connection with Formula I (or any of the applicable

’e

subformulae herein), R’ is characterized as having a structure of F-8a, F-8b, or F-8c, R
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T T
) )
FJT 4
(F-8a), R" (F-8b), or FooR" (F-8c), wherein R!! is defined herein. In some
embodiments, in connection with Formula I (or any of the applicable subformulae herein), R’

is characterized as having a structure of F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8c-R or F-&c-S,

L L L )

R™ (F-8a-R), R™ (F-8a-S), R" (F-8b-R), R" (F-8b-S),

.
e

F

(F-8¢-R), or R' (F-8¢-S), wherein R!! is defined herein.

[0091] In some embodiments, in F-1, F-2, or F-3, n is 2. For example, in some

embodiments, in connection with Formula I (or any of the applicable subformulae herein), R’

o

N

|
is characterized as having a structure of F-9, R" (F-9), wherein R'® and R!! are

R’\O R‘IO

defined herein. In some embodiments, each R'® in F-9 is independently F, OH, or G* (as
defined herein). In some embodiments, two R!%in F-9 are joined to form a 3-6 membered
ring, such as a cyclopropyl ring. For example, in some embodiments, in connection with

Formula I (or any of the applicable subformulae herein), R’ is characterized as having a

N
structure of F-9a, R (F-9a), wherein R!! is defined herein. In some embodiments, in

connection with Formula I (or any of the applicable subformulae herein), R? is characterized

N N
| |
as having a structure of F-9a-1 or F-9a-2, RM (F-9a-1), or R (F-9a-2), wherein

R! is defined herein.
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[0092] In some embodiments, in connection with Formula I (or any of the applicable

y pp

T
N

R10_( LR“’

k'f)

subformulae herein), R’ is characterized as having a structure of F-10, RM (F-

10), wherein R'® and R!! are defined herein. In some embodiments, each R'° in F-10 is
independently Ci.4 alkyl optionally substituted with F, e.g., CHs, CH2F, CHF,, or CFs. In
some embodiments, each R!? in F-10 is independently a Ci.4 heteroalkyl optionally
substituted with deuterium and/or F. In some embodiments, two R!%in F-10 are joined to
form a 3-6 membered ring, such as a cyclopropyl ring. For example, in some embodiments,

in connection with Formula I (or any of the applicable subformulae herein), R’ is
T
N
characterized as having a structure of F-10a, R (F-10a), wherein R!! is defined

herein. In some embodiments, the two methyl groups in F-10a are cis to each other,

X
ol

R"™  (F-10a-1). In some embodiments, the two methyl groups in F-10a are trans to
T
B
/['\Il --"/
each other, e.g., R" (F-10a-2). In some embodiments, in connection with Formula I

(or any of the applicable subformulae herein), R’ is characterized as having a structure of F-
T
N
va
|
R

10b, " (F-10b), wherein R"! is defined herein. In some preferred embodiments, in

connection with Formula I (or any of the applicable subformulae herein), R> is

T
0

RN R
R11

(F-10c), wherein R!? and R!! are defined herein — without wishing to be
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bound by theories, it is believed that the disubstituted piperazine in this configuration is more

preferred than the other possible stereoisomers. In some preferred embodiments, in

=

N

Jol

\
connection with Formula I (or any of the applicable subformulae herein), R? is R

(F-10a-2), wherein R'! is defined herein.

[0093] In some embodiments, in F-1, F-2, or F-3, two R!? are joined to form an
optionally substituted 3-6 membered ring (e.g., cyclopropyl, cyclobutyl, or oxetane ring), and
any remaining R'® are independently Ci.4 alkyl optionally substituted with F or C.4

heteroalky] optionally substituted with F. For example, in some embodiments, R’ can have a

m(Rm)\:Lm #(R") \TLM
<NS ijv
structure according to R (F-1a), RM (F-1b), whereinm is 0, 1, or 2,

R at each occurrence is independently C,.4 alkyl optionally substituted with F or C14
heteroalky] optionally substituted with F, R! is defined herein.

[0094] In some embodiments, in F-1, F-2, or F-3, one R'® and R'! are joined to form an
optionally substituted 3-6 membered ring, and any remaining R'® are independently Ci alkyl

optionally substituted with F or C;.4 heteroalkyl optionally substituted with F. For example,

N
m(R")~
kN

in some embodiments, R> can have a structure according to O (F-1¢),
wherein m is 0, 1, or 2, R'? at each occurrence is independently C;s alkyl optionally
substituted with F or C;4 heteroalkyl optionally substituted with F.

[0095] In some embodiments, in F-1, F-2, or F-3, or in F-4, F-5, F-6, F-7, F-7a, F-7b, F-
8, F-8a, F-8b, F-8c, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8c-R, F-8c-S, F-9, F-9a-1, F-9a-2, F-
10, F-10a, F-10a-1, F-10a-2, F-10b, F-10c, F-1a, or F-1b, R!! is C(0)G*, SO.G*, C(0)0OGA,
C(O)NHG*, C(O)NG*G*, SO:NHG#, S(=NH)(=0)G*, S(=N-G*)(=0)G*, or SO.NG*G*,
wherein G* is defined herein. For example, in some embodiments, R is C(0)G#, SOG4,
C(0)OG*, C(O)NHG*, C(O)NG*G*, SO:NHG?, S(=NH)(=0)G*, S(=N-G*)(=0)G*, or
SO:NG”G#, and G* at each occurrence is independently (1) a Cy.4 alkyl optionally
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substituted with 1-3 substituents each independently F, OH, C14 alkoxy optionally substituted
with 1-3 F, NH(C1.4 alkyl), or N(C,.3 alkyl)(Ci3 alkyl) or (2) a 3-6 membered ring selected
from Cs, cycloalkyl, 4-6 membered heterocyclyl, 5 or 6-membered heteroaryl, or phenyl,
wherein the 3-6 membered ring is optionally substituted with 1-3 substituents independently
selected from oxo, F, Cl, OH, CN, C14 alkyl optionally substituted with F, C14 alkoxy
optionally substituted with F, and optionally substituted 3-5 membered ring (e.g.,
cyclopropyl, cyclobutyl, azetidinyl, oxetanyl, etc.).

[0096] In some embodiments, in F-1, F-2, or F-3, or in F-4, F-5, F-6, F-7, F-7a, F-7b, F-
8, F-8a, F-8b, F-8c, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8¢-R, F-8¢-S, F-9, F-9a-1, F-9a-2, F-
10, F-10a, F-10a-1, F-10a-2, F-10b, F-10c, F-1a, or F-1b, R!! can be C(O)G*!, C(0)0OG*!,
S0,GA!, C(O)NHG*!, or C(O)NGA'G*!, wherein GA' at each occurrence is independently C;.
4 alkyl optionally substituted with F, such as methyl, ethyl, n-propyl, or isopropyl. In some
embodiments, in F-1, F-2, or F-3, or in F-4, F-5, F-6, F-7, E-7a, E-7b, F-8, F-8a, F-8b, F-8c,
F-8a-R, F-8a-S, F-8b-R, F-8b-§, F-8c-R, F-8c-S, F-9, F-9a-1, F-9a-2, F-10, F-10a, F-10a-1,
F-10a-2, F-10b, F-10c, F-1a, or F-1b, R!! can be C(0)G*?, SO.G*?, C(O)NHG*? or
SO;NHG*?, wherein G*?is a 3-6 membered ring selected from Cs. cycloalkyl (e.g.,
cyclopropyl or cyclobutyl), 4-6 membered heterocyclyl (e.g., oxetanyl or azetidinyl), 5 or 6-
membered heteroaryl, or phenyl, wherein the 3-6 membered ring is optionally substituted
with 1-3 substituents independently selected from oxo, F, Cl, OH, CN, C.4 alkyl optionally
substituted with F, C;4 alkoxy optionally substituted with F, and optionally substituted 3-5
membered ring (e.g., cyclopropyl, cyclobutyl, azetidinyl, oxetanyl, etc.). In some
embodiments, G*? can be a C3. cycloalkyl, such as cyclopropyl or cyclobutyl, which is
optionally substituted with 1 or 2 substituents each independently F, OH, CN, or CHs. In
some embodiments, G*can be a cyclopropyl or cyclobutyl, which is optionally substituted
with 1 or 2 substituents each independently F, OH, CN, NH», or CH3. In some embodiments,
G*? can be a 4-6 membered heterocyclyl having 1 or 2 ring heteroatoms, such as pyrrolidine,
piperidine, piperazine, etc., which is optionally substituted with 1 or 2 substituents each
independently F, OH, CN, or CHs. In some embodiments, G*2 can be an oxetanyl or
azetidinyl, which is optionally substituted with 1 or 2 substituents each independently F, OH,
OCHs, CN, or CHa.
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[0097] In some specific embodiments, in F-1, F-2, or F-3, or in F-4, F-5, F-6, F-7, F-7a,
F-7b, F-8, F-8a, F-8b, F-8¢, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8¢-R, F-8¢-S, F-9, F-9a-1, F-
9a-2, F-10, F-10a, F-10a-1, F-10a-2, F-10b, F-10c, F-1a, or F-1b, R! can be selected from:

oy oy
o]:\ o& ojA-T/ oj;o)\ Oj;\b Q Q/OH

T X
o o‘g\ 0” 5\/\

Typically, in such embodiments, n is 0, 1, or 2, and R'? at each occurrence is independently
CN, cyclopropyl, C)4 alkyl optionally substituted with F (e.g., CH3) or C;.4 heteroalkyl
optionally substituted with F (e.g., CHOCH3).

[0098] In some embodiments, in F-1, F-2, or F-3, or in F-4, F-5, F-6, F-7, F-7a, F-7b, F-
8, F-8a, F-8b, F-8¢c, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8c-R, F-8¢c-S, F-9, F-9a-1, F-9a-2, F-
10, F-10a, F-10a-1, F-10a-2, F-10b, F-10c, F-1a, or F-1b, R!! can be C(0)GA!, C(O)NHG*!,
or C(O)NGA'G?!, wherein G*! is defined herein.

[0099] In some embodiments, in F-1, F-2, or F-3, or in F-4, E-5, F-6, F-7, F-7a, E-7b, F-
8, F-8a, F-8b, F-8¢c, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8c-R, F-8c-S, F-9, F-9a-1, F-9a-2, F-
10, F-10a, F-10a-1, F-10a-2, F-10b, F-10c, F-1a, or F-1b, R'! can be C(0)G*?, wherein G**
is defined herein.

[0100] In some embodiments, in F-1, F-2, or F-3, or in F-4, F-5, F-6, F-7, F-7a, F-7b, F-
8, F-8a, F-8b, F-8c, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8c-R, F-8¢c-S, F-9, F-9a-1, F-9a-2, F-
10, F-10a, F-10a-1, F-10a-2, F-10b, F-10c, F-1a, or F-1b, R!! can be hydrogen.

[0101] In some embodiments, in F-1, F-2, or F-3, or in F-4, F-5, F-6, F-7, E-7a, F-7b, F-
8, F-8a, F-8b, F-8c, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8¢c-R, F-8c-S, F-9, F-9a-1, F-9a-2, F-

10, F-10a, F-10a-1, F-10a-2, F-10b, F-10c, F-1a, or F-1b, R!! can be OJ‘W/‘

[0102] In some embodiments, in F-1, F-2, or F-3, or in F-4, F-5, F-6, F-7, F-7a, F-7b, F-
8, F-8a, F-8b, F-8¢, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8¢-R, F-8¢c-S, F-9, F-9a-1, F-9a-2, F-
10, F-10a, F-10a-1, F-10a-2, F-10b, F-10c, F-1a, or F-1b, R'! can be selected from:
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3. Y.
OLDNH le) . _~NH OLDN 0] . _~N
or R'! can be selected from D D .

[0103] In some embodiments, in F-1, F-2, or F-3, or in F-4, F-5, F-6, F-7, F-7a, F-7b, F-
8, F-8a, F-8b, F-8c, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8¢c-R, F-8c-S, F-9, F-9a-1, F-9a-2, F-
10, F-10a, F-10a-1, F-10a-2, F-10b, F-10c, F-1a, or F-1b, R'! can be G*, wherein G* is
defined herein. For example, in some embodiments, R!! can be an optionally substituted 5 or
6-membered heteroaryl, which is optionally substituted, preferably, when substituted, the 5 or
6-membered heteroaryl is substituted with 1-3 substituents independently selected from F, Cl,
OH, CN, Ci.4alkyl optionally substituted with F, C;.4 alkoxy optionally substituted with F,
and optionally substituted 3-5 membered ring (e.g., cyclopropyl, cyclobutyl, azetidinyl,
oxetanyl, etc.). Typically, in such embodiments, n is 0, 1, or 2, and R'? at each occurrence is
independently CN, cyclopropyl, Ci.4 alkyl optionally substituted with F (e.g., CH3) or Ci4
heteroalkyl optionally substituted with F (e.g., CH,OCH3). In some embodiments, R'! can be
optionally substituted 5 or 6-membered heteroaryl having 2 or 3 heteroatoms each

independently N, O, or S, such as optionally substituted imidazole or thiadiazole. For

P
~N" N ):N
example, in some embodiments, R canbe  \=/ or .
[0104] In some embodiments, R’ can be an optionally substituted 5-12 membered, such
as 7-12 membered, heterocyclic ring having 1-3 ring heteroatoms independently selected
from N, O, and S, wherein the S atom is optionally oxidized, for example, a 7-12 membered

bicyclic heterocyclic ring which can be a spiro, fused, or bridged bicyclic heterocyclic ring.
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[0105] In some embodiments, R’ can be a 7-12 membered spiro bicyclic heterocyclic ring
having 1-3 ring heteroatoms each independently N, O, and S, wherein the S atom is
optionally oxidized. For example, in some embodiments, R can be a spiro bicyclic
heterocyclic ring having one ring being a 4, 5, or 6 membered ring and the other being a 3, 4

or 5 membered ring, such as the following:
B A A e T T | “r\]l_

TR el ejereisleler;
.

0]

or )_ , which is optionally substituted, e.g., with one or more R'® groups as defined herein.
In some embodiments, when substituted, the substituents are each independently halogen
(e.g., F), CN, cyclopropyl, Ci4 alkyl optionally substituted with F (e.g., CH3) or C1.4
heteroalkyl optionally substituted with F (e.g., CH2OCH3).

[0106] In some preferred embodiments, R’ can have a spiro oxetane ring, for example, in

some embodiments, R’ can be represented by the structure of O, wherein ring A is a

4-8 membered carbocyclic or heterocyclic ring, which shares a single ring carbon atom with

the oxetane ring. In some specific embodiments, R’ canbe O or

[0107] In some embodiments, R’ can include a spiro oxidized thietane ring, for example,
ﬁzo
in some embodiments, R can be represented by the structure of O, wherein ring

A is a 4-8 membered carbocyclic or heterocyclic ring, which shares a single ring carbon atom

with the oxidized thietane ring.
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[0108] In some embodiments, R’ can be a 7-10 membered fused bicyclic heterocyclic
ring having 1-3 ring heteroatoms each independently N, O, and S. For example, in some
embodiments, R can be a 4,5-fused, 4,6-fused, 4,7-fused, 5,5-fused, 5,6-fused, 5,7-fused, or

6,6-fused bicyclic heterocyclic ring, such as the following:

“55 L Q0 B

, which is optionally
substituted, e.g., with one or more R!0 groups as defined herein. In some embodiments, when
substituted, the substituents are each independently halogen (e.g., F), CN, cyclopropyl, Ci.4
alkyl optionally substituted with F (e.g., CH3) or Ci.4 heteroalky] optionally substituted with F
(e.g., CH,OCHa).

[0109] In some embodiments, R’ can be a 7-10 membered bridged bicyclic heterocyclic
ring having 1-3 ring heteroatoms each independently N, O, and S, such as a 2,1,1-bridged
bicyclic, 2,2,1-bridged bicyclic, 2,2,2-bridged bicyclic, 2,3,1-bridged bicyclic, 2,4,1-bridged
bicyclic, for example, R3 can be selected from the following:

TT "T“T"T"V“T'“T' %

O IO @@@@@

which is optionally substituted, e.g., with one or more R'° groups as defined herein. In some
embodiments, when substituted, the substituents are each independently halogen (e.g., F),
CN, cyclopropyl, Ci4 alkyl optionally substituted with F (e.g., CH3) or Ci4 heteroalkyl
optionally substituted with F (e.g., CH.OCH3).

[0110] In some embodiments, R’ can also be a 5 or 6 membered heteroaryl having 1-3
ring heteroatoms independently selected from N, O, and S, such as imidazole, pyrazole,
thiadiazole, etc., which can be optionally substituted. When substituted, the 5 or 6 membered
heteroaryl is preferably substituted with 1-3 substituents each independently halogen (e.g., F),
OH, NH,, CN, GB, 0GB, C(0)G?, S0,GE, P(0)GBGB,C(O)NHGE, C(O)NGBGE, SO,NHG?,
S(=NH)(=0)G®, S(=N-GP)(=0)G®, SO:NG®G?, NHC(0)G®, or N(G*)C(O)G®, wherein G®
at each occurrence is independently selected from (i) Ci14 alkyl optionally substituted with 1-3
F; (i1) C14 heteroalkyl optionally substituted with 1-3 F; and (iii) a 3-7 membered ring, which

is optionally substituted with 1-3 substituents independently selected from oxo, halogen (e.g.,
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F), OH, CN, Ci.2 alkyl optionally substituted with F, and C1.4 heteroalkyl having | or 2
heteroatoms independently O, N, or S, wherein the S is optionally oxidized, wherein the C;4
heteroalkyl is optionally substituted with 1-3 F, or two G together with the intervening
atom(s) are joined to form an optionally substituted 4-7 membered heterocyclic ring,. For
example, in some embodiments, R can be an optionally substituted 5 or 6 membered
heteroaryl, e.g., pyrazole, when substituted, the 5 or 6 membered heteroaryl is preferably
substituted with 1-3 substituents independently (1) halogen (e.g., F, Cl), CN, OH, or NHa; (2)
Ci4 alkyl optionally substituted with F; (3) C14 heteroalkyl optionally substituted with F; or
(4) a 3-6 membered ring optionally substituted 1-3 substituents independently selected from
oxo, F, CI, CN, OH, C;_4alkyl optionally substituted with F, and C;_4 heteroalkyl optionally
substituted with F. In some embodiments, the C;4 heteroalkyl has 1 or 2 heteroatoms
independently O, N, or S, wherein the S is optionally oxidized.

[0111] In some embodiments, R’ can also be L3-G?, wherein L? is O, NH, CO, C(O)NH,
C(O)N(C 14 alkyl), SO2, SO2NH, SO2N(Ci.4 alkyl), an optionally substituted Ci4 alkylene, an
optionally substituted C>4 alkenylene, an optionally substituted C»4 alkynylene, or an
optionally substituted C;.4 heteroalkylene, and G? is an optionally substituted 3-14 membered

ring, for example, any of the monocyclic or bicyclic heterocyclic ring as described herein.
P %
For example, in some embodiments, R’ can be ¢ — 1, wherein G?is defined herein.

In some embodiments, R’ can be GZ_—::—i , wherein G? is a 3-8 membered heterocyclic
ring having 1-3 ring heteroatoms independently N, O, or S, wherein the sulfur atom is
optionally oxidized, for example, an oxetanyl or azetidinyl ring, and the 3-8 membered
heterocyclic ring is optionally substituted with one or more substituents, e.g., 1-3
substituents, each independently oxo, F, Cl, CN, OH, Ci4alkyl optionally substituted with F,
or Ci.4 heteroalkyl optionally substituted with F.

[0112] In some specific embodiments, R’ can have a structure according to any of those
corresponding R groups described in Table 1.

[0113] In some embodiments, the present disclosure also provides the following

enumerated embodiments A1-29:

Embodiment A1. A compound of Formula I-A, or a pharmaceutically acceptable salt

thereof:
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Formula I-A,
wherein:
R!% is hydrogen, F, CN, an optionally substituted alkyl, such as a Ci-4 alkyl optionally
substituted with deuterium or F (e.g., CH3, CD3, CH2F, CHF, etc.), or an optionally
substituted heteroalkyl, such as a Ci.4 heteroalkyl (e.g., CHOCH3), optionally substituted
with deuterium or F; preferably, R!% is hydrogen, F, CN, or methyl optionally substituted
with deuterium or F (e.g., CH3z, CD3, CH2F, CHF;, etc.); and
TLI2 03,04, 15,16, 17, 18, LY, L2, and R? are defined herein.

Embodiment A2.  The compound of embodiment A1, or a pharmaceutically

acceptable salt thereof, wherein R'® is F or CN.

Embodiment A3.  The compound of embodiment Al or 2, or a pharmaceutically

F

T L
acceptable salt thereof, wherein L? is , or JorL2is

O_

;f , and R? is hydrogen, F, C1.» alkyl optionally substituted with F (e.g.,
CH3, CH:F, CHF:, or CFs), CN, cyclopropyl, or C» 3 alkynyl optionally substituted

withF,suchas: i01r = l

Embodiment A4.  The compound of embodiment A2, or a pharmaceutically

F
KT
acceptable salt thereof, wherein L2-R? is , , , F
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o— o—
\/i \)i \/PN or\/i\;orLz-Rzis o . X i
o) 0
\/K,or\/i;or}}_[@ is\\/l?J \or \(%‘/7 )

Embodiment AS.  The compound of any of embodiments Al-4, or a pharmaceutically

acceptable salt thereof, wherein J 3 is CR?, wherein R’ is defined herein.

Embodiment A6.  The compound of any of embodiments A1-4, or a pharmaceutically

acceptable salt thereof, wherein
wherein R* is hydrogen or halogen, preferably, R* is hydrogen, F or Cl, wherein R? is

defined herein.

Embodiment A7.  The compound of any of embodiments Al-4, or a pharmaceutically

acceptable salt thereof, wherein is

wherein R” is defined herein.

Embodiment A8.  The compound of any of embodiments Al-4, or a pharmaceutically

Ay = N:L:N =z NI
/ ==X

AN
! A
T N s
4 8== 2 N F
Ji\ ,;J —J , 5 5
P is R or R ,

acceptable salt thereof, wherein

wherein R is defined herein.

Embodiment A9.  The compound of any of embodiments A1-4, or a pharmaceutically

(/‘\JG/J Z N
; N
J4 Ja-—Jz

acceptable salt thereof, wherein R? or
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wherein R* is hydrogen or halogen, preferably, R*is hydrogen, F or C1, wherein R? is

defined herein.

Embodiment A10. The compound of any of embodiments A1-4, or a pharmaceutically

acceptable salt thereof, wherein

wherein R’ is defined herein.

Embodiment A11. The compound of any of embodiments Al-4, or a pharmaceutical]y

y \\Js/
| /‘
J4 JS‘ 4

wherein R* is hydrogen or halogen, preferably, R* is hydrogen, F or Cl, wherein R is

acceptable salt thereof, wherein

defined herein.

Embodiment A12. The compound of any of embodiments Al-4, or a pharmaceutically

acceptable salt thereof, wherein

, wherein R? is defined herein.

Embodiment A13. The compound of any of embodiments A1-12, or a
pharmaceutically acceptable salt thereof, wherein L' is an optionally substituted Cj.6
alkylene, an optionally substituted C»¢ alkenylene, an optionally substituted Cz.¢

alkynylene, or an optionally substituted 3-8 membered ring.

Embodiment A14. The compound of any of embodiments A1-12, or a
pharmaceutically acceptable salt thereof, wherein L' is an optionally substituted 5-
membered heteroaryl ring, such as an optionally substituted ring selected from

thiazole, oxazole, imidazole, oxadiazole, or thiadiazole.
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Embodiment A15. The compound of any of embodiments A1-12, or a

‘%}_;

pharmaceutically acceptable salt thereof, wherein L' is N~

Embodiment A16. The compound of any of embodiments A1-12, or a

/SNT{/
pharmaceutically acceptable salt thereof, wherein L' is , wherein the

attaching point meta to the S atom is attached to the cyclopropyl ring in Formula I-A.

Embodiment A17. The compound of any of embodiments A1-12, or a
pharmaceutically acceptable salt thereof, wherein L' is an optionally substituted 6-
membered heteroarylene having 1 or 2 ring nitrogens, such as an optionally

substituted pyridylene or optionally substituted pyridazylene.

Embodiment A18. The compound of any of embodiments A1-12, or a
M—H N\ /
pharmaceutically acceptable salt thereof, wherein L' is N-N or N
Embodiment A19. The compound of any of embodiments AS-18, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted 4-12
membered heterocyclic ring having 1-4 ring heteroatoms independently selected from

N, O, and S, wherein the S atom is optionally oxidized.

Embodiment A20. The compound of any of embodiments AS5-18, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted

monocyclic 5 or 6 membered heterocyclic ring having 1 or 2 ring heteroatoms.

Embodiment A21. The compound of any of embodiments A5-18, or a
pharmaceutically acceptable salt thereof, wherein R> has a structure according to F-1,
F-2, or F-3, or R has a structure according to F-4, F-5, F-6, F-7, F-7a, F-7b, F-8, F-
8a, F-8b, F-8c, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-8¢c-R, F-8¢-S, F-9, F-9a-1, F-9a-2,
F-10, F-10a, F-10a-1, F-10a-2, or F-10b, or F-10c, as defined herein.

Embodiment A22. The compound of any of embodiments A5-18, or a

pharmaceutically acceptable salt thereof, wherein R has a structure according to F-1,

F-2, or F-3, wherein R!! is selected from:
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T A, K EA Ay Ao
O]/—\G of’)\ OT\/\

and wherein n is 0, 1, or 2, and R' at each occurrence is independently CN, cyclopropyl,

s

C1.4 alkyl optionally substituted with F (e.g., CH3) or Ci4 heteroalkyl optionally
substituted with F (e.g., CH.OCH3);

or R has a structure according to F-4, F-5, F-6, F-7, F-7a, F-7b, F-8, F-8a, F-8b, F-8c, F-
8a-R, F-8a-S, F-8b-R, F-8b-S, F-8c-R, F-8¢-S, F-9, F-9a-1, F-9a-2, F-10, F-10a, F-10a-1,
F-10a-2, or F-10b, or F-10c, wherein R!! is

(i) hydrogen;

(ii) selected from:

L K Fp AN Ay Py o
o% og\ OT\/\ .

(iii) selected from

T Ty o Ry Fg R ko
~a IDv LDV Lﬁ\ j\ﬂ 20
T, Ry S

or (iv) selected from

j / j
NH N
, and when applicable, R'%is

defined herein.
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Embodiment A23. The compound of any of embodiments A5-18, or a
pharmaceutically acceptable salt thereof, wherein R’ has a structure according to F-1,
F-2, or F-3, wherein R!! is an optionally substituted 5 or 6-membered heteroaryl
having 2 or 3 heteroatoms each independently N, O, or S, such as optionally
substituted imidazole or thiadiazole, and wherein n is 0, 1, or 2, and R'® at each
occurrence is independently CN, cyclopropyl, Ci.4alkyl optionally substituted with F
(e.g., CH3) or Ci4 heteroalkyl optionally substituted with F (e.g., CHOCH3).

Embodiment A24. The compound of any of embodiments A5-18, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted 7-12
membered spiro bicyclic heterocyclic ring having 1-3 ring heteroatoms each
independently N, O, and S, wherein the S atom is optionally oxidized, such as
selected from:

LT

I Y ¢ A

CF AN LT o ueg
H ,or

A

>

=N
)7 , which is optionally substituted.

O

Embodiment A25. The compound of any of embodiments A5-18, or a
pharmaceutically acceptable salt thereof, wherein R® is an optionally substituted 7-10
membered fused bicyclic heterocyclic ring having 1-3 ring heteroatoms each

independently N, O, and S, such as selected from:

5% @

substituted.

, which is optionally

Embodiment A26. The compound of any of embodiments AS5-18, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted 7-10
membered bridged bicyclic heterocyclic ring having 1-3 ring heteroatoms each

independently N, O, and S, such as selected from:
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is optionally substituted.

Embodiment A27. The compound of any of embodiments A5-18, or a
pharmaceutically acceptable salt thereol, wherein R is a 5 or 6 membered heteroaryl
having -3 ring heteroatoms independently selected from N, O, and S, such as

imidazole, pyrazole, thiadiazole, etc., which is optionally substituted.

Embodiment A28. The compound of any of embodiments A5-18, or a

? T
%Ng
pharmaceutically acceptable salt thereof, wherein R3is O or O .
Embodiment A29. The compound of any of embodiments A5-18, or a
pharmaceutically acceptable salt thereof, wherein R is any of the corresponding R*
groups in Table 1.
[0114] In some embodiments, the present disclosure also provides the following

enumerated embodiments B1-43:

Embodiment B1. A compound of Formula I-D, or a pharmaceutically acceptable salt

thereof:
y
/R
|_1
H
R2 N. °© J8 |7
SN\ o2
d (4 Jo- ‘\ 1
| (@) \ || Y
RO K gz
q \‘\JS'/
Formula I-D,
wherein:
qis1lor2;

R!'%! at each occurrence is independently F or methyl optionally substituted with F; or R'°!
at each occurrence is independently F, Ci.> alkyl optionally substituted with F (e.g., CH3,
CH:F, CHF>, or CF3), CN, C2.3 alkynyl optionally substituted with F, or C1.4 heteroalkyl
optionally substituted with F (e.g., CH2OCH3); and
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JLI2 P04 00,16, 07, 18, LY, RY, and R? are defined herein.

Embodiment B2.  The compound of embodiment B1, or a pharmaceutically
acceptable salt thereof, wherein R'°! at each occurrence is independently F or C;.4
heteroalkyl optionally substituted with F (e.g., CH>CH2OCH3, or CH,OCH3).

Embodiment B3. The compound of embodiment B1 or 2, or a pharmaceutically
acceptable salt thereof, wherein q is 1.

Embodiment B4. The compound of embodiment B1 or 2, or a pharmaceutically
acceptable salt thereof, wherein q is 2.

Embodiment B5. The compound of any of embodiments B1-4, or a pharmaceutically
acceptable salt thereof, wherein R? is hydrogen, F, C1. alkyl optionally substituted
with F (e.g., CHs, CH>F, CHF, or CF3), CN, cyclopropyl, or Cz.3 alkynyl optionally

substituted with F, such as = §or = !

Embodiment B6. The compound of embodiment B1, or a pharmaceutically

RZ
O S

| F F
101
acceptable salt thereof, wherein the moiety of R s or

R? R2
o— o— O\
S | \/Df
101 ? 101 7
or (R™a s B T (R™a i 2 or

or , 0
S
Q
\/%J \ | /O\\.--ﬂ"
101
, preferably, (R™q is .

Embodiment B7. The compound of any of embodiments B1-6, or a pharmaceutically
acceptable salt thereof, wherein J° is CR?, wherein R’ is defined herein.

Embodiment BS. The compound of any of embodiments B1-6, or a pharmaceutically

c I AL T
A(/\\\Je,/xj\ N NN Z N SN

7 \ 1
Ih | : ) //J N F XA
JL 8= 5 . 5 .
acceptable salt thereof, wherein J° is R R* or R R*

wherein R* is hydrogen or halogen, preferably, R* is hydrogen, F or Cl, wherein R is

defined herein.
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Embodiment B9. The compound of any of embodiments B1-6, or a pharmaceutically

/\(/‘\Js J1 = N% = N%
J}‘ uljé—

acceptable salt thereof, wherein
Embodiment B10. The compound of any of embodiments B1-6, or a pharmaceutically

J3 T =z NI = I
BN SN N

O TREEATE AL \/
IR T4 N FY

wherein R is defined herein.

acceptable salt thereof, wherein e is R or R® ,
wherein R” is defined herein.

Embodiment B11.  The compound of any of embodiments B1-6, or a pharmaceutically

A( = s 7 N
! \J' N
JL le8 ‘J2 \( N N\(

!

!‘
acceptable salt thereof, wherein \
wherein R* is hydrogen or halogen, preferably, R* is hydrogen, F or Cl, wherein R is
defined herein.

Embodiment B12.  The compound of any of embodiments B1-6, or a pharmaceutically

&(/\\JG ,\ Z / z /
‘J' N~ N-
J ‘JB"JQ N N N

3

B\

,,._
r_/ g

acceptable salt thereof, wherein
wherein R” is defined herein.

Embodiment B13.  The compound of any of embodiments B1-6, or a pharmaceutically

acceptable salt thereof, wherein J is R®  Rior R® R4,
wherein R* is hydrogen or halogen, preferably, R is hydrogen, F or Cl, wherein R is

defined herein.
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Embodiment B14. The compound of any of embodiments B1-6, or a pharmaceutically

. 7~ "7-. "‘7—--
/J\ 6/)]\7 N N
/\f ‘J|-' St A@ 7 7
Y b - 7 N F N

acceptable salt thereof, wherein J is RS or R®
, wherein R7 is defined herein.

Embodiment B15.  The compound of any of embodiments B1-14, or a
pharmaceutically acceptable salt thereof, wherein L' is an optionally substituted Ci.6
alkylene, an optionally substituted C>. alkenylene, an optionally substituted C2¢
alkynylene, or an optionally substituted 3-8 membered ring, and R' is an optionally
substituted 3-8 membered ring.

Embodiment B16. ' The compound of embodiment B15, or a pharmaceutically
acceplable salt thereof, wherein ! is an optionally substituted 5-membered heteroaryl
ring, such as an optionally substituted ring selected from thiazole, oxazole, imidazole,
oxadiazole, or thiadiazole.

Embodiment B17.  The compound of embodiment B15, or a pharmaceutically

r s

acceptable salt thereof, wherein L' is N-N .

Embodiment B18. The compound of embodiment B135, or a pharmaceutically

//\NI/S

{

acceptable salt thereof, wherein L' is , wherein the attaching point meta to
the S atom is attached to R'.

Embodiment B19.  The compound of any of embodiments B1-14, or a
pharmaceutically acceptable salt thereof, wherein L' is an optionally substituted 6-
membered heteroarylene having 1 or 2 ring nitrogens, such as an optionally
substituted pyridylene or optionally substituted pyridazylene.

Embodiment B20. The compound of embodiment B 19, or a pharmaceutically

acceptable salt thereof, wherein L' is N—-N or N .
Embodiment B21. The compound of any of embodiments B15-20, or a

pharmaceutically acceptable salt thereof, wherein R is 3-4 membered ring, such as
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cyclopropyl or cyclobutyl, optionally substituted with 1-3 substituents each
independently selected from deuterium, F, OH, CN, Ci.4 alkyl, Cz.4 alkenyl, C2.4
alkynyl, and Cj.4 heteroalkyl, wherein the Ci4alkyl, C24 alkenyl, Cs4 alkynyl, or Ci4
heteroalky] is optionally substituted with 1-3 substituents independently selected from
F and OH.

Embodiment B22. The compound of any of embodiments B15-20, or a
pharmaceutically acceptable salt thereof, wherein R! is an optionally substituted
cyclopropyl, preferably, when substituted, the cyclopropyl is substituted with 1-3
substituents each independently selected from F, OH, CN, or C;-; alkyl optionally
substituted with 1-3 F, more preferably, when substituted, the cyclopropyl is
substituted with one or two substituents (e.g., one substituent) each independently

selected from F, CN, or methy] optionally substituted with 1-3 F, for example, R is

Embodiment B23. The compound of any of embodiments B1-14, or a
pharmaceutically acceptable salt thereof, wherein L' is an optionally substituted 7-12
membered bicyclic ring structure; and Rlis hydrogen, deuterium, halogen, CN, OH,
NH>, an optionally substituted Ci4 alkyl, an optionally substituted C».4 alkenyl, an
optionally substituted Cz 4 alkynyl, an optionally substituted C;4 heteroalkyl, or an
optionally substituted 3-6 membered ring.

Embodiment B24. The compound of embodiment B23, or a pharmaceutically
acceptable salt thereof, wherein L' is an optionally substituted 8-10 membered fused
bicyclic ring structure, which has a first and second constituent ring, wherein the first
constituent ring is a 5S-membered heteroaryl ring having 1-3 ring heteroatoms
independently selected from N, O, and S, and the second constituent ring is an aryl,
heteroaryl, carbocyclic, or heterocyclic ring.

Embodiment B25.  The compound of embodiment B23, or a pharmaceutically
acceptable salt thereof, wherein L' is an optionally substituted 8 or 9 membered fused
bicyclic heteroaryl having a first and second constituent ring, wherein the first
constituent ring is a S-membered heteroaryl ring having 1-3 ring heteroatoms
independently selected from N, O, and S, and the second constituent ring is phenyl, a

5-membered heteroaryl, or a 6-membered heteroaryl.
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Embodiment B26. The compound of embodiment B24 or 25, or a pharmaceutically

acceptable salt thereof, wherein the first constituent ring is a thiazole ring,
/S/s
0/

Embodiment B27. The compound of embodiment B23, or a pharmaceutically
acceptable salt thereof, wherein L' is a fused bicyclic heteroaryl having a structure of

/Sl/s

)
N=/ \R1‘

Embodiment B28. The compound of any of embodiments B23-27, or a
pharmaceutically acceptable salt thereof, wherein R! is hydrogen, deuterium, halogen
(preferably F or Cl), OH, CN, Ci4alkyl, C24 alkenyl, C24 alkynyl, or C;.4 heteroalky],
wherein the Ci4alkyl, Cz.4 alkenyl, Co4 alkynyl, or Ci4 heteroalkyl is optionally
substituted with 1-3 substituents independently selected from F and OH.

Embodiment B29. The compound of any of embodiments B1-14, or a
pharmaceutically acceptable salt thereof, wherein L' is null and R'is an optionally
substituted 5-membered heteroaryl having 1-3 ring heteroatoms independently
selected from S, N, and O, for example, an optionally substituted ring selected from
thiazole, oxazole, imidazole, oxadiazole, or thiadiazole, or R is an optionally
substituted 6-membered heteroarylene having 1 or 2 ring nitrogens, such as an
optionally substituted pyridylene or optionally substituted pyridazylene.

Embodiment B30. The compound of embodiment B29, or a pharmaceutically
acceptable salt thereof, wherein R'is thiazole, oxazole, imidazole, oxadiazole, or
thiadiazole, each of which is optionally substituted with a C1-2 alkyl optionally
substituted with F, such as CF:H, CH3, CF3, etc.
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Embodiment B31. The compound of embodiment B30, or a pharmaceutically

s U U S
N NN &
N F A
acceptable salt thereof, wherein R! is F F F N

o o
N\ — N\ —
N NJ .

Embodiment B32. The compound of any of embodiments B1-14, or a

, Or

pharmaceutically acceptable salt thereof, wherein L'-R! is any of the corresponding
L!-R! groups in Table 1.

Embodiment B33. The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted 4-12
membered heterocyclic ring having 1-4 ring heteroatoms independently selected from
N, O, and S, wherein the S atom is optionally oxidized.

Embodiment B34. The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted
monocyclic 5 or 6 membered heterocyclic ring having 1 or 2 ring heteroatoms.

Embodiment B35.  The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R has a structure according to F-1,
F-2, or F-3, or R has a structure according to F-4, F-5, F-6, F-7, F-7a, F-7b, F-8, F-
8a, F-8b, F-8¢, F-8a-R, F-8a-S, F-8b-R, F-8b-§, F-8¢-R, F-8¢-S, F-9, F-9a-1, F-9a-2,
F-10, F-10a, F-10a-1, F-10a-2, or F-10b, or F-10c, as defined herein.

Embodiment B36. The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R has a structure according to F-1,

E-2, or B-3, wherein R!! is selected from:

oj;\ OIW OIT/ OIOJ\ Oj;\b OINQ OID»OH

and wherein n is 0, 1, or 2, and R'? at each occurrence is independently CN, cyclopropyl,

s
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C.4 alkyl optionally substituted with F (e.g., CH3) or C1.4 heteroalkyl optionally
substituted with F (e.g., CH,OCH3);

or R has a structure according to F-4, F-5, F-6, F-7, F-7a, F-7b, F-8, F-8a, F-8b, F-8c, F-
8a-R, F-8a-S, F-8b-R, F-8b-S, F-8c-R, F-8¢-S, F-9, F-9a-1, F-9a-2, F-10, F-10a, F-10a-1,
F-10a-2, or F-10b, or F-10c, wherein R'! is

(i) hydrogen;

(ii) selected from:

ol o% OI\T/ OIOJ\ Oj;\b OINQ OID—OH

(iii) selected from

T Fy & M Ey Ao F
OIN\lF OIN%F O%VFF OLQ\F oj;\g%F OI\T/\/O\

T Xy Xy

(iv) selected from

OLDNH OI'--DNH Oj;\DN/ O:/ET)N/

defined herein.

; or

, and when applicable, R'%is

Embodiment B37. The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R3 has a structure according to F-1,
F-2, or F-3, wherein R!! is an optionally substituted 5 or 6-membered heteroaryl
having 2 or 3 heteroatoms each independently N, O, or S, such as optionally

substituted imidazole or thiadiazole, and wherein n is 0, 1, or 2, and R'? at each
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occurrence is independently CN, cyclopropyl, C1.4alkyl optionally substituted with F
(e.g., CH3) or Ci.4 heteroalkyl optionally substituted with F (e.g., CH2OCH3).

Embodiment B38. The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R¥ is an optionally substituted 7-12
membered spiro bicyclic heterocyclic ring having 1-3 ring heteroatoms each
independently N, O, and S, wherein the S atom is optionally oxidized.

Embodiment B39.  The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R? is an optionally substituted 7-10
membered fused bicyclic heterocyclic ring having 1-3 ring heteroatoms each
independently N, O, and S.

Embodiment B40. The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R¥ is an optionally substituted 7-10
membered bridged bicyclic heterocyclic ring having 1-3 ring heteroatoms each
independently N, O, and S.

Embodiment B41. The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R is a 5 or 6 membered heteroaryl
having 1-3 ring heteroatoms independently selected from N, O, and S, such as
imidazole, pyrazole, thiadiazole, etc., which is optionally substituted.

Embodiment B42.  The compound of any of embodiments B7-32, or a

@ T
o
pharmaceutically acceptable salt thereof, wherein R%is O or O .
Embodiment B43.  The compound of any of embodiments B7-32, or a
pharmaceutically acceptable salt thereof, wherein R? is any of the corresponding R’
groups in Table 1.
[0115] In some embodiments, the present disclosure also provides the following

enumerated embodiments C1-26:

Embodiment C1. A compound of Formula I-B, or a pharmaceutically acceptable salt

thereof:
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R2 O 5
\ Lz/ \,/S// /J\\JS ~ ’J\
TN
J4\ R J8:J2
\33/ 7
Formula [-B

wherein:

Ring B is an optionally substituted 5 or 6 membered heterocyclyl or heteroaryl ring
having 1-3 ring heteroatoms independently N, O, or S;

R!is hydrogen, deuterium, halogen, CN, OH, NH,, an optionally substituted C;4 alkyl, an
optionally substituted Ci4 heteroalkyl, or an optionally substituted 3-6 membered ring;
and

JLI2 0,04, 15,18, 17, 18, LY, L?, and R? are defined herein.

Embodiment C2.  The compound of embodiment C1, or a pharmaceutically
acceptable salt thereof, wherein ring B is an optionally substituted 6-membered

R1
j T/
N S
heteroaryl, such as an optionally substituted pyridine, for example, -]: can have

/Sl/s

N\g/\\\
N="35_ 1

a structure of R".

Embodiment C3.  The compound of embodiment C1, or a pharmaceutically

acceptable salt thereof, wherein ring B is an optionally substituted 6-membered
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o
/\I/s
— N/
. S&Y
heterocyclic ring, for example, can have a structure of “R! R

which is optionally substituted.

Embodiment C4.  The compound of any of embodiments C1-3, or a pharmaceutically
acceptable salt thereof, wherein R! is hydrogen, deuterium, halogen (preferably F or
Cl), OH, CN, C4alkyl, C24 alkenyl, Co4 alkynyl, or Ci4 heteroalkyl, wherein the Ci4
alkyl, C24 alkenyl, C24 alkynyl, or Ci4heteroalkyl is optionally substituted with 1-3

substituents independently selected from F and OH.

Embodiment CS. The compound of embodiment C1, or a pharmaceutically

s AN'VS/

acceptable salt thereof, wherein I is N=" or HO

1

R
j_i
N\ S

Embodiment Cé6. The compound of any of embodiments C1-5, or a pharmaceutically
F
acceptable salt thereof, wherein L? is , or ,or L2is
O_

;J—E , and R? is hydrogen, F, Ci.» alkyl optionally substituted with F (e.g.,
CH;, CHoF, CHE,, or CFs), CN, cyclopropyl, or C».3 alkynyl optionally substituted

withF,suchas: i01' = i

Embodiment C7. The compound of embodiment C6, or a pharmaceutically

F
\/% \>—F \>LF
acceplable salt thereof, wherein L>-R? is , , , F
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Embodiment C8.  The compound of any of embodiments C1-7, or a pharmaceutically

acceptable salt thereof, wherein J 3 is CR?, wherein R’ is defined herein.

Embodiment C9.  The compound of any of embodiments C1-7, or a pharmaceutically

7 J6 ’\ z N Z N
| |l “’1 N P
J\\\ /Ja_‘JZ

acceptable salt thereof, wherein
wherein R* is hydrogen or halogen, preferably, R* is hydrogen, F or Cl, wherein R? is
defined herein.

Embodiment C10. The compound of any of embodiments C1-7, or a pharmaceutically

&(/‘\JG “ N% = Ng
| ‘J1
Jk\ 8= -Jz

acceptable salt thereof, wherein N

wherein R’ is defined herein.

Embodiment C11. The compound of any of embodiments C1-7, or a pharmaceutically

J5 T I 1
AN G/J \
NEEENG
K( : I}Jﬂ A ~ / - QA /

v
acceptable salt thereof, wherein N3 is R® or R®
wherein R’ is defined herein.

Embodiment C12. The compound of any of embodiments C1-7, or a pharmaceutically

e —
‘J1 X N\(
J\ 'JB 'J2

acceptable salt thereof, wherein R® R? or

PN
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wherein R* is hydrogen or halogen, preferably, R*is hydrogen, F or C1, wherein R? is

defined herein.

Embodiment C13. The compound of any of embodiments C1-7, or a pharmaceutically

acceptable salt thereof, wherein

wherein R’ is defined herein.

Embodiment C14. The compound of any of embodiments C1-7, or a pharmaceutically

y \\Js/
| /‘
J4 JS‘ 4

wherein R* is hydrogen or halogen, preferably, R* is hydrogen, F or Cl, wherein R is

acceptable salt thereof, wherein

defined herein.

Embodiment C15. The compound of any of embodiments C1-7, or a pharmaceutically

acceptable salt thereof, wherein

, wherein R? is defined herein.

Embodiment C16. The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted 4-12
membered heterocyclic ring having 1-4 ring heteroatoms independently selected from

N, O, and S, wherein the S atom is optionally oxidized.

Embodiment C17. The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted

monocyclic 5 or 6 membered heterocyclic ring having 1 or 2 ring heteroatoms.

Embodiment C18. The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereof, wherein R has a structure according to F-1,

F-2, or F-3, or R’ has a structure according to F-4, F-5, F-6, F-7, F-7a, F-7b, F-8, F-
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8a, F-8b, F-8c, F-8a-R, F-8a-S, F-8b-R, F-8b-§, F-8¢-R, F-8¢-S, F-9, F-9a-1, F-9a-2,
F-10, F-10a, F-10a-1, F-10a-2, or F-10b, or F-10c¢, as defined herein.

Embodiment C19. The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereof, wherein R> has a structure according to F-1,

F-2, or F-3, wherein R'! is selected from:

Ay Ay
oj;\ o& OIT/ OIOJ\ olb Q Q_OH

T 1
o o"i\ o* 5\/\

and wherein n is 0, 1, or 2, and R!° at each occurrence is independently CN, cyclopropyl,
Ci4alkyl optionally substituted with F (e.g., CHs) or Ci4heteroalkyl optionally
substituted with F (e.g., CHOCH3);

or R’ has a structure according to F-4, F-5, F-6, F-7, F-7a, F-7b, F-8, F-8a, F-8b, F-8c, F-
8a-R, F-8a-S, F-8b-R, F-8b-S, F-8c-R, F-8¢c-S, F-9, F-9a-1, F-9a-2, F-10, F-10a, F-10a-1,
F-10a-2, or F-10b, or F-10c, wherein R!! is

(i) hydrogen,;

(ii) selected from:

ol o% OIT/ o:L\oJ\ olb OINQ OI\D—OH

(iii) selected from
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OI\N ot OI\N\ij OLDVFF OLQ\F oj/;g ..... F OIT/\/O\

(OGP S B &

when applicable, R'%is defined herein.

;and

Embodiment C20. The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereof, wherein R has a structure according to F-1,
F-2, or F-3, wherein R'! is an optionally substituted 5 or 6-membered heteroaryl
having 2 or 3 heteroatoms each independently N, O, or S, such as optionally
substituted imidazole or thiadiazole, and wherein n is 0, 1, or 2, and R'° at each
occurrence is independently CN, cyclopropyl, C;.4 alkyl optionally substituted with F
(e.g., CHs) or Ci.4 heteroalkyl optionally substituted with F (e.g., CHOCH3).

Embodiment C21. The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted 7-12
membered spiro bicyclic heterocyclic ring having 1-3 ring heteroatoms each
independently N, O, and S, wherein the S atom is optionally oxidized, such as

selected from:
“T' ’T"' "T' "T" ‘T’ "T" '“T' -

$828TER LRI

which is optionally substituted.

Embodiment C22., The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereof, wherein R? is an optionally substituted 7-10
membered fused bicyclic heterocyclic ring having 1-3 ring heteroatoms each

independently N, O, and S, such as selected from:
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R

N

g G [ Yoo % 55

0

o , which is optionally
substituted.

Embodiment C23.  The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereol, wherein R? is an optionally substituted 7-10
membered bridged bicyclic heterocyclic ring having 1-3 ring heteroatoms each

independently N, O, and S, such as selected from:

@@@@@@ ) ¢

is optionally substituted.

N

Iz
Iz
I=

, which

Embodiment C24. The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereof, wherein R? is a 5 or 6 membered heteroaryl
having 1-3 ring heteroatoms independently selected from N, O, and S, such as

imidazole, pyrazole, thiadiazole, etc., which is optionally substituted.

Embodiment C25. The compound of any of embodiments C8-15, or a

T
N

pharmaceutically acceptable salt thereof, wherein R3is O or O

Embodiment C26. The compound of any of embodiments C8-15, or a
pharmaceutically acceptable salt thereof, wherein R is any of the corresponding R’
groups in Table 1.
[0116] In some embodiments, the present disclosure also provides the following

enumerated embodiments D1-26:

Embodiment D1. A compound of Formula I-X, or a pharmaceutically acceptable salt

thereof:
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Formula I-X,
wherein:
R!'%'is F, Ci-; alkyl optionally substituted with F (e.g., CHs, CH2F, CHF>, or CFs), CN,
Cz3 alkyny!l optionally substituted with F, or Ci4 heteroalkyl optionally substituted with F
(e.g., CH2CH20CH3, or CH2OCH3); and
LI 13,04 15,15, 17, 18, LY, R, and R? are defined herein.

Embodiment D2.  The compound of embodiment D1, or a pharmaceutically

acceptable salt thereof, characterized as having a structure of Formula I-Xa:

1
ave ~R
W L1
| |

HN_ O s 7
o} ~77 S J
e PN \\J?,/’\\1
) | ,/ J
Lo e

J
Formula I-Xa.
Embodiment D3.  The compound of embodiment D1 or D2, or a pharmaceutically

acceptable salt thereof, characterized as having a structure of Formula 1-Xb:

Formula I-Xb,
wherein R* and R’ are defined herein.
Embodiment D4.  The compound of embodiment D1 or D2, or a pharmaceutically

acceptable salt thereof, characterized as having a structure of Formula I-Xc:
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0 L’
/O HN. 2 /<
N7 N N\
—
N
RS R

Formula I-Xc,

wherein R* and R’ are defined herein.

Embodiment D5.  The compound of embodiment D3 or D4, wherein R* is hydrogen
or halogen, preferably, R* is hydrogen, F or CI.

Embodiment D6.  The compound of embodiment D1 or D2, or a pharmaceutically

5
/J\\\JG/‘ﬂ Z N \
|| ‘J1
J 'JS—JZ

3

=

#—-
J .

acceptable salt thereof, wherein the moiety of

= N%
FYY SN
R® , wherein R? is defined herein.

Embodiment D7.  The compound of embodiment D1 or D2, or a pharmaceutically

T T
/\(’\J?’/"\m Z N \,
L2 NS

acceptable salt thereof, wherein the moiety of e is R® or
= NI
=~ /
N
R® , wherein R’ is defined herein.

Embodiment D8.  The compound of embodiment D1 or D2, or a pharmaceutically

5 J7
NYBTEN

[V N
,JB:JQ

J RS 4
is R™ or

:.—-\
27N
w

acceptable salt thereof, wherein the moiety of
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N
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R® R*  wherein R*is hydrogen or halogen, preferably, R* is hydrogen, F or
Cl, wherein R is defined herein.

Embodiment D9.  The compound of embodiment D1 or D2, or a pharmaceutically

. I
r/J‘\\JG,/)J\;\ = =
IV N7
1 o/ N

J!1 . 8=z 2
. . N 5
acceptable salt thereof, wherein the moiety of J is R or

, wherein R7 is defined herein.

Embodiment D10. The compound of embodiment D1 or D2, or a pharmaceutically

5
’J‘x\JG,/f‘Jj\ N‘N
N T Y

)
4 L g8== 2
J\:J{/J s RS

acceptable salt thereof, wherein the moiety of is

N\N
4

R® R*  wherein R* is hydrogen or halogen, preferably, R* is hydrogen, F or
Cl, wherein R is defined herein.

Embodiment D11. The compound of embodiment D1 or D2, or a pharmaceutically

acceptable salt thereof, wherein the moiety of e is R® or
N
7
F N
R® , wherein R’ is defined herein.

Embodiment D12, The compound of any of embodiments D1-11, or a

pharmaceutically acceptable salt thereof, wherein L' is an optionally substituted 5-
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membered heteroaryl ring, such as an optionally substituted ring selected from
thiazole, oxazole, imidazole, oxadiazole, or thiadiazole.

Embodiment D13. The compound of embodiment D12, or a pharmaceutically

oS
acceptable salt thereof, wherein L' is "N .

Embodiment D14,  The compound of embodiment D12 or D13, or a pharmaceutically
acceptable salt thereof, wherein R’ is an optionally substituted cyclopropyl,
preferably, when substituted, the cyclopropyl is substituted with 1-3 substituents each
independently selected from F, OH, CN, or Ci alkyl optionally substituted with 1-3
F, more preferably, when substituted, the cyclopropyl is substituted with one or two
substituents (e.g., one substituent) each independently selected from F, CN, or methyl

s, wa
F
optionally substituted with 1-3 F, for example, R'is , F , O .

Embodiment D15. The compound of any of embodiments D1-11, or a
pharmaceutically acceptable salt thereof, wherein L' is null and R' is an optionally
substituted 5-membered heteroaryl having 1-3 ring heteroatoms independently
selected from S, N, and O, for example, an optionally substituted ring selected from
thiazole, oxazole, imidazole, oxadiazole, or thiadiazole, or R!is an optionally
substituted 6-membered heteroarylene having 1 or 2 ring nitrogens, such as an
optionally substituted pyridylene or optionally substituted pyridazylene.

Embodiment D16.  The compound of embodiment D15, or a pharmaceutically
acceptable salt thereof, wherein R'is thiazole, oxazole, imidazole, oxadiazole, or
thiadiazole, each of which is optionally substituted with a Ci.> alkyl optionally
substituted with F, such as CF2H, CH3, CFs, etc.

Embodiment D17. The compound of embodiment D16, or a pharmaceutically
Te T

N\/ /S N\/ /S F

N

acceptable salt thereof, wherein R!is Foo, F F

N‘NA\ or N‘NJ .

>
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Embodiment D18. The compound of any of embodiments D1-11, or a
pharmaceutically acceptable salt thereof, wherein L'-R! is any of the corresponding
L!'-R! groups in Table 1.

Embodiment D19. The compound of any of embodiments D3-18, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted 4-12
membered heterocyclic ring having 1-4 ring heteroatoms independently selected from
N, O, and S, wherein the S atom is optionally oxidized.

Embodiment D20. The compound of any of embodiments D3-18, or a
pharmaceutically acceptable salt thereof, wherein R is an optionally substituted
monocyclic 5 or 6 membered heterocyclic ring having 1 or 2 ring heteroatoms.

Embodiment D21. The compound of any of embodiments D3-18, or a
pharmaceutically acceptable salt thereof, wherein R’ has a structure according to F-1,
F-2, or F-3, or R® has a structure according to F-4, F-5, F-6, F-7, F-7a, F-7b, F-§, F-
8a, F-8b, F-8c, F-8a-R, F-8a-S, F-8b-R, F-8b-§, F-8¢-R, F-8¢-S, F-9, F-9a-1, F-9a-2,
F-10, F-10a, F-10a-1, F-10a-2, F-10b, or F-10c, as defined herein.

Embodiment D22, The compound of any of embodiments D3-18, or a
pharmaceutically acceptable salt thereof, wherein R has a structure according to F-1,

F-2, or F-3, wherein R!! is selected from:

OIN OIN oH
oj\ o% OIT/ OIOJ\ o]”\b Q Q~

T T
0 o o"&su)\/\

and wherein nis 0, 1, or 2, and R'? at each occurrence is independently CN, cyclopropyl,

s

Ci4alkyl optionally substituted with F (e.g., CH3) or Ci.4 heteroalkyl optionally

substituted with F (e.g., CH2OCH3).

Embodiment D23, The compound of any of embodiments D3-18, or a
pharmaceutically acceptable salt thereofl, wherein R’ has a structure according to F-4,
E-5, F-6, F-7, F-7a, F-7b, F-8, F-8a, F-8b, F-8¢, F-8a-R, F-8a-S, F-8b-R, F-8b-S, F-
8c-R, F-8¢-S, F-9, F-9a-1, F-9a-2, F-10, F-10a, F-10a-1, F-10a-2, F-10b, or F-10c,
wherein R!! is

(i) hydrogen;
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(ii) selected from:

L&, Fr A Ay Ao
OI\Q o'»(.sj.\ O'T“\/\ .

(iii) selected from

SN S S
I\N\j\F OIN%F OLQ:F OI\G\F J\G-..,,F OI\T/\/O\

Sa, N

or (iv) selected from

], / 1
W I\DN
, and when applicable, R!°

is defined herein.

Embodiment D24, The compound of embodiments D23, or a pharmaceutically
acceptable salt thereof, wherein R has a structure according to F-10a, preferably, F-
10a-2, preferably, R!! in F-10a or F-10a-2 is hydrogen.

Embodiment D25. The compound of embodiments D23, or a pharmaceutically

A
Jol

Embodiment D26. The compound of any of embodiments D3-18, or a

acceptable salt thereof, wherein R3is

pharmaceutically acceptable salt thereof, wherein R’ is any of the corresponding R’

groups in Table 1.
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[0117] In some embodiments, the present disclosure also provides a compound selected
from Table 1 below, a deuterated analog thereof, a stereoisomer thereof, or a
pharmaceutically acceptable salt thereof:

Table 1. List of Compounds
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[0118] In some embodiments, to the extent applicable, the genus of compounds described

herein also excludes any specifically known single compounds prior to this disclosure. In
some embodiments, to the extent applicable, any sub-genus or species of compounds prior to
this disclosure that are entirely within a genus of compounds described herein can also be

excluded from such genus herein.
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Method of Synthesis

[0119] The compounds of the present disclosure can be readily synthesized by those
skilled in the art in view of the present disclosure. Exemplified syntheses are also shown in
the Examples section.

[0120] In some embodiments, the present disclosure also provides novel synthetic
intermediates described herein, e.g., those novel intermediates in the Examples section.

[0121] As will be apparent to those skilled in the art, conventional protecting groups may
be necessary to prevent certain functional groups from undergoing undesired reactions.
Suitable protecting groups for various functional groups as well as suitable conditions for
protecting and deprotecting particular functional groups are well known in the art. For
example, numerous protecting groups are described in “Protective Groups in Organic
Synthesis”, 4% ed. P. G. M. Wuts; T. W. Greene, John Wiley, 2007, and references cited
therein. The reagents for the reactions described herein are generally known compounds or
can be prepared by known procedures or obvious modifications thereof. For example, many
of the reagents are available from commercial suppliers such as Aldrich Chemical Co.
(Milwaukee, Wisconsin, USA), Sigma (St. Louis, Missouri, USA). Others may be prepared
by procedures, or obvious modifications thereof, described in standard reference texts such as
Fieser and Fieser's Reagents for Organic Synthesis, Volumes 1-15 (John Wiley and Sons,
1991), Rodd's Chemistry of Carbon Compounds, Volumes 1-5 and Supplemental (Elsevier
Science Publishers, 1989), Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991),
March's Advanced Organic Chemistry, (Wiley, 7% Edition), and Larock's Comprehensive
Organic Transformations (Wiley-VCH, 1999), and any of available updates as of this filing.

Pharmaceutical Compositions

[0122] Certain embodiments are directed to a pharmaceutical composition comprising
one or more compounds of the present disclosure.

[0123] The pharmaceutical composition can optionally contain a pharmaceutically
acceptable excipient. In some embodiments, the pharmaceutical composition comprises a
compound of the present disclosure (e.g., a compound of Formula I (e.g., Formula I-1, I-2, I-
3, I-1a, I-1b, I-1c, I-2a, I-2b, I-3a, [-3b, I-1a-1, I-1a-2, I-2a-1, [-2a-2, I-3a-1, I-3a-2, I-1b-1, I-
1b-2, I-2b-1, I-2b-2, I-3b-1, I-3b-2, I-A, I-A1, I-A2, I-B, I-C, I-D, I-X, [-Xa, I-Xb, or I-Xc),
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any of the compounds listed in Table 1 herein, or a pharmaceutically acceptable salt thereof)
and a pharmaceutically acceptable excipient. Pharmaceutically acceptable excipients are
known in the art. Non-limiting suitable excipients include, for example, encapsulating
materials or additives such as antioxidants, binders, buffers, carriers, coating agents, coloring
agents, diluents, disintegrating agents, emulsifiers, extenders, fillers, flavoring agents,
humectants, lubricants, perfumes, preservatives, propellants, releasing agents, sterilizing
agents, sweeteners, solubilizers, wetting agents and mixtures thereof. See also Remington's
The Science and Practice of Pharmacy, 21st Edition, A. R. Gennaro (Lippincott, Williams &
Wilkins, Baltimore, Md., 2005; incorporated herein by reference), which discloses various
excipients used in formulating pharmaceutical compositions and known techniques for the
preparation thereof.

[0124] The pharmaceutical composition can include any one or more of the compounds
of the present disclosure. For example, in some embodiments, the pharmaceutical
composition comprises a compound of Formula I or a pharmaceutically acceptable salt
thereof, e.g., in a therapeutically effective amount. In any of the embodiments described
herein, the pharmaceutical composition can comprise a therapeutically effective amount (e.g.,
for treating a cancer herein) of a compound selected from any of Examples 1-266, or any of
the specific compounds disclosed in Table 1 herein, or a pharmaceutically acceptable salt
thereof. In some preferred embodiments, the pharmaceutical composition can comprise a
compound selected from the compounds according to Examples 1-266 that have an ICso
value less than 100 nM, more preferably, less than 50 nM, as measured according to
Biological Example 1.

[0125] The pharmaceutical composition herein can be formulated for delivery via any of
the known routes of delivery, which include but not limited to administering orally, nasally,
transdermally, pulmonary, inhalationally, buccally, sublingually, intraperintoneally,
subcutaneously, intramuscularly, intravenously, rectally, intrapleurally, intrathecally or
parenterally.

[0126] In some embodiments, the pharmaceutical composition can be formulated for oral
administration. The oral formulations can be presented in discrete units, such as capsules,
pills, cachets, lozenges, or tablets, each containing a predetermined amount of the active
compound; as a powder or granules; as a solution or a suspension in an aqueous or non-

aqueous liquid; or as an oil-in-water or water-in-oil emulsion. Excipients for the preparation
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of compositions for oral administration are known in the art. Non-limiting suitable excipients
include, for example, agar, alginic acid, aluminum hydroxide, benzyl alcohol, benzyl
benzoate, 1,3-butylene glycol, carbomers, castor oil, cellulose, cellulose acetate, cocoa butter,
corn starch, corn oil, cottonseed oil, cross-povidone, diglycerides, ethanol, ethyl cellulose,
ethyl laureate, ethyl oleate, fatty acid esters, gelatin, germ oil, glucose, glycerol, groundnut
oil, hydroxypropylmethyl cellulose, isopropanol, isotonic saline, lactose, magnesium
hydroxide, magnesium stearate, malt, mannitol, monoglycerides, olive oil, peanut oil,
potassium phosphate salts, potato starch, povidone, propylene glycol, Ringer's solution,
satflower oil, sesame oil, sodium carboxymethyl cellulose, sodium phosphate salts, sodium
laury] sulfate, sodium sorbitol, soybean oil, stearic acids, stearyl fumarate, sucrose,
surfactants, talc, tragacanth, tetrahydrofurfuryl alcohol, triglycerides, water, and mixtures
thereof.

[0127] In some embodiments, the pharmaceutical composition is formulated for
parenteral administration (such as intravenous injection or infusion, subcutaneous or
intramuscular injection). The parenteral formulations can be, for example, an aqueous
solution, a suspension, or an emulsion. Excipients for the preparation of parenteral
formulations are known in the art. Non-limiting suitable excipients include, for example, 1,3-
butanediol, castor oil, corn oil, cottonseed oil, dextrose, germ oil, groundnut oil, liposomes,
oleic acid, olive oil, peanut oil, Ringer's solution, safflower oil, sesame oil, soybean oil,
U.S.P. or isotonic sodium chloride solution, water and mixtures thereof.

[0128] Compounds of the present disclosure can be used alone, in combination with each
other, or in combination with one or more additional therapeutic agents, e.g., in combination
with an additional anticancer therapeutic agent, such as a chemotherapeutic agent described
herein, or those chemotherapeutic agents described in W02023/057389, W02021/055744,
and WO02023/057394.

[0129] When used in combination with one or more additional therapeutic agents,
compounds of the present disclosure or pharmaceutical compositions herein can be
administered to the subject either concurrently or sequentially in any order with such
additional therapeutic agents. In some embodiments, the pharmaceutical composition can
comprise one or more compounds of the present disclosure and the one or more additional
therapeutic agents in a single composition. In some embodiments, the pharmaceutical

composition comprising one or more compounds of the present disclosure can be included in
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a kit which also comprises a separate pharmaceutical composition comprising the one or
more additional therapeutic agents.

[0130] The pharmaceutical composition can include various amounts of the compounds
of the present disclosure, depending on various factors such as the intended use and potency
and selectivity of the compounds. In some embodiments, the pharmaceutical composition
comprises a therapeutically effective amount of a compound of the present disclosure. In
some embodiments, the pharmaceutical composition comprises a therapeutically effective
amount of the compound of the present disclosure and a pharmaceutically acceptable
excipient. As used herein, a therapeutically effective amount of a compound of the present
disclosure is an amount effective to treat a disease or disorder as described herein, such as a
cancer herein, which can depend on the recipient of the treatment, the disorder, condition or
disease being treated and the severity thereof, the composition containing the compound, the
time of administration, the route of administration, the duration of treatment, the compound

potency, its rate of clearance and whether or not another drug is co-administered.

Method of Treatment/Use

[0131] Compounds of the present disclosure have various utilities. For example,
compounds of the present disclosure can be used as therapeutic active substances for the
treatment and/or prophylaxis of a disease or disorder in which PARG activity is implicated.
Accordingly, some embodiments of the present disclosure are also directed to methods of
using one or more compounds of the present disclosure or pharmaceutical compositions
herein for treating or preventing a disease or disorder in which PARG activity is implicated in
a subject in need thereof, such as for treating cancer in a subject in need thereof.

[0132] In some embodiments, the present disclosure provides a method of inhibiting
PARG enzyme activity in a cell, the method comprising contacting the cell with an effective
amount of the compound of present disclosure (e.g., a compound of Formula I (e.g., Formula
I-1, I-2, I-3, I-1a, I-1b, I-1¢, I-2a, I-2b, 1-3a, I-3b, I-1a-1, I-1a-2, I-2a-1, [-2a-2, [-3a-1, [-3a-2,
I-1b-1, I-1b-2, [-2b-1, I-2b-2, I-3b-1, I-3b-2, I-A, I-A1, [-A2, I-B, I-C, I-D, I-X, I-Xa, I-Xb,
or I-Xc¢), any of the compounds listed in Table 1 herein, or a pharmaceutically acceptable salt
thereof). In some embodiment, contacting the cell occurs in vitro. In some embodiment,
contacting the cell occurs in vivo. In some embodiments, the method selectively inhibits
PARG enzyme activity over PARP1 or ARH3 enzyme activity.

[0133] In some embodiments, the present disclosure provides a method of inhibiting cell

proliferation, in vitro or in vivo, the method comprising contacting the cell with an effective
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amount of the compound of present disclosure (e.g., a compound of Formula I (e.g., Formula
I-1, I-2, I-3, I-1a, I-1b, I-1¢, I-2a, I-2b, 1-3a, I-3b, I-1a-1, I-1a-2, I-2a-1, [-2a-2, [-3a-1, [-3a-2,
I-1b-1, I-1b-2, I-2b-1, I-2b-2, I-3b-1, [-3b-2, [-A, I-A1, [-A2, I-B, I-C, I-D, I-X, I-Xa, I-Xb,
or I-Xc), any of the compounds listed in Table 1 herein, or a pharmaceutically acceptable salt
thereof).

[0134] In some embodiments, the present disclosure provides a method of treating a
disease or disorder in which PARG activity is implicated in a subject in need thereof, the
method comprising administering to the subject a therapeutically effective amount of the
compound of present disclosure (e.g., a compound of Formula I (e.g., Formula I-1, I-2, -3, I-
la, I-1b, I-1c, I-2a, I-2b, I-3a, I-3b, I-1a-1, I-1a-2, I-2a-1, [-2a-2, I-3a-1, I-3a-2, I-1b-1, I-1b-
2,1-2b-1, I-2b-2, [-3b-1, [-3b-2, I-A, I-A1, I-A2, I-B, I-C, I-D, I- X, I-Xa, [-Xb, or I-Xc), any
of the compounds listed in Table 1 herein, or a pharmaceutically acceptable salt thereof), or a
pharmaceutical composition as defined herein. In some embodiments, the disease or disorder
in which PARG activity is implicated is a proliferative disorder described herein. In some
embodiments, the disease or disorder in which PARG activity is implicated is a cancer
described herein. In some embodiments, the cancer can be selected from ovarian cancer,
breast cancer, prostate cancer, pancreatic cancer, lung cancer (such as small cell lung
carcinoma (SCLC)), colorectal cancer, melanoma, sarcoma, and gastric cancer.

[0135] In some embodiments, the present disclosure provides a method of treating a
proliferative disorder in a subject in need thereof, the method comprising administering to the
subject a therapeutically effective amount of the compound of present disclosure (e.g., a
compound of Formula I (e.g., Formula I-1, I-2, I-3, I-1a, I-1b, I- Ic, [-2a, I-2b, I-3a, I-3b, I-1a-
1,1-1a-2, I-2a-1, [-2a-2, I-3a-1, I-3a-2, I-1b-1, I-1b-2, I-2b-1, I-2b-2, I-3b-1, [-3b-2, I-A, I-
Al,I-A2, I-B, I-C, I-D, I-X, [-Xa, I-Xb, or I-Xc), any of the compounds listed in Table 1
herein, or a pharmaceutically acceptable salt thereof), or a pharmaceutical composition as
defined herein. Examples of proliferative conditions include, but are not limited to, pre-
malignant and malignant cellular proliferation, including but not limited to, malignant
neoplasms and tumours, cancers, leukemias, psoriasis, bone diseases, fibroproliferative
disorders (e.g., of connective tissues), and atherosclerosis. Any type of cell may be treated,
including but not limited to, lung, colon, breast, ovarian, prostate, liver, pancreas, brain, and

skin.
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[0136] Preferably, the proliferative disorder is cancer. Thus, in some embodiments, the
present disclosure provides a method of treating cancer in a subject in need thereof, the
method comprising administering to the subject a therapeutically effective amount of the
compound of present disclosure (e.g., a compound of Formula I (e.g., Formula I-1, I-2, I-3, I-
la, I-1b, I-1¢, I-2a, [-2b, I-3a, I-3b, I-1a-1, I-1a-2, I-2a-1, [-2a-2, [-3a-1, I-3a-2, I-1b-1, I-1b-
2,1-2b-1, I-2b-2, I-3b-1, I-3b-2, I-A, I-Al, I-A2, I-B, I-C, I-D, I-X, I-Xa, I-Xb, or I-Xc), any
of the compounds listed in Table 1 herein, or a pharmaceutically acceptable salt thereof), or a
pharmaceutical composition as defined herein. In some embodiments, the cancer can be
selected from ovarian cancer, breast cancer, prostate cancer, pancreatic cancer, lung cancer
(such as small cell lung carcinoma (SCLQC)), colorectal cancer, melanoma, sarcoma, and
gastric cancer. In a particular embodiment, the cancer is human cancer.

