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O-GLCNA C TRANSFERASE (OGT) INHIBITORS AND USES THEREOF

RELATED APPLICATION
[0001] The present application claims priority under 35 U.S.C. § 119(e) to U.S.
provisional patent application, U.S.S.N. 62/019,528, filed July 1, 2014, which is incorporated

herein by reference.

FIELD OF INVENTION
[0002] The present application relates to OGT inhibitors. The present invention also
provides compositions of the OGT inhibitors and methods of treating OGT-associated

diseases and conditions.

BACKGROUND OF THE INVENTION
[0003] The hexosamine biosynthetic pathway (HSP) is a minor branch of the
glycolytic pathway, diverting 3-5% of cellular glucose toward the synthesis of UDP-GIcNAc,
which is either transported to the Golgi and used in the synthesis of complex glycans or
remains in the cytoplasm where it is the substrate for O-GlcNAc transferase (OGT). OGT is
the sole known enzyme to catalyze the glycosylation of serine and threonine residues on
many nuclear and cytoplasmic proteins (termed O-GlcNAcylation). This post-translational
modification is dynamic and is a general mechanism, like protein phosphorylation, of signal
transduction.
[0004] Excess flux through the HSP has been implicated in both the early (insulin
resistance) and late (nephropathy, microvascular damage) stages of diabetes mellitus, both in
vivo and in vitro. Diabetes involves a deficiency in the availability and/or utilization of
insulin. Insulin is a hormone produced by the pancreas and is necessary for cells to utilize
glucose. Insulin resistance is a condition in which muscle, fat, and liver cells do not use
insulin properly. As a result, the pancreas produces more insulin, which is also not used
properly. Eventually, the pancreas cannot keep up with the body’s need for insulin, and
excess glucose builds up in the bloodstream. Thus, in insulin resistance, there may be high
levels of blood glucose and high levels of insulin circulating in the bloodstream at the same
time.
[0005] Experiments have shown that insulin resistance due to increased hexosamine

flux is caused by hyper O-GlcNAcylation. Diabetics have increased production of two
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adipokines directly responsible for vascular injury, plasminogen activator inhbitor-1 (PAI-1)
and transforming growth factor 1 (TGF-B1). Transcription of both of these proteins is
decreased in cell culture when levels of O-GlcNAcylation are decreased. The molecular
mechanism for this is known; increased transcription is mediated by the O-GlcNAcylation
state of the transcription factor Sp1.

[0006] OGT activity and O-GlcNAcylation have also been implicated in other
disease states, such as neurodegenerative diseases, cancer, autoimmune diseases, and
inflammatory diseases. Accordingly, there is a need to find OGT inhibitors useful as

therapeutic agents.

SUMMARY OF THE INVENTION
[0007] The invention relates in part to compounds that inhibit O-GlcNAc transferase
(OGT) activity. Compounds of the invention inhibit O-GlcNAcylation by OGT. O-
GlcNAcylation is the glycosylation of serine and/or threonine residues on nuclear and
cytoplasmic proteins that is catalyzed by OGT. Compounds of the invention are useful for
the treatment of diseases, disorders, and conditions associated with hyper or aberrant O-
GlcNAcylation (e.g., diabetes and complications thereof, cancers, neurodegenerative

diseases, autoimmune diseases, and inflammatory diseases).

[0008] In one aspect, inventive compounds are generally of Formula (I):
2
R R1 00
\ 7/ a
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or a pharmaceutically acceptable salt thereof,
wherein
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Ring A is of the formula® ~ R®  or R , wherein a and b indicate the

points of attachment to the phenyl ring;
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R'is n-butyl, thiophene, -CH,-Ph, cyclohexyl, or of the formula: ~w ;
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R is hydrogen, halogen, -OR’, or optionally substituted C;_4 alkyl;

R’ is hydrogen or C,_4alkyl;

each of R* and R’ is independently hydrogen, optionally substituted C;_4 alkyl,
optionally substituted thiophenyl-C;_4 alkylene, or optionally substituted furanyl-C;_4
alkylene;

R" is hydrogen, optionally substituted C_ alkyl, or a nitrogen protecting group;

each of R™ R, and R is independently hydrogen, optionally substituted Cy.¢ alkyl,
or a nitrogen protecting group;

R'and R* may optionally be taken together with the intervening nitrogen to form an
optionally substituted heteroaryl or optionally substituted heterocycle;

R? and R’ may optionally be taken together with the intervening nitrogen to form an
optionally substituted six-membered heterocycle.
[0009] In another aspect, the present invention provides methods of treatment
comprising administering an inventive compound to a subject. The compounds of the
invention or pharmaceutical compositions thereof may be used to treat any disease including
diabetes and complications thereof, insulin resistance, neurodegenerative diseases such as
Alzheimer’s disease, cancer, autoimmune diseases, and inflammatory diseases. The
compounds of the invention may be used to treat disease in humans and other animals
including domesticated and experimental animals. The inventive compounds may also be
used as probes of biological pathways.
[0010] In yet another aspect, the present invention provides pharmaceutical
compositions comprising the inventive compounds. The composition typically comprises a
therapeutically effective amount of an inventive compound to inhibit OGT and/or treat
diabetes and complications thereof, insulin resistance, neurodegenerative diseases such as
Alzheimer’s disease, cancer, autoimmune diseases, and inflammatory diseases. The
pharmaceutical compositions may optionally include a pharmaceutically acceptable
excipient. Any mode of administration including oral, parenteral, and topical administration
of the inventive compound or pharmaceutical composition thereof may be used.
[0011] In another aspect, the present invention provides kits comprising a compound
of Formula (I), or a pharmaceutically acceptable salt, solvate, hydrate, polymorph, co-crystal,
tautomer, stereoisomer, isotopically labeled derivative, or prodrug thereof, or a
pharmaceutical composition thereof. The kits of the invention may include a single dose or
multiple doses of a compound of Formula (I), or a pharmaceutically acceptable salt, solvate,

hydrate, polymorph, co-crystal, tautomer, stereoisomer, isotopically labeled derivative, or
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prodrug thereof, or a pharmaceutical composition thereof. The provided kits may be useful
for the treatment of proliferative diseases, inflammatory diseases, autoimmune diseases,
autoinflammatory diseases, and metabolic diseases. In certain embodiments, the kits
described herein further include instructions for administering the compound of Formula (I),
or the pharmaceutically acceptable salt, solvate, hydrate, polymorph, co-crystal, tautomer,
stereoisomer, isotopically labeled derivative, or prodrug thereof, or the pharmaceutical
composition thereof. The kits may also include packaging information describing the use or
prescribing information for the subject or a health care professional. Such information may be
required by a regulatory agency such as the U.S. Food and Drug Administration (FDA). The
kit may also optionally include a device for administration of the compound or composition,

for example, a syringe for parenteral administration.

DEFINITIONS
[0012] 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, 750 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, 5t 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.
[0013] 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 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 pressure liquid
chromatography (HPLC) and the formation and crystallization of chiral salts; or preferred
isomers can be prepared by asymmetric syntheses. See, for example, Jacques ef al.,

Enantiomers, Racemates and Resolutions (Wiley Interscience, New York, 1981); Wilen et al.,
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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.

[0014] When a range of values is listed, it is intended to encompass each value and sub-
range within the range. For example “C;” is intended to encompass, Ci, Ca, Cs, C4, Cs, Cs,
Ci-6, Ci-s, Cig, Ci3, Ci2, Cas, Cas, Cos, Ca3, Cass, Cas, C3o4, Caos, Cas, and Coses.

[0015] The term “aliphatic” includes both saturated and unsaturated, straight chain (i.e.,
unbranched), branched, acyclic, cyclic, or polycyclic aliphatic hydrocarbons, which are
substituted or unsubstituted with one or more functional groups. As will be appreciated by
one of ordinary skill in the art, “aliphatic” is intended herein to include, but is not limited to,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, and cycloalkynyl moieties. Thus, the term
“alkyl” includes straight, branched and cyclic alkyl groups. An analogous convention applies
to other generic terms such as “alkenyl”, “alkynyl”, and the like. Furthermore, the terms
“alkyl”, “alkenyl”, “alkynyl”, and the like encompass both substituted and unsubstituted
groups. In certain embodiments, “lower alkyl” is used to indicate those alkyl groups (cyclic,
acyclic, substituted, unsubstituted, branched or unbranched) having 1-6 carbon atoms.

[0016] In certain embodiments, the alkyl, alkenyl, and alkynyl groups employed in the
disclosure contain 1-20 aliphatic carbon atoms. In certain other embodiments, the alkyl,
alkenyl, and alkynyl groups employed in the disclosure contain 1-10 aliphatic carbon atoms.
In yet other embodiments, the alkyl, alkenyl, and alkynyl groups employed in the disclosure
contain 1-8 aliphatic carbon atoms. In still other embodiments, the alkyl, alkenyl, and alkynyl
groups employed in the disclosure contain 1-6 aliphatic carbon atoms. In yet other
embodiments, the alkyl, alkenyl, and alkynyl groups employed in the disclosure contain 1-4
carbon atoms. Illustrative aliphatic groups thus include, but are not limited to, for example,
methyl, ethyl, n-propyl, isopropyl, cyclopropyl, -CHs-cyclopropyl, vinyl, allyl, n-butyl, sec-
butyl, isobutyl, tert-butyl, cyclobutyl, -CH»-cyclobutyl, n-pentyl, sec-pentyl, isopentyl, tert-
pentyl, cyclopentyl, -CH,-cyclopentyl, n-hexyl, sec-hexyl, cyclohexyl, -CH,-cyclohexyl
moieties and the like, which again, may bear one or more substituents. Alkenyl groups
include, but are not limited to, for example, ethenyl, propenyl, butenyl, 1-methyl-2-buten-1-yl,
and the like. Representative alkynyl groups include, but are not limited to, ethynyl, 2-
propynyl (propargyl), 1-propynyl, and the like.
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[0017] The term “alkyl” refers to a radical of a straight-chain or branched saturated
hydrocarbon group having from 1 to 10 carbon atoms (“Cj.jo alkyl”). In some embodiments,
an alkyl group has 1 to 9 carbon atoms (“C; alkyl”). In some embodiments, an alkyl group
has 1 to 8 carbon atoms (“Cj.g alkyl”). In some embodiments, an alkyl group has 1 to 7
carbon atoms (“C;.; alkyl”). In some embodiments, an alkyl group has 1 to 6 carbon atoms
(“Ci¢ alkyl”). In some embodiments, an alkyl group has 1 to 5 carbon atoms (“C,.s alkyl”).
In some embodiments, an alkyl group has 1 to 4 carbon atoms (“C;4 alkyl”). In some
embodiments, an alkyl group has 1 to 3 carbon atoms (“Cj; alkyl”). In some embodiments,
an alkyl group has 1 to 2 carbon atoms (“C;., alkyl”). In some embodiments, an alkyl group
has 1 carbon atom (“C; alkyl”). In some embodiments, an alkyl group has 2 to 6 carbon
atoms (“Cy.¢alkyl”). Examples of C; alkyl groups include methyl (C)), ethyl (C,), propyl
(Cs) (e.g., n-propyl, isopropyl), butyl (Cy4) (e.g., n-butyl, tert-butyl, sec-butyl, iso-butyl),
pentyl (Cs) (e.g., n-pentyl, 3-pentanyl, amyl, neopentyl, 3-methyl-2-butanyl, tertiary amyl),
and hexyl (Ce) (e.g., n-hexyl). Additional examples of alkyl groups include n-heptyl (C), n-
octyl (Cg), and the like. Unless otherwise specified, each instance of an alkyl group is
independently unsubstituted (an “unsubstituted alkyl”) or substituted (a “substituted alkyl”)
with one or more substituents (e.g., halogen, such as F). In certain embodiments, the alkyl
group is an unsubstituted Cj_jo alkyl (such as unsubstituted C;¢ alkyl, e.g., -CHj3). In certain
embodiments, the alkyl group is a substituted C;_jo alkyl (such as substituted C; alkyl, e.g., -
CF3).

[0018] “Alkenyl” refers to a radical of a straight-chain or branched hydrocarbon group
having from 2 to 20 carbon atoms, one or more carbon-carbon double bonds, and no triple
bonds (“C,0 alkenyl”). In some embodiments, an alkenyl group has 2 to 10 carbon atoms
(“Cy-10 alkenyl”). In some embodiments, an alkenyl group has 2 to 9 carbon atoms (“Cs.g
alkenyl”). In some embodiments, an alkenyl group has 2 to § carbon atoms (“C,.g alkenyl”).
In some embodiments, an alkenyl group has 2 to 7 carbon atoms (“C,.; alkenyl”). In some
embodiments, an alkenyl group has 2 to 6 carbon atoms (“C,.¢ alkenyl”). In some
embodiments, an alkenyl group has 2 to 5 carbon atoms (“C,.s alkeny!l”). In some
embodiments, an alkenyl group has 2 to 4 carbon atoms (“C,.4 alkeny!l”). In some
embodiments, an alkenyl group has 2 to 3 carbon atoms (“C,.3 alkeny!l”). In some
embodiments, an alkenyl group has 2 carbon atoms (“C; alkenyl”). The one or more carbon-
carbon double bonds can be internal (such as in 2-butenyl) or terminal (such as in 1-butenyl).
Examples of C,4 alkenyl groups include ethenyl (C,), 1-propenyl (Cs), 2-propenyl (Cs), 1-
butenyl (C,4), 2-butenyl (C,4), butadienyl (C,4), and the like. Examples of C, ¢ alkenyl groups



WO 2016/004180 PCT/US2015/038792

include the aforementioned C, 4 alkenyl groups as well as pentenyl (Cs), pentadienyl (Cs),
hexenyl (Cs), and the like. Additional examples of alkenyl include heptenyl (C7), octenyl (Cs),
octatrienyl (Cs), and the like. Unless otherwise specified, each instance of an alkenyl group is
independently optionally substituted, i.e., unsubstituted (an “unsubstituted alkenyl”) or
substituted (a “substituted alkenyl”) with one or more substituents. In certain embodiments,
the alkenyl group is unsubstituted C,_jo alkenyl. In certain embodiments, the alkenyl group is

substituted C,.1o alkenyl. In an alkenyl group, a C=C double bond for which the

stereochemistry is not specified (e.g., -CH=CHCH; or E/\Nﬂ ) may be an (E)- or (Z)-
double bond.

[0019] “Alkynyl” refers to a radical of a straight-chain or branched hydrocarbon group
having from 2 to 20 carbon atoms, one or more carbon-carbon triple bonds, and optionally
one or more double bonds (“C,.0 alkynyl”). In some embodiments, an alkynyl group has 2 to
10 carbon atoms (“Cs.10 alkynyl”). In some embodiments, an alkynyl group has 2 to 9 carbon
atoms (“Cy.9 alkynyl”). In some embodiments, an alkynyl group has 2 to § carbon atoms (“Ca.
g alkynyl”). In some embodiments, an alkynyl group has 2 to 7 carbon atoms (“C,.7 alkynyl”).
In some embodiments, an alkynyl group has 2 to 6 carbon atoms (“C,.¢ alkynyl”). In some
embodiments, an alkynyl group has 2 to 5 carbon atoms (“Cs.s alkynyl”). In some
embodiments, an alkynyl group has 2 to 4 carbon atoms (“C,.4 alkynyl”). In some
embodiments, an alkynyl group has 2 to 3 carbon atoms (“C,.3 alkynyl”). In some
embodiments, an alkynyl group has 2 carbon atoms (“C, alkynyl”). The one or more carbon-
carbon triple bonds can be internal (such as in 2-butynyl) or terminal (such as in 1-butynyl).
Examples of C,4 alkynyl groups include, without limitation, ethynyl (C,), 1-propynyl (Cs), 2-
propynyl (Cs), 1-butynyl (C,4), 2-butynyl (C,4), and the like. Examples of C,¢ alkenyl groups
include the aforementioned C,.4 alkynyl groups as well as pentynyl (Cs), hexynyl (C), and
the like. Additional examples of alkynyl include heptynyl (C7), octynyl (Cs), and the like.
Unless otherwise specified, each instance of an alkynyl group is independently optionally
substituted, i.e., unsubstituted (an “unsubstituted alkynyl”) or substituted (a “substituted
alkynyl””) with one or more substituents. In certain embodiments, the alkynyl group is
unsubstituted Cy 10 alkynyl. In certain embodiments, the alkynyl group is substituted C.1o
alkynyl.

[0020] “Carbocyclyl” or “carbocyclic” refers to a radical of a non-aromatic cyclic
hydrocarbon group having from 3 to 10 ring carbon atoms (“Cs.;o carbocyclyl”) and zero

heteroatoms in the non-aromatic ring system. In some embodiments, a carbocyclyl group has
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3 to 8 ring carbon atoms (“Cs_g carbocyclyl”). In some embodiments, a carbocyclyl group has
3 to 6 ring carbon atoms (“Cs. carbocyclyl”). In some embodiments, a carbocyclyl group has
3 to 6 ring carbon atoms (“Cs.¢ carbocyclyl”). In some embodiments, a carbocyclyl group has
5 to 10 ring carbon atoms (“Cs.jo carbocyclyl”). Exemplary Cs.6 carbocyclyl groups include,
without limitation, cyclopropyl (Cs), cyclopropenyl (Cs), cyclobutyl (C,4), cyclobutenyl (Ca),
cyclopentyl (Cs), cyclopentenyl (Cs), cyclohexyl (Cs), cyclohexenyl (Cs), cyclohexadienyl
(Ce), and the like. Exemplary Cs_g carbocyclyl groups include, without limitation, the
aforementioned Cs carbocyclyl groups as well as cycloheptyl (C7), cycloheptenyl (C7),
cycloheptadienyl (C;), cycloheptatrienyl (C;), cyclooctyl (Cs), cyclooctenyl (Cs),
bicyclo[2.2.1]heptanyl (C7), bicyclo[2.2.2]octanyl (Csg), and the like. Exemplary Cs.1o
carbocyclyl groups include, without limitation, the aforementioned Cs_g carbocyclyl groups as
well as cyclononyl (Cy), cyclononenyl (Cs), cyclodecyl (Cjo), cyclodecenyl (Cio), octahydro-
1H-indenyl (Cy), decahydronaphthalenyl (C,y), spiro[4.5]decanyl (C,g), and the like. As the
foregoing examples illustrate, in certain embodiments, the carbocyclyl group is 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, is 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. Unless otherwise specified,
each instance of a carbocyclyl group is independently optionally substituted, i.e.,
unsubstituted (an “unsubstituted carbocyclyl”) or substituted (a “substituted carbocyclyl”)
with one or more substituents. In certain embodiments, the carbocyclyl group is unsubstituted
Cs.10 carbocyclyl. In certain embodiments, the carbocyclyl group is substituted Cs_10
carbocyclyl.

[0021] In some embodiments, “carbocyclyl” is a monocyclic, saturated carbocyclyl group
having from 3 to 10 ring carbon atoms (“Cs.1g 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.¢ 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”). Examples of Cs.s
cycloalkyl groups include cyclopentyl (Cs) and cyclohexyl (Cs). Examples of Cs.6 cycloalkyl
groups include the aforementioned Cs_¢ cycloalkyl groups as well as cyclopropyl (Cs) and

cyclobutyl (C4). Examples of Cs_g cycloalkyl groups include the aforementioned Cs.¢
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cycloalkyl groups as well as cycloheptyl (C;) and cyclooctyl (Cg). Unless otherwise specified,
each instance of a cycloalkyl group is independently unsubstituted (an “unsubstituted
cycloalkyl”) or substituted (a “substituted cycloalkyl””) with one or more substituents. In
certain embodiments, the cycloalkyl group is unsubstituted Cs.g cycloalkyl. In certain
embodiments, the cycloalkyl group is substituted Cs_1o cycloalkyl.

[0022] “Heterocyclyl” or “heterocyclic” 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 either on the carbocyclyl or 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. Unless otherwise specified, each instance of heterocyclyl is
independently optionally substituted, i.e., unsubstituted (an “unsubstituted heterocyclyl”) or
substituted (a “substituted heterocyclyl”) with one or more substituents. In certain
embodiments, the heterocyclyl group is unsubstituted 3-10 membered heterocyclyl. In certain
embodiments, the heterocyclyl group is substituted 3-10 membered heterocyclyl.

[0023] In some embodiments, a heterocyclyl group is a 5-10 membered, non-aromatic
ring system having ring carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, sulfur, boron, phosphorus, and silicon (“5-10
membered heterocyclyl”). In some embodiments, a heterocyclyl group is a 5-8 membered
non-aromatic ring system having ring carbon atoms and 1-4 ring heteroatoms, wherein each
heteroatom is independently selected from nitrogen, oxygen, and sulfur (“5-8 membered
heterocyclyl”). In some embodiments, a heterocyclyl group is a 5-6 membered non-aromatic
ring system having ring carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, and sulfur (“5-6 membered heterocyclyl”). In

some embodiments, the 5-6 membered heterocyclyl has 1-3 ring heteroatoms selected from
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nitrogen, oxygen, and sulfur. In some embodiments, the 5-6 membered heterocyclyl has 1-2
ring heteroatoms selected from nitrogen, oxygen, and sulfur. In some embodiments, the 5-6
membered heterocyclyl has one ring heteroatom selected from nitrogen, oxygen, and sulfur.
[0024] 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 5-membered heterocyclyl
groups containing two heteroatoms include, without limitation, dioxolanyl, oxasulfuranyl,
disulfuranyl, and oxazolidin-2-one. Exemplary 5-membered heterocyclyl groups containing
three heteroatoms include, without limitation, triazolinyl, oxadiazolinyl, and thiadiazolinyl.
Exemplary 6-membered heterocyclyl groups containing one heteroatom include, without
limitation, piperidinyl, tetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6-
membered heterocyclyl groups containing two heteroatoms include, without limitation,
piperazinyl, morpholinyl, dithianyl, and dioxanyl. Exemplary 6-membered heterocyclyl
groups containing two heteroatoms include, without limitation, triazinanyl. Exemplary 7-
membered heterocyclyl groups containing one heteroatom include, without limitation,
azepanyl, oxepanyl and thiepanyl. Exemplary 8-membered heterocyclyl groups containing
one heteroatom include, without limitation, azocanyl, oxecanyl and thiocanyl. Exemplary 5-
membered heterocyclyl groups fused to a C¢ 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.
[0025] “Aryl” 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 (“Cg aryl”; e.g.,
phenyl). In some embodiments, an aryl group has ten ring carbon atoms (“Cjgaryl”; e.g.,
naphthyl such as 1-naphthyl and 2-naphthyl). In some embodiments, an aryl group has
fourteen ring carbon atoms (“Ci4aryl”; 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,
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the number of carbon atoms continue to designate the number of carbon atoms in the aryl ring
system. Unless otherwise specified, each instance of an aryl group is independently
optionally substituted, i.e., unsubstituted (an “unsubstituted aryl”) or substituted (a
“substituted aryl”) with one or more substituents. In certain embodiments, the aryl group is
unsubstituted Ce 14 aryl. In certain embodiments, the aryl group is substituted Cg 14 aryl.
[0026] “Aralkyl” refers to a substituted or unsubstituted alkyl group substituted by a
substituted or unsubstituted aryl group. In certain embodiments, the aralkyl is substituted or
unsubstituted benzyl. In certain embodiments, the aralkyl is benzyl. In certain embodiments,
the aralkyl is substituted or unsubstituted phenethyl. In certain embodiments, the aralkyl is
phenethyl.

[0027] “Heteroaryl” 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 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,
carbazolyl, and the like) the point of attachment can be on either ring, i.e., either the ring
bearing a heteroatom (e.g., 2-indolyl) or the ring that does not contain a heteroatom (e.g., 5-
indolyl).

[0028] In some embodiments, a heteroaryl group is a 5-10 membered aromatic ring
system 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 some embodiments, a heteroaryl group is a 5-8§ membered
aromatic ring system having ring carbon atoms and 1-4 ring heteroatoms provided in the

aromatic ring system, wherein each heteroatom is independently selected from nitrogen,
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oxygen, and sulfur (“5-8 membered heteroaryl”). In some embodiments, a heteroaryl group is
a 5-6 membered aromatic ring system 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 (“5-6 membered heteroaryl”). In some embodiments, the 5-
6 membered heteroaryl has 1-3 ring heteroatoms selected from nitrogen, oxygen, and sulfur.
In some embodiments, the 5-6 membered heteroaryl has 1-2 ring heteroatoms selected from
nitrogen, oxygen, and sulfur. In some embodiments, the 5-6 membered heteroaryl has 1 ring
heteroatom selected from nitrogen, oxygen, and sulfur. Unless otherwise specified, each
instance of a heteroaryl group is independently optionally substituted, i.e., unsubstituted (an
“unsubstituted heteroaryl”) or substituted (a “substituted heteroaryl”) with one or more
substituents. In certain embodiments, the heteroaryl group is unsubstituted 5-14 membered
heteroaryl. In certain embodiments, the heteroaryl group is substituted 5-14 membered
heteroaryl.

[0029] Exemplary 5-membered heteroaryl groups containing one heteroatom include,
without limitation, pyrrolyl, furanyl, and thiophenyl. Exemplary 5-membered heteroaryl
groups containing two heteroatoms include, without limitation, imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, thiazolyl, and isothiazolyl. Exemplary 5-membered heteroaryl groups
containing three heteroatoms include, without limitation, triazolyl, oxadiazolyl, and
thiadiazolyl. Exemplary 5-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.

