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INHIBITORS OF MALT1 AND USES
THEREOF

RELATED APPLICATIONS

This application is a national stage filing under 35 U.S.C.
§ 371 of international application PCT/US2018/021481,
filed Mar. 8, 2018, which claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Patent Application, U.S. Ser. No.
62/468,758, filed Mar. 8, 2017, and U.S. Provisional Patent
Application, U.S. Ser. No. 62/553,336, filed Sep. 1, 2017.
The entirety of each is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to compounds that
inhibit MALT1 and uses of the compounds in the treatment
of MALT1-related diseases or disorders (e.g., cancer).

BACKGROUND OF THE INVENTION

Diftuse large B-cell lymphoma (DLBCL) is a cancer of B
cells and is the most common type of non-Hodgkin’s
lymphoma in adults. DLBCL is an aggressive tumor which
can arise in almost any part of the body. Typically, DLBCL
arises from normal B cells, but it can also represent a
malignant transformation of other types of lymphoma or
leukemia with underlying immunodeficiency being a sig-
nificant risk factor. Despite advances in treatment, one third
of DLBCL patients either do not respond or relapse within
a short time. There are two major biologically distinct
molecular subtypes of DLBCL: germinal center B-cell
(GCB) and activated B-cell (ABC). ABC-DLBCL is derived
from B cells that are in the process of differentiating from
germinal center B cells to plasma cells. Typically, patients
diagnosed with the ABC subtype have poorer outcomes than
GCB patients.

Mucosa-associated lymphoid tissue lymphoma transloca-
tion protein 1 (MALT1) is part of the paracaspase family and
possesses proteolytic activity. It is a functional cysteine
protease activated by T-cell receptor stimulation that has an
important role in the activation of the transcription factor
NF-kB, in the production of interleukin-2 (IL.-2), and in the
proliferation of T and B lymphocytes. For example, the
survival of several known ABC-DLBCL cell lines depends
on a trio of signaling adapters: CARDI11, MALT1, and
BCL10. These proteins form the CBM complex that is
involved in the antigen-dependent activation of NF-kB. In
addition to acting as a scaffold protein within the CBM
complex, MALT1 also contains a proteolytic activity that is
constitutively activated in ABC-DLBCL. MALT1 inhibitors
are known to inhibit NF-kB target gene expression and
ABC-DLBCL viability, making MALT1 inhibition an attrac-
tive therapeutic target for the treatment of ABC-DLBCL. In
addition, dysregulation of MALT]1 activity plays a role in the
development of other diseases, such as MALT1-dependent
inflammatory and/or autoimmune diseases (e.g., theumatoid
arthritis, multiple sclerosis, psoriasis, systemic lupus,
Sjogren’s syndrome, and Hashimoto’s thyroiditis). Accord-
ingly, a need exists to discover and develop MALT1 inhibi-
tors.

SUMMARY OF THE INVENTION

Inhibition of the protease activity of MALT1 has been
shown to have anti-proliferative effects on cancer cells (e.g.,
ABC-DLBCL cells), and be a possible target in the treatment

10

15

20

25

35

40

45

50

55

60

65

2

of inflammatory and autoimmune diseases (e.g., theumatoid
arthritis, multiple sclerosis, psoriasis, systemic lupus).
Accordingly, the present disclosure stems from the recog-
nition that, by targeting and inhibiting MALT1 proteolytic
activity, new compounds, compositions, and methods are
provided that are useful for the treatment of diseases asso-
ciated with the dysregulation of MALT1 activity (e.g.,
hematological cancers such as DLBCL).

The present disclosure provides compounds that act to
bind MALT1 and inhibit its constitutive proteolytic activity,
which is common in some cancers, thereby conferring an
anti-proliferative effect. The present disclosure also provides
methods of treating cancer, inflammatory diseases, and
autoimmune diseases with the compounds disclosed herein,
and compositions thereof. Thus, the present disclosure rep-
resents an important advance in the treatment of cancer,
particularly DLBCL, as well as in the treatment of inflam-
matory and autoimmune diseases.

In one aspect, provided are compounds of Formula I:

R

@ \(Ll/ <R2>k,

and pharmaceutically acceptable salts, co-crystals, tau-

tomers, stereoisomers, solvates, hydrates, polymorphs, iso-

topically enriched derivatives, or prodrugs thereof, wherein:
Ais

Z—
Z_

QS)I\N/

=

®RY,

{

x
Z
N

B is pyridinyl;

each occurrence of R' and R? is, independently, halogen,
substituted or unsubstituted acyl, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substituted or unsubstituted carbo-
cyclyl, substituted or unsubstituted heterocyclyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heteroalkyl, —OR#, —N(R“),,
—SR“, —CN, —SCN, —C(=NR“)R*, —C(=NR*)OR,
—C(=NRHN(R),, —C(=0)R4, —C(=0)OR4,
—C(=0O)NRY),, —S(=0)R?, —S(=0),R*, —NO,,
—NRAC(=O0)R*, —NR*C(=0)OR?, —NRC(=O)N
(R?),, —NRAS(=0)R4, —NRAS(=0),R4, —S(=O)N
(R?),, —8(=0),N(R?),, —OC(=0)R*, —OC(=0)OR",
or —OC(=0)N(R*),;

each occurrence of R® and R* is, independently, hydrogen,
substituted or unsubstituted alkyl, or a nitrogen protecting
group;

each occurrence of R is, independently, hydrogen, sub-
stituted or unsubstituted acyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or
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unsubstituted alkynyl, substituted or unsubstituted heteroal-
kyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted heterocyclyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, a nitrogen protecting
group when attached to a nitrogen atom, an oxygen protect-
ing group when attached to an oxygen atom, or a sulfur
protecting group when attached to a sulfur atom, or two R*
groups are joined to form a substituted or unsubstituted
heterocyclic ring;

kis 1,2, 3, or 4; and

pis1,2,3,4,5, or6.

In certain embodiments, provided are compounds of
Formula I:

R

N N

@/ \[(l/ <R2>b

and pharmaceutically acceptable salts, co-crystals, tau-

tomers, stereoisomers, solvates, hydrates, polymorphs, iso-

topically enriched derivatives, or prodrugs thereof, wherein:
Alis

R3
|

Z x
(Rl)p—:
\/\N/
B is pyridinyl;
each occurrence of R! and R? is, independently, halogen,
substituted or unsubstituted acyl, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substituted or unsubstituted carbo-
cyclyl, substituted or unsubstituted heterocyclyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heteroalkyl, —OR* —N(R%),,
—8SR“, —CN, —SCN, —C(=NR“)R*, —C(=NR*)OR,

—C(=NR*)NRY),, —C(=OR%L  —C(=0)OR%,
—C(—=O)NR?Y),, —S(=O)R*, —S(=0),R?, —NO,,
—NRAC(—O)R?, —NRAC(—O0)OR%, —NRAC(—O)N

(R?),, —NR*$(=0)R“, —NR*S$(=0),R?, —S(=O0)N
(RY),, —S(=0),N(R),, —OC(=0)R*, —OC(=0)OR*,
or —OC(=0)N(R?),;

each occurrence of R? and R* is, independently, hydrogen,
substituted or unsubstituted alkyl, or a nitrogen protecting
group;

each occurrence of R¥ is, independently, hydrogen, sub-
stituted or unsubstituted acyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted heteroal-
kyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted heterocyclyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, a nitrogen protecting
group when attached to a nitrogen atom, an oxygen protect-
ing group when attached to an oxygen atom, or a sulfur
protecting group when attached to a sulfur atom, or two R*
groups are joined to form a substituted or unsubstituted
heterocyclic ring;

kis 1,2, 3, or 4; and

pis1,2,3,4,5, or6.
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Exemplary compounds of Formula I include, but are not
limited to:

MeO.

ClL % % Cl
Z o = N,

N N N/
N\
CF3;

\Q\I/

CF3;

U

H H

N N cl
AN AN
F 0 & _N
N N N

Nz
N al
F O V N
N N N7
N,

N al
\[( \(\/E
O = N,
N N~

N
N K al
F O Z N
cl N N N~
N
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-continued

H H
cl N N cl
AN x
C% T X
& 0 Z _N
N N 1\\1\>
N
F N N N N cl
T X
& 0 F _N
N N 1\\1\\>
N
N §T§ N
JT L,
MeO N N NN
\
MeO. N N N N cl
TX
= 0 =
N N N7\
\
F
a _ §T§ ~ !
F;
\ | o} | PA
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peegaee

\§ Ao
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= (@] = _
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H H al
F O / N,
N

N
H H o

a0 ®

<S N/ © N/ N

and pharmaceutically acceptable salts thereof.

In another aspect, provided are pharmaceutical composi-
tions comprising a compound of Formula I, or a pharma-
ceutically acceptable salt thereof, and optionally a pharma-
ceutically acceptable excipient.

In another aspect, provided are methods of treating cancer
in a subject in need thereof, the method comprising admin-
istering a compound of Formula I, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition
comprising a compound of Formula I to the subject. In
certain embodiments, the cancer is a hematological cancer.
In certain embodiments, the cancer is a lymphoid malig-
nancy. In certain embodiments, the hematological cancer is
a leukemia, lymphoma, or multiple myeloma. In certain
embodiments, the cancer is mantle cell lymphoma. In certain
embodiments, the cancer is a diffuse large B-cell lymphoma
(e.g., ABC-DLBCL).

In another aspect, provided are methods of inhibiting the
activity of MALT1, the method comprising contacting a
compound of Formula I, or a pharmaceutically acceptable
salt thereof, with MALT1. In certain embodiments, the
MALT1 is in a cell (e.g., a human cell)

In another aspect, provided are compounds of Formula I,
or pharmaceutically acceptable salts thereof, or pharmaceu-
tical compositions comprising a compound of Formula I, or
pharmaceutically acceptable salts thereof, for use in treating
cancer in a subject in need thereof (e.g., ABC-DLBCL).

In another aspect, provided are kits comprising a com-
pound of Formula I, or a pharmaceutically acceptable salt
thereof, or a pharmaceutical composition comprising a com-
pound of Formula I, or pharmaceutically acceptable salts
thereof. In certain embodiments, the kits further comprise
instructions for administration (e.g., human administration).

The details of certain embodiments of the invention are
set forth in the Detailed Description of Certain Embodi-
ments, as described below. Other features, objects, and
advantages of the invention will be apparent from the
Definitions, Examples, and Claims.

Definitions

Chemical Definitions

Definitions of specific functional groups and chemical
terms are described in more detail below. The chemical
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elements are identified in accordance with the Periodic Table
of the Elements, CAS version, Handbook of Chemistry and
Physics, 75" Ed., inside cover, and specific functional
groups are generally defined as described therein. Addition-
ally, general principles of organic chemistry, as well as
specific functional moieties and reactivity, are described in
Organic Chemistry, Thomas Sorrell, University Science
Books, Sausalito, 1999; Smith and March, March’s
Advanced Organic Chemistry, 5 Edition, John Wiley &
Sons, Inc., New York, 2001; Larock, Comprehensive
Organic Transformations, VCH Publishers, Inc., New York,
1989; and Carruthers, Some Modern Methods of Organic
Svnthesis, 3" Edition, Cambridge University Press, Cam-
bridge, 1987.

Compounds described herein can comprise one or more
asymmetric centers, and thus can exist in various stereoiso-
meric 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 et al., Enantiomers, Racemates and Reso-
Iutions (Wiley Interscience, New York, 1981); Wilen et al.,
Tetrahedron 33:2725 (1977); Eliel, E. L. Stereochemistry of
Carbon Compounds (McGraw-Hill, N Y, 1962); and Wilen,
S. H., Tables of Resolving Agents and Optical Resolutions
p.- 268 (E. L. Eliel, Ed., Univ. of Notre Dame Press, Notre
Dame, Ind. 1972). The invention additionally encompasses
compounds as individual isomers substantially free of other
isomers, and alternatively, as mixtures of various isomers.

In a formula, ™ is a single bond where the stereochem-
istry of the moieties immediately attached thereto is not
specified, -~ is absent or a single bond, and == or === is a
single or double bond.

Unless otherwise stated, structures depicted herein are
also meant to include compounds that differ only in the
presence of one or more isotopically enriched atoms. For
example, compounds having the present structures except
for the replacement of hydrogen by deuterium or tritium,
replacement of '°F with '®F, or the replacement of '*C
with '*C or '*C are within the scope of the disclosure. Such
compounds are useful, for example, as analytical tools or
probes in biological assays.

When a range of values is listed, it is intended to encom-
pass each value and sub-range within the range. For example
“C,_¢ alkyl” is intended to encompass, C,, C,, C;, C,, Cs,
Co Cie Ciisy Crias Ciias Cipy Coy Cos, Gy Cozy G
Cyss C54, Cyp, Cus, and Cy ¢ alkyl.

The term “aliphatic” refers to alkyl, alkenyl, alkynyl, and
carbocyclic groups. Likewise, the term ‘“heteroaliphatic”
refers to heteroalkyl, heteroalkenyl, heteroalkynyl, and het-
erocyclic groups.

The term “alkyl” refers to a radical of a straight-chain or
branched saturated hydrocarbon group having from 1 to 10
carbon atoms (“C,_;, alkyl”). In some embodiments, an
alkyl group has 1 to 9 carbon atoms (“C, 4 alkyl”). In some
embodiments, an alkyl group has 1 to 8 carbon atoms (“C,
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 (“C, ¢ alkyl”). In some
embodiments, an alkyl group has 1 to 5 carbon atoms (“C,
alkyl”). In some embodiments, an alkyl group has 1 to 4
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carbon atoms (“C,_, alkyl”). In some embodiments, an alkyl
group has 1 to 3 carbon atoms (“C, ; 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 (“C,_¢ alkyl”). Examples of C, 4 alkyl
groups include methyl (C,), ethyl (C,), propyl (C;) (e.g.,
n-propyl, isopropyl), butyl (C,) (e.g., n-butyl, tert-butyl,
sec-butyl, iso-butyl), pentyl (C) (e.g., n-pentyl, 3-pentanyl,
amyl, neopentyl, 3-methyl-2-butanyl, tertiary amyl), and
hexyl (Cy) (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 sub-
stituents (e.g., halogen, such as F). In certain embodiments,
the alkyl group is an unsubstituted C, |, alkyl (such as
unsubstituted C, ¢ alkyl, e.g., —CH; (Me), unsubstituted
ethyl (Et), unsubstituted propyl (Pr, e.g., unsubstituted
n-propyl (n-Pr), unsubstituted isopropyl (i-Pr)), unsubsti-
tuted butyl (Bu, e.g., unsubstituted n-butyl (n-Bu), unsub-
stituted tert-butyl (tert-Bu or t-Bu), unsubstituted sec-butyl
(sec-Bu), unsubstituted isobutyl (i-Bu)). In certain embodi-
ments, the alkyl group is a substituted C, _,, alkyl (such as
substituted C, , alkyl, e.g., —CFj;, Bn).

The term “haloalkyl” is a substituted alkyl group, wherein
one or more of the hydrogen atoms are independently
replaced by a halogen, e.g., fluoro, bromo, chloro, or iodo.
In some embodiments, the haloalkyl moiety has 1 to 8
carbon atoms (“C, 4 haloalkyl”). In some embodiments, the
haloalkyl moiety has 1 to 6 carbon atoms (“C, _g haloalkyl”).
In some embodiments, the haloalkyl moiety has 1 to 4
carbon atoms (“C, _, haloalkyl”). In some embodiments, the
haloalkyl moiety has 1 to 3 carbon atoms (“C, _; haloalkyl”).
In some embodiments, the haloalkyl moiety has 1 to 2
carbon atoms (“C,, haloalkyl”). Examples of haloalkyl
groups include —CHF,, —CH,F, —CF;, —CH,CF;,
—CF,CF;, —CF,CF,CF,, —CCl,, —CFCl,, —CF,Cl, and
the like.

The term “hydroxyalkyl” is a substituted alkyl group,
wherein one or more of the hydrogen atoms are indepen-
dently replaced by a hydroxyl. In some embodiments, the
hydroxyalkyl moiety has 1 to 8 carbon atoms (“C, g
hydroxyalkyl”). In some embodiments, the hydroxyalkyl
moiety has 1 to 6 carbon atoms (“C,_¢ hydroxyalkyl”). In
some embodiments, the hydroxyalkyl moiety has 1 to 4
carbon atoms (“C,_, hydroxyalkyl”). In some embodiments,
the hydroxyalkyl moiety has 1 to 3 carbon atoms (“C, ;5
hydroxyalkyl”). In some embodiments, the hydroxyalkyl
moiety has 1 to 2 carbon atoms (“C,_, hydroxyalkyl”).

The term “azidoalkyl” is a substituted alkyl group,
wherein one or more of the hydrogen atoms are indepen-
dently replaced by an azide (—Nj;). In some embodiments,
the azidoalkyl moiety has 1 to 8 carbon atoms (“C,
azidoalkyl”). In some embodiments, the azidoalkyl moiety
has 1 to 6 carbon atoms (“C,  azidoalkyl”). In some
embodiments, the azidoalkyl moiety has 1 to 4 carbon atoms
(“C,_, azidoalkyl”). In some embodiments, the azidoalkyl
moiety has 1 to 3 carbon atoms (“C,_; azidoalkyl”). In some
embodiments, the azidoalkyl moiety has 1 to 2 carbon atoms
(“C,_, azidoalkyl”).

The term “alkoxy” refers to an alkyl group, as defined
herein, appended to the parent molecular moiety through an
oxygen atom. In some embodiments, the alkoxy moiety has
1 to 8 carbon atoms (“C, ¢ alkoxy”). In some embodiments,
the alkoxy moiety has 1 to 6 carbon atoms (“C,_g alkoxy™).
In some embodiments, the alkoxy moiety has 1 to 4 carbon
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atoms (“C,_, alkoxy”). In some embodiments, the alkoxy
moiety has 1 to 3 carbon atoms (“C,_; alkoxy”). In some
embodiments, the alkoxy moiety has 1 to 2 carbon atoms
(“C,_, alkoxy”). Representative examples of alkoxy include,
but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy,
butoxy and tert-butoxy.

The term “alkoxyalkyl” is a substituted alkyl group,
wherein one or more of the hydrogen atoms are indepen-
dently replaced by an alkoxy group, as defined herein. In
some embodiments, the alkoxyalkyl moiety has 1 to 8
carbon atoms (“C, g alkoxyalkyl”). In some embodiments,
the alkoxyalkyl moiety has 1 to 6 carbon atoms (“C, g
alkoxyalkyl”). In some embodiments, the alkoxyalkyl moi-
ety has 1 to 4 carbon atoms (“C,_, alkoxyalkyl”). In some
embodiments, the alkoxyalkyl moiety has 1 to 3 carbon
atoms (“C, , alkoxyalkyl”). In some embodiments, the
alkoxyalkyl moiety has 1 to 2 carbon atoms (“C,_, alkoxy-
alkyl”).

The term “heteroalkyl” refers to an alkyl group, which
further includes at least one heteroatom (e.g., 1, 2, 3, or 4
heteroatoms) selected from oxygen, nitrogen, or sulfur
within (i.e., inserted between adjacent carbon atoms of)
and/or placed at one or more terminal position(s) of the
parent chain. In certain embodiments, a heteroalkyl group
refers to a saturated group having from 1 to 20 carbon atoms
and 1 or more heteroatoms within the parent chain (“het-
eroC, _,, alkyl”). In some embodiments, a heteroalkyl group
is a saturated group having 1 to 18 carbon atoms and 1 or
more heteroatoms within the parent chain (“heteroC,
alkyl”). In some embodiments, a heteroalkyl group is a
saturated group having 1 to 16 carbon atoms and 1 or more
heteroatoms within the parent chain (“heteroC, , 4 alkyl”). In
some embodiments, a heteroalkyl group is a saturated group
having 1 to 14 carbon atoms and 1 or more heteroatoms
within the parent chain (“heteroC, ;, alkyl”). In some
embodiments, a heteroalkyl group is a saturated group
having 1 to 12 carbon atoms and 1 or more heteroatoms
within the parent chain (“heteroC, ;, alkyl”). In some
embodiments, a heteroalkyl group is a saturated group
having 1 to 10 carbon atoms and 1 or more heteroatoms
within the parent chain (“heteroC, ;, alkyl”). In some
embodiments, a heteroalkyl group is a saturated group
having 1 to 8 carbon atoms and 1 or more heteroatoms
within the parent chain (“heteroC,  alkyl”). In some
embodiments, a heteroalkyl group is a saturated group
having 1 to 6 carbon atoms and 1 or more heteroatoms
within the parent chain (“heteroC, ; alkyl”). In some
embodiments, a heteroalkyl group is a saturated group
having 1 to 4 carbon atoms and 1 or 2 heteroatoms within the
parent chain (“heteroC,_, alkyl”). In some embodiments, a
heteroalkyl group is a saturated group having 1 to 3 carbon
atoms and 1 heteroatom within the parent chain (“heteroC, 5
alkyl”). In some embodiments, a heteroalkyl group is a
saturated group having 1 to 2 carbon atoms and 1 heteroatom
within the parent chain (“heteroC, , alkyl”). In some
embodiments, a heteroalkyl group is a saturated group
having 1 carbon atom and 1 heteroatom (“heteroC, alkyl”).
In some embodiments, the heteroalkyl group defined herein
is a partially unsaturated group having 1 or more heteroa-
toms within the parent chain and at least one unsaturated
carbon, such as a carbonyl group. For example, a heteroalkyl
group may comprise an amide or ester functionality in its
parent chain such that one or more carbon atoms are
unsaturated carbonyl groups. Unless otherwise specified,
each instance of a heteroalkyl group is independently unsub-
stituted (an “unsubstituted heteroalkyl”) or substituted (a
“substituted heteroalkyl”) with one or more substituents. In
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certain embodiments, the heteroalkyl group is an unsubsti-
tuted heteroC, ,, alkyl. In certain embodiments, the het-
eroalkyl group is an unsubstituted heteroC, ,, alkyl. In
certain embodiments, the heteroalkyl group is a substituted
heteroC, ,, alkyl. In certain embodiments, the heteroalkyl
group is an unsubstituted heteroC, ,, alkyl.

The term “alkenyl” refers to a radical of a straight-chain
or branched hydrocarbon group having from 2 to 10 carbon
atoms and one or more carbon-carbon double bonds (e.g., 1,
2, 3, or 4 double bonds). In some embodiments, an alkenyl
group has 2 to 9 carbon atoms (“C, alkenyl”). In some
embodiments, an alkenyl group has 2 to 8 carbon atoms
(“C,_4 alkenyl”). In some embodiments, an alkenyl group
has 2 to 7 carbon atoms (“C,_; alkenyl”). In some embodi-
ments, an alkenyl group has 2 to 6 carbon atoms (“C,
alkenyl”). In some embodiments, an alkenyl group has 2 to
5 carbon atoms (“C,_5 alkenyl”). In some embodiments, an
alkenyl group has 2 to 4 carbon atoms (“C,_, alkenyl”). In
some embodiments, an alkenyl group has 2 to 3 carbon
atoms (“C,_; alkenyl”). 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,_, alkenyl groups include ethenyl (C,), 1-propenyl (C;),
2-propenyl (C,), 1-butenyl (C,), 2-butenyl (C,), butadienyl
(C,), and the like. Examples of C, 4 alkenyl groups include
the aforementioned C,_, alkenyl groups as well as pentenyl
(Cy), pentadienyl (Cs), hexenyl (Cy), and the like. Additional
examples of alkenyl include heptenyl (C,), octenyl (Cy),
octatrienyl (C,), and the like. Unless otherwise specified,
each instance of an alkenyl group is independently unsub-
stituted (an “unsubstituted alkenyl”) or substituted (a “sub-
stituted alkenyl”) with one or more substituents. In certain
embodiments, the alkenyl group is an unsubstituted C,_,,
alkenyl. In certain embodiments, the alkenyl group is a
substituted C,_,, alkenyl. In an alkenyl group, a C—C
double bond for which the stereochemistry is not specified
(e.g., —CH—CHCHj; or

HL{\#’“
)
may be an (E)- or (Z)-double bond.

The term “heteroalkenyl” refers to an alkenyl group,
which further includes at least one heteroatom (e.g., 1, 2, 3,
or 4 heteroatoms) selected from oxygen, nitrogen, or sulfur
within (i.e., inserted between adjacent carbon atoms of)
and/or placed at one or more terminal position(s) of the
parent chain. In certain embodiments, a heteroalkenyl group
refers to a group having from 2 to 10 carbon atoms, at least
one double bond, and 1 or more heteroatoms within the
parent chain (“heteroC,_,, alkenyl”). In some embodiments,
a heteroalkenyl group has 2 to 9 carbon atoms at least one
double bond, and 1 or more heteroatoms within the parent
chain (“heteroC, , alkenyl”). In some embodiments, a het-
eroalkenyl group has 2 to 8 carbon atoms, at least one double
bond, and 1 or more heteroatoms within the parent chain
(“heteroC, 4 alkenyl”). In some embodiments, a heteroalk-
enyl group has 2 to 7 carbon atoms, at least one double bond,
and 1 or more heteroatoms within the parent chain (“het-
eroC,_, alkenyl”). In some embodiments, a heteroalkenyl
group has 2 to 6 carbon atoms, at least one double bond, and
1 or more heteroatoms within the parent chain (“heteroC,
alkenyl”). In some embodiments, a heteroalkenyl group has
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2 to 5 carbon atoms, at least one double bond, and 1 or 2
heteroatoms within the parent chain (“heteroC, 5 alkenyl”).
In some embodiments, a heteroalkenyl group has 2 to 4
carbon atoms, at least one double bond, and 1 or 2 heteroa-
toms within the parent chain (“heteroC,_, alkenyl”). In some
embodiments, a heteroalkenyl group has 2 to 3 carbon
atoms, at least one double bond, and 1 heteroatom within the
parent chain (“heteroC,_; alkenyl”). In some embodiments,
a heteroalkenyl group has 2 to 6 carbon atoms, at least one
double bond, and 1 or 2 heteroatoms within the parent chain
(“heteroC, ¢ alkenyl”). Unless otherwise specified, each
instance of a heteroalkenyl group is independently unsub-
stituted (an “unsubstituted heteroalkenyl”) or substituted (a
“substituted heteroalkenyl”) with one or more substituents.
In certain embodiments, the heteroalkenyl group is an
unsubstituted heteroC,_,, alkenyl. In certain embodiments,
the heteroalkenyl group is a substituted heteroC, _,, alkenyl.

The term “alkynyl” refers to a radical of a straight-chain
or branched hydrocarbon group having from 2 to 10 carbon
atoms and one or more carbon-carbon triple bonds (e.g., 1,
2, 3, or 4 triple bonds) (“C,_;, alkynyl”). In some embodi-
ments, an alkynyl group has 2 to 9 carbon atoms (“C,,
alkynyl”). In some embodiments, an alkynyl group has 2 to
8 carbon atoms (“C,_g alkynyl”). In some embodiments, an
alkynyl group has 2 to 7 carbon atoms (“C,_, 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 (“C, 5 alkynyl”). In some
embodiments, an alkynyl group has 2 to 4 carbon atoms
(“C,_, alkynyl”). In some embodiments, an alkynyl group
has 2 to 3 carbon atoms (“C,_; alkynyl”). In some embodi-
ments, 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,_, alkynyl groups include, without limitation,
ethynyl (C,), 1-propynyl (C;), 2-propynyl (C;), 1-butynyl
(C,), 2-butynyl (C,), and the like. Examples of C, ¢ alkenyl
groups include the aforementioned C,_, alkynyl groups as
well as pentynyl (Cs), hexynyl (C), and the like. Additional
examples of alkynyl include heptynyl (C,), octynyl (C), and
the like. Unless otherwise specified, each instance of an
alkynyl group is independently unsubstituted (an “unsubsti-
tuted alkynyl”) or substituted (a “substituted alkynyl”) with
one or more substituents. In certain embodiments, the alky-
nyl group is an unsubstituted C, ,, alkynyl. In certain
embodiments, the alkynyl group is a substituted C,_,, alky-
nyl.

The term “heteroalkynyl” refers to an alkynyl group,
which further includes at least one heteroatom (e.g., 1, 2, 3,
or 4 heteroatoms) selected from oxygen, nitrogen, or sulfur
within (i.e., inserted between adjacent carbon atoms of)
and/or placed at one or more terminal position(s) of the
parent chain. In certain embodiments, a heteroalkynyl group
refers to a group having from 2 to 10 carbon atoms, at least
one triple bond, and 1 or more heteroatoms within the parent
chain (“heteroC, |, alkynyl”). In some embodiments, a
heteroalkynyl group has 2 to 9 carbon atoms, at least one
triple bond, and 1 or more heteroatoms within the parent
chain (“heteroC,_, alkynyl”). In some embodiments, a het-
eroalkynyl group has 2 to 8 carbon atoms, at least one triple
bond, and 1 or more heteroatoms within the parent chain
(“heteroC,-s alkynyl”). In some embodiments, a heteroalky-
nyl group has 2 to 7 carbon atoms, at least one triple bond,
and 1 or more heteroatoms within the parent chain (“het-
eroC,_, alkynyl”). In some embodiments, a heteroalkynyl
group has 2 to 6 carbon atoms, at least one triple bond, and
1 or more heteroatoms within the parent chain (“heteroC,
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alkynyl”). In some embodiments, a heteroalkynyl group has
2 to 5 carbon atoms, at least one triple bond, and 1 or 2
heteroatoms within the parent chain (“heteroC, s alkynyl”).
In some embodiments, a heteroalkynyl group has 2 to 4
carbon atoms, at least one triple bond, and 1 or 2 heteroa-
toms within the parent chain (“heteroC,_, alkynyl”). In some
embodiments, a heteroalkynyl group has 2 to 3 carbon
atoms, at least one triple bond, and 1 heteroatom within the
parent chain (“heteroC,_; alkynyl”). In some embodiments,
a heteroalkynyl group has 2 to 6 carbon atoms, at least one
triple bond, and 1 or 2 heteroatoms within the parent chain
(“heteroC,_¢ alkynyl”). Unless otherwise specified, each
instance of a heteroalkynyl group is independently unsub-
stituted (an “unsubstituted heteroalkynyl™) or substituted (a
“substituted heteroalkynyl”) with one or more substituents.
In certain embodiments, the heteroalkynyl group is an
unsubstituted heteroC,_,, alkynyl. In certain embodiments,
the heteroalkynyl group is a substituted heteroC,_,, alkynyl.

The term “carbocyclyl” or “carbocyclic” refers to a radi-
cal of a non-aromatic cyclic hydrocarbon group having from
3 to 14 ring carbon atoms (“C;_;, carbocyclyl”) and zero
heteroatoms in the non-aromatic ring system. In some
embodiments, a carbocyclyl group has 3 to 10 ring carbon
atoms (“C,_;, carbocyclyl”). In some embodiments, a car-
bocyclyl group has 3 to 8 ring carbon atoms (“C,_g carbo-
cyclyl”). In some embodiments, a carbocyclyl group has 3 to
7 ring carbon atoms (“C;_, carbocyclyl”). In some embodi-
ments, a carbocyclyl group has 3 to 6 ring carbon atoms
(“C5_¢ carbocyclyl”). In some embodiments, a carbocyclyl
group has 4 to 6 ring carbon atoms (“C,_4 carbocyclyl”). In
some embodiments, a carbocyclyl group has 5 to 6 ring
carbon atoms (“Cs_g carbocyclyl”). In some embodiments, a
carbocyclyl group has 5 to 10 ring carbon atoms (“Cs_j,
carbocyclyl”). Exemplary C,_¢ carbocyclyl groups include,
without limitation, cyclopropyl (C;), cyclopropenyl (C,),
cyclobutyl (C,), cyclobutenyl (C,), cyclopentyl (Cs), cyclo-
pentenyl (Cs), cyclohexyl (Cy), cyclohexenyl (Cy), cyclo-
hexadienyl (Cy), and the like. Exemplary C; ¢ carbocyclyl
groups include, without limitation, the aforementioned C;
carbocyclyl groups as well as cycloheptyl (C,), cyclohep-
tenyl (C,), cycloheptadienyl (C,), cycloheptatrienyl (C,),
cyclooctyl (Cy), cyclooctenyl (Cy), bicyclo[2.2.1]heptanyl
(C,), bicyclo[2.2.2]octanyl (C), and the like. Exemplary
C5_,o carbocyclyl groups include, without limitation, the
aforementioned C; g carbocyclyl groups as well as cyclo-
nonyl (Cs), cyclononenyl (C,), cyclodecyl (C,,), cyclode-
cenyl (C, ), octahydro-1H-indenyl (C,), decahydronaphtha-
lenyl (C,,), spiro[4.5]decanyl (C,,), and the like. As the
foregoing examples illustrate, in certain embodiments, the
carbocyclyl group is either monocyclic (“monocyclic car-
bocyclyl”) or polycyclic (e.g., containing a fused, bridged or
spiro ring system such as a bicyclic system (“bicyclic
carbocyclyl”) or tricyclic system (“tricyclic carbocyclyl™))
and can be saturated or can contain one or more carbon-
carbon double or triple bonds. “Carbocyclyl” also includes
ring systems wherein the carbocyclyl ring, as defined above,
is fused with one or more aryl or heteroaryl groups wherein
the point of attachment is on the carbocyclyl 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 unsubstituted (an “unsubstituted carbocy-
clyl”) or substituted (a “substituted carbocyclyl”) with one
or more substituents. In certain embodiments, the carbocy-
clyl group is an unsubstituted C;_,, carbocyclyl. In certain
embodiments, the carbocyclyl group is a substituted C;_,
carbocyclyl.
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In some embodiments, “carbocyclyl” is a monocyclic,
saturated carbocyclyl group having from 3 to 14 ring carbon
atoms (“C,_,, cycloalkyl”). In some embodiments, a
cycloalkyl group has 3 to 10 ring carbon atoms (“C;_j,
cycloalkyl”). In some embodiments, a cycloalkyl group has
3 to 8 ring carbon atoms (“C,g cycloalkyl”). In some
embodiments, a cycloalkyl group has 3 to 6 ring carbon
atoms (“C;_g cycloalkyl”). In some embodiments, a cycloal-
kyl group has 4 to 6 ring carbon atoms (“C,_4 cycloalkyl”).
In some embodiments, a cycloalkyl group has 5 to 6 ring
carbon atoms (“Cs_g cycloalkyl”). In some embodiments, a
cycloalkyl group has 5 to 10 ring carbon atoms (“Cs_j,
cycloalkyl”). Examples of C, ¢ cycloalkyl groups include
cyclopentyl (Cs) and cyclohexyl (Cs). Examples of C; ¢
cycloalkyl groups include the aforementioned Cs_¢ cycloal-
kyl groups as well as cyclopropyl (C;) and cyclobutyl (C,).
Examples of C;_g cycloalkyl groups include the aforemen-
tioned C;_¢ cycloalkyl groups as well as cycloheptyl (C,)
and cyclooctyl (Cg). Unless otherwise specified, each
instance of a cycloalkyl group is independently unsubsti-
tuted (an “unsubstituted cycloalkyl”) or substituted (a “sub-
stituted cycloalkyl”) with one or more substituents. In cer-
tain embodiments, the cycloalkyl group is an unsubstituted
C5_14 cycloalkyl. In certain embodiments, the cycloalkyl
group is a substituted C,_,, cycloalkyl.

The term “heterocyclyl” or “heterocyclic” refers to a
radical of a 3- to 14-membered non-aromatic ring system
having ring carbon atoms and 1 to 4 ring heteroatoms,
wherein each heteroatom is independently selected from
nitrogen, oxygen, and sulfur (“3-14 membered heterocy-
clyl”). 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 poly-
cyclic (e.g., a fused, bridged or spiro ring system such as a
bicyclic system (“bicyclic heterocyclyl”) or tricyclic system
(“tricyclic heterocyclyl”)), and can be saturated or can
contain one or more carbon-carbon double or triple bonds.
Heterocyclyl polycyclic ring systems can include one or
more heteroatoms in one or both rings. “Heterocyclyl” also
includes ring systems wherein the heterocyclyl ring, as
defined above, is fused with one or more carbocyclyl groups
wherein the point of attachment is either on the carbocyclyl
or heterocyclyl ring, or ring systems wherein the heterocy-
clyl ring, as defined above, is fused with one or more aryl or
heteroaryl groups, wherein the point of attachment is on the
heterocyclyl ring, and in such instances, the number of ring
members continue to designate the number of ring members
in the heterocyclyl ring system. Unless otherwise specified,
each instance of heterocyclyl is independently unsubstituted
(an “unsubstituted heterocyclyl”) or substituted (a “substi-
tuted heterocyclyl”) with one or more substituents. In certain
embodiments, the heterocyclyl group is an unsubstituted
3-14 membered heterocyclyl. In certain embodiments, the
heterocyclyl group is a substituted 3-14 membered hetero-
cyclyl.

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, and sulfur
(“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 heterocy-
clyl”). In some embodiments, a heterocyclyl group is a 5-6
membered non-aromatic ring system having ring carbon
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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 nitrogen, oxygen, and sulfur. In some embodi-
ments, the 5-6 membered heterocyclyl has 1-2 ring heteroa-
toms selected from nitrogen, oxygen, and sulfur. In some
embodiments, the 5-6 membered heterocyclyl has 1 ring
heteroatom selected from nitrogen, oxygen, and sulfur.

Exemplary 3-membered heterocyclyl groups containing 1
heteroatom include, without limitation, azirdinyl, oxiranyl,
and thiiranyl. Exemplary 4-membered heterocyclyl groups
containing 1 heteroatom include, without limitation, azetidi-
nyl, oxetanyl, and thietanyl. Exemplary 5-membered het-
erocyclyl groups containing 1 heteroatom include, without
limitation, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothi-
ophenyl, dihydrothiophenyl, pyrrolidinyl, dihydropyrrolyl,
and pyrrolyl-2,5-dione. Exemplary 5-membered heterocy-
clyl groups containing 2 heteroatoms include, without limi-
tation, dioxolanyl, oxathiolanyl and dithiolanyl. Exemplary
5-membered heterocyclyl groups containing 3 heteroatoms
include, without limitation, triazolinyl, oxadiazolinyl, and
thiadiazolinyl. Exemplary 6-membered heterocyclyl groups
containing 1 heteroatom include, without limitation, pip-
eridinyl, tetrahydropyranyl, dihydropyridinyl, and thianyl.
Exemplary 6-membered heterocyclyl groups containing 2
heteroatoms include, without limitation, piperazinyl, mor-
pholinyl, dithianyl, and dioxanyl. Exemplary 6-membered
heterocyclyl groups containing 3 heteroatoms include, with-
out limitation, triazinyl. Exemplary 7-membered heterocy-
clyl groups containing 1 heteroatom include, without limi-
tation, azepanyl, oxepanyl and thiepanyl. Exemplary
8-membered heterocyclyl groups containing 1 heteroatom
include, without limitation, azocanyl, oxecanyl and thioca-
nyl. Exemplary bicyclic heterocyclyl groups include, with-
out limitation, indolinyl, isoindolinyl, dihydrobenzofuranyl,
dihydrobenzothienyl, tetrahydrobenzothienyl, tetrahyd-
robenzofuranyl, tetrahydroindolyl, tetrahydroquinolinyl, tet-
rahydroisoquinolinyl, decahydroquinolinyl, decahydroiso-
quinolinyl, octahydrochromenyl, octahydroisochromenyl,
decahydronaphthyridinyl, = decahydro-1,8-naphthyridinyl,
octahydropyrrolo[3,2-b]pyrrole, indolinyl, phthalimidyl,
naphthalimidyl, chromanyl, chromenyl, 1H-benzo[e][1,4]
diazepinyl, 1,4,5,7-tetrahydropyrano[3,4-b|pyrrolyl, 5,6-di-
hydro-4H-furo[3,2-b]pyrrolyl, 6,7-dihydro-5H-furo[3,2-b]
pyranyl, 5,7-dihydro-4H-thieno[2,3-c]|pyranyl, 2,3-dihydro-
1H-pyrrolo|[2,3-b]pyridinyl, 2,3-dihydrofuro|2,3-b]
pyridinyl,  4,5,6,7-tetrahydro-1H-pyrrolo[2,3-b]pyridinyl,
4,5,6,7-tetrahydrofuro[3,2-c]pyridinyl, 4,5,6,7-tetrahydroth-
ieno[3,2-b|pyridinyl, 1,2,3,4-tetrahydro-1,6-naphthyridinyl,
and the like.

