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HETEROCYCLIC COMPOUNDS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to United States Provisional Application
63/178,309, filed on April 22, 2021, the contents of which is hereby incorporated by reference in

its entirety for all purposes.

BACKGROUND

[0002] Aldehyde dehydrogenases (ALDHs) belong to a superfamily of NAD(P+)-
dependent enzymes that play a role in the metabolism of aldehydes by irreversibly catalyzing the
oxidation of both endogenously and exogenously produced aldehydes to their respective
carboxylic acids. ALDHs have a broad spectrum of biological activities, including biosynthesis
of retinoic acid (RA), oxidation of lipid peroxides, and alcohol metabolism, among others.
[0003] The ALDH family of enzymes contains 19 members with diverse functions.
Enzymes within this family irreversibly catalyze the oxidation of an aldehyde into the
corresponding carboxylic acid while reducing NAD+/NADP+ to NADH/NADPH. These
enzymes are found in several cellular compartments, however, most are localized to the cytosol
or the mitochondria.

[0004] The ALDH enzymes can be classified into 3 main groups: 1) Broad specificity
ALDHI1 family containing ALDHI1al, 1a2, 1a3, 1bl and ALDH2 known to oxidize retinal,
acetaldehyde, GABA, medium chain lipid aldehydes, cyclophosphamide metabolites and
potentially other aldehyde species; 2) Long chain fatty aldehyde-specific ALDH3A1-3B2; 3)
Structurally diverse enzymes ALDH4A1, 5A1, 6A1, 7A1, 8A1, 9A1,18A1, 1L1, and 112
catalyze the oxidation of discrete metabolites or semialdehydes (glutamate, succinate,

methylmalonate, 10-formyl-THF etc,).

BRIEF SUMMARY

[0005] Some ALDH enzymes participate in global metabolism via expression in the liver
where they function to detoxify acetylaldehyde formed from alcohol dehydrogenases,

biosynthesize vitamin A from retinal stereoisomers, or detoxify other reactive aldehydes. In



WO 2022/226383 PCT/US2022/026059

contrast, most ALDH enzymes are expressed in a cell- or disease-specific manner and modulate
cellular biochemistry, often with unknown mechanisms of action.

[0006] Of particular interest to human health and disease is the ALDH1a subfamily;
ALDHI1a3 is distinctly upregulated across solid tumor subpopulations, failing pancreatic [ cells,
and proliferative smooth muscle cells in endothelial diseases. ALDH1a3 is further used to
identify tumorigenic and chemoresistant cancer cells. Despite >100 publications studying
ALDHI1a3 in cancer, a cohesive understanding of its function has remained absent. Our
discoveries have resolved this paradox by showing that tumor-expressed ALDH1a3 conditions
the tumor microenvironment through the generation of paracrine retinoic acid that suppresses
anti-tumor immunity.

[0007] A less studied but equally important ALDH1a enzyme is ALDH1a2, which has
been implicated as the main myeloid-expressed ALDH1a isoform. Similar to ALDH1a3,
ALDHI1a2 catalyzes retinaldehyde oxidation, and this activity controls normal immune tolerance
through the induction of Regulatory T cells and M2 macrophages. However, few studies have
been performed on the role of ALDH1a2 in controlling immune tolerance of cancer or other
pathologies.

[0008] While insights into the complementary roles of ALDH1a2 and ALDH1a3 in
conditioning an immune suppressive niche are novel, retinoid signaling via the RAR nuclear
receptors is arguably the most studied nutrient pathway in inflammatory diseases and cancer.
Early trials established retinoic acid as a tremendously effective intervention in acute
promyelocytic leukemia (APL) through targeting a fusion oncogene unique to APL. However,
numerous follow-on clinical trials testing retinoid agonism in solid tumors unexpectedly revealed
a pro-tumorigenic role of retinoid signaling across solid tumor types, resulting in numerous early
terminations due to excess mortality and increased cancer incidence. Therapeutic retinoid
agonism is also associated with hyperlipidemia, osteoarthritis, and various other pathologies
caused by immune suppression.

[0009] Despite these unexpected clinical findings that retinoid activation drives the
progression of solid cancers and is associated with other disease states, antagonists of the retinoid
pathway have not progressed into clinical trials.

[0010] The present disclosure is based, in part, on the discovery that aldehyde
dehydrogenase (Aldh, ALDH), and particularly ALDH isoform 1a3 (ALDH1a3) and/or ALDH

isoform 1a2 (ALDH1a2), is implicated in various diseases or disorders such as proliferative
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diseases or disorders, immune suppression, diseases or disorders associated with retinoid
pathway activation, metabolic diseases or disorders, endothelial cell or smooth muscle cell
diseases or disorders, cancer and metastasis, etc. The present disclosure further shows that
inhibition of the ALDH enzymes such as ALDH1a3 and/or ALDH1a2 can be useful in treating or
preventing various cancers, cancer metastasis, and other ALDH1a2 and/or ALDH1a3-mediated
diseases and disorders, metabolic diseases, such as such as type 2 diabetes, pulmonary arterial
hypertension (PAH) and neointimal hyperplasia (NIH). See also, PCT/US2019/044278, which
has an international filing date of July 31, 2019, the content of which is incorporated by reference
in its entirety. The present disclosure is further based, in part, on the discovery that various
compounds described herein can potently and/or selectively inhibit one or more ALDH enzymes
such as ALDH1a3 and/or ALDH1a2, can inhibit the retinoid pathway activation, and can treat
various diseases such as cancer and Type 2 Diabetes.

[0011] Accordingly, in various embodiments, the present disclosure provides novel
compounds and pharmaceutical compositions, which are useful in inhibiting aldehyde
dehydrogenase (Aldh, ALDH), and particularly ALDH isoform 1a3 (ALDH1a3) and/or ALDH
isoform 1a2 (ALDH1a2), or inhibiting retinoid pathway. In some embodiments, the present
disclosure also provides methods of using the novel compounds and pharmaceutical
compositions herein for treating various diseases or disorders, such as various cancers, cancer
metastasis, metabolic diseases such as type 2 diabetes, pulmonary arterial hypertension (PAH)
and neointimal hyperplasia (NIH), or in male contraception.

[0012] Some embodiments of the present disclosure are directed to a compound of

Formula I, I-P, II, II-P, or III, or a pharmaceutically acceptable salt thereof:
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wherein the variables are defined herein. In some embodiments, the compound of Formula I can
be characterized as having a subformula of Formula I as defined herein, such as Formula I-O, I-
F,I-1,1-2,I-1-A, I-2-A, I-1-A1,I-1-A2, I-1-A3, I-2-A1, 1I-2-A2, 1-2-A3,I-1-B, I-2-B, I-1-C, or I-
2-C. In some embodiments, the compound of Formula II can be characterized as having a
subformula of Formula II as defined herein, such as Formula II-1, II-2, TI-3, or II-4. In some
embodiments, the compound of Formula III can be characterized as having a subformula of
Formula IIT as defined herein, such as Formula III-1, ITII-2. In some embodiments, the present
disclosure also provides specific compounds, Compound Nos.139-202 or 139-165, or a
pharmaceutically acceptable salt thereof.
[0013] In embodiments, the present disclosure provides a compound of Formula (IV)

R22

R22 R32
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)

or a pharmaceutically acceptable salt thereof,
wherein ring A , L, R??, R*??’, R3? R?3, p and R'"° are defined herein.
[0014] In embodiments, the present disclosure provides a compound of Formula (IV-A)

R22
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(IV-A)
wherein ring A , L1, R?2, R?>' R3? R33, p and R'"° are defined herein.

[0015] In embodiments, the present disclosure provides a compound of Formula (IV-B)
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wherein Z!, Z? 73, Z* R?? R?* R* R*, pand R are defined herein.

[0016] In embodiments, the present disclosure provides a compound of Formula (IV-C)
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wherein, R?°, R?1, R2”" R2U' R?2 R?* | p and R are defined herein.

[0017] In embodiments, the present disclosure provides a compound of Formula (IV-D)
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(IV-D)

wherein, R??, R?? | p and R!% are defined herein.

pd

[0018] Certain embodiments of the present disclosure are directed to a pharmaceutical
composition comprising one or more of the compounds of the present disclosure (e.g., a
compound of Formula I (e.g., Formula I-O, I-F, I-1, -2, I-1-A, [-2-A, I-1-A1, I-1-A2, I-1-A3, I-
2-A1,1-2-A2,1-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g., Formula II-1,
I1-2, 11I-3, or I1-4,), Formula II-P, Formula III (e.g., Formula III-1 or ITI-2), Formula IV (e.g., IV-
A, IV-B, IV-C, or IV-D) or any of Compound Nos.139-202 or 139-165, or a pharmaceutically
acceptable salt thereof) and optionally a pharmaceutically acceptable excipient. The
pharmaceutical composition described herein can be formulated for different routes of

administration, such as oral administration, parenteral administration, or inhalation etc.
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[0019] Some embodiments of the present disclosure are directed to a method of inhibiting
an aldehyde dehydrogenase, in particular, ALDH1a3 and/or ALDH1a2, in a subject in need
thereof.

[0020] Some embodiments of the present disclosure are directed to a method of inhibiting
the retinoid pathway in a subject in need thereof In some embodiments, the present disclosure
provides a method of inhibiting Ty cell and/or M2 macrophage formation in a subject in need
thereof. In some embodiments, the present disclosure provides a method of treating a disease or
disorder associated with the retinoid pathway activation in a subject in need thereof, e.g., as
described herein.

[0021] In some embodiments, the present disclosure provides a method of treating or
preventing a disease or disorder associated with aldehyde dehydrogenase, preferably, a disease or
disorder associated with aldehyde dehydrogenase isoform 1a3 (ALDH1a3) and/or ALDH1a2 in a
subject in need thereof. In some embodiments, the disease or disorder is a proliferative disease
such as cancer (e.g., as described herein) associated with aldehyde dehydrogenase isoform 1a3
(ALDH1a3) and/or ALDH1a2. In some embodiments, the disease or disorder is a metabolic
disease such as type 2 diabetes or hyperlipidemias associated with aldehyde dehydrogenase
isoform 1a3 (ALDH1a3) and/or ALDH1a2. In some embodiments, the disease or disorder is an
endothelial cell or smooth muscle cell disease or disorder, such as pulmonary arterial
hypertension or neointimal hyperplasia, associated with aldehyde dehydrogenase isoform 1a3
(ALDH1a3) and/or ALDH1a2. In some embodiments, the disease or disorder is an
immunologically-driven disease or disorder, such as acute graft-vs-host disease or osteoarthritis
pain, associated with aldehyde dehydrogenase isoform 1a3 (ALDH1a3) and/or ALDH1a2.

[0022] In some embodiments, the present disclosure provides a method of treating cancer
in a subject in need thereof. In some embodiments, the cancer is associated with ALDH1a3
and/or ALDH1a2 activities, such as having cancer cells with higher expression level compared to
a control, and/or having cancer cells with ALDH1a3 and/or ALDH1a2 activities, e.g., positive in
Aldefluor™ assay, which can be reduced with an ALDH1a3 and/or ALDH1a2 inhibitor or
genetic knockout or knockdown. In some embodiments, the cancer is a solid cancer. In some
embodiments, the cancer is metastatic cancer or chemoresistant cancer. In some embodiments,
the cancer can be a breast cancer, colorectal cancer, kidney cancer, ovarian cancer, gastric cancer,
thyroid cancer, urothelial cancer, testicular cancer, cervical cancer, nasopharyngeal cancer,

esophageal cancer, bile duct cancer, lung cancer, pancreatic cancer, prostate cancer, bone cancer,
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blood cancer, brain cancer, liver cancer, mesothelioma, melanoma, hematologic cancer,
leukemia, lymphoma, and/or sarcoma. In some embodiments, the cancer can also be
gastrointestinal stromal tumor, peripheral nerve sheath tumor, myeloma, and/or endometrial
cancer. In some embodiments, the cancer is unresponsive to one or more immunotherapy, e.g.,
an anti-PD-1, anti-CTLA4, anti-LAG-3, anti-TIGIT or anti-PD-L1 antibody. In some
embodiments, the subject has developed resistance to one or more immunotherapy, e.g., an anti-
PD-1 or anti-PD-L1 antibody. In some embodiments, the method further comprises
administering to the subject one or more immunotherapy (e.g., as described herein).

[0023] In some embodiments, the present disclosure provides a method of treating or
preventing metastasis of a cancer in a subject in need thereof. In some embodiments, the cancer
has established metastasis. In some embodiments, the cancer has not metastasized prior to
treatment with the methods herein, and the method delays or prevents metastasis of the cancer.
In some embodiments, the cancer is associated with ALDH1a3 and/or ALDH1a2 activities.
[0024] In some embodiments, the present disclosure provides a method of treating a
metabolic disease, such as type 2 diabetes in a subject in need thereof. In embodiments, the
present disclosure provides a method of treating or hyperlipidemia in a subject in need thereof. In
some embodiments, the present disclosure further provides a method of treating an endothelial
cell or smooth muscle cell disease or disorder, such as pulmonary arterial hypertension or
neointimal hyperplasia, in a subject in need thereof. In some embodiments, the present
disclosure provides a method of inducing male contraception in a subject in need thereof.

[0025] The method described herein typically comprises administering to the subject an
effective amount of a compound of the present disclosure (e.g., a compound of Formula I (e.g.,
Formula I-O, I-F, I-1, I-2, I-1-A, 1-2-A, I-1-A1, I-1-A2, I-1-A3, [-2-A1, [-2-A2, I-2-A3, I-1-B, I-
2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g., Formula II-1, II-2, 1I-3, or II-4,), Formula II-
P, Formula III (e.g., Formula III-1 or I1I-2), Formula IV (e.g., IV-A, IV-B, IV-C, or IV-D) or any
of Compound Nos.139-202 or 139-165, or a pharmaceutically acceptable salt thereof) or an
effective amount of a pharmaceutical composition described herein. The administering is not
limited to any particular route of administration. For example, in some embodiments, the
administering can be orally, nasally, transdermally, pulmonary, inhalationally, buccally,
sublingually, intraperintoneally, subcutaneously, intramuscularly, intravenously, rectally,
intrapleurally, intrathecally and parenterally. In some embodiments, compounds of the present

disclosure can be administered as the only active ingredient(s). In some embodiments,
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compounds of the present disclosure can be used in combination with an additional therapy, such
as conventional surgery or radiotherapy, immunotherapy, cell therapy, therapeutic antibodies, or

chemotherapy.

[0026] It is to be understood that both the foregoing summary and the following detailed

description are exemplary and explanatory only, and are not restrictive of the invention herein.

BRIEF DESCRIPTION OF THE FIGURES

[0027] FIG. 1A is flow cytometry spectra, and shows that genetic knockout of ALDH1a3
(middle and rightmost spectra, two distinct ALDH1a3-targeting CRISPR gRNAs) in MDA-MB-
468 breast cancer cells substantially decreases ALDEFLUOR™ activity compared to control
MDA-MB-468 cells (leftmost spectra).

[0028] FIG. 1B is a line graph of tumor volume (mm?®) versus time (days), and shows that
genetic knockout of ALDH1a3 (KO#1 and KO#2) in MDA-MB-468 breast cancer cells slows
primary tumor growth and sensitizes tumors to paclitaxel (ptx) compared to control cells (Vec).
[0029] FIG. 1C is a bar graph of tumor mass (g) versus ALDH1a3 genetic knockout
(KO#1 and KO#2), and shows that genetic knockout of ALDH1a3 in MDA-MB-468 breast
cancer cells slows primary tumor growth compared to control (Vec) and sensitizes tumors to
paclitaxel (ptx).

[0030] FIG. 2A is flow cytometry spectra, and shows that genetic knockout of ALDH1a3
in Sum159-Mla breast cancer cells nearly abolishes ALDEFLUOR™ activity in the cells, and
that ALDEFLUOR™ activity can be rescued by transducing the cells with a rescue vector
encoding ALDH1a3 compared to empty vector.

[0031] FIG. 2B is a line graph of bone metastasis, as measured by bioluminescence
(ph/s), versus time (days), and shows that knockout of ALDH1a3 in Sum159-M1a breast cancer
cells slows bone metastasis growth.

[0032] FIG. 2C 1s a Kaplan-Meier plot of bone metastasis-free survival over time, and
shows that knockout of ALDH1a3 in Sum159-M1a breast cancer cells significantly increases
survival time. Statistics by Cox’s proportional hazards model.

[0033] FIG. 3A is a line graph of bioluminescence (ph/s) versus time (days), and shows
the development of lung metastasis in mice injected with SUM159-M1b cells transduced with
vectors encoding three ALDH enzymes, ALDH1al, ALDH1a3 and ALDH3al compared to
empty vector (vector).
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[0034] FIG. 3B is a plot of lung nodes counted ex vivo at the endpoint of the experiment

described in FIG. 3A. Student’s t-test, two-tailed, assuming unequal variance.

[0035] FIG. 3C shows sample images of bioluminescence at Day1 (left) and endpoint
(right) from the experiment described in FIG. 3A and FIG. 3B.
[0036] FIG. 4A 1s a patient survival curve stratified by high (red) and low (black)

Aldhla3 expression based on the data analysis tool hosted at kmplot.com, and shows the distant
metastasis-free survival for breast cancer patients as a function of ALDH1a3 expression level.
[0037] FIG. 4B is a patient survival curve stratified by high (red) and low (black)
Aldhla3 expression based on the data analysis tool hosted at kmplot.com, and shows the overall
survival for renal clear cell cancer patients as a function of ALDH1a3 expression level.

[0038] FIG. 4C is a patient survival curve stratified by high (red) and low (black)
Aldhla3 expression based on the data analysis tool hosted at kmplot.com, and shows the overall
survival for gastric cancer patients as a function of ALDH1a3 expression level.

[0039] FIG. 4D is a patient survival curve stratified by high (red) and low (black)
Aldhla3 expression based on the data analysis tool hosted at kmplot.com, and shows the overall
survival for bladder cancer patients as a function of ALDH1a3 expression level.

[0040] FIG. 4E is a patient survival curve stratified by high (red) and low (black)
Aldhla3 expression based on the data analysis tool hosted at kmplot.com, and shows the overall
survival for ovarian cancer patients as a function of ALDH1a3 expression level.

[0041] FIG. 4F is a patient survival curve stratified by high (red) and low (black)
Aldhla3 expression based on the data analysis tool hosted at kmplot.com, and shows the overall
survival for lung squamous cancer patients as a function of ALDH1a3 expression level.

[0042] FIG. 4G is a patient survival curve stratified by high (red) and low (blue) Aldhla3
expression based on survival time series data and patient-level RNA expression data from The
Cancer Genome Atlas, and shows the overall survival for colorectal cancer patients as a function
of ALDH1a3 expression level.

[0043] FIG. 4H is a patient survival curve stratified by high (red) and low (blue) Aldhla3
expression based on survival time series data and patient-level RNA expression data from The
Cancer Genome Atlas, and shows the overall survival for low-grade glioma patients as a function

of ALDH1a3 expression level.
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[0044] FIG. 5A is graph of mRNA expression of Aldhla3 from the METABRIC clinical
breast cancer dataset, and shows expression of Aldhla3 by breast cancer subtype and history of
chemotherapy. Statistics by Student’s t-test, two sided.

[0045] FIG. 5B is a set of survival curves based on the Erasmus Medical Center-
Memorial Sloan-Kettering (EMC-MSK) dataset, and shows the survival time of breast cancer
patients by subtype and stratification by median ALDH1a3 expression level. Statistics by Cox’s
proportional hazards model.

[0046] FIG. 6A is a line graph of the pharmacokinetics of compounds MBE1 that shows
that oral gavage (PO) and intravenous (IV) administration of compound MBE] leads to plasma
concentrations that exceed 5-fold the IC50 for for > 10 hours. Data points are the average of
biological replicates, n=3 mice per group.

[0047] FIG. 6B is a line graph of the pharmacokinetics of compounds MBE1.5 that
shows that oral gavage (PO) and intravenous (IV) administration of compound MBE1.5 leads to
plasma concentrations that exceed 5-fold the IC50 for for > 10 hours. Data points are the average
of biological replicates, n=3 mice per group.

[0048] FIG. 7. Expression of ALDH1a2 and ALDH1a3 mRNA in patient-derived
xenograft models from multiple human cancers shows expression of ALDH1a2 and ALDH1a3
enzymes across multiple tumor types.

[0049] FIG. 8. q-rtPCR of STRA6 mRNA to measure retinoid pathway activity in MCF7
cells expressing each ALDH isoform of interest, which demonstrates that only ALDH1a2 and
ALDHI1a3 induce retinoid pathway activation. Results were tested in both regular DMEM + FBS
as well as DMEM + charcoal-stripped FBS.

[0050] FIG. 9. In vivo imaging of SCP28 cells containing a retinoid response element
driven firefly luciferase reporter were stably transduced with ALDH1al, 1a2, 1a3 or vector
control and then injected into the mammary gland of Nu/Nu female mice. Intravital imaging
shows that ALDH1a2 and ALDH1a3 drive retinoid pathway activation in solid tumors in vivo.
In the figure, based on the last data point, from top to the bottom, Aldhla3, Aldhla2, Aldhlal,
and vector control.

[0051] FIGs. 10A-10C. g-rtPCR of STRAG levels in MCF7 cells stably expressing vector
control treated with DMSO or all-trans retinoic acid (10 uM) treated with various doses of MBEI
(10A), Compound 140 (10B) or Compound 151 (10C) demonstrate that compounds 140 and
151 effectively inhibit both ALDH1a2 and ALDH1a3 in cell-based assays at therapeutically
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advantageous levels (<50 nM) with IC50 values for MBE1 at 1666 nM (ALDH1a2) and 3.67 nM
(Aldh1a3), IC50 values for 140 of 27.6 nM (Aldhla2) and 6.97 nM (Aldh1a3) and IC50 values
for 151 of 55.3 nM (Aldhla2) and 1.25 nM (Aldhla3).

[0052] FIGs. 11A and 11B. Treatment of the T3-MCA fibrosarcoma cell line allografts
implanted subcutaneously into C57BL6 syngeneic mice with compounds Compound 140 or
MBEI1.5 once daily for the indicated treatment period show successful inhibition of tumor growth
as a single agent as shown by caliper measurement (11A) and tumor mass at endpoint (11B).
[0053] FIGs. 12A and 12B. Treatment of the K-Ras, p53 -/- undifferentiated
pleiomorphic sarcoma cell line allografts implanted subcutaneously into C57BL6 syngeneic mice
with compounds Compound 140 or MBEL1.5 once daily for the indicated treatment period show
successful inhibition of tumor growth as a single agent for Compound 140 and not MBE1.5 as
shown by caliper measurement (12A) and tumor mass at endpoint (12B).

[0054] FIGs. 13A-13D. Pharmacokinetics analysis of plasma half-life in CD-1 mice after
10 mg/kg single oral dose of compounds MBE1 (13A), MBE1.5 (13B), Compound 140 (13C),
and Compound 151 (13D) demonstrates superior pharmacokinetic dosing for compounds with
8’ methyl substitution.

[0055] FIG. 14. Treatment of the T3-MCA fibrosarcoma cell line allografts implanted
subcutaneously into C57BL6 syngeneic mice with oral Compound 140 and/or anti-PD-1
antibody for the indicated treatment period at the indicated doses show successful inhibition of
tumor growth as a single agent as well as synergy with anti-PD-1 antibody in causing tumor
regression. From the top line to the bottom line, control diet, anti-PD-1, Compound 140, and
compound 140 + anti-PD-1.

[0056] FIG. 15A & FIG. 15B. Treatment of the T3-MCA fibrosarcoma cell line allografts
implanted subcutaneously into C57BL6 syngeneic mice with oral Compound 140 or Compound
151 at 40 mg/kg once daily for twelve days show successful inhibition of tumor growth (FIG.
15A) while showing excellent tolerability (FIG. 15B).

[0057] FIG. 16 shows CYP inhibiting properties of Compounds MBEI, 140, 151 tested at

10 uM using human CYP enzymes and standard operating protocols.

DETAILED DESCRIPTION

[0058] As explained in more detail in the Examples section, Aldhla3 was found to be an
essential driver of tumor metastasis and resistance to chemotherapy. Data herein demonstrated
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that genetic ablation of Aldhl1a3 in the triple negative breast cancer models Sum159-M1a and
MDA-MB-468 sensitizes orthotopic tumors to paclitaxel treatment. Aldhla3 was found to be a
critical determinant of metastasis initiation and growth both as a single genetic element and when
combined with chemotherapy. Genetic experiments demonstrate that Aldhla3 is necessary for
lung and bone metastasis in triple negative breast cancer metastasis. Further, clinical analysis of
multiple cancer types supports Aldhla3 as the differentiated Aldh isoform predicting worse
outcome across multiple solid tumor indications. For example, high Aldhla3 expression predicts
worse overall survival in the more metastatic and aggressive estrogen receptor negative (ER-)
breast cancer patients, and this prognosis is further worsened if those patients had received
neoadjuvant chemotherapy (Table 1).

[0059] Also shown herein, genetic knockout of ALDH1a3 or inhibition of ALDH1a3
with representative ALDH1a3 inhibitors can slow primary tumor growth, sensitize tumors to
chemotherapy, slow metastasis, and enhance survival time. In studies in mouse xenograph
models, ALDH1a3 inhibitors (MBE1 or MBE1.5; shown below and disclosed in
PCT/US2021/014883) in conjunction with a chemotherapy agent (paclitaxel), have been shown
to be effective in treating established metastatic diseases and can cause regression of primary
tumors, slow various metastasis, and extend survival time. Reseach has also shown that diseases
such as type 2 diabetes, pulmonary arterial hypertension (PAH) or neointimal hyperplasia (NIH)

are also caused by ALDH1a3 expression and/or activities.
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[0060] Also shown in detail in the Examples section herein, the present disclosure shows

that among the tested isoforms, only ALDH1a2 and ALDH1a3 induce retinoid pathway
activation and ALDH1a2 and ALDH1a3 drive retinoid pathway activation in solid tumors in
vivo. Further, as shown in FIG. 7, expression of ALDH1a2 and ALDH1a3 mRNA in patient-
derived xenograft models from multiple human cancers shows expression of ALDH1a2 and
ALDH1a3 enzymes across multiple tumor types. Exemplary ALDH1a2 and/or ALDH1a3
inhibitors were also shown herein as effective in inhibiting tumor growth in vivo either as a single
agent or in a synergistic combination treatment with an immune checkpoint inhibitor (anti-PD-1

antibody).
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[0061] As also detailed herein, compounds described herein are orally available and
exhibit sufficient pharmacokinetic exposure to effectively inhibit Aldhla3 and/or Aldhla2 in
mouse models.

[0062] In addition, Aldhla3 was found to be an important driver of Type 2 Diabetes
progression. Data herein demonstrate that ALDH1a3 is involved in the metabolism of medium
chain fatty acids known to cause pathogenesis of Type 2 Diabetes and various endothelial
disorders such as PAH and NIH. Data herein also demonstrated that pharmacologic inhibition of
Aldh1a3 in the leptin-deficient db/db mouse strain effectively treats Type 2 Diabetes by restoring
insulin secretion and subsequent blood glucose control.

[0063] Also shown herein, pancreatic islet cells isolated from obese diabetic C57/BL6
wild-type mice express active Aldhla3 that is inhibited by compound MBE1.5 while pancreatic
cells from non-obese, non-diabetic C57/BL6 mice do not express Aldhla3.Accordingly, in
various embodiments, the present disclosure provides novel compounds and compositions, which
are useful for inhibiting ALDH such as ALDH1a3 and/or Aldhla2, and methods of using the
same, for example, for inhibiting retinoid pathway activation, treating various diseases or
disorders associated with ALDH1a3 and/or Aldhla2, treating various diseases or disorders
associated with retinoid pathway activation, treating various cancers, cancer metastasis,
metabolic diseases such as type 2 diabetes, pulmonary arterial hypertension (PAH) or neointimal

hyperplasia (NIH) or as male contraceptive.

Compounds

[0064] Provided herein are a range of compounds that can be useful for inhibiting ALDH,
in particular, ALDH1a3 and/or Aldhla2.

Formula I

[0065] In some embodiments, the present disclosure provides a compound of Formula I,

or a pharmaceutically acceptable salt thereof:

R1

Formula I,
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wherein:

X at each occurrence is independently selected from O, NR'?, and CR*R?!,
provided that at most one X is selected from O and NR!?;

nis 1,2 3,or4,;

JL, J2, and J? are each independently selected from CR? or N, preferably, at least
one of J', J2, and J3 is not N;

R! and R? are each independently hydrogen, an optionally substituted alkyl (e.g.,
optionally substituted Ci. alkyl), an optionally substituted alkenyl (e.g., optionally
substituted Cz alkenyl), an optionally substituted alkynyl (e.g., optionally substituted Ca-
¢ alkynyl), or a nitrogen protecting group;

R? and R* are joined to form an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted carbocyclic (e.g., Cs3 carbocyclic), or an
optionally substituted heterocyclic ring (e.g., 3-8 membered heterocyclic ring);

Z is O, and R? is hydrogen, -NR!'R!2, -CR?’R?*R?’, or -OR%";

orZ is O, and R3, R* and R’ are joined to form an optionally substituted bicyclic
or polycyclic ring system, wherein the ring system is an aryl, heteroaryl, carbocyclic, or
heterocyclic ring system;

or R% and Z are joined to form an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted carbocyclic (e.g., Cs.g carbocyclic), or an

optionally substituted heterocyclic ring (e.g., 3-8 membered heterocyclic ring); and

13

== " in Formula I indicates the bond is an aromatic bond, a double bond or a
single bond as valance permits, and when a single bond, the two carbons forming the
bond can be optionally further substituted as valance permits;

wherein:

R!% at each occurrence is independently hydrogen, a nitrogen protecting group, an
optionally substituted alkyl (e.g., optionally substituted Ci alkyl), an optionally
substituted alkenyl (e.g., optionally substituted C, alkenyl), an optionally substituted
alkynyl (e.g., optionally substituted C, alkynyl), an optionally substituted Cs.g
carbocyclic ring, or an optionally substituted 3-8 membered heterocyclic ring;

R?" and R?! at each occurrence are each independently hydrogen, halogen, -OR3!,
—NRPR™ an optionally substituted alkyl (e.g., optionally substituted C.¢ alkyl), an
optionally substituted alkenyl (e.g., optionally substituted C, alkenyl), an optionally
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substituted alkynyl (e.g., optionally substituted Cy alkynyl), an optionally substituted Cs.
g carbocyclic ring, an optionally substituted 3-8 membered heterocyclic ring, an optionally
substituted phenyl, or an optionally substituted 5-10 membered heteroaryl; or

R!'%and one of R?® and R?! are joined to form a bond, an optionally substituted 4-8
membered heterocyclic ring or an optionally substituted 5 or 6 membered heteroaryl ring,
wherein the other of R?® and R?! is defined above;

R?" and R?! together with the carbon they are both attached to form —~C(O)-, an
optionally substituted Cs carbocyclic ring, or an optionally substituted 3-8 membered
heterocyclic ring; or

one of R? and R?!in one CR*’R?! is joined with one of R?*® and R?!in a different
CR?%R?! to form a bond, an optionally substituted Cs.s carbocyclic ring, an optionally
substituted 3-8 membered heterocyclic ring, wherein the others of R?* and R?! are defined
above;

R?? at each occurrence is independently hydrogen, halogen, an optionally
substituted alkyl (e.g., optionally substituted Ci.s alkyl), an optionally substituted alkenyl
(e.g., optionally substituted C,.¢ alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted Ca.¢ alkynyl), -CN, -S(0)-alkyl (e.g., -S(0)-Cis alkyl), -S(O):-alkyl
(e.g., -S(0),-Cis alkyl), or -OR?!; or two adjacent R?? are joined to form an optionally
substituted ring structure, such as an optionally substituted Cs_g carbocyclic ring,
optionally substituted 4-8 membered heterocyclic ring, optionally substituted phenyl, or
optionally substituted 5 or 6 membered heteroaryl ring;

one of R!! and R!? is hydrogen or a nitrogen protecting group, and the other of R!!
and R'? is hydrogen, a nitrogen protecting group, an optionally substituted alkyl (e.g.,
optionally substituted Ci.6 alkyl), an optionally substituted alkenyl (e.g., optionally
substituted Cz alkenyl), an optionally substituted alkynyl (e.g., optionally substituted Ca-
¢ alkynyl), an optionally substituted Cs carbocyclic ring, an optionally substituted 3-8
membered heterocyclic ring, an optionally substituted phenyl, or an optionally substituted
5-10 membered heteroaryl;

one of R, R* and R% is hydrogen, halogen, an optionally substituted alkyl (e.g.,
optionally substituted Ci.¢ alkyl), an optionally substituted alkenyl (e.g., optionally
substituted C, alkenyl), an optionally substituted alkynyl (e.g., optionally substituted C,-
s alkynyl), an optionally substituted Cs carbocyclic ring, an optionally substituted 3-8

-15 -



WO 2022/226383 PCT/US2022/026059

membered heterocyclic ring, an optionally substituted phenyl, an optionally substituted 5-
10 membered heteroaryl, -OR3!, or -NR®R!4, and the other two of R}, R?*, and R’ are
independently selected from hydrogen, fluorine, or methyl, preferably, -CR*R?*R? is not
—CHjs;

30 is hydrogen, an oxygen protecting group, an optionally substituted alkyl (e.g.,
optionally substituted Ci. alkyl), an optionally substituted alkenyl (e.g., optionally
substituted C, alkenyl), an optionally substituted alkynyl (e.g., optionally substituted C,-
s alkynyl), an optionally substituted Cs carbocyclic ring, or an optionally substituted 3-8
membered heterocyclic ring; and

wherein:
each of R'* and R!* at each occurrence is independently hydrogen, a nitrogen
protecting group, an optionally substituted alkyl (e.g., optionally substituted Ci6 alkyl),
an optionally substituted alkenyl (e.g., optionally substituted C».c alkenyl), an optionally
substituted alkynyl (e.g., optionally substituted C,¢ alkynyl), an optionally substituted Cs.
g carbocyclic ring, an optionally substituted 3-8 membered heterocyclic ring, an optionally
substituted phenyl, or an optionally substituted 5-10 membered heteroaryl; or R!* and R'*
are joined to form a 3-8 membered optionally substituted heterocyclic or a 5-10
membered optionally substituted heteroaryl; and
R3! at each occurrence is hydrogen, an oxygen protecting group, an optionally
substituted alkyl (e.g., optionally substituted Ci¢ alkyl), an optionally substituted alkenyl
(e.g., optionally substituted C,¢ alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted Cs.¢ alkynyl), an optionally substituted Cs. carbocyclic ring, an
optionally substituted 3-8 membered heterocyclic ring, an optionally substituted phenyl,
or an optionally substituted 5-10 membered heteroaryl.
[0066] Typically, Z in Formula I is O and the compound can be characterized as having
Formula I-O:

R1

Formula I-O,
wherein R!, R2, R3 R* R3 J! J2 J3, X, and n are defined herein.
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[0067] Typically, R? and R* in Formula I (e.g., Formula I-O) are joined to form an
optionally substituted phenyl, an optionally substituted 5 or 6-membered heteroaryl, e.g., having
one or two ring nitrogen atoms, an optionally substituted Cs.7 cycloalkyl group (preferably
cyclopentyl or cyclohexyl), or an optionally substituted 4 to 7-membered (preferably 6-
membered) heterocyclic ring having one or two ring heteroatoms. To be clear, when it 1s said
that R? and R* in Formula I are joined to form a ring system described herein, it should be
understood that R? and R* together with the two intervening carbon atoms, are joined to form the

ring system.

[0068] In some embodiments, R? and R* in Formula I (e.g., Formula I-O) can be joined to
RS
R4 BN '1777.

form an optionally substituted phenyl ring, i.e., the moiety of R® in Formula I s
RS
*

, wherein R is defined herein, and wherein the phenyl can be further optionally
substituted at any available position, for example, with one or two substituents independently
selected from F; Cl; hydroxyl; Ci4alkyl optionally substituted with 1-3 fluorines, preferably,
methyl, ethyl, n-propyl, isopropyl, or -CF3; a C1.4 alkoxy optionally substituted with 1-3
fluorines, preferably, methoxy, ethoxy, n-propoxy, isopropoxy, or -OCF3; a Css cycloalkyl
optionally substituted with 1-3 substituents independently selected from fluorine and methyl,
preferably, cyclopropyl or cyclobutyl; and —CN. In some embodiments, R? is -O-R*° or -
CR?R*R? as defined herein. For example, in some embodiments, R is ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, -CH,-CHF, -CH»-CF3, -CFs, -CHz-cyclopropyl, -CH»-
cyclobutyl, -CH;-O-CH3s, -CH,-0-C,Hs, -CH,-O-n-propyl, -CH;-O-isopropyl, -CoHs-
cyclopropyl, -CoHy-cyclobutyl, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
sec-butoxy, -O-CH»-CF3, -O-CF3, -O-CHa-cyclopropyl, -O-CHa-cyclobutyl, -O-C,Hs-
cyclopropyl, or -O-C2Hs-cyclobutyl. In some embodiments, R® is hydrogen.

[0069] In some embodiments, R3 and R* in Formula I (e.g., Formula I-O) can be joined to
form an optionally substituted 5 or 6-membered heteroaryl, such as those described herein. For
example, in some embodiments, R? and R* in Formula I (e.g., Formula I-O) can be joined to form
an optionally substituted pyrazole, imidazole, oxazole, thiazole, isoxazole, isothiazole, pyridyl,

pyrimidinyl, pyridazinyl, or pyrazinyl. For example, in some embodiments, the moiety of
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R4 SN ’1{

in Formula I (e.g., Formula I-O) can be selected from the following:

RS R5 RS R5 RS
z \"{ O S 5’{ X %’: N7~ iﬁf X LL“L/

HN HN_ 2 \ N | p” I\, P

© , wherein R® is defined
herein, and wherein the pyridyl or pyridone can be further optionally substituted at any available
position, including the ring nitrogen in the case of pyridone, for example, with one or two
substituents (preferably one) independently selected from F; Cl; OH; Ci4 alkyl optionally
substituted with 1-3 fluorines, preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; a Ci4
alkoxy optionally substituted with 1-3 fluorines, preferably, methoxy, ethoxy, n-propoxy,

isopropoxy, or -OCF3; a Cs cycloalkyl optionally substituted with 1-3 substituents
independently selected from fluorine and methyl, preferably, cyclopropyl or cyclobutyl; and —

RS R5
R4 BN 777‘: = .lif
R3 G

CN. In some embodiments, the moiety of in Formula I can be , wherein R?
is defined herein, and wherein the pyridyl can be further optionally substituted at any available
position, for example, with one or two substituents (preferably one) independently selected from
F; Cl; C14alkyl optionally substituted with 1-3 fluorines, preferably, methyl, ethyl, n-propyl,
isopropyl, or -CF3; a Ci14 alkoxy optionally substituted with 1-3 fluorines, preferably, methoxy,
ethoxy, n-propoxy, isopropoxy, or -OCF3; a Cs cycloalkyl optionally substituted with 1-3
substituents independently selected from fluorine and methyl, preferably, cyclopropyl or
cyclobutyl; and —CN. In some embodiments, R is -O-R3° or -CR>R**R?’ as defined herein. For
example, in some embodiments, R® is ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, -
CH,-CHF,, -CH;-CFj3, -CF3, -CHa-cyclopropyl, -CH»-cyclobutyl, -CH,-O-CHj3, -CH,-O-C,Hs, -
CH;-O-n-propyl, -CH;-O-isopropyl, -C,Hs-cyclopropyl, -CoHs-cyclobutyl, methoxy, ethoxy, n-
Propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, -O-CH,-CF3, -O-CF3, -O-CHa-
cyclopropyl, -O-CHz-cyclobutyl, -O-C,Ha-cyclopropyl, or -O-CaHs-cyclobutyl. In some
embodiments, R® can also be hydrogen.

[0070] In some embodiments, R? and R* in Formula I (e.g., Formula I-O) can be joined to

form an optionally substituted 5 or 6-membered saturated ring system optionally containing one
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or two (preferably one) ring heteroatoms selected from O or N, such as cylopentyl, cyclohexyl,
tetrahydropyranyl, piperidinyl, etc. Typically, when substituted, the 5 or 6-membered saturated
ring system can be further optionally substituted by one or two substituents independently

selected from F and C14 alkyl optionally substituted with 1-3 fluorines. In some embodiments,

RS RS RS
-, -~ P
W 7777_ ‘7’5, \)\ N "‘..
| - D
the moiety of R® i1 Formula Tcanbe © or © . wherein R is defined

herein, and wherein the tetrahydropyranyl or morpholinyl can be further optionally substituted at
any available position, for example, with one or two substituents independently selected from F
and C1.4 alkyl optionally substituted with 1-3 fluorines. In some embodiments, R? is -O-R3° or -
CR?’R?*R?’ as defined herein. For example, in some embodiments, R* is ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, -CH,-CHF, -CH»-CF3, -CF3, -CHs-cyclopropyl, -CH»-
cyclobutyl, -CH;-O-CH3s, -CH,-0-C,Hs, -CH,-O-n-propyl, -CH;-O-isopropyl, -CoHj-
cyclopropyl, -C2Hs-cyclobutyl, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
sec-butoxy, -O-CH,-CF3, -O-CF3, -O-CHs-cyclopropyl, -O-CHa-cyclobutyl, -O-C,Hs-
cyclopropyl, or -O-C;Hs-cyclobutyl.

[0071] In some embodiments, R’ in Formula I (e.g., Formula I-O) can be hydrogen.
However, typically, R in Formula I (e.g., Formula I-O) is -NR!'R!2, -CR»R?**R?>, or -OR*,
more typically, -CRZR*R? or -OR*, wherein R!!, R'?, R, R** R%, and R* are defined herein.
For example, in any of the embodiments described herein, unless specified or obviously
contradictory from context, R® in Formula I (e.g., Formula I-O) can be -CR?’R**R?’, wherein
R?3 is hydrogen or fluorine;

R?*is hydrogen or fluorine; and

R?%is hydrogen, halogen, an optionally substituted C14alkyl, an optionally substituted Cs.s
carbocyclic ring, an optionally substituted 3-6 membered heterocyclic ring, an optionally
substituted phenyl, or an optionally substituted 5 or 6 membered heteroaryl.

[0072] In some embodiments, R?* can be fluorine. In some embodiments, R?° can be a
Ci4alkyl optionally substituted with one or more (e.g., 1, 2, or 3) substituents independently
selected from fluorine, hydroxyl, fluoro-substituted Ci4alkyl (e.g., CF3), Ci.4 alkoxy, fluoro-
substituted Ci4 alkoxy (e.g., -OCF3), NHj, -NH(C1.4 alkyl), -N(C.4 alkyl)(C14 alkyl), Cs
cycloalkyl, and 3-6 membered heterocyclic ring. As used herein, the two “Ci.4 alkyl” in -N(C1.4

alkyl)(C14alkyl) can be the same or different. In some embodiments, R?* can be a C3.6
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cycloalkyl, such as cyclopropyl or cyclobutyl, which is optionally substituted with one or more
(e.g., 1, 2, or 3) substituents independently selected from fluorine, C1.4 alkyl, fluoro-substituted
Ci4alkyl (e.g., CF3), Ci.4 alkoxy, fluoro-substituted Ci4 alkoxy (e.g., -OCF3), NH,, -NH(C;4
alkyl), and -N(C14 alkyl)(Ci4alkyl). In some embodiments, R* can also be an optionally
substituted 3-6 membered heterocyclic ring, such as an oxetanyl ring. In some embodiments, R>
can be an optionally substituted phenyl. In some embodiments, R* can be an optionally
substituted 5 or 6 membered heteroaryl, e.g., those described herein.

[0073] In some embodiments, R in Formula I (e.g., Formula I-O) can be -CR?’R?*R?’,
wherein

R?is hydrogen or fluorine;

R?*is hydrogen or fluorine;

R%is hydrogen; fluorine; C14 alkyl optionally substituted with 1-3 fluorines and/or a C3.6
cycloalkyl; a Ci4 alkoxy optionally substituted with 1-3 fluorines and/or a Cs cycloalkyl; a Css
cycloalkoxy optionally substituted with 1-3 substituents independently selected from fluorine and
methyl; a Cs¢ cycloalkyl optionally substituted with 1-3 substituents independently selected from
fluorine and methyl; or a 3-6 membered heterocyclic ring optionally substituted with 1-3
substituents independently selected from fluorine and methyl; and

preferably, at least one of R*3, R?*, and R* is not hydrogen. More preferably, R% is fluorine; Ci.4
alkyl optionally substituted with 1-3 fluorines and/or a Cs cycloalkyl; or a Cs cycloalkyl (e.g.,
cyclopropyl or cyclobutyl) optionally substituted with 1-3 substituents independently selected
from fluorine and methyl. To be clear, when a C14 alkyl is said to be optionally substituted with
1-3 fluorines and/or a Cs cycloalkyl, it should be understood as encompassing unsubstituted C;4
alkyl, a C14alkyl substituted with 1-3 fluorines (e.g., CF3), a Ci4 alkyl substituted with a Cs
cycloalkyl (e.g., -CHaz-cyclopropyl), and a Ci.4 alkyl substituted with 1-3 fluorines and a Cs6
cycloalkyl (e.g., -CF2-CHa-cyclopropyl). Other similar expressions should be interpreted
similarly.

[0074] In some embodiments, R’ in Formula I (e.g., Formula I-O) can be —-CH,R?3,
wherein R% is defined herein, for example, R?® can be hydrogen; fluorine; C1.4 alkyl optionally
substituted with 1-3 fluorines and/or a Cs cycloalkyl; a Ci4 alkoxy optionally substituted with 1-
3 fluorines and/or a Cs. cycloalkyl; a Cs cycloalkoxy optionally substituted with 1-3
substituents independently selected from fluorine and methyl; a Cs cycloalkyl optionally

substituted with 1-3 substituents independently selected from fluorine and methyl; or a 3-6

-20 -



WO 2022/226383 PCT/US2022/026059

membered heterocyclic ring optionally substituted with 1-3 substituents independently selected
from fluorine and methyl, preferably, R is not hydrogen. In any of the embodiments described
herein, unless specified or obviously contradictory from context, R’ in Formula I (e.g., Formula
I-0) can be —-CH,R%, wherein R?® is C14alkyl optionally substituted with 1-3 fluorines and/or a
Cs. cycloalkyl, preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; or a Cs. cycloalkyl
optionally substituted with 1-3 substituents independently selected from fluorine and methyl,
preferably, cyclopropyl or cyclobutyl. In any of the embodiments described herein, unless
specified or obviously contradictory from context, R’ in Formula I (e.g., Formula I-O) can be —
CH,R?, wherein R?’ can be methyl, ethyl, n-propyl, isopropyl, difluoromethyl, trifluoromethyl, -
CH,-CF3, -CHj-cyclopropyl, cyclopropyl or cyclobutyl.

[0075] In any of the embodiments described herein, unless specified or obviously
contradictory from context, R in Formula I (e.g., Formula I-O) can be ethyl, n-propy], isopropy],
n-butyl, isobutyl, sec-butyl, -CH,-CHF,, -CH»-CF3, -CF3, -CHz-cyclopropyl, -CHz-cyclobutyl, -
CH,-0-CHs, -CH,-0-C,Hs, -CH;-O-n-propyl, -CH;-O-isopropyl, -C2Ha-cyclopropyl, -C,Ha-
cyclobutyl, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, -O-CH,-
CF3, -O-CF3, -O-CHz-cyclopropyl, -O-CHa-cyclobutyl, -O-C,Hs-cyclopropyl, or -O-C,Hs-
cyclobutyl.

[0076] In some embodiments, the compound of Formula I-O can be characterized in that
R3, R* and R’ are joined to form an optionally substituted bicyclic or polycyclic ring system,

wherein the ring system is an aryl, heteroaryl, carbocyclic, or heterocyclic ring system. For

RS
7 7
SN Y S %t
example, in some embodiments, the moiety of R® in Formula I can be 7 , which
is optionally substituted.
[0077] In some embodiments, Z in Formula I is joined with R to form an optionally

substituted aryl, an optionally substituted heteroaryl, an optionally substituted carbocyclic (e.g.,
Css carbocyclic), or an optionally substituted heterocyclic ring (e.g., 3-8 membered heterocyclic
ring). For example, in some embodiments, Z in Formula I is joined with R® to form an optionally
substituted heteroaryl. In some embodiments, the compound of Formula I can have a formula of

Formula I-F:
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R1
m(R101) J1 'll °
|\’§N N \j/\\f
|
i N N)\J?’/ (X)n
R3 IIQZ

Formula I-F,
wherein R!°! at each occurrence is independently selected from halogen, an optionally substituted
alkyl (e.g., optionally substituted Ci.c alkyl), an optionally substituted alkenyl (e.g., optionally
substituted C, alkenyl), an optionally substituted alkynyl (e.g., optionally substituted C,
alkynyl), -CN, or -OR3!; and
mis 0, 1,2, or 3, preferably, mis 0 or 1; and
wherein R!, R%Z R3, R* R3! J! J2 J3 X and n are defined herein. In some embodiments, R? and
R* in Formula I-F are joined to form an optionally substituted phenyl, an optionally substituted 5
or 6-membered heteroaryl, e.g., having one or two ring nitrogen atoms, an optionally substituted
Ca7 cycloalkyl group (e.g., cyclopentyl or cyclohexyl), or an optionally substituted 4 to 7-
membered (e.g., 6-membered) heterocyclic ring having one or two ring heteroatoms. In some
embodiments, R? and R* in Formula I-F can be joined to form an optionally substituted phenyl,
for example, unsubstituted phenyl, or phenyl substituted with one or two substituents
independently selected from F; Cl; C14 alkyl optionally substituted with 1-3 fluorines, preferably,
methyl, ethyl, n-propyl, isopropyl, or -CF3; a C;.4 alkoxy optionally substituted with 1-3
fluorines, preferably, methoxy, ethoxy, n-propoxy, isopropoxy, or -OCF3; a Cs5 cycloalkyl
optionally substituted with 1-3 substituents independently selected from fluorine and methyl,
preferably, cyclopropyl or cyclobutyl; and —CN. In some embodiments, R? and R* in Formula I-
F can be joined to form an optionally substituted 5 or 6-membered heteroaryl.
[0078] In some specific embodiments, the compound of Formula I can be characterized

as having Formula I-1 or I-2:

1 1

R R
RS O JZ’JLIN\KO RS O JZ’JLIA' \fo
i X rlu)l\ﬁ/ O0n ©)J\rlu)l\ﬁ’ On
Q¢ R? \Z R?

\ p \(Rmo)p

Formula I-1, Formula I-2,
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wherein:

R!% at each occurrence is independently selected from halogen, an optionally substituted alkyl
(e.g., optionally substituted Ci.¢ alkyl), an optionally substituted alkenyl (e.g., optionally
substituted Ca.6 alkenyl), an optionally substituted alkynyl (e.g., optionally substituted Ca
alkynyl), -CN, or -OR3!;

pis 0, 1,2, or 3, preferably, pis O or 1; and

R, R2, R’ R3!, J! )2, I3, X, and n are defined herein. In some embodiments, in Formula I-1 or I-
2, R1%0 at each occurrence is independently selected from F; Cl; C14 alkyl optionally substituted
with 1-3 fluorines, preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; a Ci4 alkoxy
optionally substituted with 1-3 fluorines, preferably, methoxy, ethoxy, n-propoxy, iSOpropoxy, or
-OCFs3; a Cs.¢ cycloalkyl optionally substituted with 1-3 substituents independently selected from
fluorine and methyl, preferably, cyclopropyl or cyclobutyl; and —CN.

[0079] In some embodiments, in Formula I-1 or I-2, p i1s 0. In some embodiments, in
FormulaI-1 orI-2, pis 1. In some embodiments, in Formula I-1 or I-2, pis 1, and R'% is F, CI,
methyl, ethyl, n-propyl, isopropyl, -CF3, methoxy, ethoxy, n-propoxy, isopropoxy, -OCF3,
cyclopropyl, or -CN. In some embodiments, in Formula I-1 or I-2, p is 1, and R' is OH. In
some embodiments, in Formula I-1 or I-2, p is 1, and R'% is F, C1, OH, methyl, or ethyl.

[0080] In some specific embodiments, the compound of Formula I can be characterized

as having Formula I-1-A or Formula I-2-A:

100

Formula I-1-A, Formula I-2-A,

wherein R!, R?, R?3 R?* R?’ R0 J! J2 J3, X, p, and n are defined herein. In some

100

embodiments, in Formula I-1-A or I-2-A:

3 is hydrogen or fluorine;
R?*is hydrogen or fluorine;

23 is hydrogen; fluorine; C1.4 alkyl optionally substituted with 1-3 fluorines and/or a Cs.¢
cycloalkyl; a C14 alkoxy optionally substituted with 1-3 fluorines and/or a Cs cycloalkyl; a Cs
cycloalkoxy optionally substituted with 1-3 substituents independently selected from fluorine and
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methyl; a Cs.6 cycloalkyl optionally substituted with 1-3 substituents independently selected from
fluorine and methyl; or a 3-6 membered heterocyclic ring optionally substituted with 1-3
substituents independently selected from fluorine and methyl; and

preferably at least one of R??>, R**, and R?’is not hydrogen.

In some embodiments, R?® in Formula I-1-A or I-2-A is hydrogen.

[0081] In some embodiments, in Formula I-1-A or I-2-A, R?* and R?* are both hydrogen.
In some embodiments, in Formula I-1-A or I-2-A, R* is a C1.4 alkyl optionally substituted with 1-
3 fluorines and/or a Cs cycloalkyl, preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; or a
Css cycloalkyl optionally substituted with 1-3 substituents independently selected from fluorine
and methyl, preferably, cyclopropyl or cyclobutyl. For example, in some embodiments, in
Formula I-1-A or I-2-A, R?%is methyl, ethyl, n-propyl, isopropyl, difluoromethyl,
trifluoromethyl, -CH,-CF3, -CHa-cyclopropyl, cyclopropyl or cyclobutyl.

[0082] In some embodiments, the compound of Formula I-1-A or I-2-A can be
characterized as having Formula I-1-A1, Formula I-1-A2, Formula I-1-A3, Formula I-2-A1,
Formula I-2-A2; Formula I-2-A3:

1

R R
LT U
X

Xn A Xn

1

'J\\/ 100 \/ 100
R p (R )p
Formula I-1-A1 Formula I-2-A1,
R1 R1
25
X Mo
S X X
-
R100 R100
Formula I-1-A2 Formula I-2-A2,
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R? R
gt R25 2,J1 N_ o
R25 o 27X N o (o) NN \f
PN I \f N)I\J?’/ (O
,\] S H J3 Kn H
2 NC
Formula I-1-A3 Formula I-2-A3

wherein R!, R* RI%_ J1 J2 J3 X p, and n are defined herein. In some embodiments, in Formula
I-1-Al, Formula I-1-A2, Formula I-1-A3, Formula I-2-A1, Formula I-2-A2, or Formula I-2-A3,
R*»is C14 alkyl optionally substituted with 1-3 fluorines and/or a Cs. cycloalkyl, preferably,
methyl, ethyl, n-propyl, isopropyl, or -CF3; or a Cs cycloalkyl optionally substituted with 1-3
substituents independently selected from fluorine and methyl, preferably, cyclopropyl or
cyclobutyl. In some specific embodiments, R? in Formula I-1-A1, Formula I-1-A2, Formula I-1-
A3, Formula I-2-A1, Formula I-2-A2, or Formula I-2-A3 can be methyl, ethyl, n-propyl,
isopropyl, difluoromethyl, trifluoromethyl, -CH,-CF3, -CH;-cyclopropyl, cyclopropyl or
cyclobutyl.