[0030] “Heteroaralkyl” is a subset of alkyl and heteroaryl and refers to a substituted or

unsubstituted alkyl group substituted by a substituted or unsubstituted heteroaryl group.
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[0031] “Unsaturated” or “partially unsaturated” refers to a group that includes at least one
double or triple bond. A “partially unsaturated” ring system is further intended to encompass
rings having multiple sites of unsaturation, but is not intended to include aromatic groups
(e.g., aryl or heteroaryl groups). Likewise, “saturated” refers to a group that does not contain
a double or triple bond, i.e., contains all single bonds.

[0032] Alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl groups,
which are divalent linking groups, are further referred to using the suffix -ene, e.g., alkylene,
alkenylene, alkynylene, carbocyclylene, heterocyclylene, arylene, and heteroarylene.

[0033] An atom, moiety, or group described herein may be unsubstituted or substituted,
as valency permits, unless otherwise provided expressly. The term “optionally substituted”
refers to substituted or unsubstituted.

[0034] A group is substituted or unsubstituted unless expressly provided otherwise. The
term “optionally substituted” refers to being substituted or unsubstituted. In certain
embodiments, alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl groups
are substituted or unsubstituted (e.g., “substituted” or “unsubstituted” alkyl, “substituted” or
“unsubstituted” alkenyl, “substituted” or “unsubstituted” alkynyl, “substituted” or
“unsubstituted” carbocyclyl, “substituted” or “unsubstituted” heterocyclyl, “substituted” or
“unsubstituted” aryl or “substituted” or “unsubstituted” heteroaryl group). In general, the
term “‘substituted”, whether preceded by the term “optionally” or not, means that at least one
hydrogen present on a group (e.g., a carbon or nitrogen atom) is replaced with a permissible
substituent, e.g., a substituent which upon substitution results in a stable compound, e.g., a
compound which does not spontaneously undergo transformation such as by rearrangement,
cyclization, elimination, or other reaction. Unless otherwise 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 is either the same or different at
each position. The term “substituted” is contemplated to include substitution with all
permissible substituents of organic compounds, any of the substituents described herein that
results in the formation of a stable compound. The present disclosure contemplates any and
all such combinations in order to arrive at a stable compound. For purposes of this disclosure,
heteroatoms such as nitrogen may have hydrogen substituents and/or any suitable substituent
as described herein which satisfy the valencies of the heteroatoms and results in the formation
of a stable moiety. In certain embodiments, the substituent is a carbon atom substituent. In

certain embodiments, the substituent is a nitrogen atom substituent. In certain embodiments,
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the substituent is an oxygen atom substituent. In certain embodiments, the substituent is a
sulfur atom substituent.
[0035] Exemplary carbon atom substituents include, but are not limited to, halogen, —CN,
~NO,, N3, =SOH, —=SO;H, ~OH, ~OR™, —ON(R™),, -N(R™),, -N(R");"X", -N(OR“)R™,
—SH, —-SR*, =SSR, -C(=0)R™, —CO,H, —CHO, —C(OR),, —CO,R™, —OC(=0O)R™,
~0CO,R™, ~C(=0)N(R™),, ~OC(=0)N(R™),, -NR"C(=0)R™, -NR"CO,R",
~NR™C(=0)N(R"),, -C(=NR"R™, ~C(=NR"")OR™, ~OC(=NR"")R*, ~OC(=NR")OR",
~C(=NR"™)N(R),, ~OC(=NR"™)N(R"),, -NR*C(=NR")N(R™),, -C(=0)NR""SO,R",
~NR™SO,R™, ~SO,N(R™),, =SO:R™, ~SO,0R™, ~0SO,R™, —S(=0)R™, —OS(=0)R™,
—Si(R™)3, —0Si(R™); —C(=S)N(R™),, -C(=0)SR™, —C(=S)SR*, -SC(=S)SR™,
—SC(=0)SR™, —OC(=0)SR™, —=SC(=0)OR™, —=SC(=0)R™, —P(=0)(R*), —P(=0)(OR )5,
~OP(=0)(R™)z, ~OP(=0)(OR“)2, ~P(=0)(N(R™)2)2, ~OP(=0)(N(R"")2)2, -NR""P(=0)(R™),
~NR"P(=0)(OR*)2, ~NR""P(=0)(N(R")2)2, —P(R*)2, ~P(OR™)2, -P(R)s"X",
—P(OR%);"X", =P(R““)4, =P(OR)4, —OP(R)5, —OP(R““);"X", —OP(OR*"),, —OP(OR);"X",
—OP(R)4, —OP(OR)4, —B(R*™),, =B(OR),, —-BR™(OR"), C.10 alkyl, C;.1o perhaloalkyl,
Cs.10 alkenyl, Cy.10 alkynyl, heteroCj.io alkyl, heteroC,.jo alkenyl, heteroC,.1o alkynyl, Cs.10
carbocyclyl, 3-14 membered heterocyclyl, Ce 14 aryl, and 5-14 membered heteroaryl, wherein
each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R%
groups; wherein X~ is a counterion;
or two geminal hydrogens on a carbon atom are replaced with the group =0, =S, =NN(R"™),,
=NNR"C(=0)R™, =NNR"C(=0)OR™, =NNR"S(=0),R™, =NR", or =NOR";
each instance of R* is, independently, selected from Cj_jo alkyl, C;_jo perhaloalkyl, C.19
alkenyl, C,.10 alkynyl, heteroCj.jo alkyl, heteroC,.jpalkenyl, heteroC,.jpalkynyl, Cs_19
carbocyclyl, 3-14 membered heterocyclyl, C¢ 14 aryl, and 5-14 membered heteroaryl, or two
R™ groups are joined to form a 3-14 membered heterocyclyl or 5-14 membered heteroaryl
ring, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5RY groups;

each instance of R™ is, independently, selected from hydrogen, —OH, —OR™,
—N(R*)2, —CN, —-C(=0)R™, -C(=0)N(R);, -CO,R*, —=SO,R*, —C(=NR“)OR™,
—C(=NR"“)N(R“)2, =SO:N(R),, —SO2R, =SO,0R®, —=SOR™, —C(=S)N(R“),, —C(=0)SR®,
—C(=S)SR*, —=P(=0)(R™),, —P(=0)(OR),, —P(=0)(N(R),),, Cy_10 alkyl, Cy_j perhaloalkyl,
C,.10 alkenyl, C, 1o alkynyl, heteroC;_jpalkyl, heteroC, jpalkenyl, heteroC,_jpalkynyl, Cs.jo
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carbocyclyl, 3-14 membered heterocyclyl, C¢ 14 aryl, and 5-14 membered heteroaryl, or two
R groups are joined to form a 3-14 membered heterocyclyl or 5-14 membered heteroaryl
ring, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5RY groups; wherein X" is a counterion;

each instance of R is, independently, selected from hydrogen, Cy_jo alkyl, Cy_ 1o
perhaloalkyl, C,.10 alkenyl, C,.10 alkynyl, heteroCi.o alkyl, heteroC,.1o alkenyl, heteroCs.jo
alkynyl, Cs.1g carbocyclyl, 3-14 membered heterocyclyl, Ce.14 aryl, and 5-14 membered
heteroaryl, or two R groups are joined to form a 3-14 membered heterocyclyl or 5-14
membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted
with0,1,2,3,4,0r5 RY% groups;

each instance of R% is, independently, selected from halogen, —CN, —-NO,, —N3,
~SO,H, —-SO;H, ~OH, ~OR*, ~ON(R"), -N(R"),, -N(R");"X", -N(OR*)R", —-SH, —SR*,
—SSR*, —C(=0)R*, ~CO,H, ~COR*, ~OC(=0)R*, ~OCO,R, —C(=0)N(R"),,
~OC(=0)N(R"),, -NR"C(=0)R*, -NR"CO,R*, -NR"C(=0)N(R™),, -C(=NR")OR*,
~OC(=NR"R*, ~OC(=NR"OR*, -C(=NR")N(R"),, ~OC(=NRT)N(R"),
~NR"C(=NRMN(R"),, -NR"SO,R*, ~SO,N(R"),, ~SO,R*, ~SO,0R*, ~OSO,R,
—S(=0)R®, —Si(R%)3, —OSi(R*)3, —C(=S)N(R™),, -C(=0)SR*, —C(=S)SR*®, ~SC(=S)SR*,
—P(=0)(OR*),, —P(=0)(R*%),, —OP(=0)(R*),, —OP(=0)(OR*),, C;¢ alkyl, Cy.¢ perhaloalkyl,
C, alkenyl, C,¢ alkynyl, heteroC, galkyl, heteroC,_ ¢alkenyl, heteroC,_ salkynyl, Cs_1o
carbocyclyl, 3-10 membered heterocyclyl, Ce 19 aryl, 5-10 membered heteroaryl, wherein
each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R*®
groups, or two geminal R% substituents can be joined to form =0 or =S; wherein X" is a
counterion;

each instance of R* is, independently, selected from C;¢ alkyl, Cy.¢ perhaloalkyl,
Cy6 alkenyl, Cy.6 alkynyl, heteroC,.¢ alkyl, heteroCs_salkenyl, heteroC,.¢ alkynyl, Cs_1o
carbocyclyl, Cg 19 aryl, 3-10 membered heterocyclyl, and 3-10 membered heteroaryl, wherein
each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R*®
groups;
each instance of R is, independently, selected from hydrogen, C,¢ alkyl, C;_¢ perhaloalkyl,
C, alkenyl, C,¢ alkynyl, heteroC, galkyl, heteroC,_ ¢alkenyl, heteroC,_ salkynyl, Cs_1o
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carbocyclyl, 3-10 membered heterocyclyl, Ce 10 aryl and 5-10 membered heteroaryl, or two
R" groups are joined to form a 3-10 membered heterocyclyl or 5-10 membered heteroaryl
ring, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5 R® groups; and

each instance of R®® is, independently, halogen, —CN, —NO,, —N3, —=SO,H,
—SOsH, —OH, —OC¢ alkyl, —ON(C}.¢ alkyl),, —N(C}.6 alkyl), —=N(C .6 alkyl); " X", =NH(C .6
alkyl),"X", =NH2(C )¢ alkyl) X", -NH3"X", -N(OC 6 alkyl)(C,.c alkyl), -N(OH)(C;.¢ alkyl),
—NH(OH), —SH, —SC,j ¢ alkyl, —=SS(C,.¢ alkyl), -C(=0)(C; alkyl), -CO,H, —CO,(C, 6
alkyl), —OC(=0)(C, alkyl), “OCO,(C,.¢ alkyl), -C(=O)NH,, —C(=0)N(C, ¢ alkyl),,
—OC(=0O)NH(C .6 alkyl), -NHC(=0)( C; alkyl), -N(Ci.¢ alky)C(=0)( Cis alkyl),
—NHCO,(Cj.6 alkyl), -NHC(=O)N(Cs alkyl),, -NHC(=O)NH(C/ alkyl), -NHC(=O)NH,,
—C(=NH)O(C,.¢ alkyl), —OC(=NH)(C,.6 alkyl), —-OC(=NH)OC,_¢ alkyl, -C(=NH)N(C;¢
alkyl),, “C(=NH)NH(C,.¢ alkyl), -C(=NH)NH,, —-OC(=NH)N(C, ¢ alkyl),, “-OC(NH)NH(C,.
6 alkyl), —-OC(NH)NH,, -NHC(NH)N(C/_ alkyl),, -NHC(=NH)NH,, -NHSO,(C; alkyl),
—SO,N(Ci.6 alkyl)2, —=SO,NH(C/¢ alkyl), =SO,NH,, —SO,C alkyl, —=SO,OC|_ alkyl,
—0S0,C ¢ alkyl, =SOC, ¢ alkyl, =Si(C;_¢ alkyl)s;, —OSi(C,¢ alkyl)s —C(=S)N(Cy.6 alkyl)a,
C(=S)NH(C, alkyl), C(=S)NH,, —C(=0)S(C, alkyl), =C(=S)SC; alkyl, —=SC(=S)SC, ¢
alkyl, —P(=0)(OC| alkyl),, —P(=0)(C; alkyl),, —OP(=0)(Cis alkyl),, —OP(=0)(OCi.s
alkyl),, Ci.6 alkyl, C;¢ perhaloalkyl, Cs.¢ alkenyl, C,.6 alkynyl, heteroC;_salkyl, heteroC,.
salkenyl, heteroC, galkynyl, Cs.1o carbocyclyl, Ce_1o aryl, 3-10 membered heterocyclyl, 5-10
membered heteroaryl; or two geminal R®® substituents can be joined to form =0 or =S;
wherein X is a counterion.
[0036] The term “hydroxyl” or “hydroxy” refers to the group —OH. The term “‘substituted
hydroxyl” or “substituted hydroxyl,” by extension, refers to a hydroxyl group wherein the
oxygen atom directly attached to the parent molecule is substituted with a group other than
hydrogen, and includes groups selected from —OR™, ~ON(R""),, ~OC(=0)SR™,
~0C(=0)R™, ~OCO,R™, —~OC(=0)N(R™),, ~OC(=NR"")R™, ~OC(=NR")OR™,
~OC(=NR"™)N(R™),, ~0S(=0)R™, ~OSO,R™, —~OSi(R™)3, ~OP(R),, ~OP(R*)5'X",
—OP(OR),, ~OP(OR%);"X", —OP(=0)(R™),, —OP(=0)(OR),, and ~OP(=0)(N(R"™)),,
wherein R™, R™, and R are as defined herein.
[0037] A “counterion” or “anionic counterion” is a negatively charged group associated
with a cationic quaternary amino group in order to maintain electronic neutrality. Exemplary

counterions include halide ions (e.g., F, CI', Br, I'), NOs, C104, OH', H,PO,, HSO,,

16



WO 2016/004180 PCT/US2015/038792

sulfonate ions (e.g., methansulfonate, trifluoromethanesulfonate, p-toluenesulfonate,
benzenesulfonate, 10-camphor sulfonate, naphthalene-2-sulfonate, naphthalene-1-sulfonic
acid-5-sulfonate, ethan-1-sulfonic acid-2-sulfonate, and the like), and carboxylate ions (e.g.,
acetate, ethanoate, propanoate, benzoate, glycerate, lactate, tartrate, glycolate, and the like).
[0038] “Halo” or “halogen” refers to fluorine (fluoro, -F), chlorine (chloro, -Cl), bromine
(bromo, -Br), or iodine (iodo, -I).

[0039] “Acyl” refers to a moiety selected from the group consisting of -C(=0)R*,-CHO,
-CO,R™, -C(=0)N(R™),, -C(=NR")R™, -C(=NR")OR™, -C(=NR"™)N(R™),, -
C(=0)NR™SO,R™, -C(=S)N(R™),, -C(=0)SR™, or -C(=S)SR™, wherein R* and R™ are as
defined herein.

[0040] 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, —OH, —OR™, —=N(R),, —CN,
~C(=0)R™, ~C(=0)N(R*),, -CO,R™, ~SO,R™, ~C(=NR"")R™, ~C(=NR*)OR",
—C(=NR)N(R“)2, =SO:N(R“),, —SO2R*, =SO,0R®, —=SOR™, —C(=S)N(R),, —C(=0)SR®,
—C(=S)SR*, —=P(=0)(OR)2, —P(=0)(R™)2, —P(=0)(N(R)2)2, Cy.10 alkyl, C;.1o perhaloalkyl,
C,.10 alkenyl, C, 1o alkynyl, heteroC;_jpalkyl, heteroC, jpalkenyl, heteroC,_jpalkynyl, Cs.jo
carbocyclyl, 3-14 membered heterocyclyl, C¢ 14 aryl, and 5-14 membered heteroaryl, or two
R groups attached to an N atom are joined to form a 3-14 membered heterocyclyl or 5-14
membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted
with 0, 1,2, 3,4, or 5 RY groups, and wherein R*, R R and R¥ are as defined above.
[0041] 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
include, but are not limited to, -OH, -OR™, -N(R),, -C(=0)R™, -C(=0)N(R),, -CO,R™, -
SO,R™, -C(=NR“)R™, -C(=NR*)OR™, -C(=NR*“)N(R),, -SO,N(R*),, -SO,R*, -SO,0R*, -
SOR™, -C(=S)N(R),, -C(=0)SR®, -C(=S)SR, C;_10 alkyl (e.g., aralkyl, heteroaralkyl), C,.1o
alkenyl, C,.1 alkynyl, Cs_1o carbocyclyl, 3-14 membered heterocyclyl, Ce.14 aryl, and 5-14
membered heteroaryl groups, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl,
aralkyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3,4, or 5 R% groups,
and wherein R®, R*, R® and R% are as defined herein. Nitrogen protecting groups are well
known in the art and include those described in detail in Protecting Groups in Organic
Synthesis, T. W. Greene and P. G. M. Wuts, 31 edition, John Wiley & Sons, 1999,

incorporated herein by reference.
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[0042] For example, nitrogen protecting groups such as amide groups (e.g., -C(=0)R™)
include, but are not limited to, formamide, acetamide, chloroacetamide, trichloroacetamide,
trifluoroacetamide, phenylacetamide, 3-phenylpropanamide, picolinamide, 3-
pyridylcarboxamide, N-benzoylphenylalanyl derivative, benzamide, p-phenylbenzamide, o-
nitrophenylacetamide, o-nitrophenoxyacetamide, acetoacetamide, (N *
dithiobenzyloxyacylamino)acetamide, 3-(p-hydroxyphenyl)propanamide, 3-(o-
nitrophenyl)propanamide, 2-methyl-2-(o-nitrophenoxy)propanamide, 2-methyl-2-(o-
phenylazophenoxy)propanamide, 4-chlorobutanamide, 3-methyl-3-nitrobutanamide, o-
nitrocinnamide, N-acetylmethionine derivative, o-nitrobenzamide, and o-
(benzoyloxymethyl)benzamide.

[0043] Nitrogen protecting groups such as carbamate groups (e.g., -C(=0)OR™) include,
but are not limited to, methyl carbamate, ethyl carbamate, 9-fluorenylmethyl carbamate
(Fmoc), 9-(2-sulfo)fluorenylmethyl carbamate, 9-(2,7-dibromo)fluorenylmethyl carbamate,
2,7-di-t-butyl-[9-(10,10-diox0-10,10,10,10-tetrahydrothioxanthyl)Jmethyl carbamate (DBD-
Tmoc), 4-methoxyphenacyl carbamate (Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-
trimethylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate (hZ), 1-(1-adamantyl)-1-
methylethyl carbamate (Adpoc), 1,1-dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2-
dibromoethyl carbamate (DB--BOC), 1,1-dimethyl-2,2,2-trichloroethyl carbamate (TCBOC),
I-methyl-1-(4-biphenylyl)ethyl carbamate (Bpoc), 1-(3,5-di-#-butylphenyl)- 1-methylethyl
carbamate (1-Bumeoc), 2-(2’- and 4’-pyridyl)ethyl carbamate (Pyoc), 2-(N,N-
dicyclohexylcarboxamido)ethyl carbamate, #-butyl carbamate (BOC or Boc), 1-adamantyl
carbamate (Adoc), vinyl carbamate (Voc), allyl carbamate (Alloc), 1-isopropylallyl
carbamate (Ipaoc), cinnamyl carbamate (Coc), 4-nitrocinnamyl carbamate (Noc), 8-quinolyl
carbamate, N-hydroxypiperidinyl carbamate, alkyldithio carbamate, benzyl carbamate (Cbz),
p-methoxybenzyl carbamate (Moz), p-nitobenzyl carbamate, p-bromobenzyl carbamate, p-
chlorobenzyl carbamate, 2,4-dichlorobenzyl carbamate, 4-methylsulfinylbenzyl carbamate
(Msz), 9-anthrylmethyl carbamate, diphenylmethyl carbamate, 2-methylthioethyl carbamate,
2-methylsulfonylethyl carbamate, 2-(p-toluenesulfonyl)ethyl carbamate, [2-(1,3-
dithianyl)Jmethyl carbamate (Dmoc), 4-methylthiophenyl carbamate (Mtpc), 2,4-
dimethylthiophenyl carbamate (Bmpc), 2-phosphonioethyl carbamate (Peoc), 2-
triphenylphosphonioisopropyl carbamate (Ppoc), 1,1-dimethyl-2-cyanoethyl carbamate, m-
chloro-p-acyloxybenzyl carbamate, p-(dihydroxyboryl)benzyl carbamate, 5-

benzisoxazolylmethyl carbamate, 2-(trifluoromethyl)-6-chromonylmethyl carbamate (Tcroc),
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m-nitrophenyl carbamate, 3,5-dimethoxybenzyl carbamate, o-nitrobenzyl carbamate, 3,4-
dimethoxy-6-nitrobenzyl carbamate, phenyl(o-nitrophenyl)methyl carbamate, #-amyl
carbamate, S-benzyl thiocarbamate, p-cyanobenzyl carbamate, cyclobutyl carbamate,
cyclohexyl carbamate, cyclopentyl carbamate, cyclopropylmethyl carbamate, p-
decyloxybenzyl carbamate, 2,2-dimethoxyacylvinyl carbamate, o-(N,N-
dimethylcarboxamido)benzyl carbamate, 1,1-dimethyl-3-(N,N-dimethylcarboxamido)propyl
carbamate, 1,1-dimethylpropynyl carbamate, di(2-pyridyl)methyl carbamate, 2-furanylmethyl
carbamate, 2-iodoethyl carbamate, isoborynl carbamate, isobutyl carbamate, isonicotinyl
carbamate, p-(p’-methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl carbamate, 1-
methylcyclohexyl carbamate, 1-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1-(3,5-
dimethoxyphenyl)ethyl carbamate, 1-methyl-1-(p-phenylazophenyl)ethyl carbamate, 1-
methyl-1-phenylethyl carbamate, 1-methyl-1-(4-pyridyl)ethyl carbamate, phenyl carbamate,
p-(phenylazo)benzyl carbamate, 2,4,6-tri-t-butylphenyl carbamate, 4-
(trimethylammonium)benzyl carbamate, and 2,4,6-trimethylbenzyl carbamate.

[0044] Nitrogen protecting groups such as sulfonamide groups (e.g., -S(=0),R™) include,
but are not limited to, p-toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6,-trimethyl-4-
methoxybenzenesulfonamide (Mtr), 2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6-
dimethyl-4-methoxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl-4-
methoxybenzenesulfonamide (Mte), 4-methoxybenzenesulfonamide (Mbs), 2,4,6-
trimethylbenzenesulfonamide (Mts), 2,6-dimethoxy-4-methylbenzenesulfonamide (iMds),
2,2,5,7,8-pentamethylchroman-6-sulfonamide (Pmc), methanesulfonamide (Ms), 3-
trimethylsilylethanesulfonamide (SES), 9-anthracenesulfonamide, 4-(4",8’-
dimethoxynaphthylmethyl)benzenesulfonamide (DNMBS), benzylsulfonamide,
trifluoromethylsulfonamide, and phenacylsulfonamide.

[0045] Other nitrogen protecting groups include, but are not limited to, phenothiazinyl-
(10)-acyl derivative, N'-p-toluenesulfonylaminoacyl derivative, N'-phenylaminothioacyl
derivative, N-benzoylphenylalanyl derivative, N-acetylmethionine derivative, 4,5-diphenyl-3-
oxazolin-2-one, N-phthalimide, N-dithiasuccinimide (Dts), N-2,3-diphenylmaleimide, N-2,5-
dimethylpyrrole, N-1,1,4,4-tetramethyldisilylazacyclopentane adduct (STABASE), 5-
substituted 1,3-dimethyl-1,3,5-triazacyclohexan-2-one, 5-substituted 1,3-dibenzyl-1,3,5-
triazacyclohexan-2-one, 1-substituted 3,5-dinitro-4-pyridone, N-methylamine, N-allylamine,
N-[2-(trimethylsilyl)ethoxy]methylamine (SEM), N-3-acetoxypropylamine, N-(1-isopropyl-4-

nitro-2-oxo-3-pyroolin-3-yl)amine, quaternary ammonium salts, N-benzylamine, N-di(4-
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methoxyphenyl)methylamine, N-5-dibenzosuberylamine, N-triphenylmethylamine (Tr), N-
[(4-methoxyphenyl)diphenylmethyl]amine (MMTr), N-9-phenylfluorenylamine (PhF), N-2,7-
dichloro-9-fluorenylmethyleneamine, N-ferrocenylmethylamino (Fecm), N-2-picolylamino N'-
oxide, N-1,1-dimethylthiomethyleneamine, N-benzylideneamine, N-p-
methoxybenzylideneamine, N-diphenylmethyleneamine, N-[(2-
pyridyl)mesitylJmethyleneamine, N-(N', N'-dimethylaminomethylene)amine, N,N’-
isopropylidenediamine, N-p-nitrobenzylideneamine, N-salicylideneamine, N-5-
chlorosalicylideneamine, N-(5-chloro-2-hydroxyphenyl)phenylmethyleneamine, N-
cyclohexylideneamine, N-(5,5-dimethyl-3-oxo-1-cyclohexenyl)amine, N-borane derivative,
N-diphenylborinic acid derivative, N-[phenyl(pentaacylchromium- or tungsten)acyl]amine,
N-copper chelate, N-zinc chelate, N-nitroamine, N-nitrosoamine, amine N-oxide,
diphenylphosphinamide (Dpp), dimethylthiophosphinamide (Mpt),
diphenylthiophosphinamide (Ppt), dialkyl phosphoramidates, dibenzyl phosphoramidate,
diphenyl phosphoramidate, benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4-
dinitrobenzenesulfenamide, pentachlorobenzenesulfenamide, 2-nitro-4-
methoxybenzenesulfenamide, triphenylmethylsulfenamide, and 3-nitropyridinesulfenamide
(Npys).

