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HETEROCYCLIC COMPOUNDS AND USES THEREOF

[0001] This application claims priority to U.S. Provisional Application Nos. 61/509,409, filed July 19,
2011, 61/509,458, filed July 19, 2011, 61/509,474, filed July 19, 2011, and 61/562,247, filed November 21, 2011,

the entireties of which are incorporated herein by reference.

BACKGROUND
[0002] The activity of cells can be regulated by external signals that stimulate or inhibit intracellular
events. The process by which stimulatory or inhibitory signals are transmitted into and within a cell to elicit an
intracellular response is referred to as signal transduction. Over the past decades, cascades of signal transduction
events have been elucidated and found to play a central role in a variety of biological responses. Defects in various
components of signal transduction pathways have been found to account for a vast number of diseases, including
numerous forms of cancer, inflammatory disorders, metabolic disorders, vascular and neuronal diseases (Gaestel et
al. Current Medicinal Chemistry (2007) 14:2214-2234).
[0003] Kinases represent a class of important signaling molecules. Kinases can generally be
classified into protein kinases and lipid kinases, and certain kinases exhibit dual specificities. Protein kinases are
enzymes that phosphorylate other proteins and/or themselves (i.e., autophosphorylation). Protein kinases can be
generally classified into three major groups based upon their substrate utilization: tyrosine kinases which
predominantly phosphorylate substrates on tyrosine residues (e.g., erb2, PDGF receptor, EGF receptor, VEGF
receptor, src, abl), serine/threonine kinases which predominantly phosphorylate substrates on serine and/or threonine
residues (e.g.,, mTorCl, mTorC2, ATM, ATR, DNA-PK, Akt), and dual-specificity kinases which phosphorylate
substrates on tyrosine, serine and/or threonine residues.
[0004] Lipid kinases are enzymes that catalyze the phosphorylation of lipids. These enzymes, and the
resulting phosphorylated lipids and lipid-derived biologically active organic molecules play a role in many different
physiological processes, including cell proliferation, migration, adhesion, and differentiation. Certain lipid kinases
are membrane associated and they catalyze the phosphorylation of lipids contained in or associated with cell
membranes. Examples of such enzymes include phosphoinositide(s) kinases (e.g., PI3-kinases, PI4-Kinases),
diacylglycerol kinases, and sphingosine kinases.
[0005] The phosphoinositide 3-kinases (PI3Ks) signaling pathway is one of the most highly mutated
systems in human cancers. PI3K signaling is also a key factor in many other diseases in humans. PI3K signaling is
involved in many disease states including allergic contact dermatitis, rheumatoid arthritis, osteoarthritis,
inflammatory bowel diseases, chronic obstructive pulmonary disorder, psoriasis, multiple sclerosis, asthma,
disorders related to diabetic complications, and inflammatory complications of the cardiovascular system such as
acute coronary syndrome.
[0006] PI3Ks are members of a unique and conserved family of intracellular lipid kinases that
phosphorylate the 3’-OH group on phosphatidylinositols or phosphoinositides. The PI3K family comprises 15
kinases with distinct substrate specificities, expression patterns, and modes of regulation. The class I PI3Ks (p110a.,

pl10B, p110d, and pl10y) are typically activated by tyrosine kinases or G-protein coupled receptors to generate
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PIP3, which engages downstream effectors such as those in the Akt/PDK1 pathway, mTOR, the Tec family kinases,
and the Rho family GTPases. The class II and III PI3Ks play a key role in intracellular trafficking through the
synthesis of PI(3)P and PI(3,4)P2. The PI3Ks are protein kinases that control cell growth (mTORC1) or monitor
genomic integrity (ATM, ATR, DNA-PK, and hSmg-1).

[0007] The delta (3) isoform of class I PI3K has been implicated, in particular, in a number of
diseases and biological processes. PI3K-3 is expressed primarily in hematopoietic cells including leukocytes such as
T-cells, dendritic cells, neutrophils, mast cells, B-cells, and macrophages. PI3K-5 is integrally involved in
mammalian immune system functions such as T-cell function, B-cell activation, mast cell activation, dendritic cell
function, and neutrophil activity. Due to its integral role in immune system function, PI3K-3 is also involved in a
number of diseases related to undesirable immune response such as allergic reactions, inflammatory diseases,
inflammation mediated angiogenesis, rheumatoid arthritis, and auto-immune diseases such as lupus, asthma,
emphysema and other respiratory diseases. Other class I PI3K involved in immune system function includes PI3K-
v, which plays a role in leukocyte signaling and has been implicated in inflammation, rheumatoid arthritis, and
autoimmune diseases such as lupus.

[0008] Unlike PI3K-9, the beta (B) isoform of class I PI3K appears to be ubiquitously expressed.
PI3K-f has been implicated primarily in various types of cancer including PTEN-negative cancer (Edgar et al.
Cancer Research (2010) 70(3):1164-1172), and HER2-overexpressing cancer such as breast cancer and ovarian

cancer.

SUMMARY
[0009] Described herein are compounds capable of selectively inhibiting certain isoform(s) of class I
PI3K without substantially affecting the activity of the remaining isoforms of the same class. For example, non-
limiting examples of inhibitors capable of selectively inhibiting PI3K-3 and/or PI3K-y, but without substantially
affecting the activity of PI3K-f are disclosed. Such inhibitors can be effective in ameliorating disease conditions
associated with PI3K-8/y activity.

[0010] In one aspect, provided herein are compounds are provided of Formula (I):

Formula (I)
or an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thereof, or its

pharmaceutically acceptable forms thereof, wherein
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Cy is aryl or heteroaryl substituted by 0-1 occurrences of R* and 0-3 occurrences of R’;

W, is CR®, CHR®, or N;

R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amino, acyl,
acyloxy, sulfonamido, halo, cyano, hydroxyl, or nitro;

B is hydrogen, alkyl, amino, heteroalkyl, cycloalkyl, heterocyclyl, heterocyclylalkyl, aryl or
heteroaryl, each of which is substituted with 0-4 occurrences of R?;

each R? is independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo,
cyano, hydroxyl, nitro, phosphate, urea or carbonate;

X is absent or is —<(CH(R?)),~;

Y is absent, -O-, -S-, -S(=0)-, -S(=0),-, -N(R’)-, -C(=0)-(CHR?),-, -C(=0)-, -N(R°)-C(=0)-, or -
N(R”)-C(=0)NH-, -N(R*)C(R’),-, or -C(=0)-N(R’)-(CHR’),;

each z is independently an integer of 1, 2, 3, or 4;

wherein when Wy’ is N, no more than one of X or Y is absent;

R® is alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, fluoroalkyl, heteroalkyl, alkoxy, amido,
amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxide, sulfone, sulfonamido, halo, cyano, heteroaryl, aryl, hydroxyl, or
nitro; wherein each of the above substituents can be substituted with 0, 1, 2, or 3 R'7;

each R’ is independently alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amino,
acyl, acyloxy, sulfonamido, halo, cyano, hydroxyl, or nitro;

each R’ is independently hydrogen, alkyl, cycloalkyl, or heteroalkyl; and

Wy is

wherein X, is N or CR'%;

wherein R'®, R"', R?, R"*, R, and R are independently hydrogen, alkyl, heteroalkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino,
acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, carbonate, carboxylic
acid, oxo, or NR'R" wherein R’ and R" are taken together with nitrogen to form a cyclic moiety.

[0011] In some embodiments, the compound of Formula (I) has the structure of Formula (II):

Formula (II)
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[0012] For example, the compound of Formula (I) can have a structure of Formula (Ila) or (IIb):
R3 o]
N
|
X
R® \|(\Wd

Formula (ITa) or

Formula (IIb)
[0013] In other embodiments, the compound of Formula (II) has the structure of Formula (IIla) or
(I1Ib):

Formula (I1Ib).
[0014] For example, the compound of Formula (I) has the structure of Formula (IVa) or Formula
(IVb):
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B B
7 N Z N~
N P N
S Wb5 )I( S Wb5 )l(
Y Y~
Wd or Wd
Formula (IVa) Formula (IVD).
[0015] In some embodiments, the compound of Formula (IVa) or Formula (IVb) has the structure of
Formula (Va) or Formula (Vb):
R3 i °
B
/ N/ J N _B
N\ ‘ ,J\/ ° N\ | J\/
§\ \:(\
Wd or Wd
Formula (Va) Formula (Vb).
[0016] In other embodiments, the compound of Formula (I) has the structure of Formula (VIa) or
Formula (VIb):
R O o)
B
- .B
SS UK,
S Wbs )I< S Wbs X
|
Y. Y.
Wd or Wd
Formula (VIa) Formula (VIb).
[0017] In other embodiments, the compound of Formula (VIa) or (VIb) has the structure of Formula
(VIIa) or (VIIb):
R3 O (0]
.B .B
a8 g ap
z, 9 , 9
Y, AN
Wd or Wd
Formula (VIIa) Formula (VIIb).
[0018] In some embodiments, the compound of Formula (VIIa) or (VIIb) has the structure of Formula
(VIIIa) or (VIIIb):
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R3 o O
-, B - B
7 N 77 N
P Y
S )I( S )I(
Y\ Y\
We o Wy
Formula (VIIIa) Formula (VIIIb).
[0019] In some embodiments, the compound of Formula (VIIa) or (VIIb) has the structure of Formula
(IXa) or (IXb):
Formula (IXa) Formula (IXb).
[0020] In another aspect, provided herein are compounds of Formula (X) or (XI):
T‘
N\ R1 N 0
e e
Y Y
~N ~N
Wy  or Wy
Formula (X) Formula (XI),

or an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thereof, or their
pharmaceutically acceptable forms thereof, wherein:

Wy’ is N, CHR?, or CR®,

R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amino, acyl,
acyloxy, sulfonamido, halo, cyano, hydroxyl, or nitro;

Cy is aryl or heteroaryl substituted by 0-1 occurrences of R and 0-3 occurrences of R’;

R'is —(L)-R";

Lisabond, -S-, -N(R")-, -C(R"),-, -C(=0)-, or —O-;

R is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, carbonate, substituted nitrogen,or
NR'R" wherein R" and R" are taken together with nitrogen to form a cyclic moiety;

each R" is independently hydrogen, alkyl, cycloalkyl, or heteroalkyl;
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R’ is alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, fluoroalkyl, heteroalkyl, alkoxy, amido,
amino, acyl, acyloxy, sulfonamido, halo, cyano, heteroaryl, aryl, hydroxyl, or nitro; wherein each of the above
substituents can be substituted with 0, 1, 2, or 3 R'’;

each R’ is independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl, acyloxy, alkoxycarbonyl,
sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, carbonate, or NR'R"” wherein R" and R" are taken
together with nitrogen to form a cyclic moiety;

X is absent or is ~(CH(R'€)),~;

Y is absent, -O-, -S-, -S(=0)-, -S(=0),-, -N(R'%)-, -C(=0)-(CHR'®),-, -C(=0)-, -N(R'*)-C(=0)-, or
-N(R'®)-C(=O)NH-,-N(R'*)C(R'®),-, or -C(=0)-N(R'®)-(CHR'®),-;

each z is an integer of 1, 2, 3, or 4;

each R'® is independently hydrogen, alkyl, cycloalkyl, heterocyclyl, heteroalkyl, aryl, halo or

heteroaryl; and

R N
=z | N X4
R12 X N/)\Rﬂ)
Wd 1S R11 s

wherein X, is N or CR'%;

wherein R'®, R"', R?, R"*, R, and R are independently hydrogen, alkyl, heteroalkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino,
acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, carbonate, carboxylic
acid, oxo, or NR'R" wherein R’ and R" are taken together with nitrogen to form a cyclic moiety.

[0021] In a first aspect, provided herein are compounds of Formula (XII):

Formula (XII)
or an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thereof, or its
pharmaceutically acceptable forms thereof, wherein
Cy is aryl or heteroaryl substituted by 0-1 occurrences of R* and 0-3 occurrences of R’;

W,> is CR®, CHR®, or N,
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R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amino, acyl,
acyloxy, sulfonamido, halo, cyano, hydroxyl, or nitro;

B is hydrogen, alkyl, amino, heteroalkyl, cycloalkyl, heterocyclyl, aryl or heteroaryl, each of
which is substituted with 0-4 R?;

R’ is alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro,
phosphate, urea or carbonate;

X is absent or is ~(CH(R?)),-;

Y is absent, -O-, -S-, -S(=0)-, -S(=0),-, -N(R?)-, -C(=0)-(CHR?),-, -C(=0)-, -N(R°)-C(=0)-, -
N(R®)-C(=0)NH-,-N(R*)C(R’),-, or -C(=0)-N(R’)-(CHR?),;

each z is independently an integer of 1, 2, 3, or 4;

R® is alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, haloalkyl, heteroalkyl, alkoxy, amido,
amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxide, sulfone, sulfonamido, halo, cyano, aryl, heteroaryl, hydroxyl, or
nitro; wherein each of the above substituents can be substituted with 0, 1, 2, or 3 R'";

each R’ is independently alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amino,
acyl, acyloxy, sulfonamido, halo, cyano, hydroxyl, or nitro;

each R is independently hydrogen, alkyl, cycloalkyl, or heteroalkyl; and

vy

BN
R10 @iso ))(\3
N7 TR™
Wy is R ,
wherein one of X5 and X5 1s N and one of X5 and X, 1s C;
X; and X, are each independently CR" or N;
X, and X; are not both N; and
each R, RM, R!>, R®, and RV is independently hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl,
acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, carbonate, oxo, or NR'R"
wherein R" and R" are taken together with nitrogen to form a cyclic moiety.