[0083] In some embodiments, in Formula I-1-A1, Formula I-1-A2, Formula I-2-A1, or
Formula I-2-A2, R'% at each occurrence is independently selected from F; Cl; C;.4 alkyl
optionally substituted with 1-3 fluorines, preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; a
C14 alkoxy optionally substituted with 1-3 fluorines, preferably, methoxy, ethoxy, n-propoxy,
isopropoxy, or -OCF3; a Cs cycloalkyl optionally substituted with 1-3 substituents
independently selected from fluorine and methyl, preferably, cyclopropyl or cyclobutyl; and —
CN. In some embodiments, in Formula I-1-A1, Formula I-1-A2, Formula I-2-A1, or Formula I-
2-A2, one instance of R!1% can be hydroxyl. In some embodiments, in Formula I-1-A1 or I-2-A1,
pis 1. In some embodiments, in Formula I-1-A1 or [-2-A1, p is 2. In some embodiments, in
Formula I-1-A1 or I-2-A1, p is 1, and R'% is F, CI, methyl, ethyl, n-propyl, isopropyl, -CF3,
methoxy, ethoxy, n-propoxy, isopropoxy, -OCF3, cyclopropyl, or -CN. In some embodiments, in
Formula I-1-A1 or I-2-A1, pis 1, and R'% is F, Cl, or methyl. In some embodiments, in Formula
I-1-A2 or Formula I-2-A2, R'%is F, Cl, methyl, ethyl, n-propyl, isopropyl, -CF3, methoxy,
ethoxy, n-propoxy, isopropoxy, -OCFj3, cyclopropyl, or —CN. In some embodiments, in Formula
I-1-A2 or Formula I-2-A2, R1%is F, CI, or methyl.

[0084] In some embodiments, the compound of Formula I-1 or I-2 can be characterized

as having Formula I-1-B, I-1-C, I-2-B, or I-2-C:
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wherein R!, R2, R3 R!! R!Z R100 J1 J2 J3 X p, and n are defined herein. In some
embodiments, in Formula I-1-B or I-2-B, R3° can be hydrogen; C14 alkyl optionally substituted
with 1-3 fluorines and/or a Cs cycloalkyl, preferably, methyl, ethyl, n-propyl, isopropyl,
difluoromethyl, trifluoromethyl, -CH,-CF3, or -CH,-cyclopropyl; a Cs cycloalkyl optionally
substituted with 1-3 substituents independently selected from fluorine and methyl, preferably,

cyclopropyl or cyclobutyl; or a 3-6 membered heterocyclic ring optionally substituted with 1-3
o]

"'“‘P\.JA In some

embodiments, R¥ can be methyl, ethyl, n-propyl, isopropyl, difluoromethyl, trifluoromethy], -

substituents independently selected from fluorine and methyl, preferably,

CH,-CF3, or -CHj-cyclopropyl. In some embodiments, R3* can be cyclopropyl, cyclobutyl; or
|
S
[0085] In some embodiments, in Formula I-1-C or I-2-C, one of R'! and R'? is hydrogen
or a nitrogen protecting group, and the other of R!! and R'?is hydrogen, a nitrogen protecting
group, Ci4alkyl optionally substituted with 1-3 fluorines or a Cs. cycloalkyl, preferably, methyl,
ethyl, n-propyl, isopropyl, difluoromethyl, trifluoromethyl, -CH-CF3, or -CHa-cyclopropyl; a Cs.
¢ cycloalkyl optionally substituted with 1-3 substituents independently selected from fluorine and

methyl, preferably, cyclopropyl or cyclobutyl; or a 3-6 membered heterocyclic ring optionally
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substituted with 1-3 substituents independently selected from fluorine and methyl, preferably,
|
R
[0086] In some embodiments, in Formula I-1-B, I-1-C, I-2-B, or I-2-C, R!% at each
occurrence is independently selected from F; Cl; C1.4 alkyl optionally substituted with 1-3
fluorines, preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; a C;4 alkoxy optionally
substituted with 1-3 fluorines, preferably, methoxy, ethoxy, n-propoxy, isopropoxy, or -OCF3; a
Css cycloalkyl optionally substituted with 1-3 substituents independently selected from fluorine
and methyl, preferably, cyclopropyl or cyclobutyl; and —CN. In some embodiments, in Formula
I-1-B, I-1-C, I-2-B, or I-2-C, p is 0. In some embodiments, in Formula I-1-B, I-1-C, I-2-B, or I-
2-C, pis 1. In some embodiments, in Formula I-1-B, I-1-C, I-2-B, or I-2-C, pis 1 and R1% is F,
Cl, methyl, ethyl, n-propyl, isopropyl, -CF3, methoxy, ethoxy, n-propoxy, isopropoxy, -OCFj3,
cyclopropyl, or —CN.
[0087] In some embodiments, the compound of Formula I-1 or I-2 can be characterized

as having Formula I-1-B1, Formula I-1-B2, Formula I-2-B1, Formula I-2-B2:

1

R R
30 30
R¥<o I\f R¥o j/\\f

1

S (Xn (Xn
\
R100 R100
Formula I-1-B1 Formula I-2-B1,

1

R R1
R30_ 30
YT I g
M AL "
Formula I-1-B2 Formula I-2-B2,
wherein R, R3, R J1 J2 J3 X p, and n are defined herein. In some embodiments, R can be
hydrogen; Ci4 alkyl optionally substituted with 1-3 fluorines and/or a Cs cycloalkyl, preferably,
methyl, ethyl, n-propyl, isopropyl, difluoromethyl, trifluoromethyl, -CH,-CF3, or -CH»-
cyclopropyl; a Cs.6 cycloalkyl optionally substituted with 1-3 substituents independently selected

from fluorine and methyl, preferably, cyclopropyl or cyclobutyl; or a 3-6 membered heterocyclic
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ring optionally substituted with 1-3 substituents independently selected from fluorine and methyl,

]
preferably, ""{r .
[0088] In some embodiments, R3° can be hydrogen, methyl, ethyl, n-propyl, isopropyl,
difluoromethyl, trifluoromethyl, -CH,-CFs, -CH;-cyclopropyl, cyclopropyl or cyclobutyl. In
some embodiments, R'% in Formula I-1-B1 or I-2-B1 can be F, Cl, methyl, ethyl, n-propyl,
isopropyl, -CF3, methoxy, ethoxy, n-propoxy, isopropoxy, -OCF3, cyclopropyl, or —CN.

RS

R4 BN 51‘:

[0089] In some specific embodiments, the moiety of R in FormulaI (e.g., any of

the applicable subformulae) can have a structure according to one of the following:

X & & @@?6
N e B i 6
Cl 7 \

S A RS \i"{ SN SN S
T\SX (%QXN'/ (Sﬂ/ ®

6\}{ 6/\/ X 2 RS
2 (_)”l]/ ’\I/ I\J/ r\]/
S oo A
S& TG
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R4 BN ﬁz{

[0090] In some specific embodiments, the moiety of R® in Formula I (e.g., any of

the applicable subformulae) can have a structure according to one of the following:

\L“zf % e \»:: \i‘e./ \Ls{
S5 G &GS

RS

R4 RN ‘lll:

[0091] In some specific embodiments, the moiety of R® in Formula I (e.g., any of

/
N

the applicable subformulae) can have a structure according to one of the following:

\i“f RS r\l: '\': N7~

R5

R4 BN 32{

[0092] In some embodiments, the moiety of R® in Formula I (e.g., any of the
applicable subformulae) can have a structure of any of the corresponding moieties in Compound
Nos. 139-202 or 139-165 as disclosed herein, as applicable. In some embodiments, the moiety of
RS

SO 7":.

R® in Formula I (e.g., any of the applicable subformulae) can have a structure of any of
the corresponding moieties in the specific compounds disclosed herein, as applicable, that have
an activity level of A or B shown in Table 3A of the present disclosure in inhibiting hALDH1a3

and or an ICsp shown in Table 3B of less than 250 nM in inhibiting hALDA 1a2.
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[0093] Typically, R! and R? in Formula I are both hydrogen. For example, in some
embodiments, R! and R? in any of the sub-formulae of Formula I, such as Formula I-O, I-F, I-1,
-2, 1-1-A, I-2-A, I-1-A1, I-1-A2, I-1-A3, 1-2-A1, [-2-A2, [-2-A3, I-1-B, [-2-B, I-1-C, or I-2-C,
can be both hydrogen.

[0094] Typically, J! in FormulaI (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A, I-1-A1, I-
1-A2,1-1-A3, 1-2-A1,1-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C) is CH. In some
embodiments, J' in Formula I (including any of the subformulae of Formula I) can also be N.
[0095] In some embodiments, J! in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-
A, I-1-A1, I-1-A2, I-1-A3, [-2-A1, [-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C) is CR?. In
some embodiments, J! in Formula I is CR?? and R?? is hydrogen, F, Cl, CN, or Ci alkyl
(preferably methyl). As shown in the Examples herein, it was unexpectedly found that
substituents at this position can have an impact on selectivities of the compounds for the different
ALDH isoforms. For example, data herein shows that representative compounds with J! being
CR?*2and R* is substituted e.g., substituted with a methyl, have a significantly enhanced activity
in inhibiting hALDH1a2 compared to otherwise identical compounds except with J! being CH.
[0096] Typically, J? in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A, I-1-A1, I-
1-A2,1-1-A3,1-2-A1, 1-2-A2, 1-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C) is CR2, wherein R? is
defined herein. In some embodiments, R?? is hydrogen, F, Cl, CN, or methyl. In some
embodiments, J? in Formula I (including any of the subformulae of Formula I) can also be N.
[0097] Typically, J? in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A, I-1-A1, I-
1-A2,1-1-A3,1-2-A1,1-2-A2, 1-2-A3, I-1-B, I-2-B, I-1-C, or [-2-C) is CH. In some
embodiments, J? in Formula I (including any of the subformulae of Formula I) can also be N.
[0098] Typically, in Formula I (e.g., Formula I-O, I-F, I-1,1-2, I-1-A, I-2-A, I-1-A1, I-1-
A2, 1-1-A3, [-2-A1, 1-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C) at least one of J', J2, and I’ is
not N. In some embodiments, none of J!, J, and J? is N, for example, J' can be CH, J? can be
CR??, and J? can be CH, wherein R*? is hydrogen, F, Cl, CN, or methyl. In some embodiments,
none of J1, J2, and J3 is N, for example, J! can be CR?2, J? can be CH, and J? can be CH, wherein
R?2is hydrogen, F, Cl, CN, or Ci4alkyl (preferably methyl). In some embodiments, none of J*,
J2, and J3 is N, for example, J! can be CR??, J? can be CR??, and J? can be CH, wherein R?? at
each occurrence is independently hydrogen, F, Cl, CN, or Ci4alkyl (preferably methyl).

[0099] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
-1-Al, I-1-A2, I-1-A3, 1-2-A1, [-2-A2, 1-2-A3, I-1-B, I-2-B, I-1-C, or [-2-C), J' and J? are both
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CR?, and J? is CR?? or N, wherein the two adjacent R?? (i.e., from J! and J?) are joined to form an
optionally substituted ring structure, such as an optionally substituted Cs.g carbocyclic ring,
optionally substituted 4-8 membered heterocyclic ring, optionally substituted phenyl, or
optionally substituted 5 or 6 membered heteroaryl ring, for example, a pyridine ring.

[0100] Typically, in FormulaI, nis 1, 2, or 3. Preferably, nis 2.

[0101] In Formula I, each instance of X can be O, NR!*, or CR?°R?!, provided that at
most one X is selected from O and NR!?. In some embodiments, at least one instance of X is
CR2°R2!| wherein R? and R?! are defined herein.

[0102] In some embodiments, n is 1 and X is O. In some embodiments, n is 1 and X is
NR!% wherein R is defined herein, for example, hydrogen or C14alkyl. In some embodiments,
nis 1 and X is CR?®R?!, wherein R?® and R?! are defined herein. In some embodiments, in the
CR?R?! ynit,

R?" and R*! are both methy];

one of R? and R?! is methyl, and the other of R?® and R?! is ethyl or methoxy; or

R?" and R?!, together with the carbon they are both attached to, form a Cs.s cycloalkyl (preferably
cyclopropyl, cyclobutyl, or cyclopentyl), or an oxetanyl ring. In some embodiments, in the
CR?°R?! unit, one of R? and R?! is methyl, and the other of R?° and R?! is hydrogen. In some
embodiments, in the CR?’R?! unit, R?” and R?! are both hydrogen. In some embodiments, in the
CR2R2! unit, R and R?! are both fluorine.

[0103] In some embodiments, n is 2, one instance of X is O, and one instance of X is
CR2°R2!| wherein R? and R?! are defined herein. In some embodiments, n is 2, one instance of
X is NR!° and one instance of X is CR?R?!, wherein R, R?® and R?! are defined herein. In
some embodiments, n is 2, and both instances of X are CR2°R?! as defined herein. In some
embodiments, R?" and R?! are independently hydrogen or Ci4alkyl, or R?® and R?!, together with
the carbon they are both attached to, form a Cs. cycloalkyl (preferably cyclopropyl, cyclobutyl,
or cyclopentyl), or an oxetanyl ring. In some embodiments, R!? is hydrogen or Ci4alkyl. In
some embodiments, the compound includes at least one CR?°R?! unit, wherein:

R?% and R?! are both methy];

one of R* and R?! is methyl, and the other of R?* and R?! is ethyl or methoxy; or

R?% and R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,

or an oxetanyl ring. In some embodiments, in the at least one CR?’R?! unit, one of R and R?! is
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methyl, and the other of R? and R?! is hydrogen. In some embodiments, in the CR?’R?! unit, R*°
and R?! are both hydrogen.
[0104] In some embodiments, n is 3, one instance of X is O, and two instances of X are
independently selected CR?°R?!, wherein R? and R?! are defined herein. In some embodiments,
n is 3, one instance of X is NR!°, and and two instances of X are independently selected CR?’R?!,
wherein R!°, R2% and R?! are defined herein. In some embodiments, n is 3, and all instances of X
are CR?*'R?! as defined herein. In some embodiments, R*" and R?! are independently hydrogen or
Ci4alkyl, or R* and R?!, together with the carbon they are both attached to, form a Cs.
cycloalkyl (preferably cyclopropyl, cyclobutyl, or cyclopentyl), or an oxetanyl ring. In some
embodiments, R'" is hydrogen or Ci4alkyl. In some embodiments, the compound includes at
least one CR?R2! unit, wherein:

20 and R?! are both methy];
one of R?” and R?! is methyl, and the other of R?” and R?! is ethyl or methoxy; or

20 and R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,
or an oxetanyl ring. In some embodiments, in at least one CR*’R?! unit, one of R*” and R?! is
methyl, and the other of R?” and R?! is hydrogen. In some embodiments, in at least one CR?>’R?!
unit, R?® and R?! are both hydrogen.
[0105] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
-1-Al, I-1-A2, I-1-A3, [-2-A1, [-2-A2, [-2-A3, I-1-B, 1-2-B, I-1-C, or I-2-C), the

R?

17

(Xn
can be selected from the following:

EJJZ\JLZ: E)\JII E)\JU

21 *R20

1 H

EH)\JI} E)\Jm ‘a)\js

wherein J!, J2, I3, R?® and R?! are defined herein. In some embodiments, J' is CH. In some

>

embodiments, J? is N or CR??, wherein R?? is defined herein, for example, hydrogen, F, Cl, CN,
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or methyl. In some embodiments, J* is CH. In some embodiments, J! can be CR??, J? can be CH,
and J3 can be CH, wherein R?? is hydrogen, F, Cl, CN, or C;.4 alkyl (preferably methyl). In some
embodiments, J' can be CR?2, J can be CR?2, and J? can be CH, wherein R?*? at each occurrence
is independently hydrogen, F, Cl, CN, or C1.4 alkyl (preferably methyl). In some embodiments,
R?" and R?! are independently hydrogen or C14alkyl (e.g., methyl, ethyl, etc.), or R?® and R?!,
together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl, cyclopentyl,
or an oxetanyl ring. In some embodiments, in the CR?°R?! unit:

R?" and R?! are both methyl;

one of R* and R?! is methyl, and the other of R?® and R?! is ethyl or methoxy; or

R?" and R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,
or an oxetanyl ring. In some embodiments, in the CR?°R?! unit, one of R?° and R?! is methyl, and
the other of R?* and R2! is hydrogen. In some embodiments, in the CR2?R?! unit, R?® and R?! are
both hydrogen.

[0106] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, 1-2-A,
-1-Al, I-1-A2, I-1-A3, 1-2-A1, [-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the

1

R
J1 |
)l\ %
J3 Xn
/‘15"* can be selected from the following:
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wherein:

R is independently hydrogen or C14alkyl (e.g., methyl, ethyl, etc.);

R?% and R?! are independently hydrogen or C;.4 alkyl (e.g., methyl, ethyl, etc.), or R?? and R?!,
together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl, cyclopentyl,
or an oxetanyl ring. In some embodiments, one of R?? and R?! is methyl, and the other of R? and
R?!is hydrogen. In some embodiments, R?° and R?! are both hydrogen.

[0107] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
-1-A1, I-1-A2, I-1-A3, [-2-A1, [-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the

1

R
L7
/ﬂ)\ﬂ/ o9

can be selected from the following:
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wherein R!?, R?° and R?! are defined herein. In some embodiments, R!? is independently
hydrogen or Ci4alkyl (e.g., methyl, ethyl, etc.). In some embodiments, R?’ and R?! are
independently hydrogen or C;4 alkyl (e.g., methyl, ethyl, etc.), or R?® and R?!, together with the
carbon they are both attached to, form a cyclopropyl, cyclobutyl, cyclopentyl, or an oxetanyl
ring. In some embodiments, in the CR?’R?! unit:

20 and R?! are both methy];
one of R? and R?! is methyl, and the other of R?° and R?! is ethyl or methoxy; or

20 and R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,
or an oxetanyl ring. In some embodiments, one of R?? and R?! is methyl, and the other of R and

2lis hydrogen. In some embodiments, R?® and R?! are both hydrogen.
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[0108] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
I-1-A1,1-1-A2,I-1-A3, 1-2-A1, I-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the
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wherein R?° and R?! are defined herein. In some embodiments, R?* and R?! are independently
hydrogen or Ci4 alkyl (e.g., methyl, ethyl, etc.), or R?* and R?!, together with the carbon they are
both attached to, form a cyclopropyl, cyclobutyl, cyclopentyl, or an oxetanyl ring. In some
embodiments, in the CR?°R?! unit;

R?" and R?! are both methyl;

one of R?’ and R?! is methyl, and the other of R? and R?! is ethyl or methoxy; or
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20and R%!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,
or an oxetanyl ring. In some embodiments, one of R?° and R?! is methyl, and the other of R?° and
R?!is hydrogen. In some embodiments, R?° and R?! are both hydrogen.
[0109] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
-1-Al, [-1-A2, I-1-A3, 1-2-A1, 1-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the
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wherein R!°, R?° and R?! are defined herein. In some embodiments, R!’ is independently
hydrogen or C14alkyl (e.g., methyl, ethyl, etc.). In some embodiments, R?° and R?! are
independently hydrogen or C4alkyl (e.g., methyl, ethyl, etc.), or R?® and R?!, together with the
carbon they are both attached to, form a cyclopropyl, cyclobutyl, cyclopentyl, or an oxetanyl
ring. In some embodiments, in the CR?’R?! unit:

R?% and R?! are both methy];

one of R? and R?! is methyl, and the other of R?° and R?! is ethyl or methoxy; or

R?0 and R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,
or an oxetanyl ring. In some embodiments, one of R?® and R?! is methyl, and the other of R and
R?!is hydrogen. In some embodiments, R? and R?! are both hydrogen.

[0110] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
I-1-A1,1-1-A2, I-1-A3, I-2-A1, I-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the

R1
J1 |
127 NfO
P>
P J3 Xn '
can be selected from the following:
F F
H H H
N o F N__O mo F N__O
}Z“ R21RZ R21 R R21 R% R?1 R
cl cl CN CN-
H N N F N_ _O
RITRZ R21R2 R21 R2 R21 R
"y
H H
B o F N_ _O N_ _O N.___°
RITR20 R21 R0 R21 R2 R21 R?
CN
o H H
R21R20 R21 R20 R21 R%

-38 -



WO 2022/226383 PCT/US2022/026059

wherein R?° and R?! are defined herein. In some embodiments, R?* and R?! are independently
hydrogen or Ci4 alkyl (e.g., methyl, ethyl, etc.), or R?* and R?!, together with the carbon they are
both attached to, form a cyclopropyl, cyclobutyl, cyclopentyl, or an oxetanyl ring. In some
embodiments, in the CR?°R?! unit:
R?" and R?! are both methyl;
one of R? and R?! is methyl, and the other of R?* and R?! is ethyl or methoxy; or
R?" and R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,
or an oxetanyl ring. In some embodiments, one of R?* and R?! is methyl, and the other of R?* and
R?! is hydrogen. In some embodiments, R?° and R?! are both hydrogen.
[0111] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
-1-A1, I-1-A2, I-1-A3, [-2-A1, [-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the
1

O
7

Xn

R

NI
NEMRN
/“\/
- g2

can be selected from the following:
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wherein X! and X? are independently O, NR!°, or CH,, provided that at least one of X! and X? is
CH;; and R!°, R?° and R?! are defined herein. In some embodiments, both X! and X* are CH;.

In some embodiments, one of X! and X? is NR!®. In some embodiments, R!° is independently

hydrogen or C14alkyl (e.g., methyl, ethyl, etc.). In some embodiments, R?° and R?! are

independently hydrogen or Ci4alkyl (e.

g., methyl, ethyl, etc.), or R*® and R?!, together with the

carbon they are both attached to, form a cyclopropyl, cyclobutyl, cyclopentyl, or an oxetanyl

ring. In some embodiments, in the CR2°R?! unit:

R?" and R?! are both methy];

one of R? and R?! is methyl, and the other of R?® and R?! is ethyl or methoxy; or

20and R%!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,

or an oxetanyl ring. In some embodiments, in the CR*’R?! unit, one of R*® and R?! is methyl, and
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the other of R?® and R?! is hydrogen. In some embodiments, in the CR2°R?! unit, R?® and R?! are
both hydrogen.

[0112] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, 1-2-A,

I-1-A1,1-1-A2, I-1-A3,I-2-A1, I-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the

R1
I
N

JI o)
Uy
)l\ Z
J3 Xn
/L’Hl‘ can be selected from the following:

Neeghe oo N
NSO eNIOR
Noegesedaediany

In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
I-1-A1,1-1-A2, I-1-A3, I-2-A1, 1-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the
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[0114] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, 1-2-A,
I-1-A1,I-1-A2, I-1-A3, I-2-A1, I-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the

R1

IY

Xn
can be selected from the following:
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[0115] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1,I-2, I-1-A, I-2-A,
I-1-A1,1-1-A2,1-1-A3, I-2-A1, 1-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the

ZT

’ISL)\J (X)n /é/\j
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[0116] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
I-1-A1,1-1-A2,I-1-A3, 1-2-A1, I-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the

R1

\I g
EL)\J (X)n ,
can be selected from the following:

NeogtsogNsogis ¢

[0117] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
I-1-A1,1-1-A2,I-1-A3, I-2-A1, 1-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the

R?

IY

(X)n
can be selected from the following:

H H H H
/E@Am X >,
H
H
X b X
[0118] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, 1-2-A,
I-1-Al, I-1-A2, I-1-A3, 1-2-A1, [-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or -2-C), the

R1

%If

Xn
can be selected from the following:

/LLLLLL‘ : N \(O ;th : N \Nf\o
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[0119] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
I-1-A1,1-1-A2,I-1-A3, 1-2-A1, I-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the
R!
Sig
E)\J OOn ,
can be selected from the following:

J{CNF\O 2: I

[0120] In some embodiments, in Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
I-1-A1,1-1-A2,I-1-A3, I-2-A1, 1-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), the

R?

IY

(X)n
can be any of the corresponding moieties shown in Compound Nos. 139-

202, or 139-165 disclosed herein, as applicable.
[0121] In some embodiments, the present disclosure also provides a compound of

Formula I-P, or a pharmaceutically acceptable salt thereof:

R1

A&If

(X)n

Formula I-P,
wherein Het represents an optionally substituted heterocyclic or heteroaryl ring structure,
preferably, 5 or 6 membered heterocyclic ring or 5 or 6 membered heteroaryl ring, wherein R},
R?,R3,J! J2 13, X, and n can be any of those defined herein for Formula I (including its
subformulae). Preferably, when Z is O, Het is a 5 or 6 membered heteroaryl, and in Formula I-P,
R’ is attached to the Het at an ortho position of -C(=Z)-. It will also be understood that in

Formula I-P, R can be attached to a ring nitrogen as valance permits.
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[0122] In some embodiments, in Formula I-P, Z is O, R? is hydrogen or methy]l,
R1
J1 |
127 N \fo
)l\ z
2N 0o

and R5 can be any of those described for Formula I (including its
subformulae), and Het is an optionally substituted 5 or 6 membered heteroaryl described herein,
for example, Het is a 5 or 6 membered heteroaryl, preferably, a pyrazole, imidazole, oxazole,
thiazole, isoxazole, isothiazole, pyridyl, pyrimidinyl, pyridazinyl, or pyrazinyl, which is
optionally substituted with one or two (preferably one) substituents independently selected from
F; Cl; C14alkyl optionally substituted with 1-3 fluorines, preferably, methyl, ethyl, n-propyl,
isopropyl, or -CF3; a C14 alkoxy optionally substituted with 1-3 fluorines, preferably, methoxy,
ethoxy, n-propoxy, isopropoxy, or -OCFj3; a Cs cycloalkoy optionally substituted with 1-3
substituents independently selected from fluorine and methyl; a Css cycloalkyl optionally

substituted with 1-3 substituents independently selected from fluorine and methyl, preferably,

1

R
AN o
)I\ Z
, }L,L g7 (0n
cyclopropyl or cyclobutyl; and —CN. In some embodiments, in Formula I-

P can be selected from the following:
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/zm Jam Jnm /Q@if
7 hssgiVses
X Sy

In some embodiments, R> in Formula I-P is -O-R3® or -CR>R?*R?’ as defined herein. In some

’E?’é

embodiments, R’ in Formula I-P is ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, -CH,-
CHF,, -CH»-CF3, -CF3, -CHa-cyclopropyl, -CH»-cyclobutyl, -CH;-O-CH3, -CH,-O-C,Hs, -CH»-
O-n-propyl, -CH,-O-isopropyl, -C;Ha-cyclopropyl, -C2Ha-cyclobutyl, methoxy, ethoxy, n-
Propoxy, 1Sopropoxy, n-butoxy, isobutoxy, sec-butoxy, -O-CH,-CF3, -O-CF3, -O-CH;-
cyclopropyl, -O-CHa-cyclobutyl, -O-CzH4-cyclopropyl, or -O-C2Hy-cyclobutyl.

Formula IT

[0123] Some embodiments of the present disclosure are directed to compounds of

Formula II, or a pharmaceutically acceptable salt thereof:

I If

Formula IT
wherein:
W is —=N(RY)-C(O)-, ~N(RY)-S(0)-, or ~N(R))-S(0)z-;
L is <(CRA'RB)1-Q!-Q2-Q3-(CRA?RB?),-, wherein:
Q! and Q7 are independently null, O or NR?;
Q2 is null, -C(O)-, -C(=Z)-, —S(O)-, or —S(0)y-:
t11s0,1,2, or 3;
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2180, 1,2, or 3; and
RAL RBI RA% and RB? at each occurrence are independently hydrogen, C14 alkyl (e.g., methyl),
or fluorine, or

two adjacent CRAIRB! or two adjacent CR*’RB? can form

_C(RAD=C(RB!)-, —C(RAD=C(RP?)-, or T =¥ wherein RAL RE!, RA2, and RP? at each
occurrence are independently hydrogen, C14 alkyl (e.g., methyl), or fluorine;

X at each occurrence is independently selected from O, NR'?, and CR>R?!, provided that at most
one X is selected from O and NR!?;

nisl,2 3, or4;

J1, J2, and J3 are each independently selected from CR?? or N, preferably, at least one of J!, J?,
and J? is not N;

R! and R? at each occurrence are each independently hydrogen, an optionally substituted alkyl
(e.g., optionally substituted Ci alkyl), an optionally substituted alkenyl (e.g., optionally
substituted C».¢ alkenyl), an optionally substituted alkynyl (e.g., optionally substituted Cs.¢
alkynyl), or a nitrogen protecting group;

R? and R* are joined to form an optionally substituted aryl, an optionally substituted heteroaryl,
an optionally substituted carbocyclic (e.g., Cs.g carbocyclic), or an optionally substituted
heterocyclic ring (e.g., 3-8 membered heterocyclic ring);

R’ is hydrogen, -NR!'R!2, -CR»*R?**R%, or -OR*’;

R3, R*and R’ are joined to form an optionally substituted bicyclic or polycyclic ring system,
wherein the ring system is an aryl, heteroaryl, carbocyclic, or heterocyclic ring system;

or when Q? is -C(=Z)-, R3 and Z are joined to form an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted carbocyclic (e.g., Cs carbocyclic), or an

optionally substituted heterocyclic ring (e.g., 3-8 membered heterocyclic ring);

<«

== ” in Formula II indicates the bond is an aromatic bond, a double bond or a single bond as
valance permits, and when a single bond, the two carbons forming the bond can be optionally
further substituted as valance permits;

wherein:

R!9 at each occurrence is independently hydrogen, a nitrogen protecting group, an optionally
substituted alkyl (e.g., optionally substituted Cialkyl), an optionally substituted alkenyl (e.g.,
optionally substituted C,¢ alkenyl), an optionally substituted alkynyl (e.g., optionally substituted
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Cysalkynyl), an optionally substituted Cs.3 carbocyclic ring, or an optionally substituted 3-8
membered heterocyclic ring;

R?% and R?! at each occurrence are each independently hydrogen, halogen, -OR3!, -NR*R!* an
optionally substituted alkyl (e.g., optionally substituted Ci6 alkyl), an optionally substituted
alkenyl (e.g., optionally substituted Cz¢ alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted C.¢ alkynyl), an optionally substituted Cs.g carbocyclic ring, an optionally
substituted 3-8 membered heterocyclic ring, an optionally substituted phenyl, or an optionally
substituted 5-10 membered heteroaryl; or

R!'%and one of R?® and R?! are joined to form a bond, an optionally substituted 4-8 membered
heterocyclic ring or an optionally substituted 5 or 6 membered heteroaryl ring, wherein the other
of R?% and R?! is defined above;

R?" and R?! together with the carbon they are both attached to form —C(Q)-, an optionally
substituted Cs.s carbocyclic ring, or an optionally substituted 3-8 membered heterocyclic ring; or
one of R? and R?! in one CR?°R?! is joined with one of R?° and R?! in a different CR?°R?! to form
a bond, an optionally substituted Cs carbocyclic ring, an optionally substituted 3-8 membered
heterocyclic ring, wherein the others of R?® and R?! are defined above;

R?? at each occurrence is independently hydrogen, halogen, an optionally substituted alkyl (e.g.,
optionally substituted C1 alkyl), an optionally substituted alkenyl (e.g., optionally substituted C,-
s alkenyl), an optionally substituted alkynyl (e.g., optionally substituted C, alkynyl), -CN, -
S(0)-alkyl, -S(O),-alkyl, or -OR3!; or two adjacent R?? are joined to form an optionally
substituted ring structure, such as an optionally substituted Cs.g carbocyclic ring, optionally
substituted 4-8 membered heterocyclic ring, optionally substituted phenyl, or optionally
substituted 5 or 6 membered heteroaryl ring;

one of R!! and R'?is hydrogen or a nitrogen protecting group, and the other of R'! and R'? is
hydrogen, a nitrogen protecting group, an optionally substituted alkyl (e.g., optionally substituted
Cisalkyl), an optionally substituted alkenyl (e.g., optionally substituted C,.s alkenyl), an
optionally substituted alkynyl (e.g., optionally substituted C».¢ alkynyl), an optionally substituted
Csg carbocyclic ring, an optionally substituted 3-8 membered heterocyclic ring, an optionally
substituted phenyl, or an optionally substituted 5-10 membered heteroaryl;

one of R?, R? and R* is hydrogen, halogen, an optionally substituted alkyl (e.g., optionally
substituted Ci alkyl), an optionally substituted alkenyl (e.g., optionally substituted C,.¢ alkenyl),
an optionally substituted alkynyl (e.g., optionally substituted C,¢ alkynyl), an optionally
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substituted Cs.g carbocyclic ring, an optionally substituted 3-8 membered heterocyclic ring, an
optionally substituted phenyl, an optionally substituted 5-10 membered heteroaryl, -OR3!, or —
NRPR!™ and the other two of R?3, R**, and R are independently selected from hydrogen,
fluorine, or methyl, preferably, -CR>*R?*R? is not —CH3;
R3" is hydrogen, an oxygen protecting group, an optionally substituted alkyl (e.g., optionally
substituted Ci alkyl), an optionally substituted alkenyl (e.g., optionally substituted C.¢ alkenyl),
an optionally substituted alkynyl (e.g., optionally substituted C,¢ alkynyl), an optionally
substituted Cs carbocyclic ring, or an optionally substituted 3-8 membered heterocyclic ring;
and
wherein:
each of R and R at each occurrence is independently hydrogen, a nitrogen protecting group, an
optionally substituted alkyl (e.g., optionally substituted Ci alkyl), an optionally substituted
alkenyl (e.g., optionally substituted Cz¢ alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted C.¢ alkynyl), an optionally substituted Cs. carbocyclic ring, an optionally
substituted 3-8 membered heterocyclic ring, an optionally substituted phenyl, or an optionally
substituted 5-10 membered heteroaryl; or R'3 and R are joined to form a 3-8 membered
optionally substituted heterocyclic or a 5-10 membered optionally substituted heteroaryl; and
R3! at each occurrence is hydrogen, an oxygen protecting group, an optionally substituted alkyl
(e.g., optionally substituted Ci.¢ alkyl), an optionally substituted alkenyl (e.g., optionally
substituted Ca.6 alkenyl), an optionally substituted alkynyl (e.g., optionally substituted Cas
alkynyl), an optionally substituted Cs.g carbocyclic ring, an optionally substituted 3-8 membered
heterocyclic ring, an optionally substituted phenyl, or an optionally substituted 5-10 membered
heteroaryl.
[0124] Typically, in Formula II, the variables R?, R* R J! J2, J?, X, and n can be any of
those described hereinabove in connection with Formula I and its subformulae. For example, in
some embodiments, R3 and R* in Formula II are joined to form an optionally substituted pheny]l,
an optionally substituted 5 or 6-membered heteroaryl, e.g., having one or two ring nitrogen
atoms, an optionally substituted C4.7 cycloalkyl group (preferably cyclopentyl or cyclohexyl), or
an optionally substituted 4 to 7-membered (preferably 6-membered) heterocyclic ring having one
R5

R4 N ‘771:

. . . 3 .
or two ring heteroatoms. In some embodiments, the moiety of R® in Formula IT is
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RS RS
Cﬁ; @Y
or Z , wherein R? is defined herein, and wherein the phenyl or pyridyl can be

further optionally substituted at any available position, for example, with one or two substituents
independently selected from F; CI; C14alkyl optionally substituted with 1-3 fluorines, preferably,
methyl, ethyl, n-propyl, isopropyl, or -CF3; a C1.4 alkoxy optionally substituted with 1-3
fluorines, preferably, methoxy, ethoxy, n-propoxy, isopropoxy, or -OCF3; a Cs5 cycloalkyl
optionally substituted with 1-3 substituents independently selected from fluorine and methyl,
preferably, cyclopropyl or cyclobutyl; and ~CN. In some embodiments, R3 is -O-R*’ or -
CR?R*R? as defined herein. In some embodiments, R’ is ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, -CH,-CHF,, -CH,-CF3, -CF3, -CHs-cyclopropyl, -CH;-cyclobutyl, -CH,-O-
CHs, -CH»-0-C,Hs, -CH»-O-n-propyl, -CH,-O-isopropyl, -CoHa-cyclopropyl, -CaHa-cyclobutyl,
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, -O-CH,-CF3, -O-CFs,
-O-CHz-cyclopropyl, -O-CHz-cyclobutyl, -O-C2Hy-cyclopropyl, or -O-C2Hs-cyclobutyl. In some
embodiments, n is 2. In some embodiments, J! is CH. In some embodiments, J> is N or CR%2,
wherein R?? is defined herein. In some embodiments, R?? is hydrogen, F, Cl, CN, or methyl. In
some embodiments, J° is CH. In some embodiments, J' can be CR?2, J* can be CH, and J3 can be
CH, wherein R?? is hydrogen, F, Cl, CN, or Ci4alkyl (preferably methyl). In some
embodiments, J! can be CR%2, J2 can be CR??, and J3 can be CH, wherein R?? at each occurrence
is independently hydrogen, F, Cl, CN, or Ci.4 alkyl (preferably methyl). In some embodiments,
each instance of X in Formula II is independently selected CR??R?!, and R*® and R*! are
independently hydrogen or Ci4 alkyl (e.g., methyl, ethyl, etc.), or R?" and R?!, together with the
carbon they are both attached to, form a cyclopropyl, cyclobutyl, cyclopentyl, or an oxetanyl
ring. In some embodiments, in the CR?’R?! unit:

R? and R*! are both methy];

one of R¥ and R?! is methyl, and the other of R?* and R?! is ethyl or methoxy; or

R?" and R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,
or an oxetanyl ring. In some embodiments, in the CR?°R?! unit, one of R?° and R?! is methyl, and
the other of R?® and R?! is hydrogen. In some embodiments, in the CR2’R?! unit, R?® and R?! are
both hydrogen.

[0125] W in Formula II is typically -N(R!)-C(O)- or —-N(R')-S(0);-, wherein either the
nitrogen atom or the C(O)- or S(O);- can be directly attached to an X, in other words, the
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expression is bi-directional. Typically, R! is hydrogen or a Ci4alkyl. For example, in some

embodiments, the compound of Formula IT can have a Formula II-1, I1-2, 11-3, or I1-4:

(@]
I I 'a I "
X)n )\J?’ (X)n
Formula 11-1 Formula II-2
R4 RS J1 H O J1 “/
c Xy NH
1 | / <0
! -
R3 L J3 (X)n (X)"
Formula 11-3 Formula II-4

wherein R*, RY, R>, L, J!, J2, J3, X, and n are defined herein.

[0126] L in Formula II (e.g., Formula II-1, II-2, II-3, or I1-4) is typically (CRAIRB!)-
Q'-Q%-Q3-(CRARB?),-, wherein:

(1) Q?is -C(0)-, one of Q' and Q?is null, the other of Q' and Q3 is NR? as defined herein, t1 is 0
or 1, and t2 is O or 1, preferably, both t1 and t2 are 0, R?is hydrogen or methyl;

(2) Q!, Q%?and Q3 are null, tl is 0, t2 is 2, and two adjacent CRA’RE? form

—C(RA?)=C(RB?)- as defined herein, preferably, RA?and RB? are both hydrogen; or

(3) Q?is null, and one of Q! and Q3 is null, the other of Q! and Q3 is NR? as defined herein, t1 is 0
or 1,and t2 is O or 1, preferably, R?is hydrogen or methyl, and t1 and t2 are not both 0.

It should also be noted that the bivalent linker L, |(CRA'RB!);1-Q!-Q%-Q3-(CRA’RB?)-, in

Formula II can link the remaining structures in either direction. For example, the

}.,J\JII

O™ unit can be directly attached to the —(CRA'RB!) end of the linker or the

(CRA?RB?),- end of the linker. In some embodiments, a NR? is directly linked to the

\Il

0" unit.
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[0127] In some embodiments, the ~ unit in Formula II (e.g., Formula II-1,

R

If

(Xn
I1-2, II-3, or I1-4) can be selected from any of those described as suitable ~

connection with Formula I herein, for example,

s
;Q@U ;Q@U :zm
NSSENS S NS SN

or selected from:

F FH
H H
e }'i }i -
CN H H
oy H N__O N_ _O
7~ e
% 7
H
B 5 N
| H
N_ _O
7~

ZT
(o]

ZT
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[0128] In some embodiments, the present disclosure also provides a compound of

Formula II-P, or a pharmaceutically acceptable salt thereof:

J

)

RS” "N L)I\ﬁ/ (>£)n
Formula II-P

wherein Het represents an optionally substituted heterocyclic or heteroaryl ring structure,
preferably, 5 or 6 membered heterocyclic ring or 5 or 6 membered heteroaryl ring, wherein R3,
JLJ2, 33, L, W, X, and n can be any of those defined herein for Formula II (including its
subformulae). Preferably, Het is a 5 or 6 membered heteroaryl, and in Formula II-P, R is
attached to the Het at an ortho position of the linker L. It will also be understood that in Formula
II-P, R can be attached to a ring nitrogen as valance permits.
[0129] In some embodiments, in Formula II-P, Het is an optionally substituted 5 or 6
membered heteroaryl described herein, for example, Het is a 5 or 6 membered heteroaryl,
preferably, a pyrazole, imidazole, oxazole, thiazole, isoxazole, isothiazole, pyridyl, pyrimidinyl,
pyridazinyl, or pyrazinyl, which is optionally substituted with one or two (preferably one)
substituents independently selected from F; Cl; Ci4alkyl optionally substituted with 1-3
fluorines, preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; a C;.4 alkoxy optionally
substituted with 1-3 fluorines, preferably, methoxy, ethoxy, n-propoxy, isopropoxy, or -OCF3; a
Cs. cycloalkoy optionally substituted with 1-3 substituents independently selected from fluorine
and methyl; a Css cycloalkyl optionally substituted with 1-3 substituents independently selected
from fluorine and methyl, preferably, cyclopropyl or cyclobutyl;, and -CN. In some
embodiments, R is -O-R3 or -CR*R?*R? as defined herein. In some embodiments, R is ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, -CH,-CHF,, -CH»-CF3, -CF3, -CHz-cyclopropyl,
-CHj-cyclobutyl, -CH;-O-CHj3, -CH,-0O-C,Hs, -CH,-O-n-propyl, -CH»-O-isopropyl, -C,Hy-
cyclopropyl, -C,Hs-cyclobutyl, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
sec-butoxy, -O-CH,-CF3, -O-CF3, -O-CHs-cyclopropyl, -O-CHa-cyclobutyl, -O-C,Hj-

;
cyclopropyl, or -O-CyHy-cyclobutyl. In some embodiments, the 7% unit in Formula

II-P can be selected from the following:
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Formula IIT
[0130] In some embodiments, the present disclosure provides a compound of Formula 111,

or a pharmaceutically acceptable salt thereof:

R1
v
I(X)“
Formula III,
wherein:
X at each occurrence is independently selected from O, NR!?, and CR*R?!, provided that at most
one X is selected from O and NR1?;
nis1, 2 3,or4,;
J1, J2, and J3 are each independently selected from CR?? or N, preferably, at least one of J!, J?,
and J¥isnot N;
R!is hydrogen, an optionally substituted alkyl (e.g., optionally substituted C1. alkyl), an
optionally substituted alkenyl (e.g., optionally substituted Czs alkenyl), an optionally substituted
alkynyl (e.g., optionally substituted C, alkynyl), or a nitrogen protecting group;
L is NH, O, or selected from:
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o]
G! Gl Gl 5
Gon FOP FOE
N
G! is an optionally substituted phenyl, optionally substituted heteroaryl (e.g., 5- or 6-membered
heteroaryl, or 8-10 membered bicyclic heteroaryl), or an optionally substituted heterocyclyl,
wherein:
R!% at each occurrence is independently hydrogen, a nitrogen protecting group, an optionally
substituted alkyl (e.g., optionally substituted Cialkyl), an optionally substituted alkenyl (e.g.,
optionally substituted C,¢ alkenyl), an optionally substituted alkynyl (e.g., optionally substituted
Cysalkynyl), an optionally substituted Cs.s carbocyclic ring, or an optionally substituted 3-8
membered heterocyclic ring;
R?" and R?! at each occurrence are each independently hydrogen, halogen, -OR*!, -NR!*R!'4 an
optionally substituted alkyl (e.g., optionally substituted C; alkyl), an optionally substituted
alkenyl (e.g., optionally substituted C,.s alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted C, alkynyl), an optionally substituted Cs.g carbocyclic ring, an optionally
substituted 3-8 membered heterocyclic ring, an optionally substituted phenyl, or an optionally
substituted 5-10 membered heteroaryl; or
R!'%and one of R? and R?! are joined to form a bond, an optionally substituted 4-8 membered
heterocyclic ring or an optionally substituted 5 or 6 membered heteroaryl ring, wherein the other
of R?® and R?! is defined above;
R?0 and R?! together with the carbon they are both attached to form —C(O)-, an optionally
substituted Cs.g carbocyclic ring, or an optionally substituted 3-8 membered heterocyclic ring; or
one of R? and R?! in one CR?’R?! is joined with one of R?" and R?!in a different CR?’R?! to form
a bond, an optionally substituted Cs_g carbocyclic ring, an optionally substituted 3-8 membered
heterocyclic ring, wherein the others of R?® and R?! are defined above;
R?2 at each occurrence is independently hydrogen, halogen, an optionally substituted alkyl (e.g.,
optionally substituted Ci¢ alkyl), an optionally substituted alkenyl (e.g., optionally substituted Co.
s alkenyl), an optionally substituted alkynyl (e.g., optionally substituted Cz. alkynyl), -CN, -
S(0)-alkyl (e.g., -S(0)-C1.¢ alkyl), -S(0);-alkyl (e.g., -S(0),-C16 alkyl), or -OR3!; or two adjacent
R?? are joined to form an optionally substituted ring structure, such as an optionally substituted
Csg carbocyclic ring, optionally substituted 4-8 membered heterocyclic ring, optionally

substituted phenyl, or optionally substituted 5 or 6 membered heteroaryl ring;
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wherein:

each of R!? and R!* at each occurrence is independently hydrogen, a nitrogen protecting group, an
optionally substituted alkyl (e.g., optionally substituted C; alkyl), an optionally substituted
alkenyl (e.g., optionally substituted C, alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted Cs. alkynyl), an optionally substituted Cs.g carbocyclic ring, an optionally
substituted 3-8 membered heterocyclic ring, an optionally substituted phenyl, or an optionally
substituted 5-10 membered heteroaryl; or R!> and R!* are joined to form a 3-8 membered
optionally substituted heterocyclic or a 5-10 membered optionally substituted heteroaryl; and
R3! at each occurrence is hydrogen, an oxygen protecting group, an optionally substituted alkyl
(e.g., optionally substituted Ci alkyl), an optionally substituted alkenyl (e.g., optionally
substituted C, alkenyl), an optionally substituted alkynyl (e.g., optionally substituted C,
alkynyl), an optionally substituted Cs.g carbocyclic ring, an optionally substituted 3-8 membered

heterocyclic ring, an optionally substituted phenyl, or an optionally substituted 5-10 membered

heteroaryl.
[0131] In some embodiments, the compound of Formula III can have a Formula III-1 or
III-2:
R1 R1
Xy I T
©. )\J Xn On
Formula 111-1 Formula Ill-2

wherein R!, G!, J!, J2, I3, X, and n are defined herein.

R!

%I 4

Xn

[0132] In some embodiments, in Formula III (e.g., ITI-1 or I1I-2)

can be any of those described for Formula I (including its subformulae). For example, in some

R'

E j/\o:f

embodiments, in Formula III (e.g., III-1 or ITI-2) can be selected from the

following:

.58 -



WO 2022/226383

PCT/US2022/026059

H H H H
@/\Njo Fmo N _OF N. _O
X X X X
H H H H
N O F N (e} N OF N (0]
/z@ X X X
H H H H
N O F N _O N _o F N _O
;3:1:::I;K;f? :%, ;}{l:::I:v:Fi ;}H%
H H H
N__O F N_ O N.O F N °
H H H H
N O F N (0] N (e} N O
X@/j )p/\/j
F F
H H
B o F N o N F N__©
X X X X
o H H o N N_ _O
N_. _O
> X
/LLL‘LLI }S'A EL”
H
Ho o NI A !
N_ _O

X

-59.



WO 2022/226383 PCT/US2022/026059

17

(Xn
[0133] In some embodiments, in Formula III (e.g., I1I-1 or III-2)

can be selected from the following:

Neogosos z@(ﬂf XX

IY

(X)n
[0134] In some embodiments, ~ in Formula III (e.g., I1I-1 or III-2)
can be selected from the following:
H H H H
X X X X
H H
N O F N O
R
j/\(X)”
[0135] In some embodiments, = in Formula III (e.g., I1I-1 or I1I-2)

H H
7 7
or .

can be

-60 -



WO 2022/226383 PCT/US2022/026059

[0136] In some embodiments, in Formula III (e.g., Formula III-1 or III-2), the
R1
J1 |
127 N \fo
)l\ %
/L'I‘tk g3 X . . .
can be any of the corresponding moieties shown in Compound Nos. 139-

202, or 139-165 disclosed herein, as applicable.

[0137] G! in Formula III is typically an optionally substituted phenyl or optionally
substituted heteroaryl, which includes any of those described herein.

[0138] In some embodiments, the compound of Formula III is characterized as having a
formula of III-1, wherein G' is an optionally substituted 5- or 6-membered heteroaryl or an
optionally substituted 8-10 membered bicyclic heteroaryl. In some embodiments, the compound

of Formula I1I is characterized as having a formula of ITI-1, wherein G' is selected from the

following:
NS I AN
| = =
~p X
A O
N
b

wherein each of the groups is optionally further substituted, for example, with one or two
substituents each independently halogen (e.g., Cl), C14alkyl, CN, hydroxyl, COOH, C(0)-O-(Ci-
4 alkyl), etc. In some embodiments, the compound of Formula III is characterized as having a

formula of III-1, wherein G! is
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O/I\\N HN/\QN s % N/\r”’g | NT“LL;

>

wherein the bicyclic heteroaryl is unsubstituted or further substituted with one or two (preferably
one) substituents. When substituted, the substituents can be preferably independently selected
from CI, methyl, and hydroxyl. Representative heteroaryls suitable as G' for Formula ITI-1 are
shown in the exemplified compounds herein.
[0139] In some embodiments, the compound of Formula III is characterized as having a
formula of III-2, wherein G' can be any of those described herein as suitable as the moiety of

RS

R4 RN Izll:

R® in Formula I (e.g., any of the applicable subformulae). For example, in some

embodiments, the compound of Formula III is characterized as having a formula of III-2, wherein

G' can be selected from any of the following:

Ejféjf?j‘f;‘f Sk
S % S %t % v \“«; S AN

embodiments, the compound of Formula III is characterized as having a formula of III-2, wherein

In some

! can be selected from any of the following:

SL 3

Formula (IV)
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[0140] In embodiments, the present disclosure provides a compound of Formula (IV)

R22
R22 R32
(R1°°)p~@\|_: t :R33

av)
or a pharmaceutically acceptable salt thereof,
wherein:
ring A is a heterocycle or heteroaryl;
L is -NH-, -C(O)-NH-, -S(O)NH-, -§(0);NH-, -8(0)-, or -S(O)s-;
R?2 is halo, -CN, -Cisalkyl, -C1 alkyl-CN, -C1 haloalkyl, or carbocyeclyl;
R?% is H, halo, -C1. alkyl, or -C1 haloalkyl; or
R*?and R?? are joined to form a heteroaryl, carbocyclyl, or heterocyclyl, each of which
may be substituted with one or more halo;
R3? and R* are joined to form a heterocyclyl and substituted with oxo; and wherein the
heterocycle may be further optionally substituted with one or more R'%!;
pis 0,1 or2;
each R'% is independently halo, -Ci.¢ alkyl, -C1.¢ alkylene-carbocyclyl, -C; alkylene-
heterocyclyl, or -C1.6 haloalkyl; and
each R!%! is independently hydrogen, halo, or -C1 alkyl.

[0141] In embodiments, of the compounds of Fomula (IV), L is -NH-, -C(0O)-NH-, -
S(O)NH-, -S(O)2NH-, -S(0)-, or -S(0):-. In embodiments, L is -NH-. In embodiments, L is -
C(0O)-NH-. In embodiments, L is -S(O)NH-. In embodiments, L is -S(O)2NH-. In embodiments,
L is -S(0)-. In embodiments, L is -S(O)>-.

[0142] In embodiments, the compound of Formula (IV) is a compound of Formula (IV-
A)

R22
R22 R32
L1 ~N R33
(R100)p H
(IV-A)
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or a pharmaceutically acceptable salt thereof, wherein:

L is absent, -C(O)-, -S(0)-, or -S(0),-;
Ring A is a heterocycle or heteroaryl;

R??is halo, -CN, -Cis alkyl, -C1 alkyl-CN, -C1 haloalkyl, or carbocyeclyl;

R?? is H, halo, -C1. alkyl, or -C1 haloalkyl; or

R*?and R?? are joined to form a heteroaryl, carbocyclyl, or heterocyclyl, each of which
may be substituted with one or more halo;
R3? and R* are joined to form a heterocyclyl substituted with oxo; and wherein the heterocyclyl
may be further optionally substituted with one or more R!?!;
pis 0,1 or2;
each R1% is independently halo, -Ci.¢ alkyl, -C1.¢ alkylene-carbocyclyl, -C; alkylene-
heterocyclyl, or -C1.6 haloalkyl; and
each R!%! is independently hydrogen, halo, or -C1 alkyl.

[0143] In embodiments of the compounds of Formula (IV-A), L1 is absent, -C(O)-, -
S(0)-, or -S(0)»-.

[0144] In embodiments of the compounds of Formula (IV-A), L1 is -C(O)-, -S(0)-, or -
S(0)s-.

[0145] In embodiments of the compounds of Formula (IV-A), L1 is absent.

[0146] In embodiments of the compounds of Formula (IV-A), L1 is -C(O)-.

[0147] In embodiments of the compounds of Formula (IV-A), L is -S(O)-.

[0148] In embodiments of the compounds of Formula (IV-A), L1 is -S(O),-.

[0149] In embodiments, of the compounds of Fomula (IV) or Formula (IV-A), Ring A is

a heteroaryl.

[0150] In embodiments, of the compounds of Fomula (IV) or Formula (IV-A), Ring A 1s
a heterocycle.

[0151] In embodiments of the compounds of Fomula (IV) or Formula (IV-A), ring ring A
is a 5 or 6-membered heteroaryl, a 5,6—bicyclic heteroaryl, a 5,6-bicyclic heterocyclyl, a 6,6-
bicyclic heterocyclyl, a 6,6—bicyclic heteroaryl, or a 3-8 membered heterocyclyl.
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[0152] In embodiments of the compounds of Fomula (IV) or Formula (IV-A), ring A is a
5 or 6-membered heteroaryl, a 5,6—bicyclic heteroaryl, a 6,6—bicyclic heteroaryl, or a 3-8
membered heterocyclyl.

[0153] In embodiments of the compounds of Fomula (IV) or Formula (IV-A), ring A is a
5 or 6-membered heteroaryl. In embodiments, ring A is a S-membered heteroaryl. In
embodiments, ring A is a 6-membered heteroaryl.