The term “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 T electrons shared in a
cyclic array) having 6-14 ring carbon atoms and zero
heteroatoms provided in the aromatic ring system (“Cg_,,
aryl”). In some embodiments, an aryl group has 6 ring
carbon atoms (“C, aryl”; e.g., phenyl). In some embodi-
ments, an aryl group has 10 ring carbon atoms (“C,, aryl”;
e.g., naphthyl such as 1-naphthyl and 2-naphthyl). In some
embodiments, an aryl group has 14 ring carbon atoms (“C, ,
aryl”; e.g., anthracyl). “Aryl” also includes ring systems
wherein the aryl ring, as defined above, is fused with one or
more carbocyclyl or heterocyclyl groups wherein the radical
or point of attachment is on the aryl ring, and in such
instances, the number of carbon atoms continue to designate
the number of carbon atoms in the aryl ring system. Unless
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otherwise specified, each instance of an aryl group is inde-
pendently unsubstituted (an “unsubstituted aryl”) or substi-
tuted (a “substituted aryl”) with one or more substituents. In
certain embodiments, the aryl group is an unsubstituted
Cq.14 aryl. In certain embodiments, the aryl group is a
substituted Cg_,, aryl.

“Aralkyl” is a subset of “alkyl” and refers to an alkyl
group substituted by an aryl group, wherein the point of
attachment is on the alkyl moiety.

The term “heteroaryl” refers to a radical of a 5-14
membered monocyclic or polycyclic (e.g., bicyclic, tricy-
clic) 4n+2 aromatic ring system (e.g., having 6, 10, or 14 T
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 (“5-14 membered het-
eroaryl”). 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 polycyclic
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 het-
eroaryl 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 polycyclic (aryl/heteroaryl) ring system. Polycyclic
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).

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 het-
eroaryl”). 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, oxygen, and sulfur (“5-8 membered het-
eroaryl”). 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 het-
eroaryl”). In some embodiments, the 5-6 membered het-
eroaryl has 1-3 ring heteroatoms selected from nitrogen,
oxygen, and sulfur. In some embodiments, the 5-6 mem-
bered 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 unsub-
stituted (an “unsubstituted heteroaryl”) or substituted (a
“substituted heteroaryl”) with one or more substituents. In
certain embodiments, the heteroaryl group is an unsubsti-
tuted 5-14 membered heteroaryl. In certain embodiments,
the heteroaryl group is a substituted 5-14 membered het-

eroaryl.
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Exemplary 5-membered heteroaryl groups containing 1
heteroatom include, without limitation, pyrrolyl, furanyl,
and thiophenyl. Exemplary 5-membered heteroaryl groups
containing 2 heteroatoms include, without limitation, imi-
dazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, and iso-
thiazolyl. Exemplary 5-membered heteroaryl groups con-
taining 3 heteroatoms include, without limitation, triazolyl,
oxadiazolyl, and thiadiazolyl. Exemplary 5-membered het-
eroaryl groups containing 4 heteroatoms include, without
limitation, tetrazolyl. Exemplary 6-membered heteroaryl
groups containing 1 heteroatom include, without limitation,
pyridinyl. Exemplary 6-membered heteroaryl groups con-
taining 2 heteroatoms include, without limitation, pyridazi-
nyl, pyrimidinyl, and pyrazinyl. Exemplary 6-membered
heteroaryl groups containing 3 or 4 heteroatoms include,
without limitation, triazinyl and tetrazinyl, respectively.
Exemplary 7-membered heteroaryl groups containing 1 het-
eroatom include, without limitation, azepinyl, oxepinyl, and
thiepinyl. Exemplary 5,6-bicyclic heteroaryl groups include,
without limitation, indolyl, isoindolyl, indazolyl, benzotri-
azolyl, benzothiophenyl, isobenzothiophenyl, benzofuranyl,
benzoisofuranyl, benzimidazolyl, benzoxazolyl, benzisoxa-
zolyl, benzoxadiazolyl, benzthiazolyl, benzisothiazolyl,
benzthiadiazolyl, indolizinyl, and purinyl. Exemplary 6,6-
bicyclic heteroaryl groups include, without limitation, naph-
thyridinyl, pteridinyl, quinolinyl, isoquinolinyl, cinnolinyl,
quinoxalinyl, phthalazinyl, and quinazolinyl. Exemplary tri-
cyclic heteroaryl groups include, without limitation,
phenanthridinyl, dibenzofuranyl, carbazolyl, acridinyl, phe-
nothiazinyl, phenoxazinyl, and phenazinyl.

“Heteroaralkyl” is a subset of “alkyl” and refers to an
alkyl group substituted by a heteroaryl group, wherein the
point of attachment is on the alkyl moiety.

The term “unsaturated bond” refers to a double or triple
bond.

The term “unsaturated” or “partially unsaturated” refers to
a moiety that includes at least one double or triple bond.

The term “saturated” refers to a moiety that does not
contain a double or triple bond, i.e., the moiety only contains
single bonds.

Affixing the suffix “-ene” to a group indicates the group
is a divalent moiety, e.g., alkylene is the divalent moiety of
alkyl, alkenylene is the divalent moiety of alkenyl, alky-
nylene is the divalent moiety of alkynyl, heteroalkylene is
the divalent moiety of heteroalkyl, heteroalkenylene is the
divalent moiety of heteroalkenyl, heteroalkynylene is the
divalent moiety of heteroalkynyl, carbocyclylene is the
divalent moiety of carbocyclyl, heterocyclylene is the diva-
lent moiety of heterocyclyl, arylene is the divalent moiety of
aryl, and heteroarylene is the divalent moiety of heteroaryl.

A group is optionally substituted unless expressly pro-
vided otherwise. The term “optionally substituted” refers to
being substituted or unsubstituted. In certain embodiments,
alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, het-
eroalkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl
groups are optionally substituted. “Optionally substituted”
refers to a group which may be substituted or unsubstituted
(e.g., “substituted” or “unsubstituted” alkyl, “substituted” or
“unsubstituted” alkenyl, “substituted” or “unsubstituted”
alkynyl, “substituted” or “unsubstituted” heteroalkyl, “sub-
stituted” or “unsubstituted” heteroalkenyl, “substituted” or
“unsubstituted” heteroalkynyl, “substituted” or “unsubsti-
tuted” carbocyclyl, “substituted” or “unsubstituted” hetero-
cyclyl, “substituted” or “unsubstituted” aryl or “substituted”
or “unsubstituted” heteroaryl group). In general, the term
“substituted” means that at least one hydrogen present on a
group is replaced with a permissible substituent, e.g., a
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substituent which upon substitution results in a stable com-
pound, e.g., a compound which does not spontaneously
undergo transformation such as by rearrangement, cycliza-
tion, elimination, or other reaction. Unless otherwise indi-
cated, 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, and includes
any of the substituents described herein that results in the
formation of a stable compound. The present invention
contemplates any and all such combinations in order to
arrive at a stable compound. For purposes of this invention,
heteroatoms such as nitrogen may have hydrogen substitu-
ents and/or any suitable substituent as described herein
which satisfy the valencies of the heteroatoms and results in
the formation of a stable moiety. The invention is not
intended to be limited in any manner by the exemplary
substituents described herein.

Exemplary carbon atom substituents include, but are not
limited to, halogen, —CN, —NO,, —N;, —SO,H,
—SO,H, —OH, —OR*, —ON(R?*), —NR*),,
—N(R?),"X~, —N(OR“)R*®, —SH, —SR**, —SSR*,
—C(—=0)R*, —CO,H, —CHO, —C(OR*"),, —CO,R*,
—OC(=0)R*“*, —OCO,R*, —C(=0)N(R*"),, —OC
(=0N(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“, —OSO,R“,
—S(—=0)R**, —OS(—0O)R**, —Si(R*?);, —OSi(R**),—C
(=S)N(R?),, —C(=0)SR*, —C(=S)SR**, —SC(=S)
SR%, —SC(—0)SR**, —OC(—0)SR**, —SC(—0)OR"**,
—SC(=0O)R*, —P(—0O)(R*"),, —P(—0O)(OR*"),, —OP

(=O)R™),, —OP(=0)(OR™),, —P(=O)N(R"*),),,
—OP(=O)(N(R"),),, —NR"P(=O0)(R™),, —NR”’P
(=O0)OR™),,  —NR”P(=O)(NR™),),,  —P(R*),,
—P(OR™),, —PR™);"X", —P(OR™);"X, —P(R™),,

—P(OR"™),, —OP(R™),, —OP(R"),;"X~, —OP(OR"),,
—OP(OR*);*X~, —OP(R*),, —OP(OR*),, —B(R*),,
—B(OR"),, —BR*4(OR"), C,_,, alkyl, C,_,, perhaloalkyl,
C, o alkenyl, C,_,, alkynyl, heteroC,_,, alkyl, heteroC,_,,
alkenyl, heteroC,_,, alkynyl, C;_,, carbocyclyl, 3-14 mem-
bered heterocyclyl, C4 ,, aryl, and 5-14 membered het-
eroaryl, 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 C,
alkyl, C,_,, perhaloalkyl, C, ,, alkenyl, C,_,, alkynyl, het-
eroC, ;o alkyl, heteroC,_,, alkenyl, heteroC,_ ,, alkynyl,
C,_,o carbocyclyl, 3-14 membered heterocyclyl, Cg ,, 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, het-
eroalkyl, heteroalkenyl, heteroalkynyl, carbocyclyl, hetero-
cyclyl, 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, —OH, —OR*%, —N(R“°),, —CN, —C(—O)R*,
—C(=O)N(R"),, —CO,R**, —SO,R**, —C(=—=NR%)
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OR*, —C(=NR“)N(R™),, —SO,N(R*),, —SO,R“,
—S0,0R®, —SOR**, —C(—S)N(R*°),, —C(=—0O)SR*,
—C(=S)SR™, —P(=O)R™),  —P(—0)OR™),
—P(O)NR™)2)s, €y alkyl, C,., perhaloalkyl, Cy 0
alkenyl, C,_,, alkynyl, heteroC,_,, alkyl, heteroC,_,, alk-
enyl, heteroC,_,, alkynyl, C;_,, carbocyclyl, 3-14 membered
heterocyclyl, C_,, aryl, and 5-14 membered heteroaryl, or
two R”” groups are joined to form a 3-14 membered het-
erocyclyl or 5-14 membered heteroaryl ring, wherein each
alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, het-
eroalkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R groups;
wherein X~ is a counterion;

each instance of R is, independently, selected from
hydrogen, C,_,, alkyl, C,_, perhaloalkyl, C, ,, alkenyl,
C,_ ;o alkynyl, heteroC,_,, alkyl, heteroC,_, alkenyl, het-
eroC,_, alkynyl, C;_,, carbocyclyl, 3-14 membered hetero-
cyclyl, Cq_, 4 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, carbocy-
clyl, 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
halogen, —CN, —NO,, —N,, —SO,H, —SO;H, —OH,
—OR®?, —ON(R?),, —N(RY),, —N(RH),*X~, —N(OR*)
R7, —SH, —SR*, —S8SR*, —C(—0)R**, —CO,H,
—CO,R??, —OC(=0)R**, —OCO,R**, —C(=O)N(R),,
—OC(=0O)NRY),, —NR/C(=0)R**, —NRYCO,R*,
—NRIC(=O)N(R"),, —C(=NRHOR®*, —OC(=NRZ)R*,
—OC(=NRHOR*, —C(=NR/N(RY),, —OC(=NR/N
(R%),, —NRIC(=NR/NRY),, —NRZSOR**, —SO.N
(R%),, —SO,R®?, —SO,0R®?, —OSO,R?*, —S(=0)R*",
—Si(R%?),, —OSi(R?),, —C(=S8)N(R%),, —C(—0)SR*,
—C(=S)SR**, —SC(=S)SR**, —P(=—0)(OR*),,
—P—O)R™),, —OP(—O)R™),, —OP(—0)(OR*),,
C, alkyl, C, ¢ perhaloalkyl, C, ¢ alkenyl, C, ¢ alkynyl,
heteroC, ¢ alkyl, heteroC,  alkenyl, heteroC, s alkynyl,
C;_,o carbocyclyl, 3-10 membered heterocyclyl, Cg ,,, aryl,
5-10 membered heteroaryl, wherein each alkyl, alkenyl,
alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, carbocy-
clyl, 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 =—O or =S; wherein
X~ is a counterion;

each instance of R* is, independently, selected from C, ¢
alkyl, C, ¢ perhaloalkyl, C, ; alkenyl, C, , alkynyl, het-
eroC, ¢ alkyl, heteroC,_ alkenyl, heteroC, ¢ alkynyl, C;_,,
carbocyclyl, C4_ |, aryl, 3-10 membered heterocyclyl, and
3-10 membered heteroaryl, wherein each alkyl, alkenyl,
alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, carbocy-
clyl, 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, , alkyl, heteroC, s alkenyl, heteroC,
alkynyl, C;_,, carbocyclyl, 3-10 membered heterocyclyl,
Cq.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, carbocy-
clyl, 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,, —N;, —SO,H, —SO,H, —OH, —OC, ¢ alkyl,
—ON(C,_s alkyl),, —N(C,_s alkyl),, —N(C, ¢ alkyD);*X",
—NH(C, ¢ alky]),*X~, —NH,(C, ¢ alkyD)+X~, —NH;*X",
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—N(OC g alkyl)(C,_g alkyl), —N(OH)(C,_ alkyl), —NH
(OH), —SH, —SC,_ alkyl, —SS(C, ¢ alkyl), — C(=—O0)
(C s alkyl), —CO,H, —CO,(C,_, alkyl), —OC(—0)(C,
alkyl), —OCO,(C,_¢ alkyl), —C(—O)NH,, — C(—O)N
(C,s alkyl),, —OC(—ONH(C, , alkyl), —NHC(O)
(C s alkyl), —N(C,_, alkyl)C(—O0)(C,_ alkyl), —NHCO,
(C,_ alkyl), —NHC(=—O)N(C,_, alkyl),, — NHC(—O)NH
(C,_s alkyl), — NHC(=—O)NH,, — C(—=NH)O(C_¢ alkyl),

—OC(=NH)(C, , alkyl), —OC(=NH)OC,, alkyl,
—C(=NH)N(C, 4 alkyl),, —C(=NH)NH(C, ¢ alkyl),
—C(=NH)NH,, —OC(NH)N(C,, alkyl), —OC

(=NH)NH(C, 4 alkyl), —OC(=—NH)NH,, —NHC(—NH)
N(C, ¢ alkyl),, —NHC(—=NH)NH,, —NHSO,(C,  alkyl),
—SO,N(C, ¢ alkyl),, —SO,NH(C, , alkyl), —SO,NH,,
—S0,(C,¢ alkyl), —SO,0(C, ¢ alkyl), —OSO,(C, 4
alkyl), —SO(C, 4 alkyl), —Si(C, , alkyl);, —OSi(C,
alkyD);-C(—S)N(C,.s alkyl),, C(=S)NH(C,., alkyl),
C(=S)NH,, —C(—0)S(C, ¢ alkyl), —C(=S)SC, ¢ alkyl,
—SC(=S)SC, ¢ alkyl, —P(—=O0)(OC, _¢ alkyl),, —P(=0)
(C,.s alkyl),, —OP(—O)(C,_¢ alkyl);, —OP(—0)(OC
alkyl),, C, ¢ alkyl, C, 4 perhaloalkyl, C, ; alkenyl, C,
alkynyl, heteroC, ; alkyl, heteroC, 4 alkenyl, heteroC,
alkynyl, C,_,, carbocyclyl, C ,, aryl, 3-10 membered het-
erocyclyl, 5-10 membered heteroaryl; or two geminal R%®
substituents can be joined to form —O or —S; wherein X~
is a counterion.

The term “halo” or “halogen” refers to fluorine (fluoro,
—F), chlorine (chloro, —C,), bromine (bromo, —Br), or
iodine (iodo, —I).

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“, —OC(=0)R*, —OCO,R**, —OC(=0)N(R"®),,
—OC(=NR"*)R**, —OC(=NR**)OR**, —OC(=NR**)N
(R*?),, —OS(=0)R**, —OSO,R**, —OSi(R**),, —OP
R™),, —OPR™),"X, —OP(OR"),, —OP(OR*);"X,
—OP(—0)(R**),, —OP(=0)(OR*),, and —OP(—O)(N
(R*),),, wherein X, R*, R®”, and R*° as defined herein.

The term “amino” refers to the group —NH,. The term
“substituted amino,” by extension, refers to a monosubsti-
tuted amino, a disubstituted amino, or a trisubstituted amino.
In certain embodiments, the “substituted amino” is a mono-
substituted amino or a disubstituted amino group.

The term “monosubstituted amino” refers to an amino
group wherein the nitrogen atom directly attached to the
parent molecule is substituted with one hydrogen and one
group other than hydrogen, and includes groups selected
from —NH(R??), —NHC(=0)R**, —NHCO,R**, —NHC
(=O)N(R"®),, —NHC(=NR’*)N(R?*),, —NHSO,R*,
—NHP(=0)(OR*°),, and —NHP(=0)(N(R?*),),, wherein
R* R?? and R°° are as defined herein, and wherein R?® of
the group —NH(R”?) is not hydrogen.

The term “disubstituted amino” refers to an amino group
wherein the nitrogen atom directly attached to the parent
molecule is substituted with two groups other than hydro-
gen, and includes groups selected from —N(R??),,
—NR?””’C(=0)R**, —NR”’CO,R*, —NR”’C(=0)N
(R*?),,  —NR?”’C(=NR*)N(R’?),, —NR?’SO,R*,
—NR”P(=0)(OR*),, and —NR"P(=O)N(R"),),.
wherein R%“, R? and R°° are as defined herein, with the
proviso that the nitrogen atom directly attached to the parent
molecule is not substituted with hydrogen.

The term “trisubstituted amino” refers to an amino group
wherein the nitrogen atom directly attached to the parent
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molecule is substituted with three groups, and includes
groups selected from —N(R??), and —N(R??),*X~, wherein
R”? and X~ are as defined herein.

The term “sulfonyl” refers to a group selected from
—SO,N(R??),, —SO,R**, and —SO,0R**, wherein R*
and R®” are as defined herein.

The term “sulfiny]l” refers to the group —S(—O)R*,
wherein R*? is as defined herein.

The term “acyl” refers to a group having the general
formula —C(=0)R™, —C(=0)OR™, —C(=0)—0—C
(=OR™, —C(=0)SR*, —C(=0ON(R*),, —C(=S)
R™, —C(=S)N(R™),, —~C(=S)OR™), —C(=S)SR™),
—C(=NR*R™, —C(=NR™)OR™, —C(=NR*)SR*,
and —C(=NR*)N(R*'),, wherein R*! is hydrogen; halo-
gen; substituted or unsubstituted hydroxyl; substituted or
unsubstituted thiol; substituted or unsubstituted amino; sub-
stituted or unsubstituted acyl, cyclic or acyclic, substituted
or unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched alkyl; cyclic or acy-
clic, substituted or unsubstituted, branched or unbranched
alkenyl; substituted or unsubstituted alkynyl; substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl,
aliphaticoxy, heteroaliphaticoxy, alkyloxy, heteroalkyloxy,
aryloxy, heteroaryloxy, aliphaticthioxy, heteroaliphatic-
thioxy, alkylthioxy, heteroalkylthioxy, arylthioxy, het-
eroarylthioxy, mono- or di-aliphaticamino, mono- or di-
heteroaliphaticamino, mono- or di-alkylamino, mono- or
di-heteroalkylamino, mono- or di-arylamino, or mono- or
di-heteroarylamino; or two R*" groups taken together form
a 5- to 6-membered heterocyclic ring. Exemplary acyl
groups include aldehydes (—CHO), carboxylic acids
(—CO,H), ketones, acyl halides, esters, amides, imines,
carbonates, carbamates, and ureas. Acyl substituents
include, but are not limited to, any of the substituents
described herein, that result in the formation of a stable
moiety (e.g., aliphatic, alkyl, alkenyl, alkynyl, heteroali-
phatic, heterocyclic, aryl, heteroaryl, acyl, oxo, imino, thio-
0X0, cyano, isocyano, amino, azido, nitro, hydroxyl, thiol,
halo, aliphaticamino, heteroaliphaticamino, alkylamino, het-
eroalkylamino, arylamino, heteroarylamino, alkylaryl, ary-
lalkyl, aliphaticoxy, heteroaliphaticoxy, alkyloxy, heteroal-
kyloxy, aryloxy, heteroaryloxy, aliphaticthioxy,
heteroaliphaticthioxy, alkylthioxy, heteroalkylthioxy, aryl-
thioxy, heteroarylthioxy, acyloxy, and the like, each of
which may or may not be further substituted).

The term “carbonyl” refers a group wherein the carbon
directly attached to the parent molecule is sp® hybridized,
and is substituted with an oxygen, nitrogen or sulfur atom,
e.g., a group selected from ketones (e.g., —C(—O)R*%),
carboxylic acids (e.g., —CO,H), aldehydes (—CHO), esters
(e.g.,, —CO,R**, —C(=—0)SR**, —C(=—=S)SR*?), amides
(e.g., —C(=0)N(R??),, —C(=0)NR**SO,R“*, —C(=S)
N(R?*),), and imines (e.g., —C(=NR?*)R**, —C(=NR?*)
OR“*) C(=NR’*)N(R?"),), wherein R** and R?’ are as
defined herein.

The term “silyl” refers to the group —Si(R%?);, wherein
R“** is as defined herein.

The term “boronyl” refers to boranes, boronic acids,
boronic esters, borinic acids, and borinic esters, e.g., boronyl
groups of the formula —B(R**),, —B(OR"),, and —BR**
(OR?) wherein R** and R“ are as defined herein.

The term “phosphino” refers to the group —P(R™),,
wherein R is as defined herein. An exemplary phosphino
group is triphenylphosphine.
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The term “phosphono” refers to the group —O(P—0)
(OR“)R**, wherein R** and R are as defined herein.

The term “phosphoramido” refers to the group
—O(P=0O)(N(R"?),),, wherein each R®” is as defined
herein.

The term “stannyl” refers to the group —Sn(R);,
wherein R“ is as defined herein.

The term “germyl” refers to the group —Ge(R™);,
wherein R“ is as defined herein.

The term “arsenyl” refers to the group —As(R™);,
wherein R° is as defined herein.

The term “oxo” refers to the group —O, and the term
“thiooxo0” refers to the group —S.

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(—O)R**, —C(—O)N
(R*),, —CO,R*, —SO,R*  —C(=NR’*)R*,
—C(=NR*)OR**, —C(—=NR*)N(R*9),, —SO,N(R%),,
—SO,R*, —S0,0R*, —SOR*, —C(=S)N(R),,
—C(—0)SR*, —C(=S)SR%, —P(=—0)(OR),,
—PE0)R*),, —P(E=O0)NR™),),, Cpyo alkyl, Cpyp
perhaloalkyl, C,_,, alkenyl, C,_,, alkynyl, heteroC,_,,alkyl,
heteroC,_,,-alkenyl, heteroC,_, ,-alkynyl, C,_,, carbocyclyl,
3-14 membered heterocyclyl, Cq_,, 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, carbocy-
clyl, heterocyclyl, 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.

In certain embodiments, the substituent present on the
nitrogen atom is an nitrogen protecting group (also referred
to herein as an “amino protecting group”). Nitrogen pro-

tecting groups include, but are not limited to, —OH,
—OR™,  —NR™),, —C(=OR™, —C(=ONR™),,
—CO,R*, —SO,R*, —C(=NR*)R*, —C(=NR")

OR**, —C(=NR“)N(R*),, —SO,N(R*),, —SO,R*,
—S0,0R*?, —SOR*, —C(—S)N(R"),, —C(—0O)SR*,
—C(=S)SR™, C,_ ;o alkyl (e.g., aralkyl, heteroaralkyl),
C, o alkenyl, C,_,, alkynyl, heteroC,_,, alkyl, heteroC,_,,
alkenyl, heteroC,_,, alkynyl, C;_,, carbocyclyl, 3-14 mem-
bered heterocyclyl, C, ,, aryl, and 5-14 membered het-
eroaryl groups, wherein each alkyl, alkenyl, alkynyl, het-
eroalkyl, heteroalkenyl, heteroalkynyl, 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 Synthe-
sis, T. W. Greene and P. G. M. Wuts, 3rd edition, John Wiley
& Sons, 1999, incorporated herein by reference.

For example, nitrogen protecting groups such as amide
groups (e.g., —C(=—0)R*) include, but are not limited to,
formamide, acetamide, chloroacetamide, trichloroacet-
amide, trifluoroacetamide, phenylacetamide, 3-phenylpro-
panamide, picolinamide, 3-pyridylcarboxamide, N-benzo-
ylphenylalanyl derivative, benzamide, p-phenylbenzamide,
o-nitophenylacetamide, o-nitrophenoxyacetamide, acetoac-
etamide, (N'-dithiobenzyloxyacylamino)acetamide, 3-(p-
hydroxyphenyl)propanamide,  3-(o-nitrophenyl)propana-
mide, 2-methyl-2-(o-nitrophenoxy)propanamide, 2-methyl-
2-(o-phenylazophenoxy)propanamide, 4-chlorobutanamide,
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3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-acetyl-
methionine derivative, o-nitrobenzamide and o-(benzoy-
loxymethyl)benzamide.

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-di-
bromo)fluoroenylmethyl carbamate, 2,7-di-t-butyl-[9-(10,
10-diox0-10,10,10,10-tetrahydrothioxanthyl)|methyl  car-
bamate (DBD-Tmoc), 4-methoxyphenacyl carbamate
(Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-trimeth-
ylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate
(hZ), 1-(1-adamantyl)-1-methylethyl carbamate (Adpoc),
1,1-dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2-di-
bromoethyl carbamate (DB-t-BOC), 1,1-dimethyl-2,2,2-
trichloroethyl carbamate (TCBOC), 1-methyl-1-(4-bipheny-
IylDethyl carbamate (Bpoc), 1-(3,5-di-t-butylphenyl)-1-
methylethyl carbamate (t-Bumeoc), 2-(2'- and 4'-pyridyl)
ethyl carbamate (Pyoc), 2-(N,N-dicyclohexylcarboxamido)
ethyl carbamate, t-butyl carbamate (BOC or Boc),
1-adamantyl carbamate (Adoc), vinyl carbamate (Voc), allyl
carbamate (Alloc), 1-isopropylallyl carbamate (Ipaoc), cin-
namyl carbamate (Coc), 4-nitrocinnamyl carbamate (Noc),
8-quinolyl carbamate, N-hydroxypiperidinyl carbamate,
alkyldithio carbamate, benzyl carbamate (Cbz), p-methoxy-
benzyl carbamate (Moz), p-nitobenzyl carbamate, p-bro-
mobenzyl carbamate, p-chlorobenzyl carbamate, 2,4-dichlo-
robenzyl carbamate, 4-methylsulfinylbenzyl carbamate
(Msz), 9-anthrylmethyl carbamate, diphenylmethyl carbam-
ate, 2-methylthioethyl carbamate, 2-methylsulfonylethyl
carbamate, 2-(p-toluenesulfonyl)ethyl carbamate, [2-(1,3-
dithianyl)|methyl carbamate (Dmoc), 4-methylthiophenyl
carbamate (Mtpc), 2,4-dimethylthiophenyl carbamate
(Bmpc), 2-phosphonioethyl carbamate (Peoc), 2-triph-
enylphosphonioisopropyl carbamate (Ppoc), 1,1-dimethyl-
2-cyanoethyl carbamate, m-chloro-p-acyloxybenzyl car-
bamate, p-(dihydroxyboryl)benzyl carbamate,
5-benzisoxazolylmethyl carbamate, 2-(triffuoromethyl)-6-
chromonylmethyl carbamate (Tcroc), m-nitrophenyl car-
bamate, 3,5-dimethoxybenzyl carbamate, o-nitrobenzyl car-
bamate, 3,4-dimethoxy-6-nitrobenzyl carbamate, phenyl(o-
nitrophenyl)methyl carbamate, t-amyl carbamate, S-benzyl
thiocarbamate, p-cyanobenzyl carbamate, cyclobutyl car-
bamate, cyclohexyl carbamate, cyclopentyl carbamate,
cyclopropylmethyl carbamate, p-decyloxybenzyl carbam-
ate, 2,2-dimethoxyacylvinyl carbamate, o-(N,N-dimethyl-
carboxamido)benzyl carbamate, 1,1-dimethyl-3-(N,N-dim-
ethylcarboxamido)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'-methoxy-
phenylazo)benzyl carbamate, 1-methylcyclobutyl carbam-
ate, 1-methylcyclohexyl carbamate, 1-methyl-1-cyclopropy-
Imethyl carbamate, 1-methyl-1-(3,5-dimethoxyphenyl)ethyl
carbamate, 1-methyl-1-(p-phenylazophenyl)ethyl carbam-
ate, 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-trim-
ethylbenzyl carbamate.

Nitrogen protecting groups such as sulfonamide groups
(e.g., —S(=0),R**) include, but are not limited to, p-tolu-
enesulfonamide (Ts), benzenesulfonamide, 2,3,6-trimethyl-
4-methoxybenzenesulfonamide (Mtr), 2,4,6-trimethoxyben-
zenesulfonamide (Mtb), 2,6-dimethyl-4-methoxybenzen-
esulfonamide (Pme), 2,3,5,6-tetramethyl-4-methoxybenze-
nesulfonamide  (Mte), 4-methoxybenzenesulfonamide
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(Mbs), 2,4,6-trimethylbenzenesulfonamide (Mts), 2,6-dime-
thoxy-4-methylbenzenesulfonamide (iMds), 2,2,5,7,8-pen-
tamethylchroman-6-sulfonamide (Pmc), methanesulfona-
mide (Ms), O-trimethylsilylethanesulfonamide (SES),
9-anthracenesulfonamide,  4-(4',8'-dimethoxynaphthylm-
ethyl)benzenesulfonamide (DNMBS), benzylsulfonamide,
trifluoromethylsulfonamide, and phenacylsulfonamide.

Other nitrogen protecting groups include, but are not
limited to, phenothiazinyl-(10)-acyl derivative, N'-p-tolu-
enesulfonylaminoacyl derivative, N'-phenylaminothioacyl
derivative, N-benzoylphenylalanyl derivative, N-acetylme-
thionine derivative, 4,5-diphenyl-3-oxazolin-2-one,
N-phthalimide, N-dithiasuccinimide (Dts), N-2,3-diphenyl-
maleimide, N-2,5-dimethylpyrrole, N-1,1,4,4-tetramethyld-
isilylazacyclopentane adduct (STABASE), S5-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-ac-
etoxypropylamine, N-(1-isopropyl-4-nitro-2-0x0-3-pyroo-
lin-3-yl)amine, quaternary ammonium salts, N-benzylam-
ine, N-di(4-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 (Fem),
N-2-picolylamino N'-oxide, N-1,1-dimethylthiomethyl-
eneamine, N-benzylideneamine, N-p-methoxybenzylide-
neamine, N-diphenylmethyleneamine, N-[(2-pyridyl)mesi-
tyl|methyleneamine, N—(N',N'-dimethylaminomethylene)
amine, N,N'-isopropylidenediamine, N-p-nitrobenz-
ylideneamine, N-salicylideneamine, N-5-chlorosalicylide-
neamine, N-(5-chloro-2-hydroxyphenyl)phenylmethyl-
eneamine, N-cyclohexylideneamine, N-(5,5-dimethyl-3-
oxo0-1-cyclohexenyl)amine, N-borane derivative,
N-diphenylborinic acid derivative, N-[phenyl(pentaacyl-
chromium- or tungsten)acyllamine, N-copper chelate,
N-zinc chelate, N-nitroamine, N-nitrosoamine, amine N-0x-
ide, diphenylphosphinamide (Dpp), dimethylthiophosphina-
mide (Mpt), diphenylthiophosphinamide (Ppt), dialkyl phos-
phoramidates, dibenzyl phosphoramidate, diphenyl
phosphoramidate, benzenesulfenamide, o-nitrobenzene-
sulfenamide (Nps), 2,4-dinitrobenzenesulfenamide, pen-
tachlorobenzenesulfenamide,  2-nitro-4-methoxybenzene-
sulfenamide, triphenylmethylsulfenamide, and
3-nitropyridinesulfenamide (Npys). In certain embodiments,
a nitrogen protecting group is benzyl (Bn), tert-butyloxy-
carbonyl (BOC), carbobenzyloxy (Cbz), 9-flurenylmethyl-
oxycarbonyl (Fmoc), trifluoroacetyl, triphenylmethyl, acetyl
(Ac), benzoyl (Bz), p-methoxybenzyl (PMB), 3,4-dime-
thoxybenzyl (DMPM), p-methoxyphenyl (PMP), 2,2.2-
trichloroethyloxycarbonyl (Troc), triphenylmethyl (Tr),
tosyl (Ts), brosyl (Bs), nosyl (Ns), mesyl (Ms), triflyl (T1),
or dansyl (Ds).

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 protect-
ing groups include, but are not limited to, —R**, —N(R??),,
—C(=0)SR**, —C(=0)R*, —CO,R*, —C(—=O)N
(R?),, —C(=NR*”)R“*, —C(=NR?*)OR“*, —C(=NR*?)
NR"?),, —S(=0)R**, —SO,R*, —S8i(R*),, —P(R),,
—PR*);*X", —P(OR*),, —P(OR*);*X~, —P(=0)
R, —P(=O)OR*),, and —P(=O)NR"),),,
wherein X~, 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 Synthe-
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sis, T. W. Greene and P. G. M. Wuts, 3rd edition, John Wiley
& Sons, 1999, incorporated herein by reference.
Exemplary oxygen protecting groups include, but are not
limited to, methyl, methoxylmethyl (MOM), methylthiom-

ethyl (MTM), t-butylthiomethyl, (phenyldimethylsilyl)
methoxymethyl (SMOM), benzyloxymethyl (BOM),
p-methoxybenzyloxymethyl (PMBM), (4-methoxyphe-

noxy)methyl (p-AOM), guaiacolmethyl (GUM), t-butoxym-
ethyl, 4-pentenyloxymethyl (POM), siloxymethyl,
2-methoxyethoxymethyl (MEM), 2,2.2-trichloroethoxym-
ethyl, bis(2-chloroethoxy)methyl, 2-(trimethylsilyl)ethox-
ymethyl (SEMOR), tetrahydropyranyl (THP), 3-bromotet-
rahydropyranyl, tetrahydrothiopyranyl, 1-methoxycyclo-
hexyl, 4-methoxytetrahydropyranyl (MTHP), 4-methoxytet-
rahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl S.S-
dioxide, 1-[(2-chloro-4-methyl)phenyl]-4-methoxypipe-
ridin-4-yl (CTMP), 1,4-dioxan-2-yl, tetrahydrofuranyl, tet-
rahydrothiofuranyl, 2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trim-
ethyl-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,
t-butyl, allyl, p-chlorophenyl, p-methoxyphenyl, 2,4-dinitro-
phenyl, benzyl (Bn), p-methoxybenzyl, 3,4-dimethoxyben-
zyl, o-nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichlo-
robenzyl, p-cyanobenzyl, p-phenylbenzyl, 2-picolyl,
4-picolyl, 3-methyl-2-picolyl N-oxido, diphenylmethyl,
p.p'-dinitrobenzhydryl, 5-dibenzosuberyl, triphenylmethyl,
a-naphthyldiphenylmethyl, p-methoxyphenyldiphenylm-
ethyl, di(p-methoxyphenyl)phenylmethyl, tri(p-methoxy-
phenyl)methyl, 4-(4'-bromophenacyloxyphenyl)diphenylm-
ethyl, 4,4'4"-tris(4,5-dichlorophthalimidophenyl)methyl,
4.4' 4"-tris(levulinoyloxyphenyl)methyl,  4,4'.4"-tris(ben-
zoyloxyphenyl)methyl, 3-(imidazol-1-yl)bis(4',4"-dime-
thoxyphenyl)methyl, 1,1-bis(4-methoxyphenyl)-1'-pyrenyl-
methyl, 9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phenyl-10-
oxo)anthryl, 1,3-benzodithiolan-2-yl, benzisothiazolyl S,S-
dioxido, trimethylsilyl (TMS), triethylsilyl (TES),
triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS),
diethylisopropylsilyl (DEIPS), dimethylthexylsilyl,
t-butyldimethylsilyl (TBDMS), t-butyldiphenylsilyl
(TBDPS), tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), t-butylmethoxyphenylsilyl
(TBMPS), formate, benzoylformate, acetate, chloroacetate,
dichloroacetate, trichloroacetate, trifluoroacetate, methoxy-
acetate, triphenylmethoxyacetate, phenoxyacetate, p-chloro-
phenoxyacetate, 3-phenylpropionate, 4-oxopentanoate (le-
vulinate), 4,4-(ethylenedithio)pentanoate (levulinoyldithi-
oacetal), pivaloate, adamantoate, crotonate, 4-methoxycro-
tonate, benzoate, p-phenylbenzoate, 2.4,6-trimethylbenzo-
ate (mesitoate), methyl carbonate, 9-fluorenylmethyl car-
bonate (Fmoc), ethyl carbonate, 2,2,2-trichloroethyl
carbonate (Troc), 2-(trimethylsilyl)ethyl carbonate (TM-
SEC), 2-(phenylsulfonyl) ethyl carbonate (Psec), 2-(triph-
enylphosphonio) ethyl carbonate (Peoc), isobutyl carbonate,
vinyl carbonate, allyl carbonate, t-butyl carbonate (BOC or
Boc), p-nitrophenyl carbonate, benzyl carbonate,
p-methoxybenzyl carbonate, 3,4-dimethoxybenzyl carbon-
ate, o-nitrobenzyl carbonate, p-nitrobenzyl carbonate,
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-(methylthiomethoxym-
ethyl)benzoate, 2,6-dichloro-4-methylphenoxyacetate, 2,6-
dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetate, 2,4-
bis(1,1-dimethylpropyl)phenoxyacetate, chlorodiph-

10

15

20

25

30

35

40

45

50

55

60

65

28

enylacetate, isobutyrate, monosuccinoate, (E)-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 (me-
sylate), benzylsulfonate, and tosylate (Ts). In certain
embodiments, an oxygen protecting group is silyl. In certain
embodiments, an oxygen protecting group is t-butyldiphe-
nylsilyl (TBDPS), t-butyldimethylsilyl (TBDMS), triiso-
proylsilyl (TIPS), triphenylsilyl (TPS), triethylsilyl (TES),
trimethylsilyl (TMS), triisopropylsiloxymethyl (TOM),
acetyl (Ac), benzoyl (Bz), allyl carbonate, 2,2,2-trichloro-
ethyl carbonate (Troc), 2-trimethylsilylethyl carbonate,
methoxymethyl (MOM), 1-ethoxyethyl (EE), 2-methyoxy-
2-propyl (MOP), 2,2,2-trichloroethoxyethyl, 2-methoxy-
ethoxymethyl (MEM), 2-trimethylsilylethoxymethyl
(SEM), methylthiomethyl (MTM), tetrahydropyranyl
(THP), tetrahydrofuranyl (THF), p-methoxyphenyl (PMP),
triphenylmethyl (Tr), methoxytrityl (MMT), dimethoxytrityl
(DMT), allyl, p-methoxybenzyl (PMB), t-butyl, benzyl
(Bn), allyl, or pivaloyl (Piv).

