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ACETAMIDE THIENOTRIAZOLODIAZEPINES AND USES THEREOF

RELATED APPLICATIONS
[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application, U.S.S.N. 62/217,544, filed September 11, 2015, which 1s incorporated herein by

reference.

BACKGROUND
[0002] Bromodomain-containing proteins are of substantial biological interest, as
components of transcription factor complexes and determinants of epigenetic memory. For
example, the bromo and extra terminal (BET) protein family (e.g., bromodomain-containing
protein 2 (BRD?2), bromodomain-containing protein 3 (BRD3), bromodomain-containing
protein 4 (BRD4), and bromodomain testis-specific protein (BRDT)) shares a common
domain architecture featuring two amino-terminal bromodomains that exhibit high levels of
sequence conservation, and a more divergent carboxy-terminal recruitment domain
(Filippakopoulos et al., Nature 2010, 468, 1067-1073). BRD2 and BRD3 are reported to
associate with histones along actively transcribed genes and may be involved 1n facilitating
transcriptional elongation (Leroy et al., Mol. Cell. 2008, 30, 51-60). It has also been reported
that BRD4 or BRD3 may fuse with nuclear protein in testis (NUT), forming novel fusion
oncogenes BRD4-NUT or BRD3-NUT, 1in a highly malignant form of epithelial neoplasia
(French et al., Cancer Res., 2003, 63, 304-307; French et al., J. Clin. Oncol. 2004, 22, 4135-
4139). Data suggests that BRD-NUT fusion proteins contribute to carcinogenesis (French et
al., Oncogene 2008, 27, 22377-2242). BRDT 1s uniquely expressed in the testes and ovary. All
family members of BET have been reported to have some function in controlling or executing
aspects of the cell cycle and have been shown to remain in complex with chromosomes
during cell division, suggesting a role in the maintenance of epigenetic memory. In addition,
some viruses make use of BET proteins to tether their genomes to the host cell chromatin, as
part of the process of viral replication (You et al., Cell 2004, 117, 349-360). BRD4 appears to
be involved 1n the recruitment of the pTEF-b complex to inducible genes, resulting 1n
phosphorylation of RNA polymerase and increased transcriptional output (Hargreaves ef al.,

Cell 2009, 138, 129-145). In humans, BRD2, BRD3, BRD4, and BRDT exhibit similar gene

arrangements, domain organizations, and some functional properties (Wu et al., J. Biol.

Chem. 2007, 282, 13141-13145).
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SUMMARY OF THE INVENTION
[0003] Recently, compounds have been reported to be bromodomain binding agents, e.g.,
international PCT publications WO 2012/075383, WO 2011/054553, WO 2011/054841, WO
2011/054844, WO 2011/054845, WO 2011/054846, WO 2011/054848, WO 2011/143669,
and WO 2011/161031. Moreover, Japanese patent application publication JP 2008/156311
discloses a benzimidazole derivative that 1s a BRD2 bromodomain binding agent and has
been found useful 1n treating viral infections and 1nhibiting viral replication. International
PCT publication WO 2009/084693 discloses a series of thienotriazolodiazepine derivatives
that inhibit the binding between an acetylated histone and a bromodomain-containing protein
which are useful as anti-cancer agents. International PCT publication WO 2011/054843
suggests compounds which 1nhibit the binding of a bromodomain with its cognate acetylated
proteins may be useful in the treatment of autoiommune and inflammatory diseases. However,
there remains a need for additional potent and safe bromodomain binders.
[0004] The present invention provides compounds of Formula (I). In certain embodiments,
compounds of Formula (I) are thienotriazolodiazepines comprising an acetamide group. The
compounds described herein may to be binders of transcription factors, such as
bromodomain-containing proteins (e.g., BET proteins) and may be usetul in male
contraception and 1n treating and/or preventing a wide range of diseases (e.g., diseases
associated with bromodomains, diseases associated with the activity (e.g., aberrant activity)
of bromodomains, diseases associated with bromodomain-containing proteins, and disease
associated with the activity (e.g., aberrant activity) of bromodomain-containing proteins).
Diseases that may be treated and/or prevented by the methods of the disclosure include, but
are not limited to, proliferative diseases (e.g., cancers, benign neoplasms, pathological
angiogenesis, inflammatory diseases, and autoimmune diseases), cardiovascular diseases,
viral infections, fibrotic diseases, neurological diseases, metabolic diseases, endocrine
diseases, and radiation poisoning. Also provided in the present disclosure are pharmaceutical
compositions, kits, methods, and uses including or using a compound described herein.

