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BENZIMIDAZOLE DERIVATIVES, AND PHARMACEUTICAL COMPOSITIONS
AND METHODS OF USE THEREOF

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of the priority of U.S. Provisional
Application No. 61/968,243, filed March 20, 2014; the disclosure of which is incorporated

herein by reference in its entirety.
FIELD

[0002] Disclosed herein are benzimidazole derivatives and pharmaceutical
compositions thereof. Also disclosed herein are methods of their use for treating, preventing,

or ameliorating one or more symptoms of a proliferative disease.
BACKGROUND

0002A] Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is not to be taken as an admission that
any or all of these matters form part of the prior art base or were common general knowledge
in the field relevant to the present disclosure as it existed before the priority date of each of

the appended claims.

[0003] In the human receptor tyrosine kinase superfamily, the ERBB family
comprises four members: ERBBI (epidermal growth factor receptor or EGFR), ERBB2
(HER2), ERBB3 (HER3), and ERBB4 (HER4). The ERBB receptors share an overall similar
structure with a ligand-binding ectodomain, a single transmembrane domain, and an
intracellular kinase domain, which is active in ERBB1, HER2 and ERBB4, but defective in
ERBB3. A diverse array of ligands has been identified for the ectodomains of ERBBI,
ERBB3, and ERBB4, but not HER2. Ligand binding induces conformational change in
receptors to form homo- and hetero-dimerization. Without ligand binding, the extracellular
domain of HER2 is already fixed in a conformation that resembles the other ligand-activated
ERBB members, making it a preferred dimerization partner for other ligand-bound ERBBs.
The dimerized receptors activate the intrinsic kinase activity, leading to phosphorylation of
tyrosines at cytoplasmic tails. The ERBB receptors differ in kinase potency, phosphorylation

sites, and substrate specificity. The phosphorylated tyrosines serve as the docking sites to
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recruit downstream effectors and activate multiple cascades of intracellular signaling
pathways, including the anti-apoptotic/survival PI3K/AKT and the mitogenic
RAS/RAF/MEK/ERK pathways. In normal cells, the activity of ERBB receptors is under
tight control to regulate various cellular processes, such as growth, proliferation, development

and differentiation, survival and apoptosis, cell shape and adhesion, migration, and

- 1A -



WO 2015/143161 PCT/US2015/021475

angiogenesis. Yarden et al., Nat. Rev. Mol. Cell. Biol. 2001, 2, 127-137; Hynes et al., Nat.
Rev. Cancer 20085, 5, 341-354.

[0004] As a major proliferation and survival engine for cells, constitutive activation
of ERBB receptors, particularly ERBB1 and HER2, is oncogenic and can be a strong driver
for tumorigenesis in cultured cells and animal models. In addition, the activated receptors
accelerate cancer development by promoting tumor angiogenesis and metastasis. Persistent
activation can result from overexpression of the receptors, production of excessive ligands, or
generation of activating mutations in the ectodomains and kinase domains of the receptors.
Yarden et al., Nat. Rev. Mol. Cell. Biol. 2001, 2, 127-137. In humans, genetic alterations in
ERBB genes and other genes that lead to similar deregulation of ERBB receptors are
frequently identified in majority of carcinomas, such as lung, breast, colon, prostate, brain,
head and neck, oesophagus, ovary, cervix, bladder, stomach, and endometrium cancer. The
aberrant activation of ERBB receptors is in general an adverse prognostic indicator for higher
recurrence rate and shorter survival time. Nicholson et al., Eur. J. Cancer 2001, 37, 9-15;

Slamon et al., Science 1997, 235, 177-182.

[0005] Given the compelling association of activation of ERBB receptors with human
cancers, ERBB1 and HER2 are among the kinase targets for drug development, aiming to
tame signaling transduction pathways for cancer treatment. To reverse the abnormal activity
of ERBB receptors in tumors, monoclonal antibodies targeting the extracellular domains of
ERBB1 and HER2 and small molecule chemicals inhibiting the intracellular kinase domains

have been developed.

[0006] The monoclonal antibody drugs attack the ERBB receptors with high
specificity and attenuate ERBB-mediated signaling by prevention of ligand binding and
receptor dimerization, elimination receptors from cell surface through endocytosis, inhibition
of shedding of extracellular domain, and activation of immune system. Hudis, N. Engl. J.
Med. 2007, 357, 39-51. Cetuximab and panitumumab, two anti-ERBBI antibodies, have
shown improvement in response rate and the rate of progression-free survival in the treatment
of metastatic colon cancer either as monotherapy or in combination with chemotherapies. In
addition, cetuximab has also been approved for the treatment of locally advanced,
unresectable or metastatic squamous cell carcinoma of the head and neck. Ciardiello et al.,
N. Engl. J. Med. 2008, 358, 1160-1174. Anti-HER2 antibody trastuzumab binds to the

domain IV of the HER2 receptor at the juxtamembrane position. In clinical development,
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trastuzumab has demonstrated increased overall survival rate in early- and metastatic-stage
breast cancer patients with tumors showing IHC 3+ HER2 overexpression or FISH gene
amplification ratio of at least 2.0. Using the same criteria for patient selection, pertuzumab,
which binds to a distinct epitope at the domain II of the HER2 receptor, has been found to
further increase the complete response rate by addition to trastuzumab and docetaxel regimen
as a neoadjuvant treatment for patients with locally advanced, early-stage breast cancer.

Gradishar, N. Engl. J. Med. 2012, 366, 176-178.

[0007] Development of small-molecule ERBB1 kinase inhibitors (ERBB11s) has
become an evolving paradigm for using cancer genomics to guide targeted drug development
and treatment. Gefinitib and erlotinib, the first two ERBBI1I drugs, are reversible ATP
mimetic inhibitors that bind to the wild-type ERBB1 catalytic domain to inhibit tyrosine
kinase activity. In unselected patients of non-small cell lung cancer (NSCLC) or pancreatic
cancer, only erlotinib has demonstrated clinical benefit by modestly increasing overall
survival. Ciardiello et al., N. Engl. J. Med. 2008, 358, 1160-1174. In a subset of NSCLC
patients that harbor activating mutations within ERBB1 tyrosine kinase domain, both
gefitinib and erlotinib treatments are highly sensitive and can achieve lasting efficacy as
monotherapy. These drug-responding mutations are mostly in-frame deletions nested around
Leu-Arg-Glu-Ala from position 747 to 750 in ERBB1 exon 19, or a leucine to arginine
substitution at position 858 (L858R) in exon 21.

[0008] However, the initial response to erlotinib or gefitinib relapses in 10-14 months
by developing resistant mutations in tumors. Among them, a T790M gate-keeper point
mutation in the exon 20 of ERBBI1, which poses a steric interference to drug binding, is
found in over 50% of acquired resistant tumors. To overcome the resistance from T790M
mutation and confer sustained ERBB1 inhibition, the second-generation ERBB1Is have been
developed, some of them are irreversible ERBB1 and HER2 dual inhibitors. The irreversible
compounds overcome the kinase binding hindrance from T790M mutation by better fitting
into the mutated binding pocket and forming covalent bond with the protein amino acid
residues. Additionally, irreversible ERBB11s appear to cause slower acquired resistance to

the treatment than reversible inhibitors. Sharma et al., Nat. Rev. Cancer 2007, 7. 169-181.

[0009] In preclinical testing, afatinib, a second-generation ERBB1I, inhibited the
growth of NSCLC HCC827 cells, which harbor the sensitive exon 19 deletion, and is 50-fold
more potent than erlotinib in inhibition of growth of NSCLC H1975 cells, which has a

-3



27 Jun 2019

2015231215

T790M mutation in-cis with the L858R mutation. However, afatinib also inhibits A431 cells,
whose growth is driven by a wild-type ERBBI, 100-fold more potent than H1975. The
difference in potencies portends that, in cancer patients, the compound could inhibit wild-
type ERBBI completely before it reaches sufficient blood level for pharmacological effect on
T790M mutant ERBBI. Since wild-type ERBB1 inhibition has been reported to cause dose-
limiting toxicity in virtually all previously ERBB1I drugs, the preferential inhibition of wild-
type ERBBI over resistant mutant pose a potential challenge for afatinib to achieve high
enough dose for T790M mutant inhibition. Consistent with the preclinical discovery, clinical
development has found afatinib only showed equivalent efficacy to erlotinib or gefitinib in
patients with sensitive mutations, but failed to demonstrate statistically meaningful
superiority to erlotinib and gefitinib in treating patients with acquired T790M resistant
mutation even at the maximum tolerated dose. Langer, J. Clin. Oncol. 2013, 31, 3303-3330.
Thus, there is a clear and unmet need to develop effective therapeutics for treating a

proliferative disease, especially drug-resistant cancer.