In certain embodiments, the substituent present on a
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*, —SiR*"),;, —PR™),, —P(R™);"X",
—P(OR*),, —P(OR®),"X", —P(—O)R"),, —P(—0)
(OR?),, and —P(=0)(N(R??) 2),, 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, 3rd edition, John Wiley & Sons, 1999, incor-
porated herein by reference. In certain embodiments, a
sulfur protecting group is acetamidomethyl, t-Bu, 3-nitro-
2-pyridine sulfenyl, 2-pyridine-sulfenyl, or triphenylmethyl.

A “counterion” or “anionic counterion” is a negatively
charged group associated with a positively charged group in
order to maintain electronic neutrality. An anionic counte-
rion may be monovalent (i.e., including one formal negative
charge). An anionic counterion may also be multivalent (i.e.,
including more than one formal negative charge), such as
divalent or trivalent. Exemplary counterions include halide
ions (e.g., F~, CI7, Br~, I"), NO,~, ClO,~, OH", H,PO,",
HCO,~, HSO,, sulfonate ions (e.g., methansulfonate, trif-
luoromethanesulfonate,  p-toluenesulfonate,  benzene-
sulfonate, 10-camphor sulfonate, naphthalene-2-sulfonate,
naphthalene-1-sulfonic acid-5-sulfonate, ethan-1-sulfonic
acid-2-sulfonate, and the like), carboxylate ions (e.g.,
acetate, propanoate, benzoate, glycerate, lactate, tartrate,
glycolate, gluconate, and the like), BF,~, PF,~, PF~, AsF~,
SbF,~, B[3,5-(CF,),C.Hil.]7, B(C.Fs), BPh, Al(OC
(CF5);),~, and carborane anions (e.g., CB,;H,,” or
(HCB, ,MeBr,)"). Exemplary counterions which may be
multivalent include CO,>~, HPO,*~, PO,*>", B,0,* SO,*",
S,0,27, carboxylate anions (e.g., tartrate, citrate, fumarate,
maleate, malate, malonate, gluconate, succinate, glutarate,
adipate, pimelate, suberate, azelate, sebacate, salicylate,
phthalates, aspartate, glutamate, and the like), and carbo-
ranes.

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. See,
for example, Smith, March’s Advanced Organic Chemistry
6th ed. (501-502). Examples of suitable leaving groups
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include, but are not limited to, halogen (such as F, C,, Br, or
1 (iodine)), alkoxycarbonyloxy, aryloxycarbonyloxy, alkane-
sulfonyloxy, arenesulfonyloxy, alkyl-carbonyloxy (e.g.,
acetoxy), arylcarbonyloxy, aryloxy, methoxy, N,O-dimeth-
ylhydroxylamino, pixyl, and haloformates. In some cases,
the leaving group is a sulfonic acid ester, such as toluene-
sulfonate (tosylate, -OTs), methanesulfonate (mesy-
late, -OMs), p-bromobenzenesulfonyloxy (brosylate,
—OBs), —OS(—0),(CF,);CF; (nonaflate, —ONf), or tri-
fluoromethanesulfonate (triflate, -OTY). In some cases, the
leaving group is a brosylate, such as p-bromobenzenesulfo-
nyloxy. 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, thio-
ether moieties, zinc halides, magnesium moieties, diazo-
nium salts, and copper moieties. Further exemplary leaving
groups include, but are not limited to, halo (e.g., chloro,
bromo, iodo) and activated substituted hydroxyl groups
(e.g.,, —OC(—0)SR**, —OC(—0O)R**, —OCO,R**, —OC
(=0O)N(R"®),, —OC(=NR**)R*, —OC(=NR”*)OR*,
—OC(=NR"")N(R??),, —OS(=0)R“!, —OSO,R“,
—OP(R™),, —OPR*);, —OP(=0),R*, —OP(=0)
(R“"),, —OP(=0)(OR),, —OP(=0),N(R*”),, and —OP
(=0)(NR”®),, wherein R**, R”?, and R are as defined
herein).

As used herein, use of the phrase “at least one instance”
refers to 1, 2, 3, 4, or more instances, but also encompasses
a range, e.g., for example, from 1 to 4, from 1 to 3, from 1
to 2, from 2 to 4, from 2 to 3, or from 3 to 4 instances,
inclusive.

A “non-hydrogen group” refers to any group that is
defined for a particular variable that is not hydrogen.

These and other exemplary substituents are described in
more detail in the Detailed Description, Examples, and
claims. The invention is not intended to be limited in any
manner by the above exemplary listing of substituents.

Other Definitions

The following definitions are more general terms used
throughout the present application.

As used herein, the term “salt” refers to any and all salts,
and encompasses pharmaceutically acceptable salts.

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 et 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, sul-
furic 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 pharmaceu-
tically acceptable salts include adipate, alginate, ascorbate,
aspartate, benzenesulfonate, benzoate, bisulfate, borate,
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butyrate, camphorate, camphorsulfonate, citrate, cyclopen-
tanepropionate, digluconate, dodecylsulfate, ethane-
sulfonate, formate, fumarate, glucoheptonate, glycerophos-
phate, gluconate, hemisulfate, heptanoate, hexanoate,
hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lac-
tate, laurate, lauryl sulfate, malate, maleate, malonate, meth-
anesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate,
oleate, oxalate, palmitate, pamoate, pectinate, persulfate,
3-phenylpropionate, phosphate, picrate, pivalate, propi-
onate, 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*(C,_, 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 ammo-
nium, and amine cations formed using counterions such as
halide, hydroxide, carboxylate, sulfate, phosphate, nitrate,
lower alkyl sulfonate, and aryl sulfonate.

The term “solvate” refers to forms of the compound, or a
salt thereof, 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 sol-
vates 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.

The term “hydrate” refers to a compound that is associ-
ated with water. Typically, the number of the water mol-
ecules contained in a hydrate of a compound is in a definite
ratio to the number of the compound molecules in the
hydrate. Therefore, a hydrate of a compound may be rep-
resented, for example, by the general formula R.x H,O,
wherein R is the compound, and x is a number greater than
0. A given compound may form more than one type of
hydrate, including, e.g., monohydrates (x is 1), lower
hydrates (x is a number greater than 0 and smaller than 1,
e.g., hemihydrates (R-0.5H,0)), and polyhydrates (x is a
number greater than 1, e.g., dihydrates (R.2 H,O) and
hexahydrates (R.6H,0)).

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

It is also to be understood that compounds that have the
same molecular formula but differ in the nature or sequence
of bonding of their atoms or the arrangement of their atoms
in space are termed “isomers”. Isomers that differ in the
arrangement of their atoms in space are termed “stereoiso-
mers”.

Stereoisomers that are not mirror images of one another
are termed “diastereomers” and those that are non-superim-
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posable mirror images of each other are termed “enantiom-
ers”. When a compound has an asymmetric center, for
example, it is bonded to four different groups, a pair of
enantiomers is possible. An enantiomer can be characterized
by the absolute configuration of its asymmetric center and is
described by the R- and S-sequencing rules of Cahn and
Prelog, or by the manner in which the molecule rotates the
plane of polarized light and designated as dextrorotatory or
levorotatory (i.e., as (+) or (-)-isomers respectively). A
chiral compound can exist as either individual enantiomer or
as a mixture thereof. A mixture containing equal proportions
of the enantiomers is called a “racemic mixture”.

The term “polymorph” refers to a crystalline form of a
compound (or a salt, hydrate, or solvate thereof). All poly-
morphs have the same elemental composition. Different
crystalline forms usually have different X-ray diffraction
patterns, infrared spectra, melting points, density, hardness,
crystal shape, optical and electrical properties, stability, and
solubility. Recrystallization solvent, rate of crystallization,
storage temperature, and other factors may cause one crystal
form to dominate. Various polymorphs of a compound can
be prepared by crystallization under different conditions.

The term “prodrugs” refers to compounds that have
cleavable groups and become by solvolysis or under physi-
ological conditions the compounds described herein, which
are pharmaceutically active in vivo. Such examples include,
but are not limited to, choline ester derivatives and the like,
N-alkylmorpholine esters and the like. Other derivatives of
the compounds described herein have activity in both their
acid and acid derivative forms, but in the acid sensitive form
often offer advantages of solubility, tissue compatibility, or
delayed release in the mammalian organism (see, Bundgard,
H., Design of Prodrugs, pp. 7-9, 21-24, Elsevier, Amsterdam
1985). Prodrugs include acid derivatives well known to
practitioners of the art, such as, for example, esters prepared
by reaction of the parent acid with a suitable alcohol, or
amides prepared by reaction of the parent acid compound
with a substituted or unsubstituted amine, or acid anhy-
drides, or mixed anhydrides. Simple aliphatic or aromatic
esters, amides, and anhydrides derived from acidic groups
pendant on the compounds described herein are particular
prodrugs. In some cases it is desirable to prepare double
ester type prodrugs such as (acyloxy)alkyl esters or
((alkoxycarbonyl)oxy)alkylesters. C, ¢ alkyl, C, ¢ alkenyl,
C,_g alkynyl, aryl, C,_,, substituted aryl, and C,_, , arylalkyl
esters of the compounds described herein may be preferred.

The terms “composition” and “formulation” are used
interchangeably.

A “subject” to which administration is contemplated
refers to a human (i.e., male or female of any age group, e.g.,
pediatric subject (e.g., infant, child, or adolescent) or adult
subject (e.g., young adult, middle-aged adult, or senior
adult)) or non-human animal. In certain embodiments, the
non-human animal is a mammal (e.g., primate (e.g., cyno-
molgus monkey or rhesus monkey), commercially relevant
mammal (e.g., cattle, pig, horse, sheep, goat, cat, or dog), or
bird (e.g., commercially relevant bird, such as chicken,
duck, goose, or turkey)). In certain embodiments, the non-
human animal is a fish, reptile, or amphibian. The non-
human animal may be a male or female at any stage of
development. The non-human animal may be a transgenic
animal or genetically engineered animal. The term “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
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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 embodi-
ments, 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.

The term “biological sample” refers to any sample includ-
ing tissue samples (such as tissue sections and needle
biopsies of a tissue); cell samples (e.g., cytological smears
(such as Pap or blood smears) or samples of cells obtained
by microdissection); samples of whole organisms (such as
samples of yeasts or bacteria); or cell fractions, fragments or
organelles (such as obtained by lysing cells and separating
the components thereof by centrifugation or otherwise).
Other examples of biological samples include blood, serum,
urine, semen, fecal matter, cerebrospinal fluid, interstitial
fluid, mucous, tears, sweat, pus, biopsied tissue (e.g.,
obtained by a surgical biopsy or needle biopsy), nipple
aspirates, milk, vaginal fluid, saliva, swabs (such as buccal
swabs), or any material containing biomolecules that is
derived from a first biological sample.

The term “target tissue” refers to any biological tissue of
a subject (including a group of cells, a body part, or an
organ) or a part thereof, including blood and/or lymph
vessels, which is the object to which a compound, particle,
and/or composition of the invention is delivered. A target
tissue may be an abnormal or unhealthy tissue, which may
need to be treated. A target tissue may also be a normal or
healthy tissue that is under a higher than normal risk of
becoming abnormal or unhealthy, which may need to be
prevented. In certain embodiments, the target tissue is the
liver. In certain embodiments, the target tissue is the lung. A
“non-target tissue” is any biological tissue of a subject
(including a group of cells, a body part, or an organ) or a part
thereof, including blood and/or lymph vessels, which is not
a target tissue.

The term “administer,” “administering,” or “administra-
tion” refers to implanting, absorbing, ingesting, injecting,
inhaling, or otherwise introducing a compound described
herein, or a composition thereof, in or on a subject.

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 embodi-
ments, 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). Treatment may also be
continued after symptoms have resolved, for example, to
delay or prevent recurrence.

The terms “condition,” “disease,” and “disorder” are used
interchangeably.

An “effective amount” of a compound described herein
refers to an amount sufficient to elicit the desired biological
response. An 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. In certain embodiments, an
effective amount is a therapeutically effective amount. In
certain embodiments, an effective amount is a prophylactic
treatment. In certain embodiments, an effective amount is
the amount of a compound described herein in a single dose.
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In certain embodiments, an effective amount is the combined
amounts of a compound described herein in multiple doses.

A “therapeutically effective amount” of a compound
described herein is an amount sufficient to provide a thera-
peutic benefit in the treatment of a condition or to delay or
minimize one or more symptoms associated with the con-
dition. A therapeutically effective amount of a compound
means an amount of therapeutic agent, alone or in combi-
nation with other therapies, which provides a therapeutic
benefit in the treatment of the condition. The term “thera-
peutically 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. In certain
embodiments, a therapeutically effective amount is an
amount sufficient for MALT]1 inhibition. In certain embodi-
ments, a therapeutically effective amount is an amount
sufficient for treating cancer (e.g., DLBCL). In certain
embodiments, a therapeutically effective amount is an
amount sufficient for MALT1 inhibition and treating cancer
(e.g., DLBCL).

A “prophylactically effective amount” of a compound
described herein is an amount sufficient to prevent a condi-
tion, or one or more signs or 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 prophylac-
tic agent. In certain embodiments, a prophylactically effec-
tive amount is an amount sufficient for MALT1 inhibition. In
certain embodiments, a prophylactically effective amount is
an amount sufficient for treating cancer (e.g., lymphoma,
mantle cell lymphoma, DLBCL). In certain embodiments, a
prophylactically effective amount is an amount sufficient for
MALT1 inhibition and treating cancer (e.g., lymphoma,
mantle cell lymphoma, DLBCL).

As used herein, the term “inhibit” or “inhibition” in the
context of enzymes, for example, in the context of MALT1,
refers to a reduction in the activity of the enzyme. In some
embodiments, the term refers to a reduction of the level of
enzyme activity, e.g., MALT1 activity, to a level that is
statistically significantly lower than an initial level, which
may, for example, be a baseline level of enzyme activity. In
some embodiments, the term refers to a reduction of the
level of enzyme activity, e.g., MALT1 activity, to a level that
is less than 75%, less than 50%, less than 40%, less than
30%, less than 25%, less than 20%, less than 10%, less than
9%, less than 8%, less than 7%, less than 6%, less than 5%,
less than 4%, less than 3%, less than 2%, less than 1%, less
than 0.5%, less than 0.1%, less than 0.01%, less than
0.001%, or less than 0.0001% of an initial level, which may,
for example, be a baseline level of enzyme activity.

The term “cancer” refers to a malignant neoplasm (Sted-
man’s Medical Dictionary, 25th ed.; Hensyl ed.; Williams &
Wilkins: Philadelphia, 1990). Exemplary cancers include,
but are not limited to, acoustic neuroma; adenocarcinoma;
adrenal gland cancer; anal cancer; angiosarcoma (e.g., lymp-
hangiosarcoma, lymphangioendotheliosarcoma, heman-
giosarcoma); appendix cancer; benign monoclonal gam-
mopathy; biliary cancer (e.g., cholangiocarcinoma); bladder
cancer; breast cancer (e.g., adenocarcinoma of the breast,
papillary carcinoma of the breast, mammary cancer, med-
ullary carcinoma of the breast); brain cancer (e.g., menin-
gioma, glioblastomas, glioma (e.g., astrocytoma, oligoden-
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droglioma), medulloblastoma); bronchus cancer; carcinoid
tumor; cervical cancer (e.g., cervical adenocarcinoma); cho-
riocarcinoma; chordoma; craniopharyngioma; colorectal
cancer (e.g., colon cancer, rectal cancer, colorectal adeno-
carcinoma); connective tissue cancer; epithelial carcinoma;
ependymoma; endotheliosarcoma (e.g., Kaposi’s sarcoma,
multiple idiopathic hemorrhagic sarcoma); endometrial can-
cer (e.g., uterine cancer, uterine sarcoma); esophageal can-
cer (e.g., adenocarcinoma of the esophagus, Barrett’s adeno-
carcinoma); Ewing’s sarcoma; eye cancer (e.g., intraocular
melanoma, retinoblastoma); familiar hypereosinophilia; gall
bladder cancer; gastric cancer (e.g., stomach adenocarci-
noma); gastrointestinal stromal tumor (GIST); germ cell
cancer; head and neck cancer (e.g., head and neck squamous
cell carcinoma, oral cancer (e.g., oral squamous cell carci-
noma), throat cancer (e.g., laryngeal cancer, pharyngeal
cancer, nasopharyngeal cancer, oropharyngeal cancer));
hematological cancers (e.g., leukemia such as acute lym-
phocytic leukemia (ALL) (e.g., B-cell ALL, T-cell ALL),
acute myelocytic leukemia (AML) (e.g., B-cell AML, T-cell
AML), chronic myelocytic leukemia (CML) (e.g., B-cell
CML, T-cell CML), and chronic lymphocytic leukemia
(CLL) (e.g., B-cell CLL, T-cell CLL)); lymphoma such as
Hodgkin lymphoma (HL) (e.g., B-cell HL,, T-cell HL) and
non-Hodgkin lymphoma (NHL) (e.g., diffuse large B-cell
lymphoma (DLBCL)), follicular lymphoma, chronic lym-
phocytic leukemia/small lymphocytic lymphoma (CLL/
SLL), mantle cell lymphoma (MCL), marginal zone B-cell
lymphomas (e.g., mucosa-associated lymphoid tissue
(MALT) lymphomas, nodal marginal zone B-cell lym-
phoma, splenic marginal zone B-cell lymphoma), primary
mediastinal B-cell lymphoma, Burkitt lymphoma, lympho-
plasmacytic lymphoma (i.e., Waldenstram’s macroglobu-
linemia), hairy cell leukemia (HCL), immunoblastic large
cell lymphoma, precursor B-lymphoblastic lymphoma and
primary central nervous system (CNS) lymphoma; and
T-cell NHL such as precursor T-lymphoblastic lymphoma/
leukemia, peripheral T-cell lymphoma (PTCL) (e.g., cuta-
neous T-cell lymphoma (CTCL) (e.g., mycosis fungiodes,
Sezary syndrome), angioimmunoblastic T-cell lymphoma,
extranodal natural killer T-cell lymphoma, enteropathy type
T-cell lymphoma, subcutaneous panniculitis-like T-cell lym-
phoma, and anaplastic large cell lymphoma); a mixture of
one or more leukemia/lymphoma as described above; and
multiple myeloma), heavy chain disease (e.g., alpha chain
disease, gamma chain disease, mu chain disease); heman-
gioblastoma; hypopharynx cancer; inflammatory myofibro-
blastic tumors; immunocytic amyloidosis; kidney cancer
(e.g., nephroblastoma a.k.a. Wilms’ tumor, renal cell carci-
noma); liver cancer (e.g., hepatocellular cancer (HCC),
malignant hepatoma); lung cancer (e.g., bronchogenic car-
cinoma, small cell lung cancer (SCLC), non-small cell lung
cancer (NSCLC), adenocarcinoma of the lung); leiomyosar-
coma (LMS); mastocytosis (e.g., systemic mastocytosis);
muscle cancer; myelodysplastic syndrome (MDS); mesothe-
lioma; myeloproliferative  disorder (MPD) (e.g.,
polycythemia vera (PV), essential thrombocytosis (ET),
agnogenic myeloid metaplasia (AMM) ak.a. myelofibrosis
(MF), chronic idiopathic myelofibrosis, chronic myelocytic
leukemia (CML), chronic neutrophilic leukemia (CNL),
hypereosinophilic syndrome (HES)); neuroblastoma; neuro-
fibroma (e.g., neurofibromatosis (NF) type 1 or type 2,
schwannomatosis); neuroendocrine cancer (e.g., gastroen-
teropancreatic neuroendocrine tumor (GEP-NET), carcinoid
tumor); osteosarcoma (e.g., bone cancer); ovarian cancer
(e.g., cystadenocarcinoma, ovarian embryonal carcinoma,
ovarian adenocarcinoma); papillary adenocarcinoma; pan-
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creatic cancer (e.g., pancreatic andenocarcinoma, intraductal
papillary mucinous neoplasm (IPMN), Islet cell tumors);
penile cancer (e.g., Paget’s disease of the penis and scro-
tum); pinealoma; primitive neuroectodermal tumor (PNT);
plasma cell neoplasia; paraneoplastic syndromes; intraepi-
thelial neoplasms; prostate cancer (e.g., prostate adenocar-
cinoma); rectal cancer; rhabdomyosarcoma; salivary gland
cancer; skin cancer (e.g., squamous cell carcinoma (SCC),
keratoacanthoma (KA), melanoma, basal cell carcinoma
(BCC)); small bowel cancer (e.g., appendix cancer); soft
tissue sarcoma (e.g., malignant fibrous histiocytoma (MFH),
liposarcoma, malignant peripheral nerve sheath tumor
(MPNST), chondrosarcoma, fibrosarcoma, myxosarcoma);
sebaceous gland carcinoma; small intestine cancer; sweat
gland carcinoma; synovioma; testicular cancer (e.g., semi-
noma, testicular embryonal carcinoma); thyroid cancer (e.g.,
papillary carcinoma of the thyroid, papillary thyroid carci-
noma (PTC), medullary thyroid cancer); urethral cancer;
vaginal cancer; and vulvar cancer (e.g., Paget’s disease of
the vulva).

The term “immunotherapy” refers to a therapeutic agent
that promotes the treatment of disease by inducing, enhanc-
ing, or suppressing an immune response. Immunotherapies
designed to elicit or amplify an immune response are
classified as activation immunotherapies, while immuno-
therapies that reduce or suppress are classified as suppres-
sion immunotherapies. Immunotherapies are typically, but
not always, biotherapeutic agents. Numerous immunothera-
pies are used to treat cancer. These include, but are not
limited to, monoclonal antibodies, adoptive cell transfer,
cytokines, chemokines, vaccines, and small molecule inhibi-
tors.

The terms “biologic,” “biologic drug,” and “biological
product” refer to a wide range of products such as vaccines,
blood and blood components, allergenics, somatic cells,
gene therapy, tissues, nucleic acids, and proteins. Biologics
may include sugars, proteins, or nucleic acids, or complex
combinations of these substances, or may be living entities,
such as cells and tissues. Biologics may be isolated from a
variety of natural sources (e.g., human, animal, microorgan-
ism) and may be produced by biotechnological methods and
other technologies.

The term “small molecule” or “small molecule therapeu-
tic” refers to molecules, whether naturally occurring or
artificially created (e.g., via chemical synthesis) that have a
relatively low molecular weight. Typically, a small molecule
is an organic compound (i.e., it contains carbon). The small
molecule may contain multiple carbon-carbon bonds, ste-
reocenters, and other functional groups (e.g., amines,
hydroxyl, carbonyls, and heterocyclic rings, etc.). In certain
embodiments, the molecular weight of a small molecule is
not more than about 1,000 g/mol, not more than about 900
g/mol, not more than about 800 g/mol, not more than about
700 g/mol, not more than about 600 g/mol, not more than
about 500 g/mol, not more than about 400 g/mol, not more
than about 300 g/mol, not more than about 200 g/mol, or not
more than about 100 g/mol. In certain embodiments, the
molecular weight of a small molecule is at least about 100
g/mol, at least about 200 g/mol, at least about 300 g/mol, at
least about 400 g/mol, at least about 500 g/mol, at least about
600 g/mol, at least about 700 g/mol, at least about 800 g/mol,
or at least about 900 g/mol, or at least about 1,000 g/mol.
Combinations of the above ranges (e.g., at least about 200
g/mol and not more than about 500 g/mol) are also possible.
In certain embodiments, the small molecule is a therapeu-
tically active agent such as a drug (e.g., a molecule approved
by the U.S. Food and Drug Administration as provided in the
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Code of Federal Regulations (C.F.R.)). The small molecule
may also be complexed with one or more metal atoms and/or
metal ions. In this instance, the small molecule is also
referred to as a “small organometallic molecule.” Preferred
small molecules are biologically active in that they produce
a biological effect in animals, preferably mammals, more
preferably humans. Small molecules include, but are not
limited to, radionuclides and imaging agents. In certain
embodiments, the small molecule is a drug. Preferably,
though not necessarily, the drug is one that has already been
deemed safe and effective for use in humans or animals by
the appropriate governmental agency or regulatory body.
For example, drugs approved for human use are listed by the
FDA under 21 C.F.R. §§ 330.5, 331 through 361, and 440
through 460, incorporated herein by reference; drugs for
veterinary use are listed by the FDA under 21 C.F.R. §§ 500
through 589, incorporated herein by reference. All listed
drugs are considered acceptable for use in accordance with
the present invention.

The term “therapeutic agent” refers to any substance
having therapeutic properties that produce a desired, usually
beneficial, effect. For example, therapeutic agents may treat,
ameliorate, and/or prevent disease. Therapeutic agents, as
disclosed herein, may be biologics or small molecule thera-
peutics.

The term “chemotherapeutic agent” refers to a therapeutic
agent known to be of use in chemotherapy for cancer.

A “hematological cancer” includes a cancer which affects
a hematopoietic cell or tissue. Hematological cancers
include cancers associated with aberrant hematological con-
tent and/or function. Examples of hematological cancers
include, but are nor limited to, leukemia such as acute
lymphocytic leukemia (ALL) (e.g., B-cell ALL, T-cell
ALL), acute myelocytic leukemia (AML) (e.g., B-cell AML,
T-cell AML), chronic myelocytic leukemia (CML) (e.g.,
B-cell CML, T-cell CML), chronic lymphocytic leukemia
(CLL) (e.g., B-cell CLL, T-cell CLL)), lymphoma such as
Hodgkin’s lymphoma (HL) (e.g., B-cell HL, T-cell HL),
non-Hodgkin’s lymphoma (NHL) (e.g., diffuse large B-cell
lymphoma (DLBCL)), follicular lymphoma, chronic lym-
phocytic leukemia/small lymphocytic lymphoma (CLL/
SLL), mantle cell lymphoma (MCL), marginal zone B-cell
lymphomas (e.g., mucosa-associated lymphoid tissue
(MALT) lymphomas, nodal marginal zone B-cell lym-
phoma, splenic marginal zone B-cell lymphoma), primary
mediastinal B-cell lymphoma, Burkitt lymphoma, lympho-
plasmacytic lymphoma (i.e., Waldenstram’s macroglobu-
linemia), hairy cell leukemia (HCL), immunoblastic large
cell lymphoma, precursor B-lymphoblastic lymphoma, pri-
mary central nervous system (CNS) lymphoma, T-cell NHL
such as precursor T-lymphoblastic lymphoma/leukemia,
peripheral T-cell lymphoma (PTCL) (e.g., cutaneous T-cell
lymphoma (CTCL) (e.g., mycosis fungiodes, Sezary syn-
drome), angioimmunoblastic T-cell lymphoma, extranodal
natural killer T-cell lymphoma, enteropathy type T-cell
lymphoma, subcutaneous panniculitis-like T-cell lym-
phoma, and anaplastic large cell lymphoma), a mixture of
one or more leukemia/lymphoma as described above, mul-
tiple myeloma, heavy chain disease (e.g., alpha chain dis-
ease, gamma chain disease, mu chain disease) acute non-
lymphocytic leukemia (ANLL), acute promyelocytic
leukemia (APL), acute myelomonocytic leukemia (AM-
MoL), polycythemia vera, Wilm’s tumor, and Ewing’s sar-
coma.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

Provided herein are inhibitors of MALT1. In one aspect,
the disclosure provides compounds of Formula I, and phar-
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maceutically acceptable salts, solvates, hydrates, poly-
morphs, co-crystals, tautomers, stereoisomers, isotopically
labeled derivatives, prodrugs, and pharmaceutical composi-
tions thereof. The compounds are useful for the treatment
and/or prevention of diseases associated with MALT1 activ-
ity (e.g., autoimmune diseases, inflammatory diseases, pro-
liferatives diseases, cancer (e.g., DLBCL)) in a subject in
need thereof.
Compounds

The compounds described herein interact with MALT1.
As described herein, the therapeutic effect may be a result of
inhibition, degradation, modulation, binding, and/or modi-
fication of MALT1 by the compounds described herein. In
certain embodiments, the compounds inhibit, degrade,
modulate, and/or modify MALT1 by binding to an allosteric
site of MALT1. The compounds may be provided for use in
any composition, kit, or method described herein as a
pharmaceutically acceptable salt, co-crystal, tautomer, ste-
reoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In one aspect, disclosed is a compound of Formula I:

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein:

Ais
(Rl)p 'N | \ or
5 N

ZNT N
®RY, T
\/\ N/

B is pyridinyl;

each occurrence of R! and R? is, independently, halogen,
substituted or unsubstituted acyl, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substituted or unsubstituted carbo-
cyclyl, substituted or unsubstituted heterocyclyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heteroalkyl, —OR* —N(R%),,
—8SR“, —CN, —SCN, —C(=NR“)R*, —C(=NR*)OR,
—C(=NRHN(R),, —C(=0)R4, —C(=0)OR4,
—C(=0ONR?),, —S(=0)R?, —S(=0),R*, —NO,,
—NRAC(=0)R?, —NRAC(=0)OR%, —NRIC(=O)N
(R?),, —NR*$(=0)R“, —NR*S$(=0),R?, —S(=O0)N
(RY),, —S(=0),N(R),, —OC(=0)R*, —OC(=0)OR*,
or —OC(=0)N(R?),;

each occurrence of R? and R* is, independently, hydrogen,
substituted or unsubstituted alkyl, or a nitrogen protecting

group;
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each occurrence of R is, independently, hydrogen, sub-
stituted or unsubstituted acyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted heteroal-
kyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted heterocyclyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, a nitrogen protecting
group when attached to a nitrogen atom, an oxygen protect-
ing group when attached to an oxygen atom, or a sulfur
protecting group when attached to a sulfur atom, or two R*
groups are joined to form a substituted or unsubstituted
heterocyclic ring;

kis1,2,3,4,5, or 6; and

pis 1,23, or4.

In certain embodiments, disclosed is a compound of
Formula I:

N

&Y O

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein:

Ais

B is pyridinyl;

each occurrence of R' and R? is, independently, halogen,
substituted or unsubstituted acyl, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substituted or unsubstituted carbo-
cyclyl, substituted or unsubstituted heterocyclyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heteroalkyl, —OR#, —N(R“),,
—SR*, —CN, —SCN, —C(=NR“)R*, —C(=NR*)OR,
—C(=NRHN(R™),, —C(=0O)R", —C(=0)0OR",
—C(=0)NR*),, —S(=0)R%, —S(=0),R4, —NO,,
—NRAC(=O0)R*, —NR*C(=0)OR?, —NRC(=O)N
(R?),, —NR*$(=0)R“, —NR*S$(=0),R?, —S(=O0)N
(RY),, —S(=0),N(RY),, —OC(=0)R*, —OC(=0)OR*,
or —OC(=0)N(R?),;

each occurrence of R® and R* is, independently, hydrogen,
substituted or unsubstituted alkyl, or a nitrogen protecting
group;

each occurrence of R is, independently, hydrogen, sub-
stituted or unsubstituted acyl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted heteroal-
kyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted heterocyclyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, a nitrogen protecting
group when attached to a nitrogen atom, an oxygen protect-
ing group when attached to an oxygen atom, or a sulfur
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protecting group when attached to a sulfur atom, or two R* In certain embodiments, A is of the formula:

groups are joined to form a substituted or unsubstituted

heterocyclic ring;
kis1,2,3,4,5, or 6; and
pis 1, 2,3, or 4.

In certain embodiments, A is of the formula:

10

=

®RY,

x

A~

In certain embodiments, A is of the formula:

1 N
R )p w \
|
S )\ Lz Rr!
N 15
In certain embodiments, A is of the formula: ; ;
= =
N N
20 R!
N AN N AN AN
. . . RM
I <IN OO rr
= P ’
8 N 8 N 25 N _
N
R! R! o~ ; o~ ;
30 _ _
N AN N AN R! N N
</ | ; or R1‘</ | 2l
8 N/ 8 N/ R! R!
35
In certain embodiments, A is of the formula: o~ ; \ ;
= =
N R! N
40 R! R!
N \ Rl
Rl_</ | \ . \
8 N 7 Z
45 N R! N
R! R!
In certain embodiments, A is of the formula:
AN . AN .
R! 50 F F
N N R!
N AN R!
] 1 1
R R
s N/ ss Rl
AN . AN
In certain embodiments, A is of the formula: = : >
N R N
R! R!
Rl 60
. AN . AN .
\ > >
R1‘</ | N/ N/ Rl
S N/ 65

Rr!
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41
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In certain embodiments, A is of the formula:

R

1

X

N

Z

Rr!

R!
R!L
5 \ ; or
F

N

R!

\ .
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N
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In certain embodiments, A is of the formula:

R! R!
Rl
AN or AN
P Z
N N

In certain embodiments, A is of the formula:

R!
oo
F
N

In certain embodiments, A is of the formula:

R!
R
ﬁ\ﬁ |
F
N

In certain embodiments, A is of the formula:

Rl
/©i5>\ |
P
R! N

In certain embodiments, A is of the formula:

R!

X

Z
N
or

Rl
N
S N/
Rl
1
P
N
Rl
o
R! N/

In certain embodiments, each occurrence of R! is, inde-
pendently, halogen, substituted or unsubstituted acyl, sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted het-
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erocyclyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted het-
eroalkyl, —OR“, —N(R?),, —SR4, —CN, —SCN,
—C(=NRHR?, —C(=NRHOR?, —C(=NRHNR),,
—C(=0)R*, —C(=0)OR*, —C(=0)N(R*),, —S(=0)
RY, —S(=0),R¥ —NO,, —NR*C(=O0)R*, —NR*C
(=0)OR%, —NRAC(=O)N(R?),, —NRIS(=0O)R4,
—NRS(—O),R?, —S(=O)NRY),, —S(=0),NR"),,
—OC(=0)R*, —OC(=0)OR*, or —OC(=0)N(R%),.

In certain embodiments, each occurrence of R is, inde-
pendently, halogen, substituted or unsubstituted alkyl, sub-
stituted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, substituted or unsubstituted heterocyclyl, substi-
tuted or unsubstituted carbocyclyl, substituted or unsubsti-
tuted aryl, substituted or unsubstituted heteroaryl, substi-
tuted or unsubstituted heteroalkyl, or —OR*.

In certain embodiments, each occurrence of R is, inde-
pendently, halogen, substituted or unsubstituted alkyl, sub-
stituted or unsubstituted carbocyclyl, substituted or unsub-
stituted heteroaryl, substituted or unsubstituted heteroalkyl,
or —OR4.

In certain embodiments, each occurrence of R is, inde-
pendently, halogen, unsubstituted C,_ alkyl, C, 4 alkoxyal-
kyl, C, ¢ hydroxyalkyl, C, ¢ azidoalkyl, C, ; haloalkyl,
unsubstituted 5 or 6-membered monocyclic heteroaryl,
unsubstituted C;_¢ cycloalkyl, or —OC,  alkyl. In certain
embodiments, each occurrence of R' is halogen, unsubsti-
tuted C, 4 alkyl, C, 4 alkoxyalkyl, C,  hydroxyalkyl, C,
azidoalkyl, C,_ haloalkyl, or unsubstituted C;_, cycloalkyl.
In certain embodiments, each occurrence of R” is, indepen-
dently, halogen, unsubstituted C;_, cycloalkyl, or —OC, ¢

alkyl.

In certain embodiments, each occurrence of R! is, inde-
pendently, —Cl, —Br, —F, —CH;, —CH(CH;),,
—C(CH,),0CH,, —CH(OCH,)CH;, —CH(OH)CHj,,

—CH(N;)CH;, —CF;, or unsubstituted cyclopropyl. In
certain embodiments, each occurrence of R’ is, indepen-
dently, —Cl, —Br, —F, —CH,, —CH(CH;),, —C(CH,),
OCH,;, —C(CH,),OCH,CH;, —CH(OCH,)CH,;, —CH
(OCH,CH;)CH,, —CH(OH)CH;, —CH(N,)CH,, —CF,,
—N(CH;),, —N(CH;)(CH,CH,OCH,), —N(CH,)(CH
(CH;)CH,OCH,), unsubstituted azetidine, or unsubstituted
cyclopropyl.

In certain embodiments, each occurrence of R is, inde-
pendently, —Cl, —Br, —F, unsubstituted cyclopropyl, or
—OCH,. In certain embodiments, each occurrence of R' is,
independently, —CI or —C(CH,),OCHj;.

In certain embodiments, each occurrence of R is, inde-
pendently, halogen, substituted or unsubstituted alkyl, sub-
stituted or unsubstituted carbocyclyl, substituted or unsub-
stituted alkoxyalkyl, or substituted or unsubstituted
hydroxyalkyl. In certain embodiments, each occurrence of
R! is, independently, —F, unsubstituted cyclopropyl,
methyl, —CH(CH,)OCH,, —CH(CH,)OH, —CH(CH,)
OCH,CH;, or —C(CH,),OCH,,.

In certain embodiments, R' is —CH,CH,, —CH(CH,)
OCH,, —C(CH,),0CHj,, or —C(CH,),OCH,CH,;. In cer-
tain embodiments, R' is —CH,OCH,, —CH(CH,)OCH,,
—CH(CH,)OCH,CH,, —C(CH,),OCH,, or —C(CH,),
OCH,CHS,. In certain embodiments, R* is —C(CH,),OCHj.
In certain embodiments, R* is —CH(CH,)OCH,. In certain
embodiments, R' is —CH,OH, —CH(CH,)OH, or
—C(CH,),,H. In certain embodiments, R* is —C(CH,),,H.
In certain embodiments, R! is —CH(CH,)OH.

In certain embodiments, R’ is optionally substituted
cyclopropyl. In certain embodiments, R' is unsubstituted
cyclopropyl. In certain embodiments, R is optionally sub-
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stituted cyclobutyl. In certain embodiments, R* is unsubsti-
tuted cyclobutyl. In certain embodiments, R! is optionally
substituted cyclopentyl. In certain embodiments, R' is
unsubstituted cyclopentyl. In certain embodiments, R* is
optionally substituted cyclohexyl. In certain embodiments,
R! is unsubstituted cyclohexyl.

