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HETEROCYCLIC COMPOUNDS AND USES THEREQOF

[00G1] Thig application claimg priority to U.S. Provisional Application Nos. 61/528,585, filed August
29, 2011, 61/347 343, filed October 14, 2011, 61/562,278, filed November 21, 2011, 61/595,947, filed February 7,

2012, and 61/645,982 filed May 11, 2012, the entireties of which are incorporated herein by reference.

BACKGROUND

(60027 The activity of cells can be regulated by external signals that stinuilate or inhibit intracellnlar
events. The process by which stimulatory or inhibitory signals are transmitied into and within a cell to elicit an
miracellular response s referred to ag signal transduction. Over the past decades, cascades of signal transduction
events have been clucidated and found 1o play a central role n a variety of biological responses. Defects in various
components of signal transduction pathways have been found o account for a vast number of diseases, including
numercus forms of cancer, inflammatory diserders, metabolic disorders, vascular and neuronal diseases (Gaestel et
al. Current Medicinal Chemisivy (2607} 14:2214.2234),

[0063] Kinases represent a clags of mmportamt signaling molecules.  Kinases can generally be
clagsified into profein kinases and lipad kinases, and cerfain kinases exhibit dual specificities. Protein kinases are
enzyies that phosphorylate other proleins andfor themselves {(Le, autophogphorviation). Protein kinases can he
generally classified into three major groups based vpon their substrate utilization: tyrosme kinases which
predominantly phosphorylate substrates on tyrosine residues (eg, erb2, POGE reeeptor, BEGF receptor, YEGF
receptor, sre, abl), serinefthreonine kimases which predominantly phosphorviate substrates on serine and/or threonine

residues (eg, mTorCl, mTorC2, ATM, ATR, DNA-PK, Ak, and dual-spec

fierty kinases which phosphorylate
substraies on tyrosine, serine and/or threonine residues.

(0004} Lapid kinases are enzymes that catalyze the phosphorylation of lipids. These enzvmes, and the
resulting phosphorylated lipids and lipid-derived biologically active organic molecules play 2 role in many different
physiclogical processes, including cell prolileration, migration, adhesion, and differentiation. Cerlain lipid kinases
are membrane associated and they catalyze the phosphorylation of hipids contained in or agsociated with cell
mernbranes.  Examples of such enzymes mclode phosphoinositide(s) kinases (eg, Pl3-kinases, Pld-Kinases),
diacylglycerol kinases, and sphingosine kinascs,

[¢005] "The phosphoinositide 3-kinases {PI3Ks) signaling pathway is one of the most highly mutated
systems in human cancers. PI3K signaling is also a key feclor in many other diseases in humans. PI3K signaling is
mvolved in many disease states including allergic contact dermatitis, rtheumatoid arthritis, osteoarthritis,
inflammatory bowel diseases, chronic obstructive pulmonary disorder, psoriasis, nwitiple scleresis, asihma,
disorders related o diabetic complications, and inflammatory complications of the cardiovascular system such as
agute coronary syndrorme.

[0006] PI3Ks are members of a unique and conserved family of infracellular lipid kinases that
phosphoryiate the 3™-CH group on phosphatidylinositols or phosphomositides.  The PI3K fanuly comprises 15
kimases with distinet substrate specificities, expression patterns, and modes of regulation. The clags 1 PI3Ks (p1Hq,

pilGh, pilts, and plloy) are typically activated by tyrosine kinases or Geprotein coupled receplors to generate



PIP3, which engages downstream effectors such as those in the Akt/PDK] pathway, mTOR, the Tec family kinases,
and the Rho family GTPases. The class I and HI PI3Ks play a key role in intracellular trafficking through the
synthesis of PI(3)P and PX(3,4)P2. The PI3Ks are protein kinases that control cell growth (mTORC1) or monitor
genomic integrity (ATM, ATR, DNA-PK, and hSmg-1).

16007} The delta (&) isoform of class I PI3K has been implicated, in particular, in a number of
diseases and biological processes. PI3K-8 is expressed primarily in hematopoietic cells including feukecytes such as
T-cells, dendritic cells, neutrophils, mast cells, B-cells, and macrophages. PI3K-8 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-8 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-
y, which plays a role in leukocyte signaling and has been implicated in inflammation, rheumatoid arthritis, and
autoimmune diseases such as lupus.

[G0068] Unlike PI3K-8, 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
16009] Deseribed 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, nen-
Himiting examples of inhibitors capable of selectively inhibiting PI3K-8 and/or PI3K-y, but without substantially
affecting the activity of PI3K-f are disclosed. Such inhibitors can be effective in ameliorating discase conditions
associated with PI3K-8/y activity,

{00107 In one embodiment, provided herein are compounds of Formula {I):

Formula (T)

or an enanfiomer, a mixture of enantiomers, or a mixiure of two or more diastereomers thereof, or a

pharmaceutically acceptable form thereof, wherein
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Wy, and W, are each independently CR, S, O, N or NR', wherein at least one of W' and Wy i
CRE N or NR'Y;

Wy is (,‘:RS, CHR®, or N;

pis 0, 1,201 3;

B s hydrogen, alkyl, alkenyl, allkynyl, smino, heteroalkyl, eycloalkyl, heterocyelyl, arvi or

heteroaryl, cach of which is substitited with 0-4 R

cach R* iy independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, avyl,
arylalkyl, heteroaryl, heleroarylalkyl, alkoxy, amide, amino, acyl, acyloxy, alkoxycarbonyl, sulfonarride, halo
cyano, hydroxyl, nitro, phosphate, vrea or carbonate;

K is absent ot is ~(CHR) -

Y ois absent, -O-, -8-, -S(=0), -8(=0)-, -N(R}-, -O(=-(CHR),, -C=0, NERH-CE=0), -
NERZWC =0T, -NRICR ), -CE0)-NRY), or -Cl=0RNR)-(CHRY),
each 7 is independently an indeger of 1, 2, 3, or 4;

R is Cogalkyl, fluoro, bromo, iodo, cyeloalkyl, cycloalkylalkyl, aryl, hetercaryl, heterocyelyl,

aralkyl, heferoaralkyl, heterocyclylalicyl, alkenyl, or alkynyl, or R’ is a heferoatom sclected from N, 8, and O,

wherein the heteroatom has 4 covalent bond, either divectly or through a C-Cy alkyl group, 1o an aryl, heteroary] or

neterocyelyl, or R? and R® are taken together with the carbons to which they are atiached form a cyclic moiety;

wherein each of the above substituenis can be substituted with 0, 1, 2, or 3 R

cach R® is independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterooycelyl, fhaoroalkyl,

heteroalkyl, alkoxy, amido, amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxade, sulfone, sulfonamidoe, halo, cyano,

heteroaryl, aryl, hvdroxyl, or nitro;
R¥ is hydrogen, alkyl, atkenyl, alkynyl, cvcloalkyl, heteroalkyl, alkoxy, amino, acyl, acyioxy,
sulfonamide, halo, cyano, hydroxyl, or nitro;
each R is independently hydrogen, alkyl, cycloalkyl, heterocyelyl or heteroalkyl;
\‘g]/ A s R
2 B
Wy s g
Als N or CR
R, RYORT RS and R

>

" are independently hwdrogen, allyl, heteroalkyl, allkenyl, alkynyl,
eveloalkyl, heterocyelyl, aryl, arylatkyl, heteroaryl, hetercarylalkyl, alkoxy, heterocyelyloxy, amido, aming, acyl,
acyloxy, alkoxycarbonyl, sulfonemido, balo, haloalkyl, cyano, hydroxyl, nitro, phosphate, urea, carbonate, oxo, or

NR'R" wherein R and R are taken together with nitrogen to form a cyclic moiety;
each R™ is independently hydrogen, alkyl, cycloalkyl, beterocyelyl or heteroatkyl; and

wherein the compound of Formula (1) is not one of the ollowing compounds:

Led



[0010a] In one aspect, there is provided A compound of Formula (I):

Formula (1)

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

W, and W,” are each independently CR®, S, 0, N or NR", wherein at least one of W' and W7 is
CR®, N or NR';

W, is CR® or CHR®:

pisi, 2or3;

B is hydrogen, alkyl, alkenyl, alkynyl, amino, heteroalkyl, cycloalkyl, heterceyelyl, aryl or
heteroaryl, each of which is substituted with -4 R%;

each R” is independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyi, heterocyclyl, aryl,
arvlalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyioxy, alkoxycarbonyl, sulfonamido,
halo, cyana, hydroxyl, nitro, phosphate, urea or carbonate;

X is absent or 18 —(CH(RQ))Z-;



Y is absent, -O-, -S-, -S(=0)-, -8(=0),-, -N(R"}-, -C(=O}-(CHR®),-, -C(=0)-, -N(R")-C{=0)NH-,
or N(R)CR )z

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

R¥ is aryl, heteroaryl, or heterocyelyl, or R? is a heteroatom selected from N, §, and O, wherein
the heteroatom has a covalent bond, either directly or through a C;-C; alkylene group, to an aryl,
heteroaryl, or heterocyclyl; wherein the aryl, heteroaryl, or heterocyclyl can be substituted with 0, 1, 2, or
3R

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

R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amino, acyl, acyloxy,
sulfonamido, halo, cvano, hydroxyl, or niiro;

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

:555 A\ R¢
Rit =N
Wd 18 R

AisN or CRY;

H

R g R RY, and R" are 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, carbonate, oxo, or NR'R"” wherein R' and R" are taken together with nitrogen to form a cyclic
moiety;

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

wherein the compound of Formula (I) is not one of the following compounds:

n,

/
N~N
i
“Nent K) ]
NN /\\\ It
8o s i/l i N
f ! Z A \MNY

N

RN o H =
N H e NN NH,
‘%J\TN\.’NQ‘/NH? _/Q\‘l//\‘ﬁ;: > ;NC [/N
pra W% NH,
4 4 2
N\
N-N
\\
i) Iy
" o
I
e NN NHp
Ty
HoN =
0

4a



Formula {I)

of &n enantiomer, a mixiure of enantiomers, or a mixture of two or more diastercomers thereof, or a
pharmaceutically acceptabie form thereof, wherein

W, and W,? are each independently CR®, S, O, N or NRY, wherein at least ane of Wy,' and Wy is
CR®, N or NR™;

Ww,” is CR®, CHR?, or N;

pis0,1,20r3;

B is hydrogen, alkyl, alkenyl, alkynyl, amine, heteroalkyl, cycloalkyl, heterocyciyl, aryl or
heteroaryl, each of which is substituted with 0-4 R%:

each R? is independently alkyl, heteroaikyl, alkenyl, alkynyl, cycloatkyl, heterocyclyl, aryl,
arylalkyi, heteroaryl, heteroarylalkyl, alkoxy, amide, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, hale,
cyano, hydroxyl, nitro, phosphate, urea or carbonate;

X is absent or is «(CH(R"),~

ab



Y is absent, -O-, -S-, -8(=0)-, -§(=0)s-, -N(R}-, -C(=0)-(CHR®),-, -C(=0)-, -N(R*)-C(=O)-, -
NR®)-CEOWNH-, NERICR),-, -C(=0)-N(R"),. or -C(=0)}-N(R")-(CHR),-;

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

R’ is Cyqalkyl, fluoro, bromo, iodo, cycloalkyl, cyeloaikylalkyl, aryl, heteroaryl, heterocyelyl,
aralkyl, heteroaralky!, heterocyclylalicyl, alkenyl, or alkynyl, er R’ is & heteroatom selected from N, S, and O,
wherein the heteroatom has a covalent bond, either directly or through a C,-Cs alkyl group, te an aryl, heteroaryl or
heteroeyelyl, or R and R® are taken together with the carbons to which they are attached form a cyclic moiety;
wherein each of the above substituents can be substituted with 0, 1, 2, or 3 R";

each RY is independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyctyl, fluoroalkyl,
hetercalky!, aikoxy, amido, amino, acyl, acyloxy, sulfinyl, suifonyl, sulfoxide, sulfone, sulfonamido, halo, cyano,
heteroaryl, aryi, hydroxyl, or nitro;

RY is hydrogen, alkyl, alkenyi, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amino, acyl, acyloxy,

sulfonamido, halo, cyane, hydroxyl, or nitro;

each R’ is independently hydrogen, afkyl, cycloaikyl, heterocyclyl or heteroalkyl;

N A RTO
o
R
W, is R A is N or CR™;

R, R", R R", and R" are independently hydrogen, alkyl, hetercalkyl, alkenyl, alkynyl,
cycioaikyl, heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyciyloxy, amideo, amino, acyl,
acyloxy, alkoxycarbonyi, sutfonamido, halo, haloalkyl, cyano, hydroxyl, nitro, phosphate, urea, carbonate, oxo, or
NR'R’ wherein R’ and R" are taken together with nitrogen to form a cyclic meiety;

each R™ is independentiy hydrogen, alkyl, cycloalkyi, heterocyclyl or heteroalkyl; and

wherein R? is not 1-methyl-4-pyrazolyl.

[6011a} In another aspect, there is provided a compound of Formula (I):

Formula (I)

or an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thereof, or a

pharmaceuticafly acceptable form thereof, wherein



W, and W,* are each independently CR®, §, O, N or NR", wherein at least one of W' and W' is
CR®, N or NR™;

W, is CR® or CHRY;

pis 1,2 or3;

B is hydrogen, alkyl, alkenyl, alkynyl, amino, heteroalkyl, cycloalkyl, heterocyclyl, aryl or
heteroaryl, each of which is substituted with 0-4 R%:

each R’ is independently alkyl, heteroalkyl, alkenyl, alkynyl, cycioalkyl, heterocyciyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, amine, acyl, acyloxy, alkoxycarbonyl, sulfonamido,
halo, eyano, hydroxyl, nitro, phosphate, urea or carbonate;

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

Y is absent, -O-, -8-, -8(=0)-, -8(=0)y-, -N(R")-, -C(=0)~(CHR’),-, -C(=0)-, -N(R")-C(=O)NH-,
or -N(RHCR )

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

R’ is aryl, heteroaryl, or heterocyelyl, or R’ is a heteroatom selected from N, S, and O, wherein
the heteroatom has a covalent bond, either directly or through a C,-C, alkylene group, to an aryl,
heteroaryl, or heterocyclyl; wherein the aryl, heteroaryl, or heterocyclyl can be substituted with 0, 1, 2, or
3RY,

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

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

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

W, is R
AisN or CR",
R RY R¥ RY, and R are independently hydrogen, alkyl, heteroalkyl, alkenyl, atkynyl,
cyeloalkyl, heterocycelyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido,
amino, acyl, acyloxy, alkoxycarbonyl, sutfonamido, halo, haloalkyl, cyano, hydroxyl, nitro, phosphate,
urea, carbonate, oxo, or NR'R' wherein R’ and R" are taken together with nitrogen to form a cyclic
moiety;
each R™ is independently hydrogen, alkyl, cycloalkyl, heterocyclyl or heteroaikyl; and
wherein R? is not 1-methyl-4-pyrazolyl.

5a



[0012] In certain embadiments, the compound of Formula (1) has a structure of Formula (11):

Formula {I1).

{0013} I some embodiments, the compound of Foremula (1) has a structure of Formula (Ia) or (IIb):

5b
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Formula (I1a) Formula (Hb).
[0014] In some embodiments, the compound of Formula (I} has a structure of Formula (Ilia) or
(THb):
RS Y-
Wy or
Formula (IHa) Formula (I11b).
{0015] In another aspect, there is a compound of Formula (IV):

Formula (}V);

wherein B is hydrogen, alkyl, alkenyl, alkynyl, amino, heteroalkyl, cycloalkyl, heterocyclyl, aryl
ot heteroaryl, each of which is substituted with 0-4 R%

each R? is independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heteroarvl, hetercarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyi, snifonamido,
halo, cvano, hydroxyl, nitro, phosphate, urea or carbonate;

X is absent or is (CH(R")),-;

Y is absent, -O-, -S-, ~$(=0)-, -3(=0)-, N(R’)-, -C(=0)-(CHR"},-, -C(=0)-, -N(R")-C(=0)NH-,
or -N(RYCR™)- ;

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



Ris aryl, heteroaryl, or heterocyclyl, or R’ is a heteroatom selected from N, S, and O, wherein
the heteroatom has a covalent bond, either directly or through a C,-C; alkylene group, to an aryi,
heteroaryl, or heterocyclyl; wherein the aryl, heteroaryl, or heterocyclyl can be substituted with 0, 1, 2, or
3 RB;

R* is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, beteroalkyl, alkoxy, amino, acyl, acyloxy,
sulfonamido, halo, cyano, hydroxyl, or nitro;

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

¢ A __R¥
s

R'H = N
Wy is R‘Q .
Ais N or CR";

R® R R™ RP, and R' are independently hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido,
amino, acyl, acyioxy, alkoxycarbonyl, sulfonamido, halo, haloalkyl, cyano, hydroxyl, nitro, phosphate,

urea, carbonate, oxo, or NR'R” wherein R’ and R" are taken together with nitrogen to form a cyclic

moiety.

[0616] In some embodiments, the compound of Formula (IV) has a structure of Formula (V):
Formula (V).

[0017] In another aspect, there is a compound of Formula (VI):

ba



Formula {V1);

wherein B is hydrogen, afkyl, alkenyl, alkynyl, amino, heteroalicyl, cycloalkyi, heterocyclyl, aryl
or heteroaryl, each of which is substituted with 0-4 R’;

each R? is independently aikyl, heteroatkyl, atkenyl, alkynyl, cycloalkyl, heterocyclyl, aryi,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, amine, 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}-, -8(=0);-, N(R*}-, -C(=0)~(CHR},-, -C(=0)-, -N(R")-C(=O)NH-,
or -N(RIC(R");-;

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

R? is aryl, heteroaryl, or heterocyclyl, or R? is a heteroatom selected from N, S, and O, wherein
the heteroatom has a covalent bond, either directly or through a C,-C; alkylene group, to an aryl,
heteroaryl, or heterocyclyl; wherein the aryl, heteroaryt, or heterocyclyl can be substituted with 0, 1, 2, or
3RY;

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

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

W AR
R”I('L
Wais Rr'2 :
AdsNor CRN;

R' RM R R, and R" are independently hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocyelyl, aryl, arylalkyl, heteroaryt, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl,
acyloxy, alkoxycarbonyl, sulfonamido, halo, haloalkyl, cyano, hydroxyl, nitro, phosphate, urea,
carbonate, oxo, or NR'R" wherein R’ and R” are taken together with nitrogen to form a cyclic moiety.

j0018] In certain embodiments, the compound of Formula (VI) has a structure of Formula (Vi)



[0019]

[0020]

r0021]

Formula (VII).

In certain embodiments, the compound of Formula (VI} has a structure of Formula (VHI):

R?: O

B

7 N

=
N
Y.
Wy

Formula (VIIT).

In some embodiments, the compound of Formula (VHI) Las a structure of Formula (IX):

Formuia (IX).

In another embodiment, provided herein are compounds of Formula (XV):

7a
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Formula (XV)

or an enaoliomer, a wixture of enantiomers, or a mixture of two or more disstereomers thereof, or a
pharmaceutically acceptable form thereof, wherein

W, and W' are each independently C RE S O, N or NP wherein at least one of W, and W7 ig
CR®, N or NR'™,

pisd, L 2or3;

B s bydrogen, allyl, alkenyl, alkynyl, ammno, hetercalleyl, cyeloalkyl, heterocyelvl, aryl or
heteroaryl, wheretn cycloalkyl, heleroeyelvl, arvl or heleroarvl are substituted with 0-4 7

each R® is independently afleyl, heseroalkyl, allenyl, alkynyl, cycloalkyl, heterocyelyl, aryl,
arylalkyl, heteroaryl, heteroarylaliyl, alkoxy, amide, amino, acyl, acvloxy, alkoxvearbonyl sulfomarmido, halo,
cyvano, ydroxyl, nitro, phosphate, urea or carbonate; .

X 15 absent or is (CH{R),-;

Y ois absent, -0, -8, -5(=0)-, -5{=0)a, N(R™)., -C(=0)(CHRY,-, -C=0)-, I\jﬁ{{}}“(\(:(})“,
NRT-C(=0INH-, NRMCR ), O3RN, or -C=0) NRD-(CHR) -

cach 7 is independently an infeger of 1, 2, 3, or 4,

each RY is mdependently hydrogen, alkyl, alkenyl, alkynyl, cycloaikyl, heterocyclyl, Huoroatkyl
heteroalkyl, alkoxy, amido, amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxide, sulfone, sulfonarmido, halo, cyana,
heteroaryl, aryl, hydroxyl, or nitro;

cach R” s independently hydrogen, alkyl, cycloalkyl, heferocyclyl or heteroalkyl;
8 R0
¢ "Y" Y
Q11 T;“‘i
W, is R'?
Ads Nor CR”,
RYORM RE R and R are independently hydrogen, allkyl, hewroalkyl, alkenyl, atkynyl,
cycloalkyl, heterocycelyl, aryl, arylatkyl, heterowryl, beteroaryhalkyl, alkoxy, heterocyelyloxy, amido, amine, acyi,
acyloxy, alkoxycarbonyl, sulfonamido, halo, evano, hydroxvl, nitro, phasphate, nrea, carbonate, oxo, or NR'R"
wherein R"and R are faken together with nitrogen o form a cycle moiety;

each R is independently hydrogen, alkyl, cycloalkyl, heterocyelyl or heteroabioy];
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R'™ is hydrogen, alkyl, haloalkyl, halo, alkoxy, cyeloslkyvl, eycloaliviatkel, aryl, heteroavyl,
heterocyelyl, aralkyl, heteroaralkyl, heterocyelyiaikyl, alkenyl, or allcynyl, or R' is a heteroatom selected from N, 8,
and O, wherein the heteroatom has o covalent bond either divectly or through a C-Cy alkyl group to an aryl,
heteroary! or heterocyelvl, or R and R" are taken 1ogether with the carbons to which they are attached form a 5- or
6-membered ring; wherein sach of the above substituents can be substinied with 0, 1, 2, or 3 RY; and

wherein both I3 and R*® are not hydrogen.

[0022] in certain smbaodintents, the compound of Formula (30V) hag a struchure of Formuda XV

Formula (XV1).
roo23] In some embocdiments, the compound of Formula (XV1) has a structure of Formula (3CVIT):

R G

- H
T g 5t
rf';{//; /g’/ o~ bl -

g

®Y

"\

AY

\Q'\“'Q/ ™ Nfz‘//”} s

r<§§ll§usl\

/

Wei oy
Formula (XVID).
[0024) In certain embodiments, the compound of Formula (V) has a structure of Formula 0V
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Formula (XVIT).

[6025] in some embodiments, the compotnd of Formula XV hag a simcture of Foomuta (OVIVY:



Formula (XVIV).

[0G26] In certain embodiments, the compound of Formuia (XV) has a structure of Formula (XX}

R’lB

|
Y
Wy
Formuia (XX).
(60271 In certain embodiments, the compound of Formula (XX} has a structure of Formuta (XXI).
18 G
R i
77 N
~
SN R®
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Wy
Formuia (XXI}.
10028] In another embodiment, provided herein are compounds of Formula (X) or (XI):
R'!? R17 IT“
RE N R RE N O
S
O] O]
sz\\ P ng =
W' W, T \W; \Wbs X
¥, Y,
\Wu or \Wd
Formula (X) Formula (X1}

or an enantiomer, a mixture of enantiomers, or a mixiure of two or more diastercomers thereof, or a
pharmaceutically acceptable form thereof,
whereimn:

W, and W,” are each independently CR%, S, O, N or NR', wherein at jeast one of W' and W, is
CR® Nor NRM;

each R® is independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyetyl, fluoroalkyl,
heteroalkyl, alkoxy, amido, amino, acyl, acyloxy, sulfinyl, sulfonyl, suifoxide, sulfone, sulfenamido, halo, cyano,
heteroaryl, aryl, hydroxyl, or nitro;

each R' is independently hydrogen, alkyl, cycloatkyl, heterocyelyl or heteroalkyt;

R'is—{L)}-R";

Lis abond, -S-, -N(R')-, C(R")-, -C(=0)-, or —O-;

10
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RY is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heteroeyelylalyl, aryl, aryiatkyl, heteroaryl, heteroarviatkyl, 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 fogether with nifrogen to form a cyclic moiety;

pisd, L, 2or3;

W, is CR* or N;

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

R' is alkyl, haloalky}, alkoxy, cycloalkyl, cycloalkylalkyl, aryl, heteroaryl, heterocyclyl, aralleyl,
heteroaralkyl, heteroeyclylalkyl, alkenyl, or alkynyl, or R' is a heteroatom selected from N, S, and O, wherein the
heteroatom has a covalent bond either directly or through a C;-Cs alkyl group to an aryl, heteroaryl or heterocyclyl,
or RY and RY are taken together with the carbons o which they are attached form a 5- or 6-membered ring; wherein
eéch of the above substituenis can be substituted with 0, 1,2, or 3 R

X is absent or is —(CH(R'*)),;

Y ig absent, -O-, -S-, -S(=0)-, -$(=0}-, -NR'%}-, -C(=0}-(CHR'%),-, -C(=0)-, -NR'*)-C(=0)-, or
N(R')-C(=O)NH-, -NR'YCR ), -C=0)-NR); o1 -C(=0)-NR“}-(CHR'),

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

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

:sé ‘ A\\‘]/R‘% 0
rit N

Wyis R

Ais Nor CR"; and

R RY, B2 R¥ and RY are mdependently hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl,

cycloalkyl, heterocyclyl, aryl, aryialkyl, heteroaryl, heteroarytalkyl, alkoxy, heterocyciyloxy, amido, amine, acyl,
acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, carbonate, oxo, or NRR”
wherein R’ and R are taken together with nitrogen fo form a cyclic moiety.
{0029] In certain embodiments, a compound as provided herein selectively modulates phosphatidyl
inositol-3 kinase (PI3 kinase) delta isoformn. 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 thap a factor
of about 16, greater than 2 factor of about 50, greater than a factor of about 100, greater than a factor of about 200,
gyezter than a facior of about 400, greater than 2 factor of about 600, greater than & factor of about 800, greater than
a factor of about 1000, greater than a factor of about 1300, 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 1Cs, among other means. In certain embodiments, the PI3 kinase delta isoform ICs, activity of a
compound as provided herein can be less than about 1000 nM, less than about 100 nM, less than about 10 oM, or
less than about 1 nM.
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[6038] In certain embodiments, provided herein is a composition (eg, a# pharmaceutical
composition) comprising a compound as deseribed herein and one or more pharmaceutically acceptable excipienis.
In some embodiments, provided herein is a method of inhibiting a phosphatidyl mositol-3 kinase (P13 kinase},
comprising contacting the P13 kinase with an cffeetive amount of a compound or pharmaceutical composition as
described herein, In certain embodiments, & method is provided for inhibiting a phosphatidyl inositol-3 kinase (P13
kinase) wherein saié PI3 kinase is present in a cell. The inhibition can take place in a subject suffering from a
disorder selected from cancer, bone diserder, inflammatory disease, immune disease, nervous system discase {e.g., a
neurcpsychiairic disorder), metabolic disease, respiratory disease, thrombosis, and cardiac disease. In certain
embodiments, a second therapeutic agent is administered to the subject.

[6031] In certain embodiments, a method is provided of selectively inhibiting a phosphatidy? inositol-
3 kinase (P13 kinase) delta isoform over PI3 kinase beta isoform wherein the inhibition takes place in a cell. Nom-
limiting examples of the methods provided herein can comprise contacting P13 kinase delta isoform with an
effective amount of 2 compound or pharmaceutical composition 28 provided herein. In an embodiment, such contact
can oceur in a cell.

[0032] In certain embodiments, a method is provided of selectively inhubiting a phosphbatidyl inositol-
3 kinase (P13 kinase) delta isoform over PI3 kinase beta isoform wherein the inhibition takes place in a subject
suffering from & disorder selected from cancer, bone disorder, inflammatory disease, immmune disease, nervous
system disease {e.g., & 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 hercin is a method of treating a subject suffering from a disorder
associated with phosphatidyl mositol-3 kinase (PI3 kinage), 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 suificient for selective
modulation of PI3 kinase delta isoform over P13 kinase beta isoform.

[0033] In some embodiments, provided herein i a method of making a compound as described herein.
[0034] In certain embodiments, provided herein is a reaction mixture comprising a compound as
described herein.

100351 In certain embodiments, provided herein is a kit comprising a compound as described herein.
[0036] In some embodiments, a method is provided for treating a discase or disorder described herein,
the method comprising administering & therapeutically effective amount of a compound or pharmaceutical
compogition described herein to a subject.

(00371 In some embodiments, o method is provided for treating a PI3K mediated disorder in 2 subject,
the method comprising administering a therapeutically effective amount of a compound or pharmaceutical
coniposition described herein to a subject.

[0038] In some embodiments, provided herein is @ use of a compound or a phammaceutical

composition described herein for the treatment of a disease or disorder described herein in a subject,



[0039] In some embodiments, provided herein is a use of a compound or a pharmaceutical
compesition described herein for the treatment of a PI3K mediated disorder in a subject.

[60401 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 freatment of a disease or disorder
described herein in a subject.

[0041} 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.
[0041a] In another aspect, there is a compound, wherein the compound is
N
MeO\E/ N
P
1,0
DY
S

HN. _N___NH,

7
or a pharmaceutically acceptable form thereof.

[0041b] In another aspect, there is a compound, wherein the compound is
MeO

HIG INYNHQ
i

Compound 49,

or a pharmaceutically acceptable form thereof,

{0041c] In another aspect, there is a compound, wherein the compound 1§

N7 MM,

Compound 9,

13



or a pharmaceutically acceptable form thereof.

ro041d] In another aspect, there is a compound, wherein the compound is

NC =N

or a pharmaceuticaily acceptable form thereof.

[0041¢] In another aspect, there is a compound, wherein the compound is

Compound 359,

or a pharmaceutically acceptable form thereof,

F004116) In another aspect, there is a pharmaceutical composition comprising a compound as

defined above and one or more pharmaceutically acceptable excipients.

13a



INCORPORATION BY REFERENCE
[0042] 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.
DETAILED DESCRIPTION

[0043] In one embodiment, provided are heterocyclyl compounds, and pharmaceutically acceptable
forms, inchuding, but not limited to, salis, hydrates, solvates, isomers, prodrugs, and isotopically labeled derivatives
thereof.

[0044] In another embodiment, provided are methods of treating and/or managing various diseases
and disorders, which comprises administering to = 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. Ixamples of diseases and disorders are described herein.

[0045] 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 2 pharmaceutically acceptable form (e.g., salis, hydrates, solvates, isomers, prodrugs,
and isotopically labeled derivatives) thereof. Examples of diseases and disorders are described herein.

[0046] In other embodiments, a compound provided herein, or a pharmaceutically acceptable form
{e.g., salts, hydrates, solvates, isomers, prodrugs, and isotopically labeled derivatives) thersof, is administered in
combination with another drug (“second active agent”) or treatment. Second active agents include smali molecules
and large molecules {e.g., profeins 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 te, 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,

13b
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[6047] Also provided are pharmaceutical compositions (eg, single unit dosage forms) that can be
sed nthe methods provided hesein.  In one embodiment, pharmaceutical compositions comprise 2 compound

provided herein, or a pharmaceutically acceplable Torm {e.g, salts, hydrates, solvates, isomers, prodigs, and
otopically labeled derivatives) thereof, and optionally one or more second active agents.

[0048] While specilic embodiments have been discussed, the s muhcamm is lugtrative only and not

restrictive. Many vanations of this disclosure will become apparent to those skilled in the art upon review of this

specification,

100491 Unlezs defined otherwise, all technical and scientific terms used berein have the same meaning

as is commonty undersiood by one of skill in the art to which this specification pertains.

[0G50] Ag used in the specilication and elaims, the singular form 8", “an” and “the” mcludes pharal

reforences unless the context slearly dictates otherwise.

230

biologically active agent’

3

[B051] Ag used herein, “agent” or T “second aclive ageat” refors o a
biological, pharmaceutical, or chemical compound or other motety, Non-limiting exaraples include simple or
coanplexn oreanic or imorganmic molecudes, a peptide, a profem, an oligonucleotide, an antibody, an antibody
derivative, an antibody fragment, a vitamin, a vilamin derivative, a carhohydrale, a toxin, or a chemotherapeutic
compourd, and metabolifes thereol,  Various compounds can be synthesized, for example, small molecules and
oligomers feg., oligopeptides and oligonucleotides), and synthetic organic compounds based on varlous core
stnctuzes. I addition, varous natural sources can provide compounds for screening, such as plant or animal
exiracts, and the like. A skilled artisan can readily recognize that there is no limit ag to the structoral naiwe of the
apents of this disclosure,
[0052] The term “agonist” ss used herein refers 1o a compound or agent having the ability {0 initiaie
or enhance a biological function of a target protein or polypeplide, such as increasing the activity or expression of
the target profein or polypeptide. Accordingly, the term “agontst™ is defined in the conlext of the binlogical role of
the target protein or polypeptide. While some agonists herein specifically interact with {eg., hind to) the target,
compotnds and/or agents that inihate or enbance a biolegical activity of the target protein or polypeptide by
interacting with other members of the signal transduction pathway of which the target polypeptide 18 @ member are
also speaifically included within this definition.
[O0G53) The tarms “antagonist” and “inhibitor” are used inferchangsably, and they vefer w0 a
compmmd or agent having the ability to mbibit a biological function of a target protein or polypeptide, such as by
nhibiting the activity or expresston of the larget protein or polypeplide.  Accordingly, the terms “antagonist” and
“labibiior” are defined dn the context of the biological role of the target profen or polvpeptide,  While some
antagonists herein specifically inferact with (e.gz, bind to} the target, compounds that mhibit a biological activity of
the tareet protein or polypeptide by interactng with other members ol the signal vensduction pathway of which the
targel profein or polypc.piid.c: are also specifically included within this definifion. Non-limiting examples of
brological activity inhibited by an antagonist include those assocated with the development, growth, or spread of a

fmor, or an undesired Immune response as manifested in autolmmune disease.
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[0054] An “anti-cancer agenl”, “anti-lumor agent” or “chemotherapentic 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 o &
cancer palicnt by various methods, including intravenous, oral, intramuscular. intraperitoneal, inlravesical,
subcutanecus, ansdermal, buceal, or inhalation or in the form of a suppository.

[0055] The term “cell proliferation” refers to o phenomenon by wiich the cell number has changed
as 4 tesult of division. This term also encompasses cell growth by which the cell morphology hay changed (e.g.,
increased in sive) consistent with a proliferative signal.

[6058] The term “co-administration,” “administered in combination with,” and thelr grammatical
equivalents, as used herein, encompasses adminisiration of two or more agenis (o subject so that both agents and/or
their yeelsbolites are present o the sebject at the swme Gme. Co-admnistration  mcelades stmultancous
adminigtration in separate compositions, administration af different times In separate compositons, or admimstration
13 composiion in which both agents are present,

iy

[0057] The term “effective amount” or “therapeutically effective amount” refers {0 that amount of a
compornd of pharmacentical composition described hercin that is sufficient to effect the mtended applicaton
including, but not limited to, disease treatiment, as Justrated below, The theraneutically effective amount can vary
depending upon the ntended application (in vitro or in vive), or the subject and disease comdition being treaied, e.g.,
{he weighi and age of the subjccl, the severity of the diseuse condition, the manner of administration and the like,
which can readily be determingd by one of ordinary skill w the art. The term also applhes 1o a dose that will induce a
particular response in targel cells, e.g, reduction ol platelet adhesion and/or cell migration. The gpecific doge will
vary depending on, for example, the particular compounds chosen, the dosing resimen to be followed, whether it ig
admomistered m combination with other a.ge*;n.s: fning of administration, the tissue o which i is administered, and
the physical delivery system m which 11 18 canied.

3

[O058] As used hervein, the termms “Greatment”, “realing”, “palliating” and “amelioraling” are used
interchangeabsty berein, These terms refer to an approach {or obtaining beneficial or desired results inchuding, but
not limited o, therapeutic benelit and/or & prophylaciic benefit. By therapeutic benefit is meant eradication or
amehioration of the underlying disorder being reated. Also, a therapeutic benefit is achieved with the eradication or
ameloration of cne or more of the physiological syimptoms assaeiated with the underlying disorder such that an
improvement 18 observed in the patient, notwithstanding that the patient can st be afllicted with (he underlying
disorder,  For prophylactic benefit, the pharmaceutical compostions can be administered fo a patient at risk of
develoning a particular disease, or 1o a patient reporting one or more of the physiclogical symptoms of a disease,
even though a diagrosis of this discase may not have been made.

00591 A “therapentic effoct,” as that torm is used herein, encompasses a therapeutic benefit and/or a
prophylactic beneht as described above, A prophylactic effect inchudes delaying or eliminating the appearance of
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 combinaiion thereof,
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[00601 “Bignal transduction” is 2 process during which stimulatory or inhibitory signals are
transinitted into and within a cell to elicit an intracellular regponse. A “modulator” of a gignal transduction pathway
refers to a compound which modulates the activity of one or more cellular proteing mapped 1o the same specific
signal transduction pathway, A modulator can angment (agonist) or suppress (antagonist) the activity of a signaling
meteculs,
[G061] The term “selective inhibliion” or “sclectively infnbit™ as applied to a biologically active
agent refers to the agent’s ability to selectively reduce the target signaling activity as compared fo offtiarget
signaling activity, via direct or interact interaction with the target. For example, a compound that selectively inhibits
one isofonn of PI3K over another fsoform of PI3K has an activity of al least 2X against a first isoform relative 1o the
componnd’s activity against the second isofomnm (e.g., at least about 3X, 5X, 10X, 20X, 50X, or 160X).
[00s62] “Radiation therapy’™ means exposing a patient, using roulime methods and compositions known
1 the practiiioner, 1o radiafion cmitters such as, but not limited to, alpha-particle emitting radionuclides {ag.,
actimiuny and thorium radionuclides), low Hncar energy transfer (LET) madiation emitters (e, beta emitters),
conversion electron emitters (e.g., strontivm-39 and samarium-153-EDTMP), or high-energy radiation, inchiding
without Hmitation x-rays, gamma rays, and newirons.

)
[0063

[r}

“Subject” to which administration is contemplated includes, but 1s not hmited fo, humans {i e,

a male or female of any age wroup, eg, a pediatric subject (e.g., mlant, child, adolescent) or adult subject (e.g.,
young adult, middle—aged adult or senior adult)y and/or other primates {e.g., cynomolpus monkeys, thesus monkeys);
mammnials, including commercially relevant mammals such as cattle, pigs, horses, sheep, goats, cats, andior dogs;
and/or birds, including commercially relevant birds such a8 chickens, ducks, geese, quail, and/or nokeys.

[0064] The term “in vive” relers 1o an event that takes place in a subject’s body,

[0065] The term “in vitre” relers to an event that tokes places outside of a subject’s hody. For
example, an in vilro assay encornpasses any assay conducted outside of a subject. Jr vitro assays encompass cell-
based assays in which cells, alive or dead, sre employed. fn vitro assays also encompass a cell-free agsay i which
no intact cells are employed.

[0066] As used herein, “pharmacentically acceptable esters” include, but are not limited to, alkyl,
alkenyl, alicynyl, aryl, aralkyl, and cycloaliey! esters of acidic groups, inclading, bul not limited to, carboxvlic acids,

phosphoric acids, phosphinic acids, sulfonic acids, sulfinde acids and boromc acids.

[toe7] Asg used herein, “phanmaceutically accepiable enol ethers” melude, bul are not Hmited 1o,
derivatives of formula -C=C(OR) where R can be selected from alkyl, atkenyi, allkyayl, aryl, aralkyl and cycloalkyl.

Pharmaceuizcally acceptable enol estzrs include, but are not limited fo, derivatives of formuola -C=CIOC(OIR) where
R can be selecied from hydrogen, alkyl, alkenyl, alloynyl, aryl, aralkyl and cvcloalioyl.

[6068] As used herein, a “pharmacentically acceptable form” of a disclosed compound meludes, but is
not limiled to, pharmaceutically acceptable salts, hydrates, solvates, isomers, prodrugs, and isolopically labeled
derivatives of disclosed compounds. Tn one embodiment, a “pharmaceutically acceptable form” includes, but is not
limited to, phanpacentically acceptable salis, isomers, prodrugs and isolopicaily labeled derivatives of disclosed

COiY 1]301111(19.
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[0069] In certain embodiments, the pharmacentically acceptable form is a pharmaceutically acceptable
seit. As used herein, the term "pharmaceutically acceptable salt" refors to those salts which are, within the scope of
sound medical judgment, suitable for use n contact with the fissucs of subiects without undue toxicity, Trritation,
allergic response and the like, and we commensurate with a reasonable benefit/risk ratto. Pharmaceutically
acceptable salts are well known 1o the art. For example, Berge ¢f ol describes pharmaceutically acceptable salts in
detail in J. Pharmaceutical Sciences (1977) 66:1-19. Pharmaceutically acceptable salts of the compounds provided
herein incinde those derived from snitable norgamic and organic acids and bases. Examples of pharmaceutically
acceptable, nontoxic acid addition salis are salts of an amino group formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchioric acid ar with organic acids such as
acetic acid, oxalic acid, maleic acid, tartanc acid, citric asid, suceinic acid or malonic acld or by using other methods
uged in the art such as jon exchange, Gther pharmaceutically acceplable salts include adipaie, alginate, ascorbaie,
aspartate, benrenesullonate, besylate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, clirate,
cyclopentanepropionate,  digluconate,  dodecylsulfate, eihanesulfonate, formate, fumarate, ghicoheptonate,
glycerophosphate,  ghiconale, hemisuifate, heptanoate, hexanoaie, hydrolodide, 2-hyvdroxy ethanesulfonate,
lactobionate, lactate, laurate, lauryl suifate, malate, maleate, malonate. methanesulfonate, 2-naphihalenesulfonate,
nicotinate, nilraie, oleate, oxalate, palimitate, pamoate, pectinate, persulfaie, 5-phenylpropionate, phosphate, picrate,
pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyapate, p~loluenesulfonate, indocancale, valerate
salig, and the like, In some embodimenss, organic acids from which salts can be derived include, for example, acetic
acld, propiontc acid, giycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acld, succinic acid, fumaric acid,
tartaric acid, citric acid, benzoie acid, cinnamie acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,
p-tolusnesulfonic acid, salieylic acid, and the like.

[o670) Pharmaceutically acceptable salts devived from appropriate bases melude alkali metal, alkaline
earth metal, anmoniom and N7(C, allkyD*- salts. Representative alkall or alkaline earth mete! salis include sodinm,
lithivm, potassium, calcium, magnesivm, iron, zine, copper, manganese, aluminui, and the like.  Further
pharmaceutically acceplable salts inchide, when appropriate, nonfoxic ammonium, quaternary ammonium, and
amine cations formed using counlerions such ag halide, hydroxide, carboxylate, sullate, phosphate, nitrate, lower
alkyl sulfonate and aryl sulfonate. Ovganic bases from wlich salls can be derived include, for example, primary,
secondary, and tertiary amines, substitlvied amines including naturally occurring substituted anmes, cyelic amines,
basic ion exchange vesins, and the like, such as isopropylamine, tnmethylamine, dicthylamine, triethylamine,
Tripropylaming, and ethanolumine.  In some embodiments, the pharmaceutically acceptable base addition salt is
chosen from mumoniom, potassivm, sodivm, caleium, and magnesium salts,

(00711 in certain crebodiments, the pharmacentically accepiable form is a “sobvate” (a.g., a hydmate).
As used hercin, the term “solvate” refers to compounds that further nclude a stotchiometric or non-stoichiometric
amount of solvent bound by ron-covalent intermolecular forees. The solvate can be of a disclosed compound or a
pharmaceutically acceptable saltl thereof. Where the solvent is water, the solvate i3 a “hydrate”. Pharmaceutically

acceptable solvates and hydiates are complexes that, for example, can include 1 to about 100, or I to about 10, or
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cne to about 2, about 3 or about 4, solvent or water modecules. 11 will be understood that the term “compound”™ ag
used herein encompasses the compound and solvates of the compound, as well as mixtures thereof,

[6072] In certain embodiments, the pharmacentically acceplable form s 2 prodrag.  As used herein,
the term “prodmg” vefers 1o compounds that are fransformed in vive fo 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 fn vivo 1o an active compound, for example, by hydrolysis (e.g., hydrolysis in blood). In cerlain cases, a
prodrag has tmproved physical andf/or delivery properties over the parent compound.  Prodrugs are typically
designed {0 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 (Bizevier, Amsterdam).
discussion of ;n‘ﬂdmgs 15 provided in Hignehi, T, et al., “Pro-drugs as Novel Delivery Systems,” 4. C.5 Symposium
Serizs, Vol 14, and in Bloreversible Carriers n Drug Design, ed. EBdward 3. Roche, American Pharmaceutical
Association and Pergamon Press, 1987, both ol which are incorporated in full by reference herein.  FExemplary
advantages of a prodrug can include, but are not limitled to, s physical properties, such as enhanced water soiubility
for parenteral adumunistration at physiological pH compared to the parent compound, or it enhances absorption from
the digestive tract, or it can enhance drug stabibity for long-tamm storage.

[0073] The term “prodrug” s also meant to include any covalemtly bonded carviers, which release the
active compound im wive when such prodiug s admimistered to a sabject. Prodrugs of an active compound, as
deseribed herein, can be prepared by modifving functional groups present in the active compound in such a way that
the miedifications are cleaved, either in routine manipulation or in vivo, 10 the parenl active compound, Prodrugs
include compounds wherein a hydroxy, amino or mercapto group is bonded o any group that, when the prodiug of
the active compound s administered to a subyect, cleaves 1o form a [ee bydroxy, free amino or free mercapio group,
respectively, Examples ol prodrugs include, bat are not limited to, acetate, formate and benzoate derivatives of an
alcohel or acctamide, formamide and beszamide derivatives of an amine functicnal group in the aclive
compound and the iike. Other examples of prodrugs include compounds that comprise -N(Q, -NiJ,, -ONO, or -
ONO, moieties. Prodrogs can typically be prepared using well-nown methods, such as those described in Burger’s
Medicinal Chemisiyy and Dyvug Discovery, 172-178, 949-882 (Manfred E. WollT ed., 5th ed.
Prodrugs (H. Bundgaard ed., Elselvier, New York, 1985).

, 1895), and Design of
[0674] For example, 1 2 disclosed compound or a pharmaceutically acceptable form of the compound
contains a carhoxyHe acid Nunctional group, a prodrag can comprise a pharmaceutically aceeptable ester formed by
the replacement of the hydregen atom of the acid group with a group such as {C-Coalkyl, (T
Cipatkanoyioxymethyl, 1-(alkanoyloxy)ethyl having from 4 10 9 carbon atoms, -methyl-1-(alkenoyloxyi-elhyl
having Tromn 5 to 10 carhon aloms, alkoxycarbonyloxymethy! having from 3 fo 6 cawbon atoms, -
{alkoxycarbonyloxyiethyl having from 4 to 7 carbon atoms, T-methyi-1-(alkoxycarbonyloxylethyl having from 5 1o
8 carbon  atoms,  N-{alkoxvearbopylaminomethyl  having  from 3 to 9 carhen  atoms,

A

1-(N~(alkoxycarbonyl)aminojethyl having from 4 1o 10 carbon atoms, 3-phthalidyl, 4-crotonolactonyl, smuma-
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butyrolacton-d-yi, di-NN-{C-Cohalkylamino{Cs-Coalky (such 2s S-dimethylaminoethy]), carbamoyl-(C,-Cylalkyl,
NN-HC-Coalkylearbamoy - -Cyatkyl and piperidino-, pyrroliding- or morphohno(Cy-Csalkyl,
rou7s] Sumilarly, if a disclosed compound or a pharmacentically acceptable form of the compound
containg av alcohol fanctional group, a prodg can be formed by the replacement of the hydrogen atom of the
alcobol  group  with  a group  such  as (CrCoalkanovloxymethyl,  1-({C-Cgalkanovioxyjethyl,
Pemethyl-1-((C-Coralkanoyioxyyethyl  {C-Colalkonycarbonyloxymethyl,  N-C-Coalkoxyearbonylaminomethyl,
succineyl, (C)-Coalkanoyl, a-ammo(C -Coalkanovl, arylacyl and a-aminoacyl, or g-ammnoacyl-g-aminoacyl, where
cach w-aminoacyl group i3 independently selected from the vaturally ccoumring L-amino acids, PLOHOH),,
SPLOYO(C-Camlkyly, or glyeosyl {(the radical resulting [rom the removal ol a hydroxyl group of the hemiacetal
form of a carbohydrate),
[O070] 1E a disclosed compound or a phanmaceutically acceptable form of the compound incorporates
an amine functional group, a prodrug can be formed by the replacement of a hydrogen atom in the anvine group with
a group such as R-carbonyl, RO-carbonyl, NRR -carbony] where B oand R are each independently (C,-Chpjatkyl,
(Cr-Chicycloalkyl, benzyl, a natural a-aminoacy! or natural e-amimoacyl-patural o-aminoacyl, —C(OFCO0OY!
wherein Y s H, (¢« e ralkyl or benzyl, C{Ooy*? )\" wherein ¥ § {C-Cyy alkyt and Y7 18 (C-Cyalkyl, carboxy(C)-
Coalkyl, amino(C-Cyalkyl or mono-N—— or di-NN—(C,-Coalkvlaminoalkyl, —C(Y “)Y > wherein ¥* is H or
methy] and Y7 is mono-N— o di-NN—(C,-Coallylamine, merpholing, piperidin-1-yv] or pyrrolidia-1-vl.
[0D0771 In cerfain embodiments, the pharmacentically acceptable form is an somer. “lsomers” are
different compounds that bave the same molecular formula. “Stercotsomers” are isomers that differ only in the way
the atoms are arvanged in space. As used Eemim the term “isomer” includes any and all geometnic somers and
stercoisomers. For example, “isomers” include geometric double bond cis- and trans asomers, alse termed B and
Z-igtmers; K- and S-cnantiomers; diastereomers, (D-isomers and (D-isomers, racemic mixiures thereot; and other
mixtires thereof, as falling within the scope of this disclosure.

[0073] Geometric isomers can be represented by the symbol ~

which denotes a bond that can
be a single, double or iriple bond as deseribed herern. Provided herein are vanous geomeflric somers and muxtures
thereof resulting from the srrangement of substituents around a carbon-carbon double bond or arrangement of
substituents around a carbocyclic ring,  Substituents around a carbon-carbon double bond are desiznated as being m
the “27 or “£7 configuration wherein the terms 27 and “£™ are used in accordance with TUPAC standards. Unless
otherwise specificd, strictures depicting double bonds encompass both the £ and “Z 7 isomers.

[0079] Substiuents around a carbon-carbon double bond allermatively can be reforred 1o as “cig” or
“rans,” where Yois” represents subsiituents on the same side of the double bond and “trans” represents substifvents
om opnosite sides of the double bond. The arrangement of substituents around a carboeyelic ring can also be
degignated as “oig” or “trang.” The form “cis” represents substitients on the same side of the plane of the ving, and
the term “irans” represenls substituents on opposite sides of the plane of the ring. Mixtures of compounds wherein
the substituenis are disposed on both the same and opposite sides of plane of the ring are designaied “cisftrans.”
[0080] “Hrnantiomers” are & pair of stereosomers that are non-superimposable mirror unages of each

other. A muxture of a palr of enantiomers 1 any proporhion can be known as a “Tacemie” mixfure. The ferm “(£)7 s

19



W ZOI3A5280 POT/USIN/G4TIOE

Attorney Docket Na, 12928055228
CAM: 763398-228055

used to designate a racemic mixiure where appropriate. “IHastereoisomers” are sloreoisomers that have at least two
asymmetric afoms, bul which are not mirror-images of cach other. The absolute stereochemistry is specified
accordng to the Cahn-Ingold-Prelog R-S system. When a compound is an enantiomer, the stercachemistry at cach
chiral carbon can be specified by either R or 8. Resclved compounds whose absolute configuration is unknown can
be designated {(+) or () depending on the direction {dextro- or levorotatory) which they rotate plane polarized lighi
at the wavelength of the sodium D fine, Certam of the compounds deseribed heremn contaln one or more asymmetric
centers and can thus give rise 1o enantiomers, diastercomers, and other stereoisomeric forms that can be defined, in
torms of absolute stereochemistiy at gach asymmetric atomy, as (R)- or {(8)-,  The present chemical entities,
pharmacentical compositions and methods are meant w0 include all such possible isomers, inchuling racemic
mpctures, optically subsiantially pure forms and intormediate mbdiures. Optically active (R)- and (S)- isomers can
be prepazed, for example, using chiral synthons ov chiral reagents, or resolved using conveniional techniques.

(00817 The “enantiomeric excess” or “% enantiomeric excess” of & composition can be caloulated
using the equation shown below, Tn the example shown below, a composition containg $0% of one enantiomer, e.g.,
the S epantiomer, and 10% of the other enantiomer, e.g., (he R enantiomer,

ce = (0-10)/100 = 80%,.

To082} Thus, a compogition contaming 90% of one enanttomer and 10% of the other enantiomer is
said to have an enantiomeric excess of 80%. Some compositions described herein contain an enantiomeric excess of

o

at least about 50%, aboul 73%, about 90%, about 95%, or about 99% of the S enantiomer. In other words, the
compositions contain an cnantiomeric excess of the 3 epantiomer over the R enantiomer. In other embodiments,
some compositions described herein contain an enantiomeric excess of at least about 50%, about 75%, aboui 90%,
about 85%, or about $9% of the R enantiomer. In other words, the compositions contain an enantiomeric excess of
the R enantiomer over the 8 enantiomer,
(00831 For instance, an isomer/enantiomer can, in some embodiments, be provided substantially free
of the corresponding enantiomer, and can also be reforred to as “optically enviched,” “enantiomerically enriched,”
*enantiomerically pure” and “non-racemic,” as used interchanseably berein, These ferms refer (o compositions in
which the percent by weight of one enantiomer is groater than the amount of that one enantiomer in a conirol
mixture of the racenic compesition {e.g., greater than 11 by weight), For example, an enantiomerically enviched
preparation of the 5 enanliomer, means a preparation of the compound having greater than about 50% by weight of
the 5 evantiomer relative 1o the R enantiomer, such as at least about 75% by weight, further such as a1 least about
30% by weight. In some embodiments, the enrichment can be much grester than about 80% by weight, providing a
‘substantially enantiomerically enriched,” “substantially cnantiomerically pure™ or a "substantially non-racemic”
preparation, which refers to preparations of compositions which have ai least about 85% by weight of one
epantiomer relative 1o other enanfiomer, such as at least aboul 90% by weight, and further such as at least about 95%
by weight. In cerlain embodiments, the compound provided heremn s made up of at least about 90% by weight of
one enantiomer. In other ernbodiments, the compound is made up of at least about 95%, about 98%, or about 99%

by weight of one enantiomer.
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[0084] I some embodiments, the compound is a racemic mixture of (S)- and (R)- isomers, [n other
embodiments, provided hercin is a mixtwre of compounds wherein individual compounds of the mixture cxist
predominately in an (3)- or (R)- isomeric configuration. For exsmple, the compound mixture has an (S)-
enantiomeric excess of greater than about 55%, sbout 60%. about 65%, about 70%, about 75%, about 80%, about
a83%, about 90%, aboutl 93%, about 96%, about 97%, about 98%, about 99%, about 99.5%, or more. In other
embodiments, the compound mixture has an {S)-enantlomeric excess of greater than about 55% fo about 99.5%,
greater than about about 0% 1o about 99.5%, grealer than about 65% 1o about 99.5%, ereater than showt 70% 10
about 99.5%, greater than about 75% to about 99.53%, preater than about §0% 1o about 99 5%, ereater than ahbout
85% to about 99.5%, greater than about 90% 1o about 99,5%, sreater than about 95% 1o about 99.5%, greater than
about B6% to about 99.5%, ereaier than about 97% to about 99.5%, greater than about 98% to prester than shout
99 3%, greater than about 99% to about 99.5%, or more.

[GOBS] in other embodiments, the compound nuxture hag an {R-enantiomeric purity of greater than
about 35%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about
96%, about 7%, about 8%, about 99%, about 99.5% or more. In some other smbodiments, the compound mixiure
has an (R}-cnantiomeric excess of greater than about 55% to about 99.5%, greater than about about 66% to about
99.5%, greater than about 63% 1o about 99.5%, greater than about 70% 1o about 99.5%, greater than about 75% to
about 99.5%, greater than about 80% to about 99.5%, greater than aboul 85% to about 99.5%, greater than shout
80% 1o about 99.5%, greater than about 95% 1o ebout 99.5%, greater than about 96% 1o about 99.5%, greater than
aboul 97% 1o aboul 99.5%, greater than about 98% to greater than abowt 99.5%, greater than about 99% to about
59.5% or mors

[G086] In other embodiments, the compound mixture containg identical chemical entities except {or
their slereochemical orientations, namely (Si- or (R)- isomers. Tor example, i a compound provided herein has -
CH{R)- unit, and R is not hydrogen, then the -CH(R}- is in an (8) or (R)- stercochemical orientation for each of the
wdlentical chermical entities, In some embodiments, the mixture of identical chemical entities is a racemic mixture of
(33 and (R)- msomers. In another embodiment, the muxture of the identical chemical entities {except for their
stereochemical oricatations), contmn predominalely (Si-isomers or predominately (R)- isomers, For example, the
(8)- isomers in the mixiure of identical chemical entitics are pregent at about 55%, about 60%, about 65%, about
T0%, about 75%, about 80%, about 85%, about 90%, about 95%, about 96%, ahout 97%, ahout 98%, about 99%,
about 99.5% Lor more, relative 1o the (R)- isomers. T some embodiments, the ($)- isomers n the mixiure of
identical chemical entities are present at an (S)-enantiomeric exoess of greater than aboul 55% to about 99.5%,
greater than about about 60% fo about 99.5%, greater than about 63% to about 99.3%, greater than about 70% 10
about 99.5%, greater than about 75% to aboul 99.5%, greater than about 80% to aboul 99.5%, greater than abow
85% 1o about 99.5%, greater than about 90% to about Y9.5%, greater than about $5% 10 aboul 99.5%, greater than
about 96% 10 about 99.5%, greater than about 97% 1o about 99.5%, greater then about 98% to greater than about
95.5%, greater than about 99% to about 99.5% or more.

[COBT] in another embodiment, the (R)- isomers in the mixture of wentical chemicel entities (except

for their stersochemical orientations), are present at aboul 55%, about 6%, ahout 659 o, ahout 70%, about 75%,
E > H E
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about 0%, aboat 5%, about 9G%, about 95%, about 96%, about 97%, about 98%, about 99%, about $9.5%, or

matre, relative o the (S)- isomers, In some embodiments, the (R)- isomers in the mixture of identical chemical

entities (except lor thetr stereochemical orvientations), are present at a (R}- enantiomeric excess greater than aboul

55% to aboul 99.5%, greater than about about 60% (o about 99.5%, greater than about 65% to about 99.5%, greater

than about 70% 1o about 99.5%, greater than about 75% o about 99.5%, greater than about 80% o about 99.5%,

greater than sbout 83% to about 99.5%, greafer than about 90% (0 shout 99.5%, greater than about 95% 1o about

99.5%,, greater than about $6% 1o about 99.5%, greater than about 97% 1o about 99.5%, greater than sbout 98% o

greater than about 99.5%, greater than about 99% to about 89.5%, or more.

[0G8E] Fnantiomers can be isolated from racemic mixtures by any method known to those skilled in

the art, ncluding chiral bigh pressure liguid chromatogeaphy (HPLO), the formation and crystailization of chiral

galls, or prepared by asymmeiric syntheses. See, [or example, Snantiomers, Racemates and Resolutions (Jacques,

Ed., Wiley Interscience, New York, 1981y Wilen ¢t al., Tetrahedron 33:2725 (1977, Stereochemistry of Carban

Compounds {B.L. Eliel, EdL, McGraw -Hill, NY, 1962); and Fables of Resolving Agents and Opiical Resolutions p.

268 {B. L. Eliel, BEd., Univ, of Notre Damne Press, Nolre Dame, IN 1972).

[0689] In certain embodiments, the pharmaceutically acceptable form is a tantomer. As used herein,

the term “tautomer™ is a type of iscmer that includes two or more interconvertable compounds resulting from at least

ome formal migration of a hydrogen atom and at least one change in valency {e.g., a single bond o a double bond, a

friple bond to a single bond, or vice versa), “Tautomerization” includes prototropic or proton-shift tautomerization,

which 15 comsidersd o subsel of acid-base chemistry.  “Prototropic  ifautomerizaiion”™ or “profon-shift
fawiomerization” invelves the migration of a proten accompanied by changes in bond crder. The exacl ratio of the
tautomers depends on several factors, tncluding temperature, solvent, and pH. Where tautomerization 15 possible

{e.z.. m solution), a chemival eguilibrivm of tautomers can be reached.  Tautomerizations (e, the veaction

providing a tautomeric pair) can be calalyzed by acid or base, or can ocewr without the action or presence of an

cxternal agent. Exemplary tantomerizations nclude, but are not Umited to, keto-to-enol;, amide-to--mmide; lactam-
to-lactimg enamine--to—nune; and enamine—to-(a different) enamine tawlomerizations. A specilic example of
keto-cnol tantomerization is e interconversion of pentane-2,.4-dione and 4-hydroxypent-3-en-2-one  fautomers.

Another example of tantomeriration is phenol-kele tanomerization. A specific example of phenol-keto

teniomertzation is the nterconversion of pyndin-4-ol and pyridin-4{ LH}-one tsutomers.

[G620] Unless otherwise stated, structures depicted herein are also meant to mclude compounds which
differ only in the presence of one or more isolopically enriched atoms. For example, compounds having the present
structures excent for the veplacement of a hydrogen by a devterinm or titian, or the replacement of a carhon by PC-

MC-cnriched carbon are within the scope of this disclosure.

[6091] The disclosure also embraces sotopically labeled compounds which are identical to thoss

recited hereln, except that one or mors afoms ave replaced by an alom having an alomic mass o1 mass number

dilferent from the alomic mass or mass number usually found in nature.  Examples of isotopes that can be
meorporated nto disclosed compounds include dsotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine

. 2y 3y B Mo By 15 Uy B 3o IS
and chlorine, such as 8, H, P Yo, P, o, Y0 0P, P, S, U, and TCL L, respectively. Certain isotopically-

3
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labeled disclosed compounds (e.g., those labeled with 1T and ') are useful in compound and/or substrate tissue
distribution assays. Tritiated {i.¢., "H) and cathon-14 (e, ) isotopes can allow for ease of preparation and
detectability. Further, substitution with heavier sotopes such as deuterivm (Ze, "H) can afford certain therapeutic
advantages resulting from greater metabolic stability {eg., increased m vivo halflife or reduced dosage
requirements), [sotopically labeled disclosed compounds can generally be prepaved by substifuiing an isolopically
labeled reagent for a non-isotopically labeled reagent. In some embodiments, provided berem are compounds that
can also contain unmatural proportions of atomic 1sotopes at one or more of atoms that constitute such compounds,
All isaiopic variations of the compounds as provided herein, whether radicactive or not, are encompassed within the
scape of the present disclosure,
(00923 “Pharmaceutically acceplable carrier” or “pharmaceutically acceptable exciplent” includes
any and all solvenis, dispersion media, coatings, antibacterial and aptifungal agenis, isotonic and absorption
delaying agents and the ke, The use of such media and agents for pharmaceutically active substances is well
known m the arl. Except msofar as any conventional media or agent is incompatible with the active ingredient, i
use in the therapeutic compositions as provided herein i contemplated. Supplementary active ingredienis can also
be incorporated 1nto the pharmaccutical compositions.
[0093] Delinttions of specific funciional groups and chenvical terms are described in more detail
below. The chemicul elements are identified in accordance with the Periodic Table of the Flements, CAS version,
Handbook of Chemistry and Physics, 75th ed,, wnside cover, and specifie functional groups are generally defined as
described therein, Additionaliv, general principles of rganic chemistry, as well as specific functional moieties amd

reactivity, are deseribed in Orgomic Chemisiry, Thomas Sorrell, University Science Books, Sausalito, 1999; Smith
and March March’s ddvanced Orgonic Chemisiry, 5th ed, John Wiley & Sons, Ino., New York, 2001, Larock,
Comprehensive Organice Trangiormations, VO Publishers, Ine., Mew York, 1989; and Carruthers, Some Modern
Methods of Organic Svathesis, 3rd ed., Cambridge University Press, Cambridge, 1987
[0894] When a range of values s lsted, it is intended 0 encompass each value and sub-range within
the range. Forexampie “Upg alkyl” s mtended 1o encompass, Cy, Cy, O, Cay T, Coy Chroge Ty Croan Trs, Trom O
o Cosy O, Cogy Gy Cosy Cagy Cag, Cassy and Cs g alkyl,

[O0%s] “Alkyl” refers o a straight or branched hydrocarbon chan radical consisting solely of carbon
and hydrogen atoms, containing no unsaturation, having from one 1o ten carbon aloms (eg., -Cip atkyl).
Whenever ILappears herein, a numerical range such as 1 1o 107 refers to cach integer in the given range; ez, “1 1

i o

means that the alkyl group can consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc., up

10 carbon atomns
to and including 14 carbon atoms, although the present definition also covers the ocomrence of the lerm “alkyl”

where no numerical range is designated. In some embodiments, it is a ©;-Cy alkyl group. [n some embodiments,
alky! groups have 1 1o 10, 1 t0 6, or 1 to 3 carbon atoms. Representative saturated straight chain alkyls inchade, but
are mot lmited to, -methyl, -ethyl, -n-propyl, -n-butyl, -n-pentyl, and -n-hexyl; while saturated branched alkyls
inciude, but are not limited o, -lsopropyl, -sec-butyl, -isobutyl, dert-butyl, “isopentyl, 2-methylbuty], 3-methytbuiyl,
2-methylpentyl, 3 muhyhcmﬂ d-methyipeniyl, 2-methylhexyl, 3-methythexyl, 4methylhexyl, S-methyihexyl, 2.3

dimethylbutyl, and the like. The alkyl is attached to the parent molecule by a single bond. Unless stated otherwise

[
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in the specification, an alkyl group 18 optionally substituted by one or more of substittents which independently
mchide: acyl, alkyl, allkenyl, alkynyl, alkoxy, alkylaryl, eveloalkyl, aralkyl, arvl, arvioxy, ammino, amido, amidino,
iming, azide, carbonate, catbamate, carbonyl, heteroalkyl, heteroaryl, heteroarviatkyl, helerocycloalkyl, hydroxy,
cyane, hale, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkyithio, aryithio, thiocarbonyl, nitro, oxo,
phosphate, phosphonate, phosphinate, silyl, sulfinyi, sulfony], sulfonamidyl, sulfoxyl, sulfonate, urea, -S1H{R%;-, -
GRY SR, -OC(O-RY, MNRY,, -COGRY, -CIOMORY, -OCIOINGR Y, -CHONN(R™ Y, -NRTCICHORY, NEIHCORT, -
NEGCOMR), - MROCINEINRD,, -NRDSEOWRY (where t is 1 oor 2), -SOWORY (where 1 s 1 or 2),
SSEOBNERTY, (where tig 1oor 23, or ~O-P(=03OR™, where cach R is independently hydrogen, alkyl, haloalkyl,
carbocyclyl, carbocyelylalkyl, arvl, aralkyl, heteracycloalkyl, heterooyeloaikylatkyl, hetercaryl or heteroarylalkyl,
and each of these moeleties can be optionally substinted as defined herem.

[6096] “Perhaloallyl” refers 1o an alkyl group in which ail of the hydrogen atoms have been replaced
with o halogen selected Gom fluoro, chloro, bromo, and wdo. In some embodiments, all of the hydrogen atoms are
cach replaced with fluoro.  In some embodiments, all of the hydrogen atoms are each teplaced with chloro.

Examples of perhaloalkyl groups include ~Cks, ~CF.CF,, ~CRCHCEF,, OO0, ~CFCL, ~CF O and the like.

