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Abstract:

The present application provides compounds that may be used as a glucagon-like peptide-1 receptors
(GLP-1R) agonist, or pharmaceutically acceptable salts thereof. Also provided are pharmaceutical
compositions containing such compounds, or pharmaceutically acceptable salts thereof. Methods of
preparing these compounds and compositions, and methods of using these compounds and
compositions to treat or prevent a disease or a condition mediated by GLP-1R, are also provided.
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BENZIMIDAZOLE CARBOXYLIC ACIDS AS GLP-1R AGONISTS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 63/261,717 filed September 27, 2021, the disclosure of which is hereby

incorporated by reference in its entirety for all purposes.

BACKGROUND

[0002] Diabcetes is a major public health concern becausc of its incrcasing prevalence and
associated health risks. The disease is characterized by high levels of blood glucose resulting
from defects in insulin production, insulin action, or both. Two major forms of diabetes are
recognized, Type | and Type 2. Type 1 diabetes (T1D) develops when the body’s immune
system destroys pancreatic beta cells, the only cells in the body that make the hormone insulin
that regulates blood glucose. To survive, people with Type 1 diabetes must have insulin
administered by injection or a pump. Type 2 diabetes mellitus (T2DM) usually begins with
either insulin resistance or when there is insufficient production of insulin to maintain an
acceptable glucose level.

[0003] Currently, various pharmacological approaches are available for treating
hyperglycemia and subsequently, T2DM (Hampp, C. et al. Use of Antidiabetic Drugs in the
U.S., 2003-2012, Diabctes Carc 2014, 37, 1367-1374). Onc of them is glucagon-like peptide-
1 receptor (GLP-1R) agonists (¢.g., liraglutide, albiglutide, exenatide, lixisenatide, dulaglutide,
scmaglutidc), which cnhance sccrction of insulin by acting on thc pancrcatic bceta-cells.
Marketed GLP-1R agonists are peptides administered by subcutaneous injection. Liraglutide
1s additionally approved for the treatment of obesity.

[0004] GLP-1 is a 30 amino acid long incretin hormone secreted by the L-cells in the intestine
in response to ingestion of food. GLP-1 has been shown to stimulate insulin secretion in a
physiological and glucose-dependent manner, decrease glucagon secretion, inhibit gastric
emptving, decrease appetite, and stimulate proliferation of beta-cells. In non-clinical
experiments GLP-1 promotes continued beta-cell competence by stimulating transcription of
genes important for glucose-dependent insulin secretion and by promoting beta-cell neogenesis
(Meier et al. Biodrugs. 2003; 17 (2): 93-102).

[000S] In a healthy individual, GLP-1 plays an important role regulating post-prandial blood

glucose levels by stimulating glucose-dependent insulin secretion by the pancreas resulting in
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increased glucose absorption in the periphery. GLP-1 also suppresses glucagon secretion,
leading to reduced hepatic glucose output. In addition, GLP-1 delays gastric emptying and
slows small bowel motility delaying food absorption. In people with T2DM, the normal post-
prandial rise in GLP-1 is absent or reduced (Vilsboll T, ¢t al. Diabetes. 2001. 50; 609-613).
[0006] Holst (Physiol. Rev. 2007, 87, 1409) and Meier (Nat. Rev. Endocrinol. 2012, 8, 728)
describe that GLP-1 receptor agonists, such as liraglutide and exendin-4, have 3 major
pharmacological activities to improve glycemic control in patients with T2DM by reducing
fasting and postprandial glucose (FPG and PPG): (1) increased glucose-dependent insulin
secretion (improved first- and second-phase), (ii) glucagon suppressing activity under
hyperglycemic conditions, (ii1) delay of gastric emptying rate resulting in retarded absorption
of meal-derived glucose.
[0007] There remains a need of developing GLP-1 receptor agonists for an casily-administered
prevention and/or treatment for cardiometabolic and associated diseases.

SUMMARY

[0008] Disclosed are compounds that can be used as glucagon-like peptide-1 receptor (GLP-
1R) agonists, compositions containing these compounds and methods for treating diseases
and/or conditions mediated by GLP-1R.

[0009] In one aspect, provides is a compound of Formula (I), including compounds of
Formulae (IT)-(VIII), or selected from the group consisting of a compound listed in Table 1, or
a pharmaccutically acceptable salt thercof, as detailed herein.

[0010] Further provided is a pharmaceutical composition comprising is a compound of
Formula (I), including compounds of Formulac (II)-(VIII), or sclected from the group
consisting of a compound listed in Table 1, or a pharmaceutically acceptable salt thercof, and
a pharmaceutically acceptable carrier or excipient.

[0011] In another aspect, provided is a method of treating a disease or a condition mediated by
GLP-1R in a subject in need thereof comprises administering to the subject a therapeutically
effective amount of a compound of Formula (I), including compounds of Formulae (II)-(VIII),
or selected from the group consisting of compounds listed in Table 1, or a pharmaceutically
acceptable salt thereof. In some embodiments, the disease or the condition is a cardiometabolic
discase. In some embodiments, the disease or the condition is diabetes. In some embodiments,

the discasc or the condition is a liver discasc.

CA 03233201 2024-3-26



WO 2023/049518 PCT/US2022/044915

CA 03233201 2024-3-26

[0012] Also provided is a compound of Formula (I), including compounds of Formulae (II)-
(VIII), or selected from the group consisting of a compound listed in Table 1, or a
pharmaceutically acceptable salt thereof, as detailed herein, for the treatment.

[0013] Also provided is use of a compound of Formula (I), including compounds of Formulac
(D-(VIID), or selected from the group consisting of a compound listed in Table 1, or a
pharmaceutically acceptable salt thercof, as detailed hercin, in the manufacture of a
medicament for the treatment.

[0014] Further provided is a kit comprising a compound of Formula (I), including compounds
of Formulae (IT)-(VIII), or sclected from the group consisting of a compound listed in Table 1,
or a pharmaceutically acceptable salt thercof. In some embodiments, the kit comprises
instructions for use according to a method described herein.

[0015] In yet another aspect, provided is a method of making a compound of Formula (I),
including compounds of Formulae (IT)-(VIII), or selected from the group consisting of a
compound listed in Table 1, or a pharmaceutically acceptable salt thereof. Also provided are
compound intermediates useful in synthesis of a compound of Formula (I), including
compounds of Formulae (IT)-(VIII), or selected from the group consisting of a compound listed
in Tablec 1, or a pharmaccutically acceptable salt thercof.

[0016] In an aspect, the present disclosure provides a compound of Formula (I):

O R1
‘

N R
HO ; (
)‘\©: )

N X/»_Rs

R? J\HHY®L

D
or a pharmaceutically acceptable salt thereof, wherein:
Xi1s Nor CH;
Y is N or CR*;
nisOorl;
R is hydrogen:;
R! is -C1-Cs alkylene-R?;

R? is hydrogen, oxo, or C1-Cs alkyl;
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R? is hydrogen, oxo, or C1-Cs alkyl and R* is hydrogen, OH, or C1-Cs alkyl;

or R3 and R* are taken together with the carbon atoms to which they are attached to form Cs-
Co cycloalkyl optionally substituted by halo or C:-Cs alkyl;

R3 is 5-membered heterocyclyl or 5-membered heteroaryl, each of which comprises 1, 2, or 3
heteroatoms independently selected from O, N, and S, wherein at least one heteroatom of R®
is S, and further wherein R? is optionally substituted by halo, -O-Ci-s alkyl, C1- alkyl, C1-6
alkenyl, or C1-Ces haloalkyl;

Ring A is 5- to 12-membered heterocyclyl or 5- to 12-membered heteroaryl, each of which is
independently optionally substituted by halo, CN, C;-Cs cycloalkyl, or C1-Ces alkyl optionally
substituted by halo or OH;

L is a bond, -O-, C1-Cs alkylene, ¥-0-C1-Cs alkylene-** *-C1-Cs alkylene-O-**_ or *—
NR®-C1-Cs alkylenc-**_ whoercin

* represents the point of attachment to ring A and ** represents the point of attachment to
ring B;

when L is #-0-C1-Cs alkylene-**_ the C1-Cs alkylene of L is optionally substituted by RY,
wherein each RY is independently Ci-Cs alkyl or halo, or two R are taken together with the
carbon atom or atoms to which they are attached to form Cs-Cs cycloalkyl or 3- to 6-

membered heterocyclyl; and

when L is C1-Cs alkylene, the C1-Cs alkylene is optionally substituted by R, wherein each
R'! is independently halo, OH, oxo, or C1-Cs alkyl, or two R*! are taken together with the
carbon atom or atoms to which they are attached to form C3-Cs cycloalkyl or 3- to 6-

membered heterocyclyl;
R® is hydrogen or C1-Cs¢ alkyl; and

Ring B is C3-Cio cycloalkyl, Cs-Cia aryl, 4- to 12-membered heterocyclyl, or 5- to 12-
mcmbcred heteroaryl, cach of which 1s indcpendcently optionally substitutcd by onc to thrce
substituents independently selected from the group consisting of halo, CN, oxo, C1-Cs alkyl,
C1-Cs haloalkyl, -COCHsz, —-CONHz, —S(0)2CHzs, and phenyl.

[0017] In some embodiments, X is N. In some embodiments, X is CH.
[0018] In some embodiments. Y is N. In some embodiments, Y is CR*. In some embodiments,
Y is CR* and R? and R* are taken together with the carbon atoms to which they are attached

to form a cyclopropyl group.
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[0019] In some embodiments, n is 0. In some embodiments, nis 1.

[0020] In some embodiments, R' is ~CH2-R’. In some embodiments, R’ is 5-membered
heteroaryl comprising 1, 2, or 3 heteroatoms independently selected from O, N, and S, wherein
at least one heteroatom of R® is S, and further wherein R? is optionally substituted by halo, -O-
Cis alkyl, Cis alkyl, Ci alkenyl, or Ci-Cs haloalkyl. In some embodiments, R> is 3-
membered heteroaryl comprising 1 or 2 heteroatoms selected from S and N, wherein one
heteroatom of R is S, and further wherein R is optionally substituted by halo, -O-C1 alkyl,
Cis alkyl, Cis alkenyl, or C1-Cs haloalkyl. In some embodiments, R’ is thiazolyl or
isothiazolyl, each optionally substituted by halo, -O-Ci-6 alkyl, C1-Cs alkyl, Ci-6 alkenyl, or Ci-

Cs haloalkyl. In some embodiments, R’ is thiazol-2-yl or thiazol-5-yl, each optionally

N7 s Za
substituted by Ci1-Cs alkyl. In some embodiments, R> is \"k,; or )’& " In some
NS

—

embodiments, R is ¥

[0021] In some embodiments, Ring A is 5- to 6-membered heteroaryl optionally substituted by
halo, CN, Cs3-Cs cycloalkyl, or Ci1-Cs alkyl optionally substituted by halo or OH. In some
embodiments, Ring A is 6-membered heteroaryl optionally substituted by halo, CN, C3-Cs
cycloalkyl, or Ci-Cs alkyl optionally substituted by halo or OH. IN some embodiments, Ring
A is benzodioxolyl, pyridyl, pyrimidinyl, or pyrazinyl. each of which is optionally substituted
by halo, CN, Cs-Cs cycloalkyl, or C1-Cs alkyl optionally substitutcd by halo or OH. In somc

embodiments, wherein Ring A is benzodioxolyl, pyridyl, pyvrimidinyl, or pyrazinyl. In some

oY o\}/‘i LN oL oL .
N N N
o /\g_z/\g.g/\g. N
cmbodiments, Ring A is G Q , _N>_ , NZ)_ , or N\=)7§ In

>

~ =
some embodiments, Ring A is = or \— .

[0022] Tn some embodiments, L is *-0-C1-Cs alkylene-** optionally substituted by R* Tn
some embodiments, L is ¥-O-CHz-** or *-O-CD:-**. In some embodiments, L is -O-. In
some embodiments, L is a bond. In some embodiments, L is *-C(O)-CH2-**.

[0023] In some embodiments, Ring B 1s Ce-Ci4 aryl, which is optionally substituted by one to
three substituents independently selected from the group consisting of halo, CN, oxo, C1-Cs
alkyl, Ci1-Cs haloalkyl, -COCHs, —CONHaz, —S(0)2CHz and phenyl. In some embodiments,
Ring B is phenyl optionally substitutcd by onc to three substitucnts cach independently sclected

CA 03233201 2024-3-26
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from the group consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3, —CONHz,
—S(0)2CH3 and phenyl. In some embodiments, Ring B is phenyl optionally substituted by one
to three substituents each independently selected from the group consisting of halo, CN, and —
CONHa. In some embodiments, Ring B is % or %

@]

F;©)J\NH2
%

is optionally substituted by one to three substituents independently sclected from the group
consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs haloalkyl, -COCH:, —CONH3z, —-S(0)2CH:s and

or

. In somc cmbodiments, Ring B is 4- to 12-mcmbcred heterocycelyl, which

phenyl. In some ecmbodiments, Ring B 1s tetrahydroisoquinolinyl optionally substituted by onc
to three substituents independently selected from the group consisting of halo, CN, oxo, C1-Ce

alkyl, C1-Cs haloalkyl, -COCHs, —CONHz, —S(0O)2CHs and phenyl. In some embodiments,

N Q “N/:§ | | |
Ring B is or optionally substituted by one to three substituents

independently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl, Ci-Cs
haloalkyl, -COCHs, -CONH2, —S(0):CHs and phenyl. In some embodiments, Ring B is

N >/: “N/:/< | | |
or & optionally substituted by one to three substituents

independently selected from the group consisting of halo, and CN. In some embodiments, Ring

F

CN
N
B is . In some embodiments, Ring B is a 5- to 12-membered heteroaryl,
which is optionally substituted by one to three substituents mdependently selected from the
group consisting of halo, CN, oxo, Ci1-Cs alkyl, Ci-Cs haloalkyl, -COCH3, -CONHz, —
S(0)2CHs and phenyl. In some embodiments, Ring B is a 9-membered heteroaryl, which is
optionally substituted by one to three substituents independently sclected from the group
consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3, -CONH2, —S(0)2CH3 and

phenyl.  In some embodiments, Ring B is 9-membered heteroaryl, which is optionally

CA 03233201 2024-3-26
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substituted by one to two substituents independently selected from the group consisting of halo

S CN
=
N
and CN. In some embodiments, Ring B 1s F :

[0024] In some embodiments, the compound is of Formula VIII:

N R’
¢
o}
Ho)ﬁ N/>—\
N N

72N
— (VII)

wherein R” is hydrogen, chloro, bromo, fluoro, methyl, or vinyl; and

E

_<S CN R E
HO
R3is %—N , F ’§—O g ,
R R
i—0 N ’§—o or > .

[0025] In some embodiments, R7 is hydrogen.

[0026] In some embodiments, the compound is a meglumine salt.

[0027] In an aspect, the present disclosure provides a compound, or pharmaceutically
acceptable salt thereof, wherein the compound is selected any one of the compounds in Table
1 other than Reference Compound A.

[0028] In some embodiments, the compound selected from any one of the compounds in Table
1 other than Reference Compound A 1s a meglumine salt.

[0029] In some embodiments, the present disclosure provides a pharmaceutical composition
comprising the compound of Formula TI-VIIT or Compound 1-31, or a pharmaceutically
acceptable salt thercof, and a pharmaceutically acceptable excipient.

[0030] In some embodiments, the present disclosure provides a method of treating a disease
mcdiated by glucagon-likc peptide-1 receptor (GLP-1R) in an individual in nced thereof,

comprising administering to the individual any one of the compounds disclosed herein, or a

7
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pharmaceutically acceptable salt thereof, or any pharmaceutical composition disclosed herein.
In some embodiments, the discase is a liver disease. In some embodiments, the liver disease
is primary biliary cirrhosis (PBC), primary sclerosing cholangitis (PSC), drug induced
cholestasis, intrahepatic cholestasis of pregnancy, parenteral nutrition associated cholestasis
(PNAC), bacterial overgrowth or sepsis associated cholestasis, autoimmune hepatitis, viral
hepatitis, alcoholic liver discase, nonalcoholic fatty liver disease (NAFLD), nonalcoholic
steatohepatitis (NASH), graft versus host disease, transplant liver regeneration, congenital
hepatic fibrosis, choledocholithiasis, granulomatous liver discase, intra- or extrahepatic
malignancy, Sjogren's syndrome, sarcoidosis, Wilson's disease., Gaucher's disease,
hemochromatosis, or oti-antitrypsin deficiency. In some embodiments, the disease is diabetes.
In some embodiments, the discase is a cardiometabolic disease. In some embodiments, the
discase is obesity.

[0031] In some embodiments, the present disclosure provides the use of any one of the
compounds disclosed herein, or a pharmaceutically acceptable salt thereof, in the manufacture
of a medicament for treating a disease mediated by GLP-1R.

[0032] In some embodiments, the present disclosure provides a method of decreasing food
intakc in an individual in nced thercof, comprising administering to the individual any onc of
the compounds, or pharmaceutically acceptable salts thercof, or pharmaceutical compositions
disclosed herein.

[0033] In some embodiments, the present disclosure provides a method of increasing glucose
tolerance in an individual in need thereof, comprising administering to the individual any one
of the compounds, or pharmaceutically acceptable salts thereof, or pharmaccutical
compositions disclosed herein.

BRIEF DESCRIPTTION OF THE DRAWINGS

[0034] FIG. 1 shows plasma concentrations of Compound 2 and Reference Compound A after
oral (PO) administration to rats (3 mg/kg).

[0035] FIG. 2 shows plasma concentrations of compounds 2, 3, and 4 after oral (PO)
administration to rats (0.3 mg/mL, 3 mg/kg).

[0036] FIG. 3 shows plasma concentrations of compounds 2 and 14 after oral (PO)
administration to rats (0.6 mg/mL, 3 mg/kg).

[0037] FIG. 4 1s a timclinc that shows thc cxperimental design of the C57BL/6 mousc food
intake study.

CA 03233201 2024-3-26
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[0038] FIG. 5 shows the reduction in food intake caused by Compound 2, Reference
Compound A, and liraglutide in C57BL/6 mice that express human GLP-1R.

[0039] FIG. 6 is a timeline that shows the experimental design of the C57BL/6 mouse glucose
tolerance study.

[0040] FIG. 7 shows the concentration of glucose over time in the blood of C57BL/6 mice that
express human GLP-1R following an IP glucose bolus and the administration of Compound 2,
Reference Compound A, and liraglutide.

[0041] FIG. 8 shows the arca under the glucose concentration vs time curve shown in FIG. 7.
[0042] FIG. 9 shows the concentration of glucose in the blood of C57BL/6 mice expressing
wild type mouse GLP-1R (triangles) and humanized GLP-1R (circles) following IP glucose
bolus and administration of Compound 2 or liraglutide.

[0043] FIG. 10 shows the arca under the glucose concentration vs. time curve shown in FIG.
9.

[0044] FIG. 11A and 11B depicts total (11A) and unbound (11B) Compound 2 in hGLP-1R
mice from IPGTT evaluation at various amounts of Compound 2.

[0045] FIG. 12A and 12B depicts total (12A) and unbound (12B) Reference Compound A in
hGLP-1R micc from IPGTT cvaluation at various amounts of Refecroence Compound A.

DETAILED DESCRIPTION

[0046] In an aspect, this disclosure relates to compounds that the present inventors have
discovered agonize GLP-1R. For cxample, the present inventors have discovered now GLP-
1R agonists that have superior pharmacokinetic propertics (¢.g., Cmax, AUCo-1ast) relative to
alternative GLP-1R agonists, are potent agonists of GLP-1R and, in humanized animal models,
effectuate the improvement of disease-relevant phenotypes such as food intake and glucose
tolerance. Significantly, the benefits of the presently-disclosed compounds could not have
been predicted a priori. This disclosure also relates to compositions comprising the GLP-1R
agonists disclosed herein and the use of the GLP-1R agonists in treating diseases.

[0047] Definitions

[0048] As used herein, the following definitions shall apply unless otherwise indicated.
Further, if any term or symbol used herein is not defined as set forth below, it shall have its
ordinary meaning in the art.

[0049] As uscd hercin and in the appendced claims, the singular forms “a”, “an™ and “‘thc”

include plural forms, unless the context clearly dictates otherwise.

CA 03233201 2024-3-26
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[0050] As used herein, and unless otherwise specified, the terms “about™ and “approximately,”
when used in connection with doses, amounts, or weight percent of ingredients of a
composition or a dosage form, mean a dose, amount, or weight percent that is recognized by
those of ordinary skill in the art to provide a pharmacological effect equivalent to that obtained
from the specified dose, amount, or weight percent. Specifically, the terms “about™ and
“approximately,” when used in connection with a value, contemplate a variation within +10%
of the specified value. Reference to “about” a value or parameter herein includes (and
describes) embodiments that are directed to that value or parameter per se. For example,
description referring to “about X includes description of <X,

[0051] “Comprising” is intended to mean that the compositions and methods include the
recited elements, but not exclude others. “Consisting essentially of” when used to define
compositions and methods, shall mean excluding other elements of any essential significance
to the combination. For example, a composition consisting essentially of the elements as
defined herein would not exclude other elements that do not materially affect the basic and
novel characteristic(s) of the claimed invention. “Consisting of” shall mean excluding more
than trace amount of, e.g. other ingredients and substantial method steps recited.
Embodiments defined by cach of thesc transition terms arc within the scopc of this invention.

[0052] The term “excipient” as used herein means an inert or inactive substance that may be
uscd in the production of a drug or pharmaccutical, such as a tablct containing a compound of
the invention as an active ingredient. Various substances may be embraced by the term
excipient, including without limitation any substance used as a binder, disintegrant, coating,
compression/encapsulation aid, cream or lotion, lubricant, solutions for parenteral
administration, materials for chewable tablets, sweetener or flavoring, suspending/gelling
agent, or wet granulation agent. Binders include, e.g., carbomers, povidone, xanthan gum, etc ;
coatings include, e.g.. cellulose acctate phthalate, ethylcellulose, gellan gum, maltodextrin,
enteric coatings, etc.; compression/encapsulation aids include, e.g., calcium carbonate,
dextrose, fructose dc (dc = “directly compressible™), honey dc, lactose (anhydrate or
monohydrate; optionally in combination with aspartame, cellulose, or microcrystalline
cellulose), starch dc, sucrose, etc.; disintegrants include, ¢.g., croscarmellose sodium, gellan
gum, sodium starch glycolatc, ctc.; crcams or lotions includc, ¢.g., maltodcxtrin, carragccnans,
etc.; lubricants include, ¢.g., magnesium stearate, stearic acid, sodium stearyl fumarate, etc.;
materials for chewable tablets include, e g, dextrose, fructose dc, lactose (monohydrate,
optionally in combination with aspartame or cellulose), etc.; suspending/gelling agents include,

e.g., carrageenan, sodium starch glycolate, xanthan gum, etc.; sweeteners include, e.g.,

10
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aspartame, dextrose, fructose dc, sorbitol, sucrose dc, etc.; and wet granulation agents include,
e.g., calcium carbonate, maltodextrin, microcrystalline cellulose, etc.

[0053] “Pharmaceutically acceptable™ refers to safe and non-toxic, preferably for in vivo, more
preferably, for human administration.

[0054] “Pharmaceutically acceptable salt” refers to a salt that is pharmaceutically acceptable.
A compound described herein may be administered as a pharmaceutically acceptable salt.
[0055] “Salt” refers to an 1onic compound formed between an acid and a base. When the
compound provided herein contains an acidic functionality, such salts include, without
limitation, alkali metal, alkaline earth metal, and ammonium salts. As used herein, ammonium
salts include, salts containing protonated nitrogen bases and alkylated nitrogen bases.
Exemplary and non-limiting cations useful in pharmaceutically acceptable salts include Na, K,
Rb, Cs, NH4, Ca, Ba, imidazolium, and ammonium cations based on naturally occurring amino
acids, and ammonium cations that are not based on naturally occurring amino acids, e.g.,
meglumine. When the compounds utilized herein contain basic functionality, such salts
include, without limitation, salts of organic acids, such as carboxylic acids and sulfonic acids,
and mineral acids, such as hydrogen halides, sulfuric acid, phosphoric acid, and the likes.
Excmplary and non-limiting anions uscful in pharmaccutically acccptable salts include oxalatc,
maleate, acetate, fumarate, propionate, succinate, tartrate, chlornde, sulfate, bisulfate, mono-,
di-, and tribasic phosphatc, mcsylatc, tosylate, and the likcs.

[0056] ““Stercoisomer” or “stereoisomers’” refers to compounds that differ in the stereogenicity
of the constituent atoms such as, without limitation, in the chirality of one or more stereocenters
or related to the cis or trans configuration of a carbon-carbon or carbon-nitrogen double bond.
Stereoisomers include enantiomers and diastereomers.

[0057] As used herein, the term “‘subject” refers to an animal, including, but are not limited to,
a primate (e.g.. human), monkey, cow, pig, sheep, goat, horse, dog, cat, rabbit, rat, or mouse.
The terms “subject” and “patient” are used interchangeably herein in reference, for example,
to a mammalian subject, such as a human.

[0058] As used herein, “treatment” or “‘treating™ is an approach for obtaining beneficial or
desired results including clinical results. For purposes of this disclosure, beneficial or desired
results includc, but arc not limitcd to, onc or morc of the following: decrcasing onc or morc
symptoms resulting from the disease or disorder, diminishing the extent of the disease or
disorder, stabilizing the disease or disorder (e.g.. preventing or delaying the worsening of the
disease or disorder), delaying the occurrence or recurrence of the disease or disorder, delaying

or slowing the progression of the disease or disorder, ameliorating the disease or disorder state,
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providing a remission (whether partial or total) of the disease or disorder, decreasing the dose
of one or more other medications required to treat the disease or disorder, enhancing the effect
of another medication used to treat the disease or disorder, delaying the progression of the
discase or disorder, increasing the quality of life, and/or prolonging survival of a patient. Also
encompassed by “treatment” 1s a reduction of pathological consequence of the disease or
disorder. The methods of this disclosure contemplate any one or more of these aspects of
treatment.

[0059] In some embodiments, the term “glucose tolerance” refers to the ability of a subject to
dispose of a glucose load or a subject’s glycemic control.

[0060] “Therapeutically effective amount” or dose of a compound or a composition refers to
that amount of the compound or the composition that results in reduction or inhibition of
symptoms or a prolongation of survival in a patient. The results may require multiple doses of
the compound or the composition.

[0061] “Alkyl” refers to monovalent saturated aliphatic hydrocarbyl groups having from 1 to
12 carbon atoms, preferably from 1 to 10 carbon atoms, and more preferably from 1 to 6 carbon
atoms. This term includes, by way of example, linear and branched hydrocarbyl groups such
as mcthyl (CHs-), cthyl (CH3CH:z-), n-propyl (CH3CH2CHz2-), isopropyl ((CH3)2CH-), n-butyl
(CH3CH2CH2CH3»-), 1isobutyl ((CH3)2CHCH2-), scc-butyl ((CH3)(CH3CH2)CH-), t-butyl
((CH3)3C-), n-pentyl (CH3:CH2CH2CH2CHz-), and neopentyl ((CH3)sCCHz-). Cx alkyl refers
to an alkyl group having x number of carbon atoms.

[0062] “Alkylene” refers to a divalent saturated aliphatic hyvdrocarbyl group having from 1to
12 carbon atoms, preferably from 1 to 10 carbon atoms, and more preferably from 1 to 6 carbon
atoms. This term includes, by way of example, linear and branched hydrocarbyl groups such
as methylene (-CHz-), ethylene (-CH2CHz2- or —CH(Me)-), propylene (-CH2CH2CH2- or —
CH(Me)CHz:-, or -CH(Et)-) and the like.

[0063] “Alkoxy” refers to the group -O-alkyl wherein alkyl is defined herein. Alkoxy includes,
by way of example, methoxy, cthoxy, n-propoxy, isopropoxy, n-butoxy, t-butoxy, scc-butoxy,
and n-pentoxy.

[0064] “Aryl” refers to a monovalent aromatic carbocyclic group of from 6 to 14 carbon atoms
having a singlc ring (c.g., phenyl (Ph)) or multiple condensed rings (¢.g., naphthyl or anthryl)
which condensed rings may or may not be aromatic (e.g., 2-benzoxazolinone,
2H-1 4-benzoxazin-3(4H)-one-7-yl, and the like) provided that the point of attachment is at an
aromatic carbon atom. Preferred aryl groups include phenyl and naphthyl.

[0065] “Cyano” refers to the group -C=N.
12
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[0066] “Cycloalkyl" refers to saturated or unsaturated but nonaromatic cyclic alkyl groups of
from 3 to 10 carbon atoms, preferably from 3 to 8 carbon atoms, and more preferably from 3
to 6 carbon atoms, having single or multiple cyclic rings including fused, bridged, and spiro
ring systems. Cx cycloalkyl refers to a cycloalkyl group having x number of ring carbon atoms.
Examples of suitable cycloalkyl groups include, for instance, adamantyl, cyclopropyl,
cyclobutyl, cyclopentyl, and cyclooctyl. One or more the rings can be aryl, heteroaryl, or
heterocyclic provided that the pomt of attachment is through the non-aromatic,
non-heterocyclic ring saturated carbocyclic ring.  "Substituted cycloalkyl" refers to a
cycloalkyl group having from 1 to 5 or preferably 1 to 3 substituents selected from the group
consisting of oxo, thione, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, amino, substituted
amino, aminocarbonyl, aminothiocarbonyl, aminocarbonylamino, aminothiocarbonylamino,
aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy, aminosulfonylamino, amidino, aryl,
substituted aryl, aryloxy, substituted arvloxy, arylthio, substituted arylthio, carboxyl, carboxyl
ester, (carboxyl ester)amino, (carboxyl ester)oxy, cyano, cycloalkyl, substituted cvcloalkyl,
cycloalkyloxy, substituted cycloalkyloxy, cycloalkylthio, substituted cycloalkylthio,
guanidino, substitutcd guanidino, halo, hydroxy, hcteroaryl. substitutcd hcteroaryl,
heteroaryloxy, substituted heteroaryloxy, heteroarylthio, substituted heteroarylthio,
heterocyclic, substitutcd  hcterocyclic, hcterocyclyloxy, substitutcd hetcrocyclyloxy,
heterocyclylthio, substituted heterocyclylthio, nitro, SO3H, substituted sulfonyl, sulfonyloxy,
thioacyl, thiol, alkylthio, and substituted alkylthio, wherein said substituents are defined herein.
[0067] “Halo™ or “halogen” refers to fluoro, chloro, bromo and 10do and preferably is fluoro
or chloro.

[0068] “Hydroxy” or “hydroxyl” refers to the group -OH.

[0069] “Heteroaryl” refers to an aromatic group of from 1 to 10 carbon atoms and 1 to 4
heteroatoms selected from the group consisting of oxygen, nitrogen and sulfur within the ring.
Such heteroaryl groups can have a single ring (¢.g., pyridinyl or furyl) or multiple condensed
rings (e.g., indolizinyl or benzothienyl) wherein the condensed rings may or may not be
aromatic and/or contain a heteroatom provided that the point of attachment is through an atom
of thc aromatic hctcroaryl group. In onc cmbodiment, the nitrogen and/or the sulfur ring
atom(s) of the heteroaryl group are optionally oxidized to provide for the N-oxide (N—Q),
sulfinyl, or sulfonyl moieties. Preferred heteroaryls include 5 or 6 membered heteroaryls such

as pyridinyl, pyrrolyl, thiophenyl, thiazole, and furanyl. Other preferred heteroaryls include 9
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or 10 membered heteroaryls, such as indolyl, quinolinyl, quinolonyl, isoquinolinyl, and
isoquinolonyl.

[0070] “Heterocycle” or “heterocyclic” or “heterocycloalkyl” or “heterocyclyl” refers to a
saturated or partially saturated, but not aromatic, group having from 1 to 10 ring carbon atoms,
preferably from 1 to 8 carbon atoms, and more preferably from 1 to 6 carbon atoms, and from
1 to 4 ring heteroatoms, preferably from 1 to 3 heteroatoms, and more preferably from 1 to 2
heteroatoms selected from the group consisting of nitrogen, sulfur, or oxygen. Cx
heterocycloalkyl refers to a heterocycloalkyl group having x number of ring atoms including
the ring heteroatoms. Heterocycle encompasses single ring or multiple condensed rings,
including fused bridged and spiro ring systems. In fused ring systems, one or more the rings
can be cycloalkyl, aryl or heteroaryl provided that the point of attachment is through the
non-aromatic ring. In one embodiment, the nitrogen and/or sulfur atom(s) of the heterocyclic
group are optionally oxidized to provide for the N-oxide, sulfinyl (S(0O)), sulfonyl (S(O)2)
moieties.

[0071] Examples of heterocyclyl and heteroaryl include, but are not limited to, azetidinyl,
pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazyl, pyrimidyl, pyridazyl, indolizyl, isoindolyl,
indolyl, dihydroindolyl, indazolyl, purinyl, quinolizinyl, isoquinolinyl, quinolinyl,
phthalazinyl, naphthylpyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, carbazolyl,
carbolinyl, phcnanthridinyl, acridinyl, phenanthrolinyl, isothiazolyl, phenazinyl, isoxazolyl,
phenoxazinyl, phenothiazinyl, imidazolidinyl, imidazolinyl, piperidinyl, piperazinyl, indolinyl,
phthalimidyl, 1,2,3 4-tetrahydroisoquinolinyl, 4.5 .6,7-tetrahydrobenzo[b]thiophenyl,
thiazolyl, thiazolidinyl, thiophenyl, benzo[b]thiophenyl, morpholinyl, thiomorpholinyl (also
referred to as thiamorpholinyl), 1,1-dioxothiomorpholinyl, piperidinyl, pyrrolidinyl, and
tetrahydrofuranyl.

[0072] “Oxo0” refers to the atom (=0) or (O).

[0073] The terms “optional™ or “optionally” as used throughout the specification means that
the subsequently described event or circumstance may but need not occur, and that the
description includes instances where the event or circumstance occurs and instances in which
it does not. For example, “the nitrogen atom is optionally oxidized to provide for the N-oxide
(N—0O) moicty” mcans that thc nitrogcn atom may but nccd not be oxidized. and the
description includes situations where the nitrogen atom is not oxidized and situations where
the nitrogen atom is oxidized.

[0074] “Optionally substituted” unless otherwise specified means that a group may be

unsubstituted or substituted by one or more (e.g., 1, 2, 3, 4 or 5) of the substituents listed for

14

CA 03233201 2024-3-26



CA 03233201 2024-3-26

WO 2023/049518 PCT/US2022/044915

that group in which the substituents may be the same of different. In one embodiment, an
optionally substituted group has one substituent. In another embodiment, an optionally
substituted group has two substituents. In another embodiment, an optionally substituted group
has three substituents. In another embodiment, an optionally substituted group has four
substituents. In some embodiments, an optionally substituted group has 1to 2, 1t0o 3, 1to 4, 1
to 5, 2to 3, 2 to 4, or 2 to 5 substituents. In one embodiment, an optionally substituted group
is unsubstituted.

[0075] It 1s understood that an optionally substituted moiety can be substituted with more than
five substituents, if permitted by the number of valences available for substitution on the
moiety. For example, a propyl group can be substituted with seven halogen atoms to provide a
perhalopropyl group. The substituents may be the same or different.

Compounds

[0076] In one aspect, provided is a compound of Formula (I):

O R1
i

N R
HO ; :
J\Q: /
N X/}iRs

)
or a pharmaceutically acceptable salt thereof, wherein:
X 1s N or CH;
Y is N or CR*;
nisOor1;
R is hydrogcen;
R! is -C1-Cs alkylcnc-R;
R? is hydrogen, oxo, or C1-Cs alkyl;
R? is hydrogen, oxo, or C1-Cs alkyl, and R* is hydrogen, OH, or C1-Cs alkyl;

or R? and R* are taken together with the carbon atoms to which they are attached to form Cs-

Cs cycloalkyl optionally substituted by halo or Ci- Cs alkyl;
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R’ is 5-membered heterocyclyl or 5-membered heteroaryl, each of which comprises 1, 2, or 3
heteroatoms independently selected from O, N, and S, wherein at least one heteroatom of R®
is S, and further wherein R’ is optionally substituted by halo, -O-C1- alkyl, Ci-s alkyl, Ci-6
alkenyl, or C1-Cs haloalkyl;

Ring A is 5- to 12-membered heterocyclyl or 5- to 12-membered heteroaryl, each of which is
independently optionally substituted by halo, CN, C3-Cs cycloalkyl, or Ci-Cs alkyl optionally
substituted by halo or OH;

L is a bond, -O-, C1-Ces alkylene, *-0O-C1-Cs alkylene-**, *-C1-Ce alkylene-O-**_ or *—
NR®-C1-Cs alkylene-**, wherein

* represents the point of attachment to ring A and ** represents the point of attachment to

ring B;

when L is #-0-C1-Cs alkylenc-** the C1-Cs alkylenc of L is optionally substituted by RY,
wherein cach RY is independently Ci1-Cs alkyl or halo, or two RY arc taken togcther with the
carbon atom or atoms to which they are attached to form Cs-Coe cycloalkyl or 3- to 6-

membered heterocyclyl; and

when L is C1-Cs alkylene, the C1-Cs alkylene is optionally substituted by R, wherein each
RM! is independently halo, OH, oxo, or C1-Cs alkyl, or two R-! are taken together with the
carbon atom or atoms to which they are attached to form C3-Cs cycloalkyl or 3- to 6-

membered heterocyclyl;
R® is hydrogen or C1-Cs alkyl; and

Ring B is C3-Cio cycloalkyl, Ce-Ci4 aryl, 4- to 12-membered heterocyclyl, or 5-to 12-
membered heteroaryl, each of which 1s independently optionally substituted by one to three
substitucnts independently sclected from the group consisting of halo, CN, oxo, C1-Cs alkyl,

C1-Cs haloalkyl, -COCH3, -CONHz, —S(0)2CH3, and phenyl.