[0005] In one aspect, the present invention provides compounds of Formula (I):
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and pharmaceutically acceptable salts, solvates, hydrates, polymorphs, co-crystals, tautomers,
stereo1somers, 1sotopically labeled derivatives, and prodrugs thereof.

[0006] In still another aspect, the present disclosure provides pharmaceutical compositions
including a compound described herein (e.g., a compound of Formula (I)), and optionally a
pharmaceutically acceptable excipient. In certain embodiments, the pharmaceutical
compositions described herein include a therapeutically or prophylactically effective amount
of a compound described herein. The pharmaceutical composition may be useful for treating
and/or preventing a disease 1n a subject in need thereof. The pharmaceutical composition may
also be useful 1n inhibiting the replication of a virus, 1n killing a virus, 1n inhibiting the
activity of a bromodomain-containing protein, in inhibiting the activity of a bromodomain, 1n
inhibiting the binding of a bromodomain of a bromodomain-containing protein to an
acetylated lysine residue of a histone or other protein, in modulating (e.g., inhibiting)
transcriptional elongation, in modulating (e.g., down-regulating or inhibiting) the expression
(e.g., transcription) of a gene that 1s regulated by a bromodomain-containing protein, in
inducing apoptosis, and/or inducing G1 arrest, in a subject or cell.

[0007] In certain embodiments, the disease described herein 1s associated with the activity
(e.g., aberrant activity, increased activity) of a bromodomain-containing protein. In certain
embodiments, the disease 1s associated with the function (e.g., dysfunction) of a
bromodomain-containing protein. In certain embodiments, the disease 1s associated with the
activity (e.g., aberrant activity, increased activity) of a bromodomain. In certain
embodiments, the disease 1s associated with the function (e.g., dysfunction) of a
bromodomain.

[0008] In certain embodiments, the disease 1s a proliferative disease (e.g., cancer, benign
neoplasm, pathological angiogenesis, an inflammatory disease, or an autoimmune disease),
cardiovascular disease, viral infection, fibrotic disease, neurological disease, metabolic
disease, endocrine disease, or radiation poisoning.

[0009] Another aspect of the present disclosure relates to methods of treating a disease 1n a
subject 1n need thereof.

[0010] In another aspect, the present disclosure provides methods of preventing a disease 1n a
subject 1n need thereof.

[0011] Another aspect of the present disclosure relates to methods of reducing the risk of
developing a disease 1n a subject in need thereof.

[0012] Another aspect of the present disclosure relates to methods of inhibiting the

replication of a virus (e.g., human immunodeficiency virus (HIV), human papillomavirus
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(HPV), hepatitis C virus (HCV), herpes simplex virus (HSV), Ebola virus, and influenza
virus).

[0013] Another aspect of the present disclosure relates to methods of killing a virus (e.g.,
human immunodeficiency virus (HIV), human papillomavirus (HPV), hepatitis C virus
(HCV), herpes simplex virus (HSV), Ebola virus, and influenza virus).

[0014] In another aspect, the present disclosure provides methods of inhibiting the activity of
a bromodomain-containing protein in a subject or cell. In certain embodiments, the activity of
a bromodomain-containing protein 1s aberrant or unwanted activity (e.g., an increased
activity) of the bromodomain-containing protein. In certain embodiments, the activity of the
bromodomain-containing protein 1s selectively inhibited (e.g., when compared to the activity
of a kinase that 1s different from the bromodomain-containing protein) by the methods.
[0015] In yet another aspect, the present disclosure provides methods of inhibiting the
activity of a bromodomain in a subject or a biological sample. In certain embodiments, the
activity of a bromodomain being inhibited 1s aberrant or unwanted activity (e.g., an increased
activity) of the bromodomain.