FG097) “Alkyl-cycloalkyt” refors 10 an -(alkyleyeloalkyl radical where alkyl and cvcloalkyl are as
provided herein and which are optiomaily substituted by one or more of the substituents described as suitable
substttuents for alkyl and cycloalky! respectively. The “alkyl-cycloalleyl™ 15 bonded to the parent molecular strochre
through the alkyl proup. The tenos “alkenyl-cycloalkyl” and “allkynyl-cycloalkyl” mirror the above description of
“alkyl-cycloallyl” wherein the term “alkyl” is replaced with “alkenyl” or “alloynyl” respectively, and “allenyl” o
“allynyl” are as deseribed herein,
[0G98] . Allylaryl” refers to an -{alkylarvl radical where aryl and alkyl are as provided heremn and
which are optionally substifuled by one or more of the substituents described as suilable subsiituenis for aryl and
alkyl respectively. The “allcylary!™ 1s bonded fo the parent molecular structure through the ally? group, The terms

13

“latkenylaryl” and “-(alkynyDary?™ mivror the above deseription of “~(atkyDaryl” wherein the ferm “alkyl” is

replaced with “alkenyl” or “alkynyl” respectively, and “alkeny!™ or “alkynyl” arc ag desenibed hercin.
100991 “AlkyRhetercaryl” refers 1o an -{alkyDhetoroary] radical where heteroaryt and alkvl are as

provided herem and winch are optionally substitvied by one or more of ithe substituents described as suitable
substituents lor helevoary] and alkyl respectively. The “alkyl-heteroaryl” is bonded o the parert molecnlar structue
through the alkyl grovp. The terns “~(alkenyDhetoroaryl” and “-(alkynylibetsroaryt” mirror the above description
of “-falkyDheteroaryl” wherein the term “alkyl” is replaced with “alkeny!™ or “alkyny?” respectively, and “alkenyl”
i talkynyt” are as described herein,

ro0100] “Alkyl-heterocyelyl” refers to an - (alkyDheterocyey] radical where alkyl and heterooyelyl are
as provided hergin and which are optionally substituted by one or more of the substituents described as saitable
substituents Tor heterocvelyl and alkyl respectively. The “alkyl-heterocyely?™ s bonded 1o the parent molecular
structure through the alkyl group, The terms “-{alkenvhheterocyclyl” and “-{alkynyDheterocycelyl” mirror the above

1

description of “-{alkyDheterocyehyl” wherein the term “alkyl” is replaced with “alkenyl” or “alkynyl” respectively,

and “alkenyl” or “alkyny!™ are as deseribed herein.
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(001017 “Alkeny!” retfers to a straight or branched hydrocarbon chain radical group consisting solely
of carbon and hydrogen atoms, coptaining at least one double bord, and having Tom two to ten carbon aloms (i e,
CyCig alkenyl). Whenever it appesrs herein, a numerical range such as “2 1o 107 refers (o cach infeger in the given

range; ez, Y2 10 10 carbon atomg” meang that the alkenyl group can comsist of 2 carbon atoms, 3 carbon atoms, ete,,
up fo and meluchng 10 carbon atoms. In certaim embodiments, an alikeny] comprises two to eight carhon atoms. In
other embodiments, an alkenyl comprises two o five carbon atoms (e.g., Cr-Cs alkenyl). The alkenyl g atiached to
the parent molecular structure by a single bond, for example, ethenyl (e, vinyD, prop-1-enyvl (Le, allyh, but-1-cnyl,
pent-1-enyl, penta-1,4-dienvl, and the like. The one or more carborn-carbon double bonds can be internal (such agn

Z-butenyl) or terminal (such as i 1-butenyh). Dxanples of Oy 4 alkenyl groups mclude ethenyl (Cy), L-propeay]

{(Cs), 2-propenyl (C3), I-butenyl (Cy), 2-butenyl (Cy), butadienyl (€4) and the bike, Examples of Cy ¢ alkenyd
groups include the aforementioned Cy 4 alkkenyl groups as well ag penteny! (Cs), pentadienyl {C5), hexenyl (Cg) and
the like. Additional exmuples ol alkenyl inclade heptenyl {Cq), octeny! (Cg), octatrienyt (Cy) and the ke, Unless
stated otherwise in the specification, an alkenyl gronp is optionally substituted by one or more substituents which
independently melude: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, oycloalkyl, aralkyl, arvl, arvloxy, ammo,
amido, amidine, imine, azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylaliy],
heterocyeloalkyl, hydroxy, cyano, hale, haloalkoxy, haloallyl, ester, ether, mercapto, thio, alkyitho, arylthio,
thincarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyvl, solfinyl sulfonyl, sulfonamidvi, sulfoxyl,
sulfonate, wrea, -SIR%s-, -ORS, -SRY, -OC{ON-RY, -NRY),, -CENRT, -C{OYORY, -OCOMNERY,, ~CIOINRY,,

SNRBCIOFORY, MNRHCORY, - NEDNCIOM(RY,, N{RDHCNRINRY,, -NRDHSIONR® {where 1 s T or 2),
;S(O}a(}'[{“ {where 1is 1 or 2), -SOONMN(RY, (where 1ig | oor 2), or ~O-PEOYORY, where each R s independently
bydrogen, alkyvl, haloalkyl, carbocvelyl, carbooyelylalioyl, arvl, aralkyl, heterocyeloalkyl, heterocycloalkylalkyl
heteroaryl or heteroarylalkyl, and cach of these moieties can he optionally substitated as defined hersin.

[eoi62] “Alkynyl” refers o a straight or branched hydroearbon chain radical group congisting solely
of carbon and hydrogen atoms, containing at least one triple bond, having from two o ten carbon atoms (Le, Ca-Oyy
alkynyl). Whenever il appears herein, a numerical range sucl as 2 fo 167 refers to cach mteger in the given range;
ez, “2 to 10 carbon atoms” means that the alkyny! group can consist of 2 carbon atoms, 3 carbon atoms, ¢ic., up 0
and including 10 carbon atems, In certain embodinments, an atkynyl cam:a_pr%s@s two 10 cight carbon aloms. In other
gmbodiments, an alloynyl has two Lo five carbon atoms {eg, CrCs alkynyvl). The atkynyl is attached 1o the paren
molecubar structure by a single bond, for example, ethynyl, propynyl, butynyl, pentynvl, bexynyl, and the like.
Unless sialed otherwise mn the specification, an allkyny] group is optionally substituted by one or more substituents
which independently dncluder acyl, alkyl, alkenyl, allynyl, alkoxy, alkylarvl, cycloatleyl, aralkyl, avyl, arvioxy,
aming, amido, amidino, imino, avide, carbonaie, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroaryialkvi
heterocyeloalkyl, hydroxy, cyano, balo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkyithio, arylihio,
thicearbonyl, nitre, oxo, phosphate, phosphonate, phosphinaie, silvh sulfinyl, sulfonyl, sulfonamidyl sulfoxyl,
sulfomate, wrea, -Si(RMs-, -ORY -SR? -OO(OWRT, NIRD,, -COWRY -CIOMORS, -OCIOINRY,, -CIONIR™,,
NRBCOHNORT, —N(.R.“_}C{’{}_)R."‘, - NERHOCIOINR S, NERHCNRINERY,, -NEDSEOWRY (where t 15 1 or 2),
SSIONORT (where t1s 1 or 2, ~S{OWN(R™, (where tis 1 or 2), or -O-PEO)OR™), where cach R is independently
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hydrogen, alkyl, haloalkyl, carbocyelyl, carbocyclylalkyl, arvl, aralkyl, heterocycloalkyl, heterocycioalkylallyi,
heteroaryl or heteroarylalkyl, and each of these moteties can be aptionally substituted as defined herein.
[00103] The ferm “alkoxy™ refers to the group -O-zikyl, inclading from 1 1o 19 carbon atoms of a
straight, branched, cyclic configuration and combinations thereof, attached to the parent melecular structure through
an oxygen. Bxamples include methoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, cyclo}mx.yk}xy andd the like.
“Lower alkoxy” refers to alkoxy groups coptaining one o six carbons. In some embodiments, C-Cy alkoxy ig an
alkoxy group whiclr encompasses botl siraight and branched chain alkyls of from 1 to 4 carbon atoms.  Unless
stated otherwise in the specilication, an alkoxy group is optionally substituted by one or more substituents which
independently includer acyl, alkyl, alkenyl, alkyayl, alkoxy, alkylary], cycloalkyl, araliyl, arvl aryloxy, aming,

amido, amidino, Imine, azide, cabonate, carbamate, cmbonyl, heteroalkyl, hetercaryl, heteroarylalioy,

heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkyithio, arylihio,
thiocarhonyl, mitro, oxo, phosphaie, phosphonate, phosphinate, siiyvl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl,
S.ulf'smah:._" urea, -Si(R‘i);—, SORY,-SRY, GGCIONRY, -NIRY, -CHOWRY, -CIOYORT, -OCIONRY,, -CHOMIRY-
SNERHCOIORY, -NERHCIOMI, - NERICOINRD,, NRHCINRIYMN(RY., -NRHSOWRY (where 1 is 1 or 2),
-5OORY (where tis 1 oor 23, -SEORNERY, (where tis 1 or 23, or ~O-PUNOR®), where cach R is independently
hydrogen, alkyl, haloalkyl carbocyelyl, carbocyelylalkyl, aryl, aralkyl, heterocycloalkyl, heterooyeloaliylalloy,
heteroaryl or 3’1(;:1:@1‘0;1A‘ylalf(yI__, and each of these mozeties can be optionally substituted as defined herein. The terms

‘alkencxy” and *alkynoxy” marror the above deseription of “alkoxy™ wherein the prefix “alk™ is replaced with

“alken” or “allyn” respectively, and the pareat “alkenyl” or “alkyny!” terms are as described herein,
[00104] The term “alkoxycarbony?™ refors 1o a group of the formmla (alkoxy3C=0)- attached 6 the

parent molecular structore through the carbonyl carbon baving from 1 to 10 carhon aloms.  Thus a O;-Cy
alkoxyearbonyl growp is an alkoxy group having (foni 1 0 6 carbon atoms attached through ifs oxyeen to & carbony!
linker, The C-Cy designation does not nchude the carbonyl carbon in the atom count, “Lower alkoxyearbonyl”
refers to an alkoxyearbonyl group wherein the alkyl portion of the alkexy group is o lower alkyl group, I some
erbodiments, £,-Cy alkoxy is an alkoxy group which encompasses both siraight and branched chain alkoxy groups
of from 1 to 4 carbon wioms. Unless stated otherwise 1n the specification, an alkoxyearbonyl group s optionally
substituted by one or more substituents which independently include: acyl, alkyl, alkenyl, alkyvnyl, alkoxy, alkylaryl,
cycloalkyl, aralkyl, aryl, aryloxy, ainino, amide, ainidino, imino, azide, carbonate, carbamale, carbonyl, heteroalkyl,
hetercaryl, beteroarylalkyl, heterocyeloalkyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl ester, ether, mercapto,
thio, alkylthio, arylihio, thiocarbonyl, mitro, oxo, phogphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl,
. SRYCOUIGH-RY, CNRY,, —{Z?((})R“, SC{ONORY,
SOC(OINIR Y, -CEOTNIR T, -N’{R“\){'_‘,(()}OR"‘, SNRDCIONMRE, - NRMC(OMER,, ;‘\J'{R""}C(N’RE‘)N(R“}g,

DURDBONR (where tis 1 or 2), -S{ONORY (whare 118 1 or 2), -SENNR™, {where 115 1 or 2), or ~O-P=CHORY,

sulfonamidyl, sulfoxyl, suilonale, urea, -SIR%,-, -OR°

where each R® iz independently hy‘dr(:}ge.m alkyl, haloalkyl, carbocyelyl, carbocyelylalioyl, aryl, arallkyi,
heterocycloalkyl, heterocycloalkylalkyl, hetercaryt or hoteroarylalicyl, and cach of these moisties can be optionally

substituted as defined horein. The terms “alkenoxycarbony!” and “alkynoxyearbonyl” mirror the above description
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of “alkoxyearbonyl” wherein the prefix “alk”™ 15 replaced with “alken” or “alkyn” respectively, and the parent
“alkenyl” or “allynyl” ferms are as desertbed herein,

(00105} “Acyl” refors to R-C{O)- groups such as, but not limited to, aikyD-C(G)-, (alkenyH-C(O)-,
(alkynyT-C{G-, {aryD)-CLO)-, {eveloalkyD-C{O)-, (heteroaryl}-CLON-, (heteroalkyDy-CO)-, and
(heterocycloalkyl-C(O)-, wherein the group is attached to the parent molecular structure through the carbonyl

r

functionality. Tn some embodimants, it 1 a C-C0 acyl radical which refers to the tofa] number of chain or ring
atoras of the, for example, alkyl, alkenyl, alkynyl, aryl, cyclohexyl, heteroaryl or heterocveloalkyl portion phis the
carbony! carton of acyl. For example, a Coacyl has three other ring or chain atoms plus carbonyl. £ 1he R radical

is heteroaryl or heterocycloalkyl, the hetero sing or chain atoms contribute to the total number of chain or ring

atomns. Unless stated otherwize in the specitication, the "R of an acyloxy group can be optionally substituted by
one o Teove subsiitients which independently includer acyl, alkyl, alkenyl, albynyl, atkoxy, allylaryl, eycloalkyl,

aralkyl, aryl, aryloxy, amino, amide, amidine, tmino, azide, carhonate, carbamate, carbonyl, heteroalkyl, heteroaryl,
heteroarylalkyl, heterocycloalkyl, bydroxy, cyano, halo, baloalkoxy, halosikyl, ester, other, mercapio, thio, alkyithio,
arylihio, thiccarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfmyl, sulfonyl, sulfonamidyl,
sulfoxyl, sulfonate, wrea, -SHR™y-, -ORY SR -OCOV-RY, -INR™,, -COWRS, -C{OORY ﬁ{'}(,?({ﬁf))N(R‘”‘);?
SCEOYN(R ™, -NIRDCONORY, - NERMCIONRT, - NCRMEZIOIN(RY)., NROCINEINERY,, -NERDSONRY (where g |
or 23, ~S{OKOR® {where 115 1 or 23, -SO)NRY, (where tis | oor 23, or ~O-P=0YORY, where each R® s
mdependently  hydrogen, alkvl, haloalkyl, cm‘bocyciy}, carbocyelylalkyl, aryl, aralkyl, heterocyeloalkyl,
heterocycloalicylalleyl, heteroaryl or hetgroarvialkyl, and ecach of these moictics can be optionally substituied as
defined herein.

(001061 “Acyioxy” relers 10 a R{C=(00- radical wherein “R” can be alkyl alkeny!, alkynyl,
heteroaliyl, heteroalkenyl, heteroallynyl, arvl, cyelohexyl, beteroaryl or heterocycloalkyl, which e as described
heretn. The acyloxy group is attached to the parent molecular structure through the oxygen functionality. In some
embodiments, an acyloxy group is a C,-; acyloxy radical which refers to the total munber of chain or ring atoms of
ihe alkyl, alkenyl, alkynyl. aryl, cyclohexyl, heteroaryl or heteroeycioalkyl portion ol the acyloxy group plus the
carbonyl carbon of acyl, ie, 2 Ciacyloxy has three other ring or chain atoms plus carbonyl, I the R radical is
heteroaryl or heterocycloalkyl, the hetero ring or chain atoms contribate 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 nchude: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cveloalkyl aralkyl, arvl,
I Y ¥ Y Y y ¥ ylaryl, © ¥i, @Iy

aryloxy, amino, amido, amidino, imino, azide, carbonate, carbamate, carbonyl, heteroalkyl heteroaryl,
heiercarylalkyl, heterocyoioalioyl, hydroxy, cyano, halo, haloalkoxy, haloalkyl, ester, ether, mercapto, thio, alkyithio,
arylihio, thiocarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonanudyl,
slfoxyl, sulfemate, urea, -SHR%, -ORY -8RY -OC{ON-RS -MNIR™M,, -COWRT, -CIOMORT, -OC(OMNERY,,
SCHONNIRT:, -NIRDCIONOR®, -MRBCICHRT, « NIRMCIOINR ., NRDHOINRINERY,, -NRIOSIOLR® (where tis 1
or 2), -SEOWORY (where tis 1 or 2), -S{OWN(R™, (where t 15 | or 2}, or - O-P(=0YORY, where each R

maependently  hydrogen, alkyl, haloalkyl carboeyclyl, carbooyelylaliyl, aryl, aralkyl, heterocycloalkyl,
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heterocycloalkylalkyl, heteroaryl or beteroarylalkyl and cach of these moleties can be optionally substituted as
defined herein.
100107 “Aming” or “amine” refers to a -N(R");, -N{RMR™, or -R'N(R™R™ radical sroup, where
each R® g imdependently selected from hydrogen, alicyl, alkenyl, alloynyl, haloalkyl, heteroalky! (bonded through a
chain carbon), cycloalkyl, cycloalkylalkyl aryl, aralkyl, heterocycloalkyl {(bonded fhrough 2 ring carhon),
heterocyeloatkylalkyl, heteroarvl (honded through a nng carbon) or helercarylalkyl, unless stated otherwise in the
specification, each of which moiety can itsclf be optionally substinsted as described Lerein. When a -N(R", group
has two RY other than hydrogen, they can he 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, I-pymolidiny! and A-morpholing,
Unless stated otherwise in the specificalion, an amino group is optionally substituted by one or more substituents
which independently include: acyl, allyl, alkenyl, alkynyl, alkoxy, allylaryl, eycloalkyl, aralkyl, aryl, aryloxy,
amino, amido, amidmoe, mino, azide, carbonate, carbamale, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl,
heterooycloalleyl, hydroxy, cyano, halo, haloalkoxy, haloaikyl, ester, ether, mercapto, thio, alkylthio, aryiihio,
thiccarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl,
seifomate, wrea, ~SHRMe, -ORY -SRY, -OCO)-RY, -NERY,, -CIOHRS -CIOORY, -OCONRY,, ~CIOMN(RY,,
NRBCONORY, NEDHCIORY, - NERBHCIGINRY,, NRHCINRYNRY,, -NRHSOWLRY (where tis 1 or 2),
SSIONOR® (where vis 1 or 23 -S{OWNRY), (where tis 1 or 2, or —~O-PE=OYWOR™, where each R* s independently
hydrogen, alicyl, haloalkyl, carbocyclyl, carbocyclvlalkyl, aryl, aralkyl, heterocyeloaikyl, hewrocyeloalkylalky],
hetercaryl or beteroarylatlyl, and each of these moieties can be optionally substituted as defined hersin,
[00108] The terms “amine” and “amine” also refer to MN-oxides of the groups -NTHYRDO
and -MN{RNYRMHO-, R as deseribed above, whete the N-oxtide is bonded o the parent molecular sirueiure fhroush
the ™ atom. N-oxides can be prepared by treatment of the corresponding antino group with, for example, hydrogen
peroxide or m-chloroperoxyhbenzowe acid. The person skilled in the art is familiar with reaction conditions {ov
carrying out the MN-oxidation,
[00109] “Amide” or “amido” refers 1o a chemical moiety with formula ~C{OTN(R™), or -NR C(OHR®,
where R® s mdependently selected from hydrogen, alicyl, alkenyl, alkynyl, haloalieyl, heteroaliyt (honded through a
chain carbon), cycloaliyl, cycloalkylalkyl, aryl, aralkyl, beterocycloalieyl (bonded through a ring cerbon),
heterocyaloalkylalleyl, heteroary] (bonded through a ring carben) or heteroarvtally), unless stated otherwise in the
speciiication, cach of which molety can itsell be optionally substituted as described herein. In some embodiments,
this radical s a C-C4 amido or amide radical, which includes the amide carboeny! in the total number of carbons in
the radical. When a -C{OIN(R), has two R ather than hydrogen, they can be combined with the nitrogen atom 1o
form a 3-, 4-, 5-, 6-, or T-membered ring.  For example, N(R". portion of & ~C(OINRY), radical is meant to
inchide, but not be limited to, l-pyrrelidingt and 4-morpholinyl, Unless stated otherwise in the specification, an
amido R group is optiorally substituted by one or more substituents which inde pendently inchide: acyt, alkyl,
alkenyl, alkyoyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, aryl, aryloxy, amino, amido, amidine, imino, avide,
carbonate, carbamate, cathonyl, heteroalkyl, heteroaryl, heteroarylafiyl, heterocycloalkyl, hydroxy, cyano, halo,

haloalkoxy, haloafkyl, ester, ether, mercapto, thio, alkylthio, arylihio, thivcarbonyl, nitro, oxo, phosphale,
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phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sulfonate, urea, -S1(R%,-, -OR", -SR7,
SOCIORRY, -NRY,, -CLORT, -COYOR, -OC{OIN(R"),,  -COMNRY,, -NRHCOORY, -NERHCOIR', -
NERIDCOINERY,, NRIHICOINRINRD,, -MNRISIOWRY fwhere t is 1 or 2% -80OWOR" (where t is 1 or 2),
SSONNR, (where tis ©oor 2), or ~O-P=0N0ORY, where each R® is independently hydrogen, alkyl, haloaliyl,
carbocyclyl, carbocyelylaliyl, aryl, aralkyl, heterocycloalkyl, heterocyceloatkylalkyl, heteroaryl or heteroaryialkyl,
and each of these moieties can be optionally substituied as defined hereln,
Doty The term “amide™ or “ando™ is mehisive of an amino acid or 4 peptide molecule. Any amine,
hydroxy, or carboxyl side chain on the compounds described herein can be ransformed into an amide sroup, The
procedures and specific groups 1o make such amides are known to those of skill 0 the art and van readily be found
in reference sources such as Greene and Wuls, Profective Groups in Organde Synihesis, 3rd Bd., John Wiley & Sons,
Mew York, NY, 1999, which 1s meorporated besein by reference in its entirety,
FO0L1117 “Armiding” refers to both the ~CENRINR and - N(RM-C=NR")- radicals, where each R®
i5 independently selected from hydrogen, alkyl, alkenyl, allynyl, haloalkyl, heteroalkyl (bonded through a chain
carbony, eoycloalkyl, cycloalkylalioyl, avyl, amlkyl, beterocycloalkyl (bonded ihrough a ring  carbon),
heterocycloalkylatkyl, heteroaryt {bonded through a ring carbon) or heteroarylatiyl, unless stated otherwise n the
specification, cach of which moiety can tisell be optionally substituted as deseribed herein,
[00112] “Aromatic” or “aryl” refers to a radical with six to len ring atoms (e.g., Cp-Chg aromatiic or C4-
Cye aryl) which has at least one ring having a conjugated pi electron system which is carbocyelic (eg, phenyl,
fluorenyl, and naphthyl). For example, bivalent radicals formed from substifuted benzene derivatives and having the
free valences at ring atoms are named as substituted phenylene radicals. In other embodimnents, bivalent radicals
derived from univalent polyeyclic hydrocarbon radicals whose names end 1o “-v1” by removal of one hydrogen atom
from the catbon atom with the free valence are named by adding “idene”™ 1o the name of the corresponding
univalent radical, ez, a naphthyl group with two points of attachment is termed naphthylidens.  Whenever it
appears herein, a numencal range such as 6 1o 10 aryl” refers to sach integer in e given range; “6 o 10 ring
atorns” means that the aryl group can consist of 6 rng atoms, 7 ring atoms, cte., up to and incleding 10 ring atoms.
The term inchudes monocyclic or fuged-ring polyoyelic {fe, rings which share adjacent pairs of ring atoms} groups,
Unless stated otherwise n the specification, an aryl meleiy can be optionally substituted by one or more subgiituents
which mdependently mehude: acyl, alkyl, alkeny], alkynyl, alkoxy, alkylaryl, cycloalkyl, aralkvi, arvl, aryloxy,
aming, amido, amidino, imnino, azide, carbonate, carbamnate, carbonyl, heteroalkyl, heteroaryl, hoteroarylalkvi,

heterocyeloalkyl, hydroxy, cyano, helo, haloalkoxy, baloalkyl, ester, ether, mercapto, thio, alkylthio, arylthio,

thivcarbonyl, nitro, oxo, phosphate, phosphonate, phosphinate, silyl, sulfiny], sulfonyl, sulfonamidyl, sulloxyl,
sulfonate, wes, -SHRYy-, -ORY, -BRY -OC(O)-RY, NRY,, -CIOWRY, -CHNORE, -CCONRY,, -CIOMNRY,,
NRTCOIORY, -NRHCECHRY, - NERIHCOINRY,, NRDHOINRINERY,, -NEJSOWRS (where t s | or 2),
SSORORT (where tis 1 or 2), -SEONRNIR™, {where tis 1 or 2), or ~C-PEODOR", where each R is independently
hydrogen, alkyl, haloalkyl, carbocyelyl, carbocoyelylalkyl, aryl, aralkyl, heterocyeloalkyl, heterocyeloaboylalkyl,

Tieteroary] or heteroarylalkyl, and each of these moieties can be optionally substituted as defingd herein.
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[G0F173] “Aralkyl” or “arvialkyl” refers to an {(ryDallcyl- radical where arvl and alkvl are as provided
hesein and which are optionally subsiituted by one or more of the substituents deseribed as suitable substituents for
aryl and alkyl respectively. The “aralkylVarylalkyl” is bonded fo the parent molecnlar strucire through the alkyl
group.  The fermw “aralkenyl/aryialkenyl” and “aralkynylarvialkynyl” miror the above description of
“aralleylarylallky?” wherem the “alkyl” is replaced with “alkenyl” or “allynyl” respectively, and the “alkenyl” o1
“alkynyl” terms are 45 described herein.

(00E14] “Avide” refers to a N5 radical.

001157 Carbamate” refers 1o any of the following radicals: ~O-(C=0)-N(R)-, -O-{C
i .

MR (C=0)-0-, and ~N{RD)-(C=0)-OR", wherein each R is independnently selected from alkyl, alkenyl, alkynyl,

haloalkyl, heteroalkyl (bonded through a chain carbon), cycloalleyl, eycloalloylaliovh, aryl, aralkyl, heteroeyceloalkyl
(bonded through & ving carbon), heteroeveloalkylalkyl, heteroaryl {bonded through a ving carbon) or heteroaryialiyl,

unless stated otherwise in the specification, cach of which meiely can itself be optionally substituled as described

herein
[00116] “Carbonate” refers 1o a ~O-(C=0)-0- radical.
[GO117] “Carbonyl” refers to & -{C=0)- radical.
[60118] “Carboxaldehyde” reters 10 a -(C=03H radical,
[00119] “Carboxyl” refers 1o a ~(C=(HOH radical.
01261 “Cyano” refers to a ~CN radical,
G121 “Cycloalkyl” and “carboeyclyl” sach refer fo a monocychic or polycyche radical that contains

only carbon and hydiogen, and can be saturaied or parhally unsaturated. Partially unsaturated eyeloalkyl sroups can
be termed “cycloalkenyl” if the carboeyele containg at least one double bond, or “eycloalioynyl” if the carboeycle
conlaing at least ome tiple bond. Cycloalkyl groups include groups having from 3 to 10 ring atoms {(fe, Cr-Cyy

L3

cyctoalkyl). Whenever it appears herein, a numerical range such ag =3 1o 107 refers to each mieger in the given
range; e.g., U3 to 10 carbon atoms” means that the cyeloalkyl group can consist of 3 carbon atoms, 4 carbon atoms, 5
carbon atoms, etc., up to and inchuding 10 carbon atoms. The term “cycloalicyl™ also includes bridged and spiro-
fused cyclic structures containing no heteroatoras, The term also includes monocyclic or fused-ring polyeyclic (ie.,
rings which share adiacent _p:.—u‘rs of ring atoms) groups. In some ewbodiments, it is a C3-Cy cyeloalkyl radical. In
some embodiments, i is a C1-Cs cycloallkyl radical. Mustranve examples of cycloalkyl groups imclude, but are not
limited to the following moietiss: Cyg carbocyely! groups include, without Hmitation, eyclopropy! (C5), evelebutyl
{Cy), C-ycl()perxty.i {Cs), eyclopenienyl {Cs), cvelohexyl (Cg), cyvelohexenyl (C), cyclohexadienyl (Cq) andd the like.
Examples of {54 carbocyelyl groups include the afwementioned Csg carbooyelyl sroups as well as eycloheptyl
(C), cyelohe nmd}ulyl (L), cycloheptatrienyl {Cy), evelooctyl (Cg), bieyclo[2.2. 1 Theptanyl, bicyelol2.2 2 octanyl,
and the like, Fxamples of Cyjp carbocyclyl groups include the aforementionsd 5 carbocyelyl grouns as well as
octabydro- 1/7-indenyl, decahydronaphthalenyl, spire[4.3]decanyl and the hke, Unless stated otherwise in the
specification, a cycloalkyl group 15 optionally substitoted by one or more substituents which independently include:
acyl, alkyl, atkenyl, alkynyl, alkoxy, alkylarvl, cycloatkyl, aralkyl, aryl, arvloxy, amino, ammdo, amidino, imino,

azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylaikyl, heterocyeloalkyl, hydroxy, cyano,
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halo, haloalkoxy, haloalkyl, ester, efher, mercapto, thio, alkyliuo, arvlthio, thiwcarbonyl, nitro, oxo, phosphate,
phosphonate, phosphinate, silyl, salfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sulfonate, vrea, -SURM),-, -ORY, -8R7
SOCIOFRY, -NRY,, -CIOMRY, -CIOYORT, -OUOMN{R™,, ~-CIOWNR™,, - NERMCOORY,  -NESHCOIRY, -
NRDCIGNER Y, NEDHCONRINRY,, -NRMSOWR® (where t s 1 or 23, -S(OWOR™ {where t is 1 or 2),
SSIOWMR™Y,; {where 118 1 or 2, or ~O-PEOHORY, where cach R s independently bydrogen, atkyl, haloalky!,
carbocyelyl, carbooyelyvialkyl, aryl, aralkyl, heteroeyeloalkyl, heterocyeloatkylaliyvl, hetercary] or heteroayylatkyl,
and each of these moieties can be optionally substituted as defined herein.

(0031221 *Cyeloalkyl-alkyl” refers 10 a —(eycloallyDalkyl radical where cyeloalkyl and alkyl are as
provided herein and which are optionally substituted by one or more of the substifuents deseribed as suitable
substituents for eycloalkyl and alley] respectively. The “eycloalkyl-alkyl” is bonded to the parent molecular structure
thiough the cycloalkyl group.  The terms “cycloalkyl-alkenyl” and “cycloalkyl-alkynyl” mirror the above
description of “cycloalkyi-alkyl” wherein the term “alkyl” is replaced with “alkeny?” or “alkynyl” respectively, and
“alkeny]l” or "alkynyl” are as described herein,

(001231 “Cycloalkyl-beteroeycloaikyl” refers 1o a -{cyeloalkybheterocyeylalkyl radical where
eycloalikyl and heterceycloallyl are as provided herein and which are optionally substiluted by one or more of the
substituents deseribed as suitable substituents for heterocycloalky] and cycloalkyl respectively, The “cveloalkvl-
heaterocycloallyl” i8 bonded 1o the parent molecular structure through the cycloaiky! group.

[G0124] “Cycloalkyl-betercaryl” refers o a ~(cycloalkyDheteroaryl radical where cyeloalkyl and
heieroary] are as provided herein and which ave optionally substituted by one or more of the substitnenis descenbed

»

a8 sujtable substinents for heteroaryl and cycloafioyl respectively. The “cycloalkyi-hieteroary!™ is bonded to the

narent molecular structure through the eyeloalicyl group.
L)

[00125] As used berein, a “covalent bomd” or “direct bond” refers to a single bond joining twao groups.
[60126] “Ester” refers o a radical of formula ~-COOR, where R is selected from alkyl, alkenyl, alkynyl,

tigloalkyl, heteroalkyl (bonded through a cham carbon), cycloatkyl, cycloalkylalkyl, aryl, aralkyl, heterocycloalkyl
{bonded through a ring carbon}, heterocyeloallylalkyl, heteroaryl (bonded through a ring carbon) or heterparylallkoyl,
Any amine, bydroxy, or carboxy! side chain on the compounds deseribed heremm can be estenfied. The procedures
and specific groups to make such esters are known 1o those of skill in the art and can readily be found in reference
sources such as Greene and Wils, Protective Groups tn Oreanic Synthesis, 3rd Fd,, Jobn Wiley & Sons, New York,
MY, 1999, which 1§ moeorporated herem by reference in s entiety. Unless staled otherwise in the specification, an

ssler group can be optionally sehstituted by one or more substituents which independently include: acyl, alkyl,
atkenyl, allynyl, alkoxy, alkylaryl, cycloalkyl, aralkyl, arvl arvioxy, aming, amido, amiding, tning, swide,
carbonate, carbmnate, carbonyl, heteroalkyl, hetercaryl, heteroarylalkyl, heoterocycloalkyt, hvdroxy, c¢yano, hale,
Baloallkoxy, bhealoalkyl, ester, ether, mercapto, thio, alkylthio, aryithio, thiccarbonyl, nifro, oxo, phosphaie,
phosphonate, phosphinate, sibyl, sulfinyl, sulfonyl, sulfonamidyl, sulfoxyl, sullonate, urea, -SHR%.-, -ORS -SRY
SOC(ORRY, AN(RY,, -CLIOMRS, -CIOYORY, -QCIOMN@RY., -CIOMNERY,, -NERHCIOORY, -NERHCORY, -
NRHCOWINRD,, NERDHCNROYNET,, -NERHSOHRY (where 1 is 1 or 23, -5{0)OR" {where t 18 | ar 23,
SSEOMMNERY, (where T1s 1 oor 2), or ~O-P(=0WOR", where each R® iy independently hydrogen, atkyl, haloalkyvl,
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carbocyelyl, cabooyelylalkyl, aryl, aralkyl, heterocycloalkyl, heterocyeloalkylatkyl, hetergaryl or heteroarylalkyl,
and each of these moieties can be oplivnally substituted as defined heréin.
[001273 “Ether” refers to a - R -O-R" radical where each R"is independently selected from hydrogen,
alkyl, alkenyl, alkynyl, halpalkyl, heteroatkyl (bonded through a cham carbon), cycloalkyl, cycloalkylalkyl, aryl,
aralkyl, heterocycloatky] (bonded through a nng carbon}, heterocycloalkylalkyl, heteroaryl (bonded through a ring
carhon) or heteroarylalkyl, unless stated otherwise in the specification, cach of which moiety can Hself be optionally
substituted as desciibed herein,
(601281 “Halgy”, *halide”, or, alternatively, “halogen” means flooro, chlore, bramo or iodo. The terins
“haloalkyl,” “halealkenyl,” “haloalkyny!l” and “haloalkoxy™ include alkyl, alkenyl, allynyl and alkoxy strctires
that are substituted with one or more halo groups or with combinations thersoll For example, the terms “fluorealkyl”

and “Huorcalkoxy™ include haloatkyt and haloalkoxy groups, respectively, in which the halo s fluorine, such as, but

not limited 1o, trifluoromethyl, diflvoromethyl, 2,2, 2-nfluoroethyl, T-fluommethyl-2-flooreethyl, and the i Each

of the alkyl, alkenyl, alkynyl and alkoxy groups are as defined berein and can he optionally further substituted as
defined herem.
{006129] “Heteroalkyl”, “heteroalkenyl” and “hetercatiynyl” include alkyl, alkenyl and alkyny! radicals,
respectively, which have one or more skeletal chain atoms selected from an atom other than carbon, eg., oxygen,
nitrogen, sulfitr, phosphorus or cambinations thereof. A numerical range can be given, e.g.. -0y heteroatkyl which
refers 1o the chain lengfh in total, which in this sxample 1§ 4 atoms Iong. For example, a ~CHOCHCH; radical is
referred 1o as a “(y7 heteroalkyl, which includes the heteroatom center in the atom chain lengih description.
Comnection 1o the parent molecular strucuture can be through etther a heteroatom or a carbon in the heteroalkyl
chain, For example, an N-contaiming heteroalkyl moety refers 1o a group in which at least one of the skeletal atoms
5 a nitrogen atennt, One or more hetercatomds) in the heteroaltkyl radical can be optionally oxidized. One or more
nitrogen atons, i present, can also be optionally quaternized. For example, heteroalkyl also includes skeletal chams
gubstituted with one or mere nittogen oxide (<0-) substituents.  Exemplury heteroalkyl groups inelude, without
imutation, cthers  such  as  methoxyethanyl  ~CH,CEOCH,),  ethoxymethanyl  ~CH,OCH,CHy),
(methoxymethexyiethanyl  (-CHCH,OCHOCH;), {methoxymethoxyymethanyl  (GCHOCH.OCH;  and
(methoxyethoxymethanyl  (-CH,OCH, CHOCH:) and the like; amines such as -~CHCHNHCH;
CHRCHN{CH ), - CHoNHCHCH,, - CHN(CHCHWCHS) and the hike. Heleroalkyl, heteroaltkenyl, and
hederoalkynyl groups can each be optionally substituted by one or more subsittuents which independently include:
acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cycloalkyl, avalkyl, arvl, arvioxy, amino, avudo, amidmo, oo,
azide, carbonate, carbamate, carbonyl, heteroalkyl, heteronryl, heteroaryialkyl, beterocycloatkyl, hydroxy, cyvane,
halo, haloalkoxy, haloalkyl, ester, ether, merecapto, thio, alkylthio, arylthio, thiccarbonyl, nitro, oxo, phosphate,
phosphonate, phosphinate, silyl, sulfinyl, sulfonyt, sulonamidyl, sulfoxyl, sulfonate, urea, -Si(R")s-, -ORY, -
SOCUOWRE, -NR™,, -CEORY, -COIOR®, -OUIOIN(R Y, -COEONRY,,  -NERHCIOMORY,  -NRHYCOMWRS,
MNERMCIOMRY,, NESCMNRYNERY,, -NHEDSOWR® (where 138 1 or 2y, -S(OROR" (where tis 1 or 2},
SSENPMNR™Y (where tis 1 or 23, o7 —O-P=OWOR™, where cach R° s independently hydrogen, alleyl, haloalkyl,

Lig
(83
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carbocyclyvl, carbooycebylallevl, arvl, wralkyl, heterocycloalicyl, heterocycloalkylalkyl, heteroaryl or heieroarylalkyl,
and cach of these moteties can be optionally substituted as defined herein.

a

F001361 “Heteroalkyl-aryl” vefers 10 a -(heteroalkvDaryl radical where heteroalkyl and aryl are &g
provided herein and which are optionslly substitiied by one or more of the substituents described as suitable
substituents for heteroalkyl and aryl respectively. The “heteroalkyl-aryl” is honded to the parent molecular structure
throueh an atom of the heteroalky] moup.

0013134 “Heteroalkyl-heteroary?” mfers 1o o -(heteroalkyhheteroaryl radical where heteroalkyl and
heteroaryl are as provided herein and winel are optionally substituted by one or more of the substifuents described
as suitable substituents for heteroatkyl and heteroaryl respectively. The “heteroalkyl-heteroaryl” is bonded o the
parent molecular structure through an atom of the heteroalkyl group,

[00132 “Heteroalkyl-hetevocycloalkyl” wefos 0 8 -{heteroaliyhheterocyeloalkyl radical where
heteroalkyl and heterocycloalkyl are as provided herein and which are optionally substituled by one or more of the
substituents described ag suitable substitents for heteroalky! and heterocveloatkyl respectively, The “heteroalkyl-
heterocyeloalkyl™ is bonded o the parent molecular struciure through an atom of the heteroalkyl group.

[0603133] “Heteroalloyl-cyclonlkyl” refers to a -(heteroalkyleyeloalkyl radical where heteroaliyl and
cycloalkyl are as provided herein and which are optionally substituied by one or move of the substituents deseribed

)

as suitable substifuents for hetercalkyl and cyveloalkyl respectively. The “heteroalkyl-cycloalkyl” s bonded o the
parent maclecnlar structure through an atom of the heteroalkyl group.

[00134] “Hetoroaryl” or, alicrnatively, “heferoaromatic” refers to a refers to a radical of a 518
membered monocyelic or polyeyvelic (eg, bicyclic or tneyelic) aromatic rng system (eg, haviag 6, WWor 14 =«
electrons shared i a cyclic array) having ring carbon atoms and 16 ring heteroatoms provided in the aromatic ring
syster, wherein cach heteroatom is mdependently selected from witvogen, oxygen, pbhosphorous and suifur (518

'ERY

mermbered heteroaryl™y. Heteroaryl polyeychic ring systems can mchude one or more heternaioms in one or beth
ringg. Whenever 1t appears herein, a numerical range such as “5 to 187 refers to cach integer m the given range; e g,
“5 10 18 ring atoms” means that the heteroaryl group can comsist of 5 ring atoms, 6 ring aloms, etc., up o and
inchicing 18 ring atoms. For example, bivalent radicals derived from univalent heteroaryl radicals whose names end
i “-yl7 by removal of one hydrogen atom frons the atom with the free valence are named by adding “-idene” to the
name of the corresponding univalent radical, e ., a pyridyl group with two poinds of attachment 1s a pyridyhidene.

o

[60135] For example, an N-containing “heteroaromatic” or “heteroaryl” molety refers 10 an aromatic

grotyy i owhich at least one of the skeletal atoing of the ring is a nitropen atom. Cne or more heteroatom(s) in the

helerouryl radical can be opticnally oxidized. One or more niirogen aloms, 1f present, can also be oplonally
guaternized. Heteroaryl also mcludes ring systems substituled with one or more nitrogen oxide (-<0-) substituents,
such as pyridinyl N-oxides. The heteronryl is attached to the parent molecular structre through any atom of the
Ting(s).

[00136] “Heteroaryl” also includes ring systems wherein the heteroaryl ring, a8 defined above, is fused

with one or move ary? groups wherein the pomt of attachment (o the parent molecular siraciure 15 either on the aryl

or on the heteroaryl ring, or wherein the hetercary! rimg, as defined above, 18 fused with one or more cycloalkyl or
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heteroeyey! gronps wherein the point of attachimesnl to the parent molecular structiure is on the heteroaryl ring. For
solycyelic heteroaryl groups whercin one ring does not contain a heteroatom (e.g., indolyl, quinolinyl, carbazolyl
and the ike), the pomt of attachment to the parent molecular structure can be on either ring, ie., cither the ring

bearing a heteroaiom {e.g., Z-indolyl) or the ring that does not contain a heteroatom (e.g, S-indolyl). In some

£

embodiments, a heteroaryl group 15 a 5-10 membered aromatic ring system having ring carbon atoms and -4 ving

beteroatoms provided in the aromatic ring system, wherein sach heteroatom is independently selected from nitrogen,

-

oxygen, phospherous, and sulfur (“5-10 membered heteroaryl™). In some embodiments, a heteroaryl group is a 5-8
memberad aromatic ring system having ring carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring
system, whersin each heteroatom iz independently selected from nitrogen, oxygen, phosphorous, and sulfur (¥5-8

membered heteroaryl”). In some embodiments, a 'htzﬁc':roa.try} group is a 5--6 membered aromatic ring system having

independently selected from -n-itmga:n, RV, p’imsphm‘m:;s, and sulfur (“5 & membered heteroaryl™, i some
embodiments, the 5-6 membered hetercaryl hag 1-3 ring heteroaioms selected From nitrogen, oxygen, phosphorous,
and sulfur. In seme embodiments, the 5-6 membered heteroaryl has 1-2 ring heteroatoms selected from nitrogen,
oxygen, phosphorous, and sulfiir. In some embodiments, the 5-6 membered heteroaryl has | ring heteroatom
selected from mitrogen, oxyeen, phosphorous, and sulfur,

[0n137) Examples of heterparyls mclude, but are not Hmited to, azepinyl, acridinyl, benzimidazolyl,
benzindolyl,  1,3-benzedioxolyl,  benzofuranyl,  benzooxazolyl,  benzo[dithiazolyl,  benzothiadizzolyl,
benzo[b][1,4]dioxepinyl,  benzo[bl{1,4]oxazinyl,  I4-benzodioxenyl, benvomaphthofiranyl,  benzoxazolyl,
benzodioxolyl, benzodiexinyl, benzoxazolyl, benzopyranyl, benzopyranonyl, benzofuranyl, benzofuranonyl,

benzofirazanyl, benzothiazolyl, benzothienyl (benzothiophenvl), benzothienol3,2-dlpyrimidingt, benzotriazolyl,

benzold,8 [imidazo| 1,2-alpyridiny, carbazolyl, cinnolinyl, cyclopental dlpyrimdinyl,

8, 7-dihydro-3H-cyclopenta[4,5 thisno] 2, 3-djpyrimidiny, 3,6-dihydrobenzolhjquinazoliny,
5,6-dihydrobenzel hlcinnelinyd, &, 7-dihydro-5H-benzol6, Tlcycloheptal 1 2-clpyridazinyl, dibenzolanyl,
dibenzathiophenyl, furanyt, farazanyl, furem(myl \ _ fura3,2-¢lpyridiny,
5,6,7.8.9,10-hexahydrocyelooctaldlpyringidingd, 5,6,7.8.9,10-hexahydrocyclooutal dipyridazinyl,

5,6,7,8,9, Hi-hexahvdrocyclooctaldipyridiny isothiazolyl, iﬂ'lidﬂmlyL indazolyl, Indolyl, ndaxolyl isondolyd,
indolinyl, isoindohnyl, isoquinolyl, indofizinyl, isoxazolyl,  5.8-methano-5,6,7,8-tetrahydrogainazolinyd,
naphthyridiny], 1,6-naphthyridinonyl, oxadiazolyl, 2-oxcarepinyl, oxazolyl, oxranyl,
5,6,6a,7,5,9,10,1 0a-octahydrobenzol hlquinazolinyl, L-phenyl- 1 H-pyrrolyl, phenazinyl, phenothiazinyl,
e 1 YR N it 1 11 B }.l.- ] F i gy 'i ',5 - e j VAT .1 @ f g 1 ;I YT ‘lvf Firy ; r‘1 47 7. T i },‘r arl . ’.A'.i‘_, ‘,}
phenozazinyl, phibalazmyl, pleridinyd, purimyl, pyranyl, pyrrolyl, pyrazolyl, pyrazolol3 4-dpyrimidinyd, pyridinyl,
pyridold, 2-dpyrivadinyl, pyride{3,4-dlpyrinidinyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrrolyl, quinazolinyl,
guinexralinyd, quinehinyl, sogquinolinyl, tetralrydroquingliny, 3,67 B-tetrahydroquinazohinyl,

3,6,7 B-letrahydrobenzof4,5 ] thienol 2,3 -dlpyrimidiny,

6,7,8,9-tetrabydro-5H-cycloheptal4,5jihienc] 2 3-dfpyrimidinyl, 5,6,7.8-tetrahydropyride[4,5-clpyridazinyl,
thiazolyl, thiadiazalyl, thiapyranyl, triazolyvl, tetravolyl, {riazinyl, thieno[ 2,3-dlpyrimidinyi,
thieno|3.2-dpyrimidinyl, thicno[2,3-clpridiny], and thiophenyl (ie, thienviy Unless stated otherwise in the
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specification, a heteroaryl moiety 18 eptionally substitated by one or more substitnents whicl independently include:
acyl, alkyl, alkenyl, altkynyl, alkoxy, alkylaryl, cycloalleyl, aralkyl, aryl, aryloxy, amino, amido, amiding, imino,
azide, carbonate, carbamate, carbonyl, heteroalkyl, heteroaryl, heteroarylalkyl, heterocyeloalkyl, hydroxy, cyano,
halo, haloalkoxy, haloalkyl, ester, ether, mercapte, thio, allkylthio, aryithio, thiocarbonyvl, nitzo, ox0, ;}h.os-g_}h:am
phosphonate, phosphinate, silyl, sulfinyl, sulfonyl, sulfonamidyv, solfosyl, sulfonate, urea, -SHR®;-, -OR? -SR®
SGC(GFRE, -NERD),, -CHORY, -CIOHORY, -OC(OMNRY,, -CIOMIRY,, -NIESCONORT, -WIRNCIOIRY,
MRBOOINIY),, NERIJCINRDNRY,, -NRDSIOWR® (where t s 1 or 2), -SOWNORY (where t is 1 or 2),
SSOWNRY, (where tis 1 oor 2), or ~O-P(=0)OR", where cach R* is ndependently hydrogen, alkyl, haloalkyl,
carbocyelyl, carbocyelyialkyl, aryl, aralkyl, heterocyeloalkyl, heterocyclos kyidlkyl heteroaryl or heteroarylalkyl
and each of these moleties can be optionally substituled as defined herein.

[G0138] “Heteroaryl-alkyl” refers to a -(heteroaryDalkyl radical where heteroaryl and alkyl are as
provided herein and which are optionally substituted by one or more of the substituents desoribed ag suitable
substituents for heteroaryl and alleyl vespectively. The “heteroaryi-alky?” is bonded 1o the parent molecular structure
through any atom of the heteroaryl group.

F001341 “Heterozryl-heterocycioaliyl”  refers to an  -{hoteroaryDhetorocycloalkyl  radical where

heteroaryl and heterocycloaikyl are as provided herem and which are optionally substitnted by one or more of the

gabstituents deseribed as suilable substitnents for heteroaryl and heterocyeloally! respectively, The “heteroaryi-

heerocycloalky!l” is bonded 1o the parent molecular structure throwgh an atom of the heteroary! gyoup
[00140] “Heteroaryl-cycloallyl” refers 1o an -(heteroaryDeyceloalkyl radical where heteroary] and
cycloalkyl are ag provided herean and which are optionally substituted by one or miore of the substituents described

2

ag sutlable substituents for heteroary! and cycloalkyl respectively, The “heteroaryl-cyeloalky?” is honded to the
parent molecular structure throtgh a carbon atom of the heteroaryl group.

[00141] “Heterooyelyl”, “heterocycloalkyl” or  “heterocarbocyelyl” each refer o any 3- 1o
[8-membered non-arcmatic radical monocyclic or polyeyelic modely comprising at least one heteroatom selected
from mitrogen, oxygen, phosphorous and sulfir. A heterocyoly] group cen be a monocyclie, bicyelie, wricyclic or
tetracyclic ving system, wherein the polyeyclie sing systems can be o fused, brideed or spiro ring system.
Heterocyclyl polyeyelic ring systems can include one or more heterostoms i one or bath rings. A heterocyelyl
group can be satrated or partially unsatorated,  Partially unsaturated heterooycloalkyl groups can be termed
“heteraeyeloalkenyl” i the lwterocyclyl confains at least ome double bond, or “heterovycloalkynyl” if the

beterocyelyl contains at least one riple bood. Whenever it appears herein, a numerical range such ag 5 to 187

¢ to each fleger in the ghven range; ez, “5 10 18 ring moms™ means that the heteroeyely] group can consist of 5
ring atoms, 6 ring atoms, eic, up fo and mcluding 18 ring atoms. For cxample, bivalent vadicals devived from
wnivaient heterocyely! radicals whose names end n “-y1” by remeoval of one hvdrogen alom from the atom with the
free valence are named by adding “-idene” to the name of the corresponding univalent radical, eg., a piperidine
group with two poinis of attachment 1s & piperidylidene.

[G0142] An N-containing helerocyelyl moiely refers 1o an non-aromatic group in which at least one of

the ring atoms 1s a nitrogen atom, The hateroatom(s) in the heterocyely! radical can be optionally oxidized. One or
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more pilrogen atoms, if present, can be optionally quaternized. Heteroeycelyl also includes ring systems substituled
with one or more nitrogen oxide (-O-) subsiituents, such as piperidinyl N-oxides. The heterocyelyl is attached to the
parent molecnlar stricture through any atom of any of the ring(s).

(00143} “Heteroeyelyl” also includes ring systems wherein the heterocyey! ring, as defined above, is
fused with one or more carbocyeyl groups wherein the point of attachment i3 elther on the carbocyeyl or
heterocyelyl nug, or ring systems wheremn the heterocyclyl ring, as defed above, 18 fused with one or more aryl or
heteroaryl groups, wherein the point of attachment to the parent molecular structure is on the heterocyelyl ring. In
some cmbodiments, @ heterocyelyl group is a 3-10 membered non-aromatic ving system having ring carbon atoms
and -4 ring hetercatoms, wherein each heteroatom is independently selected from nitrogen, oxvgen, phosphorous
and suifur 3-10 membered heterocyclyP). In some embodiments, & heterocyely! group is a 5-8 membered non-
aromaltic ring system having ring carbon atoms and -4 ving hetercatoms, wherein each heteroatom is independently
selected from nitrogen, oxveen, phosphoraus and sulfip (*5-8 membered heterocyelyl™), In some embodiments, a
Leterocyelyl group 15 a 5-6 membered non--aromaiic ring system baving ring carbon atoms apd 1-4 ring
heteroatoms, wherein cach helercatom is independently selected from nitrogen, oxygen, phosphorous and sullur
{“5--6 membered heterocyclyl’). In some embodiments, the 5-6 membered heterocyely! hag 13 ring heteroatoms
selected from nitrogen, oxygen phosphorous snd sulfur. In some embodiments, the 5-6 membered beterocycelyl has
1.2 ring heteroatoms selecled from nitrogen, oxygen, phosphorous and sulfur, In some embodiments, the 5.6
membered heterocyelyl has T ring hetercatom selecied from nitrogen, oxygen, phosphorous and sulfur,

(001447 Exemplary 3-membered heterocyelyls contaming 1 heteroatom inclode, without hmitation,
azirdinyl, oxiranyl, thiorenyl  Exemplary 4emembered heterpoyelyls contaiming 1 heteroatom melude, without
Timitation, azelidiny], oxetanyl and thielanyl,  Exemplary 5-membered heterocyelyls containing 1 hetercatom
melude,  without  hontation,  tetvabydrofuranyl,  dibydrofuranyl,  tetrabydrothiophenyl,  dihydrothiophenyl,
pyrrolidinyl, dibydropyirolyl and pyirolyl-2 5-diope.  Exemplary S-membered heterocyclyls contaming 2
hetercatoms  include, without limitation, dioxolanyl, oxatbiolanyl and dithiolanyl. Exemplary  S—-membered
heterocycelyls containing 3 hetercatoms include, without lmitation, wiazohnyl, oxadiazolinyl, and thiadiazolinyl.
Exemplary é-membered heterocyelyl groups confaining 1 hetercatom include, without lanitation, piperidinyl,
tetrabydropyranyl, dihydvopyridinyl, snd thianyl.  Bxemplary o-membered heterocyelyl groups containing 2
heteroatoms mclude, without limitation, piperazinyl, morpholinyl, dithianyl, dioxanyl, and triezmanyl. Exemplary
T-membered heterocyelyl groups confaining 1 heteroatorn inclade, without! hmitation, azepanyl, oxepanyl and
thiepanyl. Exemplary 8-membered heterocyclyl groups containing | heteroatom inchude, without limitation,
arocanyl, oxccanyi and thiocanyl, Exemplary bicyelic heterocyelyl groups include, without limitation, indolinyl,
isoindolny],  dibydrobenzofuranyl,  dihydrobenzothienyl, ietrahydiobenzothienyl,  terahydrobenzofuranyl,
etrahydroindolyvl, tetahydroquinolinyl, ftetrahydroizoquinelinyl,  decabydroquinelinyl,  decahydroisoguinohinyd,
octabydrochromenyt, octahydroisochromenyl, decahydronaphthyricdinyd, decalivdro-1,8-naphthyndinyl,
octalydropyrrolo[3,2-blpyrrole,  indobinyl,  phibalimidyl,  sapbthalimidyl, chromanyl, chromenyl, TH-

benzolel[ 1 4]diazepinyl, 1,4?5.,7——Eeirahydmpymno[3.,4——‘0}pyrrolyh 5 6-dihydro-4H~fure[3,2-blpyrrolyl, 6,7~

blp
dibydro--SH-furo[ 3, 2-bpyranyl, 5,7-dihydro-4H-thieno{2,3-¢lpyranyl, 2,3-dihydro-1H-pyrolol2,3-bipyndiny,
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a

2 3-dihydrofurol 2 3-bipynidinyl,  4,3,6,7-tetrahydro-1Hepyrrolof2,3-blpyrdingl,  4,5,6,7-tetrahydrofurol3
clpyridinyl, 4,5,6,7 eirahydrotldeno[3.2-b|pyridinyl, 1.2,3 4-tetrahydro-1, 6-naphthyridinyl, and the like
[00145] Unless staled otherwise, heterocyelyl moicties are optionally substituted by one or more
substituertts which independently mehide: acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylaryl, cyeloalkyl, aralkyl, aryl,
arvioxy, amino, amido, anriding, iroino, azide, carbonale, carbamate, carbonyl, heteroalkyl, heferoaryl,
heteroarylalicyl, heterocycloalkyl, hydroxy, cyano, halo, haloalkoxy, haloallyl, ester, ether, mercapto, thio, allvlthio,
arylthio, thiocarbonyl, nitvo, oxo, phosphate, phosphonate, phosphinate, silyl, sullinyl, sulfonyl, sulfonamidyl,
sulfoxyl, sulfonate, wrea, -SHR-, ~ORY, -SRY -OC{ORRY,  NRY,, -CORY, -COHWORY ~{)Cf(('})N('E{&1)Q,
CLONNCRS,, - N{ERDCEOMYORY, -NERDCIOIRY, - NROCONR",, NRDCONRINRY,, -NRHSOLRT (where tis
or 23, -SONORY (where tis L oor 2), -S(OWN{RY, (where tis 1 or 2), or ~O-PEONORY: where cach B is

independently  hydrogen, alkyl, baloalkyl, carbocoyelyl, carhocyelylalkyl, aryl aralkyl, heteroeveloaliyl,
heterocycloaliylalkyl, betoroaryl or hetercarylalkyl and cach of these moleties can be optionaily substituled as
delined herein,
1301461 “Heterooyelyl-alkyl” refers 1o a -(heterocyelyDalky] radical where heterocyelyl and alkyl are ag
provided herein and which are optionally substituted by one or more of the substiuents described as suitable
substituents for heterocyelyl and alkyl respectively.  The “heterocyelyl-alkyl” g bonded 1o the parent maolecular
structure through any atom of the heterocyelyl group. The terms “heferocyelybalkenyl” and *heterocyelyl-alamyl”
mirror the above ('lwcrmt;(m ol “heterocyolyl-alky!” wherein the ferm “alkyl” s replaced with “alkenvl”
“alleynyl” respectively, and “alleny?” or “alkynyl” are as described herein.
(00147 “fmino” refers to the “-(C=MN)-R"™ radical where R® is sclected from hydrogen, atkyl, alkenyl,
alkynyl, haloalkyl, heteroalkyl (bonded through a chain carbon), cycloalkyl, cveloalkylalkyl, aryvl, aralkyl,
heteracycloalkyl {(bonded through a ving carbon), heterocycloalloylalkyl, heteroaryl (bonded through a ring carbon)
or heteroarylalkyl, unless stated otherwise . the specification, each of which molety can iself be optionally
substiuied as deseribed heren.
Fo0 1481 “Motety” refers to a specific segment or functional group of & molecule. Chemical moieties are

often recognized chemical entities erobedded 1n or appended 1o 2 molecule.

100 143] “MNitro” refers o the -NOy radical.

FG01560] “Oxa” refors o the -O- radical,

[G0151] O™ refers o the =0 radical.

[G0152] “Phosphate” refers to a —O-P(=OWOR™), radical, where sach R”is mdependently selected from

hydrogen, alkyl, alkenyl, albloynyl, haloalkyl, heteroalkyl (bonded throvph a chain carbom), cyeloalkyl
cycloalkylalkyl, aryl, aralkyl, heterocycloalky! (bonded through a ring carbon), heteroeycloalkylaikyl, heteroaryl
{(bonded through a ring carbon) or heteroarvlalieyl, unless stated otherwise in the specification, each of which mowety
can itself be optionally subsiituted as deseribed herein. In some embodiments, when R™ 18 hydeogen and depending
onthe pH, the ydrogen can be replaced by an appropriately charged counter ion.

[00L53] “Phosphonate” tefers 10 a ~O-P=O)RDORP) radical, where cach R is independently selected

from hydrogen, alkyl, alkenyl alkynyl, haloalkyl, hetercalkyl (bonded through a chain carbon), cycloaliyl,
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cycloall

alkyl, aryl, aralkyl, heterocycloalkyl (bonded through a ring carbon), heterocycloalkylalkyl, heteroaryl
(bonded through a ring carbon} or hetercarylalkyl, unless stafed olherwise n the specification, each of which melety
can iself be optionally substituled as described herein. In some embodinments, when R* is hydrogen and depanding
on the pH, the bydrogen can be replaced by an appropriztely charged counter 1on.
(601 54] “Phosphinate” refers Lo a ~P(=O)RYOR®) radical, where cach R” is independently sclected
from hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl (honded through a chain carbon), cycloalkyl,
cycloalkylalkyl, aryl, arallyl, heterocyeloalkyl (bonded through a ring carbon), heterocycloalkylalkyl, heteroaryl
{bended through a ring carbon) or heteroarylalkyl, unless stated otherwise 1n the specification, each of which moiety
can itself be opfionally substitited as deseribed herein. In some embodiments, when R s hydrogen and depending
on the pi, the hydrogen can be replaced by an appropriately charged counier ion,
(001557 A Hleaving group or alomy” is any group or atomn that will, under the reaction conditions, cleave
fromn the starting inatenal, thus promoting reaction at a speeified site. Saitsble non-limiling examples of such
groups  unless  otherwise  specified  include  halogen  atoms, mesyloxy, p-nitrobenzensulphionyloxy,
triflucromethyloxy, and tosyioxy sroups. .
(001561 “Protecting group” has the meaning conventionally associated with 1t in organic gynthesis, {
2 group that selectively blocks one or more reactive sites in a mulfifunctions] compound such that a chemical
reaction can be carmed out selectively on another unprotecied reactive site and such that the group can readily be
removed after the selective reachon is complele. A variety of prolecting groups are disclosed, for example, in T.H.
Greene and P. G M. Wuls, Protective Groups in Organic Syathesiz, Third Edition, John Wiley & Sons, New York
{1999Y, incorporated herein by reference in it8 entirety. For example, a hydroxy protected form is where at least one
of the hydroxy groups present m a compound 18 profected with a hydroxy protecting group.  Likewise, amines and
other reactive groups can similarly be protected.
HO0157] As used hercin, the ferms “substituicd” or “substitution” mean that at least one hydrogen
present on a group atom (eg, a carbon or nitregen atom) s replaced with a permissible substituent, ag, a
substituent which apon substitution Lor the hydrogen resulls in a stable compound, e gz, a componnd which doss not
sportancously undergo transformation such as by rearrangement, cyclization, chmination, or other reaction. Unless

31

otherwise indicated, a “substiwted” group can have 2 substituent at one or more substittable positions of the group,
and when more than one postiton In any given structure 1s substituted, the substituent is either the same or different
at cach postilon.  Substituents include one or more groupds) individually and independently selected from acyl,

allvl, alkenyl, allvmyl, alloxy, alkylarvl cyveloalioyl, aralkyl, aryl, aryloxy, amino, amido, azide, carbonate,

carbonyl, beteroalkyl, heteroaryl, beteroarylalkyvl, heteroceveloallyl, hvdroxy, cvano, halo, haloalkoxy, haloaliy,
ester, mercapto, thio, alkylthio, aryithio, thivewbonyl, nlite, oxo, phosphate, phosphonate, phosphinaie, silyl,
JRE, -SRE GOC{ONWRE, NIRY,, TR,
SCHORORT, -GOIOINRY,, ACOMWERD,, -NERDHOOYOR?, -NRDHC(OIRY, - NRICIOMNRY).,, NIRDHCONRENIRY,,

NRISOWRY (where tis 1 or 2), -S(OWOR® fwhere Uis 1 or 2), —S((_’)){I\'{(R“)z {where ¢ is | or 2)~O-P(=OXOR™,,

sulfinvl, suifonyl, sulfornamidyl, sulfoxyl, suifonate, vrea, -Si(R").,

where cach RY is independently hydrogen, alkyl, haloalkyi, cal‘h{)cyc"lyl, carbocyelylalkyl, aryl, araflkyl,

heterceycloalkyl, heterocycloalkylalicyl, heteroaryl or heteroarylalkyl and cach of these moieties can be optionally
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substituted as defined herein. For example, a cycloalky] substituent can have a halide substituted at one ormore ring
carbons, and the like. The profecting groups that can form the protective derivatives of the above substituents are
known to those of skill in the art and can be found in references such as Greene and Wuis, above,

ro015%] - *Bilvl? refers to a -SHRY); radical where each R ig independertly selected from alkyl, alkenyl,
alkynyl, haloalkyl, heteroalkyl {(bonded through a chamn carbon), cyeloalkyl, cycloalkylalkyl, aryl, aralkyl,
heterocycloalkyl (bonded through a ring carbon), heterocycloatioylaikyl, heteromy] (honded frough a ring carborn)
or heteroarylalicyl, unless staied otherwise 1n the specification, each of which molety can itsel be optionally
substituted as described hergin,

{00159 “Sulfany!”, “sulfide”, and “thic” each refer to the radical -8-R”, wherein R” is selected from

alkyl, allkenyl, alkynyl, haloelkyl, heteroalkyl (bonded through a chain carbon), cycloalkyl, cycloalloyialiyl, aryl,

aralkyl, heterocycloalkyl (bonded through a ring carbon), heterocycloatioylalkyl, heteroary! (bonded through a ring

carbon) or heteroarylalkyl, unless stated otherwise 1 he specification, each of which moiety can itself be optionally

I

substituted as described herein. For instence, an “allylthio” refers o the “alkyl-S- radical, and “arylthio” refers t©
the “aryl-5.° radical, cech of which we bound to the parent molecular group through the S atom.  The terms
“sulfide”, “thiol”, “mercapto”, and “mercaptan” can also cach relor to the group RP8H

.

[30160] “Sulfiny!” or “sulfoxide” refers to the -8(0)-R" radical, wherein for “sulfinyl”, R® is H and for
“suifoxide”, R® is selected from alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl (bonded through a chain carbon),
cycltoalloyl, cycloatioyvlalkyl, aryl, aralkyl, hetoroeycloalkyl (bonded through a ring carhon), heteroeycloatkylalkyl,
heteroaryl (bonded through a ring carbon) or heteroarylalkyl, unless stated otherwise i the specification, cach of
which molety can itself be optionally substituted as deseribed herein,

recl1all “Sulfonyl” or “sulfone” vefers to the -5(0x)-RY radieal, wherein R® s sclocted from hydrogen,
alkyl, alkemyl, alicynyl, haloaliyl, beteroalkyl (bonded through a chain carbon), cyeloalkyl cyeoloalioylalkyl, aryl,
arallyl, heterocycloalkyl (bonded through a ring carbon), helerocycloallkylalkyl, hetercaryl (bonded through a ring
carbon) v heteroarylalkyl, unless stated otherwise in the specification, each of which moelcty can fsell be optionally
substitunied as described herein,

S(=0)-R%, ~S(=00 NER"-, or NR"-S(=0),-, where sach R” is independently selecied from hydrogen, alkyl,

(001873 “Seffonamidyl” or “sulfonamide” refers to the following radicals: —S(=0)-N(R"),, -N(R"-

alleenyl, alkynyl, haloalkyl, heleroalky] (bonded through o chain carbon}, cycloalkyl, cycloalkylalkyl, aryl, aralkyl,
lieternoycloatkyl (honded through a ving carbon), heterocycloalkylalkyl, heteroaryt (bonded frough a ring carbon)
or heteroarylalkyl, unless slated otherwise in the specificelion, cach of which maiety can Hsel be optionally
substiinted as deseribed herein, The RY groups in —S(=01,-N(R"), can be taken weether with the nitrogen o which
they are attached 1o form a 4-, 5-, 6-, or 7-membered heterocyelyl ring, Tn some embodiments, the term designaics a
-y sulfonamido, wherein each R” in the sulfonamido comiains 1 carbon, 2 carbons, 3 carbons, or 4 carbons total,
[00163] “Sulfoxyl™ or “sulfoxide” refers 1o a ~S(=())OH radical.

[00164) “Sulfonate” refers to a ~S(=0)%-OR" radical, wherein R” is selected from alkeyl, alkenyl,
alkkynyl, haloalkyl, heteroaikyl (bonded through a chain carbon), cycloalkyl, cycloalkylalicyl, arvl, aralkyl,

heterocycloalkyl (bonded through a ring carbon), heterocyceloalkylalkyl, heteroaryl (honded through a ring carbon)
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or heteroarylalkyl, unless stated otherwise m the specification, each of which molety can isell be optionally
substituted as described herein.
[oG165] “Thiocarbonyl” refers 1o a -({=5)- radical,
[00166] “Urea” refers to a ~N{R-(C=0)-NR™, or ~NR"-{C=03-N(R"- radical, where each R is
independently selected from alkyl, alkenyl, alkynyl haloalkyl, heteroalkyl (bonded through a chain carbon),
cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocyeloalkyl (bonded through a ring carbon), heterocyeloaikylalkyl,
heteroaryl (bonded through a ring carbon) or heteroarylalioyl, unless stated otherwise in the specification, cach of
which moicty can itsell be optionally substifuted as described herein.
Where substituent groups are specitied by thetr conventional chemical formulae, written from left to right, they
equally encompass (he chemically identical substituents that wouald result from writing the structure from right to

left, ey, ~CHaO- is equivalent 1o -OCH,-.

Compounds

ore7 In one aspeet, provided herein are compounds of Formula {1
L . | i s

R
FG%“ /L\/' \/B
T N
k®
v

2 e .
Wy b S e

RS

Formula (1)
or an enanfiomer, a mixiure of cnanfiomers, or a mixture of iwo or more dissiereomers thereof, or a
pharmaceutically acceptable form thereof, wherein
W' and W, are cach mdependently CRE L 5,0, Nor NRY wherein at Teast one of W' and Wi s
CR® N or MR
Mg CRY CHRY or N;

pisd 1, 20r3;

B s hydrogen, alkyl, alkenyl, alkynyl, amino, heteroalkyl, cyeloalkyl, heterocyelyl, aryl or
heteroaryl, each of which is substituted with 0-4 R”;

cach R* is independently alkyl, hetcroalkyl, alkenyl, alkynyl, cycloalkyl heterocyclyl, aryl,
arylalkyl, hoteroarvl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxyearbonyl, sulfonamido, halo,
cyano, hydroxyl, nitre, phosphate, urea or carbonate;

X is absent ar is - (CHR™),-;
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Y s absent, ~O-, -8+, -S(=0)-, -$(=0)-, -N(R")-, -C(=ON-(CHR),-, -C(=0)-, -NR-C(=0)-,
N{RT-CE=0INH-, NERDCRY,-, -CEOWNRY, o --{,'(>:(I))-";’\I('R N-(CHR™M, -

each 7 13 imdependently sn mieger of 1,2, 3, or 4;

R’ s Cagnlk vi, fluome, bromo, iodo, cycioa']fky], eycloallevlalkyl, aryl, hetercaryl, heterocycelvl,

w

aralkyl, heterosralkyl, heteroeyclylalkyl, alkenyl, or alkynyl, or R is a heteroatom selected from N, 8, and O,
wherein the hetercatom hag a covalent bond, either directly or throvgh # OO alkyl group, 10 an aryl, heteroary! or
heteracyelyl, or R and R® are taken together with the carbons 1o which they are attached form a cyclic moiety;
wherein each of the above substituents can be substituted with ¢, 1, 2, or 3 ®Y;

ach R® s independently hydrogen, alkyvl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, fuoroalkyl,
heteroaikyl, alkkoxy, amido, amino, acyl, acyloxy, suifinvl, sulfonyl, sulfoxide, sulfone, sulfonanide, halo, cyane,
beteroaryl, aryl, hvdvonyl, or mitro;
®? is hydrogen, alicyl, alkenyl, alkynys, cycloalkyl, heteroalleyl, alkoxy, amino, acyl, acyioxy,
sultonamudo, halo, cyvano, hydroxyl, or miro;

G 1 ' " ST
cach R7 s independently hyvdrogen, alkyl, cycloatioyl, heterocyveiyl or heteroaliyi;

5 AR

W is RT?