[0137] Compounds of the present disclosure can be used in the methods herein as a
monotherapy or in a combination therapy. For example, in some embodiments, the
compound of the present disclosure may be used in combination with conventional surgery or
radiotherapy or chemotherapy. In some embodiments, such chemotherapy may include one
or more of the following anti-tumour agents, (i) antiproliferative/antineoplastic drugs and
combinations thereof, such as alkylating agents (for example cis-platin, oxaliplatin,
carboplatin, cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan,
temozolamide and nitrosoureas); antimetabolites (for example gemcitabine and antifolates
such as fluoropyrimidines like 5-fluorouracil and tegafur, raltitrexed, methotrexate, cytosine
arabinoside, and hydroxyurea); antitumour antibiotics (for example anthracyclines like
adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C,
dactinomycin and mithramycin); antimitotic agents (for example vinca alkaloids like
vincristine, vinblastine, vindesine and vinorelbine and taxoids like taxol and taxotere and
polokinase inhibitors); and topoisomerase inhibitors (for example epipodophyllotoxins like
etoposide and teniposide, amsacrine, topotecan and camptothecin); (ii) cytostatic agents such
as antioestrogens (for example tamoxifen, fulvestrant, toremifene, raloxifene, droloxifene and
iodoxyfene), antiandrogens (for example bicalutamide, flutamide, nilutamide and cyproterone
acetate), LHRH antagonists or LHRH agonists (for example goserelin, leuprorelin and
buserelin), progestogens (for example megestrol acetate), aromatase inhibitors (for example
as anastrozole, letrozole, vorazole and exemestane) and inhibitors of Soc-reductase such as

finasteride; (iii) anti-invasion agents [for example c-Src kinase family inhibitors like 4-(6-



WO 2025/117661 PCT/US2024/057645
86

chloro-2,3- methylenedioxyanilino)-7-[2-(4-methylpiperazin-1 -yl)ethoxy]-5-
tetrahydropyran-4- yloxyquinazoline (AZD0530; International Patent Application WO
01/94341 ), N-(2-chloro-6- methylphenyl)-2-{6-[4-(2- hydroxyethyl)piperazin-1 -yl]-2-
methylpyrimidin-4-ylamino }thiazole- 5-carboxamide (dasatinib, BMS- 354825; J. Med.
Chem., 2004, 47, 6658-6661 ) and bosutinib (SKI-606), and metalloproteinase inhibitors like
marimastat, inhibitors of urokinase plasminogen activator receptor function or antibodies to
Heparanase]; (iv) inhibitors of growth factor function: for example such inhibitors include
growth factor antibodies and growth factor receptor antibodies (for example the anti-erbB2
antibody trastuzumab [Herceptin™], the anti-EGFR antibody panitumumab, the anti-erbB 1
antibody cetuximab [Erbitux, C225] and any growth factor or growth factor receptor
antibodies disclosed by Stern et al. (Critical reviews in oncology/haematology, 2005, Vol. 54,
ppl1 -29); such inhibitors also include tyrosine kinase inhibitors, for example inhibitors of
the epidermal growth factor family (for example EGFR family tyrosine kinase inhibitors such
as N-(3-chloro- 4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-4-amine
(gefitinib, ZD1839), N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine
(erlotinib, OSI-774) and 6- acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3-
morpholinopropoxy)-quinazolin-4-amine (C1 1033), erbB2 tyrosine kinase inhibitors such as
lapatinib); inhibitors of the hepatocyte growth factor family; inhibitors of the insulin growth
factor family; inhibitors of the platelet-derived growth factor family such as imatinib and/or
nilotinib (AMN107); inhibitors of serine/threonine kinases (for example Ras/Raf signalling
inhibitors such as farnesyl transferase inhibitors, for example sorafenib (BAY 43-9006),
tipifarnib (R1 15777) and lonafarnib (SCH66336)), inhibitors of cell signalling through MEK
and/or AKT kinases, c-kit inhibitors, abl kinase inhibitors, PI3 kinase inhibitors, PIt3 kinase
inhibitors, CSF-1 R kinase inhibitors, IGF receptor (insulin-like growth factor) kinase
inhibitors; aurora kinase inhibitors (for example AZD1 152, PH739358, VX-680, MLN8054,
R763, MP235, MP529, VX-528 AND AX39459) and cyclin dependent kinase inhibitors such
as CDK?2 and/or CDK4 inhibitors; (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 for example, a VEGF receptor tyrosine
kinase inhibitor such as vandetanib (ZD6474), vatalanib (PTK787), sunitinib (SU1 1248),
axitinib (AG-013736), pazopanib (GW 786034) and 4-(4-fluoro-2-methylindol-5- yloxy)-6-
methoxy-7-(3-pyrrolidin-1 - ylpropoxy)quinazoline (AZD2171 ; Example 240 within WO
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00/47212), compounds such as those disclosed in International Patent Applications
W097/22596, WO 97/30035, WO 97/32856 and WO 98/13354 and compounds that work by
other mechanisms (for example linomide, inhibitors of integrin ovPB3 function and
angiostatin) ; (vi) vascular damaging agents such as Combretastatin 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; (vii) an endothelin receptor antagonist, for
example zibotentan (ZD4054) or atrasentan; (viii) antisense therapies, for example those
which are directed to the targets listed above, such as I[SIS 2503, an anti-ras antisense; (ix)
gene therapy approaches, including for example 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 chemotherapy or
radiotherapy such as multi - drug resistance gene therapy; and (x) immunotherapy
approaches, including for example ex-vivo and in-vivo approaches to increase the
immunogenicity of patient tumour cells, such as transfection with cytokines such as
interleukin 2, interleukin 4 or granulocyte-macrophage colony stimulating factor, approaches
to decrease T-cell anergy, approaches using transfected immune cells such as cytokine-
transfected dendritic cells, approaches using cytokine-transfected tumour cell lines and
approaches using anti-idiotypic antibodies. Agents that may be combined with a PARG
inhibitor also include those described in W02023/057389, W02021/055744, and
W02023/057394.

[0138] As understood herein, the term "combination" refers to simultaneous, separate or
sequential administration. In one aspect of the invention "combination" refers to simultaneous
administration. In another aspect of the invention "combination" refers to separate
administration. In a further aspect of the invention "combination” refers to sequential
administration. Where the administration is sequential or separate, the delay in administering
the second component should not be such as to lose the beneficial effect of the combination.

[0139] Dosing regimen including doses for the methods described herein can vary and be
adjusted, which can depend on the recipient of the treatment, the disorder, condition or
disease being treated and the severity thereof, the composition containing the compound, the
time of administration, the route of administration, the duration of treatment, the compound

potency, its rate of clearance and whether or not another drug is co-administered.
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Definitions

[0140] It is meant to be understood that proper valences are maintained for all moieties
and combinations thereof.

[0141] It is also meant to be understood that a specific embodiment of a variable moiety
herein can be the same or different as another specitic embodiment having the same
identifier.

[0142] Suitable groups for the variables in compounds of Formula I, or a subformula
thereof, as applicable, are independently selected. Non-limiting useful groups for the
variables in compounds of Formula I, or a subformula thereof, as applicable, include any of
the respective groups, individually or in any combination, as shown in the Examples or in the
specific compounds described in Table 1 herein. In addition, it is to be understood that the
definition of a variable in Formula I can have the same definition for the variable defined in a
subformula of Formula I. Similarly, unless otherwise specified or contrary from context, the
definition of a variable in a sublormula of Formula I can have the same definition for the
variable defined in connection with Formula I or another subformula of Formula I.

[0143] The described embodiments of the present disclosure can be combined. Such
combination is contemplated and within the scope of the present disclosure. For example, it is
contemplated that the definition(s) of any one or more of I', J2, J*, J4, 1°, 16,17, I*, L', L2, R/,
and R” of Formula I can be combined with the definition of any one or more of the other(s) of
JLIZ P04 P16, 17,18, LY, L2, RY, and R?, as applicable, and the resulted compounds from
the combination are within the scope of the present disclosure.

[0144] The symbol, ~ when displayed perpendicular to (or otherwise crossing) a bond,
indicates the point at which the displayed moiety is attached to the remainder of the molecule.
It should be noted that for a divalent structure (or multivalent structure), the immediately
connected group or groups or appropriate variable(s) shown in a formula may be shown in
the divalent structure (or multivalent structure) beyond the symbol, -~~~ to indicate direction
of attachment. When the immediately connected group(s) or variable is not shown for either
of the two attaching points of a divalent structure, it should mean that either direction of
attachment to the remainder of the molecule is allowed, unless otherwise specified or
obviously contrary from context.

[0145] Definitions of specific functional groups and chemical terms are described in

more detail below. The chemical elements are identified in accordance with the Periodic
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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 Thomas Sorrell, Organic Chemistry, University Science Books, Sausalito,
1999; Smith and March, March’s Advanced Organic Chemistry, 5 Edition, John Wiley &
Sons, Inc., New York, 2001; Larock, Comprehensive Organic Transformations, VCH
Publishers, Inc., New York, 1989; and Carruthers, Some Modern Methods of Organic
Synthesis, 3" Edition, Cambridge University Press, Cambridge, 1987. The disclosure is not
intended to be limited in any manner by the exemplary listing of substituents described
herein.

[0146] Compounds described herein can comprise one or more asymmetric centers, and
thus can exist in various stereoisomeric forms, e.g., enantiomers and/or diastereomers. For
example, the compounds described herein can be in the form of an individual enantiomer,
diastereomer or geometric isomer, or can be in the form of a mixture of stereoisomers,
including racemic mixtures and mixtures enriched in one or more stereoisomer. Isomers can
be isolated from mixtures by methods known to those skilled in the art, including chiral high
performance liquid chromatography (HPLC), chiral supercritical fluid chromatograph (SFC),
and the formation and crystallization of chiral salts; or preferred isomers can be prepared by
asymmetric syntheses. See, for example, Jacques et al., Enantiomers, Racemates and
Resolutions (Wiley Interscience, New York, 1981); Wilen et al., Tetrahedron 33:2725
(1977); Eliel, Stereochemistry of Carbon Compounds (McGraw-Hill, NY, 1962); and Wilen,
Tables of Resolving Agents and Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of Notre
Dame Press, Notre Dame, IN 1972). The disclosure additionally encompasses compounds
described herein as individual isomers substantially free of other isomers, and alternatively,
as mixtures of various isomers including racemic mixtures. When a stereochemistry is
specifically drawn, unless otherwise contradictory from context, it should be understood that
with respect to that particular chiral center or axial chirality, the compound can exist
predominantly as the as-drawn stereoisomer, such as with less than 20%, less than 10%, less
than 5%, less than 1%, by weight, by HPLC or SFC area, or both, or with a non-detectable
amount of the other stereoisomer(s), for example, the compound can have an enantiomeric
excess of greater than 60%, greater than 80%, greater than 90%, greater than 95%, greater

than 98%, or greater than 99%. The presence and/or amounts of stereoisomers can be
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determined by those skilled in the art in view of the present disclosure, including through the
use of a chiral HPLC or chiral SFC. As understood by those skilled in the art, when a "*" is
shown in the chemical structures herein, unless otherwise contradictory from context, it is to
designate that the corresponding chiral center is enantiomerically pure or enriched in either of
the configurations or is enantiomerically pure or enriched in the as-dawn configuration, such
as with less than 20%, less than 10%, less than 5%, less than 1%, by weight, by HPLC or
SFC area, or both, or with a non-detectable amount of the other stereoisomer(s). Also, when
no stereochemistry is specifically drawn, and no "*" is used in the chemical structures, unless
otherwise contradictory from context, it should be understood that such structures include the
corresponding compound in any stereoisomeric forms, including individual isomers
substantially free of other isomers and mixtures of various isomers including racemic
mixtures.

[0147] When a range of values is listed, it is intended to encompass each value and sub—
range within the range. For example “C1-6" is intended to encompass, C1, C2, C3, C4, Cs, Ce,
Ci-6, Ci5, Ci14, C13, Ci2, Cag, Cas, Coa, Ca3, Ca, C3-5, Caa, Cas, Cas, and Csog.

[0148] As used herein, the term “compound(s) of the present disclosure” refers to any of
the compounds described herein according to Formula I (e.g., I-1, I-2, I-3, I-1a, I-1b, I-1c, I-
2a, I-2b, I-3a, I-3b, I-1a-1, [-1a-2, [-2a-1, -2a-2, I-3a- 1, [-3a-2, [-1b-1, I-1b-2, [-2b-1, [-2b-2,
I-3b-1, I-3b-2, I-A, I- A1, I-A2, I-B, I-C, I-D, I-X, I-Xa, [-XDb, or [-Xc), any of Examples 1-
266, or any of the specific compounds disclosed in Table 1 herein, isotopically labeled
compound(s) thereof (such as a deuterated analog wherein one or more of the hydrogen
atoms is/are substituted with a deuterium atom with an abundance above its natural
abundance, e.g., a CD3 analog when the compound has a CHs group), possible regioisomers,
possible geometric isomers, possible stereoisomers thereof (including diastereoisomers,
enantiomers, and racemic mixtures), tautomers thereof, conformational isomers thereof,
pharmaceutically acceptable esters thereof, and/or possible pharmaceutically acceptable salts
thereof (e.g., acid addition salt such as HCI salt or base addition salt such as Na salt). In
some embodiments, the compounds of the present disclosure can be selected from any of the
enumerated embodiments A1-29. In some embodiments, the compounds of the present
disclosure can be selected from any of the enumerated embodiments B1-43. In some
embodiments, the compounds of the present disclosure can be selected from any of the

enumerated embodiments C1-26. In some embodiments, the compounds of the present
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disclosure can be selected from any of the enumerated embodiments D1-26. Hydrates and
solvates of the compounds of the present disclosure are considered compositions of the
present disclosure, wherein the compound(s) is in association with water or solvent,
respectively.

[0149] Compounds of the present disclosure can exist in isotope-labeled or -enriched
form containing one or more atoms having an atomic mass or mass number different from the
atomic mass or mass number most abundantly found in nature. [sotopes can be radioactive or
non-radioactive isotopes. Isotopes of atoms such as hydrogen, carbon, phosphorous, sulfur,
fluorine, chlorine, and iodine include, but are not limited to *H, *H, 1*C, *C, '°N, 0, *?P,
338, 18F, 36C1, and '2°I. Compounds that contain other isotopes of these and/or other atoms are
within the scope of this invention.

[0150] As used herein, the phrase “administration” of a compound, “administering” a
compound, or other variants thereof means providing the compound or a prodrug of the
compound to the individual in need of treatment.

[0151] As used herein, the term "alkyl" as used by itself or as part of another group refers
to a straight- or branched-chain aliphatic saturated hydrocarbon. In some embodiments, the
alkyl can include one to twelve carbon atoms (i.e., Ci-12 alkyl) or the number of carbon atoms
designated. In one embodiment, the alkyl group is a straight chain Ci.10 alkyl group. In
another embodiment, the alkyl group is a branched chain Cs.10 alkyl group. In another
embodiment, the alkyl group is a straight chain Ci.¢ alkyl group. In another embodiment, the
alkyl group is a branched chain Cs. alkyl group. In another embodiment, the alkyl group is a
straight chain Ci4 alkyl group. For example, a Ci.4 alkyl group includes methyl, ethyl, propyl
(n-propyl), isopropyl, butyl (n-butyl), sec-butyl, tert-butyl, and iso-butyl. As used herein, the
term "alkylene" as used by itself or as part of another group refers to a divalent radical
derived from an alkyl group. For example, non-limiting straight chain alkylene groups
include -CH,-CH»-CH>-CH3-, -CH»-CH»-CH>»-, -CH>-CH3-, and the like.

[0152] As used herein, the term "alkenyl" as used by itself or as part of another group
refers to a straight- or branched-chain aliphatic hydrocarbon containing one or more, for
example, one, two or three carbon-to-carbon double bonds. In one embodiment, the alkenyl
group is a Ca.¢ alkenyl group. In another embodiment, the alkenyl group is a C2.4 alkenyl
group. Non-limiting exemplary alkenyl groups include ethenyl, propenyl, isopropenyl,

butenyl, sec-butenyl, pentenyl, and hexeny].
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[0153] As used herein, the term "alkynyl" as used by itself or as part of another group
refers to a straight- or branched-chain aliphatic hydrocarbon containing one or more, for
example, one to three carbon-to-carbon triple bonds. In one embodiment, the alkynyl has one
carbon-carbon triple bond. In one embodiment, the alkynyl group is a C2.¢ alkynyl group. In
another embodiment, the alkynyl group is a C».4 alkynyl group. Non-limiting exemplary
alkynyl groups include ethynyl, propynyl, butynyl, 2-butynyl, pentynyl, and hexynyl groups.

[0154] As used herein, the term "alkoxy" as used by itself or as part of another group
refers to a radical of the formula OR*!, wherein R* is an alkyl.

[0155] As used herein, the term "cycloalkoxy" as used by itself or as part of another
group refers to a radical of the formula OR?!, wherein R*! is a cycloalkyl.

[0156] As used herein, the term "haloalkyl" as used by itself or as part of another group
refers to an alkyl substituted with one or more fluorine, chlorine, bromine and/or iodine
atoms. In preferred embodiments, the haloalkyl is an alkyl group substituted with one, two, or
three fluorine atoms. In one embodiment, the haloalkyl group is a Ci.10 haloalkyl group. In
one embodiment, the haloalkyl group is a Ci¢ haloalkyl group. In one embodiment, the
haloalkyl group is a Ci.4 haloalkyl group.

[0157] As used herein, the term "heteroalkyl," by itself or in combination with another
term, means, unless otherwise stated, a stable straight or branched-chain alkyl group, e.g.,
having from 2 to 14 carbons, such as 2 to 10 carbons in the chain, in which one or more of
the carbons has been replaced by a heteroatom selected from S, O, P and N, and wherein the
nitrogen, phosphine, and sulfur atoms can optionally be oxidized and the nitrogen heteroatom
can optionally be quaternized. The heteroatom(s) S, O, P and N may be placed at any interior
position of the heteroalkyl group or at the position at which the alkyl group is attached to the
remainder of the molecule. When the heteroalkyl is said to be substituted, the substituent(s)
can replace one or more hydrogen atoms attached to the carbon atom(s) and/or the
heteroatom(s) of the heteroalkyl. In some embodiments, the heteroalkyl is a C;.4 heteroalkyl,
which refers to the heteroalkyl defined herein having 1-4 carbon atoms. Examples of Ci.4
heteroalkyl include, but are not limited to, C4 heteroalkyl such as -CHz2-CH>-N(CH3)-CH3, C3
heteroalkyl such as -CH>-CH»-O-CH3, -CH>-CH»-NH-CH3, -CH»-S-CH»>-CHj3, -CH»-CH>-
S(0)-CHs, -CH2-CH2-S(0)2-CH3, C2 heteroalkyl such as -CH>-CH>-OH, -CH2-CH»>-NH>, -
CH»-NH(CH3), -O-CH>-CHs and C; heteroalkyl such as, -CH2-OH, -CH>-NHz, -O-CHs.

Preferably, the C, 4 heteroalkyl (or C;4 heteroalkylene) herein contains 1 or 2 heteroatoms,
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such as one oxygen, one nitrogen, two oxygens, two nitrogens, or one oxygen and one
nitrogen. Similarly, the term "heteroalkylene" by itself or as part of another substituent
means a divalent radical derived from heteroalkyl, as exemplified, but not limited by, -CH>-
CH:>-O-CH2-CHz- and —O-CH»2-CH2-NH-CHz-. For heteroalkylene groups, heteroatoms can
also occupy either or both of the chain termini (e.g., alkyleneoxy, alkylenedioxy,
alkyleneamino, alkylenediamino, and the like). Still further, for alkylene and heteroalkylene
linking groups, no orientation of the linking group is implied by the direction in which the
formula of the linking group is written. Where "heteroalkyl” is recited, followed by
recitations of specific heteroalkyl groups, such as -NR'R” or the like, it will be understood that
the terms heteroalkyl and -NR'R" are not redundant or mutually exclusive. Rather, the
specific heteroalkyl groups are recited to add clarity. Thus, the term "heteroalkyl" should not
be interpreted herein as excluding specific heteroalkyl groups, such as -NR'R or the like.
[0158] In some preferred embodiments, unless otherwise specified or contrary from
context, a Ci.¢ heteroalkyl herein can be a C16 alkoxy, NH(C1.6 alkyl), N(C14 alky)(C14
alkyl), -(C1.5 alkylene)-O-(C\.s alkyl), -(C1.s alkylene)-NH(C .5 alkyl), -(C14 alkylene)-N(Ci.4
alkyl)(Ci4 alkyl), -(C1.5 alkylene)-S-(Ci.s alkyl), -(Cis5 alkylene)-SO»-(C1.5 alkyl), SO2(Ci
alkyl), P(O)(C14 alkyl)(C14 alkyl), SO2NH(Ci6 alkyl), SO2N(C 14 alkyl)(Ci4 alkyl), -(Ci5
alkylene)-SO2NH-(Ci.5 alkyl), or -(C1.4 alkylene)-SO>N(C14 alkyl)(C14 alkyl), provided that
the total number of carbons are no greater than 6, not counting any optional substituents.
[0159] In some preferred embodiments, unless otherwise specified or contrary from
context, a Ci4 heteroalkyl herein can be a C4 alkoxy, NH(C4 alkyl), N(Ci3 alkyl)(Ci-3
alkyl), -(Cy.3 alkylene)-O-(C;3 alkyl), -(Ci.3 alkylene)-NH(C_3 alkyl), -(C1-> alkylene)-N(Ci-»
alkyl)(C1- alkyl), -(C1-3 alkylene)-S-(C13 alkyl), -(C1-3 alkylene)-SO2-(Ci-3 alkyl), SO2(C14
alkyl), P(O)(C1.3 alkyl)(C.3 alkyl), SO:NH(C14 alkyl), SO2N(C3 alkyl)(Ci3 alkyl), -(Ci3
alkylene)-SO>NH-(C,.3 alkyl), or -(Ci- alkylene)-SO2N(Ci- alkyl)(Ci- alkyl), provided that
the total number of carbons are no greater than 4, not counting any optional substituents.
[0160] “Carbocyclyl” or “carbocyclic” as used by itself or as part of another group refers
to a radical of a non—aromatic cyclic hydrocarbon group having at least 3 carbon atoms, e.g.,
from 3 to 10 ring carbon atoms (*“Cs_10 carbocyclyl™), and zero heteroatoms in the non—
aromatic ring system. The carbocyclyl group can be either monocyclic (“monocyclic
carbocyclyl”) or contain a fused, bridged or spiro ring system such as a bicyclic system

(“bicyclic carbocyclyl”) and can be saturated or can be partially unsaturated. Non-limiting
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exemplary carbocyclyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, norbornyl, decalin, adamantyl, cyclopentenyl, and cyclohexenyl. As
used herein, the term "carbocyclylene" as used by itself or as part of another group refers to a
divalent radical derived from the carbocyclyl group defined herein.

[0161] In some embodiments, “carbocyclyl” is fully saturated, which is also referred to as
cycloalkyl. In some embodiments, the cycloalkyl can have from 3 to 10 ring carbon atoms
(“Cs-10 cycloalkyl™). In preferred embodiments, the cycloalkyl is a monocyclic ring. As used

herein, the term "cycloalkylene" as used by itself or as part of another group refers to a

divalent radical derived from a cycloalkyl group, for example, ){g or ; l : i etc.

[0162] Unless otherwise defined or contrary from context, a heteroatom herein refers to
an atom selected from nitrogen, oxygen, sulfur, boron, phosphorus, and silicon.

[0163] “Heterocyclyl” or “heterocyclic” as used by itself or as part of another group
refers to a radical of a 3-membered or larger, such as 3— to 14-membered, non—aromatic ring
system having ring carbon atoms and at least one ring heteroatom, such as 1 to 4 ring
heteroatoms, wherein each heteroatom is independently selected from nitrogen, oxygen,
sulfur, boron, phosphorus, and silicon. In heterocyclyl groups that contain one or more
nitrogen atoms, the point of attachment can be a carbon or nitrogen atom, as valency permits.
A heterocyclyl group can either be monocyclic (“monocyclic heterocyclyl”) or a fused,
bridged, or spiro ring system, such as a bicyclic system (“bicyclic heterocyclyl”), and can be
saturated or can be partially unsaturated. Heterocyclyl bicyclic ring systems can include one
or more heteroatoms in one or both rings, and the point of attachment can be on any ring. As
used herein, the term "heterocyclylene" as used by itself or as part of another group refers to a
divalent radical derived from the heterocyclyl group defined herein. The heterocyclyl or
heterocylylene can be optionally linked to the rest of the molecule through a carbon or
nitrogen atom.

[0164] Exemplary 3—-membered heterocyclyl groups containing one heteroatom include,
without limitation, azirdinyl, oxiranyl, thiiranyl. Exemplary 4—-membered heterocyclyl groups
containing one heteroatom include, without limitation, azetidinyl, oxetanyl and thietanyl.
Exemplary 5S-membered heterocyclyl groups containing one heteroatom include, without
limitation, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothiophenyl, dihydrothiopheny],
pyrrolidinyl, dihydropyrrolyl, and pyrrolyl-2,5-dione. Exemplary 5S—-membered heterocyclyl
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groups containing two heteroatoms include, without limitation, dioxolanyl, oxasulfuranyl,
disulfuranyl, and oxazolidin-2-one. Exemplary 5-membered heterocyclyl groups containing
three heteroatoms include, without limitation, triazolinyl, oxadiazolinyl, and thiadiazolinyl.
Exemplary 6-membered heterocyclyl groups containing one heteroatom include, without
limitation, piperidinyl, tetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6—
membered heterocyclyl groups containing two heteroatoms include, without limitation,
piperazinyl, morpholinyl, dithianyl, and dioxanyl. Exemplary 6-membered heterocyclyl
groups containing two heteroatoms include, without limitation, triazinanyl. Exemplary 7-
membered heterocyclyl groups containing one heteroatom include, without limitation,
azepanyl, oxepanyl and thiepanyl. Exemplary 8—membered heterocyclyl groups containing
one heteroatom include, without limitation, azocanyl, oxecanyl and thiocanyl. Exemplary 5-
membered heterocyclyl groups fused to a Cs aryl ring (also referred to herein as a 5,6-bicyclic
heterocyclic ring) include, without limitation, indolinyl, isoindolinyl, dihydrobenzofuranyl,
dihydrobenzothienyl, benzoxazolinonyl, and the like. Exemplary 6-membered heterocyclyl
groups fused to an aryl ring (also referred to herein as a 6,6-bicyclic heterocyclic ring)
include, without limitation, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and the like.

[0165] “Aryl” as used by itself or as part of another group refers to a radical of a
monocyclic or polycyclic (e.g., bicyclic or tricyclic) 4n+2 aromatic ring system (e.g., having
6. 10, or 14 pi electrons shared in a cyclic array) having 6-14 ring carbon atoms and zero
heteroatoms provided in the aromatic ring system (“Ce_14 aryl”). In some embodiments, an
aryl group has six ring carbon atoms (“Ce aryl”; e.g., phenyl). In some embodiments, an aryl
group has ten ring carbon atoms (“Cio aryl”; e.g., naphthyl such as 1-naphthyl and 2-
naphthyl). In some embodiments, an aryl group has fourteen ring carbon atoms (“C1a4 aryl”;
e.g., anthracyl). As used herein, the term "arylene" as used by itself or as part of another
group refers to a divalent radical derived from the aryl group defined herein.

[0166] “Aralkyl” as used by itself or as part of another group refers to an alkyl substituted
with one or more aryl groups, preferably, substituted with one aryl group. Examples of
aralkyl include benzyl, phenethyl, etc. When an aralky] is said to be optionally substituted,
either the alkyl portion or the aryl portion of the aralkyl can be optionally substituted.

[0167] “Heteroaryl” as used by itself or as part of another group refers to a radical of a 5-
14 membered monocyclic, bicyclic, or tricyclic 4n+2 aromatic ring system (e.g., having 6 or

10 pi electrons shared in a cyclic array) having ring carbon atoms and at least one, preferably,
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1-4, ring heteroatoms provided in the aromatic ring system, wherein each heteroatom is
independently selected from nitrogen, oxygen and sulfur (“5-14 membered heteroaryl”). In
heteroaryl groups that contain one or more nitrogen atoms, the point of attachment can be a
carbon or nitrogen atom, as valency permits. Heteroaryl bicyclic ring systems can include one
or more heteroatoms in one or both rings. In bicyclic heteroaryl groups wherein one ring does
not contain a heteroatom (e.g., indolyl, quinolinyl, and the like), the point of attachment can
be on either ring, i.e., either the ring bearing a heteroatom (e.g., 2—indolyl) or the ring that
does not contain a heteroatom (e.g., 5-indolyl). As used herein, the term "heteroarylene" as
used by itself or as part of another group refers to a divalent radical derived from the
heteroaryl group defined herein.

[0168] Exemplary 5-membered heteroaryl groups containing one heteroatom include,
without limitation, pyrrolyl, furanyl, and thiophenyl. Exemplary 5S-membered heteroaryl
groups containing two heteroatoms include, without limitation, imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, thiazolyl, and isothiazolyl. Exemplary 5-membered heteroaryl groups
containing three heteroatoms include, without limitation, triazolyl, oxadiazolyl, and
thiadiazolyl. Exemplary 5S—-membered heteroaryl groups containing four heteroatoms include,
without limitation, tetrazolyl. Exemplary 6—-membered heteroaryl groups containing one
heteroatom include, without limitation, pyridinyl. Exemplary 6-membered heteroaryl groups
containing two heteroatoms include, without limitation, pyridazinyl, pyrimidinyl, and
pyrazinyl. Exemplary 6-membered heteroaryl groups containing three or four heteroatoms
include, without limitation, triazinyl and tetrazinyl, respectively. Exemplary 7-membered
heteroaryl groups containing one heteroatom include, without limitation, azepinyl, oxepinyl,
and thiepinyl. Exemplary 5,6-bicyclic heteroaryl groups include, without limitation, indoly],
isoindolyl, indazolyl, benzotriazolyl, benzothiophenyl, isobenzothiophenyl, benzofuranyl,
benzoisofuranyl, benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzoxadiazolyl,
benzthiazolyl, benzisothiazolyl, benzthiadiazolyl, indolizinyl, and purinyl. Exemplary 6,6—
bicyclic heteroaryl groups include, without limitation, naphthyridinyl, pteridinyl, quinolinyl,
isoquinolinyl, cinnolinyl, quinoxalinyl, phthalazinyl, and quinazolinyl.

[0169] “Heteroaralkyl” as used by itself or as part of another group refers to an alkyl
substituted with one or more heteroaryl groups, preferably, substituted with one heteroaryl
group. When a heteroaralkyl is said to be optionally substituted, either the alkyl portion or

the heteroaryl portion of the heteroaralkyl can be optionally substituted.
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[0170] As used herein, unless specified or otherwise contrary, a "ring structure", "cyclic
structure”, or simply "ring", with a designated number of ring members, such as a "3-10
membered ring structure”, a "3-12 membered ring structure", or a "5- or 6-membered ring",
should be understood as encompassing any ring structure (e.g., carbocyclic, heterocyclic,
aryl, heteroaryl, etc.) having the designated number of ring members, which can be (1)
monocyclic or polycyclic (as chemically feasible), such as a monocyclic ring or a bicyclic
ring (including fused, spiro, and bridged bicyclic ring, and those ring systems where two
monocyclic rings are connected through a single or double bond); (2) aromatic, partially
unsaturated, or fully saturated; and in the case of a polycyclic structure, each ring can be
independently aromatic, partially unsaturated, or fully saturated; and (3) containing no
heteroatom (i.e., all ring members are carbon atoms) or 1-4 heteroatoms; or in the case of a
polycyclic structure, each ring can independently have no ring heteroatom or 1-4 ring
heteroatoms (e.g., O, N, S, etc.). When a ring is said to contain a ring sulfur or nitrogen
atom, the sulfur or nitrogen atom can be optionally oxidized. One or more ring carbon atoms
in a ring structure can be present as C(=0). A fully saturated ring refers to a ring in which
none of the ring carbon atom(s) and any present ring heteroatom(s) (e.g., nitrogen) forms a
double bond or triple bond with any other atom. The ring structure can be optionally
substituted with one or more substituents described herein. The substituents of a ring
structure herein can also have a cyclic structure, and in some cases, two substituents of a ring
structure may be said to be joined to form a cyclic structure.

[0171] As commonly understood in the art, for clarity, when a structure can be
characterized in multiple ways, as long as one such characterization falls within the scope of
the definition of a variable herein, it can be said that the structure is a suitable definition for
the variable. For example, when a monovalent variable is defined as an optionally substituted

6-membered ring, the variable encompasses, among other structures, (a) the structure of

N
. or A"” , which can be viewed as a 6-membered monocyclic or

A(j

N
bicyclic ring substituted with a phenyl group; and (b) the structure of adwe | which can be
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viewed as a 6-membered ring, wherein two substituents are joined to form a cyclopropyl ring;

N
but the variable would not encompass A because the attaching ring is not a 6-

membered ring under any characterization of the structure. To further explain, when the

variable is instead defined as an optionally substituted monocyclic 6-membered ring, then the

N e

N
variable does not encompass A , but encompasses the structure of aobnr . And
if the variable is defined as a 6-membered ring optionally substituted with halogen, then the

variable can encompass structures such as,

i O\\ //O Va F
SoNeN s AN oW
A AT A E S i
as each of which can be viewed as a 6-membered ring that is unsubstituted or substituted with
1 or two fluorine atoms.

[0172] As commonly understood in the art, alkylene, alkenylene, alkynylene,
heteroalkylene, carbocyclylene, heterocyclylene, arylene, and heteroarylene refer to the
corresponding divalent radicals of alkyl, alkenyl, alkynyl, heteroalkyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl groups, respectively.

[0173] An “optionally substituted” group, such as an optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
carbocyclyl, optionally substituted heterocyclyl, optionally substituted aryl, and optionally
substituted heteroaryl groups, refers to the respective group that is unsubstituted or
substituted. In general, the term “substituted”, whether preceded by the term “optionally” or
not, means that at least one hydrogen present on a group (e.g., a carbon or nitrogen atom) is
replaced with a permissible substituent, e.g., a substituent which upon substitution results in a
stable compound, e.g., a compound which does not spontaneously undergo transformation

such as by rearrangement, cyclization, elimination, or other reaction. Unless otherwise
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indicated, a “substituted” group has a substituent at one or more substitutable positions of the
group, and when more than one position in any given structure is substituted, the substituent
can be the same or different at each position. Typically, when substituted, the optionally
substituted groups herein can be substituted with 1-5 substituents. Substituents can be a
carbon atom substituent, a nitrogen atom substituent, an oxygen atom substituent or a sulfur
atom substituent, as applicable, each of which can be optionally isotopically labeled, such as
deuterated. Two of the optional substituents can join to form a ring structure, such as an
optionally substituted cycloalkyl, heterocylyl, aryl, or heteroaryl ring. Substitution can occur
on any available carbon, oxygen, or nitrogen atom, and can form a spirocycle. Typically,
substitution herein does not result in an O-O, O-N, S-S, S-N (except SO2-N bond),
heteroatom-halogen, or -C(O)-S bond or three or more consecutive heteroatoms, with the
exception of O-S0»-0, O-S02-N, and N-SO»-N, except that some of such bonds or
connections may be allowed if in a stable aromatic system.

[0174] In a broad aspect, the permissible substituents herein include acyclic and cyclic,
branched and unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic
substituents of organic compounds. The permissible substituents can be one or more and the
same or different for appropriate organic compounds. For purposes of this disclosure, the
heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible
substituents of organic compounds described herein which satisfy the valences of the
heteroatoms. Substituents can include any substituents described herein, for example, a
halogen, a hydroxyl, a carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an acyl),
a thiocarbonyl (such as a thioester, a thioacetate, or a thioformate), an alkoxy, a cycloalkoxy,
a phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an amido, an amidine, an
imine, a cyano, a nitro, an azido, a sulthydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoy],
a sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, an aryl, or a heteroaryl, each of which
can be substituted, if appropriate.

[0175] Exemplary substituents include, but not limited to, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, -alkylene-aryl, -arylene-alkyl, -alkylene-heteroaryl, -alkenylene-heteroaryl, -
alkynylene-heteroaryl, —OH, hydroxyalkyl, haloalkyl, —O-alkyl, —O-haloalkyl, -alkylene-
O-alkyl, —O-aryl, —O-alkylene-aryl, —O-heteroaryl, —O-alkylene-heteroaryl, —O-
cycloalkyl, —O-heterocycloalkyl, acyl, — C(O)-alkyl, — C(O)-haloalkyl, —C(O)-aryl, —
C(0O)-alkylene-aryl, — C(O)-heteroaryl, — C(O)-alkylene-heteroaryl, — C(O)-cycloalkyl, —
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C(0O)-heterocycloalkyl, halo, —NO>, —CN, —SFs, —C(O)OH, —C(0)0O-alkyl, —C(0)O-
aryl, —C(O)O—alkylene-aryl, —S(O)-alkyl, —S(O)-alkyl, —S(O)-haloalkyl, —S(O)--
haloalkyl, —S(O)-aryl, —S(O)z-aryl, —S(O)-heteroaryl, —S(O);-heteroaryl, —S-alkyl, —S-
aryl, —S-heteroaryl, —S-alkylene-aryl, —S-alkylene-heteroaryl, —S(O);-alkylene-aryl, —
S(O)z-alkylene-heteroaryl, —S-cycloalkyl, —S-heterocycloalkyl, —S(O)-cycloalkyl, —
S(0)-heterocycloalkyl, —S(O)2-cycloalkyl, —S(O)2-heterocycloalkyl, —S(O)(—NH)-alky]l,
—S(O)(—NH)-haloalkyl, —S(O)(—NH)-aryl, —S(O)(—NH)-alkylene-aryl, —S(O)(—NH)-
heteroaryl, —S(O)(—NH)-alkylene-heteroaryl, —S(O)(—NH)-cycloalkyl, —S(O)(—NH)-
heterocycloalkyl, —S(O)(—Nalkyl)-alkyl, —S(O)(=Nalkyl)-haloalkyl, —S(O)(—Nalkyl)-
aryl, —S(O)(=—Nalkyl)-alkylene-aryl, —S(O)(—Nalkyl)-heteroaryl, —S(O)(—Nalky1)-
alkylene-heteroaryl, —S(O)(—Nalkyl)-cycloalkyl, —S(O)(—Nalkyl)-heterocycloalkyl,
cycloalkyl, heterocycloalkyl, —O—C(O)-alkyl, —O—C(O)-aryl, —O—C(O)-cycloalkyl, —
C(—N—CN)—NH;, —C(—=NH)—NH», —C(—NH)—NH(alkyl), —N(Y 1)(Y2), -alkylene-
N(Y1)(Y2), —C(O)N(Y1)(Y2) and —S(0)2N(Y1)(Y2), wherein Y and Y2 can be the same or
different and are independently selected from the group consisting of hydrogen, alkyl,
haloalkyl, aryl, -alkylene-aryl, heteroaryl, -alkylene-heteroaryl, cycloalkyl, heterocycloalkyl,
and Y1 and Y2 with the nitrogen they linked can form a heterocyclic ring.

[0176] Some examples of suitable substituents include, but not limited to, (C;-Cs)alkyl
groups, (Ca-Cs)alkenyl groups, (Ca-Cs)alkynyl groups, (Cs-Cig)cycloalkyl groups, halogen
(F, Cl, Br or I), halogenated (C1-Cs)alkyl groups (for example but not limited to —CF3), —
0O—(C;-Cs)alkyl groups, —OH, —S—(C;-Csg)alkyl groups, —SH, —NH(C;-Cs)alkyl groups,
—N((C:-Cg)alkyl), groups, —NH>, —C(O)NH2, —C(O)NH(C;-Cs)alkyl groups, —
C(O)N((C1-Cs)alkyl)2, —NHC(O)H, —NHC(O) (C;-Cs)alkyl groups, —NHC(O) (C3-
Cs)cycloalkyl groups, —N((C1-Cg)alky)C(O)H, —N((C1-Cg)alky)C(O)(C;-Cs)alkyl groups,
—NHC(O)NH», —NHC(O)NH(C,-Cg)alkyl groups, —N((C;-Cg)alky])C(O)NH; groups, —
NHC(O)N((C1-Csg)alkyl)2 groups, —N((C1-Cs)alkyl)C(O)N((C1-Cs)alkyl)2 groups, —N((C1-
Cs)alky)C(O)NH((C1-Cs)alkyl), —C(O)H, —C(O)(C;-Cs)alkyl groups, —CN, —NO2z, —
S(O)(C1-Cy)alkyl groups, —S(0O)2(C1-Cy)alkyl groups, —S(O)2N((C1-Cs)alkyl)2 groups, —
S(0)2NH(C1-Cg)alkyl groups, —S(0O)NH(C3-Cs)cycloalkyl groups, —S(O)>NH> groups, —
NHS(0)»(Ci-Cs)alkyl groups, —N((Ci-Cs)alky)S(0)>(Ci-Cg)alkyl groups, —(Ci-Cg)alkyl-
O—(C;-Cyg)alkyl groups, —O—(C;-Cg)alkyl-O—(C;-Cs)alkyl groups, —C(O)OH, —



WO 2025/117661 PCT/US2024/057645
101

C(O)O(C1-Cy)alkyl groups, NHOH, NHO(C;-Cg)alkyl groups, —O-halogenated (C:-Cs)alkyl
groups (for example but not limited to —OCF3), —S(O)2-halogenated (C:-Cs)alkyl groups
(for example but not limited to —S(0)2CF3), —S-halogenated (C;-Cg)alkyl groups (for
example but not limited to —SCF3), —(C1-Cs) heterocycle (for example but not limited to
pyrrolidine, tetrahydrofuran, pyran or morpholine), —(C1-Ce) heteroaryl (for example but not
limited to tetrazole, imidazole, furan, pyrazine or pyrazole), -phenyl, —NHC(O)O—(C;-
Ce)alkyl groups, —N((C1-Ce)alkyl)C(O)O—(C1-Cs)alkyl groups, —C(—NH)—(C-Cs)alkyl
groups, —C(=NOH)—(C;-C¢)alkyl groups, or —C(—=N—O—(C;-Cs)alkyl)-(C-Cs)alkyl
groups.

[0177] Exemplary carbon atom substituents include, but are not limited to, deuterium,
halogen, —CN, —NO», —N3, hydroxyl, alkoxy, cycloalkoxy, aryloxy, amino, monoalkyl amino,
dialkyl amino, amide, sulfonamide, thiol, acyl, carboxylic acid, ester, sulfone, sulfoxide,
alkyl, haloalkyl, alkenyl, alkynyl, Cs_i0 carbocyclyl, Ce10 aryl, 3—10 membered heterocyclyl,
5-10 membered heteroaryl, etc. For example, exemplary carbon atom substituents can
include F, C], -CN, -SO:H, -SO;H, —OH, —-OC_ alkyl, -NH3, —-N(C ¢ alkyl)>, -NH(C1_¢
alkyl), —=SH, -SC1 alkyl, =C(=0)(Ci-¢ alkyl), -CO2H, -CO2(C1_s alkyl), -OC(=0)(Ci_s
alkyl), -OCO2(Ci_s alkyl), -C(=0)NH;, —C(=0)N(C - alkyl)>, -OC(=O)NH(C_¢ alkyl), —
NHC(=0)(Ci-6 alkyl), -N(C_¢ alkyl)C(=0)( C1¢ alkyl), -NHCO>(C1¢ alkyl), —
NHC(=0)N(C1_¢ alkyl)>, -NHC(=O0)NH(C1_¢ alkyl), -NHC(=O)NH>, -NHSO>(C1 alkyl), -
SO2N(Ci6 alkyl)2, -SO2NH(C1-6 alkyl), ~SO2NH2,-SO2C 16 alkyl, —-SO20C_¢ alkyl, —
0S02Ci-6 alkyl, —-SOCi-s6 alkyl, Ci-¢ alkyl, Ci-6 haloalkyl, C>-6 alkenyl, C2-6 alkynyl, C3-10
carbocyclyl, Ce-10 aryl, 3—10 membered heterocyclyl, 5-10 membered heteroaryl; or two
geminal substituents can be joined to form =O.

[0178] Nitrogen atoms can be substituted or unsubstituted as valency permits, and include
primary, secondary, tertiary, and quaternary nitrogen atoms. Exemplary nitrogen atom
substituents include, but are not limited to, hydrogen, acyl groups, esters, sulfone, sulfoxide,
Cio10 alkyl, Ci-10 haloalkyl, C>-10 alkenyl, Cz-10 alkynyl, C3_1o carbocyclyl, 3—14 membered
heterocyclyl, Ce-14 aryl, and 5—14 membered heteroaryl, or two substituent groups attached to
a nitrogen atom are joined to form a 3-14 membered heterocyclyl or 5-14 membered
heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl can be further substituted as defined herein. In certain embodiments, the

substituent present on a nitrogen atom is a nitrogen protecting group (also referred to as an
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amino protecting group). Nitrogen protecting groups are well known in the art and include
those described in detail in Protective Groups in Organic Synthesis, T. W. Greene and P. G.
M. Wuts, 3" edition, John Wiley & Sons, 1999, incorporated by reference herein. Exemplary
nitrogen protecting groups include, but not limited to, those forming carbamates, such as
Carbobenzyloxy (Cbz) group, p-Methoxybenzyl carbonyl (Moz or MeOZ) group, tert-
Butyloxycarbonyl (BOC) group, Troc, 9-Fluorenylmethyloxycarbonyl (Fmoc) group, etc.,
those forming an amide, such as acetyl, benzoyl, etc., those forming a benzylic amine, such
as benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, etc., those forming a sulfonamide, such as
tosyl, Nosyl, etc., and others such as p-methoxyphenyl.

[0179] Exemplary oxygen atom substituents include, but are not limited to, acyl groups,
esters, sulfonates, Ci_10 alkyl, C1-10 haloalkyl, C>_0 alkenyl, C>_10 alkynyl, C3_10 carbocyclyl,
3-14 membered heterocyclyl, Cs_14 aryl, and 5-14 membered heteroaryl, wherein each alkyl,
alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl can be further substituted as
defined herein. In certain embodiments, the oxygen atom substituent present on an oxygen
atom is an oxygen protecting group (also referred to as a hydroxyl protecting group). Oxygen
protecting groups are well known in the art and include those described in detail in Protective
Groups in Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3* edition, John Wiley &
Sons, 1999, incorporated herein by reference. Exemplary oxygen protecting groups include,
but are not limited to, those forming alkyl ethers or substituted alkyl ethers, such as methy],
allyl, benzyl, substituted benzyls such as 4-methoxybenzyl, methoxylmethyl (MOM),
benzyloxymethyl (BOM), 2-methoxyethoxymethyl (MEM), etc., those forming silyl ethers,
such as trimethylsilyl (TMS), triethylsilyl (TES), triisopropylsilyl (TIPS), t-
butyldimethylsilyl (TBDMS), etc., those forming acetals or ketals, such as tetrahydropyranyl
(THP), those forming esters such as formate, acetate, chloroacetate, dichloroacetate,
trichloroacetate, trifluoroacetate, methoxyacetate, etc., those forming carbonates or sulfonates
such as methanesulfonate (mesylate), benzylsulfonate, and tosylate (Ts), etc.

[0180] Unless expressly stated to the contrary, combinations of substituents and/or
variables are allowable only if such combinations are chemically allowed and result in a
stable compound. A “stable” compound is a compound that can be prepared and isolated and
whose structure and properties remain or can be caused to remain essentially unchanged for a
period of time sufficient to allow use of the compound for the purposes described herein (e.g.,

therapeutic administration to a subject).
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[0181] Unless otherwise specified or contrary from context, the optionally substituted groups
as referred to herein can be (A) unsubstituted; (B) substituted with one or more substituents
each independently deuterium, halogen, CN, or Q'-Q>-Q*-Q*, wherein Q', Q°, and Q’ are
each independently null, O, NQ*, C(0), S, SO, SO2, S(0)(=NQ*), C1.4 alkylene optionally
substituted with deuterium, F, and/or OH, or P(0)Q*, wherein Q* at each occurrence is
independently hydrogen, C1.6 alkyl optionally substituted with one or more Q'°, C2 alkenyl
optionally substituted with one or more Q!°, C,.¢ alkynyl optionally substituted with one or
more Q'°, C1.6 heteroalkyl optionally substituted with one or more Q'°, or 3-14 membered
ring optionally substituted with one or more Q'°, wherein Q'° at each occurrence is
independently deuterium, halogen, oxo (as applicable), CN, or Q%°-Q?!-Q*-Q%, wherein Q?°,
Q?', and Q are each independently null, O, NQ?*, C(0), S, SO, SOz, S(0)(=NQ?), C14
alkylene optionally substituted with deuterium, F, and/or OH, or P(0)Q%, wherein Q?* at
each occurrence is independently hydrogen, Ci-6 alkyl optionally substituted with one or
more Q%, Ca.6 alkenyl optionally substituted with one or more Q3°, C2.6 alkynyl optionally
substituted with one or more Q*°, Ci heteroalkyl optionally substituted with one or more
Q*°, or 3-8 membered ring optionally substituted with one or more Q*°, wherein Q*° at each
occurrence is independently deuterium, halogen, oxo (as applicable), CN, OH, NHz, Ci4
alkyl optionally substituted with one or more Q*', Ci.s heteroalkyl optionally substituted with
one or more Q*!, or 3-5 membered ring optionally substituted with one or more Q>', wherein
Q?! at each occurrence is independently deuterium, F, OH, C.4 alkyl optionally substituted
with deuterium and/or F, or Ci1.4 heteroalkyl optionally substituted with deuterium and/or F;
or (C) two or more substituents of the respective optionally substituted group, and/or one of
the substituents of the respective optionally substituted group and another variable herein, are
joined to form a ring (e.g., a spiro ring, a fused ring, or a bridged ring), which is optionally
substituted with one or more substituents as defined in (B), and any remaining substituents of
the respective optionally substituted group are as defined in (B). In some preferred
embodiments, the optionally substituted groups as defined in connection with a formula
herein can be unsubstituted or substituted with one or more substituents as defined in (B).
The combination of Q', Q?, and Q? is not particularly limited, which can preferably be (a) a
linker of O, NQ*, C(0), S, SO, SO., or P(0)Q*, when two of Q*, Q?, and Q* are null, or (b) a
linker of amide (C(O)NQ%), ester (C(O)0), sulfonamide (SO2NQ™), etc., when one of Q', Q?,
and Q3 is null, or (¢) a linker of carbamate (OC(O)NQ%), urea (NQ*C(O)NQ?),
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sulfamoylamino (NQ*SO,NQ%), etc., when none of Q!, Q2, and Q? is null. The combination
of Q%°, Q%! and Q?* should be understood similarly.

[0182] Unless otherwise specified or contrary from context, when a group herein is defined
as being optionally substituted with one or more substituents selected from a defined list or
simply a defined list of substituents, the group is typically unsubstituted or substituted with 1,
2, 3, or 4 substituents as defined, although in some embodiments, the group can also be
substituted with more than 4 substituents. For example, an alkyl group optionally substituted
with one or more substituents independently selected from deuterium, F, and OH can be
typically unsubstituted or substituted with 1-4 substituents each independently deuterium, F,
or OH. Similarly, an alkyl group optionally substituted with deuterium and/or F is typically
unsubstituted or substituted with 1-4 substituents each independently deuterium or F.

[0183] Unless otherwise specified or contrary from context, a 3-x membered ring herein,
wherein x is an integer of 6 or greater, e.g., 3-14 membered, 3-8 membered ring, etc., can be
a (i) 3-x membered carbocyclic ring, (ii) 4-x membered heterocyclic ring having 1-3 ring
heteroatoms each independently O, S, and N, wherein the sulfur atom, if present, is optionally
oxidized; (iii) phenyl ring, or phenyl or naphthyl ring when x is 10 or greater; (iv) a 5 or 6-
membered heteroaryl ring having 1-4 ring heteroatoms each independently O, S, and N, or a
5 or 6-membered heteroaryl ring or bicyclic heteroaryl ring having 1-4 ring heteroatoms each
independently O, S, and N, when x is 9 or greater.

[0184] Unless otherwise specified or contrary from context, a 3-6 membered ring herein can
be a (i) 3-6 membered carbocyclic ring, e.g., cyclopropyl, cyclobutyl, etc., (ii) 4-6 membered
heterocyclic ring having 1-2 ring heteroatoms each independently O, S, and N, wherein the
sulfur atom, if present, is optionally oxidized, e.g., oxetane, azetidine, etc.; (iii) a 5-membered
heteroaryl ring having 1-4 ring heteroatoms each independently O, S, and N; (iv) a 6-
membered heteroaryl ring having 1 or 2 ring nitrogen atoms; or (v) a phenyl ring.

[0185] Unless otherwise specified or contrary from context, a 3-5 membered ring herein can
be a (i) 3-5 membered carbocyclic ring, e.g., cyclopropyl, cyclobutyl, etc., (ii) 4-5 membered
heterocyclic ring having 1-2 ring heteroatoms each independently O, S, and N, wherein the
sulfur atom, if present, is optionally oxidized, e.g., oxetane, azetidine, etc.; or (iii) a 5-
membered heteroaryl ring having 1-4 ring heteroatoms each independently O, S, and N.

[0186] In some embodiments, the “optionally substituted” alkyl, alkylene, heteroalkyl,
heteroalkylene, alkenyl, alkynyl, carbocyclic, carbocyclylene, cycloalkyl, cycloalkylene,
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alkoxy, cycloalkoxy, heterocyclyl, or heterocyclylene herein can each be independently
unsubstituted or substituted with 1, 2, 3, or 4 substituents independently selected from
deuterium, F, Cl, -OH, protected hydroxyl, oxo (as applicable), NHz, protected amino,
NH(C 14 alkyl) or a protected derivative thereof, N(Ci.4 alkyl((Ci4 alkyl), Ci-4 alkyl, Co4
alkenyl, Co.4 alkynyl, Ci4 alkoxy, Cs.s cycloalkyl, Cs.¢ cycloalkoxy, phenyl, 5 or 6 membered
heteroaryl containing 1, 2, or 3 ring heteroatoms independently selected from O, S, and N, 3-
7 membered heterocyclyl containing 1 or 2 ring heteroatoms independently selected from O,
S, and N, wherein each of the alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkoxy
phenyl, heteroaryl, and heterocyclyl, is optionally substituted with 1, 2, or 3 substituents
independently selected from deuterium, F, -OH, oxo (as applicable), C14 alkyl, fluoro-
substituted Ci4alkyl (e.g., CF3), Ci4 alkoxy and fluoro-substituted C;4 alkoxy. In some
embodiments, the “optionally substituted” aryl, arylene, heteroaryl or heteroarylene group
herein can each be independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from deuterium, F, CI, -OH, -CN, NH3, protected amino, NH(C1.4
alkyl) or a protected derivative thereof, N(Ci-4 alkyl((C1-4 alkyl), —-S(=0)(C,4 alkyl), —SO2(C;-
qalkyl), Ci4alkyl, Ca4alkenyl, C2.4 alkynyl, Ci.4alkoxy, Cs.6 cycloalkyl, Cs cycloalkoxy,
phenyl, 5 or 6 membered heteroaryl containing 1, 2 or 3 ring heteroatoms independently
selected from O, S, and N, 3-7 membered heterocyclyl containing 1 or 2 ring heteroatoms
independently selected from O, S, and N, wherein each of the alkyl, alkenyl, alkynyl, alkoxy,
cycloalkyl, cycloalkoxy, phenyl, heteroaryl, and heterocyclyl, is optionally substituted with 1,
2, or 3 substituents independently selected from deuterium, F, -OH, oxo (as applicable), C14
alkyl, fluoro-substituted C;.4 alkyl, C;.4 alkoxy and fluoro-substituted Ci-4 alkoxy.

[0187] “Halo” or “halogen” refers to fluorine (fluoro, —F), chlorine (chloro, —Cl),
bromine (bromo, —Br), or iodine (iodo, -I).

[0188] The term “pharmaceutically acceptable salt” refers to those salts which are, within
the scope of sound medical judgment, suitable for use in contact with the tissues of humans
and lower animals without undue toxicity, irritation, allergic response, and the like, and are
commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well
known in the art.

[0189] The term “tautomers” or “tautomeric”™ refers to two or more interconvertible
compounds resulting from tautomerization. The exact ratio of the tautomers depends on

several factors, including for example temperature, solvent, and pH. Tautomerizations are
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known to those skilled in the art. Exemplary tautomerizations include keto-to-enol, amide-to-
imide, lactam-to-lactim, enamine-to-imine, and enamine-to-(a different enamine)
tautomerizations.

[0190] The term “subject” (alternatively referred to herein as “patient™) as used herein,
refers to an animal, preferably a mammal, most preferably a human, who has been the object
of treatment, observation or experiment.

[0191] As used herein, the terms "treat," "treating," "treatment," and the like refer to
eliminating, reducing, or ameliorating a disease or condition, and/or symptoms associated
therewith. Although not precluded, treating a disease or condition does not require that the

disease, condition, or symptoms associated therewith be completely eliminated. As used

"o o

herein, the terms "treat," "treating," "treatment," and the like may include "prophylactic
treatment," which refers to reducing the probability of redeveloping a disease or condition, or
of a recurrence of a previously-controlled disease or condition, in a subject who does not
have, but is at risk of or is susceptible to, redeveloping a disease or condition or a recurrence
of the disease or condition. The term "treat" and synonyms contemplate administering a
therapeutically effective amount of a compound described herein to a subject in need of such
treatment.

[0192] The term "effective amount" refers to that amount of a compound or combination
of compounds as described herein that is sufficient to effect the intended application
including, but not limited to, prophylaxis or treatment of diseases. A therapeutically effective
amount may vary depending upon the intended application (ir vitro or in vivo), or the subject
and disease condition being treated (e.g., the weight, age and gender of the subject), the
severity of the disease condition, the manner of administration, etc. which can readily be
determined by one of ordinary skill in the art. The term also applies to a dose that will induce
a particular response in target cells and/or tissues. The specific dose will vary depending on
the particular compounds chosen, the dosing regimen to be followed, whether the compound
is administered in combination with other compounds, timing of administration, the tissue to
which it is administered, and the physical delivery system in which the compound is carried.

[0193] As used herein, the singular form “a”, “an”, and “the”, includes plural references
unless it is expressly stated or is unambiguously clear from the context that such is not

intended.
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[0194] The term “and/or” as used in a phrase such as “A and/or B” herein is intended to
include both A and B; A or B; A (alone); and B (alone). Likewise, the term “and/or” as used
in a phrase such as “A, B, and/or C” is intended to encompass each of the following
embodiments: A, B, and C; A,B,orC; AorC; AorB; BorC; Aand C; A and B; B and C;
A (alone); B (alone); and C (alone).

[0195] Headings and subheadings are used for convenience and/or formal compliance
only, do not limit the subject technology, and are not referred to in connection with the
interpretation of the description of the subject technology. Features described under one
heading or one subheading of the subject disclosure may be combined, in various
embodiments, with features described under other headings or subheadings. Further it is not
necessarily the case that all features under a single heading or a single subheading are used

together in embodiments.

Examples

[0196] The various starting materials, intermediates, and compounds of embodiments
herein can be isolated and purified where appropriate using conventional techniques such as
precipitation, filtration, crystallization, evaporation, distillation, and chromatography.
Characterization of these compounds can be performed using conventional methods such as
by melting point, mass spectrum, nuclear magnetic resonance, and various other
spectroscopic analyses. The examples herein may use a solvent, such as an HPLC solvent,
containing certain acids (such as formic acid) for the purification of target compounds. In
these examples, the target compounds may exist as an acid addition salt, which may be a
partial salt or a stoichiometric salt (full salt) with the acids in the solvent, such as HPLC
solvent. For example, when an HPLC solvent containing formic acid is used for the
purification of a target compound, it is expected that the isolated target compound may
contain some residual formic acid. It is to be noted that the signals in an NMR spectrum of
the target compound due to formic acid may or may not be reported herein. In such cases, an
ordinarily skilled person in the art would understand that the isolated target compound may
for example exist in a free form (no salt formation, residual formic acid considered an
impurity), a partial salt, or a full salt, depending on vacuum drying conditions. It should be
understood that the enantiomeric excesses ("ee") reported herein are only representative from

the exemplified procedures herein and not limiting; those ordinarily skilled in the art would
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understand that such enantiomers with a different ee, such as a higher ee, can be obtained in
view of the present disclosure. The abbreviations used in the Examples section should be
understood as having their ordinary meanings in the art unless specifically indicated
otherwise or obviously contrary from context. The examples are illustrative only and do not
limit the claimed invention in any way.

[0197] Exemplary embodiments of steps for performing the synthesis of products

described herein are described in greater detail infra.

Intermediate A

2-(5-(benzylthio)-7-chloropyrazolo[1,5-a]pyridin-3-yl)-5-(difluoromethyl)-1,3,4-thiadiazole

Br. A 02C|6 Z N ©\/SH @\/S Y NIS
N~y LiHMDS, THF, X N‘N Pd,(dba)s, XantPhos, o N-f CHCN, 1t
-78°Ctort DIEA, 1,4-dioxane, 100 °C
Cl step 3
SM step 1 step 2 A-2

N
\§
| \Sr<' >/S NS
BISANAA  (Messn,, Pd(PPhy)y  BNS\AN = o BnS._~_

N~ 1,4-dioxane, 100 °C NG Pd(PI:SS)géDMFv SNy

E-ls step 4 Ac_l step 5 i I
[0198] Step 1: 5-bromo-7-chloropyrazolo[1,5-a]pyridine (A-1)
[0199] To a solution of 5-bromopyrazolo[1,5-a]pyridine (3 g, 15.2 mmol) in dry THF (70

mL) was added LiHMDS (1 M in THF solution, 18.3 mL, 18.3 mmol) dropwise at -78 °C
under N». After stirring for 2 hrs, a solution of C>Clg (3.24 g, 13.7 mmol) in dry THF (5 mL)
was added dropwise at -78 °C under N2 atmosphere. Then the reaction mixture was allowed
to warm to room temperature and stirred at room temperature for 6 hrs. LCMS showed the
reaction completed. The reaction mixture was worked up with water and extracted with ethyl
acetate. The combined organic layers were washed with saturated brine, dried over anhydrous
NasSOy, filtered, and concentrated under reduced pressure to give a crude product which was
purified by flash column chromatography on silica gel (eluting with 8% EtOAc in PE) to
afford 5-bromo-7-chloro-pyrazolo[1,5-a]pyridine (2.7 g). LCMS (ESI, m/z): [M+H]" = 230.9.
[0200] Step 2: 5-(benzylthio)-7-chloropyrazolo[1,5-a]pyridine (A-2)
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[0201] To a solution of 5-bromo-7-chloro-pyrazolo[1,5-a]pyridine (2.9 g, 12.5 mmol) and
phenylmethanethiol (1.87 g, 15.0 mmol) in 1,4-dioxane (100 mL) was added DIEA (1.62 g,
12.5 mmol, 2.18 mL), Xantphos (1.45 g, 2.51 mmol) and Pdx(dba)z (1.15 g, 1.25 mmol)
under N». The reaction mixture was degassed, then stirred at 100 °C for 3 hrs under N>
atmosphere. LCMS showed the reaction completed. The reaction mixture was worked up
with water and extracted with EtOAc. The combined organic layers were washed with
saturated brine, dried over anhydrous Na>SOyu, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (eluting
with 13% EtOAc in PE) to afford 5-benzylsulfanyl-7-chloro-pyrazolo[1,5-alpyridine (700
mg). LCMS (ESI, m/z): [M+H]*=274.9.

[0202] Step 3: 5-(benzylthio)-7-chloro-3-iodopyrazolo[1,5-aJpyridine (A-3)

[0203] To a solution of 5-benzylsulfanyl-7-chloro-pyrazolo[ 1,5-a]pyridine (587 mg, 2.14
mmol) in acetonitrile (15 mL) was added NIS (514.3 mg, 2.29 mmol) at room temperature
under N2. The reaction mixture was stirred at room temperature for 1 hr. LCMS showed the
reaction completed. The reaction mixture was worked up with water and extracted by EtOAc.
The combined organic layers were washed with saturated brine, dried over anhydrous
NazSOyq, filtered, and concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (eluting with 15% EtOAc in PE) to afford 5-
benzylsulfanyl-7-chloro-3-iodo-pyrazolo[1,5-a]pyridine (788 mg). LCMS (ESI, m/z):
[M+H]* = 400.8.

[0204] Step 4: 5-(benzylthio)-7-chloro-3-(trimethylstannyl)pyrazolo[1,5-a]pyridine (A-4)

[0205] To a solution of 5-benzylsulfanyl-7-chloro-3-iodo-pyrazolo|1,5-alpyridine (600
mg, 1.5 mmol) in 1,4-dioxane (10 mL) was added trimethyl(trimethylstannyl)stannane (588
mg, 1.8 mmol) and Pd(PPhs)4 (86 mg, 0.075 mmol) under N». The reaction mixture was
degassed with N», then stirred at 100 °C for 1.5 hrs. LCMS showed the reaction completed.
The reaction mixture was concentrated under reduced pressure to afford the crude product
which was used directly for the next step without further purification. LCMS (ESI, m/z):

[M+H]* = 437.0.

[0206] Step 5: 2-(5-(benzylthio)-7-chloropyrazolo[1,5-a]pyridin-3-yl)-5-
(difluoromethyl)-1,3,4-thiadiazole (A)
[0207] To a solution of (5-benzylsultanyl-7-chloro-pyrazolo[1,5-a]pyridin-3-yl)-

trimethyl-stannane (300 mg, 0.69 mmol) in DMF (10 mL) was added 2-bromo-5-
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(difluoromethyl)-1,3,4-thiadiazole (162 mg, 0.75 mmol) and Pd(PPh3)s (80 mg, 0.068 mmol)
under N». The reaction mixture was degassed, then stirred at 100 °C for 5 hrs under N»
atmosphere. LCMS showed the reaction completed. Then the reaction mixture was worked
up with water and extracted with EtOAc. The organic layers were washed with saturated
brine, dried over anhydrous Na>SOu, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (eluting with 5% - 10%
EtOAc in PE) to afford 2-(5-(benzylthio)-7-chloropyrazolo[1,5-a]pyridin-3-yl)-5-
(difluoromethyl)-1,3,4-thiadiazole (230 mg). LCMS (ESI, m/z): [M+H]* = 409.1.

Intermediate B

7-chloro-N-(1-cyanocyclopropyl)-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-
ylpyrazolo[1,5-a]pyridine-5-sulfonamide (B)

F
N
N y F
,Nﬁ)\F N %H\ P N,Nﬁ/L
~

NG J NCS NH, HCI N:\P \-$
- .
BnS Ay HCOOH, DCM, H,0,
SN / 0 °C-rt
°N step 1

_— HN.Z

TEA, DCM, 0 °C SY 7
step 2 ~-N-N
cl cl
A B-1 B
[0208] Step 1: 7-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)pyrazolo[1,5-
a]pyridine-5-sulfonyl chloride (B-1)
[0209] To a solution of 2-(5-benzylsulfanyl-7-chloro-pyrazolo[1,5-a]pyridin-3-y1)-5-

(difluoromethyl)-1,3,4-thiadiazole (500 mg, 1.22 mmol) in H>0 (0.9 mL), HCOOH (1.9 mL)
and DCM (5 mL) was added NCS (653 mg, 4.89 mmol) at 0 °C under N». The mixture was
stirred at room temperature for 1.5 hrs. LCMS showed the reaction completed. The reaction
mixture was worked up with water and extracted with ethyl acetate. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SOg, filtered, and
concentrated to afford the crude product (420 mg) which was used directly in the next step
without further purification. LCMS (ESL, m/z): [M+H]*=385.1.

[0210] Step 2: 7-chloro-N-(1-cyanocyclopropyl)-3-(5-(difluoromethyl)-1,3,4-thiadiazol-
2-yl)pyrazolo[1,5-a]pyridine-5-sulfonamide (B)

[0211] To a solution of 1-aminocyclopropanecarbonitrile hydrochloride (27.7 mg, 0.234
mmol) in DCM (1 mL) was added TEA (79 mg, 0.779 mmol, 0.109 mL). Alter stirring for 5
mins, 7-chloro-3-[5-(difluoromethyl)-1,3,4-thiadiazol-2-yl]pyrazolo[1,5-a]pyridine-5-
sulfonyl chloride (100 mg, 0.260 mmol) in DCM (1mL.) was added at O °C under N>. The
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reaction mixture was stirred at 0 °C for 2 hrs. LCMS showed the reaction completed. The
reaction mixture was worked up with water and extracted with ethyl acetate. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOyj, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 5% MeOH in DCM) to afford 7-chloro-N-(1-
cyanocyclopropyl)-3-[5-(difluoromethyl)-1,3,4-thiadiazol-2-yl]pyrazolo[1,5-a]pyridine-5-
sulfonamide (12 mg). LCMS (ESL, m/z): [M+H]*=431.0.

Intermediate C

2-bromo-5-(1-fluorocyclopropyl)-1,3.4-thiadiazole(C)

S
F F
o OH HZNJLN‘NHZ 'NQFQ £-BUONO, CuBr, N%

H N N’

F \_- S N_-S
POCI; 80°C ’\?/ ACN, -20°C B>/
2
step 1 step 2 r
C-1 C
[0212] Step 1: 5-(1-fluorocyclopropyl)-1,3,4-thiadiazol-2-amine (C-1)
[0213] To a solution of 1-fluorocyclopropanecarboxylic acid (2 g, 19.2 mmol) in POCl3

(20 mL) was added aminothiourea (1.75 g, 19.2 mmol) under N». The mixture was stirred at
80 °C for 1 hr. LCMS showed the reaction completed. The reaction mixture was cooled to
room temperature, poured into water carefully, then neutralized with saturated aqueous
NaHCOs to pH = 7~8. The resulting mixture was extracted with EtOAc. The combined
organic layers were dried over anhydrous Na>SOa, filtered, and concentrated under reduced
pressure to afford 5-(1-fluorocyclopropyl)-1,3,4-thiadiazol-2-amine (2.17 g). LCMS (ESI,
m/z): [M+H]*= 160.0.

[0214] Step 2: 2-bromo-5-(1-fluorocyclopropyl)-1,3,4-thiadiazole (C)

[0215] To a solution of 5-(1-fluorocyclopropyl)-1,3,4-thiadiazol-2-amine (2.17 g, 13.6
mmol) in ACN (50 mL) was added CuBr2 (4.57 g, 20.5 mmol) and ferz-butyl nitrite (1.72 g,
16.6 mmol, 1.98 mL) at -20 °C under N». The mixture was stirred at -20 °C for 5 hrs. LCMS
showed the reaction completed. The reaction mixture was worked up with water and
extracted with EtOAc. The combined organic layers were washed with saturated brine, dried
over anhydrous NaxSQg, filtered, and concentrated under reduced pressure. The residue was

purified by flash column chromatography on silica gel (eluting with 13% EtOAc in PE) to
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afford 2-bromo-5-(1-fluorocyclopropyl)-1,3,4-thiadiazole (1.4 g). LCMS (ESI, m/z): [M+H]*

=222.8.
Intermediate D
2-bromo-4-(difluoromethyl)thiazole(D)
[e) F

N | DAST N
5T e T T

S S

step 1
D
[0216] To a solution of 2-bromothiazole-4-carbaldehyde (2.0 g, 10.4 mmol) in DCM (20

mL) was added DAST (6.72 g, 41.7 mmol) at 0 °C under Na. The reaction mixture was
stirred at room temperature for 16 hrs. The reaction mixture was quenched with saturated
aqueous NaHCO:s, then extracted with DCM. The combined organic layers were washed with
saturated brine, dried over anhydrous Na»>SQOy, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (eluting
with 5% EtOAc in PE) to afford 2-bromo-4-(difluoro methyl) thiazole (1.5 g). '"H NMR (400
MHz, DMSO-ds) 6 8.18 (s 1H), 7.07 (t, /= 54.0 Hz, 1H).

Intermediate E

isopropyl piperazine-1-carboxylate hydrochloride (E)

IIBOC H
Elioc 0 N N_HCI
oA () ()

E ] cI” o HClin 1,4-dioxane
R Y N i T A
N TEA DCM it | t A
H ] o] i ) ) j.\
step step

E-1 E
[0217] Step 1: 1-(tert-butyl) 4-isopropyl piperazine-1,4-dicarboxylate (E-1)
[0218] To a mixture of rert-butyl piperazine-1-carboxylate (1 g, 5.37 mmol) and TEA

(1.63 g, 16.1 mmol, 2.25 mL) in DCM (10 mL) was added isopropyl carbonochloridate (790
mg, 6.44 mmol) at room temperature under N». The mixture was stirred at room temperature
for 3 hrs. After completion, the reaction mixture was worked up with water and extracted

with DCM. The combined organic layers were washed with aqueous HCI (1 M) and then with
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saturated brine, dried over anhydrous Na»SQyu, filtered, and concentrated to afford 1-(zers-
butyl) 4-isopropyl piperazine-1,4-dicarboxylate (1.3 g).

[0219] Step 2: isopropyl piperazine-1-carboxylate hydrochloride (E)

[0220] 1-(zert-butyl) 4-isopropyl piperazine- 1,4-dicarboxylate (1 g, 3.67 mmol) was
added to a solution of HCl in 1,4-dioxane solution (4.0 M, 11 mL). The reaction mixture was
stirred for 1 hr at room temperature. LCMS showed the reaction completed. The reaction
mixture was concentrated under reduced pressure to give isopropyl piperazine-1-carboxylate

hydrochloride (750 mg) which was used directly in the next step without further purification.

Intermediate F

(1-methylcyclobutyl)(piperazin-1-yl)methanone hydrochloride (F)

H
— |
Boc—N_  NH [Nj [Nj HCl
OH _/
% N H—CI- N
O HATU, DMF, DIPEA, rt : 1,4-dioxane, rt : L
Step 1 0 Step 2 o
F-1 .

[0221] Step 1: tert-butyl 4-(1-methylcyclobutanecarbonyl)piperazine- 1-carboxylate (F-1)
[0222] To a solution of 1-methylcyclobutanecarboxylic acid (505 mg, 4.42 mmol), terz-

butyl piperazine-1-carboxylate (750 mg, 4.03 mmol) and DIPEA (1.56 g, 12.1 mmol, 2.10
mL) in DMF (5 mL) was added HATU (1.68 g, 4.42 mmol) under N». The reaction mixture
was stirred at room temperature for 3 hrs. LCMS showed the reaction completed. The
reaction mixture was worked up with water and extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SQy, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 0-30% EtOAc in PE) to give fert-butyl 4-(1-
methylcyclobutanecarbonyl)piperazine-1-carboxylate (0.95 g).