[0077] In the descriptions herein, it is understood that every description, variation, embodiment
or aspect of a moiety/variable may be combined with every description, variation, embodiment
or aspect of other moicties/variables the same as if each and every combination of descriptions
is specifically and individually listed. For example, every description, variation, embodiment
or aspect provided herein with respect to R! of Formula (I) may be combined with every
description, variation, embodiment or aspect of Ring A the same as if ecach and every

combination were specifically and individually listed.
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[0078] In some embodiments of formula (I), X and Y are each N. In some embodiments, X is
N and Y is CR* In some embodiments, X is N, Y is CR* and R* is H, OH, or C1-Cs alkyl. In
some embodiments, X is N, Y is CR*, and R*is H, OH, or C1-C3 alkyl. In some embodiments,
X is N, Y is CRY, and R* is H or Ci-C3 alkyl. In some such embodiments, X is N, Y is CR*,
and R*is H or OH. In some embodiments, X is N, Y is CR*, and R* is H. In some embodiments,
X is N, Y is CR*, and R® and R* are taken together with the carbon atoms to which they are
attached to form a cyclopropyl group optionally substituted by halo or Ci- Cs alkyl In some
embodiments, X is N, Y is CR* and R’ and R* are taken together with the carbon atoms to
which they are attached to form a cyclopropyl group optionally substituted by fluoro or methyl.

[0079] In some embodiments of Formula (I), provided is a compound of Formula (II):

R5

i )
L~ PAT

G A

or a pharmaceutically acceptable salt thereof, wherein X, Y, n, R?, R*, R%, Ring A, L, and
Ring B arc as dcfined for Formula (1).

[0080] In somc cmbodiments of Formula (I) or (11), X is N and Y is CR*. In somc cmbodiments,
the compound is of Formula (II-a):

RS

L
HO)KQ:h
N N

or a pharmaceutically acceptable salt thereof, wherein n, R2, R3, R*, R®, Ring A, L, and Ring
B are as defined for Formula (T).

[0081] In some embodiments of Formula (I) or (II), X is N, Y is CR*, and R* and R* are taken
together with the carbon atoms to which they are attached to form a cyclopropyl group
optionally substituted by halo or Ci- C3 alkyl. In some embodiments, the compound is of

Formula (II-b), (II-b1), or (II-b2):
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(I1-b2),
wherein n, R2, R3, Ring A, L, and Ring B are as defined for Formula (I).

[0082] Tn some embodiments of Formula (IT), X and Y are each N. In some embodiments, the
compound is of Formula (IT-¢):

R5

i 7
HO)K@:NhN/»_

RZJ\%N®L

wherein n, R?, R®, R’ Ring A, L, and Ring B are as defined for Formula (I).

(IT-¢),

[0083] In some embodiments of Formula (II), Ring A is a 6-membered heteroaryl comprising

1. 2, or 3 heteroatoms. In some embodiments, the compound is of formula (111):
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T )
HO N
i,
RS
Sy N
n
TNe)
=W (111),
wherein V and W are independently N or CR*, wherein each R? is H, halo, CN, C3-Cs
cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH. In some embodiments, V is
N and W is CR”. In some embodiments, V is CR* and W is N. In some embodiments, V and
W are each CR”. In some embodiments, V and W are each N. In some embodiments, V is N
and W i1s CH. In some embodiments, V 1s CH and W 1s N. In some embodiments, V and W
arc cach CH. In somc cmbodiments of Formula (111), X is N and Y is CR*. In somc

embodiments, the compound is of formula (IlI-a):

o R%
“O)KCIN
27—
N N R3
R? R*
n
TN
=W (IlI-a),

wherein n, R2, R*, R* R® L, and Ring B are as defined for Formula (I), and V and W are as
defined for formula (11I).

[0084] In some embodiments of Formula (IIT), X is N, Y is CR*, and R® and R* are taken
together with the carbon atoms to which they are attached to form a cyclopropyl group
optionally substituted by halo or Ci- C; alkyl. In some embodiments, the compound 1s of
Formula (111-b), (11I-b1), or (111-b2):

o R'}
HO
k@“h%
n V/ N\7"L

\=W (I11-b)
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N\7/L

=W (IT-b2),

wherein n, R?, R, L, and Ring B are as defined for Formula (I), and V and W are as defined

for formula (III). In some embodiments, the compound is of formula (III-b-3):

RE
o]
HO*@:Q R
<
N X
Rb({g,.;«(
== (II1-b-3)

wherein n, R2, R>, L, and Ring B are as defined for Formula (I).

[0085] In some embodiments of Formula (IIT), X and Y arc each N. In some embodiments, the

compound is of Formula (ITI-c):

HO
7
N Rzminz
n \7//N\\7,—L
=W

wherein n, R2, R}, R%, L, and Ring B are as defined for Formula (I), and V and W are as
defined for formula (III).

(Ill-c),

[0086] In some embodiments of Formula (III), L is *-0-C:i-Cs alkylene-**, optionally
substituted by R as described for Formula (I). In some embodiments, L is *~0-CH, -**. In

some embodiments, the compound is of Formula (IV):
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nY N o
V/\;\7v/ (IV),

wherein n, R?, R*, R®, and Ring B are as defined for Formula (I), and V and W are as defined
for formula (111).

[0087] In somc cmbodiments of Formula (1V), X is N and Y is CR*. In somc cmbodiments,
the compound is of formula (IV-a):

R5

LA
Ho)l\©:/>j 3

wherein n, R%, R?, R*, R, and Ring B are as defined for Formula (I), and V and W are as
defined for formula (III).

|0088] In some embodiments of Formula (1V), X is N, Y is CR*, and R? and R* are taken
togcther with the carbon atoms to which they arc attached to form a cyclopropyl group
optionally substituted by halo or Ci- Cs alkyl. In some embodiments, the compound is of
Formula (IV-b), (IV-b1), or (IV-b2):

R®

i )

IV-b2),
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wherein n, R?, R?, and Ring B are as defined for Formula (1), and V and W are as defined for

formula (IIT). In some embodiments, the compound is of formula (I'V-b-3):

o R;
HO)K@N
2\
NoONTY,
R2 3
n /N\ o
NJ (IV-b-3)

wherein n, R, R?, L, and Ring B are as defined for Formula (I).

[0089] In some embodiments of Formula (IIT), L is -O-. In some embodiments, the compound
is of Formula (V):

R5

i )
27—
N X 3
Rz’k§:ﬁ?_RN .e
3// T V)

Q
N=W

wherein n, R?, R3, R, and Ring B are as defined for Formula (I), and V and W are as defined
for formula (I1T).

[0090] In some embodiments of Formula (V), X is N and Y 1s CR*. In some embodiments, the
compound is of formula (V-a):

5
0 R7
Ho)ﬁN
27—
N ‘%RS
R? R4
n N
N=W

wherein n, R?, R?, R* R’ and Ring B are as defined for Formula (I), and V and W are as
defined for formula (III).

(V-a)

[0091] In some embodiments of Formula (I) or (V), X is N, Y is CR*, and R® and R* are taken
together with the carbon atoms to which they are attached to form a cyclopropyl group

optionally substituted by halo or Ci- C; alkyl. In some embodiments, the compound is of

Formula (V-b), (V-b1), or (V-b2):
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i 7
HO)UN
P
N N
RZ%
T
NN
=W

wherein n, R?, R®, and Ring B are as defined for Formula (I), and V and W are as defined for

(V-b2),

formula (III). In some embodiments, the compound is of formula (V-b3):

R

o N
YN ofR)
NI (V-b3)

wherein n, R?, R®, L, and Ring B are as defined for Formula (I).

[0092] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), X is N, Y is CR*; R? and R* are taken together with the
carbon atoms to which they are attached to form a C3-Cs cycloalkyl; and n, R2, Ring A, and
Ring B are as detailed herein for Formula (I). In some embodiments of Formula (I) (including
compounds of Formulae (ID-(V), and subformulae thereof, if applicable), Y is CR*; R and R*
are taken together with the carbon atoms to which they are attached to form a C;5-Ce cycloalkyl;
Ring B is optionally substituted phenyl; and X, n, R?, and Ring A are as detailed herein for

Formula (I). In some embodiments of the foregoing, R? and R* are taken together with the
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carbon atoms to which they are attached to form a Cs cycloalkyl. In some embodiments of the
foregoing, X is N. In some embodiments of the foregoing, n is 1. In some embodiments of the
foregoing, R? is H. In some embodiments of the foregoing, Ring A is pyridinyl. In some
embodiments of the foregoing, X is N, nis 1, and R? is H.

[0093] In some embodiments of Formula (I) (including compounds of Formulae (II)-(V), and
subformulae thereof, if applicable), X is N; Y is CR*; R*is H; and n, R%, R’, Ring A, and Ring
B are as detailed herein for Formula (I). In some embodiments of Formula (I) (including
compounds of Formulae (II)-(V), and subformulae thercof, if applicable), X is N; Y is CR*; R*
is H; Ring B is C3-Cio cycloalkyl, 4- to 12-membered heterocyclyl, or 5- to 12-membered
heteroaryl, each of which is independently optionally substituted by one to three substituents
indcpendently sclected from the group consisting of halo, CN, oxo, Ci1-Cs alkyl, Ci1-Cs
haloalkyl, -COCH3, —CONH:, —S(0).CH3, and phenyl; and n, R?, R®, and Ring A are as
detailed herein for Formula (T). In some embodiments of Formula (I) (including compounds of
Formulae (IT)-(V), and subformulae thereof, if applicable), X is N; Y is CR*; R*is H; Ring B
is 4- to 12-membered heterocyclyl, or 5- to 12-membered heteroaryl, each of which is
independently optionally substituted by one to three substituents independently selected from
the group consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs haloalkyl, -COCHs. -CONH:, —
S(0)2CHs, and phenyl; and n, R%, R?, and Ring A are as detailed herein for Formula (I). In
some embodiments of Formula (I) (including compounds of Formulac (II)-(V), and
subformulae thereof, if applicable), X is N; Y is CR*; R*is H; n is 1; R? and R?® are each H;
Ring A is pyridyl; Ring B is 4- to 12-membered heterocyclyl, or 5- to 12-membered heteroaryl,
cach of which is independently optionallv substituted by one to three substituents
independently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl, Ci-Cs
haloalkyl, -COCH3s, —-CONHa2, —S(0)2CHs, and phenyl.

[0094] In some embodiments of Formula (I) (including compounds of Formulae (I1)-(V), and
subformulae thereof, if applicable), X and Y are each N; Ring B is C3-Cio cycloalkyl, 4-to 12-
membered heterocyclyl, or 5- to 12-membered heteroaryl, cach of which is independently
optionally substituted by onc to three substituents independently selected from the group
consisting of halo, CN, oxo, C1-Ce alkyl, C1-Cs haloalkyl, -COCH3s, -CONHz, —S(0)2CH3, and
phenyl; and n, R?, R, and Ring A arc as detailed herein for Formula (1). In some cmbodiments
of Formula (I) (including compounds of Formulac (ID-(V), and subformulae thereof, if
applicable), X and Y are each N; Ring B is C3-Cio cycloalkyl, 4-to 12-membered heterocyclyl,
or 5- to 12-membered heteroaryl, each of which is independently optionally substituted by one

to three substituents independently selected from the group consisting of halo, CN, oxo, C1-Cs
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alkyl, C1-Cs haloalkyl, -COCH3, —-CONH2, —S(0)2CHs, and phenyl; n is 1; R” and R? are each
H; and Ring A is as detailed herein for Formula (I). In some embodiments of Formula (I)
(including compounds of Formulae (II)-(V), and subformulac thereof, if applicable), X and Y
arc cach N; Ring B is 4- to 12-membered heterocyclyl, or 5- to 12-membered heteroaryl, each
of which i1s independently optionally substituted by one to three substituents independently
selected from the group consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3, —
CONHb>, —S(0)2CHs, and phenyl; n is 1; R? and R? are each H; and Ring A is as detailed herein
for Formula (I). In some embodiments of Formula (I) (including compounds of Formulac (IT)-
(V), and subformulae thereof, if applicable), X and Y are cach N; Ring B is C3-Cio cyvcloalkyl,
4- to 12-membered heterocyclyl, or 5- to 12-membered heteroaryl, each of which is
indcpendcently optionally substituted by once to three substitucnts independcently sclected from
the group consisting of halo, CN, oxo, Ci1-Cs alkyl, C1-Cs haloalkyl, -COCH3, —-CONHa, —
S(0)2CH;s, and phenyl; nis 1; R* and R? are each H; and Ring A is pyrazolyl or pyridyl, each
of which is optionally substituted by halo, CN, C3-Cs cycloalkyl, or Ci1-Cs alkyl optionally
substituted by halo or OH.

[0095] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and

subformulac thercof, if applicable), X is N, Y is CH, n is 1, both R? and R? arc hydrogen, and

Ring A is

[0096] In some embodiments of Formula (I) (including compounds of Formulae (ID-(V), and
subformulae thereof, if applicable), X is N, Y is CH, n is 1, both R? and R? are hydrogen, Ring
A is pyridinyl, and Ring B is 5- to 12-mcmbcred hetcroaryl, cach of which is independently
optionally substituted by onc to three substituents independently selected from the group
consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3s, -CONH:2, —-S(0)2CH3, and
phenyl.

[0097] In some embodiments of a compound of Formula (I) (including compounds of
Formulae (II)-(V), and subformulae thereof, if applicable), R! is -C1-Cs alkylene-R>. In some
embodiments, R! is -CH2-R®. In some embodiments of a compound of Formula (I) (including
compounds of Formulae (II)-(V), and subformulae thereof, if applicable), R> is 5-membered
heterocyclyl comprising 1, 2, or 3 heteroatoms independently selected from O, N, and S,
wherein at least one heteroatom of R? is S, and wherein R? is optionally substituted by halo, -

0-Ci6 alkyl, Cis alkyl, Cis alkenyl, or C1-Cs haloalkyl. In some embodiments, R> is 3-
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membered heteroaryl comprising 1, 2, or 3 heteroatoms independently selected from O, N, and
S. wherein at least one heteroatom of R’ is S, and wherein R’ is optionally substituted by by
halo, -O-Ci-6 alkyl, Ci-6 alkyl, Ci-6 alkenyl, or Ci-Cs haloalkyl. In some embodiments of a
compound of Formula (I) (including compounds of Formulac (II)-(V), and subformulac
thereof, if applicable), R?is 5-membered heterocyclyl or 5-membered heteroaryl, each of which
comprises 1 or 2 heteroatoms independently selected from N and S, wherein at least one
heteroatom of R is S, and wherein R is optionally substituted by halo, -O-C1 alkyl, Cis
alkyl, Ci-s alkenyl, or Ci1-Cs haloalkyl. In some embodiments of a compound of Formula (I)
(including compounds of Formulae (II)-(V), and subformulae thereof, if applicable), R? is 5-
membered heterocyclyl or 5-membered heteroaryl, each of which comprises 1 or 2 heteroatoms
sclected from N or S, wherein onc hetcroatom of R® is S, and whercin R’ is optionally
substituted by halo, -O-Ci16 alkyl, Cis alkyl, Cis alkenyl, or C1-Cs haloalkyl. In some
embodiments, R is thiazolyl, isothiazolyl, or thiophenyl, each of which is optionally
substituted by halo, -0O-Cis alkyl, Cis alkyl, Cis alkenyl, or C1-Cs haloalkyl. In some
7S s s N~ >N
L X

embodiments, R is " cach of which is optionally

substituted by halo, -O-Ci6 alkyl, Cis alkyl, Cis alkenyl, or C1-Cs haloalkyl. In some

/s (\s s A0S SN
Qf, ”=§f, \—’_kf,;gf’:or =

substituted by halo, -O-Cis alkyl, Ci-s alkyl, Cos alkenyl, or Ci-Cs haloalkyl. In some

Q (\s s As SN
T T VS

" each of which is optionally

embodiments, R® is , each of which is optionally

embodiments, R? is

substituted by bromo, -O-CH3, methyl, ethyl, or vinyl. In some embodiments, R is 5

optionally substituted by halo, -O-Ci.; alkyl, Ci-3 alkyl, Cz-6 alkenyl, or Ci1-Cs haloalkyl. In
N7 s

some embodiments, R> is unsubstituted " Tn some embodiments, R® is thiazole

optionally substituted by methyl, bromo, vinyl, cthyl, methoxy, chloro, or fluoro. In some
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N N N N_ ! s
~ z ~ Br N/ = O \
sfivgiealvglefiesdve
embodiments, R is -~ &~ T , Ca D L
N N
= Cl = F
salive

s or T

[0098] In some embodiments of a compound of Formula (I) (including compounds of

57?2\

Formulac (11)-(V), and subformulac thcrcof, if applicablc), X is N. In othcr cmbodiments, X
is CH.

[0099] In some embodiments of a compound of Formula (I) (including compounds of
Formulae (IT)-(V), and subformulae thercof, if applicable), n is 0. In other embodiments, n 1s
1.

[0100] In some embodiments of a compound of Formula (I) (including compounds of
Formulae (IT1)-(V), and subformulae thereof, if applicable), Y is N. In other embodiments, Y
is CR*, wherein R* is hydrogen, OH or C1-Cs alkyl. In other embodiments, Y is CR*, and R*
and R* are optionally taken together with the carbon atoms to which they are attached to form
Cs-Cs cycloalkyl optionally substituted by halo or Ci- Cs alkyl. For example, the Cs-Cs
cycloalkyl can be cyclopropyl optionally substituted by halo, such as fluoro, or Ci- Cs alkyl,
such as mcthyl.

[0101] In some embodiments of a compound of Formula (I) (including compounds of
Formulae (I1)-(V), and subformulae thereof, if applicable), R” and R’ are independently
hydrogen, oxo, or C1-Cs alkyl. In some embodiments, R> and R® are hydrogen. In some
embodiments, R? and R? are oxo. In some embodiments, R? and R? are methyl.

[0102] In some embodiments of a compound of Formula (I) Formula (I) (including compounds

AN
of Formulac (II)-(V), and subformulac thercof, if applicable), the moicty > 1s
f: e’\’ o o

o S oL
STROTI S FE e R e vh e S o}
o
v Nyj K/N}rr :k/N:}rr K/N}"’ - FFQH’

> >

L L
¢, or <. In some embodiments of a compound of Formula (I) (including
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compounds of Formulac (II)-(V), and subformulac thereof, if applicable) the moiety

o 0,0, 0,

[0103] In some embodiments of a compound of Formula (I) (including compounds of
Formulae (II)-(V), and subformulae thereof, if applicable), Ring A is 5- to 12-membered
heterocyclyl, which i1s optionally substituted by halo, CN, Cs3-Cs cycloalkyl, or Ci-Cs alkyl

'
Vv

@Ox
optionally substituted by halo or OH. In some embodiments, Ring A is O < ,
FN b “N 5 W NN N W N N0
T ot U < LK
A A (@] O O
< e
oSy T LT T

each of which is optionally substituted by halo, CN, Cs-Co cycloalkyl, or C1-Co alkyl optionally
substituted by halo or OH. In some embodiments, Ring A is 5- to 12-membered heteroaryl,

which is optionally substituted by halo, CN, C3-Cs cycloalkyl, or Ci-Ce alkyl optionally

X
N—N

\
substitutecd by halo or OH. Excmplary Ring A includc, but arc not limitcd to, Vf ,

N‘N iy o
P S G o, T, B
/I\\I N N}s \N/ ; "

=

o o
\1; tN; D D Qg / N>_
[aSNasay C@ @Cz
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, cach of which is independently optionally substituted by halo, CN, Cs-Cs
cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH. In some embodiments, Ring A
T s NN ~T

Iy O s O tas

is R , ecach of
which is independently optionally substituted by halo, CN, C3-Cs cycloalkyl, or Ci-Cs alkyl

> >

optionally substituted by halo or OH. In some embodiments, Ring A is benzodioxolyl, pyridyl,

o~ O\}/‘?ll. = N
aSERAS
pyrimidinyl, or pyrazinyl. In some embodiments, Ring A is — ,

X N - N i\ >_
N
Ch 0 O

[0104] In some embodiments of a compound of Formula (I) (including compounds of
Formulae (I1)-(V), and subformulae thereof, if applicable), L is a bond. In some embodiments,
L is-O-. In some embodiments, L 1s C1-Cs alkylene. In some embodiments, L is unsubstituted
C1-Cs alkylene. In some ecmbodiments, L is Ci-Co alkylenc optionally substituted by R,
wherein each R"! is independently halo, OH, oxo, or C1-Cs alkyl, or two R"! are taken together
with the carbon atom or atoms to which they are attached to form Cs-Cs cycloalkyl or 3- to 6-
membered heterocyclyl. In some embodiments, L is unsubstituted Ci1-Cz alkylene. In some
embodiments, L is Ci1-C> alkylene optionally substituted by R“', wherein each R*! is
indcpendently halo, OH, oxo, or Ci-Cs alkyl. In somc cmbodiments, L is unsubstituted C»

alkylene. In some embodiments, L is C2 alkylene optionally substituted by R, wherein each

§
R!! is indcpendently halo, OH, oxo, or C1-Cs alkyl. In somc such cmbodiments, L is i { ,
-5{ § ?—/_ § _g} g _g} g gf g . .
R -, R , or In some embodiments, L is *-0-C1-Cs alkylene-
** wherein * represents the point of attachment to ring A and ** represents the point of
attachment to ring B. For example, L can be *-OCH2-**. In some embodiments, when L 1s *-
0-C1-Cs alkylene-**_ the Ci-Cs alkylene of L is substituted by R wherein each Rl is

independently C1-Cs alkyl or halo, or two R are taken together with the carbon atom or atoms
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to which they are attached to form C3-Cscycloalkyl or 3- to 6-membered heterocyclyl. In some
embodiments, when L is *-O-C1-Cs alkylene-**_ the Ci-Ce alkylene is substituted by R",
wherein each RY is independently C1-Cs alkyl or two R™ are taken together with the carbon
atom or atoms to which they are attached to form C3-Cs cycloalkyl or 3- to 6-membered
heterocyclyl. To give a specific example, when L is *-OC(RY)»-**, two R' can be taken
together with the carbon atom or atoms to which thev are attached to form Cs-Cs cycloalkyl or
3-to 6-membered heterocyclyl. In some embodiments, L is ¥-Ci1-Cs alkylene-O-**. In some
embodiments, L is *-NR®-C1-Cs alkylene-** wherein R® is hydrogen or C1-Cs alkyl. In some
embodiments, L comprises an isotope of hvdrogen, e.g., deuterium. In some embodiments, L
is *-O-CHa-** or *-O-CD2-**  In some embodiments, L is *-O-CD:2-**  In some
cmbodiments, L. compriscs an oxo group. In somc cmbodiments, L is *-C(O)-CHa-**,

[0105] In some embodiments of a compound of Formula (I) (including compounds of
Formulae (IT)-(V), and subformulae thereof, if applicable), Ring B 1s C3-Cio cycloalkyl, which
is optionally substituted by one to three substituents independently seclected from the group
consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs haloalkyl, -COCH3s, —CONH2z, —-S(0)2CHs and

Vs

phenyl. Exemplary Cs-Cio cycloalkyl include, but are not limited to, i , ,

S . ‘15 and ““'?\>

by one to three substituents independently selected from the group consisting of halo, CN, oxo,
Ci-Cs alkyl, Ci-Cs haloalkyl, —COCHs, —CONHz, -S(0):CHs and phenyl. In somc
embodiments, Ring B is Co-C14 aryl, which is optionally substituted by one to three substituents

, cach of which is independently optionally substituted

independently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl, Ci-Cs
haloalkyl, —-COCH3s, —-CONH:, —S(0)2CHs and phenyl. For example, the Cs-Ci4 aryl can be

Z or Z , each of which is independently optionally substituted by one to
three substituents each independently selected from the group consisting of halo, CN, oxo, Ci-
Ce alkyl, C1-Cs haloalkyl, -COCH3, -CONH2, —S(0)2CH3 and phenyl. In some embodiments,
Ring B is 4- to 12-mcmbcred heterocyclyl, which is optionally substituted by onc to threc
substituents independently selected from the group consisting of halo, CN, oxo, Ci-Ce alkyl,

C1-Cs haloalkyl, -COCHs, —CONHaz, —S(0)2CH3 and phenyl. Exemplary 4- to 12-membered
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HN O (@] NH
/: S /:\_/ v /:\_/
heterocyclyl include, but are not limited to, s s " . 2/\’) i

o SN
& C% 6 ) "
—NH HNC@ |
T I S Cand %0

is independently optionally substituted by one to three substituents independently selected from
the group consisting of halo, CN, oxo, Ci1-Cs alkyl, C1-Cs haloalkyl, -COCH3, -CONH2, —
S(0)2CHs and phenyl. In some embodiments, Ring B is 5- to 12-membered heteroaryl, which

, each of which

is optionally substituted by one to three substituents independently selected from the group
consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs haloalkyl, -COCH3, -CONH2, —S(0)2CH3 and

Né\S
| N
phenyl. Exemplary 5- to 12-membered heteroaryl include, but are not limited to, ,

,/:]O g/\j@ z/‘INj a/‘:Q ‘z/ / ED
o «,/t@ %D “‘ﬁ/‘ E;Q z:/<‘
NH

a
and L"‘i/: , each of which is independently optionally substituted by onec to three
substituents independently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl,
C1-Cs haloalkyl, -COCHjs, —CONHz, —S(0)2CHs and phenyl. In some embodiments, Ring B
is phenyl optionally substituted by one to three substituents each independently selected from

the group consisting of halo, CN, and -CONH:. In some¢ embodiments, Ring B is

soalisoalls vau
S50

independently selected from the group consisting of halo, and CN. In some embodiments, Ring

In some embodiments, Ring B is

optionally substituted by one to three substituents
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CN
_N )
Bis . In some embodiments, Ring B is a 9-membered heteroaryl, which

is optionally substituted by one to two substituents independently selected from the group

consisting of halo and CN. In some embodiments, Ring B is F

[0106] In some embodiments of Formula (I) (including compounds of Formulae (II)-(V), and
subformulae thereof, if applicable), X, n, R, R}, R?, Ring A, and L are as described for Formula
(I), and Ring B is C3-Cio cycloalkyl optionally substituted by one to threc substituents
independently selected from the group consisting of halo, CN, oxo, Ci1-Cs alkyl, Ci1-Cs
haloalkyl, -COCHs, -CONHa, —S(0)2CHs, and phenyl.

[0107] In some embodiments of Formula (I) (including compounds of Formulae (I1)-(V), and
subformulae thereof, if applicable), X, n, R, R}, R?, Ring A and L are as described for Formula
(D), and Ring B 1s Cs-Ci4 aryl optionally substituted by one to three substituents independently
selected from the group consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCHs, —
CONHz>, -S(0):CH3, and phenyl.

[0108] In some embodiments of Formula (I) (including compounds of Formulae (II)-(V), and
subformulae thereof, if applicable), X, n, R, R}, R?, Ring A, and L are as described for Formula
(I), and Ring B is Cs aryl optionally substituted by one to three substituents independently
selected from the group consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3, —
CONHz, —S(0)2CH3, and phenyl.

[0109] In somc cmbodiments of Formula (1) (including compounds of Formulac (11)-(V), and
subformulae thereof, if applicable), X, n, R, R}, R?, Ring A, and L are as described for Formula
(D), L is *-OCHz-**, and Ring B is Cs aryl optionally substitutcd by onc to thrce substitucnts
independently selected from the group consisting of halo, CN, oxo, Ci1-Cs alkyl, Ci1-Cs
haloalkyl, -COCH3, -CONH>, —S(0)2CHs, and phenyl.

[0110] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable). X, n, R, R!, R®, Ring A, and L are as described for Formula
(D), and Ring B is 4- to 12-membered heterocyclyl optionally substituted by one to three
substituents independently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl,
C1-Cs haloalkyl, -COCH;, -CONH:, —S(0)2CHs, and phenyl.

32

CA 03233201 2024-3-26



WO 2023/049518 PCT/US2022/044915

[0111] In some embodiments of Formula (I) (including compounds of Formulae (II)-(V), and
subformulae thereof, if applicable), X, n, R, R', R? Ring A, and L are as described for Formula
(I), and Ring B is 5- to 12-membered heteroaryl optionally substituted by one to three
substituents independently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl,
C1-Cs haloalkyl, -COCHs, —-CONH>», —S(0)>CHz3, and phenyl.

[0112] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), X is N, n is 1, Ring A is 9- to 10-membered heterocyclyl,
which is optionally substituted by halo, CN, Cs-Cs cycloalkyl, or Ci-Ces alkyl optionally
substituted by halo or OH; and R, R!, R?, L, and Ring B is as described for Formula (I).
[0113] In some embodiments Formula (I) (including compounds of Formulae (II)-(V), and
subformulac thcrcof, if applicablc), X is N, n is 1, Ring A is 5- to 12-mcmbcred hetcroaryl,
which is optionally substituted by halo, CN, C3-Cs cycloalkyl, or Ci-Ce alkyl optionally
substituted by halo or OH; and R, R?, L, and Ring B are as described for Formula (T). Tn some
such embodiments, Ring A is 5- to 6-membered heteroaryl. In some such embodiments, Ring
A is 6-membered heteroaryl, which is optionally substituted by halo, CN, C3-Cs cycloalkyl, or
C1-Cs alkyl optionally substituted by halo or OH. In some such embodiments, Ring A is

SN
O \/7/ Tz’ , or z/N¢7/ , each of which is optionally

substituted by halo, CN, Cs-Cs cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH.

KN KN N N
e oy Uy U
In some such embodiments, Ring A is Q s NJ s ’3/ , or Z/NJ s

each of which is optionally substituted by halo, CN, C3-Cscycloalkyl, or C1-Cs alkyl optionally
substituted by halo or OH.

[0114] In some embodiments of Formula (I) (including compounds of Formulae (ID-(V), and
subformulae thereof, if applicable), X is N, n is 1, Ring B is Cs-Cie cycloalkyl, which is
optionally substituted by one to three substituents independently selected from the group
consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3s, —CONH:, —-S(0)>CH3; and
phenyl; and R, R!, R2, Ring A, and L are as described for Formula (I).

[0115] In some embodiments of Formula (I), (V), (Va), or (Vb), Ring A is 5- to 6-membered
hetcroaryl, which is optionally substitutcd by halo, CN, C3-Ce cycloalkyl, or Ci-Cs alkyl
optionally substituted by halo or OH; Ring B is Cs-Cio cycloalkyl, which is optionally

substituted by one to three substituents independently selected from the group consisting of
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halo, CN, oxo, Ci-Cs alkyl, Ci-Ce haloalkyl, -COCH3, —CONH2, —S(0)2CH3 and phenyl; and
R, R', R?, and L are as described for Formula (I). In some such embodiments, Ring A is

;rf' ;rr’
N er“\ﬁ

. In other such embodiments, Ring A is . In still other such

f@\ﬁ,

embodiments, Ring A is =N In some embodiments of any of the foregoing, X is N, n
is 1, R!is —.CH»2-R’, and R? is as described for Formula (I). In some embodiments of any of the
foregoing, X is N, nis 1, R! is -CH2-R>, and R’ is 5-membered heteroaryl comprising one S
heteroatom and one N heteroatom, optionally substituted by halo, -O-Ci-6 alkyl, C1-6 alkyl, Ci-
6 alkenyl, or C1-Cs haloalkyl.

[0116] In somc cmbodiments of Formula (1) (including compounds of Formulac (1D)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C3-Cs cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH;
L is *-0-C1-Cs alkylene-** optionally substituted by R' as described for Formula (I); Ring B
is C3-Cio cycloalkyl, which is optionally substituted by one to three substituents independently
selected from the group consisting of halo, CN, oxo, C1-Cs alkyl, Ci-Cs haloalkyl, -COCHs, —
CONH_, —S(0)2CH; and phenyl; and R and R? are as described for Formula (I). In some such

20,

(&
embodiments, L is *-O-CH:-**. For cxample, in some embodiments 18

J"@/ O//% \3"@/ OKO

A, L, and Ring B herein. In some embodiments of any of the foregoing, X is N, nis 1, R is —

, or the like, optionally substituted as described for Ring

CH:-R’, and R’ is as described for Formula (I). In some embodiments of any of the foregoing,
Xis N, nis 1, R' is -CH2-R’, and R’ is 5-membered heteroaryl comprising one S heteroatom
and one N heteroatom, optionally substituted by halo, -O-Cis alkyl, Ci6 alkyl, Ci alkenyl, or
C1-Ce haloalkyl.

[0117] In some embodiments of Formula (I) (including compounds of Formulae (II)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C;3-Cs cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH;
L is a bond; Ring B is C3-Cio cycloalkyl, which i1s optionally substituted by one Lo three

substitucnts indcpendently sclected from the group consisting of halo, CN, oxo, Ci-Cs alkyl,
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C1-Cé haloalkyl, -COCH3, —-CONH2, —S(0)2CHj3 and phenyl; and R and R? are as described
i

== , or the like, optionally substituted as described for Ring A and Ring B herein.
In some embodiments of any of the foregoing, X is N, nis 1, R'" is -CHz-R’, and R? is as
described for Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R! is
—CHz-R®, and R® is 5-membered heteroaryl comprising one S heteroatom and one N
heteroatom, optionally substituted by halo, -O-Ci6 alkyl, Cis alkyl, Cis alkenyl, or Ci-Cs
haloalkyl.
[0118] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C;-Cs cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH;
L is -O-; Ring B 1s C3-Cio cycloalkyl, which is optionally substituted by one to three
substitucnts indcpendently sclected from the group consisting of halo, CN, oxo, Ci1-Cs alkyl,

C1-Ce haloalkyl, -COCH3, -CONHz, —S(0)2CHj3 and phenyl: and R and R* are as described

‘3;5 |_ g@i\/@

for Formula (I). For example, in some embodiments, @ 1s ,
N 7 N
= , or the like, optionally substituted as described for Ring A and Ring B hercin.

In some embodiments of any of the foregoing, X is N, n is 1, R! is -CH2-R>, and R? is as
described for Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R is
~CHz-R’, and R’ is 5-membered heteroaryl comprising one S heteroatom and one N
heteroatom, optionally substituted by halo, -O-Ci6 alkyl, Ci-6 alkyl, Ci alkenyl, or Ci1-Ce
haloalkyl.

[0119] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring B is Cs-Ci4 aryl, which is optionally substituted by
one to three substituents independently selected from the group consisting of halo, CN, oxo,
C1-Cs alkyl, C1-Cs haloalkyl, -COCH3, -CONHa, —S(0)2CHj3 and phenyl; and R, R?, Ring A,

and L are as described for Formula (I). In some embodiments of Formula (I) (including
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compounds of Formulae (I)-(V), and subformulae thereof, if applicable), X is N, n is 1, Ring
B is Ce-Cia aryl, which is optionally substituted by one to three substituents independently
selected from the group consisting of halo, CN, oxo, C1-Cs alkyl, Ci1-Cs haloalkyl, -COCH3, —
CONH_, —S(0)2CH3 and phenyl; and R, R%, Ring A, and L are as described for Formula (I). In
some embodiments of Formula (I) (ncluding compounds of Formulae (II)-(V), and
subformulae thereof, if applicable), X is N, n is 1, Ring B is C¢ aryl, which is optionally
substituted by one to three substituents independently selected from the group consisting of
halo, CN, oxo, Ci-Cs alkyl, Ci-Ces haloalkyl, -COCH3, -CONHa>, —S(0)2CH3 and phenyl; and
R, R?, Ring A, and L are as described for Formula (I). In some embodiments of any of the
foregoing, X is N, n is 1, R' is ~CH2-R®, and R’ is as described for Formula (I). In some
cmbodiments of any of the forcgoing, X is N, nis 1, R! is —-CH2-R?, and R’ is 5-mcmbcred
heteroaryl comprising one S heteroatom and one N heteroatom, optionallv substituted by halo,
-0-C1.6 alkyl, Ci6 alkyl, Ci-6 alkenyl, or C1-Ce haloalkyl.

[0120] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, Cs-Cs cycloalkyl, or Ci-Cs alkyl optionally substituted by halo or OH;
Ring B is Cs aryl, which is optionally substitutcd by onc to three substitucnts independently
selected from the group consisting of halo, CN, oxo, C1-Cs alkyl, Ci-Cs haloalkyl, -COCH3, —
CONH2>, —S(0)2CHs and phenyl; and R, R!, R?, and L are as described for Formula (I). In some
Ty Ty

such embodiments, Ring A is . In other such embodiments, Ring A is

f@\\ﬁ{

In still other such embodiments, Ring A is =N

[0121] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C;-Ce cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH;
L is *-0-C.-Cs alkylene-** optionally substituted by R as described for Formula (I); Ring B
is Co aryl, which is optionally substituted by one to three substituents independently selected
from the group consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3, -CONHaz,
-S(0):CH; and phenyl; and R and R? are as described for Formula (I). In some such
)
@ 1s

embodiments, L is *-O-CH:-**  For example, in some embodiments,
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SasP o O
15 @ a0 oy

Q\o . or S. N/>_‘O

, or the like, optionally substituted as described for

@

Ring A, L, and Ring B hercin. For example, in some embodiments,

F. F.
//G/CN //\O/CI
Ur T
=N ,or =N . In some embodiments of any of the foregoing,

Xis N, nis 1, R is -CH2-R>, and R® is as described for Formula (I). In some embodiments of
any of'the foregoing, X is N, nis 1, R' is —-CH2-R’, and R® is 5-membered heteroaryl comprising
onc S heteroatom and one N heteroatom, optionally substituted by halo, -O-Ci-s alkyl, Ci-s
alkyl, Ci-s alkenyl, or C1-Cs haloalkyl.

