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METHODS AND COMPOSITIONS FOR TARGETING PB-L3

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

{4861 Any and all applications for which a foreign or domestic priority claim is
identified, for example, in the Application Data Sheet or Request as filed with the present
application, are hereby incorporated by reference under 37 CFR 1.57, and Rules 4.18 and
20.6, including U.S. Provisional Application MNos. 63/212,388, filed June 18, 2021,

63/263,427, filed November 2, 2021 and 63/363,777, filed April 2§, 2022.

FIELD
[6082] The present application relates to the fields of chemistry, biochemistry,
molecular biology and medicine. The present disclosure related o compounds that can be
useful as inhibitors of PD-1, PD-L1 or the PD-1/PD-LI interaction. Also disclosed herein are
pharmaceutical compositions of compounds described herein and uses of or methods of using
the compounds for the treatment of PD-L1 related diseases including but not imited to Hver

diseases, cancer, hepatocellular carcinoma, viral diseases, or hepatitis B.

BACKGROUND

[6683] The programomed cell death 1 (PD-1) immune checkpoint expressed on the
surface of activated CD4Y and CD8™ T cells controls an inhibitory mechanism to prevent
autoimmunity. Engagement of PD-1 by programmed death-ligand 1 (PD-L1) expressed on
the roultitude of cell types, incloding macrophages, dendritic cells, mast cells as well as
cancer cells induces T cell exhavstion resulting io reduction or loss of effector cytokine
production {e.g. -2, TNF-o, IFN-y} and apregulation of other inhibitory receptors and
imroune checkpoiuts (e.g. CTLA-4, LAG-3, and BTLA), or T cell apoptosis. High expression
of PI-L1 1s exhibited by many types of cancers to escape tumor immune surveillance and
has been associated with poorer prognosis. PD-1-mediated immunosuppression 18 also hinked
to some viral infections, such as hepatitis B. There is an ongoing need for PD-1/PD-L1

therapies and improvements thereof for the treatment of disease.
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SUMMARY

{60064) Some embodiments disclosed herein relate to a compound of Formula (I},
or a pharmaceutically acceptable salt thereof.

[8665] Some embodiments disclosed herein relate to a pharmaceutical
composition that can contain an effective amount of a compound of Fornmla (I), or a
pharmaceutically acceptable salt thereof.

[80606] Some embodiments described herein relate to a method of treating a HBV
and/or HDV infection that can include administering to a subject identified as suffering from
the HBY and/or HDV infection an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmaceutical composition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein.  Other embodiments described herein relate to a compoend, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmaceutical composition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein for the use of treating a HBV and/or HDV infection.

{60671 Some embodirnents disclosed herein relate to a method of inhibiting
replication of HBV and/or HDV that can include contacting a cell infected with the HBV
and/or HDV with an effective amount of a compound, or a pharmaceutically acceptable salt
thereof, as described herein, or a pharmaceutical composition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein.
(ther embodiments described herein relate to a compound, or a pharmaceutically acceptable
salt thereof, as described herein, or a pharmaceutical corposition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein for
the use of inhibiting the replication HBV and/or HDV.

[8688] These are other embodiments are described 1n greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
16669] Figures 1A and 1B show the absolute configuration structure and ORTEP

crystal structure of the formate salt of Intermediate 5-1b.
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DETAHLLED DESCRIPTION

{6018] Hepatocellular carcinoma (HCC) is the most common form of liver
cancer. HCC can be caused by a variety of conditions, such as alcohol consumption,
cirrhosis, and viral infections that cause hepatitis, such as hepatitis B virus, hepatitis C virus,
and hepatitis D virus. The inflammation, fibrosis, and cirrhosis linked with these conditions
can induce malignancies in affected liver cells. HCC has relatively poor prognosis, with a
five-year survival rate of about 30%, depending on if full surgical resection of the tamor is
possible.

{6011} For early disease, surgical resection is used. However, most HCC are
identified at later stages because of difficulties in diagnosing. Upon late stage diagnosis, the
tumors are unresectable and most patients are given systemic therapies. The current standard
of care in front Hue are multi-Kinase imhubitors (including, for example, sorafenib andfor
lenvatinib}. Most patients are refractory or relapse from these treatments, and undergo second
fine therapies that have anti-angiogenic agents (including, for example, Regorafinib,
Cabozantinib, and/or Ramicirumab) or immune checkpoint inhibitors (including, for
example, nivolomab and/or perabrolizumab). However, most patients do vot respond to first
and second therapies, and the clinical benefit is poor, with overall survival not exceeding one
vear. In addition, biomarker driven therapies are lacking. Thus, there is a need to develop
more tolerable and efficacious therapies for the treatment of HCC and related hiver disorders.

{66121 HBYV is a partially double-stranded circular BNA of about 3.2 kilobase
(kb) pairs, and is classified into eight genotypes, A to H. The HBV replication pathway has
been studied in great detail. One part of replication inchides the formation of the covalently
closed circular DNA {cccDNA) form. The presence of the cceDNA gives rise to the risk of
viral reemergence throughout the life of the host organism. HBV carriers can trapsmit the
disease for many years. An estimated 300 million people are living with hepatitis B virus
infection, and it is estimated that over 750,000 people worldwide die of hepatitis B each year.
In addition, immunosuppressed individuals or jndividoals undergoing chemotherapy are
especially at risk for reactivation of an HBV infection. HBV can be acute and/or chronic.
Acute HBV infection can be either asymptomatic or present with symptomatic acute

hepatitis.
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{6013} HBV can be transmitted by blood, semen, and/or another body fluid. This
can occur through direct blood-to-blood contact, unprotected sex, sharing of needles, and
from an infected mother to her baby during the delivery process. The HBV surface antigen
(HBsAg) is most frequently used to screen for the presence of this infection. Currently
available medications do not cure HBV andfor HDV infection. Rather, the medications
suppress replication of the virus.

{0614} The hepatitis D viras (HDV) is a DNA virus, also in the Hepadnaviridae
family of viruses. HDV can propagate only in the presence of HBVY. The routes of
transmission of HDV are similar to those for HBVY. Transmission of HDV can occur either
via simuitaneous infection with HBV (coinfection) or in addition to chronic hepatitis B or
hepatitis B carrier state {(superinfection). Both superinfection and coinfection with HDV
results in more severe complications compared to iwofection with HBYVY alone. These
complications inchide a greater likelihood of experiencing liver failure in acute infections
and a rapid progression to Hver cirrhosis, with an jncreased risk of developing Hiver cancer in
chronic infections. In combination with hepatitis B, hepatitis D has the highest fatality rate
of all the hepatitis infections, at 20%. There is currently no cure or vaccine for hepatitis D.

[8015] Programaued cell death 1, or programmed death 1 (PD-1) i3 a 268 awino
acid long type 1 tramsmoembrane protein found as a surface marker on T cells and other
moroune cells.  As an imowne checkpoint, PD-1 serves to negatively regulate imune
responses {0 prevent antoimmune disorder. PD-1 protein (NCBI accession number
NP_{05009.2) 1s expressed from the cluster of differentiation 279 (CD279) gene (NCBI
accession mumber NG _012110.1) or mRNA  tanscript (NCBI  accession  number
NM_003018.3). In some preferred embodiments, PD-1 is the human PD-1 protein, and
D279 is the human CD279 transcript or gene on chromosome 2. It should be understood
that a person with ordinary skill in the art would view the terms PD-1 and CD279 as often
nominally interchangeable when considering the nucleic acid (BNA or RNA) or
correaponding translated protein, or the sequences thereof.

10616] Programmed celi death-ligand 1, or programmed death-ligand 1 (PD-L1),
also known as B7 homolog | (B7-H1) is 272 amino acid long type I transmembrane protein
found as a surface marker on many different cell types. PD-L1 is a major ligand of PD-1 and

results in inhibition of T cell cytotoxicity and cytokine production. Cancer cells such as HCC
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cells take advantage of this immune checkpoint by upregulating PD-L1 expression, resulting
in dysfunctional anti-tumor immunity by proximal T cells. Viruses alsc have been observed
t¢ modulate the PD-1/PD-L1 pathway to inhibit immune host response. Hepatitis B virus has
been shown to upreguiate PD-L1 in infected hepatocytes, and PD-1 in associated T celis. PD-
LI protein {NCBI accession mumber NP_054862.1) is expressed from the cluster of
differentiation 274 (CD274) transcript (NCBI accession number NM_014143.4). In some
preferred embodiments, PD-LI is the homan PD-Li protein, and CD274 is the human
CD274 transcript or gene on chromosome 9. It should be understood that a person with
ordinary skill in the art would view the terms PD-LI and D274 as often nominally
interchangeable when considering the nucleic acid (DNA or RNA) or corresponding

transiated protein, or the sequences thereof.

Definitions

{86171 Unless defined otherwise, all technical and scientific terms used herein
have the same roeaning as is cormnmonly understood by one of ordinary skill in the art. All
patents, applications, published applications and other poblications referenced herein are
incorporated by reference in their entivety unless stated otherwise. To the extent publications
and patents or patent applications incorporated by reference contradict the disclosure
contained 1n the specification, the specification is intended to supersede andfor take
precedence over any such contradictory material. In the event that there are a plurality of
definitions for a term herein, those in this section prevail unless stated otherwise.

[6818] Whenever a group is described as being “optionally substituted” that
group may be unsubstituted or substituted with one or more of the indicated substituents.
Likewise, when a group is described as being “unsubstituted or substituted” if substituted, the
substituent(s}) may be selected from one or more of the indicated substituents. I no
substituents are indicated, it is meant that the indicated “optionally substituted” or
“substituted” group may be substituted with one or more group(s) (such as 1, 2 or 3 groups)
individually and independently selected from deuterium, alkyl, alkenyl, alkynyi, cycloalkyl,
cyclealkenyl, aryl, heteroaryl, heterocyclyl, arvi{alkyl}, hetersaryl{alkyl), (heterocyclyljalkyl,
hydroxy, alkoxy, acyl, cyano, halogen, thiccarbonyl, O-carbamyl, N-carbamyl,

(O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido,

o
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C-carboxy, O-carboxy, isocyanato, thiocyanato, isothiccyanate, nitro, azide, silyl, sulfenyl,
suifinyi, suifonvi, haloalkyl, haloalkoxy, trihalomethanesulfonyl,
trihalomethanesulfonamido, an amino, a mono-substituted amine and a di-substituted amine.

{6019} As used herein, “Ca to Co" in which “a” and “b” are integers refer to the
number of carbon atoms in an alkyl, alkenyl or alkynyl group, or the number of carbon atoms
in the ring of a cycloalkyl, cycloalkenyl, arvl, heteroaryl or heterocyclyl group. That is, the
alkyl, alkenyl, alkynyl, ring of the cycloalkyl, ring of the cycloalkenyl, ring of the aryl, ring
of the heteroaryl or ring of the heterocyclyl can contain from “a” to “b”, inclusive, carbon
atorms. Thus, for example, a “Cy to Cq alkyl” group refers to all alkyl groups having from 1
to 4 carbons, that is, CHi-, CH3CHy-, CH3CH2CHy-, (CH:pCH-, CH3CH2CHCH-,
CH3CH2CH(CH:)- and (CH3kC-. If no “a” and “b” are designated with regard to an alkyl,
alkenyl, alkynyl, cycloalkyl cycloalkenyl, aryl, heteroary! or heterocyclyl group, the broadest
range described in these definitions is to be assamed.

[8628] As used herein, “alkyl” refers to a straight or branched hydrocarbon chain
that comprises a fully saturated (no double ot triple bonds) hydrocarbon group. The alkyl
group may have | to 20 carbon atorus (whenever it appears herein, a nuroerical range such as
“1 1o 207 refers to each integer in the given range; e.g., “1 to 20 carbon atoros” means that
the alkyl group may consist of | carbon atom, 2 carbon atoms, 3 carbon atoms, efc., up to and
including 20 carbou atoros, although the present definiton also covers the occurrence of the

2

term “alky]” where no numerical range is designated). The alkyl group may also be a
medium size allyl having 1 to 10 carbon atoms. The alky! group could also be a lower alkyl
having | to 6 carbon atoms. The alkyl group of the compounds may be designated as “C-Cy
alky!” or similar designations. By way of example only, “Ci-Cy alkyl” indicates that there
are one to four carbon atoms in the alkyl chain, ie., the alkyl chain is selected from methyl,
ethyl, propvl, iso-propvl, n-butyl, iso-butyl, sec-butyl and t-butyl. Typical alkyl groups
include, but are in no way limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary
butyl, pentyl and hexyl. The alkyl group may be substituted or unsubstituted.

(6621} As used herein, “alkenyl” refers to an alkyl group that contains in the
straight or branched hydrocarbon chain one or more double bonds. The length of an alkenyl

can vary. For example, the alkenyl can be a Co4 alkenyl, (o alkenyl or (g alkenvl
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Examples of alkenyl groups include allenyl, vinyimethy! and ethenyl. An alkenyl group may
be unsubstituted or substituted.

[6822] As used herein, “alkynyl” refers to an alkyl group that contains in the
straight or branched hydrocarbon chain one or more triple bonds. The length of an alkynyl
can vary. For example, the alkynyl can be a Coq alkynyl, (o alkynyl or Cog alkynyl.
Examples of alkynyls include ethynyl and propynyl. An alkynyl group may be unsubstituted
or substituted.

[6623] As used herein, “cycloalky!” refers to a completely saturated (no double or
triple bonds) mono- or multi- cyclic hydrocarbon ring system. When composed of two or
more rings, the rings may be joined together in a fused fashion. Cycloalkyl groups can
contain 3 to 10 atoms in the ring(s). 3 to § atoms in the ring(s) or 3 to 6 atoms in the ring(s).
A eycloalkyl group may be unsubstituted or substituted. Typical cycloalkyl groups include,
but are in no way limited to, cyclopropyl, cyclobatyl, cyclopentyl, cyclohexyl, cyeloheptyl
and cyclooctyl

166241 As used herein, “cycloalkenyl” refers to a mono- or multi- cyche
hydrocarbon ting system that contains one or jwore double bonds ju at least one ring;
although, if there is more than ouve, the double bonds cannot form a {fully delocalized pi-
electron systern throughout all the tings (otherwise the group would be “aryl,” as defined
herein). When composed of two or more rings, the rings may be connected together in a
fused fashion. A cycloalkenyl can contain 3 to 10 atoms in the ring(s) or 3 to 8 atoms in the
ring(s). A cycloalkenyl group may be unsubstituted or substituted.

[6625] As used herein, “aryl” refers to a carbocyclic (all carbon) monocyclic or
multicyclic aromatic ring system {(including fused ring systems where two carbocyclic rings
share a chemical bond) that has a fully delocalized pi-electron system throughout all the
rings. The number of carbon atoms in an aryl group can vary. For example, the aryl group
can be a Ce-Cig aryl group, a Cs-Cio aryl group, or a Ce aryl group. Examples of aryl groups
include, but are not himited to, benzene, naphthalene and azulene. An aryl group may be
substituted or unsubstituted.

[6826] As used herein, “heteroaryl” refers to a monocyclic, bicyclic and tricyclic
arcmatic ring system {a ring system with fully delocalized pi-electron system) that contain{s}

one of more hetercatoms {for example, 1 to 5 heteroatoms), that is, an element other than
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carbon, including but not limited to, nitrogen, oxygen and sulfur. The number of atoms in
the ring{s) of a heteroaryl group can vary. For example, the heteroaryl group can contain 4 to
14 atoms in the ring(s), 5 to 10 atoms in the ring{s) or 5 to & atoms in the ring(s).
Furthermore, the term “heteroary!” includes fused ring systems where two rings, such as at
least one aryl ring and at least one heteroaryl ring, or at least two hetercaryl rings, share at
{east one chemical bond. Examples of heteroaryl rings include, but are not limited to, furan,
furazan, thiophene, benzothiophene, phthalazine, pyrrole, oxazole, benroxazole, 1,2.3-
oxadiazole, 1,2.4-oxadiazole, thiazole, 1,2,3-thiadiazole, 1,2,4-thiadiazole, benzothiazole,
imidazole, benzimidazole, indole, indazole, pyrazole, benzopyrazole, isoxazole,
benzoisoxazole, isothiazole, triazole, benzotriazole, thiadiazole, tetrazole, pyridine,
pyridazine, pyrimidine, pyrazine, purine, pteridine, guinoline, isoquinoline, guinazoline,
quinoxaline, cinnoline and triazine. A hetercaryl group may be sabstituted or ansubstitoted.
(66271 As used herein, “heterocyclyl” refers to a monocyclic, bicyclic and
tricychic ting system wherein carbon atoms together with from 1 to 5 hetercatoms constitute
said ring system. A heterocycle may optionally contain one or more unsaturated bonds
situated in soch a way, however, that a folly delocalized pi-electron system does not occur
throughout all the rings. The vumber of atoms o the ring{s) of a heterocyclyl group can
vary. For example, the heterocyclyl group can contain 4 to 14 atoms in the ring(s), S to 10
atoras in the ring{s) or 5 to 6 atorns in the ring(s). The hetercatomds) is an e¢lement other than
carbon including, but not limited to, oxygen, sulfur and nitrogen. A heterocycle may farther
contain one or more carbonyl or thiocarbonyl functionalities, so as to make the definition
inchide oxo-systems and thio-systems such as lactams, lactones, cyelic imides, cyclic
thioimides and cyclic carbamnates. When composed of two or more rings, the rings may be
joined together in a fused fashion. Additionally, any nitrogens in a heterocyclyl may be
quaternized. Heterocyclyl groups may be unsubstituted or substituted.  Examples of such
“heterocyclyl groups include but are not limited to, 1,3-dioxin, 1,3-dioxane, 1,4-dicxane, 1,2-
dioxolane, 1,3-dioxolane, 14-dioxolane, 1,3-oxathiane, 1 4-oxathiin, 1 3-oxathiolane, |,3-
dithiole, 1,3-dithiolane, 1,4-oxathiane, tetrahydro-1,4-thiazine, 2H-1,2-oxazine, maleimide,
succinimide, barbituric acid, thicbarbituric acid, dioxopiperazine, hydantoin, dihydrouracil,
trioxane, hexahydro-1,3,5-triazine, imidaroline, imidazolidine, isoxazoline, isoxazolidine,

oxazoline, oxazolidine, oxazolidinone, thiaroline, thiazolidine, morpholine, oxirane,
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piperidine N-OUxide, piperidine, piperazine, pyrrolidine, pyrrolidone, pyrrolidione, 4-
piperidone, pyrazoline, pyrazolidine, 2-oxopyirolidine, tetrahydropyran, 4H-pyran,
tetrahydrothiopyran, thiamorpholine, thiamorpholine sulfoxide, thiamorpholine sulfone and
their benzo-fused analogs (e.g., benzimidazolidinone, tetrahvdroguinoline and 34-
methylenedioxyphenyi).

[6625] As used hercin, “arvi{alkyl)” refer to an aryl group connected, as a
substitnent, via a lower alkylene group. The lower alkylene and aryl group of an aryl(altkyl)
may be substituted or unsubstituted. Examples inchide but are not limited to benzyl, 2-
phenylalkyl), 3-phenyl{alky}), and naphthyl(alkyl).

[6629] As used herein, “hetercaryl{(alkyl)” refer to a heteroaryl group
connected, as a substitoent, via a lower alkylene group. The lower alkylene and heteroaryl
group of heteroaryl{alkyl) may be substituted or unsubstituted. Examples include but are not
limited to 2-thienyi(alkyl), 3-thienylalkyl), forvi{alkyl), thienvKalkyly, pyrrolyl(alkyl),
pyridyl(alky]), isoxazolyl(alkyl), imidazolyl{alkyl) and their benzo-fused analogs.

16638] A “(heterocyclyDalkyl” refer to a heterocyclic group connected, as a
substituent, via a lower alkvlene group. The lower alkylene and heterocyclyl of a
heterocyclyl{alkyl) may be substitoted or ansubstitoted.  Examples include but are not
fimited tetrahydro-2H-pyran-4-yi{methyl), piperidin-d-vi{ethyl), piperidin-4-yli(propyl},
tetrahydro-2H-thiopyran-4-vi(oethyl) and {,3-thiazinan-4-vli{methyl).

[6631] “Lower alkylene groups” are straight-chained -CHj- tethering groups,
forming bonds to connect molecular fragments via their terminal carbon atoms. In some
embodiments, a lower alkylene can include 1, 2, 3, 4, S or 6 carbons. Examples include but
are not limited to methylene (-<CHp-), ethylene (-CHCHa-), propylene (-CHCHCHb-) and
butylene (-CHCH2CH2CH:-). A lower alkylene group can be substituted by replacing one
or more hydrogen of the lower alkylene group with a substitnent(s) listed ander the definition
of “substituted.”

[6032) As used herein, “alkoxy” refers to the formula ~OR wherein R is an alkyl,
an alkenyl, an alkynyl, a cycloalkyl, a cycloalkenyl, aryl, hetersaryl, heterocycliyl,
aryl{alkyl}, heteroaryl{alkyh) or heterocyclyl{alkyl} is defined hersin. A pon-limiting list of
alkoxys are methoxy, ethoxy, n-propoxy, l-methylethoxy (isopropoxy), n-butoxy, iso-

butoxy, sec-butoxy, tert-butoxy, phenoxy and benzoxy. In some instances, an alkoxy can be
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~OR wherein R is an unsubstitited Cyq alkyl. An alkoxy may be substituted or
unsubstituted.

[6833] As used herein, “acyl” refers to a hydrogen an alkyl, an alkenyl, an
alkynyl, a cycloalkyl, a cycloalkenyl, arvl, hetercaryl. heterccyclyl, aryi{alkyl),
heteroaryl{alkyl) or heterocyelyl(alkyl) connected, as substituents, via a carbonyl group.
Hxamples include formyl, acetyl, propanoyl, benzovi, and acryl. An acyl may be substituted
or unsubstituted.

[6634] As used herein, “hydroxyalkyl” refers to an alkyl group in which one or
more of the hydrogen atoms are replaced by a hydroxy group. Exemplary hydroxyalkyl
groups include but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxypropyl and
2,2-dihvdroxyethyl. A hydroxyalkyl may be substituted or unsubstituted.

[6635] As used herein, “haloalky!” refers to an alkyl group in which one or more
of the hydrogen atoms are replaced by a halogen {(e.g., mono-haloalkyl, di-haloalkyl and tri-
haloalkyl). Such groups include hot are wnot limited to, chloromethyl, flaoromethyl,
difluoromethyl, trifluoromethy], 1-chloro-2-fluoromethyl and 2-fluorcisobutyl. A haloalkyl
may be substituted or unsubstituted.

[3036] As used herein, “haloalkoxy” refers to a O-alkyl group in which one or
more of the hydrogen atoms are replaced by a halogen {(e.g., mwouno-haloalkoxy, di-
haloalkoxy and tri- haloalkoxy). Such groups include but are not Hroited to, chloromethoxy,
fluoromethoxy, difluoromethoxy, trifluoromethoxy, 1-chloro-2-fluoromethoxy and 2-
fluorcisobutoxy. In some instances, a haloalkoxy can be —OR, wherein R is a €y alkyl
sabstitited by 1, 2 or 3 halogens. A haloalkoxy may be substitited or unsubstitated.

[6837] A “salfenyl” group refers to an “-SR” group in which R can be hydrogen,
alkyl, alkenyl, alkynyvl, cycloalkyl, cycloalkenyl, arvi, heteroaryl, heterocyelyl, arvi{abioyl),
heteroaryi{alkyl) or heterocyclyl{alkyl). A sulfenyl may be substituted or unsubstituted.

[6838] A “sulfinyl” group refers to an “-S(=0)-R” group in which R can be the
same as defined with respect to sulfenyl. A sulfinyl may be substituted or unsubstituted.

[6639] A “sulfonyl” group refers to an “SO:R” group in which R can be the same
as defined with respect to sulfenyl. A sulfonyi may be substituted or unsubstituted.

[6848] An “O-carboxy” group refers to a “RC{=0)C-" group in which R can be

hydrogen, alkyl, alkenyl, alkynyl, cycloaikyl, cycloalkenyl, aryl, heteroaryl, heterocyelyl,

10-
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aryl{alky}), heterocaryl{alkyl) or heterocyclyl{alkyl}, as defined herein. An O-carboxy may be
substituted or unsubstituted.

[6841] The terms “ester” and “C-carboxy” refer to a “-C{=0)OR" group in which
R can be the same as defined with respect to O-carboxy. An ester and C-carboxy may be
substituted or unsubstituted.

(66421 A “thiocarbonyl” group refers to a “-C(=85)R" group in which R can be the
same as defined with respect to O-carboxy. A thiocarbonyl may be substituted or
unsubstituted.

[0843] A “irihalomethanesulfonyl” group refers to an “¥;C80;-” group wherein
each X is a halogen.

[6044] A “rihalomethanesulfonamido” group refers to an “XaCS(OpRMNRAY-
group wherein each X is a halogen, and Ra 1s hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, aryl,  heteroaryl, heterocyelyl, arylalkyl), heteroaryl(alkyly or
heterocyclyl{atkyi).

[8845] The term “aroino” as used herein refers to a —NH» group.

[6648] As used herein, the terrn “hydroxy” refers to a —-OH group.

{68471 A Mcyano” group refers to a “-CN” group.

[0648] The term “azido” as used herein refers to a —Ns group.

(6849 An “isocyanato” group refers to a “—NCO” group.

{60501 A “thiocyanato” group refers to a “-SCN” groap.

{6651 An “isothiocyanato” group refers to an © -NCS” group.
[6052] A “mercapto” group refers to an “~SH” group.

[6853] A “carbonyl” group refers to a -C(=0)- group.

(6654 An “S-sulfonamido” group refers to a “~SCN{RARp)Y” group in which Ra
and Rp can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, heteroaryl, heterocyelyl, aryl{alkyl), hetercaryl{alkyl) or heterocyclyl(alkyl). An
S-sulfonamido may be substituted or unsubstituted.

[8055] An “N-sulfonamide” group refers to a “RSGoN(RA)-" group in which R
and Ra can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyi, cycloalkenyl,
aryl, heterocaryl, heterocvelyl, aryl{alkyly, hetercaryl{alkyl) or heterocyclyl(alkyl). An

N-sulfonamido may be substituted or unsubstituted.

11-
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(8056 An “O-carbamyl” group refers to a “-OC{(=0O)N(RaRp)” group in which
Ra and Rp can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
arvl, heteroaryl, heterocvelyl, aryl{alkyl), hetercaryl{alkyl) or heterocyelyl(alkyl). An
G-carbamyl may be substituted or unsubstituted.

{68571 An “N-carbamy!” group refers to an “ROC{=0O)N(R4}-" group in which R
and Ra can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, heteroaryl, heterocvelyl, arvi{alkyl), heteroaryialkyl) or heterocyclyi{alkvl). An
N-carbamyl may be substituted or unsubstituted.

[0858] An “O-thiocarbamy!” group refers to a “~OC(=5)-N{RaRg)" group in
which Rs and Rp can be independently hydrogen, alkyl, alkenyl, alkvnyl, cycloalkyl,
cycloalkenyl, aryl,  heteroaryl, heterocyclyl, aryl{alkyl), heteroaryl{alkyly or
heterocyclyl{alkyl). An O-thiocarbamyl may be sabstituted or ansubstitoted.

[6659] An “N-thiocarbamy!l” group refers to an “ROC(=SIN{Rs)}-" group in
which R and Ra can be independently hydrogen, alkyl, alkewyl, alkynvl, cycloalkyl,
cycloalkenyl, arvl,  heteroaryl, heterocyelyl, aryvl{alkyl), Theteroarvi{alkyl) or
heterocyclyl{alkyl). An N-thiocarbamyl may be substituted or snsubstitoted.

{3868 A “C-amide” group tefers to a “~C{=0YN{RaRg)" group in which Ra and
Ra can be independently hydrogen, alkyl, alkenyl, alkyuyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, heterocycelyl, aryl{alkyl), heteroaryi{alkvl) or heterocyclyl{alkyl). A C-amido
may be substitited or unsubstituted.

{86611 An “N-amido” group refers to a “RC(=0)N(R»)-" group in which R and
Ra can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryi,
heteroaryl, heterocyclyl, aryi{alkyl}, heteroaryl{alkyl} or heterocyclyl{alkyl). An N-amido
may be substituted or unsubstituted.

{88621 A “mono-substituted amine” refers 1o a “~NHRA” in which Ba can be
independently alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, arvi, heteroaryl, heterocyclyl,
aryl{alkyl), heteroarvi{alkyl) or heterocycivi{alkyl). A mono-substituted amine may be
substituted or unsubstituted. In some instances, a mono-substituted amine can be ~NHRA,
wherein R can be an unsubstituted Ci.s alky! or an unsubstituted or a substituted benzyl

{60631 A “di-substituted amine” refers to a “-NRARp” in which R, and Rp can be

independently can be independently alyl, alkenyl, alkynyl, cycloalkyi, cycloalkenyl, aryl,
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heteroaryl, heterocyclyl, aryl(alkyl), hetercaryl(alkyly or heterocyclyi(alkyi). A
mono-substituted amine may be substituted or unsubstituted. In some instances, a
mono-substituted amine can be ~NRsRp, wherein Ra and Ry can be independently an
unsubstituted C16 alky! or an unsubstituted or a substituted benzyl.

[0064] The term “halogen atom™ or “halogen” as used herein, means any one of
the radio-stable atoms of cohumn 7 of the Periodic Table of the Elements, such as, fluorine,
chiorine, bromine and iodine.

[6865] Where the numbers of substituents is not specified (e.g. haloalkyl), there
may be one or more substituents present. For example “haloalky!” may include one or more
of the same or different halogens. As another example, “Ci-Cs alkoxyphenyl” may inchude
one or more of the same or different alkoxy groups containing one, two or three atoms.

[0866] As used herein, the abbreviations for any protective groups, amino acids
and other compouunds, are, unless indicated otherwise, jn accord with their comunon usage,
recognized abbreviations, or the ITUPAC-IUB Commission on Biochemical Nomenclature
{See, Biochem. 11:942-944 (1972)).

[6667] The term “pharmaceutically acceptable salt” refers to a salt of a compound
that does not cause significant irritation to an organism to which it is administered and does
not abrogate the biological activity and properties of the compound. In some embodiments,
the salt is an acid addition salt of the compound. Pharmaceutical salts can be obtained by
reacting a compound with inorganic acids such as hydrohalic acid (e.g., hydrochloric acid or
hydrobromic acid), salfuric acid, nitric acid and phosphoric acid. Pharmaceutical salts can
also be obtained by reacting a compound with an organic acid such as aliphatic or aromatic
carboxylic or sulfonic acids, for example formic, acetic, succinic, lactic, malic, tartaric, citric,
ascorbic, nicotinic, methanesolfonic, ethanesulfonic, p-toluenesulfonic, salicylic or
naphthalenesulfonic acid. Pharmaceutical salts can also be obtained by reacting a compound
with a base to form a salt such as an ammonium salt (for example, ammonium or
triethylammonium salt), an alkali metal salt, such as a lithium, a sodium or 3 potassium salt,
an alkaline earth metal salt, such as a calcium or a magnesium salt, a salt of organic bases
such as dicyclohexylamine, N-methyl-D-glucamine, tristhydroxymethylimethylamine, Ci-Cy
alkylamine, cyclohexylamine, triethanolamine, ethylenediamine, and salts with amino acids

such as arginine and lysine.

13-
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[6868] Terms and phrases used in this application, and variations thereof,
especially in the appended claims, unless otherwise expressly stated, should be construed as
open ended as opposed to limiting. As examples of the foregoing, the term ‘including’
shouid be read to mean ‘including, without limitation,” ‘including but not limited to,” or the
like: the term ‘comprising’ as used herein is synonymous with ‘inchuding,” ‘containing,” or

5

‘characterized by, and 1s inclusive or open-ended and does not exclude additional, unrecited
elements or method steps; the term ‘having” should be interpreted as ‘having at least;” the
term ‘includes’ should be interpreted as “includes but is not limited to; the term “example’ is
used to provide exemplary instances of the item in discussion, not an exhaustive or limiting
list thereof. In addition, the term “comprising” is to be interpreted synonymously with the
phrases "having at least” or "including at least”. When used in the context of a compound or
composition, the term "comprising” means that the coropound or composition includes at
least the recited features or components, but may also include additional features or
components.

16869] With respect to the use of substantially any plural and/or singular terms
herein, those having skill iu the art can translate from the plural to the singular and/or from
the singelar to the phural as i3 appropriate to the context and/or application. The various
singular/plural pernmitations roay be expressly set forth herein for sake of clarity. The
indefinite article “a” or “an” does not exclude a phirality.

{6670} It is understood that, in any compound described herein having one or
more chiral centers, if an absolute stereochemistry is not expressly indicated, then each
center may independently be of (R)-configuration or {S)-configuration or a mixture thereof.
Thus, the compounds provided herein may be enantiomerically pure, enantiomerically
enriched, racemic wixtore, diastereomerically pure, diastereomerically enriched, or a
stereoisomeric mixture. In addition it is understood that, in any compound described herein
having one or more double bond(s) generating geometrical isomers that can be defined as E
or Z, each double bond may independently be B or 7 a mixture thereof. Likewise, if is
understood that, in any compound described, all tantomeric forms are also intended to be

included.
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{6071} It is to be understood that where compounds disclosed herein have unfilled
valencies, then the valencies are to be filled with hydrogens or isotopes thereof, e.g.,
hydrogen-1 {protium} and hydrogen-Z (deuterium}.

{66721 It is understood that the compounds described herein can be [abeled
isotopically. Substitution with isotopes such as deuterium may afford certain therapeutic
advantages resulting from greater metabolic stability, such as, for example, increased in vivo
half-life or reduced dosage reguirements. FEach chemical element as represented in a
compound structure may include any isotope of said clement. For example, in a compound
structure a hydrogen atom may be explicitly disclosed or understood to be present in the
compound. At any position of the compound that a hydrogen atom may be present, the
hydrogen atom can be any isotope of hydrogen, including but not limited to hydrogen-1
{protivoy) and hydrogen-2 (deuterium). Thus, reference herein to a compound encompasses
all potential isotopic forms unless the context clearly dictates otherwise.

[6673] Where a range of values is provided, it is understood that the upper and
lower lirmoit, and each intervening value between the apper and lower liroit of the range is

encompassed within the embodirnents.