SUMMARY OF THE DISCLOSURE

[0010] Disclosed herein is a compound of Formula I:

)
or a single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof;

R! is (a) hydrogen, cyano, halo, or nitro; (b) Ci.6 alkyl, C2-6 alkenyl, C2-6
alkynyl, Cs-10 cycloalkyl, Ce-14 aryl, C7.15 aralkyl, heteroaryl, or heterocyclyl; (c) ~C(O)R'2,
~C(O)OR'?, -C(O)NR'’R'®, -C(NR'*)NR'®R'¢, ~OR'?, ~OC(O)R'?, ~OC(O)OR'?,
~OC(O)NR'"R'®, ~OC(=NR'*)NR'’R'*, - OS(O)R'?, ~OS(0)2R'?, ~OS(O)NR'’R'®,
~OS(0)2NR'PR'®, _NR'’R'®, -\NR'?*C(O)R'¢, -NR'*C(O)OR'¢, -NR'*C(O)NR'°R',
~NR!"2C(=NR!)NR'®R!¢, -NR!'3S(O)R'4, -NR'3S(0)2R !9, -NR'3S(O)NR'*R ¢,
~NR'?S(0):NR'®R'¢, -SR'?, ~S(O)R'?, -S(0)2R 2, —-S(O)NR'®R'¢, or —S(0)2NR'’R'*; or (d)
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R%is Cis alkyl, Cy6 alkenyl, C, alkynyl, Cs.o cycloalkyl, Ce.14 aryl, Cs.15
aralkyl, heteroaryl, or heterocyclyl;

L'is abond, -O—, -S—, —N(RIA)—, or —C(RIARIB)—, wherein each R'* and R'B
is independently hydrogen, halo, C; alkyl, C,. alkenyl, C,¢ alkynyl, Cs.7 cycloalkyl, Ce.14
aryl, C;.5 aralkyl, heteroaryl, or heterocyclyl;

L%is Cs.10 cycloalkylene, Ce 14 arylene, C7.is aralkylene, heteroarylene, or
heterocyclylene;

T is a bond, ~O—, -S—, -N=, —-N(R*)-, or -C(R*)=;

U is a bond, —O—, —-S—, -N=, -N(R’)-, or —-C(R’)=;

V is a bond, —O—, —-S—, -N=, -N(R%)-, or —-C(R%)=;

W is a bond, —O—, —-S—, -N=, -N(R")-, or —-C(R")=;

X and Y are each independently C or N;

Z is NR** or CR**R?®, wherein each R** and R”® is independently hydrogen,
halo, C, alkyl, C,¢ alkenyl, C, ¢ alkynyl, C;_; cycloalkyl, C¢ 14 aryl, C;;5 aralkyl, heteroaryl,
or heterocyclyl;

RY, R’ , R6, and R are each independently (a) hydrogen, cyano, halo, or nitro;
(b) Ci6 alkyl, Cy alkenyl, Cy.6 alkynyl, Cs.19 cycloalkyl, Ce 14 aryl, C7.;5 aralkyl, heteroaryl,
or heterocyclyl; or (c) ~C(O)R', ~C(O)OR'"®, ~C(O)NR'"R'¢, -C(NR'")NR'"R', ~OR ",
—OC(0)R"™, —OC(0)OR'", —OC(O)NR'’R'®, ~OC(=NR'*)NR'°R'¢, ~OS(O)R'*, ~OS(0O),R",
—OS(O)NR'®R', ~OS(0),NR'°R'¢, -NR'’R'¢, -NR"*C(O)R"?, -NR"*C(O)OR "¢,
~NR"™C(O)NR'"R', -NR"C(=NR'Y)NR'"R'¢, -NR'*S(O)R'¢, -NR'*S(0),R "¢,
~NR™S(O)NR'""R'¢, -NR'*S(0),NR'°R'¢, -SR"*, ~S(O)R"*, ~S(O),R"*, ~S(O)NR'°R"¢, or
—S(O)ZNR“’RIC; with proviso that at least two of R* R°, R, and R’ are not hydrogen; and

-5-
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with the proviso that R*and R°, R® and R®, or R® and R’ are linked together to form
heteroaryl or heterocyclyl;

each R"™ R'®, R', and R' is independently hydrogen, C,.s alkyl, C2.6 alkenyl,
C,6 alkynyl, Cs; cycloalkyl, Ce 14 aryl, C;.5 aralkyl, heteroaryl, or heterocyclyl; or R'* and
R'® together with the C and N atoms to which they are attached form heterocyclyl; or R'® and
R'® together with the N atom to which they are attached form heterocyclyl; and

ecach R'®, R'" and R'® is independently hydrogen, halo, C,. alkyl, C,. alkenyl,
C,6 alkynyl, C;s; cycloalkyl, Ce 14 aryl, C7.;5 aralkyl, heteroaryl, or heterocyclyl;

with the proviso that no more than one of T, U, V, and W is a bond;

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylene, aryl, arylene,
aralkyl, aralkylene, heteroaryl, heteroarylene, heterocyclyl, and heterocyclylene is optionally
substituted with one or more, in one embodiment, one, two, three, or four, substituents Q,
where each Q is independently selected from (a) oxo, cyano, halo, and nitro; (b) C,_ alkyl,
Cy6 alkenyl, Cy alkynyl, Cs_7 cycloalkyl, Ce.14 aryl, C7.;5 aralkyl, heteroaryl, and
heterocyclyl, each of which is further optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q*; and (c) -C(O)R?, -C(O)OR?,
—C(O)NRPR®, —-C(NR*)NR'R¢, —~OR* —OC(0)R*, ~OC(O)OR*, -OC(O)NRR,
—OC(=NR*NRR¢, ~OP(0)(OR"),, ~OS(0O)R* —0OS(0),;R*, ~OS(O)NRR*, ~OS(0),NR"R’,
~NR"R®, -NR*C(O)R?, -NR*C(0O)OR!, -NR*C(O)NR"R¢, -NR*C(=NR*)NR'R¢,
~NR*S(0)RY, -NR*S(0),R?, -NR*S(O)NRR¢, -NR*S(0),NR"R¢, -SR*, ~S(O)R*, -S(O),R?,
~S(O)NRR®, and —S(0),NR"R¢, wherein each R*, R®, R®, and R? is independently (i)
hydrogen; (ii) C, alkyl, C,6 alkenyl, Cy6 alkynyl, Cs_7 cycloalkyl, Ce.14 aryl, C7.;5 aralkyl,
heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q% or (iii) R” and R together with the N
atom to which they are attached form heterocyclyl, optionally substituted with one or more,
in one embodiment, one, two, three, or four, substituents Q%

wherein each Q” is independently selected from the group consisting of (a)
0x0, cyano, halo, and nitro; (b) C,_ alkyl, C,¢ alkenyl, C,6 alkynyl, Cs.7 cycloalkyl, Ce.14
aryl, C7_js aralkyl, heteroaryl, and heterocyclyl; and (c) ~C(O)R', —~C(O)OR!, -C(O)NR®R",
—~C(NRHNRER", ~OR', ~OC(O)R’, ~OC(0)OR!, ~OC(O)NRER", ~OC(=NR")NR®R",
—OP(0)(OR"),, —OS(O)R', ~0S(0),R, ~OS(O)NRER", ~0S(0),NR®R", -NRER",
~NR'C(0)R, -NR'C(O)OR*, -~NR'C(O)NR®R", -NR'C(=NR¥)NR®R", -NR'S(O)R,
~NRS(0),R¥, -NR'S(O)NRER", -NR'S(0),NRER", ~SR’, ~S(0)R’, —S(0),R’, ~S(O)NRER",
and —S(0),NR®R"; wherein cach R', R%, R", and R* is independently (i) hydrogen; (ii) C)

-6 -
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alkyl, C2-6 alkenyl, C2-6 alkynyl, C3.7 cycloalkyl, Ce-14 aryl, C7-15 aralkyl, heteroaryl, or
heterocyclyl; or (iii) R€ and R" together with the N atom to which they are attached form

heterocyclyl.

[0011] Also disclosed herein are pharmaceutical compositions comprising a
compound disclosed herein, e.g., a compound of Formula I, or a single enantiomer, a racemic
mixture, a mixture of diastereomers, or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, or prodrug thereof; and optionally a pharmaceutically acceptable

excipient or carrier.

[0012] Furthermore, disclosed herein is a method for treating, preventing, or
ameliorating one or more symptoms of a proliferative disease in a subject, comprising
administering to the subject a compound disclosed herein, e.g., a compound of Formula I, or
a single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant

thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

[0013] Disclosed herein is a method for treating, preventing, or ameliorating one or
more symptoms of an ERBB-mediated condition, disorder, or disease in a subject,
comprising administering to the subject a compound disclosed herein, e.g., a compound of
Formula I, or a single enantiomer, a racemic mixture, a mixture of diastereomers, or an

isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

[0014] Disclosed herein is a method for treating, preventing, or ameliorating one or
more symptoms of cancer in a subject, comprising administering to the subject a compound
disclosed herein, e.g., a compound of Formula I, or a single enantiomer, a racemic mixture, a
mixture of diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt,

solvate, or prodrug thereof. In one embodiment, the cancer is drug-resistant.

[0015] Disclosed herein is a method of inhibiting the growth of a cell, comprising
contacting the cell with a compound provided herein, e.g., a compound of Formula I, or a
single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant

thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

[0016] Disclosed herein is a method of inhibiting the growth of a cell in a subject,
comprising administering to the subject a compound disclosed herein, e.g., a compound of

Formula I, or a single enantiomer, a racemic mixture, a mixture of
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diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or

prodrug thereof.

[0017] Disclosed herein is a method for modulating the activity of a tyrosine kinase,
in one embodiment, an ERBB kinase, comprising contacting the ERBB kinase with a
compound disclosed herein, e.g., a compound of Formula I, or a single enantiomer, a racemic
mixture, a mixture of diastereomers, or an isotopic variant thereof; or a pharmaceutically

acceptable salt, solvate, or prodrug thereof.