[0122] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C3-Cs cycloalkyl, or Ci-Cs alkyl optionally substituted by halo or OH;
L is a bond; Ring B is Ce aryl, which is optionally substituted by one to three substituents
independently selected from the group consisting of halo, CN, oxo, Ci1-Cs alkyl, Ci1-Cs
haloalkyl, -COCH3s, ~-CONH>, —S(0)2CH:s and phenyl; and R and R* are as described for
Formula (1). In some embodiments of any of the foregoing, X is N, nis 1, R! is -CH»-R’, and
R’ is as described for Formula (I). In some embodiments of any of the foregoing, X is N, n is
1, R! is —-CHa-R’, and R is 5-membered heteroaryl comprising one S heteroatom and one N
heteroatom, optionally substituted by halo, -O-Ci6 alkyl, Cis alkyl, Ci6 alkenyl, or C1-Cs
haloalkyl.

[0123] In some embodiments of Formula (I) (including compounds of Formulac (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C3-Ces cycloalkyl, or Ci-Cs alkyl optionally substituted by halo or OH;
L is -O-; Ring B is Cs aryl, which is optionally substituted by one to three substituents
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independently selected from the group consisting of halo, CN, oxo, Ci1-Cs alkyl, Ci1-Cs
haloalkyl, ~-COCH3s, ~-CONH2, —S(0)2CH:s and phenyl; and R and R” are as described for
Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R! is -CH2-R®, and
R3 is as described for Formula (I). In some embodiments of any of the foregoing, X is N, n is
1, R!is -CH»-R>, and R’ is 5-membered heteroaryl comprising one S heteroatom and one N
heteroatom, optionally substituted by halo, -O-Ci-s alkyl, Cis alkyl, Ci-s alkenyl, or C1-Cs
haloalkyl.

[0124] In some embodiments of Formula (I) (including compounds of Formulae (ID-(V), and
subformulae thercof, if applicable), Ring B is 4- to 12-membered heterocyclyl, which is
optionally substituted by one to three substituents independently selected from the group
consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs haloalkyl, -COCH3, —-CONH2, —S(0)2CHs and

phenyl; and R, R?, Ring A, and L are as described for Formula (I). In some such embodiments,

* *
N ,3/:1\72

Ring A is == . In other such embodiments, Ring A is . In still other such

x@\\ﬁ{
embodiments, Ring A is =N In some embodiments of any of the foregoing, X is N, n
is 1, R! is —-CH>-R’, R? is as described for Formula (I). In some embodiments of any of the
foregoing, X is N, n is 1, R! is -CH2-R5, and R’ is 5-membered heteroaryl comprising one S
heteroatom and one N heteroatom, optionally substituted by halo, -O-Ci-s alkyl, Ci-s alkyl, Ci-
6 alkenyl, or C1-Ce haloalkyl.

[0125] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulac thcrcof, if applicablc), Ring B 1s 4- to 12-mcmbcred hetcrocyclyl, which is
optionally substituted by onc¢ to three substituents independently selected from the group
consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3, -CONH2, —S(0)>CH3 and
phenyl; and R, R?, Ring A, and L are as described for Formula (I). In some embodiments of
Formula (1), (V), (Va), or (Vb), Ring B is 9- to 12-membered heterocyclyl, which is optionally
substituted by one to three substituents independently selected from the group consisting of
halo, CN, oxo, C1-Cs alkyl, Ci-Cs haloalkyl, -COCHs, —CONH:, —S(0)2CHs and phenyl; and
R, R%, Ring A, and L are as described for Formula (I). In some embodiments of any of the
foregoing, X is N, n is 1, R! is -CHz-R’, and R? is as described for Formula (I). In some
embodiments of any of the foregoing, X is N, n is 1, R! is -CH2-R>, and R’ is 5-membered
heteroaryl comprising one S heteroatom and one N heteroatom, optionally substituted by halo,

-0-Ci1-6 alkyl, Ci-6 alkyl, Ci-s alkenyl, or C1-Cs haloalkyl.
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[0126] In some embodiments of Formula (I) (including compounds of Formulae (II)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C3-Ce cycloalkyl, or Ci-Cs alkyl optionally substituted by halo or OH;
Ring B is 4- to 12-membered heterocyclyl, which is optionally substituted by one to three
substituents independently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl,

C1-Cs haloalkyl, -COCH3, -CONH_, —S(0)2CHj3 and phenyl; and R, R?, and L are as described

BAS

for Formula (I). In some such embodiments, Ring A is

SN SN
o o
Ring A 1s == . In still other such embodiments, Ring A is =N In some

cmbodiments of any of the forcgoing, X is N, n is 1, R! is ~CH2-R?, and R? is as dcscribed for

. In other such embodiments,

Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R! is —-CHz-R®, and
R’ is 5-membered heteroaryl comprising one S heteroatom and one N heteroatom, optionally
substituted by halo, -O-Ci alkyl, Ci-6 alkyl, Ci-s alkenyl, or C1-Cs haloalkyl.

[0127] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, Cs-Cs cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH;
L is *-O-C1-Cs alkylene-** optionally substituted by R' as described for Formula (I); Ring B
is 4- to 12-membered heterocyclyl, which is optionally substituted by one to three substituents
independently selected from the group consisting of halo, CN, oxo, Ci1-Cs alkyl, Ci1-Cs
haloalkyl, -COCH3, -CONH32, —S(0)2CH3 and phenyl; and R and R? are as described for

Formula (1). In somc such cmbodiments, L 1s *-O-CH2-**. For cxamplc, in somc cmbodiments

' ‘f‘ //C //C
of Formula (I), (V), (Va), or (Vb), @ U U

the like, optionally substituted as described for Ring A and ng B herein. In some
embodiments of any of the foregoing, X is N, n is 1, R! is -CH>-R>, and R’ is as described for
Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R!is -CH2-R>, and
R3 is 5-membered heteroaryl comprising one S heteroatom and one N heteroatom, optionally
substituted by halo, -O-Ci-s alkyl, Ci-6 alkyl, Ci-s alkenyl, or C1-Cs haloalkyl.

[0128] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C3-Ce cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH;

39

CA 03233201 2024-3-26



WO 2023/049518 PCT/US2022/044915

L is a bond; Ring B is 9- to 12-membered heterocyclyl, which is optionally substituted by one
to three substituents independently selected from the group consisting of halo, CN, oxo, C1-Ce
alkyl, C1-Cs haloalkyl, -COCH3, -CONH:, —S(0)2CH3 and phenyl; and R and R? are as
G

1S

described for Formula (I). For example, in some embodiments,

< LS
O UE e
== R == R = , or the like, optionally substituted as

described for Ring A and Ring B herein. In some embodiments of any of the foregoing, X is
N.nis 1, R'is -CH2-R?, and R’ is as described for Formula (I). In some embodiments of any
of the foregoing, X is N, n is 1, R! is -CH2-R>, and R® is 5-membered heteroaryl comprising
one S heteroatom and one N heteroatom, optionally substituted by halo, -O-Ci.6 alkyl, Cis
alkyl, Ci-s alkenyl, or C1-Cs haloalkyl.

[0129] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C3-Ce cycloalkyl, or Ci-Cs alkyl optionally substituted by halo or OH;
L is -O-; Ring B is 9- to 12-membered heterocyclyl, which is optionally substituted by one to
three substituents independently selected from the group consisting of halo, CN, oxo, C1-Cs
alkyl, Ci-Cs haloalkyl, -COCH3s, ~-CONH2, —~S(0):CH5 and phenyl; and R and R? are as
described for Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R' is
—CH>-R3, and R is as described for Formula (I). In some embodiments of any of the foregoing,
XisN,nis 1, R! is -CH2-R>, and R’ is 5-membered heteroaryl comprising one S heteroatom
and one N heteroatom, optionally substituted by halo, -O-Ci-s alkyl, Ci-6 alkyl, Ci-s alkenyl, or
C1-Ce haloalkyl.

[0130] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring B is 5- to 12-membered heteroaryl, which is
optionally substitutcd by onc to thrcc substitucnts independently sclected from the group
consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3, —CONH2, —-S(0)>CH3 and
phenyl: and R, R2, Ring A, and 1, are as described for Formula (I). Tn some embodiments of
any of the foregoing, X is N, n is 1, R! is -CH»-R®, and R’ is as described for Formula (I). In
some embodiments of any of the foregoing, X is N, nis 1, R! is -CH2-R>, and R® is 5-membered
heteroaryl comprising one S heteroatom and one N heteroatom, optionally substituted by halo,

-0-C1-6 alkyl, Ci-6 alkyl, Ci-6 alkenyl, or C1-Co haloalkyl.
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[0131] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C3-Ce cycloalkyl, or Ci-Cs alkyl optionally substituted by halo or OH;
Ring B is 5- to 12-membered heteroaryl, which is optionally substituted by one to three
substituents independently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl,

C1-Cs haloalkyl, -COCH3, -CONH_, —S(0)2CHj3 and phenyl; and R, R?, and L are as described

BAS

for Formula (I). In some such embodiments, Ring A is . In other such embodiments,

SN SN
o o
Ring A 1s == . In still other such embodiments, Ring A is =N In some

cmbodiments of any of the forcgoing, X is N, n is 1, R! is ~CH2-R?, and R? is as dcscribed for
Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R! is —-CHz-R®, and
R’ is 5-membered heteroaryl comprising one S heteroatom and one N heteroatom, optionally
substituted by halo, -O-Ci alkyl, Ci-6 alkyl, Ci-s alkenyl, or C1-Cs haloalkyl.

[0132] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, Cs-Cs cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH;
L is *-O-C1-Cs alkylene-** optionally substituted by R' as described for Formula (I); Ring B
is 5- to 12-membered heteroaryl, which 1s optionally substituted by one to three substituents
independently selected from the group consisting of halo, CN, oxo, Ci1-Cs alkyl, Ci1-Cs
haloalkyl, -COCH3, -CONH32, —S(0)2CH3 and phenyl; and R and R? are as described for

Formula (1). In somc such cmbodiments, L i1s *-O-CH2-**. For cxamplc. in somc cmbodiments

LD A ®
of Formula (I) V), (Va), or (Vb), @ UO U

@ )
\ b@ \ h@ e
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= I§>_O , or the like, optionally substituted as described for
Ring A, L, and Ring B herein. In some embodiments of any of the foregoing, Xis N, nis 1, R!
is —CH2-R>, and R’ is as described for Formula (I). In some embodiments of any of the
foregoing, X is N, n is 1, R! is -CH2-R5, and R’ is 5-membered heteroaryl comprising one S
heteroatom and one N heteroatom, optionally substituted by halo, -O-Ci-s alkyl, C16 alkyl, Ci-
6 alkenyl, or C1-Ce haloalkyl.
[0133] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which 1s optionally
substituted by halo, CN, C3-Ce cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH;
L is abond; Ring B is 5-to 12-membered heteroaryl, which i1s optionally substituted by one to
three substituents independently selected from the group consisting of halo, CN, oxo, C1-Cs
alkyl, C1-Cs haloalkyl, -COCH3, -CONH:, —~S(0):CH3 and phenyl; and R and R? are as
described for Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R! is
~CH2-R®, and R’ is as described for Formula (I). In some embodiments of any of the foregoing,
X is N, nis 1, R! is —-CH2-R’, and R’ is 5-membered heteroaryl comprising one S heteroatom
and one N heteroatom, optionally substituted by halo, -O-Ci-s alkyl, Ci-s alkyl, Ci-s alkenyl, or
C1-Ce haloalkyl.
[0134] In some embodiments of Formula (I) (including compounds of Formulae (IT)-(V), and
subformulae thereof, if applicable), Ring A is 5- to 6-membered heteroaryl, which is optionally
substituted by halo, CN, C3-Ce cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH;
L 1s -O-; Ring B 1s 5- to 12-membered heteroaryl, which is optionally substituted by one to
three substituents independently selected from the group consisting of halo, CN, oxo, C1-Cs
alkyl, C1-Cs haloalkyl, -COCH3, —CONH>, —S(0):CH3 and phenyl; and R and R? are as
described for Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R! is
—CH:>-R’, and R? is as described for Formula (I). In some embodiments of any of the foregoing,
Xis N, nis 1, R' is -CH2-R’, and R’ is 5-membered heteroaryl comprising one S heteroatom
and one N heteroatom, optionally substituted by halo, -O-Ci-s alkyl, Ci-¢ alkyl, Ci-6 alkenyl, or
C1-Ce haloalkyl.
[0135] In some embodiments of Formula (I), Ring B is a fused bicyclic ring system comprising
fuscd rings Ring C and Ring D. In somc¢ cmbodiments of Formula (I), provided 1s a compound

of Formula (VI),
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R3
vDh

or a pharmaccutically acceptable salt thercof, wherein

X,Y,n, R R' R R’ Ring A, and L arc as dcscribed for Formula (1);

is a fused bicyclic ring system comprising fused rings Ring C and Ring D, wherein

Ring C is C5-Cs cycloalkyl, 5- to 7-membered heterocyclyl, or 5- to 6-membered heteroaryl;

and
Ring D is Cs cycloalkyl, Cs aryl or 6-membered hetercaryl;

wherein Ring C and Ring D are optionally substituted by one to three substituents
mdependently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs
haloalkyl, -COCHj3, —CONH», —S(0)2CHs, and phenyl.

[0136] In some embodiments of Formula (VI), Ring D is Co aryl, and Ring C is Cs-Co
cycloalkyl, 5- to 7-membered heterocyclyl, or 5- to 6-membered heteroaryl, wherein Ring C
and Ring D arc optionally substitutcd by onc to three substituents independently sclected from
the group consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs haloalkyl, -COCH:, —-CONH>, —
S(0)2CHs, and phenyl. In some embodiments of any of the foregoing, Ring A is 5- to 6-
membered heteroaryl, which is optionally substituted by halo, CN, Cs-Ce cycloalkyl, or C1-Co
alkyl optionally substituted by halo or OH.

[0137] In some embodiments of Formula (VI), Ring D is Ce aryl, and Ring C is Cs-Ce

(%

, optionally substituted by one to three substituents independently selected from the group
consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCH3, -CONH2, —S(0)2CH3, and
phenyl. In some embodiments of any of the forcgoing, X is N, nis 1, R' is -CHz-R5, and R? is

D d
cycloalkyl. In some such embodiments, Ring C and Ring D form i or

5- to 6-membered heteroaryl optionally substituted by Ci-Cs alkyl. In some embodiments of
any of the foregoing, X is N, nis 1, R! is -CH2-R?, and R? is as described for Formula (I). Tn

some embodiments of any of the foregoing, X is N, nis 1, R! is -CH2-R®, and R is 5-membered
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heteroaryl comprising one S heteroatom and one N heteroatom, optionally substituted by halo,
-0-Cu6 alkyl, Ci-6 alkyl, Ci-6 alkenyl, or C1-Cs haloalkyl.
[0138] In some embodiments of Formula (VI), Ring D is Cs aryl and Ring C is 5- to 7-

HNX/:©
2

membered heterocyelyl. In some such embodiments, Ring C and Ring D form R
HN

HN ( HN

= R , or , optionally substituted by one to three

substituents independently selected from the group consisting of halo, CN, oxo, C1-Cs alkyl,
C1-Cs haloalkyl, -COCHs, —CONH>, —-S(0)2CHs, and phenyl. In some ecmbodiments of any of
the foregoing, X is N, nis 1, R! is -CH2-R?, and R? is 5- to 6-membered heteroaryl optionally
substituted by C1-Cs alkyl. In some cmbodiments of any of the forcgoing, X is N, nis 1, R is
—CH:2-R?, and R’ is as described for Formula (I). In some embodiments of any of the foregoing,
X is N, nis 1, R! is -CH2-R’, and R’ is 5-membered heteroaryl comprising one S heteroatom
and one N heteroatom, optionally substituted by halo, -O-Ci-6 alkyl, C1- alkyl, C1- alkenyl, or
C1-Ce haloalkyl.

[0139] In some embodiments of Formula (VI), Ring D is Cs aryl and Ring C is 5- to 6-

0
'—%e N
membered heteroaryl. In some such embodiments, Ring C and Ring D form

E/(/SD 0 j@ g j@ ”72/‘ L’?}jﬁ »sl/:\ S

, optionally substituted by one to three substituents independently selected from the group
consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCHs, -CONHz, —-S(0)2CHs, and
phenyl. In some embodiments of any of the foregoing, X is N, n is 1, R' is -CH2-R”, and R’ is
5- to 6-membered heteroaryl optionally substituted by Ci-Cs alkyl. In some embodiments of
any of the foregoing, X is N, nis 1, R! is —-CH:-R?, and R® is as described for Formula (I). In
some embodiments of any of the foregoing, X is N, nis 1, R! is -CH»-R>, and R? is 5-membered
heteroaryl comprising one S heteroatom and one N heteroatom, optionally substituted by halo,
-0-Ci¢ alkyl, Ci-6 alkyl, Ci-s alkenyl, or C1-Cs haloalkyl.

[0140] In some embodiments of Formula (VI), Ring D is 6-membered heteroaryl and Ring C
1s Cs-Cs cycloalkyl, 5- to 7-membered heterocyclyl, or 5- to 6-membered heteroaryl, wherein
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Ring C and Ring D are optionally substituted by one to three substituents independently
selected from the group consisting of halo, CN, oxo, C1-Ce alkyl, Ci-Ce haloalkyl, -COCH3, —
CONHz, —S(0)2CHs, and phenyl. In some embodiments of any of the foregoing, X is N, nis 1,
R! is -CH2-R’, and R’ is as described for Formula (I). In some embodiments of any of the
foregoing, X is N, nis 1, R! is —CIH>-R>, and R® is 5-membered heteroaryl comprising one S
heteroatom and one N heteroatom, optionally substituted by halo, -O-Ci.s alkyl, C1-6 alkyl, Ci-
6 alkenyl, or C1-Cs haloalkyl.

[0141] In some embodiments of Formula (VI), Ring D is 6-membered heteroaryl and Ring C
is Cs-Cs cycloalkyl, wherein Ring C and Ring D are optionally substituted by one to three
substituents independently selected from the group consisting of halo, CN, oxo, Ci-Cs alkyl,
C1-Ces haloalkyl, -COCH3, -CONHz2, —-S(0)2CHs, and phenyl. In some cmbodimcents of any of
the foregoing, X is N, n is 1, R! is -CH2-R>, and R® is as described for Formula (I). In some
embodiments of any of the foregoing, X is N, nis 1, R' is -CH2-R?, and R’ is 5-membered
heteroaryl comprising one S heteroatom and one N heteroatom, optionally substituted by halo,
-0-C16 alkyl, Ci16 alkyl, Ci-6 alkenyl, or C1-Cs haloalkyl.

[0142] In some embodiments of Formula (VI), Ring D i1s 6-membered heteroaryl and Ring C
is 5- to 7-mcembcered heterocycelyl, whercin Ring C and Ring D arc optionally substituted by
one to three substituents independently selected from the group consisting of halo, CN, oxo,
Ci1-Ce alkyl, Ci-Cs haloalkyl, —COCHs, —CONH2, —-S(0)2CHs, and phenyl. In some
embodiments of any of the foregoing, X is N, nis 1, R! is -CH»-R’, and R? is as described for
Formula (I). In some embodiments of any of the foregoing, X is N, nis 1, R' is -CH2-R’, and
R’ is 5-membered heteroaryl comprising one S heteroatom and one N heteroatom, optionally
substituted by halo, -O-Ci-6 alkyl, Ci-6 alkyl, Ci-s alkenyl, or C1-Cs haloalkyl.

[0143] In some embodiments of Formula (VI), Ring D i1s 6-membered heteroaryl and Ring C

N S
an
s | Nid

is 5- to 6-membered heteroaryl. In some embodiments, Ring C and Ring D are

N \N
or & 8T NF

from the group consisting of halo, CN, oxo, Ci1-Cs alkyl, C1-Cs haloalkyl, -COCH3, -CONHz,

, optionally substitutcd by onc to thrce substitucnts independently sclected
—S(0)2CHs3, and phenyl. In some embodiments of any of the foregoing, X is N, nis 1, R' is —

CH2-R>, and R’ is as described for Formula (1). In some embodiments of any of the foregoing,

X is N, nis 1, Rl is —-CH2-R’_ and R® is 5-membered heteroaryl comprising one S heteroatom
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and one N heteroatom, optionally substituted by halo, -O-Ci alkyl, Ci-6 alkyl, Ci-6 alkenyl, or
C1-Ce haloalkyl.
[0144] In some embodiments of Formula (I), provided is a compound of Formula (VII)
N RSa
<
o S
N
HO)K@ —
N X/H_R3
2
R %ﬁY®L
(VID)

wherein X, Y. n. R%, R?, Ring A. L. and Ring B are as described for Formula (I). and R** 1s H,
halo, -O-C1 alkyl, C1-s alkyl, Ci-6 alkenyl, or C1-Cs haloalkyl. In some embodiments of
Formula (VIT), R3is H or -CHs.

[0145] In some embodiments of Formula (VII), X is N and Y is CR*. In some embodiments,
the compound is of Formula (VII-a):

N RSa
I

X
o S
Ho)K@NhN

wherein n, R%, R3, R*, Ring A, L. and Ring B are as described for Formula (I), and R is as
described for Formula (VII).

(VII-a).

[0146] In some embodiments of Formula (VII), X is N, Y is CR* and R® and R* are taken
together with the carbon atoms to which they are attached to form a cyclopropyl group
optionally substituted by halo or Ci- Cs alkyl. In some embodiments, the compound is of
Formula (VII-b), (VII-b1), or (VII-b2):

N R5a
I

S

R2 . L

(VII-b).
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(VII-b1).

(VII-b2).

wherein n, R%, R?, R* Ring A, L, and Ring B are as described for Formula (I), and R is as
described for Formula (VII).

[0147] In some embodiments of Formula (VII), including subformulae thereof, Ring B is Cs
aryl, which 1s optionally substituted by one to three substituents independently selected from
thc group consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs haloalkyl, -COCHs, —-CONH:, —
S(0)2CHs and phenyl. In some embodiments of Formula (VIT), Ring B is Ce aryl, which is
optionally substituted by one to two substituents independently selected from the group
consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs haloalkyl, -COCH;, —CONHz, —S(0).CHs and
phenyl. In some cmbodiments of Formula (VII), Ring B is Ce aryl, which is optionally
substituted by one to two substituents independently selected from the group consisting of halo
and CN. In some embodiments of any of the foregoing, L is *-O-CHz-**. In some
embodiments, the compound is of Formula (VII-c):

N RSa
/

o
o ©
>
X . R RB2
" Rz@_ Ro\/\©/
@ (VII-c)

wherein X, Y, n, R?, R?, and Ring A are as described for Formula (I), R is as described for
Formula (VII), and RB! and R®? are independently selected from the group consisting of halo,
CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, -COCHs, —CONH2, —S(0)2CHs and phenyl. In some
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embodiments, R®! and R®” are independently selected from the group consisting of halo and

CN.

[0148] Tn some embodiments of Formula (VII-¢c), X is N, Y is CR* and R’ and R* are taken
together with the carbon atoms to which they are attached to form a cyclopropyl group
optionally substituted by halo or Ci- C3 alkyl. In some embodiments, the compound is of
Formula (VII-d), (VII-d1), or (VII-d2):

N
<
o S
N
HO
J\©:N/> N RB RE2
2
(VII-d)

N R58

¢ J:
o
HO N:
)KQ:N/ N RY! RB2
RZ%o\Q/
(VII-d1)

~

N Roa
<
o S
N
HO)K©: \
N N
R2

R5a

(VII-d2),

wherein R? and Ring A are as described for Formula (I), R> is as described for Formula
(VII). and RB! and R®? are as described for Formula (VII-c).

[0149] In some embodiments, the compound of Formula VII is of Formula VII-¢:
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wherein X? is N or CH; and
R is Cl or CN.
[0150] In some embodiments, the compound of Formula VII-¢ is of Formula VII-e1

i

o S

HOJ\C[ N/)_\
N

— (Vll-ci).
[0151] In some embodiments, the compound of Formula VII-e is of Formula VII-eii:
N
J

.

o S

“O*@[“fh
N N

X2 SH—o0

— (VII-¢ii)

[0152] In some embodiments, the compound of Formula I is of Formula VIII

N R7
¢ {
o S
T
N N

/ R8
= (VIID

N
\
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wherein R” is hydrogen, chloro, bromo, fluoro, methyl, or vinyl; and

F

S CN K
e AT e
R3is , F , g_o .
K R R
HO >: @ D D >\: ﬁCN
CN \ CN CN
g , g_ N . g_ . or g O .

[0153] In some embodiments, the compound of Formula I is of Formula VIII-a:

NG RY
/

AY

o S
Ho)K©:N

27—\
N N
S CN
VAR J <\N:©/
— F

wherein X! is N or CH:; and R’ is H or -OCHs.

(VIII-a)

[0154] Representative compounds are listed in Table 1 below. In some embodiments, provided
is a compound, or a pharmaceutically acceptable salt thereof, as described in Table 1. In some
embodiments, provided is a compound, or a pharmaccutically acceptable salt thercof, which is
selected from Compound Nos. 1-16 in Table 1. In some embodiments, provided is a compound,
or a pharmaceutically acceptable salt thereof, which is selected from Compound Nos. 1-31 in
Tablc 1. Compounds wcre preparcd as described in the General Procedurcs provided in the

Examples.
Table 1

Compound No. Structure

HO N
Reference J\@ N/>_\N
Compound A R
7N O,—;E :}—CN
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Compound No. Structure
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Compound No. Structure
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Compound No. Structure
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Compound No. Structure
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Compound No. Structure
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Compound No. Structure
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[0155] In another aspect, provided is a method of making a compound of Formula (I),
(including compounds of Formulae (II)-(V), (VI), (VII), (VIII) and subformulae thereof), or
selected from the group consisting of a compound listed in Table 1, or a pharmaceutically
acceptable salt of any of the foregoing. Compounds described herein may be prepared
according to general schemes, as exemplified by the general procedures and examples. Minor
variations in starting materials, temperatures, concentrations, reaction times, and other
parameters can be made when following the gencral procedures, which do not substantially

affect the results of the procedures.
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[0156] Also provided are compound intermediates useful in synthesis of a compound of
Formula (I), including compounds of Formulae (II)-(VIII), or selected from the group
consisting of a compound listed in Table 1, or a stereoisomer, tautomer, or a pharmaceutically
acceptable salt of any of the foregoing.

[0157] The compounds depicted herein may be present as salts even if salts are not depicted
and it is understood that the present disclosure embraces all salts and solvates of the compounds
depicted here, as well as the non-salt and non-solvate form of the compound, as is well
understood by the skilled artisan. In some embodiments, the salts of the compounds provided
herein are pharmaceutically acceptable salts. Where one or more tertiary amine moiety is
present in the compound, the N-oxides are also provided and described.

[0158] Where tautomeric forms may be present for any of the compounds described herein,
each and every tautomeric form is intended even though only one or some of the tautomeric
forms may be explicitly depicted. The tautomeric forms specifically depicted may or may not
be the predominant forms in solution or when used according to the methods described herein.
[0159] The present disclosure also includes any or all of the stereochemical forms, including
any enantiomeric or diastereomeric forms of the compounds described. Compounds of any
formula given hercin may have asymmctric centers and thercfore cxist in difforent
enantiomeric or diastereomeric forms. All optical isomers and stereoisomers of the compounds
of the genceral formula, and mixturcs thercof in any ratio, arc considercd within the scopc of
the formula. Thus, any formula given herein is intended to represent a racemate, one or more
enantiomeric forms, one or more diastereomeric forms, one or more atropisomeric forms, and
mixtures thereof in any ratio, unless a specific stercochemistry 1s otherwise indicated. Where
a compound of Table 1 is depicted with a particular stereochemical configuration, also
provided herein 1s any alternative stereochemical configuration of the compound, as well as a
mixture of stercoisomers of the compound in any ratio. For example, where a compound of
Table 1 has a stereocenter that is in an “S” stereochemical configuration, also provided herein
is the enantiomer of the compound wherein that stercocenter is in an “R” stereochemical
configuration. Likewise, when a compound of Table 1 has a stercocenter that is in an “R”
configuration, also provided herein is enantiomer of the compound in an “S™ stereochemical
configuration. Also provided arc mixturcs of thc compound with both the “°S™ and the “R”
stereochemical configuration.

[0160] The invention also intends isotopically-labeled and/or isotopically-enriched forms of
compounds described herein. The compounds herein may contain unnatural proportions of

atomic isotopes at one or more of the atoms that constitute such compounds. In some
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embodiments, the compound is isotopically-labeled, such as an isotopically-labeled compound
of the formula (I) or variations thereof described herein, where a fraction of one or more atoms
are replaced by an isotope of the same element. Exemplary isotopes that can be incorporated
into compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorus, sulfur, chlorine, such as °H, *H, 'C, 13C, ¥*C, N, 130, 0, ¥P, S, ¥F, °Cl.
Certain isotope labeled compounds (e.g., “H and '*C) are useful in compound or substrate tissue
distribution studv. Incorporation of heavier isotopes such as deuterium (*°H) can afford certain
therapeutic advantages resulting from greater metabolic stability, for example, increased in
vivo half-life, or reduced dosage requirements and, hence may be preferred in some instances.
[0161] Isotopically-labeled compounds of the present invention can generally be prepared by
standard methods and techniques known to those skilled in the art or by procedures similar to
those described in the accompanying Examples substituting appropriate isotopically-labeled
reagents 1 place of the corresponding non-labeled reagent.

[0162] The invention also includes any or all metabolites of any of the compounds described.
The metabolites may include any chemical species generated by a biotransformation of any of
the compounds described, such as intermediates and products of metabolism of the compound,
such as would be gencrated in vivo following administration to a human.

[0163] In some embodiments, the present disclosure also includes salts, ¢.g., pharmaceutically
acceptable salts, of any of thc compounds discloscd hercin. In some ecmbodiments, the present
disclosure provides a meglumine salt of any on¢ of the compounds disclosed herein, ¢.g.,a 1:1
compound:meglumine salt, a 2: 1 compound:meglumine salt, a 1:2 compound: meglumine salt.

Pharmaceutically Acceptable Compositions and Formulations

[0164] Pharmaceutically acceptable compositions or simply “pharmaceutical compositions™ of
any of the compounds detailed hercin are embraced by this invention. Thus, the invention
mcludes pharmaceutical compositions comprising a compound of Formula (I) (including
compounds of Formulae (IT)-(VIID)), or a pharmacecutically acceptable salt thereof, and a
pharmaceutically acceptable carrier or excipient.

[0165] In some embodiments, the pharmaceutically acceptable salt is an acid addition salt, such
as a salt formed with an inorganic or organic acid. Pharmaceutical compositions according to
the mvention may take a form suitable for oral, buccal, parenteral, nasal, topical or rectal
administration or a form suitablc for administration by inhalation.

[0166] A compound as detailed herein may in one aspect be in a purified form and

compositions comprising a compound in purified forms are detailed herein. Compositions
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comprising a compound as detailed herein or a salt thercof are provided, such as compositions
of substantially pure compounds. In some embodiments, a composition containing a
compound as detailed herein or a salt thereof is in substantially pure form. In one variation,
“substantially pure” intends a composition that contains no more than 35% impurity, wherein
the mpurity denotes a compound other than the compound comprising the majority of the
composition or a salt thereof. For example, a composition of a substantially pure compound
intends a composition that contains no more than 35% impurity, wherein the impurity denotes
a compound other than the compound or a salt thereof. In one variation, a composition of
substantially pure compound or a salt thereof is provided wherein the composition contains no
more than 25% impurity. In another variation, a composition of substantially pure compound
or a salt thereof is provided wherein the composition contains or no more than 20% impurity.
In still another variation, a composition of substantially pure compound or a salt thercof is
provided wherein the composition contains or no more than 10% impurity. In a further
variation, a composition of substantially pure compound or a salt thereof is provided wherein
the composition contains or no more than 5% impurity. In another variation, a composition of
substantially pure compound or a salt thereof is provided wherein the composition contains or
no morc than 3% impurity. In still another variation, a composition of substantially purc
compound or a salt thereof is provided wherein the composition contains or no more than 1%
impurity. In a further variation, a composition of substantially purc compound or a salt thcrcof
is provided wherein the composition contains or no more than 0.5% impurityv. In yet other
variations, a composition of substantially pure compound means that the composition contains
no more than 15% or preferably no more than 10% or more preferably no more than 5% or
even more preferably no more than 3% and most preferably no more than 1% impurity, which
mmpurity may be the compound in a different stereochemical form.

[0167] In one variation, the compounds hercin are synthetic compounds prepared for
administration to an individual such as a human. In another variation, compositions are
provided containing a compound in substantially pure form. In another variation, the invention
embraces pharmaceutical compositions comprising a compound detailed hercin and a
pharmaceutically acceptable carrier or excipient. In another variation, methods of
administcring a compound arc provided. The purificd forms, pharmaccutical compositions and
methods of administering the compounds are suitable for any compound or form thercof
detailed herein.

[0168] The compounds may be formulated for any available delivery route, including an oral,

mucosal (e.g., nasal, sublingual, vaginal, buccal or rectal), parenteral (e.g., intramuscular,
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subcutancous or intravenous), topical or transdermal delivery form. A compound may be
formulated with suitable carriers to provide delivery forms that include, but are not limited to,
tablets, caplets, capsules (such as hard gelatin capsules or soft elastic gelatin capsules), cachets,
troches, lozenges, gums, dispersions, suppositories, ointments, cataplasms (poultices), pastes,
powders, dressings, creams, solutions, patches, acrosols (¢.g., nasal spray or inhalers), gels,
suspensions (e.g., aqueous or non-aqueous liquid suspensions, oil-in-water emulsions or water-
in-oil liquid emulsions), solutions and elixirs.

[0169] Compounds described herein can be used in the preparation of a formulation, such as a
pharmaceutical formulation, by combining the compounds as active ingredients with a
pharmaceutically acceptable carrier, such as those mentioned above. Depending on the
therapeutic form of the system (e.g., transdermal patch vs. oral tablet), the carrier may be in
various forms. In addition, pharmaceutical formulations may contain preservatives,
solubilizers, stabilizers, re-wetting agents, emulgators, sweeteners, dyes, adjusters, and salts
for the adjustment of osmotic pressure, buffers, coating agents or antioxidants. Formulations
comprising the compound may also contain other substances which have valuable therapeutic
properties. Pharmaceutical formulations may be prepared by known pharmaceutical methods.
Suitable formulations can be found, ¢.g., in Remington: The Scicnce and Practice of Pharmacy,
Lippincott Williams & Wilkins, 21st ed. (2005), which is incorporated herein by reference.
[0170] Compounds as dcscribed hercin may be administered to individuals (c.g., a human) in
a form of generally accepted oral compositions, such as tablets, coated tablets, and gel capsules
in a hard or in soft shell, emulsions or suspensions. Examples of carriers, which may be used
for the preparation of such compositions, are lactose, corn starch or its derivatives, talc, stearate
or its salts, etc. Acceptable carriers for gel capsules with soft shell are, for instance, plant oils,
wax, fats, semisolid and liquid polyols, and so on. In addition, pharmaceutical formulations
may contain preservatives, solubilizers, stabilizers, re-wetting agents, emulgators, sweeteners,
dyes, adjusters, and salts for the adjustment of osmotic pressure, buffers, coating agents or
antioxidants.

[0171] Compositions comprising two compounds utilized herein are described. Any of the
compounds described herein can be formulated in a tablet in any dosage form described herein.
In somc¢ cmbodiments, the composition compriscs a compound of Formula (1) (including
compounds of Formulae (II)-(VIII)), or a pharmaceutically acceptable salt thereof, as described
herein. In some embodiments, provided herein is a dosage form comprises a therapeutically
effective amount of a compound of Formula (I) (including compounds of Formulae (II)-(VIII)),

or a pharmaceutically acceptable salt thereof. In some embodiments, the compound or a
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pharmaceutically acceptable salt thereof is selected from Compound Nos. 1-11 in Table 1. In
some embodiments, the compound or a pharmaceutically acceptable salt thereof is selected
from Compound Nos. 1-31 in Table 1

Methods of Use and Uses

[0172] Compounds and compositions described herein may in some aspects be used in
treatment of discases and/or conditions described hercin, for example, diseases and/or
conditions mediated by GLP-1R. In some embodiments, the method of treating a disease or
condition in a subject in need thereof comprises administering to the subject a therapeutically
effective amount of a compound of Formula (I) (including compounds of Formulae (II)-(V1)),
or a pharmaceutically acceptable salt thereof. In some embodiments, the method of treating a
disease or condition in a subject in need thereof comprises administering to the subject a
therapeutically effective amount of a compound sclected from any one of the compounds in
Table 1, or a pharmaceutically acceptable salt thereof.

[0173] In some embodiments, the method of treating a disease or condition in a subject in need
thercof comprises administering to the subject an effective amount of a compound of Formula
(I) (including compounds of Formulac (I)-(VIII)), or a pharmaceutically acceptable salt
thereof. In some embodiments, the method of treating a disease or condition in a subject in
need thereof comprises administering to the subject an effective amount of a compound
selected from any one of the compounds in Table 1, or a pharmaceutically acceptable salt
thercof.