[0223] Step 2: (1-methylcyclobutyl)-piperazin-1-yl-methanone hydrochloride salt (F)

[0224] tert-butyl 4-(1-methylcyclobutanecarbonyl)piperazine- 1-carboxylate (300 mg,
1.06mmol) was added to HCl in 1,4-dioxane (4 M, 6 mL) at 0 °C. The mixture was warmed
to room temperature and stirred for 3 hrs under N> atmosphere. TLC showed the reaction
completed. The reaction mixture was concentrated to afford (1-methylcyclobutyl)(piperazin-

1-yl)methanone hydrochloride (200 mg). LCMS (ESL, m/z): [M+H]* = 183.1.
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Intermediate G

2-methyl-5-(piperazin-1-yl)-1,3,4-thiadiazole hydrochloride (G)

HCI

EISOC H
N N
Br —\ [ ]
*\ Boc—N NH [ ] HCl
S ,N \__/ N N
):N DIPEA, 1,4-Dioxane, 110 °C S)§N 1 4-dioxane, rt S)\

N

/

step 1 )=r\f step 2 ):N
G

G-1
[0225] Step 1: tert-butyl 4-(5-methyl-1,3,4-thiadiazol-2-yl)piperazine-1-carboxylate (G-
1)
[0226] To a solution of 2-bromo-5-methyl-1,3,4-thiadiazole (500 mg, 2.79 mmol) and

DIPEA (256 mg, 5.58 mmol) in 1,4-dioxane (7 mL) was added rerz-butyl piperazine-1-
carboxylate (520 mg, 2.79 mmol) at room temperature under N2. The reaction mixture was
stirred at 110 °C for 5 hrs. LCMS showed the reaction completed. The reaction mixture was
cooled to room temperature and worked up with water, then extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over anhydrous Na>SOs,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 30% EtOAc in PE) to afford terr-butyl 4-(5-
methyl-1,3,4-thiadiazol-2-yl)piperazine- [ -carboxylate (680 mg). LCMS (ESI, m/z): [M+H]*

=285.4.
[0227] Step 2: 2-methyl-5-piperazin-1-yl-1,3,4-thiadiazole hydrochloride (G)
[0228] tert-butyl 4-(5-methyl-1,3,4-thiadiazol-2-yl)piperazine- 1-carboxylate (680 mg,

2.39 mmol) was added to a solution of HCl in 1.4 dioxane (4 M, 4 mL). The mixture was
stirred at room temperature for 2 hrs. LCMS showed the reaction completed. The reaction
mixture was concentrated under reduced pressure to afford 2-methyl-5-piperazin-1-yl-1,3,4-

thiadiazole hydrochloride (520 mg). LCMS (ESI, m/z): [M+H]*= 184.26.
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Intermediate H

(S)-(3-fluoropyrrolidin-1-yl)(piperazin- 1 -yl)methanone hydrochloride (H)

Il3oc
N
H
Boc HD_F [ j N_HCI
N HCl in 1,4-dioxane [ j

|
N
[ j BTC, DIEA, DCM O)\NQAF MeOH, rt, 1 hr N
N 0°C -1t, 3hrs O)\N F
step1 step 2
H-1 H
[0229] Step 1: tert-butyl (S)-4-(3-fluoropyrrolidine-1-carbonyl) piperazine-1-carboxylate
(H-1)

[0230] To a solution of tert-butyl piperazine-1-carboxylate (1.92 g, 10.3 mmol) and

bis(trichloromethyl) carbonate (1.53 g, 5.17 mmol) in DCM (40 mL) was added DIEA (4.01
g.30.9 mmol, 5.40 mL) dropwise at O °C under Nz. The mixture was stirred at room
temperature for 3 hrs under N2 atmosphere. Then (S)-3-fluoropyrrolidine (920 mg, 10.3
mmol) was added and stirred for another 30 min. After completion, the reaction mixture was
worked up with water, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SQy, filtered, and concentrated under reduced
pressure. The residue was purified via prep-HPLC (0.05% NH4HCO3) to afford tert-butyl (S)-
4-(3-fluoropyrrolidine- 1 -carbonyl) piperazine-1-carboxylate (800 mg). LCMS (ESI, m/z):
[M+H-tBu]* = 246.2.

[0231] Step 2: (S)-(3-fluoropyrrolidin-1-yl) (piperazin-1-yl) methanone (H)

[0232] To a solution of tert-butyl (S)-4-(3-fluoropyrrolidine-1-carbonyl) piperazine-1-
carboxylate (500 mg, 1.66 mmol) in MeOH (5 mL) was added HC1 (4.0 M in 1,4-dioxane,
2.5 mL). The mixture was stirred at room temperature for 3 hrs. After completion, the
mixture was concentrated under reduced pressure to afford (S)-(3-fluoropyrrolidin-1-

yl)(piperazin- 1-yl)methanone hydrochloride (330 mg). LCMS (ESI, m/z): [M+H]* = 202.3.



WO 2025/117661 PCT/US2024/057645
116

Intermediate I

2-methyl-5-(piperazin- 1-y1)-1,3,4-oxadiazole hydrochloride (I)

Ii%oc
N Boc
H
[ ] N HCI
Br N
H

X (] )

0" N N
)=N' DIEA, 1,4-dioxane, 110 °C o )§ HCI, 1,4-dioxane, rt Py

Z-

G

)_ N step 2 N
step 1 =N _’\j
SM 11 |
[0233] Step 1: tert-butyl 4-(5-methyl-1,3,4-oxadiazol-2-yl)piperazine-1-carboxylate (I-1)
[0234] To a solution of 2-bromo-5-methyl-1,3,4-oxadiazole (500 mg, 3.07 mmol) in 1,4-

dioxane (7 mL) were added rerr-butyl piperazine-1-carboxylate (571 mg, 3.07 mmol) and
DIEA (786 mg, 6.14 mmol) at room temperature. The mixture was stirred at 110 °C for 5 hrs
under N> atmosphere. LCMS showed the reaction completed. The reaction mixture was
worked up with water, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOu, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (eluting
with 30% EtOAc in PE) to afford rert-butyl 4-(5-methyl-1,3,4-oxadiazol-2-yl)piperazine-1-
carboxylate (650 mg). LCMS (ESL, m/z): [M+H]*=269.2.

[0235] Step 2: 2-methyl-5-piperazin-1-yl-1,3,4-oxadiazole (I)

[0236] A mixture of tert-butyl 4-(5-methyl-1,3,4-oxadiazol-2-yl)piperazine-1-carboxylate
(300 mg, 1.12 mmol) in a solution of HC1 (4.0 M in 1,4-dioxane, 4 mL) was stirred at room
temperature for 2 hrs. LCMS showed the reaction completed. The reaction mixture was
concentrated under reduced pressure to afford 2-methyl-5-(piperazin-1-yl)-1,3,4-oxadiazole
hydrochloride (230 mg) which was used directly for the next step without further purification.

LCMS (ESI, m/z): [M+H]" = 169.1.
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Intermediate J

5-bromo-3-(difluoromethyl)-1,2,4-thiadiazole (J)

~o NH CI\IN
O%\rF o F\HLNHZ HNZCED °c F\H\NHZ
0
F AlMeg, toluene, 80 °C E Hol 20, F
step 1
p 41 step 2 J2
F F
- -
N=—SH SYN CuBr,, tBUONO S _N
Yb(CF3803)s, MeOH N ACN, 45 °C 5!
0°C-rt step 4
step 3 33 J
[0237] Step 1: 2,2-difluoroacetimidamide hydrochloride (J-1)
[0238] To a stirred suspension of NH4Cl (8.2 g, 153 mmol) in dry toluene (6 mL) at 0 °C

was added trimethylaluminum (10.4 g, 143.8 mmol) under N> and stirred until effervescence
ceased. Then Methyl 2,2-difluoroacetate (4.8 g, 43.6 mmol) was added. The resulting mixture
was stirred overnight at 80 °C under N> atmosphere. After completion, the reaction mixture
was cooled to 0 °C and quenched with methanol dropwise. The resulting mixture was stirred
for 90 minutes at O °C until the solid formed. The mixture was filtered through celite, then the
filtrate was concentrated under reduced pressure to afford 2,2-difluoroacetimidamide
hydrochloride (2.2 g).

[0239] Step 2: (E)-N'-chloro-2,2-difluoroacetimidamide (J-2)

[0240] To a solution of 2,2-difluoroacetimidamide hydrochloride (2.2 g, 16.9 mmol) in
water (30 mL) was added aqueous NaClO (w/w% = 7.5%, 12 mL). The mixture was stirred at
0 °C for 30 mins. LCMS showed the reaction completed. The reaction mixture was worked
up with water, then extracted with EtOAc. The combined organic layers were washed with
saturated brine, dried over anhydrous Na»SOy, filtered, and concentrated to give N'-chloro-
2,2-difluoro-acetamidine (500 mg). LCMS (ESI, m/z): [M+H]" = 128.9.

[0241] Step 3: 3-(difluoromethyl)-1,2,4-thiadiazol-5-amine (J-3)

[0242] A solution of N'-chloro-2,2-difluoro-acetamidine (500 mg, 3.9 mmol) in methanol
(9 mL) was treated with thiocyanic acid (230 mg, 3.9 mmol) for 5 min at O °C, followed by

the addition of ytterbium(III) trifluoromethanesulfonate hydrate (242 mg, 0.39 mmol) in
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portions at room temperature for 5 hrs under N2. LCMS showed the reaction completed. The
reaction mixture was worked up with water, then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOyj, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 0-5% MeOH in DCM) to afford 3-
(difluoromethyl)-1,2,4-thiadiazol-5-amine (300 mg). LCMS (ESI, m/z): [M+H]*=151.9. 'H
NMR (400 MHz, DMSO-ds) § 8.26 (s, 2H), 6.78 (t, /=52 Hz, 1H).

[0243] Step 4: 5-bromo-3-(difluoromethyl)-1,2,4-thiadiazole (J)

[0244] To a solution of 3-(difluoromethyl)-1,2,4-thiadiazol-5-amine (300 mg, 1.98 mmol)
in CH3CN (3 mL) was added CuBr» (532 mg, 2.38 mmol), followed by terz-Butyl nitrite (266
mg, 2.58 mmol) at room temperature. The reaction mixture was stirred at 45 °C for 4 hrs.
LCMS showed the reaction completed. The reaction mixture was worked up with water, then
extracted with EtOAc. The combined organic layers were washed with saturated brine, dried
over anhydrous NaxSQOg, filtered, and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (eluting with 0-10% EtOAc in PE) to
give 5-bromo-3-(difluoromethyl)-1,2,4-thiadiazole (100 mg). LCMS (ESL, m/z): [M+H]*=
214.8.

Intermediate K
[(3S)-3-hydroxypyrrolidin-1-yl]-piperazin-1-yl-methanone (K)
H

Boc N
oy @
(N] |:><OH [Nj HCl in 1,4-dioxane N
_—

_—

N BTC,DIEA,DCM ) MeOH, rt O)\N OH
H 0°C-rt o NQAOH

step 1 step 2
K-1 K
[0245] Step 1: tert-butyl 4-[(3S5)-3-hydroxypyrrolidine-1-carbonyl] piperazine-1-
carboxylate (K-1)
[0246] To a solution of tert-butyl piperazine-1-carboxylate (1.92 g, 10.3 mmol) and

bis(trichloromethyl) carbonate (1.53 g, 5.17 mmol) in DCM (40 mL) was added DIEA (4.01
2. 31.0 mmol) dropwise at O °C under N2. The reaction mixture was allowed to warm to room
temperature and stirred for 3 hrs. TLC indicated the total consumption of the starting

material. (3S)-pyrrolidin-3-ol (900 mg, 10.3 mmol) was added to the mixture at 0 °C under
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Na. The reaction mixture was stirred at room temperature for 30 mins. LCMS showed the
reaction completed. The reaction mixture was worked up with water and extracted with
EtOAc. The combined organic layers were washed with saturated brine, dried over anhydrous
NasSOy, filtered, and concentrated under reduced pressure. The residue was purified prep-
HPLC(0.05% NH4HCO3) to afford tert-butyl 4-[(3S)-3-hydroxypyrrolidine-1-carbonyl]
piperazine-1-carboxylate (800 mg). LCMS (ESI, m/z): [M+H]*=300.3.

[0247] Step 2: [(3S)-3-hydroxypyrrolidin-1-yl]-piperazin-1-yl-methanone (K)

[0248] To a solution of tert-butyl 4-[(3S)-3-hydroxypyrrolidine-1-carbonyl] piperazine-1-
carboxylate (500 mg, 1.67 mmol) in MeOH (5 mL) was added HC1 (4.0 M in 1,4-dioxane,
1.25 ml, 5.0 mmol). The reaction mixture was stirred at room temperature for 3 hrs. LCMS
indicated the total consumption of the starting material. The reaction mixture was
concentrated under reduced pressure to afford (S)-(3-hydroxypyrrolidin-1-yl)(piperazin-1-
yl)methanone hydrochloride (400 mg). LCMS (ESI, m/z): [M+H]" = 200.3.

Intermediate L

2-bromo-4H-pyranol3,4-d]thiazol-7(6H)-one (L)

0 0
0}
L} 1) Brz, NaOAc, AcOH, 1t NJ;/\\I\O tert-Butyl nitrite L}O
A - \ N
HO 0 2) thiourea, 100 °C >’5 CuBr,, MeCN, 80 °C >\/S
H5N
step 1 step 2 Br
L-1 L
[0249] Step 1 : 2-amino-4H-pyrano|3,4-d] thiazol-7(6H)-one (L-1)
[0250] 3-hydroxy-2H-pyran-5-one (5 g, 43.8 mmol) and anhydrous Sodium acetate (5.4

g, 65.8 mmol) were suspended in acetic acid (50 mL) with stirring. Brz (7 g, 43.8 mmol) was
added dropwise at room temperature under N». The reaction is stirred at room temperature for
2 hrs, then Thiourea (3.34 g, 43.8 mmol) was added under N». After heating at 100 °C for 16
hrs, the reaction mixture was cooled and concentrated under reduced pressure. The residue
was slurried with water, then with hot EtOAc. After drying in vacuum, 2-amino-4H-
pyrano[3,4-d] thiazol-7-one (5.5 g) was obtained. LCMS (ESI, m/z): [M+H]"=171.1.

[0251] Step 2 : 2-bromo-4H-pyrano[3,4-d] thiazol-7(6H)-one (L)

[0252] To a solution of 2-amino-4H-pyrano[3,4-d] thiazol-7-one (5 g, 29.3 mmol) in
ACN (50 mL) was added tert-Butyl nitrite (6.06 g, 58.8 mmol) dropwise at O °C followed by
addition of CuBr2 (13.1 g, 58.7 mmol). The mixture was stirred at 80 °C for 16 hrs under No.
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The reaction mixture was worked up with water and extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na»>SQu, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 25% EtOAc in PE) to afford 2-bromo-4H-
pyrano|3,4-d] thiazol-7-one (2.3 g). LCMS (ESI, m/z): [M+H]*=233.9.

Intermediate M

1-(5-bromo-1,3,4-thiadiazol-2-yl)cyclobutan-1-ol (M)

S
HOZ;LOH HQN\”)J\NHQ J",‘\"“\HO t-BUONO, CuBr, I’\SRD
POCI, 80°Cc ~ HN" S i MecN,so°c o7 S
step 1 M1 step 2 M
[0253] Step 1: 1-(5-amino-1,3,4-thiadiazol-2-yl)cyclobutanol (M-1)
[0254] To a solution of 1-hydroxycyclobutanecarboxylic acid (1.00 g, 8.61 mmol) in

phosphoryl trichloride (5.30 mL) was added aminothiourea (785 mg, 8.61 mmol) under N».
The mixture was stirred at 80 °C for 1 hr under Ny atmosphere. After completion, the reaction
mixture was quenched by adding into water carefully, then neutralized with saturated
aqueous NaHCO:3 to pH = 8-9. The resulting mixture was extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over Na>SOa, filtered, and
concentrated under reduced pressure to afford 1-(5-amino-1,3,4-thiadiazol-2-yl)cyclobutanol
(796 mg). LCMS (ESL m/z): [M+H]*=172.1.

[0255] Step 2: 1-(5-bromo-1,3,4-thiadiazol-2-yl)cyclobutanol (M)

[0256] To a mixture of tert-butyl nitrite (2.53 g, 24.5 mmol) and CuBr; (4.11 g, 18.4
mmol) in MeCN (84 mL) was added 1-(5-amino-1,3,4-thiadiazol-2-yl)cyclobutanol (2.10 g,
12.3 mmol). The mixture was stirred at 80 °C for 1 hr. After completion, the reaction mixture
was worked up with aqueous saturated NH4Cl, then extracted with DCM. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOyu, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 20% EtOAc in PE) to afford 1-(5-bromo-1,3,4-
thiadiazol-2-yl)cyclobutanol (183 mg). LCMS (ESI, m/z): [M+H]* = 235.0.
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Intermediate N
1-(5-bromo-1,3,4-thiadiazol-2-yl)cyclopropane- I -carbonitrile (N)

S
JU NH, N N&

N\
H,NT N N
|><C{//’\‘o " H N\>V tert-butyl nitrite NINQQ
_— N _— -
N CuBr,, ACN, -20 °C 7\/3
Br

OH POCl;, 80 °C, 30 mins >\/S

Step 1 HoN Step 2
N-1 N
[0257] Step 1: 1-(5-amino-1,3,4-thiadiazol-2-yl) cyclopropane-1-carbonitrile (N-1)
[0258] To a solution of 1-cyanocyclopropanecarboxylic acid (10 g, 90.0 mmol) in POCls3

(100 mL) was added amino thiourea (8.20 g, 90.0 mmol) under N». The mixture was stirred at
80 °C for 30 mins under N> atmosphere. LCMS showed the reaction completed. The reaction
mixture was concentrated under reduced pressure. The residue was diluted with DCM, then
neutralized by saturated aqueous NaHCOs till pH 8~9. Then the resulting mixture was
extracted with DCM. The combined organic layers were washed with saturated brine, dried
over anhydrous NaxSOq, filtered, and concentrated under reduced pressure to atford 1-(5-
amino-1,3,4-thiadiazol-2-yl) cyclopropane carbonitrile (3.4 g). LCMS (ESI, m/z): [M+H]* =
167.1.

[0259] Step 2: 1-(5-bromo-1,3,4-thiadiazol-2-yl) cyclopropane-1-carbonitrile (N)

[0260] To a solution of 1-(5-amino-1,3,4-thiadiazol-2-yl) cyclopropane carbonitrile (3.84
g,23.1mmol) in ACN (200 mL) was added rert-butyl nitrite (2.91 g, 28.2 mmol) and CuBr
(7.74 g, 34.7 mmol) under N». The mixture was stirred at -20 °C for 5 hrs under N>
atmosphere. LCMS showed the reaction completed. The reaction mixture was worked up
with water and extracted with EtOAc. The combined organic layers were washed with
saturated brine, dried over anhydrous Na;SQu, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (eluting with 9% EtOAc
in PE) to afford 1-(5-bromo-1,3,4-thiadiazol-2-yl) cyclopropane carbonitrile (1.2 g). LCMS
(ESI, m/z): [M+H]*" = 300.0.
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Intermediate O

1-(1H-pyrazol-4-yl)cyclopropane- 1 -carbonitrile (O)

0 NC,
> DHP CHO ) TosMIC, tBUOK, DME, -50°C //\g
/7 \S i
N/~N\ TSOH, THF60°C N 2) MeOH, 80°C N-n
H step 1 THP step 2 THP
01 0-2
=N =N
BrCH,CH,Br R M» —
n-BuLi, Diisopropylamine N'N N’N
T;Zfoosoc G step 4 H
0-3 o
[0261] Step 1: 1-tetrahydropyran-2-ylpyrazole-4-carbaldehyde (O-1)
[0262] To a mixture of 1H-pyrazole-4-carbaldehyde (2 g, 20.8 mmol) in THF (60 mL)

was added 3,4-dihydro-2H-pyran (3.50 g, 41.6 mmol) and 4-methylbenzenesulfonic acid (358
mg, 2.08 mmol). The mixture was stirred at 60 °C for 2 hrs. After completion, the reaction
mixture was worked up with water, then extracted with EtOAc. The combined organic layers
were washed with saturated brine, dried over anhydrous NaxSOy, filtered, and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel (eluting with 50% EtOAc in PE) to give 1-tetrahydropyran-2-ylpyrazole-4-carbaldehyde
(3.27 g). LCMS (ESI, m/z): [M+H]*=181.2.

[0263] Step 2: 2-(1-tetrahydropyran-2-ylpyrazol-3-yDacetonitrile (O-2)

[0264] To a solution of TosMIC (3.64 g, 18.6 mmol) in 1,2-Dimethoxyethane (22.6 mL)
was added a solution of KOtBu (1 M in THF, 35.5 mL, 35.5 mmol) dropwise at -50 °C under
Na. The mixture was stirred at -50 °C for 20 mins. Then a solution of 1-tetrahydropyran-2-
ylpyrazole-3-carbaldehyde (3.2 g, 17.8 mmol) in 1,2-Dimethoxyethane (22.6 mL) was added
dropwise. The reaction mixture was stirred at -50 °C for 30 mins under N> atmosphere. After
completion, MeOH (22.6 mL) was added to the reaction mixture, then stirred at 80 °C for 1
hr. The reaction mixture was cooled to room temperature and concentrated under reduced
pressure. The residue was worked up with water, then acidified to pH = 5-6 with AcOH. The
resulting mixture was extracted with DCM. The combined organic layers were washed with
saturated brine, dried over anhydrous Na>SQg, filtered, and concentrated under reduced

pressure. The residue was purified by flash column chromatography on silica gel (eluting
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with 33% EtOAc in PE) to give 2-(1-tetrahydropyran-2-ylpyrazol-3-yl)acetonitrile (2.1 g).
LCMS (ESL m/z): [M+H]* = 108.2.

[0265] Step 3: 1-(1-tetrahydropyran-2-ylpyrazol-4-yl)cyclopropanecarbonitrile (O-3)

[0266] To a solution of Diisopropylamine (2.97 g, 29.3 mmol) in THF (34 mL) was
added n-BuLi (1.6 M in hexane, 16.7 mL, 26.7 mmol) dropwise at -30 °C under N>. The
mixture was stirred at room temperature for 1 hr. Then 2-(1-tetrahydropyran-2-ylpyrazol-4-
yl)acetonitrile (1.70 g, 8.89 mmol) in THF (8.5 mL) was added to the mixture at O °C under
Nb». The mixture was stirred at room temperature for 1 hr. Then BrCH>CH2Br (5.12 g, 26.7
mmol) was added at 0 °C. The reaction mixture was stirred for an additional | hr at 0 °C
under N> atmosphere. After completion, the reaction mixture was quenched with saturated
aqueous NH4Cl, then extracted with DCM. The combined organic layes were washed with
saturated brine, dried over anhydrous Na>SQy, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (eluting
with 33% EtOAc in PE) to give 1-(1-tetrahydropyran-2-ylpyrazol-4-
yDeyclopropanecarbonitrile (1.0 g). LCMS (ESI, m/z): [M+H-THP]*=134.2.

[0267] Step 4: 1-(1H-pyrazol-4-yl)cyclopropanecarbonitrile (O)

[0268] To a solution of 1-(1-tetrahydropyran-2-ylpyrazol-4-yl)cyclopropanecarbonitrile
(900 mg, 4.14 mmol) in 1,4-dioxane (10 mL) was added HCI (4 M in 1,4-dioxane, 3.1 mL,
12.4 mmol) dropwise. The mixture was stirred at room temperature for 1 hr. After
completion, the reaction mixture was filtered to get the filter cake which was further washed
with a mixture of PE and EtOAc (10:1). The solid was dispensed in saturated aqueous sodium
bicarbonate, then extracted with DCM. The combined organic layers were dried over
anhydrous Na>SOy, filtered, and concentrated to give 1-(1H-pyrazol-4-
yDeyclopropanecarbonitrile (506 mg). LCMS (ESI, m/z): [M+H]" = 134.1.
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Intermediate P

5-chloro- l-iodoimidazo| 1,5-a]pyridine-7-sulfonyl chloride (P)

N

B~ 7 B~ NH NG NN B A
SN DIBAL-H I 2 FA, Ac,0 T N O POCI, toluene N
— &N 4D> N —_— N
& DCM, 0°C 80°C 80°C
of cl ol

step 1 step 2 step 3
P-1 P-2 P-3

| 0 |

BnS._z BnS_~ Cingr
BnSH, Xantphos, DIEA =\ NIS ~ N NGCS,HCOOH,H,0 "= N
_ . Ngf ———— Ny —
Pdy(dba)g, 1,4-dioxane N T rr oo " Toew oo NN
0
80 °C Cl step 5 cl step & Cl

P-4 P-5 P

step 4

[0269] Step 1: (4-bromo-6-chloropyridin-2-yl)methanamine (P-1)

02701 To a solution of 4-bromo-6-chloro-pyridine-2-carbonitrile (6 g, 27.6 mmol) in DCM (100
mL) was added DIBAL-H (1.0 mol/L in n-hexane, 82.8 mL, 82.8 mmol) dropwise at 0 °C
under Na2. The reaction solution was stirred at 0 °C for 2 hrs. LCMS showed the reaction
completed. The mixture was worked up with satd. ag. ammonium chloride solution, then was
extracted with EtOAc. The combined organic layers were washed with saturated brine, dried
over anhydrous NaxSOy, filtered, and concentrated to afford the crude product which was
used directly for the next step without further purification. LCMS (ESI, m/z): [M+H]*=
221.0.

[0271] Step 2: N-((4-bromo-6-chloropyridin-2-yl)methyl)formamide (P-2)

102721 To a solution of (4-bromo-6-chloro-2-pyridyl)methanamine (6 g, 27.1 mmol) in formic
acid (80 mL) was added acetic anhydride (16 mL) under N>. The reaction mixture was
stirred at 80 °C for 16 hrs. LCMS showed the reaction completed. The mixture was
concentrated to give the crude product which was used directly for the next step without
further purification. LCMS (ESI, m/z): [M+H]* = 249.0.

[0273] Step 3: 7-bromo-5-chloro-imidazo[1,5-a]pyridine (P-3)

[0274] To a solution of N-[(4-bromo-6-chloro-2-pyridyl)methyl]Jformamide (7.1 g, 28.5
mmol) in toluene (60 mL) was added POC]ls (6 mL) under N2. The reaction solution was
stirred at 80 °C for 3 hrs. LCMS showed the reaction completed. The mixture was
concentrated and worked up with water. The solution was neutralized (o pH=8 by aqueous
saturated NaHCO3 and extracted with EtOAc. The combined organic layers were washed

with saturated brine, dried over anhydrous Na>SOy, filtered, and concentrated to give a



WO 2025/117661 PCT/US2024/057645
125

residue. The residue was purified by flash column chromatography on silica gel (eluting with
10% EtOAc in PE) to give 7-bromo-5-chloro-imidazo[1,5-a]pyridine (4.35 g). LCMS (ESI,
m/z): [M+H]*=233.1.

[0275] Step 4: 7-benzylsulfanyl-5-chloro-imidazo[1,5-a]pyridine (P-4)

[0276] To a solution of 7-bromo-5-chloro-imidazo[1,5-a]pyridine (4.35 g, 18.8
mmol) in 1,4-dioxane (60 mL) was added phenylmethanethiol (1.87 g, 15.0 mmol), DIEA
(2.43 g, 18.8 mmol), Xantphos (2.17 g, 3.76 mmol) and Pd»(dba); (593 mg, 0.648 mmol)
under N». The reaction solution was degassed, then stirred at 80 °C for 3 hrs under N2
atmosphere. LCMS showed the reaction completed. The reaction mixture was worked up
with water, then extracted with EtOAc. The combined organic layers were washed with
saturated brine, dried over anhydrous Na>SO4, filtered, and concentrated to give a
residue. The residue was purified by flash column chromatography on silica gel (eluting
with 25% EtOAc in PE) to give 7-benzylsulfanyl-5-chloro-imidazo[1,5-a]pyridine (3.7 g).
LCMS (ESI, m/z): [M+H]"=275.1.

[0277] Step 5: 7-(benzylthio)-5-chloro-1-iodoimidazo[ 1,5-a]pyridine (P-5)

[0278] To a solution of 7-benzylsulfanyl-5-chloro-imidazo[1,5-a]pyridine (1.5 g, 5.46
mmol) in THF (20 mL) was added NIS (1.84 g, 8.19 mmol) at O °C under N>. The reaction
mixture was stirred at 0 °C for 2 hrs. LCMS showed the reaction completed. The reaction
was worked up with water and extracted with EtOAc. The combined organic layers were
washed with saturated brine, dried over anhydrous Na»>SOyu, filtered, and concentrated under
reduced pressure to give the crude. The crude was purified by flash column chromatography
on silica gel (eluting with 25% EtOAc in PE) to give 7-benzylsulfanyl-5-chloro-1-iodo-
imidazo[1,5-a]pyridine (1.66 g). LCMS (ESI, m/z): [M+H]*=401.0.

[0279] Step 6: 5-chloro-1-iodoimidazo[1,5-a]pyridine-7-sulfonyl chloride (P)

[0280] To a solution of 7-benzylsulfanyl-5-chloro-1-iodo-imidazo[1,5-a]pyridine (1.66 g,
4.14 mmol) in dichloromethane was added acetic acid (9.5 mL), water (3.0 mL) and NCS
(1.66 g, 12.4 mmol) portion-wise at 0 °C. The mixture was stirred at 25 °C for 2 hrs. LCMS
showed the reaction completed. The reaction was quenched with water and extracted with
DCM. The combined organic layers were washed with saturated brine, dried over anhydrous
Na>SOq, filtered, and concentrated under reduced pressure to give the crude product. The

crude product was purified by flash column chromatography on silica gel (eluting with 10%
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EtOAc in PE) to give 5-chloro-1-iodo-imidazo[1,5-a]pyridine-7-sulfonyl chloride (950 mg).
LCMS (ESL m/z): [M+H]* = 376.9.

Intermediate Q
2-(6-(benzylthio)-4-chloro- 1H-indazol- 1-y1)-5-(difluoromethyl)-1,3,4-thiadiazole (Q)

F

Br-s. F W)\
N
\’\EN/HF SsF

H
Br N, BnSH BnS N }-s
N N on BNS N
Xantphos, Pd,(dba)s. CHCl; Cs,CO3 DMF, 60 °C .
DIEA, 1,4-dioxane, 100 °C 4

¢ “ Step 2
Step 1 Q-1 ep a a
[0281] Step 1: 6-(benzylthio)-4-chloro-1H-indazole (Q-1)
[0282] To a mixture of 6-bromo-4-chloro-1H-indazole (5.0 g, 21.6 mmol), phenyl

methanethiol (8.05 g, 64.8 mmol) and DIEA (8.38 g, 64.8 mmol) in 1,4-dioxane (50 ml) was
added Xantphos (1.25 g, 2.16 mmol) and Pd>(dba)s-CHCI3 (1.12 g, 1.08 mmol) under Na.
The mixture was degassed, stirred at 100 °C for 3 hrs under Nz atmosphere. TLC indicated
the total consumption of the starting material. The reaction mixture was worked up with
water, then extracted with EtOAc. The combined organic layers were washed with saturated
brine, dried over anhydrous Na>SO4, and concentrated under reduced pressure. The residue
was purified by flash column chromatography on silica gel (eluting with 10% EtOAc in PE)
to afford the product 6-benzylsulfanyl-4-chloro-1H-indazole (5.5 g). LCMS (ESI, m/z):
[M+H]J"=275.1.

[0283] Step 2: 2-(6-(benzylthio)-4-chloro-1H-indazol-1-y1)-5-(difluoromethyl)-1,3,4-
thiadiazole (Q)
[0284] To a mixture of 6-benzylsulfanyl-4-chloro-1H-indazole (3.3 g, 12.0 mmol) and 2-

bromo-5-(difluoromethyl)-1,3,4-thiadiazole (3.87 g, 18.0 mmol) in DMF (50 ml) was added
Cs2C0Os3 (5.87 g, 18.0 mmol). The mixture was stirred at 60 °C for 2 hrs under N> atmosphere.
After completion, the mixture was worked up with water, then extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over anhydrous Na>SOj,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 1% EtOAc in PE) to afford 2-(6-benzylsulfanyl-4-
chloro-indazol-1-yl)-5-(difluoromethyl)-1,3,4-thiadiazole (4.0 g). LCMS (ESI, m/z): [M+H]*
=409.2.
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Intermediate R

6-bromo-8-chloro-7-fluoroimidazo[ 1,2-a]pyridine (R)

Br.
Oy e XA e ];l”
N
F NH,
Ha ACN, RT cl EtOH, 100 °C
R-1
[0285] Step 1: 5-bromo-3-chloro-4-fluoro-pyridin-2-amine (R-1)
[0286] To a solution of 5-bromo-4-fluoro-pyridin-2-amine (7 g, 36.7 mmol) in MeCN

(84.0 mL) was added NCS (4.99 g, 37.4 mmol) at room temperature. After stirring for 24 hrs,
the reaction mixture was poured into sat. aq. sodium bicarbonate, then extracted with EtOAc.
The combined organic layers were washed with brine, dried over anhydrous Na2SOq, filtered,
and concentrated in vacuo. The residue was purified by flash column chromatography on
silica gel (eluting with 11% EtOAc in PE) to afford 5-bromo-3-chloro-4-fluoro-pyridin-2-
amine (5.59 g). LCMS (ESI, m/z): [M+H]* = 225.0; 'H NMR (400 MHz, CDCl3) § 8.09-8.01
(m, 1H), 5.05 (s, 2H).

[0287] Step 2: 6-bromo-8-chloro-7-fluoro-imidazo| 1,2-a]pyridine (R)

[0288] A reaction mixture of 5-bromo-3-chloro-4-fluoro-pyridin-2-amine (2.00 g, 8.87
mmol) and 2-chloroacetaldehyde (40% in water, 5.92 g, 30.2 mmol) in ethanol was stirred at
100 °C for 1 hr. When the reaction completed, the precipitate was collected by filtration. The
solid was dispersed in sat. ag. sodium bicarbonate solution, then extracted with EtOAc. The
combined organic layers were washed with brine, dried over anhydrous Na>SQOy, filtered, and
concentrated in vacuo. The residue was purified by flash column chromatography on silica
gel (eluting with 50% EtOAc in PE) to afford intermediate R (1.30 g). LCMS (ESI, m/z):
[M+H]"=248.9.
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Intermediate S

8-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-N-[ 1 -
(fluoromethyl)cyclopropyl]imidazo[1,2-a]pyridine-6-sulfonamide (S)

Bu
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[0289] Step 1: 6-(benzylthio)-8-chloroimidazo[1,2-a]pyridine (S-1)
[0290] To a mixture of 6-bromo-8-chloroimidazo[1,2-a]pyridine (5.0 g, 21.6 mmol) in

1,4-dioxane (50 mL) was added phenyl methanethiol (2.95 g, 23.8 mmol), DIPEA (8.38 g,
64.8 mmol), Xantphos (1.25 g, 2.16 mmol) and Pd>(dba)s-CHCl3 (1.12 g, 1.08 mmol) under
Na. The reaction mixture was degassed, then stirred at 100 °C for 3 hrs under N2 atmosphere.
After completion, the reaction was treated with water, then extracted with EtOAc. The
combined organic layers were washed with brine, dried over anhydrous Na>SOj, and
concentrated in vacuo. The residue was purified by flash column chromatography on silica
gel (eluting with DCM) to atford 6-(benzylthio)-8-chloroimidazo[1,2-a]pyridine (5.9 g).
LCMS (ESL, m/z): [M+H]*=275.1.

[0291] Step 2: 6-(benzylthio)-8-chloro-3-iodoimidazo[ 1,2-a]pyridine (S-2)

[0292] To a mixture of 6-benzylsulfanyl-8-chloro-imidazo[1,2-a]pyridine (5.0 g, 18.2
mmol) in ACN (50 mL) was added NIS (4.50 g, 20.0 mmol) in portions at O °C for 30 min.
After stirring at room temperature for 16 hrs, the reaction mixture was treated with water,
then extracted with EtOAc. The combined organic layers were washed with brine,
dried over anhydrous Na;SOs, filtered, and concentrated in vacuo. The residue was purified
by flash column chromatography on silica gel (eluting with 15 % EtOAc in PE) to afford 6-
(benzylthio)-8-chloro-3-iodoimidazo[1,2-a]pyridine (7.26 g). LCMS (ESI, m/z): [M+H]* =
401.0.
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[0293] Step 3: (6-benzylsulfanyl-8-chloro-imidazol 1,2-a]pyridin-3-yl)-tributyl-stannane
(S-3)

(02941 Tp a solution of 6-benzylsulfanyl-8-chloro-3-iodo-imidazo[1,2-a]pyridine (2 g, 4.99
mmol) in THF (40 mL) was added i-PrMgCI-LiCl1 (1.3 M in THF, 4.22 mL, 5.49
mmol) dropwise at -15 °C under Na. After stirring at -15 °C for 15 min,
tributyl(chloro)stannane (1.79 g, 5.49 mmol) was added dropwise. The reaction mixture was
warmed to room temperature and stirred for 1 hr, then was worked up with saturated aqueous
NH4Cl solution, and extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOs, filtered, and concentrated in vacuo to
afford (6-benzylsulfanyl-8-chloro-imidazo[1,2-a] pyridin-3-yl)-tributyl-stannane (2.5
2). LCMS (ESI, m/z): [M+H]*=565.3

[0295] Step 4: 1-[5-(6-benzylsulfanyl-8-chloro-imidazo[1,2-a] pyridin-3-y1)-1,3,4-
thiadiazol-2-yl]cyclopropanecarbonitrile (S-4)

[0296] To a solution of (6-benzylsulfanyl-8-chloro-imidazo[1,2-a]pyridin-3-yl)-tributyl-
stannane (2.5 g, 4.43 mmol) and intermediate N (1.02 g, 4.43 mmol) in 1,4-dioxane (100
mL) was added Pd(PPhs)s (512 mg, 0.443 mmol) under N». The mixture was degassed, then
stirred at 100 °C for 12 hrs under N> atmosphere. After completion, the mixture
was treated with water, then extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SOg, filtered,
and concentrated in vacuo. The residue was purified by flash column chromatography on
silica gel (eluting with 30% EtOAc in PE) to afford 1-[5-(6-benzylsulfanyl-8-chloro-
imidazo[1,2-a] pyridin-3-yl)-1,3,4-thiadiazol-2-yl]cyclopropanecarbonitrile (1.5 g). LCMS
(ESI, m/z): [M+H]" = 424.3.

[0297] Step 5: 8-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]imidazo[ 1,2-
a]pyridine-6-sulfonyl chloride (S-5)

[0298] To a mixture of 1-[5-(6-benzylsulfanyl-8-chloro-imidazo[1,2-a]pyridin-3-yl)-
1,3,4-thiadiazol-2-yl]cyclopropanecarbonitrile (700 mg, 1.65 mmol), formic Acid (3.04 g,
66.1 mmol) and water (1.19 g, 66.1 mmol) in DCM (10 mL) was added NCS (1.49 g, 11.1
mmol) in portions at 0 °C. The mixture was stirred at room temperature for 2 hrs. Afiter
completion, the reaction was treated with water, then extracted with EtOAc. The combined
organic layers were washed

with saturated brine, dried over anhydrous Na:SOs, and concentrated in vacuo. The residue



WO 2025/117661 PCT/US2024/057645
130

was purified by flash column chromatography on silica gel (eluting with 30% EtOAc in
PE) to afford 8-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]imidazo[ 1,2-
a]pyridine-6-sulfonyl chloride (600 mg). LCMS (ESI, m/z): [M+H]"=400.2.

[0299] Step 6: 8-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-N-[1-
(fluoromethyl)cyclopropyllimidazo[1,2-a]pyridine-6-sulfonamide (S)

[0300] A solution of 8-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]
imidazol[1,2-a] pyridine-6-sulfonyl chloride (600 mg, 1.50 mmol) and 1-
(fluoromethyl)cyclopropanamine hydrochloride (282 mg, 2.25 mmol) in pyridine (10 mL)
was stirred at room temperature for 2 hrs under N». The reaction mixture was concentrated to
dryness. The residue was purified by flash column chromatography on silica
gel (eluting with 35% EtOAc in PE) to afford the product which was further purified on prep-
HPLC (0.1% FA) to give intermediate S (400 mg). LCMS (ESI, m/z): [M+H]*=453.3.

[0301] The intermediates in the table below were synthesized using conditions analogous
to that used to synthesize intermediate S from commercially available starting materials or

synthesized based on literatures.

Intermediates Structure Name [LN?+1\I/-[I?+
NS
N,N?q 8-chloro-3-(5-(1-cyanocyclopropyl)-
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Intermediate Y

8-(4-acetylpiperazin-1-yl)-N-(1-cyanocyclopropyl)-3-iodo-imidazo[ 1,2-a]pyridine-6-
sulfonamide (Y)
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[0302] Step 1: 6-amino-5-bromo-pyridine-3-sulfonyl chloride (Y-1)

[0303] A solution of 3-bromopyridin-2-amine (2 g, 11.6 mmol) in chlorosulfuric acid (8
mL) was stirred at 140 °C for 1 hr. The reaction mixture was cooled to 0 °C, then poured into
ice-water. The precipitates were collected by filtration, triturated by PE: EtOAc (1:1) and
dried under reduced pressure. Then the solid was triturated by 4 M HCI in 1,4-dioxane for 1
hr, filtered to give 6-amino-5-bromo-pyridine-3-sulfonyl chloride (2.8 g) which was used in
the next step without further purification.

[0304] Step 2: 6-amino-5-bromo-N-(1-cyanocyclopropyl)pyridine-3-sulfonamide (Y-2)

[0305] To a solution of 6-amino-5-bromo-pyridine-3-sulfonyl chloride (1.8 g, 6.63
mmol) in pyridine (10 mL) was added |-amino-1-cyclopropanecarbonitrile hydrochloride
(943 mg, 7.96 mmol) under Na. After stirring at room temperature for 16 hrs, the reaction
mixture was concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (eluting with 20% EtOAc in PE) to give 6-amino-5-
bromo-N-(1-cyanocyclopropyl)pyridine-3-sulfonamide (900 mg). LCMS (ESI, m/z): [M+H]*
=317.0.
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[0306] Step 3: 8-bromo-N-(1-cyanocyclopropyl)imidazol 1,2-a]pyridine-6-sulfonamide
(Y-3)
[0307] A solution of 6-amino-5-bromo-N-(1-cyanocyclopropyl)pyridine-3-sulfonamide

(828 mg, 2.61 mmol) in 2-chloroacetaldehyde (40% in H>O, 8 mL) was stirred at 100

°C for 1 hr. After completion, the reaction mixture was treated with water, the extracted with
EtOAc. The combined organic layers were dried over anhydrous Na>SQy, filtered, and
concentrated under reduced pressure. The residue was purified by flash

column chromatography on silica gel (eluting with 10% EtOAc in PE) to give 8-bromo-N-(1-
cyanocyclopropyl)imidazo[ 1,2-aJpyridine-6-sulfonamide (700 mg). LCMS (ESI, m/z):
[M+H]* = 341.0.

[0308] Step 4: 8-(4-acetylpiperazin-1-yl)-N-(1-cyanocyclopropyl)imidazo[1,2-a]pyridine-
6-sulfonamide (Y-4)

[0309] To a solution of 8-bromo-N-(1-cyanocyclopropyl)imidazo[1,2-a]pyridine-6-
sulfonamide (300 mg, 0.879 mmol) and 1-piperazin-1-ylethanone (338 mg, 2.64 mmol)
in 1,4-dioxane (25 mL) was added Cs2CO3 (859 mg, 2.64 mmol) and Pd-PEPPSI-IHept CI
(85.5 mg, 0.088 mmol) under N>. The mixture was degassed, then stirred at 100 °C for 2 hrs
under N2 atmosphere. When LC-MS shown reaction completed, the reaction mixture
was worked up with water, then extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SOy, filtered,
and concentrated in vacuo. The residue was purified by flash column chromatography on
silica gel (eluting with 10% MeOH in DCM) to afford 8-(4-acetylpiperazin-1-yl)-N-(1-
cyanocyclopropyl)imidazo-[1,2-aJpyridine-6-sulfonamide (220 mg). LCMS (ESI, m/z):
[M+H]J* = 389.3.

[0310] Step 5: 8-(4-acetylpiperazin-1-yl)-N-(1-cyanocyclopropyl)-3-iodo-imidazo[1,2-
a]pyridine-6-sulfonamide (Y)

[0311] To a mixture of 8-(4-acetylpiperazin-1-yl)-N-(1-cyanocyclopropyl)imidazo[1,2-
a]pyridine-6-sulfonamide (140 mg, 0.36 mmol) in ACN (10 mL) was added NIS (122 mg,
0.54 mmol) in portions at 0 °C under Na. After stirring at room temperature for 2 hrs, the
reaction mixture was treated with water, then extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SOg, filtered,

and concentrated in vacuo. The residue was purified by flash column chromatography on
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silica gel (eluting with 50% EtOAc in PE) to afford intermediate Y (100 mg). LCMS (ESI,
m/z): [M+H]"= 515.2.

[0312]

Intermediate Z in the table below was synthesized using conditions analogous to

the preparation of intermediate Y-3 with commercially available chemical reagents. Others

(AA to AD) were synthesized using conditions analogous to the synthesis of intermediate Y

with commercially available or known chemical reagents.

] LCMS
Intermediates Structure Name [M+H]*
ﬁH\SIP _ 8-bromo-N-(1-
zZ g m methylcyclobutyl)imidazo[ 1,2- 343.6
B aJpyridine-6-sulfonamide
Y
¢ 7;?@ 4-(6-(N~(1-
X N (fluoromethyl)cyclopropyl)sulfamoyl)-
AA j 3-iodoimidazo[1,2-a]pyridin-8-y1)-N- 595.1
1 P (2-methoxyethyl)-N-methylpiperazine-
o .
1-carboxamide
O\
P
N., //O |
} 6’5 Z N\ N-(1-(fluoromethyl)cyclopropyl)-3-
NN i0do-8-(2-0xa-7-azaspiro[3.5]nonan-7-
AB N yDimidazo[1,2-a]pyridine-6- S2L1
%; sulfonamide
o
F
H
%N;}g'o ~ \‘ tert-butyl 4-(6-(N-(1-
AC C =y (fluoromethyl)cyclopropyl)sulfamoyl)- 570.9
[Nj 3-iodoimidazo[1,2-a]pyridin-8- '
N yl)piperazine-1-carboxylate
e )
SN tert-butyl 7-(6-(N-(1-
AD N SN (fluoromethyl)cyclopropyl)sulfamoyl)- 606.1
N 3-iodoimidazo[1,2-a]pyridin-8-yl)-4,7- )
[va diazaspiro[2.5]octane-4-carboxylate
Boc




WO 2025/117661 PCT/US2024/057645
134

Intermediate AF

tert-butyl 4-[6-[tert-butoxycarbonyl-[ 1-(fluoromethyl)cyclopropyl]sulfamoyl]-7-fluoro-3-
iodo-imidazo[1,2-a]pyridin-8-yl]piperazine- 1-carboxylate (AF)

F
H o Boc
N7/ I N\ /, ll\j //o |
PNAN s
3 AN C;I Z NN
X (Boc)ZO Selectfluor =\
DMF, rt

N E xn
N "DMAP, DOM, 1t N
(] ()
AC  Boc AF-1 Boc AF éoc
[0313] Stepl: tert-butyl 4-[6-[tert-butoxycarbonyl-[1-

(fluoromethyl)cyclopropyl]sulfamoyl]-3-iodo-imidazo[ 1,2-a]pyridin-8-yl]piperazine- 1-
carboxylate (AF-1)

[0314] To a solution of intermediate AC (170 mg, 0.293 mmol) and DMAP (7.2 mg,
0.059 mmol) in DCM (3 mL) was added Boc20 (0.096 g, 0.44 mmol) under N. After stirring
at room temperature for 2 hrs, the reaction mixture was treated with water, then extracted
with DCM. The combined organic layers were washed with saturated brine,
dried over anhydrous Na>SOQy, filtered, and concentrated in vacuo. The residue was purified
by flash column chromatography on silica gel (eluting with 14 % EtOAc in PE) to afford rert-
butyl 4-[6-[tert-butoxycarbonyl-[ 1-(fluoromethyl)cyclopropyl]sulfamoyl]-3-iodo-
imidazo[1,2-a]pyridin-8-yl]piperazine-1-carboxylate (157 mg). LCMS (ESI, m/z): [M+H]* =
680.0.

[0315] Step 2: tert-butyl 4-[6-[tert-butoxycarbonyl-[1-
(fluoromethyl)cyclopropyl]sulfamoyl]-7-fluoro-3-iodo-imidazo[ 1,2-a]pyridin-8-
yl]piperazine-1-carboxylate (AF)

[0316] To a solution of rert-butyl 4-[6-[tert-butoxycarbonyl-[1-
(fluoromethyl)cyclopropyl]sulfamoyl]-3-iodo-imidazo[ 1,2-a]pyridin-8-yl]piperazine-1-
carboxylate (100 mg, 0.147 mmol) in DMF (10 mL) was added selectfluor (52.1 mg, 0.147
mmol) under N». After stirring at room temperature for 1 hr, the reaction mixture was
treated with water, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SQy, filtered, and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (eluting with 30% EtOAc
in PE) to afford intermediate AF (80 mg). LCMS (ESI, m/z): [M+H]* = 698.2.
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Intermediate AG

tert-butyl 4-(3-iodo-6-(N-(1-methylcyclobutyl)sulfamoyl)imidazo[ 1,2-a]pyridin-8-
yDpiperidine-1-carboxylate (AG)

N l/

N //
u = /; = N
N S Boo— NC>— i &Y N
// H2(4 atm)
N CataCXium A-Pd-G3, K;PO4 Pd/C MeOH, rt ACN 1t
+BUOH, H,0, 80 °C

|
Boc

I
Boc

AG-1 Boc

[0317] Intermediate AG was synthesized from Intermediate Z following the strategy of
Intermediate Y, via Suzuki coupling, subsequent hydrogenation, and iodination. LCMS (ESI,
m/z): [M+H]*=575.0.

Intermediate AH

tert-butyl 4-(6-(N-(1-(fluoromethyl)cyclopropyl)sultamoyl)-3-iodoimidazo[1,2-a]pyridin-
8-yl)piperidine-1-carboxylate (AH)

H
F N‘S:p I
ZS O/’ =z N/\g
A,

N

N
Boc
AH
[0318] Intermediate AH was synthesized using conditions analogous to the synthesis of
intermediate AG from commercially available chemical reagents. LCMS (ESI, m/z): [M+H]*
=578.7.
[0319] Intermediates AI and AJ in the tables below were synthesized using conditions

analogous to the synthesis of 37-7 from commercially available starting materials.

. \ LCMS
Intermediates Structure Name [M+H]*
F
N :N\j><\ 8-chloro-N-(1-

\\Ao Ny s cyanocyclopropyl)-3-[5-(1-
Al M- N{ fluorocyclopropyl)-1,3,4- 439.2

sy thiadiazol-2-yl imidazo] 1,2-

al aJpyridine-6-sulfonamide
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] 8-chloro-N-(1-
N:\A Nﬁ;&ﬂ c'yanocyclopropyl)-B-(S-(1-
AJ N O N (dlfluorometh'yl)f:yclopropyl)- 4710
d,S AN 1,3,4-thiadiazol-2-
NN yl)imidazo[1,2-a]pyridine-6-
cl sulfonamide
Intermediate AK

(2R)-2-(methoxymethyl)-1-methylcyclopropan-1-amine hydrochloride (AK)

O
b © : ~o 0 e, ~o OH
O—l':l’ n-BuLi, DME (R) THF, H,0, reflux (R)
[o) sealed tube, 130 °C

AK-1 AK-2

DPPA \O/%QNHBQC HCI in 1,4-dioxane \OWNHZ
—_— _———

+-BuOH, 75 °C HCI
AK-3 AK
[0320] Step 1: ethyl (2R)-2-(methoxymethyl)-1-methylcyclopropane-1-carboxylate (AK-
1)
[0321] To a solution of ethyl 2-diethoxyphosphorylpropanoate (5.30 g, 22.3 mmol) in

DME (40 mL) in a sealed tube was added n-BuLi solution (2.5 M in hexane, 9.12 mL, 22.8
mmol) slowly at room temperature under Nz, followed by addition of (2R)-2-
(methoxymethyl)oxirane (980 mg, 11.1 mmol). The reaction mixture was stirred at 130 °C
for 20 hrs. When reaction completed, it was cooled to rt, then worked up with saturated
aqueous NH4Cl solution and extracted with ethyl ether. The combined organic layers were
dried over anhydrous MgSQy, filtered, and concentrated under reduced pressure. The residue
was purified by flash column chromatography on silica gel (eluting with 4% EtOAc in PE) to
give ethyl (2R)-2-(methoxymethyl)-1-methylcyclopropane-1-carboxylate (5 g).

[0322] Step 2: (2R)-2-(methoxymethyl)-1-methylcyclopropane- 1-carboxylic acid (AK-2)

[0323] To a solution of ethyl (2R)-2-(methoxymethyl)-1-methylcyclopropane-1-
carboxylate (2.3 g, 13.4 mmol) in THF (25 mL) was added aqueous NaOH (3 N, 25 mL, 75
mmol) under Nz. The reaction mixture was refluxed for 6 hrs. After cooling to room
temperature, the mixture was treated with water, acidified to pH = 1 with aqueous HC1

solution (3 N), then extracted with EtOAc. The combined organic layers were washed with
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brine, dried over anhydrous Na»SQOy, filtered, and concentrated to give (2R)-2-
(methoxymethyl)-1-methylcyclopropane-1-carboxylic acid which was used directly in the
next step without further purification.
[0324] Step 3: rert-butyl ((2R)-2-(methoxymethyl)-1-methylcyclopropyl)carbamate (AK-
3)
[0325]  To a solution of (2R)-2-(methoxymethyl)-1-methylcyclopropane- 1-carboxylic acid (1.3 g,
9.02 mmol) in 2-methylpropan-2-ol (25 mL) was added DPPA (3.72 g, 13.5 mmol) under N».
The reaction mixture was stirred at rt for 2 hrs, then heated to 75 °C and stirred for another 16
hrs. After completion, the reaction mixture was worked up with water, then extracted with
EtOAc. The combined organic layers were washed with saturated brine, dried over anhydrous
Na>SOs, filtered, and concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (eluting with 0 -10% EtOAc in PE) to afford tert-butyl
((2R)-2-(methoxymethyl)-1-methylcyclopropyl)carbamate (1 g). 'H NMR (400 MHz,
DMSO-de) 8 7.10 (s, 1H), 3.29 (d, J = 3.2 Hz, 2H), 3.24 (s, 3H), 1.44-1.31 (m, 9H), 1.21 (s,
3H), 1.12-1.08 (m, 1H), 0.76 (dd, J = 9.6 Hz, 5.0 Hz, 1H), 0.31 (dd, J = 6.4 Hz, 5.0 Hz, 1H).

[0326] Step 4: (2R)-2-(methoxymethyl)-1-methylcyclopropan-1-amine hydrochloride
(AK)
[0327] To a solution of fert-butyl ((2R)-2-(methoxymethyl)-1-

methylcyclopropyl)carbamate (1 g, 4.64 mmol) in 1,4-dioxane (15 mL) was added HCI (4.0

M in 1,4-dioxane, 5 mL). After stirring at room temperature for 3 hrs, the reaction mixture

was concentrated to give intermediate AK (400 mg). LCMS (ESI, m/z): [M+H]*= 116.1.
[0328] Intermediates AL and AM were synthesized using conditions analogous to the

synthesis of intermediate Y-2 from commercially available chemical reagents.

] LCMS
Intermediates Structure Name [M+H]*
H
A/N\SI’O P 6-amino-5-bromo-N-(1-
AL d \Q[ methyleyclopropyl)pyridine-3- 305.8
& NH, sulfonamide
F/KH\”SP/ . 6-amino-5-bromo-N-(1-
AM ° U (fluoromethyl)cyclopropyl)pyridine- |  323.8
I8 NF2 3-sulfonamide
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Intermediate AN

8-bromo-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-N-(1-
methylcyclopropyl)imidazo[ 1,2-a]pyridine-6-sulfonamide (AN)

N\\

\Z ;N //
N
N ] N \\
N—N \\ P /\/B N-

N\
~0 N. //

/& ) AN /\/I\ A/ =z N{

B s Pd(dppf)Cla, KoCO4 © NBS, 1,4-dioxane )

N 1,4-dioxane, H,0, 100 °C AN-1 it to 85 °C

Br AN

[0329] Step 1: 1-[5-[(E)-2-ethoxyvinyl]-1,3,4-thiadiazol-2-yl]cyclopropanecarbonitrile
(AN-1)

[0330] To a solution of intermediate N (4.2 g, 18.3 mmol) in 1,4-dioxane (84 mL) and

water (8.4 mL) was added 2-[(F)-2-ethoxyvinyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(8.68 g, 43.8 mmol), Pd(dppf)Cl» (1.34 g, 1.83 mmol) and K>COs3 (6.31 g, 45.6 mmol) under
Na. The reaction mixture was degassed, then stirred at 100 °C for 2 hrs under N». Due to
incompletion of the reaction, another portion of 2-[( E)-2-ethoxyvinyl]-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (8.68 g, 43.8 mmol) and K-COs (6.31 g, 45.6 mmol) was added,
degassed, and the reaction mixture was stirred at 100 °C for another 2 hrs under N». After
completion, the reaction mixture was worked up with water, then extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over anhydrous

NaxSOyq, filtered, and concentrated in vacuo. The crude material was purified by flash column
chromatography on silica gel (eluting with 20% EtOAc in PE) to obtain 1-[5-[(E)-2-
ethoxyvinyl]-1,3,4-thiadiazol-2-yl|cyclopropanecarbonitrile (2.14 g). LCMS (ESI, m/z):
[M+H]*"=222.1.

[0331] Step 2: 8-bromo-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-N-(1-
methylcyclopropyl)imidazo[ 1,2-a]pyridine-6-sulfonamide (AN)

[0332] To a stirred solution of 1-[5-[(E)-2-ethoxyvinyl]-1,3,4-thiadiazol-2-
yllcyclopropanecarbonitrile (970 mg, 4.38 mmol) in 1,4-dioxane (35 mL) and water (11.8
mL) was added 1-bromopyrrolidine-2,5-dione (780 mg, 4.38 mmol) at 0 °C. After stirring at
room temperature for 1 hr, intermediate AL (1.34 g, 4.38 mmol) was added, and the reaction
mixture was stirred at 85 °C for 2 hrs. After completion, the mixture was treated with water,
then extracted with EtOAc. The combined organic layers were washed with saturated brine,

dried over anhydrous Na2SOys, filtered, and concentrated in vacuo. The residue was purified
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by flash column chromatography on silica gel (eluting with 0-100% EtOAc in PE) to afford
intermediate AN (1.62 g). LCMS (ESI, m/z): [M+H]"=479.1.

[0333] Intermediates AO and AP in the table below were synthesized using conditions
analogous to the synthesis of intermediate AN from chemical reagents commercially
available, or prepared from commercially available reagents using conventional reactions

well known in the art.

LCM
Intermediates Structure Name [NE- H?“L
N\
8-bromo-3-(5-( 1-cyanocyclopropyl)-
Jo 1,3,4-thiadiazol-2-y1)-N-(1-
N &
AO ” { (fluoromethyl)cyclopropyl)imidazo[ 496.8
1,2-a]pyridine-6-sulfonamide
\ 8-bromo-3-(5-(1-cyanocyclopropyl)-
/o\w(_é_ s 1,3,4-thiadiazol-2-y1)-N-((2R)-2-
AP KNP > (methoxymethyl)-1- 523.0
f :N\\ methylcyclopropyl)imidazo[1,2-
L N a]pyridine-6-sulfonamide

Intermediate AU

6-bromo-4-chloro-5-fluoro-1H-indazole (AU)

B F
Br F DMF r hydrazine hydrate Br
F LDA, THF, 68 °C F 0 ethylene glycol, 180 °C, mw

i\ ZzT
=

Cl Cl Cl
AU1 AU
[0334] Step 1: 4-bromo-2-chloro-3,6-difluoro-benzaldehyde (AU-1)
[0335] To a solution of 1-bromo-3-chloro-2,5-difluoro-benzene (10 g, 44.0 mmol) in

THF (150 mL) was added with LDA (2.0 M in THF, 26.5 mL, 52.8 mmol) dropwise at -68
°C under N». After stirring for 30 mins, DMF (3.54 g, 48.4 mmol) was added into the
mixture. After stirring at -68 °C under N for 1 hr, the reaction mixture was worked up with
water below -50 °C, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na2SOu, filtered, and concentrated under vacuum.
The residue was purified by flash column chromatography on silica gel (eluting with 4%
EtOAc in PE) to afford 4-bromo-2-chloro-3,6-difluoro-benzaldehyde (6.4 g). LCMS (ESI,
m/z): [M+H]" = 254.6.
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[0336] Step 2: 6-bromo-4-chloro-5-fluoro-1H-indazole (AU)
[0337] To a solution of 4-bromo-2-chloro-3,6-difluoro-benzaldehyde (1 g, 3.91 mmol) in

ethylene glycol (10 mL) was added hydrazine hydrate (85% in water, 922 mg, 15.7 mmol) in
a microwave tube. The mixture was irradiated under microwave at 180 °C for 1 hr under Na.
When completed, the reaction mixture was worked up with water, then extracted with EtOAc.
The combined organic phases were washed with saturated brine, dried over anhydrous
Na3SOy, filtered, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (eluting with 5%-15% EtOAc in PE) to afford Intermediate AU
(0.4 g). LCMS (ESI, n/z): [M+H]"= 248.9.

Intermediate AV

1-(5-(6-(benzylthio)-4-chloro-5-fluoro-1 H-indazol-1-y1)-1,3,4-thiadiazol-2-
yl)cyclopropane-1-carbonitrile (AV)

BnS N
N
F
(o]
AV
[0338] Intermediate AV was synthesized using conditions analogous to the synthesis of

intermediate Q from Intermediate AU. LCMS (ESI, m/z): [M+H]"=442.1

[0339] Intermediates AW and AX in the table below were synthesized using conditions
analogous to the synthesis of intermediate N from commercially available starting materials.
. LCMS
Intermediates Structure Name [M+H]"
NS
N 1-(5-bromo-1,3,4-thiadiazol-2-
AW )Ls yl)cyclobutane-1-carbonitrile 2438
Br
i
_?&1 rac-(1R,28)-2-(5-bromo-1,3,4-
AX Ny \\‘;&4 thiadiazol-2-yl)cyclopropane-1- 229.9
N)\__g carbonitrile
Br




WO 2025/117661 PCT/US2024/057645
141

Intermediate AY

ethyl 5-(1-cyanocyclopropyl)-1,3,4-thiadiazole-2-carboxylate (AY)

';\\?4 (Bu);SnC(CH,)OEt o :\\ _ 0% g 2\\?4
B’_<\N,'N PA(PPh3),Cly, 1,4-dioxane, 110 °C \N’IN CH4OH, -78 °C OHN’IN
N AY-1 AY
[0340] Step 1: 1-(5-(1-ethoxyvinyl)-1,3,4-thiadiazol-2-yl)cyclopropane-1-carbonitrile
(AY-1)
[0341] To a solution of 1-(5-bromo-1,3,4-thiadiazol-2-yl)cyclopropanecarbonitrile (8.3 g,

36.1 mmol) and tributyl(1-ethoxyvinyl)stannane (26 g, 72 mmol) in 1,4-dioxane (100 mL)
was added Pd(PPh3)>Cl> (1.01 g, 1.44 mmol) under N». The mixture reaction mixture was
degassed, and then was stirred at 110 °C for 3 hrs under N> atmosphere. When completed, the
reaction mixture was worked up with water, then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOa, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 25% EtOAc in PE) to afford 1-[5-(1-ethoxyvinyl)-
1,3,4-thiadiazol-2-yl]cyclopropanecarbonitrile (6 g).

[0342] Step 2: ethyl 5-(1-cyanocyclopropyl)-1,3,4-thiadiazole-2-carboxylate (AY)

[0343] To a mixture of 1-[5-(1-ethoxyvinyl)-1,3,4-thiadiazol-2-
yllecyclopropanecarbonitrile (12 g, 54 mmol) in MeOH (500 mL) was bubbled with ozone at -
78 °C until the mixture turned blue. The reaction mixture was worked up with aqueous
Na3S:05 dropwise at -10 °C, then was extracted with EtOAc. The combined organic layers
were washed by saturated brine, dried over anhydrous Na>SOu, filtered, and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel (eluting with 25% EtOAc in PE) to afford intermediate AY (9 g). LCMS (ESI, m/z):
[M+H]" = 224.1; 'H NMR (400 MHz, CDCl5) § 4.50 (q, J = 7.2 Hz, 2H), 2.17-2.09 (m, 2H),
2.06-1.98 (m, 2H), 1.44 (t, J="7.2 Hz, 3H).

[0344] Intermediates AZ and BA in the table below were synthesized using conditions
analogous to the synthesis of intermediate AY. All other starting materials were either
prepared as described in the intermediates section, commercially available, or prepared from

commercially available reagents using conventional reactions well known in the art.
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Intermediates Structure Name [Ii/f+l\]/.[[?+
N
AZ o "I"’\{ \ methyl 5-(1-cyanocyclobutyl)- 2941
- \n/ks 1,3,4-thiadiazole-2-carboxylate ’
[6)

N—N Pk rac-ethyl 5-((1R,25)-2-
BA \’07’/( Dusi, cyanocyclopropyl)-1,3,4- 224.1
S .
0o thiadiazole-2-carboxylate

Intermediate BB

methyl 5-(1-cyanocyclopropyl) picolinate (BB)

o}
N _N._Cl N _N
N_ _Cl Br\/\Br I | A Cco Nl | A o/
N _—
Na | —_— F Pd(dppf)Cly, TEA F
F NaH, THF, rt MeOH, 100 °C
BB-1 BB

[0345] Step 1: 1-(6-chloropyridin-3-yl)cyclopropane- 1 -carbonitrile (BB-1)
[0346] To a solution of 2-(6-chloro-3-pyridyl) acetonitrile (1.0 g, 6.55 mmol) in THF (30

mL) was added NaH (60% dispersion in oil, 655 mg, 16.4 mmol) at 0 °C under Na. After
stirring for 10 mins, 1,2-dibromoethane (2.95 g, 15.7 mmol) was added dropwise over 15
mins under N». After stirring at room temperature for 1 hr, the reaction mixture was worked
up with water, then extracted with EtOAc. The combined organic phases were washed with
saturated brine, dried over anhydrous Na>SOyu, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (eluting
with 45% DCM in PE) to afford 1-(6-chloropyridin-3-yl)cyclopropane- 1 -carbonitrile (800
mg). LCMS (ESL, m/z): [M+H]*=179.0

[0347] Step 2: methyl 5-(1-cyanocyclopropyl) picolinate (BB)

[0348] To a solution of 1-(6-chloropyridin-3-yl)cyclopropane-1-carbonitrile (2 g, 11.2
mmol) in MeOH (20 mL) was added TEA (1 mL) and Pd(dppH)Cl: (1.64 g, 2.24 mmol) under
Na. The reaction mixture was degassed, then stirred at 100 °C for 3 hrs under CO (10 atm).
When completed, the reaction mixture was concentrated under reduced pressure, and the
residue was purified by flash column chromatography on silica gel (eluting with 50% EtOAc
in PE) to give intermediate BB (1.3 g). LCMS (ESL, m/z): [M+H]*=203.1
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[0349] Intermediates BC, BD and BE in the table below were synthesized using
conditions analogous to the synthesis of 39-9. All other starting materials were either
prepared as described in the intermediates section, commercially available, or prepared from

commercially available reagents using conventional reactions well known in the art.

] LCMS
Intermediates Structure Name [M+H]*
| R 8-chloro-N-(1-
N:\PO Ng & cyanocyclopropyl)-3-(5-(1-
BC - N /Z/ fluorocyclopropyl)-1,3,4- 439.2
O =N thiadiazol-2-yl)imidazo[1,5-
I a]pyridine-6-sulfonamide
\
P 8-chloro-3-(5-(1-
N (methoxymethyl)cyclopropyl)-
BD H oo /2/5 1,3,4-thiadiazol-2-y1)-N-(1- 454.2
X d,s 7 N\\N methylcyclopropyl)imidazol[1,5-
N a]pyridine-6-sulfonamide
ol
F 8-chloro-N-(1-
;?ﬂ cyanocyclopropyl)-3-(5-(1-
N .
Ne. H 0 NS (difluoromethyl)cyclopropyl)-
BE \\AN(;,S’ - NI 1,3,4-thiadiazol-2- 4L
XS yDimidazo[1,5-a]pyridine-6-
c sulfonamide
Intermediate BF
3-bromo-5-[(4-tert-butylphenyl)methylsulfanyl]pyridine-2-carbonitrile (BF)
= N ﬁ@\/ >k©\/ B N
CN  Cs,COs, DMF, 60 °C
Br BF Br
[0350] To a solution of 3-bromo-5-fluoro-pyridine-2-carbonitrile (20 g, 99.5 mmol) in

DMEF (130 mL) was added Cs2CO3 (64.8 g, 199 mmol) and (4-tert-butylphenyl)methanethiol
(17.9 g, 99.3 mmol) under N». After stirring at 60 °C for 1 hr, the reaction mixture was
worked up with water, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOy, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (eluting

with 5% EtOAc in PE) to afford Intermediate BF (33 g). LCMS (ESI, m/z): [M+H]" = 361.0.
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Intermediate BG and Intermediate BH

8-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-
(fluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (BG) and 1,8-dichloro-
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(fluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (BH)

>‘\©y j\Kj\/ DIBAL-H >b\/ __(Boo0

\Q\CN Pd_(dba), Xantphos, DIEA DCM, -78 °C NH, DIEA DCM, rt
1,4-dioxane, 100 °C CN

cl CI CI
BG-1 B2
c:|\ kY NHZ 0.2
N HCI %N’H Z N
|N I _NHBoc — = X NHBoc
NHBoc HCOOH H;O DCM pyridine. rt
cl CI
cl
BG-3 BG-4
N
O\ / N\\ F \
_HClin 1.4-dioxane % \(;K/ N’ \ DIPEA, MeOH, t _ /K p: \Q\/ N—N \
‘{’ AY
BG 6

\\ Na

_POCK N\>q DCDMH N,N?Q
toluene, 120 °C DCM.0°Cat H\SIP /Z’
Rt ”‘?w EXaes

N 3
a

Cl

BG (83) BH (113)
[0351] Step:1 5-((4-(tert-butyl)benzyl)thio)-3-chloropicolinonitrile (BG-1)
[0352] To a solution of 5-bromo-3-chloro-pyridine-2-carbonitrile (10 g, 46mmol) in 1,4-

dioxane (190 mL) was added (4-rert-butylphenyl)methanethiol (8.29 g, 46 mmol), Pdz(dba)s
(4.21 g, 4.60 mmol), Xantphos (5.32 g, 9.20 mmol) and DIPEA (17.8 g, 138 mmol ) at room
temperature under N2 atmosphere. The reaction mixture was degassed, then stirred at 100 °C
for 2 hrs under N>. When completed, the reaction mixture was worked up with water, then
extracted with EtOAc. The combined organic layers were washed with saturated brine, dried
over anhydrous NazSOy, filtered, and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (eluting with 10 % EtOAc in PE) to
give 5-[(4-rert-butylphenyl)methylsulfanyl]-3-chloro-pyridine-2-carbonitrile (4.6 g). LCMS
(EST, m/z): [M+H]"=317.2

[0353] Step:2 (5-((4-(zert-butyl)benzyl)thio)-3-chloropyridin-2-yl)methanamine (BG-2)

[0354] To a stirred solution of 5-[(4-tert-butylphenyl)methylsulfanyl]-3-chloro-pyridine-
2-carbonitrile (4.6 g, 14.5 mmol) in DCM (50 mL) was added DIBAL-H (1.0 M in heptane,
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43.5 mL, 43.5 mmol) dropwise at -78 °C under Na. After stirring for 1 hr, the reaction
mixture was worked up with water followed by 15% NaOH aq. solution, then extracted with
EtOAc. The combined organic layers were washed with saturated brine, dried over anhydrous
NasSOy, filtered, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (eluting 0-10% MeOH in DCM) to afford [5-[(4-tert-
butylphenyl)methylsulfanyl]-3-chloro-2-pyridyl]methanamine (2.8 g). LCMS (ESI, m/z):
[M+H]J* = 321.3.

[0355] Step:3 tert-butyl ((5-((4-(tert-butyl)benzyl)thio)-3-chloropyridin-2-
ylmethyl)carbamate (BG-3)

[0356] To a mixture of (5-((4-(tert-butyl)benzyl)thio)-3-chloropyridin-2-yl)methanamine
(750 mg, 2.3 mmol) and DIPEA (906 mg, 7.0 mmol) in DCM (10 mL) was added (Boc):O
(612 mg, 2.8 mmol) at 0 °C under N». After stirring at room temperature for 4 hrs, the
reaction mixture was worked up with water, then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOu, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 10% EtOAc in PE) to afford tert-butyl N-[[5-[(4-
rert-butylphenyl)methylsulfanyl]-3-chloro-2-pyridylJmethyl]carbamate (800 mg). LCMS
(ESL, m/z): [M+H]"=421.3.

[0357] Step:4 tert-butyl ((3-chloro-5-(chlorosultonyl)pyridin-2-yl)methyl)carbamate
(BG-4)
[0358] To a mixture of zert-butyl N-[[5-[(4-tert-butylphenyl)methylsulfanyl]-3-chloro-2-

pyridyllmethyl]carbamate (10 g, 23.8 mmol), formic acid (36 mL) and H2O (17 mL) in DCM
(500 mL) was added NCS (12.7 g, 95.0 mmol) in portions at O °C under N2. After stirring at
room temperature for 2 hrs, the mixture was worked up with water, then extracted with DCM.
The combined organic layers were washed with saturated brine, dried over anhydrous
NaySO0s, filtered, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (eluting with 20% EtOAc in PE) to afford tert-butyl N-[(3-
chloro-5-chlorosulfonyl-2-pyridyl)methyl]carbamate (8.1 g).

[0359] Step 5: tert-butyl ((3-chloro-5-(N-(1-
(fluoromethyl)cyclopropyl)sulfamoyl)pyridin-2-yl)methyl)carbamate (BG-5)

[0360] To a solution of 1-(fluoromethyl)cyclopropan- 1-amine hydrochloride (9.38 g, 75

mmol) in pyridine (45 mL) was added a solution of tert-butyl N-[(3-chloro-5-chlorosulfonyl-
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2-pyridyl)methyl]carbamate (17 g, 50 mmol) in DCM (45 mL) under Na. After stirring at
room temperature for 4 hrs, the reaction mixture was concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel (eluting with 16%
EtOAc in PE) to afford tert-butyl N-[[3-chloro-5-[[1-(fluoromethyl)cyclopropyl]sulfamoyl]-
2-pyridyl]lmethyl]carbamate (10.4 g). LCMS (ESI, m/z): [M+H]* = 394.1.

[0361] Step 6: 6-(aminomethyl)-5-chloro-N-(1-(fluoromethyl)cyclopropyl)pyridine-3-
sulfonamide (BG-6)
[0362] To a solution of tert-butyl ((3-chloro-5-(N-(1-

(fluoromethyl)cyclopropyl)sulfamoyl)pyridin-2-yl)methyl)carbamate (40 g, 102 mmol) in
DCM (250 mL) was added HC1 (4.0 M in 1,4-dioxane, 50 mL). After stirring at room
temperature for 1 hr, the reaction mixture was concentrated to give the product as HC] salt
which was used in the next step without further purification. LCMS (ESI, m/z): [M+H]" =
294.1.