[0046] In certain embodiments, the substituent present on an oxygen atom is an oxygen
protecting group (also referred to herein as an “hydroxyl protecting group”). Oxygen
protecting groups include, but are not limited to, —R*, -N(R""),, —C(=0)SR™, —-C(=0)R™,
~COR™, ~C(=0)N(R™),, -C(=NR")R™, -C(=NR™)OR™, ~C(=NR"™)N(R"™),, ~S(=0)R™,
—SO2R™, =Si(R™)3, ~P(R%)2, =P(R*)3"X", =P(OR")2, —=P(OR)s"X", ~P(=0)(R*).,
—P(=0)(OR*),, and —~P(=0)(N(R™) 2),, wherein R*, R™, and R*" are as defined herein.
Oxygen protecting groups are well known in the art and include those described in detail in
Protecting Groups in Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3™ edition, John
Wiley & Sons, 1999, incorporated herein by reference.

[0047] Exemplary oxygen atom substituents include, but are not limited to, -R*,
-C(=0)SR™, -C(=0)R™, -CO,R™, -C(=0)N(R™),, -C(=NR"")R™, -C(=NR"OR™, -
C(=NR™)N(R™),, -S(=0)R™, -SO,R™, -Si(R™)3, -P(R*),, -P(R)3, -P(=0);R™, -P(=0)(R™),
-P(=0)(OR*),, -P(=0):N(R™),, and -P(=0)(NR"),, wherein R™, R™, and R are as defined
herein. In certain embodiments, the oxygen atom substituent present on an oxygen atom is an
oxygen protecting group (also referred to as a hydroxyl protecting group). Oxygen protecting

groups are well known in the art and include those described in detail in Protecting Groups in
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Organic Synthesis, T. W. Greene and P. G. M. Wuts, 31 edition, John Wiley & Sons, 1999,
incorporated herein by reference. Exemplary oxygen protecting groups include, but are not
limited to, methyl, -butyloxycarbonyl (BOC or Boc), methoxylmethyl (MOM),
methylthiomethyl (MTM), ¢-butylthiomethyl, (phenyldimethylsilyl)methoxymethyl (SMOM),
benzyloxymethyl (BOM), p-methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxy)methyl
(p-AOM), guaiacolmethyl (GUM), r-butoxymethyl, 4-pentenyloxymethyl (POM),
siloxymethyl, 2-methoxyethoxymethyl (MEM), 2,2,2-trichloroethoxymethyl, bis(2-
chloroethoxy)methyl, 2-(trimethylsilyl)ethoxymethyl (SEMOR), tetrahydropyranyl (THP), 3-
bromotetrahydropyranyl, tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-
methoxytetrahydropyranyl (MTHP), 4-methoxytetrahydrothiopyranyl, 4-
methoxytetrahydrothiopyranyl S,S-dioxide, 1-[(2-chloro-4-methyl)phenyl]-4-
methoxypiperidin-4-yl (CTMP), 1,4-dioxan-2-yl, tetrahydrofuranyl, tetrahydrothiofuranyl,
2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-methanobenzofuran-2-yl, 1-ethoxyethyl, 1-
(2-chloroethoxy)ethyl, 1-methyl-1-methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-1-
benzyloxy-2-fluoroethyl, 2,2,2-trichloroethyl, 2-trimethylsilylethyl, 2-(phenylselenyl)ethyl, #-
butyl, allyl, p-chlorophenyl, p-methoxyphenyl, 2,4-dinitrophenyl, benzyl (Bn), p-
methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-
dichlorobenzyl, p-cyanobenzyl, p-phenylbenzyl, 2-picolyl, 4-picolyl, 3-methyl-2-picolyl N-
oxido, diphenylmethyl, p,p’-dinitrobenzhydryl, 5-dibenzosuberyl, triphenylmethyl, a-
naphthyldiphenylmethyl, p-methoxyphenyldiphenylmethyl, di(p-
methoxyphenyl)phenylmethyl, tri(p-methoxyphenyl)methyl, 4-(4'-
bromophenacyloxyphenyl)diphenylmethyl, 4,4",4"-tris(4,5-
dichlorophthalimidophenyl)methyl, 4,4',4"-tris(levulinoyloxyphenyl)methyl, 4,4",4"-
tris(benzoyloxyphenyl)methyl, 3-(imidazol-1-yl)bis(4',4"-dimethoxyphenyl)methyl, 1,1-
bis(4-methoxyphenyl)-1'-pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phenyl-10-
oxo)anthryl, 1,3-benzodisulfuran-2-yl, benzisothiazolyl S,S-dioxido, trimethylsilyl (TMS),
triethylsilyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS),
diethylisopropylsilyl (DEIPS), dimethylthexylsilyl, -butyldimethylsilyl (TBDMS), #-
butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), ¢-butylmethoxyphenylsilyl (TBMPS), formate, benzoylformate,
acetate, chloroacetate, dichloroacetate, trichloroacetate, trifluoroacetate, methoxyacetate,
triphenylmethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate, 3-phenylpropionate, 4-

oxopentanoate (levulinate), 4,4-(ethylenedithio)pentanoate (levulinoyldithioacetal), pivaloate,
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adamantoate, crotonate, 4-methoxycrotonate, benzoate, p-phenylbenzoate, 2,4,6-
trimethylbenzoate (mesitoate), alkyl methyl carbonate, 9-fluorenylmethyl carbonate (Fmoc),
alkyl ethyl carbonate, alkyl 2,2,2-trichloroethyl carbonate (Troc), 2-(trimethylsilyl)ethyl
carbonate (TMSEC), 2-(phenylsulfonyl) ethyl carbonate (Psec), 2-(triphenylphosphonio)
ethyl carbonate (Peoc), alkyl isobutyl carbonate, alkyl vinyl carbonate alkyl allyl carbonate,
alkyl p-nitrophenyl carbonate, alkyl benzyl carbonate, alkyl p-methoxybenzyl carbonate,
alkyl 3,4-dimethoxybenzyl carbonate, alkyl o-nitrobenzyl carbonate, alkyl p-nitrobenzyl
carbonate, alkyl S-benzyl thiocarbonate, 4-ethoxy-1-napththyl carbonate, methyl
dithiocarbonate, 2-iodobenzoate, 4-azidobutyrate, 4-nitro-4-methylpentanoate, o-
(dibromomethyl)benzoate, 2-formylbenzenesulfonate, 2-(methylthiomethoxy)ethyl, 4-
(methylthiomethoxy)butyrate, 2-(methylthiomethoxymethyl)benzoate, 2,6-dichloro-4-
methylphenoxyacetate, 2,6-dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetate, 2,4-bis(1,1-
dimethylpropyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate, monosuccinoate, (£)-2-
methyl-2-butenoate, o-(methoxyacyl)benzoate, a-naphthoate, nitrate, alkyl N,N,N',N’-
tetramethylphosphorodiamidate, alkyl N-phenylcarbamate, borate, dimethylphosphinothioyl,
alkyl 2,4-dinitrophenylsulfenate, sulfate, methanesulfonate (mesylate), benzylsulfonate, and
tosylate (Ts).

[0048] In certain embodiments, the substituent present on an sulfur atom is a sulfur
protecting group (also referred to as a “thiol protecting group”). Sulfur protecting groups
include, but are not limited to, —R™, —=N(R""),, —C(=0)SR™, —C(=0)R*, —CO,R™,
~C(=0)N(R™),, -C(=NR™)R™, ~C(=NR"™OR™, ~C(=NR")N(R™),, —S(=0)R™, ~SO,R™,
=Si(R™)3, =P(R%)2, =P(R)3"X", =P(OR*), ~P(OR*);"X", ~P(=0)(R*),, ~P(=0)(OR*"),,
and —P(=0)(N(R™) ,),, wherein R*, R™, and R* are as defined herein. Sulfur protecting
groups are well known in the art and include those described in detail in Protecting Groups in
Organic Synthesis, T. W. Greene and P. G. M. Wuts, 31 edition, John Wiley & Sons, 1999,
incorporated herein by reference.

[0049] A “hydrocarbon chain” refers to a substituted or unsubstituted divalent alkyl,
alkenyl, or alkynyl group. A hydrocarbon chain includes (1) one or more chains of carbon
atoms immediately between the two radicals of the hydrocarbon chain; (2) optionally one or
more hydrogen atoms on the chain(s) of carbon atoms; and (3) optionally one or more
substituents (“non-chain substituents,” which are not hydrogen) on the chain(s) of carbon
atoms. A chain of carbon atoms consists of consecutively connected carbon atoms (“‘chain

atoms” or “carbon units”) and does not include hydrogen atoms or heteroatoms. However, a
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non-chain substituent of a hydrocarbon chain may include any atoms, including hydrogen
atoms, carbon atoms, and heteroatoms. For example, hydrocarbon chain —CAH(CBHZCCH3)—
includes one chain atom C*, one hydrogen atom on C*, and non-chain substituent -
(CBHZCCH3). The term “Cyx hydrocarbon chain,” wherein x is a positive integer, refers to a
hydrocarbon chain that includes x number of chain atom(s) between the two radicals of the
hydrocarbon chain. If there is more than one possible value of x, the smallest possible value

of x is used for the definition of the hydrocarbon chain. For example, -CH(C:Hs)- is a C;

& %
hydrocarbon chain, and \O/ is a Cs hydrocarbon chain. When a range of values is
used, the meaning of the range is as described herein. For example, a C5_jo hydrocarbon chain
refers to a hydrocarbon chain where the number of chain atoms of the shortest chain of
carbon atoms immediately between the two radicals of the hydrocarbon chain is 3, 4, 5, 6, 7,
8,9, or 10. A hydrocarbon chain may be saturated (e.g., -(CH2)s4-). A hydrocarbon chain may
also be unsaturated and include one or more C=C and/or C=C bonds anywhere in the
hydrocarbon chain. For instance, -CH=CH-(CH,),-, -CH,-C=C-CH,-, and -C=C-CH=CH- are
all examples of a unsubstituted and unsaturated hydrocarbon chain. In certain embodiments,
the hydrocarbon chain is unsubstituted (e.g., -C=C- or -(CH>)4-). In certain embodiments, the
hydrocarbon chain is substituted (e.g., -CH(C,Hs)- and -CF»-). Any two substituents on the
hydrocarbon chain may be joined to form a substituted or unsubstituted carbocyclyl,

substituted or unsubstituted heterocyclyl, substituted or unsubstituted aryl, or substituted or

NG
oY A
N
unsubstituted heteroaryl ring. For instance, , H , ,
segietiae s
S |
, N , and X are all examples of a hydrocarbon chain. In
H
AN
N & |
H and N

the hydrocarbon chains described herein. When a chain atom of a C; hydrocarbon chain is

contrast, in certain embodiments, are not within the scope of

replaced with a heteroatom, the resulting group is referred to as a C¢ hydrocarbon chain

wherein a chain atom is replaced with a heteroatom, as opposed to a Cx.; hydrocarbon chain.
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For example, le/\o/\f‘ﬁ is a C; hydrocarbon chain wherein one chain atom is replaced
with an oxygen atom.

[0050] The term “leaving group” is given its ordinary meaning in the art of synthetic
organic chemistry and refers to an atom or a group capable of being displaced by a
nucleophile. Examples of suitable leaving groups include, but are not limited to, halogen
(such as F, Cl, Br, or I (iodine)), alkoxycarbonyloxy, aryloxycarbonyloxy, alkanesulfonyloxy,
arenesulfonyloxy, alkyl-carbonyloxy (e.g., acetoxy), arylcarbonyloxy, aryloxy, methoxy,
N,O-dimethylhydroxylamino, pixyl, and haloformates. In some cases, the leaving group is a
sulfonic acid ester, such as toluenesulfonate (tosylate, -OTs), methanesulfonate (mesylate, -
OMs), p-bromobenzenesulfonyloxy (brosylate, -OBs), -OS(=0),(CF,);CF5 (nonaflate, -ONf),
or trifluoromethanesulfonate (triflate, -OTf). In some cases, the leaving group is a brosylate,
such as p-bromobenzenesulfonyloxy. In some cases, the leaving group is a nosylate, such as
2-nitrobenzenesulfonyloxy.The leaving group may also be a phosphineoxide (e.g., formed
during a Mitsunobu reaction) or an internal leaving group such as an epoxide or cyclic sulfate.
Other non-limiting examples of leaving groups are water, ammonia, alcohols, ether moieties,

thioether moieties, zinc halides, magnesium moieties, diazonium salts, and copper moieties.

Other Definitions
[0051] The following definitions are more general terms used throughout the present
application.
[0052] 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. For example, Berge ef al., describe pharmaceutically acceptable
salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incorporated herein by
reference. Pharmaceutically acceptable salts of the compounds of this invention include those
derived from suitable inorganic and organic acids and bases. Examples of pharmaceutically
acceptable, nontoxic acid addition salts are salts of an amino group formed with inorganic
acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid, and
perchloric acid or with organic acids such as acetic acid, oxalic acid, maleic acid, tartaric
acid, citric acid, succinic acid, or malonic acid or by using other methods known in the art

such as ion exchange. Other pharmaceutically acceptable salts include adipate, alginate,
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ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate,
camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate,
hemisulfate, heptanoate, hexanoate, hydroiodide, 2—hydroxy—ethanesulfonate, lactobionate,
lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2—
naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3—phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like.
Salts derived from appropriate bases include alkali metal, alkaline earth metal, ammonium
and N*(Cy_4 alkyl), salts. Representative alkali or alkaline earth metal salts include sodium,
lithium, potassium, calcium, magnesium, and the like. Further pharmaceutically acceptable
salts include, when appropriate, nontoxic ammonium, quaternary ammonium, and amine
cations formed using counterions such as halide, hydroxide, carboxylate, sulfate, phosphate,
nitrate, lower alkyl sulfonate, and aryl sulfonate.

[0053] The term “solvate” refers to forms of the compound that are associated with a
solvent, usually by a solvolysis reaction. This physical association may include hydrogen
bonding. Conventional solvents include water, methanol, ethanol, acetic acid, DMSO, THF,
diethyl ether, and the like. The compounds described herein may be prepared, e.g., in
crystalline form, and may be solvated. Suitable solvates include pharmaceutically acceptable
solvates and further include both stoichiometric solvates and non-stoichiometric solvates. In
certain instances, the solvate will be capable of isolation, for example, when one or more
solvent molecules are incorporated in the crystal lattice of a crystalline solid. “Solvate”
encompasses both solution-phase and isolatable solvates. Representative solvates include
hydrates, ethanolates, and methanolates.

[0054] The terms “composition” and “formulation™ are used interchangeably.
[0055] A “subject” to which administration is contemplated includes, but is not
limited to, humans (i.e., a male or female of any age group, e.g., a pediatric subject (e.g.,
infant, child, adolescent) or adult subject (e.g., young adult, middle—aged adult, or senior
adult)) and/or other non—human animals, for example, mammals (e.g., primates (e.g.,
cynomolgus monkeys, rhesus monkeys); commercially relevant mammals such as cattle,
pigs, horses, sheep, goats, cats, and/or dogs) and birds (e.g., commercially relevant birds such
as chickens, ducks, geese, and/or turkeys). In certain embodiments, the animal is a mammal.
The animal may be a male or female at any stage of development. The animal may be a

transgenic animal or genetically engineered animal. In certain embodiments, the subject is a
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non-human animal. In certain embodiments, the animal is a fish or reptile. A “patient” refers
to a human subject in need of treatment of a disease. The subject may also be a plant. In
certain embodiments, the plant is a land plant. In certain embodiments, the plant is a non-
vascular land plant. In certain embodiments, the plant is a vascular land plant. In certain
embodiments, the plant is a seed plant. In certain embodiments, the plant is a cultivated plant.
In certain embodiments, the plant is a dicot. In certain embodiments, the plant is a monocot.
In certain embodiments, the plant is a flowering plant. In some embodiments, the plant is a
cereal plant, e.g., maize, corn, wheat, rice, oat, barley, rye, or millet. In some embodiments,
the plant is a legume, e.g., a bean plant, e.g., soybean plant. In some embodiments, the plant
is a tree or shrub.

[0056] The term “administer,” “administering,” or “administration” refers to
implanting, absorbing, ingesting, injecting, inhaling, or otherwise introducing a compound
described herein, or a composition thereof, in or on a subject.

[0057] The terms “treatment,” “treat,” and “treating” refer to reversing, alleviating,
delaying the onset of, or inhibiting the progress of a disease described herein. In some
embodiments, treatment may be administered after one or more signs or symptoms of the
disease have developed or have been observed. In other embodiments, treatment may be
administered in the absence of signs or symptoms of the disease. For example, treatment may
be administered to a susceptible subject prior to the onset of symptoms (e.g., in light of a
history of symptoms and/or in light of exposure to a pathogen). Treatment may also be
continued after symptoms have resolved, for example, to delay or prevent recurrence.

[0058] The terms “condition,” “disease,” and “disorder” are used interchangeably.
[0059] An “effective amount” of a compound described herein refers to an amount
sufficient to elicit the desired biological response, i.e., treating the condition. As will be
appreciated by those of ordinary skill in this art, the effective amount of a compound
described herein may vary depending on such factors as the desired biological endpoint, the
pharmacokinetics of the compound, the condition being treated, the mode of administration,
and the age and health of the subject. An effective amount encompasses therapeutic and
prophylactic treatment.

[0060] A “therapeutically effective amount” of a compound described herein is an
amount sufficient to provide a therapeutic benefit in the treatment of a condition or to delay
or minimize one or more symptoms associated with the condition. A therapeutically effective
amount of a compound means an amount of therapeutic agent, alone or in combination with

other therapies, which provides a therapeutic benefit in the treatment of the condition. The
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term “‘therapeutically effective amount” can encompass an amount that improves overall
therapy, reduces or avoids symptoms, signs, or causes of the condition, and/or enhances the
therapeutic efficacy of another therapeutic agent.

[0061] A “prophylactically effective amount” of a compound described herein is an
amount sufficient to prevent a condition, or one or more symptoms associated with the
condition or prevent its recurrence. A prophylactically effective amount of a compound
means an amount of a therapeutic agent, alone or in combination with other agents, which
provides a prophylactic benefit in the prevention of the condition. The term “prophylactically
effective amount” can encompass an amount that improves overall prophylaxis or enhances
the prophylactic efficacy of another prophylactic agent.

[0062] As used herein, the terms “O-GlcNAcylation-associated disease or disorder”
and “OGT-associated disease or disorder” include, but are not limited to diseases and
disorders in which there is abnormal OGT activity and/or abnormal levels of O-
GlcNAcylation. As used herein, the term “OGT activity” means OGT-mediated O-
GlcNAcylation. An abnormal level of OGT activity and/or O-GlcNAcylation may be a level
that is higher than a normal level or may be a level that is lower than a normal level, wherein
a “normal” level is the level in a subject who does not have a disease or disorder associated
with OGT activity or O-GlcNAcylation. Examples of diseases and disorders associated with
OGT activity and/or O-GlcNAcylation levels include, but are not limited to
neurodegenerative disorders such as Alzheimer’s disease; cancer; metabolic diseases such as
diabetes mellitus, insulin resistance, and complications of diabetes; and other OGT-associated
diseases.

[0063] As used herein, the term “neurodegenerative disorders” refer to a type of
neurological disease marked by the loss of nerve cells, including, but not limited to,
Alzheimer’s disease, Parkinson’s disease, amyotrophic lateral sclerosis, tauopathies
(including frontotemporal dementia), and Huntington’s disease.

[0064] As used herein, the term “metabolic disease” refers to any disease or disorder
that involves an alteration in the normal metabolism of carbohydrates, lipids, proteins,
nucleic acids, or a combination thereof. A metabolic disease is associated with either a
deficiency or excess in a metabolic pathway resulting in an imbalance in metabolism of
nucleic acids, proteins, lipids, and/or carbohydrates. Factors affecting metabolism include,
and are not limited to, the endocrine (hormonal) control system (e.g., the insulin pathway, the
enteroendocrine hormones including GLP-1, PYY or the like), the neural control system

(e.g., GLP-1 in the brain), or the like. Examples of metabolic diseases include, but are not
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limited to, diabetes (e.g., type 1 diabetes, type 2 diabetes, gestational diabetes),
hyperglycemia, hyperinsulinemia, insulin resistance, and obesity.

[0065] As used herein, the term “complication of diabetes” is used to mean a
disorder that is associated with diabetes. Non-limiting examples of complications of diabetes
include microvascular damage, insulin resistance, vascular damage, nephropathy, skin ulcers,
circulatory damage, diabetic nephropathy, diabetic retinopathy, macro-vascular disease,
micro-vascular disease, cardiac dysfunction, and diabetic neuropathy.

[0066] The term “diabetic” as used herein, means a subject who, at the time the
sample is taken, has a primary deficiency of insulin. The term diabetic includes, but is not
limited to, individuals with juvenile diabetes (Type 1 diabetes), adult-onset diabetes (Type 2
diabetes), gestational diabetes, and any other conditions of insulin deficiency. The terms
“diabetic” and “diabetes” are terms of art, known and understood by those practicing in the
medical profession, a formal definition of which can be found in Harrison’s Principles of
Medicine (Harrisons, Vol 14, Principles of Internal Medicine, Eds. Fauci, A.S., E.
Braunwald, K.J. Isselbacher, J.D. Wilson, J.B. Martin, D.L. Kasper, S.L. Hauser, D.L.
Longo, McGraw-Hill, New York, 1999).

[0067] Subjects with blood glucose levels that are higher than normal but not yet in
the range associated with a diagnosis of diabetes may be considered to have “pre-diabetes.”
Pre-diabetes is also known in the art as “impaired fasting glucose” (IFG) or “impaired
glucose tolerance” (IGT). Subjects with pre-diabetes have a higher risk of developing type 2
diabetes, which is also known as adult-onset diabetes or noninsulin-dependent diabetes.
[0068] “Insulin resistance,” as used herein, is a condition in which the tissues of the
body fail to respond normally to insulin. DeFronzo, R. A. J. Cardiomuscular Pharmacology
20 (Suppl. 11): S1-S16 (1992). Insulin resistance manifests itself in pathologically elevated
endogenous insulin and glucose levels and predisposes one who suffers from said resistance
to the development of a cluster of abnormalities, including some degree of impaired glucose
tolerance, an increase in plasma triglycerides and low density lipoprotein cholesterol (LDL)
levels, a decrease in high-density lipoprotein cholesterol (HDL) levels, high blood pressure,
hyperuricemia, a decrease in plasma fibrinolytic activity, an increase in cardiovascular
disease and atherosclerosis. Reaven, G. M. Physiol-Rev. 75(3): 473-86 (1995).