[0022] In some embodiments, the compound of Formula (XII) has the structure of Formula (XIII):

Formula (XIII)
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[0023] For example, the compound of Formula (XIII) can have a structure of Formula (XIIIa) or
(XIIIb):
R3 o]
B
B
I
R® Y\
Wy

Formula (XIIIa) or

Formula (XIIIb)
[0024] In other embodiments, the compound of Formula (XIlla) or (XIIIb) has the structure of
Formula (XIVa) or (XIVb):
Wd’
Formula (XIVa) or
R® Y.
\Wd’
Formula (XIVb).
[0025] For example, the compound of Formula (XII) has the structure of Formula (XVa) or Formula
(XVb):
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3 Q 0
B B
7 N % N~
N P N
S Wb5 )I( S Wb5 )l(
Y Y~
Wd or Wd
Formula (XVa) Formula (XVDb).
[0026] In some embodiments, the compound of Formula (XVa) or (XVb) has the structure of Formula
(XVIa) or Formula (XVIb):
R3 i °
B
N /74 | N/ N /4 | N/
\ ’J\/RQ \ ~. R9
Wb5 H S Wb5 B
Yo N
Wd or Wd
Formula (XVIa) Formula (XVIb).
[0027] In other embodiments, the compound of Formula (XII) has the structure of Formula (XVIIa) or
Formula (XVIIb):
R O 0
B
- .B
SO SN s @
S Wbs )I< S Wbs X
I
Y. Y.
Wd or Wd
Formula (XVIIa) Formula (XVIIIb).
[0028] In other embodiments, the compound of Formula (XVIIa) or (XVIIb) has the structure of

Formula (XVIIIa) or (XVIIIb):

R3 o (0]
N -B
74 | 74 | N
S Wlf&./ R® S wbg&/ R®
Y. Y.

AN N\

Wd or Wd
Formula (XVIIIa) Formula (XVIIIb).
[0029] In some embodiments, the compound of Formula (XVIIIa) or (XVIIIb) has the structure of

Formula (XIXa) or (XIXb):

10
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R3 o O

/B ,B

7 N 7 N

Pz Z
T T
Y, Y,
We o Wy
Formula (XIXa) Formula (XIXb).
[0030] In some embodiments, the compound of Formula (XVIIIa) or (XVIIIb) has the structure of

Formula (XXa) or (XXb):

Formula (XXa) Formula (XXb).
[0031] In another aspect, provided herein is a compound of formula (XXI) or (XXII):
T‘
N\ R1 N 0
» o
W5 >|< W,B >|<
Y. Y-
~N ~N
Wy  or Wy
Formula (XXI) Formula (XXII),

or an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thercof, or its
pharmaceutically acceptable forms thereof, wherein:

W, is N, CHR® or CR%;

R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amino, acyl,
acyloxy, sulfonamido, halo, cyano, hydroxyl, or nitro;

Cy is aryl or heteroaryl substituted by 0-1 occurrences of R and 0-3 occurrences of R’;

R'is —(L)-R";

L isabond, -S-, -N(R)s)-, -C(R}5),-, -C(=0)-, or —-O-;

R is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro, phosphate, urea, carbonate, substituted nitrogen,or
NR'R" wherein R" and R" are taken together with nitrogen to form a cyclic moiety;

each R" is independently hydrogen, alkyl, cycloalkyl, or heteroalkyl;

11
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R? is alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, haloalkyl, heteroalkyl, alkoxy, amido,
amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxide, sulfone, sulfonamido, halo, cyano, heteroaryl, aryl, hydroxyl, or
nitro;

each R’ is independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl, acyloxy, alkoxycarbonyl,
sulfonamido, halo, cyano, hydroxy, nitro, phosphate, urea, carbonate, oxo, or NR'R" wherein R" and R" are taken
together with nitrogen to form a cyclic moiety;

X is absent or is ~(CH(R?)),;

Y is absent, -O-, -S-, -S(=0)-, -S(=0),-, -N(R?)-, -C(=0)-(CHR?),-, -C(=0)-, -N(R°)-C(=0)-, or -
N(R®)-C(=0)NH-,-N(R*)C(R?),-, or -C(=0)-N(R’)-(CHR?),-;

each z is an integer of 1, 2, 3, or 4;

each R’ is independently hydrogen, alkyl, cycloalkyl, heterocyclyl, heteroalkyl, aryl, halo or

heteroaryl; and

Wy is R ,

wherein one of X5 and X, is N and one of X5 and X, is C;

wherein X; and X, are each independently selected from CR'® and N; and

eachR', R" R'> and R" is independently hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl,
acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, carbonate, or NR'R" wherein
R"and R" are taken together with nitrogen to form a cyclic moiety.
[0032] In another aspect, provided herein is a compound of Formula (XXIII):

R

Y
A
W? >|<

Y
~N
Wd

Formula (XXIII)
or an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thereof, or its
pharmaceutically acceptable forms thereof, wherein
W, is N or CR%;
R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amino, acyl,
acyloxy, sulfonamido, halo, cyano, hydroxyl, or nitro;

Cy is aryl or heteroaryl substituted by 0-1 occurrences of R® and 0-3 occurrences of R’;

12
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R'is —(L)-R";

L is a bond, -S-, -N(R'®)-, -C(R"),-, -C(=0)-, or —O-;

R is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, heterocyclylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocycloalkyloxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro, phosphate, urea, carbonate, substituted nitrogen,or
NR'R" wherein R" and R" are taken together with nitrogen to form a cyclic moiety;

R’ is alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, haloalkyl, heteroalkyl, alkoxy, amido,
amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxide, sulfone, sulfonamido, halo, cyano, heteroaryl, aryl, hydroxyl, or
nitro; wherein each of the above substituents can be substituted with 0, 1, 2, or 3 R'7;

each R’ is independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocycloalkyloxy, amido, amino, acyl, acyloxy, alkoxycarbonyl,
sulfonamido, halo, cyano, hydroxy, nitro, phosphate, urea, carbonate, or NR'R"” wherein R" and R" are taken
together with nitrogen to form a cyclic moiety;

X is absent or is <(CH(R'%)),;

Y is absent, -O-, -S-, -S(=0)-, -S(=0),-, -N(R’)-, -C(=0)-(CHR'*),-, -C(=0)-, -N(R®)-C(=0)-, or -
N(R®)-C(=0)NH-,-N(R*)C(R'*),-, or -C(=0)-(CHR'),-;

each z is an integer of 1, 2, 3, or 4;

each R” and R'® is independently hydrogen, alkyl, cycloalkyl, heterocyclyl, heteroalkyl, aryl, or
heteroaryl;

each R" and R" is independently hydrogen, alkyl, aryl, heteroaryl or halo; and

Wy is R™ ,

wherein R'’, R, R"2, and R'” are each independently hydrogen, alkyl, heteroalkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocycloalkyloxy, amido,
amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro, phosphate, urea, carbonate, oxo, or
NR'R" wherein R" and R" are taken together with nitrogen to form a cyclic moiety.

[0033] In some embodiments, the compound of Formula (XXIII) is a compound of Formula (XXIV):

R3 R

Formula (XXIV).

[0034] In one aspect, provided herein are compounds of Formula (XXV):
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Formula (XXV)

or an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thereof, or its
pharmaceutically acceptable forms thereof, wherein

W, and Wy are each independently CR’, S, O, N or NR", wherein at least one of W,,' and W,? is
CR’,Nor NR"”;

pis0, 1,2 or3;

W, is CR®, CHR®, or N;

R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amino, acyl,
acyloxy, sulfonamido, halo, cyano, hydroxyl, or nitro;

B is hydrogen, alkyl, amino, heteroalkyl, cycloalkyl, heterocyclyl, heterocyclylalkyl, aryl or
heteroaryl, each of which is substituted with 0-4 occurrences of R%;

X is absent or is ~(CH(R®)),~;

Y is absent, -O-, -S-, -S(=0)-, -S(=0),-, -N(R’)-, -C(=0)-(CHR?),-, -C(=0)-, -N(R°)-C(=0)-, or -
N(R®)-C(=0)NH-,-N(R*)C(R’),-, or -C(=0)-N(R’)-(CHR?),;

each z is independently an integer of 1, 2, 3, or 4;

wherein when W, is N, no more than one of X or Y is absent;

each R? is independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo,
cyano, hydroxyl, nitro, phosphate, urea or carbonate;

each R’ is independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, fluoroalkyl,
heteroalkyl, alkoxy, amido, amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxide, sulfone, sulfonamido, halo, cyano,
heteroaryl, aryl, hydroxyl, or nitro;

each R’ is independently hydrogen, alkyl, cycloalkyl, heterocyclyl or heteroalkyl;

Wi is heterocyclyl, aryl, cycloalkyl, or heteroaryl which is optionally substituted with one or more
R®, R' or R'%:

wherein each R® is independently hydrogen, halo, phosphate, urea, carbonate, alkyl, alkenyl,
alkynyl, cycloalkyl, amino, heteroalkyl, or heterocyclyl; and

each R'' and R" is independently hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, haloalkyl, cyano, hydroxyl, nitro, phosphate, urea, carboxylic acid, carbonate,

oxo, or NR'R", wherein R" and R" are taken together with nitrogen to form a cyclic moiety.
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[0035] In certain embodiments, the compound of Formula (XXV) has a structure of Formula (XXVI):

Formula (XXVI).
[0036] In some embodiments, the compound of Formula (XXVI) has a structure of Formula (XXV]Ia)
or (XXVIb):
CF, o)
B
B
I
R8 Y\
Wa  or
Formula (XXVIa) Formula (XXVIb).
[0037] In some embodiments, the compound of Formula (XXVI) has a structure of Formula (XXVIIa)
or (XXVIIb):
RE Y
Wa o
Formula (XX VIla) Formula (XXVIIb).
[0038] In certain embodiments, the compound of Formula (XXV) has a structure of Formula
(XXVII):
0]
FsC
B
-
74 N
Nl
\ .
S Wb5 )l(
Y~
Wy
Formula (XXVIII).
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[0039] In some embodiments, the compound of Formula (XXVIII) has a structure of Formula
(XXIX):
0]
FsC
B
7 N”
- RS
5
ST ws N
Y
Wy
Formula (XXIX).
[0040] In certain embodiments, the compound of Formula (XXV) has a structure of Formula (XXX):
0]
FsC
/ N
éJ\
S x
Y~
Wy
Formula (XXX).
[0041] In certain embodiments, the compound of Formula (XXX) has a structure of Formula (XXXI):
F.c QO
B
71 N
S Wbsj\/ Rg
Y,
Wy
Formula (XXXI).
[0042] In certain embodiments, the compound of Formula (XXX) has a structure of Formula (XXXII):
F,c O
.B
71 N
STNF
X
Y
Wy
Formula (XXXII).
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[0043] In some embodiments, the compound of Formula (XXXII) has a structure of Formula

(XXXIID):

Y,
Wy
Formula (XXXIII).
[0044] In another aspect, provided herein are compounds of Formula (XXXIV) or (XXXV):
CFs CFs *l?1
R3 R3 N o)
O] Ol
2 2 .
Wek w,! W W' Wbé ||-
or Wqg
Formula (XXXIV) Formula (XXXV)

or an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thereof, or their
pharmaceutically acceptable forms thereof, wherein:

W, and Wy are each independently CR’, S, O, N or NR", wherein at least one of W,,' and W,? is
CR’,Nor NR"”;

pis0, 1,2 or3;

W, is CR®, CHR?, or N;

R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amino, acyl,
acyloxy, sulfonamido, halo, cyano, hydroxyl, or nitro;

R'is ~(L)-R";

Lisabond, -S-, -N(R")-, -C(=0)-, or —O-;

R is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, carbonate, substituted nitrogen, or
NR'R" wherein R" and R" are taken together with nitrogen to form a cyclic moiety;

each R" is independently hydrogen, alkyl, cycloalkyl, or heteroalkyl;

X is absent or is —<(CH(R'®)),;

Y is absent, -O-, -S-, -S(=0)-, -S(=0),-, -N(R'®)-, -C(=0)-(CHR"'®),-, -C(=0)-, -N(R'®)-C(=0)-, or
-N(R'®)-C(=0)NH-,-N(R'*)C(R"®),-, or -C(=0)-N(R')-(CHR'®),-;

each z is an integer of 1, 2, 3, or 4;
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each R? is independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, fluoroalkyl,
heteroalkyl, alkoxy, amido, amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxide, sulfone, sulfonamido, halo, cyano,
heteroaryl, aryl, hydroxyl, or nitro;

each R" is independently hydrogen, alkyl, cycloalkyl, heterocyclyl or heteroalkyl;

each R'® is independently hydrogen, alkyl, cycloalkyl, heterocyclyl, heteroalkyl, aryl, halo or
heteroaryl;

Wi 1s heterocyclyl, aryl, cycloalkyl, or heteroaryl which is optionally substituted with one or more
R®, R' or R'%:

wherein each R® is independently hydrogen, halo, phosphate, urea, carbonate, alkyl, alkenyl,
alkynyl, cycloalkyl, amino, heteroalkyl, or heterocyclyl; and

each R'' and R" is independently hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, haloalkyl, cyano, hydroxyl, nitro, phosphate, urea, carboxylic acid, carbonate,
oxo, or NR'R", wherein R" and R" are taken together with nitrogen to form a cyclic moiety.
[0045] In certain embodiments, a compound as disclosed herein selectively modulates phosphatidyl
inositol-3 kinase (PI3 kinase) delta isoform. In certain embodiments, the compound selectively inhibits the delta
isoform over the beta isoform. By way of non-limiting example, the ratio of selectivity can be greater than a factor
of about 10, greater than a factor of about 50, greater than a factor of about 100, greater than a factor of about 200,
greater than a factor of about 400, greater than a factor of about 600, greater than a factor of about 800, greater than
a factor of about 1000, greater than a factor of about 1500, greater than a factor of about 2000, greater than a factor
of about 5000, greater than a factor of about 10,000, or greater than a factor of about 20,000, where selectivity can
be measured by Icso, among other means. In certain embodiments, the PI3 kinase delta isoform Icso activity of a
compound as disclosed herein can be less than about 1000 nM, less than about 100 nM, less than about 10 nM, or
less than about 1 nM.
[0046] In certain embodiments, provided herein is a composition (e.g., a pharmaceutical
composition) comprising a compound as described herein and a pharmaceutically acceptable excipient. In some
embodiments, provided herein is a method of inhibiting a phosphatidyl inositol-3 kinase (PI3 kinase), comprising
contacting the PI3 kinase with an effective amount of a compound or pharmaceutical composition as described
herein. In certain embodiments, a method is provided for inhibiting a phosphatidyl inositol-3 kinase (PI3 kinase)
wherein said PI3 kinase is present in a cell. The inhibition can take place in a subject suffering from a disorder
selected from cancer, bone disorder, inflammatory disease, immune disease, nervous system disease (e.g., a
neuropsychiatric disorder), metabolic disease, respiratory disease, thrombosis, and cardiac disease. In certain
embodiments, a second therapeutic agent is administered to the subject.
[0047] In certain embodiments, a method is provided of selectively inhibiting a phosphatidyl inositol-
3 kinase (PI3 kinase) delta isoform over PI3 kinase beta isoform wherein the inhibition takes place in a cell. Non-

limiting examples of the methods disclosed herein can comprise contacting PI3 kinase delta isoform with an
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effective amount of a compound or pharmaceutical composition as disclosed herein. In an embodiment, such
contact can occur in a cell.