Ads Nar CR';

REORM, ¥R, and RY arc independently hvdrogen, alloyl, heteroalkyl, alkenyl, alkyayl,
cycloalkyl, heterpeyelyl, aryl, arvialiovl, beteroaryl, heteroarylalkyl, alkoxy, heterocyelyiony, amide, amino, acyl,
acyloxny, alkoxyearbonyl, sulfomamideo, halo, haloalkyl, cyano, hydroxyl, nitro, phosphate, urea, carbonate, oxo, or
NR'R wherein & and RY arve taken together with nitrogen © fonn a oyclic molety;

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

wherein the compound of Formula (1) 15 not one of the following compounds:
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\Nrﬂa , and \él
[G0168] In some embodiments, when R is 1-methvl-4-pyrazolyl, B is not phenyl substinuted with 0
ocearrences of R or eyclopropyl substitivted with 0 ocourrences of RY.
[00169] In ome embodiment, provided hercin are compounds of Formmutla (1)
R> 0
o o
N
YO
Wik S

LN
Wy

Formula (1)

or an enaptiomer, a mixture of enantiomers, or a mixture of two or more diasicreomers thereot, or a
pharmaceutically accepiable form theveof, wherein

Wy and W, are each independently CR®, 8, O, N or NR™, wherein at least one of W' and W is
CR®, Noor NR'™:

Wy, is CRY, CHRY, or N,

pis 0, 1,2 or3;

B hydrogen, alkyl, alkenyl, alkynyl, amine, heteroatkyl, eyeloalkyl, heterooyelvl, aryi or
heteroaryl, cach of which Is substituted with 0-4 R%:

each R” is independently alkyl, heteroalkyl, atkenyl, alkynyl, eycloatkyl, heterocyelyl, aryl,
arylalkyl, heteroaryl, hetercarylalkyl, alkoxy, amido, amine, acyl, acyloxy, alkoxycarbony], suifonanido, halo,
cyano, hydroxy!, nitro, phosphate, urea or carbonate;

X is absent or ig ~(CHRM,-

Y is absent, -O-, -8-, -8=0)-, -8(=0),-, N(R"}-, -C(=0)-(CHR),~, -C(=0)-, NR)-C(=0)-, -

each 7 is independently an mteger of 1, 2, 3, or 4;

R s Oy calkyl, [uoro, bromo, odo, cveloaltkyl, cyclontkylalioyl, arvl, hetoroaryl, heterocyalyl,
araTkyl, heteroaralkyl, beterocyelylalkyl, alkenyl, or alkynyl, or R is a heteroatom selected from N, S, and O,
wherain the heteroatom has a covalent bond, either divectly or through & C)-Cy alkyl group, to an aryi, heteroaryl or
heterocyelyl, or R and K® are taken together with the carbons to which they are attached form a cyelic moiety:

wherein cach of the above substituents can be substituted with 0, 1, 2, or 3 R';

42
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each R® i3 independently hydrogen, atkyl, alkenyl, allkynyl, eycloalkyl, heterooyelyl, fluorcalkyl,
heteroalkyl, alkoxy, amido, anxino, acyl, acyloxy, sulfinyl, sulfor wl, sulioxide, sulfone, sulfonamido, halo, cvano,
heteroaryl, aryl, hydronyl, or nitvo;

R* is hydrogen, alkyl, alkenyl, alkvnyl, cycloalky!, beteroaikyl, alkoxy, amino, acyl, acyloxry,
sulfomamido, halo, cyano, hydrosyi, or nitro;

each R” is independently hydrogen, alkyl, eyeloalkyl, heterocyelyl or heteroalkyl;

:sss . A%?/Rm
L
11 \% :
W, is R Ais N or CRY,

RIORY R RY and R are independently hydrogen, alkyi, heteroatkyl, alkenyl, alkynyl,
cycloalkey!, heterocyclyl, aryl, arylalkyl, hefercaryl, heteroarylalkyl, alkoxy, hetercoyelylony, amido, amino, acyl,
acyloxy, atkoxycarbonyl, sulfonamido, halo, haloalkyl, cyano, hydroxyl, nitro, phosphate, urea, carbonate, oxo, or
NRR" wherein R and R” are tzken together with nitrogen to form a eyclic molety;

each R™ is independently hydrogen, alkyl, eyeloalkyl, heterocyelyl or | heteroalkyl; and

wherein R ig not 1-methyl-4-pyrazolyl,

[80170] In certain embodiments, W hw is OR° n some embod unens, Whj 15 N, I some embodiments,
Wyl is S, In some embodiment 5, Walis O

[o0L71} In cortaim embodiments, W7 is CR®. In some embodiments, W,” s N, In some embodiments,
Wit ks S Insorne embodinaents, W2 i O,

[00172] i some embodiments, Wy and W, are CRS I some embodiments, W' is § and Wy, s CRS
Tn somie embodiments, W' is § and "vi “am N,

(0173] In certain embodiments, R” is hydrogen.

[00174] In certain embodiments, sach R s independently hydrogen, alkyl, alkenyl, alkynyl, cyeloalioyl,

heterocyelyl, thioroalkyl, heteroalkyh alkoxy, amido, amino, acyl, acyloxy, sullinyl, sulfonvl, sulfoxide, sulfone,
suifomamido, halo, cyano, heteroaryl, aryl, hydroxyl, or nitro, Tn some smbodiments, each R” is independently
hydrogen, alkyl, cycloalkyl, heterocyelyl, fluoroalicyl, alkexy, halo, cyano, betercaryl or aryl.  In some

embodiments, R® is hydrogen, alicyl, fluorealkyl, alkoxy or aryl. In some embodiments, cach R 15 hydrogen,

[O0175] In certamn embodiments, pis G or 1. In certain embediments, pis & In some embodiments, p
ig 1.
[001746] In certain embodiments, the compound of Formula (1) has a strucives of Formula (31
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In some embodiments, the cormpound of Formula {11} hag a structure of Fommula (Ha) or (IIh):
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In some embodiments, the compound of Formula (8 has a strocture of Formula (U1
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In some embodimenis, the compound of Formula (11} has a structiwe of Formula (1Ha) or (1)
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In some embodiments, the compound of Formula (1) hag a structure of Formula (1)
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Formula (1ilb},
wherein R is pyridyl substituted with 6, 1,2, or 3 R'. In some embodiments, the compound of Formula (I} has a
structure of Formula {111}, wherein R is pyridyl substituted with T or 2 RY, wherein each occurance of R is

independently ©), allyl, Cag oycloalkyl, Cag heterocyelyl, )y alkoxy, halo, O beloalkyl, hydeoxyl, or oxo. In

— §-4

svame embediments, the compound ol Formula (1) has a structure of Formula (I1h), wherein R 1s pyridyl substimted

f

with | or 2 RY, wherein each occurance of R is independenty methyl, methoxy, o1 0xo.

FeO131Y In some embodiments, X is -(CH{R™),~. In some embodiments, 7 s 1. Tn some embodiments,
R 5 O alkyl {e.g, methyl), §n some embodiments, R is methyl.
[0013821 In certain embodiments, Y is absent or -N(R”)-. In certain embodiments, Y is absent, In some

. . e d
cmbodiments, Y 15 --N{R ))— In some embodiments, R s hydrogen.

;“\rf
HING
[00183) In certain embodiments, XY is &7 In certain embodiments, X-Y s (S9-OHCH:)-NH-. In
certam embodiments, XY 18 (RO-CHCH)-NH-
1001843 i certain embodiments, R is C-Cpalkyl, fluoro, bromo, iodo, cycloaikyl, eycloalkylalioy],

aryl, beieroaryl, heterocyelyl, aralkyl, hetercaralicyl, heteroeyelylalkyl, alkenyl, or allyoyl, or R js o heteroatom
selocted from N, &, and O, wherein the heteroatom has & covalent bond either divectly or through a C,-Cy alkyl
group to an aryl, heterosryl or helerocyelyl, or R and R® are taken 1 together with the carbons 1o which they are
attached form a 5- or 6-membered ring; wherein each of the above substitnents can be substibuted with 0, 1, 2, or 3
rP
[001853 In certain embodiments, R' ig eycloalkyl, eveloalkylalkyl, aryl, heteroaryl, heterocyelyl,
aralkyl, heteroaralkyl, heierosyelylalkyl, alkenyl, or alkyoyl, or R is a heteroatom sclected from N, 8, and O,
wherein the Leteroatom has a covalent bond elther diveetly or through a )-Cy alkyl group o an aryl, heteraaryl or
heteroeyelyl, or R and R® ave taken together with the carbons to which they are atiached form a 5- or 6-membered
ring; wherein gach of the above substituents can be substituted with 0, 1, 2, or 3 RY
[o0188] In certain cmbodiments, R’ is cycloalkyl, cycloaliylalkyl aryl, 6-10 membered hetercaryl,
heterocyelyl, aralkyl, heteroaralkyl, heterocyclylaikyl, alkenyl, or alkynyl, or R s a heteroatom selecied from N, 8,
and O, wherein the heteroatony has a covalent bond cither directly or through a C-Cy alkyl group to an aryl,
heteroaryl or heterocyelyl, or R and R® are taken together with the carbons to which they are attached form a 5- or

t-membered ring; wherein each of the above substifuents can he substituted with 0, 1, 2, or 3 RY.
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[0G187] In certain embodiments, R* is heferoaryl substituted with 0, 1, 2 or 3 RY. In certain
cmbodiments, R is 6-10 membered heteroary] substingted with 0, 1, 2 or 3 RY. In some embodiments, R® is 6-
membered heteroary! substituted with 0, 1, 2 or 3 R”. In some cmboediments, R is 6-membered heteroaryl
substituted with 0 R (e.g, d-pyridaziny]). In some embodiments, R is 6-membered hesercaryl substituted with 1
RY (eg, 2-methoxy-5-pyrimidyl, 2-methyi-5-pyrimidyl, S-methyl-2-pyridyl, 2-methoxy-d-pyridyl, S-methoxy-2-
pyridyl or 2-methyl-d-pyridy!). In some embodiments, R s pyridyl substituted with 0, 1, 2 or 3 R'%. In some
embodiments, R s pyridyl substituted with 1 or 2 R, In some embodiments, R js pyridvl substituted with 1 R,
In some embodiments, B ig pyridyt substitgted with 2 R, In some embodiments, the substitated pyridyl is 2
pyridinonyl.

[O0185] i some embodiments, RY is O-membered heteroary! substittted with 8, 1, 2 or 3 R In some
embodiments, R is 10-membered hetcroaryl substituied with 0, 1, 2 or 3 R,

3

(601891 {n cerfain embodiments, R* 1s a fused 5/6-bicyclic heteroary! substituted with ¢, 1, 2 or 3 R,

In some embodiments, R® is a fused 5/6-hicychc heteroaryl substiuted with ¢ RY (eg, 5-1H-pyrrolol2,3-
blpyriding). T some embodiments, R is fused 6/6-bicyclic heteroaryl substituted with 0, 1, 2 or 3 RY. In some
embodiments, R is fused 6/6-bicyclic heferoaryl substituted with 0 R™ (a0, 3-quinolinyl).

[00190] In cerlain embodiments of a compound of the Formulas provided herein and elsewhere (e.g.,
Formula (8, (0, (Ha), (U0, (11a), or (1IB)), cach ooourance of Y g mndependently alkyl, cyeloalkyl, heterocyelyl,
alkoxy, amino, suifonamido, hale, baloalkyl, hydroxyl, or oxo. In some embodiments, cach ocowrance of R7 is
"i.}:}a.ic‘..pcudcnl]y Uy alkyl, Cog eycloalkyl, Cs g heterooyelyl, iy alkoxy, halo, O haloalkyl, hydroxyl, or oxo. In
some embodiments, each occurance of R is independently methyl, methoxy, halo, or oxo. In some embodiments,

each occurance of R 18 independently methyl, methoxy, or oxo.

[0G191 In cerfain embodiments, -X-Y-W 15 selecied trom:
sl k
Ko K 4
N, RTHN >_ r 7 o ™ B
M Ci ;
— :13\1 S CF
Y < %g ban > N>‘ ¢ HN,CFs
5 5
:;!\1 i]\; _——\\E _T:N N i !
) N o } N =N
FzN HeN H, LM N o
W F"}’ﬂ/, Y g
HN CFq H N>w /C NoOHN B oM
N>/ \\ 7 ﬂ% I\f/ §
HaN PN Hol
A7 g g A N g
N My HN> NH; Hh> Sn, H /\‘ﬂ\j Hs
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[00194)
cyano. In some embodiments, R is amido.
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1001971 in some embodiments, A is N Tn other embodiments, A is O, wherein R'7 is hydrogen,
allyl, haloalkyl, arylalkyl, heterocyelyl, heteroaryl, heteroalkyl, armido, amino, halo, hydroxyl, alkoxy, or cyano., In
some embodiments, R¥ s hydrogen, alkyl, haloallovl, halo, amido, amino or cvano.

[00198] In certain embodiments, when R is methyl, B is not phenyl or eyclopropy! substitnted with 0
occurrences of B2

[00195] In certain embodiments, when R is l-methyt-d-pyrazolyl, B is not pheayi or eyclopropyl
substituted with O cocurrences of R

[G02001 fn certain embodiments, when R is chloro, RY ig not hydrogen, methyl or trifluoromethyl.
[a02017  cortain embodiments, ®Y s methsyl and R is cyano. In some embodiments, R is ¢hloro

aned B 18 eyano.

r06202] In some embodiments, Ry 18 hvdrogen and 8,5 18 -NH,.
[002633 In some embodiments of the compound of Formula (1), at least one of R'Y RY ang R"

kydrogen, cyano, halo, unsubstituted or substitnded alkyl, unsubstituied or substituted alkynyl, or vnsubstintted or
substituted alkenyl. In some embodiments, at leagt one of R R' and R' is unsubstituted or substituted aryl. In
some ambodiments, at least one of BY R and R™ is unsubstiuted or substituted heteroaryl, which inchides, but is
not hirted o, heterowry! haviag a Bve membered ring, heleroary! having a six membered ring, heteroaryt with at
least one nifrogen ring aom, heteroary! wilh two nllrogen ring aloms, monccvlic heteroaryi, and bicylic heteroaryl.
In some embadiments, at icast one of R* R and ®Y 5w ansubstituted or substimted hete rocyvelyl, which inclhides,
but 1 not lnsted to, heterocyolyl with one nitrogen ring atom, heterocyelyl with one oxygen ring alom, heterocyclyl
with one sullur ring atom, 5 membered heterooyelyl, 6 membered heterocyelyl, saturated heterooyelyl, unsaturaied
heteroeyelyl, heterocyclyl having an unsaturated moiety connected 1o the heterbeyelyl ring, heterooyelyl substituted
by oxo, and heterocyelyl substituted by two oxo. In some embodiments, al least one of RY, RY and R is
unsubstituted or substituled cycloalkyl, including, but not Hmiated 1o, cyelopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloalkyl, sach of which can be substituied by onc oxo, and cyeloalky] having an unsaturated moicty
comnected to the cycloaliyl rng.  In some cmbodiments, at least one of 2w and R s unsubstituied or
substituled amido, unsubstituted or substituted scvioxy, unsubstiluted or subgtituted atkoxyearbony!, imsubstituted
or substituted acyl, or unsubstitted or substimuied sulfonamido,

(002041 In some embodiments, when at least one of R™, R and R¥ g alkyl, alkynyl, alkenyl, aryl,
heteroaryl, heterocyelyl, eycloalkyl, alkoxyearbonyl, amido, acyvloxy, acyl, or sulfonamide, i 1s substituted with one
or micre of alkyi, heteroalkyl, alkenyl, alkynyl, cycloaliyl, heterocyelyl, arvl, heteroarvl, alkoxy, amida, amina, acyl,
acyloxy, alkoxyearbonyl, sulfonamido, halo, cvano, liydrosyl or nitve, each of wiich alky!l, heteroalkyl, alkenyl,
allynyl, eyeloalkyl, heterocyelvl, aryl, heteroaryl, alkoxy, amido, amine, acyl, acyloxy, alkoxvearbonyl, or
sulfonamido can isell be substiluted.

[00205] In sore embodiments, B s alkyl, heteroalkyl, cycloalkyl, beteracyelyl, aryl, or heteroaryl,
each of which is substituted with 0-4 R, In certain embodiments, B is aryl {e.p., S-membered aryl) substituted with

. l . . . -~ - -
(-4 ceeurrences of R° In some embodiments, B is phenyl substitnted with (-4 occurrences of R% In some
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embodiments, B is pheny! substitated with O occurrences of RY, In some embodiments, B is phenyl substituted with

o T . P R -
1 occurrence of B2 In some embodiments, R7 s halo (e.g., tluoro).

[G02061 In some embodiments, B is unsubstitufed or substituted alkyl, including, but not Hmited to -

(CH)-NRRE, wherein each R* is independently hydrogen, alkyl, fluoroalkyl, carbooyelyl, carbocyelylatkyl, aryl,
arafkyl, heterocycelyl, heterocyelylatkyl, heteroaryl or heterosrylalkyl, or NR™R® are combined together to form a
cyelic moiety, which meludes, bt s not Hmiled 1o, piperidinyl, siperazinyl, and morpholinyl, In some
smbodiments, B s onsubstituted or substituled ammo. In some embodiments, B is unsubstituied or substifuled
heteroalleyl,  Tn some embodinents, B s alky! or oveloalkyl substituted with 0-4 occurrences or B% In some
embodiments, B 1 isopropyl,

(602071 In some embodiments, B is gelected from unsobstiuted or substituted arvi, including, but not
limnited fo, unsubstiuted or substiuted phenyl; unsubstinted or substituted heteroaryl including, but not Hmited (o,
pyridin-Z-vl,  pyridn-3-v], pyridind-vl pyrimidin-d-yL pyrimidin-2-vl pyrimidin-5-vi o or pyrazin-2-vl;
unsubstituaied or substimted monocyelic beteroarvl; unsubstituted or substituted bicyehe heteroaryl; a heteroaryl

having two heferoatoms as ring atoms; unsebstituled or substiuted heteroaryl comprising a nitrogen ring atom;

unsubstituied or substitnied heteroary! having two milrogen ting aloms; unsubstimted or substituted heteroaryl
having a nitregen and a sulfur as ring atoms; unsubstituted or substituled heterocyelyl including, but not limited to,
marpholinyl, ewalydropyranyl, piperazinyt, and piperidinyl; and masobstituted or substituted cycloalkyl including,

hut not limited to, cyclopentyl and cyclchexyl.

[002G8] In some embodiments, B is one of the following moietics:
[ ~., P S
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{00209 In somie embodimenis, B is unsubstituted or substitgted with one or more B substitients. In

some embodiments, R is alkyl, heteroalky], alkenyl, atloynyl, cycloalkyl, heterocvelvl, aryl, heteroaryl, alkoxy,
amido, aming, acyl, acyloxy, alkoxyearbonyl, sulfonamidoe, halo, cyano, hydroxyl or nitro, each of which alkyl,
hetercalkyl, alkenyl, alkynyl, cycloalkyl, beterocyelyl, aryl, heferoaryl, alkoxy, amido, amino, syl acyloxy,
alkoxyearbony? or sullomamido, can itsell be subsiituted.

[06210] In some erbodiments, R’ is unsubstiiited or substituted alkyl, unsubstitutod o substituted
heterpalkyl, unsubstiinted or substituted alkenyl, unsubsiituted or substituted alkynvi, unsubstituted or substituted
cveloalkyl, or unsubstitited or subsiitited heterocyelyl, o some embodiments, R s unsubstituted or substitufed
aryl, unsubstifuted or subgtituted arviaikyl, unsubstituted or substituted heteroaryl, or unsubstituted or substiuted
heteroarylalkyl, In some embodiments, 2% is unsubstituied or substituted alkoxy, unsubstituted or substituted amido,
or unsubslituted or subsiituted amino. M some embodiments, B7 is unsubstituted or substituted acyl unsubstitnted
or substimled acyloxy, unsubstitiied or substituted alkoxyearbonyl, or unsubstiluled or substitated sulfonamido. Tn
some enbodimnents, B is halo, selected from -1, -F, -CL and <Br. Tn some emboediments, R is selected from. CYAKO,
hydroxyl, nitro, and a carbonate.  In some embodiments, R” is unsubstituted or substituted phasphate.  In some
gmbodiments, R® is unsubstituted or substitaied urea. In some embodiments, when R is alkyl, 22 g mathyl, ethyl,
propyl, sopropyl, 1- butyl, feri- bulvl, sec-butyl, pentyl, hexyl or heptyl.

[60Z211] In some embodiments, when R” s alleyl, heteroalkyl, alkenyl, alkynyl, eycloalkyl, heterocyelyl,
aryl, arylaikyl, hetercaryl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkexycarbonyl, sulfonamido, or
hydraxyl, itis substituted by phosphate, substituted by urea, or substituted by carbonate.

(002121 Tn some embodiments, when R7 is alkyl, heteroalkyl, alkenyt, alkyayl, eycloalkyl, heterocyelyl,
aryl, arylalkyl, heteroaryl, heteroarylatkyl, alkoxy, amido, aming, acyl, acyloxy, alkoxycarbenyl, or sulfonamido, it
is substituted by one or more of alkyl, heteroalkyl, alkenyl, alkynvl, cycloalkyl, heterocyelyl, aryl, heteroaryl,

alkoxy, amido, amine, aovi, acyloxy, alkoxyearbonyl, sultonamide, halo, cyano, hydroxyl or nitro, cach of which

52
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alkyl, heteroalkyl, alkenyl, allynyl, cvctoalkyl, heterocyelvl, arvi, heteroaryl, alkoxy, wmmido, amino, acyl, acyloxy,
alkoxycarbonyl, or sulfonamido can itsell be snbstiluted.

(002131 In some embodiments, there are no ocearrences of R%, In other embodiments, there is one
aecurrence of RY. In still other embod iments, there are two cocnmences of R In vet ather embodiments, there are
three ocourrences of R% In yet other embodiments, there are four occurrences of RY. For example, in some
embodiments B s aryl or heteroary? and there are no occwrences of 74 In other instances, B is aryl or heteroaryl
and there is one occurrence of B2 where B2 is allyl or halo,

[00214] in gome embodiments, 'R‘q is hydrogen. In some crobodiments, R s unsubstitnted or
substituted  alkyl, unsubstituted or substituied alkeryl, or unsubstituied or substituted alkyayl.  Tn some
embodiments, R’ is unsubstitvied or substituted aryl, nnsubstituted or substituted heteroaryl, unsubstitaied or
substituted eveloallyl, or unsubstituted ar substisuted heterooyvelyl. In some enthodiments, R¥ s unsuhstituted or
substiuied alkoxy, unsubstitnted or substituted amido, or unsubstituted or subslituted amino. In some embodimenls,

¥

RY is unsubstituted or substituted acyl, unsubstituted or substituted acyloxy, or unsubstituted or substituted

sutfonamido. In some embodiments, R 1s halo, selectad from 1, -F, -CL and -Br. In some embodiments, R is H,

halo, alleyl, alkoxy, hetercaryl, or eycloatkyl For example, R is H, CHy, CHaCH,, CFy, C1 or . In some Instances,

£ s CHl, CF;, o CL

(002153 In some embaodiments, R is selected from cyvano, hydroxyl, and niro. In some embodiments,
when R is alkyl, R* is methyd, ethyl, propyl, isopropyl, #- bulyl, fert- bulyl, sec-butyl, pentyl, hexy! or hepiy. In
some embodiments, 17 s CHy, -CHLF or ~CHE,.

[0n216] I some embodiments, when R is atkyl, alkenyl, alkynyvi, aryl, heteroaryl, cveloalkyl,

bewrocyelyl, atkoxy, amido, amino, sevl, acyloxy, or sulfonsmido, it 18 substituied with one or more of alkyl,
heteroalkyl, alkenyl, alkynyl, cycloally], heteracyclyl, arvl, heteromyl, alkoxy, amido, amino, acyl, acyloxy,
alkoxyearbonyl, sulfonamido, halo, cyano, hydroxyl or nitra, cach of which alkvl, heteroalkyl, alkenyl, alkvnyl,
cycloalicyl, heterocyelyl, aryl, beteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, or sulfonamido can
iself be substituted.

(002171 In some embodiments, R is a S-membered heteroary] group. Such groups mclude, for
example, pyrrole, fran, thiophene, tiazole, oxaxole, pyrazole, and isoxazole. In other embodiments, R is a 5-
membered heterocyele, including, but not hmited , oxavoline and oxazolidinone. In ¢t other embodiments, ¥ g
a O-membered hetercaryl group ncluding, but not linited to, pyvridine, pymzme, pynnodine and pyridazine,
Afternatively, R’ is a 6-membered heterocyels, inchiding moietics such as morpholing or piperiding. in othor
embodimenis, B s a  fused Sfe-bicyclic heteroaryl, For example, benzothizzole, benzoxazele, benzisoxazole,
indazole, benzimidazole, benzoibiophene, mdole, isoindele, purine, or pyrazolopyriidine, In yet other

gmbodiments, R 1s a fused 5/6-hicyclic heterocycle.

o

[002 181 In some embodiments, B is a Cy-Cs atkyl group substituted with a S-membered heteraaryl, #
S-membered helerocyele, a 6-membered heteroaryl, a 6-membered beterocyele, a fused 5/6-bicyehic heteroaryl, or &
{used 3/6-bicyclic heterocyele, Alternatively, R s amino, sullinyl, sulfonyl, sulfoxide, sulfone, or alkoxy where the

N, § or () hetercatom has a covalent bond erther divectly or through o €, -Cy alkyl group to 2 S-membered heteroaryl,

¥8]
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a S-membered heterocycle, a S-memberad heteroaryl, a 6-membered heterocycle, a fused 5/6-bicyelic heteroaryl, or
a fused 5/6-bicyeiic nonaromatic heterocycele.
[00219] In other embodiments, R is a €,-Cy alkyl group substituted with a fused polyeyelic group,
wherein the polyeyelic group has greater than two rings and is carbocyclic or heterocyclic; C-Cy alkyt group
substituied with a bridged cycloaikyl or bridged heterocyclic group; C)-Cy alley] group substituted with a spirocyelic
cycloalkyl or spirocyche heterocyelic group; or branched Cp-Cra alkyl group, wherein sald branched alkyl group
contains at least one terminal -butyl group.
[ao2207 Each of the embodiments named above for B® iy unsubstituted or optionally additionalily
substituted with an alkyl, heteroalleyl, alkenyl, allkyayl, eyelealkyl, heferocyelyl, aryl, heteroaryl, alkoxy, amido,
aming, acyl, acyloxy, alkoxyearbonyl, sulfonamido, halo, cyano, hydroxy! or nitro group.
FO02217] In certain embodiments, R is 2 substitvted or unsubstituted heterocyelyl or heteroaryl gron 10
sclected from pyridine, pyrazole, piperazine, and pyrrolidine, wherein the substituent can be a C-Cg alkyt group or a
halogen.
100222} In some embodimenis, & compound is provided wherein RY is selected from a S-inembered
heteroaryl such as a pymole, a furan, or a thiophene group; S-membered nonsromatic heterocyelyl such as a
pyrrolidime, a tetrahydrofuran, or a tetraliydrothiophens group; S-membered hetercary? such as pyridine, pyrazine,
pyrimidine, or pyridazine; &-membered nonaromatic heterocyelyl such as piperidine, tetrahvdropyran, or thiane; and
fused 5/6-bicyclie heteroaryl such as mdole, isoindole, benzofuran, isobenzofiran, benzothiophene, benzimidazole,
indazole, benzoxazole, benzisoxazole, or purine. In certain embodiments, R' is a substitited or unsubstituted group

such as pyridine, pyvrazole, piperazine, or pymolidine. By way ol non-limiting example, the & group can be

il
substituted with & C-Cy alky? groun or & halogen, For example, the R group can be substituled with 2 methyl
group.
(002237 In some embodiments, & compound is provided wherein R is selected from
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[GG224] In somne embodimenis, 2 18 absent. bn some embodiments, ¥ is ~{CH(R ), and 7 i3 an imeger

(0223 I some erobadiments, R is unsubstituted or substituted atkvl including, but not Hmited to
unsubstituted or snbstituted C)-Oigalkyl  In some embodiments, 1Y 13 unsubstitnted or substiied oycloalkyl
ncluding, buf not limited to unsubstituted or substituted C-Cy cycloalkyl  In some embodiments, R” is ethyl,
methyl or hydrogen. In serme embodiments, R” is unsubstituted or substitated haterocyelyl including, but not lmited
to, unsubstituted or substituted C-C pheteroalkyl.  In some eambodiments, RY is unsubstiinted or substituted
heteroalkyl ncludimg, but not imited to, unsubstituted or substituied Co-Cgheteroalkyl

[66226] Alse provided herein is 2 compound of Formula (1) wherein R” is ydrogen, and X is -CH,-, -
CH?,(";'E—I:.--, CHCHCHe, -CH(CH ), or -CHECHCH)-. In other embodiments, X is -(CH{R™), , R® is not
tydrogen, and 7 18 an imleger of 1. When X is -CH(R™)- and R® is not hydrogen, then the compound can adeopt either
an (8}~ ot {(R)-stercochemical configuration with respect to the CH carbon. In some embodiments, the compound 15 a
racernic mixiure of (S} and (R) isomers with respect to the CH carbon. In other embodiments, provided herem is a
mixture of compounds of Formmula (1), wheremn individnal compounds of the wdxture exdst predominately in an (3)-
or (R}~ isemeric configuration. For example, the compound mixture has an (8)-enantiomeric excess of greater than
aboul 55%, about 60%, about 65%, about 70%4, about 75%, about 80%, about 85%, about 90%., about 5%, about
96%, about Y7%, sbout 98%, about 99%, about 99.5%, or more at the X carbon, In other embodiments, the
compound mixture has an (S}enantiomerte cxeess of grealer than about 55% to about 99 5%, greater than aboul
aboutl 60% to about 89.5%, greater than aboul 65% 16 about 99.5%, greater than about 70% o about 99.5%, greater

than about 75% 10 about 99.5%, greater than about 80% (o about 99.5%, greater than about 85% to about %9,5%,

0, 4_1"
greater than about 90% to about 99.5%, greater than about 95% to aboul 99.5%, greater than about 6% 1o aboul
99.5%, greater than about 97% to about 99.5%, grealer than about 98% to greater than about 99.3%, greater than
about 99% to about 99.5%, or more.

[oa227] In other embediments, the compound mixture has an (I)-enantiomeric excess of greater than
about 55%, about 60%, sbout 5%, about 70%, abowt 75%, about 0%, about 85%, about 90%, about 95%, aboutl
56%, about 97%, abont 98%, about 99%, about 99.5%, or more ot the CH carbor. In some other embodiments, the
compound mixture has an {R)-cnantiomeric excess of greater than abont 55% to about 99.5%, sreater than about
about 60% 1o about 98.5%, greater than about 63% 1o about $9.5%, greater than about 70% to about 99.5%, grester

greater than about 0% (o about 89.5%, greater than about 95% to aboul 99.5%, greater than about 96% to about
9%.5%, greater than about 57% o about $9.5%, greater than about 98% 10 greater than about 99.5%, greater than
about 99% to about 99.5%, or more,

FO02281 In some embodiments of the compound of Formmla (1), X s -CH(RD-, R is methyl or cthyl,

and the compound is the (S)- womer,
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In some embodiments of the compound of Formula (1), Y i absent.
In some embodiments, Y is -O-, -S-, -S(=0)-, -8(=0)-, -CEOY, NRMC=0)-
MNRHCR Y- (such a5 -NR)CH,-, including, but not limited 1o, -N(CH)CH,-,

N(CH{CH)Hs - or NICH,CH)CH ), N(R®:, -N(CHS)-, - NCILCHL -, or -NCHCH: ). In some

embodiments, ¥ ig -C{=0)- (Q‘LIR b and ¥ is an integer of 1, 2, 3, or 4.

00231

In some embodiments, at least one of X and Y s present. In some embodiments of the

compound of Formula I, -XY- is -CHy, -CHa-N{CH3), vCHy-I\T{CHQCTH;)_. SCHCH -NH-, ($3CH(CH-NH-, or

(R)-CH{CH, -NH-, In other embodiments, X-Y is -N(CH L .CH,-, NICHLCH) Cils-, -NCHCHCH; - or -

NHCH,-.

[00232]

[{0233]

(0234}

[00235]

In certain embodiments, the compound of Formula (T has o structere of Formula (VY

R* E?
4}‘ \,,E
\ /i
\I x
RE v

W d
Formula (TV).

in some embodiments, the compound of Formula (1V) has a structure of Formula (V)

.,

)
¢ l }
\( \/

028 v

"

Wy
Formuola (V3.

In certain embodiments, the compovnd of Formula (1) has 2 structure of Formula (VI):

™ Wy
Formula (V1)

In certain embodiments, the compound of Pormula (V1) has a structure of Formala (Vi
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N
LT

R® ¥

W,

Fornula (V).

In certain embodiments, the compound of Formula (V) has a structure of Formula (V1T

- O
% LL .
i

- B
</ ' A
o /7{\%(
Y\
Wy
Fornmula (VIID.

In some embodiments, the compournd of Formula (VI has a structure of Fompula (X
\ ]
//‘ — l s N, E

5 *’”’J\/ RY

Y.
W,y

Formula (IX),

(00238} In one aspect, [} is sclected from the moietics presented in Table 1,
Tabie 1. Hlustrative B moieties of the compounds desenmbed herein.
Sub- | B Sub- B L Sub- B
clasgs class clasg
# # it
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B-4 F3C 2 B-5 o) _ 8- r ~
//\\1 mﬂ;m‘.f f/j ,/E )
[E ki i) \.\ '1(?“ Y
~E N Ci
B-7 HsC

o e >

L
o0
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(0239 in some embodiments, provided herein are the following compounds:
I 8 I
S
oo J [ | #
; | oAy =y p -z i }
G R I I I L
! j | E“‘\‘)\\'{/{ o Sap” \j/i\"-) F ‘ A
N - L Q “’ ! TN
R TH o £ onH
RN MO s M. NN, Pl
\L/ p " ;\E \i/ R N
. - ! i
TR 17 N, o N and SN,
(002407 Tn another aspect, provided herein are compounds of Formula XV

61
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Formula (XV)
or an enamtiomer, & mixture of enantiomers, or o mixiure of wo oy more diasicreomers thereol, or a
pharmacetically acceptable fonn thereot, whersin

W and W, are each independently o’ 8.0, Noor MRS wherein at least one of W, and W, is
CR, N or NR'™,

pis, [, 2or3;

B iy bhydrogen, alkyl alkenyl, alkynyl amino, heteroaikyl, cycloalkyl, heterocyelyl, aryl or
heteroaryl, wherein cycloalkyl, heterocyclyl, aryl or heteroaryl are substituted with 0-4 R”;

each R* is independently alkyl, heteroalkyl, alkenvl, atkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, hetercaryl, beteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxyewbonyl, sulfonamide, halo,
cyana, hydroxyl, nitro, phosphaie, urea or carbonate;

s absent or s ———{(‘,?!—'l(l'{g)}f;

Yot absent, -O-, -Se, 8(=0)-, -S(=0)y, ~NR -, CEOWOHRN,-, -CE0)- -NED-CEO-, -
N(RN-CL=OINH-, NERACR Y-, -CE0RNERDY, or -CHEMNEM-(CHR,-

cach 7 18 independently an integer of 1, 2, 3, or 4;

cach R ig independently hydrogen, afkyl, alkeryl, alkynyl, evcloalkyl, heterocyelyl, fluoroaticyl,
beteroalkyl, aikoxy, amido, amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxide, sulfone, sulfonamido, halo, cyane,
heteroaryl, aryl, hydroxyl, or nilvo;

cach RY is independently hydrogen, alkyl, eycloalkyl, heteroeyelyl or heteroalkyl;

‘:T Ay R
D
Wyis R
Ads Nor CRY;

R M R RY and RY are independently hydrogen, alkyl, heteroalkyl, alikenyl, alkynyi,
cyeloaliyl, heterooyelyl, arvl, arylalkyl, heteroaryl, helerowrylalkyl, alkoxy, heterocyclylory, amado, amino, acyl,
acylowy, alkoxyearbonyl, sulfonamido, halo, cvane, hydroxyl, mitro, phosphale, urea, carbonate, oxo, or NRR”
whereln R and RY are taken togsther with nitrogen 1o form a cyelic molety;

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

B2
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R 15 hydrogen, alkyl, haloalkyl, halo, alkoxy, cveloalkyl, cveloalkylalkyl, aryl, heteroaryl,
heterocyelyl, aralkyl, heteroaralkyl, heterocyclylaikyl, alkenyl, or alkynyl, or R'® is a hetercatom sclected from N, §,
and O, wherein the heteroatom has & covalent bond elther directly or through a C-Cq alkyl group to an aryl,
heteroaryl or heterocyelyl, or R™ and R® are taken together with the carbons o which they are attached form a 5- or
t-membered ring; wherein each of the above substituents can be substituted with 0, 1, 2, or 3 RY: and
wherein hoth B and R are not hydrogen.
(602413 In certain embodiments, W, is CR®, In some embodiments, W' is N. In some embodiments,
Wy is 5. In some embodiments, W' s O,
002427 In cerlain embodiments, Wy is CR® In some embodiments, W,” is N. Tn some embodiments,
W' is S, In some embodiments g, W s O
(302431 In some embodiments, Wy and W, are CR®. In some embodiments, W' is § and Wa7 is CORC.

o somg embodiments, Wy, is § and W7 s N

[002443 In certain embodiments, pis 0. In some embodiments, pis 1.
[(:0245} In certain embediments, R*% i3 hvdrogen, alioyl, halo, atkory, cycloall xyi cveloalkylalleyl, asyl,

heteroaryl, heterocyelyl, aralkyl, heteroaraikyl, heterocyelylalkyl, alkenyl, or alkynyl, or R is a heteroatom selected
from M, 5, and Q, wherein the heteroatons has 2 covalent bond elther divectly or firough a Cy-Cy alkyl group to an
ary?, heteroaryl or heterocyolyl, or R and R are taken together with the carbons 1o which they are attached form a
- o1 f-membered ring; wherein each of the above substituonts can be substituted with 6, 1, 2, or 3 RY.
[o02461 In some embodiments of the compound of Forrula {XV), at least one of B R and RY is
bydrogen, cyane, halo, unsubstiuted or substitnted alloyl, unsubstitited or substituted alkynyl, or unsubstituted or
substituted alkenyl. To some erbodiments, & least one of R R and RY is unsubstituted or substitnted aryl, In
some embodiments, at least one of R’ B' and R™ is unsubstituied or substituted heteroa rvl, which melades, but 38
not hmited to, heteroaryl having a 5 membered ring, heteroarvl having a $ix membered ring, hetercaryl with al loast
ome mitrogen ring alom, heteroaryl with two nitrogen ring atoms, monocylic hateroaryl, and bicylic hetercaryl, In
some embodiments, at least one of Rm R and 17 48 unsubstitated or substituted heterocyelyl, which inchudes, but
is not Bmited to, heterceyelyl with one nitvegen ring atom, helerocyelyl with one oxyeen ring atom, heterocyelyl
with one suliir ring atom, 5 membersd heterocyclyl, 6 membered heterceyelyl, saturated heterocyelyl, unsaturated
heterocyelyl, heterocycelyl having an unsatorated molely connected to the heterocyelyl ring, heterocyelyl substituled

t

i [T

by oxo, and heterooyelyl substituted by two oxo. T some smbodiments, at least one of B'% RY and 1
unsubstituted or sebstivied cycloalkyl, including, but not Iwnited to, cvclopropyl, eyclobutyl, cyclopeatyl,
cyclohexyl, cycloalkyl, each of which van be substinted by one oxo, and cycloalkyl having an unsalurated maiety
connegied to the oycloalkyl ring. In some embodiments, at least one of R' RY and 2" is unsubstituted or
substituted apudo, unsubstituted or substituted acyloxy, unsubstituted or substituted alkoxycarbonyl, unsubstituted
or substitnted acyl, or unsubstited or substitited salfonanudo.

(00247 In some embodiments, when at least ome of R', RY and R s alkyl, alkynyl, alkenyl, arvl,
hetercaryl, heterocyelvi, eycioatkyl, alkoxycarbonyl, amide, acyloxy, acyl, or sulfonamido, it is substituted with one

or more of aikyl, heteroalky?l, allrenyl, alkynyl, cycloalkyl, helerocyelyl, arvl, heteroary], alkoxy, amido, amine, acyi,
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acyloxy, alkoxyearbonyl, sulfonamide, halo, cyano, hydroxyl or nifro, cach of which alkyl, heteroalkyl, alkenyl,
alkynvl, cycloalkyl, heterocyelyl, aryl, heleroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, o
sulfonamide can iself be substituted.

(602481 In some embodiments, B s unsubsiituted or substituted alkyl, inclnding, but not Hmited to —
(CH-NROR?, whercin each R is independently hydrogen, alkyl, fluoroalkyl, carbocyelyl, carbocyelylalkyl, aryi,
aralky!, heterocyelyl, heierocyelylalkyl, heteroaryl or heteroarylalkyl, or NRR® are combined together to form a
cyclic molety, which includes but 18 not Innited to piperidmyl, piperaziny], and morpholinyl. In some embodiments,
13 i ungubstituted or substitwted amine. In some embodiments, B is unsubstituted or substituted heteroalkyl.
(0072497 In some embodiments, B s selecied fom unsubstituted or substituted aryl, including, but not
Hmited to, vnsubstiluted or substituted phenyl; unsubstituted or substitirted heteroaryl tncluding, but not limited to,
pynicin=2-yl, pyndin-3-yl, pyndm-4-vl, pyrimidin-4-vl pyrimidin-2-y],  pyrimidin-3-yl or  pyrazin-2-yL
unsubstituted or substituted meonccyclic heteroaryl; unsubsiituted or substituted bicyclic heteroaryl; a hetercaryl
having two heleroatoms as ring atoms; unsubstitnied or substituted beteroaryl comprising a nifrogen ring atony;
unsubstitated or sabstifuted beteroary!l having iwo nitrogen ring atoms; unsubstiiuted or subslituted heteroaryl
havmg a nitrogen and a sulfir as ring atoms; unsubstituled or substituted heteraoyelyl including, but not Imited 1o,
morphalinyd, tetrabydropyranyl, piperazinyl, and pipendinyt; and unsubstituted or substituted cycloalkyl including,
but not timited to, cyclopentyl and cyclohexyl.

[00250] In some cmbodiments, B is one of the following moicties:

CHg

7
- bi/L\w ; N““}
o LO
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(00251 T some embodiments, B is unsubstituted or substituted with one or more R” substituents. In

seme embodiments, ¥ is alkyl, heicroatkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy,
amido, amino, acyl, acyloxy, alkoxyearbonyl, sulfonamido, halo, cyano, hydroxyl or nitro, cach of which alkyl,
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyelyl, aryl, heteroaryl, alkoxy, amido, aming, acyt, acyloxy,
atkcoxyearbony! or sulfonamideo, can ttself be substiivted.

[00252] In some embodiments, R is unsubstituted or substituted allkeyl, unsubstituted or substituted
heteroalky], unsubstituted or substituted alkenyl, unsubstituted or substituted alkyoyl, unsubsttuted or substituted
cveloalioyl, or unsubstituted or substituted heterocyelyl. In some embodiments, R® is unsubstituted or substituted
aryl, unsubstituted or substiuted aryialloyl, unsubstituted or suhstituted betercaryl, or unsubstituted or substituted
heteroarylalkyl, Tn some embodiments, R” is unsubstituted or substituted allcoxy, unsabstituted or substituted amido,
or ynsubstitnied oz substitnted mnino, In some smbodiments, 12 is upsehstitwted or substituted acyl, unsnbstituted
or substituted acyk)};y, unsubstituled or substituted alkoxycarbonyl, or unsubstinuted or substituted sulfonamido. In
some embodiments, 17 is halo, selected from 1, -F, -CL and -Br. In some embodiments, 17 is sefected from CYUNG,
hydeoxyl, nitro, and a carbonate.  In some smbodiments, B is unsubstituted or substituted phosphate. In some
emBadiments, R* s unsubstituted or substifuted urea. In some embodiments, when 17 is alleyl, R s methyl, cthyl,
propvl, isopropyl, s- butyl, ferf- butyl, sec-butyl, pentyl, hexy! or heptyl,

[00253] In some embodiments, when R 15 alkyl, heteroulkyl, alkenyl, alkynyl, cycloalkyl, heteroeyelyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, smine, acyl, acyloxy, alkoxyearbonyl, sulfonamido, o
hydroxyl, 11 3s substituled by phosphate, substituled by wrea, or substituled by carbonate,

(60254 n some embodiments, when R is alky!, heteroalkyl, aflenyl, allkynyl, eycloalkyl, heterocyelyl,
aryl, arvlalkyvl heteroaryl heteroarylalkyl, alkoxy, anido, amino, acyl, scyloxy, alkoxycarbonyl, or sullonamido, it
is substiiuled by one or more of alkyl, heteroalkyl, alkenyl, alkynyl cycloalkyl, heteracyelyl, aryl, heteroayl,
alkoxy, amido, ammo, acyl, acyloxy, alkoxyearbonyl, sulfomamdo, halo, cyano, hvdroxyl or nitro, cach of which
alkyl, heteroalkyl, alkenyl, atkynyl, cyclealkyl, heteracyelyl, aryl, heteroaryl, alkoxy, amido, amine, acyl, acvloxy,

alkoxvemrbonyl, or suifonamido can itself be substituted.

66
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[00255] Tn some embodiments, there are no occurrences of R In other embodiments, there is one
occurrence of R, In still other embodiments, there are two occurrences of R2 In yet other embodiments, theére are
three ocewrrences of R In yet other embodiments, there are four ocourrences of B2 For example, m some
embodiments B3 is aryl or heteroaryl and there are no occurrences of R In other instances, B is aryl or hetercaryl
and there 15 one occusrence of R? where R? s alky! or halo.

{00256 In some embodiments, R'® is hydrogen.  Tn some embodiments, 27 13 unsubstimted or
substituted  alieyl, unsubsttuted or substituted alkenyl, or uonsubstituted or substituied alkynyl,  Tn some
cmbodiments, ' s unsubstitgted or substinnled aryl, unsubstituted or substiluied heteroaryl, unsubstituted or
substifuted cycloalkyl, or unsubstituted or substituied heterceyelyl. In some embodiments, R'® is unsubstituted or
substituted alkoxy, unsubstituted or substituted amido, or unsubstituted or substitoted amino. In some embodiments,
2% g unsubstituted or substituted Elcyl, unsubstitutsd or substituted acyloxy, or unsubstifuied or substituted
suifonamido. In some embodiments, R is halo, selected from —1, -F, -ClL and -Br. In some embodiments, | Bag
halo, alkyl, atkoxy, heteroaryl, or eycloatkyl, For example, R' is ¥, CH;, CH,CHs, CFs, CL or . In some instances,
' is CHG, CFy, or CL

[40257] In some embodiments, R*" is selected from cyano, hydroxyl, and nitro. In gsome embodiments,

when R' is alkyl, R is mcdlyi ethyl, propyl, isopropyl, n- butyl, fer- bulyl, sec-bulyl, pentyl, hexyl or heptyl.  In

L F or -CHF,.

some embadiments, 175y O Hy o
[00258] fn some embodiments, when R'™ is aliyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl,
heterocyelyl, alkoxy, amido, amino, acyl, acyloxy, or sulfonamide, it is substittited with one or more of alkyl,
heteroalleyl, alkenyl, alkynyl, cycloalkyl, heterocyciyl, arvl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy,
alkoryearbonyl, sulfonamideo, halo, cyane, hydroxyl or nitro, sach of which alkyl, heteroalioyl, alkenyl, allkynyl,
cyeloalkyl, heteroeyelyl, aryl, heteroaryl, alkoxy, amido, aming, acyl, acvioxy, alkoxyearbonvl, or sulfonamido can
Hsell be substitated.

jo0259] In some embodiments, R¥ is a S-membered heteroaryl group, Such groups include, for
example, pyrrole, faran, thiophene, tiazole, oxazole, pyrazole, and isoxazole. In other embodiments, R™ is 2 5-

membered heterocycle, Including, but not Hmited to, oxazoline and oxazolidinens. In stll other embodiments, R 15

a G-membered heteroaryl group lncluding, but not hmited 1o, pyridine, pyrazine, pyriniidine and pyridazine.
Alternatively, B'™ is a 6-membered heterocycle, meluding motelies such as mopholino or pipeniding, In other
embodiments, &' is & fused Sf6-bicyelic heteroaryl, Tor example, benzothiazele, benvoxazele, benvisoxazole,
wdazole, benmmidazole, benzothiophene, mndole, woindole, purine, or pyrarolopyrimiding, In yet other
embodiments, ' is a fused /6. -bicyelic heterocyele.
[602601 In some embadiments, R is a €Oy alky! group substitvted with a S-membered beferonryl, a
S-membered helerocycls, a 6-membered ille.cr()m:yl, a G-menbered heterocycle, a fused 5/6-bicyclic heteroaryl, or a
used 5/6-bicyclic heterocyele. Altematively, R™ is amino, sulfiny], sutfonyl, sulfoxide, sulfone, or alkoxy where fhe
N, S or O heleroatom has a covalent bond either directly or through a €,-Cg alkyl group 1o a2 S-membered heterosaryl,
a S-meinbered heterocyele, o G-membered heteroaryl, a 6-membered heterocycle, a fused 3/6-bicyclic heteroaryl, or

a fused 3/G-bicyelic nonaromatic heterocyele.



WD 2G13/032551 POTIUEZ012/047195

Adtorney Docket Mo, 170728055278

CANM: T65308-238055

1002617 n other embodiments, R is a €,-Cs alkyl group substituted with a fused polycyclic group,
wherein the polveyciic group hag greater than two rings and 1s carbooyelic or heterocyclic;, C-Cy atkyl group
substituted with a bridged cycloalkyl or bridged heterocyclic group; C-Ce allyt group substituted with a spirocyetic
eycloalkyl or spirocyclic heterceyclic group; or branched Cp-Cyy allyl group, wherein said branched alkyl group
contuins at least one terminal -butyl group.

[00262] Bach of the embodiments named above for R is unsubstituted or optionally additionally
substituted with an alkyl. hetercalkyl, alkenyl, alkynyl cycloalkyl, heterocyclyl, arvl, heteroaryl, alkoxy, amido,
amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, balo, cyano, hydroxyl or nitro eroup.

(602633 In certatn embodiments, R*% 15 a substituted or unsubstituted heterocyely! or heleroary] group
selected from pyridine, pyrazole, piperazine, and pyrrolidine, wherein the substitnent can be a C-Cg alkyl group or a
halogen.

[00264] fn some embodiments, a compound s provided wherein R i selected from a S-membered

heteroaryl such as a pyirole, a furan, or a hiophene group; S-membered nonaromatic heterocyelyl such as a

pyrrolidine, a tetrahydrofuran, or a wirahydrothiophene group; 6-membered heteroaryl such as pyridine, pyrazine,

pyrimiding, or pyridazing; 6-membered nonaromatic heterocyclyt such as piperidine, tetrahyvdropyran, or thiang; and

fused &/6-bicyclic heteroaryl snch ag indole, soindole, benzoluran, isobenzofuran, benzothiophene, bearimidarele,

mdazole, benzonazole, benzisoxazole, or purine. In certain emboditaents, Y is a substittted or unsubstituted SIOUT
8

such s pyndine, pyravole, piperazine, or pyrrolidine, By way of non-limiting example, the R group can be

substituted with a C;-Cs alkyl group or a balogen. Feor example, the R' sroup can be substituied with a methyl

aroup.
[GU265] In sorne embodiments, a compound is provided wherein R is selected from
2 N N =
LGN N s TR
R b Ry J R R ) TR
L L LN 3\\‘,/,;!\% K oN
Ry Y R X R
I .l to
R Ryan | )
e V\,;,{ e (,//' R
.
L
jNRONSNR O NENR ~NH N \}
[ / ! i
4N 47/) N\F) Nogn e
qu}\:u SR MRS L .ru‘—\nr
N i I o
( } = “{\Ejﬁ R'"c_{;“ \\N FQ . [I \\N N/’:\/;(‘
N :}\a N M .y X=NR, S O
E ; .... in
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wherein R1g H, C-Cy alkyl, C-Cy alkoxy, halo, and haloallyl.  In certain embodiments, R is methyl. In other

embodiments, a compound is provided wherein R'® is selected from:

HN \\\\
4 L N, PN N N
N = 3 % N & -0 / R
{':/ /) TE\ /j\j (/J\ - ﬁ\/’/ \C\r" “ﬁ\/ J (\/) T /!
G - J ’
L:[u‘ In; a\u[v L .Jmc ._m[;u qu .njw-u
F \ { \
/L\ - e L . s s A
N NN ?\f \] ?i NH ?i\r“!\i ?i—i\i ;/\;—N
IE\‘ %}] f\/ i\\r,/, e & f‘ S Q\ (,::;\5
F e CFy | “‘%L}
P st S s POk p Ay

i
s Py e i e e s s
N
L o
!
i
[ N
O N .
- ”W 2y L ??l
L‘*-.\/’/ _\/"’
JUL A
ST . . . . e R . X
[00266] In some embodiments, X 18 absent, In some embodiments, X is —(CH(™ b, and 2z 1s an nteger

of 1,2, 3 or 4,

[ei267] In some embodiments, RY is ansabstituled or substituied alkyl ineluding, but not limjted o
unsubstituted or substituted C-Clealkyl  In some embodiments, R is unsubstituted or syhstituted cycloalkyl
including, but not limited to unsubstituted or substituted Cy-Cy cveloallyl. In some embodiments, R” is ethy),
methyl or hydrogen. In some embodiments, R” is unsubstituted or substituted h«':l(:rm:yciy'i including, but not limited
to, unsubstitnted or substituted Co-Cigheterontkyl.  In some embodiments, 7Y s unsubstituied or substituted
heteroaliyl ncluding, but not Bmited to, unsubstituted or substituted C)-C gheteroalioyl,

[002648] Aldso provided herein is s compound of Formuta (XY} wherein | R”ig hydrogen, and X is -CH-,
SCHLCOHy-, -OHROHLOH, -, VC.I:--!(C}‘-J;): or -CH{CHCHy)-. In other embodiments, X is ~(CHR™), , R is not
hydrogen, and 7 is an integer of 1. When X is -CHR)- and R is not hydrogen, then the compound can adopt either
an {5)- or (R)-stereochemical configuration with respect w the CH carbon. In some embodiments, the compound is a
racemnic mixiure of (S and (R} isomers with respect to the CH carbon. in other embodiments, provided herein is 2

mixture of cormmpounds of Formula (XV) wherein individual compounds of the mixture exist predaminately in an
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(8} or (R)- istineric configuration. For example, the compound maxture has an {S8)-enantiomeric excess of greater
than about 53%, about 60%, about 63%, about 70%, about 75%, shout 8G%, aboutl 85%, about 20%, about 85%,
about 96%, about 97%, about 98%, about 99%, about 99.5%, or more at the X carbon, In other embodiments, the
compound mixture has an (S)-cnantiomeric excess of greater than shout 33% to about 99.5%, greater than about
aboul 60% 10 about 99.5%, greater than about 65% o ahout 99.5%, greater than aboul 70% (o about 99.5%, greater
than about 75% {o about 9%.5%, greater than about 80% to about 89 5%, greater than about §5% 1o about 99.5%,
greater than about 90% (o about 99.5%, greater than about 95% to about 99.5%, greafer than about 96% to about
G99.5%, greater than about 97% 1o ubout 99.5%, greater than about 98% 1o greater than about 99.5%, greater than
about 99% 1o about 89.5%, or more.

{00269] I other embadiments, the compound mixture hag an (R-enantiomeric excess of greater than
about 55%, about 60%, about 5%, about 70%, about 73%, about 80%, about 85%, aboul 90%, about 95%, aboul
96Y%, about 97%, about 98%, about 99%, about 99.5%, or more at the CH carbon.  In some other embodiments, the
compound mixture has an {R)-enantiomenic excess of greater than about 53% to about 99.5%, greater than about
ahout £0% to about 99.5%, greater than about 65% 10 about 99.5%, greater than about 70% to about 99.5%, greater
than about 75% to about 99.5%, greater than about BO% o about 99.5%, greater than ahout 85% fo about 99.5%,
greater than about 90% o about 99.5%, greater than aboul 95% to about 99.5%, greater than about 96% to about
89 5%, greater than about 97% 1o about 99.5%, greater than about B8% to greater than about 99.5M, grealer than
about 99% to about 99.3%, or more.

[302701 In some embodiments, the compound of Formula (X3, X is -CH®R)-, & is methy] or efiyl,

and the compound 1s the (83 1soimner.

[00271] In some embodiments of the compound of Formula (XV), Y is absent
002721 In some embodiments, ¥ is ~O-, -8, -S(=0)-, -8§(=0%-, -C(=0), -NERMNC=0)-,
'I\J(RL)\(( =OINH-, SNERACRN- {such as MEIDCH,-,  including, but not  limited o, SN{CH)CH, -,

'N(C'H(E.?'E'i‘q)-a\{?;i".-; - or SN{CH,CHOCH,-), -NR™-, N(CH -, -N(CH,CHY)- o SNCHCH) - In some
embodiments, ¥ is -C(=03-{CHR),- and 7 is an integer of 1, 2, 3, o1 4.

L00273] In some embodunents, at least one of X and Y is present. In some embodiments of the
compound of Formula [, -XY- is -CHa-, -CH-N{CHS), ---CHE-~N{CH;CH_;_), SCHCOH-NE -, (5)-CH{CH;-NH-, or
(RWCH{CH-NH-, Tn other embodiments, XY ig -N{CH.CH,-, NICHLCHS) CHe-, -NCH(CH)CH-, or -
NHC -

(00274 In certaimn embodiments, the compound of Formula (XV) has a structure of Formula (KXVT)

218

]
K/J\ I 'E\\ N B
|

N N»;:f’fj\

Formula (XVI).

=
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In some embodiments, the compound of Formula (XV1) has a structure of Formula OV

R
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o
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Forma {XVID,

In sorae embodiments of compounds of Formula COVT) or (XVID), B is aryl substituted with -

Y . . - . . - . S— . N
3 pccurrences of R For example, B is phenyl substituied with 0-3 cccurrences of R In some cmbodiments of

cotmpounds of Formula (XVI) or 20V, B s unsubstituted phenyl. In other embodiments of compounds of Formula

(XVD) or (XVID), B is phenyl subsiituted with 1 occurrence of R*. R* is, m some instances, halo or alkyl In other

cmbodiments of compounds of Formula (XV1) or (XVII}, B s cyeloalkyl or heteroeyelyl

[00277]

[66279]

100280]

in still other embodiments, the compound of Fornwla (XV) has a siructure selected fron

. 18
Ho A AL B R Ay B

\I \-‘l‘ \ i.q i J [
| - L ! ! |
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In certam embodiments, the compound of Formula (XV) has « structure of Formula {XVIHY:
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Formula (XVILD.

In some embodiments, the compound of Formula XV has a stucture of Formula {(XVIV):

18 (‘j
S
N\ J J
57T T
7
Ty

Formula (XVIV).

In certain embodiments, the compound of Formula (XV) has a structure of Formula 2000
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wy

Formula (XX,

[00281] In certain embodiments, the C(m‘;pound of Tormula (X)) has a structure of Formula (XX
?18
(\TJL B
\E
{}
e
W
Formula (XX1).
{00282] In one azpect, B s selected from the moieties presented in Table 2,
Table 2. Ulustrative B moietics of the compounds described herein.
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[O02837 In some embadiments, the conmpound of Formula XV is seleeted from the following:
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T00284] In another aspect, provided herein are compounds of Pormula (30 or (X1
[002K85] In another aspect, provided herein are compounds of Formula 0 or (X1):
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Forpmula (X) Formula (X1)
or an epantiomer, & mixiwe of enantiomers, or a mixture of two or more digstercomers thereol, or a

pharmaceutically acceplable form theveof,
wherein:

W' and W, are each independently (JRG} S, 0 N or NR™ wherein at least one of Wy and W2 is
CRE N oor NRM;

each R” is independently hydrogen, alkyl alkenyl, alkynyl, eyclealkyl, heterocyelyl, fluoroalkyl,
hetercalicy], alkoxy, amido, amino, acyl, acyloxy, sulfinyl, sulfonyl, sulfoxide, sulfone, sulfonamido, hala, cyano,

hetergaryl, arvl, hyda*oxyl ar nitro;

each R' is independently hydrogen, alkyl, cycloaikyl, heterocycelyl or heteroalkyl:

Riis-{Ly-R";

Lisabond, -S-, N(R™-, R, -Of= -, or O}

RY s hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, eycloalkylatkyl, heterocyelyl,

heterocyclylalkyl, aryl, arylalkyl, heteroaryl, heteroarylaikyl, alkoxy, heterocyelyloxy, amido, amino, acyl, acyloxy,
alkoxyearbonyl, sulfonamide, halo, cyano, hydroxyl, nitro, phosphute, wrea, carbonate, substituted nitrogen,or
NRR" wherein R and R are taken fogether with nitrogen 1o form a cyelc molely,

pisO 1, 2ord,

Wy is ORY or N;

R is alkyl alkenyl, alkynyl, cycloalkyl, heteroalkyl, atkoxy, amido, amino, acyl, acyloxy,
sutfonamido, halo, eyane, hydroxyl, or nifre;

R is alkyl, haloalkyl, alkoxy, c‘ycioalkv Looveloalkylalkyl, aryl, heteroaryl, heterocycelyl, aralloyl,
heteroaraliyl, heterocvelylalkyl, alkenyl, or alkynyl or RY is a heteroatom selected from N, §, and O, wherein the
heteroatom has a covalent bond either directly or through a Ci-Cg allyl sroup to an aryl, heteroaryl or heterceyelyl,
or R and R® are taken together with the carbons to which they are altached form a 5- or 6-membered ring; wherein
each of the above substituents can be subgstitated with 0, 1, 2, or 3R

X is absent or is —(CHR'Y);

Y is absent, O, 8-, -S(=0)-, 5=, -NR'H)-, C=O(CHR ), -C=0)-, NRS.C=0)-, or

NERIO-C=OINT-, N CR Y, -C=O3-NRM,, o1 -C=0)-NR O -(CHR'®),;
cach 7 is an fnleger of 1, 2, 3, or 4;
cach R'Y 3 independently hydrosen, atkyl, eycloalkyl, heterocyelyl, heteroatkyl, aryl, halo or

heteroaryl,
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W is - :
AdsNor CRY, and
R RYR? RY and R' are independently hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl,
cycloalkyl, heterocyelyl aryl, arylaliyl, heleroaryl, heteroarylalkyl, alkoxy, heteroeyclyloxy, amido, amino, acyl,
acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, carhonate, oxo, or NMRR"

wherem R and R are taken together with nitrogen 1o form a cyclic moiely,

[00286] in certain simbodiments, W, 15 CR% and W, s CRO
[O0287] Ia certain embodiments, W, is CH.
07 8%] In certain embodiments, L is a hond, -N(R'H o -Cl=00-,
) : J
(002897 In certain embodiments, the compound of Formula (I3 has a structure of Formula (UK
. | d J
' e
2 O P

RS ,,x"!‘\ MLE“\ /,LQ:N l/l
N » NE s

HN,
.
W
{(XXIE).
(002901 In certain embodiments, the compound ol Formula (XX has a structure of Formula (3OD:

(KT
whereln:
R* s aryl or hetercaryl; and
R 15 amido or CYANO.
160291} In certaim embodiments, R is phenyl pyrazolyl, or pyridyl, and R*" is cyano. In certain

. . 3 . . " . . . . .
gmnbodiments, R is substitwted phenyl or substituted pyridyl In some embodiments, the substifutions are selected
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from allyl, (e g, methyl), heterealkyl {e.g., CF.), afkoxy, halo, emine, hydronyl, cyano, arvl, heteroaryl, and

sulfonamido.

[00282] In certain embodiments, the compound of Formula (XX} is selected from the following:
ol

i
NGF N
SN

4N,
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(002631 In certain embodiments, B ig Z-pyridyl, 4-pyridyl, pyrazinyl, pyridaziny!, or pyrimidinyl.
[00294] In certain embodiments, the compound of Formuta (XX11) is selected from the following:
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(6029451 in certain embodiments, R 18 pyridinone.
[00296] In certain embodiments, the compound of Formula (X311 15 selected from the following:
|
| i
UQ\\}/\\\\‘E o“q Nﬁl i ‘\\
o Yoo 0
/\:v)']\\g 2 (‘.\(/' H/\“\ ‘ = \.N/R/
P P !
i\ \7;73\ P /‘V}e v\\{;k.‘/wgg L\”/ PNy _j%ﬂe
HH, uil, Mo Nz Wi R Hil \T{’N““/ HH,
| L d ‘1
PR e . P
s M . i o NCT
100297; In certain cmbodiments, R? is pyridyl and R* is amido. In certain embodiments, R is pyridyl
substituted with alkoxy.
[00263 fn certain embodiments, the compound of Formula (XK is selected from the ollowing:
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[00259] In certain embodiments, R 1s pyrazolyl and R* i amido.
[£03007 In certain cmbodiments, the compound of Formuda (XX 18 selected From the foltowing:
N
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[00301] In certain smbodiments, the compound of Formula (XX has a stoucture of Formula (Z2IV):
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[00302] wherein R is alkynyl, aryl, heteroaryl. In certain embodiments, R is phenyl, triazole, or
Ra-._,if Dk‘* =
l\/)
pyridyl. In some embodiments, R is I . wherein Ra is amine, and either D s nitrogen and B is carbon, or

I3 is carbon and E s nitrogen.

[00303] In certam embodiments, the compound of Formula (OUVY is selected from the following:
N:\},/ \‘/
= . { /'\'
j ) | |
g i
1
N e
Fiet
H
NE._h,
, L, L |
HaM™ 7% , 2 N7 NH;_: BT UME: and HT Ty
F003041 In certain embodiments, the compmm('l of Formula (1) has a structure of Formula (RXVY:
j \/)\\/
o
Ch., J‘\//{\N
H
SN,
{HHV),
[00305] In certain embodiments, R is heteroary';
[00306] In certain embodiments, R” is pyrimidinyl, pyridyl, or pynidanizyl;
[00307] in certain embodunents, the compound of Formula CIXV) is selected from the foliowing:

O
.\)j\;\f/&
ooy

FiH

N(:\{ e

. :E
By Firiz and R
[00308] In another aspect, provided herein are comnpounds of Formula (XXVI):
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7 )I\‘ =

RE N
{(XXVDH
whereln:

2 22 . P ; .
R and R™ are each independently hydrogen, methyl, chloro, or amino;

v 2%

B is hydrogen, alliyoyl, phenyl, cyano, methylsulfonyl or nitro; and

wherein when R is aming, then at least one of R and R® {s not H.

(1309 In certam embodiments, the compound of Formula OOV 1s selected fom the Following:
i P
TR B oo -
| s ﬂ PN l ol o Y A
NS s T [ )L L) .
| . e Y ey U
= 7,1\ e \/)\ /L\ e ] ! r /K /k P
L e e o d
HN.\‘//E\LH Hid /Nw . o qui © e LN -
] e B L N 1 E
K\ i L(»N \/[:/ e :[/ i z Hid |N‘\" At
P i . M I,f
& NH, O, S O,M7 R MGy 2
? 5 ¥ H 2
o o Y
. p |
o g 7 J% HL PNy ]
S g ; ]
| | e e
e i
= HNL M
HN\,NYNHZ # 11}
e Jl\,fu O !

In amother aspect, provided hercin are compounds of Formmla (XIV1D:
th-l .
~O Q o 1
1
O
\f \5)\ e

TNL

(XXVI)

\

MH-

wherein R 15 I1, alk oyl or arvl

(003117 In certain embodiments, the compound of Formula (XXVII) s selected from the following:
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In another agpect, provided hercin are compounds of Formula O0VHD

o
[WU

T
N
~7 %é
1
M,
(XXVIIG
wherein R is H or substituted alkyl (g, alkyl substituted with aroide)
[0313] In certsin cmbodiments, the compound of Formula (XXVIIT) 1s selected from the following
i/ 28y
" /\l }/N(R N
I, o -
; i d
Sed /U
Li/\" N/\\) LN =Y
= \/)\/ = ”E\\/
Rt it
- | h
MO NG Ay
i U\
S -
N7 N, gnd N7 M
wherein R* is selected from H, alkyl, heteroatkyl, cveloalkyl, heteroeyelyl, aryl or heteroaryl
[00314]

In another aspect, provided herein are compounds of Formula

wherein R is aryl, heteroaryl,

KXIX):
Mo, M

Ty
ey

‘ M

I" P /Kﬂ/

i 4,
Ty
v JJJ
(X.}ﬂ;{)

eyeloalicyl, heterocyelyl, aryl or heteroaryl In certain embodiments, R

t(){?\IR‘\R;\) or M- ((;)R ,and R R* 45 selected from H, alkyl, heteroalkyd,

" ig substituted phenyl. In certain
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a7 . e N - . . e p . R .
emibodiments, Y is pynidiny! or substivied pyridinyl. In certain emnbodiments, R* is substituted phenyl. In certain

%

:
R29__<\ E(

embodiments, R™ 13 N wherein 7 is 0, 5, or NH; and ¥ s H, alkyl, ar alkoxy.
[00315] In certain embodiments, the compound of Formula {XXIX) is selected from the following:
Ml /N Wa0 f\l_\‘ Mal., ]/,\E\fl
i i
\(\\_/" a & T ) ca i
9e -
S TN R 1
| ] P * s
e :
Y HM M\/‘mz
M HN\(_N‘\\\‘/NHZ
2 o A Ny
i N
, MO , o ,
N0
98
s
LA
HG\/
r

160316} in some embodiments, one or more compounds deseribed herein bind to a PI3 lanase (eg.,

bind selectively). In some embodiments, one or more compounds described herein bind selectively o

ay o & subtype of & PI3 kinase.