[0018] Disclosed herein is a method for modulating the activity of a tyrosine kinase,
in one embodiment, an ERBB kinase, in a subject, comprising administering to the subject a
compound disclosed herein, e.g., a compound of Formula I, or a single enantiomer, a racemic
mixture, a mixture of diastereomers, or an isotopic variant thereof; or a pharmaceutically

acceptable salt, solvate, or prodrug thereof.

DETAILED DESCRIPTION
[0019] To facilitate understanding of the disclosure set forth herein, a number of
terms are defined below.
[0020] Generally, the nomenclature used herein and the laboratory procedures in

biology, biochemistry, medicinal chemistry, organic chemistry, and pharmacology described
herein are those well known and commonly employed in the art. Unless defined otherwise,
all technical and scientific terms used herein generally have the same meaning as commonly

understood by one of ordinary skill in the art to which this disclosure belongs.

[0020A] Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other

element, integer or step, or group of elements, integers or steps.

[0021] The term “tumor,” “neoplasm,” and “neoplastic disorder or disease” are used
interchangeably herein and are meant to refer to unwanted cell proliferation of one or more

subset of cells in a multicellular organism resulting in harm (i.e., discomfort or decreased life
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expectancy) to the multicellular organisms. In certain embodiments, a tumor can be benign

(non-invasive) or malignant (invasive).

[0022] The term “cancer” is meant to refer to a malignant neoplasm, which is
characterized by uncontrolled cell proliferation where cells have lost their normal regulatory
controls that would otherwise govern the rate of cell growth. These unregulated, dividing
cells can spread throughout the body and invade normal tissues in a process referred to as

“metastasis.”

- 8A -
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[0023] The term “subject” refers to an animal, including, but not limited to, a primate
(e.g., human), cow, pig, sheep, goat, horse, dog, cat, rabbit, rat, and mouse. The terms
“subject” and “patient” are used interchangeably herein in reference, for example, to a

mammalian subject, such as a human subject, in one embodiment, a human.

[0024] The terms “treat,” “treating,” and “treatment” are meant to include alleviating
or abrogating a condition, disorder, or disease, or one or more of the symptoms associated
with the condition, disorder, or disease; or alleviating or eradicating the cause(s) of the

condition, disorder, or disease itself.

[0025] The terms “prevent,” “preventing,” and “prevention” are meant to include a
method of delaying and/or precluding the onset of a condition, disorder, or disease, and/or its
attendant symptoms; barring a subject from acquiring a condition, disorder, or disease; or

reducing a subject’s risk of acquiring a condition, disorder, or disease.

[0026] The term “contacting” or “‘contact” is meant to refer to bringing together of a
therapeutic agent and cell or tissue such that a physiological and/or chemical effect takes
place as a result of such contact. Contacting can take place in vitro, ex vivo, or in vivo. In
one embodiment, a therapeutic agent is contacted with a cell in cell culture (in vitro) to
determine the effect of the therapeutic agent on the cell. In another embodiment, the
contacting of a therapeutic agent with a cell or tissue includes the administration of a

therapeutic agent to a subject having the cell or tissue to be contacted.

[0027] The term “therapeutically effective amount” are meant to include the amount
of a compound that, when administered, is sufficient to prevent development of, or alleviate
to some extent, one or more of the symptoms of the condition, disorder, or disease being
treated. The term “therapeutically effective amount” also refers to the amount of a compound
that is sufficient to elicit the biological or medical response of a biological molecule (e.g., a
protein, enzyme, RNA, or DNA), cell, tissue, system, animal, or human, which is being

sought by a researcher, veterinarian, medical doctor, or clinician.

[0028] The term “ICsy” or “ECs,” refers an amount, concentration, or dosage of a
compound that is required for 50% inhibition of a maximal response in an assay that

measures such a response.

[0029] The term “GCs,” refers an amount, concentration, or dosage of a compound
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that is required to reduce the viability of cells treated with the compound by 50%, in

comparison with cells untreated with the compound.

[0030] The term “CCs,” refers an amount, concentration, or dosage of a compound
that results in 50% reduction of the viability of a host. In certain embodiments, the CCs, of a
compound is the amount, concentration, or dosage of the compound that is required to reduce
the viability of cells treated with the compound by 50%, in comparison with cells untreated

with the compound.

[0031] The term “relapsed” refers to a situation where a subject, who has had a

remission of cancer after therapy has a return of cancer cells.

[0032] The term “refractory or resistant” refers to a circumstance where a subject,

even after intensive treatment, has residual cancer cells in his body.

[0033] The term “drug resistance” refers to the condition when a disease does not
respond to the treatment of a drug or drugs. Drug resistance can be either intrinsic, which
means the disease has never been responsive to the drug or drugs, or it can be acquired,
which means the disease ceases responding to a drug or drugs that the disease had previously
responded to. In certain embodiments, drug resistance is intrinsic. In certain embodiments,

the drug resistance is acquired.

PR ANYS

[0034] The term “pharmaceutically acceptable carrier,” “pharmaceutically acceptable

PR ANYS

excipient,” “physiologically acceptable carrier,” or “physiologically acceptable excipient”
refers to a pharmaceutically-acceptable material, composition, or vehicle, such as a liquid or
solid filler, diluent, solvent, or encapsulating material. In one embodiment, each component
is “pharmaceutically acceptable” in the sense of being compatible with the other ingredients
of a pharmaceutical formulation, and suitable for use in contact with the tissue or organ of
humans and animals without excessive toxicity, irritation, allergic response, immunogenicity,
or other problems or complications, commensurate with a reasonable benefit/risk ratio. See,
Remington: The Science and Practice of Pharmacy, 21st ed.; Lippincott Williams & Wilkins:
Philadelphia, PA, 2005; Handbook of Pharmaceutical Excipients, 6th ed.; Rowe et al., Eds.;
The Pharmaceutical Press and the American Pharmaceutical Association: 2012; Handbook of
Pharmaceutical Additives, 3rd ed.; Ash and Ash Eds.; Gower Publishing Company: 2007,
Pharmaceutical Preformulation and Formulation, 2nd ed.; Gibson Ed.; CRC Press LLC:

Boca Raton, FL, 2009.
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[0035] The term “about” or “approximately” means an acceptable error for a
particular value as determined by one of ordinary skill in the art, which depends in part on
how the value is measured or determined. In certain embodiments, the term “about” or
“approximately” means within 1, 2, 3, or 4 standard deviations. In certain embodiments, the
term “about” or “approximately” means within 50%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%,
4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given value or range.

[0036] The terms “active ingredient” and “active substance” refer to a compound,
which is administered, alone or in combination with one or more pharmaceutically acceptable
excipients, to a subject for treating, preventing, or ameliorating one or more symptoms of a
condition, disorder, or disease. As used herein, “active ingredient” and “active substance”

may be an optically active isomer or an isotopic variant of a compound described herein.

[0037] The terms “drug,” “therapeutic agent,” and “chemotherapeutic agent” refer to
a compound, or a pharmaceutical composition thereof, which is administered to a subject for
treating, preventing, or ameliorating one or more symptoms of a condition, disorder, or

disease.

[0038] The term “naturally occurring” or “native” when used in connection with
biological materials such as nucleic acid molecules, polypeptides, host cells, and the like,
refers to materials which are found in nature and are not manipulated by man. Similarly,
“non-naturally occurring” or “non-native” refers to a material that is not found in nature or

that has been structurally modified or synthesized by man.

[0039] The term “ERBB” or “ERBB kinase” refers to a tyrosine kinase of the ERBB
family or a variant thereof, including, but not limited to, ERBB1 (EGFR or HER1), ERBB2
(HER2/c-neu), ERBB3 (HER3), and ERBB4 (HER4). ERBB variants include proteins
substantially homologous to a native ERBB kinase, i.e., proteins having one or more
naturally or non-naturally occurring amino acid deletions, insertions or substitutions (e.g.,
ERBB derivatives, homologs, and fragments), as compared to the amino acid sequence of a
native ERBB. The amino acid sequence of an ERBB variant is at least about 80% identical,

at least about 90% identical, or at least about 95% identical to a native ERBB.

[0040] The terms “ERBB-mediated condition, disorder or disease” and “a condition,
disorder, or disecase mediated by ERBB” refer to a condition, disorder, or disease

characterized by abnormal or dysregulated, e.g., greater than normal, ERBB activity.
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Abnormal ERBB kinase functional activity might arise as the result of ERBB kinase
overexpression in cells, expression of the ERBB kinase in cells which normally do not
express ERBB, or dysregulation due to constitutive activation, caused, for example, by a
mutation in ERBB. An ERBB-mediated condition, disorder, or disease may be completely or
partially mediated by inappropriate ERBB activity. In particular, an ERBB-mediated
condition, disorder, or disease is one in which modulation of an ERBB activity results in
some effect on the underlying condition, disorder, or disease, e.g., an ERBB inhibitor results

in some improvement in at least some of patients being treated.

[0041] The term “alkyl” refers to a linear or branched saturated monovalent
hydrocarbon radical, wherein the alkyl may optionally be substituted with one or more
substituents Q as described herein. For example, C;. alkyl refers to a linear saturated
monovalent hydrocarbon radical of 1 to 6 carbon atoms or a branched saturated monovalent
hydrocarbon radical of 3 to 6 carbon atoms. In certain embodiments, the alkyl is a linear
saturated monovalent hydrocarbon radical that has 1 to 20 (C;.2), 1 to 15 (Cy.35), 1 to 10 (C,.
10), or 1 to 6 (C;.6) carbon atoms, or branched saturated monovalent hydrocarbon radical of 3
t0 20 (Cz.59), 3to 15 (Cs_15), 3 to 10 (Cs_), or 3 to 6 (C;) carbon atoms. As used herein,
linear C;. and branched Cs_¢ alkyl groups are also referred as “lower alkyl.” Examples of
alkyl groups include, but are not limited to, methyl, ethyl, propyl (including all isomeric
forms), n-propyl, isopropyl, butyl (including all isomeric forms), n-butyl, isobutyl, sec-butyl,

t-butyl, pentyl (including all isomeric forms), and hexyl (including all isomeric forms).