In certain embodiments, each occurrence of R! is, inde-
pendently, substituted or unsubstituted C, _ alkyl. In certain
embodiments, R' is C,_4 haloalkyl. In certain embodiments,
R! is C,_, haloalkyl. In certain embodiments, R' is trifluo-
romethyl, difluoromethyl, or fluoromethyl. In certain
embodiments, R* is trifluoromethyl or diflucromethyl. In
certain embodiments, R' is trifluoromethyl. In certain
embodiments, R' is C,_ azidoalkyl. In certain embodiments,
R! is —CH(CH,)N,, —C(CH,),N;, or —CH,Nj,. In certain
embodiments, R! is —CH(CH,)Nj. In certain embodiments,
R! is unsubstituted C,_ alkyl. In certain embodiments, R* is
unsubstituted C,_, alkyl. In certain embodiments, R' is
methyl, ethyl, propyl, butyl, isopropyl, isobutyl, sec-butyl,
or tert-butyl. In certain embodiments, R! is isopropyl.

In certain embodiments, each occurrence of R! is, inde-
pendently, —C1 or optionally substituted cyclopropyl. In
certain embodiments, each occurrence of R' is, indepen-
dently, methyl or optionally substituted cyclopropyl. In
certain embodiments, each occurrence of R’ is, indepen-
dently, —Cl or unsubstituted cyclopropyl. In certain
embodiments, each occurrence of R’ is, independently,
methyl or unsubstituted cyclopropyl.

In certain embodiments, each occurrence of R! is, inde-
pendently, —F or optionally substituted cyclopropyl. In
certain embodiments, each occurrence of R’ is, indepen-
dently, —F or unsubstituted cyclopropyl.

In certain embodiments, each occurrence of R! is, inde-
pendently, —OCHS, or optionally substituted cyclopropyl. In
certain embodiments, each occurrence of R' is, indepen-
dently, —OCH; or unsubstituted cyclopropyl.

In certain embodiments, each occurrence of R! is, inde-
pendently, —Br or optionally substituted C, ; alkyl. In
certain embodiments, each occurrence of R is, indepen-
dently, —Br or methyl.

In certain embodiments, each occurrence of R! is, inde-
pendently, —Cl, —Br, —F, or —I. In certain embodiments,
each occurrence of R' is, independently, —Cl, —Br, or —F.
In certain embodiments, each occurrence of R” is, indepen-
dently, —Cl. In certain embodiments, each occurrence of R*
is, independently, —Br. In certain embodiments, each occur-
rence of R! is, independently, —F.

In certain embodiments, R' is —N(R%),, wherein R is,
independently, hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, or two R groups
are joined to form a substituted or unsubstituted heterocyclic
ring. In certain embodiments, R* is —N(R“%),, wherein R4
is, independently, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted alkoxyalkyl, or two R* groups are
joined to form a substituted or unsubstituted heterocyclic
ring. In certain embodiments, R' is —N(R%),, wherein R is,
independently, unsubstituted alkyl, substituted or unsubsti-
tuted alkoxyalkyl, or two R* groups are joined to form an
unsubstituted heterocyclic ring. In certain embodiments, R*
is —N(CH,),, —N(CH,)(CH,CH,OCH,), —N(CH,)(CH
(CH;)CH,OCH,), unsubstituted azetidine

In certain embodiments, R! is substituted or unsubstituted
5-membered heteroaryl. In certain embodiments, R* is sub-
stituted or unsubstituted 5-membered heteroaryl with 1, 2, 3,
or 4 heteroatoms selected from the group consisting of N, O,
and S. In certain embodiments, R! is substituted or unsub-
stituted thiazole. In certain embodiments, R! is substituted or
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unsubstituted thiophene. In certain embodiments, R* is sub-
stituted or unsubstituted pyrazole. In certain embodiments,
R! is substituted or unsubstituted imidazole. In certain
embodiments, R! is substituted or unsubstituted pyrrole. In
certain embodiments, R' is substituted or unsubstituted
tetrazole. In certain embodiments, R' is substituted or
unsubstituted triazole. In certain embodiments, R! is substi-
tuted or unsubstituted oxadiazole. In certain embodiments,
R! is substituted or unsubstituted thiadiazole. In certain
embodiments, R' is substituted or unsubstituted dithiazole.
In certain embodiments, R! is substituted or unsubstituted
oxazole. In certain embodiments, R* is substituted or unsub-
stituted isoxazole. In certain embodiments, R' is substituted
or unsubstituted isothiazole. In certain embodiments, R is
substituted or unsubstituted pyrrole. In certain embodi-
ments, R is substituted or unsubstituted furan.

In certain embodiments, A is of the formula:

/N%A, /N:%A,
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In certain embodiments, A is of the formula: -continued

S N 5 N 10
EtO EtO.
N N X
</ | o ; </ | ~ ; L ;
S # S = 7z
T\
~y MO 20 S
N AN . N X )
_</ | = | </ | P |
S N S N 25 N

w
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N/ N/ 60
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-continued

In certain embodiments, B is 2-pyridinyl, 3-pyridinyl, or
4-pyridinyl. In certain embodiments, B is 3-pyridinyl or
4-pyridinyl. In certain embodiments, B is 2-pyridinyl. In
certain embodiments, B is 3-pyridinyl. In certain embodi-

ments, B is 4-pyridinyl.

In certain embodiments, B is of the formula:

A

——®);  or |

/

Z
.

In certain embodiments, B is of the formula:

/

T ®)

\
Z_
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In certain embodiments, B is of the formula:

\ R%; \ R%;
N 2N
R2
R2
N R%  or N R2
= N N

In certain embodiments, B is of the formula:

N
/N

In certain embodiments, B is of the formula:

Ry,
N)

In certain embodiments, B is of the formula:

or
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In certain embodiments, B is of the formula:

RZ; \ RZ;
N
RZ
RZ
RZ; \ RZ;
| A
RZ
Z
R%; N R%;
R? R?
R%; ; H
()T
/ Z
N R?
/%j/ /éij
=
N R?

~
/N

In certain embodiments, each occurrence of R? is, inde-
pendently, halogen, substituted or unsubstituted acyl, sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted het-
erocyclyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted het-
eroalkyl, —OR“, —N(R?),, —SR4, —CN, —SCN,
—C(=NRHR?, —C(=NR*OR?, —C(=NR*)N(R4),,
—C(=0)R*, —C(=0)OR*, —C(=0)N(R*),, —S(=0)
RY, —S(=0),R¥ —NO,, —NR*C(=O0)R*, —NR*C
(=0)OR4, —NRAC(=O)N(R?),, —NRIS(=0O)R%,
—NRS(=O),R?, —S(=O)NRY),, —S(=0),NR"),,
—OC(=0)R*, —OC(=0)OR*, or —OC(=0)N(R),.
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In certain embodiments, each occurrence of R? is, inde-
pendently, halogen, substituted or unsubstituted alkyl, sub-
stituted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, substituted or unsubstituted heterocyclyl, substi-
tuted or unsubstituted carbocyclyl, substituted or unsubsti-
tuted aryl, substituted or unsubstituted heteroaryl, substi-
tuted or unsubstituted heteroalkyl, or —OR™.

In certain embodiments, each occurrence of R? is, inde-
pendently, halogen, substituted or unsubstituted alkyl, or
substituted or unsubstituted heteroaryl. In certain embodi-
ments, each occurrence of R? is, independently, halogen,
C, ¢ haloalkyl, or unsubstituted 5-membered monocyclic
heteroaryl. In certain embodiments, each occurrence of R?
is, independently, halogen or an unsubstituted 5-membered
monocyclic heteroaryl ring having 2 or 3 nitrogen atoms in
the ring.

In certain embodiments, each occurrence of R? is, inde-
pendently, C, ¢ haloalkyl. In certain embodiments, each
occurrence of R? is, independently, C, _, haloalkyl. In certain
embodiments, R? is trifluoromethyl, difluoromethyl, or fluo-
romethyl. In certain embodiments, R? is trifluoromethyl or
difluoromethyl. In certain embodiments, R? is trifluorom-
ethyl.

In certain embodiments, each occurrence of R? is, inde-
pendently, —Cl, —Br, —F, —I, or an unsubstituted 5-mem-
bered monocyclic heteroaryl ring having 2 or 3 nitrogen
atoms in the ring. In certain embodiments, each occurrence
of R? is, independently, —Cl, —Br, —F, or an unsubstituted
S5-membered monocyclic heteroaryl ring having 2 or 3
nitrogen atoms in the ring. In certain embodiments, each
occurrence of R? is, independently, —CI or an unsubstituted
S5-membered monocyclic heteroaryl ring having 2 or 3
nitrogen atoms in the ring. In certain embodiments, each
occurrence of R? is, independently, —Br or an unsubstituted
S5-membered monocyclic heteroaryl ring having 2 or 3
nitrogen atoms in the ring. In certain embodiments, each
occurrence of R? is, independently, —F or an unsubstituted
S5-membered monocyclic heteroaryl ring having 2 or 3
nitrogen atoms in the ring.

In certain embodiments, each occurrence of R? is, inde-

pendently, F, Cl, Br,
N
i B
N N

In certain embodiments, each occurrence of R? is, indepen-
dently, Cl, Br, or

e

In certain embodiments, each occurrence of R? is, indepen-
dently, Cl or
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N

Ay

In certain embodiments, each occurrence of R is, inde-
pendently, halogen, unsubstituted C,  alkyl, C,_4 alkoxyal-
kyl, C, ¢ hydroxyalkyl, C, ¢ azidoalkyl, C, ; haloalkyl,
unsubstituted 5 or 6-membered monocyclic heteroaryl,
unsubstituted C,_¢ cycloalkyl, or —OC, 4 alkyl; and each
occurrence of R? is, independently, C1 or

N

Ay

In certain embodiments, B is of the formula:

z—2

\ CF3; \ CHEp;
N | 2N
cl
N CH,F | ~
; P N
N N
2N | A
Nam,
B F
e [
ZZ N : Z N
N N~ N N~
B |)
N Na
N cl N cl
| S
Z P

In certain embodiments, R> is hydrogen, substituted or
unsubstituted alkyl, or a nitrogen protecting group. In certain
embodiments, R” is hydrogen, substituted or unsubstituted
C, ¢ alkyl, or a nitrogen protecting group. In certain embodi-
ments, R® is hydrogen, substituted or unsubstituted C,_,
alkyl, or a nitrogen protecting group. In certain embodi-
ments, R? is hydrogen, unsubstituted C, _, alkyl, or a nitrogen
protecting group. In certain embodiments, R* is hydrogen.

In certain embodiments, R* is hydrogen, substituted or
unsubstituted alkyl, or a nitrogen protecting group. In certain
embodiments, R* is hydrogen, substituted or unsubstituted
C, ¢ alkyl, or a nitrogen protecting group. In certain embodi-
ments, R* is hydrogen, substituted or unsubstituted C,_,
alkyl, or a nitrogen protecting group. In certain embodi-
ments, R* is hydrogen, unsubstituted C, _, alkyl, or a nitrogen
protecting group. In certain embodiments, R* is hydrogen.
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In certain embodiments, R® and R* are both hydrogen.

In certain embodiments, R# is, independently, hydrogen,
substituted or unsubstituted acyl, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substituted or unsubstituted het-
eroalkyl, substituted or unsubstituted carbocyclyl, substi-
tuted or unsubstituted heterocyclyl, substituted or unsubsti-
tuted aryl, substituted or unsubstituted heteroaryl, a nitrogen
protecting group when attached to a nitrogen atom, an
oxygen protecting group when attached to an oxygen atom,
or a sulfur protecting group when attached to a sulfur atom,
or two R* groups are joined to form a substituted or
unsubstituted heterocyclic ring. In certain embodiments, R*
is, independently, hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted het-
erocyclyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, a nitrogen protecting group when
attached to a nitrogen atom, an oxygen protecting group
when attached to an oxygen atom, or two R* groups are
joined to form a substituted or unsubstituted heterocyclic
ring. In certain embodiments, R< is, independently, hydro-
gen, substituted or unsubstituted alkyl, substituted or unsub-
stituted heteroalkyl, substituted or unsubstituted heterocy-
clyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, or two R* groups are joined to
form a substituted or unsubstituted heterocyclic ring. In
certain embodiments, R* is, independently, hydrogen, sub-
stituted or unsubstituted C, ¢ alkyl, substituted or unsubsti-
tuted heteroalkyl, substituted or unsubstituted 5-6 membered
heterocyclyl, substituted or unsubstituted phenyl, substituted
or unsubstituted 5-6 membered heteroaryl, or two R¥ groups
are joined to form a substituted or unsubstituted heterocyclic
ring. In certain embodiments, R< is, independently, hydro-
gen, substituted or unsubstituted C,_¢ alkyl, substituted or
unsubstituted C, _,, heteroalkyl, substituted or unsubstituted
5-6 membered heterocyclyl, substituted or unsubstituted
phenyl, substituted or unsubstituted 5-6 membered het-
eroaryl, or two R groups are joined to form a substituted or
unsubstituted heterocyclic ring. In certain embodiments, R+
is, independently, hydrogen or substituted or unsubstituted
C,.¢ alkyl. In certain embodiments, R# is, independently,
hydrogen or unsubstituted C, 4 alkyl.

In certain embodiments, k is 0, 1, 2, 3, or 4. In certain
embodiments, k is 0, 1, 2, or 3. In certain embodiments, k is
0, 1, or 2. In certain embodiments, k is O or 1. In certain
embodiments, k is 1 or 2.

In certain embodiments, p is 0, 1, 2, 3, or 4. In certain
embodiments, p is 0, 1, 2, or 3. In certain embodiments, p is
0, 1, or 2. In certain embodiments, p is 0 or 1. In certain
embodiments, p is 1 or 2.

In certain embodiments, k is 0, 1, or 2; and p is 0, 1, or
2. In certain embodiments, k is 1 or 2; and pis O or 1. In
certain embodiments, k is O or 1; and p is 1 or 2. In certain
embodiments, k is 1 or 2; and p is 1 or 2. In certain
embodiments, k is 1; and p is 2. In certain embodiments, k
is 2; and p is 1. In certain embodiments, k is 2; and p is 2.
In certain embodiments, k is 1; and p is 1.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-a:

R)y—tt. I\ \ﬂ/ A
ST Y 5
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or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-a, each occurrence
of R! is, independently, unsubstituted C,  alkyl or unsub-
stituted C;_g cycloalkyl.

In certain embodiments of Formula I-a, each occurrence
of R! is, independently, unsubstituted C,_, alkyl or substi-
tuted or unsubstituted C,_¢ alkoxyalkyl.

In certain embodiments of Formula I-a, each occurrence
of R? is, independently, halogen or an unsubstituted 5-mem-
bered monocyclic heteroaryl ring having 2 or 3 nitrogen
atoms in the ring.

In certain embodiments of Formula I-a, each occurrence
of R! is, independently, unsubstituted C,_4 alkyl or unsub-
stituted C,_ cycloalkyl; and each occurrence of R? is,
independently, halogen or an unsubstituted S5-membered
monocyclic heteroaryl ring having 2 or 3 nitrogen atoms in
the ring.

In certain embodiments of Formula I-a, each occurrence
of R! is, independently, unsubstituted C,_, alkyl or substi-
tuted or unsubstituted C,_s alkoxyalkyl; and each occurrence
of R? is, independently, halogen or an unsubstituted 5-mem-
bered monocyclic heteroaryl ring having 2 or 3 nitrogen
atoms in the ring.

In certain embodiments, the compound of Formula I is a
compound of Formula I-b:

Rl
N N § § N RZ,
<L T X
S = © & 2
N N R

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-b, each occurrence
of R! is, independently, unsubstituted C,_4 alkyl or unsub-
stituted C;_, cycloalkyl.

In certain embodiments of Formula I-b, each occurrence
of R! is, independently, unsubstituted C,_4 alkyl or unsub-
stituted cyclopropyl.

In certain embodiments of Formula I-b, each occurrence
of R! is, independently, unsubstituted C,_, alkyl or substi-
tuted or unsubstituted C,_ alkoxyalkyl.

In certain embodiments of Formula I-b, each occurrence
of R? is, independently, halogen or an unsubstituted 5-mem-
bered monocyclic heteroaryl ring having 2 or 3 nitrogen
atoms in the ring.

In certain embodiments of Formula I-b, each occurrence
of R! is, independently, unsubstituted C,_4 alkyl or unsub-
stituted C,_ cycloalkyl; and each occurrence of R? is,
independently, halogen or an unsubstituted S5-membered
monocyclic heteroaryl ring having 2 or 3 nitrogen atoms in
the ring.

In certain embodiments of Formula I-b, each occurrence
of R! is, independently, unsubstituted C,_, alkyl or substi-
tuted or unsubstituted C,_s alkoxyalkyl; and each occurrence
of R? is, independently, halogen or an unsubstituted 5-mem-
bered monocyclic heteroaryl ring having 2 or 3 nitrogen
atoms in the ring.

I-b
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In certain embodiments, the compound of Formula [ is a
compound of Formula I-c:

A

N N
e — h \”/ | TR
[ o ’

\/\N/ N/
or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-c, each occurrence
of R? is halogen, unsubstituted C,_, alkyl, C,_ alkoxyalkyl,
C,_¢ hydroxyalkyl, C, ¢ azidoalkyl, C, 4 haloalkyl, or unsub-
stituted C;_, cycloalkyl.

In certain embodiments of Formula I-c, each occurrence
of R? is, independently, halogen or an unsubstituted 5-mem-
bered monocyclic heteroaryl ring having 2 or 3 nitrogen
atoms in the ring.

In certain embodiments of Formula I-c, each occurrence
of R? is halogen, unsubstituted C,_, alkyl, C,_ alkoxyalkyl,
C,_¢ hydroxyalkyl, C, ¢ azidoalkyl, C, 4 haloalkyl, or unsub-
stituted C,_, cycloalkyl; and each occurrence of R* is,
independently, halogen or an unsubstituted 5-membered
monocyclic heteroaryl ring having 2 or 3 nitrogen atoms in
the ring.

In certain embodiments of Formula I-c, each occurrence
of R' is halogen, unsubstituted C,_, alkyl, C,_, alkoxyalkyl,
C,_¢ hydroxyalkyl, or unsubstituted C,_, cycloalkyl; and
each occurrence of R? is, independently, halogen or an
unsubstituted 5-membered monocyclic heteroaryl ring hav-
ing 2 or 3 nitrogen atoms in the ring.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-d:

®RY,

Id
R2

®RY,

NN A

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-d, each occurrence
of R! is halogen, unsubstituted C,_4 alkyl, C,_s alkoxyalkyl,
C,_¢ hydroxyalkyl, C, ¢ azidoalkyl, C, 4 haloalkyl, or unsub-
stituted C;_, cycloalkyl.

In certain embodiments of Formula I-c, each occurrence
of R! is halogen, unsubstituted C,_4 alkyl, C,_s alkoxyalkyl,
C,_¢ hydroxyalkyl, or unsubstituted C,_, cycloalkyl.

In certain embodiments of Formula I-d, each occurrence
of R? is, independently, halogen or an unsubstituted 5-mem-
bered monocyclic heteroaryl ring having 2 or 3 nitrogen
atoms in the ring.

In certain embodiments of Formula I-d, each occurrence
of R! is halogen, unsubstituted C,_4 alkyl, C,_s alkoxyalkyl,
C,_¢ hydroxyalkyl, C, ¢ azidoalkyl, C, 4 haloalkyl, or unsub-
stituted C,_, cycloalkyl; and each occurrence of R* is,
independently, halogen or an unsubstituted 5-membered
monocyclic heteroaryl ring having 2 or 3 nitrogen atoms in
the ring.

In certain embodiments of Formula I-d, each occurrence
of R! is halogen, unsubstituted C,_4 alkyl, C,_¢ alkoxyalkyl,
C,_¢ hydroxyalkyl, or unsubstituted C,_, cycloalkyl; and

R2
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each occurrence of R? is, independently, halogen or an
unsubstituted 5-membered monocyclic heteroaryl ring hav-
ing 2 or 3 nitrogen atoms in the ring.

In certain embodiments, the compound of Formula I is a
compound of Formula I-e:

Rl

N § § N R?
| = \([)l/ | Z

N N R?,

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-e, each occurrence
of R is halogen, unsubstituted C,_, alkyl, C,_, alkoxyalkyl,
C, ¢ hydroxyalkyl, C, ;azidoalkyl, C, ,haloalkyl, or unsub-
stituted C;_, cycloalkyl.

In certain embodiments of Formula I-e, R is C,_4 alkoxy-
alkyl, C,_¢ hydroxyalkyl, or unsubstituted C,_, cycloalkyl.

In certain embodiments of Formula I-e, each occurrence
of R? is, independently, halogen or an unsubstituted 5-mem-
bered monocyclic heteroaryl ring having 2 or 3 nitrogen
atoms in the ring.

In certain embodiments of Formula I-e, each occurrence
of R! is halogen, unsubstituted C,_4 alkyl, C,_, alkoxyalkyl,
C, ¢ hydroxyalkyl, C, ¢ azidoalkyl, C, 4 haloalkyl, or unsub-
stituted C,_, cycloalkyl; and each occurrence of R* is,
independently, halogen or an unsubstituted S5-membered
monocyclic heteroaryl ring having 2 or 3 nitrogen atoms in
the ring.

In certain embodiments of Formula I-e, R is C,_4 alkoxy-
alkyl, C, ¢ hydroxyalkyl, or unsubstituted C;_, cycloalkyl;
and each occurrence of R? is, independently, halogen or an
unsubstituted 5-membered monocyclic heteroaryl ring hav-
ing 2 or 3 nitrogen atoms in the ring.

In certain embodiments, the compound of Formula I is a
compound of Formula I-f:

I-f
Rl
R! § § R?
P 0 Z
N N RZ,

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-f, each occurrence
of R* is, independently, halogen, unsubstituted C;_, cycloal-
kyl, or —OC, ¢ alkyl.

In certain embodiments of Formula I-f, each occurrence
of R is halogen, unsubstituted C,_, alkyl, C,_, alkoxyalkyl,
C, ¢ hydroxyalkyl, or unsubstituted C,_, cycloalkyl.

In certain embodiments of Formula I-f, each occurrence
of R? is, independently, halogen or an unsubstituted 5-mem-
bered monocyclic heteroaryl ring having 2 or 3 nitrogen
atoms in the ring.
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In certain embodiments of Formula I-f, each occurrence
of R! is, independently, halogen, unsubstituted C,_, cycloal-
kyl, or —OC, 4 alkyl; and each occurrence of R? is, inde-
pendently, halogen or an unsubstituted 5-membered mono-
cyclic heteroaryl ring having 2 or 3 nitrogen atoms in the
ring.

In certain embodiments of Formula I-f, each occurrence
of R? is halogen, unsubstituted C,_, alkyl, C,_, alkoxyalkyl,
C,_¢ hydroxyalkyl, or unsubstituted C,_, cycloalkyl; and
each occurrence of R? is, independently, halogen or an
unsubstituted 5-membered monocyclic heteroaryl ring hav-
ing 2 or 3 nitrogen atoms in the ring.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-g:

I-g
Rl
§ § R?
P 0 = N
N N Ir/ \\
Nz

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-g, R' is halogen,
unsubstituted C, ¢ alkyl, C, ¢ alkoxyalkyl, C, ¢ hydroxyal-
kyl, C, ¢ azidoalkyl, C, ¢ haloalkyl, or unsubstituted C;_,
cycloalkyl.

In certain embodiments, R* is —C,, —F, —Br, —CHj,
—CH(CH,),, —C(CH,),OCH;, —CH(OCH,)CH,, —CH
(OH)CH,, —CH(N,;)CH;, CFj;, or unsubstituted cyclopro-
pyl.

In certain embodiments of Formula I-g, R* is C,_, alkoxy-
alkyl, C,_¢hydroxyalkyl, or unsubstituted C,_, cycloalkyl. In
certain embodiments of Formula I-g, R' is —C(CH,)
-OCH,;, —CH(OCH,)CH,, —CH(OH)CH,, —CH
(OCH,CH,;)CH,, or unsubstituted cyclopropyl.

In certain embodiments of Formula I-g, R? is halogen. In

certain embodiments, R? is —Cl1, —Br, or —F. In certain
embodiments, R? is —Cl.

In certain embodiments of Formula I-g, R' is halogen,
unsubstituted C, ¢ alkyl, C, ¢ alkoxyalkyl, C, ¢ hydroxyal-
kyl, C, ¢ azidoalkyl, C, ¢ haloalkyl, or unsubstituted C;_,
cycloalkyl; and R? is halogen. In certain embodiments of
Formula I-g, R' is —C,, —F, —Br, —CH,, —CH(CHa,).,
—C(CH,),0CH,, —CH(OCH,)CH,;, —CH(OH)CHj,,
—CH(N,)CHs,, CF;, or unsubstituted cyclopropyl; and R? is
—Cl. In certain embodiments of Formula I-g, R' is —DBr,
—CH,, —CH(CHs;),, —C(CH,),OCH,, —CH(OCH,)CHj,
—CH(OH)CH;, —CH(N;)CH;, CF;, or unsubstituted
cyclopropyl; and R? is —Cl.

In certain embodiments of Formula I-g, R! is R is C,_4
alkoxyalkyl, C, , hydroxyalkyl, or unsubstituted C;_,
cycloalkyl; and R? is halogen. In certain embodiments of
Formula I-g, R' is —C(CH,),OCH,, —CH(OCH,)CHj,
—CH(OH)CH;, —CH(OCH,CH;)CH;, or unsubstituted
cyclopropyl; and R? is —Cl.
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In certain embodiments, the compound of Formula I is a
compound of Formula I-h:

I-h
Rl
R! § § R?
Z 0 > N
N N Ir/ AN
N

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-h, each occurrence
of R* is, independently, halogen, unsubstituted C;_, cycloal-
kyl, or —OC, 4 alkyl. In certain embodiments of Formula
I-h, each occurrence of R' is, independently, —Cl, —Br,
—F, unsubstituted cyclopropyl, or —OCHS,.

In certain embodiments of Formula I-h, each occurrence
of R is halogen, unsubstituted C,_, alkyl, C,_, alkoxyalkyl,
C, ¢ hydroxyalkyl, or unsubstituted C;_, cycloalkyl. In cer-
tain embodiments of Formula I-h, R' is —F, methyl,
—C(CH,),0CH;, —CH(OCH,)CH;, —CH(OH)CHj,
—CH(OCH,CH;)CHj;, or unsubstituted cyclopropyl.

In certain embodiments of Formula I-h, R? is halogen. In
certain embodiments of Formula I-h, R? is —Cl, —Br, or
—F. In certain embodiments, R? is —Cl.

In certain embodiments of Formula I-h, each occurrence
of R! is, independently, halogen, unsubstituted C,_, cycloal-
kyl, or —OC, _, alkyl; and R” is halogen. In certain embodi-
ments of Formula I-h, each occurrence of R' is, indepen-
dently, —Cl, —Br, —F, unsubstituted cyclopropyl, or
—OCH,; and R? is halogen. In certain embodiments of
Formula I-h, each occurrence of R! is, independently, —Cl,
—Br, —F, unsubstituted cyclopropyl, or —OCH,; and R? is
—C,.

In certain embodiments of Formula I-h, each occurrence
of R? is halogen, unsubstituted C,_, alkyl, C,_, alkoxyalkyl,
C, s hydroxyalkyl, or unsubstituted C,_, cycloalkyl; and R>
is halogen. In certain embodiments of Formula I-h, R! is
—F, methyl, —C(CH,),OCH;, —CH(OCH;)CH,, —CH
(OH)CH;, —CH(OCH,CH;)CH,;, or unsubstituted cyclo-
propyl; and R? is —CL.

In certain embodiments, the compound of Formula I is a
compound of Formula I-i:

Rl
R! \§§ \RZ,
(T T
N

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I, R' is halogen,
unsubstituted C, ¢ alkyl, C, ¢ alkoxyalkyl, C, ¢ hydroxyal-
kyl, C, ¢ azidoalkyl, C, ¢ haloalkyl, —OC, o alkyl, or
unsubstituted C;_, cycloalkyl. In certain embodiments of
Formula I-i, each occurrence of R! is, independently, halo-
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gen, unsubstituted C;_, cycloalkyl, C,  alkoxyalkyl, or
—OC, , alkyl. In certain embodiments of Formula I-i, each
occurrence of R! is, independently, —Cl, —Br, —F, unsub-
stituted cyclopropyl, —CH(OCH,)CH;, or —OCH,.

In certain embodiments of Formula I-i, R? is halogen or
C,_s haloalkyl. In certain embodiments of Formula I-i, R? is
—Cl, —Br, or —F. In certain embodiments of Formula I-i,
R? is trifluoromethyl, difluoromethyl, or fluoromethyl. In
certain embodiments of Formula I-i, R? is triftuvoromethyl or
difluoromethyl. In certain embodiments of Formula I-i, R? is
trifluoromethyl.

In certain embodiments of Formula I-i, R' is halogen,
unsubstituted C, ¢ alkyl, C, ¢ alkoxyalkyl, C, ¢ hydroxyal-
kyl, C, s azidoalkyl, C, ¢ haloalkyl, —OC, ; alkyl, or
unsubstituted C,_, cycloalkyl; and R? is halogen or C, 4
haloalkyl. In certain embodiments of Formula I-i, each
occurrence of R! is, independently, halogen, unsubstituted
C,_, cycloalkyl, C,_, alkoxyalkyl, or —OC,_, alkyl; and R?
is —Cl, —Br, or —F. In certain embodiments of Formula I-i,
each occurrence of R! is, independently, —Cl, —Br, —F,
unsubstituted cyclopropyl, —CH(OCH;)CH;, or —OCHs3;
and R? is trifluoromethyl, difluoromethyl, or fluoromethyl.
In certain embodiments of Formula I-i, each occurrence of
R! is, independently, —Cl, —Br, —F, unsubstituted cyclo-
propyl, —CH(OCH,)CH,, or —OCH,; and R? is trifluo-
romethyl.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-j:

Lj

Rl
R! § § Cl
> 0 e N
N N Ir/ N\
Nz

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-j, each occurrence of
R! is, independently, halogen, unsubstituted C,_, cycloalkyl,
or —OC, , alkyl. In certain embodiments of Formula I-j,
each occurrence of R! is, independently, —Cl, —Br, —F,
unsubstituted cyclopropyl, or —OCHS,.

In certain embodiments of Formula I-j, each occurrence of
R! is halogen, unsubstituted C,_ 4 alkyl, C,_ alkoxyalkyl,
C,_¢ hydroxyalkyl, or unsubstituted C,_, cycloalkyl.

In certain embodiments of Formula I, R* is —F, methyl,
—C(CH,),0CH;, —CH(OCH,)CH;, —CH(OH)CHj,
—CH(OCH,CH;)CHj;, or unsubstituted cyclopropyl.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-k:

Ik
Rl
N al
2 0 > N
N N Ir/ \\
Nz
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or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula Ik, R' is halogen,
unsubstituted C, ¢ alkyl, C, ¢ alkoxyalkyl, C, ¢ hydroxyal-
kyl, C, ¢ azidoalkyl, C, ¢ haloalkyl, or unsubstituted C;_,
cycloalkyl.

In certain embodiments of Formula Ik, R' is —Br,
—CH,;, —CH(CH,),, —C(CH,),OCH,, —CH(OCH,)CHj,
—CH(OH)CH;, —CH(N;)CH;, CF;, or unsubstituted
cyclopropyl.

In certain embodiments of Formula I-k, R* is C,_ alkoxy-
alkyl, C,_¢hydroxyalkyl, or unsubstituted C,_, cycloalkyl. In
certain embodiments of Formula I-k, R' is —C(CH,),
OCH,, —CH(OCH;)CH,, —CH(OH)CH,, —CH
(OCH,CH;)CHj;, or unsubstituted cyclopropyl.

In certain embodiments, the compound of Formula I is a
compound of Formula I-1:

Il

2

Rl

N N R

/N \ AN
»— ] | ,

Z Y F
S N N NN
R
Ny

or a pharmaceutically acceptable salt, co-crystal, tautomer,

stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-1, each occurrence
of R is, independently, unsubstituted C,_4 alkyl or unsub-
stituted C5_¢ cycloalkyl. In certain embodiments of Formula
I-1, each occurrence of R! is, independently, unsubstituted
C, ¢ alkyl or unsubstituted cyclopropyl.

In certain embodiments of Formula I-1, each occurrence
of R! is, independently, unsubstituted C,_, alkyl or substi-
tuted or unsubstituted C, ; alkoxyalkyl. In certain embodi-
ments of Formula I-1, each occurrence of R' is, indepen-
dently, methyl or substituted or —CH(OCH,CH;)CHj;.

In certain embodiments of Formula I-1, R? is halogen. In
certain embodiments of Formula I-1, R? is —Cl, —Br, or
—F. In certain embodiments of Formula I-1, R* is —Cl.

In certain embodiments of Formula I-1, each occurrence
of R! is, independently, unsubstituted C,_4 alkyl or unsub-
stituted C, ¢ cycloalkyl; and R? is halogen. In certain
embodiments of Formula I-1, each occurrence of R' is,
independently, unsubstituted C, ; alkyl or unsubstituted
cyclopropyl; and R? is —C,.

In certain embodiments of Formula I-1, each occurrence
of R! is, independently, unsubstituted C,_, alkyl or substi-
tuted or unsubstituted C,_ alkoxyalkyl; and R? is halogen. In
certain embodiments of Formula I-1, each occurrence of R*
is, independently, methyl or substituted or —CH
(OCH,CH,)CHj;; and R? is —Cl.
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In certain embodiments, the compound of Formula [ is a
compound of Formula I-m:

Rl

N a

/N x X
= ] | ,

A 0 Z
S N N NN
A

Naxy

or a pharmaceutically acceptable salt, co-crystal, tautomer,

stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof.

In certain embodiments of Formula I-m, each occurrence
of R! is, independently, unsubstituted C,_4 alkyl or unsub-
stituted C,_¢ cycloalkyl. In certain embodiments of Formula
I-m, each occurrence of R! is, independently, unsubstituted
C, ¢ alkyl or unsubstituted cyclopropyl.

In certain embodiments of Formula I-m, each occurrence
of R! is, independently, unsubstituted C,_, alkyl or substi-
tuted or unsubstituted C,_ alkoxyalkyl. In certain embodi-
ments of Formula I-m, each occurrence of R' is, indepen-
dently, methyl or substituted or —CH(OCH,CH;)CHj;.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-n:

In

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-o:

Io

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.
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In certain embodiments, the compound of Formula I is a
compound of Formula I-p:

H H
N N
N A
cohach
N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-q:

H H
N N
AN X
C% T
N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-r:

Br % %
\ X

T \(\_ (RZ) )
N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-s:

N3
N
x o
\ﬂ/ \(\_ ®?)y,
N © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

Ip

Iq

I-s
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In certain embodiments, the compound of Formula [ is a
compound of Formula I-t:

I-t

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-u:

CF;s
N N

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-v:

H H
N N
AN X
Y
N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a
compound of Formula [-w:

HO
| \"/ \(\_ ®R2),
N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

I-w
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In certain embodiments, the compound of Formula I is a
compound of Formula I-x:

Ix

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-y:

Ly

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-z:

H H
\ N N \
JC% T
~2 0 A
F N N

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula [-aa:

Iz

T-aa
N
—®
0
cl N/ N/
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or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are

as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a

compound of Formula I-bb:

a a
cl N N N N
\&/ \[r \(\_ (RZ)k,
N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,

I-bb

stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are

as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a

compound of Formula I-cc:

H H
F. N, N
x AN
\C%/ T \(\—G@)b
N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,

T-ce

stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are

as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a

compound of Formula I-dd:

I-dd

H H
/O \ N N, \
\C%/ \ﬂ/ \E\‘G@)b
N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are

as defined for Formula 1.
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In certain embodiments, the compound of Formula I is a

compound of Formula I-ee:

I-ee 5
N
| x \”/ \(\ 10
—®)
~o N/ © N/ k

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-ff:

H H
Br SN N. N AN
G
N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-gg:

I-ff

I-gg

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-hh:

H H
N N N N N
Y-
5 N/ © N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

I-hh
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In certain embodiments, the compound of Formula [ is a
compound of Formula I-ii:

Cl

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R' and p are
as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-j;:

Ljj

Cl

X

O
I\\T\

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R' and p are
as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-kk:

I-kk
Cl

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and p are
as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a
compound of Formula I-11:

-1
H
N.

T

¢}

H
N CF;,

AN
NN

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and p are
as defined for Formula 1.

AN
®Y,
N
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In certain embodiments, the compound of Formula I is a In certain embodiments, the compound of Formula [ is a
compound of Formula I-mm: compound of Formula I-qq:
Irmm 35 I-qq
H H 0]
N ~ N ~ ~
Ry~
LT T (N
S)I\ = O = /N N \ \
N N NN 4 P
\ » 10 5 ) R
& F
Ne= S N N
or a pharmaceutically acceptable salt, co-crystal, tautomer, or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically |5 stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and p are enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1. as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a

In certain embodiments, the compound of Formula I is a
compound of Formula I-rr:

compound of Formula I-nn:

20
I-nn Trr
N N a
! N A =
(R )pN T | N " "
S N N Ny J \“/
\ \ ’ | | R,
A . & 0 7
30
or a pharmaceutically acceptable salt, co-crystal, tautomer, or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically stereoisomer, splvate, hydrate, polymorph, 1520t0P1C311y
enriched derivative, or prodrug thereof, wherein R' and p are enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1. as defined for Formula I.

35 In certain embodiments, the compound of Formula I is a

In certain embodiments, the compound of Formula I is a compound of Formula I-ss:

compound of Formula I-o0:

RY)~2 H H

ET T ST T

s N N N\ < | 5 | )_(R)’”
\ N, 45 N N/ N/
N/

or a pharmaceutically acceptable salt, co-crystal, tautomer,

or a pharmaceutically acceptable salt, co-crystal, tautomer, stereoisomer, solvate, hydrate, polymorph, isotopically
stereoisomer, solvate, hydrate, polymorph, isotopically 0 enriched derivative, or prodrug thereof, wherein R? and k are
enriched derivative, or prodrug thereof, wherein R' and p are as defined for Formula 1.

as defined for Formula 1. In certain embodiments, the compound of Formula [ is a

In certain embodiments, the compound of Formula Iisa  compound of Formula I-tt:

compound of Formula I-pp:
55

I-pp
H H
N N CF3,

\N/
H H
®R)pmatz. x X N o N x
PN \Ir </ 1 n2
&S)'\N/ 0 | P 60 S | - \(L]/ | N/ ®2),

or a pharmaceutically acceptable salt, co-crystal, tautomer, or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically 65 stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and p are enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1. as defined for Formula 1.
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In certain embodiments, the compound of Formula I is a
compound of Formula I-uu:

T-uu

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-vv:

T-vv

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula [-ww:

T-ww

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula I is a
compound of Formula I-xx:

I-xx
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or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are
as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a

compound of Formula I-yy:

Lyy

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are

as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a

compound of Formula [-zz:

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R? and k are

as defined for Formula 1.

In certain embodiments, the compound of Formula [ is a

compound of Formula I-aaa:

J-aaa
HO

or a pharmaceutically acceptable salt, co-crystal, tautomer,
stereoisomer, solvate, hydrate, polymorph, isotopically
enriched derivative, or prodrug thereof, wherein R* and k are

as defined for Formula 1.