[0048] In certain embodiments, a method is provided of selectively inhibiting a phosphatidyl inositol-
3 kinase (PI3 kinase) delta isoform over PI3 kinase beta isoform wherein the inhibition takes place in a subject
suffering from a disorder selected from cancer, bone disorder, inflammatory disease, immune disease, nervous
system disease (e.g., a neuropsychiatric disorder), metabolic disease, respiratory disease, thrombosis, and cardiac
disease, said method comprising administering an effective amount of a compound or pharmaceutical composition
to said subject. In certain embodiments, provided herein is a method of treating a subject suffering from a disorder
associated with phosphatidyl inositol-3 kinase (PI3 kinase), said method comprising selectively modulating the
phosphatidyl inositol-3 kinase (PI3 kinase) delta isoform over PI3 kinase beta isoform by administering an amount
of a compound or pharmaceutical composition to said subject, wherein said amount is sufficient for selective
modulation of PI3 kinase delta isoform over PI3 kinase beta isoform.

[0049] In some embodiments, provided herein is a method of making a compound as described herein.
[0050] In certain embodiments, provided herein is a reaction mixture comprising a compound as
described herein.

[0051] In certain embodiments, provided herein is a kit comprising a compound as described herein.
[0052] In some embodiments, a method is provided for treating a disease or disorder described herein, the
method comprising administering a therapeutically effective amount of a compound or pharmaceutical composition
described herein to a subject.

[0053] In some embodiments, a method is provided for treating a PI3K mediated disorder in a subject, the
method comprising administering a therapeutically effective amount of a compound or pharmaceutical composition
described herein to a subject.

[0054] In some embodiments, provided herein is a use of a compound or a pharmaceutical composition
described herein for the treatment of a disease or disorder described herein in a subject.

[0055] In some embodiments, provided herein is a use of a compound or a pharmaceutical composition
described herein for the treatment of a PI3K mediated disorder in a subject.

[0056] In some embodiments, provided herein is a use of a compound or a pharmaceutical composition
described herein in the manufacture of a medicament for the treatment of a disease or disorder described herein in a
subject.

[0057] In certain embodiments, provided herein is use of a compound or a pharmaceutical composition

described herein in the manufacture of a medicament for the treatment of a PI3K mediated disorder in a subject.

INCORPORATION BY REFERENCE
[0058] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent application was
specifically and individually indicated to be incorporated by reference. In case of conflict, the present application,

including any definitions herein, will control.
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DETAILED DESCRIPTION
[0059] In one embodiment, provided are heterocyclyl compounds, and pharmaceutically acceptable
forms, including, but not limited to, salts, hydrates, solvates, isomers, prodrugs, and isotopically labeled derivatives
thereof.
[0060] In another embodiment, provided are methods of treating and/or managing various diseases
and disorders, which comprises administering to a patient a therapeutically effective amount of a compound
provided herein, or a pharmaceutically acceptable form (e.g., salts, hydrates, solvates, isomers, prodrugs, and
isotopically labeled derivatives) thereof. Examples of diseases and disorders are described herein.
[0061] In another embodiment, provided are methods of preventing various diseases and disorders,
which comprises administering to a patient in need of such prevention a prophylactically effective amount of a
compound provided herein, or a pharmaceutically acceptable form (e.g., salts, hydrates, solvates, isomers, prodrugs,
and isotopically labeled derivatives) thereof. Examples of diseases and disorders are described herein.
[0062] In other embodiments, a compound provided herein, or a pharmaceutically acceptable form
(e.g., salts, hydrates, solvates, isomers, prodrugs, and isotopically labeled derivatives) thereof, is administered in
combination with another drug (“second active agent”) or treatment. Second active agents include small molecules
and large molecules (e.g., proteins and antibodies), examples of which are provided herein, as well as stem cells.
Other methods or therapies that can be used in combination with the administration of compounds provided herein
include, but are not limited to, surgery, blood transfusions, immunotherapy, biological therapy, radiation therapy,
and other non-drug based therapies presently used to treat, prevent or manage various disorders described herein.
[0063] Also provided are pharmaceutical compositions (e.g., single unit dosage forms) that can be
used in the methods provided herein. In one embodiment, pharmaceutical compositions comprise a compound
provided herein, or a pharmaceutically acceptable form (e.g., salts, hydrates, solvates, isomers, prodrugs, and
isotopically labeled derivatives) thereof, and optionally one or more second active agents.
[0064] While specific embodiments have been discussed, the specification is illustrative only and not
restrictive. Many variations of this disclosure will become apparent to those skilled in the art upon review of this
specification.
[0065] Unless defined otherwise, all technical and scientific terms used herein have the same meaning

as is commonly understood by one of skill in the art to which this specification pertains.

[0066] As used in the specification and claims, the singular form “a”, “an” and “the” includes plural
references unless the context clearly dictates otherwise.
[0067] As used herein, “agent” or “biologically active agent” or “second active agent” refers to a

biological, pharmaceutical, or chemical compound or other moiety. Non-limiting examples include simple or
complex organic or inorganic molecules, a peptide, a protein, an oligonucleotide, an antibody, an antibody
derivative, an antibody fragment, a vitamin, a vitamin derivative, a carbohydrate, a toxin, or a chemotherapeutic
compound, and metabolites thereof. Various compounds can be synthesized, for example, small molecules and
oligomers (e.g., oligopeptides and oligonucleotides), and synthetic organic compounds based on various core

structures. In addition, various natural sources can provide compounds for screening, such as plant or animal
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extracts, and the like. A skilled artisan can readily recognize that there is no limit as to the structural nature of the
agents of this disclosure.

[0068] The term “agonist” as used herein refers to a compound or agent having the ability to initiate
or enhance a biological function of a target protein or polypeptide, such as increasing the activity or expression of
the target protein or polypeptide. Accordingly, the term “agonist” is defined in the context of the biological role of
the target protein or polypeptide. While some agonists herein specifically interact with (e.g., bind to) the target,
compounds and/or agents that initiate or enhance a biological activity of the target protein or polypeptide by
interacting with other members of the signal transduction pathway of which the target polypeptide is a member are
also specifically included within this definition.

[0069] The terms “antagonist” and “inhibitor” are used interchangeably, and they refer to a
compound or agent having the ability to inhibit a biological function of a target protein or polypeptide, such as by
inhibiting the activity or expression of the target protein or polypeptide. Accordingly, the terms “antagonist” and
“inhibitor” are defined in the context of the biological role of the target protein or polypeptide. While some
antagonists herein specifically interact with (e.g., bind to) the target, compounds that inhibit a biological activity of
the target protein or polypeptide by interacting with other members of the signal transduction pathway of which the
target protein or polypeptide are also specifically included within this definition. Non-limiting examples of
biological activity inhibited by an antagonist include those associated with the development, growth, or spread of a
tumor, or an undesired immune response as manifested in autoimmune disease.

[0070] An “anti-cancer agent”, “anti-tumor agent” or “chemotherapeutic agent” refers to any agent
useful in the treatment of a neoplastic condition. One class of anti-cancer agents comprises chemotherapeutic
agents. “Chemotherapy” means the administration of one or more chemotherapeutic drugs and/or other agents to a
cancer patient by various methods, including intravenous, oral, intramuscular, intraperitoneal, intravesical,
subcutaneous, transdermal, buccal, or inhalation or in the form of a suppository.

[0071] The term “cell proliferation” refers to a phenomenon by which the cell number has changed
as a result of division. This term also encompasses cell growth by which the cell morphology has changed (e.g.,
increased in size) consistent with a proliferative signal.

LL RT3

[0072] The term ‘“‘co-administration,” “administered in combination with,” and their grammatical
equivalents, as used herein, encompasses administration of two or more agents to subject so that both agents and/or
their metabolites are present in the subject at the same time. Co-administration includes simultaneous
administration in separate compositions, administration at different times in separate compositions, or administration
in a composition in which both agents are present.

[0073] The term “effective amount” or “therapeutically effective amount” refers to that amount of a
compound or pharmaceutical composition described herein that is sufficient to effect the intended application
including, but not limited to, disease treatment, as illustrated below. The therapeutically effective amount can vary
depending upon the intended application (in vitro or in vivo), or the subject and disease condition being treated, e.g.,

the weight and age of the subject, the severity of the disease condition, the manner of administration and the like,

which can readily be determined by one of ordinary skill in the art. The term also applies to a dose that will induce a
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particular response in target cells, e.g., reduction of platelet adhesion and/or cell migration. The specific dose will
vary depending on, for example, the particular compounds chosen, the dosing regimen to be followed, whether it is
administered in combination with other agents, timing of administration, the tissue to which it is administered, and
the physical delivery system in which it is carried.

[0074] As used herein, the terms “treatment”, “treating”, “palliating” and “ameliorating” are used
interchangeably herein. These terms refer to an approach for obtaining beneficial or desired results including, but
not limited to, therapeutic benefit and/or a prophylactic benefit. By therapeutic benefit is meant eradication or
amelioration of the underlying disorder being treated. Also, a therapeutic benefit is achieved with the eradication or
amelioration of one or more of the physiological symptoms associated with the underlying disorder such that an
improvement is observed in the patient, notwithstanding that the patient can still be afflicted with the underlying
disorder. For prophylactic benefit, the pharmaceutical compositions can be administered to a patient at risk of
developing a particular disease, or to a patient reporting one or more of the physiological symptoms of a disease,
even though a diagnosis of this disease may not have been made.

[0075] A “therapeutic effect,” as that term is used herein, encompasses a therapeutic benefit and/or a
prophylactic benefit as described above. A prophylactic effect includes delaying or eliminating the appearance of a
disease or condition, delaying or eliminating the onset of symptoms of a disease or condition, slowing, halting, or
reversing the progression of a disease or condition, or any combination thereof.

[0076] “Signal transduction” is a process during which stimulatory or inhibitory signals are
transmitted into and within a cell to elicit an intracellular response. A “modulator” of a signal transduction pathway
refers to a compound which modulates the activity of one or more cellular proteins mapped to the same specific
signal transduction pathway. A modulator can augment (agonist) or suppress (antagonist) the activity of a signaling
molecule.

[0077] The term “selective inhibition” or “selectively inhibit” as applied to a biologically active
agent refers to the agent’s ability to selectively reduce the target signaling activity as compared to off-target
signaling activity, via direct or interact interaction with the target. For example, a compound that selectively inhibits
one isoform of PI3K over another isoform of PI3K has an activity of at least 2X against a first isoform relative to the
compound’s activity against the second isoform (e.g., at least about 3X, 5X, 10X, 20X, 50X, or 100X).

[0078] “Radiation therapy” means exposing a patient, using routine methods and compositions known
to the practitioner, to radiation emitters such as, but not limited to, alpha-particle emitting radionuclides (e.g.,
actinium and thorium radionuclides), low linear energy transfer (LET) radiation emitters (i.e., beta emitters),
conversion electron emitters (e.g., strontium-89 and samarium-153-EDTMP), or high-energy radiation, including
without limitation x-rays, gamma rays, and neutrons.

[0079] “Subject” to which administration is contemplated includes, but is not limited to, humans (i.e.,
a male or female of any age group, e.g., a pediatric subject (e.g., infant, child, adolescent) or adult subject (e.g.,
young adult, middle—aged adult or senior adult)) and/or other primates (e.g., cynomolgus mornkeys, rthesus monkeys);
mammals, including commercially relevant mammals such as cattle, pigs, horses, sheep, goats, cats, and/or dogs;

and/or birds, including commercially relevant birds such as chickens, ducks, geese, quail, and/or turkeys.
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[0080] The term “in vivo” refers to an event that takes place in a subject’s body.

[0081] The term “in vitro” refers to an event that takes places outside of a subject’s body. For
example, an in vitro assay encompasses any assay conducted outside of a subject. In vitro assays encompass cell-
based assays in which cells, alive or dead, are employed. Ir vitro assays also encompass a cell-free assay in which
no intact cells are employed.

[0082] As used herein, “pharmaceutically acceptable esters” include, but are not limited to, alkyl,
alkenyl, alkynyl, aryl, aralkyl, and cycloalkyl esters of acidic groups, including, but not limited to, carboxylic acids,
phosphoric acids, phosphinic acids, sulfonic acids, sulfinic acids and boronic acids.

[0083] As used herein, “pharmaceutically acceptable enol ethers” include, but are not limited to,
derivatives of formula -C=C(OR) where R can be selected from alkyl, alkenyl, alkynyl, aryl, aralkyl and cycloalkyl.
Pharmaceutically acceptable enol esters include, but are not limited to, derivatives of formula -C=C(OC(O)R) where
R can be selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl and cycloalkyl.

[0084] As used herein, a “pharmaceutically acceptable form” of a disclosed compound includes, but is
not limited to, pharmaceutically acceptable salts, hydrates, solvates, isomers, prodrugs, and isotopically labeled
derivatives of disclosed compounds. In one embodiment, a “pharmaceutically acceptable form” includes, but is not
limited to, pharmaceutically acceptable salts, isomers, prodrugs and isotopically labeled derivatives of disclosed
compounds.