[0016] In yet another aspect, the present disclosure provides methods of inhibiting the
binding of a bromodomain to an acetylated lysine residue of a second protein (e.g., histone)
in a subject or biological sample. In certain embodiments, the second protein 1s a protein that
includes at least one acetylated lysine residue.

[0017] In still another aspect, the present disclosure provides methods of modulating the
expression (e.g., transcription) of a gene that 1s regulated by a bromodomain-containing
protein 1n a subject or biological sample. In certain embodiments, the methods of modulating
the expression (e.g., transcription) of a gene are methods of down-regulating or inhibiting the
expression (e.g., transcription) of the gene. The method may result in decreased levels of a
gene product (e.g., RNA, protein) in a cell.

[0018] In still another aspect, the present disclosure provides methods of modulating (e.g.,
inhibiting) transcriptional elongation 1n a cell of a subject or biological sample.

[0019] Another aspect of the disclosure relates to methods of inducing apoptosis (e.g.,
apoptosis of a cancer cell) 1n a cell of a subject or biological sample.

[0020] Another aspect of the disclosure relates to methods of method for inducing G1 arrest
in a cell of a subject or biological sample.

[0021] The methods of the present disclosure include administering to the subject an effective
amount of a compound or pharmaceutical composition described herein. The methods of the

present disclosure include contacting a biological sample (e.g., a cell) with an effective



CA 02996977 2018-02-277

WO 2017/044792 PCT/US2016/051017
S

amount of a compound or pharmaceutical composition described herein. The methods of the
present disclosure include contacting a virus with an effective amount of a compound or
pharmaceutical composition described herein. In certain embodiments, the effective amount
1s a therapeutically effective amount. In certain embodiments, the effective amount 1s a
prophylactically effective amount. In certain embodiments, the methods of the present
disclosure further include administering to the subject an additional pharmaceutical agent in
combination with a compound or pharmaceutical composition described herein. In certain
embodiments, the methods of the present disclosure further include contacting a biological
sample (e.g., a cell) with an additional pharmaceutical agent in combination with a compound
or pharmaceutical composition described herein. In certain embodiments, the methods of the
present disclosure further include contacting a virus with an additional pharmaceutical agent
in combination with a compound or pharmaceutical composition described herein. In certain
embodiments, the combination of the pharmaceutical agent and the compound or
pharmaceutical composition described herein 1s synergistic.

[0022] Another aspect of the disclosure relates to methods of screening a library of
compounds to 1dentify a compound that 1s useful 1n a method of the disclosure.

[0023] Another aspect of the present disclosure relates to kits comprising a container with a
compound or pharmaceutical composition described herein. The kits described herein may
include a single dose or multiple doses of the compound or pharmaceutical composition
described herein. The provided kits may be useful 1n a method of the disclosure. In certain
embodiments, the kit further includes instructions for using the kit.

[0024] In yet another aspect, the present disclosure provides compounds and pharmaceutical
compositions described herein for use 1n a method of the disclosure.

[0025] The present application refers to various 1ssued patents, published patent applications,
journal articles, and other publications, all of which are incorporated herein by reference. The
details of one or more embodiments of the disclosure are set forth herein. Other features,
objects, and advantages of the disclosure will be apparent from the Detailed Description, the

Figures, the Examples, and the Claims.

DEFINITIONS
Chemical terms
[0026] Definitions of specific functional groups and chemical terms are described in more
detail below. The chemical elements are 1dentified in accordance with the Periodic Table of

the Elements, CAS version, Handbook of Chemistry and Physics, 750 Ed., inside cover, and
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specific functional groups are generally defined as described therein. Additionally, general
principles of organic chemistry, as well as specific functional moieties and reactivity, are
described in Organic Chemistry, Thomas Sorrell, University Science Books, Sausalito, 1999;
Smith and March March’s Advanced Organic Chemistry, 5th Edition, John Wiley & Sons,
Inc., New York, 2001; Larock, Comprehensive Organic Transformations, VCH Publishers,
Inc., New York, 1989; and Carruthers, Some Modern Methods of Organic Synthesis, 31
Edition, Cambridge University Press, Cambridge, 1987.