[0154] In embodiments of the compounds of Fomula (IV) or Formula (IV-A), ring A is a
5,6-bicyclic heteroaryl.

[0155] In embodiments of the compounds of Fomula (IV) or Formula (IV-A), ring A is a
6,6—bicyclic heteroaryl, or a 3-8 membered heterocyclyl.

[0156] In embodiments of the compounds of Fomula (IV) or Formula (IV-A), ring A is
pyridyl, pyrimidinyl, pyridazinyl, quinazolinyl, quinoxalinyl, or morpholinyl.

[0157] In embodiments, of the compounds of Fomula (IV) or Formula (IV-A), ring A is
pyridyl. In embodiments, ring A is pyrimidinyl. In embodiments, ring A is pyridazinyl. In
embodiments, ring A is quinazolinyl. In embodiments, ring A is quinoxalinyl. In embodiments,
ring A is morpholinyl.

[0158] In embodiments, of the compounds of Fomula (IV) or Formula (IV-A), ring A-
(R19), is:

/\(E

Y
Y m L NE
Q1 00 \(R1 00)p m(w 00) N/T1 OO p 100 p(R1oo)

> >

1{
<% m
p(R ,\\ \ 1 N 4 Afa
R, g\/)/ 100 '\l T ) ‘\

N (,Rm)p (R )

p(R/\N}_L
qm) O “ ” Sh
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[0159] In embodiments, of the compounds of Fomula (IV) or Formula (IV-A), ring A-

(

—
(R19), is: R™% I embodiments, ring A-(R!%), is:

N )

l\l \ N/ﬁ}z
|

AR o N30

R’ n embodiments, ring A-(R'%),, is: P In embodiments,

s e
| ;F
)

R
P In embodiments, ring

A-(R10) is:

7l

. 100 . . ko
ring A-(R1%), is: P .In embodiments, ring A-(R1?), is: P(R1%0 In
(\N:LLL o (Rmo) .
Y \
embodiments, ring A-(R1%); is: R In embodiments, ring A-(R19%), is: .In

SN
Y

(R10

0
embodiments, ring A-(R1%), is: ) In embodiments, ring A-(R!%), is:

(J°

~~ 0.
) In embodiments, ring A-(R19%),

0 R
) In embodiments, ring A-(R!%), is:

N/\f’{ (\f’{
lN\X 100 '\l‘N\X 100
is: R In embodiments, ring A-(R'%), is: (R In embodiments, ring A-(R'),
(R100)p (Rmo)p
N

r h%
is: I\J\/)/; . In embodiments, ring A-(R!%), is: N/ § In embodiments, ring A-(R'%), is:
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R'?) R,
N - N -
é&//‘l s
=N . In embodiments, ring A-(R!%), is: N In embodiments, ring A-(R!%), is:
100
(R
AN
HN
[0160] In embodiments, of the compounds of Fomula (IV) or Formula (IV-A), ring A-
(R19), is:

N Xt o \"'z/ Xr%
Y N NN S
I\é é '5 CT '\]/ ; 'J/ H:
O E
N AN _N N N-%
N F '\] 4 , , , Of \) )

[0161] In embodiments, of the compounds of Fomula (IV) or Formula (IV-A), ring A-

% o)
AN
N A
(R190), is: Z .In embodiments, ring A-(R'%), is: . In embodiments, ring A-

N

N
S il A
(R199)p is: Z embodiments, ring A-(R!%), is:  Cl . In embodiments, ring A-
CF;
Bt
X% N A
@)

(R199)p is: Z embodiments, ring A-(R!%), is: . In embodiments, ring A-
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%Y
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(R190), is: Z I embodiments, ring A-(R'?), is: ~ HN .In embodiments, ring A-

.4 e

. In embodiments, ring A-(R!%), is:

AN N/\}'z
Y o
(R190), 1s: . In embodiments, ring A-(R!%), is: . In embodiments, ring
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l
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A-(R10), is:

[0162] In embodiments, of the compounds of Fomula (IV) or Formula (IV-A), ring A-
(R190), 1s:
CF,
Y
7
O OF
7 , 7 , C , or z
[0163] In embodiments, the compound of Formula (IV) 1s a compound of Formula (IV-
B)
Shce
21\
\23
(IV-B)

or a pharmaceutically acceptable salt thereof,
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wherein:

each of Z', Z?, 73, and Z* are independently CH or N, and at least one of Z!, Z?,
73 and Z* are N;

R?2 is halo, -CN, -Cis alkyl, -C1 alkyl-CN, -C1 haloalkyl, or carbocyclyl;

R?% is H, halo, -C1. alkyl, or -C1 haloalkyl; or

R*?and R?? are joined to form a heteroaryl, carbocyclyl, or heterocyclyl, each of
which may be substituted with one or more halo
R3? and R* are joined to form a heterocyclyl substituted with oxo; and wherein the heterocyclyl
may be further optionally substituted with one or more R!?!;
pis 0,1 or2;
each R'% is independently halo, -C;alkyl, -C1.c alkylene-carbocyclyl, -C1. alkylene-
heterocyclyl, or -C1.6 haloalkyl; and
each R!%! is independently hydrogen, halo, or C1.¢ alkyl.

[0164] In embodiments of the compounds of Formula (IV-B), 1 or 2 of Z!, Z?, Z3, and Z*
is -N and the rest are -CH.

[0165] In embodiments of the compounds of Formula (IV-B),
Z?is N and Z!, Z3 and Z* are CH;

Z'and Z? are N and Z3, and Z* are CH;

Z? and Z* are N and Z' and Z3 are CH;

Z'and Z3 are N and Z?%, and Z* are CH; or

Z?and Z3 are N and Z', and Z* are CH.

[0166] In embodiments of the compounds of Formula (IV-B),
Z?is N and Z!, Z3, and Z* are CH; or

Z'and Z? are N and Z3, and Z* are CH.

[0167] In embodiments of the compounds of Formula (IV-B), Z% is N and Z!, Z3 and Z*
are CH.

[0168] In embodiments of the compounds of Formula (IV-B), Z! and Z? are N and Z°,
and Z* are CH;

[0169] In embodiments of the compounds of Formula (IV-B), Z? and Z* are N and Z' and
73 are CH;
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[0170] In embodiments of the compounds of Formula (IV-B), Z! and Z3 are N and 72,
and Z* are CH.
[0171] In embodiments of the compounds of Formula (IV-B), Z? and Z3 are N and Z!,
and Z* are CH.

[0172] In embodiments, of the compounds of Formula (IV), Formula (IV-A), or Formula
(IV-B), R¥ and R* are joined to form a heterocycle containing at least one N atom in the ring
and substituted with oxo.

[0173] In embodiments, of the compounds of Formula (IV), Formula (IV-A), or Formula
(IV-B), R¥ and R* are joined to form a 6-7 membered heterocycle containing at least one N
atom in the ring and substituted with oxo.

[0174] In embodiments, of the compounds of Formula (IV), Formula (IV-A), or Formula
(IV-B), R* and R3 are joined to form a 6-membered heterocycle containing one N atom in the

ring and substituted with oxo.

[0175] In embodiments, the present disclosure provides a compound of Formula (IV-C):

R22 * H o
R D R?"
,\J P H R g2t
(Iv-0)
or a pharmaceutically acceptable salt thereof,
wherein:
R?0, R?!, R?" R?' are each independently hydrogen, halo, or -C14 alkyl; or
one of R? and R?!is joined with one of R** and R?! to form a Cs.s carbocyclic ring, or a 3-8
membered heterocyclic ring;
R??is halo, -CN, -Cjsalkyl, -C1.6 alkyl-CN, -C1.¢ haloalkyl, or carbocyclyl;
R2% is H, halo, -C1.¢ alkyl, -C1.6 haloalkyl;
or R?? and R?* are taken together to form heteroaryl, carbocyclyl, or heterocyclyl,
each of which may be substituted with one or more halo;

pis0,1 or2; and
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each R'% is independently halo, -C1 alkyl, -C1.¢ alkylene-carbocyclyl, -C1.¢ alkylene-
heterocyclyl, or -Ci haloalkyl; or
when p is 2, two adjacent R1°° may be joined to form a carbocyclyl or heterocyclyl, each of

which may be substituted with one or more halo.

[0176] In embodiments of the compounds of Formula (IV-C), R?® and R?! are
independently -H, Ci4alkyl, or halo; and R*® and R?! are hydrogen; or
R?" is joined with R*"" to form a cyclopropyl ring, or a 5-6 membered heterocyclic ring; and R?!

and R* are -H.

[0177] In embodiments of the compounds of Formula (IV-C), R*® and R?! are
independently -H, methyl, or fluoro; and R* and R?!" are hydrogen.

[0178] In embodiments of the compounds of Formula (IV-C), R? and R?! are hydrogen,
[0179] In embodiments of the compounds of Formula (IV-C), R?® and R?! are methyl.
[0180] In embodiments of the compounds of Formula (IV-C), R? and R?! are fluoro.
[0181] In embodiments of the compounds of Formula (IV-C), R?" and R?! are hydrogen.
[0182] In embodiments of the compounds of Formula (IV-C), R? is joined with R?" to

form a cyclopropyl ring, or a 5-6 membered heterocyclyl containing one or two heteroatoms
independently selected from N and O; and R?! and R2! are -H.

[0183] In embodiments, of the compounds of Formula (IV-C), R? is joined with R?>* to
form a cyclopropyl ring and R*' and R?! are -H.

[0184] In embodiments of the compounds of Formula (IV-C), R? is joined with R?"" to
form a 5-6 membered heterocyclyl containing one or two heteroatoms independently selected

from N and O; and R?! and R?!" are -H.

[0185] In embodiments, R?’ is joined with R?*" to form a pyrrolidinyl ring and R?! and
R?! are -H.

[0186] In embodiments, R is joined with R2®" to form a morpholinyl ring and R?! and
R?!" are -H.

[0187] In embodiments, the present disclosure provides a compound is of Formula (IV-
D)
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(IV-D)
or a pharmaceutically acceptable salt thereof,
wherein:
R??is halo, -CN, -C;salkyl, -Cialkyl-CN, -C1 haloalkyl, or carbocyclyl;
R?? is -H, halo, -C1.¢ alkyl, -C16 haloalkyl;
or R?? and R?* are taken together to form a heteroaryl, carbocyclyl, or
heterocyclyl, each of which may be substituted with one or more halo;
pis 0,1 or2;
each R'% is independently halo, -Ci. alkyl, -C1.¢ alkylene-carbocyclyl, -C1.¢ alkylene-
heterocyclyl, or -C1.6 haloalkyl;
or, when p is 2, two R1% may be joined to form a carbocyclyl or heterocyclyl,

each of which may be substituted with one or more halo.

[0188] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R??is halo, -CN, -C.¢ alkyl, -C} alkyl-CN, -C.¢ haloalkyl, or carbocyclyl.

[0189] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R??is halo, -CN, -C1¢ alkyl, or Ci haloalkyl.

[0190] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? is halo, -CN, or -C; alkyl.

[0191] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R* is halo, -Cisalkyl, or -C1. haloalkyl.

[0192] In embodiments of the compounds of Formula (IV), IV-A), (IV-B), IV-C), or
(IV-D), R??is halo, -Cj.4alkyl, or -C1.4 haloalkyl.

[0193] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R% is halo or -C14alkyl.

[0194] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? is halo.
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[0195] In embodiments of the compounds of Formula (IV), (IV-A), IV-B), IV-C), or
(IV-D), R?2 -Cl or -F. In embodiments, R?? -C1. In embodiments, R*? -F,

[0196] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R2 is -CN.

[0197] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R?? is -Cisalkyl. In embodiments, R?? is -Cj4 alkyl.

[0198] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? is -CH3 or -CH,CH3. In embodiments, R?? is -CHs. In embodiments, R?? is -CH2CH3.
[0199] In embodiments of the compounds of Formula (IV), (IV-A), IV-B), IV-C), or
(IV-D), R? is -Ci6 alkyl-CN.

[0200] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? is -CH,CN.

[0201] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R?? is -C}¢ haloalkyl. In embodiments of the compounds of Formula (IV), (IV-A), (IV-
B), (IV-C), or (IV-D), R?? is -C;4 haloalkyl.

[0202] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R?? is -CF3. In embodiments, R?? is -CH,CFs3.

[0203] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? is carbocyclyl.

[0204] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? is cyclopropyl.

[0205] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? -Cl, -F, -CN, -CHj3, -CH,CH3, -CH,CN, -CF3, -CH,CFs3, or cyclopropyl.

[0206] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R?is -Cl, -F, -CN, -CH3, or -CH>CH3.

[0207] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R??is -Cl, -F, -CH3, or -CH,CH3.

[0208] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R% is -Cl, -F, or -CH3.

[0209] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? and R?? are taken together to form:
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(1) a 5-6 membered heteroaryl containing 1 or 2 heteroatoms independently selected from N, O,
and S;

(i1) a S-membered carbocyclyl optionally substituted with one or more fluoro; or

(111) a 6-membered heterocyclyl containing 1 or 2 heteroatoms independently selected from N
and O.

[0210] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? and R?? are taken together to form a 5-6 membered heteroaryl containing 1 or 2
heteroatoms independently selected from N, O, and S.

[0211] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?? and R?? are taken together to form a 5-membered carbocyclyl optionally substituted
with one or more fluoro.

[0212] In embodiments of the compounds of Formula (IV), (IV-A), IV-B), IV-C), or
(IV-D), R?? and R??  are taken together to form a 6-membered heterocyclyl containing 1 or 2
heteroatoms independently selected from N and O.

[0213] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or

(IV-D), R?? and R??’ are taken together to form a 6-membered heteroaryl containing 1 nitrogen

atom.

[0214] In embodiments of the compounds of Formula (IV), IV-A), (IV-B), (IV-C), or
(IV-D), R?? is -H, halo, -C1 alkyl, or -C1. haloalkyl.

[0215] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R??'is -H or halo, or -C;s alkyl.

[0216] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?*'is -H or halo.

[0217] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
IV-D), R?* is -H.

(IV-D),

[0218] In embodiments of the compounds of Formula (IV), IV-A), (IV-B), (IV-C), or
(IV-D), R? is halo. In embodiments, R*? is — F.

[0219] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R?? is -C ¢ alkyl. In embodiments, R??" is -CHj.

[0220] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or

(IV-D), R? is -Cis haloalkyl. In embodiments, R?? is-CFs.
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[0221] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R2is -H, -F, -CHj, or -CFs.

[0222] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R?is -H, -F, or -CH3,

[0223] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R*'is -H or -F.

[0224] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), R!% s independently halo, -C1 alkyl, -C1. alkylene-carbocyclyl, -Ci6 alkylene-
heterocyclyl, or -Ci haloalkyl.

[0225] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), each R'% is independently halo, -C1. alkyl, -C 1. alkylene-carbocyclyl, -C1.¢ alkylene-
heterocyclyl, or -C1. haloalkyl; or when p is 2, two adjacent R'% may be joined to form a
carbocyclyl or heterocyclyl, each of which may be substituted with one or more halo.

[0226] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R!9 j5 independently halo, -C1. alkyl, -C1.6 alkylene-carbocyclyl, or -C1 haloalkyl.
[0227] In embodiments of the compounds of Formula (IV), (IV-A), IV-B), IV-C), or
(IV-D), R'% is independently -CH,CHj3, -CH3, -CHa-cyclopropyl, -Cl, -CH,-CFs, -CH;-
cyclobutyl, -CH-oxetanyl, -CF,CHj, or two adjacent R'% may be joined to form a C5-6
carbocyclyl, or a S-membered heterocyclyl containing a N or O heteroatom; and wherein the
carbocyclyl is optionally substituted with one or more fluoro.

[0228] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R!% is -Cigalkyl. In embodiments, R!% is -C14 alkyl. In embodiments, R!% is -C;3
alkyl. In embodiments, R'® is -CH3. In embodiments, R'® is -CH,CH3.

[0229] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R'% is halo. In embodiments, R!% is -Cl.
[0230] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or

(IV-D), R!% is-C1 haloalkyl.In embodiments, R!% is-C1.4 haloalkyl. In embodiments, R'% is -
CH,-CF;. In embodiments, R!% is -CF,CHj.

[0231] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R1% is-C;6 alkylene-carbocyclyl. In embodiments, R'% is -CH,-cyclopropyl. In
embodiments, R' is -CH»-cyclobutyl.
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[0232] In embodiments of the compounds of Formula (IV), (IV-A), IV-B), IV-C), or
(IV-D), R s -Cy. alkylene-heterocyclyl. In embodiments, R'% is -CH,-oxetanyl.
[0233] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or

(IV-D), R is independently for each occurrence -CH>CH3, -CH3, -CHa-cyclopropyl, -Cl, -CH»-
CF3, -CHz-cyclobutyl, or -CHz-oxetanyl.

[0234] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), R'% is independently for each occurrence -CH,CHj3, -CHj3, -CHz-cyclopropyl, -Cl, or -
CH,-CFs.

[0235] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D),pis 0,1 or 2.

[0236] In embodiments of the compounds of Formula (IV), (IV-A), IV-B), IV-C), or
(IV-D),pis 1 or2.

[0237] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), pis 0.

[0238] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D),pis 1.

[0239] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D),pis 2.

[0240] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), p is 1 and R is independently halo, -C alkyl, -C,.¢ alkylene-carbocyclyl, -C .6
alkylene-heterocyclyl, or -Ci.¢ haloalkyl.

[0241] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), p is 1 and R'? is independently halo, -C» alkyl, -C1.¢ alkylene-carbocyclyl, -C1
alkylene-heterocyclyl, or -Ci.¢ haloalkyl.

[0242] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), p is 1 and R'? is independently halo, -C» alkyl, -C1.¢ alkylene-carbocyclyl, -Ci1
alkylene-heterocyclyl, or -Cs.6 haloalkyl.

[0243] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), pis 1 and R'% is -C s alkyl, -C1.6 alkylene-carbocyclyl, or -C . haloalkyl.
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[0244] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), pis 1 and R'% is -C, s alkyl, -C1.6 alkylene-carbocyclyl, or -C 16 haloalkyl.

[0245] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), pis 1 and R'% is -Cy6 alkyl, -C1.6 alkylene-carbocyclyl, or -Ca haloalky]l.

[0246] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), p is 1 and R is -CH,CH3, -CHy-cyclopropyl, or -CH,-CF5.

[0247] In embodiments of the compounds of Formula (IV-C), or (IV-D), p is 1 and R!%

is substituted at the meta-position of the pyridine.
[0248] In embodiments of the compounds of Formula (IV-C), or (IV-D), p is 1 and R!%

is substituted at the ortho-position of the pyridine.

[0249] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), p is 2 and R is independently halo, -C1 alkyl, -C;.¢ alkylene-carbocyclyl, -C.¢
alkylene-heterocyclyl, or -Ci.¢ haloalkyl.

[0250] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), p is 2 and R'? is independently halo, -C»s alkyl, -Ci.¢ alkylene-carbocyclyl, -Ci
alkylene-heterocyclyl, or -Ci.¢ haloalkyl.

[0251] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), p is 2 and R'? is independently halo, -C»s alkyl, -C1.¢ alkylene-carbocyclyl, -C1
alkylene-heterocyclyl, or -C2.s haloalkyl.

[0252] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), p is 2 and R'? is independently halo and -C;. alkyl.

[0253] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), p is 2 and R'? is independently halo and-C».s alkyl.

[0254] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), p is 2 and R'® is -CH,CH3 and -Cl.

[0255] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or

(IV-D), p is 2 and two R'% may be joined to form a C5-6 carbocyclyl, or a 5-membered
heterocyclyl containing a N or O heteroatom; and wherein the carbocyclyl is optionally

substituted with one or more fluoro.
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[0256] In embodiments of the compounds of Formula (IV), (IV-A), IV-B), IV-C), or
(IV-D), p is 2 and two R are joined to form a C5-6 carbocyclyl and wherein the carbocyclyl is
optionally substituted with one or more fluoro. In embodiments, the C5-6 carbocyclyl is
substituted with 2 fluoro.

[0257] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), (IV-C), or
(IV-D), p is 2 and two R!? are joined to form a 5-membered heterocyclyl containing a N atom.
[0258] In embodiments of the compounds of Formula (IV), (IV-A), (IV-B), IV-C), or
(IV-D), p is 2 and two R are joined to form a 5-membered heterocyclyl containing a O atom.
[0259] In embodiments of the compounds of Formula (IV-C), or (IV-D), p is 2 and R!®

is substituted at the mefa-position and the ortho-position of the pyridine.

Formula V
[0260] In embodiments, provided herein is a compound of Formula (V)
R22
/22\21 R32
LA bl

V)
or a pharmaceutically acceptable salt thereof,
wherein:
Z' and Z? are independently CH or N;
R??is -H, or -Calkyl; and
R32 and R are joined to form a heterocycle containing at least one N atom in the ring and
substituted with oxo; and wherein the heterocycle may be further optionally substituted with one
or more R!°!: and
R!9!is independently hydrogen, halo, or Cialkyl.

[0261] In embodiments, the compound of Formula (V) is a compound of Formula (V-A)

Z2 H O
LK
|
\N)\N
H R20/ NR21
(V-A)
or a pharmaceutically acceptable salt thereof,
wherein:
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R2" is halo or Cialkyl; and
R?" is halo or Cy¢alkyl.

[0262] In embodiments of the compounds of Formula (V) or (V-A), Z! is -CH- and Z? is

-N-.

[0263] In embodiments of the compounds of Formula (V) or (V-A), Z' is -N-and Z? is -
CH-.

[0264] In embodiments of the compounds of Formula (V), R* and R3? are joined to form

a heterocycle one N atom in the ring and substituted with oxo.

[0265] In embodiments of the compounds of Formula (V), R* is -H, or -C1. alkyl. In

embodiments, R?? is H or -CH3.

[0266] In embodiments of the compounds of Formula (V-A), R? is halo. In

embodiments of the compounds of Formula (V-A), R?” is -F.

[0267] In embodiments of the compounds of Formula (V-A), R?!" is -Cj6 alkyl. In

embodiments, R?!" is -CHj.

[0268] In embodiments, the present disclosure provides a compound of Formula (V-B):
R22

ZZ
|
\N)\N
H

(V-B)
or a pharmaceutically acceptable salt thereof,
wherein:
Z! and Z? are independently -CH- or -N-;
R*?is H or -Cj s alkyl
R?is halo or -C.¢ alkyl
R?! is halo or -C1alkyl
[0269] In embodiments of the compounds of Formula (V-B), Z'is -CH-and Z? is -N-.
[0270] In embodiments of the compounds of Formula (V-B), Z!is -N-and Z? is -CH-.
[0271] In embodiments of the compounds of Formula (V-B), R?? is -CHs.
[0272] In embodiments of the compounds of Formula (V-B), R?’is halo. In

embodiments R?? is -F.
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[0273] In embodiments of the compounds of Formula (V-B), R?!is halo. In
embodiments R?! is -F.

[0274] In embodiments of the compounds of Formula (V-B), R?is -Csalkyl. In
embodiments, R? is -CH3.

[0275] In embodiments of the compounds of Formula (V-B), R?!is -Cisalkyl. In
embodiments, R?! is -CH3.

[0276] In some embodiments, the present disclosure also provides a compound selected

from compound Nos. 139-202 or a pharmaceutically acceptable salt thereof:
[0277] In some embodiments, the present disclosure also provides a compound selected

from compound Nos. 139-165 or a pharmaceutically acceptable salt thereof:

[0278] Table 1-A
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[0279] In some embodiments, to the extent applicable, the genus of compounds described
herein also excludes any specifically known single compound(s) prior to this disclosure. In some
embodiments, to the extent applicable, any sub-genus of compounds prior to this disclosure that

are entirely within a genus of compounds described herein can also be excluded from such genus

herein.
Method of Synthesis
[0280] Compounds of the present disclosure can be readily synthesized by those skilled

in the art in view of the present disclosure. Exemplified synthesis are also shown in the
Examples section.

[0281] The synthesis of compounds of Formula I-1 as shown in Scheme 1 is a
representative method for the preparation of compounds herein.

Scheme 1:

R!
1

R
o) N
oH J2° \j/\ 7 amide formation (j)L )\ I(X)T

RS O
(Xn

d\\/

S-1 S-2

100

(R o

Formula I-1

As shown in Scheme 1, compounds of Formula I-1 can be typically prepared by an amide
coupling reaction between suitable coupling partners, S-1 and S-2. Amide coupling reaction
conditions are generally known by those skilled in the art and also exemplified in the Examples
section herein. Typically, the acid S-1 can be converted into an activated form, such as acyl
chloride, anhydride, active esters, etc., which can then react with the amine S-2 to form the
compound of Formula I-1. For example, the Examples section describe a representative EDCI
(1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide) mediated amide coupling reaction. The acid
S-1 and amine S-2 can be readily available or be prepared by those skilled in the art in view of
the present disclosure. The variables of R!, R?, R3, R1% J1 J2 J3 X p, and n are defined herein
in connection with Formula I-1. Typically, R? in S-2 is hydrogen. Other compounds of Formula
I, I-P, II, or II-P with an amide linkage can be prepared similary.

[0282] Compounds of Formula I, I-P, II, TI-P or III that are not connected with an amide

linkage can be typically prepared by other cross coupling reactions known to those skilled in the
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art, such as various palladium catalyzed cross-coupling reactions including Hartwig-Buchwald
amination, Heck reaction, Suzuki reaction, etc. Exemplified procedures are described in the
Examples section herein.

[0283] As will be apparent to those skilled in the art, conventional protecting groups may
be necessary to prevent certain functional groups from undergoing undesired reactions. Suitable
protecting groups for various functional groups as well as suitable conditions for protecting and
deprotecting particular functional groups are well known in the art. For example, numerous
protecting groups are described in “Protective Groups in Organic Synthesis”, 4% ed. P. G. M.
Wauts; T. W. Greene, John Wiley, 2007, and references cited therein. The reagents for the
reactions described herein are generally known compounds or can be prepared by known
procedures or obvious modifications thereof. For example, many of the reagents are available
from commercial suppliers such as Aldrich Chemical Co. (Milwaukee, Wisconsin, USA), Sigma
(St. Louis, Missouri, USA). Others may be prepared by procedures, or obvious modifications
thereof, described in standard reference texts such as Fieser and Fieser's Reagents for Organic
Synthesis, Volumes 1-15 (John Wiley and Sons, 1991), Rodd's Chemistry of Carbon
Compounds, Volumes 1-5 and Supplemental (Elsevier Science Publishers, 1989), Organic
Reactions, Volumes 1-40 (John Wiley and Sons, 1991), March's Advanced Organic Chemistry,
(Wiley, 7" Edition), and Larock's Comprehensive Organic Transformations (Wiley-VCH, 1999),

and any of available updates as of this filing.

Pharmaceutical Compositions

[0284] Certain embodiments are directed to a pharmaceutical composition comprising
one or more compounds of the present disclosure.

[0285] The pharmaceutical composition can optionally contain a pharmaceutically
acceptable excipient. In some embodiments, the pharmaceutical composition comprises a
compound of the present disclosure (e.g., a compound of Formula I (e.g., Formula I-O, I-F, I-1, I-
2,1-1-A, I-2-A, I-1-A1, I-1-A2, 1-1-A3, I-2-A1, I-2-A2, 1-2-A3, I-1-B, 1-2-B, I-1-C, or I-2-C),
Formula I-P, Formula II (e.g., Formula II-1, I1-2, II-3, or II-4,), Formula II-P, Formula III (e.g.,
Formula III-1 or III-2), Formula IV (e.g., [V-A, IV-B, IV-C, or IV-D) or any of Compound Nos.
139-202, or a pharmaceutically acceptable salt thereof) and a pharmaceutically acceptable
excipient. Pharmaceutically acceptable excipients are known in the art. Non-limiting suitable
excipients include, for example, encapsulating materials or additives such as absorption
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accelerators, antioxidants, binders, buffers, carriers, coating agents, coloring agents, diluents,
disintegrating agents, emulsifiers, extenders, fillers, flavoring agents, humectants, lubricants,
perfumes, preservatives, propellants, releasing agents, sterilizing agents, sweeteners, solubilizers,
wetting agents and mixtures thereof. See also Remington's The Science and Practice of
Pharmacy, 21st Edition, A. R. Gennaro (Lippincott, Williams & Wilkins, Baltimore, Md., 2005;
incorporated herein by reference), which discloses various excipients used in formulating
pharmaceutical compositions and known techniques for the preparation thereof.

[0286] The pharmaceutical composition can include any one or more of the compounds
of the present disclosure. For example, in some embodiments, the pharmaceutical composition
comprises a compound of FormulaI (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A, I-1-A1, I-1-
A2, 1-1-A3,1-2-A1,1-2-A2, 1-2-A3,1-1-B, 1-2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g.,
Formula II-1, I1-2, I1-3, or 1I-4,), Formula II-P, Formula III (e.g., Formula III-1 or I1I-2), Formula
IV (e.g.,IV-A, IV-B, IV-C, or IV-D) or any of Compound Nos. 139-202, or 139-165, or a
pharmaceutically acceptable salt thereof, e.g., in a therapeutically effective amount. In any of the
embodiments described herein, the pharmaceutical composition can comprise a therapeutically
effective amount of a compound selected from Compound Nos. 139-202 or 139-165 (e.g., any of
the compounds having an activity level of A or B against hALDH1a3 shown in Table 3A of the
present disclosure or those having an ICsp of less than 250 nM against hALDH1a2 as shown in
Table 3B of the present disclosure), or a pharmaceutically acceptable salt thereof. In some
embodiments, the pharmaceutical composition can comprise a therapeutically effective amount
of any compound of the present disclosure having an efficacy in ALDH1a3 inhibition
comparable to Compound 1 or better, e.g., measured by any of the methods described herein. In
some embodiments, the pharmaceutical composition can comprise a therapeutically effective
amount of any compound of the present disclosure having an IC50 value of less than 250 nM
(preferably, less than 100 nM, such as about 1-100 nM, about 10-100 nM, about 10-50 nM, about
20-100 nM, about 20-50 nM, etc.) in inhibiting hALDH1a3 when measured by the method
described herein according to Biological Example SB. In some embodiments, the
pharmaceutical composition can comprise a therapeutically effective amount of any compound of
the present disclosure having an IC50 value of less than 250 nM (preferably, less than 100 nM,
such as about 1-100 nM, about 10-100 nM, about 10-50 nM, about 20-100 nM, about 20-50 nM,
etc.) in inhibiting hALDH1a2 when measured by the method described herein according to

Biological Example SC. In some embodiments, the pharmaceutical composition can comprise a
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therapeutically effective amount of any compound of the present disclosure having an IC50 value
of less than 250 nM (preferably, less than 100 nM, such as about 1-100 nM, about 10-100 nM,
about 10-50 nM, about 20-100 nM, about 20-50 nM, etc.) in inhibiting both hALDH1a3 and
hALDH1a2 when measured by the method described herein according to Biological Example 5B
and 5C.

[0287] The pharmaceutical composition can also be formulated for delivery via any of the
known routes of delivery, which include but are not limited to oral, parenteral, inhalation, etc.
For example, in some embodiments, the pharmaceutical composition can be formulated for
administering to a subject orally, nasally, transdermally, pulmonary, inhalationally, buccally,
sublingually, intraperintoneally, subcutaneously, intramuscularly, intravenously, rectally,
intrapleurally, intrathecally or parenterally.

[0288] In some embodiments, the pharmaceutical composition can be formulated for oral
administration. The oral formulations can be presented in discrete units, such as capsules, pills,
cachets, lozenges, or tablets, each containing a predetermined amount of the active compound; as
a powder or granules; as a solution or a suspension in an aqueous or non-aqueous liquid; or as an
oil-in-water or water-in-oil emulsion.

[0289] In some embodiments, the pharmaceutical composition is formulated for
parenteral administration (such as intravenous injection or infusion, subcutaneous or
intramuscular injection). The parenteral formulations can be, for example, an aqueous solution, a
suspension, or an emulsion.

[0290] In some embodiments, the pharmaceutical composition is formulated for
inhalation. The inhalable formulations can be, for example, formulated as a nasal spray, dry
powder, or an aerosol administrable through a metered-dose inhaler.

[0291] Compounds of the present disclosure can be used alone, in combination with each
other, or in combination with one or more additional therapeutic agents, e.g., metformin,
recombinant insulin, liraglutide, semaglutide, empagliflozin, paclitaxel, doxorubicin, 5-
fluorouracil, tamoxifen, octreotide, etc. When used in combination with one or more additional
therapeutic agents, compounds of the present disclosure or pharmaceutical compositions herein
can be administered to the subject either concurrently or sequentially in any order with such
additional therapeutic agents. In some embodiments, the pharmaceutical composition can
comprise one or more compounds of the present disclosure and the one or more additional

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

[0292] As discussed herein, compounds of the present disclosure can sensitize the cancer
for chemotherapy treatment. In some embodiments, compounds of the present disclosure can be
used in combination with a chemotherapeutic agent, for example, for treating cancer. Any of the
known chemotherapeutic agents can be used in combination with one or more compounds of the
present disclosure. Non-limiting useful examples of chemotherapeutic agents include
antineoplastic agents and combinations thereof, such as DNA alkylating agents (for example
cisplatin, oxaliplatin, carboplatin, cyclophosphamide, nitrogen mustards like ifosfamide,
bendamustine, melphalan, chlorambucil, busulphan, temozolamide and nitrosoureas like
carmustine); antimetabolites (for example gemcitabine and antifolates such as fluoropyrimidines
like 5-fluorouracil and tegafur, raltitrexed, methotrexate, cytosine arabinoside, and hydroxyurea);
anti-tumour antibiotics (for example anthracyclines like adriamycin, bleomycin, doxorubicin,
liposomal doxorubicin, pirarubicin, daunomycin, valrubicin, epirubicin, idarubicin, mitomycin-C,
dactinomycin, amrubicin and mithramycin); antimitotic agents (for example vinca alkaloids like
vincristine, vinblastine, vindesine and vinorelbine and taxoids like taxol and taxotere and
polokinase inhibitors); and topoisomerase inhibitors (for example epipodophyllotoxins like
etoposide and teniposide, amsacrine, irinotecan, topotecan and camptothecin); inhibitors of DNA
repair mechanisms such as CHK kinase; DNA-dependent protein kinase inhibitors; inhibitors of
poly (ADP-ribose) polymerase (PARP inhibitors, including olaparib); and Hsp90 inhibitors such
as tanespimycin and retaspimycin, inhibitors of ATR kinase (such as AZD6738); and inhibitors
of WEEI kinase (such as AZD1775/MK-1775).

[0293] In some embodiments, compounds of the present disclosure can also be used for
treating type 2 diabetes in combination with one or more additional therapeutic agents useful for
treating type 2 diabetes, e.g., metformin, recombinant insulin, liraglutide, semaglutide,
empagliflozin etc.

[0294] The pharmaceutical composition can include various amounts of the compounds
of the present disclosure, depending on various factors such as the intended use and potency and
selectivity of the compounds. In some embodiments, the pharmaceutical composition comprises
a therapeutically effective amount of a compound of the present disclosure. In some

embodiments, the pharmaceutical composition comprises a therapeutically effective amount of
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the compound of the present disclosure and a pharmaceutically acceptable excipient. As used
herein, a therapeutically effective amount of a compound of the present disclosure is an amount
effective to treat a disease or disorder as described herein, which can depend on the recipient of
the treatment, the disease or disorder being treated and the severity thereof, the composition
containing the compound, the time of administration, the route of administration, the duration of

treatment, the compound potency, its rate of clearance and whether or not another drug is co-

administered.
Method of Treatment
[0295] Compounds of the present disclosure have various utilities. For example,

compounds of the present disclosure can be used as therapeutic active substances for the
treatment and/or prophylaxis of diseases or disorders that are associated with aldehyde
dehydrogenase, preferably, a disease or disorder associated with aldehyde dehydrogenase
isoform 1a3 (ALDH1a3) and/or 1a2 (ALDH1a2), such as proliferative diseases or disorders,
metabolic diseases or disorders, endothelial cell or smooth muscle cell diseases or disorders,
metastasis, etc. Accordingly, some embodiments of the present disclosure are also directed to
methods of using one or more compounds of the present disclosure for inhibiting ALDH
enzymes such as ALDH1a3 and/or ALDH1a2, and methods of treating or preventing various
cancers, cancer metastasis, and/or other ALDH1a2 and/or ALDH1a3-mediated diseases and
disorders, such as type 2 diabetes, pulmonary arterial hypertension (PAH) and neointimal
hyperplasia (NIH) or as a male contraceptive. In some embodiments, the present disclosure also
provides a method of using one or more compounds of the present disclosure for antagonizing
retinoid pathway. Without wishing to be bound by theories, it is believed that retinoid pathway
activation can cause immune tolerance, induction of Trg cells and/or M2 macrophages, and/or
effector T cell suppression. Inhibition of ALDH1a2 and/or ALDH1a3 by one or more
compounds of the present disclosure can inhibit such retinoid signaling, which can be used to
treat diseases or disorders associated with undesired retinoid pathway activation and can restore
or activate the subject's immune responses, e.g., against cancer cells. For example, in some
embodiments, the compounds of the present disclosure can be used in combination with an
immunotherapy (e.g., an immune checkpoint inhibitor) to treat diseases or disorders that are
unresponsive to the immunotherapy or to treat a subject who has developed resistance to the

immunotherapy.
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[0296] Aldehyde dehydrogenase isoform 1a3 (ALDH1a3) is an isoform/isozyme of the
ALDHI1a subfamily that is crucial in the biosynthesis of RA and the regulation of RA signaling,
and 1s cell- and disease-specific. ALDH1a3 was known as ALDHG6 prior to 2000, and as Raldh3
from 2000-2007 in developmental studies. In normal conditions, ALDH1a3 is only required
during embryonic development and is dispensable to healthy adult mice. In adult physiology,
humans with homozygous inactivating mutations in Aldhla3 have been described with
incompletely penetrant anopthalmia and no other described pathologies. In contrast to its minor
role in normal physiology, ALDH1a3 has recently been shown to be the major determinant of
ALDEFLUOR™ reactivity across most cancer types and in de-differentiated pancreatic islet
cells. ALDEFLUOR™ activity has long been used as a marker to differentiate aggressive cancer
cells from the bulk tumor despite an overlying ignorance regarding if/how ALDEFLUOR™
activity affects tumor progression.

[0297] It has been discovered that ALDEFLUOR™ activity driven by ALDH1a3 is a
functional driver of cancer aggressiveness, and is critical for tumor progression, metastasis, and
resistance to chemotherapy. Thus, human ALDH1a3 (UniProtKB Accession No.: P47895) is a
functional driver of chemoresistant and metastatic phenotypes in cancer, including breast cancer.
Accordingly, ALDH1a3 represents a potential therapeutic target in multiple pathologies, and
targeting ALDH1a3 may overcome the current barrier in treating Stage 3/4 patients whose
tumors are resistant to conventional forms of therapy.

[0298] As shown in details in the Examples section herein, the present disclosure shows
that among the tested ALDH isoforms, only ALDH1a2 and ALDH1a3 induce retinoid pathway
activation and ALDH1a2 and ALDH1a3 drive retinoid pathway activation in solid tumors in
vivo. Further, as shown in FIG. 7, expression of ALDH1a2 and ALDH1a3 mRNA in patient-
derived xenograft models from multiple human cancers shows expression of ALDH1a2 and
ALDHI1a3 enzymes across multiple tumor types.

[0299] Compounds of the present disclosure can inhibit ALDH1a2 and/or ALDH1a3, can
inhibit retinoid signaling, and can be used to treat various diseases or disorders associated with
ALDHI1a2 and/or ALDH1a3, and diseases or disorders associated with retinoid pathway
activation.

[0300] In some embodiments, the present disclosure provides a method of inhibiting an
aldehyde dehydrogenase, in particular, ALDH1a3, ALDH1a2, or a combination of ALDH1a3

and ALDHI1a2, in a subject in need thereof. In some embodiments, the method is for inhibiting
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ALDHI1a3. In some embodiments, the method is for inhibiting ALDH1a2. In some
embodiments, the method is for inhibiting both ALDH1a3 and ALDH1a2. In some
embodiments, the method comprises administering an effective amount of a compound of the
present disclosure (e.g., a compound of Formula I (e.g., Formula I-O, I-F, I-1, [-2, I-1-A, I-2-A,
I-1-A1,1-1-A2,1-1-A3, I-2-A1, 1-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P,
Formula II (e.g., Formula II-1, II-2, I1-3, or I1-4,), Formula II-P, Formula III (e.g., Formula III-1
or III-2), Formula IV (e.g., IV-A, IV-B, IV-C, or IV-D) or any of Compound Nos. 139-202, or a
pharmaceutically acceptable salt thereof) or an effective amount of a pharmaceutical composition
described herein. In some embodiments, the subject suffers from a disease or disorder associated
with aldehyde dehydrogenase, preferably, a disease or disorder associated with aldehyde
dehydrogenase isoform 1a3 (ALDH1a3) and/or 1a2 (ALDH1a2), in a subject in need thereof.
For example, in some embodiments, the subject suffers from a proliferative disease such as
cancer (e.g., as described herein). In some embodiments, the subject suffers from a metabolic
disease such as type 2 diabetes. In some embodiments, the subject suffers from an endothelial
cell or smooth muscle cell disease or disorder, such as pulmonary arterial hypertension or
neointimal hyperplasia.

[0301] In some embodiments, the present disclosure also provides a method of treating a
disease or disorder associated with aldehyde dehydrogenase, preferably, a disease or disorder
associated with aldehyde dehydrogenase isoform 1a3 (ALDH1a3) and/or 1a2 (ALDH1a2), ina
subject in need thereof. In some embodiments, the method comprises administering an effective
amount of a compound of the present disclosure (e.g., a compound of Formula I (e.g., Formula I-
O, IF, I-1,1-2, I-1-A, I-2-A, I-1-A1, I-1-A2, I-1-A3, I-2-A1, I-2-A2, 1-2-A3, I-1-B, I-2-B, 1-1-C,
or I-2-C), Formula I-P, Formula II (e.g., Formula II-1, II-2, II-3, or II-4,), Formula II-P, Formula
III (e.g., Formula III-1 or I1I-2), or any of Compound Nos. 139-202 or 139-165, or a
pharmaceutically acceptable salt thereof) or an effective amount of a pharmaceutical composition
described herein. In some embodiments, the disease or disorder is associated with aldehyde
dehydrogenase isoform 1a3 (ALDH1a3) in the subject. In some embodiments, the disease or
disorder is associated with aldehyde dehydrogenase isoform 1a2 (ALDH1a2) in the subject. In
some embodiments, the disease or disorder is associated with aldehyde dehydrogenase isoform
1a3 (ALDH1a3) and 1a2 (ALDH1a2) in the subject. For example, in some embodiments, the
disease or disorder is a proliferative disease such as cancer (e.g., as described herein) associated

with aldehyde dehydrogenase isoform 1a3 (ALDH1a3) and/or 1a2 (ALDH1a2). In some
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embodiments, the disease or disorder is a metabolic disease, such as type 2 diabetes, associated
with aldehyde dehydrogenase isoform 1a3 (ALDH1a3) and/or 1a2 (ALDH1a2). In some
embodiments, the disease or disorder 1s an endothelial cell or smooth muscle cell disease or
disorder, such as pulmonary arterial hypertension or neointimal hyperplasia, associated with
aldehyde dehydrogenase isoform 1a3 (ALDH1a3) and/or 1a2 (ALDH1a2). In embodiments, the
disease or disorder is an immunologically-driven disease or disorder, such as acute graft-vs-host
disease or osteoarthritis pain, associated with aldehyde dehydrogenase isoform 1a3 (ALDH1a3)
and/or ALDH1a2.

[0302] In some embodiments, the present disclosure provides a method of treating cancer
in a subject in need thereof. In some embodiments, the method comprises administering to the
subject a therapeutically effective amount of a compound of the present disclosure (e.g., a
compound of Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A, I-1-A1, I-1-A2, I-1-A3, I-
2-A1,1-2-A2,1-2-A3, 1-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g., Formula II-1,
I1-2, I1-3, or I11-4,), Formula II-P, Formula III (e.g., Formula III-1 or III-2), Formula IV (e.g., IV-
A, IV-B, IV-C, or IV-D) or any of Compound Nos. 139-202 or 139-165, or a pharmaceutically
acceptable salt thereof) or a therapeutically effective amount of a pharmaceutical composition
described herein.

[0303] The methods herein are not particularly limited to any specific cancer type. As
shown in the Examples section, many cancer types were shown to have ALDH1a3 activities
which can be inhibited by representative compounds of the present disclosure. Also, as shown in
FIG. 7, many cancer types were shown to express ALDH1a2 and ALDH1a3 enzymes, the
activities of which can be inhibited by representative compounds of the present disclosure. In
some embodiments, the cancer is a solid cancer. In some embodiments, the cancer is metastatic
cancer or chemoresistant cancer. In some embodiments, the cancer is resistant to one or more
immunotherapy, such as an immune checkpoint inhibitor, such as an anti-PD-1 antibody, anti-
PD-L1 antibody, anti-CTLA4 antibody, IL-2, autologous T cell therapy, bispecific antibody
therapy, anti-TGFp antibody, a JAK/STAT inhibitor, or any combination thereof.

[0304] In some embodiments, the cancer is a breast cancer, colorectal cancer, kidney
cancer, ovarian cancer, gastric cancer, thyroid cancer, urothelial cancer, testicular cancer, cervical
cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung cancer, pancreatic

cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver cancer, mesothelioma,
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melanoma, hematologic cancer, sarcoma, gastrointestinal stromal tumor, peripheral nerve sheath
tumor, myeloma, and/or endometrial cancer.

[0305] In some embodiments, the cancer is a breast cancer, colorectal cancer, kidney
cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular cancer, cervical cancer,
nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung cancer, pancreatic cancer,
prostate cancer, bone cancer, blood cancer, brain cancer, liver cancer, mesothelioma, melanoma,
and/or sarcoma. In some embodiments, the cancer is breast caner (e.g., (e.g., ER negative breast
cancer, triple negative breast cancer, basal-like breast cancers, or HER2-positive breast cancers),
clear cell renal cell cancer, gastric cancer, bladder cancer, ovarian cancer, squamous cell lung
cancer, colorectal cancer or glioma (e.g., low-grade glioma) cancer. In some embodiments, the
cancer can also be gastrointestinal stromal tumor, peripheral nerve sheath tumor, myeloma,
leukemia, lymphoma and/or endometrial cancer. In some embodiments, the cancer can also be
any of those shown in FIG. 7 herein, such as a bladder, brain, breast, cervical, cholangio,
esophagus, gallbladder, gastric, head and neck, liver, lung, melanoma, ovarian, pancreatic,
prostate, renal, sarcoma, sarcoma-GIST, and/or uterine cancer. In some embodiments, the cancer
can also be any of those described as treatable with an ALDH1a3 inhibitor in
PCT/US2019/044278, which has an international filing date of July 31, 2019, the content of
which is incorporated by reference in its entirety.

[0306] In some embodiments, the cancer has established metastasis. In some
embodiments, the cancer has not metastasized prior to treatment with the methods herein, and the
method comprises administering an effective amount of one or more compounds of the present
disclosure to delay or prevent metastasis of the cancer. In any of the embodiments described
herein, the cancer is associated with ALDH1a3 and/or ALDH1a2 activities, such as having
higher expression level compared to a control, and/or having cancer cells with ALDH1a3 and/or
ALDHI1a2 activities, e.g., positive in Aldefluor™ assay, which can be reduced with an
ALDHI1a3 and/or ALDH1a2 inhibitor or genetic knockout or knockdown, as applicable. In some
embodiments, the method further comprises administering to the subject an effective amount of a
second anti-cancer therapy, such as a chemotherapeutic agent (e.g., described herein, such as
paclitaxel), a receptor tyrosine kinase inhibitor, or a therapeutic antibody. In some embodiments,
the method further comprises administering to the subject an effective amount of an
immunotherapy, such as an immune check point inhibitor. Suitable immunotherapy for the

methods described herein is not particularly limited and can include any of those known in the
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art, which can include for example, anti-PD-1 antibody (e.g., nivolumab, pembrolizumab,
lambrolizumab, pidilizumab, BMS-936559, or AMP-224), anti-PD-L1 antibody {e.g.,
atezolizumab, durvalumab, avelumab, YW243.55.870, MEDI-4736, MSB-0010718C,
LY3300054, BMS-936559, MPDL3280A, or MDX-1105), IL-2, autologous T cell therapy,
bispecific antibody therapy, anti-TGF[3 antibody, a JAK/STAT inhibitor, or any combination
thereof.

[0307] In some embodiments, the present disclosure provides a method of treating
metastatic cancer in a subject in need thereof, the method comprising administering to the subject
a therapeutically effective amount of a compound of the present disclosure (e.g., a compound of
FormulaI (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A, I-1-A1, I-1-A2, I-1-A3, I-2-A1, I-2-A2,
[-2-A3,1-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g., Formula II-1, II-2, T1-3, or
I1-4,), Formula II-P, Formula III (e.g., Formula III-1 or III-2), Formula IV (e.g., IV-A, IV-B, IV-
C, or IV-D) or any of Compound Nos. 139-202 or 139-165, or a pharmaceutically acceptable salt
thereof) or a therapeutically effective amount of a pharmaceutical composition described herein.
In some embodiments, the metastatic cancer is a solid cancer. In some embodiments, the
metastatic cancer can be a metastatic breast cancer, metastatic colorectal cancer, metastatic
kidney cancer, metastatic ovarian cancer, metastatic gastric cancer, metastatic thyroid cancer,
metastatic testicular cancer, metastatic cervical cancer, metastatic nasopharyngeal cancer,
metastatic esophageal cancer, metastatic bile duct cancer, metastatic lung cancer, metastatic
pancreatic cancer, metastatic prostate cancer, metastatic bone cancer, metastatic blood cancer,
metastatic brain cancer, metastatic liver cancer, metastatic mesothelioma, metastatic melanoma,
and/or metastatic sarcoma. In some embodiments, the cancer is metastatic breast (e.g., ER
negative breast cancer, triple negative breast cancer, basal-like breast cancers, or HER2-positive
breast cancers), clear cell renal cell, gastric, bladder, ovarian, squamous cell lung, colorectal or
glioma (e.g., low-grade glioma) cancer. In some embodiments, the metastatic cancer can also be
a metastatic cancer selected from gastrointestinal stromal tumor, peripheral nerve sheath tumor,
myeloma, and/or endometrial cancer. In some embodiments, the metastatic cancer can also be a
metastatic cancer selected from a bladder, brain, breast, cervical, cholangio, esophagus,
gallbladder, gastric, head and neck, liver, lung, melanoma, ovarian, pancreatic, prostate, renal,
sarcoma, sarcoma-GIST, and/or uterine cancer. In some embodiments, the metastatic cancer is
associated with ALDH1a3 and/or ALDH1a2 activities. In some embodiments, the metastatic

cancer can be breast cancer with established lung metastasis, colorectal metastasis, and/or bone
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metastasis. In some embodiments, the method further comprises administering to the subject an
effective amount of a second anti-cancer therapy, such as a chemotherapeutic agent (e.g.,
described herein, such as paclitaxel), a receptor tyrosine kinase inhibitor, or a therapeutic
antibody.

[0308] In some embodiments, the present disclosure provides a method of treating
chemoresistant cancer in a subject in need thereof, the method comprising administering to the
subject a therapeutically effective amount of a compound of the present disclosure (e.g., a
compound of Formula I (e.g., Formula I-O, I-F, I-1, [-2, I-1-A, I-2-A, I-1-A1, [-1-A2, I-1-A3, I-
2-A1,1-2-A2,1-2-A3,1-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g., Formula II-1,
I1-2, II-3, or 11-4,), Formula II-P, Formula III (e.g., Formula ITI-1 or I1I-2), Formula IV (e.g., IV-
A, IV-B, IV-C, or IV-D) or any of Compound Nos. 139-202 or 139-165, or a pharmaceutically
acceptable salt thereof) or a therapeutically effective amount of a pharmaceutical composition
described herein. “Chemoresistant cancer,” as used herein, refers to a cancer that does not
respond to treatment with one or more chemotherapeutic agents. “Chemoresistant cancers”
include those that are non-responsive to treatment with one or more therapeutic agents at the
beginning of treatment, and those that become non-responsive to treatment with one or more
therapeutic agents during treatment. Chemoresistant cancers that are particularly suitable for
treatment using the methods described herein include, but are not limited to, cancers that are
resistant to treatment with paclitaxel and/or doxorubicin. In some embodiments, the
chemoresistant cancer is a solid cancer. In some embodiments, the chemoresistant cancer can be
a breast cancer, colorectal cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer,
testicular cancer, cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer,
lung cancer, pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver
cancer, mesothelioma, melanoma, and/or sarcoma. In some embodiments, the cancer can also be
gastrointestinal stromal tumor, peripheral nerve sheath tumor, myeloma, and/or endometrial
cancer. In some embodiments, the cancer can also be a bladder, brain, breast, cervical,
cholangio, esophagus, gallbladder, gastric, head and neck, liver, lung, melanoma, ovarian,
pancreatic, prostate, renal, sarcoma, sarcoma-GIST, and/or uterine cancer. In some
embodiments, the cancer can be a breast (e.g., triple negative breast), clear cell renal cell, gastric,
bladder, ovarian, squamous cell lung, colorectal or glioma (e.g., low-grade glioma) cancer. In
some embodiments, the chemoresistant cancer is associated with ALDH1a3 and/or ALDH1a2

activities. In some embodiments, the method further comprises administering to the subject an
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effective amount of a second anti-cancer therapy, such as a chemotherapeutic agent (e.g.,
described herein, such as paclitaxel), a receptor tyrosine kinase inhibitor, or a therapeutic
antibody.

[0309] In some embodiments, the present disclosure provides a method of sensitizing
cancer for chemotherapy in a subject in need thereof, the method comprising administering to the
subject an effective amount of a compound of the present disclosure (e.g., a compound of
FormulaI (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A, I-1-A1, I-1-A2, I-1-A3, I-2-A1, I-2-A2,
[-2-A3,I-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g., Formula II-1, II-2, II-3, or
I1-4,), Formula II-P, Formula III (e.g., Formula III-1 or III-2), Formula IV (e.g., IV-A, IV-B, IV-
C, or IV-D) or any of Compound Nos. 139-202 or 139-165, or a pharmaceutically acceptable salt
thereof) or an effective amount of a pharmaceutical composition described herein. Typically, the
method can cause the cancer more responsive to treatment with chemotherapeutic agent. In some
embodiments, the cancer is a solid cancer. In some embodiments, the cancer can be a breast
cancer, colorectal cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular
cancer, cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung cancer,
pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver cancer,
mesothelioma, melanoma, and/or sarcoma. In some embodiments, the cancer can also be
gastrointestinal stromal tumor, peripheral nerve sheath tumor, myeloma, and/or endometrial
cancer. In some embodiments, the cancer can also be a bladder, brain, breast, cervical,
cholangio, esophagus, gallbladder, gastric, head and neck, liver, lung, melanoma, ovarian,
pancreatic, prostate, renal, sarcoma, sarcoma-GIST, and/or uterine cancer. In some
embodiments, the cancer is associated with ALDH1a3 and/or ALDH1a2 activities. In some
embodiments, the method further comprises administering to the subject an effective amount of a
second anti-cancer therapy, such as a chemotherapeutic agent (e.g., described herein, such as
paclitaxel), a receptor tyrosine kinase inhibitor, or a therapeutic antibody.