[0042] The term “alkylene” refers to a linear or branched saturated divalent
hydrocarbon radical, wherein the alkylene may optionally be substituted with one or more
substituents Q as described herein. For example, C;. alkylene refers to a linear saturated
divalent hydrocarbon radical of 1 to 6 carbon atoms or a branched saturated divalent
hydrocarbon radical of 3 to 6 carbon atoms. In certain embodiments, the alkylene is a linear
saturated divalent hydrocarbon radical that has 1 to 20 (Cj.5), 1 to 15 (Cy.15), 1 to 10 (Cy.10),
or 1 to 6 (Cy6) carbon atoms, or branched saturated divalent hydrocarbon radical of 3 to 20
(C3.20), 3t0 15 (Cs.15), 3 t0 10 (C3.10), or 3 to 6 (Cs6) carbon atoms. As used herein, linear C,.
¢ and branched C;_ alkylene groups are also referred as “lower alkylene.” Examples of
alkylene groups include, but are not limited to, methylene, ethylene, propylene (including all
isomeric forms), n-propylene, isopropylene, butylene (including all isomeric forms), »-

butylene, isobutylene, ¢-butylene, pentylene (including all isomeric forms), and hexylene
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(including all isomeric forms).

[0043] The term “heteroalkylene” refers to a linear or branched saturated divalent
hydrocarbon radical that contains one or more heteroatoms in the hydrocarbon chain, each of
which is independently selected from O, S, and N,. For example, C, ¢ heteroalkylene refers
to a linear saturated divalent hydrocarbon radical of 1 to 6 carbon atoms or a branched
saturated divalent hydrocarbon radical of 3 to 6 carbon atoms. In certain embodiments, the
heteroalkylene is a linear saturated divalent hydrocarbon radical that has 1 to 20 (C;), | to
15 (Cy.15), 1 to 10 (Cy19), or 1 to 6 (C) carbon atoms, or branched saturated divalent
hydrocarbon radical of 3 to 20 (C3.5), 3 to 15 (Cs.15), 3 to 10 (Cs.10), or 3 to 6 (Cs.6) carbon
atoms. As used herein, linear C;.¢ and branched Cs.¢ heteroalkylene groups are also referred
as “lower heteroalkylene.” Examples of heteroalkylene groups include, but are not limited to,
-CH,0-, -CH,0CH,-, -CH,CH,0-, -CH,NH-, -CH,NHCH,—, -CH,CH,NH-, —CH,S—,
—CH,SCH,—, and —CH,CH,S~-. In certain embodiments, heteroalkylene may also be

optionally substituted with one or more substituents Q as described herein.

[0044] The term “alkenyl” refers to a linear or branched monovalent hydrocarbon
radical, which contains one or more, in one embodiment, one, two, three, four, or five, in
another embodiment, one or two, carbon-carbon double bond(s). The alkenyl may be
optionally substituted with one or more substituents Q as described herein. The term
“alkenyl” embraces radicals having a “cis” or “trans” configuration or a mixture thereof, or
alternatively, a “Z” or “E” configuration or a mixture thereof, as appreciated by those of
ordinary skill in the art. For example, C,6 alkenyl refers to a linear unsaturated monovalent
hydrocarbon radical of 2 to 6 carbon atoms or a branched unsaturated monovalent
hydrocarbon radical of 3 to 6 carbon atoms. In certain embodiments, the alkenyl is a linear
monovalent hydrocarbon radical of 2 to 20 (C;.), 2 to 15 (C.15), 2 to 10 (Cy.10), or 2 to 6
(C,.6) carbon atoms, or a branched monovalent hydrocarbon radical of 3 to 20 (C;.5), 3to 15
(Cs.15), 3to 10 (Cs.10), or 3 to 6 (Cs6) carbon atoms. Examples of alkenyl groups include, but
are not limited to, ethenyl, propen-1-yl, propen-2-yl, allyl, butenyl, and 4-methylbutenyl.

[0045] The term “alkenylene” refers to a linear or branched divalent hydrocarbon
radical, which contains one or more, in one embodiment, one, two, three, four, or five, in
another embodiment, one or two, carbon-carbon double bond(s). The alkenylene may be
optionally substituted with one or more substituents Q as described herein. The term

“alkenylene” embraces radicals having a “cis” or “trans” configuration or a mixture thereof,
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or alternatively, a “Z” or “E” configuration or a mixture thereof, as appreciated by those of
ordinary skill in the art. For example, C,.¢ alkenylene refers to a linear unsaturated divalent
hydrocarbon radical of 2 to 6 carbon atoms or a branched unsaturated divalent hydrocarbon
radical of 3 to 6 carbon atoms. In certain embodiments, the alkenylene is a linear divalent
hydrocarbon radical of 2 to 20 (C;.29), 2 to 15 (Cz.15), 2 to 10 (C,.10), or 2 to 6 (Cy.6) carbon
atoms, or a branched divalent hydrocarbon radical of 3 to 20 (Cs.2), 3 to 15 (C3.5), 3 to 10
(Cs.10), or 3 to 6 (Cs6) carbon atoms. Examples of alkenylene groups include, but are not

limited to, ethenylene, allylene, propenylene, butenylene, and 4-methylbutenylene.

[0046] The term “heteroalkenylene” refers to a linear or branched divalent
hydrocarbon radical, which contains one or more, in one embodiment, one, two, three, four,
or five, in another embodiment, one or two, carbon-carbon double bond(s), and which
contains one or more heteroatoms in the hydrocarbon chain, each of which is independently
selected from O, S, and N. The heteroalkenylene may be optionally substituted with one or
more substituents Q as described herein. The term “heteroalkenylene” embraces radicals
having a “cis” or “trans” configuration or a mixture thereof, or alternatively, a “Z” or “E”
configuration or a mixture thereof, as appreciated by those of ordinary skill in the art. For
example, C,.¢ heteroalkenylene refers to a linear unsaturated divalent hydrocarbon radical of
2 to 6 carbon atoms or a branched unsaturated divalent hydrocarbon radical of 3 to 6 carbon
atoms. In certain embodiments, the heteroalkenylene is a linear divalent hydrocarbon radical
0f 2 t0 20 (C.20), 2 to 15 (Cy.15), 2 to 10 (Cy.10), or 2 to 6 (C,.6) carbon atoms, or a branched
divalent hydrocarbon radical of 3 to 20 (C;), 3 to 15 (Cs_15), 3 to 10 (Cs_10), or 3 to 6 (Ci)
carbon atoms. Examples of heteroalkenylene groups include, but are not limited to,
—~CH=CHO-, -CH=CHOCH,-, -CH=CHCH,0-, -CH=CHS-, -CH=CHSCH,-,
—CH=CHCH,S—, or -CH=CHCH,;NH-.

[0047] The term “alkynyl” refers to a linear or branched monovalent hydrocarbon
radical, which contains one or more, in one embodiment, one, two, three, four, or five, in
another embodiment, one or two, carbon-carbon triple bond(s). The alkynyl may be
optionally substituted with one or more substituents Q as described herein. For example, C,6
alkynyl refers to a linear unsaturated monovalent hydrocarbon radical of 2 to 6 carbon atoms
or a branched unsaturated monovalent hydrocarbon radical of 3 to 6 carbon atoms. In certain
embodiments, the alkynyl is a lincar monovalent hydrocarbon radical of 2 to 20 (C;.2), 2 to

15 (Cy.15), 2 to 10 (Cy.10), or 2 to 6 (C,6) carbon atoms, or a branched monovalent
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hydrocarbon radical of 3 to 20 (C3.5), 3 to 15 (Cs.15), 3 to 10 (Cs.10), or 3 to 6 (Cs.) carbon
atoms. Examples of alkynyl groups include, but are not limited to, ethynyl (-C=CH),
propynyl (including all isomeric forms, e.g., 1-propynyl (-C=CCH3) and propargyl
(—-CH,C=CH)), butynyl (including all isomeric forms, e.g., 1-butyn-1-yl and 2-butyn-1-yl),
pentynyl (including all isomeric forms, e.g., 1-pentyn-1-yl and 1-methyl-2-butyn-1-yl), and

hexynyl (including all isomeric forms, e.g., 1-hexyn-1-yl).

[0048] The term “alkynylene” refers to a linear or branched divalent hydrocarbon
radical, which contains one or more, in one embodiment, one, two, three, four, or five, in
another embodiment, one or two, carbon-carbon triple bond(s). The alkynylene may be
optionally substituted with one or more substituents Q as described herein. For example, C,6
alkynylene refers to a linear unsaturated divalent hydrocarbon radical of 2 to 6 carbon atoms
or a branched unsaturated divalent hydrocarbon radical of 3 to 6 carbon atoms. In certain
embodiments, the alkynylene is a linear divalent hydrocarbon radical of 2 to 20 (C;.), 2 to
15 (Ca.5), 2 to 10 (Cy.10), or 2 to 6 (C,6) carbon atoms, or a branched divalent hydrocarbon
radical of 3 to 20 (C3.2), 3 to 15 (Cs.15), 3 to 10 (Cs.19), or 3 to 6 (Cs.6) carbon atoms.
Examples of alkynylene groups include, but are not limited to, ethynylene, propynylene
(including all isomeric forms, e.g., 1-propynylene and propargylene), butynylene (including
all isomeric forms, e.g., I-butyn-1-ylene and 2-butyn-1-ylene), pentynylene (including all
isomeric forms, e.g., 1-pentyn-1-ylene and 1-methyl-2-butyn-1-ylene), and hexynylene

(including all isomeric forms, e.g., 1-hexyn-1-ylene).