(00317 In some embodiments, the 1 of a subject compound for pll0e, pl1GE, plliy, or pl108 is
less than about 1 pM, less than about 100 o, less than about 50 oM, less than about 10 nM, less than 1 oM or even
less than about 0.5 oM. In some embodiments, the 1Csq of a subject compound for mTor is less than about 1 pM,
legs than about 100 1M, less than about 30 oM, Jess than aboul 10 nd, less than 1 oM or even logs than about 0.5
nd. In some other embodiments, one or more subject compounds exhibit dual binding speaificity and ae capable

of inhibiting a P13 kinase (eg.. a class | PI3 kinase) as well as a protein kinase {e.g, mTor) with an ICs valae less

than about 1 M, fesg than about 100 nb, lesy than about 50 oM, less than about T0 v, legs than 1 M or even less
than sbout 0.5 oM. One or more subiect compounds are capable of mlubiting tyrosive kmases meluding, fov
example, DMNA-dependent protein kinase (Pubmed profein accession rrmber (PPANY AAATHIEL), AbL yrosine
kanase {CAAS2387;, Ber-Abl, hemopoietic cell kinase {(PPAN CAIN96Y3), Sre (PPAN CAAZ4ADS), vascular
endothelial growth factor receptor 2 {PPAN ARBEZS19), vascular endothehal growih factor receptor-2 (PPAN
ABRE2S19), epidermal growth factor receplor (PPAN AGA43241), EPH receptor B34 (PPAN EAL23820), stem cell
factor receptor (PPAN AAF22141), Tyrosine-protein kinase vecepior TIE-2 (PPAN Q02858), imsrelated tyrosine
kKinase 3 (PPAN NP 004110), platelet-derived growth factor receptor alpha {FPAN NP 9G0080), RET (PPAN
CAATII, and functional mutants thercofl In some cmbodiments, the tyrosine kinase s AblL Ber-Abl EGFR, or

FIt-3, and any other kinages ligted in the Tables herein,

o
L
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1003181 In some embodiments, non-limiting exemplary compounds exhibit one or more functional
characteristics provided heremn. For example, one or more subject compounds bind specifically 1o a P13 kinase. In
some embodiments, the [Cy of a subject compound for pl 10, pl 103, pl 10y, or pl 108 is less than about 1 M, less
than about 100 nM, less than about 50 nM, less than about 10 nM, less than about | oM, less than about 0.5 nM, less
than about 1060 pM, or less than about 50 pM,
(003191 in some embodiments, one or more of the subjest compounds can selectively mnhibit one or
maore members of type | or class I phosphondylinositol 3-knases (PE3-kinage) with an ICsy value of about 100 oM,
50mM, 10 aM, 5 aM, 100 pM, 10 pM or | pM, or less as measured inan fn vidro kinase assay.
(0032071 In some emhodiments, one or more of the subject compounds can gelectively inkibit one or
two members of type Lor class 1 phosphatidylinositol 3-kinases (P13-kinase) such as Pi3-kinase o, PI3-kinase f, P13~
kinase v, and Pl3-kinase &, In some aspectls, some of the subject compounds selectively inhibit PI3-kinase ¢ as
compared to all other type T PIS-kinases. In other aspects, some of the subject compounds sclectively inhibit PI3-
kinase & and P13-kinase v 2s compared to the rest of the type 1 PI3-kinases. In vel other aspecls, some of the subject
compounds selectively mhibit PI5-kinase o and Pi3-Janase B as compared to the rest of the type I Pi5-kinases. In
still vet some other aspects, some of the subject compounds selectively inhibin PI3-knase 6 and PI3-kinage o ag
compared to the rest of the type T PI3-kinases. In still yot some other agpects, some of the subject compounds
selectively inhibit PI3-kinase § and Pi3-kinase p as compared to the rest of the type I Pi3-kinases, or selectively
inhibit Pi3-kmase & and PI3-kimase o as compared (o the rest of the type | PI3-kdnases, or selectively inhibit PI3-
kinase o and Pi3-kinase v as compared to the rast of the type T PI3-kinases, or selectively inhibit PI3-kinase v and
PI3-kinase [ as compared to the rest of the type 1 PI3-kinases,
[DG321] in yet another aspect, an inhibitor that selectvely inhibits one or more members ol type [ PI3-
kmases, or an inhilvtor that selectively inhibits one or more type [ Pl3-lunase mediated signaling pathways,
Mernalively can be understond fo refer 1o s compound that exhibits a 30% inhibitory concentration (1Cs) with
respest 1 a given type L PI3-kinase, that is at least about 10-fold, at least about 20-fold, a1 least about S0-Told, at
leagt about 100-fold, at least about 1000-fold, at least about 10.000-fold, or lower, than the wbibioe™s ICs with
respect to the rest of the other type § PI3-kinases. In one embodiment, an inhibiior selectively inhibits P13 -kinase 8
ag compared 1o PI3-kinase B with at least abonut 10-fold Tower ICs for PTI3-kinase 6. In certain embodiments, the
I for PE-kinasc & is below about 100 nM, while the 1Csy for PI3-kinase [ 1s above about 1000 oM. In certain
embodiments, the s for PI3-knase & is below about 50 ndd, while the ICs, for PI3kinase § 15 above about 5000
nbd. In certan embodiments, the 10 for P13-kinase & 1 below about 10 nM, while the Iy for PL3-kinase [ is

above about 1000 oM, above abont 5,000 oM, or above about 10,000 nM.

Pharmacentical Compositions

F003223 In some embodiments, provided herein are pharmaceutical compositions comprising one or
more compounds as provided herein, or a pharmaceutically acceptable form thereot (eg. pharmaccutically
aceeptable salts, hydrates, solvates, isomers, prodrugs, and isotopically labeled derivatives), and one or more

phannaceutically accepiable excipients carriers, including inert solid dilvents and fillers, dituents, meluding sterile

86
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aqueous solutiom and various organic selvents, permeation enhancers, solubilizers and adjuvants.  In some
embadiments, a pharmaceutical composition described herein includes a second active agent such as an additional

therapentic agent, {e.¢., a chamotherapeutic).

1. Formulations

(003231 Pharmacentical compositions can be specially [ormulated for administration in solid or Lguid
form, meluding those adapted for the following: oral administration, for example, drenches (agueous or non-agueons
solufions or suspensions), fablels {eg, those targeted for buceal, sublingual, and systemic abscrption), capsules
holuges, powders, granules, pastes for application to the tongue, and iniraducdenal routes; parenteral administration,
including intravenous, nfraarleriai, subculancous, Intramuscutar, miravascular, inlraperitonesl or mfusion as, for
sxample, a slerile solulion or suspension, or suglained-reisase fonmlation; topical application, for example, as a
cream, ointment, or a controtled-release paich or spray applicd 1o the sking mtravagmally or trarectally, for
exanple, as a pessary, crean, stent or foany sublingually; occularly; pulmonanly; local delivery by catheter or stent;
infrathecally, or nasalby.
[00324] Examples of soitable agueous and nonagoeous carriers which can be emploved in
pharmaceutical compositions Include waler, ethanol, polyols (such as glycerol, propylene glyeol, polyethylens
ghyeol, and the like), and suitable mixtures thereof, vegetable oils, such as olive oil, and iniectable creanic esters,

such ag ethyi oleate, Proper fHidity can be maintained, for example, by the use of coating materials, such as

lecithin, by the mmntenance of the reguived particle size m the case of dispersions, and by the use of surfactanis,
[00325] These compositions can also contain adjuvants such as preservatives, wetting agents,
gnisifying agents, disperging agents, lobricants, and/or antioxadants. Preveniton of the action of microorganisms
upon the compounds described herein can be ensured by the inclusion of various antibacterial and antifungal agents,
for example, paraben, chlorobutanol, phenol sorhic acid, and the Tike. It can also be desirable to nclude fsotonic
agents, such as sugars, sodivm chloride, and the like into the compositions. Tn addition, prolonged absorption of the
imjectable pharmaceutical fomm can be bronght aboul by the inclasion of agenis which delay absompiion such ag
alumroum monostearate and gelatin,
[G0326] Methods of preparing these formulations or compositions nclude the glep of bringing into
association a compound described heremn and/or the chemotherapeutic with the carrier and, optionally, one or mors
accessory mgredients.  In general, the formulations are preparcd by wniformly and intimately bringing into
association a compound as provided herein with iquid camiers, or Ginely divided solid castiers, or both, and then, if
necessary, shaping the product.
(003271 Preparations for such pharmaceutical compositions aye well- known inthe art, See, e.g., Anderson,
Philip O, Knoben, James B, Troutman, Willlam G, eds., Handbook of Clinical Drug Date, Tenth Edition,
MoGravw-Hill, 2002; Pratt and Taylor, eds., Principles of Drug Action, Third Edition, Churchill Livingston, New
York, 1990; Kateung, ed., Basic and Clinieal Pharmaocology, Ninth BEdition, McGraw Hill, 2003 7vbe: Goodman and
Gilman, ods.,, The Pharmacological Basts of Therapeutics, Tenth Edition, MeGraw Bill, 2001; Remingions

Pharmacentical Sciences, 20th Ed., Lippincott Willimms & Wilkins., 2000; Martindale, The FExtra Pharmacopoein,
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Thirty-Second Bdition (The Pharmacentical Press, London, 1999); all of which are incorperated by reference herein
in their entirety.  Except insofar as any conventional exciptent medium is incompatible with the compounds
provided herein, such as by producing any undesirable biological effect or otherwise interacting in a delelerious
manner with any other component(s) of the pharmaceutically acceptable composition, the excipient’s use is
cortemplated o be withm the scope of this disclosure.
[00328] In some embodiments, the concentration of one or more of the compounds provided n the
disclosed pharmaceutical compositions is tess than about 100%, about 90%, about 80%, about T0%, about 60%,
abont 50%, about 40%, about 30%, about 209%, about 19%, sbout 18%, aboutl 17%, about 16%, about 135%, about
14%, about 13%, about 129, about 11%, about 10%, abaut 5%, about 8%, about 7%, about 6%, about 5%, about
4%, about 3%, about 2%, about 1%, about §.5%, about 0.4%, about 0.3%, about $4.2%, about 0.1%, about 0.09%,
about 0.08%, aboul 0.07%, about 0.06%, aboot 0.05%, about 0.04%, aboui £.03%, about 0.02%, about 0.01%, about
L1099, about 0.008%, about 0.007%, about 0.006%, about 0.605%, about 0.004%, about 0.G03%, about 0.002%,
about 0.001%, abont 0.0009%, about 0.0008%, about 0,00087%, about 0.0006%, about 0.0005%, about 0.0004%,
about 0.0003%, about 0,0002%, or about 0.0001% w/iw, wiv or v/v.
T003297 In some embodiments, the concentration of one or more of the compounds as provided herein
1 greater than about 90%, about 80%, about 70%, about 60%, about 50%, ahout 40%, about 30%, about 20%, about
19 75%, about 19.50%, about 19.25% about 19%, about 18.753%, about §8.50%, about 18.25%, about 18%, ahout
17.75%, about 17.50%, about 17.25%, about 17%, about 16.75%, about 16.50%, about 16.25%, about 16%, about
15.75%, about 15.50%, about 15.25%, aboat 15%, about 14.73%, about 14.50%, about 14.25%, ahout 14%, about
13.75%, about 13.50%, about 13.25%, about 13%, about 12.75%, about 12.50%, about 12.25%, about 12%, about
11.75%, about 11.50%, about 11.25%, about 1194, about 10.75%, about 10.50%, about 10.25%;, about 10%, about
9.75%, about 9.50%, about 9.25%, about 9%, aboutl 8.75%, abont 8.50%, about 8.25%, ahout 8%, about 7.75%,
about 7.50%, about 7.23%, aboul 7%, about 6.75%, about 6.50%, about 6.25%. about 6%, aboul 5.75%, about
5.50%, about 5.25%, aboutl 3%, about 4.75%, abouot 4.50%, about 4.25%, about 4%, about 3.75%, about 3.50%,
about 3.25%, about 3%, about 2.75%, about 2.50%, about 2.25%, about 2%, aboul 1.75%, about 1.50%, about
1.25%, about 1%, about 0.3%;, about 0.4%, about 0,39, about 0.2%, about 0.1%, about 0.09%, about 0.08%, about
0.07%, about 0.06%, about 0.05%, about 0.04%, about 0.03%, about 0.02%, aboul 0.01%, about 0.005%, ahout
0.008%, about 0.007%, about 0.006%, abeut 0.005%, about 0.004%, about 0.003%, about $.002%, about 0.001%,
about 0.0009%, about 0.0008%, about 0,0007%, about 0.0006%, about 0.0005%, about B.0004%, about 0.0003%,
about 0,0002%, or about 0.0001% wiw, wiv, or viv.
{60330 In sorne embodimnents, the concertration of ane or more of the compounds as provided herein
is in the range from approximately 0.00401% 10 approximately 50%, approximately 0.001% 10 approximately 40 %
approximalely 0.01% (o approximately 30%, approximately 0.02% to approximately 29%, spproximately 0.03% (o
approxamately 28%, approximately 0.404% to approximately 27%, approximately (.05% to approximately 26%,
approximately 0.06% to approximately 20%, approximately 0.07% to approximately 24%, approximately 0.08% to
approximately 23%, approximately 0.09% to approxmmately 22%, approximately 0.1% 1o approximately 21%,

approximately 0.2% fo approximately 2G%, approximately 0.3% to approximately 19%, approximately 04% to
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approximately 18%, approximately 0.5% to approximately 17%, approximately 0.6% o approximately 16%,
approximately 0.7% to approsimately 15%, approximately 0.8% o approximately 14%, approximately 0.9% to
approstimately 12%, approximately 1% to approximately 10% wiw, w/v or v/v. viv,

(00331 In some embodiments, the concentration of one or more of the compounds as provided herein
ig in the range from approximately 0.001% to approsamately 10%, appresimately 0.61% o approximately 5%,
approximately 0.02% to approximately 4.5%, approximately 0.03% 1o approxumately 4%, approximately $.04% 1o
approxumnately 3.5%, approximately 0.05% to approximately 3%, approximately 0.06% to approximately 2.5%,
approximately 0.07% to approximately 2%, approimately 0.08% to approximately 1.5%, approximately €.09% 1o
approximately 1%, approximately 0.1% to approximately .9% wiw, wiv o1 v/'v.

[00332] In seme embodiunents, the amount of one or more of the compounds as provided herein s
egual to or less than about 10 g, about 9.5 g, about 9.0 g, about 8.5 2, about 8.0 g, 7.5 g, aboul 7.0 g, about 6.5 g,
about 6.0 g, about 5.5 g, about 5.0 g about 4.5 g, about 4.0 g, about 3.5 &, about 3.0 g, about 2.5 g, about 2.0 g,

about 1.5 g, abont 1.0 g, about 0.95 g, abont 0.9 g, about 0.85 g, about 0.8 g, about 0.75 g, about 0.7 g, about 0.65 g,

fatd

about 0.6 g, about 0.55 g, abont 0.5 g, about 0.45 g, about 0.4 g, about 0.35 g, aboul 0.3 g, about 8.25 g, about 0.2 g,

about 0.15 g, about 0.3 g, about 0.09 g, about 0.08 g, about 0.07 g, about 8.06 g, about 0.05 g, about 0.04 g, about

p=l

0.03 g, aboul $.02 g, aboul 0.01 g, aboat 0.009 g, about 0.008 g, about 0.007 g, about 0.006 g, about 0.005 g, about

(.004 g, about 0.003 g, about 0.002 g, about 0.661 g, about 0.0009 g, about 0.0008 g, about 0.0007 g, about 0.0066

e fantd it}

g, about 0.0003 g, about 0.000G4 ¢, about 0.0003 g, about 0.0002 g, or about (LO00T ¢

[00333] In some embodiments, the amount of one or more of the compcmn.ds as provided heremn is

mare than about about 0.8001 g, about 0.0002 g, about (L0003 g, about 0.0004 &, about 0.0005 £, about 0.0006 g

I =

aboutl 0.0U07 g, abowt G.0008 g, about 0.0009 g, about 0.001 g, ahout 6.00135 g, about 4.002 g, about G.0025 ¢, aboyt

bt] oLl o

0,003 g, about 0.0035 g, about 0.004 g, about 04,0045 g, about G005 g, about 0.0055 g, about 0.006 g, about 0.0065

2, S ot

g, about 0,007 g, about 0.0075 g, about .008 g, about 0.0085 o abont 0.009 g, about 0.0095 g, about 0.01 g, about

"
G

G015 g, about 002 g, about 0,025 g, about 0.03 g, about 0,035 g, about 0,04 g, about 0.043 g, abour 0.05 g, about

<
Z

0.055 g, about 0.06 g, about 0.065 g, about 0.07 g, about 0.075 g, about 6.08 g, about 0,085 g, ahout 0.09 g, about

0.095 g, about .1 g, about 0.15 g, about 8.2 g, about 0.25 g, shout 0.3 g, aboutl 835 g, about 0.4 g, about 0.45 ¢

i

about 0.3 g, about .55 g, about 0.6 g, about 065 g, about 0.7 g, about 9.75 g, about 0.8 g, about .85 g, about 0.9 p,
about 0.95 g, aboutl { g, about 1.5 g, aboul 2 g, about 2.5, about 3 g, about 3.5, about 4 g about 4.5 g, about 5 g,
about 5.5 g, about 6 g, about 6.5g, about 7 g, about 7.5g, about 8§ g, aboul 8.5 g, about 9 g, about 9.5 g, or about 10 g.
[00334] In some embodiments, the amount of one or more of the compounds as provided herein is in
the range of about D.0601 - abowt 10 g, about 0.0005 - about 9 g, aboul 0.001 - about 8 g, about 0.005 — about 7 g,

about 0,01 - about & g, about 0.05 - about 5 g, about 0.1 - about 4 g, about 0.5 —~ about 4 g, ovabout 1~ about 3 g.

1A, Forpudations for oral gdiministraiion

[G0335] In some embodimends, provided hercin are  pharmaceutical  compositions  for  oral
admanistration comtaming a compound as provided herem, and a pharmaceutical excipient suitable for oral
admoinistration. I some embodiments, provided herem are pharmaceutical composttions for oral administration

containing: {1) an effective ameunt of & disclosed compound, optionally (i) an effective amount of one or more

o
W
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second agents; and (1) one or more pharmaccutical cxcipients suitable for oral administration.  In some
emboediments, the pharmaceutical composition further containg: (ivy an effective amount of a third agent.

(003367 In some embodiments, the pharmaceutical composition cen be a lquid pharmaceutical
composition suitable for oral consumption. Pharmaceutical compositions suitable for oral administration can be
presented as discrete dosage Torms, such as capsules, cachets, or i'abiels_v or ligquids or acrosol sprays cach conlaining
a predetermined amount of an active ngredient as a powder or in granules, @ solution, or a suspension In an aqueous
or non-aqueous ligquid, an oll-in-waler emuision, or a water-in-oil liquid emulsion. Such dosage forns can be
prepared by any of the methods of pharmacy, but all methods include the step of bringing the active ingredient mto
association with the carrier, which constiufes one or more ingredients. In general, the pharmaceutical compositions
wre prepared by uniformly and intimately admixing the active ingredient with Hquid camriers or fnely divided solid
sarriers or botly, and then, 1T necessary, shaping the produet into the desired presentation, For example, a tablet can
be prepared by compression or moeiding, optionally with one or more accessory ingredients. Compressed tablets can
be prepared by compressing in a suitable machme the active ingredient in a free-Tlowing form such as powder or
erames, optionally mixed with an excipient such as, but not Hmited 10, a binder, a bricant, an nert diluent, and/or
a surface active or dispersing agent. Molded tablets can be made by molding in a sutlable machine a mixture of the
powdered compound moistened with an inerf Hguid diluent,

3377 The present disclosure lurther encompasses anhydrous pharmaceutical compositions and
dosage forms comprising an active ingredient, since water can facilitate the degradation of some compounds. For
example, waler can be added (e g, about 5%) in the pharmaceutical wrts as a means of simulating long-term storage
n order to determine characteristics such as shelf-life or the stability of formulations over time, Anhydrous
pharmaceutical compositions and dosage forms can be prepared using arbydrous or low moisture containing
ingredients and low moisture or low humdity conditions. For example, pharmaceutical compositions and dosage
forms which contain lactose can be made anhydrous 1 substantial contact with moisture and/or humidity during
manutaciuring, packaging, and/or storage is expected. An anhydrous pharmaceutical composition can be prepared
and stored such that its anhydrous nature 18 maintained. Accordingly, anbydrous pharmaceutical compositions can
be packaged using materials known 10 prevent exposure 1o water such that they can he included in switable
formulary kiss. Examples of suitable packaging include, but are not limited to, hermetically sealed foils, plastic or
the Tike, unit dose containers, blister packs, and strip packs.

{00338)] An active ingredient can be combined in an intimate admbiture with 2 pharmaceutical carmer
according lo conventional pharmacentical compounding fechnigues, The curier can fake & wide variety of forms
depending on the form of preparation desived for administration, In preparing the pharmaceutical compositions for
an oral dosage form, any of the ugsual pharmaceutical media can be amployved ag carriers, such as, for example,
water, glycols, oils, alechols, flavoring agents, preservatives, coloving agents, and the Hle in the case of oral Hquid
preparations (such as suspensions, solutions, and elixirs) v acrosols; oy carriers such as starches, sUgars, wierG-
crystalline cellulose, diluents, granulating agents, lubricants, binders, and disintegraling agents can be used in the

case of oral solid preparations, in some embaodiments without emploving the use of lactose, For example, suitable

a0
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carricrs include powders, capsules, and tablets, with the solid cral preparations. In some embodunents, tablets can be
coated by standard aqueons or nonagueous techniques.
[00339] Binders sutlable for use in pharmaceutical compositions and dosage [orms include, but are not

limited to, corn siarch, potato starch, or other starches, pelatin, natural and synthetic gums such as acacia, sodinm
alginate, alginic acid, other algmates, powdered tagacanth, guar gum, cellulose and ity derivalives (eg., ethyl
ceffulose, cellulose acetate, carboxymethyl cellulose calcium, sodium  carboxymethyl  collulose), polyvinyl
pyriclidone, methyl cellulose, pre-gelatinized starch, bydroxypropy] methyl cellulose, microcrystalline cellulose,
and mixtures thaereol,

[o0340] Examples of suitable fillers for use m the pharmaceutical compositions and dosage Forms
provided herein include, but are not mited 1o, tale, caletum casbonate {e.g., sramiles or powder), microcrystalling
cellulose, powdered ceilulose, dextrates, kaolin, mannitol, silicic acid, sorbiwl, starch, pre-gelatinized starch, and
mixtures thereot,

03411 Pisinfegrants can be used in the pharmaceutical composttions ag provided herein to provide

<

tablets that disintegrale when exposed 10 an agueous environment. Too much of a disintegrant can produce tablets

which can disimtegrate in the botile, Too little can be insufficient for disintegration 1o ocour and can thus alier the

rate and exien release of the active mgredient(s) from the dosage form. Thus, a sufficient amaount of disintegrant
that is neither too httle nov oo much o delrimentally alter the rolease of the active ingredieni(s) can be used o form
the dosage forms of the compounds provided herein, The amount of disintegrant used can vary based upon the type
of formulation and mode of administration, and can be readily dizcernible {0 those of ordinary skill in the art. Aboyt
0.5 to about 15 weight pereent of digialegrant, or aboul 1 o about 5 weight percent of disintegrant, can be used in
the pharmacentical comnposition. Disintegrants that can be used to form pharmaceutical composilions and dosage
forms nclude, bot are not Hmuted o, agar-agar, alginic acid, calcium carbonate, microorystalling celluloss,
croscarmetiose sodinm, crospovidone, polacrilin potasstum, sodium starch glycolate, potato or tapioca starch, other
starches, pre-gelatinized starch, other starches, clays, other algins, ofher celluloses, pums or mixtires thereof,

(003421 tabricants which can be used fo form pharmaceutical composilions and dosage forms
include, but are not Hmited (o, caleium stearale, magnesium slearate, mineral oil, lght mineral oll, glycerm, sorbitol,
mannitol, polyethylene glveol, other glycols, stearic acid, sodivm Jauryl sulfase, tale, hydrogenaled vegetable ol
{e.g, peanut oll, cottonseed o, sunllower oil, sesame oil, olive oil, corn o, and soyhean oll), wine stearate, sihyl
oleate, ethylaureate, agar, or muxtures thereof. Additional lubricants include, for example, a syloid silica gel, a
coagilated acrosol of synthetic sifica, or mixtres thereol. A lubricant can optionally be added, in an amount of less
than about 1 weight percent of the pharmaceutical composihon.

(03433 When agueous suspensions andfor chixivs are desived for oral adminigtration, the active
mngredient therein can be combined with various sweetening or flavoring agents, coloring matler or dyes and, for

example, enwtlsifving and/or suspending s, together with such diluents as waler, ethanol, propylene glyeol)

glycerin and various combinations thereof
{00344] The tsblets can be uncoated or coated by known techmques to delay disintegration and

absorption i the gastromntesiinal tract and thereby provide a sustained action over a longer period. For example, a
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time delay matenial such as glyeeryl monostearaie or glyeeryl distearate can be employed, Formulations for oral use
can also be presented as hard gelaiin capsules wherein the active ingredient is mixed with an inert solid diluent, for
exaniple, caleium carbonate, caleium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredicnt is
mixed with water or an oil medium, for example, peanut oil, Hguid paraflin or olive oif,
[003451 surfactant which can be used to form pharmaceutical compositions and dogage forms inchade,
but are not hmited to, hyvdrophilic surfactants, lipophilic surfactants, and mixtures thereol. Thal is, a mixture of
Ieydrophilic surfactants can be employed, & mixture of lipophilic surfactants can be emploved, or a puxiure of al

feast one hydrophilic surfactant and at least one ipophilic surfactant can be emploved,

[003461 A suttable Iyydrophilic surfactant can generally have an HLE value of al least about 19, while
suttable lpophilic surfactants can gewerally have an HLB value of or less than about 10, An empirical paramoeter

wsed lo characterize the relative hydrophilicity and hydrophobicity of non-ionie srphiphilic compounds is the
hydrophilic-Bpophilic balance (“HLB” wvalue),  Surfactants with lower HLE values are more lpophilic or
hydrophobic, and have greater sohubility in oils, while surfactants with higher HLE values are more hydrophilic, and
have greater sohibility in aquecns solutions. Hydrophilic surfactants are generally considersd 1o be those componnds
having an HLB value greater than about 10, as well as anionic, cationic, or wwitlerionic compounds for which the
HLB scale is not generally applicable, Similarty, lipophilic (e, hydrophobic) surfactants are compounds having an
HLE value equal 1o or less than about 10, However, HLE value of o swrlfactant is merely a roush suide generally
used 10 enable formulation of mdustrial, pharmaceutical and cosmetic emmisions.

(003473 Hydrophilic surfactants can be either lonic or non-jonic.  Suitable lonic surfactants include,
but are not lmied 1o, alkylammonium salts; fisidic acid salts; fatty acid derivatives of wnine acids, oligopeptides,
and pelypeptides; glyeenide derivatives of amino acids, oligopeptides, and polypeptides; lecithing and hydrogenated
lecithing; lysolecithing and hydrogenated Jysoleaithing, phospholiptds and derivatives thereof; lysephospholipids and
derivatives thercol; carnitine fatly acid ester salls; salts of alkylsulfates: fatly acid salts; sodinm docusate;
acylactylates; momo- and di-acetylated tartaric acid esters of mono- and di-glveerides; succinylated mono- and di-
elyearides; eitric acxd esters of mono- and di-glyoerides; and mistures thereol.

[00348) Within the aforementioned group, ionic surfactants mchude, by way of oxaraple: lecithing,
lysolecithin, phospholipids, fysophospholipids and derivatives thereof’ carnitine fatty acid ester salts; salts of
alkylsulfates; {atly acid salts; sodium docusate; acylactylates; mono- and di-acetylated tartaric acid esters of mono-
and di-glycendes; succinylaled mono- and di-glycerides; citvic acid esters of mono- and di-glveerides; and mixtures
thereol.

[(03457 lonie surfactants can be the iomized forms of lecithin, lysolecithing, phosphatidyicholing,
phosphatidylethanolamme, phosphatidylgivearel, phosphatidic acid, phosphatidylserine, Tvsophosphatidylichotine,
tysophosphatdylethanolamine,  lyvsophosphatidylglyeerol, lysophosphbatidic acid, lvsophosphatidylserine, PEG-
phosphatidyiethanolamine, PV P-phosphatidylethanolaming, lactylic esters of fatly acids, slearoyl-2-lactylate,
stearoyl lactylate, succinylated monoglycerides, mono/diacetylated tartaric acid esters of mono/diglyesrides, cliric

acid esters of mono/diglyeerides, cholylsarcosine, caproate, capryvlate, caprate, laurate, myristate, palmitate, oleate,

G2
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ricimoleate, linoleate, Hnolenate, stearate, fauryl sulfate, feracecyl sulfate, docusate, lauroy! carnitines, palmitoyl
carnitings, myristoy} carnitings, and salts and mixtures thereof.

[003507 Hydrophilic non-icnic swfactants can nclude, but are nol Ihnited to, alkylglucosides;
atkylmaliosides; alkylthioglucosides; lauryl macrogolglveerides; polyoxyalkyiene alky! ethers such as polyethylene
glyend alkyl ethers; polyoxyalkylene allkyiphesols such ag polvethviene elyeol atky] phenols; polyoxyalkylene alky!
phenol Faty acid esters such as polyethylene glyeol fatly acids monoesters and polyvethylens glyeol latty acids
diestery; polyethylene glyeol glyeerol fatly acid esters; polygivesrol fatly acid esters; polyoxyalkylene sorbitan {atty
acid esters such as polyethylene glveol sorhitan Dty acid esters; hydrophilic ransestertfication producss of a polyo!
with at least one member of alycerides, vegetable oils, hydrogenated vegetable oils, [atty acids, and sterols;
polvoxyethylene sterols, derivatives, and analogues thereofl polyoxyethylated vitamins and derivatives thereof
polyoxyethylenc-polyoxypropylene block copolymers; and mixtures thereof: polyethylene slycol sorbitan fatty acid
esters and bydrophilic transesterifioation products of a polyol with at least one member of tnglyeerides, vegetable
oils, and hydrogenated vegetable oils. The polyol can be glycerol, ethylene glveol polvethylene glycol, sorbitol,
mropylene glyeol, pentasrythritol, or a saccharide.

[{303:

lagrate, PEG-20 taurate, PEG-32 laurate, PEG-32 dilaumte, PEG-12 oleate, PEG-15 oleate, PLG-20 oleate, PEG-26

[.J 1

Ll Other hydrophilic-non-ionie surfactants imclude, withont limitation, PEG-10 laurate, PEG-12

dioleate, PEG-32 oleate, PEG-200 oleale, PEG-400 oleate, PEG-15 glearate, PEG-32 distearate, PEG-40 stearate,

PEC-100 stearate, PEG-20 dilaurate, PEG-25 giyeeryl trioleate, PEG-32 dioleate, PEG-20 glyeeryl laurate, PEG-30

plyeeryl lavrate, PEG-20 glyeoryl stearate, PEG-20 glyeery!l oleate, PEG-30 glyeeryl oleste, PEG-30 glyoeryl

lavrate, PEG-40 glyceryl laurate, PEG-40 palm kernel off, PEG-30 hydrogenated castor oil, PEG-40 castor oil, PEG-

35 caster oil, PRG-60 cagtor oil, PECG-40 hydrogenated castor oil, PEG-80 hvdragenated castor oll, PEG-64 corn oil,
PEG-6  capratefcaprylate  glycerides, PEG-8  caprale/caprylate  glycerides, nolyglyeeryl- 10 lawrate, PEG-30
cholesterol, PEG-25 phyto sierol, PEG-30 soya sierol, PECG-20 tricleate, PEG-A0 sorhitan oleate, PEG-80 sorbitan
Jaurate, polysobate 20, polysorbate 80, POE-2 lavrvl ether, POE-23 lauryl ether, POE-10 oleyl ether, POE-20 oleyd
ether, POE-20 stearyl other, tocopberyl PEG-100 sucemate, PEG-24 cholesierol, solyglyceryl-10oleate, Tween 410,
Tween 60, sucrose monostearate, sucrose monolaurale, sucrose monopabmitate, PEG 10-160 nonyl phenol series,
PEG 15-100 actyl phenol series, and poloxamers.

[06352] Switable lipopllic surfactants include, by way of exumple only: [atly alcohols; glyeerol faity
actd esters; acetylated glycerol fatly acid esters; lower aloohol [atty acids esters; propylene glveol fatty acid esters;
gorbitan fatty  acid esters; polyethviens plycol sorbitan faity  acid esters; sferols and sierol derivatives;
polyoxyethviated sterols and stered derivatives; polyethylene ghycol alky! ethers; sugar esters; sugar others; lactic
acid derbvatives of mono- and di-glycerides; hydrophobic transesterification products of a polyol with at least one
nember of giyeerides, vegetable oils, hydrogenated vegetable oily, fatly acids and sterols; oil-soluble
vitanns/vitamin devivatives; and mixtures thereof,  Within this group, pon-bmiting examples of  lipophilic
surfactants include glycerot [ally acid esters, propylene glyeol fafty acid esters, and mixtures thereof, or are
hydrophobic anscsterilication products of a polyol wilh af least one member of vegetable os, hydrogenated

vepetable oils, and triglyeerides.
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1003533 In one embodmment, the pharmacentical composilion can include a solubilizer fo ensure good
solubilization and/or dissolution of a compound ag provided herein and to minimize precipitation of the compound.
Thig can be especially dmportant for pharmaceutical compositions for nov-oral use, eg. pharmmceutical
compositions for injection. A solubilizer can also be added to merease the selubility of the hydrophilic drug and/or
other components, such as surfactants, or o mainiain the pharmaceutical composition ag a stable or homogeneous
sointion or dispersion.
1003547 Examples of suifable solubilivers mclude, but are not limited to, the {ollowmg: sleoboly and
polyols, such as ethanol, isopropancl, butanol, benzy! alcohol, ethylene glycol, propylene glycol, butanediols and
isomers thereof, glycerc], pentacrythritol, sorbitol, mannifol, ranscutol, dimethyl isosorbide, polyethylene glycol,
polypropvlene  glyveol, polvvinylaleohol,  hydroxwypropy]l  methyleelllose  and  other  cellulose  derivatives,
cyelodexiring and cyclodextrin derivatives; ethers of polyethylene glycols having an average molecular weight of
about 200 to about 6000, such as tetrahydrofurfury! alechol PEG ether (slveofure!) or methoxy PEG, amides and
other nitrogen-contaiming compounds such as 2-pyrrobidone, 2-piperidone, s-caprolactam, N-alkylpyorolidone, N-
hydroxyalkylpyrrolidone, N-alkyipiperidone, Nk:1'1E<y'lcap'rol'{wtmn, dimethylacetamide and polyvinylpyrrolidone;
esters such ag ethyl propionate, tributvicitrate, acetyl tricthyleitrate, acetyl tributyl citrate, triethyleitrate, ethyl oleate,
ethyl caprylate, ethyl butyrate, triacetin, propylene glycol monoacetate, propylene ghycol diacetate, -caprolactone
ane isomers ihereof, d-valerolactone and isomers thereol, B-buiyrolactone and spners fhereof and other
sotubilivers known n the arf, such as dimethyl acelanide, dimethyl sosorhide, Nemethyl pymolidones,

monooctancin, dicthyvlene glycol monoethyl ether, and water,

£

FO0355] Mixtures of solubilizers can also be uvsed. Exsmples include, but not limited to, triacetin,
triethylcitrate, ethyl oleate, ethyl caprylate, dimethylacelamide, N-methylpyrrolidone, N-hydroxyethylpyrrolidone,

polyvinyipymolhdone, hydroxypropyl methylicellulose, hydroxyvpropyl eyclodextnns, ethanol, nolyethylene glycol
200-100, glyeolurol, wanscutol, propylene glycol, and dimethyl isosorbide. In some embodunents, solubihizers
inctude sorbitol, glycers!, triacetin, ethyl alcchol, PEG-400, glveofurel and propylene glycol.

(003561 The amount of solubilizer that can be included Is not particularly limited, The amount of a
given solubilizer can be hmited 1o a biloacceptable amount, which can be readily determined by one of skill in the
art. In gome circumstances, 11 can be advanfegeous to include amounts of solubilizers far in excess of bioacceptable
amounts, for example fo maximize the concentration of the diug, with excess solubilizer removed prior 1o providing
the pharmaceutical composition 1o a subject using conventional echnigues, such ag distillation or evaporation. Thus,

if pregent, the solubilizer can be in a weight ralio of about L6%, 25%, 50%, 100%, or up 1o ahout 200% by weight,

based on the corebined weight of the drug, and cther excipients. H desired, very small amounts of solubilizer can
also be used, such as about 5%, 2%, 1% or oven less. Typically, the solubilizer can be present m an anount of about

1% 10 about 100%, more typically about 5% to about 25% by weight.

(003571 The pharmaceutical composition can further include one or more pharmaceutically accepiable
additives and excipients. Such additives and excipients mehide, without imitation, detackiflers, anti-fomming agents,
buffering agents, polymers, antioxidants, preservatives, chelating agents, viscomoedulators, loniciliers, favorants,

colorants, oils, odorants, opacifiers, suspending agents, binders, fillers, plagticizers, lubricants, and mixtures thereof,
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1603561 Exemplary  preservaiives  can  include  antioxidants,  chelating  agents,  antimicrobial
preservatives, aniifungal preservatives, alcohol preservatives, acidic preservatives, and other preservatives.
Exemplary antioxidants inciude, but are not limited to, alpha tocopherol, ascorbic acid, acorbyl palmitate, butylated
hydroxyanisole, butvlated hvdroxyioluene, monothioglyeerel, potassium melabisulfite, propionic acid, propyl
gallate, sodium ascorbate, sodinm suifite, sodm metabisulfite, and sodium sulfite. Exemplary chelating agents
melude ethylenediaminetetraacetic acid (EIYTA), citric ackd monohydrate, disodivm edetate, dipotassium edetate,
edetic acid, fumarte acid, malic acid, phosphoric acid, sodinm cdelats, fartaric acid, and wisodium edetate.
- Exemplary antimicrobial preservatives include, but are not Hmited to, benzalkonium chloride, benzethoniom
chloride, benzyl alcohol, bronopel, cetrimide, cetylpyridinnum chlende, chlothexidine, chlovobutanol, chlorocresal,
chloroxyienol, cresol, ethyl alcohol, glyveerin, hexetidine, imidurea, phenol, phenoryvethanol, pheoviethyl alcohol,
pheaylmerouric nitrate, propylene glyveol, and thimerosel. Exemplary antifungal preservatives include, but are not
Timited to, bulyl paraben, methyl paraben, ethyl paraben, propyl paraben, benzoic acid, hydroxybenzoic acid,
sotassium henzoale, polassium sorbate, sodium benzoale, sodinm propionale, and sorbic ucid. Bxemplary alcohol
preservatives mclude, but are not Hmited to, sthanol, polvethylens glyeol, phenol, phenolic compounds, bisphenel,
chlorobutenof, hydroxybenzoate, and phenylethyl aleobiol.  Exemplery acidic preservatives jachude, bul are not
Hmited 1o, vitamin A, vilamin C, vitamin B, beta-carotene, ciirie acid, aceiic acid, dehydroncetic acid, ascorble acid,
senbic acid, and phylic acid. Other preservatives include, bul are not Tmited Lo, tocophercl, tocopherol acelaie,

deteroxime  mesylate,  cemmide,  butvlated  hydroxyamsol  (BHAY,  butylated  hydroxytoluened  (BET),

ethylencdiamine, sodium lawryl sulfafe (SLS), sodium lauryl cther sulfate (SLES), sodivm bisullite, sodium

metabigulfite, potasgivm sulfie, polassium metabisulfite, Glvdant Plus, Phenomyp, methylparaben, Germall 115
arvative 3§ an anti-oxidant. In other

Germaben 11, Neolone, Kathon, and Buxyl. o certam embodiments, the prese

emhodiments, the preservative s a chelating agent.
[ 03597 Fremplary otls include, bul are not limited to, abmond, apricot kemel, avocado, babassu,
bergamot, black current seed, borage, cade, camomile, canola, caraway, carnauba, casfor, cininamon, cocoa butter,

coconut, cod hiver, coflee, corn, cotton seed, emu, eucalyping, evening primrose, (1sh, Haxseed, geramol, gourd,

&
grape seed, hazel nut, hyssop, isepropyl myristate, jojoba, kukul nut, lavandin, lavender, lemon, Tisos cubeba,
macademia nut, mallow, mango seed, meadowfoun seed, mink, nutineg, olive, orimge, orange roughy, palm, palm
kernel, peach kernel, peanul, poppy seed, pumpkin seed, rapeseed, rice bran, rosemary, salflower, sandalwood,
sagdqUana, savoury, sea buckthorn, sesame, shea bubter, silicone, soybean, sunflower, tea treg, thistle, subaki, veliver,
walmut, and wheat germ ods. Exemplary ouds melude, but are not hmited to, bulyl stearate, capryvhe tnglycende,

!

capric inglyceride, coyclomethicone, disthyl sebacate, dimethicone 360, sopropyl myristaie, mineral ol

ottyldedecanal, oleyl alechol, siticone oil, and combinations thereol

(003687 In addition, an acid or a base can be ncorporated inte the phasmaceutical composition to
facilitate processing, W enhance stability, or for othey reasons. Examples of phanmeceatically acceplabie bases
include amine acids, amino acid esters, ammonivm hydrode, potagsium hydroxide, sodium hydrexide, sodim
hydrogen carbonate, aluminum hydroxide, caleium carbonate, magnesivm hydroxide, magnesivm alumimum sibicate,

synthetic whiminum silicate, synthetic hydrocalcite, magnesium aluimpum  bydroxide, dilsopropylethylamine,
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cthanolamnine,  cthylenediamine, iriethanolamine,  tricthylamine,  triisopropanolamine,  trimethylamine,
tris(hydroxymethylyaminomethane {TRIS) and the like, Also suitable are bases that are salts of a pharmaceutically
acceptable acid, such as acetic acid, acrvlic acid, adipic avid, alginic acid, alkanesulfonic acid, aming acids, ascorbic
acid, benroic acid, borie acid, butyric acid, carbonic acid, citric acid, falty acids, formic acid, Ramaric acid, sliconic
acid, hydmquinosulionic acid, isoascorbic acid, lactic acwd, maleic acid, oxalic acid, para-bromophenyisulfonic acid,
propiomic acid, p-tolienesulfonic acid, salicylic acid, siecaric ackd, succinic acid, tanmic acid, farfaric acid,
thioglycolic acid, toluenesulfonic acid, uric acid, and the like. Salis of polyprotic acids, such as sodiun phosphate,
disodium bydrogen phosphaie, and sodmm dihydrogen phosphate can also be used. When the base 1s a sali, the
cation can be any convenient and pharmaceutically accepiable cation, such ag ammonivim, alkali metals, alkaline
carth metals, and the like. Examples can include, but not hmiled to, sodium, polassium, Hhiom, magnesium,
calcium and ammoniurm.
[003611 Suitable acids are pharmaceutically acceptable organic or norganic acids. Examples of
suttable norganic acids include hydrochloric acid, hydrobromic acid, hydriodic acid, sulfuric acid, nitric acid, borie
acid, phosphoric acid, and the like. Examples of suitable organic acids include acetic acid, acrylic acid, adipic avid,
alginic acid, alkanesulfonic acids, amino acids, ascorbic acid, benzoie acid, borie acid, butyric acid, carbonie acid,
citric acid, fatty acids, formic acid, fumaric acid, glucomic acid, hydroguinosulionic acid, iscascorbic acid, lactic
acid, maleic acid, methanesulfonic acud, oxalic acd, para-bromophenylsulfonic acid, propionic acikl, p-
toluenesuifonic acid, salicylic acid, stearic acid, succemic acid, tannic acd, tartaric acid, thioglycolic acid,

tohuenesulfonic acid, e acid and the like.

5. Formulations for Parenieral Adminisiration

[00362] In some embodiments, proviled herein are phanmaceutical compositions for parenteral
adiministration conlaining a compound as provided herein, and a pharmacenfical excipient sultable for parenteral
admmstration.  In some embodunents, provided herein are pharmaceutical compositons for parenteral
administration containing: (1) an effective amovnt of a disclosed compound; optionally (i) an effective amount of
one or mors second agents; and {3i) one or more pharmaceutical excipients suilable for parenteral administration. In
some emnbodiments, the pharmaceutical composition further contains: (iv) an effsctive anount of a third agent.
(0034637 The forms m which the disclosed pharmacsutical compositions can be incorporated for
administration by njection inchude agueous or oil suspensions, or ermulksions, with sesame oil, corn o1, cotionseed
oil, or peanit oil, as well as elisirg, mannitol, dextrose, or & sterile agueous solution, and similar pharmaceutical
vehicles.

Agueous solutions 1n saline are also conventionally used [or injection. Tthanol, ghveerol, propylene glveel, lquid
polvethylene glyeol, and the Iike (and surtable muxtures thereof), cyclodextrin derivatives, and vegetable oils can
algo be employed,

[OO364] Agueous solutions in saline are also conventionally used {or mjection. Bthanol, glyoerol,
propylene glyeol, hquid polyethylene glycol, and the like {and suitable mixtures thereof), cyclodextrin derivatives,

and vegetable oils can also be emploved. The proper fTuidity can be mainiained, for example, by the uge of s
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oafing, such as lecithin, for the maintenance of the reguired particle size in the case of dispersion and by the use of
surtactants, The prevention of the action of microorganisms can be brought about by various anttbacierial and
antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like.
[O0365] Sterile injeciable solutions are prepared by incorporating a compound as provided herein in the
requited amount m the approprale solvent with vanous other mgredients as enumerated above, as appropriale,
followed by [ered sterihzation. Generally, dispersions arc prepared by meorporating the various sterilized aclive
ingredients info a sterile vehicle which containg the basic dispersion medium and the appropriate other ingredients
from those enumerated above. In the case of sterile powders for the preparation of sterils injectable solutions, certain
methods of preparation are vacuum-drying and freere-drying techniques which vield a powder of the active
ingredient plus any additional ingredient from a previously sterile-Glered solution thereof.
(003661 The injectable lormulations can be sterilized, for example, by Olirton through a bacterial-
retaiping filter, or by iocomporating stenhzing agents o the form of sterile solid compositions which can be
dHasolved or dispersed 1n sterile waler or other sterile injectable medium prior 1o use. Injectable compositions can

comtain from about 6.1 10 about 5% wiw oF a compound as disclosed herein
[

1O Formulations for Topical Administration

[06367] In some embodiments, provided hervemn are phammacewical compositions for wpical {eg,
transdermaly administraion containing a compound as provided heremn, and a pharmacentical excipient suilable for
fopical administration.  In some embodiments, provided herein sre pharmaccutical compostlions [or topical

administration confaining: (1) an effociive amount of a disclosed compound; oplionally (i) an effective amount of

one or more second agents; and (1) one or more pharmaceutical excipients suitable for topical administration. In
some embodiments, the pharmaceutical composilion further contaims: {iv) an offective amount of a thivd agent.

1003681 Pharmaceutical compositions provided herein can be formulated info preparalions in solid,
sernl-solid, or liguid forms suitable for local or topical administration, such as gels, water sohible jeilies, creams,
lotions, suspensions, foams, powders, shuries, olntments, solutions, ols, pastes, supposifories, sprays, emulsions,
satine solutions, dimethylsuloxide (IME0)-based solutions. In general, camiers with higher dengities are capable of

wroviding an area with a prolonged exposure 1o the active ingredients, Tn contr

I, a soltion formulation can provide

more immediate exposure of the active mgredient 10 the chosen area.

ro0369] The pharmacceutical compositions also can comprise suitable solid or gel phase camters or

excipients, which are compounds that allow increased penetration of, or assist in the delivery ol therapeutic
molecales across the shatim comenm permeability barnier of the skin, There are many of these penctration-

cnhancing molecules known 1o those trained i the art of topical formulation. Bxamples of such carricrs and

excipients include, but are not Hmited to, humectantls {e.g., urea), glycols {eg., propylene glycol), alcohols (e.g.,

£

ethanol), fatty acids {e.gn, oleio avid), surfactants (e.g., isopropy! mynstate and sodian lauryl sulfate), pyrrolidones,
glyeersl monolaurate, sulfexides, terpenes (eg, menthel), amines, amides, alkanes, alkanols, water, calcium
carbonate, caleium phosphate, various sugars, starches, ceilulose derivatives, gelatin, and polymers such as

polyethylene glyeols.

X7
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[80370] Another exemplary formulation for use in the disclosed methods employs fransdermat
delivery devices (*patches™). Such transdermal patches can be used to provide continuous or discontinuous nfusion
of a compound as provided herein in controlled amounts, either with or without another agent.

F00371% The construction and use of transdermal patches for the delivery of pharmaceutical agents s
well known in the art. See, e.g, 115, Pat. Nos. 5,023,252, 4,992,445 and 5,001,139 Such patches can be constructed
for continuous, pulsatile, or on demand delivery of ph.armacculi.cai agents.

[00372] Suttable devices for ase in delivering intradermal pharmacentically acceptable compositions

described herein include short needle devices such as those described W 1.8, Patents 4,886,499, 5.190,321;
5,328,483; 5527288, 4270537, 5015235, 5,141,496, and 5417662, Intradermal compositions can be
administered by devices which bmit the effective penciration length of a needle mto the skin, such as those
described in PCT publication WO 99/34850 and functional equivalents thereof, Jet injection deviees which deliver
fiquid vaccines fo the dermis via a liguid jet ingector and/or via a needle which pisrces the stratum corneum and
produces a et which reaches the demnis are suitable.  Jet mjection devices are described, for example, in U5,
Patents 5480381, 5.599,302; 5334,144; 5,993 4172; 5640912, 5568189, 5,704,911; 5,383,851; 5,893,397,
3,466.220; 5330,163; 5,312,335; 5,503,627; 5,064,413; 5,520,639; 4,506,556; 4,790,824; 4,941 88(; 4,940,460; and
PCT publications WO 97737705 and WO 97/13537.  Ballistic powder/particle delivery devices which use
compressed gag 1o accelerate vaceine In powder form through the outer layers of the skin o the dermis are suitable,
Altematively or additionally, conventional syringes can be used in the classical mantoux method of infradermal
administration,
[00373] Topically-administrable formulations can, for example, comprise from about 1% 0 about 10%
{wiw) compound of formmla (1), although the concentration of the compound of formula (I} can be as high as the
solubibty Hmit of the compound of formula {I) in the solvent. [n some embodiments, topically -administrable
formoulations cas, for example, compnise fom about 19% to about 9% {wiw) compound of formula {8), such as from
about 19 to about 8% (wiw), further such as Grom about 1% to about 7% (wiw), further such as From about 194 1o
about 6% (w/w), further such as from about 1% to about 5% {(wiw), further such as from about 1% to aboul 4%
{wifwry, father such ag from about 1% to about 3% (w/w), and further such as from about 1% fo about 2% (w/w)
compound of formula (1), Formulations for fopical adminisiration can further comprise one or more of the

additional pharmaceutically acceptable exciplents deseribed herein.

LD Formudaiions for Inhalation Administration

[00374] In some embodiments, provided bercin are pharmacewtical compositions for inhalation
adminisiration ¢ontaining a compound as provided herein, and a pharmaceuticat excipient suitable for topical
adpinistration.  In some  embodiments, provided herein are pharmaceutical composiions for izhalation
admmistralion containing: (i} an effective amount of a disclosed compound; optionally (i1) an effective amount of
one or more second agents; and (13} one or more pharmaceutical excipients suitable for inhalation administration. In

some embodiments, the phanmaceutical composition further containg: {iv) an effective amount of a third agent.
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[00375] Pharmaceutical compositions for inhalation or insufllation inchuide solutions and suspensions in
pharmaceutically acceprable, agueous or organic solvents, or mixtures thereol, and powders. The lignid or sohid
pharmaceutical compositions can contam stitable pharmaceutically acceptable excipients as described herein, In
some embodiments, the pharmaceutical compositions are admmisterad by the oral or nasal respivatory route for local
ot systemic effect. Pharmaceutical compositions in pharmaceutically accepiable solvents can be nebulized by use of
inert gases. Nebulized solutions can be mbaled directly from the nebulizing device or the nebulizing device can be
aitached 1o a face mask tent, or infermiticnt positive pressure breathing machine. Selulion, suspension, or powder
pharmacentical compositions can be administered, e g, orally or nasally, from devices that deliver the formulation

inan appropriaie manner.

1E. Formulations for Ocular Adminisiraiion

1003761 Ir some embodiments, the disclosure provides a pharmaceutical composition for freating
ophthalmic disorders. The pharmacsutical composition can contam an effective amount of a compound as provided
herein and o pharmaceutical excipient suitable lor ocular administration. Pharmaceutical compositions suitable for
octlar adminigtration can be presented as discreie dosage forms, such as drops or sprays each conlaining a
predetermined amount of an active ingredient 2 sofution, of 4 suspension in an aquecus or non-agueous lguid, an
oil-m-water emulsion, or a water-m-oil hgquid emulsion. Other admimstration foms nclude miraocular myection,
mmtravitreal injection, topically, or through the use of a drug eluting device, microcapsule, implant, or microfiuidic
device. In some cases, the compounds ag provided herein are adminislered with a carrier or excipient that increases
the intraccutar penetrance of the compound such as av ol and water emulsion with collold particies having an olly
core surrounded by an interfacial Mm. I is comtemplated that all tocal routes to the eve can be used mchuding
topacal, subconjunctival, periccular, retrobulbar, subtenom, intracameral, intravitreal, mtraccular, subretinal,
Juxtascleral and suprachoroidal adminisration. Systemic or parenteral administration can be feasible including, but
not Mmited to miravesocus, subcutancons, and oral deliveryv. An cxemplary method of administration will be
intravitreal or subtenen injection of solufions or suspensgions, or intravitreal or subtenon placement of biccrodible or
ion-hinerodible devices, or by topical ocutar administration of solutions or suspensions, or posterior Juxtascleral
adiinisiration of a gel or cream formulation.

[00377] Eye drops can be prepared by dissolving the active ingrediend in a slerile agueons solution such
ag phystological saline, buffering solution, etc, or by Comhinmg powder compostions t6 be dissolved before use.
Other vehicles can be chosen, as is known in the art, including, but not Hmited to: balance salt sohition, saline
selution, waler soluble polyvethers such as polyethivene glveol, polyvinyls, such as polyvinyl alechol and povidone,
cellulose derivatives such as methylecllulose and hydrosypropy! methyleellulose, potroleurn dertvatives such as
mineral oil snd white  petrolatum, animal  fats such ag lanobn, polymers of acylic acid such as
carboxypolymethylene gel, vegetable fats such as peanut ol and polysscchanides such as dextrans, and
elycosanunoglycans such as sodium hvaluronate. Tn some embodiments, additives ordinanily used 1o the eye drops
an be added. Such additives imelude isolonizing agents {e g, sodivan chloride, etel), bulfer agent {e.g, boric acid,

sodivvm monohydrogen phosphate, sadivm dihydrogen phosphate, cic,), preservatives (e, benzatkonium chioride,
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benzethomum chloride, chlorohutanol, ete.), thickeners (e.g., saccharide such as laclose, mannitol, maltose, ele.:
eg., hyaluronic acid or its salt such as sodium hyaluronate, polassinm hvaluronale, et eg, mucopolysaccharide
such as chondroitin salfate, cic.; eg, sodimm polyacrylate, carboxyvinyl polymer, crosslinked polyacrylate
polyvinyt alcohol, polyvinyl pyrrolidene, methyl cellulose, hydroxy propyl methvleellulose, hydroxyethy! cellulose,
carboxymethy! cellulose, hydroxy propyl cellulose or other agents known to those skilled in the art).

[00378] In seme cases, the colloid particles inclnde at least one cationic agent and at least one non-10nlc
sufactant such as a poloxamer, tyloxapol, a polysorbate, a polyoxyethylene castor oil derivative, a sorbitan ester, or a
polyoxyl slearate.  In some cases, the cationic agent 15 an alkylamine, a fertiary alkyl amine, a guarternary
ammonium compound, a cationic lipid, an amnino aleohol, 2 biguanidine salt, # cationic compound or a mixture
thercof. In some cases, the cafionic agent 1 a higuanidine salt such as chlorhexidine, polyaminopropyl higuanidine,
phenfonnin, alkylbiguanidine, or a mixtwre thereof.  In some cases, the quaternary ammoniom compound 15 »
benzalkonium halide, lauraikonium halide, cotrimide, hexadecyirimethylammonium halide,
tetradecylrimethylasmmonivm  halide, dodecybrimethylammoniom  halide, cetrimonium halide, benzethonium
halide, behenalkominm  halide,  cetalkonmm  halide,  cetothyldimonium  halide,  cetylpyridimium  halide,
benzodadecinium  halide, chlorallyl methenamine halide, myristylalkonium halide, stcaralkonitum halide or a
mixture of two or more thereol. In some cases, cationic agent is a benzalkoniom chloride, Tauyralkonium chlorde,
henzododecinium bromide, benzethenium chloride, hexadecyltrimethylammonium bromide,
tetradecyltimethylammmonium bromide, dodecylirimethylammonium bromide or a mixture of two or more thereo!,
In some cases, the oil phase s mmeral oil and light mineral oil, medium chain trighyeerides (MOTY, cocomut oil;
hydrogenated oils comprising hydrogenated cottonsced oll, bydrogenated pabm oil, hydrogenate casior ol or
hydiogenatad sovbean oily polvoxyethylene  hydrogenated  castor oil  derivatives  comprising  poluoxyl-44

hrydrogenaled castor oil, polyoxyl-60 hydrogenated castor o1l or polyoxyl-100 hydrogenated castor o1l

IF Formulaiions for Confrolled Release Adminisiraiion

[00379] In some embodiments, provided herein are pharmacentical compositions for controtled release
administration containing a compound as provided herein, and & pharmaceutical excipient suitable for controfled
releage administation,  In some embodiments, provided herein are pharmaceutical compositions for conirolled
release administration containing: (i) an ellective amount of a disclosed compeound; optionally (1) an effective
amount ef one or more second agents; and (111} one or more pharmaceutical excipients suitable for controlled release
admimstration. In some embodiments, the pharmaceutical composition further containg: {iv) an offective amouat of
a third agent.

[0380] Active agents such as the compounds provided herein can be administered by controlled
release means or by delivery devices that are well known to those of ordinary skill in the arl. Hxamples include, but
5,674,533; 5,059,595; 5,591,767, 5,120,548, 5,073,543, 5,639,476, 3,354,556; 5,639,480; 5,733,566; 5,739,108;
5,891,474, 5922356, 5972,891; 5,980,945, 5993,855; 6,045,830; 6,087,324; 6,113,943; 6,197, 350; 6,248 363;
6,264,970,.6,267 981; 6,376,461; 6,419.961; 6,589,548; 6,613 358; 6,659 500 cach of which is incorporated herein

are not imited 1o, those described in ULS, Patent Nos.: 3,8435,770; 3,916,89%; 3,536,805, 3,508,123, and 4,008.719%;
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by reference. Such dosage forms can be used 1o provide slow or controlied release of ope or more active agenis
using, for example, hydropropyhmethy! cellvlose, other polymer matrices, gels, permeable membrancs, osmotic
systemns, wulitlayer coatings, microparticles, liposomes, microspheres, or a combination thereol’ to provide the
desired release profile i varying proportions. Sultable controiled release formulations known to those of ordinary
skill in the art, ncluding those described herein, can be readily selected for use with the active agents provided
herein. Thus, the pharmaceutical compositions provided encompass single unit dosage forms suitable for oral
administration such as, but not hmited fo, tablets, capsules, geleaps, and caplets that are adapfed for controlied
relesse.

fG03813 All controfled release pharmaceutical products have a common goal of improving drug therspy
over that achicved by their non controlled counterparts. In some embodimenis, the use of a controlled releage
preparation it medical realment is characlerized by a minimum of drog substance being emploved 1o cure or control
the discase, disorder, or condition In a minimem amount of Hme,  Advanlages of controfled release formulations
mnelude extended activity of the drug, reduced dosage [requency, and ingreased subject compliance, In addition,
controlled release Tormulations can be used to affect the thme of onset of action or other characteristics, such as
blood levels of the drag, and can thus alfect the occurrence of sule (e g, adverse) effects.

1603823 in some embodiments, controlled release formulalions are designed fo initially release an
amount of a compound as provided herein that promptly oroduces the desived therapeutic effect, and gradually and
continually release other amounts of the compound o maintam this level of therapeutic or prophylaciic effect over
an extended period of tme. In order 1o maintain this constant level of the compound in the body, the compound
should be released from the dosage form al a rate that will replace the amount of druog being metabohized and
excreted from the body. Controlled release of an active agent can be stimulated by various conditions including, but
not Hoted to, pH, lemperature, erezymes, water, or other physiological conditions or compounds,

(603831 in certain embodiments, the pharmaceutica]l composition can be  administered using
imiravencus mfusion, an implantable osmotic pump, a tansdermal patch, liposomes, or other modes of
administration. In one erobodunent, a pump can be used {see, Sefton, CRC Orit. Refl Biomed. Eng. 14:201 (1987);
Buchwald ef al, Surgery 88:307 (1986); Savdel ef ol , M Engl 7. Med. 321:574 {1989Y), In another embodiment,
polymeric materials can be used, o yet another embodiment, a controlled releass system can be placed in a subject
al an appropriale site detenmined by a practitioner of gkill, e, thus '1'(:(.;11%1'ing (mly a fraction of the systemic doge

{vee, ep, Goodson, Medical Applications of Controlled Release, 115-138 (vol, 2, 1984), Other controlled release

systems are discussed in the review by Langer, Science 249:1527-1533 {1990}, The one or more active agents can
be dispersed in 2 solid inner makilx, ey, polymethylmethacrylate, polvbuiylmethecrylate, plasticized or
unplasticized  polyvinylchloride, plasticized nylon, plasticived  polyethylencierephthalate, natural  rubber,
polvisoprene, polyisobulylene, polybutadicne, polyethylene, ethvlene-vinylacetate copolvmers, sthicone rubbers,
polydimethylstloxanes, silicone carbonate copolymers, bydrophific polymers such as hydrogels of eslers of aorylic
and methacryhic acid, collagen, cross-hnked polyvinylalcobol and cross-leked partially hydrolyzed polyvinyl
acetals, hat I8 surrounded by an outer polymeric membrane, e.g., polvethylene, polvpropylene, ethylene/propylene

copolymers, ethylene/sthyl acrylate copobymers, ethylene/vinviacetate copolymers, silicone rubbers, polydimethy]
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sdoxanes, neoprene rubber, chlormmated polyethylens, polyvinylchlonde, vinvichlonde copolymers with vinyl
acclate, vinylidene clhioride, ethylene and propylene, ionomer polyethylenc terephihalate, butyl rubber
eptchlorohydrin rubbers, ethylene/vinyl alcohol copolymer, ethylene/vinyl acetate/vinyl alcohol terpolymer, and
ethylene/vinylosyethanol copolymer, that 13 insoluble 1 body fluids. The one or more active agents then ditfuse
through the outer polymeric membrane in a release rate conrolling step. The percentage of active agent in such

parenteral compositions is highly dependent on the specific nature thereof, as well as the needs of the subject.

[04384] A comnpound described herein can be delivered in the fomm of pharmacentically acceptable
compositions which comprise 2 therapeutically effective amount of one or more compounds described herein and/or
one or more additional therapeutic agents such #s a chemotherapeune, lormulated together with one or morg
pharmaceutically acceptable excipfents.  In some mslances, the compound described herein and the additional
therapeutic agent are admmistered in separate pharmaceutical compositions and can {e.g., because of different
phrysical and/or chemical characieristics)y be administered by different routes (e.g, one therapeutic s administerad
orally, while the other 15 administered miravenously). In other instances, the compoundd deseribed herein and the
additiomal therapeutic agent can bo administered separvately, but via the same toute {eg., both orally or both
mtravenously). In shll other instances, the compound described herem and the additional therapeutic agent can be
administered in the same pharmacentical composition.

[G0385] The selected dosage level will depend upon a variety of factors including, for example, the activity
of the particular compound employed, the route of adminstration, the tme of administration, the rate of excretion or
metabolism of the particular compound being employed, the rate and extent of absorption, the duration of the
treatiment, other drugs, compounds and/or materials uged in combination with the particular compound cmployed,
the age, sex, welght, condition, general health and prior medical history of the patient being treated, and like factors
well known in the medical aris.

[06386] In general, a suitable datly dose of a compound described herein andfor a chemotherapeutic
will be that amount of the compound which, in some embodiments, can be the lowest dose effective 1o produce a
therapeutic effect. Such an effective dose will generally depend upon the factors deseribed above. Generally, doses
ol the compounds deseribed herein for a patient, when used for the indicaled effects, will range from about 0.0001
me o aboat 100 mg per day, or about 0.001 mg to about 100 me per day, ar about 0.01 mg to about 100 mg per day,
or about 0.1 mg o about 160 mg per day, or about 0.0001 mg o about 500 mg per day, or about 0.007 mg 10 about

500 mg per day, or about 0.01 mg to 1000 mg, or about .01 mg to about 300 mg per day, or about 0.1 mg 1o about

o

500 myg per day, or about about I mg to 50 mg per day, or about 5 mg to 40 mg. An exemplary dosage is about 16
t0 30 mg per day. In some embodiments, for a 70 kg human, a surtable dose would be about 0.05 1o about 7 g/day,
such as ahout 0.05 to about 2.5 gilay.  Actual dosage levels of the active mgredients in the pharmaceulical
compositions described herein can be varied so ag fo obtain an amount of the active ingredient which is effective to
achicve the desired therapeutic response {or a particular patient, composition, and mode of administration, without

heing foxic to the patient. In some instances, dosage levels below the lower Bmit of the aforesaid range can be more
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than adeqguate, while in other cases still larger doses can be employed without causing any hapmful side effect, e g,
by dividing such larger doses into several small doses for administration throughout the day.

[00387] In some embodiments, the compounds can be adiinistered datly, every other day, three times a
week, twice a week, weekly, or bi-weekly., The dosing schedule can mclude a “drog holiday,” ie., the drug can be
administered for two weeks on, one week off, or three weeks on, one week off, or four weeks on, one week olT, eic.,
or continpously, without a diug holiday.  The compounds can be adminisiered orally, intravenoushy,
infraperioneally, topically, transdermally, intramuscularly, subcutaseously, intranasally, sublingually, or by amy
other route,

[(G0388] In some embodiments, a compound as provided herein i adminisiered in multiple doses.
DNosing eam be abont onee, twice, three tmes, four mes, five thmes, st tmes, or move than six times per day.
Dosing can be about once a month, about onee every two weeks, about once a week, or about once every other day.
in another embodiment, a compound ag provided hereln and ancther agent are administered together about once per
day 0 about 6 times per day. [ another embeodiment, the administration of a compound as provided herein and an
agent continues for Tess Than about 7 days. In yet another embodiment, the administration continues for more than
about &, about 10, about 14, about 28 days, about two months, about six months, or about one year. In some cases,
continucus doging 1s achigved and maimained as long as necessary.

03891 Adminmistzation of the pharmaceutical compositions as provided hereln can continue as long as
necessary, [ some embodiments, an agent as provided herein ig admimstered for more than about 1, about 2, about
3, about 4, about 5, about 6, about 7, about 14, or about 28 days. In some embodiments, an agent as provided herein
is admanistered for less than about 28, about 14, about 7, about 6, about 5, aboutl 4, about 3, about 2, or about 1 day.
In somme embodiments, an agent as provided herein s administered chronically on an ongoing basis, eg, for the
wreatment of chronic effects,

[B03901 Smee the compounds deseribed herein can be administered in combination with other
eatments {such as additional chemotherapeutics, radiation or surgery}, the doses of each agent ov therapy can be
lower than the corresponding dose for single-agent therapy., The dose for single-agent therapy can range {rom, for
example, about §.0001 10 about 200 me, or about 8.001 fo sbout 100 mg, or about 0.01 io about 100 me, or about
2.1 o about 160 mg, or aboul 1 1o aboutl 30 myg per kilogram of body weight per day.

(003911 When a compound provided hereis, 18 admimisiered in a pharmaceutical composition that
comprises one or more agents, and the agent has a shorter half-life than the compound provided heren unit dose
forms of the agent and the compound provided herein ean be adjusted accordingly.

{00397] fn some embodiments, provided herein are kits.  The kits can inclwde a compound or
pharmaceutical compostiion as deseribed herein, in suitable packaging, and written material that can include
mstructions for use, discussion of clinical stadies, Bsting of side offects, and the like, Such kits can also mclude
mformation, such as scientific Hterature references, package insert materials, clinical trial results, and/or summaries

of these and the like, which indicate or establish the activities and/or advantages of the pharmaceutical composition,
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and/or which deseribe dosing, administration, side effects, drug Interactions, or other information usefil to the health
care provider.  Such information can be based on the results of various studies, for example, studies using
experimental animals involving fn vive medels and studies based on human clinjcal trials,
[00393] In some embodiments, a memery aid is provided with the kit, e.g., in the form of sumbers next
to the tablels or capsules whereby the monbers correspond with the days of the regimen which the tablets or capsules
so specitied should be ingested. Another example of such a memory wid 18 a calendar printed on the card, eg., as
foliows “First Week, Monday, Tuesday, . . . ete. . .. Second Week, Monday, Tuesday, ... ete, Other variations of
memory aids will be readily apparens. A “daily dose” can be a smgle tablet or capsule or soveral tablets or capsules
to be taken on a given day.
1003943 The kit can lurther contam another agent, s some embodiments, the compound as provided
herein and the agent ate provided as separate pharmaceutical composttions in separate conlainers within the kit, In

some embodiments, the compound as provided hereln and the agent are provided as a single pharmacentical

comiposilion within a container in the kit Suitable packaging and addrtional articles lor use (e.g., measuring cup for
liguid preparations, foil wrapping to minmimize exposure 1o air, and the like) are known in the art and can be included
in the kit, In other embodiments, kits can further comprise devices that ae used to administer the active agents.
Examples of such devices include, but are not Himited to, syringes, drip bags, patches, and tnhalers. Kits deseribed
herein can be provided, marketed and/or promoted to health providers, including physicians, nurses, pharmacists,
formulary officials, and the like, Kits can also, in some embodiments, be marketed divectly o the consumer.