[0310] In some embodiments, the present disclosure provides a method of treating or
preventing metastasis of a cancer in a subject in need thereof, the method comprising
administering to the subject an effective amount of a compound of the present disclosure (e.g., a
compound of Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A, I-1-A1, I-1-A2, I-1-A3, I-
2-A1,1-2-A2,1-2-A3,1-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g., Formula II-1,
I1-2, II-3, or I11-4,), Formula II-P, Formula III (e.g., Formula III-1 or III-2), Formula IV (e.g., IV-
A, IV-B, IV-C, or IV-D) or any of Compound Nos. 139-202 or 139-165, or a pharmaceutically
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acceptable salt thereof) or an effective amount of a pharmaceutical composition described herein.
In some embodiments, the cancer is a solid cancer. In some embodiments, the cancer can be a
breast cancer, colorectal cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer,
testicular cancer, cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer,
lung cancer, pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver
cancer, mesothelioma, melanoma, and/or sarcoma. In some embodiments, the cancer can also be
gastrointestinal stromal tumor, peripheral nerve sheath tumor, myeloma, and/or endometrial
cancer. In some embodiments, the cancer can also be a bladder, brain, breast, cervical,
cholangio, esophagus, gallbladder, gastric, head and neck, liver, lung, melanoma, ovarian,
pancreatic, prostate, renal, sarcoma, sarcoma-GIST, and/or uterine cancer. In some
embodiments, the cancer is associated with ALDH1a3 and/or ALDH1a2 activities. In some
embodiments, the cancer has established metastasis. In some embodiments, the cancer has not
metastasized prior to treatment with the methods herein, and the method delays or prevents
metastasis of the cancer. In some embodiments, the method further comprises administering to
the subject an effective amount of a second anti-cancer therapy, such as a chemotherapeutic agent
(e.g., described herein, such as paclitaxel), a receptor tyrosine kinase inhibitor, or a therapeutic
antibody.

[0311] In some embodiments, the cancer is unresponsive to one or more immunotherapy,
e.g., an anti-PD-1, anti-CTLA4, anti-LAG-3, anti-TIGIT or anti-PD-L1 antibody. In some
embodiments, the subject has developed resistance to one or more immunotherapy, e.g., an anti-
PD-1 or anti-PD-L1 antibody. In some embodiments, the method further comprises
administering to the subject one or more immunotherapy (e.g., as described herein).

[0312] In some embodiments, the present disclosure provides a method of antagonizing
the retinoid pathway in a subject in need thereof. In some embodiments, the method comprises
administering to the subject an effective amount of an ALDH1a2 inhibitor. In some
embodiments, the method comprises administering to the subject an effective amount of an
ALDH1a3 inhibitor. In embodiments, the method of antagonizing the retinoid pathway
comprises administering to the subject an effective amount of an ALDH1a2 inhibitor and an
ALDHI1a3 inhibitor, for example, an effective amount of a dual inhibitor of ALDH1a2 and
ALDH1a3 or a combination of one or more ALDH1a2 inhibitor and one or more ALDH1a3
inhibitor. In some embodiments, the method comprising administering to the subject an effective

amount of a compound of the present disclosure (e.g., a compound of Formula I (e.g., Formula I-
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O, I-F, 1-1,1-2, I-1-A, 1-2-A, I-1-A1, I-1-A2, I-1-A3, I-2-A1, -2-A2, [-2-A3, I-1-B, I-2-B, I-1-C,
or I-2-C), Formula I-P, Formula II (e.g., Formula II-1, II-2, II-3, or [I-4,), Formula II-P, Formula
III (e.g., Formula III-1 or ITI-2), Formula IV (e.g., IV-A, IV-B, IV-C, or IV-D) or any of
Compound Nos. 139-202 or 139-165, or a pharmaceutically acceptable salt thereof) or an
effective amount of a pharmaceutical composition described herein. In some embodiments, the
subject suffers from a disease or disorder associated with retinoid pathway activation (e.g., any of
those described herein).

[0313] In some embodiments, the present disclosure provides a method of inhibiting Tieg
cell and/or M2 macrophage formation in a subject in need thereof. In some embodiments, the
method comprises administering to the subject an effective amount of an ALDH1a2 inhibitor. In
some embodiments, the method comprises administering to the subject an effective amount of an
ALDHI1a3 inhibitor. In some embodiments, the method of inhibiting Treg cell and/or M2
macrophage formation comprises administering to the subject an effective amount of an
ALDHI1a2 inhibitor and an ALDH1a3 inhibitor, for example, an effective amount of a dual
inhibitor of ALDH1a2 and ALDH1a3 or a combination of one or more ALDH1a2 inhibitor and
one or more ALDHI1a3 inhibitor. In some embodiments, the method comprising administering to
the subject an effective amount of a compound of the present disclosure (e.g., a compound of
FormulaI (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A, I-1-A1, I-1-A2, I-1-A3, I-2-A1, I-2-A2,
I-2-A3,1-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g., Formula II-1, II-2, I1-3, or
II-4,), Formula II-P, Formula I1I (e.g., Formula III-1 or I1I-2), Formula IV (e.g., IV-A, IV-B, IV-
C, or IV-D) or any of Compound Nos. 139-202 or 139-165, or a pharmaceutically acceptable salt
thereof) or an effective amount of a pharmaceutical composition described herein. In some
embodiments, the subject is characterized as having a cancer (e.g., described herein)
unresponsive to one or more immunotherapy or the subject has developed resistance to one or
more immunotherapy. In some embodiments, the cancer is a breast cancer, colorectal cancer,
kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular cancer, cervical cancer,
nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung cancer, pancreatic cancer,
prostate cancer, bone cancer, blood cancer, brain cancer, liver cancer, mesothelioma, melanoma,
sarcoma, gastrointestinal stromal tumor, peripheral nerve sheath tumor, myeloma, and/or
endometrial cancer. In some embodiments, the cancer can also be a bladder, brain, breast,
cervical, cholangio, esophagus, gallbladder, gastric, head and neck, liver, lung, melanoma,

ovarian, pancreatic, prostate, renal, sarcoma, sarcoma-GIST, and/or uterine cancer. In some
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embodiments, the cancer is unresponsive to one or more immunotherapy, such as an anti-PD-1
antibody, anti-PDL-1 antibody, anti-CTLA4 antibody, IL-2, autologous T cell therapy, bispecific
antibody therapy, anti-TGF[ antibody, a JAK/STAT inhibitor, or any combination thereof. In
some embodiments, the subject has developed resistance to one or more immunotherapy, such as
an anti-PD-1 antibody, anti-PD-L1 antibody, anti-CTLA4 antibody, IL-2, autologous T cell
therapy, bispecific antibody therapy, anti-TGF antibody, a JAK/STAT inhibitor, or any
combination thereof. In some embodiments, the method further comprises administering to the
subject one or more immunotherapy, such as an immune checkpoint inhibitor. In some
embodiments, the method further comprises administering to the subject an anti-PD-1 antibody,
anti-PD-L1 antibody, anti-CTLA4 antibody, IL.-2, autologous T cell therapy, bispecific antibody
therapy, anti-TGFp antibody, a JAK/STAT inhibitor, or any combination thereof.

[0314] In some embodiments, the present disclosure provides a method of treating a
disease or disorder associated with the retinoid pathway activation in a subject in need thereof.
In some embodiments, the method comprises administering to the subject an effective amount of
an ALDH1a2 inhibitor. In some embodiments, the method comprises administering to the
subject an effective amount of an ALDH1a3 inhibitor. In some embodiments, the method of
treating a disease or disorder associated with the retinoid pathway activation comprises
administering to the subject an effective amount of an ALDH1a2 inhibitor and an ALDH1a3
inhibitor, for example, an effective amount of a dual inhibitor of ALDH1a2 and ALDH1a3 ora
combination of one or more ALDH1a2 inhibitor and one or more ALDH1a3 inhibitor. In some
embodiments, the method comprising administering to the subject an effective amount of a
compound of the present disclosure (e.g., a compound of Formula I (e.g., Formula I-O, I-F, I-1, I-
2,I-1-A, 1-2-A, I-1-A1, I-1-A2, I-1-A3, 1-2-A1, I-2-A2, 1-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C),
Formula I-P, Formula II (e.g., Formula II-1, I1-2, II-3, or 1I-4,), Formula II-P, Formula III (e.g.,
Formula III-1 or I1I-2), Formula IV (e.g., IV-A, IV-B, IV-C, or IV-D) or any of Compound Nos.
139-202 or 139-165, or a pharmaceutically acceptable salt thereof) or an effective amount of a
pharmaceutical composition described herein. In some embodiments, the disease or disorder is
associate with immunosuppression or immunotolerance of the subject. In some embodiments,
the disease or disorder is associate with induction of Trg cells and/or M2 macrophages, and/or
effector T cell suppression in the subject. In some embodiments, the disease or disorder is cancer
(e.g., described herein). In some embodiments, the cancer is a breast cancer, colorectal cancer,

kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular cancer, cervical cancer,
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nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung cancer, pancreatic cancer,
prostate cancer, bone cancer, blood cancer, brain cancer, liver cancer, mesothelioma, melanoma,
sarcoma, gastrointestinal stromal tumor, peripheral nerve sheath tumor, myeloma, and/or
endometrial cancer. In some embodiments, the cancer can also be a bladder, brain, breast,
cervical, cholangio, esophagus, gallbladder, gastric, head and neck, liver, lung, melanoma,
ovarian, pancreatic, prostate, renal, sarcoma, sarcoma-GIST, and/or uterine cancer. In some
embodiments, the cancer is unresponsive to one or more immunotherapy, such as an anti-PD-1
antibody, anti-PDL-1 antibody, anti-CTLA4 antibody, IL-2, autologous T cell therapy, bispecific
antibody therapy, anti-TGFf antibody, a JAK/STAT inhibitor, or any combination thereof. In
some embodiments, the subject has developed resistance to one or more immunotherapy, such as
an anti-PD-1 antibody, anti-PDL-1 antibody, anti-CTLA4 antibody, IL-2, autologous T cell
therapy, bispecific antibody therapy, anti-TGF antibody, a JAK/STAT inhibitor, or any
combination thereof. In some embodiments, the method further comprises administering to the
subject one or more immunotherapy, such as an immune checkpoint inhibitor. In some
embodiments, the method further comprises administering to the subject an anti-PD-1 antibody,
anti-PD-L1 antibody, anti-CTLA4 antibody, IL-2, autologous T cell therapy, bispecific antibody
therapy, anti-TGFp antibody, a JAK/STAT inhibitor, or any combination thereof.

[0315] In some embodiments, the present disclosure provides a method of treating cancer
in a subject in need thereof, wherein the cancer is unresponsive to one or more immunotherapy or
the subject has developed resistance to one or more immunotherapy, the method comprising
administering to the subject an effective amount of a compound of the present disclosure (e.g., a
compound of Formula I (e.g., Formula I-O, I-F, I-1, -2, I-1-A, I-2-A, I-1-A1, [-1-A2, I-1-A3, I-
2-Al,1-2-A2,1-2-A3,1-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P, Formula II (e.g., Formula II-1,
I1-2, 11-3, or I1-4,), Formula II-P, Formula III (e.g., Formula III-1 or I1I-2), Formula IV (e.g., V-
A, IV-B, IV-C, or IV-D) or any of Compound Nos. 139-202 or 139-165, or a pharmaceutically
acceptable salt thereof) or an effective amount of a pharmaceutical composition described herein.
In some embodiments, the cancer is unresponsive to one or more immunotherapy, such as an
anti-PD-1 antibody, anti-PD-L1 antibody, anti-CTLA4 antibody, IL-2, autologous T cell therapy,
bispecific antibody therapy, anti-TGF antibody, a JAK/STAT inhibitor, or any combination
thereof. In some embodiments, the cancer is unresponsive to treatment with anti-PD-1 or anti-
PD-L1 antibodies. In some embodiments, the subject has developed resistance to one or more

immunotherapy, such as an anti-PD-1 antibody, anti-PDL-1 antibody, anti-CTLA4 antibody, IL-
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2, autologous T cell therapy, bispecific antibody therapy, anti-TGF antibody, a JAK/STAT
inhibitor, or any combination thereof. In some embodiments, the subject has developed
resistance to anti-PD-1 or anti-PD-L1 antibodies based treatment. In some embodiments, the
method further comprises administering to the subject one or more immunotherapy, such as an
immune checkpoint inhibitor. In some embodiments, the method further comprises
administering to the subject an anti-PD-1 antibody, anti-PDL-1 antibody, anti-CTLA4 antibody,
IL-2, autologous T cell therapy, bispecific antibody therapy, anti-TGFf antibody, a JAK/STAT
inhibitor, or any combination thereof. In some embodiments, the cancer is a breast cancer,
colorectal cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular cancer,
cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung cancer,
pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver cancer,
mesothelioma, melanoma, sarcoma, gastrointestinal stromal tumor, peripheral nerve sheath
tumor, myeloma, and/or endometrial cancer. In some embodiments, the cancer can also be a
bladder, brain, breast, cervical, cholangio, esophagus, gallbladder, gastric, head and neck, liver,
lung, melanoma, ovarian, pancreatic, prostate, renal, sarcoma, sarcoma-GIST, and/or uterine
cancer.

[0316] In some embodiments, the present disclosure provides a method of treating cancer
in a subject in need thereof, the method comprising administering to the subject an effective
amount of a compound of the present disclosure (e.g., a compound of Formula I (e.g., Formula I-
O, I-F, 1-1,1-2, I-1-A, 1-2-A, I-1-A1, I-1-A2, I-1-A3, I-2-A1, -2-A2, [-2-A3, I-1-B, I-2-B, I-1-C,
or [-2-C), Formula I-P, Formula II (e.g., Formula II-1, I1-2, II-3, or 1I-4,), Formula II-P, Formula
III (e.g., Formula III-1 or ITI-2), Formula IV (e.g., IV-A, IV-B, IV-C, or IV-D) or any of
Compound Nos. 139-202 or 139-165, or a pharmaceutically acceptable salt thereof) or an
effective amount of a pharmaceutical composition described herein, in combination with an
immunotherapy, such as an immune checkpoint inhibitor. In some embodiments, the
immunotherapy comprises administering to the subject an anti-PD-1 antibody, anti-PD-L1
antibody, anti-CTLA4 antibody, IL-2, autologous T cell therapy, bispecific antibody therapy,
anti-TGFp antibody, a JAK/STAT inhibitor, or any combination thereof. In some embodiments,
the cancer is a breast cancer, colorectal cancer, kidney cancer, ovarian cancer, gastric cancer,
thyroid cancer, testicular cancer, cervical cancer, nasopharyngeal cancer, esophageal cancer, bile
duct cancer, lung cancer, pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain

cancer, liver cancer, mesothelioma, melanoma, sarcoma, gastrointestinal stromal tumor,
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peripheral nerve sheath tumor, myeloma, and/or endometrial cancer. In some embodiments, the
cancer can also be a bladder, brain, breast, cervical, cholangio, esophagus, gallbladder, gastric,
head and neck, liver, lung, melanoma, ovarian, pancreatic, prostate, renal, sarcoma, sarcoma-
GIST, and/or uterine cancer.

[0317] In some embodiments, the present disclosure provides a method of treating or
preventing a metabolic disease, such as Type 2 Diabetes, in a subject in need thereof, the method
comprising administering to the subject a therapeutically effective amount of a compound of the
present disclosure (e.g., a compound of Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-2-A,
I-1-A1, 1-1-A2, I-1-A3, [-2-A1, I-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P,
Formula II (e.g., Formula II-1, II-2, II-3, or II-4,), Formula II-P, Formula III (e.g., Formula III-1
or [1I-2), Formula IV (e.g., IV-A, IV-B, IV-C, or IV-D) or any of Compound Nos. 139-202 or
139-165, or a pharmaceutically acceptable salt thereof) or a therapeutically effective amount of a
pharmaceutical composition described herein. For example, in some embodiments, the method
comprises administering to the subject a therapeutically effective amount of a compound of the
present disclosure having an IC50 value of less than 250 nM (preferably, less than 100 nM, such
as about 1-100 nM, about 10-100 nM, about 10-50 nM, about 20-100 nM, about 20-50 nM, etc.)
in inhibiting hALDH1a3 when measured by the method described herein according to Biological
Example 5B. As discussed herein, metabolic diseases such as type 2 diabetes are associated with
a pathology driven by ALDH1a3 activities. In some embodiments, the method further comprises
administering to the subject an effective amount of an additional anti-metabolic diseases agents,
such as anti-type 2 diabetes agent. Suitable additional anti-metabolic diseases agents include
without limitation an incretin mimic, recombinant insulin, a biguanide, SGLT2 inhibitors, a
therapeutic antibody, etc. Any of the known Type 2 Diabetes treatments can be used in
combination with the compounds of the present disclosure, for example, for treating Type 2
Diabetes (e.g., described herein) or treating or preventing other metabolic syndromes.

[0318] In some embodiments, the present disclosure provides a method of treating an
endothelial cell or smooth muscle cell disease or disorder, such as pulmonary arterial
hypertension or neointimal hyperplasia, in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of a compound of the present
disclosure (e.g., a compound of Formula I (e.g., Formula I-O, I-F, I-1,I-2, I-1-A, I-2-A, I-1-A1,
I-1-A2,1-1-A3,1-2-A1, [-2-A2, I-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P, Formula II
(e.g., Formula II-1, 1I-2, T1-3, or II-4,), Formula II-P, Formula III (e.g., Formula III-1 or III-2),
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Formula IV (e.g., IV-A, IV-B, IV-C, or IV-D) or any of Compound Nos. 139-202 or 139-165, or
a pharmaceutically acceptable salt thereof) or a therapeutically effective amount of a
pharmaceutical composition described herein. In some embodiments, the endothelial cell or
smooth muscle cell disease or disorder is associated with a pathology driven by ALDH1a3
activities. In some embodiments, the endothelial cell or smooth muscle cell disease or disorder is
pulmonary arterial hypertension. In some embodiments, the endothelial cell or smooth muscle
cell disease or disorder is neointimal hyperplasia.

[0319] Also provided herein is a method of inhibiting the proliferation of a cancer cell
(e.g., a metastatic cancer cell, a chemoresistant cancer cell). The method comprises
administering to the cell (e.g., an effective amount of) one or more compounds of the present
disclosure. In a particular embodiment, the cancer cell is a breast cancer cell (e.g., a basal-like
breast cancer cell or a HER-2 positive breast cancer cell). The cell can be a cultured cell (e.g.,
cell line) or a cell in a subject. In a particular embodiment, the cell is present in a human subject
(e.g., a human subject with a cancer).

[0320] In some embodiments, the present disclosure provides a method of male
contraception, the method comprising administering to a subject in need thereof an effective
amount of a compound of the present disclosure (e.g., a compound of FormulaI (e.g., Formula I-
O, I-F,1-1,1-2, I-1-A, 1-2-A, I-1-A1, I-1-A2, I-1-A3, I-2-A1, I-2-A2, [-2-A3, I-1-B, I-2-B, I-1-C,
or [-2-C), Formula I-P, Formula II (e.g., Formula II-1, 1I-2, II-3, or 1I-4,), Formula II-P, Formula
III (e.g., Formula III-1 or II-2), Formula IV (e.g., IV-A, IV-B, IV-C, or IV-D) or any of
Compound Nos. 139-202 or 139-165, or a pharmaceutically acceptable salt thereof) or an
effective amount of a pharmaceutical composition described herein.

[0321] In any of the embodiments described herein, unless specified or otherwise
contradictory from context, the compound of the present disclosure recited in the methods herein
can be any of the compounds having an activity level of A or B shown in Table 3A of the present
disclosure against hALDH1a3 and/or those having an ICso of less than 1 uM against hALDH1a2
as shown in Table 3B of the present disclosure. In some embodiments, the compound of the
present disclosure recited in the methods herein can also be any compound of the present
disclosure having an efficacy in ALDH1a3 inhibition comparable to Compound 1 or better, e.g.,
measured by any of the methods described herein. In some embodiments, the compound of the
present disclosure recited in the methods herein can be any compound of the present disclosure

having an IC50 value of less than 250 nM (preferably, less than 100 nM, such as about 1-100
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nM, about 10-100 nM, about 10-50 nM, about 20-100 nM, about 20-50 nM, etc.) in inhibiting
hALDHI1a3 when measured by the method described herein according to Biological Example
5B. In some embodiments, the compound of the present disclosure recited in the methods herein
can be any compound of the present disclosure having an IC50 value of less than 250 nM
(preferably, less than 100 nM, such as about 1-100 nM, about 10-100 nM, about 10-50 nM, about
20-100 nM, about 20-50 nM, etc.) in inhibiting hALDH1a2 when measured by the method
described herein according to Biological Example SC. In some embodiments, the compound of
the present disclosure recited in the methods herein, e.g., methods for inhibiting retinoid pathway
or for treating a diseases or disorder associated with the retinoid pathway, such as various cancer
discussed herein, diseases or disorders associated with immune tolerance, or for male
contraception, can be any compound of the present disclosure having an IC50 value of less than
250 nM (preferably, less than 100 nM, such as about 1-100 nM, about 10-100 nM, about 10-50
nM, about 20-100 nM, about 20-50 nM, etc.) in inhibiting both hALDH1a3 and hALDH1a2
when measured by the method described herein according to Biological Example SB and 5C.
[0322] The administering in the methods herein is not limited to any particular route of
administration. For example, in some embodiments, the administering can be orally, nasally,
transdermally, pulmonary, inhalationally, buccally, sublingually, intraperintoneally,
subcutaneously, intramuscularly, intravenously, rectally, intrapleurally, intrathecally and
parenterally. In some embodiments, the administering is orally.

[0323] As discussed herein, compounds of the present disclosure can be used as a
monotherapy or in a combination therapy. In some embodiments according to the methods
described herein, compounds of the present disclosure can be administered as the only active
ingredient(s). In some embodiments according to the methods described herein, compounds of
the present disclosure can be used in combination with conventional surgery or radiotherapy,
immunotherapy, cell therapy, therapeutic antibodies, or chemotherapy. In some embodiments,
compounds of the present disclosure can be used in combination with, either concurrently or
sequentially in any order, a chemotherapy (e.g., paclitaxel, doxorubicin, tamoxifen, cisplatin,
mitomycin, S-fluorouracil, sorafenib, octreotide, dacarbazine (DTIC), cis-platinum, cimetidine,
cyclophosphamide), radiation therapy (e.g., proton beam therapy), hormone therapy (e.g., anti-
estrogen therapy, androgen deprivation therapy (ADT), luteinizing hormone-releasing hormone
(LH-RH) agonists, aromatase inhibitors (Als, such as anastrozole, exemestane, letrozole),

estrogen receptor modulators (e.g., tamoxifen, raloxifene, toremifene), or biological therapy. In
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some embodiments according to the methods described herein, compounds of the present
disclosure can be used in combination with conventional treatments, SGLT inhibitors, cell
therapy, therapeutic antibodies, or incretin analogues.

[0324] In some embodiments according to the methods described herein, compounds of
the present disclosure can also be co-administered with an additional pharmaceutically active
compound, either concurrently or sequentially in any order, to the subject in need thereof. In
some embodiments, the additional pharmaceutically active compound can be a chemotherapeutic
agent, a therapeutic antibody, etc. Any of the known chemotherapeutics, immunotherapy, cell
therapy, or therapeutic antibodies can be used in combination with the compounds of the present
disclosure, for example, for treating cancer (e.g., described herein) or treating or preventing
metastasis. Some examples of such additional pharmaceutically active compounds, such as
chemotherapeutics, are exemplified herein, which in clude for example, DNA alkylating agents
(for example cisplatin, oxaliplatin, carboplatin, cyclophosphamide, nitrogen mustards like
ifosfamide, bendamustine, melphalan, chlorambucil, busulphan, temozolamide and nitrosoureas
like carmustine); antimetabolites (for example gemcitabine and antifolates such as
fluoropyrimidines like 5-fluorouracil and tegafur, raltitrexed, methotrexate, cytosine arabinoside,
and hydroxyurea); anti-tumour antibiotics (for example anthracyclines like adriamycin,
bleomycin, doxorubicin, liposomal doxorubicin, pirarubicin, daunomycin, valrubicin, epirubicin,
idarubicin, mitomycin-C, dactinomycin, amrubicin and mithramycin); antimitotic agents (for
example vinca alkaloids like vincristine, vinblastine, vindesine and vinorelbine and taxoids like
taxol and taxotere and polokinase inhibitors); and topoisomerase inhibitors (for example
epipodophyllotoxins like etoposide and teniposide, amsacrine, irinotecan, topotecan and
camptothecin); inhibitors of DNA repair mechanisms such as CHK kinase; DNA-dependent
protein kinase inhibitors; inhibitors of poly (ADP-ribose) polymerase (PARP inhibitors,
including olaparib); and Hsp90 inhibitors such as tanespimycin and retaspimycin, inhibitors of
ATR kinase (such as AZD6738); and inhibitors of WEEL1 kinase (such as AZD1775/MK-1775).
In some embodiments, the additional pharmaceutically active compound can be an incretin
mimic, recombinant insulin, a biguanide, a therapeutic antibody, etc. Any of the known Type 2
Diabetes treatments can be used in combination with the compounds of the present disclosure,
for example, for treating Type 2 Diabetes (e.g., described herein) or treating or preventing other

metabolic syndromes.
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[0325] Dosing regimen including doses for the methods described herein can vary and be
adjusted, which can depend on the recipient of the treatment, the disease or disorder being treated
and the severity thereof, the composition containing the compound, the time of administration,

the route of administration, the duration of treatment, the compound potency, its rate of clearance

and whether or not another drug is co-administered.

Definitions

[0326] It is meant to be understood that proper valences are maintained for all moieties
and combinations thereof.

[0327] It 1s also meant to be understood that a specific embodiment of a variable moiety
herein can be the same or different as another specific embodiment having the same identifier.
[0328] Suitable groups for in compounds of Formula I, II, I-P, II-P, III, or subformula
thereof, as applicable, are independently selected. The described embodiments of the present
disclosure can be combined. Such combination is contemplated and within the scope of the
present disclosure. For example, it is contemplated that the definition(s) of any one or more of
R, R%, R3 R* R, I\, J%, J3, Z, X, and n of Formula I can be combined with the definition of any
one or more of the other(s) of R!, R2, R3, R* R® J!, J2, J3, Z, X, and n of Formula I, as applicable,
and the resulted compounds from the combination are within the scope of the present disclosure.
Combinations of other variables for other Formulae should be understood similarly.

[0329] Definitions of specific functional groups and chemical terms are described in
more detail below. The chemical elements are identified in accordance with the Periodic Table of
the Elements, CAS version, Handbook of Chemistry and Physics, 75" Ed., inside cover, and
specific functional groups are generally defined as described therein. Additionally, general
principles of organic chemistry, as well as specific functional moieties and reactivity, are
described in Thomas Sorrell, Organic Chemistry, University Science Books, Sausalito, 1999,
Smith and March, March’s Advanced Organic Chemistry, 5" Edition, John Wiley & Sons, Inc.,
New York, 2001; Larock, Comprehensive Organic Transformations, VCH Publishers, Inc., New
York, 1989; and Carruthers, Some Modern Methods of Organic Synthesis, 3™ Edition, Cambridge
University Press, Cambridge, 1987. The disclosure is not intended to be limited in any manner by
the exemplary listing of substituents described herein.

[0330] Compounds described herein can comprise one or more asymmetric centers, and
thus can exist in various isomeric forms, e.g., enantiomers and/or diastereomers. For example,

the compounds described herein can be in the form of an individual enantiomer, diastereomer or
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geometric isomer, or can be in the form of a mixture of stereoisomers, including racemic
mixtures and mixtures enriched in one or more stereoisomer. Isomers can be isolated from
mixtures by methods known to those skilled in the art, including chiral high performance liquid
chromatography (HPLC) and the formation and crystallization of chiral salts; or isomers can be
prepared by asymmetric syntheses. See, for example, Jacques et al., Enantiomers, Racemates and
Resolutions (Wiley Interscience, New York, 1981); Wilen et al., Tetrahedron 33:2725 (1977);
Eliel, Stereochemistry of Carbon Compounds (McGraw—Hill, NY, 1962); and Wilen, Tables of
Resolving Agents and Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of Notre Dame Press,
Notre Dame, IN 1972). The disclosure additionally encompasses compounds described herein as
individual isomers substantially free of other isomers, and alternatively, as mixtures of various
isomers including racemic mixtures.

[0331] When a range of values is listed, it is intended to encompass each value and sub—
range within the range. For example “Ci-6” is intended to encompass, Ci, C2, Cs, C4, Cs, Cs, Ci-s,
Ciss, Ci4, C13, C1o, Cis, Cas, Cag, Cao3, Csg, C3-s, C34, Cyss, Cas, and Css.

[0332] As used herein, the term “compound(s) of the present disclosure” refers to any of
the compounds described herein according to Formula I (e.g., Formula I-O, I-F, I-1, I-2, I-1-A, I-
2-A, I-1-A1, I-1-A2, I-1-A3, I-2-A1, 1-2-A2, 1-2-A3, I-1-B, I-2-B, I-1-C, or I-2-C), Formula I-P,
Formula Il (e.g., Formula II-1, II-2, I1-3, or I1-4,), Formula II-P, Formula III (e.g., Formula III-1
or [1I-2), Formula IV (e.g., IV-A, IV-B, IV-C, or IV-D) or any of Compound Nos. 139-202 or
139-165, isotopically labeled compound(s) thereof (such as a deuterated analog wherein one or
more of the hydrogen atoms is/are substituted with a deuterium atom with an abundance above
its natural abundance), possible stereoisomers thereof (including diastereoisomers, enantiomers,
and racemic mixtures), tautomers thereof, conformational isomers thereof, and/or possible
pharmaceutically acceptable salts thereof (e.g., acid addition salt such as HCl salt or base
addition salt such as Na salt). Hydrates and solvates of the compounds of the present disclosure
are considered compositions of the present disclosure, wherein the compound(s) is in association
with water or solvent, respectively.

[0333] Compounds of the present disclosure can exist in isotope-labeled or -enriched
form containing one or more atoms having an atomic mass or mass number different from the
atomic mass or mass number most abundantly found in nature. Isotopes can be radioactive or
non-radioactive isotopes. Isotopes of atoms such as hydrogen, carbon, phosphorous, sulfur,

fluorine, chlorine, and iodine include, but are not limited to H, *H, 13C, “C, N, 180, P, 33§,
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8F 36Cl, and '*’I. Compounds that contain other isotopes of these and/or other atoms are within
the scope of this invention.

[0334] As used herein, the phrase “administration” of a compound, “administering” a
compound, or other variants thereof means providing the compound or a prodrug of the
compound to the individual in need of treatment.

[0335] As used herein, the term "alkyl" as used by itself or as part of another group refers
to a straight- or branched-chain aliphatic saturated hydrocarbon. In some embodiments, the alkyl
which can include one to twelve carbon atoms (i.e., C1.12 alkyl) or the number of carbon atoms
designated. In one embodiment, the alkyl group is a straight chain Ci.10 alkyl group. In another
embodiment, the alkyl group is a branched chain Cs.19 alkyl group. In another embodiment, the
alkyl group is a straight chain Cys alkyl group. In another embodiment, the alkyl group is a
branched chain Cs alkyl group. In another embodiment, the alkyl group is a straight chain C14
alkyl group. For example, a C14 alkyl group as used herein refers to a group selected from
methyl, ethyl, propyl (n-propyl), isopropyl, butyl (n-butyl), sec-butyl, tert-butyl, and iso-butyl.
An optionally substituted C1.4 alkyl group refers to the Ci4 alkyl group as defined, optionally
substituted with one or more permissible substituents as described herein.

[0336] “Alkylene” or “alkylene chain” refers to a fully saturated, straight or branched
divalent hydrocarbon chain radical. In embodiments the alkylene has from one to twelve carbon
atoms. Non-limiting examples of C1-C12 alkylene include methylene, ethylene, propylene, n-
butylene, ethenylene, propenylene, n-butenylene, and the like. The alkylene chain is attached to
the rest of the molecule through a single bond and to the radical group through a single bond. The
points of attachment of the alkylene chain to the rest of the molecule and to the radical group can
be through one carbon or any two carbons within the chain. Unless stated otherwise specifically
in the specification, an alkylene chain can be optionally substituted.

[0337] As used herein, the term "alkenyl" as used by itself or as part of another group
refers to a straight- or branched-chain aliphatic hydrocarbon containing one or more, for
example, one, two or three carbon-to-carbon double bonds. In one embodiment, the alkenyl
group is a Ca¢ alkenyl group. In another embodiment, the alkenyl group is a C».4 alkenyl group.
Non-limiting exemplary alkenyl groups include ethenyl, propenyl, isopropenyl, butenyl, sec-
butenyl, pentenyl, and hexenyl.

[0338] As used herein, the term "alkynyl" as used by itself or as part of another group

refers to a straight- or branched-chain aliphatic hydrocarbon containing one or more, for
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example, one to three carbon-to-carbon triple bonds. In one embodiment, the alkynyl has one
carbon-carbon triple bond. In one embodiment, the alkynyl group is a Cs.6 alkynyl group. In
another embodiment, the alkynyl group is a C,4 alkynyl group. Non-limiting exemplary alkynyl
groups include ethynyl, propynyl, butynyl, 2-butynyl, pentynyl, and hexynyl groups.

[0339] As used herein, the term "alkoxy" as used by itself or as part of another group
refers to a radical of the formula OR?!, wherein R2!is an alkyl.

[0340] As used herein, the term "cycloalkoxy" as used by itself or as part of another
group refers to a radical of the formula OR* | wherein R?!is a cycloalkyl.

[0341] As used herein, the term "haloalkyl" as used by itself or as part of another group
refers to an alkyl substituted with one or more fluorine, chlorine, bromine and/or iodine atoms. In
embodiments, the haloalkyl is an alkyl group substituted with one, two, or three fluorine atoms.
In one embodiment, the haloalkyl group is a Ci-10 haloalkyl group. In one embodiment, the
haloalkyl group is a Ci.s haloalkyl group. In one embodiment, the haloalkyl group isa Ci14
haloalkyl group.

[0342] “Carbocyclyl” or “carbocyclic” as used by itself or as part of another group refers
to a radical of a non—aromatic cyclic hydrocarbon group having from 3 to 10 ring carbon atoms
(“Cs-10 carbocyclyl”) and zero heteroatoms in the non—aromatic ring system. The carbocyclyl
group can be either monocyclic (“monocyclic carbocyclyl”) or contain a fused, bridged or spiro
ring system such as a bicyclic system (“bicyclic carbocyclyl”) and can be saturated or can be
partially unsaturated. “Carbocyclyl” also includes ring systems wherein the carbocyclic ring, as
defined above, 1s fused with one or more aryl or heteroaryl groups wherein the point of
attachment is on the carbocyclic ring, and in such instances, the number of carbons continue to
designate the number of carbons in the carbocyclic ring system. Non-limiting exemplary
carbocyclyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, norbornyl, decalin, adamantyl, cyclopentenyl, and cyclohexenyl.

[0343] In some embodiments, “carbocyclyl” is a monocyclic, saturated carbocyclyl group
having from 3 to 10 ring carbon atoms (“Cs_ip cycloalkyl”). In some embodiments, a cycloalkyl
group has 3 to 8 ring carbon atoms (“Cs_g cycloalkyl”). In some embodiments, a cycloalkyl group
has 3 to 6 ring carbon atoms (“Cs-s cycloalkyl”). In some embodiments, a cycloalkyl group has 5
to 6 ring carbon atoms (“Cs_¢ cycloalkyl”). In some embodiments, a cycloalkyl group has 5 to 10

ring carbon atoms (“Cs-1o cycloalkyl”).
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[0344] “Heterocyclyl” or “heterocyclic” or “heterocycle” as used by itself or as part of
another group refers to a radical of a 3— to 10-membered non—aromatic ring system having ring
carbon atoms and 1 to 4 ring heteroatoms, wherein each heteroatom is independently selected
from nitrogen, oxygen, sulfur, boron, phosphorus, and silicon (“3—-10 membered heterocyclyl”).
In heterocyclyl groups that contain one or more nitrogen atoms, the point of attachment can be a
carbon or nitrogen atom, as valency permits. A heterocyclyl group can either be monocyclic
(“monocyclic heterocyclyl”) or a fused, bridged, or spiro ring system, such as a bicyclic system
(“bicyclic heterocyclyl”), and can be saturated or can be partially unsaturated. Heterocyclyl
bicyclic ring systems can include one or more heteroatoms in one or both rings. “Heterocyclyl”
also includes ring systems wherein the heterocyclic ring, as defined above, is fused with one or
more carbocyclyl groups wherein the point of attachment is on the heterocyclic ring, or ring
systems wherein the heterocyclic ring, as defined above, is fused with one or more aryl or
heteroaryl groups, wherein the point of attachment is on the heterocyclic ring, and in such
instances, the number of ring members continue to designate the number of ring members in the
heterocyclic ring system.

[0345] Exemplary 3—-membered heterocyclyl groups containing one heteroatom include,
without limitation, azirdinyl, oxiranyl, thiiranyl. Exemplary 4—-membered heterocyclyl groups
containing one heteroatom include, without limitation, azetidinyl, oxetanyl and thietanyl.
Exemplary 5—-membered heterocyclyl groups containing one heteroatom include, without
limitation, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothiophenyl, dihydrothiophenyl,
pyrrolidinyl, dihydropyrrolyl, and pyrrolyl-2,5—dione. Exemplary S—membered heterocyclyl
groups containing two heteroatoms include, without limitation, dioxolanyl, oxasulfuranyl,
disulfuranyl, and oxazolidin-2-one. Exemplary S—-membered heterocyclyl groups containing three
heteroatoms include, without limitation, triazolinyl, oxadiazolinyl, and thiadiazolinyl. Exemplary
6-membered heterocyclyl groups containing one heteroatom include, without limitation,
piperidinyl, tetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6-membered
heterocyclyl groups containing two heteroatoms include, without limitation, piperazinyl,
morpholinyl, dithianyl, and dioxanyl. Exemplary 6-membered heterocyclyl groups containing
two heteroatoms include, without limitation, triazinanyl. Exemplary 7-membered heterocyclyl
groups containing one heteroatom include, without limitation, azepanyl, oxepanyl and thiepanyl.
Exemplary 8—membered heterocyclyl groups containing one heteroatom include, without

limitation, azocanyl, oxecanyl and thiocanyl. Exemplary 5S-membered heterocyclyl groups fused
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to a Cs aryl ring (also referred to herein as a 5,6-bicyclic heterocyclic ring) include, without
limitation, indolinyl, isoindolinyl, dihydrobenzofuranyl, dihydrobenzothienyl, benzoxazolinonyl,
and the like. Exemplary 6-membered heterocyclyl groups fused to an aryl ring (also referred to
herein as a 6,6-bicyclic heterocyclic ring) include, without limitation, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and the like.

[0346] “Aryl” as used by itself or as part of another group refers to a radical of a
monocyclic or polycyclic (e.g., bicyclic or tricyclic) 4n+2 aromatic ring system (e.g., having 6,
10, or 14 pi electrons shared in a cyclic array) having 6—14 ring carbon atoms and zero
heteroatoms provided in the aromatic ring system (“Ce-14 aryl”). In some embodiments, an aryl
group has six ring carbon atoms (“Cs aryl”; e.g., phenyl). In some embodiments, an aryl group
has ten ring carbon atoms (“Cip aryl”; e.g., naphthyl such as 1-naphthyl and 2—naphthyl). In
some embodiments, an aryl group has fourteen ring carbon atoms (“C14 aryl”; e.g., anthracyl).
“Aryl” also includes ring systems wherein the aryl ring, as defined above, is fused with one or
more carbocyclyl or heterocyclyl groups wherein the radical or point of attachment is on the aryl
ring, and in such instances, the number of carbon atoms continue to designate the number of
carbon atoms in the aryl ring system.

[0347] “Aralkyl” as used by itself or as part of another group refers to an alkyl substituted
with one or more aryl groups, preferably, substituted with one aryl group. Examples of aralkyl
include benzyl, phenethyl, etc. When an aralkyl is said to be optionally substituted, either the
alkyl portion or the aryl portion of the aralkyl can be optionally substituted.

[0348] “Heteroaryl” as used by itself or as part of another group refers to a radical of a 5—
10 membered monocyclic or bicyclic 4n+2 aromatic ring system (e.g., having 6 or 10 pi electrons
shared in a cyclic array) having ring carbon atoms and 1-4 ring heteroatoms provided in the
aromatic ring system, wherein each heteroatom is independently selected from nitrogen, oxygen
and sulfur (“5-10 membered heteroaryl”). In heteroaryl groups that contain one or more nitrogen
atoms, the point of attachment can be a carbon or nitrogen atom, as valency permits. Heteroaryl
bicyclic ring systems can include one or more heteroatoms in one or both rings. “Heteroaryl”
includes ring systems wherein the heteroaryl ring, as defined above, is fused with one or more
carbocyclyl or heterocyclyl groups wherein the point of attachment is on the heteroaryl ring, and
in such instances, the number of ring members continue to designate the number of ring members
in the heteroaryl ring system. “Heteroaryl” also includes ring systems wherein the heteroaryl

ring, as defined above, is fused with one or more aryl groups wherein the point of attachment is
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either on the aryl or heteroaryl ring, and in such instances, the number of ring members
designates the number of ring members in the fused (aryl/heteroaryl) ring system. Bicyclic
heteroaryl groups wherein one ring does not contain a heteroatom (e.g., indolyl, quinolinyl, and
the like) the point of attachment can be on either ring, i.e., either the ring bearing a heteroatom
(e.g., 2—indolyl) or the ring that does not contain a heteroatom (e.g., S—indolyl).

[0349] Exemplary S—membered heteroaryl groups containing one heteroatom include,
without limitation, pyrrolyl, furanyl, and thiophenyl. Exemplary S—membered heteroaryl groups
containing two heteroatoms include, without limitation, imidazolyl, pyrazolyl, oxazolyl,
isoxazolyl, thiazolyl, and isothiazolyl. Exemplary S—membered heteroaryl groups containing
three heteroatoms include, without limitation, triazolyl, oxadiazolyl, and thiadiazolyl. Exemplary
S—membered heteroaryl groups containing four heteroatoms include, without limitation,
tetrazolyl. Exemplary 6-membered heteroaryl groups containing one heteroatom include, without
limitation, pyridinyl. Exemplary 6-membered heteroaryl groups containing two heteroatoms
include, without limitation, pyridazinyl, pyrimidinyl, and pyrazinyl. Exemplary 6—-membered
heteroaryl groups containing three or four heteroatoms include, without limitation, triazinyl and
tetrazinyl, respectively. Exemplary 7-membered heteroaryl groups containing one heteroatom
include, without limitation, azepinyl, oxepinyl, and thiepinyl. Exemplary 5,6-bicyclic heteroaryl
groups include, without limitation, indolyl, isoindolyl, indazolyl, benzotriazolyl,
benzothiophenyl, isobenzothiophenyl, benzofuranyl, benzoisofuranyl, benzimidazolyl,
benzoxazolyl, benzisoxazolyl, benzoxadiazolyl, benzthiazolyl, benzisothiazolyl,
benzthiadiazolyl, indolizinyl, and purinyl. Exemplary 6,6—bicyclic heteroaryl groups include,
without limitation, naphthyridinyl, pteridinyl, quinolinyl, isoquinolinyl, cinnolinyl, quinoxalinyl,
phthalazinyl, and quinazolinyl.

[0350] “Heteroaralkyl” as used by itself or as part of another group refers to an alkyl
substituted with one or more heteroaryl groups, preferably, substituted with one heteroaryl group.
When a heteroaralkyl is said to be optionally substituted, either the alkyl portion or the heteroaryl
portion of the heteroaralkyl can be optionally substituted.

[0351] An “optionally substituted” group, such as an optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, and optionally substituted
heteroaryl groups, refers to the respective group that is unsubstituted or substituted. In general,

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

[0352] In a broad aspect, the permissible substituents herein include acyclic and cyclic,
branched and unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic substituents
of organic compounds. The permissible substituents can be one or more and the same or different
for appropriate organic compounds. For purposes of this disclosure, the heteroatoms such as
nitrogen may have hydrogen substituents and/or any permissible substituents of organic
compounds described herein which satisfy the valences of the heteroatoms. Substituents can
include any substituents described herein, for example, a halogen, a hydroxyl, a carbonyl (such as
a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a thioester, a
thioacetate, or a thioformate), an alkoxy, a cycloalkoxy, a phosphoryl, a phosphate, a
phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a cyano, a nitro, an
azido, a sulfhydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a
heterocyclyl, an aralkyl, an aryl, or a heteroaryl, each of which can be substituted, if appropriate.
[0353] Exemplary substituents include, but not limited to, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, -alkylene-aryl, -arylene-alkyl, -alkylene-heteroaryl, -alkenylene-heteroaryl, -
alkynylene-heteroaryl, —OH, hydroxyalkyl, haloalkyl, —O-alkyl, —O-haloalky], -alkylene-O-
alkyl, —O-aryl, —O-alkylene-aryl, acyl, —C(O)-aryl, halo, —NO,, —CN, —SFs, —C(O)OH,
—C(0)0-alkyl, —C(0)0O-aryl, —C(0)O—alkylene-aryl, —S(0)-alkyl, —S(O),-alkyl, —S(O)-
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aryl, —S(O)z-aryl, —S(O)-heteroaryl, —S(0O);-heteroaryl, —S-alkyl, —S-aryl, —S-heteroaryl,
—S-alkylene-aryl, —S-alkylene-heteroaryl, —S(O),-alkylene-aryl, —S(O),-alkylene-heteroaryl,
cycloalkyl, heterocycloalkyl, —O—C(0O)-alkyl, —O—C(O)-aryl, —O—C(O)-cycloalkyl, —
C(—N—CN)—NH,, —C(—NH)—NH,, —C(—NH)—NH(alkyl), —N(Y1)(Y2), -alkylene-
N(Y1)(Y2), —C(O)N(Y1)(Y2) and —S(0)>N(Y1)(Y2), wherein Y1 and Y, can be the same or
different and are independently selected from the group consisting of hydrogen, alkyl, aryl,
cycloalkyl, and -alkylene-aryl.

[0354] Some examples of suitable substituents include, but not limited to, (Ci-Cs)alkyl
groups, (C2-Cs)alkenyl groups, (C2-Cg)alkynyl groups, (C3-Cio)cycloalkyl groups, halogen (F, Cl,
Br or I), halogenated (C1-Cg)alkyl groups (for example but not limited to —CF3), —O—(C1-
Cg)alkyl groups, —OH, —S—(C1-Cg)alkyl groups, —SH, —NH(C:-Csg)alkyl groups, —N((C:-
Cy)alkyl), groups, —NH,, —C(O)NH,, —C(O)NH(C1-Cg)alkyl groups, —C(O)N((C1-Cs)alkyl),,
—NHC(O)H, —NHC(O) (C1-Cg)alkyl groups, —NHC(O) (C3-Cs)cycloalkyl groups, —N((Ci-
Cg)alkyl)C(O)H, —N((C1-Cs)alkyl)C(O)(C1-Cs)alkyl groups, —NHC(O)NH,, —
NHC(O)NH(C1-Cs)alkyl groups, —N((C1-Csg)alkyl)C(O)NH; groups, —NHC(O)N((C1-
Cg)alkyl), groups, —N((C1-Cs)alkyl) C(O)N((C1-Cs)alkyl), groups, —N((Ci-
Cg)alkyl)C(O)NH((C1-Cs)alkyl), —C(O)H, —C(0O)(C1-Cs)alkyl groups, —CN, —NO,, —
S(O)(C1-Cg)alkyl groups, —S(0)2(C1-Cg)alkyl groups, —S(0)2N((C1-Cg)alkyl): groups, —
S(0):NH(C-Cg)alkyl groups, —S(0O)NH(Cs-Csg)cycloalkyl groups, —S(0).NH> groups, —
NHS(0)2(C1-Cg)alkyl groups, —N((C1-Csg)alky1)S(0),(C1-Cs)alkyl groups, —(C1-Cs)alkyl-O—
(C1-Cg)alkyl groups, —O—(C1-Cs)alkyl-O—(C1-Cg)alkyl groups, —C(O)OH, —C(0)O(C1-
Cs)alkyl groups, NHOH, NHO(C:-Cg)alkyl groups, —O-halogenated (C1-Cs)alkyl groups (for
example but not limited to —OCF3), —S(0)2-halogenated (C1-Cs)alkyl groups (for example but
not limited to —S(0),CF3), —S-halogenated (C1-Cg)alkyl groups (for example but not limited to
—SCF3), —(Ci-Cs) heterocycle (for example but not limited to pyrrolidine, tetrahydrofuran,
pyran or morpholine), —(C1-Cs) heteroaryl (for example but not limited to tetrazole, imidazole,
furan, pyrazine or pyrazole), -phenyl, —NHC(O)O—(Ci-Ce)alkyl groups, —N((C:-
Ce)alky)C(O)O—(C-Ce)alkyl groups, —C(=NH)—(C;-Cs)alkyl groups, —C(=NOH)—(C;-
Cs)alkyl groups, or —C(=N—O0—(C1-Cg¢)alkyl)-(C1-Cs)alkyl groups.

[0355] Exemplary carbon atom substituents include, but are not limited to, halogen, —CN,
—NO3,, —N3, hydroxyl, alkoxy, cycloalkoxy, aryloxy, amino, monoalkyl amino, dialkyl amino,

amide, sulfonamide, thiol, acyl, carboxylic acid, ester, sulfone, sulfoxide, alkyl, haloalkyl,
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alkenyl, alkynyl, Cs-io carbocyclyl, Cs-10 aryl, 3—10 membered heterocyclyl, 5—10 membered
heteroaryl, etc. For example, exemplary carbon atom substituents can include F, Cl, -CN, —
SO,H, —SOsH, —OH, —0C s alkyl, -NH,, —-N(C ¢ alkyl),, -NH(C1 alkyl), —SH, —SC1_¢ alkyl, —
C(=0)(C1- alkyl), -CO2H, —CO3(C1-6 alkyl), -OC(=0)(C1-s alkyl), -OCO»(C1 alkyl), —
C(=0)NH;, —C(=0)N(C1-s alkyl)2, —-OC(=0)NH(C1-s alkyl), -NHC(=0)(C1-s alkyl), -N(C1-
alkyl)C(=0)( Ci alkyl), -NHCO(C1-s alkyl), -NHC(=0)N(C1-¢ alkyl),, -NHC(=O)NH(C
alkyl), -NHC(=0)NH,, -NHSO,(C1-¢ alkyl), -SO,N(C1- alkyl),, -SO,NH(C 1 alkyl), —
SO:NH»2,-S0,C 16 alkyl, =SO20C1-s alkyl, “0SO2C1-s alkyl, —SOC 1 alkyl, Ci-s alkyl, C1s
haloalkyl, C,-6 alkenyl, Cs-s alkynyl, C3-10 carbocyclyl, Cs-10 aryl, 3—10 membered heterocyclyl,
5—10 membered heteroaryl; or two geminal substituents can be joined to form =0.

[0356] Nitrogen atoms can be substituted or unsubstituted as valency permits, and include
primary, secondary, tertiary, and quaternary nitrogen atoms. Exemplary nitrogen atom
substituents include, but are not limited to, hydrogen, acyl groups, esters, sulfone, sulfoxide, Ci-
10 alkyl, Ci-1p haloalkyl, C,_10 alkenyl, C,_10 alkynyl, Cs_1o carbocyclyl, 3—14 membered
heterocyclyl, Cs-14 aryl, and 5—14 membered heteroaryl, or two substituent groups attached to a
nitrogen atom are joined to form a 3—14 membered heterocyclyl or 5—14 membered heteroaryl
ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl can be
further substituted as defined herein. In certain embodiments, the substituent present on a
nitrogen atom is a nitrogen protecting group (also referred to as an amino protecting group).
Nitrogen protecting groups are well known in the art and include those described in detail in
Protective Groups in Organic Synthesis, T. W. Greene and P. G. M. Wauts, 3™ edition, John
Wiley & Sons, 1999, incorporated by reference herein. Exemplary nitrogen protecting groups
include, but not limited to, those forming carbamates, such as Carbobenzyloxy (Cbz) group, p-
Methoxybenzyl carbonyl (Moz or MeOZ) group, tert-Butyloxycarbonyl (BOC) group, Troc, 9-
Fluorenylmethyloxycarbonyl (Fmoc) group, etc., those forming an amide, such as acetyl,
benzoyl, etc., those forming a benzylic amine, such as benzyl, p-methoxybenzyl, 3,4-
dimethoxybenzyl, etc., those forming a sulfonamide, such as tosyl, Nosyl, etc., and others such as
p-methoxyphenyl.

[0357] Exemplary oxygen atom substituents include, but are not limited to, acyl groups,
esters, sulfonates, C;_j0 alkyl, Ci_10 haloalkyl, C,_10 alkenyl, C,-10 alkynyl, Cs_10 carbocyclyl, 3—
14 membered heterocyclyl, Cs_14 aryl, and 5—14 membered heteroaryl, wherein each alkyl,

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

[0358] Unless expressly stated to the contrary, combinations of substituents and/or
variables are allowable only if such combinations are chemically allowed and result in a stable
compound. A “stable” compound is a compound that can be prepared and isolated and whose
structure and properties remain or can be caused to remain essentially unchanged for a period of
time sufficient to allow use of the compound for the purposes described herein (e.g., therapeutic
administration to a subject).

[0359] In some embodiments, the “optionally substituted” alkyl, alkenyl, alkynyl,
carbocyclic, cycloalkyl, alkoxy, cycloalkoxy, or heterocyclic group herein can be unsubstituted
or substituted with 1, 2, 3, or 4 substituents independently selected from F, Cl, -OH, protected
hydroxyl, oxo (as applicable), NH,, protected amino, NH(C1.4 alkyl) or a protected derivative
thereof, N(C1.4 alkyl((Ci4 alkyl), C14 alkyl, Cz.4 alkenyl, Co4 alkynyl, Ci4 alkoxy, Css cycloalkyl,
Css cycloalkoxy, phenyl, 5 or 6 membered heteroaryl containing 1, 2, or 3 ring heteroatoms
independently selected from O, S, and N, 3-7 membered heterocyclyl containing 1 or 2 ring
heteroatoms independently selected from O, S, and N, wherein each of the alkyl, alkeny]l,
alkynyl, alkoxy, cycloalkyl, cycloalkoxy phenyl, heteroaryl, and heterocyclyl, is optionally
substituted with 1, 2, or 3 substituents independently selected from F, -OH, oxo (as applicable),
Ci4alkyl, fluoro-substituted Ci4 alkyl (e.g., CF3), C1.4 alkoxy and fluoro-substituted C;4 alkoxy.
In some embodiments, the “optionally substituted” aryl or heteroaryl group herein can be

unsubstituted or substituted with 1, 2, 3, or 4 substituents independently selected from F, Cl, -
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OH, -CN, NHa, protected amino, NH(C14alkyl) or a protected derivative thereof, N(C14
alkyl((Ci4 alkyl), —S(=0)(C 1.+ alkyl), —SO2(C14 alkyl), C14 alkyl, C,.4 alkenyl, C24 alkynyl, C14
alkoxy, Cs cycloalkyl, Cs cycloalkoxy, phenyl, 5 or 6 membered heteroaryl containing 1, 2 or 3
ring heteroatoms independently selected from O, S, and N, 3-7 membered heterocyclyl
containing 1 or 2 ring heteroatoms independently selected from O, S, and N, wherein each of the
alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkoxy, phenyl, heteroaryl, and heterocyclyl, is
optionally substituted with 1, 2, or 3 substituents independently selected from F, -OH, oxo (as
applicable), Ci4 alkyl, fluoro-substituted C14 alkyl, C14alkoxy and fluoro-substituted Ci4
alkoxy.