[0363] Step 7: N-((3-chloro-5-(N-(1-(fluoromethyl)cyclopropyl)sultamoyl)pyridin-2-
yDmethyl)-5-(1-cyanocyclopropyl)-1,3,4-thiadiazole-2-carboxamide (BG-7)

[0364] To a solution of 6-(aminomethyl)-5-chloro-N-[1-
(fluoromethyl)cyclopropyl]pyridine-3-sulfonamide HCI salt (8.7 g, 26.3 mmol) in MeOH (50
mL) was added ethyl 5-(1-cyanocyclopropyl)-1,3,4-thiadiazole-2-carboxylate (6.61 g, 29.6
mmol) and DIPEA (15.3 g, 118 mmol) under N». After stirring at room temperature for 18
hrs, the reaction mixture was concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel chromatography (eluting with 40% EtOAc in
PE) to afford N-[[3-chloro-5-[[1-(fluoromethyl)cyclopropyl]sulfamoyl]-2-pyridyl|methyl]-5-
(1-cyanocyclopropyl)-1,3,4-thiadiazole-2-carboxamide (8.5 g). LCMS (ESI, m/z): [M+H]" =
471.1.

[0365] Step 8: 8-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-
(fluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (BG, Example 83)

[0366] To a solution of N-[[3-chloro-5-[[1-(fluoromethyl)cyclopropyl]sulfamoyl]-2-
pyridyl]lmethyl]-5-(1-cyanocyclopropyl)-1,3,4-thiadiazole-2-carboxamide (8.5 g, 18 mmol) in
1,4-dioxane (160 mL) was added POCI3 (16.8 mL) under N». After stirring at 120 °C for 6
hrs, the reaction mixture was concentrated under reduced pressure. The residue was washed
with EtOH twice, filtered to give the filter cake, which was dried under reduced pressure to

give intermediate BG (6.24 g). The crude product of intermediate BG was further purified via
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prep-HPLC (0.1% FA) to give high purity product example 83 for biology assay. LCMS
(ESI, m/z): [M+H]" = 453.2 'H NMR (400 MHz, DMSO-ds) & 9.75 (s, 1H), 7.99 (s, 1H), 7.43
(s, 1H), 4.23 (d, J = 48.8 Hz, 2H), 2.21-2.15 (m, 2H), 2.01-1.95 (m, 2H), 0.90-0.73 (m, 4H).

[0367] Step 9: 1,8-dichloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-
(fluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (BH, Example 113)

[0368] To a solution of 8-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-N-[1-
(fluoromethyl)cyclopropyllimidazo[1,5-a]pyridine-6-sulfonamide (200 mg, 0.44 mmol) in
DCM (20 mL) was added 1,3-dichloro-5,5-dimethyl-imidazolidine-2,4-dione (261 mg, 1.32
mmol) at O °C under N». After stirring at room temperature for 30 mins, the reaction mixture
was worked up with saturated aqueous solution Na>S>0s, then extracted with DCM. The
combined organic layers were washed with saturated brine, dried over anhydrous Na>SOy,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 30% EtOAc in PE) to afford Intermediate BH
(212 mg). Intermediate BH was further purified by prep-HPLC (0.1% FA) to give Example
113 for biology assay. LCMS (ESI, m/z): [M+H]*=487.2; 'H NMR (400 MHz, DMSO-ds) §
9.76 (s, 1H), 8.98 (brs, 1H), 7.43 (s, 1H), 4.26 (d, J = 48.8 Hz, 2H), 2.24-2.19 (m, 2H), 2.02-
1.97 (m, 2H), 0.91-0.78 (m, 4H).

[0369] Intermediates in the table below were synthesized using conditions analogous to
the synthesize of intermediate BG or BH. For synthesis of intermediate BS, the last step was
fluorination with selectfluor. All other starting materials were either prepared as described in
the intermediates section, commercially available, or prepared from commercially available

reagents using conventional reactions well known in the art.

] LCMS
Intermediate Structure Name [M+H]*
N
Ne 8-chloro-3-(5-(1-cyanocyclopropyl)-
N, . .
N9 S 1,3,4-thiadiazol-2-yI)-N-(1-
BI <i/ PN N’Z, methylcyclopropyl)imidazo[1,5- 4352
X
) aJpyridine-6-sulfonamide
Ns
N,N\ 8-chloro-3-(5-(1-cyanocyclobutyl)-
H oo }-$ 1,3,4-thiadiazol-2-yl)-N-(1-
N, 7
BJ [><o"s z N/Z; methylcyclopropyl)imidazo[1,5- 449.1
! a]pyridine-6-sulfonamide
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N7 { 8-chloro-3-(5-(1-
BK HN\SI/O N cyanocyclopropyl)pyn.dn'l-z-yl)-N—( 1- 428.1
SN, methylcyclopropyl)imidazo[1,5-
N aJpyridine-6-sulfonamide
Cl
N
“’}&1 rac-8-chloro-3-(5-((1R,2S5)-2-
'Nﬁ\\.-MA cyanocyclopropyl)-1,3,4-thiadiazol-2-
BL H oo Nys y1)-N-(1- 4353
<i/ (;,/s Z N’\Z; methylcyclopropyl)imidazo[1,5-
Y a]pyridine-6-sulfonamide
o
N
N,N\ 1,8-dichloro-N-(1-cyanocyclopropyl)-3-
N R o -5 (5-(1-cyanocyclopropyl)-1,3,4-
A N. % ()
BM X o,§ & N/\Z; thiadiazol-2-yl)imidazo[1,5-a]pyridine- 480.1
NS 6-sulfonamide
cl Cl
Ny
s 8-bromo-3-(5-(1-cyanocyclopropyl)-
H o }-$ 1,3,4-thiadiazol-2-yl)-N-(1-
No 7
BN d/ o"s Z N/\Z; methylcyclopropyl)imidazo[1,5- 4792
YO a]pyridine-6-sulfonamide
Br
:\\ 8-bromo-1-chloro-3-(5-(1-
H o Ny & cyanocyclopropyl)-1,3,4-thiadiazol-2-
BO ML yD-N<(1- 512.7
O N methylcyclopropyl)imidazo[1,5-
g C a]pyridine-6-sulfonamide
N
S 8-bromo-3-(5-(1-cyanocyclopropyl)-
H o -5 1,3.,4-thiadiazol-2-yl)-N-(1-
N_ &
BP F/K cs's Z N/\Z; (fluoromethyl)cyclopropyl)imidazo[1,5- 4970
\B a]pyridine-6-sulfonamide
.
':I\\ 8-bromo-1-chloro-3-(5-(1-
H o l\\s cyanocyclopropyl)-1,3,4-thiadiazol-2-
BQ e O J\’ y1)-N-(1- 531.0
O LN (fluoromethyl)cyclopropyl)imidazo[1,5-
g C a]pyridine-6-sulfonamide
N
N,N\ 8-bromo-N-(1-cyanocyclopropyl)-3-(5-
N B0 S (1-cyanocyclopropyl)-1,3,4-thiadiazol-
A N # sy
BR Xoﬂs Z N’\Z; 2-yl)imidazo[1,5-a]pyridine-6- 491.2
NS sulfonamide
Br
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N:?Q 8-chloro-3-[5-(1-cyanocyclopropyl)-
BS N g }-s 1,3,4-thiadiazol-2-yl]-1-fluoro-N-[1- 4712
F/X & : ) (fluoromethyl)cyclopropyl]imidazo[1,5- ‘
LoF aJpyridine-6-sulfonamide
Intermediate BT
N-(1-ox0-1,4-thiazinan-1-ylidene)acetamide (BT)
Cbz o} o N
H CbZ I N
N _ obol PhI(OAC),, NH,COOH [ j )LCI [ j He Esj
[sj NaHCO3, THF E j MeOH, rt s, DEMTEA Rt S\o PA/C, MeOH, 1t © r'\'l\fo
o,
H20. 1 BT-1 ers BnT BT
[0370] Step 1: benzyl thiomorpholine-4-carboxylate (BT-1)
0 a solution of thiomorpholine (2.2 g, 21.3 mmol) and Na 3(3. , 42.
[0371] T luti f thi rpholine (2.2 g, 21.3 1) and NaHCOs3 (3.58 g, 42.6

mmol) in THF (20 mL) and Water (5 mL) was added benzyl carbonochloridate (5.46 g, 32
mmol) at O °C under N». After stirring at room temperature for 16 hrs, the reaction mixture
was worked up with water, then extracted with EtOAc. The combined organic

layers were washed with saturated brine, dried over anhydrous Na2SOs,

filtered, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (eluting with 30% EtOAc in PE) to afford benzyl
thiomorpholine-4-carboxylate (4.6 g). LCMS (ESL, m/z): [M+H]*=238.1.

[0372] Step 2: benzyl 1-imino-1-oxo-1,4-thiazinane-4-carboxylate (BT-2)

[0373] To a solution of benzyl thiomorpholine-4-carboxylate (2.5 g, 10.5 mmol) and
ammonium carbamate (4.11 g, 52.7 mmol) in MeOH (40 mL) was added [acetoxy(pheny])-
iodanyl] acetate (17.0 g, 52.7 mmol) at portions at room temperature. After stirring at room
temperature for 3 hrs, the reaction mixture was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (eluting
with 5% MeOH in DCM) to afford benzyl 1-imino-1-oxo-1,4-thiazinane-4-carboxylate (2.4
2). LCMS (ESI, m/z): [M+H]"=269.1.

[0374] Step 3: benzyl 1-acetylimino-1-oxo-1,4-thiazinane-4-carboxylate (BT-3)

[0375] To a solution of benzyl 1-imino-1-oxo-1,4-thiazinane-4-carboxylate (2.4 g, 8.9
mmol) and TEA (1.81 g, 17.9 mmol) in DCM (20 mL) was added acetyl chloride (843 mg,
10.7 mmol) at 0 °C under Na. After stirring at room temperature {or 3 hrs, the reaction

mixture was worked up with water, then extracted with EtOAc. The combined organic



WO 2025/117661 PCT/US2024/057645
150

layers were washed with saturated brine, dried over anhydrous Na>SOy, filtered,

and concentrated in vacuo. The residue was purified by flash column chromatography on
silica gel (eluting with 50% EtOAc in PE) to afford benzyl 1-acetylimino-1-oxo-1,4-
thiazinane-4-carboxylate (2.5 g). LCMS (ESI, m/z): [M+H]"=311.0.

[0376] Step 4: N-(1-ox0-1,4-thiazinan-1-ylidene)acetamide (BT)

[0377] To a solution of benzyl 1-acetylimino-1-oxo-1,4-thiazinane-4-carboxylate (1.5 g,
4.83 mmol) in MeOH (20 mL) was added Pd/C (10% palladium on carbon, wetted with ca.
55%, water for safety, 200 mg) under N». The reaction mixture was purged with Ha, then
stirred at room temperature for 12 hrs under H» (1 atm). When completed, the reaction
mixture was filtered through a Celite pad. The filtrate was concentrated under reduced

pressure to afford intermediate BT (700 mg). LCMS (ESL, m/z): [M+H]*=177.0.

Intermediate BY
tert-butyl (S)-2-(fluoromethyl)piperazine-1-carboxylate (BY)

Cbz
Cbz V

Cb
Cbz ‘ N
(o o 52 Yk e O
OH TFa DCM, 1t OH TEA imidazole EtOAc, ACN, H,0 ACN HO 5=8
—I/ \O
y o

DCM.0°C-t - S

0°Ctort
BY 1 BY BY-3
Ebz H
TBAF [ © __4ANHCI [ ]\/ _(Boc)O [ ]\/ [ (S]\/F
THF, reflux [\Il 1,4-dioxane, rt TEA, THF, rt Pd/C, MeOH, rt '}‘
O=§—OH Boc Boc
O BY-4 BY 5 BY-6 BY
[0378] Step 1: benzyl (S)-3-(hydroxymethyl)piperazine-1-carboxylate (BY-1)
[0379] To a solution of 4-benzyl 1-(rert-butyl) (S)-2-(hydroxymethyl)piperazine-1,4-

dicarboxylate (5.5 g, 15.7 mmol) in DCM (60 mL.) was added TFA (30 mL). After stirring at
room temperature for 1 hr, the reaction mixture was concentrated in vacuo. The residue was
worked up with water, adjusted to pH = 9 with saturated aqueous Na>COs3 solution, then
extracted with DCM. The combined organic layers were dried over anhydrous Na2SOsa,
filtered, and concentrated to dryness to give benzyl (S)-3-(hydroxymethyl) piperazine-1-
carboxylate (3.5 g). LCMS (ESL, m/z): [M+H]*=251.1.

[0380] Step 2: benzyl (3aS)-tetrahydro-[1,2,3Joxathiazolo[3,4-a]pyrazine-5(3H)-
carboxylate 1-oxide (BY-2)
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[0381] To a solution of benzyl (5)-3-(hydroxymethyl) piperazine-1-carboxylate (2 g, 8.0
mmol), imidazole (1.63 g, 24 mmol) and TEA (2.02 g, 20.0 mmol) in DCM (40 mL) was
added SOCl: (1.14 g, 9.6 mmol) dropwise at 0 °C under N». After stirring at room
temperature for 16 hrs, the reaction mixture was treated with saturated aqueous NH4Cl1
solution, then extracted with DCM. The combined organic layers were washed with saturated
brine, dried over anhydrous Na»>SQOy, filtered, and concentrated to dryness. The residue was
purified by column chromatography on silica gel (eluting with 15% EtOAc in PE) to afford
benzyl (3aS)-tetrahydro-[1,2,3Joxathiazolo[3,4-a]pyrazine-5(3H)-carboxylate 1-oxide (2.3 g).
LCMS (ESI, m/z): [M+H]"=297.1.

[0382] Step 3: benzyl (S)-tetrahydro-[1,2,3Joxathiazolo[3,4-a]pyrazine-5(3H)-carboxylate
1,1-dioxide (BY-3)
[0383] To a solution of benzyl (3aS)-tetrahydro-[1,2,3]oxathiazolo[3,4-a]pyrazine-5(3H)-

carboxylate 1-oxide (2.3 g, 7.8 mmol) and RuCl3-xH>0 (32.2 mg, 0.15 mmol) in EtOAc (25
mL), acetonitrile (60 mL) and water (60 mL) was added NalO4 (4.15 g, 19.4 mmol) in
portions at 0 °C. After stirring at room temperature for 1 hr, the reaction mixture was worked
with saturated aqueous NH4Cl1 solution, then extracted with DCM. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SOyg, filtered, and
concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (eluting with 15% EtOAc in PE) to afford benzyl (S)-tetrahydro-
[1,2,3]oxathiazolo[3,4-a]pyrazine-5(3 H)-carboxylate 1,1-dioxide (1.7 g). LCMS (ESI, m/z):
[M+H]"=313.1.

[0384] Step 4: (S)-4-((benzyloxy)carbonyl)-2-(fluoromethyl)piperazine- 1-sulfonic acid
(BY-4)
[0385] To a solution of benzyl (S)-tetrahydro-[1,2,3]oxathiazolo[3,4-a]pyrazine-5(3H)-

carboxylate 1,1-dioxide (1 g, 3.2 mmol) in THF (40 mL) was added TBAF (1.0 M in THF, 8
mL, 8.0 mmol) under N». After stirring at reflux for 1.5 hrs, the reaction mixture was
concentrated in vacuo to give the product BY-4 which was used directly in the next step
without further purification. LCMS (ESI, m/z): [M-H] = 331.2.
[0386] Step 5: benzyl (S)-3-(fluoromethyl)piperazine-1-carboxylate (BY-5)
A mixture of (5)-4-((benzyloxy)carbonyl)-2-(fluoromethyl)piperazine-1-sulfonic acid (1 g,
3.0 mmol) in 1,4-dioxane (20 mL) was added HCI solution (4.0 M in 1,4-dioxane, 10 mL) dropwise

at 0 °C under N». After stirring at room temperature for 1 hr, the reaction mixture was concentrated
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to give benzyl (S)-3-(fluoromethyl)piperazine-1-carboxylate which was used directly in the next

step. LCMS (ESI, m/z): [M+H]* = 253.2.

[0387] Step 6: 4-benzyl 1-(tert-butyl) (S)-2-(fluoromethyl)piperazine-1,4-dicarboxylate
(BY-6)
[0388] To a solution of benzyl (5)-3-({luoromethyl)piperazine- 1-carboxylate (870 mg,

3.45 mmol) in THF (30 mL) was added TEA (1.05 g, 10.4 mmol) and (Boc)>O (828 mg, 3.8
mmol) under N>. After stirring at room temperature for 2.5 hrs, the reaction mixture was
worked up with water, then extracted with DCM. The combined organic layers were washed
with saturated aqueous NH4Cl solution, dried over anhydrous Na>SOy, filtered, and
concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (eluting with 15% EtOAc in PE) to afford 4-benzyl 1-(zert-butyl) (S)-2-
(fluoromethyl)piperazine-1,4-dicarboxylate (1 g). LCMS (ESI, m/z): [M+H-56]"=297.2.

[0389] Step 7: rert-butyl (S)-2-(fluoromethyl)piperazine-1-carboxylate (BY)

[0390] To a mixture of 4-benzyl 1-(tert-butyl) (S)-2-(fluoromethyl)piperazine-1,4-
dicarboxylate (800 mg, 2.27 mmol) in methanol (24 mL) was added Pd/C (10% palladium on
carbon, wetted with ca. 55% water for safety, 800 mg) under N2. The mixture was purged
with Hy, then stirred at room temperature for 2 hrs under H, atmosphere (1 atm). After
completion, the reaction mixture was filtered through a Celite pad. The filtrate was
concentrated to dryness under reduced pressure. The residue was purified by column
chromatography on silica gel (eluting with 0-4% MeOH in DCM) to afford intermediate BY
(400 mg). LCMS (ESI, m/z): [M+H-56]" = 163.1.

Intermediate BZ

tert-butyl (R)-2-(fluoromethyl)piperazine- 1-carboxylate (BZ)

H
N
[,\j’; _F
I
Boc
BZ
[0391] Intermediate BZ was synthesized using conditions analogous to the synthesis of

intermediate BY from commercially available chemical reagents. LCMS (ESI, m/z): [M+H-
56]"=163.1.
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Intermediate CA

(29)-2-(difluoromethyl)piperazine (CA)

Boc
Boc Boc N
! N
N PMBCI [ OxaIyI chloride [ DAST [ ) F
[ ]\/OH TEA, THF, reflux D\/OH DMSO, Et;N N(SJ\//O DCM. 0 °C N
N DCM,-65°C | PMB F
H PMB PMB CA3
CA-1 CA-2
HCl in 1,4-dioxane [ ]\/ TFA,80°C [ ]\,
(s (s
PMB F
CA-4
[0392] Step 1: tert-butyl (5)-3-(hydroxymethyl)-4-(4-methoxybenzyl)piperazine-1-
carboxylate (CA-1)
[0393] A solution of fert-butyl (35)-3-(hydroxymethyl)piperazine-1-carboxylate (5 g, 23

mmol), 1-(chloromethyl)-4-methoxy-benzene (3.98 g, 25 mmol) and TEA (4.68 g, 46 mmol)
in THF (15 mL) was stirred at reflux for 16 hrs under N». After completion, the reaction
mixture was concentrated in vacuo and the residue was purified by flash column
chromatography on silica gel to afford zerz-butyl (35)-3-(hydroxymethyl)-4-[(4-
methoxyphenyl)methyl]piperazine-1-carboxylate (6 g). LCMS (ESI, m/z): [M+H]*=337.4.

[0394] Step 2: tert-butyl (S)-3-formyl-4-(4-methoxybenzyl)piperazine- 1-carboxylate
(CA-2)
[0395] To a solution of oxalyl chloride (4.53 g, 36 mmol) in DCM (10 ml) was added

DMSO (4.18 g, 54 mmol) in DCM (4.5 mL) dropwise at -65 °C. After stirring at -65 °C for
10 mins, tert-butyl (35)-3-(hydroxymethyl)-4-[(4-methoxyphenyl)methyl]piperazine-1-
carboxylate (6 g, 17.8 mmol) in DCM (7 ml) was added dropwise at -65 °C under N». After
stirring at -65 °C for 1.5 hrs, TEA (10.8 g, 107 mmol) was added to the mixture. The reaction
mixture was warmed to 0 °C, then the reaction mixture was worked up with saturated
aqueous NH4Cl and extracted with DCM. The combined organic layers were washed with
saturated brine, dried over anhydrous Na»>SQOy, filtered, and concentrated in vacuo to afford
ter1-butyl (35)-3-formyl-4-[(4-methoxyphenyl)methyl]piperazine-1-carboxylate (5 g). LCMS
(EST, m/z): [M+H]" = 335.2.
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[0396] Step 3: tert-butyl (S5)-3-(difluoromethyl)-4-(4-methoxybenzyl)piperazine- 1 -
carboxylate (CA-3)
[0397] To a solution of rert-butyl (35)-3-formyl-4-[(4-methoxyphenyl)methyl |piperazine-

1-carboxylate (6 g, 17.9 mmol) in DCM (16 mL) was added DAST (5.78 g, 36 mmol) at 0 °C
under N». After stirring at room temperature for 5 hrs, the reaction mixture was worked up
with saturated aqueous NH4Cl solution, then extracted with DCM. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SOg, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 35% EtOAc in PE) to atford terr-butyl (35)-3-
(difluoromethyl)-4-[(4-methoxyphenyl)methyl]piperazine-1-carboxylate (2.98 g). LCMS
(ESI, m/z): [M+H]" = 357 4.

[0398] Step 4: (S)-2-(difluoromethyl)-1-(4-methoxybenzyl)piperazine (CA-4)

[0399] To a solution of zert-butyl (35)-3-(difluoromethyl)-4-[(4-
methoxyphenyl)methyl]piperazine-1-carboxylate (300 mg, 0.84 mmol) in DCM (2 mL) was
added HCI (4.0 M in 1,4-dioxane, 2 mL). After stirring at room temperature for 3 hrs, the
reaction mixture was worked up with saturated aqueous Na>COs solution, then extracted by
DCM. The combined organic layers were dried over anhydrous Na:>SOy, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 5% MeOH in DCM) to afford (25)-2-
(difluoromethyl)- 1-[(4-methoxyphenyl)methyl]piperazine (156 mg). LCMS (ESI, m/z):
[M+H]*=257.1.

[0400] Step 5: (25)-2-(difluoromethyl)piperazine (CA)

[0401] A solution of (25)-2-(difluoromethyl)-1-[(4-methoxyphenyl)methyl]piperazine
(1.4 g, 5.46 mmol) in TFA (10 mL) was stirred at 80 °C for 3 hrs. When the reaction
completed, the reaction mixture was concentrated to dryness under reduced pressure. The
residue was purified by flash column chromatography on silica gel (eluting with 10% MeOH
in DCM) to afford intermediate CA (415 mg). 'H NMR (400 MHz, CDCl3) § 5.62 (td, J =
56.4 Hz, 5.6 Hz, 1H), 3.13-2.89 (m, 4H), 2.84-2.70 (m, 2H), 2.65 (m, 1H).



WO 2025/117661 PCT/US2024/057645
155

Intermediate CB

1-(5-Bromothiazol-2-yl)cyclopropane- 1 -carbonitrile (CB)

o
ne L J<
0 CN N:XN

Br
N g NaH, DMF, 0120 °C; Ni Br N=( CN NBS s
Q_g/ TsOH, toluene, 105 °C ﬁ\,s NaH, THF, 0 °C-rt XS ACN, 80 °C
CB-1 CB-2 CcB
[0402] Step 1: 2-(Thiazol-2-yl)acetonitrile (CB-1)
[0403] To a stirred solution of fert-butyl 2-cyanoacetate (22.4 g, 159 mmol) in DMF (50

mL) was added NaH (60% dispersion in mineral oil, 5.85 g, 146 mmol) in portions at 0 °C
under N> atmosphere. After stirring at 0 °C for 10 min, 2-bromothiazole (20.0 g, 122 mmol)
in DMF (50 mL) was added stepwise. The resulting mixture was stirred for an additional 15
mins at room temperature, then stirred for 2 hrs at 120 °C under N>. When the reaction
completed, the reaction mixture was acidified to pH = 4 with aqueous HCI solution (1N),
then extracted with EtOAc. The combined organic layers were washed with saturated brine,
dried over anhydrous Na»SOs, filtered, and concentrated under reduced pressure. The residue
was dissolved in toluene (50 mL), then TsOH (2.10 g, 12 mmol) was added at room
temperature. After stirring for an additional 2 hrs at 105 °C, the reaction mixture was worked
up with saturated aqueous sodium bicarbonate, then extracted with EtOAc. The combined
organic layers were dried over anhydrous Na>SOa, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (eluting
with 35% EtOAc in PE) to afford 2-(thiazol-2-yl)acetonitrile (6.86 g). LCMS (ESI, m/z):
[M+H]" = 125.0; 'H NMR (400 MHz, CDCl3) § 7.81 (d, J = 3.2 Hz, 1H), 7.41 (d, J = 3.2 Hz,
1H), 4.18 (s, 2H).

[0404] Step 2: 1-(thiazol-2-yl)cyclopropane-1-carbonitrile (CB-2)

[0405] To a stirred mixture of 2-(thiazol-2-yl)acetonitrile (6.86 g, 55 mmol) in THF (80
mL) was added NaH (60% dispersion in mineral oil, 2.65 g, 66 mmol), followed by 1,2-
dibromoethane (15.6 g, 83 mmol) at O °C under N». After stirring for 1 hr at room
temperature under N> atmosphere, the reaction mixture was quenched with saturated aqueous
NH4Cl solution, then was extracted with EtOAc. The combined organic layers were dried
over anhydrous Na>SQg, filtered, and concentrated under reduced pressure. The residue was

purified by flash column chromatography on silica gel (eluting with 12% EtOAc in PE) to
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give 1-(thiazol-2-yl)cyclopropane-1-carbonitrile (5.34 g). LCMS (ESI, m/7): [M+H]*= 151.0;
"H NMR (400 MHz, DMSO-ds) & 7.75 (d, J = 3.2 Hz, 1H), 7.70 (d, J = 3.2 Hz, 1H), 1.98 (m,
2H), 1.75 (m, 2H).

[0406] Step 3: 1-(5-Bromothiazol-2-yl)cyclopropane-1-carbonitrile (CB)

[0407] A solution of 1-(thiazol-2-yl)cyclopropane-1-carbonitrile (5.2 g, 34.6 mmol) and
NBS (6.16 g, 34.6 mmol) in ACN was stirred for 2 hrs at 80 °C under N> atmosphere. When
reaction completed, the reaction mixture was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (eluting with 5% EtOAc in DCM)
to give intermediate CB (6.1 g). LCMS (ESI, m/z): [M+H]*=228.9; 'H NMR (400 MHz,
DMSO-ds) & 7.85 (s, 1H), 2.05-1.93 (m, 2H), 1.84-1.73 (m, 2H).

Intermediate CC

1,8-dichloro-3-(5-(1-cyanocyclopropyl)- 1,3,4-thiadiazol-2-yl)-N-(1-
methylcyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide (CC)

Nx Nx
N N
N DCDMH, DCM N’
H o NS 0°Ctort H o NS
N\S// /Z/ _ N\S// /Z/
=
iy, Eags!
= N
Cl c G
BI cc
[0408] Intermediate CC was synthesized from intermediate BI by using conditions

analogous to the synthesize of intermediate BH. LCMS (ESI, m/z): [M+H]" = 469.1.

Intermediate CD
2-methyl-1-oxa-3,8-diazaspiro[4.5]dec-2-ene (CD)

Boc

Boc ! H
N NH Hcl N
)J\O/\ 1,1,1,3,3,3-hexafluoropropan-2-ol
H%eNHZ KOH, MeOH, 80 °C ;:N 120 °C, mw ;:N
CD-1 CcD
[0409] Step 1:  tert-butyl 2-methyl-1-oxa-3,8-diazaspiro[4.5]dec-2-ene-8-carboxylate

(CD-1)
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[0410] To a solution of fert-butyl 4-(aminomethyl)-4-hydroxy-piperidine- 1-carboxylate
(4 g, 17.4 mmol) in MeOH (30 mL) was added KOH (1.58 g, 28.2 mmol), followed by a
solution of ethyl ethanimidate hydrochloride (4.47 g, 36.2 mmol) in MeOH (10 mL) under N>
atmosphere at room temperature. After stirring at 80 °C for 16 hrs, the reaction mixture was
worked up with water, then extracted with EtOAc. The combined organic layers were washed
with water and saturated sodium sulfite solution, dried over anhydrous Na>SQy, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (eluting with 3-5% MeOH in DCM) to afford terz-butyl 2-methyl-1-oxa-3,8-
diazaspiro[4.5]dec-2-ene-8-carboxylate (3.0 g). LCMS (ESI, m/z): [M+H]* = 255.3.

[0411] Step 2: 2-methyl-1-oxa-3,8-diazaspiro[4.5]dec-2-ene (CD)

[0412] A mixture of tert-butyl 2-methyl-1-oxa-3,8-diazaspiro[4.5]dec-2-ene-8-
carboxylate (900 mg, 3.54 mmol) in 1,1,1,3,3,3-hexafluoropropan-2-ol (10 mL) was stirred at
120 °C for 2 hrs under microwave. After completion, the reaction mixture was concentrated
in vacuo to give a residue which was purified by silica gel column chromatography (eluting

with 10% MeOH in DCM) to afford intermediate CD (100 mg). LCMS (ESL m/z): [M+H]*=

155.3.
Intermediate CE
(R)-2-(difluoromethyl)piperazine (CE)
H
N
(.
Nt
H ¢
CE
[0413] Intermediate CE was synthesized using conditions analogous to the synthesis of

intermediate CA from commercially available chemical reagents. "H NMR (400 MHz,
DMSO-ds) 6 5.79 (td, J = 61.6 Hz, 5.2 Hz, 1H), 2.82-2.75 (m, 3H), 2.69-2.66 (m, 1H), 2.59-
2.55 (m, 1H), 2.45-2.38 (m, 2H).

Intermediate CF

rac-(1R,2R)-2-(2-methoxyethyl)- l-methylcyclopropan-1-amine (CF)
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O/MQCI
_AM Boc,O

&1
A B N a1 0N
HO \ chloro(triisopropoxy)titanium H,N & OH TEA, DCM, rt BocHN
ACN, THF, -78 °C-rt
CF-1 CF-2
CHl ——,A‘.&J HCl in 1,4-dioxane Y N
_ St N ——————— HoN ©
Ag,0, ACN, 80°C BocHN Hél
CF-3 CF
[0414] Step 1: rac-2-[(1R,2R)-2-amino-2-methyl-cyclopropyl]ethanol (CF-1)
[0415] To a solution of chloro(triisopropoxy)titanium (1.0 M in THF, 27.7 mmol, 27.7

mL) in THF (60 mL) was added chloro(cyclohexyl)magnesium (2.0 M in Et-O, 69.4 mmol,
34.7 mL) dropwise at -78 °C under N> atmosphere. After stirring at -78 °C for 45 mins, a
mixture of but-3-en-1-ol (1 g, 13.9 mmol) and acetonitrile (1.14 g, 27.7 mmol, 1.45

mL) in THF (60 mL) was added. The reaction mixture was allowed to warm to room
temperature (over approximately 1.5 hrs), stirred for an additional 16 hrs. The reaction
mixture was worked up with 10% aqueous NaOH solution, then extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over anhydrous

NaxSOs, filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (eluting with 20% MeOH in DCM) to afford rac-2-[(1R,2R)-2-amino-2-
methyl-cyclopropyl]ethanol (350 mg).

[0416] Step 2: rac-tert-butyl ((1R,2R)-2-(2-hydroxyethyl)-1-
methylcyclopropyl)carbamate (CF-2)

[0417] To a solution of rac-2-[(1R,2R)-2-amino-2-methyl-cyclopropyljethanol (1 g, 8.68
mmol) and TEA (1.05 g, 10.4 mmol) in DCM (20 mL) was added Boc2O (1.99 g, 9.12 mmol)
under N». After stirring at room temperature for 2 hrs, the reaction mixture was worked
up with water, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous NaxSOy, filtered, and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (eluting
with 50% EtOAc in PE) to afford rac-2-[(1R,2R)-2-amino-2-methyl-cyclopropyl]ethanol (1.4
g). '"H NMR (400 MHz, DMSO-ds) 6 6.82 (s, 1H), 4.43 (m, 1H), 3.56-3.39 (m, 2H), 1.58 (m,
1H), 1.37 (s, 9H), 1.25-1.16 (m, 4H), 0.70 (m, 1H), 0.55 (m, 1H), 0.28 (m, 1H).

[0418] Step 3: rac-tert-butyl ((1R,2R)-2-(2-methoxyethyl)-1-
methylcyclopropyl)carbamate (CF-3)
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[0419] To a solution of rac-2-[(1R,2R)-2-amino-2-methyl-cyclopropyl]ethanol (500 mg,
2.32 mmol) and Ag>O (861 mg, 3.72 mmol) in MeCN (15 mL) was added iodomethane (5.60
g.39.5 mmol) under N. After stirring at 80 °C for 16 hrs, the reaction mixture was filtered
and concentrated in vacuo. The residue was purified by flash column chromatography on
silica gel (eluting with 30% EtOAc in PE) to afford rac-tert-butyl ((1R,2R)-2-(2-
methoxyethyl)-1-methylcyclopropyl)carbamate (245 mg). '"H NMR (400 MHz, DMSO-ds) §
6.83 (s, 1H), 3.37 (t, J/ = 6.8 Hz, 2H), 3.23 (s, 3H), 1.65 (m, 1H), 1.37 (s, 9H), 1.32-1.15 (m,
4H), 0.69 (m, 1H), 0.54 (m, 1H), 0.30 (m, 1H).

[0420] Step 4: rac-(1R,2R)-2-(2-methoxyethyl)- 1-methylcyclopropan-1-amine (CF)

[0421] To a solution of rac-tert-butyl ((1R,2R)-2-(2-methoxyethyl)-1-
methylcyclopropyl)carbamate (245 mg, 1.07 mmol) in DCM was added HC1 (4.0 M in 1,4-
dioxane, 5 mL) under No. After stirring at room temperature for 2 hrs, the reaction mixture
was concentrated in vacuo to afford intermediate CF as HCI salt (138 mg) which was use in
the next step directly.

Intermediate CG
(15,2R)-2-(methoxymethyl)- 1-methylcyclopropan-1-amine (CG)

0.__0 0
5 ~
HO— o Br 0 o \o( . -“‘”\o/
~
S o — 5%, Y _ HaPdC BB ® 0
H DCM, rt DIPEA, MeOH, rt MeOH, 60 °C N
H H H
CG-SM CG-1 CG-2 CcG-3

_ . NH
NaOH ( DPPA (S)  \NHBoc HCl in 1,4-dioxane %.(R) 2 Hel
R, ° .
THF, H,0, 70 °C (R) O TEA tBwoH.75°C 150« DCM, 25°C 0 O~
H

cc;_4 CG-6 (H:G
[0422] Intermediate CG-SM was synthesized following the reference “Helv. Chim. Acta,
1989, 72, 1301.”
[0423] Step 1: (15,5R)-1-(bromomethyl)-3-oxabicyclo[3.1.0]hexan-2-one (CG-1)
[0424] To a solution of (15,5R)-1-(hydroxymethyl)-3-oxabicyclo[3.1.0]hexan-2-one (1.0

g, 7.8 mmol) in DCM (10 mL) was added PBr3 (2.11 g, 7.81 mmol) under N> atmosphere.
After stirring at room temperature for 1 hr, the reaction mixture was worked up with water,
then extracted with DCM. The combined organic layers were dried over anhydrous Na>SOu,

filtered, and concentrated in vacuo. The residue was purified by flash column
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chromatography on silica gel (eluting with 25% EtOAc in PE) to afford (1R,5R)-1-
(bromomethyl)-3-oxabicyclo[3.1.0]hexan-2-one (600 mg). 'H NMR (400 MHz, CDCl3) §
4.34 (dd, J=9.2 Hz, 4.8 Hz, 1H), 4.16 (d, J =9.2 Hz, 1H), 4.10 (d, /= 11.2 Hz, 1H), 3.29 (d,
J=11.2 Hz, 1H), 2.36 (m, 1H), 1.49 (m, 1H), 1.27 (¢, J = 4.8 Hz, 1H).

[0425] Step 2: (15,5R)-1-methyl-3-oxabicyclo[3.1.0]hexan-2-one (CG-2)

[0426] To a solution of (1R,5R)-1-(bromomethyl)-3-oxabicyclo[3.1.0]hexan-2-one (600
mg, 3.14 mmol) in MeOH (5 mL) was added DIPEA (487 mg, 3.77 mmol) and Pd/C
(palladium on carbon, wetted with ca.55% water for safety, 67 mg) under N> atmosphere. The
mixture was degassed, then stirred at room temperature under H» (1 atm) for 6 hrs. After
completion, the mixture was filtered through a celite pad. The filtrate was concentrated in
vacuo to give a residue which was purified by flash column chromatography on silica gel
(eluting with 25% EtOAc in PE) to afford (15,5R)-1-methyl-3-oxabicyclo[3.1.0]hexan-2-one
(300 mg). '"H NMR (400 MHz, CDCl3) 4 4.26 (dd, J = 9.2 Hz, 4.8 Hz, 1H), 4.09 (d, /= 9.2
Hz, 1H), 2.05 (m, 1H), 1.38 (s, 3H), 1.06 (m, 1H), 0.90 (t, J = 4.6 Hz, 1H).

[0427] Step 3: methyl (15,2R)-2-(methoxymethyl)-1-methylcyclopropane-1-carboxylate
(CG-3)
[0428] To a solution of (15,5R)-1-methyl-3-oxabicyclo[3.1.0]hexan-2-one (300 mg, 2.68

mmol) in MeOH (10 mL) was added trimethoxymethane (539 mg, 5.08 mmol) and
concentrated H>SO4 (0.14 mL) under N2. After stirring at 60 °C for 2 hrs, the reaction mixture
was concentrated, then partitioned between with water and DCM. The combined organic
layers were dried over anhydrous Na»>SOs, filtered, and concentrated in vacuo. The residue
was purified by flash column chromatography on silica gel (eluting with 15% MeOH in
DCM) to afford methyl (15,2R)-2-(methoxymethyl)-1-methyl-cyclopropanecarboxylate (200
mg). 'H NMR (400 MHz, CDCl5) & 3.68 (s, 3H), 3.62 (dd, J = 10.6 Hz, 5.8 Hz, 1H), 3.38
(dd, J=10.6 Hz, 8.2 Hz, 1H), 3.27 (s, 3H), 1.39-1.26 (m, 5H), 0.85 (m, 1H).

[0429] Intermediate CG was synthesized from CG-3 using conditions analogous to that
used to synthesize intermediate AK, via hydrolysis, subsequent curtius reaction and Boc
deprotection with >98% ee. 'H NMR (400 MHz, DMSO-ds) § 8.49 (brs, 3H), 3.64-3.51 (m,
2H), 3.25 (s, 3H), 1.35 (s, 3H), 1.19 (m, 1H), 0.90-0.79 (m, 2H).

[0430] Intermediates in the table below were synthesized using conditions analogous to
that used to synthesize intermediate Q from chemicals either commercially available or

synthesized according to the literature.
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Intermediates Structure Name [M+H]*

N
AN

N\>ﬂ 1-(5-(4-bromo-6-((4-(tert-

NG & butyl)benzyl)thio)-1H-indazol-
CH j\<j\,s NY 1-y1)-1,3,4-thiadiazol-2- 5242
N

yl)cyclopropane-1-carbonitrile

,N\j)\F 2-(4-bromo-6-((4-(tert-
My butyl)benzyl)thio)-1H-indazol-
CI s

\@@N 1-yD)-5-(difluoromethyl)-1,3.4- 5092
f thiadiazole
\ 1-(5-(4-bromo-6-((4-(zert-
N,N<>q butyl)benzyl)thio)-3-chloro-
CJ >ltjys ' 1H-indazol-1-y1)-1,3,4- 558.4
mﬁl thiadiazol-2-yl)cyclopropane-
Lo 1-carbonitrile

[0431] Intermediates in the table below were synthesized using conditions analogous to

that used to synthesize intermediate 39-9 from chemicals either commercially available or

synthesized according to the literature or disclosed herein.

Intermediates Structure Name [II;/[C+1\I/-[I?+
,N:Pd 8-chloro-3-(5-(1-
o Ny 8 fluorocyclopropyl)-1,3,4-
CK N N,\Z/ thiadiazol-2-y1)-N-(1- 428.1
S, methylcyclopropyl)imidazo|1,5-
Cl a]pyridine-6-sulfonamide
F
—0 N \KKF 8-chloro-3-(5-(difluoromethyl)-
"® 1 N'\\S 1,3,4-thiadiazol-2-yl)-N-
CL N NI ((18,2R)-2-(methoxymethyl)-1- | 464.2
© o N methylcyclopropyl)imidazo[1,5-
& a]pyridine-6-sulfonamide
F
F 8-bromo-3-(5-(1-
! N{l\s (difluoromethyl)cyclopropyl)-
CM N\Sﬂo I 1,3,4-thiadiazol-2-y1)-N-(1- 548.0
d iN\\N methylcyclopropyl)imidazo[1,5-
I a]pyridine-6-sulfonamide
I
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- 8-bromo-3-(5-(1-
\O ,N\?ﬁ (difluoromethyl)cyclopropyl)-
NS 1,3.4-thiadiazol-2-y1)-N-
CN &HSO _ Nl\/ (1S.2R)-2-(methoxymethyl)-1- | 150
=0 A= methylcyclopropyl)imidazol1,5-
Br a]pyridine-6-sulfonamide
F 8-chloro-3-(5-(1-
/O\\\.f R%‘ N,Nﬁ)ﬂ 'ﬂu.orocyclopropyl)- 1,3,4-
co H;\“s"o ’Z\/S thiadiazol-2-y1)-N-((1S5,2R)-2- 4722
IY NN, (methoxymethyl)-1-
YOS methylcyclopropyl)imidazol1,5-
“ a]pyridine-6-sulfonamide
R 8-bromo-3-(5-(1-
= %‘_o N’T\s 'ﬂu'orocyclopropyl)- 1,34-
CP HN . & thiadiazol-2-y1)-N-((1S,2R)-2- 516.2
dY N N (methoxymethyl)-1-
X methylcyclopropyl)imidazo[1,5-
Br a]pyridine-6-sulfonamide
Intermediate CQ

rac-(1R,2R)-2-(5-bromo-1,3,4-thiadiazol-2-yl)cyclopropane- 1 -carbonitrile (CQ)

ca
[0432] Intermediate CQ is prepared in racemic form. It should be noted that the two
stereo-centers in CQ have the &1 designation because of their fixed relative configuration.
Other compounds herein having the &1 designations should be understood similarly.
[0433] Intermediate CQ was synthesized using conditions analogous to the synthesis of

intermediate N from commercially available starting materials. LCMS (ESI, m/z): [M+H]*
229.9.

Intermediate CR
rac-ethyl 5-((1R,2R)-2-cyanocyclopropyl)-1,3,4-thiadiazole-2-carboxylate (CR)

0
P )Krs
o \ />"'é<1 81
N~ N\
\N
CR
[0434] Intermediate CR was synthesized from intermediate CQ using conditions

analogous to the synthesis of intermediate AY. LCMS (ESI, m/z): [M+H]*=224.1
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Intermediate CS
rac-8-bromo-3-(5-((1R,2R)-2-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-N-(1-
methylcyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (CS)

N
I

&1

[0435] Intermediate CS was synthesized from intermediate CR using conditions
analogous to the synthesis of intermediate BG. LCMS (ESI, m/z): [M+H]*=479.1
Intermediate CT
1-(5-(8-bromo-6-((4-(tert-butyl)benzyl)thio)imidazo[1,5-a]pyridin-3-y1)-1,3,4-thiadiazol-2-
yl)cyclopropane-1-carbonitrile (CT)
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X7 NHBoc NS ™SNH, o(
| P HCl in 1,4-dioxane | —/ %
S Br F

—_—
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N
\Q\/ 14d|oxane1200 S\F# NN
P
Br cT
[0436] Intermediate CT-SM was synthesized from intermediate BF using conditions

analogous to the synthesize of intermediate BG-3. Intermediate CT was synthesized from
intermediate CT-SM using conditions analogous to the synthesis of intermediate BG from
BG-5. LCMS (ESL m/z): [M+H]* =523.9.

Intermediate CU
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tert-butyl ((8-bromo-1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)imidazo[1,5-
aJpyridin-6-yl)sulfonyl)((1S,2R)-2-(methoxymethyl)-1-methylcyclopropyl)carbamate (CU)

o
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Intermediate CU-2 was synthesized from intermediate CT using conditions

(note: 5 eq. of NCS) analogous to the synthesis of intermediate BG-3. The protection of

intermediate CU-2 with Boc was using conditions analogous to the synthesis of intermediate

AF-1 to afford intermediate CU. LCMS (ESI, m/z): [M+H-56]"=511.1.

[0438]

Intermediates in the table below were synthesized using conditions analogous to

that used to synthesize intermediate CU from chemicals either commercially available or

synthesized according to the literature.

Intermediates Structure Name [II;/EI\I/-[I?
Nee 8-bromo-3-(5-(1-
—0 S
\H;I.?)<]Q N,T\ 'cy:fmocyclopropyl)- 1,3,4-
v HNO IS thiadiazol-2-y1)-N-((1S,2R)-2- 5030
J \Q\‘\\/N (methoxymethyl)-1- o
\B methylcyclopropyl)imidazo[1,5-
' a]pyridine-6-sulfonamide
Ny rac-8-bromo-1-chloro-3-(5-(1-
-0 N,N?q cyanocyclopropyl)-1,3,4-
o N }-$ thiadiazol-2-yl)-N-((1R,2R)-2-
W NN N’(N (2-methoxyethyl)-1- STL.4
N \CI methylcyclopropyl)imidazo[ 1,5-
Br a]pyridine-6-sulfonamide
—o\l ::\?4 tert-butyl ((8-bromo-1-chloro-3-
ﬂ'w Ny s (5-(1-cyanocyclopropyl)-1,3,4- [M+H-56]"
CcX Boc 520~ ,\Z/ thiadiazol-2-yl)imidazo(1,5- =602.9
P alpyridin-6-
g Cl yl)sulfonyl}((1R,2R)-2-
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(methoxymethyl)-1-
methylcyclopropyl)carbamate

[0439] Intermediates in the table below were synthesized by using Boc protected
intermediate AN or BN with conditions analogous to the synthesis of intermediate AF-1.
] LCMS
Intermediates Structure Name [M+H]*
N tert-butyl ((8-bromo-3-(5-(1-
N cyanocyclopropyl)-1,3.4-
B XS I . +
cy $EE L thiadiazol-2-yl)imidazo[ 1,5- [1\{4;1;2521
a]pyridin-6-yl)sulfonyl)(1- T
Br methylcyclopropyl)carbamate
ﬁ\‘ tert-butyl ((8-bromo-3-(5-(1-
Boc NG & cyanocyclopropyl)-1,3,4- -
cz P ON { thiadiazol-2-yl)imidazof 1,2- Wfrg; 21
sy a]pyridin-6-yl)sulfonyl)(1- T
Br methylcyclopropyl)carbamate
Intermediate DA

tert-butyl ((8-bromo-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-1-fluoroimidazo[1,5-
aJpyridin-6-yl)sulfonyl)( l-methylcyclopropyl)carbamate (DA)
N

N

;O

N
?OCO NS
N\S//
€3 T
\ Sy
Br F

DA
[0440] Intermediate DA was synthesized from intermediate CZ using conditions
analogous to the synthesis of intermediate AF with selecfluor at 70 °C. LCMS (ESI, m/z):
[M+H-56]*=541.2
Intermediate DB
6-amino-5-bromo-N-((1S,2R)-2-(methoxymethyl)-1-methylcyclopropyl)pyridine-3-
sulfonamide (DB)
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DB
[0441] Intermediate DB was synthesized using conditions analogous to the synthesis of
intermediate Y-2 from commercially available chemical reagents. LCMS (ESI, m/z): [M+H]*
=350.4.
Intermediate DC
8-bromo-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-N-((1S5,2R)-2-(methoxymethyl)-1-
methylcyclopropyl)imidazo[ 1,2-a]pyridine-6-sulfonamide (DC)

-0 N
\n-- ,N\
(R’(S)l\ NS
HN. O
S
4

7
/N\
\ _—

N
Br
DC
[0442] Intermediate DC was synthesized using conditions analogous to the synthesis of

intermediate AN from chemical reagents commercially available, or prepared from
commercially available reagents using conventional reactions well known in the art. LCMS

(ESI, m/z): [M+H]* = 523.1

Example 1

3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-methylcyclopropyl)-7-(2-oxa-7-
azaspiro[3.5]nonan-7-yl)pyrazolo[1,5-a]pyridine-5-sulfonamide (1)
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:NQH\ F
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= ACN, AcOH, TEA, DMAP,
N~ H,0, 0°C DCM, 0 °C- 1t
al step 1 step 2
A 11
0
S
e HO o] AY
'S i —a
I\
N TEA, DMF, 100 °C
Cl step 3
1.2
[0443] Step 1: 7-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)pyrazolo[1,5-

a]pyridine-5-sulfonyl chloride (1-1)

[0444] To a suspension of 2-(5-benzylsulfanyl-7-chloro-pyrazolo[ 1,5-a]pyridin-3-yl)-5-
(difluoromethyl)-1,3,4-thiadiazole (375 mg, 0.917 mmol), acetic acid (0.34 mL) and water
(0.23 mL) in acetonitrile (9.2 mL) was added 1,3-dichloro-5,5-dimethyl-imidazolidine-2,4-
dione (271 mg, 1.38 mmol) portion wise at 0 °C under N». The resulting mixture was stirred
at 0 °C for 2 hrs. LCMS showed the reaction completed. The reaction mixture was
concentrated to give the crude product which was used directly for the next step without
further purification. LCMS (ESI, m/z): [M+H]" = 384.9.

[0445] Step 2: 7-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-methyl
cyclopropyl)pyrazolo[1,5-a]pyridine-5-sulfonamide (1-2)

[0446] To a suspension of 1-methylcyclopropan-1-amine hydrochloride (195.8 mg, 1.82
mmol), TEA (462 mg, 4.57 mmol, 0.64 mL), DMAP (11.1 mg, 0.091 mmol) in DCM (5§ mL)
was added 7-chloro-3-[5-(difluoromethyl)-1,3,4-thiadiazol-2-yl]pyrazolo[1,5-a]pyridine-5-
sulfonyl chloride (352 mg, 0.914 mmol) at O °C under N». The resulting mixture was stirred
at room temperature overnight. LCMS showed the reaction completed. The reaction mixture
was concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 30% EtOAc in PE) to afford 7-chloro-3-(5-
(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-methylcyclopropyl)pyrazolo[1,5-a]pyridine-5-
sulfonamide (90 mg). LCMS (ESI, m/z): [M+H]* = 420.2.
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[0447] Step 3: 3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-methylcyclopropyl)-7-

(2-oxa-7-azaspiro[3.5]nonan-7-yl)pyrazolo[1,5-a]pyridine-5-sulfonamide (1)

[0448] To a mixture of 2-oxa-7-azaspiro[3.5]nonane hemi-oxalate(54.5 mg, 0.317 mmol)

and 7-chloro-3-[5-(difluoromethyl)-1,3,4-thiadiazol-2-yl]-N-(1-methylcyclopropyl)-
pyrazolo[1,5-a]pyridine-5-sulfonamide (90 mg, 0.215 mmol) in DMF (8 mL) was added TEA
(173 mg, 1.71 mmol, 0.24 mL) under Na. The reaction mixture was stirred at 100 °C for 16
hrs. LCMS showed the reaction completed. The reaction mixture was worked up with water
and extracted with EtOAc. The organic layers were washed with saturated brine, dried over
anhydrous Na>SOys, filtered, and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (eluting with 5% MeOH in DCM) to
afford the product which was further purified by prep-HPLC (0.05% NH4HCO3) to afford 3-
(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-N-(1-methylcyclopropyl)-7-(2-oxa-7-
azaspiro[3.5]nonan-7-yl)pyrazolo[ 1,5-a]pyridine-5-sulfonamide. LCMS (ESI, m/z): [M+H]*
=511.2. "H NMR (400 MHz, DMSO-ds) & 8.95 (s, 1H), 8.45 (s, 1H), 8.39 (s, 1H), 7.66 (t, J =
52.0 Hz, 1H), 6.82 (s, 1H), 4.43 (s, 4H), 3.47-3.40 (m, 4H), 2.09-2.02 (m, 4H), 1.13 (s, 3H),
0.74-0.67 (m, 2H), 0.49-0.42 (m, 2H).

[0449] Examples 2-24 were prepared according to the general procedures herein for

Example 1, and in an analogous manner to that used to synthesize the example compounds
with the appropriate intermediates. The starting materials were either prepared as described in
the Intermediates section, commercially available, or prepared from commercially available

reagents using conventional reactions well known in the art.

Example Structure NMR LC-MS
Number (ESI,
m/z):
[M+H]*
2 £ "H NMR (400 MHz, 5222
N:\VA N,NQH\F DMSO-ds) & 8.97 (s,
HNL > 1H), 8.43 (s, 1H), 7.66
S (t, J=52.0 Hz, 1H),
NN 6.82 (s, 1H), 4.42 (s,
N 4H), 3.48-3.42 (m,
% 4H), 2.08-2.02 (m,
o 4H), 1.48-1.42 (m,
N-(1-cyanocyclopropyl)-3-(5- 2H), 1.39-1.33 (m,
(difluoromethyl)-1,3,4-thiadiazol-2-y1)-7-(2- | 2H).
oxa-7-azaspiro[3.5]nonan-7-yl)pyrazolo[ 1,5-
aJpyridine-5-sulfonamide

PCT/US2024/057645
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R 'H NMR (400 MHz, 549.2
N °F DMSO-ds) 6 8.99 (s,
= Ny s 1H), 8.47 (s, 1H), 7.66
PN (t, J=52Hz, 1H), 6.85
O AN (s, H), 3.98-3.51 (m,
N 8H), 2.12-2.03 (m,
[N] 1H), 1.48-1.42 (m,
2H), 1.38-1.32 (m,
0)\V 2H), 0.83-0.74 (m,
N-(1-cyanocyclopropyl)-7-[4- 4H).
(cyclopropanecarbonyl)piperazin-1-y1]-3-[5-
(difluoromethyl)-1,3,4-thiadiazol-2-
yllpyrazolo[1,5-a]pyridine-5-sulfonamide
R 'H NMR (400 MHz, | 429.9
N N DMSO-ds) & 8.94 (s.
N 2 }-$ 1H), 842 (d,J = 4.0
dIS\C% Hz, 1H), 7.66 (t, J = 52
NN Hz, 1H), 6.86 (d, J =4
N Hz, 1H), 4.42 (s, 4H),
gg 3.46-3.40 (m, 4H), 2.71
. (s, 1H), 2.07-2.04
3-(5-(difluoromethy1)-1,3 4-thiadiazol-2-y1)- glﬁ’)4H)i 562-1_5%21 g
N-(1-ethynylcyclopropyl)-7-(2-oxa-7- 2H), ) e ’
azaspiro[3.5]nonan-7-yl)pyrazolo[1,5- ’
a]pyridine-5-sulfonamide
'H NMR (400 MHz, | 461.1
DMSO-ds) & 9.57 (s,
1H), 884 (s, 1H),
8.43(s, 1H), 8.41(brs, 1
H), 6.77 (s, 1H), 4.42
(s, 4H), 3.44-3.39 (m,
4H), 2.08-2.02 (t, J=
8.0 Hz, 4H), 1.12 (s, 3
N-(1-cyanocyclopropyl)-3-(5- H), 0.73-0.67 (m, 2H),
(difluoromethyl)-1,3,4-thiadiazol-2-y1)-7-(4- 0.47-0.41 (m, 2H).
(propylsulfonyl)piperazin-1-yl)pyrazolo[1,5-
alpyridine-5-sulfonamide
"H NMR (400 MHz, 545.9

DMSO-ds) 6 9.02 (s,
1H), 8.81 (s, 1H), 7.54
(t, J=45.8 Hz, 1H),
7.40 (s, 1H), 6.78-6.70
(m, 1H), 4.55 (br s,
1H), 4.27 (br s, 1H),
3.97 (brs, 1H), 3.77
(brs, 1H), 2.82 (br s,
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N-(1-cyanocyclopropyl)-7-(1- 1H), 2.69 (br s, 1H),
(cyclopropanecarbonyl)-1,2,3,6- 1.99-2.11 (m, 1H)
tetrahydropyridin-4-y1)-3-(5-(difluoromethyl)- | 1.50-1.43 (m, 2H),
1,3.,4-thiadiazol-2-yl)pyrazolo[1,5-a]pyridine- | 1.39-1.32 (m, 2H),
5-sulfonamide 0.94-0.67 (m, 4H).
7 N 'H NMR (400 MHyz, | 475.3
ﬁ,lf o ys DMSO-ds) & 8.77 (s,
O/,S\C,ég 1H), 8.36 (s, 1H), 8.33
NN (s, TH), 6.77 (s, 1H),
N 4.43 (s, 4H), 3.42-3.32
%; (m, 4H), 2.80 (s, 3H),
o 2.09-2.02 (m, 4H), 1.12
3-(5-methyl-1,3 4-thiadiazol-2-y)-N-(1- | (& 3H). 0.74-0.67 (m,
methylcyclopropyl)-7-(2-oxa-7- 2H), 0.48-0.41 (m, 2H).
azaspiro[3.5]nonan-7-yl)pyrazolo[1,5-
aJpyridine-5-sulfonamide
8 Ns "H NMR (400 MHz, 526.2
N":'\ DMSO-ds) 6 8.83 (s,
<J,H\S,9 s 1H), 8.41 (s, 1H), 8.33
Y T, (s, 1H), 6.78 (s, 1H),
NN 4.42 (s, 4H), 3.44-3.38
N (m, 4H), 2.17-2.10 (m,
% 2H), 2.06-2.00 (m,
o 4H), 1.96- 1.89 (m,
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2- 2H), L.11 (s, 3H), 0.72-
y1)-N-(1-methylcyclopropyl)-7-(2-oxa-7- 0.66 (m, 2H), 0.46-
azaspiro[3.5]nonan-7-yl)pyrazolo[1,5- 0.40 (m, 2H).
aJpyridine-5-sulfonamide
9 /P ad 'HNMR (400 MHz, | 459.3
NP -0 DMSO-ds) § 8.75 (s,
c;xsj:\% 1H), 8.44 (s, IH), 8.21
NN (s, 1H), 6.78 (s, 1H),
N 442 (s, 4H), 3.44-3.28
% (m, 4H), 2.61 (s, 3H),
5 2.08-2.01 (m, 4H),
3-(5-methyl-1,3,4-oxadiazol-2-y))-N-(1- | 112 (s, 3H), 0.72-0.67
methylcyclopropyl)-7-(2-oxa-7- (m, 2H), 0.48-0.42 (m,
azaspiro[3.5]nonan-7-yl)pyrazolo[1,5- 2H).
aJpyridine-5-sulfonamide
10 i R 'H NMR (400 MHz, | 547.2
N ™F DMSO-ds) 6 9.16 (br s,
F&,ﬁp Mys 1 H), 894 (s, 1 H),
O”S\C% 833(s, | H),7.65
NN (t, J=56Hz, 1 H), 6.80
N (s, L H),5.75 (t, J= 56
% Hz, 1 H), 4.42 (s, 4 H),
o 3.43-339(m, 4 H),
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3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)- | 2.07-2.03 (m, 4 H),
N-(1-(difluoromethyl)cyclopropyl)-7-(2-oxa- | 0.98-0.90 (m, 4 H).
7-azaspiro[3.5]nonan-7-yl)pyrazolo[1,5-
a|pyridine-5-sulfonamide
1 £ "H NMR (400 MHz, 548.2
N NIN*H\F DMSO-ds) 6 9.06 (s,
\\Xﬂ\,,o Y-S 1H), 8.76 (s, 1H), 7.68
Y (t, J = 52.0 Hz, 1H),
NN 7.36 (s, 1H), 4.65-4.45
(m, 2H), 4.00-3.90 (m,
N 1H), 3.62-3.52 (m,
O%W 1H), 2.88-2.80 (m,
1H), 2.24-2.14 (m,
N-(1-cyanocyclopropyl)-7-[1- 2H), 2.10-2.02 (m,
(cyclopropanecarbonyl)-4-piperidyl]-3-[5- 1H), 1.80-1.56 (m,
(difluoromethyl) -1,3,4-thiadiazol-2- 2H), 1.52-1.25 (m,
yllpyrazolo[1,5-a]pyridine-5-sulfonamide 4H), 0.85-0.61 (m,
4H).
12 N\j’}q '"H NMR (400 MHz, | 519.2
p o i DMSO-ds) & 8.85 (s,
- 1H), 8.40 (s, 1H), 8.36
d (;& (s, 1H), 6.77 (s, 1H),
i 4.42 (s, 4H), 3.44-3.35
(m, 4H), 2.08-2.01 (m,
%g 4H), 1.86-1.73 (m, 2H),
o 1.57-1.50 (m, 2H), 1.11
3-(5-(1-fluorocyclopropyl)-1,3,4-thiadiazol-2- | (5, 3H), 0.72-0.66 (m,
y1)-N-(1-methylcyclopropyl)-7-(2-oxa-7- | 2H), 0.47-0.40 (m, 2H).
azaspiro[3.5]nonan-7-yl)pyrazolo[1,5-
a]pyridine-5-sulfonamide
13 . R 'H NMR (400 MHz, | 565.2
FM N‘N§H\ F DMSO-ds) 6 9.55 (br s,
P S 1H), 8.95 (s, 1H), 8.34
d;@% (s, 1H), 7.66 (t, J = 53.3
NNeN Hz, 1H), 6.79 (s, 1H),
N 4.42 (s, 4H), 3.46-3.40
% (m, 4H), 2.10-2.01 (m,
o 4H), 1.27-1.19 (m, 2H),
3-[5-(difluoromethyl)-1,3,4-thiadiazol-2-y1]-7- | 1:17-1.10 (m, 2H).
(2-oxa-7-azaspiro[3.5]nonan-7-y1)-N-[1-
(trifluoromethyl)cyclopropyl]pyrazolo[1,5-
a]pyridine-5-sulfonamide
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14 F 'H NMR (400 MHz, 529.2
/l> N'N*% F DMSO-d6) 6 9.00 (s,
N2 -5 1H), 8.47 (s, 1H), 8.39
ST (s, 1H), 6.84 (s, 1H),
NN 4.42 (s, 4H), 3.46-3.40
N (m, 4H), 2.10-2.02 (m,
% 4H), 1.13 (s, 3H), 0.74-
5 0.67 (m, 2H), 0.49-
N-(1-methylcyclopropyl)-7-(2-oxa-7- 0.42 (m, 2H).
azaspiro[3.5]nonan-7-yl)-3-(5-
(trifluoromethyl)-1,3,4-thiadiazol-2-
yl)pyrazolo[1,5-a]pyridine-5-sulfonamide
15 R '"H NMR (400 MHz, | 510.2
/{> SOF DMSO-ds) 6 8.81 (s,
AN P =N 1H), 8.40 (s, 1H),
SV 8.32 (s, 1 H),8.08 (s,
NN 1H), 7.18 (t, J = 54.6
N Hz, 1H), 6.74 (s, 1H),
%g 4.41 (s, 4H), 3.43-3.37
o (m, 4H), 2.07-2.01 (m,
3-(4-(difluoromethylthiazol-2-yl)-N-(1- | 4H). 1.13 (s, 3H), 0.74-
methylcyclopropyl)-7-(2-oxa-7- 0.67 (m, 2H), 0.48-0.41
azaspiro[3.5]nonan-7-yl)pyrazolo[1,5- (m, 2H).
aJpyridine-5-sulfonamide
16 R "HNMR (400 MHz, 561.3
NfNﬁ)\ F DMSO-ds) 6 9.01 (s,
N\\X“\ép -8 1H), 8.49 (s, 1H), 8.16
ST 7 (s, IH), 7.67 (t, J =
\Ig(\“'q? 53.2 Hz, 1H), 6.93 (s,
[N] 1H), 6.91 (s, 1H), 6.64
N (s, 1H), 3.74-3.66 (m,
N)\N/ 4H), 3.52 (s, 3H), 3.27-
\—/ 3.22 (m, 4H), 1.51-
N-(1-cyanocyclopropyl)-3-(5- 1.43 (m, 2H), 1.43-
(difluoromethyl)-1,3,4-thiadiazol-2-yl)-7-(4- | 1.36 (m, 2H).
(1-methyl- 1 H-imidazol-2-yl)piperazin-1-
yDpyrazolo[1,5-a]pyridine-5-sulfonamide
17 i "H NMR (400 MHz, 567.3
Ns N ™F DMSO-de) 6 9.50 (br s,
HNL -5 1H), 9.01 (s, 1H), 8.49
PN (s, IH), 7.67 (t, J =
NN 53.3 Hz, 1H), 6.86 (s,
N 1H), 4.88-4.79 (m,
[Nj 1H), 3.68-3.61 (m,
A 4H), 3.56-3.51 (m,
° /Ok 4H), 1.52-1.44 (m,
2H), 1.42-1.35 (m,




WO 2025/117661

173

PCT/US2024/057645

Isopropyl 4-(5-(N-(1- 2H), 1.23 (d, J = 8 Hz,
cyanocyclopropyl)sulfamoyl)-3-(5- 6H).
(difluoromethyl)-1,3,4-thiadiazol-2-

yl)pyrazolo[1,5-a]pyridin-7-yl)piperazine-1-
carboxylate
18 R 'H NMR (400 MHy, | 587.1
Ne N’NQH\ F DMSO-ds) & 8.99 (s,
N 2 }-S 1H), 8.48 (s, 1H), 7.67
A= (t, J=54 Hz, 1H), 6.87
NN (s, 1H), 3.66-3.59 (m,
N 4H), 3.50-3.44 (m, 4H),
[N] 3.14 (t,J= 8 Hz, 2H),
o=3-0 1.80-1.72  (m, 2H),
1.48-1.41 (m, 2H),
1.38-1.31 (m, 2H),
N-(1-cyanocyclopropyl)-3-(5- 1.02 (t, /=8 Hz, 3H)
(difluoromethyl)-1,3,4-thiadiazol-2-y1)-7-(4-
(propylsulfonyl) piperazin-1-yl)pyrazolo[1,5-
a]pyridine-5-sulfonamide
19 'H NMR (400 MHz, | 577.3
DMSO-ds) 6 8.99 (s,
1H), 8.47 (s, 1H), 7.67
(t, J = 54.0 Hz, 1H),
6.86 (s, 1H), 3.75-3.69
(m, 2H), 3.66-3.49 (m,
6H), 2.49-2.43 (m, 2H),
2.02-191 (m, 1H),
1.88-1.82 (m, 2H),
N-(1-cyanocyclopropyl)-3-[5- 1.69-1.62 (m, 1H),
(difluoromethyl)-1,3,4-thiadiazol-2-y1]-7-[4- | 1.47-1.39 (m, 5H),
(1-methylcyclo butanecarbonyl)piperazin-1- | 1.37-1.30 (m 2H).
yllpyrazolo[1,5-a]pyridine-5-sulfonamide
20 F '"H NMR (400 MHz, | 579.0
N N«Néﬁ\ F DMSO-ds) & 9.02 (s,
HN. 2 -5 1H), 8.50 (s, 1H), 7.68
S =\ , J = 54.0 Hz, 1H),
NN 6.90 (s, 1H), 3.74-3.68
N (m, 8H), 2.56 (s, 3H),
[N] 1.49-1.43  (m, 2H),
s’g’N 1.40-1.33 (m, 2H).
=N
N-(1-cyanocyclopropyl)-3-[5-
(difluoromethyl)-1,3,4-thiadiazol-2-yl]-7-[4-
(5-methyl-1,3,4-thiadiazol-2-yl)piperazin-1-
yllpyrazolo[1,5-a]pyridine-5-sulfonamide
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21 N7 Y 'H NMR (400 MHz, 511.3
NG DMSO-d6) & 8.99 (s,
S }-$ 1H), 8.70-8.60 (m,
PNANE 2H), 8.58 (s, 1H), 8.47
SN (s, IH), 7.44 (dd, J =
N 8.0 Hz, 4.7 Hz, 1H),
6.83 (s. 1H), 4.43 (s,
4H), 3.49-3.41 (m,
0 4H), 2.11-2.01 (m,
N-(1-methylcyclopropyl)-7-(2-oxa-7- 4H), 1.15 (s, 3H), 0.76-
azaspiro[3.5]nonan-7-yl)-3-(thiazolo[4,5- 0.69 (m, 2H), 0.50-
blpyridin-2-yl)pyrazolo[ 1,5-a]pyridine-5- 0.43 (m, 2H).
sulfonamide
22 R '"HNMR (400 MHz, 596.3
Nas N'N\ F DMSO-ds) 8 9.42 (brs,
HN_ R Y-8 1H), 8.99 (s, 1H), 8.48
Y7 (s, IH), 7.67 (t, J =
NN 53.2 Hz, 1H), 6.86 (s,
N 1H), 5.32 (d, J=53.2
[Nj Hz, 1H), 3.76-3.41 (m,
A 12H), 2.17 -1.91 (m,
Q ° 2H), 1.49-1.42 (m,
5 2H), 1.41-1.34 (m,
(S)-N-(1-cyanocyclopropyl)-3-(5- 2H).
(difluoromethyl)-1,3,4-thiadiazol-2-yl)-7-(4-
(3-fluoropyrrolidine- 1 -carbonyl)piperazin-1-
yl)pyrazolo[1,5-a]pyridine-5-sulfonamide
23 'H NMR (400 MHz, | 562.3
DMSO-ds) 6 9.12 (br s,
1H), 8.83 (s, 1H), 8.29
(s, 1H), 6.77 (s, 1H),
576 (t,J= 56.0 Hz,
1H), 4.42 (s, 4H), 3.44-
3.38 (m, 4H), 2.18-2.10
(m, 2H), 2.08-2.01 (m,
4H), 1.97-1.90 (m, 2H),
3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2- | 0.98-0.88(m, 4H).
y1]-N-[1-(difluoromethyl)cyclopropyl]-7-(2-
oxa-7-azaspiro[3.5]nonan-7-yl)pyrazolo[1,5-
aJpyridine-5-sulfonamide
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'H NMR (400 MHz, 563.0
DMSO-de) 5 9.01 (s,
1H), 8.50 (s, 1H), 7.66
(t, J=54 Hz, 1H), 6.89
(s, 1H), 3.67 (s, 8H),
2.38 (s, 3H), 1.48-1.33
(m, 4H).

24

N-(1-cyanocyclopropyl)-3-[5-
(difluoromethyl)-1,3,4-thiadiazol-2-y1]-7-[4-
(5-methyl-1,3,4-oxadiazol-2-yl)piperazin-1-
yllpyrazolo[1,5-a]pyridine-5-sulfonamide

Example 25

3-(3-(difluoromethyl)-1,2,4-thiadiazol-5-y1)-N-(1-methylcyclopropyl)-7-(2-oxa-7-
azaspiro[3.5]nonan-7-yl)pyrazolo[1,5-a]pyridine-5-sulfonamide (25)

N N
O OH
| /|> I
O | /P 0 | HO” 0
CI\
NN HeooH, Ha0 Ne/  oyidine 0°C-1t . © % TEA, DMF, 100 °C
DCM, 0 °C - 1t X-N=N pyridine, 0 °C - rt NN

Cl
step 1 a step 2 Cl step 3
A-3 251 25-2

Br
‘P / = \P
qr\lfoo | HNJ Sfp \S n~ F\(NL\’g
\N NoN PA(PPhs),, 1.4-dioxane, 100°C \N N PAPPha)s, DMF, 100 %
% step 4 %g step 5
o 0
25-3 25-4 25
[0450] Step 1: 7-chloro-3-iodopyrazolo[ 1,5-a]pyridine-5-sulfonyl chloride (25-1)
[0451] To a solution of 5-benzylsulfanyl-7-chloro-3-iodo-pyrazolo[1,5-a]pyridine (A-3,

403 mg, 1.01 mmol) in DCM (12 mL), formic acid (1.5 mL), and water (0.7 mL) was added
NCS (537 mg, 4.02 mmol) at 0 °C. The reaction mixture was stirred at room temperature for
1 hr. LCMS showed the reaction completed. The reaction mixture was worked up with water,

then extracted with DCM. The combined organic layers were washed with saturated brine,

PCT/US2024/057645
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dried over anhydrous Na>SOyu, filtered, and concentrated under reduced pressure. The residue
was used directly in the next step without further purification.

[0452] Step 2: 7-chloro-3-iodo-N-(1-methylcyclopropyl)pyrazolo[ 1,5-a]pyridine-5-
sulfonamide(25-2)

[0453] To a solution of 1-methylcyclopropan-1-amine hydrochloride (102 mg, 0.95
mmol) in pyridine (6 mL) was added 7-chloro-3-iodo-pyrazolo[1,5-a]pyridine-5-sulfonyl
chloride (360 mg, 0.95 mmol) at O °C under N>. The mixture was stirred at room temperature
for 30 mins. LCMS showed the reaction completed. The reaction mixture was worked up
with water, then extracted with EtOAc. The combined organic layers were washed with water
and saturated brine, dried over anhydrous Na>SQy, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (eluting
with 20% EtOAc in PE) to afford 7-chloro-3-iodo-N-(1-methylcyclopropyl)pyrazolo[1,5-
a]pyridine-5-sulfonamide (290 mg). LCMS (ESI, m/z): [M+H]*=411.9.

[0454] Step 3: 3-iodo-N-(1-methylcyclopropyl)-7-(2-oxa-7-azaspiro[3.5]nonan-7-
yDpyrazolo[1,5-a]pyridine-5-sulfonamide (25-3)

[0455] To a mixture of 7-chloro-3-iodo-N-(1-methylcyclopropyl)pyrazolo[1,5-
a]pyridine-5-sulfonamide (482 mg, 0.70 mmol) and 2-oxa-7-azaspiro[3.5]nonane
hemioxalate (269 mg, 1.72 mmol) in DMF (5.0 mL) was added TEA (712 mg, 7.0 mmol)
under N». The mixture was stirred at 100 °C for 5 hrs. LCMS showed the reaction completed.
The reaction mixture was worked up with water and extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na»>SOyu, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 50% EtOAc in PE) to afford 3-iodo-N-(1-
methylcyclopropyl)-7-(2-oxa-7-azaspiro[3.5]nonan-7-yl)pyrazolo[ 1,5-a]pyridine-5-
sulfonamide (123 mg). LCMS (ESI, m/z): [M+H]" = 503.1.