[0085] In certain embodiments, the pharmaceutically acceptable form is a pharmaceutically acceptable
salt. As used herein, 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 subjects 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. describes pharmaceutically acceptable salts in
detail in J. Pharmaceutical Sciences (1977) 66:1-19. Pharmaceutically acceptable salts of the compounds provided
herein include those derived from suitable inorganic and organic acids and bases. Examples of pharmaceutically
acceptable, nontoxic acid addition salts are salts of an amino group formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with organic acids such as
acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using other methods
used in the art such as ion exchange. Other pharmaceutically acceptable salts include adipate, alginate, ascorbate,
aspartate, benzenesulfonate, besylate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptonate,
glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate,
lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2—naphthalenesulfonate,
nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3—phenylpropionate, phosphate, picrate,
pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p—toluenesulfonate, undecanoate, valerate
salts, and the like. In some embodiments, organic acids from which salts can be derived include, for example, acetic

acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid,
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tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,
p-toluenesulfonic acid, salicylic acid, and the like.

[0086] Pharmaceutically acceptable 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, iron, zinc, copper, manganese, aluminum, and the like. Further
pharmaceutically acceptable salts include, when appropriate, nontoxic ammonium, quaternary ammonium, and
amine cations formed using counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, lower
alkyl sulfonate and aryl sulfonate. Organic bases from which salts can be derived include, for example, primary,
secondary, and tertiary amines, substituted amines including naturally occurring substituted amines, cyclic amines,
basic ion exchange resins, and the like, such as isopropylamine, trimethylamine, diethylamine, triethylamine,
tripropylamine, and ethanolamine. In some embodiments, the pharmaceutically acceptable base addition salt is
chosen from ammonium, potassium, sodium, calcium, and magnesium salts.

[0087] In certain embodiments, the pharmaceutically acceptable form is a “solvate” (e.g., a hydrate).
As used herein, the term “solvate” refers to compounds that further include a stoichiometric or non-stoichiometric
amount of solvent bound by non-covalent intermolecular forces. The solvate can be of a disclosed compound or a
pharmaceutically acceptable salt thereof. Where the solvent is water, the solvate is a “hydrate”. Pharmaceutically
acceptable solvates and hydrates are complexes that, for example, can include 1 to about 100, or 1 to about 10, or
one to about 2, about 3 or about 4, solvent or water molecules. It will be understood that the term “compound” as
used herein encompasses the compound and solvates of the compound, as well as mixtures thereof.

[0088] In certain embodiments, the pharmaceutically acceptable form is a prodrug. As used herein,
the term “prodrug” refers to compounds that are transformed in vivo to yield a disclosed compound or a
pharmaceutically acceptable form of the compound. A prodrug can be inactive when administered to a subject, but
is converted in vivo to an active compound, for example, by hydrolysis (e.g., hydrolysis in blood). In certain cases, a
prodrug has improved physical and/or delivery properties over the parent compound. Prodrugs are typically
designed to enhance pharmaceutically and/or pharmacokinetically based properties associated with the parent
compound. The prodrug compound often offers advantages of solubility, tissue compatibility or delayed release in a
mammalian organism (see, e.g., Bundgard, H., Design of Prodrugs (1985), pp. 7-9, 21-24 (Elsevier, Amsterdam). A
discussion of prodrugs is provided in Higuchi, T., et al., “Pro-drugs as Novel Delivery Systems,” 4.C.S. Symposium
Series, Vol. 14, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American Pharmaceutical
Association and Pergamon Press, 1987, both of which are incorporated in full by reference herein. Exemplary
advantages of a prodrug can include, but are not limited to, its physical properties, such as enhanced water solubility
for parenteral administration at physiological pH compared to the parent compound, or it enhances absorption from
the digestive tract, or it can enhance drug stability for long—term storage.

[0089] The term “prodrug” is also meant to include any covalently bonded carriers, which release the
active compound in vivo when such prodrug is administered to a subject. Prodrugs of an active compound, as
described herein, can be prepared by modifying functional groups present in the active compound in such a way that

the modifications are cleaved, either in routine manipulation or in vivo, to the parent active compound. Prodrugs
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include compounds wherein a hydroxy, amino or mercapto group is bonded to any group that, when the prodrug of
the active compound is administered to a subject, cleaves to form a free hydroxy, free amino or free mercapto group,
respectively. Examples of prodrugs include, but are not limited to, acetate, formate and benzoate derivatives of an
alcohol or acetamide, formamide and benzamide derivatives of an amine functional group in the active
compound and the like. Other examples of prodrugs include compounds that comprise -NO, -NO,, -ONO, or -
ONO, moieties. Prodrugs can typically be prepared using well-known methods, such as those described in Burger’s
Medicinal Chemistry and Drug Discovery, 172-178, 949-982 (Manfred E. Wolff ed., 5th ed., 1995), and Design of
Prodrugs (H. Bundgaard ed., Elselvier, New York, 1985).

[0090] For example, if a disclosed compound or a pharmaceutically acceptable form of the compound
contains a carboxylic acid functional group, a prodrug can comprise a pharmaceutically acceptable ester formed by
the replacement of the hydrogen atom of the acid group with a group such as (C,-Cglalkyl, (C,-
C)»)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having from 4 to 9 carbon atoms, l-methyl-1-(alkanoyloxy)-ethyl
having from 5 to 10 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, I-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to
8 carbon atoms, N-(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms,
1-(N-(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-crotonolactonyl, gamma-
butyrolacton-4-yl, di-N,N-(C;-C,)alkylamino(C,-Cs)alkyl (such as B-dimethylaminoethyl), carbamoyl-(C;-C;)alkyl,
N,N-di(C;-C,)alkylcarbamoyl-(C,-C,)alkyl and piperidino-, pyrrolidino- or morpholino(C,-Cs)alkyl.

[0091] Similarly, if a disclosed compound or a pharmaceutically acceptable form of the compound
contains an alcohol functional group, a prodrug can be formed by the replacement of the hydrogen atom of the
alcohol group with a group such as (C;-Cg)alkanoyloxymethyl, 1-((C,-C¢)alkanoyloxy)ethyl,
1-methyl-1-((C,-Cg)alkanoyloxy)ethyl (C,-Ce)alkoxycarbonyloxymethyl, N-(C;-C¢)alkoxycarbonylaminomethyl,
succinoyl, (C;-Cg)alkanoyl, a-amino(C,-C4)alkanoyl, arylacyl and a-aminoacyl, or a-aminoacyl-a-aminoacyl, where
each a-aminoacyl group is independently selected from the naturally occurring L-amino acids, P(O)(OH),,
-P(O)(O(C,-Cg)alkyl), or glycosyl (the radical resulting from the removal of a hydroxyl group of the hemiacetal
form of a carbohydrate).

[0092] If a disclosed compound or a pharmaceutically acceptable form of the compound incorporates
an amine functional group, a prodrug can be formed by the replacement of a hydrogen atom in the amine group with
a group such as R-carbonyl, RO-carbonyl, NRR'-carbonyl where R and R’ are each independently (C,-C,p)alkyl,
(C5-Cy)eycloalkyl, benzyl, a natural a-aminoacyl or natural o-aminoacyl-natural a-aminoacyl, —C(OH)C(O)OY'
wherein Y' is H, (C,-C¢)alkyl or benzyl, -C(OY?)Y? wherein Y? is (C;-C,) alkyl and Y is (C,-Cg)alkyl, carboxy(C;-
Ce)alkyl, amino(C;-Cy)alkyl or mono-N— or di-N,N—(C,-C¢)alkylaminoalkyl, —C(Y*)Y> wherein Y* is H or
methyl and Y” is mono-N— or di-N,N—(C,-Cg)alkylamino, morpholino, piperidin-1-yl or pyrrolidin-1-yl.

[0093] In certain embodiments, the pharmaceutically acceptable form is an isomer. “Isomers” are
different compounds that have the same molecular formula. “Stereoisomers” are isomers that differ only in the way
the atoms are arranged in space. As used herein, the term “isomer” includes any and all geometric isomers and

stereoisomers. For example, “isomers” include geometric double bond cis— and trans—isomers, also termed E- and
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Z- isomers; R— and S-enantiomers; diastereomers, (d)-isomers and (1)-isomers, racemic mixtures thereof; and other
mixtures thereof, as falling within the scope of this disclosure.
[0094] Geometric isomers can be represented by the symbol ==---- which denotes a bond that can
be a single, double or triple bond as described herein. Provided herein are various geometric isomers and mixtures
thereof resulting from the arrangement of substituents around a carbon-carbon double bond or arrangement of
substituents around a carbocyclic ring. Substituents around a carbon-carbon double bond are designated as being in
the “Z” or “E” configuration wherein the terms “Z” and “E” are used in accordance with [UPAC standards. Unless
otherwise specified, structures depicting double bonds encompass both the “E” and “Z” isomers.
[0095] Substituents around a carbon-carbon double bond alternatively can be referred to as “cis” or
“trans,” where “cis” represents substituents on the same side of the double bond and “trans” represents substituents
on opposite sides of the double bond. The arrangement of substituents around a carbocyclic ring can also be
designated as “cis” or “trans.” The term “cis” represents substituents on the same side of the plane of the ring, and
the term “trans” represents substituents on opposite sides of the plane of the ring. Mixtures of compounds wherein
the substituents are disposed on both the same and opposite sides of plane of the ring are designated “cis/trans.”
[0096] “Enantiomers” are a pair of stereoisomers that are non-superimposable mirror images of each
other. A mixture of a pair of enantiomers in any proportion can be known as a “racemic” mixture. The term “(£)” is
used to designate a racemic mixture where appropriate. “Diastereoisomers” are stereoisomers that have at least two
asymmetric atoms, but which are not mirror-images of each other. The absolute stereochemistry is specified
according to the Cahn-Ingold-Prelog R-S system. When a compound is an enantiomer, the stereochemistry at each
chiral carbon can be specified by either R or S. Resolved compounds whose absolute configuration is unknown can
be designated (+) or (-) depending on the direction (dextro- or levorotatory) which they rotate plane polarized light
at the wavelength of the sodium D line. Certain of the compounds described herein contain one or more asymmetric
centers and can thus give rise to enantiomers, diastereomers, and other stereoisomeric forms that can be defined, in
terms of absolute stereochemistry at each asymmetric atom, as (R)- or (S)-. The present chemical entities,
pharmaceutical compositions and methods are meant to include all such possible isomers, including racemic
mixtures, optically substantially pure forms and intermediate mixtures. Optically active (R)- and (S)- isomers can
be prepared, for example, using chiral synthons or chiral reagents, or resolved using conventional techniques.
[0097] The “enantiomeric excess” or “% enantiomeric excess” of a composition can be calculated
using the equation shown below. In the example shown below, a composition contains 90% of one enantiomer, e.g.,
the S enantiomer, and 10% of the other enantiomer, e.g., the R enantiomer.

ee = (90-10)/100 = 80%.
[0098] Thus, a composition containing 90% of one enantiomer and 10% of the other enantiomer is
said to have an enantiomeric excess of 80%. Some compositions described herein contain an enantiomeric excess of
at least about 50%, about 75%, about 90%, about 95%, or about 99% of the S enantiomer. In other words, the
compositions contain an enantiomeric excess of the S enantiomer over the R enantiomer. In other embodiments,

some compositions described herein contain an enantiomeric excess of at least about 50%, about 75%, about 90%,
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about 95%, or about 99% of the R enantiomer. In other words, the compositions contain an enantiomeric excess of
the R enantiomer over the S enantiomer.

[0099] For instance, an isomer/enantiomer can, in some embodiments, be provided substantially free
of the corresponding enantiomer, and can also be referred to as “optically enriched,” “enantiomerically enriched,”
“enantiomerically pure” and “non-racemic,” as used interchangeably herein. These terms refer to compositions in
which the percent by weight of one enantiomer is greater than the amount of that one enantiomer in a control
mixture of the racemic composition (e.g., greater than 1:1 by weight). For example, an enantiomerically enriched
preparation of the S enantiomer, means a preparation of the compound having greater than about 50% by weight of
the S enantiomer relative to the R enantiomer, such as at least about 75% by weight, further such as at least about
80% by weight. In some embodiments, the enrichment can be much greater than about 80% by weight, providing a
“substantially enantiomerically enriched,” “substantially enantiomerically pure” or a "substantially non-racemic"
preparation, which refers to preparations of compositions which have at least about 85% by weight of one
enantiomer relative to other enantiomer, such as at least about 90% by weight, and further such as at least about 95%
by weight. In certain embodiments, the compound provided herein is made up of at least about 90% by weight of
one enantiomer. In other embodiments, the compound is made up of at least about 95%, about 98%, or about 99%
by weight of one enantiomer.

[00100] In some embodiments, the compound is a racemic mixture of (S)- and (R)- isomers. In other
embodiments, provided herein is a mixture of compounds wherein individual compounds of the mixture exist
predominately in an (S)- or (R)- isomeric configuration. For example, the compound mixture has an (S)-
enantiomeric excess of greater than about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about
85%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, about 99.5%, or more. In other
embodiments, the compound mixture has an (S)-enantiomeric excess of greater than about 55% to about 99.5%,
greater than about about 60% to about 99.5%, greater than about 65% to about 99.5%, greater than about 70% to
about 99.5%, greater than about 75% to about 99.5%, greater than about 80% to about 99.5%, greater than about
85% to about 99.5%, greater than about 90% to about 99.5%, greater than about 95% to about 99.5%, greater than
about 96% to about 99.5%, greater than about 97% to about 99.5%, greater than about 98% to greater than about
99.5%, greater than about 99% to about 99.5%, or more.