[0360] “Halo” or “halogen” refers to fluorine (fluoro, —F), chlorine (chloro, —Cl),
bromine (bromo, —Br), or iodine (iodo, —1I).

[0361] The term “pharmaceutically acceptable salt” refers to those salts which are, within
the scope of sound medical judgment, suitable for use in contact with the tissues of humans and
lower animals without undue toxicity, irritation, allergic response, and the like, and are
commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well
known in the art.

[0362] The term “tautomers” or “tautomeric” refers to two or more interconvertible
compounds resulting from at least one formal migration of a hydrogen atom and at least one
change in valency (e.g., a single bond to a double bond, a triple bond to a single bond, or vice
versa). The exact ratio of the tautomers depends on several factors, including temperature,
solvent, and pH. Tautomerizations (i.e., the reaction providing a tautomeric pair) may catalyzed
by acid or base. Exemplary tautomerizations include keto-to-enol, amide-to-imide, lactam-to-
lactim, enamine-to-imine, and enamine-to-(a different enamine) tautomerizations.

[0363] The term “subject” (alternatively referred to herein as “patient”) as used herein,
refers to an animal, preferably a mammal, most preferably a human, who has been the object of
treatment, observation or experiment.

[0364] As used herein, the terms "treat," "treating," "treatment," and the like refer to
eliminating, reducing, or ameliorating a disease or condition, and/or symptoms associated
therewith. Although not precluded, treating a disease or condition does not require that the
disease, condition, or symptoms associated therewith be completely eliminated. As used herein,
the terms "treat," "treating," "treatment," and the like may include "prophylactic treatment,"

which refers to reducing the probability of redeveloping a disease or condition, or of a recurrence
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of a previously-controlled disease or condition, in a subject who does not have, but is at risk of or
1s susceptible to, redeveloping a disease or condition or a recurrence of the disease or condition.
The term "treat" and synonyms contemplate administering a therapeutically effective amount of a

compound described herein to a subject in need of such treatment.

Examples

[0365] The various starting materials, intermediates, and compounds of the embodiments
can be isolated and purified where appropriate using conventional techniques such as
precipitation, filtration, crystallization, evaporation, distillation, and chromatography.
Characterization of these compounds can be performed using conventional methods such as by
melting point, mass spectrum, nuclear magnetic resonance, and various other spectroscopic
analyses. Exemplary embodiments of steps for performing the synthesis of products described
herein are described in greater detail infra.

[0366] The abbreviations used in the Examples section should be understood as having
their ordinary meanings in the art unless specifically indicated otherwise or obviously contrary

from context. The following shows a list of some of the abbreviations used in the Examples

section:
AIBN Azobisisobutyronitrile
DCM dichloromethane
DIPEA di-isopropylethylamine
DMF dimethylformamide
DPPP 1,3-bis(diphenylphosphino)propane
EA or EtOAc ethyl acetate
EDCI N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide
LAH Lithium Aliminium hydride
NMP N-methylpyrrolidinone
PE petroleum ether
Py. pyridine
THF tetrahydrofuran
TLC thin-layer chromatography
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Example 1. Synthesis of Compound 142

ol
N o HosO, HSOLKNO, o
T oein C,1h AcOH EtOH
40°C, 1h HN
step 1 step 2
> oo
—_— HN
EDCI, Py.
40°c, 2 { N0
step 3 Z 142
[0367] Step 1: To the mixture of 8-chloro-3,4-dihydro-1H-quinolin-2-one (0.2 g, 1.10

mmol, 1 eq) in H2SO4 (2 mL) was added KNO5(133.60 mg, 1.32 mmol, 1.2 eq) in portions at 0
°C. Then the mixture was stirred at 0 °C for 1 hr. The mixture was added to ice (20 mL) slowly.
Then the mixture was filtered. The filter cake was washed with water (5 mL). 8-chloro-6-nitro-
3,4-dihydro-1H-quinolin-2-one (0.2 g, 882.55 umol, 80.14% yield) was obtained as yellow solid.
[0368] Step 2: To the mixture of 8-chloro-6-nitro-3,4-dihydro-1H-quinolin-2-one (0.2 g,
882.55 umol, 1 eq) in AcOH (1 mL) and EtOH (1 mL) was added Fe (246.43 mg, 4.41 mmol, 5
eq). The mixture was stirred at 40 °C for 1 hr. The mixture filtered and concentrated under
reduced pressure to give a residue. The residue was purified by prep-TLC (S102, Petroleum
ether: Ethyl acetate = 1: 1). Compound 6-amino-8-chloro-3,4-dihydro-1H-quinolin-2-one (55 mg,
279.71 umol, 31.69% yield) was obtained as a white solid.

[0369] Step 3: To the mixture of 6-amino-8-chloro-3,4-dihydro-1H-quinolin-2-one (55
mg, 279.71 umol, 1 eq) and 3-ethylpyridine-4-carboxylic acid (50.74 mg, 335.65 umol, 1.2 eq)
in Py.(1 mL) was added EDCI (64.34 mg, 335.65 umol, 1.2 eq). The mixture was stirred at 45 °C
for 2 hr. The crude production was concentrated under reduced pressure to give a residue. The
residue was purified by prep-TLC (S102, =Petroleum ether: Ethyl acetate 0:1). Compound N-(8-
chloro-2-o0x0-3,4-dihydro-1H-quinolin-6-yl)-3-ethyl-pyridine-4-carboxamide (30 mg, 90.06
umol, 32.20% yield, 99% purity) was obtained. 'H NMR (400 MHz, MeOD): & 8.56 (s, 1H),
8.51 (d, J=5.2Hz, 1H), 7.74 (s, 1H), 7.45-7.47 (m, 2H), 2.99-3.04 (m, 2H), 2.82 (q, J=7.6Hz, 2H),
2.60-2.64 (m, 2H), 1.27 (t, J=7.6Hz, 3H). LCMS: (M + H") 330.0.
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Example 2. Synthesis of Compound 143

P
A|C|3 F. N o]
TEA ,DCM \E/C' 130°C, 5 h
0~25 C 1h
step1 step 2

H,S0,, KN03 m H2 Pd/C F 5/% m

T ocan
C.1h MeOH, 25 °C, 3 h HN EpcLpy. Py.
ten 3 45°C 1n Z 143
Siep step 4 step 5
[0370] Step 1: To the mixture of 2,3-difluoroaniline (5 g, 38.73 mmol, 3.94 mL, 1 eq)

and TEA (3.92 g, 38.73 mmol, 539 mL, 1 eq) in DCM (80 mL) was added 3-chloropropanoyl
chloride (4.67 g, 36.79 mmol, 3.54 mL, 0.95 eq) drop-wise at 0 °C. Then the mixture was stirred
at 25 °C for 1 hr. To the mixture was added H,O (50 mL). Then the mixture was extracted with
ethyl acetate (50 mL*3). The combined organic phase was washed with brine (50 mL*2), dried
with anhydrous NasSOy, filtered and concentrated in vacuum. 3-chloro-N-(2,3-
difluorophenyl)propanamide (7 g, 31.87 mmol, 82.30% yield) was obtained as light yellow solid.
[0371] Step 2: The mixture of 3-chloro-N-(2,3-difluorophenyl)propanamide (7 g, 31.87
mmol, 1 eq) in AICl3(12.75 g, 95.62 mmol, 5.23 mL, 3 eq) was stirred at 130 °C for 5 hr. The
mixture was added to ice-water (100 mL). Then the mixture was extracted with ethyl acetate (50
mL*3). The combined organic phase was washed with brine (30 mL), dried with anhydrous
NayS0q, filtered and concentrated in vacuum. The residue was purified by column
chromatography (Si02, Petroleum ether/Ethyl acetate=100/1 to 10/1). Then the crude was
purified by prep-HPLC (column: Welch Xtimate C18 100*25mm*3um; mobile phase: [ water
(0.05%HCI)-ACN];B%: 30%-50%,8min). 7,8-difluoro-3,4-dihydro-1H-quinolin-2-one (0.22 g,
12 mmol) was obtained as yellow solid.

[0372] Step 3: To the mixture of 7,8-difluoro-3,4-dihydro-1H-quinolin-2-one (0.22 g,
1.20 mmol, 1 eq) in H2SO4 (2 mL) was added KNOs3 (145.73 mg, 1.44 mmol, 1.2 eq) in portions
at 0 °C. The mixture was stirred at 0 °C for 1 hr. The mixture was poured into ice (10 mL)
slowly. Then the mixture was filtered. The filter cake was washed with water (10 mL). 7,8-
difluoro-6-nitro-3,4-dihydro-1H-quinolin-2-one (0.28 g, crude) was obtained as light yellow
solid.
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[0373] Step 4: To a solution of 7,8-difluoro-6-nitro-3,4-dihydro-1H-quinolin-2-one (0.28
g, 1.23 mmol, 1 eq) in MeOH (10 mL) was added Pd/C (0.05 g, 10%) under N». The suspension
was degassed under vacuum and purged with H, several times. The mixture was stirred under H,
(15 psi) at 25°C for 3 hours. The reaction mixture was filtered and the filter was concentrated. 6-
amino-7,8-difluoro-3,4-dihydro-1H-quinolin-2-one (160 mg, 807.39 umol, 65.79% yield) was
obtained as purple solid.

[0374] Step 5: The mixture of 6-amino-7,8-difluoro-3,4-dihydro-1H-quinolin-2-one (80
mg, 403.70 umol, 1 eq) and 3-ethylpyridine-4-carboxylic acid (73.23 mg, 484.44 umol, 1.2 eq),
EDCI (92.87 mg, 484.44 umol, 1.2 eq) in Py (1 mL) was stirred at 45 °C for 1 hr. The reaction
mixture was concentrated. The residue was purified by prep-TLC (SiO2, Petroleum ether: Ethyl
acetate = 0: 1). N-(7,8-difluoro-2-0x0-3,4-dihydro-1H-quinolin-6-y1)-3-ethyl-pyridine-4-
carboxamide (35 mg, 105.64 umol, 26.17% yield, 100% purity) was obtained. LCMS (M+H"):
332.0; 'H NMR (400 MHz, MeOD): § 8.58 (s, 1H), 8.54 (d, J=5.2Hz, 1H), 7.52 (d, J=5.2Hz,
1H), 7.43 (d, J=7.2Hz, 1H), 3.02-3.06 (m, 2H), 2.90 (q, J=7.6Hz, 2H), 2.63-2.67 (m, 2H), 1.31 (t,
J=7.6Hz, 3H).

Example 3. Synthesis of Compound 144

sto4 KNO, |l o HyPdC H o
_—
OC1h THF, 25°C, 2 h
O,N H,N
step 1 step 2
OH
H
X O N__O
N
—_— HN
EDCI, Py.
45°C,2h '\| N0
step 3 & 144
[0375] Step 1: To the mixture of 8-ethyl-3,4-dihydro-1H-quinolin-2-one (0.18 g, 1.03

mmol, 1 eq) in H,SO4 (2 mL) was added KNOs3 (124.63 mg, 1.23 mmol, 1.2 eq) at 0 °C. The
mixture was stirred at 0 °C for 1 hr. The mixture was poured into ice (20 mL) slowly. The
mixture was filtered. The residue was purified by prep-TLC (Si02, Petroleum ether: Ethyl
acetate = 1:1). 8-ethyl-6-nitro-3,4-dihydro-1H-quinolin-2-one (88 mg, crude) was obtained as

yellow solid.
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[0376] Step 2: To a solution of 8-ethyl-6-nitro-3,4-dihydro-1H-quinolin-2-one (88 mg,
399.59 umol, 1 eq) in THF (10 mL) was added 10% Pd/C (0.02 g) under N,. The suspension was
degassed under vacuum and purged with H, several times. The mixture was stirred under Hy (15
psi) at 25°C for 2 hrs. The reaction mixture was filtered and concentrated under reduced pressure
to give a residue. The residue was purified by prep-TLC (Si02, Petroleum ether : Ethyl acetate =
0:1). Compound 6-amino-8-ethyl-3,4-dihydro-1H-quinolin-2-one (40 mg, 210.26 umol, 52.62%
yield) was obtained as a brown solid.

[0377] Step 3: A mixture of 6-amino-8-ethyl-3,4-dihydro-1H-quinolin-2-one (40 mg,
210.26 umol, 1 eq) , 3-ethylpyridine-4-carboxylic acid (38.14 mg, 252.31 umol, 1.2 eq) , EDCI
(48.37 mg, 252.31 umol, 1.2 eq) in Py (1 mL) was degassed and purged with N, for 3 times, and
then the mixture was stirred at 45 °C for 2 hr under N atmosphere. The reaction was
concentrated in vcauum. The residue was purified by prep-TLC (Si02, Petroleum ether: Ethyl
acetate = 0:1). Compound 3-ethyl-N-(8-ethyl-2-0x0-3,4-dihydro-1H-quinolin-6-yl)pyridine-4-
carboxamide (15 mg, 46.38 umol, 22.06% yield, 100% purity) was obtained. LCMS (M + H"):
324.1; "TH NMR (400 MHz, MeOD): 6 8.55 (s, 1H), 8.50 (d, J=4.8Hz, 1H), 7.45 (d, J=5.2Hz,
1H), 7.43 (s, 1H), 7.37 (s, 1H), 2.96-3.00 (m, 2H), 2.85 (q, J=7.6Hz, 2H), 2.66 (q, J=7.6Hz, 2H),
2.56-2.60 (m, 2H), 1.27 (t, J=7.6Hz, 3H), 1.23 (t, J=7.6Hz, 3H).

Example 4. Synthesis of Compound 146

H
E NH2 A|C|3 F N__O H;S04 KNO;
—_—
TEA DCM \i/q 130°C,5h 0°C,1h

0°c,1h
step 1 step 2 step 3
H
F. N_O H, Pdaic F
O.N THF, 25°C, 5h
2 H2N E[I)DCI Py.
step 4 C.2h ,\J
step 5 Z e
[0378] Step 1: To the mixture of 3-fluoro-2-methyl-aniline (5 g, 39.95 mmol, 4.55 mL, 1

eq) and TEA (4.25 g, 41.95 mmol, 5.84 mL, 1.05 eq) in DCM (100 mL) was added 3-
chloropropanoyl chloride (5.07 g, 39.95 mmol, 3.84 mL, 1 eq) drop-wise at O °C under N,. The

mixture was stirred at 0 °C for 1 hr. The reaction mixture was quenched by addition H,O
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15mL(5ml*3) at 0°C, and then extracted with Ethyl acetate 30 mL (10 mL * 3). The combined
organic layers were concentrated under reduced pressure to give a residue. Compound 3-chloro-
N-(3-fluoro-2-methyl-phenyl)propanamide (7 g, crude) was obtained as a white solid.

[0379] Step 2: To the mixture of 3-chloro-N-(3-fluoro-2-methyl-phenyl) propanamide (7
g, 32.46 mmol, 1 eq), AICI3 (12.98 g, 97.38 mmol, 5.32 mL, 3 eq) was degassed and purged with
N, for 3 times, and then the mixture was stirred at 130 °C for 5 hr under N, atmosphere. The
reaction mixture was poured into ice water 100 ml. The aqueous phase was extracted with ethyl
acetate (50 mL*3). The combined organic phase was washed with brine (30 mL), dried with
anhydrous NasSOy, filtered and concentrated in vacuum. The residue was purified by flash silica
gel chromatography (ISCO®; 20 g SepaFlash® Silica Flash Column, Eluent of 0~15% Ethyl
acetate/Petroleum ethergradient @ 80 mL/min). 1.2 g crude product was obtained. 0.48 g of the
crude product was purified by prep-HPLC (column: Phenomenex Gemini-NX
80*40mm*3um;mobile phase: [water(0.04%HCI)-ACN];B%: 15%-35%,8min). Compound 7-
fluoro-8-methyl-3,4-dihydro-1H-quinolin-2-one (110 mg, 613.87 umol, 1.89% yield) was
obtained as a white solid. 7-fluoro-8-methyl-3,4-dihydro-1H-quinolin-2-one (0.72 g, crude) was
obtained as a white solid.

[0380] Step 3: The mixture of 7-fluoro-8-methyl-3,4-dihydro-1H-quinolin-2-one (0.11 g,
613.87 umol, 1 eq) in H,SO4 (1 mL) was added KNO3 (68.27 mg, 675.26 umol, 1.1 eq) in
portions at 0 °C. Then the mixture was stirred at 0 °C for 1 hr. The mixture was added to ice (10
mL). Then the mixture was filtered. The filter cake was washed with water (2 mL) and
concentrated in vacuum. 7-fluoro-8-methyl-6-nitro-3,4-dihydro-1H-quinolin-2-one (98 mg,
437.13 umol, 71.21% yield) was obtained as yellow solid.

[0381] Step 4: To a solution of 7-fluoro-8-methyl-6-nitro-3,4-dihydro-1H-quinolin-2-one
(98 mg, 437.13 umol, 1 eq) in THF (5 mL) was added 10% Pd/C (0.02 g) under N». The
suspension was degassed under vacuum and purged with Hj several times. The mixture was
stirred under Hj (15 psi) at 25°C for 5 hr. The reaction mixture was filtered and concentrated
under reduced pressure to give a residue. Compound 6-amino-7-fluoro-8-methyl-3,4-dihydro-1H-
quinolin-2-one (60 mg, 308.95 umol, 70.68% yield) was obtained as a white solid.

[0382] Step 5: To the solution of 6-amino-7-fluoro-8-methyl-3,4-dihydro-1H-quinolin-2-
one (50 mg, 257.46 umol, 1 eq) and 3-ethylpyridine-4-carboxylic acid (57.97 mg, 308.95 umol,
1.2 eq, HCI) in Py (5 mL) was added EDCI (59.23 mg, 308.95 umol, 1.2 eq). The mixture was

stirred at 40°C for 2hr. The reaction mixture was concentrated under reduced pressure to give a
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residue. The residue was purified by prep-TLC (S102,Petroleum ether : Ethyl acetate=0:1).
Compound 3-ethyl-N-(7-fluoro-8-methyl-2-ox0-3,4-dihydro-1H-quinolin-6-yl)pyridine-4-
carboxamide (20 mg, 59.81 umol, 23.23% yield, 97.9% purity) was obtained. LCMS (M + H"):
328.1; 'H NMR (400 MHz, MeOD): § 8.56 (s, 1H), 8.51 (d, J=5.2Hz, 1H), 7.48-7.50 (m, 2H),
2.94-2.98 (m, 2H), 2.87 (q, J=7.6Hz, 2H), 2.57-2.61 (m, 2H), 2.71 (d, J=1.2Hz, 3H), 1.30 (t,
J=7.6Hz, 3H).

Example 5. Synthesis of Compound 139

BuBrettPhos Pd G,

tButBrettPhos CN H
o K4Fe(CN)5 3H0 HzSO4 KNO; N__O
KOAc, Dloxane/Hzo 0 25°C, 1h
O,N
100°C, 4 h
step1 step2
A\COaH oN |,
CN N N__O
Fe, aq. NH,CI N O Z
e _—
HN
EtOH, H,O Py. EDCI
50°C, 2h HzN 40°C,2h ,\] S
Step3 Step4 Z 139
[0383] Step 1: To the mixture of 8-chloro-3,4-dihydro-1H-quinolin-2-one (0.4 g, 2.20

mmol, 1 eq), Potassium acetate (80.00 mg, 815.14 umol, 0.37 eq), KsFe(CN)s.3H20 (640.00 mg,
1.94 mmol, 533.33 uL, 8.83e-1 eq) in H20 (0.5 mL), tButBrettPhos (13.3 mg) in dioxane (2 mL)
and H,O (1.5 mL) was added tBuBrettPhos Pd G3 (188.18 mg, 220.24 umol, 0.1 eq) under N».
The mixture was heated at 100 °C for 4 h under N». The reaction mixture was filtered and
filtrates were concentrated under reduced pressure to give a residue. The residue was purified by
prep-TLC (Si03, Petro ether: EtOAc = 1:1). Compound 2-0x0-3,4-dihydro-1H-quinoline-8-
carbonitrile (240 mg, 1.39 mmol, 63.29% yield) was obtained as a white solid. LCMS: (M+H)*:
173.1.

[0384] Step 2: To a solution of 2-0x0-3,4-dihydro-1H-quinoline-8-carbonitrile (240 mg,
1.39 mmol, 1 eq) in conc.H2SO4 (2 mL) was added KNO3 (155.02 mg, 1.53 mmol, 1.1 eq) at 0
°C. The mixture was stirred at 25 °C for 1 hr. The reaction mixture was cooled at 0 °C and the
resulting solution was stirred for 15 min at 0 °C. Then the mixture was quenched by adding 50
mL of HyO/ice. The suspension was filtered and filter cake was concentrated under reduced

pressure to give a residue. The crude product was triturated with the solution of Petro ether
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and EtOAc (10:1,11 mL) at 25 °C for 20 min. The suspension was filtered and filter cake was
concentrated under reduced pressure to give a residue. Compound 6-nitro-2-0x0-3,4-dihydro-1H-
quinoline-8-carbonitrile (220 mg, 1.01 mmol, 72.67% yield) was obtained as a white solid.
LCMS: (M+H)*: 218.1.

[0385] Step 3: To a solution of 6-nitro-2-0x0-3,4-dihydro-1H-quinoline-8-carbonitrile
(220 mg, 1.01 mmol, 1 eq) in H,O (3 mL) and EtOH (3 mL) was added Fe (282.87 mg, 5.06
mmol, 5 eq) and NH4C1 (270.92 mg, 5.06 mmol, 5 eq). The mixture was stirred at 50 °C for 2
hrs. The reaction mixture was filtered and filter concentrated under reduced pressure to give a
residue. The residue was purified by prep-TLC (SiO, Petro ether: EtOAc = 0:1). The crude
product was triturated with the mixture solution of Petro ether and EtOAc (10:1, 11 mL). The
suspension was filtered and filter cake was concentrated under reduced pressure to give a residue.
Compound 6-amino-2-0x0-3,4-dihydro-1H-quinoline-8-carbonitrile (120 mg, 641.03 umol,
63.28% yield) was obtained as a white solid. LCMS: (M+H)": 183.1.

[0386] Step 4: To a mixture of 6-amino-2-0x0-3,4-dihydro-1H-quinoline-8-carbonitrile
(120 mg, 641.03 umol, 1 eq) and 3-ethylpyridine-4-carboxylic acid (106.59 mg, 705.14 umol, 1.1
eq) in Py. (2 mL) was added EDCI (122.89 mg, 641.03 umol, 1 eq) in one portion at 40 °C. The
mixture was stirred at 40 °C for 2 hrs. The reaction mixture was concentrated under reduced
pressure to give a residue. The residue was purified by prep-TLC (Si0., Ethyl acetate:
Methanol=5:1). Compound N-(8-cyano-2-ox0-3,4-dihydro-1H-quinolin-6-yl) -3-ethyl-pyridine-
4-carboxamide (75.6 mg, 227.74 umol, 35.53% yield, 96.5% purity) was obtained as white solid.
LCMS: (M+H)": 321.0. 'H NMR (400 MHz, MeOD): § 8.56 (s, 1H), 8.51 (d, J=4.8Hz, 1H),
7.92 (s, 1H), 7.77 (s, 1H), 7.48 (d, J=5.2Hz, 1H), 3.02-3.06 (m, 2H), 2.85 (q, J=7.6Hz, 2H), 2.63-
2.67 (m, 2H), 1.27 (t, J=7.6Hz, 3H).
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Example 6. Synthesis of Compound 140

H
N__o _Hz, PdiC, 15 Psi_ H2304 HNO; /@@&o
[" “Eon. 25°%, 121  o'czn
P C,12h N

step1 step2
Fe, aq. NH,ClI ;\j/g /©/\j
_
EtOH, H,O H.N Py EDCI
2
50°C,2h 40°c,2h _
step3 step4 140
[0387] Step 1: The suspension of 8-methyl-1H-quinolin-2-one (200 mg, 1.26 mmol, 1 eq)

and 10% Pd/C (80 mg) in EtOH (10 mL) was degassed and purged with H; for 3 times. The
mixture was stirred under Hz (15 Psi) at 25 °C for 12 hrs. The reaction mixture was filtered and
filtrates were concentrated under reduced pressure to give a residue. The crude product 8-methyl-
3,4-dihydro-1H-quinolin-2-one (180 mg, 1.12 mmol, 88.87% yield) was obtained as a white
solid. It was used into the next step without further purification.
[0388] Step 2: To a solution of 8-methyl-3,4-dihydro-1H-quinolin-2-one (180 mg, 1.12
mmol, 1 eq) in conc.H,SO4 (3 mL) was added KNO3 (112.89 mg, 1.12 mmol, 1 eq) at 0 °C. The
mixture was stirred at 0 °C for 2 hrs. The reaction mixture was cooled at 0 °C and the resulting
solution was quenched by adding 20 mL of H>O/ice. The suspension was filtered and filter cake
was concentrated under reduced pressure to give a residue. The crude product 8-methyl-6-nitro-
3,4-dihydro-1H-quinolin-2-one (150 mg, 727.46 umol, 65.15% yield) was obtained as a white
solid.
[0389] Step 3: To a solution of 8-methyl-6-nitro-3,4-dihydro-1H-quinolin-2-one (150 mg,
727.46 umol, 1 eq) in H»0 (3 mL) and EtOH (3 mL) was added Fe (203.12 mg, 3.64 mmol, 5 eq)
and NH4C1 (194.56 mg, 3.64 mmol, 5 eq). The mixture was stirred at 50 °C for 2 hrs. The
reaction mixture was filtered and filtrates were concentrated under reduced pressure to give a
residue. The residue was purified by prep-TLC (SiO3, Petro ether: EtOAc = 0:1) to give crude
product. The crude product was triturated with the mixture solution of Petro ether and EtOAc
(10:1, 11 mL). The suspension was filtered and filter cake was concentrated under reduced
pressure to give a residue. Compound 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (105
mg, 595.86 umol, 81.91% yield) was obtained as a white solid. LCMS: (M+H)*: 177.1.
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[0390] Step 4: To a mixture of 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (105
mg, 595.86 umol, 1 eq) and 3-ethylpyridine-4-carboxylic acid (90.07 mg, 480.07 umol, 8.06e-1
eq, HCl) in Py. (2 mL) was added EDCI (137.07 mg, 715.04 umol, 1.2 eq) in one portion. The
mixture was stirred at 40 °C for 2 hrs. The reaction mixture was concentrated under reduced
pressure to give a residue. The residue was purified by prep-TLC (Si02, Ethyl acetate:
Methanol= 5:1).Then the crude product was triturated with the mixture solution of Petroleum
ether and Ethyl acetate( 8:1, 9 mL). The mixture was stirred at 20 °C for 1 h. The suspension was
filtered and filter cake was concentrated under reduced pressure to give a residue. Compound 3-
ethyl-N-(8-methyl-2-0x0-3,4-dihydro-1H-quinolin-6-yl)pyridine-4-carboxamide (71.3 mg,
95.7% purity) was obtained. LCMS: (M+H)": 310.0. "H NMR (400 MHz, MeOD): § 8.55 (s,
1H), 8.50 (d, J=4.8Hz, 1H), 7.45 (d, J=4.8Hz, 1H), 7.41 (s, 1H), 7.34 (s, 1H), 2.94-2.97 (m, 2H),
2.85 (q, J=7.6Hz, 2H), 2.55-2.59 (m, 2H), 2.27 (s, 3H), 1.27 (t, J=7.6Hz, 3H).

Example 7. Synthesis of Compound 141
F F

F
NOo,  # COjMe Mo PAIC, MeOH NH, MeOH N .
—_— —_—
[ I PTSA-H,0 60°C, 12h
NH, 2 COo,Me 15ps' 20°c, 121 COMe

Pd( OAc )2, MeOH

20-60°c, 12.5h step2 step3
step1
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40° C,2h P
step4 step5 stepb 14
[0391] Step 1: Step A: To a mixture of NaNO; (25.87 g, 374.99 mmol, 8.72 eq) and

Amberlyst A26 (38 g) in H,O (520 mL) in one portion at 20 °C under N,. The mixture was
stirred at 20 °C for 30 min. The suspension was filtered and filter cake were washed with H,O
until the pH of filtrate to 7. Step B: To a mixture of the product from step A, 1-fluoro-2,3-
dinitro-benzene (8 g, 42.99 mmol, 1 eq), 4-methylbenzenesulfonic acid (24.43 g, 141.86 mmol,
3.3 eq) and diacetoxypalladium (965.13 mg, 4.30 mmol, 0.1 eq) in MeOH (80 mL) was added
methyl prop-2-enoate (18.50 g, 214.94 mmol, 19.36 mL, 5 eq) in one portion at 60 °C under N.
The mixture was stirred at 60 °C for 12 hrs. The reaction mixture was filtered and filtrates were

concentrated under reduced pressure to give a residue. The residue was purified by column
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chromatography (SiO», Petroleum ether/Ethyl acetate=15/1 to 2/1). Compound methyl (E)-3-(3-
fluoro-2-nitro-phenyl)prop-2-enoate (5.5 g, 24.43 mmol, 56.82% yield) was obtained as a white
solid. LCMS: (M+H)": 226.0.

[0392] Step 2: The suspension of methyl (E)-3-(3-fluoro-2-nitro-phenyl)prop-2-enoate
(600 mg, 2.66 mmol, 1 eq) and 10% Pd/C (100 mg) in MeOH (10 mL) was degassed and purged
with Hj for 3 times. The mixture was stirred under H, (15 Psi) at 20 °C for 12 hrs. The reaction
mixture was filtered and filtrates were concentrated under reduced pressure to give a residue. The
crude product methyl 3-(2-amino-3-fluoro-phenyl)propanoate (400 mg) was obtained as a white
solid. LCMS: (M+H)*: 198.1.

[0393] Step 3: The mixture of methyl 3-(2-amino-3-fluoro-phenyl)propanoate (400 mg,
2.03 mmol, 1 eq) in MeOH (50 mL) was stirred at 60 °C for 12 hrs. The reaction mixture was
concentrated under reduced pressure to remove MeOH. The residue was purified by column
chromatography (SiO2, Petroleum ether/Ethyl acetate=10/1 to 3/1). Compound 8-fluoro-3,4-
dihydro-1H-quinolin-2-one (190 mg, 1.15 mmol, 56.71% yield) was obtained as a white solid.
[0394] Step 4: To a solution of 8-fluoro-3,4-dihydro-1H-quinolin-2-one (1.1 g, 6.66
mmol, 1 eq) in conc. H2SO4 (5 mL) was added KNO3 (673.33 mg, 6.66 mmol, 1 eq) at 0 °C. The
mixture was stirred at 25 °C for 1hr. The reaction mixture was cooled at O °C and the resulting
solution was stirred for 15 min at O °C. Then the mixture was quenched by adding 100 mL of
H,O/ice. The suspension was filtered and filter cake was concentrated under reduced pressure to
give a residue. The crude product was diluted with the mixture solution of Petroleum ether and
Ethyl acetate (10:1, 11 mL).The mixture was stirred at 25 °C for 20 min. The suspension was
filtered and filter cake was concentrated under reduced pressure to give a residue. Compound 8-
fluoro-6-nitro-3,4-dihydro-1H-quinolin-2-one (800 mg, 3.81 mmol, 57.16% yield) was obtained
as a white solid.

[0395] Step S: The suspension of 8-fluoro-6-nitro-3,4-dihydro-1H-quinolin-2-one (189
mg, 899.31 umol, 1 eq) and 10% Pd/C (50 mg) in MeOH (10 mL) was degassed and purged with
H; for 3 times. The mixture was stirred under H, (15 psi) at 25 °C for 1 hr. The reaction mixture
was filtered and filtrates were concentrated under reduced pressure to give a residue. The crude
product was triturated with the mixture solution of Petroleum ether/Ethyl acetate (10:1, 11 mL) at
25 °C for 10 min. The suspension was filtered and filter cake was concentrated under reduced
pressure to give a residue. Compound 6-amino-8-fluoro-3,4-dihydro-1H-quinolin-2-one (150 mg,

832.51 umol, 92.57% yield) was obtained as a white solid.
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[0396] Step 6: To a mixture of 6-amino-8-fluoro-3,4-dihydro-1H-quinolin-2-one (100
mg, 555.00 umol, 1 eq) and 3-ethylpyridine-4-carboxylic acid (100.67 mg, 666.00 umol, 1.2 eq)
in Py. (2 mL) was added EDCI (127.67 mg, 666.00 umol, 1.2 eq) in one portion. The mixture
was stirred at 40 °C for 2 hrs. The residue was purified by prep-HPLC (column: Waters Xbridge
Prep OBD C18 150*40 mm*10 um; mobile phase: [water (0.05% NH3-H,0+10 mM NH4HCO3)-
ACN];B%: 15%-35%,8 min). Compound 3-ethyl-N-(8-fluoro-2-0x0-3,4-dihydro-1H-quinolin-6-
yl)pyridine-4-carboxamide (79 mg, 252.13 umol, 45.43% yield, 100% purity) was obtained.
LCMS: (M+H)": 314.1. 'H NMR (400 MHz, MeOD): § 8.55 (s, 1H), 8.50 (d, J=4.4Hz, 1H),
7.55(dd, J=12.4 and 2.4Hz, 1H), 7.45 (d, J=5.2Hz, 1H), 7.26 (d, J=1.2Hz, 1H), 2.99-3.03 (m,
2H), 2.83 (q, J=8.0Hz, 2H), 2.60-2.63 (m, 2H), 1.27 (t, J=7.6Hz, 3H).

[0397] Compound 67 (14 mg) was also obtained from this Example 7.

Example 8. Synthesis of Compound 147

H
N SO AICI3 N O H,S0, KNO;,
—_—
TEA DCM \i/m °c,12h 0°C,1h

0 C 1h
step 1 step 2 step 3
N o  H,pac \/ﬁ:(j
—_—_—
oN MeOH, 25 °C, 12 h ~ Epclpy. Py.
HzN 45°C,1h
step 4 step 5
0398 Step 1: To the mixture of 2,3-dimethylaniline (10 g, 82.52 mmol, 10.08 mL, 1 eq

p y

and TEA (9.19 g, 90.77 mmol, 12.63 mL, 1.1 eq) in DCM (100 mL) was added 3-
chloropropanoyl chloride (10.48 g, 82.52 mmol, 7.94 mL, 1 eq) at 0 °C. The mixture was stirred
at 0 °C for 1 hr. To the mixture was added H20 (50 mL). The aqueous phase was extracted with
DCM (50 mL*3). The combined organic phase was washed with brine (50 mL*2), dried with
NasS0q, filtered and concentrated in vacuum. 3-chloro-N-(2,3-dimethylphenyl)propanamide (15
g, crude) was obtained as off-white solid.

[0399] Step 2: To the mixture of 3-chloro-N-(2,3-dimethylphenyl)propanamide (2 g, 9.45
mmol, 1 eq) in PhCl (20 mL) was added AICI; (3.78 g, 28.34 mmol, 1.55 mL, 3 eq) at 0 °C. The
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mixture was stirred at 80 °C for 12 hr. The reaction mixture was added to ice (20 mL). Then the
mixture was extracted with ethyl acetate (30 mL*3). The combined organic phase was washed
with brine (20 mL), dried with anhydrous Na,SOy, filtered and concentrated in vacuum. The
residue was purified by column chromatography (S102, Petroleum ether/Ethyl acetate=100/1 to
2/1). The residue was purified by prep-HPLC (column: Waters Xbridge Prep OBD C18
150*40mm*10um;mobile phase: [water(0.05%NH3H20+10mM NH4HCO3)-ACN];B%: 15%-
35%,8min). Compound 7,8-dimethyl-3,4-dihydro-1H-quinolin-2-one (115 mg, 656.29 umol,
23.96% yield) was obtained as a white solid.

[0400] Step 3: To the mixture of 7,8-dimethyl-3,4-dihydro-1H-quinolin-2-one (0.1 g,
570.69 umol, 1 eq) in H»SO4 (1 mL) was added KNO3 (57.70 mg, 570.69 umol, 1.0 eq) in
portions at 0 °C. The mixture was stirred at O °C for 1 h. The mixture was added to ice (20 mL)
slowly. Then the mixture was filtered. The filter cake was washed with water (2 mL) and
concentrated in vacuum. 7,8-dimethyl-6-nitro-3,4-dihydro-1H-quinolin-2-one (112 mg, 508.57
umol, 89.12% yield) was obtained as yellow solid.

[0401] Step 4: To a solution of 7,8-dimethyl-6-nitro-3,4-dihydro-1H-quinolin-2-one
(101.41 mg, 460.49 umol, 1 eq) in MeOH (10 mL) was added 10% Pd/C (0.05 g) under N». The
suspension was degassed under vacuum and purged with Hj several times. The mixture was
stirred under H, (15 Psi) at 25°C for 12 hours. The mixture was filtered and concentrated in
vacuum. 6-amino-7,8-dimethyl-3,4-dihydro-1H-quinolin-2-one (67 mg, 352.18 umol, 76.48%
yield) was obtained as yellow solid.

[0402] Step 5: To the mixture of 6-amino-7,8-dimethyl-3,4-dihydro-1H-quinolin-2-one
(55 mg, 289.11 umol, 1 eq) and 3-ethylpyridine-4-carboxylic acid (65.09 mg, 346.93 umol, 1.2
eq, HCI) in Py (1 mL) was added EDCI (66.51 mg, 346.93 umol, 1.2 eq). The mixture was
stirred at 45 °C for 1 hr. The mixture was concentrated in vacuum. The residue was purified by
prep-TLC (Si102, Petroleum ether: Ethyl acetate = 0:1). N-(7,8-dimethyl-2-0x0-3,4-dihydro-1H-
quinolin-6-yl)-3-ethyl-pyridine-4-carboxamide (16 mg, 48.49 umol, 98% purity) was obtained.
LCMS: (M+H)": 324.1. 'H NMR (400 MHz, MeOD): & 8.56 (s, 1H), 8.52 (d, J=5.2Hz, 1H),
7.54 (d, J=5.2Hz, 1H), 7.08 (s, 1H), 2.88-2.97 (m, 4H), 2.55-2.59 (m, 2H), 2.25 (s, 3H), 2.24 (s,
3H), 1.32 (t, J=7.6Hz, 3H).
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Example 9. Synthesis of Compound 149
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149
[0403] To a solution of 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (100 mg,

567.49 umol, 1 eq) and 3-(cyclopropylmethyl)pyridine-4-carboxylic acid (218.25 mg, 1.02
mmol, 1.8 eq, HCI) in Py (1 mL) was added EDCI (130.55 mg, 680.99 umol, 1.2 eq). The
mixture was stirred at 45 °C for 1 hr. The reaction mixture was concentrated under reduced
pressure to give a residue. The residue was purified by prep-TLC (S102, Ethyl acetate: MeOH =
10: 1). Compound 3-(cyclopropylmethyl)-N-(8-methyl-2-ox0-3,4-dihydro-1H-quinolin-6-
yl)pyridine-4-carboxamide (0.065 g, 189.92 umol, 63.70% yield, 98% purity) was obtained.
LCMS: (M+H)": 336.1. 'H NMR (400 MHz, MeOD): § 8.63 (s, 1H), 8.52 (d, J=5.2Hz, 1H),
7.46 (d, J=5.2Hz, 1H), 7.41 (s, 1H), 7.34 (s, 1H), 2.94-2.97 (m, 2H), 2.74 (d, J=7.2Hz, 2H), 2.56-
2.59 (m, 2H), 2.27 (s, 3H), 1.02-1.08 (m, 1H), 0.50-0.55 (m, 2H), 0.24-0.26 (m, 2H).

Example 10. Synthesis of Compound 150

H,N
Cl
N—
- i \ 7/
cl
O\N/ H
I POCI, NZ NaOH N= | NH
x - - —_— [¢] .
CN 100 °C. 1 h A | CN BIOH. H;0, N
°c 3h H EDCI, Py.,
' 45°C,1h H
step 1 step2 step 3
150
[0404] Step 1: To the solution of POCIs (10 mL) was added 3-ethyl-1-oxido-pyridin-1-

ium-4-carbonitrile (1 g, 6.75 mmol, 1 eq). The mixture was stirred at 100°C for 1 hr. The reaction
mixture was concentrated under reduced pressure to give a residue. The reaction mixture was
diluted with EtOAc (30 mL). Then the solution was added to water (100 mL) slowly at 25 °C.
The mixture was adjusted pH to 8 with sat.Na,COs. And the mixture was extracted with Ethyl
acetate 60 mL (20ml * 3). Then the combined organic phase was concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatography (ISCO®;

12 g SepaFlash® Silica Flash Column, Eluent of 0~10% Ethyl acetate/Petroleum ethergradient
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@ 40 mL/min). Compound 2-chloro-5-ethyl-pyridine-4-carbonitrile (0.9 g, 5.40 mmol, 80.04%
yield) was obtained as a white solid. LCMS: (M+H)*: 167.1.

[0405] Step 2: To a solution of 2-chloro-5-ethyl-pyridine-4-carbonitrile (0.9 g, 5.40
mmol, 1 eq) in EtOH (5 mL) and H>O (5 mL) was added NaOH (648.18 mg, 16.21 mmol, 3 eq).
The mixture was stirred at 90 °C for 3 hrs. The crude reaction mixture was concentrated under
reduced pressure to remove EtOH, and then the mixture was adjusted to pH=3 with 6N
HCI(2ml). And then the mixture was filtered. The filter cake was concentrated in vacuum.
Compound 2-chloro-5-ethyl-pyridine-4-carboxylic acid (485 mg, HCI, crude) was obtained as a
white solid. LCMS: (M+H)*: 186.1.

[0406] Step 3: To a solution of 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (100
mg, 567.49 umol, 1 eq) and 2-chloro-5-ethyl-pyridine-4-carboxylic acid (151.23 mg, 680.99
umol, 1.2 eq, HCI) in Py (1 mL) was added EDCI (130.55 mg, 680.99 umol, 1.2 eq). The mixture
was stirred at 45°C for 1 hr. The reaction mixture was concentrated under reduced pressure to
give a residue. The residue was purified by prep-TLC (Si0», Ethyl acetate: MeOH = 10:1).
Compound 2-chloro-5-ethyl-N-(8-methyl-2-0x0-3,4-dihydro-1H-quinolin-6-yl)pyridine-4-
carboxamide (28 mg, 78.18 umol, 13.78% yield, 96% purity) was obtained. LCMS: (M+H)":
344.1. 'H NMR (400 MHz, MeOD): § 8.36 (s, 1H), 7.51 (s, 1H), 7.40 (s, 1H), 7.34 (s, 1H),
2.93-2.97 (m, 2H), 2.81 (q, J=7.6Hz, 2H), 2.55-2.59 (m, 2H), 2.27 (s, 3H), 1.25 (t, J=7.6Hz, 3H).

Example 11. Synthesis of Compound 151

H
FsC
¢ OH H,N FCO N
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151
[0407] To a mixture of 3-(2,2,2-trifluoroethyl)pyridine-4-carboxylic acid (50 mg, 243.74

umol, 1 eq) and 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (42.95 mg, 243.74 umol, 1 eq)

in Py (1 mL) was added EDCI (56.07 mg, 292.49 umol, 1.2 eq). The mixture was stirred at 45°C

for 1 hr. The reaction mixture was concentrated under reduced pressure to give a residue. The

residue was purified by prep-TLC (S10,, Ethyl acetate: MeOH = 10:1). Compound N-(8-methyl-

2-0x0-3,4-dihydro-1H-quinolin-6-yl1)-3-(2,2 2-trifluoroethyl)pyridine-4-carboxamide (35 mg,

96.33 umol, 39.52% yield, 100% purity) was obtained. LCMS: (M+H)": 364.1. 'TH NMR (400
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MHz, MeOD): § 8.68-8.70 (m, 2H), 7.62 (d, J=4.8Hz, 1H), 7.41 (s, 1H), 7.34 (s, 1H), 3.94 (q,
J=11.2Hz, 2H), 2.94-2.98 (m, 2H), 2.56-2.60 (m, 2H), 2.28 (s, 3H).

Example 12. Synthesis of Compound 145

Br
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KNOa /\COZEt 2 NH, .
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N
step 5 step 6 step 7 145
[0408] Step 1: To the mixture of 6-bromoisoquinoline (10 g, 48.06 mmol, 1 eq) in H,SO4

(70 mL) was added KNO3 (6.12 g, 60.53 mmol, 1.26 eq) in portions at O °C. Then the mixture
was stirred at 0 °C for 2 hr. The mixture was added to ice (350 mL) slowly. The solution was
adjusted to pH = 8-9 by 33% NH4OH aq. The aqueous phase was extracted with ethyl acetate
(100 mL*3). The combined organic phase was washed with brine (100 mL), dried with
anhydrous Na,SQy, filtered and concentrated in vacuum. 6-bromo-5-nitro-isoquinoline (10 g,
39.52 mmol, 82.22% yield) was obtained as off-white solid. LCMS: (M+H)": 252.9,254.9.
[0409] Step 2: To the mixture of ethyl prop-2-enoate (3.4 g, 33.96 mmol, 3.69 mL, 2.86
eq) and 6-bromo-5-nitro-isoquinoline (3 g, 11.86mmol, 1 eq) in DMF (40 mL) was added
Pd(OAc); (532.32 mg, 2.37 mmol, 0.2 eq), PPh3 (621.89 mg, 2.37 mmol, 0.2 eq) and TEA (1.80
g, 17.78 mmol, 2.48 mL, 1.5 eq). The mixture was stirred at 110 °C for 12 hr. The mixture was
cooled to 25 °C. The mixture was added to water (150 mL). The aqueous phase was extracted
with ethyl acetate (50 mL*3). The combined organic phase was washed with brine (30 mL*4),
dried with anhydrous Na>SQy, filtered and concentrated in vacuum. The residue was purified by
column chromatography (Si02, Petroleum ether/Ethyl acetate=100/1 to 3/1). Ethyl (E)-3-(5-
nitro-6-isoquinolyl)prop-2-enoate (1.1 g, 4.04 mmol, 34.08% yield) was obtained as yellow solid.
[0410] Step 3: To a solution of ethyl (E)-3-(5-nitro-6-isoquinolyl)prop-2-enoate (1 g, 3.67
mmol, 1 eq) in MeOH (20 mL) was added 10% Pd/C (0.1 g) under N». The suspension was
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degassed under vacuum and purged with H; several times. The mixture was stirred under Hz (15
psi) at 25°C for 12 hours. The mixture was filtered and concentrated in vacuum. Ethyl 3-(5-
amino-6-isoquinolyl)propanoate (0.72 g, 2.95 mmol, 80.24% yield) was obtained as yellow solid.
LCMS: (M+H)*: 245.1.

[0411] Step 4: The mixture of ethyl 3-(5-amino-6-isoquinolyl)propanoate (0.72 g, 2.95
mmol, 1 eq) in Tol. (5 mL) was stirred at 110 °C for 12 hr. The mixture was concentrated in
vacuum. The residue was purified by flash silica gel chromatography (ISCO®; 12 g SepaFlash®
Silica Flash Column, Eluent of 0~50% Ethylacetate / Petroleum ethergradient @ 40 mL/min).
3,4-dihydro-1H-1,8-phenanthrolin-2-one (0.3 g, 1.51 mmol, 51.35% yield) was obtained as
yellow solid.

[0412] Step 5: The mixture of 3,4-dihydro-1H-1,8-phenanthrolin-2-one (0.1 g, 504.49
umol, 1 eq) in H2SO4 (1 mL) was added KNOs3 (56.11 mg, 554.94 umol, 1.1 eq) in portions at 0
°C. Then the mixture was stirred at 0 °C for 1 hr. The mixture was added to ice (10 mL) slowly.
The mixture was filtered. The filter cake was washed with H,O (5 mL) and concentrated in
vacuum. 6-nitro-3,4-dihydro-1H-1,8-phenanthrolin-2-one (45 mg, 185.02 umol, 36.67% yield)
was obtained as yellow solid. LCMS: (M+H)": 244.0.

[0413] Step 6: To a solution of 6-nitro-3,4-dihydro-1H-1,8-phenanthrolin-2-one (45 mg,
185.02 umol, 1 eq) in THF (30 mL) was added 10% Pd/C (0.02 g) .The mixture was stirred at
25°C for 10 hr under H, (15 Psi). The reaction mixture was filtered and concentrated under
reduced pressure to give a residue. Compound 6-amino-3,4-dihydro-1H-1,8-phenanthrolin-2-one
(20 mg, crude) was obtained as a white solid.

[0414] Step 7: To a solution of 6-amino-3,4-dihydro-1H-1,8-phenanthrolin-2-one (15 mg,
70.34 umol, 1 eq) and 3-ethylpyridine-4-carboxylic acid (15.84 mg, 84.41 umol, 1.2 eq, HCI) in
Py (5 mL) was added EDCI (16.18 mg, 84.41 umol, 1.2 eq). The mixture was stirred at 45°C for
2 hr. The reaction mixture was concentrated under reduced pressure to give a residue. The
residue was purified by prep-HPLC (column: Phenomenex Gemini-NX 80*40mm*3um; mobile
phase: [water (10mM NH4HCO3)-ACN];B%: 5%-25%,8min). Compound 3-ethyl-N-(2-ox0-3,4-
dihydro-1H-1,8-phenanthrolin-6-yl)pyridine-4-carboxamide (4 mg, 11.55 umol, 100% purity)
was obtained. LCMS: (M+H)": 347.2. '"H NMR (400 MHz, MeOD): 6 9.37 (s, 1H), 8.63 (s,
1H), 8.60 (d, J=4.8Hz, 1H), 8.53 (d, J=6.4Hz, 1H), 8.13 (d, J=6.0, 1H), 7.77 (s, 1H), 7.72 (d,
J=4.8Hz, 1H), 3.22-3.25 (m, 2H), 2.97 (q, J=7.6Hz, 2H), 2.74-2.77 (m, 2H), 1.36 (t, J=7.6Hz,
3H).
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Example 13. Synthesis of Compound 160

H
H,N N _C N_ N
C Ox
NH z N

NH
TFA, n-BuOH
o O
120°C, 1 h, M.W.
160
[0415] To a solution of 6-amino-3,3,8-trimethyl-1,4-dihydroquinolin-2-one (35 mg,

171.34 umol, 1.5 eq) and 2-chloroquinazoline (18.80 mg, 114.23 umol, 1 eq) in TFA (0.01 mL)
and n-BuOH (3 mL) was taken up into a microwave tube. The sealed tube was heated at 120 °C
for 60 min under microwave. The reaction mixture was concentrated under reduced pressure to
give a residue. The residue was purified by prep-HPLC (column: Welch Xtimate C18
100*25mm*3um;mobile phase: [water(0.05%HCI)-ACN];B%: 10%-30%,8min) to give 3,3,8-
trimethyl-6-(quinazolin-2-ylamino)-1,4-dihydroquinolin-2-one (8 mg, 19.09 umol, 16.71% yield,
88% purity, HCI). LCMS: (M+H)": 333.1. 'H NMR (400 MHz, DMSO): § 9.77 (bs, 1H), 9.28
(s, 1H), 7.90 (d, J=6.8Hz, 1H), 7.79 (m, 1H), 7.63-7.65 (m, 2H), 7.57 (s, 1H), 7.38 (m, 1H), 2.76
(s, 2H), 2.24 (s, 3H), 1.07 (s, 6H).

Example 14. Synthesis of Compound 161

N Br H
A

ey OO

?, Cly

0 XPhos Pd G3, Cs,CO4
75-85-4, 80 °C, 3 h O
161
[0416] A mixture of 6-amino-3,3,8-trimethyl-1,4-dihydroquinolin-2-one (80 mg, 391.64

umol, 1.8 eq), 2-bromoquinoxaline (45.48 mg, 217.58 umol, 1 eq), [2-(2-
aminophenyl)phenyl]palladium(2+)-dicyclohexyl-[2-(2,4,6-triisopropylphenyl)phenyl]phosphane
methanesulfonate (18.42 mg, 21.76 umol, 0.1 eq), Cs2CO3 (141.78 mg, 435.16 umol, 2 eq) in 2-
methylbutan-2-ol (4 mL) was degassed and purged with N, for 3 times, and then the mixture was
stirred at 80 °C for 3 hr under N, atmosphere. The reaction mixture was filtered and the filtrate
concentrated under reduced pressure to give a residue. The crude product was purified by

reversed-phase HPLC(column: Waters Xbridge BEH C18 100*25mm*Sum;mobile phase:
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[water(10mM NH4HCO3)-ACN];B%: 30%-55%,10min) to give 3,3,8-trimethyl-6-(quinoxalin-2-
ylamino)-1,4-dihydroquinolin-2-one (39 mg, 111.46 umol, 51.23% yield, 95% purity). LCMS:
(M+H)*: 333.1. 'H NMR (400 MHz, DMSO): 6 9.77 (s, 1H), 9.31 (s, 1H), 8.51 (s, 1H), 7.82 (d,
J=8.0Hz, 1H), 7.70 (m, 2H), 7.60-7.62 (m, 2H), 7.43 (m, 1H), 2.77 (s, 2H), 2.26 (s, 3H), 1.07 (s,

GH).
Example 15. Synthesis of Compound 152
| O"S//
F K4PO,, Dioxane | CO(g), Pd(OAC)2
X > X >
N P LDA, THF 110°C. 36 h N P DPPP, EtOH
-70~25°C, 7 h 80°C, 16 h
step 1 step 2 step 3
H
H
N (0] N o
© LIOH-H,0 OH HN . HN
MeOH, H,0 N EDCI, Py., X Yo
25°C, 4n Z 47°C.1h N
step 4 152
step 5
[0417] Step 1: To the mixture of 2-fluoro-3-iodo-pyridine (5 g, 22.42 mmol, 1 eq) in THF

(60 mL) was added LDA (2 M, 13.45 mL, 1.2 eq) drop-wise at -70 °C. Then the mixture was
stirred at -70 °C for 1.5 h under N2. To the mixture was added the solution of 1,3,2-dioxathiolane
2,2-dioxide (3.62 g, 29.15 mmol, 1.3 eq) in THF (30 mL) drop-wise at -70 °C. The mixture was
stirred at -70 °C for 0.5 h and at 25 °C for 2 hr. Then to the mixture was added HC1 (12 M, 8.41
mL, 4.5 eq) at 0 °C. The mixture was stirred at 25 °C for 3 h. The mixture was added to

sat. NaHCOs3 (300 ml) slowly. The aqueous phase was extracted with ethyl acetate (100 mL*3).
The combined organic phase was washed with brine (50 mL), dried with anhydrous Na,SO4,
filtered and concentrated in vacuum. The residue was purified by flash silica gel chromatography
(ISCO®; 20 g SepaFlash® Silica Flash Column, Eluent of 0~35% Ethyl acetate/Petroleum
ethergradient @ 40 mL/min). 2-(2-fluoro-4-i0do-3-pyridyl)ethanol (2.5 g, 9.36 mmol, 41.75%
yield) was obtained as off-white solid. LCMS: (M+H)": 268.0.