[0174] In accordance with the present application, a disease or condition to be treated and/or
prevented is selected from the group consisting of cardiometabolic and associated discases
including diabetes (T1 D and/or T2DM, including pre-diabetes), idiopathic T1 D (Type 1 b),
latent autoimmune diabetes in adults (LADA), early-onset T2DM (EOD), youth-onset atypical
diabetes (YOAD), maturity onset diabetes of the young (MODY), malnutrition-related
diabetes, gestational diabetes, hyperglycemia, insulin resistance, hepatic insulin resistance,
impaired glucose tolerance, diabetic neuropathy, diabetic nephropathy, kidney disease (e.g.,
acute kidney disorder, tubular dysfunction, proinflammatory changes to the proximal tubules),
diabetic retinopathy, adipocyte dysfunction, visceral adipose deposition, sleep apnea, obesity
(including hypothalamic obesity and monogenic obesity) and related comorbidities (e.g.,
ostcoarthritis and urinc incontinencc), cating disorders (including bingc cating syndromec,
bulimia nervosa, and syndromic obesity such as Prader-Willi and Bardet-Biedl syndromes),

weight gain from use of other agents (e.g., from use of steroids and antipsychotics), excessive
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sugar craving, dyslipidemia (including hyperlipidemia, hypertriglyceridemia, increased total
cholesterol, high LDL cholesterol, and low HDL cholesterol), hvperinsulinemia, liver diseases
such as NAFLD, steatosis, NASH, fibrosis, cirrhosis, and hepatocellular carcinoma,
cardiovascular disease, atherosclerosis (including coronary artery disease), peripheral vascular
disease, hypertension, endothelial dysfunction, impaired vascular compliance, congestive heart
failure, myocardial infarction (e.g. necrosis and apoptosis), stroke, hemorrhagic stroke,
ischemic stroke, traumatic brain injury, pulmonary hypertension, restenosis after angioplasty,
intermittent claudication, post-prandial lipemia, metabolic acidosis, ketosis, arthritis,
osteoporosis, Parkinson’s Discase, left ventricular hypertrophy, peripheral arterial discase,
macular degeneration, cataract, glomerulosclerosis, chronic renal failure, metabolic syndrome,
syndrome X, premenstrual syndrome, angina pectoris, thrombosis, atherosclerosis, transient
ischemic attacks, vascular restenosis, impaired glucose metabolism, conditions of impaired
fasting plasma glucose, hyperuricemia, gout, erectile dysfunction, skin and connective tissue
disorders, psoriasis, foot ulcerations, ulcerative colitis, hyper apo B lipoproteinemia,
Alzheimer’s Disease, schizophrenia, impaired cognition, inflammatory bowel disease, short
bowel syndrome, Crohn’s disease, colitis, irritable bowel syndrome, Polycystic Ovary
Syndrome¢ and addiction (c.g., alcohol and/or drug abusc), prcvention or trcatment of
Polycystic Ovary Syndrome and treatment of addiction (e.g., alcohol and/or drug abuse).
[0175] In somc cmbodiments, provided hercin is a mcthod of trcating a cardiomctabolic
discase in a subject (¢.g., a human patient) in need thereof, comprising administering to the
subject a therapeutically effective amount of a compound described herein, or a
pharmaceutically acceptable salt thereof.

[0176] In some embodiments, provided herein is a method of treating diabetes in a subject
(e.g., a human patient) in need thereof, comprising administering to the subject a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. Exemplary diabetes include, but are not limited to, T1 D, T2DM, pre-
diabetes, idiopathic T1 D, LADA, EOD, YOAD, MODY, malnutrition-related diabetes, and
gestational diabetes.

[0177] In some embodiments, provided herein is a method of treating a liver disorder in a
subjcct (c.g., a human paticnt) in nced thercof, comprising administcring to the subjcct a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof  Exemplary liver disorders include, without limitation, liver
inflammation, fibrosis, and steatohepatitis. In some embodiments, the liver disorder is selected

from the list consisting of primary biliary cirrhosis (PBC), primary sclerosing cholangitis
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(PSC), drug induced cholestasis, intrahepatic cholestasis of pregnancy, parenteral nutrition
associated cholestasis (PNAC), bacterial overgrowth or sepsis associated cholestasis,
autoimmune hepatitis, viral hepatitis, alcoholic liver disease, nonalcoholic fatty liver discase
(NAFLD), nonalcoholic steatohepatitis (NASH), graft versus host disease, transplant liver
regeneration, congenital hepatic fibrosis, choledocholithiasis, granulomatous liver disease,
intra- or extrahepatic malignancy, Sjogren's svndrome, sarcoidosis, Wilson's disease, Gaucher's
disease, hemochromatosis, and oti-antitrypsin deficiency. In some embodiments, the liver
disorder is selected from the list consisting of liver inflammation, liver fibrosis, alcohol induced
fibrosis, steatosis, alcoholic steatosis, primary sclerosing cholangitis (PSC), primary biliary
cirrhosis (PBC), non-alcoholic fatty liver disease (NAFLD), and non-alcoholic steatohepatitis
(NASH). In some embodiments, the liver disorder is selected from the group consisting of
liver fibrosis, alcohol induced fibrosis, steatosis, alcoholic steatosis, NAFLD, and NASH. In
one embodiment, the liver disorder is NASH. In another embodiment, the liver disorder is liver
inflammation. In another embodiment, the liver disorder is liver fibrosis. In another
embodiment, the liver disorder is alcohol induced fibrosis. In another embodiment, the liver
disorder is steatosis. In another embodiment, the liver disorder is alcoholic steatosis. In another
cmbodiment, the liver disorder is NAFLD. In onc cmbodiment, the treatment methods provided
herein impedes or slows the progression of NAFLD to NASH. In one embodiment, the
trcatment methods provided hercin impcedces or slows the progression of NASH. NASH can
progress, €.g., to one or more of liver cirrhosis, hepatic cancer, etc. In some embodiments, the
liver disorder is NASH. In some embodiments, the patient has had a liver biopsy. In some
embodiments, the method further comprising obtaining the results of a liver biopsy.

[0178] In some embodiments, the present disclosure provides a method of decreasing food
intake m a subject in need thereof, the method comprising administering an effective amount
of any one of the compounds or pharmaceutical compositions disclosed herein to the subject.
In some embodiments, administration of a compound disclosed herein causes the subject’s food
intake to be reduced at least 10%, ¢.g., at lcast 20%, at least 30%, at lcast 40%, at lcast 50%, at
least 60%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at lcast 95%
relative to the subject’s food intake in the absence of a compound disclosed herein. In some
cmbodiments, the subject’s food intake 1s reducced, ¢.g., reducced by at Icast 10%, at Icast 20%,
at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, or at least 95%, for at least 1 hour following administration, e g, at
least 1 hour, at least 2 hours, at least 3 hours, at least 4 hours, at least 5 hours, at least 6 hours,

at least 12 hours, at least 1 day, or at least 2 days following administration.
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[0179] In some embodiments, the present disclosure provides a method of improving glucose
tolerance in a subject in need thereof. In some embodiments, following glucose intake, e.g.,
glucose intake caused by consuming food, and the administration of a compound disclosed
herein, the concentration of glucose in the blood of a subject is lower, e.g.. 10% lower, 20%
lower, 30% lower, 40% lower, 50% lower, 60% lower, 70% lower, 80% lower, 90% lower,
100% lower, 200% lower, 500% lower, 1000% lower, than the blood glucose concentration
would have been had the subject not been administered the compound disclosed herein.
[0180] In accordance with the present application, a compound described hercin, or a
pharmaceutically acceptable salt thercof, can be administered by any suitable route in the form
of a pharmaceutical composition adapted to such a route, and in a dose effective for the
treatment intended. In some embodiments, it is a compound of any embodiment of Formula
(I) or selected from the compounds of Table 1, or a pharmaceutically acceptable salt thercof.
The compounds and/or compositions described herein may be administered orally, rectally,
vaginally, parenterally, or topically.

[0181] In some embodiments, the compounds and/or compositions may be administered orally.
Oral administration may involve swallowing, so that the compound enters the gastrointestinal
tract, or buccal or sublingual administration may be cmployced by which the compound cnters
the bloodstream directly from the mouth.

[0182] In somc cmbodiments, the compounds and/or compositions may bc administered
directly into the bloodstream, into muscle, or into an internal organ. Suitable means for
parenteral administration include intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal, intracranmial, intramuscular and subcutaneous.
Suitable devices for parenteral administration include needle (including microneedle) injectors,
needle-free injectors and infusion techniques.

[0183] In some embodiments, the compounds and/or compositions may be administered
topically to the skin or mucosa, that is, dermally or transdermally. In some embodiments, the
compounds and/or compositions may be administered intranasally or by inhalation. In some
embodiments, the compounds and/or compositions may be administered rectally or vaginally.
In some embodiments, the compounds and/or compositions may be administered directly to
thc cyc or car.

[0184] The dosage regimen for the compounds and/or compositions described herein is based
on a variety of factors, including the type, age, weight, sex and medical condition of the patient;
the severity of the condition; the route of administration; and the activity of the particular

compound employed. Thus, the dosage regimen may vary widely. In some embodiments, the
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total daily dose of the compounds of the present application is typically from about 0.001 to
about 100 mg/kg (i.e., mg compound per kg body weight) for the treatment of the indicated
conditions discussed herein. In one embodiment, total daily dose of the compounds of the
present application is from about 0.01 to about 30 mg/kg, and in another embodiment, from
about 0.03 to about 10 mg/kg. and in yet another embodiment, from about 0.1 to about 3. Itis
not uncommon that the administration of the compounds of the present application will be
repeated a plurality of times in a day (typically no greater than 4 times). Multiple doses per
day typically may be used to increasc the total daily dose, if desired.

[0185] For oral administration, the compounds and/or compositions described herein may be
provided in the form of tablets containing 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 30.0 50.0,
75.0, 100, 125, 150, 175, 200, 250 and 500 milligrams of the active ingredient for the
symptomatic adjustment of the dosage to the patient. A medicament typically contains from
about 0.01 mg to about 500 mg of the active ingredient, or in another embodiment, from about
1 mg to about 100 mg of active ingredient. Intravenously, doses may range from about 0.01 to
about 10 mg/kg/minute during a constant rate infusion.

[0186] The compounds and/or compositions described herein can be used alone, or in
combination with othcr therapcutic agents. The administration of two or morc agents “in
combination” means that all of the agents are administered closely enough in time that each
may gencrate a biological cffcct in the samc time frame. The presence of onc agent may alter
the biological effects of the other agent(s). The two or more agents may be administered
simultancously, concurrently or sequentially. Additionally, simultancous administration may
be carried out by mixing the agents prior to administration or by administering the compounds
at the same point in time but as separate dosage forms at the same or different site of
administration.

[0187] The present application provides any of the uses, methods or compositions as defined
herein wherein a compound of any embodiment of Formula (I) or selected from the compounds
of Table 1 as described herein, or a pharmaceutically acceptable salt thercof, is used in
combination with one or more other therapeutic agent. This would include a pharmaceutical
composition comprising a compound of any embodiment of Formula (I) or selected from the
compounds of Tablc 1, or a pharmaccutically acceptable salt thercof, as detined in any of the
embodiments described herein, in admixture with at least one pharmacecutically acceptable
excipient and one or more other therapeutic agent.

[0188] In some embodiments, the one or more other therapeutic agent 1s an anti-diabetic agent

including but not limited to a biguanide (e.g., metformin), a sulfonylurea (e.g., tolbutamide,
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glibenclamide, gliclazide, chlorpropamide, tolazamide, acetohexamide, glyclopyramide,
glimepiride, or glipizide), a thiazolidinedione (e.g., pioglitazone, rosiglitazone, or
lobeglitazone), a glitazar (e.g., saroglitazar, aleglitazar, muraglitazar or tecsaglitazar), a
meglitinide (e.g., nateglinide, repaglinide), a dipeptidyl peptidase 4 (DPP-4) inhibitor (e.g.,
sitagliptin, vildagliptin, saxagliptin, linagliptin, gemigliptin, anagliptin, teneligliptin,
alogliptin, trelagliptin, dutogliptin, or omarigliptin), a glitazone (e.g., pioglitazone,
rosiglitazone, balaglitazone, nvoglitazone, or lobeglitazone), a sodium-glucose linked
transporter 2 (SGLT?2) inhibitor (e.g., empagliflozin, canagliflozin, dapagliflozin, ipragliflozin,
Ipragliflozin, tofogliflozin, sergliflozin etabonate, remogliflozin etabonate, or ertugliflozin), an
SGLTI inhibitor, a GPR40 agonist (FFAR1/FFA1 agonist, ¢.g. fasiglifam), glucose-dependent
insulinotropic peptide (GIP) and analogues thercof, an alpha glucosidase inhibitor (¢.g.
voglibose, acarbose, or miglitol), or an insulin or an insulin analogue, including the
pharmaceutically acceptable salts of the specifically named agents and the pharmaceutically
acceptable solvates of said agents and salts.

[0189] In some embodiments, the one or more other therapeutic agent is an antiobesity agent
including but not limited to peptide YY or an analogue thereof, a neuropeptide Y receptor type
2 (NPYR2) agonist, a NPYRI1 or NPYRS antagonist, a cannabinoid rcceptor type 1 (CB1 R)
antagonist, a lipase inhibitor (e.g., orlistat), a human proislet peptide (HIP), a melanocortin
rcceptor 4 agonist (¢.g., sctmclanotidc), a mclanin concentrating hormonc rcceptor 1
antagonist, a farnesoid X receptor (FXR) agonist (c.g. obeticholic acid), zonisamide,
phentermine (alone or in combination with topiramate), a norepinephrine/dopamine reuptake
mhibitor (e.g., buproprion), an opioid receptor antagonist (¢.g., naltrexone), a combination of
norepinephrine/dopamine reuptake inhibitor and opioid receptor antagonist (e.g., a
combination of bupropion and naltrexone), a GDF-15 analog, sibutramine, a cholecystokinin
agonist, amylin and analogues therof (e.g., pramlintide), leptin and analogues thercof (e.g.,
metroleptin), a serotonergic agent (¢.g., lorcaserin), a methionine aminopeptidase 2 (MetAP2)
mhibitor (¢.g., beloranib or ZGN- 1061), phendimetrazine, dicthylpropion, benzphetamine, an
SGLT2 inhibitor (e.g., empagliflozin, canagliflozin, dapagliflozin, ipragliflozin, Ipragliflozin,
tofogliflozin, sergliflozin etabonate, remogliflozin etabonate, or ertugliflozin), an SGLT1
inhibitor, a dual SGLT2/SGLTI1 inhibitor, a fibroblast growth factor rcceptor (FGFR)
modulator, an AMP-activated protein kinase (AMPK) activator, biotin, a MAS receptor
modulator, or a glucagon receptor agonist (alone or in combination with another GLP-1R

agonist, ¢.g., liraglutide, exenatide, dulaglutide, albiglutide, lixisenatide, or semaglutide),
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including the pharmaceutically acceptable salts of the specifically named agents and the
pharmaceutically acceptable solvates of said agents and salts.

[0190] In some embodiments, the one or more other therapeutic agent is an agent to treat
NASH including but not limited to PF-05221304, an FXR agonist (¢.g., obeticholic acid), a
PPAR /6 agonist (e.g., elafibranor), a synthetic fatty acid-bile acid conjugate (e.g., aramchol),
a caspase inhibitor (e.g., emricasan), an anti-lysyl oxidase homologue 2 (LOXL2) monoclonal
antibody (e.g., simtuzumab), a galectin 3 inhibitor (e.g., GR-MD-02), a MAPKS inhibitor (e.g.,
GS- 4997), a dual antagonist of chemokine receptor 2 (CCR2) and CCRS5 (e.g., cenicriviroc),
a fibroblast growth factor21 (FGF21) agonist (¢.g., BMS-9860306), a leukotriene D4 (LTD4)
receptor antagonist (€.g., tipelukast), a niacin analogue (e.g., ARI 3037MQ), an ASBT inhibitor
(e.g., volixibat), an acetyl-CoA carboxylase (ACC) inhibitor (¢.g., NDI 010976), a
ketohexokinase (KHK) inhibitor, a diacylglyceryl acyltransferase 2 (DGAT2) inhibitor, a CB1
receptor antagonist, an anti- CB1 R antibody, or an apoptosis signal-regulating kinase 1
(ASK) inhibitor, including the pharmaceutically acceptable salts of the specifically named
agents and the pharmaceutically acceptable solvates of said agents and salts.

Articles of Manufacture and Kits

[0191] The present disclosure further provides articles of manufacture comprising a
compound, or a pharmaceutically acceptable salt thereof in accordance with the present
application, a composition described herein, or one or more unit dosages described herein in
suitablc packaging. In ccertain cmbodiments, the article of manufacturc is for usc in any of the
methods described hercin.  Suitable packaging (e.g., containers) is known in the art and
includes, for example, vials, vessels, ampules, bottles, jars, flexible packaging and the like. An
article of manufacture may further be sterilized and/or sealed.

[0192] The kits may be in unit dosage forms, bulk packages (¢.g., multi-dose packages) or sub-
unit doses. For example, kits may be provided that contain sufficient dosages of a compound,
or a pharmaceutically acceptable salt thereof in accordance with the present application, a
composition described herein, and/or one or more other therapeutic agent useful for a disease
detailed herein to provide effective treatment of an individual for an extended period, such as
any of a week, 2 wecks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 3 months, 4 months, 5 months,
7 months, 8 months, 9 months, or more. Kits may also include multiple unit doses of the
compounds/compositions dcscribcd herein and instructions for usc and be packaged in
quantities sufficient for storage and use in pharmacies (e.g., hospital pharmacies and

compounding pharmacies).
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[0193] The kits may optionally include a set of instructions, generally written instructions,
although electronic storage media (e.g., magnetic diskette or optical disk) containing
instructions are also acceptable, relating to the use of component(s) of the methods of the
present disclosure. The instructions included with the kit generally include information as to
the components and their administration to an individual.

Methods of Synthesis

[0194] In some aspects, the present disclosure provides a method of preparing a compound of
the present disclosure.

[0195] In some aspects, the present disclosure provides a method of a compound, comprising
one or more steps as described herein.

[0196] In some aspects, the present disclosure provides a compound obtainable by, or obtained
by, or directly obtained by a method for preparing a compound as described herein.

[0197] In some aspects, the present disclosure provides an intermediate as described herein,
being suitable for use in a method for preparing a compound as described herein.

[0198] The compounds of the present disclosure can be prepared by any suitable technique
known in the art. Particular processes for the preparation of these compounds are described
further in the accompanying examples.

[0199] In the description of the synthetic methods described herein and in any referenced
synthetic methods that are used to prepare the starting materials, it is to be understood that all
proposed reaction conditions, including choice of solvent, reaction atmosphere, reaction
temperature, duration of the experiment and workup procedures, can be selected by a person
skilled in the art.

[0200] It is understood by one skilled in the art of organic synthesis that the functionality
present on various portions of the molecule must be compatible with the reagents and reaction
conditions utilized.

[0201] It will be appreciated that during the synthesis of the compounds of the disclosure in
the processes defined herein, or during the synthesis of certain starting materials, it may be
desirable to protect certain substituent groups to prevent their undesired reaction. The skilled
chemist will appreciate when such protection is required, and how such protecting groups may
be put in place, and latcr removed. For cxamples of protecting groups scc onc of the many
general texts on the subject, for example, ‘Protective Groups in Organic Synthesis’ by
Theodora Green (publisher: John Wiley & Sons). Protecting groups may be removed by any

convenient method described in the literature or known to the skilled chemist as appropriate
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for the removal of the protecting group in question, such methods being chosen so as to effect
removal of the protecting group with the minimum disturbance of groups elsewhere in the
molecule. Thus, if reactants include, for example, groups such as amino, carboxy or hydroxy
it may be desirable to protect the group in some of the reactions mentioned herein.

[0202] By way of example, a suitable protecting group for an amino or alkylamino group 1is,
for example, an acyl group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl
group, for example a methoxycarbonyl, ethoxycarbonyl, or t-butoxycarbonyl group, an
arylmethoxycarbonyl group, for example benzyloxycarbonyl, or an aroyl group, for example
benzoyl. The deprotection conditions for the above protecting groups necessarily vary with the
choice of protecting group. Thus, for example, an acyl group such as an alkanoyl or
alkoxycarbonyl group or an aroyl group may be removed by, for example, hydrolysis with a
suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide.
Alternatively, an acyl group such as a tert-butoxycarbonyl group may be removed, for example,
by treatment with a suitable acid as hydrochloric, sulfuric or phosphoric acid or trifluoroacetic
acid and an arylmethoxycarbonyl group such as a benzyloxycarbonyl group may be removed,
for example, by hydrogenation over a catalyst such as palladium on carbon, or by treatment
with a Lewis acid for cxample boron tris(trifluoroacctate). A suitable altcrnative protocting
group for a primary amino group is, for example, a phthaloyl group which may be removed by
trcatment with an alkylaminc, for cxample dimcthylaminopropylaminc, or with hydrazinc.
[0203] A suitable protecting group for a hydroxy group is, for example, an acyl group, for
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an
arylmethyl group, for example benzyl. The deprotection conditions for the above protecting
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with
a suitable base such as an alkali metal hydroxide, for example lithium, sodium hydroxide or
ammonia. Alternatively, an arylmethyl group such as a benzyl group may be removed, for
example, by hydrogenation over a catalyst such as palladium on carbon.

[0204] A suitable protecting group for a carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be removed, for example, by hydrolysis
with a basc such as sodium hydroxidc, or for cxamplc a tcrt-butyl group which may bc
removed, for example, by treatment with an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group which may be removed, for example, by

hydrogenation over a catalyst such as palladium on carbon.
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[0205] Once a compound of Formula (I) has been synthesized by any one of the processes
defined herein, the processes may then further comprise the additional steps of: (i) removing
any protecting groups present; (ii) converting the compound Formula (I) into another
compound of Formula (I); (iii) forming a pharmacecutically acceptable salt, hydrate or solvate
thereof, and/or (iv) forming a prodrug thereof.

[0206] The resultant compounds of Formula (I) can be isolated and purified using techniques
well known in the art.

[0207] Conveniently, the reaction of the compounds is carried out in the presence of a suitable
solvent, which is preferably inert under the respective reaction conditions. Examples of suitable
solvents comprise but are not limited to hydrocarbons, such as hexane, petroleum ether,
benzene, toluene or xylene; chlorinated hydrocarbons, such as trichlorethylene, 1,2-
dichloroethane, tetrachloromethane, chloroform or dichloromethane; alcohols, such as
methanol, ethanol, isopropanol, n-propanol, n-butanol or tert-butanol; ethers, such as diethyl
ether, diisopropyl ether, tetrahydrofuran (THF), 2-methyltetrahydrofuran, cvclopentylmethyl
ether (CPME), methyl tert-butyl ether (MTBE) or dioxane; glycol ethers, such as ethylene
glycol monomethyl or monoethyl ether or ethylene glycol dimethyl ether (diglyme); ketones,
such as acctonc, mcthylisobutylkctonc (MIBK) or butanonc; amidcs, such as acctamide,
dimethylacetamide, N,N-dimethylformamide (DMF) or N-methylpyrrolidinone (NMP);
nitrilcs, such as acctonitrile; sulfoxidces, such as dimcthyl sulfoxide (DMSQO); nitro compounds,
such as nitromethane or nitrobenzene; esters, such as cthyl acetate or methyl acetate, or
mixtures of the said solvents or mixtures with water.

[0208] The reaction temperature is suitably between about -100 °C and 300 °C, depending on
the reaction step and the conditions used.

[0209] Reaction times are generally in the range between a fraction of a minute and several
days, depending on the reactivity of the respective compounds and the respective reaction
conditions. Suitable reaction times are readily determinable by methods known in the art, for
example reaction monitoring. Based on the reaction temperatures given above, suitable reaction
times generally lie in the range between 10 minutes and 48 hours.

[0210] Moreover, by utilizing the procedures described herein, in conjunction with ordinary
skills in the art, additional compounds of thc present disclosurc can be rcadily preparcd. Those
skilled in the art will readily understand that known variations of the conditions and processes
of the following preparative procedures can be used to prepare these compounds.

[0211] As will be understood by the person skilled in the art of organic synthesis, compounds

of the present disclosure are readily accessible by various synthetic routes, some of which are
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exemplified in the accompanying examples. The skilled person will easily recognise which
kind of reagents and reactions conditions are to be used and how they are to be applied and
adapted in any particular instance — wherever necessary or useful — in order to obtain the
compounds of the present disclosure. Furthermore, some of the compounds of the present
disclosure can readily be synthesized by reacting other compounds of the present disclosure
under suitable conditions, for instance, by converting one particular functional group being
present in a compound of the present disclosure, or a suitable precursor molecule thereof, into
another one by applying standard synthetic methods, like reduction, oxidation, addition or
substitution reactions; those methods are well known to the skilled person. Likewise, the skilled
person will apply — whenever necessary or useful — synthetic protecting (or protective) groups;
suitable protecting groups as well as methods for introducing and removing them are well-
known to the person skilled in the art of chemical synthesis and are described, in more detail,
in, eg., PGM. Wuts, TW. Greene, “Greene’s Protective Groups in Organic Synthesis”, 4th
edition (2006) (John Wiley & Sons).

[0212] Routes for the preparation of the compounds of the present disclosure are described in
the Examples.

[0213] Genceral routes for the preparation of the compounds of the present disclosure arc
described in General Schemes A-D herein.

General Scheme A

Boc
\

Br,
YN N
< /_> X_J)Br p PtO,. Ho (15 psi)
O,B‘O Pd(dppf)Cl2(0.05 eq) N EtOAc, 20°C, 8 hrs
N
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N OH Q
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[0214] General scheme B shows general methods for the preparation of various compounds.
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General Scheme B
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[0215] General scheme C shows the preparation of compounds from Cores 11, 21, and 31.
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[0216] General scheme D shows general methods for the preparation of compounds with Core

41.
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[0218] Compounds designed, sclected and/or optimized by methods described above, once

[0217] Biological Assays

produced, can be characterized using a variety of assays known to those skilled in the art to
determine whether the compounds have biological activity. For example, the molecules can
be characterized by conventional assays, including but not limited to those assays described
below, to determine whether they have a predicted activity, binding activity and/or binding
specificity.

[0219] Furthermore, high-throughput screening can be used o speed up analysis using such
assays. As a rcsult, it can bc possiblc to rapidly screen the molccules described hercin for
activity, using techniques known in the art. General methodologies for performing high-
throughput screening are described, for example, in Devlin (1998) High Throughput Screening,
Marcel Dekker; and U.S. Patent No. 5,763,263, High-throughput assays can use one or more
different assay techniques including, but not limited to, those described below.

[0220] Various in vitro or in vivo biological assays may be suitable for detecting the effect of
thc compounds of the present disclosurc. These in vitro or in vivo biological assays can includc,
but are not limited to, enzymatic activity assays, electrophoretic mobility shift assays, reporter
gene assays, in vitro cell viability assays, and the assays described herein.

[0221] In some embodiments, the biological assays are described in the Examples herein.
GLP-IR cell assay

[0222] Stablc ccll lincs cxpressing high and low GLP-1R surfacc cxpression were gencrated
in CHO-K1 cells transfected (Fugene 6) with a puromycin selectable DNA plasmid encoding
human GLP-1R receptor (accession number: NM_002062.5) under control of an EF1A
promoter. Transfected cells were sceded into 24-well plates (9,000 cells/well) containing

complete medium and incubated in a humidified incubator at 37°C with 5% carbon dioxide.
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After overnight incubation, medium was replaced with complete medium supplemented with
puromycin (6 pg/mL) and refreshed every 2-3 days to select for stably transfected cells.
Individual pools of selected cells were expanded prior to analysis for responsiveness to GLP-
1 control peptide using a TR-FRET assay to detect cAMP (LANCE Ultra cAMP Assay, Perkin
Elmer). Briefly, cells were collected in Versene solution, plated in 384-well plates (1,000
cells/well) and combined with senally diluted GLP-1R control peptide (10 nL) using an
acoustic dispenser (ECHO). Plates were incubated for 30 minutes at 25°C prior to the addition
of EU-cAMP tracer (5 L) and Ulight-anti-cAMP (3 pL) reagents to each well, followed by
15 minutes incubation at 25°C. TR-FRET signal was detected using an EnVision Multimode
Plate Reader (excitation=320 nm; emission= 615 and 655 nm). Dose-response curves were
used to generate ECso values as a measure of responsiveness to the GLP-1R control peptide.
Selected cell lines were monitored for responsiveness over multiple passages to ensurc
stability. CHO-K1 hGLP-1Rhigh clonel6é and CHO-K1 hGLP-1Rlow clonelO showed
consistently high and low responsiveness to GLP-1R control peptide, respectively, and were
chosen for further analysis to determine relative levels of GLP-1R surface expression. Briefly,
GLP-1R expression was analyzed by flow cytometry using a fluorescein-labeled Exendin-4
peptide fluorcscent probe (FLEX). Cclls were harvested in Versene solution and washed 3-
times with PBS+0.5% BSA before incubation with FLEX reagent (10 pM) for 2 hours at room
temperature. After incubation, cells were washed 3-times in PBS+0.5% BSA before final
rcsuspension in PBS prior to analysis by flow cytomctry to mcasurc FLEX mcan fluorcscence
intensity (MFI) as a measure of GLP-1R expression on the cell surface. Both cell lines showed
higher MFI values relative to control CHO-K1 cells, confirming GLP-1R surface expression;
CHO-K1 hGLP-1Rhigh clonel6 cells showed significantly higher MFI levels relative to
CHO-K1-hGLP-1low_clonel0 cells.

[0223] For compound testing in the CHO-K1_hGLP-1Rlow_clonel0 cell line, cells were
sceded 1n 384-well plates (1,000 cells/well). Test compounds were scrially diluted m DMSO
(10-point, 3-fold dilution), added to wells using an ECHO dispenser (10 nL/well) and plates
were centrifuged for 1 min and agitated for 2 min at room temperature prior to 30-minute
incubation at 25°C. After incubation, Eu-cAMP (5 uL) and Ulight-anti-cAMP (5 pL) reagents
were added to ecach well, followed by centrifugation for 1 minute, agitation for 2 minutes at
room temperature, and final incubation of the plates at 25°C for 15 minutes. Plates were read
using an EnVision microplate reader (excitation=320 nm; emission= 615 and 655 nm). Dose-

response curves were generated from duplicate wells based on percent activation calculated
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relative to a control GLP-1 peptide agonist that was run in parallel. ECso values were
determined by fitting percent activation as a function of compound concentration using the Hill
equation (XLfit).

Heparic Clearance

[0224] Hepatic clearance, or the ability of the liver to extract and metabolize a drug as it
passes through the liver, is controlled by hepatic blood flow (Q), protein binding (fu) and the
mtrinsic ability of the liver enzymes to metabolize a drug (CLint). CLint is a measure of
theoretical unrestricted maximum clearance of unbound drug by an eliminating organ, in
absence of blood flow or plasma protein binding limitations. This term relates to the
functional reserve of the organ. The CLint may be determined in vitro using enzyme kinetics.
An in vitro hepatocyte stability assay can be conducted to determine the unrestricted
maximum liver clearance of unbound test agents as compared to clearance of reference

standard.
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EXAMPLES
[0225] General Synthetic Procedures
[0226] Part I: Preparation of Compounds from Cores 1i, 2i, 3i, and 4i

[0227] Scheme 1: General scheme for preparation of Core 1i

R Pd(PPh2)4(0.1 eq) R .
Zn(CN)3(1.5 eq) NaBH4(1 eq +1 eq)
7 Br T CN > CN
N DMF,100°C, 16 hrs N HOAc, 15°C, 0.5 h HN
11 2f 3f
Bo‘c
N
Boc

Cs,C03(2 eq).toulene,
10000 1ia

N N HN
= R % R
=/ af HCl or TFA >>:
> N CN @ ———————> N CN
Pd,(dba);(0.1 eq), N N,
BINAP(0.2 eq) — —
1i

[0228] General procedure for preparation of Core 11

R Pd(PPh3)4(0.1 eq) R
Zn(CN)>(1.5 eq)
7 Br > CN
N DMF,100°C,16 hrs N

1f 2f

[0229] Step 1: A mixture of intermediate 1f(3.8 g, 16.81 mmol, 1 eq), PA(PPh3)4 (1.94 ¢, 1.68
mmol, 0.1 eq), Zn(CN)2 (2.96 g, 25.22 mmol, 1.60 mL, 1.5 eq) in DMF (10 mL) was degassed
and purged with N2 (3x), and then the mixture was stirred at 100 °C for 16 hrs under N2
atmosphere. TLC (Petroleum ether: Ethyl acetate = 2:1, product Rf = 045) showed
intermediate 1f was consumed. The reaction was then quenched with H20O (50 mL). The
solution was extracted with ethyl acetate (2x50 mL) and the organic layers combined. The
resulting mixture was washed with brine (2x50 mL), dried over anhydrous sodium sulfate, and
concentrated under vacuum. The residue was purified by column chromatography (Si02,
Petroleum ether/ Ethyl acetate = 100/1 to 10/1). Intermediate 2f (2.4 g, 13.94 mmol, 82.93%
yield) was obtained as a white solid. LCMS: RT = 0.409 min, MS cal.:172.04, [M+H] " =
173.0. 'H NMR (400 MHz, chloroform-d) = 9.64 (brs, 1 H) 8.75 - 8.83 (m, 1 H) 8.05 (br s,
1H)770-781(m, 1 H) 743 (brd,J=929Hz, 1 H) 724 -7.27 (m, 1 H).
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NaBH4(1 eq +1 eq) CN
CN > HN
N HOAc, 15°C, 0.5 h

2f 3f

[0230] Stcp 2: NaBH4 (417.53 mg, 11.04 mmol, 1 eq) was added to thc solution of
intermediate 2f (1.9 g, 11.04 mmol, 1 eq) in AcOH (10 mL) at 15 °C. The solution was stirred
at 15 °C for 15 min. Then NaBHa4 (417.53 mg, 11.04 mmol, 1 eq) was added to the solution at
15 °C. The solution was stirred at 15°C for 15 min. TLC (Petroleum cther/ Ethyl acetate =
2/1, product R¢ = 0.45) indicated intermediate 2f was consumed completely. The mixture was
quenched with NaxCOs to pH 8. The mixture was extracted with DCM (50 mL * 3). The
combined DCM was washed with brine (15 mL), dried over Na2SOu, filtered and concentrated.
Intermediate 3f (1.6 g, 9.08 mmol, 82.28% yield) was obtained as a white solid. 'H NMR (400
MHz, chloroform-d) 6 =724 (s, 1 H)7.15(d,J=880Hz, 1H)4.05-4.12(m, 2 H)3.15 (t,J
=587 Hz, 2H)2.85(t,J=5.75Hz, 2H) 1.94 - 1.99 (m, 1 H).

Bo‘c
N
Boc,
N N
R &= R
=/ af
CN > J N CN
HN Pd,(dba)s(0.1 eq),BINAP(0.2 eq) B—N
Cs,C0O3(2 eq),toulene,100°C,3 hrs
3f 1ia

[0231] Step 3: A mixture of intermediate 3f (2 g, 6.74 mmol, 1 eq) , intermediate 4f (1 .42 g,
8.09 mmol, 1.2 eq) , BINAP (839.20 mg, 1.35 mmol, 0.2 eq) , Cs2COs (4.39 g, 13.48 mmol, 2
eq) and Pdz2(dba)s (617.08 mg, 673.87 umol, 0.1 eg ) in toluene (80 mL) was degassed and
purged with N2 for 3 times, and then the mixture was stirred at 100 °C for 3 hrs under N>
atmosphere. LC-MS showed intermediate 3f was consumed and one main peak with desired
mass was detected. The residue was diluted with H2O (20 mL) and extracted with EtOAc (50
mL*2). The combined organic layers were washed with brine (30 mL), dried over NaxSOs,
filtered, and concentrated under reduced pressure to give a residue. The residue was purified
by column chromatography (Si102, Pctrolcum cther/Ethyl acctatc=100/1 to 0/1). The crude
product was purified by reversed-phase HPLC (column: Welch Xtimate CI18
250*70mm#10um; mobile phase: [water (10mM NHsHCO3)-ACN]; B%: 55%-85%, 20min).
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lia (7.3 g, 16.72 mmol, 82.72% yield) was obtained as a yellow solid. LCMS: RT = 0.973 min,
MS cal :436.52, [M+H] © = 437.3 '"H NMR (400 MHz, chloroform-d) § =7.44 - 7.53 (m, 1 H)
729(s, 1H)7.21(d,/J=8.88Hz, 1l H) 6.56 (brdd,/J=15.51,7.75Hz,2H) 4.73 (s, 2 H) 4.22
(brs,2H)3.93 (brd, /=5.50Hz, 2 H) 3.03-3.04 (m, 1 H) 2.99 (brs, 2H) 2.85 (brt,J=11.57
Hz,2H)2.71 (brs, 1 H) 1.90 (brd,J=1251Hz 2H) 1.65-1.79 (m, 2H) 1.59 (s, 1 H) 1.50
(s, 9 H).

[0232] Deprotection of lia to secondary amine 1i was carried out immediately prior to use
under acidic conditions similar to those described for the preparation of intermediate 31.