[00101] In other embodiments, the compound mixture has an (R)-enantiomeric purity of greater than
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about
96%, about 97%, about 98%, about 99%, about 99.5% or more. In some other embodiments, the compound mixture
has an (R)-enantiomeric excess of greater than about 55% to about 99.5%, greater than about about 60% to about
99.5%, greater than about 65% to about 99.5%, greater than about 70% to about 99.5%, greater than about 75% to
about 99.5%, greater than about 80% to about 99.5%, greater than about 85% to about 99.5%, greater than about
90% to about 99.5%, greater than about 95% to about 99.5%, greater than about 96% to about 99.5%, greater than
about 97% to about 99.5%, greater than about 98% to greater than about 99.5%, greater than about 99% to about

99.5% or more.
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[00102] In other embodiments, the compound mixture contains identical chemical entities except for
their stereochemical orientations, namely (S)- or (R)- isomers. For example, if a compound disclosed herein has -
CH(R)- unit, and R is not hydrogen, then the -CH(R)- is in an (S)- or (R)- stereochemical orientation for each of the
identical chemical entities. In some embodiments, the mixture of identical chemical entities is a racemic mixture of
(S)- and (R)- isomers. In another embodiment, the mixture of the identical chemical entities (except for their
stereochemical orientations), contain predominately (S)-isomers or predominately (R)- isomers. For example, the
(S)- 1somers in the mixture of identical chemical entities are present at about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99%,
about 99.5% ,or more, relative to the (R)- isomers. In some embodiments, the (S)- isomers in the mixture of
identical chemical entities are present at an (S)-enantiomeric excess of greater than about 55% to about 99.5%,
greater than about about 60% to about 99.5%, greater than about 65% to about 99.5%, greater than about 70% to
about 99.5%, greater than about 75% to about 99.5%, greater than about 80% to about 99.5%, greater than about
85% to about 99.5%, greater than about 90% to about 99.5%, greater than about 95% to about 99.5%, greater than
about 96% to about 99.5%, greater than about 97% to about 99.5%, greater than about 98% to greater than about
99.5%, greater than about 99% to about 99.5% or more.

[00103] In another embodiment, the (R)- isomers in the mixture of identical chemical entities (except
for their stereochemical orientations), are present at about 55%, about 60%, about 65%, about 70%, about 75%,
about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, about 99.5%, or
more, relative to the (S)- isomers. In some embodiments, the (R)- isomers in the mixture of identical chemical
entities (except for their stereochemical orientations), are present at a (R)- enantiomeric excess greater than about
55% to about 99.5%, greater than about about 60% to about 99.5%, greater than about 65% to about 99.5%, greater
than about 70% to about 99.5%, greater than about 75% to about 99.5%, greater than about 80% to about 99.5%,
greater than about 85% to about 99.5%, greater than about 90% to about 99.5%, greater than about 95% to about
99.5%, greater than about 96% to about 99.5%, greater than about 97% to about 99.5%, greater than about 98% to
greater than about 99.5%, greater than about 99% to about 99.5%, or more.

[00104] Enantiomers can be isolated from racemic mixtures by any method known to those skilled in
the art, including chiral high pressure liquid chromatography (HPLC), the formation and crystallization of chiral
salts, or prepared by asymmetric syntheses. See, for example, Enantiomers, Racemates and Resolutions (Jacques,
Ed., Wiley Interscience, New York, 1981); Wilen et al., Tetrahedron 33:2725 (1977); Stereochemistry of Carbon
Compounds (E.L. Eliel, Ed., McGraw-Hill, NY, 1962); and Tables of Resolving Agents and Optical Resolutions p.
268 (E.L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972).

[00105] In certain embodiments, the pharmaceutically acceptable form is a tautomer. As used herein,
the term “tautomer” is a type of isomer that includes two or more interconvertable 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). “Tautomerization” includes prototropic or proton-shift tautomerization,
which 1s considered a subset of acid-base chemistry.  “Prototropic tautomerization” or ‘proton-shift

tautomerization” involves the migration of a proton accompanied by changes in bond order. The exact ratio of the
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tautomers depends on several factors, including temperature, solvent, and pH. Where tautomerization is possible
(e.g., in solution), a chemical equilibrium of tautomers can be reached. Tautomerizations (i.e., the reaction
providing a tautomeric pair) can be catalyzed by acid or base, or can occur without the action or presence of an
external agent. Exemplary tautomerizations include, but are not limited to, keto-to—enol; amide-to-imide; lactam—
to-lactim; enamine—to—imine; and enamine-to—(a different) enamine tautomerizations. A specific example of
keto-enol tautomerization is the interconversion of pentane-2,4-dione and 4-hydroxypent-3-en-2-one tautomers.
Another example of tautomerization is phenol-keto tautomerization. A specific example of phenol-keto
tautomerization is the interconversion of pyridin-4-ol and pyridin-4(1H)-one tautomers.

[00106] Unless otherwise stated, structures depicted herein are also meant to include compounds which
differ only in the presence of one or more isotopically enriched atoms. For example, compounds having the present
structures except for the replacement of a hydrogen by a deuterium or tritium, or the replacement of a carbon by "*C-
or "*C-enriched carbon are within the scope of this disclosure.

[00107] The disclosure also embraces isotopically labeled compounds which are identical to those
recited herein, except that one or more atoms are replaced by an atom having an atomic mass or mass number
different from the atomic mass or mass number usually found in nature. Examples of isotopes that can be
incorporated into disclosed compounds include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine
and chlorine, such as 2H, *H, 1*C, *C, “N, 20, "0, 3'p, P, *S, ®F, and *°Cl, respectively. Certain isotopically-
labeled disclosed compounds (e.g., those labeled with *H and '“C) are useful in compound and/or substrate tissue
distribution assays. Tritiated (i.e., *H) and carbon-14 (i.e., "“C) isotopes can allow for ease of preparation and
detectability. Further, substitution with heavier isotopes such as deuterium (i.e., *H) can afford certain therapeutic
advantages resulting from greater metabolic stability (e.g., increased in vivo half-life or reduced dosage
requirements). Isotopically labeled disclosed compounds can generally be prepared by substituting an isotopically
labeled reagent for a non-isotopically labeled reagent. In some embodiments, provided herein are compounds that
can also contain unnatural proportions of atomic isotopes at one or more of atoms that constitute such compounds.
All isotopic variations of the compounds as disclosed herein, whether radioactive or not, are encompassed within the
scope of the present disclosure.

[00108] “Pharmaceutically acceptable carrier” or “pharmaceutically acceptable excipient” includes
any and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents and the like. The use of such media and agents for pharmaceutically active substances is well
known in the art. Except insofar as any conventional media or agent is incompatible with the active ingredient, its
use in the therapeutic compositions as disclosed herein is contemplated. Supplementary active ingredients can also
be incorporated into the pharmaceutical compositions.

[00109] Definitions of specific functional groups and chemical terms are described in more detail
below. The chemical elements are identified in accordance with the Periodic Table of the Elements, CAS version,
Handbook of Chemistry and Physics, 75th ed., inside cover, and specific functional groups are generally defined as
described therein. Additionally, general principles of organic chemistry, as well as specific functional moieties and

reactivity, are described in Organic Chemistry, Thomas Sorrell, University Science Books, Sausalito, 1999; Smith
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and March March’s Advanced Organic Chemistry, 5th ed., 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, 3rd ed., Cambridge University Press, Cambridge, 1987.

[00110] When a range of values is listed, it is intended to encompass each value and sub-range within
the range. For example “C, ¢ alkyl” is intended to encompass, C;, C,, C;, Cy4, Cs, Cs, C16, Cy_5, C1 4, C1 3, C 1, Coo
65 Cas, Cas, Ca3, Ci, G35, C34, Cug, Cus, and Cs 6 alkyl.

[00111] “Alkyl” refers to a straight or branched hydrocarbon chain radical consisting solely of carbon
and hydrogen atoms, containing no unsaturation, having from one to ten carbon atoms (e.g., C,-C,, alkyl).
Whenever it appears herein, a numerical range such as “1 to 10” refers to each integer in the given range; e.g., “1 to
10 carbon atoms” means that the alkyl group can consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc., up
to and including 10 carbon atoms, although the present definition also covers the occurrence of the term “alkyl”
where no numerical range is designated. In some embodiments, it is a C,-C¢ alkyl group. In some embodiments,
alkyl groups have 1 to 10, 1 to 6, or 1 to 3 carbon atoms. Representative saturated straight chain alkyls include, but
are not limited to, -methyl, -ethyl, -n-propyl, -n-butyl, -n-pentyl, and -n-hexyl; while saturated branched alkyls
include, but are not limited to, -isopropyl, -sec-butyl, -isobutyl, -tert-butyl, -isopentyl, 2-methylbutyl, 3-methylbutyl,
2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 2-methylhexyl, 3-methylhexyl, 4-methylhexyl, 5-methylhexyl, 2,3-
dimethylbutyl, and the like. The alkyl is attached to the parent molecule by a single bond. Unless stated otherwise
in the specification, an alkyl group is optionally substituted by one or more of substituents which independently
include: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy, amino, amido, amidino,
imino, azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, hydroxy,
cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio, thiocarbonyl, nitro, oxo,
phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sulfonate, urea, -Si(R%j;-, -
OR?, -SR? -OC(0O)-R?, -N(R?,, -C(O)R?, -C(O)OR?, -OC(O)N(R?),, -C(O)N(R?),, -N(R*)C(O)OR?, -N(R*)C(O)R?, -
N(RYHC(O)N(R,,-N(RHC(NR*)N(R?),, -N(RHS(O)R* (where t is 1 or 2), -S(O)OR* (where t is 1 or 2),
-S(O)N(R%), (where t is 1 or 2), or ~O-P(=0)(OR?), where each R” is independently hydrogen, alkyl, haloalkyl,
carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl,
and each of these moieties can be optionally substituted as defined herein.

[00112] “Perhaloalkyl” refers to an alkyl group in which all of the hydrogen atoms have been replaced
with a halogen selected from fluoro, chloro, bromo, and iodo. In some embodiments, all of the hydrogen atoms are
each replaced with fluoro. In some embodiments, all of the hydrogen atoms are each replaced with chloro.
Examples of perhaloalkyl groups include —CF;, —CF,CF;, -CF,CF,CF;, —CCl;, —CFCl,, —CF,Cl and the like.
[00113] “Alkyl-cycloalkyl” refers to an -(alkyl)cycloalkyl radical where alkyl and cycloalkyl are as
disclosed herein and which are optionally substituted by one or more of the substituents described as suitable
substituents for alkyl and cycloalkyl respectively. The “alkyl-cycloalkyl” is bonded to the parent molecular structure
through the alkyl group. The terms “alkenyl-cycloalkyl” and “alkynyl-cycloalkyl” mirror the above description of
“alkyl-cycloalkyl” wherein the term “alkyl” is replaced with “alkenyl” or “alkynyl” respectively, and “alkenyl” or

“alkynyl” are as described herein.
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[00114] “Alkylaryl” refers to an -(alkyl)aryl radical where aryl and alkyl are as disclosed herein and
which are optionally substituted by one or more of the substituents described as suitable substituents for aryl and
alkyl respectively. The “alkylaryl” is bonded to the parent molecular structure through the alkyl group. The terms
“-(alkenyl)aryl” and “-(alkynyl)aryl” mirror the above description of “-(alkyl)aryl” wherein the term “alkyl” is
replaced with “alkenyl” or “alkynyl” respectively, and “alkenyl” or “alkynyl” are as described herein.

[00115] “Alkyl-heteroaryl” refers to an -(alkyl)heteroaryl radical where heteroaryl and alkyl are as
disclosed herein and which are optionally substituted by one or more of the substituents described as suitable
substituents for heteroaryl and alkyl respectively. The “alkyl-heteroaryl” is bonded to the parent molecular structure
through the alkyl group. The terms “-(alkenyl)heteroaryl” and “-(alkynyl)heteroaryl” mirror the above description
of “~(alkyl)heteroaryl” wherein the term “alkyl” is replaced with “alkenyl” or “alkynyl” respectively, and “alkenyl”
or “alkynyl” are as described herein.

[00116] “Alkyl-heterocyclyl” refers to an —(alkyl)heterocycyl radical where alkyl and heterocyclyl are
as disclosed herein and which are optionally substituted by one or more of the substituents described as suitable
substituents for heterocyclyl and alkyl respectively. The “alkyl-heterocyclyl” is bonded to the parent molecular
structure through the alkyl group. The terms “-(alkenyl)heterocyclyl” and “-(alkynyl)heterocyclyl” mirror the above
description of “~(alkyl)heterocyclyl” wherein the term “alkyl” is replaced with “alkenyl” or “alkynyl” respectively,
and “alkenyl” or “alkynyl]” are as described herein.

[00117] “Alkenyl” refers to a straight or branched hydrocarbon chain radical group consisting solely
of carbon and hydrogen atoms, containing at least one double bond, and having from two to ten carbon atoms (i.e.,
C,-Cjp alkenyl). Whenever it appears herein, a numerical range such as “2 to 10” refers to each integer in the given
range; e.g., “2 to 10 carbon atoms” means that the alkenyl group can consist of 2 carbon atoms, 3 carbon atoms, etc.,
up to and including 10 carbon atoms. In certain embodiments, an alkenyl comprises two to eight carbon atoms. In
other embodiments, an alkenyl comprises two to five carbon atoms (e.g., C,-Cs alkenyl). The alkenyl is attached to
the parent molecular structure by a single bond, for example, ethenyl (i.e., vinyl), prop-1-enyl (i.e., allyl), but-1-enyl,
pent-1-enyl, penta-1,4-dienyl, and the like. The one or more carbon—carbon double bonds can be internal (such as in
2-butenyl) or terminal (such as in 1-butenyl). Examples of C, 4 alkenyl groups include ethenyl (C,), 1-propenyl
(C3), 2—propenyl (Cs), 1-butenyl (Cy4), 2-butenyl (C,), butadienyl (C,) and the like. Examples of C, ¢ alkenyl
groups include the aforementioned C, 4 alkenyl groups as well as pentenyl (Cs), pentadienyl (Cs), hexenyl (C¢) and
the like. Additional examples of alkenyl include heptenyl (C;), octenyl (Cs), octatrienyl (Cg) and the like. Unless
stated otherwise in the specification, an alkenyl group is optionally substituted by one or more substituents which
independently include: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy, amino,
amido, amidino, imino, azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl,
heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio,
thiocarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl,
sulfonate, urea, -Si(R%);-, -OR?, -SR? -OC(0)-R* -N(R?),, -C(O)R?, -C(O)OR?, -OC(O)N(R?,, -C(O)N(R%,,
-N(R*)C(O)OR?, -N(RH)C(O)R?, - N(RHC(O)N(R%,, N(R)C(NR*)N(RY,, -N(R*)S(O)R* (where t is 1 or 2),
-S(0),OR?* (where t is 1 or 2), -S(O)N(R?), (where t is 1 or 2), or “O-P(=0)(OR?), where each R* is independently
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hydrogen, alkyl, haloalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl or heteroarylalkyl, and each of these moieties can be optionally substituted as defined herein.