[0069] “Cancer” as used herein refers to an uncontrolled growth of cells which
interferes with the normal functioning of the bodily organs and systems. Cancers which
migrate from their original location and seed vital organs can eventually lead to the death of

the subject through the functional deterioration of the affected organs. Carcinomas are

28



WO 2016/004180 PCT/US2015/038792

malignant cancers that arise from epithelial cells and include adenocarcinoma and squamous
cell carcinoma. Sarcomas are cancer of the connective or supportive tissue and include
osteosarcoma, chondrosarcoma and gastrointestinal stromal tumor. Hematopoietic cancers,
such as leukemia, are able to outcompete the normal hematopoietic compartments in a
subject, thereby leading to hematopoietic failure (in the form of anemia, thrombocytopenia
and neutropenia) ultimately causing death. A person of ordinary skill in the art can classify a

cancer as a sarcoma, carcinoma or hematopoietic cancer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0070] Figure 1 shows that OGT catalyzes the addition of GlcNAc to proteins.
Figure 1A shows that OGT and OGA are responsible for the dynamic modification of
proteins with GlcNAc. OGT adds O-GlcNAc to proteins and OGA removes this
modification. Figure 1B shows that histone H2B can be glycosylated by OGT,
Glycosylation of c-Myc by OGT blocks its degradation in certain cell types.
[0071] Figure 2 shows a fluorescent displacement screen for the discovery of an
OGT inhibitor OSMI-1. Figure 2A shows that initial screen uncovers Q6S scaffold and
further study yields OGT inhibitor OSMI-1 (compound 1). Figure 2B shows that OSMI-1
inhibits OGT glycosylation in vitro more efficiently than UDP-5S-GlcNAc. OSMI-1 is
slightly more potent in vitro than than UDP-5S-GlcNAc (ICso values =3 uM +/- 0.9 and 11
+/- 5.6 for OSMI-1 and UDP-5S-GIcNAc, respectively). Figure 2C shows kinetic analysis
of OSMI-1. OSMI-1 inhibits OGT in a competitive manner. Inhibition constant (Ki) was
found to be 0.4 +/- 0.1 uM, approximately ten-fold below that for UDP-5S-GIcNAc (5 +/- 1
uM),
[0072] Figure 3 shows that OSMI-1 can effectively inhibit OGT in mammalian
cells. Figure 3A shows immunoblotting of global O-GlcNAcylation after treatment of
Chinese hamster ovary (CHO) cells with OSMI-1 and 4Ac-5SGIcNAc. CHO cells were
previously used to evaluate 4Ac-5S-GlcNAc as an inhibitor. Cells were treated with
concentrations of OSMI-1 and 4Ac-5S-GlcNAc ranging from 10-100 uM and, after 24 hr,
cell lysates were separated by SDS-PAGE and immunoblotted with the O-GlcNAc antibody
RL2. OSMI-1 reduced global O-GlcNAcylation in a dose-dependent manner (see Figure 7),
with the maximal reduction achieved at 50 uM. At this concentration, 4Ac-5S-GlcNAc
appears to reduce global O-GlcNAcylation slightly more than OSMI-1. An 8 hr time course
study performed with both compounds at 50 uM showed that global O-GlcNAcylation
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decreased more quickly with OSMI-1, most likely because 4Ac-5S-GlcNAcmust be
metabolized to an active compound before it can inhibit OGT (see Figure 8). Several other
mammalian cell lines were examined, and it was found that OSMI-1 treatment substantially
decreased global O-GlcNAcylation in all of them (see Figure 9). Figure 3B shows that
biomarkers of OGT inhibition include a mass shift of Nup62 and a decrease in OGA levels.
Because Nup62 is heavily O-GlcNAcylated, it shows a large mass shift (>2.5 Kd) when all
ten O-GlcNAc residues are absent. Cellular Nup62 shifts to lower molecular weight
following treatment of cells with either OSMI-1 or 4Ac-5S-GlcNAc, consistent with
inhibition of OGT. Treatment of CHO cells with either OSMI-1 or 4Ac-5S-GlcNAc resulted
in accumulation of sOGT, a short isoform of OGT while levels of full-length ncOGT
remained unchanged. Concomitantly, OGA levels decreased under both conditions, most
likely due to a feedback mechanism. Figure 3C shows that OSMI-1 can decrease
glycosylation of H2B-Ser112 in CHO cells. Effects of OSMI-1 on O-GlcNAcylation of
histone H2B-S112 are evaluated. Histone H2B-S112 is one of the few protein-specific O-
GleNAc modifications for which an antibody is available (abcam). While total H2B levels
remained unchanged, the O-GlcNAc modification was greatly reduced in OSMI-1-treated
CHO cells. Figure 3D shows that Lectins ConA, LCA and jacalin (JAC) can recognize
extracellular glycans, which should not be affected by a specific inhibitor of OGT.
Immunoblot of lectin ConA (left), LCA (middle) and JAC (right) show that OSMI-1 does not
affect the composition of extracellular glycans. Lectins have been previously used to asses
the composition of cell surface glycans. Ten different biotinylated lectins that recognize
different features of N- and O-glycans (ConA, LCA, Jacalin, Pha-E, ECL, Pha-L, VVL, GSL-
I, PNA and DBA) were used to visualize cell surface glycoproteins following incubation of
CHO cells with either 50 uM OSMI-1 or 4Ac-5S-GlcNAc. Minimal changes were observed
when ConA, PHA-L, ECL, VVL, GSL-I, PNA, or DBA was used indicating that the
composition of the carbohydrate moieties recognized by these particular lectins is unaffected
by OSMI-1 or 4Ac-5S-GlcNAc (see Figure 12). For Jacalin, PHA-E and LCA, substantial
changes were observed in blots of lysates from cells treated with 4Ac-5SGlcNAc, but OSMI-
I-treated lysates were similar to the DMSO control. Jacalin detects the GalNAc-peptide
portion of mucin-type O-glycans, and 4Ac-5SGIcNAc treatment resulted in mass shifts for
several bands. These mass shifts suggest that some of the twenty enzymes that use UDP-
GalNAc to initiate mucin-type O-glycan synthesis were inhibited by UDP-5SGalNAc,
another product of the metabolism of 4Ac-5SGIcNAc. 4Ac-5SGlecNAc treatment also results
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in loss of signal intensity for the lectins PHA-E (see Figure 12) and LCA, which recognizes
core-fucosylated N-Glycans.

[0073] Figure 4 shows that OGT inhibition decreases cell proliferation and c-Myc
stability in LNCaP cells. Effects of OSMI-1 are evaluated on a human cancer cell line. OGT
is upregulated in metastatic prostate cancer and high O-GlcNAcylation levels are correlated
with a poor clinical prognosis. LNCaP cells, derived from a castration resistant metastatic
prostate tumor, depend on abundant c-myc expression for rapid growth. Because it was
previously shown that OGT knockdown reduces c-Myc abundance by destabilizing the
protein, LNCaP cells were treated with 50 uM OSMI-1 for 6 and 48 hr. Figure 4A shows
cell viability of LNCaP cells treated for 48 hrs with 50 uM of indicated compounds.
Treatment of LNCaP cells with OSMI-1 leads to a decrease in cell viability. Figure 4B
shows that treatment of LNCaP cells with OSMI-1 decreases c-Myc stability 6 and 48 hours
post-treatment.

[0074] Figure 5 shows in vitro study of both OSMI-1 and UDP-5S-GlcNAc. Figure
SA shows Michaelis-Menten plot of OSMI-1. Figure 5B shows Michaelis-Menten plot of
UDP-5S-GlcNAc. Figure 5C shows Vi and K, values from Michaelis-Menten plot.
Figure 5D shows K; and standard error values of OSMI-1 and UDP-5S-GlcNAc from non-
linear regression analysis fit competitive inhibition.

[0075] Figure 6 shows computational modeling of OSMI-1 using the IFD protocol.
Analysis of the docked model revealed similar interactions of F868, V895, H901 and R904
with the beta lactam moiety of OSMI-1 and uracil of UDP-5S-GIcNAc.

[0076] Figure 7 shows that OSMI-1 inhibits global O-GlcNAcylation in a dose-
dependent manner. CHO cells were grown to 50-60% confluency and treated with OGT
inhibitors Ac4-5S-GlcNAc (left) or OSMI-1 (right) at the indicated concentrations for 24
hours. After treatment, cells were harvested and cell lysates were immunoblotted with the
indicated antibodies. Both Ac4-5S-GIlcNAc and OSMI-1 are able to reduce global O-
GlcNAcylation in a dose-dependent manner. In the case of OSMI-1, maximum reduction is
achieved when cells are treated with 50 uM OSMI-1; there was not observable benefit to
treatment with higher concentrations due to the limited aqueous solubility of OSMI-1.

[0077] Figure 8 shows that OSMI-1 reduces global O-GlcNAcylation rapidly in
cells. CHO cells were grown to 50-60% confluency and treated with OGT inhibitors Ac-5S-
GlecNAc (left) or OSMI-1 (right), at 50 uM for the indicated amount of time. After treatment,
cells were harvested and cell lysates were immunoblotted with the indicated antibodies. Both

Ac4-5S-GlcNAc and OSMI-1 reduce global O-GlcNAcylation levels after 8 hours; however,
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only OSMI-1, which does not require metabolic processing to become active, is able to
reduce O-GIcNAc levels after just two hours.

[0078] Figure 9 shows that OSMI-1 can inhibit O-GlcNAcylation in various
mammalian cell types. Figure 9A shows that OSMI-1 reduces O-GlcNAcylation in several
mammalian cell types. CHO, HEK-293 HeLa and D283-Med cells (left to right) grown to
50-60% confluency were treated with either DMSO vehicle alone or 50 uM OGT inhibitor,
Acd-55GlcNAc or OSMI-1, for 24 hours. After treatment, cells were harvested and cell
lysates were immunoblotted with the indicated antibodies. Both Ac4-55GIcNAc and OSMI-1
reduce global O-GIcNAc levels in all four lines examined. Figure 9B shows that PC3-ML
cells were grown at 70% confluency and treated with DMSQO, 25 uM or 50 uM OGT inhibitor
OSMI-1 for indicated time points. After treatment, cells were harvested and cell lysates were
immunoblotted with the indicated antibodies. The results show that both Ac-5S-GIlcNAc and
OSMI-1 are able to reduce global O-GlcNAcylation levels at 24 hours in all cell types tested
[0079] Figures 10A and 10B show that OSMI-1 is not cytotoxic and does not
trigger apoptotic signaling. CHO cells were plated and grown in a 96-well plate to 50-60%
confluency and subsequently treated with vehicle (DMSO), 50 uM OSMI-1 (0.5% final
vehicle concentration) or 10 uM Staurosporine for the indicated time. After treatment, cells
were incubated and analyzed with ApoTox-Glo reagent (Promega) according to the
manufacturer’s instructions. Cell viability decreases with time for cells treated with OSMI-1
without a concurrent increase in cytotoxicity or apoptotic signaling. Staurosporine is a
positive control for apoptotic signaling.

[0080] Figure 11 shows that OSMI-1 is not cytotoxic and does not trigger apoptotic
signaling at early time points. CHO cells were plated and grown in a 96-well plate to 50-60%
confluency and subsequently treated with vehicle (DMSO), 50 uM OSMI-1 (0.5% final
vehicle concentration) or 30 ng/mL Digitonin for 15 minutes. After treatment, cells were
incubated and analyzed with ApoTox-Glo reagent (Promega) according to the manufacturer’s
instructions. OSMI-1 does not exhibit cytotoxicity (middle panel) or trigger apoptotic
signaling (right panel) in CHO cells after a 15 min incubation. Digitonin is a positive control
for cytotoxicity.

[0081] Figure 12 shows the effect of OGT inhibitors on cell surface glycans as
demonstrated. CHO cells were grown to 50-60% confluency and treated with vehicle
(DMSO), 50uM OGT inhibitors Ac-5S-GlcNAc, or OSMI-1 for 24 hours. After treatment,
cells were harvested and cell lysates were immunoblotted with the indicated lectins. For the

tested lectins, which recognize a range of glycan structures, there were no major changes
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upon OSMI-1 treatment. Notably, Ac4-55GIcNAc treatment results in decreased signal
intensity of the lectin PHA-E, left, which recognizes galactosylated N-glycans with bisecting
N—acetylglucosamines“. While lectin specificity is not always fully characterized, the general
consensus in the literature appears to be as follows: ECL has been reported to predominantly
recognize GalB1-4-GlcNAc motifs®’, PHA-L recognizes bisecting GlcNAcs or $1-6
linkages68, GSL-1 recognizes a-Gal and a-GalNAc motifs, and both PNA and DBA have
been implicated in B-GalNAc recognition69. Lectin specificity, including that shown in Figure
15, was compiled from the Consortium for Functional Glycomics
(www.functionalglycomics.org).

[0082] Figure 13 shows the identification and optimization of OSMI-1. Figure 13A
shows several Q6S -containing hits were identified in a high-throughput screen®” and their
ICso values against sOGT are shown. A 1,280-member library of commercially available
Q6S-containing molecules was subsequently screened using an FP displacement assay, and
selected hits are shown. Q6S derivatives bearing a phenylglycine residue were some of the
best hits in a secondary radiometric capture assay. This scaffold was optimized through
medicinal chemistry to OSMI-1. Figure 13B shows the synthetic route to OSMI-1.

[0083] Figure 14 shows that OSMI-1 inhibits OGT in vitro. Figure 14A shows that
OSMI-1 inhibits OGT activity in a dose-dependent manner. Figure 14B shows that, when
using fixed saturating concentrations of GST-Nup62 (protein acceptor), the V., changes as a
function of OSMI-1 concentration, suggesting that it is not competitive with respect to UDP-
GlcNAc (See also Figure 16).

[0084] Figure 15 shows that OSMI-1 inhibits OGT in vivo and does not significantly
perturb cell-surface glycan structures. Figure 15A shows lysates from CHO cells, untreated
or treated with either OSMI-1 or Ac4-55GIcNAc, at 50 uM, immunoblotted for global O-
GlcNAc. A full RL2 blot is shown in Figure 17B. Figure 15B shows that markers of OGT
inhibition include a mass shift of Nup62 and a decrease in OGA levels while OGT levels
remain unchanged. Figure 15C shows that lectins ConA, LCA and jacalin (JAC) can
recognize extracellular glycan structures, which should not be affected by a specific inhibitor
of OGT. In Figure 15D, lysates from cells, untreated or treated, at 50 uM, with either OSMI-
1 or Ac4-55GIcNAc, were probed with lectins ConA (left), LCA (middle) and JAC (right).
[0085] Figure 16 shows the In vitro inhibition of OGT by OSMI-1 and UDP-
58GlcNAc. Figure 16A shows a radiometric peptide capture assay, with UDP-"*C-GlcNAc
as the sugar donor, afforded the ICsq values listed. This assay used 6 uM UDP-GlcNAc and
18 uM GST-Nup62. Figure 16B shows a luminescence-based coupled enzyme assay (UDP-
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Glo; Promega), employing UDP-GIcNAc at 40 uM and 125 uM peptide substrate, CKII3K.
Figure 16C shows the use of various UDP-GIcNAc concentrations (2, 5, 20, 40, 80, 160 and
320 uM) in the UDP-Glo assay showed little change in ICso value of OSMI-1. Figure 16D
shows the ICsg values, obtained from Figure 16C, plotted as a function of donor
concentration. Values are listed as mean ICsy (95% CI), with curved solid lines demarking the
95% C1 for the linear regression. The equation of the line of best fit is also shown. A dashed
line, with its corresponding equation is also shown. This line is derived from Equation 1,
below, with K; being obtained as the Y-intercept from the aforementioned linear regression
(had OSMI-1 been a competitive inhibitor) and a K, [for UDP-GIcNAc] of 2.3 uM46. A
robust variable-slope non-linear fit was used to obtain ICs, values and Hill slopes in all cases.
It is noteworthy that a different aliquot of OSMI-1 was used for the experiments in Figures
16C and 16D, which likely accounts for the 2-fold change in potency relative to the above
stated 40 uM ICso.

[0086] Figure 17 shows full length RL2 blots displaying molecular weight markers.
Figure 17A shows CHO, HEK-293 HeLa and D283-Med cells (left to right) grown to 50-
60% confluency (CHO, HeLa, or D283-Med) or >80% confluency (HEK-293) that were
treated with DMSO for 24 hours. After treatment, cells were harvested and cell lysates were
immunoblotted with RL2. Markers shown were used to assign molecular weights on RL2
blots shown in Figures: 15A, 7, 8, and 9A. Figure 17B presents the full RL2 blot of that
shown in Figure 15A.

[0087] Figure 18 shows that PG34, a close structural analog of OSMI-1, does not
inhibit OGT. Figure 18A shows a comparison of OSMI-1 and PG34 in terms of molecular
structure, cellular permeability (as determined by PAMPA) and in vitro potency (ICso values
determined by radiometric capture assay). PG34, while similar in structure to OSMI-1, is a
poor OGT inhibitor in vitro. Figure 18B shows that PG34 does not detectably inhibit OGT in
cells. CHO cells grown to 50-60% confluency and treated with PG34 at the indicated
concentrations for 24 hours. After treatment, cells were harvested and cell lysates were
immunoblotted with the indicated antibodies. At concentrations of PG34 up to 50 uM, there
was no reduction in global O-GlcNAc levels. Figure 18C shows that both OSMI-1 and PG34
have similar effects on cell viability, cytotoxicity, and apoptotic signaling. CHO cells were
plated in a 96-well plate (5,000 cells/well) and grown for 24 hours. Cells were then treated
with either DMSO alone or increasing concentrations (0.5-50 uM) of OSMI-1 or PG34 and
grown for an additional 24 hours. After treatment, cells were incubated with ApoTox-Glo

reagent (Promega) and analyzed according to the manufacturer’s instructions. All

34



WO 2016/004180 PCT/US2015/038792

measurements were performed in triplicate and results are normalized to represent fold-
change from DMSO-only-treated cells. Neither compound displayed an effect on apoptotic
signaling, but at the highest concentration both compounds have a moderate effect on cell
viability. Bars represent the change at the following concentrations: 0, 0.5, 1.0, 5.0, 10.0,
25.0 and 50.0 uM (left to right), and with O and 50 uM being marked with ticks. For clarity,

this is only shown for the first group of data.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE INVENTION
[0088] The present invention provides compounds of Formula (I), which have been
found to be inhibitors of O-GlcNAc transferase. The inventive compounds typically include
a quinolinone or quinazolinedione core as shown herein. The compounds of the present
invention are useful in the treatment of OGT-related diseases or disorders. Specifically, the
compounds are useful in the treatment of metabolic diseases such as diabetes and
complications thereof, neurological diseases, proliferative diseases such as cancers, and
autoimmune diseases, and inflammatory diseases. The present invention also provides
pharmaceutical compositions, kits, and methods of using the inventive compounds for the
treatment of various diseases. Methods of preparing the compounds of Formula (I) are also

provided.

Compounds

[0089] Compounds of the present invention are provided as shown in Formula (I) In
certain embodiments, the compounds have an ICs, of less than approximately 100 uM, e.g.,
less than approximately 10 uM, less than approximately 1 uM, less than approximately 0.1
uM, or less than approximately 0.01 uM. The inventive compounds may be useful in the
treatment of a variety of diseases. In certain embodiments, the compounds are useful in the
treatment of metabolic diseases such as diabetes, and complications thereof, and insulin
resistance. Certain compounds are also useful in treating neurological diseases, such as
neurodegenerative diseases. In certain embodiments, the compounds are useful in the
treatment of proliferative disease including certain types of cancers and benign neoplasms. In
other embodiments, the compounds are useful in treating autoimmune diseases or

inflammatory diseases.
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[0090] In certain embodiments, the invention provides a compound of Formula (I):
2
R R1 0 O
\// a
_N WH\ N .S
O R*
b
@D
or a pharmaceutically acceptable salt thereof,
wherein
a 0
L o
| |
% N0 b N’J“o
Ring A is of the formula®  R®  or R , wherein a and b indicate the

points of attachment to the phenyl ring;
™
=

R'is n-butyl, thiophene, -CH,-Ph, cyclohexyl, or of the formula: ww ;

R™is hydrogen, halogen, -OR", or optionally substituted C,_4 alkyl;

R is hydrogen or C;_4 alkyl;

each of R* and R is independently hydrogen, optionally substituted C_4 alkyl,
optionally substituted thiophenyl-C; 4 alkylene, optionally substituted phenyl-C,_4 alkylene, or
optionally substituted furanyl-C,;_4 alkylene;

R* is hydrogen, optionally substituted C,. alkyl, or a nitrogen protecting group;

each of R™ R, and R is independently hydrogen, optionally substituted Cj.¢ alkyl,
or a nitrogen protecting group;

R'and R* may optionally be taken together with the intervening nitrogen to form an
optionally substituted heteroaryl or optionally substituted heterocycle;

R* and R* may optionally be taken together with the intervening nitrogen to form an

optionally substituted six-membered heterocycle.

[0091] In certain embodiments, the invention provides a compound of the following
formula:
2
w0
\ 7/ a
/Nj('\ ¥
3 N
R | A
O R*
b

or a pharmaceutically acceptable salt thereof.
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[0092] In certain embodiments, the invention provides a compound of the following
formula:
2
T R'qp
= \ /7 a
_N S
RS N A
O R*
b

or a pharmaceutically acceptable salt thereof.
[0093] In certain embodiments, the compound of Formula (I) is of one of the

following compounds:
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[0094] In certain embodiments, the compound of Formula (I) is not one of the

following compounds:
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[0095] As generally defined herein, R' is n-butyl, thiophene, -CH,-Ph, cyclohexyl,
| \_R1a
Z

or of the formula: ww . In some embodiments, R'is n-butyl. In some embodiments,
| A\

R'is thiophene. In some embodiments, R! is of the formula S . In some embodiments,

| A\
R!is of the formula & S . In some embodiments, R'is -CH,-Ph. In some embodiments,
| \_R1a

Z

R'is cyclohexyl. In some embodiments, R'is of the formula ww .

[0096] As generally defined herein, R™ is hydrogen, halogen, -OR", or optionally
substituted C;_4 alkyl. In some embodiments, R'%is hydrogen. In some embodiments, R"%is
halogen, -OR”, or optionally substituted C;_4 alkyl. In some embodiments, R"™is halogen. In
some embodiments, R'* is F. In some embodiments, R'* is CI. In some embodiments, R'*is
optionally substituted C;4 alkyl. In some embodiments, R!'%is unsubstituted Ci4 alkyl. In
some embodiments, R"%is methyl or ethyl. In some embodiments, R'" is substituted Ci4 alkyl.
In some embodiments, R'7is CF;. In some embodiments, R"%is —ORO, wherein R is

hydrogen or Cj4 alkyl. In some embodiments, R' is —OH. In some embodiments, R'* is —OR’,
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wherein R is Cj4alkyl. In some embodiments, R"%is —OCH;. In some embodiments, R'%is -

R1a
OC,Hs. In some embodiments, R'%is of the formula ww . In some embodiments, R'%is
R1a
R1a
of the formula ww .In some embodiments, R'%is of the formula ~w . In some
embodiments, R' is of one of the following formulae:
OH OCH; F cl CH;  CFs
F ©00H3 ; CF, ; _CHj
Q\F ; ~Cl CH3 CFs
[0097] In some embodiments, R' is of one of the following formulae:
o ——
O O
[0098] In certain embodiments, the compound of Formula (I) is of Formula (IT):
| \_R1a
R? 7
| 0.0
37 N NS
R | A
O R*
(ID)

or a pharmaceutically acceptable salt thereof.
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[0099] In certain embodiments, the compound of Formula (II) is of Formula (II-a)
or (II-b):
AN X
| /_R1a E;_Rw
R? R2 =
37 N~ 37 N~
SRR g 0 IR gD
(II-a) (II-b)

or a pharmaceutically acceptable salt thereof.

[00100] As generally defined here, R” is hydrogen; optionally substituted C ;4 alkyl;
optionally substituted thiophenyl-C;_4 alkylene; optionally substituted phenyl-C,.4 alkylene; or
optionally substituted furanyl-C 4 alkylene. In certain embodiments, R* is hydrogen;
optionally substituted C;4 alkyl; optionally substituted thiophenyl-C;_4 alkylene; or optionally
substituted furanyl-C)4 alkylene. In some embodiments, R” is hydrogen. In some
embodiments, R?is optionally substituted C;_4 alkyl. In some embodiments, R?is
unsubstituted C;_4 alkyl. In some embodiments, R? is substituted Cj4 alkyl. In some
embodiments, R* is methyl. In some embodiments, R* is substituted methyl. In some
embodiments, R* is ethyl. In some embodiments, R” is optionally substituted thiophenyl-C_4
alkylene, optionally substituted phenyl-C;_4 alkylene, or optionally substituted furanyl-C;_4
alkylene. In some embodiments, R is unsubstituted thiophenyl-C_4 alkylene, unsubstituted
phenyl-C)_4 alkylene, or unsubstituted furanyl-C)_4 alkylene. In some embodiments, R* is
substituted thiophenyl-C;_4 alkylene, substituted phenyl-Ci4 alkylene, or substituted furanyl-
C\4 alkylene. In some embodiments, R is optionally substituted thiophenyl -CH,-. In some
embodiments, R* is optionally substituted phenyl -CH,-. In some embodiments, R” is
optionally substituted furanyl-CH,-. In some embodiments, R” is thiophene-CH,-. In some

embodiments, R? is of one of the following formulae: , ,

=
Q_\w"" , Or SC/>_\~"" .
[00101] As generally defined here, R’ is hydrogen; optionally substituted C ;4 alkyl;
optionally substituted thiophenyl-C;_4 alkylene; optionally substituted phenyl-C;.4 alkylene; or
optionally substituted furanyl-C 4 alkylene. In certain embodiments, R* is hydrogen;

optionally substituted C;4 alkyl; optionally substituted thiophenyl-C;_4 alkylene; or optionally

substituted furanyl-C)4 alkylene. In some embodiments, R’ is hydrogen. In some
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embodiments, R’ is optionally substituted C;_4 alkyl. In some embodiments, R?is
unsubstituted C;_4 alkyl. In some embodiments, R’ is substituted Cj4 alkyl. In some
embodiments, R’ is methyl. In some embodiments, R’ is ethyl. In some embodiments, R’ is
optionally substituted thiophenyl-C;_4 alkylene, optionally substituted phenyl-C;4 alkylene, or
optionally substituted furanyl-C)_4 alkylene. In some embodiments, R? is unsubstituted
thiophenyl-C,_4 alkylene, unsubstituted phenyl-C;_4 alkylene, or unsubstituted furanyl-C; 4
alkylene. In some embodiments, R’ is substituted thiophenyl-C)_ alkylene, substituted
phenyl-C)_4 alkylene, or substituted furanyl-C;_4alkylene. In some embodiments, R” is
optionally substituted thiophenyl-CH,, optionally substituted phenyl-CHs, or optionally
substituted furanyl-CH,. In some embodiments, R is optionally substituted furanyl-CH,-. In
some embodiments, R’ is optionally substituted thiophenyl-CH,-. In some embodiments, R

is optionally substituted phenyl-CH,-. In some embodiments, R’ is of one of the following

[00102] In some embodiments, each of R* and R? is independently optionally

formulae:

substituted thiophenyl-C,_4 alkylene, optionally substituted phenyl-C;_4 alkylene, or optionally
substituted furanyl-C)4 alkylene. In some embodiments, each of R* and R’ is independently
optionally substituted furanyl-CH,-, optionally substituted phenyl-CH,-, or optionally
substituted thiophenyl-CH,-. In some embodiments, each of R* and R’ is independently
optionally substituted thiophenyl-C;_4 alkylene or optionally substituted furanyl-C,4 alkylene.
In some embodiments, each of R* and R’ is independently optionally substituted furanyl-