[0456] Step 4: N-(1-methylcyclopropyl)-7-(2-oxa-7-azaspiro[3.5]nonan-7-y1)-3
[0457] (trimethyllstannyl)pyrazolo[1,5-a]pyridine-5-sulfonamide (25-4)
[0458] To a solution of 3-iodo-N-(1-methylcyclopropyl)-7-(2-oxa-7-azaspiro[3.5]nonan-

7-ylpyrazolo[1,5-a]pyridine-5-sulfonamide (100 mg, 0.20 mmol) in 1,4-dioxane (1 mL)
were added trimethyl(trimethylstannyl)stannane (78 mg, 0.24 mmol) and Pd(PPh3)4 (23 mg,
0.02 mmol) under N2. The reaction mixture was degassed, then stirred at 100 °C for 1.5 hrs

under N> atmosphere. After completion, the reaction mixture was worked up with water, then
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extracted with EtOAc. The combined organic layers were washed with saturated brine, dried
over anhydrous Na>SQg, filtered, and concentrated to afford the crude product which was
used in the next step without further purification. LCMS (ESI, m/z): [M+H]* = 539.1.

[0459] Step 5: 3-(3-(difluoromethyl)-1,2,4-thiadiazol-5-yl)-N-(1-methylcyclopropyl)-7-
(2-oxa-7-azaspiro[3.5]nonan-7-yl)pyrazolo[1,5-a]pyridine-5-sulfonamide (25)

[0460] To a solution of N-(1-methylcyclopropyl)-7-(2-oxa-7-azaspiro[3.5]nonan-7-y1)-3-
(trimethylstannyl)pyrazolo[1,5-a]pyridine-5-sulfonamide (60 mg, 0.11 mmol) in 1,4-dioxane
(40 mL) was added 5-bromo-3-(difluoromethyl)-1,2,4-thiadiazole (48 mg, 0.22 mmol) and
Pd(PPhs)4 (13 mg, 0.01 mmol) under N». The mixture was degassed, then stirred at 100 °C
for 5 hrs under N> atmosphere. LCMS showed the reaction completed. The reaction mixture
was worked up with water, then extracted with EtOAc. The combined organic layers were
washed with saturated brine, dried over anhydrous Na»>SQys, filtered, and concentrated under
reduced pressure. The residue was purified by prep-HPLC (0.1% FA) to afford 3-(3-
(difluoromethyl)-1,2,4-thiadiazol-5-y1)-N-(1-methylcyclopropyl)-7-(2-oxa-7-
azaspiro[3.5]nonan-7-yl)pyrazolo[ 1,5-a]pyridine-5-sulfonamide. LCMS (ESI, m/z): [M+H]*
=509.2. "H NMR (400 MHz, DMSO-ds) § 9.06 (s, LH), 8.48 (s, 1H), 8.29 (s, 1H), 7.30 (¢, J =
54 Hz, 1H), 6.84 (s, 1H), 4.42 (s, 4H) 3.45-3.39 (m, 4H), 2.08-2.01 (m, 4H), 1.13 (s, 3H),
0.75-0.68 (m, 2H), 0.49-0.42 (m, 2H).

Example 26

1-[5-(difluoromethyl)-1,3,4-thiadiazol-2-y1]-N-(1-ethynylcyclopropyl)-4-[4-[(3S)-3-
hydroxypyrrolidine-1-carbonyl] piperazin-1-yl] indazole-6-sulfonamide (26)
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F
> F
N ™F
N\}’S NINQ’/\\F N Nznol H N{If\’:
\ N
@Vs N DCDMH ong? b x XN~é9 \s
Vs

X _— N 7 N
N 4 \ .
\<\j[/ AeOR. PO, ACN. 070 © \©1//N pyridine © \QZ//N
step 1 step 2

cl a Cl
26-1 26-2
F
N x o N,;jS)\F
N N #
P R
07 N
(K) Q‘OH N]
Pd-PEPPSI-IPent catalyst, N
t-BuONa, L,;—:gxane‘ 120 °C o NO‘OH
26
[0461] Step 1: 4-chloro-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-1H-indazole-6-

sulfonyl chloride (26-1)

(04621 To a solution of 2-(6-benzylsulfanyl-4-chloro-indazol-1-yl)-5-(difluoromethyl)-1,3,4-
thiadiazole (2 g, 4.89 mmol) in MeCN (20 mL) was added AcOH (0.42 mL) and water (0.26
mL). 1,3-Dichloro-5,5-dimethylhydantoin (1.45 g, 7.36 mmol) was added portion wise at 0
°C under N>. The reaction mixture was stirred at O °C for 2 hrs. After completion, the reaction
mixture was concentrated to give the crude product which was used for the next step directly
without further purification. LCMS (ESI, m/z): [M+H]* = 385.3.

[0463] Step 2: 4-chloro-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
ethynylcyclopropyl)-1H-indazole-6-sulfonamide (26-2)

[0464] To a solution of 1-ethynylcyclopropan-1-amine hydrochloride (610 mg, 5.19
mmol) in pyridine (20 mL) was added 4-chloro-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-

1H-indazole-6-sulfonyl chloride (2.0 g, 5.19 mmol) portion wise under N> at room
temperature. The resulting mixture was stirred at room temperature for 12 hrs. After
completion, the reaction mixture was concentrated under reduced pressure. The residue
was purified by flash column chromatography on silica gel (eluting with 35% EtOAc in PE)
to afford 4-chloro-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-N-(1-ethynylcyclopropyl)- 1H-
indazole-6-sulfonamide (1.1 g). LCMS (ESI, m/z): [M+H]" = 430.3.

[0465] Step 3: 1-[5-(difluoromethyl)-1,3,4-thiadiazol-2-y1]-N-( 1 -ethynylcyclopropyl)-4-
[4-[(3S)-3-hydroxypyrrolidine-1-carbonyl]piperazin- 1-yl]lindazole-6-sulfonamide (26)
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[0466]
ethynylcyclopropyl) indazole-6-sulfonamide (100 mg, 0.233 mmol), [(3S)-3-

To a solution of 4-chloro-1-[5-(difluoromethy])-1,3,4-thiadiazol-2-y1]-N-(1-

hydroxypyrrolidin-1-yl]-piperazin-1-yl-methanone (69.5 mg, 0.349 mmol) and -BuONa
(44.7 mg, 0.465 mmol) in 1,4-dioxane (5 mL) was added Pd-PEPPSI-IPent catalyst (36.8
mg, 0.047 mmol) under N2. The mixture was degassed, then stirred at 100 °C for 2 hrs. The
reaction mixture was worked up with water and extracted with ethyl acetate. The combined
organic layers were washed with saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 10% MeOH in DCM) to afford the product which
was further purified on prep-HPLC (0.1% FA) to afford 1-[5-(difluoromethyl)-1,3,4-
thiadiazol-2-yl]-N-(1-ethynylcyclopropyl)-4-[4-[(3S)-3-hydroxypyrrolidine-1-
carbonyl]piperazin-1-yl]indazole-6-sulfonamide. LCMS (ESI, m/z): [M+H]*= 593.3. 'H
NMR (400 MHz, DMSO-ds) o 8.87 (s, 1H), 8.71 (br s, 1H), 8.43 (s, 1H), 7.54 (t, J= 52.0 Hz,
1H), 7.15 (s, 1H), 4.84 (br s, 1H), 4.18-4.12 (m, 1H), 3.50-3.29 (m, 8H), 3.28-3.24 (m, 3H),
3.10-3.04 (m, 1H), 2.60 (s, 1H), 1.82-1.66 (m, 2H), 1.13-1.08 (m, 2H), 0.95-0.90 (m, 2H).
[0467] Examples 27-33 were prepared according to the general procedures herein for
Example 26, and in an analogous manner to that used to synthesize the example compounds
with the appropriate intermediates. The starting materials were either prepared as described in
the Intermediates section, commercially available, or prepared from commercially available

reagents using conventional reactions well known in the art.

OJ\NQ‘OH
N-(1-bicyclo [1.1.1] pentanyl)-1-[5-
(difluoromethyl)-1,3,4-thiadiazol-2-yl]-4-[4-
[(3S)-3-hydroxypyrrolidine- 1-carbonyl]
piperazin-1-yl] indazole-6-sulfonamide

8.47 (s, 1H), 7.60 (¢, J
=52.0 Hz, 1H), 7.17
(s, 1H), 4.91 (brs, 1H),
4.28-4.21 (s, 1H), 3.55-
3.38 (m, 8H), 3.37-
3.30 (m, 3H), 3.18-
3.12 (m, 1H), 2.27 (s,
1H), 1.95-1.80 (m,
2H), 1.78-1.60 (m,
6H).

Example Structure NMR LC-MS
Number (ESI,
m/z):
[M+HJ*
27 R "H NMR (400 MHz, 595.3
N’Né‘)\ F DMSO-ds) 6 8.94 (s,
He ) 1H), 8.82 (brs, 1H),
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28 0 '"H NMR (400 MHz, 531.2
S&o DMSO-d6) 6 8.84 (s,
ﬂ/o N?/s 1H), 8.37 (s, 1H), 8.25
HN. . .
S N (brs, 1H), 7.08 (s, 1H),
S @N 4.99 (s, 2H), 4.32 (s,
I 2H), 3.70-3.60 (m,
[ j 4H), 3.43-3.31 (m,
N 4H), 2.01 (s, 3H), 1.01
Ao (s. 3H), 0.60-0.54 (m,
4-(4-acetylpiperazin-1-yl)-N-(1- 2H), 0.38-0.32 (m,
methylcyclopropyl)-1-(7-ox0-6,7-dihydro-4H- | 2H).
pyrano[3,4-d] thiazol-2-yl)-1H-indazole-6-
sulfonamide
29 NHO 'H NMR (400 MHz, | 532.3
" NI\\S DMSO-ds) 6 8.84 (s,
<I,N\Sy° N>’ 1H), 8.51 (s, 1H), 7.11
g \@N (s. LH), 6.90 (br s, 1H),
3.82 — 3.65 (m, 4H),
[Nj 351-3.36 (m, 4H),
N 272257 (m, 2H),
/go 2.48-2.37 (m, 2H), 2.09
4-(4-acetylpiperazin-1-yl)-1-[5-(1- (s, 3t), 2.01-1.85 (m,
hydroxycyclobutyl)-1,3,4-thiadiazol-2-yl]-N- 2H), 1.07 (s, 3H), 0.71-
(1-methylcyclopropyl)indazole-6-sulfonamide 0.60 (m, 2H), 0.45-0.35
(m, 2H).
30 0 'H NMR (400 MHz, 547.3
Q@H DMSO-de) § 8.76 (s,
N\\s 1H), 8.41 (s, 1H), 8.26
HNL 2 bt (brs, 1H), 7.07 (s, 1H),
O,,S N\N 5.75 (s, 1H), 4.78-4.68
4 (m, 2H), 3.76-3.68 (m,
N 6H), 3.45-3.36 (m,
[ j 4H), 2.08 (s, 3H), 1.48
N (s, 3H), 1.07 (s, 3H),
Ao 0.68-0.62 (m, 2H),
4-(4-acetylpiperazin-1-yl)-1-(7-hydroxy-7- | 0:43-0-36 (m, 2H).
methyl-6,7-dihydro-4H-pyrano[3,4-d] thiazol-
2-y1)-N-(1-methylcyclopropyl)- 1H-indazole-
6-sulfonamide
31 o '"H NMR (400 MHz, 542.3
i o N>\/S DMSO-ds) 6 9.10 (s,
4/ 4 R 1H), 8.91 (s, 1H), 8.65
0 N (s, IH), 8.14 (s, 1H),
\ 8.03 (s, 1H), 6.95 (br s,
N 1H), 5.64 (s, 1H), 2.71-
o 2.59 (m, 2H), 2.48-
2.30 (m, 6H), 2.04-
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4-[4-(1-hydroxycyclobutyl)pyrazol-1-yl]-1-[5-
(1-hydroxycyclobutyl)-1,3,4-thiadiazol-2-y1]-
N-(1-methylcyclopropyl)indazole-6-

1.68 (m, 4H), 1.10 (s,
3H), 0.74-0.66 (m,
2H), 0.49-0.41 (m,

4-(4-(1-cyanocyclopropyl)- 1H-pyrazol-1-yI)-

1-(5-(1-hydroxycyclobutyl)-1,3,4-thiadiazol-

2-y1)-N-(1-methylcyclopropyl)- 1H-indazole-
6-sulfonamide

DMSO-de) § 9.07 (s,
1H), 8.95 (s, 1H), 8.82
(s, 1H), 8.14 (s,

1H), 8.06 (s, 1H), 6.91
(brs, 1H), 2.68-2.61
(m, 2H), 2.53-2.41 (m,
2H), 1.96-1.85 (m,
2H), 1.80-1.73 (m,
2H), 1.62-1.55 (m,
2H), 1.11 (s, 3H), 0.72-
0.65 (m, 2H), 0.48-
0.41 (m, 2H).

sulfonamide 2H).
32 Nx 'H NMR (400 MHz, | 562.1
F>*|> ,N?q DMSO-ds) § 8.97 (br s,
g N?/s 1H), 831 (5, 1H), 8.34
5 N (s, TH), 7.11 (s, TH),
J \@N 579 (t, J = 56.0 Hz,
1H), 4.40 (s, 4H), 3.89-
N 3.79 (m, 4H), 2.16-2.09
(m, 2H), 2.05-1.98 (m,
%g 4H), 1.95-1.89 (m, 2H),

o 0.96-0.88 (m, 2H),
1-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2- | 0.82-0.76 (m, 2H).
y1)-N-(1-(ditfluoromethyl)cyclopropyl)-4-(2-
oxa-7-azaspiro[3.5]nonan-7-yl)-1H-indazole-

6-sulfonamide
33 "THNMR (400 MHz, 537.3

Example 34

azaspiro[3.5]nonan-7-yl)imidazo[1,5-a]pyridine-7-sulfonamide (34)

1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-methylcyclopropyl)-5-(2-oxa-7-
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C"s’p 1 Osd 2 0P -
Y N NHZ HCI AYNH (MesSnjz. PA(PPhy). SN
N7 M NN
pyridine, rt dioxane, 100 °C
Cl step7 step 8 Cl
P 34-1 34-2
F
pph
N-N F N\HF\F 0 Ny S
1\ ;) >
A ST w00 2
Os¢ £ N
Pd(PPhs),, DMF, 100 °C AYNH = DIEA, DMA, 120 °C
N N
step 9 step 10 E;

34-3 5 34

[0468] Step 1: 5-chloro-1-iodo-N-(1-methylcyclopropyl)imidazo[1,5-a]pyridine-7-
sulfonamide (34-1)

[0469] To a solution of 1-methylcyclopropan-1-amine hydrochloride (306 mg, 3.28

mmol) in pyridine (3 mL) was added 5-chloro-1-iodo-imidazo[1,5-a]pyridine-7-sulfonyl
chloride (950 mg, 2.52 mmol) at room temperature under N». The mixture was stirred at
temperature for 1 hr. LCMS showed the reaction completed. The reaction was worked up
with water and extracted with DCM. The combined organic layers were washed with
saturated brine, dried over anhydrous Na>SOyu, filtered, and concentrated under reduced
pressure Lo give the crude product. The crude product was purified by {lash column
chromatography on silica gel (eluting with 30% EtOAc in PE) to give 5-chloro-1-iodo-N-(1-
methylcyclopropyl)imidazo[ 1,5-a]pyridine-7-sulfonamide (637 mg). LCMS (ESI, m/z):
[M+H]* = 412.0.

[0470] Step 2: 5-chloro-N-(1-methylcyclopropyl)-1-(trimethylstannyl)imidazo[1,5-
a]pyridine-7-sulfonamide (34-2)

[0471] To a solution of 5-chloro-1-iodo-N-(1-methylcyclopropyl)imidazo[1,5-a]pyridine-
7-sulfonamide (637 mg, 1.55 mmol) in 1,4-dioxane (10 mL) was added
trimethyl(trimethylstannyl)stannane (761 mg, 2.32 mmol) and Pd(PPhs)4 (179 mg, 0.155
mmol) under argon. The mixture was degassed and stirred at 100 °C for 2 hrs under argon
atmosphere. LCMS showed the reaction completed. The resulting mixture was concentrated
under reduced pressure to give the crude product which was directly used for the next step

without purification. LCMS (ESI, m/z): [M+H]* = 450.1.
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[0472] Step 3: 5-chloro-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
methylcyclopropyl)imidazo[1,5-a]pyridine-7-sulfonamide (34-3)

[0473] To a solution of 5-chloro-N-(1-methylcyclopropyl)-1-trimethylstannyl-
imidazo[1,5-a]pyridine-7-sulfonamide (800 mg, 1.78 mmol) in DMF (10 mL) was added 2-
bromo-5-(difluoromethyl)-1,3,4-thiadiazole (374 mg, 1.74 mmol) and Pd(PPhs)s4 (155 mg,
0.133 mmol) under argon. The mixture was degassed, then stirred at 90 °C for 2 hrs under
argon atmosphere. LCMS showed the desired product was detected. Water was added into
the mixture and the resulting mixture was extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na»>SOy, filtered, and
concentrated under reduced pressure to give the crude product. The crude product was
purified by flash column chromatography on silica gel (eluting with 50 % EtOAc in PE) to
give 5-chloro-1-[5-(difluoromethyl)-1,3,4-thiadiazol-2-y1]-N-(1-
methylcyclopropyl)imidazo[ L,5-a]pyridine-7-sulfonamide (178 mg). LCMS (ESI, m/z):
[M+H]"=420.1.

[0474] Step 4: 1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-N-(1-methylcyclopropyl)-5-
(2-oxa-7-azaspiro[3.5]nonan-7-yl)imidazo[1,5-a]pyridine-7-sulfonamide (34)

[0475] To a solution of 5-chloro-1-[5-(difluoromethyl)-1,3,4-thiadiazol-2-y1]-N-(1-
methylcyclopropyl)imidazo[ L,5-a]pyridine-7-sulfonamide (170 mg, 0.405 mmol) in DMAc
(4 mL) was added 2-oxa-7-azaspiro[3.5]nonane (103 mg, 0.81 mmol) and DIPEA (157 mg,
1.21 mmol) under argon. The reaction mixture was stirred at 120 °C under microwave for 2
hrs under argon atmosphere. LCMS showed the reaction completed. Water was added and the
resulting mixture was extracted with EtOAc. The combined organic layers were washed with
saturated brine, dried over anhydrous Na»SQy, filtered, and concentrated under reduced
pressure to give the crude product. The crude product was purified by prep-HPLC (0.1% FA)
to give 1-[5-(difluoromethyl)-1,3,4-thiadiazol-2-y1]-N-(1-methylcyclopropyl)-5-(2-oxa-7-
azaspiro[3.5]nonan-7-yl)imidazo[ 1,5-a]pyridine-7-sulfonamide. LCMS (ESI, m/z): [M+H]" =
511.2. 'THNMR (400 MHz, DMSO-de) & 8.56 (s, 1H), 8.33 (d, J = 1.6 Hz, 1H), 8.30 (br s,
1H), 7.57 (t, J = 53.6 Hz, 1H), 6.59 (d, J = 1.6 Hz, 1H), 4.35 (s, 4H), 3.06-3.03 (m, 4H), 2.03-
2.00 (m, 4H), 1.06 (s, 3H), 0.65-0.62 (m, 2H), 0.39-0.36 (m, 2H).
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Example 35

1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-N-(1-(difluoromethyl)cyclopropyl)-5-(2-oxa-7-

azaspiro|3.5nonan-7-yl)imidazo[1,5-a]pyridine-7-sulfonamide (35)
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[0476] Step 1: 5-chloro-N-(1-(difluoromethyl)cyclopropyl)- 1-iodoimidazo[ 1,5-

aJpyridine-7-sulfonamide (35-1)
(04771 To a solution of 1-(difluoromethyl)cyclopropan-1-amine hydrochloride (267 mg, 1.86
mmol) in pyridine (6 mL) was added 5-chloro-1-iodoimidazo[1,5-a]pyridine-7-sulfonyl
chloride (550 mg, 1.46 mmol) at room temperature under N2. The mixture was stirred at
room temperature for 30 mins. LCMS showed the reaction completed. The reaction mixture
was worked up with water and extracted with DCM. The combined organic layers were
washed with saturated brine, dried over anhydrous Na»>SOyu, filtered, and concentrated under
reduced pressure. The residue was purified by flash column chromatography on silica gel
(eluting with 50 % EtOAc in PE) to afford 5-chloro-N-[1-(difluoromethyl)cyclopropyl]-1-
iodo-imidazo[1,5-a]pyridine-7-sulfonamide (400 mg). LCMS (ESI, m/z): [M+H]* = 448.0.
[0478] Step 2: 5-chloro-N-(1-(difluoromethyl)cyclopropyl)-1-
(trimethylstannyl)imidazo[1,5-a]pyridine-7-sulfonamide (35-2)
04791 To a solution of 5-chloro-N-[1-(difluoromethyl)cyclopropyl]- l-iodo-imidazo[ 1,5-
a]pyridine-7-sulfonamide (400 mg, 0.894 mmol) in 1,4-dioxane (10 mL) was
added trimethyl(trimethylstannyl)stannane (439 mg, 1.34 mmol) and Pd(PPhs)s (103 mg,
0.089 mmol) under N>. The mixture was degassed, then stirred at 100 °C for 2 hrs under N2
atmosphere. LCMS showed the reaction completed. The reaction mixture was worked up

with water and extracted with DCM. The combined organic layers were washed with
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saturated brine, dried over anhydrous Na»>SQy, filtered, and concentrated under reduced
pressure to afford the crude product which was directly used for the next step without
purification. LCMS (ESL, m/z): [M+H]* = 484.1.

[0480] Step 3: 5-chloro-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(difluoromethyl)cyclopropyl)imidazo[ 1,5-a]pyridine-7-sulfonamide (35-3)

04811 To a solution of 5-chloro-N-[1-(difluoromethyl)cyclopropyl]-1-trimethylstannyl-
imidazo[1,5-a]pyridine-7-sulfonamide (600 mg, 1.24 mmol) in DMF (6 mL) was added 2-
bromo-5-(difluoromethyl)-1,3.4-thiadiazole (231 mg, 1.07 mmol) and Pd(PPh3)s (96 mg,
0.083 mmol) under N». The mixture was degassed, then stirred at 100 °C for 3 hrs under N>
atmosphere. LCMS showed the reaction completed. The reaction was worked with water and
extracted with EtOAc. The combined organic layers were washed with brine, dried
over anhydrous NaxSOy, filtered, and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (eluting with 50 % EtOAc in PE) to
give 5-chloro-N-[1-(difluoromethyl)-cyclopropyl]-1-[5-(difluoromethyl)-1,3,4-thiadiazol-2-
yllimidazo[1,5-a]pyridine-7-sulfonamide (300 mg). LCMS (ESI, m/z): [M+H]* = 456.1.

[0482] Step 4: 1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(ditfluoromethyl)cyclopropyl)-5-(2-oxa-7-azaspiro[3.5]nonan-7-yl)imidazo[ 1,5-a]pyridine-7-
sulfonamide (35)

[0483] To a solution of 2-oxa-7-azaspiro[3.5]nonane (34 mg, 0.267 mmol) and DIEA
(85 mg, 0.658 mmol) in DMAc (5 mL) was added 5-chloro-N-[1-(difluoromethyl)-
cyclopropyl]-1-[5-(difluoromethyl)-1,3,4-thiadiazol-2-ylJimidazo[ 1,5-a]pyridine-7-
sulfonamide (100 mg, 0.219 mmol) under N». The mixture was stirred at 120 °C
under microwave for 1 hr. LCMS showed the reaction completed. The reaction mixture was
worked up with water and extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOy, filtered, and concentrated under reduced
pressure. The residue was purified by prep-HPLC (0.1% FA) to afford 1-(5-(difluoromethyl)-
1,3,4-thiadiazol-2-y1)-N-(1-(difluoromethyl)cyclopropyl)-5-(2-oxa-7-azaspiro[ 3.5 Jnonan-7-
yl)imidazo[1,5-a]pyridine-7-sulfonamide. LCMS (ESL, m/z): [M+H]* = 547.2. 'THNMR (400
MHz, DMSO-de) 6 9.10 (br s, 1H), 8.64 (s, 1H), 8.37 (s, 1H), 7.64 (t, J = 53.2 Hz, 1H), 6.66
(s, 1H), 5.78 (1, J = 56.0 Hz, 1H), 4.43 (s, 4H), 3.15-3.08 (m, 4H), 2.13-2.06 (m, 4H), 0.99-
0.90 (m, 4H).
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Example 36

N-(1-cyanocyclopropyl)-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-5-(2-oxa-7-

azaspiro|[3.5]nonan-7-yl)imidazo[1,5-a]pyridine-7-sulfonamide (36)
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[0484] Step 1: 5-chloro-N-(1-cyanocyclopropyl)-1-(trimethylstannyl)imidazo[ 1,5-

a]pyridine-7-sulfonamide (36-1)

104851 To a solution of 1-Amino-1-cyclopropanecarbonitrile hydrochloride (57.2 mg, 0.482
mmol) in pyridine (1 mL) was added 5-chloro-1-iodoimidazo[1,5-a]pyridine-7-sulfonyl
chloride (140 mg, 0.371mmol) at room temperature under N>. The mixture was stirred at
room temperature for 1 hr. LCMS showed the reaction completed. The reaction mixture was
worked up with water and extracted with DCM. The combined organic layers were washed
with saturated brine, dried over anhydrous Na2SOs, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (eluting
with 30 % EtOAc in PE) to afford 5-chloro-N-(1-cyanocyclopropyl)-1-iodoimidazol[1,5-
alpyridine-7-sulfonamide (120 mg). LCMS (ESI, m/z): [M+H][*= 423.0.

[0486] Step 2: 5-chloro-N-(1-cyanocyclopropyl)-1-(trimethylstannyl)imidazo[ 1,5-
aJpyridine-7-sulfonamide (36-2)

[0487] To a solution of 5-chloro-N-(1-cyanocyclopropyl)-1-iodoimidazo[1,5-a]pyridine-
7-sulfonamide (100 mg, 0.237 mmol) in 1,4-dioxane (3 mL) was
added trimethyl(trimethylstannyl)stannane (117 mg, 0.356 mmol) and Pd(PPhs)4 (28 mg,

0.024 mmol) under N». The reaction mixture was degassed, then stirred at 100 °C for 2 hrs
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under N> atmosphere. LCMS showed the reaction completed. The reaction mixture was
worked up with water and extracted with DCM. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOy, filtered, and concentrated under reduced
pressure to afford the crude product which was directly used for the next step without
purification. LCMS (ESI, m/z): [M+H]* = 459.1.

[0488] Step 3: 5-chloro-N-(1-cyanocyclopropyl)-1-(5-(difluoromethyl)-1,3,4-thiadiazol-
2-yl)imidazo[1,5-a]pyridine-7-sulfonamide (36-3)

[0489] To a solution of 5-chloro-N-(1-cyanocyclopropyl)-1-

(trimethylstannyl)imidazo[ 1,5-a]pyridine-7-sulfonamide (200 mg, 0.435 mmol) in DMF (3
mL) was added 2-bromo-5-(difluoromethyl)-1,3,4-thiadiazole (70 mg, 0.326

mmol) and Pd(PPh3)4 (25 mg, 0.0217 mmol) under N». The reaction mixture was degassed,
then stirred at 100 °C for 3 hrs under N2 atmosphere. LCMS showed the reaction

completed. The reaction mixture was worked up with water and extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over anhydrous NaxSOq,
filtered, and concentrated under reduced pressure. The residue was purified by flash

column chromatography on silica gel (eluting with 50 % EtOAc in PE) to give 5-chloro-N-(1-
cyanocyclopropyl)- 1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)imidazo[ 1,5-a]pyridine-7-
sulfonamide (60 mg). LCMS (ESI, m/z): [M+H]"=431.0.

[0490] Step 4: N-(1-cyanocyclopropyl)-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl1)-5-(2-
oxa-7-azaspiro[3.5]nonan-7-yl)imidazo[1,5-a]pyridine-7-sulfonamide (36)

[0491] To a solution of 5-chloro-N-(1-cyanocyclopropyl)-1-(5-(difluoromethyl)-1,3,4-
thiadiazol-2-yl)imidazo[ 1,5-a]pyridine-7-sulfonamide (60 mg, 0.139 mmol) in DMAc (2
mL) was added 2-oxa-7-azaspiro[3.5]nonane (23 mg, 0.263 mol) and DIPEA (54 mg, 0.417
mmol) under N». The reaction mixture was stirred at 120 °C under microwave for 1
hr. LCMS showed the reaction completed. The reaction mixture was worked up with
water and extracted with EtOAc. The combined organic layers were washed with saturated
brine, dried over anhydrous Na»SQy, filtered, and concentrated under reduced pressure. The
residue was purified by prep-HPLC (0.1% FA) to afford N-(1-cyanocyclopropyl)-1-(5-
(difluoromethyl)-1,3,4-thiadiazol-2-yl)-5-(2-oxa-7-azaspiro[3.5]nonan-7-yl)imidazo[1,5-
a]pyridine-7-sulfonamide. LCMS (ESL, m/z): [M+H]* = 522.3. 'HNMR (400 MHz, DMSO-
de) 6 8.68 (s, 1H), 8.48 (s, 1H), 7.65 (t, J = 52.0 Hz, 1H), 6.67 (s, |H), 4.43 (s, 4H), 3.17-3.11
(m, 4H), 2.13-2.06 (m, 4H), 1.51-1.44 (m, 2H), 1.41-1.33 (m, 2H).
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Example 37

3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-N-(1-(difluoromethyl)cyclopropyl)-8-(2-oxa-7-
azaspiro[ 3. 5]n0nan-7-yl)imidazo[1,2-a]pyridine-6-su1f0namide 37
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[0492] Step 1: Ethyl 6-bromo-8-chloroimidazo[1,2-a]pyridine-3-carboxylate (37-1)
[0493] A solution of 5-bromo-3-chloropyridin-2-amine (20 g, 96 mmol), ethyl 2-chloro-

3-oxopropanoate (16 g, 106 mmol) in EtOH (300 mL) was stirred for 3 hrs at 80 °C under
Na. The reaction mixture was allowed to cool down to room temperature and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel (eluting with 0% to 10% MeOH in DCM) to afford the product. The product was slurried
with ethy] acetate to afford ethyl 6-bromo-8-chloroimidazo|[1,2-a]pyridine-3-carboxylate (12
2). LCMS (ESI, m/z): [M+H]*=302.9.

[0494] Step 2: Ethyl 6-(benzylthio)-8-chloroimidazo[1,2-a]pyridine-3-carboxylate (37-
2)
[0495] A solution of ethyl 6-bromo-8-chloroimidazo[1,2-a]pyridine-3-carboxylate (8.5 g,

26.0 mmol) in 1,4-dioxane (150 mL) was added phenylmethanethiol (3.3 g, 27mmol),
Xantphos (3.0 g, 5.2 mmol), DIEA (10 g, 78 mmol), Pd>(dba)s.CHCl; (2.7 g, 2.6 mmol)

under N>. The mixture was degassed with N, then stirred for 3 hrs at 90 °C. After
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completion, the reaction mixture was allowed to cool down to room temperature and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 0% to 30% EtOAc in PE) to afford ethyl 6-
(benzylthio)-8-chloroimidazo[1,2-a]pyridine-3-carboxylate (7.6 g). LCMS (ESI, m/z):
[M+H]" = 347.2.

[0496] Step 3: 6-(Benzylthio)-8-chloroimidazo[1,2-a]pyridine-3-carbohydrazide (37-3)

[0497] A solution of ethyl 6-(benzylthio)-8-chloroimidazo[ 1,2-a]pyridine-3-carboxylate
(7.6 g, 20 mmol), hydrazine hydrate (80% in water, 25.5 g, 408 mmol) in EtOH (100
mL) was stirred for 2 hrs at 60 °C under N>. After completion, the reaction mixture was
allowed to cool down to room temperature and concentrated under reduced pressure. The
residue was slurried with diethy] ether and filtered to afford 6-(benzylthio)-8-
chloroimidazol[ 1,2-a]pyridine-3-carbohydrazide (6.7 g). LCMS (ESI, m/z): [M+H]*= 333.1.

[0498] Step 4: 6-(Benzylthio)-8-chloro-N'-(2,2-difluoroacetyl)imidazol 1,2-a]pyridine-3-
carbohydrazide (37-4)

[0499] To a solution of 6-(benzylthio)-8-chloroimidazo[1,2-a]pyridine-3-carbohydrazide
(6.7 g, 19 mmol), TEA (2.5 g, 25 mmol) in DCM (100 mL) was added 2,2-difluoroacetic
anhydride (4.0 g, 23 mmol) at 0 °C under N2. The mixture was warmed to room temperature
and stirred for 2 hrs. After completion, the reaction mixture was worked up with water,
extracted with DCM and dried over anhydrous Na>SOj. After filtration, the filtrate was
concentrated under reduced pressure. The residue was slurried with ethyl acetate and filtered
to afford 6-(benzylthio)-8-chloro-N'-(2,2-difluoroacetyl)imidazo[1,2-a]Jpyridine-3-
carbohydrazide (4.5 g). LCMS (ESI, m/z): [M+H]*=411.1.

[0500] Step 5: 2-(6-(Benzylthio)-8-chloroimidazo[ 1,2-a]pyridin-3-yl)-5-(difluoromethyl)-
1,3,4-thiadiazole (37-5)
[0501] A solution of 6-(benzylthio)-8-chloro-N'-(2,2-difluoroacetyl)imidazo[1,2-

a]pyridine-3-carbohydrazide (5 g, 11 mmol), Lawesson's Reagent (5.5 g, 14 mmol) in THF
(80 mL) was stirred for 2 hrs at 70 °C under N». After completion, the reaction mixture was
allowed to cool down to room temperature and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (eluting with 0% to 50%
EtOAc in PE) to afford 2-(6-(benzylthio)-8-chloroimidazo[1,2-a]pyridin-3-yl)-5-
(difluoromethyl)-1,3,4-thiadiazole (4.3 g). LCMS (ESI, m/z): [M+H]* = 409.0.



WO 2025/117661 PCT/US2024/057645

190
[0502] Step 6: 8-Chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1l)imidazo[1,2-
a]pyridine-6-sulfonyl chloride (37-6)
[0503] To a solution of 2-(6-(benzylthio)-8-chloroimidazo[ 1,2-a]pyridin-3-y1)-5-

(difluoromethyl)-1,3,4-thiadiazole (500 mg, 1 mmol) in water (2 mL) and AcOH (6 mL) was
added NCS (607 mg, 5 mmol) under N». The mixture was stirred for 2 hrs at room
temperature. After completion, the reaction mixture was worked up with water and extracted
with DCM. The combined organic layers were dried over anhydrous Na>SOg, filtered, and
concentrated under reduced pressure. The crude product was used for the next step directly
without further purification. LCMS (ESI, m/z): [M+H]" = 384.9.

[0504] Step: 7: 8-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(difluoromethyl)cyclopropyl)imidazo[1,2-a]pyridine-6-sulfonamide (37-7)

[0505] Into a round-bottom flask was added 1-(difluoromethyl)cyclopropan-1-amine
hydrochloride (142 mg, 0.99 mmol), pyridine (524 mg, 7 mmol), 4A molecular sieve
and DCM (6 mL) under Na. A solution of 8-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-
ylimidazo[1,2-a]pyridine-6-sulfonyl chloride (300 mg, 0.79 mmol) in DCM (2 ml) was
added dropwise at room temperature. The mixture was stirred for 16 hrs at room
temperature. After completion, the reaction mixture was filtered and the filtrated was
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 0% to 50% ethyl acetate in petroleum ether) to
afford 8-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(difluoromethyl)cyclopropyl)-imidazo[1,2-a]pyridine-6-sulfonamide (170 mg). LCMS (ESI,
m/z): [M+H]* = 456.0.

[0506] Step 8: 3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(difluoromethyl)cyclopropyl)-8-(2-oxa-7-azaspiro[3.5]nonan-7-yl)imidazo[1,2-a]pyridine-6-
sulfonamide (37)

[0507] A solution of 8-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-N-(1-
(difluoromethyl)cyclopropyl)imidazo[ 1,2-a]pyridine-6-sulfonamide (130 mg, 0.26 mmol)
in 1,4-dioxane (4 mL) was added 2-oxa-7-azaspiro[3.5]nonane (67 mg, 0.53 mmol), Pd-
PEPPSI-IPentCl catalyst (44 mg, 0.045 mmol), Cs2CO3 (259 mg, 0.79 mmol) under N»>. The
mixture was degassed with N», then stirred for 3 hrs at 105 °C. After completion, the reaction
mixture was allowed to cool down to room temperature and concentrated under reduced

pressure. The residue was purified by flash column chromatography on silica gel (eluting
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with 0% to 15% MeOH in DCM) to afford the crude product which was further purified by
prep-HPLC(0.1% NH4HCO3) to afford 3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(difluoromethyl)cyclopropyl)-8-(2-oxa-7-azaspiro[3.5]nonan-7-yl)imidazo[1,2-a]pyridine-6-
sulfonamide. LCMS (ESI, m/z): [M+H]*= 547.1. 'H NMR (400 MHz, DMSO-ds) § 9.59 (s,
1H), 9.10 (s, 1H), 8.60 (s, 1H), 7.70 (t, J = 53.2 Hz, 1H), 6.99 (s, 1H), 5.78 (t, J = 55.6 H,
1H), 4.41 (s, 4H), 3.57-3.53 (m, 4H), 2.02-1.97 (m, 4H), 0.99-0.92 (m, 4H). ’F NMR (400
MHz, DMSO-ds) § -109.15, -120.30

Example 38

8-(4-acetylpiperazin-1-yl)-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-
methylcyclopropyl)imidazol[1,2-a]pyridine-6-sulfonamide (38)
|
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[0508] Step 1: 6-(benzylthio)-8-chloroimidazo[1,2-a]pyridine (38-1)
[0509] To a solution of 6-bromo-8-chloroimidazo[1,2-a]pyridine (5.00 g, 21.6 mmol) in

1,4-dioxane (50 ml) was added phenyl methanethiol (2.95 g, 23.8 mmol), DIEA (8.38 g, 64.8
mmol), Xantphos (1.25 g, 2.16 mmol) and Pd»(dba);-CHCI3 (1.12 g, 1.08 mmol) under No.

The mixture was degassed, then stirred at 100 °C for 3 hrs under N> atmosphere. The reaction
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mixture was worked up with water, then extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SQg, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 100% dichloromethane) to afford 6-(benzylthio)-
8-chloroimidazo[ 1,2-a]pyridine (5.9 g). LCMS (ESI, m/z): [M+H]*=275.1.

[0510] Step 2: 6-(benzylthio)-8-chloro-3-iodoimidazo[1,2-a]pyridine (38-2)

[0511] To a solution of 6-benzylsulfanyl-8-chloro-imidazo[1,2-a]pyridine (5.0 g, 18.2
mmol) in ACN (50 ml) was added NIS (4.50 g, 20.0 mmol) in portions at O °C. The mixture
was allowed to warm to room temperature and stirred for 16 hrs. After completion, the
reaction mixture was worked up with water, then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOy4, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 15 % EtOAc in PE) to afford 6-(benzylthio)-8-
chloro-3-iodoimidazo[ 1,2-a]pyridine (7.26 g). LCMS (ESI, m/7): [M+H]*=401.0.

[0512] Step 3: 6-(benzylthio)-8-chloro-3-(tributylstannyl)imidazo[ 1,2-a]pyridine (38-3)

[0513] To a solution of 6-benzylsulfanyl-8-chloro-3-iodo-imidazo[1,2-a]pyridine (2.0 g,
4.99 mmol) in anhydrous THF (40 mL) was added i-PrMgCI.LiCl (1.3 M in THF, 4.2 mL,
5.49 mmol) dropwise at -20 °C under Ar. The mixture was stirred at -20 °C for 15 mins. Then
tributylchlorostannane (1.79 g, 5.49 mmol) was added dropwise at -20 °C. The resulting
mixture was allowed to warm to room temperature and stirred for 1 hr under N> atmosphere.
TLC showed the reaction completed. The reaction mixture was quenched with saturated
ammonium chloride aqueous solution, then extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SQy, filtered, and
concentrated to give the crude product which was directly used for the next step without
further purification. LCMS (ESI, m/z): [M+H]* = 563.1.

[0514] Step 4: 1-(5-(6-(benzylthio)-8-chloroimidazol[ 1,2-a]pyridin-3-y1)-1,3,4-thiadiazol-
2-yl)cyclopropane-1-carbonitrile (38-4)

[0515] To a solution of 6-(benzylthio)-8-chloro-3-(tributylstannyl)imidazo[1,2-a]pyridine
(1.8 g, 3.19 mmol) in DMF (100 mL) was added 1-(5-bromo-1,3,4-thiadiazol-2-
yl)cyclopropanecarbonitrile (881 mg, 3.83 mmol) and Pd(PPh3)4 (369 mg, 0.319 mmol) under
Na>. The mixture was degassed, then stirred at 100 °C for 16 hrs under N>, LCMS

showed the reaction completed. The reaction mixture was worked up with water, then
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extracted with EtOAc. The combined organic layers were washed with saturated brine, dried
over anhydrous sodium Na>SOa, filtered, and concentrated under reduced pressure to

give the resiude. The residue was purified by flash column chromatography on silica

gel (eluting with 80 % EtOAc in PE) to afford 1-(5-(6-benzylsulfanyl-8-chloro-imidazo[1,2-
aJpyridin-3-yl)-1,3,4-thiadiazol-2-yl)cyclopropanecarbonitrile (1.2 g). LCMS (ESI, m/z):
[M+H]"=424.2.

[0516] Step 5: 8-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)imidazo[ 1,2-
a]pyridine-6-sulfonyl chloride (38-5)

[0517] To a solution of 1-[5-(6-benzylsulfanyl-8-chloro-imidazo[ 1,2-a]pyridin-3-yl)-
1,3,4-thiadiazol-2-yl]cyclopropanecarbonitrile (900 mg, 2.12 mmol) in formic acid (3.2 mL),
water (1.5 mL) and DCM (5 mL) was added 1-chloropyrrolidine-2,5-dione (850 mg, 6.37
mmol) at 0 °C under N2. The mixture was allowed to warm to room temperature and stirred
for | hr under N2 atmosphere. LCMS showed the reaction completed. The reaction mixture
was worked up with water, then extracted with DCM. The combined organic layers were
washed with saturated brine, dried over anhydrous Na>SOy, filtered, and concentrated under
reduced pressure to give the residue. The residue was purified by flash
column chromatography on silica gel (eluting with 50 % EtOAc in PE) to afford 8-chloro-3-
[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]imidazo[ 1,2-a]pyridine-6-sulfonyl chloride
(320 mg). LCMS (ESI, m/z): [M+H]* = 400.0.

[0518] Step 6: 8-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-
methylcyclopropyl)imidazo[ 1,2-a]pyridine-6-sulfonamide (38-6)

[0519] To a solution of 1-methylcyclopropanamine hydrochloride (103 mg, 0.959 mmol)
in pyridine (4 mL) was added 8-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-
yllimidazol[1,2-a]pyridine-6-sulfonyl chloride (320 mg, 0.799 mmol) at room temperature
under N»>. The mixture was stirred at room temperature for 1 hr. LCMS
showed the reaction completed. The reaction mixture was concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica
gel (eluting with 80 % EtOAc in PE) to give 8-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-yl]-N-(1-methylcyclopropyl)imidazo[ 1,2-a]pyridine-6-sulfonamide (200 mg).
LCMS (ESL m/z): [M+H]*=435.1.

[0520] Step 7: 8-(4-acetylpiperazin-1-yl)-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-
yD)-N-(1-methylcyclopropyl)imidazo[1,2-a]pyridine-6-sulfonamide (38)
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[0521] To a solution of 8-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-N-(1-
methylcyclopropyl)imidazo[1,2-a]pyridine-6-sulfonamide (150 mg, 0.345 mmol) in 1,4-
dioxane (20 mL) was added 1-piperazin-1-ylethanone (133 mg, 1.03 mmol), Cs2COs3 (225
mg, 0.689 mmol) and Pd-PEPPSI-IHept-Cl catalyst (67.0 mg, 0.069 mmol) under N». The
reaction mixture was degassed, then stirred at 95 °C for 1.5 hrs under N>, LCMS
showed the reaction completed. The reaction mixture was worked up with water,
then extracted with EtOAc. The combined organic layers were washed with saturated brine,
dried over anhydrous Na»SQOy, filtered, and concentrated under reduced pressure. The residue
was purified by flash column chromatography on silica gel (eluting with 5% MeOH in
DCM) which was further purified by prep-HPLC (0.05% NH4sHCO3) to afford 8-(4-
acetylpiperazin-1-yl)-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-N-(1-
methylcyclopropyl)imidazo[ 1,2-a]pyridine-6-sulfonamide. LCMS (ESI, m/z): [M+H]* =
527.3. '"HNMR (400 MHz, DMSO-ds)  9.63 (s, 1H), 8.50 (s, LH), 8.37 (s, 1H), 6.96 (s,
1H), 3.73-3.54 (m, 8H), 2.22-2.15 (m, 2H), 2.08 (s, 3H), 2.01-1.94 (m, 2H), 1.13 (s, 3H),
0.73-0.67 (m, 2H), 0.47-0.40 (m, 2H).

Example 39

3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-N-(1-(difluoromethyl)cyclopropyl)-8-(2-oxa-7-
azaspiro[3.5]nonan-7-yl)imidazo[1,5-a]pyridine-6-sulfonamide (39)
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[0522] Step 1: (5-bromo-3-chloropyridin-2-yl)methanamine (39-1)
[0523] To a stirred solution of 5-bromo-3-chloropyridine-2-carbonitrile (1 g, 4.6 mmol)

in dry DCM (10 mL) was added DIBAL-H (1 mol/L in DCM, 14 mL, 14 mmol) dropwise at -
78 °C under No. The resulting mixture was stirred at -78 °C for 1 hr. After completion, the
reaction mixture was quenched by the addition of ice water and extracted with ethyl acetate.
The combined organic layers were washed with saturated brine, dried over
anhydrous Na>SOa. After filtration, the filtrate was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (eluting with 0 to 10%
MeOH in DCM) to afford (5-bromo-3-chloropyridin-2-yl)methanamine (500 mg). LCMS
(ESIL, m/z): [M+H]* = 220.9.

[0524] Step 2: Ethyl 2-(((5-bromo-3-chloropyridin-2-yl)methyl)amino)-2-oxoacetate (39-
2)
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[0525] To a solution of (5-bromo-3-chloropyridin-2-yl)methanamine (100 mg, 0.45
mmol) and TEA (91.4 mg, 0.93 mmol) in DCM (2 mL) was added ethyl 2-chloro-2-
oxoacetate (62 mg, 0.45 mmol) at O °C under N,. The resulting mixture was stirred for
4 hrs at 0 °C. After completion, the reaction mixture was worked up with water and extracted
with DCM. The combined organic layers were washed with saturated brine, dried over
anhydrous Na»>SQs. After filtration, the filtrate was concentrated under reduced pressure. The
crude product was used for the next step directly without further purification. LCMS (ESI,
m/z): [M+H]" = 321.1.

[0526] Step 3: Ethyl 6-bromo-8-chloroimidazo[1,5-a]pyridine-3-carboxylate (39-3)

[0527] Into a vial were added ethyl 2-(((5-bromo-3-chloropyridin-2-yl)methyl)amino)-2-
oxoacetate (100 mg, 0.31 mmol) and phosphorus oxychloride (1 mL) under N>. The resulting
mixture was stirred for 8 hrs at 110°C. After completion, the reaction mixture was quenched
by the addition of water carefully, then extracted with ethyl acetate. The combined organic
layers were dried over anhydrous Na2SOa, filtered, then concentrated under reduced pressure.
The residue was purified by prep-TLC (PE:EtOAc=1:1) to afford ethyl 6-bromo-8-
chloroimidazo[1,5-a]pyridine-3-carboxylate (80 mg). LCMS (ESI, m/z): [M+H]* = 302.5.

[0528] Step 4: Ethyl 6-(benzylthio)-8-chloroimidazol[1,5-a]pyridine-3-carboxylate (39-4)

[0529] To a solution of ethyl 6-bromo-8-chloroimidazo[1,5-a]pyridine-3-carboxylate
(3.78 g, 12.5 mmol) in 1,4-dioxane (50 mL) was added XantPhos (1.44 g, 2.5 mmol),
Pd»(dba);.CHCI3 (1.29 g, 1.2 mmol) and DIEA (3.22 g, 24.9 mmol) under N». The resulting
mixture was degassed with N, then stirred for 2 hrs at 85 °C. After completion, the reaction
mixture was concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 30% EtOAc in PE) to afford ethyl 6-
(benzylsulfanyl)-8-chloroimidazo[1,5-a]pyridine-3-carboxylate (3 g). LCMS (ESI, m/z):
[M+H]* = 347.1.

[0530] Step 5: 6-(Benzylthio)-8-chloroimidazo[1,5-a]pyridine-3-carbohydrazide (39-5)

[0531] Into a round-bottom flask was added ethyl 6-(benzylsulfanyl)-8-
chloroimidazo[1,5-a]pyridine-3-carboxylate (3 g, 8.7 mmol), hydrazine hydrate (80% in H-O,
8 mL, 132 mmol) and EtOH (30 mL) under N». The resulting mixture was stirred for 2 hrs at
50 °C. After completion, the precipitate was collected by filtration and washed with EtOH to
afford 6-(benzylsulfanyl)-8-chloroimidazol[1,5-a]pyridine-3-carbohydrazide (2.5 g). LCMS
(ESI, m/z): [M+H]*" = 333.1.
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[0532] Step 6: 6-(Benzylthio)-8-chloro-N'-(2,2-difluoroacetyl)imidazo[1,5-a]pyridine-3-
carbohydrazide (39-6)
[0533] Into a round-bottom flask was added 6-(benzylsulfanyl)-8-chloroimidazo[1,5-

a]pyridine-3-carbohydrazide (2 g, 6 mmol) and DIEA (1.6 g, 12 mmol) in THF (25 ml). The
resulting mixture was cooled to 0 °C. Then 2,2-difluoroacetic anhydride (1.2 g, 6.9 mmol)
was added dropwise at O °C under N». The resulting mixture was stirred for 4 hrs at 0 °C.
After completion, the reaction mixture was worked up with water and extracted with ethyl
acetate. The combined organic layers were washed with saturated brine, dried over
anhydrous Na>SOj. After filtration, the filtrate was concentrated under reduced pressure. The
residue was purified by trituration with ethyl ether to afford 6-(benzylsulfanyl)-8-chloro-N'-
(2,2-difluoroacetyl)imidazol 1,5-a]pyridine-3-carbohydrazide (1 g). LCMS (ESI, m/z):
[M+H]"=411.1.

[0534] Step 7: 2-(6-(Benzylthio)-8-chloroimidazo[ 1,5-a]pyridin-3-yl)-5-(difluoromethyl)-
1,3,4-thiadiazole (39-7)
[0535] Into a round-bottom flask was added 6-(benzylsulfanyl)-8-chloro-N'-(2,2-

difluoroacetyl)imidazol[1,5-a]pyridine-3-carbohydrazide (1 g, 2.4 mmol), Lawesson’s reagent
(1.3 g, 3.2 mmol) and THF (10 mL) under N>. The resulting mixture was stirred for 4 hrs at
70°C. After completion, the resulting mixture was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (eluting with 10% EtOAc
in PE) to afford 2-(6-(benzylthio)-8-chloroimidazo[1,5-a]pyridin-3-yl)-5-(difluoromethy!)-
1,3,4-thiadiazole (560 mg). LCMS (ESI, m/z): [M+H]* = 409.0.

[0536] Step 8: 8-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)imidazo| 1,5-
a]pyridine-6-sulfonyl chloride (39-8)
[0537] To a solution of 2-(6-(benzylthio)-8-chloroimidazo[ 1,5-a]pyridin-3-y1)-5-

(difluoromethyl)-1,3,4-thiadiazole (500 mg, 1.2 mmol) in water (2 mL) and AcOH (6

mL) was added NCS (653 mg, 4.9 mmol) portion wise at room temperature. The resulting
mixture was stirred for 3 hrs at room temperature. After completion, the reaction mixture was
worked up with water and extracted with DCM. The combined organic layers were washed
with saturated brine, dried over anhydrous MgSO,. After filtration, the filtrate was
concentrated under reduced pressure. The crude product was used for the next step directly

without further purification. LCMS (ESI, m/z): [M+H]" = 385.2.
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[0538] Step 9: 8-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(difluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (39-9)

[0539] Into a round-bottom flask was added 1-(difluoromethyl)cyclopropan-1-amine
hydrochloride (187 mg, 1.3 mmol), pyridine (308 mg, 3.9 mmol), 4A molecular
sieve and DCM (10 mL). The mixture was stirred for 20 mins, then 8-chloro-3-(5-
(difluoromethyl)-1,3,4-thiadiazol-2-yl)imidazo[ ,5-a]pyridine-6-sulfonyl chloride (500 mg,
1.3 mmol) was added under N> at room temperature. The resulting mixture was stirred for 3
hrs at room temperature. The reaction mixture was filtered, and the filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel (eluting with 10% EtOAc in PE) to afford 8-chloro-3-(5-(difluoromethyl)-1,3,4-
thiadiazol-2-yl)-N-(1-(difluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide
(200 mg). LCMS (ESI, m/z): [M+H]*=455.9.

[0540] Step 10: 8-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(difluoromethyl)cyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide (39)
[0541] A solution of 8-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-

(difluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (130 mg, 0.285 mmol),
2-oxa-7-azaspiro[3.5]nonane (181 mg, 1.42 mmol), Pd-PEPPSI-IPentCl catalyst(49 mg, 0.05
mmol) and Cs2CO3 (215 mg, 0.66 mmol) in 1.4-dioxane (4 mL) was degassed with N2, then
stirred for 16 hrs at 105°C under N> atmosphere. After completion, the mixture was allowed
to cool down to room temperature, worked up with water and extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over anhydrous Na>SOu,
filtered, and concentrated under reduced pressure. The residue was purified by prep-TLC
(PE: EtOAc= 1:2) to afford the product which was further purified by prep-HPLC(0.1% FA)
to afford 3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-(difluoromethyl)cyclopropyl)-8-
(2-oxa-7-azaspiro[3.5]nonan-7-yl)imidazo[ 1,5-a]pyridine-6-sulfonamide. LCMS (ESI, m/z):
[M+H]*" = 547.3. "H NMR (400 MHz, DMSO-de) 8 9.54 (s, 1H), 9.13 (s, 1H), 7.96 (s, 1H),
7.68 (t, J=53 Hz, 1H), 6.68 (s, 1H), 5.79 (t, J =56 Hz ,1H), 4.41 (s, 4H), 3.25-3.21 (m, 4H),
2.08-2.04 (m, 4H), 0.98-0.94 (m, 4H). '°F NMR (400 MHz, DMSO-ds) & -109.31, -120.27.

Example 40

3-(5-(Difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-(difluoromethyl)cyclopropyl)-8-(2-oxa-7-
azaspiro[3.5]nonan-7-yl)-[1,2,4]triazolo[4,3-a]pyridine-6-sulfonamide (40)
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[0542] Step 1: 5-Bromo-3-chloro-2-hydrazineylpyridine (40-1)
[0543] Into a round-bottomed flask fitted with a reflux condenser was added 5-bromo-3-

chloro-2-fluoropyridine (19 g, 90 mmol), hydrazine hydrate (98%, 19 mL, 383 mmol) and
EtOH (200 mL) under N». The resulting mixture was stirred at reflux for 3 hrs. The reaction
mixture was allowed to cool down to room temperature and concentrated under reduced
pressure to obtain the crude product. The crude product was slurried with water at 25 °C for
30 minutes, then filtered and dried under vacuum to afford 5-bromo-3-chloro-2-

hydrazineylpyridine (19.3 g). LCMS (ESI, m/z): [M+H]*=221.9.

[0544] Step 2: Ethyl 6-bromo-8-chloro-| 1,2,4]triazolo|4,3-a|pyridine-3-carboxylate (40-
2)
[0545] Into an oven-dried round-bottomed flask was added 5-bromo-3-chloro-2-

hydrazineylpyridine (14 g, 62 mmol), ethyl 2-oxoacetate (7.6 g, 74 mmol) and MeOH (160
mL) under N». The resulting mixture was stirred at 60 °C for 2 hrs. Then the reaction mixture
was cooled down to room temperature and concentrated under reduced pressure. The residue
was dissolved in DCM (160 mL) and added phenyl-A*-iodanediyl diacetate (26 g, 81

mmol) portion wise at 0 °C. After addition, the mixture was allowed to warm to room
temperature and stirred for 16 hrs. Upon completion of the reaction, the resulting mixture was
concentrated under reduced pressure. The residue was purified by reversed-phase flash

column chromatography on C18 silica gel (eluting with 0% to 50% MeCN in water (0.05%
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NHsHCO:3)) to afford ethyl 6-bromo-8-chloro-[1,2,4]triazolo[4,3-a]pyridine-3-carboxylate
(16.2 g). LCMS (ESI, m/z): [M+H]*=304.0.

[0546] Step 3: Ethyl 6-(benzylthio)-8-chloro-[1,2,4]triazolo[4,3-a]pyridine-3-carboxylate
(40-3)
[0547] Into an oven-dried round-bottomed flask was added ethyl 6-bromo-8-chloro-

[1,2,4]triazolo[4,3-a]pyridine-3-carboxylate (11 g, 37 mmol), phenylmethanethiol (3.6 g, 29
mmol), Pd>(dba);.CHCIs (3.8 g, 3.7 mmol), XantPhos (4.3 g, 7.4 mmol), DIEA (14.3 g, 110
mmol) and 1,4-dioxane (400 mL) under N». The reaction mixture was degassed with N», and
then stirred at 90 °C for 3 hrs. The reaction mixture was allowed to cool down to room
temperature and concentrated under reduced pressure. The residue was worked up with water
and extracted with ethyl acetate. The combined organic layers were washed with saturated
brine, dried over anhydrous Na>SQOy, filtered, and concentrated to dryness under reduced
pressure. The residue was purified by reversed-phase flash column chromatography on C18
silica gel (eluting with 0% to 50% MeCN in water (0.05% NH4HCO3)) to afford ethyl 6-
(benzylthio)-8-chloro-[1,2,4]triazolo[4,3-a]pyridine-3-carboxylate (11 g). LCMS (ESI, m/z):
[M+H]* = 348.0.

[0548] Step 4: 6-(Benzylthio)-8-chloro-[1,2,4]triazolo[4,3-a]pyridine-3-carbohydrazide
(40-4)
[0549] Into a round-bottomed flask was added ethyl 6-(benzylthio)-8-chloro-

[1,2,4]triazolo[4,3-a]pyridine-3-carboxylate (8.0 g, 22 mmol), EtOH (80 mL) and hydrazine
hydrate (98%, 4.6 g, 90 mmol) at room temperature under N». The resulting mixture was
stirred for 1 hr at 30 °C. The mixture was allowed to cool down to room temperature. The
precipitate was collected by filtration and washed with EtOH. The resulting solid was dried
under vacuum to afford 6-(benzylthio)-8-chloro-[1,2,4]triazolo[4,3-a]pyridine-3-
carbohydrazide (7.0 g). The crude product was used for the next step directly without further
purification. LCMS (ESI, m/z): [M+H]* = 334.1.

[0550] Step 5: 6-(Benzylthio)-8-chloro-N'-(2,2-difluoroacetyl)-[1,2,4]triazolo[4,3-
alpyridine-3-carbohydrazide (40-5)

[0551] Into a round-bottomed flask was added 6-(benzylthio)-8-chloro-
[1,2,4]triazolo[4,3-a]pyridine-3-carbohydrazide (6.5 g, 18 mmol), THF (70 mL), DIEA (4.6
g, 36 mmol) and 2,2-difluoroacetic anhydride (3.7 g, 21 mmol) at O °C under N». The

resulting mixture was stirred for 3 hrs at room temperature. The reaction mixture was
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concentrated under reduced pressure and worked up with water. The resulting mixture was
extracted with EtOAc. The combined organic layers were washed with saturated brine, dried
over anhydrous Na>SO,. After filtration, the filtrate was concentrated under reduced
pressure. The residue was purified by reversed-phase flash column chromatography on C18
silica gel (eluting with 30% to 50% MeCN in water (0.05% NH4HCOs)) to afford 6-
(benzylthio)-8-chloro-N'-(2,2-difluoroacetyl)-[1,2,4]triazolo[4,3-a]pyridine-3-carbohydrazide
(7.0 g). LCMS (ESL n/z): [M+H]*=412.1.

[0552] Step 6: 2-(6-(Benzylthio)-8-chloro-[1,2,4]triazolo[4,3-a]pyridin-3-y1)-5-
(difluoromethyl)-1,3.4-thiadiazole (40-6)
[0553] Into a round-bottomed flask was added 6-(benzylthio)-8-chloro-N'-(2,2-

difluoroacetyl)-[1,2,4]triazolo[4,3-a]pyridine-3-carbohydrazide (4.2 g, 10 mmol), 1,4-
dioxane (80 mL) and 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide
(6.1 g, 15 mmol) at room temperature under N2. The resulting mixture was stirred for

16 hrs at reflux under N2 atmosphere. The reaction mixture was allowed to cool down

to room temperature, worked up with water and extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SO4. After filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 20% EA in PE) to afford 2-(6-(benzylthio)-§-
chloro-[1,2,4]triazolo[4,3-a]pyridin-3-yl)-5-(difluoromethyl)-1,3,4-thiadiazole (4.0 g). LCMS
(ESL, m/z): [M+H]" = 410.1.

[0554] Step 7: 8-Chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-[1,2,4]triazolo[4,3-
alpyridine-6-sulfonyl chloride (40-7)
[0555] To a mixture of 2-(6-(benzylthio)-8-chloro-[1,2,4]triazolo[4,3-a]pyridin-3-yl)-5-

(difluoromethyl)-1,3,4-thiadiazole (1.4 g, 3.4 mmol) in AcOH (7.4 mL) and H>O (2.8

mL) was added NCS (1.8 g, 14 mmol) portion wise at room temperature. The resulting
mixture was stirred for 1 hr at room temperature. The reaction mixture was worked up

with water, then extracted with EtOAc. The combined organic layers were washed

with saturated brine, dried over anhydrous Na>SOs. After filtration, the filtrate was
concentrated under reduced pressure to afford 8-chloro-3-(5-(difluoromethyl)-1,3,4-
thiadiazol-2-yl)-[1,2,4]triazolo[4,3-a]pyridine-6-sulfonyl chloride (1.3 g). The crude product
was used for the next step directly without further purification. LCMS (ESI, m/z): [M+H]*=
386.0.
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[0556] Step 8: 8-Chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(difluoromethyl)cyclopropyl)-[1,2,4]triazolo[4,3-a]pyridine-6-sulfonamide (40-8)

[0557] To a stirred solution of 1-(difluoromethyl)cyclopropan-1-amine hydrochloride
(775 mg, 5.18 mmol) and TEA (788 mg, 7.78 mmol) in DCM (20 mL) was added 8-chloro-
3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-[1,2,4]triazolo[4,3-a]pyridine-6-sulfonyl
chloride (1.0 g, 2.6 mmol) portion wise at room temperature under N». The resulting mixture
was stirred for 30 min at room temperature. The reaction mixture was worked up
with water, and then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOs. After filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by reversed-phase flash
column chromatography on C18 silica gel (eluting with 30% to 50% MeCN in water (0.05%
NH4HCO3)) to afford 8-chloro-3-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-N-(1-
(difluoromethyl)cyclopropyl)-[1,2,4]triazolo[4,3-a]pyridine-6-sulfonamide (790 mg). LCMS
(ESI, m/7): [M+H]"=457.1.

[0558] Step 9: 3-(5-(Difluoromethyl)-1,3,4-thiadiazol-2-y1)-N-(1-
(difluoromethyl)cyclopropyl)-8-(2-oxa-7-azaspiro[3.5]nonan-7-yl)-[1,2,4]triazolo[4,3-
a]pyridine-6-sulfonamide (40)

[0559] Into a vial was added 8-chloro-3-[5-(difluoromethyl)-1,3,4-thiadiazol-2-y1]-N-[1-
(difluoromethyl)cyclopropyl]-[1,2,4]triazolo[4,3-a]pyridine-6-sulfonamide (150 mg, 0.328
mmol), 2-oxa-7-azaspiro[3.5]nonane (208 mg, 1.64 mmol), Cs2CO3 (321 mg, 0.985 mmol),
1,4-dioxane (1.5 mL) and Pd-PEPPSI-IPentCl catalyst(55 mg, 0.057 mmol) under N». The
resulting mixture was degassed with N, then stirred for 1.5 h at 105 °C. The reaction mixture
was allowed to cool down to room temperature and worked up with water at room
temperature. The resulting mixture was extracted with EtOAc. The combined organic layers
were washed with saturated brine, dried over anhydrous Na>SOg. After filtration, the filtrate
was concentrated under reduced pressure. The crude product was purified by achiral-HPLC
eluting with ACN: MeOH = 80:20 (1%, 2 M aqueous NH3 in MeOH) to afford 3-(5-
(difluoromethyl)-1,3,4-thiadiazol-2-yl)-N-(1-(difluoromethyl)cyclopropyl)-8-(2-oxa-7-
azaspiro[3.5]nonan-7-yl)-[1,2,4]triazolo[4,3-a]pyridine-6-sulfonamide. LCMS (ESI, m/z):
[M+H]* = 548.2. "H NMR (400 MHz, DMSO-ds) 5 9.26 (s, 1H), 9.20 (s, 1H), 7.74 (, J = 53.2
Hz, 1H), 6.90 (s, LH), 5.79 (t, /= 56.0 Hz, 1H), 4.41 (s, 4H), 3.73-3.68 (m, 4H), 2.03-1.99
(m, 4H), 0.98-0.94 (m, 4H). '°F NMR (400 MHz, DMSO-ds) & -109.74, -120.58.



WO 2025/117661 PCT/US2024/057645
203

Example 41

N-(1-cyanocyclopropyl)-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-6-fluoro-5-(2-oxa-7-

azaspiro[ 3.5 nonan-7-yl)imidazo[1,5-a]pyridine-7-sulfonamide (41)

/
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[0560] Step 1: 5-fluoro-4-iodo-pyridine-2-carbonitrile (41-1)
[0561] To a solution of 5-fluoropyridine-2-carbonitrile (18.5 g, 152 mmol) in dry THF

(200 mL) was added TMPMgC1.LiCl (1.0 M in THF, 228 mL, 228 mmol) dropwise at -30 °C
under N>. The mixture was stirred at -30 °C for 1 hr. Then a solution of iodine (46.2 g, 182
mmol) in dry THF (150 mL) was added at -30 °C under N». The mixture was allowed to
warm up to room temperature and stirred at room temperature for 1 hr. LCMS showed the
reaction completed. The reaction mixture was quenched with saturated aqueous NH4Cl
solution, then extracted with EtOAc. The combined organic layers were washed with
saturated brine, dried over anhydrous Na>SQys, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica
gel (eluting with 7% EtOAc in PE) to atford 5-fluoro-4-iodo-pyridine-2-carbonitrile (26 g).
LCMS (ESL m/z): [M+H]* = 249.0.

[0562] Step 2: 5-fluoro-4-iodo- 1-oxido-pyridin-1-ium-2-carbonitrile (41-2)
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[0563] To a solution of 5-fluoro-4-iodo-pyridine-2-carbonitrile (26 g, 104.8
mmol) in TFA (200 mL) was added H20- (30% in water, 160 mL) dropwise at O °C. The
mixture was stirred at 80 °C for 4 hrs. After completion, the reaction mixture was quenched
with saturated aqueous Na>SOs solution, then extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na»>SOyu, filtered, and
concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel (eluting with 17% EtOAc in PE) to give 5-fluoro-
4-iodo-1-oxido-pyridin-1-ium-2-carbonitrile (10 g). LCMS (ESI, m/z): [M+H]" = 265.0.

[0564] Step 3: 6-chloro-5-fluoro-4-iodo-pyridine-2-carbonitrile (41-3)

[0565] A solution of 5-fluoro-4-iodo-1-oxido-pyridin-1-ium-2-carbonitrile (10 g, 37.9
mmol) in POCI3 (50 mL) was stirred at 70 °C for 1 hr under N>. LCMS showed the reaction
completed. The reaction mixture was concentrated under reduced pressure to remove most
POCIs. Then the residue was worked up with water, then extracted with EtOAc. The
combined organic layers were washed with saturated aqueous sodium bicarbonate and
saturated brine, dried over anhydrous Na>SOs, filtered, and concentrated to give a residue.
The residue was purified by flash column chromatography on silica gel (eluting with 5%
EtOAc in PE) to afford 6-chloro-5-fluoro-4-iodo-pyridine-2-carbonitrile (4.5 g). LCMS (ESI,
m/z): [M+H]*=282.9.

[0566] Step 4: (6-chloro-5-fluoro-4-iodo-2-pyridyl)methanamine (41-4)

[0567] To a solution of 6-chloro-5-fluoro-4-iodo-pyridine-2-carbonitrile (4.2 g, 14.9
mmol) in DCM (100 mL) was added DIBAL-H (1.0 M in hexanes, 74.5 mL, 74.5
mmol) dropwise at 0 °C under N»>. The mixture was stirred at O °C for 1 hr under N»
atmosphere. LCMS showed the reaction completed. The reaction mixture was quenched with
saturated aqueous NH4Cl1 solution, then extracted with EtOAc. The combined organic layers
were washed with saturated brine, dried over anhydrous Na»>SQOy, filtered, and concentrated to
give the crude product which was used directly in the next step without further purification.
LCMS (ESI, m/z): [M+H]" = 287.0.

[0568] Step 5: N-[(6-chloro-5-fluoro-4-iodo-2-pyridyl)methyl]formamide (41-5)

[0569] To a solution of (6-chloro-5-fluoro-4-iodo-2-pyridyl)methanamine (3.5 g, 12.2
mmol) in formic acid (40 mL) was added acetic anhydride (8 mL) under N>. The mixture was
stirred at 80 °C for 4 hrs under N2 atmosphere. LCMS showed the reaction completed. The

reaction mixture was concentrated under reduced pressure to afford the crude product which
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was used directly in the next step without further purification. LCMS (ESI, m/7): [M+H]* =
315.0.

[0570] Step 6: 5-chloro-6-fluoro-7-iodo-imidazo| 1,5-a]pyridine (41-6)

[0571] To a solution of N-[(6-chloro-5-fluoro-4-iodo-2-pyridyl)methyl]formamide (3.2 g,
10.2 mmol) in toluene (20 mL) was added POClIs (2 mL) under N». The reaction solution was
stirred at 80 °C for 4 hrs under N> atmosphere. LCMS showed the reaction completed. The
reaction mixture was concentrated under reduced pressure. The residue was adjusted to pH =
8 by saturated aqueous sodium bicarbonate, then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na»>SOyu, filtered, and
concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel (eluting with 20% EtOAc in PE) to give 5-chloro-
6-fluoro-7-iodo-imidazo[1,5-a]pyridine (2.47 g). LCMS (ESL, m/z): [M+H]* =297.0.

[0572] Step 7: 7-benzylsulfanyl-5-chloro-6-fluoro-imidazo[ 1,5-a]pyridine (41-7)

[0573] To a solution of 5-chloro-6-fluoro-7-iodo-imidazo[1,5-a]pyridine (2.47 g, 8.3
mmol) in 1,4-dioxane (40 mL) was added phenylmethanethiol (1.09 g, 8.75 mmol), DIEA
(1.08 g, 8.33 mmol), Xantphos (964 mg, 1.67 mmol) and Pd>(dba)3 (763 mg, 0.83 mmol)
under N2. The reaction mixture was degassed, then stirred at 80 °C for 3 hrs under N2. LCMS
showed the reaction completed. The reaction mixture was worked up with water, then
extracted with EtOAc. The combined organic layers were washed with saturated brine, dried
over anhydrous NazSQy, filtered, and concentrated under reduced pressure to give a residue.
The residue was purified by flash column chromatography on silica gel (eluting with 20%
EtOAc in PE) to give 7-benzylsulfanyl-5-chloro-6-fluoro-imidazo[1,5-alpyridine (1.8 g).
LCMS (ESI, m/z): [M+H]"=293.1.

[0574] Step 8: 7-benzylsulfanyl-5-chloro-6-fluoro-1-iodo-imidazo[1,5-a]pyridine (41-8)

[0575] To a solution of 7-benzylsulfanyl-5-chloro-6-fluoro-imidazo[ 1,5-a]pyridine (900
mg, 3.07 mmol) in THF (20 mL) was added 1-iodopyrrolidine-2,5-dione (830 mg, 3.69
mmol) at 0 °C. The mixture was stirred at O °C for 2 hrs. LCMS showed the reaction
completed. The reaction mixture was worked up with water, then extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over anhydrous Na:SOj,
filtered, and concentrated to give a residue. The residue was purified by

flash column chromatography on silica gel (eluting with 10% EtOAc in PE) to afford 7-
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benzylsulfanyl-5-chloro-6-fluoro-1-iodo-imidazo[ 1,5-a]pyridine (900 mg). LCMS (ESI, m/z):
[M+H]* = 419.0.

[0576] Step 9: 5-chloro-6-fluoro-1-iodoimidazo[1,5-a]pyridine-7-sulfonyl chloride (41-9)

[0577] To a solution of 7-benzylsulfanyl-5-chloro-6-fluoro-1-iodo-imidazo[1,5-
a]pyridine (800 mg, 1.91 mmol) in formic acid (3 mL), water (0.3 mL) and DCM (10 mL)
was added |-chloropyrrolidine-2,5-dione (765 mg, 5.73 mmol) at O °C under Na». The mixture
was allowed to warm to room temperature and stirred for 1 hr. LCMS showed the reaction
completed. The reaction mixture was worked up with water, then extracted with DCM. The
combined organic layers were washed with saturated brine, dried over anhydrous Na>SOyu,
filtered, and concentrated under reduced pressure to give the residue. The residue was
purified by flash column chromatography on silica gel (eluting with 30 % EtOAc in PE) to
afford 5-chloro-6-fluoro-1-iodo-imidazo[ 1,5-a]pyridine-7-sulfonyl chloride (500 mg). LCMS
(ESIL, n/z): [M+H]"= 395.0.