Conmpounds
[6674] Examples of emboditnents of the present application include the

following:

Embodiment |
{B675] A compound of Formula (1), or a pharmacentically acceptable salt thereof,

having the structure:

-15-
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wherein: Al can be

; each X' can be selected from CH and N (nitrogen);
X’ canbe O ( oxygen}); X* can be selected from CH, C-halo and N; Y' can be selected from N
{nitrogen} and CH; Y? can be selected from N (nitrogen) and CH: Y can be selected from N
(nitrogen) and CH; ¥4 can be selected from N (nitrogen) and CH,; Y3 can be selected from N
{nitrogen}, CH and C-OCHa; Y® can be selected from N and CR?, Y7 can be CR; Y° can be
CR™; each R" can be selected from ~Ci4 alkyl, ~Ci haloalkyl, ~-CHx(Cs« monocyclic
cycloatkyly, —Coa alkyH T alkoxy), —Coug alkyl (Ciy haloalkoxy), -CHa{4-6 membered
monocyclic heterocyelyl) and —CHa(5-6 membered monocyclic heteroaryl); each R® can be
selected from —N(R™HR™ and —R*; R can be selected froro —N(R™HR® and —R*; RY can
be selected from hydrogen, —-CHs, ~CH-CHjs, —-OH, -OCH; and -F; R'¢ can be selected from
hydrogen, —CHs, -CHCH3 and -F; R¥ can be selected from hydrogen, —CHz, -CH>UH;,
—OH, ~OCH: and —F; RS can be selected from hydrogen, -CHs, -CH-2CH; and -F; R® R?,
R, R* R R% can be independently selected from hydrogen and halogen; R% and R* can
be indepeudently selected from hydrogen, halogen, cvano, —CHa, —CH;CHa, —CHOH,
—OCH;: and —SCH;s; R™ can be selected from H (hydrogen), ~CHa, -CFs and —CHF»; R* can
be selected from H (hydrogen), halogen, —Ci4 alkyl, —Cis haloalkyl, —CHaR™ and

~C(CHNR™: R can be selected from —~NR™R™ and -RY'; R™ can be selected from

16-
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hydrogen, —{Ha, .4 alkyl and ~C>.4 haloalkyl; R™ can be selected from hydrogen, ~CHs,
~{5.4 alkyl and ~Coa haloalkyl; R can be selected from hydrogen, ~CHa, ~Cou alkyl and
~Cy.4 haloalkyl; R* can be selected from hydrogen, ~CHs, ~Cou alkyl and ~Co.s haloalkyl;
R can be selected from hydrogen, halogen and ~CHs; R can be selected from hydrogen,
halogen, -OH, ~CN and ~CHi; R™ can be selected from hydrogen, —Cia alkyl, Cse
monocychic cycloalkyl, Cs.io bicyclic cycloalkyl, 5- or 6-membered monocyclic heteroaryl, 4-
7 membered monocyclic heterocyclyl, 8-11 membered fused-heteroaryl, 8-11 membered
fused-heterncyclyl and ~R™; wherein the monocyclic heteroaryl, the bicyclic heteroaryl the
monocyclic heterocyelyl and the bicyelic heterocyclyl can contain at least one atom or group
of atoms independently selected from the group consisting of O {oxygen), S (sulfur), C(=0),
S(=0), S(=0) and N (mitrogen); wherein the —Cy.4 alkyl can be optiovally substituted with
one ot two or three substituents independently selected from halogen, cyano, bydroxy, -C, |
alkoxy, -Cis haloalkyl, -C, , haloalkoxy, -C(=0)0R*, —C(=0)NHS(=0)R",
—CEOWNER™R?, —8(=01R7, —-S(=0RNER HR?, NEDNCE=0RD, NERPHSE=ORZ,
“NERIHYCEONRPDR? and  -NERIDHSEONRYR?; wherein the Cis monocyclic
cycloalkyl, the Cs.qz bicyehic cycloalkyl, the 5- or 6-rembered roonocyclic heteroaryl, the 4-7
membered monocyclic heterocyclyl, the 811 membered fused-heteroary]l and the 8§11
membered fused-heterocyelyl can be optionally substituted with one, two, three or four
substituents independently selected from halogen, cyano, ~Cya alkyl, hydroxy, ~C,  alkoxy,
~Cia baloalkyl, -C, haloalkoxy, -C(=0)R”, -C(=0)OR”, -CE=O)NHS(=0RR™,
~C{=0IN(R™HR?, —8(=0nR”, —S(=0nNR IR, _NRHCE=OMRY, -NRHS(=0)R?,
~NERDHCE=ONR¥IR? and ~NERHS(=0)NR ™R, and R can be hydrogen, —Ci4 alkyl,
~{1.4 haloalkyl, Cs.6 monocyclic eycloalkyl{CHa)— or ~C(=tnOR™: R™ can be selected from
~CHs, —Cra alkyl, —Ci4 haloalkyl and —R*?, wherein the —Co4 alkyl is optionally substituted

with hydroxy; R™ can be selected from H (hvdrogen), ~Ci alkyl and ~Cy.4 haloalkyl; R

o

Q
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N
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wherein R can be optionally substituted with one or two substituents independently selected

from halogen, cyano, ~Ciq alkyl, hydroxy, ~C,  alkoxy, ~Ci4 haloalkyl, -C, , haloalkoxy,
~C=0)0RY, ~C=0)NHSE=0RRP, ~CEOINRYRY, -S(=0)RP, -SE=0RNER R,
“NERHC(=0)R, “N(R“HS(=0RZ, “NRHC=0MNRHR™ and

18-
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; wherein RY! can be optionally substituted with one or two

substituents independently selected from halogen, cyano, ~Ci.s alkyl, hydroxy, -C, | alkoxy,

~Cia haloalkyl, -Cy haloalkoxy, ~C(=(nORY,
CEONHS(=0RR™,  ~CEOINRYHR™,  -SE0RRY,  -S8EONERYHR™,
~NERYHCE=ORY, -NERYHSE0RY, ~NERVHCEONRYHRY and
VA
E;E‘v'&": R
—N
% w ii\)}\ o
o X
NERYHSEONRYIRY, RY can be selected from: R
RZt - WV Ho
N /
N (\ /‘(\{ .Q;L
%’ T
mlc} ‘ e 0 ‘ ™R R"“ H BN RW1
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; 1y, Wy, M, 1y, 12 and na can be independently | or 2; ma and na can
be independently 0, 1 or 2; ms and ns can be independentiy 1, 2, 3 or 4; each R* can be
independently selected from hydrogen, halogen, ~Cias alkyl, ~Cia haloalkyl, ~C(=0)R%?,
~C(=0YORY, ~S(=0RR™, ~CEEONEHRY and ~-S(=0N(RDR?;, each RY’ can be
independently selected from hydrogen, halogen, ~Ci alkyl, ~Ciy haloalkyl, ~C(=0)R™?,
~C=0YORY, —S(=0nRY?, ~C=0INRYHRY and ~S(=0)NERYHR™: R?! and R can be
independently selected from hydrogen, — i« alkyl, and —Cy.« haloalkyl; or R*! and R™ can
be taken together to form a monocyclic heterocyclyl when attached to the same nitrogen; R
and R™* can be independently selected from hydrogen, —~Ci .4 alkyl and ~Cy.4 haloalkyl; R
and RY? can be independently selected from hydrogen, —Ci.« alkyl and ~Ci.4 haloalkyl and
R™ can be selected from hydrogen, ~Cia alkyl and 5- to 6-membered monocyclic
heterocyclyl{CH2)~ optionally substituted with ~Cig alkyl.  In some embodiments, a
compound of Formula (), or a pharmaceutically acceptable salt thereof, can be where A can

NG Qli E o
\O R1b O 1//*\\ .
) ! i

; X! can be selected from CH and N (mitrogen); X2 can be selected from
O (oxygen) and CHo; ¥ can be selected from N (nitrogen) and CH; ¥? can be selected from
N (nitrogen} and CH; Y” can be selected from N (nitrogen) and CH; Y* can be selected from

N (nitrogen) and CH; Y?> can be selected from N (nitrogen), CH and C-OCH;; R’ can be
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selected from ~Cy4 alkyl, ~Cr4 haloalkyl, ~CHz{Cs.s monocyclic cyeloalkyl) and -CHx(4-6
menibered monocyclic heterocyciyl) and ~CHo(5-6 membered monocyclic heteroaryl); R’
can be selected from ~N(R®)IR™ and ~R¥; R'® can be selected from ~-N(R™HR? and -R*;
R¥M R™® R¥* R* R R™ can be independently selected from hydrogen and halogen; R* and
R¥ can be independently selected from hydrogen, halogen, cyano, -~CHi, —CH:CHs,
~CH-OH, ~OCH> and -SCHa; R™ can be selected from H (hydrogen), —CHa, ~CF3 and
~CHF:; R* can be selected from H (hydrogen), halogen, ~Ci4 alkyl, —~Cis haloalkyl,
~CHAR and ~CCHDRY: R* can be selected from ~N(R™HIR™ and ~RY: R can be selected
from ~CHz, ~Co4 alkyl and —~Cou haloalkyl; R%® can be selected from ~CHa, ~Cs4 alkyl and
—C5.4 haloalkyi; R™ can be selected from hydrogen, —Ci. alkyl, Ca.s monocyclic cycloalkyl,
Csap hicychic cycloalkyl, 5- or 6-membered juonocyclic heteroaryl, 4-7 membered
mounocyclic  heterocyelyl, 8-11 membered fused-heteroaryl, 8&-11 membered fused-
heterocyclyl and —R*; wherein the monocychc heteroaryl, the bicyclic beteroaryl the
monocychic heterocyelyl and the hicyelic heterocyclyl can contain at least one atom or group
of atoms independently selected from the group consisting of O {oxygen), S (sulfur), C(=0),
S(=0)}, 3(=0); and N {(nitrogen); wherein the —~Ci4 alkyl can be optionally substituted with
one or two or three substituents independently selected from halogen, cyano, hydroxy, -C
alkoxy, —Ciu  haloalkyl, —C, , haloalkogy, -CE=O0M0R™, -CE=0)NHS(=0RR™,
~C=0NR™HR?, -8(=0nR”, -S(=0nNRHR?Z, ~NRHCEMRY, -NRHS(=0R?,
“NROHCEMNRR™ and  —NEPHSEOINRR™; wherein the (a6 monocyclic
cycloalkyl, the Cs.iz bicyelic cycloalkyl, the 5- or 6-membered monocyclic heteroaryl, the 4-7
membered monocyclic heterocyclyl, the 8-11 membered fused-hetercaryl and the 8-11

membered fused-heterocyclyl can be optionally substituted with one or two or three

substituents independently selected from halogen, cyano, ~Ci4 alkyl, hydroxy, -C | alkoxy,
~Cia haloalkyl, -C, , haloalkoxy, ~C{=0Y0R? ) ~C(=0)NHS(=0 1R, -C(=0NRHR?,
~S{=0RR%, ~S{=0NER R, ~NRHC=RP, SNERAHS(=OIRD,

SNRAHCEONERZIR™ and ~-NRHS(EEOINRIR™; and R"! can be hydrogen, ~Ci.4 alkyl,
~Cy.4 halolkyl or Cas monocyclic cycloallkyl{CH»); R™ can be selected from ~CHs, {24
alkyi, ~C;4 haloalkyl and -RY*, wherein the -Co4 alkyl is optionally substituted with

hydroxy; R™ can be selected from H (hydrogen), ~Ci.4 alky!l and ~C;.4 haloalkyl; R*! can be
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WO 2022/266236 PCT/US2022/033653

~Cl=nNHS (=0 1R ™, ~C=OINRVHR Y, ~S(=0R™?, ~S{=0IN(RWHRW?,
SNERVHCEORYY, ~NERYOYS (=R Y, ~NERVHYCE=ONERPHRY? and
\/\" RW1
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and . Mg, 1, Ma, i, mo and na can be

independently I or 2; m4 and ns can be independently 0, 1 or 2; ms and ns can be
independently 1, 2, 3 or 4; each R™ can be independently selected from hydrogen, halogen,
~Cia atkyl, 1y haloalkyl, ~C(=()R™, ~C(=0)0R%, ~S(=0R™,
~C=ONRRY and -SEONRMIR?, each RY’ can be independently selected from
hydrogen, halogen, ~Cis alkyl, ~Ci4 haloalkyl, ~C=0RY, ~CE=00RY?, SS(=0nRW,
~CEONERYBRY? and -SEONERVHRYE R R, R™! and R™? can be independently
selected from hydrogen, —Cis alkyl, and ~Cis haloalkyl: and R™ and R’ can be
independently selected from hydrogen, —Cis alkyl and -Ci4 haloalkyl, In some

embodiments, a compound of Formala (1), or a pharmaceutically acceptable salt thereof, can
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\ , or ; X' can be
selected from CH and N (nitrogen); X° can be selected from O {oxygen) and CHa; Y' can be
selected from N (nitrogen) and CH; ¥ can be selected from N {nitrogen) and CH; Y can be
selected from N (nitrogen) and CH; Y4 can be selected from N (nitrogen) and CH; Y° can be
selected from N (nitrogen), CH and C-OCH:; Y® can be selected from N and CR*; Y7 can be
CR»; ¥® can be CRY, RY™ can be selected from (s alkyl, ~Cy4 halpalkyl, ~CHAHCas
monocyclic cycloalkyl), ~CHx(4-6 membered monocyclic heterocyclyly and ~CH»(5-6
membered monocyclic heteroaryl); R'® can be selected from ~-N(RHR®! and ~R*'; R' can
be selected from —~N(R™)HR* and -R*; R%, R?™ R¥, R%, R%, R™ can be independently
selected from hydrogen and halogen: R* and R can be independently selected from
hydrogen, halogen, cyano, —CHs, ~CHoCH:, ~CH2OH, ~OCH; and ~SCHa; R™ can be
selected from H (hydrogen), ~CHs, ~CFz and ~CHF2: R¥ can be selected from H (hydrogen),
halogen, ~Ci4 alkyl, ~Cis haloalkyl, ~CHoR™ and ~C(CH3)R™; R* can be selected from
“NR™HR™ and -RY., R can be selected from hydrogen, —CHa, —Co.q alkyl and —Cos
haloalkyl; R°® can be selected from hydrogen, ~CHs, —Cas alkyl and —Cou haloalkyl; R™ can
be selected from hydrogen, —CHs, —Cou alkyl and —Ca4 haloalkyl; R™ can be selected from
hydrogen, —CHs, —Cau alkyl and —Ca haloalkyl; R™ can be selected from hydrogen, halogen
and —CHz; R can be selected from hydrogen, halogen, -OH, CN and —-CHs; R™ can be
selected from hydrogen, —Ci4 alkyl, Css monocyclic cycloalkyl, Cs.io bicyclic evcloalkyl, 5-
or 6-membered wovnocyclic heteroaryl, 4-7 membered monocyclic heterocyclyl, 8-11
membered fused-heteroaryl, 8-11 wembered fused-heterocyclyl and —R*; wherein the
monocyclic heteroaryl, the bicyche heteroaryl the monocyclic heterocyclyl and the bicyclic
heterocyclyl can contain at feast one atom or group of atoms independently selected from the
group consisting of O (oxygen), 8 (salfur), C(=0), S(=0), S(=0), and N (nitrogen); wherein
the —Cir.4 alkyl can be optionally substituted with one or two or three substittents
independently selected from halogen, cyano, hydroxy, —-C,  alkoxy, ~Ci4 haloalkyl, -C

14

haloalkoxy, —~C{=0)OR?, ~CEOINHSEORRY, ~CEONRIHR?, -S(=00R%,
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~S{=0RNRIIR?,  -NRDCEORA, -NERPUS(=0IRY, ~NERDCEONRPIR  and
SNRSEONRPIRY, wherein the Cag monocyelic cycloalkyl, the (s bicyelic
cycloalkyl, the 3- or 6-membered monocyclic hetercaryl, the 4-7 membered monocyclic
heterocyclyl, the 8-11 membered fused-hetercary! and the §-11 membered fused-heterocyciyl
can be optionally substituted with one or two or three substituents independently selected
from halogen, cyano, ~Ciq alkyl, hydroxy, ~C, | alkoxy, ~Ci.4 haloalkyl, ~C, | haloalkoxy,
~C=O0R?, ~CE=OWNHS(=0LRY, ~CE=ONRDRT,) ~8(=00R%, ~S(=01NR HR™,
SNRHYC(=0)RY, ~NERHS(=0)R7, SNERAHC(=0)NRPHRD and
SNERAHSEOINRARY, and R can be hydrogen, ~Cra atkyl, —Cig haloalkyl, Css
monocyclic eycloalky{CHa)- or ~C(=0)O0R™; R™ can be selected from ~CHs, ~Co.s alkyl,
~Cy.4 haloalkyl and ~RY?, wherein the o4 alkyl is optionally substituted with hydroxy; R™
can be selected from H (hydrogen), —Cis alkyl and —Ci.4 haloalkyl; R can be selected from:
O

[9)
RZ? \\‘\ 5‘{&0

i:!-.)
~d
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\}é m /O 3
N X .
Sy o
o—R* @J
i and ; wherein R can be optionally sabstituted

with one or two substituents independently selected from halogen, cyano, —Cig alkyl,

hydroxy, fCl" 4 alkoxy, —Cis  haloalkyl, -C haloalkoxy, ~C{=ORA,

1-4
~C(=0)NHS(=01R™, ~C(=0NRHR™, ~5(=0nR"™, ~SEORNER RS,
~NRHCE=0)R, ~N(R™HS(=0)R", ~NR™HC(=0INRHR™ and
RZ.’!
N
iy

RZ'i RZ‘I o

/ / I

N N N Y im
N S . 33N

! ==

¢
??'L m; ;??_/L\Hiﬂ \

- RY can be selected from:
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8

- S /EL\ R“é“l1

;\R/A O/
and E . wherein RY' can be optionally substituted with one or two
substituents independently selected from halogen, cyano, —Crs alkyl, hydroxy, -C | | alkoxy,
—Cia haloalkyl, -C, haloalkoxy, —C(=0)ORWY,
~C=OWHSEORRY,  CEONRYOHR™,  5E=0RRY,  SE=0NERYHRY,
“NERVHCEORY, “NRYHSE=0RY?, “NERYHC=0NRYHRY? and

R R

/
-N

2 /
SN R
Sae. & f O
Mm “ j?l ny R

/ X/
N O pas) O
{ ):; \ fo \;SSS /L‘{nz \,ﬁl I L:aa./\\[/\/ ‘7’% :
S |

SNRYHSEOINERYIRY: RY? can be selected from:

and : 1oy,

o, M3, ny, m and ng can be independently | or 2; mu and n4 can be independently 0, 1 or 2;
ms and ns can be independently 1, 2, 3 or 4; each R™ can be independently selected from
hydrogen, halogen, —Cis alkyl, —=Ci4 haloalkyl, ~C(=(R?Z, —-C=0)0OR%, —S(=0nR%,

~C=O)NR™HR? and -S{=0)NR“HR??; each RY can be independently selected from

29
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hydrogen, halogen, ~Cis alkyl, ~Cis haloalkyl, ~C(=0)R™, ~C(=0)OR™?, -S{=0)nR"?,
C{=0NRYHRY and ~S=0NRYHRY?;, R and R™ can be independently selected from
hydrogen, 1.4 alkyl, and ~Cyrs haloalkyl; or R*! and R can be taken together to form a
monocyclic heterocyclyl when attached to the same nitrogen; R™' and R™? can be
independently selected from hydrogen, ~C . alkyl and —~Ci.4 haloalkyl; R and R™ can be
independently selected from hydrogen, ~Cia alkyl and ~Cis haloalkyl; and R™ can be
selected from hydrogen, —Ci4 alkyl and 5- to 6-membered monocyclic heterocyclhyl{CHz
optionally substituted with ~Ci.q alkyl. In some embodiments, a compound of Formula (I},

ta
R\

(&

@
g
Y8/ \ (gé\
N
or R ; each X' can be selected from

CH and N (nitrogen); X? can be O {oxygen); X* can be selected from CH, C-halo and N; Y!
can be selected from N (nitrogen} and CH; Y? can be selected from N {(nitrogen) and CH; Y3
can be selected from N (nitrogen) and CH; Y* can be selected from N (nitrogen) and CH; Y°
can be selected from N (nitrogen), CH and C-OCH;; Y can be selected from N and CR™; Y
can be CRP% Y® can be CR™; each R'® can be selected from ~Ciq alkyl, ~Ci4 haloalkyl,
~CH2(Cas monocyclic cycloalkyl), ~Cou alkvl{Ciy alkoxy), ~Coq alkyl (Ci.4 haloalkoxy),
~CHo{4-6 membered monocyclic heterocyclyly and ~CHa(5-6 membered monocyclic

heteroaryl); each R'® can be selected from ~N(R®HR and ~-R*; R’ can be selected from
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SNRMORM and -RY; R can be selected from hydrogen, ~CHas, ~CH;CHs, ~-OH, ~-OCH:z
and —F; R’® can be selected from hydrogen, ~CHa, ~CH>CHa and ~F; R' can be selected from
hydrogen, ~CHs, ~CHoCHa ~OH, ~OCH: and -F; R can be selected from hydrogen,
~CHa, ~CH-CHz and —-F; R™ R™, R™, R™, R*, R? can be independently selected from
hydrogen and halogen; R* and R* can be independently selected from hydrogen, halogen,
cyano, —CHs, ~CH.CHs, ~CHOH, ~OCH; and -SCHi; R™ can be selected from H
(hydrogen), ~CHs, —CF2 and —-CHFy; R* can be selected from H {(hydrogen), halogen, (.4
alkyl, —C1.¢ haloalkyl, ~CHaR™ and ~C(CH2)R®; R can be selected from ~N(R™)R™ and
~RY'; R™ can be selected from hydrogen, ~CHa, —Co.q alky!l and ~Cos haloalkyl: R can be
selected from hydrogen, ~CHs, ~Cza alkyl and ~Csa haloalkyl; R™ can be selected from
hydrogen, ~CHs, —Cou alkyl and —Cs. haloalkyl; R can be selected from hydrogen, —CHa,
—~Cr.4 alky! and —Ca4 haloalkyl; R can be selected from hydrogen, halogen and —CHa; R
can be selected from hydrogen, halogen, -OH, —CN and —CHs; R™ can be selected from
hydrogen, —Cia alkyl, Cis monocyclic cycloalkyl, Csi2 bicyclic cycloalkyl, §- or 6-
membered monocyclic heteroarvl, 4-7 membered monocyclic heterocyelyl, §-11 membered
fused-heteroaryl, 8-11 membered fused-heteroeyclyl and —R*; wherein the monocyclic
heteroaryl, the bicyclic heteroary] the monocyclic heterocyclyl and the bicyelic heterocyclyl
can contain at least one atow or group of atoms independently selected from the group
consisting of O (oxygen), S (sulfur), C(=0), S(=0), 3(=0) and N (vitrogen); wherein the
~Ch.a alkyl can be optionally substituted with one or two or three substittients independently
selected from halogen, cyano, hydroxy, -C, | alkoxy, ~Cig haloalkyl, -C, , haloalkoxy,
~CEMORY, C=0INHSEORRY, ~CEOINRIHR, ~S(=00R™, -S(=0RNER R,
CN(RPOYC(=0)R?, “N(R"HS (=R, “NRDCEONR RS and
SNRAHS(=ONR¥R?, wherein the Cse monocyclic cycloalkyl, the Csy» bicyclic
cycloalkyl, the 5- or 6-membered monocyclic heteroaryl, the 4-7 membered monocyclic
heterocyelyl, the 8-11 membered fused-heteroaryl and the 8-11 membered fused-heterocyclyl
can be optionally substituted with one or two or three substituents independently selected
from halogen, cyano, ~Ciq alkyl, hydroxy, -C, , alkoxy, ~Ci.4 haloalkyl, ~C,  haloalkoxy,
~C=OYORY, ~C=OINHSEORRY, ~CEONRMRY, -SE0RR™, -S(=0RNRR,
~NRDHC=0R™, -NRHS(=0)R™, ~NERDHC=ONR R and
SN(RAS(=0NRZ R, and RY can be hydrogen, —Cis alkyl, ~Ci4 haloalkyl, Cis
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monocyclic cycloalkyl{CH2)- or ~C(=0YOR™; R™? can be selected from ~CHa, ~Cay alkyl,
-4 haloalkyl and ~R?, wherein the ~Ca.4 alkyl is optionally substituted with hydroxy; R™
can be selected from H (hydrogen), ~Ci.4 alkyl and ~Cy .4 haloalkyl: R can be selected from:
3

G
Ré'l \1\\Q .{/""O
N 3,
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/

s

[} .
N my ES F{é 1
N O/

O--RZ!

m and : wherein R can be optionally substituted

with one or two substituents independently selected from halogen, cyano, - alkyl,

hydroxy, -C,, alkoxy, ~Cis haloatkyl, -C_, haloalkoxy, ~C(=0)OR™,
~C{=OINHS(=0nRY, ~C=OWN(RMHRY, ~§(=0pR%, ~§{=0RNRIR?,

~NRHC=0R™, ~NRS(=0)RY, ~NRAHC(=0)NRZHR? and

3l 7 P N
“N(RIS(=0RNRIR?; R* can be selected from: M, , i ;
V4l ral
jRZ‘. /R /R
G - e i 4N
e N . (!ﬁ; \Sfo
g 0
X \
1 v R&L my (}ZZ/\%\{;:\O
HO
O (@]
A N
! oL OH O
S ~ \Ré 7 N
Q
o ' .
( 255 R
1y, S, ;S‘é\g\ /my < \N O/
By _ H
LT ; RY! can be selected from:
o) //?
VW1 8]
o R\N} T (.
(AP (D ™
[~ Ol Dt
N ! 4 N !
2N, ), %),
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. wherein RY can be optionally substiited with one or two

substituents independently selected from halogen, cyano, ~Cig alkyl, hydroxy, ~C  alkoxy,

iy haloalkyl, ~C., haloalkoxy, ~C{=0YORYY
~C{=ONHS(=0):R™, ~C{=0)NERYHR W ~S(=0)R™?, ~S=0N(RVYHRW?,
SNER¥HCE=ORY, ~NERYHS(=0RY, ~NERVHOE=0WNERYHRY? and
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:V\! :R\'W
/
N
-~ 1103
\Q &fm
SNEVHSEOINERTHRY: RY? can be selected from: B ,
RZ{‘ R\N
N E /’\\
;rn \ /f \T‘h{ /\Y %71 /\\T/
EEL \f\)/ ( ﬁ ﬂ\,\,( R\,’\M
»O
n:\-') (0
T, VL S
RW OH o o an
Wt
;ég\N -~ RY
@
; My, M, M3, By, no and ns can be independently 1 or 2; my and ns can

be independently €, 1 or 2; ms and ns can be independently 1, 2, 3 or 4; each R™ can be
independently selected from hydrogen, balogen, —Cis alkyl, —Cis haloalkyl, ~C{=0)R%,
~C(=HORA!, —S(=0nR*, —-C=ONRHR® and —S(=O)N(R“HR?; each RY can be
independently selected from hydrogen, halogen, —Cia alkyl, ~Ciu4 haloalkyl, ~C(=0)R%™3,
~CEOHORY?, —8(=01RY?, ~CEMNERYHRY and -S(=0NRYHRYY, R? and R? can be
independently selected from hydrogen, ~Ci4 alkyl, and ~Ci4 haloalkyl; or R” and R can
be taken together to form a monocyclic heterocyclyl when attached to the same nitrogen; R™!
and R™ can be independently selected from hydrogen, —C;.4 alkcyl and ~Cy.4 haloalkyl; R
and R™ can be independently selected from hydrogen, —Ci4 alkyl and ~C . haloalkyl; and
R can be selected from hydrogen, ~Cis alkyl and 5- to 6-membered monocyclic
heterocyclyi{CHa)- optionally substituted with -Ci.s alkyl.

Embodiment 2

R?a
~0 b
xZ E
. 2
(8076] The compound of Embodiment 1, wherein A" can be :fe?_ A

35-
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Embodiment 3

{66771 The compound of Embodiment 2, wherein X' can be CH.
Embodiment 4

{6678) The compound of Embodiment 2, wherein X'canbe N{ pitrogen).
(80781 60791 Embodiment 5

[8879] The compound of any one of Embodiments 2-4, wherein R can be ~Cis

alkyl. Bxamples of Ci. alkyls include methyl, ethvl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl and tert-butyl.
Embodiment 6

(60801 The compound of any one of Embodiments 2-4, wherein R'® can be ~Cr4
haloalkyl, such as —CFs, -CHF,, -CH»F, -CCl, -CHCh, -CH»Cl, —CHCF;5 and —CH2CHF,.
Embodiment 7

[8681] The comapound of any one of Embodiments 2-4, wherein R'™ can be —Cos
alkyl{Ci.4 alkoxy) or —Co alkyl (Ciu haloalkoxy).
Embodiment 8

{60821 The compound of any one of Embodiments 2-4, wherein R™ can be
selected from —-CHxCis monocyclic cycloatkyl), —CH»(4-6 membered wmonocychic
heterocycelyl) and —CHa(5-6 membered monocyclic heteroaryl).  Exemplary monocyclic
cycloalkyls inchude cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl In somwe
embodiments, the 4-6 membered monocycelic heterocyclyl of the —~CHx{(4-6 membered
monocyclic heterocyelyly and/or the 5-6 membered monocyclic heteroaryl of the ~CHo(5-6
membered monocyclic hetercaryl) can include one or more ring atoms (such as 1, 2 or 3}
selected from N (nitrogen), O (oxygen) and 5 {sulfur).
Embodiment 9

{8083) The compound of any one of Embodiments 2-8, wherein R can be
SN{R"HR
Embodiment 10

[6084] The compound of Embodiment 8, wherein R”! can be hydrogen, such that

R'P can be ~-NH(R™).

36-
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Embodiment 11

{(085] The compound of any one of Embodiments 2-8, wherein R can be
~C(=(HOR* . In some embodiments, R can be a Cy4 alkyl. In other embodiments, R can
be 5- to 6-membered monocyclic heterocyclyl{ CH2)- optionally substituted with -4 alkyl.
Embodiment 12

(00861 The compound of any one of Embodiments 9-11, wherein R™ can be -C.
4 alkyl optionally substituted with ~C(=0)OR?' or 4-7 membered monocyclic heterocyciyl
optionally substituted with hydroxy. Examples of Ci4 alkyls inchude methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl. In some embodiments, the 4.7
membered monocyclic heterocyelyl optionally substituted with hydroxy can include one or
more ring atoms {(such as 1, 2 or 3} selected from N {(nitrogen), O (oxygen) and S (sulfur).

Embodiment 13

}&/\]/QH

e

{80871 The compound of Embodiment 12, wherein R™ can be
Embodiment 14
[GO8R] The compound of Embodiment 12, wherein R™' can be tetrahydrofuran or

tetrahvdro-2H-pyran, each optionally substituted with hydroxy.
Embodiment 15

G

Ty

{60891 The compound of Embodiment 14, wherein R™ can be OH,

9

G
~d
'
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3 hl<; /[} 3 o
e

. In some embodiments, R™' can be OH pr HO . In other

: 9]
névCN
embodiments, R®! can be ; .

Embodiment 16

{80901 The compound of any one of Erobodiments 9-11, wherein R™ can be
—R*
Embodiment 17

{86911 The compound of Embodiment 16, wherein -R¥ can be

Rg’.’!
/
N

¢ H

/7'%_ N
........ o R
N 2
ime | In some embodiments, —R* can be w’ .

Embodiment I8

{80921 The compound of any one of Embodiments 2-8, wherein R can be —R*.
Embodiment 19

{8893 The compound of Embodiment 18, wherein ~R* can be selected from:

{ -
NG
BN )

Embodiment 20

(1153

{8094] The compound of Embodiment 19, wherein ~-RY can be selected from:

i
f

5 Ot o /

, F~ . -
a5 AT AT O %@@«
Y % o
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¢ o 7
A \//lk ,\7)&
?{ ?\{3/ O AZ{N/’\ O/Y | .1{, ;\{.\, CHH

N Need Ned
Y, LS 4
O
e { % . /\V/
';)“‘ O.,J"
% and O . In some embodiments, ~-R* can be
O
i
r’ /L\NH OH q N \/u\
4 ! /
- h\ "’ / N *2 /N\\JI
selected from: ﬁl@ N~ i{ , ,
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Embodiment 21

{68095] The compound of Embodiment 1, wherein Al can be
R'la
™0
xZ )

i ch

2N

Embodiment 22

{6696} The compound of Embodiment 21, wherein X'can be CH.
Embodiment 23

{66971 The compound of Embodiment 21, wherein Xleanbe N (nitrogen).
Embodiment 24

[0898] The compound of any one of Embodiments 21-23, wherein R'™ can be
~C14 alkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-
butyi.

Embodiment 25

2

{6899] The compound of any one of Erobodiments 21-23, wherein R* can be
—(Ci.4 haloalkyl. Examples of suitable Ci4 haloalkyls include, but are not hmited to, —-CFs,
~CHF, -CHF, —CCls, -CHCh, -CHCl, -CHoCFz and -CHCHF..

Embodiment 26

2

{61661 The compound of any one of Embodiments 21-23, wherein R can be
selected from —-CHo(Css monocyelic eycloalkyly, —-CHz(4-6 membered monocyclic
heterocyelyl) and —~CHo{5-6 membered monocyclic heteroaryl). Examples of mounocychic
cycloatkyls include cyclopropyl, cyelobutyl, cyclopentyl and cyclohexyl. In some
embodiments, the 4-6 membered monocyclic heterocyciyl of the —CHz(4-6 membered
monocyclic heterocyclvl) and/or the 5-6 membered monocyclic heteroaryl of the ~CHx(5-6
memtbered monocyclic heteroaryl) can include one or more ring atoms (such as 1, 2 or 3)
selected from N (nitrogen), O (oxygen) and S (sulfur).

Embodiment 27
[0101] The compound of any one of Embodiments 21-26, wherein R can be

N(Rm‘ )Rn} .

4()-
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Embodiment 28

{68162} The compound of Embodiment 27, wherein R can be hydrogen.
Embodiment 29

{81031  The compound of Embodiment 27, wherein R* can be ~C(=0)OR*. In
some embodiments, R” can be a Cia alkyl. In other embodiments, R™ can be 5- to 6-
membered monocyclic heterocyclyl(CHo)— optionally substituted with —Ci.4 alkyl.
Embodiment 30

{81847 The compound of any one of Embodiments 27-29, wherein R™ can be Ca.
¢ monocyclic cycloalkyl, ~Ci4 alkyl optionally substituted with ~C(=C)OR* or 4.7
membered monocyclic heterocyelyl optionally substituted with hydroxy. Exemplary Cig
alkyls include methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl.
In some embodiments, the 4-7 merabered roonocyclic heterocyclyl optionally substituted
with hydroxy can inclade one or more ring atoms (such as 1, 2 or 3) selected from N
{nitrogen), O {oxygen) and 8§ (sulfur).

Embodiment 31

E{A\[f@%ﬁ

{8165] The compound of Embodiment 30, wherein R™ can be Q

Embodiment 32
{8186] The compound of Embodiment 30, wherein R™ can be oxetane,

tetrahydrofuran or tetrabydro-2H-pyran, each optionally substitited with hydroxy.

41-
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Embodiment 33

(81671 The compound of Embodiment 32, wherein R™ can be OH

/

s : > or

@

In some embodiments, R™! can be OH or HO . In other

O
embodiments, R®! can be .

Embodiment 34

{81681 The compound of any one of Embodiments 27-29, wherein R can be
_RXQ
Embodiment 35

{8169} The compound of Embodiment 34, wherein ~R*  can be

YAl

')J

1
’I

% %
-------- o

1y . In some embodiments, -R¥ can be

Zr

Embodiment 36
{6118 The compound of any one of Embodiments 21-26, wherein R’ can be



WO 2022/266236 PCT/US2022/033653

Embodiment 37

{8111} The compound of Embodiment 36, whergin - -R* can be selected from:
&

Zt
R\

N 3
( y 3 E?N/Q“ZN R géN e
~ R B m R N
o et M\(N >ﬁ<0 Ao Uy
/af )mz { ‘Y |

~
m; TR R R and v
, , :

Embodiment 3%

{6112} The compound of Embodiment 37, wherein ~R* can be selected from:
O
I /
;/K " f\;/ f\/ ~ [ i\\oH /j\o” g
B ., % % . ke ~ Ee
O
o L
" Eta

O ’ O
/\7/LO/\/ 7/“\ /\r 3 /\Y
‘A{N\’ | ‘a{ “%_f
o e I §
- HN"JQ Q/Z\ a [
LN BN /
] f\jg\/ A A i
22{ , }f o , 3{ , Q OH, j"fif

N/(EJL ‘f>/l<
/\TQ ‘
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selected from:
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Embodiment 39

[6113]
Hubodiment 40
(6114}
Bmbodiment 41
[6115]
Hmbodiment 42
[6116]
Hubodiment 43
[6117]
Hubodiment 44
[6118]
HEmbodiment 45

[6119]

Ol T

PCT/US2022/033653

\
\

and o

In some embodiments, ~R* can be

The compound of Claim I, wherein A’ is

The compound of Embodiment 39, wherein X' is CH.

The compound of Embodiment 39, wherein X' is N.

The conmpound of any one of Erbodiments 39-41, wherein X7 is CH.

The compound of any one of Embodiments 39-41, wherein X7 is C-halo.

The compound of any one of Embodiments 39-41, wherein X7 is N.

ks - v 1.; -
The compound of any one of Embodiments 39-44, wherein R is -Cyy

alkyl. As anexample, R can be ~CHa.

A4
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Embodiment 46

{6128] The compound of any one of Embodiments 39-44, wherein R is -Cia
haloatkyl.
Embodiment 47

(6121} The compound of any one of Embodiments 39-44, wherein R'* is selected
from the group consisting of ~CHx{Cae monccyclic cycloalkyl), ~CHx4-6 membered
monacyclic heterocyelyl) and ~CH2(5-6 membered monocyclic heteroaryl).
Embodiment 48

{6122} The compound of any one of Embodiments 39-47, wherein R'? i3
SN(RPHRM.
Embodiment 49

{61231 The compound of any one of Embodiments 39-47, wherein R™ ig
hydrogen.
Embodiment 50

{81243 The compound of any one of Embodiments 39-47, wherein R i3
~C(=00R™.
Hmbodiment 51

{81251 The compound of any one of Hmbodiments 39-50, wherein R™ ig
hydrogen.
Embodiment 52

{8126] The compound of any one of Embodiments 39-50, wherein R™ is —Cis
alkyl optionally substituted with ~C(=0)}OR?! or 4-7 membered monocyclic heterocyelyl
optionally substituted with hydroxy.
Embodiment 53

(81271 The compound of any one of Embodiments 3%-50, wherein R™ is Cs
monocyclic cycloalkyl or Cs monocyclic cycloalkyl.
Embodiment 54
”%/\T OH

T

{81281 The compound of Embodiment 52, wherein R™! is O

45.
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{68129} The compound of Embodiment 52, wherein R™ s tetrahydrofuran or
tetrahydro-2H-pyran, each optionally substituted with hydroxy, or piperidine optionally
substituted with ~-C(=0)R"".

Embodiment 56

[6136] The compound of Embodiment 55, wherein R™' is wherein R™ can be
G,
/Lg % 2 o O
“,
et §AA<:>N—/< % O
OH, HE , i
N
- /Q
vl’\/
% o C
or . In some embodiments, R™ can be OH or

E .

9]
“ngN“-<
HO . In other embodiments, R™ can be .

Hobodiment 57
[8131] The compound of any one of Ermbodiments 39-30, wherein R™ is -R*2

Embodiment 58

{81321 The compound of Embodiment 57, wherein —R* is

Py
some embodiments, -R¥ is QY .
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Embodiment 39

R’f\ )
N—“—
7
I
¢
[8133] The compound of Embodiment 57, wherein —R*? is my or

L\g .

Embodiment 60
{8134} The compound of any one of Embodiments 39-47, wherein R is —-R*L
Embodiment 61

{6135] The compound of Embodiment 60, wherein ~R* s selected from the

group consisting of:

;fé\N/\i\' }mz

\
{ - N\Rm
m
and O in some embodiments, R*! can be . For example, R*!
p
\ N
N
\\ N X3
can be R wherein one R can be hydrogen; and the other R* can he

~C(=0)0OR?!, wherein R”! can be ~Cir.4 allkyl.
Embodiment 62

[8136] The compound of Embodiment 61, wherein —R* is selected from the

7
, N
| it /,j { OH
- Pl o N N

B 4
group consisting of:
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o N s‘{, \/ | %{,N\j LZ{N
A jf\o \//?Lo A [ OH
Y-aadN-aa Ve N0

)
)
I

;”fpwmjlkﬂ’%” L:j@/

N~
-
% and O . In some embodiments, ~-R* can be
o
,..,_‘N)J\
j
%N\J

selected from: 7
Embodiment 63

[6137] The compound of any one of Embodiments 39-62, wherein R is
hydrogen.
Embodiment 64

[6138] The compound of any one of Embodiments 39-62, wherein R' is ~OH.

48-
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Embodiment 65
[3139]
Embodiment 66
[6146]
Embodiment 67
(6141}
hydrogen.
Embodiment 68
[6142]
Embodiment 69
[0143]
hydrogen.

Brbodiment 70

[6144]
Bubodiment 71
[0145]
hydrogen.
Embodiment 72
[§146]
Ria
¥y N

Embodiment 73
{0147]

Embodiment 74
[6148]

Embodiment 75
19149]

{nitrogen).

PCT/US2022/033653

The compound of any one of Embodiments 39-62, wherein R'® is ~CHa.