Scheme 2: General scheme for preparation of core 2i

Bo\’c\l Br Boc Boc
{ \> / N\
/ — / PtO,, Hy (15 p3|)
20 Pd(dppf)Cl,(0.05 eq) / N EtOAc, 20°C, 8 hrs
0)6( Cs,C04(1.1 eq) D
dioxane: H,O=5:1
5f 90°C,2 hrs
oM o HCl or TFA
t BuONa(3 eq) =N R =N
Xphos Pd G4(0.1 &q) \_/ OLGC N\ / O\_G
Tol,100°C, 2 hrs
[0233] General procedure for preparation of core 2i
Boc
N N
/ 7 s Br
= 6f . /
2= Pd(dppf)Cl(0.05 eq) Y, N
Oﬁ Cs,CO5(1.1 eq) N—gr
dioxane: H,0=5:1 =
Q
5f 90°C,2 hrs 7f

[0234] Step 1: A mixture of intermediate Sf (50 g, 161.70 mmol, 1 eq), intermediate 6f
(38.31 g, 161.70 mmol, 1 eq), Pd(dppf)Cl2-CH2Cl2 (13.21 g, 16.17 mmol, 0.1 eq), K2COs
(4470 . 323.41 mmol, 2 eq) and in dioxane (800 mL) H20 (160 mL) was degassed and purged

with N2 for 3 times, and then the mixture was stirred at 90 °C for 2 hr under N2 atmosphere.
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The residue was diluted with H20 (500 mL) and extracted with EtOAc (700 mL* 2). The
combined organic layers were washed with brine (100 mL), dried over Na2SOu4, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (8i02, Petroleum ether/Ethyl acetate=100/1 to 0/1. Petroleum ether/Ethyl
acetate=3/1, Produce Rr= 0.5). Intermediate 7f (70 g, 206.35 mmol, 63.81% yield) was
obtained as a colorless oil. LCMS: RT = 0.965 min, MS cal.:339.23, [M-CsHs+H] © = 282.9
'"H NMR (400 MHz, chloroform-c/) 8 =7.41 - 7.46 (m, 1 H) 7.20 - 7.26 (m, 1 H) 6.63 (brs, 1
H) 4.07 (brd,/J=2.69Hz, 2H)3.57 (brt,J=538 Hz, 2 H) 2.50 - 2.56 (m, 2 H) 1.42 (s, 9 H).
Boc Boc

\ N\

N N

/ PtO,, H, (15 psi)

-

N\ EtOAc, 20°C, 8 hrs

Br /

Y% \

Br
7f 8f

[0235] Step 2: To a mixture of intermediate 7f (15 g, 44.22 mmol, 1 eq) in EtOAc (200 mL)
was added PtO- (3.13 g, 13.76 mmol) under N2. The suspension was degassed under vacuum
and purged with Hz several times. The mixture was stirred under Ha (15 psi) at 20 °C for 8 hrs.
LC-MS showed intermediate 7f was consumed completely and one main peak with desired
mass was detected. The reaction mixture was filtered, and the filtrate was concentrated. The
residue was purified by column chromatography (S102, Petroleum ether/Ethyl acetate=100/1
to 0/1, TLC-Pctrolcum cther/Ethyl acctatc=3/1, Producc Re=0.5). Intermediate 8f (5 g, 14.65
mmol, 16.57% yield) was obtained as a yellow colorless oil. LCMS: RT = 0.982 min, MS
cal :341.24, [M-C4Hg+H] © = 285.0 "TH NMR (400 MHz, chloroform-d) § = 7.44 - 7.51 (m, 1
H) 732 (d,J=7.88 Hz, | H) 7.10 (d, J = 7.63 Hz, 1 H) 4.24 (brs, 2 H) 2.74 - 2.89 (m, 3 H)
1.92 (brd, J=12.88 Hz, 2 H) 1.59 - 1.75 (m, 2 H) 1.47 (s, 9 H)

F ZN
Boc Bogc,
\N N

OH
of
N t- BUONa(3 eq) =N o R
7 N—pr Xphos Pd G4(0.1 eq) N\ / \_GCN
— Tol,100°C,2 hrs
8f 2ia
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[0236] Step 3: A mixture of intermediate 8f (10 g, 29.30 mmol, 1 eq), intermediate 9f (5.31
g,35.17mmol, 1.2 eq), t-BuONa (8.45 g, 87.91 mmol, 3 eq), Xphos Pd G4 (2.52 g, 2.93 mmol,
0.1 eq) in toluene (100 mL) was degassed and purged with N2 3 times, and then the mixture
was stirred at 100 °C for 2 hrs under N2 atmosphere. LC-MS showed intermediate 8f was
consumed completely and one main peak with desired mass was detected. The residue was
diluted with H20 (30 mL) and extracted with EtOAc (50 mL*2). The combined organic layers
were washed with brine (10 mL), dried over Na2SOa, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (5102,
Petroleum ether/Ethyl acetate=100/1 to 10/1, TLC- Petroleum ether/Ethyl acetate=3/1, Produce
Ri= 0.5). Intermediate 2ia (6.8 g, 16.53 mmol, 56.39% yicld) was obtained as a wine-red solid.
LCMS: RT = 1.049 min, MS cal.:411.47, |[M-CsHs+H| © = 356.2 'H NMR (400 MHz,
chloroform-d) 6 =7.62 (t,J=7.50Hz, | H) 7.54 (t, J=7.75Hz, 1 H) 7.45 (d, J=8.00 Hz, 1
H)738(d,./J=926Hz, 1 H)6.75(d, J=725Hz 1 H) 6.66 (d,.J=8.25Hz, 1 H)5.50 (s, 2 H)
421 (brs, 1H)Y4.16 -430(m, 1 H)4.12(q,J=7.13 Hz, 1 H) 282 (brt,.J=12.19 Hz, 1 H)
271 (tt, J=11.79,3.66 Hz, 1 H) 2.65 - 2.88 (m, 1 H) 2.05 (s, 1 H) 1.83 (brd, /=12.51 Hz, 2
H)1.65-1.71 (m,2H) 1.49 (s, 9H) 1.26 (t,J=7.19 Hz, 1 H).

[0237] Dcprotection of 2ia to sccondary amine 21 was carricd out immediatcly prior to usc

under acidic conditions similar to those described for the preparation of intermediate 31.

Scheme 3: General scheme for preparation of core 31

Lawesson reagent
NH,  AcCI2 eq), DMAP(0.1eq) NH g _ NH
pyridine, 0-30°C, 16 hrs toluene, 120°C, 3 hrs
NC F NG NC

F F
10f 11f 12f
F F
Cs,C05,toluene N NBS(1.5eq),AIBN(0.1eq) N Br
- S>— > >
120°C, 3 hrs CCly, 80°C, 12 hrs
NC s NC s
13f 14f
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Boc\ & Boc
N N .
7\ N
Q —/ " s PA/C. Ha(15 Psi)
B0 Pd(dppf)Cly, CH,Clx(0.05 eq), MeOH \
© KoCOs(3 ea) 20°C, 1 hr 7 N on
DMSO/H,0,80°C, 2 hrs —
6f 16f 17f
/ \
Br
Ag,CO3(2 eq) toluene —N /_<\ HCI/EtOAc —N <\
o (@] O
1oresn \_7 26°C,05 h \ 7/
3i
[0238] General procedure for preparation of core 31
F 0.
F
NH o DMAP(0.1 eq) Y
2 + )j\ > NH
Cl pyridine
NC F 0-30°C, 16 hrs NG E
10f 1f

[0239] Step 1: To a solution of intermediate 10f (1.5 g, 9.73 mmol, 1 eg) in pyridine (12 mL)
was added DMAP (118.90 mg, 973.29 umol, 0.1 eq), followed by acetyl chloride (916.81 mg,
11.68 mmol, 833.46 uL, 1.2 eg) at 0 °C. The mixture was stirred at 0-30 °C for 16 hr. LC-MS
showed intermediate 10f was consumed. The reaction mixture was concentrated under
reduced pressure and purified by column chromatography (SiO2, Petroleum ether/Ethyl
acetate=100/1 to 1/1). Intermediate 11f (3.6 g, 17.80 mmol, 91.45% vield, 97% purity) was
obtained as a white solid. LCMS: RT = 0.635 min, MS cal.: 196.1, [M+H] * =197.2 'H NMR
(400 MHz, methanol-da) & = 7.47-7.62 (m, 2H), 4.86 (s, 1H), 2.12-2.27 (m, 3H)

O S
E Y F Y
Lawesson reagent

NH - NH
toluene, 120°C, 3 hrs

11f 12f

[0240] Step 2: A mixture of intermediate 11f (1.3 g, 6.63 mmol, 1 eq), Lawesson’s reagent
(1.61 g, 3.98 mmol, 0.6 ¢¢g) in toluene (20 mL) was degassed and purged with N2 for 3 times,
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and then the mixture was stirred at 120 °C for 3 hr under N2 atmosphere. TLC (Petroleum
ether/EtOAc = 5:1) indicated the clean consumption of intermediate 11f to a single new
intermediate. The crude product was used without purification directly in the next step. Crude

Intermediate 12f (2.81 g, 13.24 mmol, 100.00% yield) was obtained as a yellow liquid.

e SY F
Cs,C0Og,toluene

NH N

> \>
120°C, 3 hrs

NC F NC s
12f 13f

[0241] Step 2: To a solution of intermediate 12f (1.4 g, 6.60 mmol, 1 eq) in toluene (20 mL)
was added Cs2COs (5.37 g, 16.49 mmol, 2.5 eq). The mixture was stirred at 120 °C for 3 hr.
The residue was diluted with H20 (10 mL) and extracted with EtOAc (15 mL*3). The reaction
mixture was separated, dnied over NaaSQy, filtered, and concentrated under reduced pressure
to give a residue. The residue was purified by column chromatography (Si02, Petroleum
ether/Ethyl acetate=100/1 to 1/1). Intermediate 13f (2 g, 10.41 mmol, 78.86% vyield) was
obtained as a white solid. LCMS: RT = 0.789 min, MS cal - 1922 [M+H] ©~=1932. 'H NMR
(400 MHz, chloroform-d) & = 7.97-7.99 (m, 1H), 7.44 (dd, J = 1.38, 9.63 Hz, 1H), 2.94 (s, 3H).

F
N NBS(1.5¢q) AIBN(0.1eq) N B
\> > \) /
CCly, 80°C, 12 hrs
NC S NC S
13f 14f

[0242] Step 3: A mixture of intermediate 13f (600 mg, 3.12 mmol, 1 eq). NBS (833 38 mg,
4.68 mmol, 1.5 eqg), AIBN (51.26 mg, 312.15 umol, 0.1 eq) in CCls (6 mL) was degassed and
purged with Nz for 3 times, and then the mixture was stirred at 80 °C forl2 hr under N2
atmosphere. The reaction mixture was diluted with H20 (30 mL) and extracted with DCM (30
mL * 3). The combined organic layers were washed with NaCl a.q. (10 mL * 3), dried over
Na2SO0q4, filtered, and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (SiO2, Petroleum ether/Ethyl acetate=100/1 to 1/1).
Intermediate 14f (400 mg, 1.48 mmol, 16.68% yield) was obtained as a white solid. LCMS:
RT =0.719 min, MS cal - 2711, [M+H] ~=272.1 '"H NMR (400 MHz, chloroform-d) & = 8 04
(s. TH), 7.49 (dd..J = 1.21, 9.54 Hz, 1H), 4.85 (s, 2H).
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Boc
N Br, \
< /> 7 N oBn
— 15f -
,B‘O Pd(dppf)Cl; CH,CI>(0.05 eq),
O KoCO5(3 eq)

DMSO/H,0,80°C, 2 hrs

6f 16f

[0243] Step 4: A mixture of intermediate 6f (2.8 g, 9.06 mmol, 1 eq), intermediate 15f (2.63
2. 9.96 mmol, 1.1 eq), Pd(dppf)Cl2- CH2Clz2 (369.75 mg, 452.77 umol, 0.05 eq), K2CO3 (3.75
g, 27.17 mmol, 3 eq) in DMSO (15 mL) and H20 (1.5 mL) was degassed and purged with N2
for 3 times, and then the mixture was stirred at 80 °C for 2 hr under N2 atmosphere. The
reaction mixture was diluted with H20 10 mL and extracted with EtOAc (10 mL * 3). The
combined organic layers were washed with NaCl (5 mL), dried over NaxSOs4, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (SiO2, Petroleum ether/Ethyl acetate=100/1 to 1/1). Intermediate 16f (2.7 g,
7.37 mmol, 81.37% vield, 100% purity) was obtained as a colorless oil. '"H NMR (400 MHz,
chloroform-d) 6 = 7.56 (t. J = 7.82 Hz, 1H), 7.47 (d, J = 7.21 Hz, 2H), 7.39 (t. J = 7.27 Hz,
2H), 7.29-7.35 (m, 1H), 6.95 (d, J = 7.46 Hz, 1H), 6.67-6.76 (m, 2H), 5.43 (s, 2H), 4.15 (br d,
J =183 Hz, 2H), 3.66 (br s, 2H), 2.62 (br s, 2H), 1.51 (s, 9H)

Pd/C, Hu(15 Psi)
MeOH o
20°C, 1 hr

16f 17f

[0244] Step 5: To a solution of intermediate 16f (1.3 g, 3.55 mmol, 1 eq) in MeOH (15 mL)
was added Pd/C (300 mg, 10% purity). The mixture was stirred under Hz (15 psi) at 20 °C for
lhr. LC-MS showed intermediate 16f was consumed completely and desired mass was
detected. The reaction mixture was filtered, and the pad cake was washed with DCM (20
mL*3). The mixture was concentrated under reduced pressure to give a residuc. Intermediate
17f (1.7 g, 6.11 mmol, 86.08% vyicld) was obtained as a white solid. LCMS: RT = 0.857 min,
MS cal - 278 3, [M+H] " =279 4
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S CN
—&
Boc Br N:Q/ Boc,
\ N

N F
14f
: IS CN
N Ag,CO5(2 eq), toluene N /_<\
7 N—on 100°C,3 h N 7/ ©° N
17¢ 18f

[0245] Step 6: A mixture of intermediate 17f (410 mg, 1.47 mmol, 1 eq), intermediate 14f
(399.34 mg, 1.47 mmol, 1 eq), Ag2CO5 (812.34 mg, 2.95 mmol, 2 eq), in toluene (7 mL) was
degassed and purged with N2 for 3 times, and then the mixture was stirred at 100 °C for 3 hr
under N2 atmosphere. LC-MS showed intermediate 17f was consumed completely and one
main peak with desired. The reaction mixture was diluted with H2O (20 mL) and extracted
with EtOAc¢ (20 mL * 3). The combined organic layers were washed with NaCl (10 mL * 3),
dried over Na>SOQas, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (Si0z, Petroleum ether/Ethyl acetate=100/1
to 1/1). Intermediate 18f (330 mg, 704 .31 pmol, 47.82% yield) was obtained as a yellow
solid. LCMS: RT — 1.056 min, MS cal.: 4685, [M+H] © —469.5 'H NMR (400 MHz,
chloroform-d) & = 8.02 (s, 1H), 7.62 (t,J = 7.78 Hz, 1H), 7.47 (dd, J = 1.21, 9.54 Hz, 1H),
6.74-6.87 (m, 2H), 5.88 (s, 2H), 4.20 (br d, J= 12.28 Hz, 2H), 2.69-2.87 (m, 3H), 1.86 (brd, J
=12.50 Hz, 2H), 1.67 (dq.J =4.28, 12.53 Hz, 2H), 1.48 (s, 9H).

N HN
HCI/EtOAC
s CN - S CN
=N~ 25°C.0.5 h =N J <\N
\ /" ° N \ 7/
F F

18f 3i

10246] Step 7: A mixture of intermediate 18f (190 mg, 405.51 umol, 1 eq), HCI/EtOAc (4 M,
2.85 mL, 28.11 eq), in EtOAc (2 mL) was degassed and purged with Nz 3 times, and then the
mixture was stirred at 25 °C for 0.5 hr under N2 atmosphere. LC-MS showed intermediate
18f was consumed completely and one main peak with desired. The reaction mixture was
concentrated under reduced pressure. Core 3i (150 mg, 370.47 pmol, 91.36% yield, as HC1
salt) was obtained as a white solid. LCMS: RT = 0.735 min, MS cal.: 368.1, [M+H] *=369.1
'"H NMR (400 MHz, DMSO-ds) 6 =8.91 (br s, 1H), 8.69 (br s, 1H), 8.60 (d, J= 1.10 Hz, 1H),
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8.01 (dd, J = 1.28, 10.57 Hz, 1H), 7.78 (t, J = 7.82 Hz, 1H), 6.86-7.01 (m, 2H), 5.89 (s, 2H),
3.29 (brd, J= 12.59 Hz, 2H), 2.88-3.02 (m, 3H), 1.97 (br d, J = 14.79 Hz, 2H), 1.79-1.91 (m,
2H).

[0247] Scheme 4: General Scheme for preparation of intermediate core 41

(i'Jbz (i';bz
N N
(Ilbz
= diethylzing, CHaly KHF» N
o —_—
_B. TFA, DCM _B. MeOH
o o o o o

% -15°C,18 hrs % 90°C.16 hrs KF3B

19f 20f 4

[0248] General procedure for preparation of intermediate 20f

Cllbz Clibz
N N
Q diethylzinc, CHsl, [ J
_B. TFA, DCM _B.
o 0O o O
% -15°C,18 hrs %
19f 20f

[0249] Step 1: To a solution of diethylzinc (1 M, 303.01 mL, 8 eq) in DCM (50 mL) was added
TFA (34.55 g,303.01 mmol, 22 44 mL, 8 eqg) in DCM (50 mL) slowly at -15 °C and the mixture
was stirred at -15 °C for 1 hour. CHzl2 (162.31 g, 606.02 mmol, 48 89 mL., 16 eg) in DCM (50
mL) was added to the mixture at -15 °C and the mixture was stirred at -15 °C for 1 hour. Then
intermediate 19f (13 g, 37.88 mmol, 1 eg) in DCM (50 mL) was added to the reaction mixture
slowly at -15 °C and the mixture was stirred at 25 °C for 16 hours. The mixture was quenched
with NaCOs to pH 8. The reaction mixture was filtered, and the filter was extracted with DCM
(300 mL * 3). The combined DCM layers were washed with brine (500 mL), dried over
NaxS0q4, filtered and concentrated. The residue was purified by column chromatography (SiOz2,
Petroleum ether/Ethyl acetate=100/1 to 0/1). Intermediate 20f (9 g, 25.19 mmol, 66.51%
yield) was obtained as a yellow oil. 'H NMR (400 MHz, chloroform-d) & ppm 7.28 - 7.40 (m,
5H)5.11-516(m,2H)3.83-396(m,1H)3.43-3.67 (m,2H)287-3.05(m,1H)2.07-
217(m, 1H)1.49-161 (m, 1 H) 1.21 (s, 13H) 091 (brs, 1 H) 0.41 - 0.48 (m, 1 H).
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20f 4i

[0250] Step 2: To a solution of intermediate 20f (9 g, 25.19 mmol, 1 eq) in MeOH (90 mL)
was added KHF2 (13.77 g, 176.35 mmol, 5.81 mL, 7 eq) at 25 °C. The mixture was stirred at
90 °C for 16 hours. The reaction mixture was concentrated under reduced pressure to remove
MeOH. The solid was triturated with a solution of Petroleum ether: MTBE = 5:1 (30 mL).
The mixture was filtered; the filter cake was dried in vacuum to give crude product as a white
solid. The crude product was dissolved in hot MeCN (50 mL) and filtered. The filtrate was
concentrated under reduced pressure to give a white solid. Core 4i (6.4 g, 18.98 mmol, 75.34%
yield, K¥) was obtained as a white solid. LCMS: RT =0.779 min, MS cal.: 337.19, [M+H] © =
276.0 'H NMR (400 MHz, DMSO-ds) 8 ppm 7.26 - 7.40 (m, 5 H) 4.98 - 5.08 (m, 2 H) 3.44 -
362(m,2H)3.10-325(m, 1H)288-303(m, 1 H)1.75-187(m,1H)1.22-137 (m, 1
H) 0.62 (brs, 1 H) 0.25 (brd, J=5.50 Hz, 1 H) -0.25 (br s, 1 H).

[0251] Scheme 5: General scheme for the preparation of compounds from Cores 11, 21, and 3i.

(e} R?
| O

MeO N: (C' R
H@ )‘\©: N/ R base : Ok@: N/>_<R
)

Y®L

1i, 2i, or 3i

[0252] Scheme 6: General scheme for the preparation of compounds from Core 4i.
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Part II: Synthetic Examples

Example 1: Preparation of Compound 2

N=\S
N N 7S
0] = N =
F HN- ot 22f Q Pd/C, Hy(15 psi) o]
MeO' _ NH
TEA(4 eq), THF, MeOH MeO MeCOH MeQ
NO, 16 hrs, 60°C 25°C, 2hrs
NH,,
21f 23f 24f

)OK,C\ NS
Cl e
25f o core 2i
CHCN MeO N KoCO4,CHACN
60°C, 1 hr />—/ Gt
N 60°C, 1 hr

\/S )K©:N
/>—\ ___LOHH,O
THF/MeOH/H,0 R
(<]
25°C, 16 hrs / N CN
Y—0

Compound 2

Mei

[0253] Step 1: Preparation of Intermediate 23f
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F \_\s TEA(4 eq), THF, MeOH o) \/‘\
MeO + - NH
NG 16 hrs, 60°C MeO
2 HN Hhe NO,
21f 22f 23f

[0254] A mixture of intermediate 21f (1 g, 5.02 mmol, 1 ¢g), intermediate 22f (939.51 mg,
5.02 mmol, 1 e g, 2HCI), TEA (2.03 g, 20.09 mmol, 2.80 mL, 4 eq), in THF (10 mL) and
MeOH (7.5 mL) was degassed and purged with N2 for 3 times, and then the mixture was stirred
at 60 °C for 16 h under N2 atmosphere. The reaction mixture was diluted with H2O (100 mL)
and extracted with EtOAc (100 mL * 3), dried over NazSOQs, filtered and concentrated under
reduced pressure to give aresidue. The residue was purified by column chromatography (SiOa,
Petroleum ether/Ethyl acetate = 100/1 to 1/1). Intermediate 23f (2.68 g, 9.14 mmol, 90.98%
yield) was obtained as a yellow solid. LCMS: RT = 0.694 min, MS cal.: 293.1, [M+H] * =294.1
'"H NMR (400 MHz, chloroform-d) 8 = 8.81 (s, 1H), 8.24-8.34 (m, 2H), 7.92 (s, 1H), 7.64 (d,
J=159Hz, 1H), 7.35 (dd, J=1.65, 8.86 Hz, 1H), 7.27 (s, IH), 4.86 (d,J=5.26 Hz, 2H), 3.95
(s, 3H), 2.19 (br s, 1H).

[0255] Step 2: Preparation of Intermediate 24f

78 78

N — N —
O Pd/C, Ha(15 psi) O
NH —————> NH
MeO MeOH MeO
25°C, 2hrs
NO, NH,

23f 24f

[0256] A mixture of intermediate 23f (500 mg, 1.70 mmol, 1 eq), Pd/C (125 mg, 1.70 mmol,
10 wt%, 1 eq), in MeOH (5 mL) was degassed and purged with Hz for 3 times, and then the
mixture was stirred at 25 °C for 2 h under Hz atmosphere. The reaction mixture was filtered,
and the filtrate was concentrated under reduced pressure to give a residue. Intermediate 24f
(860 mg, 3.27 mmol, 95.79% yield) was obtained as a green solid. LCMS: RT = 0.614 min,
MS cal.: 263.1, [M+H]| © =264.0 'H NMR (400 MHz, chloroform-d) = 8.77 (s, 1H), 7.87 (s,
1H), 7.54 (td, J=0.86, 8.07 Hz, 1H), 7.46 (s, 1H), 6.73 (d, /= 8.19 Hz, 1H), 4.60 (s, 2H), 3.87
(s, 3H).

[0257] Step 3: Preparation of Intermediate 26f
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[0258] A mixture of intermediate 24f (160 mg, 607.64 umol, 1 eq), intermediate 25f (54.90
mg, 486.11 pmol, 38.66 pl, 0.8 eq), p-TsOH (20.93 mg, 121.53 umol, 0.2 eqg). in CHsCN (3
mL) was degassed and purged with N2 for 3 times, and then the mixture was stirred at 60 °C
for 1 h under N2 atmosphere. The reaction mixture was concentrated under reduced pressure
to give a residue. Intermediate 26f (192 mg, 596.68 umol, 98.20% yield) was obtained as a
white solid. LCMS: RT = 0.633 min, MS cal.: 321.0, [M+H] © =322.1

[0259] Step 4: Preparation of Intermediate 27f

s

N
o \,S
NTs HN J
= R MeO
o \’# . >\: Ve
N N
N Cl N CN K,CO4,CH,CN
MeO ; / A E
)‘\©: \ 7\ d
N — 60°C, 1 hr
7 N CN
Y—o

26f core 2i 27f

[0260] A mixture of intermediate 26f (200 mg, 642.36 nmol, 1 eg), core 2i (190 mg, 590.46
pmol, 9.19¢-1 eq), and K2COs (266.33 mg, 1.93 mmol, 3 eq), in CH3CN (4 mL) was dcgasscd
and purged with N2 for 3 times, and then the mixture was stirred at 60 °C for 1 h under N2
atmosphere. The reaction mixture was diluted with H2O (80 mL) and extracted with EtOAc
(40 mL * 3), dried over NaxSQu4, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (SiO2, Petroleum ether/Ethyl
acetate=100/1 to 1/1). Intermediate 27f (260 mg, 435.75 umol, 67.84% yield) was obtained
as a green solid. LCMS: RT = 0.790 min, MS cal.: 596.2. [M+H] " =597.2 'H NMR (400 MHz,
chloroform-d) 6 = 8.75 (s, 1H), 8.15 (s, 1H), 8.01 (brd, J=8.51 Hz, 1H), 7.87 (s, 1H), 7.78 (d,
J=8.51Hz, 1H), 7.64 (br t, J=7.44 Hz, 1H), 7.52-7.57 (m, 1H), 7.45 (d, J = 8.25 Hz, 1H),
7.37(dd,J=1.31,9.32 Hz, 1H), 6.76 (d, /= 7.38 Hz, 1H), 6.66 (d,J = 8.13 Hz, 1H), 5.51 (s,
2H), 3.96 (s, 4H), 3.86-3.92 (m, 1H), 2.89-3.07 (m, 2H), 2.63 (br s, 1H), 2.24-2.38 (m, 2H),
2.03-2.14 (m, 1H), 1.68-1.94 (m, 3H), 1.22-1.32 (m, 1H).

[0261] Step 5: Preparation of compound 2
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[0262] A mixture of intermediate 27f (120 mg, 201.12 umol, 1 eg), LIOH-H20 (25.32 mg,
603.35 umol, 3 eg) and MeOH/H20 (0.3 mL), in THF (0.7 mL) was degassed and purged with
N3z for 3 times, and then the mixture was stirred at 25°C for 16 h under N2 atmosphere. The
reaction solution was adjusted with citric acid to a pH of 7, The reaction mixture was
concentrated under reduced pressure. The residue was purified by prep-HPLC (TFA condition
column: Waters Xbridge BEH CI18 100*30mm*10um; mobile phase: [water (10mM
NHsHCOs3)-ACN]: B%: 20%-50%, 8min). Compound 2 (36.22 mg, 62.16 umol, 30.91%
yield) was obtained as a white solid. LCMS: RT = 1.573 min, MS cal : 5822 [M+H] * =583.2
TH NMR (400 MHz, methanol-ds) § = 8.92 (s, 1H), 8.18 (s, 1H), 7.95-7.99 (m, 2H), 7.62-7.69
(m, 2H), 7.53-7.61 (m, 3H), 6.81 (d,J=7.21 Hz, 1H), 6.67 (d,J = 8.19 Hz, 1H), 6.00 (s, 2H),
5.51 (s, 2H), 3.91 (s, 2H), 3.00 (br d, J=11.49 Hz, 2H), 2.57-2.66 (m, 1H), 2.28 (dt, J=3
11.13 Hz, 2H), 1.74-1.82 (m, 4H).

[0263] Example 2: Preparation of Compound 3

55

-~

[0264] General scheme for preparation of compound 3
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[0265] Step 1: Preparation of intermediate 29f
N
< j}
HN 0 S
R
N
— _ : N N
o \_,S 1i
N C KoCO3(3 eq),CH3CN >>:
Meojl\@: /> ’ éO°C,1 hr ’ 3 N =N
N BY—N

26f 29f

[0266] To a solution of intermediate 26f (300 mg, 932.31 pmol, 1 eg) in CH3CN (10 mL) was
added K2COs (386.55 mg, 2.80 mmol, 3 eq), then freshly prepared core 1i (313.63 mg, 932.31
umol, 1 eq) was added under N2. The mixture was stirred at 60 °C for 1hr. The reaction mixture
was filtered, the filtrate was purified by prep-HPLC (column: Waters Xbridge Prep OBD C18
150%*40mm™* 10um; mobilc phasc: |watcr (NHaHCOs3)-ACN|; B%: 55%-85%, 8min).
Intermediate 29f (150 mg, 241.26 umol, 25.88% yield) was obtained as a white solid. LCMS:
RT =0.964 min, MS cal :621 .2, [M+H] " =622.4 "THNMR (400 MHz7, methanol-da) § =8 .96 (s,
1H), 8.23 (s, 1H), 8.04 - 7.92 (m, 2H), 7.71 (d,J=8.6 Hz, 1H), 7.55 - 7.28 (m, 3H), 6.79 - 6.44
(m, 2H), 6.03 (s, 2H), 4.78 (s, 2H), 3.94 - 3.91 (m, 5H), 3.88 (t,.J = 5.8 Hz, 2H), 3.09 - 2.94
(m, 4H), 2.68 - 2.52 (m, 1H), 2.39 - 2.24 (m, 2H), 1.90 - 1.78 (m, 4H)

[0267] Step 2: Preparation of Compound 3
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[0268] To a solution of Intermediate 29f (100 mg, 160.84 umol, 1 eq) in THF (1.5 mL) and
H20 (0.6 mL) was added LiOH.H20 (13.50 mg, 321.69 pumol, 2 eq). The mixture was stirred
at 25 °C for 12 hr. The reaction mixture was filtered. The filtrate was purified by prep-HPLC
(column: Waters Xbridge BEH C18 100*30mm®* 10um; mobile phase: [water (NHsHCO3)-
ACN]; B%: 40%-60%, 8min) to give Compound 3 as an off white solid. LCMS: RT =0.781
min, MS cal.:607.2, [M+H] T =608.4. LCMS: RT =2.004 min. MS cal.:607.2, [M+H] "=608.1.
HPLC: RT =7.611 min '"H NMR (400 MHz, methanol-ds) 5 = 8.94 (s, 1H), 8.18 (s, 1H), 8.01
-7.92 (m, 2H), 7.64 (d, J=8.3 Hz, 1H), 7.51 - 7.45 (m, 1H), 7.42 - 7.34 (m, 2H), 6.69 (d, J =
8.3 Hz, 1H), 6.55 (d, /= 7.2 Hz, 1H), 6.00 (s, 2H), 4.78 (s, 2H), 3.92 (s, 2H), 3.88 (t,J=5.7
Hz, 2H), 3.06 - 2.94 (m, 4H), 2.68 - 2.52 (m, 1H), 2.35 - 2.23 (m, 2H), 1.88 - 1.77 (m, 4H).
[0269] Example 3: Preparation of Compound 4

[0270] Genceral scheme for preparation of Compound 4
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[0271] Stcp 1: Preparation of intcrmcediate 31f

N
N NH,-OH HCI (2 eq) < |
¢ |\ - s |
S™ “CHO Na;COj3 (1.1 eq) N
H,0, 70°C, 1 hr OH

30f 31

[0272] A mixture of Intermediate 30f (5 g, 39.32 mmol, | eg), hydroxylamine hydrochloride
(546 g, 78 .64 mmol, 2 eg) and NaaCO3 (3.59 g, 43.25 mmol, 1.1 eg) in H20 (50 mL) was
degassed and purged with N2 for 3 times, and then the mixture was stirred at 70 °C for 1 hour

under N2 atmosphere. LCMS showed the rcaction was complete. The mixture was cxtracted
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with DCM (50 mL*3). The combined organic layer was dried over Na2SOu4, filtered and the
filtrate was concentrated to give Intermediate 31f (4.9 g, 34.46 mmol, 87.65% yield) as a
yellow oil. LCMS: RT = 0.479 min, MS cal.: 142.0, [M+H] " =143.0

[0273] Step 2: Preparation of Compound 32f

N . . N
( \ Raney Ni,Hx(15 psi) </ \
S S
N| MeOH, 20°C, 2 hrs
“OH NH;

31f 32f

[0274] To a solution of Intermediate 31f (4.9 g, 34.46 mmol, 1 eqg) in MeOH (50 mL) was
added Rancy-Ni (980.00 mg, 11.44 mmol, 3.32¢-1 eg) undcr N2. The suspension was degassced
under vacuum and purged with Hz several times. The mixture was stirred under Hz (15 psi) at
20 °C for 2 hours. The reaction was complete detected by LCMS. The suspension was filtered
and the wet cake was washed with MeOH (50 mLx2). The combined filtrates were
concentrated to dryness to give Intermediate 32f (1.5 g, 11.70 mmol, 33.95% vyicld) as a
yellow oil. LCMS: RT = 0.127 min, MS cal.: 128.1, [M+H] © =129.1 '"H NMR (400MHz,
chloroform-d) 6 = 8.62 (s, 1H), 4.03 (s, 2H), 2.42 (s, 3H).

[0275] Step 3: Preparation of Intermediate 33f

(@]
N Meo)‘\©:': «Ni‘
< | NO, O S
81 TEA(1.25 eq), DMF Meo)KQiNH
NH2 60°C,16 hrs NO,

32f 33f

[0276] A mixture of Intermediate 32f (400 mg, 3.12 mmol, 1 eg), aryl ester (621.35 mg, 3.12
mmol, 1 eq) and TEA (394.67 mg, 3.90 mmol, 542.87 puL, 1.25 eq) in DMF (4 mL) was
degassed and purged with N2 for 3 times, and then the mixture was stirred at 60 °C for 16 hours
under N2 atmosphere. LCMS showed the reaction was complete. The mixture was diluted
with H2O (10 mL), extracted with EtOAc (50 mL*3). The combined organic layer was dried
over Na2SOa, filtered and the filtrate was concentrated to give a crude product. The residue
was purified by column chromatography (5102, Petroleum ether/Ethyl acetate =50/1 to 2/1) to
give Intermediate 33f (650 mg, 2.12 mmol, 67.78% yield) as a yellow solid. LCMS: RT =
0.826 min, MS cal.: 307.1, [M+H] * =308.1 'H NMR (400MHz, chloroform-d) § = 8.72 (s,
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1H), 8.26 (d, J=8.9 Hz, 1H), 8.19 (br s, 1H), 7.60 (d, J=1.5 Hz, 1H), 7.35 (dd, J=1.6, 8.9 Hz,
1H), 4.72 (d, J=5.3 Hz, 2H), 3.95 (s, 3H). 2.59 (s, 3H).
[0277] Step 4: Preparation of Intermediate 34f

N N

¢ | ¢ )

o S Pd/C, Hy (15 psi) o s
NO, NH,

33f 34f

[0278] To a solution of Intermediate 33f (650 mg, 2.12 mmol, 1 eq) in MeOH (12 mL) was
added Pd/C (120 mg, 10 wt%) under Na. The suspension was degassed under vacuum and
purged with Hz scveral timces. The mixture was stirrcd undcr Ha (15 psi) at 20 °C for 12 hours.
LCMS showed the reaction was complete. The suspension was filtered and the wet cake was
washed with MeOH (5 mLx2). The combined filtrates were concentrated to dryness to give
Intermediate 34f (500 mg, 1.80 mmol, 85.24% yield) as a yellow solid. LCMS: RT = 0.671
min, MS cal.: 277.1, [M+H] *=278.1 'H NMR (400MHz, chloroform-d) & = 8.68 (s, 1H), 7.54
(dd, J=138, 8.1 Hz, 1H), 7.44 (d, ./=1.8 Hz, 1H), 6.73 (d, ./=8.1 Hz, 1H), 4.48 (s, 2H), 3.87 (s,
3H), 2.50 (s, 3H).

[0279] Step 5: Preparation of Intermediate 35f

N N
¢ | )Ol\/m 25f <
O S cl . o S
NH
MeO TosOH(0.2 eq),CH;CN MeO N Cl
60°C,2 hr />—/
NH, N

step 5
34f 35f

[0280] A mixture of Intermediate 34f (300 mg, 1.08 mmol, 1 eg), 25f (122.17 mg, 1.08 mmol,
86.04 uL, 1 eg) and p-TsOH (37.25 mg, 216.34 umol, 0.2 eg) in CHsCN (3 mL) was decgasscd
and purged with N2 for 3 times, and then the mixture was stirred at 60 °C for 2 hour under N2
atmosphere. LCMS showed the reaction was complete. The reaction mixture was concentrated
to dryness to give Intermediate 35f (350 mg, 1.04 mmol, 96.35% yield) as a yellow solid.
LCMS: RT = 0.752 min, MS cal.: 335.1, [M+H] © =336.1 'H NMR (400MHz, DMSO-ds) 6 =
8.16 (d. J=1.0 Hz, 1H), 7.89 (dd, J=1.5, 8.5 Hz, 1H), 7.47 (d, J=8.1 Hz, 1H), 7.11 (d, J=7.9
Hz, 1H), 5.93 (s, 2H), 5.16 (s, 2H), 3.86 (s, 3H), 2.55 (s, 3H).

[0281] Step 6: Preparation of Intermediate 36f
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[0282] A mixturc of Intermediate 35f (300 mg, 893.37 umol, 1 eg), core 2i (278.15 mg,
893.37 umol, 1 eg) and K2CO3 (617.34 mg, 4.47 mmol, 5 eq) in CH3CN (3 mL) was degassed
and purged with N2 for 3 times, and then the mixture was stirred at 50 °C for 3 hours under Na
atmosphere. LCMS showed the reaction was complete. The mixture was diluted with H20
(10 mL), extracted with EtOAc (10 mLx3). The combined organic layer was dried over
NazSQs, filtered and the filtrate was concentrated to give a crude product. The residue was
purified by prep-HPLC (NH4HCO3) to give Intermediate 36f (150 mg, 245.62 pmol, 27.49%
yield) as a white solid. LCMS: RT = 0.806 min, MS cal.: 610.1, [M+H] * =611.2 'H NMR
(400MHz, chloroform-d) 6 =8.62 (s, 1H). 8.08 (d, /~=1.1 Hz, 1H), 8.00 (dd, J=1.5, 8.5 Hz, 1H),
7.77 (d, J=8.5 Hz, 1H), 7.63 (t, J=7.5 Hz, 1H), 7.54 (dd, J=7.4, 8.1 Hz, 1H), 7.44 (dd, J=1.3,
7.9 Hz, 1H), 7.36 (dd, J=1.4, 9.3 Hz, 1H), 6.75 (d, J=7.3 Hz, 1H), 6.66 (d, J/=8.1 Hz, 1H), 5.84
(s, 2H), 5.51 (s, 2H), 3.95 (s, 3H), 3.87 (s, 2H), 2.95 (br d, J=11.6 Hz, 2H), 2.65 (s, 3H), 2.28
(dt,J=2.1, 11.7 Hz, 2H), 1.90 - 1.83 (m, 2H), 1.82 - 1.70 (m, 2H).