[0049] The term “cycloalkyl” refers to a cyclic monovalent hydrocarbon radical,
which may be optionally substituted with one or more substituents Q as described herein. In
one embodiment, cycloalkyl groups may be saturated or unsaturated but non-aromatic, and/or
bridged, and/or non-bridged, and/or fused bicyclic groups. In certain embodiments, the
cycloalkyl has from 3 to 20 (Cs_y), from 3 to 15 (Cs_s), from 3 to 10 (Cs_ ), or from 3 to 7
(Cs.7) carbon atoms. Examples of cycloalkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl, cycloheptyl, cycloheptenyl, bicyclo[2.1.1]hexyl, bicyclo[2.2.1]heptyl,

decalinyl, and adamantyl.

[0050] The term “cycloalkylene” refers to a cyclic divalent hydrocarbon radical,
which may be optionally substituted with one or more substituents Q as described herein. In

one embodiment, cycloalkyl groups may be saturated or unsaturated but non-aromatic, and/or
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bridged, and/or non-bridged, and/or fused bicyclic groups. In certain embodiments, the
cycloalkylene has from 3 to 20 (Cs.2), from 3 to 15 (Cs.;5), from 3 to 10 (Cs.10), or from 3 to
7 (Cs.7) carbon atoms. Examples of cycloalkylene groups include, but are not limited to,
cyclopropylene (e.g., 1,1-cyclopropylene and 1,2-cyclopropylene), cyclobutylene (e.g., 1,1-
cyclobutylene, 1,2-cyclobutylene, or 1,3-cyclobutylene), cyclopentylene (e.g., 1,1-
cyclopentylene, 1,2-cyclopentylene, or 1,3-cyclopentylene), cyclohexylene (e.g., 1,1-
cyclohexylene, 1,2-cyclohexylene, 1,3-cyclohexylene, or 1,4-cyclohexylene), cycloheptylene
(e.g., 1,1-cycloheptylene, 1,2-cycloheptylene, 1,3-cycloheptylene, or 1,4-cycloheptylene),

decalinylene, and adamantylene.

[0051] The term “aryl” refers to a monovalent monocyclic aromatic hydrocarbon
radical or monovalent polycyclic aromatic hydrocarbon radical that contains at least one
aromatic hydrocarbon ring. In certain embodiments, the aryl has from 6 to 20 (Cq_.50), from 6
to 15 (Ce.15), or from 6 to 10 (Ce.10) ring atoms. Examples of aryl groups include, but are not
limited to, phenyl, naphthyl, fluorenyl, azulenyl, anthryl, phenanthryl, pyrenyl, biphenyl, and
terphenyl. Aryl also refers to bicyclic or tricyclic carbon rings, where one of the rings is
aromatic and the others of which may be saturated, partially unsaturated, or aromatic, for
example, dihydronaphthyl, indenyl, indanyl, or tetrahydronaphthyl (tetralinyl). In certain
embodiments, aryl may be optionally substituted with one or more substituents Q as

described herein.

[0052] The term “arylene” refers to a divalent monocyclic aromatic hydrocarbon
radical or divalent polycyclic aromatic hydrocarbon radical that contains at least one aromatic
hydrocarbon ring. In certain embodiments, the arylene has from 6 to 20 (Ce.5), from 6 to 15
(Cé.15), or from 6 to 10 (Cs.10) ring atoms. Examples of arylene groups include, but are not
limited to, phenylene, naphthylene, fluorenylene, azulenylene, anthrylene, phenanthrylene,
pyrenylene, biphenylene, and terphenylene. Arylene also refers to bicyclic or tricyclic carbon
rings, where one of the rings is aromatic and the others of which may be saturated, partially
unsaturated, or aromatic, for example, dihydronaphthylene, indenylene, indanylene, or
tetrahydronaphthylene (tetralinylene). In certain embodiments, arylene may be optionally

substituted with one or more substituents Q as described herein.

[0053] The term “aralkyl” or “arylalkyl” refers to a monovalent alkyl group
substituted with one or more aryl groups. In certain embodiments, the aralkyl has from 7 to

30 (C7.30), from 7 to 20 (C7.0), or from 7 to 16 (C7.16) carbon atoms. Examples of aralkyl

-16 -



WO 2015/143161 PCT/US2015/021475

groups include, but are not limited to, benzyl, 2-phenylethyl, and 3-phenylpropyl. In certain
embodiments, aralkyl are optionally substituted with one or more substituents Q as described

herein.

[0054] The term “heteroaryl” refers to a monovalent monocyclic aromatic group or
monovalent polycyclic aromatic group that contains at least one aromatic ring, wherein at
least one aromatic ring contains one or more heteroatoms in the ring, each of which is
independently selected from O, S, and N. Heteroaryl groups are bonded to the rest of a
molecule through the aromatic ring. Each ring of a heteroaryl group can contain one or two

O atoms, one or two S atoms, and/or one to four N atoms, provided that the total number of
heteroatoms in each ring is four or less and each ring contains at least one carbon atom. In
certain embodiments, the heteroaryl has from 5 to 20, from 5 to 15, or from 5 to 10 ring
atoms. Examples of monocyclic heteroaryl groups include, but are not limited to, furanyl,
imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl, tetrazolyl, triazinyl,
and triazolyl. Examples of bicyclic heteroaryl groups include, but are not limited to,
benzofuranyl, benzimidazolyl, benzoisoxazolyl, benzopyranyl, benzothiadiazolyl,
benzothiazolyl, benzothienyl, benzotriazolyl, benzoxazolyl, furopyridyl, imidazopyridinyl,
imidazothiazolyl, indolizinyl, indolyl, indazolyl, isobenzofuranyl, isobenzothienyl, isoindolyl,
isoquinolinyl, isothiazolyl, naphthyridinyl, oxazolopyridinyl, phthalazinyl, pteridinyl, purinyl,
pyridopyridyl, pyrrolopyridyl, quinolinyl, quinoxalinyl, quinazolinyl, thiadiazolopyrimidyl,
and thienopyridyl. Examples of tricyclic heteroaryl groups include, but are not limited to,
acridinyl, benzindolyl, carbazolyl, dibenzofuranyl, perimidinyl, phenanthrolinyl,
phenanthridinyl, phenarsazinyl, phenazinyl, phenothiazinyl, phenoxazinyl, and xanthenyl. In
certain embodiments, heteroaryl may also be optionally substituted with one or more

substituents Q as described herein.

[0055] The term “heteroarylene” refers to a divalent monocyclic aromatic group or
divalent polycyclic aromatic group that contains at least one aromatic ring, wherein at least
one aromatic ring contains one or more heteroatoms in the ring, each of which is
independently selected from O, S, and N. A heteroarylene group has at least one linkage to
the rest of a molecule via its aromatic ring(s). Each ring of a heteroarylene group can contain
one or two O atoms, one or two S atoms, and/or one to four N atoms, provided that the total

number of heteroatoms in each ring is four or less and each ring contains at least one carbon
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atom. In certain embodiments, the heteroarylene has from 5 to 20, from 5 to 15, or from 5 to
10 ring atoms. Examples of monocyclic heteroarylene groups include, but are not limited to,
furanylene, imidazolylene, isothiazolylene, isoxazolylene, oxadiazolylene, oxadiazolylene,
oxazolylene, pyrazinylene, pyrazolylene, pyridazinylene, pyridylene, pyrimidinylene,
pyrrolylene, thiadiazolylene, thiazolylene, thienylene, tetrazolylene, triazinylene, and
triazolylene. Examples of bicyclic heteroarylene groups include, but are not limited to,
benzofuranylene, benzimidazolylene, benzoisoxazolylene, benzopyranylene,
benzothiadiazolylene, benzothiazolylene, benzothienylene, benzotriazolylene,
benzoxazolylene, furopyridylene, imidazopyridinylene, imidazothiazolylene, indolizinylene,
indolylene, indazolylene, isobenzofuranylene, isobenzothienylene, isoindolylene,
isoquinolinylene, isothiazolylene, naphthyridinylene, oxazolopyridinylene, phthalazinylene,
pteridinylene, purinylene, pyridopyridylene, pyrrolopyridylene, quinolinylene,
quinoxalinylene, quinazolinylene, thiadiazolopyrimidylene, and thienopyridylene. Examples
of tricyclic heteroarylene groups include, but are not limited to, acridinylene, benzindolylene,
carbazolylene, dibenzofuranylene, perimidinylene, phenanthrolinylene, phenanthridinylene,
phenarsazinylene, phenazinylene, phenothiazinylene, phenoxazinylene, and xanthenylene. In
certain embodiments, heteroarylene may also be optionally substituted with one or more

substituents Q as described herein.