[00395] An example of sueh a kit is a so-called blister pack, Blister packs are well known i the
packaging industry and are being widely used for the packaging of pharmaceutical unit dosage forms {tablets,
capsules, and the like). Blister packs generally consist of a sheet of relatively stff material covered with a foil of a
preferably transparent plastic material. Puring the packaging process, recesses are (ommed in the plastie [oil. The
recesses have the size and shape of the tablets or capsules (o be packed. Next, the tbleis or capsules ave placed in
the recesses and the sheet of relatively stiff material is sealed against the plastic foil ot the face of the o1l which is
apposite from the direction i which the recesses were formed. As a result, the tablets or capsules are sealed in the
recesses between the plastic Toll and the sheet. The strongth of the sheet is such that the tablets or capsules can be
removed [rom the blister pack by manually applying pressure on the recesses wherehy an opening is formed in the
sheet at the place of the recess. The tablet or capsule can then be removed via seid opening,

(00396 Wits can further comprise pharmacentically acceptable vehicles that can be used fo administer
one or more active agents. For example, if an active agent is provided in a solid form that must be reconstinted for
parentoral administration, the kit can comprise a sealed container of a suitable vehicle in which the active zgent can
be dissolved to form a particulate-free sterile solution that s suitable for parenteral administration.  Examples of
pharimacentically acceptable vehicles mnclunde, but are not limited to: Waler for [ujection USP; aqueous vehicles
such ag, but not limited to, Sodm Chloride Imjection, Ringer’s Injection, Pextrose Tnjection, Dextrose and Sodium
Chloride Imiection, and Lactated Ringer’s Injection; water-miscible vehicles such as, butl not limited to, ethyl
alcohol, polyethylene glyeol, and polypropyiene glycol; and non-aqueous vehicles such as, but not Hmited to, comn

ail, cottonseed oil, peanut il sesame oil, ethyl oleate, isopropyl myristate, and benzy! benzoate.
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[H0357] The present disclosure further encompesses anbydrous pharmaceutical compositions and
dosage forws comprising an active ingredient, since water can facilitate the degradation of some compounds. For
example, waler can be added (e.g., about 5%) in the pharmaceutical arts as a means of simulating long-term storage
in order 1o determine characleristics such as shelf-life or the siability of fommulations over time. Avhydrous
pharmaceutical compositions and dosage forms can be prepared using anhydrous or low moisture containing
mgredients and low moeisture or low hurmdity conditions, For example, phannaceutical compositions and dosage
forms witich contain lactose can be made anhydrous if substantial contact with moisture and/or humidity during
manulacturing, packaging, andfor storage 1s expected. An anhydrous pharmaceutical composition can be prepared
and stored such that 1s anhydrous nalure is maintained. Accordingly, anhydrous pharmaceutical compositions can
be packaged using matenals known to prevent exposure o water such that they can be included i suitable
tormulary kits. Exarapies of suilable packaging include, but are not limited to, hemetically scaled foils, plastic or
the like, unit dose contamers, blister pucks, and strip packs.

P herapentie Methods

[O03081 Phosphomositide 3-kinases (PI3Es) are members of a conserved family of lipid kinases that
regulate numerous cell functions, including proliferation, differentiation, cell survival and metabolism.  Several
classes of PI3Ks exist m mammalian cells, meluding Class LA subgroup feg, PI3K-0, §, §), which are generally

aciivated by receplor tyrosime kinases (RTKs), Class IB (e.g, PISK-y), which is activaled by G-protein conpled
¥ | ) ; J cy

43

recepiors (GPURs), among others. PI3Ks exert their biologieal activities via a “PI3R-mediated signaling pathway”

that includes several components that direetly and/or indirectly transduce o signal triggered by a PI3K, including the

generation of second messenger phophotidylinositol, 3, 4, S-triphosphate {PIP3) at the plasma membrane, activation

of heterotrimeric G protein signaling, and generation of further second messengers such as cAMP, DAG, and 193

»

all of which leads to an extensive cascade of protein kinase activation {eviewed n Vanhaesebroeck, B. e al. (2001)

Annu Rev Biochem. 70:535-602). For example, PI3K-8 is activated by celiviar receptors through inleraction
between the PISE. regulatory subunit (p85) SH2 domains, or through diveet interaction with RAS, PIF3 produced by
PI3K activales elfecior pathways downstrearn throngh interaction with plextrin homology (PHY domain containing
enzymes (eg, PINGD and AKT [PEB. (Fung-Leang WP, (2011 (el Signal. 23(4):603-8). Uniike PI3K-S, PI3XK-
v s not associaled with o wgilaiory subunit of the p8&s f'armiy, but rather with a regalatory subunit 1n ihe pl04
fwmily. PI3K-y is associated with GPCRs, and s vespongible for the very rapid induction of PIP3. FI3K v can be
also activated by RA

[00399] In some embodiments, provided herein are methods of modulating a PI3K kinase activity {eg.,
selectively modulating) by contacting the kinase with an effective amount of 4 compound, or a pharmaceutically
aceeptabie form (eg., pharmacentically acceptable salts, hydrates, solvates, somers, prodrugs, and isotopically
taboled derivatives) thereol, or pharmaceutical compositions as provided hercin, Modulation can be inhibition (e.g.,
reduction) or activation {.g.. enhancement) of kinase activity., In some embodiments, provided herein are methods

of inhibiting kinage activity by contacting the kinase with an effective amount of 4 compound as provided herein in

solution. In some embodiments, provided herein are methods of inhibiting the kinase activity by contacting a cell,
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tissue, organ that express the kinase of intorest with a compound provided berein. In some embodiments, provided
herein are methods of mhibiting kinase activity in a subject by administering into the subject an effective amount of
a compound as provided herein. In some embodiments, the kinase activity is inhibited (e.2., reduced) by more than
about 23%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% when contacted with a compound provided herein as
compared to the knase activily without such contact.  In some embodiments, provided herein are mothods of
whibiting P13 kinase activity in a subject (ncluding mammals such as humans) by contacting said subject with an
amount of a compound as provided herein suffictent to mnhibit or reduce the activity of the PI3 kinase in said subje
(434007 in some embodiments, the kinase is a pid kinase or a protein kinase. In some embodiments, the
kinase is selected from a PI3 kinage 3 nc;ludirzg different isoforms such as PI3 kinase o, P13 kinase , PI3 kinase v,
PIS kinase 6; DNA-PKS mTor; Abl, VEGER, Ephrin receplor B4 (EphB4), TEX receptor tyrosime kinase (TIE2Y,;
Fisrelated tyrosine kinase 3 (FLT-3); Plaielot dertved growth factor receptor (POGEFR); RET, ATM; ATR; hfmg-
1; Helg Sre; Epidermal growih lactor receptor (EGFRY; KIT; Inulsin Receptor (IR); and IGFR,

[G0401] As used horen, 2 “Pi3K-mediated disorder” refers to a disease or condition nvolving aberrant
PI3K-mediated signaling pathway. In one embodiment, provided herein is a method of treating a PI3K mwediated
disorder m a subiect, the method comprising adminisiering a therapeutically effective amount of a compound or a
pharmaceutical composition a8 provided herefn.  In some embodimenis, provided hersin is ethod of weating o
PI3K-6 or PI3K-y mediated disorder in a subject, the method comprising administering a therapeutically effective
amount of a compound or a pharmaceutical composition as provided herein. In some embodiments, provided heremn
15 a method for mhibiting at least one of PI3K-6 and PI3K-y, the method comprising contacting a cell expressing
PI3K in vitro or in vive with an effective amount of the compound or composition provided hercin, PI3Ks have
been associated with a wide rapge of condiions, including fmumnunity, cancer and thrambosis {reviewed in
Vanhaesebroeck, B. e al. (2010) Current Topics in Microbiology and Immumology, DO 101007782 2010 65). For
example, Class T PI3KSs, particntarly PI3K-y and PI3K-§ isofiems, are highly expressed in leukooytes and have been
associated with adapiive and innate mmmumity; thus, (hese PI3Ks are belicved to be nnportant mediators in
inflamymaiory disorders and hematologic malignancies {reviewed in Harris, 8§ ot al, (2009 Cwrr Opin [nvestig
Drugs 1001131131462y Rommel C. et al. {2007y Nar Rev Dnmmmol T(3%191-201; Durand CA er ol {2009) J
Trormunol. 183(9):5673-84; Tl N, Marshall A3, (2009 Mol Jmmunol, 46100 1970-8; ALAlwan MM er ol (200707
Topmenol, 1784 7:2328-35; Zhang T, ef al. (2008} J Allergy Clin Immunol. 2008 122{4%:811-819 ¢2; Srinivasan L,
ef al. (2008) Cell 139(3)1:573-86).

[00402] Numerous publications support roles of PISK-S, PI3K-y, and PI3K-J in the differentiation,
mainienance, and sctivabian of invnune and malignant cells, as deseribed inmore detail below.

1004031 "The importance of PI3K-5 in the development and function of B-cells is supported from inhibitor

studies and genetic models. PI3KLS 5 an tmportant mediator of B-cell receptor {BUR) signaling, and is upstream of
ART caloium flux, PLCy, MAP kinase, P7056kK, and FOXG3a activation. PISK-S s also important in 1L4AR, 31F,
and CXCRS5 signaling, and has been shown o modulate tesponses to foll-like receptors 4 and 9. Inhibitors of PI3K-
0 have shown the importance of PISK-8 in B-cell development (Marginal zome and B1 cells), B-cell activation,

chemotaxis, nugration and homing to Iymphoid tissue, and in the control of immunoglobulin class switching
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leading to the production of Igii. Clayton E et al, (2002) J Exp Med, 196(6):753-63; Bilancio A, of al, {2006) Blood
(}7(?) 642-50; Okkenhaug K. et al, {2002) Science 297(5583):1031-4; Al-Alwan MM er al. (2007) J Tmmunol,
178(4):2328-35; Zhang TT, e al. 2008Y J Allergy Chin Immunol. 2008,122(4%811-819.e2; Srinivasan L, of af.
(2009 Cell 139(3):573-86)
[004041 In T-cells, PI3K-4 hag beon demongirated o have a role in Tecell receptor and oyiokine signating,
and 1s upstream of AKT, PLCy, and GSK3b. In PI3K-8 deletion or kinase-dead knock-in mice, or in inhibitor
stuches, T-cell defects including proliferation, activation, and differentiation have heen observed, leading to reduced
T belper cell 2 (TH2) response, memory T-cell specific defects (DTH reduction), defects in antigen dependent
cellyiar frafficking, and defects in chemotaxis/migration 10 chemokines (e.g., S1P, CORT. CD62LY (Garcon F. ef al.
{2008y Blood 111(3111464-T1; Glkkenhaug K o ol (2008). J Srwmmol. 1TT(R):3122-8; Soond DR, et al. (2000}
Alood TIS(U12203-13; Reit K, (2004). 1 Immunol. 2604, 173(4):2236-40; 3t H. ef f. (2007) Biood 110(8)2940.7;
Webb LM, ef al. (2005} J Immuncl. VI5(5Y2783-7; Liw 3, ef ol (2010) J fmmuneol. | B4(613008-105; Havlock-
Jacobs 8, et al. (2001)J dutoimmum. 201 1;36(3-43:278-87; Jarmin 31, ot al, (2008) J Clin Invesr. 118(33:1154-64).
004053 I neufrophils, PI3K-8 along with "3’3}(-1!, and PI3E-B, conribute to the responses 0 immune
mplexes, FOyRIL gignaling, including migration and newfrophil respiratory burst, Human neutrophils undergo
rapid nduction of PIP3 In response to formyl peplids receptor (FMLPY ar complement component C5a (CSa) in a
PI3K -y dependent manner, followed by a longer PIP3 production period that is PI3K-8 dependent, and is essentizl
lor respireiory burst. The regponse o immune complexes is contributed by PI3K-S, PI3K -y, and PI3K-G, and is an
important mediator of tissue damage in models of antoimmune disease (Randis TM ef af, (2008) fur 7 Immunol.
38(9):1215-24; Pinho V, (2007) J Immunol. YTS(U1RT891-8; Sadbu €, er ol. (2003 J fmmamol. 170(5):2647-54
Condbffe AM et al. (2005 Blood 106(4):1432-40), It has been reporied thal in certain antobmmune diseases,
perfrential activation off PI3KR may be mvolved. (Kulkarni of al., fmmunology (2011 4(168) ra23: 1-11), It was
also reported that PISKB-deficient mice were highly protected in an FoyR-dependent model of auteantibody-induced
akin bl is‘;{'crmg and partially protecied i an FoyBE-dependent model of inflammatory arthrits, whereas combined
deficiency of PISKR and PI3KS resulted in near compleie projection in inflanunatory arthritds, (/d.),
[00406] fo. macropbages collected from patients with chronic obstructive pulmonary disease (COPDY),
glucum.ﬂicui& responstyeness can be restored by treatment of the cells with inhibitors of PI3K-8. Ma cro{_‘}hag@s also
rely on PI3K-0 and PBK-y fiw sesponses to wnune complexes through the arthus reaction (FCgR and C3a
signabing) (Randis UM, et al. (2008) Zur J Jmmunol. 38(5):1215-24 ; Marwick JA et al. (2009} Am ./ R{i’S,")fi" Crit
Care Med, VID(73:542-8; Konrad S, et «d, (2008 J Biol Chem. 283{48):33296-303).
[O0407] in mast cells, stem cell factor- {3CF) and IL3-dependent proliferation, differentiation and fanction
are PI3K-3 dependent, as is chemotaxis. The allergen/lgR crosslinking of POgRT resuling in oyiokine release and
degranuation of the nrast ceils is severely inhibited by treatment with PI3K-8 inhibitors, suggesting a role for PISK-
& aliergio disease (ALK e al, (2004) Nafwre 431(T00101007-11; Lee K8, ef ol (2006) FASER . 20(3):455-65;
Kim MS, ef al. (2008) Treads Immunol. 29{10):493-501},
(004083 Matural killer (INK) cells are dependent on both PI3K-§ and PI3K.y for efficient migration towards

chemokines inchuding CXCL1O, CCL3, S1P and CXOL1Z, or it response to LPS in the peritoneum (Guo H, et al,
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(2008) J Exp Med. 205(10%2419-35; Tassi 1, et al. (2007) Dumunity 27(2):214-27; Saudemont A, (2009) Proc Naidl
Acad Sei U5 A, 106{14):5795-800; Kim N, er of. {2007} Blood 110(9):3202-8).

[00409] he roles of PISK-8, PISK-y, and PI3K-3 in the differentiation, mamtenance, and aclivation of
immune cells sopport 2 role for these enzymes n inflammatory disorders ranging from auntormmune diseases {e.g.,
rheumatoid arthritis, multiple sclerosis) to allergle inflammatory disorders, such as asthma, and inflampmaiory
respiratory disease such as COPDL  Exiengive evidence is available in experimental animal models, or can be
evaluaied uging artrecognived amimal models,  Tn an embodiment, described herein s a method of treating
inflamrpatory disorders ranging from antoimmmme diseases (eg, rhewmatoid artheitis, multiple sclerosis) 1o allergic
mflarmmatory diserders, such ag agthima and COPTY nsing a compound described herein.

[G04101 For example, inhibiors of PI3K-& andior -v have been thown o have anti-inflammatory activity in
several aulodmmune animal models for thewmatoid arthritis (Williams, O, ot al. {2010) Chem Biol, 17{2):123.34;
WO 2000088980, WORG09/088880; WO 201 1/008302). PISK-5 is cxpressed n the RA synovial tssue (especially
in the synovial lining which contains Obroblasi-like synoviocytes (FLS), and selectuive PISK-& inhibitors have been
shown 1o be cffective in inhibiting synoviocyte growth and survival (Bartok o ol 2000) Arthrits Rheum &2 Suppl
10:362). Several PI3K-6 and -y inhibitors have been shown 10 ameliovate arthritic symptoms (e.g, swelling of
Joints, reduction ol scrumeinduced collagen levels, reduction of joint pathology andfor infllammation), m art-
recognized models for RA, such as collagen-induced arthntis and adjuvant mduced arthritis (WO 2009/088986;
WOROOGOREZR0; WO 201 1/008302).

[00411] The role of PI3K-0 has also been shown in models of T-cell dependent response, including the
DTH model. In the musine experimental antomumune encephalomyelitis {EAE) model of mulliple sclerosis, the
PI3y/6- double mutant mice are resistant.  PI3K-S inhibitors have also been shown to block BAE disease
induction and development of TH-17 cells both in virre and in vive (Haylock-facobs, 5. & «f (201D
Autoimmunity 36(3-4):278-87).

[00412] Systemic lupus erythematosus (SLE) is a complex discase that at different stages requires memory
T-cells, B-cell polyclonal expansion and differentiation into plagma cells, and the nate homune reasponse 1o
endogenous damage associated molecular paitern raoteculos (DAMPS), and the mflammatory responses to immune
complexes through the complement system as well as the Fe receptors. The role of PI3K-8 and PI3K-y fogether in

these pathways and cell types suggest that blockade with an inhibitor would be elffective in these diseases. A role

for PE3K in lupus is also predicted by two genetic models of lupus. The deletion of phosphatase and tensin homolog
{(PUENY leads 1o a lapus-tike phenotype, as does a ransgenic activation of Class 1A PI3Ks, which includes PI3K-S,
The deletion of PI3K-y in the transgenically activaled class TA lupus model is profective, and treatinent with a
PI3K-y selective inbibitor 1 the murine MLR/pr model of lupus mmproves symptoms (Barber, DF er al. (2006} J
fmmunol. 176{1) 589.93),
[O0413] in allergic disease, PI3K-6 has been shown by genetic models and by inhibitor freatment 1o be
essential for mast-cell activation in a passive cutancous anaphalaxis assay (Al K e ol (2008) J faumuncl,
18004):2538-44; Al K, (2004} Namre 431(701131007-11). In a pulmonary measure of response to immone

complexes (Arihus reaction) a PI3K-5 knockout 13 resistant, showing a defect in macrophage activation and O3a
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groduction,  Knockout studies and studies with inhibitors for bhoth PISK-S and PI3K-y support a role for both of
these enzymes in the ovalbumn nduced allergic amway mflammation and hyper-responsiveness model (Lee XS e
al. 2006 FASER J. 20(3%455-65). Reductions of infiltration of cosinaphils, nevirophils, and lymphocytes as well
as TH2 cytokines (114, 115, and TLI3) were scen with both PI3K-8 specific and dual PI3K6 and PI3K-y inhibitors
n the Ovanduced asthma model (Lee KS et al. 20063 7 Allergy Clin Inumunol 118(23:403-9).
[00414] PI3K-0 and PI3K-y inhibition can be used i treating COPD. I the smoked mouse moedel of
COPD, the PI3K-6 knockout does wot develop smoke induced glucocorticoid resistance, while wild-type and PI3T
knockout mice do, An inhaled formulation of dual PI3K-8 and PI3K -y inhibitor blocked inflammation in a LPS or
smoke COPD models as measured by neutrophilia and glicocorticond resisiance {Doukas J, et al. {2009 7
Pharmacol Exp Ther. 328(3)7758-65).
[00415] Clags T PI3Ks, particularly P30 and PI3K-v isoforms, are also associated with cancers
{reviewed, eg., in Vogt, PK et al. (2010) Curr Top Microbiol Immunol. 347:79-164; Fresnoe Vara, JA et all {2004)
Cancer Treat Rev. 3002):193-204; Zhao, L and Vogt, PK. (2008} Oncogene 27(41):5486-96). Inhibitors of PI3K,
a.g., PI3K-§ andior -y, have been shown o have anti-cancer act'évit.y (e.gr., Courtney, WD et al. (2010) J Clin Oncol.
28(6):1075-1083); Markman, B et al. {2610 Ann Oncol. 21(4):683.61; Kong, 13 and Yamori, T (2609) Curr Med
Chen. 16(22%:2839-34; Hmeno, A ot al. (2009) § Clin Oncol. 27:156s (suppl; absir 3542); Flinn, TW et al. (2009) J
Clin Oncol. 27:156s {suppl; abstr 3543, Shapiro, G et al. (2009) J Clin Onceol. 27:146g (suppl; abstr 3500); Wagner,
Adetal, (2009) J Clin Oncol. 27:1465 (suppl; abste 3501); Vogt, PE et al. {2006) Vuology 344(10131-8; Ward, 5 et
al. (2003) Chem Biol 10{3):2(7-13; WO 2011/041399; US 2010/0029693; US 2010/0305096; US 2010/0305084).
n an embodiment, deseribed herein is 2 method of trealing cancer,
[00416] Types of cancer that can be freated with an wiubitor of PIIK. (particularly, PI3K-§ andior -v}
include, e.g, leukenna, chronic lymphocytic leukemia, acute myeloid lewkemia, chromic myeloid leukemia {eg,
Salmena, L et al. (Z008) Cell 133:403-414; Limpm% N et al. (Z010) Clin Cancer Res. 16{223:5424-35; Khwaja, A
2010 Curr Top Microbiol Immunol. 3 69-88Y, lymphoma, e, non-Hodgkin®s Tymphoma (e g, Salmena, L e
al. (2008) Call 133:403-414); lung cancer, e.g, non-small cell lung cancer, small cell lung cancer {e.g., Herrera, VA
el al. 2011) Anticancer Res. 31{3n849-54Y; melanoma (e.g, Haluska, F ot al. (2007) Semin Oncol. 34{6):546-54);
prostate cancer {e.g., Sarker, D et al. (2009) Clin Cancer Res. 15(151:4799-805); glioblastoma (e.g., Chen, 15 et al.
(2008) Mol Cancer Ther. 7:841-850); endometrial cancer (eg., Bansal, W et al. (2009) Cancer Controd, 16(13:8-13%;
pancreatic cancer {e.g., Furukawa, T (2008) J Gastroentercl. 43(12):905-11Y; renal cell carcinoma (5.;3., Porta, <
and Figlin, RA (2009) J Urel. 182(6)2569-77Y; colorectal cancer (g, Saf, MW and Chu, ¥ (2010% Cancer J.
16(3):196-20G1); breast cancer {eg, Torbett, NE et al. (2008) Blochem J. 415:97-100); i.hy}'oid cancer {e.g.,
Wrrezianska, B and Pastuszak-Lewandoska, 0 (2011) Frond Biosel. 16:422-39); and ovarian cancer (e, Mavzoletid,
M and Brogging, M (2010} Cwrr Med Chem. VT(3634433-47).
[00417] Mumerous publications support a role of PI3K-8 and PI3K-v in treating hemalological cancers.
PI3I-5 and PI3K-y are highly expressed n the heme compartment, and some solid tumors, including prostate, breast
and ghoblastomas (Chen 1.8, ef al. (2008) Mol Cancer Ther. 7{4):841-50; Tkeda H. af al (2010} Dlood 116(9):1460-
8.
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[00418] In hematological cancers including acute myeloid leukemia {AML), multiple myeloma (MM), and
chronic lymphocytic leukentia (CLL), overexpression and constitulive activation of PI3K-8 supports the mode] that
PI3K-6 nhibition would be therapeutic Billottet C, et al. (2006) Oncogene 25(50):6648-39; Ballotlet C, et al. (20609)
Cancer Res, 69031 1027-36; Meadows, SA, 52" Annual ASH Mecting and Exposttion; 2010 Dec 4-7; Orlando, Flg
Ikeda H, et al. (2010) Blood 116(9):1460-8; Herman SE «f af. (2010) Blood 116412):2078-88; Herman SE ef ol
(2011). Blood 117(1614323-7, In an embodiment, described herein is a method of treating hematological cancers
neluding, but not Inmited to acute myeloid leukerma (AML), multiple myeloma (MM}, and chvonic Tymphocytic
lelermia (CLL).

(00419} A PIBK-5 wphibrior (CAL-101) has been evaluated in s phase 1 trial in pafients with
haematological malignancies, and showed activity in CLL in patients with poor prognostic characteristics. In CLL,
whibiton of PISK-6 not only affzets tumor cells directly, but it also alfects the ability of the tumor cells o interact
with their microenvironment. This microenvironment includes contact with and factors from stromal cells, T-cells,
murse like cells, ag well as other tumor cells, CAL-101 suppresses the expression of stromal and T-cell derived
faciors including CCL3, CCLA, and CXOL13, as well as the CLL turnor cells” ability o respond 1o thege factors.
CAL-191 freatment in CLL patients induces rapid Tymph node reduction and redistribution of Iymphocytes jnto the
circwlation, and alTects tonie survival sigaals throngh he BCR, leading to reduced cell visbibity, and an ncrease m
apoptosis. Simgle agent CAL-101 treatment was also active i wantle cell lvmphoma and refractory non Hodekin's
lymphoma (Furman, RR, et al 52 Avmual ASH Meetmg and Expostlion; 2010 Dee 4-7; Ovlando, FL,;
Hoellentiegel, J, et al. 52™ Annual ASH Mecting and Fxposition; 2010 Dec 4-7; Crlando, FL; Webb, HK, et al. 52™
Annual ASH Meeting and Exposition; 2010 Dec 4-7; Orlando, FL; Meadows, et al. 52 Annual ASH Meating and
Exposition; 2010 Dee 4-7; Orlando, FL; Kahl, B, ¢t al, 525% Avpual ASH Meets ing and Pxposition, 20610 Dec 4-7;
Criando, FL; Dannotis B, etal. (2011) Bloed 117(2):591-4).

1004241 PI3K-5 mhibitors have shown activity against PI3K-6 posttive ghomas in virro (Rashishian A, ef
al. Poster presenied at: The American Association of Cancer Regearch 102 Annual Mesting; 2011 Apr 2-6:
Orlando, FL). PI3K-8 15 the PISK isoform that 8 mest commonly activated in tumors where the PTEN tumor
suppressor is mutated {(Ward 8, et al, (2603) Chem Biol 10(3):207-13). In this subset of tumors, treatment with the
PI3K-8 wmhibitor either alone or in combination with & cytotoxic agent can be effective.

(04211 Another mechanism for PI3K-6 inhibitors to have an affect in solid Wumors involves the lumor
cells” mteraction with their micro-environment. PE3K-G, PI3K-y, and PISK-P are expressed in the immune cells that
infilivale tumors, inchuding tumor infilivating lymphocytes, macm[:ﬂmgcs._ and neutrophils. PISKLS inhibitors can
modify the function of these wmor-associaled mmune cells and how they respond Lo signals from the stroma, the
tumor, and cach other, and in this way affect tumor colls and metastasis (Hoellenmiegel §, er ol 52" Annual ASH
Meeting and Exposition; 2010 Dec 4-7; Orlando, FLY.

(004221 PI3E-G is also expressed in endothelial cells. It has been shown that imors o moice treated
with PI3K-3 selective inhibitors are killed more readily by radiation therapy. In this same study, capiltary network
formation 1s impaired by the PISK inhibitor, and it is postulated that this defect coniribuies 10 the greater killing with

radiafton.  PI3K-6 mhibitors can affect the way in which tumors interact with their microenviroment, including
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stromal cells, mnrune cells, and endothelial cells and be therapeutic either on its own or in conjunction with ancther
therapy (Meadows, SA, er al, Paper presented at 52°° Anmial ASH Meeting and B xposition; 2010 Dee 4-7;
Orlando, FL,; Geng L, et al. (2004) Cancer Res. 64(141:4893-9),
[00423] In other emboediments, inhibition of PI3K (such as PI3K-8 and/or —v) can be used to {reata
neu;yoi_asych'l:-lf'ric disorder, ey, an antoimmune brain disorder. Infectious and invmune factors have been implicated
1 the pathogenesis of several newropsychiatric disorders, including, but not Hmited to, Svdenham’s chorea {SC)
{CGarvey, MUAL ef of. (2005 0 Child Newrol. 20:424-429% Touretie’s svndrome (T8), obsessive compulsive disorder
{OCD) (Asbabr, PR ef af (1998 dm. /. Pspchiatry 155:1122-1124), atteniion deficitUhyperactivity disorder
{ADVHD) (Hirschiritt, MLE. ef af, (2008) Child Newropsychol, 1:1-16; Peterson, B.S. et al. (2000Y Areh. Gen.
Psyetiairy 57:364-372), anorexia nervosa (Sokol, MUS, (2000Y /. Chiid Adole

¢ Psychopharmacol, 13:133-145;
sokol, WLS, ef al, 2002) Am, J. Psvchiarry 159:1430-14323, depression (Leshie, DL, er af. (2(}(}8) Jodm. Acad.
Child Adolesc. Psychiatry 47:1166-1172), and autism spectrum disorders {ASD) (Hollander, E. ef ol (1999) dm. J
Peyehiatry 156:317-320; Marguihi, P, et af, (2008) Carr. Newrovase, Res, 5:149-157y, A subset of chaldhood
obsessive compulsive disorders and tic disorders has been grouped ag Pediatoie Autoimmmune Neuropsychiatie
Disorders Associated with Strepiococcel (PANDAS). PANDAS disorders provide an example of disorders where the
onset and exacerbation of neuropsychiatric symptoms 1s preceded by a streptococeal infection {Kurlan, R, Kaplan,

B.L. (2004) Pediatrics 113:883-886; Garvey, MLA. ef al. (1998} ./ C1

. Newrol 13:413-423). Many of the
PANDAS disorders share a common mechanisim ol action resulting Trom antibody responses against streplococeal
associated epiiopes, such as (FleNAc, which produces neurelogical effects (Kirvan, CLA, er af, (2006) ./
Newroimmumel. VT9:173-179). Autcantibodies recogmizing central nervous svstem (ONS) epitopes are also found in
era of most FAMDAS sobjects (Yaddanapudi, X, f ol (2010) Mol Psychietry 15:712-726%. Thus, several
neuropsychiatric disorders bave been assoclated with immune and autoimmune components, making them suitable
for therapies that include PI3K -5 andfor —y inhibition.
10a424] In certain embodiments, a method of veating (e.g., reducing or ameliorating one or more
symptoms of) 4 peuropsychiatric disorder, (eg., an avtonnmune bram disorder), using a PI3K-8 and/or —y inhibitor
18 described, alone or 1n combination therapy. For example, one or more PI3K-§ and/or -y inhibitors described
herein can be used alone or in combination with any suitable therapeutic agent and/or modalities, e g, dietary
supplement, for treatment of neurepsyotuatiie disorders. Exemplary neuropsychiatrie disorders that can be treated
with the PI3ICE and/or v inhibitors deseribed hereln include, but are not limited to, PANIZAS disorders,
Sydenham’s chorea, Tourette’s syndrome, obsessive compulisive disorder, atlention defici/hyperaciivity disorder,
ANOTER 1A DeTVosE, depmasmrl, and autism spectium disorders. Pervasive Develapmental Disorder (PTID) ig an
excmplary class of autism spectrum disorders that mchides Avtistic Disorder, Asperger’s Diserder, Childhood
Disinlegrative Disorder (CDDY, Rett’s Disorder and PDD-Nol Otherwise Specitied (PDD-NOS). Animal models for
evaluating the achivity of the PI3K-6 and/or -y Inhibator are known in the art. Por example, a mouse model of
PANDAS disorders 1s deseribed m, ez, Yaddanapudy, K. ef o (2010) supra; and Hoffinan, K .1 et al. {2004 .7
Newrosel, 24: 1780-1791.
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[60425] in some embodiments, provided berein are methods of using the compounds, or a
pharmaceutically acceplable form {e.g., phammaceutically aceeptable salis, hydrates, solvates, isomers, prodrugs, and
isotopically labeled derivatives) thereof, or pharmaceutical compositions as provided herein o treat digease
conditions, imeluding, hut not himuted 10, diseases assocated with malfuoctioning of one or more types of PI3 kinase.
A detailed description of conditions and disorders mediated by pl 108 kinase activity s sel forth in Sadu et al, WO
01/81346, which is meorporated heremn by reference inits entizety for all purposes.

(604261 In some embodiments, the disclosure relates to a method of treating a hyperproliferative
disorder in a subject that comprises administering 1o sald subject a therapeutically effective amount of & compoind,
or a pharmacentically acceptable form (e.g., pharmaceutically acceptable salts, hydrates, solvates, isomers, prodrugs,
anet isotopleally labeled derivatives) thereof, or pharmacentical composiiions as provided heremn.  In some
smboediments, said method relates 1o the treatment of cancer such as acute myeloid leukemia, thymus, brain, lung,
squarnous cell, skin, eye, relinoblastoma, wiraccular melanoma, oral cavity and oropharyngeal, bladder, gasiric,
slownach, pancreatic, bladder, breast, cervical, head, neck, renal, kidney, liver, ovarian, prostafs, colorectal,
esophageal, testicular, gynecological, thyroid, CNS, PNS, AIDS-related {eg., Lymphoma and Kaposi's Sarcoma) or
viral-induced cancer. Tn some embodiments, said method relates to the treatment of a2 pop-cancerous
hyperproliferative disorder such as benign hyperplasia of the skin (e, g., psoriasis), reslenasts, or prostate (e, g.,
benign prostatic hyperwophy (BPH)).

[00427] Patients that can be treated with compounds, or 2 phapmaceutically acceptable form {e g,
pharmaceutically acceptable salts, hydrates, solvales, isomers, prodrugs, and isclopicaily labeled derivatives)
thereof, or pharmacendical compositiong as provided herein, according to the methods a3 provided herein include,
for cxample, bul not hmited o, patients that have boen diagnosed as having psoriasts, rostonosis; atherosclerosis;
BPH; breast cancer such as a ductal C?iI‘VCiHOl"L’.lﬂ i duct tissue In 2 mammary gland, medullary carcinomas, colloid
carcinomas, tubular carcinomas, and mflammatory breast cancer; ovarian cancer, including epithelial ovarian tumors
such as adenocarcinoma in the ovary and an adenocarcinoms that has migrated from the ovary into the abdominal
cavity; uterine cancer; cervical cancer such as adenocarcinoma n the cervix epithelinl including squamous cell
carcinoma and adenocarcinomas; prostale cancer, such as a prosiate cancer sclected Fom the following: an
adenocarcinoma or an adenocarinoma that has migrated to the bone; pancreatic cancer such as epitheliod carcinoma
m the pancreatic duct tissue and an adenocarcinoma in a pancreatic duct; bladder cancer such as & transitional cell
carcinoma in urinary bladder, urothelial carcinomas {ivansitional cell carcinomas), tumaors in the urothelial cells that
Hne the bladder, squamous cell carcinomas, adenocarcinomas, and small cell cancers; leukemia such as acute
myeloid lenkemia (AMLY, acute ymphocytic levkemia, chromc lymphocytie leukema, chronic myeloid leukemia,
harry cell leukernia, myvelodyspiasia, myclopolilerative disorders, NK cell leukemia (e.g., blastic plasmacytoid
dendritic cell neoplasm), acute myelogenous leukemia (AML), chronic myelogenous leukemia (CML),
mastocytosis, chronie lymphoeytic levkemia (CLL), moltiple myeloma (MM, and myelodysplasiic syndreme
{(MD¥S); bone cencer; lung cancer such as non-small cell lung cancer {NSCLC), which is divided into squamous cell
careinomas, adenccarcinomas, and krge cell undifferentiated carcinomas, and smell oell lung cancer; skin cancer

such ag bagal cell carcinoma, melanoma, squamous cell carcinoma and actinic keratosis, which is a skin condifion
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that sometimes develops info squamous cell carcinoma; ove retinoblastoma; cutaneous or intraocular (eye)
melanoma; primary iver cancer {cancer that beging m the hver); kidoey cancer; thyroid cancer such as papillary,
follicolar, medullary and anaplastic; lymphoma such as diffuse large B-cell ymphoma, B-cell immmmnoblastic
tymphoma, NK cell lymphoma (e.g., blastic plasmacyioid dendritic oell neoplasm), and small non-cleaved cell
Iymphoma; Keposi’s Sarcoma; viral-indueed cancers including hepatitis B virus (BBVY), hepatitis € virug (HOVY,
and hepatocelladar carcinoma; aman lymphotopie vims-type 1 (HTLV-1) and adult T-cell lenkemia/lymphoniz;
andd burnan papitloma virus (HPV) and cervieal cancer; central nervous system cancers (CNS) such as primary brain
fumor,  which includes  gliomas  (astrocytoms, anaplastic  astrogytoma, or  ghoblastoma  multiforme),
Oligodendroghioma, Ependymoma, Meningioma, Lymphowa, Schwannoma, and Medulloblastoma; peripheral
nervous system (PNS) cancers such as acouslic nevromas and malignant periphers] nerve sheath tymor (MPNST)
meluding neurolibromas and selwannomas, malignant Gbrows cytome, maligoant fbrouss istioeyloma, malignani
meningioma, walignant mesothelioma, and malignant mixed Milllevian fumor; oral cavity and oropharyngeal cancer
such as, hypopharyngeal capcer, laryngeal cancer, nasopharyngeal cancer, and gropharvngeal cancer, stomech
cancer such as lvmphomas, gastric stromal tumors, and carcinokl tumaors; testicular cancer sach as germ cell tumors
(GCTs), which include seminomas and nonservinonmas, and gonadal stromal tumors, which include Leydie cell
wmors and Serfoll cell mmors; thymus cancer such ag to thymomas, thymic carcinomas, Hodglkin disease, non-
Hodekin lymphomas carcinoids or careinoid tumors; rectal cancer; and colon cancer.

[O0428] In one embodiment, provided herein is a method of weating an inflammaton disarder,
mcluding antormmune diseases n a subject. The method comprises administering fo said sulyject a therapeutically
cffective amount of a compound, or a phannacewtically acceptable form (eg., phannacentically acceptable salis,
hydraies, solvates, isomers, produgs, and isctopically labeled derivatives) thereof, or pharmaceatical composiiions
ag provided herein,  Hxamples of avtomnmune diseases includes but is not limited to acute disseminated
encephalomyelitly (ADEM), Addison’s disease, antiphospholipld amitbody syndrome (APS), aplastic anemia,
austormmune hepatitis, antoimmune gkin disease, coeliac disease, Crohw’s discase, Diabeles mellims {(type 1),
Goodpasture’s  syndrome,  Graves”  digeagse, Guillan-Baré  syndrome  (GBS), Hastnmoto’s  disease, lupus
crythematosus, multiple solerosis, myasthenia gravis, opsocionns myoclonus syndrome (OMS), oplic neurits, Ord’s
thyroidits, cemphigus, polyarthritis, primary billary cirthosis, psoriasis, theumatoid arthritis, Redler’s syndrome,
Takayasu’s arlerifis, temporal arteritis (also known ag “giant cell arlertie™), warm aulolmmune hemalytic anemia,
Wegener’s granuiomatosis, alopecia universalis (eg, inflammatory alopecia), Chagas disease, chronic fatigne
syndrome, dysavionomia, endometriosis, hidradenitis suppurativa, inferstitial cyvstills, newromyotonia, sarcoldosis,

scleroderma, uleerative colitls, vitiligo, and vulvedynia, Other disorders include bone-resorpiion disorders and

throntbosis.
[004291 Inflarnmation takes on many forms and includes, but s pot Hmited 1o, acute, adhesive,
atrophic, catarrhal, chromic, cirrhotie, diffuse, disseminatad, exudative, Bhrinous, fibrosing, focal, granulomatous,

hvperplastic, hypertrophio, interstitial, melastatic, necrotie, oblierative, parenchymatous, plastic, productive,
proliferous, pseudomembrancus, purulent, sclerosing, scroplastic, serous, simple, specific, subacute, suppurative,

topcie, fraumatic, and/or wcerative inflammation,
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[00430] Exemplary inflammatory conditions include, but are not limited to, inflammmation associated
with acne, anemia {e.g., aplastic anenta, haemolytic avteimmune anacmia), asthma, arferitis (e g., polyarteritis,

temporal arteritis, perlarteritis nodosa, Takayasu's arteritis), arthritis {eg

g, crystalling arthritis, osteoarthritis,
peoriatic arthritis, gout flare, gouty arthritis, reactive arthritis, theumatoid arthritis and Reiter's arthritis), ankylosing
spomdyhitis, amylosis, amyolrophic lateral sclerosis, aulobmmune diseases, allergies or allergic reaclions,
atherosclerogls, bronchutis, bursitis, chronic prostatitis, conjunctivitis, Chagas disease, chronic gbstructive
pulmonary disease, cermatomyositis, diverticulitis, diabetes (e, type 1 diabetes mellitg, type 2 disbetes mellitus),
a skin condition {e.g., psorasis, eczema, burmns, dermatilis, pruritus (itch}), endometriosis, Guillain-Bare svadrome,
infection, ischacmic heart disease, Kawasakl discase, plomerulonephritls, gingivitis, hypersensilivity, headaches
{e.g., migraine headaches, tension headaches), deus (eg, postoperative ileus and leus during sepsis), idiopathic
thrombocylopenic purpura, interstitial cystitis (panful bladder syndrome), gastrointestinal disorder (e.g., selected
[rom peptic ulcers, regional enteritis, diverticulitis, gastrointestinal bleeding, eosimophilic gastromtestinal disorders
{e.g., costnophilic esophagitis, cosinophilic gasirilis, cosinophilic gastroenteritis, eosinophilic colitis), gastritis,
diarrhea, gastrossophageal reflux discase (GORD, or its synonym GERD), inflammatory howel disease (IBD)Y (eg.,
Crohn's disesse, uleerative colitis, collagenous colitis, ymphocytic colitis, ischaemic colitis, diversion colitis,
Beheel's syndrome, indeterminate colitis) and mflanmatory bowel syndrome {(IBS)), lupus, mubiple sclerosis,
marphea, myeasthenia gravis, myocardial ischemia, nephrotic syndroime, pemphigus vuigaris, pernicious aneagnnia,
peptic aleers, polymyesins, primary biliary cirrhosis, acuroinflammation associated with brain disorders (eg,
Parkinson's discase, Huntington's disease, and Alzheimer's disease), prostatitis, chronic inflammation associated
with cranial radiation injury, pelvic infllammatory disease, polymyalgla rheumatic, reporfusion injury, regional
enterifls, rhewmatic  fover,  systemic  jupus  erythematosus,  scleroderma,  sclerodoma,  sarcotdosis,
;

spondyloarthopathies, Sjogren

s syudrone, thyroiditis, transplaniation rejection, tendonitis, fravma or injury {e.g.,
frostbite, chemical bmtants, foxins, scarming, busns, physical injury), vasculitls, vitiligo and Wegener's
granulomatesis, In certam embodimenis, the wllammatory disorder 15 selected rom arthritis {eg., rheumatoid
arthritisy, inflammafory bowel disease, inflammatory bowel syndrome, asthma, psoriasis, endometriosis, interstitial
cystitis and prostatistis, Io certain embodiments, the nflammatory condition s an acuie inflammatory condition,
{e.g, [or example, milannnation resulting rom Infection). In certain embodiments, the inflammatory condition is a
chronic mflammatory condition (e.g., conditions resulting fom asthima, arthritis and inflammatory howel disease).
The compounds can also be useful in treating mflammation associated with rawma and non-imflammatory myalgia,

(004317 Inmune disorders, such as anto-immune disorders, melude, but are not lmited to, arthritis
{imcluding rhewmatold arthritis, spondyloarthopathics, gouty arthritis, degenerative joint diseases such as
ostecarthritis, svsterie  lopus erythenmtosus, Sjogren's syndrome, ankylosing  spondylitis, undifferentiated
spondylitis, Belcet's disease, haemalytic auntoirmmune anacmias, multiple sclerosis, amyotrophic lateral sclerosis,
amylosis, acute painful shoulder, psoriatic, and juvenile arthritis), asthma, atherosclerosis, osteoporosis, bronchitis,
tendonitls, bursiis, skin condition (e.g, psoriasts, eczema, burns, dermatitis, pruritus {itch)), enuresis, eosinophilic
discase, gastrointesiinal disorder (eg

., selected from peptic uleers, regional enteritis, diverticulitis, gastrointestinal

bleeding, eosinophilic gastrointestinal disorders {e.g., eosinopbilic esophagitis, costnophilic gastritis, cosinophilic
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gastroenterifis, eostnophilic colitis), gastritls, diarrhea, gastroesophageal reflux disease (GORD, or ity synonym
GERD), inflammatory bowel disease (IBD) {eg, Crohn's disease, ulcerstive colitis, collagencus colitis,
Tymphoeytic colitis, ischacmic colitis, diversion colitis, Beheet's syndrome, indeterminate colitis} and inflansnatory
howel syndrome (ABSY, relapsing polychondritis {e.g, atrophic polychondrits and systemic polvchondromalacial,
and disorders ameliorated by a gastroprokinetic agent {e.g., teus, postoperative leus and leus during sepsis;
gastroesophageal reflux disease (GORD, or its synonym OERD); cosinophilic esophagitis, gastroparesis such as

diabetic gastroparesis; food mntolerances and food allergies and other functional bowel disorders, such as non-

ulcerative dyspepsia (NUTY) and non-cardiac chest pain (NCCP, including costo-chondritis)). In certain
embodiments, a method of teating inflammatory or sutoimmune diseases 15 provided comprising admintstering io a

suibject (eg, o mammat} a therapentically effective amount of a compound, or a pharmaceatically acceptable form
{e.g., pharmaceutically acceptable salts, hydrates, solvates, isomers, prodiugs, and isolopically labeled derivatives)
thereol, or pharmaceutical compositions as provided herein, that selectively inhibit PISK-G and/or PI3K-y as
compared 10 all ather type I PI3 kinases.

[00432] Such gelective mlibition of PI3K-S anddor PI3K -y can be advantageons for weating any of ¢
diseases or comditions described herein For example, selective mlubition of PI3K-S can iphibit inflammatory
responses assoctaled with inflarnmatory diseages, sutoimmune disease, or diseases related io an undesizable immune
responge including, but not limited o asthma, emphysema, allergy, dermatitis, theumatoid arthritis, psoriasis, lupus
eryihematosus, anaplylaxsis, or graft versus host diseage. Belective imhibition of PI3K-S can further provide for a
reduction n the nflammatory or undestrable immune response without a concomitiant reduction in the ability to
reduce & bacterial, viral, and/or fungal infection,  Selective inhibition of both PI3K-6 and PI3K-v can be
advantageous for inhibifing the mflammatory response in the subject 1o o greater degree than that would be provided
for by mhibifors that selectively inhibit PISK -6 or PI3K-y alone. In one aspect, one or mere of the subiect methoedds
are ¢lfective in reducing antigen specific antibody production in vive by aboul 2-{oid, 3-Told, 4-Told, 3-fold, 7.5-fold,

13-fold, 25-1old, 50-fold, 100-fold, 250-fold, 5G0-fold, 750-Told, or about 1000-bld or more. In another aspect, one

or raare of the subject methods are effective I reducing antigen specific TgG3 and/or IpGM production in vive by
apout 2-fold, 3-fold, 4-fold, 3-fold, 7.5-fold, 10-fold, 25-fold, 50-fold, 100-fold, 250-told, 500-fold, 750-Told, or
about 1900-bld or more

[O0433] in one aspect, one of more of the subject methods are offective in ameliorating symploms
asgociated with thewmataid arthrifls including, but not hmited to s reduction in the swelling of joints, 4 reduction in
serum anti-collagen lovels, and/or a reduction n joint patholopy such ag bone resarption, cartilage darmage, pannus,
and/or infTammmation. In another aspoect, the subject methods are effective m reducing ankle inflammation by at least
aboul 2%, 5%, 109, 15%, 209, 23%, 30%, 50%, 60%, or about 753% 1o 90%. In ancther aspect, the subject
metheds are effective in reducing knee inflammsation by at leagt about 2%, 5%, 10%, 15%, 20%, 25%, 30%, 50%,
60%, or about 75% (o 90% or more. In still another aspect, the subject methods are effeciive in reducing serum anti-
tyne I collagen levels by at least about 10%, 129, 15%, 20%, 24%, 25%, 30%, 35%, 50%, 60%, 75%, 80%, 86%,
87, or about 90% or more. In another aspect, the subject methods are stiective in reducing ankle histopathology

scores by about 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 75%, 80%, 90% or more. In still another aspect,
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the subject methods are effective in reducmg knee histopathology scores by about 3%, 10%, 15%, 20%, 25%, 36%,
4G%, 50%, 60%, 75%, 80%, 90% or more.
1004347 In some embodiments, provided herein are methods for treating disorders or conditions im
which the & isoform of PI3K is implicated to a greater extent than other PI3K isoforms such as PI3K -« and/or 8.
Selective inhibtion of PI3K-8 and/or PI3K -y can provide advantages over using less selective compounds which
ihibit PI3K-e andfor -8, such as an improved side elfects orofile or lessened reduction in the ability to reduce &
bacterial, wival, and/or fungal infection,
1004351 In other embodiments, provided herein are methods of using a compound, or a
pharmaceutically acceptable form (e g, pharmaceutically accepiable salts, hydrates, solvates, isomers, prodrugs, and
wsotopically fabeled dertvatives)y thereof, or pI‘u:u*n‘;nccu.licz-] compositions as provided hereis, 10 freal respuatory
discases meluding, bt not limited to diseases affecting the lobes of lung, plewral cavity, bronchial tubes, trachea,
upper respiratory tract, or the nerves and muscie for breathing.  For example, methods are provided o treat
obstructive pulmonary discase. Chronic ohsfructive pulmonary disease (COPD) s an vibrela term for a group of
respivatory fract diseages that are characterized by alrflow obstruction or Hmitation. Conditions included in this
umbreta tenn include, but are not Hinnted (o chronic bromchitis, emphysema, and bronchiectasis,
{00436] in ancther embodiment, the compounds, or a pharmaceutically acceptable form {eg.,
pharmaceutically acceplable salts, hydrates, sobvates, isomers, prodiugs, and isotopically labeled derivatives)
thereof, or pharmacentical compositions as provided herein are used for the treatment of asthma.  Alse, the
compounds or pharmaceuticai compositions described herein can be used for the treatment of endotozemia and
sepsis.  In one embodiment, the compounds or phamaceutical compositions deseribed herein are used to for the
treatment of thewmatoid arthritis (RAY. In yet another embodiment, the compounds or pharmaceutical compositions
described herein is used for the treatment of contact or atopic dermatitis.  Coutact dermatitis includes irrilant
dermatitis, phototoxic dermatitis, allergic dermatitis, photoallergic dermatitis, contact urticaria, systemic contacs-
iype demmatimis and the like. Irritant dermatitis can cecur when too much of o substance is used on the skin of when
the skin s sensitive o cortan substance. Alopic dermatitls, sometimes called eczema, s a kind of demnaiits, an
atopic skin disease.
[00437] in some embodiments, the disclosure provides a method of freating diseases related 1o
rasculogenesis or angiogenesis in 4 subject that comprises adminisiering to said subject & therapeutically =fective
amount of a compound, or & pharmaceutically acceptable form (e, pharmaceutically acceplable salts, hydrates,
solvates, isomers, prodregs, and isotopically labeled denvatives) thereol, or pharmacentical compositions as
provided berein. In some embodiments, said method s for weating a disease selecied rom mmor angiogenesis,
cioronic inflammatory discase such as theumatoid artheifis and chronie inflanmatory demyelinating polyneuropathy,
atherosclerosis, inflammatory bowel disease, skin diseases such ag psoriasis, sezema, and scleroderma, diabetes,
diabetic retinopathy, retinopathy of prematurity, age-related mecular degeneration, hemangioma, glioma, melaoma,

Kapost’s sarcoma and ovarian, breast, fung, pancroatic, prostate, colon and epidermond cancer.
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(H0438] : iy &'ldif’j‘i’i(_m, the conmpotmds described herein can be used for the freatiment of arteriosclerosig

£ B i s

ne ]leﬂ atheroscler 5 is. Arteriosclerosis 18 a general teom {E.BSC]'ibl.ﬂSE, 3 ENY ha.rdenimz, of mediom or large arterics.
= & J E b

Atherosclernsis is a herdening of an artery specifically due to an atheromatous plague

[0043491 In some embodiments, provided heremn is o methed of treating a cardiovascutar digease n a
subiect that comprises administering 10 said subject a thevapentically effective amount of a compound as provided

herein, or a pharmaceuticaily acceptable form {eg., pharmacentically accepiable salls, hydrates, solvates, isomers,

srodiugs, and isotepically Tabeled dertvatives) thersof. Bxamples of cardiovascular condilions inchade, but are not
B I

lmited to, atherosclerosts, resienosis, vascular ooclusion and carotid obsuctive disease.
[004407 In some embodiments, the disclogure relates 1o 2 method of treating diabetes 1n 4 subject that

comprises adminigiering to said subject & therapeutically effective wpount of & compound as provided herein, or a
pharmaceulically acceptable form (e.g., pharmaceutically accepiable salts, hydrates, solvaies, isomers, orodrugs, and
isotopically labeled dertvatives) thereol, ar pharmaceuticsl compositions as provided hereln.

(004417 In addition, the compounds, or a pharmacestically acceptable form (e g, pharmacevticatly

acceplable salts, hydrates, sobvates, isowers, prodrugs, and isotopically  labeled  derivaiives) theveof, o
pharmaceutical compesiions as provided herein, can be used o weat acpe.  In cortain embodiments, the
inflanamatory conditon and/or frmmune disorder is a skin condition, In some embodiments, the skin condition is
pruriug (dch), psoriasis, covema, burns or desmatitis. In certaln embodiments, the skin condition is psoriasis. In

certain embadiments, the skin condihion 18 prorits.,

(064421 In certain embodiments, the inflammatory disorder and/or the immune disorder s a

gastroinlestinal disorder. In some ombodiments, the gastrointestinal disorder is selocted from gastrointesting)

disorder {e.g., selected from peptic uloers, regional enterits, diverteulifls, gastrointe

i

tinal biseding, cosinophilic
gagtromiestinal disorders  {eg, cosinophilic csophagitis, eostnophilic  gasizins, eosinophilic  gastroenteritig,

SR,

eosinopaiic colitis), gastritis, diarthen,  gastrocsophageal reflux discase (GORD, or ils synonym G
inflammatory bowel disease (IBD) {e.g, Crohn's discase, vlcerative colitis, collagenous colifis, lymphocytic colitis,

ischacmic colitis, dversion colitis, Reheel's syndrome, indeterminate colitis) and inflammatory bowe! syndrome

(5. In certain embodimernts, the gastrotntesiinal disorder is mflanmatery bowel discase (IR
fn0443] Further, the compounds, ov a pharmaceuticaliy accoptable form (eg, phannaceutically

acceptable  salts, solvales, fsomers, prodrogs, and  isotopically fabeled  derivatives) thereof, or

phanuaceutical  composifions ag provided herem, cen be used for the freatment of glomeralonephritis,
Glomerulonephritis i3 a primary or secondery autolnmune wenal disease characterized by inflammanon of the

glomerufl. Tt can be agymptomatio, or present with hermataria andéor profeineria,

h=d

There are many recognized types,
divided m acute, subacuie or chvonic glomerulonephritis. Canses are infectious (bacterial, viral or parasitic
pathogens), autetmmune or parsneoplagtic,

[(0444] S some embodiments, provided herein are compounds, or o pharmaceutically acceptabie form
{e.g, pharmaceutically accepiable salts, hydrates, solvates, 1somers, prodrugs, and isotopically labeled derivatives)
thereof, or pharmaceutical compositions a8 provided hereln, {or the treatment of muHiorgan failure. Also provided

heremn are compounds, or a pharmacentically accepiable form {eg., pharmaceutically acceplable salts, hydrates,

-
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soivates, isomers, prodrugs, and sotopically labeled derivatives) thereof, or pharmaceuntical compositions as
provided herein, for the treatment of lver diseases (including diabetes), gall bladder disease (inluding gallstones),
pancreatitis or kidney disease (ncluding probifvrative glomerlonephritis and diabetes- induced renal disease) or
pain in a subject,

(004457 In some embodiments, provided herein are compounds, or a pharmaceutically acceptable
form (eg, pharmacenueally acceplable salis, hydraies, solvates, isomers, prodrugs, and isotopically labeled
derivatives) thereof, or phasmaceutical compositions as provided berein, for the prevention of blastocyle
implantation in a subject.

[00446] In some embodiments, provided herein are compounds, or a pharmaceutically acceptable form
{e.g., pharmaceuiically acceptable salts, hydrates, solvates, isomers, prodrugs, and isotopically labeled dertvatives)
thereot, or phanmacentical compositions as provided herem,  for the treatment of disorders involving platelet
ageregation or platelet adhesion, meluding, but not limited 1o Idiepathic thrombocytopenic purpura, Bernard-Soulier
syndrome, Glanzmann's thrombastheniz, Scott's syndrome, von Willebrand disease, Hermansky-Pudlak Syndrome,
and Gray platelet syndrome.

1304477 In some embodiments, compounds, or a pharmaceuiically acceptable  form  {eg,
pharmaceutically acceptable salts, hydrvates, solvates, isomers, prodrugs, and isotopically labeled derivatives)
thercof, or phermaceutical compositions as provided herein, are provided for freating a disease which is skeletal
muscle airophy, skeletal or muscle hyperivophy.  Jo some embodiments, provided herein are compounds, or a
pharmacestically acceptable Torm (e, pharmacentically acceptable alts, hydrates, solvates, isomers, prodrigs, and
isctopically labeled devivatives) thereot, or pharmaceutical compositions as provided berein, {or the treatment of
disorders that include, but are not limited to, cancers as discussed herein, transplaniation-relaied disorders {e.g.,

Towering rejection rates, grafl-versus-host dissage, otel), muscular sclerosis (MS), allergic digorders {e.g, arthritis,
to ? k

ER

atlergic cncephalomyelitis) and other immunosuppressive-related disorders, metabohic disorders (e, diabetes),

1

reducing intimal thickening following vascular injury, and misfolded motein disorders (e.g, Alzheimer's Disengs,
Craucher's Disease, Purkimson's [hsease, Huntinglom's Discase, cystic fbrosis, macular degeneration, retinilis
pigmentosa, and prion disorders) {as mTOR inhibition can alleviate the effects of mistolded protein aggregates).
The disorders also mclude hamartoms syadromes, such as twberous sclerowis and Cowden IHsease {also termed
Cowden syndrome and muitiple hamartoma syndrome).

[00448] Additionally, the compounds, or a phamaceutically acceptable form (eg., pharmaceutically
acceptable  salts, hydrates, scolvates, isomers, prodrigs, and isotopically labeled derivativesy thereol, or
pharmaceniical compositions as provided herein, can be used for the reatment of bursitis, fupus, acule disseminated
encephalomyelitis (ADEM), Addison’s disease, antiphospholipid antibody syndrome (APS), amyloidosis (including
systemic and locahized amvlodosis; and prupary and secondary amyloidosis), aplastic anemia, autoinunune
hepatitis, coeliac disease, crohn’s disease, dinbetes mellitus (type 1), cosinophilic gastroenterides, goodpasiure’s
syndrome, graves’ disease, guillain-barté syndrome (GRS), hashimoto’s disease, inflanmatory bowel disease, fupus
eryihematosus (inciuding cutaneous lupus ervthematosus and systemic lupus erythematosus), myasthenia gravis,

opsoclonus myoclonus syndrome (OMS), optic neuntis, ord’s thyreidits,osthepnriheitis, uveorctinitis, pemphigus,
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polyarthritis, primary biliary cirrhosis, reiter’s syndrome, takayasu’s arteritis, temporal arteritis, wanm antoimmune
hemolylic anemia, wegener’s granulomatosis, alopecia universahs, chagas’ disease, chronic fatigue syndrome,
dysautonomia, endometriosis, hidradenitis suppurative, interstitial cysittis, nenromyotonia, sarcotdosis, scleroderma,
weerative colitis, vitiligo, vulvodynia, appendicitis, arleritis, arthrifis, blepharitis, bronchiclitis, bromchitls, cerviciis,
cholangitis, cholecystiis, cherioamnionitis, colitis, comjuncuivitis, cysiifis, dacryoadenitis, dermatomyositis,

endocarditis, endomelritis, enieriiis, enlerccolilis, epicondylitts, epididymitis, Tasciitis, [brositls,  gastrits,

gastroenteritis, gingivitis, hepatitis, hidradenitis, Heilis, irilis, laryngitis, magtitls, meningitls, myehts, myocarditis,
myositls, nephritis, omphaliis, oophorids, orchitis, osteifis, otifis, pancreatitis, parotitis, pericarditis, perifoniis,

pharyngitis, pleuritis, phlebitis, pnewmonitis, proctitis, prosiatitis, pyelonephritis, rhinills, salpingitis, sinusitis,
stomatilis, synovitis, tendonitis, tonsillits, uveilis (g, ocular uveitis), vaginitis, vaseulitis, or vulvitis.

[004491 I another aspect, provided herein are methods of distupting the function of a leukocvie or
disrupting & function of an csteoctast. The method includes contacting the leukocyte or the osteoclast with a
function dissupting amount of a compound as provided herein.

[0G450] In another aspect, methods are provided for treating ophthalmic discase by admiistering one
or more of the subject compounds or pharmaceutical compositions to the eve of a subject.

[00451] In certain embodiments, provided hereln are roethods of treating, preventing and/or managing a
disease or a dwsorder using a compound, or a pharmaceutically acceptable form (e.g, pharmacentically acceptable
salts, hydrates, sobvales, isomers, prodrugs, and isotopically labeled dertvatives) thereof, or pharmacentical
compositions as provided herein, wherein the disease or disorder is: Crobn’s disense; cutancous fupus; nwltiple
sclemsis; rheumatond arthritis; and systemic lupus ervthemaiosus,

H00452] In other embhodiments, provided herein are methods of treuting, preventing and/or managing a
disease or a disorder using a compound, or a pharmaceutically acceptable form (e, pharmaceutically acceptable
salts, hydrates, solvates, isomers, prodrugs, and isolopically labeled derivatives) thereof, or pharmaceutical
corposilions as provided herem, wherein the disease or disorder is: ankyloging spondylitis; chronic obstructive
pulmonary disesse; myasthenis gravis; ocular wveitis, psoriasis; and psoriatic arthritis.

[H0453] In other embodiments, provided herein are methods of tresting, preventing andfor managing a
discase or a disorder using a compound, or a pharmaceutically acceptable form {e.g., phanmaceutically acceptable
salts, hydrates, solvates, isomers, prodrogs, and otopically fabeled derivatives) thereof, or pharmacentical
compositions as provided herein, wherein the discase or diserder is:  adult-onset Stills disease; nflammatory
alopecia; amyloidosis; antiphospholipid syndrome, autoimmune hepatitis; autoimmune skin disease, Beheet’s
disense;  chronic  inflammatory  demyehnaling  polyneuropathy;  eoswophiic  gasiroenteritis;  inflammatory
myopathies, pemphigas, polymyalgia theumatics; relapsing polychondritis; Sjorsen’s syndrome; temporal arthritis;
vleerative colitis; vasculis; vinligo, and Wegner's granalomatosis.

1604543 In other embodiments, provided heremn are methods of treating, preventing and/or managing a
diseage or a disorder using a compound, or a pharmacentically acceptable form (e g, pharmaceutically acceptable
saits, hydrates, solvates, isorners, prodrugs, and isotopically labeled derivatives) thereof, or pharmacentical

compositions as provided berein, wherein the discase or disorder is: gout [lare; sacoidosis; and systemic sclerosis,
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004531 b0 certein embodiments, provided herein are methods of treating, proventing and/or managing a
disease or a disorder using a compound, or a pharmaceutically acceptable form (eg., pharmaceutically acceptable
salls, hydrates, selvates, isomers, prodrugs, and isclopically labeled derivatives) thereof, or pharmaceutical
compositions as provided herein, wherein the disease or disorder 1s: asthma; arthritis (e.g., rheumatoid arthritis and
poriatic arthvitis}; psoriasis; scleroderma; myositls {eg, dermatomyositis), lpus {(eg, cutanecus lupus
erythemaiosus {CLET) or systemic lupus erythematosus (“SLE™Y: or §jderen’s syndrome.

[00456] Cfficacy of a compound provided herein in treating, preventing and/or managing the digsease or

disorder can be tested using various animal models known in the art. For example: efficacy in treating, preventing

and/or managing asthma can be assessed using ova induced asthia model described, lor example, in Lee ef af,

(2606) J Allergy Clin Immunol 118(23:403-9; efficacy in treating, preventing and/or managing arthritis (e.g.,
shemmatoid or psoriatic arthritis) can be assessed Using awtoimmane animal models deseribed, for example, in
Williams er of (2000 Chem Riof, 17(2):123-34, WO 2009/088986, WOZ0090888R0, and WO 2011/008302;
efficacy in ireating, preventing and/or managing psoriasis can be assessed using transgenic or knockoul mouse

model with targeted mutations in epidermis, vascwlature or imamme cells, mouse model resulting from spontaneous

musations, and immunodeficient mouse model with xenotransplantation of human skin or omune cells, all of which
are described, for example, in Boehneke er al. (2007) Clinics in Dermaiology, 25 596-605; elficacy m ireating,
preventing and/or managing fibrogis or fibrotic condition can be assessed using the unilateral ureteral obstriction
model of renal fihrosis (see Chevalier ef al., Kidney Internotional (2009} 75:1145-11523, the bleomyein induced
model of pulmenary filbrosis (see Moore and Hogaboam, dm. J. Physiol. Lung. Cell Mol Phvsiol (2008) 204:1,152-
L160), a vaniety of livew/bihary fibrosis models (see Chuang ef al,, Clin Liver Dis (2008) 12:333-347 and Omenett,
Al ef al. (2007) Laboratory fnvestigation 87.499-514 (biliary {:Iu.cHigd!ed modeD), or a number of wyelolibrosis
mouse models (see Variechio, Lo ef al (2009} Kxpere Bev. Hematol 2(3):315-334); efficacy in treating, preveniing
and/or manapmg scleroderma can be assessed using mouse model mduced by repeated local injections of bleomyein
("BLM™) described, for example, in Yamamoto ef al. (19993 J Divest Dermeiol 112: 456-462; efficacy in tealing,
sreventing and/or managing c'jc-:.rmatom.yusi:l‘is can be asgessed using myositis mouse rodal induced by mmumzation
with rabbit myosin described, for example, in Phyanagi et al. (2009 Arthritiy & Rhewmatism, 60(10% 3118-3127;

cfficacy in treating, preventing and/or managing lupus (eg, CLE or SLL.) can be assessed using varlous animal
maodels described, for example, 1w Ghoreishi er al. (2009) Lupus, 1029-1035, Ohl er af. (2001)Y Jowrnal of
Biomedicine and Biotechrology, Arvticle 10 432595 (14 pages), ¥ia ef al. (2011) Rheumatology, 5G:2187-21596, Pay

et al. (2012} PLo& ONE, 75336781 (15 papes), Mustala ef of. {2011 Toxicology, 290:136-168, Tehikawa ef al.
(2012} drthritis and Rhewmarism, 62(2): 493-503, Quyang of al. (201237 Mol Med, DOT 1O 1007/500109-012-0866-
3 (10 pages), Rankin ef al. (2012) Journal of Immimology, 188:1656-1667; and efficacy m treating, preventing
and/or managing Sjdgren’s syndrome can be assessed using various mouse models deseribed, for example, in
Chiorini ef af, {2009) Journal of Auwioimmunity, 33: 190196,

(004571 In one embodiment, provided herein 15 a method of treating, preventing and/or managmg
ssthrma. As used herein, “agthma” encompasses airway constriction regardless of the vause. Commnon triggers of

asthma include, but are not hmited to, exposure o an cnvironmental stimulants (e.g., allergens), cold air, warm air,
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perfime, moist afr, cxercise or exertion, and emotional stress.  Also provided herein is a method of reating,
preveniing and/or managing one or more symploms associated with agthma, Examples of the symiptoms include, but

are not imited to, sevare coughme, arway constrichon and mucus production.

[G0458] in one embodiment, provided herein is a method of reating, preveniing and/or managing
arthritis. As used herein, “artritis” encompasses all types and manifestations of arthritis. Examples mehide, but are

not fimited to, crvsiallme arthritis, ostecarthiitis, psoriatic arthritis, gouly arthritls, reactive arthritis, rheomatoid

arthritts and Retter's arthritis. In one embodiment, the discase or disorder is rheamatotd arthritis.  In another
embodiment, the disease or disorder 1s psoriatic arthritis. Also provided heremn 5 & method of {reating, preventing
and/or managing ope or more symptoms associated with arthritis. Examples of the symptoms nclude, but are not
Hited to, Joint palp, which progresses into joint deformation, or damages in body organs such as in blood vessels,
heart, langs, skin, and muscles.