The compound of any one of Embodiments 38-62, wherein R'® is -F.

The compound of any one of Embodiments 63-66, wherein R is

The compound of any one of Embodiments 63-66, wherein R'¢ is ~CH;.

The compound of any ome of Embodiments 63-68, wherein R is

The compound of any one of Ermbodiments 63-68, wherein R is <CHa.

The compound of any one of Erbodiments 63-70, wherein R'® ig

The compound of any one of Embodiments 1-71, wherein B! can be

The compound of Embodiment 72, wherein Y can be N (nitrogen).

The compound of Embodiment 72, wherein Y!canbe CH.

The compound of any one of Embodiments 72-74, wherein Y* can be N

49.



WO 2022/266236

Embodiment 76
[61560]
Embodiment 77
[6151]
(hydrogen).
Embodiment 78
[6152]
CHa.
Embodiment 79
[6153]
CFs.

Embodiment 80

CHF,.

[6156]
Hmbodiment 83
[6157]
Hmbodiment 84
[6158]
(nitrogen).
Embodiment 84
[6159]

PCT/US2022/033653

The compound of any one of Embodiments 72-74, wherein Y is CH.

The compound of any one of Embodiments 72-76, wherein R* can be H

The compound of any one of BEmbodiments 72-76, wherein R™ can be —

The compound of any one of Embodiments 72-76, wherein R™ can be -

The compound of any one of Embodiments 72-76, wherein R can be —

The compound of any one of Hmbodiments 1-71, wherein B' can be

The compound of Embodiment 81, wherein Y~ can be N (nifrogen).

The compound of Embodiment 81, wherein Y can be CH.

The compound of any one of Embodiments 81-83, wherein Y* can be N

The compound of any one of Embodiments 81-83, wherein Y* can be CH.
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Embodiment 86

{8160] The compound of any one of Embodiments §1-85, wherein Y3 can be N
(nitrogen).
Embodiment &7

{8161} The compound of any one of Embodiments 81-85, wherein Y° can be CH.
Embodiment 88

[0162] The compound of any one of Embodiments §1-85, wherein Y” can be C-
OCH;.
Embodiment 89

{8163} The compound of any one of Embodiments 81-88, wherein R* can be H
(hydrogen).
Embodiment 30

[9164] The compound of any one of Frbodiments 81-88, wherein R*™ can be
halogen. In some embodiments, R can be fluors. In other embodiments, B* can he chioro.
Embodiment 31

[8165] The compound of any one of Embodiments 81-88, wherein R* can be —
Cyz alkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-
butyl.
Embodiment 92

{8166] The compound of any one of Embodiments 81-88, wherein R* can be —
;.4 haloalkyl. Forexample, R*™ can be selected from ~CFs, ~CHF,, ~CHaF, ~CCl, ~CHCls,
~CHCY, ~CHCF; or ~CHCHF,.
Embodiment 93

[6167] The compound of any one of Embodiments 81-88, wherein R** can be -
CHaR™.
Embodiment 94

[6168] The compound of any one of Embodiments 81-88, wherein R* can be -
C(CH)R™,
Embodiment 95

[616%9] The compound of Embodiment 93 or 94, wherein R*™ can be ~-N(R™R™.
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Embodiment 96

{6178] The compound of Embodiment 95, wherein R™ can be ~CHs.
Embodiment 87

(8171} The compound of Embodiment 95, wherein R™ can be ~Ca4 alkyl, such
as ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl.
Embodiment 98

(9172} The compound of Embodiment 95, wherein R™ can be ~Ci.4 haloalkyl. In
some embodiments, R™ can be selected from —~CFs, ~CHF,, ~-CHyF, ~CCl, ~CHCL, —
CHy(CH, ~CH:CFs and ~-CHCHFE,.
Embodiment 99

{0173] The compound of Embodiment 95, wherein R™ can be ~Coa alkyl
substitted with hydroxy.  Examples of suitable Cos alkyls include ethyl, n-propyl, iso-
propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl.

Embodiment 180

19174] The compound of any one of Embodirnents 95-99, wherein R™ can be H
(hydrogen).

Embodiment 101

{81751 The compound of any one of Embodiments 95-99, wherein R™ can be —
Cis alkyl. For example, R™ can be methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl or tert-butyl
Embodiment 102

{8176] The compound of any one of Embodiments 95-99, wherein R™ can be —
1.2 haloalkyl. For example, R™ can be —CF3, ~CHF», ~CHoF, —~CClz, -CHCl, ~CH:C1, -
CHOCF7 or ~CHCHP,.
Embodiment 103

{81777  The compound of Embodiment 93 or 94, wherein R*" can be -RY\.
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Embodiment 104
{$178] The compound of any one of Embodiments 1-71, wherein B' can

o
R%lN/‘Q:\ N

O N 6]

be 533%
Embodiment 183

19179] The compound of Embodiment 104, R can be hydrogen.
FEmbodiment 106

{81881 The compound of Embodiment 104, R>% can be —(Ha.
Embodiment 187

(4181} The compound of Embodiment 104, R™ can be —Coy alkyl. Exemplary
Co alkyls include ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl.
Embodiment 108

[0182] The compound of Embodiment 104, R* can be —C>. haloalkyl. Suitable
>4 haloalkyls include, but are not limited to, ~CHCFi, ~CHyCHPF,, ~CH>CHLCF;, -~
CHYCHCHEs, ~CHCHCHoCFs and ~CHCHYyCHCHE:.
Embodiment 109

{8183} The compound of any one of Embodiments 104-108, wherein R g
hydrogen.
Embodiment 110

[6184] The compound of any one of Embodiments 104-108, wherein R can be -
CHs.
Embodiment 111

[8185] The compound of any one of Emwbodiments 104- 108, wherein R can be —
o4 alkyl, such as ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl
Hbodiment 112

[G186] The compound of any one of Embodirsents 104-108, wherein R can be —
Cas haloalkyl., Exemplary Cou haloalkyls include, but are not hmited to, -CHoCFs, -

CHYCHE,, CHCHCFs, -CHCHRCHE, -CHCH2CHLCFs and —CHCHCHCHEF.
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Embodiment 113

{$187] The compound of any one of Embodiments 104-112, wherein Y® can be N
(nitrogen).
Embodiment 114

[8188] The compound of any one of Embodiments 104-112, wherein Y® can be
CR*.
Embodiment 113

[6189] The compound of Embodiment 114, wherein R™ can be hydrogen.
Embodiment 116

(61901 The compound of Embodiment 114, wherein R ¢can be ~CHa.
Embodiment 117

{61911 The compound of Embodiment 114, wherein R can be —Cra alkyl, for
exaraple, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl. .
Embodiment 118

[8192] The compound of Embodiment 114, wherein R can be —(Ca.4 haloalkyl.
A non-limiting hist of Cyry haloalkyls inchide, but are not hmited to, -CHCF;, -CHCHE,, —
CHYCHYCFs, ~CHYUHCHEF,, ~CHoCHCHLCF; and —~CHCHOCHLCHF.
Embodiment 119

[4193] The compound of any one of Embodiments 1-71, wherein B! can be

G
7
Yg/Y\ fs\
ij
RS(E

Embodiment 120

[0194] The compound of Embodiment 119, wherein R> can be hydrogen.
Embodiment 121

[8195] The compound of Embodiment 119, wherein R can be ~CHa.
Embodiment 122

[9196] The compound of Embodiment 119, wherein R can be ~Co4 alkyL
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Embodiment 123

PCT/US2022/033653

{81971 The compound of Embodiment 119, wherein R can be ~Cay haloalkyl.

Embodiment 124

[6198] The compound of any one of Embodiments
CR™, wherein R™ is hydrogen.
Embodiment 125

[9199] The compound of any one of Embodiments
CR¥, wherein R is halogen, such as fluoro or chloro.
Embodiment 126

[6208] The compound of any one of Embodiments
CR> wherein R is ~CHs.
Embodiment 127

(6261} The compound of any one of Embodiments
CR¥, wherein R* can be hydrogen.
Embodiment 128

[6202] The compound of any one of Emnbodiments
CRY wherein R¥ can be halogen, such as F, Cl or Br.
Embodiment 129

[4243] The compound of any one of Embodiments
CR¥ wherein R can be -OFHL
Embodiment 130

[6204] The compound of any one of Embodiments
CRY, wherein R can be CN.
Embodiment 131

{92851 The compound of any one of Embodiments
CR”, wherein R can be ~CHa.
Embodiment 132

[6206] The compound of any one of Embodiments

R’ R’ and R’ can be each hydrogen.

55.

119-123, wherein Y7 can be

119-123, wherein Y7 can be

119-123, wherein Y7 can be

119-126, wherein Y® can be

119-126, wherein Y® can be

119-126, wherein Y® can be

119-126, wherein Y® can be

119-126, wherein Y® can be

1-131, wherein R™ R, R™
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Embodiment 133

{62671 The compound of any one of Embodiments 1-131, wherein R? R R
R’ and R are each hydrogen: and R™ is halogen.
Embodiment 134

{6208] The compound of any one of Embodiments 1-131, wherein R™, R*, R™,
R’ and R™ are each hydrogen; and R* is halogen.
Embodiment 133

[6209] The compound of any one of Embodiments 1-134, wherein R* and R*
can be each halogen. In some embodiments, R and R* can be each fluoro. In other
embodiments, B?Y and R can be each chioro.
Embodiment 136

{62301 The corapound of any one of Embodiments §-134, wherein R and R¥
can be each -CHa.
Embodiment 137

19211} The compound of any one of Embodiments 1-134, wherein R* can be
hatogen; and R* can be -CH.
Hbodiment 138

{62321 The compound of any one of Embodiments 1-134, wherein R* is —CHa;
and R is halogen.
Embodiment 139

[6213] The compound of any one of Embodiments 1-134, wherein R is cyano;
and R*" is halogen.
HEmbodiment 140

{62141 The compound of any one of Embodiments 1-134, wherein R™ is —OCH3;
and R* is halogen.
Embodiment 141

[68215]) The compound of any one of Embodiments 133-135 or 137-140, wherein

the halogen can be chloro or fluoro.
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Embodiment 142

{68216]) The compound of Embodiment 1 selected from:
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Embodiment 143

{6217} The compound of Embodiment 1 selected from:
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, Of &
pharmaceutically acceptable salt of any of the foregoing.
Embodiment 144

{8218] The compound of Embodiment | selected from:
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Embodiment 145

{6219]) The compound of Embodiment 1 selected from:
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Embodiment 146

{6228] The compound of Embodiment 1 selected from:
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Embodiment 14

The compound of Embodiment 1 selected from:

{6221}
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and

, or a pharmaceutically acceptable salt of any of the
foregoing.
Embodiment 148

{62221 The compound of Embodiment | selected from: A-1 to A-139, B-1, B-2,
B-3, B-4, C-1, D-1, D-2, -3, B4, -5, D-6, D-7, D-8a, D-8b, D-10, D-11, D-12, D-13, D-
14, DB-15, &-16, D-17, D-1§, B-19, E-1, E-2, E-3, F-1, G-1, H-1, -1, J-1, J-2, }-3, J-4, K-1a,
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K-1b, L-ia, L-ib, M-1a, M-ib, M-Za, M-2b, M-3a and M-3b, or a pharmaceutically
acceptable salt of any of the foregoing.
Embodiment 149

[6223] A pharmaceutical composition that can include an effective amount of a
compound of any one of Embodiments 1-148, or a pharmaceutically acceptable salt thereof,
and excipient.
Embodiment 150

{6224} A method for treating hepatitis B in a subject that can include
administering to the subject in need thereof an effective amount of a compound of any one of
Embodiments 1-148, or a pharmaceutically acceptable salt thereof.
Embodiment 151

[6225] A method for treating hepatoceilalar carcinorna (HCC) 1o a subject that
can inchide administering to the subject 1n need thereof an effective amonnt of a compound
of any one of Embodiments [-148, or a pharmaceutically acceptable salt thereof.
Embodiment 152

{82261 The method of any one of Embodiments 150-151, that can further inchide
admivistering surgery, radiation therapy, chemotherapy, targeted therapy, iromunotherapy,
horroonal therapy, or antiviral therapy.
Ebodiment 133

{62271 A compound of any one of Hmbodiments 1-148, or a pharmaceutically
acceptable salt thereof, for use in treating hepatitis B.
Embodiment 154

[6228] A compound of any one of Embodiments 1-148, or a pharmaceutically
acceptable salt thereof, for use in treating hepatocellular carcinoma (HCC).
Hmbodiment 133

{82281 The compound of any one of Embodiments 153-154, that can further
include administering surgery, radiation therapy, chemotherapy, targeted therapy,

immunotherapy, hormonal therapy, or antiviral therapy.
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Embodiment 156

[61238] Use of a compound of any one of Embodiments 1-148, or a
pharmaceutically acceptable salt thereof, in the preparation of a medicament for use in
treating hepatitis B.
Embodiment 157

(6231} Use of a compound of any one of Embodiments [-148, or a
pharmaceutically acceptable salt thereof, in the preparation of a medicament for use in
treating hepatocellular carcinoma (HCC).
Embodiment 158

[8232] The use of any one of Embodiments 156-137, that can further include
administering surgery, radiation therapy, chemotherapy, targeted therapy, immunotherapy,

horroonal therapy, or antiviral therapy.

Methods for the Preparation

{8233] In this section, as in all other sections unless the context indicates
otherwise, references to Formula (1), along with pharmaceutical acceptable salts thereof,
include all other seb-groups and examples thereof as provided herein. The general
preparations of some representative examples of compounds of Formula (I) are described
herein, and are generally prepared from starting mwaterials which are either commercially
available or prepared by standard synthetic processes used by those skilled in the art.

{8234] In this section, as in all other sections unless the context indicates
otherwise, references to Formula (I), Formula (II), Formula (I} and Formula (IV), along
with pharmaceutical acceptable salts thereof, include all other sub-groups and examples
thereof as provided herein. The general preparations of some representative examples of
compounds of Fornuila (D), Formula (31}, Formula (1), and Formula (IV)  are described
herein, and are generally prepared from starting materials which are either commercially
available or prepared by standard synthetic processes used by those skilled in the art.

[6235] The following schemes a represent example preparations compounds of
Formula (I}, Formula (I3, Formula (1f} and Formula (IV), along with pharmaceutically
acceptable salts thereof. Compounds of Formmla (1), Formula (1), Formula (111 and Formula

(1V), along with pharmaceutically acceptable salts thereof may also be prepared by
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analogous reaction protocols as described in the general schemes below, combined with
standard synthetic processes used by those skilled in the art.
{6236} All variables shown in the schemes are defined as mentioned herein,

unless otherwise is indicated or is clear from the context.

General Scheme |

Intermediate 11-1
Intermediate -2
Intermediaie I1-3

ALLG
3 |
N
2

{62371 In general, compounds of Formula (I} can be prepared according to
Scheme 1. In Scheme 1, LG is defined as Br or Cl.  All other variables in Scheme | are
defined according to descriptions provided herein. In Scheme 1, the following reaction
conditions  apply: (1) In the presence of suitable catalyst (for example,
bis(triphenyiphosphine )palladiom(ll} dichloride} in a suitable solvent, such as 1.4-dioxane,
with a suitable base (for example, KOAc) at a suitable temperature (for exampie, 98 °C); (2)
In the presence of suitable catalyst (for example bis{triphenylphosphinejpalladium(il)
dichloride) in a suitable solvent, such as 1,4-dioxane, with a suitable base, such as KoCU (5 at

a suitable ternperature (for example 90 °C).
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General Scheme 2

X H

LG’H\;[ :
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{8238] In general, compound with Formulae (II) and (I} can be prepared
according to Scheme 2. In Scheme 2, the following reaction conditions apply: (1) In the
presence of suitable catalyst {for example, bis{triphenylphosphine)palladinm(ll) dichloride)
in a suitable solvent, such as 1,4-dioxane, with a suitable base (for example, KoCO3) at a
suitable temperature (for example, 20 “C); (2) In the presence of an appropriate reductive
reagent, such as sodium cyanoborohydride or sodium triacetoxyborohydride, in a suitable
solvent (for example, DCM or MeQOH) at a suitable temperature, such as approximately 20
°C.
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General Scheme 3
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Intermediate 11-2 intermediate 1[-3

{62391 In geveral, Intermediates for preparing comnpounds with Formudae (1), (ID
and (1) can be prepared according to Scherve 3 with suitable protection group. In Scheme
3, the following reaction conditions apply: (1) In the presence of suitable catalyst {for
example, bis(triphenylphosphine)paliadium(3l) dichloride) 1n 2 suitable solvent, such as 1,4-
dioxane, with a suitable base (for example, K2CQs) at a suitable temperature (for example, 90
°CY; (2) In the presence of suitable acid (for example, HCL in 1,4-dioxane) in a suifable
soivent {for example, t-BuOH) at a suitable temperature {for example, 180 °C); (3) In the
presence of suitable base (for example, potassium tert-butoxide) in a suitable solvent, such as
THF. at a suitable temperature {for example, 20 °C); (4) In the presence of suitable coupling
reagents (for example, N,N,N' N'-tetramethvichloroformamidinium hexafluorophosphate and
N-methylimidazole) in a suitable solvent (for example, acetonitrile) at a suitable temperature

(for example, 50 °C).
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General Scheme 4
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6248 n general, compounds with Formila (IV) be also prepared according to
[6248] Ing ] pounds with F Ia (IV) be also prepared ding ¢

Scheme 4. In Scheme 4, the following reaction conditions apply: (1) In the presence of
suitable base (for example, potassium tert-butoxide) in a suitable solvent, such as THF. at a
suitable temperature (for example, 20 °C); (2) In the presence of suitable catalyst {for
example, bis(iriphenylphosphinejpaliadium(il) dichloride) in a suitable solvent, such as 1.4~
dioxane, with a suitable base (for example, K2COs) at a suitable temperature (for example, 90
°Cy, (3 In  the  presence  of  suitable  catalyst  {for example,
bis{triphenylphosphine )palladiom(1l} dichloride} in a suitable solvent, such as 1,4-dioxane,
with a suitable base (for example, K-CQ3) at a suitable temperature (for example, 90 °C); (43
In the presence of a suitable acid, such as concentric HCL acid, in a suitable solvent (for
exarmple the mixture of H:0 and THF), at a suitable temperature (for example approximately

s}

20 °CYy; (5) In the presence of an appropriate reductive reagent, such as sodium
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cyanoborohydride or sodium triacetoxyborohydride, in a suitable solvent (for example, DCM

or MeOH) at a suitable temperature, such as approximately 20 °C.

Pharmaceutical Compositions

(8241} Some embodiments described herein  relate to  pharmaceutical
compositions that comprise, consist essentially of, or consist of an effective amount of a
compound described herein (such as a compound of Fornmla (I}, or a pharmaceutically
acceptable salt thereof) and a pharmaceutically acceptable carrier, excipient, or combination
thereof. A pharmaceutical composition described herein is suitable for human and/or
veterinary applications.

{6242} The terms “function” and “functional” as used herein refer to a biological,
enzymatic, or therapeutic function.

[8243] The terms “effective amount” or “effective dose” 1s used to indicate an
amount of an active compound, or pharmacentical agent, that elicits the biological or
medicinal response indicated. For example, an effective amoant of compound can be the
amonnt needed to alleviate or ameliorate symptoms of disease or prolong the survival of the
subject heing weated This response may occur in a tissue, system, animal or homan and
includes alleviation of the signs or symptoms of the disease being treated. Deternunation of
an effective amonnt is well within the capability of those skilled in the art, in view of the
disclosure provided herein. The effective amount of the compounds disclosed herein required
as a dose will depend on the route of administration, the type of animal, including human,
being treated, and the physical characteristics of the specific animal under consideration. The
dose can be tailored to achieve a desired effect, but will depend on such factors as weight,
diet, concurrent medication and other factors which those skilled in the medical arts will
recognize.

49

{6244} The term “pharmacentically acceptable salts” includes relatively non-
toxic, inorganic and organic acid, or base addition salts of compositions, including without
limitation, analgesic agents, therapeutic agents, other materials, and the like. Examples of
pharmaceutically acceptable salts include those derived from mineral acids, such as
hydrochloric acid and sulfuric acid, and those derived from organic acids, such as

ethanesulfonic acid, benzenesulfonic acid, p-toluenesuifonic acid, and the like. Examples of
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suitable inorganic bases for the formation of salts include the hydroxides, carbonates, and
bicarbonates of ammonia, sodium, lithium, potassium, calcium, magnesium, aluminum, zinc,
and the like. Salts may also be formed with suitable organic bases, including those that are
non-toxic and strong encugh to form such salts. For example, the class of such organic bases
may include but are not limited to mono-, di-, and trialkylamines, including methylamine,
dimethylamine, and triethylamine; mono-, di-, or trihydroxyalkylamines including mono-, di-
, and triethanolamine; amino acids, including glycine, arginine and lysine; guanidine; N-
methylglucosamine; N-methylglocamine; L-glutamine; N-methylpiperazine; morpholine;
ethylenediamine; N-benzylphenethylamine; trihydroxymethyl aminoethane.

[6245] “Formulation”, “pharmaceutical composition”, and “composition” as used
interchangeably herein are equivalent terms referring to a composition of matter for
administration to a sehject.

[6246] The term “pharmaceutically acceptable” means compatible with the
treatment of a subject, and m particular, a human.

16247] The terms “agent” refers to an active ageunt that has biological activity and
moay be used in a therapy. Also, an “agent” can be synonyroous with “at least one agent,”
“corapound,” or “at least one compound,” and can refer to any form of the agent, such as a
derivative, analog, salt or a prodrog thereof. The agent can be present in various forms,
components of molecular complexes, and pharmacentically acceptable salts {(e.g.,
hydrochlorides, hydrobromides, sulfates, phosphates, nitrates, borates, acetates, maleates,
tartrates, and salicylates). The term “agent” can also refer to any pharmacentical molecules or
compounds, therapeuntic molecules or compounds, matrix forming molecules or compounds,
polymers, synthetic molecules and compounds, natural molecules and compounds, and any
combination thereof.

[6248] The term “subject” as used herein has its ordinary meauning as understood
int light of the specification and refers to an animal that is the object of treatment, inhibition,
or amelioration, observation or experiment. “Animal” has its ordinary meaning as understood
in light of the specification and includes cold- and warm-blooded vertebrates andfor
invertebrates such as fish, shellfish, or reptiles and, in particular, mammals. “Mammal” has
its ordinary meaning as understood in light of the specification, and includes but is not

limited to mice, rats, rabbits, guinea pigs, dogs, cats, sheep, goats, cows, horses, primates,
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such as humans, monkeys, chimpanzees, or apes. In some embodiments, the subject is
human.

[624%9] Proper formulation is dependent upon the route of administration chosen.
Techniques for formulation and administration of the compounds described herein are known
to those skilled in the art. Multiple techniques of administering a compound exist in the art
including, but not limited to, enteral, oral, rectal, topical, sublingual, buccal, intraaural,
epidural, epicutancous, acrosol, parenteral delivery, including intramuscular, subcutaneous,
intra-arterial, intravenous, intraportal, intra-articular, intradermal, peritoneal, intramedullary
injections, intrathecal, direct intraventricular, intraperitoneal, intrapasal or intraccular
injections. Pharmaceutical compositions will generally be tailored to the specific intended
route of administration. Pharmaceutical compositions can also be administered to isolated
cells from a patient or individual, such as T cells, Natoral Killer cells, B cells, macrophages,
lvmphocytes, stem cells, bone marrow cells, or hematopoictic stem cells.

[6250] The pharmaceutical compound can also be adnunistered 1o a local rather
than systemic roanner, for exarople, via imjection of the compound directly into an organ,
tissue, cancer, tumor or infected area, often in a depot or sustained release formulation.
Furthermore, one may adminisier the compound in a targeted drug delivery systern, for
example, in a liposorne coated with a tissue specific antibody. The liposomes may be targeted
to and taken up selectively by the organ, tissae, cancer, tumor, or infected area.

{62511 The pharmaceutical compositions disclosed herein may be manufactured
in a manper that is iself known, e.g., by means of conventional mixing, dissolving,
granufating, dragee-making, levigating, emulsifving, encapsulating, entrapping or tableting
processes. As described herein, compounds used in a pharmaceutical composition may be
provided as salts with pharmaceutically compatible counterions.

{82521 As used herein, a “carrier” refers to a compound, particle, solid, semi-
solid, liguid, or diluent that facilitates the passage, delivery and/or incorporation of a
compound to cells, tissues and/or bodily organs. For example, without limitation, a hipid
nanoparticle (LNP} is a type of carrier that can encapsulate a compound, or a
pharmaceutically acceptable salt thereof, as described herein to thereby protect the

compound, or a pharmaceutically acceptable salt thereof, as described herein from
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degradation during passage through the bloodstream and/or to facilitate delivery to a desired
organ, such as to the liver.

{62531 As used herein, a “diluent” refers to an ingredient in a pharmaceutical
composition that lacks pharmacological activity but may be pharmaceutically necessary or
desirable. For example, a diluent may be used to increase the bulk of a potent drug whose
mass is too small for manufacture and/or administration. I may also be a liguid for the
dissolution of a drug to be administered by injection, ingestion or inhalation. A common
form of diluent in the ant is a buffered aqueous solution such as, without limitation,
phosphate buffered saline that mimics the composition of human blood.

[6254] The term “excipient” has its ordinary meaning as understood in light of the
specification, and refers to inert substances, compounds, or materials added to a
pharmaceetical composition to provide, without limsttation, bulk, consistency, stability,
binding ability, lubrication, disintegrating ability etc., to the composition. Excipients with
desirable properties include bat are not limited to preservatives, adjuvants, stabilizers,
solvents, buffers, diluents, solubilizing agents, detergents, surfactants, chelating agents,
antioxidants, alcchols, ketones, aldehydes, ethylenediaminetetraacetic acid (EDTA), citric
acid, salts, sodivm chloride, sodivn bicarbonate, sodium phosphate, sodiurn borate, sodivm
citrate, potassium chloride, potassium phosphate, magnesium sulfate sugars, dexuose,
fractose, mannose, lactose, galactose, sucrose, sorbitol, cellulose, serum, amino acids,
polysorbate 20, polysorbate &0, sodium deoxycholate, sodim tawrodeoxycholate,
magnesium stearate, octylphenol ethoxylate, benrethonium chloride, thimerosal, gelatin,
esters, ethers, 2-phenoxyethanol, trea, or vitamins, or any combination thereof. The amount
of the excipient may be found in a pharmaceutical composition at a percentage of §%, 0.1%,
0.2%, 8.3%, 0.4%, 0.5%, 0.6%, .7%, 0.8%, 0.9%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,
10%, 20%, 30%, 40%, 50%, 60%, T0%, &0%, 90%, 95%, 100% wiw or any percentage by
weight in a range defined by any two of the aforementioned numbers.

[8255] The term “adjuvant” as used herein refers to a substance, compound, or
material that stimulates the immune response and increase the efficacy of protective
immunity and is administered in conjunction with an immunogenic antigen, epitope, or
composition. Adjuvants serve to improve immune responses by enabling a continual release

of antigen, up-regulation of cytokines and chemokines, cellular recruitment at the site of
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administration, increased antigen uptake and presentation in antigen presenting cells, or
activation of antigen presenting cells and inflammasomes. Commonly used adjuvants include
but are not limited to alum, aluminum salts, aluminum sulfate, aluminum hydroxide,
aluminum phosphate, calcium phosphate hydroxide, potassium aluminum sulfate, oils,
mineral oil, paraffin oil, oil-in-water emulsions, detergents, MF39®, squalene, AS03, o~
tocopherol, polysorbate 80, ASO4, monophosphoryl lipid A, virosomes, nucleic acids,
polyinosinic:polycytidylic acid, saponins, Q5-21, proteins, flagellin, cytokines, chemokines,
-1, -2, IL-1Z, HL-15, IL-21, imidaroquinolines, CpG oligonucleotides, lipids,
phospholipids, dioleoyl phosphatidylcholine (DOPC), trehalose dimycolate, peptidoglycans,
bacterial extracts, Hipopolysaccharides, or Freund’s Adjuvant, or any combination thereof.
[0256] The term “purity” of any given substance, compound, or material as used
herein refers to the actual abundance of the substance, compound, or material relative to the
expected abundance. For example, the substance, compound, or material may be at least 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% pure, including all decimals in between.
Purity may be affected by unwanted impurities, including but not limited to side products,
isoroers, epantiomers, degradation prodacts, solvent, carrier, vehicle, or contaminanis, or any
corubination thereof. Purity can be measured technologies jucluding bat not hmited to
chromatography, liguid chromatography, gas chromatography, spectroscopy, UV-visibie
spectroruetry, jofrared spectrometry, mass spectrometry, nuclear magnetic resonance,

gravimetry, or titration, or any combination thereof.

Methods of Use

[4257] Some embodiments disclosed herein related to selecting a subject or
patient v need. In some embodiments, a patient is selected who is in need of treatment,
inhibition, amelioration, prevention or slowing of diseases or conditions associated with PD-
L1 dysregulation. In some embodiments, such diseases or conditions associated with PB-L1
dysregulation may include, for example, cancer, HCC, viral infections, or HBVY. In some
embodiments, a subject can be selected who has previcusly been treated for the disease or
disorder described herein. In some embodiments, a subject can be selected who has
previously been treated for being at risk for the disease or disorder described herein. In some

embodiments, a subject can be selected who has developed a recurrence of the disease or
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disorder described herein. In some embodiments, a subject can be selected who has
developed resistance to therapies for the disease or disorder described hergin. In some
embodiments, a subject can be selected who may have any combination of the
aforementioned selection criteria.

[0258] Compounds, and pharmaceutically acceptable salts thereof, disclosed
herein can be evaluated for efficacy and toxicity using known methods. A non-limiting list
of potential advantages of a compound, or a pharmaceutically acceptable salt thereof,
described herein include improved stability, increased safety profile, increased efficacy,
increased binding to the target, increased specificity for the target {for example, a cancer cell
or virally infected cell).

[6259] The terms “treating,” “treatment,” “therapeutic,” or “therapy” as used
herein has its ordinary meaning as understood in light of the specification, and do not
necessarily mean total cure or abolition of the disease or condition. The term “treating” or
“treatment” as used herein (and as well understood in the art) also means an approach for
obtaining beneficial or desired results in a subject’s condition, including clinical results.
Beuoefictal or desired clinical results can ioclude, but are not hmited to, alleviation or
amelioration of one or more symptors or conditions, diminishroent of the extent of a disease,
stabilizing (i.e., not worsening) the state of disease, prevention of a disease's {ransroission ot
spread, delaying or slowing of disease progression, amelioration or palliation of the disease
state, diminishment of the reoccurrence of disease, and remission, whether partial or total and
whether detectable or undetectable. “Treating” and “treatment” as used herein also include
prophylactic treatment. Treatment methods comprise administering to a subject a
therapeuatically effective armount of an active agent. The administering step may consist of a
single administration or may comprise a series of administrations. The compositions are
administered to the subject in an amount and for a duration sufficient to treat the subject.
The length of the treatment period depends on a variety of factors, such as the severity of the
condition, the age and genetic profile of the subject, the concentration of active agent, the
activity of the compositions used in the treatment, or a combination thereof. It will also be
appreciated that the effective dosage of an agent used for the treatment or prophylaxis may

increase or decrease over the course of a particular treatment or prophylaxis regime.
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Changes in dosage may result and become apparent by standard diagnostic assays known in
the art. In some instances, chronic administration may be reguired.

{82601 Some embodiments described herein relate to a method of treating,
inhibiting, ameliorating, preventing, or slowing the disease or disorder described herein. In
some embodiments, the methods include administering to a subject identified as suffering
from the disease or disorder described herein an effective amount of a compound, or a
pharmaceutically acceptable salt thercof, described herein, or a pharmaceutical composition
that includes an effective amount of a compound, or a pharmaceutically acceptable salt
thereof, as described herein. Other embodiments described herein relate to using a
compound, or a pharmaceutically acceptable salt thereof, as described herein in the
manufacture of a medicament for treating, inhibiting ameliorating, preventing, or slowing the
disease or disorder described herein. Still other ernbodiments described herein relate to the
use of a compound, or a pharmaceutically acceptable salt thereof, as described herein or a
pharmaceutical composition that includes an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, as described herein for treating, inhibiting
ameliorating, preventing, or slowing the disease or disorder described herein.

{82611 Some embodiments described herein relate to a method for inhibiting
replication of a cancer cell or a virus that can inclade contacting the cell or viras or
adruinistering 0 a subject identified as suffering from a cancer or a viral 1nfection with an
gffective amount of a compound, or a pharmaceutically acceptable salt thereof, described
herein, or a pharmaceutical composition that inclodes an effective amount of a compound, or
a pharmaceutically acceptable salt thereof, described herein.  Other embodiments described
herein relate to the use of an effective amounnt of a compound, or a pharmaceutically
acceptable salt thereof, described herein, or a pharmacentical composition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, described
herein in the manufacture of a medicament for inhibiting replication of a cancer cell or virus.
Still other embodiments described herein relate to an effective amowunt of a compound, or a
pharmaceutically acceptable salt thereof, described herein, or a pharmaceutical composition
that includes an effective amount of a compound, or a pharmaceutically acceptable salt
thereof, described herein for inhibiting replication of a cancer cell or virus. In some

embodiments, the cancer cell is an HCC cell. In some embodiments, the virus is hepatitis B.
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{6262] Some embodiments described herein relate to a method for inhibiting cell
proliferation, such as inhibiting cell proliferation of a cancer cell or cell infected with a virus,
that can include administering to a subject identified as suffering from a disease wherein
inhibiting cell proliferation is desirable with an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, described herein, or a pharmaceutical composition
that includes effective amount of a compound, or a pharmaceutically acceptable salt thereof,
described herein.  Other embodiments described herein relate to the use of an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, described herein, or a
pharmaceutical composition that includes an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, described hercin in the manufacture of a
medicament for inhibiting cell proliferation, such as inhibiting cell proliferation of a cancer
cell or cell infected with a virus.  Stil other embodiments described herein relate to an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, described
herein, or a pharmaceutical composition that inchides an effective amount of a compound, or
a pharmaceutically acceptable salt thereof, described herein for inhibiting cell proliferation,
such as inhibiting cell proliferation of a cancer cell or cell infected with a virus. In some
embodiments, the cancer cell is an HCC cell. In some embodiments, the cell infected with a
virus is infected with hepatitis B virus.

[8263] Some embodiments described herein relate to a method of jnducing
apoptosis of a cell {for example, a cancer cell or cell infected with a virus) that can include
contacting the cell with an effective amount of a compound, or a pharmaceutically acceptable
salt thereof, described herein, or a pharmaceutical composition that includes an effective
amount of a compound of Formula (1), or a pharmaceutically acceptable salt thereof, as
described herein. Other ernbodiments described herein relate to using an effective amount of
a compound, or a pharmaceuntically acceptable salt thereof, as described herein or a
pharmaceutical composition that includes an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, described herein in the manufacture of 2
medicament for inducing apoptosis of a cell, such as a cancer cell or cell infected with a
virus. Still other embodiments described herein relate to the use of an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described herein or a

pharmaceutical composition that includes an effective amount of a compound, or a
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pharmaceutically acceptable salt thereof, as described herzin for inducing apoptosis of a cell,
such as a cancer cell or cell infected with a virus. In some embodiments, the cancer cell is an
HCC cell. In some embodiments, the cell infected with a virus is infected with hepatitis B
virus.

{8264 Some embodiments described herein relate to a method of decreasing the
viability of a cell (for example, a cancer cell or cell infected with a virus) that can include
contacting the cell with an effective amount of a compound, or a pharmaceutically acceptable
salt thereof, described herein, or a pharmaceutical composition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein.
Other embodiments described herein relate to using a compound, or a pharmaceutically
acceptable salt thereof, as described herein in the manufacture of a medicament for
decreasing the viability of a cell, sach as a cancer cell or cell infected with a virus. Still other
embodiments described herein relate to the use of an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, as described herein or a pharmacentical
composition that includes an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein for decreasing the viability of a cell, such as a
cancer cell or cell infected with a virus. In some embodiments, the cancer cell 1¢ an HCC
cell. In some embodiments, the cell infected with a virus is infected with hepatitis B virus.

[8265] Those of skill in the treatment of such diseases could determine the
gffective therapeutic daily amount from test results. Anp effective therapeutic daily amount
would be from about 0.005 wg /kg to 50 mg/ke. in particular 0.01 mg/kg to 50 mg/kg body
weight, more in particelar from 0.01 mg/ke to 25 mg/kg body weight, preferably from about
0.01 mgfkg to about 15 wg/ke, more preferably from about 0.01 mg/kg to about 10 mg/kg,
even more preferably from about .01 mg/kg to about | mg/kg, most preferably from about
(.05 mg/kg to about 1 mg/kg body weight.

{6266} In some embodiments, the effective amount of a compound, or a
pharmaceutically acceptable salt thereof, described herein is dosed more than one time. In
some embodiments, the compound, or a pharmaceutically acceptable salt thereof, described
herein can be administered every 1,2, 3,4, 5, 6, Tdays, or 1, 2, 3, 4 weeks, or 1, 2, 3,4, 5, 6,
7,8, 9,10, 11, 12 months, or 1, 2, 3, 4, 5 years, or any period or combination thereof within

the range defined by any two aforementioned times. In some embodiments, at least one
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loading dose and at least one maintenance dose is administered to the subject, where the at
least one loading dose is a higher dose of a compound, or a pharmaceutically acceptable salt
thereof, described herein than the at least one maintenance dose.

(62671 As used herein, the term “combination therapy” is intended to define
therapies which comprise the use of a combination of two or more pharmaceutical

s

compounds/agents or therapies. Thus, references to “combination therapy”, “combinations”
and the use of compounds/agents “in combination” in this application may refer to
compounds/agents that are administered as part of the sarne overall treatment regirmen. As
such, the dosage or timing of each of the two or more compoundsfagents may differ: each
may be administered at the same time or at different times.  Accordingly, the
compounds/agents of the combination may be administered sequentially (e.g. before or after)
or simultaneously, either in the same pharmoaceutical formulation (i.e. together), or in
different pharmaceutical formulations (i.e. separately). FEach of the two or more
compounds/agents in a combination therapy may also differ with respect to the route of
administration.