[0578] Step 10: 5-chloro-N-(1-cyanocyclopropyl)-6-fluoro- 1-iodoimidazo[ 1,5-
a]pyridine-7-sulfonamide (41-10)

(05791 " To a solution of 1-aminocyclopropanecarbonitrile hydrochloride (180 mg, 1.52 mmol)
in pyridine (7 mL) was added 5-chloro-6-fluoro-1-iodo-imidazo[1,5-a]pyridine-7-sulfonyl
chloride (500 mg, 1.27 mmol) at room temperature under N2. The mixture was stirred at room
temperature for 1 hr. LCMS showed the reaction completed. The reaction mixture was
worked up with water, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOy, filtered, and concentrated under reduced
pressure to give the residue. The residue was purified by flash column chromatography on
silica gel (eluting with 60 % EtOAc in PE) to afford 5-chloro-N-(1-cyanocyclopropyl)-6-
fluoro-1-iodo-imidazo[1,5-a]pyridine-7-sulfonamide (500 mg). LCMS (ESI, m/z): [M+H]* =
441.0.

[0580] Step 11: 5-chloro-N-(1-cyanocyclopropyl)-6-fluoro-1-
(trimethylstannyl)imidazo[1,5-a]pyridine-7-sulfonamide (41-11)

03811 To a solution of 5-chloro-N-(1-cyanocyclopropyl)-6-fluoro-1-iodo-imidazo[ 1,5-

aJpyridine-7-sulfonamide (500 mg, 1.13 mmol) in 1,4-dioxane (5 mL) was

added trimethyl(trimethylstannyl)stannane (744 mg, 2.27 mmol) and Pd(PPh3)4 (131.1 mg,

0.113 mmol) under N»>. The mixture was degassed, then stirred at 100 °C for 7 hrs under N2

atmosphere. After completion, the reaction mixture was concentrated under reduced pressure
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to give the crude product which was directly used for the next step without further
purification. LCMS (ESI, m/z): [M+H]" = 479.1.

[0582] Step 12: 5-chloro-N-(1-cyanocyclopropyl)-1-(5-(difluoromethyl)-1,3,4-thiadiazol-
2-y1)-6-fluoroimidazo[ 1,5-a]pyridine-7-sulfonamide (41-12)

[0583] To a solution of 5-chloro-N-(1-cyanocyclopropyl)-6-fluoro-1-trimethylstannyl-
imidazo[1,5-a]pyridine-7-sulfonamide (500 mg, 1.05S mmol) in DMF (7 mL) was added 2-
bromo-5-(difluoromethyl)-1,3,4-thiadiazole (270 mg, 1.26 mmol) and Pd(PPh3)s (121 mg,
0.105 mmol) under N». The reaction mixture was degassed, then stirred at 100 °C for 7 hrs
under N> atmosphere. LCMS showed the reaction completed. The reaction mixture was
worked up with water, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOs, filtered, and concentrated under reduced
pressure to give the residue. The residue was purified by flash column chromatography on
silica gel (eluting with 50 % EtOAc in PE) to give 5-chloro-N-(1-cyanocyclopropyl)-1-[5-
(difluoromethyl)-1,3.4-thiadiazol-2-y1]-6-fluoro-imidazo[ 1,5-a]pyridine-7-sulfonamide (280
mg). LCMS (ESI, m/z): [M+H]*=449.1.

[0584] Step 13: N-(1-cyanocyclopropyl)-1-(5-(difluoromethyl)-1,3,4-thiadiazol-2-yl)-6-
fluoro-5-(2-oxa-7-azaspiro[ 3.5]nonan-7-yl)imidazo[ 1,5-a]pyridine-7-sulfonamide (41)

[0585] To a solution of 5-chloro-N-(1-cyanocyclopropyl)-1-[5-(difluoromethyl)-1,3,4-
thiadiazol-2-yl]-6-fluoro-imidazo[ 1,5-a]pyridine-7-sulfonamide (100 mg, 0.223
mmol) in N,N-dimethylacetamide (3 mL) was added 2-Oxa-7-azaspiro[3.5]nonane
hemioxalate (76.5 mg, 0.445 mmol) under N»>. The mixture was stirred at 120 °C under
microwave for 5 hrs under N> atmosphere. LCMS showed the reaction completed. The
reaction mixture was worked up with water, then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na»SOyu, filtered, and
concentrated under reduced pressure to give the residue. The residue was purified by prep-
HPLC (0.1% FA) to atford N-(1-cyanocyclopropyl)-1-[5-(difluoromethyl)-1,3,4-thiadiazol-2-
y1]-6-fluoro-5-(2-oxa-7-azaspiro[3.5]nonan-7-yl)imidazo[ 1,5-a]pyridine-7-sulfonamide.
LCMS (ESL, m/z): [M+H]* = 540.2. "HNMR (400 MHz, DMSO-ds) 4 9.77 (br s, 1H), 8.69 (s,
1H), 8.54 (d, J= 6.0 Hz, 1H), 7.65 (t, J = 53.2 Hz, 1H), 4.43 (s, 4H), 3.22 (m, 4H), 2.06 (s,
4H), 1.51-1.45 (m, 2H), 1.40-1.33 (m, 2H).

[0586] Examples 42 and 43 in the table below were synthesized using conditions

analogous to that used to synthesize Example 26 from intermediate AV. Other starting
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materials were either prepared as described in the intermediates section, commercially

available, or prepared from commercially available reagents using conventional reactions

well known in the art.
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Example 74

N-(1-cyanocyclopropyl)-3-[5-(1-fluorocyclopropyl)-1,3,4-thiadiazol-2-yl]-8-(2-oxa-7-
azaspiro| 3.5 [nonan-7-yl)imidazol| 1,5-a|pyridine-6-sulfonamide (74)

F
N= N Nﬁ o N
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1,4-dioxane, 100 °C
Cl
O 74
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[0587] To a solution of 8-chloro-N-(1-cyanocyclopropyl)-3-[5-(1-fluorocyclopropyl)-
1,3,4-thiadiazol-2-ylJlimidazo[1,5-a]pyridine-6-sulfonamide (intermediate BC, 100 mg, 0.23
mmol) in 1,4-dioxane (10 mL) was added 2-oxa-7-azaspiro[3.5]nonane (145 mg, 1.14
mmol), Cs2CO3 (149 mg, 0.46 mmol) and Pd-PEPPSI IHept C1 (44.3 mg, 0.046 mmol) under
Na. The reaction mixture was degassed, then stirred at 100 °C for 1.5 hrs under N>. When
completed, the reaction mixture was worked up with water, then extracted with EtOAc. The
combined organic layers were washed with brine, dried over anhydrous Na>SOs, filtered, and
concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (eluting with 100 % EtOAc) to give the crude product
which was further purified by prep-HPLC (0.05% NH4HCO3) to give Example 74. LCMS
(ESL m/z): [M+H]*= 530.3; '"H NMR (400 MHz, DMSO-ds) §9.64 (s, 1H), 9.41 (s, 1H),
7.94 (s, 1H), 6.62 (s, 1H), 4.41 (s, 4H), 3.30-3.24 (m, 4H), 2.07-2.01 (m, 4H), 1.88-1.82 (m,
2H), 1.64-1.58 (m, 2H), 1.49-1.43 (m, 2H), 1.39-1.35 (m, 2H).

Example 115

1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-8-(4-isobutyrylpiperazin-1-yl)-N-(1-
methylcyclopropyl)imidazo| 1,5-a|pyridine-6-sulfonamide (115)

Nx
'N\
Naw Oﬁ)\ ql/n‘s"o EZ\/S
‘Ni?q N d’ Z N \N
NP e [Nj ) al
<i’ PN A H [N]
o
s Pd-PEPPSI IHept-Cl, N
¢ Cl Cs,CO;3, 1,4-dioxane, 100 °C \rg
0
cc
115
[0588] 1-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-N-(1-

methylcyclopropyl)-8-[4-(2-methylpropanoyl)piperazin- 1-yl]imidazo[ 1,5-a]pyridine-6-
sulfonamide (115)

[0589] To a solution of 1,8-dichloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-N-
(1-methylcyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide (50 mg, 0.106 mmol) in 1,4-
dioxane (5 mL) was added 2-methyl-1-piperazin-1-yl-propan-1-one (50 mg, 0.321
mmol), Cs2CO3 (69.4 mg, 0.213 mmol) and Pd-PEPPSI IHept-C1 (20.7 mg, 0.021 mmol)

under N> atmosphere. The mixture was degassed, then stirred at 100 °C for 1 hr under
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Na. After completion, the reaction mixture was worked up with water, then extracted with
EtOAc. The combined organic layers were washed with saturated brine, dried over anhydrous
Na»SO0q, filtered, and concentrated under in vacuo. The residue was purified by flash

column chromatography on silica gel (eluting with 5 % MeOH in DCM), further by prep-
HPLC (0.05% FA) to example 115. LCMS (ESI, m/z): [M+H]" = 589.4; 'H NMR (400 MHz,
DMSO-ds) 6 9.57 (s, 1H), 8.44 (s, 1H), 6.78 (s, LH), 3.84-3.65 (m, 4H), 3.15-3.01 (m, 4H),
2.95 (m, 1H), 2.22-2.17 (m, 2H), 2.00-1.95 (m, 2H), 1.16 (s, 3H), 1.04 (d, J = 6.8 Hz, 6H),
0.75-0.70 (m, 2H), 0.48-0.43 (m, 2H).

[0590] Examples in the table below were synthesized using conditions analogous to the
synthesis of Example 74 or Example 115 by using Pd-PEPPSI-IHept-Cl1 or Pd-PEPPSI-IPent-
Cl o-picoline as catalyst from corresponding aryl chlorides/bromides and secondary amines.
The Examples with free secondary amino groups (63-66, 82, 85, 114, 116, 149, 179, 184,
196, and 197) were synthesized from corresponding mono-Boc protected piperazines
followed with Boc deprotection as described in this disclosure. Example 193 was prepared
from (S)-2-(difluoromethyl)piperazine without a protecting group on the piperazine. Example
121 was synthesized from tert-butyl piperazine-1-carboxylate followed by Boc-deprotection
and amide coupling with cyclobutanecarboxylic acid using similar procedures disclosed here
in. All other starting materials were either prepared as described in the intermediates section,
commercially available, or prepared from commercially available reagents using

conventional reactions well known in the art.

Example . LCMS
Number Structure NMR [M+H]"
F
,§<><I "H NMR (400 MHz,
N
N\\Xn\ép /Z\/S DMSO-ds) § 9.64 (s, 1H),
T 10 9.38 (s, LH), 7.91 (s, 1H),

6.59 (s, 1H), 6.23 (1, J =
Eg 54.4 Hz, 1H), 4.39 (s, 4H),

4 - 3.27-3.21 (m, 4H),2.06- | 023
N-(1-cyanocyclopropyl)-3-(5-(1- 1.98 (m, 4H), 1.63-1.58
(difluoromethyl)cyclopropyl)-1,3,4- (m, 2H), 1.56-1.51 (m,
thiadiazol-2-yl)-8-(2-oxa-7- 2H), 1.47-1.42 (m, 2H),
azaspiro[3.5]nonan-7-yl)imidazo[ 1,5- 1.39-1.33 (m, 2H).

aJpyridine-6-sulfonamide
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F
N Nﬁ;/><] "H NMR (400 MHz,
HN. P %‘/3 DMSO-de) §9.69 (s, 1H),
T N 8.48 (s, LH), 7.99 (brs,
e 1H), 6.93 (s, 1H), 6.20 (¢, J
=54.8 Hz, 1H), 4.40 (s,
45 % 4H), 3.61-3.54 (m, 4H), | 023
o 2.03-1.97 (m, 4H), 1.65-
N-(1-cyanocyclopropyl)-3-(5-(1- 1.59 (m, 2H), 1.58-1.52
(diﬂuc.)ror'nethyl)cyclopropyl)-1,3,4— (m, 2H), 1.41-1.36 (m,
qnadlazo]-2—yl)—8-(2'—o?<a-7- 2H), 1.34-1.29 (m, 2H).
azaspiro[3.5]nonan-7-yl)imidazo[ 1,2-
a]pyridine-6-sulfonamide
N \
'H NMR (400 MHz,
N,,” ,7; DMSO-ds) 5 9.61 (s, 1H),
\QL 8.77 (brs, 1H), 8.50 (s,
1H), 6.97 (s, 1H), 4.21 (d,
J=48.0Hz, 2H), 3.73-
48 3.62 (m, 6H),3.59-3.54 | >3
(m, 2H), 2.22-2.14 (m,
8-(4—acetylpiperazin-1-y1)-3-[5-(1- 2H), 2.08 (s, 3H), 2.00-
cyanocyclopropyl)];jli31’,4-thiadiazol-2-yl]- 1.93 (m, 2H), 0.87-0.81
(fluoromethyl)cyclopropyllimidazo[1,2- (m, 2H), 0.79-0.72 (m, 2H)
aJpyridine-6-sulfonamide
\
Tj>q 'H NMR (400 MHz,
N, ,/” DMSO-ds) 6 9.50 (s, 1H),
\Q\/ 8.31 (s, LH), 7.97 (s, 1H),
6.60 (s, 1H),4.19(d, J =
49 48.8 Hz, 2H), 3.69-3.63 5453
(m, 4H), 3.30-3.22 (m,
8—(4—acetylpiperazin—1-y1)—3—(5—(1— 4H), 2.16-2.12 (m, 2H),
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)- | 2.04 (s, 3H), 1.96-1.91 (m,
N-(1- 2H), 0.84-0.69 (m, 4H).
(fluoromethyl)cyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide
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Ns
. N’:?q 'H NMR (400 MHz,
4L DMSO-de) 9.56 (s, 1H),
O N 8.39 (s, 1H), 8.01 (s, LH),
N 6.63 (s, 1H), 3.73-3.67 (m,
54 [N] 4H), 3.35-3.25 (m, 4H), 527.4
/J*o 2.19-2.15 (m, 2H), 2.08 (s,
8-(4-acetylpiperazin-1-yl)-3-(5-(1- 3H), 2.01-1.95 (m, 2H),
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)- | 1-15 (s, 3H), 0.76-0.69 (m,
N-(1-methylcyclopropyl)imidazo[1,5- 2H), 0.46-0.41 (m, 2H).
a]pyridine-6-sulfonamide
= 'H NMR (400 MHz,
N\ DMSO-ds) 6 10.06 (s, 1H),
:NAP _N 8.70 (d, J = 2.4 Hz, 1H),
O AN 8.35-8.27 (m, 2H), 7.97
G (dd, J= 8.4 Hz, 2.4 Hz,
N 1H), 7.86 (s, 1H), 6.52 (s,
33 () 1H), 3.75-3.67 (m, 4H), | 204
] 2 3.30-3.18 (m, 4H), 2.08 (s,
8-(4-acetylpiperazin-1-y1)-3-(5-(1- 3H), 1.91-1.84 (m, 2H),
cyanocyclopropyl)pyridin-2-y1)-N-(1- 1.78-1.71 (m, 2H), 1.15 (s,
methylcyclopropyl)imidazo[1,5- 3H), 0.76-0.70 (m, 2H),
a]pyridine-6-sulfonamide 0.47-0.40 (m, 2H).
"o L '"H NMR (400 MHz,
XA DMSO-de)  9.56 (s 1H),
Q*(m 8.44 (s, 1H), 6.80 (s, 1H),
[Nj 3.43-3.35 (m, 4H), 3.15-
38 - /’L 3.03 (m, 4H), 2.79 (s, 6H), | 590.4
Ve 2.23-2.17 (m, 2H), 2.01-
4-(1-chloro-3-(5-(1-cyanocyclopropyl)- 1.94 (m, 2H), 1.16 (s, 3H),
1,3,4-thiadiazol-2-y1)-6-(N-(1- 0.75-0.69 (m, 2H), 0.49-
methylcyclopropyl)sulfamoyl)imidazo[ 1,5 0.42 (m, 2H).
-a|pyridin-8-yl)-N,N-dimethylpiperazine-
1-carboxamide
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"H NMR (400 MHz,
DMSO-ds) & 9.53 (s, 1H),

3.54 (m, 2H), 3.07-2.95
(m, 4H), 2.82 (m, 1H),
2.21-2.16 (m, 2H), 2.02-

P 8.80 (brs, 1H), 6.80 (s,
N C 1H), 4.21 (d, J = 48.8 Hz,
59 [N] 2H), 3.39-3.33 (m, 4H), 608.4
NP, 3.10-3.04 (m, 4H), 2.79 (s,
| 6H), 2.22-2.15 (m, 2H),
41 'CT‘;’T'ij[zj(] 'CIY;“"EYg"[’[IimPY‘)' 1.99-1.92 (m, 2H), 0.89-
,3,4-thiadiazol-2-y1]-6-[[1-
(ﬂuoromethyl)cyclopropyiy]su]famoyl]imid 0.72 (m, 4H).
azo[1,5-a]pyridin-8-yl]-N,N-dimethyl-
piperazine-1-carboxamide
I 'H NMR (400 MHz,
Koo /zzs DMSO-ds) §9.51 (s, 1H),
d’ SN, 8.35 (s, 1H), 7.90 (s, 1H),
\@w 6.61 (s, 1H), 4.39 (s, 4H),
N 3.23-3.18 (m, 4H), 2.19-
62 % 2.14 (m, 2H), 2.04-1.99 | 264
) (m, 4H), 1.98-1.94 (m,
3-(5-(1-cyanocyclopropyl)-1,3,4- 2H), 1.12 (s, 3H), 0.72-
thiadiazol-2-yl)-N-(1-methylcyclopropyl)- 0.67 (m, 2H), 0.45-0.40
8-(2-oxa-7-azaspiro[3.5]nonan-7- (m, 2H).
ylimidazo[1,5-a]pyridine-6-sulfonamide
N\\ '"H NMR (400 MHz,
N*>q DMSO-de) & 9.54 (s, 1H),
i o fz/s 8.39 (brs, 1H), 7.95 (s,
X OI/S\©\>N 1H), 6.62 (s, 1H), 3.65-
NI 3.54 (m, 2H), 3.07-2.95
63 N (m, 4H), 2.82 (m, 1H), 499.3
[Nfs] 2.21-2.16 (m, 2H), 2.02-
(S)-3-(5-(1-cyanoT:yclopropyl)-1,3,4- 1.95 (m, 2H)’ 114 (s, 3H),
thiadiazol-2-y1)-N-(1-methylcyclopropyl)- 1.12-1.06 (m, 3H), 0.75-
8-(3-methylpiperazin-1-yliimidazo[1,5- | 0-68 (m, 2H), 0.48-0.41
a]pyridine-6-sulfonamide (m, 2H).
"\ 'H NMR (400 MHz,
,N\T>ﬁ DMSO-ds) §9.54 (s, 1H),
H oo iz\/s 8.39 (brs, 1H), 7.95 (s,
64 X SN W 1H), 6.62 (s, 1H), 3.65- 4993
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(R)-3-(5-(1-cyanocyclopropyl)-1,3,4- 1.95 (m, 2H), 1.14 (s, 3H),
thiadiazol-2-y1)-N-(1-methylcyclopropyl)- 1.12-1.06 (m, 3H), 0.75-
8—(3—methy1p1perazm—1—yl)1m1dazo[1,5— 0.68 (Hl, 2H), 0.48-0.41
a]pyridine-6-sulfonamide (m, 2H).

\ "H NMR (400 MHz,
N\>q DMSO-ds) 6 9.53 (s, 1H),
N & ‘ 8.41 (s, 1H), 7.90 (s, 1H),
g \Qw 6.62 (s, 1H), 3.60-3.33 (m,
4H), 3.31 (s, 3H), 3.15-
65 2.80 (m, 4H), 2.68 (t, J = 5204
[ﬁsj\’o\ 10.6 Hz, 1H), 2.21-2.14
(8)-3-(5-(1-cyanocyclopropyl)-1,3,4- (m, 2H), 2.01-1.94 (m,
thiadiazol-2-y1)-8-(3- 2H), 1.14 (s, 3H), 0.74-
(methoxymethyl)piperazin-1-y1)-N-(1- 0.67 (m, 2H), 0.47-0.40
methylcycllopropyl)imidaz'o[1,5— (m, 2H).
a]pyridine-6-sulfonamide
N
N\\\ "H NMR (400 MHz,
DMSO-ds) 6 9.53 (s, 1H),
“,,” 8.40 (s, 1H), 7.90 (s, 1H),
\@w 6.62 (s, 1H), 3.60-3.50 (m,
2H), 3.46-3.32 (m, 5H),
66 [@..,,/o\ 3.14-2.63 (m, 6H),2.23- | 2204
(R)—3-(5-(1-cyanoHcyclopropyl)-1,3,4- 2.14 (m, 2H), 2.02-1.93
thiadiazol-2-y1)-8-(3- (m, 2H), 1.14 s, 3H),
(methoxymethyl)piperazin-1-y1)-N-(1- 0.74-0.67 (m, 2H), 0.47-
methylcyclopropyl)imidazo[1,5- 0.39 (m, 2H).
aJpyridine-6-sulfonamide
N \
"H NMR (400 MHz,
N & { DMSO-ds) §9.60 (s, 1H),
\Q\ 8.48 (s, 1H), 8.35 (s, 1H),
6.96 (s, 1H), 4.41 (s, 4H),
69 3.61-3.54 (m, 4H), 2.21- 526.3
2.17 (m, 2H), 2.03-1.97
9) (m, 6H), 1.12 (s, 3H),
3-(5-(1-cyanocyclopropyl)-1,3,4- 0.73-0.68 (m, 2H), 0.46-
thiadiazol-2-yl)-N-(1-methylcyclopropyl)- 0.41 (m, 2H).
8-(2-oxa-7-azaspiro[3.5]nonan-7-
yDimidazo[ 1,2-a]pyridine-6-sulfonamide
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Na
i<
F H o NG s "H NMR (400 MHz,
% SN DMSO-ds) § 9.60 (s, LH),
NN 8.73 (s, IH), 8.48 (s, 1H),
N 698 (s 1H),4.21(d,J=
[N] 48.8 Hz, 2H), 3.66-3.59
n NP (m, 4H), 338332 (m, | 743
I 4H), 2.81 (s, 6H), 2.20-
4—(3—(5—.(1—f:yanocyclopropyl)—1,3,4— 2.13 (m, 2H), 2.00-1.93
thiadiazol-2-y1)-6-(N-(1- - (m, 2H), 0.85-0.79 (m,
(ﬂuoromethyl)cyc]oprgpyl)sulfamoyl)lmld 2H), 0.78-0.73 (m, 2H).
azo[ 1,2-a]pyridin-8-y1)-N,N-
dimethylpiperazine-1-carboxamide
N
NS
A,H\S/P S 'H NMR (400 MHz,
¢ N\N\ DMSO-de) 8 9.63 (s, 1H),
X 8.49 (s, 1H), 8.35 (s, 1H),
[ ] 6.98 (s, 1H), 3.66-3.60 (m,
7 N 4H), 3.39-3.32 (m, 4H), 556.4
\Irl%o 2.81 (s, 6H), 2.21-2.16 (m,
4-(3-(5-(1-cyanocyclopropyl)-1,3,4- 2H), 1.99-1.95 (m, 2H),
thiadiazol-2-y1)-6-(N-(1- 1.13 (s, 3H), 0.73-0.68 (m,
methylcyclopropyl)sulfamoyl)imidazo[1,2 | 2H), 0.46-0.41 (m, 2H).
-a]pyridin-8-yl)-N,N-dimethylpiperazine-
1-carboxamide
N 'N\F 1
o P! H NMR (400 MHz,
- O { DMSO-ds) §9.70 (s, 1H),
© \@N 9.38 (s, 1H), 8.52 (s, 1H),
N 6.94 (s, 1H), 4.40 (s, 4H),
73 % 3.63-3.57 (m, 4H), 2.03- 530.2
. 1.99 (m, 4H), 1.89-1.81
N-(1-cyanocyclopropyl)-3-(5-(1- (m, 2H), 1.65-1.56 (m,
fluorocyclopropyl)-1,3,4-thiadiazol-2-yl)- | 2H), 1.48-1.42 (m, 2H),
8-(2-oxa-7-azaspiro[3.5]nonan-7- 1.40-1.34 (m, 2H).
yDimidazo[1,2-a]pyridine-6-sulfonamide
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\
N”QQ "H NMR (400 MHz,
Fkn\, £ \ ® DMSO-ds) §9.53 (s, 1H),
¢ P, 8.77 (s, LH), 7.99 (s, 1H),
N 6.65 (s, 1H), 4.22(d, J =
@ 48.4 Hz, 2H), 3.35-3.25
7 A (m, 8H),2.81 (s, 6H), | >/
| 2.21-2.15 (m, 2H), 2.00-
4-(3-(5-(1-cyanocyclopropyl)-1,3.4- 1.95 (m, 2H), 0.87-0.81
thiadiazol-2-y1)-6-(N-(1- (m, 2H), 0.79-0.74 (m,
(fluoromethyl)cyclopropyl) 2H).
sulfamoyl)imidazo[ 1,5-a]pyridin-8-yl)-
N,N-dimethylpiperazine- 1-carboxamide
N\
N*>q "H NMR (400 MHz,
N E\TS DMSO-ds) §9.54 (s, 1H),
X OIISO“\N 8.63 (brs, 1H), 8.02 (s,
N LH), 6.64 (s, 1H), 4.22 (d,
[N] J =48.8 Hz, 2H), 3.79-
76 N 3.71 (m, 4H), 3.33-3.12 573.4
o)\( (m, 4H), 2.95 (m, 1H),
3-(5-(1-cyanocyclopropyl)-1,3,4- 2.21-2.15(m, 2H), 2.00-
thiadiazol-2-y1)-N-(1- 1.95 (m, 2H), 1.05 (d, J =
(fluoromethyl)cyclopropyl)-8-(4- 6.8 Hz, 6H), 0.86-0.74(m,
isobutyrylpiperazin-1-yl)imidazo[1,5- 4H).
aJpyridine-6-sulfonamide
O/
,N\éﬂ '"H NMR (400 MHz,
1o "y-s DMSO-de) 9.62 (s, 1H),
X I i ) 7.95 (s, 1H), 6.59 (s, 1H),
i 3.72-3.68 (m, 4H), 3.66 (s,
\: j 2H), 3.38 (s, 3H), 3.26 (m,
77 N ) 546.3
- 144 . 210, 126121
8-(4-acetylpiperazin-1-yl)-3-(5-(1- - (zn]}) ] 1 Les 3t
(methoxymethyl)cyclopropyl)-1,3,4- 0 73’_0 687 (n'l 2H; ‘O 4’6_
thiadiazol-2-y1)-N-(1- ' ’ ’ T
methylcyclopropyl)imidazo[1,5- 0.41 (m, 2H).
aJpyridine-6-sulfonamide
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N\
N'N%><> 'H NMR (400 MHz,
Hp js DMSO0) 6 9.61 (s, 1H),
X'y ¢ 8.39 (s, 1H), 8.03 (s, 1H),
N 6.65 (s, 1H), 3.74-3.68 (m,
78 [N] 4H), 3.37-3.24 (m, 4H), 541.4
Ao 3.06-2.84 (m, 4H), 2.38-
8-(4-acetylpiperazin-1-y1)-3-(5-(1- 2.16 (m, 2H), 2.08 (s, 3H),
cyanocyclobutyl)-1,3,4-thiadiazol-2-yl)-N- | 1.16 (s, 3H), 0.75-0.70 (m,
(1-methylcyclopropyl)imidazo[1,5- 2H), 0.47-0.42 (m, 2H).
a]pyridine-6-sulfonamide
N
}H\S/P fg:s "H NMR (400 MH?,
SN DMSO-ds) 8 9.50 (s, 1H),
Y 8.74 (s, 1H), 7.91 (s, 1H),
y 6.63 (s, 1H), 4.41 (s, 4H),
79 % 422(d,J=492Hz, 2H), | 5444
O
3-(5-(1-cyanocyclopropyl)-1,3,4- 3.25-3.20 (m, 4H), 2.20-
thiadiazol-2-y1)-N-(1- 2.15 (m, 2H), 2.06-1.95
(fluoromethyl)cyclopropyl)-8-(2-oxa-7- (m, 6H), 0.85-0.76 (m,
azaspiro[3.5]nonan-7-yl)imidazo[1,5- 4H).
a]pyridine-6-sulfonamide
\ '"H NMR (400 MHz,
N,NQV DMSO-de) 9.54 (s, 1H),
ansp/ - 8.37 (s, 1H), 7.88 (s, 1H),
¢ T ow 6.64 (s, LH), 3.94 (m, 1H),
N 3.55-3.46 (m, 2H), 3.40 (d,
[N(Ja\hs J=6.6Hz, 2H), 3.08 (m,
80 Ay 1H), 3.01 (m, 1H), 2.79 (s, | >0
(R)-4-(3-(5-(1-cyanocyclopropyl)-13.4- | _ 2}11)1 29‘5 tﬁ 1;1()“11 23[:)(’(1
thiadiazol-2-y1)-6-(N-(1- ‘ : o ’
methylcyclopropyl)sulfamoyl)imidazo[ 1,5 J=6.6Hz, 3H), L15 (s,
-a]pyr1d1n—8-y1)-N,N,2- 3H), 0.75-0.67 (m, 2H),
trimethylpiperazine- 1 -carboxamide 0.48-0.42 (m, 2H).
\ "H NMR (400 MHz,
N,NQG DMSO-ds) 3 9.55 (s, 1H),
H oo J/S 8.38 (s, LH), 7.89 (s, 1H),
X YN, 6.65 (s, LH), 3.94 (m. 1H),
81 NS 3.56-3.47 (m, 2H), 3.44- | 704
[”(S] 3.36 (m, 2H), 3.14-2.97
N” (m, 2H), 2.80 (s, 6H),
oJ\T/ 2.22-2.15 (m, 2H), 2.02-
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($)-4-(3-(5-(1-cyanocyclopropyl)-1,3,4- 1.94 (m, 2H), 1.36 (d, J =
thiadiazol-2-yl)-6-(N-(1- 6.4 Hz, 3H), 1.16 (s, 3H),
methylcyclopropyl)sulfamoyl)imidazo[1,5 | 0.77-0.70 (m, 2H), 0.49-
-a]pyridin-8-y1)-N,N,2- 0.42 (m, 2H).
trimethylpiperazine- 1-carboxamide
Na
N
N o NG o 'H NMR (400 MHz,
% O\,,S\C\E\g: DMSO-ds) 6 9.51 (s, 1H),
NS 7.91 (s, IH), 6.61 (s, 1H),
N 422 (d, J=48.8 Hz, 2H),
82 [N] 3.23-3.17 (m, 4H),2.96- | 033
H 2.90 (m, 4H), 2.20-2.14
3-[5-(1-cyanocyclopropyl)-1,3,4- (m, 2H), 1.99-1.94 (m,
thiadiazol-2-yl|-N-[1- 2H), 0.84-0.73 (m, 4H).
(fluoromethyl)cyclopropyl]-8-piperazin-1-
yl-imidazo[ 1,5-a]pyridine-6-sulfonamide
Na
i Nfi "H NMR (400 MHz,
}H\S,,o IS DMSO-ds) 8 9.50 (s, 1H),
g @N 8.74 (s, 1H), 7.83 (s, L H),
Y 6.59 (s, 1H), 4.22 (d, J =
- V[ j 48.4 Hz, 2H), 3.27-3.22 204
N (m, 2H), 3.14 (s, 2H), )
3-(5-(1-cyanocyclopropyl)-1,3.4- 3.03-2.98 (m, 2H), 2.19-
thiadiazol-2-yl)-N-(1- 2.15 (m, 2H), 1.99-1.94
(fluoromethyl)cyclopropyl)-8-(4,7- (m, 2H), 0.85-0.74 (m,
diazaspiro[2.5]octan-7-yl)imidazo[1,5- 4H), 0.61-0.53 (m, 4H).
a]pyridine-6-sulfonamide
\
N,N\?ﬂ 'H NMR (400 MHz,
~ R.® ¥ DMSO-ds) 6 9.53 (s, LH),
/XNdﬁ\Qw\IN 8.79 (brs, 1H), 7.91 (s,
\N 1H), 6.68 (s, 1H), 4.23 (d,
92 ( ) J=48.8Hz,2H),3.63- | 5203
S 3.52 (m, 4H), 2.94-2.83
3-(5-(1-cyanocyclopropyl)-1,3,4- (m. 4H), 2.21-2.14 (m
thiadiazol-2-y1)-N-(1- 2H)’ 5 0’1_1 96 (m 2H)’
(fluoromethyl)cyclopropyl)-8- 0’89.—0 72' (n 4i{) ’
thiomorpholinoimidazo[1,5-a]pyridine-6- : ) ’ )
sulfonamide
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]
&1
New'ti 'H NMR (400 MHz,
fo b DMSO-de) 8 9.63 (s, 1H),
<f (;,S AN, 8.39 (brs, 1H), 8.00 (s,
XS 1H), 6.64 (s, 1H), 3.71 (m,
03 [N] 4H), 3.34 (m, 1H), 3.31- 5273
N 3.24 (m, 4H), 2.58 (m, -
/&O 1H), 2.08 (s, 3H), 2.05 (m,
rac-8-(4-acetylpiperazin-1-y1)-3-(5- 1H), 1.89 (m, 1H), 1.16 (s,
((1R,2S5)-2-cyanocyclopropyl)-1,3,4- 3H), 0.76-0.68 (m, 2H),
thiadiazol-2-y1)-N-(1- 0.49-0.41 (m, 2H).
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide
N
NS
F/KH7 IS,,O _ N/\‘TS 'H NMR (400 MHz,
° (U< DMSO-ds) 6 9.56 (s, 1H),
N 8.77 (brs, 1H), 8.03 (s,
[ j 1H), 6.78 (s, 1H), 4.23 (d,
E“o J=48.8 Hz, 2H), 3.93-
102 T 3.80 (m, 4H), 3.77-3.64 | 2033
N-(4-(3-(5-(1-cyanocyclopropyl)-1,3,4- (m, 4H), 2.22-2.15 (m,
thiadiazol-2-y1)-6-(N-(1- 2H), 2.03 (s, 3H), 2.00-
(fluoromethyl)cyclopropyl) 1.94 (m, 2H), 0.90-0.76
sulfamoyl)imidazo[1,5-a]pyridin-8-y1)-1- (m, 4H).
oxido-116-thiomorpholin-1-
ylidene)acetamide
N
F K o N’T‘S "H NMR (400 MHz,
;L O‘,,s’ ~ N/\Z; DMSO-de) §9.52 (s, 1H),
NS 8.74 (brs 1H), 6.74 (s 1H),
114 [N] o 4.22 (d, J = 48.8 Hz, 2H), 373
N 3.08-2.90 (m, 8H), 2.21- -
1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4- 2.15 (m, 2H), 1‘99'1'94
thiadiazol-2-yl)-N-(1- (m, 2H), 0.89-0.82 (m,
(fluoromethyl)cyclopropyl)-8-(piperazin- 2H), 0.80-0.73 (m, 2H).
1-yl)imidazol[1,5-a]pyridine-6-sulfonamide
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N
H o NT%Q "H NMR (400 MHz,
<I/Nj/s" _ NI DMSO-ds) §9.55 (s, 1H),
© @*(N 8.44 (brs, 1H), 6.74 (s,
N, C 1H), 3.08-2.90 (m, 8H),
116 ® 236-2.29 (m, 2H),2.01- | 193
H 1.93 (m, 2H), 1.24 (s, 3H)
1-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4- , 0.76-0.69 (m, 2H), 0.48-
thiadiazol-2-y1]-N-(1-methylcyclopropyl)- 0.41 (m, 2H).
8-piperazin-1-yl-imidazo[1,5-a]pyridine-6- ’
sulfonamide
Y
N'T\s 'H NMR (400 MHz,
FXH\ISP _ NI DMSO-de) 8 9.52 (s, 1H),
d \@#N 8.81 (brs, LH), 6.75 (s,
Tt 1H), 4.40 (m, 4H), 4.21 (d,
1 % J=488Hz,2H),3.12- | s7q4
5 2.90 (m, 4H), 2.23-2.16
1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4- (m, 2H), 2.12-2.02 (m,
thiadiazol-2-y1)-N-(1- 4H), 2.00-1.93 (m, 2H),
(fluoromethyl)cyclopropyl)-8-(2-oxa-7- 0.90-0.73 (m, 4H).
azaspiro[3.5]nonan-7-yl)imidazo[1,5-
a]pyridine-6-sulfonamide
N\\
N Ny "H NMR (400 MHz,
S L DMSO-de) 8 9.65 (s, 1H),
© 6.78 (s, 1H), 3.85-3.58 (m,
Ng © 4H), 3.22-3.02 (m, 4H),
118 [N] 2.94 (m, 1H), 2.24-2.15 600.3
o)\‘/ (m, 2H), 2.02-1.95 (m,
1-chloro-N-(1-cyanocyclopropyl)-3-(5-(1- 12 I(—)Ii’ (355)2238 (Hmz7 4;1:{)),
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)- ' ) e
8-(4-isobutyrylpiperazin-1-yl)imidazol[ 1,5-
a]pyridine-6-sulfonamide
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121

1-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-yl]-8-[4-
(cyclobutanecarbonyl)piperazin-1-yl]-N-
(1-methylcyclopropyl)imidazol[1,5-
aJpyridine-6-sulfonamide

'H NMR (400 MHz,
DMSO-ds) § 9.50 (s, 1H),
8.37 (s, 1H), 6.70 (s, 1H),
3.75-3.47 (m, 4H), 3.33(m,
1H), 3.02-2.93 (m, 4H),
2.23-1.97 (m, 6H), 1.95-
1.65 (m, 4H), 1.09 (s, 3H),
0.69-0.63 (m, 2H), 0.42-
0.35 (m, 2H).

600.9

122

NS
IN ~

H 0 y-S
PR SN NIN
=
e
)

A
1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-y1)-N-(1-
(fluoromethyl)cyclopropyl)-8-(4-

isobutyrylpiperazin-1-yl)imidazo[1,5-
aJpyridine-6-sulfonamide

"H NMR (400 MHz,
DMSO-de) §9.55 (s, 1H),
8.84 (s, 1H), 6.79 (s, 1H),
4.22 (d, J = 48.8 Hz, 2H),

3.82-3.60 (m, 4H), 3.15-
2.90 (m, 5H), 2.23-2.16
(m, 2H), 2.01-1.94 (m,
2H), 1.04 (d, J = 6.8 Hz,
6H), 0.90-0.74 (m, 4H).

607.4

123

>

isopropyl 4-(1-chloro-3-(5-(1-
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-
6-(N-(1-
methylcyclopropyl)sulfamoyl)imidazo[ 1,5

'H NMR (400 MHz,
DMSO-ds) 8 9.57 (s, 1H),
8.45 (s, 1H), 6.79 (s, 1H),

4.82 (m, 1H), 3.25-3.52
(m, 4H), 3.18-2.96 (m,
4H), 2.23-2.16 (m, 2H),
2.01-1.94 (m, 2H), 1.22 (d,
J=6.4Hz, 6H), 1.15 (s,
3H), 0.75-0.69 (m, 2H),
0.48-0.41 (m, 2H).

605.4

-a]pyridin-8-yl)piperazine-1-carboxylate
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N\
”\ "H NMR (400 MHz,
N & DMSO-ds) §9.54 (s, 1H),
J \Q\( 8.43 (s, 1H), 6.75 (s, 1H),
4.40 (s, 4H), 2.99 (br, 4H),
125 ?g 223-2.15 (m, 2H), 2.11- | 560.3

1.92 (m, 6H), 1.15 (s, 3H),
1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4- | 0.75-0.67 (m, 2H), 0.48-
thiadiazol-2-y1)-N-(1-methylcyclopropyl)- 0.41 (m, 2H).

8-(2-oxa-7-azaspiro[3.5]nonan-7-

ylimidazo[ 1,5-a]pyridine-6-sulfonamide
N\

,N§>q '"H NMR (400 MHz,

ey DMSO-ds) 9.42 (s, 1H),

P N 8.84 (brs, 1H), 6.62 (s,

Yt 1H), 4.25 (d, J = 48.8 Hz,

() 2H), 3.33-3.25 (m, 4H),

129 A 3.22-3.14 (m, 4H), 2.81 (s, | 591.8
o 6H), 2.24-2.17 (m, 2H),
4-(3-(5-(1-cyanocyclopropyl)-1,3,4- 2.01-1.94 (m, 2H), 0.91-
thiadiazol-2-y1)-1-fluoro-6-(N-(1- 0.75 (m, 4H).
(fluoromethyl)cyclopropyl)
sulfamoyl)imidazo[1,5-a]pyridin-8-yl)-
N,N-dimethylpiperazine-1-carboxamide
N\
"H NMR (400 MHz,
N $ DMSO-ds) §9.56 (s, 1H),
d Q{ 8.71 (s, 1H), 8.45 (s, LH),
6.89 (s, 1H), 421 (d, J =
48.8 Hz, 2H), 3.55-3.48
149 N

H

(m, 4H), 3.03-2.96 (m, | 224

3-(5-(1-cyanocyclopropyl)-1,3,4- 2H), 2.20-2.15 (m, 2H),

thiadiazol-2-y1)-N-(1-

2.00-1.94 (m, 2H), 0.84-
(fluoromethyl)cyclopropyl)-8-(4,7- 0.73 (m, 4H), 0.58-0.51
diazaspiro[2.5]octan-7-yl)imidazo[1,2- (m, 4H).
a]pyridine-6- sulfonamide

"H NMR (400 MHz,
. S DMSO-ds) 6 9.60 (s, 1H),

”Q{ 8.46 (s, 1H), 8.32 (brs,

s
166

1H). 6.93 (s, 1H). 3.67-
3.58 (m, 4H), 2.59-2.51 | 4993
(m, 4H), 2.26 (s, 3H),

221-2.13 (m, 2H), 2.01-
1.93 (m, 2H), 112 (s, 3H),

3—(5—(1—cyanocyc10pr0py1)—1,3,4—
thiadiazol-2-y1)-N-(1-methylcyclopropyl)-




WO 2025/117661

223

PCT/US2024/057645

8-(4-methylpiperazin-1-yl)imidazo[1,2-
a]pyridine-6-sulfonamide

0.73-0.66 (m, 2H), 0.46-
0.39 (m, 2H).

N\\
N

=

H

0] N\ S

e L

X OII O\\(N
¢t

N Cl

(Ao

'H NMR (400 MHz,
DMSO-ds, D-0) 6 9.50
(s, 1H), 8.22 (s, 1H), 6.73
(s, 1H), 4.51 (dd, J = 46.8
Hz, 4.8 Hz, 2H), 3.48-3.27
(m, 3H), 3.22-3.05 (m,

]
1-(1-chloro-3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-y1)-6-(N-(1-

methylcyclopropyl)sulfamoyl)imidazo[ 1,5

-aJpyridin-8-yl)-N,N-dimethylpiperidine-
4-carboxamide

2.15 (m, 2H), 2.02-1.76
(m, 6H), 1.16 (s, 3H),
0.76-0.69 (m, 2H), 0.49-
0.42 (m, 2H).

179 2H), 2.83 (m, 1H),2.70 | 551.3
(S)-1-ch10r0-3-(5-(1Ficyanocyclopropyl)- (m, 1H),2.17-2.06 (m,
1,3,4-thiadiazol-2-y1)-8-(3- 2H), 1.97-1.86 (m,
. . 2H), 1.11 (s, 3H), 0.72-
(fluoromethyl)piperazin-1-yl)-N-(1-
methylcyclopropyl)imidazo-[1,5- 0.59 (m, 2H), 0.48-0.37
a]pyridine-6-sulfonamide (m, 2H).
N 'H NMR (400 MHz,
>q DMSO-de) § 9.58 (s, 1H),
. Y 8.45 (s, 1H), 6.78 (s, LH),
X5 N\I 4.83 (m, 1H), 4.47-4.37
NG (m, 1H), 3.92-3.74 (m,
[N]\“ 2H), 3.58 (m, 1H), 3.14
181 NS (m, 1H), 3.08-2.86 (m, | 033
0%/ 2H), 2.24-2.16 (m, 2H),
(R)-1-chloro-3-(5-(1-cyanocyclopropyl)- 2.02-1.94 (m, 2H), 1.45-
1,3,4-thiadiazol-2-yl)-8-(4-isobutyryl-3- | 1.25 (m, 3H), 1.17 (s, 3H),
methylpiperazin-1-y1)-N-(1- 1.04 (d, /= 6.6 Hz, 6H),
methylcyclopropyl)imidazo[1,5- 0.77-0.70 (m, 2H), 0.49-
a]pyridine-6-sulfonamide 0.42 (m, 2H).
N
» T 'H NMR (400 MHz,
<¥ P N'\Z; DMSO-ds) 6 9.55 (s, LH),
\%‘;‘ﬁa 8.46 (s, LH), 6.76 (s, 1H),
3.46 (m, 2H), 3.07 (s, 3H),
182 g\‘/ 2.90-2.75 (I’I], 6H), 2.23- 5804




WO 2025/117661

PCT/US2024/057645
224
NG 'H NMR (400 MHz,
N= DMSO-ds, D20) 6 9.50

H

\-S
N\S//O /Z/
4 T
\ =
N Cl
(Jor

(s, 1H), 8.22 (s, 1H), 6.73
(s, 1H), 4.51 (dd, J = 46.8
Hz, 4.8 Hz, 2H), 3.48-3.27

(m, 3H), 3.22-3.05 (m,

(8)-1-chloro-3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-yl)-8-(3-
(difluoromethyl)piperazin-1-y1)-N-(1-
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide

1H), 2.65 (m, 1H), 2.19-
2.13 (m, 2H), 2.00-1.93
(m, 2H), 1.13 (s, 3H),
0.75-0.67 (m, 2H), 0.47-
0.41 (m, 2H).

184 N 2H), 2.83 (m, 1H),2.70 | 551.3
(R)-1-chloro-3-(5-(1-cyanocyclopropyl)- (m, 1H), 2.17-2.06 (m,
1,3.,4-thiadiazol-2-y1)-8-(3- 2H), 1.97-1.86 (m,
(fluoromethyl)piperazin-1-yl)-N-(1- 2H), 1.11 (s, 3H), 0.72-
methylcyclopropyl)imidazo-[1,5- 0.59 (m, 2H), 0.48-0.37
a]pyridine-6-sulfonamide (m, 2H).
N\\
. "H NMR (400 MHz,
N & DMSO-ds) §9.56 (s, 1H),
H o
e T 8.38 (s, 1H), 8.02 (s, 1H),
X //S Z NN
d Q*/N 6.64 (s, 1H), 3.85-3.65 (m,
\ 4H), 3.31-3.22 (m, 4H),
156 [N] 294 (m, 1H),222-2.14 | 554
;\( (m, 2H), 2.01-1.94 (m,
° 2H), 1.14 (s, 3H), 1.04 (d,
3-(5-(1-cyanocyclopropyl)-1,3,4- J = 6.8 Hz, 6H), 0.76-0.68
thiadiazol-2-yl)-8-(4-isobutyrylpiperazin- (m, 2H), 0.48-0.40 (m
1-yD)-N-(1- 2H)
methylcyclopropyl)imidazo[1,5- ’
aJpyridine-6-sulfonamide
"H NMR (400 MHz,
ﬁ:}q DMSO-ds, D20) § 9.55 (s,
Hoo st 1H), 5 8.47 (s, 1H), 6.78
s A, (s, 1H), 5.98 (td, J = 55.8
b Hz, 4.6 Hz, 1H), 3.42-3.25
[Nj\f (m, 3H), 3.07 (m, 1H),
193 WOt 2.97 (m, 1H), 2.77 (m, 569.4




WO 2025/117661
225

PCT/US2024/057645

N//

,, Q{

'"H NMR (400 MHz,
DMSO-ds) 69.58 (s, 1H),
8.47 (s, 1H), 8.35 (brs,
1H), 6.91 (s, 1H), 3.56-
3.45 (m, 2H), 3.40-3.24

N “
H

3-(5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-y1)-8-((35,55)-3,5-
dimethylpiperazin-1-yl)-N-(1-

methylcyclopropyl)imidazo[ 1,5-

196 i}NJ (m, 4H),2.22-2.14 (m, | 5134
H 2H), 2.03-1.94 (m, 2H),
3-[?-(?—cyanocyclopropyl)-1,3,4- 116 (d, J = 6.4 Hz, 6H),
thiadiazol-2-y1]-8-[(35,55)-3,5-
dimethylpiperazin-1-y1]-N-(1- 112 (s, 3H), 0'77'0'65 (m,
methylcyclopropyl)imidazo[1,2- 2H), 0.48-0.38 (m, 2H).
aJpyridine-6-sulfonamide
N
N \ 'H NMR (400 MHz,
N . DMSO-ds) 8 9.52 (s, 1H),
N <~y 8.38 (s, 1H), 7.83 (s, 1H),
\@Q/ 6.61 (s, 1H), 3.35-3.20 (m,
4H), 3.05-2.97 (m, 2H),
197 221-2.14 (m, 2H), 2.01- | 5134

a]pyridine-6-sulfonamide

1.94 (m, 2H), 1.21 (d, J =

6.4 Hz, 6H), 1.14 (s, 3H),

0.76-0.66 (m, 2H), 0.48-
0.41 (m, 2H).

Example 46

8-(4-acetylpiperazin-1-yl)-N-(1-cyanocyclopropyl)

-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-

2-yllimidazo[1,2-a]pyridine-6-sulfonamide (46)

N H 0 | &
//S ~ N \ K O/l 2
o N N\\ \ / x N
N N —Sn-Sn—
SN / A\
N No N
[ j S Pd(PPhj)4, 1,4-dioxane, 100 °C j
N Br N
O)\ N O)\
46
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[0591] To a solution of 8-(4-acetylpiperazin-1-yl)-N-(1-cyanocyclopropyl)-3-iodo-
imidazol[1,2-a]pyridine-6-sulfonamide (Intermediate Y, 90 mg, 0.175
mmol) and trimethyl(trimethylstannyl)stannane (287 mg, 0.875 mmol) in 1,4-dioxane (20
mL) was added Pd(PPh3)4 (20 mg, 0.018 mmol) under N». The reaction mixture was
degassed, then stirred at 100 °C for 2 hrs under N». After cooling down to room temperature,
to the reaction mixture was added 1-(5-bromo-1,3,4-thiadiazol-2-yl)cyclopropanecarbonitrile
(Intermediate N, 50.1 mg, 0.22 mmol) and additional portion of Pd(PPh3)4 (12.6 mg, 0.011
mmol) under Na. After stirring at 100 °C for an additional 12 hrs under N», the reaction
mixture was worked up with saturated aqueous potassium fluoride solution, then extracted
with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOy, filtered, and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (eluting
with 10% MeOH in DCM) to afford 46. LCMS (ESI, m/z): [M+H]* = 538.3; 'H NMR (400
MHz, DMSO-ds) 6 9.72 (s, 1H), 9.41 (brs, 1H), 8.53 (s, 1H), 6.96 (s, 1H), 3.74-3.65 (m, 6H),
3.64-3.57 (m, 2H), 2.22-2.16 (m, 2H), 2.08 (s, 3H), 2.01-1.96 (m, 2H), 1.49-1.43 (m, 2H),
1.41-1.35 (m, 2H).

[0592] Examples 144 and 145 in the table below were synthesized by following
conditions analogous to the synthesis of example 46. All other starting materials were either
prepared as described in the Intermediates section, commercially available, or prepared from

commercially available reagents using conventional reactions well known in the art.

Example LCMS
Number Structure NMR [M+HJ*
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N
] N'T\s 'H NMR (400 MHz,
. Negr DMSO-de) 6 9.61 (s,
Y < “§ 1H), 8.73 (s, 1H), 8.49
N (s, 1H), 6.98 (s, 1H),
[N] 428 (d, J=48.4 Hz,
A 2H), 3.66-3.60 (m, 4H),
144 © N\ 3.53-3.48 (m, 2H), 3.37- | 0184
O 3.32 (m, 6H), 3.27 (s,
4-(3-(5-(1-cyanocyclopropyl)-1,3.4- 3H), 2.88 (s, 3H), 2.21-
thiadiazol-2-y1)-6-(N-(1- 2.16 (m, 2H), 2.00-1.95
(fluoromethyl)cyclopropyl)sulfamoyl)imidaz | (m, 2H), 0.85-0.73 (m,
o [1,2-a]pyridin-8-yl)-N-(2-methoxyethyl)- 4H).
N-methylpiperazine-1-carboxamide
Ny
. Nltl\s 'H NMR (400 MHz,
F/KNO:'S/ A H?MSO-CIG) 59.56 (s,
P ), 8.71 (brs, 1H), 8.45
N (s, 1H), 6.94 (s, 1H),
145 E; 439 (s,4H),420(d,J=| 5443
o 48.8 Hz, 2H), 3.58-3.52
3-(5-(1-cyanocyclopropyl)-1,3.4-thiadiazol- | (M 4H), 2.19-2.13 (m,
2-y1)-N-(1-(fluoromethyl)cyclopropyl)-8-(2- 2H), 2.02-1.94 (m, 6H),
oxa-7-azaspiro[3.5]nonan-7-yl)imidazol[1,2- 0.84-0.72 (m, 4H).
a]pyridine-6-sulfonamide
N\
"H NMR (400 MHz,
N & { DMSO-ds) 8 9.66 (s,
S Q 1H), 9.07 (brs, 1H), 8.49
(s, 1H), 4.24 (d,J=48.8
Hz, 2H), 3.58 -3.47 (m,
176 O)\hi,/ 4H), 3.35-3.25 (m, 4H), | 024
4-[3-[5-(1-cyanocyclopropyl)-1,3,4- 2.79 (s, 6H), 2.21-2.14
thiadiazol-2-y1]-7-fluoro-6-[[ 1- (m, 2H), 2.00-1.93 (m,
(fluoromethyl)cyclopropyl]sulfamoyl]imidaz 2H), 0.94-0.88 (m, 2H),
o[1,2-a]pyridin-8-yl]-N,N-dimethyl- 0.82-0.74 (m, 2H).
piperazine-1-carboxamide
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Example 103

3-[5-(1-cyanocyclopropyl)- 1,3,4-thiadiazol-2-y1]-N-[ 1-(fluoromethyl)cyclopropyl]-8-(1-imino-1-
0x0-1,4-thiazinan-4-yl)imidazo[ 1,5-a]pyridine-6-sulfonamide (103)

N\\ N

N T
s “?4

H \ N
A E L T

& ~d
g Ny F S AN y
.

PN O// \\
C py——" "
s, K,CO3, MeOH, THF [S]
N RS
102 O 103
[0593] To a solution of N-[4-[3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-6-[[1-

(fluoromethyl)cyclopropyl]sulfamoyl]imidazo[1,5-a]pyridin-8-yl]-1-oxo-1,4-thiazinan-1-
ylideneJacetamide (50 mg, 0.084 mmol) in MeOH (2 mL) and THF (2 mL) was added K>CO3
(23 mg, 0.164 mmol) under N». After stirring at room temperature for 16 hrs, the

reaction mixture was worked up with water, then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOy, filtered,

and concentrated under reduced pressure. The residue was purified by prep-HPLC (0.1%

FA) (o afford Example 103. LCMS (ESI, m/2): [M+H]*= 550.8; '"H NMR (400 MHz,
DMSO-ds) 8 9.55 (s, LH), 8.77 (s, 1H), 8.01 (s, LH), 6.75 (s, 1H), 4.22 (d, J = 48.8 Hz, 2H),
3.90-3.76 (m, 3H), 3.70-3.60 (m, 2H), 3.28-3.16 (m, 4H), 2.22-2.14 (m, 2H), 2.02-1.94 (m,
2H), 0.91-0.74 (m, 4H).

Example 146

3-[5-(1-cyanocyclopropyl)-1,3.4-thiadiazol-2-yl]-N-[1-(fluoromethyl)cyclopropyl]-8-piperazin-1-
yl-imidazo[1,2-a]pyridine-6-sulfonamide (146)

NS
Ny N?d
F Boc (]
Boc N

l\i\ 2 | Boc Bu, , N NS N ,,
PNF N Bu;SnCl N ,/ s Bu \ F N "
¢ ') iPiMgCleLiCl A Y NN TEA, TFA, DCM. 1t _

NS THR-30°C_ \Q\ sy

N Pd(PPhs)a,

[ 1,4-dioxane, 100 °C [ ] E j
N N

0C
146 1 Boc
146-2 146
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[0594] Step 1: tert-butyl 4-[6-[tert-butoxycarbonyl-[1-
(fluoromethyl)cyclopropyl]sulfamoyl]-3-tributylstannyl-imidazo[1,2-a]pyridin-8-
yllpiperazine-1-carboxylate (146-1)

[0595] To a solution of zert-butyl 4-[6-[tert-butoxycarbonyl-[1-
(fluoromethyl)cyclopropyl]sulfamoyl]-3-iodo-imidazo[ 1,2-a]pyridin-8-yllpiperazine-1-
carboxylate (AF-1, 1.97 g, 2.90 mmol) in THF (25 mL) was added i-PrMgCl1-LiCl (1.3 M in
THF, 2.5 mL, 3.3 mmol) dropwise at - 30 °C under N2. After stirring at - 30 °C for 15 mins,
tributyltin chloride (1.04 g, 3.19 mmol) was added dropwise. After stirring at - 30 °C under
N> for (Cheng, how many) hrs, the reaction completed, and was worked up with saturated
NH4C1 solution, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous NaxSOy, filtered, and concentrated in vacuo to
afford rerr-butyl 4-[6-[tert-butoxycarbonyl-[1-(fluoromethyl)cyclopropyl]sulfamoyl]-3-
tributylstannyl-imidazo[1,2-a]pyridin-8-yl]piperazine- 1-carboxylate as a crude product which
was used directly in the next step without further purification.

[0596] Step 2: tert-butyl 4-[6-[tert-butoxycarbonyl-[1-
(fluoromethyl)cyclopropyl]sulfamoyl]-3-[5-(1-cyanocyclopropyl)- 1,3,4-thiadiazol-2-
yllimidazol| 1,2-a]pyridin-8-yl|piperazine-1-carboxylate (146-2)

[0597] To a solution of rert-butyl 4-[6-[zert-butoxycarbonyl-[ 1-
(fluoromethyl)cyclopropyl]-sulfamoyl]-3-tributylstannyl-imidazo[1,2-a]pyridin-8-
yl]piperazine-1-carboxylate (2.75 g, 3.3 mmol) in 1,4-dioxane (140 mL) was added 1-(5-
bromo-1,3,4-thiadiazol-2-yl)cyclopropanecarbonitrile (826 mg, 3.6 mmol) and Pd(PPh3)4
(377 mg, 0.33 mmol) under N2. The reaction mixture was degassed, then stirred at 100 °C for
18 hrs under N». The reaction completed, and the reaction mixture was worked up with
saturated aqueous KF solution, then was extracted with EtOAc. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SOg, filtered, and
concentrated under reduced pressure. The crude was purified by flash column
chromatography on silica gel (eluting with 33% EtOAc in PE) to afford tert-butyl 4-[6-[tert-
butoxycarbonyl-[1-(fluoromethyl)cyclopropyl]sulfamoyl]-3-[5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-yl]imidazo[1,2-a]pyridin-8-yl]piperazine- 1-carboxylate (1.1 g). LCMS (ESI,
m/z): [M+H]"=592.4.

[0598] Step 3: 3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-N-[1-
(fluoromethyl)cyclopropyl]-8-piperazin- 1-yl-imidazo[1,2-a]pyridine-6-sulfonamide (146)
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[0599] To a stirred solution of tert-butyl 4-[6-[tert-butoxycarbonyl-[1-
(fluoromethyl)cyclopropyl]sulfamoyl]-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-
yllimidazol[1.2-a]pyridin-8-yl]piperazine-1-carboxylate (1.10 g, 1.57 mmol) in DCM (20 mL)
was added TFA (10 mL) at O °C. After stirring for 1 hr at room temperature, the reaction
mixture was concentrated in vacuo. The residue was worked up with water, adjusted pH = 10
with saturated aqueous NaHCOj3 solution and extracted with DCM/MeOH (10:1). The
combined organic layers were washed saturated brine, dried over anhydrous Na>SOs, filtered,
and concentrated in vacuo. The residue was purified by prep-HPLC (0.1% FA)
to afford example 146. LCMS (ESI, m/z): [M+H]" = 503.3; "H NMR (400 MHz, DMSO-ds)
59.58 (s, 1H), 8.75 (brs, 1H), 8.46 (s, 1H), 6.94 (s, 1H), 4.21 (d, J = 48.8 Hz, 2H), 3.58-3.52
(m, 4H), 3.10-2.87 (m, 4H), 2.22-2.14 (m, 2H), 2.01-1.93 (m, 2H), 0.87-0.72 (m, 4H).

[0600] The Examples in the table below were synthesized using conditions analogous to
Example 74 by using Pd-PEPPSI-IHept-Cl or Pd-PEPPSI-IPent-Cl o-picoline as catalyst
from corresponding aryl chloride or bromide, or prepared from Example 146. Examples 84,
86, 87, 89, 90, 104, 106-108, and 124 were synthesized from corresponding mono-Boc
protected piperazines followed by Boc-deprotection and amide coupling using corresponding
acyl chlorides (84, 90, 124) or carboxylic acids (86, 87, 89, 104, 106-108) through similar
procedures disclosed herein. Examples 88, 91, 177, and 190 were synthesized from
corresponding mono-Boc protected piperazines followed by Boc-deprotection and amide

coupling using corresponding Boc protected carboxylic acids and then Boc-deprotection
through similar procedures disclosed herein. Examples 150 and 153 were prepared from
Example 146 through amide formation with corresponding acyl chloride. Examples 151, 152,
and 154 were prepared from Example 146 through amide coupling with corresponding acids.
Examples 155 and 160 were prepared from Example 146 through amide coupling with
corresponding acids followed by Boc deprotection as described herein. subsequent amide

coupling with commercially available acid or acyl chloride that is commonly used in art.

Example LCMS
Number Structure NMR [M+H]"
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Ns ! :
s H NMR (400 MHz,
N.o }-$ DMSO-ds) 6 9.53 (s, 1H),
K < N:(N 8.76 (s, 1H), 8.02 (s, 1H),
! 6.64 (s, 1H), 422 (d, J =
) 48.8 Hz, 2H), 3.98-3.92
84 V/’Lo (m, 2H), 3.76-3.70 (m, | 571.4
2H), 3.39-3.32 (m, 4H),
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- | 5542 15 (m, 2H), 2.08-
2-yD-8-(4- 2.02 (m, 1H), 2.01-1.94
(cyclopropanecarbonyl)piperazin-1-yl)-/N- (m, 2H), 0.88-0.73 (m,
(1-(fluoromethyl)cyclopropyl)imidazo[1,5- $H).
aJpyridine-6-sulfonamide
Ns
C o T 'H NMR (400 MHz,
F/KNC}S" _ N[ DMSO-ds) 8 9.54 (s, 1H),
NP A 8.74 (s, 1H), 8.03 (s, 1H),
[Nj 6.66 (s, 1H), 423 (d, J =
N 48.8 Hz, 2H), 3.95-3.77
86 <§/¥o (m, 4H), 3.45-3.33 (m, | >89
3-(5-(1-cyanocyclopropyl)-1,3 4-thiadiazol- | 4H)2.20-2.15 (m, 2H),
2-y1)-8-(4-(1-fluorocyclopropane-1- 1.99-1.94 (m, 2H), 1.36-
carbonyl)piperazin-1-yl)-N-(1- 1.20 (m, 4H), 0.88-0.72
(fluoromethyl)cyclopropyl)imidazo[ 1,5- (m, 4H).
a]pyridine-6-sulfonamide
N "H NMR (400 MHz,
N DMSO-de) § 9.54 (s, 1H),
H o \-§
R N\I 8.71 (s, 1H), 8.01 (s, 1H),
I N 6.66 (s, 1H),4.23 (d, J =
N 48.8 Hz, 2H), 3.82-3.67
® (m, 4H), 3.34-3.31 (m,
87 dF/L 4H),2.78-2.66 (m, 2H), | 603.4
© 2.47-2.35 (m, 2H), 2.20-
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- | 7 15 (m, 2H), 1.99-1.94
2-y1)-8-(4-(1-fluorocyclobutane-1- (m, 2H), 1.90 (m, 1H),
carbonyl)piperazin-1-yl)-N-(1-
(fluoromethyl)cyclopropyl)imidazo[ 1,5- 1.33 (m, 1H). 087-0.73
a]pyridine-6-sulfonamide (m, 4H).
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89

9

N
W
N,N\j><l 'H NMR (400 MHz,
He )° DMSO-ds) §9.52 (s, 1H)
F N‘S/l I 6 . ) 5
X g8 8.75 (brs, 1H), 8.01 (s,
N 1H), 6.64 (s, 1H), 4.22 (d,
[Nj J=48.8 Hz, 2H), 3.81-
A 3.71(m, 4H), 3.30-3.22 | 6004
HoN
) (m, 4H), 2.64-2.54 (m,
_(4-(1- 1-
8-(4-(1 a'mlnoc.yclobutane 1 ’ 2H). 2.22-2.13 (m, 2H),
carbonyl)piperazin-1-y1)-3-(5-(1-
M 2.00-1.81 (m, 5H), 1.53
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-
N-(1- (m, 1H), 0.86-0.72 (m,
(fluoromethyl)cyclopropyl)imidazo[ 1,5- 4H).
aJpyridine-6-sulfonamide
\ 'H NMR (400 MHz,
N,NQG DMSO-ds) 5 9.53 (s, 1H),
IS Y-S 8.77 (brs, 1H), 8.00 (s
F N, # s > 5
X'F \QV\IN 1H), 6.63 (s, 1H), 4.77-
N —
! 4.68 (m, 4H), 4.28-4.16
[ j (m, 3H), 3.78-3.72 (m, 5873
N 2H), 3.46-3.40 (m, 2H),
OJ\CO 3.30-3.23 (m, 4H), 2.21-
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- | 2.14 (m, 2H), 2.00-1.93
2-y1)-N-(1-(fluoromethyl)cyclopropyl)-8- (m, 2H), 0.86-0.73 (m,
(4-(oxetane-3-carbonyl)piperazin-1- 4H).
yl)imidazo[ 1,5-a]pyridine-6-sulfonamide
"\
:Nﬁ>q "H NMR (400 MHz,
N
H o NS DMSO-ds) 6 9.53 (s, 1H),
F N #
X Nl\; 8.77 (brs, 1H), 8.00 (s,
NS 1H), 6.63 (s, 1H), 4.22 (d,
[”] J=48.8 Hz, 2H), 3.74-
N 3.68 (m, 2H), 3.61-3.54 585.4
o)\g (m, 2H), 3.42 (m, 1H),
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- 3.30-3.25 (m, 4H), 2.25-
2-y1)-8-(4-(cyclobutanecarbonyl)piperazin- 2.08 (m, 6H), 1.99-1.73
l-yl)-N-(l- (I’l’l, 4H), 0.86-0.73 (m,
(fluoromethyl)cyclopropyl)imidazo[ 1,5- 4H).

aJpyridine-6-sulfonamide
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\ 'H NMR (400 MHz,

NT‘?Q DMSO-de) 6 9.52 (s, 1H),

FNS 8.37 (s, 1H), 7.97 (s, IH),

X é’s©§ 6.63 (s, 1H), 4.21 (d, J =

N 48.8 Hz, 2H), 4.10-3.96

91 [Nj (m, 5H), 3.80-3.72 (m, 586.4

OJ\CNH 2H), 3.50-3.40 (m, 2H),

- . . 3.33-3.26 (m, 4H), 2.21-
8-(4-(azetidine-3-carbonyl) piperazin-1-yl)-
3-(5-(1-cyanocyclopropyD)-1,3,4-thiadiazol- | 214 (m, 2H), 2.01-1.93

2-yI)-N-(1-(fluoromethyl) cyclopropyl) (m, 2H), 0.89-0.74 (m,
imidazo[ 1,5-a] pyridine-6-sulfonamide 4H)
N,EI\ 'H NMR (400 MHz,
N.o S DMSO-ds) 6 9.53 (s, LH),
. ’ N\\IN 8.79 (brs, 1H), 8.00 (s,
i 1H), 6.63 (s, 1H), 4.22 (d,
® J=48.8 Hz, 2H), 3.79-
104 A 372 (n, 2H), 3.69-3.62 | gp1 4
- (m, 2H), 3.33-3.25 (m,
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- 5H), 2.91-2.78 (m, 4H),
2-y1)-8-(4-(3,3-difluorocyclobutane-1- 2.21-2.15 (m, 2H), 2.02-
carbonyl)piperazin-1-yl)-N-(1- 1.93 (m, 2H), 0.36-0.72
(fluoromethyl)cyclopropyl)imidazo[ 1,5- (m, 4H).
a]pyridine-6-sulfonamide
:\\ "H NMR (400 MHz,
H o N’\\S DMSO-ds) 6 9.55 (s, 1H),
KN‘,/sf’ / N/( 8.37 (s, 1H), 8.00 (s, 1H),
O N 6.63 (s, 1H), 3.74-3.67
N (m, 2H), 3.59-3.53 (m,
106 [Nj 2H), 3.41 (m, 1H), 3.30- 5675
D/go 3.22 (m, 4H), 2.27-2.10
(m, 6H), 1.99-1.88 (m,
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- 4H), 1.14 (s, 3H), 0.74-
2-y1)-8-(4-(cyclobutanecarbonyl)piperazin- 0.67 (m, 2H), 0.47-0.40
1-y1)-N-(1-methylcyclopropyl)imidazo[1,5- ,
Y ) (m, 2H).
aJpyridine-6-sulfonamide
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\ "H NMR (400 MHz,
N DMSO-de) 6 9.53 (s, 1H),
—~ Ho IS 8.78 (brs, 1H),.00 (s, 1H),
X @N 6.63 (s. 1H), 5.21-4.96
1! (m, 1H), 4.22 (d, J=48.8
( ) Hz, 2H), 3.73 (m, 2H),
107 '@ 3.60 (m, 2H), 3.49 (m, 603.4
O)NOw,F 1H), 3.35-3.25 (m, 4H),
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- | 2.64-2.35 (m, 4H), 2.22-
2-y1)-8-(4-((11,31)-3-fluorocyclobutane-1- 2.14(m, 2H), 2.03-1.95
carbonyl)piperazin-1-yl)-N-(1- (m, 2H), 0.88-0.73 (m,
(fluoromethyl)cyclopropyl)imidazo[ 1,5- 4H).
aJpyridine-6-sulfonamide
N 'H NMR (400 MHz,
Nﬁ>ﬂ DMSO-de) 8 9.53 (s, 1H),
T iz/s 8.77 (brs, 1H), 8.00 (s,
’X d,s\CQN 1H), 6.63 (s, 1H), 5.12-
N 490 (m, 1H), 4.22(d, J =
[N] 48.8 Hz, 2H), 3.73 (m,
108 N 2H),3.63 (m, 2H),3.33- | cn34
8, 3.22 (m, 4H), 2.94 (m,
F
3-(5-(1 -cyanqcyclopropyl)— 1,3,4-thiadiazol- 21 1;113,22 262_(115;({11;’ 221;2’_
2-y1)-8-(4-((1s,3s)-3-fluorocyclobutane- 1 - ’ - ’ >
carbonyl)piperazin-1-yl)-N-(1- 2.14 (m, 2H), 2.01-1.93
(fluoromethyl)cyclopropyl)imidazo[ 1,5- (m, 2H), 0.88-0.74 (m,
aJpyridine-6-sulfonamide 4H).
N\ "H NMR (400 MHz,
'N*>q DMSO-ds) 8 9.58 (s, 1H),
H Ny s 8.45 (s, 1H), 6.78 (s, 1H),
XN:,s’p/ L 4.83 (s, 1H), 4.43 (m,
© &N 1H), 3.96-3.65 (m, 2H),
N, © 3.58 (m, 1H), 3.19-2.85
124 [N(J.a.yg (m, 3H), 2.24-2.15 (m, 603.4
o).w/ 2H), 2.01-1.93 (m, 2H),
1.40-1.20(m, 3H), 1.17 (s,
(8)-1-chloro-3-(5-(1-cyanocyclopropyl)- | 3H), 1.04 (d, J = 6.6 Hz,
1,3,4-thiadiazol-2-yl)-8-(4-isobutyryl-3- 6H), 0.77-0.69 (m, 2H),
methylpiperazin-1-yl)-N-(1- 0.50-0.41 (m, 2H).
methylcyclopropyl)imidazol| 1,5-a]pyridine-
6-sulfonamide
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N '"H NMR (400 MHz,
‘o N'T\s DMSO-ds) 6 9.60 (s, |H),
F/KNOS A 8.73 (s, 1H), 8.49 (s, 1H),
NN 6.97 (s, 1H),4.21 d,J =
E”j 48.4 Hz, 2H), 3.81-3.52
150 N (m, 8H), 2.95 (m, 1H), 5733
O)\( 2.20-2.15 (m, 2H), 1.99-
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- | 1.94 (m, 2H), 1.05 (d, J =
2-yD)-N-(1-(fluoromethyl)cyclopropyl)-8- 6.8 Hz, 6H), 0.85-0.79
(4-isobutyrylpiperazin-1-yl)imidazo[1,2- (m, 2H), 0.79-0.73 (m,
aJpyridine-6-sulfonamide 2H).
N
. Nt‘%q "H NMR (400 MHz,
R N{ DMSO-de) 3 9.60 (s, 1H),
N SN 8.74 (s, 1H), 8.49 (s, 1H),
[N] 6.96 (s, 1H), 4.21 d, J =
N 48.8 Hz, 2H), 3.72-3.53
151 o (m, 8H), 3.47-3.38 (m, | 0>
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- 1H), 2.27-2.06 (m, 6H),
2-y1)-8-(4-(cyclobutanecarbonyl)piperazin- | 2.01-1.86 (m, 3H), 1.78-
1-yD-N-(1- 1.71 (m, 1H), 0.85-0.73
(fluoromethyl)cyclopropyl)imidazo[1,2- (m, 4H).
aJpyridine-6-sulfonamide
N
) "H NMR (400 MHz,
F—Z“\SI’O Ny & DMSO-ds) & 9.60 (s, 1H),
Y N{ 8.74 (s, 1H), 8.48 (s, 1H),
\%;\\N 6.96 (s, 1H), 4.76-4.68
(m, 4H), 4.28-4.14 (m,
152 - 3H), 3.77-3.70 (m, 2H), | 874
0’3/K ° 3.63-3.57 (m, 4H), 3.44-
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- | 3.39 (m, 2H), 2.21-2.14
2-yI)-N-(1-(fluoromethyl)cyclopropyD-8- | (m, 2H), 2.01-1.93 (m,
(4-(oxetane-3-carbonyl)piperazin-1- 2H), 0.84-0.73 (m, 4H).
ylimidazo[ 1,2-a]pyridine-6-sulfonamide
::?4 "H NMR (400 MHZ,
Ho 'y DMSO-ds) 6 9.60 (s, 1H),
TKPY \{ 8.74 (s, 1H), 8.49 (s, 1H),
T 6.97 (s, 1H), 4.21 (d, J =
153 () 48.4 Hz, 2H), 4.02-3.52 | 5714
Ao (m, 8H), 2.23-2.15 (m,
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- | 2H), 2.06 (m, 1H), 2.00-
2-y1)-8-(4- 1.93 (m, 2H), 0.87-0.68
(cyclopropanecarbonyl)piperazin-1-yl)-N- (m, 8H).
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(1-(fluoromethyl)cyclopropyl)imidazo[1,2-
a]pyridine-6-sulfonamide
,N?<\ "H NMR (400 MHz,
Ho o 'ys DMSO-ds) 8 9.61 (s, 1H),
¥ N\{ 8.72 (s, 1H), 8.49 (s, LH),
T 6.99 (s, 1H), 4.21 (d, J =
@] 48.4 Hz, 2H), 3.78-3.60
154 e (m, 8H), 2.76-2.67 (m, | 603.4
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- 2H), 2.47-2.32 (m, 2H),
2-y1)-8-(4-(1-fluorocyclobutane-1- 2.21-2.14 (m, 2H), 2.02-
carbonyl)piperazin-1-yl)-N-(1- 1.93 (m, 2H), 1.88 (m,
(fluoromethyl)cyclopropyl)imidazo[1,2- 1H), 1.53 (m, 1H), 0.85-
aJpyridine-6- sulfonamide 0.73 (m, 4H).
"H NMR (400 MHz,
N,/ { DMSO-de) 8 9.60 (s, 1H),
Q 8.72 (brs, 1H), 8.49 (s,
1H), 6.97 (s, 1H), 4.21
NHQ (d, J=48.8 Hz, 2H),
155 O)\b 3.78-3.52 (m, 8H), 3.10- | 600.6
8-[4-(1- 2.65 (m, 2H), 2.60-2.51
aminocyclobutanecarbonyl)piperazin-1-yl]- (m, 2H), 2.21-2.16 (m,
3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- | 2H), 1.99-1.80 (m, 5H),
2-y1]-N-[1- 1.54 (m, 1H), 0.85-0.72
(fluoromethyl)cyclopropyl]imidazo[1,5- (m, 2H).
a]pyridine-6-sulfonamide
E}d TH NMR (400 MHz,
N $ }-5 DMSO-ds) 6 9.61 (s, 1H),
g Q{ 8.50 (s, 1H), 8.32 (s, 1H),
6.97 (s, 1H), 422 (d, J =
48.8 Hz, 2H), 4.03-3.78
160 O)T\ (m, 5H), 3.77-3.71 (m, 586.4
. WO 2H), 3.67-3.55 (m, 4H),
8-(4-(azet1d1ne.-3-carbonyl)plperam.n-1'-y1)- 3.53-3.46 (m, 2H), 2.22-
3-(5-(1 -cyanocyczlolﬁoll\),y(li- 1,3,4-thiadiazol- 2.15 (m, 2H), 2.01-1.93
(fluoromethy])cy};lopropyl)imidazo[1,2- (m, 2H), 0.88-0.71 (m,
e i . 4H).
aJpyridine-6-sulfonamide
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N\\
Ngﬁ>q "H NMR (400 MHz,
KH‘SP g DMSO-d)  9.57 (s, 1H),
g \©§\<N 8.45 (s, 1H), 6.79 (s, IH),
ISR 3.95-3.65 (m, 4H), 3.18-
( ] 2.96 (m, 4H), 2.64-2.54
177 jw (m, 2H), 2.23-2.15 (m, 616.3
O 2H), 2.04-1.80 (m, 5H),
8-(4-(1-aminocyclobutane-1- 1.53 (m, 1H), 1.15 (s,
carbonyl)piperazin-1-yl)-1-chloro-3-(5-(1- | 3H), 0.78-0.69 (m, 2H),
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)- 0.47-0.40 (m, 2H).
N-(1-methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide
\ 'H NMR (400 MHz,
N,NQG DMSO-dg) 3 9.55 (s, 1H),
AP l\/s 8.37 (s, 1H), 8.01 (s, 1H),
X'y $8)] 6.65 (s, 1H), 3.83-3.67
1} (m, 4H), 3.31-3.25 (m,
[N] 4H), 2.64-2.53 (m, 2H),
190 . JWQ 2.46-2.24 (m, 2H), 2.21- | 582.3
HoN 2.15 (m, 2H), 2.03-1.78
8-(4-(1-aminocyclobutane- 1- (m, 5H), 1.52 (m, 1H),
carbonyl)piperazin-1-yl)-3-(5-(1- 1.14 (s, 3H), 0.74-0.66
cyanocyclopropyl)- 1,3,4-thiadiazol-2-yl)- (m, 2H), 0.48-0.40 (m,
N-(1-methylcyclopropyl)imidazo[1,5- 2H).
a]pyridine-6-sulfonamide
Example 99

8-(4-(azetidine- 1 -carbonyl)piperazin-1-yl)-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-
(1-(fluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (99)

N\\?<\
IN\ N
N \
) e pY
N, &
F s N
N /K FNZTNTN N
N, o_Cl O (UM o \S
H o S \[]/ F N\s//
F/KN\{/ 5 N e SN
S 27 ° | y b K
N TEA, DCM, 0°C N DIPEA, THF, reflux
N

82

O
” :
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[0601] Step 1: 4-nitrophenyl 4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-(/V-
(1-(fluoromethyl)cyclopropyl)sulfamoyl)imidazo[ 1,5-a]pyridin-8-yl)piperazine-1-carboxylate
99-1)

[0602] To a solution of 3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-
(fluoromethyl)cyclopropyl)-8-(piperazin-1-yl)imidazo[1,5-alpyridine-6-sulfonamide (125
mg, 0.25 mmol) and TEA (28 mg, 0.27 mmol) in DCM (5 mL) was added 4-nitrophenyl
carbonochloridate (50 mg, 0.25 mmol) at 0 °C under N> atmosphere. After stirring for 30
mins at 0 °C, the reaction mixture was worked up with water, then extracted with DCM. The
combined organic layers were washed with saturated brine, dried over anhydrous Na>SOu,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (eluting with 15%-50% EtOAc in PE) to give 8-(4-(azetidine-1-
carbonyl)piperazin-1-yl)-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-
(fluoromethyl)cyclopropyl)imidazol 1 ,5-a]pyridine-6-sulfonamide (100 mg). LCMS (ESI,
m/z): [M+H]*= 668.4.