[0283] Step 7: Preparation of Compound 4

N
¢
)\\Q‘Y\ LiOH. HzO(S eq) )\\@7/\
THF/H,0,25°C, 12 hrs
N
\ VA=

36f Compound 4

[0284] A mixture of Intermediate 36f (120 mg, 196.50 umol, 1 eq) and LiOH-H20 (24.74
mg, 589.49 umol, 3 eg) in THF (1.5 mL) and H20 (0.3 mL) was degassed and purged with N2
for 3 times, and then the mixture was stirred at 25 °C for 12 hrs under N2 atmosphere. LCMS

showed the reaction was complete. The reaction mixture was dried under N2. The crude
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product was pre-purified by prep-HPLC (NHsHCO3) to give Compound 4 (38.48 mg, 64.49
wmol, 32.82% yield) as a white solid. LCMS: RT = 0.826 min, MS cal.: 596.1, [M+H] " =597.1
HPLC: RT = 7.829 min 'H NMR (400MHz, chloroform-d) & = 8.64 (s, 1H), 8.13 (s, 1H). 8.05
(brs, 1H), 7.81 (brd.J=8.4 Hz, 1H), 7.63 (br s, 1H), 7.54 (brt, J=7.8 Hz, 1H), 7.44 (brd, J=7.9
Hz, 1H), 7.36 (br d, J1=9.0 Hz, 1H), 6.76 (br d, J=6.8 Hz, 1H), 6.66 (br d, J=7.9 Hz, 1H), 5.86
(br s, 2H), 5.51 (s, 2H), 3.91 (br s, 2H), 2.98 (br s, 2H), 2.68 (s, 3H), 2.32 (br s, 2H), 1.93 -
1.76 (m, 5H).

Example 4: Preparation of Compound 5
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[0285] Step 1: Preparation of intermediate 37f
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[0286] A mixture of compound 26f (130 mg, 404.00 umol, 1 eq), core 3i (148.84 mg, 404.00
pmol, 1 eq), K2COs (167.51 mg, 1.21 mmol, 3 eq) in CH:CN (2 mL) was degassed and purged
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with N2 for 3 times, and then the mixture was stirred at 60 °C for 1 hr under N2 atmosphere.
LC-MS showed compound 26f was consumed completely and one main peak with desired.
The reaction mixture was diluted with H2O (60 mL) and extracted with EtOAc (30 mL * 3),
dried over NaxSQy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (Si0», Petroleum ether/Ethyl acetate=100/1
to 1/1). Compound 37f (180 mg, 275.34 umol, 68.15% yield) was obtained as a white solid.
LCMS: RT = 2.542 min, MS cal.;653.75, [M+H] " =654.1 'H NMR (400 MHz, DMSO-ds) §
=ppm 1.17 (dd, J=625,288Hz, 2H) 1.59- 1.76 (m, 4 H) 1.96 (d, /=288 Hz, | H) 2.17
(brt,J=11.19 Hz, 2 H) 3.81 - 3.89 (m, 5 H) 5.83 - 5.99 (m, 4 H) 6.83 (brd, J = 8.00 Hz, 1 H)
6.93 (brd, J=5.00Hz, 1 H) 7.67 - 7.76 (m, 2 H) 7.83 (br d, J = 8.25 Hz, 1 H) 7.94 (br d, J =
10.13 Hz, 1 H) 8.01 (s, | H) 8.22 (s, 1 H) 8.54 (s, 1 H) 8.98 (d, J=2.13 Hz, 1 H).

[0287] Step 2: Preparation of compound 5

N
ey e
N
LIOH.H.0 HOJ\@[N/)—\

N
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N N THF, H,C N
s N e 16 5 2N
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N /—<\ N / <\
7\ o N]i;/ 7N o N:Q/
= F = F

37f compound 5

M

[0288] A mixture of compound 37f (70 mg, 107.07 umol, 1 eq), LIOH-H20 (4.94 mg, 117.78
pmol; 1.1 eg) in THF (0.7 mL) and H20 (0.4 mL) was degassed and purged with N2 for 3 times,
and thcen the mixture was stirred at 25 °C for 16 hr under N2 atmosphere. LC-MS showed
compound 37f was consumed completely and one main peak with desired. The reaction
mixture was concentrated under reduced pressure to remove solvent. The residue was purified
by prep-HPLC (neutral condition column: Waters Xbridge BEH C18 100*30mm*10um;
mobile phase: [water (NH4HCO3)-ACN]:. B%: 10%-50%, 8min). Compound 5 (15.4 mg,
24.07 pumol, 22.48% vield) was obtained as a white solid. LCMS: RT = 1.918 min, MS cal.:
639.1, [M+H] * =640.1 'H NMR (400 MHz, DMSO-ds) = ppm 1.14 (s, 2 H) 1.23 (s, 1 H)
138 (s, 1H) 1.68 (brd,/J=14.66 Hz, 4 H) 1.72 - 1.75 (m, 1 H) 2.17 (brs, 2 H) 2.89 (brs, 2
H)3.86 (brd,J=11.80Hz 2 H) 588 (s,2H) 5.86-590 (m, 1 H) 593 (s, 1 H) 6.84 (brd, J
=823Hz, 1H) 693 (brd,J=691Hz, 1 H) 7.67 (brd,J=8.58 Hz, 1 H) 7.72 (brt, J=7.57
Hz, 1H) 781 (brd,J—775Hz, 1H)795(d,J— 1144 Hz, 1 H) 8.02 (s, 1 H) 8.18 (s, 1 H)
8.14-823(m, 1 H) 8.55(s, L H)8.98 (s, 1l H) 12.70 - 1290 (m, 1 H) 12.70 - 12.90 (m, 1 H).
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Example 5: Preparation of Compound 6

N

N

PCT/US2022/044915

b

Br. Ss
YN B |4 Br f Br >|/ 4O1f
s/ Ha(15PSI),Pd o S DMP(1.13 eq) S/ _
CH300C2)(I]\(I35=1C(21 gc’q) MeOH DCM, 20°C, 5 hrs ~o Cs,C0O4(2 eq)
OH ’ OH DCM, 20°C, 1 hr
38f 39f 40f
O
(/N Br (/N Br F
/ / N MeO
s NaBH,(3 eq) s HCI/EtOAG [~ Br asf
N THF M4OH 11 N = 5 =
s=0 ‘MeOH=1: s=o  DGM,1hr TEAG oq), THF,
7< 0-20°C,1 hr 7< 20°C NH, 60°C Brhre
42f 43f aaf
N Br
N N~ <
¢ ) ¢ | i s
A o
6 S Fe(10 eq) 6 S c
SNV - > 0~ N
MeO NH  AcOH, B0°C, 1hr oo NH  1os0H©0.2 oq),CHsCN  © >
60°C,4 hr N cl
NO, NH2
48f
a6f ATf
N Br
< ]
HN o S
5 CN N
=N —& MeQO
W ”I;/ 2
core3i N N
K2CO3(3 eg),MeCN _N
[S =
60°C 2 hrs ) N\ /_<\
N. _Br 49 { )0 N
< ] F
o S
HO N

LIOH.HO(1 eq)
THF/H,0, 20°C, 12 hrs

compound 6

[0289] Step 1: Preparation of intermediate 39f
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S\{*Br Ho(15PSI),Pd . S\/{*Br
CH3COONa(2 eq), MeOH
CORASR

OH OH

38f 39f

[0290] To a solution of Intermediate 38f (5 g, 18.32 mmol, 1 eq) in MeOH (50 mL) was added
Pd (1 g, 9.40 mmol, 5.13e-1 eq) and sodium acetate (3.01 g, 36.64 mmol, 2 eg) under N2. The
suspension was degassed under vacuum and purged with Hz several times. The reaction
mixture was stirred under Hz at 20 °C for 12 hr and filtered, and the filtrate was concentrated.
Intermediate 39f (3.5 g, crude) was obtained as a yellow oil. LCMS: RT = 0.227 min, MS
cal.: 192.9, [M+H] * =193.8, 195.8 '"H NMR (400 MHz, chloroform-d) & = 8.65 - 8.78 (1 H,
m) 4.77-491 (2H, m) 4.02 (2 H, brs) 2.07 (1 H, brs).

[0291] Step 2: Preparation of intermediate 40f

= ="
s/ B DMP(1.13eq) _ &/ Br
DCM, 20°C, 5 hrs -
OH o)
39f a0f

[0292] A mixturc of Intermediate 39f (14 g, 72.15 mmol, 1 eq), DMP (34.72 g, 81.86 mmol,
2534 mL, 1.13 eq) in DCM (300 mL) was degassed and purged with N2 3 times, and then the
mixture was stirred at 20 °C for 5 hrs under Ar atmosphere. The mixture was basified to pH 8
using aqueous NaHCQOs3, then residue was diluted with H2O (10 mL) and extracted with DCM
(20 mL*2). The reaction mixture was poured into separatory funnel, separated, and the
combined organic layers were washed with brine (10 mL), dried over NaxSOas, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (Si102, Petroleum ether/Ethyl acetate=100/1 to 92/1). Intermediate 40f (11
g, 57.28 mmol, 79.40% yield) was obtained as a white solid. LCMS: RT = 0.646 min, MS cal.:
190.9, [M+H] © =192.8, 194.0 '"H NMR (400 MHz, chloroform-d) & = 10.05 (1 H, d, J=1.07
Hz) 9.03 (1 H, d, J=0.83 Hz).

[0293] Step 3: Preparation of Intermediate 42f

100



WO 2023/049518 PCT/US2022/044915

CA 03233201 2024-3-26

NH; N
1
Ss = Br
|4N >|/ o g /
) br 41f
S - =N
— Cs,CO5(2 eq) 5=0
© DCM, 20°C, 1 hr 7<
40f 42f

[0294] To a solution of Intermediate 40f (4.3 g, 22.39 mmol, 1 eq) in DCM (43 mL) was
added Cs2COs (14.59 g, 44.78 mmol, 2 eq) and Intermediate 41f (5.43 g, 44.78 mmol, 2 eq).
The mixture was stirred at 20 °C for 1 hr. LC-MS showed Intermediate 40f was consumed
completely and one main peak with desired mass was detected. The mixture was filtered and
concentrated in vacuum. Intermediate 42f (9 g, crude) was obtained as a brown solid. LCMS:
RT = 0.646 min, MS cal.: 294.0, [M+H] * = 295.0 'H NMR (400 MHz, DMSO-ds) 3 = 9.25 -
9.55(1 H, m)8.41-8.66(1H,m)1.17 (9H, s).

[0295] Step 3: Preparation of Intermediate 43f

N N
(/ Br (/ Br
54 NaBH,(3 54

N THE M4é)Heq1)1 . N
- :MeOH=1: -
<S © 0-20°C,1 hr <S ©
42f 43f

[0296] To a solution of Intermediate 42f (9 g, 30.49 mmol, 1 eg) in THF (30 mL) and McOH
(50 mL) was added NaBHa (3.52 g, 93.04 mmol, 3.05 eq) at 0 °C. The mixture was stirred at
0-20 °C for 1 hr and then poured into sat. NH4Cl solution (200 mL) and extracted with ethyl
acetate (50 mL*3). The combined organic phase was washed with brine (50 mL*2), dried with
anhydrous Na2S0s, filtered and concentrated under vacuum. The residue was purified by
column chromatography (5102, Petroleum ether/Ethyl acetate=1/0 to 0/1). Intermediate 43f
(4.6 g, 15.48 mmol, 50.76% yield) was obtained as a white solid. LCMS: RT = 0.607 min, MS
cal.: 296.0, [M+H] ©=296.9, 298.9 'H NMR (400 MHz, DMSO-ds) § = 9.08 (1 H, 5) 6.13 (1
H,t,J=5.71Hz)4.23-439(2H, m) 1.14 (O H, s).

[0297] Step 4: Preparation of Intermediate 44f
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N

(/ Br

/ =N

S

{NH HCIEtOAC g J B
s=0 DCM,1hr

7< 20°C NH,

43f 44§

[0298] To a solution of Intermediate 43f (3.2 g, 10.77 mmol, 1 eg) in DCM (5 mL) was added
HCI/EtOAc (20 mL). The mixture was stirred at 20 °C for 1 hr and then concentrated under
vacuum. Intermediate 44f (2.5 g, crude) was obtained as a white solid. LCMS: RT = 0.130
min, MS cal.: 191.9, [M+H] * =192.8, 194.8 'H NMR (400 MHz, DMSO-de) 5 = 9.16 - 9.36
(1H,m)8.76 3H, brs) 6.62 (3 H, brs)4.22(2H, q, /=558 Hz).

[0299] Step 5: Preparation of Intermediate 46f

TEA(3 eq), THF, NH
NH, GéOC,y hrs Meo)‘\@
NO,

44f 46f

[0300] To a solution of Intermediate 44f (2.5 g, 12.95 mmol, 1 ¢g) and Intermediate 45f
(2.58 g, 12.95 mmol, 1 eq) in THF (30 mL) was added TEA (3.93 g, 38.85 mmol, 5.41 mL, 3
eqg). The mixture was stirred at 60 °C for 2 hrs under N2. The residue was poured into water
(50 mL). The aqueous phase was extracted with ethyl acetate (30 mL*3). The combined
organic phase was washed with brine (30 mL*2), dried with anhydrous NazSOu, filtered and
concentrated under vacuum. The residuc was purificd by column chromatography (SiQO-,
Petroleum ether/Ethyl acetate=10/1 to 0/1). Intermediate 46f (1 g, 2.69 mmol, 20.75% yield)
was obtained as a white solid. LCMS: RT = 0.769 min, MS cal.: 371.0, [M+H] *=371.8, 373.8
'H NMR (400 MHz, DMSO-ds)  =9.04 -9.10 (1 H, m) 8.74 - 8.82 (1 H, m) 8.19 - 8.26 (1 H,
m)7.45-751(1H, m)7.18-727 (1 H, m)4.76-4.834 (2 H, m) 3.83 -3.89 (3 H, m).

[0301] Step 6: Preparation of Intermediate 47
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N Br N Br
8 ¢ ]
o S Fe(10 eq) o o S
NO, NH2
a6f a7t

[0302] To the mixture of Intermediate 46f (950 mg, 2.55 mmol, 1 eg) in AcOH (10 mL) was
added Fe (1.43 g, 25.52 mmol, 10 eqg) at 0 °C, and then the mixture was stirred at 60°C for 20
min under N2 atmosphere. The mixture was filtered and the filtrate was poured into 1M
Na2C0s3 solution (210 mL) and stirred for 60 min. The aqueous phase was extracted with DCM
(50 mL*3). Thc combined organic phasc was washcd with brinc (50 mL*3), dricd with
anhydrous NaxSOs, filtered and concentrated under vacuum. Intermediate 47f (900 mg,
crude) was obtained as a white solid. LCMS: RT =0.522 min, MS cal.: 341.0, [M+H] * =342.0,
343.9 'HNMR (400 MHz, DMSO-ds) 3=9.02-9.15(1 H,m) 7.18 - 730 (1 H, m) 7.01 - 7.11
(1H,m)661-667(1H, m)>547-5683H, m)449-4582H, m)3.74-3.78(3H, m).
[0303] Step 7: Preparation of intermediate 48f

Br
N Br
¢ . <]
o s al o S
MeO NH  10sOH(0.4 eq),CHCN ~o N
60°C.4 hr 2\
NH, N cl
A7f 48f

[0304] To a solution of Intermediate 47f (270 mg, 788.99 umol, 1 eq) in MeCN (4 mL) was
added p-TsOH (54.35 mg, 315.59 umol, 0.4 eq), then 2-chloroacetyl chloride (106.93 mg,
946.78 umol, 75.30 pL, 1.2 eqg) was added at 20 °C, then the mixture was stirred at 60 °C for 4
hr. The mixture was concentrated under vacuum. Intermediate 48f (350 mg, crude) was
obtained as a yellow solid. LCMS: RT = 0.715 min, MS cal.: 398.9, [M+H] * =399.9, 401 9 'H
NMR (400 MHz, DMSO-ds) 6=9.12-9.16 (1 H, m) 8.29-831 (1 H, m) 7.84 - 7.88 (1 H, m)
751-73538(1H, m)596-599(2H,m)519-524(2H, m)3.93 (3H,s).

[0305] Step 8: Preparation of Intermediate 49f
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g core 3i
~ N K,COo(4 eq),MeCN i NN
N
N/>—\ 60°C.2 hrs S Z
cl
N —&
/' N3 W
F

48f 49f

N Br
HN (K
s CN o} S
</N/ Br =N /—QD/ N
SK N/ " . MeOJ\Q: .

[0306] To a solution of Intermediate 48f (310 mg, 773.69 umol, 1 eq) and core 3i (373.27
mg, 773.69 ymol, 1 eq, TFA) in McCN (4 mL) was addcd K2COs3 (427.71 mg, 3.09 mmol, 4
eq). The mixture was stirred at 60 °C for 2 hrs. The mixture was filtrated and the cake reserved.
Intermediate 49f (350 mg, 477.72 umol, 61.75% vield) was obtained as a white solid. LCMS:
RT =2.816 min, MS cal.: 731.1, [M+H] * =732.1, 734.1 'H NMR (400 MHz, chloroform-d) &
=868-880(1 H,m)8.18-823(1H, m)8.02-808(2H, m)7.78-7.85 (1 H,m)7.57-7.68
(IH m)742-752(1H,m)6.75-689(2H, m)5.92 (2H,s)586(2H.,s)398 (3 H,s)3.91
(2H,5)2.94-3.04 (2H, m)2.59-2.69 (1 H, m)2.25-2.35(2H, m) 1.80-1.88 (2 H, m) 1.68
-1.80 (2 H, m).

[0307] Step 9: Preparation of compound 6:

< BRe
*@{;ﬁ j“

MeO'
__LioH HyO(1 eq)
N N

THF/H,0,

S 20°C, 12 hrs

/ <\ / <\
N
49f compound &

[0308] To a solution of Intermediate 49f (150 mg, 204.74 umol, 1 eq) in THF (5 mL) and
H20 (2.1 mL) was added LiOH-H20 (10.31 mg, 245.69 umol, 1.2 eg). The mixture was stirred
at 20 °C for 12 hrs, then adjusted to pH 7 using 1M citric acid, and then concentrated under
reduced pressure to give a residue. The residue was purified by prep-HPLC (neutral condition:
column: Phenomenex C18 80*40mm*3um; mobile phase: [water (NHaHCO3)-ACN]; B%:
30%-60%, 8 min). Compound 6 (15.09 mg, 21.00 umol, 10.26% yicld) was obtained as a
white solid. LCMS: Rt = 0.715 min, MS cal.: 717.1, [M+H] * =717.9, 719.9 'H NMR (400
MHz, chloroform-d) 6 =8.74 - 8.78 (1 H, m) 8.23 (1 H, s) 8.06 - 8.11 (1 H, m) 8.00 - 8.04 (1
H,m)779-786(1H,m)755-763(1H,m)740-747(1H, m)6.71 -6.84(2H, m)5.88
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-5.91(2H, m) 5.85 (2 H, ) 3.88 - 3.94 (2 H, m) 2.92 - 3.01 (2 H, m) 2.58 - 2.69 (2 H, m) 2.24
-2.34 (3H, m) 1.68 - 1.87 (17 H, m).

Example 6: Preparation of Compound 7

|
N Bl
< A, <]
fo) S ()'_\ o] S
50f
Cs,C05(2 eq),

N N
)ﬁ ) 7
N N Xphos Pd G,(0.1 eq) N N
s //N 80°C, 1 hr . //N
N —4 N /—<\
7 N \NI;/ 7N d N:Q/
agt 51f
¢ |
I
o s

HO

N
Sevs

N N
LIOH(1.5 eq) _N
THF, H,0 <S g

" 2 N
20°C, 12 hr 7 N_d N
= F

compound 7

MeQ

[0309] Step 1: preparation of Intermediate 51f

|
N Br N
o . g
(o] e O’B_\ Q

MeO sof M

Cs,C04(2 eq),

N e N
I SesS
N N N N
Xphos Pd Gx(0.1 eq) N
s 7 80°C. 1 hr s 2
N —4& N, <
7/ N_d N ' Ny—d N
— ! 1
49f 51f

[0310] A mixturc of Intermediate 49f (300 mg, 409.48 umol, 1 eg), Intermediate S0f (126.13
mg, 818.95 umol, 138.91 ul, 2 eq). Cs2C03 (266.83 mg, §18.95 umol, 2 eq), XPHOS-PD-G2
(32.22 mg, 40 95 umol, 0.1 eq) in dioxane (3 mL) and H20 (1.5 mL) was degassed and purged
with N2 for 3 times, and then the mixture was stirred at 80 °C for | hr under N2 atmosphere.
The residue was poured into water (10 mL). The aqueous phase was extracted with ethyl acetate
(5 mL*3). The combined organic phase was washed with brine (5 mL*2), dried with anhydrous
NaxSO4, filtered and concentrated in vacuum. The residue was purified by column
chromatography (SiOa2, Petroleum ether/Ethyl acetate=10/1 to 0/1). Intermediate 51f (150
mg, 220.66 umol, 53.89% yield) was obtained as a white solid. LCMS: Rt = 2.215 min, MS
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cal.: 679.2, [M+H] * =680.2, 681.6 'H NMR (400 MHz, chloroform-d) & = 8.60 (1 H, s) 8.04
(1H,8)7.91-795 2H, m)7.69 (1 H,d, J-8 53 Hz) 7.53 (1 H, t, J—7.72 Hz) 7.35 (L H, d,
J-9.45 Hz) 6.88 - 6.97 (1 H. m) 6.75 (1 H, d,J7.28 Hz) 6.68 (1 H. d, J-8.28 Hz) 6.21 (1 H.
dd, J=17.00, 1.57 Hz) 5.86 (2 H,s) 581 (2H,s) 550-554 (1 H,m)3.87(3H,s)3.70-3.79
CH m)281-289Q2H m)256(1 H,brd,J=3.64Hz)2.12-223(2H. m)166-181(4H,
m).

[0311] Step 2: preparation of compound 7

| |
N N
¢ f <]
0 S o} S
LIOH(1.5 eq) HOJ\@N
—_—>
THF, H,0

O N
/> \
N N
0,
s //N 20°C, 12 hrs
N 4
/ N le} N
F
51f

[0312] To a solution of Intermediate 51f (140 mg, 205.95 umol, 1 eq) in THF (4.9 mL) and
H20 (2.1 mL) was added LiOH-H20 (12.96 mg, 308.92 umol, 1.5 eq). The mixture was stirred

Me!

compound 7

at 20 °C for 12 hrs, then adjusted to pH 7 using 1M citric acid, and then concentrated under
rcduccd pressurc to give aresiduc.  The residuc was purificd by prep-HPLC (ncutral condition:
column: Phenomenex C18 80*40mm*3um; mobile phase: [water (NHiHCO3)-ACN]; B%:
50%-60%, 8 min). LCMS: Rt = 1.771 min, MS cal.: 665.2, [M+H] * =666.3 'H NMR (400
MHz, chloroform-d) = 8.68 - 8.71 (1 H, m) 8.17 - 8.21 (1 H, m) 8.04 - 8.10 (1 H, m) 7.99 -
8.02 (1 H, m) 7.79 - 7.85 (1 H, m) 7.58 - 7.64 (1 H, m) 7.40 - 7.46 (1 H, m) 6.95 - 7.05 (1 H,
m)6.75-6.75 (1 H, m) 6.73 - 6.85 (1 H, m) 6.29 (1 H, dd, .J=/7.05, 1.3/ Hz) 593 -6.01 (2 H,
m)584-592(2H, m)557-563(1H,.m)3.85(2H,s)2.96(1H,brs)2.91-3.00(1 H,m)
2.60-2.69 (1 H, m)2.24-232 (2H, m) 1.75 - 1.90 (4 H, m).

Example 7: Preparation of Compound 14
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Cbz

E CbZ\
Br, FaE core 4i
N ,—2 >—:N > 2 >
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120°C 4 hrs
52f 53f
N
<S ]
N
N Cl
/>—‘ S
N 26f N
/_G* - Q TN R
KaCOs(3 0q)CHICN N ) >\;—\
50°C.3 hrs =N
7 N_g
54f
N 55f

LIOH. H,0(2 eq) 7/\
THRH0=73 @/
20°C,12 hrs
step4

compound 14

[0313] Step 1: preparation of Intermediate 53f
Cbz
N
Chz.,

Q N
Br, F.8  coredi
7\ =\ CatacXium A Pd Gx(0.05eq), 7N\ =N
o 3(0. : N

— Cs,CO5(3 eq)
Tol./H ,0=10:1

120°C,4 hrs
52f 53f

[0314] A mixture of intermediate 52f (100 mg, 325.61 umol, 1 eq), core 4i (165.18 mg,
488.41 umol, 1.5 eg, K%), Cs2C0s3 (318.27 mg, 976.82 pumol, 3 eg), CatacXium A Pd G5 (11.86
mg, 16.28 umol, 0.05 eq) in toluene (53 mL) H2O (0.5 mL) was degassed and purged with N2
for 3 times, and then the mixture was stirred at 120 °C for 4 hrs under N2 atmosphere. The
residue was diluted with H2O (10 mL) and extracted with EtOAc (20 mL*2). The reaction
mixture was poured into separatory funnel and separated. The combined organic layers were
washed with brine (10 mL), dried over NaxSQu, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (Si10:2,

Pctrolcum cther/Ethyl acctatc=100/1 to 0/1, TLC- Pctrolcum cther /Ethyl acctatc =10/1,
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Produce Ri=0.6). Intermediate 53f (200 mg, 437.16 umol, 67.13% yield) was obtained as a
yellow oil. LCMS: RT = 1.049min, MS cal :457.50, [M+H] © = 458.2 '"H NMR (400 MHz,
chloroform-d) & = ppm 7.55 (dt. J= 17.79, 7.67 Hz, 2 H) 7.29 - 7.47 (m, 7 H) 6.78 - 6.87 (m,
1H)6.62(d,J=832Hz, 1H)545(d,J=322Hz 2H)531(s, 1 H)5.15(s,2H) 3.74 - 3.88
(m,2H)350-365(m, 1 H)330(brs, I1H)2.41-251(m, 1H)2.02-2.18 (m, 1 H) 1.69 (br
s, 1 H) 1.20 - 1.31 (m, 2 H) 0.83 - 0.97 (m, 2 H).

[0315] Step 2: preparation of Intermediate 54f

Cbz
R R TFA " i
_— —
N /—2 >—:N N /—2 >—_N
7N 50°C,2 hrs 2

53f 54f
A mixture of intermediate 53f (15 mg, 32.79 umol, 1 eq) in TFA (32.79 umol, 1.00 eq) was
degassed and purged with N2 for 3 times, and then the mixture was stirred at 50°C for 2 hrs
under N2 atmosphere. The reaction mixture was filtered and the filtrate was concentrated.
Intermediate 54f (14 mg, crude, TFA) was obtained as a yellow oil. LCMS: RT = 0.735
min, MS cal.:323.36, [M+H] " = 324.2 'H NMR (400 MHz, chloroform-d) & = ppm 7.72 (t, J
=788 Hz, 1 H)7.62(t,J=750Hz, 1 H) 7.48 (br d,J=8.00 Hz, 1 H) 7.37 - 7.43 (m, 2 H)
6.96 (d,J=750Hz, 1 H) 6.80 (d, /=825 Hz, 1 H)5.39-553 (m, 2 H) 458 (br s, 16 H) 3.76
-386(m, 1 H)3.26-343 (m,2H)2.95 (brd, /=926 Hz, 1 H) 2.69 -2.79 (m, 1 H) 2.31 -
239(m, 1 H) 1.79-1.88 (m, 1 H) 1.49 (dd, /=9.26, 5.63 Hz, 1 H) 1.46 - 1.53 (m, 1 H) 1.26
(s, 1H)1.08 (t,/=5.75Hz, 1 H)

[0316] Stcp 3: preparation of Intcrmcediate 55f

X ,
o ) ‘3\\
HN . Meo)KQ: N/>_/C' QS

N
N 2ef o TN F
N —N N
/ N g K,CO3(3 eq),CH3CN Med N _
_ 50°C,3 hrs / N =N

54f

55f

[0317] A mixture of intermediate 54f (241.18 mg, 745.85 umol, 1 eg), 26f (240 mg, 745.85
pmol, 1 eq), KoCOs (309.24 mg, 2.24 mmol, 3 eq) in ACN (5 mL) was degassed and purged

with N2 for 3 times, and then the mixture was stirred at 50 °C for 3 hrs under Nz atmosphere.
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The residue was diluted with H20 (30 mL) and extracted with EtOAc (30 mL*2). The reaction
mixture was poured into separatory funnel and separated. The combined organic layers were
washed with brine (10 mL), dried over NazSQs, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (Si02,
Petroleum ether/Ethyl acetate=100/1 to 30/1, TLC- Dichloromethane/Methanol=10/1, Produce
Rs=0.6). Intermediate S5f (300 mg, crude) was obtained as a yellow oil. LCMS: RT = 0.807
min, MS cal.:608.69, [M+H] * = 609.3 'H NMR (400 MHz, DMSO-ds) & = ppm 9.03 (s, 1 H)
891 (s, 1H)8.89-892(m, 1 H)829(d,/J=125Hz 1H)8.19(d, /= 1.00 Hz, 1 H) 8.04 (s,
1H)795(, 1 H)7.82-792(m,2H)7.77 (d,J=8.50Hz, 1 H) 7.60 - 7.74 (m, 4 H) 7.31 -
7.38 (m, 1 H) 6.90 - 6.95 (m, 1 H) 6.66 (d, J=8.13 Hz, 1 H) 6.02 (s, 1 H) 5.96 (s, 1 H) 5.38 -
547(m,2H)5.19(s, LH)3.90 (brs, |l H)3.88 (d, /J=6.75Hz, 5H) 2.68 - 2.90 (m, 2 H) 2.32
-243 (m,2H)184-197(m, 1 H)1.84-197(@m, lH)1.61-1.73(m, 1l H) 1.0l - 1.09 (m, 1
H) 0.78 (dd, J=5.88, 3.50 Hz, 1 H).

[0318] Step 4: preparation of compound 14

N N

7/\ LiOH. H20(2 eq) N
)—Q, THFH0-73 }O’\I/\
20°C,12 hrs

compound 14

[0319] A mixture of intermediate S5f (150 mg, 246.43 umol, 1 eg), LiIOH-H2O (20.68 mg,
492 .87 umol, 2 eq) in THF (2.1 mL) and H20 (0.9 mL) was degassed and purged with N2 for
3 times, and then the mixture was stirred at 20 °C for 12 hrs under Nz atmosphere. The reaction
mixture was filtered and the filtrate was concentrated. The crude product was purified by
reversed-phase HPLC (column: Waters Xbridge BEH C18 100*30mm™* 10um; mobile phase:
[water NH4sHCO3)-ACN]; B%: 15%-45%, 8min). Intermediate 14 (26.73 mg, 43.93 umol,
17.83% yield, 97.74 % purity) was obtained as a white solid. LCMS: RT = 2.647min, MS
cal.:594.66, [M+H] = 595.3 'H NMR (400 MHz, DMSO-ds) § = ppm 8.91 (d, /= 0.63 Hz, 1
H)8.13 (s, 1 H) 7.95 (s, 1 H) 7.89 (dd, /=10.01, 1.25 Hz, 1 H) 7.82 (dd, J =8.38, 1.50 Hz, 1
H) 768 -7.71 (m, 1 H) 7.60 - 7.66 (m, 3 H) 6.92 (d,J=7.63 Hz, 1 H) 6.66 (d,/=8.13 Hz, 1
H)593(s,2H)542(d,/J=3.00Hz,2H)387(d,/J=1363Hz, 1H)3.75(d,/=13.63Hz, 1
H)281-285(m, 1 H)2.76 (brd,J=1038Hz, 2 H) 238 -2.46 (m.2 H) 1.86 - .94 (m, 1 H)
1.86-194(m, 1H)1.62-1.70(m, 1 H) 1.04 (dd,.J=9.13,3.13 Hz, 1 H) 0.80 (dd, .J=5.94,
356 Hz, 1 H).
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Example 8: Preparation of Compound 16

N
ZN q )\
< s
ﬂ Q N
o 57f /
7/\ MeO N
)\\@ Pd{OAc)>(0.4 eq), Xantphos(0.8 eq)

KzPO4(3 eq),1,4-dioxane,90°C 4 hrs

NaBH4(5 eq)
_—

MeOH
20°C,2 hrs

56f 58f o

)\ng\ LiOH.H,0(2 eq)
_—
THF/H,0=7:3

20°C,12 hrs

LZ

= CN
HO

59f compound 16

[0320] Stcp 1: preparation of intcrmediate 58f

N
Pd{OAc)-(0.4 eq),Xantphos(0.8 eq)

K3PO4(3 eq),1,4-dioxane,90°C,4 hrs
/ S—pr

56f 58f

[0321] A mixture of intermediate S6f (27.57 mg, 189.95 umol, 2 eq), intermediate S7f (50
mg, 94.98 umol, 1 eq), KsPOs (60.48 mg, 284.93 umol, 3 eq), Xantphos (43.96 mg, 75.98
pmol, 0.8 eq) and Pd(OAc)2 (8.53 mg, 37.99 umol, 0.4 eq) in dioxanc (2 mL) was degassed
and purged with N2 for 3 times, and then the mixture was stirred at 90 °C for 4 hrs under N2
atmosphere. The residue was diluted with H2O (5 mL) and extracted with EtOAc (4 mL*2).
The reaction mixture was poured into separatory funnel and separated. The combined organic
layers were washed with brine (2 mL), dried over NaxSQas, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by prep-TLC (Si0z, Petroleum
cther: Ethyl acetate= 0:1, produce Rr= 0.5). Intermediate S8f (10 mg, 16.93 umol, 17.82%
vield) was obtained as a yellow solid. LCMS: RT = 0.574min, MS cal :390.69, [M+H] * =
591.4 'H NMR (400 MHz, chloroform-d) & = ppm 8.77 (d,J=0.63 Hz, 1 H) 8.14 (d, J=1.50
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Hz, 1 H) 7.98 - 8.02 (m, 1 H) 7.88 - 7.94 (m, 3 H) 7.76 - 7.79 (m, 1 H) 7.68 - 7.72 (m, 2 H)
7.62(t,J=7.82Hz, 1 H) 7.26 (s, 4H) 6.92 - 7.01 (m, 2 H) 6.15 (s, 1 H) 5.89 (s, 2 H) 3.95 (s,
3H)3.92 (s, 2 H)3.06 (brd,J=11.63Hz, 2 H) 2.73-2.82 (m, 1 H) 2.73 - 2.82 (m. 1 H) 2.32
-241 (m,2H) 1.89-2.03 (m, 5H) 1.35-1.35(m, 1 H) 0.75 - 0.93 (m, 7 H).

[0322] Step 2: preparation of Intermediate 59f

s
@] N ~ o N
/
MeO N NaBH,(5 eq) Meo»\ng
MeOH
20°C,2 hrs N
_ 7 N
4 =N = CN
HO
58f 59f

[0323] A mixturc of intermediate 58f (90 mg, 152.36 umol, 1 eq), NaBH4 (28.82 mg, 761.82
pmol, 5 eq) in McOH (5 mL) was dcgasscd and purged with N2 for 3 times, and then the
mixture was stirred at 20 °C for 2 hrs under N2 atmosphere. The residue was diluted with sat.
NH4Cl (1 mL) (0°C) and extracted with DCM (2 mL*2). The reaction mixture was poured
into separatory funnel and separated. The combined organic layers were washed with brine (1
mL), dried over NaxSQa, filtered and concentrated under reduced pressure to give a residue.
Intermediate 59f (80 mg, crude) was obtained as a yellow solid. LCMS: RT = 0.616 min, MS
cal.:592.71, [M+H] © = 593.3 'H NMR (400 MHz, chloroform-d) & = ppm 8.78 (s, 1 H) 8.14
(s,1H)8.01(d,J=850Hz, 1H)7.88(s, 1 H)7.77 (d,J=8.50Hz, 1 H) 7.64 (d, /= 8.13 Hz,
2H)7.50-760(m,3H)7.08((d,J=775Hz 1H)694(d,J=763Hz 1 H)588(s,2H)
531 (s, 2H)5.23 (dd, J=8.50,2.63 Hz, 1 H) 3.95 (s, 3 H) 3.90 (s, 2 H) 3.01 - 3.18 (m, 4 H)
275(brt,J=1176 Hz, 1 H)2.30-2.40 (m, 2 H) 1.84 - 1.98 (m, 3 H).

[0324] Step 3: preparation of compound 16

»\Q_Y\N LiIOH H,0(2 eq)
_—
THF/H,0=7:3

20°C,12 hrs

P4

HO

59f compound 16
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[0325] A mixture of intermediate S9f (80 mg, 134.97 umol, 1 eq), LIOH-H20 (11.33 mg,
269.95 umol, 2 eg) in THF (1.4 mL), and H20 (0.6 mL) was degassed and purged with N2 for
3 times, and then the mixture was stirred at 20 °C for 12 hrs under N2 atmosphere. The reaction
mixture was filtered and the filtrate was concentrated. The crude product was purified by
reversed-phase HPLC (column: Waters Xbridge Prep OBD C18 150*%40mm* 10um; mobile
phase: [water (NH4HCO3)-ACN]; B%: 12%-42%, 8min). Compound 16 (26.98 mg, 46.32
pmol, 34.31% vield, 99.34% purity) was obtained as a white solid. LCMS: RT = 2.284 min,
MS cal.:578.68, [M+H] * = 579.3 'H NMR (400 MHz, methanol-ds) = ppm 8.96 (d, J=0.75
Hz, 1 H) 8.23 (d,J=1.00 Hz, 1 H) 7.96 - 8.01 (m, 2 H) 7.70 (d, J = 8.50 Hz, 1 H) 7.58 - 7.66
(m, 3 H) 7.50 (d, J = 8.13 Hz, 2 H) 7.10 (d, J = 7.75 Hz, 1 H) 7.02 (d, J = 7.25 Hz, 1 H) 6.01
(s.2H)5.16 (dd, J=7.38,5.75Hz, 1 H) 3.96 (s, 2 H) 3.09 - 3.15 (m, 2 H) 3.05 (brd, J= 11.38
Hz, 2 H) 2.64 - 2.77 (m, 1 H) 2.28 - 2.40 (m, 2 H) 1.69 - 1.89 (m, 4 H).
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Example 9: Preparation of Compound 20

Br, /—OCN
HO 81f Br.