[0056] The term “heterocyclyl” or “heterocyclic” refers to a monovalent monocyclic
non-aromatic ring system or monovalent polycyclic ring system that contains at least one
non-aromatic ring, wherein one or more of the non-aromatic ring atoms are heteroatoms
independently selected from O, S, and N; and the remaining ring atoms are carbon atoms. In
certain embodiments, the heterocyclyl or heterocyclic group has from 3 to 20, from 3 to 15,
from 3 to 10, from 3 to &, from 4 to 7, or from 5 to 6 ring atoms. Heterocyclyl groups are
bonded to the rest of a molecule through the non-aromatic ring. In certain embodiments, the
heterocyclyl is a monocyclic, bicyclic, tricyclic, or tetracyclic ring system, which may be
fused or bridged, and in which nitrogen or sulfur atoms may be optionally oxidized, nitrogen
atoms may be optionally quaternized, and some rings may be partially or fully saturated, or
aromatic. The heterocyclyl may be attached to the main structure at any heteroatom or
carbon atom which results in the creation of a stable compound. Examples of such
heterocyclic groups include, but are not limited to, azepinyl, benzodioxanyl, benzodioxolyl,
benzofuranonyl, benzopyranonyl, benzopyranyl, benzotetrahydrofuranyl,

benzotetrahydrothienyl, benzothiopyranyl, benzoxazinyl, -carbolinyl, chromanyl, chromonyl,
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cinnolinyl, coumarinyl, decahydroisoquinolinyl, dihydrobenzisothiazinyl,
dihydrobenzisoxazinyl, dihydrofuryl, dihydroisoindolyl, dihydropyranyl, dihydropyrazolyl,
dihydropyrazinyl, dihydropyridinyl, dihydropyrimidinyl, dihydropyrrolyl, dioxolanyl, 1,4-
dithianyl, furanonyl, imidazolidinyl, imidazolinyl, indolinyl, isobenzotetrahydrofuranyl,
isobenzotetrahydrothienyl, isochromanyl, isocoumarinyl, isoindolinyl, isothiazolidinyl,
isoxazolidinyl, morpholinyl, octahydroindolyl, octahydroisoindolyl, oxazolidinonyl,
oxazolidinyl, oxiranyl, piperazinyl, piperidinyl, 4-piperidonyl, pyrazolidinyl, pyrazolinyl,
pyrrolidinyl, pyrrolinyl, quinuclidinyl, tetrahydrofuryl, tetrahydroisoquinolinyl,
tetrahydropyranyl, tetrahydrothienyl, thiamorpholinyl, thiazolidinyl, tetrahydroquinolinyl,
and 1,3,5-trithianyl. In certain embodiments, heterocyclic may also be optionally substituted

with one or more substituents Q as described herein.

[0057] The term “heterocyclylene” refers to a divalent monocyclic non-aromatic ring
system or divalent polycyclic ring system that contains at least one non-aromatic ring,
wherein one or more of the non-aromatic ring atoms are heteroatoms independently selected
from O, S, and N; and the remaining ring atoms are carbon atoms. Heterocyclylene groups
are bonded to the rest of a molecule through the non-aromatic ring. In certain embodiments,
the heterocyclylene group has from 3 to 20, from 3 to 15, from 3 to 10, from 3 to 8, from 4 to
7, or from 5 to 6 ring atoms. In certain embodiments, the heterocyclylene is a monocyclic,
bicyclic, tricyclic, or tetracyclic ring system, which may be fused or bridged, and in which
nitrogen or sulfur atoms may be optionally oxidized, nitrogen atoms may be optionally
quaternized, and some rings may be partially or fully saturated, or aromatic. The
heterocyclylene may be attached to the main structure at any heteroatom or carbon atom
which results in the creation of a stable compound. Examples of such heterocyclylene groups
include, but are not limited to, azepinylene, benzodioxanylene, benzodioxolylene,
benzofuranonylene, benzopyranonylene, benzopyranylene, benzotetrahydrofuranylene,
benzotetrahydrothienylene, benzothiopyranylene, benzoxazinylene, B-carbolinylene,
chromanylene, chromonylene, cinnolinylene, coumarinylene, decahydroisoquinolinylene,
dihydrobenzisothiazinylene, dihydrobenzisoxazinylene, dihydrofurylene,
dihydroisoindolylene, dihydropyranylene, dihydropyrazolylene, dihydropyrazinylene,
dihydropyridinylene, dihydropyrimidinylene, dihydropyrrolylene, dioxolanylene, 1,4-
dithianylene, furanonylene, imidazolidinylene, imidazolinylene, indolinylene,
isobenzotetrahydrofuranylene, isobenzotetrahydrothienylene, isochromanylene,

isocoumarinylene, isoindolinylene, isothiazolidinylene, isoxazolidinylene, morpholinylene,
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octahydroindolylene, octahydroisoindolylene, oxazolidinonylene, oxazolidinylene,
oxiranylene, piperazinylene, piperidinylene, 4-piperidonylene, pyrazolidinylene,
pyrazolinylene, pyrrolidinylene, pyrrolinylene, quinuclidinylene, tetrahydrofurylene,
tetrahydroisoquinolinylene, tetrahydropyranylene, tetrahydrothienylene, thiamorpholinylene,
thiazolidinylene, tetrahydroquinolinylene, and 1,3,5-trithianylene. In certain embodiments,
heterocyclic may also be optionally substituted with one or more substituents Q as described

herein.

[0058] The term “halogen”, “halide” or “halo” refers to fluorine, chlorine, bromine,

and/or iodine.

[0059] The term “optionally substituted” is intended to mean that a group or
substituent, such as an alkyl, alkylene, heteroalkylene, alkenyl, alkenylene, heteroalkenylene,
alkynyl, alkynylene, cycloalkyl, cycloalkylene, aryl, arylene, aralkyl, heteroaryl,
heteroarylene, heterocyclyl, or heterocyclylene group, may be substituted with one or more,
in one embodiment, one, two, three, or four, substituents Q, each of which is independently
selected from, e.g., (a) oxo (=0), cyano (—CN), halo, and nitro (-NO,); (b) C; alkyl, Cy
alkenyl, C,¢ alkynyl, Cs; cycloalkyl, Ce.14 aryl, C7_;5 aralkyl, heteroaryl, and heterocyclyl,
each of which is further optionally substituted with one or more, in one embodiment, one,
two, three, or four, substituents Q% and (c) —C(O)R*, —C(O)OR?, -C(O)NRR,
~C(NR*)NRR, —~OR?, ~OC(O)R*, ~OC(0O)OR?, ~OC(O)NR"R®, ~OC(=NR*)NR"R,
—OP(0)(OR%),, —~OS(0O)R?, —0OS(0),R?* —OS(O)NR"R®, ~OS(0),NR"R®, -NR"R¢,
~NR*C(0O)RY, -NR*C(0)OR?, -NR*C(O)NR"R¢, -NR*C(=NRY)NR"R¢, -NR*S(O)R*,
—~NR*S(0),RY, -NR*S(O)NR"R¢, -NR*S(0),NR"R¢, -SR* —S(O)R*, -S(0),R*, ~S(O)NRR",
and —S(0),NR"R¢, wherein each R?, R®, R¢, and R? is independently (i) hydrogen; (ii) C1.
alkyl, Cy6 alkenyl, C, alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, C7_;5 aralkyl, heteroaryl, or
heterocyclyl, each of which is optionally substituted with one or more, in one embodiment,
one, two, three, or four, substituents Q*; or (iii) R°and R® together with the N atom to which
they are attached form heterocyclyl, optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q°. As used herein, all groups that can be

substituted are “optionally substituted,” unless otherwise specified.

[0060] In one embodiment, each Q" is independently selected from the group
consisting of (a) oxo, cyano, halo, and nitro; (b) C alkyl, C,6 alkenyl, C,6 alkynyl, Cs5
cycloalkyl, Ce.14 aryl, C7.15 aralkyl, heteroaryl, and heterocyclyl; and (c) ~C(O)R’, -C(O)OR',
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—C(O)NRER", —-C(NRNR®R", —OR', ~OC(O)R’, ~OC(0)OR’, ~OC(O)NR®R",
—OC(=NR)NRER", ~OP(0)(OR'),, —~OS(O)R’, ~0S(0),R", ~OS(O)NRER", —~OS(0),NRER",
~NR®R", -NR'C(0)R¥, -NR'C(0)OR¥, -NR'C(O)NR®R", -NR'C(=NR¥)NR®R", -NR'S(O)R,
~NR'S(0),R¥, -NR'S(O)NR®R", -NR'S(0),NR2R", —SR', —~S(O)R', —-S(0),R", ~S(O)NRER",
and —S(0),NR®R"; wherein each R’, R&, R", and R* is independently (i) hydrogen; (ii) C ).
alkyl, Cy6 alkenyl, C,. alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, C7_;5 aralkyl, heteroaryl, or
heterocyclyl; or (iii) R and R" together with the N atom to which they are attached form
heterocyclyl.

[0061] The terms “optically active” and “enantiomerically active” refer to a collection
of molecules, which has an enantiomeric excess of no less than about 50%, no less than about
70%, no less than about 80%, no less than about 90%, no less than about 91%, no less than
about 92%, no less than about 93%, no less than about 94%, no less than about 95%, no less
than about 96%, no less than about 97%, no less than about 98%, no less than about 99%, no
less than about 99.5%, or no less than about 99.8%. In certain embodiments, the compound
comprises about 95% or more of one enantiomer and about 5% or less of the other

enantiomer based on the total weight of the racemate in question.