[004597 In one embodiment, provided herein s a method of reating, proventing andfor menaging
psoriasis. As used herein, “psoriasis” encompasses atl types and meaniestations of psoriasis. Examples include, b

are not Hnided to, plaque psortasis (eg, chronic plume psoriasis, moderate plaque psoriasis and severe plaque
psoriagis), gutlale psoriasis, inverse psoriasis, pustular psoriagis, perophigus volgars, erythrodermic psoriasis,
ps&)rinsis agsociated with inflammatory bowel disease (IBD), and psoriasis associated with rheumnatoid srihitis
{(RA). Also provided herein is a method of freating, preventing and/or managing one or more symploms agsociated
with psoriasis. Examples of the symploms inciude, but are not Hmited tor red patehes of skin covered with silvery

seales; small scaling spots; dry, cracked skin that may bleed; itehing; burning; soreness; thickened, mitted or ridged

nails; and swollen and stifl joints,
(004601 in one embodiment, provided herein is o method of freating, preventing and/or managing
fibrosis apd fibrotic condiion.  As used herein, “fibrosis” or “fibrotic condition encompasses all types and

manifesiations of fibrogis or Abrotic condition. Bxamples include, but are not lmited to, formalion or deposition of
tissue fihrosis; reducing the size, celhdarnty {e.g, fibroblast or immine cell nummbers), composition; or collular
conlent, of & fbrotic lesion; reducing the cc‘ﬂlngcn or hydroxyproline content, of a Obrotic lesion; reducing
expression of activity of a [ibrogenic profein; reducing fibrosis associated with an mDammatory response;
decreaging weight loss associated with {ibrosis; or increasing survival.
[00461] In certain embodiments, the fibrotic condition is prmary fhrosis.  In one embodiment, the
fibrotic comdifion s idiopathic, In other emubodiments, the fibvotic condition is associated with {e.g., 18 secondary 1)
a disease (g, an mfectious disesse, an inflammatory disease, an aplolmmune disease, o malignant or cancerous
discase, and/or a connective disease); a loxing an insult (eg, an envivonmental havard (e g, asbestos, coal dust,
polyeyclic awonpatic hydrocarbons), cigarefte smoking, a wound); & medical treatment {2.g.. surgical incision,
chemotherapy or radiation), or a combination thereofl
[60467) In some embodirnents, the fibrofic condition is agsociated with an autonmmune disease selected
[rom scleroderma or Jupus, eg., systenic lupus erythematosus.  In some embodiments, the fibrotic condition is

systemic. In some embodiments, the fibrotic condition 18 systemic sclerosis {e.g, Iimited systemic sclevoss, diffuse
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systemic sclerosis, or systernic sclerosis sine scleroderma), nephrogenic systemic fibrosis, cystic fibrosis, chronic
graft vs. host disease, or atherosclerosis.
[00463] In certain embodiments, the fibrolic condition 1s a fibrotic condition of the lung, a {ibrotic
condition of the liver, & fibrotic condition of the heart or vasculature, a Obrotic condition of the kidney, a fibvolic

condition of the skin, & fibrotic condition of the gagtromtestinal fract, o fibrotic condition of the bone marrow or a

hematopoietic tssue, a Obrotic condition of the nervous system, & fibrotic condition of the eve a combination
thereol,
[60464] In other embodiment, the fibrotic condiion affects @ tssue chogen from one or mere of muscle,

tendon, cartilags, skin (eg, skin epidermis or endodermis), cardiac tissue, vascular tissue (e.g., artery, vem),
pancreatic ssue, lung Ussue, liver tssue, kidney tissue, ulerine fissue, ovarian lissue, nedral Hssue, esticular Hesue,
peritoneal tssue, colon, small ntestine, biliary tract, got, bone marrow, hemaiopoietic fssue, or eye {eg., whinal)
tissue,

[00465] In some cmbodiments, the [brotic condition is a fibrotic condition of the eye. In some
embodiments, the Bibrolic condition is glavcoma, macular degeneration {e.g., age-related macular degeneration),

macular edema (6.2, diabetic macular edema), retmopathy fe.g.,

diabetic retmopathy), or dry eve discase,
[03466] in certam embodiments, the Ghrotic condition 1 a fbrotic condition of the lung. In certain
embodimeénts, the fibrotic condition of the Tung is chosen from one or more of:  pulmonary fhrests, idiopathic

palronary Obrosis (1PF), usval interstifial pneumonitis (UIP), mierstitial Tong disease, cryplogenic fibrosing

alveoling (CTA), bronchiectasis, and scleroderma hing digease.  In one embodiment, the fibrosis of the hung is
secondary 1o a disease, 4 toxin, an insuly, a medical trealment, or & combination thereol. For example, the Bbrosis of
the hung can be associated with {e.g., sccondary to) one or more off  a diseass process such as ashestosis and
silicosig; an occupational bazard; an environmental pollutant; cigareite smoking; an avioimmune connective 1issue
disorders (eg., rheumatoid arthritls, scleroderma and systemic lupus ervthematosus (SLEY); a connective lissue
disorder such as sarcodosis; an infectious disease, v.g., mfection, particularly chronic infection; a medical treatment,
meluding but not lated to, radianon therapy, and drog therapy, c.g., chemotherapy (eg., treatment with as
bleomyein, methoirexate, amiodarone, busulian, and/or nitrofinantoin). In one embodiment, the fikrotic comdition
of the Iung treated with the methods of the invention is associated with {e.g., secondary 10) a cancer freatment, e.g.,
treatment of 4 cancer {e.g., squameons cell carcinor, testicular cancer, Hodgkin's disease with bleomyein). In one
embodiment, the Bbrotie condition of the lung is associated with an anfoimmune connective Hssue disorder (eg,
gcleroderma or tupus, e, SLE)

[00467] In certain embodiments, the fibrotic condition s & fbeotic condition of the hver. In cerlaln
embodiments, the Obrotic condition of the liver is chosen from one or more ofr fatty Hver disease, sieatosis {eg,
nonalecholic steatohepatitis (NASH), cholestatic Tvar dissase (e.g., primary bliary cirhosis (PROY), cirhosis,
aleobol mduced Bver Oibrosis, billary duct injury, bilbary Dbrosis, or clolangiopathics.  In other embodiments,
hepatic or liver fibrosis mcludes, but s not lmited 1o, hepatie fibrosis associated with alecholism, viral nfection,

¢.g., hepatilis (e.g, hepatitis C, B or DY, auloimmune hepatitis, non-alccholic falry Hver disease (NAFLD),
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progressive massive ibrosis, exposure to foxins or irritants (e.g., alcohol, pharmaceutical drugs and environmental
lxing}.

[G0468] In certain embodiments, the fibrotic condition 1s a fbrotic condition of the heart. In certain

embodunents, the Hbrotie condition of the heart is myocardial fibrosis {e.g., myocardial fibrosis associsted with
radiation myocarditis, a surgical procedure complication (eg., myocardial post-operative [brosis), infectious
diseases (eg., Chagas diseage, bacterial, frichinosis or fineal myocarditis)); granulomatous, metabolic storage
disorders (e.g, cardiomyopathy, hemochromatosis); developmental disorders {eg, endocardial fibroslastosis);
arteriosclerotic, or exposure 10 toxing or wrilants {(e.g., drug induced cardiomyopathy, drag jnduced cardialoxiciiy,
alecholic cardiomyopathy, coball polsoning or exposure). o certain embodiments, the myocardial fibrosis i3
associted with an inflammatory digorder of cardiac tissue (e.g., myocardial sarcoidosis). In some embodiments, the
fibrotic condition is a Bbrotic condition associated with a myocardial infarction. In some embodiments, the fibrotic
condition 18 & fbrotic condition associated with congestive hearl failure,

1004691 In certain embodiments, the fibrotic condition i a fbrotic condition of the kidnev., In certain

emnbodiments, the Sbrotic condition of the kidney is chosen from one or more of: renal librosis {e.g

=]

chronic kidney
fibrosis), nephropathies associated with injury/Obrosis (c.g., chronic nephropethies associated with diabetes {eg.
diabetic nephrapathy)), lupus, scleroderma of the kidney, glomendar nephiritis, focal segmental glomerudar sclerosis,
feA  nephropathyrenal F:i%.“;rfaf;js associated with human chromc kidoey discase (CKI, chronic prmogressive
nephropathy (CPN), twbulointerstitial fibrosis, weteral obstruction, chronic wremia, chronic interstitial nephritis,
radiation  neplwopathy,  glomerulosclerosis, progressive  glomenilonephirosis  (PGN),  endothelial/thrombotic
wieroangiopathy imfury, HIV-agsociated neploopathy, or fibrosis associated with exposure o & toxin, an Uritant, or a
Uh.ttﬂ'l()Tﬁ]ﬁlcl‘apé:;}l.ic agent. In one embodiment, the Gbrotic condition of the kidney is scleroderma of the kidney. In
some embodiments, the Bbrotic condition of the kidney is transplant nephropathy, diabetic nephropathy, lupus
nephritis, or facal segmental glomerilosclerosis (FSGS)

(004701 In certan embodiments, the fibrotic condition is a fibrotic condition of the skin.  In certain
embodiments, the fibrotic condition of the skin is chosen from one or more oft skin fibrosis {e g, hypertrophic

scarring, keloid), scleraderma, nephrogenic systemic fbrosis {e.g., resulting affer exposure 16 gadolinium (which is

frequently used as a contrust substance for MEIS) i patients with severe kidney failure), and keloid,
re04711 in cortain embodiments, the fbretic condifion is a fibrotic condition of the gastroiniestinal

tract,  In certmin embodiments, the Ghrotic condiion 18 chosen from one or more o> {ibrosis associated with

B

scleroderma; radiation mduced gut fibrosis; fbrosis associated with a lovegu!l inflammatory digorder such a

Barretl's esophagus and chronie gastritis, and/or Obrosis associated with a hindpt mflammatory disorder, such as

inflanumatory bowel disease (IBD), uleerative colitis and Crohn’s disease.  In some embodiments, the {ibrotic

condition of the gastromtestinal tract 15 fibrosis associated wilth scleroderina.

[60472] In certain embodiments, the fibrotic condition is a fibrotic condition of the bane marrow or a

herpatopoletic tissue. In certain cmbodiments, the fibrotic condition of the bope marrow s an intrinsic feature of a
chrordc myeloprohiferative neoplasm of the bone marrow, such as primary myelolibrosis (also referred to herein as

agnogenic wyelold metaplasia or chronic Wiopathic myelofibrosis).  In other embodunents, the bone marrow
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fibrosis is associated with (e.g., is secondary to) a malignant condition or a condition caused by a clonal profiferative
disease,  In other embodiments, the bone mamow [ihrosis is associsted with a hemalologic disorder {eg., a
hematologic disorder chosen from one or more of polycythemia vera, essential thrombocythemia, myelodysplasia,
hairy cell leukemia, lymphoms {eg, Hodglin or non-Hodgkin lymphoma), multiple myeloma or chronic
myelogeneous levkemia {CML)). In vet other embodiments, the bone marrow fibrosis 1s associated with {eg.,
secondary to) & non-hematologic disorder {e.g., a non-hematclogic disorder chosen from sold fmor metastasis to
bone marrow, an antoimmune disorder (e, systemic hupus ervthematosus, scleroderma, mized connective tissue
disorder, or polymyositis), an infection (e.g, tberculosis), or secondary hyperparathyroidism associafed with
vitamin [ deficiency. In some embodiments, the fibrotic condition is idiopathic or drug-induced myelofibrosis. In
some embodiments, the fibrotie condition of fhe bone marrow or hemalopoistic tssue is associated with systemic
lupus erythemalosus or scleroderma,

[63473] In one embodiment, provided herein s a method of treating, preveniing and/or managing
scleroderma.  Scleraderma ts a group of diseases that lnvolve hardening and fightening of the skin andfor other
cotneetive tissucs, Scleroderma may be localized (e.g, affecting only the skin) or systemic (ag., alfecting other
systems such as, e.g, blood vessels and/or internal organs). Commoen symptoms of scleroderma inclnde Raynaud's
phenomenon, gastroesophageal reflux discase, and skin changes {eg., swollen Ongers and hands, or thickened
patches of skm). In some embodiments, the scleroderma s localized, e.g, morphea or linear scleroderma. In some
embodiments, the condition is a systenuice sclerosis, eg, hmited svstemic sclerosis, diffuse systemic sclerosis, or
systemic sclerosis sine scleroderma,

[00474] Localized scleroderma (localized cutancous fibrosis) mcludes morphea and linear scleroderma.
Morphea is typically characterized by oval-shaped thickened patches of skin that are white in the middle, with a
puiple border,  Linear scleroderma 1s more common m children. Symploms of hnear sclevoderma may appear
masily on one side of the body. In linear sclevederma, bands or sweaks of hardened skin may develop on one or
both arms or legs or on the [orehead. En coup de ssbre (frontal linear scleraderma or morphea on coup de sabre) is @
type of localized selerodenima typically characterized by linear lesions of the scalp or face.

1004751 Systernie scleroderma (syslemic sclerosis) Includes, eg, lmmited sysiemic sclerosis {also
known as limited cutancous systemic sclerosis, or CREST gyndrome), ditfuse systemic sclerosis (also known as
diffuse cutaneons systemic sclerosts), and systemic sclerosis sie scleroderma. CREST stands for the following
complicat‘ioﬂs that may accompany limited sclerodermar calemosis {e.g., of the digis), Raynand’s phenomenon,
esophageal dysfunction, sclerodacivly, and telangioctagiag,  Typically, limited scleroderma involves culanecus
mandestations that manly alfect the bands, arms, and face. Lamnited and diffuse subtypes are distinguished based on
the extent of skin mvolvement, with. sparing of the proximal hmbs end trunk in Bmited discase. See, eg., Denton,
C.P.et al (2000}, Nafwre Clinical Practice Rheumarology, 2(3:134-143. The limited subtype also typically
involves a long previous history of Raynaud’s phenomenon, whereas in the diffuse subtype, onset of Raynaud’s
phenomenon can be sumultaneous with other manifestations or might oceur later. Both limited and diffuse subtypes
may volve interpal organs.  Typical wisceral mamifestations of Bmited systemic sclerosis include isolaled

puimonary hyperiension, severe bowel mvolvement, and pulmonary fibrosis. Typical visceral manifestations of
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diffuse systemic sclerosis include renal crisis, lung fbrosis, and cardiac disease. Diffuse systemic sclerosis typically

prog

2sges rapldly and affects a large arca of the skin and one or more internal organs {e.g., kidnevs, esophagus,

£,
heart, or lungs). Systemic sclerosis sine sclerodenna is & rare disorder in which patients develop vascular and
fibrotic damage to internal organs in the absence of cutaneous sclerosis.

[064763 In one embodument, provided herein i s method of weating, preventing andfor managing
mflammatory myvopathics. As used herein, “inflammatory myopathies™ encompass all types and manifestations of
mllammatory myopathies.  Examples include, but are not limited to, muscle weakness (eg, proximal mwscle

weakness), skin rvash, fatigoe after walking or standing, tripping or falling, dysphagia, dysphonia, difficulty

breathing, muscle pain, teader muscles, weight loss, low-grade fover, nflaned lungs, g sensitivity, calehpm

deposits (valeinosia) under the skin or in the muscle, as well as biological concomitanis of inflammatory myopathies
as disclosed herein or as known i the art. Biological concomitants of inflammatory myopathies (eg.,
dermatomyositis) include, eg., altered (e.g., increased) lovels of cytokines (eg, Type T interferons (eg, FN-g
and/or IFN-B), mterlenking (e.g., IL-6, IL-10, 1L~15, 11.-17 and fL-18), and TNF-o), TGF-8, B-cell activaling facior

(BAFF), overexpression of IFN inducible genes (eg

&, Type HIFN inducible genes). Odher biological concomitanis
of mftammatory myopathies can include, eg., an increased ervihroovie sedimentation vate (FSRY andf/or elevated
level ol creatine kinase, Further iological conconutants of mflammatory myopathics can include autoantibodies,
=g, anti-synthetase autoantibodies {e.g, anti-Jol antibodies), anfi-signal recognition particle antibodies (ant-SRP,
antl-Mi-2 antihodies, anti-p155 antibodies, antt-PM/Sei antibodies, and anti-RNP antibodies.
{00477} The mflammatory myvopsthy cen be an acute nflammatory mwvopathy or a chronic
inflammatory mvopathy. In some cmbodiments, the Inflammatory myopaty is a chronie inflammatory myepathy
{(e.g., dermatomyositis, polymyosits, or inclusion body myositis).  In some embodiments, the mfammmatory
myopatly is caused by an allergic reaction, another discase {e.g., cancer or 4 connective tissue disease), exposure io
a toxic substance, 2 medicing, or an mfectious agent {eg., a virus). In some embodiments, the inflanmmatory
myopathy 18 associated with lupus, sheumatoid arthoris, or systemic sclerosis.  In some embodiments, the

mflammatory myopathy is idiopathic.  In sowe embodiments, the Inflammaiory myopathy i selected from

polyviyositls, dermatomyositis, inclusion body myositis, and immune-medialed necrotizing wyopathy,  In some
emboditnents, the inlammatory myopathy is dermaiomyositis.

[604781 In another embodiment, provided herein 1s a method of treating, proventing and/or managing a
skin condition {e.g., a dermatifis).  In some smbodiments, the methods provided herein can reduce sympioms
associated with a skin condition {2 g, tchiness and/or inflavamation).  In some such embodiments, the compound
provided berein is administered wpieally (e.g., as a wopical creanm, evedrop, nose drop or nasal spray}. In some such
embodiments, the compound is & PI3IK delta itubitor (eg, 2 PI3K inhibitor thal demonstrates preater inhibition of
PL3K delin than of other PI3K isoforms).  In some cmbodiments, the PI3K delta inhibitor prevents mast cell
degranulation,

[004797 Az used herein, “skin condition” includes any mflammatory condition of the skin (e.g., eczema
or dermalilis, e.g., contacl dermatlits, atopic dermatilis, dermatitis herpetiformis, seborrheic dermatitls, numimular

dermatilis, stasis des

natitis, perioral denmaltitis), as well as accompanying sviptoms {e.g, skin rash, itchiness
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{pruritig), swelling {edema), hay fever, anaphalaxis), Frequently, such skin conditions are caused by an allergen. As
used herein, a “skin condition” also includes, ez, skin raghes (eg., allergic rashes, eg, rashes resulting from
cxposure to allergens such as poison ivy, peison cak, or poison sumac, or rashes caused by other diseases or
conditions), nsect bites, mwinor burps, sunburn, minor culs, and serapes. In some embodiments, the symptom
agsoctated with nflammatory myopathy, o the skin condition o symptom agsociated with the skin condition, is a
skin rash or itchiness (pruritis) cansed by a skin rash.

(004807 The skin condition (e.g, the skin rash} may be spontaneous, or it may be Induced, eg, by
exposure to an allergen {2 g, poison ivy, poison oek, or polson sumac), drugs, food, ingsect bite, inhalants, smotional
stress, exposers (o heat, exposurs to cold, or exercise. In some embodiments, the skin condition is a skin rash (e.g.,
a pruritic rash, e.g., uiricaria), In some embodiments, the skin condition Is an inscct bite. In some embodiments, the
skin condilion is assoctaled with another disease (e.g., an inHammatory myopathy, e.g., dermatomyositig).

(004817 in some embodiments, the subject (eg, the subject in need of teatment for an inflammatory
myopathy and/or a skin condition) exhibits an elevated level or elevated activity of IFN-o, TNF.q, IL-6, 1L-8, 11.-1,
or & combimation thereol.  In certain embodiments, the subject exhibits an clevated Jevel of IFN-¢.  In some
embodiments, freating (e.g., decreagimg or inhibiting) the inflammatory myonathy, or the skin condition, comprises
inhibiting (e.g., decreasing a level of], or decreasing a biclogical activily of) one or more of TFN-q, TNF-g, 11.-6, 11
B, or IL-1 1n the sx:si‘)jccl or in 2 sample denved fom the subject. In some embodiments, the method decreases 2
level of IFN-o, L A6, IL-8, or {L-1 in the subject or i a sample derived from the sulyect.  In some
ernbodiments, the method decreases o lovel of TFN-o in the subjest or m a samnple derived from the subject. In some
embodiments, the level of IFN-g, TNF-0, [L-6, I1-8, or 1L-1 i5 the hzwl assessed in a sample of whole blood or
PEMCs. I gome embodiments, the level of IFN-a, TNF-g, IL-6, 1L-8, or 1L-1 s the fevel assessed in a sample
obtained by a sk Biopsy ot a muscle biopsy. In some embodunents, the sample is obtained by 2 skin Bopsy,
1004821 In one embodiment, provided herem s g method of treating, preventing andfor managing
myositis. As used herein, “myositis” encompasses all types and wanifestations of myositis. Fxamples include, but
are nol limited to, myositis ossiticans, fihromyositls, idiopathic inflammatory myopathies, dermatomyositis, juvenile
dermatomyositiy, polymyesitis, mclusion body myosits and pyomyoesitis.  [n one embodiment, the disease or
disorder is dermatomyositis. Also provided herein is a method of treating, preventing and/or managing one or move
symptoms associated with myositis.  Examples of the symptoms include, bl are not Bmited 1o muscle weakness;
rrouble Biting arms; tronble swallowing or breathing muscle painy muscle tenderness; fatisue; faver; lung problems;
gasirointestmal uleers; ntestinal perforations; caleinosis under e sking soreness, arthritis, weight loss; and rashes.
1004837 in one embodinent, provided hercin is & methed of weating, preventing and/or managing
tupus. As used herein, “lupus” refers o all types and manifestations of lupus. Examples include, but are not Himited
to, systemiic fupus erythematosus; lupus nephritis; cutancous mantfestalions {e.p., manifagtations seeq i cutancous

lupus eryihematosus, e.g. a skin lesion or rash); ONS Tupns; cardiovascelar, pulinonary, hepatic, hemalological,
gastrointestinal and muscnloskeletal manifestations; neonatal Tupus erythematosus, childhood systemic Tupus
erythematosus; drug-induced lupus crythematosus; anti-phospholipid syndrome; and complement deficiency

symdromes resulting in fupus manifestations. In one embodiment, the lupus Is systemic lupus erythematosus (S1ID,
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cutancous lupus erythematosus (CLE), ding-induced lupus, or neonatal lupus. o ancther embodiment, the lupus is a
CLE, eg, acute cutancous hupus erythematosus (ACLE), subacuie cutaneous lupus erythematosus (SCLE),
intermittent cutancous Tupus erythematosus {also known ag lupus erythematosus tumudus (LETY, or chronic
cufancous upug, In gome embodiments, the mtermittent CLE s chronic digelold lupus erythematosus (CDLE) or
lupus ervthematosus profundus (LEPY {also known as lupus ervthematosus pannicdlitis). Tynpes, symploms, and
pathogenesis of CLE are described, for examgple, in Wenvel ef of, (2000), Lupus, 19, 1020-1028

(004847 In one embodiment, provided beremm 1s a2 method of treating, preventing and/or managing
Sidgren’s syndrome.  As used herain, “3)dgren’s syndvome” refers 1o all types end manifestations of 5idgron’s
syndrome.  Examples include, but are not limited to, primary and secondary Sidgren’s syndrome.  Also provided

~

herem 18 a method of teating, preventing andfor managing one o more symploms assoclated with Si¢

aren’s
synedrome, Examples of the symptoms nclode, but are not limiled 1o dyy eves; dry mouth; joint pain; swelling

stiflness;, swollen salivary glands; skin rashes; dery sking vagmal dryness; persigtent dey cough: and prolonged

fatigue.
[03485] in soine embodiments, a symptom associated with the discase or disorder provided herein s

reduced by at least 10%, at least 20%, ab least 30%, at least 40%, at least S0%, at least 60%, at least T0%, at least
BG%, at least 90%, or af least 93% melative o & conirol level, The contrel level includes any appropriaie control as

1

known m the arl. For example, the conirel level can be the pre-trestment level tn the sample or subject treated, or

can be the level Ino2 conirol population {eg, the level in sebdects who do not have the disease or disorder or the
levelin samples derived from subjects who do not have the disease or disorder), In some embodiments, the decrease
i statistically significant, for example, as assessed using an appropriate paramelric or non-paramelric statistical

COMPErison.

Combingtion Therany

[G0436] In some embodiments, provided herein are methods for combination therapies in winch an
;

agent known o modulate other pathways, or other components of the same pathway, o even overlapping sels of

target enzymes are used in combination with a compound as provided hereln, or a pharmacestically accepiable form

{e.g., pharmaceutically acceptable salts, hydrates, solvates, isomers, prodrogs, and isotopically laheled der rivatives)
thereol. In one aspect, such therapy includes, but is not limited o, the combinaiion of the subject compound with
chemotherapenic agents, therapeutic antibodies, and radiation teatment, to provide a synergistic or additive

therapeuiic effect.

f004877 In one aspect, a compound as provided herein, or a pharmacsutically acceptable form (eyg.,

pharmaceutically acceptable salts, hydrates, solvates, isomers, prodiugs, and isotopically labeled derivatives)

therenf, orpharmacentical compositions as provided berein, can present synergistic or additive efficacy when
acinistered i combination with agents that inhibit TgE production or activity, Sueh combination can reduce the
undesired ofiect of high level of IpE agsociated with the use of one or more PIK-§ inhibitors, 1f such effect occurs.

This can be partieularly useful W trestiment of automumune and inflanmmatory disorders (A such as rhoumatoid
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arthritis. Additionally, the administration of PI3K-8 or PI3K-8/y inhibitors as provided herem in combination with

inhibiiors of mTOR can also exhubit synergy through enhanced mhibition of the PI3K pathway.

[00488] in a separate but related aspect, provided hesein is a combination treatment of a disease

agsociated with PIZI-8 comprising adminstering to & PI3K-S inhibitor and an agent that mhibits IgE production or

activity. Other exemplary FI3K-5 mhibitors are applicable for this combination and they are described, e.g, US
Patent Mo, 6,800,624, Such combination treatment is panticularly ugetul for treating avtoimmune and intlammatory

diseases (AR including, but not Hmited 1o rheumatoid arthritis,

(004897 Agomts that inhibit gk production are known in the art and they include, but are not limited

to, one or more of TELD8T4, 2{4-{6-cyclohoxylony-2-naphtylosy)phenylacetamideibenvzoic  acld, rapamyein,
rapamycin analogs {i.e., rapalogs), TORC) inhibilors, TORCE inhibitors, and any other compounds that inhibit

mPORCD and mTORCE, Agents that inhibit IgE

activity include, for cxample, anii-lgh antibodics such as for

erample Omalizamab and TNFE-901,
(604907 Por treatment of autotmmune discases, a compound as provided herein, or a pharmaceutically
acceptable form (eg., pharmacentically accoptable salts, hvdrates, solvates, 1somers, prodrugs, and isctopically

labeled dervatives) thereof, or pharmacentical compositions as provided horein, can be uged in combination with

R - . . T . - L . B . o
commonly preseribed drugs including, but not Hmited to Enbrel®, Remicade”™, Humira™ Avonex™, and Rebif®. For

treatment of 1espiratory discaseses, the subject compounds or pharmaceutical compositions can be administered in

combination with commonly preseribed drugs including, but not Hmited to Xolair™, Advair™, Singulair®, and
Spiriva®,

(004971 The compounds as provided herein, or a phannacentically  acceptable form {(eg.,
phammacentically acceptable salts, hydrates, solvates, isomers, prodrugs, and isotopically labeled derivatives)
thereot, or pharmaceutical compositions as provided herein, can be formulated or administered in conjunction with
other agents that act to selicve the symptoms of milammatory conditions such as encephalomyelitis, asihma, and the
other diseases deseribed herein.  These agents include non-steroidal anti-inflapmatesy drogs (NSAIDS), eg.,
acetylsalioylic acid; ibuprolen; naproxen; indomethacing nebumetone; tolmeting ste.  Corticosternids are vsed to
reduce mtlammanon and suppress activity of the immune systern. An excmplary drig of this type 15 Prednisone.
Chloroguine {(Araleny or hydroxyeliorequine (Plaguenily can also be vsed o some ndividuals with lupus. They can

ke preseribed for slon and jomt ool funus, Azathioprine (Imurany and cyclophosphamide (Cytoxm)

suppress inflammation and fond to suppress the immune sysiem. Other agents, g, methotrexate and cyclosporin

are used o coniral the symptoms of pus. Anticoagulants are employed to prevent blood from clotting rapidiy,
They range Dom aspinn at very Jow dose which prevents platcleis from sticking, 1o heparin/econtmadin,  Other
compounds used in the reatment of upus nclude belimumab (Renlystaid),

[60492] In anocther aspect, provided hereln 1s a pharmaceuticn] composition for inhibiting akmormal
cell growth in a subject which comprises an apount of a compound as provided hercin, or a pharmagentically
acceplable form (e.g, pharmaceutically acceptable salts, hydrates, solvates, isomers, prodrugs, and Isolopically

labeicd derivatives) ﬂzm'mi', i combination with an amount of an anti-cancer agent (e g, a chemotherapeutic agent),
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Many chemotherapeutics are presently known in the art and con be used in combination with the compounds as
provided herem.

{06493] In some embodiments, the chemotherapentic is selected from mitotic ishibitors, alkylating
agents, anti-metabolites, intercalating antibiotics, growth factor mmbubitors, cell oycle mhibitors, enzymes,
topoisomerase mhibiors, biological response modiflers, anti-hormones, angiopenesis mbibitors, and anti-androgens.
MNon-Timiting exarnples are chemotherapentic agents, cviotoxic agents, and non-peptide small molesnles such ag

Gleeveo®d (Tmatimb Mesylate), Veleade® (bortezonub}, Casodex (hicalutamide), Tre:

and Adriamycin as well
as a host of chemotherapeutic agents. Non-linuting exaroples of chemotherapeutic agents inchude alkviating agents
such as thiotepa and cyclosphosphamide (CYTOXAN™); alky! sulfonates such as busulfan, improsulfan and
piposultan;  aziridines such  as benzoddps, cwrboguone, metwredopa, and  wredopa;  ethylenimines  and
methylamelamines mcluding altretamine, triethyienemelamine, trietylenephosphoramide,
triethylenethiophosphaoramide and trimethylolomelamine; BTE inhibitors such as ibrutinih (PCI-32765) and AVL-
292, HIDAC inhibitors usch as vorinostat, romidepsing pano?::inos;mt._ﬁ vaiproic acld, belinostat, mocetinostat,
abrexinosiat, entinostat, SB939, resminosial, gwvinostat, CUDC-101, AR-42, CHR-2845, CHR.3996, 45C-202,
CG200745, ACY-1215 and kevelring JAK/ETAT hibitors such as lestaurtinib, tofacitinib, raxolilinib, pacritinib,
CYT387, baricitinib, fostamatinih, GLPOGE36, TGIO1348, INCRI16562 and AZDI480; nilrogen mustards such as
bedamustine, chlorambucil, chlornapharzine,  cholophosphamide, estramustine,  fosthmide,  mechlorethauming,
mechlorethanine oxide hydrochioride, melphalan, novembicing, phenesterine, prednimusiine, rolosfamide, uracil
mustard; nitrosureas such as carmusting, clhiorozoiocin, folemusiine, lomustine, nimugting, rantmusting; antibiotics
such ag aclacinomysing, actinpmycin, authramycin, azaserine, bleomyeing, cactinomycin, calicheamicin, carabicin,
carmmomyen, carzinophiin, Casode o . chromomycins, dactinomyem, deunorubicin, detorubicin, 6-daro-5-ox0-
Lenorleucine, doxorubicin, epirubicin, esorubicin, darubicin, marcellomyein, mitomyeing, myvcophenolic acid,
nogalatyein, olivomyans, peplomyein, potfironyein, puromyein, quelamycin, rodorubicin,  streptonigrin,
streptozoctn, tubereidm, nhenimex, wnostatin, vorubicing anti-metabolites such as mothotrexate and S-Huorouracil
3-FU); folic acid analogues such as denopterin, methotrexate, pralatrexale, pleropterin, trimelrexate; purine analogs
such as fndarabine, -mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabive, azacitiding,
G-azauridine, canmofur, oviarsbine, ddeoxyuridine, doxiflluridine, enccitabine, foxurnidine, androgens such as
calusterone,  dromostanolome  propionate,  epiticsianol,  mepiliostane,  f(estolactone;  anti-adrenals such  as
aminoelwiethimide, mitotane, wilostane; folic acid replenizher such as frolinic acld; aceglatone; aldophosphamide
ghveoside;  aminolevubimie  acid;  amgacrme;  bestrabucil;  bisantrene; edawaxate; defolfamine;  demccolcineg;
diaziquone; eifomithine; elbiptiniom acelate; cloglueid; gallium nitvate; hydroxyurcs, lentinan; lonidamine;
mitoguazone, mioxanirone; mopwiamel; nilracring penlostating phenamet; pirarubicin; podophyilinic acid; 2-
ethvlhydrazide; procarbazine: PEKR™ razoxane: siwofian; spirogermanium;  fenuazonme acid; friaziquone;
2,272 trichlorotriethyla-  mune;  wrethan;  vindesine;  dacarbazine;  mennomusting;  mitobronitol;  mifolaciol
pipobroman; gacytosing; arabinoside (“Ara-C™); cyclophosphamide; thiotepa; taxanes, ez, paclitaxel (TAXOL™,
Bristol-Myers Squibb Oncology, Princeton, M. and docetaxel (TAXOTERE™ Rhone-Poulene Rorer, Antony,

- . - — . . . o . e . .
France) and ABRAXANEY {pachtaxel prolein-bound particles); retinole acid; esperamicing; capecitabine; and
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pharmaceutically acceptable fonms {e.g., pharmacentically acceptable salls, hydrates, solvates, isomers, prodrugs,
and isotopically labeled derivatives) of any of the above. Also included as suitable chemotherapeutic cell
conditioners are anti-hormonal agents that act to regulate or mhibit hormone action on tumors such as anti-estrogens
including  for example tamoxifen (Nolvadex™), raloxifeme, aromatase inhibiting  4(5)-imidazoles, 4-
hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone, and toremifene (Fareston); and anti-androgens

i gemctiabine; 6-thioenanine;

L)

such ag fhotanade, nilutannde, bicalutamide, leuprolide, and gosereling chlorambucil
mercaptopurine; methotrexate; platimum analogs such as cisplaiin and carboplating vinblastine; platinumy, ctoposide
{(VP-16); ifostamide; mitomycin ) mitoxanirone: vinerisline; vinorelbine; navelbine; novanirone; teniposide;
daunomycin; aminoplering xeloda; ibandronate; camptothecin-11 {CPT-11); topoisomerase nhibitor RES 2000,
difluoremethylormthine (DMF(). Where desbed, the compounds or pharmaceutical composttion as provided
herein can be used it combination with commonly preseribed ami-cancer drugs such as Herceptin®, Avastin®,
Frbitux™, Rituxan® Taxol®, Arimidex™, Taxotere™, ABVD, AVICINE, Abagovomab, Acridine carboxamide.
Adecatamunab,  17-N-Allylamino-17-demethorygeldapamyein,  Alpharadin,  Alvocidib,  3-Aminopyridine-2-
carboxaldehyde thiosemicarbazone, Amonafide, Antbracenedione, Anti-CD22  immmunotoxing, Awntincoplastc,
Antitumorigenic herbs, Apaziquone, Atiprimod, Azathioprine, Belotecan, Bendamustine, BIBW 2992, Biricodar,
Brogtallicin, Bryostatin, Buthicnme sulfoxamioe, CBV {chemotherapy), Calycuhin, Crizotinh, cell-cyele nonspecific
antineoplastic agents, Dichloroacetic acid, Discodermolide, Elsamitrucin, BEnocltabine, Epothilone, Fribulin,
Everolimus, Bxatecan, Exisulind, Feruginol, Forodesing, Foslestrol, ICE chemotherapy regimen, I'T-101, Inexon,
Imigquimod, Indolocarbazole, Lofulven, Lamguidar, Larotaxel, Lesmalidomide, Lucanthone, Lustoicean,
Malosfamide, Mitorolomide, Naloxidine, Nedaplatin, Olaparib, Ortataxel, PAC-1, Pawpaw, Pixantrone, Proteasome
imhibitor, Rebeccamyein, | Resiquimod, Rubitecan, SN-38, Sabinosporamide A, Sapacitabine, Stanford V),
swainsonine,  Talaporfm, Tanqudar, Tegafur-uracil, Temodar, Tesclaxel, Triplatin  tetranitrate, Tris{2-
chloroethyDamine, Trozxacitabing, Uramustine, Vadimezan, Vinflumine, 21301256, and Zosuguidar.
[00494) In some embodiments, the chemotherapeutic 1s selected from hedgehog inhibitors including, but
not limited to IPT-926 (See U5, Patent 7,512,164). Other suitable hedgehog mhibitors include, for example, those
described and provided 1w U5, Patent 7,230,004, U.S. Paient Application Publication No. 2008/0293754, U.S.
Patent Application Publication Ne. 2008/0287420, and U.S. Patent Application Publication MNo, 2008/0293755, the
eriite disclosures of which are incorporated by seference herein. Examples of other suitable hedgehog inhibitors
include those deseribed in VLS. Patent Appiication Publication Nos. US 2002/0006931, US 2007/0021493 and 1JS
200740060546, and Intemational Application Publication Nog, WO 2001719800, W0 2001/26644, WO 2001/2713
W 2001749275, WO 2001774344, WO 2003/01 1219, WO 2003/088570, WO 2004/020599, WO 2005/013800,
VWO 2005/033288, W 2005/032343, WO 2005/042700, WO 2006/028%58, WO 200 1351, WO 20067078283,
WO 2007/054623, WO 2007/059157, WO 2007/120827, WO 2007/131200, WO 2008/070357, WO 2008/110611,
WO 2008/112513, and WO 2008/131354. Additional examples of hedgehog mlubitors include, but are nol lmite
to, £iDC-0449 (also known as RG3616 or vismodegih) described n, g Von Hoft' D ef al | N Engl T Med. 2008;
61(123:1164-72; Robarge K.D. ef al, Bivorg Med Chem Lett. 2009; 19(193:5576-81; Yauch, R. L, ef al. (2009)
Science 3261 572-574; Sciencexpress: 1-3 (16.1126/science. 1179386); Rudin, €. & af. (2009 New England J of
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Medicine 361-366 (10.10536/ncjma0902903); BMS-833923 {(also known ag XL 13D deseribed in, g, m Siu L. ef
al, B Clin Greol 2010; 28:15s {(suppl; abstr 2501 and National Institute of Health Clinical Trial Identificr Mo.
NCTO06701891; LDE-225 described, eg, in Pan S. et al, ACS Med. Chem. Letr, 2010; 1(3): 130-134; LEQ-506
deseribed, eg., in Natonal Institute of Health Clinteal Trial Identifier No. NMCTO1106508; PF-04449913 described,
e.g.. in MNational Institute of Health Clinical Trial Identifier No, NCTG0953758; Hedgehog pathway antagonists
provided 1 U.S. Patent Application Publicalion No. 2010/0286114; SM2-17 described, eg, U5, Palen

Application Publication Mo, 2010/6093625; SANT-1 and SANT-2 described, e.g., in Rominper CM., et al,, ./

Pharmacaol. Exp. Ther, 2009; 329( 3695-1005; 1-piperazinyl-d-arylphthalazines or analogues thereof, deseribed n
Lucas B.S. elal, Hioorg Med Chem. Lerr. 2010; 20(121:3618-22,
{00495] Other chemotherapeutic agents include, but are not Bmited to, anti-estrogens (e.g. tamoxifen, raloxifene,
and megestrol), LHRH sgonists (e.g goscrclin and feuprolide), anti-androgens (e.g. thitamide and bicalutamide),
1(51(,(15/?19 mic therapies (eg vevtoporfin (BPT-MAY, phthalocvanime, photosensitizer Pod, and  demethoxy-
hypoerellin A (ZBA-2-DMEAY), nitrogen mustards (eg. cyclophosphamide, ifoslamide, trofosfamide, chlorambucii,
sstramusiine, and melphalan), nitrosoureas {e.g. carmustine (BONUY and lommstine (CCNUY), alkyisulphonates (e.g
busultan and treosulian), rinzencs {e.g. dacarbazine, lemozolomide), platinum contatning compounds {e g cisplatin
carboplatin, oxaliplaiing, vinca allaloids (e g vineristing, vinblagiine, vindesine, and vinorelbing), taxoids {eg
pachitaxel or a paclitaxel equivalent such as nanoparticle albumin-hound paclitaxel (Abraxane), docosahexaenoic
acid bound-paclitaxel {i'}HA~'pz-1clitz-axc:i, Taxoprexing, p(_ﬂyglul‘::lmmc bound-paclitaxel (PG-pachitaxel, paclitaxel
polighomex, CT-2103, XYOTAZD, the nmpor-activated prodrug (TAPY ANGLO05 (Angiopep2 bound 1o threc
molecules of paclitaxel), paclitaxel-HC-1 {paclitaxe] bound 1o the erbB2rccogniving poplide EC-1), and glucose-
comjugated paclitaxel, a.g., 2-pactitaxe! methyl 2-glicopyranesyl succinate; docetaxel, taxol), epipodophyiiins (ew
eloposide, cloposide  phosphate, 1.(::131'13(33'1(1@" topotecan, Y-amimmocamptothecin, cemptoinnotecan, irinoiecan,
crisnatol, mylormryein ), anti-metabolites, DHER mhibitors {2z methotrexate, dichloromethotrexate, trimetrexate,
edalrexate), IMP dehydrogenase inhibitors (e mycophenolic acid, tazolfurin, ribavirin, and FICAR), ribonuclotide
reductase inhibitors (e.g hydroxyurea and deferoxaming), uracil analogs (eg. 3-Muorouracil (3-FU), floxuridine,
doxiftoriding, ratitrewed, togafur-urac), copeciiabine), cviosine analogs (eg oylarabine {(ara (), cytosine
arabinoside, and fludarabine), purine analogs (e.g. mevcaptopurine and Thioguanine), Yitamin D3 analogs (e.g LB
F08Y, OB 1092, and KH 1060), isoprenylation nhitntors {e.g. lovastating, dopaminergic newrotosing (eg. | -methyl-
A-phenvipyndinum ion), cell cyele mbibitors (e staurosporing), aciinomycin {e.g actinomycin 1, dachnomyan),
bleomycin (eg. bleomycin AZ, bleomyein B2, peplomycin), anthracyeline {eg dawnorubicn, doxorubicin,
pegyiated Hposomal doxorubicin, idarubicin, epirubicin, plrarubicin, zorabicin, mitoxantrene), MOR inbibiors (e.g
verapamily, CaZ+ ATPase intubitors (eg thapsigarging, imetiaib, thalidomide, lenalidomide, tyrosine kinage
whebitors (eg, @xtnib {é’ai}()iﬂ"ﬁ_’w‘{i), bosutinib (SKI-606), cadiranib (RECENTINTM, AZD2171), dasatimib

(SPRYCEL®, BMS-354825), erlotintb (TARCEVA

3, gelitmihy (TRESSA®R), imatmib (Gleevec®, CGPSTI488,
STE571Y, lapatmih  (TYKERBG®, TYVERB®) lestaurtinib  (CEP-701), neratinib  (HEIL-272),  nilotinib
(TASIGNA®), semaxanib (semaxinib, SU4L6), sunitinid (SUTENT®, SU1248), toceranib (PALLADIA®),
vandetamb (ZACTIMAG, ZD6474), vatalanib (PTKTEY, PTI/ZID, trastuzumab {HERCEPTING), bevacizumab
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(AVASTING), rimimab (RITUXKAN®), celuximab (ERBITUX®E), panitwmumab (VECTIBIX®), ranibirumab
{Lucentis®Y, nilotinib (TASIGNA®), sorafenih (NEXAVARER), everolinmus (AFINITOR®), alemiuzumab
{CAMPATH®), gemivzumab ozogamicin (MYLOTARGE), temsirolimus (TORISELE), ENMI¥-2076, PCL-32765,
AC220, dovilinib lactate (TRIZSE, CHIR-258), BIBW 2992 (TOVOKTM), SGX523, PE-04217003, PF-02341066,
PE-299804, BMS-T77607, ART-869, MP4AT0, BIRF 1120 {(VARGATERR), AP24534, INI-26483327, MGCD265,
DCC-2036, BMS-690154, CEP-11981, tvozanib {AV-951), G51-930, MM-121, X1-184, X1-647 and/or X1.228),
profeasome wmhibitors {e.g., borfczomih (Velcade)), mTOR inhibitors (e.g., 1‘11;;)21111y<:in, tensirohimus {(CCL-TT9)Y,
everolimus (RAD-001), sidaforalius, APR3373 (Ariad), AZDRGSS (AswaZeneca), BEZ235 (Novartis), BGT226
(Norvartis), XL765 (Sanofi Aventis), PE-4661502 (Plizer), GDCOUEO (Genetech), 571126 (Semafoe) and O81-027
(OB51)),  oblimersen, gemcitabine, carminomycin, leacovorin, pemetrexed, cyclophosphamide, dacarbazine,
procarbizine, prednisolone, dexamethasone, campatheein, plcamyein, asparaginase, aminopterin, methopierin,
porfiromycin, melpbalan, lewosidine, leurcsine, chlorambucil, trabectedin,  procarbazine,  discodermolide,
carminomycin,, sunmopterin, and hexamethyl melamine.

[00496] Exemplary biotherapoutic agents include, but are not Himited to, interforons, cytokines {e.g., tunor
necrosts fzctor, nlerferon o, interferon v, vaccines, hematopoietic growth factors, monoclonal serotherapy,
mammumestimulants and/or immunodulatory agents (eg, B3, 2,4, 6, or 123, immune cell growth factors (e g, GM-
81 and antbodies (e.g. Herceptin (rastuzamab), T-DIMI, AVASTIN {bevacizumab), ERBITUX (cetuximab),
Vectiix (panitmumab), Rituxan (rituximab), Bexxar {(tositumomab)).

(004971 In some embodiments, the chemotherapeutic is selected from HSPY inhibitors.  The HSP9O
inhibitor can be a geldanamycin derivative, e.g., a benzoguinone or hygrogquinene ansantycin HSPSG inhbitor {e.g.,
PI1-493 and/or TPI-504), MNon-limiting examples of HEP9O mhibitors metade 1P1-493, IPL504, 17-AAG (also
known as tanespimycin or CNF-1010), BIH3-021 (CNE-20243, BIDB-028, AUY-922 {ako known as VER-493G9),
SNX-5422, STASO90, AT-13387, XL-888, MPC-3100, CU-0305, 17-DMAG, CNF-1010, Machecin (eg,
Machecin I, Macbecm 1), COT-018159, COT-129397, PU-HTI, or PF-04928473 (SNX-2112).

(004981 In some embodinents, the chemotherapentic 18 gelected from PISK inhibitars (eg, including
those PI3K inhibitors provided herein and those PISK mhibilors notl provided herein). In some embodiment, the
PI3K inhibitor is an inhibitor of delia and gamma isotorms of PI3KL In some embodiments, the PI3K. inhibitor is an
whibitor of alpha sofonms of PI3K. In other embodiments, the PI3K inhibiior is an ivhibitor of one or more alpha,
beta, delfa and gamma isoforms of PI3K. Exemplary PI3K inhibitors that can be used in combmation are deseribed
in, e.g., WO G9/088990, WO 09/088086, WO 201 /008302, WO 2010/036380, WO 2010/0060%6, W 09/114470,
W 05113556, US 2009/0312310, and Us 20110046165, Additional PI3K inhibitors that can be used in

combination with the pharmaceutical compositions, nclude but ave not hmited to, AMG-319, GSK 2126438, GDC-
0680, GDC-0941, Sanoft X147, XL4GH, XET56, X1L147, PF-46515032, BEM 120, CAL-101 ((35-1101), CAL
263, 8F1126, PX-886, and a dual PI3K mhubitor (e.g., Novartis BEZ235). In one embodiment, the Fi3K inhibitor is

an ispquinoinone.

[00499] In some embodiments, provided herein i a method for using the a compound as provided
herein, or a phammaceutically acceptable form (e.g., pharmacentically plable salts, hydrates, solvates, isomers,
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prodrugs, and isotopically labeled derivatives) thereof, or pharmaceutical comnpositions as provided herein, in
combination with radiation therapy in inhibiting abnormal cell growth or treating The hyperproliferative disorder in
the subject. Techuigues for administering radiation therapy are known in the art, and these fechnigques can beused in
the combination therapy described heremn.  The administration of the compound as provided herein in thig
combination therapy can be determined as deseribed herein

[O05G01 Radiation therapy can be adnumstered through one of several wethods, or a combination of
methods, including without limitation external-bean therapy, internal radiation therapy., implant radiation,
stereciactic radiosurgery, systemic radiation therapy, radiotherapy and permanent or femporary  inferslitial
 brachytherapy.  The tferm “brachytherapy,” as used herein, refers o radiation therapy delivered by a spatially
contined mdicactive materal inserted into the body at ot near a umor or other proliferaitve tissue disense site. The
term 18 infended without Emitation o include exposure lo radioactive sotopes (e, AG2LE, 131 B125, Y90, Re-
186, Re-188, Sm-153, Bi-212, P-32, and radioactive isotopes of Lu), Suitable radiation scurces for use ag a cell
conditionsr as provided herein include both solids and diquids. By way of non-imiting example, the radiation
souirce can be a radionuelide, such ag [-125, 131, Y1469, Ir-192 as a solid source, 12125 ag a solid source, or other
radionuelides that emit photons, beta particles, gamma radiation, or other therapeutic rays. The radicactive material
s also be a fluid made fom any solation of radionuelide(s), ez, asolution of =125 or 1-131, or a radicactive fuid
can be produced using a sivory of a switable fluid containing small particles of solid radionuchides, such as Au-198,
¥ -90. Moreover, the radionuctide(s) can be embodied in a gel or radioactive micro spheres,

[00501] Without being  limited by any  theory, the compounds as provided bersin, or =
pharmaceutically acceptuble {omm {e.g., pharmaceutically aceeptable salls, hvdrates, solvaies, isomers, prodrugs, and
isotopically lnheled denvatives) thereol, or pharmacentical compositions as provided herein, can render abnormal
cells move sensitive to treabment with radiation for purposes of killing and/or mnbimng the growth of such cells.
Accordingly, provided herem is a method for sepsitizing abnormal cells o a subject 1o treatiment with radiation
which comprises adwinistering to the subject an amount of a compound as provided hevein or pharmaceutically
acceplable forms (eg, pharmaceutically acceptable salts, hydrates, solvates, isomers, prodrugs, and sotopically
Jabelod dervatives) thereof, which amount 13 effective 1s sensitizing abnormal cells 1o treatment with ractiation. The
amount of the compound used i this method can be determined according to the means for ascertaining effoctive
amantsits of such compounds deseribed herein,

[GO502] The compounds as provided herein, or a plarmaceutically  accepiable fomm (eg,
pharmaceutically accepiable salts, hydrates, solvales, isomers, prodrogs, and Jsotopically labeled derivatives)
thereot, or pharmacentical compositions as provided herein, can be used in combination with an amount of ong or
more substances selected from anti-angiogenesis agents, signal transduction inhibitors, and antiprohferative agents,
glycolysis inhibitors, or aufophagy nhibilors.

[60503)] Anli-angiogenesis agents, such as MMP-2 (matrix-metalloproteinase 2) mhibitors, MMP-9
(matrp-metatiopotienase 9) mbibitors, and COX-11 (cyclooxygenass 11) inhibitors, can be used in compunction
with a compound as provided herein and pharmaceutical compositions deseribed herein, Antl-angicgencsis agents

include, for example, rapamycin, temgirolimus (CCL-779), everolimus (RADGO1), sorafenih, supitinib, and
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bevacizimab, Examples of useful COX-1 inhibitors include CELERREX™ {alecoxib), valdecoxib, and rofecoxih,
Examples of usefnl matrix metalloprofeinase inhibitors are described in WO 96/33172 (publighed Cotober 24,
19963, WO 96/27583 {published March 7, 1696), Buropean Patent Application No. 973049711 {fled July 8, 1997},
European Patent Appheation Mo, 99308617.2 (filed Gctober 29, 1999), WO 98/07697 {published Tebruary 24,
1998), WO 98/03516 (published January 29, 1998), W 98/34918 (published Aungust 13, 1998), WO 98/34915
{published August 13, 1998), W G8/3376% (published August 6, 1998}, WO B8/30566 (published July 16, 1998),
European Patemt Publication 606,046 (published July 13, 1994, European Patent Publication 931, 788 (published
July 28, 1999), WO 90/05719 (published May 31, 1590%, WO 99/52910 (published October 21, 1999), WO
99752889 {published October 21, 1999), WO 99/29667 {published Tune 17, 1999, POT Infernational Application
No, PCT/ARE/01 113 (fled Tuly 1998), Turopean Patent Application No. 99302232.1 (fled March 25, 1999),
Grear Briain Patend Applcation Moo 99129611 (Hled June 3, 1999), Umiled States Provisional Application No.
H3/148 464 (Rled August 12, 1999), United States Patent 5,863,949 {gsued January 26, 1999, United States Patent
5,861,510 (igsued Janary 19, 1999), and European Patent Publication 780,386 {published June 25, 1997), all of
wliich ave meerporaled herein in their entiretics by reference. In some embodiments, MMP-2 and MMP-9 inhibitors
are those that have 1ittle or no activity mhibiting MMP-1. Other embodiments inchide those that selectively inhabit
MMP-2 and/or AMP-9 relative to ke other matrie-metalloproteinases (Lo, MAP-1, MMP-3, MMP-4, MMP-5,
MMP-6, MMP- 7, MMP-8, MMP-10, MMP-1I, MMP-12, andMMP-133, Some non-limiting examples of MMP
tnhibitors are AG-3340, RO 323555, and RS 13-0830,
(005041 Auntophagy infbitors include, but are not limited to, chloroguine, 3-methyladenine,
hydrovcyehloroguine (Plaguenil™), bafflomyein Al, S-amino-4-umidazole carboxamide riboside (AICAR), okadaic

acil, auwtophagy-suppressive algal toxing which inkibit protein phosphatases of type 2A or type 1, analogues of

cAMP, and drugs which elevate cAMP levels such as adenosine, LY204002, Née-mercaptopurine riboside, and
vinblastine, In addition, antisense or siIRNA that tahibits expression of proteins meluding, but aol limited 1o ATGS
{which are mmplicated in autophagy), can also be used.

[00:505) I some ewbodiments, provided herein is a method of and/or a sharmaceutical composition
for freating a cardiovascular disease in a subject whicl comprises an amount of & compound as provided herein, or a
pharmacewtically acceptable form (e, phammaceutically acceptable salis, hydrates, sotvales, isomers, prodmas, and
isotopically labeled derivatives) thereol, and an amount of one or more therapentic agents use for the treatment of
cardiovascular diseases,

[O0506] Bxemplary agents for use in cardiovascular disease applications are anti-thrombotic agents,
e.g. prostacychn and salicylates, thrombolytic agents, eg., streptokinase, urokmase, tissue plasminogen activalor
{TPAY and anisovlated plasminogen-sireptokinase activator complex (APSALY, anti-pluelels agents, ex.. acelyl-

sali(;y]ic acid (ASA) and o].opidmgci, Vasodi-lat.j:mg ag,c]'ﬁs, e.g, mtates, calcium chammel blocking drugs, anti-

5, growth odulatimg Tactors such as
ixa‘f:gricﬂ.lkius? wanstormation growth factor-beta and congeners of piawl@i dertved growth factor, monoclonal
antibodies directed against growth factors, anti-inflammatory agenls, both steroidal and non-steroidal, and other

agents that can modulate vessel tone, funchion, arterioscleresis, and the healing response 1o vessel or organ injury
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post intervention, Antibiotics can also be included i combinations or coatings. Morcover, a coating can be used 0

effect therapeutic delivery focally within the vessel wall. By incomporation of the active agent m a swellable
polymer, the active agent will be released upon swelling of the polymer,

[040507] The compounds as provided herein, or a pharmacentically acceptable form (eg.,

pharmacentically acceplable salts, hydrates, solvales, isomers, prodrugs, and isolopically labeled dertvatives)

thereol, or pharmacentical compositions as provided herein, can be formulated or administered in comjunction with

hguid or seld tssue barrers also known ag lubricants, Ixamples of tissue barriers include, but are not Hmited 1o,

polysaccharides, polvalyoans, seprafilg, interceed aod hvaluronic acid.

[H05G8] Medicaments which can be administered in conjunction with the compounds as provided
hercin, or a pharmacentically acceptable fom {eg, phamacentically acceptable salts, hvdrates, solvaies, isomers,
prodrugs, and isotopically labeled derivatives) thereof, inchude any suitable drugs usefully delivered by inhalaiion
for example, analgesics, e.g., codeine, dihydromorphine, ergotamine, fentany] or morphine; angminal preparations,
eg, ditiazen; antiallergics, eg cromoglveate, ketotifen or nedocromil; anti-infectives, ew, cephalosporing,

f=g
penicilling, streptomycin, sulphonarmdes, tetracychnes or pentamidine; antibistanmines, eg., methapyrilene; anti-
mflanumatories, e.g., beclomethasone, lunizolide, budesonide, Upredane, rlameimolone acetormide or flticasone:
amtitugsives, eg, noscaping, bronchodilators, eg., ephedvine, adrenaling, fenoterol, formotercl, isoprenaline,
metaproterenol, phenylephrine, phenylpropanofamine, pirhuterol, reproterol, rhmiterol, salbutarmol, sabmeterol,
terbutaling, iscethanne, tiobaterol, orciprenaline or {)-4-amino-3,5-dichlore-w-[[{6-[2-(-pyridinyDethoxyThexyli-
aminomethyllbenzenemethancl;  diuretics, eg., amiloride; anticholinergics eg, lpratropium, abropine or
oxitropium; hormones, eg, cortisone, hydrocortisons or predmisolone; xanthines eg, aminophylline, choline
theophvlinate, lvsine theophylinate or theophylling, and therapeutic proteins and peptides, e.g., insnlin or glucagon,
It will be clear to a person skilled in the art that, where appropriale, the medicaments can be used i the Torm of salis
ez, as alkalt metal or amine selis or as acid addition salts) or as esters (e, lower alkyl esters) 10 optimive the
activity and/or stability of the medicament.
[O0509] Other exemplary therapeutic agents useful for a combination therapy include, but ae not
fimited to, agents as deseribed above, radiation therapy, hormone antagonists, hormones and their releasing factors,
thyroid and aatithyroid drugs, estrogens and progesting, androgens, adrenccorlicotropic hormons; adrenocortical
sterolds and their syathetic analogs; inhibitors of the synthesis and actions of adrenocortical hormones, msulin, oral

hypoglyeeric agents, and the pharmacology of the endocrine pancreas, agents affecting calcification and hone

turnover: calenun, phosphate, parathyroid hormone, vitamn B, caleitonin, vitmming such as water-soluble vitaming,

£

gitanin B ocomplex, ascothie acid, fi-soluble vitamins, vitaming A, K

Loand B ogrowth factors, coytokines,
chemokines, muscarinic rceeptor agenists and anfagonisis; anticholinesterase agents; agents acling ai the
neuromuscalar junction and/or autononic ganghia catecholamines, svmpathomimetic drugs, and adrenergic receptor

agomists or antagonists; and 5-hydroxytryptamine (51T, serotonin) receplor agenists and antagonists,

[00510) Therapeutic agents can alse mchide agenls for pam and wflammation such as histamine and
histamine antagonists, bradykinin and bradykinin antagonsts, S-hydroxyiryptamine {serotoning, lipid substances that

are generated by biotransformation of the products of the sclective hydrolysis of membrane phospholipids,
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eleasanoids, prostaglanding, thromboxanes, loukotrienes, aspivin, nonsteroidal anti-inflammatory agents, analpesic-
anfipyreiic agents, agents that inhibit the synthesis of prostaglinding and thromboxanes, selective inhibitors of the
inducible cyclooxygenase, seloctive inlibitors of the inducible cyclooxygenase-2, antacoids, paracrine hormones,
somatostating, gastrin, cytokines that mediate inferactions involved in humoral and cetlular immune responses, lipid-
derved autacolds, eicosancids, Pradrenergic agomists, ipratropium, glucocorticoids, methylxanthines, sodivm
charmel blockers, opioid receptor agomists, calcium channe!l blockers, membrane stabilizers and leukotriene
Inhibrtors.
[80511] Additional therapeutic agents contemplated herein inchude diuretics, vasopressin, agents
affecting the renal conservation of water, rennin, angiotensin, agents useful in the treatment of myocardial ischemia,
anti-lypertensive agents, angiolensin converting enzyme inhibiters, B-adrenergic receplor antagonists, agents for the
treatment of hypercholesterolemia, and agents for the reatment of dyslipidemia.
{00512} Other therapeutic agents contemplated herein inchude drags used for control of gastric acidity,
agents Lo the treatment of peptic uleers, agents for the treabment of gastroesophageal reflux disease, prokinetic
agenls, antiemetics, agents used in irritable bowel syondrome, agents used for diamhea, agents used for constipation,
agents used for inflammatory bowel disease, agents used for billary discase, agents used for pancreatic disease.
Therapeutic agenis meiude, bul are not Hmited to, those used o treal prolozoan nfections, drugs used o treat
Malaria, Amebiasis, Glardiasis, Trichomontasis, Trypanosomiasis, and/or Leishmaniasts, and/or drugs used in the
chemotherapy of helminthiasis.  Other therapeutic agents melade, but are not limited to, antimicrobial agents,
sullonamides, inmethoprim-suifamethoxazols guinelones, and agents for winary ract infections, penicifling
cephalosporing, and other, B-Lactam antibiotics, an agent containing an aminoglycoside, protein synthesis inhibitors,
drugs used i the chemotherapy of tuberenlosis, mycobacteriom avium complex disease, and leprosy, antifungal
agenls, antiviral agents Inchuiding nonretroviral agents and antirelroviral agents.
(005137 Examples of therapeulic antibodies that cen be combined with a sublect compound melude
but are not hmited 1o anti-receptor tyrosime kinase antibodies (cetuximab, panitomumab, trastuzamaby), anti G20
antibodies (rituximal, tosimmomab), and other antibodies such as alemzumab, bevacizumab, and pemtuzamab,
(605147 Moreover, therapeutic agents used for immumomodulation, such as immunomodulators,
immunosuppressive agents, tolerogens, and immunoestimulants are contemplated by the methods herein. In addition,
therapeutic agenis acting on the blood and the blood-forming organs, hematopoictic agents, growth factors,
minerals, and vitains, anticoagulant, thrombolyiic, and antiplatelet drogs.
[00513) For treating renal carcinoma, one can combine a a compound as provided herein, or a
pharmaceutically acceptable form {2 g, pharmaceutically acceplable salts, hydrates, solvates, isomers, prodings, and
sotopically labeled derivatives) thercof, or pharmaceutical compositions as provided herein, with sorafenib and/or
- avastin, For treating an endometrial disorder, one can combine a compound as provided herein with dokorubinein,
taxotere {faxol), and/or cisplatin (carbeplating.  For weating ovavien cancer, one can combine a compound as
provided herem with cisplatin {carboplatin, taxotere, doxorubinein, topotecan, and/or tamoxifen. For treating breast
cancer, one can combine & compound as provided herein with taxoters (iaxol), gemcitehbine (capecitabine),

tamoxifen, letrozole, tarceva, lapatinib, PDO325901, avastin, berceptin, O51-906, and/or OSI1-930. For trealing lung
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cancer, one can combing a compound a8 provided beretn with taxotere {taxel), gemeitabine, cisplatin, pemeirexed,
Tarceva, PDU323901, and/or avastin,

(00516} In some embodiments, the diserder to be treated, prevented and/or managed iy hematological
cancer, g, lymphoma {eg, T-cell lymphoma; NHL), myeloma (eg., mubtiple myeloma), and levkemia (e.g.,
CLL), and a compound provided herein is used in combination with: HDAC inhibitors such ag vorinostat and
romidepsin; mTOR inhibifors such as everclmus: anti-folates such as pralatrexaie; nitrogen mustard such as
bendamnsting; pemcitabine, optonally n further combination with oxaliplating rituximab.cyclophosphamide
combination; PI3K inhibitors such ag 585-1101, X1, 499, GDC-0941, and AMG-319: or BTK inhibitors such as
ibrutmib and AVL-292,

[o0s17] In certmn embodiments, whercin mnflammalion (eg., arthritis, agthma) is freated, prevented
and/or managed, a compound provided herein can be combined with, for example: PI3K nhibitors such as GS-1101,
XLo499, GIC-0941, and AMO-319; BTK mmbibitors such ag ihrufinih and AVI-292; JAK inhubitors such as
lexfactiinib, fostamalinib, and GLPGOE36.

Ton518] In certain embodimenis wherein asthma is treated, prevented and/or managed, a compound
provided bhergin cap be combived with, for example: beta Z-agonigts such as, but not hmited 1o, albuterst
(Proventil®, or Ventolin®), salmeterol (Serevent®}, formoterol {Foradil®), metaproterenol {(Alupent®), pirbutero]

{(Max Al

, and terbutaline sulfate; corlicosteroids such as, but not Hmited 1o, budesonide (eg., Pulmicort®),

PR

funisohde {eg, AcroBid Oral Acrosol Inbaler® or Nasalide Nasal Aerosol), flutcasone {eg., Flonase® or

Flovent®) and triamcinolone {e.g., Azmacorti®); mast cell stabilizers such as cromaolyn sodium (zg, Mial® or

LSl

MNasalcrom®) and nedocromil (e.g., Tilade®); xanthine derivatives such as, but not limited 1o, theophylline {e.g.,

Aminophyllin®, Theo-24% or Theolair®); Jeukolriene receptor anfagonists such ag, but are not [imited to,

o

rafirhikast (Accolate®), montelvkast (Singulair®), and zilenton {Zytlo®); and adrenergic agonists such ag, bui are

not mited 1o, epmephrine (Adrenaling, Bronitin®, EpiPen® or Primatene Mistd),
(GO519] In certain embodiments wherein arthritis is treated. provented andfor managed, a compound
provided herein can be combined with, for examnple: TNT antagonist (e.g., 2 TNF antibedy or fragment, a soluble
TNF receptor or fragment, fusion proteing thereof, or a gmall molecule TNF antagonist); an antithcomatic {eg.,
methotrexate, auranofin, anrothioglucose, azathioprine, etanercept, gold sodium thiomalate, hydroxychloroguine
sutfate, letlunomide, salfasalzine); a muscle relaxant; a narcotic; a non-gierold anti-inflammasory drag (NSAITY; an
analgesic; an aneathetic; a sedative; a local anesthetic; a newromusailar blocker; sn antimicrobial (eg., an
amunoglycoside, an aniilungal, an antiparasitic, an antiviral, a carbapencm, cephalogporing a fhioroguinolone, a
macrolides, a penicillin, o sulfonamide, a tetracyeline, another antimicrobiall; an aniipsoriatio; a corticosteroid; an
anabolic steroid; a cviokine or a cylokine anlagonist,
{00520} in certain embodiments wherein psoriasis 1s treated, prevented and/or managed, 2 compound
provided herein can be combined with, for exampler budesonide, epidermal growth Factor, corticosteroids,
cyclosporine,  sulfasalazine, aminosalicylates, G-mercaptopuring, azathioprine, metronidazole, liposygenase
inhibitors, mesalamine, olsalazine, balsalazide, antioxidants, thromboxane inhibitors, 111 receptor antagonists, anti-

[L-1p monoclonal antibodics, anti-1L-6 monoclonal antibodics, growth factors, elastase inhibitors, pyridinyl-

137
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imidazole compounds, antihodies or agomsts of TNF, L1, [L-1, IL-2, 1L-6, 1L-7, IL-8 1L-15, [L.-16, 1L-18, EMAP-
15, GM-CEF, FGF, and PDGF, antibodies of CI32, C3, CD4, CDE, D25, CD28, CD30, CH40, CD45, CD69,
CID¥G or thelr ligands, methofrexate, cyclosporine, FK506, rapamycin, mycophenolate mofetd], leflunomide,
NSAIDs, ihuprofen, corticosteroids, prednisalone, phosphodiesterase inhibilors, adenosine agonists, antithrombotic
agents, complement inhitbiiors, adrenergic agents, IRAIKS NIK, IKK, p38, MAP kinase inhibitors, TL-10 converting
cozyme nhibitors, TNFo converting enryme inhibitors, T-cell signaling mbhibitors, metalloprofsinase nhibitors,
sutfasalazine, azathioprine, 6G-mercaptopurings, angiofensin convcn'ing enzyme mhibiters, soluble  cyiokine
receplors, soluble p55 TNF receptor, soluble p75 TNF receptor, sIL-IRI, slL-1RIL sIL-6R, anti-inflammatory
cvtokines, HL-4, 1L-10, IL-11, 1113 and TGF{.

(605211 In certain embodiments wherein fibrosis or Hbrotic condition of the bone marrow is freated,
prevented and/or managed, a compound provided herein can be combined with, for example, a Jak2 inhibitor
{(including, but not limited o, INCB0IB424, XLOIY, TGIO1348, or TGIOI209), an immunomadulator, eg., an
IMID® (including, but not timited to thalidomide, lenalidomide, or panolinomide), hydroxyurea, an androgen,
erythropoletic stimulating agents, predmsone, danazol, HDAC inhibitors, or other agents or therpeutic modalities
{e.g., stem cell ransplants, or radiation).

[005221 In certamn embodiments wherem fibrosis or fibrotic condition of the heart 1s treated, prevented
and/or managed, a compound provided berein can be combined with, for example, eplerenone, furosemide,
pyenogenol, spironolactone, TeMNC100692, orasemide (e.g., prolonged releagse Form of torasemide), or combloations
hereof.

[60523] In certain embodinents wherein fibrosis or fibrotie condition of the kidney is irealed,
prevented and/or menaged, a compound provided hercin can be combined with, for example, cvelosporine,
cyclosporine A, dachizumab, everolimus, gadofovesel trisedium (ABLAVAR®), imatinitb mesylate {GLEEVECE®)
matinib mesylale, methotrexate, mycophenclate mofetil, prednisone, siolunus, spironolactone, STX-100,
tamoxifon, TheraCLEC™, op combinations thereofl

[06524] In certain embodiments wherein fibrosis or fibrotic condition of the skin is wreated, prevented
andfor managed, a compound provided herein can be combined with, for exemple, Boseman (Tracleer), pld4,
pentoxifylling; pirfenidone; pravastatm, STIS71, Vitamin E, or combinations thereof.