=N
N\\_/)——Br

60f

AY
N
Q
—N R O
N\_/)—O MeOH, 20°C, 2 hrs N, )
R \—2 >—CN

63f

/

DMF,20°C, 2 hrs

Pd/C, Ha (15 psi)

¢

N
CN
__Br ™ e5f .
—N R
Ag,COg,.toulene N

OH

PCT/US2022/044915

Bogc

B-0

XX
> CN
cpd 1A(1 eq), Cs,CO5(1.5 eq) N \\_/)—o Pd(dppf)Cl,(0.05 eq)

Cs,C0O5(1.1 eq)
dioxane: H,0O=5:1
90°C,2 hrs

100°C,2 h \_7/

20°C.1 hrs KoCOs3(3 q),CHsCN

60°C,1 h

N T O\_©,CN

67f

LiOH.H,0

7\
N N
THF/H,0,20°C, 12 hrs
—N
compound 20

[0326] Step 1: preparation of Intermediate 62f:
F

o
HO 61f

B
r>= N

>
N\\_/)—Br cpd 1A(1 eq). Cs,CO3(2 eq)
DMF,20°C, 2 hrs
60f
113

HN )K@N
MeQ . N
7\ MeO
TFA/DCM=5/1 26f W cl © J\E:[ /> \
—_— —N R N Q

N >/:/\ =

F

661
N
¢ jW
o S
—N =N
N\\_/)—O F:
68f
F
Br.
>=N CN
N\ Yy, 0]

62f
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[0327] To a solution of intermediate 60f (3.18 g, 21.02 mmol, 1 eq) in DMF (40 mL) was
added Cs2COs3 (13.70 g, 42.04 mmol, 2 eg) and intermediate 61f (5 g,21.02 mmol, 1 eg). The
mixture was stirred at 20 °C for 2 hrs. The residue was diluted with H20O (30 mL) and extracted
with EtOAc (30 mL * 3). The combined organic layers were dried over NaxSOq, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (8102, Petroleum ether/Ethyl acetate = 50/1 to 5/1). Intermediate 62f (2 g,
6.49 mmol, 30.88% yield) was obtained as a white solid. 'H NMR (400 MHz, DMSO-ds) & =
332(s, IH)5.53(s,2H) 7.10-720(m, 1 H) 7.53 (s, L H) 7.77 (d,J=3.42 Hz, 2 H) 7.94 (d,
J=990Hz, 1 H) 8.45 (d, J=5.75 Hz, 1 H).

[0328] Step 2: preparation of Intermediate 63f

Bo\c

N

< /;)
Br, 6f Y/

d=N CN N -
N\\_/)—O Pd(dppf)Cl(0.05 eq) NL/)_O
CSQCO3(1.1 eq) N CN
dioxane: H,O=5:1

62f 90°C,2 hrs 63f

Y

10329] A mixture of intermediate 62f (1.5 g, 4.87 mmol, 1 eg), intermediate 6f (1.51 g, 4.87
mmol, 1 eq), Pd(dppf)Cl2 (178.11 mg, 243.42 umol, 0.05 eq), K2CO3 (2.02 g, 14.61 mmol, 3
eq) in dioxane (10 mL), and H20 (2 mL) was degassed and purged with N2 for 3 times, and
then the mixture was stirred at 90 °C for 2 hrs under Nz atmosphere. The reaction mixture was
diluted with H20 (30 mL) and extracted with EtOAc (30 mL *3). The combined organic layers
were washed with NaCl a.q. (30 mL), dried over Na>SQa4, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography (SiOz2,
Petroleum ether/Ethyl acetate=10/1 to 0/1). Intermediate 63f (1.2 g, 2.92 mmol, 60.05%
yield) was obtained as a white solid. LCMS: Rt = 0.971 min, MS cal.:410.2, [M+H] "=411.2
"H NMR (400 MHz, chloroform-d) 6 = 1.25 (s, 3 H) 1.50 (s, 10 H) 1.95 (s, 1 H) 2.68 (brs, 2
H)3.63(brt,J=538Hz,2H)4.17 (brd,J=2.00Hz, 2 H) 5.58 (s,2 H) 6.66 (d, J=5.75 Hz,
1H)7.17 (brs, 1 H) 7.42 (dd, J=9.26, 1.25 Hz, 1 H) 7.48 (dd, /= 8.00, 1.00 Hz, 1 H) 7.57 -
7.65 (m, 1 H) 8.45 - 8.49 (m, 1 H).

[0330] Step 3: preparation of intermediate 64f
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Boc\

/ Pd/C, Hy (15 psi)

Y

F

N}O MeOH, 20°C, 2 hrs =N
N oN N\\_/)—OH

63f 64f

[0331] To a solution of intermediate 63f (500 mg, 1.22 mmol, 1 eq) in MeOH (8 mL) was
added Pd/C (200 mg, 1.22 mmol, 10% purity, 1 eg) under N2 atmosphere. The suspension was
degassed and purged with Ho for 3 times. The mixture was stirred under H> (15 Psi) at 20°C
for 2 hrs. The reaction mixture was filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (Si02, Petroleum ether/Ethyl
acctatc=20/1 to 1/1). Intermediate 64f (330 mg, 1.18 mmol, 96.98% yicld) was obtaincd as a
white solid. LCMS: Rt = 0.681 min, MS cal.: 279.16, [M-55] ~ =224 .2 'H NMR (400 MHz,
chloroform-d) 5=1.48 (s, 9 H) 1.70 - 1.88 (m, 2 H) 1.89 -2.00 (m, 2 H) 2.69 - 2.82 (m, 1 H)
282-295(m,2H)4.16-433 (m,2H)6.35(d,J=660Hz, 1 H)7.97-8.02(m, 1 H)
[0332] Step 3: preparation of Intermediate 65f

Boc R Boc,
) N
_ B st
—N Ag,COg,toulene N\:lj)—o E
NJOH 100°C,2 h \ N
64f 6

[0333] To asolution of intermediate 64f (0.3 g, 1.07 mmol, 1 eqg) in toluene (5 mL) was added
AgrCO3 (592.29 mg, 2.15 mmol, 2 eq) and intermediate 65f (252.86 mg, 1.18 mmol, 1.1 eg).
The mixture was stirred at 100°C for 2 h. The reaction mixture was diluted with H>O (20 mL)
and extracted with EtOAc (20 mL *3). The combined organic layers were dried over NazSOuq,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by column chromatography (5102, Petroleum ether/Ethyl acctate—10/1 to 1/1). Intermediate
66f (330 mg, 800.08 pmol, 74.50% yield) was obtained as a white solid. 'H NMR (400 MHz,
chloroform-d) 6=1.49 (s, 10 H) 1.77 (qd, J=12.41,4.34 Hz,2 H) 1.95 (brd,J= 1223 Hz, 2
H)2.81-2.99 (m, 3 H)4.20 (brd, J=2.20 Hz, 2 H) 5.55 (5,2 H) 6.66 (d, J=5.75 Hz, 1 H)
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741 (dd,J=9.17,147Hz, 1 H) 748 (dd, J=7.83, 1.34 Hz, 1 H) 7.58 - 7.64 (m, 1 H) 8.40 -
844 (m, 1 H).
[0334] Step 3: preparation of Intermediate 67f

Boc
\N HN

TFA/DCM=5/1
— —N R

—N R o
NJO 20°C,1 hr N\\_/)—o .
CN

66f 67f

[0335] To a solution of intermediate 66f (0.3 g, 727.35 umol, 1 eq) in DCM (5 mL) was addcd
TFA (3.08 g, 27.01 mmol, 2 mL, 37.14 eq). The mixture was stirred at 20 °C for 1 hr. The
reaction was clean according to TLLC. The reaction mixture was concentrated under reduced
pressure to remove solvent. Intermediate 67f (220 mg, 704 36 umol, 96.84% vyield) was
obtained as a yellow oil.

[0336] Step 4: preparation of Intermediate 68f

N
¢ ] ¢ ]
HN o S a S
MEOJ\©:N/>—\ MeO N
e
26f N 2\
N K N N
N 0 KoCOs(3 eq).CHCN
\ / 2! 3
J \—OCN 60°C.1 hrs Q
N _</ >—:N
o

N \\_/)—
68f

67f F

[0337] To a solution of intermediate 67f (220 mg, 683.69 umol, 1 eq) in ACN (10 mL) was
added K2COs (283 .47 mg, 2.05 mmol, 3 eq) and intermediate 26f (213.55 mg, 683.69 pmol,
I eq). The mixture was stirred at 60 °C for | hr. The reaction mixture was concentrated under
reduced pressure to remove solvent. The residue was diluted with H2O (30 mL) and extracted
with EtOAc (30 mL * 3). The combined organic layers were washed with NaCl a.q. (20 mL),
dried over Na>SOQa, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (SiO2, Petroleum ether/Ethyl acetate = 10/1
to 0/1). Intermediate 68f (200 mg, 334.64 umol, 48.95% yicld) was obtained as a white solid.
LCMS: Rt = 1.230 min, MS cal.: 597.2, [M+H] " =598.4 'H NMR (400 MHz, chloroform-d) §
=190 (brd,J=1126Hz, 2H) 1.97-2.14 (m, 6 H) 235 (brd, J=8.25Hz, 2 H) 2.78 - 2.90
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(m, 1 H) 3.01 (brd,J=9.51 Hz, 2 H) 3.91 (s, 2 H) 3.96 (s, 3 H) 5.56 (s, 2 H) 5.94 (s, 2 H) 6.66
(d,J=5.75Hz, 1 H) 7.35 - 7.45 (m, 1 H) 7.48 (d, J = 8.00 Hz, 1 H) 7.60 - 7.68 (m, 1 H) 7.77
(d.J=850Hz, 1 H) 7.87 (s, 1 H) 8.01 (dd.J=8.57, 1.06 Hz, 1 H) 8.14 (s, 1 H) 8.39 - 8.45
(m, 1 H) 8.73 -8.76 (m, 1 H).

[0338] Step 5: preparation of compound 20

N
J

<
s

N N
MeO HO
© )K©: 2\ LiOH.H,0 J\C[ >
N N —— N N
THF/H,0,20°C, 12 hrs
=N /—Q{N =N /—Q{N
N\\_/)—O ) N\\_/)—O §

68f compound 20

[0339] To a solution of intermediate 68f (0.1 g, 167.32 umol, 1 eg) in THF (1.5 mL) was
added LiOH-H20 (10.53 mg, 250.98 umol, 1.5 eq) in H2O (0.5 mL). The mixture was stirred
at 20 °C for 12 hrs. The reaction was added citric acid to adjust to pH = 8, then the mixture was
purified directly. The residue was purified by prep-HPLC (neutral condition; column: Waters
Xbridge BEH C18 100*30mm* 10um; mobile phase: [water (NH4sHCOs3)-ACN]; B%: 30%-
50%, 8min). Compound 20 (43.79 mg, 75.03 pmol, 44.84% yield) was obtained as a white
solid. LCMS: Rt = 2.003 min, MS cal.: 583.1, [M+H] * =584.1 'H NMR (400 MHz, methanol-
di) 8=1.82-1.96 (m, 4 H) 2.33 (td, J = 11.07, 4.03 Hz, 2 H) 2.80 (dt, J = 10.30, 5.18 Hz, 1
H)3.02 (brd,J=1137Hz, 2H) 394 (s,2H) 5.60 (s, 2H) 6.01 (s,2 H) 6.78 (d,.J=5.87 Hz,
I1H)755-7.62(m,2H)7.67-772(m,2H)796-801 (m,2H)822(d. /=098 Hz, 1 H)
840 (d, J=587Hz, 1 H) 8.91 -8.93 (m, 1 H).

[0340] Compound 31 can be prepared according to synthetic methods described herein,
optionally with guidance from W02019/239319.

Biological Assays

Example B1: GLP-1R cell assay

[0341] Stable cell lines expressing high and low GLP-1R surface expression were generated
in CHO-K1 cells transfected (Fugene 6) with a puromycin selectable DNA plasmid encoding
human GLP-1R receptor (accession number: NM _002062.5) under control of an EF1A
promoter. Transfected cells were seeded into 24-well plates (9,000 cells/well) containing
complete medium and incubated in a humidified incubator at 37°C with 5% carbon dioxide.

After overnight incubation, medium was replaced with complete medium supplemented with
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puromycin (6 pg/mL) and refreshed every 2-3 days to select for stably transfected cells.
Individual pools of selected cells were expanded prior to analysis for responsiveness to GLP-
1 control peptide using a TR-FRET assay to detect cAMP (LANCE Ultra cAMP Assay, Perkin
Elmer). Briefly, cells were collected in Versene solution, plated in 384-well plates (1,000
cells/well) and combined with serially diluted GLP-1R control peptide (10 nL) using an
acoustic dispenser (ECHO). Plates were incubated for 30 minutes at 25°C prior to the addition
of EU-cAMP tracer (5 pL) and Ulight-anti-cAMP (5 pL) reagents to cach well, followed by
15 minutes incubation at 25°C. TR-FRET signal was detected using an EnVision Multimode
Plate Reader (excitation=320 nm; emission= 615 and 655 nm). Dose-response curves were
used to generate ECso values as a measure of responsiveness to the GLP-1R control peptide.
Selected cell lines were monitored for responsiveness over multiple passages to ensure
stability. CHO-K1 hGLP-1Rhigh clonel6 and CHO-K1 hGLP-1Rlow clonelO showed
consistently high and low responsiveness to GLP-1R control peptide, respectively, and were
chosen for further analysis to determine relative levels of GLP-1R surface expression. Briefly,
GLP-1R expression was analyzed by flow cytometry using a fluorescein-labeled Exendin-4
peptide fluorescent probe (FLEX). Cells were harvested in Versene solution and washed 3-
times with PBS+0.5% BSA before incubation with FLEX reagent (10 uM) for 2 hours at room
temperature. After incubation, cells were washed 3-times in PBS+0.5% BSA before final
resuspension in PBS prior to analysis by flow cytometry to measure FLEX mean fluorescence
intensity (MFI) as a mcasurc of GLP-1R cxpression on the ccll surface. Both ccll lincs showed
higher MFT values relative to control CHO-K1 cells, confirming GLP-1R surface expression;
CHO-K1 hGLP-1Rhigh clonel6 cells showed significantly higher MFI levels relative to
CHO-K1-hGLP-1low_ clonel0 cells.

[0342] For compound testing in the CHO-K1_hGLP-1Rlow_clonel0 cell line, cells were
seeded in 384-well plates (1,000 cells/well). Test compounds were serially diluted in DMSO
(10-point, 3-fold dilution), addcd to wells using an ECHO dispcnscr (10 nL/well) and platcs
were centrifuged for 1 min and agitated for 2 min at room temperature prior to 30-minute
incubation at 25°C. Aficr incubation, Eu-cAMP (5 pL) and Ulight-anti-cAMP (5 pL) rcagents
were added to each well, followed by centrifugation for 1 minute, agitation for 2 minutes at
room tcmpcraturc, and final incubation of thc platcs at 25°C for 15 minutcs. Platcs were rcad
using an EnVision microplate reader (excitation=320 nm; emission= 615 and 655 nm). Dose-
response curves were generated from duplicate wells based on percent activation calculated

relative to a control GLP-1 peptide agonist that was run in parallel. ECso values were
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determined by fitting percent activation as a function of compound concentration using the Hill
equation (XLfit).

[0343] The ECso values of exemplary compounds in the low expression assay are shown in
Table 2 below. The compounds tested were compound samples prepared according to the

General Procedures described in the Examples section.

Table 2
Cmpd No. GLP-1R Low Expression Cell
Assay ECS0 (nM)
Ref. Compd. A 1.4
1 50.1
2 3.1
3 442
4 2.5
5 54
6 135.2
7 90.6
8 360.5
9 16.6
10 3927
11 2925
12 231.5
13 7242
14 30.1
15 25.81
16 >10000
18 9.9
19 161.3
20 9.4
21 6.6
22 87.5
23 33
24 15.1
25 24 .4
26 4.0
27 8.6
29 278
30 1.7
31 0.6

Example B2: Rat Pharmacokinetics

[0344] Intravenous dosing: Compounds were formulated at 0.5 mg/mL in a solution
comprising 5% polyethylene glycol 400 and 95% (12% (w/v) sulfobutyl-B-cyclodextrin in
water) (v/v). Formulated compounds were sterile filtered through a 0.22 micron filter before
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dosing. Compounds were administered to male, 7-11-week-old Sprague-Dawley rats by
jugular vein cannula infusion over 30 minutes at a dose of 1 mg/kg.

[0345] Oral dosing: Compounds were formulated at 0.3 mg/mL or 0.6 mg/mL in a solution
comprising 5% polyethylene glycol 400 and 95% (12% (w/v) sulfobutyl-B-cyclodextrin in
water) (v/v). Formulated compounds were administered to male, 7-11 week old Sprague-
Dawley rats by oral gavage at a dose of 3 mg/kg.

[0346] Sample collection: Blood collections of about 0.2 mL per time point were performed
from jugular vein or other suitable site of cach animal, into pre-chilled commercial EDTA-K2
tubes and placed on wet ice until centrifugation. Blood samples were processed for plasma by
centrifugation at approximately 4°C, 3,200 g for 10 min. Plasma was collected and transferred
into pre-labeled 96 well plate or polypropylene tubes, quick frozen over dry ice and kept at -
60°C or lower until LC-MS/MS analysis.

[0347] Data analysis: Plasma concentration versus time data was plotted in graph and analyzed
by non-compartmental approaches using the Phoenix WinNonlin 6.3 software program.
Related PK parameters were calculated according to dosing route, e.g., CL, Vs and Co for
intravenous administration, Cmax, Tmax or %F for extravascular administration, and T, AUCo-
0, AUC0-inf), MR T 0-1, MR T 0-inf) for all routcs.

[0348] Results: PK parameters in plasma after intravenous dosing are shown in Table 3. PK
parameters in plasma after oral dosing are shown in Tables 4 and 5. Plasma concentrations of
Compound 2 and Reference Compound A after oral dosing with 3 mg/kg are shown in FIG. 1.
Plasma concentrations of Compounds 2, 3, and 4 after oral dosing with 0.3 mg/mL, 3 mg/kg
are shown in FIG. 2. Plasma concentrations for compounds 2 and 14 after oral dosing with 0.6

mg/mL, 3 mg/kg are shown in FIG. 3.

Table 3
Cmax CL
Compound No. (ng/mL) tiz (h) (mL/min/kg) AUCo-1ast
Rcference
Compound A 486 +37.9 0.613 £0.344 51.2+£2.59 325+ 168
(PF-006882961)
2 596 =423 1.57 £ 0.583 38.8 £2.55 427 £ 277
1 mg/kg IV (0.5 mg/mL 1in a solution comprising 5% polycthylenc glycol 400 and 95%
(12% (w/v) sulfobutyl-B-cyclodextrin in water) (v/v))
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Table 4
Compound No. Cmax (ng/mL) tiz2 (h) AUCo-1ast
Reference
Compound A 37.7+ 8.09 2.00+1.07 60.6+901
(PF-006882961)
2 117 £ 61 33+0.44 384 + 182
3 79.8+24.4 1.1+029 116 + 232
4 216198 0.96 1L 0.33 283 121.7

3 mg/kg PO (0.3 mg/mL in: 5% polyethylene glycol 400, 95% (12% (w/v)
sulfobutvl-B-cyclodextrin in water) (v/v))

Table 5
Compound No. Cmax (ng/mL) ti2 (h) AUChast
Reference
Compound A 102 +£57.0 1.68 +0.44 121 £36.9
(PF-006882961)
2 491 + 256 2.66+1.74 525+ 138
14 581+ 100 3.14+1.88 582 +45
25 412+98.3 1.52+0.21 558 £ 100
27 478 = 186 1.37+£0.18 617+ 248
29 299 +62.9 1.54+ 046 411 £ 32

3 mg/kg PO (0.6 mg/mL in: 5% polyethylene glycol 400, 95% (12% (w/v)

sulfobutvl-B-cyclodextrin in water) (v/v))

identical conditions.
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[0349] Under various routes and methods of administration, Compound 2, and compounds
similar to it (i.e., Compound 14) exhibit consistently improved in vivo pharmacokinetic
performance as compared with Reference Compound A. After intravenous administration,
Compound 2 exhibited greater exposure, ~2-fold longer ti2, and 30% lower clearance as
compared with Reference Compound A (Table 3). Compound 2 also exhibited significantly
enhanced PK properties relative to Reference Compound A after oral administration (Table 4,
Table 5), with improved ti2, and 4-6-fold higher AUC. Compounds 14, 25,27, and 29 exhibited

similarly improved PK properties relative to Reference Compound A when dosed orally under
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Example B3. Food Intake in Humanized Mouse Model

[0350] The ability of compounds disclosed herein to modify the food intake of C57BL/6 mice
expressing human GLP-1R (hGLP-1R) was evaluated.

[0351] Vehicle: 5% polyethylene glyvcol 400: 95% (12% (w/v) sulfobutyl-f-cyclodextrin in
water), (v/v).

[0352] Preparation of Vehicle: Sulfobutyl-B-cyclodextrin (12,000.0 mg) was added to a 100
mL volumetric flask and QC with water to 100 mL, and vortexed until fully dissolved; 95 mL
was transferred to a new 100 mL flask/cylinder and 5 mL polyethylene glycol 400 was added,
the mixture was vortexed until fully dissolved to achicve a clear solution.

[0353] Formulation Preparation: The formulation was used within 24 hours after
preparation. The formulation was stirred continuously at room temperature if a suspension
resulted.

[0354] Preparation of Reference Compound A (30 mg/kg, 10 mL/kg) PO Dosing:
Reference Compound A (11.70 mg) was dissolved in 3.900 mL vehicle, vortex until fully
dissolved to achieve a final concentration of 3.0000 mg/mL clear solution.

[0355] Preparation of Reference Compound A (10 mg/kg, 10 mL/kg) PO Dosing:
Reference Compound A (12.000.0 mg) was dissolved (30 mg/kg) in 2.600 mL vehicle,
vortexed until fully dissolved to achieve a final concentration of 1.0000 mg/mL, clear solution.
[0356] Preparation of Liraglutide (0.3mg/kg, 2 mL/kg) SC Dosing: Liraglutide solution
(0.05 mL) was diluted (6 mg/mL) in 1.950 mL salinc and vortexcd to achicve a final
concentration of 0.150 mg/mL, clear solution.

[0357] Preparation of Compound 2 (60 mg/kg, 10 mL/kg) PO Dosing: Compound 2 (32.76
mg) as the meglumine salt was dissolved in 3.900 mL of vehicle and vortexed until fully
dissolved to achieve a final concentration of 8.4000 mg/mL, suspension (~6.0 mg/mL active
pharmaceutical ingredient [APIT]).

[0358] Preparation of Preparation of Compound 2 (30 mg/kg, 10 mL/kg) PO Dosing:
Compound 2 (2.600 mL) (60 mg/kg) was diluted in 2.600 mL of vehicle, vortex until fully
dissolved to achieve a final concentration at 4.2000 mg/mL, suspension (~3.0 mg/mL API).
[0359] Preparation of Preparation of Compound 2 (10 mg/kg, 10 mL/kg) PO Dosing;:
Compound 2 (1.300 mL) (30 mg/kg) was diluted in 2.600 mL of vehicle, vortex until fully
dissolved to achicve a final concentration of 1.4000 mg/mL., suspension (~1.0 mg/mL. API).
[0360] Animal Housing: The animal room environment was controlled for temperature (21-

25°C) and relative humidity (40-70%). Temperature and relative humidity were monitored and
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recorded twice daily. An electronic time-controlled lighting system was used to provide a 12 h
light/12 h dark cycle, 7:00 pm-7:00 am, lights out. The mice were fed normal diet and fresh
water during acclimation, animals were acclimated in the testing facility for one week prior to
study start.
[0361] The dose protocol used in this study is described in Table 6.

Table 6: Dose Protocol

Dose Dose

Group level volume Dose
ID Treatment Mice Number | (mg/kg) | (mL/kg) Method
1 Vehicle hGLPIr | 10 - 10 PO

3 Liraglutide hGLPIr | 10 03 2 SC

4 Reference Compound A | hGLPIr | 10 10 10 PO

5 Reference Compound A | hGLP1r | 10 30 10 PO

6 Compound 2 hGLPIr | 10 10 10 PO

7 Compound 2 hGLPIr | 10 30 10 PO

8 Compound 2 hGLPIr | 10 60 10 PO

[0362] Food Intake Study Procedure:
[0363] Acclimation and grouping: Mice were acclimated for QD PO dosing with vehicle for
4 days, baseline body weight and food intake were measured for 4 consecutive days. Animals
were allocated into 8 groups based on body weight and 3™ day’s food intake.
[0364] Dose body weight and food intake measurement: All animals were placed in clean
cages with sawdust bedding and fasted overnight, mice were dosed with vehicle or test
compound in thc morning. All group’s food was added 15 minutcs post dosing, food remaining
was recorded at 2-, 4-, 6-, 8-, 10- and 24-h post dosing. (FIG. 4) Bodyv weight was determined
on a daily basis during the study.
[0365] The time protocol for this study is described 1n Table 7.

Table 7: Time schedule

g);;:),erlment Experiment

Day -3 BW, FI PO acclimation

Day -2 BW. FI, PO acclimation

Day -1 BW, FI, PO acclimation

Day 0 BW. FR. PO acclimation, group, change cages and fasting overnight
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g):;),erlment Experiment

Day 1 BW, Dose, 2, 4,6, 8,10 hr FI

Day 2 BW, 24 hr F1

BW = Body Wcight; FI = Food Intakc; FR = Food Rcmaining; PO = Pcr Os (by mouth)

[0366] Compound 2 significantly suppressed food intake in humanized mice relative to vehicle
control (FIG. 5).

[0367] Data processing and analysis: Manual data were transferred into an excel spreadsheet.
All values were expressed as mean + S.E.M. The significances of the differences among groups
and within groups are evaluated by one-way or two-way ANOVA using Graph Pad statistic
software. A p-value of less than 0.05 was considered statistically significant.

Example B4: Glucose Tolerance

[0368] The ability of compounds disclosed herein to modify the glucose tolerance of C57BL/6
mice expressing human GLP-1R (hGLP-1R), was evaluated.

[0369] Vehicle: 5% polyethylene glveol 400: 95% (12% (w/v) sulfobutyl-B-cyclodextrin in
watcr), (v/v)

[0370] Preparation of Vehicle: Sulfobutyl-B-cyclodextrin (12,000.0 mg) was added to a 100
mL volumetric flask and QC with water to 100 mL, vortexed until fully dissolved, transfered
95 mL to anew 100 mL flask/cylinder. 5 mL polyethylene glycol 400 was added to the mixture
and vortexed until fully dissolved to achieve a clear solution.

[0371] Formulation preparation: The formulation was used within 24 hours after
preparation. The formulation was stirred continuously at room temperature if a suspension
resulted.

[0372] Preparation of Liraglutide (0.3 mg/kg, 2 mL/kg) SC Dosing: 0.05 mL of Liraglutide
solution (6 mg/mL) was diluted in 1.950 mL saline and vortexed to achieve a final
concentration of 0.150 mg/mL, clear solution.

[0373] Preparation of Reference Compound A (1 mg/kg, 10 mL/kg) PO Dosing: 1 mg of
Reference Compound A was dissolved in in 10.000 mL vehicle and vortexed until fully
dissolved to achieve a final concentration of 0.1000 mg/mL, clear solution.

[0374] Preparation of Reference Compound A (0.3 mg/kg, 10 mL/kg) PO Dosing: 1.050
mL of Reference Compound A (1 mg/kg) was diluted in 2.450 mL of vehicle and vortexed
until fully dissolved to achicve a final concentration of 0.0300 mg/mL, clear solution.

[0375] Preparation of Compound 2 (3 mg/kg, 10 mL/kg) PO Dosing: 2 mg of compound 2

as the meglumine salt was dissolved in 4.762 mL of vehicle and vortexed until fully dissolved
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to achieve a final concentration of 0.4200 mg/mL, suspension solution (~0.3 mg/mL active
pharmaceutical ingredient [API]).
[0376] Preparation of Preparation of Compound 2 (1 mg/kg, 10 mL/kg) PO Dosing: 1.520
mL of Compound 2 (3 mg/kg) as the meglumine salt was diluted in 3.040 mL vehicle and
vortexed until fully dissolved to achieve a final concentration of 0.1400 mg/mL, clear solution
(~0.1 mg/mL API).
[0377] Preparation of Preparation of Compound 2 (0.3 mg/kg, 10 mL/kg) PO Dosing:
1.050 mL of Compound 2 (1 mg/kg) as the meglumine salt was diluted in 2.450 mL vehicle
and vortexed until fully dissolved to achieve a final concentration of 0.0420 mg/mL, clear
solution (~0.03 mg/mL API).
[0378] Animal Housing: The animal room environment was controlled for temperature (21-
25°C) and relative humidity (40-70%). Temperature and relative humidity were monitored and
recorded twice daily. An electronic time-controlled lighting system was used to provide a 12 h
light/12 h dark cycle, 7:00 am-7:00 pm, lights out. The mice were fed normal diet and fresh
water during acclimation, animals were acclimated in the testing facility for one week prior to
study start.
[0379] Study procedure: Intraperitoneal Glucose Tolerance Test:
[0380] The group design used in this study is described in Table 8.

Table 8: Dose protocol- IPGTT

Group Dose level Dose Dose
D Mice Treatment Number (mg/kg) volume Method
grke (mL/kg)
1 hGLP- Vehicle 7 - 10 PO
1R
3 hi’lﬁp‘ Liraglutide 7 03 2 sC
4 hGLP- Reference Compound 7 03 10 PO
1R A
hGLP- Reference Compound
5 IR A 7 1 10 PO
6 h(ﬂip' Compound 2 7 0.3 10 PO
7 h(;ﬂﬁp' Compound 2 7 1 10 PO

[0381] Acclimation and grouping: Following a one-weeck washout period after in-life

completion of the food intake study, mice were utilized to conduct an intraperitoneal Glucose
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Tolerance Test (IPGTT); mice remained in their treatment groups from study the food intake
study. Baseline fasting glucose levels were used to balance treatment groups (final n = 7 per
treatment group); outlier mice (n =3), based on abnormal fasting blood glucose and body
weight, were used for PK assessment.
[0382] Intraperitoneal Glucose Tolerance Test (IPGTT): The mice were placed clean cages
with sawdust bedding and fasted overnight. Basal fasting glucose was measured by tail vein
nick before dosing in the morning, 3 mice per group of abnormal fasting blood glucose and
body weight were used for PK assessment. Mice were administered with vehicle or test
compounds according to dose protocol (Table 8) at 9:30 am. 0.5 h later after vehicle or test
compounds dosing, glucose was intraperitoneal injected with 2 g/kg at a dose volume of 10
ml/kg at 10:00 am. Blood glucose levels were measured at 0 (pre-dose), 15-, 30-, 60-, and
120-min post glucose dosing. (FIG. 6) In addition, ~ 30 pL blood was collected by tail vein
mto pre-chilled EDTA-2K tubes and placed on ice following glucose measurement at 0 min
and 15 min. Blood samples were processed for plasma as soon as possible by centrifugation at
4°C, 3200 x g for 10 min and plasma was stored at -80°C for insulin assay.
[0383] IPGTT (120 min) — PK bleeding: 40 pL blood samples (all treatment groups) were
collected from micc under the jaw at IPGTT-120 min after blood glucosc mecasurcment into
pre-chilled EDTA-2K tubes. Blood samples were processed for plasma by centrifugation at
4°C, 3200 x g for 10 min. 15 pL plasma was storcd at -80°C for PK analvsis. From 4 micc in
Group 7 of the PD cohort, whole brain was collected after blood is harvested at 120 min post
dose, rinsed with saline and patted dry and placed into a pre-weighed tube and stored at -80°C
collected for PK analysis.
[0384] PK bleeding group design is described in Table 9.

Table 9: Dose protocol- PK

Group Dose level Dose Dose Dose
D Treatment Number (mg/kg) volume Method | Frequenc
2/kg (mL/kg) q Y

Reference d

4 Compound A 3 1 10 PO Single
Reference .

5 Compound A 3 0.3 10 PO Single

6 Compound 2 3 0.3 10 PO Single

7 Compound 2 3 1 10 PO Single

8 Compound 2 3 3 10 PO Single

[0385] PK bleeding: 30 pL blood was collected at 0.25, 0.5, 1, 2, 4, and 8 h. Blood samples

were processed for plasma by centrifugation at 4°C, 3200 x g for 10 min. 12 pL plasma was
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collected at -80°C for further analysis. From 3 mice in Group 7 of the PK cohort, whole brain
was collected after blood is harvested at 8 hr post dose, rinsed with saline and patted dry and
placed into a pre-weighed tube and stored at -80°C collected for PK analysis. The PK time

points are summarized in Table 10.

Table 10: PK time-points

Group | Treatment/ Dose, . Blood time-

ID nalvt mg/kg Formulation Sex | N | points post dose
analyte (route) (0.030 mL)
Reference . 025,05,1,2,4,

4 Compound A 0.3 (PO) Vehicle M |3 and 8
Reference . 0.25,05,1.2. 4,

5 Compound A 1 (PO) Vehicle M |3 and 8
. 025,05, 1,2, 4,

6 Compound 2 0.3 (PO) Vehicle M 3 and 8
. 025,05,1,2,4,

7 Compound 2 1 (PO) Vehicle M |3 and 8
8 | Compound 2 3(PO) | Vehicle M |3 gﬁzds : 0.5, 1,2, 4,

[0386] Data Processing and analysis: Manual data were transferred into an excel spreadsheet.
All values are expressed as mean £ S E.M. The significances of the differences among groups
and within groups were evaluated by one-way or two-way ANOVA using Graph Pad statistic
software. A p-value of less than 0.05 were considered statistically significant.
[0387] Compound 2 significantly enhanced the glucose tolerance of the mice relative to the
vehicle control (FIGs. 7 and 8).
[0388] The glucose tolerance of mice expressing wildtype (WT) mouse GLP-1R was also
evaluated after the administration of compound 2 using methods analogous to those described
above. The glucose tolerance of mice expressing WT mouse GLP-1R was not affected by
Compound 2, whereas the glucose tolerance of mice expressing human GLP-1R was improved
by Compound 2 (FIGs. 9 and 10).
[0389] The results of the PK experiments are shown in FIGs. 11A, 11B, 12A, and 12B, and
are summarized in Tables 11 and 12:

Table 11. Compound 2 PK data in hGLP-1R mice

Total
Compound 2 T1/2 Tmax Cmax AUClast
Dose Median Mean % CV Mean % CV
mg/kg h h ng/mL % h.ng/mL %
0.3 1.40 0.5 (0.25-0.5) 82.7 37.0 107 16.2
1.0 1.42 0.5 283 14.0 390 243
3.0 2.03 0.5(0.25-0.5) 1821 77.5 2441 79.5

127



WO 2023/049518 PCT/US2022/044915

Table 12. Reference Compound A PK data in hGLP-1R mice

Total
Reference T Tmax Chmax AUC a5t
Compound A 12
Dose Median Mean %CV Mean % CV
mg/kg h h ng/mL Yo h.ng/mL %
0.3 0.604 0.5(0.25-0.5) 27.0 64.2 245 39.3
1.0 2.0 0.5(0.5-1.0) 497 23.6 85.5 18.9

[0390] As shown above, Compound 2 achicved higher plasma concentrations than Reference
Compound A. For example, when administered at 0.3 mg/kg, Compound 2 effectuated
approximately a three-fold higher Cmax and a four-fold higher AUCust than Reference
Compound A. When administered at 1.0 mg/kg, Compound 2 effectuated an approximately
5.7-fold highcr Cmax than Rceference Compound A and an approximately 4.6-fold higher
AUChhst than Reference Compound A.

[0391] Sample Processing

[0392] For plasma: An aliquot of 3 puL. sample was protein precipitated with 60 pL internal
standard (100 ng/mL Labetalol & 100 ng/mL Dexamethasone & 100 ng/mL Tolbutamide &
100 ng/mL Verapamil & 100 ng/mL Glyburide & 100 ng/mL Celecoxib in ACN) and then the
mixture was vortex-mixed for 10 min at 800 rpm and centrifuged for 15 min at 3220 x g 4 °C.
An aliquot of 55 pL supernatant was transferred to another clean 96-well plate and centrifuged
for 5 min at 3220 x g, 4 °C, 4 uL (Reference Compound A) or 6 uL. (Compound 2 and retest)
sample was mjected for LC-MS/MS analysis.

[0393] Dilution procedure description: (for retest) Dilution factor as 10: An aliquot of 2 pLL
sample was mixed with 18 pL blank matrix.

[0394] Data Processing: Retention time, plotting of the chromatograms and peak arca
integrations and calculations were carried out by using Analyst® 1.6.3 Software (SCIEX, MA,
USA).

[0395] Study Samples

[0396] Sample storage: During analysis, the study samples were stored at temperature of -
20°C. After analysis, the study samples were stored in a freezer at a nominal temperature of -
80°C.

[0397] Pharmacokinetic Data Analysis: The individual plasma concentrations of Reference
Compound A and Compound 2 in study animals was subjected to non-compartmental
pharmacokinetic analysis using the Phoenix WinNonlin software (version 6.3 or above,

Certara) with extravascular input and uniform weighting. The linear/log trapezoidal rule was
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applied in obtaining the PK parameters. Individual plasma concentration values that were
below the lower limit of quantitation (LOQ) were excluded from the PK parameter calculation.
The nominal dose levels and nominal sampling times were used in the calculation of all
pharmacokinetic parameters.