[0027] Compounds described herein can comprise one or more asymmetric centers, and thus
can exist 1n various stereoisomeric forms, e.g., enantiomers and/or diasterecomers. For
example, the compounds described herein can be 1n the form of an individual enantiomer,
diastereomer or geometric 1somer, or can be 1n the form of a mixture of stereoisomers,
including racemic mixtures and mixtures enriched in one or more stereoisomer. Isomers can
be 1solated from mixtures by methods known to those skilled 1n the art, including chiral high
pressure liquid chromatography (HPLC) and the formation and crystallization of chiral salts;
or preferred 1somers can be prepared by asymmetric syntheses. See, for example, Jacques ef
al., Enantiomers, Racemates and Resolutions (Wiley Interscience, New York, 1981); Wilen
et al., Tetrahedron 33:2725 (1977); Eliel, E.L. Stereochemistry of Carbon Compounds
(McGraw-Hill, NY, 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, IN 1972). The
disclosure additionally encompasses compounds as individual 1somers substantially free of
other 1somers, and alternatively, as mixtures of various 1somers.

[0028] In a formula, ~~ 1s a single bond where the stereochemistry of the moieties
immediately attached thereto 1s not specified, --- 1s absent or a single bond, and === or === 15
a single or double bond.

[0029] Unless otherwise stated, structures depicted herein are also meant to include
compounds that differ only in the presence of one or more 1sotopically 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 1n biological assays.

[0030] When a range of values 1s listed, it 1s intended to encompass each value and sub-range

within the range. For example “Cj¢ alkyl” 1s intended to encompass, C;, C,, C3, C4, Cs, Ce,

Cire, Cis, Cra, C13, Cra, Cog, Cos, Coa, Coz, Cag, Cas, Cag, Cag, Cas, and Csg alkyl.



CA 02996977 2018-02-277

WO 2017/044792 PCT/US2016/051017
7

[0031] The term “aliphatic’ refers to alkyl, alkenyl, alkynyl, and carbocyclic groups.
Likewise, the term “heteroaliphatic” refers to heteroalkyl, heteroalkenyl, heteroalkynyl, and
heterocyclic groups.

[0032] The term “alkyl” refers to a radical of a straight-chain or branched saturated
hydrocarbon group having from 1 to 10 carbon atoms (“C;_1¢ alkyl”). In some embodiments,
an alkyl group has 1 to 9 carbon atoms (“°C;_¢ alkyl”). In some embodiments, an alkyl group
has 1 to 8 carbon atoms (*C_g alkyl”). In some embodiments, an alkyl group has 1 to 7
carbon atoms (“°C;7 alkyl”). In some embodiments, an alkyl group has 1 to 6 carbon atoms
(“Ci6 alkyl”). In some embodiments, an alkyl group has 1 to 5 carbon atoms (“*C;_s alkyl™).
In some embodiments, an alkyl group has 1 to 4 carbon atoms (“C;_4 alkyl”). In some
embodiments, an alkyl group has 1 to 3 carbon atoms (*C_3 alkyl”). In some embodiments,
an alkyl group has 1 to 2 carbon atoms (“Cy.» 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;_¢ alkyl groups include methyl (C;), ethyl (C,), propyl
(C3) (e.g., n-propyl, 1sopropyl), butyl (C4) (e.g., n-butyl, tert-butyl, sec-butyl, 1so-butyl),
pentyl (Cs) (e.g., n-pentyl, 3-pentanyl, amyl, neopentyl, 3-methyl-2-butanyl, tertiary amyl),
and hexyl (Ceg) (e.g., n-hexyl). Additional examples of alkyl groups include n-heptyl (C5), n-
octyl (Cg), and the like. Unless otherwise specified, each instance of an alkyl group 1s
independently unsubstituted (an “unsubstituted alkyl”) or substituted (a “substituted alkyl™)
with one or more substituents (e.g., halogen, such as F). In certain embodiments, the alkyl
group 1s an unsubstituted C;_jg alkyl (such as unsubstituted C; ¢ alkyl, e.g., —CHs (Me),
unsubstituted ethyl (Et), unsubstituted propyl (Pr, e.g., unsubstituted n-propyl (n-Pr),
unsubstituted 1sopropyl (i-Pr)), unsubstituted butyl (Bu, e.g., unsubstituted n-butyl (n-Bu),
unsubstituted zert-butyl (tert-Bu or -Bu), unsubstituted sec-butyl (sec-Bu), unsubstituted
1sobutyl (i-Bu)). In certain embodiments, the alkyl group 1s a substituted C;_1¢ alkyl (such as
substituted C;_¢ alkyl, e.g., —CF3, Bn).