[00325) In certain embodiments wherein ibrosis or fTbrotic condition of the gastrointestinal sysiem is
treated, prevented and/or managed, a compound provided herein can be combined with, for example, ALTL-135,
bucelipase alfa (INN}, DCII020, EUR-IGEE (ZENPEP™Y ibuprolfen, Lyvm-X-Sorb powder, pancrease MT,
pancrehipase {eg, pancrelipase delaved release), pentade cancic acid (PA), repaglinide, TheraCLECT™,
triheptadecancin {THA), ULUTRASE MT20, ursodic], or combinations thereof,

[005725] In certain embodiments wherein fbrosis or fibrotic condition of the Tung is treated, prevented
and/or managed, 4 compound provided herein can be combined with, for example, [8-FDG, AROG24, ACT-064992

mactientan), acrosol interferon-gamma, acrosolized haman plasma-derived alpha-1 antitrypsin, alphal -proleinase
3 I I Yo 1 ]

inhibitor,  ambrisentan,  amikacm, amiloride, ambiriptyine, anti-psendomonas 1Y garcle, ARJKACE™
’ E e R ] >

AUREXIS@ (tefibazumah), AZAVRED, azathioprine, azithromycin, azithromveom, AZLL aztreomam lvsine
% Yo, ) y :
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1k

3IBFH120, Blo-25 pmbi(}tic. bosentan, Bramitob® |, calfactant acrosel, captopril, CC-930, ceftazidime, ceftazidime,

cholecaleiferol (Vitamin 133}, ciprofloxacin (CTPRO®, BAY(Q3939), CNTO 888, colistin CF, combined Plasma

Hachange (PEX), rituximab, and corticosteroids, cyclophosphamide, dapsone, dasatinib, denuiosol tetrasodium
{INS37217), domase aifs (PULMOZYME®), EPLENE4, erythromycin, etanercept, FG-3019, fluticasone, FTL
G008, GS-2411, hypertonie sabine, ibuprofen, iloprost inhalation, watinth mesylate (GLEBEVECEH), mhaled
sodivm bicarbonate, inbaled sodivm pyruvate, interforon gamma-1b, interferon-alpbha lozenges, isotonic saline,
W00, KBOOI, losartan, Tucinactant, mannitol, meropenem, meropencm  infusion, mighustal, minocyeline,
Moli [801, MP-376 (fevotloxacin solution [or Inhalation), mucoid exepolysaccharide P, acruginosa immune globutin

1V, mycophenolate mofetil, n-acetyloysteine, Neacetvloysterne (NAC), NaCll &%, mitric oxide for mhalation,
obramycin, octeotide,  oligoCG CF-5/20, COmalizumab, ploglitarong, piperaciliin

pomalidomide (CC-4047), prednisone, prevastating PRM-151, QAXST6, vhiDNAze, SBE56Y33, SB-656933-AAA,

“tazobactam,  pirienidone,

sildenatil, tamoxifen, technetivm [Te-99m) sulfor collowd and Indiym {Io-1117 DTPA, tetrathiomolvbdate
thalidomnide, ticarcilhn-clavulanate, tiotropium  bromide, fobopium  RESPIMAT®  inhaler, tobramyein

{(GERNEBCING

3, weprostinil, uriding, valpanciclovir (VALCYTRE®R), vardenafll, vitamin 133, wyliol, zileston, or
combipations thereof

[o0s27] In certain embodiments wherein {Tbrogis or fibrotic condition ol the liver is treated, prevented
and/or managed, a compound provided herein can be combmed with, for example, adefovir dipivoxil, candesarian,
colehicine, combined ATG, mycophenoiate mofefil, and tacrolinws, combined cyclosporae microemulsion and
facrolimus, clastometry, cverolimus, FG-3019, Fuzi}cng Huayu, GIZEZETO, ;]wynhl/m frmoncammonianm
glyeyrrhizinate, glycine, L-cysteme monohydrochloride), interferon gamma- 1h, irbesartan, losartan, oltipraz, ORAL
IMPACT®, peginterferon alla-2a, combined peemterferon aifa-2a and nibavirin, pegimterferan alfa-2b (3CH 540313,
combined peginterferon alpha-2b and ribavirin, praziquantel, prazosin, ralicgraviy, ribavirin (REBETOLG, SCH
18908), riiemavir-boosted protease nhibitor, pentoxyphilline, tacrolimus, tauroursodeoxycholic acid, tocopherol,
ursodiol, warlarin, or combinations thereof.

[00528] in certain embodiments wherein cystic fibrosis s treated, prevented and/or managed,
::011'1[}01}116 provided herein can be combined with, for example, 352-02, 5-methylistrahydrofolate and vitamin B12,
AAS-CB-CFTR, Adeno-associaled virus-CFTR vector, albutercl, alendronate, alpha tocopherol phus ascorhbic acd,
amiloride HCL aguAlEBEKTM, ataluren (PTCI24), AZDIZI6, AZDS668, azithromyein, hevacizumab, biaxin
(clarithromyctn), BIL 283 HS (ameclubent), buprofen, calcium carbonate, celtazidime, cholecalciferol, choline
supplementation, CPX, cystic fibrosis transmembrane conductance regulator, DHA-vich supplement, digioxin,
cacosahexacnoic acid (DHA), doxyeycling, ECGC, ecombinant human 1GE-1, educed phuathione sodiam salt,
ergocaleiferol (vilamin 132), fuvorometholone, gadobutrol (GADOVISTE, BAYR6-4875), gentamicin, ghrelin,
glarging, glutamine, growth hormone, G5-9411, HS5.00ICRCFTR, hwwan recombinant growth  howmnone,
hydroxychloroguine, hyperbarie oxyesen, hvpertonic saline, 1H636 grape seced proanthocysmidin extract, msulin,
interferon gamma- 1h, ToGen (molecular iodine), iosartan potassiur, isetomc saling, Hraconazole, TV gallium nitrate
(GANTTER) infusion, ketorolac acetate, lansoprazole, L-arginine, linezolid, ubaprostone, meropenem, miglustat,

MP-376 {levofloxacin solation for Inbhalation), normal saline IV, Nutropin A, omega-3 iriglycerides,
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pOMIOGLATA, pGT-1 gene Tipid complex, pioghitazone, PIC124, GAUL4AS, salmetero], SB656933, SB656933,
simvastatin, sitagliptin, sedium 4-phenylbutyrate, standardized turmeric root extract, tgAAVCE, TNF blocker,
TOBL, tobramycin, tocotriencl, unconjugated Isoflavoncs 100, vitamin: choline bitartrate (2-hydroxyethyl)
wrimethylarnmoenivm sall 101, VILT70, VE-809, Zinc agetate, or corabmations thereof

160529) In sowe embodiments, & compound provided hersin 1 administered in combination with an
agent that inbits {gh production or activity. 1o some cmboediments, the FISK mbibitor {feg., PI3KE nhibitor) is
administered in combination with an inhibitor of mTOR. Agents that inhibit IgB production are known in the art
and  they  include but are not lmited 0 ope or more of TERORT4,  2-(4-(H-cyclohexyloxy-2-
naphtyimyiphenylacetmmdetbenzoic ackl, rapamycin, repamyein analogs (ie rapalogs), TOROL inhibitors,
TORC2 mhbibitors, and any other compounds that inbibit mTORCT and mTORC2, Agents that inhibit 1gF activity
melude, lor example, anti-lgB antibodies such as for example Omalizamab and THNXS01,

[G0550] In ceriain embodiments wherein scleroderma iy treated, prevented and/or menaged. a
compound provided herein can be combined with, for example: an immunosuppressant {e.g., methotrexate,
azathioprine (fnuranddy, cyclosporine, mycophenalate mofenl (Celleept®), and cyclophosphamide (Cytoxan®y); T-
celi-directed therapy (2g, haloluginone, basiliximab, alerivzamab, abatacept, rapamyein); B-cell directed therapy
{e.g, Tiwxanaby; antologous hemaiopoietic stem cell fransplantation; a chemokine ligand receptor antagonist (e.g.,

an agent that targels the CXCL) 2/0SCRA axis (e

i)

AMIIZ100}3); a DNA methylaiion inhibitor (e.g., S-azacytidine);
a higtone dactylage inhibitor (e.g., trichostatin A); a statin {e.g, atorvastating simvastatin, pravasiatiny, an endothelin
Teceptor anfagonist {e.g., Bosentan®); a phosphodiesterase type V inbibitor (e.g., Sildenafii®); a prostacychin analog
(e.g. frepostinil); an inhibitor of cylokine synthesis andfor signaling (eg, Imatinib mesylate, Rosiglitazone,
rapamyein, antitranstorming growth factor 1 {ant-TGERIL) antibody. mycophenolaie mofelll, an anti-11-6 antibody

{e.g, toclizumab)y; corticosteroids; nonsteroidal anti-inflammatory drogs; leht therapy; and biood pressure

medications {(e.g., ACE inhibitors).

[603313 In certain embodiments wherein nflammatlory myopathies are ireated, prevented and/or
managed, a compound provided herein can be combined with, for exampte: topical creams or oinlmentis {e.g. | topical
corticosteroids, werolimus, pimecroiimus); cyelosporine {e.g., topical cyclospormc}; an anti-interferon therapy, e g,
AGE-009, Rontalizumab (rhuldAb TFNalpha), Vitami D3, Stfalimumab (MEDI-345), AMG 811, IFNg Kinoid, or
CEP33457. In some embodiments, the otber therapy 18 an FN-o therapy, e.g, AGS-008, Rontalizumeah, Vitamin
23, Sifelimmonab (MEDI-345) or FNe Kinoid; corticosteroids such as prednisone {eg, oral prednisone);
mmmunosuppressive therapies such as methoirexate {Trexalldt, Methotrexated, Rhenmatrex@), azathioprine

(Ayazan®d

Imuran®), istravenous mownoglobuling lacrotimus  {Progralil), pimecrolitus, oyclophosphamide
{Cytoxan®), and cyclosporine  {Gepgraflit, Neorald, Sandimune®y;  anti-malarial  sgenis  such  as
hydroxyehloroquine (Plaquenil®) and chioroquine {(Aralen®); total body irradiation; rituximab (Rituxan®);, THF
mhibitors (e.g., etanercept (Enbrel®), mfliximal {(Remicade®)y AGSE-009; Rontalizumab (huMAb 1FNaipha);
Vitarin 1537 Stfalimumab (MED-545) AMG 811, IFNa Kinotd,; CEP33457; agents that inhibit Tgk production
such as TEIL-9874, 2-{4-(6-cyclohexyloxy-Z-naphtviosy)phenvlacetamide)benzoic acid, rapamycin, rapamycin

analogs {i.e rapalogs), TORC] nbibitors, TORCZ inhibitors, and any other compounds that inhibit mTORCY and
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mTORCY; agents that inhubit 1gh activity such as anli-IgE antibedics {eg, Omalizumalb and TNX-98); and

additioral therapies such as physical therapy, exercise, rest, speech therapy, sun avoidance, heat therapy, and

SUTgErY.
1005327 In certain embodiments wherein myositis (e g, dermatomysitis) is treated, prevented and/or

managed, a compound provided herein can be combined with, for example: corticosteroids; corticosteroid sparing
agents sueh as, but not himited {o, arathioprine and methotrexate; intravenous mmunoglobuling tmmunosuppressive
agents such as, but not Hmiled o, orolimus, cyclophosphamide and cyclogporing; ritaximab; TNFo inhibitors such
as, but not lmited 1o, cianercept and nllxdmab; growth harmoene: growth hormone sscretagogues such as, but not
limited fo, MI-06T7, 1162752, L-163022, NNTOS pamorelin, hexarelin, GPA-T48 {KP1062, GHRP-2), and
LY444711 (Bl Lilly): other growth hormoneg releage sthmulators such ag, but not limited to, Geref, GHRH (1-44),
Somatovelin {GRE 1-44), ThUiRF genowropin, L-DOPA, glucagon, and vasopressm; and ingulin-lke wowth factor,
IRERY: in cortain embodiments wherem S1dgron’s syadrome 1 freated, prevented and/or managed, a
compound provided herein con be combined with, for example: pilocarping, cevimeline; nonsicroidal anti-
inflammatory  drugs; arthritis medications; anfifungal agenis; cyclogporine;, hydroxychlorogume; predmisone;
azathicprine, and cyclophamide.

[005343 Further therapeuiic agenis that can be combined with 2 subject compound can be found n

i

Coodman and Gitman’s “The Pharmacological Basis of Therapeuticd” Tenth Edition sdited by Hardman, Limbird
and Gilman or the Physician’s Desk Reference, both of which are incorporated heretn by reference in their entirety.
[00535] The compounds described herein can be used In combination with the agents provided herein
or other suitable agents, depending on the condition being treated. Hence, in some embodiments, the connpounds ag
provided herein will be co-administered with other agents as described above. When used in combination therapy,
the compounds described herein can be adminstered with the second agent simultancously or separvately.  This
adiminigtration n combination can wnclude simulaneous administration of the two agenis in the same dosage form,
simultacous adiwinistrabon in separate dosage forms, and separate administration. That 18, a compound described
hereln and any of the agents described above can be formulated together in the same dosage form and adiministered
imultancousty,  Aliernatively, a compound as provided berein and any of the agents deseribed above can be
simullaneously administerad, wherein both the agents are present in separate formalations. In another allernative, a
cornpound as provided heveln can be acrimstered fust followed by and any of fhe agents described above, or vice
versa,  In the separate administraiion prolocel, & compound as provided herein and any of the agents described
above can be administered o fow minutes apart, or a few hours apart, or o few days apart.
[£0536] Admindstration of the compounds as provided herein can be effecied by any method that
enables dedivery of the compounds 1o the site of action. An effective amount of 4 compound as provided herein can
be administered m either single or multiple doses by any of the accepted modes of administration of agents having
similar utitities, inchuding rectal, buceal, intranasal and transdermai routes, by mtra-arierial injection, intravencusly,
miraperttoneally, parenteraily, mirmmuscularly, subcutancously, orafly, (opically, ag an inhalani, or via =n

impregnated or coated device such as a steat, for exaanple, or an artery-mserted cylindrical polymer,

i41
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fO0G337] When a compound as provided herein is administered in a pharmacentical composition that

comprises one or more agents, and the agent hag a shorter hali-life than the compound as provided herein, unit dose
forms of the agent and the compound as provided herein can be adjusted accordingly.

[D053%] The examples and preparations provided below further illustrate and exemplify the

compotmds as provided herein and methods of preparing such compounds, 1t is 10 be understood that the scope of

the present disclosure & not limiied in any way by the scope of the following examples and preparations. In the

following examples molecules with a single chiral center, unless otherwise noted, exist as a racemic mixture. Those

molecules with two or more chival centers, wunless ctherwise noted, exist as a racemic mixture of diastereomers.

Single snantomers/diagtereamers can be obtained by methods known to those skilled in the ast.

Chemical xamnles

I00539] The chemical entities described herein can be synthesized according to one or more illustrative
schemes herein and/or technigies well known i the art,

[005401 Unless specified to the contrary, the wactions described herein teke place at atmospheric
progsure, generally within a temperature range from 10 °C to 200 °C. Further, except as otherwise specified,
caction times and condifions are intended 1o ba approximate, e.g., taking place at about atmospheric pressure within
a temperature range of about -10 °C 10 about 116 “C over a period that is, for sxample, about ! 10 showt 24 hours;

reactions left to run overnight in some embodiments can average a period of about 16 hours.

(3

[B05417 The tenns “solvent,” “organic solvent,” or “inert solvent” each mean a solvent inert under the
conditions of the reaction bemg described in conjunction therewith including, bat not Himited lo, benzene, toluene,
acetonitrile, tetrahydrofuran  (“THE?),  dimethyformamide (“DMF”L chloroform, methylene  chlonde {or
dichlorometbane), diethyl ether, methanol, N-methyipyrrolidone (MNMP?), pyridine and the ke, Unless specified
to the contrary, the solvents used in the reactions deseribed herein are inert crganic solvents. Unless specified 1o the
contrary, for each gram of the limiting reagent, one co (or mL) of solvent constitntes a volume cguivalent,

[005421 solation and punification of the chemical eniities and intermediates deseribed herein can be
slfecied, if deswed, by sny suitable separation or purification procedure such as, for example, filtration, exiraction,
crystallization, colmn  chromatography, thin-layer chromatography or thick-layer chromatosraphy, or 2

combination of these procedures. Spectfic dllustrations of suitable separation and isolation procedures are given by

cference 1o the examples hereinbelow. However, other equivalent separation or isolation procedures can also be
used.

[(:0343) When desired, the (R}- and (S)-isomers of the non-limiting exemplary compounds, if present,
can be resolved by methods known to these skilled in the art, for exammple by formation of dlastereoisomeric sahis or
complexes which can be separated, for example, by crysalhization; via lormation of diastereoisorneric derivatives
which can be separated, for example, by crystollization, gas-tiquid or Doguid chromatography; selective reaction of

one enantiomer with an enantiomer-specific veagent, for example enyymatic oxidation or reduction, followed by

I3 o
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separation of the modified and unmodified enantiomers; or gas-lguid or Hguid chromatography in a chiral
envircnment, for example an a chiral support, such as silica with a bound chiral lgand or in the presence of a chiral
selvent.  Alterpatively, a specific cpantiomer can be synthesized by asymmetric syatbesis using optically active
reagents, substrates, catalysts or solvents, or by converting one emantiomer fo the other by asymmelric
wransiormation.
[6G544] The compounds descnbed hercin can be optionally contacted with a phanmaccutically
acceplable acid to fomm the corresponding acid addition salts.  Also, the compounds deseribed hercin can be
optionally contacted with a pharmacentically acceptable bage 10 form the correspanding bagic addition salts.
[G0545) I some embodiments, disclosed compounds can generally be synthesized by an appropriate
combination of peneraliy well known synthetie methods. Techniques useful in synthesizing these chemical entities
are both readily apparent and accessible 10 those of skill in the relevant art, based on the instant dsclogsure, Many of
the optionally sabstituted starting compounds and other reactants me commercially available, e, from Aldrich
Chemical Company (Milwaukee, WI) or can be readily prepared by those skifled in the art ustag conunonly
employed synthetic methodology.
[00546] The discussion below is offered to tlustrate certain of the diverse methods available for e in
making the disclosed compounds and 13 not intended 1o Tomit the seope of reactions or reaction scguences that can be

used tn preparing the compounds provided herein.

Gieneral Svnthetic Methnds

[0547] The componnds deseribed, it will be more readily understood by reference 1o the following
examples, which are included merely for purposes of sllustration of certain aspects and embodiments described

hereln, and are not intended 10 lmit these aspects and embodiments.
, ]

{i) Greneral method for the gyuthesis of amine coves:
2
"y ?}\ e P Ry -
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[OG548] Cieneral conditions [or the preparation of (83-3-{1-aminoethyl)-isoquinelin- 12 H -ones:
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[60549] To a stirred mixiuze of a given o-methylbenzoic acid {A-1) (1.5 mol, 1 e} and DMF (2 mL) in
DM (1275 by at RT, oxalyl chloride (1.65 mol, 1.1 eq) is added over 5 mun and the resulting mixture 15 stivred at
RT for 2 h. The mixture is then concentrated in vercwo. The residue-is dissolved in DCM {150 mL}Y and the resulting
solution (solution A) is used directly in the next step.

[06550] To a stirred mixture of a given amine Ro-NE, {158 mel, 1.05 eq) and triethylamine (3.15 mol,
2.0 eq) in BCM (1350 mL), the above solufion A {150 ml} 15 added dropwise while the reaction temperature is
maintained between 25°C to 440 °C by an ice-water bath. The resulting mixivre is stirred at RT for 2 h and then water
(1000 mi)} is added. The organic leyer is separated, washed with water (2 x 1000 m1), dried over Ma,50, and
(ltered.-The filtrate is concentrated in vacuo. The product is suspended 1n heptane (1000 mL} and stirred at RT for
30 min. The precipitate 1s collected by {iliration, rinsed with heptane (300 mL) and further dried i vacuo to afford
the amide (A-2).

Fo05s1) To a stirred mixtore of amide (A-2) (173 mmol, 1 eq) m anhydrous THF (250 wml) at <30 °C
under argon, 4 solufton of n-butyllithium in hexanes (452 mol, 2.5 ¢g) is added dropwise over 39 min while keeping
imer temperature between -30 °C and -10 “C. The resulting mixture # is then stirred at -30 °C for 30 min. To a
strred mixture of (S)-ferbbulyl -{methoxyimethyDamino- {-oxopropan-2-vicarbamate {260 mmol, 1.5 eg) m
anhydrous THE (250 mL) at -30 °C under argor, a solution of sopropylmagnesium chloride in THE (286 mmol,
1.65 eg) 1s added dvopwise over 30 min while keeping inner temperature between -30 °C and -10 *C. The resulting
mixture is stirred at -30 °C for 30 min. This mixture 1s ten slowly added to above reaction maxture B while keeping
the inner ternperature between =30 °C and -10 °C. The resulting mixiure is stirred at -15 "C for 1 h. The reaction
mixtwre i3 guenched with water (50 mL) and then acidified with cone. HC at -10 °C - 0 "C o adjust the pH 1o 1-3,
The mixture 15 allowed to warm 1o RT and concentrated in vacuo. The restdue is dissolved in MeOH (480 mb), and
then conc, HOT (240 ml) is added at RT. The resnlting mixture s stirred ot reflux for 1 4 The reaction mizture is
cooled to RT and concentrated in vacuo 10 reduce the voliune to about 450 mL. The residue is extracted with a 2:1
miixture of heptane and ethyl acetate (2 x 300 ml.). The aqueons layver is bastfied with concentrated ammoniten
hydroxide o adjust the pH to 9-10 while keeping the funer temperature botween -10 °C and ¢ °C. The mixfure s
then extracted with DOM (3 x 360 mbL), washed with brine, dried over MgS8O, and filered. The Alirate is
concentrated i vacro and the residue i dissolved 1n MeOH (1200 mL) at RT, To thig solution, - (- - tartarie acid
(21 &, 140 mmol, 0.8 eq) is added in one portion at RT. After sturing at RT for 30 min, & solid precipitate forms and
the mixture s slurned ot RT for 10 b The solid s collected by Altration and ringed with MeOH (50 mU = 3), The
coilected solid s suspended 1o water (300 mwl} and then neutralized with concentrated ammonium hydroxide
solution at RT to adjust the pH 1o 9-10. The mixture is extracted with DCM (200 mi x 3). The combined organic
lavers are washed with brne, dred over MgSO, and filered. The iltrate is concentrated in vacue to afford (8)-3-{1-

amincethyl-soquinolin- 1{2H -ones {A-3).
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100552} General conditions for the prepavation of (5)-3-(1 -aminocthyD-1soquimolin-1(2H)-ones:
[60553] {1 one embodiment, an amine compound (A-37) may be prepared ollowing Method A,

wherein the intermediafe (A-17) may be prepared following procedures known in the art on the procedure as
described in Method AL In ope embodinent, inlermediate (A2 may be prepared from intermediaic (A-37) by
contacting intermediate {A-1%) with a base {e.g., "Bul.i) followed by (8)- h,nzyl {(1-{methoxy(methyDamino)-1
oxopropan-2-yDearbamate, Tn one embediment, the amino compound {A-37 may be prepared from ntermediate
(A-27) by cyclizing inlermediate {A-2"Y in the presence of an acid. In one embodiment, the acid 13 Ho80,. In
another embodimeny, the aceid is HOL In one embodiment, the amouwnt of the actd is about 1 1o 20 eguivalents
relative to the smount of the mtermediate (A-27) In one embodiment, the acid i about 5 sguivalents of THSO0, In
one embodiment, the cyclization ccours at about room temperatare 1o 65 °CL In one embodiment, the eychzation
oceurs at about 65 °C [or about 1 to 5 how

[00554] Inone embodiment, the cyclizaiion provides the amino compound (A-37) with a ratio of (5)-
enantiomer to (-enantiomer of about 11110 2001, 1o one embodiment, the cychzation provides the amino
compound £4-37) with a ratio of {S)-enantiomer 10 (R-enantiomer of about 1:1 to 10:1. In one embodiment, the
cyclization provides the amino compound (A-3") with a ratio of {8} -enantiomer 1o (R)-enantiomer of about 11 o
411 Ttis to be onderstood that the methods provided herein are aiso suitable for the preparation of (R)-enaghiomer
of the amino compound (A-3") when {R)-benzy! (1-{(methoxy(methyDammno)- 1 -oxopropan-2-yHearbamate is used in

place of (S)-benzy! {1 -(methoxy(methyllamino)- 1 -oxopropan-Z-yhcarbamate.
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[O(555] {eneral conditions lor the preparation of {33-3-{ L-aminocthyl - isoqumolin- 12 H - ones:

[00556] To 2-chloro-6-methylbenzoic acid (8-1) (8.00 g, 46.9 manol) in adry round hottom flask under Ny
is added 50 ml, of dry THF. The resulting mixture is cooled 1o -25 °C, Then, n-hexyvllithivm (88 ml., 202 mmol)
{2.3 M in hexanes) is added, and the reaciion is stirred at -20 °C for about 20 min,

[D0557] To compound (B-2) (14.16 g, 61.0 mmol) w2 second dry round bottom fask under ™, 1s added 76
wkoof dry THE, The mixiure is cooled 1o about -10 7C. To the cold mixture is slowly added isopropyl ;'nagncsium
chloride (63.3 ml, 2 M, 127 mmol). The resulting mixiure 1s then sitrred at - 10 °C for about 20 min, Then, this
mixture is slowly cannulated drop wise tnto the {lask contaimng the (8-1) reaction while maintaining the
temperatitte at -20°C. After addition is complete, the reaction i slowly warmed 1o RT and siirred &l RT for about
1.6 hours, The reaction mixivre is then cooled to ~10 °C and quickly canmniated to another flask containing 15 ml
ol ethyl acetate and 18 ml ol isobutyric acid al -10%0 under Ny, Alter siirving {or about 3 minutes, 10 mi of water
1w rapidly added. The cooling bath is remaved, and the reaction mixture 15 stirred for 10 minutes at RT. The mixiure
18 transterred to a separation funncl, and water (200 mi) is added. The waler layer is extracted with FtOAc (3 X 400
mlb). The agueous layer is then actdified with HOT (2M) to ph 3, and s extactod with EXOAC (3 X 500 md), dned
over sodium suifate and concentrated in vacuo. The resulting material is purified by silica gel column
chromatography ssing O - 10% Me(H i BCM o afford benzome acid (B-3).

[O0554] A mxture of benzoic acid (B-3) (5.00 g, 14.63 mmoel} in acetic anhydride (10 mL) is stirved in a
round bottom flask at 70 °C for about 2.5 hours. Then, the remaioing acetic anhydride is removed in vacuno, The
resicue Js purified using silica gel column chromatography using EiGAc/hexenes o afford lactone (B4

['{)(}559] To amixire of Ro-NH, {197 mg, 1.54 mmol) in 2 mL of DOM is added AlMe; (0,772 ml, 1,54
momol)y. The nuixture is stirred for about 15 min. Then, a solution of lactone {B-4) (100 mg, 0.309 mmol) in 2 mL of
OM 18 added, and the reaction 1s stirred at RT for about 3 hours. The reaction mixture is then quenched with
addition of 10 mb of Rochelie’s sall and stirring for about 2 hours. The mixture is diluted with DOM, washed with
brine, dricd with Na.30, and concentrated i vacue o afford the amide (8-5Y which s carned directly to the next
TeRCin.

[D0560] To the amide (8-5) in 5 mL of isopropanol is added 3 mi. of concentrated HCE The reaction is
heated at 65 OC for about 3 hows. Alier cooling to RT, the mixture Js concentrated i vecwo, The solid
suspended i 15 mL of DOM, followed by the addition of 10 mi of sat, NadlCO,. This mixture is then stimed at BT
for about 30 min, then 50 mL of DCM s added. The lavers are separated and the organic layer ig dried with Na, SOy

and conceniraled in vacue o alford isoquinolinons (B-6).

1603417 The following soguinolinone compounds {2-5) grven in Table 3 were made in analogous fashion
to Method B using the following R-NH, reagents,
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[00562] Creneral conditions for the preparation of (83-3-{L-aminoethy [-isoguinolin-1(2H)-ones:
(005631 Ia some ewnbodiments, woquinokinene (B-6) may be prepared by following the procedures

)
exemplified in Method B, In one embodiment, intermediate (B-27} is prepared by contacting intermediate {(3-2)
with TFA followed by CF,COOEL In one embodiment, benzoic acid {8-37) 15 prepared by contacting o-methyl-
benzoic acid {B-1) with a base {e.g., nHex L), followed by intermediate (B-27), and followed by purification by
silica plug or erystallization. In one embodiment, lacione (8-47) is orepared by contacting benzoic acud (B-37) with
Acs) under conditions suftable for cvelization. In one embodunent, amide (B-3%) is propared by contacting lactone
{B-4% with corresponding amine or aniling 1n the presence of AlMes. In one embodiment, sogquinolinone (B-6) is
prepared by contacting amide {357 with an acld under conditions suitable for cychration and deprotection, In one

embodiment, the acid is HCL

[06564] [ ong embodinsent, the cychzation provides the amine compound (B-6) with a ratio of (5)-
emantiomer 1o (Rp-enantiomer of about 11 w0 2001, In one embodiment, the cyelization provides the amino

compound (B-6) with a ratio of (S)-enantiomer to (R)-enantiomer of abovt 1140 10:1. In one embodiment, the
cyclization provides the amine compound (B-6) with a ratio of (5)-enantiomer 1o (R)-enantiomer of about 111 o 41,
It i 1o be undersiood that the methods provided herein are also suitable for the preparation of (R)-enantiomer of the

aming cormnpound {B-8) when (R)-enantiomer of intermediate (B-2) i used m place of (Sj-enantiomer of (B-2).
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Method C:
[30565] To a suspension of 2-amino-6-methylbenzeie acid {C-1) (20,0 g, 132.0 mmwol, 1.0 eq) in O (55

mbyat -5 °C, cone. HCI{36.5 %, 64 ml, 749 mmol, 5.7 eg) is added slowly. After stirving for 15 pun, the mixture
is added dropwise to a solution of sodium nitrite (12,02 g, 174.0 mmol, 132 eq) in H0 ( 36 ml) at -5 °C, and ihe
resulling mixtare is stirred for | h. The resulting solution is then added 1o a solution of X1 (60.5 g, 364.5 mmol, 2.76
eq) 1 HZO (150 mL.) af 0-5 °C, The reaction migiure is allowad to warm lo RT and stirred wt R7T overnight. The
mixmre 15 extracted with ethyl acetate (3 x 100 mL}. The combined oreante layers are washed with water {2 x 100
ml.), dried over anhydrous NaxSOy and filtered, The filtrate 1s concentrated in vacro and the residue is purified by
Hash column chromatography on sitica gel (0-20% ethyl acetate - petro ether) (o afford the product, 2-iodo-6-
methylbenzote acid {C-2),

[00566) To a strved mixture of 2-iodo-6-methylbenzoic acid (C-2) (3053 mmol, 1.0 eq) and DMF (013

mb) s BOM (350 mL) at RT, oxalyl chloride (466 4 mmol, 1.5 eq) is added dropwise. The resultmg mixture is

stirred at RT for 3 h and then concentrated /i waeno. The residue 1s dissolved in 13OM (50 mL) and the resulting

solution {solution A) is used directly in the next step. To a stirred mixture of R substituted anifine (3357 mmol,
eq) and methylamize (915.0 mmol, 3.0 eq) in DCM G50 mLy, solution A (150 mL) is added dropwise while the
reaction femperature 18 contrelled below 30 °C by an iee-water bath, The reaction mixture 15 stimed at RT fw 1 h
angt then quenched with water {200 mL). The organic layer is separated, washed with water {2 x 200 mL), dried aver
asthydrous Na,5Ck and filtered. The filtrate is concentrated in vacue. The product is rinsed with isopropy! ether and
dried in vacuo w0 allord the product amide (C-35,

FO0567] A mnixtare of amide (C-3) {18.0 mumol, 1.0 eq), methyl 2,2-diftaoro-2-({luorosulionyDaceiate (72.9
mnol, 4.0 eq) and Cul (3.63 mmol, 0.2 eq) in DME (230 md} is stirred at 70 °C under an argon atmosphers
overnight. The mixture 15 allowed o cool to BT and then concentrated in vacio 1o remove the sobvent. The resulling
residus Is partitioned between ethyl acetate {60 mL) and water (60 mL), and the aguecus layer (s extracted with
eyl acetate (2« 60 mlL). The combined organic layers are washed with water (2 x 60 mL), dried over anhydrous
Na,5G, and filtered. The filirale 15 concentrated i vacio and the residue is purified by fash column

chromatography on silica gel o alford the product, willuorometyl amide (C-4),
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[00568) To a stirred mixture of amide (C-4) (10.1 mmol, 1.0 ¢q} in anhydrous THF (25 mL) at -40 °C
under an argon atmosphere, a solution of p-butyliithium in THE (2.5M, 25.3 mmol, 2.5 eg) is added dropwise (over
15 min) and the inner temperature i controlled between -30 °C and -20 “C during the addition. The resulting
mixture is stivved at -30 °C for an additional 1 h. To a stired mixture of (S)tert-butyl I-{methoxy{methylaming)-1-
oxopropan-2-ylearbamate (11,1 mmeol, 1.1 eq) in anhydrous THE {20 mL} at -30 °C under an avgon atmosphere, a
solution of sopropyimegnesium chlovide in THF (12.6 mmol, 1,25 ) is added dropwise (over 15 min) and the
immer temperature 18 controlled below -20 °C during the addition. The resulting mixture is stirred at-15 °C for 1 h,
This solution is then slowly added 1o the above reaghion mixture at -30 °C {over H min), and the resulting mixure is
stizred at -30 °C for an addiniosal 30 min. The reaction mixture i quenched with water (S0 mLY and then acidified
with cone, HCT at -5 °CHe adjust the pli to 5, The ixture s allowed 10 warm 0 RT and concentrated in vacup, The
residue is dissobved in MeOH {10 mL), and then cone. HCL{10 mL) is added guickly at RT. The resulting mixture is
stirred at reflux for 2 b, cooled to KT and then concentrated i vacuo. The regidue is suspended in water (15 mL),
basified with concenfrated ammonium hydroxide to adiust the pli 0 9-10 while keeping the inner temperatnre below
590 and then extracted with DOM (3 x 15 ml). The combined organic layers are washed with brine, dried over
Mg, and fitered. The filtrate is concentrated in vecuo and the residue is dissolved 1o MeOT (70 mL).

[0569] To this solution, I-{-)-tartaric acid (8.1 wmol, 0.8 cq) is added in one portion at RT. After stirring

at RT for 30 min, 2 solid precipitates and the mixture is shured at RT for 10 h. The precipitate is collecied by

fittration and rinsed with MeOH (3 x 4.0 mL). The collected sofid is suspended in water (30 L) and then
nentralized with concentrated ammonium hydroxide solution at RT to adjust the p# 10 9-10. The mixture is
exfracted with TXCM (3 x 15 mL), The combined organic Jayers are washed with brine, dried over anhwdrous MgSOy

and filtered. The filtrate s concentrated in vacuo io allord the product, {(8)-3-(L-aminoethyD)-%-

(trifluoromethyDisogquinolin- 1{2H)-one (C-5).

fii} Greneral method for synthesis of (S}-2-(1-aminoethyl}- guinozolin-4(3Hl-one amine core
ﬁ;'f
O B~ A i
;{1 | 2 . ﬁ@k.rhi\// ~OH
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Method D
[0a570] CGeneyal conditions for the preparation of (3)-2-(1-aminoethyl-quinazolin-4{3)-ones:
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(065713 To a stirred mixture of nitrobenzoic acid {12-1) (1.0 miol, 1.0 eq) and DMYE (2.0 mL) in toluene
{860 L}, thiony!l chloride (1.0 mol, 4.0 eq) is added dropwise (over 15 min) and the resoliing muxture is stirred ag
reflux for 1.5 h. The mixture is allowed 1o cool to RT and then concentrated in vacuo. The residue is dissolved in
DCM {100 mL) 1w form solution A, which is used directly in the next step.

[00572] To a stirred mixture of a given amine Rp-Ni (1.1 mol, 1.1 eq) and wiathylamine (2.0 mol, 2.0
o) in DOM (700 mll), solution A s added dropwise while the reaction temperature 18 mamtained below 10 °C. The
resulting mixture is allowed fo warm to RT and stirved at RT overnight. The reaction mixtuee is diluted with ice-
water (1.0 L} and gtirred for 15 min. The solid is collected by fltration, rinsed with isopropyi ether (3 x 100 mL) and

petrolewmn ether {3 x 100 mL), and then dricd i vacno 1o afford amide (D-2),

[H0573] To a muxture of amide (D-23 (20,0 mmol, 1.0 eq) and DMFE {catalyvlic amount) in toluene (60
mly at RF, thionyl chloride (164 mmol, 8.2 eg) is added dropwise (over 5 min). The resulting mixture s stirved ot

reflax for 2 h. The mixture 18 allowed to cool o RT and concentrated 12 vacuo, The residue 1s dissolved in DCM (10

mi) to form soiution B, which s used divectly in the next step.

100574)] To a wmuxtare of N-(tert-butoxycabonyl)-L-alamne (160 nomol, 0.8 eqd and NIN-
dusopropylethytamine (31.0 mol, L5 og) m DCM (20 b)), above solution B s added dropwise whnle the reachon

termperature 1 maintained at 10 °C. The resulting mixiure 15 stirred for an additionsl 1T h at this femperature and then
stirred at RT overnight. The reaction mixture s quenched with ice-water (100 mL). The organic layer is separated
and the agueons fayer 1s extracted with DOM (2 x 80 mLl). The combined urganic layers are washed with brine,
dried over Na,S5C, and [Mered. The filivate is concenirated in vacue and the residue is shuried o isopropyl ether
100wl for 15 min, The precipitate is collected by Altration and then dried /n vecuo to afford product (13

[305751 To o suspension of zine dust (116 mmol, 10.0 eq) n glacal acetic acid (40 mb) at 15 °C a

mixture of (-3 (110 mmel, 1.8 ¢q) in glacial acetic acid (40 mL} is added and the resulting mixtore is slirred at

to adjust the pil value to 8. The resulting mixture s extracted with DCM (3 % 156 ml). The combined organic
lavers are washed with brine, dried over Nap SO, and filtered. The fltrate is concentrated in vacuo and the residue ig
purificd by fash chromatography on sihica gel eluting with 7% ethy] acetate/petroletm ether o aflford  product (D-
4.

[O0576] A mixture of (2-4) (0.5 mmol, 1,0 eq) in HO methanol solation {2 N, 20 mL) s stirred at RT
for 2 h, The mixtre s concentrated in vacuo. The residue is dileted with water 30 mL) and then nentralized with,
saturated agueous NalC0; 1o adjust the pH value 1o 8 while the temperature 15 maintained below 5 °C. The
resulting mixture 1s extracied with DOCM (3 % 30 mL). The combined orgapic fayers are washed with brine, dried
over Naa 50y and Bliered. The Oltrate 18 concentrated fx vocwe and the residue 15 sTurried in petroleunm cther (10 mL).

The solid 1s collected by filtration and dried in vacue to afford product (D-5),
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(it} General method for the synthesis of CI-Wd:
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[00577] General conditions for the preparation of2"21.1'}'15.':10—4—&}1'(>;'(>'py‘1.'i:midij.‘.lf:wfi~Ca;i'b(m.j‘£1'i.lc:
(005738] To a sehution of 2 4-dickloropyrimidine-5-carbonitrile (B-13 (2.0 2, 11.5 mmel} in 1 4-diorane
{20 miy at 0 °C, ammonmm hydroside {28-30%, 4.4 mb, 34.5 mmol) 15 added dropwise, and the resuiting mixture

is stirred while warmig from § °C e RT for 2 h. Then, the mixiure is partitioned between ethy) acetate {200 mi,
i . :

and water {50 mL}, Ti

fwis

o organic laver 1 washed with brine, dried over Na,S0, and filtered. The filttrate 18 mixed
with sifica gel and then concentrated in vacuo. The residue 1s purified by silica gel chromatography eluting with 0-
100% ethyl acetate/hexanes 1o afford the product (8-23 {917 mg) and a mixture of (£-2) and {5-3). Additional (E-3)

can he obtamed from this mixture by a second cohumn chromatographio purification.

G a N,
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Method &
[60579] I one embodiment, 2-amino-d-chloropyrimidine-3-carbonitrile {#-2) may be prepared

following plmtfrdure-s cxemnplified o Method B2 In one embodiment, compound (£-2} may be propared by

conlacting 2.4-dichloropyrimidine-3-carboniirile (£-1) with ammonium hydroxide in a solvent of THE, In one
embodiment, the reaction temperature 35 about <30 °C. [n one embodiment, the reaction provides 2 mixture of
compounds {(£-2) and (¥-3) with a ratio of {E-2) 1o (E-3) of about 4:1. In one embodiment, compound (£-2) ig

further pruified by crystatlization from THE.
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Method F
[00380] General conditions for the preparation of 4-chloro-S-(trifluoramethyDipyrmidin-2-amine:
[O0581] To stirred neat 2,4-dichloro-5-(wriflacromethyDpyrinidine (F-1) (5.0 g, 23.04 mmol) under

argon, ammonda n anethanol (TN solution, 15 ml) s added dropwise and the resulling mixture is stirred at RT for 2

h. The reaction neixture s quenched with water and then extracted with cthyl agetate (200 mb x 2). The combined
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organic layers are washed with brine, dried over Na,5O, and filtered. The fltrate 15 concentrated i vacuo and the
residuc 18 purified by flash cliromatography on silica gel eluting with 0-20% ethy] acetate/hexanes to afford the
product, 4-chiore-5-(influoromethyDpyrimidin-2-amine (F-2) (1.03 g, 22.6% vield). The other regio-isomer, 2-

chloro-5-(trifluoromethyDpyrimidin-d-amine {F-3), can also be isolated.

{iv} General conditiony for aliachmen! of Wy substituents:
v
o RB j //\/:<3
W G q*\(\‘t;a{/ gy S
5\‘\:;,4»‘\\,// - L
oy WD s
HM,
Wiy
A3 &1
Method Gt
[B0582] {8)-3-(1-Ammoethyl}-isoquinolin- H{EZH}-one (A-3) (113 nunol, 1.0 eq), C-Wd or Wd-0'Ts

{173 mmol, 1.5 eq) and trethylamine (344 mmol, 3.0 o) are dissolved n n-BaOH (350 mL) and the mixiure is
stirred at refhux for 16 b The reaction mixiure is cooled 30 RT and concentrated in vacue. The residue is suspended
na mixture of HL0 (200 miy and ethyl acetale {100 mL} and stirred at T for 30 min, The solid is then collected by
[iltration, rimsed with ethyl acetate {25 mL) and dried in vecue to afford the product (G-13. The reaction can ocour
under other conditions known in the art that are suitable for SuAr displacement reaction. In one embodiment, the

reaction solvent 1s NMP,

(v} Methads for synthests of substituted quinazolin-d(35H)-one cores
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Method H:
[005831 A mixture of compound 8 (0,12 mmol, 1.0 equiv.), 2-(R/)-5-(tribwtylstannylithiazole (T1-2)

{0.24 mmol, 2.0 eguiv,), and PA0) catalyst (0.024 mmol, 0.2 equiv} in 1 ml degassed DMF is heated for 3h. before
partitioning bebween HCAe and water. The organic layer is collected, the aguecus layer is exiracied with FtDAc,
and the combined HiGAc layers are washed with brine. The solvent is removed and the residue purified on silica gel

to provide (H-3}.

oy
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Method 1
[60584] A mixture of compound 8 (0.4 mmoel, 1.0 equiv.), (1-RNEthynyl wibutylstannane (3-1) (0.8

mmoel, 2.0 equiv.), and PA(0) catalyst (0.08 mmol, 0.2 equiv.) in 3 mi degassed DMF i hested for 5 h. before
partiioning between EtOAc and water. The organie layer is collecled, the agueous layer is extzacted with EtOAg,
and the combined BOAc tayers are washed with brine. The selvent i3 remaoved and the residue is perified on silica

gel to provide (1-2
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Method I
[00583] A mixture of compound 8§ (.17 mmel, 1.0 equiv.), boronic acid or boromate (3-1) {0.34 mmel,
2.0 sguivy), base (0.85 mol, 5 equiv.) and PA(DY catatyst (0.034 mmol, ( quiv.) in 1.5 ml degassed 4:1 dioxane-
water is healed for 1 h. before partitioning between EtOAc and water, The organic layer is collected, the aqueous

layer is exfracted with EtOAc, and the combined BtOAc layers are washed with brine. The solvent is removed and

the residue is purificd on silica gel to provide (J-2).

[00586] A compound of Formula () (g, B-3, 1-2, and J-2) may contaln one or more chiral center.
Conventional sechniques for the preparationdsolation of mdivideal cnantiomers inctude synthesis from a suitable
optically pure precursor, asytomelric synthesis [rom achiral stariing materials, or resolution of an epantiomeric
maxiure, for example, by chiral chromatography, recrystallization, resolution, dlastereomeric sall formation, or
derivatization mio disstercomeric adducts {followed by separation.  In one cmbodiment, the enantiopurity of a
compound of Formula (1) may be wmproved by coniacting the compound of Formuta (1) with a suiteble solvent or
mixture thereof, followed by (Altration. In one embodiment, the solvent is a mixiure of water and dichloromethane,

In another embaodiment, the solvent 1s a mixture of dichloromethane and methanal.
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{(vi) Meihods for synthesis of Nemethyl pyridinone boronic esiers
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Muaethod 1K
DO5ET I one embodiment, the N-methy! pyridinome borosic exter (3-33 may be prepared following
. Y& Py . ) 3 2

procedures exemplified i Method K. In one embodiment, pyridyl boronic ester (K-2) may be prepared by

confacting pyridyl borenie actd (K-1) with pinacol under conditions suitable for the Tormation of horonic esters. Tn

ong emmbodiment, the Nomethy! pyridinone boronic ester (¥-3) may be prepared by contacting pyridyl boronic esier

i

(-2) with Met under conditions suitable for O-methyl-wo-N-methyl shifting.
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fO0588] Aming 1 wag mepared fom commerctally available 2-chloro-6-methy(benzoic acid according

to Method A, Amine 1 was then converied 1o compound 2 according to the following procedure:

Foaseg] To a mixture ¢ J.(S}ﬁfv{ -mminosthyly-8-chloro-2-phenylisoquinelin- L{2H)-one 1 {141 g, 4.72
mmol) and (2-methoxypyrinidin-S-yhboronic acid {1.09 g, 7.08 mnrol} n anhydvous DMA. (20 mL} in a sealed

tube, PdCh(dpph (309 me, 0.38 mmol) and agueous Na,COy solution {1 M, 14.2 mL, 14.2 mmol) wore added and
the resulting mixture was stitred at 120 °C for 16 b The reaction mixture was allowed to cool to RT, quenched with
water, and then cxiracied with ethyl acetate. The combined organic lavers were washed with brine, dried over
Ma.50y snd Ahered, The Glirate was concenirated /m vacre and the residue was slurried in ether for 10 min. The

sohid was collected by filtration, rinsed with cther and dried in vacus 0 alford a first amount of pradact 2. The

FPilse &

s
wn
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filirate was conceniraled in vacuo and the residue was firther purified by ISCO column chromatography using a
silica gel cariridge and eluting with 0-8% MeOH-DUM 10 afford a second amount of product 2.

[06590] Compound 2 was coupled to 2,4-dichloro-5-iodopyrimidine 1o afford compound 3 according to
Method G. Compound 3 was then converted] to compound 3 according 1o the foliowing procedures:

[06591] To & solution of (8)-3-(1-{(2-chlaro-5-iodopyrimidin-4-yamino jethy ) -8-(2-
methoxypyrimidin-5-yi)-2-phenylisoquinotin- L2 H)-one 3 (200 mg, 1.31 mmol) in anhydrous 1 4-dioxane (4 mL) in
a sealed tube, ammonium hydroxide {7 mlL} was added and the resulting mixtore was stivred at 110 °C for 20 b, The
mixture was allowed 1o cool o RT, guenched with water and exiracted with ethyl acetate. The combined organic
tavers were washed with biine, dried over Na,SO, and fillered. The filivate was concentrated in vocuo and the
residue was purified by ISCO column chematography using a silice gel carlridge and eluting with $-8% Me(OH-
UM to afford the product, (53-3-(]1-({2-aming-5-10dopyrimidm-4-yhaminolethyl)-8-(2-methoxypyrimidin-3-v1)-2
phenviisoguinelin-12H-one 4.

F005921 To a solution of (53301 -{(Z-aminc-5-odopyrimidin-4-yDamino)ethyh)-8-(2-
methoxypynmidin-5-yh-2-phenylisoquinelin-1 28-one 4 (352 mg, 0.60 mmol) tn anhydrous acetenimile (20 mL)
in a sealed be, sodivm cyande (292 mg, 595 nunol). tewralis{iriphenyiphosphine) pailadiom(0} (344 mg, 0.30
mmoel), and copper fodide (86 mg, 0.42 mmol) were added, and the resulting mixture was stirred at 80 "C for 16 h
The mixture wag allowed to cool to RT, quenched with waler and exiracted with ethyl acetate. The combined
organic layers were washed with brine, doied over Na,SO; and fltered. The filtrate wag concentrated in vacuo and
the residue was purified by ISCO colummn chromatography using a silica gel cartridge and eluting with 0-8.5%
MeOH-DOCM o alford  the  product,  (5)-Z-chloro-4-((1-(8-(2-methoxypyrimidin-S-yD- -oxo-2-phenyl-1,2
dihydroisoquinelin-3-yhethyDammopyrinidine-S-carbonitrile 5. EST-MS /2 4912 [MHT™

{/\ .)L;\})‘\

!

LA -
fin,

1
g
|
P
L,ULN . H }
[ S H SRR———— Z . \/\W
PPl o
Mt ! " ;
DHIE L iL Lo ERTgaN S ’\!
TN, HTOUNM, ,&
8 8 19
F005931 Compound 1 was coupled to 2,4-dGichloro-5-todopyrimidine 1o afford compound 6 according to

Method G, Compound 6 was then converted to 7 in anglogeus fashion to compound 4w Example 1.
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[605947 Compound 7 was then converted to 9 1n 2 steps according to the following procedures:
[00595] To a  solution  of  {8)-3-{1-({Z-amimno-3-lodopyrmudin-d-vhamino)ethyl-8-chloro-2-

phenyliseguinolin-12H)-one 7 (700 mg, 135 wmol} in DME (40 ml), cysnocopper (243 mg, 2.7 mmoly,
tetrakis{triphenylphosphine) palladium(®) (779 mg, 0.68 mmol), and copper iodide (180 mg, 0.95 mmol) were added
and the resulting mixture was stivred at 80 °C for 16 h. The mixture wag allowed 1o cool to BT, quenched with water
angd extracted with othyl acetate (2 x 30 mil). The combined organie layers were washed with brine, dried over
Na, 3G, and fihered. The fltrate was concentrated in vacuo and the residie was purificd by fash column
chiromatography on silica gel efuting with 0-10% MeOH-DOM to afford the product, (5)-2-amino-4-({1-(8-chlore-|

le 8.

[G059¢6] To a mxture  of  (3)-2-amino-4-{(1-(8-chlore-1-oxo-T-phenyi- 1, 2-dihvdrodsoquinolin-3-

oxo-2-phenyl-1 2-dihydroisoquinolin-3-ylethyDaminopyrimidine-5-carbon

yhethyDaminoipyrimidine-5-carbonitrile 8 (30 mg, .12 mmol) and (S-methoxypyridm-3-ylboronic acud (37 mg,
(.24 yomol} in anhydrous 1 4-dioxane (4 mL), PACL{dpply (9.8 me, 0.012 mmol) and agueous NaCO;y solution (1
M, 0.6 mL, 6.6 mmol) were added and the resuliing mixture was stivred at 120 °C for 3 h. The reaction mixiore was
allowed 1o cool to BT, quenched with water, and then extracied with othyl acetate (3 x 30 mL), The combined
organic layers were washed with brine, dited over Nay50, and filtered, The Glrate was comeentrated in varno and

the residue was purified by Hash column chromatography on silica gel eluting with §-10% MeOH-DCM to afford

the product, ($3-Z-amimo-4-{{1-(8-(5-methoxypyridin-3-y1i-L-oxo-2-phenyl- 1 2-dihydroisaguinetin-3-
yhethyDaminopyrimidine-5-carboniirile §. ESEMS m/dz 4902 [MAHT. Compound  2-anyino-4-((S)-18-(5-

o]

1]‘1@111(_}xypyridinv>-y}}d{)X(}—Er—phcnyi—‘:52—r(fﬁ.i'hydr0isoquinoij.né%ky!)ai:ihyEaTnmo)];)y-rin1'icE:im:~5gceu‘l%‘;oxam-i.dc 1) was

also formed m the above reaction and it wag igolated by columm chromatography, BEST-MS m/z: 508.2 [MAH]™

Example 3

<l
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K - SN
&0 7 SHT T, [ “I/j\
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K)\/J\_/ - piHt
fin Biethod G R
Midg /ﬂ\
M7 THH,
1
)
[00597] Compound 8 was prepared from compound | and (E-2) using Method G BSI-MS m/i: 4172

[MHHT
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Hxample 4

(433

[00598]

[06559) To a soltion of {3)-

inolin-3-yhethyDaminoypyrimidine-5-carbonitrile

D-anyino-

dihydroisog

under argon, acctaldoxime (13 pL, 0.21 mmol), palladiom (1)

mg, 0.017 mmoly were added and the resulting mixiure was sticred at 80°C for 3 b

to RT and partitionad between water and ethyl acetate,
and filtered, The
0% M

(stlica gel cartridge, 8-1 cOH/DOMD to allord the product, {

OXO-2

Exampie 5

Dhe
M7
LA
o %} } R

[00600] Compound 12 was  prepared by

(trfleorometiyDpyrimidin-2-aming  (F-2), prepared by Mothod F, according o Method G.

[M+H]

acetaie {5

~phenyl-1 ,2»-dihydmisuquim)liﬂﬁ“yi}cih_\;F}zm]i‘no}py‘rimidinc:~charl‘;c)x:unidc . E

POUTATRZOI 2047195

Attorney Docket No. 12928-055-228
CAM: T65398-228053
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Compound L was prepared Gom compound 5 accerding o the following mrocedure:

A-{(1-(8-(2-

methoryryomidin:S-viy-1-cxo-2-phenyl-1,2-

5 (34 mg, 0.070 mmol) in anhydrous wluene (4 mL}

mg, 0.01 mmely and tripheny! phosphine {5

. The mixtee was allowed 10 cool

The crgaenic layer was washed with brine, dried with Na, 50,

filtrate was concentraied i vaouo and the regidue wag purif'icd by ISCO column chromatography

S)-Zeamine-4-({1-(8-(2-methoxypyrimidin-3

SEME miz

‘y'i}k 1.
509.2 M+ HT.

e

coupling  compound 2 with  4-chlore-3-

LSI-MS m/z 33
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Example 6
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006011 Compound 13 was prepared from compound 9 according to the following procodure:
[OD802] To a stirred mixture of (Sr2-amino-d-({1-(B-{S-methoxypyridin-3-yl-| ‘—oxné_?uphcnyl‘1,'_.';‘,-4

dihydraizoquinolin-3-yiie ﬂlyl}dnn;;())rxwmnm% S-carbonitrile 9 (15 mg, 4031 mumoly in DOM (5 mb)y at -78 °C

unger o

& mixture was stirred from =78 °C o RT overmight.
The reaction mixiurg wag poured into ice-water {10 mb) and then newtralized with saturated aguecus NaiCO; to
adiust the pH value to §-9. The mixmre wag extracted with a mictuee of methanel in DOM (5%, 5 x 10 mL), The
organic layver was dried over NapSGs and filtered. The Oltrate was concentrated /r vacue and the residue was
puritied by {lash colummn chromatography on silica gel ehuting with 1-3% MeORH/DCM o aitord 2-amino-4-((8)-1-

{(8-(5-hydroxypyridin-3-y13- L-oxo-2-pheny - 1 2-dhydroisoquinotin-3-yBethyvlaminopyrimidine-5-catbonitrile . 13,

HSI-MS mz: 476.0 [M+HT,

Eaampie 7

e r— q”/ e =
¢ L
i | 1? N e
i i :
Lo f
e L - - i
N Hethod G N”\/’\-"*
FiH, s
M,
b 15
(006031 Amine 14 was prepared from commercially avatlable 2.6-dimethylbenzoic acid according to

Method A, Compound 14 was coupled 1o Z-amino-4-chloropyimidine- S-carbopitrile {(E-2) according 1o Method G

to afford compound 15, BSIMS mie 4152 [MEHT.

1549
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Example 8
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[00604] Compound 16 was  prepared  fom compound 14 by coupling  with  4-chloro-5-

{trifTucromethyDpyrimidin-2-aming (F-2) sccording to Method G. BE1-MS m/z 458.0 [M+H]"

Example 9
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g Method G SN
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N iy
17
18

Armine 17 was prepared Gom commercially available 2-chloro-6-methythenzoic acid according

(006057
4-chloropyrimiding-5-carbonitrile (E-2) according to Method

te Method AL Compound 17 was coupled to 2-amino-4

G 1o afford compound 18, BSI-MS m/z: 435.0 IMAH T,

Example 10
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[G0606] Compound 19 was prepared from amine 17 i analogous fushion io compound 2 in Example 1
Compound 19 was coupled ¥ according o Method G 1o afford

compound 20, ESL-MS sr/fz: 493.2 TMAH]".

2-amino-4-chloropynmidine-S-carbonitrile (8-2)

160
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wag prepared by coupling compound 2F with 2

G ESE-ME m/z 509.2 [MAHT

oo
”’\* rsx)“\\“ 5
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Sy ‘ W
45

FO0608]

Hxample 1

e

EST-MS m/z 528.0 [MHH],

{00609]

various commercially available or gefis

compound 23 i Example 12,

Compound 23 was prepared from compound 28

Example 11

]

’QC\J B

NN

(B2}

Hethod G

2z

-amino-d-chicropyrimidine-5-¢

Example [2
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sarhonitrile (E-2

PO/

Attomney Dockel No. 1

CAM:

-l

i

in aaloegous fashion o compound

FAOATIBG

12928-035-2

Compound 21 wag prepared in analogous fashion 1o compound 2 in Tixa upl@ L Compound 22

according (o Method

The following compounds were also prepared from compound 18 by Suzuki coupling with

eli-prepared heleroeyvelie ary! bovonic acidfboronates in analogous Cashion o

Example Compound Boronic acid/piaco] ester ESIMS m/z
. i NS 4522 M
NF Ie! /\n B .
L i
] \\\T o /\\\\/\F I
! =
/‘\ L . - H,.,,?.“‘ -
i WO OH
B

141

By
228

TOI3OE-228055
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Example Compound Boronic acid/pinacol ester BSI-MS m/z
14 ENEP i~§.&’~!w«> 517.2 [M+H["
b7
i m/%
\/ e i
('\ Mt “\f
F PN . E‘;
R MO O
MC\%N
|
\NJ\E\!H;
25
15 H/\Nj/ 4922 TM+H]
J\ﬁ\ .
|\'/’//"\,/ff'§\\/
At
Nc\{//J\N
SN,
26
16 ,\g/%\(/o\ {3 508,92 [M+HHT
i SN
o o ’i T
l g/\kN 2 £ L\;"/
\M\/’ [/
i B
NGy HO OH
i
S,
27
17 ] Hapr O PLINGREN 508.2 [M+]
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fiH
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Example 18
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[00610] Compound 29 was prepared rom amine 17 1 analogous fashion to compound 2 in Example |

except that 4-(ributyistannylpyridazine was used in place of (Z-methoxypyrimidin-5-yliboranic acid, Compound
28 was coupled to Z-amino-4-chloropyrimidine-5-carbonitrile {E-2) according to Method G to alford compound 3¢

ESI-MS m/z 4792 [M+HT"

Exampic 19

Otdie 3 (e
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10611} Compound 21 was prepared from amine 17 manslogous fashion to compound 2 m Exemple 1.

O

Compound 21 wag coupled to 4-chioro-3-(influcromethypyrimidin-2-amine (F-23 according to Method G to afford
compound 31, FSEMS m/a: 552.0 [M+HT"

T60612] The blowng cnmpmmds were prepared lrom compound 1 in two steps by Suzuki coupling
with an aryl or heteroary! boronic seid/pinacol ester {eommerdially purchased or self-prepared) in analogous fashion
fo compound 2 in Example 1, followed by coupling 1o 2-amino-4-chioropyrimidine-5-carbonitrile {(£-2) (prepared

by Method E) according to Method G.

Erample ‘ Compound Boronic acid / pinacol ester ESL-MS me
1

20
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Example Baronic acid / pinacol ester SSE-ME iz
21
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Ceonmnpound

Boroaie acid / pinacol ester

ESI-MS m/z i
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Fxample Compound Boronic acid / pinacol ester T ESIMS m
31 oN O 424 .0 {M+HTT
S
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[00613] The foliowing compounds were prepared from compound & {Exampie 3) by Suzukl coupling

with various heterocyclic arylheteroaryl boronic acid or pizacel ester according 1o the coupling conditions in

Example 2:

166
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Example Compound Boronic Acid ES-MS m/z
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(30614 Compound 535 was prepared from compound 1 in two steps In an analogous fashion o
P { : I &
commeund 30 in Example 18, BST-MS m/d: 4752 [M4+HT,
Lxampie 43
Cct
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cl o Ay Ir e M
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[60613] Compound 57 was prepared from compound 1 in two steps in an analogoos fashion to
compound 30 1n Exavple 18, BSI-MS m/z: 461.2 [MHHT
Example 44
jilled u g (?\J
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e e S o
M Method & N
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006161

sompound 38 was

compoumd 60 by §

RRPATE S rc;uplmw with (2
in Example

16 1.[:1(}}:y]3'y1'1

HSL-ME myz: 492.2 [M-l-i-:ir

din-5-yDiboronic acid in anslogous fashion 1o compound 2
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The following compounds were also prepared from compound 59 by Swki coupling with
heteroary! boronic acid or pinacol ester in analogous fashion w compound 60 in Example 44,

Example Compound Boronic Acd ESI-MS s’z
S T ST
A5 N \%’”«;5-—?3 4642 [IWE+H]
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u A n \Y//ﬁ\ i
[£1a]
: e L
59

Compound 63 was prepared from 59 according to the following procedure:
To & misture  of  (8)-Z-amino-4-({1-(5-chloro-4-ox0-3-phenyl-2 A-dihydroquinazolin-2-
59 (50 mg, 0.12

mmoly and  2-methyl-5-(4,4,5 5-tetramethyl-1,3

diexaborolan-2-yhipyrimidine (40 me, 418 mmal) in a 4:1 mixtre of 1 4-dioxane and water (4 mL) in a sealed

be, Na,COs (38 mg, 6.36 mmol), RuPhos (28 myg, 0.06 mmol) and P(GAC) (6.8 me, 0.93 mmol) were added.

170
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The mixture was dogassed and back-filled with argon (three cyeles) and then sticred at 120 °C for The reaction
mixture was allowed to cool to RT, and then partiioned between ethyl acelate and water. The organic layer was
washed with brine, dried over Na:SOy and fillered. The filrate was concentraied in vacuo and the residue was
purified by I8CO cofumm chromatography (silica get cartridge, 0-10% MeOT-DCM) to afford the product, (8)-2-
amino-4-{ (1 -{5-(Z-methy lpyrimidin-5-yD-4-oxo-3-phenyE3 4-dihydroguinazolin-2-yDethy Damino ypyrimidine-5-

carbonitrite 63, BSI-MS mi 476.2 [hbri)
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[O0620] Compound 64 was prepared from amine 58 in analogons fashion to compound 2 in Bxample 1.
Compound 84 was coupled 1o (E-2) according to Method G 1o aiford compound 65, ESI-MS w4912 [M+H]"
Example 49
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[062t] Compound 66 was prepared from 59 acoording to the following procedure:
[GG622] A e of (5)-2-amino-4-{ 1 -(5-clloro-4-oxo-3-pheny (-3 4-dihydrogninazolin-2-

vhethylamino)pyrimidine-5-carbonitrile 59 {30 myg, 0.12 mmeol), 4-{tributylstanmyDpyridazing (29 mg, £.24 mmol)

and PACh{dppt) (5.7 mg

2

0012 mamoly i 1 4-dioxane (5 mi) was stired atreflux under argon lor 16 b, The mixture
was allowed fo conl to BT, poured info water (20 md.) and exiracied with ethyl acetate { 2 % 13 mi). The combined
organic layers were washed wiih bring, dried over Na, 30, and filtered. The filiate was concentrated in vacuo and
the residue was purified by Hash column chromatography on silica eel eluting with 3% MeOH-DCM io afford the
product, {8)-2-amino-d-((1 -(4-oxo-3-p ht-:rs:u\f}—5—(pyri(‘izuﬁiﬂ—4—y1)—3,4—di.hv droguinazoiin-Z-ylethyDamineipyrimidine-

Sccarboniirile 66, ESL-MS m/ 4622 [MAHT
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Hxample 50
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[OG623] Compound 68 was prepared Dom compound 8 in analogous {fashion to Method H. ESL-MS3

miiz AR03 [MAFHT
Example 51
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Compound 70 was prepared from compound 8 in analogous faghion to Method H. BSI-MS

Dxample 52
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[00625] Compound 72 was prepared from compound 8 in anafogous faghion o Method [ ESL-MS m/:

172
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Example 53
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[00626] Compound 74 was prepared from compound 8 in analogous fashion o Method H. ESI-MS
iz 4502 [M+HT
Lixample 54
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(ole27] A solution of ZA-dichloro-5-miropyrimnidine (250 mg, 1.29 mmaol, 115 oq) in THF (2 mbL)

wag chilled in 2 278 °C bath, To thig selution wag slowly added over 40 muns 2 mixture of compound 1 (335 mg,
132 nomol, 1O g} and DIEA (450 pl, 2.58 mmol, 2.3 eq) m THF (4 mi). Aler addition was complete, the
reaction was stivred at -78 °C during 33-40 mins, then allowed to warm slowly to 15 °C over | b, The reaction
mixture was diluted with DCM {4—0 mly, washed with water and byine (15 b cach), dned over NapSO,, and
coneentrated.  This residue was puréﬁcd by llash chromatography ehuting with 300 mb each 10/20/30/40%
EiOAchexanes 1o give (5)-8-chloro-3-01-(2-chloro-S-anitropyrimidin-d-ylamino)ethy )-2-phenylisoquinobin- 1 (2 H)-
ame 75, BSIMS me: 456,15 [M+HT
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G628 Compound 75 (450 mg, 699 mmol) was dissolved in THF (43 mL)}, treated with concentrated
L ] it

amimonium bydroxide soletion (9 mi), and stirred at ambient temperatuze for 16 h. The solvent was evaporated in

vaeuo and the residue suspended m water (30 mL) and brine (20 mb), and extracted with DCM (3x35 mb). The
5 L )

PRy

[
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combined organic lavers wers washed with brine {15 mL cach), dried over NaySO., and concentrated 10 afford (8)-3-
{1-(2-amino-3-nitropyrimidin-d-ylamino)ethyl)- 8-chloro-2-phenylisoquinolin- 12 F-one 76, 430 mg (0.99 mmol,

quant.). BSI-MS m/z: 437.16 [MAHT,

Example 56
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[00629] A mixture of 4.6-dichloropyrimidine (200 mg, 1.34 mmol, 1.6 eq.), compound 1 (250 me, 0.84

mmol, 1.0 eq.}, and TEA (330 ul., 2.5 mmol, 3.4 eq.) m 14-dioxane {7.5 ml) was heated at 60°C for 3 days. The
reaction was charged With ,uusonns 4.6-dichioropyrimiding {100 mg, 0.67 mmol, 0.8 eq.) and TEA (175 pi., 1.3 mmol,
1.5 eq.) and heated at 80 °C for 16 W The reaction mixture was diluted with 1DCM, 5% agueous acetic acid, and
brine (53¢ mL each}, separated, and the organic phase was washed with 0.1 M NaOH and brine (15 mL each), dried
on Na;8(h, and concentrated,  The residue was purified by flash chmmai’ogn-lphy aluting with 308 mL each
LG/20/30/40/50% EtOAc/hexanes to give {5)-8-chloro-3-( 1 -{(6-chloropyrivndin-d-ylamino yethyl)-2-

phenylisoquinolin-1{2MH -one 77. ESI-MS m/ 411,14 [M+ET

Example 57
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[00630] A heavy-wall glass wbe with stir bar and FEP-encapsulated-silicone o-ring seal was charged

with 77 (eo. 300 meg. 0.73 mmol) in L4-dioxane (12 mL) and concentrated armoninm bydroxide solation (10 mL),
then sealed 1.‘§ghﬂy and heated at 120 “C. Alter 16 h, more ammornium hydroxide (6 ml) was added and heating
continued at 150 °C during 6 b, then 160 “C during 24 h. A third portion of ammonivm hydrexide (8 mL) was
added and heating continued at 150 °C during 3 days. The reaction mixtore was poured into a mixture of waler and
brine {35 mi each}, stirred about 1 1 at 0°C, and the resuling precipitate collected by Gltration and washed with 1ce-

water,  This material was dried i vacue to give (S:-3-{1-{G-aminopyrimidin-4-ylaminoethyD-8-chloro-2-

phemnyHsoquinehn-1{2H rone 78, BSEMS mé: 39215 [M+HT.
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Example 58
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Fo063 1 To a mixiure of 2-amine-4-chloro-pyrimidinge 79 (542 mg, 4.18 mmol) in methanol {7 ml) and

acetonitzile (5 mi), N-lodosuceinimide (941 mg, 4.18 mmol) was added and the resulting mixture was stirred at 60
°C for 1.5 h. The reaciion mixivre was allowed o cool to room empemature, treated with TR (10 mL) and fltered
to afford product 80.