CHo,- or optionally substituted thiophenyl-CH,-. In some embodiments, each of R* and R’ is

independently O  ~ or . In some embodiments, R* is :and R’ is
>

0 v,
[00103] In some embodiments, R? is hydrogen; and R*is Ciy alkyl. In certain
embodiments, R”is hydrogen; and R” is methyl, ethyl, iso-propyl, or n-propyl.
[00104] In some embodiments, R? is Cj4 alkyl; and R’ is optionally substituted

thiophenyl-C4 alkylene, optionally substituted phenyl-C;_4 alkylene, or optionally substituted
furanyl-C_4 alkylene. In some embodiments, R? is methyl, ethyl, n-propyl, or iso-propyl; and
R’ is optionally substituted thiophenyl-C)_4 alkylene, optionally substituted phenyl-C)_4
alkylene, or optionally substituted furanyl-C)_4 alkylene. In some embodiments, R* is methyl;

and R’ is optionally substituted thiophenyl-C_, alkylene, optionally substituted phenyl-C 4
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alkylene, or optionally substituted furanyl-C|_4 alkylene. In some embodiments, R* is ethyl;
and R’ is optionally substituted thiophenyl-C;_4 alkylene, optionally substituted phenyl-C,_4
alkylene, or optionally substituted furanyl-C)_4 alkylene. In some embodiments, R* is n-
propyl; and R? is optionally substituted thiophenyl-C)_4 alkylene, optionally substituted
phenyl-C,_4 alkylene, or optionally substituted furanyl-C,4 alkylene. In some embodiments,
R? is iso-propyl; and R is optionally substituted thiophenyl-C,_, alkylene, optionally
substituted phenyl-C;_4 alkylene, or optionally substituted furanyl-C;_4 alkylene. In some
embodiments, R* is methyl or ethyl; and R’ is thiophenyl-C 4 alkylene or optionally
substituted furanyl-C_, alkylene. In some embodiments, R” is methyl or ethyl; and R? is
optionally substituted furanyl-CH,- or optionally substituted thiophenyl-CHs;-. In some
embodiments, R* is iso-propyl; and R’ is optionally substituted phenyl-CH,-. In some
O Ty
embodiments, R* is methyl, ethyl, n-propyl, or iso-propyl; and R? is PN O
B B
or S~ Insome embodiments, R” is methyl or ethyl; and R’is © = or
[
S A
[00105] In some embodiments, R* and R” are taken together with the intervening
nitrogen to form optionally substituted six-membered heterocycle. In some embodiments, R
and R are taken together with the intervening nitrogen to form optionally substituted
piperidinyl, piperazinyl, or morpholinyl ring. In some embodiments, R* and R are taken
together with the intervening nitrogen to form unsubstituted piperidinyl, piperazinyl, or
morpholinyl ring.
[00106] In some embodiments, R* and R” are taken together with the intervening

nitrogen to form the formula:

RN1
|
N

il
[N 7 (R%)e

wherein

each instance of R is independently selected from the group consisting of hydrogen,
halogen, -CN, -NO,, -N3, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted carbocyclyl, optionally substituted aryl,
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optionally substituted heterocyclyl, optionally substituted heteroaryl, optionally substituted
alkoxy, an optionally substituted amino group, or optionally substituted acyl;

e is 0, or an integer of 1 to 6; and

R is optionally substituted alkyl, optionally substituted aryl, optionally substituted
carbocyclyl, optionally substituted heterocyclyl, optionally substituted heteroaryl, or a
nitrogen protecting group.
[00107] In certain embodiments, R™' is optionally substituted C;_4 alkyl, optionally
substituted phenyl, optionally substituted 5-membered or 6-membered carbocyclyl, optionally
substituted 5-membered or 6-membered heterocyclyl, or optionally substituted 5-membered
or 6-membered heteroaryl. In certain embodiments, R™ is optionally substituted C;_4 alkyl. In
certain embodiments, RM is unsubstituted C.4 alkyl. In certain embodiments, R™ is methyl
or ethyl. In certain embodiments, R™ is optionally substituted aryl. In certain embodiments,
R is optionally substituted phenyl. In certain embodiments, R™ is unsubstituted phenyl. In
certain embodiments, R™! is substituted phenyl. In certain embodiments, R™ is mono-
substituted phenyl. In certain embodiments, R™ is o-methyl phenyl, p-methyl phenyl, or m-
methyl phenyl. In certain embodiments, R™ is di-substituted phenyl. In certain embodiments,
R™ is tri-substituted phenyl. In certain embodiments, R™ is tetra-substituted phenyl. In
certain embodiments, R™' is optionally substituted carbocyclyl. In certain embodiments, R
is optionally substituted 6-membered carbocyclyl. In certain embodiments, R™ is optionally
substituted 5-membered carbocyclyl. In certain embodiments, R™ is optionally substituted 6-
membered heterocyclyl. In certain embodiments, R™ is optionally substituted 5-membered
heterocyclyl. In certain embodiments, R™ is optionally substituted 6-membered heterocyclyl.
In certain embodiments, R™' is optionally substituted 5-membered heteroaryl. In certain
embodiments, R™ is optionally substituted 5-membered heteroaryl with one heteroatom
selected from the group consisting of N, O, and S. In certain embodiments, R™ is optionally
substituted 5-membered heteroaryl with two heteroatoms selected from the group consisting
of N, O, and S. In certain embodiments, R™' is optionally substituted 6-membered heteroaryl.
In certain embodiments, R™" is optionally substituted 6-membered heteroaryl with one
heteroatom selected from the group consisting of N, O, and S. In certain embodiments, R™ is
optionally substituted 6-membered heteroaryl with two heteroatoms selected from the group
consisting of N, O, and S. In certain embodiments, R™ is optionally substituted pyridinyl. In

certain embodiments, R™! is unsubstituted pyridinyl. In certain embodiments, R™ is
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substituted pyridinyl. In certain embodiments, R™ is of one of the formulae:

[ N A [
~ N '7?7- < N ~ N ~ N
sanan .In certain embodiments, RN is of the formula: v

[00108] In some embodiments, R* and R” are taken together with the intervening

a
| N
SHON®
ITI N N
nitrogen to form one of the following formulae: -~ o o

[00109] In some embodiments, R* and R” are taken together with the intervening

nitrogen to form the formula:

wherein each instance of R" is independently selected from the group consisting of hydrogen,
halogen, -CN, -NO,, -N3, optionally substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted carbocyclyl, optionally substituted aryl,
optionally substituted heterocyclyl, optionally substituted heteroaryl, optionally substituted
alkoxy, an optionally substituted amino group, or optionally substituted acyl; and e is 0, or an
integer of 1 to 6. In certain embodiments, € is 0.

[00110] In certain embodiments, e is 1. In certain embodiments, e is 2. In certain
embodiments, e is 3. In certain embodiments, e is 4. In certain embodiments, e is 5. In certain
embodiments, R" is hydrogen, halogen, or optionally substituted C alkyl. In some
embodiments, R" is hydrogen. In some embodiments, R" is halogen. In certain
embodiments, R¥is F. In certain embodiments, R¥is Cl. In certain embodiments, R¥is Br.
In certain embodiments, R¥is I. In certain embodiments, R is optionally substituted C;.6
alkyl. In certain embodiments, R¥ is substituted Ci alkyl. In certain embodiments, R is
optionally substituted phenyl-C ¢ alkyl. In certain embodiments, R" is -Bn. In certain
embodiments, R¥ is unsubstituted Ci alkyl. In certain embodiments, R is methyl. In certain

embodiments, R" is ethyl.
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[00111] In some embodiments, R? and R? are taken together with the intervening
Bn
nitrogen to form one of the formulae: -~ e

[00112] In some embodiments, R? and R are taken together with the intervening

nitrogen to form the formula:

e

N
|

H

wherein R" and e are as defined herein. In certain embodiments, R* and R? are taken together

)

with the intervening nitrogen to form the formula: ww .

[00113] In certain embodiments, the compound of Formula (I) is of Formula (III):
X
a, G
=
S
N N(?\\S/P
< N
(1IT)
or a pharmaceutically acceptable salt thereof.
[00114] In certain embodiments, the compound of Formula (III) is of Formula (III-
a):
X
Q. G-
=
S
N Cj“s”o
QgD
4
o 0 R
(III-a)

or a pharmaceutically acceptable salt thereof.
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[00115] In certain embodiments, the compound of Formula (III-a) is of one of the

following formulae:

CH e @H S
S
\\ // O\\S//O Q R5b
e
4
o 4 o R rxll’go
— R5a R5a
(II-al) (I1I-a2)
or a pharmaceutically acceptable salt thereof.

[00116] In certain embodiments, the compound of Formula (III-a) is of one of the

following formulae:
CH S CH G
\\// \n/:\ \\//
T, /Eo @(l

R5a
(III-al-i) (III-al-ii)
N o, O o

% \’E QP R5b % : “” i R5b
N' N~
/& hl,/&o
R R52

(I1I-a2-i) (I11-a2-ii)

or a pharmaceutically acceptable salt thereof.

[00117] In certain embodiments, the compound of Formula (III-a) is of one of the

following formulae:

A
/\ | < Rl1a % ©R1a
/
S
N O\\S//O \\//
N~ X
NGO\ T m
Z 0 o) 2 o
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& Pt %

or a pharmaceutically acceptable salt thereof.
In certain embodiments, the compound of Formula (I) is of the formula

[00118]
S 1a
RN R

L
SN NS
R O R A

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.
In certain embodiments, the compound of Formula (I) is of the formula

[00119]
\ 1
RN1 | /_R )
\N
O\\//

LN S
R O R A
or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

[00120] In certain embodiments, the compound of Formula (I) is of the formula

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.
In certain embodiments, the compound of Formula (I) is of the formula

[00121]

N1
R\N
O\\//
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or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

In certain embodiments, the compound of Formula (I) is of the formula:

[00122]
X
| _R1 a

RN1

~
%
SN RGD

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.
In certain embodiments, the compound of Formula (I) is of the formula:

[00123]
X
| _R1 a
R ©

™

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

[00124] In certain embodiments, the compound of Formula (I) is of the following

formula:

or a pharmaceutically acceptable salt thereof.
In certain embodiments, the compound of Formula (I) is of one of the

[00125]
following formulae:
N 1a N 1a
RY! P RY! o
- X - X
RGN RS
N~ O N~ O
R5a R5a

or a pharmaceutically acceptable salt thereof.
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[00126] In certain embodiments, the compound of Formula (I) is of the following

formula:

RN1 _R1a

\\ //

(RE)e o ,g

RSa
or a pharmaceutically acceptable salt thereof.
[00127] In certain embodiments, the compound of Formula (I) is of one of the
P
following formulae:
X X
RN | /_R1a RN | /_R1a
~N ~N
'\ﬂ/ﬁ Q /O Q \ : QL T
N o8, R L/VN ¢ _RSH
(R/E>e o) 24 /1 (R O 24 /'L
l\ll @] I\ll @]
R5a R5a
or a pharmaceutically acceptable salt thereof.
[00128] In certain embodiments, the compound of Formula (I) is of the following
formula:
_R1a
\\ // R5b
R5a
or a pharmaceutically acceptable salt thereof.
[00129] In certain embodiments, the compound of Formula (I) is of one of the
following formulae:
= 1a N 1a
RN | /_R RN | /_R
~ ~
Y % 9 YT o 9
K/N S R K/N .S R
N N NN N
0O R PN o R A
l\ll @] l\ll @]
RSa R5a

or a pharmaceutically acceptable salt thereof.
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[00130] In certain embodiments, the compound of Formula (I) is of the formula:
| \_R1a
=
() oy
/ (_N .S

N
R% o0 R @@

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

[00131] In certain embodiments, the compound of Formula (I) is of the formula:
| \_R1a
Z
() Q.0
/ _N .S

N
R O R @:’D

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

[00132] In certain embodiments, the compound of Formula (I) is of the formula:

G
g) \H/\R“ @3

or a pharmaceutically acceptable salt thereof, wherein R™ ! is as defined herein.

[00133] In certain embodiments, the compound of Formula (I) is of the formula:

X
_R1a

@ N
N rd

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

[00134] In certain embodiments, the compound of Formula (I) is of the formula:

X
_R1a
or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.
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[00135] In certain embodiments, the compound of Formula (I) is of the formula:

X
| _R1a
=

O
O:ZZO
8

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

[00136] In certain embodiments, the compound of Formula (I) is of the following
formula:
| _R1a
/
(\ 0, 0
\//
YT
(RF) 4
e O R '\ll o
RSa

or a pharmaceutically acceptable salt thereof.
[00137] In certain embodiments, the compound of Formula (I) is of one of the

following formulae:

SN SN
| /_R1a | /_R1a
M e (AL
~ N” X /N \H/\N SN
E | E |
R% 0O R4 (R)e O R4
N0 N0

or a pharmaceutically acceptable salt thereof.

[00138] In certain embodiments, the compound of Formula (I) is of the following

formula:

or a pharmaceutically acceptable salt thereof.
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[00139] In certain embodiments, the compound of Formula (I) is of one of the

following formulae:

X X
| _R1a | _R1a
Z Z
0 0 0 0
O\l \\S// O\l \\S//
Pl \ - \
IO T
N @] I\ll @]
R5a

||Q5a

or a pharmaceutically acceptable salt thereof.

[00140] In certain embodiments, the compound of Formula (I) is of the following

| \_R1a
=
N _S R5P
o) 4

formula:

) N
R ngo
R5a
or a pharmaceutically acceptable salt thereof.
[00141] In certain embodiments, the compound of Formula (I) is of one of the

following formulae:

or a pharmaceutically acceptable salt thereof.

[00142] In certain embodiments, the compound of Formula (I) is of the formula:
| \_R1a
P

o™ Q.0
L/\/N

N/S
R% o0 R \©:A>

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.
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[00143] In certain embodiments, the compound of Formula (I) is of the formula:
| \_R1a
=

O \ /,

\\ /7
k/VN N,S A
R%e O R4

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

[00144] In certain embodiments, the compound of Formula (I) is of the formula:

_R1a

2
<

;U—Z
S
UJ
; @]
>

k/V
(RS O

or a pharmaceutically acceptable salt thereof, wherein R™ ! is as defined herein.

[00145] In certain embodiments, the compound of Formula (I) is of the formula:
| \_R1a
=

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

[00146] In certain embodiments, the compound of Formula (I) is of the formula:
| \_R1a
Z

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.

[00147] In certain embodiments, the compound of Formula (I) is of the formula:

or a pharmaceutically acceptable salt thereof, wherein R™ is as defined herein.
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[00148] In certain embodiments, the compound of Formula (I) is of the following
formula:
X
| _R1a
=
o 0,0
LN R4
~ - X
(Ré)e O TR“ m
l\ll O
R5a

or a pharmaceutically acceptable salt thereof.
[00149] In certain embodiments, the compound of Formula (I) is of one of the

following formulae:

X X
| _R1a E}Rm
Z Z

O z
k N O\\S// L = \\ //
~ - ~
. N S Ry S

(R%)e O R4
l\ll @]
R5a

[00150] In certain embodiments, the compound of Formula (I) is of the following

formula:

or a pharmaceutically acceptable salt thereof.
[00151] In certain embodiments, the compound of Formula (I) is of one of the

following formulae:

X X
| _R1a E}Rm
Z Z

O/ﬁ o\\ //o O/ﬁ

(N S N
0 R \©\/Nlo \n/\ m

59



PCT/US2015/038792

WO 2016/004180
[00152] In certain embodiments, the compound of Formula (I) is of the following
formula:

_R1a

\\ //

k/J
(R%)e ,g

or a pharmaceutically acceptable salt thereof.

[00153] In certain embodiments, the compound of Formula (I) is of one of the

following formulae:

_R1a @ R1a
@)

k/J 3% R L/J

,g (RE)o @fﬁg

R5a
or a pharmaceutically acceptable salt thereof.
[00154] In certain embodiments, the compound of Formula (I) is of the following
formula:
_R1a
R ” R5b
R5a

or a pharmaceutically acceptable salt thereof.

[00155] In certain embodiments, the compound of Formula (I) is of one of the

following formulae:
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or a pharmaceutically acceptable salt thereof.

[00156] As generally defined herein, R* is hydrogen, optionally substituted C_ alkyl,
or a nitrogen protecting group. In some embodiments, R* is hydrogen. In some embodiments,
R*is optionally substituted C;_¢ alkyl. In some embodiments, R* is unsubstituted Cialkyl. In
some embodiments, R* is substituted Ci alkyl. In some embodiments, R*is methyl or ethyl.
In some embodiments, R* is a nitrogen protecting group. In some embodiments, R" is Bn,
BOC, Cbz, or Fmoc.

[00157] In some embodiments, R' and R* are taken together with the intervening
nitrogen to form optionally substituted heteroaryl or optionally substituted heterocycle. In
some embodiments, R' and R* are taken together with the intervening nitrogen to form
optionally substituted heteroaryl. In some embodiments, R! and R* are taken together with
the intervening nitrogen to form optionally substituted five-membered heteroaryl. In some
embodiments, R' and R* are taken together with the intervening nitrogen to form optionally
substituted six-membered heteroaryl. In some embodiments, R! and R* are taken together
with the intervening nitrogen to form optionally substituted heterocycle. In some
embodiments, R' and R* are taken together with the intervening nitrogen to form optionally
substituted five-membered heterocycle. In some embodiments, R' and R” are taken together
with the intervening nitrogen to form optionally substituted six-membered heterocycle. In
some embodiments, R' and R* are taken together with the intervening nitrogen to form
optionally substituted 5,6-membered heterocycle. In some embodiments, R! and R” are taken
together with the intervening nitrogen to form optionally substituted isoindoline ring. In some
embodiments, R' and R* are taken together with the intervening nitrogen to form
unsubstituted isoindoline ring. In some embodiments, R' and R” are taken together with the
intervening nitrogen to form optionally substituted 6,6-membered heterocycle. In some
embodiments, R' and R* are taken together with the intervening nitrogen to form optionally
substituted dihydro-isoquinoline ring. In some embodiments, R' and R” are taken together
with the intervening nitrogen to form unsubstituted dihydro-isoquinoline ring. In some

embodiments, R' and R* are taken together with the intervening nitrogen to form a moiety of

Y R3/NTE

p . . g .
the formula 9, wherein p indicates point of attachment to O ,andg
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N
A

b

indicates point of attachment to . In some embodiments, R' and R* are taken

5

wv

n

together with the intervening nitrogen to form a moiety of the formula , wherein m

R2
|

R3/N\ﬂ;sz

indicates point of attachment to O , and n indicates point of attachment to

N/

YS@

b

[00158] As generally defined herein, Ring A is of the formula R or

o
5b

a;f‘ | N’R

b N’&o

formula R , wherein a and b indicate points of attachment to the phenyl ring. In

Nt
bimo

some embodiments, Ring A is of the formula R* . In some embodiments, Ring A is
0

a ffJ\N’RSb

b N/J%O
R5c

[00159] As generally defined herein, R™ is hydrogen, optionally substituted C;_

of the formula

alkyl, or a nitrogen protecting group. In some embodiments, R™is hydrogen. In some
embodiments, R™ is optionally substituted Cj_¢ alkyl. In some embodiments, R™is

unsubstituted C;.¢ alkyl. In some embodiments, R is substituted Ci6 alkyl. In some

62



WO 2016/004180 PCT/US2015/038792

embodiments, R™ is methyl or ethyl. In some embodiments, R™isa nitrogen protecting
group. In some embodiments, R¥is Bn, BOC, Cbz, or Fmoc.

[00160] As generally defined herein, R is hydrogen, optionally substituted C.¢
alkyl, or a nitrogen protecting group. In some embodiments, R is hydrogen. In some
embodiments, R is optionally substituted C;_¢ alkyl. In some embodiments, R is
unsubstituted C;_¢ alkyl. In some embodiments, R is substituted Ci alkyl. In some
embodiments, R™" is methyl or ethyl. In some embodiments, R™is a nitrogen protecting
group. In some embodiments, R is Bn, BOC, Cbz, or Fmoc.

[00161] As generally defined herein, R is hydrogen, optionally substituted C;_
alkyl, or a nitrogen protecting group. In some embodiments, R is hydrogen. In some
embodiments, R is optionally substituted C;_¢ alkyl. In some embodiments, R is
unsubstituted C;_¢ alkyl. In some embodiments, R is substituted Ci6 alkyl. In some
embodiments, R is methyl or ethyl. In some embodiments, R*isa nitrogen protecting
group. In some embodiments, R¥is Bn, BOC, Cbz, or Fmoc.

[00162] In some embodiments, R*® and R™ are hydrogen. In some embodiments, R™
is hydrogen and R is optionally substituted Cj.6 alkyl. In some embodiments, R is

hydrogen and R is optionally substituted C;_¢ alkyl.
[00163] In some embodiments, Ring A is of the formula

Synthesis of OGT Inhibitors

[00164] In some embodiments, compounds of the invention may be synthesized
according to Scheme 1. Quinolin-2(1H)-one may be chlorosulfonylated using methods
known to those skilled in the art for chlorosulfonylation, such as neat chlorosulfonic acid
with the addition of heat. The resulting chlorosulfonylquinolinone may be reacted with an
amino acid, for example, under aqueous basic conditions. A suitable aqueous base is, for
example, aqueous sodium hydroxide. The amino acid may be a natural or unnatural amino
acid. The resulting carboxylic acid may be further reacted with an amine under amide
coupling conditions to furnish an amide. The amine may be a primary or secondary amine.

Suitable coupling conditions are, for example, a coupling agent in the presence of base. A
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suitable coupling agent is, for example, HATU. A suitable base is, for example, Hunig’s

base.

N
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Scheme 1

Uses of OGT Inhibitors and Pharmaceutical Compositions Thereof

[00165] The invention further provides methods of treating a disease using a
compound of the invention. The inventive method involves the administration of a
therapeutically effective amount of an inventive compound to a subject (including, but not
limited to, a human or other animal) in need thereof.

[00166] Compounds and compositions described herein are generally useful for the
inhibition of the activity of O-GlcNAc transferase (OGT) or a variant or mutant thereof.
OGT has been implicated in metabolic diseases such as diabetes and complications thereof,
neurological diseases, proliferative diseases such as cancers, and autoimmune diseases, and
inflammatory diseases (Golks, et al., EMBO Reports (2008) 9: 748-753; Liu, et al., Proc.
Natl. Acad. Sci. USA (2004) 101: 10804-10809; Jones, Circulation Research (2005) 96: 925-
926; Golks, et al., EMBO J. (2007) 26: 4369-4379; Ohn, et al., Nature Cell Biol. (2008) 10:
1224-1231),

[00167] The compounds and pharmaceutical compositions of the invention may be
used in treating or preventing any disease or condition including, but not limited to, metabolic
diseases (e.g., diabetes and complications thereof), proliferative diseases (e.g., cancers,
benign neoplasms, diabetic retinopathy), neurodegenerative diseases, autoimmune diseases
(e.g., rheumatoid arthritis, lupus, multiple sclerosis), and inflammatory diseases. The
inventive compounds and pharmaceutical compositions may be administered to animals,
preferably mammals (e.g., domesticated animals, cats, dogs, mice, rats), and more preferably

humans. Any method of administration may be used to deliver the inventive compound or
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pharmaceutical composition to the animal. In certain embodiments, the compound or
pharmaceutical composition is administered orally. In other embodiments, the compound or
pharmaceutical composition is administered parenterally.

[00168] In certain embodiments, the invention provides methods for treating or
lessening the severity of a metabolic disease. In certain embodiments, the invention provides
methods for treating or lessening the severity of diabetes and complications thereof including,
but not limited to, diabetes mellitus Type 1, diabetes melittus Type 2, insulin resistance,
vascular disease, skin ulcers, circulatory damage, cardiac dysfunction, diabetic nephropathy,
diabetic retinopathy, microvascular disease, macrovascular disease, and diabetic neuropathy.
In certain embodiments, the invention provides methods for treating or lessening the severity

of hyperglycemia, hyperinsulinemia, insulin resistance, or obesity.

[00169] In some embodiments, the invention provides methods for treating
tumorogenesis.
[00170] In certain embodiments, the inventive compounds are useful in treating a

proliferative disease. In some embodiments, the invention provides methods for treating
cancer. Examples of cancers treated with compounds according to the invention include, but
are not limited to, tumors of the breast; biliary tract; bladder; bone; brain, including
glioblastomas and medulloblastomas; central and peripheral nervous system; cervix; colon;
connective tissue; endocrine glands (e.g., thyroid and adrenal cortex); esophagus;
endometrium; germ cells; gastrointestinal tract; head and neck; kidney; liver; lung; larynx and
hypopharynx; mesothelioma; muscle; ovary, including those arising from epithelial cells,
stromal cells, germ cells and mesenchymal cells; pancreas; prostate; rectum; renal, including
adenocarcinoma and Wilms tumor; small intestine; soft tissue; testis, including germinal
tumors such as seminoma, non-seminoma (teratomas, choriocarcinomas), stromal tumors,
and germ cell tumors; thyroid, including thyroid adenocarcinoma and medullar carcinoma;
stomach; skin, including melanoma, Kaposi’s sarcoma, basocellular cancer, and squamous
cell cancer; ureter; vagina; and vulva; retinoblastoma; leukemia and lymphoma, namely non-
Hodgkins disease, lymphocytic lymphomas, chronic and acute myeloid leukemia
(CML/AML), acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia (CLL),
Hodgkins disease, multiple myeloma, and T-cell lymphoma; myelodysplastic syndrome;
plasma cell neoplasia; paraneoplastic syndromes; intraepithelial neoplasms including
Bowen's disease and Paget's disease; neuroblastomas; oral cancer including squamous cell

carcinoma; sarcomas including leiomyosarcoma, rhabdomyosarcoma, liposarcoma,
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fibrosarcoma, and osteosarcoma; cancers of unknown primary site; and AIDS-related
malignancies. Other cancers will be known to one of ordinary skill in the art.