[0062] In describing an optically active compound, the prefixes R and S are used to
denote the absolute configuration of the molecule about its chiral center(s). The (+) and (-)
are used to denote the optical rotation of the compound, that is, the direction in which a plane
of polarized light is rotated by the optically active compound. The (-) prefix indicates that
the compound is levorotatory, that is, the compound rotates the plane of polarized light to the
left or counterclockwise. The (+) prefix indicates that the compound is dextrorotatory, that
is, the compound rotates the plane of polarized light to the right or clockwise. However, the
sign of optical rotation, (+) and (-), is not related to the absolute configuration of the

molecule, R and S.

[0063] The term “isotopic variant” refers to a compound that contains an unnatural
proportion of an isotope at one or more of the atoms that constitute such a compound. In
certain embodiments, an “isotopic variant” of a compound contains unnatural proportions of
one or more isotopes, including, but not limited to, hydrogen (‘H), deuterium (*H), tritium
(*H), carbon-11 (*'C), carbon-12 (**C), carbon-13 (**C), carbon-14 (**C), nitrogen-13 (®N),
nitrogen-14 (**N), nitrogen-15 (*°N), oxygen-14 (*0), oxygen-15 (**0), oxygen-16 (*°0),
oxygen-17 ("’0), oxygen-18 (**0), fluorine-17 (*’F), fluorine-18 (‘*F), phosphorus-31 (*'P),
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phosphorus-32 (**P), phosphorus-33 (**P), sulfur-32 (**S), sulfur-33 (**S), sulfur-34 (**S),
sulfur-35 (**S), sulfur-36 (*°S), chlorine-35 (**Cl), chlorine-36 (*°Cl), chlorine-37 (*’Cl),
bromine-79 ("’Br), bromine-81 (*'Br), iodine-123 (**'1), iodine-125 ('*°I), iodine-127 (**'1),
iodine-129 (**1), and iodine-131 (**'I). In certain embodiments, an “isotopic variant” of a
compound is in a stable form, that is, non-radioactive. In certain embodiments, an “isotopic
variant” of a compound contains unnatural proportions of one or more isotopes, including,
but not limited to, hydrogen ('H), deuterium (*H), carbon-12 (*2C), carbon-13 (**C), nitrogen-
14 (**N), nitrogen-15 (*°N), oxygen-16 (*°0), oxygen-17 (*’0), oxygen-18 (**0), fluorine-17
("'F), phosphorus-31 (*'P), sulfur-32 (**S), sulfur-33 (*’S), sulfur-34 (**S), sulfur-36 (*°S),
chlorine-35 (*°Cl), chlorine-37 (*’Cl), bromine-79 ("’Br), bromine-81 (*'Br), and iodine-127
(*’’I). In certain embodiments, an “isotopic variant” of a compound is in an unstable form,
that is, radioactive. In certain embodiments, an “isotopic variant” of a compound contains
unnatural proportions of one or more isotopes, including, but not limited to, tritium (*H),
carbon-11 (“C), carbon-14 (14C), nitrogen-13 (13N), oxygen-14 (140), oxygen-15 (150),
fluorine-18 (**F), phosphorus-32 (**P), phosphorus-33 (**P), sulfur-35 (**S), chlorine-36
(*°Cl), iodine-123 (**1), iodine-125 (**1), iodine-129 (**°I), and iodine-131 (**'1). It will be
understood that, in a compound as provided herein, any hydrogen can be *H, for example, or
any carbon can be °C, as example, or any nitrogen can be "°N, as example, and any oxygen
can be 0, where feasible according to the judgment of one of skill. In certain embodiments,

an “isotopic variant” of a compound contains unnatural proportions of deuterium.

[0064] The term “solvate” refers to a complex or aggregate formed by one or more
molecules of a solute, e.g., a compound provided herein, and one or more molecules of a
solvent, which present in stoichiometric or non-stoichiometric amount. Suitable solvents
include, but are not limited to, water, methanol, ethanol, n-propanol, isopropanol, and acetic
acid. In certain embodiments, the solvent is pharmaceutically acceptable. In one
embodiment, the complex or aggregate is in a crystalline form. In another embodiment, the
complex or aggregate is in a noncrystalline form. Where the solvent is water, the solvate is a
hydrate. Examples of hydrates include, but are not limited to, a hemihydrate, monohydrate,

dihydrate, trihydrate, tetrahydrate, and pentahydrate.

[0065] The phrase “a single enantiomer, a racemic mixture, a mixture of
diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or

prodrug thereof” has the same meaning as the phrase “(i) a single enantiomer, a racemic
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mixture, a mixture of diastercomers, or an isotopic variant of the compound referenced
therein; (i1) a pharmaceutically acceptable salt, solvate, or prodrug of the compound
referenced therein; or (iii) a pharmaceutically acceptable salt, solvate, or prodrug of a single
enantiomer, a racemic mixture, a mixture of diastercomers, or an isotopic variant of the

compound referenced therein.”

[0066] As used herein, the abbreviations for any protective groups, amino acids and
other compounds, are, unless indicated otherwise, in accord with their common usage or
recognized abbreviations including abbreviations found in J. Org. Chem. 2007, 72, 23A-24A
or abbreviations established by the IUPAC-IUB Commission on Biochemical Nomenclature
(Biochem. 1972, 11, 942-944).

Compounds
[0067] In one embodiment, provided herein is a compound of Formula I:
@)
UAKYJi >R
I I >—Z
W N
‘LLLZ
R!
ey,

or a single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof;

R'is (a) hydrogen, cyano, halo, or nitro; (b) C, alkyl, C,¢ alkenyl, C,
alkynyl, Cs_ 1o cycloalkyl, C¢ 14 aryl, C;_;5 aralkyl, heteroaryl, or heterocyclyl; (¢) —C(O)Rla,
—C(0)OR™, —C(O)NR'’R'¢, -C(NR')NR'°R', ~OR"*, —~OC(O)R'*, ~OC(O)OR"?,
—OC(O)NR'PR', ~OC(=NR'"NR'°R', ~OS(O)R"*, ~OS(0),R"*, ~OS(O)NR'"R ",
~OS(0),NR'R'®, -NR'"R'¢, -NR"*C(O)R'¢, -NR"*C(0)OR ', -NR"*C(O)NR'°R*,
~NR"™C(=NR')NR'’R'¢, -NR"S(O)R'¢, -NR'*S(0),R "¢, -NR'*S(O)NR'°R ¢,
~NR"S(0),NR'"R'¢, -SR'"*, —~S(O)R'*, —S(0),R"*, ~S(O)NR'’R'®, or —S(0),NR'°R; or (d)

0 R" o

R'e | R!¢
N

If 7 If
le R Rle R

R
~C(O)CR'"*=CR''CR'¢, O ,-N'""C(0)CR'*=CR''CR'¢, O ,
o) |
o) CRYA :R g
QARif —3 R! RY
—S R I ¢
~S(O)CR'*=CR''CR 2, R'* ™ _S(0,)CR"=CR'ICR'8, O :
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~NR'*S(0)CR'*=CR''CR ¢, T S TRe R f, ~NR'*S(0,)CR'*=CR''CR'¢, or
la
ALA
5 R
R%is Cs alkyl, C,6 alkenyl, C,4 alkynyl, Cs ¢ cycloalkyl, Ce 14 aryl, C7.5
aralkyl, heteroaryl, or heterocyclyl;

L!is a bond, —-O—, -S—, —N(RIA)—, or —C(RIARIB)—, wherein each R'* and R'®
is independently hydrogen, halo, C alkyl, C,6 alkenyl, C,.¢ alkynyl, C3.7 cycloalkyl, Ce.14
aryl, C;.5 aralkyl, heteroaryl, or heterocyclyl;

L?is Cip0 cycloalkylene, Cs.14 arylene, C7.;5 aralkylene, heteroarylene, or
heterocyclylene;

T is a bond, ~O—, -S—, -N=, -N(R*)-, or -C(R*)=;

U is a bond, —O—, —-S—, -N=, —-N(R’)-, or —-C(R’)=;

V is a bond, —O—, —-S—, -N=, -N(R%-, or —-C(R%)=;

W is a bond, —O—, —-S—, -N=, -N(R"), or —-C(R")=;

X and Y are each independently C or N;

Z is NR** or CR**R?®, wherein each R** and R”® is independently hydrogen,
halo, C alkyl, Cy6 alkenyl, C,. alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, C7.;s aralkyl, heteroaryl,
or heterocyclyl;

RY, R’ , R6, and R are each independently (a) hydrogen, cyano, halo, or nitro;
(b) C, alkyl, C,¢ alkenyl, C,6 alkynyl, Cs_1o cycloalkyl, C¢ 14 aryl, C;.;s aralkyl, heteroaryl,
or heterocyclyl; or (c) ~C(O)R', ~C(O)OR", ~C(O)NR'"R'¢, -C(NR'")NR'"R', ~OR ",
—OC(0)R"™, —OC(0)OR'", —OC(O)NR'°R'®, ~OC(=NR'*)NR'°R'¢, ~OS(O)R'*, ~OS(0),R",
—OS(O)NR'®R', ~OS(0),NR'°R'¢, -NR'"R'¢, -NR"*C(O)R"?, -NR'*C(O)OR ",
~NR"™C(O)NR'®R'¢, -NR"*C(=NR'Y)NR'°R'*, -NR"*S(O)R'¢, -NR'*S(0),R ",
—NR"S(O)NR'°R', -NR"*S(0),NR'"R'¢, -SR'"*, —~S(O)R'*, ~S(0),R"*, —~S(O)NR'*R'®, or
—S(O)zNRlelc; with proviso that at least two of R* R’, R, and R’ are not hydrogen; and
with the proviso that R*and R°, R® and R®, or R® and R’ are linked together to form
heteroaryl or heterocyclyl;

each R™ R'®, R', and R' is independently hydrogen, C,.s alkyl, C2.6 alkenyl,
Cy.6 alkynyl, Cs.7 cycloalkyl, Cs.14 aryl, C7.;5 aralkyl, heteroaryl, or heterocyclyl; or R'* and
R'® together with the C and N atoms to which they are attached form heterocyclyl; or R'® and
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R'® together with the N atom to which they are attached form heterocyclyl; and

ecach R'®, R'" and R'® is independently hydrogen, halo, C,. alkyl, C,. alkenyl,
Ca alkynyl, Ci.7 cycloalkyl, Ce.14 aryl, Cy.15 aralkyl, heteroaryl, or heterocyclyl;

with the proviso that no more than one of T, U, V, and W is a bond;