In certain embodiments, the compound of Formula I is
one of the following compounds, or a pharmaceutically
acceptable salt, co-crystal, tautomer, stereoisomer, solvate,
hydrate, polymorph, isotopically enriched derivative, or
prodrug thereof:
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-continued

75
MeO
a N R al 5 N R
IYYX YITYTIY
P o V _N = 0 | P
N N 1\\1\
N

N,
T D
10 N

MeO
F N N cl
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In certain embodiments, the compound of Formula I
inhibits MALT1 with a K, of less than 100,000 nM, less than
50,000 nM, less than 20,000 nM, less than 10,000 nM, less
than 5,000 nM, less than 2,500 nM, less than 1,000 nM, less
than 900 nM, less than 800 nM, less than 700 nM, less than
600 nM, less than 500 nM, less than 400 nM, less than 300
nM, less than 200 nM, less than 100 nM, less than 90 nM,
less than 80 nM, less than 70 nM, less than 60 nM, less than
50 nM, less than 40 nM, less than 30 nM, less than 20 nM,
less than 10 nM, less than 5 nM, less than 4 nM, less than
3 nM, less than 2 nM, or less than 1 nM.

In certain embodiments, the compound of Formula I
inhibits MALT1 with an ICy, of less than 100,000 nM, less
than 50,000 nM, less than 20,000 nM, less than 10,000 nM,
less than 5,000 nM, less than 2,500 nM, less than 1,000 nM,
less than 900 nM, less than 800 nM, less than 700 nM, less
than 600 nM, less than 500 nM, less than 400 nM, less than
300 nM, less than 200 nM, less than 100 nM, less than 90
nM, less than 80 nM, less than 70 nM, less than 60 nM, less
than 50 nM, less than 40 nM, less than 30 nM, less than 20
nM, less than 10 nM, less than 5 nM, less than 4 nM, less
than 3 nM, less than 2 nM, or less than 1 nM.
Pharmaceutical Compositions, Kits, and Administration

The present disclosure provides pharmaceutical compo-
sitions comprising a compound of Formula I, or a pharma-
ceutically acceptable salt, co-crystal, tautomer, stereoiso-
mer, solvate, hydrate, polymorph, isotopically enriched
derivative, or prodrug thereof, and optionally a pharmaceu-
tically acceptable excipient. In certain embodiments, the
pharmaceutical composition described herein comprises a
compound of Formula I, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable excipient.

In certain embodiments, the compound of Formula I is
provided in an effective amount in the pharmaceutical
composition. In certain embodiments, the effective amount
is a therapeutically effective amount. In certain embodi-
ments, the effective amount is a prophylactically effective

MeO.
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amount. In certain embodiments, the effective amount is an
amount effective for treating a proliferative disease in a
subject in need thereof. In certain embodiments, the effec-
tive amount is an amount effective for preventing a prolif-
erative disease in a subject in need thereof. In certain
embodiments, the effective amount is an amount effective
for treating a hematological cancer in a subject in need
thereof. In certain embodiments, the effective amount is an
amount effective for treating an autoimmune disease in a
subject in need thereof. In certain embodiments, the effec-
tive amount is an amount effective for preventing an auto-
immune disease in a subject in need thereof. In certain
embodiments, the effective amount is an amount effective
for treating inflammatory disease in a subject in need
thereof. In certain embodiments, the effective amount is an
amount effective for preventing inflammatory disease in a
subject in need thereof. In certain embodiments, the effec-
tive amount is an amount effective for reducing the risk of
developing a disease (e.g., proliferative disease, hematologi-
cal cancer, inflammatory disease, or autoimmune disease) in
a subject in need thereof. In certain embodiments, the
effective amount is an amount effective for inhibiting the
activity (e.g., aberrant activity, such as increased activity) of
MALTI in a subject or cell.

In certain embodiments, the subject is an animal. The
animal may be of either sex and may be at any stage of
development. In certain embodiments, the subject described
herein is a human. In certain embodiments, the subject is a
non-human animal. In certain embodiments, the subject is a
mammal. In certain embodiments, the subject is a non-
human mammal. In certain embodiments, the subject is a
domesticated animal, such as a dog, cat, cow, pig, horse,
sheep, or goat. In certain embodiments, the subject is a
companion animal, such as a dog or cat. In certain embodi-
ments, the subject is a livestock animal, such as a cow, pig,
horse, sheep, or goat. In certain embodiments, the subject is
a zoo animal. In another embodiment, the subject is a
research animal, such as a rodent (e.g., mouse, rat), dog, pig,
or non-human primate. In certain embodiments, the animal
is a genetically engineered animal. In certain embodiments,
the animal is a transgenic animal (e.g., transgenic mice and
transgenic pigs). In certain embodiments, the subject is a fish
or reptile.

In certain embodiments, the effective amount is an
amount effective for inhibiting the activity of MALT1 by at
least about 10%, at least about 20%, at least about 30%, at
least about 40%, at least about 50%, at least about 60%, at
least about 70%, at least about 80%, at least about 90%, at
least about 95%, at least about 98%, or at least about 99%.
In certain embodiments, the effective amount is an amount
effective for inhibiting the activity of MALT1 by a range
between a percentage described in this paragraph and
another percentage described in this paragraph, inclusive.

The present disclosure provides pharmaceutical compo-
sitions comprising a compound that interacts with MALT1
for use in treating a MALT1-related disease or disorder in a
subject in need thereof. In certain embodiments, the com-
position is for use in treating autoimmune disease and/or
inflammatory disease (e.g., rheumatoid arthritis, multiple
sclerosis, psoriasis, systemic lupus). In certain embodi-
ments, the composition is for use in treating a proliferative
disease in a subject in need thereof. In certain embodiments,
the composition is for use in treating cancer in a subject in
need thereof. In certain embodiments, the composition is for
use in treating a hematological cancer. In certain embodi-
ments, the composition is for use in treating a lymphoid
malignancy. In certain embodiments, the composition is for
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use in treating a leukemia, a lymphoma, or multiple
myeloma. In certain embodiments, the composition is for
use in treating a non-Hodgkin’s lymphoma. In certain
embodiments, the composition is for use in treating mantle
cell lymphoma. In certain embodiments, the composition is
for use in treating DLBCL. In certain embodiments, the
composition is for use in treating ABC-DLBCL. In certain
embodiments, the composition is for use in treating ABC-
DLBCL having one or more CARD11 (Caspase recruitment
domain-containing protein 11) activating mutations.

A compound or composition, as described herein, can be
administered in combination with one or more additional
pharmaceutical agents (e.g., therapeutically and/or prophy-
lactically active agents). The compounds or compositions
can be administered in combination with additional phar-
maceutical agents that improve their activity (e.g., activity
(e.g., potency and/or efficacy) in treating a disease in a
subject in need thereof] in preventing a disease in a subject
in need thereof, and/or in reducing the risk to develop a
disease in a subject in need thereof), improve bioavailability,
improve safety, reduce drug resistance, reduce and/or
modify metabolism, inhibit excretion, and/or modify distri-
bution in a subject or cell. It will also be appreciated that the
therapy employed may achieve a desired effect for the same
disorder, and/or it may achieve different effects. In certain
embodiments, a pharmaceutical composition described
herein including a compound described herein and an addi-
tional pharmaceutical agent exhibit a synergistic effect that
is absent in a pharmaceutical composition including one of
the compound and the additional pharmaceutical agent, but
not both.

The compound or composition can be administered con-
currently with, prior to, or subsequent to one or more
additional pharmaceutical agents, which may be useful as,
e.g., combination therapies. Pharmaceutical agents include
therapeutically active agents. Pharmaceutical agents also
include prophylactically active agents. Pharmaceutical
agents include small organic molecules such as drug com-
pounds (e.g., compounds approved for human or veterinary
use by the U.S. Food and Drug Administration as provided
in the Code of Federal Regulations (CFR)), peptides, pro-
teins, carbohydrates, monosaccharides, oligosaccharides,
polysaccharides, nucleoproteins, mucoproteins, lipopro-
teins, synthetic polypeptides or proteins, small molecules
linked to proteins, glycoproteins, steroids, nucleic acids,
DNAs, RNAs, nucleotides, nucleosides, oligonucleotides,
antisense oligonucleotides, lipids, hormones, vitamins, and
cells. In certain embodiments, the additional pharmaceutical
agent is a pharmaceutical agent useful for treating and/or
preventing a disease (e.g., proliferative disease, hematologi-
cal cancer, autoimmune disease, and/or inflammatory dis-
ease). Bach additional pharmaceutical agent may be admin-
istered at a dose and/or on a time schedule determined for
that pharmaceutical agent. The additional pharmaceutical
agents may also be administered together with each other
and/or with the compound or composition described herein
in a single dose or administered separately in different doses.
The particular combination to employ in a regimen will take
into account compatibility of the compound described herein
with the additional pharmaceutical agent(s) and/or the
desired therapeutic and/or prophylactic effect to be
achieved. In general, it is expected that the additional
pharmaceutical agent(s) in combination be utilized at levels
that do not exceed the levels at which they are utilized
individually. In some embodiments, the levels utilized in
combination will be lower than those utilized individually.
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The additional pharmaceutical agents include, but are not
limited to, anti-proliferative agents, anti-cancer agents, anti-
angiogenesis agents, anti-inflammatory agents, and immu-
nosuppressants. In certain embodiments, the additional
pharmaceutical agent is an immunotherapy. In certain
embodiments, the additional pharmaceutical agent is an
anti-proliferative agent. In certain embodiments, the addi-
tional pharmaceutical agent is an anti-cancer agent. In
certain embodiments, the anti-cancer agents include, but are
not limited to, epigenetic or transcriptional modulators (e.g.,
DNA methyltransferase inhibitors, histone deacetylase
inhibitors (HDAC inhibitors), lysine methyltransferase
inhibitors), antimitotic drugs (e.g., taxanes and vinca alka-
loids), cell signaling pathway inhibitors (e.g., tyrosine pro-
tein kinase inhibitors), modulators of protein stability (e.g.,
proteasome inhibitors), Hsp90 inhibitors, glucocorticoids,
all-trans retinoic acids, anti-estrogens (e.g., tamoxifen, ral-
oxifene, and megestrol), LHRH agonists (e.g., goscrclin and
leuprolide), anti-androgens (e.g. flutamide and bicaluta-
mide), photodynamic therapies (e.g., vertoporfin (BPD-
MA), phthalocyanine, photosensitizer Pc4, and demethoxy-
hypocrellin A (2BA-2-DMHA)), nitrogen mustards (e.g.,
cyclophosphamide, ifosfamide, trofosfamide, chlorambucil,
estramustine, and melphalan), nitrosoureas (e.g., carmustine
(BCNU) and lomustine (CCNU)), alkylsulphonates (e.g.,
busulfan and treosulfan), triazenes (e.g. dacarbazine, temo-
zolomide), platinum containing compounds (e.g. cisplatin,
carboplatin, oxaliplatin), virnca alkaloids (e.g. vincristine,
vinblastine, vindesine, and vinorelbine), taxoids (e.g. pacli-
taxel or a paclitaxel equivalent such as nanoparticle albu-
min-bound paclitaxel (ABRAXANE), docosahexaenoic
acid bound-paclitaxel (DHA-paclitaxel, Taxoprexin), poly-
glutamate bound-paclitaxel (PG-paclitaxel, paclitaxel poli-
glumex, CT-2103, XYOTAX), the tumor-activated prodrug
(TAP) ANG1005 (Angiopep-2 bound to three molecules of
paclitaxel), paclitaxel-EC-1 (paclitaxel bound to the erbB2-
recognizing peptide EC-1), and glucose-conjugated pacli-
taxel, e.g., 2'-paclitaxel methyl 2-glucopyranosyl succinate;
docetaxel, taxol), epipodophyllins (e.g. etoposide, etoposide
phosphate, teniposide, topotecan, 9-aminocamptothecin,
camptoirinotecan, irinotecan, crisnatol, mytomycin C), anti-
metabolites, DHFR inhibitors (e.g., methotrexate, dichlo-
romethotrexate, trimetrexate, edatrexate), IMP dehydroge-
nase inhibitors (e.g., mycophenolic acid, tiazofurin,
ribavirin, and EICAR), ribonuclotide reductase inhibitors
(e.g., hydroxyurea and deferoxamine), uracil analogs (e.g.,
S-fluorouracil (5-FU), floxuridine, doxifluridine, ratitrexed,
tegafur-uracil, capecitabine), cytosine analogs (e.g., cytara-
bine (ara C), cytosine arabinoside, and fludarabine), purine
analogs (e.g. mercaptopurine and Thioguanine), Vitamin D3
analogs (e.g. EB 1089, CB 1093, and KH 1060), isopre-
nylation inhibitors (e.g. lovastatin), dopaminergic neurotox-
ins (e.g. 1-methyl-4-phenylpyridinium ion), cell cycle
inhibitors (e.g. staurosporine), actinomycin (e.g. actinomy-
cin D, dactinomycin), bleomycin (e.g., bleomycin A2, bleo-
mycin B2, peplomycin), anthracycline (e.g., daunorubicin,
doxorubicin, pegylated liposomal doxorubicin, idarubicin,
epirubicin, pirarubicin, zorubicin, mitoxantrone), MDR
inhibitors (e.g. verapamil), Ca ATPase inhibitors (e.g.,
thapsigargin), thalidomide, lenalidomide, pomalidomide,
tyrosine kinase inhibitors (e.g., axitinib (AG013736), bosu-
tinib (SKI-606), cediranib (RECENTIN™, AZD2171),
dasatinib (SPRYCEL®, BMS-354825), erlotinib (TAR-
CEVA®), gefitinib (IRESSA®), imatinib (Gleevec®,
CGP57148B, STI-571), lapatinib (TYKERB®,
TYVERB®), lestaurtinib (CEP-701), neratinib (HKI-272),
nilotinib (TASIGNA), semaxanib (semaxinib, SU5416),
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sunitinib (SUTENT®, SU11248), toceranib (PALLA-
DIA@), vandetanib (ZACTIMA®, ZD6474), vatalanib
(PTK787, PTK/ZK), trastuzumab (HERCEPTIN®), beva-
cizumab (AVASTIN®), rituximab (RITUXAN®), cetux-
imab (ERBITUX®), panitumumab (VECTIBIX®), ranibi-
zumab (Lucentis®), nilotinib (TASIGNA), sorafenib
(NEXAVAR®), everolimus (AFINITOR®), alemtuzumab
(CAMPATH®), gemtuzumab 0zogamicin (MY-
LOTARG®), temsirolimus (TORISEL®), ENMD-2076,
PCI-32765, AC220, dovitinib lactate (TK1258, CHIR-258),
BIBW 2992 (TOVOK™), SGX523, PF-04217903,
PF-02341066, PF-299804, BMS-777607, ABT-869,
MP470, BIBF 1120 (VARGATEF®), AP24534, JNI-
26483327, MGCD265, DCC-2036, BMS-690154, CEP-
11981, tivozanib (AV-951), OSI-930, MM-121, XI1.-184,
XL-647, and/or X1.228), proteasome inhibitors (e.g., bort-
ezomib (VELCADE)), mTOR inhibitors (e.g., rapamycin,
temsirolimus (CCI-779), everolimus (RAD-001), ridaforo-
limus, AP23573 (Ariad), AZD8055 (AstraZeneca), BEZ235
(Novartis), BGT226 (Norvartis), XI1.765 (Sanofi Aventis),
PF-4691502 (Pfizer), GDC0980 (Genetech), SF1126 (Sema-
foe) and OSI-027 (OSI)), oblimersen, gemcitabine, carmi-
nomycin, leucovorin, pemetrexed, cyclophosphamide, dac-
arbazine, procarbizine, prednisolone, dexamethasone,
campathecin, plicamycin, asparaginase, aminopterin,
methopterin, porfiromycin, melphalan, leurosidine, leuro-
sine, chlorambucil, trabectedin, procarbazine, discodermo-
lide, carminomycin, aminopterin, and hexamethyl mela-
mine.

In certain embodiments, the additional pharmaceutical
agent is an immunotherapy. In certain embodiments, the
immunotherapy is useful in the treatment of a cancer.
Exemplary immunotherapies include, but are not limited to,
T-cell therapies, interferons, cytokines (e.g., tumor necrosis
factor, interferon «, interferon v), vaccines, hematopoietic
growth factors, monoclonal serotherapy, immunostimulants
and/or immunodulatory agents (e.g., IL-1, 2, 4, 6, or 12),
immune cell growth factors (e.g., GM-CSF) and antibodies.
In certain embodiments, the immunotherapy is a T-cell
therapy. In certain embodiments, the T-cell therapy is chi-
meric antigen receptor T cells (CAR-T). In certain embodi-
ments, the immunotherapy is an antibody. In certain embodi-
ments, the antibody is an anti-PD-1 antibody, an anti-PD-L.1
antibody, an anti-CTLA-4 antibody, an anti-TIM3 antibody,
an anti-OX40 antibody, an anti-GITR antibody, an anti-
LAG-3 antibody, an anti-CD137 antibody, an anti-CD27
antibody, an anti-CD28 antibody, an anti-CD28H antibody,
an anti-CD30 antibody, an anti-CD39 antibody, an anti-
CDA40 antibody, an anti-CD47 antibody, an anti-CD48 anti-
body, an anti-CD70 antibody, an anti-CD73 antibody, an
anti-CD96 antibody, an anti-CD160 antibody, an anti-
CD200 antibody, an anti-CD244 antibody, an anti-ICOS
antibody, an anti-TNFRSF25 antibody, an anti-TMIGD2
antibody, an anti-DNAMI1 antibody, an anti-BTLA antibody,
an anti-LIGHT antibody, an anti-TIGIT antibody, an anti-
VISTA antibody, an anti-HVEM antibody, an anti-Siglec
antibody, an anti-GAL1 antibody, an anti-GAL3 antibody,
an anti-GAL9 antibody, an anti-BTNL2 (butrophylins) anti-
body, an anti-B7-H3 antibody, an anti-B7-H4 antibody, an
anti-B7-H5 antibody, an anti-B7-H6 antibody, an anti-KIR
antibody, an anti-LIR antibody, an anti-ILT antibody, an
anti-MICA antibody, an anti-MICB antibody, an anti-
NKG2D antibody, an anti-NKG2A antibody, an anti-TGFp
antibody, an anti-TGFBR antibody, an anti-CXCR4 anti-
body, an anti-CXCL12 antibody, an anti-CCL2 antibody, an
anti-IL-10 antibody, an anti-IL-13 antibody, an anti-I[.-23
antibody, an anti-phosphatidylserine antibody, an anti-neu-
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ropilin antibody, an anti-GalCer antibody, an anti-HER2
antibody, an anti-VEGFA antibody, an anti-VEGFR anti-
body, an anti-EGFR antibody, or an anti-Tie2 antibody. In
certain embodiments, the antibody is pembrolizumab,
nivolumab, pidilizumab, ipilimumab, tremelimumab, dur-
valumab, atezolizumab, avelumab, PF-06801591, utomi-
lumab, PDR001, PBF-509, MGB453, LAG525, AMP-224,
INCSHR1210, INCAGN1876, INCAGN1949, samali-
zumab, PF-05082566, urelumab, lirilumab, Ilulizumab,
BMS-936559, BMS-936561, BMS-986004, BMS-986012,
BMS-986016, BMS-986178, IMP321, IPH2101, IPH2201,
varilumab, ulocuplumab, monalizumab, MEDI0562,
MEDI0O680, MEDI1873, MEDI6383, MEDI6469,
MEDI9%447, AMG228, AMGS820, CC-90002, CDX-1127,
CGEN15001T, CGEN15022, CGEN15029, CGEN15049,
CGEN15027, CGEN15052, CGEN15092, CX-072,
CX-2009, CP-870893, lucatumumab, dacetuzumab, Chi
Lob 7/4, RG6058, RG7686, RG7876, RG7888, TRXS518,
MK-4166, MGA271, IMC-CS4, emactuzumab,
trastuzumab, pertuzumab, obinutuzumab, cabiralizumab,
margetuximab, enoblituzumab, mogamulizumab, panitu-
mumab, carlumab, bevacizumab, rituximab, or cetuximab.

In certain embodiments, the compounds or pharmaceuti-
cal compositions described herein can be administered in
combination with an anti-cancer therapy including, but not
limited to, surgery, radiation therapy, and transplantation
(e.g., stem cell transplantation, bone marrow transplanta-
tion).

In certain embodiments, the compound or pharmaceutical
composition is a solid. In certain embodiments, the com-
pound or pharmaceutical composition is a powder. In certain
embodiments, the compound or pharmaceutical composition
can be dissolved in a liquid to make a solution. In certain
embodiments, the compound or pharmaceutical composition
is dissolved in water to make an aqueous solution. In certain
embodiments, the pharmaceutical composition is a liquid for
parental injection. In certain embodiments, the pharmaceu-
tical composition is a liquid for oral administration (e.g.,
ingestion). In certain embodiments, the pharmaceutical
composition is a liquid (e.g., aqueous solution) for intrave-
nous injection. In certain embodiments, the pharmaceutical
composition is a liquid (e.g., aqueous solution) for subcu-
taneous injection.

After formulation with an appropriate pharmaceutically
acceptable excipient in a desired dosage, the pharmaceutical
compositions of the present disclosure can be administered
to humans and other animals orally, parenterally, intracis-
ternally, intraperitoneally, topically, bucally, or the like,
depending on the disease or condition being treated.

In certain embodiments, a pharmaceutical composition
comprising a compound of Formula I is administered, orally
or parenterally, at dosage levels of each pharmaceutical
composition sufficient to deliver from about 0.001 mg/kg to
about 200 mg/kg in one or more dose administrations for one
or several days (depending on the mode of administration).
In certain embodiments, the effective amount per dose varies
from about 0.001 mg/kg to about 200 mg/kg, about 0.001
mg/kg to about 100 mg/kg, about 0.01 mg/kg to about 100
mg/kg, from about 0.01 mg/kg to about 50 mg/kg, preferably
from about 0.1 mg/kg to about 40 mg/kg, preferably 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,
of subject body weight per day, one or more times a day, to
obtain the desired therapeutic and/or prophylactic effect. In
certain embodiments, the compounds described herein may
be at dosage levels sufficient to deliver from about 0.001
mg/kg to about 200 mg/kg, from about 0.001 mg/kg to about
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100 mg/kg, from about 0.01 mg/kg to about 100 mg/kg,
from about 0.01 mg/kg to about 50 mg/kg, preferably from
about 0.1 mg/kg to about 40 mg/kg, preferably 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 more preferably from about 1 mg/kg to about 25 mg/kg,
of subject body weight per day, one or more times a day, to
obtain the desired therapeutic and/or prophylactic 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, thir-
teen, fourteen, or more administrations). In certain embodi-
ments, the composition described herein is administered at
a dose that is below the dose at which the agent causes
non-specific effects.

In certain embodiments, the pharmaceutical composition
is administered at a dose of about 0.001 mg to about 1000
mg per unit dose. In certain embodiments, the pharmaceu-
tical composition is administered at a dose of about 0.01 mg
to about 200 mg per unit dose. In certain embodiments, the
pharmaceutical composition is administered at a dose of
about 0.01 mg to about 100 mg per unit dose. In certain
embodiments, pharmaceutical composition is administered
at a dose of about 0.01 mg to about 50 mg per unit dose. In
certain embodiments, the pharmaceutical composition is
administered at a dose of about 0.01 mg to about 10 mg per
unit dose. In certain embodiments, the pharmaceutical com-
position is administered at a dose of about 0.1 mg to about
10 mg per unit dose.

Pharmaceutical compositions described herein can be
prepared by any method known in the art of pharmacology.
In general, such preparatory methods include the steps of
bringing the composition comprising a compound of For-
mula I into association with a carrier and/or one or more
other accessory ingredients, and then, if necessary and/or
desirable, shaping and/or packaging the product into a
desired single- or multi-dose unit.

Pharmaceutical compositions can be prepared, packaged,
and/or sold in bulk, as a single unit dose, and/or as a plurality
of single unit doses. As used herein, a “unit dose” is a
discrete amount of the pharmaceutical composition com-
prising a predetermined amount of the active ingredient. The
amount of the active ingredient is generally equal to the
dosage of the active ingredient which would be administered
to a subject and/or a convenient fraction of such a dosage,
such as, for example, one-half or one-third of such a dosage.

Relative amounts of the active ingredient, the pharma-
ceutically acceptable excipient, and/or any additional ingre-
dients in a pharmaceutical composition of the invention will
vary, depending upon the identity, size, and/or condition of
the subject treated and further depending upon the route by
which the composition is to be administered. By way of
example, the composition may comprise between 0.1% and
100% (w/w) active ingredient.

Pharmaceutically acceptable excipients used in the manu-
facture of provided pharmaceutical compositions include
inert diluents, dispersing and/or granulating agents, surface
active agents and/or emulsifiers, disintegrating agents, bind-
ing agents, preservatives, buffering agents, lubricating
agents, and/or oils. Excipients such as cocoa butter and
suppository waxes, coloring agents, coating agents, sweet-
ening, flavoring, and perfuming agents may also be present
in the composition.
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Exemplary diluents include calcium carbonate, sodium
carbonate, calcium phosphate, dicalcium phosphate, cal-
cium sulfate, calcium hydrogen phosphate, sodium phos-
phate lactose, sucrose, cellulose, microcrystalline cellulose,
kaolin, mannitol, sorbitol, inositol, sodium chloride, dry
starch, cornstarch, powdered sugar, and mixtures thereof.

Exemplary granulating and/or dispersing agents include
potato starch, corn starch, tapioca starch, sodium starch
glycolate, clays, alginic acid, guar gum, citrus pulp, agar,
bentonite, cellulose, and wood products, natural sponge,
cation-exchange resins, calcium carbonate, silicates, sodium
carbonate, cross-linked poly(vinyl-pyrrolidone) (crospovi-
done), sodium carboxymethyl starch (sodium starch glyco-
late), carboxymethyl cellulose, cross-linked sodium car-
boxymethyl cellulose (croscarmellose), methylcellulose,
pregelatinized starch (starch 1500), microcrystalline starch,
water insoluble starch, calcium carboxymethyl cellulose,
magnesium aluminum silicate (Veegum), sodium lauryl sul-
fate, quaternary ammonium compounds, and mixtures
thereof.

Exemplary surface active agents and/or emulsifiers
include natural emulsifiers (e.g. acacia, agar, alginic acid,
sodium alginate, tragacanth, chondrux, cholesterol, xanthan,
pectin, gelatin, egg yolk, casein, wool fat, cholesterol, wax,
and lecithin), colloidal clays (e.g. bentonite (aluminum
silicate) and Veegum (magnesium aluminum silicate)), long
chain amino acid derivatives, high molecular weight alco-
hols (e.g. stearyl alcohol, cetyl alcohol, oleyl alcohol, tri-
acetin monostearate, ethylene glycol distearate, glyceryl
monostearate, and propylene glycol monostearate, polyvinyl
alcohol), carbomers (e.g. carboxy polymethylene, poly-
acrylic acid, acrylic acid polymer, and carboxyvinyl poly-
mer), carrageenan, cellulosic derivatives (e.g. carboxymeth-
ylcellulose sodium, powdered cellulose, hydroxymethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl methyl-
cellulose, methylcellulose), sorbitan fatty acid esters (e.g.
polyoxyethylene sorbitan monolaurate (Tween 20), poly-
oxyethylene sorbitan (Tween 60), polyoxyethylene sorbitan
monooleate (Tween 80), sorbitan monopalmitate (Span 40),
sorbitan monostearate (Span 60), sorbitan tristearate (Span
65), glyceryl monooleate, sorbitan monooleate (Span 80)),
polyoxyethylene esters (e.g. polyoxyethylene monostearate
(Myrj 45), polyoxyethylene hydrogenated castor oil, poly-
ethoxylated castor oil, polyoxymethylene stearate, and Solu-
tol), sucrose fatty acid esters, polyethylene glycol fatty acid
esters (e.g. Cremophor™) polyoxyethylene ethers, (e.g.
polyoxyethylene lauryl ether (Brij 30)), poly(vinyl-pyrroli-
done), diethylene glycol monolaurate, triethanolamine
oleate, sodium oleate, potassium oleate, ethyl oleate, oleic
acid, ethyl laurate, sodium lauryl sulfate, Pluronic F-68,
Poloxamer-188, cetrimonium bromide, cetylpyridinium
chloride, benzalkonium chloride, docusate sodium, and/or
mixtures thereof.

Exemplary binding agents include starch (e.g., cornstarch
and starch paste), gelatin, sugars (e.g., sucrose, glucose,
dextrose, dextrin, molasses, lactose, lactitol, mannitol, etc.),
natural and synthetic gums (e.g., acacia, sodium alginate,
extract of Irish moss, panwar gum, ghatti gum, mucilage of
isapol husks, carboxymethylcellulose, methylcellulose, eth-
ylcellulose, hydroxyethylcellulose, hydroxypropyl cellu-
lose, hydroxypropyl methylcellulose, microcrystalline cel-
Iulose, cellulose  acetate,  poly(vinyl-pyrrolidone),
magnesium aluminum silicate (Veegum), and larch arabo-
galactan), alginates, polyethylene oxide, polyethylene gly-
col, inorganic calcium salts, silicic acid, polymethacrylates,
waxes, water, alcohol, and/or mixtures thereof.
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Exemplary preservatives include antioxidants, chelating
agents, antimicrobial preservatives, antifungal preserva-
tives, alcohol preservatives, acidic preservatives, and other
preservatives. In certain embodiments, the preservative is an
antioxidant. In other embodiments, the preservative is a
chelating agent.

Exemplary antioxidants include alpha tocopherol, ascor-
bic acid, acorbyl palmitate, butylated hydroxyanisole, buty-
lated hydroxytoluene, monothioglycerol, potassium meta-
bisulfite, propionic acid, propyl gallate, sodium ascorbate,
sodium bisulfite, sodium metabisulfite, and sodium sulfite.

Exemplary chelating agents include ethylenediaminetet-
raacetic acid (EDTA) and salts and hydrates thereof (e.g.,
sodium edetate, disodium edetate, trisodium edetate, cal-
cium disodium edetate, dipotassium edetate, and the like),
citric acid and salts and hydrates thereof (e.g., citric acid
monohydrate), fumaric acid and salts and hydrates thereof,
malic acid and salts and hydrates thereof, phosphoric acid
and salts and hydrates thereof, and tartaric acid and salts and
hydrates thereof. Exemplary antimicrobial preservatives
include benzalkonium chloride, benzethonium chloride,
benzyl alcohol, bronopol, cetrimide, cetylpyridinium chlo-
ride, chlorhexidine, chlorobutanol, chlorocresol, chloroxyle-
nol, cresol, ethyl alcohol, glycerin, hexetidine, imidurea,
phenol, phenoxyethanol, phenylethyl alcohol, phenylmercu-
ric nitrate, propylene glycol, and thimerosal.

Exemplary antifungal preservatives include butyl para-
ben, methyl paraben, ethyl paraben, propyl paraben, benzoic
acid, hydroxybenzoic acid, potassium benzoate, potassium
sorbate, sodium benzoate, sodium propionate, and sorbic
acid.

Exemplary alcohol preservatives include ethanol, poly-
ethylene glycol, phenol, phenolic compounds, bisphenol,
chlorobutanol, hydroxybenzoate, and phenylethyl alcohol.

Exemplary acidic preservatives include vitamin A, vita-
min C, vitamin E, beta-carotene, citric acid, acetic acid,
dehydroacetic acid, ascorbic acid, sorbic acid, and phytic
acid.

Other preservatives include tocopherol, tocopherol
acetate, deteroxime mesylate, cetrimide, butylated hydroxy-
anisol (BHA), butylated hydroxytoluened (BHT), ethylene-
diamine, sodium lauryl sulfate (SLS), sodium lauryl ether
sulfate (SLES), sodium bisulfite, sodium metabisulfite,
potassium sulfite, potassium metabisulfite, Glydant Plus,
Phenonip, methylparaben, Germall 115, Germaben II,
Neolone, Kathon, and Euxyl.

Exemplary buffering agents include citrate buffer solu-
tions, acetate buffer solutions, phosphate buffer solutions,
ammonium chloride, calcium carbonate, calcium chloride,
calcium citrate, calcium glubionate, calcium gluceptate,
calcium gluconate, D-gluconic acid, calcium glycerophos-
phate, calcium lactate, propanoic acid, calcium levulinate,
pentanoic acid, dibasic calcium phosphate, phosphoric acid,
tribasic calcium phosphate, calcium hydroxide phosphate,
potassium acetate, potassium chloride, potassium gluconate,
potassium mixtures, dibasic potassium phosphate, monoba-
sic potassium phosphate, potassium phosphate mixtures,
sodium acetate, sodium bicarbonate, sodium chloride,
sodium citrate, sodium lactate, dibasic sodium phosphate,
monobasic sodium phosphate, sodium phosphate mixtures,
tromethamine, magnesium hydroxide, aluminum hydroxide,
alginic acid, pyrogen-free water, isotonic saline, Ringer’s
solution, ethyl alcohol, and mixtures thereof.

Exemplary lubricating agents include magnesium stear-
ate, calcium stearate, stearic acid, silica, talc, malt, glyceryl
behanate, hydrogenated vegetable oils, polyethylene glycol,
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sodium benzoate, sodium acetate, sodium chloride, leucine,
magnesium lauryl sulfate, sodium lauryl sulfate, and mix-
tures thereof.

Exemplary natural oils include almond, apricot kernel,
avocado, babassu, bergamot, black current seed, borage,
cade, camomile, canola, caraway, carnauba, castor, cinna-
mon, cocoa butter, coconut, cod liver, coffee, corn, cotton
seed, emu, eucalyptus, evening primrose, fish, flaxseed,
geraniol, gourd, grape seed, hazelnut, hyssop, isopropyl
myristate, jojoba, kukui nut, lavandin, lavender, lemon,
litsea cubeba, macademia nut, mallow, mango seed, mead-
owfoam seed, mink, nutmeg, olive, orange, orange roughy,
palm, palm kernel, peach kernel, peanut, poppy seed, pump-
kin seed, rapeseed, rice bran, rosemary, safflower, sandal-
wood, sasquana, savoury, sea buckthorn, sesame, shea but-
ter, silicone, soybean, sunflower, tea tree, thistle, tsubaki,
vetiver, walnut, and wheat germ oils. Exemplary synthetic
oils include, but are not limited to, butyl stearate, caprylic
triglyceride, capric triglyceride, cyclomethicone, diethyl
sebacate, dimethicone 360, isopropyl myristate, mineral oil,
octyldodecanol, oleyl alcohol, silicone oil, and mixtures
thereof.

Liquid dosage forms for oral and parenteral administra-
tion include, but are not limited to, pharmaceutically accept-
able emulsions, microemulsions, solutions, suspensions,
syrups, and elixirs. In addition to the active agents, 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, oral compositions can also include
adjuvants such as wetting agents, emulsifying and suspend-
ing agents, sweetening, flavoring, and perfuming agents. In
certain embodiments for parenteral administration, agents of
the invention are mixed with solubilizing agents such CRE-
MOPHOR EL® (polyethoxylated castor oil), alcohols, oils,
modified oils, glycols, polysorbates, cyclodextrins, poly-
mers, and combinations thereof.

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. Sterile injectable
preparation may also be a sterile injectable solution, sus-
pension or emulsion in a nontoxic parenterally acceptable
diluent or solvent, for example, as a solution in 1,3-butane-
diol. Among the acceptable vehicles and solvents that may
be employed are water, Ringer’s solution, U.S.P. and iso-
tonic 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.

Injectable formulations can be sterilized, for example, by
filtration through a bacterial-retaining filter, or by incorpo-
rating sterilizing agents in the form of sterile solid compo-
sitions which can be dissolved or dispersed in sterile water
or other sterile injectable medium prior to use.

Solid dosage forms for oral administration include cap-
sules, tablets, pills, powders, and granules. In such solid
dosage forms, the active agent is mixed with at least one
inert, pharmaceutically acceptable excipient or carrier such
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as sodium citrate or dicalcium phosphate and/or a) fillers or
extenders such as starches, lactose, sucrose, glucose, man-
nitol, and silicic acid, b) binders such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinylpyrro-
lidinone, sucrose, and acacia, ¢) humectants such as glyc-
erol, 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 quater-
nary ammonium compounds, g) wetting agents such as, for
example, cetyl alcohol and glycerol monostearate, h) absor-
bents such as kaolin and bentonite clay, and i) 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.

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, 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 con-
tain 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 com-
positions 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 active agents 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 gran-
ules 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 agent 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 stear-
ate 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.

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 sur-
faces, 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 formula-
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tions can be used. Ophthalmic formulation, ear drops, and
eye drops are also contemplated as being within the scope of
this invention. Additionally, the present disclosure contem-
plates the use of transdermal patches, which have the added
advantage of providing controlled delivery of an agent to the
body. Such dosage forms can be made by dissolving or
dispensing the agent in the proper medium. Absorption
enhancers can also be used to increase the flux of the agent
across the skin. The rate can be controlled by either provid-
ing a rate controlling membrane or by dispersing the agent
in a polymer matrix or gel.

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-sili-
cone 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 car-
riers include anhydrous solids and semisolids (such as gels
and sticks); and aqueous based mousse systems.

Also encompassed by the disclosure are kits (e.g., phar-
maceutical packs). The kits provided may comprise a phar-
maceutical composition or compound described herein and
a container (e.g., a vial, ampule, bottle, syringe, and/or
dispenser package, or other suitable container). In some
embodiments, provided kits may optionally further include
a second container comprising a pharmaceutical excipient
for dilution or suspension of a pharmaceutical composition
or compound described herein. In some embodiments, the
pharmaceutical composition or compound described herein
provided in the first container and the second container are
combined to form one unit dosage form.

Thus, in one aspect, provided are kits including a first
container comprising a compound or pharmaceutical com-
position described herein. In certain embodiments, the kits
are useful for treating a disease (e.g., proliferative disease,
hematological cancer, autoimmune disease, inflammatory
disease) in a subject in need thereof. In certain embodi-
ments, the kits are useful for preventing a disease (e.g.,
proliferative disease, hematological cancer, autoimmune
disease, inflammatory disease) in a subject in need thereof.
In certain embodiments, the kits are useful for reducing the
risk of developing a disease (e.g., proliferative disease,
hematological cancer, autoimmune disease, inflammatory
disease) in a subject in need thereof. In certain embodi-
ments, the kits are useful for inhibiting the activity (e.g.,
aberrant activity, such as increased activity) of MALT1 in a
subject or cell.

In certain embodiments, a kit described herein further
includes instructions for using the kit. A kit described herein
may also include information as required by a regulatory
agency such as the U.S. Food and Drug Administration
(FDA). In certain embodiments, the information included in
the kits is prescribing information. In certain embodiments,
the kits and instructions provide for treating a disease (e.g.,
proliferative disease, hematological cancer, autoimmune
disease, inflammatory disease) in a subject in need thereof.
In certain embodiments, the kits and instructions provide for
preventing a disease (e.g., proliferative disease, hematologi-
cal cancer, autoimmune disease, inflammatory disease) in a
subject in need thereof. In certain embodiments, the kits and
instructions provide for reducing the risk of developing a
disease (e.g., proliferative disease, hematological cancer,
autoimmune disease, inflammatory disease) in a subject in
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need thereof. In certain embodiments, the kits and instruc-
tions provide for inhibiting the activity (e.g., aberrant activ-
ity, such as increased activity) of MALT1 in a subject or cell.
A kit described herein may include one or more additional
pharmaceutical agents described herein as a separate com-
position.