[0418] Step 2: The mixture of 2-(2-fluoro-4-i0do-3-pyridyl)ethanol (1 g, 3.74 mmol, 1
eq) and K3POy4 (3.97 g, 18.72 mmol, 5 eq) in 1,4-dioxane (30 mL) was stirred at 110 °C for 36

hr. The mixture was filtered. The filter cake was washed with EtOAc (50 mL). The filtrate was
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washed with brine (10 mL) and dried with anhydrous Na>SOy, filtered and concentrated in
vacuum. 4-iodo-2,3-dihydrofuro[2,3-b]pyridine (0.8 g, crude) was obtained as yellow solid.
[0419] Step 3: To the mixture of 4-i0do-2,3-dihydrofuro[2,3-b]pyridine (0.8 g, 3.24
mmol, 1 eq) in EtOH (20 mL) was added Pd(OAc), (72.71 mg, 323.84 umol, 0.1 eq), DPPP
(133.57 mg, 323.84 umol, 0.1 eq) and TEA (983.08 mg, 9.72 mmol, 1.35 mL, 3 eq). The
suspension was degassed under vacuum and purged with CO several times. Then the mixture was
stirred under CO (50 psi) at 80°C for 16 hours. The mixture was filtered and concentrated in
vacuum. The residue was purified by flash silica gel chromatography (ISCO®; 12 g SepaFlash®
Silica Flash Column, Eluent of 0~25% Ethyl acetate/Petroleum ethergradient @ 40 mL/min).
Ethyl 2,3-dihydrofuro[2,3-b]pyridine-4-carboxylate (0.3 g, 1.55 mmol, 47.95% yield) was
obtained as white solid. LCMS: (M+H)": 194.0.

[0420] Step 4: To the mixture of ethyl 2,3-dihydrofuro[2,3-b]pyridine-4-carboxylate (0.1
g, 517.60 umol, 1 eq) in THF (1 mL) and H20 (1 mL) was added LiOH.H;0 (32.58 mg, 776.40
umol, 1.5 eq). The mixture was stirred at 25 °C for 1 h. The mixture was concentrated in vacuum
to remove THF. The aqueous phase was adjusted to pH = 3 by 6N HCI. The mixture was
concentrated in vacuum. 2,3-dihydrofuro[2,3-b]pyridine-4-carboxylic acid (110 mg, crude) was
obtained as white solid. LCMS: (M+H)": 166.0.

[0421] Step 5: To a mixture of 2,3-dihydrofuro[2,3-b]pyridine-4-carboxylic acid (0.09 g,
446.41 umol, 1.2 eq, HCI) and 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (65.55 mg,
372.01 umol, 1 eq) in Py (1 mL) was added EDCI (85.58 mg, 446.41 umol, 1.2 eq). The mixture
was stirred at 45 °C for 1hr. The reaction mixture was concentrated under reduced pressure to
give a residue. The residue was purified by prep-TLC (Si02, Ethyl acetate: MeOH= 10:1). Then
the residue was washed by the solution of (3 mL, petroleum ether: ethyl acetate=10:1).
Compound N-(8-methyl-2-0x0-3,4-dihydro-1H-quinolin-6-y1)-2,3-dihydrofuro[2,3-b]pyridine-4-
carboxamide (30 mg, 88.33 umol, 25.2% yield, 95.2% purity) was obtained. LCMS: (M+H)":
324.0. 'TH NMR (400 MHz, CD30D): 6 8.02 (d, J=5.6Hz, 1H), 7.42 (s, 1H), 7.36 (s, 1H), 7.18
(d, J=5.6Hz, 1H), 4.69 (t, J=8.4Hz, 2H), 3.53 (t, J=8.4Hz, 2H), 2.93-2.97 (m, 2H), 2.55-2.59 (m,
2H), 2.27 (s, 3H).
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Example 16. Synthesis of Compound 153
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[0422] Step 1: To a mixture of 4-bromo-1H-pyrrolo[2,3-b]pyridine (5 g, 25.38 mmol, 1

eq) in THF (80 mL) was added BMS (10 M, 14.46 mL, 5.7 eq) drop-wise at 25°C. The mixture
was stirred at 25°C for 1 hr. Then the mixture was stirred at 70 °C for 16 hr. To the mixture was
added water (30 mL) drop-wise at 0 °C. Then the mixture was stirred at 25 °C for 1 hr. The
mixture was extracted with ethyl acetate (30 mL*3). The combined organic phase was washed
with brine (30 mL), dried with anhydrous Na;SQOy, filtered and concentrated in vacuum.
Compound 4-bromo-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine (1.4 g, crude) was obtained as white
solid.

[0423] Step 2: To a solution of 4-bromo-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine (0.5 g,
2.51 mmol, 1 eq) in EtOH (15 mL) was added Pd(OAc), (56.40 mg, 251.20 umol, 0.1 eq), DPPP
(103.60 mg, 251.20 umol, 0.1 eq), TEA (762.55 mg, 7.54 mmol, 1.05 mL, 3 eq). The suspension
was degassed under vacuum and purged with CO several times. The mixture was stirred under
CO (50 Psi) at 80°C for 5 hours. 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 acetate=5/1 to 2/1). Compound ethyl 2,3-dihydro-1H-pyrrolo[2,3-
b]pyridine-4-carboxylate (0.1 g, 447.42 umol, 15.2% yield, 86% purity) was obtained white
solid. LCMS: (M+H)": 193.0.

[0424] Step 3: To a mixture of ethyl 2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-4-
carboxylate (0.1 g, 520.25 umol, 1 eq) in THF (1 mL) was added LiOH.H,O (43.66 mg, 1.04
mmol, 2 eq) in H2O (1 mL). The mixture was stirred at 15°C for 1hr. The mixture was

concentrated to remove THF. Then the mixture was adjusted to pH=3 with HCI(1N), filtered to
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give the residue. Compound 2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-4-carboxylic acid (0.09 g,
crude) was obtained as a white solid. LCMS: (M+H)": 165.1.

[0425] Step 4: To a mixture of 2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-4-carboxylic acid
(0.045 g, 274.12 umol, 1.1 eq) and 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (43.91 mg,
249.20 umol, 1 eq) in Py (1 mL) was added EDCI (57.33 mg, 299.04 umol, 1.2 eq). The mixture
was stirred at 45°C for 1hr. The reaction mixture was concentrated under reduced pressure to
give a residue. The residue was purified by prep-TLC (Si10,, Ethyl acetate: MeOH=10:1).
Compound N-(8-methyl-2-0x0-3,4-dihydro-1H-quinolin-6-y1)-2,3-dihydro-1H-pyrrolo[2,3-
b]pyridine-4-carboxamide (25 mg, 76.31 umol, 31.12% yield, 98.4% purity) was obtained.
LCMS (M+H)*: 323.2. 'HNMR (400 MHz, CD30D): § 7.76 (d, J=5.6Hz, 1H), 7.40 (s, 1H),
7.34 (s, 1H), 6.73 (d, J=6.0Hz, 1H), 3.64 (t, J=8.4Hz, 2H), 3.34 (overlap with peak at 3.31,
presumed 2H), 2.93-2.97 (m, 2H), 2.55-2.59 (m, 2H), 2.27 (s, 3H).

Example 17. Synthesis of Compound 155

Br OMe
r LiOH.H,O OH

N —_—
@/&o ’ N COzMe THF, H20’ o5 OC, 1h N 0
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25°C, 12h
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N__O
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step 3 155

[0426] Step 1: To the solution of methyl 3-bromopyridine-4-carboxylate (0.5 g, 2.31
mmol, 1 eq) and bromomethylcyclobutane (517.39 mg, 3.47 mmol, 389.01 uL, 1.5 eq) in DME
(10 mL) was added bis[3,5-difluoro-2-[5-(trifluoromethyl)-2-pyridyl]phenyl]iridium(1+);4-tert-
butyl-2-(4-tert-butyl-2-pyridyl)pyridine;hexafluorophosphate (25.97 mg, 23.14 umol, 0.01 eq), 4-
tert-butyl-2-(4-tert-butyl-2-pyridyl)pyridine (3.11 mg, 11.57 umol, 0.005 eq),
bis(trimethylsilyl)silyl-trimethyl-silane (575.52 mg, 2.31 mmol, 714.04 uL, 1 eq) and Na;COs

(490.62 mg, 4.63 mmol, 2 eq), dichloronickel;1,2-dimethoxyethane (2.54 mg, 11.57 umol, 0.005
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eq). The mixture was stirred at 25 °C under Ar and blue LED for 12 h. The mixture was filtered.
The filter cake was washed with EtOAc (10 mL). The filtrate was concentrated in vacuum. The
residue was purified by flash silica gel chromatography (ISCO®; 12 g SepaFlash® Silica Flash
Column, Eluent of 0~20% Ethyl acetate/Petroleum ethergradient @ 40 mL/min). Methyl 3-
(cyclobutylmethyl)pyridine-4-carboxylate (200 mg, 974.41 umol, 42.10% yield) was obtained as
yellow oil. LCMS: (M+H)*: 206.0.

[0427] Step 2: To the mixture of methyl 3-(cyclobutylmethyl)pyridine-4-carboxylate (100
mg, 487.21 umol, 1 eq) in THF (1 mL) and H20 (1 mL) was added LiOH.H>0 (30.67 mg, 730.81
umol, 1.5 eq). The mixture was stirred at 25 °C for 1 hr. The mixture was concentrated in
vacuum to remove THF. The aqueous phase was adjusted to pH = 3 by 6N HCL The aqueous
phase was concentrated in vacuum. 3-(cyclobutylmethyl)pyridine-4-carboxylic acid (120 mg,
crude, HCI) was obtained as white solid. LCMS: (M+H)": 192.2.

[0428] Step 3: To a solution of 3-(cyclobutylmethyl)pyridine-4-carboxylic acid (80 mg,
351.36 umol, 1.55 eq, HCI) and 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (0.04 g,
227.00 umol, 1 eq) in Py (1 mL) was added EDCI (52.22 mg, 272.39 umol, 1.2 eq). The mixture
was stirred at 45 °C for 1 hr. The reaction mixture was concentrated under reduced pressure to
give a residue. The residue was purified by prep-TLC (Si02, Ethyl acetate: MeOH = 10:1).
Compound 3-(cyclobutylmethyl)-N-(8-methyl-2-0x0-3,4-dihydro-1H-quinolin-6-yl)pyridine-4-
carboxamide (20 mg, 65.82 umol, 29.00% yield, 99.2% purity) was obtained as a white solid.
LCMS: (M+H)*: 350.1. 'H NMR (400 MHz, MeOD): 8.48 (m, 2H), 7.44 (d, J=5.2Hz, 1H),
7.41 (s, 1H), 7.34 (s, 1H), 2.91-2.97 (m, 4H), 2.55-2.62 (m, 3H), 2.27 (s, 3H), 2.00-2.02 (m, 2H),
1.74-1.84 (m, 4H).

Example 18. Synthesis of Compound 165

H H @] NH H 0]
A = ok e N
—_— _—
DIEA, DCM /~N"N DIEA, DCM N“™N
H g H
0~20°C, 12 h @ 0~20°C, 8h \)
1

step 1 step 2
2 165

H,N

[0429] Step 1: To a solution of CDI (92.02 mg, 567.49 umol, 1 eq) and DIEA (110.02
mg, 851.23 umol, 148.27 uL, 1.5 eq) in DCM (10 mL) was added 6-amino-8-methyl-3,4-
dihydro-1H-quinolin-2-one (100 mg, 567.49 umol, 1 eq) in one portion at O °C. The mixture

142 -



WO 2022/226383 PCT/US2022/026059

was stirred at 20 °C for 12 hr. TLC showed the reaction was consumed completely. The
mixture was concentrated in vacuum. N-(8-methyl-2-0x0-3, 4-dihydro-1H-quinolin-6-yl)
imidazole-1-carboxamide (250 mg, crude) was obtained as a white solid.

[0430] Step 2: To a solution of N-(8-methyl-2-0x0-3,4-dihydro-1H-quinolin-6-yl)
imidazole-1-carboxamide (250 mg, 277.48 umol, 1 eq) and DIEA (119.41 mg, 277.48 umol,
48.33 uL,, 1 eq) in DCM (10 mL) was added 3-ethylmorpholine (117.05 mg, 305.23 umol,
1.1 eq) at 0 °C. The mixture was stirred at 20 °C for 8 hr. LC-MS showed the reaction was
consumed completely. The mixture was concentrated in vacuum. The crude product was
purified by reversed-phase HPLC (column: Waters Xbridge Prep OBD C18
150*40mm*10um; mobile phase: [water (NH4HCO3)-ACN]; B%: 10%-40%, 8 min). The
product of 3-ethyl-N-(8-methyl-2-ox0-3, 4-dihydro-1H-quinolin-6-y1l) morpholine-4-
carboxamide (44 mg, 138.63 umol, 49.96% yield, 100% purity) was obtained as a white
solid. (M+H)*: 318.1. 'H NMR (400 MHz, METHANOL-d4) § ppm 7.03 (d, J=11.6 Hz, 2H),
3.90-4.10 (m, 3H), 3.75-3.85 (m, 1 H), 3.57-3.65 (m, 1 H), 3.48-3.49 (m, 1 H), 3.20-3.28 (m,
1 H), 2.88-2.92 (m, 2 H), 2.51-2.55 (m, 2 H), 2.22 (s, 3 H), 1.75-1.84 (m, 2 H), 0.92-0.96 (m,
3 H).

Example 19. Synthesis of Compound 154
w PMBCI, Cs,CO;, | NN N
_—
DMF,60°C, 2h  Br” &

Pd;(dba)s, Xantphos,
Cs,C0O3, dioxane,

120°c, 2h
PMB H
Ny N__o N._N__O
HNw methanesulfonic acid N | _
DCM, 60°C, 4 h
X O X O
'\J = I\l =
154
[0431] Step 1: A mixture of 6-bromo-3,4-dihydro-1H-1,8-naphthyridin-2-one (1 g, 4.40

mmol, 1 eq), Cs2CO3 (2.87 g, 8.81 mmol, 2 eq), PMB-CI (827.68 mg, 5.29 mmol, 719.72 uL, 1.2
eq) in DMF (10 mL) was degassed and purged with N, for 3 times, and then the mixture was
stirred at 60 °C for 2 hr under N, atmosphere. The mixture was added to water (50 ml). Then the

mixture was filtered and concentrated in vacuum. 6-bromo-1-[(4-methoxyphenyl)methyl]-3,4-
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dihydro-1,8-naphthyridin-2-one (1.3 g, 3.52 mmol, 79.83% yield, 93.9% purity) was obtained as
off-white solid.

[0432] Step 2: To the mixture of 6-bromo-1-[(4-methoxyphenyl)methyl]-3,4-dihydro-1,8-
naphthyridin-2-one (200 mg, 576.03 umol, 1 eq), 3-ethylpyridine-4-carboxamide (95.16 mg,
633.63 umol, 1.1 eq), Cs2CO3 (375.36 mg, 1.15 mmol, 2 eq) in dioxane (10 mL) was added
Pdy(dba); (52.75 mg, 57.60 umol, 0.1 eq) and Xantphos (33.33 mg, 57.60 umol, 0.1 eq). The
mixture was stirred at 120 °C for 2 hr. The mixture was concentrated in vacuum. The residue was
purified by flash silica gel chromatography (ISCO®; 12 g SepaFlash® Silica Flash Column,
Eluent of 0~75% Ethyl acetate/Petroleum ethergradient @ 40 mL/min). 3-ethyl-N-[8-[(4-
methoxyphenyl)methyl]-7-0x0-5,6-dihydro-1,8-naphthyridin-3-yl]pyridine-4-carboxamide (112
mg, 268.93 umol, 46.69% yield) was obtained as yellow solid. LCMS: (M+H)": 417.1.

[0433] Step 3: The mixture of 3-ethyl-N-[8-[(4-methoxyphenyl)methyl]-7-0x0-5,6-
dihydro-1,8-naphthyridin-3-yl]pyridine-4-carboxamide (112 mg, 268.93 umol, 1 eq) in DCM (2
mL) and methanesulfonic acid (0.2 mL) was stirred at 60 °C for 4 hr. The mixture was
concentrated in vacuum. The residue was purified by prep-HPLC (column: Phenomenex luna
C18 80*40mm*3 um; mobile phase: [water (0.04%HCI)-ACN]; B%: 1%-25%,7min). 3-ethyl-N-
(7-0x0-6,8-dihydro-5H-1,8-naphthyridin-3-yl)pyridine-4-carboxamide (15 mg, 45.07 umol,
16.76% yield, 100% purity, HCI) was obtained. LCMS: (M+H)":297.1. "TH NMR (400 MHz,
DMSO0): 10.91 (s, 1H), 10.49 (s, 1H), 8.85 (s, 1H), 8.81 (d, J=5.6Hz, 1H), 8.38 (d, J=2.4Hz, 1H),
7.97 (d, J=2.0Hz, 1H), 7.90 (d, J=5.2Hz, 1H), 2.90-2.94 (m, 2H), 2.83 (q, J=7.6Hz, 2H), 2.52
(overlap with peak at 2.50, presumed 2H), 1.22 (t, J=7.6Hz, 3H).

Example 20. Synthesis of Compound 159
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[0434] Step 1: To a solution of 6-chloro-3,4-dihydro-1H-1,7-naphthyridin-2-one (0.14 g,
639.07 umol, 1 eq, HCI) and1-(chloromethyl)-4-methoxy-benzene (200.17 mg, 1.28 mmol,
174.06 uL, 2 eq) in DMF (1 mL) was added Cs2COs3 (624.67 mg, 1.92 mmol, 3 eq) at 25°C. The
mixture was stirred at 60°C for 2hr. The mixture was poured into water (5 mL) and stirred for 10
min. The mixture was filtered to give a residue. Compound 6-chloro-1-[(4-
methoxyphenyl)methyl]-3,4-dihydro-1,7-naphthyridin-2-one (0.144 g, crude) was obtained as a
white solid. LCMS: (M+H)": 303.0.

[0435] Step 2: To a mixture of 6-chloro-1-[(4-methoxyphenyl)methyl]-3,4-dihydro-1,7-
naphthyridin-2-one (220 mg, 726.66 umol, 1 eq) and 3-ethylpyridine-4-carboxamide (120 mg,
799.33 umol, 1.1 eq) in dioxane (1 mL) was added Xantphos (42.03 mg, 72.67 umol, 0.1 eq),
Cs2C0;5(710.04 mg, 2.18 mmol, 3 eq) and Pda(dba); (66.52 mg, 72.67 umol, 0.1 eq). The
mixture was stirred at 120 °C for 3hr. The reaction mixture was filtered and concentrated under
reduced pressure to give a residue. The residue was purified by flash silica gel chromatography
(ISCO®; 10 g SepaFlash® Silica Flash Column, Eluent of 0~79% Ethyl acetate/Petroleum
ethergradient @ 40 mL/min). Compound 3-ethyl-N-[1-[(4-methoxyphenyl)methyl]-2-ox0-3,4-
dihydro-1,7-naphthyridin-6-yl]pyridine-4-carboxamide (0.17 g, 408.19 umol, 56.17% yield) was
obtained as a brown solid. LCMS: (M+H)": 417.1.

[0436] Step 3: The mixture of 3-ethyl-N-[1-[(4-methoxyphenyl)methyl]-2-0x0-3,4-
dihydro-1,7-naphthyridin-6-yl]pyridine-4-carboxamide (170 mg, 408.19 umol, 1 eq) in DCM (2
mL) and methanesulfonic acid (0.2 mL) was stirred at 60 °C for 5 hr. The mixture was
concentrated in vacuum. The residue was purified by prep-HPLC (column: Welch Xtimate C18
100*25mm*3um; mobile phase: [water (0.04%HC1)-ACN]; B%: 1%-25%,8min). 3-ethyl-N-(2-
0x0-3,4-dihydro-1H-1,7-naphthyridin-6-y1l)pyridine-4-carboxamide (25 mg, 75.12 umol, 18.40%
yield, 100% purity, HCI) was obtained. LCMS: (M+H)™:297.1. TH NMR (400 MHz, DMSO):
11.12 (s, 1H), 10.29 (s, 1H), 8.72 (s, 1H), 8.67 (d, J=5.2Hz, 1H), 8.03 (s, 1H), 7.88 (s, 1H), 7.68
(d, J=5.2Hz, 1H), 2.96-3.01 (m, 2H), 2.78 (q, J=7.6Hz, 2H), 2.50 (overlap with peak at 2.50,
presumed 2H), 1.20 (t, J=7.6Hz, 3H).
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Example 21. Synthesis of Compound 166
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step 4 step § step 6 166
[0437] Step 1: To a solution of ethyl 3-oxopentanoate (3 g, 20.81 mmol, 1 eq) and 3-

bromoprop-1-ene (2.52 g, 20.81 mmol, 1 eq) in THF (50 mL) was added K,CO5 (8.63 g,
62.43 mmol, 3 eq). The mixture was stirred at 45 °C for 5 hr. TLC indicated ethyl 3-
oxopentanoate was consumed completely. The reaction mixture was diluted with H,O (100
mL) and extracted with EtOAc (50 mL*3). The combined organic layers were washed

with brine (50 mL*3), dried over Na,SOy, filtered and concentrated under reduced pressure to
give a residue. The product of ethyl 2-propanoylpent-4-enoate (1.2 g, 6.51 mmol, 31.30%
yield) was obtained as a white solid.

[0438] Step 2: OZONE was bubbled into a solution of ethyl 2-propanoylpent-4-enoate
(1.2 g,6.51 mmol, 1 eq) in DCM (20 mL) at -78 °C for 2 h. After excess O3 was purged by
0,, PPh3(1.71 g, 6.51 mmol, 1 eq) was added at -78 °C stirred for 3 h. TLC indicated ethyl
2-propanoylpent-4-enoate was consumed completely. The mixture was filtered. The filtrate
was concentrated. The residue was purified by column chromatography (SiO», Petroleum
ether/Ethyl acetate=50/1 to 6/1). Compound ethyl 3-0x0-2-(2-oxo0ethyl) pentanoate (500 mg,
2.69 mmol, 41.23% yield) was obtained as a white solid.

[0439] Step 3: To a solution of ethyl 3-0x0-2-(2-oxoethyl) pentanoate (500 mg, 1.24
mmol, 1 eq) in THF (10 mL) was added N2H4-H20 (177.98 mg, 1.61 mmol, 79.64 uL, 98%
purity, 1.3 eq) drop-wise at 25 °C. The mixture was stirred at 25 °C for 5 hr. TLC indicated
ethyl 3-ox0-2-(2-oxoethyl) pentanoate was consumed completely. To the mixture was added
water (10 mL). The mixture was extracted with ethyl acetate (10 mL*3). The combined

organic phase was washed with brine (10 mL), dried with anhydrous Na;SQy, filtered and
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concentrated in vacuum. Compound ethyl 6-ethyl-1, 4-dihydropyridazine-5-carboxylate (200
mg, crude) was obtained as a white solid.

[0440] Step 4: To a solution of ethyl 6-ethyl-1, 4-dihydropyridazine-5-carboxylate (190
mg, 1.04 mmol, 1 eq) in DCM (8 mL) was added MnO; (142.76 mg, 2.09 mmol, 2 eq). The
mixture was stirred at 25 °C for 5 hr. TLC indicated ethyl 6-ethyl-1, 4-dihydropyridazine-5-
carboxylate was consumed completely. The reaction mixture was filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column
chromatography (SiO», Petroleum ether/Ethyl acetate=10/1 to 5/1). Compound ethyl 3-
ethylpyridazine-4-carboxylate (40 mg, crude) was obtained as a white solid.

[0441] Step 5: To a solution of ethyl 3-ethylpyridazine-4-carboxylate (40 mg, 166.48
umol, 1 eq) in THF (1 mL) and H,O (1 mL) was added LiOH. H,O (18.58 mg, 332.96 umol,
2 eq). The mixture was stirred at 25 °C for 5 hr. TLC indicated ethyl 3-ethylpyridazine-4-
carboxylate was consumed completely. The reaction mixture was adjusted pH to 3-4 by 1N
HCI. Then the reaction mixture was filtered and the solid was concentrated under reduced
pressure to give a residue. Compound 3-ethylpyridazine-4-carboxylic acid (40 mg, crude)
was obtained as a white solid.

[0442] Step 6: To a solution of 3-ethylpyridazine-4-carboxylic acid (40 mg, 197.17 umol,
1 eq) and 6-amino-8-methyl-3, 4-dihydro-1H-quinolin-2-one (46.21 mg, 197.17 umol, 1 eq)
in Pyridine (2 mL) was added EDCI (75.41 mg, 295.76 umol, 1.5 eq). The mixture was
stirred at 45 °C for 1 hr. TLC indicated 3-ethylpyridazine-4-carboxylic acid was consumed
completely and one new spot formed. The reaction mixture was concentrated under reduced
pressure to give a residue. The residue was purified by prep-TLC (SiO-, Ethyl
acetate/MeOH=10/1). Compound 3-ethyl-N-(8-methyl-2-ox0-3, 4-dihydro-1H-quinolin-6-y1)
pyridazine-4-carboxamide (7.8 mg, 23.88 umol, 12.11% yield) was obtained as a white solid.
[M+H]":311.1. '"H NMR (400 MHz, METHANOL-d4) § ppm 9.20 (d, ] = 5.2 Hz, 1H), 7.73
(d,T7=52Hz, 1H), 7.41 (s, 1 H), 7.34 (s, 1H), 3.12-3.18 (m, 2H), 2.93-2.97 (m, 2H), 2.57-
2.59 (m, 2H), 2.27 (s, 3H), 1.35 (t, ] = 7.6 Hz, 3H).

Example 22. Synthesis of Compound 167
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Step 1:To the mixture 3-chloropropanoyl chloride (4.67 g, 36.79 mmol, 3.54 mL,

0.95 eq) and TEA (3.92 g, 38.73 mmol, 5.39 mL, 1 eq) in DCM (20 mL) was added 2, 3-

difluoroaniline (5 g, 38.73 mmol, 3.94 mL, 1 eq) drop-wise at O °C. Then the reaction

mixture was stirred at 20 °C for 1 hr. LC-MS showed the reaction was consumed completely.

The reaction mixture was quenched by addition H,O (50 mL) at 0 °C, then diluted with H,O

(20 mL) and extracted with EtOAc (30 mL*3). The combined organic layers were washed

with brine (15 mL*3), dried over Na,SOy, filtered and concentrated under reduced pressure to

give a residue. Compound 3-chloro-N-(2, 3-difluorophenyl) propanamide (7 g, crude) was

obtained as a white solid. (M+H"): 220.1
[0444]

Step 2: The mixture of 3-chloro-N-(2, 3-difluorophenyl) propanamide (6 g, 27.32

mmol, 1 eq) in AICl3 (10.93 g, 81.96 mmol, 4.48 mL, 3 eq) was stirred at 130 °C for 5 hr.
TLC (PE:EtOAc=2:1) indicated some of 3-chloro-N-(2,3-difluorophenyl) propanamide was

remained, and one major new spot with larger polarity was detected. The mixture was added

to ice-water (100 mL). Then the mixture was extracted with ethyl acetate (50 mL*3). The

combined organic phase was washed with brine (150 mL), dried with anhydrous NaSOs4,

filtered and concentrated in vacuum. The residue was purified by column chromatography
(8103, Petroleum ether/Ethyl acetate=20/1 to 5/1). Compound 7,8-difluoro-3,4-dihydro-1H-
quinolin-2-one (1.3 g, 4.12 mmol, 15.07% yield) was obtained as a white solid. 'H NMR
(400 MHz, DMSO-d6) 6 ppm 10.35 (s, 1H), 6.93-7.03 (m, 2H), 2.88-2.91 (m, 2H), 2.46-2.50

(m, 2H).
[0445]

Step 3: To the mixture of 7, 8-difluoro-3, 4-dihydro-1H-quinolin-2-one (400 mg,

2.18 mmol, 1 eq) in H2SO4 (7.51 g, 75.04 mmol, 4.08 mL, 98% purity, 34.36 eq) was added

KNOs3 (410 mg, 4.06 mmol, 1.86 eq) in portions at 0 °C. Then the reaction mixture was

stirred at 0 °C for 1 hr. TLC showed the starting material was consumed completely. The
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mixture was poured into ice (10 mL) slowly. Then the mixture was filtered. Compound 7, 8-
difluoro-6-nitro-3, 4-dihydro-1H-quinolin-2-one (380 mg, crude) was obtained as a brown
solid.

[0446] Step 4: To a solution of 7, 8-difluoro-6-nitro-3, 4-dihydro-1H-quinolin-2-one (180
mg, 788.95 umol, 1 eq) in MeOH (5 mL) was added Pd/C (0.05g 10% purity) under N;
atmosphere. The suspension was degassed and purged with H, for 5 times. The mixture was
stirred under Hy (15 Psi) at 20 °C for 3 hr. LC-MS showed 7,8-difluoro-6-nitro-3,4-dihydro-
1H-quinolin-2-one was consumed completely and one main peak with desired m/z mass was
detected. The reaction mixture was filtered and filter liquor concentrated under reduced
pressure to give a residue. Compound 6-amino-7, 8-difluoro-3, 4-dihydro-1H-quinolin-2-one
(100 mg, crude) was obtained as a black solid. (M+H"): 199.2

[0447] Step 5: A mixture of 6-amino-7, 8-difluoro-3, 4-dihydro-1H-quinolin-2-one (150
mg, 756.93 umol, 1 eq), 3-(2,2,2-trifluoroethyl) pyridine-4-carboxylic acid (259.82 mg,
908.32 umol, 1.2 eq, HBr), EDCI (174.13 mg, 908.32 umol, 1.2 eq) in Pyridine (2.94 g, 37.17
mmol, 3.00 mL, 49.10 eq) was degassed and purged with N, for 3 times, and then the mixture
was stirred at 45 °C for 1 hr under N, atmosphere. TLC showed the starting material was
consumed completely. The reaction mixture was concentrated. The residue was purified by
prep-HPLC (column: Phenomenex C18 75*40 mm*3 um; mobile phase: [water (NHsHCOs)-
ACN]; B%: 5%-40%, 8 min). Compound N-(7, 8-difluoro-2-ox0-3, 4-dihydro-1H-quinolin-6-
y1)-3-(2, 2, 2-trifluoroethyl) pyridine-4-carboxamide (58 mg, 150.54 umol, 19.89% yield)
was obtained as a white solid. (M+H"): 386.0. 'H NMR (400 MHz, MeOD-d4) & ppm 8.70-
8.72 (m, 2H), 7.67 (d, J=5.2 Hz, 1H), 7.36-7.38 (m, 1H), 3.91-3.99 (m, 2H), 3.00-3.04 (m,
2H), 2.62-2.65 (m, 2H).

Example 23. Synthesis of Compound 168
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[0448] Step 1: To the mixture of 8-chloro-3, 4-dihydro-1H-quinolin-2-one (0.3 g, 1.65 mmol, 1
eq) in H2S04 (3.76 g, 37.52 mmol, 2.04 mL, 98% purity, 22.72 eq) was added KNOj3 (200.40
mg, 1.98 mmol, 1.2 eq) in portions at O °C. Then the mixture was stirred at 0 °C for 1 hr.
TLC showed the starting material was consumed completely. The mixture was added to ice
(20 mL) slowly. Then the mixture was filtered. The filter cake was washed with water (5
mL). Compound 8-chloro-6-nitro-3, 4-dihydro-1H-quinolin-2-one (200 mg, crude) was
obtained as a white solid. 'H NMR (400 MHz, DMSO-ds) & ppm 10.19 (s, 1H), 8.14 (d, J=2.4
Hz, 1H), 8.19 (d, J=2.4 Hz, 1H) 3.08 (m, 2H), 2.50-2.60 (m, 2H).

[0449] Step 2: To the mixture of 8-chloro-6-nitro-3, 4-dihydro-1H-quinolin-2-one (100
mg, 441.27 umol, 1 eq) in EtOH (3 mL) was added AcOH (264.99 mg, 4.41 mmol, 252.38
ul, 10 eq) and Fe (123.21 mg, 2.21 mmol, 5 eq) in portions at 20 °C. Then the reaction
mixture was stirred at 40 °C for 1 hr. TLC showed the starting material was consumed
completed and one major new spot with larger polarity was detected. The mixture filtered and
concentrated under reduced pressure to give a residue. The residue was purified by prep-TLC
(S10,, Petroleum ether: Ethyl acetate=1:1). Compound 6-amino-8-chloro-3, 4-dihydro-1H-
quinolin-2-one (70 mg) was obtained as a white solid.

[0450] Step 3: To the mixture of 6-amino-8-chloro-3, 4-dihydro-1H-quinolin-2-one (50 mg,
254.28 umol, 1 eq) and 3-(2, 2, 2-trifluoroethyl) pyridine-4-carboxylic acid (87.28 mg,
305.14 umol, 1.2 eq, HBr) in Py. (980.00 mg, 12.39 mmol, 1 mL, 48.72 eq) was added EDCI
(58.50 mg, 305.14 umol, 1.2 eq) at 20 °C. Then the reaction mixture was stirred at 45 °C for
1 hr. TLC indicated the starting material consumed completely and the desired production
was detected. The crude production was concentrated under reduced pressure to give a
residue. The residue was purified by prep-TLC (Si0,, =Petroleum ether: Ethyl acetate 1:1).
Compound N-(8-chloro-2-o0x0-3, 4-dihydro-1H-quinolin-6-yl)-3-(2, 2, 2-trifluoroethyl)
pyridine-4-carboxamide (28.7 mg, 73.97 umol, 29.09% yield) was obtained as a white solid.
(M+H)+:384.0. 'H NMR (400 MHz, MeOD-d3) § ppm 8.68-8.70 (m, 2H), 7.75 (s, 1H), 7.63
(d,J=4.8 Hz, 1H), 7.46 (d, /=2.0 Hz, 1H), 3.90-3.98 (m, 2H), 3.0-03.04 (m, 2H) , 2.60-2.64
(m, 2H).
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Example 24. Synthesis of Compound 169
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[0451] Step 1: A mixture of 2-bromo-6-(trifluoromethyl)aniline (0.8 g, 3.33 mmol, 1 eq),

ethyl (E)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) prop-2-enoate (904.23 mg, 4.00
mmol, 1.2 eq) and Na;COs3 (706.53 mg, 6.67 mmol, 2 eq) in dioxane (16 mL) and H20 (1.6
mL) was added Pd(dppf)Cl» (24.39 mg, 33.33 umol, 0.01 eq) under N,. The reaction mixture
was stirred at 100 °C for 12 hr. TLC indicated the starting material was consumed
completely. To the mixture was added H20 (10 mL) then the mixture was extracted with
ethyl acetate (10 mL*3). The combined organic phase was washed with brine (50 mL*2),
dried with anhydrous Na;SOy, filtered and concentrated in vacuum. The residue was purified
by column chromatography (SiO,, Petroleum ether/Ethyl acetate=15/1 to 5/1). Compound
ethyl (E)-3-[2-amino-3-(trifluoromethyl) phenyl] prop-2-enoate (780 mg, 3.01 mmol, 90.28%
yield) was obtained as a yellow oil.

[0452] Step 2: To a solution of ethyl (E)-3-[2-amino-3-(trifluoromethyl) phenyl] prop-2-
enoate (780 mg, 3.01 mmol, 1 eq) in EtOH (10 mL) was added Pd/C (70 mg, 10% purity)
under N2 atmosphere. The suspension was degassed and purged with H, for 3 times. The
mixture was stirred under Ha (15 Psi) at 20 °C for 3 hr. TLC showed the reaction was
completed. The mixture was filtered and the filter liquor was concentrated under reduced
pressure to give a residue. Compound ethyl 3-[2-amino-3-(trifluoromethyl) phenyl]
propanoate (720 mg, 2.76 mmol, 91.60% yield) was obtained as a yellow oil.

[0453] Step 3: To the mixture of ethyl 3-[2-amino-3-(trifluoromethyl) phenyl] propanoate
(720 mg, 2.76 mmol, 1 eq) in Tol. (10 mL) was added TsOH (47.46 mg, 275.61 umol, 0.1 eq)
at 20 °C. Then the reaction mixture was stirred at 110 °C for 12 hr. TLC showed the starting
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material was consumed completely. The reaction mixture was diluted with H,O (10 mL) and
extracted with EtOAc (10 mL*3). The combined organic layers were washed with brine (30
mL), dried over Na,SQy, filtered and concentrated under reduced pressure to give a residue.
Compound 8-(trifluoromethyl)-3,4-dihydro-1H-quinolin-2-one (520 mg, 2.42 mmol, 87.68%
yield) was obtained as a yellow oil. 'H NMR (400 MHz, DMSO-ds) & ppm 9.13 (s, 1H), 7.56
-7.62 (m, 2H), 7.17 - 7.21 (m, 1H), 3.01-3.04 (m, 2H), 2.57-2.61 (m, 2H).

[0454] Step 4: A mixture of 8-(trifluoromethyl)-3, 4-dihydro-1H-quinolin-2-one (520 mg,
2.42 mmol, 1 eq) in H2SO4 (18.40 g, 183.85 mmol, 10 mL, 98% purity, 76.08 eq) at 100 mL
three neek bottle was added KNOj3 (293.20 mg, 2.90 mmol, 1.2 eq) in portions at O °C. Then
the reaction mixture was stirred at 0 °C for 1 hr. TLC showed the starting material was
consumed completely. The reaction mixture was poured into ice (20 mL), filtered and the
filter cake was concentrated. Compound 6-nitro-8-(trifluoromethyl)-3, 4-dihydro-1H-
quinolin-2-one (427 mg, 1.64 mmol, 67.91% yield) was obtained as a yellow solid.

[0455] Step 5: To a solution of 6-nitro-8-(trifluoromethyl)-3, 4-dihydro-1H-quinolin-2-
one (420 mg, 1.61 mmol, 1 eq) in MeOH (1 mL) was added Pd/C (10%, 20 mg) under N>
atmosphere. The suspension was degassed and purged with H; for 3 times. The mixture was
stirred under Hj (15 Psi) at 20 °C for 1 hr. TLC showed the starting material was consumed
completely. The reaction mixture was filtered and filter liquor was concentrated. Compound
6-amino-8-(trifluoromethyl)-3, 4-dihydro-1H-quinolin-2-one (320 mg, 1.39 mmol, 86.11%
yield) was obtained as a yellow solid.

[0456] Step 6: A mixture of 6-amino-8-(trifluoromethyl)-3, 4-dihydro-1H-quinolin-2-one
(80 mg, 347.54 umol, 1 eq) and 3-(2, 2, 2-trifluoroethyl)pyridine-4-carboxylic acid (119.30
mg, 417.05 umol, 1.2 eq, HBr) in Py. (2 mL) was added EDCI (79.95 mg, 417.05 umol, 1.2
eq). Then the reaction mixture was stirred at 45 °C for 1 hr. TLC showed the starting material
was consumed completely. The reaction mixture was concentrated under reduced pressure to
give a residue. The residue was purified by prep-TLC (Si02, DCM: MeOH =10:1).
Compound N-[2-0x0-8-(trifluoromethyl)-3, 4-dihydro-1H-quinolin-6-y1]-3-(2, 2, 2-
trifluoroethyl) pyridine-4-carboxamide (50 mg, 119.82 umol, 34.48% yield) was obtained as
a white solid. (M+H"): 418.1. 'H NMR (400 MHz, MeOD-d) § ppm 8.69-8.71 (m, 2H), 7.92
(d,J/=2.0 Hz, 1H), 7.81 (d, J=1.6 Hz, 1H), 7.65 (d, J/=4.8 Hz, 1 H), 3.91-3.99 (m, 2H) 3.04-
3.08 (m, 2H), 2.63-2.67 (m, 2H).
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Example 25. Synthesis of Compound 182

SnBu F
Br O ~° : F _
4M HCI, THF DAST o LiOH.H,0, THF
x o} —_— _
,J | Pd(PPh3)2C|2 T 20% 120 C,12h 50°C, 12 h X0 H0,20°C,2h
3 dioxane, 80 °© C,8h l\l > |
1 step 1 step 2 step 3 5 step 4

F
Fo
Xy “OH Hz—,

N EDCI, Py.,
6 45°C,1h
step §
[0457] Step 1: A mixture of methyl 3-bromopyridine-4-carboxylate (5 g, 23.14 mmol, 1

eq), tributyl (1-ethoxyvinyl) stannane (9.27 g, 25.67 mmol, 8.66 mL, 1.11 eq) and
Pd(PPh3)>Clz (649.81 mg, 925.79 umol, 0.04 eq) in dioxane (50 mL) was degassed and
purged with N for 3 times, and then the mixture was stirred at 80 °C for 8 hr under N,. LC-
MS showed the reaction was consumed completely. The reaction mixture was quenched by
addition dropwise to sat. KF solution 25 mL at 0 °C, and then diluted with H,O 30 mL and
extracted with EtOAc (25 mL*4). The combined organic layers were washed with brine (100
mL), dried over Na;SOu, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (Si0,, Petroleum ether/Ethyl
acetate=20/1 to 1/1). Compound methyl 3-(1-ethoxyvinyl) pyridine-4-carboxylate (4 g, 14.86
mmol, 64.22% yield) was obtained as a yellow oil. (M+H)™: 208.2. 'H NMR (400 MHz,
CDCls) § ppm 8.69 (s, 1 H), 8.58 (d, J=4.8 Hz, 1H), 7.39 (d, J=5.2 Hz, 1H), 4.42 (d,J=2.8
Hz, 1H), 4.37 (d, ] = 2.4 Hz, 1H), 4.29 (d, J = 2.8 Hz, 1H), 3.83 (s, 3H) 3.78 - 3.81 (m, 2H),
1.24-1.27 (m, 3H).

[0458] Step 2: To a solution of methyl 3-(1-ethoxyvinyl)pyridine-4-carboxylate (4 g,
19.30 mmol, 1 eq) in THF (40 mL) was added HCI (4 M, 4.83 mL, 1 eq). The mixture was
stirred at 20 °C for 12 hr. LC-MS showed the starting material was consumed completely and
one main peak with desired was detected. The reaction mixture was adjusted to pH=7 by
saturated NaHCOj. The reaction mixture was extracted with EtOAc (25 mL * 3). The
combined organic layers were washed with brine (100 mL), dried over Na>SOy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column

chromatography (Si0,, Petroleum ether/Ethyl acetate=10/1 to 0/1). Compound methyl 3-
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acetylpyridine-4-carboxylate (1.8 g, 8.74 mmol, 45.28% yield) was obtained as a yellow oil.
(M+H)": 180.2. 'H NMR (400 MHz, CDCl;) & ppm 8.83 (s, 1 H), 8.80-8.81 (m, 1H), 7.58-
7.60 (m, 1H), 3.92 (s, 3H), 2.59 (s, 3H).

[0459] Step 3: A mixture of methyl 3-acetylpyridine-4-carboxylate (0.5 g, 2.79 mmol, 1
eq) in DAST (10 mL) was degassed and purged with N for 3 times, and then the mixture
was stirred at 50 °C for 12 hr under N, atmosphere. LC-MS showed ~13% of the starting
material remained. The reaction mixture was diluted with addition dichloromethane (50 mL)
at 20°C, and then the mixture was added to sat. NaHCOQj3 solution (100 mL) dropwise at
20 °C. The reaction mixture was extracted with dichloromethane (30 mL*3). The combined
organic layers were washed with brine (100 mL), dried over NasSOy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (Si02, Petroleum ether/Ethyl acetate=10/1 to 0/1). Compound methyl 3-(1,
1-difluoroethyl) pyridine-4-carboxylate (0.26 g, 853.01 umol, 30.57% yield) was obtained as
a yellow oil. (M+H)*: 202.2. 'H NMR (400 MHz, CDCl3) § ppm 8.84 (s, 1 H), 8.76 (d, J=4.8
Hz, 1H), 7.42 (d, J=4.8 Hz, 1H), 3.94 (s, 3H), 2.09 (d, J=18.4 Hz, 3H).

[0460] Step 4: A mixture of methyl 3-(1,1-difluoroethyl) pyridine-4-carboxylate (150 mg,
745.64 umol, 1 eq) and LiOH.H>0 (62.58 mg, 1.49 mmol, 2 eq) in THF (2 mL) and H,O (2
mL) was degassed and purged with N; for 3 times, and then the mixture was stirred at 20 °C
for 2 hr under Ny atmosphere. LC-MS showed the starting material was consumed
completely and one main peak with desired was detected. The reaction mixture was
concentrated under reduced pressure to remove THF. The reaction mixture was adjusted to
pH=4 by 1N HCIl solution. The reaction mixture was concentrated under reduced pressure to
give a residue. Compound 3-(1, 1-difluoroethyl) pyridine-4-carboxylic acid (150 mg, 670.83
umol, 89.97% yield, HCI) was obtained as a yellow solid. (M+H)™: 188.2. 'H NMR (400
MHz, MeOD-d4) & ppm 8.68 (s, 1 H), 8.63 (d, J=5.2 Hz, 1H), 7.46 (d, J=5.2 Hz, 1H), 2.08
(m, 3H).

[0461] Step 5: A mixture of 3-(1,1-difluoroethyl)pyridine-4-carboxylic acid (125.62 mg,
561.81 umol, 1.50 eq, HCI), 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (66 mg,
374.54 umol, 1 eq), EDCI (86.16 mg, 449.45 umol, 1.2 eq) in Py. (3 mL) was degassed and
purged with N; for 3 times, and then the mixture was stirred at 45 °C for 1 hr under N,
atmosphere. LC-MS showed the reaction was consumed completely and one main peak with

desired was detected. The reaction mixture was concentrated under reduced pressure to give a
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residue. The residue was purified by prep-HPLC (column: Phenomenex Luna 80*30 mm*3
um; mobile phase: [water (HC1)-ACN]; B%: 15%-45%, 8 min) to give the compound 3-(1,1-
difluoroethyl)-N-(8-methyl-2-ox0-3,4-dihydro-1H-quinolin-6-yl) pyridine-4-carboxamide (29
mg, 99.7% purity, 8.4% yield) as a light yellow solid. (M+H)™: 346.1. '"H NMR (400 MHz,
MeOD-d4) & ppm 9.01 (s, 1 H), 8.95 (d, J=5.6 Hz, 1H), 7.93 (d, J=5.2 Hz, 1H), 7.37 (s, 1H),
7.30 (s, 1 H), 2.94-2.97 (m, 3H), 2.55-2.59 (m, 2H), 2.27 (s, 3H), 2.08-2.18 (m, 3H).

Example 26. Synthesis of Compound 185

H
N__©O
o] o] H O
;\(m CO, Pd(OAC),, DPPP N LiOH.H,0, THF P\(‘L H,N 4 o
X X o ——————> X OH ————————>>
|\| 50 FEAEIOH ,\] H,0,20°C,6h ,J \ EDCI, Py. AN H
"77°Cc.8h

N N
N~ ~ & 45°C,1h N _N
step 1 step 2 step 3 ~
1 2 3 185
[0462] Step 1: To a solution of 4-chloro-5-ethyl-pyrimidine (0.9 g, 6.31 mmol, 1 eq) in

EtOH (200 mL) was added TEA (2.55 g, 25.25 mmol, 3.51 mL, 4 eq), DPPP (260.33 mg,
631.20 umol, 0.1 eq), Pd(OAc), (141.71 mg, 631.20 umol, 0.1 eq) under N, atmosphere. The
suspension was degassed and purged with CO for 3 times. The mixture was stirred under CO
(50 Psi) at 80 °C for 8 hr. LC-MS showed the starting material was consumed completely.
The reaction mixture was filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (Si0,, Petroleum ether/Ethyl
acetate=20/1 to 1/1). Compound ethyl S-ethylpyrimidine-4-carboxylate (500 mg, 2.00 mmol,
31.65% yield) was obtained as a yellow oil. (M+H)™: 181.2. 'H NMR (400 MHz, CDCl3) &
ppm 9.17 (s, 1 H), 8.75 (s, 1H), 4.44-4.50 (m, 2H), 2.87-2.93 (m, 2H), 1.43 (m, 3H), 1.28 (m,
3H).

[0463] Step 2: A mixture of ethyl 5-ethylpyrimidine-4-carboxylate (200 mg, 1.11 mmol,
1 eq) and LiOH.H;0 (93.15 mg, 2.22 mmol, 2 eq) in THF (5 mL) and H20 (5 mL) was
degassed and purged with N for 3 times, and then the mixture was stirred at 20 °C for 6 hr
under N, atmosphere. LC-MS showed the starting material was consumed completely. The
reaction mixture was concentrated under reduced pressure to remove THF. The reaction
mixture was adjusted to pH=4 by 1N HCl solution. The reaction mixture was concentrated
under reduced pressure to give a residue. Compound 5S-ethylpyrimidine-4-carboxylic acid
(150 mg, crude, HCI1) was obtained as a white solid. (M+H)*: 153.2.

-155 -

SUBSTITUTE SHEET (RULE 26)



WO 2022/226383 PCT/US2022/026059

[0464] Step 3: The mixture of 5-ethylpyrimidine-4-carboxylic acid (40 mg, 212.08 umol,
1 eq, HCI), 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (33.63 mg, 190.87 umol, 0.9
eq) and EDCI (48.79 mg, 254.49 umol, 1.2 eq) in Py. (2 mL) was stirred at 45 °C for 1 hr.
LC-MS showed 5-ethylpyrimidine-4-carboxylic acid was consumed completely. The reaction
mixture was concentrated under reduced pressure to give a residue. The batch was combined
with this page for purification. The residue was purified by prep-TLC (S10-, Ethyl acetate:
Methanol=10:1). The product of 5-ethyl-N-(8-methyl-2-ox0-3, 4-dihydro-1H-quinolin-6-yl)
pyrimidine-4-carboxamide (18 mg, 96.6% purity, 7.1% yield) was obtained as a yellow solid.
(M+H)™: 311.3. 'H NMR (400 MHz, MeOD-d4) & ppm 9.14 (s, 1H), 8.86 (s, 1H), 7.15 (s,
1H), 7.45 (s, 1H), 3.08-3.14 (m, 2H), 2.97-3.00 (m, 3H), 2.58-2.61 (m, 2H), 2.30 (s, 3H),
1.31-1.34 (m, 3H).

Example 27. Synthesis of Compound 186

o o
Br CO(50 Psi) LiOH.H,0, THF HzN
N7 ——— N0 g NN oH ARG N Q
' Pd(OAc)2DPPP | C.6h | EDCI, P
N o L » .

I

TEA, EtOH 0-20°C, 8h
80°C,12h
1 step 1 2 step 2 3 step 3
[0465] Step 1: To a solution of 5-bromo-4-ethyl-pyrimidine (2 g, 10.69 mmol, 1

eq) in EtOH (20 mL) was added Pd(OAc), (240.07 mg, 1.07 mmol, 0.1 eq), TEA (2.16 g,
21.39 mmol, 2.98 mL, 2 eq) and DPPP (882.06 mg, 2.14 mmol, 0.2 eq). The mixture was
stirred at 80 °C for 12 hr under CO atmosphere (50 psi). The reaction mixture was filtered
and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (SiO», Petroleum ether/Ethyl acetate=1/0 to 5/1). Compound ethyl 4-
ethylpyrimidine-5-carboxylate (1 g, 5.27 mmol, 49.30% yield, 95% purity) as a yellow oil.
(M+H)": 180.9. '"H NMR (400 MHz, CDCl3) § ppm 9.20 (s, 1H), 9.12 (s, 1H), 4.46 - 4.40 (q,
J=72Hz 2H),3.21-3.16(q,J =7.6 Hz, 2H), 1.43 (t, /= 6.8 Hz, 3H), 1.30 (t, /= 7.6 Hz,
3H).

[0466] Step 2: To a solution of ethyl 4-ethylpyrimidine-5-carboxylate (1 g, 5.55 mmol, 1
eq) in THF (8 mL) was added LiIOH-H>0 (465.74 mg, 11.10 mmol, 2 eg) in H>O (8 mL). The
mixture was stirred at 20 °C for 6 hr under N». The mixture was adjusted to PH < 6 with 2M

HCI. The mixture was filtered and the cake was collected. Compound 4-ethylpyrimidine-5-
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carboxylic acid (0.4 g, 2.60 mmol, 46.90% yield, 99% purity) as a white solid. (M+H)™:
153.1. 'H NMR (400 MHz, DMSO-de) § ppm 13.71 (br's, 1H), 9.20 (s, 1H), 9.05 (s, 1H),
3.12-3.07 (q,J=7.6 Hz, 2H), 1.22 (t, J =7.6 Hz, 3H).

[0467] Step 3: To a solution of 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (130
mg, 737.74 umol, 1 eq) 4-ethylpyrimidine-5-carboxylic acid (134.70 mg, 885.28 umol, 1.2
eq) in Py. (3 mL) was added EDCI (282.85 mg, 1.48 mmol, 2 eq) at 0 °C under N,. The
mixture was stirred at 20 °C for 8 hr under N». The reaction mixture was concentrated under
reduced pressure to remove solvent. The residue was diluted with H,O (10 mL) and extracted
with EtOAc 20 mL (10 mL * 2). The combined organic layers were dried over Na;SQOs4,
filtered and the filtrate was concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (Si0,, Petroleum ether/Ethyl acetate=1/0 to
1/1). Compound 4-ethyl-N-(8-methyl-2-ox0-3,4-dihydro-1H-quinolin-6-yl)pyrimidine-5-
carboxamide (120 mg, 385.89 umol, 52.31% yield, 99.8% purity) as a light yellow solid.
(M+H)*: 311.1. 'H NMR (400 MHz, MeOD-d,) § ppm 9.14 (s, 1H), 8.81 (s, 1H), 7.42 (s,
1H), 7.36 (s, 1H), 2.99-2.94 (m, 4H), 2.54-2.60 (q, J =5.6 Hz, 2H), 2.28 (s, 3H), 1.33 (t, J =
7.2 Hz, 3H).

Example 28. Synthesis of Compound 188

ﬁff
N
LIOH.H,0
/\Br 3 \}\‘ MeOH, ﬁzo \N /@j
%j)\ NaOEt, EtOH :HL 20°c,3h fk EDCI, Py J)L
20°C,3h 20°c,8h g\l
step 1 step 2 step 3
[0468] Step 1: A mixture of methyl 1H-imidazole-5-carboxylate (5 g, 39.65 mmol, 1 eq),

bromoethane (5.18 g, 47.58 mmol, 3.55 mL, 1.2 eq), EtONa (5.40 g, 79.29 mmol, 2

eq) in EtOH (100 mL) was degassed and purged with N, for 3 times, and then the mixture
was stirred at 20 °C for 3 hr under N, atmosphere. The reaction mixture was concentrated
under reduced pressure to remove solvent. The residue was diluted with H2O (100 mL) and
extracted with EtOAc 200 mL (100 mL * 2). The combined organic layers were dried

over Na;SOq, filtered and concentrated under reduced pressure to give a residue. The residue

was purified by column chromatography (Si102, Petroleum ether: Ethyl acetate=20/1 to 0/1).
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Compound methyl 3-ethylimidazole-4-carboxylate (1 g, 6.49 mmol, 16.36% yield) was
obtained as a yellow solid.