[0398] Analytical Results

[0399] Linearity: The calibration curve of Reference Compound A and Compound 2 was
constructed using eight non-zero standards ranging from 1.00 to 3000 ng/mL for plasma. The
regression analysis of Reference Compound A and Compound 2 was performed by plotting the
peak arca ratio of Reference Compound A and Compound 2 over IS (Y) against their
concentration (X) in ng/mL, respectively. The fit equation of calibration curve Reference
Compound A was linear regression with 1/x2 as weighting factor. The fit equation of
calibration curve Compound 2 was quadratic regression with 1/x2 as weighting factor for
plasma. The correlation coefficient (R) of the linear regression of Reference Compound A in
plasma is > 0.9875. The correlation coefficient (R) of the quadratic regression of Compound 2
in plasma is > 0.996.

[0400] Calibration Standards: At least 75% of the calibration standards or at least 6
calibration standards. when back-calculatced, should fall within £20% of the nominal valucs for
plasma.

[0401] QC Samples: For plasma samplcs, at Icast two thirds of all QC samplcs and 50% of
the QC samples at each concentration level, when back-calculated, should fall within £20% of
the nominal value for plasma samples.

[0402] Study Sample Concentrations: All bioanalytical runs were completed successfully
and accepted.

[0403] The concentrations of Reference Compound A in male C57BL/6J hGLP-1R mouse
plasma after PO (0.300 and 1.00 mg/kg) administrations of Reference Compound A were
determined. Bioanalytical concentration of Reference Compound A in male C57BL/6J hGLP-
1R mouse plasma was listed in Table 13 and Table 14.

[0404] The concentrations of Compound 2 in male C57BL/6J hGLP-1R mouse plasma after
PO (0.300, 1.00 and 3.00 mg/kg) administrations of compound 2 were determined.
Bioanalytical concentration of Compound 2 in malc C57BL/6]J hGLP-1R mousc plasma arc
listed in Table 15 and Table 16.

[0405] Pharmacokinetic Analysis Results: In general, all animals were expased to either

Reference Compound A or Compound 2 following oral dosing to C57BL/6 hGLP-1R mice.
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PK parameters for Reference Compound A are shown in Table 17 and Table 18, and PK
parameters for Compound 2 are shown in Table 19, Table 20, and Table 21.
[0406] Following oral administration of Reference Compound A at 0.3 and 1 mg/kg in mice,
the observed maximum plasma concentrations were reach by a median Tmax of 0.5 hours post
administration and then declined with a terminal elimination t1/2 of 0.604 hours following 0.3
mg/kg, and 1.99 hours following 1 mg/kg. By 4 hours post administration at 0.3 mg/kg, all
concentrations were below the limit of quantitation (<1 ng/mL), resulting in mean AUCO-last
of 24.5 ng.h/mL. In gencral, plasma concentrations were measurable out to 8 hours post
administration at 1 mg/kg, resulting in mean AUCO- last of 85.5 ng.h/mL. Overall, exposure to
Reference Compound A increased with dose in an approximately proportional manner.
[0407] Following oral administration of Compound 2 at 0.3, 1, and 3 mg/kg in mice, the
observed maximum plasma concentrations were reach by a median Tmax of 0.5 hours post
administration, and then declined with a terminal elimination t1/2 of 1.40 hours, 1.42 hours,
and 2.03 following 0.3 mg/kg, 1 mg/kg, and 3 mg/kg, respectively. In general, plasma
concentrations were measurable out to 8 hours post administration across all doses, resulting
in mean AUCO-last of 107 ng h/mL, 390 ng.h/mL, and 2441 ng.h/mL at 0.3 mg/kg, 1 mg/kg,
and 3 mg/kg, respectively.
[0408] Overall, exposure to Compound 2 increase with dose in a greater than proportional
manncr, with a 22-fold incrcasc in cxposurc valucs over a ten-fold incrcasc in dosc.
Comparatively, exposures to Compound 2 in the plasma were about 4-fold greater than the
exposures to Reference Compound A at 0.3 and 1 mg/kg in the mouse.
[0409] Absorption in C57BL/6 hGLP-1R male mice was rapid, with median Tmax of 0.5 hour
for both Reference Compound A and Compound 2, where plasma concentrations then declined
with a terminal T1/2 of less than 2 hours for both test articles. Exposure to Reference
Compound A increased from 0.3 mg/kg to | mg/kg in an approximately dose proportional
manner, while exposure to compound 2 increased from 0.3 mg/kg to 3 mg/kg in a greater than
proportional manner. Comparatively, plasma exposures to Compound 2 were 4-fold greater
than the exposures to Reference Compound A at both 0.3 mg/kg and 1 mg/kg.

Table 13. Individual and mean plasma concentrations of Reference Compound A in

male CS7BL/6J hGLP-1R mouse following single oral administration of Reference
Compound A at 0.3 and 1 mg/kg

Sample Concentration |Mean Concentration
Group time Animal ID  |(ng/mL) (ng/mL) SD
Reference < 3 16.7
Compound A 0-25h 30 46.8 P49 19.2
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0.3mpk 30 112
3 19.6
0.5h 80 17.6 17.3 252
R0 14.6
3 13.4
Ih 30 b3 16.0 6.60
30 111
3 D43
Oh 30 101 337 135
30 076
3 BQL
4h 80 BOL ND ND
80 BQL
3 BQL
%h 30 BQL ND ND
30 BQL
36 435
0.25h 56 31.9 357 6.73
60 318
36 628
0.5h 56 102 481 12.8
6o 1 2
36 487
Reference 1h 56 3.7 305 13.7
Compound A
- 60 16.0
36 o4
h 56 572 145 8.38
50 154
36 359
th 56 BQL 3.40 ND
6o 321
m 36 BOL ) ND

Table 14. Individual and mean plasma concentrations of Reference Compound A
in male C57BL/6J hGLP-1R mouse collected at 120 min following single oral
administration of Reference Compound A at 0.3 and 1 mg/kg

Mean

Sample Concentration (Concentration
Group time Animal ID |(ng/mL.) (ng/mL.) SD
Reference 2 6.14
Compound A
0.3mpk, PO, 19 7.91
10mL/kg
Vehicle: 5% 20 8.61
polyethylene
glycol 400: 95% 40 3 10
(12% (w/v) 120min 7.16 1.12
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Mean
Sample Concentration [Concentration

Group time Animal ID |(ng/mL) (ng/mL) SD
sulfobutyl-f3- 57 5.55
cyclodextrin in
water), (v/v) 68 7.19

83 6.60

25 297

29 31.0
Reference
Compound A 50 17.9
1mpk, PO, 10mL/kg
Vehicle: 5% 61 142
polyethylene : ’
alycol 400: 95% 120min = — 21.4 7.34
(12% (w/v) N o
sulfobutyl-B- -
cyclodextrin in 66 14.9
water), (v/v)

74 26.5

Table 15. Individual and mean plasma concentrations of Compound 2 in male
CS57BL/6J hGLP-1R mouse following single oral administration of compound 2 at
0.3, 1 and 3 mg/kg

Mean
Concentration [Concentration
Group Sample time  Animal ID (ng/mL) (ng/mL) SD
0.25h 39 52.2 78.3 33.4
67 66.8
88 116
0.5h 39 63.4 80.6 32.5
67 60.3
88 118
Compound 2 1h 39 3.3 49 4 6.25
0.3 mpk 67 9.2
88 55.8
Zh 39 18.2 10.6 6.57
67 6.53
88 7.14
Uh 39 7.15 3.74 2.96
67 1.84
88 .23
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Mean
Concentration [Concentration
Group Sample time  |Animal ID (ng/mL) (ng/mL) SD
8h 39 2.34 1.99 IND
67 1.64
33 BOL
0.25h 27 320 251 60.6
53 208
35 224
0.5h 27 329 283 39.8
53 56
85 265
1h 27 P52 197 495
53 183
Compound 2 85 156
Impk 2h 27 77.6 U8.6 25.2
53 36.6
85 31.7
4h 27 [7.58 7.51 1.12
53 8.59
85 6.36
Sh 27 .90 4.73 1.59
53 6.23
85 3.07
0.25h 26 823 1574 1127
33 1030
55 2870
0.5h 26 082 1790 1438
33 937
55 3450
1h 26 502 000 872
Compound 2 33 387
3mpk 55 1990
2h 26 157 304 305
33 100
55 655
h 26 18 1 844 74 .4
33 35.1
55 170
8h 26 02.1 475 39.1
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Table 16. Individual and mean plasma concentrations of Compound 2 in male
C57BL/6J hGLP-1R mouse collected at 120 min following single oral
administration of Compound 2 at 0.3,1 and 3 mg/kg

Mean
Conc. Concentration
Group Animal ID  |(ng/mL) (ng/mL) SD
6 13.1
C d2 -
ompoun 15 T
0.3 mpk, PO, 28 11.5
10mL/kg Vehicle: 5%/ 15.0
polyethylene glycol 43 31.4 18.8 727
400: 95% (12% (wiv) P2 17.3 '
sulfobutyl-f-
cyclodextrin in 78 17.2
water),(v/v)
Compound 2 13 61.2
21 53.6
1 mpk, PO, 10mL/kg [30 148
 lo: 50 49 60.4
Vehicle: 5% 59 50 3
polyethylene glycol 50 489 69 8 34.8
400: 95% (12%(w/v) )
sulfobutyl-p- 86 56.3
cyclodextrin
in water),
Compound 2 5 159 P77
12 227
3mpk, PO, 14 555
32 301
10mL/kg 63 539 1o
Vehicle: 5% 71 229
polyethylene 76 231
glycol 400:
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Table 17. PK parameters of Reference Compound A in male C57BL/6J hGLP-1R
Mouse plasma following oral administration at 0.3 mg/kg

PK Parameters Mouse 8 Mouse [Mouse [Mean SD CV (%)
80 89

Rsq_adj 0.948 10.527 0936 |- -- -~
[No. points used for T1/2 3.00 3.00 3.00 3.00 - -
Cmax (ng/mL) 19.6 46.8 14.6 27.0 17.3 64.2
Tmax (h) 0.500 0.250 0.500 0.417 0.144 34.6
T1/2 (h) 0.482 0.727* (0.602 0.604 0.123 203
Tlast (h) 2.00 2.00 2.00 2.00 -- -~
AUCO-1ast (ng.h/mL) 21.2 35.4 17.0 24.5 9.64 393
AUCO-inf (ng.h/mL) 22.9 40.5 194 27.6 113 41.0
MRTO-last (h) 0.803 0.797 0.861 0.820 0.0353 4.31
MRTO0-inf (h) 0.943 1.08 1.11 1.04 0.0890 8.53
AUCExtra (%) 7.39 12.7 12.4 10.8 2.98 27.5
AUMCExtra (%) 21.1 35.8 32.0 29.6 7.63 25.7

If the % AUCExtra > 20%, AUCO-inf, CL, MRTO-inf and Vdss might not be accurately
estimated. If the % AUMCExtra > 20%, MRTO-inf and Vdss might not be accurately
estimated.”: The adjusted linear regression coefficient of the concentration value on the
terminal phase is less than 0.9, T1/2 might not be accurately estimated

Table 18. PK parameters of Reference Compound A in male
C57BL/6J hGLP-1R mouse plasma following oral administration at 1 mg/kg

PK Parameters Mouse |[Mouse [Mouse [Mean SD CV (%)
36 56 69

Rsq_adj 0.997  (0.218 0.787 |- -- --

[No. points used for T1/2 3.00 3.00 3.00 3.00 - -

Cmax (ng/mL) 62.8 40.2 46.0 49.7 11.7 23.6
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Tmax (h) 0.500 [0.500 [1.00 0.667 [0.289 |33
T1/2 (h) 0.791 P.42* .77 [1.99 133 66.6
Tlast (h) 4.00 3.00 3.00 ND - -

AUCO-last (ng.h/mL) 101 68.7 86.7 85.5 162 18.9
AUCO-inf (ng.h/mL) 105 86.4 89.9 03.8 9.88 10.5
MRTO-1ast (h) 130 239 1.74 1.81 0548  j03
MRTO-inf (h) 1.45 4.55 2.03 .68 1.64 61.3
AUCExtra (%) 3.91 203 3.54 0.32 0.69 104
AUMCExtra (%) 138 58.3 18.2 30.1 D45 81.5

ND = Not determined

If the % AUCExtra > 20%, AUCO-inf, CL, MRTO-inf and Vdss might not be accurately
estimated. If the % AUMCExtra > 20%, MRTO-inf and Vdss might not be accurately
estimated.

*:The adjusted linear regression coefficient of the concentration value on the terminal phase is
less than 0.9, T1/2 might not be accurately estimated.

Table 19. PK parameters of Compound 2 in male C57BL/6J hGLP-1R mouse plasma
following oral administration at 0.3 mg/kg

PK Parameters Mouse 39 |[Mouse 67 [Mouse 88 Mean SD CV (%)
Rsq_adj 0.962 0.625 0.766 -~ -~ -~
No. points used for T1/2 {3.00 5.00 3.00 IND - -
Cmax (ng/mL) 63.4 66.8 118 32.7 306 [37.0
Tmax (h) 0.500 0.250 0.500 0.417 0.144 [34.6
T1/2 (h) 2.08 1.44% 0.691% 1.40 0.695 (495
Tlast (h) 8.00 8.00 4.00 IND -- --
IAUCO-last (ng.h/mL) 117 87.0 117 107 17.3 16.2
AUCO-inf (ng.h/mL) 124 90.4 120 111 18.4 16.5
MRTO0-1ast (h) 1.98 1.36 0.851 140 0.565 {40.5
MRTO-inf (h) 2.49 1.69 0.928 1.70 0.781 @459
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IAUCExtra (%) 5.66 3.76 1.836 3.76 1.90 50.5

AUMCExtra (%) 25.0 2.4 10.0 19.1 8.02 41.9

ND = Not determined

If the % AUCExtra > 20%, AUCO-inf, CL, MRTO-inf and Vdss might not be accurately
estimated. If the % AUMCExtra > 20%, MRTO-inf and Vdss might not be accurately
estimated.

*:The adjusted linear regression coefficient of the concentration value on the terminal phase is
less than 0.9, T1/2 might not be accurately estimated

Table 20. PK parameters of Compound 2 in male C57BL/6J hGLP-1R mouse plasma
following oral administration at 1 mg/kg

PK Parameters Mouse 27 [Mouse 33 [Mouse 85 Mean SD CV (%)
Rsq_adj 0.691 0.602 0.727 - - -
[No. points used for T1/2 (4.00 1.00 1.00 4.00 -- -
Cmax (ng/mL) 329 256 265 283 39.8 14.0
Tmax (h) 0.500 0.500 0.500 0.500 0.00 0.00
T1/2 (h) 1.28%* 1.62%* 1.36%* 142 0.178 [12.5
Tlast (h) 8.00 8.00 8.00 8.00 -~ -~
AUCO-last (ng.h/mL) 498 352 320 390 949 P43
IAUCO-inf (ng.h/mL) 507 366 326 400 95.1 23.8
MRTO-last (h) 1.32 1.46 1.26 1.35 0.103 [7.62
MRTO-inf (h) 1.47 1.81 1.42 1.57 0.212 |135
AUCExtra (%) 1.78 3.97 1.84 2.53 1.25 49 3
AUMCExtra (%) 119 22.6 12.9 158 591 74

If the % AUCExtra > 20%, AUCO0-inf, CL, MRTO-inf and Vdss might not bc accuratcly
estimated. If the % AUMCExtra > 20%, MRTO0-inf and Vdss might not be accurately
estimated.

*:The adjusted linear regression coefficient of the concentration value on the terminal phase is
less than 0.9, T1/2 might not be accurately estimated.

Table 21. PK parameters of Compound 2 in male C57BL/6J hGLP-1R mouse plasma
following oral administration at 3 mg/kg
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PK Parameters 26 33 55 Mean SD CV (%)
Rsq_adj 0.0909 0.611 0.994 -- -~ -~
No. points used for T1/2 [4.00 5.00 3.00 IND -~ -~
Cmax (ng/mL) 982 1030 3450 1821 1411 [775
Tmax (h) 0.500 0.250 0.500 0.417 0.144 [34.6
T1/2 (h) 3.21% 1.68% 1.19 2.03 .05 p2.0
Tlast (h) 8.00 8.00 8.00 8.00 -~ -~
AUCO-1ast (ng.h/mL) 1497 1154 1673 2441 1940 [79.5
AUCO-inf (ng.h/mL) 1923 1229 4707 2620 1841 [70.3
MRTO-1ast (h) 2.04 1.54 1.40 1.66 0.336 [20.3
MRTO-inf (h) 4.39 2.08 1.46 2.64 1.54 P84
AUCExtra (%) 22.2 6.12 0.710 9.68 11.2 116
AUMCExtra (%) 63.8 30.6 4.74 33.0 206 [89.6

Example BS: Metabolic Stability in Hepatocytes

[0410] Test compounds were incubated in rat and human hepatocytes and stability was
assessed from the substrate depilation approach. Test compounds were dissolved in dimethyl
sulfoxide (DMSO) to create a 10 mM Stock, and then further diluted to create a 1000x Working
Stock of 1 mM with DMSO in 96-well plates for test compounds and the positive control
(midazolam). Vials containing cryopreserved hepatocytes were removed from the liquid
nitrogen tank and immediately immersed in a 37°C water bath. The vials were shaken gently
until the contents had thawed and were then immediately emptied into 48 mL of pre-warmed
HT Mcdium in a 50 mL conical tubc. Cells rcmaining in the vial wcre resuspended with 1.0
mL of pre-warmed HT Medium and added to the conical tube. The tube was capped and then
gently inverted several times to resuspend the hepatocytes. The cell suspension was centrifuged
at 50 x g at room temperature for 5 minutes and the supernatant discarded. The cell pellet was
loosened by gently swirling the centrifuge tube and was re-suspended in 4 mL of warm
Dulbecco's Modified Eagle medium (DMEM). Cell density was determined by a cell counter
by Nexcelom, and DMEM medium was added to obtain a target density of 1 x 106 cells/mL.
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The assay was carried out in 96-well microtiter plates. Test Compounds were incubated at 1
uM with 1 x 10° cells/mL hepatocytes in DMEM for 0, 30, 60, 120 and 240 minutes. The
incubation was carried out with gentle shaking at 37°C under a humid atmosphere of 95%
air/5% CQOz. The volume of the incubation mixture was 37 uL with a final 0.1% DMSO. At
each of the time points, the incubation was stopped by adding 150 pL. quenching solution
(100% acetonitrile, 0.1% formic acid containing bucetin as an internal standard for positive
ESImode). Subsequently, the mixtures were vortexed for 20 min and centrifuged at 4,000 RPM
at 10°C. The supernatant (80 uL) was transferred to a clean 96-well plate and analyzed by LC-
MS/MS. Midazolam at 1 uM with a final 0.1% DMSO was included as a positive control to
verify assay performance. The percent parent remaining, intrinsic and predicted hepatic
clearance and ti2 were calculated. All samplcs were analyzed by LC-MS/MS using an AB
Sciex API 4000 instrument, coupled to a Shimadzu LC-20AD LC Pump system. Separation
was achieved using a Waters Atlantis T3 dC18 reverse phase HPLC column (20 mm x 2.1 mm)
at a flow rate of 0.5 mL/min. The mobile phase consisted of 0.1% formic acid in water (solvent

A) and 0.1% formic acid in 100% acetonitrile (solvent B). Elution conditions are detailed

below.

Time (min) ﬁir;vmin) %A %B
0 500 o8 2
0.30 500 o8 2
1.40 500 2 08
220 500 2 08
221 500 o8 2
3.00 500 08 2

[0411] The ion optics of each test compound were optimized for their declustering potential
(DP), collection energy (CE), collision-cell exit potential (CXP) and used in a selected ion
monitoring experiment in the positive ion mode. The peak arca ratio of each test compound to
internal standard was then evaluated for stability. The extent of metabolism was calculated
based on the disappearance of the test compound, compared to its initial concentration. The
nitial ratcs of ¢lcarance of the test compound were calculated using the lincar regression plot
of semi-log % remaining of the compound versus time. The c¢limination rate constant (k) of the
linear regression plot was then used to determine t12 and the intrinsic clearance (CLin) using

the following formula, where Cuepaweyie (million cells/mL) is the cell density of the incubation:

k =-slope
t12=0.693/k
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CLint = k/ Chcpatocytc

[0412] This method of intrinsic clearance determination assumes that the test compound
conccentration is far below the Michaclis-Menten constant of the compound to its mctabolizing
enzymes.

[0413] The predicted hepatic clearance (CLhep) was calculated using the well stirred method
with the following formula with CLint(invive) normalized based on liver weight:

CLintin vivoy = CLint x Hepatocellularity x liver weight
CLep predicted = (CLintcin vive) X Qtiver ) / (CLintcin vivoy + Quiver )
Where Qiiver ((ml/min/kg) is Liver Blood Flow

[0414] The relevant physiological parameters of liver weight, blood flow, and
hepatocellularity for various species are listed below:
Liver Weight Hepatocellularity ﬂ;iver Blood
Species (g liver/kg body weight) | (106 cells/g liver) low (Qiiver,
mL/min/kg)
IHuman 25.7 135 20.7
Rat 40 120 552

[0415] Results
half-lifc (t1/2).

are presented in the Table below for the intrinsic clearance (mL/min/kg) and

Rat Human
Clint Clint
Cmpd # (mL/min/kg) t1/2 (min) (mL/min/kg) t1/2 (min)
A 48 16 + 1.33 7233+255 [7.18+0.45 347.47+£22.71
2 426+246 7939+498 [ 1551 +£082 156 48 923
4 3597+ 136 9724 +286 |2426+0.74 99.65 +3.05
12 91.73+£1.76 3626+ 0.7 26.83+£0.8 89.62 + 2.67
14 92.83+3.3 3583+1.27 |120.13+0.59 119.44+35
20 3893+1.14 89.6 +2.64 10.59 + 0.66 22931 +14.45
137.83 +

26 24.13 £ 0.83 4.75 20.86 £ 0.98 11527+543
27 28.99+0.58 11474+23 [ 1557+0.7 154.45 +£6.99
29 35.83+1.42 92.83+3.69 | 1533+£0.76 156.86 +7.79
23 57.94+ 125 57424123 14228+ 1.59 66.39 + 3 .14
31 3024+ 1.5 110+ 544 1748 +1.33 137.58 +10.46
30 32.45+0.73 102.51+23 | 7.18+0.31 334.94 & 14.66

[0416] Compounds 12, 14 and 23 gave sigmbicantly morcased CLant valuos 1o rat hopatocytes

relative to reference standard, while values for remaining compounds 4, 20, 26, 27, 29, 3¢ and
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31 were sigmificantly lower than reference. CLint for compound 2 was pot significantly
different from reference.
[0417] Half-life of compounds 4, 20, 26, 27, 29, 30, 31 mn rat hepatocyies were significantly
higher relative to reference, while values obtamed for 12, 13 and 23 were significantly lower;
Compounds showed no significant difference from reference.
[0418] CLint values calculated for humans were higher than reference for all compounds
except compound 30, which showed no significant difference.
[0419] Calculated halfhife of all compounds except compound 30 was signuficantly lower
relative to standard; compound 30 showed no significant difference relative to reference.
[0420] All compounds except compound 30 showed improved CLint and half-live in human
relative to reference standard.
Example B6. Passive Permeability and Efflux Ratio
[0421] Caco-2 cells (clone C2BBel) were obtained from American Type Culture Collection
(Manassas, VA). Cell monolayers were grown to confluence on collagen-coated, microporous
membranes in 12-well assay plates. Details of the plates and their certification are shown
below. The permeability assay buffer was Hanks’ balanced salt solution containing 10 mM
HEPES and 15 mM glucosc at a pH of 7.4. Thc buffcr in the recciver chamber also contained
1% bovine serum albumin. The dosing solution concentration was 5 uM of test article in the
assay buffer. Cell monolayers were dosed on the apical side (A-to-B) or basolateral side (B-
to-A) and incubatcd at 37°C with 5% CO2 in a humidificd incubator. Samplcs wcre taken tfrom
the donor and receiver chambers at 120 minutes. Each determination was performed in
duplicate. The flux of lucifer yellow was also measured post-experimentally for each
monolayer to ensure no damage was inflicted to the cell monolayers during the flux period.
All samples were assayed by LC-MS/MS using electrospray ionization. The apparent
permeability (Papp) and percent recovery were calculated as follows:
Papp = (dC: /dt) < V(A x Ca) 1
Percent Recovery = 100 x ((Vr x CAM) + (Vg x Ca™))/(Va x Cn) ().
where, dC; /dt is the slope of the cumulative receiver concentration versus time in pM s™; Vi
is the volume of the receiver compartment in ecm?; Vg is the volume of the donor compartment
in cm?; A is the area of the insert (1.13 cm? for 12-well); Ca is the average of the nominal
dosing concentration and the measured 120-minute donor concentration in pM; Cn is the
nominal concentration of the dosing solution in pM; C/™ is the cumulative receiver

concentration in uM at the end of the incubation period; Ca™ is the concentration of the donor
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in pM at the end of the incubation period. Efflux ratio (ER) is defined as Papp (B-10-A) / Papp
(A-to-B).

Compound ID Mean Passive Permeability (Papp) | Efflux Ratio (ER)
Reference Compound A 155 2.89

2 315 1.66

4 499 0.975

20 2.82 9.77

30 9.41 2.14

31 16.8 1.31

[0422] Passivc pecrmeability and cfflux ratio arc mcant to scrve as a proxics to cvaluate the
potential of molecules’ oral bicavailability. Here, high passive permeability (Papp) and low
efflux ratio (ER) are preferable and indicate a higher likelihood of orally bioavailable
compound. These data demonstrate superior Papp and ER relative to benchmark molecules.
[0423] All publications, including patents, patent applications, and scientific articles,
mentioned in this specification are herein incorporated by reference in their entirety for all
purposes to the same extent as if each individual publication, including patent, patent
application, or scientific article, were specifically and individually indicated to be incorporated
by reference.

[0424] Although thc forcgoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is apparent to those skilled
in the art that certain minor changes and modifications will be practiced in light of the above
teaching. Therefore, the description and examples should not be construed as limiting the scope

of the invention.
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CLAIMS
What is claimed is:
1. A compound of Formula (I):

O 1

HO)KQ:NR
X/»_RS
g ©

or a pharmaccutically acccptablc salt thercof, wherein:

X is N or CH;

Y is N or CR%;

nisOor1;

R is hydrogen,;

R! is -C1-Cs alkylene-R>;

R? is hydrogen, oxo, or C1-Cs alkyl;

R’ is hydrogen, oxo. or C1-Cs alkyl and R* is hydrogen, OH, or C1-Cs alkyl;

or R?® and R* are taken together with the carbon atoms to which they are attached to form Cs-

Cs cycloalkyl optionally substituted by halo or Ci-Cs alkyl;

R’ is 5-membered heterocyclyl or 5-membered heteroarvl, each of which comprises 1, 2, or 3
heteroatoms independently selected from O, N, and S, wherein at least one heteroatom of R®
is S, and further wherein R’ is optionally substituted by halo, -O-Ci- alkyl, Ci-s alkyl, Ci-6
alkenyl, or C1-Cs haloalkyl;

Ring A is 5- to 12-membered heterocyclyl or 5- to 12-membered heteroaryl, each of which is
independcently optionally substituted by halo, CN, Cs-Cs cycloalkyl, or C1-Ce alkyl optionally
substituted by halo or OH;

L is a bond, -O-, C1-Cs alkylene, *-0-C1-Ce alkylene-**, *-C1-Ce alkylene-O-**_ or *—
NRS-C1-Cs alkylene-** wherein

* represents the point of attachment to ring A and ** represents the point of attachment to

ring B;
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when L is *-O-C1-Cs alkylene-**, the C1-Cs alkylene of L is optionally substituted by RY,
wherein each R" is independently C1-Cs alkyl or halo, or two R" are taken together with the
carbon atom or atoms to which they are attached to form Cs-Cs cycloalkyl or 3- to 6-

membered heterocyclyl; and

when L is C1-Cs alkylene, the C1-Cs alkylene is optionally substituted by R*!, wherein each
R is independently halo, OH, oxo, or Ci-Cs alkyl, or two R*! are taken together with the
carbon atom or atoms to which they are attached to form Cs-Cs cycloalkyl or 3- to 6-

membered heterocyclyl;
R® is hydrogen or C1-Cs alkyl; and

Ring B is C3-Cio cycloalkyl, Cs-Cia aryl, 4- to 12-membered heterocyclyl, or 5- to 12-
mcmbercd heteroaryl, cach of which is independently optionally substituted by onc to three
substituents independently selected from the group consisting of halo, CN, oxo, C1-Cs alkyl,
C1-Cs haloalkyl, -COCHj3, -CONH2, —S(0)2CH3, and phenyl.

2. The compound of claim 1, wherein X is N.

3. The compound of claim 1, wherein X 1s CH.

4. The compound of any one of claims 1-3, wherein Y 1s N.

5. The compound of any one of claims 1-3, wherein Y is CR*.

6. The compound of any onc of claims 1-3 or 5, whercin Y is CR*, and R® and R* arc

taken together with the carbon atoms to which they are attached to form a cyclopropyl group.

7. The compound of any one of claims 1-6, wherein n is 0.

8. The compound of any one of claims 1-6, whereinn is 1.

9. The compound of any one of the preceding claims, wherein R! is -CH2-R>.
10. The compound of any one of the preceding claims, wherein R is 5-membered

heteroaryl comprising 1, 2, or 3 heteroatoms independently selected from O, N, and S,
wherein at least one heteroatom of R is S, and further wherein R® is optionally substituted by
halo, -O-Ci alkyl, Ci-6 alkyl, Ci-6 alkenyl, or C1-Cs haloalkyl.

11. The compound of any one of the preceding claims, wherein R® is 5-membered
heteroaryl comprising 1 or 2 heteroatoms selected from S and N, wherein one heteroatom of
R’ is S, and further wherein R? is optionally substituted by halo, -O-C1-s alkyl, C1-s alkyl, C1-6
alkenyl, or Ci-Cs haloalkyl.
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12 The compound of any one of the preceding claims, wherein R is thiazolyl or
isothiazolyl, each optionally substituted by halo, -O-C1-6 alkyl, C1-Ce alkyl, Ci-6 alkenyl, or
C1-Ce haloalkyl.

13. The compound of claim 12, wherein R? is a thiazole optionally substituted by methyl,
bromo, vinyl, ethyl, methoxy, chloro, or fluoro. 15. The compound of any one of the
preceding claims, wherein R is thiazol-2-y1 or thiazol-3-yl, each optionally substituted by Ci-
Co alkyl.

N N
14. The compound of any one of the preceding claims, wherein R? is \/Kr"ﬁ or )/ké’ﬁ.

15. The compound of claim 14, wherein R® is L
16. The compound of any one of the preceding claims, wherein Ring A is 5- to 6-

membered heteroaryl optionally substituted by halo, CN, C3-Cs cycloalkyl, or C1-Cs alkyl
optionally substituted by halo or OH.

17. The compound of any one of the preceding claims, wherein Ring A is 6-membered
heteroaryl optionally substituted by halo, CN, C3-Cs cvcloalkyl, or C1-Cs alkyl optionally
substituted by halo or OH.

18. The compound of one of the preceding claims, wherein Ring A 1s benzodioxolvl,
pyridyl, pyrimidinyl, or pyrazinyl, each of which is optionally substituted by halo, CN, C3-Ce
cycloalkyl, or C1-Cs alkyl optionally substituted by halo or OH.

19. The compound of one of the preceding claims, wherein Ring A is benzodioxolyl,

pyridyl, pyrimidinyl, or pyrazinyl.

oy O\)/LL‘L
as
20. The compound of one of the preceding claims, wherein Ring A is ,

N T o e
IS T O oy
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r,-f"
/N4
21. The compound of one of the preceding claims, wherein Ring A is \— or
>N
N
22. The compound of any one of claims 1-21, wherein L is *-0O-C1-Ce alkylene-**

optionally substituted by RL.

23. The compound of claim 22, wherein L is *-O-CHz-** or *-O-CDa-**.
24. The compound of any one of claims 1-21, wherein L is -O-.

25. The compound of any one of claims 1-21, wherein L is a bond.

26. The compound of any one of claims 1-21, wherein L is *-C(O)-CHz-**.

27. The compound of any one of claims 1-26, wherein Ring B is Cs-Ci4 aryl, which is
optionally substituted by one to three substituents independently selected from the group
consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkyl, —-COCH3, —CONH:, —S(0)2CHj3
and phenyl.

28. The compound of any one of claims 1-27, wherein Ring B is phenyl optionally
substituted by one to three substituents each independently selected from the group consisting

of halo, CN, oxo, Ci-Cs alkyl. Ci1-Cs haloalkyl, -COCHz, -CONHz, —S(0).CH3 and phenyl.

29. The compound of any one of claims 1-28, wherein Ring B is phenyl optionally

substituted by one to three substituents each independently selected from the group consisting

of halo, CN, and —-CONH-.

30. The compound of any one of claims 1-29, wherein Ring B is kS

)
F Cl F
% Jor % .
31. The compound of any one of claims 1-26, wherein Ring B is 4- to 12-membered

heterocyclyl, which is optionally substituted by one to three substituents independently
selected from the group consisting of halo, CN, oxo, Ci-Coe alkyl, Ci-Ce haloalkyl, -COCHs,
—CONHz2, —S(0)2CHs3 and phenyl.
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32. The compound of any one of claims 1-26 or 31, wherein Ring B is
tetrahydroisoquinolinyl optionally substituted by one to three substituents independently
selected from the group consisting of halo, CN, oxo, C1-Cs alkyl, Ci-Cs haloalkyl, -COCHs3,
—CONH>, —S(0):CH3 and phenyl.

33. The compound of any one of claims 1-26, 31, or 32, wherein Ring B is

independently selected from the group consisting of halo, CN, oxo, C1-Ce alkyl, C1-Cs
haloalkyl, -COCHs, -CONHz, —S(0)2CHs and phenyl.

—N :
34. The compound of any one of claims 1-26 or 31-33, wherein Ring B is %
HN
or &

from the group consisting of halo, and CN.

optionally substituted by one to three substituents

optionally substituted by one to three substituents independently selected

35. The compound of any one of claims 1-26 or 31-34, wherein Ring B is

F

CN
§—N

36. The compound of any one of claims 1-26, wherein Ring B is a 5- to 12-membered
heteroaryl, which is optionally substituted by one to three substituents independently selected
from the group consisting of halo, CN, oxo, C1-Cs alkyl, C1-Cs haloalkvl, -COCHs, —
CONH:z, —S(0)2CHs and phenyl.

37. The compound of any one of claims 1-26 or 36, wherein Ring B is a 9-membered
heteroaryl, which is optionally substituted by one to three substituents independently selected
from thc group consisting of halo, CN, oxo, Ci-Cs alkyl, C1-Cs haloalkvl, -COCH3s, —
CONHaz, —S(0):CHs and phenyl.
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38. The compound of any one of claims 1-26, 36 or 37, wherein Ring B is a 9-membered

heteroaryl, which is optionally substituted by one to two substituents independently selected

39. The compound of claim 38, wherein Ring B is F

from the group consisting of halo and CN.

40. The compound of claim 1, wherein the compound is of Formula VIII

N R
¢
o
N
HO)K@ p
N N

N
/ \ RS

= (VIII)
wherein R” is hydrogen, chloro, bromo, fluoro, methyl, or vinyl; and

E

S CN E
e AT e
, S ,
R R R
HO /_237 D D ‘<—©~CN
>—2 >—CN \ )—CN >L2 >—CN
g , §—O N , g—O , or g 9] .

41. The compound of claim 40, wherein R is hydrogen.
42. The compound of any one of claims 1-41, wherein the compound is a meglumine salt.

43. A compound or a pharmaceutically acceptable salt thereof, wherein the compound is

selected from any one of the compounds in Table 1 other than reference compound A.
44, The compound of claim 43, wherein the compound is a meglumine salt.

45. A pharmaceutical composition comprising the compound of any one of claims 1-44,

or a pharmaceutically acceptable salt thereof, and a pharmaceutical acceptable excipient.

46. A method of treating a disease mediated by glucagon-like peptide-1 receptor (GLP-

1R) in an individual in need thereof, comprising administering to the individual a
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therapeutically effective amount of the compound of any one of claims 1-44, or a

pharmaceutically acceptable salt thercof, or the pharmaceutical composition of claim 45.
47. The method of claim 46, wherein the discase is a liver discase.

43. The mcthod of claim 47, whercin the liver discasc is primary biliary cirrhosis (PBC),
primary sclerosing cholangitis (PSC), drug induced cholestasis, intrahepatic cholestasis of
pregnancy, parenteral nutrition associated cholestasis (PNAC), bacterial overgrowth or sepsis
associated cholestasis, autoimmune hepatitis, viral hepatitis, alcoholic liver discase,
nonalcoholic fatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), graft versus
host disease, transplant liver regeneration, congenital hepatic fibrosis, choledocholithiasis,
granulomatous liver disease, intra- or extrahepatic malignancy, Sjogren's syndrome,

sarcoidosis, Wilson's disease, Gaucher's disease, hemochromatosis, or oti-antitrypsin

deficiency.

49, The method of claim 46, wherein the discase is diabetes.

50. The method of claim 46, wherein the discase 1s a cardiometabolic disease.

51. The method of claim 46, wherein the discase is obesity.

52. Use of the compound of any on¢ of claims 1-44, or a pharmaceutically acceptable salt

thereof, in the manufacture of a medicament for treating a disease mediated by GLP-1R.

53. A method of decreasing food intake in an individual in need thereof, comprising
administering to the individual a compound, or pharmaceutically acceptable salt thereof, of

any one of claims 1-44 or the pharmaceutical composition of claim 45.

54. A method of increasing glucose tolerance in an individual in need thereof, comprising
administering to the individual a compound, or pharmaccutically acceptable salt thercof, of

any one of claims 1-44 or the pharmaceutical composition of claim 45.
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