[00118] “Alkynyl” refers to a straight or branched hydrocarbon chain radical group consisting solely
of carbon and hydrogen atoms, containing at least one triple bond, having from two to ten carbon atoms (i.e., C,-Co
alkynyl). Whenever it appears herein, a numerical range such as 2 to 10” refers to each integer in the given range;
e.g., “2 to 10 carbon atoms” means that the alkynyl group can consist of 2 carbon atoms, 3 carbon atoms, etc., up to
and including 10 carbon atoms. In certain embodiments, an alkynyl comprises two to eight carbon atoms. In other
embodiments, an alkynyl has two to five carbon atoms (e.g., C,-Cs alkynyl). The alkynyl is attached to the parent
molecular structure by a single bond, for example, ethynyl, propynyl, butynyl, pentynyl, hexynyl, and the like.
Unless stated otherwise in the specification, an alkynyl group is optionally substituted by one or more substituents
which independently include: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy,
amino, amido, amidino, imino, azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl,
heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio,
thiocarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl,
sulfonate, urea, -Si(R%);-, -OR?, -SR? -OC(0)-R* -N(R?,, -C(O)R?, -C(O)OR?, -OC(O)N(R?,, -C(O)N(R%,,
-N(RHC(O)OR?, -N(RH)C(O)R?, - N(RH)C(O)N(R?),, N(RHC(NR*)N(R?),, -N(R)S(O)R* (where t is 1 or 2),
-S(0O)OR? (where t is 1 or 2), -S(O)N(R?), (where tis 1 or 2), or -O-P(=0)(OR?), where each R? is independently
hydrogen, alkyl, haloalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl or heteroarylalkyl, and each of these moieties can be optionally substituted as defined herein.

[00119] The term “alkoxy” refers to the group -O-alkyl, including from 1 to 10 carbon atoms of a
straight, branched, cyclic configuration and combinations thereof, attached to the parent molecular structure through
an oxygen. Examples include methoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, cyclohexyloxy and the like.
“Lower alkoxy” refers to alkoxy groups containing one to six carbons. In some embodiments, C;-C, alkoxy is an
alkoxy group which encompasses both straight and branched chain alkyls of from 1 to 4 carbon atoms. Unless
stated otherwise in the specification, an alkoxy group is optionally substituted by one or more substituents which
independently include: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy, amino,
amido, amidino, imino, azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl,
heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio,
thiocarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl,
sulfonate, urea, -Si(R%);-, -OR?, -SR? -OC(0)-R* -N(R?,, -C(O)R?, -C(O)OR?, -OC(O)N(R?,, -C(O)N(R%,,
-N(RHC(O)OR?, -N(R*)C(O)R?, - N(RH)C(O)N(R?),, N(RHC(NR*)N(R?),, -N(R)S(O)R* (where t is 1 or 2),
-S(0O)OR? (where t is 1 or 2), -S(O)N(R?), (where tis 1 or 2), or -O-P(=0)(OR?), where each R? is independently
hydrogen, alkyl, haloalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl or heteroarylalkyl, and each of these moieties can be optionally substituted as defined herein. The terms
“alkenoxy” and “alkynoxy” mirror the above description of “alkoxy” wherein the prefix “alk” is replaced with

“alken” or “alkyn” respectively, and the parent “alkenyl” or “alkynyl” terms are as described herein.
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[00120] The term “alkoxycarbonyl” refers to a group of the formula (alkoxy)(C=0)- attached to the
parent molecular structure through the carbonyl carbon having from | to 10 carbon atoms. Thus a C,-Cs
alkoxycarbonyl group is an alkoxy group having from 1 to 6 carbon atoms attached through its oxygen to a carbonyl
linker. The C,-Cs designation does not include the carbonyl carbon in the atom count. “Lower alkoxycarbonyl”
refers to an alkoxycarbonyl group wherein the alkyl portion of the alkoxy group is a lower alkyl group. In some
embodiments, C,-C,4 alkoxy is an alkoxy group which encompasses both straight and branched chain alkoxy groups
of from 1 to 4 carbon atoms. Unless stated otherwise in the specification, an alkoxycarbonyl group is optionally
substituted by one or more substituents which independently include: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl,
cycloalkyl, aralkyl, aryl, aryloxy, amino, amido, amidino, imino, azide, carbonate, carbamate, carbonyl, heteroalkyl,
heteroaryl, heteroarylalkyl, heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto,
thio, alkylthio, arylthio, thiocarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl,
sulfonamidyl, sulfoxyl, sulfonate, urea, -Si(R*;-, -OR? -SR? -OC(0)-R? -N(R%, -C(O)R? -C(O)OR?’
-OC(O)N(RY),,  -C(O)N(R%),  -N(R)C(O)OR?, -N(R)C(O)R?, - NRHC(ON(R?),, NRHCNR)N(R,,
-N(RYHS(O)R? (where tis 1 or 2), -S(O);OR* (where t is 1 or 2), -S(O)N(R?), (where tis 1 or 2), or -O-P(=0)(OR?),
where each R® is independently hydrogen, alkyl, haloalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl,
heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl, and each of these moieties can be optionally
substituted as defined herein. The terms “alkenoxycarbonyl” and “alkynoxycarbonyl” mirror the above description
of “alkoxycarbonyl” wherein the prefix “alk” is replaced with “alken” or “alkyn” respectively, and the parent
“alkenyl” or “alkynyl” terms are as described herein.

[00121] “Acyl” refers to R-C(O)- groups such as, but not limited to, (alkyl)-C(O)-, (alkenyl)-C(O)-,
(alkynyl)-C(O)-, (ary])-C(O)-, (cycloalkyl)-C(O)-, (heteroaryl)-C(O)-, (heteroalkyl)-C(O)-, and
(heterocycloalkyl)-C(O)-, wherein the group is attached to the parent molecular structure through the carbonyl
functionality. In some embodiments, it is a C;-C,, acyl radical which refers to the total number of chain or ring
atoms of the, for example, alkyl, alkenyl, alkynyl, aryl, cyclohexyl, heteroaryl or heterocycloalkyl portion plus the
carbonyl carbon of acyl. For example, a Cs-acyl has three other ring or chain atoms plus carbonyl. If the R radical
is heteroaryl or heterocycloalkyl, the hetero ring or chain atoms contribute to the total number of chain or ring
atoms. Unless stated otherwise in the specification, the “R” of an acyloxy group can be optionally substituted by
one or more substituents which independently include: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl,
aralkyl, aryl, aryloxy, amino, amido, amidino, imino, azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl,
heteroarylalkyl, heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio,
arylthio, thiocarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl,
sulfoxyl, sulfonate, urea, -Si(R*;-, -OR? -SR* -OC(O)-R? -N(R?,, -C(O)R? -C(O)OR? -OC(O)N(R?,,
-C(O)N(R?),, -N(RHC(O)OR?, -N(RH)C(O)R?, - N(R*)C(O)N(R?),, N(R)C(NR*N(RY),, -N(R*)S(O)R* (where t is 1
or 2), -S(O)OR" (where t is 1 or 2), -S(O)N(R%), (where t is 1 or 2), or ~O-P(=0)(OR?), where each R” is
independently hydrogen, alkyl, haloalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl or heteroarylalkyl, and each of these moieties can be optionally substituted as

defined herein.
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[00122] “Acyloxy” refers to a R(C=0)O- radical wherein “R” can be alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, heteroalkynyl, aryl, cyclohexyl, heteroaryl or heterocycloalkyl, which are as described
herein. The acyloxy group is attached to the parent molecular structure through the oxygen functionality. In some
embodiments, an acyloxy group is a C;-C4 acyloxy radical which refers to the total number of chain or ring atoms of
the alkyl, alkenyl, alkynyl, aryl, cyclohexyl, heteroaryl or heterocycloalkyl portion of the acyloxy group plus the
carbonyl carbon of acyl, i.e., a C4-acyloxy has three other ring or chain atoms plus carbonyl. If the R radical is
heteroaryl or heterocycloalkyl, the hetero ring or chain atoms contribute to the total number of chain or ring atoms.
Unless stated otherwise in the specification, the “R” of an acyloxy group is optionally substituted by one or more
substituents which independently include: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl,
aryloxy, amino, amido, amidino, imino, azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl,
heteroarylalkyl, heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio,
arylthio, thiocarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl,
sulfoxyl, sulfonate, urea, -Si(R%;-, -OR", -SR% -OC(O)-R% -N(R%, -C(O)R? -C(O)OR’ -OC(O)N(R%,,
-C(O)N(R?),, -N(RHC(O)OR?, -N(RH)C(O)R?, - N(R*)C(O)N(R?),, N(R)C(NR*)N(RY),, -N(R*)S(O)R* (where t is 1
or 2), -S(O)OR* (where t is 1 or 2), -S(O)N(R*), (where t is 1 or 2), or ~O-P(=0)(OR?, where each R? is
independently hydrogen, alkyl, haloalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl or heteroarylalkyl and each of these moieties can be optionally substituted as
defined herein.

[00123] “Amino” or “amine” refers to a -N(R"),, -N(R”)R"-, or ~R°N(R*)R"- radical group, where
each R" is independently selected from hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl (bonded through a
chain carbon), cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocycloalkyl (bonded through a ring carbon),
heterocycloalkylalkyl, heteroaryl (bonded through a ring carbon) or heteroarylalkyl, unless stated otherwise in the
specification, each of which moiety can itself be optionally substituted as described herein. When a -N(R), group
has two R® other than hydrogen, they can be combined with the nitrogen atom to form a 3-, 4-, 5-, 6-, or 7-
membered ring. For example, -N(R"), is meant to include, but not be limited to, 1-pyrrolidinyl and 4-morpholinyl.
Unless stated otherwise in the specification, an amino group is optionally substituted by one or more substituents
which independently include: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy,
amino, amido, amidino, imino, azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl,
heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio,
thiocarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl,
sulfonate, urea, -Si(R%);-, -OR? -SR* -OC(0)-R?, -N(R?),, -C(O)R? -C(O)OR? -OC(O)N(R?,, -C(O)N(RY,,
-N(RHC(O)OR?, -N(RH)C(O)R?, - N(RH)C(O)N(R?),, N(RHC(NR*)N(R?),, -N(R)S(O)R* (where t is 1 or 2),
-S(0),OR?* (where t is 1 or 2), -S(O)N(R?), (where t is 1 or 2), or -O-P(=0)(OR?), where each R* is independently
hydrogen, alkyl, haloalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl or heteroarylalkyl, and each of these moieties can be optionally substituted as defined herein.

[00124] The terms “amine” and “amino” also refer to N-oxides of the groups -N'(H)(RHO,

and -N"(R*)(R*O-, R* as described above, where the N-oxide is bonded to the parent molecular structure through
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the N atom. N-oxides can be prepared by treatment of the corresponding amino group with, for example, hydrogen
peroxide or m-chloroperoxybenzoic acid. The person skilled in the art is familiar with reaction conditions for
carrying out the N-oxidation.

[00125] “Amide” or “amido” refers to a chemical moiety with formula ~C(O)N(R), or -NR°C(O)R",
where R is independently selected from hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl (bonded through a
chain carbon), cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocycloalkyl (bonded through a ring carbon),
heterocycloalkylalkyl, heteroaryl (bonded through a ring carbon) or heteroarylalkyl, unless stated otherwise in the
specification, each of which moiety can itself be optionally substituted as described herein. In some embodiments,
this radical is a C;-C4 amido or amide radical, which includes the amide carbonyl in the total number of carbons in
the radical. When a ~C(O)N(R"), has two R other than hydrogen, they can be combined with the nitrogen atom to
form a 3-, 4-, 5-, 6-, or 7-membered ring. For example, N(Rb)z portion of a fC(O)N(Rb)z radical is meant to
include, but not be limited to, 1-pyrrolidinyl and 4-morpholinyl. Unless stated otherwise in the specification, an
amido R® group is optionally substituted by one or more substituents which independently include: acyl, alkyl,
alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy, amino, amido, amidino, imino, azide,
carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, hydroxy, cyano, halo,
haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio, thiocarbonyl, nitro, oxo, phosphate,
phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sulfonate, urea, -Si(R%;-, -OR? -SR?
-OC(0)-R%, -N(R%,, -C(O)R?, -C(O)OR? -OC(O)N(R?,, -C(O)N(R?Y,, -N(RHC(O)OR’, -NRHC(O)R?* -
N(RHC(O)N(R?),, N(R)C(NRH)N(RY,, -N(RY)S(O)R* (where t is 1 or 2), -S(O)OR* (where t is 1 or 2),
-S(O)N(R%), (where t is 1 or 2), or ~O-P(=0)(OR?), where each R” is independently hydrogen, alkyl, haloalkyl,
carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl,
and each of these moieties can be optionally substituted as defined herein.

[00126] The term “amide” or “amido” is inclusive of an amino acid or a peptide molecule. Any amine,
hydroxy, or carboxyl side chain on the compounds described herein can be transformed into an amide group. The
procedures and specific groups to make such amides are known to those of skill in the art and can readily be found
in reference sources such as Greene and Wuts, Protective Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons,
New York, NY, 1999, which is incorporated herein by reference in its entirety.

[00127] “Amidino” refers to both the -C(=NR*)N(R®), and -N(R")-C(=NR")- radicals, where each R"
is independently selected from hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl (bonded through a chain
carbon), cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocycloalkyl (bonded through a ring carbon),
heterocycloalkylalkyl, heteroaryl (bonded through a ring carbon) or heteroarylalkyl, unless stated otherwise in the
specification, each of which moiety can itself be optionally substituted as described herein.