Methods of Treatment

In addition to acting as a scaffold protein within the CBM
complex, MALT1 also has proteolytic activity that is con-
stitutively activated in certain cancers, such as ABC-
DLBCL. MALTI inhibitors are known to inhibit ABC-
DLBCL viability, making MALT1 inhibition an attractive
method for the treatment of ABC-DLBCL. In addition, some
ABC-DLBCL cells carry CARDI11 activating mutations.
Cells with these mutations are particularly sensitive to
MALT1 inhibitors, while they are resistant to inhibitors of
kinases upstream in the pathway (e.g., BTK). Thus, treat-
ment of these cancers with MALT1 inhibitors may be
particularly effective.

Dysregulation of MALT1 activity may also have a role in
the development of other diseases, such as inflammatory and
autoimmune diseases. These include, but are not limited to,
rheumatoid arthritis, multiple sclerosis, psoriasis, systemic
lupus, Sjogren’s syndrome, Hashimoto’s thyroiditis, inflam-
matory bowel diseases (e.g., Crohn’s disease, ulcerative
colitis), lupus erythematosus, chronic obstructive pulmonary
disease, and psoriatic arthritis.

The present disclosure provides methods for treating
MALT1-related diseases and disorders. In certain embodi-
ments, the application provides a method of treating inflam-
mation.

In certain embodiments, the application provides a
method of treating an inflammatory disease. In certain
embodiments, the application provides a method of treating
an autoimmune disease. In certain embodiments, the appli-
cation provides a method of treating a proliferative disease.
In certain embodiments, the application provides a method
of treating cancer. In certain embodiments, the application
provides a method of treating a hematological cancer. In
certain embodiments, the application provides a method of
treating a lymphoid malignancy. In certain embodiments, the
application provides a method of treating a leukemia, a
lymphoma, or multiple myeloma. In certain embodiments,
the application provides a method of treating non-Hodgkin’s
lymphoma. In certain embodiments, the application pro-
vides a method of treating mantle cell lymphoma. In certain
embodiments, the application provides a method of treating
DLBCL. In certain embodiments, the application provides a
method of treating ABC-DLBCL. In certain embodiments,
the application provides a method of treating ABC-DLBCL
with CARDI11 activating mutations.

The present disclosure provides methods of inhibiting the
activity of MALTI. In certain embodiments, the application
provides a method of inhibiting the activity of MALT1 in
vitro. In certain embodiments, the application provides a
method of inhibiting the activity of MALT1 in vivo. In
certain embodiments, the application provides a method of
inhibiting the activity of MALT1 in a cell. In certain
embodiments, the application provides a method of inhib-
iting the activity of MALT1 in a human cell.

In certain embodiments, the methods comprise adminis-
tering to a subject in need thereof (e.g., a subject with a
cancer) a compound that interacts with MALT1, for
example, a compound that is an inhibitor of MALTI1, a
modulator of MALT1, a binder of MALT1, or a compound
that modifies MALT1. The compound may interact, inhibit,
modulate, and/or modify MALT1 by binding to an allosteric
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site of MALT1. In certain embodiments, the methods com-
prise administering a compound of Formula I, or a pharma-
ceutically acceptable salt, co-crystal, tautomer, stereoiso-
mer, solvate, hydrate, polymorph, isotopically enriched
derivative, or prodrug, or composition thereof, to a subject
in need thereof. In some embodiments, the method com-
prises administering a pharmaceutical composition compris-
ing a compound of Formula I, or a pharmaceutically accept-
able salt, co-crystal, tautomer, stereoisomer, solvate,
hydrate, polymorph, isotopically enriched derivative, or
prodrug, or composition thereof, to a subject in need thereof.

The present disclosure also provides a compound of
Formula I, or a pharmaceutically acceptable salt, co-crystal,
tautomer, stereoisomer, solvate, hydrate, polymorph, isoto-
pically enriched derivative, or prodrug, or composition
thereof, for use in the treatment of a cancer. In certain
embodiments, the cancer is a hematological cancer. In
certain embodiments, the cancer is a lymphoid malignancy.
In certain embodiments, the cancer is a leukemia, a lym-
phoma, or multiple myeloma. In certain embodiments, the
cancer is a non-Hodgkin’s lymphoma. In certain embodi-
ments, the cancer is a mantle cell lymphoma. In certain
embodiments, the cancer DLBCL. In certain embodiments,
the cancer is ABC-DLBCL. In certain embodiments, the
cancer is ABC-DLBCL with CARDI11 activating mutations.

The present disclosure also provides uses of a compound
of Formula I, or a pharmaceutically acceptable salt, co-
crystal, tautomer, stereoisomer, solvate, hydrate, polymorph,
isotopically enriched derivative, or prodrug, or composition
thereof, in the manufacture of a medicament for the treat-
ment of a cancer. In certain embodiments, the cancer is a
hematological cancer. In certain embodiments, the cancer is
a lymphoid malignancy. In certain embodiments, the cancer
is a leukemia, a lymphoma, or multiple myeloma. In certain
embodiments, the cancer is a non-Hodgkin’s lymphoma. In
certain embodiments, the cancer is a mantle cell lymphoma.
In certain embodiments, the cancer is DLBCL. In certain
embodiments, the cancer is ABC-DLBCL. In certain
embodiments, the cancer is ABC-DLBCL with CARDI11
activating mutations.

In certain embodiments, the methods disclosed herein
comprise administering to the subject an effective amount of
a compound of Formula I, or a pharmaceutically acceptable
salt, co-crystal, tautomer, stereoisomer, solvate, hydrate,
polymorph, isotopically enriched derivative, or prodrug, or
composition thereof. In some embodiments, the effective
amount is a therapeutically effective amount. In some
embodiments, the effective amount is a prophylactically
effective amount.

In certain embodiments, the subject being treated is an
animal. The animal may be of either sex and may be at any
stage of development. In certain embodiments, the subject is
amammal. In certain embodiments, the subject being treated
is a human. In certain embodiments, the subject is a domes-
ticated animal, such as a dog, cat, cow, pig, horse, sheep, or
goat. In certain embodiments, the subject is a companion
animal, such as a dog or cat. In certain embodiments, the
subject is a livestock animal, such as a cow, pig, horse,
sheep, or goat. In certain embodiments, the subject is a zoo
animal. In another embodiment, the subject is a research
animal such as a rodent (e.g., mouse, rat), dog, pig, or
non-human primate. In certain embodiments, the animal is a
genetically engineered animal. In certain embodiments, the
animal is a transgenic animal.

Certain methods described herein may comprise admin-
istering one or more additional pharmaceutical agent(s) in
combination with the compounds described herein. The
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additional pharmaceutical agent(s) may be administered at
the same time as the compound of Formula I, or at different
times than the compound of Formula 1. For example, the
compound of Formula I and any additional pharmaceutical
agent(s) may be on the same dosing schedule or different
dosing schedules. All or some doses of the compound of
Formula I may be administered before all or some doses of
an additional pharmaceutical agent, after all or some does an
additional pharmaceutical agent, within a dosing schedule of
an additional pharmaceutical agent, or a combination
thereof. The timing of administration of the compound of
Formula I and additional pharmaceutical agents may be
different for different additional pharmaceutical agents.

In certain embodiments, the additional pharmaceutical
agent comprises an agent useful in the treatment of a
proliferative disease. In certain embodiments, the additional
pharmaceutical agent comprises an agent useful in the
treatment of cancer. In certain embodiments, the additional
pharmaceutical agent is useful in the treatment of a hema-
tological cancer. In certain embodiments, the additional
pharmaceutical agent cancer is is useful in the treatment of
a lymphoid malignancy. In certain embodiments, the addi-
tional pharmaceutical agent is useful in the treatment of a
leukemia, a lymphoma, or multiple myeloma. In certain
embodiments, the additional pharmaceutical agent is useful
in the treatment of a non-Hodgkin’s lymphoma. In certain
embodiments, the additional pharmaceutical agent is useful
in the treatment of mantle cell lymphoma. In certain embodi-
ments, the additional pharmaceutical agent is useful in the
treatment of DLBCL. In certain embodiments, the additional
pharmaceutical agent is useful in the treatment of ABC-
DLBCL. In certain embodiments, the additional pharmaceu-
tical agent is an anti-cancer agent. In certain embodiments,
the additional pharmaceutical agent is any anti-cancer agent
recited herein. In certain embodiments, the additional phar-
maceutical agent is an immunotherapy. In certain embodi-
ments, the additional pharmaceutical agent is any immuno-
therapy recited herein.

EXAMPLES

In order that the invention described herein may be more
fully understood, the following examples are set forth. The
examples described in this application are offered to illus-
trate the compounds, pharmaceutical compositions, and
methods provided herein and are not to be construed in any
way as limiting their scope.

Compounds of Formula I were prepared using the syn-
thetic schemes and procedures described in detail below.

Preparation of Synthetic Intermediates

4-Bromo-6-chloroquinolin-3-amine (E)

OH
HO, NO,
cl ey vl
o A
HCI
NH,
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= 0 Ac,O
—_—
K>CO;3
NO,
N/\Jd'
H
B
OH
cl NO,
N POB
P
N
C
Br
cl NO,
\ Fe
AcOH
=7
N
D
Br
cl NH,
AN
=
N
E

5-Chloro-2-(2-nitrovinylamino)benzoic Acid (B)

Nitromethane (26.8 g, 440 mmol) was added dropwise to
a solution of NaOH (26.8 g, 670 mmol) in water (60 mL.)
while keeping the temperature at 20-30° C. The resulting
mixture was then warmed to 40° C. and stirred for 10 min.
The mixture was cooled to 20-30° C. and another portion of
nitromethane (13.4 g, 220 mmol) was added. After complete
addition, the reaction was stirred for 1 hour at 45° C. The red
solution was then heated to 50-55° C. and cooled to 30° C.
immediately to give oxime A as a solution, which was used
directly in the next step.

The solution of oxime A was acidified with conc. HCI (60
mL), and added to a suspension of 2-amino-5-chloro-ben-
zoic acid (34.3 g, 200 mmol) in conc. HC1 (85 mlL.) and
water (860 mL). The reaction mixture was stirred for 18
hours at room temperature, and the yellow precipitate col-
lected by filtration, washed with water (2x100 mL) and dried
to give the title compound (48.0 g, 99% yield). ‘H NMR
(400 MHz, CDCl,): 8 14.15 (bs, 1H), 12.98 (d, 1H), 8.06
(dd, 1H), 7.96 (s, 1H), 7.80 (d, 1H), 7.76 (d, 1H), 6.78 (d,
1H)

6-Chloro-3-nitroquinolin-4-ol (C)

Potassium carbonate (11.3 g, 82 mmol) and 5-chloro-2-
(2-nitrovinylamino)benzoic acid (6.6 g, 27.2 mmol) were
suspended in acetic anhydride (70 mL). The resulting mix-
ture was heated at 90° C. for 1 hour. After cooling, a yellow
precipitate formed, which was collected by filtration,
washed with acetic acid and water, dried to give the title
compound (3.4 g, 56% yield). "H NMR (400 MHz, DMSO-
dg): 8 13.19 (bs, 1H), 9.24 (s, 1H), 8.18 (d, 1H), 7.85 (dd,
1H), 7.76 (d, 1H). MS m/z 225.38 [M+H]".

4-Bromo-6-chloro-3-nitroquinoline (D)

POBr; (7.0 g, 25 mmol) and DIPEA (4.3 g, 33 mmol)
were added to a suspension of 6-chloro-3-nitroquinolin-4-ol
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(3.7 g, 16.5 mmol) in acetonitrile (50 mL). The resulting
solution was heated under reflux for 1 hour. The solvents
were removed under reduced pressure, and the residue was
purified by silica chromatography (hexane:EtOAc=5:1 to
1:1) to give the title compound (3.3 g, 70% yield). 'H NMR
(400 MHz, CDCl5): § 9.17 (s, 1H), 8.44 (d, 1H), 8.28 (d,
1H), 7.92 (dd, 1H). MS m/z 287.31 [M+H]".

4-Bromo-6-chloroquinolin-3-amine (E)

Iron powder (5.24 g, 94 mmol) was added to the suspen-
sion of 4-bromo-6-chloro-3-nitroquinoline (2.7 g, 9.4 mmol)
in acetic acid (50 mL). The mixture was stirred and heated
at 60° C. for 3 hours. The mixture was diluted with EtOAc
(100 mL), filtered through a Celite pad, and washed with
EtOAc. The combined filtrates were concentrated and the
residue was purified by silica chromatography (hexane:
EtOAc=2:1 to 1:1) to give the title compound (2.0 g, 83%
yield). 'H NMR (400 MHz, DMSO-d,): § 8.51 (s, 1H), 7.87
(d, 1H), 7.79 (d, 1H), 7.44 (dd, 1H), 6.30 (bs, 2H).

Quinoline amines F, G, and H were prepared with meth-
ods analogous to that used for preparing quinoline amine E,
from the corresponding aminobenzoic acids as indicated in
the table below.

Quinoline m/z
amine Structure/Name [M + 1]* Starting material
F Br 242.72 2-amino-5-
F N NIL fluorobenzoic acid
=
N
4-Bromo-6-
fluoroquinolin-3-amine
G Br 254.74 2-amino-5-
methoxybenzoic
MeomNHZ acid
P
N
4-Bromo-6-
methoxyquinolin-3-
amine
H Br 238.6 2-amino-5-
methylbenzoic
mNHZ acid
P
N
4-Bromo-6-
methylquinolin-3-
amine

4-(2-Methoxypropan-2-yl)quinolin-3-amine (1)

Br
cl NH,
x
F
N
E

CcO
PdCly(dppf)

—_—
Et;N, MeOH
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-continued
CO>Me
m —
—_—
\K%/NHZ I\l\ée}ll
H
—_—
Pd/C
MeO
N NH,
Z
N
L
Methyl 3-amino-6-chloro-quinoline-4-carboxylate
@
A mixture of 4-bromo-6-chloroquinolin-3-amine (7.60 g,

29.5 mmol), triethylamine (3.28 g, 32.5 mmol) and PdCl,
(dppD) (4.31 g, 5.9 mmol) was suspended in a mixture of
MeOH (300 mL) and THF (30 mL) in an autoclave. The
mixture was stirred under 30 atm CO for 18 hours at 100°
C. then cooled to room temperature and concentrated. The
residue was purified by silica chromatography (DCM:
MeOH=100:1 to 50:1) to give the title compound (6.05 g,
86% yield). 'H NMR (400 MHz, DMSO-dy): 8 8.63 (s, 1H),
8.44 (d, 1H), 7.82 (d, 1H), 7.39 (m, 1H), 7.21 (bs, 2H), 3.94
(s, 3H).

2-(3-Amino-6-chloro-4-quinolyl)propan-2-ol (J)

Methylmagnesium bromide (3M in ethyl ether, 22.6 mL,
67.6 mmol, 10 eq) was added dropwise to a solution of
methyl 3-amino-6-chloro-quinoline-4-carboxylate (1.60 g,
6.7 mmol) in THF (50 mL) at 0° C. After complete addition,
the resulting mixture was stirred overnight at room tempera-
ture, then quenched with saturated NH,Cl1 solution (50 mL).
The mixture was extracted with EtOAc (2x50 mL). The
combined organic phases were combined, washed with
brine, dried (Na,SO,) and concentrated. The residue was
purified by silica chromatography (DCM:MeOH=100:1 to
20:1) to give the title compound (750 mg, 47% yield). 'H
NMR (400 MHz, DMSO-d,): § 8.37 (s, 1H), 8.12 (d, 1H),
7.76 (d, 1H), 7.28 (dd, 1H), 6.30 (bs, 2H), 1.74 (s, 6H).
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6-Chloro-4-(2-methoxypropan-2-yl)quinolin-3-
amine (K)

NaH (60% suspension in oil, 152 mg, 6.3 mmol) was
added to the solution of 2-(3-amino-6-chloro-4-quinolyl)
propan-2-ol (750 mg, 3.2 mmol) in THF (20 mL) at 0° C
under N, and stirred for 30 min. lodomethane (675 mg, 4.8
mmol) was added and the resulting mixture was stirred
overnight at room temperature, then quenched with satu-
rated NH,C1 solution (50 mL). The mixture was extracted
with EtOAc (3x50 mL). The organics were combined,
washed with brine, dried (Na,SO,) and concentrated. The
residue was purified by silica chromatography (DCM:
MeOH=100:1 to 30:1) to give the title compound (410 mg,
51% yield). 'H NMR (400 MHz, DMSO-d,): 8 8.44 (s, 1H),
8.34 (d, 1H), 7.77 (d, 1H), 7.32 (dd, 1H), 5.92 (bs, 2H), 2.98
(s, 3H), 1.75 (s, 6H). MS m/z 251.4 [M+H]".

4-(2-Methoxypropan-2-yl)quinolin-3-amine (1)

10% Pd/C (50 mg) was added to a solution of 6-chloro-
4-(2-methoxypropan-2-yl)quinolin-3-amine (K) (200 mg,
0.8 mmol) and triethylamine (161 mg, 1.6 mmol) in EtOH
(20 mL). The reaction mixture was stirred under hydrogen
atmosphere for 1.5 hours then filtered. The filtrate was
concentrated under reduced pressure and the residue purified
by silica chromatography (hexane:EtOAc=3:1 to 1:1) to
give the title compound (160 mg, 93% yield). "H NMR (400
MHz, CDCl,): § 8.44 (s, 1H), 8.09 (m, 1H), 8.02 (m, 1H),
7.41 (m, 2H), 5.30 (br, 2H), 3.20 (s, 3H), 1.91 (s, 6H). MS
m/z 217.22 [M+H]".

Quinoline amines M and N were prepared with methods
analogous to that used for preparing quinoline amine K,
from the corresponding quinoline amines as indicated in the
table below.

Quinoline
amine Structure/Name m/z [M + 1]* Starting material
M MeO 235.1 4—Bromq—6— .
fluoroquinolin-3-
amine (F)
F N NH,
&
N
6-Fluoro-4-(2-
methoxypropan-2-
yl)quinolin-3-amine
N 231.2 4-Bromo-6-
MeO methylquinolin-3-
amine (H)
N NH,
Z
N

4-(2-Methoxypropan-
2-y1)-6-
methylquinolin-3-

amine




US 11,248,007 B2

103

4-Bromo-7-chloroquinolin-3-amine (Q)

OH

HNO;

—_—

=
cl N
OH
NO,
AN POBr3
—_—
=
cl N
0
Br
NO,
N Fe, HOAc
—_—

=

cl N
P
Br
NH,
AN
P
cl N
Q

7-Chloro-3-nitroquinolin-4-ol (O)

Congc. nitric acid (66%, 3.6 mL) was added dropwise to a
solution of 7-chloro-quinolin-4-ol (2.55 g, 14.3 mmol) in
propionic acid (26 mL) at 90° C. The mixture was stirred and
heated under reflux for 3 hours. The reaction mixture was
cooled, filtered, and the precipitate was washed with water
(3x10 mL) and dried to give the title compound (2.40 g, 74%
yield) as a yellow solid. "H NMR (400 MHz, DMSO-dy): &
13.03 (bs, 1H), 9.27 (s, 1H), 8.25 (d, 1H), 7.77 (d, 1H), 7.56
(dd, 1H).

4-Bromo-7-chloro-3-nitroquinoline (P)

POBr; (2.3 g, 8 mmol) and DIPEA (1.4 g, 10.7 mmol)
were added to a suspension of 7-chloro-3-nitroquinolin-4-ol
(1.2 g, 5.4 mmol) in acetonitrile (25 mL). The resulting
solution was heated under reflux for 1 hour. The solvent was
removed under reduced pressure, and the residue was puri-
fied by silica chromatography (hexane:EtOAc=5:1 to 1:1) to
give the title compound (590 mg, 38% yield). "H NMR (400
MHz, DMSO-d,): 8 9.33 (s, 1H), 8.42 (d, 1H), 8.33 (d, 1H),
8.00 (dd, 1H).

4-Bromo-7-chloroquinolin-3-amine (Q)

Iron powder (2.3 g, 4.2 mmol) was added to the suspen-
sion of 4-bromo-7-chloro-3-nitroquinoline (1.2 g, 4.2 mmol)
in acetic acid (20 mL), The mixture was stirred and heated
at 60° C. for 3 hours then diluted with EtOAc (100 mL),
filtered through a Celite pad, and washed with EtOAc. The
combined filtrates were concentrated and the residue was
purified by silica chromatography (hexane:EtOAc=2:1 to
1:1) to give the title compound (440 mg, 41% yield). MS
m/z 257.07 [M+H]".
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4-Bromo-7-methoxyquinolin-3-amine (R)

Br

NH,

x

Z

MeO N

4-Bromo-7-methoxyquinolin-3-amine (R) was prepared
from 7-methoxy-quinolin-4-ol with a method analogous to
that used for preparing 4-bromo-7-chloroquinolin-3-amine
(Q). MS m/z 252.90 [M+H]*.

4-Isopropylquinolin-3-amine (U)

A

B
oS
(6]

PdCl,(dppf)

Hz, Pd/C ©5/

4-Bromoquinolin-3-amine (S)

cops
sos
o

NBS (4.62 g, 26 mmol) was added to a solution of
quinolin-3-amine (3.40 g, 23.5 mmol) in DMF (20 mL) and
the mixture stirred for 1 hour, then quenched with water (100
ml). The resulting mixture was extracted with EtOAc
(3x100 mL) and the combined organic layers washed with
brine, dried (Na,SO,) and concentrated under reduced pres-
sure. The residue was purified by silica chromatography
(hexane:EtOAc=10:1) to give the title compound (3.80 g,
72% yield) as a brown solid. "H NMR (400 MHz, DMSO-
dy): 8 8.54 (s, 1H), 7.83 (m, 2H), 7.56 (m, 1H), 7.44 (m, 1H),
6.06 (bs, 2H).

4-(Prop-1-en-2-yl)quinolin-3-amine (T)

2-Isopropenyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(564 mg, 3 mmol), Cs,CO; (1.46 g, 4.5 mmol) and PdCl,
(dppD) (163 mg) were added to a solution of 4-bromoqui-
nolin-3-amine (500 mg, 2.2 mmol) in dioxane (20 mL) and
water (5 mL). The reaction mixture was stirred at 80° C. for
4 hours under a N, atmosphere. After cooling, the mixture
was diluted with water (100 mL), extracted with EtOAc
(3x200 mL) and the combined organic phases washed with
aq. HCI (IN), saturated NaHCO, solution and brine. The
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organic phase was dried (Na,SO,), concentrated and the
residue was purified by silica chromatography (hexane:
EtOAc=30:1 to 10:1) to give the title compound
(430 g, ~100% yield, contained dppf) as a yellow oil. MS
m/z 185.34 [M+H]".

4-Isopropylquinolin-3-amine (U)

Pd/C (10%, 150 mg) was added to a solution of 4-(prop-
1-en-2-yl)quinolin-3-amine (180 mg, 1 mmol) in EtOH (10
ml) and stirred for 4 hours under a hydrogen atmosphere.
The reaction mixture was filtered and concentrated to give
the title compound (65 mg, 37% yield) as a clear yellow oil.
MS m/z 187.23 [M+H]*.

4-Cyclopentylquinolin-3-amine (W)
O
Br
(O
N NH, 5
= PdCl,(dppf)
N

S
g, o PAC
\ : x NH;
_ |
N N
v W

4-Cyclopentenylquinolin-3-amine (V)

4-Cyclopentenylquinolin-3-amine was prepared in a simi-
lar manner to 4-(prop-1-en-2-yl)quinolin-3-amine (T) from
4-bromoquinolin-3-amine (S) and 2-cyclopentenyl-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane. 'H NMR (400 MHz,
CDCl,): 9 8.55 (s, 1H), 7.99 (m, 1H), 7.64 (m, 1H), 7.45 (m,
2H), 5.92 (m, 1H), 3.90 (bs, 2H), 2.75 (m, 4H), 2.15 (m, 2H).
MS m/z 211.24 [M+H]*.

4-Cyclopentylquinolin-3-amine (W)

4-Cyclopentylquinolin-3-amine was prepared with a
method analogous to that used for preparing 4-isopropylqui-
nolin-3-amine (U) from 4-cyclopentenylquinolin-3-amine
(V). MS m/z 213.22 [M+H]".

Quinoline amines X-EE in the table below were prepared
by methods analogous to those used for preparing 4-(prop-
1-en-2-yD)quinolin-3-amine (T) from the indicated bromo-
quinoline and boronic acid in the table below.

Quinoline m/z
amine Structure/Name [M + 1]* Starting material
X — 4-Bromoquinolin-
3-amine/
cyclopropylboronic
AN NH, acid
P
N

4-cyclopropylquinolin-3-
amine
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4-(Thiazol-5-yl)quinolin-
3-amine

-continued
Quinoline n/z
amine Structure/Name [M + 11" Starting material
Y 203.27 4-Bromo-6-
fluoroquinolin-3-
amine/
F N NI, cyclopropylboronic
acid
P
N
4-Cyclopropyl-6-
fluoroquinolin-3-amine
zZ 21892 4-Bromo-6-
chloroquinolin-3-
amine/
cl N NI, cyclopropylboronic
acid
P
N
6-Chloro-4-
cyclopropylquinolin-3-
amine
AA 218.86  7-Chloro-4-
bromogquinolin-3-
amine/
AN NH, cyclopropylboronic
acid
P
Cl N
7-Chloro-4-
cyclopropylquinolin-3-
amine
BB 215.24 4-Bromo-6-
methoxyquinolin-
3-amine/
MeO AN NI, cyclopropylboronic
acid
P
N
4-Cyclopropyl-6-
methoxyquinolin-3-
amine
cC 21499 4-Bromo-7-
methoxyquinolin-
3-amine/
N NH, cyclopropylboronic
acid
P
MeO N
4-Cyclopropyl-7-
methoxyquinolin-3-
amine
DD /=N — 4-Bromoquinolin-
3 3-amine/
Ve thiazol-5-ylboronic
acid
N NH,
P
N
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Quinoline m/z
amine Structure/Name [M + 1]* Starting material
EE — — 4-Bromoquinolin-
o) 3-amine/
7 furan-2-ylboronic
id
Q NH, aci
=
N
4-(Furan-2-yl)quinolin-3-
amine
4-(Trifluoromethyl)quinoline-3-carboxylic acid (II)
e}
)K/COZEt
i) FsC
ii) H>SOy4
NH,
CF;
N POC,
—_—
N O
H
FF
CF;
AN i) LDA
—_—
ii) CO,
=
N Cl
GG
CF3 CFs3
COH COH
x H AN
—_—
Pd/C
= =
N Cl N
HH I
4-(Trifluoromethyl)quinolin-2(1H)-one (FF)

A mixture of aniline (9.30 g, 100 mmol) and ethyl
4.4 4-trifluoro-3-oxobutanoate (36.8 g, 200 mmol) was
stirred at 110° C. for 1 hour. The reaction mixture was
concentrated under reduced pressure, and then diluted with
water (20 mL). Conc. H,SO, (110 g, 1.13 mol) was added
carefully and the mixture stirred at 90° C. for 1 hour, then
cooled to room temperature and poured into ice water (500
mL). The precipitate was collected by filtration, and then
recrystallised from ethanol (50 mL) to give the title com-
pound (9.90 g, 46.5% yield) as a white solid. 'H NMR (400
MHz, DMSO-dy): § 12.34 (bs, 1H), 7.75 (m, 2H), 7.45 (d,
1H), 7.32 (m, 1H), 6.99 (s, 1H). MS m/z 214.20 [M+H]*.

2-Chloro-4-(trifluoromethyl)-1,2-dihydroquinoline
(GG)

A mixture of 4-(trifluoromethyl)quinolin-2(1H)-one (4.40
g, 20.6 mmol) and POCI; (6.33 g, 41.3 mmol) was heated
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under reflux for 2 hours, cooled and poured into ice water
(100 mL). The mixture was extracted with ethyl acetate
(3x100 mL) and the combined organic layers were washed
with water, saturated NaHCO; solution and brine, dried
(Na,S0,) and concentrated to give the title compound (4.80
g, ~100% yield), which was used without further purifica-
tion. "H NMR (400 MHz, DMSO-dy): 8 8.12 (m, 2H), 8.00
(m, 1H), 7.87 (m, 1H). MS ny/z 232.15 [M+H]".

2-Chloro-4-(trifluoromethyl)quinoline-3-carboxylic
acid (HH)

LDA (1IN, 13 mL, 13 mmol) was added dropwise to a
solution of 2-chloro-4-(trifluoromethyl)-1,2-dihydroquino-
line (2.00 g, 8.6 mmol) in dry THF (50 mL) at -78° C. The
mixture was stirred at —=78° C. for 1 hour then dry ice was
added. The mixture was then allowed to warm to room
temperature, quenched with water (100 mL) and acidified
(pH 3~4) with 1 N HCI. The mixture was extracted with
ethyl acetate (3x100 m) and the combined organic layers
washed with brine, dried (Na,SO,) and concentrated to give
the title compound (2.20 g, 92% yield) as a brown solid
which was used without further purification. 'H NMR (400
MHz, DMSO-d,): d 8.18 (m, 2H), 8.05 (m, 1H), 7.92 (m,
1H). MS m/z 276.01 [M+H]".

4-(Trifluoromethyl)quinoline-3-carboxylic acid (II)

Pd/C (10%, 0.5 g) and triethylamine (600 mg, 6 mmol)
were added to a solution of 2-chloro-4-(triffuoromethyl)
quinoline-3-carboxylic acid (1.10 g, 4 mmol) in ethanol (100
mL). The mixture was stirred for 4 hours under 1 atm H,
then filtered, and the filtrate was concentrated to give the
title compound (890 mg, 92% yield). MS m/z 240.16
[M+H]".

4-Methylquinoline-3-carboxylic acid (KK)

==—C00Me_
Cu(OTDz
CO,Me COH
N LiOH N
/ =z
N
KK

Methyl 4-methylquinoline-3-carboxylate (JJ)

Copper (1I) trifluoromethanesulfonate (700 mg, 21 mmol)
was added to a solution of 1-(2-aminophenyl)ethanone (2.90
g, 21 mmol) and methyl prop-2-ynoate (1.80 g, 21 mmol) in
toluene (50 mL), and the reaction mixture was heated under
reflux for 2 hours under nitrogen. After cooling, the solvent
was removed under reduced pressure and the residue was
purified by silica chromatography to give the title compound
(380 mg, 9% yield). '"H NMR (400 MHz, DMSO-dg): 8 9.11
(s, 1H), 8.32 (d, 1H), 8.07 (d, 1H), 7.90 (m, 1H), 7.74 (m,
1H), 3.97 (s, 3H), 2.93 (s, 3H). MS m/z 202.04 [M+H]".
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4-Methylquinoline-3-carboxylic acid (KK)

A solution of lithium hydroxide hydrate (200 mg, 4.8
mmol) in water (5 mL) was added to a solution of methyl
4-methylquinoline-3-carboxylate (400 mg, 2.0 mmol) in
THF (10 mL). The reaction mixture was stirred at room
temperature for 2 hours then diluted with water (20 mL). The
mixture was washed with hexane/EtOAc (1:1, 3x20 mL.) and
the aqueous phase acidified (pH 4-5) with 1 N aq. HCI and
extracted with ethyl acetate (6x50 ml). The combined
organic layers were washed with brine, dried (Na,SO,) and
concentrated to give the title compound (270 mg, 73% yield)
as a yellow solid. MS m/z 188.30 [M+H]*.

4-Cyclopropyl-7-fluoroquinoline-3-carboxylicacid
(00)
OEt
i)
EtOOC COOEt
ii) PPA
F NH,
OH
CO,E!
2 Brs
Va
F N
LL
Br
COEt B/OH
AN ’ \
OH
V PdCly(dppf)
F N
MM
COsFt
N LiOH
F
F N
NN
N CO,H
F
F N
00
Ethyl 7-fluoro-4-hydroxyquinoline-3-carboxylate
(LL)

3-Fluoroaniline (10.0 g, 90 mmol) and diethyl ethoxym-
ethylene malonate (21.6 g, 100 mmol) were dissolved in
EtOH (500 mL), the mixture was heated under reflux for 3
hours, cooled and allowed to stand at room temperature
overnight. The solid precipitate was collected by filtration,
dried under vacuum, and suspended in polyphosphoric acid
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(40 mL). POCI; (2.0 g, 12.9 mmol) was added and the
mixture was stirred at 75° C. for 8 hours. After cooling, the
mixture was poured into ice-water (500 mL), extracted with
EtOAc (3x300 ml), and the combined organic layers
washed with brine, dried (Na,SO,) and concentrated. The
residue was purified by silica chromatography (DCM:
MeOH=100:1 to 30:1) to give the title compound (3.8 g,
18% yield). '"H NMR (400 MHz, DMSO-d,): § 12.33 (bs,
1H), 8.59 (s, 1H), 8.20 (m, 1H), 7.42 (m, 1H), 6.95 (m, 1H),
4.22 (q, 2H), 1.28 (t, 3H). MS m/z 235.79 [M+H]*.

Ethyl 4-bromo-7-fluoroquinoline-3-carboxylate
(MM)

POBr; (6.88 g, 24 mmol) was added to a suspension of
ethyl 7-fluoro-4-hydroxyquinoline-3-carboxylate (3.8 g, 16
mmol) and DIPEA (4.1 g, 32 mmol) in acetonitrile (50 mL).
The resulting solution was heated under reflux for 2 hours.
The solvent was removed under reduced pressure, and the
residue was purified by silica chromatography (hexane:
EtOAc=20:1 to 10:1) to give the title compound (3.5 g, 73%
yield). '"H NMR (400 MHz, CDCl,): § 9.10 (s, 1H), 8.44 (m,
1H), 7.77 (m, 1H), 7.49 (m, 1H), 4.52 (q, 2H), 1.47 (t, 3H).

Ethyl 4-cyclopropyl-7-fluoroquinoline-3-carboxylate
(NN)

Cyclopropylboronic acid (580 mg, 6.75 mmol), Cs,CO;,
(2.2 g, 6.70 mmol) and PdC1,(dppf) (120 mg) were added to
a solution of ethyl 4-bromo-7-fluoroquinoline-3-carboxylate
(1.0 g, 3.35 mmol) in dioxane (100 mL) and water (20 mL).
The reaction mixture was stirred at 80° C. for 4 hours under
a N, atmosphere then cooled to room temperature, diluted
with water (100 mL) and extracted with EtOAc (3x200 mL).
The combined organic phases were washed with aq. HCl
(IN), saturated NaHCO, solution and brine, dried (Na,SO,),
and concentrated. The residue was purified by silica chro-
matography (hexane:EtOAc=30:1 to 10:1) to give the title
compound (480 mg, 54% vyield). '"H NMR (400 MHz,
DMSO-dy): 8 8.95 (s, 1H), 8.65 (m, 1H), 7.84 (m, 1H), 7.68
(m, 1H), 4.40 (q, 2H), 2.45 (m, 1H), 1.38 (t, 3H), 1.20 (m,
2H), 0.52 (m, 2H).

4-Cyclopropyl-7-fluoroquinoline-3-carboxylic acid
(00)

A solution of LiOH.H,O (180 mg, 4.3 mmol) in water (5
ml) was added to a solution of ethyl 4-cyclopropyl-7-
fluoroquinoline-3-carboxylate (470 mg, 1.8 mmol) in THF
(100 mL). The mixture was stirred at 50° C. for 3 hours, the
mixture was adjusted to pH 5 with IN aq. HCIl then
concentrated to give the title compound (500 mg, ~100%
yield, contained L[iCl), which was used without further
purification. "H NMR (400 MHz, DMSO-d,): 8 13.51 (bs,
1H), 8.95 (s, 1H), 8.64 (m, 1H), 7.82 (m, 1H), 7.68 (m, 1H),
2.45 (m, 1H), 1.23 (m, 2H), 0.56 (m, 2H).

4-Acetylquinoline-3-carboxylic acid (RR)

Br

OFt
CO,Ft )\
~ SnBuj
—_—
PdCL,(PPh
P H(PPhs),

N

PP
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O, O,
CO,Et CO,H
N LiOH N
Z Z
N N
QQ RR
Ethyl 4-bromoquinoline-3-carboxylate (PP)
Ethyl 4-bromoquinoline-3-carboxylate was prepared

from aniline with a method analogous to that used to prepare
ethyl 4-bromo-7-fluoroquinoline-3-carboxylate (MM). 'H
NMR (400 MHz, CDCl,): § 9.10 (s, 1H), 8.44 (m, 1H), 8.17
(m, 1H), 7.87 (m, 1H), 7.75 (m, 1H), 4.52 (q, 2H), 1.48 (t,
3H).

Ethyl 4-acetylquinoline-3-carboxylate (QQ)

PdC1,(PPh;), (100 mg) was added to a solution of ethyl
4-bromoquinoline-3-carboxylate (411 mg, 1.47 mmol) and
tributyl (1-ethoxyvinyl) stannane (1.22 g, 2.51 mmol) in
DMF (30 mL) under nitrogen. After completion of the
reaction (by TLC), the resulting mixture was quenched with
water and extracted (EtOAc). The combined organic layers
were washed with sat. NaHCO; solution, brine, dried over
anhydrous sodium sulfate and concentrated. The residue was
treated with aq. 2N HCI: dioxane (40 mL, 1:1) overnight,
then concentrated and purified by silica chromatography
(hexane:EtOAc=20:1 to 3:1) to give the title compound (310
mg). "H NMR (400 MHz, CDCL,): § 9.50 (s, 1H), 8.38 (m,
1H), 7.95 (m, 1H), 7.80 (m, 1H), 7.75 (m, 1H), 4.48 (q, 2H),
2.72 (s, 3H), 1.46 (t, 3H).

4-Acetylquinoline-3-carboxylic acid (RR)

4-Acetylquinoline-3-carboxylic acid was prepared from
ethyl 4-acetylquinoline-3-carboxylate (300 mg, 1.23 mmol)
with a method analogous to that used for preparing 4-meth-
ylquinoline-3-carboxylic acid (KK), to give the title com-
pound (230 mg, 67% yield), used without further purifica-
tion.

4-(1-Methoxyethyl)quinoline-3-carboxylic acid

(WW)
Br
0
N CO,Et \
O/B\/
P
N PdCl,(dppf)
PP
AN
COzEt  §) H,, Pd/C
\ if) CuCl,
—_—
Z
N
Ss
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-continued

CO,Ft NBS_

AgNO3

COJEr _MeOH

COEt LiOH
—_

OMe

CO.H

\

wWwW

Ethyl 4-vinylquinoline-3-carboxylate (SS)

4.4,5,5-Tetramethyl-2-vinyl-1,3,2-dioxaborolane (2.40 g,
15.5 mmol), Cs,CO; (6.75 g, 20.7 mmol) and PdCL,(dppt)
(378 mg) were added to a solution of ethyl 4-bromoquino-
line-3-carboxylate (2.90 g, 10.3 mmol) in dioxane (100 mL.)
and water (20 mL). The reaction mixture was stirred under
nitrogen at 80° C. for 4 hours then cooled, diluted with water
(100 mL) and extracted with EtOAc (3x200 mL). The
combined organic phases were washed with aq 1IN HCI,
saturated NaHCO; and brine, dried over anhydrous sodium
sulfate and concentrated. The residue was purified by silica
chromatography (hexane:EtOAc=30:1 to 10:1) to give the
title compound (1.70 g, 72% yield). 'H NMR (400 MHz,
CDCl,): 8 9.31 (s, 1H), 8.31 (d, 1H), 8.16 (d, 1H), 7.82 (m,
1H), 7.61 (m, 1H), 7.39 (dd, 1H), 5.89 (d, 1H), 5.52 (d, 1H),
4.44 (q, 2H), 1.44 (m, 3H).