The term “haloalkyl” 1s a substituted alkyl group, wherein one or more of the hydrogen atoms
are independently replaced by a halogen, e.g., fluoro, bromo, chloro, or 10do. In some
embodiments, the haloalkyl moiety has 1 to 8 carbon atoms (“C;_g haloalkyl”). In some
embodiments, the haloalkyl moiety has 1 to 6 carbon atoms (“C;_¢ haloalkyl”). In some
embodiments, the haloalkyl moiety has 1 to 4 carbon atoms (“C;.4 haloalkyl™). In some
embodiments, the haloalkyl moiety has 1 to 3 carbon atoms (“C;_3 haloalkyl”). In some

embodiments, the haloalkyl moiety has 1 to 2 carbon atoms (**C;_, haloalkyl”). Examples of
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haloalkyl groups include -CHF,, —CH,F, —CF;, -CH,CF;, —CF,CF;, —CF,CF,CF3, —CCl;,
—CFCl,, —CF->(Cl, and the like.

[0033] 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 sultur 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 10 carbon atoms and 1 or more heteroatoms within the
parent chain (“heteroCy.1g alkyl”). In some embodiments, a heteroalkyl group 1s a saturated
group having 1 to 9 carbon atoms and 1 or more heteroatoms within the parent chain
(“heteroC9 alkyl”). In some embodiments, a heteroalkyl group 1s a saturated group having 1
to 8 carbon atoms and 1 or more heteroatoms within the parent chain (“heteroC;g alkyl™). In
some embodiments, a heteroalkyl group 1s a saturated group having 1 to 7 carbon atoms and
1 or more heteroatoms within the parent chain (“heteroC_; alkyl”). In some embodiments, a
heteroalkyl group 1s 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 1s a
saturated group having 1 to 5 carbon atoms and 1 or 2 heteroatoms within the parent chain
(“heteroC_s alkyl”). In some embodiments, a heteroalkyl group 1s a saturated group having 1
to 4 carbon atoms and lor 2 heteroatoms within the parent chain (“heteroC;_4 alkyl™). In some
embodiments, a heteroalkyl group 1s a saturated group having 1 to 3 carbon atoms and 1
heteroatom within the parent chain (“heteroC;.3 alkyl”). In some embodiments, a heteroalkyl
group 1s a saturated group having 1 to 2 carbon atoms and 1 heteroatom within the parent
chain (“heteroC;_ alkyl”). In some embodiments, a heteroalkyl group 1s a saturated group
having 1 carbon atom and 1 heteroatom (“heteroC; alkyl”). In some embodiments, a
heteroalkyl group 1s a saturated group having 2 to 6 carbon atoms and 1 or 2 heteroatoms
within the parent chain (“heteroC, ¢ alkyl™). Unless otherwise specified, each instance of a
heteroalkyl group 1s independently unsubstituted (an “‘unsubstituted heteroalkyl”) or
substituted (a “substituted heteroalkyl™) with one or more substituents. In certain
embodiments, the heteroalkyl group 1s an unsubstituted heteroCy_1g alkyl. In certain
embodiments, the heteroalkyl group 1s a substituted heteroCy_ alkyl.

[0034] 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
(“Csy9 alkenyl”). In some embodiments, an alkenyl group has 2 to 8 carbon atoms (“C,_g