{82681 The term “inhibitor”, as used herein, refers to an enzyme inhibitor or
receptor inhibitor which i3 a molecule that binds to an enzyme or receptor, and decreases
and/or blocks its activity. The term may relate 10 a reversible or an irreversible inhibitor.

[6269] Cancer may be treated with surgery, radiation therapy, chemotherapy,
targeted therapies, immunotherapy or hormonal therapies. Any of these meuntioned therapies
may be used in conjunction with another therapy as a combination therapy.
Chemotherapentic compounds include but are not limited to alemtuzumab, altretamine,
azacitidine, bendamustine, bleomycin, bortezomib, busnlfan, cabazitaxel, capecitabing,
carboplatin, carmofur, carmustine, chloramwbucil, chlormethine, cisplatin, cladribine,
clofarabine, cyclophosphamide, cytarabine, dacarbazine, dactivomycin, daunorubicin,
decitabine, denosumab, docetaxel, doxorubicin, epirubicin, estramustine, etoposide,
everolimus, floxuridine, fludarabine, fluorouracil, fotemustine, gemcitabine, gemtuzamab,
hydroxycarbamide, ibritumomab, idarubicin, ifosfamide, irinotecan, ixabepilone, lomustine,
melphalan, mercaptopurine, methotrexate, mitomycin, mitoxantrone, nedaplatin, nelarabine,
ofatumumab, oxaliplatin, paclitaxel, pemetrexed, pentostatin, pertuzumab, procarbazine,

raltitrexed, streptorotocin, tegafur, temozolomide, temsirolimus, teniposide, tioguanine,
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topotecan, tositimomab, valmubicin, vinblastine, vincristine, vindesine, vinflunine, or
vinorelbine, or any combination thereof.

{8270} As used herein, the term “protein kinase inhibitor” refers to inhibitors of
protein kinases, serine/threonine Kinases, tyrosine kinases, or dual-specificity kinases for the
treatment of cancer or other illness. In some embodiments, the protein kinase inhibitor is a
small molecule, corpound, polysaccharide, lipid, peptide, polypeptide, protein, antibody,
nucleoside, nucleoside analog, nucleotide, wnuclectide analog, nucleic acid, or
oligonucleotide. In some embodiments, the protein kinase inhibitor includes but is not
limited to acalabrutinib, adavosertib, afatinib, alectinib, axitinib, binimetinib, bosutinib,
brigatinib, cediranib, ceritinib, cetuximab, cobimetinib, crizotinib, cabozantinib, dacomitinib,
dasatinib, entrectinib, erdafitinib, erlotinib, fostamatinib, gefitinib, ibrutinib, imatinib,
{apatinib, lenvatinib, lestaurtinib, lortatinib, masitinib, momelotintb, mobritinth, veratinib,
nilotinib, nintedanib, olmutinib, osimertinib, pacritinib, panituomomab, pazopanib,
pegaptanib, ponatinib, radotinib, regorafenib, rociletinib, raxohitinib, selumetinib, semaxanih,
sorafenib, sunitinib, SUGGS6, tivozanib, toceranib, trametindb, trastuzumab, vandetanib, or
vemuarafenib, or any combination thereof.

{82713 As used herein, the term  “checkpoint iohibitor” refers to an
immunotherapy that targets imroune checkpoints to stimulate imvmune function.  In some
embodiments, the checkpoint inhibitor is a sroall molecule, corapound, polysaccharide, lipid,
peptide, polypeptide, protein, antibody, nucleoside, nucleoside analog, mucleotide, nucleotide
analog, nucleic acid, or oligonucleotide. In some embodiments, the immune checkpoint is
the PD-1/PD-L1 checkpoint. In some embodiments, the PD-1 checkpoint includes but is not
limited to nivolumab, pembrolizumab, spartalizumab, cemiplimab, camrelizimab, sintilimab,
tislehizumab, toripalimab, AMP-224 or AMP-514, or any combination thereof. In some
embodiments, the PD-L1 checkpoint inhibitor includes but is not limited to atezolizomab,
avelumab, durvalumab, KNO35, AUNP1Z, CA-170, or BMS-98618%, or any combination
thereof. In some embodiments, the immune checkpoint is the CTLA-4 checkpoint. In some
embodiments, the CUTLA-4 checkpoint inhibitor includes but is not limited to ipilimumab or
tremilimumab, or any combination thereof.

{6272} As used herein, the term “VEGF inhibitor” refers to inhibitors of vascular

endothelial growth factor (VEGF) or a VEGF receptor (VEGFR). In some embodiments, the
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VEGF inhibitor is a small molecule, compound, polysaccharide, lipid, peptide, pelypeptide,
protein, antibody, nucleoside, nucleoside analog, nucleotide, nucleotide analog, nucleic acid,
or pligonucleotide. In some embodiments, the VEGF inhibitor includes but is not limited to
aflibercept, axitinib, bevacizumab, brivanib, cabozantinib, cediranib, lenvatinib, linifinib,
nintedanib, pazopanib, ponatinib, ramuciramab, regorafenib, semaxanib, sorafenib, sunitinib,
tivozanib, toceranib, or vandetanib, or any combination thereof.

{8273] As used herein, the term “antiviral medication” refers to a pharmaceutical
composition administered to treat a viral infection. In some embodiments, the viral infection
is caused by adenovirus, Ebola virss, coronavirus, Epstein-Barr virus (EBVY), Friend virus,
hantavirus, hepatitis B virus {HBV), hepatitis C virus (HCV), herpes simplex virus, human
immupodeficiency virus (HIV), human metapneurnovirus, human papillomavirus (HPV),
infloenza vires, Japanese encephalitis virus, Kaposi’s sarcoma-associated herpesvirus,
tymphocytic choriomeningitis virus, parainfluenza virus, rabies virus, respiratory syncytial
virus, rhinovitus, varicella zoster virus.

{8274 In some embodiments, the antviral medication s a small molecule,
compound, polysaccharide, hipid, peptide, polypeptide, protein, antibody, nuocleoside,
nucleoside analog, nucleotide, nucleotide analog, nucleic acid, or oligonacleotide. In some
embodiments, the antiviral medication is an ioterferon, a capsid asserably modulator, a
sequence  specific  oligonucieotide, an  entry inhibitor, or a small molecule
immunomodulatory.  In some embodiments, the antiviral medication includes but iz not
limited to AB-423, AB-506, ABI-H2158, vebicorvir (ABE-HO731), acyclovir, adapromine,
adefovir, adefovir dipivoxil, alafenamide, amantadine, asunaprevir, baloxavir marboxil,
beclabuvir, boceprevir, brivudine, cidofovir, ciluprevir, clevudine, cytarabine, daclatasvir,
danoprevir, dasabuvir, deleobuvir, dipivoxil, edoxudine, elbasvir, entecavir, faldaprevir,
famciclovir, favipiravir, filibuvir, fomivirsen, foscarnet, galidesivir, ganciclovir, glecaprevir,
GLS4, grazoprevir, idoxuridine, imiquimod, IFN-g, interferon alfa 2b, JNJ-440, INJ-6379
(INI-536136379), lamivudine, laninamivir, ledipasvir, mericitabine, methisazone, MK-608,
moroxydine, narfaprevir, NITDO08, NZ-4, odalasvir, ombitasvir, oseltamivir, paritaprevir,
peginterferon  alfa-2a, penciclovir, peramivir, pibrentasvir, pimodivir, pleconaril,
podophyliotoxin, presatovir, radalbuvir, ravidasvir, remdesivir, REP 2139, REP 2165,

resiquimod, RO7049389 (RG7907), ribavirin, rifampicin, rimantadine, ruzasvir, samatasvir,
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setrobuvir, simeprevir, sofosbuvir, sorivadine, sovaprevir, taribavisin, telaprevir, telbivudine,
tenofovir, tenofovir disoproxil, tenofovir alfenamide, triazavirin, trifluridine, tromantadine,
umifenovir, uprifosbuvir, valaciclovir, valgancicovir, vaniprevir, vedroprevir, velpatasvir,
vidarabine, voxilaprevir, zanamivir, cledvudine, ANA-380/LB80380, thymalfasin (Zadaxin),
ATIE-2173, VIR-221€, RGO346, JNJ-73763989 (INJI-3989), AB-729, BB-103, Hepcludex
{Bulevirtide formerly Myrclndex B), hzVSF, morphothiadin, JNJ-56136379, EDP-514, QL-
007, ABL-H3733, ZM-H1505R, B-836, VNRX-9945, GLP-26, ABI-4334, IONIS-HBVRx
(GSK 32288363, EBT107, NASVAC, GS-4774, HepTeell, VBE2601 (BRI-179), VVXO0L,
VTP-300, CVI-HBV-002, AIC-64%, HB-110, INJ-64300535, CARG-2Z01, PRGN-2013,
SALG4, VRON-0200, selgantolimod, RG7854, SBT-8230, YS-HBV-002, lenvervimab, Vir-
3434, IMC-1108Y, LTCR-H2Z-1, APG-1387, ASC42, EYPOUL, EDP-721, ENOB-HB-01,
GVI001, CPL1OL, DF-006, ALG-000184, ALG-010133, ALG-125097, ALG-020572, ALG-
125755 or any combination thereof,

{8275] The term “% w/w” ot “% wt/wt” as used herein has its ordinary roeaning
as understood in light of the specification aund refers to a percentage expressed in ferms of the
weight of the ingredient or agent over the total weight of the composition multiplied by 100,
The term “% vV or “% volivol” as used herein has its ordivary meaning as voderstood in
the hight of the specification and refers to a percentage expressed in terms of the liguid
volume of the compound, substance, ingredient, or agent over the total liquid volume of the

composition multiplied by 100,

EXAMPLES

{8276} Some aspects of the embodiments discussed above are disclosed in further
detail in the following examples, which are not in any way intended to lirait the scope of the
present disclosure. Those in the art will appreciate that many other embodiments also fall
within the scope of the present disclosure, as it is described herein above and in the claims.

182771 Hereinafter, the term “rt”, “r.t.” or “RT” means room temperature; “h”
means hours; “Me” means methyl, “MeOH” means methanol; “Et” means ethyl, “EtOH”
means ethanol; “Nall” means sodium hydride; “NaBH{AcO)"” or “NaBH{(OAc)” means
sodium triacetoxyborchydride; “EtOAC” means ethyl acetate; "TEA™ or "EN” means

tricthylamine; “DCM” means dichloromethane; “MeCN” or “ACN” means acetonitrile;
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“DME” means -dimethyl formamide; “DMA” means dimethylacetamide; “Pd{dppf)Clh.”
means  |1.1'-Bis(diphenylphosphino)ferrocene}-dichloropalladium(il); “THF”  means
tetrahydrofuran;  “i-PrOH” or “iPrfOH” means 2-propanol; “L{° means liguid
chromatography;, “LCMS” means Liguid Chromatography/Mass spectrometry; “HPLC”
means high-performance liquid chromatography; “prep-HPLC” means preparative high-
performance hiquid chromatography; “TFA” means trifluoroacetic acid; “RP” means reversed
phase; "min” means minute(s); "h” means hour(s); “PE” means petroleum ether; “v/v” means
volume per volume; “Celite ®" means diatomaceous ecarth; "DMSO” means dimethyl
sulfoxide; "SFC” means Supercritical Fluid Chromatography; “DIPE” means diisopropyl
ether; “DIPEA” or “DIEA” means NN-diisopropylethylamine; “Pdz(dba);” means
Tris{dibenzylideneacctone)-dipalladiumy; “Pd(OAc)k” means palladium(il} acetate; “AcOH”
means acetic acid; “DMAP” means 4-(dimethylamino)pyridine; “-BuOK”, “Bu(” or
“KOtBy” means potassiom tert-butoxide; “TLC” means thin layer chromatography; “prep-
TLC” means preparative TLC; “KQAC” roeans potassiurn acetate.

{8278} For intermediates that were used in a next reaction step as a crude or as a
partially purified intermediate, estimated mol amounts (in some cases indicated by ~) are
indicated in the reaction protocols described below, or alternatively theoretical mol amounts
are dicated.

[8279] The meanings of the abbreviations in the vuclear magnetic resonance
spectra are provided as follows: s = singlet, d = doublet, dd = double doublet, dt = double
triplet, ddd = doublet of doublets of doublets, Sept = septet, t = triplet, m = multiplet, br =

broad, brs = broad singlet, g = guartet.

Preparation of Intermediates

Example Al
Preparation of Intermediate |
¢]
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100 °C, 50 h

intermediate 1-1 intermediate 1
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{62801 To HCOOH (16.5 mbL, 419 mmolyat § °C was added TEA (233 mi,
167.41 mmol} dropwise at  °C. The mixture was stirred at 0 °C for 30 min. To the mixture
were added 3-Bromo-5-methoxybenzaldehyde (30 g, 140 mmol) and isopropylidene
malonate (20.1 g, 140 mmol) in DMF (180 mL) dropwise at 25 °C. The mixture was stired
at 100 °C for 30 h. Once the mixture was cooled to O °C, the reaction was guenched with
conc. HCI (120 mL) and diluted with water (800 mL). The mixture was extracted with DCM
(2 x 400 mL). The combined organic layers were washed with NaOH (1IN, 2 x 800 mL).
The combined aqueocus phases were acidified to pH ~2 with conc. HCl, and then extracted
with BtOAc (2 x 300 mL). The combined organic layers were washed with brine (2 x 300
ml.), dried over NaxSOy, filtered and concentrated to give Intermediate -1 (70 g) as a pink
solid, which was used into the next step without further purification. 'H NMR (400 MHz,
CDCI)Y 6696 (s, TH), 691 (t, I = 1.9 Hz, 1H), 6.69 (s, 1H), 3.78 (s, 3H), 2.95-2.88 (m, 2H),
2.70-2.62 {m, 2H).

{82811 A sohution of Intermediate 1-1 (70 g, 270 mmol) i TEOH (130 mL) was
stirred at 25 °C for 2 h. The reaction was quenched by the addition of ice water (1500 wl.) at
0 °C, extracted with DCM (3 x 600 mL). The combined organic layers were washed with
NaHCO; (2 x 800 ml.), dried over aphydrous Nax30y and concentrated to give a residue,
which was purified by flash silica gel chromatography to give Intermediate 1 (12.6 g) as
a yellow solid. "H NMR (400 MHz, CDCh) 8 7.19 (4, T = 0.9 Hz, 1H), 6.93 (5, 1H), 3.94 (s,
3H), 3.11-2.97 {m, 2H), 2.73-2.59 (m, 2H).

Hxample A2
Preparation of Intermediate 2
.
) N ~
T\‘ ? BH,-Me,S 7 od TsOH 7
Br Br F Br”
Intermediate 1 {ntermediate 2-1 Intermediate 2-2
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intermediate 2-3 Intermediate 2
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{82821 To a sclution of compound Intermediate 1 (3.7 g, 15.4 mmol) in THF
{120 ml) was added BHa-Me:S (10 M, 2.61 mL) at -10 °C. The mixture was stirred at 25
°Cfor 2 h. The reaction was guenched by the addition of ice water (200 mbL) at 0 °C, and
then extracted with EtOAc (3 x 200 mL). The combined organic layers were washed with
NaHCG: (2 x 150 mL), dried over anhydrous NaxSO4 and concentrated to give a residue,
which was purified by flash silica gel chromatography (ISCO®; 20 g SepaFlash® Silica
Flash Columm, 0~10% EtOAcPE) to give Intermediate 2-1 (3.68 g) as a white solid. 'H
NMR (400 MHz, CDClay 8 7.02 (s, 1H), 6.85 (s, 1H), 5.41 (dd, J = 4.4, 7.1 Hz, 1H), 3.86 (s,
3H), 3.17-2.98 (m, 1H), 2.93-2.72 (m, 1H), 2.56 - 2.35 (m, 2H), 2.15-1.93 {m, 1H).

[8283] To a solution of Intermediate 2-1 (3.68 g, 15.1 mmol} in THF (350
mb) was added TsOH (782 mg, 4.54 mmoly at 25 °C. The mixture was stirred at 60
C for 16 h. The mixture was diluted with HoO (200 mL) and then extracted with EtOAc (3
x 150 mL). The combined organic layers were washed with brine (200 wl), dried over
NapSQ4, filtered and concentrated to give a residue, which was purified by flash silica gel
chromatography (ISCO®; 40 g SepaFlash® Silica Flash Column, 0~5% EtOACPE) to give
Intermediate 2-2 (3.16 g) as a white solid. 'H NMR (400 MHz, CDClh) § 7.26 (s, 1H), 7.01
- 6.90 (1, 2H), 6.45 (¢d, I =1.9, 5.6 Hz, 1H), 3.88 (s, 3H), 3.40 (s, 2H);

{62841 To a solution of Intermediate 2-2 (3.16 g, 14.0 mmol) in THF (60
mb) was added BHz»THF (1 M, 42.12 rol) at 0 °C. The mixture was stirred at 23 °C for 2 h.
The reaction was quenched by the addition of ice water {100 mL) at { °C and extracted with
EtOAc 3 x 100 ml). The combined organic layers were washed with NaHC O3 (2 x 80 mL),
dried over anhydrous Na:SQO4 and concentrated to give a residue, which was purified by flash
silica gel chromatography (I3CO®; 40 g SepaFlash® Silica Flash Column, 0~10%
EtOACPE) to give Intermediate 2.3 (2.86 g) as a yellow oil.

{6285] To a solution of Intermediate 2.3 (2.86 g) wmDCM (40 wl) was
added Dess-Martin periodinane (7.48 g, 17.7 mmol) at 25 °C. The mixture was stirred at 25
°C for 1 h. The mixture was diluted with Na>SOs (100 mL} and extracted with DCM (3 x 80
mb). The combined organic layers were washed with brine (100 mL), dried over NaxSQq,
filtered and concentrated to give a residue, which was purified by flash silica gel

chromatography (ISCO®: 12 g SepaFlash® Silica Flash Column, 0~10% EtOAc:PE) to give
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Intermediate 2 (1.4 ¢) as a white solid. 'H NMR (400 MHz, CDCl:) § 7.08 (s, 1H), 6.93 (s,
1HDY, 3.85 (s, 3HD), 3.53 (s, 2H), 3.40 (s, 2H).

Exarmple A3
Preparation of Intermediate 3
Br OF Br
@ mCPBA N7 ]
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Tatermediate 3 Intermediate 3-2
[61286] To a solution of 3-(5-bromo-2-chioro-4-pyridyl)-N-methoxy-N-methyl-

propanamide (27.5 g, 894 mmol) in BDCM (400 ml) was added m-CPBA (463 g, 268
mmolyat 8 °C. The mixture was stirred at 35 °Cfor 16 h. The reaction was quenched
with sat. ag. NapS204 (300 mL) and then extracted with DCM (2 x 100 mL). The combined
organic layers were concentrated in vacuo. The residue was purified by flash silica gel
chromatography to provide Intermediate 3-1 as a yvellow solid. 'H NMR (400 MHz, CDCL)
& 8.50 (s, 1H), 748 (s, 1H), 3.67 (s, 3H), 3.18 (s, 3H), 3.06-2.99 (m, 2H), 2.81-2.75 (m, 2H)
{6287} To a solution of Intermediate 3-1 (268 g, 82.8 mmol) and methyl
carbonochloridate (26.9 g, 285 mmol) in MeQOH (130 ml.) was added dropwise TEA (419 g,
414 mmol) at 0 °C, and the mixture was stitred at 0 °C for 1.5 h.  Additional methyl
carbonochloridate (26.9 g, 285 romol) was added, followed by the dropwise addition of TEA
(41.9 g, 414 mumol) at 0 °C. The mixture was stirred at 30 °C {or 15 b, and then concentrated
under reduced pressure. The mixture was diluted with 1M ag. NaOH (300 L) and extracted
with EtOAc (2 x 200 wl). The combined organic layers were washed with brine (2 x 1060

ml), dried over anhydrous NaxSQy, filtered and concentrated snder reduced pressure to give
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a residue. The residue was purified by flash silica gel chromatography to provide
Intermediate 3-2 as a white solid {17 g, 61% yield). Y NMR (400 MHz, CDCl) § 6.87 (s,
1H), 4.00 (s, 3H), 3.66 (s, 3H), 3.19 (5, 3H), 3.06-3.01 (m, 2H), 2.74 (br ¢, 2H).

{62881 To a solution of Intermediate 3-2 (3.4 g, 180.1 mmol} in THF (40 mbL)
was added n-Buli (2.5 M, 6.04 mL) at -70 °C. The mixture was stirred at -70 °C for 0.5 h.
The mixture was poured into sat.agq. NHsCl (80 mL) and then extracted with EtOAc (2 x 100
mb). The combined organic lavers were washed with brine (2 x 80 mL), dried over
anhydrous Na:SOq, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by flash silica gel chromatography to provide Intermediate 3 as a white
solid (1.45 g, 73% vield). 'H NMR (400 MHz, CDCl2) § 7.03 (s, 1H), 4.11 (s, 3H), 3.20-
2.97 (m, 2H), 2.79-2.52 (m, 2H).

Example Ad
Preparation of Intermiediate 4
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[8289] A mixture of 5-Bromo-2-chloro-pyridin-4-ol (3 g, 14.4 nunol), 2-bromo-

N-methoxy-N-methyl-acetamide {3.93 g, 21.6 mmol) and KoCG3 (5.97 g, 43.2 mmol) in
DMF (30 mL) was stirred at 60 °C for 16 h. The muxtare was filtered and concentrated ander

reduced pressure to give a residue, which was purified by flash silica gel chromatography to
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give Intermediate 4-1 {3.5 g) as a white solid. '"H NMR (400 MHz, CDCl) 8 8.38 (s, 1H),
6.73 (s, 1H), 4.99 (5, 2H), 3.80 (s, 3H), 3.26 (s, 3H).

{82901 A mixture of Intermediate 4-1 (2 g, 6.46 mmol}), m-CPBA (6.69 g, 38.8
mmoly in DCM (50 mb) was stirred at 55 °C for 16 h. The crude mixture was poured into
sat. aq. NaxS:03 (100 mL) and then extracted with DCM (2 x 50 mL). The combined organic
fayers were washed with brine (50 ml), dried over anhydrous NaxSQ, filicred and
concentrated under reduced pressure to give a residue, which was purified by flash silica gel
chromatography to give Intermediate 4-2 (1 g, 48% yield). 'H NMR (400 MHz, CDCl) &
8.50 (s, 1H), 6.93 (s, 1H), 499 (s, ZH), 3.80 (s, 3H), 3.25 (s, 3H).

{62917 To a solution of Intermediate 4-2 (1.7 g, 5.22 mmol) and methyl
carbonochloridate (1.21 mi., 15.67 mmol}) in MeQOH (20 mL) was added dropwise TEA (1.59
g, 157 munol, 2.18 ml) at § °C. After addition, the mixture was stirvred at 20 °C for | h
Additional methyl carbonochloridate (1.21 ml, 13.67 mrool) was added at 20 °C, and then
TEA (2.18 kL, 15.67 mmol) was added dropwise at ¢ °C. The mixture was stirred at 20 °C
for 3 h and then concentrated under reduced pressure. The residoe was diloted with HxO (40
ol and then extracted with EtOAc (2 x 50 ml.). The combined organic layers were washed
with brine (30 mL x 2), dried over anhydrous NapSQu, filtered and concentrated under
reduced pressure (o give a residue, which was purified by flash silica gel chromatography to
give Intermediate 4-3 (1.3 g, 73% yield) as a white solid. 'H NMR (400 MHz, CDCl) §
6.44 (s, 1H), 4.96 (5, 2H), 4.01 (s, 3H), 3.79 {s,3H), 3.25 (3, 3H).

{82921 To a solution of Intermediate 4-3 (1.3 g, 3.83 mmol) in THF (15 ml)
was added n-Buli (2.5 M, 2.30 wml) at -70 °C under No. The mixture was stisred at -70 °C
for 1 h. The reaction was guenched by addition sat. ag. NHa(Cl (10 ml) at 0 °C and then
extracted with EtOAc (3 x 20 ml.). The combined organic layers were washed with brine
(20 mlL), dried over anhydrous NaxSQu, filtered and concentrated under reduced pressure to
give a residue, which was purified by flash silica gel chromatography to give Intermediate 4
(534 mg, 70% vield) as a vellow solid. 'H NMR (400 MHz, CDC) § 6.75 (s, 1H), 4.72 (s,
2H), 4.12 (s, 3H).
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Example Ada
Preparation of Intermediate 4a

/
Q
g oH o 1

o o : P o
)ﬁ MasSiCt, Nal NM KOO, _ P Y
N a p o ’ p 300 N
; o DMF, 60 °C, 16 h i
{ MeCN, 0-85°C, 18 h X ~ ; :
Cljﬁ\/ ¢ CE//K\‘/:\ ci R e
intermediate 3 Intermediate 4a-1 intermediate 4a

[6293] To a mixture of Intermediate 3 (500 mg, 2.53 nunol) and Nal (1.14 g,
7.59 mmol) in MeCUN (20 mL) was added dropwise chloro-trimethyl-silane (963 ul, 7.59
mmoly at O °C. The mixture was stirred at 85 °C for 16 hours. The reaction mixture
was filtered and concentrated under reduced pressure to give Intermediate 4a-1 (460 mg) as
a vellow solid. MS: ES m/z calculated for CsHyCING, [M+H]™ 184.0 found 184.2.

[8284] To a solotion of Intermediate da-1 (460 mg, 2.51 munol) and 1-bromo-2-
methoxy-ethane (471 pL, 5.01 mmel) in DMF (15 mL) was added K:COs3 (693 mg, 5.01
mmol). The mixture was stirred at 50 °C for 16 hours. The reaction mixture was filtered and
concentrated under reduced pressure to give a residue, which was purified by prep-HPLC o
give Intermediate 4a (150 mg) as a brown oil. MS: ES m/z calculated for CH:CING;
IM+HTT 242.1 found 242.0; 'H NMR (400 MHz, Chloroforra-d) § = 7.02 (s, 18), 4.71 - 4.55
{(a, 2H), 3.87 - 3.73 (m, 2H), 346 (s, 3H), 3.17 - 3.03 (m, Z2H), 2.80 - 2.64 (m, 2H).

Example Adb
Preparation of Intermediate 4h, 4b-A and 4b-B

N N -~
0 0 ~a ) 0
? KOH, PRIOAC), Q O HCH(12M in HyO) ',O
= 3o = i
N I‘ N i OH T no N ;\E&v{)H
i MaOH U THF, H,C ;
CI’J\’ o BN i
interemdiate 3 interemdiate 4b

interemdiate 4b-1

Chemical Formuta: CgHgOING,

Exact Mass: 213,06 SEC
Motecular Weight: 213,86
~
~ (: o j) o
?%OH N\ | moH
o™ s Ry cl RorS)
interemdiate 4b-A interemdiate 4b-B
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[8285] A solution of Intermediate 3 (250 mg, 1.27 mmol) and KOH (781 mg,
13.9 mmol) in MeGH (10 mL) was stirred for 30 minutes at § °C. To the reaction mixture
was added [acetoxy{phenyl}-A*-iodanyl] acetate (488.97 mg, 1.52 mmol, 1.2eg). The
resulting solution was stirred at ¢ °C for 1 hour, followed by stirring at 25 °C for 16 hours.
The reaction mixture was concentrated under reduced pressure to give crude Intermediate
4h-1 (1.3 g) as a black solid. MS: ES m/z calculated for CiHiCING, [M+HI 260.1 found
260.0;

(682961 To a solution of crude Intermediate 4b-1 (1.3 g) in THF (10 mL) and H:0
(8 mL) was added Hydrochloric acid (12 M in HO, 417 pL). The mixture was stirred at 20
°C for 2 hours. The reaction mixture was diluted with Ethyl acetate (20 mL). The organic
layer was washed with aq. NaHCQs (20 mL x 3} and brine (20 mL), dried with ashydrous
NapSQs, filtered and coucentrated under reduced pressure to give a residue, which
was purified by prep-HPLC to give Tntermediate 4b (350 mg) as a brown solid. MS: ES m/z
calcudated  for CoHoCING: [M+HJ]® 2140 found 2139 'H NMR (400 MHz,
CHLOROFORM-d) § = 7.04 (s, 1H), 449 (dd, ] = 4.9, 7.8 Hz, 1H), 4.12 (5, 3H), 349 (dd, ]
=78, 17.6Hz 1H), 296 (ddd, J =07, 5.0, 17.6 Hz, 1H)

{82971 Intermediate 4b (350 mg) was separated by SFC  (Columm
fstrument; SFC-R0;  Columm: DAICEL  CHIRALCEL OX  250mum™30mm,  10oamy;
Condition: 0.1%NH:-HO ETOH; Begin B: 25; End B: 25 FlowRate(ml/min): 70
Injections:6() to give Intermediate 4b-A (130 mg, 99.6%ece)} MS: ES m/z calculated for
CoHoCINGs [M+H]T 214.0 found 2139 and Intermediate 4b-B (145 mg, 98.9%e¢e) as
brown solid. MS: ES m/z calculated for ColHloeCING: [M+HT 214.0 found 213.9.

Example Adc
Preparation of Intermediate 4¢
(e ~ -
o B~ Y o N-OBn 07 N,
H - ; i borana
A 7 NaOAc - NE N NT 1
N’ : - > i »—oH THF OH
BN [ p—or  eion NG cs)\”
intermediate 4b intermediate 4¢-1 intermediate do

{62981 A mixture of Intermediate 4b (100 mg 468 pmol), O-

benzylhydroxylamine hydrochloride salt (112 mg, 702 umol) and NaGAc (115 mg, 1.40
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mmol} in BtOH (3 mbL) was stirred at 45 °C for 12 hours. The reaction mixture was filtered
and concentrated under reduced pressure to give a residue, which was purified by flash silica
gel chromatography to give Intermediate 4e-1 (100 mg) as a yellow liquid.

{6299] To a solution of Intermediate 4e¢-§ (88 mg)in THF (2 mbl)was
added borane (1 M in THF €28 ul) at 13 “C. Then the reaction mixture was stirred at 50
°C for 16 hours. The reaction mixture was guenched by addition IN NaOH, and then
extracted with ethyl acetate (2 x 20mL). The combined organic lavers were washed
with brine {20 mL), dried over anhydrous NaZ5Q;, filtered and concentrated under reduced
pressire to give Intermediate de (32 mg) as a brown solid. MS: ES m/z calcnlated for

CoHpCINOs {MA+H]T 2151 found 214.9.

Example Add
Preparation of Intermediate 44

N

Q o}
selectfluor i
b NN
MsQOH, 85°C, 18 h F
GE/L\\\\/
intermediate 3 intermediate 4d

{63661 To a solution of Intermediate 3 (300 mg, 1.52 mmob)in MeOH (3
mL) was added 1-{chloromethyl}-4-fluoro-1 4-diazoniabicyclo[2.2 2joctane
ditetraflnoreborate (1.61 g, 4.55 mmol). The resulting mixture was stirred at 85 °C for 16
hours. The reaction mixture was filtered and concentrated under reduced pressure to give
crude Intermediate 4d (310 mg) as a yellow solid. MB3: ES m/z calculated for CoHsCIFNG-
[M+HT 216.1 found 216.0.

Example Ade
Preparation of Intermediate 4e

~ ~a ~

Mel [« 7P ° o
Fo- N d i 4 4 NA//K“,/ + N 2 i A
LIHMDS, TH ks i i
LIHMDS, THE PN cs’l\\’ \ PN
intermediate 3 intermediate 4e-1  Intermediate 4e-2 intermediate 4¢-3
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(83611 To a solution of Intermediate 3 (2 g, 10.12 mumol} and Mel (7.18 g, 50.60
mmol, 3.15 mL, 5 eq) in THF {20 mL) was added slowly LiHMDS (I M, 20.24 mL, 2 eq) at
-20°C. The mixture was stirred at -15°C for 1 b, then the reaction was warmed up to 15 °C
and stirred for 2 h. The reaction mixture was guenched by addition sat NH«Cl (20 mb)
at § °C, then diluted with HoO (50 mbL) and extracted with EtQAc (3 x 60 mbL). The
combined organic layers were washed withbrine (1 x 100 mL), dried over anhydrous
NazS0., filtered and concentrated under reduced pressure to give a residue, which was
purified by flash silica gel chromatography to give Intermediate de-1 (70 mg) as a yellow
oif, MS: ES m/7 calculated for CioH:CING, [M+HT 212.0 found 211.9; Intermediate de-2
(300 myg) as avellow oil, MS: ES m/z caleulated for CioHCING, IM+HTT 212.0 found
211.9;  and Intermediate de-3 (1.05 g) as ayellow oil, MS: ES m/Z calculated for

CyHiCINO, [M+HT 226.1 found 226.0.

Example AS
Preparation of Intermediates 5-1a and 5-1b

o\\}ﬁ <
{
HN HN
~ ~
O G
A {
Ny e N! S
i .
o N NaBH,CN, EIOH ¢
Intermediate 3 {ntermediate 5-1
2 Q
HN HIN
{3 (
~. (S}
. O HN \Q HN""
SFC speration o~ - (R) .
[ S—— Nl = L + N./ RN {S)
- i
¢l o
Intermediate 5-13 Intermediate 5-1b

{83621 The mixture of Intermediate 3 (145 g, 7.34 mmol) and (58)-5-
(aminomethyDpyrrolidin-2-one HCY sale (2.21 g, 14.7 myuol) in EtOH (20 mL) was stirred at

20~45 °C for I h. NaBH3CN (1.38 g, 22 mmol) was added into the mixture at 20 °C. The

-193-



WO 2022/266236 PCT/US2022/033653

mixtare was stirred at 20~45 °C for 15 h, filtered and concentrated under reduced pressure to
give a residue. The residue was diluted with H-O (80 mL) and extracted with EtQAc (2 x
100 mL). The combined organic layers were washed with brine (2 x 80 mbL), dried over
anhydrous Na:S0q, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by flash silica gel chromatography to give Intermediate 5-1 (2.2 g, 92%
purity) as a yellow oil.

[8303] Intermediate 5-1 was further separated by SFC (Column: DAICEL
CHIRALPAK IC (250mm™50mm, 10um), Mobile phase: A: CO»; B: IPA (0.19% NHa=H2O);
Gradient: 55% B, Flow Rate (mL/min): 140; Injections: 300 min (3 mL per injection, Cycle
time: ~6.8 min};, Column temperature: 40 °C) to give pure cnantiomers Intermediate 5-1a
and Intermediate 5-1b. The absolute chiral centers of the intermediates are assigned based
on a single crystal structure of Intermediate 5-1b.

[8364] Intermediate 5-1a (800 mwg) was obtained as a yellow oil with SFC. Re=
3.44 minutes (SFC analytical Tostrument: CAS-QD-ANA-SFC-SD (Agilent 1260 with DAD
detector); Method: Column: Chrialpak IC-3 100x4.6mun LD, 3pm; Mobile phase: 40% of
IPA {0.05%) in COy; Flow rate: 2.8mb/min Column temperature: 40 °C). ‘H NMR (460
MHz, CD10D) 6 6.96 (s, 1H), 451 (dd, /= 3.9,7.7 Hz, 1H), 3.98 (s, 3H), 3.91-3.80 (m, 1H),
361 (g, J =71 Hz, 1H), 3.18-3.02 (m, 1H), 2.95-2.74 (m, 3H), 2.52-2.40 {(m, 1H), 2.39 -
2.25 {m, 3H), 2.08 (vdd, /=44, 8.9, 13.4 Hz, 1H), 1.92-1.76 (o, 1H).

{8308] Intermediate 5-1b (1.14 g) was obtained as a yellow solid with SFC. Rt
= 4.74 minutes (SFC analytical Instrument: CAS-QD-ANA-SFC-SD (Agilent 1260 with
DAD detector) Method: Column: Chrialpak IC-3 100x4.6mm LD, 3um Mobile phase: 40%
of IPA (0.05%) in COy; Flow rate: 2.8mb/min Column temperature:40 °C). 'H NMR (400
MHz, CD30D) 0 6.91 (s, 1H), 4.37 (dd, /= 4.8, 7.5 Hz, 1H), 3.96 (s, 3H), 3.86-3.74 (m, 1H),
3.05 (ddd, 7 = 5.9, 8.8, 17.1 Hz, 1H), 2.89-2.68 (m, 2H), 2.59 (dd, J = 7.1, 1 1.8 Hz, 1H),
246-2.19 (m, 4H), 1.97 (tdd, J = 5.3, 8.4, 13.5 Hz, 1H), 1.89-1.72 (m, 1H}.

[6366] The single crystal of Entermediate 5-1b’s formate sali was obtained.
The crystal was a colorless needle with the following dimensions: 0.30 x 0.04 x 0.04 mm’.
The symmetry of the crystal structure was assigned the moncclinic space group P2 with the
following parameters: a = 20.8793(7) A, b = 5.8084(2) A, ¢ = 28.1836(9) A, o = 90°, f=
102.238(3)°, v = 90°, V = 3340.3(2) A3, Z = &, Dc = 1.359 giem3, FO00) = 1440.0, (CuKa)
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= 2236 mm-1, and T = 149.95(10) K. Figures 1A and 1B show the absolute configuration
structure and ORTEP crystal structure of the formate salt of Intermediate 5-1b.
[6307] The intermediates in Table A-1 were prepared using similar

methodologies are described for preparing Intermediate 5-1a and 5-1b.