Ethyl 4-ethylquinoline-3-carboxylate (TT)

Pd/C (10%, 150 mg) was added to a solution of ethyl
4-vinylquinoline-3-carboxylate (700 mg, 3.1 mmol) in
EtOH (50 mL). The reaction mixture was stirred under
hydrogen for 1 hour. LC-MS analysis indicated over-reduc-
tion. The reaction mixture was filtered, concentrated and the
residue dissolved in dichloroethane (50 mL). Triethylamine
(1.3 mL, 9 mmol) and CuCl, (43 mg, 0.3 mmol) were added
and the mixture was stirred at 60° C. under oxygen for 4
hours. The reaction mixture was concentrated, purified by
silica chromatography (hexane:EtOAc=30:1 to 10:1) to give
the title compound (700 mg, 99% yield). 'H NMR (400
MHz, CDCl,): 8 9.26 (s, 1H), 8.22 (m, 2H), 7.82 (m, 1H),
7.65 (m, 1H), 4.47 (q, 2H), 3.49 (q, 2H), 1.45 (m, 6H).
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Ethyl 4-(1-bromoethyl)quinoline-3-carboxylate
(Uu)

NBS (240 mg, 1.37 mmol) and AIBN (11.2 mg, 0.068
mmol) were added to a solution of ethyl 4-ethylquinoline-
3-carboxylate (100 mg, 0.46 mmol) in carbon tetrachloride
(10 mL) under nitrogen. The reaction mixture was stirred
overnight at 80° C. under illumination. The solvent was
removed under reduced pressure and the residue purified by
preparative-TLC (hexane:ethyl acetate=5:1) to give the title
compound (52 mg, 38% vyield). '"H NMR (400 MHz,
CDCl,): 8 9.21 (s, 1H), 8.87 (d, 1H), 8.32 (d, 1H), 7.85 (m,
1H), 7.72 (m, 1H), 6.59 (m, 1H), 4.50 (m, 2H), 2.29 (d, 3H),
1.73 (s, 1H), 1.48 (t, 3H).

Ethyl 4-(1-methoxyethyl)quinoline-3-carboxylate
VV)

AgNO; (770 mg, 4.5 mmol) was added to a solution of
ethyl 4-(1-bromoethyl)quinoline-3-carboxylate (920 mg, 3
mmol) in MeOH (60 mL). The reaction mixture was stirred
at RT for 48 hours, then concentrated under reduced pressure
and purified by silica chromatography (petroleum ether:
EtOAc=10:1 to 3:1) to give the title compound (60 mg, 9%
yield). "H NMR (400 MHz, CDCl,):  9.08 (s, 1H), 8.59 (d,
1H), 8.16 (d, 1H), 7.78 (m, 1H), 7.62 (m, 1H), 5.36 (m, 1H),
4.48 (q, 2H), 3.23 (s, 3H), 1.76 (d, 3H), 1.46 (t, 3H).

4-(1-Methoxyethyl)quinoline-3-carboxylic acid
(WW)

4-(1-Methoxyethyl)quinoline-3-carboxylic acid was pre-
pared from ethyl 4-(1-methoxyethyl)quinoline-3-carboxy-
late (VV) (60 mg) with a method analogous to that used for
preparing 4-methylquinoline-3-carboxylic acid (KK).

4-(1-Azidoethyl)quinoline-3-carboxylic acid (YY)
Br
AN CO,Et NaN;
DMF
P
N
uu
N3
NG LiOH_
N
XX
N3
N CO,H
F
N
YY
Ethyl 4-(1-azidoethyl)quinoline-3-carboxylate (XX)

Sodium azide (25 mg, 0.39 mmol) was added to a solution
of ethyl 4-(1-bromoethyl)quinoline-3-carboxylate (40 mg,
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0.13 mmol) in DMF (5§ mL). The reaction mixture was
heated to 60° C. and stirred overnight. The resulting mixture
was diluted with water and extracted (EtOAc). The com-
bined organic layers were washed with sat. NaHCO; solu-
tion, brine, dried over anhydrous sodium sulfate and con-
centrated under reduced pressure to give the title compound
(25 mg), used without further purification. '"H NMR (400
MHz, CDCl,): § 9.19 (s, 1H), 8.57 (d, 1H), 8.29 (d, 1H),
7.86 (m, 1H), 7.69 (m, 1H), 6.05 (m, 1H), 4.53 (m, 2H), 1.82
(d, 3H), 1.48 (t, 3H).

4-(1-Azidoethyl)quinoline-3-carboxylic acid (YY)

4-(1-Azidoethyl)quinoline-3-carboxylic acid was pre-
pared from ethyl 4-(1-azidoethyl)quinoline-3-carboxylate
(25 mg) with a method analogous to that used for preparing
4-methylquinoline-3-carboxylic acid (KK), to give 20 mg of
the title compound, used without further purification.

6-Fluoro-4-(1-methoxyethyl)quinolin-3-amine

(BBB)
OEt
Br i
F. CO,Et SnBuj
X
ii) HCI1
Z
N
F
O,
NaB
F N NH, Hy
Z
N
77
HO.
F. N NH, Mel
=
N
AAA
MeO
F NH,
AN
P
N
BBB

1-(3-Amino-6-fluoroquinolin-4-yl)ethan-1-one (77)

Pd(PPh;), (0.3 g) was added to a solution of 4-bromo-6-
fluoroquinolin-3-amine (1 g, 4.1 mmol) and tributyl
(1-ethoxyvinyl)stannane (2.2 g, 6.1 mmol) in dioxane (20
ml) under a nitrogen atmosphere. The reaction was heated
at 90° C. overnight, then cooled, filtered, and washed with
ethyl acetate (100 mL). The filtrate was washed with brine,
dried (Na,SO,), and concentrated. The residue was purified
by silica chromatography (petroleum ether/EtOAc=10:1) to



US 11,248,007 B2

115

give a yellow solid (810 mg), which was treated with 2 N
HCl/dioxane (5.2 m[./10 mL) for 16 hours. The solution was
poured into ice-cold sat. NaHCO; solution (50 mL) and
extracted with EtOAc (3x50 mL). The organic extracts were
combined, washed with brine, dried (Na,SO,), and concen-
trated to give the title compound (650 mg, 77% yield), which
was used without further purification.

1-(3-Amino-6-fluoroquinolin-4-yl)ethan-1-ol (AAA)

NaBH, (182 mg, 4.8 mmol) was added to a solution of
1-(3-amino-6-fluoroquinolin-4-yl)ethan-1-one (650 mg, 3.2
mmol) in anhydrous methanol (10 ml) and the reaction
mixture stirred for 1 hour at rt. The reaction was quenched
with sat. NH,Cl solution (30 mL) and extracted with EtOAc
(3x30 mL). The organic extracts were combined, washed
with brine, dried (Na,SO,), and concentrated. The residue
was washed with DCM/petroleum ether (10 mL, 2:1) to give
the title compound (503 mg, 77% yield) as a grey solid.

6-Fluoro-4-(1-methoxyethyl)quinolin-3-amine
(BBB)

1-(3-Amino-6-fluoroquinolin-4-yl)ethan-1-ol (250 mg,
1.2 mmol) was dissolved in THF (10 mL) and cooled to 0°
C. Sodium hydride (97 mg, 1.2 mmol, 60% in mineral oil)
was added and the reaction was stirred for 1 hour at 0° C.
Iodomethane (207 mg, 1.5 mmol) was then added and the
reaction was stirred for another 1 hour at rt. The reaction was
quenched with sat. NH,Cl (20 mL) and then extracted with
ethyl acetate (3x20 mL). The organic extracts were com-
bined, washed with brine, dried (Na,SO,), and concentrated.
The residue was purified by silica chromatography (petro-
leum ether/EtOAc=5:1) to give the title compound (240 mg,
90% yield) as a yellow solid. MS m/z 221.3 [M+H]™".

4-(1-Methoxyethyl)-6-methylquinolin-3-amine
(CCO)

ccc

4-(1-Methoxyethyl)-6-methylquinolin-3-amine ~ (CCC)
was prepared from 4-bromo-6-methylquinolin-3-amine (H)
with a method analogous to that used for preparing 6-fluoro-
4-(1-methoxyethyl)quinolin-3-amine (BBB). 'H NMR (400
MHz, CDCL,): 8 8.44 (s, 1H), 7.94 (d, 1H), 7.56 (s, 1H), 7.30
(m, 1H), 5.28 (q, 1H), 4.99 (br, 2H), 3.33 (s, 3H), 2.53 (s,
3H), 1.59 (d, 3H).

4-(1-Ethoxyethyl)-6-fluoroquinolin-3-amine (DDD)
DDD
EtO.
F N NH,
=
N
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4-(1-Ethoxyethyl)-6-methylquinolin-3-amine (DDD) was
prepared from 1-(3-amino-6-fluoroquinolin-4-yl)ethan-1-ol
(AAA) and iodoethane with a method analogous to that used
for preparing 6-fluoro-4-(1-methoxyethyl)quinolin-3-amine
(BBB).

4-(1-Ethoxyethyl)quinolin-3-amine (EEE)

EEE
EtO.

4-(1-Ethoxyethyl)quinolin-3-amine (EEE) was prepared
from 4-bromoquinolin-3-amine (S) with a method analo-
gous to that used for preparing 6-fluoro-4-(1-methoxyethyl)
quinolin-3-amine (BBB). MS m/z 218.3[M+H]".

3-Chloro-5-isocyanato-2-(2H-1,2,3-triazol-2-yl)pyri-

dine (III)
HO,C
\ N
soCL
e
v MeOH
Cl
al
N,
N~
MeO,C AN
N
a KF, DMSO
Cl
cl
FFF
MeO,C
ey | \N
N,
A N \, LOH
\
al N
GGG
HO,C
| 7
N, DPPA
/ N/ \
\ EGN, Tol
al N
HHH
OCN
SN

O
Cl N
Joss

Methyl 5,6-dichloropyridine-3-carboxylate (FFF)

Thionyl chloride (27.9 g, 234 mmol) was added dropwise
to the solution of 5,6-dichloropyridine-3-carboxylic acid
(18.0 g, 94 mmol) in MeOH (300 mL) at 0° C. The resulting
mixture was heated under reflux for 3 hours, cooled and
concentrated under reduced pressure. The residue was puri-
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fied by silica chromatography (hexane:EtOAc=5:1 to 3:1) to
give the title compound (6.7 g, 34.7% yield) as a white solid.
MS m/z 226.08 [M+H]*.

Methyl 5-chloro-6-(triazol-2-yl)pyridine-3-carboxy-
late (GGQG)

2H-1,2,3-Triazole (2.03 g, 29.4 mmol) and cesium fluo-
ride (4.47 g, 29.4 mmol) were added to a solution of methyl
5,6-dichloropyridine-3-carboxylate (3.03 g, 14.7 mmol) in
DMSO (50 mL). The resulting mixture was heated at 100°
C. for 2 hours. After cooling, the mixture was diluted with
EtOAc (200 mL), washed with saturated NaHCO, solution,
water and brine. The organic phase was dried (Na,SO,) and
concentrated, and the residue purified by silica chromatog-
raphy (DCM:MeOH=100:1 to give the title compound (880
mg, 25% yield). "H NMR (400 MHz, CDCls): 8 9.10 (s,
1H), 8.58 (d, 1H), 7.99 (s, 2H), 4.02 (s, 3H).

5-Chloro-6-(triazol-2-yl)pyridine-3-carboxylic acid
(HHH)

Lithium hydroxide hydrate (633 mg, 15 mmol) in water (5
ml) was added to a solution of methyl 5-chloro-6-(triazol-
2-yD)pyridine-3-carboxylate (900 mg, 3.8 mmol) in MeOH
(10 mL) at 0° C., and the mixture was stirred for 2 hours and
then concentrated. The residue was dissolved in water (10
ml) and washed with hexane:EtOAc (5:1, 2x10 mL). The
aqueous phase was acidified (pH 3-4) with 1 N aq. HC], then
concentrated to give the title compound (1.1 g, ~100% yield,
contained LiCl), used without further purification. MS m/z
224.01 [M+H]".

3-Chloro-5-isocyanato-2-(2H-1,2,3-triazol-2-yl)pyri-
dine (II)

Diphenylphosphoryl azide (632 mg, 2.3 mmol) was added
to a solution of 5-chloro-6-(triazol-2-yl)pyridine-3-carbox-
ylic acid (430 mg, 1.9 mmol) and triethylamine (580 mg, 5.7
mmol) in toluene (20 mL). The mixture was stirred for 1
hour then heated to 80° C. for 2 hours to give the title
compound as a toluene solution, used directly in the next
step.

Isocyanates JJJ and KKK were prepared with methods
analogous to that used for preparing 3-chloro-5-isocyanato-
2-(2H-1,2,3-triazol-2-yl)pyridine (IIT) from the correspond-
ing azole and methyl 5,6-dichloropyridine-3-carboxylate
(FFF) as indicated in the table below.

Isocyanate Structure/Name m/z [M + 1]* Starting material

17 OCN | NN — 1H-Pyrazole
Ve ~N
NN
ClL =
3-Chloro-5-isocyanato-2-(1H-
pyrazol-1-yl)pyridine
KKK OCN ~ — 1H-1,2,4-
N .
| Triazole

v N- N

Lo

3-Chloro-5-isocyanato-2-(1H-
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4-Isocyanato-2-(trifluoromethyl)pyridine (LLL)

LLL
OCN

4-Isocyanato-2-(trifluoromethyl)pyridine (LLL) was pre-
pared with a method analogous to that used for preparing
3-chloro-5-isocyanato-2-(2H-1,2,3-triazol-2-yl)pyridine
(III) from 2-(trifftuoromethyl)isonicotinic acid, and used
directly in the subsequent step.

5-Chloro-6-(triazol-2-yl)pyridin-3-amine (NNN)

| N
71 oot
Cl
O,N Ny
| = _N SnCly
N7\ ¢ HClEtOH
[ 1D
MMM

LN
SN

O
Cl N
NNN

3-Chloro-5-nitro-2-(triazol-2-yl)pyridine (MMM)

2H-1,2,3-Triazole (760 mg, 11 mmol) was added to a
suspension of 2,3-dichloro-5-nitro-pyridine (965 mg, 5
mmol) and anhydrous potassium carbonate (1.03 g, 7.5
mmol) in THF (50 mL), and the mixture was stirred over-
night at room temperature. The mixture was diluted with
EtOAc (100 mL), washed with water and brine, and the
organic phase was dried over anhydrous sodium sulfate,
filtered and concentrated. The residue was purified by silica
chromatography (hexane:EtOAc=5:1 to 1:1) to give the title
compound (505 mg, 44%). 'H NMR (400 MHz, DMSO-d,):
8 9.39 (d, 1H), 9.15 (d, 1H), 8.34 (s, 2H).

5-Chloro-6-(triazol-2-yl)pyridin-3-amine (NNN)

Tin (II) chloride dihydrate (4.75 g, 21 mmol) was added
in portions to a suspension of 3-chloro-5-nitro-2-(triazol-2-
yDpyridine (950 mg, 4.2 mmol) in conc. HCl (25 mL) and
EtOH (100 mL) at room temperature, then the mixture was
stirred overnight. The solvent was removed under reduced
pressure, and the residue was diluted with water (100 mL),
basicified with 3 N aq. NaOH solution to pH 9, then
extracted with EtOAc (2x100 mL). The combined organic
layers were washed with brine, dried over anhydrous sodium



US 11,248,007 B2

119

sulfate, filtered and concentrated to give the title compound
(795 mg, 97%) as a yellow solid. '"H NMR (400 MHz,
DMSO-dy): d 8.05 (s, 2H), 7.82 (d, 1H), 7.20 (d, 1H), 6.21
(bs, 2H). MS m/z 195.95 [M+H]*.

tert-Butyl (7-cyclopropyl-2-methylthiazolo[5,4-b]
pyridin-6-yl)carbamate (TTT)

COsFt
—=
N. EtO
</ | CO,Et
g EiN, EtOH
NH,
N
/ \ CO,Et
N/\( Ph,O
5 o Sie o
COLEt 250° C.
000
OH
CO,Et  SOCI
N. \ 2. 2
_</ |
S N
PPP
Cl
D—SHB%
CO,Et
N 2.
—_—
_</ | o~ Pd(PPh3),Cl,
Dioxane, 100° C.
S N/
QQQ
N o Lo
_</ |
S N7
RRR
N N\ O DPPA EON
_</ | t-BuOH
S N/
SSS
NHBoc
N \
_</ |
=
8 N
TTT
Diethyl 2-(((2-methylthiazol-5-yl)amino)methylene)
malonate (O0OO)
2-Methylthiazol-5-amine (4.5 g, 39.41 mmol) was dis-

solved in EtOH (150 mL). Diethyl 2-(ethoxymethylene)
malonate (7.97 mL, 39.41 mmol) was added and the mixture
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stirred at 90° C. for 3 hours. The mixture was cooled to 0°
C. and stirred for 1 hour, and the resulting solid was filtered,
washed with EtOH and dried to give the title compound
(3.62 g, 32% vyield). '"H NMR (500 MHz, DMSO-d,): §
10.74 (d, 1H), 7.94 (d, 1H), 7.53 (s, 1H), 4.19 (q, 2H), 4.11
(g, 2H), 2.58 (s, 3H), 1.24 (m, 6H); MS m/z: 285.06
[M+H]*.

Ethyl 7-hydroxy-2-methylthiazolo[5,4-b]pyridine-6-
carboxylate (PPP)

Diethyl 2-(((2-methylthiazol-5-yl)amino)methylene)ma-
lonate (3.62 g, 12.73 mmol) was suspended in diphenyl ether
(75 mL) and heated to 250° C. for 45 minutes. The mixture
was cooled to room temperature, diluted with hexanes (250
mL) then stirred at 0° C. for 1 hour. The resulting solid was
filtered, washed with hexanes and dried to give the title
compound (3 g, 98% yield). 'H NMR (500 MHz, DMSO-
de): 8 11.97 (s, 1H), 8.76 (s, 1H), 4.38 (q, 2H), 2.82 (s, 3H),
1.35 (t, 3H); MS m/z: 238.69 [M+H]".

Ethyl 7-chloro-2-methylthiazolo[5,4-b]pyridine-6-
carboxylate (QQQ)

SOCl, (3 mL, 42 mmol) and DMF (5 drops) were added
to a solution of ethyl 7-hydroxy-2-methylthiazolo[5,4-b]
pyridine-6-carboxylate (1 g, 4.20 mmol) in CHCl; (100
mL). The mixture was stirred at reflux for 3 hours, and then
concentrated. The residue was suspended in toluene (50 mL)
and the solvent removed to give the title compound (685 mg,
64% vyield), used without further purification. MS m/z:
258.93 [M+H]".

Ethyl 7-cyclopropyl-2-methylthiazolo[5,4-b]pyri-
dine-6-carboxylate (RRR)

Ethyl  7-chloro-2-methylthiazolo[5,4-b]pyridine-6-car-
boxylate (500 mg, 1.95 mmol) and tributyl(cyclopropyl)
stannane (708 mg, 2.14 mmol) were dissolved in 1,4-
dioxane (5 mL) and thoroughly degassed. Pd(PPh;)Cl, (137
mg, 0.195 mmol) was added and the reaction mixture was
stirred under nitrogen at 100° C. for 24 hours. The reaction
was diluted with water and extracted with EtOAc (3x50
ml). The combined organic extracts were washed with
brine, dried over MgSO,, and concentrated. The residue was
purified by silica chromatography (10 to 60% EtOAc in
hexanes) to give the title compound (200 mg, 39% yield).
MS m/z: 262.64 [M+H]".

7-Cyclopropyl-2-methylthiazolo[5,4-b]pyridine-6-
carboxylic acid (SSS)

Ethyl 7-cyclopropyl-2-methylthiazolo[5,4-b|pyridine-6-
carboxylate (200 mg, 0.76 mmol) was dissolved in THF (5
ml) and MeOH (3 mL). LiGH (65 mg, 1.53 mmol) was
added and the mixture stirred at 60° C. for 2 hours. The
mixture was diluted with water and extracted with EtOAc
(2x50 mL). The aqueous layer was acidified using 3M HCl
and extracted with EtOAc (3x50 mL). The combined
organic layer was washed with brine, dried over MgSO,, and
concentrated to give the title compound (100 mg, 59%
yield), used without further purification. 'H NMR (500
MHz, DMSO-d¢): & 13.53 (s, 1H), 8.73 (s, 1H), 2.89 (m,
1H), 2.81 (s, 3H), 1.74 (m, 2H), 1.16 (m, 2H); MS m/z:
23476 [M+H]".
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tert-Butyl (7-cyclopropyl-2-methylthiazolo[5,4-b]
pyridin-6-yl)carbamate (TTT)

DPPA (97 uL, 0.45 mmol) and Et;N (68 uL., 0.49 mmol)
were added to a solution of 7-cyclopropyl-2-methylthiazolo
[5,4-b]pyridine-6-carboxylic acid (95 mg, 0.41 mmol) in
t-butanol (10 mL). The mixture was stirred at room tem-
perature for 30 minutes and then at 100° C. for 1 hour. The
mixture was cooled to room temperature, quenched with sat.
aq. NaHCOj; solution and extracted with EtOAc (3x50 mL).
The combined organic layer was washed with brine, dried
over MgSO,, and concentrated. The residue was purified by
silica chromatography (10 to 80% EtOAc in hexanes) to
give the title compound (35 mg, 28% yield). MS m/z: 306.21

[M+H]™".
7-(1-Ethoxyethyl)-2-methylthiazolo[ 5,4-b|pyridine-
6-carboxylic acid (WWW)
EtO.
Cl
N N CO,Et Sn(Bu)sz
_</ | Pd(PPh3),Cl,
. / Dioxane, 100° C.

N

QQQ

EtO
/N N CO,Et I PaC
—< | EtOH
S N/
uuu
EtO.
LiOH
CO,Et

/:N | x ’ MeOH/THF/H,O

s N
\A'A%
EtO.
COH
N AN 2
_</ |
s N
WwWwW
Ethyl 7-(1-ethoxyvinyl)-2-methylthiazolo[5,4-b]

pyridine-6-carboxylate (UUU)

Ethyl  7-chloro-2-methylthiazolo[5,4-b]|pyridine-6-car-
boxylate (500 mg, 1.95 mmol) and tributyl(1-ethoxyvinyl)
stannane (708 pL, 2.10 mmol) were dissolved in 1,4-dioxane
(5 mL) and thoroughly degassed. Pd(PPh,)Cl, (134 mg,
0.191 mmol) was added and the flask was flushed with N,
then stirred at 100° C. for 24 hours. The reaction was diluted
with water and extracted with EtOAc (3x50 mL). The
combined organic extracts were washed with brine, dried
over MgSO,, and condensed to give a brown oil that was
filtered through a plug of silica gel eluting with 30% EtOAc

5

10

15

20

35

40

45

60
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in hexanes to give the title compound (347 mg, 62% yield)
as a yellow oil that was used without further purification.
MS m/z: 293.05 [M+H]*.

Ethyl 7-(1-ethoxyethyl)-2-methylthiazolo[5,4-b]
pyridine-6-carboxylate (VVV)

Pd, 10% on carbon (55 mg, 0.05 mmol) was added to a
solution of ethyl 7-(1-ethoxyvinyl)-2-methylthiazolo[5,4-b]
pyridine-6-carboxylate (150 mg, 0.51 mmol) in EtOH (10
mL). The reaction was stirred under H, for 6 hours, further
Pd, 10% on carbon (165 mg, 0.15 mmol) was added and the
mixture stirred under H, for 14 hours. The mixture was
filtered over Celite, washing with EtOH (100 mL) and the
filtrate concentrated to give the title compound (150 mg,
99% vyield) as a brown oil that was used without further
purification. MS m/z: 295.24 [M+H]™".

7-(1-Ethoxyethyl)-2-methylthiazolo[ 5,4-b|pyridine-
6-carboxylic acid (WWW)

7-(1-Ethoxyethyl)-2-methylthiazolo[5.4-b]pyridine-6-
carboxylic acid was prepared from ethyl 7-(1-ethoxyethyl)-
2-methylthiazolo[5,4-b]pyridine-6-carboxylate using the
procedure described for SSS, to give the title compound
(100 mg, 74% yield) as a yellow solid. "H NMR (500 MHz,
DMSO-dy): 9 8.60 (s, 1H), 5.39 (q, 1H), 4.36 (q, 2H), 2.87
(s, 3H), 1.61 (d, 3H), 1.07 (t, 3H); MS m/z: 267.01 [M+H]".

Thiazolopyridine acids XXX and YYY were prepared
from ethyl 7-chlorothiazolo[5,4-b]pyridine-6-carboxylate
(27.7) with methods analogous to that used for preparing
thiazolopyridine SSS or WWW. Ethyl 7-chlorothiazolo[5,4-
blpyridine-6-carboxylate (Z77) was prepared from thiazol-
S-amine in a manner analogous to that used for preparing

QQQ.

'H NMR
Thiazolo- m/z (500 MHz, DMSO-
pyridine acid Structure/Name M + 1]*dy)

XXX 220.76 13.40 (br, 1H), 9.53
(s, 1H), 8.86 (s,
1H), 2.98 (m, 1H),

N N CoH 1.79 (m, 2H), 1.21
¢ ] (m, 2H)
SN
7-Cyclopropylthiazolo[5,4-
blpyridine-6-carboxylic acid

YYY EtO 253.21 9.63 (s, 1H), 8.73
(s, 1H), 5.48 (q,
1H), 3.23 (g, 2H)

CcO,H > , B
/N AN 2 1.63 (d, 3H), 1.07
¢ ] (t 31)
S &
N

7-(1-
Ethoxyethyl)thiazolo[5,4-
blpyridine-6-carboxylic acid
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7-(Dimethylamino)thiazolo[ 5,4-b|pyridine-6-carbox-
ylic acid (AAAA)

Cl
COEt i) Me,NH, DMF,
</N | N DIEA, 80° C.
_—
ii) LiOH,
S N7 McOH/THF/H,0 10
277
~y~
COzEt 15
N AN 2
]
S N/
AAAA 20
Ethyl 7-(dimethylamino)thiazolo[5,4-b]pyridine-6-
carboxylate
25

A solution of ethyl 7-chlorothiazolo[5,4-b]pyridine-6-car-
boxylate (277, 200 mg, 0.82 mmol), dimethylamine 2M in
THF (0.51 mL, 0.99 mmol) and DIEA (440 pL, 1.65 mmol)
in DMF (5§ mL) was stirred at 60° C. for 3 hours. The
reaction was quenched with H,O and extracted with EtOAc. 30
The combined organic layer was washed with brine, dried
over MgSQO, and concentrated to give a brown oil that was
used without further purification. MS m/z: 251.93 [M+H]*.

7-(Dimethylamino)thiazolo[ 5,4-b|pyridine-6-carbox- 35
ylic acid (AAAA)

7-(Dimethylamino)thiazolo|[ 5,4-b]pyridine-6-carboxylic
acid was prepared from ethyl 7-(dimethylamino)thiazolo[5,
4-b|pyridine-6-carboxylate using the procedure described 40
for SSS except the aqueous layer was acidified, concentrated
and purified by reverse phase HPLC using a gradient of
0-60% ACN in H,O to give the title compound (138 mg,
75% yield) as a yellow solid. '"H NMR (500 MHz, DMSO-
dg): 0 9.27 (s, 1H), 8.47 (s, 1H), 3.27 (s, 6H); MS nvz: 45
224.64 [M+H]+.

Thiazolopyridine acids BBBB-DDDD were prepared
from ethyl 7-chlorothiazolo[5,4-b]pyridine-6-carboxylate
(Z77) using analogous methods to those described for
7-(dimethylamino)thiazolo| 5,4-b]pyridine-6-carboxylic 50
acid (AAAA).

Thiazolo- 'H NMR
pyridine m/z (500 MHz, DMSO- 33
acid Structure/Name M + 1]"dg)
BBBB  MeO. - 268.04 9.28 (s, 1H), 8.45
~"N (s, 1H), 4.16 (t,
CO,H 2H), 3.62 (¢, 2H),
/N = 3.21 (s, 3H), 3.10
< | (s, 3H) 60
P
S
7-(@2-

Methoxyethyl)(methyl)amino)
thiazolo[5,4-b]pyridine-6-
carboxylic acid 65

-continued
Thiazolo- 'H NMR
pyridine m/z (500 MHz, DMSO-
acid Structure/Name M+ 1] dg)
ccee 282.26 9.31 (s, 1H), 8.45
MeO. - (s, 1H), 5.19 (m,
N 1H), 3.62 (m, 1H),
3.47 (m, 1H), 3.22
COH > >
/N AN 2 (s, 3H), 2.87 (s,
< | 3H), 1.30 (d, 3H)
S Z

7-((1-Methoxypropan-2-
yl)(methyl)amino)thiazolo[5,4-
b]pyridine-6-carboxylic acid

DDDD O 23598 —

N

COH
~ 2

/N
<.

N

7-(Azetidin-1-yl)thiazolo[5,4-
b]pyridine-6-carboxylic acid

Preparation of Example Compounds

1-(6-Chloro-4-(2-methoxypropan-2-yl)quinolin-3-
yD)-3-(5-chloro-6-(2H-1,2,3-triazol-2-y1)pyridin-3-

yDurea (1)
OCN Cl

®

P N,
MeO. N I\\T /\\>
N
cl NH,
~ 111
P
N
K
MeO.
H H
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1-(6-Chloro-4-(2-methoxypropan-2-yl)quinolin-3-
y1)-3-(5-chloro-6-(2H-1,2,3-triazol-2-y1)pyridin-3-
yDurea (1)

6-Chloro-4-(2-methoxypropan-2-yl)quinolin-3-amine
(K) (100 mg, 0.4 mmol) was added to a freshly prepared
toluene solution of 3-chloro-5-isocyanato-2-(2H-1,2,3-tri-
azol-2-yDpyridine (III) (1.6 mmol, 4 eq), stirred at room
temperature for 30 mins, and then at 100° C. for 10 hours.
After cooling, the mixture was diluted with water (50 mL)

5

126

and extracted with EtOAc (3x30 mL). The combined
organic phases were washed with saturated NaHCO, solu-
tion (3x50 mL) and brine, and then concentrated. The
residue was purified by prep-HPLC to give the title com-
pound (20 mg, 11% yield). 'H NMR (400 MHz, MeOD-d4):
d 8.94 (m, 2H), 8.55 (m, 2H), 8.03 (m, 3H), 7.70 (m, 1H),
3.12 (s, 3H), 1.95 (s, 6H). MS m/z 472.4 [M+H]".

Compounds 2-23 were prepared in an analogous manner,
employing the indicated starting materials below.

'H NMR (400 MHz, m/z Starting
Example Structure/Name DMSO-dg) [M +1]*  materials
2 9.99 (s, 1H), 8.97 (d,  439.98 (K) + (LLL)
MeO 1H), 8.80 (s, 1H),
8.75 (s, 1H), 8.54 (d,
o 3 3 oF 1H), 8.07 (m, 2H),
3 7.77 (m, 1H), 7.66
\ \”/ \ (m, 1H), 2.93 (s, 3H),
i | X 1.81 (s, 6H)
=z
N Z
1-(6-Chloro-4-(2-methoxypropan-2-
yl)quinolin-3-yl)-3-(2-
(trifluoromethyl)pyridin-4-ylyurea
3 10.00 (s, 1), 8.89 40499 (L) + (LLL)
MeO (d, 111), 8.78 (s, 2H),
8.54 (d, 1H), 8.04 (d,
I " . 1H), 8.02 (d, 1H),
3 7.73 (m, 1H), 7.67
\ \”/ \ (m, 1H), 7.60 (m,
| 1H), 2.93 (s, 3H),
F O =N 1.81 (s, 6H)
N
1-(4-(2-Methoxypropan-2-yl)quinolin-
3-y1)-3-(2-(trifluoromethyl)pyridin-4-
ylurea
4 10.04 (s, 1H), 9.13 (5, 406.12  (X) + (1)
1), 8.83 (s, 1H),
8.58 (d, 1H), 8.53 (d,
it it ol 1H), 8.45 (m, 1H),
x AN 8.16 (s, 2H), 8.01 (d,
| 1H), 7.66 (m, 2H),
_ o P 2.06 (m, 1H), 1.30
N
N N Ir/ \ (m, 2H), 0.64 (m, 2H)
Nz
1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-
cyclopropylquinolin-3-yl)urea
MeOD-d4 8.70 (s, 40845  (U) + (II)

5
N al
= o] =
N N N/N

1H), 8.45 (m, 2H),
8.30 (d, 1H), 7.95 (m,
1H), 7.92 (s, 2H),
7.66 (m, 1H), 7.56
(m, 1H), 3.90 (m,
1H), 1.50 (d, 6H)

N\

77—

S

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-

isopropylquinolin-3-yljurea
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-continued
'H NMR (400 MHz, m/z Starting
Example Structure/Name DMSO-dg) [M + 1]*  materials
6 MeOD-d4 8.83 (s, 434.06 (W) + (II)
1H), 8.52 (m, 2H),
8.29 (d, 1), 8.06 (d,
1H), 8.04 (s, 2H),
B K o 7.77 (m, 1H), 7.65
(m, 1H), 4.03 (m,
X \”/ X 1H), 2.19 (m, 6H),
| 1.95 (m, 2H)
& Y P N
N N lel/ 2\
Nz
1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-
cyclopentylquinolin-3-yljurea
7 10.10 (s, 1H), 9.20 (5, 440.0  (AA) + (II)
1H), 8.91 (s, 1H),
8.58 (d, 1H), 8.53 (d,
H H 1H), 8.46 (d, 1H),
S N ! 8.17 (s, 210), 8.05 (d,
\n/ | 1H), 7.70 (dd, 1H),
_ o _ 2.08 (m, 1H), 1.30
N
ol N N Il\I/ \ (m, 2H), 0.65 (m, 2H)
N\>
1-(7-Chloro-4-cyclopropylquinolin-3-
y1)-3-(5-chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-ylyurea
8 10.10 (s, 1H), 9.21 (5, 440.0  (Z) + (II)
1H), 8.94 (s, 1H),
8.58 (d, 1H), 8.53 (d,
a a 1H), 8.42 (d, 1H)
Cl N N Cl i ? ¢
x AN 8.17 (s, 2H), 8.03 (d,
| 1H), 7.69 (m, 1H),
P o P 2.08 (m, 1H), 1.30
N
N N Il\I/ \ (m, 2H), 0.65 (m, 2H)
Nz
1-(6-Chloro-4-cyclopropylquinolin-3-
y1)-3-(5-chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-ylyurea
9 10.12 (s, 1H), 9.19 (s, 4240  (Y) + (II])
1H), 8.95 (s, 1H),
8.59 (d, 1H), 8.53 (d,
H H
. i3 i3 ol 1H), 8.17 (s, 2H),

~x \”/ x 8.08 (m, 2H), 7.61

| (m, 1H), 2.06 (m,
o 1H), 1.30 (m, 2H),
= Z N 0.64 (m, 2H)

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-cyclopropyl-6-

fluoroquinolin-3-yljurea



US 11,248,007 B2

-continued
'H NMR (400 MHz, m/z Starting
Example Structure/Name DMSO-dg) [M + 1]*  materials

10 10.13 (s, 1H), 9.19 (s, 435.96 (CC) + (III)

1H), 8.92 (s, 1H),

8.60 (d, 1H), 8.52 (d,
i " ol 1H), 8.44 (d, 1H),

x N 8.17 (s, 2H), 7.42 (m,
| 2H), 3.95 (s, 3H),
_ 5 _ 2.14 (m, 1H), 1.32

N
MeO N N IF/ \(m, 2H), 0.65 (m, 2H)
N\>

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-cyclopropyl-7-
methoxyquinolin-3-ylyurea

u 1011 (s, 1H), 9.11 (s, 4360  (BB) + (III)
1H), 8.92 (bs, 1H),
8.59 (d, 1H), 8.53 (d,
a a 1H), 8.17 (s, 2H)
MeO N N cl P o S )
¢ AN AN 7.95 (d, 1H), 7.74 (s,
| 1H), 7.41 (m, 1H),
o 3.26 (s, 3H), 2.08 (m,
N NZ SN D, 135 (m, 2H),
| N\0-65 (m, 2H)
Nae

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-cyclopropyl-6-
methoxyquinolin-3-ylyurea

12 10.19 (s, 1H), 9.17 (s, 407.0  (Z) + (LLL)

. 1H), 8.92 (s, 1H),

8.57 (d, 1H), 841 (d,

F

o B i 1H), 8.10 (d, 1H),

7 N L 803 (d 1K), 772 (m
| | 1H), 7.64 (m, LH).
2,05 (m, 1H), 1.28

Ny o N (m, 210), 0.63 (m, 2I)

1-(6-Chloro-4-cyclopropylquinolin-3-
y1)-3-(2-(trifluoromethyl)pyridin-4-
ylhurea

13 10.20 (s, 1H), 9.17 (s,  407.0 (AA) +
F 1H), 8.90 (s, 1H), (LLL)
F 857 (d, 1H), 845 d,
§ § 1H), 8.10 (d, 1H),
s \“/ AN F 805 (d, 1), 7.71 (m
| | 1H), 7.64 (m, 1H).
2.07 (m, 1H), 1.28
ol Ny 0 =N (m, 2H), 0.62 (m, 2H)

1-(7-Chloro-4-cyclopropylquinolin-3-
y1)-3-(2-(trifluoromethyl)pyridin-4-
ylhurea

9.85 (s, 1), 9.51 (s, 448.7 (DD) + (III)
1H), 9.48 (s,1H), 8.47

(s, 2H), 8.43 (s, 110),

8.15 (m, 3H), 8.11 (d,

1H), 7.75 (m, 1H),

N N cl 7.60 (m, 1H), 7.54
. m, , 7.
\ﬂ/ \(\/E o
0 N/ N

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-(thiazol-5-
ylquinolin-3-yl)urea
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-continued

132

Example Structure/Name

'H NMR (400 MHz, m/z
DMSO-dg) M+ 17*

Starting
materials

Zim
Zim
(@]

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-(furan-2-
ylquinolin-3-yl)urea

16
N a
Z 0 x N
N N

1-(5-Chloro-6-(1H-pyrazol-1-
yDpyridin-3-yl)-3-(4-
cyclopropylquinolin-3-ylyurea

17
fo R al
0
N/ \N NN

1-(5-Chloro-6-(1H-1,2 A-triazol-1-
yDpyridin-3-yl)-3-(4-
cyclopropylquinolin-3-ylyurea