[00171] In certain embodiments, the invention provides methods for treating or
lessening the severity of autoimmune diseases including, but not limited to, inflammatory
bowel disease, arthritis, systemic lupus erythematosus, theumatoid arthritis, psoriatic arthritis,
osteoarthritis, Still’s disease, juvenile arthritis, diabetes, myasthenia gravis, Hashimoto’s
thyroiditis, Ord’s thyroiditis, Graves’ disease, Sjogren’s syndrome, multiple sclerosis,
Guillain-Barre syndrome, acute disseminated encephalomyelitis, Addison’s disease,
opsoclonus-myoclonus syndrome, ankylosing spondylosis, antiphospholipid antibody
syndrome, aplastic anemia, autoimmune hepatitis, celiac disease, Goodpasture’s syndrome,
idiopathic thrombocytopenic purpura, optic neuritis, scleroderma, primary biliary cirrhosis,
Reiter’s syndrome, Takayasu’s arteritis, temporal arteritis, warm autoimmune hemolytic
anemia, Wegener’s granulomatosis, psoriasis, alopecia universalis, Behcet’s disease, chronic
fatigue, dysautonomia, endometriosis, interstitial cystitis, neuromyotonia, scleroderma, or
vulvodynia.

[00172] In some embodiments, the invention provides a method for treating or
lessening the severity of one or more diseases and conditions, wherein the disease or
condition is selected from immune-related conditions or diseases, which include, but are not
limited to graft versus host disease, transplantation, transfusion, anaphylaxis, allergies (e.g.,
allergies to plant pollens, latex, drugs, foods, insect poisons, animal hair, animal dander, dust
mites, or cockroach calyx), type I hypersensitivity, allergic conjunctivitis, allergic rhinitis,
and atopic dermatitis.

[00173] In some embodiments, the present invention provides a method for treating or
lessening the severity of an inflammatory disease including, but not limited to, asthma,
appendicitis, Blau syndrome, blepharitis, bronchiolitis, bronchitis, bursitis, cervicitis,
cholangitis, cholecystitis, chronic obstructive pulmonary disease (COPD), chronic recurrent
multifocal osteomyelitis (CRMO), colitis, conjunctivitis, cryopyrin associated periodic
syndrome (CAPS), cystitis, dacryoadenitis, dermatitis, dermatomyositis, dry eye syndrome,
encephalitis, endocarditis, endometritis, enteritis, enterocolitis, epicondylitis, epididymitis,
familial cold-induced autoinflammatory syndrome, familial Mediterranean fever (FMF),
fasciitis, fibrositis, gastritis, gastroenteritis, hepatitis, hidradenitis suppurativa, laryngitis,
mastitis, meningitis, mevalonate kinase deficiency (MKD), Muckle-Well syndrome, myelitis
myocarditis, myositis, nephritis, oophoritis, orchitis, osteitis, inflammatory osteolysis, otitis,

pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, pneumonitis,
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pneumonia, proctitis, prostatitis, pulmonary fibrosis, pyelonephritis, pyoderma gangrenosum
and acne syndrome (PAPA), pyogenic sterile arthritis, rhinitis, salpingitis, sinusitis,
stomatitis, synovitis, systemic juvenile rheumatoid arthritis, tendonitis, TNF receptor
associated periodic syndrome (TRAPS), tonsillitis, undifferentiated spondyloarthropathy,
undifferentiated arthropathy, uveitis, vaginitis, vasculitis, vulvitis, chronic inflammation
resulting from chronic viral or bacteria infections, or psoriasis (e.g., plaque psoriasis, pustular
psoriasis, erythrodermic psoriasis, guttate psoriasis or inverse psoriasis).

[00174] In certain embodiments, the present invention provides methods for treating
or lessening the severity of arthropathies and osteopathological diseases including, but not
limited to, rheumatoid arthritis, osteoarthrtis, gout, polyarthritis, and psoriatic arthritis.
[00175] In certain embodiments, the present invention provides methods for treating
or lessening the severity of acute and chronic inflammatory diseases including, but not
limited to, ulcerative colitis, inflammatory bowel disease, Crohn’s disease, dry eye syndrome,
allergic rhinitis, allergic dermatitis, cystic fibrosis, chronic obstructive bronchitis, and
asthma.

[00176] In certain embodiments, the invention provides methods for treating or
lessening the severity of hyperproliferative diseases including, but not limited to, psoriasis or
smooth muscle cell proliferation including vascular proliferative disorders, atherosclerosis,
and restenosis. In certain embodiments, the invention provides methods for treating or
lessening the severity of endometriosis, uterine fibroids, endometrial hyperplasia, and benign
prostate hyperplasia.

[00177] In certain embodiments, the invention provides methods for treating or
lessening the severity of neurodegenerative disorders and/or tauopathies including, but not
limited to, Alzheimer’s disease, progressive supranuclear palsy, corticobasal degeneration,
frontotemporal lobar degeneration, Pick’s disease, Parkinson’s disease, Lewy body disease,
or amyotropic lateral sclerosis (ALS).

[00178] The invention further includes a method for the treatment of mammals,
including humans, which are suffering from one of the above-mentioned conditions, illnesses,
disorders, or diseases. The method comprises that a therapeutically effective amount of one
or more of the compounds according to this invention or a composition thereof is
administered to the subject in need of such treatment.

[00179] The invention further includes a method for inhibiting OGT in a cell or tissue

using a compound of the invention.
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[00180] The invention further relates to the use of the inventive compounds for the
production of pharmaceutical compositions which are employed for the treatment and/or
prophylaxis and/or amelioration of the diseases, disorders, illnesses, and/or conditions as
mentioned herein.

[00181] The invention further relates to the use of the inventive compounds for the
production of pharmaceutical compositions that inhibit OGT.

[00182] The invention further relates to the use of the inventive compounds for the
production of pharmaceutical compositions which can be used for treating, preventing, or
ameliorating diseases responsive to inhibiting OGT, such as diabetes and complications
thereof, neurodegenerative diseases, cancers, autoimmune diseases, and inflammatory
diseases, such as any of those diseases mentioned herein.

[00183] The exact amount required will vary from subject to subject, depending on
the species, age, and general condition of the subject, the particular compound, its mode of
administration, its mode of activity, and the like. The compounds of the invention are
preferably formulated in dosage unit form for ease of administration and uniformity of
dosage. It will be understood, however, that the total daily usage of the proteins and
compositions of the present invention will be decided by the attending physician within the
scope of sound medical judgment. The specific therapeutically effective dose level for any
particular patient or organism will depend upon a variety of factors including the disorder
being treated and the severity of the disorder; the activity of the specific protein employed;
the specific composition employed; the age, body weight, general health, sex, and diet of the
patient; the time of administration, route of administration, and rate of excretion of the
specific compound employed; the duration of the treatment; drugs used in combination or
coincidental with the specific compound employed; and like factors well known in the
medical arts.

[00184] Furthermore, after formulation with an appropriate pharmaceutically
acceptable carrier in a desired dosage, the pharmaceutical compositions of this invention can
be administered to humans and other animals orally, rectally, parenterally, intracisternally,
intravaginally, intraperitoneally, topically (as by powders, ointments, or drops), bucally, as an
oral or nasal spray, or the like. In certain embodiments, the compounds of the invention may
be administered orally or parenterally at dosage levels sufficient to deliver from about 0.001
mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about 50 mg/kg, from about 0.1 mg/kg
to about 40 mg/kg, from about 0.5 mg/kg to about 30 mg/kg, from about 0.01 mg/kg to about
10 mg/kg, from about 0.1 mg/kg to about 10 mg/kg, and from about 1 mg/kg to about 25
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mg/kg, of subject body weight per day, one or more times a day, to obtain the desired
therapeutic effect. The desired dosage may be delivered three times a day, two times a day,
once a day, every other day, every third day, every week, every two weeks, every three
weeks, or every four weeks. In certain embodiments, the desired dosage may be delivered
using multiple administrations (e.g., two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, or more administrations).

[00185] Liquid dosage forms for oral and parenteral administration include, but are
not limited to, pharmaceutically acceptable emulsions, microemulsions, solutions,
suspensions, syrups and elixirs. In addition to the active compounds, the liquid dosage forms
may contain inert diluents commonly used in the art such as, for example, water or other
solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene
glycol, dimethylformamide, oils (in particular, cottonseed, groundnut, corn, germ, olive,
castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty
acid esters of sorbitan, and mixtures thereof. Besides inert diluents, the oral compositions
can also include adjuvants such as wetting agents, emulsifying and suspending agents,
sweetening, flavoring, and perfuming agents. In certain embodiments for parenteral
administration, the compounds of the invention are mixed with solubilizing agents such
polyethoxylated castor oil, alcohols, oils, modified oils, glycols, polysorbates, cyclodextrins,
polymers, and combinations thereof.

[00186] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a sterile
injectable solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer’s solution, U.S.P. and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil can be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used in the
preparation of injectables.

[00187] The injectable formulations can be sterilized, for example, by filtration
through a bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile
solid compositions which can be dissolved or dispersed in sterile water or other sterile

injectable medium prior to use.
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[00188] In order to prolong the effect of a drug, it is often desirable to slow the
absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material with
poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, in turn, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally administered drug form is accomplished by dissolving or
suspending the drug in an oil vehicle. Injectable depot forms are made by forming
microencapsule matrices of the drug in biodegradable polymers such as poly(lactide-co-
glycolide). Depending upon the ratio of drug to polymer and the nature of the particular
polymer employed, the rate of drug release can be controlled. Examples of other
biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot injectable
formulations are also prepared by entrapping the drug in liposomes or microemulsions which
are compatible with body tissues.

[00189] Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body temperature and therefore melt in the
rectum or vaginal cavity and release the active compound.

[00190] Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound is mixed with at
least one inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or
dicalcium phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for example, carboxymethylcellulose, alginates,
gelatin, polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as glycerol, d)
disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic
acid, certain silicates, and sodium carbonate, e) solution retarding agents such as paraffin, f)
absorption accelerators such as quaternary ammonium compounds, g) wetting agents such as,
for example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and
bentonite clay, and 1) lubricants such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules,
tablets and pills, the dosage form may also comprise buffering agents.

[00191] Solid compositions of a similar type may also be employed as fillers in soft
and hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high

molecular weight polyethylene glycols and the like. The solid dosage forms of tablets,
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dragees, capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings and other coatings well known in the pharmaceutical formulating art. They may
optionally contain opacifying agents and can also be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally,
in a delayed manner. Examples of embedding compositions which can be used include
polymeric substances and waxes. Solid compositions of a similar type may also be employed
as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar
as well as high molecular weight polyethylene glycols and the like.

[00192] The active compounds can also be in micro-encapsulated form with one or
more excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills,
and granules can be prepared with coatings and shells such as enteric coatings, release
controlling coatings and other coatings well known in the pharmaceutical formulating art. In
such solid dosage forms the active protein may be admixed with at least one inert diluent
such as sucrose, lactose or starch. Such dosage forms may also comprise, as is normal
practice, additional substances other than inert diluents, e.g., tableting lubricants and other
tableting aids such a magnesium stearate and microcrystalline cellulose. In the case of
capsules, tablets, and pills, the dosage forms may also comprise buffering agents. They may
optionally contain opacifying agents and can also be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally,
in a delayed manner. Examples of embedding compositions which can be used include
polymeric substances and waxes.

[00193] Formulations suitable for topical administration include liquid or semi-liquid
preparations such as liniments, lotions, gels, applicants, oil-in-water or water-in-oil emulsions
such as creams, ointments, or pastes; or solutions or suspensions such as drops. Formulations
for topical administration to the skin surface can be prepared by dispersing the drug with a
dermatologically acceptable carrier such as a lotion, cream, ointment, or soap. Useful
carriers are capable of forming a film or layer over the skin to localize application and inhibit
removal. For topical administration to internal tissue surfaces, the agent can be dispersed in a
liquid tissue adhesive or other substance known to enhance adsorption to a tissue surface.

For example, hydroxypropylcellulose or fibrinogen/thrombin solutions can be used to
advantage. Alternatively, tissue-coating solutions such as pectin-containing formulations can
be used. Ophthalmic formulation, ear drops, and eye drops are also contemplated as being
within the scope of this invention. Additionally, the present invention contemplates the use of

transdermal patches, which have the added advantage of providing controlled delivery of a
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compound to the body. Such dosage forms can be made by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can also be used to increase the flux
of the compound across the skin. The rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound in a polymer matrix or gel.

[00194] Additionally, the carrier for a topical formulation can be in the form of a
hydroalcoholic system (e.g., liquids and gels), an anhydrous oil or silicone based system, or
an emulsion system, including, but not limited to, oil-in-water, water-in-oil, water-in-oil-in-
water, and oil-in-water-in-silicone emulsions. The emulsions can cover a broad range of
consistencies including thin lotions (which can also be suitable for spray or aerosol delivery),
creamy lotions, light creams, heavy creams, and the like. The emulsions can also include
microemulsion systems. Other suitable topical carriers include anhydrous solids and
semisolids (such as gels and sticks); and aqueous based mousse systems.

[00195] It will also be appreciated that the compounds and pharmaceutical
compositions of the present invention can be employed in combination therapies, that is, the
compounds and pharmaceutical compositions can be administered concurrently with, prior to,
or subsequent to, one or more other desired therapeutics or medical procedures. The
particular combination of therapies (therapeutics or procedures) to employ in a combination
regimen will take into account compatibility of the desired therapeutics and/or procedures
and the desired therapeutic effect to be achieved. It will also be appreciated that the therapies
employed may achieve a desired effect for the same disorder (for example, an inventive
compound may be administered concurrently with another anticancer agent), or they may
achieve different effects (e.g., control of any adverse effects).

[00196] In still another aspect, the present invention also provides a pharmaceutical
pack or kit comprising one or more containers filled with one or more of the ingredients of
the pharmaceutical compositions of the invention, and in certain embodiments, includes an
additional approved therapeutic agent for use as a combination therapy. Optionally
associated with such container(s) can be a notice in the form prescribed by a governmental
agency regulating the manufacture, use or sale of pharmaceutical products, which notice
reflects approval by the agency of manufacture, use or sale for human administration.
[00197] These and other aspects of the present invention will be further appreciated
upon consideration of the following Examples, which are intended to illustrate certain
particular embodiments of the invention but are not intended to limit its scope, as defined by

the claims.

72



WO 2016/004180 PCT/US2015/038792

EXAMPLES
General Methods
Reagents
[00198] UDP-"*C-GlcNAc was purchased from Perkin Elmer. Streptavidin-HRP was

purchased from Pierce. Immunoblotting reagents were purchased from Life Technologies.
The OGA antibody (HPA036141) was purchased from Sigma. Anti-c-Myc antibody was
purchased from Cell Signaling. RL2 (ab2739), and antibodies against Nup62, OGT
(ab96718), Actin, H2B and H2B (Serl112GlcNAc) antibodies were purchased from Abcam.
All biotynilated lectins were purchased from Vector Laboratories (BK-1000, BK-2000, BK-
3000). D283 Med, CHO-K1, LNCaP, HEK and Hel a cells were obtained from ATCC. All
cell culture reagents were purchased from Gibco. PUGNAC and Thiamet-G were purchased
from Sigma Aldrich and Complete Protease inhibitor was purchased from Roche. The UDP-
Glo assay was purchased from Promega. CKII3K peptide (KKKYPGGSTPVSSANMM)
was purchased from Biomatik at 95% purity.

General Chemistry

[00199] Unless otherwise stated, all reactions were carried out under an atmosphere of
dry nitrogen in dried glassware. Indicated reaction temperatures refer to those of the reaction
bath, while room temperature is noted as 23 °C. All solvents were of anhydrous quality
purchased from Sigma Chemical Co. (Saint Louis, MO) and were used as received.
Commercially available starting materials and reagents were purchased from Sigma Chemical
Co, Alfa Aesar Co, Acros Organics, or TCI America, and were used as received. (R)-2-((tert-
butoxycarbonyl)amino)-2-(2-methoxyphenyl)acetic acid was purchased from Peptech
Corporation (Bedford, MA) and was used as received.

[00200] Analytical thin layer chromatography (TLC) was performed with Sigma
Aldrich TLC plates (5 cm x 20 cm, 60 A, 250 um), and visualized by UV (254 nm)
irradiation. Chromatography on silica gel was performed using forced flow (liquid) of the
indicated solvent system on Biotage KP-Sil prepacked cartridges and using the Biotage SP-1
or the Biotage Isolera automated chromatography system. 'H and *C NMR spectra were
recorded on an Inova 400 MHz spectrometer. Chemical shifts are reported in parts-per
million (ppm) relative to tetramethylsilane. Spectra were referenced according to the solvent
residual peak (CDCl3 7.26 ppm, 77.00 ppm, DMSO-ds 2.50 ppm, 39.50 ppm for 'H, °C,
respectively). Data are reported as follows: chemical shift, multiplicity (s = singlet, d =
doublet, t = triplet, q = quartet, br = broad, m = multiplet), coupling constants, and number of

protons. Low-resolution mass spectra (electrospray ionization; ESI) were acquired on an

73



WO 2016/004180 PCT/US2015/038792

Agilent Technologies 6130 quadrupole spectrometer coupled to the HPLC system. High-
resolution mass spectral data were collected in-house using an Agilent 6210 time-of-flight
mass spectrometer, also coupled to an Agilent Technologies 1200 series HPLC system. If
needed, products were purified via a Waters semipreparative HPLC instrument equipped with
a Phenomenex Luna C18 reverse phase (5 um, 30 mm X 75 mm) column having a flow rate
of 45 mL/min. The mobile phase was a mixture of acetonitrile (0.025% TFA) and H,O
(0.05% TFA), and the temperature was maintained at 50 °C.

[00201] Samples were analyzed for purity on an Agilent 1200 series LC/MS
instrument equipped with a Luna C18 reverse phase (3 pum, 3 mm X 75 mm) column having a
flow rate of 0.8—1.0 mL/min over a 7 min gradient and a 8.5 min run time. Purity of final
compounds was determined to be >95%, using a 3 pL injection with quantitation by AUC at

220 and 254 nm (Agilent diode array detector).

Example 1
Screening of a library of quinolinesulfonamides for OGT inhibition
[00202] 384-well plates (Costar # 3654) were filled using a liquid handling robot with
20 pL of a mixture of 50nM of a fluorescein-linked UDP-GlcNAc analog (see Gross et al,
2003), 1-2 uM sOGT, and buffer (20mM potassium phosphate, pH=7.4 with 500 uyM
tris(hydroxypropyl)phosphine). About 1000 compound library was serially diluted in DMSO
from the 5 mg/ml plates fivefold 3 times, such that 4 different concentrations of compounds
were prepared. Compound libraries of the 4 concentrations in duplicated were then
transferred to the assay plates using a 100 nL pin array, resulting in a final compound
concentration of 25 pg/mL or ~70 uM at the highest of the four concentrations, assuming an
average compound MW of 350. Using a Perkin Elmer Envision® microplate reader, the
sample was excited at 480 nm in the vertical plane, and simultaneous emission intensity (535
nm) of the vertical and horizontal polarization planes was measured. The polarization was
calculated using the following equation:eq4: mP = 1000 * (V - G * H) / (V + G * H)where:
mP = millipolarization units, V = intensity of vertically polarized emission (RFU), H =
intensity of horizontally polarized emission (RFU), and G = gain. Compounds were evaluated
for their ability to affect the fluorescent polarization of the probe and the results are shown in

Table 1.
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Table 1. OGT Inhibition Data
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*Data were collected from the fluorescence displacement in vitro assay as stated above.

Example 2
A small molecule that inhibits OGT activity in cells
[00203]

understanding of its primary biological functions, small molecule OGT inhibitors that

In order to validate OGT as a therapeutic target and gain a deeper

demonstrate selective, on-target inhibition in cells are required”’ '8 ‘While various small
molecules are reported to perturb O-GlcNAc in cells (Table 2), including alloxan, a uracil
mimic, and benzyl 2-acetamido-2-deoxy-a-D-galactopyranoside (BAGDP), a N-
acetylgalactosamine (GalNAc) mimic, most of these compounds have not been shown to
inhibit OGT selectively in cells. Indeed, many reports do not demonstrate OGT inhibition,
but rather rely on cellular viability or other downstream readouts as a proxy. In the case of
alloxan, it has even been shown that its ability to inhibit OGA surpasses its ability to inhibit
OGT’® %, while BAGDP likely inhibits numerous carbohydrate processing enzymesﬂ. Some

substrate and bisubstrate mimics that inhibit OGT in vitro have been reported, but these
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o . oo 2225
inhibitors are not membrane permeable and hence are ineffective in cells

. However, in the
case of one substrate mimetic inhibitor, UDP-55GlcNAc, the lack of cell-permeability was
overcome by feeding cells a metabolic precursor, Ac4-55GIcNAc, which is converted to
UDP-55GIcNAc in vivo™. Ac4-55GIcNAc dramatically reduces global O-GlcNAcylation in
cells, in part because the active form of the inhibitor, UDP-55GlcNAc accumulates in cells®®,
As an isostere of UDP-GIcNAc, UDP-55GIcNAc may inhibit not only OGT, but also other
UDP-GlcNAc-dependent enzymes™ . Moreover, UDP-55GIcNAc is epimerized to UDP-
55GalNAc in cells and enzymes that use UDP-GalNAc may also be affected. While Ac4-
5S5GlcNAc is currently the best cellular inhibitor of OGT, these caveats must be considered
when using it. Furthermore, prospects for overcoming off-target effects are limited for close
substrate analogs, particularly if they require enzymatic processing in order to become active.

Thus, there remains a pressing need for cell-permeable small molecule OGT inhibitors that

are amenable to chemical modification.

Table 2. Small-molecules used for the pharmacological inhibition of OGT in cells

Compound Concentration used for cellular work and
respective citation
0
A
HN~ NH
;\n/g 5mMY, 5 mM48, 5 mM", 5 mM*’, 5 mM”'
°© 5 © 5 mMSZ, unknown53, 2.5 mM>*
Alloxan
OH _oH
L
HO 55 56 57
AcHN 2mM™, 2.5 mM™”, 1 mM
OBn
BAGDP
OH o via
HO S g
H?A‘Hﬁ o o [\ AcASO‘ﬁ
" 0p0.p00 S e S 100 uM?, various®, 100 uM*®
6 0
UDP-5SGIcNAc \/_7 Ac4-5SGIcN
HO OH
cl
1 s 100 M, 10-100 uM'?, 20 pM®
HO ! 100 uM®', unknown®, 50 pM®
0 \/®>
ST045849
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7
6" X0,
R!'—— o)
o 33
R! = 6-Acetyl, R2 = 4-OCH, O 200 uM
(BZX2) 7
<X_,
7
SN N 10 32 16
S 50-100 pM'°, 100 uM™, 500 uM
R'=5C,R2=4H O 500 uM™', 50 uM®, 50 uM®®
(ST060266) @
<X,

A survey of the literature illustrating the use of various small-molecules claimed to inhibit
OGT in cells. Only Ac4-55GlcNAc (UDP-55GIcNAc) explicitly demonstrated inhibition of a
known OGT target (nup62) in cells™.

[00204] High-throughput screening (HTS) approaches have been adopted to identify

small molecule inhibitor scaffolds for glycosyltransferases, including OGT*"

(see Example
1). Several OGT inhibitors of modest potency were identified in a polarization-based
fluorescence displacement screen, and three such compounds were reported as in vitro
inhibitors”’. Although robust inhibition of OGT in cells was not shown for these
compoundsﬂ , they nonetheless came into use as OGT inhibitors for biological studies. One
compound was shown to operate by an interesting covalent mechanism of action, but proved

. ) e 10, 16, 32, 33
too reactive to use as a selective OGT inhibitor in cells™ ™™ 7~

. Therefore, the screening
data were reexamined to identify scaffolds amenable to optimization and a quinolinone-6-
sulfonamide (Q6S) class of compounds appeared promising. A cell-permeable OGT inhibitor
has been identified from a biased library screen followed by analog synthesis. The inhibitor
shows on-target OGT engagement, as judged by several readouts, but does not appear to alter
N- or O-glycan structures substantially. This work validates the utility of a HTS approach for
identifying scaffolds that can lead to probe molecules for studies of OGT’s cellular roles.
[00205] Four previously undisclosed compounds from our HTS (Figure 13, top left)*’
were found to contain either a Q6S or a 3,4-dihydro-quinoline-6-sulfonamide core
(henceforth both will be referred to as Q6S; see Figure 13A). Related compounds with
substitutions in the Q6S core were not hits in the screen. While the potency of the compounds
was weak, the conserved core was deemed promising and so a library of 1,280 commercial
compounds bearing a Q6S moiety was assembled. Compounds were screened at five different

concentrations in a fluorescence displacement assay (Figure 13A)*’. Using the known binding

constant for the substrate analog, the dose-response data allowed us to estimate binding
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affinities (K; values) for the hits. The top 40 hits from the primary screen, ranked by K, were
tested in a secondary radiometric capture assay. The top four confirmed hits all bore a
phenylglycine (compounds 8-11 in Figure 13A), the Q6S core, and an amide. Various
analogs were prepared based on a modular assembly (as in Figure 13B), and OGT inhibition
was assessed both in vitro and in cells. These efforts, which will be described in details
elsewhere, resulted in the identification of an analog, OSMI-1 (Figure 13B).