alkenyl™). In some embodiments, an alkenyl group has 2 to 7 carbon atoms (“C,_7 alkenyl”).
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In some embodiments, an alkenyl group has 2 to 6 carbon atoms (“C,_¢ alkenyl™). In some
embodiments, an alkenyl group has 2 to 5 carbon atoms (*°C,_s alkenyl”). In some
embodiments, an alkenyl group has 2 to 4 carbon atoms (“C,4 alkenyl”). In some
embodiments, an alkenyl group has 2 to 3 carbon atoms (*°C,3 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 1n 1-butenyl).
Examples of Co4 alkenyl groups include ethenyl (C;), 1-propenyl (C3), 2-propenyl (Cs), 1-
butenyl (Cy4), 2-butenyl (C4), butadienyl (C4), and the like. Examples of C;¢ alkenyl groups
include the aforementioned C,_4 alkenyl groups as well as pentenyl (Cs), pentadienyl (Cs),
hexenyl (Cg), and the like. Additional examples of alkenyl include heptenyl (C;), octenyl
(Csg), octatrienyl (Cg), and the like. Unless otherwise specified, each instance of an alkenyl
group 1s independently unsubstituted (an “unsubstituted alkenyl™) or substituted (a
“substituted alkenyl”) with one or more substituents. In certain embodiments, the alkenyl
group 1s an unsubstituted C, g alkenyl. In certain embodiments, the alkenyl group 1s a

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

A
stereochemistry 1s not specified (e.g., -CH=CHCHj3; or N

double bond.

) may be an (E)- or (£)-

[0035] 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,.1o 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,9 alkenyl”). In some embodiments, a heteroalkenyl group has 2 to 8
carbon atoms, at least one double bond, and 1 or more heteroatoms within the parent chain
(“heteroC,.g alkenyl”). In some embodiments, a heteroalkenyl group has 2 to 7 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 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 2 to 5 carbon atoms, at least one double bond,
and 1 or 2 heteroatoms within the parent chain (“heteroC,_s alkenyl”). In some embodiments,

a heteroalkenyl group has 2 to 4 carbon atoms, at least one double bond, and 1or 2
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heteroatoms within the parent chain (“heteroC,_4 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 1s independently unsubstituted (an “unsubstituted heteroalkenyl’) or substituted (a
“substituted heteroalkenyl™) with one or more substituents. In certain embodiments, the
heteroalkenyl group 1s an unsubstituted heteroC,.19 alkenyl. In certain embodiments, the
heteroalkenyl group 1s a substituted heteroC,_ig alkenyl.

[0036] 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) (“Cs-19 alkynyl”). In some embodiments, an alkynyl group has 2 to 9
carbon atoms (“°C,9 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,_
7 alkynyl™). In some embodiments, an alkynyl group has 2 to 6 carbon atoms (“C,.¢ alkynyl™).
In some embodiments, an alkynyl group has 2 to 5 carbon atoms (“C,.5 alkynyl”). In some
embodiments, an alkynyl group has 2 to 4 carbon atoms (“C,_4 alkynyl”). In some
embodiments, an alkynyl group has 2 to 3 carbon atoms (“C,_3 alkynyl™). In some
embodiments, an alkynyl group has 2 carbon atoms (“C, alkynyl™). The one or more carbon-
carbon triple bonds can be internal (such as 1n 2-butynyl) or terminal (such as in 1-butynyl).
Examples of C, 4 alkynyl groups include, without limitation, ethynyl (C,), 1-propynyl (C3), 2-
propynyl (Cs), 1-butynyl (Cy), 2-butynyl (C,4), and the like. Examples of C, ¢ alkenyl groups
include the aforementioned C,4 alkynyl groups as well as pentynyl (Cs), hexynyl (Ce), and
the like. Additional examples of alkynyl include heptynyl (C7), octynyl (Cg), and the like.
Unless otherwise specitied, each instance of an alkynyl group 1s independently unsubstituted
(an “unsubstituted alkynyl”) or substituted (a “substituted alkynyl”) with one or more
substituents. In certain embodiments, the alkynyl group 1s an unsubstituted C,_jg alkynyl. In
certain embodiments, the alkynyl group 1s a substituted C,_1g alkynyl.