[00128] “Aromatic” or “aryl” refers to a radical with six to ten ring atoms (e.g., C¢-Co aromatic or Cs-
C)o aryl) which has at least one ring having a conjugated pi electron system which is carbocyclic (e.g., phenyl,
fluorenyl, and naphthyl). For example, bivalent radicals formed from substituted benzene derivatives and having the
free valences at ring atoms are named as substituted phenylene radicals. In other embodiments, bivalent radicals

derived from univalent polycyclic hydrocarbon radicals whose names end in “-yl” by removal of one hydrogen atom
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from the carbon atom with the free valence are named by adding “-idene” to the name of the corresponding
univalent radical, e.g., a naphthyl group with two points of attachment is termed naphthylidene. Whenever it
appears herein, a numerical range such as “6 to 10 aryl” refers to each integer in the given range; e.g., “‘6 to 10 ring
atoms” means that the aryl group can consist of 6 ring atoms, 7 ring atoms, etc., up to and including 10 ring atoms.
The term includes monocyclic or fused-ring polycyclic (i.e., rings which share adjacent pairs of ring atoms) groups.
Unless stated otherwise in the specification, an aryl moiety can be optionally substituted by one or more substituents
which independently include: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy,
amino, amido, amidino, imino, azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl,
heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio,
thiocarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl,
sulfonate, urea, -Si(R%);-, -OR?, -SR? -OC(0)-R* -N(R?,, -C(O)R?, -C(O)OR?, -OC(O)N(R?,, -C(O)N(R%,,
-N(R*)C(O)OR?, -N(RH)C(O)R?, - N(RHC(O)N(R%,, N(R)C(NR*)N(RY,, -N(R*)S(O)R* (where t is 1 or 2),
-S(0),OR?* (where t is 1 or 2), -S(O)N(R?), (where t is 1 or 2), or -O-P(=0)(OR?), where each R* is independently
hydrogen, alkyl, haloalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl or heteroarylalkyl, and each of these moieties can be optionally substituted as defined herein.

[00129] “Aralkyl” or “arylalkyl” refers to an (aryl)alkyl- radical where aryl and alkyl are as disclosed
herein and which are optionally substituted by one or more of the substituents described as suitable substituents for
aryl and alkyl respectively. The “aralkyl/arylalkyl” is bonded to the parent molecular structure through the alkyl
group. The terms “aralkenyl/arylalkenyl” and ‘“aralkynyl/arylalkynyl” mirror the above description of
“aralkyl/arylalkyl” wherein the “alkyl” is replaced with “alkenyl” or “alkynyl” respectively, and the “alkenyl” or
“alkynyl” terms are as described herein.

[00130] “Azide” refers to a —Nj radical.

[00131] “Carbamate” refers to any of the following radicals: —O-(C=0)-N(R")-, -O-(C=0)-N(R"),, —
N(R®)-(C=0)-0O-, and -N(R")-(C=0)-OR", wherein each R" is independnently selected from alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl (bonded through a chain carbon), cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocycloalkyl
(bonded through a ring carbon), heterocycloalkylalkyl, heteroaryl (bonded through a ring carbon) or heteroarylalkyl,

unless stated otherwise in the specification, each of which moiety can itself be optionally substituted as described

herein.

[00132] “Carbonate” refers to a —O-(C=0)-O- radical.

[00133] “Carbonyl” refers to a -(C=0)- radical.

[00134] “Carboxaldehyde” refers to a -(C=O)H radical.

[00135] “Carboxyl” refers to a -(C=0)OH radical.

[00136] “Cyano” refers to a —CN radical.

[00137] “Cycloalkyl” and “carbocyclyl” each refer to a monocyclic or polycyclic radical that contains

only carbon and hydrogen, and can be saturated or partially unsaturated. Partially unsaturated cycloalkyl groups can
be termed “cycloalkenyl” if the carbocycle contains at least one double bond, or “cycloalkynyl” if the carbocycle

contains at least one triple bond. Cycloalkyl groups include groups having from 3 to 10 ring atoms (i.e., C5-Cyo
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cycloalkyl). Whenever it appears herein, a numerical range such as “3 to 10” refers to each integer in the given
range; e.g., “3 to 10 carbon atoms” means that the cycloalkyl group can consist of 3 carbon atoms, 4 carbon atoms, 5
carbon atoms, etc., up to and including 10 carbon atoms. The term “cycloalkyl” also includes bridged and spiro-
fused cyclic structures containing no heteroatoms. The term also includes monocyclic or fused-ring polycyclic (i.e.,
rings which share adjacent pairs of ring atoms) groups. In some embodiments, it is a C;-Cg cycloalkyl radical. In
some embodiments, it is a C3-Cs cycloalkyl radical. Illustrative examples of cycloalkyl groups include, but are not
limited to the following moieties: Cs ¢ carbocyclyl groups include, without limitation, cyclopropyl (Cs), cyclobutyl
(C,), cyclopentyl (Cs), cyclopentenyl (Cs), cyclohexyl (Cg), cyclohexenyl (Cg), cyclohexadienyl (Cg) and the like.
Examples of C;_ carbocyclyl groups include the aforementioned C;_¢ carbocyclyl groups as well as cycloheptyl
(Cy), cycloheptadienyl (C5), cycloheptatrienyl (C;), cyclooctyl (Cs), bicyclo[2.2.1]heptanyl, bicyclo[2.2.2]octanyl,
and the like. Examples of C;_j carbocyclyl groups include the aforementioned C;_g carbocyclyl groups as well as
octahydro—1H-indenyl, decahydronaphthalenyl, spiro[4.5]decanyl and the like. Unless stated otherwise in the
specification, a cycloalkyl group is optionally substituted by one or more substituents which independently include:
acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy, amino, amido, amidino, imino,
azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, hydroxy, cyano,
halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio, thiocarbonyl, nitro, oxo, phosphate,
phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sulfonate, urea, -Si(R%;-, -OR? -SR?
-OC(0)-R%, -N(R%,, -C(O)R?, -C(O)OR? -OC(O)N(R?,, -C(O)N(R?Y,, -N(RHC(O)OR’, -NRHC(O)R?* -
N(RHC(O)N(R?),, N(R)C(NRH)N(RY,, -N(RY)S(O)R* (where t is 1 or 2), -S(O)OR* (where t is 1 or 2),
-S(O)N(R%), (where t is 1 or 2), or ~O-P(=0)(OR?), where each R” is independently hydrogen, alkyl, haloalkyl,
carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl,
and each of these moieties can be optionally substituted as defined herein.

[00138] “Cycloalkyl-alkyl” refers to a —(cycloalkyl)alkyl radical where cycloalkyl and alkyl are as
disclosed herein and which are optionally substituted by one or more of the substituents described as suitable
substituents for cycloalkyl and alkyl respectively. The “cycloalkyl-alkyl” is bonded to the parent molecular structure
through the cycloalkyl group. The terms “cycloalkyl-alkenyl” and “cycloalkyl-alkynyl” mirror the above
description of “cycloalkyl-alky]l” wherein the term “alkyl” is replaced with “alkenyl” or “alkynyl” respectively, and
“alkenyl” or “alkynyl” are as described herein.

[00139] “Cycloalkyl-heterocycloalkyl” refers to a —(cycloalkyl)heterocycylalkyl radical where
cycloalkyl and heterocycloalkyl are as disclosed herein and which are optionally substituted by one or more of the
substituents described as suitable substituents for heterocycloalkyl and cycloalkyl respectively. The “cycloalkyl-
heterocycloalkyl” is bonded to the parent molecular structure through the cycloalkyl group.

[00140] “Cycloalkyl-heteroaryl” refers to a —(cycloalkyl)heteroaryl radical where cycloalkyl and
heteroaryl are as disclosed herein and which are optionally substituted by one or more of the substituents described
as suitable substituents for heteroaryl and cycloalkyl respectively. The “cycloalkyl-heteroaryl” is bonded to the
parent molecular structure through the cycloalkyl group.

[00141] As used herein, a “covalent bond” or “direct bond” refers to a single bond joining two groups.
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[00142] “Ester” refers to a radical of formula -COOR, where R is selected from alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl (bonded through a chain carbon), cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocycloalkyl
(bonded through a ring carbon), heterocycloalkylalkyl, heteroaryl (bonded through a ring carbon) or heteroarylalkyl.
Any amine, hydroxy, or carboxyl side chain on the compounds described herein can be esterified. The procedures
and specific groups to make such esters are known to those of skill in the art and can readily be found in reference
sources such as Greene and Wuts, Protective Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons, New York,
NY, 1999, which is incorporated herein by reference in its entirety. Unless stated otherwise in the specification, an
ester group can be optionally substituted by one or more substituents which independently include: acyl, alkyl,
alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy, amino, amido, amidino, imino, azide,
carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, hydroxy, cyano, halo,
haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio, thiocarbonyl, nitro, oxo, phosphate,
phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sulfonate, urea, -Si(R*;-, -OR", -SR?,
-OC(0)-R%, -N(R%,, -C(O)R?, -C(O)OR? -OC(O)N(R?,, -C(O)N(R?Y,, -N(RHC(O)OR’, -NRHC(O)R?* -
N(RHC(O)N(R?),, N(R)C(NRH)N(RY,, -N(RY)S(O)R* (where t is 1 or 2), -S(O)OR* (where t is 1 or 2),
-S(O)N(R%), (where t is 1 or 2), or ~O-P(=0)(OR"), where each R” is independently hydrogen, alkyl, haloalkyl,
carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl,
and each of these moieties can be optionally substituted as defined herein.

[00143] “Ether” refers to a ~R"-O-R"- radical where each R" is independently selected from hydrogen,
alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl (bonded through a chain carbon), cycloalkyl, cycloalkylalkyl, aryl,
aralkyl, heterocycloalkyl (bonded through a ring carbon), heterocycloalkylalkyl, heteroaryl (bonded through a ring
carbon) or heteroarylalkyl, unless stated otherwise in the specification, each of which moiety can itself be optionally
substituted as described herein.

[00144] “Halo”, “halide”, or, alternatively, “halogen” means fluoro, chloro, bromo or iodo. The terms
“haloalkyl,” “haloalkenyl,” “haloalkynyl” and “haloalkoxy” include alkyl, alkenyl, alkynyl and alkoxy structures
that are substituted with one or more halo groups or with combinations thereof. For example, the terms “fluoroalkyl”
and “fluoroalkoxy” include haloalkyl and haloalkoxy groups, respectively, in which the halo is fluorine, such as, but
not limited to, trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl, 1-fluoromethyl-2-fluoroethyl, and the like. Each
of the alkyl, alkenyl, alkynyl and alkoxy groups are as defined herein and can be optionally further substituted as
defined herein.

[00145] “Heteroalkyl”, “heteroalkenyl” and “heteroalkynyl” include alkyl, alkenyl and alkynyl radicals,
respectively, which have one or more skeletal chain atoms selected from an atom other than carbon, e.g., oxygen,
nitrogen, sulfur, phosphorus or combinations thereof. A numerical range can be given, e.g., C,-C, heteroalkyl which
refers to the chain length in total, which in this example is 4 atoms long. For example, a -CH,OCH,CH; radical is
referred to as a “C,” heteroalkyl, which includes the heteroatom center in the atom chain length description.
Connection to the parent molecular strucuture can be through either a heteroatom or a carbon in the heteroalkyl
chain. For example, an N-containing heteroalkyl moiety refers to a group in which at least one of the skeletal atoms

is a nitrogen atom. One or more heteroatom(s) in the heteroalkyl radical can be optionally oxidized. One or more
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nitrogen atoms, if present, can also be optionally quaternized. For example, heteroalkyl also includes skeletal chains
substituted with one or more nitrogen oxide (-O-) substituents. Exemplary heteroalkyl groups include, without
limitation, ethers such as methoxyethanyl (-CH,CH,OCH;), ethoxymethanyl (—CH,OCH,CHs;),
(methoxymethoxy)ethanyl (-~CH,CH,OCH,OCHs;), (methoxymethoxy)methanyl (-CH,OCH,OCH;) and
(methoxyethoxy)methanyl (-CH,OCH, CH,OCH;) and the like; amines such as —-CH,CH,NHCH; -
CH,CH,N(CH;),, —-CH,NHCH,CH;, —-CH,N(CH,CH;)(CH;) and the like. Heteroalkyl, heteroalkenyl, and
heteroalkynyl groups can each be optionally substituted by one or more substituents which independently include:
acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy, amino, amido, amidino, imino,
azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, hydroxy, cyano,
halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio, thiocarbonyl, nitro, oxo, phosphate,
phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sulfonate, urea, -Si(R*;-, -OR", -SR?,
-OC(0)-R%, -N(R%,, -C(O)R?, -C(O)OR? -OC(O)N(R?,, -C(O)N(RY,, -N(RHC(O)OR’, -NRHC(O)R?* -
N(RH)C(O)N(R?),, N(R)C(NRH)N(RY,, -N(RY)S(O)R* (where t is 1 or 2), -S(O)OR* (where t is 1 or 2),
-S(O)N(R%), (where t is 1 or 2), or ~O-P(=0)(OR?), where each R” is independently hydrogen, alkyl, haloalkyl,
carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl,
and each of these moieties can be optionally substituted as defined herein.

[00146] “Heteroalkyl-aryl” refers to a -(heteroalkyl)aryl radical where heteroalkyl and aryl are as
disclosed herein and which are optionally substituted by one or more of the substituents described as suitable
substituents for heteroalkyl and aryl respectively. The “heteroalkyl-aryl” is bonded to the parent molecular structure
through an atom of the heteroalkyl group.

[00147] “Heteroalkyl-heteroaryl” refers to a -(heteroalkyl)heteroaryl radical where heteroalkyl and
heteroaryl are as disclosed herein and which are optionally substituted by one or more of the substituents described
as suitable substituents for heteroalkyl and heteroaryl respectively. The “heteroalkyl-heteroaryl” is bonded to the
parent molecular structure through an atom of the heteroalkyl group.