[00206] Compound OSMI-1 was tested to inhibit full length human OGT (ncOGT) in
a coupled enzyme assay that measures the UDP produced when GlcNAc is transferred from
UDP-GIcNAc to a peptide acceptor. OSMI-1 inhibited ncOGT with an ICsy value of 2.7 uM
(Figure 14A). A similar ICs, value was obtained using a radiometric capture assay in which a
well-characterized protein substrate, nucleoporin62 (Nup62), a heavily glycosylated
component of the nuclear pore, is the acceptor substrate (Figure 16A)*. In contrast, the ICso
values obtained for UDP-55GIcNAc in these two assays were 78.8 and 11.1 uM, respectively.
The UDP-GlcNAc concentrations used in the two assays differed by about 6-fold, and given
that UDP-5SGIcNAc is a competitive inhibitor with respect to UDP-GIcNAc®, this shift in
ICso value was expected (Figure 16 and Equation 1). Since the ICso for OSMI-1 was largely
insensitive to UDP-GIcNAc concentration (Figures 16C and 16D), we concluded that it did
not act competitively with respect to the donor sugar substrate. Consistent with this, it was
observed that the V.. for glycosylation, under saturating acceptor and variable UDP-GlcNAc
conditions, decreased with increasing OSMI-1 concentration (Figure 14B).

[00207] We next examined the ability of OSMI-1 to inhibit global O-GlcNAcylation
in Chinese hamster ovary (CHO) cells. This cell line was used previously to evaluate Ac4-
5SGIcNAc as an inhibitor”. Cells were treated for 24 hours with varying concentrations of
OSMI-1 ranging from 10-100 uM and cell lysates were probed with the O-GlcNAc antibody
RL2". OSMI-1 reduced global O-GlcNAcylation (Figure 15A) in a dose-dependent manner
(Figure 7), with the maximal effect being achieved at 50 uM. Due to the limited aqueous
solubility of OSMI-1, higher concentrations of OSMI-1 did not further reduce O-GlcNAc
levels (Figure 8). When used at 50 uM, Ac4-55GlcNAc reduced global O-GlcNAcylation to a
greater extent than OSMI-1 even though it is a less potent inhibitor in vitro. UDP-5SGIcNAc
reaches substantially higher intracellular concentrations than OSMI-1 because it cannot
diffuse freely across the cell membrane; once formed from Ac4-55GlcNAc, it accumulates
intracellularly, allowing it to compete successfully with UDP-GIcNAc®. Although OSMI-1 is
cell permeable, it is relatively large and likely does not reach cellular concentrations

comparable with the administered dose.
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[00208] In an 8-hour time course study of CHO cells treated at 50 uM with either
OSMI-1 or Ac4-55GlcNAc, OSMI-1 showed a more rapid onset of O-GlcNAc reduction. A
substantial reduction of global O-GlcNAcylation was observed for OSMI-1 within two hours,
whereas Ac4-55GIcNAc showed an effect only at four hours (Figure 8). Several additional
mammalian cell lines were examined and found that OSMI-1 treatment reduced global O-
GlcNAcylation in all of them (Figures 9A and 17). Further, the effects of OSMI-1 were
evaluated on specific cellular markers of OGT inhibition. Nup62 bears at least ten O-GlcNAc
moieties that contribute over 2.5 kDa to the protein mass, and it was found that treating cells
with OSMI-1 caused Nup62 to shift to a lower molecular weight, consistent with loss of the
O-GlcNAc residues (Figure 15B)*. It is also known that levels of OGA, the glycosidase that
removes O-GlcNAc residues from proteins, decreases when cellular O-GlcNAcylation is
blocked™ *. Since OSMI-1, like Ac4-5SGIcNAc, reduced cellular OGA without affecting
cellular OGT levels (Figure 15B). Hence, OSMI-1 functions to inhibit OGT activity in cells.
[00209] The selectivity of glycosyltransferase inhibitors wer evaluated by use of
lectins to probe cell surface glycans following treatment of cells with a compound.
Commercially available biotinylated lectins that recognize different features of N- and O-
glycans are available for this purpose, and while their binding epitopes are not fully
understood, they are useful for assessing whether a given treatment substantially alters glycan
composition (Figure 15C). Nine different biotinylated lectins (ConA, LCA, Jacalin, Pha-E,
ECL, Pha-L, GSL-I, PNA or DBA) were used to probe the glycan composition of CHO cells
treated with 50 uM OSMI-1 or Ac4-55GIcNAc for 24 hours. For both compounds, minimal
changes were observed in bands detected by ConA, PHA-L, ECL, GSL-I, PNA, or DBA,
indicating that neither OSMI-1 nor Ac4-55GIlcNAc treatment grossly perturbed the
carbohydrate structures recognized by these lectins (Figure 15D; Figure 12)*. For Jacalin,
PHA-E and LCA, however, dramatic changes were observed in the glycans from cells treated
with Ac4-55GIcNAc, but not from cells treated with OSMI-1 (Figure 15D). Jacalin detects
the GalNAc-peptide portion of mucin-type O-glycans, and Ac4-55GlcNAc treatment resulted
in decreased masses for several prominent bands (Figure 15D)%, suggesting that UDP-
55GlecNAc may block some glycosyltransferase(s) involved in mucin-type O-glycan
synthesis. Ac4-55GIlcNAc treatment also resulted in greatly diminished signal intensity for
the lectins PHA-E (Figure 12) and LCA (Figure 15D), suggesting that the inhibitor broadly
affects several other types of cell surface glycans39 . Given the close resemblance of UDP-
5S5GleNAc to substrates used by cellular glycosyltransferases, off-target effects for this

inhibitor are perhaps not unexpected, particularly given its high intracellular concentrations™.
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[00210] OGT is essential for development and remains essential in many cell types in
both adult organisms and in in tissue culture”’, but OGT inhibition by Ac4-55GIcNAc was
reported to have no effect on cell viability” # % The effects of 50 uM OSMI-1 on CHO
cells were evaluated and it was found that viability decreased by about 50% after 24 hours
(Figure 18). In order to evaluate whether this effect resulted from inhibition of OGT or some
other target, a structurally related compound was prepared. Compound PG34 (Figure 18A)
bears a phenylalanine in place of the 2-methoxyphenylglycine. PG34 demonstrated poor in
vitro inhibitory activity against OGT and did not reduce global O-GlcNAcylation in cells
(Figure 18). However, it affected cell viability similarly to OSMI-1. Hence, it is possible that
OSMI-1 shares a target other than OGT with PG34.

[00211] In summary, a cell-permeable small molecule OGT inhibitor was identified
through a combination of high-throughput screening and follow-up chemistry. Through the
use of a biased library and follow-up medicinal chemistry the potency of the initial screening
hits (nearly 100x) was improved, and a compound was identified to inhibit OGT in cells”.
This compound was found to have on-target activity in cells based on its ability to reduce
global O-GlcNAcylation, inhibit O-GlcNAcylation of cellular Nup62, and reduce OGA
levels. Validation of other small molecule OGT inhibitors includes evaluation of Nup62
glycosylation, which is a convenient biomarker because the protein is ubiquitously expressed
and so highly glycosylated that inhibition of O-GlcNAcylation results in a detectable mass
shift. Although OSMI-1 is not as effective at reducing global O-GlcNAcylation at 24 hours as
the same concentration of Ac4-55GIcNAc, it has a more rapid onset of action owing to its
ability to enter cells in an active state, and it does not appear to drastically alter other cellular
glycans. OSMI-1 may thus be useful in conjunction with other inhibitors and methods for

OGT inhibition/depletion to probe OGT inhibition phenotypes in cells.
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Example 3
[00212] Exemplary synthesis of compound OSMI-1.
a
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Scheme 1

1-(furan-2-yl)-N-(thiophen-2-ylmethyl)methanamine (1)44 (Deng, J.; Mo, L-P.; Zhao, F-Y ;
Hou, L-L.; Yanga, L.; Zhang, Z-H. Green Chem. 2011, 9, 2576)

[00213] A mixture containing furan-2-ylmethanamine (1.00 mL, 11.32 mmol) and
thiophene-2-carbaldehyde (1.06 mL, 11.32 mmol) in EtOH (22.6 mL) was heated in
themicrowave reactor at 120 °C for 0.5 h.

[00214] The reaction solution was transferred to a round-bottomed flask, and was then
treated with sodium borohydride (0.856 g, 22.63 mmol) at 90 °C for 3 h, then at 23 °C for 16
h. The reaction mixture was concentrated under reduced pressure, and the residue was
partitioned between 50 mL of dichloromethane (DCM) and 50 mL of water. The product was

extracted with two 25-mL portions of DCM and the combined organic layer was washed with
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50 mL of brine, and subsequently dried over anhydrous sodium sulfate (Na,SO,4). The dried
organic layer was concentrated under reduced pressure and purified by silica gel column
chromatography(100 g); gradient elution from 90:10 to 50:50 Hex:EtOAc afforded 1-(furan-
2-yl)-N-(thiophen-2-ylmethyl)methanamine (1) as a clear light pale yellow oil; yield: 1.87 g
(86 %). LC-MS: t=1.77 min. 'H NMR (400 MHz, CDCl3) 6 7.38 (dd, J=1.9, 0.8 Hz, 1H),
7.22 (dd, J=4.8, 1.4 Hz, 1H), 6.98 - 6.92 (m, 2H), 6.32 (dd, J=3.2, 1.9 Hz, 1H), 6.22 - 6.18
(m, 1H), 3.99 (d, J = 0.7 Hz, 2H), 3.82 (s, 2H), 1.98 (s, 2H). *C NMR (101 MHz, CDCl3) &
153.5, 143.5, 142.1, 126.8, 125.4, 124.7, 110.3, 107.5, 47.2, 45.0.

HRMS (ESI) m/z 194.0635 (M + H)" (C10H;2NOS requires 194.0634).

(R)-tert-butyl (2-((furan-2-ylmethyl)(thiophen-2-ylmethyl)amino)-1-(2-methoxyphenyl)-
2-oxoethyl)carbamate (2)

[00215] A solution containing (R)-2-((tert-butoxycarbonyl)amino)-2-(2-
methoxyphenyl)acetic acid (0.200 g, 0.711 mmol) and 1-(furan-2-yl)-N-(thiophen-2-
ylmethyl)methanamine (1) (0.137 g, 0.711 mmol) in DMF (3.55 mL) was treated with HATU
(0.297 g, 0.782 mmol) and N, N-diisopropylethylamine (0.137 ml, 0.782 mmol) at 23 °C for 5
h. The reaction mixture was partitioned between 40 mL of EtOAc and 40 mL of water. The
product was extracted with three 20 mL portions of EtOAc. The combined organic layer was
washed with two 20-mL of water, washed with with 20 mL of brine, dried over anhydrous
sodium sulfate (Na,SO,), and concentrated under reduced pressure. The obtained oil was
applied to a silica gel column (50-g); eluting from 80:20 to 40:60 Hex-EtOAc afforded (R)-
tert-butyl (2-((furan-2-ylmethyl)(thiophen-2-ylmethyl)amino)-1-(2-methoxyphenyl)-2-
oxoethyl)carbamate (2) as a clear colorless syrup and as a 60:40 mixture of rotamers; yield:
0.301 g (93 %). LC-MS: t =6.17 min. 'H NMR (400 MHz, CDCl3) & 7.34 (m, 0.6 x 2H),
7.31 (m, 0.4 x 2H), 7.30 - 7.23 (m, 1H), 7.18 (dd, J=5.0, 1.3 Hz, 0.6 x 1H), 7.15(d, /= 5.1
Hz, 0.4 x 1H), 6.97 (dd, /= 5.1, 3.5 Hz, 0.4 x 1H), 6.93 (m, 0.6 x 1H), 6.89 - 6.81 (m, 2H +
0.6 x 1H), 6.70 (m, 0.4 x 1H), 6.28 (dd, /=3.2, 1.9 Hz, 0.4 x 1H), 6.26 (dd, J=3.2, 1.9 Hz,
0.6 x 1H), 6.15(d, J=3.2Hz, 04 x 1H), 6.10 (d, /J=7.5 Hz, 1H), 5.97 (d, /=3.2 Hz, 0.6 x
1H), 5.87 (dd, J=17.7, 8.4 Hz, 1H), 4.91 (d, J=15.2 Hz, 0.6 x 1H), 4.64 (s, 0.4 x 2H), 4.50
(dd, J=10.8, 5.6 Hz, 2H), 4.26 (d, /= 16.5 Hz, 0.6 x 1H), 3.78 (s, 0.6 x 3H), 3.76 (s, 0.4 x
3H), 1.42 (s, 9H). *C NMR (100 MHz, CDCly) & 170.8, 170.8, 156.3, 155.0, 150.5, 149.8,
142.5, 142.3, 139.3, 138.7, 129.7, 129.6, 128.59, 128.53, 127.0, 126.9, 126.7, 126.5, 126 4,
126.2, 125.8, 125.6, 125.5, 125.5, 121.4, 121.3, 111.5, 111.3, 110.6, 110.4, 108.8, 108.5,
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79.6, 55.9, 55.8, 49.6, 49.4, 44.7, 43.4, 42.5,40.7, 28.5, 28.5, 28.5, 28.5, 28.5, 28.5. HRMS
(ESI) m/z 457.1798 (M + H)* (C24H20N,05S requires 457.1792).
[a]p™ =-53 (¢ 1.0, CHCL,).

2-0x0-1,2-dihydroquinoline-6-sulfonyl chloride (3)** (WO 2010141074)

[00216] A mixture containing 1,2-dihydroquinolin-2-one (1.30 g, §.96 mmol) in
chlorosulfonic acid (3.90 ml, 58.7 mmol) was stirred at 90 °C for 3 h. The reaction mixture
was allowed to cool down to room temperature, and was then poured carefully into 50 mL of
crushed ice, leading to the formation of a precipitate. The solid was collected by filration,
washed with small portions of cold water, and was then dried to afford 2-oxo-1,2-
dihydroquinoline-6-sulfonyl chloride (3) as a light brown solid; yield: 1.52 g (70 %). 'H
NMR (400 MHz, DMSO-dg) 6 11.81 (s, 1H), 7.96 (d, J=9.4 Hz, 1H), 7.89 (d, /= 1.9 Hz,
1H), 7.70 (dd, J = 8.5, 1.9 Hz, 1H), 7.23 (d, J = 8.5 Hz, 1H), 6.49 (d, J=9.5 Hz, 1H). "°C
NMR (100 MHz, DMSO-ds) 6 162.4, 142.5, 141.1, 139.2, 128.5, 125.3, 122.4, 118.5, 115.0.

(R)-N-(furan-2-ylmethyl)-2-(2-methoxyphenyl)-2-(2-0x0-1,2-dihydroquinoline-6-
sulfonamido)-N-(thiophen-2-ylmethyl)acetamide (OSMI-1, NCGC00344466)

[00217] A solution containing (R)-tert-butyl (2-((furan-2-ylmethyl)(thiophen-2-
ylmethyl)amino)- 1-(2-methoxyphenyl)-2-oxoethyl)carbamate (2) (0.788 g, 1.73 mmol) in
DCM (volume: 19.2 mL) was treated with trifluoroacetic acid (1.33 mL, 17.3 mmol) at 23 °C
for 1.5 h. The reaction mixture was concentrated under reduced pressure, then the residue
was taken up in toluene, and the resulting mixture was concentrated again under reduced
pressure. This process was repeated twice.

[00218] The obtained crude amine was dissolved into DMF (volume: 9.60 mL), and
was then with treated with N,N-diisopropylethylamine (0.904 mL, 5.18 mmol) and with 2-
oxo-1,2-dihydroquinoline-6-sulfonyl chloride (3) (0.631 g, 2.59 mmol) at 23 °C for 14 h.

The reaction mixture was partitioned between 40 mL of water and 25 mL of EtOAc. The
layers were separated, and the product was extracted with three 25-mL portions of EtOAc.
The combined organic layers were washed with 25 mL of brine, dried over anhydrous sodium
sulfate (Na>SQOy), and then concentrated under reduced pressure. The resulting brown oil was
applied to a silica gel column (80 g); gradient elution from 99:1 to 95:5 DCM-MeOH (with
the MeOH containing 10% NH4OH as modifier), followed by HPLC purification, afforded
(R)-N-(furan-2-ylmethyl)-2-(2-methoxyphenyl)-2-(2-oxo- 1,2-dihydroquinoline-6-
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sulfonamido)-N-(thiophen-2-ylmethyl)acetamide (OSMI-1) as a yellow solid and as a 60:40
mixture of rotamers; yield: 0.549 g (56%). LC-MS: t =5.10 min. 'H NMR (400 MHz,
DMSO-de) 6 11.95 (s, 1H), 8.43 (d, J=9.5Hz, 0.4 x 1H), 8.41 (d, /=9.6 Hz, 0.6 x 1H),
7.88 —7.84 (m, 2H), 7.65 (dd, /= 1.8, 0.6 Hz, 0.6 x 1H), 7.61 (dd, /= 8.7, 2.1 Hz, 0.6 x 1H),
7.60 (dd,J=8.7,2.1 Hz, 0.4 x 1H), 7.49 (dd, /= 1.8, 0.8 Hz, 0.4 x 1H), 7.45 (dd, J=5.1, 1.3
Hz, 0.4 x 1H), 7.32 (dd, /= 5.0, 1.3 Hz, 0.6 x 1H), 7.22 (dd, J = 7.6, 1.7 Hz, 0.6 x 1H), 7.20
-7.15 (m, 1H+ 0.4 x 1H), 7.14 - 7.07 (m, 1H), 6.96 (dd, J=5.1, 3.4 Hz, 0.4 x 1H), 6.84 (m,
1H), 6.81 (dd, J = 3.5, 1.3 Hz, 0.6 x 1H), 6.80 - 6.68 (m, 2H), 6.56 (d, /= 9.6 Hz, 1H), 6.44
(dd, J=3.2,19Hz, 0.6 x 1H), 6.30 (dd, /=3.2, 1.9 Hz, 0.4 x 1H), 6.19 (d, J=3.2 Hz, 0.6 x
1H), 6.01 (d, /=3.2Hz, 0.4 x 1H), 5.83 (d, J=9.6 Hz, 0.6 x 1H), 5.78 (d, /=9.5Hz, 0.4 x
1H), 4.61 (d, J=15.1Hz, 0.6 x 1H), 4.48 (s, 0.4 x 2H), 4.43 — 4.24 (m, 2H), 4.16 (d, J = 16.7
Hz, 0.6 x 1H), 3.57 (s, 0.6 x 3H), 3.53 (s, 0.4 x 3H). >C NMR (100 MHz, CDCl3)  168.65,
168.62, 161.93, 161.93, 155.07, 155.05, 150.03, 149.8, 143.13, 143.11, 142.48, 142.47,
140.93, 140.91, 140.08, 140.04, 138.97, 138.85, 133.90, 133.87, 129.5, 129.5, 128.4, 128.3,
128.13, 128.06, 127.0, 126.9, 126.9, 126.5, 126.3, 126.1, 123.9, 123.8, 122.9, 122.9, 1204,
120.4,117.9,117.9, 115.2, 115.2, 110.8, 110.8, 110.6, 110.6, 108.5, 108.2, 55.49, 55.46,
50.30,50.11, 44.1, 43.5, 41.9, 41.1. HRMS (ESI) m/z 564.1253 (M + H)" (CasH26N306S,
requires 564.1258). [a],’" = -50 (¢ 1.0, CHCly).

Example 4
[00219] Synthesis of PG34
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(R)-N-(furan-2-ylmethyl)-2-(2-ox0-1,2-dihydroquinoline-6-sulfonamido)-3-phenyl-N-
(thiophen-2-ylmethyl)propanamide (PG34, NCGC00345432)

[00220] A solution containing (R)-2-((tert-butoxycarbonyl)amino)-3-phenylpropanoic
acid (200 mg, 0.754 mmol) and 1-(furan-2-yl)-N-(thiophen-2-ylmethyl)methanamine (1) (146
mg, 0.754 mmol) in 1.50 mL of DMF was treated sequentially with DIPEA (0.130 mL, 0.754
mmol) and HATU (287 mg, 0.754 mmol) at 23 °C for 16 h. The reaction mixture was
concentrated, and the residue was applied to a silica gel column (50 g); gradient elution from
90:10 to 40:60 Hex:EtOAc afforded (R)-tert-butyl (1-((furan-2-ylmethyl)(thiophen-2-
ylmethyl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate as a white solid in 84% yield (280
mg).

[00221] A solution containing (R)-tert-butyl (1-((furan-2-ylmethyl)(thiophen-2-
ylmethyl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (260 mg, 0.590 mmol) in 6.00 mL of
DCM was treated with trifluoroacetic acid (0.455 mL, 5.90 mmol) at 23 °C for 1 h. The
reaction mixture was concentrated under reduced pressure, and the residue was taken up in
hexanes. The resulting suspension was then concentrated under reduced pressure to afford the
crude amine. Without further purification, the amine was dissolved into 3.0 mL of DMF and
the resulting solution was treated with DIPEA (150 pL, 0.859 mmol) and 2-oxo-1,2-
dihydroquinoline-6-sulfonyl chloride (3) (152 mg, 0.624 mmol) at 23 °C for 16 h. The
reaction mixture was concentrated, and the obtained residue was purified by HPLC to afford
(R)-N-(furan-2-ylmethyl)-2-(2-oxo-1,2-dihydroquinoline-6-sulfonamido)-3-phenyl-N-
(thiophen-2-ylmethyl)propanamide (PG34) as a white solid; yield: 122 mg (38%). LC-MS: t
= 5.48 min. "H NMR (400 MHz, DMSO-dg) & 12.00 (s, 1H), 8.39 (d, J=9.1 Hz, 0.4 x 1H),
8.36 (d, /=9.3Hz, 0.6 x 1H), 7.89 (m, 2H), 7.62 (dd, / = 2.0, 0.8 Hz, 0.6 x 1H), 7.59 (dd, J
=6.1,2.1 Hz, 0.6 x 1H), 7.56 (d, /=1.8,0.9 Hz, 0.4 x 1H), 7.44 (dd, /= 5.1, 1.2 Hz, 0.4 x
1H), 7.34 (dd, J=5.0, 1.4 Hz, 0.6 x 1H), 7.23 (d, /= 8.7 Hz, 1H), 7.10 — 7.00 (m, 5H), 6.95
(dd, J=5.1,3.5Hz, 0.4 x 1H), 6.88 (dd, /=5.0, 3.4 Hz, 0.6 x 1H), 6.85 (dd, /= 3.5, 1.3 Hz,
0.6 x 1H), 6.84 — 6.78 (m, 1H), 6.60 (dd, /=9.0, 1.9 Hz, 0.4 x 1H), 6.57 (dd, /=9.6, 1.9 Hz,
0.6 x 1H), 6.41 (dd, J=3.2, 1.9 Hz, 0.6 x 1H), 6.36 (dd, /=3.2, 1.8 Hz, 0.4 x 1H), 6.23 (d, J
=3.2Hz, 0.6 x 1H), 6.18 (d, /=3.2 Hz, 0.4 x 1H), 4.79 (d, /= 17.2 Hz, 0.4 x 1H), 4.59 —
4.50 (m, 1H), 4.45 (m, IH + 0.6 x 1H), 4.37-4.24 (m, 2H), 2.82 (dd, / = 13.7, 5.4 Hz, 0.6 X
1H), 2.72 — 2.54 (m, 0.6 x 1H + 0.4 x 2H). >C NMR (100 MHz, DMSO-ds)  170.4, 170.4,
170.1, 170.1, 161.9, 150.1, 150.1, 149.7, 149.7, 143.1, 143.1, 142.6, 142.6, 141.1, 141.1,
140.1, 140.0, 139.9, 138.8, 136.5, 136.3, 134.0, 133.9, 129.3, 129.2, 127.93, 127.85, 127.8,
127.7,127.1, 127.0, 126.7, 126.6, 126.3, 126.3, 126.2, 126.1, 125.91, 125.85, 123.1, 123,1,
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118.20, 118.18, 115.7, 115.6, 110.6, 110.5, 108.7, 108.6, 54.03, 53.98, 43.6, 43.6, 42.8, 42.8,
41.8, 41.8, 37.93, 37.88. [OL]D20 =-196 (c 0.46, CHCl3). HRMS (ESI) m/z 548.1298 [M+H]"

(C28H26N30582 I'CqU.iI'CS 548. 1308) .

Example 5
[00222] Purification of Nup62: Nup62 was PCR amplified from pET21A with
primers 1 and 2 and ligated into a pET42a vector using the Spel and NotlI sites and the final

in-frame construct was verified by Sanger sequencing.