Table A-1

Intermediate | . m I AW E:tetentmn o .
. Structure ) thne Starting Materials
No. Method |~ .
{minufe)
O
HNH Intermediate 3
oy
5-2a o B E 3.33 2,5-Diazaspiro[3.4]
N octan-6-one
N7 E (SorR) hydrochloride
o

Intermediate 3

HN
5-2b o ‘\>§ B 4.00 2,5-Diazaspirof3.4]
! N octan-6-one

m (Ror3) hydrochloride
o

N}”ﬂ Intermediate 3
. 1-{2,6~
»-3 /y . . < »
ona o \N F L diazaspiro{3.3]
E , heptan-2-yijethan-1-
N =~ E (S or R} one
- X
i
Q
3‘ Intermediate 3

P S 1-(2,6-
5.3b - < F 1.34 e
N

diazaspiro{3.3]

/’ N X heptan-2-yljethan-1-
m (Ror&) one
o N
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, . . Retention
.‘{Eniwma,{imn, Structure SFC time Starting Materials
No. Method e
{minute)
Q
HNK Intermediate 4
6-1a o e © 1 1.36 (58)-5-
(R or ) {aminomethyhpyrrol
jJJi\\;\ e idin-2-one HC!
P
Ci e
O
\
N Intermediate 4
~ (S X0
6-1b O N i 1.67 (58)-5-
(S or R) {aminomethyDpyrrol
m ' idin-2-one HCJ
! /'L“
Cl o
O
)
HN Intermediate 4
o
6-2a o d G 1.51 2,5-Biazaspiro{3.4]
N octan-6-one
j\i\:! N{Ror8) hydrochloride
B A
Ci o
G
HN>L\E Intermediate 4
ey
6-2h o 8; G 2.10 2,5-Diazaspirof3.4]
?‘J octan-H-one
hydrochloride
Intermediate 3
S-4a J 1.98 (3R, 4R)-4-

Aminooxan-3-0}
hydrochloride
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Intermediate
No.

Structure

SFC
Method

Retention
time
{minuie)

Starting Materials

5-4b

O.

K/%..\QH
~ N\

O H

N
N{J’DR or 8)
Ci’*\\v

Intermediate 3
(3R, 4R)-4-
Aminoosan-3-0l
hydrochloride

5-5g

Totermediate 3
3-Hydroxyazetidine
Hydrochloride

5-5h

Iotermediate 3
3-Hydroxyazetidine
Hydrochioride

5-6a

1.86

Intermediate 3
3-methoxyazetidine
hydrochloride

o
-
£

Intermediate 3
3-methoxyazetidine
hydrochlornide

Intermediate 3
2,6-
Diazaspiro{3.4Jocta
n-3-one
hydrochloride
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Intermediate | SFC f’_ﬂ ntion o ey
o Structure time Starting Materials
No. Method e
{minute)
H
N
D{S B Intermediate 3
N 2.5
57b ~ < K 1.80 . T
O N Diazaspire{3.4joctan
NT | 3 (Ror&) -5-one hydrochloride
o N
O
Yo
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< 84 o \Nﬁ ; 076 | Fthyl Asetidine-3-
i ) carboxylate
ms or R) Hydrochloride
oS
° Q
(z N Intermediate 3
- . ) P ithyl Azetidine-3-
5.8b o > J 0.96 Ethyl A;et%dif;e
| B . carboxylate
N (Ror ) Hydrochloride
o
P () OH Totermuediate 3
0 o, (35,4R}-4-
5-%a NH ] I 1.02 aminotetrahydro-2H-
(SorR) pyran-3-ol
hydrochloride
Intermediate 3
N 38,4R)-4-
5-9% ?”H I 1.31 aminotetrahydro-2H-
N (Rors) pyran-3-o]
o ‘ hydrochloride
o ~hon .
L Intermediate 3
=l AR A4
5-10a ¢ " e N e | ‘*’R"fij{f, e
NE™ (S or R} aminotetrabydrofira
- l n-3-ol hydrochloride
o Ny,
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-
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Ci”
9}
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P
CEN i
Q
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b o HN™ ¢ > {aminomethylpyrrol
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o~
8]
[\
01 HN)j Intermediate 4a
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Q
HN Intermediate 4b-A
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14b  HN @ 237 (arpinomethyDpyrrol
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i OH
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Q
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\ . . Retention
?{?iwmtdm& Structure SFC time Starting Materials
No. Method e
{minute)
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. : . Retention
F?wm“‘i“‘“ Structure SFC time Starting Materials
No. Method o
{minute)
Q
%
HN 7 Intermediate 3
. ’ §-oxa-2,5-
5. -~ ; 675 . Cm e
18h O N7 G L6 diazaspiro{3.5nonan

N ,« (R or S) -6-one hydrochloride

Intermediate 3

(R)4-
5-1%a ~o Nt Q 1.97 {arninomethybpyrrol
‘ idin-2-one
?‘} o hydrochloride
e N
]
Intermediate 3
(R)-4-
5-19h ~0 i Q 2.16 {aminomethylpyrrol
S mors idin-2-one
E\? = : ’ hydrochloride
o N

{63681 SFC Method E: Column: UniChiral ND 100x4d.0nmun LD, § pm; Mobile
phase: A: COg; B: iso-propanol (0.05% DEA); Gradient: from 5% to 40% of B in 4.5min and
hold 40% for 0.5 min, then 5% of B for 1 min; Flow rate: 2.8mL/min; Column temperature:
40 °C.

{63691 SFC Method F: Column: Chiralpak AD-3 100x4.6mm 1.D., 3 pm; Mobile
phase: A: CO», B: Ethanol (0.05% DEA); Gradient: from 5% to 40% of B in 4.5min and hold
40% for 2.5 min, then 5% of B for 1 min; Flow rate: 2.8mL/min; Column temperature: 40°C.

{83161 SFC Method G: Column: Chiralpak AD-3 50x4.6mm LD, 3 wm; Mobile
phase: A: CO», B: Ethanol (0.05% DEA}; Gradient: from 5% to 40% of B in 2.5min and hold
40% for (0.5 min, then 5% of B for | min; Flow rate: 4mb/min; Column temperature: 35°C.

{6311} SFC Method H: Column: Lux Cellulose-2 100x4.6mm LD., 3 pm; Mobile
phase: A: COo: B IPA (0.05% DEA); Gradient: from 5% to 40% of B in 4.5min and hold
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40% for 2.5 min, then 5% of B for | min; Flow rate: 2.5mb /min; Column temperature: 40
°C.

{6312] SFC Method | Column: Chiralpak AY-3 50x4.6mm LD, 3 pm; Mobile
phase: A: COo; Br IPA (0.05% DEA); Gradient: from 5% to 40% of B in 2.5min and hold
40% for 0.5 min, then 5% of B for I min; Flow rate: 4mi/min; Column temperature: 35 °C.

(8313 SFC Method J: Column: Chiralpak AY-3 50x4.6mm LD., 3 um; Mobile
phase: A: COo; B: Ethanol (0.05% DEA);, Gradient: from 5% to 40% of B in 2.5 min and
hold 40% for 0.5 min, then 5% of B for | min; Flow rate: 4 mL/min; Column temperature: 35
°C.

(6314 SFC Method K: Column: (8,5)-Whell-0-1.8 30x4.6mm LD, 1.8 um;
Mobile phase: A: COs; B: methanol (0.05% DEA); Gradient; from 10% to 40% of B in 2 min
and hold 40% for 1 mun, then 5% of B for | min; Flow rate: 2.8 mi/min; Column
teraperature; 35 °C.

{8315 SFC Method L: Column: Lux Cellnlose-2 100x4.6nun 1D, 3 po; Mobile
phase: A: CO»; B: IPA (0.05% DEA); Gradient: from 5% to 40% of B in 4.5 mun, then 5% of
B for 2.5 min, then 5% of B for | min; Flow rate: 2.5 m/rmin; Colamn teroperature; 40 °C.

{8318} SFC Method M; Column: MChiral NS-3 100x4.6mm 1D, 3 wm Mobile
phase: A: CO2 B:IPA (0.05% DEA) Gradient: frorn 3% 10 40% of B in 2 min and hold 40%
for 1 min, then 5% of B for | win Flow rate: 2.8mal/min; Column temp.: 35 °C.

{83171 SFC Method N: Column: Chiralcel GJ-3 100x4.6mm LD, 3 um Mobile
phase: A: CO2 B:ethanol {(0.05% DEA) Gradient: from 5% to 40% of B in 2 min and hold
40% for 1 min, then 5% of B for | min Flow rate: 2.8mL/min; Column temp.: 35 °C.

{8318} SFC Method O: Cohumn: Chiralpak AS-3 50x4.6mm LD., 3 um; Mobile
phase: A: COy; B Ethanol (0.05% DEA); Gradient: from 5% to 40% of B in 2.5 min, then
40% of B for 0.5 min, then 5% of B for | min; Flow rate: 4 ml/min; Column temperature: 35
°C.

{6319] SFEC Method P: Column: Chiralpak IG 50x4.6mm LD., 3 pm; Mobile
phase: A: COq; B Hthanol (0.05% DEA); Gradient: from 5% t0 40% of B in 2.5 min, then
40% of B for 0.5 min, then 5% of B for | min; Flow rate: 4 mbL/min; Column temperatare: 35

°C.
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[6326] SFC Method 3 Column: Chiralpak IC-3 50x4.6mm LD., 3 um; Mobile
phase: A: CO; B: Methanol (0.05% DEA}; Gradient: from 20% to 40% of B in 2.5 min and

hold 40% of (1.5 min, then 20% of B for 1 min; Flow rate: mL/min ;Column temp.:35 °C.

Example A6
Preparation of Intermediate 7-1

HO
Ve
\CNHHU
o
i\'”’j NaBHsCN
/J\\/ﬁ\ EtOH, 50 °C, 16 h

Intermediate 3 Intermediate 7-1

{8321} To a solution of Intermediate 3 (500 mg, 2.53 mmol)in BtOH (6
mbL) was added 3-Hydroxyarzetidine hydrochloride (416 mg, 3.80 mmol). The mixture was
stitred at 50 °Cfor 1 h. After adding NaBH:CN (477 mg, 7.59 mmol) at 25 °C into the
mixture, the resulting mixture was stirred at 50 “C for 15 h to give a yellow mixture. The
reaction was quenched with H>O (30 mL) and then extracted with EtOAc (3 x 30 mL)} . The
combined orgavic layers were dried over Na:xSO, filtered aund couvcentrated under reduced
pressure (o give a residue, which was purified by prep-HPLC to give Intermediate 7-1 (280
mg, 39% vield, 90% purity) as a yellow sohid. MS: ES sz calculated for CioHisCIN2O,
[M+HT" 255.1 found 255.0.

[6322] The intermediates shown in Table A-2 were prepared by an analogous
reaction protocol as was used for the preparation of Intermediate 7-1 using the appropriate

starting materials.

Table A-2

Intermediate No. | Structure Starting Materials

{35}-5-

7.3 o NH Mo G {aminomethypyrrolidin-
/L\y 1 ‘ \m__{‘i;/[/ 2-one HCI salt
Cl

intermediate 2

204-
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9]
a\%j (8a5)-
, “ ( ) Hexahvydropyrrolo{,2-
7-3 () N ajpyrazin-6{ZH)-one
N hydrochloride
ntermediate 3
- i 1
Ci >
G
Y
;"”N\J (8aR)-
- - ,5:\ SR Hexahvdropyrrolo{1,2-
7-4 Q N alpyrazin-6(2H)-one
NP hydrochloride
ntermediate 3
“ i diate 3
Ci
P
N O , .
tert-butyl 2,6~
7.5 ~0 diazaspiro|3.4Joctane-2-
N - 1.
; carboxylate
N7 Intermediate 3
i S
N
N (58)-5-
76 ~o ) ) {aminomethypyrrolidin-
;  HN 2-one HCT salt
A Intermediate 4e-1
O F
j.
HN
J;f’ {58)-5-
iy ™~ HN ¥ {aminomethyDpyrrolidin-

2-one HCT salt
Intermediate de-2
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Example 7
Preparation Intermediate 8-1
of

!l\

v P
“ N 3 € 1 : O
EN/ f B~ \< R / \Q{Br

dioxane, HxQ, 100°C, 2 h

By Br

intermediate 8-1
{83231 A mixtwre of 2-Chloro-3-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-
vhaniline (2.1 g, 828 mmol), 1,3-Dibromo-2-chlorobenzene (448 g, 16.6 mmol),

Pdidppt)Cly (606 mg, 828 pmoly and K:COs; (343 g, 249 mmel)in dioxane (25
mbL) and H20 (2.5 mL) was degassed and purged with No (3x}. After stirring the mixture
at 100 °C for 2 h under Mo atmosphere, the reaction was quenched with H2O (30 mb) and
then extracted with EtOGAc (3 x 30 ml). The combined organic layers were dried over
Naz80, filtered and concentrated under reduced pressure o give a residue, which was
purified by flash silica gel chromatography to give Intermediate 8-1 (1.4 g} as a yellow

sofid. MS: ES m/z calculated for CioHoBrChN [M+H]™ 315.9, found 316.0.
[6324] The intermediates shown in Table A-3 were prepared by an analogous
reaction protocol as was used for the preparation of Intermediate 8-1 using the appropriate

starting materials.

Table A-3

Intermediate No. Structure Starting Materials

2-Methyl-3-{4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-yhaniline
1,3-Dibromo-2-
chlorobenzene

82

2-Fluoro-3-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-yhaniline
1,3-Dibromoe-2-
chlorobenzene
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Infermediate No.

Structure

starting Materials

8-4

2-Chiore-3-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-ylaniline
1,3-Dibromo-2-
methylbenzene

2-Methyi-3-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-yDaniling
1,3-Dibromo-2-
methylbenzene

86

2-Fluoro-3-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-yhaniling
1,3-Dibromoe-2-
methylbenzene

8-7

2-Chloro-3-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-yl)aniline
1,3-Dibromo-2-
fluorobenzene

58

2-Methyl-3-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-yi)aniline
1,3-Dnbromo-2-
fluorobenzene

2-Fluoro-3-{4,4,5,5-
tetramethyl-1,3,2-
dioxahorolan-2-yhaniline
1,3-Dibromo-2-
fluorobenzene

8-18

2-Methoxy-3-
{tetramethyl-1,3,2-
dioxaborolan-2-yaniline
1,3-Dibromo-2-
chlorobenzene

811

2-amino-6-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-
yhbenzonitrile
1,3-Dibromo-2-
chlorobenzene

8-12

2-Chloro-3-(4,4,5,5-
tetramethyl-1,3,2-
dioxaborolan-2-yhaniling
2,6-dibromobenzonitrile
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Infermediate No.

Structure

starting Materials

8-14

Ct

S-chioro-2-methyl-3-
{4,4.5,5-tetramethyl-
1,3,2-dioxaborolan-2-
yianiline
1,3-Dibromo-2-
chlorobenzene

8-15

5-fhioro-2-methyl-3-

{4,4.5 S5-tetramethyl-

1.3,2-dioxaborolan-2-
vhiphenylamine
1,3-Dibromo-2-
chlorobenzene

8-15a

5-fluoro-2-methyl-3-
(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-
yhphenylamine
1, 3-dibromo-2-
methyibenzene

8-16

2-Chloro-5-fluoro-3-
{4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-
vhaniline
1,3-Dibromo-2-
chlorobenzene

5-18

6-fluoro-2-methyi-3-
{4,4,5 5-tetramethyl-
1,3,2-dioxaborolan-2-
vhaniline
1,3-Dibromo-2-
chlorobenzene

8-28

2-Methyl-3-(4,4,5,5-
tetramethyl-1,3,2-
dioxahorolan-2-yhaniline
1,3-dibromo-2-chioro-5-
fluorchenzene

8-21

5-fluoro-2-methyl-3-
(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-
vhphenylamine
1,3-dibromo-2-chioro-5-
fluorobenzene
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Intermediate No. Structure Starting Materials
F 2-chloro-5-fluoro-3-
{4,4.5,5-tetramethyl-
8.22 1 ~3,2-dioxa?gyrﬁlan-;’.-
yianiline
1,3-dibromo-2-chloro-5-
fluorobenzene
2-Methyi-3-(4,4,5,5-
\; E tetramethyl-1,3,2-
823 HNT N T’\ cl dioxaborolan-2-yDaniling
- 5 2-bromo-4-chloro-1,3-
difluorobenzene
2-Methyi-3-(4,4,5,5-
TA\\\\ £ tetramethyl-1,3,2-
8-24 N ' I S et dioxaborolan-2-ylaniline
g 1-bromo-3-chloro-2,4-
difluorobenzene
Example A8
Preparation Intermediate 10-1
o
SO
o cfs*rlxs o} O lf’\\:\ cl
Al e TCFH, NMI \N/\I/U\Nri\("\/\kr(er
HN Y MeCN, 50 °C, 16 h Ao o ”\y
G R ' ‘ 0 e

intermediate 81

[4325]

N
i

infermadiate 8-1

Of-
Y Pd{dopHCly, KOAC
o dioxane, 160 °C, 16 h

intermediate 101

To a solution of compound Intermediate 3-1 (300 mg, 946 pmol) and

1,3-dimethyl-2 4-dioxopyrimidine-S-carboxylic acid (145 mg, 789 uymol) in MeCN (4

mli.) were

added NN, N’ N’ -tetramethylchloroformamidinium

hexafluorophosphate

(TCFH, 443 mg, 1.58 munol) and N-methylimidazole (NM1, 157.16 puL, 1.97 mmol). The
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mixtare was stirred at 50 °C for 16 b. The reaction was guenched with HoO (20 mL) and
then extracted with EtOAc (3 x 20 mL}. The combined organic lavers were dried over
NapSQy, filtered and concentrated under reduced pressure to give a residue, which was
purified by flash silica gel chromatography to give Intermediate 9-1 (420 mg, crude) as a
yellow solid. MS: ES m/7 calculated for CioHaBrChN2Gs NafM+Nal” 504.0 found 504.0.

(683261 A mixture of crude Intermediate 9-1 (420 mg), Bis(pinacolato)diboron
(132 mg, 521 pmol), KOAc (128 mg, 1.30 mmol) and Pd(dppHCl (31.8 mg, 43.5 umol)
in dioxane (3 ml) was degassed and purged with Nz (3x). The mixture was stirred at 100
°C for 16 hunder N» atmosphere, filtered and concentrated under reduced pressure to give a
residue, which was purified by flash silica gel chromatography (ISCO®; 4 g SepaFlash®
Silica Flash Column, 0~30% BtOACPE) to give Intermediate 18-1 (330 mg) as a yellow
solid. MS: ES nz caleulated for CosHyBCHNOs [M+H]T 530.1 found 530.1

Example ABa
Preparation Intermediate 9-2

1
TCFH, NMI
MeCN, 50 °C, 16 h

8.2

{63277 To a solution of Intermediate 8-2 (850 mg, 2.87 mmol) and 1,3-dimethyl-
2 4-dioxopyrimidine-5-carboxylic acid (580 mg, 3.15 mmol) in MeCN (8 mL) were added N,
N, N, N-tetramethyichloroformamidinium hexafluorophosphate (TCFH) (1.61 g, 5.73
mmol) and N-methylimidazole (NMI) (871 pL 7.16 nunol). The reaction mixture was stirred
at 50 °C for 16 hours. The reaction mixture was filtered, and the crude product was triturated
with EtOAc (30 mL) at 25 °C for 10 min. The solid residue was filtered and dried to give

Intermediate 9-2 (1 g) as a white solid.
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[6328] The intermediates shown in Table A-4 were prepared by an analogous
reaction protocel as was used for the preparation of Intermediate 9-2 using the appropriate

starting materials.

Table A-4

Intermediate No. Structure Starting Materials

1.3-dimethyl-2,4-
dioxopyrimidine-5-carboxylic acid
Intermediate 8-3

$-3

1,3-dimethyl-2.4~
dioxopyrimidine-5-carboxylic acid
intermediate 8-4

-4

1.3-dimethyl-2.4-
dioxopyrimidine-5-carboxylic acid
Intermediate 8-3

¥
n

1,3-dimethyl-2.4~
dioxopyrimidine-5-carboxylic acid
intermediate 8-6

8-

1,3-dimethyl-2.4-
dioxopyrunidine-5-carboxylic acid
Tntermediate 8-7

8.7

1.3-dimethyl-2.4-
dioxopyrimidine-5-carboxylic acid
Intermediate &-8

1,3-dimethyl-2,4-
dioxopyrimidine-5-carboxylic acid
Intermediate 8-9

%8

2-Methvl-3-0x0-2,3-
dihydropyridazine-4-carboxylic
acid
Intermediate 8-1

8-18
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Intermediate No,

Structure

Starting Materials

$-11

2-Methyl-3-0x0-2,3-
dihydropyridazine-4-carboxyhc
acid
Intermediate 8-2

2-Methyl-3-ox0-2,3-
dihydropyridazine-4-carboxylic
acid
Intermediate 8-8

1,3-dimethyl-2,4-
dioxopyrimidine-3-carboxylic acid
Intermediate 8-10

914

1,3-dimethyl-2,4-
dioxopyrimidine-3-carboxylhic acid
Intermediate 8-11

915

1,3-dimethyl-2,4-
dioxopyrimidine-3-carboxylic acid
Intermediate 8-12

8-17

1,3-dimethyl-2,4-
dioxopyrimidine-S-carboxylic acid
Intermediate 8-14

8-18

1,3-dimethyl-2,4-
dioxopyrimidine-5-carboxylic acid
Intermediate &-15

919

1,3-dimethy!-2,4-
dioxopyrimidine-5-carboxylic acid
Intermediate 8-16

$-21

1,3-dirsethyl-2.4-
dioxopyrimidine-S-carboxylic acid
Intermediate 8-18
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Intermediate No,

Structure

Starting Materials

923

QQ

1,3-dimethyl-2,4-
dioxopyrimidine-3-carboxylic acid
Intermediate 8-20

I, 3-dimethyl-2,4-
dioxopyrimidine-5-carboxylic acid
Intermediate 8-21

8-25

1,3-dimethyl-2,4~
dioxopyrimidine-5-carboxylic acid
Intermediate 8-22

8-26

1,3-dimethvl-2,4-
dioxopyrimidine-3-carboxylic acid
Intermediate 8-23

8.27

1,3-dimethyl-2,4-
dioxopyrimiding-3-carboxylic acid
Intermediate 8-24

9$.28a

1,2,3,6-Tetrahydro-1-methyi-2,6-
dioxo-5S-pyrimidinecarboxylic acid
Intermediate 8-2

9.28b

1,2,3 4-Tetrahydro-1-methyl-2 4~
dioxo-5-pyrimidinecarboxylic acid
Interroediate §-2

9-29

1,2,3,4-Tetrahydro-2,4-dioxo-5-
pyrimidinecarboxylic acid
Intermediate 8-2

9-30

o Xy

> I \ ]
~ N N\ N \/«\E//;A\l/:\/( Br
m o 1] L

D{}\N&O Ci

t

N

2,3,4,5-Tetrahydro-2 4-dimethvl-
3,5-dioxo-1,2, 4-triazine-6-
carboxvlc acid
Intermediate 8-
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Intermediate No,

Structure

Starting Materials

8-31

o Yy o
H g .
/%Q SN

2,3.4,5-Tetrahydro-2, 4-dimethyl-
3 5-dioxo-1,2,4-triazine-6-
carboxylic acid
Intermediate 8-2

9-32

O //\

L Ak, /j/ﬁr
A\

2,3,4,5-Tetrahydro-2,4-dimethyl-
3, 5-dioxo-1,2,4-triazine-6-
carboxylic acid
Intermediate 8-5

2,3,4,5-Tetrahydro-2 4-dimethyl-
3,5-dioxo-1,2, 4-triazine-6-
carboxylic acid
Intermediate 8-15

8-.33a

Tetrahydro-2,4-dimethyl-

dioxo-1,2, 4-triazine-6-
carboxylic acid

Intermediate 8-15a

4,5-
5

9-34

3-hydroxy-4-pyridazinecarboxylic
acid
Intermediate &-1

3-hydroxy-4-pyridazinecarboxylic
acid
Intermediate 8-2

936

2-Methyi-3-0x0-2,3-
dihydropyridazine-4-carboxylic
acid
Intermediate 8-15

Example ASb
Preparation Intermediate 13-2

P rass

Fd(dpehCl, , KOAC N
dioxans, 100°C, 16 h ,//J\ H

intermediate 10-2

intermediate 9-2
[0324]
3.24 mmol), KOAc (636 mg. 6.48 mmol) and Pd(dppDCl (158 mg, 216 ymol} in dioxane

A mixture of Intermediate %-2 (1.0 g). Bis(pinacolato}diboron (823 mg,
The mixture was stirred at 100 °Cfor 16 h

(10 mL) was degassed and purged with N2 (3x).
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under N, atmosphere. The mixture was filtered and concentrated under reduced pressure to
give a residue, which was purified by flash silica gel column to give Intermediate 14-2 (780

mg) as a white solid. MS: BS m/z caleulated for CosHaoBCINGGs [M+H]" 510.2 found 510.0
{6338] The intermediates shown in Table A-5 were prepared by an analogous
reaction protocol as was used for the preparation of Intermediate 18-2 using the appropriate

starting materials.

Table A-S

Intermediate No, Structure Starting Materials
|
0 o ,0"{< - .
163 SN o B Bi S(piﬂ&gﬂlzﬁ@ ;di?)ﬂr()rx
EOH Intermediate 9-3
PN F Az

0 A o
T P C PR
04 \N‘/\\/I{‘N’ﬁ\f’/ B.. )\ Bis(pinacolato)diboron
& o4 Intermediate 9-4
o]

Bis(pinacolato)diboron

16-3 Intermediate 9-5

10-6 Bis{pinacolato)diboron
Intermediate 9-6

107 Bis{pinacolato)diboron

e Intermediate 9-7

10.2 Bis(pinacolato)diboron

Intermediate 9-8

215-
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Intermediate No, Structure Starting Materials
169 Bis{pinacolato)diboron
’ Intermediate 9-9
a5 - Bis(pinacolato)diboron
10-10 Intermediate 9-10
1611 Bis{pinacolato)diboron
) Interrpediate 9-11
a Bis{pinacolato)diboron
18-12 Intermuediate 9-12
1013 Bis{pinacolato)diboron
T Intermediate 9-13
, Bis{pinacolato)diboron
10-14 Intermediate 9-14
1015 7 Bls{pﬂilgcolato}fiiboron
Intermediate 9-15
Bis(pinacolato)diboron
1017 Intermediate 9-17
Bis(pinacolato)diboron
16-13 Intermediate 9-1R
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Intermediate No,

Straciure

Starting Materials

Bis(pinacolatodiboron

18-19 Intermediate 9-1%9
1821 Bis(pinacolatodiboron
Intermediate 9-21
. - Bis(pinacolato)diboron
16-23 Intermediate 9-23
F /\V )
o] Gt O -~ . . .
1024 - /"\\\/ﬂ\ 1 . >§ Bis{pinacolato)diboron
j\ L N | \ © Intermediate 9-24
RN
1025 Bis(pinacolato)diboron
i Tatermediate 9-25
1026 Bis{pinacolato)diboron
e Intermediate 9-26
19-27 Bis{pinacolatodiboron
= Intermediate 9-27
16284 HN/\/“\N Ao B O/"\ Bis{pinacolatodiboron
| | Intermediate 9-28a
O X N F
{
|
o] = Ct o
10-285 NP O E A p‘? Bis(pinacolatodiboron
' j\\ N Tntermediate 9-28b
o w0 4
H
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Intermediate No, Structure Starting Materials
16-29 Bis( pinacole}m)di?gmﬂ
Intermediate 9-29
) Bis(pinacolatodiboron
10-30 Intermediate 9-30
18.31 Bis{pinacolato)diboron
o Intermediate 9-31
1032 B s(p!.n acolgtq)@b@ron
Intermediate 9-32
Bis{pinacolato)diboron
16-33 Intermediate 9-33
, Bis(pinacolato)diboron
10-34 Intermediate 9-34
10.35 Bis{pinaoo!ato}@iboron
Intermediate 9-35
Bis(pinacolato)diboron
10-36 Intermediate 9-36
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Example A9
Preparation Intermediate 12-1

N/LN
Y

e
g N

HCH dioxane
t-BuldH, 100 °C, 16 h

intermediate 11-1

Mo o
AB__B\
ol St

Pd{dppfiCl, , KOAC
dioxane, DMF,
100-110 °C, 18 h

OB Be%
N B..

¢ N = O

OOy

=N i L

intermediate 12-1
{63311 4-chloro-2-

methylpyrido[3,2-d]pyrimidine (113 mg, 631 pmol) and HCl/dioxane (4 M, 156 pl) in ¢

A mixture of Intermediate 8-1 (200 mg 631 pmol),

BuOH (3.5 mL) was stitred at 100 °C for 16 h. The mixture was concentrated under reduced
pressure to give a residue, which was triturated with EtOAc (20 mL) to give Intermediate
111 211 mg, crude) as an off-white solid. MS: ES m/z  calcolated for CooHuBrChNg
IM+-HIT 459.0, found 458.9,

14332] A

Bis{pinacolatoydiboron (166 mg, 652 yool), KOAc (397 mg, 6.08 mmol) and Pd(dppHCly

muxture  of  Intermediate  11-%

(100 mg, 217  upmol),
(1539 mg, 21.7 pmol) in dioxave (2.5 ml.) was degassed and stivred at 100 °C for 16 b under
N> atmosphere. After adding DMFE (1 mL) into the mixture, the resulting mixture was stirred
at 110 °C for 3 h under No atmosphere. The mixture was partitioned between EtQAc (50
i) and HaO (50 mwl). The organic layer was separated, washed with brine (50 ml), dried

over NapS(y, filtered and concentrated under reduced pressure to give a residue, which was
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purified by flash silica gel chromatography to give Intermediate 12-1 (244 mg, crude) as a

brown solid. MS: ES m/z calculated for CosHaeBCHNAG, [M+H]Y 5307.1, found 507.1.
[6333] The intermediates shown in Table A-6 were prepared by an analogous
reaction protoco! as was used for the preparation of Infermediate 12-1 using the appropriate

starting materials.

Table A-6

Intermediate Mo. sStructure Starting Materials
\!&N E X i .: —&
12-2 i N N 7 ! S 4~Lhior<)ip?:rﬂdo{;J,E;dggpijnmidjne
LN oo ntermediate d-

8-Chloro-1,7-naphthyridine

12-3 Intermediate -1

S-chloropyridof4,3-bipyrazine

12-4 Intermediate 8-1

Example A1
Preparation Intermediate 13-1

IO
HoNT Y B
O i o]
NLQ -BuQK Br

oj/l\f?N THF, 20°C, 16 h 0
C d

Intermediate 131
[61334] To a solution of methyt 5-(1,3-dioxolan-2-yhpyridine-2-carboxylate (800
mg, 3.82 mmol) and 3-Bromo-2-chloroaniline (790 mg, 3.82 mmol) in THF (6 ml) was
added t-BuOK {644 mg, 5.74 mmol). The mixture was stirred at 20 °C for 16 h to give a

yellow sofution. After the mixture’s pH was adjusted to be ~7 with ag. NHsCl, the mixture

220-



WO 2022/266236 PCT/US2022/033653

was diluted with H>O (20 mbL) and extracted with EtOAc (3 x 20 mL). The combined
organic layers were dried over anhydrous NaxSQq, filtered and concentrated under reduced
pressure to give a residue, which was purified by flash silica gel chromatography to give
Intermediate 13-1 (950 mg) as a yellow solid. MS: ES m/7 calculated for CisHizBrCIN2Gs
[M+H]" 383.0, found 382.9.

Example All
Preparation of Intermediate 14-1

{
Bre. C\[\ Br Pin B :;2!;% j; g\i&
L Pu{dppfiCly - U
Intermediate 141
[4335] Toa mixture of 1 3-dibromo-2-chloro-benzene (530 g, 185 mmoly and
4,4.5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y§)-1,3,2-dioxaborolane
(93.9 g, 370 mmol) in dioxane (400 mbL) were added KOAc (90.76 g, 924.73 mmol, 5 eq.}
and Pd{dppHClz (13.53 g, 18.49 nuvol, 0.1 eq.) at 25°C under No. The mixture was stirred
at 110 °Cfor 12 h. The mixture was evaporated and diluted with water (500 mL). The
oikture was exiracted with MTBE (2 x 500 wl). The combined organic layers were
evaporated to give the crude product. The crade product was tritarated with MeOH (150
mL) to give Intermediate 14-1 (41.3 g, 61% yield) as white solid. 'H NMR: (400MHz,
CDCRYS7.59(d, J="72Hz, 2H), 7.13 (t, J = 7.2 Hz, 1H), 129 (s, 24H).

Hxamople Al2
Preparation Intermediate 15-1
i 4
STR TS
BBy
O
E > /I‘!\N Pz Br Intermediate 14-1 /\\\/!\
O AN & Pd-118, KoPOs L/&
& -- .
O

o)
dioxane, <:“{
Intermediate 13-1 160~110 °C. 20 h -0 Intermediate 15-1

[6336] A mixture of Intermediate 13-1 (950 mg, 2.35 mmol), Intermediate 14-1
{2.57 g, 7.05 mmol) and Pd-118 (153 mg, 235 umol), KsPOy (1.50 g, 7.05 mumol)} in dioxane
(10 mL) was degassed and purged with No (3x). The mixture was stirred at 100 °C for 16
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h under N> atmosphere to give a black mixture. LC-MS showed Intermediate 13-1 was not
consumed completely. To the mixture were added additional Intermediate 14-1 (2.57 g,
7.05 mmol), Pd-118 {153 mg, 235 pymel), KaPOy (1.50 g, 7.05 mmel) and dioxane (10 mL).
The mixture was degassed and purged with N2 (3x}, and then the mixture was stirred at 110
°C for 4 h under N2. The reaction was guenched with H>O (30 mL) and then extracted
with BtCAc (3 x 30 mL). The combined organic layers were dried over NaxSQq, filtered and
concentrated under reduced pressure to give a residue, which was purified by flash silica gel
chromatography to give Intermediate 15-1 (550 mg) as a yellow solid. MS: ES m/”
calculated for CoyHosBCHN-Os [M+HTT 3411, found 541.1.

Example A13
Preparation Intermediate 17-1

QH

/j\ Ci o] | R Ci ’ T
\§‘f B‘C lmeum(hate 7-1 j‘\ J\I\.H & \/Lﬁ/&/\_
()\f M PO, Pd-118, dicxane, o AL

H:0, 110 °C, 2 h T
N0 2 : NG

Intermediate 15-1 fatermediate 36-1

HCL, H,0, THE
20°C, 2k

; . /?;
;e
Neaeace

Insermediate 17-1

{6337} A mixture of Intermediate 15-1 (127 mg, 236 umol), Intermediate 7-1
(50 mg, 196 pmol), Pd-118 (12.8 mg, 19.6 umol} and KsPO4 (125 mg, 589 ymel) in dioxane
(3 mL) and H20 (0.3 mbL) was degassed and purged with N2 (3x). The mixture was stirred
at 110 “Cfor 2 h under N2 atmosphere to give a black mixture. The reaction was quenched
with HoO (30 mL) and then extracted with EtOAc (3 x 30 mL). The combined organic layers
were dried over anhydrous Na:SOy, filtered and concentrated under reduced pressure to give
a residue, which was purified by prep-HPLC to give Intermediate 16-1 (35 mg) as a yellow

solid. MS: ES m/z calculated for CasHChNyGs [M+H]T 633.2, found 633.1.
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{8338] A mixture of Intermediate 16-1 (20 mg) in THF (0.7 mL) was added H(
(0.6 mL) and ag. HCI (12 M, (0.2 mL), and then the mixture was stirred at 20 *Cfor2 hto
give a yellow solution. The mixture was diluted with THF (30 mL), and then concentrated
to give Intermediate 17-1 (15 mg, crude) as a yellow solid. MS: ES m/z calculated for

CatHorChNaOy [M+H]Y 589.1, found 589.1.

Example Al4
Preparation of Intermediate 18-1

O
\N/izux
- oFNT0 :
O O ; N
i i intermediate 10-1
N7
)i\\;; ?d(dﬂ?ﬁciz, K3PO4‘

i dioxane, Hy0, 110 °C, 2

Intermediate 3

intermediate 18-1

{8339] To the solvent mixture of dioxane (3 rul.) and HaxO (0.3 wl.) were added
Intermediate 10-1 (150 mg, 283 pmol), Intermediate 3 (56 myg, 283 ymol), K:POy (180
mg, 84% umol) and Pd(dppHCl (21 mg, 29 umol). The reaction mixture was degassed and
purged with No for 3 times. Then the reaction mixture was stirred at 110 °C for 2 hours under
No atmosphere. The reaction mixture was concentrated under reduced pressure to give a
residue, which was purified by prep-HPLC to give Intermediate 181 (27 mg) as a white
solid. MS: ES m/z calculated for CasHnChNOs [M+HT 565.1, found 565.3; 'H NMR (400
MHz, CHLOROFORM-d) 6 = 11.50 (s, 1H), 8.58 (d, ] = 8.3 Hz, 1H), 8.53 (s, 1H), 7.68 {d4,
J=1.3,7.6Hz IH), 746 (t. ] = 7.6 Hz, 1H), 742 -7.32 (m, 3H), 7.12 - 7.06 {m, 1H), 416 (5,
3H), 3.59 (s, 3H), 3.46 (s, 3H), 3.20 - 312 (m, 2H)}, 2.79 - 2.70 {(m, 2H),

(03407 The intermediate shown in Table A-7 was prepared by an analogous
reaction protocol as was used for the preparation of Intermediate 18-1 using the appropriate

starting materials.
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Table A-7

PCT/US2022/033653

Intermediate No. Structure Starting Materials

, Intermediate 10-2
18-2 Intermediate 3

183 Enterinedx:altc? 1({-5
Intermediate 3

ormmadiate 10,7

184 Em{.rmud;%tc 10-2
Intermediate 44

Preparation of Compounds

Example 1
Preparation of Coropound A-1

G,

NS
~o HNJ
“ £
> D
b e n
o (\ c C'<>< <l J\
i 5 : intermediate 8-1b N A
ST N7 NN R B f Shiisbist \N"‘\\\T N
)\ i [ | j Pa{dpphCly, KsP Oy, 4;\ A
0% N R e = dioxane, H,0, 100°C, 16 b (SN

intermediate 10-4

Compound &-1

{6341 A mixture of Intermediate 18-1 (60 mg), Intermediate 5-1h (26 mg, 87.1

mol), KaPOus (50.4 mg, 238 yumol) and P4A-118 (5.2 mg, 7.9 pmol) in dioxane (2 mL) and HyO

(.2 mL) was degassed and purged with N2 (3x). The mixture was stirred at 100 °C {or 16

hunder N2 atmosphere to give a black mixtare. The reaction was quenched with HO (20

mi) and then extracted with EtOAc (3 x 20 mL). The combined organic lavers were dried

over Na:SOy, filtered and concentrated under reduced pressure to give a residue, which was

purified by prep-HPLC to give Compound A-1 (15.7 mg, 98% purity) as a white solid.
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Example 1a
Preparation of Compound A-2
0

HM

(8)

RPEY
»‘ Ny !’S/‘
9 Ny (,r‘(\;f o o 1/\
3 intermediate 5-1b /[
SN ’U\N AL ~ =/\\r)J\“J ~
A K | ;[ Pd-118, KePOy NN

o* rr" o d dixane, HO, 100 °C, 21h PN S0

intermediate 10-2 Compound A-2

{63421 A mixture of compound Intermediate 16-2 (240 mg), Intermediate 5-1b
(107 mg, 363 umol)}, ditert-butyl{cyclopentylphosphane;dichloropalladium;iron (Pd-118, 22
mg, 33 umol} and KaPO4 (210 mg, 989 pmol) in dioxane (2.5 mL} and HoO (D.25 mL) was
degassed and purged with Nz (3x). The mixture was stirred at 100 “Cfor 2 hunder N2
atmosphere. The mixture was filtered and concentrated under reduced pressure to give a
residue, which was purified by prep-HPLC to give Compound A-2 (56 mg) as an off-white

solid.