[0603] Step 2: 8-(4-(azetidine-1-carbonyl)piperazin-1-yl)-3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-y1)-N-(1-(fluoromethyl)cyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide
99)

[0604] To a solution of 8-(4-(azetidine-1-carbonyl)piperazin-1-y1)-3-(5-(1-
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-(fluoromethyl)cyclopropyl)imidazo[ 1,5-
a]pyridine-6-sulfonamide (100 mg, 0.15 mmol) and DIPEA (97 mg, 0.75 mmol) in THF (5
mL) was added azetidine hydrochloride (70 mg, 0.75 mmol) under N». After stirring at reflux
for 16 hrs, the reaction mixture was worked up with water, then extracted with DCM. The
combined organic layers were washed with saturated brine, dried over anhydrous Na2SOs,
filtered, and concentrated under reduced pressure. The residue was purified by prep-HPLC
(0.1% FA) to afford Example 99. LCMS (ESI, m/z): [M+H]* = 586.4; '"H NMR (400 MHz,
DMSO-ds) 6 9.52 (s, 1H), 8.76 (s, 1H), 7.98 (s, 1H), 6.63 (s, 1H), 4.22 (d, J = 48.8 Hz, 2H),
3.95 (t, J=7.8 Hz, 4H), 3.52-3.45 (m, 4H), 3.30-3.22 (m, 4H), 2.22-2.12 (m, 4H), 1.98-1.93
(m, 2H), 0.87-0.73 (m, 4H).

[0605] Examples in the table below were synthesized using conditions analogous to the
synthesis of Example 99. All other starting materials were either prepared as described in the
Intermediates section, commercially available, or prepared from commercially available

reagents using conventional reactions well known in the art.
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Example LCMS
Numl?e N Structure NMR [M+HJ*
i\>ﬁ "H NMR (400 MHz,
) Nf’j\s DMSO-ds) 8 9.53 (s,
F’XN\,’S’p o 1H), 8.77 (s, 1H), 7.98
O U= (s, 1H), 6.63 (s, 1H),
N 5.38 (m, 1H), 4.35-
() 4.15(m, 4H), 4.08-3.94
%8 O)\N\l (m, 2H), 3.53-3.47 (t, J 604.4
F =5.2 Hz, 4H), 3.28 (t,
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2- | J=5.2 Hz, 4H), 2.21-
yl)-8-(4-(3-fluoroazetidine- 1- 2.14 (m, 2H), 1.99-
carbonyl)piperazin-1-yl)-N-(1- 1.93 (m, 2H), 0.87-
(fluoromethyl)cyclopropyl)imidazo[1,5- 0.74 (m, 4H).
aJpyridine-6-sulfonamide
\ 'H NMR (400 MHz,
o T DMSO-ds) §9.53 (s,
e e 1H), 8.78 (brs, 1H),
© W:(\J 7.99 (s, 1H), 6.63 (s,
N 1H), 4.39 (t, J=14.0
ENJ Hz, 4H),4.22 (d, J =
100 o)\N\j(F 48.8 Hz, 2H),3.59- | 023
F 0.50 (m, 4H), 3.38-
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2- 3.28 (m, 4H), 2.22-
y1)-8-(4-(3,3-dilluoroazetidine-1- 2.14 (m, 2H), 2.01-
carbonyl)piperazin-1-y1)-N-(1- 1.93 (m, 2H), 0.88-
(fluoromethyl)cyclopropyl)imidazo[1,5- 0.74 (m, 4H).
a]pyridine-6-sulfonamide
N
,N\\\ 'H NMR (400 MHz,
e e DMSO-ds) 5 9.60 (s,
g QN{ 1H), 8.48 (s, 1H), 6.96
N (s, 1H),4.40 (t, J =
(J 13.2 Hz, 4H), 4.21 (d,
156 0Py J=488Hz, 2H), 3.67- | 622.3
‘jVFF 3.58 (m, 4H), 3.57-
3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2- 3.48 (m, 4H), 2.23-
y1]-8-[4-(3,3-difluoroazetidine- | -carbonyl)- 2.13 (m, 2H), 2.00-
piperazin-1-yl]-N-[1- 1.92 (m, 2H), 0.85-
(fluoromethyl)cyclopropyl]imidazo[1,2- 0.71 (m, 4H).
aJpyridine-6-sulfonamide
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158

3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-
y1)-8-(4-(3-fluoroazetidine- 1-
carbonyl)piperazin- 1-yl)-N-(1-
(fluoromethyl)cyclopropyl)imidazo[1,2-
aJpyridine-6-sulfonamide

'"H NMR (400 MHz,
DMSO-ds) 6 9.60 (s,
1H), 8.74 (brs, 1H),
8.48 (s, 1H), 6.96 (s,
1H), 5.49-5.25 (m,
1H), 4.36-4.11 (m,
4H), 4.10-3.93 (m,
2H), 3.66-3.56 (m,
4H), 3.53 -3.43 (m,
4H), 2.22-2.13 (m,
2H), 2.01-1.92 (m,
2H), 0.87-0.79 (m,
2H), 0.78-0.71 (m,
2H).

604.3

159

Ns
'N\
N\
\

H o N S
gties!
NN
N
@

N
OJ\N
B
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-
yD)-N-(1-(fluoromethyl)cyclopropyl)-8-(4-(3-
methoxyazetidine-1-carbonyl)piperazin-1-
ylimidazo[1,2-a]pyridine-6-sulfonamide

TH NMR (400 MHz,

DMSO-ds) 5 9.60 (s,

1H), 8.74 (s, 1H), 8.48

(s, 1H), 6.96 (s, 1H),
4.29-4.08 (m, 5H),
3.82-3.74 (m, 2H),
3.65-3.54 (m, 4H),
3.51-3.42 (m, 4H),

3.20 (s, 3H), 2.22-2.14

(m, 2H), 2.00-1.92 (m,
2H), 0.85-0.73 (m,

4H).

616.3

161

N

/N\
H o N\ S
F Nag
/KO” 7NN
PN
O
N

.
8-(4-(azetidine-1-carbonyl)piperazin-1-yI)-3-
(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-
yD-N-(1-
(fluoromethyl)cyclopropyl)imidazo[1,2-
aJpyridine-6-sulfonamide

'H NMR (400 MH7,
DMSO-ds) 5 9.52 (s,
1H), 8.75 (brs, 1H),
8.01 (s, 1H), 6.64 (s,
1H), 4.22 (d, J = 48.8
Hz, 2H), 3.81-3.71(m,
4H), 3.30-3.22 (m,
4H), 2.64-2.54 (m,
2H), 2.22-2.13 (m,
2H), 2.00-1.81 (m,
5H), 1.53 (m, 1H),
0.86-0.72 (m, 4H).

600.4
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Example 127 and Example 180

3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-7-fluoro-N-(1-(flucromethyl)cyclopropyl)-8-(4-
isobutyrylpiperazin-1-yl)imidazo[ 1,5-alpyridine-6-sulfonamide (127) and 1-chloro-3-(5-(1-
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-7-fluoro-N-(1-(fluoromethyl)cyclopropyl)-8-(4-
isobutyrylpiperazin-1-yl)imidazo[1,5-a]pyridine-6-sulfonamide (180)

N
\ \

N «N\

, 2y

N\ //

N N //
,," y N ” \ Ci~ J}L 2& 2
P

selectfluor
—_—
MeCN, -20 °C

o*r o*r (:f:(

127
76

DCM, rt

[0606] Step 1: 3-(5-(1-cyanocyclopropyl)- 1,3.4-thiadiazol-2-yl)-7-fluoro-N-(1-
(fluoromethyl)cyclopropyl)-8-(4-isobutyrylpiperazin-1-yl)imidazo[1,5-a]pyridine-6-
sulfonamide (127)

[0607] To a solution of 3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-N-[1-
(fluorometh yl)cyclopropyl|-8-[4-(2-methylpropanoyl)piperazin-1-yljimidazo| 1,5-a|pyridine-
6-sulfonamide (130 mg, 0.23 mmol) in acetonitrile (3 mL) was added selectfluor (80 mg,
0.23 mmol) at -20 °C under N>. After stirring at -20 °C for 30 mins, the reaction mixture was
worked up with water, then extracted with DCM. The combined organic layers were washed
with saturated brine, dried over anhydrous Na»SOg, filtered, and concentrated under reduced
pressure. The residue was purified by prep-HPLC (0.1% FA) to give Example 127. LCMS
(ESI, m/z): [M+H]" = 591.4; '"H NMR (400 MHz, DMSO-d) § 9.58 (d, J = 5.2 Hz, 1H), 9.08
(brs, LH), 7.92 (s, 1H), 4.26 (d, J = 48.8 Hz, 2H), 3.75-3.62 (m, 4H), 3.38-3.31 (m, 4H), 2.94
(m, 1H), 2.21-2.14 (m, 2H), 2.01-1.93 (m, 2H), 1.04 (d, J = 6.8 Hz, 6H), 0.96-0.75 (m, 4H).

[0608] Step 2: 1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-7-fluoro-N-(1-
(fluoromethyl)cyclopropyl)-8-(4-isobutyrylpiperazin-1-yl)imidazo[ 1,5-a]pyridine-6-
sulfonamide (180)

[0609] To a solution of 3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-7-fluoro-N-[1-
(fluoromethyl)cyclopropyl]-8-[4-(2-methylpropanoyl)piperazin-1-yl[imidazo[ 1,5-a]pyridine-
6-sulfonamide (17 mg, 0.029 mmol) in DCM (3 mL) was added 1,3-dichloro-5,5-dimethyl-



WO 2025/117661 PCT/US2024/057645
242

imidazolidine-2,4-dione (8.5 mg, 0.043 mmol) at 0 °C under Na. After stirring at room
temperature for 1 hr, the reaction mixture was worked up with water, then extracted with
DCM. The combined organic layers were washed with saturated brine, dried over anhydrous
NaxSOy, filtered, and concentrated under reduced pressure. The residue was purified by prep-
HPLC (0.1% FA) to give Example 180. LCMS (ESI, m/z): [M+H]" = 625.4; 'H NMR (400
MHz, DMSO-d¢) 6 9.63 (d, J = 5.2 Hz, 1H), 9.18 (s, 1H), 4.25 (s, J = 48.6 Hz, 2H), 3.58-3.50
(m, 4H), 3.25-3.15 (m, 4H), 2.94 (m, 1H), 2.23-2.17 (m, 2H), 2.00-1.94 (m, 2H), 1.04 (d, J =
6.6 Hz, 6H), 0.99-0.92 (m, 2H), 0.84-0.77 (m, 2H).

[0610] The Examples in the table below were synthesized using conditions analogous to
the synthesis of Examples 127 and 180, via fluorination with selectfluor or bromination with
NBS, subsequent chlorination. All other starting materials were either prepared as described
in the Intermediates section, commercially available, or prepared from commercially

available reagents using conventional reactions well known in the art.

Example LCMS
Nllmlf)e N Structure NMR [M+H]*
:\X] 'H NMR (400 MHz,
. T DMSO-de) §9.57 (d, J
5L A = 5.2 Hz, 1H), 9.07
¢ (brs, 1H), 7.90 (s, 1H),
[Nj 426 (d, J=48.4 Hz,
126 Y 2H),345331(m, | 5094
N 8H), 2.73 (s, 6H),
4-(3-(5-(1-cyanocyclopropyl)-1,3,4- 2.21-2.14 (m, 2H),
thiadiazol-2-yl)-7-fluoro-6-(N-(1- 2.01-1.92 (m, 2H),
(fluoromethyl)cyclopropyl) 0.97-0.90 (m, 2H),

sulfamoyl)imidazo| 1,5-a]pyridin-8-yl)-N,N- 0.82-0.75 (m, 2H).
dimethylpiperazine-1-carboxamide

'H NMR (400 MHz,

W\
,Nﬁ><] DMSO-de) 8 9.64 (d, J
N,
ST = =52 Hz 1H), 9.13 (s,
Dy < N:Z; 1H), 4.26 (d, J = 48.4
Y Hz, 2H), 3.40-3.20 (m,
128 () 8H), 2.79 (s, 6H), | 6265
e 222-2.15 (m, 2H),

2.01-1.93 (m, 2H),
0.97-0.91 (m, 2H),
0.82-0.75 (m, 2H).

4-(1-chloro-3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-y1)-7-fluoro-6-(N-(1-
(fluoromethyl)cyclopropyl)
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sulfamoyl)imidazo[1,5-a]pyridin-8-yl)-N,N-
dimethylpiperazine-1-carboxamide
:\\ "H NMR (400 MHz,
F 4 o Ny o DMSO-ds) 3 9.85 (s,
X (;,,S’ 7 N,\Z; 1H), 8.93 (brs, LH),
e Y 8.04 (s, LH), 4.43 (s,
N 4H), 4.28 (d, J=48.4
130 Eg Hz,2H), 3.28-3.20 (m, | o1 8
o 4H), 2.23-2.14 (m,
7-bromo-3-[5-(1-cyanocyclopropyl)-1,3,4- 2H), 2.08-1.93 (m,
thiadiazol-2-yl]-N-[1- 6H), 0.95-0.87 (m,
(fluoromethyl)cyclopropyl]-8-(2-oxa-7- 2H), 0.81-0.74 (m,
azaspiro[3.5]nonan-7-yl)imidazo[1,5- 2H).
aJpyridine-6-sulfonamide
\ 'H NMR (400 MHz,
. N'j*?q DMSO-ds) 8 9.61 (s,
XH:S@ A 1H), 9.13 (brs, 1H),
OBr P, 4.40-4.32 (m, 4H),
N O 4.25(d, J=48.4 Hz,
131 % 2H), 3.33-2.93 (m, 656.3
o 4H), 2.22-2.15 (m,
7-bromo-1-chloro-3-[5-(1- 2H), 2.13-1.85 (m,
cyanocyclopropyl)-1,3.4-thiadiazol-2-yl]-N- 6H), 0.97-0.90 (m,
[1-(fluoromethyl)cyclopropyl]-8-(2-oxa-7- 2H), 0.83-0.76 (m,
azaspiro[3.5]nonan-7-yl)imidazo[1,5- 2H).
aJpyridine-6-sulfonamide
\ "H NMR (400 MHz,
N,T\S DMSO-ds) 6 9.61 (d, J
N =5.2Hz, 1H),9.13
X o"sj@;g (brs, 1H), 4.50-4.32
Pllw (m, 4H), 4.25 (d, J =
132 %; 48.4 Hz, 2H), 3.33- 506.3
o 2.97 (m, 4H), 2.22-
1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4- 2.15 (m, 2H), 2.13-
thiadiazol-2-yl1)-7-fluoro-N-(1- 1.80 (m, 6H), 0.97-
(fluoromethyl)cyclopropyl)-8-(2-oxa-7- 0.90 (m, 2H), 0.83-
azaspiro[3.5]nonan-7-yl)imidazo[1,5- 0.76 (m, 2H).
a]pyridine-6-sulfonamide
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N
W
N
H o }-S
XN\S//
6/ Z "N \N
. S——
F
N Cl

'H NMR (400 MHz,
DMSO-ds) 5 9.62 (d, J
=52 Hz, 1H), 8.74 (s,

1H), 4.50-4.25 (m,
4H), 3.28-2.94 (m,

o)\(
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-
2-y1)-7-fluoro-8-(4-isobutyrylpiperazin-1-
yD)-N-(1-methylcyclopropyl)imidazo[ 1,5-
a]pyridine-6-sulfonamide

2.14 (m, 2H), 2.01-
1.93 (m, 2H), 1.24 (s,
3H), 1.04 (d, J = 6.8
Hz, 6H), 0.82-0.74 (m,
2H), 0.53-0.45 (m,
2H).

133 % 4H), 2.23-2.15 (m, 571.8
o 2H), 2.08-1.85 (m,
I-chloro-3-(5-(1-cyanocyclopropyl)-1,3.4- 6H), 1.23 (s, 3H),
thiadiazol-2-yl)-7-fluoro-N-(1- 0.82-0.74 (m, 2H),
methylcyclopropyl)-8-(2-oxa-7- 0.52-0.45 (m, 2H).
azaspiro[3.5]nonan-7-yl)imidazo[1,5-
aJpyridine-6-sulfonamide
"H NMR (400 MHz,
N\ DMSO-ds) 8 9.60 (d, J
Ne =5.2Hz, 1H), 8.72 (s,
0 }S 1H), 7.93 (s, 1H),
X & @N 3.77-3.61 (m, 4H),
i 3.41-3.31 (m, 4H),
178 [Nj 292 (m, 1H),222- | s75¢

Example 109 and Example 110

8-((1S,6R)-3-azabicyclo[4.1.0]heptan-6-yl)-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-N-

(1-(fluoromethyl)cyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide (109) and 8-((1R,65)-3-

azabicyclo[4.1.0]heptan-6-y1)-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-N-(1-

(fluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (110)
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k d’s 7N \([)r X g N"Sn
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Br Cs,CO03, toluene, Hy0, 90 °C
BP N
Boc
SFCJ 1091

N N N

\\ N\\ W\ N\
,N‘ N N\ Qs
N

N\S TFA, DCM., 1t _TFA DCM, 1t o
BocN Boch H HNj s
1092 1102 110
[0611] Step 1: tert-butyl 6-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-(N-(1-

(fluoromethyl)cyclopropyl)sulfamoyl)imidazo[1,5-a]pyridin-8-yl)-3-
azabicyclo[4.1.0]heptane-3-carboxylate (109-1)

[0612] To a stirred solution of 8-bromo-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-
N-[1-(fluoromethyl)cyclopropyllimidazo[1,5-a]pyridine-6-sulfonamide (340 mg, 0.68 mmol)
and potassium (3-tert-butoxycarbonyl-3-azabicyclo[4.1.0]heptan-6-yl) trifluoroborate (428
mg, 1.41 mmol) in toluene (10 mL) and water (1 mL) was added Cs2CO3 (668 mg, 2.1 mmol)
and cataCXium-A-Pd-G3 (114 mg, 0.16 mmol) under N atmosphere. The reaction mixture
was degassed, then stirred at 90 °C for 4 hrs under N» atmosphere. After completion, the
reaction mixture was worked up with water, then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOg, filtered, and
concentrated in vacuo. The residue was purified by flash column chromatography on silica
gel (eluting with 0%-50% EtOAc in PE) to give tert-butyl 6-(3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-y1)-6-(N-(1-(fluoromethyl)cyclopropyl)sulfamoyl)imidazo[ 1,5-a]pyridin-8-
yl)-3-azabicyclo[4.1.0]heptane-3-carboxylate (160 mg). LCMS (ESI, m/z): [M+H]* = 614.1.

[0613] Step 2: tert-butyl (1S,6R)-6-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-
(N-(1-(fluoromethyl)cyclopropyl)sulfamoyl)imidazo[ 1,5-a]pyridin-8-y1)-3-
azabicyclo[4.1.0]heptane-3-carboxylate (109-2) and ters-butyl (1R,65)-6-(3-(5-(1-
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-6-(N-(1-
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(fluoromethyl)cyclopropyl)sulfamoyl)imidazo[1,5-a]pyridin-8-yl)-3-
azabicyclo[4.1.0]heptane-3-carboxylate (110-2)

[0614] The racemate 109-1 was separated by SFC (IG-I column, 0.5% DEA) to give the
first eluting enantiomer arbitrarily assigned as tert-butyl (1R,6S5)-6-(3-(5-(1-
cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-(N-(1-
(fluoromethyl)cyclopropyl)sulfamoyl)imidazo[1,5-a]pyridin-8-yl)-3-
azabicyclo[4.1.0]heptane-3-carboxylate (110-2) and the second eluting enantiomer arbitrarily
assigned as tert-butyl (15,6R)-6-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-(N-(1-
(fluoromethyl)cyclopropyl)sulfamoyl)imidazo[1,5-a]pyridin-8-yl)-3-
azabicyclo[4.1.0]heptane-3-carboxylate (109-2).

[0615] Step 3: 8-((1S,6R)-3-azabicyclo[4.1.0]heptan-6-y1)-3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-y1)-N-(1-(fluoromethyl)cyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide
(109) and 8-((1R,65)-3-azabicyclo[4.1.0]heptan-6-y1)-3-(5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-y1)-N-(1-(fluoromethyl)cyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (110)

[0616] Examples 109 and 110 were synthesized from 109-2 and 110-2, via Boc
deprotection with TFA in DCM. Example 109: LCMS (ESI, m/z): [M+H]|* =514.4; '"H NMR
(400 MHz, DMSO-ds) 6 9.72 (s, 1H), 8.30 (s, 1H), 8.04 (s, 1H), 7.24 (s, 1H), 4.19(d, J =
48.8 Hz, 2H), 3.45 (m, 1H), 3.07 (m, 1H), 2.75-2.69 (m, 2H), 2.21-2.13 (m, 3H), 2.00-1.89
(m, 3H), 1.35 (m, 1H), 1.16 (m, LH), 1.04 (m, 1H), 0.86-0.72 (m, 4H). Example 110: LCMS
(ESI, m/z): [M+H]" = 514.3; '"H NMR (400 MHz, DMSO-ds) § 9.71 (s, 1H), 8.30 (s, 1H),
8.04 (s, 1H), 7.24 (s, 1H), 4.19 (d, J = 48.8 Hz, 2H), 3.45 (m, 1H), 3.07 (m, 1H), 2.78-2.71
(m, 2H), 2.20-2.13 (m, 3H), 2.00-1.89 (m, 3H), 1.38 (m, 1H), 1.19 (m, 1H), 1.05 (m, 1H),
0.86-0.72 (m, 4H).

[0617] Examples in the table were synthesized using the conditions analogous to the
synthesis of Example 109 and 110. The amides were prepared from the piperidine products

with acyl chloride well known in the art.

Example LCMS
Number Structure NMR [M+H]*
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N
AN
‘N:>q 'H NMR (400 MHz,
" o ”Is DMSO-de) 5 9.72 (s,
F/XN‘USU 2 0% 1H), 8.81 (brs, 1H),
RN 7.97 (s, 1H), 7.21 (s,
1H), 4.18 (d, /=48.8
N Hz, 2H), 4.09-3.32 (m,
m O# 4H), 227 (m, 1H), | 844
oL 2.25-2.12 (m, 3H),
3-(5-(1-cyanocyclopropyl)-1,3.4-thiadiazol- 2.03-1.90 (m, 3H), 1.53
2-y1)-N-(1-(fluoromethyl)cyclopropyl)-8-
((15,6R)-3-isobutyryl-3- (S;;IH)(’) 19‘;50' 17 '201 (m,
azabicyclo[4.1.0]heptan-6-yl)imidazo[1,5- ),0.93-0.72 (m,
a]pyridine-6-sulfonamide (arbitrarily SH).
assigned)
N
AN
,Nﬁ>< 'H NMR (400 MHz,
"o NIS DMSO0-de) 8 9.72 (s,
F/XN‘USU NN 1H), 8.81 (brs, 1H),
° NS 7.97 (s, 1H), 7.21 (s,
("7 LH), 4.18 (d, /=48.8
AL Hz, 2H), 4.09-3.32 (m,
112 o# 4H), 2.27 (m, 1H), >84.4
2.25-2.12 (m, 3H),
3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol- | 5 3.1 gq (m, 3H), 1.53
2-y1)-N-(1-(fluoromethyl)cyclopropyl)-8- (s, TH), 1.15-1.01 (m,
((1R,6S)-3-isobutyryl-3- 7H), 0.93-0.72 (m
azabicyclo[4.1.0]heptan-6-yl)imidazo[1,5- ' SH) '
a]pyridine-6-sulfonamide (arbitrarily )
assigned)
"H NMR (400 MHz,
TP><\ DMSO-ds) 9.86 (s,
H oo N'\\S 1H), 8.59 (s, 1H), 8.32
N, &
F > (s, 1H), 7.63 (s, 1H),
X _ N:§ 423 (d,J=48.8 Hz,
2H), 3.38-3.29 (m,
170 1H),3.16-3.07 (m, | %3
HN
8-(3-azabicyclo[4.1.0]heptan-6-y1)-3-(5-(1- ;E)’ ;2;?;? (m,
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N- ), 2.22-1.93 (m,
(1-(fluoromethyl)cyclopropyl)imidazo[1,2- 6H), 1.34 (m, 1H),
a]pyridine-6-sulfonamide 1.18-1.10 (m, 2H),
0.85-0.72 (m, 4H).
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:\\ 'H NMR (400 MHz,
N DMSO-ds) §9.86 (s,
H o NS

F/\ZgN\S” 1H), 8.79 (s, 1H), 8.59
¢S (s, 1H), 7.57 (s, 1H),

N

171

3-(5-(1-cyanocyclopropyl)-1,3.4-thiadiazol-
2-y1)-N-(1-(fluoromethyl)cyclopropyl)-8-
(3-isobutyryl-3-azabicyclo[4.1.0]heptan-6-
yl)imidazo[ 1,2-aJpyridine-6-sulfonamide

4.24-4.08 (m, 3H), 3.96
(m, 1H), 3.68-3.46 (m,
2H), 2.87 (m, 1H),
2.20-1.94 (m, 611),
1.51(m, 1H), 1.28-1.18
(m, 2H), 1.12-0.98 (m,
6H), 0.90-0.71 (m,
4H).

584.4

Example 173 and Example 174

3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-(fluoromethyl)cyclopropyl)-8-((1S,6R)-3-

isobutyryl-3-azabicyclo[4.1.0]heptan-6-yl)imidazo[ 1,2-a]pyridine-6-sulfonamide (173) and 3-(5-
(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-(fluoromethyl)cyclopropyl)-8-((1R,65)-3-

isobutyryl-3-
N
o
NG §

e

NN

H o

F KNjS"
4
d

chiral HPLC

B ——

O
171

[0618]

<

\S
N//
ll\(\/‘g F NI/
A\ 2;
N N: H

173

azabicyclo[4.1.0]heptan-6-yl)imidazo[ 1,2-a]pyridine-6-sulfonamide (174)

N
N
N

N

=~ /N?ﬂ
Ny S
=z N{

A

N

oe

174

Example 171 was purified by chiral HPLC preparation with the following

conditions (UniChiral YMC-CMD-5H, column size: 4.6x250mm. mobile phase: 70% n-

hexane/30% ethanol flow rate: 1ml/min) to afford two enantiomers 3-(5-(1-

cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-(fluoromethyl)cyclopropyl)-8-((1S,6R)-3-
isobutyryl-3-azabicyclo[4.1.0]heptan-6-yl)imidazo[1,2-a]pyridine-6-sulfonamide (Example
173) and 3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-(fluoromethyl)cyclopropyl)-
8-((1R,65)-3-isobutyryl-3-azabicyclo[4.1.0]heptan-6-yl)imidazol[ 1,2-a]pyridine-6-

sulfonamide (Example 174):
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[0619] Example 173 (peak 1): LCMS (ESI, m/z): [M+H]*=584.4; '"H NMR (400 MHz,
DMSO-ds) & 9.86 (s, 1H), 8.79 (brs, 1H), 8.59 (s, 1H), 7.57 (s, 1H), 4.23-4.09 (m, 3H), 3.95
(m, 1H), 3.66-3.35 (m, 2H), 2.88 (m, 1H), 2.25-2.13 (m, 3H), 2.09-1.87 (m, 3H), 1.49 (m,
1H), 1.24 (m, 1H), 1.09-0.95 (m, 6H), 0.88-0.71 (m, SH). Example 174 (peak 2): LCMS
(ESL m/z): [M+H]*= 584.4; '"H NMR (400 MHz, DMSO-ds) 9.86 (s, 1H), 8.79 (brs, 1H),
8.59 (s, 1H), 7.57 (s, 1H), 4.23-4.09 (m, 3H), 3.95 (m, 1H), 3.66-3.35 (m, 2H), 2.88 (m, 1H),
2.25-2.13 (m, 3H), 2.09-1.87 (m, 3H), 1.49 (m, 1H), 1.24 (m, 1H), 1.09-0.95 (m, 6H), 0.88-
0.71 (m, 5H).

[0620] Note: The absolute chirality of Example 173 and Example 174 were arbitrarily

assigned.

Example 70

1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-methylcyclopropyl)-8-(1,2,3,6-
tetrahydropyridin-4-yl)imidazo[1,5-a]pyridine-6-sulfonamide (70)

N\ N\ N

N

=

N
><1 N // /z/ H. ” I H\ 0 S
/l> Boc— N/\:>7 Z N A’ PNAN /ls = N N
HN- o I _DCDMH_
o PN, cataCXiumAPd-G3, KaPOy P e L, DCM. 1t b
N t+BUOH, Hz0, 80 °C Z
cl N N
BK Boc Boc y
¥ 70
701 002
[0621] Example 70 was synthesized from Intermediate BK, via Suzuki coupling

condition analogous to the synthesis of 109-1, subsequent chlorination similar to that in the
synthesis of Intermediate BH, and Boc deprotection which is reported in this patent. LCMS
(ESI, m/z): [M+H]* = 516.3; 'H NMR (400 MHz, DMSO-de): 5 9.79 (s, 1H), 8.53 (brs, 1H),
8.27 (s, 1H), 7.08 (s, 1H), 5.94-5.90 (m, 1H), 3.53-3.47 (m, 2H), 3.10-3.05 (m, 2H), 2.37 (m,
2H), 2.24-2.18 (m, 2H), 2.00-1.97 (m, 2H), 1.17 (s, 3H), 0.75-0.69 (m, 2H), 0.50-0.45 (m,
2H).

[0622] Examples 67 and 68 in the table below were synthesized from 70-1 or 138, via
Boc deprotection with TFA. Example 137 was prepared using a similar procedure as
described for Example 70 from corresponding aryl halide. Example 135 was prepared using a

similar procedure as described for Example 70 from corresponding aryl halide followed by
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urea formation as described in Example 148. Example 57 was prepared from Example 60

under conditions described for 70-2. Other examples were synthesized using conditions

analogous to the synthesis of 70-1 through Suzuki coupling of corresponding halides with (1-

(tert-butoxycarbonyl)-1,2,3,6-tetrahydropyridin-4-yl)boronic ester/acid or (1-

(dimethylcarbamoyl)-1,2,3,6-tetrahydropyridin-4-yl)boronic ester/acid. All other starting

materials were either prepared as described in the Intermediates section, commercially

available, or prepared from commercially available reagents using conventional reactions

well known in the art.

4-(3-(5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-yl)-6-(N-(1-
methylcyclopropyl)sulfamoyl)imidazo
| 1,5-a]pyridin-8-yl)-N,N-dimethyl-3,6-

dihydropyridine-1(2H)-carboxamide

6H), 2.69-2.63 (m, 2H),
2.13-2.07 (m, 2H), 2.05-
2.00 (m, 2H), 1.36 (s,
3H), 0.91-0.86 (m, 2H),
0.60-0.55 (m, 2H).

Example LCMS
Numlfer Structure NMR [M+H]*
N\
Woo o NSs "H NMR (400 MHz,
K”gﬁ’ y Nl\; DMSO-ds) §9.79 (s, 1H),
NS 8.47 (brs, 1H), 7.12 (s,
~ ¢ 1H), 5.95-5.88 (m, 1H),
N 3.90 (m, 2H), 3.49-3.43
57 o)\l\ll/ (m, 2H), 2.80 (s, 6H), | 5873
4-(1-chloro-3-(5(1- 2.50-2.44 (m, 2H), 2.24-
cyanocyclopropyl)-1,3,4-thiadiazol-2- 2.17 (m, 2H), 2.02-1.95
y1)-6-(N~(1- (m, 2H), 1.18 (s, 3H),
methylcyclopropyl)sulfamoyl) 0.75-0.69 (m, 2H), 0.51-
imidazo[1,5-a]pyridin-8-yl)-N,N- 0.44 (m,2H).
dimethyl-3,6-dihydropyridine- 1(2H)-
carboxamide
N
N,N:?Q "H NMR (400 MHz,
NS S CDCl3) § 10.02 (s, 1H),
T On 7.81 (s, 1H), 7.15 (s, 1H),
N 6.35 (s, 1H), 5.11 (s, TH),
~ 4.07-4.03 (m, 2H), 3.57-
60 j\ _ 3.50 (m, 2H), 2.90 (s, 553.3
[e )\
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:}4 'H NMR (400 MHz,
i s DMSO-ds) 6 9.94 (s, 1H),
<f S N{ 8.59 (s, 1H), 8.43 (brs,
NN 1H), 7.68 (s, 1H), 7.38
y (m, 1H), 4.00-3.94 (m,
. y 2H), 3.44-3.37 (m, 5533
A 2H), 2.79 (s, 6H), 2.73 '
(m, 2H), 2.21-2.15 (m,
4-(3-(5-(1-cyanocyclopropyl)-1,3,4- 2H), 2.00-1.94 (m, 2H),
thiadiazol-2-y1)-6-(N-(1- 1.11 (s, 3H), 0.71-0.66
methylcyclopropyl)sulfamoyl)imidazo (m, 2H), 0.46-0.41 (m,
[1,2-a]pyridin-8-yl)-N,N-dimethyl-3,6- 2H).
dihydropyridine-1(2H)-carboxamide
NS '"H NMR (400 MHz,
L T DMSO-ds) 5 9.81 (s, 1H),
<f“:,s" - NI 8.48 (brs, 1 H), 8.05 (s,
MNP, 1H), 7.24 (s, TH), 6.49 (s,
2 1H), 3.66 (s, 2H), 3.21-
67 N 3.15 (m, 2H), 2.62-2.56 | 482.2
3-[5-(1-cyanocyclopropyl)-1,3,4- (m, 2H), 2.20-2.15 (m,
thiadiazol-2-yl]-N~(1- 2H). 2.00-1.94 (m, 2H),
methylcyclopropyl)-8-(1,2,3,6- L15 (s, 3H), 0.74-0.68
tetrahydropyridin-4-yl)imidazo[1,5- | (m, 2H), 0.48-0.42 (m,
a]pyridine-6-sulfonamide 2H).
N "H NMR (400 MHz,
0 o NG & DMSO-ds) 89.94 (s, 1H),
4/ C‘;,S y N{ 8.59 (s, 1H), 8.46 (brs,
P, 1H), 7.65 (s, 1H), 7.46
P (m, 1H), 3.56-3.51 (m,
68 N 2H), 3.05-3.00 (m, 482.3
H 2H), 2.57 (m, 2H), 2.22-
3'[5'(;3 dﬁ‘z’glyczloypﬁogy(li”“ 2.17 (m, 2H), 2.02-1.96
(m, 2H), 1.14 (s, 3H),
methylcyclopropyl)-8-(1,2,3,6- )
tetrahydropyridin-4-yljimidazo[1,2- | 0-72°0-67 (m, 2H), 0.47-
a]pyridine-6-sulfonamide 042 (m, 2H)
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Nx
N
N N o N'\%q 'H NMR (400 MHz,
X P N{ DMSO-ds) 8 10.04 (d, J
PN SN =06.4 Hz, 1H), 9.81 (brs,
. LH), 8.59 (s, 1H), 6.26 (s,
N 1H), 3.98-3.91 (m, 2H),
135 O)\N/ 3.46-3.38 (m, 2H), 2.80 582.3
I (s, 6H), 2.68-2.62 (m,
4-(3-(5-(1-cyanocyclopropyD-1,3.4- | 2 2.23-2.16 (m, 2H),
thiadiazol-2-y1)-6-(N-(1- 2.02-1.96 (m, 2H), 1.52-
cyanocyclopropyl)sulfamoyl)-7- 1.45 (m, 2H), 1.42-1.36
fluoroimidazo[1,2-a]pyridin-8-yl)- (m, 2H).
N,N-dimethyl-3,6-dihydropyridine-
1(2H)-carboxamide
\
s "H NMR (400 MHz,
H o -5 DMSO-ds) $69.94 (d, J =
X OS Z N\ 6.4 Hz, 1H), 8.67 (brs,
NN LH), 8.54 (s, 1H), 6.24 (s,
y 1H), 3.96-3.90 (m, 2H),
136 N 3.42-3.37 (m, 2H), 2.79 571.3
o)\N/ (s, 6H), 2.68-2.60 (m,
| 2H), 2.20-2.15(m, 2H),
4-(3-(5-(1-cyanocyclopropyD)-13,4- | 2.00-1.93 (m, 2H), 1.20
thiadiazol-2-yl)-7-fluoro-6-(N-(1- (s, 3H), 0.77-0.72 (m,
methylcyclopropyl)sulfamoyDimidazo | 2y (.49-0.44 (m, 2H).
[1,2-a]pyridin-8-yl)-N.N-dimethyl-3,6-
dihydropyridine-1(2H)-carboxamide
\
. N'f*?q 'H NMR (400 MHz,
\\\KH‘SP %/ DMSO-ds) 3 9.93 (d, J =
d i N 6.4 Hz, 1H), 8.51 (s, 1H),
F g 7.75 (brs, 1H), 6.23 (s,
137 Z 1H), 3.70-3.66 (m, 2H), | 511.2
N 3.23-3.16 (m, 2H), 2.68
N-(1-cyanocyclopropyl)-3-(5-(1- (s, 2H), 2.21-2.15 (m,
cyanocyclopropyl)-1,3,4-thiadiazol-2- | 2H), 2.01-1.95 (m, 2H),
y1)-7-fluoro-8-(1,2,3,6- 1.26-1.13 (m, 4H).
tetrahydropyridin-4-yl)imidazo[1,2-
aJpyridine-6-sulfonamide
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N
N,Ni?d‘ '"HNMR (400 MHz,
<H & S DMSO-de) §9.94 (s, LH),
Y N\%{ 8.60 (s, 1H), 8.41 (brs,
YN 1H), 7.67 (s, 1H), 7.29 (s,
Z 1H), 4.14 (s, 2H), 3.64-
138 N 3.60 (m, 2H), 2.70-2.64 5824
tert-butyl 4-[3-[5-(1- (m, 2H), 2.21-2.15 (m,
cyanocyclopropyl)-1,3,4-thiadiazol-2- | 2H), 2.00-1.96 (m, 2H),
y1]-6-[(1-methylcyclopropyl)- 1.44 (s, 9H), 1.12 (s, 3H),
sulfamoyl]imidazo[1,2-a]pyridin-8- 0.71-0.66 (m, 2H), 0.46-
y1]-3,6-dihydro-2 H-pyridine-1- 041 (m, 2H)
carboxylate
\
N \‘S '"H NMR (400 MHz,
H o
&N\US" _ ng CDCIs) 6 10.15 (s, 1H),
O 1 - 8.17 (s, 1H), 7.68 (s, 1H),
5.28 (s, 1H), 4.09 (s, 2H),
= 3.55 (1, J = 5.6 Hz, 2H),
139 N 2.89 (s, 6H), 2.82-2.80 579.2
o)\rxll/ (m, 2H), 2.15-2.08 (m,
4-(6-(N-([1,1'-bi(cyclopropan)]-1- 4H), 0.91-0.86 (m, 3H),
ylsulfamoyl)-3-(5-(1- 0.56-0.53 (m, 2H), 0.29-
cyanocyclopropyl)-1,3,4-thiadiazol-2- 0.27 (m, 2H), 0.10-0.07
yDimidazo[1,2-a]pyridin-8-y1)-N,N- (m, 2H).
dimethyl-3,6-dihydropyridine- 1(2H)-
carboxamide
AN
NS 'H NMR (400 MHz,
N\ H o S
\SN?S" . N{ CDCl3) 3 10.18 (s, 1H),
O sy 8.18 (s, 1H), 7.73 (s, 1H),
7.27-7.21 (m, 1H), 5.41
D (s, 1H), 4.09 (m, 2H),
140 )@ 3.56 (m, 2H),2.90 (s, | >/ 7%
o 6H), 2.84 (m, 2H), 2.18-
4-(3-(5-(1-cyanocyclopropyl)-1,3,4- 2.09 (m, 2H), 2.09-1.99
thiadiazol-2-y1)-6-(N-(1-(prop-1-yn-1- (m, 2H), 1.45-1.37 (m,
yDeyclopropyl)sulfamoyl)imidazo[1,2- | 2H), 1.08-1.05 (m, 5H).
a]pyridin-8-y1)-N,N-dimethyl-3,6-
dihydropyridine-1(2H)-carboxamide
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N
Nl”?q 'H NMR (400 MHz,
N H oo -8
\XN?” _ N{ DMSO-ds) 3 10.04 (s,
L \N\ 1H), 9.49 (brs, 1H), 8.65
(s, 1H), 7.70 (s, 1H), 7.38
Z (s, 1H), 4.01-3.97 (m,
141 N 2H), 3.46-3.41 (m, 2H), 564.3
o)\rTl/ 2.81 (s, 6H), 2.78-2.72
4-(3-(5-(1-cyanocyclopropyl)-1,3,4- (m, 2H), 2.23-2.17 (m,
thiadiazol-2-y1)-6-(N-(1- 2H), 2.02-1.96 (m, 2H),
cyanocyclopropyl)sulfamoyl)imidazo[ 1.49-1.43 (m, 2H), 1.41-
1,2-a]pyridin-8-yl)-N,N-dimethyl-3,6- 1.36 (m, 2H).
dihydropyridine-1(2H)-carboxamide
"\
N"\“\S '"H NMR (400 MHz,
Fkﬂjé,o . N); DMSO-de) 8 9.92 (s, LH),
TSy 8.84 (brs, 1H), 8.60 (s,
1H), 7.70 (s, 1H), 7.38 (s,
¢ 1H), 4.22 (d, J = 48.8 Hz,
142 j\ _ 2H), 4.01-3.95 (m, 2H), | 5714
o 3.45-3.40 (m, 2H), 2.80
4-(3-(5-(1-cyanocyclopropyl)-1,3,4- (s, 6H), 2.76-2.70 (m,
thiadiazol-2-y1)-6-(N-(1- 2H), 2.22-2.16 (m, 2H),
(fluoromethyl)cyclopropyDsulfamoyDi | 1.99-1.93 (m, 2H), 0.86-
midazo[1,2-a]pyridin-8-yl)-N,N- 0.75 (m, 4H).
dimethyl-3,6-dihydropyridine- 1(2H)-
carboxamide
N\
-0, N
h "%;o N{‘S
T NN
NN
Z A mixture of two
N diastereomers, see 194
175 \T’go and 195 for NMR of each 5974
4-(3-(5-(1-cyanocyclopropyl)-1,3,4- 1somer
thiadiazol-2-y1)-6-(N-((2R)-2-

(methoxymethyl)-1-
methylcyclopropyl)sulfamoyl)imidazo
[1,2-a]pyridin-8-yl)-N,N-dimethyl-3,6-

dihydropyridine-1(2H)-carboxamide
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Example 194 and Example 195

4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-(N-((1S5,2R)-2-(methoxymethyl)- 1 -
methylcyclopropyl)sulfamoyl)imidazo[1,2-a]pyridin-8-yl)-N,N-dimethyl-3,6-dihydropyridine-
1(2H)-carboxamide (194) and 4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-(NV-
((1R,2R)-2-(methoxymethyl)- 1-methylcyclopropyl)sulfamoyl)imidazo[ 1,2-a]pyridin-8-yl)-N,N-
dimethyl-3,6-dihydropyridine- 1(2H)-carboxamide (195)

Nx
- N:?Q Q :?4 —Q :\\?4
R ! g 1 PASS
HN y-S M=, Ny s (Rﬁ”"' NG s
INZN HN. 7 HN. &
AN (5’ ZTNN d’s Z NN
XN A A =,
SFC N NN
d Z y
N
N N
PN
T 0 \f\‘l/go \N/&O
175 194 I 195
[0623] Example 175 was purified by SFC with the following conditions (Waters SFC

150, Column name: DAICEL CHIRALPAK®OD-10, Column size: 25%250mm 10 um,
Mobile Phase A: Supercritical CO», Mobile Phase B: MeOH (0.05% NH3), A : B =50: 50,
Wavelength: 214 nm/254 nm, Flow: 80 mL/min, Column temp: RT, Injection: 3 mL, Cycle
time: 9.4 mins) to afford two diastereomers 4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-
y1)-6-(N-((1S,2R)-2-(methoxymethyl)- 1-methylcyclopropyl)sulfamoyl)imidazo[ 1,2-a]pyridin-
8-yl)-N,N-dimethyl-3,6-dihydropyridine-1(2H)-carboxamide (194) and 4-(3-(5-(1-
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-6-(N-((1R, 2R)-2-(methoxymethyl)-1-
methylcyclopropyl)sulfamoyl)imidazo[1,2-a]pyridin-8-yl)-N,N-dimethyl-3,6-
dihydropyridine-1(2H)-carboxamide (195). Example 194 (peak 1): LCMS (ESI, m/z):
[M+H]* = 597.4; "H NMR (400 MHz, DMSO-ds) § 9.95 (s, 1H), 8.60 (s, 1H), 8.39 (s, 1H),
7.79 (s, 1H), 7.40 (m, 1H), 3.98 (s, 2H), 3.47-3.41 (m, 2H), 3.26 (m, 1H), 3.19 (s, 3H), 2.80
(s, 6H), 2.77-2.71 (m, 2H), 2.22-2.15 (m, 2H), 2.02-1.94 (m, 2H), 1.00-0.85(m, 5H), 0.70 (m,
1H). Example 195 (peak 2): LCMS (ESI, m/z): [M+H]*=597.4; 'H NMR (400 MHz,
DMSO-ds) & 9.94 (s, 1H), 8.60 (s, 1H), 8.31 (s, 1H), 7.69 (s, 1H), 7.38 (m, 1H), 4.02-3.95 (m,
2H), 3.43 (t, J = 5.6 Hz, 2H), 3.30 (m, 1H), 3.04 (s, 3H), 2.98 (dd, J = 10.8 Hz, 8.8 Hz, 1H),
2.80 (s, 6H), 3.76-2.70 (m, 2H), 2.23-2.15 (m, 2H), 2.01-1.93 (m, 2H), 1.20-1.12 (m, 4H),
0.87 (m, 1H), 0.30 (m, 1H).
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Example 143

4-(3-(5-(1-cyanopropyl)-1,3,4-thiadiazol-2-yl)-6-(N-(1-(fluoromethyl)cyclopropyl)sulfamoyl)-
imidazol[ 1,2-a]pyridin-8-yl)-N,N-dimethylpiperidine- 1-carboxamide (143)

N
it
N N
‘N?Q Js
N\

H o N S H\ ”O S
Ko Bl
=, N =
NN Ho (4 atm) N
“ Pd/C, MeOH, rt

X

0N o '\|‘/
142 ! 143

[0624] To a solution of 4-[3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-6-[[ 1-

(fluoromethyl)cyclopropyl]sulfamoyl]imidazo[1,2-a]pyridin-8-yl]-N,N-dimethyl-3,6-dihydro-
2H-pyridine-1-carboxamide (35 mg, 0.061 mmol) in MeOH (3 mL) was added Pd/C10%
(palladium on carbon, wetted with ca.55% water for safety, 6.5 mg) under N». The mixture
was purged with Hp, then stirred at room temperature under H» (4 atm) for 16 hrs. When
completed, the reaction mixture was filtered through a celite pad. The filtrate was
concentrated in vacuo. The residue was purified by prep-HPLC (0.1% FA) to give Example
143. LCMS (ESI, m/z): [M+H]" = 575.4; "H NMR (400 MHz, CDCl3) § 10.18 (s, 1H), 8.23
(s, IH), 7.61 (s, 1H), 5.54 (s, 1H), 4.45 (t, / = 7.2 Hz, 1H), 4.26 (d, J = 48.8 Hz, 2H), 3.94-
3.85 (m, 2H), 3.65 (t, J = 12.4 Hz, 1H), 3.10-3.00 (m, 2H), 2.90 (s, 6H), 2.34-2.28 (m, 2H),
2.13-2.07 (m, 2H), 1.92-1.82 (m, 2H), 1.28.

Examples 147 and 148

3-(5-(1-cyanocyclopropyl)-1,3.4-thiadiazol-2-yl)- N-(1-(fluoromethyl)cyclopropyl)-8-(piperidin-
4-yl)imidazo[1,2-a]pyridine-6-sulfonamide (147) and 4-(3-(5-(1-cyanocyclopropyl)-1,3.4-
thiadiazol-2-yl)-6-(N-(1-(fluoromethyl)cyclopropyl)sulfamoyl)imidazo[ 1,2-a]pyridin-8-yl)-N,N-
dimethylpiperidine-1-carboxamide (148)



WO 2025/117661

N
N
Boc
AH
H o
\N
F/K /’S/I
o]
TFA, DCM, rt

[0625]

PCT/US2024/057645
257

N
N
‘NQQ

N
H 0 N\_-S
N\ F N\S//
> \ Zg /” =
N Snshe o) N7
N /N NN
>\/s
B Pd(PPhg),4, 1,4-dioxane, 100 °C
N
N 147-1 Boc
N
N\\ IN\
'N?d H o N\ S
N\ N, #
S E ¢
cl SN
Z N )\ _ O
D N IN
XN |
DCM, TEA, rt
N
H OJ\N/
147 | 148

Intermediate 147-1 was synthesized by using conditions analogous to the

synthesis of Example 46, by converting intermediate AH to the corresponding tin reagents

and conducting subsequent

Stille coupling with intermediate N. LCMS (ESI, m/z): [M+H]* =

602.4. Example 147 was synthesized from 147-1, via Boc deprotection using condition
commonly used in this patent. LCMS (ESI, m/z): [M+H]*= 502.3; '"H NMR (400 MHz,
DMSO-ds) 6 9.88 (s, 1H), 8.59 (s, 1H), 8.28 (s, 1H), 7.58 (s, 1H), 4.20 (d, J = 48.8 Hz, 2H),
3.58-3.46 (m, 3H), 3.02-2.91 (m, 2H), 2.23-1.80 (m, 8H), 0.89-0.73 (m, 4H). Example 148

was synthesized from 147, via acylation using condition commonly used herein. LCMS (ESIL,
m/z): [M+H]" = 573.4; "H NMR (400 MHz, DMSO-de) § 9.86 (s, 1H), 8.81 (brs, 1H), 8.59 (s,
1H), 7.63 (s, 1H), 4.17 (d, J = 48.4 Hz, 2H), 3.79-3.69 (m, 2H), 3.51 (m, 1H), 2.96-2.88 (m,
2H), 2.78 (s, 6H), 2.23-2.16 (m, 2H), 2.01-1.94 (m, 4H), 1.81-1.72 (m, 2H), 0.84-0.73 (m,

4H).

Example 164

4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-6-(N-(1-methylcyclobutyl)sulfamoyl)-

imidazo[1,2-a]pyridin-8-yl)-N,N-dimethylpiperidine- 1-carboxamide (164)



WO 2025/117661 PCT/US2024/057645

258

164

[0626] Example 164 was synthesized by using conditions analogous to the synthesis of
Example 147 from Intermediate AG. LCMS (ESI, m/z): [M+H]* = 569.4; '"H NMR (400
MHz, DMSO-ds) 6 9.86 (s, 1H), 8.56 (s, 1H), 8.18 (s, 1H), 7.67 (s, 1H), 3.79-3.69 (m, 2H),
3.52 (m, 1H), 2.97-2.89 (m, 2H), 2.78 (s, 6H), 2.21-2.09 (m, 4H), 2.02-1.94 (m, 4H), 1.83-
1.56 (m, 4H), 1.29 (s, 3H).

Example 157

3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-(fluoromethyl)cyclopropyl)-8-(4-
fluoropiperidin-4-yl)imidazo[ 1,2-a]pyridine-6-sulfonamide (157)

H E N // N /I
/
N O:CN Boc K& gY¥ N o
X SN DAST
I
NANwp, | rBuli, THE, 78 °C om0
2

Br
AV 157-1 Boc 157- 2

N
Ng W
N'N\>q Nx NIN\
= H Nys ] X N
No ,9 d/ “Z N \
P

O AN-1
F F/K O”S ~ N N\ N

TFA, DCM, 1t £

NBS, 1,4-dioxane, H,O XN
0°C-85°C F
HN

N 157
157-3 Boc
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[0627] Step 1: tert-butyl 4-(2-amino-5-(N-(1-
(fluoromethyl)cyclopropyl)sulfamoyl)pyridin-3-yl)-4-hydroxypiperidine- 1-carboxylate (157-
1)

[0628] To a stirred solution of 6-amino-5-bromo-N-[1-
(fluoromethyl)cyclopropyllpyridine-3-sulfonamide (Intermediate AM, 1.6 g, 4.94 mmol) in
anhydrous THF (37 mL) was added n-BuLi (1.6 M in hexanes, 15 mL, 24 mmol) dropwise at
- 78 °C under N> atmosphere. After stirring at -78 °C for 2 hrs, rerz-butyl 4-oxopiperidine-1-
carboxylate (Intermediate AN-1, 3.74 g, 19.7 mmol) in THF (20 mL) was added dropwise at
- 78 °C under Na. After stirring at - 78 °C for another 2 hrs. the reaction mixture was treated
with saturated aqueous NH4Cl solution (15 mL), then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOy4, filtered, and
concentrated in vacuo. The residue was purified by flash column chromatography on silica
gel (eluting with 35% EtOAc in PE) to give tert-butyl 4-(2-amino-5-(N-(1-
(fluoromethyl)cyclopropyl)sulfamoyl)pyridin-3-yl)-4-hydroxypiperidine- 1 -carboxylate (300
mg). LCMS (ESI, m/z): [M+H]*=445.3.

[0629] Step 2: tert-butyl 4-(2-amino-5-(N-(1-
(fluoromethyl)cyclopropyl)sulfamoyl)pyridin-3-yl)-4-fluoropiperidine- 1-carboxylate (157-2)

[0630] To a solution of fert-butyl 4-[2-amino-5-[[1-
(fluoromethyl)cyclopropyl]sulfamoyl]-3-pyridyl]-4-hydroxy-piperidine- 1-carboxylate (3 g,
6.7 mmol) in DCM (20 mL) was added DAST (7.61 g, 47.2 mmol) at O °C under N». After
stirring at 0 °C for 2 hrs, the reaction mixture was worked up with water, then extracted with
EtOAc. The combined organic layers were washed with saturated brine, dried over anhydrous
NazSO0s, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (eluting with 30% EtOAc in PE) to give tert-butyl 4-[2-amino-
5-[[1-(fluoromethyl)cyclopropyl]sulfamoyl]-3-pyridyl]-4-fluoro-piperidine- 1-carboxylate
(1.2 g). LCMS (ESL nmv/z): [M+H]" = 447.3.

[0631] Example 157 was synthesized using the reaction analogous to synthesis of
Intermediate AN from 157-2, with subsequent Boc deprotection by TFA. LCMS (ESL m/z):
[M+H]*" = 520.4; "H NMR (400 MHz, DMSO-ds) § 9.97 (s, 1H), 8.64 (s, 11), 8.29 (s, 1H),
7.81 (s, 1H), 4.21 (d, J = 48.8 Hz, 2H), 3.02-2.76 (m, 6H), 2.23-2.15 (m, 2H), 2.01-1.95 (m,
2H), 1.82-1.75 (m, 2H), 0.87-0.75 (m, 4H).
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Examples in the table below were synthesized from 157 by an acylation or urea

formation procedure similar to those described herein.

Y
3-(5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-yl)-8-(4-fluoro-1-
isobutyrylpiperidin-4-yl)-N-(1-
(fluoromethyl)cyclopropyl)imidazo[1,2-

a]pyridine-6-sulfonamide

Example LCMS
Number Structure NMR [M+H]*
NS
el
H o NG § "H NMR (400 MHz,
No#
v N{ DMSO-ds) 8 9.98 (s, 1H),
XN 8.93 (s, 1H), 8.63 (s, 1H),
d 7.84 (s, 1H), 4.21 (d, J =
N 48.8 Hz, 2H), 3.72-3.60
167 o (m, 2H), 3.20-3.08 (m, | 591.5
! 2H), 3.06-2.87 (m, 2H),
4-(3-(5-(1-cyanocyclopropyl)-1,3,4- 2.82 (s, 6H), 2.23-2.16 (m
thiadiazol-2-y1)-6-(N-(1- 2H), 2.01-1.96 (m, 2H),
(fluoromethyl)cyclopropyl)-
o e 1.95-1.84 (m 2H), 0.88-
sulfamoyl)imidazo[1,2-a]Jpyridin-8-yl)- 4 A
4-fluoro-N,N-dimethylpiperidine-1- 0.74 (m, 4H).
carboxamide
N "H NMR (400 MHz,
) N{‘\S DMSO-ds) 59.98 (s, 1H),
PN 8.95 (s, 1H), 8.62 (s, 1H),
/K Y7 NN
° lUls 7.85 (s, 1H), 4.59-4.53 (m,
P 1H), 4.22 (d, J = 48.8 Hz,
2H), 4.11-4.05 (m, 1H),
168 N 3.50-3.41 (m, 1H), 3.02- 590.5

2.98 (m, 1H), 2.95-2.79

(m, 3H), 2.21-2.17 (m,

2H), 2.00-1.87 (m, 4H),

1.15-1.00 (m, 6H), 0.88-

0.82 (m, 2H), 0.80-0.74
(m, 2H).

Example 169

8-(azetidin-3-ylethynyl)-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-N-(1-

methylcyclopropyl)imidazo[ 1,2-a]pyridine-6-sulfonamide (169)
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[0633] Step 1: tert-butyl 3-((3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-(N-(1-

methylcyclopropyl)sulfamoyl)imidazo[ 1,2-a]pyridin-8-yl)ethynyl)azetidine-1-carboxylate
(169-1)

[0634] To a mixture of 8-bromo-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-N-(1-
methylcyclopropyl)imidazo[1,2-a]pyridine-6-sulfonamide (200 mg, 417 mmol) in THF (10
mL) was added tert-butyl 3-ethynylazetidine-1-carboxylate (340 mg, 1.9 mol), Cul (8 mg,
41.7 mmol), DIPEA (630 mg, 6.3 mmol) and Pd(PPh3), (48 mg, 41.7 mmol) under N»>. The
reaction mixture was degassed, then was refluxed for 2 hrs under N». After completion, the
reaction mixture was worked up with water, then was extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOyj, filtered,
and concentrated in vacuo. The residue was purified by flash column chromatography on
silica gel (eluting with 45% EtOAc in PE) to afford tert-butyl 3-((3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-y1)-6-(N-(1-methylcyclopropyl)sulfamoyl)imidazo[1,2-a]pyridin-8-
yDethynyl)azetidine-1-carboxylate (200 mg). LCMS (ESI, m/z): [M+H]*=580.3.

[0635] Step 2: 8-(azetidin-3-ylethynyl)-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-
N-(1-methylcyclopropyl)imidazo[ 1,2-a]pyridine-6-sulfonamide (169)

[0636] Example 169 was obtained, via Boc deprotection from 169-1 with TFA. LCMS
(ESI, m/z): [M+H]" = 479.9; '"H NMR (400 MHz, DMSO-ds) § 9.95 (s, 1H), 8.60 (s, 1H),
8.31 (brs, 1H), 7.81 (s, 1H), 3.90-3.69 (m, SH), 2.22-2.15 (m, 2H), 2.02-1.94 (m, 2H), 1.15 (s,
3H), 0.72-0.65 (m, 2H), 0.48-0.42 (m, 2H).

[0637] The Examples 162, 163, 165 in the table below were synthesized by using
conditions analogous to the synthesis of Example 169-1 from the Intermediate AN and
commercially available alkynes, via Sonogashira coupling reactions. All other starting

materials were either prepared as described in the Intermediates section, commercially
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available, or prepared from commercially available reagents using conventional reactions
well known in the art.

Example LCMS
Numlf)e - Structure NMR [M+H]*
N':l:\?d
<%H759 _ );S "H NMR (400 MHz, DMSO-
d < N\; ds) 69.98 (s, 1H), 8.62 (s,
1H), 8.45 (s, 1H), 7.86 (s,
I 1H), 4.49 (s, 2H), 3.42 (s,
162 o 3H),2.22-2.16 (m, 2H), | 693
3-(5-(1-cyanocyclopropyl)-1,3,4- 2.00-1.95 (m, 2H), 1.16 (s,
thiadiazol-2-yl)-8-(3-methoxyprop-1- 3H), 0.73-0.68 (m, 2H),
yn-1-y1)-N-(1- 0.49-0.42 (m, 2H).
methylcyclopropyl)imidazo[ 1,2-
aJpyridine-6-sulfonamide
A/H\S,,o i\gs "H NMR (400 MHz, DMSO-
3T NN ds) 69.94 (s, 1H), 8.59 (s,
N 1H), 8.42 (brs, 1H), 7.77 (s,
if 1H), 3.60 (t, J = 6.4 Hz, 2H),
163

3.33 (s,3H),2.84 (t,J=6.4 4832
O Hz, 2H), 2.23-2.14 (m, 2H),
3-(5-(1-cyanocyclopropyl)-1,3,4- 2.02-1.93 (m, 2H), 1.15 (s,
thiadiazol-2-y1)-8-(4-methoxybut-1- 3H), 0.72-0.64 (m, 2H),
yn-1-y1)-N-(1- 0.49-0.42 (m, 2H).
methylcyclopropyl)imidazo[ 1,2-
aJpyridine-6-sulfonamide

N
AN

WY 'H NMR (400 MHz, DMSO-
H N
S { ds) §9.96 (s, 1H), 8.60 (s,
o
™ \N

1H), 8.39 (brs, 1H), 7.85 (s,
I 1H), 4.93-4.84 (m, 2H),

165 4.75-4.66 (m, 2H), 4.33 (m, | 4812
i 1H), 2.22-2.15 (m, 2H)
3-(5-(1-cyanocyclopropyl)-1,3,4- ) ) )
thiadiazol-2-y1)-N-(1- 2.02-1.94 (m, 2H), 1.16 (s,
methyleyclopropyl)-8-(oxetan-3- 3H), 0.73-0.65 (m, 2H),
ylethynyl)imidazo[ 1,2-a]pyridine-6- 0.49-0.42 (m, 2H).

sulfonamide
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Examples 119 and 185

3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-8-(1-isobutyrylpiperidin-4-yl)-N-(1-
methylcyclopropyl)imidazo[ 1,5-alpyridine-6-sulfonamide (185) and 1-chloro-3-(5-(1-
cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-8-(1-isobutyrylpiperidin-4-y1)-N-(1-
methylcyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide (119)

P

N

Z

=
o o
Ny s Ny s
N// I N// /Z/
?QBOCN /N\ A A
N N
=

P Zn, dibromoethane = §
<I/ 4 7 N,Z/ TMSCI, DMAC, 45 °C TFA, DCM, rt
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! DMAC, 80 °C N g
' BN Boc
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[0638] Step 1: tert-butyl 4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-(N-(1-

methylcyclopropyl)sulfamoyl)imidazo[1,5-a]pyridin-8-yl)piperidine-1-carboxylate (185-1)
[0639] The reaction started from activating Zinc powder. To a suspension of Zinc
powder (0.84 g, 12.9 mmol) in DMAC (8 mL) was added 1,2-dibromoethane (121 mg, 0.65
mmol) under N». The mixture was heated to 65 °C for 5 mins. The mixture was cooled to
room temperature, then TMSCI (70 mg, 0.65 mmol) was added under N». After stirring at
room temperature for 30 mins under N2, the supernatant was removed, and the activated Zn
powder was washed with DMAC. Then DMAC (8 mL) was added into the reaction vial,
followed by a small grain of I with fast stirring. A solution of fer-butyl 4-iodopiperidine-1-
carboxylate (2 g, 6.5 mmol) in DMAC (8 mL) was added dropwise into the mixture under No.
After stirring at 45 °C for 2 hrs, the reaction mixture was cooled to room temperature. To a

mixture of 8-bromo-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-N-(1-
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methylcyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide (500 mg, 1.04 mmol), Cul (20 mg,
0.10 mmol) and Pd(dppf)Clz (76 mg, 0.104 mmol) in DMAC (5§ mL) was added the freshly
prepared Zn reagent dropwise solution under No. When LC-MS shown reaction completed,
the reaction mixture was worked up with water, then extracted with EtOAc. The combined
organic layers were washed with saturated brine, dried over anhydrous Na>SOg, filtered, and
concentrated in vacuo. The residue was purified by flash column chromatography on silica
gel (eluting with 0-30% EtOAc in DCM) to afford rert-butyl 4-(3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-y1)-6-(N-(1-methylcyclopropyl)sulfamoyl)imidazo [1,5-a]pyridin-8-
yD)piperidine- 1-carboxylate (500 mg). LCMS (ESL, m/z): [M+H-56]" = 528.2.

[0640] Example 185 was synthesized from 185-1, via Boc deprotection and acylation
using conditions commonly used in this patent. LCMS (ESI, m/z): [M+H]* = 553.9; 'H NMR
(400 MHz, DMSO-dys) 6 9.74 (s, 1H), 8.38 (s, 1H), 8.15 (s, 1H), 7.13 (s, 1H), 4.63 (m, 1H),
4.14 (m, 1H), 3.37 (m, 1H), 3.22 (m, 1H), 2.94 (m, 1H), 2.73 (m, 1H), 2.21-2.14 (m, 2H),
2.08-1.92 (m, 4H), 1.59-1.43 (m, 2H), 1.10 (s, 3H), 1.07-0.97 (m, 6H), 0.73-0.63 (m, 2H),
0.46-0.38 (m, 2H).

[0641] Example 119 was synthesized from 185, via chlorination using conditions
commonly used in this patent. LCMS (ESI, m/z): [M+H]" = 588.4; "H NMR (400 MHz,
DMSO-ds) 6 9.75 (s, 1H), 8.46 (s, 1H), 7.22 (s, 1H), 4.70-4.62 (m, 1H), 4.22-4.13 (m, 1H),
3.75 (m, 1H), 3.23 (m, 1H), 2.95 (m, 1H), 2.74-2.71 (m,1H), 2.25-2.16 (m, 2H), 2.09-1.91
(m, 4H), 1.63-1.47 (m, 2H), 1.12 (s, 3H), 1.06-0.97 (m, 6H), 0.72-0.65 (m, 2H), 0.56-0.43
(m, 2H).

[0642] Examples in the table below were synthesized using conditions analogous to the
synthesis of Example 185. All other starting materials were either prepared as described in
the Intermediates section, commercially available, or prepared from commercially available

reagents using conventional reactions well known in the art.