[0469] Step 2: To a solution of methyl 3-ethylimidazole-4-carboxylate (1 g, 6.49 mmol, 1
eq) in MeOH (80 mL) and H>O (10 mL) was added LiOH-H,0 (408.30 mg, 9.73 mmol, 1.5
eq). The mixture was stirred at 20 °C for 3 hr. The reaction mixture was added 1N HCl to
adjust pH<6 and concentrated under reduced pressure to give a residue. The obtained
compound used for next step without purification. Compound 3-ethylimidazole-4-carboxylic
acid (0.5 g, crude) was obtained as a yellow solid. 'H NMR (400 MHz, DMSO-ds) § ppm
7.91 (s, 1H), 7.56 (s, 1H), 4.28 (q, /= 7.2 Hz, 2H), 1.30 (t, /= 7.2 Hz, 3H).

[0470] Step 3: To a solution of 6-amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (0.2 g,
777.83 umol, 1 eq) and 3-ethylimidazole-4-carboxylic acid (130 mg, 927.65 umol, 1.19
eq) in Py. (3 mL) was added EDCI (298.22 mg, 1.56 mmol, 2 eq). The mixture was stirred
at 20 °C for 8 hr. The reaction mixture was concentrated under reduced pressure to remove
solvent. The residue was diluted with H,O (30 mL) and extracted with DCM 100 mL (50 mL
*2). The combined organic layers were dried over Na;SQy, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography by
prep-TLC (SiO2, DCM: MeOH = 10: 1). Compound 3-ethyl-N-(8-methyl-2-ox0-3,4-dihydro-
1H-quinolin-6-yl)imidazole-4-carboxamide (60 mg, 201.11 umol, 25.86% yield) was
obtained as a yellow solid. (M+H)™: 299.1. 'H NMR (400 MHz, MeOD-d4) & ppm 7.86 (s,
1H), 7.73 (s, 1H), 7.36 (s, 1H), 7.31 (s, 1H), 4.47 — 4.41 (q, J= 7.2 Hz, 2H), 2.94 (t, J= 7.2
Hz, 2H), 2.57 (t, J = 5.6 Hz, 2H), 2.26 (s, 3H), 1.43 (t, J = 6.8 Hz, 3H).

Example 29. Synthesis of Compound 192

H H
H N__oO N__O
N__O cp /@U Boc/N\) j\ /@;j HCI/EtOAC i m
—>
DIEA, DCM J\ DIEA DCM N7 N 20°C,1h NN
HoN H

2 0~20°C,12h <\J 0~20°C,12h BOC,N\) " HN_J
step1 step2 step3
1 2 3 192
[0471] Step 1: To a solution of di(imidazol-1-yl) methanone (92.02 mg, 567.49 umol, 1

eq) and DIEA (110.01 mg, 851.23 umol, 148.27 uL, 1.5 eq) in DCM (10 mL) was added 6-
amino-8-methyl-3,4-dihydro-1H-quinolin-2-one (100 mg, 567.49 umol, 1 eq) in DCM (3 mL)
drop-wise at 0 °C. The mixture was stirred at 20 °C for 12 h. LC-MS showed 6-amino-8-
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methyl-3,4-dihydro-1H-quinolin-2-one was consumed completely and the desired m/z was
detected. The reaction mixture was concentrated in vacuum. N-(8-methyl-2-ox0-3, 4-dihydro-
1H-quinolin-6-yl) imidazole-1-carboxamide (453 mg, crude) was obtained as yellow solid.
(M+H)*: 271.2.

[0472] Step 2: To a solution of N-(8-methyl-2-0x0-3,4-dihydro-1H-quinolin-6-yl)
imidazole-1-carboxamide (453 mg, 1.68 mmol, 1 eq) and DIEA (216.61 mg, 1.68 mmol,
291.93 uL, 1 eq) in THF (10 mL) was added tert-butyl 3-ethylpiperazine-1-carboxylate
(395.09 mg, 1.84 mmol, 1.1 eq) at 0 °C. The mixture was stirred at 20 °C for 12 hr. LC-MS
showed N-(8-methyl-2-0x0-3, 4-dihydro-1H-quinolin-6-y1) imidazole-1-carboxamide was
consumed completely and one main peak with desired mass was detected. The reaction
mixture was diluted with water (10 mL) and extracted with EtOAc (10 mL *3). The
combined organic layers were washed with brine (30 mL * 3), dried over anhydrous Na;SO4,
filtered and concentrated under reduced pressure to give a residue. The residue was purified
by flash silica gel chromatography (ISCO; 12 g SepaFlash Silica Flash Column, Eluent of
0~71% Ethyl acetate/Petroleum ether gradient 40 mL/min). Compound tert-butyl 3-ethyl-4-
[(8-methyl-2-0x0-3, 4-dihydro-1H-quinolin-6-yl) carbamoyl] piperazine-1-carboxylate (30
mg, crude) was obtained as a light yellow solid. (M-tBu)™: 361 .2.

[0473] Step 3: The mixture of tert-butyl 3-ethyl-4-[(8-methyl-2-0x0-3,4-dihydro-1H-
quinolin-6-yl)carbamoyl]piperazine-1-carboxylate (30 mg, 72.03 umol, 1 eq) in HCI/EtOAc
(4 M, 2mL, 111.07 eq) was stirred at 20 °C for 1 h. TLC showed the starting material was
consumed completely. The reaction mixture was concentrated under reduced pressure to give
aresidue. The crude product was purified by re-crystallization by EtOAc (1 mL) at 25 °C.
Compound 2-ethyl-N-(8-methyl-2-0x0-3, 4-dihydro-1H-quinolin-6-yl) piperazine-1-
carboxamide (18 mg, 48.51 umol, 67.35% yield, 95.100% purity, HCl) was obtained as a
white solid. (M+H)": 317.2. 1H NMR (400 MHz, MeOD-d4) § ppm 7.04 (d, J=12 Hz, 1H),
4.43-4.45 (m, 1H), 4.17-4.21 (m, 1H), 3.36 - 3.42 (m, 2H), 3.26 - 3.28 (m, 2H), 3.10-3.20 (m,
1H), 2.88-2.92 (m, 2H), 2.52-2.55 (m, 2H), 2.23 (s, 3H), 1.71 - 1.76 (m, 2H), 0.97 - 1.01 (m,
3H).Compounds of the present disclosure can be generally prepared by those skilled in the art
in view of the present disclosure. See also methods described in PCT/US2019/044278,
which has an international filing date of July 31, 2019, and PCT/US2021/014883, which has
an international filing date of January 25, 2021, the content of which is incorporated by

reference in its entirety.
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[0474] By following similar procedures above, other disclosed compounds herein were or

can be prepared.

[0475] Example 30. Synthesis of Compound 170
[0476] Compound 170 can be prepared according to the following scheme:
CF, CF4
FoC § NH, _BXO.TEA e T e __Nes.DMF NHBoc \/\CO R O NH
THF, 25 °c, T T C.5h )4, |<2co3
151 = (zj C[ AT N Ao
1
F3C. OH
CF Yo e u
CFy 3 F E N
Touene o CFy Ho o HNO, HiSO, FSC:@;HTO 1)Ha, PAIC Fgc]f:(“/\/ro d J° i€ 5 o
Toeen ‘[ I f PO E— T o T NN
110°C,5h 0-100°c, 50 oy g HN 8 :ODDC(I::); i) s
6 170
Example 31. Synthesis of Compound 171
[0477] Compound 171 can be prepared according to the following scheme:

Ph

Ph
o | FiC
FiC
: ;2 Fe_ @ _ Mok _PiCH _KNOy, H;80,
NH, ————————
> DwmAP, Py. ED/NH T heat130°% AcOH 80°C, 48 h T o%can

DCM, 0-25°C, 12 h

1 3
FiC
EDCI P
MeOH2502hHN 45C1yh
Example 32. Synthesis of Compound 172
[0478] Compound 172 can be prepared according to the following scheme:
NH, —> AICI3 Pd/C, H2 o KNO:, H,S0,
HCI DMAP, Py l/\/ neat 130 °c ACOH 80°C, 48 h 0 c,1h
DCM, 0-25 C 12h
1
01g 110 mg, 68%
F3C
H H
Pd/C, H2 FyC o N__O
MeCH, 25 °C, 2 EDCI, Py XN
45°C 1 n NJ H
172
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Example 33. Synthesis of Compound 173
[0479] Compound 173 can be prepared according to the following scheme:

Cl (e]

N
=N F d- H =N =N

d 2 N H H

©/NH2 ! ©/ Ocycllzatlon eg., AlCk [ N_ O KNOj; H;80, f N__O Pd/C, H,
0°C,1h °
, MeOH, 25°C, 2 h
. O,N
3 5

4

100mg 2 TEA DCM NR
0~20°C, 1h
FsC o
OH =N H
—_—
EDCI, Py. X N
HN 45°C, 1h N A"
6 173
Example 34. Synthesis of Compound 174
[0480] Compound 174 can be prepared according to the following scheme:
Cl (o]
o ;r NS al
e NH, 12 \©, A|C|3 CLNTO KNO;, H,S0, wo Pd/C, H,
T TEADcm 0°C,1h 0
0~20°C,5h F ON MeoH, 257¢,2h
1 4 5
F,C o
Ll 5* Iir
EDCI, Py.
45° C,1h
Example 35. Synthesis of Compound 175
[0481] Compound 174 can be prepared according to the following scheme:
Cl O
=N ? =Ny —N =N
s/‘ NH, 12 %N O AICI, s/§ B o KNOj H,s0, S/N N o Pd/C, Hy
©/ TEA, DCM 60°C, 5h m 0°C, 1h MeOH, 25°C, 2 h
0~20°C, 5h | O,N
1 3 4 5
FiC o

x OH

=N
S\ N, FiC AR o

J@Njo i m
_—
EDCI, Py. XN
HoN y d H
Z

45°C,1h
6
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Example 36. Synthesis of Compound 176

[0482] Compound 176 can be prepared according to the following scheme:
Cl (o}
s f\r '\(/\s H '\(/~S H
Na o, P @, AICI3 lﬁ:i\‘jo KNO,, H,S0, N__O Pd/C, Hy
— —_—
T Tea Dom Teo°csn 0°C,1h MeOH, 25°C, 2 h
0~20°C 5h ON

1

HzN 45°, C1h
6

Example 37. Synthesis of Compound 177
[0483] Compound 177 can be prepared according to the following scheme:

HN NO, AGzO Pd/C, H2 j/ % Alcl3
THF TEA j/ MeOH 25°C 2h ﬁ/ TEA, DCM 50 C,5h
; 20°,5h 0~20°C,5h
FsC HN N_o
® o
XN
| H
Z
177

F3C

O KNOg H;SO, _ PdCH
Ql/ To%an MeOH, 25°C, 2 h EDCI, Py

45°C, 1h

Example 38. Synthesis of Compound 178

[0484] Compound 178 can be prepared according to the following scheme:
NH N’AC
Ac0 1) HNO3, H2804 AIC,
—_— —_—
. THF, TEA 2) Pa/C, Ha TTEA DM AcHN ; 60°C, 5h
2 20%,5n  AHNT MeOH, 25°C, 21 AcHN 0~20°c,5h
1
N .o H2804HO
—_—
80°C,1h EDCI, Py
AcHN HN 45°C, 1h
6
-162 -

SUBSTITUTE SHEET (RULE 26)



WO 2022/226383 PCT/US2022/026059

Example 39. Synthesis of Compound 179

[0485] Compound 179 can be prepared according to the following scheme:
HN,__Ph F
—— B — N
- 1 S EA ?
1 2 4
FSC

AICI3 KNO,, H2804 Pd/C, H2
60(;5h OC’lh MeOH2502h EDCIPy
45°C, 1h

179

Example 40. Synthesis of Compound 180

[0486] Compound 180 can be prepared according to the following scheme:
Cl O
Cbz
Cb: _Cbz F N“
NH, s/ br {\NH ChzCl (\N’ i Pd/C. Hy ((\N NH ! N0
HO. NOy ———— NO, —™™ > —_— —————
2 KGO, DMF 2 N MeOH, 25 °C, 2 h ©/ * " 7ea.oow
100 °G, 4 h 0~20°C, 5h 5
1 2 3 ! I

I

- B s 45°C,1h

N,Cbz N’Cbz
AlCL (\ H o KNOz, HSO4 ((\ H ° Pd/C, Hy
60°C, 5 h \@j 0°C, 1n j@;j MeOH,25°C,2n N " eocley. %j/\LH
f O,N P

180

Example 41. Synthesis of Compound 183

[0487] Compound 183 can be prepared according to the following scheme:

o

-

110°C, 5 h 3
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Example 42. Synthesis of Compound 184

[0488] Compound 184 can be prepared according to the following scheme:
o)
o
FF ) F F RF FF H
—_— B ——————— B ——————
OH
NH,OAc, Tol. ,\J A 0N ,J X ’\] B H
L-proline > Z =
Q
1 110°C,5h 3 4 184

Example 43. Synthesis of Compound 187
[0489] Compound 187 can be prepared according to the following scheme:

H
N__O

o LiOH HaN 7 1
H,S0, ~___ O A VTR y——
~Aon _ ,NO ’J oS - ] OH' GATU, DIEA, OME NN
P EtOH, 90 °C, 12 h Nz Hy05S5.2NH;, Ho80, “NZ ° I‘LN/

0-20°C 8 h

4 5 6 7 187

Example 44. Synthesis of Compound 189

[0490] Compound 189 can be prepared according to the following scheme:
o o
POCl,, DMF, THF
j\)ok NH,OAc, EtOH j\i 5 HNZ S Ao _2M NaHS, DM s Ao~
o 0™ 20°C,36h HNT S0 0~40°C, 5h ~i7 20°c,1h ? _
s
|

1 2 4

3
H
(e}
mMCPBA, EtOH LiOH.H,0, THF
= N’ o ————
20~70°C, 2h 5 | T 20°c.2n C,2h HATU DIEA, DMF
0-20° C,8h
5

Example 45. Synthesis of Compound 190
[0491] Compound 190 can be prepared according to the following scheme:
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cl ﬁ == e i i
o ' H,, Pd/C co LiOH.H,0, THF
N T —_Boin . A O 0 A C — = % 0N —— > OH
N N N 20°C, 2h N
5~ co K b Pd(PPhs), K2COs b ‘ K
Pd(PPh3), K2COs i 5 EtOH 100 °C, 12 h s s

Dioxane, 100 °C, 12 h

5 6 7 3 4

H
N__O
N_o
H,N 5 o]
—_—
W”

HATU, DIEA, DMF

0-20°c, 8h -
190
Example 46. Synthesis of Compound 191

[0492] Compound 191 can be prepared according to the following scheme:

EDCI, Py.

60 ° C,5h

191
Example 47. Synthesis of Compound 192 and 193

[0493] Compound 192 and 193 can be prepared according to the following scheme:

H H
,\Ir o /@/\N/\/ro HCI-Dioxane o wo
H B~ c’ T
i o 3 i Q\Nku ;\NJLH
. DIEA, DCM <\J DIEA bem N N

1 2 3 192

;\NH
g ¢ g
JLH DIEA, DCM ;\Ni

Example 48. Synthesis of Compound 194
[0494] Compound 194 can be prepared according to the following scheme:
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Hel H o
No, N \/COZIVIe N f,COzMe Boc,0, TEA, DCM NOZ co,Me  PdIC, H2 MeOH NHZ COZMe N
Br DIEA DMF 20 C.6h 15 Psi, 20 ° C,3h 100 C,8h
20°c,8h ‘Boc

1 5

H o R_°
N FiC N
1) H2804, HNO, ‘§ Pd/C, H2 MeOH ‘5 TFA DCM o
- -
B
50°C,1h o, g 15Psi 20°C, 3n Psi, 20°C 3 h HATU DJEA, DMF To20ca2n C.2h ’J x H H
=

2) Boc20O 6 Boc Boc 020 C,4h

Example 49. Synthesis of Compound 195
[0495] Compound 195 can be prepared according to the following scheme:

{ NO,
%Cé ° Br 3 TMSCHNz. KOH NG, o H,, Pd/C NH, o’ Tol. heat
P —_— —_—
\/\g’ > PddpphClz, K3P04 RN Pd(OAc)z,ether H0 o
h
2

dioxane, H,0, 90 °C, 6 0-70°C, 2 h

H
H H N O
N__O  HNO,, H,SO, N_ _O Fe, aq. NH,CI, EtOH 1o o)
—_— —_—
0°C,2h 20-70°C,2h HATU, DIEA, DMF X N
H,N H

ON 0-20°c,6h N ~
7 8
195
Example 50. Synthesis of Compound 196
[0496] Compound 196 can be prepared according to the following scheme:
N0 B NC2 N o B o
i r
NO, fﬁ?n'ﬁffiriiﬂl?éi"'° OH Bro N O_ Fe, aq. NH,CI, EtOH o HNO;, H,80,4
A0 20-70°C, 2h N ° oN n-CP2
> ° NHCbz ° N : \) 0°c,2h 2 \)
1 o 2 - Coz s
3 4
FsC °

H Xy “OH H
N__O ,\' 7 FsC FsC. ° N__O
Fe, ag. NH,CI, EtOH Pd/C, H2 MeOH
—_—
20-70°C,2h  H,N N-CYZ TATU, DIEA, DMF HATU, DIEA, DMF N’ b2 5 Psi,20% o Psi, 20 °C_ 6 h NN NH
\) 0-20°C, 6 h rx’ \ & \)
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Example 51. Synthesis of Compound 197

Compound 197 can be prepared according to the following scheme:

™S
_ NO; O 1y Hy, PA/C, EtOH
1 Bn o 15Psi.20 c 2h HNOa H2S04
—_—
TFA, DCM | 2) PTSA, EtOH T o%c.an c.2h
0-20°C, 2h 80°C, 4h

F,C

e}
Ny~ “OH . : o
'\' ~Z 10 H2 Pd/C, EtOH Fs o
—_—
HATU, DIEA, DMF ,J T5psi20%. 21 Psi, 20°C, 2 h Xy N
0-20°C,2h ’\I = H H
197

Example 52. Synthesis of Compound 201
Compound 201 can be prepared according to the following scheme:
DPPA, -BuOH .
N HCl/dioxane N“X S0;(g), HCI, NaNO2
Tol. 25 110 °c |~ NHBoe  25°C.3h L NH TFA, HOAc,
3 2 CuCl, CuCl,
2 -15~25°C, 4 h

n-Buli, SO,Cl,  N“X

—_— |

[0497]
NO,
O
4
H
N__O
HN
Bn
5
[0498]
N A
CO,H
N| X
& Br
5
[0499]

O
/§’

a4 ¢
H
ﬁ(Nfo
H
HoN 5 N N__O
NN éo
I (7
AL TEA, DCM N
g g N

4 g cl 0~25°C, 4h

Example 53. Synthesis of Compound 202

Compound 202 can be prepared according to the following scheme:
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cl NaH DMF
10 11 0-20 c 6h

N=
N
NZ | NaSH N~ | | m H,0,, TFA j\:{m
N —_— Rxn
Br SH
H 0 20 C,6h o* S

202
NaN02 HI N o
Cul H,0
3

Biological Example 1. Material and General Methods

Cell lines and cell culture

[0500] MDA-MB-468, MCF7,293T, B16F10, HCT116, HepG2, LN229, HTB140 and
SW480 cells were cultured in DMEM + 10% FBS; DU145 cells and its derivatives, PC3, AsPC-
1, NCI-H358 were cultured in RPMI-1640 + 10% FBS; and SUM159 cells and its derivatives
were cultured in F12 media supplemented with 10% FBS, 10 pg/mL Insulin and 20 ng/mL EGF.
Cell lines were labeled with retroviral vectors with bi-cistronic expression of GFP/firefly
luciferase to facilitate imaging and flow cytometry experiments. All cell lines were verified
negative for mycoplasma contamination by monthly PCR analysis. No cells lines used here
appear in the database of commonly misidentified cell lines (ICLAC). All cell lines were
validated with STR analysis and compared to NCBI repository data.

Cloning, viral production, and transduction

[0501] The coding sequences of Aldhlal, Aldhla2, Aldhla3 and Aldh3al were cloned
from cDNA made from pooled human reference RNA samples. Cloned sequences flanked by
Agel and Xhol restriction sites were inserted into the pLex lentiviral plasmid. Clones were
sequenced and compared against NCBI expressed sequence tags (ESTs) for accuracy. Viral
production of each enzyme was performed by transfection into the 293 T packaging cell line
using PEI along with PsPax2 and VSVG packaging vectors. Viruses were collected and filtered
at 0.45 um, then cells were transduced using polybrene (8 pg/mL) for 12 hours, followed by
culture with 1 pg/mL puromycin for the duration of experiments. All viral transduction and

selection was performed on a cell population-wide basis.
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Biological Example 2. Genetic Knockout Studies

[0502] CRISPR-Cas9 vectors containing both the Cas9 gene and gRNA sequences
containing homologous sequences to genomic Aldhla3 were transduced into MDA-MB-468 cells
by lentiviral infection followed by puromycin selection for viral integration, and the resulting
cells were analyzed by ALDEFLUOR™ assay. Two ALDH1a3-targeting gRNA vectors were
used to create two derivative cell lines, and one gRNA with a scrambled sequence was used to
generate a control derivative cell line. ALDH1a3 targeting gRNA vectors were compared to a
non-target gRNA.

[0503] Aldh1a3 knockout or control cells were implanted into the mammary fat pad of
female NSG mice and were treated with either PBS or Paclitaxel at 25 mg/kg for 6 doses. Tumor
mass from each group was measured at the experimental endpoint. The results were shown in
FIGs. 1A-1C.

[0504] FIG. 1A is flow cytometry spectra, and shows that genetic knockout of ALDH1a3
(middle and rightmost spectra) in MDA-MB-468 breast cancer cells substantially decreases
ALDEFLUOR™ activity compared to control MDA-MB-468 cells (leftmost spectra). FIG. 1B is
a line graph of tumor volume (mm?) versus time (days), and shows that genetic knockout of
ALDHI1a3 in MDA-MB-468 breast cancer cells slows primary tumor growth and sensitizes
tumors to paclitaxel. FIG. 1C is a bar graph of tumor mass (g) versus genetic knockout, and
shows that genetic knockout of ALDH1a3 in MDA-MB-468 breast cancer cells slows primary
tumor growth and sensitizes tumors to paclitaxel. Thus, these results show that genetic knockout
of Aldhla3 in MDA-MB-468 breast cancer cells slows primary tumor growth and sensitizes
tumors to paclitaxel.

[0505] In another experiment, CRISPR-Cas9 vectors targeting the ALDH1a3 gene were
transduced into the Sum159-M1a cell line followed by a rescue or control vector and analyzed by
the Aldefluor assay. CRISPR-Cas9 vectors containing both the Cas9 gene and gRNA sequences
containing homologous sequences to genomic Aldhla3 were transduced into Sum159-Mla cells
followed by selection for positively transfected cells by flow cytometry. Positively transfected
cells were then virally transduced with lentiviral vectors containing either the vector backbone or
full-length human Aldhla3. Positive transductants were selected by puromycin, and the resulting
cells were analyzed by ALDEFLUOR™ assay. In a xenograft experiment, the knockout-vector
or knockout-Aldhla3 or wild-type vector or wild-type-Aldhla3 cells were injected by
intracardiac injection into mice, and bone metastasis growth was tracked by intravital
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bioluminescent imaging. Bone metastasis-free survival was tracked by bioluminescence, and
plotted using the Kaplan-Meier model. The results were shown in FIGs. 2A-2C.

[0506] FIG. 2A is flow cytometry spectra, and shows that genetic knockout of ALDH1a3
in Sum159-M1a breast cancer cells nearly abolishes ALDEFLUOR™ activity in the cells, and
that ALDEFLUOR™ activity can be rescued by transducing the cells with a rescue vector. FIG.
2B is a line graph of bone metastasis, as measured by bioluminescence (ph/s), versus time (days),
and shows that knockout of ALDH1a3 in Sum159-Mla breast cancer cells slows bone metastasis
growth. FIG. 2C 1s a Kaplan-Meier plot of bone metastasis-free survival over time, and shows
that knockout of ALDH1a3 in Sum159-M1a breast cancer cells significantly increases survival
time. Thus, genetic knockout of Aldhla3 in Sum159-M1la breast cancer cells slows bone
metastasis growth.

[0507] In sum, the above results show that genetic knockout of Aldhla3 in cancer cells
can slow primary tumor growth, sensitize tumors to chemotherapy, slow metastasis, and enhance

survival time.

Biological Example 3. Genetic Expression Studies

Genetic Expression of ALDH1a3

[0508] Lentiviral vectors encoding one of three human ALDH genes, ALDH]1al,
ALDHI1a3 or ALDH3al, were introduced by viral transduction into luciferase-labeled Sum159-
M1b cells followed by positive selection with puromycin, and the transduced cells were injected
by tail-vein injection into mice. Growth of lung metastasis was tracked by intravital
bioluminescence imaging once weekly. Lung nodes were counted ex vivo. The results were
shown in FIGs. 3A-3C.

[0509] FIG. 3A is a line graph of bioluminescence (ph/s) versus time (days), and shows
the development of lung metastasis in mice injected with SUM159-M1b cells transfected with
vectors encoding three ALDH enzymes, ALDH1al, ALDH1a3 and ALDH3al. FIG. 3B is a plot
of lung nodes counted ex vivo at the endpoint of the experiment described in FIG. 3A. FIG. 3C
shows sample images of bioluminescence at Day1 (left) and endpoint (right). As can be seen
from the figures, genetic expression of Aldhla3 in Sum159-M1b breast cancer cells enhances

lung metastasis growth.
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Biological Example 4. Survival Predictions

[0510] TCGA and Kaplan-Meier plotter (kmplot.com) data was used to generate
expression data and survival curves for various cancers as a function of ALDH1a3 expression
level. Cancer patients from each dataset were stratified by high or low Aldhla3 expression
according to either median expression value or the optimal stratification value. Kaplan-Meier
analysis was then used to plot patient survival, whether measuring distant metastasis-free or
overall survival, to assess the relationship between relative levels of Aldhla3 between patients
and corresponding survival metrics. The results were shown in FIGs. 4A-4H.

[0511] FIGs. 4A-4H are prognostic patient survival curves stratified by high (red) and
low (black) Aldhla3 expression based on the data analysis tool hosted at kmplot.com, and show
the distant metastasis free survival for triple negative breast cancer patients (FIG. 4A) and overall
survival for renal clear cell, gastric, bladder cancer, ovarian cancer, lung squamous cancer,
colorectal cancer and low-grade glioma cancer patients (FIGs. 4B-4H, respectively) as a function
of ALDHI1a3 expression level. The data shows that high Aldhla3 expression predicts worse
overall survival in cancer patients.

[0512] In another set of predictions, mRNA expression of Aldhla3 from the METABRIC
clinical breast cancer dataset was segregated by tumor type and prior treatment with
chemotherapy. Survival curves in the EMC-MSK dataset were generated by splitting patients
according to subtype, and stratifying by median Aldhla3 expression.

[0513] FIG. 5A is graph of mRNA expression of ALDH1a3 from the METABRIC
clinical breast cancer dataset, and shows expression of ALDH1a3 by breast cancer subtype and
history of chemotherapy. FIG. 5B is predicted survival curves based on the EMC-MSK dataset,
and shows the predicted survival time of breast cancer patients by subtype and median ALDH1a3
expression level. The data shows that high Aldhla3 expression predicts worse overall survival in
breast cancer patients.

[0514] Table 1 reports the hazard ratio (p-value) of patients expressing high ALDH1al or
ALDHI1a3 in estrogen receptor-negative (ER) breast cancer derived from the Kaplan-Meier
plotter database, and includes the Her2 and triple negative breast cancer (TNBC) populations that
are at high risk for developing metastasis. ALDH1a3 is a poor prognosis predictor in ER-
negative breast cancer patients, the population most likely to develop metastasis.

Table 1. Hazard ratio (p-value) of patients expressing high ALDH1al or ALDH1a3 in ER-
negative breast cancer patient populations derived from the Kaplan-Meier plotter database
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Gene All  Chemotherapy No Chemotherapy

0.48 234 0.48

ALDHIal , 66039)  (0.065) (0.0071)
1.85 33 1.81

ALDHIZ3 604y (0.026) (0.032)

Biological Example 5A. ALDEFLUOR™ assay

[0515] The ALDEFLUOR ™ assay assesses the ability of cells to oxidize bodipy-
aminoacetaldehyde (BAAA) to bodipy-aminoacetate (BAA). This activity can be used to sort
live cells and thereby discriminate between ALDH activity levels within heterogenous
populations. When it was first discovered in 2007 that ALDEFLUOR™-positive cancer cells
were more tumorigenic and predicted worse clinical outcome, it was assumed that
ALDEFLUOR™ activity was a marker of a broader transcriptional program that promoted tumor
aggressiveness. Since these early studies, ALDEFLUOR™ activity has become the most cited
method for assessing the “stemness” or aggressiveness of tumor cell populations.

[0516] Following this seminal discovery, ALDEFLUOR™ activity was often assessed
with little consideration for the function of ALDH1 enzymes. Rather, publications showed that
the ALDEFLUOR ™ assay isolated aggressive or metastatic cancer cells, regardless of the site of
the primary tumor. Since, hundreds of papers have used the ALDEFLUOR™ assay in assessing
cancer cell traits across almost all cancer types. Only beginning with Marcato and colleagues in
2011 was it shown that ALDH1a3 is responsible for ALDEFLUOR™ activity in most breast
cancer cell lines.

[0517] Since Marcato’s and colleagues’ publication, an accelerating rate of emerging
studies has established that ALDH1a3 is not only responsible for ALDEFLUOR™ activity
across most cancer types, but that it also functionally promotes cancer growth, therapeutic
resistance, and metastasis. Research of varying quality has established that ALDH1a3 is
expressed and important for growth in melanoma patient-derived xenografts or cell lines,
metabolism, chemoresistance and radioresistance in mesenchymal-like glioma or glioblastoma,
tumorigenicity and cisplatin resistance in lung cancer, growth and radio-resistance in pancreatic
cancer, FAK inhibitor resistance in colon and thyroid cells, cisplatin resistance in mesothelioma,

Gleason score and growth in prostate cancer, apoptosis-resistance and metastasis in breast cancer

-172 -



WO 2022/226383 PCT/US2022/026059

and prognosis in cholangiocarcinoma. It is shown herein that ALDH1a3 is the dominant
ALDEFLUOR™-inducing enzyme across most solid tumor types.

[0518] Expression and prognosis studies have further shown that ALDH1a3 is strongly
predictive of poor outcomes across cancer types. Hypermethylation of the ALDH1a3 promoter
leading to lower ALDH1a3 expression was the strongest predictor of favorable outcome in a set
of primary glioblastoma patients. High ALDH1a3 predicted lymph node metastasis in
cholangiocarcinoma patients. ALDH1a3 expression is driven by androgen in prostate cancer,
where androgen is the major mitogen for prostate cancer cells, while mirl 87 targets ALDH1a3 in
prostate cancer and high mir187 was correlated to favorable prognosis.

[0519] In the ALDEFLUOR™ assay used herein, cells were grown until they reached 50-
80% confluence, harvested with 0.25% Trypsin/EDTA (Sigma), and washed once with PBS by
centrifugation/resuspension (190g for 5 min at 4 °C). Cells were counted, centrifuged and
resuspended at 1,000,000 cells/mL in ALDEFLUOR™ buffer (Stemcell Technologies).
ALDEFLUOR™ substrate (Stemcell Technologies, 1:200) and test compound or 1 mM DEAB
were added to cell suspension and incubated at 37 °C for 45 minutes with vortexing every 15
minutes. Cells were centrifuged and resuspended in ALDEFLUOR™ buffer with DAPI at 5
pg/mL. Samples were analyzed with the BD LSR2 flow cytometry platform. Gating was

performed using DEAB as a negative control.

Biological Example 5B. Aldhla3 Enzyme Inhibition Assay

[0520] Recombinant protein extraction: pET-Aldhla3 transformed BL21-DE3 cultures
induced at 20 °C for 19h with 0.3 mM IPTG rocking. Cultures were spun at 3500g for 10 min,
supernatants were poured off and allowed to drain fully. Cells were resuspended in 10 mM
HEPES pH 7.4, 10 mM KC1. Cells were freeze-thawed in liquid nitrogen and then a 37 C water
bath for 10 cycles followed by ultrasonication at 50% amplitude, 3 sec on, 9 sec off for 10 cycles
at4 C. Cell extracts were spun at 16000 x g for 5 minutes.

[0521] Reaction performed at 20 C in reaction buffer (10 mM HEPES pH 7.4, 10 mM
KCl, 0.1 M Resazurin, 1 mg/mL BSA, 200 uM NAD+, diaphorase and aldehyde substrate).

Recombinant enzyme and inhibitor added immediately before assay. Reaction rate measured by

resorufin fluorescence.
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[0522] The structures of compounds 1,9, 49, 53, 59, 77, 82, and 83, are shown in Table
3 below and disclosed in PCT/US2021/014883 which is incorporated by reference herein.
[0523] Table 3

H . B
S .

\1 O Fk“\:i"’t’\\wf j«:’{‘} 1 o r%’*{“ Nage®
- Wﬂ\NA"v’f’E\' E/\\K '\‘J\’NE”“L\’”K S
I 1 H P
M ‘mffj‘s B - A{.-’{:.‘-'
1 9
i

E/‘///\ e O

[0524] The ICso values of selected tested compounds are shown in Table 3A below.
Table 3A. ICsp values* for inhibition of hALDH1a3 and mALDH1a3 of selected compounds

Cmpd. | hAldhla3 | mAldhla3 | Cmpd. No. | hAldhla3 | mAldhla3
No. ICso ICso ICso ICso
1 B B 77 B C
9 A C 83 B D
49 E E 53 A A
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Cmpd. | hAldhla3 | mAldhla3 | Cmpd. No. | hAldhla3 | mAldhla3
No. ICso ICso ICso ICso
59 A A 82 A B
139 B A 140 A A
142 A A 141 A A
144 A A 143 A A
146 A A 145 A A
149 A A 147 B C
151 A A 150 A A
153 D C 152 D C
155 C D 154 D C
160 E E 159 C C
168 A A 161 E C
192 E E 167 A A
166 A C 193 E E

* The ICso values are reported herein according to the Activity Level: A <100 nM; B:
100 nM — 250 nM;, C: 250 nM - 1 uM (micromolar); D: 1 uM — 5 uM; E: > SuM.

Biological Example SC. Aldhla2 Enzyme Inhibition Assay

[0525] Recombinant protein extraction: pET-Aldhla2 transformed BL21-DE3 cultures
induced at 20 ‘C for 19h with 0.3 mM IPTG rocking. Cultures were spun at 3500g for 10 min,
supernatants were poured off and allowed to drain fully. Cells were resuspended in 10 mM
HEPES pH 7.4, 10 mM KCI. Cells were freeze-thawed in liquid nitrogen and then a 37 C water
bath for 10 cycles followed by ultrasonication at 50% amplitude, 3 sec on, 9 sec off for 10 cycles
at4 ‘C. Cell extracts were spun at 16000 x g for 5 minutes.

[0526] Reaction performed at 20 C in reaction buffer (10 mM HEPES pH 7.4, 10 mM
KC1, 0.1 M Resazurin, 1 mg/mL BSA, 200 uM NAD+, diaphorase and aldehyde substrate).
Recombinant enzyme and inhibitor added immediately before assay. Reaction rate measured by
resorufin fluorescence.

[0527] Compounds 1-138 are disclosed in PCT/US2021/014883 which is incorporated by

reference herein.

[0528] The ICsp values of selected tested compounds are shown in Table 3B below.
Table 3B. ICsq values (nM) for inhibition of hALDH1a2 and mALDH]1a2 of selected compounds
Cmpd. | hAldhla2 | mAldhla2 | Cmpd. No. | hAldhla2 | mAldhla2
No. ICso ICso ICso ICso
1 3333 3333 70 >10000 2963
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Cmpd. | hAldhla2 | mAldhla2 | Cmpd. No. | hAldhla2 | mAldhla2

No. ICso ICso ICso ICso

2 >10000 10000 71 963 747

3 4000 3333 72 >10000 >10000
4 5000 4000 73 >10000 >10000
5 9000 10000 76 6560 4311
6 >10000 10000 77 415 333

7 3500 9000 78 460 366

8 9000 5000 79 1455 849

9 587 1111 80 384 324
10 9000 3500 81 376 522
11 >10000 >10000 83 9000 3500
12 >10000 >10000 84 >10000 >10000
13 5000 2949 86 10000 84
14 10000 10000 87 419 149
15 10000 10000 88 >10000 >10000
16 10000 10000 89 10000 489
17 10000 10000 90 10000 6381
18 2130 1740 91 998 594
19 650 1046 92 40 31
20 >10000 >100000 93 80 63

21 30000 32000 94 809 921
22 20000 25000 95 10000 1768
24 100000 100000 96 >10000 >10000
30 9000 11110 97 466 294
33 258 143 98 3076 1292
34 39220 30950 99 316 184
35 148 100 100 >10000 >10000
37 >10000 >10000 101 1892 935
38 >10000 >10000 103 >10000 5000
39 3500 8000 104 >10000 >10000
40 1042 3333 105 >10000 >10000
42 6358 2604 106 >10000 >10000
43 1200 3000 108 120 100
45 293 3333 109 42 45
46 248 162 111 196 145
47 99 72 112 346 300
48 99 97 113 >10000 >10000
49 >10000 >10000 114 >10000 >10000
50 >10000 >10000 115 >10000 >10000
52 320 117 116 305 337
53 374 494 118 >10000 >10000
54 1057 224 119 >10000 10000
55 >10000 >10000 120 10000 >10000
56 10000 1263 122 >10000 >10000
59 530 487 123 >10000 >10000
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Cmpd. | hAldhla2 | mAldhla2 | Cmpd. No. | hAldhla2 | mAldhla2

No. ICso ICso ICso ICso
60 1534 935 125 4495 4047
61 2041 1815 126 214 165
62 >10000 >10000 127 894 1287
63 538 297 132 71 53

64 2789 5000 134 125 97

68 >10000 3442 135 >10000 >10000
69 >10000 >10000 136 >10000 >10000
57 >10000 >10000 137 >10000 >100000
82 620 941 41 9000 11110
140 99 96 51 >10000 >10000
142 57 63 58 >10000 >10000
144 304 462 102 >10000 >10000
146 356 405 139 10000 1484
149 87 118 141 289 180
151 75 86 143 674 594
153 492 362 145 120 172
155 835 1294 147 431 358
160 163 177 150 121 131
152 807 824 159 2748 3182
154 4746 8171 161 89 114
168 70 92 167 754 815
192 >10000 >10000 193 >10000 >10000
166 1600 >10000

Biological Example SD. Cell Based Assay

[0529]
ALDHI1al, ALDH1a2 or ALDH1a3 or Vector control and selected by puromycin to establish

MCF7 cells were stably transduced with lentiviral vectors encoding human

stable cultures that were verified for overexpression by western blotting and Aldefluor
activity. Cells were plated into 6 cm plates in regular DMEM media supplement with 10%
FBS. At the beginning of the assay, cells were washed with PBS for 5 minutes followed by
addition of compound solvated into DMEM media with 10% FBS or corresponding DMSO
controls, maintaining DMSO at a constant concentration of 0.1% across all samples.
Following 20 hours of incubation at 37C, cells were lysed and RNA was extracted using a
Qiagen RNAeasy kit. cDNA was synthesized using the Superscript IV kit and retinoid
activation was measured using STRA6 mRNA levels as a proxy as measured by q-rtPCR.
[0530] MCF7 cells stably expressing vector control were treated with DMSO or all-trans

retinoic acid (10 uM) treated with various doses of MBE1, Compound 140 or Compound
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151. q-rtPCR of STRAG expression levels were measured by q-rtPCR. The results were
shown in FIGs. 10A-10C. Based on this assay, IC50 values for MBE1 are 1666 nM
(ALDHI1a2) and 3.67 nM (Aldhla3), IC50 values for 140 are 27.6 nM (Aldhla2) and 6.97
nM (Aldhla3) and IC50 values for 151 are 55.3 nM (Aldhla2) and 1.25 nM (Aldh1a3).
Compounds 140 and 151 inhibit both ALDHI1a2 and ALDH1a3 with IC50 less than 50 nM.

Biological Example 6A. In vivo Allografts Studies

[0531] In one allograft study, T3-MCA fibrosarcoma cell line allografts were implanted
subcutaneously into C57BL6 syngeneic mice. The mice were then treated with Compound 140
at 40 mg/kg by intraperitoneal injection suspended in a 5% DMSO, 0.5% methocel, 0.5% Tween-
80 1n saline solution or MBE1.5 formulated into diet for oral administration at a 25 mg/kg daily
equivalent dose or vehicle, n = 10 mice/group, injections of Compound 140 were administered
once daily for 9 days while MBE1.5 medicated diet was introduced for the same time period of 9
days. Tumor volume were measured on day 8, 14, and 17 post inoculation for each group, and
tumor mass were measured at the end of the study. The results are shown in FIGs. 11A and 11B.
[0532] In another allograft study, K-Ras, p53 -/- undifferentiated pleiomorphic sarcoma
cell line allografts were implanted subcutaneously into C57BL6 syngeneic mice. The mice were
then treated with Compound 140 at 40 mg/kg by intraperitoneal injection suspended in a 5%
DMSO, 0.5% methocel, 0.5% Tween-80 in saline solution or MBE1.5 formulated into diet for
oral administration at a 25 mg/kg daily equivalent dose or vehicle, n = 8 mice/group, injections of
Compound 140 were administered once daily for 20 days while MBE1.5 medicated diet was
introduced for the same time period of 20 days. Tumor volume were measured on day 14, 17,
and 24 post inoculation for each group, and tumor mass were measured at the end of the study.
The results are shown in FIGs. 12A and 12B.

[0533] In another allograft study, T3-MCA fibrosarcoma cell line allografts were
implanted subcutaneously into C57BL6 syngeneic mice. The mice were then treated with
vehicle or oral Compound 140 or Compound 151 at 40 mg/kg once daily for 12 days , n=10
mice/group. The results are shown in FIGs. 15A and 15B.
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Biological Example 6B. Combination with anti-PD-1

[0534] This example studies the effect of combined treatment of compound 140 with an
anti-PD-1 antibody (Bio-X-cel InVivoMAb anti-mouse PD-1 (CD279)). T3-MCA fibrosarcoma
cell line allografts were implanted subcutaneously into C57BL6 syngeneic mice. The mice were
then treated with Compound 140 (40 mg/kg daily equivalent, oral formulation into medicated
diet picolabs diet 5053 ), anti-PD-1 (200 microgram), combined treatment with anti-PD-1 (200
microgram) and Compound 140 (40 mg/kg daily equivalent, oral formulation into medicated diet
picolabs diet 5053) or diet control. Medicated diet was initiated at Day 9 after mice were
randomized and continued until termination at Day 25. Anti-PD-1 antibody was administered by
intraperitoneal injection at Day 11, 14, 18 and 21 by a 200 uL injection of a 1 mg/mL solution in
saline. Tumor volume were measured on day 14, 18, 22, and 25 post inoculation for each group.
The results were shown in FIG. 14. The results show that compound 140 inhibits tumor growth

as a single agent and also achieved synergy with anti-PD-1 antibody in causing tumor regression.

Biological Example 7. Pharmacokinetic prolifing of test compounds

[0535] Three male CD-1/C57BL/6 mice per group were dosed with compound MBE1
(alternatively referred to herein as Compound No. 1) or MBE1.5 (alternatively referred to herein
as Compound No. 4) at 10 mg/kg for oral gavage or 1 mg/kg for intravenous dosing. Cage side
observations were performed and no adverse reactions to either MBE1 or MBEL1.5 treatment
were oberseved from 0 hours to 24 hours post-dosing. Blood was drawn from subjects and
plasma was extracted at 6 timepoints. Plasma concentrations of each compound was profiled by
LC-MS and absolute concentrations were derived by comparison to a reference standard. Linear
regression was performed to calculate oral bioavailability of 88% and a plasma half-life of 1.79
hours for IV bolus dosing and 1.37 hours from PO oral gavage dosing for compound MBE1. For
compound MBE1-5, oral bioavailability of 62.5% was calculated with a plasma half-life of 1.22
hours for IV bolus dosing and 1.70 hours from PO oral gavage dosing.

[0536] FIG 6A and FIG 6B demonstrate plasma concentrations of MBE1 at each
bioanalysis time point demonstrating sufficient stability to therapeutically inhibit Aldh1a3 for in
vivo models following treatment at once or twice per day.

[0537] Similar pharmacokinetics studies were also performed with three CD-1 mice after

10 mg/kg single oral dose of MBE1, MBE1.5, Compound 140 or 151. The results were shown in
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FIGs. 13A-13D. As shown in FIGs. 13A-13D, compounds 140 and 151, both have a 8'-methyl

group, have a superior pharmacokinetic profile with a much improved plasma half-life.

Biological Example 8. ALDH1a2 and ALDH1a3 and Retinoid Pathway Activation

[0538] This example studies the relationship between retinoid pathway activation and
various ALDH isoforms.

[0539] STRA6 mRNA levels of MCF7 cells expressing each ALDH isoform of interest
lal, 1a2, 1a3, or 2, or vector control were measured by q-rtPCR. Results were tested in both
regular DMEM + FBS as well as DMEM + charcoal-stripped FBS. The results are shown in
FIG. 8. This study shows that only ALDH1a2 and ALDH1a3 induce retinoid pathway activation.
[0540] In an in vivo study, SCP28 cells containing a retinoid response element driven
firefly luciferase reporter were stably transduced with ALDH1al, 1a2, 1a3 or vector control and
then injected into the mammary gland of Nu/Nu female mice. Intravital imaging shows that
ALDH1a2 and ALDH1a3 drive retinoid pathway activation in solid tumors in vivo. See also

FIG. 9.

Biological Example 9. Cytochrome P450 Inhibition assay.

[0541] The five main cytochrome P450 isoforms (CYP1A2, CYP2C9, CYP2C19, CYP2D6 and
CYP3A4 were investigated in a Cytochrome P450 Inhibition assay. Isoform-specific
substrates (Acetaminophen, 4'-hydroxy diclofenac, 4'-hydroxy mephenytoin, Dextrorphan, 1'-
hydroxy midazolam) were incubated individually with human liver microsomes and
inhibitors administered at a concentration of 10 uM. The reaction proceeded for 10 minutes.
At the end of the incubation, the formation of metabolite was monitored by LC-MS/MS using
standard protocols.

[0542] FIG. 29 shows the results of the Cytochrome P450 inhibition assay for compounds
MBEI1, Compound 140 and Compound 151.

[0543] The Summary and Abstract sections may set forth one or more but not all
exemplary embodiments of the present invention as contemplated by the inventor(s), and thus,
are not intended to limit the present invention and the appended claims in any way.

[0544] The present invention has been described above with the aid of functional building

blocks illustrating the implementation of specified functions and relationships thereof. The
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boundaries of these functional building blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries can be defined so long as the specified
functions and relationships thereof are appropriately performed.

[0545] With respect to aspects of the invention described as a genus, all individual
species are individually considered separate aspects of the invention. If aspects of the invention
are described as "comprising" a feature, embodiments also are contemplated "consisting of” or
"consisting essentially of” the feature.

[0546] The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of the art,
readily modify and/or adapt for various applications such specific embodiments, without undue
experimentation, without departing from the general concept of the present invention. Therefore,
such adaptations and modifications are intended to be within the meaning and range of
equivalents of the disclosed embodiments, based on the teaching and guidance presented herein.
It is to be understood that the phraseology or terminology herein is for the purpose of description
and not of limitation, such that the terminology or phraseology of the present specification is to
be interpreted by the skilled artisan in light of the teachings and guidance.

[0547] The breadth and scope of the present invention should not be limited by any of the
above-described exemplary embodiments.

[0548] All of the various aspects, embodiments, and options described herein can be
combined in any and all variations.

[0549] All publications, patents, and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if each individual publication, patent,
or patent application was specifically and individually indicated to be incorporated by reference.
To the extent that any meaning or definition of a term in this document conflicts with any
meaning or definition of the same term in a document incorporated by reference, the meaning or

definition assigned to that term in this document shall govern.

EMBODIMENTS

1. A compound of Formula I, or a pharmaceutically acceptable salt thereof:
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A A\LZ

Formula I,
wherein:

X at each occurrence is independently selected from O, NR'?, and CR?R?!,
provided that at most one X is selected from O and NR!?;

nis 1,2, 3, or4,;

JL, J2, and J? are each independently selected from CR? or N, preferably, at least
one of J', J2, and J3 is not N;

R! and R? are each independently hydrogen, an optionally substituted alkyl (e.g.,
optionally substituted Ci. alkyl), an optionally substituted alkenyl (e.g., optionally
substituted Ca alkenyl), an optionally substituted alkynyl (e.g., optionally substituted Ca-
¢ alkynyl), or a nitrogen protecting group;

R? and R* are joined to form an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted carbocyclic (e.g., Cs3 carbocyclic), or an
optionally substituted heterocyclic ring (e.g., 3-8 membered heterocyclic ring);

Z is O, and R? is hydrogen, -NR!'R!2, -CR?3R?*R?, or -OR%";

orZ is O, and R3, R* and R’ are joined to form an optionally substituted bicyclic
or polycyclic ring system, wherein the ring system is an aryl, heteroaryl, carbocyclic, or
heterocyclic ring system;

or R’ and Z are joined to form an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted carbocyclic (e.g., Cs.g carbocyclic), or an

optionally substituted heterocyclic ring (e.g., 3-8 membered heterocyclic ring); and

13

== " in Formula I indicates the bond is an aromatic bond, a double bond or a
single bond as valance permits, and when a single bond, the two carbons forming the
bond can be optionally further substituted as valance permits;
wherein:

R!% at each occurrence is independently hydrogen, a nitrogen protecting group, an
optionally substituted alkyl (e.g., optionally substituted Ci alkyl), an optionally

substituted alkenyl (e.g., optionally substituted C,¢ alkenyl), an optionally substituted
-182 -



WO 2022/226383 PCT/US2022/026059

alkynyl (e.g., optionally substituted Cz alkynyl), an optionally substituted Cs.g
carbocyclic ring, or an optionally substituted 3-8 membered heterocyclic ring;

R?" and R?! at each occurrence are each independently hydrogen, halogen, -OR3!,
—NRBR!, an optionally substituted alkyl (e.g., optionally substituted Ci. alkyl), an
optionally substituted alkenyl (e.g., optionally substituted C, alkenyl), an optionally
substituted alkynyl (e.g., optionally substituted C,¢ alkynyl), an optionally substituted Cs.
g carbocyclic ring, an optionally substituted 3-8 membered heterocyclic ring, an optionally
substituted phenyl, or an optionally substituted 5-10 membered heteroaryl; or

R!'%and one of R?® and R?! are joined to form a bond, an optionally substituted 4-8
membered heterocyclic ring or an optionally substituted 5 or 6 membered heteroaryl ring,
wherein the other of R?° and R?! is defined above;

R?% and R?! together with the carbon they are both attached to form —C(O)-, an
optionally substituted Csg carbocyclic ring, or an optionally substituted 3-8 membered
heterocyclic ring; or

one of R? and R?!in one CR?°R?! is joined with one of R?" and R?! in a different
CR?°R?!'to form a bond, an optionally substituted C3.s carbocyclic ring, an optionally
substituted 3-8 membered heterocyclic ring, wherein the others of R?® and R?! are defined
above;

R?? at each occurrence is independently hydrogen, halogen, an optionally
substituted alkyl (e.g., optionally substituted Ci¢ alkyl), an optionally substituted alkenyl
(e.g., optionally substituted C,¢ alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted C,6 alkynyl), -CN, -S(0)-alkyl, -S(O),-alkyl, or -OR3!; or two
adjacent R* are joined to form an optionally substituted ring structure, such as an
optionally substituted Cs.s carbocyclic ring, optionally substituted 4-8 membered
heterocyclic ring, optionally substituted phenyl, or optionally substituted 5 or 6
membered heteroaryl ring;

one of R!! and R!? is hydrogen or a nitrogen protecting group, and the other of R!!
and R'? is hydrogen, a nitrogen protecting group, an optionally substituted alkyl (e.g.,
optionally substituted C1. alkyl), an optionally substituted alkenyl (e.g., optionally
substituted C, alkenyl), an optionally substituted alkynyl (e.g., optionally substituted C,-
s alkynyl), an optionally substituted Cs carbocyclic ring, an optionally substituted 3-8
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membered heterocyclic ring, an optionally substituted phenyl, or an optionally substituted
5-10 membered heteroaryl;

one of R, R? and R* is hydrogen, halogen, an optionally substituted alkyl (e.g.,
optionally substituted C1¢ alkyl), an optionally substituted alkenyl (e.g., optionally
substituted C».c alkenyl), an optionally substituted alkynyl (e.g., optionally substituted C,.
¢ alkynyl), an optionally substituted Csg carbocyclic ring, an optionally substituted 3-8
membered heterocyclic ring, an optionally substituted phenyl, an optionally substituted 5-
10 membered heteroaryl, -OR?!, or -NR®R!4, and the other two of R?3, R?*, and R?’ are
independently selected from hydrogen, fluorine, or methyl, preferably, -CRZR*R? is not
—CHs;

R is hydrogen, an oxygen protecting group, an optionally substituted alkyl (e.g.,
optionally substituted C1¢ alkyl), an optionally substituted alkenyl (e.g., optionally
substituted C».c alkenyl), an optionally substituted alkynyl (e.g., optionally substituted C,.
¢ alkynyl), an optionally substituted Cs.g carbocyclic ring, or an optionally substituted 3-8
membered heterocyclic ring; and
wherein:

each of R'* and R!'* at each occurrence is independently hydrogen, a nitrogen
protecting group, an optionally substituted alkyl (e.g., optionally substituted Ci alkyl),
an optionally substituted alkenyl (e.g., optionally substituted C.¢ alkenyl), an optionally
substituted alkynyl (e.g., optionally substituted Ca.6 alkynyl), an optionally substituted Cs.
g carbocyclic ring, an optionally substituted 3-8 membered heterocyclic ring, an optionally
substituted phenyl, or an optionally substituted 5-10 membered heteroaryl; or R13 and R!*
are joined to form a 3-8 membered optionally substituted heterocyclic or a 5-10
membered optionally substituted heteroaryl; and

R3! at each occurrence is hydrogen, an oxygen protecting group, an optionally
substituted alkyl (e.g., optionally substituted Ci.s alkyl), an optionally substituted alkenyl
(e.g., optionally substituted C,¢ alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted C¢ alkynyl), an optionally substituted Cs.g carbocyclic ring, an
optionally substituted 3-8 membered heterocyclic ring, an optionally substituted phenyl,

or an optionally substituted 5-10 membered heteroaryl.
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2. The compound of embodiment 1, or a pharmaceutically acceptable salt thereof,

characterized as having Formula I-1 or I-2:

R1 R1
17 L I g
)\ Xn )\ X)n
\
R10%), R1%),
Formula I-1, Formula I-2,

wherein:

R!% at each occurrence is independently selected from halogen, an optionally
substituted alkyl (e.g., optionally substituted Ci.s alkyl), an optionally substituted alkenyl
(e.g., optionally substituted Cz alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted Cp alkynyl), -CN, or -OR3!, wherein R3! is defined in embodiment
1;and

pis 0, 1,2, or 3, preferably, pis O or 1.

3. The compound of embodiment 2, or a pharmaceutically acceptable salt thereof,

characterized as having Formula I-1-A or Formula I-2-A:

R?
R24

) S j/\(X\)‘n// 5/‘L I(Z
\\/ .