(0343 The compounds shown below in Table | were prepared by an analogous
reaction protocol as was used for the preparation of Compound A-2 using the appropriate

starting materials.

Table 1
E?pd Structure Starting materials
e}
s
HN ‘J
~0 (S
p o HN Intermediate 10-3
A-3 o E/ﬁ ¢l i:d"J\[r/' & Intermediate 5-1b
S Ry N/Lr/? ’\\\t/l ~~
HoL
O/ ?f ’\O ! .

225-



WO 2022/266236

PCT/US2022/033653

Cmpd 8 . e .
No B Structure Starting materials
a
h\
HN
AN
~5 A4S ]
And ] HN{; Intermediate 13-4
o ?’“\\\ N7 (3 Interrpediate 5-1b
~ A /V]\(l%/\\\‘- j
,/Ej\ /L ({\; Cl E‘E\\/'{"J
e} E\Ei v
A5 Intermediate 10-5
Intermediate S-1b
A6 Iatermediate 10-6
! Intermediate 5-1b
AT Intermediate 10-7
: Intermediate 5-1b
Intermuediate 10-8
A-8 .
Intermnediate 3-ib
i
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Cmpd N . e .
No P Structure Starting materials
O
{
HIN
()
¢ oHN Intermediate 10-9
A9 PN N e 5
o F N Intermuediate 5-1b
S R N/K(/ i Xy = ~
H b
F //)
C)')\F}i [}
{
A-10 Intermediate 10-2
Intermediate S-1a
A-11 Intermediate 10-3
‘ Intermediate 5-1a
A2 Intermediate 10-4
’ Intermediate 5-1a
; N »
C J
o”}\rs O ~F
0
S
HN
~5 (S)
A-13 HN™ Intermediate 10-5
T o ™ Pf‘ﬁi}") Intermediate 5-1a
\N/ j’LNHx}' \I/)‘\\\
f;i\l »
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E)npd Structure Starting materials
2

Intermediate 10-6
A-14 Intermuediate 5-1a
Intermediate 10-7
A-15 Intermediate 5-1a
A-16 Intermediate 10-R
’ Intermediate 5-1a
A-17 Intermediate 10-9
’ Intermediate 5-1a
. Intermediate §10-1
A-18 Intermediate 6-1a
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“m . . e .
§0 pd Structure Starting materials
Intermediate 10-2
A-19 )
Intermediate 6-1a
Intermediate 10-1
-2 .
A-20 Intermediate 5-2a
A2L Intermediate 10-1
- Intermediate 5-7a
H
N,
Q= E
432 Intermediate 10-1
e Intermediate 5-7b
Intermnediate 10-1
-23 .
A-2 Interrnediate 53-3b
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Starting materials

Cmpd 8 .
g Structure
No.
AN
|
~ t@
(8 ar Intermediate 10-1
A-24 N o NI AB R e
9 ‘[// ¢ N\ /E}\/ Intermediate 3-6a
g X 7R
N N
! ,L\ H/\WC/E P
o] ;? Y
h*
\O N/
FiRar S Intermediate 10-1
A-25 Ny oo WPy RS :
O T\ "\ sj} Intermediate 5-6b
VT C
i - H
; Cl &
N0
i
OH
~a ’iN
A-26 0 & ¢ E\//J\\/ {SarR) Intermediate 10-1
A=Z ( E N ks
Intermediate 5-5a
Intermediate 10-1
A~27 . ’
Intermediate 5-Sh
Itermediate 10-1
A2 . ’
8 Intermediate 5-5b
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E)npd Structure Starting materials
A9 }nternwd%ate 10-1
Intermediate 5-4a
Intermediate 10-1
A-38 Intermediate 5-4b
Intermediate 10-4
A-31 Intermediate 3-4b
o 1O
A-32 intbrnledfatc 10 7
Intermediate 5-4b
. Intermpediate 10-2
A-33 Intermnediate 3-4db
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E)npd Structure Starting materials
5, Intermediate 10-5
A-34 Intermediate 5-4b
Interrnediate 10-8
-35 .
A Intermediate 5-4b
Intermediate 10-3
A-36 Intermediate 5-4b
437 Intermediate 10-6
o Intermediate 5-4b
, Interrnediate 10-9
A-38 Intermnediate 3-4db
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;I;npd Structure Starting materials
r"O\
Lo,
(R !GH
Q NH . .
A-39 /‘ S o R Intermediate 10-4
/ O O m Y Intermediate 5-4a
\N/\l N i RN [y —
H } i
&) e
PN N0 S
|
O
)
®Y o
o N
E Intermediate 10-2
A4 ; (S orR .
8 o i o G “ | orR) Intermediate 5-4a
\N PO N L i/\ n ~
H i
/
N0 N
|
A4l Intermediate 10-3
o Intermediate 5-da
Intermediate 10-8
A=42 ) .
! Intermediate 5-da

[\
42
(V)




WO 2022/266236

PCT/US2022/033653

giffpd Structure Starting materials
e
At Inermedinte 6-1a
A4 Inermediste 5-1b.
A-d6 Inenmedine 6-1a.
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Cmpd e .
No. Starting materials
, Intermediate 10-11
A-47 Itermediate 5-1b
e Intermediate 10-1
A-48 Intermediate 7-2
Intermuediate 10-3
A-49 Intermnediate 6-la
Intermediate 10-15
A-58 Intermediate 5-1b
A-81 Intermediate 10-34
: Intermediate 5-1b
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E)npd Structure Starting materials
Q
HN
482 Intermediate 10-35
e Intermediate 5-1b
8]
HN |
™o
A-53 HN Intermediate 10-13
' o} E = ¢t NTY 'j\) Intermediate 5-1b
\N/i N ’;)\[i/lﬁ/ k\/! -~/
{ H ; |
i
o
\
HN
Intermediate 10-29
A-54 Intermediate 5-1b
Intermuediate 10-28a
A-55 Intermediate 5-1b
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§;npd Structure Starting materials
A-56 Intermediate 10-28b
’ o q N Intermediate 5-1b
ce A
LA
N0
8]
HN )
™o
A-ST HN Intermediate 10-14
’ 0 E R Ci N‘)\/E['J\) Intermediate 5-1b
R iL\ =7 A7y -~ k\/ ! \“/
sese
CN S 7
0‘/’5\".‘5 o N
i
9]
HN |
A58 QBN Intermediate 10-31
’ 0 @ ct N7 E"’{) Intermediate 5-1b
\N’N\I N/ ,f)‘/ i \//L%
| H i {
: P
OAN . N
i
o
HN
e
A-59 ~ HNT Intermediate 10-21
: o) rj{\/\\\\\! ¢t NT YT Intermediate 5-1b
\N/\I N ;f ; \/L\\/
} H i ;
: =
N0 R
i
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m L . s .
§0 pd Structure Starting materials
C‘)'\
P
HN
~o
A-60 F HN Intermediate 10-18
’ 0 /J\ Cl N7 Intermediate 5-1b
Sy N )\(\’ =
h H o ! P
O{;\N/\ﬁ
|
3
HiN )
~o 3
A-61 <l HN Intermediate 10-17
! ([i\ {J\\ ¢l NT E Intermediate 5-1b
2 N
SR ONTYE YR
N Hood b
PN
i
3
HN ]
o 3
A-62 A HN Intermediate 10-33
’ o g/\k\\ ct NT Intermediate 5-1b
\NJ\E\' N/k{; AR Wy,
| H i ! p
PN
i
3
HN
~ o4
A-63 i 7 HN Intermediate 10-36
o 0 l\j\ Ci N% Intermediate 5-1h
ﬁ%}\ﬁ 2 ﬁ*\/
N. /L\\ 1\7’
i\LJ o]
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B} | . S .
§0 pd Structure Stariing materials

™~
A~64
IS =y OF N7
O Qﬁ
Pl

htermediate 10-24
Itermediate 5-1b

atropoisomer R or §

P
NS0
i ¥
a
HN
F O - 0 i
.65 htermediate 10-19
PR 0 f\' Cl N7 E Intermediate 5-1b
\N/\\[‘U\N’ AN NS
| Ho 4 .
O‘j\l}!/\(} - N
i
%
i
HN
Intermediate 10-25
A-66 Intermediate 5-1b
A&7 Intermediate 10-26

Intermediate 5-1b
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Cmpd

No Structure Stariing materials

C‘)‘\

P
}-BJ
9 i ¥ Hate 10-26
N P p Intermediate 10-2
A-68 (ﬁ\ D ; m Intermediate 3-1b

i |
o SN

N/\E N
| H
O{;\N/\

i

atropoisomer S or R

Intermediate 10-23

A-69 Intermediate 5-1h
Intermediate 10-27

A-78 Intermediate 5-1b

AT Intermediate 18-30

Iatermediate 5-3b
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Cmpd | . e .
No P Structure Stariing materials

S
N
o
AT e EN htermediate 10-2
o ,]/\\\\ o NP J(RorS) Intermediate 5-3b
\N/IJLN’J\ = E ‘\j/\ —
H ,
P
u”)\if a
.,«0\
=y,
®7 OH
t? A Intermediate 10-15
A-T73 W RNE NS or R) , PR
o 7 ™ N Intermediate 5-4a
L N S
SR NT Y T
//21\ 5 UL L~
¥ hEJ 8]
®
=
- "L ‘OH
F Q NH Intermediate 10-33a
A-T4 : i e NS or R ] n T
m orR) Intermediate 5-4a
S
N
N
~ {R);_ ”OH
? NH Intermediate 10-32
A-78 o 3 ,/%{SorR) T
\)3\ | Intermediate 5-4a
N ) X
S S N
;\ ‘&o H N
7y
®
&y,
- (\m‘ “OH
(‘J . Intermediate 10-30
AT ; 2 (SorR . R
6 i\ ¢ m o) Intermediate 5-4a
N - X
S T TN R
ﬁ\ /l% e’ ! &
S
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E)npd Structure Starting materials
Intermediate 10-31
A-TT L
Intermuediate 5-4a
Intermediate 10-5
AT . .
¥ Intermediate 5-5a
~5 {N‘
A-80 A i E\,,l\?/-g SorR) mternled%ate 10:5
P PNy Intermediate 5-5b
Intermediate 10-26
A-81 .
! Intermediate 5-5b
Intermediate 10-26
A-82 .
8 Intermediate 5-5b
Atropiosmer Sor R
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giﬁpd Structure Starting materials
A3 Inermedite 561
vy inermedine 66
A3 Itermedite 551
A6 Inermediate 555
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giffpd Structure Starting materials
A-87 Inermedine 5-6a.
Acs8 i
A-89 Intermediate 395
A-90 Inenmediate 560
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E)npd Structure Starting materials
Intermediate 10-32
-8
A-91 Intermuediate 5-9a
A2 Intermediate 10-32
B Intermediate 5-9b
Intermediate 10-30
A-93 Intermediate 5-%a
Intermediate 10-30
A-94 Interrnediate 3-89b
Intermediate 10-31
A-95 Intermediate 5-%a
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giﬁpd Structure Starting materials
A-96 Inermedinte 395
A97 Inermediate 311
A-98 imenmediate 511
£-99 Inenmediate 111
A-100 Inenmediate 511
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E)npd Structure Starting materials
&y OH
Q\_,J
~ {0
G e
. (S orR) Intermediate 10-31
A-101 )b Intermediate 5-11a
O/‘\@OH
i
O /NH

A102 o . o NFY J(Ror8) 1ntermed§ate 16-31
i |= Intermediate 5-11b
\N_..N\f\ . [ e i

Intermediate 10-32

A-103 Intermediate S-11a
{SOH
QL
~ A {.‘R')
L (Ror 8) Intermediate 13-32
16 o NF L )
A-1684 N :\H\:> Intermediate 5-11b
S N ~
PN :
O N G

A-108 Intermuediate 10-3

Interrnediate 53-10a
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E)npd Structure Starting materials
Intermediate 10-5

A-106 Intermediate 5-10b

‘ Intermediate 10-30

A-167 Intermediate 5-10a

N Intermediate 10-30

A-108 Intermediate 5-10b

Intermediate 10-31

A-109 Intermediate 5-10a

Intermuediate 10-31

A-110 Interrnediate 3-10b
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“m . . e .
§0 pd Structure Starting materials
Intermediate 10-32
A-111 e e oin
Intermediate 5-10a
Intermediate 10-3
AlL2 ;ﬂtbfﬁledfitc 14-32
Intermediate 5-10b
o)
p
HN
~n HG
TE ] HN/” Intermediate 10-2
. 0 ,Cl ol N”}{" (SorR) Intermediate 5-12a
SNy S
LY
045\;?«&70 =2
O
TR
o N Intermediate 10-2
A-114 0 @\/Cl N R erS) Intermediate 5-12b
\\N/i\ /U\E_\g/ ;'/ ¥ \E KV
P I
Oy\i\fﬁ\\}o S
G
| H
G HN
1 J
A-115 @ HNT Intermediate 10-2
T e} ol NF \ (Sor R Intermediate 5-13a
! S J\, Xx
\N/\ N = E.E/ \i NS
O%\T/\\Q \v’{/
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E)npd Structure Starting materials
Intermediate 10-2
A-116 Intermediate 5-13b
Intermediate 10-1
A-117 Intermediate 7-3
Intermediate 10-1
A-118 Intermediate 7-4
A119 ;nternlﬁdgate }10:1
Intermediate 7-5
. Intermediate 10-1
A-120 Intermediate 4¢
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“m . . e .
§0 pd Structure Starting materials
Intermediate 10-2
A-121 )
Interruediate 7-6
A122 Intermediate 10-2
TR Intermediate 7-7
. Intermediate 10-2
A~123 . ,
Iatermediate 5-16a
Intermediate 10-2
A~124 . L
Intermediate 5-16b
o W |
4125 [ HN 5 Intermediate 10-2
’ ~ 0 L Gl I\\/’ED(RCO““ ) Intermediate 5-14a
\N/Yd\N . 1\\/'\ SorR)
r Moo B
Off’\g?/ bo =
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Cmpd \ . S .
No P Structure Starting materials
Intermyediate 13-2
A-126 e 1
—OH Intermediate 3-14b
A
(SorR)
3
HN
A-127 p o HNT Intermediate 10-2
o ) E”\ o %&”WOH& Intermediate 5-15a
ENTZEN N o /J\//‘\\\J (Ror 3)
SO
o <
a
HN |
\ )
@ HN- Intermediate 10-2
A-128 g : .
5 o) F/ ﬁ:’>" o Intesmediate 5-15b
\N/\ /L"N ’\\/ ~ (Ror 8
SR ’\O
0 le O
?
A-129 S oy Imermed%ate E 0-1
o Ty o wF / Intermediate 5-17a
ISP PY L}
JOS RN
s HoL
O,/A\N, N Ct P
!
2
‘}""NH
-
~ T3 ] ) )
A-130 ? N Intermediate 10-1
o o ™ o nF (RorS) Interrnediate 5-17b
| PN i
\N’i‘\i\i /\E) e
| Ho L
Ci £
N0
i
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“m . . e .
§0 pd Structure Starting materials
Q
~, N
A-131 Q N Intermediate 10-2
: Intermediate 5-17a
A-132 Intermedfate 14-2
Intermediate 5-17b
i
Q
Y
HN JQ
- .
A-133 N . Intermpediate 10-1
o o f‘/‘ﬁ ol NT l"§‘" orR) Intermediate 5-18a
SN /u\?“f /L\Y/*&Eé(t\/.
Py oo s
@ N0
i
8]
AN
! 6]
by
-
A-134 © “/ \ Intermediate 10-1
A o fs’ e N’)ﬁf (Rors) Intermediate 5-18b
\N/\\\[:)LN/ P | xR 1\\/}\‘/
B HoOL ;
Ao C F
§
Q
;\“NH
~ ’§()R} ) .
A135 i HNQ Intermediate 10-1
A o /ﬁ ¢ N¥ ] AForR) Intermediate 5-19a
L PNy
\Nf\\ \§ ] S
D)\T So ¢l o




WO 2022/266236

PCT/US2022/033653

“m N . e .
§0 pd Structure Starting materials
Intermediate 10-1
A= L
36 Intermuediate 5-19b
, Intermediate 10-2
A-137 Intermediate 5-19a
N (R}
A-138 § H_i"Q Intermediate 10-2
o a g Ry N"I‘ (SorR) Intermediate 5-19b
SR \F; o N /l\\\" od
El ‘ S
o T K¢ ~
(9]
M
HN,
Y o
A-139 jN Intermediate 13-2
- o ‘/\\' al N”K[{/:}S orR) Intermediate 5-2a
AN . L ﬁ)\x
o’/)}\N L'\ P P
{
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Example 2
Preparation of Compound B-1

Q,

U Q
BN
. ]. AN
SO HN E’N;
N ™~
\ékl’& T HN

g i
e and ;
C . '/’\\\I i NM
intermediate 5-1b | I K/u 4
A NGNS
PA(dppfiCly, KoPOy, i N mo
E N : Ct Nl

dioxane, Hy, 110 °C. 451 S N4

NN

Compound B-1

intermediate 12-1

{63441 A moxture of Intermediate 12-1 (64 mg, 126 pmol), Intermediate 5-1b
(18 mg, 63 pmol), PdidppDHCl, (4.62 mg, 6.31 prool) and KsPOs (40 mg, 188 umol) in
dioxane (1 mL) and Ho0 (0.1 rol.) was degassed and parged with Na (3x). After the mixture
was stirred at 110 “Cfor 45 h under N> atmosphere, the mixture was filtered and
concentrated o give a residue, which was purified by prep-HPLC to give Compound B-1

(8.8 mg) as a yellow sohid.

[8345] The compounds shown below in Table 2 were prepared by an analogous
reaction protocol as was nsed for the preparation of Compound B-1 using the appropriate

starting materials.

Table 2
Cmpd ) Starting
Mo, Structure Materials
Q
HN
Intermediate 12-2
B-2 Intermediate 5-1b

]
I3
A
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Cmpd . . Starting
No. Structure Materials
C
HN
Intermediate 12-3
B-3
Intermediate 5-1b
Intermediate 12-4
B-4

Intermediate 5-1b

Example 3
Preparation of Compound C-1

Gt
~ ¢ ,S L “ \/S

B
; NH 20~40 °C, 165 h N NH
o JVN o

HO/‘\/NH\/ P

Intermediate 17-1 Compoand C-1
(63461 The mixture of Intermediate 17-1 (37 mg, 62.8 pmol) and 2-aminoethan-
I-0l (5.7 ul, 94.2 pmol) in MeOH (Z mb) was stitred at 20 °C for 0.5 h. After adding
NaBHaCN (11.8 mg, 188 umol) into the mixture, the reaction mixture was stitred at 40 °C
for 16 howurs, The reaction mixture was concentrated under reduced pressure, diluted with
H20 (20 mL) and extracted with BEtOAc (20 mb x 3). The combined organic layers were
dried over Na»SO;, filtered and concentrated under reduced pressure to give a residue, which

was purified by prep-HPLC to give Compound C-1 (11 mg) as a yellow sohd.
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Example 3a
Preparation of Compound D-1

% N
o A P
Q [e] E’
TOHCH
PP C&
7 Q
Sy /\r \ _ .
a P NaBH,ON, EOH
VS0

fL . g, R \N/T
i Aok

o7 TN O
intermediate 18-1 ' Compound D-1

16347} A mixture of Infermediate 18-1 (100 mg, 177 ymel), 3-methoxyazetidine
hydrochloride (44 mg, 354 pmol) and NaBH:CN (33 mg, 331 ymol) in EtOH (2 ml) was
stirred at 50 °C for 16 h. The mixture was filtered and concentrated under reduced pressure
to give a residue, which was purified by prep-HPLC to give compound D-1 (23 mg) as an

off-white solid.

{0348] The compounds shown below in Table 3 were prepared by an analogous
reaction protocol as was used for the preparation of Compound D-1 using the appropriate

starting materials.

Table 3
Cmpd . Starting
Ne. Structure Materials
3-
Hydroxyazetidine
B2 Hydrochloride
Intermediate 18-1
2,6-
Diazaspiro[3.4joct
) an-3-one
b-3 hydrochioride
Intermediate 18-1
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Cmpd
Me.

Structure

Starting
Materials

B-4

(3R 4R)-4-
aminooxolan-3-ol

Intermediate 18-

Ethanolamine

Intermediate 18-1

B-6

{35.4R)-4-
aminooxan-3-ol
hydrochloride

Intermediate 18-1

(35,4S5)-4-
aminooxan-3-ol
hydrochloride

Intermediate 18-1

D-8a

(3R,45)-4-
aminonxan-3-of
hydrochloride

Intermediate 18-1
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Cmpd . Starting
No. Structure Materials
{3R,45)-4-
arpinooxan-3-ol
D-8b hydrochloride
Intermediate 18-1
Glycinarnide
0.9 hydrochloride
Intermediate 18-2
Oxetan-3-amine
D-16
intermediate 18-2
Cyclopropylamine
D11
Intermediate 18-2
Glycine
B-12
Intermediate 18-2

-259-




WO 2022/266236 PCT/US2022/033653

Conpd ] Starting
No. Structure Materials

2-Amino-1-
{(pyrrolidin-1-

. vlethanone
D-13 hydrochloride

Intermediate 18-2

2,6-
Diazaspiro|{3.4Joct

D-14 an-7-one

Intermediate 18-1

&/ S-oxa-2,7-
~c - diazaspiro{3.4]joct

an-6-one

Intermediate 18-1

N
P tert-butyl 2,6-
\N P diazaspiro{3.4]Joct

ane-6-carboxylate

Intermediate 18-1
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Copd . Starting
No. Structure Materi ;Es
HO
3-Hydroxy-3-
methylazetidine
D17 hydrochloride
Intermediate 18-3
3-methoxy-3-
methylazetidine
B-18 hydrochloride
Intermediate 18-3
(25,3R3-2-Methyl-
D-19 3-azetidinol
Intermediate 18-3
Example 3b
Preparation of Compound E-1
o}
A\ s} 3
)‘\ 5
i o4 HN ]
i — 1SN
~0 HN.}/ o bO \?O"QN,]
9 1\ ¢ N7 1"‘% THF, 1,0, 25-50 °C, 2 1 o N"IS
\N/\\N/ N V/L \\\/ 4 ™~ /\\§ /L\:.
LV TC L
o ;

Compound A-2 Compound E-1

(8349] To a solution of Compound A-2 (120 mg) in THF (3 mL) were added
KoCOs (46 mg, 336 pumol) and ethyl chloroformate (40 pyL, 420 pmol). The mixture was
stirred at 25 °C for 2 h. The mixture was filtered and concentrated under reduced pressure to
give a residue, which was purified by prep-HPLC to give Compound E-1 (17 mg, 99%

purity) as a yellow solid.
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[61358] The compounds shown below in Table 4 were prepared by an analogous
reaction protocol as was used for the preparation of Compound E-I using the appropriate

starting materials.

Table 4
Cmpd Starting
. Structure >
No. ¢ Materials
A2
-2 R i
NTR n-Butyl
Qf”\N Chioroformate
I
- OHN A-19
ol
H-3 o O i Fithyl
7ONEN fRors) l}t;y forr
) Sy, M . chioroformate
. 3
Example 3¢
Preparation of Coropound F-1
Q 7
>\“ ; -‘)“\,
N e A ==,
i s
O o.M ¢
2 (\\\ ¢! "‘\: }:} TEA, DMF
SR = ] N : o}
. \OH ! - N \/1% N
! P S0

Compound A-2 |

Compound F-1

[6351] To a solution of Compound A-2 (75 mg, 117 ymol) and (5-methyl-2-oxo-
1,3-dioxol-4-ybmethyl 4-nitrophenyl carbonate (69 mg, 233 prool) in DMF (I mi.) was
added TEA (49 uL, 350 umol). The mixture was stirred at 60 °C for 48 h. The mixture was
concentrated under reduced pressure to give a residue, which was purified by prep-HPLC

twice to give Compound F-1 (3.0 mog, 96% purity) as a white solid.
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Example 34
Preparation of Compound G-1

RNV
P Mg o
N0

Compound D18

Compound G-1

{8352} To a solution of Compound D-16 (80 mg, 105 pmol) in DCM (2 mL) was

added TFA (2 mL). The mixture was stirred at 20 °C for 0.5 h to give a colorless solution.
The mixtore was concentrated vander reduced pressure (o give a residue, which was purified
by prep-HPLC to give Compound G-1 {6.27 mg, 97% purity) as a white solid.

Example 3¢
Preparation of Compoand H-1

{

~ ~ A !
o 7 o N?\T ,,,,, G o NP
A DN KOH, DCM . NG
\'N oy N/ P2 R \N,\/ N
AooA T o U A AT
e} ?‘Eﬂ a [9)

Compound G-1

o

Compound H-1

{6353} To a solotion of Compound G-1 (40 mg, 61 wool) in DCM (2 mL) were

added KOH (10 mg, 181 umol) and acetic anhydride (6.0 uL, 60 wmol). The mixture was

stirred at 20 °C for 2 h to give a yeliow solution. The mixture was concentrated under

reduced pressure to give a residue, which was purified by prep-HPLC to give Compound H-
1 {9.48 mg) as a white solid.
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Example 3f
Preparation of Compound -1

0

Q o TR N

S Y /fkr-a
] O{)\Efi 0

HN HMN
- ' paratormaidehyde e " intermediate 10-2
Q  HNT = RN — >
ks NaBH,CN, EtOH, 50 °C SIENY P15, KeCOn
i\iéf ; Né‘\?/ dioxane, M0, 100 °C
o u)\\:y)\
intermediate 5-1b intermediate I-1-1
@]
\
7
RN
O N Q

|

Compound -1
{6354 A mixture of Intermediate 35-1b (50 mg, 169 umol) and

paraformaldehyde (15 mg, 507 wrool) in BtOH (1 mL) was stirred at 50 °C for 15 h. After
adding NaBH3CN (53 mg, 845 pmol}, the mixture was stirred at 50 °C for 1 h. The mixture
was filtered and concentrated under reduced pressure to give a residue, which was purified
by prep-TLC to give Intermediate I-1-1 (30 mg) as a Hguid. MS: ES m/z calculated for
CisHuCINGG; [M+HT 3101, found 310.1.

[8355] A mixture of Intermediate 1-1-1 (30 mg), Intermediate 18-2 (54 g,
107umol,y, 11, 1-Bis(di-tert-butylphosphino)ferrocenejdichloropalladium(Il} (6.3 mg, 9.68
umol), KoCOs (40 mg, 291 ymol} in dioxane (2 mL) and H:O (0.2 mbL) was degassed and
then purged with Nz (3x). The mixture was stirred at 100 °C for 16 h under Ny atmosphere.
The mixture was filtered and concentrated under reduced pressure to give a residue, which

was purified by prep-HPLC to give Compound I-1 (2.4 mg) as an off-white solid.
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[6356]

H20, 1 mL) and AcOH (1 mL) was stirred at 20 °

Example 3¢
Preparation of Compound I-1

“ O,
N
X

(Sor R)

Compound A-87

PCT/US2022/033653

/?.OH
- <
o v
N’. {SorR)
‘v/\“’/

V

Compound J-1

A mixture of Compound A-87 (30 mg, 139 ymol) with HCl acid (12 M in

C for 16 h. The mixture was filtered and

concentrated under reduced pressure to give a residue, which was purified by prep-HPLC o

give Compound J-1 {12 mg) as an off-white solid.

{83571 The compounds shown below in Table 5 were prepared by an analogous
reaction protocol as used for the preparation of Compound J-1 using the appropriate starting
materials.

Table S
Cmpd e Starting
No. heructure Materials
O
Ry OH
“
52 o /‘\\\7 o NMS of R} Compound A-88
(\\/iLNf P E S /
N A
\E\i\l. o
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OH

Compound A-85

~y S

(Ror8) Compound A-86
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Example 3h
Preparation of Compound K-1a & K-ib

7

- HN
? o
A HoN
i 2 2
2 T T F s
\N{,\N)\N, & S NaBH.CN
[
Q/}\N/RO K/ EtOH
|
intermediate 18-4
Q
HN 7
- I
HN
«  (frans or cis)
Q
. HN,
N
HN™
NF . {Cis of trans)

Compound K-1b

{8358} To a solution of Intermediate 18-4 (50 mg, 88.81 pmol) in MeOH (1 mbL)
was added (5S)-5-(aminomethyl) pyrrolidin-2-one HCI salt (20 mg, 133 pmol). The mixture
was stirred at 50 °C for 13 h. To the mixture was added NaBH3CN (17 mg, 266 umol) at 20
°C. The nuxture was stivred at 50 °C for 3 h. The mixture was filtered to give a filtrate,
which was purified by prep-HPLC o give Compound K-1a (3.3 mg) as a white solid and

Compound K-1b (3.81 mg) as white solid.
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Example 3i
Preparation of Compound L-1a & L-1b

Ci
F = ~F Br. E N Br
,i/w PinaHa, Pd(dppfiCla , KOAC | P P
v ; /5 = - - HN g - e
HoN v Br dioxane, 100°C, 16 h Pd{FPhg),, CsF, dioxane,

‘*"E;\ H,0, 100 oC, 16 h
L4

TOFH, Nl Y /lm

MeCN, 50 °C, 16 h

Pin,B,, PdidopfiCl, . KOAC

dioxane, 100 °C, 16 h

e}
HN
~0 N
NP (SarR)
o

intermediate 5-2a

PY-118 | K,GO4
dioxane, H,0, 100°C, 3 h

PN
{ Atropisomer - (R or S) i Atropisomer - (S or R}
L-ia L-tb
{8359] A mixtare of 3-Bromo-4-fluoro-2-ruethylaniline (390 mg, 1.91 mmol},

Bis{pinacolato)diboron (1.21 g, 4.78 mumol), Pd{dppfHiClz (140 mg, 191 pmol) and AcOK
(563 mg, 5.73 mmol} in dioxane (10 ml) was degassed and purged with N2 (3x). The

mixtare was stirred at 100 °C for 16 h under N2 atmosphere. The mixture was filtered and
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concentrated under reduced pressure to give a residue, which was purified by flash silica gel
chromatography to give Intermediate L-1-4 (390 mg). MS: ES m/ calculated for
CiaHoeBFNGs [M+H]" 252.1, found 252.3.

{83601 A mixture of Intermediate L-1-4 (390 mg), 1,3-dibromo-2-chlorobenzene
(840 mg, 3.1} mmol), PA(PPhs)s (180 mg, 135 pmoly and CsF (708 mg, 4.66 mmol) in
dioxane (5 mL) and HoO (0.5 mL) was degassed and purged with Nz (3x). The mixture was
stirred at 100 °C for 16 h under N atmosphere. The mixture was filtered and concentrated
under teduced pressure to give a residue, which was purified by flash silica gel
chromatography to give Intermediate L-1-3 (190 mg) was obtained as a yellow liguid. MS:
ES m/z calealated for CrHuBrCIFN, [M+-H]T 314.0, found 314.0.

{83611 To a solution of Intermediate L-1-3 (190 mg) and |,3-dimethyl-24-
dioxo-1,2,3,4-tetrahydro-3-pyrimidinecarboxylic acid (167 rg, 806 uwol) in MeCN (3 mL)
was added chiloro-N,N,N' N'-tetramethylformamidinium  hexafluvorophosphate (TCFH, 339
g, 1.21 romol) and Nemethyl imidazole (NMI, 124 rog, 151 romol). The mixture was
stirred at 3G °C for 16 h to give a yellow mixture. The mixture was filtered and concentrated
under reduced pressure to give a residue, which was triturated with ethyl acetate at 25 °C for
I h to give Intermediate L-1-2 (130 mg) as a white solid. MS: ES m/z calculated for
Cool17BrCIFNOs [M+HTT 480.0, found 480.0.

{63621 A mixture of Intermediate L-1-2 (130 mg 270 umoly,
bis(pinacolato)diboron (172 mg, 670 pmol), Pd(dppD)Ch (20 mg, 27 umol) and KOCAc (80
mg, 811 pmol) in dioxane (5 mL) was degassed and purged with N> (3x). The mixture was
stirred at 100 °C for 16 b under N2 atmosphere. The mixture was filtered and concentrated
under reduced pressure to give a residue, which was purified by flash silica gel
chromatography to give Intermediate L-1-1 (230 mg) as a yellow lignid. MS: ES m/z
calculated for CosHmBCIFNOs [M+H]" 528.2, found 528.3.

{6363} A mixture of Intermediate L-1-1 (76 mg, 144 umol), Intermediate 5-2a
(37 mg, 120 umol), KoCOs (50 mg, 360 pmol) and P4-118 (7.8 mg, 12 ymol) in dioxane (1.5
mb) and H2O {0.15 ml) was degassed and purged with Nz (3x). The mixture was stirred at
100 °C for 3 h under Ny atmosphere.  The mixture was filtered and concentrated under

reduced pressure to give a residue, which was purified by prep-HPLC to give Compowund E-
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1 (34 mg, 99 % purity) as a yellow solid. MS: ES m/z calculated for CasHauCIFNsGs [M+H]"
673.23, found 673.6.

[6364] Compound L-1 (10 mg) was separated by SFC (Instrument: SFC-80;
Column: DAICEL CHIRALPAK AS (250mm™30mm, 10um}); Condition: ACO2; B 0.1%
NH:HO ETOH; Begin B: 60; End B: 60; Flow Rate {(mL/min): 80; Injections:90) to give
Compound L-1a (2.46 mg, 98% purity, 96% e¢e) and Compound L-1b (295 mg, 98%
purity, 100% ee) as white solid.

Example 3j-1
Prepatation of Compound M-la & M-1b
o

c
N/\\[/jl\ OH Br\/@/ NH;
/[ O:‘;\p}\&g O £ &
/J\ 50 ‘3 X - O 5
HaN’ N - N N BN o
& TCFH, Nl PN O. Pd(dophiCly | K005
\'/\ MECN, 60°C, 160 O “f G dioxane, Ha0, 100°C, 16 h
M-1-4
A
0 X G
?k NH, PN J\ﬁ’ N
\N»\\I j/ _tBUONO, CuBr TN \,L\\ N P
) H T e i L
P, MeCN, 40 °C o e F
e} F?I O |
M-1-3 M-1-2
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intLé'rmediase 5-2a

Pd(dppHCl, |, K,00,

PingBy, Pa(dppfiCly , KOAC
dioxane, 100 °C, 18 h

dioxane, H,O, 100 °C, 16 h

-1

L l
2 TN FN
~ Y i .. e o
G B Atropisomer (R or §}

9 Yy o NTY 5 e . HN
\NN N e e R - (fy
Ay 1 Py 7 N
(o) !\El [ Fr (S or R}
-1 fi'L /J\/Y\J

O//A\
A ropisr‘mer -(SorR)
M-ib
{8365] To a solution of Z-methyl-3-(4,4.5,5-tetramethyl-1,3,2-dioxaborelan-2-

ylaniline {(3.80 g, 163 mmol)and 1,3-dimethyl-24-dioxo-1.2,3 4-tetrahydro-3-
pyrimidinecarboxylic acid (3 g, 1629 mmol} in MeCN (30 mbL)was added chioro-
N, NN N'-tetramethyiformamidinium hexafluorophosphate (TCFH, 9.14 g, 32.6 mmol) and
N-methyl imidazole (NMI, 3.34 g, 40.73 mmol, 3.25 mL). The mixture was stirred at 60
°Cior 16 h. The mixture was filtered and concentrated under reduced pressure to give a
residue, which was triturated with EtOAc (30 mb) at 25 °C for 10 min to give Intermediate
M-1-4 (4.5 g) as a white solid.

[8366] A mixture of Intermediate M-1-4 (3.5 g, 8.77 mmol), 3-bromo-2-chloro-
4-fluorobenzenamine (1.97 g, 8.77 mmol), KoCO1 (3.63 g, 26.3 mmol) and Pd{dpphiCh (641
mg, 877 prool) in dioxane (35 mL) and H20 (3.5 mL) was degassed and purged with Nz (3x).
The mixture was stirred at 100 °C for 16 h under Ny atmosphere. The mixtere was filtered

and concentrated under reduced pressure to give a residue, which was purified by flash silica
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gel chromatography to give Intermediate M-1-3 (2.2 g} as a yellow solid. MS: ES m/
calculated for CooHsCIFN4Gs [M+HTY 417.0, found 417.1.

{63671 To a solution of Intermediate M-1-3 (1.7 g, 4.08 mmol) in MeCN (15
mb) was added CuBr (878 mg, 6.12 mmol} and isopentyl nitrite (956 mg, 8.16 mmol). The
mixtare was stirred at 40 °Cfor 16 h. The mixture was filtered and concentrated under
reduced pressure to give a residue, which was purified by flash silica gel chromatography to
give Intermediate M-1-2 (1.2 g) as a yellow solid.