Example LCMS
Numlf)e N Structure NMR [M+H]*
N "H NMR (400 MHz,
>q DMSO-de) 59.74 (s, 1H),
TG 110, .18 5, 11, 21 (4
F N , 7.18 (s, , 4. s
101 X g8 J=48.8 Hz, 2H), 3.33- | 024
3.23 (m, 3H), 2.92-2.84
| (m, 2H), 2.22-2.13 (m,
H 2H), 2.00-1.92 (m, 4H),
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3-(5-(1-cyanocyclopropyl)-1,3,4- 1.84-1.73 (m, 2H), 0.87-
thiadiazol-2-yl)-N-(1- 0.73 (m, 4H).
(fluoromethyl)cyclopropyl)-8-
(piperidin-4-yl)imidazo[1,5-a]pyridine-
6-sulfonamide
\
'Nﬁ>q 'H NMR (400 MHz,
i iz/s DMSO-ds) 5 9.72 (s, 1H),
XFeA, 8.78 (s, 1H), 8.14 (s, 1H),
N 7.20 (s, IH), 4.63 (m, 1H),
4.65-4.12 (m, 3H), 3.43-
105 N 3.20 (m, 2H), 2.95 (m, 592.7
o)\( 1H), 2.73 (m, 1H), 2.23-
3-(5-(1-cyanocyclopropyl)-1,3,4- 2.13 (m, 2H), 2.05-1.91
thiadiazol-2-y1)-N-(1- (m, 4H), 1.66-1.48 (m,
(fluoromethyl)cyclopropyl)-8-(1- 2H), 1.09-0.97 (m, 6H),
isobutyrylpiperidin-4-yl)imidazo[1,5- 0.88-0.71 (m, 4H).
a]pyridine-6-sulfonamide
N
Ne
H oo iz,s 'H NMR (400 MHz,
<|’ O‘,,S AN DMSO-ds) 6 9.75 (s, 1H),
NP 8.42 (brs, 1H), 7.20 (s,
cl 1H), 3.57-3.50 (m, 2H),
120 3.26 (m, 1H), 3.22-3.12 518.6
N (m, 2H), 2.22-2.15 (m,
1-chloro-3-(5-(1-cyanocyclopropyl)- 2H), 2.03-1.86 (m, 6H),
1,3,4-thiadiazol-2-yl)-N-(1- 1.13 (s, 3H), 0.74-0.67 (m,
methylcyclopropyl)-8-(piperidin-4- 2H), 0.47-0.40 (m, 2H).
yl)imidazo[1,5-a]pyridine-6-
sulfonamide
N\ 'H NMR (400 MHz,
N DMSO-de) 8 9.94 (s, 1H),
XH\SOO ’N\§S 8.63 (s, LH), 8.49 (s, LH),
d V¥ NN 7.76 (s, 1H), 4.08 (m, 1H),
NN 3.82 (m, 1H), 3.54-3.25
172 (m, 3H), 2.48 (m, 1H), 470.3
, NH 2.26 (m, 1H), 2.20-2.14
3-(5-(1-cyanocyclopropyl)-1,3,4- (m, 2H), 2.02-1.96 (m,
thiadiazol-2-yl)-N-(1- 2H). 1.16 (s, 3H), 0.74-
methylcyclopropyl)-8-(pyrrolidin-3- ’ o
yDimidazo[1,2-a]pyridine-6- 0.66 (m, 2H), 0.50-0.42
sulfonamide (m, 2H).
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N\
N,N\j><7 'H NMR (400 MH,
N\\XH\SIP r® DMSO-ds) §9.84 (s, 1H),
AgN, 9.47 (brs, 1H), 7.21 (s,
cl 1H), 4.66 (m, 1H), 4.18
189 N (m, 1H), 3.76 (m, 1H), 5993
O)Y 3.25 (m, 1H), 2.95 (m, :
1-chloro-N-(1-cyanocyclopropyl)-3-(5- IH), 271 (m, 1H), 2.23-
(1-cyanocyclopropyl)-1,3,4-thiadiazol- 2.15 (m, 2H), 2.08-1.94
2-y1)-8-(1-isobutyrylpiperidin-4- (m, 4H), 1.76-1.25 (m,
yDimidazo[1,5-a]pyridine-6- 6H), 1.08-1.01 (m, 6H).
sulfonamide
\
,N§>q '"HNMR (400 MHz,
H Ny 8 DMSO-ds) 6 9.76 (s, 1H),
X5~ NIN 8.48 (s, 1H), 7.20 (s, 1H),
NS 546 (t,J=7.7 Hz, 1H),
¢ 4.60-4.50 (m, 2H), 4.42
N (m, 1H), 3.83-3.73 (m,
1 o}'(@o 2H), 3.18 (m. 1H), 2.08- | 6024
(R)-1-chloro-3-(5-(1- 2.65 (m, 3H), 2.25-2.17
cyanocyclopropyl)-1,3,4-thiadiazol-2- (m, 2H), 2.08-1.91 (m,
yl)-N-(1-methylcyclopropyl)-8-(1- 4H), 1.70-1.46 (m, 2H),
(oxetane-2-carbonyl)piperidin-4- L.12 (s. 3H), 0.75-0.68 (m,
yDimidazo| 1,5-a|pyridine-6- 2H), 0.51-0.44 (m, 2H).
sulfonamide
"\ 'H NMR (400 MHz,
s DMSO-ds) 8 9.76 (s, 1H),
oo /\Ts 8.48 (s, 1H), 7.20 (s, 1H),
X'¢ g% 546 (t, J=7.6 Hz, 1H),
cl 4.60-4.50 (m, 2H), 4.42
" (m, 1H), 3.83-3.73 (m,
192 53 2H), 3.18 (m, 1H),2.98- | ©0%2
(8)-1-chloro-3-(5-(1-cyanocyclopropyl)- 2.65 (m, 3H), 2.25-2.17
1,3,4-thiadiazol-2-yl)-N~(1- (m, ZH), 2.08-1.91 (m,
methylcyclopropyl)-8-(1-(oxetane-2- 4H), 1.70-1.46 (m, 2H),
carbonyl)piperidin-4-yl)imidazo[1,5- 1.12 (s, 3H), 0.75-0.68 (m,
a]pyridine-6-sulfonamide 2H), 0.51-0.44 (m, 2H).
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3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-8-(1-(cyclobutanecarbonyl)-4-fluoropiperidin-

4-y])-N-(1-methylcyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (183)

Z
= phenyl silane, O, © A
N Mn(TMHD)3, IPA OH
DCM, 0 °C-rt

N~ 701 N” 18341
o Bo

N

T

IN\

TFA, DCM, rt
HATU, DIPEA, DMF, rt

H 183-3

[0643]

N
X
oo
H o N\ S
N\S// /Z/
4/ N

NP
o} N
XN

=

DCM, 0 °C F

F
N
o)\g
183

Step 1: tert-butyl 4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-(N-(1-

methylcyclopropyl)sulfamoyl)imidazo[1,5-a]pyridin-8-yl)-4-hydroxypiperidine-1-

carboxylate (183-1)
[0644]

To a solution of zert-butyl 4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-6-

(N-(1-methylcyclopropyl)sulfamoyl)imidazo[ 1,5-alpyridin-8-yl)-3,6-dihydropyridine-1(2H)-
carboxylate (580 mg, 0.997 mmol) in IPA (7 mL) and DCM (1 mL) was added Mn(TMHD)3

(60.3 mg, 0.100 mmol) at 0 °C under O». After stirring at O °C for 5 mins, phenylsilane (216

mg, 1.99 mmol) was added. The reaction mixture was stirred at room temperature for another

2 hrs under Oa. After completion, the reaction mixture was quenched with sat. aqu.

Na>S203, then was extracted with EtOAc. The combined organic layers were washed

with saturated brine, dried over anhydrous Na,SOs, filtered, then concentrated in vacuo. The

residue was purified by flash column chromatography on silica gel (eluting with 50% EtOAc

in PE) to give fert-butyl 4-(3-(5-(1-cyanocyclopropyl)- 1,3,4-thiadiazol-2-y1)-6-(N-(1-

methylcyclopropyl)sulfamoyl)imidazo[1,5-a]pyridin-8-yl)-4-hydroxypiperidine- 1-

carboxylate (300 mg). LCMS (ESI, m/z): [M+H]" = 600.5.
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[0645]
methylcyclopropyl)sulfamoyl)imidazo[1,5-a]pyridin-8-yl)-4-tfluoropiperidine- 1-carboxylate
(183-2)

[0646]
(N-(1-methylcyclopropyl)sultamoyl)imidazo[ 1,5-alpyridin-8-yl)-4-hydroxypiperidine-1-
carboxylate (300 mg, 0.50 mmol) in DCM (5 mL) was added DAST (242 mg, 1.50 mmol)

Step 2: tert-butyl 4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-6-(N-(1-

To a solution of zerr-butyl 4-(3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-6-

dropwise at O °C under N». After stirring at O °C for 1 hr under N>, the reaction mixture was
worked up with aqueous NaHCO3 solution (1M), then was extracted with DCM. The
combined organic layers were washed with saturated brine, dried over anhydrous Na>SOyu,
filtered, and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (eluting with 40% EtOAc in PE) to give tert-butyl 4-(3-(5-(1-
cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-6-(N-(1-methylcyclopropyl)sulfamoyl)imidazo|[ 1,5-
a]pyridin-8-yl)-4-fluoropiperidine- L -carboxylate (150 mg). LCMS (ESL, m/z): [M+H]* =
602.5.

[0647]
coupling using the conditions commonly used in this patent. LCMS (ESI, m/z): [M+H]* =
584.5; '"H NMR (400 MHz, DMSO-ds) 3 9.87 (s, 1H), 8.45 (brs, 1H), 8.01 (s, 1H), 7.33 (s,
1H), 4.53 (m, 1H), 3.81 (m, 1H), 3.48-3.38 (m, 2H), 2.97 (m, 1H), 2.38-1.75 (s, 14H), 1.14
(s, 3H), 0.75-0.67 (m, 2H), 0.49-0.42 (m, 2H).

Example 183 was synthesized from 183-2, via Boc deprotection and amide

[0648] Examples 187 and 188 were synthesized using conditions analogous to Example
183.
Example LCMS
Number Structure NMR [M+H]*
N
N,N?Q 'H NMR (400 MHz,
<%H\ép /z/s DMSO-de) § 9.86 (s, 1H),
CAgN] 8.40 (brs, 1H), 7.99 (s,
F 1H), 7.33 (s, 1H), 4.56 (m,
1H), 4.08 (m, 1H), 3.47
187 N (m, 1H), 3.03-2.92 (m, 572.5
OA\( 2H), 2.28-2.04 (m, 6H),

3-(5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-y1)-8-(4-fluoro-1-
isobutyrylpiperidin-4-yl)-N-(1-
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide

2.02-1.95 (m, 2H), 1.13 (s,
3H), 1.10-1.02 (m, 6H),
0.74-0.68 (m, 2H), 0.47-

0.42 (m, 2H).
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',‘f?q "H NMR (400 MHz,
Hoo o NoS DMSO-ds) 3 9.83 (s, 1H),
I N/\Z; 8.44 (brs, 1H), 8.07 (s,
NP 1H), 7.33 (s, 1H), 5.85 (s,

1H), 4.43 (m, 1H), 3.95
(m, 1H), 3.52 (m, 1H),
3.04 (m, 1H), 2.95 (m,
1H), 2.22-2.15 (m, 2H),
1.99-1.89 (m, 6H), 1.13 (s,
3H), 1.10-0.99 (m, 6H),
0.73-0.66 (m, 2H), 0.48-
0.41 (m, 2H).

188 5699

Q,
3
]
I

3-(5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-yl1)-8-(4-hydroxy-1-
isobutyrylpiperidin-4-yl)-N-(1-
methylcyclopropyl)imidazo[1,5-
a|pyridine-6-sulfonamide
[0649] Examples in the table below were synthesized using conditions analogous to the

synthesis of Example 74 by using Pd-PEPPSI-IHept-C1 or Pd-PEPPSI-IPent-Cl o-picoline as

catalyst from corresponding aryl chloride or bromide with or without Boc protected
sulfonamide as intermediates or examples described before. Example 201 was prepared from
(R)-2-(difluoromethyl)piperazine without a protecting group on the piperazine. Examples 202
and 207 were prepared from Examples 201 and 193 respectively through amide coupling
under typical conditions. Examples 203, 205, 209, and 210-212 were synthesized from
corresponding mono-Boc protected piperazines followed by Boc-deprotection and amide
coupling through similar procedures disclosed here in. Examples 215 and 216 were
synthesized from mono-Boc protected piperazine followed by Boc-deprotection, amide
coupling with 1-(tert-butoxycarbonyl)azetidine-3-carboxylic acid, and Boc-deprotection
using similar procedures disclosed here in. Examples 217 and 218 (stereochemistry was
arbitrarily assigned) were obtained from the racemic product through chiral SFC resolution
with the following conditions: Waters SFC 150, Column name: DAICEL
CHIRALPAK®AD-10, Column size: 25*250mm 10 um, Mobile Phase A: Supercritical CO»,
Mobile Phase B: MeOH(0.05% NH3), A : B =60 : 40, Wavelength: 214 nm/254nm, Flow: 60
mL/min, Column temp: RT, Injection: 1.8 mL, Cycle time: 12.83 mins. All starting materials
were either prepared as described in the intermediates section, commercially available, or
prepared from commercially available reagents using conventional reactions well known in

the art.

Example LCMS
Number Structure NMR [M+H]*
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Ny
4o NIS 'H NMR (400 MHz,
x (;,,SO\\(N DMSO-ds) 59.56 (s, 1H),
T 8.43 (s, 1H), 6.82 (s, 1H),
N 3.55 (s, 2H), 3.28-2.98 (m,
198 4H), 2.26-2.16 (m, 2H), 5874
(>=N 2.05-1.93 (m, 6H), 1.90 (s,
3H), 1.16 (s, 3H), 0.77-
1-chloro-3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-};fl)-8-{2-mith§¥-l- 069 (m, 2H), 0.51-0.41
oxa-3,8-diazaspiro[4.5]dec-2-en-8-yl)- (m, 2H)
N-(1-methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide
N
‘o NIS 'H NMR (400 MHz,
x OS\CQ/N DMSO-ds) §9.54 (s, 1H),
N 8.37 (s, 1H), 7.95 (s, 1H),
N 6.67 (s, 1H), 3.55 (s, 2H),
199 g% 3.47-3.35 (m, 4H), 2.21- 5533
O_N 2.13 (m, 2H), 2.01-1.89
)’ (m, 9H), 1.14 (s, 3H), 0.75-
3-(5-(1-cyanocyclopropyl)-1,3.4- 0.67 (m, 2H), 0.47-0.40
thiadiazol-2-yl)-8-(2-methyl-1-oxa-3,8- (m, 2H)
diazaspiro[4.5]dec-2-en-8-yl)-N-(1-
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide
"\
Na "H NMR (400 MHz,
oo )S DMSO-ds) §9.58 (s, 1H),
X Nl\; 8.45 (s, 1H), 6.83 (s, 1H),
\@ﬁ 5.04-4.39 (m, 4H), 4.01-
AN 3.71 (m, 1H), 3.58-3.31
F\/E")N] (m, 2H), 3.16-2.90 (m, [M-HT
200 O)\r 2H), 2.67-2.50 (m, ~619.2
1H), 2.25-2.14 (m,
(R)- 1-chloro-3-(5-(1- 2H), 2.03-1.92 (m, 2H),
cyanocyclopropyl)-1,3,4-thiadiazol-2- 1.16 (s, 3H), 1.12-1.02 (m
y1)-8-(3-(fluoromethyl)-4- 6H’) 0 7’9_0 67 (m ?
isobutyrylpiperazin-1-yl)-N-(1- 2H) 0’ Sé-O 4(‘) - 2’H)
methylcyclopropyl)imidazo[1,5- e ) ’
aJpyridine-6-sulfonamide
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\
N\>q 'H NMR (400 MHz,
y N & DMSO-de) § 9.57 (s, 1H),
XN‘,S"O _ N/Z/ 8.48 (s, 1H), 6.80 (s, 1H),
< \%N 6.03 (t, J = 56.0 Hz, 1H),
IR 3.45-3.37 (m, 1H), 3.29-
. 3.22 (m, 2H), 3.14-3.07
201 [u(,]F( " (m, 1H), 2.98 (m, 1H), | %4
(R)-1-chloro-3-(5-(1- 2.81-2.62 (m, 2H), 2.23-
cyanocyclopropyl)-1,3,4-thiadiazol-2- 2.16 (m, 2H), 2.01-1.94
y1)-8-(3-(difluoromethyl)piperazin-1- | (M, 2H), 1.15 (s, 3H), 0.76-
y1)-N=(1- 0.69 (m, 2H), 0.49-0.42
methylcyclopropyl)imidazo[ 1,5- (m, 2H)
a]pyridine-6-sulfonamide
"\
NG & 'H NMR (400 MHz,
HN\”S'P A DMSO-ds) § 9.59 (s, 1H),
0 [N 8.43 (s, 1H), 6.87-6.81 (m,
[ b 1H), 6.68-6.25 (m, 1H),
j 5.17-4.62 (m, 1H), 4.51-
202 F\([N 4.01 (m, 1H), 3.89-2.61 639.4
F O%\( (m, 6H), 2.24-2.14 (m,
(R)-1-chloro-3-(5-(1- 2H), 2.04-1.91 (m, 2H),
cyanocyclopropyl)-1,3,4-thiadiazol-2- L.17 (s, 3H), 1.14-1.01 (m,
y1)-8-(3-(dilluoromethyl)-4- 6H), 0.79-0.67 (m, 2H),
isobutyrylpiperazin-1-yl)-N-(1- 0.53-0.39 (m, 2H).
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide
N
y \ 'H NMR (400 MHz,
o NG & DMSO-ds) §9.48 (s, 1H),
X S N{ 8.46 (s, 1H), 8.30 (s, 1H),
\
sy 6.69 (s, 1H), 4.39 (m, 2H),
| 4.06 (m, 4H), 2.82 (m,
203 /@) 3, 1H), 2.22-2.15 (m, 2H), | 834
NT 2.02-1.93 (m, 2H), 1.24
ﬁ/go (m, 6H). 1.13 (s, 3H), 1.08-
3-(5-(1-cyanocyclopropyl)-1,3.4- 1.03 (m, 6H), 0.75-0.69
thiadiazol-2-y1)-8-((3S,55)-4- (m, 2H), 0.46-0.39 (m, 2H)
isobutyryl-3,5-dimethylpiperazin-1-yl)-
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N-(1-methylcyclopropyl)imidazo[1,2-
a]pyridine-6-sulfonamide
\
W
H o }S "HNMR (400 MHz,
X N NN

3-(5-(1-cyanocyclopropyl)-1,3.4-
thiadiazol-2-y1)-8-(4-

fluoro-N-(1-
methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide

(cyclobutanecarbonyl)piperazin-1-yl)-1-

DMSO-dg) §9.43 (s, 1H),
8.44 (s, 1H), 6.58 (s, 1H),
3.67 (m, 2H), 3.55 (m,
2H), 3.41 (m, 1H), 3.12
(m, 4H), 2.26-2.07 (m,
6H), 1.99-1.87 (m, 3H),
1.76 (m, 1H), 1.16 (s, 3H),
0.76-0.69 (m, 2H), 0.49-
0.41 (m, 2H)

5854

205

N
AN
/N\
]
wd [
0/, Z "N \N
P
N Cl
R)]
/O\/EN
0)\(

(R)-1-chloro-3-(5-(1-
cyanocyclopropyl)-1,3,4-thiadiazol-2-
y1)-8-(4-isobutyryl-3-
(methoxymethyl)piperazin-1-yl)-N-(1-
methylcyclopropyl)imidazo[ 1,5-
a]pyridine-6-sulfonamide

"H NMR (400 MHz,
DMSO-de) § 9.57 (s, 1H),
8.45 (s, 1H), 6.82 (s, 1H),
4.90-3.52 (m, 5H), 3.44-
2.82 (m, 7H), 2.62-2.54
(m, 1H), 2.23-2.16 (m,
2H), 2.04-1.93 (m, 2H),
1.17 (s, 3H), 1.15-0.95 (m,
6H), 0.77-0.68 (m, 2H),
0.50-0.43 (m, 2H)

6334

206

N

N

S

e Y
~

Ol'\Q'\\(N
< 4%

ol

N
OJ\(

3-(5-(1-cyanocyclopropyl)-1,3,4-

thiadiazol-2-yl)-1-fluoro-8-(4-
isobutyrylpiperazin-1-yl)-N-(1-

J=6.8 Hz, 6H), 0.76-0.70

"H NMR (400 MHz,
DMSO-ds) §9.44 (s, 1H),
8.44 (s, 1H), 6.59 (s, 1H),
3.71 d, J=17.6 Hz, 4H),
3.14 (d, J=21.0 Hz, 4H),
2.96 (m, 1H), 2.22-2.13
(m, 2H), 2.00-1.93 (m,
2H), 1.17 (s, 3H), 1.04 (d,

5734

(m, 2H), 0.48-0.42 (m, 2H)
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methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide
Na
N'N‘ "H NMR (400 MHz,
N2 I\S DMSO-d) §9.58 (s, 1H),
D( SN N 8.44 (s, 1H), 6.85 (s, 1H),
N 6.42 (m, 1H), 5.10-4.68
N C (m, 1H), 4.51-4.04 (m,
( (SBYF 1H), 3.84 (m, 1H), 3.59 (d,
N J=12.0Hz, 1H), 3.44- 639.4
207 \r&O F 2.89 (m, 3H), 2.67 (m,
1H), 2.22-2.14 (m, 2H),
(8)-1-chloro-3-(5-(1-cyanocyclopropyD- | 2.04-1.94 (m, 2H), 1.16 (s,
1,3,4-thiadiazol-2-yl)-8-(3- 3H), 1.13-0.95 (m, 6H),
(difluoromethyl)-4-isobutyrylpiperazin- | 79_ 68 (m, 2H), 0.50-
1-yD-N~(1- 0.42 (m, 2H)
methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide
N\\
N’j‘%q 'H NMR (400 MHz,
N A DMSO-ds) 89.57 (s, 1H),
d @N 8.43 (s, 1H), 6.82 (s, 1H),
IR 4.90-3.52 (m, 5H), 3.44-
. .Es» j 2.82 (m, 7TH), 2.62-2.54 6333
209 AIUNTN (m, 1H), 2.23-2.16 (m, :
o)\( 2H), 2.04-1.93 (m, 2H),
(S)-1-chloro-3-(5-(1-cyanocyclopropyl)- | 1-17 (8, 3H), 1.15-0.95 (m,
1,3,4-thiadiazol-2-yl)-8-(4-isobutyryl-3- | 6H), 0.77-0.68 (m, 2H),
(methoxymethyl)piperazin-1-y1)-N-(1- 0.50-0.43 (m, 2H)
methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide
N TH NMR (400 MHz,
>\q DMSO-ds) 89.58 (s, 1H),
s 8.45 (s, 1H), 6.83 (s, 1H),
H o Y-S 5.12-4.36 (m, 4H), 4.03-
X SN 3.69 (m, 1H), 3.56 (d, J =
210 NS 12.0 Hz, 1H), 3.38-2.80 | 0213
N, ¢ (m, 3H), 2.62 (m, 1H),
[’\;;\,F 2.24-2.16 (m, 2H), 2.02-
O)\r 1.93 (m, 2H), 1.17 (s, 3H),
1.14-0.96 (m, 6H), 0.77-
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(S)-1-chloro-3-(5-(1-cyanocyclopropyl)-

0.69 (m, 2H), 0.50-0.42

1,3,4-thiadiazol-2-yl)-8-(3- (m, 2H)
(fluoromethyl)-4-isobutyrylpiperazin-1-
y1)-N-(1-
methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide
"\
N "H NMR (400 MHz,
i o E/S DMSO-de) 3 9.42 (s, 1H),
X PN 8.32 (s, 1H), 8.05 (s, 1H),

6.33 (s, 1H), 4.50-4.26 (m,
2H), 4.24-4.04 (m, 2H),

0y

A

3.25 (m, 2H), 3.21 (s, 3H),
3.18-3.01 (m, 4H), 2.96
(m, 1H), 2.24 -2.15 (m,
2H), 2.02-1.93 (m, 2H),

11 /[S)Nf; 3.70-3.54 (m, 2H), 2.82 583.4
o)\r (m, 1H), 2.22-2.12 (m,
2H), 2.03-1.92 (m, 2H),
3-(5-(I-CyaDOCyCIOpI‘Opyl)-1,3,4- 140_095 (m! 15H), 078_
thiadiazol-2-y1)-8-((35,55)-4- 0.69 (m, 2H), 0.48-0.39
isobutyryl-3,5-dimethylpiperazin-1-yl)- (m, 2H)
N-(1-methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide
N
N\\>q 'H NMR (400 MHz,
’ N'\\S DMSO-ds) §9.48 (s, 1H),
KN‘,SP o 8.37 (s, 1H), 6.76 (s, 1H),
d \@ﬂN 434 (m, 2H), 4.11(d, J =
R 12.6 Hz, 2H), 3.28 (m,
/[3) @ 2H), 2.80 (m, LH), 2.23- 6173
212 N 2.14 (m, 2H), 2.02-1.93
0 (m, 2H), 1.26 (d, /=64
1-chloro-3-(5-(1-cyanocyclopropyl)- Hz, 6H), 1.16 (s, 3H), 1.05
1,3,4-thiadiazol-2-y1)-8-((3S.55)-4- (d, J=6.4 Hz, 6H), 0.82-
isobutyryl-3,5-dimethylpiperazin-1-yl)- | 0.64 (m, 2H), 0.50-0.38
N-(1-methylcyclopropyl)imidazo[1,5- (m, 2H)
a]pyridine-6-sulfonamide
'i\ "H NMR (400 MHz,
/O\\..@_ N'N\W>V DMSO-ds) §9.58 (s, 1H),
HN\Sz,O /Z\rs 8.37 (brs, TH), 6.90 (s,
&N, 1H), 3.78 (m, 4H), 3.45-
213 ?&( 633.3
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1-chloro-3-(5-(1-cyanocyclopropyl)- 1.12-0.85 (m, 11H), 0.75-
1,3,4-thiadiazol-2-yl)-8-(4- 0.67 (m, 1H)
isobutyrylpiperazin-1-yl)-N-((1S5,2R)-2-
(methoxymethyl)-1-
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide (100% ee)
\
N\
/O\“‘éﬁ”'"p iz,s 'H NMR (400 MHz,
(;,,S\Ql\\(N DMSO-ds) 3 9.58 (s, 1H),
NS 8.40 (s, 1H), 6.80 (s, 1H),
AN 3.78 (m, 4H), 3.29 (m,
[N] 1H), 3.22-2.90 (m, 9H), 633.2
214 Ygo 2.25-2.19 (m, 2H), 2.02- :
1.94 (m, 2H), 1.26-1.19
1-chloro-3-(5-(1-cyanocyclopropyl)- (m, 4H), 1.04 (d, J = 6.6
1,3,4-thiadiazol-2-y1)-8-(4- Hz, 6H), 0.95-0.87 (m,
isobutyrylpiperazin-1-y1)-N-((1R,2R)-2- 1H), 0.35-0.28 (m, 1H)
(methoxymethyl)-1-
methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide
\
N
i o }S 'H NMR (400 MHz,
X &S@\\(N DMSO-ds) 59.57 (s, 1H),
NS 6.78 (s, 1H), 3.95-3.70 (m,
Ng @ 5H), 3.62-3.42 (m, 4H),
[Nj 3.16-2.96 (m, 4H), 2.23- 602.4
215 O)\C\ 2.16 (m, 2H), 2.01-1.94
NH (m, 2H), 1.16 (s, 3H), 0.76-
8-(4-(azetidine-3-carbonyl)piperazin-1- 0.69 (m, 2H), 0.48-0.41
yD)-1-chloro-3-(5-(1-cyanocyclopropyl)- (m, 2H).
1,3.,4-thiadiazol-2-y1)-N-(1-
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide
N>4 "H NMR (400 MHz,
N DMSO-ds) 8 9.55 (s, 1H),
H oo
A/N\so I 8.39 (brs, 1H), 8.01 (s,
NN
0 [N 1H), 6.63 (s, 1H), 4.06- 685
216 \ 3.97 (m, 2H), 3.83-3.61 :
[ ] (m, 4H), 3.63-3.41 (m,
N 4H), 3.27-3.20 (m, 3H),
O)\CNH 2.22-2.14 (m, 2H), 2.03-
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8-(4-(azetidine-3-carbonyl)piperazin-1-
y1)-3-(5-(1-cyanocyclopropyl)-1,3,4-

1.94 (m, 2H), 1.14 (s, 3H),
0.74-0.68 (m, 2H), 0.47-

thiadiazol-2-yl1)-N-(1- 0.40 (m, 2H)
methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide
"\
. Y
N Ny s "H NMR (400 MHz,
~f A DMSO-d) §9.58 (s, 1H),

S
=
g
Cl
(0]

)

8.34 (s, 1H), 6.81 (s, LH),
3.78 (brs, 4H), 3.43-3.33
(m, 2H), 3.20 (s, 3H), 3.15-

1-chloro-3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-yl)-8-(4-
isobutyrylpiperazin-1-yl)-N-((1R,2R)-2-
(2-methoxyethyl)-1-
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide (99% ee)

2.92 (m, 5H), 2.23-2.16
(m, 2H), 2.01-1.94 (m,
2H), 1.69 (m, 1H), 1.35
(m, 1H), 1.08-1.01 (m,
9H), 0.71-0.57 (m, 3H).

217 e 292 (m, 5H), 223216 | 6473
1-chloro-3-(5-(1-cyanocyclopropyl)- (m, 2H), 2.01-1.94 (m,
1.3 4-thiadiazol-2-yl)-8-(4- 2H), 1.69 (m, 1H), 1.35
isobutyrylpiperazin-1-y1)-N-((15,25)-2- (m, 1H), 1.08-1.01 (m,
(2-methoxyethyl)-1- 9H), 0.71-0.57 (m, 3H).
methylcyclopropyl)imidazo[ 1,5-
aJpyridine-6-sulfonamide (99% ee)
N\
N
\O/Vﬁ-"‘p Ny 3 'H NMR (400 MHz,
N N/\Z: DMSO-ds) §9.58 (s, 1H),
NS 834 (s, 1H), 6.81 (s, 1H),
[N] “ 3.78 (brs, 4H), 3.43-3.33
N (m, 2H), 3.20 (s, 3H), 3.15-
218 647.3

Example 219

8-((3S,55)-3,5-dimethylpiperazin-1-y1)-3-(5-(1-fluorocyclopropyl)-1,3.4-thiadiazol-2-yl)-N-
((1S,2R)-2-(methoxymethyl)-1-methylcyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (219)
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N \ / Q
N S) (S, 5 0 S,
\";k’Q'Q N §|>4 1, HNL /Z’ PPN
Ny NS h QA 0
Boc

N I N\ NS
HN(;IS _ N/\Z/ — oA . T
P N Pd-PEPPSI-IPentCl o-p|coL|ne N TFA, DCM, rt
Cs,CO03, 1,4-dioxane, 90 °C ] )i ]
al )é),},(s N
co 21'3?: 219
[0650] Step 1: tert-butyl (25,65)-4-(3-(5-(1-fluorocyclopropyl)-1,3,4-thiadiazol-2-y1)-6-

(N-((1S,2R)-2-(methoxymethyl)- 1-methylcyclopropyl)sulfamoyl)imidazo[ 1,5-a]pyridin-8-y1)-
2,6-dimethylpiperazine- 1-carboxylate (219-1)

[0651] To a solution of 8-chloro-3-(5-(1-fluorocyclopropyl)-1,3,4-thiadiazol-2-yl)-/N-
((1S,2R)-2-(methoxymethyl)-1-methylcyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide (60
mg, 0.127 mmol), tert-butyl (2R,6R)-2,6-dimethylpiperazine-1-carboxylate (82 mg, 0.383
mmol) in 1,4-dioxane (6 mL) was added Cs>COs3 (83 mg, 0.254 mmol) and Pd-PEPPSI-
IPentCI o-picoline (107 mg, 0.127 mmol) under N> atmosphere at rt. The mixture was
degassed, then stirred at 90 °C in N> for 1.5 hrs. After completion, the reaction mixture was
worked up with water, then extracted with DCM. The combined organic layers were dried
over anhydrous Na>SOy, filtered, and concentrated to dryness under in vacuo. The residue
was purified by silica gel column chromatography (eluting with 0-32% EtOAc in PE/DCM
(3/1) ) to afford tert-butyl (25,65)-4-(3-(5-(1-fluorocyclopropyl)-1,3,4-thiadiazol-2-yl)-6-(N-
((15,2R)-2-(methoxymethyl)- 1-methylcyclopropyl)sulfamoyl) imidazo[1,5-a]pyridin-8-yl)-
2,6-dimethylpiperazine-1-carboxylate (120 mg). LCMS (ESI, m/z): [M+H]* = 650.5.

[0652] Step 2: 8-((3S,59)-3,5-dimethylpiperazin-1-yl)-3-(5-(1-fluorocyclopropyl)-1,3,4-
thiadiazol-2-y1)-N-((1S,2R)-2-(methoxymethyl)- | -methylcyclopropyl)imidazo[ 1,5-
alpyridine-6-sulfonamide (219)

[0653] To a solution of zert-butyl (2S,65)-4-(3-(5-(1-fluorocyclopropyl)-1,3,4-thiadiazol-
2-y1)-6-(N-((1S,2R)-2-(methoxymethyl)- 1-methylcyclopropyl)sulfamoyl)imidazo[ 1,5-
a]pyridin-8-yl)-2,6-dimethylpiperazine-1-carboxylate (110 mg, 0.169 mmol) in DCM (2 mL)
was added TFA (1 mL) at rt in N». After stirring at room temperature for 10 mins, the
reaction mixture was concentrated to dryness in vacuo. The residue was dissolved in 10 m] of
DCM, then basified with saturated aq. NaHCOs5 to pH = 9, then the aquesou phase was
extracted with 2x10 m] of DCM. The combined organic layers were washed with saturated
brine, dried over anhydrous Na>SOys, filtered, and concentrated in vacuo. The residue was

purified by prep-HPLC (0.05% FA) to afford example 219 with 100% ee. LCMS (ESI, m/z):
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[M+HT* = 550.3; 'H NMR (400 MHz, DMSO-ds) 8 9.56 (s, 1H), 8.32 (brs, 1H), 7.85 (s, 1H),
6.72 (s, 1H), 3.50-3.34 (m, 3H), 3.31-3.23 (m, 3H), 3.21 (s, 3H), 3.10-3.00 (m, 2H), 1.90-
1.80 (m, 2H), 1.64-1.56 (m, 2H), 1.25 (d, J = 6.4 Hz, 6H), 1.04 (s, 3H), 0.95 (m, 1), 0.86

(m, 1H), 0.68 (m, 1H).

[0654]

Examples in the table below were synthesized using conditions analogous to the

synthesis of Example 219 by using Pd-PEPPSI-THept-Cl1 or Pd-PEPPSI-IPent-Cl o-picoline

as catalyst from corresponding aryl chloride or bromide with Boc protected or non-Boc

sulfonamide as starting material.

220

8-((35,55)-3,5-dimethylpiperazin-1-yl)-
3-(5-(1-fluorocyclopropyl)-1,3,4-
thiadiazol-2-yl)-N-(1-
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide

'H NMR (400 MHz,
DMSO-ds) 6 9.56 (s, 1H),
8.37 (s, 1H), 7.83 (s, 1H),
6.61 (s, LH), 3.41-3.16 (m,

4H), 3.09-2.96 (m, 2H),
1.91-1.75 (m, 2H), 1.65-
1.55 (m, 2H), 1.28-1.17
(m, 6H), 1.14 (s, 3H), 0.78-
0.65 (m, 2H), 0.48-0.39
(m, 2H)

506.3

221

HN_ P

-
o N7
A N
N
N~ "
H

3-(5-(1-cyanocyclopropyl)-1,3,4-
thiadiazol-2-y1)-8-((3S,55)-3,5-
dimethylpiperazin-1-yl)-N-((15,2R)-2-
(methoxymethyl)-1-
methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide (97% ee)

N

W
\\n('f%_‘ N 55
/z\/s

'H NMR (400 MHz,
DMSO-ds) §9.53 (s, 1H),
8.31 (brs, 1H), 7.83 (s,
1H), 6.71 (s, 1H), 3.46-
3.32 (m, 3H), 3.28-3.23
(m, 3H), 3.21 (s, 3H), 3.08-
2.97 (m, 2H), 2.20-2.14
(m, 2H), 2.00-1.95 (m,
2H), 1.28-1.16 (m, 6H),
1.03 (s, 3H), 0.95 (m, 1H),
0.85 (m, 1H), 0.69 (m, 1H)

5574
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F
—Q 'H NMR (400 MHz,
i N’Tf\F DMSO-ds) 5 9.63 (s, 1H),
WP N,Z/ 837 (s, 1H), 7.99 (s, 1H),
AN 7.69 (t, J = 52.0 Hz, 1H),
N 6.88 (s, 1H), 3.79 (m, 2H),
222 /[3) N(; 3.48 (m, 2H), 3.40 (m, 5423
H 1H), 3.35-3.24 (m, 3H),
3-(5-(difluoromethyl)-1,3,4-thiadiazol- 3.22 (s, 3H), 1.42 (d, J =
2-y1)-8-((35,55)-3,5-dimethylpiperazin- | ¢ ¢ Hz, 6H), 1.04 (s, 3H),
1-yD)-N-((1S,2R)-2-(methoxymethyl)-1- 0.96 (m, 1H), 0.88 (m,
methylcyclopropyl)imidazo[1,5- 1H), 0.71 (m, 1H)
alpyridine-6-sulfonamide
F
F\;ﬁ 'H NMR (400 MHz,
‘o ! DMSO-ds) 59.58 (s, 1H),
XN‘,,S" _ NI 8.21 (brs, 1H), 7.83 (s,
d @N 1H), 6.62 (s, 1H), 6.23 (¢, J
N =54.8 Hz, 1H), 3.42 (m,
223 isﬁ; 2H), 3.30-3.20 (m, 2H), | 5383
g 3.12-3.00 (m, 2H), 1.68-
3-(5-(1-(difluoromethyl)cyclopropyl)- 1.50 (m, 4H), 1.25(d, J =
1,3,4-thiadiazol-2-y1)-8-((3$,55)-3,5- 6.4 Hz, 6H), 1.14 (s, 3H),
dimethylpiperazin-1-yl)-N-(1- 0.76- 0.65 (m, 2H), 0.49-
methylcyclopropyl)imidazo[1,5- 0.39 (m, 2H)
aJpyridine-6-sulfonamide
F
(\) 'NZ;V "H NMR (400 MHz,
X’Em o N4 DMSO-ds) §9.58 (s, 1H),
: Y N’( 8.31 (brs, 1H), 7.82 (s,
AN 1H), 6.70 (s, 1H), 6.23 (1, J
/U:) =54.8 Hz, 1H), 3.43-3.23
224 N= (m, 6H), 3-21 (m, 3H), 5824
3-(5-(1-(difluoromethyl)cyclopropyl)- | 3:06-2.97 (m, 2H), 1.64-
1,34-thiadiazol-2-y1)-8-((35,55)-3,5- 1.50 (m, 4H), 1.22 (m,
dimethylpiperazin-1-yl)-N-((1§,2R)-2- | 6H), 1.04 (s, 3H), 0.94 (m,
(methoxymethyl)-1- 1H), 0.85 (m, 1H), 0.68
methylcyclopropyl)imidazo[1,5- (m, 1H)
a]pyridine-6-sulfonamide
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N
W
—0_ . N
\\.-(,%4 NS
S

HN_ L
S

d /N’\{,
N \N

'H NMR (400 MHz,
DMSO-ds) §9.58 (s, 1H),
8.47 (s, 1H), 8.25 (brs,
1H), 7.00 (s, 1H), 3.57-
3.48 (m, 2H), 3.39-3.23

1-chloro-3-(5-(1-cyanocyclopropyl)-
1,3,4-thiadiazol-2-y1)-8-((35,55)-3.5-
dimethylpiperazin-1-yl)-N-(1-
methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide

(m, 2H), 1.22-1.08 (m,
9H), 0.75-0.67 (m, 2H),
0.49-0.42 (m, 2H)

N
/l;;ﬁ] (m, 6H), 3.21 (s, 3H), 2.22- | 5573
225 W 2.14 (m, 2H), 2.01-1.93
3-(5-(1-cyanocyclopropyl)-1,3,4- (m, 2H), 1.15 (d, J = 6.4
thiadiazol-2-y1)-8-((35,59)-3,5- Hz. 6H), 1.00 (s, 3H), 0.96
dimethylpiperazin-1-yl)-N-((1S5,2R)-2- (m. 1H), 0.85 (m. 1H)
(methoxymethyl)-1- ’ 0 6’8 (@ 1H; ’
methylcyclopropyl)imidazo[1,2- ’ ’
a]pyridine-6-sulfonamide
"\
] N "H NMR (400 MHy,
iy I DMSO-ds) §9.55 (s, 1H),
QN 8.47 (brs, 1H), 6.74 (s,
R 1H), 3.50-3.18 (m, 4H),
226 /[S)(Q 2.65-2.48 (s, 2H), 2.23- 5473
N K 2.14 (m, 2H), 2.02-1.93

Example 228

(5)-1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-7-fluoro-8-(4-isobutyryl-3-

methylpiperazin-1-yl)-N-(1-methylcyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (228)
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[0655] To a solution of 1-chloro-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yI]-N-(1-

methylcyclopropyl)-8-[(3S5)-3-methyl-4-(2-methylpropanoyl)piperazin-1-yllimidazo[1,5-
a]pyridine-6-sulfonamide (145 mg, 0.24 mmol) in ACN (30 mL) was added a solution of N-
Fluorobenzenesulfonimide (83.4 mg, 0.26 mmol) in CH3CN (25 mL) dropwise at 0 °C under
No. After stirring at 50 °C for 48 hrs, the reaction mixture was worked up with water, then
extracted with DCM. The combined organic layers were washed with saturated brine, dried
over anhydrous Na>SQg, filtered, and concentrated under reduced pressure. The residue was
purified by prep-HPLC (0.05% FA) to afford Example 228. LCMS (ESI, m/z): [M+H]* =
621.4; '"H NMR (400 MHz, DMSO-ds) 6 9.65 (d, J = 5.4 Hz, 1H), 8.80 (s, 1H), 4.75 (m, 1H),
4.35 (m, 1H), 3.92-3.67 (m, 2H), 3.50-3.10 (m, 2H), 3.00 -2.80 (m, 2H), 2.23-2.16 (m, 2H),
2.02-1.94 (m, 2H), 1.48-1.22 (m, 6H), 1.15-0.95 (m, 6H), 0.82-0.75 (m, 2H), 0.53-0.46 (m,

2H).
[0656] Examples in the table below were synthesized from Examples 181 and 115 using
conditions analogous to the synthesis of Example 228.
Example Structure NMR LCMS

Number [M+H]*
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\
,Nﬁ>ﬁ TH NMR (400 MHz,
Woo o yS DMSO-dg) 5 9.65 (d, J =
X P N/Z; 5.4 Hz, 1H), 8.80 (s, 1H),
e 4.75 (m, 1H), 4.35 (m,
[N]\CI 1H), 3.92-3.67 (m, 2H),
N 3.50-3.10 (m, 2H), 3.00 -
229 \r&o 2.80 (m, 2H), 2.23-2.16 | 6212
(m, 2H), 2.02-1.94 (m,
(R)-1-chioro-3-(5-(1- 2H), 1.48-1.22 (m, 6H),
cyanocyclopropyl)-1,3,4-thiadiazol-2- 1.15-0.95 (m, 6H1), 0.82-
yl)-7-fluoro-8-(4-isobutyryl-3- 075 (m 2H)’ 0 5:;)—0 46
methylpiperazin-1-yl)-N-(1- ’ ’ .l )
methylcyclopropyl)imidazo[1,5- (m, 2H)
aJpyridine-6-sulfonamide
Naw
N,Ni?<\ 'H NMR (400 MHz,
<{/H\S,/o js DMSO-ds) $9.65 (d, J =
Q% 5.4 Hz, 1H), 8.79 (brs,
YT, 1H), 4.41 (m, 1H), 4.01
[ j (m, 1H), 3.40-3.05 (m,
] 6H), 2.94 (m, 1H), 2.23- | 607.2
230 O)Y 2.16 (m, 2H), 2.01-1.94
1-chloro-3-(5-(1-cyanocyclopropyl)- | (m, 2H), 1.24 (s, 3H), 1.04
1,3,4-thiadiazol-2-yl)-7-fluoro-8-(4- (d, J = 6.8 Hz, 6H), 0.82-
isobutyrylpiperazin-1-yl)-N-(1- 0.75 (m, 2H), 0.52-0.45
methylcyclopropyl)imidazo[1,5- (m, 2H)
a]pyridine-6-sulfonamide
[0657] Examples in the table below were synthesized from corresponding aryl bromide

with or without Boc on sulfonamide using conditions analogous to the synthesis of Example
109 and 110, subsequent separation by chiral SFC preparation to afford two enantiomers, Boc
deprotection and amide coupling with acyl chroride. Note: The absolute chirality of these
examples was arbitrarily assigned. SFC separation conditions for Examples 231 and 232:
Waters SFC 150, Column name: DAICEL CHIRALPAK®OD-10, Column size: 25*250mm
10 pum, Mobile Phase A: Supercritical CO2, Mobile Phase B: MeOH(0.05% NH3), A : B =60
: 40, Wavelength: 214 nm/254nm, Flow: 60 mL/min, Column temp: RT, Injection: 0.8 mL,
Cycle time: 3.48 mins. SFC separation conditions for Examples 233-238: Waters SFC 150,
Column name: DAICEL CHIRALPAK®IC-10, Column size: 25*%250mm 10 um, Mobile
Phase A: Supercritical CO2, Mobile Phase B: MeOH(0.05% DEA), A : B = 60 : 40,
Wavelength: 214 nm/254nm, Flow: 70 mL/min, Column temp: RT. Examples 235 and 236
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were prepared from corresponding Boc intermediate analogous to intermediate 109-1 after

chiral SFC separation upon which individual enantiomer was chlorinated followed by Boc

deprotection and amide coupling with acyl chroride with conditions similar to those described

herein.
Example LCMS
NumbP;: N Structure NMR [M+H]"
- TH NMR (400 MHz,
N,N?4 DMSO-de) 8 9.88 (s, 1H),
Ho Y 8.60 (s, 1H), 8.35 (brs,
}g”g,s 4 & 1H), 7.57 (s, 1H), 4.18 (d,
R J=13.2 Hz, 1H), 3.96 (s,
’ 1H), 3.80-3.41 (m, 2H),
o< 2.95-2.76 (m, 1H), 2.25-
231 # 2.08 (m, 4H), 2.02-1.94 | 004
3-(5-(1-cyanocyclopropyl)-1,3,4- (m, 2H), 1.58-1.43 (m,
thiadiazol-2-yl)-8-((1S,6R)-3- 1H), 1.28-1.15 (m, 1H),
isobutyryl-3-azabicyclo[4.1.0]heptan-6- 1.12-0.96 (m, 9H), 0.92-
yD-N-(1- 0.75 (m, 1H), 0.74-0.61
methylcyclopropyl)imidazo[1,2- (m, 2H), 0.48-0.37 (m,
a]pyridine-6-sulfonamide 2H).
e "H NMR (400 MHz,
e DMSO-ds) 9.88 (s, 1H),
1.0 ig 8.60 (s, 1H), 8.35 (brs,
i O@: 1H), 7.57 (s, 1H), 4.18 (d,
J=13.2 Hz, 1H), 3.96 (s,
Yo 1H), 3.80-3.41 (m, 2H),
ot 2.95-2.76 (m, 1H), 2.25-
232 j&” 2.08 (m, 4H), 2.02-1.94 | 2004
3-(5-(1-cyanocyclopropyl)-1,3,4- (m, 2H), 1.58-1.43 (m,
thiadiazol-2-y1)-8-((1R,6S5)-3- 1H), 1.28-1.15 (m, 1H),
isobutyryl-3-azabicyclo[4.1.0]heptan-6- 1.12-0.96 (m, 9H), 0.92-
yD-N-(1- 0.75 (m, 1H), 0.74-0.61
methylcyclopropyl)imidazo[1,2- (m, 2H), 0.48-0.37 (m,
a]pyridine-6-sulfonamide 2H).
N\ 'H NMR (400 MHz,
N,TQV DMSO-de) §9.74 (s, 1H),
XHF”O/ » s 8.42 (s, 1H), 7.98 (s, LH),
233 O U 7.20 (s, 1H), 4.10-3.76 (m, | 566.5
(7 2H), 3.72-3.40 (m, 2H),
N~/ H 3.24 (m, 1H), 2.95-2.82
s (m, 1H), 2.25-1.92 (m,
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3-(5-(1-cyanocyclopropyl)-1,3,4- 6H), 1.60-1.48 (m, 1H),
thiadiazol-2-y1)-8-((1R,65)-3- .11 (s, 3H), 1.10-0.97 (m,
isobutyryl-3-azabicyclo[4.1.0]heptan-6- 6H), 0.92-0.84 (m, 1H),
yD-N-(1- 0.72-0.65 (m, 2H), 0.47-
methylcyclopropyl)imidazo[1,5- 0.40 (m, 2H).
a]pyridine-6-sulfonamide
N
\
N\>q "HNMR (400 MHz,
4 o NG L DMSO-dg) §9.74 (s, 1H),
X o N/\Z/ 8.42 (s, 1H), 7.98 (s, 1H),
N 7.20 (s, 1H), 4.10-3.76 (m,
2H), 3.72-3.40 (m, 2H),
234 ol " 3.24 (m, 1H), 2.95-2.82 s66.4
:§— (m, 1H), 2.25-1.92 (m, ‘
3-(5-(1-cyanocyclopropyl)-1,3,4- 6H), 1.60-1.48 (m, 1H),
thiadiazol-2-y1)-8-((1R,65)-3- L.11 (s, 3H), 1.10-0.97 (m,
isobutyryl-3-azabicyclo[4.1.0Jheptan-6- | 0H), 0.92-0.84 (m, 1H),
y1)-N-(1- 0.72-0.65 (m, 2H), 0.47-
methylcyclopropyl)imidazo[1,5- 0.40 (m, 2H)
a]pyridine-6-sulfonamide
\
<
WS
X P A, 'H NMR (400 MHz,
NS DMSO-ds) 89.76 (s, 1H),
(7 “ 8.49 (s, 1H), 7.28 (s, 1H),
Nn— 4.13-3.33 (m, 4H), 2.93-
235 Oi 275 (m, 1H),2.23-1.93 | 6002
1-chloro-3-(5-(1-cyanocyclopropyl)- (m, 6F), 1.67 (s, 1H), 1.20-
1.3 4-thiadiazol-2-yl)-8-(1R.65)-3- | 020 (. 11H), 0.73-0.67
isobutyryl-3-azabicyclo[4.1.0]heptan-6- (m, 2H), 0.50-043 (m, 2H)
y1)-N-(1-
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide
N
N>ﬁ 'H NMR (400 MHz,
W o N L DMSO-ds) 39.76 (s, 1H),
XN,,S? ~ Nl\' 8.48 (brs, 1H), 7.28 (s,
236 P 1H), 4.13-3.33 (m, 4H), 600.2
cl 2.93-2.75 (m, 1H), 2.23-
\/ H 1.93 (m, 6H), 1.68 (s, 1H),
o:§7 1.20-0.96 (m, 11H), 0.73-
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1-chloro-3-(5-(1-cyanocyclopropyl)- 0.67 (m, 2H), 0.50-0.43
1,3,4-thiadiazol-2-yl)-8-((1R,6S)-3- (m, 2H)
isobutyryl-3-azabicyclo[4.1.0]heptan-6-
y1)-N-(1-
methylcyclopropyl)imidazo[1,5-
a]pyridine-6-sulfonamide
\
v
H o Mys 1
XN\US// A H NMR (400 MHz,
O [N DMSO-ds) 6 9.63 (s, 1H),
H 8.47 (s, IH), 7.13 (s, LH),
{ Vo 4.02-3.38 (m, 4H), 2.87
237 o’ (m, 1H), 2.24-1.92 (m, | 5843
# 6H), 1.68-1.52 (m, 1H),
3-(5-(1-cyanocyclopropyl)-1,3,4- 1.14-0.75 (m, 11H), 0.73-
thiadiazol-2-y1)-8-((1R,65)-3- 0.67 (m, 2H), 0.48-0.42
isobutyryl-3-azabicyclo[4.1.0]heptan-6- (m, 2H)
y1)-N-(1-
methylcyclopropyl)imidazo[1,5-
alpyridine-6-sulfonamide
N\
Y
X“s”o _ E\[S 'H NMR (400 MHz,
¢ N DMSO-de) §9.63 (s, 1H),
8.47 (s, 1H), 7.13 (s, 1H),
A 4.02-3.38 (m, 4H), 2.87
238 0’5_ (m, 1H), 2.24-1.92 (m, 5843
3—(5'—( ljcyanocyclopropyl)— 1,3.4- 1.653_’02658 (;1’512 1(HH;: i)l‘—%_
thiadiazol-2-y1)-8-((1R,65)-3- 0.67 (m. 2H), 0.48-0.42
isobutyryl-3-azabicyclo[4.1.0]heptan-6- ) ’ - ’
y1)-N=(1- (m, 2H)
methylcyclopropyl)imidazo[1,5-
aJpyridine-6-sulfonamide
[0658] Examples 239 - 242 in the table below were synthesized from Example 187 or
188, via chlorination with DCDMH or florination with NFSI or selectfluor described herein.
EN?I:?[?(: : Structure NMR [II;/IC+I\I/-[I?+
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N\ "H NMR (400 MHz,
Nee DMSO0-ds) 6 9.92 (s, 1H),
N $ 8.60 (s, 1H), 7.69 (s, 1H),
ZH\“S? P NJ:N 5.76 (s, 1H), 4.46 (d, J =
0 = 12.8 Hz, 1H), 3.97 (d, J =
oH® 13.6 Hz, 1H), 3.52 (m,
239 o N 1H), 3.05-2.91 (m, 2H), 604.3
:§7 2.42-2.25 (m, 2H), 2.24-
1-chloro-3-(5-(1-cyanocyclopropyl)- 2.17 (m, 2H), 2.01-1.96
1,3 ,4-thiadiazol-2-y1)-8-(4-hydroxy-1- | (M, 2H), 1.84-1.71 (m,
isobutyrylpiperidin-4-y1)-N-(1- 2H), 1.18 (s, 3H), 1.04 (d,
methylcyclopropyl)imidazo[1,5- J =06.4 Hz, 6H), 0.75-0.68
a]pyridine-6-sulfonamide (m, 2H), 0.50-0.43 (m, 2H)
\ 'H NMR (400 MHz,
Ny DMSO-ds) 5 9.76 (s, 1H),
ve L 8.59 (s, 1H), 7.49 (s, 1H),
K n 5.78 (s, 1H), 4.42 (d, J =
ConF 12.8 Hz, 1H), 3.95 (d, J =
240 Y 13.2 Hz, 1H), 3.49 (m, 5884
0:3_ 1H), 3.03-2.90 (m, 2H), ‘
2.22-1.94 (m, 6H), 1.80-
3-(5-(1-cyanocyclopropyl)-1,3,4- 1.65 (m, 2H), 1.19 (s, 3H),
thiadiazol-2-y1)-1-fluoro-8-(4-hydroxy- 1.11-1.00 (m, 6H), 0.75-
1-isobutyrylpiperidin-4-y1)-N-(1- 0.68 (m, 2H), 0.50-0.43
methylcyclopropyl)imidazo[1,5- (m, 2H)
a]pyridine-6-sulfonamide
\ "H NMR (400 MHz,
N:N>>q DMSO-ds) 6 9.93 (s, 1H),
XH 2 js 8.56 (brs, 1H), 7.45 (s,
& i " n 1H), 4.57 (d, J = 13.2 Hz,
IS 1H), 4.1 (d, J = 13.6 Hz,
24l Y 1H), 3.49 (t, J= 13.2 Hz, 606.4
Oj\ 1H), 3.05-2.92 (m, 2H), :
2.45-2.13 (m, 6H), 2.03-
1-chloro-3-(5-(1-cyanocyclopropyl)- | 1.95 (m, 2H), 1.16 (s, 3H),
1,3,4-thiadiazol-2-yl)-8-(4-ﬂu0r0-1- 1.05 (d, J=6.8 Hz, 6H),
isobutyrylpiperidin-4-yl)-N-(1- 0.76-0.69 (m, 2H), 0.50-
methylcyclopropyl)imidazo[1,5- 0.44 (m, 2H)
aJpyridine-6-sulfonamide
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N\\

N=
N

S
T
d \N

K
o o
FF
N

'H NMR (400 MHz,
DMSO-ds) 59.77 (s, 1H),
8.57 (s, 1H), 7.32 (s, 1 H),
454(d,J=13.2 Hz, 1H),
4.09 (d, J = 13.6 Hz, 1H),
3.48-3.42 (t, J = 13.2 Hz,

242 o=§7 1H), 3.00-2.85 (m, 2H), | 2202

2.23-2.03 (m, 6H), 2.01-

3-(5-(1-cyanocyclopropyl)-1,3,4- 1.94 (m, 2H), 1.16 (s, 3H),
thiadiazol-2-yl)-1-fluoro-8-(4-fluoro-1- 1.12-1.01 (m, 6H), 0.76-
isobutyrylpiperidin-4-yl)-N-(1- 0.69 (m, 2H), 0.50-0.44

methylcyclopropyl)imidazo[1,5- (m, 2H)
a]pyridine-6-sulfonamide ’
[0659] Examples in the table below were synthesized using conditions analogous to the

synthesis of Example 119 or 185. Example 246 was synthesizd [rom Example 185, via

florination with selectfluor. Examples 244 and 250 were obtained through amide coupling of

the free piperidine intermediates analogous to 185-2 with corresponding carboxylic acids.

Examples 243, and 247-249 were prepared through amide coupling of the free piperidine

intermediates analogous to 185-2 with corresponding Boc-protected carboxylic acids

followed by Boc-deprotection. All other starting materials were either prepared as described

in the Intermediates section, commercially available, or prepared from commercially

available reagents using conventional reactions well known in the art.

o)>0
HoN

8-(1-(1-aminocyclobutane-1-
carbonyl)piperidin-4-yl)-1-chloro-3-(5-
(1-cyanocyclopropyl)-1,3,4-thiadiazol-
2-y1)-N-(1-
methylcyclopropyl)imidazo[ 1,5-
aJpyridine-6-sulfonamide

2.73 (m, 1H), 2.59 ( m,
1H), 2.26-2.16 (m, 4H),
2.02-1.85 (m, 7H), 1.75-
1.48 (m, 3H), 1.12 (s, 3H),
0.74-0.67 (m, 2H), 0.48-
0.41 (m, 2H)

ENfla;]nlfel : Structure NMR [II;/IC+1\I/I{?+
N
N>ﬂ 'H NMR (400 MHz,
Wy NS DMSO-ds) §9.75 (s, 1H),
X' F Nl\; 8.47 (brs, 1H), 7.22 (s,
Y, 1H), 4.60 (m, 1H), 4.29
(m, 1H), 3.73 (t, J = 12.0
N Hz, 1H), 3.13 (m, 1H),
243 615.4
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N\
,Nﬁ><] 'H NMR (400 MHz,
He Y DMSO-ds) 59.75 (s, 1H),
X YN 8.45 (brs, 1H), 7.22 (s,
Y, 1H), 4.58 (m, 1H), 3.93
(m, 1H), 3.74 (t, J=8.4
N Hz, 2H), 3.25-3.05 (m,
244 O)ﬁﬂ 2H), 2.77-2.64 (m, 2H), | 0174
/ 2.31-2.07 (m, 7H), 2.06-
(R)-1-chloro-3-(3-(1- 1.92 (m, 4H), 1.53 (m,
cyanocyclopropyl)-1,3,4-thiadiazol-2- 200, 1.12 (s, 3H), 0.73-
y1)-8-(1-(1-methylazetidine-2- > ’ >
carbonylpiperidin-4-yl)-N-(1- 067 (m, 2H), 0.48-0.41
methylcyclopropyl)imidazo[1,5- (m, 2H)
aJpyridine-6-sulfonamide
N
| 'H NMR (400 MHz,
N DMSO-ds) 6 9.77 (s, 1H),
Lo Ny 8.36 (s, 1H), 8.11 (s, 1H),
PN 7.17 (s, 1H), 4.63 (m, 1H),
Y 4.14 (m, 1H), 3.52 (m,
1H), 3.38-3.23 (m, 2H),
554.4
245 N 2.93 (m, 1H), 2.73 (m,
o)\( 1H), 2.56 (m, 1H), 2.10-
rac-3-(5-(2-cyanocyclopropyl)-1,3,4- L75 (m, 4H), 1.67-1.47
thiadiazol-2-y1)-8-(1- (m, 2H), 1.10 (s, 3H), 1.04
isobutyrylpiperidin-4-yl)-N-(1- (m, 6H), 0.72-0.65 (m,
methyleyclopropyl)imidazo[1,5- 2H), 0.46-0.39 (m, 2H)
aJpyridine-6-sulfonamide
\ 'H NMR (400 MHz,
N,Nﬁ><7 DMSO-ds) 3 9.64 (s, 1H),
ZH‘S"O . Yo 8.45 (s, 1H), 7.13 (s, 1H),
AgS: 4.64 (d, J=12.8 Hz, 1H),
s 4.16 (d, J = 13.4 Hz, 1H),
» . 3423.14(m 20,204 |
O)\( (m, 1H), 2.74-2.65 (m, )
, 1H), 2.23-2.14 (m, 2H),
3-(5.-(1.-cyanocyclopropy1)-1,3,4- 2.07-1.87 (m, 4H), 1.70-
thiadiazol-2-yl)-1-fluoro-8-(1- 1.45 (m, 2H), 1.13 (s, 3H),
isobutyrylpiperidin-4-yl)-N-(1-
methylcyclopropyl)imidazo[1,5- 1.03 (m, 6H), 0.75-0.68
a]pyridine-6-sulfonamide (m, 2H), 0.49-0.42 (m, 2H)
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N\ 'H NMR (400 MHz,
,Nﬁ>q DMSO-de) §9.75 (s, 1H),
H o Nys 8.43 (brs, 1H), 7.23 (s,
X5 N/z; 1H), 4.62 (d, J = 12.8 Hz,
NS 1H), 4.39 (m, 1H), 3.80-
“ 3.62 (m, 2H), 3.42-3.25
\ (m, 2H), 3.16 (m, 1H),
247 O)v..abNH 281 (m, 1H), 2.70-2.54 | 6014
- (m, 1H), 2.31 (m, 1H),
(R)-8-(1-(azetidine-2- |5 555 14 (m, 2H), 2.07-
carbonyl)piperidin-4-yl)-1-chloro-3-(5-
(1-cyanocyclopropyl)-1,3,4-thiadiazol- 1.89 (m, 4H), 1.68-1.49(m,
2y )N 2H), 1.12 (s, 3H), 0.73-
methylcyclopropyl)imidazo[1,5- 0.66 (m, 2H), 0.46-0.41
aJpyridine-6-sulfonamide (m, ZH)
\
,N§>ﬁ 'H NMR (400 MHz,
Ho %S DMSO-ds + D20) §9.76
}g PN, (s, 1H), 7.22 (s, 1H), 6.02
NS (brs, 1H), 4.62 (d, J = 13.0
“ Hz, 1H), 3.94-3.62 (m,
248 N 7H), 3.20 (m, 1H), 2.78 | 601.3
O)\C (m, 1H), 2.23-2.15 (m,
NH ,
8-(1-(azetidine-3-carbonyl)piperidin-4- { 251;)’1 24;)5(;923}1()“1’1 LED(’S
yD)-1-chloro-3-(5-(1-cyanocyclopropyl)- 3H), 0.74-0.67 (m, 2H)
1,3,4-thiadiazol-2-yl)-N-(1- R RN ’
methylcyclopropyl)imidazo[ 1,5- 0.49-0.42 (m, 2H)
aJpyridine-6-sulfonamide
\
N\\ "H NMR (400 MHz,
W Nys DMSO-ds) §9.76 (s. 1H),
XNg,é’ 7 NJ\; 722 (s, 1H), 4.62 (d, J =
NS 13.0 Hz, 1H), 4.37 (d, J =
“ 7.8 Hz, 1H), 3.82-3.62 (m,
N 2H), 3.34-3.12 (m, 3H),
249 O)NSONH 2.91-2.58 (m, 2H), 2.35- | 6014
(5)-8-(1-(azetidine-2- 2.10 (m, 3H), 2.02-1.88
carbonyl)piperidin-4-yl)- 1-chloro-3-(5- (m, 4H), 1.60-1.48 (m,
(1-cyanocyclopropyl)-1,3,4-thiadiazol- 2H), 1.12 (s, 3H), 0.73-
2-yl)-N-(1- 0.67 (m, 2H), 0.49-0.42
methylcyclopropyl)imidazo[1,5- (m, 2H)
a]pyridine-6-sulfonamide
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250

N
O)’ ’:(s@
N
/

(8)-1-chloro-3-(5-(1-cyanocyclopropyl)-

1,3,4-thiadiazol-2-y1)-8-(1-(1-

methylazetidine-2-carbonyl)piperidin-4-

y1)-N-(1-

methylcyclopropyl)imidazo[1,5-

aJpyridine-6-sulfonamide

"H NMR (400 MHz,
DMSO-ds) 8 9.75 (s, 1H),
8.47 (brs, 1H), 7.22 (s,
1H), 4.58 (m, 1H), 3.92
(m, 1H), 3.80-3.68 (m,
2H), 3.28-3.10 (m, 2H),
2.85-2.65 (m, 2H), 2.30-
1.88 (m, 11H), 1.64-1.44
(s, 2H), 1.12 (s, 3H), 0.74-
0.67 (m, 2H), 0.48-0.41
(m, 2H)

615.3

Example 251 & 252

1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-8-(1-isobutyrylpiperidin-4-yl)-N-

((18,29)-2-(2-methoxyethyl)- 1-methylcyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide (251)

and 1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-8-( 1-isobutyrylpiperidin-4-yl)-N-

((1R,2R)-2-(2-methoxyethyl)- 1-methylcyclopropyl)imidazo[1,5-alpyridine-6-sulfonamide (252)
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N
N
AN W\
N
A\ N N,N\
N \
N -
N\_-S I‘CN Boc SN N NCS o Z N N
S _ PV P
7N NiCI(DME) HCOOH, H,0, DCM, rt |
Ny 4,4'-Di-tert-butyl-2,2'-dipyridyl ¢
Zn, MgCly, TEA, DMAG, 1t
Br N
N \
cr 2511 Boc 2512 Boc

Na

N><] ,':\\
H NG H © ) 2
[SEN, Y }s WN_ O Ny
HI HoN LSO E N B\ 4 s
2| 31 S o N S& o’/ = Cl
CF —g TFA Vs N7 - .

NAN — —(¢ N
DIEA, DCM, rt DCM. rt NN DIEA, DCM, rt
c Cl
) :
Boc 251-3 251-4

“Z N N
SFC " A=
-0 AN N 5 Cl
Cl
N N N
: Y N
2515 251 282
[0660] Step 1:  tert-butyl 4-[6-[(4-rert-butylphenyl)methylsulfanyl]-3-[5-(1-

cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]imidazo[ 1,5-a]pyridin-8-yl]piperidine- 1-carboxylate
(251-1)

[0661] To a solution of 1-[5-[8-bromo-6-[(4-tert-
butylphenyl)methylsulfanyl|imidazo[1,5-alpyridin-3-yl]-1,3,4-thiadiazol-2-
ylleyclopropanecarbonitrile (934 mg, 1.78 mmol) and rert-butyl 4-iodopiperidine-1-
carboxylate (1.66 g, 5.34 mmol) in DMAc (48 mL) was added dichloromagnesium (102 mg,
1.07 mmol), NiCl>,(DME) (137 mg, 0.623 mmol), Zinc (349 mg, 5.34 mmol), 4,4'-Di-tert-
butyl-2,2'-dipyridyl (153 mg, 0.567 mmol) and TEA (101 mg, 0.997 mmol) under N>
atmosphere. The mixture was degassed, then stirred at room temperature for 12 hrs. After
completion, the reaction mixture was worked up with water, then extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over anhydrous

NazSO0y, filtered, and concentrated under reduced pressure. The residue was purified by flash
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column chromatography on silica gel (eluting with 50% EtOAc in PE) to afford rert-butyl 4-
[6-[(4-tert-butylphenyl)methylsulfanyl]-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-
yllimidazo[1,5-a]pyridin-8-yl]piperidine-1-carboxylate (650 mg). LCMS (ESI, m/z): [M+H]*
=629.3.

[0662] Intermediate 251-3 was synthesized from intermediate CT using conditions
analogous to the synthesis of Intermediate CU-2. 251-5 was synthesized from 251-3.

Step 6: 1-chloro-3-(5-(1-cyanocyclopropyl)-1,3.,4-thiadiazol-2-y1)-8-(1-isobutyrylpiperidin-4-yl)-

N-((15,25)-2-(2-methoxyethyl)- 1-methylcyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide

(251) and 1-chloro-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1)-8-( 1-isobutyrylpiperidin-4-

y)-N-((1R,2R)-2-(2-methoxyethyl)-1-methylcyclopropyl)imidazo[ 1,5-a]pyridine-6-sulfonamide

(252)

[0663] The racemate 251-5 was purified by chiral prep-HPLC with the following
conditions (YMC Lab 100, Column name: Chiral ART Amylose KBN-10, Column size:
20%250mm 10 um, Mobile Phase A: n-Hexane, Mobile Phase B: EtOH, A:B= 70:30,
Wavelength: 214 nm/254nm, Flow: 25 mL/min, Column temp: RT, Injection: 5.0 mL, Cycle
time: 12.5min) to afford the two enantiomers. Example 251 (peak 1, 100% ee): LCMS (ESI,
m/z): [M+H]" = 646.3; "H NMR (400 MHz, DMSO-ds) 8 9.75 (s, 1H), 8.37 (s, 1H), 7.24 (s,
1H), 4.66 (d, /= 13.0 Hz, 1H), 4.18 (d, J = 13.4 Hz, 1H), 3.74 (m, 1H), 3.34-3.18 (m, 6H),
2.93 (m, 1H), 2.71 (m, 1H), 2.24-2.15 (m, 2H), 2.11-1.94 (m, 4H), 1.75-1.25 (m, 4H), 1.15-
0.94 (m, 9H), 0.72-0.53 (m, 3H). Example 252 (peak 2, 100% ee): LCMS (ESI, m/z):
[M+H]* = 646.3; 'H NMR (400 MHz, DMSO-ds) 5 9.75 (s, 1H), 8.37 (s, 1H), 7.24 (s, H),
4.66 (d, J=13.0 Hz, 1H), 4.18 (d, J = 13.4 Hz, 1H), 3.74 (m, 1H), 3.34-3.18 (m, 6H), 2.93
(m, 1H), 2.71 (m, 1H), 2.24-2.15 (m, 2H), 2.11-1.94 (m, 4H), 1.75-1.25 (m, 4H), 1.15-0.94
(m, 9H), 0.72-0.53 (m, 3H).

Example 253

1-cyano-3-(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)-8-(1-isobutyrylpiperidin-4-yl)-
N-(1-methylcyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide (253)
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[0664] Intermediate 253-SM was synthesized from 185 using conditions analogous to the

synthesis of Example 119, via bromination with NBS. LCMS (ESI, m/z): [M+H]* = 632.2.
Step 1: 3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-1-(hydroxymethyl)-N-(1-
methylcyclopropyl)-8-[1-(2-methylpropanoyl)-4-piperidylJimidazo[ 1,5-a]pyridine-6-sulfonamide
(253-1)
106651 To a solution of 1-bromo-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-N-(1-
methylcyclopropyl)-8-[1-(2-methylpropanoyl)-4-piperidyl]limidazo[1,5-a]pyridine-6-
sulfonamide (253-SM) (700 mg, 1.11 mmol) in 1,4-dioxane (10.0 mL) was
added tributyl(hydroxy)stannane (1.02 g, 3.32 mmol) and XPhos Pd G2 (87.1 mg, 0.11
mmol) under N> atmosphere. The mixture was degassed, then stirred at 100 °C for 3 hrs
under N». After completion, the reaction mixture was worked up with water, then extracted
with EtOAc. The combined organic layers were washed with saturated brine,
dried over anhydrous Na>SOy, filtered, and concentrated in vacuum. The residue was purified
by tlash column chromatography on silica gel (eluting with 70 % EtOAc in PE) to give 3-[5-
(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-1-(hydroxymethyl)-N-(1-methylcyclopropyl)-8-
[1-(2-methylpropanoyl)-4-piperidyl]imidazo[ 1,5-a]pyridine-6-sulfonamide (400 mg). LCMS
(ESI, m/7): [M+H]* = 584.5.
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[0666] Step 2: 3-(5-(1-cyanocyclopropyl)-1,3.4-thiadiazol-2-yl)-1-formyl-8-(1-
isobutyrylpiperidin-4-y1)-N-(1-methylcyclopropyl)imidazo[1,5-a]pyridine-6-sulfonamide
(253-2)

[0667] To a solution of 3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-1-
(hydroxymethyl)-N-(1-methylcyclopropyl)-8-[1-(2-methylpropanoyl)-4-
piperidyllimidazo[1,5-a]pyridine-6-sulfonamide (650 mg, 1.11 mmol) in DCM (8 mL) was
added Dess-Martin Periodinane (674 mg, 1.59 mmol). After stirring at room temperature for
2 hrs, the reaction mixture was worked up with water, then extracted with EtOAc. The
combined organic layers were washed with saturated brine, dried over anhydrous
NasS0., filtered, and concentrated in vacuum. The residue was purified by flash
column chromatography on silica gel (eluting with 5 % MeOH in DCM) to give rert-butyl 3-
(5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl)- | -formyl-8-(1-isobutyrylpiperidin-4-y1)-N-(1-
methylcyclopropyl)imidazo[ L,5-a]pyridine-6-sulfonamide (500 mg). LCMS (ESI, m/z):
[M+H]"=582.4.

[0668] Step 3: 3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-1-[(E)-
hydroxyiminomethyl]-N-(1-methylcyclopropyl)-8-[1-(2-methylpropanoyl)-4-
piperidyllimidazo[1,5-a]pyridine-6-sulfonamide (253-3)

[0669] To a solution of 3-[5-(1-cyanocyclopropyl)-1,3.4-thiadiazol-2-yl]-1-formyl-N-(1-
methylcyclopropyl)-8-[1-(2-methylpropanoyl)-4-piperidylJimidazo[1,5-a]pyridine-6-
sulfonamide (58 mg, 0.10 mmol) in EtOH (3.0 mL) was added dropwise a solution of
NaxCOs (16 mg, 0.150 mmol) and Hydroxylamine hydrochloride (7 mg, 0.10 mmol) in water
(3 mL) under N». After stirring at room temperature for 2 hrs, the reaction mixture was
worked up with water, then extracted with EtOAc. The combined organic layers were washed
with saturated brine, dried over anhydrous Na>SOs, filtered, and concentrated in vacuum. The
residue was purified by flash column chromatography on silica gel (eluting with 2.5% MeOH
in DCM) to afford 3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl1]-1-[(E)-
hydroxyiminomethyl]-N-(1-methylcyclopropyl)-8-[ 1-(2-methylpropanoyl)-4-
piperidyllimidazo[1,5-a]pyridine-6-sulfonamide (20.0 mg). LCMS (ESIL, m/z): [M+H]" =
597.4.

[0670] Step 4: 1-cyano-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-yl]-N-(1-
methylcyclopropyl)-8-[1-(2-methylpropanoyl)-4-piperidyl]imidazo[1,5-a]pyridine-6-
sulfonamide (253)
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[0671] To a solution of 3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-1-[(E)-
hydroxyiminomethyl]-N-(1-methylcyclopropyl)-8-[1-(2-methylpropanoyl)-4-
piperidyl]imidazo[1,5-a]pyridine-6-sulfonamide (20.0 mg, 0.033 mmol) and triethylamine
(16.0 mg, 0.158 mmol) in DCM (2 mL) was added a solution of POCI; (15.4 mg, 0.101
mmol) in DCM (2 mL) dropwise at 0 °C under N> atmosphere. After stirring at 0 °C for 30
mins, mixture was quenched with water, then extracted with DCM. The combined organic
layers were washed with saturated brine, dried over anhydrous Na>SOg, filtered, and
concentrated in vacuum. The residue was purified by prep-HPLC (0.05% NH4HCO3) to
afford 1-cyano-3-[5-(1-cyanocyclopropyl)-1,3,4-thiadiazol-2-y1]-N-(1-methylcyclopropyl)-8-
[1-(2-methylpropanoyl)-4-piperidyl]imidazo[ 1,5-a]pyridine-6-sulfonamide. LCMS (ESI,
m/z): [M+H]* = 579.4; '"H NMR (400 MHz, DMSO-ds) & <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>