100

Formula I-1-A, Formula I-2-A,

wherein:

23 is hydrogen or fluorine;

24is hydrogen or fluorine;

25 is hydrogen; fluorine; C1.4 alkyl optionally substituted with 1-3 fluorines and/or a
Cs cycloalkyl; a Cy.4 alkoxy optionally substituted with 1-3 fluorines and/or a Cs
cycloalkyl; a Cs cycloalkoxy optionally substituted with 1-3 substituents independently
selected from fluorine and methyl; a Cs.¢ cycloalkyl optionally substituted with 1-3

substituents independently selected from fluorine and methyl; or a 3-6 membered
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heterocyclic ring optionally substituted with 1-3 substituents independently selected from
fluorine and methyl; and

at least one of R??>, R?*, and R% is not hydrogen.
The compound of embodiment 3, or a pharmaceutically acceptable salt thereof,
characterized as having Formula I-1-A1, Formula I-1-A2, Formula I-1-A3, Formula I-2-
Al, Formula I-2-A2; Formula I-2-A3:

1 1

R2S j/\ \/ R25 j/\ \/o

d (Xn \ S Xn
v/
< )
\ R1%0), \ 100
R
Formula I-1-A1 Formula I-2-A1,
R1 R1
O O
(X)n (X)rl
R100 R100
Formula I-1-A2 Formula I-2-A2,
1 R
3 JooN o
R25 SN0 R2 o X
LT LT
| 7
X
%\A“)\” r Tatad
'\I F NC
Formula I-1-A3 Formula I-2-A3

wherein:

R*is C14 alkyl optionally substituted with 1-3 fluorines and/or a Cs. cycloalkyl,
preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; or a Cs. cycloalkyl optionally
substituted with 1-3 substituents independently selected from fluorine and methyl,
preferably, cyclopropyl or cyclobutyl; for example, R? is methyl, ethyl, n-propy],
isopropyl, difluoromethyl, trifluoromethyl, -CH,-CF3, -CH;-cyclopropyl, cyclopropyl or
cyclobutyl.
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The compound of embodiment 2, or a pharmaceutically acceptable salt thereof,
characterized as having Formula I-1-B, I-1-C, 1-2-B, or I-2-C:

1

I(Z @)L I(Z

1

Q¢
R0, R1%0),
Formula I-1-B Formula I-2-B,

R1 R1
R11 R11
% j/\ \f Nt j/\ \f
Xn O)( (X)n
(R1oo (R1°°

Formula I-1-C Formula I-2-C,

wherein:

R3is hydrogen; C14 alkyl optionally substituted with 1-3 fluorines or a Cs
cycloalkyl, preferably, methyl, ethyl, n-propyl, isopropyl, difluoromethyl,
trifluoromethyl, -CH,-CF3, or -CH»-cyclopropyl; a Cs.s cycloalkyl optionally substituted
with 1-3 substituents independently selected from fluorine and methyl, preferably,
cyclopropyl or cyclobutyl; or a 3-6 membered heterocyclic ring optionally substituted
with 1-3 substituents independently selected from fluorine and methyl, preferably,
|

=

wherein one of R!! and R'?is hydrogen or a nitrogen protecting group, and the other
of R'! and R'?is hydrogen, a nitrogen protecting group, Ci4 alkyl optionally substituted
with 1-3 fluorines or a Cs. cycloalkyl, preferably, methyl, ethyl, n-propyl, isopropyl,
difluoromethyl, trifluoromethyl, -CH,-CF3, or -CH-cyclopropyl; a Cs.s cycloalkyl
optionally substituted with 1-3 substituents independently selected from fluorine and

methyl, preferably, cyclopropyl or cyclobutyl; or a 3-6 membered heterocyclic ring
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optionally substituted with 1-3 substituents independently selected from fluorine and
[

methyl, preferably, <

The compound of embodiment 2, or a pharmaceutically acceptable salt thereof,

characterized as having Formula I-1-B1, Formula I-1-B2, Formula I-2-B1, Formula I-2-

B2:

R? R?

IZ ©A oy

R100 R100
Formula I-1-B1 Formula I-2-B1,
R1 R
I \f RSO\O o 2 I f
[ aeadii A

Formula I-1-B2 Formula I-2-B2,

wherein R*° is hydrogen, methyl, ethyl, n-propyl, isopropyl, difluoromethy],
trifluoromethyl, -CH,-CF3, -CHa2-cyclopropyl, cyclopropyl or cyclobutyl.
The compound of any one of embodiments 2-6, or a pharmaceutically acceptable salt
thereof, wherein R!% at each occurrence is independently selected from F; Cl; Cy4 alkyl
optionally substituted with 1-3 fluorines, preferably, methyl, ethyl, n-propyl, isopropyl, or
-CF3; a Ci4 alkoxy optionally substituted with 1-3 fluorines, preferably, methoxy, ethoxy,
n-propoxy, isopropoxy, or -OCF3; a Cs.¢ cycloalkyl optionally substituted with 1-3
substituents independently selected from fluorine and methyl, preferably, cyclopropyl or
cyclobutyl; and —CN.
The compound of any one of embodiments 2-6, or a pharmaceutically acceptable salt
thereof, wherein p is 1, and R!? is F, Cl, methyl, ethyl, n-propyl, isopropyl, -CF3,
methoxy, ethoxy, n-propoxy, isopropoxy, -OCF3, cyclopropyl, or —CN.
The compound of embodiment 1, or a pharmaceutically acceptable salt thereof, wherein

Z1is0;
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R’ and R* are joined to form an optionally substituted phenyl, an optionally
substituted 5 or 6-membered heteroaryl, e.g., having one or two ring nitrogen atoms, an
optionally substituted C4.7 cycloalkyl group (preferably cyclopentyl or cyclohexyl), or an
optionally substituted 4 to 7-membered (preferably 6-membered) heterocyclic ring having
one or two ring heteroatoms; and

R3 is -O-R3% or -CR»R**R?.

The compound of embodiment 9, or a pharmaceutically acceptable salt thereof, wherein
R? and R* are joined to form a phenyl optionally substituted with one or two substituents
independently selected from F; Cl; C14 alkyl optionally substituted with 1-3 fluorines,
preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; a Ci.4 alkoxy optionally
substituted with 1-3 fluorines, preferably, methoxy, ethoxy, n-propoxy, isopropoxy, or -
OCF3; a Css cycloalkoy optionally substituted with 1-3 substituents independently
selected from fluorine and methyl; a Cs.s cycloalkyl optionally substituted with 1-3
substituents independently selected from fluorine and methyl, preferably, cyclopropyl or
cyclobutyl; and —CN.

The compound of embodiment 9, or a pharmaceutically acceptable salt thereof, wherein
R’ and R* are joined to form a 5 or 6-membered heteroaryl, preferably, pyrazole,
imidazole, oxazole, thiazole, isoxazole, isothiazole, pyridyl, pyrimidinyl, pyridazinyl, or
pyrazinyl, which is optionally substituted with one or two (preferably one) substituents
independently selected from F; CI; C14 alkyl optionally substituted with 1-3 fluorines,
preferably, methyl, ethyl, n-propyl, isopropyl, or -CF3; a Ci1.4 alkoxy optionally
substituted with 1-3 fluorines, preferably, methoxy, ethoxy, n-propoxy, iISOpropoxy, or -
OCF3; a Csg cycloalkoy optionally substituted with 1-3 substituents independently
selected from fluorine and methyl; a Cs.s cycloalkyl optionally substituted with 1-3
substituents independently selected from fluorine and methyl, preferably, cyclopropyl or
cyclobutyl; and —CN.

The compound of embodiment 9, or a pharmaceutically acceptable salt thereof, wherein
R? and R* are joined to form a 5 or 6-membered saturated ring system optionally
containing one or two (preferably one) ring heteroatoms selected from O or N, which is
optionally substituted with one or two substituents independently selected from F and C;4

alkyl, wherein the C14 alkyl is optionally substituted with 1-3 fluorines.
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The compound of any one of embodiments 1-12, or a pharmaceutically acceptable salt
thereof, wherein R? is ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, -CH,-CHF,,
-CH,-CF3, -CF3, -CHa-cyclopropyl, -CH;-cyclobutyl, -CH,-O-CH3, -CH,-O-C,Hs, -CH,-
O-n-propyl, -CH,-O-isopropyl, -CoHs-cyclopropyl, -CoHs-cyclobutyl, methoxy, ethoxy,
n-propoxy, iIsopropoxy, n-butoxy, isobutoxy, sec-butoxy, -O-CH»-CF3, -O-CF3, -O-CHa»-
cyclopropyl, -O-CH;-cyclobutyl, -O-C,Ha-cyclopropyl, or -O-C,Hs-cyclobutyl.

The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt
thereof, wherein J! is N.

The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt
thereof, wherein J! is CR?> and R*? is hydrogen, F, Cl, CN, or C1.4 alkyl (preferably
methyl).

The compound of any one of embodiments 1-15, or a pharmaceutically acceptable salt
thereof, wherein J? is N.

The compound of any one of embodiments 1-15, or a pharmaceutically acceptable salt
thereof, wherein J? is CR?2.

The compound of embodiment 17, or a pharmaceutically acceptable salt thereof, wherein
J2is CR*? and R?? is hydrogen, F, Cl, CN, or methyl.

The compound of any one of embodiments 1-18, or a pharmaceutically acceptable salt
thereof, wherein J? is N.

The compound of any one of embodiments 1-18, or a pharmaceutically acceptable salt
thereof, wherein J? is CH.

The compound of any one of embodiments 1-20, or a pharmaceutically acceptable salt
thereof, wherein R! is hydrogen.

The compound of any one of embodiments 1-21, or a pharmaceutically acceptable salt
thereof, whereinn is 1.

The compound of any one of embodiments 1-21, or a pharmaceutically acceptable salt
thereof, wherein n is 2.

The compound of any one of embodiments 1-21, or a pharmaceutically acceptable salt
thereof, wherein n is 3.

The compound of any one of embodiments 1-24, or a pharmaceutically acceptable salt
thereof, wherein at least one instance of X is CR2°R2!, wherein R?° and R2! are

independently hydrogen or C1.4 alkyl, or R?’ and R?!, together with the carbon they are
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both attached to, form a Cs cycloalkyl (preferably, cyclopropyl, cyclobutyl, or
cyclopentyl) or an oxetanyl ring.

26. The compound of any one of embodiments 1-25, or a pharmaceutically acceptable salt
thereof, wherein one instance of X is O.

27. The compound of any one of embodiments 1-25, or a pharmaceutically acceptable salt
thereof, wherein one instance of X is NR!°, wherein R!? is hydrogen or C .4 alkyl.

28. The compound of any one of embodiments 1-21, or a pharmaceutically acceptable salt

R1

ﬁ”a I(Z

thereof, wherein the 1s selected from the following:

ai)\Jj;Z: EJ\JII a&k)\,sj;(\i
Ei]li o

wherein R?° and R?! are independently hydrogen or C14 alkyl (e.g., methyl, ethyl, etc.), or

H

>

20and R?!, together with the carbon they are both attached to, form a cyclopropyl,
cyclobutyl, cyclopentyl, or an oxetanylring.

29. The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt

R1

E,g I(Z

thereof, wherein the is selected from the following:
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wherein:

R is independently hydrogen or C14alkyl (e.g., methyl, ethyl, etc.);

R?% and R?! are independently hydrogen or Ci4alkyl (e.g., methyl, ethyl, etc.), or R?° and
R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,
cyclopentyl, or an oxetanyl ring.

30. The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt

1

R
1 |
JZ,J\ N \fo
)l\ I
J3 XOn

thereof, wherein the /‘11["* 1s selected from the following;:
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wherein:
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R! is independently hydrogen or Ci4alkyl (e.g., methyl, ethyl, etc.);
R?" and R?! are independently hydrogen or C14alkyl (e.g., methyl, ethyl, etc.), or R and
R?! together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,

cyclopentyl, or an oxetanyl ring.

31. The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt
R

’ai I(Z

thereof, wherein the is selected from the following;:

H H H H
N. _OF N, _O _N_ N__O N_ O
z | N= |
¥ % 3N 5N
e 7 yd rd
RZO 21 R20 21 RZO 21 RZO 21
H H H
N o N_N__OF N _o
N+~ | z | =z
){k\N SN SN
RZO 21 R20 21 RZO 21
N oF N o n N o N o
Y Y.CUY.0107Y
o} o} A o A
RZO 21 RZO 21 RZO 21 RZO 21
H H H H
N_ O N. O _N_ N__OF N_ _O
1Y XL LY LY
SN }{k\N SN SN
R20 21 R20 21 RZO 21 RZO 21

' ' e '
X *Rmz a e 3

R20 RZO

L >€U{ %15 : Y
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H
/é;N(VrO ;@j X@j /Y\@Qj O
/,17’7, 21°R20 R2tR% RETRE?

R21 R® R
Cl CN H
/ﬁgg R21°R? R21 R R21R20
7R R
R21 " R?® R21 R R21'R2 R21°R20
N o} mo o
wherein:

R!% is independently hydrogen or Ci4alkyl (e.g., methyl, ethyl, etc.);

20 and R?! are independently hydrogen or C14alkyl (e.g., methyl, ethyl, etc.), or R?* and
R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,
cyclopentyl, or an oxetanyl ring.

32. The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt

thereof, wherein the is selected from the following:
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H (0]
y w1
/ N/ X2- X1
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I R21
X2~ X1
H O
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X
| X'
7"5 Z
- N X2 ’ﬁ R20
R21

H o}
N N%
X
| X'
Z
N X2+R2°
R21

R%1 R20

X! and X2 are independently O, NR!, or CH,, provided that at least one of X! and X? is

CHy;

1945 hydrogen or Ci4alkyl (e.g., methyl, ethyl, etc.);

20 and R?! are independently hydrogen or C;.4 alkyl (e.g., methyl, ethyl, etc.), or R?? and

R?!, together with the carbon they are both attached to, form a cyclopropyl, cyclobutyl,

cyclopentyl, or an oxetanyl ring.

33. The compound of any one of embodiments 1-21, or a pharmaceutically acceptable salt

thereof, wherein:

(X)y in the formula includes 1-3 CR?°R?! units, wherein for at least one CR?>°R?! unit,

20 and R?! are both methy];

one of R? and R?! is methyl, and the other of R?" and R?! is ethyl or methoxy; or

20 and R?!, together with the carbon they are both attached to, form a cyclopropyl,

cyclobutyl, or an oxetanyl ring.

- 196 -



WO 2022/226383 PCT/US2022/026059

34. The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt

R?

’ai I(Z

thereof, wherein the in Formula I is selected from the following:

H H H H
b5 b B BN

o} OF.

Neoges oo
z@@;z N /’%f@/\I Km

pos oV oNs o

ZT
ZT
O
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35. The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt

R?

I(X)n
thereof, wherein the ‘HLL'»

/"a@/\j ’a
NSS4

36. The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt

in Formula I is selected from the following:

O

R?

”a,L I(Z

thereof, wherein the in Formula I is selected from the following:

F
/,"1“ }i /Llli
37. The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt

1

O Ay

thereof, wherein the ~~ in Formulalis ~
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38. The compound of any one of embodiments 1-13, or a pharmaceutically acceptable salt

R?

’ai I(Z

NeostsedNe S g <04

rd b

thereof, wherein the in Formula I is selected from the following:

39. A compound of Formula II, or a pharmaceutically acceptable salt thereof:

I Il

Formula IT
wherein:

W is —=N(R!)-C(0)-, -N(R")-S(0)-, or —-N(R")-S(0),-;

L is -(CRA'RB)1-Q!-Q2-Q3-(CRA?RB?),-, wherein:
Q! and Q7 are independently null, O or NR?;
Q?is null, -C(O)-, -C(=Z)-, =S(O)-, or —S(0)y-;
t11s0, 1,2, or 3;
t21s 0, 1,2, or 3; and
RA!L RB! RA% and RP? at each occurrence are independently hydrogen, C-
salkyl (e.g., methyl), or fluorine, or

two adjacent CRA'RB! or two adjacent CRAZRB? can form

_C(RA)=C(RBY)-, -C(RA)=C(RB)-, or T =%  wherein RAl, RP! RA2,
and R®? at each occurrence are independently hydrogen, Ci4alkyl (e.g.,

methyl), or fluorine;
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X at each occurrence is independently selected from O, NR'?, and CR?R?!,
provided that at most one X is selected from O and NR!?;

nis 1,2, 3, or4;

J1, J2, and J? are each independently selected from CR?? or N, preferably, at least
one of J!, J2, and J? is not N

R! and R? at each occurrence are each independently hydrogen, an optionally
substituted alkyl (e.g., optionally substituted Ci. alkyl), an optionally substituted alkenyl
(e.g., optionally substituted C,¢ alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted Ca.¢ alkynyl), or a nitrogen protecting group;

R3 and R* are joined to form an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted carbocyclic (e.g., Cs.g carbocyclic), or an
optionally substituted heterocyclic ring (e.g., 3-8 membered heterocyclic ring);

R’ is hydrogen, —-NR!'R'?, -CR*»R*R%, or -OR*;

R3, R* and R’ are joined to form an optionally substituted bicyclic or polycyclic
ring system, wherein the ring system is an aryl, heteroaryl, carbocyclic, or heterocyclic
ring system;

or when Q? is -C(=Z)-, R® and Z are joined to form an optionally substituted aryl,
an optionally substituted heteroaryl, an optionally substituted carbocyclic (e.g., C3-g
carbocyclic), or an optionally substituted heterocyclic ring (e.g., 3-8 membered

heterocyclic ring);

13

== " in Formula II indicates the bond is an aromatic bond, a double bond or a
single bond as valance permits, and when a single bond, the two carbons forming the
bond can be optionally further substituted as valance permits;

wherein:

R!% at each occurrence is independently hydrogen, a nitrogen protecting
group, an optionally substituted alkyl (e.g., optionally substituted Ci.¢ alkyl), an
optionally substituted alkenyl (e.g., optionally substituted C,¢ alkenyl), an
optionally substituted alkynyl (e.g., optionally substituted C, alkynyl), an
optionally substituted Cs.g carbocyclic ring, or an optionally substituted 3-8
membered heterocyclic ring;

R?% and R?! at each occurrence are each independently hydrogen, halogen,

-OR3!, -NR¥R"™ an optionally substituted alkyl (e.g., optionally substituted C1
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alkyl), an optionally substituted alkenyl (e.g., optionally substituted C;.¢ alkenyl),
an optionally substituted alkynyl (e.g., optionally substituted C» alkynyl), an
optionally substituted Cs. carbocyclic ring, an optionally substituted 3-8
membered heterocyclic ring, an optionally substituted phenyl, or an optionally
substituted 5-10 membered heteroaryl; or

R!%and one of R?° and R?! are joined to form a bond, an optionally
substituted 4-8 membered heterocyclic ring or an optionally substituted 5 or 6
membered heteroaryl ring, wherein the other of R*® and R?! is defined above;

R?" and R?! together with the carbon they are both attached to form —C(O)-
, an optionally substituted Cs.g carbocyclic ring, or an optionally substituted 3-8
membered heterocyclic ring; or

one of R* and R?! in one CR?°R?! is joined with one of R?’ and R?!in a
different CR**R?! to form a bond, an optionally substituted Cs-s carbocyclic ring,
an optionally substituted 3-8 membered heterocyclic ring, wherein the others of
R2° and R* are defined above;

R?2 at each occurrence is independently hydrogen, halogen, an optionally
substituted alkyl (e.g., optionally substituted Ci alkyl), an optionally substituted
alkenyl (e.g., optionally substituted C,.s alkenyl), an optionally substituted alkynyl
(e.g., optionally substituted C,¢ alkynyl), -CN, -S(0O)-alkyl, -S(O),-alkyl, or -
OR3!: or two adjacent R?? are joined to form an optionally substituted ring
structure, such as an optionally substituted Cs_g carbocyclic ring, optionally
substituted 4-8 membered heterocyclic ring, optionally substituted phenyl, or
optionally substituted 5 or 6 membered heteroaryl ring;

one of R and R'?is hydrogen or a nitrogen protecting group, and the
other of R and R!?is hydrogen, a nitrogen protecting group, an optionally
substituted alkyl (e.g., optionally substituted Cialkyl), an optionally substituted
alkenyl (e.g., optionally substituted C, alkenyl), an optionally substituted alkynyl
(e.g., optionally substituted Css alkynyl), an optionally substituted Cs.g
carbocyclic ring, an optionally substituted 3-8 membered heterocyclic ring, an
optionally substituted phenyl, or an optionally substituted 5-10 membered

heteroaryl,
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one of R, R* and R* is hydrogen, halogen, an optionally substituted
alkyl (e.g., optionally substituted Ci alkyl), an optionally substituted alkenyl
(e.g., optionally substituted C,.¢ alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted Cj¢ alkynyl), an optionally substituted Cs.g carbocyclic ring,
an optionally substituted 3-8 membered heterocyclic ring, an optionally
substituted phenyl, an optionally substituted 5-10 membered heteroaryl, -OR?!, or
~NRPR! and the other two of R*3, R** and R? are independently selected from
hydrogen, fluorine, or methyl, preferably, -CR*R?**R? is not —CHj3;

R3Y is hydrogen, an oxygen protecting group, an optionally substituted
alkyl (e.g., optionally substituted Ci alkyl), an optionally substituted alkenyl
(e.g., optionally substituted C,¢ alkenyl), an optionally substituted alkynyl (e.g.,
optionally substituted Cj¢ alkynyl), an optionally substituted Cs.g carbocyclic ring,
or an optionally substituted 3-8 membered heterocyclic ring; and

wherein:

each of R!3 and R at each occurrence is independently hydrogen,
a nitrogen protecting group, an optionally substituted alkyl (e.g., optionally
substituted Ci alkyl), an optionally substituted alkenyl (e.g., optionally
substituted C, alkenyl), an optionally substituted alkynyl (e.g., optionally
substituted C, alkynyl), an optionally substituted Cs carbocyclic ring, an
optionally substituted 3-8 membered heterocyclic ring, an optionally
substituted phenyl, or an optionally substituted 5-10 membered heteroaryl;
or R and R™ are joined to form a 3-8 membered optionally substituted
heterocyclic or a 5-10 membered optionally substituted heteroaryl; and
R3! at each occurrence is hydrogen, an oxygen protecting group, an
optionally substituted alkyl (e.g., optionally substituted Ci. alkyl), an
optionally substituted alkenyl (e.g., optionally substituted C,¢ alkenyl), an
optionally substituted alkynyl (e.g., optionally substituted C,.¢ alkynyl), an

optionally substituted Csg carbocyclic ring, an optionally substituted 3-8

membered heterocyclic ring, an optionally substituted phenyl, or an

optionally substituted 5-10 membered heteroaryl.
40. The compound of embodiment 39, or a pharmaceutically acceptable salt thereof, wherein

W is =NH-C(0O)- or -NH-S(0),-.
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The compound of embodiment 39 or 40, or a pharmaceutically acceptable salt thereof,
wherein L is -(CRAIRB!)-N(R?)-, wherein t1 is 1 or 2.

The compound of embodiment 39 or 40, or a pharmaceutically acceptable salt thereof,
wherein L is —(CRA'RB!)qi-, wherein tl is 1 or 2.

The compound of embodiment 39 or 40, or a pharmaceutically acceptable salt thereof,
wherein L is -(CRARB!)-N(R?)-C(0)-, wherein t1 is 1 or 2.

The compound of embodiment 39 or 40, or a pharmaceutically acceptable salt thereof,
wherein L is -N(R?)-C(0)-(CR*?RB?),-, wherein 2 is 1 or 2.

The compound of embodiment 39 or 40, or a pharmaceutically acceptable salt thereof,
wherein L is -(CRAIRB)-N(R?)-C(0)-(CRA?RB?)(,-, wherein t1 and t2 are independently
0,1o0r2

A compound of Formula III, or a pharmaceutically acceptable salt thereof,

R']
= J;II{I \fo
el )I\ 432 X)n
Formula III,
wherein:

X at each occurrence is independently selected from O, NR!?, and CR*R?!,
provided that at most one X is selected from O and NR!?;
nisl, 2, 3, or4,;
J1, J2, and J? are each independently selected from CR?? or N, preferably, at least
one of J!, J2, and J3 is not N;
R!is hydrogen, an optionally substituted alkyl (e.g., optionally substituted Ci
alkyl), an optionally substituted alkenyl (e.g., optionally substituted Cs.¢ alkenyl),
an optionally substituted alkynyl (e.g., optionally substituted Cz¢ alkynyl), or a
nitrogen protecting group;

L is NH, O, or selected from:

o]
1 G! Gl )
. FEOPe T
N
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G! is an optionally substituted phenyl, optionally substituted heteroaryl (e.g., 5- or
6-membered heteroaryl, or 8-10 membered bicyclic heteroaryl), or an optionally
substituted heterocyclyl,

wherein:

R!% at each occurrence is independently hydrogen, a nitrogen protecting
group, an optionally substituted alkyl (e.g., optionally substituted Ci.¢ alkyl), an
optionally substituted alkenyl (e.g., optionally substituted C, alkenyl), an
optionally substituted alkynyl (e.g., optionally substituted Ca.6 alkynyl), an
optionally substituted Cs.5 carbocyclic ring, or an optionally substituted 3-8
membered heterocyclic ring;

R?% and R?! at each occurrence are each independently hydrogen, halogen,
-OR3! -NR ¥R, an optionally substituted alkyl (e.g., optionally substituted Cis
alkyl), an optionally substituted alkenyl (e.g., optionally substituted C, alkenyl),
an optionally substituted alkynyl (e.g., optionally substituted C, alkynyl), an
optionally substituted Cs.3 carbocyclic ring, an optionally substituted 3-8
membered heterocyclic ring, an optionally substituted phenyl, or an optionally
substituted 5-10 membered heteroaryl; or

R!%and one of R? and R?! are joined to form a bond, an optionally
substituted 4-8 membered heterocyclic ring or an optionally substituted 5 or 6
membered heteroaryl ring, wherein the other of R?® and R?!is defined above;

R?" and R?! together with the carbon they are both attached to form —C(O)-
, an optionally substituted Cs.5 carbocyclic ring, or an optionally substituted 3-8
membered heterocyclic ring; or

one of R? and R?!in one CR?°R?! is joined with one of R and R?!in a
different CR2°R?! to form a bond, an optionally substituted Cs.s carbocyclic ring,
an optionally substituted 3-8 membered heterocyclic ring, wherein the others of
R2% and R?! are defined above;

R?2 at each occurrence is independently hydrogen, halogen, an optionally
substituted alkyl (e.g., optionally substituted Cialkyl), an optionally substituted
alkenyl (e.g., optionally substituted C,.¢ alkenyl), an optionally substituted alkynyl
(e.g., optionally substituted C,¢ alkynyl), -CN, -S(0)-alkyl (e.g., -S(0)-C15 alkyl),
-S(0)z-alkyl (e.g., -S(0)2-Ci alkyl), or -OR3!; or two adjacent R?? are joined to
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form an optionally substituted ring structure, such as an optionally substituted Cs.g

carbocyclic ring, optionally substituted 4-8 membered heterocyclic ring,

optionally substituted phenyl, or optionally substituted 5 or 6 membered

heteroaryl ring;
wherein:
each of R"¥ and R at each occurrence is independently hydrogen, a
nitrogen protecting group, an optionally substituted alkyl (e.g., optionally
substituted C1.¢ alkyl), an optionally substituted alkenyl (e.g., optionally
substituted Cz alkenyl), an optionally substituted alkynyl (e.g., optionally
substituted C,.¢ alkynyl), an optionally substituted Csg carbocyclic ring, an
optionally substituted 3-8 membered heterocyclic ring, an optionally
substituted phenyl, or an optionally substituted 5-10 membered heteroaryl;
or R and R* are joined to form a 3-8 membered optionally substituted
heterocyclic or a 5-10 membered optionally substituted heteroaryl; and
R3! at each occurrence is hydrogen, an oxygen protecting group, an
optionally substituted alkyl (e.g., optionally substituted Ci6 alkyl), an
optionally substituted alkenyl (e.g., optionally substituted Cz alkenyl), an
optionally substituted alkynyl (e.g., optionally substituted Ca alkynyl), an
optionally substituted Cs. carbocyclic ring, an optionally substituted 3-8
membered heterocyclic ring, an optionally substituted phenyl, or an
optionally substituted 5-10 membered heteroaryl.

47. The compound of embodiment 46, or a pharmaceutically acceptable salt thereof,

characterized as having a Formula III-1 or III-2:

R! R!
JZ,J1\j/\lll \fo JZ,J1\j/\'ll \fo
GLH)I\J( oOn G1’\)|\J3’ OOn
Formula I11-1 Formula I1l-2
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48. The compound of embodiment 46 or 47, or a pharmaceutically acceptable salt thereof,

R1

I(X)n
wherein the ~ in Formula IIT is selected from the following:

z@if a@
Neoghs ¢
NessogNeogesoe

49. The compound of embodiment 46 or 47, or a pharmaceutically acceptable salt thereof,

O

R1

IY

(Xn
wherein the ~ in Formula IIT is selected from the following:

}HﬁU ReodiN<odvees
gy Sy b A

e
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50. The compound of embodiment 46 or 47, or a pharmaceutically acceptable salt thereof,

1

JXT Yy

37 =(X)n
in Formula T is }Q‘ or }5’

ZT
(o)

wherein the
51. The compound of any one of embodiments 46-50, or a pharmaceutically acceptable salt
thereof, wherein G! is selected from:
v, i
(e} X - N .
/\QN HN /\QN | A L‘IL‘ N/\ril’l \\ri,!l
|| |
~ p/ N

N

>

wherein each of which is optionally substituted, for example, with one or two substituents
independently selected from Cl, methyl, and hydroxyl.
52. The compound of any one of embodiments 46-50, or a pharmaceutically acceptable salt

thereof, wherein G! is selected from:

\‘5{ Xr4 . P \3/ \k“‘f \L*{
G & & G & &
\E«./ S I\l: '\’; N7~
5&F R &

53. A compound selected from any of Compound Nos. 139-202, or a pharmaceutically
acceptable salt thereof.

54. A pharmaceutical composition comprising the compound of any one of embodiments 1-
53, or a pharmaceutically acceptable salt thereof, and optionally a pharmaceutically

acceptable excipient or carrier.
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A method of treating cancer in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of the compound of any
one of embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical
composition of embodiment 54.

A method of treating metastatic cancer or chemoresistant cancer in a subject in need
thereof, the method comprising administering to the subject a therapeutically effective
amount of the compound of any one of embodiments 1-53 or a pharmaceutical salt
thereof, or the pharmaceutical composition of embodiment 54.

A method of treating or preventing metastasis of a cancer in a subject in need thereof, the
method comprising administering to the subject an effective amount of the compound of
any one of embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical
composition of embodiment 54.

A method of sensitizing cancer for chemotherapy in a subject in need thereof, the method
comprising administering to the subject an effective amount of the compound of any one
of embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical composition
of embodiment 54.

The method of any one of embodiments 55-58, further comprising administering to the
subject an effective amount of a second anti-cancer therapy, such as a chemotherapeutic
agent, a receptor tyrosine kinase inhibitor, or a therapeutic antibody.

The method of any one of embodiments 55-59, wherein the cancer is a breast cancer,
colorectal cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular
cancer, cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung
cancer, pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver
cancer, mesothelioma, melanoma, sarcoma, gastrointestinal stromal tumor, peripheral
nerve sheath tumor, myeloma, and/or endometrial cancer.

A method of treating or preventing type 2 diabetes in a subject in need thereof, the
method comprising administering to the subject an effective amount of the compound of
any one of embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical
composition of embodiment 54.

A method of treating or preventing a metabolic disease in a subject in need thereof, the

method comprising administering to the subject an effective amount of the compound of
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68.

69.
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any one of embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical
composition of embodiment 54.

A method of inhibiting an aldehyde dehydrogenase in a subject in need thereof,
comprising administering to the subject an effective amount of the compound of any one
of embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical composition
of embodiment 54.

A method of treating a disease or disorder associated with aldehyde dehydrogenase,
preferably, a disease or disorder associated with aldehyde dehydrogenase isoform 1a3
(ALDHI1a3) and/or 1a2 (ALDH1a2) in a subject in need thereof, comprising
administering to the subject an effective amount of the compound of any one of
embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical composition of
embodiment 54.

The method of embodiment 64, wherein the disease or disorder is a proliferative disease
or disorder or a metabolic disease or disorder.

A method of treating an endothelial cell or smooth muscle cell disease or disorder, such
as pulmonary arterial hypertension or neointimal hyperplasia in a subject in need thereof,
comprising administering to the subject an effective amount of the compound of any one
of embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical composition
of embodiment 54.

A method of antagonizing the retinoid pathway in a subject in need thereof, the method
comprising administering to the subject an effective amount of the compound of any one
of embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical composition
of embodiment 54.

A method of treating a cancer in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of the compound of any
one of embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical
composition of embodiment 54, in combination with an immunotherapy.

The method of embodiment 68, wherein the immunotherapy comprises administering to
the subject an anti-PD-1 antibody, anti-PD-L1 antibody, anti-CTLA4 antibody, IL-2,
autologous T cell therapy, bispecific antibody therapy, anti-TGFp antibody, a JAK/STAT

mhibitor, or any combination thereof.
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The method of embodiment 68 or 69, wherein the cancer is a breast cancer, colorectal
cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular cancer,
cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung cancer,
pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver cancer,
mesothelioma, melanoma, sarcoma, gastrointestinal stromal tumor, peripheral nerve
sheath tumor, myeloma, and/or endometrial cancer.

A method of treating a cancer in a subject in need thereof, wherein the cancer 1s
unresponsive to one or more immunotherapy or the subject has developed resistance to
one or more immunotherapy, the method comprising administering to the subject a
therapeutically effective amount of the compound of any one of embodiments 1-53 or a
pharmaceutical salt thereof, or the pharmaceutical composition of embodiment 54, and
optionally administering to the subject an immunotherapy.

The method of embodiment 71, wherein the cancer is unresponsive to treatment with anti-
PD-1 or anti-PD-L1 antibodies.

The method of embodiment 71, wherein the subject has developed resistance to anti-PD-1
or anti-PD-L1 antibodies based treatment.

The method of any one of embodiments 71-73, comprising administering to the subject an
anti-PD-1 antibody, anti-PD-L1 antibody, anti-CTLA4 antibody, IL-2, autologous T cell
therapy, bispecific antibody therapy, anti-TGFp antibody, a JAK/STAT inhibitor, or any
combination thereof.

The method of any one of embodiments 71-74, wherein the cancer is a breast cancer,
colorectal cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular
cancer, cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung
cancer, pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver
cancer, mesothelioma, melanoma, sarcoma, gastrointestinal stromal tumor, peripheral
nerve sheath tumor, myeloma, and/or endometrial cancer.

A method of treating a disease or disorder associated with retinoid pathway activation in a
subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of the compound of any one of embodiments 1-53 or a

pharmaceutical salt thereof, or the pharmaceutical composition of embodiment 54.
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77. The method of embodiment 76, wherein the disease or disorder is associated with
immune tolerance, induction of Ty, cells and/or M2 macrophages, and/or effector T cell
suppression.

78. The method of embodiment 77 or 78, wherein the disease or disorder is cancer.

79. The method of embodiment 78, wherein the cancer is a breast cancer, colorectal cancer,
kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular cancer, cervical
cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung cancer,
pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver cancer,
mesothelioma, melanoma, sarcoma, gastrointestinal stromal tumor, peripheral nerve
sheath tumor, myeloma, and/or endometrial cancer.

80. The method of any one of embodiments 76-79, further comprising administering to the
subject an immunotherapy (e.g., an immune checkpoint inhibitor).

81. The method of embodiment 80, wherein administering the immunotherapy comprises
administering to the subject an anti-PD-1 antibody, anti-PD-L1 antibody, anti-CTLA4
antibody, IL-2, autologous T cell therapy, bispecific antibody therapy, anti-TGF[3
antibody, a JAK/STAT inhibitor, or any combination thereof.

82. A method of male contraception in a subject in need thereof, the method comprising
administering to the subject an effective amount of the compound of any one of
embodiments 1-53 or a pharmaceutical salt thereof, or the pharmaceutical composition of
embodiment 54.

83. A method of inhibiting Trg cell and/or M2 macrophage formation in a subject in need
thereof, the method comprising administering to the subject an effective amount of the
compound of any one of embodiments 1-53 or a pharmaceutical salt thereof, or the
pharmaceutical composition of embodiment 54.

84. The method of embodiment 83, wherein the subject is characterized as having a cancer
unresponsive to one or more immunotherapy or the subject has developed resistance to

one or more immunotherapy.
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CLAIMS
WHAT IS CLAIMED IS:
1. A compound of Formula (IV)
R22
R22 R32
R’ °°)p—@\Lj: E:Rss
av)

or a pharmaceutically acceptable salt thereof,
wherein:

ring A is a heterocycle or heteroaryl;

L is -NH-, -C(0)-NH-, -S(O)NH-, -§(0);NH-, -8(0)-, or -S(O)z-;

R?2 is halo, -CN, -Cis alkyl, -C1 alkyl-CN, -C1 haloalkyl, or carbocyeclyl;

R?? is H, halo, -C1. alkyl, or -C1 haloalkyl; or

R*?and R?? are joined to form a heteroaryl, carbocyclyl, or heterocyclyl, each of
which may be substituted with one or more halo;

R3? and R* are joined to form a heterocyclyl and substituted with oxo; and
wherein the heterocycle may be further optionally substituted with one or more R'%!;

pis 0,1 or2;

each R1% is independently halo, -C1. alkyl, -C1.¢ alkylene-carbocyclyl, -C1.6
alkylene-heterocyclyl, or -Ci. haloalkyl; and

each R!% is independently hydrogen, halo, or -C1 alkyl.

2. The compound of claim 1, wherein the compound is of Formula (IV-A)
R22
R22' R32

L1\N: :E :R33
(R100)p@ H

(IV-A)
or a pharmaceutically acceptable salt thereof, wherein:
L is absent, -C(O)-, -S(O)-, or -S(0O),-.
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3. The compound of claim 1 or 2, wherein ring A is a 5 or 6-membered heteroaryl, a 5,6—
bicyclic heteroaryl, a 5,6-bicyclic heterocyclyl, a 6,6-bicyclic heterocyclyl, a 6,6—bicyclic

heteroaryl, or a 3-8 membered heterocyclyl.

4. The compound of claim 3, wherein ring A is pyridyl, pyrimidinyl, pyridazinyl,

quinazolinyl, quinoxalinyl, or morpholinyl.

5. The compound of claim 1, wherein A-(R!%), is:
%
SN Ar
J SO O
\’ N
R1%0) _/ R10,  HN—/Ng100, (R ) (Rmo (Rmo)

> , >

S (\%
p(R ,J \ « \f{ Afa
100 g:)/ 100 (R1OO) ,\] 100) ‘\ (R’IOO) ’

100.

N (/R”")p (R1°°) R"p p(

I\l(\([R“m ler\)/ é\>/ é/g&‘ 6/g/ HN\)

The compound of claim 5, wherein ring A-(R!%), is:

56 6EEBES
S& & E
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7. The compound of claim 6, wherein ring A-(R'%%), is:

\"1‘: CF,
T
Z 5 cl ,or'\] Z

8. The compound of any one of claims 2-7, wherein L1 is -C(O)-.

9. The compound of any one of claims 1-3, wherein the compound is of Formula (IV-B)

2 fi

vad Zg
(IV-B)
or a pharmaceutically acceptable salt thereof,
wherein:
each of Z!, Z2, 73 and Z* are independently CH or N, and at least one of Z!, Z2,
Z3 and Z*are N.

10.  The compound of claim 9, wherein 1 or 2 of Z!, Z%, Z3, and Z*is -N and the rest are -CH.

11. The compound of claim 10, wherein:
Z?is N, and Z!, Z3 and Z* are CH;

Z'and Z? are N ,and Z3? and Z* are CH,
Z?and Z* are N, and Z! and Z3 are CH;
Z'and Z3 are N, and Z? and Z* are CH; or
Z*and Z3 are N, and Z! and Z* are CH.

12. The compound of claim 11, wherein:
Z*is N, and Z', Z3 and Z* are CH; or

Z'and Z? are N, and Z3 and Z* are CH.
224 -



WO 2022/226383 PCT/US2022/026059

13.  The compound of any one of claims 1-12, wherein R3? and R} are joined to form a

heterocycle containing at least one N atom in the ring and substituted with oxo.

14. A compound of Formula (IV-C)
R22

‘ H
R22 N_ O
R 9 R?!
\r\\ N R20
'\J P H R20'

R21‘

(Iv-C)
or a pharmaceutically acceptable salt thereof,
wherein:

R?° R?! R?" R?!| are each independently hydrogen, halo, or -C14 alkyl; or

one of R? and R?! is joined with one of R?*" and R?! to form an optionally

substituted Cs.g carbocyclic ring, or an optionally substituted 3-8 membered heterocyclic
ring;

R?? is halo, -CN, -Cysalkyl, -C1 alkyl-CN, -C1.¢ haloalkyl, or carbocyclyl;

R?? is H, halo, -C1¢alkyl, or -C1 haloalkyl; or R??> and R??" are taken together to
form heteroaryl, carbocyclyl, or heterocyclyl, each of which may be substituted with one or more
halo;

pis0, 1 or2;and

each R'% is independently halo, -Ci1 alkyl, -C1.s alkylene-carbocyclyl, -Ci.6

alkylene-heterocyclyl, or -Ci.¢ haloalkyl; or

when p is 2, two adjacent R1%° may be joined to form a carbocyclyl or

heterocyclyl, each of which may be substituted with one or more halo.

15. The compound of claim 14, wherein:
R2°and R?!are independently -H, C14alkyl, or halo; and R?*" and R2!" are hydrogen; or
R?" is joined with R?”" to form a cyclopropyl ring, or a 5-6 membered heterocyclic ring;

and R and R?! are -H.
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16.  The compound of claim 14, wherein R?® and R?! are independently -H, methyl, or

fluoro; and R* and R2! are hydrogen.

17.  The compound of claim 14, wherein R?’ is joined with R? to form a cyclopropyl ring, a

5-6 membered heterocyclyl containing one or two heteroatoms independently selected from N

and O; and R2! and R?! are -H.

18. The compound of any one of claims 14-17, wherein the compound is of Formula (IV-D)
RZZ

R22 N (0]
R ©
NN
g)’LH

(IV-D)

z

or a pharmaceutically acceptable salt thereof.

19.  The compound of any one of claims 1-18, wherein R?? is halo, -CN, -C1s alkyl, or Cis
haloalkyl.

20.  The compound of claim 19, wherein R?? is halo or -C14 alkyl.

21. The compound of any one of claims 1-18, wherein R?? -Cl, -F, -CN, -CH3, -CH,CH3, -
CH,CN, -CF3, -CH,CFj3, or cyclopropyl.

22. The compound of claim 21, wherein R??is -Cl, -F, -CN, -CH3, or -CH,CHs.

23. The compound of claim 21, wherein R?? is -Cl, -F, -CHj, or -CH,CHs.

24.  The compound of claim 21, wherein R*? is -Cl, -F, or -CHs.

25.  The compound of claim 24, wherein R?? is -Cl.
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26.  The compound of claim 24, wherein R?? is -F.

27.  The compound of claims 24, wherein R?>? is -CHj.

28.  The compound of any one of claims 1-18, wherein R?> and R?? are taken together to
form:

(1) a 5-6 membered heteroaryl containing 1 or 2 heteroatoms independently selected from
N, O,and S;

(i1) a 5S-membered carbocyclyl optionally substituted with one or more fluoro; or

(111) a 6-membered heterocyclyl containing 1 or 2 heteroatoms independently selected

from N and O optionally substituted with one or more fluoro.

29.  The compound of claim 28, wherein R??> and R?*" are taken together to form a 6-

membered heteroaryl containing 1 nitrogen atom.

30.  The compound of any one of claims 1-27, wherein R*? is -H, -F, -CH3, or -CFs.

31.  The compound of any one of claims 1-27, wherein R*? is -H or halo, or -C1.¢ alkyl.

32.  The compound of claim 31, wherein R?* is -H, -F, or -CH3,

33. The compound of any one of claims 1-27, wherein R?? is -H or halo.

34.  The compound of claim 33, wherein R?* is -H, or -F,

35.  The compound of claim 34, wherein R?? is -H.

36.  The compound of any one of claims 1-35, wherein each R!% is independently halo, -Ci.6

alkyl, -Cis alkylene-carbocyclyl, or -C1.6 haloalkyl.

37.  The compound of any one of claims 1-35, wherein each R!% is independently -CH,CH3, -
CH3, -CHz-cyclopropyl, -Cl, -CH,-CF3, -CHz-cyclobutyl, -CHs-oxetanyl, -CF,CHj3, or two
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adjacent R'® may be joined to form a C5-6 carbocyclyl, or a 5-membered heterocyclyl
containing a N or O heteroatom; and wherein the carbocyclyl is optionally substituted with one

or more fluoro.

38.  The compound of claim 37, wherein each R!% is independently -CH,CH3, -CHs, -CHo-
cyclopropyl, -Cl, -CH;-CF3, -CH;-cyclobutyl, or -CH;-oxetanyl.

39.  The compound of claim 37, wherein each R!% is independently -CH,CH3, -CHs, -CHa-
cyclopropyl, -Cl, or -CH,-CF3.

40. The compound of any one of claims 1-39, wherein pis 1 or 2.

41.  The compound of any one of claims 1-39, wherein p is 1 and R'is -C,6 alkyl, -Ci6

alkylene-carbocyclyl, or -Ci.¢ haloalkyl.

42.  The compound of claim 41, wherein R'% is -CH,CH3, -CHa-cyclopropyl, or -CH2-CFs.

43.  The compound of any one of claims 14-42, wherein p is 1 and R'% is substituted at the

meta-position of the pyridine.

44.  The compound of any one of claims 1-40, wherein p is 2 and R!%° is independently halo

and -Cy alkyl.

45.  The compound of claim 44, wherein p is 2 and R'% is -CH,CH3 and -CI.

46.  The compound of any one of claims 1-40, wherein p is 2 and two R'%° may be joined to
form a C5-6 carbocyclyl, or a 5-membered heterocyclyl containing a N or O heteroatom; and

wherein the carbocyclyl is optionally substituted with one or more fluoro.

47.  The compound of any one of claims 14-40 or 44-46, wherein p is 2 and R!% is substituted

at the meta-position and the ortho-position of the pyridine.
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48. A compound of Formula (V)

V)
or a pharmaceutically acceptable salt thereof,
wherein:

Z! and Z? are independently -CH- or -N-;

R*?is -H, or -C1salkyl; and

R3? and R* are joined to form a heterocycle containing at least one N atom in the
ring and substituted with oxo; and wherein the heterocycle may be further optionally
substituted with one or more R!°!; and

R!%1is independently hydrogen, halo, or C;alkyl.

49. The compound of claim 48, wherein the compound is of Formula (V-A)

22 N_o
\Z‘]

L

\NJ\” R20/ “NR21
(V-A)

or a pharmaceutically acceptable salt thereof,

wherein:

R?" is halo or -C1alkyl; and
R?" is halo or -C1alkyl.

50. A compound of Formula (V-B)
R22

ZZ
|
\N)\N
H

21

ZT
®)

(V-B)
or a pharmaceutically acceptable salt thereof,
wherein:
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Z' and Z? are independently -CH- or -N-;
R??is H or -Csalkyl

R?%is halo or -Calkyl

R?! is halo or -C1alkyl

51. A compound selected from

N
I o
Q
s o
o AN v
8 g
J NN :
F
o o
o o
Ei/u\u F X N cl
L

zI

F
F
o N  _O
o)
J&/L” [y
7 -
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52. The compound of claim 51 selected from:
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53. A pharmaceutical composition comprising the compound of any one of claims 1-

52, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient or carrier.
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54. A method of treating cancer in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of the compound of any
one of claims 1-52 or a pharmaceutically acceptable salt thereof, or the pharmaceutical

composition of claim 53.

55. A method of treating metastatic cancer or chemoresistant cancer in a subject in
need thereof, the method comprising administering to the subject a therapeutically
effective amount of the compound of any one of claims 1-52 or a pharmaceutically

acceptable salt thereof, or the pharmaceutical composition of claim 53.

56. A method of treating or preventing metastasis of a cancer in a subject in need
thereof, the method comprising administering to the subject an effective amount of the
compound of any one of claims 1-52 or a pharmaceutically acceptable salt thereof, or the

pharmaceutical composition of claim 53.

57. A method of sensitizing cancer for chemotherapy in a subject in need thereof, the
method comprising administering to the subject an effective amount of the compound of
any one of claims 1-52 or a pharmaceutically acceptable salt thereof, or the

pharmaceutical composition of claim 53.

58. The method of any one of claims 54-57, further comprising administering to the
subject an effective amount of a second anti-cancer therapy, such as a chemotherapeutic

agent, a receptor tyrosine kinase inhibitor, or a therapeutic antibody.

59. The method of any one of claims 54-58, wherein the cancer is a breast cancer,
colorectal cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular
cancer, cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung
cancer, pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver
cancer, mesothelioma, melanoma, sarcoma, gastrointestinal stromal tumor, peripheral

nerve sheath tumor, myeloma, and/or endometrial cancer.
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60. A method of treating or preventing type 2 diabetes in a subject in need thereof, the
method comprising administering to the subject an effective amount of the compound of
any one of claims 1-52 or a pharmaceutically acceptable salt thereof, or the

pharmaceutical composition of claim 53.

61. A method of treating or preventing a metabolic disease in a subject in need
thereof, the method comprising administering to the subject an effective amount of the
compound of any one of claims 1-52 or a pharmaceutically acceptable salt thereof, or the

pharmaceutical composition of claim 53.

62. A method of inhibiting an aldehyde dehydrogenase in a subject in need thereof,
comprising administering to the subject an effective amount of the compound of any one
of claims 1-52 or a pharmaceutically acceptable salt thereof, or the pharmaceutical

composition of claim 53.

63. A method of treating a disease or disorder associated with aldehyde
dehydrogenase, preferably, a disease or disorder associated with aldehyde dehydrogenase
1soform 1a3 (ALDH1a3) and/or (ALDH1a2) in a subject in need thereof, comprising
administering to the subject an effective amount of the compound of any one of claims 1-
52, or a pharmaceutically acceptable salt thereof, or the pharmaceutical composition of

claim 53.

64. The method of claim 63, wherein the disease or disorder is a proliferative disease

or disorder or a metabolic disease or disorder.

65. A method of treating an endothelial cell or smooth muscle cell disease or disorder,
such as pulmonary arterial hypertension or neointimal hyperplasia in a subject in need
thereof, comprising administering to the subject an effective amount of the compound of
any one of claims 1-52 or a pharmaceutically acceptable salt thereof, or the

pharmaceutical composition of claim 53.
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66. A method of antagonizing the retinoid pathway in a subject in need thereof, the
method comprising administering to the subject an effective amount of the compound of
any one of claims 1-52 or a pharmaceutically acceptable salt thereof, or the

pharmaceutical composition of claim 53.

67. A method of treating a cancer in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of the compound of any
one of claims 1-52 or a pharmaceutically acceptable salt thereof, or the pharmaceutical

composition of claim 53, in combination with an immunotherapy.

68. The method of claim 67, wherein the immunotherapy comprises administering to
the subject an anti-PD-1 antibody, anti-PD-L1 antibody, anti-CTLA4 antibody, 1L-2,
autologous T cell therapy, bispecific antibody therapy, anti-TGFp antibody, a JAK/STAT

inhibitor, or any combination thereof.

69. The method of claim 67 or 68, wherein the cancer is a breast cancer, colorectal
cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular cancer,
cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung cancer,
pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver cancer,
mesothelioma, melanoma, sarcoma, gastrointestinal stromal tumor, peripheral nerve

sheath tumor, myeloma, and/or endometrial cancer.

70. A method of treating a cancer in a subject in need thereof, wherein the cancer is
unresponsive to one or more immunotherapy or the subject has developed resistance to
one or more immunotherapy, the method comprising administering to the subject a
therapeutically effective amount of the compound of any one of claims 1-52 or a
pharmaceutically acceptable salt thereof, or the pharmaceutical composition of claim 53,

and optionally administering to the subject an immunotherapy.

71. The method of claim 70, wherein the cancer is unresponsive to treatment with

anti-PD-1 or anti-PD-L1 antibodies.
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72. The method of claim 70, wherein the subject has developed resistance to anti-PD-

1 or anti-PD-L1 antibodies-based treatment.

73. The method of any one of claims 70-72, comprising administering to the subject
an anti-PD-1 antibody, anti-PD-L1 antibody, anti-CTLA4 antibody, IL-2, autologous T
cell therapy, bispecific antibody therapy, anti-TGFp antibody, a JAK/STAT inhibitor, or

any combination thereof.

74. The method of any one of claims 70-73, wherein the cancer is a breast cancer,
colorectal cancer, kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, testicular
cancer, cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung
cancer, pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver
cancer, mesothelioma, melanoma, sarcoma, gastrointestinal stromal tumor, peripheral

nerve sheath tumor, myeloma, and/or endometrial cancer.

75. A method of treating a disease or disorder associated with retinoid pathway
activation in a subject in need thereof, the method comprising administering to the subject
a therapeutically effective amount of the compound of any one of claims 1-52 or a

pharmaceutical salt thereof, or the pharmaceutical composition of claim 53.

76. The method of claim 75, wherein the disease or disorder is associated with

immune tolerance, induction of Ty cells and/or M2 macrophages, and/or effector T cell

suppression.
77. The method of claim 75 or 76, wherein the disease or disorder is cancer.
78. The method of claim 77, wherein the cancer is a breast cancer, colorectal cancer,

kidney cancer, ovarian cancer, gastric cancer, thyroid cancer, urothelial cancer, testicular
cancer, cervical cancer, nasopharyngeal cancer, esophageal cancer, bile duct cancer, lung
cancer, pancreatic cancer, prostate cancer, bone cancer, blood cancer, brain cancer, liver
cancer, mesothelioma, melanoma, hematologic cancer, sarcoma, gastrointestinal stromal

tumor, peripheral nerve sheath tumor, myeloma, and/or endometrial cancer.
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79. The method of any one of claims 75-78, further comprising administering to the

subject an immunotherapy (e.g., an immune checkpoint inhibitor).

80. The method of claim 79, wherein administering the immunotherapy comprises
administering to the subject an anti-PD-1 antibody, anti-PD-L1 antibody, anti-CTLA4
antibody, anti-LAG-3, anti-TIGIT, IL-2, autologous T cell therapy, bispecific antibody
therapy, anti-TGFp antibody, a JAK/STAT inhibitor, or any combination thereof.

81. A method of male contraception in a subject in need thereof, the method
comprising administering to the subject an effective amount of the compound of any one
of claims 1-52 or a pharmaceutically acceptable salt thereof, or the pharmaceutical

composition of claim 53,

82. A method of inhibiting Trg cell and/or M2 macrophage formation in a subject in
need thereof, the method comprising administering to the subject an effective amount of
the compound of any one of claims 1-52 or a pharmaceutical salt thereof, or the

pharmaceutical composition of claim 53.
83. The method of claim 82, wherein the subject is characterized as having a cancer

unresponsive to one or more immunotherapy or the subject has developed resistance to

one or more immunotherapy.
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