{83687 A mixtare of Intermediate M-1-2 (14% g 310 mmoly,
bis{pinacolatoydiboron (866 mg, 3.41 mmol), KOAc (%13 mg, 9.30 mmol) and Pd(dppfiCl
{227 mg, 310 pmol, 0.1 eq.) in dioxane (15 mL) was degassed and purged with N» (3x). The
mixture was stirred at 100 °C for 16 b under N2 atmosphere. The mixture was filtered and
concentrated to give a residue, which was purified by flash silica gel chromatography
(ISCO®; 12 g SepaFlash® Silica Flash Column, Eluent of 0~50% ethyl acetate/petrolenm
ether gradient @ 60 mL/min) to give Intermediate M-1-1 (1.1 g, 43.99% vield, 70% purity)
as a vellow solid. MS: BES m/z caloulated for CosHpoBCIFNOs [M+HT 528.2, found 528.1.

{83691 A mixture of Intermediate M-1-1 (211 mg), Intermediate 5-2a (80 mg,
260 prool), KeCOs (108 mg, 780 umol) and Pd-118 (16.9 mg, 26 umol) in dioxane (2
ol and H2O (0.2 wl) was degassed and purged with N2 (3x). The mixture was stirred
at 100 °C for 16 h under Ny atmosphere. The mixture was filtered and concentrated under
reduced pressure to give a residue, which was purified by prep-HPLC to give Compound M-
1 {45 mg) as a white solid. MS: ES m/z calculated for CasHasCIFNgOs [M+H]T 673.2, found
673.5.

{8378 Compound M-1 (45 mg) was separated by SFC (Instrument: SFC-8(;
Column: DAICEL CHIRALPAK AD 2530mm™*30mm, 10um); Condition: A:CO»; B: 0.1%
NH:H-0 EtOH; Begin B: 60; End B: 60; Flow Rate (ml/min): 80; Injections:93). The
separated peaks were purified by purified by prep-HPLC, Column: Xtimate Ci8
1007 30mm* 10um; Condition: water ((.225%FA)-ACN; Begin B:25; End B:55; Gradient
Time(miny10; 100%B Hold Time{min):2; Injections: 1) to give Compound M-1a (4.77 mg,
100% ee, »99% purity) and Compound M-1b (5.01 mg, 99 % ee, >99% purity} as a white

solid.
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Example 3j-2
Preparation of Compound M-2a & M-2b

OH
< QH
~o \N' (\
\ D } ~~
NZ (Ror &) e} -
i /E/:\\\' 7 ?Mk/ m ) i ‘"N/' or 3}
S R L N NN 'B"o/(\ o o = & g | o
N N i i intermediate 5-5b it | i N
)\ . H N \NA\\\‘/\N‘ 7 X
TN o F Pa-118 , K00, ) I ! P
! dioxane, H,0, 100°C, 31 g N~ S0 O
{
A-4-1 ! -2
SEC ~ \
— N }\\
Q//)\E\Ej“ o) N
' Atropisomer (R or S) ! Atropisomer (8 or R)
M-2a M-20

{6371} A solution of Intermediate M-1-1 (150 mg, 284 ymol), Intermediate 5-
Sb (60 mg, 237 ymob), K:CO5 (88 mg, 711 pmol) and Pd-118 {15 mg, 24 pmol) in dioxane
(2 mbL) and Ho0O (0.2 mL) was degassed and purged with N2 (3x). The mixture was stirred
at 100 °C for 3 h under N) atmosphere. The mixture filtered and concentrated under reduced
pressure to give a residue, which was purified by prep-HPLC to give Compound M-2 (32
mg} as an off-white solid. MS: ES m/7 calculated for CaHz CIFNsOs [M+HI 621.2, found
620.5.

{8372} Compound M-2 (32 mg) was separated by SFC (Instrument: SFC-80;
Column: DAICEL CHIRALPAK AS (250mm*30mm, 10um); Condition: A:CQOg; 0.1%
NH:H:O EtOH: Begin B: 30; End B: 30; Flow Rate (mU/min): 70: Injections:90) to give

{07

Compound M-2a (7.5 mg, 94.5% ee, 96 % purity) as a white solid and Compound M-2b

(6.6 mg, 97.3 % ee, 96 % purity) as a white solid.
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Example 3j-3
Preparation of Compound M-3a & M-3b

b ‘? /l\\i '\.”
/\(/\ o N ;
intermediate 5-1b l\ ~../
Pd{dpphHCl, , K004
/
Hi\p

diexane, H,0, 100°C 16 h o/ N
HN

o ) <:. N}\r“(\
B L
sFe N ”E\N o
OTUNT G

Atropascmer (S or R}
M-3b

‘ Atropisomer (R or 8)
M-3a

{68373 A mixture of Intermediate M-1-1 (151 mg), Intermediate 5-1b (55 mg,
186 umol), KoCOz (77 mg, 558 umoly and Pd-118 (12 mg, 18.6 umol) in dioxane (2
mbL) and H2O (0.2 mL) was degassed and purged with Ny (3x). The mixture was stirred
at 100 °C for 16 h under No atmosphere. The mixture was filtered and concentrated under
reduced pressure to give a residue, which was purified by prep-HPLC to give Compound M-

3 (80 myg) as a brown solid. MS: ES m/z calculated for CaaHssCIFNeOs IM+HT 661.2, found
6612,

{6374} Compound M-3 (80 mg) was separated by SFC (Instrument: SFC-80;
Column: Colomn:DAICEL CHIRALPAK OD (250mm*30mm, 10um); Condition: A:COy;
B: 0.1% NH3H:0 MeOH, Begin B: 60; End B: 60; Flow Rate (mL/min): 80; Injections: 150},
The two separate peaks were re-purified by prep-HPLC to give Compound M-3a (16.5 mg,
96.38% ee, 99.76% purity) and Compound M-3b (6.5 mg, 96.98% ee, 99.71% purity) as a

white solid.
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Example 4
Additional Compounds

[6375] Other compounds, including those provided in Embodiments 145-147 and

below, can be prepared applying similar procedures as those described herein.
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{ and i ,

(including pharmaceutically acceptable salts thereof).

Example A
LOMS (Liquid chromatography/Mass spectrometry)

[6376] The High Performance Liquid Chromatography (HPLC) measarement was

performed asing a LC pump, a diode-array (DAD) or a UV detector and a column as
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specified in the respective methods. If necessary, additional detectors were included (see
table of methods below). Flow from the column was brought to the Mass Spectrometer (MS)
which was configured with an atmospheric pressure ion source. It is within the knowledge of
the skilled person to set the tune parameters {e.g. scanning range, dwell time} in order to
obtain ions allowing the identification of the compound's nominal monoisotopic melecular
weight (MW). Data acquisition was performed with appropriate software. Compounds are
described by their experimental retention times (Rt) and ions. If not specified differently in
the table of data, the reported molecular ion corresponds to the [M+HI" {(protonated
molecule) and/or {M-H] (deprotonated molecule). In case the compound was not directly
ionizable the type of adduct is specified (e, [M+NH4]Y, [M+Nalt, [M+HCOOT, etc.). For
molecules with multiple isotopic patterns (Br, Cl), the reported value is the one obtained for
the lowest isotope mass. All results were obtained with experirnental uncertainties that are
comrnounly associated with the method used. Hereinafter, "SQD" means Single Quadrupole
Detector, "MSD" Mass Selective Detector, "RT" room temperatore, "BER" bridged
ethylsiloxane/silica hybrid, "DAD" Diode Array Detector, "HS3" High Strength silica,, "(Q-
Tof Quadrupole Time-off light mass spectrometers, "CLND", Chemil.umivescent Nitrogen

Detector, "ELSD" Evaporative Light Scanning Detector.

Table A: LOMS Method Codes

% Flow
Method Instrument | Column Mohbile phase | Gradient R.‘Q} N
code T Time
= GO, 5 20%
. Awater(4L)+ ri(.)mi)(} & A to 20%
Keimate ) A in 3 minutes and
N . TFA(L.SmL) S et e 1.0
| Shimadzu 18 B-acetonitrite holding at 20% for A0
LCMS2020 | 2.1%30mum, AR "1 0.5 minuates, o 90% ’
2 (4L+TFA . . 50
3um (0.75mL) A in 0.01 min held
B for .49 min
PN from 95% A to 5%
Chromolith ?;Z;t;‘;g} :ﬂ A 1n 0.7 minutes and 15
5 Shimadzu ® Flash B] ot )mmk holding at 5% for 15
LCMS2020 | RP-18e25- | 00 0 Y 104 minutes, t0 95% | _ -
{(4LTFA L . 50
3 mm (0.75mL) A in .01 min held
o /T for (.49 min
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. Flow
Methad Instrument | Colomm Mohile phase | Gradient Rfm
code T Time
i 95% A to 5%
Agifent Aswater(dL)+ Tfa) f’ ':niz&?e? aond
Shimadza e TRA(1.5mL) |*10 %7 DU 1.3
m Pursit 5 ! \ holding at 5% for
3 LC20- B:acetonitrile R o L5
MS 2020 Ci8 (4L)+TEA .4 minutes, to 95% 50
' 2002.0mm | oL o A in 0.01 min held
(0.75mb) PR
for 0.3% min
‘ 90% A to 0%
. Arwater(4L)+ iro’mﬂ)() /'o A to 20%
Xbrige NHHLO A in 3 minutes and 10
4 Shimadzo Shield RP- © S;m; ; holding at 20% for ’ A0
LCMS2020 | 18,5um,2.1 e 0.5 minutes, to 90% | _ ’
e B:acetonitrile . . 50
*S50mum (4L) A in .01 min held
- for .49 min
o7, o 5%
— Arwater(4L)+ fm'm,v%{,.(, A‘u? >%
Xtimate® el A in 3 minutes and :
. ' , TFA(L Sl . e & 1.0
5 Shimadzu C18 Beacetonitrile holding at 5% for 40
- LCMS2020 | 2.1%30mum, | 5\ oy | 0.5 minutes, t0 95% | . ‘
- {(4I+TFA . . 50
3um (0.75mL) Ain 8.0 mun held
T for .49 min
S A to S%
C Arwater(dL+ fm‘m’% " A t? >%
Ktimate® — A in 3 minutes and )
. o TFA(L.SmL) o N 1.2
6 Shimadzu 18 B-acetoniirile holding at 5% for 40
LOCMS2020 | 2.1%30mum, | N g Y g5 minutes, t0 95% | . ’
. 4L+TFA . . . . 50
3um 0.75mL Ain 0.01 min held
. /omL) for 0.49 min
. Acwater{4L)+ M{?m 90 o A tho 20%
Xtimate vy A in 3 minutes and
e e TFA(L.5mL) . . 1.0
4 Shimadz Cli8 B-acetonitrile holding at 20% for 40
LOMS2020 | 2.1%30mm, | L« e 0.5 minutes, to 90% | ’
. (4L)+TFA . . 50
3um 0.75mL) A'in (.01 min held
(0. 7omL) for 0.49 min
; 309 30,
. Arwater(4L )+ Fr(.‘)m 90 ~ A to 20%
Xidrpate® L - 1 Ain 3 minutes and
. TFA(1.5ml) . o 1.2
R Shirnadzu CIR Bacetonitrile holding at 20% for 40
LOMS2020 | 2.1%30wmm, | ' 0.5 minutes, to 90% | _ ’
(4L +TFA . . 50
Jum (0.75mL) A in .01 min beld
ST for 8.49 min
From 100% A to
Ytimate Arwater{(dL)+ | 40% A in 3 minutes,
. At TFA(L.SmL) | to 10% A in 0.01 1.2
Shimadzu C1g T T .
9 LOMS?020 | 2.1%30 Bracetonitrile | min and holding at 4.4
e ‘;;;Jm“ i, (4L TFA 10% for 0.5 minutes, | 50
o (0.75mL) (0 0% A in 0.01 min

held for 0.49 mun
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. Flow
Methad Instrument | Colomm Mohile phase | Gradient Rfm
code T Time
From 100% Ato
Cimate Acwater(4L)+ | 40% A in 3 minutes,
Shimadza TC 18 v TFA(L.SmL) {to 10% A in 0.01 1.0
10 T Ay . B:acetonitrile | min and holding at 4.0
LCMS2020 | 2.1%30mm n e - .
Sumb T GETFA 10% for 0.5 minutes, | 50
’ (0.75mL) to 0% A in 0.01 min
held for 0.49 min
From 100% A to
Xtimate Acwater(4Ly+ | 40% A in 6 minutes,
Shimadzu E*} g ‘ TFA(LSmL) |to10% A in 0.01 1.0
11 E CM;‘; 2'(‘)20 : | w, Drom B:acetor_i'itri}e min an ho}dii?g at i 7.0
o o 3;1m‘ T {4E+TFA 10% for 0.5 minutes, | 50
{0.75mL) to 0% A in 0.01 min

held for (.49 min

Flow expressed in mL/min; colurn temperature (T) 1n °C; Run time 1o moinutes.

Table B: LCMS

Cmpd No. R LL/MS LCMS Method
A-l 1.35 640.4 i
B-1 .28 634.4 i
C-1 i.61 663.4 i
A-2 1.54 643.5 7
A-3 1.53 647 4 7
A-4 1.60 643.5 7
A-5 1.59 623.5 7
A-6 1.57 627.5 7
A-T 1.60 647.5 7
A-8 1.56 627.5 7
A-9 i.55 631.4 7

A-10 1.55 643.5 7
A-11 2.19 647.2 4
A-12 2.28 643.2 4
A-13 i.58 623.5 7
A-14 1.56 627.5 7
A-15 2.23 647.3 4
A-16 1.56 627.5 7
A-17 £.59 631.5 7
A-18 1.56 665.4 7
A-19 1.65 6454 7
A-20 1.62 675.4 7
A-21 i.61 675.4 7
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Cmpd No. R LC/MS LCMS Method
A-22 1.62 675.4 7
A-23 £.62/1.65 689.5/689.4 7
A-24 i.87 636.4 7
A-2S 1.74 636.4 7
A-26 1.63 622.4 7
A-27 1.62 622.4 7
A-28 1.80 602.4 7
A-29 i.69 5662 5
A-30 1.62 666.4 7
A-31 i.64 646.4 7
A-32 1.66 650.4 7
A-33 1.59 646.5 7
A-34 1.64 626.5 7
A-35 i.61 630.3 7
A-36 1.58 650.4 7
A-37 i.61 630.5 7
A-38 1.63 634.5 7
A-39 i.86 646.3 7
A-40 1.67 646.5 7
A-41 .77 626.5 7
A-42 1.84 630.6 7
A-43 1.80 633.4 7
A-44 .77 635.4 7
A-45 i.74 597.5 7
A-46 1.72 615.4 7
A-47 1.72 613.5 7
A-48 i.64 662.4 7
A-49 i.68 625.5 7
A-50 1.44 654.5 7
A-51 i.57 619.4 7
A-52 £.50 5594 7
A-53 1.60 659.5 7
A-54 1.36 6135 7
A-55 i.51 629.5 7
A-36 342 629.2 i1
A-57 i.5] 654.5 7
A-58 1.40 644.6 7
A-59 1.57 661.5 7
A-60 171 661.5 7
A-61 i.82 677.5 7
A-62 1.70 662.6 7
A-63 1.88 631.5 7
A-64 i.76 79.3 5
A-63 i.80 681.4 7
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Cmpd No. R LC/MS LCMS Method
A-68 i.84 699.5 7
A-67 i.64 645.3 7
A-68 1.66 645.5 7
A-69 1.72 661.5 7
A-70 1.65 645.5 7
A-T1 1.63 690.2 5
A-T72 i.66 6569.3 5
A-T3 1.43 657.5 5
A-74 1.66 645.3 3
A-T3 1.58 627.3 5
A-T6 1.67 667.5 7
A-T7 £.50 647.5 7
A-T9 171 582.5 7
A-8( i.7 582.3 7
A-81 1.57 604.5 7
A-82 i.61 604.4 7
A-83 1.76 596.5 7
A-84 1.78 596.3 7
A-83 £.90 678.5 7
A-B6 1.90 678.5 7
A-B7 1.83 648.4 7
A-88 1.77 628.3 7
A-89 175 626.5 7
A-80 i.74 626.5 7
A-91 1.62 627.5 8
A-92 1.62 627.3 8
A-93 1.65 667.4 7
A-84 i.67 667.4 7
A-85 1.58 647.3 7
A-94 i.61 647.5 7
A-97 i.64 612.5 5
A-98 i.62 612.5 5
A-899 1.56 653.2 5
A-100 1.58 633.3 3
A-101 151 633.5 5
A-102 i.52 633.6 5
A-103 i.55 613.5 5
A-104 1.55 613.6 5
A-105 i.64 612.3 5
A-106 1.66 612.5 5
A-107 1.59 653.2 5
A-108 1.60 653.2 5
A-109 i.51 633.3 3
A-110 i.54 633.5 5
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Cmpd No. R LC/MS LCMS Method
A-111 i.54 613.6 5
A-112 1.60 613.3 5
A-113 i.62 643.5 7
A-114 1.63 643.5 7
A-115 i.56 687.6 7
A-116 1.56 687.6 7
A-117 i.61 H89.5 7
A-118 i.60 689.4 7
A-119 191 761.5 7
A-120 1.66 582.3 7
A-121 i.81 657.5 7
A-122 .80 657.6 7
A-123 1.48 671.5 3
A-124 147 671.5 5
A-125 £.36 659.5 7
A-126 i.30 659.5 7
A-127 1.35 659.6 7
A-128 i.38 659.3 7
A-129 .48 673.5 7
A-130 1.40 673.5 7
A-131 1.44 633.5 7
A-132 143 655.3 7
A-133 144 651.5 7
A-134 i.46 691.5 7
A-133 1.45 663.5 7
A-136 i.45 663.5 7
A-137 140 643.3 7
A-138 i.42 643.5 7
A-139 203 653.5 10
B-2 i.74 626.4 7
B-3 1.56 625.4 7
B-4 1.50 626.4 7
D-1 232 636.4 10
D-2 i.64 622.4 7
B-3 1.62 675.4 7
D-4 i.61 652.4 7
D-3 1.59 610.4 7
D-6 1.64 666.4 7
D-7 i.62 666.4 7
D-8a 1.651 666.5 7
D-8b 1.650 666.5 7
D8 176 603.5 7
D-10 173 602.3 7
D-11 .83 586.5 7
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Crapd No. R LC/MS LCMS Method
D-12 1.24 604.2 4
D-13 2.29 657.3 4
D-14 176 675.5 7
D-15 2.19 677.4 10
D-16 151 7615 5
D-17 176 596.6 7
D-18 1.84 610.6 7
D-19 178 596.6 7

E-1 2.35 7155 7
E-2 2.54 743.3 7
B3 2.27 717.5 7
F-l 2.23 799.5 7
G-1 1.58 661.5 5
H-l 171 703.5 5
i1 1.6 657.5 7
I-1 1.67 620.4 7
12 164 600.5 7
13 77 63504 7
54 177 650.5 7
K-la 1.46 6616 7
K-1b 1.55 661.6 7
L-la 1.42 6735 7
L-ib 1.43 6735 7
M-1a 144 673.5 7
M-1b 144 673.5 7
M-2a 1.45 620.1 7
M:2b 145 620.1 7
M-3a 1.40 6615 7
M-3b 1.42 661.5 7

Retention time (R} in min; LC/MS: without indication the mass is corresponding to {M+H]™

Example B
Nuclear magnetic resonance spectroscopy

(43771 For a number of compounds, 'H NMR spectra were recorded on a Bruker
DPX-360 operating a 360 MHz, on a Bruker Avance 600 operating at 600 z, on a Bruker
Avance 400 operating at 400 MHz, or on a Varian 400MR spectrometer operating at
400MHz. As solvents CHLOROFORM-ds (deuterated chloroform, CDCla) andior DMSO-
de (deuterated DMSO, dimethyl-ds sulfoxide) were used. Chemical shifts {d) are reported in
parts per million {(ppm) relative to tetramethylsilane (TMS), which was used as internal

standard.
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[6378] Compound A-1: 'H-NMR (400 MHz, CHLOROFORM-d7) & = 11.48 (s,
1H), 8.57 (dd, T =1.4, 8.3 Hz, 1H), 853 (s, 1H), 7.63 (d, I = 7.9 Hz, 1H), 7.39 (td, ] = 7.8,
15.4 Hz, 2H), 7.29 (br d, J = 1.6 Hz, 1H), 7.21 (br s, 1H), 7.09 (dd, J = 1.3, 7.6 Hz, 1H),
4.62-4.31 (m, 1H), 4.05 (s, 3H), 3.90 (br dd, J = 3.6, 6.8 Hz, 1H), 3.59 (s, 3H), 3.46 (s, 3H),
3.31-3.12 (m, 1H), 3.07-2.96 (m, 1H), 2.94-2.83 (m, 1H), 2.77-2.60 (m, 1H), 238 (brt,J =
8.1 Hz, 3H), 2.33-2.25 (m, 1H), 2.15-2.01 (m, 1H), 1.85-1.73 (m, 2H).

[6379]  Compound A-2: 'H-NMR (400 MHz, CHLOROFORM-d5) § = 10.92 (br
d, J=46Hz IH), 861-851 (m, 1H), 822 (br d, I =80 Hz, {H), 759 (ddd, J=1.5,44,75
Hz, 1H), 7.40 (brt, I = 7.3 Hz, 1H), 7.36-7.27 (m, 2H), 7.21 (d. J = 7.6 Hz, 1H), 7.03 (d. ] =
7.5 Hz, 1H), 6.98-6.64 (m, 1H), 5.33-4.38 (m, 1H), 4.13-3.93 (m, 4H), 3.64-3.58 (m, 3H},
3.45 (s, 3H), 3.28-3.19 (m, 1H), 3.03 (br d, J = 12.8 Hz, 1H), 2.94-2.86 (m, 1H), 2.76-2.66
(o, 1H), 2.44 (br 4, J = 6.6 Hz, 1H), 2.39-2.34 (m, 2H), 2.30 (br dd, I = 6.4, 13.8 Hz, 2H),
2.22-2.47 (m, 4H), L78-1.73 (m, 1H).

{03801 Compound A-71: 'H-NMR (400 MHz, CHLOROFORM-d5) & = 11.43
(s, 1H), 8.66 (d, T = 8.3 Hz, 1H), 8.00 (s, 1H), 7.63 (br &, J = 8.1 Hz, 1H), 7.49-7.39 (m, 2H),
7.37-7.28 (m, 2H), 7.14 (d, T = 7.5 Hz, 1H), 4.72-4.48 (m, 2H), 4.40-4.03 (10, 9H), 3.94-3.62
(m, SH), 3.49 (s, 3H), 3.02-2.92 (m, 1H), 2.63-2.29 (m, 2H), 1.92-1.85 (m, 3H).

{63811 Compound A-87: 'H-NMR (400 MHz, CHLOROFORM-d3) & = 12.24
(s, 1H), 8.64 (dd, J =14, 83 He, 1H), 833 (d, J =41 Hz, 1H), 8.06(d, J=43 Hz, 1H), 7.63
(ddd, J = 1.7, 6.1, 7.7 Hz, IH), 743-740 (m, 1H), 7.39-7.37 (m, 1H), 7.31-7.28 (m, iH),
7.19 (4, I = 5.1 Hz, 11, 7.14-7.10 (m, 1H), 4.18 (dq, T = 0.8, 7.1 Hz, 2H), 4.05 (br &, = 6.0
Hy, 1H), 401 (&, J = 1.4 Hz, 3H), 3.97 (s, 3H), 3.68 (br dd, T = 7.3, 14.9 Hz, 2H), 3.58 (brt, |
= 6.9 Hz, 1H), 3.46 (br ¢, J = 7.2 Hz, 1H), 3.34-3.27 (m, 1H), 3.17-3.09 (m, 1H), 2.84-2.76
(m, 1H), 2.14-2.06 (m, 1H), 2.02-1.95 (m, 1H), 1.29¢dt, | = 0.9, 7.1 Hz, 3H).

{8382] Compound A-126: 'H-NMR (400 MHz, CHLOROFORM-d3) § = 10.81
(s, 1H), 8.54 (s, iH}, 8.22{d, J =80 Hz, 1H), 756 brd, I =74 Hz, 1H), 739 (1, = 7.6 Hz,
1HY, 7.34-7.28 (m, ZH), 7.19 (s, 1H), 7.03 (br d, ] = 7.5 Hz, 1H), 634 {br s, 1), 4.49-442
(m, 1H), 425 (br d, T = 3.9 Hz, 1H), 4.06 (s, 3H), 3.94 (br d, ] = 4.0 Hz, 1H), 3.59 (s, 3H),
345 (5, 3H), 3.09-3.03 (m, 3H), 275 (brdd, I = 7.9, 12.2 Hz, 1H), 2.44-2.39 (m, 2H), 2.37-
2.30 (m, 2H), 2.19 (s, 3H), 1.51-1.85 (m, 1H).
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[6383] Compound A-129: 'H-NMR (400 MHz, CHLOROFORM-d;) § = 11.48
(s, 1H)}, 8.59-8.52 (m, 2H}, 8.26 (s, 1H), 7.67-7.61 (m, 1H)}, 7.45-7.35 {m, 2H), 7.32-7.28 (m,
1H), 7.22 (s, 1H}, 7.11-7.06 (m, 1H), 5.87 (brs, 1H), 425 (brd, J =70 Hz, 1H), 402, =
1.4 Hz, 3H}, 3.88 (br t, ] = 7.8 Hz, 1H), 3.81-3.75 {m, 1H), 3.67-3.58 {m, 7TH), 3.45 (s, 3H),
319 ¢br d, J = 8.5 Hz, 1H), 2.86-2.79 {m, 1H), 2.55 (4, I = 2.6 Hz, 2H), 2.28-2.18 (m, 1H),
241 (wd, J =74 Hz 1H).

{8384] Compound A-13¢: 'H-NMR (400 MHz, CHLOROFORM-d5) § = 11.48
(s, 1H), 8.60-8.47 (m, 2H), 826 (s, 1H), 7.63(ddd, J = 1.6,3.3, 7.7 Hz, 1H), 740 (¢d. J = 7.9,
17.0Hz, 2H), 730 (d, J = 1.5 Hz, 1H), 7.22 (5, 1H), 7.09(ddd, I} = 1.4, 3.0, 75 Hz, 1H), 5.72
(brs, 1H), 420 (brd, I = 69 Hz, 1H), 402 (4, J = 1.3 Hz, 3H), 3.81 (brt, I = 6.4 He, 1H),
3.77-3.71 (o, 1H), 3.66-3.53 (m, 6H), 3.46 (s, 3H), 3.26-3.15 (o, 1H), 2.86-2.78 (o, 1H),
235 (d, T = L3 Hz, 2H), 2.20-2.17 (m, 1H), 2.10-2.05 (m, 1H).

[4385] Compound A-131: 'H-NMR (400 MHz, CHLOROFORM-ds) & = 10.91
(s, 1H), 854 (5, 1H), 822 (. J=80Hz, 1H), 759 (4d, ] = 2.0, 76 He, IH), 740 (1,1 =76
Hez, 1H), 7.34-728 {(m, 2H), 7.21 (4, I = 3.8 Hy, 1H), 7.03 (br &, § = 7.6 Hz, [H), 5.72 (s,
tH), 4.27 (br &, J = 5.6 Hz, 1H), 4.03 (s, 3H), 3.91 (br d, ] = 6.6 Hz, 1H), 3.85-3.77 (m, 1H),
3.71-3.56 (m, TH), 3.45 {s, 3H), 3.29-3.18 {m, 1H), 2.97 (s, 1H), 2.89 {(s,1H), 2.88-2.81 (m,
tH), 2.56 (s, 2H), 2.23-2.18 {m, 4H).

{$1386] Compound A-132: 'H-NMR (400 MHz, CHLOROFORM-d5) § = 10.91
(s, 1H), 8.55 (s, 1H), 822 (4, = 8.0 Hz, 1H), 7.59 (td, } = 1.9, 7.6 Hz, 1H), 7.43-7.36 (m,
LHY, 7.34-7.29 (m, 1H), 7.26-7.24 (m, 1H), 7.21 (4, = 3.4 Hz, 1H), 7.05-7.00 (m, 1H), 5.8¥
(s, 1H}, 424 (br &, J = 7.0 Hz, 1H), 4.02 (5, 31, 3.87 (br, I = 6.8 Hz, 1H),3.78 (brdd, I =
4.6, 8.3 Hz, 1H), 3.67-3.57 (m, TH), 3.45 (s, 3H), 3.23-3.17 (m, 1H), 2.86-2.78 {m, 1H), 2.55
(s, 2H}, 2.19 (8,1 = 3.1 Hz, 4H), 2.14-2.05 (m, 1H).

[6387] Compound A-135: '"H-NMR (400 MHz, CHLOROFORM-d3) § = 11.4%9
(s, 1H), 8.61-8.49 (m, 2H), 7.63 (br d, ] = 7.6 Hz, 1H), 7.44-7.34 (m, 2H), 7.32-7.29 {m, 1H),
724 (brs, 1H), 708 (brd, ] = 7.5 Hz, 1H), 6.03 (brs, 1H), 4.65 (br d, ] = 2.3 Hz, 1H), 4.08-
3.99 (m, 3H), 3.71-3.63 (m, 1H), 3.59 (s, 3H), 345 (s, 3H), 3.36-3.25 (m, 2H), 3.03-2.88 (i,
48, 2.62-2.47 (m, 3H), 2.19-2.13 (m, 2H).

[83838] Compound A-136: 'H-NMR (400 MHz, CHLOROFORM-d3) § = 11.49
(s, IH), 8.81-8.38 (m, 2H), 7.63 (br d, } = 7.5 Hz, 1H), 740 (td, ] = 7.8, 19.1 Hz, 2H), 7.31
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(brs, 1H), 724 (brs, 1H), 7.09 (br &, I = 7.6 Hz, 1H}, 6.06 {brs, 1H), 474 (brd, ] = 3.8 Hz,
THY, 4.11-3.99 (m, 3H), 3.71-3.57 (m, 4H), 3.46 (s, 3H), 3.42-3.28 (m, 2H), 3.11-2.99 (m,
2, 2.99-2.88 (m, 2H}, 2.65-2.47(m, 3H}), 2.24-2.18 (m, 2H).

[3389] Compound A-137: 'H-NMR (400 MHz, CHLOROFORM-d3) § = 10.91
(s, 1H), 855 (5, 1H), 822 (b d, J = 8.1 Hz, 1H), 7.59 (br 4, I = 6.9 Hz, 1H), 740, J=7.6
Hz, 1H), 7.34-7.30 (m, 1H), 7.26-7.24 (m, 1H), 7.22 (s, 1H), 7.06-7.00 (m, 1H), 596 (br s,
1H), 4.63 (brd, J = 1.1 Hz, 1H), 4.10-3.98 (m, 3H), 3.70-3.56 (m, 4H), 3.45 (s, 3H), 3.35-
3.20 (m, 2H), 3.02-2.83 (m, 4H), 2.67-2.43 (m, 3H}, 2.19 (br 4, } = 1.9 Hz, 5H).

[039¢] Compound A-138: 'H-NMR (400 MHz, CHLOROFORM-ds) § = 10.91
(s, 1H), 855 (s, 1H), 822 (br d, J =81 Hz, 1H), 759 (br d, =71 Hz, 1H}, 740 by t, I =
7.3 Hz, 1H), 7.34-7.29 (m, 2H), 7.24 (br s, 1H), 7.06-7.00 (o, 1H), 6.03 (br s, 1H), 4.70 (br
d, J =23 Hz, 1H), 4.11-3.98 (m, 3H), 3.71-3.55 (1o, 4H), 3.45 (s, 3H), 3.40-3.25 (m, 2H),
3.08-2.85 (m, 4H), 2.65-2.45 {m, 3H), 2.19 (br 4, ] = 2.8 Hz, 5H).

[6391] Compound 139 'H-NMR (400 MHz, DMSO-ds) 6§ = 11.06 (d, ] = 2.9
Hez, TH), 8.75 (s, 1H), 8.253 (4, I = 8.3 Hz, 1H), §.13 (5, 1H), 8.10 (s, 1H), 7.62-7.57 (m, 1H),
751, J=7.6Hz 1H), 7.37-7.29 (m, 2H), 7.19 (5, 1H), 6.98 {dd, = 3.4, 7.3 Hz, 1H), 3.90
(s, 4H), 3.50 (s, 4H), 3.27 (s, 3H), 3.25 (br s, ZH), 3.19-3.16 (m, 1H), 3.03-2.96 {m, 1H), 2.77
(brdd, J =728, 172 Hz, 1H), 2.19-2.11 (mn, 4H), 2.09 (4, I = 6.4 Hz, 3H), 2.02 (br dd, I = 7.8,
13.9 He, 1H), 1.91-1.85 (m, 1H).

(6392} Compound J-1: 'H-NMR (400 MHz, CHLOROFORM-d) 6 = 12.23 (d,
J=40Hz, 1H), 864 (dd, J =14, 83 He, 1H), 833 (d, I =43 Hz, 1H), 806 (d, ] =4.1 Hz,
IH), 7.65 (dd, J = 1.7, 7.7 Hz, 1H), 7.44-7.37 (m, 2H), 7.35-7.27 (m, 2H), 725 (4, I = 2.4
He, 1H), 701 (id, T= 1.3, 7.6 He, 1), 4.57 (br d, I = 7.5 Hz, 2H), 4.28 (br 5, 1H), 4.25-4.19
(m, 1H), 411 re J =94 Hr, 1H), 402(d, I =34 Hz, 3H), 397 (s, 3H}, 348 (br dd, I =
8.7,16.1 Hz, 1H), 3.17 (br s, 1H}, 2.93-2.85 (m, 1H), 2.62-2.51 {m, 1H), 2.37-2.27 {m, 1H}.

[6393] Compound H-1: 'H-NMR (400 MHz, DMSO-ds) § = 11.62 (d, § = 2.9
Hz, 1H), 8.79 (s, 1H), 8.57 {dd, } = 1.3, 8.3 Hz, 1H), 8.17 (s, 1H), 7.64 (d, J = 7.6 Hz, 1H),
755745 (m, ZH), 740 (dd, I = 1.5, 75 Hz, 1H), 7.19 (5, 1H), 7.14 (ddd, I = 1.4, 3.4, 7.6 Hz,
1H), 3.95-3.87 (m, 4H), 3.30 (br s, 1H), 3.51 (s, 4H), 3.34-3.32 (m, 2H), 3.27 (s, 3H), 3.25-
3.23 (m, tH), 3.18-3.06 (m, 3H), 3.02-2.95 (m, 1H), 2.76 (br dd, ] = 8.6, 16.8 Hz, 1H), 2.05-
1.95 (m, 2H), 1.93-1.86 (m, SH).
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[0394] Compound L-la: 'H-NMR (400 MHz, DMSO-ds) & = 10.99 (s, 1H),
8.75(s, 1H),820(dd, I =54, 9.0 Hz, 1H), 811 (s, IH), 7.66(brd, I =75 Hz, 1H),755{,]
=7.6Hz, iH), 739 (brd, J =74 Hz, 1H), 7.25-7.18 (m, ZH), 3.90 (s, 3H), 3.87 {br d, I = 6.5
Hz, 1H), 3.50 (s, 3H), 3.27 (br s, 4H), 3.21-3.20 {m, 1H), 3.14 (br 4, | = 6.& Hz, 1H), 3.09-
294 {m, 2H), 2.77 (br dd, ] = 8.1, 16.8 Hz, 1H), 2.15 (br dd, J] = 5.4, 10.8 Hz, 4H), 2.04 (s,
3H), 1.99 (brs, 1H), 1.91-1.85 (1, 1H).

[6395] Compound L-1b: 'H-NMR (400 MHz, DMSO-ds) § =11.00 (s, 1H), 8.75
(s, 1H), 820 (dd, ] = 5.6, 8.8 Hz, 1H}, 8.11 (5, 1H}, 765 (brd, I =73 Hz, 1H}, 755 1=
7.6 Hz, 1H), 7.42-7.35 (m, 1H), 7.24-7.19 (m, 2H), 3.90 (s, 3H), 3.86 (br d, I = 6.5 Hz, 1H),
350 (s, 3H), 327 {(brs, 4H), 321 (brs, 1H), 3.4 (brd, J = 6.9 He, 1H), 298 (brd, ] = R8
Hz, ZH), 277 (brdd, ] = 8.9, 16.2 Hz, 1H), 2.19-2.11 (m, 4H), 2.06 (5, 3H), 199 (br d, J =
6.4 Hz, TH), 189 (brd, J=73Hz, 1H).

[4396] Compound M-2a: 'H-NMR (400 MHz, CHLOROFORM-ds) & = 10.94
{5, 1H), B34 (s, IH), 820 (brd, T = 8.1 Hz, 1H), 7.62 (dd, I = 6.1, 8.5 Hz, 1H), 7.38-7.37 (m,
14, 7.38-7.33 (m, 1H), 7.22-7.17 (o, 2H), 7.04 (br d, I = 7.5 Hz, 1H), 4.42 (br s, 1H), 4.27
{br s, 1H}, 430-4.21 (m, 1H), 4.08-3.97 (m, 48, 3.91-3.79 {(m, 1H), 3.71-3.63 {(m, 1H), 3.59
(s, 3HD, 3.45 (s, 4H), 3.33-3.25 (m, 1M, 2.85 (br dd, J = 8.5, 169 Hz, 1H), 2.28-2.21 {m,
tH), 2.19 (s, 3H), 2.14-2.04 (m, 2H).