18

F. § § cl
Z 0 Z
N N —N

1-(5-Chloro-6-(1H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(6-fluoro-4-(2-
methoxypropan-2-yl)quinolin-3-
ylhurea

9.99 (s, 1H), 9.40 (s, 432.3
1H), 8.65 (s, 1H),

8.50 (d, 2H), 8.16 (s,

2H), 8.10 (m, 2H),

7.87 (m, 1H), 7.76

(m, 1H), 7.65 (m,

1H), 7.05 (s, 1H),

6.86 (s, 1H)

9.99 (s, 1H), 9.26 (s,  405.3
1H), 8.90 (s, 1H),

8.54 (s, 1H), 8.48 (m,

1H), 8.45 (s, 1H),

8.19 (s, 1H), 8.04 (m,

1H), 7.78 (s, 1H),

7.72 (m, 2H), 6.54 (s,

1H), 2.10 (m, 1H),

1.32 (m, 2H), 0.66

(m, 2H)

9.99 (s, 1H), 9.12 (s, 406.3
1H), 9.04 (s, 1H),

8.83 (s, 1H), 8.58 (d,

1H), 8.51 (d, 1H),

8.44 (m, 1H), 8.29 (s,

1H), 7.99 (m, 1H),

7.66 (m, 2H), 2.06

(m, 1H), 1.30 (m,

2H), 0.64 (m, 2H)

9.88 (br, 1H), 8.77 (s,  456.2
2H), 8.64 (m, 1H),

8.59 (d, 1H), 8.50 (d,

1H), 8.16 (s, 2H),

8.11 (m, 1H), 7.67

(m, 1H), 2.95 (s, 3H),

1.83 (s, 61)

(EE) + (II)

X) + 117

(X) + (KKK)

(M) + (II)
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'H NMR (400 MHz, m/z Starting
Example Structure/Name DMSO-dg) [M + 1]*  materials
19 9.89 (br, 1H), 8.78 (s, 4523  (N) + (1)
MeO 1H), 8.73 (s, 1H),
8.67 (s, 1H), 8.58 (s,
" " o 1H), 8.50 (s, 1H),
8.16 (s, 2H), 7.92 (d,
\ \ 1H), 7.55 (d, 1H),
| 2.95 (s, 3H), 2.52 (s,
F O Z N 3H), 1.40 (s, 6H)
N N III \
N
1-(5-Chloro-6-(1H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-(2-
methoxypropan-2-yl)-6-
methylquinolin-3-ylyurea
20 MeO 10.36 (b, 1H), 9.25 4422 (BBB)+
(s, 1H), 9.05 (br, 1H), (1I1)
F K o imsie o
B . S’
x A 8.11 (m, 2H), 7.63
| (m, 1H), 5.36 (m,
/ 0 / N 1H),3.26 G, 3H),
N N III/ N\ 1.56 (d, 3H)
Na
1-(5-Chloro-6-(1H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(6-fluoro-4-(1-
methoxyethyl)quinolin-3-ylyurea
10.36 (b, 1H), 9.16 4382  (CCC) +
(s, 1H), 8.98 (s, 110), (1I1)

21 MeO
N_ N a
P O = N
N N

1-(5-Chloro-6-(1H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-(1-
methoxyethyl)-6-methylquinolin-3-

\

/

ylhurea

22 EtO.
F. % % Cl
& 0 & N
N N Ir/ N\
N%}
1-(5-Chloro-6-(1H-1,2,3-triazol-2-

yD)pyridin-3-yl)-3-(4-(1-ethoxyethyl)-

6-fluoroquinolin-3-yljurea

8.56 (d, 1), 8.52 (d,
1H), 8.16 (s, 2H),
8.14 (m, 1H), 7.92 (d,
1H), 7.55 (d, 1H),
5.43 (m, 1H), 3.26 (s,
3H), 2.53 (s, 3H),
1.57 (d, 3H)

10.31 (br, 1H), 9.22
(s, 1H), 9.02 (s, 1H),
8.59 (d, 1H), 8.51 (d,
1H), 8.21 (m, 1H),
8.17 (s, 2H), 8.09 (m,
1H), 7.64 (m, 1H),
5.44 (m, 1H), 3.45
(m, 1H), 3.29 (m,
1H), 1.58 (d, 3H),
1.15 (t, 3H)

4562 (DDD) + (III)
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'H NMR (400 MHz, m/z Starting
Example Structure/Name DMSO-dg) [M + 1]*  materials
23 EtO 10.28 (br, 1H), 9.19 438.2 (EEE) + (IIT)

(s, 1H), 8.97 (s, 110),
8.59 (d, 1H), 8.51 (d,

H H
N N Cl 1H), 8.46 (m, 1H),
X > 8.16 (s, 2H), 8.03 (d,
| 1H), 7.71 (m, 1H),
o] = 7.62 (m, 1H), 5.50
A

N
- N\ (m, 1H), 3.46 (m,
1H), 3.33 (m, 1H),

N 1.60 (d, 3H), 1.15 (t,

3H)

\

1-(5-Chloro-6-(1H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-(1-
ethoxyethyl)quinolin-3-ylyurea

1-(5-Chloro-6-(2H-1,2,3-triazol-2-yl)pyridin-3-y1)-3- 2 triazol-2 -yDpyridin-3-ylurea (EEEE; 35 mg, 0.1 mmol) in

(6-fluoro-4-(1-hydroxyethyl)quinolin-3-yl)urea (24) methanol (2 mL). The reaction mixture was stirred for 30
min at rt. The reaction was quenched with water (5 mL) and
then extracted with EtOAc (3x5 mL). The organic extracts
were combined, washed with brine, dried (Na,SO,), and
concentrated. The residue was purified by prep-TLC (DCM/

OCN N Cl
O | MeOH=20:1) to give the title compound (17 mg, 48% yield)
P N as a light yellow solid. '"H NMR (400 MHz, DMSO-d,): §
F NIL N N7 AN 10.54 (br, 1H), 9.63 (s, 1H), 9.29 (s, 1H), 8.58 (d, 1H), 8.52
A \ — (d, 1H), 8.17 (s, 2H), 8.07 (m, 2H), 7.59 (m, 1H), 6.52 (br,
F
N
7

25

. N 0 1H), 5.72 (m, 1H), 1.51 (d, 3H). MS nv/z: 426.3 [M-H]—.

1-(6-Bromo-4-methylquinolin-3-y1)-3-(5-chloro-6-

o (2H-1,2,3-triazol-2-yl)pyridin-3-yl)urea (25)
35
F % % Cl
TY X
a 0 & N, %» Br CO,H DPPA
N N N7\ AN 2
}\T\ 40 Et3N, dioxane
P
EEEE N
HO H,N Cl
2 | \
H H Br NCO
E N N cl 43 = > N
N/ O N/ N — N\ N/ N
\\> FFFF NNN
N=/ 5
24 B % % Cl
T
1-(4-Acetyl-6-fluoroquinolin-3-yl)-3-(5-chloro-6- s N/ © N/ N/N\
(2H-1,2,3-triazol-2-yl)pyridin-3-yl)urea (EEEE) 1\\1§>

1-(4-Acetyl-6-fluoroquinolin-3-y1)-3-(5-chloro-6-(2H-1,
2,3-triazol-2-yl)pyridin-3-yljurea (EEEE) was prepared
from 1-(3-amino-6-fluoroquinolin-4-yl)ethan-1-one (Z7)
using an analogous method to that used for preparing 60
Example 1. MS m/z 426.3 [M+H]".

25

6-Bromo-3-isocyanato-4-methylquinoline (FFFF)
1-(5-Chloro-6-(2H-1,2,3-triazol-2-yl)pyridin-3-y1)-3-
(6-fluoro-4-(1-hydroxyethyl)quinolin-3-yl)urea (24) Diphenylphosphoryl azide (300 mg, 1.1 mmol) was added
65 to a solution of 6-bromo-4-methylquinoline-3-carboxylic
NaBH, (5§ mg, 0.1 mmol) was added to a solution of acid (290 mg, 1.1 mmol) and triethylamine (330 mg, 3.3
1-(4-acetyl-6-fluoroquinolin-3-y1)-3-(5-chloro-6-(2H-1,2,3- mmol) in dioxane (10 mL). The mixture was stirred at room
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temperature for 1 hour and then heated at 80° C. for 2 hours
to give the isocyanate (FFFF), which was used directly in the
next step.

1-(6-Bromo-4-methylquinolin-3-y1)-3-(5-chloro-6- 5

(2H-1,2,3-triazol-2-yl)pyridin-3-yl)urea (25)

5-Chloro-6-(triazol-2-yl)pyridin-3-amine (NNN) (212
mg, 1.1 mmol) was added to a freshly prepared dioxane
solution of 6-bromo-3-isocyanato-4-methylquinoline (1.1
mmol, 1 eq). The solution was stirred at room temperature
for 30 min, and then heated at 100° C. for 10 hours. After

10

138

cooling, the mixture was diluted with water (50 mL) and
extracted with EtOAc (3x30 mL). The combined organic
phases were washed with saturated NaHCO; solution (3x50
ml) and brine. After concentration, the residue was purified
by prep-HPLC to give the title compound (45 mg, 9% yield).
'H NMR (400 MHz, DMSO-d,): 9.79 (s, 1H), 9.09 (s, 1H),
8.94 (s, 1H), 8.59 (d, 1H), 8.50 (d, 1H), 8.33 (d, 1H), 8.16
(s, 2H) 7.95 (d, 1H), 7.84 (m, 1H), 2.58 (s, 3H). MS m/z
460.5 [M+H]".

Compounds 26-30 were prepared in an analogous manner,
employing the indicated amine starting materials below.

'H NMR (400 MHz, m/z Starting
Example Structure/Name DMSO-dg) M+ 17* materials
26 CF; 10.05 (s, 1H), 9.29 4344 (1) + (NNN)
" i o (s, 1H), 9.12 (s, 1),
8.60 (d, 1), 8.48 (d,
A A 1H), 8.18 (m, 3H),
| 8.12 (d, 1H), 7.85
Z e} = _N (m, 2H)
N N III \
N§>
1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-
(trifluoromethyl)quinolin-3-yl)urea
27 9.92 (s, 1H), 9.100(s, 380.32 (KK) +
u u 1H), 9.03 (s, 1H), (NNN)
x N N N cl 8.59 (d, 1H), 8.50 (d,
\ﬂ/ 1H), 8.19 (m, 1H),
| 8.16 (s, 2H), 8.05 (d,
F 0 =z _N 1H), 7.78 (m, 1H),
N N T N\ 770 (m, 1H)
Nz
1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-
methylquinolin-3-yljurea
28 10.07 (s, 1H), 9.16 4240 (00) +
(s, 1H), 8.88 (s, 11D), (NNN)
8.58 (d, 1H), 8.51
§ § al (m, 2H), 8.17 (s, 2H),
AN x 7.76 (m, 1H), 7.60
| (m, 1H), 2.05 (m,
2H), 1.30 (m, 2H),
Z (@] = N
F N N T/ \ 0.65 (m, 2H)
-
1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-cyclopropyl-7-
fluoroquinolin-3-yljurea
10.01 (s, 1H), 8.99 M- 1" (YY) + (NNN)
(s, 1H), 8.94 (s, 11D), 433.2

29 N3
f_ R a
& 0 Z N
N N Ir - \\
N%)
1-(4-(1-Azidoethyl)quinolin-3-yl)-3-

(5-chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-ylyurea

8.59 (d, 1), 8.49 (d,
1H), 8.43 (d, 1),
8.16 (s, 2H), 8.08 (d,
1H), 7.78 (m, 1H),
7.68 (m, 1H), 5.87
(g, 1H), 1.65 (d, 3H)
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Example Structure/Name

'H NMR (400 MHz,
DMSO-dg)

m/z
M +1]*

Starting
materials

30 MeO

\

N al
\”/\Eji
0 = N
N N7
A

Na

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(4-(1-
methoxyethyl)quinolin-3-ylyurea

10.33 (s, 1H), 9.25 4240
(s, 1H), 9.02 (s, 110),

8.57 (s, 1H), 8.52 (s,

1H), 8.40 (m, 1H),

8.15 (s, 2H), 8.03 (m,

1H), 7.73 (m, 1H),

7.64 (m, 1H), 5.43

(m, 1H), 3.26 (s, 3H),

1.59 (d, 3H)

(WW) +
(NNN)

1-(4-Bromoquinolin-3-yl1)-3-(5-chloro-6-(2H-1,2,3-
triazol-2-yl)pyridin-3-yl)urea (31)

OCN cl
NH, A
x |
" N/ N7 N
Z
N \ N
N
11

\§ g N
YT
—
N N N\
)

GGGG

Br

\§ N !
(JT L

N N 1\\1/

N,
)
N

NBS

—_—

31

1-(5-Chloro-6-(2H-1,2,3-triazol-2-yl)pyridin-3-y1)-3-
(quinolin-3-ylurea (GGGG)

(5-Chloro-6-(2H-1,2,3-triazol-2-yl)pyridin-3-y1)-3-(qui-
nolin-3-yl)urea (GGGG) was prepared with a method analo-
gous to that used in preparing Compound 1, from quinolin-
3-amine and 3-chloro-5-isocyanato-2-(2H-1,2,3-triazol-2-
yDpyridine (I). *"H NMR (400 MHz, DMSO-dy): 8 9.70 (bs,
1H), 9.60 (s, 1H), 8.92 (s, 1H), 8.60 (s, 1H), 8.57 (m, 1H),
8.50 (m, 1H), 8.17 (s, 2H), 7.96 (m, 2H), 7.61 (m, 2H).

1-(4-Bromoquinolin-3-yl1)-3-(5-chloro-6-(2H-1,2,3-
triazol-2-yl)pyridin-3-yl)urea (31)

NBS (143 mg, 0.8 mmol) was added to a solution of
(5-chloro-6-(2H-1,2,3-triazol-2-y1)pyridin-3-y1)-3-(quino-
lin-3-yl)urea (245 mg, 0.67 mmol) in DMF (15 mL) at room
temperature, the resulting mixture was stirred at 50° C. for
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3 hours. After cooling, the mixture was diluted with EtOAc
(100 mL), washed with saturated NaHCO, solution (3x50
ml.) and brine, and concentrated. The residue was purified
by prep-HPLC to give the title compound (60 mg, 20%
yield). '"H NMR (400 MHz, DMSO-d,): 8 10.20 (s, 1H),
9.34 (s, 1H), 8.98 (s, 1H), 8.58 (d, J=2.4 Hz, 1H), 8.52 (d,
J=2.4 Hz, 1H), 8.16 (m, 2H), 8.09 (m, 1H), 7.79 (m, 2H).
MS m/z 445.78 [M+H]*.

1-(5-Chloro-6-(2H-1,2,3-triazol-2-yl)pyridin-3-y1)-3-
(4-(1-hydroxyethyl)quinolin-3-yl)urea (32)

CO,H i) DPPA, EsN, Dioxane

A
" LN N cl
N |
N
RR N h\f/ \
N

NNN

O
N k E !
\ﬂ/ U NaBH,
Z 0 A~ N —
N N N \
)

HHHH

HO
\§§ ~
(T,
N N NN\

\

32
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1-(4-Acetylquinolin-3-yl)-3-(5-chloro-6-(2H-1,2,3-
triazol-2-yl)pyridin-3-yl)urea (HHHH)

1-(4-Acetylquinolin-3-y1)-3-(5-chloro-6-(2H-1,2,3-tri-
azol-2-yDpyridin-3-yl)urea (HHHH) was prepared with a
method analogous to that used in preparing Compound 25,
from 4-acetylquinoline-3-carboxylic acid (RR) and
5-chloro-6-(triazol-2-yl)pyridin-3-amine (NNN). 'H NMR
(400 MHz, DMSO-d,): 8 9.70 (bs, 1H), 9.60 (s, 1H), 8.92 (s,
1H), 8.60 (s, 1H), 8.57 (m, 1H), 8.50 (m, 1H), 8.17 (s, 2H),
7.96 (m, 2H), 7.61 (m, 2H).

1-(5-Chloro-6-(2H-1,2,3-triazol-2-yl)pyridin-3-y1)-3-

(4-(1-hydroxyethyl)quinolin-3-yl)urea (32)

Sodium borohydride (9.3 mg, 0.24 mmol) was added to a
solution of 1-(4-acetylquinolin-3-yl)-3-(5-chloro-6-(2H-1,2,
3-triazol-2-yl)pyridin-3-yl)urea (HHHH; 50 mg, 0.12 mmol)
in anhydrous methanol (10 mL) at —-10° C. The reaction
mixture was allowed to warm to room temperature with
stirring overnight. The resulting mixture was diluted with
water and extracted (EtOAc). The combined organic layers
were washed with saturated NaHCO; solution and brine,
concentrated and the residue was purified by HPLC to give
the title compound (21 mg). 'H NMR (400 MHz, DMSO-
de): 8 10.56 (s, 1H), 9.67 (s, 1H), 9.36 (s, 1H), 8.59 (d, 1H),
8.52 (d, 1H), 8.35 (d, 1H), 8.16 (s, 2H), 8.02 (d, 1H), 7.74
(m, 1H), 7.66 (m, 1H), 5.86 (m, 1H), 1.54 (d, 1H). MS nv/z
410.2 [M+H]".

1-(7-Cyclopropyl-2-methylthiazolo[5,4-b|pyridin-6-
y1)-3-(2-(trifluoromethyl)pyridin-4-ylyurea (33)

i) TFA

oCN CFs
AN
i
2N
LLL

NHBoc
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-continued
N cF
/N x \ﬂ/ x 3
: | (@] | N
S N F
33

1-(7-Cyclopropyl-2-methylthiazolo[5,4-b|pyridin-6-
y1)-3-(2-(trifluoromethyl)pyridin-4-yl)urea (33)

tert-Butyl
din-6-yl)carbamate (TTT) (35 mg, 0.12 mmol) was dis-
solved in DCM (10 mL). TFA (1 mL) was added and the

mixture stirred for 1 hour. The solvent was removed and the

(7-cyclopropyl-2-methylthiazolo[5,4-b]|pyri-

residue dissolved in 1,4-dioxane (2 mL). This solution was
added to a solution of 2-(trifluoromethyl)isonicotinic acid
(LLL; 20 mg, 0.10 mmol) in 1,4-dioxane (2 mL) that had
been stirring for 30 minutes at room temperature with DPPA
(27 pl, 0.13 mmol) and Et;N (72 pl, 0.52 mmol). The
mixture was stirred at 100° C. for 1 hour, quenched with sat.
aq. NaHCOj; solution and extracted with EtOAc (3x50 mL.).
The combined organic layer was washed with brine, dried
over MgSO,, and concentrated. The residue was purified by
reversed-phase HPLC (1 to 70% ACN in H,O) to give the
title compound (15 mg, 33% yield). *"H NMR (500 MHz,
DMSO-dy): § 9.93 (s, 1H), 8.77 (s, 1H), 8.57 (s, 1H), 8.54
(d, 1H), 8.07 (s, 1H), 7.63 (m, 1H), 2.80 (s, 3H), 2.19 (m,
1H), 1.55 (m, 2H), 1.78 (m, 2H); MS m/z: 394.25 [M+H]*.

Compound 34 was prepared in an analogous manner,

employing the indicated amine starting materials below.

Example

Structure/Name

m/z
M + 17"

'H NMR (500 MHz,
DMSO-dg)

Starting

materials

34
AN

:S = O =
N N Il\f

59.82 (s, 1H), 8.79
(s, 1H), 8.60 (s, 11D),
8.57 (d, 1H), 8.48 (d,
1H), 8.15 (s, 2H),
2.81 (s, 3H), 2.22 (m,
1H), 1.57 (m, 2H),
1.16 (m, 2H)

42717 (TTT) + (III)

_N
<
Na

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(7-cyclopropyl-2-
methylthiazolo[5,4-b]pyridin-6-

ylhurea
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1-(5-Chloro-6-(2H-1,2,3-triazol-2-yl)pyridin-3-y1)-3-
(7-(1-ethoxyethyl)-2-methylthiazolo[5,4-b|pyridin-
6-ylurea (35)

144
1-(5-Chloro-6-(2H-1,2,3-triazol-2-yl)pyridin-3-y1)-3-
(7-(1-ethoxyethyl)-2-methylthiazolo[5,4-b|pyridin-
6-yDurea (35)

Et;N (261 pL, 1.88 mmol) and DPPA (97 uL, 0.45 mmol)

EtO were added to a stirred solution of 7-(1-ethoxyethyl)-2-

. . methylthiazolo[5,4-b|pyridine-6-carboxylic acid (100 mg,

N N copi 1) DPPA, EGN, Dioxane 0.38 mmol) in 1,4-dioxane (3 mL) and the reaction stirred
i 10

—</ | iy HN x “ L00e ¢ for 30 minutes at rt. 5-Chloro-6-(2H-1,2,3-triazol-2-yl)pyri-

S N/ | din-3-amine (NNN, 146 mg, 0.75 mmol) was added and the

N . .

WWW N/ N7 AN mixture heated to 100° C. for 1 hour, quenched with sat.

I\\I\ |5 aqueous NaHCO; solution and extracted with EtOAc (3x50

NNN mL). The combined organic layer was washed with brine,

EtO dried over MgSQO,, concentrated and purified by reversed-

q q phase chromatography using a gradient of 1 to 70% ACN in

N N AN d 50 H,O to give the title compound (51 mg, 30% yield) as a

N
~ T T T
IS¢
N

\

white solid. '"H NMR (500 MHz, DMSO-d,): § 10.51 (s,
1H), 9.12 (s, 1H), 8.70 (s, 1H), 8.57 (d, 1H), 8.51 (d, 1H),
8.16 (s, 2H), 5.62 (q, 1H), 3.50 (q, 2H), 2.85 (s, 3H), 1.57

25 (d, 3H), 1.18 (1, 3H); MS nv/z: 459.16 [M+H]*.
35 )
Compounds 36-41 were prepared in an analogous manner,
employing the starting materials indicated below.
'H NMR (500 MHz, m/z Starting
Example Structure/Name DMSO-dg) [M + 11" materials
36 9.82 (s, 1H), 9.46 (s,  413.07 (XXX)+
1H), 8.83 (s, 1H), (NNN)
8.71 (s, 1H), 8.58 (d,
§ § 1H), 8.48 (d, 1H),
N cl
AN AN 8.15 (s, 2H), 2.27 (m,
</ | | 1H), 1.62 (m, 2H),
1.19 (m, 2H)
8 N © N SN
Na
1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(7-
cyclopropylthiazolo[5,4-b]pyridin-6-
ylhurea
10.53 (s, 1H), 9.55 (s, 445.17 (YYY) +
1H), 9.22 (s, 1H), (NNN)

8.74 (s, 1H), 8.57 (d,
1H), 8.51 (d, 1),
8.16 (s, 2H), 5.68 (q,
1H), 3.52 (g, 2H),
1.59 (d, 3H), 1.18 (,
3H)

37 EtO
N al
N AN AN
5 N/ © N/ NN
|)
Nam

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-yl)-3-(7-(1-
ethoxyethyl)thiazolo[5,4-b]pyridin-6-

ylhurea
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'H NMR (500 MHz, m/z Starting
Example Structure/Name DMSO-dg) [M + 11" materials
38 ~.. 9.96 (s, 1H), 9.37 (s,  416.11 (AAAA) +
N 1H), 8.78 (s, 1H), (NNN)
it it a 8.67 (s, 110), 8.56 (d,
N 1H), 8.49 (d, 1H),
J N \n/ N 8.16 (s, 2H), 3.18 (s,
(T T
P Z N
S N N IiI/ \
N

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-y1)-3-(7-
(dimethylamino)thiazolo[54-
b]pyridin-6-yljurea

39 MeO 81006 (s, 1), 9.41  460.12 (BBBB) +

(s, 1H), 8.91 (s, 1H), (NNN)
8.62 (s, 1H), 8.56 (d,

\/\N/

N N N cl 1H), 8.51 (d, 1H),
y. fﬁ/ T \(\I 8.15 (s, 2H), 3.68 (t,
< | | 2H), 349 (t, 2H),

o N/ 0 N/ N 3633146,

Il\f \ 3H)
N

1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-y1)-3-(7-((2-
methoxyethyl)(methyl)amino)thiazolo
[5,4-b]pyridin-6-yl)urea

40 10.26 (s, 1H), 9.40 (s, 474.11 (CCCC) +
1H), 8.81 (s, 1H), (NNN)
MeO ~ 859 (d, 1H), 8.56 (s,
N 1H), 8.49 (d, 1),
i i o 8.15 (s 2H) 4.08 (m,
N 1H), 3.62 (m, 1H),
J A \”/ A 3.37 (m, 1H), 3.21 (s,
| U | 3H), 3.06 (s, 3H),
Z = N 1.23(d,3H
S N N Il\I — \ ( )
N
1-(5-Chloro-6-(2H-1,2,3-triazol-2-
yDpyridin-3-y1)-3-(7-((1-
methoxypropan-2-
y1)(methyl)amino)thiazolol[5 4-
b]pyridin-6-yljurea
a1 9.82 (hrs, 1H), 9.19  428.07 (DDDD) +

(s, 1H), 8.59 (d, 1), (NNN)
8.46 (d, 1H), 8.44 (s,
1H), 8.15 (m, 3H),

N
H H 4.68 (m, 4H0), 2.39
N ~ N ~ (m, 2H)
/ T
] o
5 N/ N/ —N

1-(7-(Azetidin-1-yl)thiazolo[5,4-
blpyridin-6-y1)-3-(5-chloro-6-(2H-
1,2,3-triazol-2-yl)pyridin-3-yljurea
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MALT1 Inhibition Assay

Table 1 provides the results of cell assay data showing
MALT1 inhibition data (ICs,) and cell proliferation inhibi-
tion data (GIs,) for the example compounds. MALT1 inhi-
bition was demonstrated by use of a MALT1 inhibition
reporter system, and the cell proliferation inhibition was
demonstrated by use of an OCI-LY3 lymphoma cell line.
The results show that the compounds of the present disclo-
sure are potent MALT1 inhibitors in cells, and the inhibition
of MALT]1 results in significant growth inhibition of cancer
cells.

TABLE 1
Example MALT1 ICsq (uM) OCIL-LY3 Gls, 96 h (uM)
1 0.057 113
2 0.076 2.19
3 0.448 8.94
4 0.007 1.58
5 0.078 241
6 0451 —
7 0432 —
8 0.002 1.16
9 0.006 0.72
10 >20.0 —
11 0.013 1.58
12 0.330 441
13 8.670 —
14 0.093 1.49
15 0.141 8.3
16 0.179 10.4
17 2.660 —
18 0.035 0.41
19 0.130 07
20 0.018 0.27
21 0.045 3.49
22 0.023 0.62
23 0.053 1.62
24 0.007 0.56
25 0.158 —
26 0.041 —
27 0.237 —
28 0.092 —
29 0.045 123
30 0.033 0.62
31 0.033 2.8
32 0.028 0.72
33 0.243 —
34 0.046 138
35 0.036 0.37
36 0.033 1.01
37 0.024 0.79
38 0.040 1.16
39 0.098 1.78
40 0473 9.18
41 0927 8.69

In Cell MALT1 Inhibition Reporter System for High
Throughput Screening (HTS) Method for MALT1 Protease
Inhibitors

The reporter system utilized split luciferase technology
(Promega GloSensor™) where a firefly luciferase enzyme is
separated into two components by a cAMP-binding protein
moiety. Binding of cAMP induces a conformational change
that triggers light output. A MALT1 cleavage signal based
on the RelB cleavage site was engineered so that the
conformational change required for cAMP binding occurred
only after MALT1 mediated cleavage. To control for lucifer-
ase activity interference independent of MALT1 cleavage,
Renilla luciferase was used. A stable Raji reporter cell line
where B-cell receptor signaling is activated with 12-phorbol
13-myristate acetate (PMA) and ionomycin to trigger
MALT1 protease activity was generated. Raji MALT1-
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reporter cells were pre-treated for 30 min with inhibitors and
then with PMA/ionomycin for 1 h and IC,, was used to rank
compounds.

The assay was performed in 384-well plates. 5 ul. of
10x3-fold serial compound dilutions prepared in cell culture
media was added to the plate using liquid handling robotics
(Microlab STAR, Hamilton). Compound start concentration
was 2 uM and final vehicle concentration was 0.2% DMSO
in all wells unless otherwise noted. Raji GloSensor cells
were resuspended in complete media at 1.33*10%ml and 2%
GloSensor Reagent was added to cell suspension. 45 ul of
cell mix was then added to the plate and incubated for 30
minutes at 37° C. and 5% CO,. Next, 2 uL. per well of a
26xPMA/IO solution (final concentration PMA=0.2 ng/ml.,
10=1 uM) was added to the plate using liquid handling
robotics (MultifloFX, Biotek). The plate was incubated for
an additional 1 hour and 45 minutes at 37° C. and 5% CO,,
and the luminescence output was read.

Cell Proliferation Inhibition Assay

Compounds were plated in 5 pL, then 2,000 cells/well
were plated in 45 plL in 384-well white/clear plates (BD
353963). Cells were grown at 37° C. for 96 hours.

1. Cells were counted to confirm a sufficient number were
present in the assay. Cells were centrifuged (300xg 5
min) and resuspended at 4.44x10xcells/mL with fresh
media.

2. Dilutions of compounds were prepared: working dilu-
tions were 10x the highest concentration tested and
were prepared in a 96-well V-bottom plate for serial
dilution. All compounds tested in each assay had the
same concentration of DMSO, as well as all the serial
dilutions.

3. Compounds were plated in triplicate: 5 pul/well. (In-
cluded 12 wells of control for standard curve (3 blank,
9 standard- and three wells of z-VRPR-fnk at 50 uM as
positive control).

4. Cells were plated at a concentration of 45 ul./well. For
blank, three control wells were utilized (5 plL vehicle)
with an added 45 ul. of media, instead of cells.

5. The plates were briefly spun down to ensure there were
no bubbles. The plates were then incubated at 37° C. for
48 hours, then steps 2-5 were repeated.

6. Logarithmic growth of control cells was assessed by
Trypan blue counting of vehicle-treated cells.

7. 50 uL of CTGlo (Promega) was added, followed by
rocking for 2 min, then incubated 10 min at RT.
Luminescence was measured.

Data Processing:

Cell count was evaluated as a measure of how well cells
performed in the assay. The blank was substracted from all
measurements, and growth inhibition was calculated relative
to vehicle treated cells (0% inhibition) and no cells (100%
inhibition) wells. The average, standard deviation and coef-
ficient of variation was calculated for each triplicate. The
coeflicient of variation was less than 12%. Three indepen-
dent experiments were averaged, and the growth inhibition
values and concentration were used to construct dose-
response curves in CDD (Collaborative Dug Discovery
vault) and calculate Gl,,.

Equivalents and Scope
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 descrip-
tions that include “or” between one or more members of a
group are considered satisfied if one, more than one, or all
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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.

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 addi-
tional 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.

This application refers to various issued patents, pub-
lished patent applications, journal articles, and other publi-
cations, 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 inven-
tion that falls within the prior art may be explicitly excluded
from any one or more of the claims. Because such embodi-
ments 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.

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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What is claimed is:
1. A compound of Formula I:

R? R*

| |
N N
Y O
O

or a pharmaceutically acceptable salt thereof, wherein:

Alis

B is

NN

N

(RY,

A@ ﬂ(\
——®) o TR
2N N/

each occurrence of R! is, independently, halogen, sub-

stituted or unsubstituted acyl, substituted or unsub-
stituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocyclyl, substituted or unsubsti-
tuted heterocyclyl, substituted or unsubstituted het-
eroaryl, substituted or unsubstituted heteroalkyl,
OR%, N(R%),, —SR%, —CN, —SCN, —C(=NR%)
R4, —C(=NR*)OR, —C(=NRHN(R),,
—C(=O)R?, —C(=0)OR?, —C(=O)N(R?),,
—S8(=0)R*, —S(=0),R*, —NO,, —NR4C(=0)
RY, —NRIC(=O0)OR?, —NRIC(=O)NR?),,
—NRAS(=0)R4, —NR*S(=0),R4, —S(=O)N
(R%),. —S(=0)NR"), —OC(=OR?, —OC
(=0)OR, or —OC(=0O)N(R*),;

each occurrence of R? is, independently, halogen, sub-

stituted or unsubstituted acyl, substituted or unsub-
stituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocyclyl, substituted or unsubsti-
tuted heterocyclyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or
unsubstituted  heteroalkyl, —OR<, —N(R),,
—SR4, —CN, —SCN, —C(=NRHR?,
—C(=NRHOR*, —C(=NRHN(R?),, —C(=0)
R?, —C(=0)OR?, —C(—O)N(R),, —S(—O)R?,
—S(:O)/%RA, —NO,, —NRAC(=0)R4, —NR4C
(—O)OR?, —NRAC(—O)N(R?),, —NR*S(—0)
R4, —NRAS(=0),R4, —S(=0)N(R),,
—S(=0), N(R%), —OC(=O)R?, —OC(=0)
OR“, or —OC(=0O)N(R%),;

each occurrence of R® and R* is, independently, hydro-

gen, substituted or unsubstituted alkyl, or a nitrogen
protecting group;

each occurrence of R is, independently, hydrogen,

substituted or unsubstituted acyl, substituted or
unsubstituted alkyl, substituted or unsubstituted alk-
enyl, substituted or unsubstituted alkynyl, substi-
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tuted or unsubstituted heteroalkyl, substituted or
unsubstituted carbocyclyl, substituted or unsubsti-
tuted heterocyclyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, a nitrogen
protecting group when attached to a nitrogen atom,
an oxygen protecting group when attached to an
oxygen atom, or a sulfur protecting group when
attached to a sulfur atom, or two R* groups are
joined to form a substituted or unsubstituted hetero-
cyclic ring;
kis 1, 2,3, or 4; and
pis 1,2, 3, or4.
2. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein:
Ais

R! R!
Rl
AN AN
5 ; or
= Z
N N
Rl
AN
=
R! N

3. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein:
Bis

R2

x

/N

or

4. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein each occurrence of R is,
independently, halogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsub-
stituted alkynyl, substituted or unsubstituted heterocyclyl,
substituted or unsubstituted carbocyclyl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted het-
eroalkyl, or —OR*,

5. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein each occurrence of R* is,
independently, halogen, substituted or unsubstituted alkyl,
substituted or unsubstituted carbocyclyl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted het-
eroalkyl, or —OR*.

6. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein each occurrence of R is,
independently, halogen, unsubstituted C,  alkyl, C, ¢
alkoxyalkyl, C, ¢ hydroxyalkyl, C, ; azidoalkyl, C, _¢haloal-
kyl, unsubstituted 5 or 6-membered monocyclic heteroaryl,
unsubstituted C; 4 cycloalkyl, or —OC, , alkyl.

7. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein each occurrence of R is,
independently, halogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsub-
stituted alkynyl, substituted or unsubstituted heterocyclyl,
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substituted or unsubstituted carbocyclyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heteroalkyl, or —OR%.

8. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein each occurrence of R is,
independently, halogen, substituted or unsubstituted alkyl,
or substituted or unsubstituted heteroaryl.

9. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein R? is hydrogen; and R* is
hydrogen.

10. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein k is 1 or 2.

11. The compound of claim 1, or a pharmaceutically
acceptable salt thereof, wherein p is 1 or 2.

12. The compound of claim 1, wherein the compound is
of Formula I-c or I-d:

20 Le
N
F I x \”/ | AN
®Rpy——1— - ®)
= Y Vs
’s \/KN N)
Id
N N R?
“ AN AN
(Rl)p—: \“/ |
(6]
30 \/\N/ N
or a pharmaceutically acceptable salt thereof.
13. The compound of claim 1, wherein the compound is
35 of Formula I-e or I-f:

I-e

Rl
Z Y =

N N R,

45 I-£
Rl
R! { { R?
= Y F
30 N N RZ,
or a pharmaceutically acceptable salt thereof.

s 14. The compound of claim 1, wherein the compound is

of Formula I-g or I-h:

Rl
\§§\Rz
JT X
N NIl\I

_N
2
Nam

I-g
60

65
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-continued -continued
I-h

Rl
R! § § R?
P O Z N = o] = N
N N T:> al N N N~
N

or a pharmaceutically acceptable salt thereof.

H H
15. The compound of claim 1, wherein the compound is a AN N\”/N\(\/[Cl
15 |
P o N/ _N

MeO. N I{\\>
N
cl N N cl 20
AN AN
Z \[(l/ U N F AN \”/ ~
N N N \;

N\ 25 A 0 F _N

)

N

CF3;
=N x x
T

MeO N/ © N/ N/N
: o

\@/CF3, N

N
40 MO N N N N cl
TT UL
H H N N N/

N N cl N
AN AN \\>
X - -
& 0 & _N
N N Iif\\> F
V= o PP
7 F;
N §\”/§ N Cl v \N | \([)I/ | /N
F 0 U ~N E
" R P F
Ne= v X F;
T |
Ny 0 N

- - 60
N N Cl
= 0 N/ N/N
DA J

wn
s
s
(@]

s
s
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-continued -continued

CF;
| 7 A
st N o) T 7
N

wn
zT
zT
@}

N N 1\\1/\N
x AN
\n/ U
N/ © N/ N/N\
A
al
| AN
N/ N/N

H H
N N cl
x AN 20
\"/ U
& 0 & _N
Ne=

Br 25

N g cl M
F 0 F N F _N
N N I{/ Ny 30 ¥ I{\\>
N Ne==
N3 MeO.
H H
TJrY ., Y YY
x 0 7 N o |
N
N N NN g N Ny N
\ \ ;
| Ne= 40 Ne=
o McO

HO 50 MeO

MeO

A
N N I{ﬁ o N N I\\I\\>
N N
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-continued -continued

E{O
0 0 Meo\)\ -
N A x
TTOL T oY
\ S N ? N >y
|

w

N,
)
N

_N
EtO 10 \>;
Namo
N N !
TT L
_ 15
N N NN
\ O
HO N
0 0 N AN v v U
20
s s s TR eaRe:
| | 5 N/ © N/ N
A O Z |
N N 1‘1

N
N \,
\ ; N
— 25

N

or a pharmaceutically acceptable salt thereof.
16. A compound of the formula:

30
F
EtO
N
N § § al / = \ﬂ/ x F:
y, AN \”/ x s « | I | |
< | 8 | S N Z
s N N N/N\
| ;
N, or a pharmaceutically acceptable salt thereof.

40 17. A pharmaceutical composition comprising a com-
pound of claim 1, or a pharmaceutically acceptable salt

~y
H H
N X N\“/N AN a thereof, and a pharmaceutically acceptable excipient.
</ | | 18. A method of inhibiting the activity of MALTI, the
S N/ o N/ N 45 method comprising contacting a compound of claim 1 with
|

—~N
\>; MALTT.
RESS 19. A method of treating a hematological cancer in a
Meo\/\N/ subject in need thereof, the method comprising administer-

ing a compound of claim 1, or a pharmaceutically acceptable

H H
N N N N N Cl 50 galt thereof, to the subject.
</ | \ﬂ/ | 20. The compound of claim 1, or a pharmaceutically
S = 0] = _N acceptable salt thereof, wherein each occurrence of R? is,
N N Il\I N\ independently, halogen, C, , haloalkyl, or unsubstituted

N 55 S-membered monocyclic heteroaryl.

#* #* #* #* #*