[00223] Primer JCJO-12N1: 5°-GCTAGCACTAGTATGAGCGGGTTTAA-3".
Primer JCJO-12C: 5>-TAATATGCGGCCGCTTAGTCAAAGGT-3".
[00224] GST-Nup62 was purified from E. coli BL21(DE3) as follows: LB media,

supplemented with 50 pg/mL kanamycin, was warmed to 37 °C and inoculated with a 1:100
dilution of an overnight culture. Growth was monitored at ODgg and once ODg reached
approximately 0.4, overexpression was initiated by the addition of IPTG to 0.2 mM and
allowed to proceed for 3 h at that temperature. After this time, cells were harvested by
pelleting at 5,000 x g for 20 min (at 4 °C). The cell pellets were then flash frozen in liquid
nitrogen until needed. To obtain recombinant GST-Nup62, cell pellets were thawed on ice
and resuspended in 10 mL of lysis buffer (50 mM Tris-HCI, pH 8.0, 10 mM EDTA, 0.5 M
NaCl, 2 mM DTT and 1 mM PMSF; prepared fresh). Lysozyme was added to a final
concentration of 0.1 mg/mL and the mixture was incubated on ice for 10 min. The mixture
was diluted to 20 mL with additional lysis buffer and lysed by passing through a cell
disruptor three times. Lysates were clarified by centrifugation at 10,000 x g for 20 min (at 4
°C). The supernatant was transferred to a fresh tube and set aside. The pellet was washed by
first resuspending in detergent solution A (1.1 M urea, 2% Triton X-100), followed by
centrifugation at 10,000 x g for 20 min as above. The pellet was washed twice to afford the
purified inclusion body pellet, which was soluabilized by rocking at room temperature for
several hours in 10mL (for a cell pellet derived from ~1.5 L of culture) denaturing buffer (6
M urea, 50 mM Tris-HCI, pH 8.0, 1 mM EDTA, 2 mM DTT; prepared fresh) . After several
hours, the supernatant was removed and the remaining pellet was solubilized in an additional
10 mL of denaturing buffer. The supernatant from both incubations was pooled and
centrifuged at 16,100 x g for 20 min to remove any solid debris. Solubilized GST-Nup62
was then dialyzed against 20 mM Tris-HC1 pH 7.5 at 4 °C to remove urea and to remove urea

and refold the protein, The dialyzed protein was pelleted at 16,100 x g for 20 min to remove
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large aggregates, and the supernatant was further purified by GST-column chromatography
following the manufacturer’s specifications (Pierce). Affinity purified material was suitable
for use without further

[00225] Purification of ncOGT: ncOGT was expressed and purified as described
previously for hOGT*, with the following exception: after Ni-NTA purification, cleavage of
the N-terminal tags was not required. Instead, protein obtained from the elution fractions of
the Ni-NTA column was directly purified by size-exclusion chromatography (Superdex 200)
as described. ncOGT used in the experiments described below was quantified by nanodrop
using an extinction coefficient, €50 = 118,955 Mlem™.

In vitro Kinetics

[00226] Radiometric capture assay: Nucleoporin 62 (Nup62) was used as a model
substrate. ICsg values of the both inhibitors were determined at range of 0 to 100 uM (eight
point, duplicate). OGT antagonists were tested in a reaction mixture containing 18 pM
Nup62, 6 uM UDP-"*C-GlcNAc, 100 nM ncOGT, and 1x phosphate-buffered saline (1x
PBS) (137 mM NaC(l, 2.7 mM KCl, 10 mM Na;HPOy,, and 1.8 mM KH,PO,, pH 7.4). The
Nup62 glycosylation reactions were run for 15 min at 37 °C. Reaction mixtures were
subsequently quenched by spottinged on Whatman® Protran® nitrocellulose membrane,
washed with 1X PBS three times for 15 minutes each. The membranes were air dried and
then counted by liquid scintillation counting. The data were analyzed by Microsoft® Excel
and Prism 6 (Graphpad®). Robust non-linear variable slope regressions were generated to
determine the ICsy and Hill slope values.

[00227] In order to evaluate the mode of inhibition of OSMI-1 and UDP-5S-GlcNAc,
a series of experiments, as outlined above, were performed with Nup62 as glycosylation
substrate. The inhibition test of OSMI-1 was performed by varying the UDP-"C-GIcNAc
concentration from 0 to 0.25 mM while holding concentration of Nup62 constant at 10 uM
with four different concentrations of OSMI-1 (0 to 2 uM) in 1X PBS with 100 nM ncOGT
and with fixed and saturating concentrations of GST-Nup62 acceptor. The inhibition test of
UDP-5S-GIcNAc was performed by varying the UDP-"C-GlcNAc concentration from 0 to 1
mM while holding concentration of Nup62 constant at 10 uM with five different
concentrations of UDP-5S-GIcNAc (0, 1, 5, 10, and 15 uM) in 1X PBS with 100 nM ncOGT.
Each reaction was spotted on Whatman® grade P81 ion exchange chromatography paper
circles, washed with 1x PBS three times for 15 minutes each. The membranes were air dried
and then counted by liquid scintillation counting. Each assay was duplicated in parallel. The

data were analyzed by Microsoft® Excel and Prism 6 (Graphpad®). The Michaelis-Menten
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plots and K of both inhibitors calculated under non-linear regression with competitive
inhibition mode are shown in Figure 5.

[00228] UDP-Glo assay: Materials for this assay were obtained from Promega
(catalog #V6961), and the experiment was performed largely as outlined by the manufacturer.
ICs0 values were determined in the range of 0 to 100 uM (eleven concentration points).
Assays were performed either in white, 96-well or Y2-volume 96-well, plates. This assay was
run with 125 uM CKII3K peptide acceptor. Reaction volumes were between 14 (half volume
plates) and 20 (normal volume plates) pl.. Reactions contained the following components:
300 nM ncOGT, 125 uM CKII3K and 40 uM UDP-GIlcNAc in 1x PBS pH 7.4 supplemented
with 1 mM THP. Reactions were incubated for one hour at 25 °C and quenched by the
addition of an equal volume of UDP-Glo nucleotide detection reagent, prepared and used
according to manufacturer guidelines. The quenched reactions were then mixed briefly by
shaking at 1800 rpm in a Thermomixer C, and incubated for one hour at room temperature
prior to reading luminescence, as per the manufacturers guidelines. Data were analyzed by
Microsoft Excel and Prism 6 (Graphpad). When evaluating the effect of sugar donor
concentration, this parameter was varied, while all other conditions remained as described
above. Each sample in this case was run in duplicate, unless otherwise specified. The 40 uM
curve in Figure 16C has each point in quadruplicate. Similarly, there is an n=9 for each point
in the OSMI-1 curve in Figure 16B.

[00229] While the ICsq value for UDP-55GIcNAc increases with increasing UDP-
GlcNAc concentration, as expected for a competitive inhibitor (see Figure 16 and Equation
1), the ICso value for OSMI-1 remains largely unchanged across a broad range of UDP-

GlcNAc concentrations.

K;
ICy = - [S]+ K;
Km (1)
[00230] Equation 1 is the Cheng-Prusoff equation. Rearranged such that ICs is the

independent variable, [S] is the concentration of the competitive substrate (UDP-GlcNAc)
and K, is the K, for UDP-GIcNAc. Given this relationship, ICs, values should scale linearly
with substrate concentration for competitive inhibitors.

[00231] We reason that OSMI-1 is not acting as a competitive inhibitor of OGT. From
Figure 16D, we see that the slope of the linear regression for the shift in OSMI-1 ICs is

much too shallow to correspond to a competitive inhibitor.
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[00232] In vivo inhibition of glycosylation: For all immunoblotting experiments,
CHO-K1 (CHO) cells were grown in F12-K media supplemented with 10% FBS and
antibiotics at 37°C in a 5% CO;incubator. Cells were treated by adding indicated inhibitor in
DMSO vehicle (0.5% final vehicle concentration) upon reaching 70% confluence. After
indicated treatment length, cells were harvested by aspirating growth media and washing with
ice cold 1x PBS. Cells were subsequently lysed in boiling 1% SDS / 20mM HEPES 7.9.
After cooling to room temperature, ImM PMSF, 10uM PUGNAC, 10uM TMG and 1x
Complete protease inhibitor cocktail were added to the solution. The mixture was sonicated
and then subjected to a 5 minute incubation at 95°C. The samples were centrifuged for 15
minutes at 20,000xg and the supernatant was collected and the total protein was measured by
BCA assay (BIO-RAD).

[00233] The sample was separated by SDS-PAGE (Bio-Rad 4-15%, Cat: 345-0028),
transferred to a nitrocellulose membrane (iBlot, Invitrogen) and probed with the indicated
antibody. Tyipcally, membranes were blocked with 4% BSA in 1x TBS + 0.04% tween-20
for 1 hour before incubating with antibody (typically diluted 1:1000 in 4% BSA inlx TBS +
0.04% tween-20) overnight at 4 °C. Membranes were then washed three times with 1x TBS
+ 0.04% tween-20 and incubated with secondary antibody (typically diluted 1:5000 in 4%
BSA in 1x TBS + 0.04% tween-20) for 1 hour at room temperature. Lastly, membranes were
washed 3x with 1x TBS + 0.04% tween-20 and imaged with ECL. D283-Med cells were
treated as above but grown in F12-K media supplemented with 10% FBS and antibiotics.
HEK, HeLa and LNCaP cells were treated as above but grown in RPMI media supplemented
with 10% FBS and antibiotics.

[00234] It should be noted that HEK-293 cells were grown to >80% confluency prior
to drug treatment. This was critical for obtaining a sufficiently high cell density post-
treatment for subsequent immunoblotting.

[00235] Lectin blots were performed with the CHO-K1 cell lysate as prepared above.
Lectin blots were typically blocked with 1x Carbo-Free blocking solution (Vector
Laboratories) prior to overnight incubation with biotinylated lectin at 4°C. The biotin label
on the lectins was visualized with incubation with Streptavidin-HRP (Pierce) followed by
ECL detection and imaging.

[00236] Cell viability, cytotoxicity and apoptosis signaling assays were performed in
a 96-well plate using ApoTox-Glo reagent (Promega) according to the manufacturer’s

instructions.
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[00237] Induced-Fit Docking (IFD) Calculations: All calculations and following
analyses were based on the crystal structure of the OGT (PDB: 4GYY) with the Schrodinger
suite. Briefly, the structure was prepared with the Protein Preparation Wizard in Maestro
version 9.6. OSMI-1 was first converted to smiles and then prepared using LigPrep 2.9 to
avoid any conformational bias. Default settings were used unless stated otherwise. IFD
calculations of the Q6S moiety in SI Figure 2 was performed with the induced fit protocol in
Maestro. In particular, Glide grid was centered on UDP-5S-GlcNAc and Glide redocking

was performed using XP precision.
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EQUIVALENTS AND SCOPE
[00238] In the claims articles such as “a,” “an,” and “the”” may mean one or more than

one unless indicated to the contrary or otherwise evident from the context. Claims or
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descriptions that include “or” between one or more members of a group are considered
satisfied if one, more than one, or all of the group members are present in, employed in, or
otherwise relevant to a given product or process unless indicated to the contrary or otherwise
evident from the context. The invention includes embodiments in which exactly one member
of the group is present in, employed in, or otherwise relevant to a given product or process.
The invention includes embodiments in which more than one, or all of the group members are
present in, employed in, or otherwise relevant to a given product or process.

[00239] Furthermore, the invention encompasses all variations, combinations, and
permutations in which one or more limitations, elements, clauses, and descriptive terms from
one or more of the listed claims is introduced into another claim. For example, any claim that
is dependent on another claim can be modified to include one or more limitations found in
any other claim that is dependent on the same base claim. Where elements are presented as
lists, e.g., in Markush group format, each subgroup of the elements is also disclosed, and any
element(s) can be removed from the group. It should it be understood that, in general, where
the invention, or aspects of the invention, is/are referred to as comprising particular elements
and/or features, certain embodiments of the invention or aspects of the invention consist, or
consist essentially of, such elements and/or features. For purposes of simplicity, those
embodiments have not been specifically set forth in haec verba herein. It is also noted that
the terms “comprising” and “containing” are intended to be open and permits the inclusion of
additional elements or steps. Where ranges are given, endpoints are included. Furthermore,
unless otherwise indicated or otherwise evident from the context and understanding of one of
ordinary skill in the art, values that are expressed as ranges can assume any specific value or
sub-range within the stated ranges in different embodiments of the invention, to the tenth of
the unit of the lower limit of the range, unless the context clearly dictates otherwise.

[00240] This application refers to various issued patents, published patent
applications, journal articles, and other publications, all of which are incorporated herein by
reference. If there is a conflict between any of the incorporated references and the instant
specification, the specification shall control. In addition, any particular embodiment of the
present invention that falls within the prior art may be explicitly excluded from any one or
more of the claims. Because such embodiments are deemed to be known to one of ordinary
skill in the art, they may be excluded even if the exclusion is not set forth explicitly herein.
Any particular embodiment of the invention can be excluded from any claim, for any reason,

whether or not related to the existence of prior art.
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[00241] Those skilled in the art will recognize or be able to ascertain using no more
than routine experimentation many equivalents to the specific embodiments described herein.
The scope of the present embodiments described herein is not intended to be limited to the
above Description, but rather is as set forth in the appended claims. Those of ordinary skill in
the art will appreciate that various changes and modifications to this description may be made

without departing from the spirit or scope of the present invention, as defined in the following

claims.
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CLAIMS
What is claimed is:
1. A compound of Formula (I):
2
Emi %
37 N~
R o R @3
b
1y
or a pharmaceutically acceptable salt thereof,
wherein
a 0
souN e
| |
N I N/J*o
Ring A is of the formula®  R®  or R , wherein a and b indicate the

points of attachment to the phenyl ring;
X

| _R1a
P

R'is n-butyl, thiophene, -CH,-Ph, cyclohexyl, or of the formula: ww ;

R™is hydrogen, halogen, -OR", or optionally substituted C;_4 alkyl;

R is hydrogen or C;_4 alkyl;

each of R* and R is independently hydrogen, optionally substituted C_4 alkyl,
optionally substituted thiophenyl-C; 4 alkylene, optionally substituted phenyl-C,_4 alkylene, or
optionally substituted furanyl-C;_4 alkylene;

R* is hydrogen, optionally substituted C,. alkyl, or a nitrogen protecting group;

each of R™ R, and R is independently hydrogen, optionally substituted C.¢ alkyl,
or a nitrogen protecting group;

R'and R* may optionally be taken together with the intervening nitrogen to form
optionally substituted heteroaryl or optionally substituted heterocycle; and

R* and R® may optionally be taken together with the intervening nitrogen to form

optionally substituted six-membered heterocycle.
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2. The compound of claim 1 of Formula (II):

| \_R1a

(1)

or a pharmaceutically acceptable salt thereof.

3. The compound of claim 2 of Formula (II-a):

| \_R1a

(1I-a)

or a pharmaceutically acceptable salt thereof.

4. The compound of claim 2 of Formula (1I-b):

~
G
) =

0

I : O
z \//
N .S
R3 N
! A
O R4

(1I-b)

or a pharmaceutically acceptable salt thereof.

5. The compound of claim 1 of Formula (IIT):

11y

or a pharmaceutically acceptable salt thereof.
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6. The compound of claim 5 of Formula (II1-a):
% =
\\ //

(I11-a)

or a pharmaceutically acceptable salt thereof.

7. The compound of claim 6 of Formula (III-al):

q
\\//

O
— R5a
(IlI-al)
or a pharmaceutically acceptable salt thereof.
8. The compound of claim 7 of Formula (III-al-i):
% P
\\ //
O
— R5a

(ITI-al-i)

or a pharmaceutically acceptable salt thereof.
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0. A compound of claim 7 of Formula (III-al-ii):

<jﬁ Q—ma
famaool

(ITI-al-ii)

or a pharmaceutically acceptable salt thereof.

10. The compound of claim 6 of Formula (III-a2):

Q P
\\//
R
N

(T11-a2)

or a pharmaceutically acceptable salt thereof.

11.  The compound of claim 10 of Formula (III-a2-i):

q >
\\//
,R5b
N

(TT1-a2-i)

or a pharmaceutically acceptable salt thereof.
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12.  The compound of claim 10 of Formula (III-a2-ii):

C\ O
5 @]
\\//

5b
N,R
2o © rr’l%o
— RSa
(ITI-a2-ii)
or a pharmaceutically acceptable salt thereof.
13. The compound of claim 1, wherein R'is n-butyl.
14. The compound of claim 1, wherein R'is —CH,-Ph.
15. The compound of claim 1, wherein each of R* and R? is independently optionally

substituted thiophenyl-C;_4 alkylene, optionally substituted phenyl-C;_4 alkylene, or optionally

substituted furanyl- C;4 alkylene.

16. The compound of claim 1, wherein each of R* and R? is independently optionally

substituted thiophenyl-C;_4 alkylene or optionally substituted furanyl- C;_4 alkylene.
17. The compound of claim 1, wherein each of R* and R? is independently optionally
substituted thiophenyl-CH,-, optionally substituted phenyl-CH,-, or optionally substituted

furanyl-CH,-.

18. The compound of claim 1, wherein each of R* and R? is independently optionally

substituted thiophenyl-CH;- or optionally substituted furanyl-CH,-.
19. The compound of claim 1, wherein R? is hydrogen; and R? is C)_4 alkyl.

20. The compound of claim 1, wherein R? is hydrogen; and R? is methyl or ethyl.
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21. The compound of claim 1, wherein R is C, alkyl; and R’ is optionally substituted
thiophenyl-C, 4 alkylene, optionally substituted phenyl-C,_4 alkylene, or optionally substituted
furanyl-C;_4 alkylene.

22. The compound of claim 1, wherein R is C, alkyl; and R’ is optionally substituted
thiophenyl-C, 4 alkylene or optionally substituted furanyl-C,;_4 alkylene.

23. The compound of claim 1, wherein R is methyl; and R’ is optionally substituted

thiophenyl-CHs,-, optionally substituted phenyl-CH,-, or optionally substituted furanyl-CH,-.\

24. The compound of claim 1, wherein R is methyl; and R’ is optionally substituted

thiophenyl-CHa»- or optionally substituted furanyl-CH,-.

25. The compound of claim 1, wherein R* and R’ are taken together with the intervening

nitrogen to form optionally substituted six-membered heterocycle.

26. The compound of claim 1, wherein R* and R’ are taken together with the intervening

nitrogen to form optionally substituted piperidinyl, piperazinyl, or morpholinyl ring.
27. The compound of claim 1, wherein R"™is halogen.
28. The compound of claim 1, wherein R"™is optionally substituted C;_4 alkyl.

29. The compound of claim 1, wherein R!'%is substituted Ci4 alkyl.

30. The compound of claim 1, wherein R'7is -CF;.

31. The compound of claim 1, wherein R!%is unsubstituted Ci4 alkyl.
32. The compound of claim 1, wherein R'7is -CH;.

33. The compound of claim 1, wherein R'"™is —OR".

34, The compound of claim 1, wherein R'%is —~OH or —~OCH;.
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35. The compound of claim 1, wherein R” is hydrogen.
36. The compound of claim 1, wherein R” is optionally substituted C;_¢ alkyl.

37. The compound of claim 1, wherein R' and R” are taken together with the intervening

nitrogen to form optionally substituted heteroaryl or optionally substituted heterocycle.

38. The compound of claim 37, wherein R' and R* are taken to gether with the intervening

nitrogen to form optionally substituted 5,6-membered heterocycle.

39. The compound of claim 37, wherein R' and R* are taken to gether with the intervening

nitrogen to form an optionally substituted isoindoline ring.

40. The compound of claim 37, wherein R' and R* are taken to gether with the intervening

nitrogen to form optionally substituted 6,6-membered heterocycle.

41. The compound of claim 37, wherein R' and R* are taken to gether with the intervening

nitrogen to form an optionally substituted dihydro-isoquinoline ring.

42. The compound of any preceding claims, wherein R™is hydrogen.
43. The compound of any preceding claims, wherein R is hydrogen.
44. The compound of any preceding claims, wherein R is hydrogen.
45. The compound of claim 1 of one of the following formulae:

@2,
o s
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46. The compound of claim 1, wherein the compound of formula (I) is not one of the

following formulae:

|
~ N\
ID/S\N N mS\N N
H H
o N O O
H

=
o
Qé'p O " X N
0
0

m@

Ir=z

Ir=z

I

Iz

I
T
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I N\
0
O\\ U O\\ //O K
H H
0~ N © 0" N ©
H , Oor H
47. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of any one of claims 1-46; and a pharmaceutically acceptable excipient.

48. The composition of claim 47, administered in an amount sufficient to deliver about

0.001 mg/kg to about 100 mg/kg of subject body weight per day.

49. The composition of claim 47, administered in an amount sufficient to deliver about

0.01 mg/kg to about 10 mg/kg.

40. The composition of claim 47, administered in an amount sufficient to deliver about

0.1 mg/kg to about 40 mg/kg.

51. The composition of claim 47, administered in an amount sufficient to deliver about 1
mg/kg to about 25 mg/kg.
52. A method for treating an OGT-associated disease or condition in a subject comprising

administering to a subject in need of such treatment a therapeutically effective amount of a

compound of any one of claims 1-46 or a composition of claim 47.

53. The method of claim 52, wherein the subject is human.

54. The method of claim 52, wherein the compound or composition is administered in

combination with an additional drug for treating an OGT-associated disease or disorder.
55. The method of claim 54, wherein the OGT-associated disease or condition is a

neurodegenerative disease, cancer, metabolic disease, autoimmune disease, or inflammatory

disease.
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56. The method of claim 55, wherein the metabolic disease is diabetes mellitus type 1,

diabetes mellitus type II, insulin resistance, or a complication of diabetes.

57. The method of claim 56, wherein the complication of diabetes is insulin resistance,
vascular disease, skin ulcers, circulatory damage, diabetic nephropathy, diabetic retinopathy,

diabetic keratopathy, microvascular disease, macrovascular disease, or diabetic neuropathy.

58. The method of claim 55, wherein the neurodegenerative disease is Alzheimer’s
disease, progressive supranuclear palsy, corticobasal degeneration, frontotemporal lobar

degeneration, or Pick’s disease.

59. The method of claim 55, wherein the cancer is of the breast; biliary tract; bladder;
bone; brain, including glioblastomas and medulloblastomas; central and peripheral nervous
system; cervix; colon; connective tissue; endocrine glands (e.g., thyroid and adrenal cortex);
esophagus; endometrium; germ cells; gastrointestinal tract; head and neck; kidneys; liver;
lung; larynx and hypopharynx; mesothelioma; muscle; ovary, including those arising from
epithelial cells, stromal cells, germ cells and mesenchymal cells; pancreas; prostate; rectum;
renal, including adenocarcinoma and Wilms tumor; small intestine; soft tissue; testis,
including germinal tumors such as seminoma, non-seminoma (teratomas, choriocarcinomas),
stromal tumors, and germ cell tumors; thyroid, including thyroid adenocarcinoma and
medullar carcinoma; stomach; skin, including melanoma, Kaposi’s sarcoma, basocellular
cancer, and squamous cell cancer; ureter; vagina; and vulva; retinoblastoma; leukemia and
lymphoma, namely non-Hodgkins disease, lymphocytic lymphomas, chronic and acute
myeloid leukemia (CML/AML), acute lymphoblastic leukemia (ALL), chronic lymphocytic
leukemia (CLL), Hodgkins disease, multiple myeloma, and T-cell lymphoma;
myelodysplastic syndrome; plasma cell neoplasia; paraneoplastic syndromes; intraepithelial
neoplasms including Bowen's disease and Paget's disease; neuroblastomas; oral cancer
including squamous cell carcinoma; sarcomas including leiomyosarcoma,
rhabdomyosarcoma, liposarcoma, fibrosarcoma, and osteosarcoma; cancers of unknown

primary site; or AIDS-related malignancies.

60. The method of claim 55, wherein the autoimmune disease is inflammatory bowel
disease, arthritis, systemic lupus erythematosus, rheumatoid arthritis, psoriatic arthritis,

osteoarthritis, Still’s disease, juvenile arthritis, diabetes, myasthenia gravis, Hashimoto’s
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thyroiditis, Ord’s thyroiditis, Graves’ disease, Sjogren’s syndrome, multiple sclerosis,
Guillain-Barre syndrome, acute disseminated encephalomyelitis, Addison’s disease,
opsoclonus-myoclonus syndrome, ankylosing spondylosis, antiphospholipid antibody
syndrome, aplastic anemia, autoimmune hepatitis, celiac disease, Goodpasture’s syndrome,
idiopathic thrombocytopenic purpura, optic neuritis, scleroderma, primary biliary cirrhosis,
Reiter’s syndrome, Takayasu’s arteritis, temporal arteritis, warm autoimmune hemolytic
anemia, Wegener’s granulomatosis, psoriasis, alopecia universalis, Behcet’s disease, chronic
fatigue, dysautonomia, endometriosis, interstitial cystitis, neuromyotonia, scleroderma, or

vulvodynia.

61. The method of claim 55, wherein the inflammatory disease is asthma, appendicitis,
Blau syndrome, blepharitis, bronchiolitis, bronchitis, bursitis, cervicitis, cholangitis,
cholecystitis, chronic obstructive pulmonary disease (COPD), chronic recurrent multifocal
osteomyelitis (CRMO), colitis, conjunctivitis, cryopyrin associated periodic syndrome
(CAPS), cystitis, dacryoadenitis, dermatitis, dermatomyositis, dry eye syndrome,
encephalitis, endocarditis, endometritis, enteritis, enterocolitis, epicondylitis, epididymitis,
familial cold-induced autoinflammatory syndrome, familial Mediterranean fever (FMF),
fasciitis, fibrositis, gastritis, gastroenteritis, hepatitis, hidradenitis suppurativa, laryngitis,
mastitis, meningitis, mevalonate kinase deficiency (MKD), Muckle-Well syndrome, myelitis
myocarditis, myositis, nephritis, oophoritis, orchitis, osteitis, inflammatory osteolysis, otitis,
pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, pneumonitis,
pneumonia, proctitis, prostatitis, pulmonary fibrosis, pyelonephritis, pyoderma gangrenosum
and acne syndrome (PAPA), pyogenic sterile arthritis, rhinitis, salpingitis, sinusitis,
stomatitis, synovitis, systemic juvenile rheumatoid arthritis, tendonitis, TNF receptor
associated periodic syndrome (TRAPS), tonsillitis, undifferentiated spondyloarthropathy,
undifferentiated arthropathy, uveitis, vaginitis, vasculitis, vulvitis, or chronic inflammation

resulting from chronic viral or bacteria infections, or psoriasis.

62. A method for inhibiting OGT activity in a cell comprising contacting a cell with an

effective amount of a compound of any one of claims 1-46 to inhibit OGT.
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