(4397} Compound M-2b: "H-NMR (400 MHz, CHLOROFORM-d5) 8 = 10.94
(s, LH}, 8.54 (5, 1H}, 830 (d, I =79 Hz, 1H), 7.62(dd, ] = 6.1, 86 Hz, 1H), 735 (brt, I =
8.0 Hz, 2H), 7.21 (br s, 1H), 7.05-7.00 (m, 1H), 4.76-4.54 (m, 2H), 4.53-4.40 (m, 1H), 4.28-
4.15 (m, 2H), 4.13-3.99 (m, 4H), 3.98-3.87 (m, 1H}, 3.59 (s, 3H), 3.46 (s, 3H}, 2.94 (br dd, ]
= 8.3, 17.0 Hz, 1H), 2.48-2.24 (m, 3H), 2.19 (5, 3H).

[6398] Compound M-3a: 'H-NMR (400 MHz, CHLOROFORM-d5) § = 10.95
(s, 1H), 8.63-8.51 (im, 1H), 828 (brd, J =76 Hz, 1H), 7.61 (dd, J = 6.1, 8.5 Hz, 1H), 7.36 (1,
J =78 Hz, 1H), 7.21-7.14 (m, 2H), 7.07-7.00 (m, 1H), 6.69 (br s, 1H), 447 (br dd, J = 4.1,
73 Hz, 1H), 4.03 (s, 3H), 395 (br d, J = 6.9 Hz, 1H), 3.60 (s, 3H), 3.45 (s, 3H), 3.17 (¢d, I =
7.8, 158 Hz, 1H), 299 (brdd, I = 3.1, 12.1 Hz, 1H), 2.94-2.82 (m, 1H), 2.65 (br dd, ] = 9.3,
11.9 Hz, 1H), 2.46-2.25 (m, 6H), 2.19 (s, 3H), 1.82-1.72 (m, 1H).

[8399] Compound M-3b: 'H-NMR (400 MHz, CHLOROFORM-d5) & = 10.94
(s, 1H), 9.84-9.55 (m, 1H), 855 (s, 1H), 8.29 (br d, I = 8.1 Hz, 1H), 8.14-7.95 (m, 1H), 7.77-
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757 (m, 1H), 7.34 (6, § = 7.9 Hz, 1H), 7.26-7.11 (m, 2H), 7.07-6.99 (m, 1H), 4.96-4.74 (m,
1H), 4.46-3.88 (m, 4H), 3.59 (s, 4H), 3.45 (d, I = 3.6 Hz, 3H), 3.30-2.89 (m, 3H), 2.78-2.12
(m, 7H), 2.10-1.80 (m, 1H).

Example C
PDLI/PDI Binding Assay

{64601 Compounds to be tested were serially diluted in DMSO, and further
diluted in assay buffer (25 wM Hepes pH 7.4, 150 mM NaCl, 0.005% Tween 20, BSA
0.01%). Diluted compounds were added to the wells with final concentration of DMSQO at
1%. PDL1-6xHis protein was added to the wells, mixed well with cornpound. The plates
were incubated for 30 min at room temperature. PD1-Fe-Avi-Biotin protein was added to the
wells. Final concentration of PDL1 and PD1 protein i1s 8.3 nM and 2.5 oM, respectively.
After a binding time of 30 roin at room temperature, Anti-6xHis Acceptor beads (final
concentration 20 ug/ml) were added to the wells, and the incubation continued for 1 h
Strepravidin Ponor beads (final concentration 20 ug/ml.) were added at reduced light. The
plates were sealed with foil and incubated in the dark for additional 1 h or overnight before
reading on an Envision reader. The s values were determined by fitting the curves using a

four-parameter equation in Graphpad Prism 8.

Example D
PD-1/PD-L1 NFAT Reporter Assay

[0401] Cellular activity of the compounds was assessed using a co-culture
reporter assay in which TCR-mediated NFAT activity of Jurkat T cells is constitutively
inhibited by the engagement of PD-1 by PD-L1 expressing CHO cells. Blocking the PD-1/
PD-L1 interaction will release the inhibitory signal and results in TCR signaling and NFAT-
mediated fuciferase activity.

{84621 CHO cells expressing surface-bound anti-CD3 antibodies and PD-LI were
first seeded overnight and treated with the compounds. Jurkat cells overexpressing PD-1 and
a tuciferase construct under NFAT promoter were then tmmediately seeded on the monolayer
of CHO cells. The co-culture was then incubated for 6 hrs at 37 “C. Luciferase activity was
assessed by adding the ONE-{lo reagent and measuring lnminescence with a plate reader.

ECso values were determined from the fit of the dose-response curves.
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Compounds described herein, as exemplified in the Examples, showed

ECsp or ICs0 values in the following ranges: A: ICsp or ECse <10 nM: B: 10 M < ICsp or
C: 100 oM < ICsp or ECsp <1000 nM: D 1 1000 aM < 1Csp or ECsp <10000
ndM: E ¢ 1Cso or ECso > 10000 nM; F: ICso or ECso > 5000 nM; n.d. = not determined; n.r. =

ECs <100 nM;

ECsonot reached in the range of tested concentrations starting from 1 nM to 10000 nM.

Table C:
.| pp.ypDaa | Jutkat .| PD.yPDay | Jurkat
CmpdRe | ppricsy | AT CmpdNo. |~ pprpese | AT
Ess ECso
A-1 A A A-28 A A
B-1 A B A-29 A A
-1 A B A-30 A C
A-2 A A A-31 A b
A-3 A A A-32 A nr
A-d A A A-33 A A
A-5 A A A-34 A nr
A6 A B A-35 A nr
A7 A A A-36 A n.r
A-§ A A A-37 A n.r
A-9 B A-3R A nr
A-10 A nr A-39 A A
A-11 A n.r A-40 A A
A-12 A nr A-d] A A
A-13 A n.y A-42 A B
A-14 A nr A-43 A A
A-15 A nr A-44 A B
A-i6 A nr A-45 A B
A-17 A C A-46 A A
A-18 A A A-47 A A
A-19 A B A-48 C
A-20 A B A-49 A B
A-21 A C A-30 B
A-22 A A A-S1 A A
A-23 A A A-52 A B
A-24 A nr A-53 A C
A-25 A A A-54 A B
A-26 A n.r A-55 A A
A-27 A A A-56 A B

Y
4
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4P Jurkat .1 /P Jurkat
Cmpd No. P&iﬁi i} 5,:;1 T}F?T Cmpd No. I g;ﬁgsgl T\FH‘
SRS ECs

A-57 A A A-57 B D
A-58 A A A-G8 A C
A-55 A B A-99 A .
A-60 A A A-100 A A
A-61 A 8 A-101 A F
A-62 A A A-102 A A
A-63 A A A-103 B F
A-64 A A A-104 A B
A-65 A A A-105 B B
A-66 A B A-106 A C
A-67 A A A-107 A A
A-68 A B A-108 A C,
A-69 A A A-109 A

A-T0 A B A-110 A C
AT A A-111 A B
A-T72 A B A-112 A D
A-73 B A-113 B D
A-T4 A B A-114 A A
A-75 A B A-115 A B
A-T6 A A-116 A D
A-T7 A A-117 A B
A-T79 B F A-118 A B
A-B0 A B A-119 A C
A-81 B A-120 A B
A-82 B A-121 A B
A-83 A B A-122 A C
A-84 B F A-123 F
A-85 A B A-124 D
A-86 C F A-125 A F
A-87 A B A-126 A B
A-88 A B A-127 A 8
A-89 B D A-128 A C
A-90 A B A-129 A A
A-91 A D A-130 A B
A-92 A B A-131 A A
A-93 A C A-132 A 8
A-94 A A A-133 B C
A-85 A C A-134 A A
A-86 £ A A-135 A C
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4P Jurkat .1 /P Jurkat
Cmpd No. P&iﬁi i} 5,:;1 I}E;X T Cmpd No. I g;ﬁgsgl T\Fi T
LS8 ECs
A-136 A A D-17 A B
A-137 A D D-18 A
A-138 A D-19 A .
A-139 A E-1 A .y
B-2 A B E-2 A E
B-3 A & E-3 A E
B-4 A B F-1 A
D-1 A A G-1 A B
D-2 A A H-1 A A
D-3 A A I-1 A
D-4 A B J-1 A A
D-5 A B I-2 A A
D-6 A B 3-3 A A
D-7 A B J-4 A C
D-&a B K-la A B
D-8b B K-1b A C
-9 A B L-la .
D-10 A B L-1b A
-1t A B M-la C
D12 B M-1b A
D-i3 B M-2a C
D-i4 A M-2b A
D-15 A B M-3a A
D-16 B C
{6404 Although the foregoing has been described in some detail by way of

illustrations and examples for purposes of clarity and understanding, it will be understood by

those of skill in the art that nomerous and various modifications can be made without

departing from the spirit of the present disclosure. Therefore, it should be clearly understood

that the forms disclosed herein are illustrative only and are pot intended to limit the scope of

the present disclosure, but rather o also cover all modification and alternatives coming with

the true scope and spirit of the present disclosuore.

Y
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WHAT IS CEAIMED IS:

I. A compound of Formula (I}, or a pharmaceutically acceptable salt thereof,

having the structure:

RZb

A'1

: .
()
wherein:
F{’;"‘\m
(o)
i}
X7 "
Alis /&J\\/\ X2 .
RSa O O
/k O R‘36 YG 7
2N VRGN c;é\ YB/Y‘\ (555\
. |
i 03
NVid g.s“is\ R égg ~ )\\ N\
[2 J‘i\\ N . [N @ ?Ej o
e
B! is VN R vZ ’ Rb or RS ,

each X' is selected from the group consisting of CH and N;

X2 is O

X7 is selected from the group consisting of CH, C-halo and N;
Y is selected from the group consisting of N and CH;

Y* is selected from the group consisting of N and CH;

Y3 is selected from the group consisting of N and CH;

Y+ is selected from the group consisting of N and CH;

Y is selected from the group consisting of N, CH and C-OCH;;
Y is selected from the group consisting of N and CR;

Y7 is CR;
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¥ is CRY:

each R'™ is selected from the group consisting of ~Cya alkyl, ~Cis haloalkyl, -
CH{(C3.6 monocyclic cycloalkyl), ~Coag alkyHCrg alkoxy), ~Cos alkyl (€14 haloalkoxy),
CH:(4-6 membered monocyclic heterocyclyly and ~CHa(5-6 membered monocyclic
heteroaryi),

each R'® is selected from the group consisting of ~N(R™HR™ and -R*;

R is selected from the group consisting of hydrogen,~CHs, ~CHCH:, ~OH, ~OCH:
and -F;

R'®is selected from the group consisting of hydrogen, ~CHs, ~CH2CHs and -F:

R is selected from the group consisting of hydrogen, ~CHa, ~CHCHz ~OH, ~OCH;
and -F;

R'# i selected from the group consisting of hydrogen, -CHa, -CH-CHz and -F;

R ¢ s selected from the group consisting of -N(R™HR™ and -R*;

R* R® R* R™ R¥™ R™ are independently selected from the group consisting of
hydrogen and halogen;

R* and R% are independently selected from the group cousisting of hydrogen,
halogen, cyano, ~CHa, ~CHCH;, ~CHOH, -OCH;3 and -SCHz;

R* is selected from the group consisting of H, ~CHs, —CF5 and -CHF,;

R* is selected from the group consisting of H, halogen, -Ci4 alkyl, —Ci.4 haloalkyl,
~CHaR™ and ~C(CH)R™,

R* s selected from the group consisting of ~N{R"*)R" and -R'":

R is selected from the group consisting of hydrogen, ~CHs, ~Ca.4 alkyl and ~Chs
haloalkyl:

R is selected from the group consisting of hydrogen, ~CHs, ~Co alkyl and ~Co.s
haloalkyl:

R is selected from the group consisting of hydrogen, ~CHz, ~Cao alkyl and —Cos
haloalkyl:

R is selected from the group consisting of hydrogen, ~CHs, ~Co alkyl and —Cos
haloalkyl;

R3¢ s selected from the group consisting of hydrogen, halogen and —CHs;

R is selected from the group consisting of hydrogen, halogen, -OH, -CN and -CHa;
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R ig selected from the group consisting of hydrogen, ~C.4 alkyl, (5.6 monocyclic
cycloalkyl, Cs.y2 bicyclic cycloalkyl, 5- or 6-membered monocyclic hetercaryl, 4-7
membered monocyclic heterocyclyl, 8-11 membered fused-heteroaryl, 8-11 membered fused-
heterocyclyl and ~R™; wherein the monocyclic heteroaryl, the bicyclic heteroaryl the
monocyclic heterocyclyl and the bicyclic heterocyclyl contain at least one atom or group of
atoms independently selected from the group consisting of O (oxygen), S (sulfur), C(=0},
S(=0), S(=0) and N (nitrogen); wherein the ~Ci4 alkyl is optionally substituted with one or

two or three substituents independently selected from halogen, cyano, hydroxy, ~C, , alkoxy,

14 haloalkyl, -——-Cl 4 haloaikoxy, ~C{=0YOR™,
~C{=0)NHS(=0)nR%, ~C(=0N(R*HRZ, ~§(=0)R%, ~S(=0NNR R,
~NRAC=0R, ~NRAHS(=0R, SNERIHCEOINR?HR? and

“NRFHSE=ONRZHRD, wherein the Cie monocyclic cycloalkyl, the Csyz bicyclic
cycloalkyl, the 5- or 6-membered monocychic heteroaryl, the 4-7 membered monocyclic
heterocyclyl, the 8-11 membered fused-heteroary! and the 8-11 merbered fused-heterocyclyl
are optionally substitnted with one, two, three or four substituenis independently selected
from balogen, cyano, ~Cia alkyl, bydroxy, —C, , alkoxy, —Cr.a baloalkyl, -C, , haloalkoxy, -
C(=0)R", ~C(=0)0OR™, ~C{=0)NHS(=0,R%, ~C{=0)N(RZHR?2,
—S(=0pR", —S(=0)NRHR™, ~NRMHCE=ORY, “NRHS(E=0R™,
“NERDCEONERPR?E and -NRZHS=0INRZR?, and R is hydrogen, —Ci alkyl, —Cy.
4 haloalkyl, Css monocyclic cycloalky{CHo)- or —C(=0)OR,

R™2 i5 selected from the group consisting of —CHs, —Ch. alkyl, ~Ci4 haloalkyl and
~RY?, wherein the —Co.4 alkyl is optionally substituted with hydroxy;

R js selected from the group consisting of H, —Cy4 alkyl and —C1.4 haloalkyl;

R is selected from the group consisting of:
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and . wherein RY is optionally substituted
with one or two substituents independently selected from halogen, cyano, —Cia alkyl,

hydroxy, -C alkoxy, ~Ciys  haloalkyl, -C haloalkoxy, —C(=0YOR™,

1-4 -4
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~C=0)NHS(=01R,
~NERMYC=0R?,

~C{=0)NRHR™,
~NERAHS(=01R™,

~S(=0RR7,

Y. . . ~
R* is selected from the group consisting of:

SN(RMHC(=0INRHR™

PCT/US2022/033653

S(=0RNRHRT,

and
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RY! is selected from the group consisting of:
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N
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71
e
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o 0
G
O,,_,,_R\N‘I
O
~ RW'E
T o
and . wherein RY! is optionally substituted with one or two

substituents independendy selected from halogen, cyano, ~Cra alkyl, hydroxy, -C | alkoxy,

I haloalkyl, -C,, haloatkoxy, ~L(=0YORWY,
~C(=NNHS(=01R Y, ~C=0)NRVHR W, ~S(=0R™, ~S=NRWVHRWY?,
NEYHCEORY?, ~N{RWHS(=0RY?, ~NERWHCEOINRYHRY? and

SNERYHS(=0NER YR,
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v . 2 e ~
R¥ is selected from the group consisting oft

R\!‘i 1 R\I\r" RZ\:\ /() [R\IV‘.
;??? '\! AN ( -N e] N
NN &( N fﬂ
Sxy 2 S,
1 n«;\o E : rmO ‘Za \\(\/)f © {

/.
c ., . and :

Wiy, 102, 3, 01, B2 and na are independently 1 or 2;
o and ne are independently §, Lor 2;

2

s and ns are independently 1, 2, 3 or 4;

each R® is independently selected from the group counsisting of hydrogen, halogen,
—Cya alkyl, =Cis haloalkyl, -C(=0)R5, -C(=0)0R?!, —8(=0)R%!, -C(=0N(RZHR% and
~SE=ON(RAHRY,

each RY” is independently selected from the group consisting of hydrogen, halogen,
—Cj.q alkyl, —=Ci4 haloalkyl, -C(=0RWY?, _C(=0)ORW?, -8(=0)R™?, -CONRYHR™ and
~SEONRVHRW?,

R* and R™ are independently selected from the group consisting of hydrogen, —Ci.4

alkyl and —Ci 4 halealkyl; or

R%! and R are taken together to form a monocyclic heterocyclyl when attached to
the same nitrogen;

R¥! and R™? are independently selected from the group consisting of hydrogen, ~Ci.4
alkyl and -Cr.4 haloalkyl;

R* and RY? are independently selected from the group consisting of hydrogen, ~Ci4

alkyl and -Cr.4 haloalkyl; and
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R% is selected from the group consisting of hydrogen, —Ci4 alkyl and 5- to 6-

membered monocyclic heterocyclyl{CHz)- optionally substituted with -Cy.2 alkyl.

2. The compound of Claim 1, wherein Al is

3. The compound of Claim 2, wherein X'is CH.

4. The compound of Claim 2, wherein X' is N.

5. The compound of any one of Claims 2-4, wherein R is (' 4 alkyl.

G. The compound of any one of Claims 2-4, wherein R' is ~Cy.4 haloalkyl.

7. The compound of any one of Claims 2-4, wherein R'® is ~Cos alkvl{C 14

alkoxy) or ~Co.4 alkyl (Cr4 haloalkoxy).

8. The compound of any one of Claims 2-4, wherein R'? is selected from the
group consisting of ~CH2(Cs.s monocyclic cycloalkyl), ~CHz(4-6 membered monocyclic
heterocyclyly and ~CHx(5-6 membered monocyclic heteroaryl).

9. The compound of any one of Claims 2-8, wherein R is -N(R™HR"L.

10. The compound of Claim 9, wherein R®! is hydrogen.

11, The compound of Claim 9, wherein R™ is —-C(=0)OR™.

£2. The compound of any ome of Claims 9-11, wherein R™ is —Ciaq alkyl
optionally substituted with —C(=0)OR?' or 4-7 membered monocyclic heterocyclyl

optionally substituted with hydroxy.

13.  The compound of Claim 12, wherein R™ is U
4. The compound of Claim 12, wherein R™ is tetrahydrofuran or tetrahydro-2H-

pyran, each optionally substituted with hydroxy or Ci.4 alkyl.

w
ot
(9]
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% ol

i5. The compound of Claim 14, wherein R™ is OH,
/
O % o /A< % o}
t N‘< % o =P
5 ; ) or y .
i6. The compound of any one of Claims 9-11, wherein R™ is —R*,
RZ‘.

S

17. The compound of Claim 16, wherein —R*? i3
£8.  The compound of any one of Claimos 2-8, wherein R'® is —R*L,
19. The compound of Claim 18, wherein —R*! is selected from the group
[«
RZ1 b/
~.
N
( “}\ )m]
[ fitg

20. The compound of Claim 19, wherein —R*! is selected from the group
Q

!I OH O /
KL\NH ~ /3/ ~ /\LOH
3;5\\/[ *ﬁ{zN ?Z{‘/N 'EZZ,N\N/ ‘

consisting  of ; ;

O O
e T T
A 4 " !

5 5
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21, The compound of Claim |, wherein Al is 7 i1

22. The compound of Claim 21, wherein X' is CH.

23. The compound of Claim 21, wherein Ktz N.

24.  The compound of any one of Claims 21-23, wherein R" is ~C.4 alkyl.

25. The compound of any one of Claims 21-23, wherein R' is () 4 haloalkyl.

26. The compound of any one of Claims 21-23, wherein R is selected from the

group consisting of ~CHa{Css monocyclic cycloalkyl), ~CHo{4-6 membered monocyclic

heterceyclyl) and ~CH2(5-6 membered monocyclic heteroaryl).

27. The compound of any one of Claims 21-26, wherein R'® is -N(R"HR™.
28. The compound of Claim 27, wherein R* is hydrogen.

28, The compound of Claim 27, wherein R® is ~C(=0}OR%,

w
s
A%
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30. The compound of any one of Claims 27-29, wherein R™ is (3.6 monocyclic

cycioalkyl, ~Ci.4 alkyl optionally substituted with ~C(=0}OR™ or 4-7 membered monocyclic

E‘ OH
7 /\lé/ ’EL/\/OH!

heterocyclyl optionally substituted with hydroxy.

31 The compound of Claim 30, wherein R™ is
E?‘/Y NH, E/\U/D

[0} or O

32,

The compound of Claim 30, wherein R™! is tetrahydrofuran or tetrahydro-2H-

)
% 5
LLLL 4
HO ,

33. The compound of Claim 32, wherein R™ is QH,

Y
A

pyran, each optionally substituted with hydroxy.

34. The compound of any one of Claims 27-29, wherein R™' §
R7
A
O
35. The compound of Claim 34, wherein -R*? is ™
36. The compound of any one of Claims 21-26, wherein R is -R*L.



WO 2022/266236 PCT/US2022/033653

37. The compound of Claim 36, wherein ~R*! is selected from the group

o
Rz1
M e N
(PL7L Ty

ms

- ) VAR

. . }{N'&{M >IT 5 sz ] 71 i \‘T‘T;‘_i K3
consisting of: 2 , . Rt R™  and
38. The compound of Claim 37, wherein ~R*! is selected from the group

I
O o) /
™~

w7 ;3/ o
consisting  of :zti Ny Lazl ., R , .?% )

o o
i
_OH /L\
ﬁL o o

%Nq QO LE/N\J ‘??{,I\Ii ‘21{,!\,!\_\,

(8]
f- G/\\”/, /3)]\0 ;3‘3 ‘im?)\OH
?{N\ I3 ?{N
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and

The compound of Claim 1, wherein A’ is
The compound of Claim 39, wherein X' is CH.

The compound of Claim 39, wherein X’ is N.

The compound of any one of Claims 39-41, wherein X*is CH.

The compound of any one of Claims 39-41, wherein X° is C-halo.

The compound of any one of Clairos 39-41, wherein X is N.

The compound of any one of Claims 39-44, wherein R is —C.4 alkyl
The compound of any one of Claims 39-44, wherein R'® is —C .« haloalkyl

The compound of any one of Clairns 39-44, wherein R is selected from the

group consisting of —CHx(Css monocyclic cycloalkyl), -CHu{4-6 membered movocyclic

heterocyclyl) and —CH2{5-6 membered monocyclic heteroaryl).

48.
49.
30.
51.
52.

The compound of any one of Claims 39-47, wherein R!" is -N(RTHRM,
The compound of any one of Claims 39-47, wherein R is hydrogen.
The compound of any one of Claims 39-47, wherein R" is —-C(=0)OR™.
The compound of any one of Claims 39-50, wherein R™ is hydrogen.

The compound of any one of Claims 39-50, wherein R™ is —~Ciy alkyl

optionally substituted with —C(=0)OR?" or 4-7 membered monocyclic heterocyclyl

optionally substituted with hydroxy.
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53. The compound of any one of Claims 39-50, wherein R™ is Cs monocyclic

cycloalkyl or Cs monocyclic cycloaltkyl.

?%/’\/OH
54. The compound of Claim 52, wherein R™ g G .
35. The compound of Claim 32, wherein R™ is tetrahydrofuran or tetrahydro-2H-

pyran, each optionally substituted with hydroxy, or piperidine optionally substituted with

—C(=O)R%L,

The compound of Claimn 35, wherein R™ is

56
HOH S
57.

9 ?
The compound of any one of Claims 39-50, wherein R™ is —R*%,
RZ?
f

/
/{73‘ N

8]
58. The compound of Claim 57, wherein ~R* is my
RZ\‘\ 0O
Nm-m
u?m ),
. . . O
39. The compound of Clairn 57, wherein —R* is 1 or
}2& N4
e}
60, The compound of any one of Claims 39-47, wherein R'" is -R*.
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61. The compound of Claim 60, wherein ~R*! is selected from the group

&)
Rz1
M e N
e

o)
of? Mz

consisting and
)
Ny
(g\W/N\Rm
X'ﬁ}é
o) .
62. The compound of Claim 61, wherein ~R*! is selected from the group

o
I OH o /

) .
: fe
" NQ/ '13/ [ on

I N N
AT

bl 2 i

O O
i
OH /L\
m&\ / / O//\\ /#L\O
e .

consisting  of:

2

(8]
'/'- Q/\J, /3)]\0 [\{3 ‘[MAQH
K s e

3
e
)

. o
SN 0/{ ;f/\j [\,Nk
NH 22:5\‘\’ f
L P !\T\/ T‘\__
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* )

and

63. The compound of any one of Claims 39-62, wherein R' is hydrogen.

64. The compound of any one of Claims 39-62, wherein R’ is ~OH.

63. The compound of any one of Claims 39-62, wherein R' is —-CHa.

60. The compound of any one of Claims 39-62, wherein R is -F.

67. The compound of any one of Claims 63-66, wherein R' is hydrogen.

68. The compound of any one of Claims 63-66, wherein R'® is ~CHa.

69, The compound of any one of Claims 63-68, wherein RY is hydrogen.

70. The compound of any one of Claims 63-68, wherein R'' is ~CHa.

71 The compound of any one of Claims 63-70, wherein R'8 is hydrogen.

R?»a
)
P
Y3 o c‘g ~

7y , , . I i 2 N

72. The compound of any one of Clairns 1-71, wherein B is

73. The compound of Claim 72, wherein Yhis M.

74. The compound of Claim 72, wherein Y! is CH.

75. The compound of any one of Claims 72-74, wherein Y2 is N.

76. The compound of any one of Claims 72-74, wherein Y7 is CH.

77. The compound of any one of Claims 72-76, wherein R™ is H.

78. The compound of any one of Claims 72-76, wherein R is ~CHa.

79. The compound of any one of Claims 72-76, wherein R™ is ~CFa.

80. The compound of any one of Claims 72-76, wherein R* is ~CHF>.
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|
4;\ #N

g1 The compound of any one of Claims 1-71, wherein B! is R s

82. The compound of Claim 81, wherein Y2 is N.

§3.  The compound of Claim 81, wherein Y7 is CH.

84. The compound of any one of Claims 81-83, wherein Y is N.

85. The compound of any one of Claims §1-83, wherein Y* is CH.

86. The compound of any one of Claims 81-85, wherein Y is N,

87. The compound of any one of Clairns 81-85, wherein Y7 is CH.

RR. The compound of any one of Claims 81-85, wherein Y? is C-OCHa.

89.  The compound of any one of Claims 81-88, wherein R® is FHL

90 The compound of any one of Claims 81-88, wherein R* is halogen.

91. The compound of any one of Claims 81-88, wherein R*™ is ~Cy.4 alkyl

92, The compound of any one of Claims 81-88, wherein R* is -1 haloalkyl.
93. The compound of any one of Claims 81-88, wherein R* is ~-CHoR™.

84, The compound of any one of Claims 81-88, wherein R* is ~C(CH»R™.
95, The compound of Claim 93 or 94, wherein R™ is -N(RTHR™,

96. The compound of Claim 95, wherein R™ is ~CHa.

97. The compound of Claim 93, wherein R™ is ~Cz4 alkyl.

98, The compound of Claim 95, wherein R™? is-C;.4 haloalkyl,

99. The compound of Claim 95, wherein R™ is ~Cou alkyl substituted with

hydroxy.
100,  The compound of any one of Claims 95-99, wherein R™ is H.
101, The compound of any one of Claits 95-99, wherein R™ is —Ci4 alkyl.
102, The compound of any one of Claims 95-99, wherein R™ is —C; 4 haloalkyl.

103,  The compound of Claim 93 or 94, wherein R* is -RY%.
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104

Rﬁa Y”S
\N/ Ny

The compound of any one of Claims 1-71, wherein B! is

o]

R

O)\? o)

Rf‘!b

103,
106
107.
LOR.
109
E10.

124.

The compound of Claim 104, R** is hydrogen.

The compound of Claim 104, R s -CHa.

The compound of Claim 104, R™ is —Co.q alkyl.

The compound of Claim 104, R is (o4 haloalkyl.

The compound of any one of Claims 104-108, wherein R is hydrogen.
The compound of any one of Claims 104-108, wherein R™ js —~CHa.

The compound of any one of Claims 104-108, wherein R is —Ch.q alkyl.
The compound of any one of Claims 104-108, wherein R is ~Ca4 haloalkyl.
The compound of any one of Claims 104-112, wherein Y% is N.

The compound of any one of Claims 104-112, wherein Y® is CR.

The compound of Claim 114, wherein R™ is hydrogen.

The compound of Claim 114, wherein R is -CHs.

The compound of Claim 114, wherein R* is ~C).4 afkyl.

The compound of Claim 114, wherein R™ is ~Ca4 haloalkyl.

G
.
YS/Y\ 595\
N
ST e
The compound of any one of Claims 1-71, wherein B! is R

The compound of Claim 119, wherein R™ is hydrogen.

The compound of Claim 119, wherein R 5 ~CHa.

The compound of Claim 119, wherein R™ is —Ca. alkyl.
The compound of Claim 119, wherein R> is —~Cy4 haloalkyl.

The compound of any oune of Claims 119-123, wherein Y’ is CR™, wherein

Se e hy
R>* is hydrogen.

o~
b
(8]
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125.  The compound of any one of Claims 119-123, wherein Y’ is CR®, wherein
R is halogen.

126. The compound of any one of Claims 119-123, wherein Y’ is CR™, wherein
R is ~CHa.

384

t

The compound of any one of Claims 119-126, wherein Y? is CR”, wherein

R is hydrogen.

128, The compound of any one of Claims [19-126, wherein Y? is CR™, wherein
R is halogen.

{28, The compound of any one of Claims 19126, wherein Y® is CR®, wherein
R is -OH.

130. Th
R s CN.

> compound of any one of Claims [19-126, wherein Y® is (R wherein

s

£31.  The compound of any one of Claims 119-126, wherein Y® is CR™, wherein
RSf iS —CH?,.

£32.  The compound of any one of Claims [-131, wherein R%%, R? R¥ R* R and
R are each hydrogen.

133, The compound of any one of Claims 1-131, wherein R R R R% and R™
are each hydrogen; and R?" halogen.

134.  The compound of any one of Claims 1-131, wherein R?, R¥, R R¥ and R™
are each hydrogen; and R* halogen.

135, The compound of any one of Claims 1-134, wherein R™ and R™ are each
halogen.

£36.  The compound of any one of Claims [-134, wherein R™ and R* are each —
CH;.

137.  The compound of any one of Claims 1-134, wherein R* is halogen; and R™ is
~CHs.

138. The compound of any one of Claims 1-134, wherein R™ is —~CHs; and R* is
halogen.

139.  The compound of any one of Claims 1-134, wherein R* is cyano; and R¥ is

halogen.
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140.  The compound of any one of Claims 1-134, wherein R™ is ~OCHa; and R¥ is
halogen.
f4i.  The compound of any one of Claims 133-135 or 137-140, wherein the

halogen is chloro or fluocro.

142.  The compound of Claim 1 selected from the group consisting of:

o~
o
o
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and ! , Or &
pharmaceutically acceptable salt of any of the foregoing.

143, The compound of Claim 1 selected from the group consisting of:
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145, The compound of Claim 1 selected from the group consisting of:

O
- (‘i)k O

N~

00,

{




PCT/US2022/033653

WO 2022/266236

er
oy



WO 2022/266236 PCT/US2022/033653




PCT/US2022/033653

WO 2022/266236

e
oy



PCT/US2022/033653

WO 2022/266236

-396-



PCT/US2022/033653

WO 2022/266236

-397-



PCT/US2022/033653

WO 2022/266236

-398-

Iz / /N 7z z4 z
A\\E,,\,vlm %E Vm A\\\L N 4 /&‘u AM\E N5
“/ S T s ”\x
zT ZT zT kNH zZT
D= - o O O3 O O O == o]
o I A e e a4
g SmE \emz =4 \omZ



PCT/US2022/033653

WO 2022/266236

H&NH HA\»N.F HNNH 20
o o 6] O < O O O o O
at - . ot 3
=z Nt s = = _
, “
AO ‘wo A.O ;A\O xwo
o o=, o o=, o=,
AN ..... PN 9" uw ..... Y (v O Y
oS SRS TS U e
- e { o -
\Gs /,N J\ \oe ,,N y o= ,W \\N \otmN i\m\ \0 /N \f
g s Y 3 g
- £ ) e {
s /\,vlm A Vm N& N 4 WJ A,WHE %
N /“\ - /1\ .
W/NH ) ZzT |NN‘M kNuﬂ xNH
o= O e} o o= O O o == O
oS - S - S e S o
g SmE \emz =4 \omZ



PCT/US2022/033653

WO 2022/266236

-400-



PCT/US2022/033653

WO 2022/266236

401-



PCT/US2022/033653

WO 2022/266236

402-



WO 2022/266236 PCT/US2022/033653

Q 0!

HN\:] HNlpj
Y "o \J

HN‘




PCT/US2022/033653

WO 2022/266236

404-



PCT/US2022/033653

WO 2022/266236

-405-



PCT/US2022/033653

WO 2022/266236

-406-



WO 2022/266236 PCT/US2022/033653

407-



PCT/US2022/033653

WO 2022/266236

O@ O\k./w ﬂ..u..“x\fN i
TR ) i =
\onm { \oL,mkw P

T 2r A\NH
o 0= ] [} o
< {4 ~ s
z Z -4 Z Nf z
\Ns%o \N{Ao \N{Aw
\l, e e s e
0.\/N\fJ OFN o N\iJ o /N\V..J O N\vlJ
T Za S T oz T oz r =z
= M ) MJ £
=N — ﬁ.,./ _—
GLV 7 P y E\W P \ W P W, P y M\v
DA A Da\ A
g 3 5 g
= = F,\L/HAV / = = F,\ =
_ 4 w..F 4 TR Vs . £ it
NM.“/N;.C \‘/ 1 «/\N\‘ — W an \‘./ —
ZT ZT ZT i&NH JANH
ofn o o Oﬁo o ol o o
\N % \Na . \N g \N.. /AO =z .A/o

-408-



PCT/US2022/033653

WO 2022/266236

-409-



WO 2022/266236
O\>/
N
%)
“ <
O i R Ci NY ii—‘
\N’ka“‘/& P \f’v\'
H t
O%N o Ci &
i
Oy 3
N
\jJ \:f
o ¢ Fo Ny
\N'N\ ’\-/\f/// | e vV
LI
Is] N’ S0 F
i
0\‘/'
!
AN
\O N’

\N”N\fkﬁ X ﬁk\/
A0 o

o7 N

410-

PCT/US2022/033653




PCT/US2022/033653

WO 2022/266236

411-



PCT/US2022/033653

WO 2022/266236

oA

HN
§

412~



PCT/US2022/033653

WO 2022/266236

p /\\\\(‘E\
"N

3.




PCT/US2022/033653

WO 2022/266236

414-



WO 2022/266236 PCT/US2022/033653

415-



WO 2022/266236 PCT/US2022/033653

ﬁ\/{"\\ Cl N"Lﬁ o ”\ u /j\’g

\N/ﬁ‘\\\{/ N 4 o ~ /"\rf \\/

416-



PCT/US2022/033653

WO 2022/266236

-417-



WO 2022/266236 PCT/US2022/033653

.
O HN

418-



WO 2022/266236 PCT/US2022/033653

9 3
N e
N HN r[j\
)
- o]
D Hn-
A3 O 5 X
%/ ~ A 1 LA
! I H ]: A
\ N“E\‘é o F
and i , Or a
pharmaceutically acceptable salt of any of the foregoing.
£46.  The compound of Claim 1 selected from the group consisting of:
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and

, or a pharmaceutically acceptable salt of any of the
foregoing.

148, The compound of Claim 1 | selected from the group consisting of: A-1 to A-
139, B-1, B-2, B-3, B4, C-1, D-1, B-2, B-3, D4, B-5, -6, D-7, D-8a, D-8b, D-14, D-11,
D-12, £-13, D-14, D-15, D-16, D-17, D-18, D-19, E-1, E-2, E-3, F-1, G-1, H-1, I-1, }-1, J-2,
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J-3, J-4, K-1a, K-1b, L-la, L-ib, M-la, M-1b, M-2a, M-2b, M-3a and M-3b, or a
pharmaceutically acceptable salt of any of the foregoing.

£4%. A pharmaceutical composition comprising an effective amount of a compound
of any one of Claims 1-148, or a pharmaceutically acceptable salt thereof, and excipient.

150. A method for treating hepatitis B in a subject comprising administering to the
subject in need thereof an effective amount of a compound of any one of Claims 1-148, or a
pharmaceutically acceptable salt thereof.

15i. A wmethod for treating hepatocellular carcinoma (HCC) in a subject
comprising administering to the subject in need thereof an effective amount of a compound
of any one of Claims 1-148, or a pharmaceutically acceptable salt thereof.

£52.  The method of any one of Claims 150-151, further comprising administering
sargery, radiation therapy, chemotherapy, targeted therapy, imrounotherapy, hormonal
therapy, or antiviral therapy.

153. A compound of any one of Claims 1-148, or a pharmaceutically acceptable
salt thereof, for use in treating hepatitis B.

154. A cowpound of any one of Claims 1-148, or a pharmaceutically acceptable
salt thereof, for use in treating hepatocellular carcinoma (HCCO).

155. The compound of any owve of Clairos 153-154, further comprisiog
adroinistering surgery, radiation therapy, chemotherapy, targeted therapy, iromunotherapy,
hormonal therapy, or antiviral therapy.

156, Use of a compound of any one of Claims 1-14§, or a pharmaceutically
acceptable salt thereof, in the preparation of a medicament for use in treating hepatitis B.

157, Use of a compound of any one of Claims 1-14§, or a pharmaceutically
acceptable salt thereof, in the preparation of a medicament for use in treating hepatocellular
carcinoma {(HCC).

£58.  The use of any one of Claims 156-157, further comprising administering
surgery, radiation therapy, chemotherapy, targeted therapy, immunotherapy, hormonal

therapy, or antiviral therapy.
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