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylene, aryl, arylene,
aralkyl, aralkylene, heteroaryl, heteroarylene, heterocyclyl, and heterocyclylene is optionally
substituted with one or more, in one embodiment, one, two, three, or four, substituents Q,
where each Q is independently selected from (a) oxo, cyano, halo, and nitro; (b) C,_ alkyl,
Cy6 alkenyl, Cy6 alkynyl, Cs_7 cycloalkyl, Ce.14 aryl, C7.;5 aralkyl, heteroaryl, and
heterocyclyl, each of which is further optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q*; and (c) -C(O)R?, -C(O)OR?,
—C(O)NRPR®, —-C(NR*)NR'R¢, —OR* —OC(0O)R*, -OC(O)OR*, -OC(O)NRR®,
—OC(=NR*NRR¢, ~OP(0)(OR%),, ~OS(0O)R* —0OS(0),;R*, ~OS(0)NRR*, ~OS(0),NR"R’,
~NR"R®, -NR*C(O)R?, -NR*C(0O)OR!, -NR*’C(O)NR"R¢, -NR*C(=NR*)NR'R¢,
~NR*S(O)RY, -NR*S(0),R?, -NR*S(O)NR"R¢, -NR*S(0),NR"R®, -SR*, —~S(O)R*, —=S(0),R?,
~S(O)NRR®, and —S(0),NR"R¢, wherein each R*, R®, R®, and R? is independently (i)
hydrogen; (ii) C, alkyl, C,6 alkenyl, Cy6 alkynyl, Cs_; cycloalkyl, Ce.14 aryl, C7.;5 aralkyl,
heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q% or (iii) R” and R together with the N
atom to which they are attached form heterocyclyl, optionally substituted with one or more,
in one embodiment, one, two, three, or four, substituents Q%

wherein each Q” is independently selected from the group consisting of (a)
0x0, cyano, halo, and nitro; (b) C,_ alkyl, C,¢ alkenyl, C, alkynyl, Cs.7 cycloalkyl, Ce.14
aryl, C7.is aralkyl, heteroaryl, and heterocyclyl; and (c) ~C(O)R', —~C(O)OR!, -C(O)NR®R",
—~C(NRHNRER", ~OR', ~OC(O)R’, ~OC(0)OR!, ~OC(O)NRER", ~OC(=NR")NR®R",
—OP(0)(OR"),, ~OS(O)R', ~0S(0),R, ~OS(O)NRER", ~0S(0),NR®R", -NRER",
~NR'C(0)R, -NR'C(O)OR¥, -NR'C(O)NR®R", -NR'C(=NR¥)NRER", -NR'S(O)R,
~NRS(0),R¥, -NR'S(O)NRER", -~NR'S(0),NR:R", ~SR’, ~S(0O)R’, —S(0),R’, ~S(O)NRER",
and —S(0),NR®R"; wherein cach R', R& R", and R* is independently (i) hydrogen; (ii) C,
alkyl, C,6 alkenyl, C, alkynyl, Cs.7 cycloalkyl, Ce.14 aryl, C7_;5 aralkyl, heteroaryl, or
heterocyclyl; or (iii) R® and R" together with the N atom to which they are attached form
heterocyclyl.

[0068] In another embodiment, provided herein is a compound of Formula II:
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RO N
R7 LI\I_(Z
RI

(1)

or a single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof;, wherein R! R’ R*,
R’,R%, R’, L', L% and Z are each as defined herein; and one of the pairs, R* and R°, R® and
R®, and R® and R’, are linked together to form C .7 cycloalkyl, Cs.14 aryl, heteroaryl, or

heterocyclyl, each of which is optionally substituted with one or more substituents Q.

[0069] In yet another embodiment, provided herein is a compound of Formula III:

(I1T)
or a single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof;, wherein R! R’ R*,
R’ , R6, R7, Ll, L2, and Z are each as defined herein; one of the pairs, R*and R® , R and R6,
and R® and R, are linked together to form Cs.; cycloalkyl, Ce.14 aryl, heteroaryl, or

heterocyclyl, each of which is optionally substituted with one or more substituents Q; and the

symbol ‘: represents that the 6-membered ring contains one N atom in the ring.

[0070] In yet another embodiment, provided herein is a compound of Formula IV:

V)
or a single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant

thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof;, wherein:
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m is an integer of 0, 1, 2, 3,4,5,6,7,8,9, or 10;

n is an integer of 0, 1, 2, 3, 4, 5, or 6;

cach R" is independently (i) hydrogen; or (ii) Cy.s alkyl, C,.¢ alkenyl, C,.
alkynyl, Cs_ o cycloalkyl, C¢.14 aryl, C;.;s aralkyl, heteroaryl, or heterocyclyl, each of which is
optionally substituted with one or more substituents Q; or (iii) ~C(O)R'*, -C(O)OR ",
~C(O)NR'R'¢, -C(NR')NR'R'¢, ~OR"*, ~OC(O)R"*, ~OC(0O)OR'*, ~-OC(O)NR'*R*,
~OC(=NR'™)NR'R'¢, -0S(0)R"*, ~OS(0),R"*, ~OS(0)NR'°R ¢, ~0S(0),NR'°R ",
~NR'°R'¢, -NR"C(O)R"?, -NR"*C(0)OR"?, -NR"*C(O)NR'*R", -NR'*C(=NR')NR"°R ¢,
~NR"S(0)R', -NR'*S(0),R"?, -NR'*S(O)NR'’R'¢, -NR'*S(0),NR "R, -SR"*, ~S(O)R"?,
—S(0),R"*, —=S(O)NR'°R'®, or =S(0),NR'"R'; or

two RF together, when there are two or more R attached to the same ring, are
linked together to form (i) a bond, —O-, —NRN—, or —S—; or (i1) C;¢ alkylene, C,
heteroalkylene, C,.6 alkenylene, or C,¢ heteroalkenylene, each of which is optionally
substituted with one or more substituents Q;

RY is (a) hydrogen; (b) Cy.s alkyl, C,.6 alkenyl, C,.s alkynyl, C.7 cycloalkyl,
Co.14 aryl, C7;5 aralkyl, heteroaryl, or heterocyclyl, each of which is optionally substituted
with one or more substituents Q; (c) ~C(O)OR'", -C(O)NR'R'¢, -C(NR')NR'"R'¢, ~OR"?,
—OC(0)R"™, —OC(0)OR'", —OC(O)NR'®R'®, ~OC(=NR'*)NR'°R'¢, ~OS(O)R'*, ~OS(0O),R",
—OS(O)NR'®R', —~OS(0),NR'°R'¢, -NR'"R'¢, -NR"*C(O)R"?, -NR'"*C(O)OR ",
~NR"™C(O)NR'®R'¢, -NR"*C(=NR'%)NR'°R'*, -NR"*S(O)R'¢, -NR"*S(0),R ",
~NR"™S(O)NR'°R', -NR'*S(0),NR'°R'¢, =S(0)R'*, —S(0),R"*, ~S(O)NR'°R'®, or
~S(0),NR'"R'; and

R, R R, R’ R® R’ R'™ R', R' R' and Q is as defined herein; and one of
the pairs, R* and R°, R® and R®, and R® and R’, are linked together to form C;_7 cycloalkyl, Cs.
14 aryl, heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more

substituents Q.

0071 In yet another embodiment, provided herein is a compound of Formula V:
y p
R4
(@)
R} N YR
S—NH
RS N
R7
N-R!
V)
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or a single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof;, wherein R!, R’ R*,
R, R®, and R’ are each as defined herein; and one of the pairs, R* and R’, R® and R®, and R®
and R7, are linked together to form C; ;7 cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl,

each of which is optionally substituted with one or more substituents Q.

[0072] In yet another embodiment, provided herein is a compound of Formula VI:

4
R o)

(VD)
or a single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof;, wherein R! R’ R*,
R, R®, and R’ are each as defined herein; and one of the pairs, R* and R’, R® and R®, and R®
and R’, are linked together to form Cs.; cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl,

each of which is optionally substituted with one or more substituents Q.

[0073] In still another embodiment, provided herein is a compound of Formula VII:

(VID)
or a single enantiomer, a racemic mixture, a mixture of diastereomers, or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof;, wherein R! R’ R*,
R, R®, and R’ are each as defined herein; and one of the pairs, R* and R’, R® and R®, and R®
and R7, are linked together to form C;_; cycloalkyl, Ce.14 aryl, heteroaryl, or heterocyclyl,

each of which is optionally substituted with one or more substituents Q.

[0074] In certain embodiments, in Formula I, I1, 11I, IV, V,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>