[0037] 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, 1o alkynyl”). In some embodiments, a heteroalkynyl group
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has 2 to 9 carbon atoms, at least one triple bond, and 1 or more heteroatoms within the parent
chain (“heteroC,9 alkynyl”). In some embodiments, a heteroalkynyl group has 2 to 8 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 7 carbon atoms, at least
one triple bond, and 1 or more heteroatoms within the parent chain (“heteroC, 7 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;.¢ 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, 5 alkynyl”). In some embodiments, a
heteroalkynyl group has 2 to 4 carbon atoms, at least one triple bond, and 1or 2 heteroatoms
within the parent chain (“heteroC, 4 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, 3 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 specitied, each instance of a heteroalkynyl group 1s independently
unsubstituted (an “unsubstituted heteroalkynyl™) or substituted (a “*substituted
heteroalkynyl”) with one or more substituents. In certain embodiments, the heteroalkynyl
group 1s an unsubstituted heteroC,_ ¢ alkynyl. In certain embodiments, the heteroalkynyl
group 18 a substituted heteroC,_jg alkynyl.

[0038] The term “carbocyclyl” or “carbocyclic” refers to a radical of a non-aromatic cyclic
hydrocarbon group having from 3 to 14 ring carbon atoms (*Cs.14 carbocyclyl) and zero
heteroatoms in the non-aromatic ring system. In some embodiments, a carbocyclyl group has
3 to 10 ring carbon atoms (“Cs.19 carbocyclyl”). In some embodiments, a carbocyclyl group
has 3 to 8 ring carbon atoms (“Cs_g carbocyclyl”). In some embodiments, a carbocyclyl group
has 3 to 7 ring carbon atoms (“Cs_; carbocyclyl”). In some embodiments, a carbocyclyl group
has 3 to 6 ring carbon atoms (“Cs_ carbocyclyl”). In some embodiments, a carbocyclyl group
has 4 to 6 ring carbon atoms (“C4.¢ carbocyclyl”). In some embodiments, a carbocyclyl group
has 5 to 6 ring carbon atoms (“*Cs_¢ carbocyclyl”). In some embodiments, a carbocyclyl group
has 5 to 10 ring carbon atoms (“Cs_jo carbocyclyl”). Exemplary Cs_¢ carbocyclyl groups
include, without limitation, cyclopropyl (C3), cyclopropenyl (Cs), cyclobutyl (Cy),
cyclobutenyl (Cy), cyclopentyl (Cs), cyclopentenyl (Cs), cyclohexyl (Cg), cyclohexenyl (Ce),
cyclohexadienyl (Cg), and the like. Exemplary C;_g carbocyclyl groups include, without
limitation, the aforementioned Cs_¢ carbocyclyl groups as well as cycloheptyl (C7),

cycloheptenyl (C;), cycloheptadienyl (C7), cycloheptatrienyl (C5), cyclooctyl (Csg),
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cyclooctenyl (Cg), bicyclo[2.2.1]heptanyl (C), bicyclo[2.2.2]octanyl (Cg), and the like.
Exemplary Cs_1o carbocyclyl groups include, without limitation, the atorementioned Cs_g
carbocyclyl groups as well as cyclononyl (Co), cyclononenyl (Co), cyclodecyl (Cyop),
cyclodecenyl (Cyp), octahydro-1H-1ndenyl (Co), decahydronaphthalenyl (Co).
spiro[4.5]decanyl (Cyp), and the like. As the foregoing examples 1llustrate, 1n certain
embodiments, the carbocyclyl group 1s either monocyclic (“monocyclic carbocyclyl”) 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, 1s fused with one or more aryl or
heteroaryl groups wherein the point of attachment 1s on the carbocyclyl ring, and 1n such
instances, the number of carbons continue to designate the number of carbons in the
carbocyclic ring system. Unless otherwise specitied, each instance of a carbocyclyl group 1s
independently unsubstituted (an “unsubstituted carbocyclyl”) or substituted (a “substituted
carbocyclyl’) with one or more substituents. In certain embodiments, the carbocyclyl group 1s
an unsubstituted Cs_14 carbocyclyl. In certain embodiments, the carbocyclyl group 1s a
substituted Cs_14 carbocyclyl.

[0039] In some embodiments, “carbocyclyl” 1s a monocyclic, saturated carbocyclyl group
having from 3 to 14 ring carbon atoms (“Cs3.14 cycloalkyl”). In some embodiments, a
cycloalkyl group has 3 to 10 ring carbon atoms (“Cs_1g 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;_¢ cycloalkyl”). In some embodiments, a
cycloalkyl group has 4 to 6 ring carbon atoms (““C4¢ cycl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>