[00148] “Heteroalkyl-heterocycloalkyl” refers to a -(heteroalkyl)heterocycloalkyl radical where
heteroalkyl and heterocycloalkyl are as disclosed herein and which are optionally substituted by one or more of the
substituents described as suitable substituents for heteroalkyl and heterocycloalkyl respectively. The “heteroalkyl-
heterocycloalkyl” is bonded to the parent molecular structure through an atom of the heteroalkyl group.

[00149] “Heteroalkyl-cycloalkyl” refers to a -(heteroalkyl)cycloalkyl radical where heteroalkyl and
cycloalkyl are as disclosed herein and which are optionally substituted by one or more of the substituents described
as suitable substituents for heteroalkyl and cycloalkyl respectively. The “heteroalkyl-cycloalkyl” is bonded to the
parent molecular structure through an atom of the heteroalkyl group.

[00150] “Heteroaryl” or, alternatively, “heteroaromatic” refers to a refers to a radical of a 5-18
membered monocyclic or polycyclic (e.g., bicyclic or tricyclic) aromatic ring system (e.g., having 6, 10 or 14 &
electrons shared in a cyclic array) having ring carbon atoms and 1-6 ring heteroatoms provided in the aromatic ring
system, wherein each heteroatom is independently selected from nitrogen, oxygen, phosphorous and sulfur (“5-18

membered heteroaryl”). Heteroaryl polycyclic ring systems can include one or more heteroatoms in one or both
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rings. Whenever it appears herein, a numerical range such as “5 to 18” refers to each integer in the given range; e.g.,
“5 to 18 ring atoms” means that the heteroaryl group can consist of 5 ring atoms, 6 ring atoms, etc., up to and
including 18 ring atoms. For example, bivalent radicals derived from univalent heteroaryl radicals whose names end
in “-yl” by removal of one hydrogen atom from the atom with the free valence are named by adding “-idene” to the
name of the corresponding univalent radical, e.g., a pyridyl group with two points of attachment is a pyridylidene.
[00151] For example, an N-containing “heteroaromatic™ or “heteroaryl” moiety refers to an aromatic
group in which at least one of the skeletal atoms of the ring is a nitrogen atom. One or more heteroatom(s) in the
heteroaryl radical can be optionally oxidized. One or more nitrogen atoms, if present, can also be optionally
quaternized. Heteroaryl also includes ring systems substituted with one or more nitrogen oxide (-O-) substituents,
such as pyridinyl N-oxides. The heteroaryl is attached to the parent molecular structure through any atom of the
ring(s).

[00152] “Heteroaryl” also includes ring systems wherein the heteroaryl ring, as defined above, is fused
with one or more aryl groups wherein the point of attachment to the parent molecular structure is either on the aryl
or on the heteroaryl ring, or wherein the heteroaryl ring, as defined above, is fused with one or more cycloalkyl or
heterocycyl groups wherein the point of attachment to the parent molecular structure is on the heteroaryl ring. For
polycyclic heteroaryl groups wherein one ring does not contain a heteroatom (e.g., indolyl, quinolinyl, carbazolyl
and the like), the point of attachment to the parent molecular structure 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, phosphorous, and sulfur (“5-10 membered heteroaryl”). In some embodiments, a heteroaryl group is a 5-8
membered aromatic ring system having ring carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring
system, wherein each heteroatom is independently selected from nitrogen, oxygen, phosphorous, and sulfur (“5-8
membered heteroaryl”). In some embodiments, a heteroaryl group is a 5-6 membered aromatic ring system having
ring carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring system, wherein each heteroatom is
independently selected from nitrogen, oxygen, phosphorous, and sulfur (“5-6 membered heteroaryl”). In some
embodiments, the 5-6 membered heteroaryl has 1-3 ring heteroatoms selected from nitrogen, oxygen, phosphorous,
and sulfur. In some embodiments, the 5-6 membered heteroaryl has 1-2 ring heteroatoms selected from nitrogen,
oxygen, phosphorous, and sulfur. In some embodiments, the 5-6 membered heteroaryl has 1 ring heteroatom
selected from nitrogen, oxygen, phosphorous, and sulfur.

[00153] Examples of heteroaryls include, but are not limited to, azepinyl, acridinyl, benzimidazolyl,
benzindolyl, 1,3-benzodioxolyl,  benzofuranyl, = benzooxazolyl,  benzo[d]thiazolyl, = benzothiadiazolyl,
benzo[b][1,4]dioxepinyl, benzo[b][1,4]oxazinyl, 1,4-benzodioxanyl, benzonaphthofiuranyl, benzoxazolyl,
benzodioxolyl, benzodioxinyl, benzoxazolyl, benzopyranyl, benzopyranonyl, benzofuranyl, benzofuranonyl,
benzofurazanyl, benzothiazolyl, benzothienyl (benzothiophenyl), benzothieno[3,2-d]pyrimidinyl, benzotriazolyl,
benzo[4,6]imidazo[ 1,2-a]pyridinyl, carbazolyl, cinnolinyl, cyclopenta[d]pyrimidinyl,
6,7-dihydro-5H-cyclopenta[4,5]thieno[2,3-d]pyrimidiny], 5,6-dihydrobenzo[h]quinazolinyl,
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5,6-dihydrobenzo[h]cinnolinyl, 6,7-dihydro-5H-benzo[6,7]cyclohepta[ 1,2-c]pyridazinyl, dibenzofuranyl,
dibenzothiophenyl, furanyl, furazanyl, furanonyl, furo[3,2-c]pyridinyl,
5,6,7,8,9,10-hexahydrocycloocta[d]pyrimidinyl, 5,6,7,8,9,10-hexahydrocycloocta[d]pyridazinyl,

5,6,7,8,9,10-hexahydrocycloocta[d]pyridinyl,isothiazolyl, imidazolyl, indazolyl, indolyl, indazolyl, isoindolyl,
indolinyl, isoindolinyl, isoquinolyl, indolizinyl, isoxazolyl, 5,8-methano-5,6,7,8-tetrahydroquinazolinyl,
naphthyridinyl, 1,6-naphthyridinonyl, oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl,
5,6,6a,7,8,9,10,10a-octahydrobenzo[h]quinazolinyl, 1-phenyl-1H-pyrrolyl, phenazinyl, phenothiazinyl,
phenoxazinyl, phthalazinyl, pteridinyl, purinyl, pyranyl, pyrrolyl, pyrazolyl, pyrazolo[3,4-d]pyrimidinyl, pyridinyl,
pyrido[3,2-d]pyrimidinyl, pyrido[3,4-d]pyrimidinyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrrolyl, quinazolinyl,
quinoxalinyl, quinolinyl, isoquinolinyl, tetrahydroquinolinyl, 5,6,7,8-tetrahydroquinazolinyl,
5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidiny],

6,7,8,9-tetrahydro-5SH-cyclohepta[4,5]thieno[ 2,3-d]pyrimidinyl, 5,6,7,8-tetrahydropyrido[4,5-c]pyridaziny],
thiazolyl, thiadiazolyl, thiapyranyl, triazolyl, tetrazolyl, triazinyl, thieno[2,3-d]pyrimidiny],
thieno[3,2-d]pyrimidinyl, thieno[2,3-c]pridinyl, and thiophenyl (i.e., thienyl). Unless stated otherwise in the
specification, a heteroaryl moiety is optionally substituted by one or more substituents which independently include:
acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy, amino, amido, amidino, imino,
azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, hydroxy, cyano,
halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio, thiocarbonyl, nitro, oxo, phosphate,
phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sulfonate, urea, -Si(R*);-, -OR", -SR?,
-OC(0)-R%, -N(R%,, -C(O)R?, -C(O)OR? -OC(O)N(R?,, -C(O)N(RY,, -N(RHC(O)OR, -NRHC(O)R?* -
N(RHC(O)N(R?),, N(R)C(NRH)N(RY,, -N(R)S(O)R* (where t is 1 or 2), -S(O)OR* (where t is 1 or 2),
-S(O)N(R%), (where t is 1 or 2), or ~O-P(=0)(OR?), where each R” is independently hydrogen, alkyl, haloalkyl,
carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl
and each of these moieties can be optionally substituted as defined herein.

[00154] “Heteroaryl-alkyl” refers to a -(heteroaryl)alkyl radical where heteroaryl and alkyl are as
disclosed herein and which are optionally substituted by one or more of the substituents described as suitable
substituents for heteroaryl and alkyl respectively. The “heteroaryl-alkyl” is bonded to the parent molecular structure
through any atom of the heteroaryl group.

[00155] “Heteroaryl-heterocycloalkyl” refers to an -(heteroaryl)heterocycloalkyl radical where
heteroaryl and heterocycloalkyl are as disclosed herein and which are optionally substituted by one or more of the
substituents described as suitable substituents for heteroaryl and heterocycloalkyl respectively. The “heteroaryl-
heterocycloalkyl” is bonded to the parent molecular structure through an atom of the heteroaryl group.

[00156] “Heteroaryl-cycloalkyl” refers to an -(heteroaryl)cycloalkyl radical where heteroaryl and
cycloalkyl are as disclosed herein and which are optionally substituted by one or more of the substituents described
as suitable substituents for heteroaryl and cycloalkyl respectively. The “heteroaryl-cycloalkyl” is bonded to the

parent molecular structure through a carbon atom of the heteroaryl group.
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[00157] “Heterocyclyl”, ‘“heterocycloalkyl” or ‘heterocarbocyclyl” each refer to any 3- to
18-membered non-aromatic radical monocyclic or polycyclic moiety comprising at least one heteroatom selected
from nitrogen, oxygen, phosphorous and sulfur. A heterocyclyl group can be a monocyclic, bicyclic, tricyclic or
tetracyclic ring system, wherein the polycyclic ring systems can be a fused, bridged or spiro ring system.
Heterocyclyl polycyclic ring systems can include one or more heteroatoms in one or both rings. A heterocyclyl
group can be saturated or partially unsaturated. Partially unsaturated heterocycloalkyl groups can be termed
“heterocycloalkenyl” if the heterocyclyl contains at least one double bond, or “heterocycloalkynyl” if the
heterocyclyl contains at least one triple bond. Whenever it appears herein, a numerical range such as “5 to 18”
refers to each integer in the given range; e.g., “S to 18 ring atoms” means that the heterocyclyl group can consist of 5
ring atoms, 6 ring atoms, etc., up to and including 18 ring atoms. For example, bivalent radicals derived from
univalent heterocyclyl radicals whose names end in “-yl” by removal of one hydrogen atom from the atom with the
free valence are named by adding “-idene” to the name of the corresponding univalent radical, e.g., a piperidine
group with two points of attachment is a piperidylidene.

[00158] An N-containing heterocyclyl moiety refers to an non-aromatic group in which at least one of
the ring atoms is a nitrogen atom. The heteroatom(s) in the heterocyclyl radical can be optionally oxidized. One or
more nitrogen atoms, if present, can be optionally quaternized. Heterocyclyl also includes ring systems substituted
with one or more nitrogen oxide (-O-) substituents, such as piperidinyl N-oxides. The heterocyclyl is attached to the
parent molecular structure through any atom of any of the ring(s).

[00159] “Heterocyclyl” also includes ring systems wherein the heterocycyl ring, as defined above, is
fused with one or more carbocycyl groups wherein the point of attachment is either on the carbocycyl or
heterocyclyl ring, or ring systems wherein the heterocyclyl ring, as defined above, is fused with one or more aryl or
heteroaryl groups, wherein the point of attachment to the parent molecular structure is on the heterocyclyl ring. In
some embodiments, a heterocyclyl group is a 3-10 membered non-aromatic ring system having ring carbon atoms
and 1-4 ring heteroatoms, wherein each heteroatom is independently selected from nitrogen, oxygen, phosphorous
and sulfur (“3-10 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, phosphorous and sulfur (“5-8 membered heterocyclyl”). In some embodiments, a
heterocyclyl group is a 5-6 membered non-aromatic ring system having ring carbon atoms and 1-4 ring
heteroatoms, wherein each heteroatom is independently selected from nitrogen, oxygen, phosphorous and sulfur
(“5-6 membered heterocyclyl”). In some embodiments, the 5-6 membered heterocyclyl has 1-3 ring heteroatoms
selected from nitrogen, oxygen phosphorous and sulfur. In some embodiments, the 5-6 membered heterocyclyl has
1-2 ring heteroatoms selected from nitrogen, oxygen, phosphorous and sulfur. In some embodiments, the 5-6
membered heterocyclyl has 1 ring heteroatom selected from nitrogen, oxygen, phosphorous and sulfur.

[00160] Exemplary 3-membered heterocyclyls containing 1 heteroatom include, without limitation,
azirdinyl, oxiranyl, thiorenyl. Exemplary 4-membered heterocyclyls containing 1 heteroatom include, without
limitation, azetidinyl, oxetanyl and thietanyl. Exemplary 5-membered heterocyclyls containing 1 heteroatom

include, without limitation, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothiophenyl, dihydrothiophenyl,
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pyrrolidinyl, dihydropyrrolyl and pyrrolyl-2,5-dione.  Exemplary 5-membered heterocyclyls containing 2
heteroatoms include, without limitation, dioxolanyl, oxathiolanyl and dithiolanyl. Exemplary 5-membered
heterocyclyls containing 3 heteroatoms include, without limitation, triazolinyl, oxadiazolinyl, and thiadiazolinyl.
Exemplary 6-membered heterocyclyl groups containing 1 heteroatom include, without limitation, piperidinyl,
tetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6-membered heterocyclyl groups containing 2
heteroatoms include, without limitation, piperazinyl, morpholinyl, dithianyl, dioxanyl, and triazinanyl. Exemplary
7-membered heterocyclyl groups containing 1 heteroatom include, without limitation, azepanyl, oxepanyl and
thiepanyl. Exemplary 8-membered heterocyclyl groups containing 1 heteroatom include, without limitation,
azocanyl, oxecanyl and thiocanyl. Exemplary bicyclic heterocyclyl groups include, without limitation, indolinyl,
isoindolinyl,  dihydrobenzofuranyl, dihydrobenzothienyl, tetrahydrobenzothienyl, tetrahydrobenzofuranyl,
tetrahydroindolyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, decahydroisoqu<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>