[G0637] To a mugture of compound 80 (250 mg, 0.979 mmel} and pheny! boronie aeid (239 mg, 1.957
mmol) moanhydrous dioxane (5 mb) in a sealed twbe, PAPPhy) (226 myg, 0,196 mmol) and agueons NaCOx
solution (1.5 M, 130 mi., 195 mmol) were added and the resulting mixiore was stirred at 120 °C for 1.5 . The
reaction mixhue was allowed 10 cool 1o room temperature, gquenched with water, and then extracted with othyl
acetate. The combined organic lavers were washed with brine, dried over Na,SCh and filtered, The filrate was
comeentrated Zn vacuwe and ihe residue was further purified by ISCO column chromatography (silica gel cartridee,
16-50% EtOAc-Hexanes) 1o alford product 81,

[O633] Toamixiure of compound 81 (6% mg, 0.335 mmol) and compound T (100 mg, 0335 mmol) in
anhydrous NMP (3 mL) in a sealed tube, disopropylethylamine (6.234 mL, 1.34 mmol) was added and the resulting
mixre was stirred ag 160 °C for 20 k. The maxture wag allowed 1o cool 1o room temperature, quenched with water
and extracted with cthyl acetate, The combined organic lavers were washed with brine, dried over NaSCO, and
fltered. The fittrate was concentrated in vacuo and the residue was purificd by [SCO column chromatography {silica
gol cartridge, 0-8% MeOH In 1/1 BEOASDUMY 1o afford the product (8)-3-(1-(2-amino-5-phenylpyeimidin-4-

ylammnolelhyl-8-chlore-2-phenylisoquinetin- | (2H }-one 82, ESI-MS m/ 4682 [MA-HTT
¥ ¥i ! ¥ } .
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FO06341 To a mixture of compound 80 (128 mg, 0.502 mmol) and compound | (100 mg, 0.335 mmab)
in anbydrons NMP (3 mL) n a sealed tube, dissopropvicthylanne (0.234 mL, 1.34 mmol) was added and the

f 1

resulitng mixture was stirred at 120 °C for 16 h. The mixture was aillowed o cool 1 room temperature, guenched
with waler and extracted with ethyl acetate. The combined organic lavers were washed with hrine, dried over
Nap50s and fHltered, The [lrate was concentrated in vacuo and the vesidue was purified by ISCO column
chromatography (silica gel cariridge, 10-753% EtOAc/Hexanes) to afford the prodact 83,

[00635] A puxture of compound 83 (40 mg, 0.077 mmol), sodium thiomethoxide {11 mg, 0,155 mmol),
sodinm carbonate (21 me, 0,153 mmol) and copper iodide (0.7 mg, 0.007 mmol) in IPA {2 mL) in 2 sealed nbe was
stirved at 80 "C for 24 b The reaction mixture was allowed 1o cool 1o room temperatve, quenched wilh waler, and
then extracted with ethyl acetale. The combined organic lavers were washed with brine, dried over Ney,S5C4 and
fltered. The filtrate was concentraled fn vecwo and the mesidoe was further purified by ISCCO colunm
chromatography {silica gel carteidge, 10-75% EiOAc-Hexanes) 1o aflord prodoct 84,

[00636] To a solntion of compound 84 (10 mg, 0.023 mmol) in anbydrous DOM (3 mb), m-
chloroperbenzoic acid (11 mg, 0,069 mmaol) was added and the resulting mixture was stimed at room femperature {or
(.5 h The maxtore was allowed 10 cool © room temperature, quenched .y, water and extracted with ethyl acetate.
The combined organie layers wers washed with brine, dried over MNao50Q4 snd fltered. The filtrate was concentrated
in vacwe and the residue was purified by 1SCO column chromatography  (silica gel cartridge, 0-80%

EtAdHexanes) o afford the product (8)-3-([-(Z-amino-5-(methylsulfonylpyrimidin-4-ylaminelethyl)-8-chloro-2-

phenyhsoquinelin- t2H)-one 85, BSI-MS w2 4702 [M+HT
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FO0637] To a mixtare of Z-amino-4-chloro-6-methylpyrimidine 86 {50 g, 34.8 mmel) 1 methanal {70
mby and acetonitrile (58 mb), Nuodosuceinimide (118 g, 522 minol) was added and the resulting mixture was

stirred av 60 °C for 5 h. 'The reaction mixture was atiowed 1o cool to room lemperature, treated with O (100 mL)

and filtered to altord product 87,

(006381 To a mixtwre of compoand 87 (256 mg, 0.979 mmol) in zmhyd:ﬂ,ms DT (40 ml), copper
cyanide (332 1og, 3.71 mmol), copper todide {247 mg, 1.30 mmoel) and PAPPh;). (1.07 g, 0.928 mmol) were added

and the resuliing mixture was stirred at 80 °C for 15 ho The reaction mixture was allowed o cool fo room
temperature, quenched with water, and treated with ethy] acetate. The biphasic muxture was fltered on celite and
exiracted with ethyl acetate, The combined organic lavers were washed with brine, dried over Na, S04 and (hered,
The filirate was concentrated in vecuo and the residue was further purified by ISCO column chreamatfography (silica
gel cariridge, 10-50% EiGAc-Hexanes) 1o afford product 88,

[60639] To a mixture of compound 88 (42 mg, 8250 mmel} and compomd 1 (50 mg, 6.167 mmol) in
anbydrous DMF (3 mL) in a sealed tube, diisopropylethylamine (0117 mb, 0669 mmel) was added and the
resulting MIXIIre Was g at 120 °C for 20 b, The mixture was allowed to cool to room temperainre, quenched with
water and extracted with othyl acetate. The combined organic tayers were washed with brine, dried over NaySOy and
fltered. The Altrate was concentrated in vacue and the residuc was purilied by [8CO column chromatograply (sitica
gel carindge, 20-100 EiAo/Hexanes) fo afford the product (8)-Z-amine-4-{1-(8-chloro-1-oxo-2-phemyi-1,2-

dibydrotsogquinolin-3-ylethvlaminoy-&-methyipyrimiding-5-carbonitrile 89, ESL-MS m/z: 431.2 [MAHT

177
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(00640 To a stirred mixture of compound 1 {0.335 munol, 1 &) and 4-chloro-3-iodopyrimidin-2-amine
L ] 1 Py

{0,502 mmol, 1.5 ¢q) In NMP (3 ) at 120 °C, DIPEA was added and the resulting mixture was stirred at 120°C
avernight and then cooled 1o room temperature. The mixture was partitioned between ethyl acetaie and brine,
washed several times with brine, dried and concenwrated. The product was purified by silica gel column
chromatography eluling with eliyy] acetaterhexanes to pive product 83,

[0(641] To a stared mixture of 83 (0.044 mmol, 1 eq) and copper(d) todine (4.44 amcl, ¢.1 eq} in
trigthylamine, dichlorobis(iriphenylphosphine) palladium {4.44 jimol, 6.1 eg) and TMS-acetylene {0.049 mmol, 6.91
uby were added. The mixture was degassed for 15 rainutes and then stirred for 1h af room temperatire. The mixtre
was exiracied with ethyl acetate and washed with brine, and the organic layers were concentrated to glv:’: pr{}dm‘;h 90,
(006421 To a stired mixture of 90 in methanol (2 mL}, potassium carbonate (13.66 pmol, eq) was
added. The mixture was stirred under argon at room temperature for 40 minutes. The mixture was then exiracied
with ethyl acetate and washed with brine. The orgame layers were separated and concentrated under vacuum. The
product was purified by silica QLI column chromatography eluting with ethyl acetate (From 10 1o 100% )Y hexancs to

give product 91, ESL-MS m/z: 416.2 TM+HT

Example 62
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(006431 To a strred mixture of 2-amino-4-chloro-6-methylpyrimidine (0.266 mmol, 1.62 cq) and

compeund 1 {0,164 mmel, 0,164 mmel, 1 eq)y in NMP (1.5 mD), DIPEA {0,656 mmol, 4 og) wag added, The mixture
was heated o 160 °C for 12 howrs. Then the mixhure was exiracted with ethyl acetate and washed with water and

brine. The product was purified by silics

gel colunm chromatography eluting with DCM/methano! (from 8 1o 10%)
to atford the product (5)-3-(1-{(2-amino-6-methylpyrimidin-4-yhaminolethyly-8-chloro-2-phenylisoquinolin- 1 2H)-
one 92, BHR-ME miz 4062 [MAHT

Example 63
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[0644] Compound 94 was prepared [rom compound i

in two gleps by Suzuki coupling with
benzol dif 1,3 1dioxol-5-ylborenic acid i analogous fashion to compound 2 in Example 1 1o afford compound 93,
then coupling o Z-amino-d-chloropyrimidine- S-carbontrile (£-2) (prepared by Method E) according 1o Method 4.
EST-MS i 503.0 M

Hranple 64
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[(0645) Compound 96 was prepared Dom compound 1 in two steps by Sweaki coupling with N N-

dimethyl-5-{4, 4.5 S-tetramethyl- 1,3, 2-dioxaborolan-2-y Dpyndin-3-amme  m analogous fashion o compound 2 in
Erample 1o aflord compound 85, ther coupling 1o 2-amino-4d-chloropyrimidine-S-carboniirile (2-2) (prepared by

Method I according to Method (G, BSLMS md: 503.2 [M-+HY.

119
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[(0646] Compound 98 wag prepared from compound 1o two steps by Suzuks coupling with {5-

Huoropyridin-3-yhboronie acid m analogous fashion 1o compound 2w Exampie 1 to alford compound 97,

coupling to Z-amino-d-chioropyrimidine-!

MS /s 478.2 TMHHT
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[00647]

methoxy-2-methyl-3

compound 99, then coupling 1o 2-amine-4-chlorepyrimidine-3

w0 Method G, BSL-MS m/z 3042 [MH+H]
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(006481
{4.4.5,5-tetramethyl-1,3,2
to afford compound 101, then coupling

according to Method G BESI-MS m/z

Compound 102 was prepared from compound 1 in two steps by Suenki coupling with 3-

Zeaming-d-chioropyrimidine-5

then

S-carbontivile (E-2} (prepared by Method B) according 1o Method . ESL-

Example 66
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Compound 100 was prepared from compound b in two steps by Stille coupling with with 3-

-(tnbutylstannylpynidine in asalogous fashion to compeound 69 m Uxample 49 to afford

-carbonitrile (B-2) (prepared by Method Iy according

Ixanmple 67
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-clioxaborolan-2 -yi)Luvc‘nmu” onamide in analogous fastuon to compound 2 in Bxample 1

~carbonitrile (E-2} (prepared by Method E)

S38.0 IMHT
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[G0649] Amine 103 was prepared [rom  commercially  available 2-chioro-6-mcthylbenzolic acid

according to Mcthod A Commpound 103 was then coupled to Z-amino-d-chloropyrimidme-5-carbonitnle {(1-2)
acconding (o Method G o afford compound 104, The following Suzukt coupling with {Z-mothoxypyrimidin-5-

yiboronie acid was in analogous fashion o compound 9 m Bxample 2 to afford compound 105, HSI-MS m/f:

4552 (M-

Example 69
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1006507 Compouned 104 was prepared as desceribed in Example 68, Suzukd counling of compound 104

Example 2 to allord

with (S-methoxypyridin-3-vyhboronic acid was i apalogous fashion 1o compound 9 in

compound 106, BSEMS m/z 4542 [MAH]

Example 70
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[06651] Commpound 104 was prepared ss described in Bxample 68, Suaiki coupling of compound 104

with {(Z-methonypyridin-4-yhboronic acid was in analogous fashion to compound 9 in Example 2 to affod

compound 107, ESI-MS m/z: 4542 (M.
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(006521 Compound 108 was prepared as deseribed in Example 68, Buzuki coupling of compound 104

with {&-mothoxypyridin-3-yhboronic acid was m analogous fashion o compound 9 m Example 2 to affond

compound 108, BSLMS m/; 454.0 Pvi+H)

Example 72

. HIsO. N
e Y
o (‘L‘l {‘:; ﬁ 5’”//N\i\ EEO\M( N \E J
J Bt i g T
a0 [:/\‘ iy l\i#”gu ‘/i T i = | L ]
A A s S L ot g
R g M7 MM, v o oM \/I\
P ey o A
= i H o R
fit, tto/\;»//\js\ | "
: E07 T
k\M MH;, o
§ B HE,
108
g
Nh.ﬁ.O\l: N‘:‘_
E
P 5
I |
MalH (V R [
e e J
o fn
HO K{fl\ ¥
iy K
TR,
114
[60653] Compound 109 was prepared from compound 8 according to Method G, Compound 109 was

then converted to compound 110 according to the following procedure: The mixture of {8)-cthyi Z-amino-4-((1-(8-
chioro--oxe-2-phenyl- L 2-dihydroisoquinoln-3.-y Detyhaminopyvrimidine-S-carboxylate (300 mg, 0.65 mmol) and
2-methoxypyridin-4-yhboronic acid (145 mg, .98 mmoly in [4-dioxanerwaier (3:1, 12 mbL) was degassed and
backftlled with argen (three cycles). To this mixture, 2-dicyelohexyiphosphino-2',6'-drisopropoxybiphenyl (121 mg,
(.26 mmel), palladium(I) acetate (29 mg, 0.13 mmol), and NayCO, (207 mg, 1.95 mmol) were added sequentially,
The resulting nuxtare was degassed and backiilled with argen (three eycles), and then stirred at 120 °C for 3 b, The
mixture was allowed to cool to BT, and then partittoned between ethyl acetate and water. The organic layer was
washed with brine, dried over Na, 8Oy and fltered, The filtmate was concentrated i vacuo and the residue was

purified by TSCO eolumn chromatography (silica gel cartridge, 0-10% MeOQH/DUM) w0 afford the product 110, (83-
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ethyl 2-amino-4-{(1-(8-(Z-methoxypyridin-d-yh-1-oxo-2-phenyl- | 2-dihydroisogquinetin-3-
yhethyDaminopyrimidine-S-carboxylate.
(06543 To a solution of compound 110 {196 mg, 0.37 mmel) in 1 4-dloxane-water (3:1, 8 mL),
sodivan bydroxide (73 mg, 1.83 mmol) was added and the resulting mixture was stirred at 50 °C for k. Sodium
hydroxide (18 mg, 0.46 mmol) was added (o the mixture and stirring wag condinued For 16 W The reaction wag
allowed to cool to RT, and then concengrated in vecuo, The residue was diluted with water and acicdified with
agquecus HCLE2.0 M) o adjust the pH to 5-4, The mixtuwre was extracied with 10% MeOGH-DCM. The organic layer
wag washed with brine, dried over Ma, SOy and filtered. The filivate was concentrated in vacue to alford product 111,
{8)-2-ammo-4-{{1-(8-(Z-methoxypyridin-4-y1}-1-oxo-2-phenyl- 1, 2-dihydroisoquinetin-3-yBethyDaminopyrimidine-
Secatboxylic acid, HSI-MS priz; 5092 [M+HT

Hxample 73
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[GOa5S) To a  soluion  of  (8)2-amino-4-({1-(8-(Z-methoxypyndin-d-vij-1-ox0-2-phenyl-1,2-

diiydrosoquinglin-3 -y Dethy amino)-pynimidine-S-carbexylic acld (44 mg, 0.087 mmoel) o anhvdrous VA
dimefhyimethanamide {3 mil),  -efhyl-3-G-dimethylaminopropylicarbodiimide (25 mg, 0.13 mmol) and
hydroxybenzotriazele (18 mpe, 0013 mmoel) were added and the resulting muciore was stizred al RT {or 30 mun. To
thig mixtre, dimethylamine (M in THF, 0.065 mb, .13 mmoel) and N N-diisopropylethviamine (0.040 ml, 0.19
mmol) wers added and the reaction mixture was stimed at RT {or 3 b, The mixtvee wag partitioned between water
and ethyl acetale. The organic layer was washed with brine, dried over Nap50, and {iltered, The filtrate was
concentrated in vacue to afford the product 112, (S)-2-ammno-4-{(1-{8-(2-rsethoxypyridin-4 l)—]-()‘q(aw_,wnhm‘f! b2~

H
i

dibydreisoquinolin-3-yDethyhamine)- N, N-dimethypyrimidine-S-carboxamide. BSI-MS iz 5338 [M-HT

Example 74
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[00636] Compound 113 was prepared from compound 111 in analogous fashion o compound 112

except that methyiamine hydrochloride was used in place of dimethylamine, BSI-MS m/z: 522.2.0 [MAHH]

Example 75
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(0063577

2

Compound 114 wag prepared from compoond 111 in analogous fashion to compound 11

except that Z-dimethylaminocthanol was used in place of dimethylamine. ESI-MS m/z: 5658 [M+H]™,

Example 76
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FG0658] Compound 115 was prepared by Suzuki coupling of compound 8 and {S-cthozypyridin-3-

yhboronic acid according to Bxample 2. BSI-MS m/z 504.2 [Mi+HT

Example 77
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100659 Compound 3116 was prepared fow compound 62 in analogous [aghion 0 compound 68 m
Example 49, ESI-MS m/z: 4612 IM+H]

184
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(006607 To 2 solwtion  of  (S)-Z-amino-4-({1-(8-chioro-1-oxo-2-phenyi-1,2-dihydroisoguinolin-3-
vieihyDamino)pyrimidine-S-carbonitrile (53) {495 me, 1.19 mmol) in anhydrous 1,4-dioxane (20 ml), sutfurie

acidfwater {100, 7 mby was added dropwise. The reaction mixlure was stirred al 80 °C for 60 h, The mixture wag
altowed to cool t© RT and basified with NaHCO,. The precipitate was collected by Bitration and then disselved n
-

water, The resulting mixtare was exfracted with ethy] acetale. The combined organic layers were washed with brine,

dricd over Na;S3Cq and fllered. The filtrate was concentraied in vacio 0 allord the product 117, (3)-2-arpino-4-{(1-

{8-chlore-1-oxo-2-phenyb 1,2 -dihydrolsoquinolin-3-yhethyhaninepyrimidine-3-carboxylic acid. The material was
used directly in the next step.
[00561] Compound 117 waz converfed o compound 18 in analogous fashion o compound 112

oo

Example 73, Compound 115 was then converted to 119 by Suzuki coupling with {Z-methesypyridin-4-yDboronic

acid in analogous fashion o compound § in Example 2, BSL-MS m/z: 575.9 [M-HT.

Bxample 79
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(006621 Compound 121 wag synthesized in analogous fashion to B-6 using Method I3 and 4-

flroroaniline as the amine coupling partner. Compound 121 was then coupled with Z-amimo-4-chloropyrimidine-5-
carbopitrile according to Method £

{7 t0 afford the product 122. ESI-MS sz 435.2 [M-HT,

Hxarmyrle 80
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[60663] A mixture of compound 8 (751 mg, 017 mmol, 1.0 equiv.), d4-isoxazole pinacol boronate

{665 mg, 034 nonol, 2

ErOxAc and water. The organic layer was collocted

2.8 aquav.), sodivm carbopate {99 mg, 8.85 mol, 3 equiv)) and PEAMPHOS cafalyst (24.1

mg, 1,034 mmol, 8.2 equiv.) in 1.5 ml degassed 4:1 doxanc-waler was heale

ted] for 1 D, before partitioning between

the aqueous layer was extracted with EtOAc, and the combined

EtOAc layers were washed with brine, The solvent was removed and the residue was purified on silica gel ©

provide 124 (EST-MS m/: 422.2 IM-HT) and 2 mixture of 123 and 125, The mixture wag then purified by HPLO
give 123 (BSIMS m/z: 450.2 [M-H]y and 125 (BSEMS m/z: 3832 [M-HT).
Example 81
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[0(664] Compound 126 was prepared  rom compound 8

dioxaborolan-2-ylphenylmethanesulfonamide in the Suzoki reaction according to Method J,

A using MN-(3-(4,4.5 S-tetramethyl- 1,3 2

HSLIMS m/iz 5522

IM-HT
Example 82
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[O0665] Compound 127 was prepased from compound ) using 3N M-

dimethylsulfamoylaming)phenylboronic acid in the Suxuki reaction according to Method J, EST-MS mz: 5522 [M-

HY'
Fxmuple 83
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[00666] Compoeund 128 was prepared  from compound 1 using  4,6-dichloro-S-nitropyrimidine

according to Method (. BSI-MS m/z 4361 IM-HT

Example 84
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[00667] Compound 129 was prepared rom compound 128 using the procedine 1o convert compound 3

to compound 4 in Example 1. B81-MS mi 456,10 [M-HT

Example 85
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[00668] Compound 130 was preparcd from compound 3 using 2-hydroxypyridin-4-ylboronic acid in

he Suzuki reaction according 1o Method 5 BSI-MS m/z 4762 {M-HD
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[60669] A-Chioro-5-{pyidin-3-yDpyrondio-2-amine 131 was prepared rom the coupling of 4-chloro-
S-jodopyrimidin-2-zmine with pyridin-3-yiboronic acid as follows: the amine (150 mg, 0.387 mmol), and ihe
boromic acid (144 mg, 1.174 mmol} were suspended in dioxass (2.5 ml) and Na,CO, (783 ul, 1174 mmel). The
mixture was bubbled with Ar for 5 min then charged with PA(Ph:P) (136 myg, 6.117 mmol). The mixture was
stirred at B0°C for 2 N, then cooled to roow: tTemperature. The miture was paritioned between FtOAc and water,

The organic layer was dried, fiered, and concentraled 1o give a residue which swas pur

wed by sihica gel colunm
chromatography to give 4-chloro-5-(pyridin-3-yDpyrimidin-2-amine 131

(006701 Compound 132 was prepared from 1 using 4-chloro-5-{pyridin-3-ylpyrimidin-2-anvine in the

\

coupling reaction according to Method G Compound 133 was prepared from 132 using 2-methoxypyridin-4-

viboronic acid in the Suznkl reaction aceording to Method T

Example 87
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1a0ae7l] To a mixture of Z-amino-4-chloro-pyrimidine 79 {16.2 g, 79 mmol} in methanol {140 mL) and

acetonitrile (100 mL}), N-bromosuccinimide (14.01 g, 7% munol) was added, and the resuliing mitiure was stivred at

bl

KT for aboul 0.5 b, The reaction mixiure was reated with B0 (200 mi), then cooled to about 5 °C and stirred for
about Th, The mixture was MMiered and the product air dried to afford compound 134,

(066721 To a mixtore of compound 134 (4.83 g, 23.23 mmol) and compound 1 {534 g, 17.87 menol) in
ankvdrons s-butanol (80 ml}, diusopropylethylomine (6.93 g, 053.6 mmol) was added, and the resuliing mixture

was stirred at about 115 °C for about 36 hrs. The mixture was allowed to conl 1o BT and concenirated in vacuo. The

residus was suspended In toluene (100 ml) and concentrated in vacwo. The resulting product was suspended in
! |

(=

188
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toluens and heated to refiux, then cooled to about 5 °C over shout 2 hrs. The resulting suspension was fitered, the

solids washed with cold toluene, then air dried to afford the product 135, EST-MS prz: 470.0 MY,

Example 88
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GO6T3] A migture of compound 135 {125 mg, 0,266 mmol) and domethyl-2-{wibyulistannylithiazole
) ! £ Y N

(129 mg, 0,332 mam]) m ;mhyfém‘u,f; toluese (2 mL) n o sealed wbe was degassed by bubbling Ar for 5 min. The
mixture was charged with PAPPhy)y 81 me, 0.027 mmeol} and the resulting mixture was stirred at 90 °C or 15 hrs.
The reaction mixture was allowed to cool o room temperature, [lered, washed with toluene and the fitrate was
concenirated in vacue. The residue was purified by column chromatography {silica gel cartndge, 0-10% MeOH in
VU BtGAc-DOMY. The vesidue was further purifed by semi-prep HPLO (ACM/water/ammonium bicarbonale) to

afort product 136, BSLMS miz 4895 [MAHT
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[G0674] Compound 137 was prepared fom commpound 135 using 2-ethoxy-4-{tribnivistannyDhiazole in

analogous [ushton o compound 136 In Bxample 88, Compound 137 605 mg, 0017 mne!) and 1-methyl-6-ox0-
L 6-dikydrapyridin-3-viboronic acid (54,8 mg, 0.233 mmoly were dissolved 1 dioxane {2 mb} and Na 0 ag
{0,155 ml, 6.233 13:]13'101}. The mixture was bubbled with Ar [or 5 min then charged with PACh{amphos), (20,63 mg,

0.029 mrool}. Toe mixinre was heated to 80 °C {or 2 h. The reaction was cooled 1o room emperature and poured

into a saturated sodiim bicarbonate/B1OAc mixture. The layers were separated and the organie Tayer was dried over

189
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MNag5(y,, filtered and concentrated. The residue was purified by HPLC to give the product 138, ESL-MS m/z: 5923
[MAHT
Exanmple 50
i te) -
e, M
Sn{Bu)y ooy T P #
u [ ) <
/DW<\H ’\}1 i‘; b H iE)'g\C}H /l Q (\}
N i
\\//M BN ?‘3/ i\)
PR N, T = \,/i\/
s M n RN,
O ! [
' {\N’ﬂ - }\‘ﬁi\é
135 /m{}n_f’
139 H
148
FO0675] Compound 139 was prepared from compound 135 using 2-methoxy-5-{ributylstannyDithiazole

o analogous fashion to

[W-+HT
C? O //
r\» N
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o
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compound 136 in Example 88, Compound 140 was prepared from compound 139 using 2-

methoxypyridin-d-yihoronic acid m analogous fashuon to compound 138 m Example 89, ESI-MS m/z 5783
Example 91
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0676 Af

mg, 2.6 mmoly, Pdy(dba); (24 me, 0.026 mmol), 7

lask was charged with compound 141 {350 mg, 0.88

-phos (25 me, 0.06

ft)

mmol}, bis(pinacolatoydiboron {668

minel) and potassium acetate {258 mg, 2.6

mmol). The flagk was evacuated and [lled with Ar. 4 mL of degassed dioxane (bubbling N» for 15 min) was added,

nd the reaction was stirred at

110 °C for 8 b, then cooled o room temperature, The mixture was diluted with ethy
] Y

100
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acetale (50 ml) and washed with water {15 ml} and brine and dried. The material was purified with a combillagh
silica gel colwmm to give 320 mg of pinacol boronate ester 142,

FO0677] To a mixture of compound 142 (320 mg, $.65mmol) in THF (10 mL) was added 1M NaGH (2
mb, 2.0 mmol), followed by 30% HyO0/HL0 (0.67 mL, 6.5 mnol), and the mixture was stirred [or 2 h. The mixture
wag then dilited {BtOAc¢, 50 mb), washed with H,OQ (20 mL), brine, dried and concentrated.  Combiflash
purification {30% EDACY gave phenol 143 {105 me).

[G0678] To phenol 143 {40 me, Gimmol} was added 1.25 M HCE (252 mL, 3.15 mmol) and the
mixiure stirred for 4 h at 50 C. The mixture was cooled to room temperature, MeOH was removed by evaporation,
and the residue weas dilated with 20 ml DOM. Saturated sodium bicarbonate (5 mL) was added, and {he mixuie was
stred at oom temperature for Lh The organic layer was separated from the aquecus layer, and the agueous layer
was extracted with DOM {20 ml). The combined organic layers were dned, filiered, and concentrated W give the
amine 144 (26 mg), which was diectly used 1n next slep without purification. The amine 144 wag treated with 2-
ammo-4-chloropyrimidine-S-carbontrile in analogeus fashion to Method G to afford product 145, ESI-MS m/z:

9.3 [M+HT

Example 92
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[GOa79] To a de-oxygenated suspension of potassium carhonate (85 mg, 047 mmol) and dmethyl

sulfare (60 mg, 0.47 numaol) in acstone (3 mi ¥ under nitrogen weas added compound 143 (30 mg. 0.07 mmol) i de-
oxygenated acetone (4 ml ), The mixture was heated at reflux under nitrogen for 3 h, then methanol {10 mt ) was
added and the mixture was refluxed for a further hour. The mixiure was filtered and copcentrated, and flash
chromatography an silica gel gave 26 mg of ether 146, Compound 146 was converted to compound 147 1n o similar
manner as compound 143 Example 91 to give amine 146, which was coupled to 2-amino-4-chloropyrinidine-3-

I-MS mdz 413.3 [M+ET

carbonitrile using Method (3 1o give product 148, 5S

Example 63
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[G36801 A aslk was charged with compound 143 (30 mg, 1 equiv), Cu(CAc) (29 me, 2 cquiv),
phenylboranic acid (20 mg, 2 equiv), and powdered 44 MS (15 mg). The mixture was diluted with DOM (8 ml)
apd EtyN (33 pl, 3 equiv) was added. The reaction was stirred at room temperature for 3 days. The mixture was
liltered throngh a bed of celite/silica. The combined filtrate was concentraied 1o give product 149 (25 mg), which
was used direclly 1n next step. Compound 149 was converfed m 2 simidar manner as 143 in Example 91 1o gmve
amine 150, which was coupled 1o 2-aming-4-chloropyrimidine-3-carbonitrile using Method G o give product 151,

ESE-MS m/fzs 4753 TM+ H“

Example 64
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[O06R1 To o mmture of 3-bromopynidol (870 me, 5 mmoel, 1 eguiv.}, agueous KOH (21 ml, 30%

G

solution, 1G5 mmol, 21 equiv.)) in 20 ml acetoniirile in a pressure vessel at -78 °C was added 2-chlovo-2,2-
ditlucrcacetophenone. The vessel was sealed and heated 21 80 °C for 4 h before cooling and dinting with 30 ml
M. The oreamic layer waz collected, the aqueous layer was extracted with MTBE (2x50 mL), and the combined
organic layers were washed with water (50 ml), brine (50 ml.), and dred over sodium sulfate, Then, the solvents
were removed i vacue and the residue was purified on silica gel (12 g, ISCOY using 0-+20% EtOAc-hexanes 10
give K (488 myg).

(066821 A rixture of K {475 myg, 2,12 munol), bis{pmeacolatojdiboron (808 meg, 3.18 mmol, 1.5 squiv.)
and PACL{dppf} 1DCM adduct (87 g, 4,106 romol. .05 equiv.) and polagsium acetate (666 mg, 6.8 mmol,
cquiv.) in 10 mL dioxane was heated for Lh. The mixture was cooled, concentrated in vacuo, diluted with DOM and
filtered through a pad of celite. The fiter ceke was washed with 4x10 mi. DOM, and the combined DCM Jayers
were concemirated v vacuo. The residue was puriBed on sihica gel (12 g, ISCO) using 0-—-50% acetone-DUM 10
give 312 mg of product L.
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[O0683] A mixture of compound 8 (70meg, 0.219 nunol, T equiv.), compound L (150 mg, 60%, 0.33

mmel, 2 equiv.) sodivm carbonaie (8% mg, 0.84 mmol, 5 cquiv)) and PA-AMPHOS casalyst {17.8 mg, 0,025 mmol,
015 equiv.) in 1.5 mi, of degassed 4:1 dioxanc-water was sparged with argon for 2 min, The mixture was sealed and
heated at 100 °C for 1 1, cooled. and diluted with 10 mL each BiQAc and water. The organic laver was collected,
the aqueous layer was extracted with EtOAc (3210 mL), the combined Er0AL layers were washed with water {10
by, brine (10 mlL), dried over sodivm sulfate and the solvents were removed in vacuo, 'Fhe residue was purified on

sihica gelusing 0-70% acetone in DPOM to give compound 152, EST-MS m/z: 5263 [MHT,

Example 95
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(06841 Compound 153 wag preparad from compound 8 uaing Method T as deserbed in BExample 94

with  Nemethyl-N-(3-{4,4,5 5-letramethy - 1,3, 2-dioxaborolan-2-yUphenyhimethanesullbnanide  In the  Suzuki

reaction. DRL-MS m/iz 366.3 [M+HHT .

Bxample 96

e - o e
L L | MN;>
P T Tp
f \Y i HOI
5‘-..\ e ,;;’)\\/ - M

JER
114 Thé
{06857 Compound 154 was prepared fom compound 111 in analogous fashion o compound 112 in

Bxample 73, where azefidine hydrochlonde was used in place of dimethylamine, BST-MS miz 547 .8 [M+HT
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Example 97
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[0G5656) Compound 155 wag prepared from compound 11T i analogous fashion to compound 112 in
Example 73, where ethyhnethylamine was used in place of dimethylamine, ESI-MS maAr 5498 T+
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[G0887) Compoeund 156 was prepared from compound 8 using 6-hydroxvpyridin-3-ylboronic acid
according to Method 1. BESI-MS m/z: 549 8 [IMAHT,

Example 99
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TO0G6RE] Bromide 135 (100 myg, 0.212 mmol) and 3-(piperidin-1-visulfonyDphenylboronic acid {86 mg,
0.319 mmol}y were dissolved m dioxane (2 ml) and NayCO; ag. (283 g 0.425mmol). The mixture was bubbled
with Ar for 5 min then charged with PA(PLh P, (12 mg, 166 umol). The mixture was healed to 90 7C {or 3 h. The

reaction was cooled to room temperature, and poured nto a satrated bicarbonale/EtOAC miture. The phases were

194
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spdit and the orgame layer was dried, filtered and pre-adsorbed on 810, The residue was purified on SiCy,  ((-90
Acetons/ UM to mive the sulfonamide 157, BSL-MS sz 6153 [MAHT

Example 190
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[GO689]
acid according 1o Dxomple 99,

ylboronic acid according o Bxample 80, BEST-MS m/fe 4753 [MAHT .

Example 101
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Compound 139 wag prepared from compound 158 using
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Compound 158 was mrepased from compound 135 using 3-fluoro-4-hydroxyphenytboronice
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acid according to BExample 99, Compound 161
yiboronic acid according to Example 89, HSLMS m/z 4753 |

AT

Example 102

o

Compound 160 was prepared from compound 135 using 3-Huoro-S-hvdroxyphenylboronic
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was prepaved from compound 168 using Z-methoxypyridin-d-

et
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{00691 Componnd 162 was prepared fiom compound 135 using 4-fluore-3-hydroxyphenylboronic
acid according fo Example 99, Compound 163 was prepared from compound 162 using Z-methoxypyridin-4-

viboronic acid according to Example 89, ESI-MS m/z 4752 [MAHT

BEaample 103
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[00652] Compound 164 was prepared from compound 8 using 3-(methylsulfonyDphenylboronio acid

according to Method J. BSLMS mézn 535,27 [M+H1L"

Q:%:Q OﬁFis:O
i (\\ J

3-{methylsullonyliphenytboronic acid

[00693] Compound 165 was prepared from compound 8 using

according o Method . BESE-MS m/z: 335.2 [M+H]

Example 103
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[00694] Compound 166 was prepared from compound 5 using 2-methoxy-6-(4,4.3 S-tetramethy!-1,3.2-

dioxaborolan-2-vDpyridine according to Method I, ESLT-MS m/z: 4802 [M-+HT

Example 106
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[50695] Cormapound 167 was prepared Fom compound 8 using 4-{methylgulicnamidoiphenyiboronic
acid according o Method I, EST-MS m/e: 5522 [M+H]

Hxample 187
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[00896) Compound 168 was prepared from compourd 135 using pyridin-d-ylboronic acid according 1o

txample 99, Compound 169 wag prepared rom compound 168 using 2-methoxypyridin-d-viboronic acid according

to Example 89, ESLMS m/r 5423 [MAHT
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[00697] S-amino-2,4-dichloropyrimidine (100 mg, 0.7 mmmol) was dissolved m 10 mL of BCM at § °C,
The cooled solution was freated with tiethylamine (340 pl, 4 equiv) followed by slow addition of methylsulfonyl
chloride (80 pl, 1.7 equiv). The mixivre was stizred for 4 I at room temperature. Then the mixture was concentrated
in vacio, and compound 1 (182 me) was added. NMP (6 mL) was added and the reaction was heated to 120 °C
overnightl. The reaction was diluted m EtOAc (34 mi), washed with water {4 x 30 ml), brine, and the organic layer
was dried over anhydrous NesSO,, filtered and concentrated,  The resulting compound 170 was subjected to

aminolysis according to Method B to alford the product 171, ESI-MS m/z: 4851 {M+HT"

Example 109
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00698 S-mmino-2 4-dickloropyrimidine (100 mg, 8.7 mmol} was dissolved tn 10 mL of THOM at ¢ °C.
‘ ‘ Y

The cooled solution was treated with tnethylamine (340 ul, 4 equav) followed wath slow addition of acetyl chlonde
(45 1, 1 equv). The mixture was stivred for 4h at room temperature. Then the solvent was evaporated under
reduced pressure, and compound 1 {182 mg) wag added, NMP {6 ml) was added and the veaction wag hested to 120
°C overnight. The reaction was diluled i EtOAc (30 ml), washed wiith waler (4 x 30 ml), brine, and the organic
laver was dried over anhydrous Na,SOy, Gltered and concentrated. The resultiog compound 172 was subjected to

aminolysis according 1o Method Fto give the product 173, BSEMS m/a: 4491 [M+H]"

Example 110
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1006991 S-aming-2,4-dichlorepyrizmdine (85 mg, 0.6romol} was dissolved in 10 mbi of DOM at § °C.

The cooled solution was treated with tricthylamine (108 pil, 1.5 equiv) foillowed with slow addition of benzoyl

horide (60 Ui, | iv). The mixture was stirred for 4h af voom temperature. Then the solvent was evaporated
under reduead pressure, and compeund | (155 mg) was added. NMP {6 mL)} was added and the reaction wag heated
{0 120 °C overnight. The reaction was dilvied m BtOAc (50 ml), washed with water (4 & 30 ml), bring, and the
prganic tayer was dried over anhydrous NepSOh, [ltered and concentrated.  The resuliing compound 174 was

subjected o aminolysis according to Method E w give the product 175, BSI-MS m/z: 511.2 [MAHHT

198
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Pxample 111
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(00730 Compound 176 was prepared from compound | using 4«5@.]01‘(‘%541'&imp‘yrimidinw?w:'amjnc

according o Method (7 Compound 177 was prepared from compound 176 using 2-methoxypyridin-d-ylhoronic

acid in a Swaukd reaction according o Method J. BESE-MS Az 510.2 IMAFT

Example 112
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1007011 Compound 178 wag prepared from compound 1335 using phenylboronte acid according 1o

Example 2%, Compound 179 was prepared from compound 158 using 2-methoxypyridin-d-vlboroaic acid according

to Method . ESE-MS sz 5412 (M

Example 113
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[00702] Cormpoand 180 was prepared from compound 135 using 2-methyl-5-{fributylstannyl ihiazole

according to Hxample 88, Compound 181 way prepared from compound 188 using 2-methoxypyridin-4-vibéronic
I : 3 ¥

actd according o Method [ EST-MS e/ 562.3 [MAHT
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droxabarolan-2-ypyrdm-2{1 Hy-one according to Method 1. ES

[607043

dioxaborolan-
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Brample 114

rj\\ L ,Q\ O{,B\O
89 JR

Hf’-! IH,
\Y/,NYN H,

H 1
wo S

[=s)

Componnd 182 was prepared from compound § using 1-methyl-4-(4

1-MS mfze 490,02 [MEFET
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Cn;‘np{}lmd 183 was prepared from compound 8 using -methyl-5344,4,5 5-fetramethyl-1,3

2-yDpyndin-2(1H}-one according to Method

Example 116
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[B0705] Compound 185 was prepored from compound 8 using N-methyl-4-(ributylstannyl)pyridin-2-

amine i analogous fashion to preparation of compound 69 fom compound 62 in Example 51, BSEMS vz 4392
(M+HI+

Example 117
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[06706] Compeand 187 was prepared rom compound 8 using 4-(wibutylstannyDpyeidin-2-amine in

analogous Tashion W preparation of cormpound 69 from compound 62 in Example 51 BESL-MES mdbz: 4752 [M+H]+,

Izample 118
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[O07G7] Compend 189 was prepared  from compound 8 using using 2,3-dimethoxy-5-44,4,5,5-

tetramethyl-1,3, 2-dioxaborolan-2-y pyridine according to Method 1. ESI-MS mifz: 5382 [M+H]

Bxample 119
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[00708] A muxture of 8 (50 mg), Pdfdba)y (4 mg), X-Phos {4 mg), KOAc (40 mg), and

bis(pinacolato}diboron (106G mg) in degassed LA-dioxane (2 mi) was stirred 2t 90 °C overnight. The mixiure was

201
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coaled to room femperatire and diluted with E10A: (50 mb) and washed 2 < 25 mL water. The organic fayer was
washed with brine, dried over Na,SU,, filtered and concentrated fo give a residue that was purified by normal phase
cohunn to give compound 190, Compound 190 was coupled with N-(5-bromopyridin-3-ylimethanesulfonamide

according 1o Method J to give Compound 101, ESI-MS m/z: 553.2 {M+HT"

Example 120
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re07091 Compound 192 wag prepared from compound 8 using 2,3-dimethoxy-5-(4,4,3,5-fetramethy -

1,3,2-dioxaborolan-2-ylpyridine according to Method 1. BST-MS m/z: 5203 [M+H]".

Lxample 121
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[G07160] A mixture of dichlorobis{acetonilrile) Pd (9.0 myg, 0.035 mmol, 0.185 equiv.), X-Phos (51.1

mg, BT mmol, 0.57 equiv.) and cesim carbonate (159 mg, 0.49 mmol, 2.6 cquiv) under argon was added 2 mL
propionitrile. Compound 8 (78 mg, 0.187 mmol, 1 equiv.) was added followed by N-{4-pentynoyimorpholine in 2
1l propioniirile (018 mL, 118 mmol, 6 equiv.}. 2 b proplonitrie wag added o the mixture which was stirred for
0.5 h ar reom temp. before heafing at 100 °C for 1 h. The mexture was cooled, diluted with BiCiAc (19 mL) and
water (10 mb). The agueous layer was extracted with EiQAc (3x10 mL), the combined organic lavers were washed
with water (2 x 16 mL), brine (10 mi.), dried over sodivm sulfate and the solvents were evaporated in vacio. The

.

residue was purified on silica gel using 0--35% methanel in DOM to give compound 193

ESLME miz 5483

[MAHT

202
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Example 122
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[06711] To a mixture of dichlorobis{accionirile) Pd (13.8 mg, 0.053 numol, 0.05 equiv.}, X -Phos (76.2
my, 0.16 mmaol, .15 equiv.) and cesium carbonate (901 mg, 2.77 mmoel, 2.5 equivy) under argon wag added 2 mL
acelonitrile. Compound 141 (441 mg, 1.1 mmol, 1 cquiv.) was added followed by trimethylsiiyl acetylene in | mlL
acetonitrile (0,184 mb, 1.3 mme!l, 1.2 equiv.}. 2 mL of acetonitrile was added to the mixture and was stfrred for 5
i At oo iemp. before heating at 96 °C for 2 b The mixiure was cooled, diluted with 25 mL EtOAe, 5 mi waier,
and filtered through a pad of celite. The organic layer was collecled, the agueous laver was extracted with BtOAc (2
% 25 mL}, the combined filtrates were washed with water (2 x 20 mlly, brine (10 mL), dried over sodium sulfate and
the selvenls were evaporaied in vacno, The residue was purified on silice gel using 10-—85% FtOAc-Hexanes (o
give 200 mg of compound 195,

[00712] A mixture of compound 195 (110 e, .24 mmol, | equiv), azidotrimethylsilane (138 mg, 1.2
mmel, 5 equiv., sodium ascorhate (0.5 i, 0.02 M mowater), and CuSC, (0.1 ml, 0.5 M in water) n 3 mL DMSO
was heated at 80 °C for 17 b, The mixture was cooled, partitioned between 5 mL 10% citrie actd and 10 mL DOM,
and the aqueous laver was extracted with DOM {4 % 10 mL}. The combined organic lavers were washed with 10 mi,
5% amoma, 10 mh water, 10 ml brioe, dned over sodion sulfate and the solvents were evaporated in vacuo. The
residue was purthied on silice gel using G-+50% acatone in UM to give 29 mg of compound 195,

[00713] A golution of compound 193 {25 mg, 0.05 mmol, 1 equiv.) 02 mb DOM a1 22 °C was ireated
with two portions of TFA (2 x 80 ul, 2 x 1 mmel, 40 equiv) for one hour each. The mixture was concentrated in
vaera, co-evaporated with 10 sl DOM and then 16 mb. hexanes. The resmidue was dissobved in t mD NMP, and

e

N, N-diisopropylethyiamine 26 yl, 2 equiv.) was added followed by Z-amino-4-chloro-5-cyanopyrmmidine. The

mixiure was beated in a sealed tube at 110 °C for 15 b, cooled and treated with TRAF (2 x 200 ul., 1.0 M i THE,
0.4 mmnl, 8 equiv.) and stirred for 4.5 T The mixtore was dilnted with water (10 mL}, and extracted with DOM (5 %
5 i), The combined organic layers were washed with 10 ml brine, dried over sodium sulfate, filtered, and the
solvent was removed in vecuo. The residue was purified by preparative HPLC 10 give compound 196, ESI-MS m/z:
4502 [M+H
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[00714] Compound 198 was prepared from compound 197 by ester hydrolysis in analogous fashion to
Exanple 72, Compound 199 was prepared from compound 198 using dimethylamine tn analogous fashion 1o
. BESI-MS m/z: 463.0 [M-HT"

Example 73

Example 124
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FOOT715] Compound 201 was prepared fom conpound 200 according to Method G. Compound 207 was
then converted 1o 203 in 2 sieps in enalogous fashion o Example 123, ESI-MS m/z: 5002 [M+H]

Example 125
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[66716] Compeund 204 was prepared from compound 202 in analegous fashion to Example 124 except

that avetidine hydrochloride was used in place of dimethylamine, BESI-MS m/z: 521.2 {M+H]

204
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Example 126

[o0717] Compound 166 was prepared fom compound 8 using Z-methoxypyridyl-6-boronic acid
according o Method 1. Compound 205 was prepared from Compound 166 in andJogous fashion fo Example 6

exoept BBy was used in place of PRy, BESEMS m/fz: 476.2 [MriH]+.

Example 127
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[007158] Compound 206 was prepared Tom compound 8 using Semethoxy-2-{4,4,

5.5-teiramethyl-1
dioxaborelan-2-vDpyridine according to Method 1.

L
b
1

1

BSI-MS mfz: 490.2 (M+HT',

Example 128
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-Pentynoic acid (500 mg, 5.1 mumol), EIXCY (1.56 g, 7.7 mmol} and HOBL (1.411 g, 10.2
mmol) wers dissolved m 20 ml of DOM under nert atmosphere. A mixiure of pyrrohidine (850ul,

19.2 mmol} and

205
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PIPEA (4.5 ml, 255 mmel) in 3 mL DCM was added and the nuxture was stimred for 2 h. The mixture was
guenched with 25 mL 10% aitnie acid, stiveed for 5 min., the organic laver was coliected and the agueous layer was
extracted with 2 x 20 mL DCM., The combined organic layers were washed with 20 mL 10% citric acid. The DCM
tayer was washed with 20 mL saturated sodivm bicarhonate, 20 mi brine and dried over sodium sulfate. The
filtrales wers concentrated and the residue was adsorbed on gilica gel and chromatographed on siliea gel (12 g) using
B 20% B1OAC-DUM 10 give 8§20 mg ol I-{pynolidin-1-yDipent-4-yn- 1 -one,

[00720] To dichlorebistacetonitriie}Pd (7.2 mg, 0.028 mamol), X-Phos {40.1 mg, 0.084 mmol), cesium
carbonate (167 mg, 0.513 mmol} was added propronitriie (3 mb) under argon, and the nixture was stirred for t min.
Then L-(pyreolidin-l-yDpent-d-ya-l-one {74 myg, 0.178 mmol} was added under a positive pressure of arpon. A
sohation of e compound 8 (97 meg, 0.642 mmol) in 1 mi. propioniivile was added deopwise, fhen the mixiure was
stirred at 100-105 °C for 3 h. The mixture was cooled W room lemperature, diluted with 20 mL ethyl acetate,
filtered through a pad of celite and the [lter pad was washed with ethy tacetate (3 x 20 mL). The combined Altrates
wers washed with water (20 mbE) and brine {10 mL), then dried over sodivm sulfate, Dltered, and the Altrates were

concerirated under reduced pressure. The residue was purified on silica gel (312 @) using G- 10% Methanol-I3OM)

to give compound 207, B3I-MS m/iz 5

Example 129
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{721} Compound 209 wag synthesized rom compound B-4 sccording to Method B using 4-

triflusomethoxyantline. Compound 210 was prepared from compound 209 according {0 Method G, BESI-MS m/iz

5012 [M+HT,

)
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Example 130
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[007223

Compound 211 was prepared from componnd | using 4-chloro-G-methox yoyrimidin-2-amine
according to Method G, ESEMS miz 422 [M+H|

Example 13]
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[00723] Compound 21

that

4

214 was prepared from componnd -4 in analogous fashion fo Example 1292 except
d-methoxyaniline was used in place of d-trifluoromethoxyanitine. BSI-MS m/iz 4471 [IM+HT

Example 132
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[00724] Compound 217 wag prepared from compound B-4 1w analogous fashion to Example 129 cxcept

that 4-chloreaniling was used m place of 4-trilluoromethoxyaniline. BESI-MS m/z; 453.0 [M+HT

Example 13
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TO0T723] Compound 220 was prepared [rom compound B-4 in analogous fashion o Example 129 excepi

thatl 4-cyanoaniline was used 1n place of 4-rifluoromethoxyaniline. FST-MS miz: 442,10 [M-+HT

Example 134
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00726 Componnd 222 was prepared from compound 8 using tributvl{ ! -propynyvDitn according o
‘ ey it £ ¥ propynys, £
Method 1. ESI-MS m/z: 421.6 [M=+H]"
Example 135
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[00727) Compound 223 was prepared from compound 135 in analogous fashion to Example 88 except
Z-methoxy-4-{tributvistannylithiazole was used in place of d-methyl-2-(mbyulstannylithiazole. BST-MS m/z: 505.2
[M=+H.

Example 136
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224
00728} Compound 223 was prepared {rom u)mpr:u.;cl 135 in analogous fashion to Example 88 except
2-(tbutylstanny thiazole was used i place of d-methy b 2-(UribyalstannyDthiazole, BST-MS miz: 475.1 (V]
Uxample 137
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Ton7297 A mixture of 2-chloro-G-methoxypyrazine (300 myg, 3.46 mmol, 1.0 ), bis(pinacolato )diboron

{(LO5 g, 413 mmol, 1.2 gq), Pdo{dba); (95 mg, 0.1 mmol, 0.029 eql, P(Cyd; (120 mg, $.43 mmol, (.13 eqg), and
potassiom acelate (660 mg, 6.11 mmol, 1.77 eq) i 1, 2-dimethoxyethane (10 mly was irradiated under argon at 150
S0t g micrawave oven lor 3 he The mibxiwre was allowed o cool to BT, guenched with water and extracted with
oyl acetale. The combined organic layers were washed with brine, dried over Nay SOy and Altered. The [iltsate wag
concentrated fn vacue to atford the pinacol ester (600 mg). Compound 1 was prepared from commercially available

2-chloro-6-methylbenzoe acid according 1o Mathod A

[O0730] To a mixture of compound 1 {200 mg, 0.67 mmol) and the pnacol cster (300 mg, 1.27 mmol)
in 1 4-doxane and water (15 mb and 5 mb), PACh{dppf) (50 mg, 0.068 mmol, 0.1 cq} and Na.CO; (300 mg, 2.83

mmol, 421 eq) were added and the resuifing mixture was stirresd at 120 °C for 16 h. The reaction mixture was

allowed 10 cool 1o RT, quenched with water, and then extracted with ethyl acetate. The combined organic layers

200
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were washed with brine, dried over Na.SOy and filtered. The filirate was concentrated in vacur and the vesidue was
puritied by flash chromatography on gilica get {0-5% MeCGH-DOM) to afford compound 225.
[00731] Compound 225 was coupled to 2-amino-4-chloropyrimidine-5-carbonitrile (E-2} 1o afford

compound 226 according o Method Gl ESI-MS m/ar 4908 [MAHT+,

Example 138
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(007323 A mixture of 2-chloro-5-methoxypyrimidine (1.5 g, 6.38 munol, 1.0 cq), bis(iri-hutylin) {4.07
g, 701 mueol, 1.1 eq), PA(PPha), (368 mg, 0310 mmel, 0.05 eq) in toluene {20 mL) was stirred under argon at
Rk h } E . o3 1 k
reflux for 15 I The mixture was allowed 10 cool to RT and then filtered. The fittrate was concentraied in vacus and

the residue was puritied by flash chromatography on silica gel (0-5% MeOH-DOM)Y o afford fthe tri-bulylstannane.
Compaound 8 was prepared from compound 1 and (-2} using Method G

(00733} A mmixte of compound 8 (100 mg, §.24 mmely, 2-(ributyistannyD-S-methoxvpyrimidine (200
mg, 0.50 mmol, 2.08 eq), bis(tri-t-butylphosphine)paliadivm{0) (30 meg, 0.059 mmol, 825 eq) and CsF {166 mg,
0.66 mmel, 2.74 eq) in 1 4-dioxane (10 mb) was stirred under argon at reflux for 16 b The mixture was allowed o
cool o RT, poured into water (20 mLY and extracted with cthyl acetate {15 mL = 23, The combined creanic layers
were washed with brine, dried over NaoSCy and filtered, The [lirate was concentrated in vacuo and the residue was
purified by ffash column c].1.1.‘01'11a.'l.()g;mphy on silica gel (0-5% MeOH-DOCM) 1o afford compound 228, BST-MS m/z:

L

491 3[M+EH,

Example 139
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[06734] A pxture of 2-chloro-4-methoxypynmidioe {1.0 g, 6.92 mymol, 1.0 eq), bis{iri-butyliin) (5.0 ¢
#.62 mumol, 1.24 eq), PAPPhay (200 mg, 0.17 mmoel, 8,825 eq) and PA{dppHcl: (50 mg, 0.068 wumol, 0.01 eg) in
toluene (20 mby under argon was stirred at reflux for 15 k, The mixture was allowed 1o cool to RT and filtered, The
filtrate was concentrated in vacuo and the residue was punified by flash chromatography on sihica gel (0-3% Me(OH-
DM 1o afford the ‘;;'i-—huiy}smrl.n ane. Compound 8 was prepared from corapound 1 and (E-2) usg Method G.
[00735] Compotnd 8 was C(.}Uﬁplcd 1o the ri-butyistannane in analogous fashion to Example 138

fford the product 2 FSI-MS m/z 491 3 MR

Example 146
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[O0736] Toa suspension ol MNaH (60% dispersion In mineral oil, 1.34 g, 0.056 moly in THF (0 mi), &
solution of S-promopyridin-2-0 (2.5 g, 0.014 mol} in THE (50 m) was added and the resulting mixtare was stirred
at BT for T b To flas mixture, 1odoethane (109 g, 0.07 mol) was added and the mixiure was stirred at RT overnight,
The mixtre was quenched with water and washed with NHLCI solution. The ovganic phase was separated, then
concentraled fn vacuo and the residue was punified by flash chromatography on silica gel (30-100% PE-ALY t0

afford 3-bromo-1-ethylpyricin-2{ 1 H)-one.

[OG737] Toa suspension ol 5-bromo--cthylpyridin-2(1H)-one (250 mg, 1.23 mmol) in 1,4-dHoxane (15
mb), 44,447,555 5 -octamethy-2,2"- (1,3, 2-dioxaborolane . (G464 mg, 135 mmoel), 1,1%bis(diphenyl

ph{:bsziji1.in.())'!%i‘l?(i)(terlc:'jdi.c-h.lo'lii":1'}:,1]'1:1.(1’11111‘1(_{'1} {100 g, 912 mmol} and potassium acetate (3004 me, 3.08 mmol) were

added, The reaction mixture was stirred af reflux for 3 h. The resulling mixture was concentrated in vocuo, and the

residue was purified by colomn chromatography on silica gel (10-180% PE-AF) 10 alford Lothyl-5-04,4,5,5

ptar

tetramethyvi-1,3, 2 -dioxaborolan-2-yhpyridin-2{ 1} -one,
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[GO738] Compound 8 (100 mg, 0.24 mmob), l-ethyl-5-(4,4,55-tctramethyl-1,3,2-doxaborolan-2-

yhpyridin-2(1H}-one (89.7 mg, 0361 mmol), 1,1%-Bis(diphenylphosphino)ferrccenc]dichloropalladiom{Il) {19.58

mg, 4.024 mmol) and sodium carbonate {127.2 myg, 1.2 mmol} were suspended in 1,4-diogane €5 ml) and water (1

ml} under argon, and the resulting mixture was stirred at rellux overnight. The resulting mixture was concentrated
in vacuo, and the residue was purified by columm chromatography on silica gel (3-5% MeOH-DCM) 1o afford

compound 230, ESI-MS m/zs 5043 [MHT

Example 141
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(007397 To asuspension of Mat (60% dispersion in mineral o], 1.02 g, 42,4 mmol) i THF (10 mb), a

solution of S-bromopyridin-2-0l (2.0 2, 10.6 mmol) in THF (‘50 mb) wag added, and the resulfing mixture was
sire RT for T h To s mixiure, wdomethane (7.5 g, 53.2 mreol) was added and the resulfing mixiure was
stivred at RT overnighl. The mixiure was quenched with water and extracted with ethyl acelawe {200 mb). The
organic layer was washed with aguecus NHLOL solution and dried over anhydrous MgS0, and filtered. The filirate
wig concentrated 1o dryness to afford S-bromo- {3 -dimethylpyridin-200 H-one,

(007401 The pinscol ester was prepared i analogous fashion to Example 149, excepl S-bromo-1,3-
dimethylpyridin-2( H)-one was used in place of 5-bromo-1-sthylpyridin-2{1H)-one. Compound 231 was prepared
from compound 8 i analogous fashion to Hxample 140, except 1,3-dimethyi-5-(4,4,5 5-tetramethyvi-1,3.2-
dioxaborolan-2-yDpyridin 20 H)yone was used 1o place of l-othyl-5(4,4,5

yhpyridin-2(11)-one, BSL-MS m/z 5043 [M+H]"

L9 5 tetramethyl-1,3,2-dioxaborolan-2-

[§3
[
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xample 142
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[00741] To a solution of S-bromopyridin-2-ol (1.0 ¢, 5.75 mumel) in DMVEF (10 mD) at RT, potassinm
tert-butoxide (0.68 ¢, 6.07 wmol) was added and the mixlure was stivted for 30 min. To this mixture,

(tromomethyevelopropane (1.03 g, 8.62 mynely was added, and the reseling mixiure wag stirred at 70 °C for 2 h.

The mixture was allowed to cool to BT, diluted with BtCAc (59 mL) and quenched with water (20 ml). The

faver was wasied with water (2 x 20 mL) and brne (20mL), dried over anbydrons MgSO. and filtered. The filtrate
wag concentrated in vaouo 10 alford 3-bromo-1-(cyclopropylnethyDpyridin-2{1 H}-one,
(007423 I-(Cyclopropyhnethy[3-5-(4,4,5 S-tetramnethyl- 1,3, 2-dioxaborokan- 2-vDipyridin-2{ L H -onewas

wrepared in analogous fashion o Example 140, oxcept 5-bromo-1-(cycloprapylmethy Dpyridin-2(1H)-one was used

m place of S-promo-l-ethyipyridin-2( - )-one. Compound 232 was preparad from compound 8 in anslogous

ashion to Bxample 140, except i-(eyvelopropylmethyl)-5-(4,4.5 S-tetramethyl-1,3, 2-dioxaborolan-2-yDipyridin-
i

201 Hy-ome was used in place of L-ethyl-5-(4,4,5 S-tetramethyl- 1,3, 2-dioxaborolan-2-yDpyridin-2(1 Hy-one. BESL-MS

m/izs 5303 [MAHT

=l
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Example 143
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(0743 5-Bromo-L-cyclopentylpyridin-2(0Hj-one was prepared from S-bromopyridin-2(1H)-one m

analogons faghion (o Example 142, except I-bromocyclopenipane was used in place of (romomethyleyelopropane,

I-Cyclopentyl-5-(4,4,5 S-tetramethyi-1,3,2-

2 Taa

hioxaborolan-2-yhpyridin-2(1H)-one  was prepared from 5-bromo-1-
cyclopentylpyridin-2(1Hjone according to Example 140, Coupling of compound 8 with T-cyclopentyl-5-(4,4,5,5-
tetramethyl-1,3, 2-dicxaborolan-2-yDpyridin-2( T H}-one was performed according o Example 40 to afford product

233, BALMS mfn 544.4 [MHT

Example 144
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(007441 Compound 234 was prepared in analogous fashion to Example 143, except that 5-bromo-1I-
isopropylpyridin-2(iH)-one was used in place of 5-brome-1-cyclopentylpyridin-2{1H-one.  ESI-MS m/z 5183

[M+E]"

Example 145

& o t L e /'-L
it o I
H;\g/u \E \ /\{ ; A ‘ W

TS ]\\:-.
H — [ES——. T ™
S " . ’ g
Y R P
fiy o
. B Vo
T
fod
PN
o
L
- s
WS
e NP
Y g
L I,
\\\,/:/'\‘\/;’: o .
f;[é?"i
I 2
- I//"\ M
|
= /[\, "
1M,
3 235
[00745] Compound 234 was prepared in analogous {ashion o Bxample 143, except that S-bromo-1-

Iy

{tetrahydro-2H-pyran-4-ylipyridin-2(1H}-one was used in place of S-bromo-E-cyclopentylpyridin-2( 15 -one.  ESE-

WS mz; 360.4 [MAHT
Hxample 146
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[00746] To a stiveed mixture of compound 236 (33 g, [74.6 mmol, 1 eq} in anhvdroug dichloromethane
(500 mlL} at -5 °C, icthylamine (58 g, 576 mmol, 3.3 2q) was added dropwise over 20 mm while keeping the
reaction femperatire between -5 'C 10§ °C during the addition. To this mixture, HOBt (23.4 g, 174.6 mmel, 1.0 eg)
and EDCE {40 g, 209.5 mol, 1.2 eq) were added sequentially while keeping the reaction temperature between -5 "C
to 0 "CL The resulting mixture wag stimed af -5 °C for 30 min, MO-Dimethylbydroxyiamine hydrochloride (19 g,

H

192,10 mmetl, 1.1 eq) was added m portions while keeping the reaction temperature hetween -5 °C to 0 °C, After
stiming 2t -5 "0 for 30 min., the reaction mixiure was allowed to warm 1o RT and stivrred af RT for 16 L, and then
quenched with water (200 mL). The organic layer was separated, waghed with water (2 x 200 mL) and brime (150
mb.), dried over anhydrous Na,5O, and filiered. The {iltrate was concentrated in vacuo. The product was slurried in
PE {5060 mL) and stirred at BT for 30 min. The sohid was collected by Hlivation and further dried in vacuo to altord
tert-butyl 2-(uethoxy(methy Damine}- 2 -oxoethyicarbamate {compound 237).

[00747] Compound 238 was prepared from 2-chloro-6-methylbenzoic acid in analogous fashion 1w
compound A-2 in Method A

(607483 To a sehitton of compound 238 (46 g, 163 mumel, 1.0 eq) in THE (200 mkb) at -30 °C under an
argon atmosphere, a solution of n-butyilithinm in THF (2.5 M, 140 mL, 408 mmol, 2.5 eq) was added drowpwise

over 30 min whiie keeping the inner temperature between -30 *C and -10 °C. The resulling mixture was stired at -

30 °C for an additional 30 min. To 2 solution of compound 237 (35 g, 198 mmol, capdin THE (200 ml) at -390 °C
under an argon atmosphere, a solution of sopropylmagnesium chioride in THE (2 M, 115 mb, 268 mmol. 1.63 eq)

was added dropwise over 30 min while keeping mner tezperailive between -30 °C and <10 °C. The resulting mixiine
was stirred at -30 "C for 30 min. This solulion was added slowly to above reaction mixture while keeping the inner
temperature between -30 °C and -10 °C. The resulting mibcture wag stirved at =15 °C for an additional 1 h. The
reaction mixture was quenched with water (50 mL) and then acidified with 6 N HCT (160 mLy at 10 °Cto 0 °C to
adjust the pH {o 1-3, The mixture was allowed 1o warm o RT and concentrated i vacwo to afford compound 239,
The residue wag dissolved in MeOH (400 mL), and then conc. HCT (200 mL) was added quickly at RT, The
resulting mixture was stivred at reflux for T, The reacion sarsfure was concentrated n vacuo to reduce the volume
to about 450 mL. The residue was extracted with sbout & 2:1 mixfure of PE and BEA {2 x 500 mL), The aqueons layer
was basified with concentrated ammonium hydroxide 1o adiust the pil to $-10 while keeping the inner temperature
between -10 °C and 0 °C. The mixiure was extracted with DCM {3 x 100 mL), washed with brine, drivd over
Nap5Ch and filtered. The filraie was purified by [ash column chromatopraphy on silica gel (2-30% ethy! acetate
petroleum ether) to afford compound 240,

fO0749] Compound 241 was prepared from compound 240 and {B-2) vsing Method G. ESIMS m/a

4032 TM+HT

218
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Bxample 147
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[00756] Compound 242 was prepared from compound 247 through coupling t© 2-methoxypyridin-d-

yiboronie acid according to Method J. BSE-MS m/z 476.2 [M+H]

Example 148
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[B0751] Compound 243 was prepared  from compound | through- coupling with  4-chloro-6-

(rifloromethypyrimidin-2-amine according 1o Method G, BEL-MS m/z: 460.2 [M-+HT'.
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[$0752] Compound 245 was  syndl
neopentyiamine

was synthesized from compound B4 according to Method B using
chloropyrimidine-S-carbonitrile,

wding fo Method f
ompound 246 was prepared from compound 245 according 1o Method G using 2-amino-4-
BSI-MS miz: 411.2 [MHY

Example 150
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[B07353] Compound 248 was syn
amine.

nthegized from
Cormpound

248
ompound B-4 according 1o Method B using thiazel-4
249 was prepared from compound 248 according to Method O using 2-amino-4-
Woropyrimidine-3-carbomitnle. ESI-M3 w/e 4241 [MAH]
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[G0754] Compound 251 was synthesized from compound B-4 according to Method B using p-toluidine,

Compound 252 was prepared from compound 251 according to Method G using 2-amino-4-chloropyrimidime-5-

carbonitrile. ESEMS miz: 431.1 [M+HT

Example 152
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[00755] Compound 2534 was synthesized from compound 3-4 according 1o Method B using 2,4-

diffuoreantlioe.  Compound 255 was prepared from compeound 254 according to Method G using 2-aming-4.

chloropyrimidine-5-carbonitrile, EST-MS m/fe; 455, 1 [MAHH]

Example 153
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(007563 Compound 257 was synthesized fom compound B-4 according to Method B using 2.4,6-

triflucroantline.  Compound 258 was prepared from compound 257 according to Method (G using 2-amino-4-

chloropyrimidine-5-carbonitrile. BESI-MS miz: 471.0 [M+H]

Example 154
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[00757) Compournd 2680 was synthesized from compound B-4 according 1o Method B using

benzofdjf1,3ldioxol-5-amine, Compound 261 was prepared fom compound 260 according to Method G using 2-
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[00758] Compound 263 was synihesived from compound B-4 according to Method B using 2,5-
diffuoroaniiine.  Compound 264 was prepared from compound 263 according 1o Method (3 using Z-amino-4-

chloropyrimidine-5-carbonitrile. BSI-MS mfz: 45301 [M+HT.

Example 158

o~ Foi
= I I F
ot O j | /u \ ; P s T
. /‘3 S TN, S \;(L%/ - I |
(Y 3 e BN S
;\\7/ \\;'/”1‘\-/" e 1 \_7//5\‘;7&‘7/"
HHBoo o M,
R K Bk
HNHBoo 266
LG
265
|
F .
oo \{?W
I
L \;:/'E-\ e
MR ML,
"y
I
[T Sy, A
(007591 Compound 266 was syathesized Trom compound B-4 according to Method B uging 2-

Muoreanilme.  Compound 267 was prepared from compound 266 according 1o Method G ousing Z-aming-4-

chlorepyrirmidine-5-carbonitrie, ESI-MS m/z: 4351 [MHH]"

Example 157

[y =
. o IPwY
‘ - \_EA 77&L . 1 R \{l\j/ R
| - -
e i k//’ S
’@5 - z
- [Kigtetets RibL,
254
or
d
I B

T
P“! ::b;::/ M

221



W 2013032591 PLT/USZ012/047105
Attorney Docket No. 12028-055-2725
CAM: 763398228055
(007607 Compound 26% was synthesized from compound B-4 according to Method B using 3.4-
ditluorcaniline.  Compound 270 was prepared from compound 269 according fo Method G using 2-amino-4-

chloropyrimidine-5-carbonitrile. EST-MS ny/z: 453.0 [MHH]

BExample 158
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[o0761] Compound 272 wag syathesized from compound B4 according 1o Method B ustag 3,5-

diffuoroaniling,  Compound 273 was prepared from compound 272 according to Method § using 2-amino-4-

chlovopyrimidine-5-carbonitrile. EST-MS miv: 453.1 [M+HT

Fxample 159
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[G0762] Compound 276 was synthesized from compound B-4 according to Method B using
methylamine.  Compound 276 was prepared from compound 275 according o Method (¢ using 2-amino-4-
chloropyrimiding-5-carhonitvile, BSI-MS mfz: 3551 [M+H]

Example 160
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[30763] Compound 278 was gynthesized rom compound B4 according to Method B using 2,6-
difluoroaniline,  Compound 279 was prepsred from compound 278 according to Method (0 using 2-amino-4-
chicropyrimidine-5-carbonitrile. ESL-MS m/z: 453.1 [MAHT

Example 161
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[00764]

diffworosmline.  Compound 282 was propared

POTIISINE2/047 105
Attorney Pocket No, 12928-055-228
CAM: 753308228055
Compound 281 was synthesized from compound B-4 zecording to Method R usins 2.3-
1 it g g

from compound 281 according to Method G using Z-amino-4-

ehloropyrimidine-5-carbonitrile. ESLMS m/z: 453.1 [M-+H].

[00765]

aminobenzonilrile

Bxamples 162

Cid M
oN

] E
§ F “ e,

l/E o /
S ) N

MiHEoe 0‘/?\}'/ ¥ Ha
Fiiog 554
283

|
¥OON
N
Ea
J\E\ P

N N,
l g
08
Compound 284 was syathesized ftom compound B4 secording fo Method B using 3-

Compound 285 was wrepored om compound 284 according to Method G using Z-amino-4-

chloropyrimidine-S-carbonitrile. ESI-MS miz: 4421 [V-HT

Example 163
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[00766] Compound 287 was synthesized from compound B-4 according to Method 13 using 3-
methoxyaniline.  Compound 288 was prepared from compound 287 according 1o Method G using 2-amino-4-

chloropyrimidine-3-carbonitrile. ESI-MS wvwr 4471 [M-+H]

Hxample 164
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00767 Compound 290 was synthesized From compound B-4 according 1o Mathod B using 4-{luoro-3-
. ] J 1 = =5

s s

methoxvaniline.  Compound 291 was prepared {rom compound 290 according o Method & using 2-aming-4-

chloropyrinidine-S-carbonifrile. BSLMS m/z: 4651 [M+HT .

Lxample 165
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[00768]

"

o Method B osing
benzofuran-5-aming, Compound 294 was prepared from compound 293 according 1o Method G using 2-amino-4-

chloropyrimidine-5-cavhonitrile. BSI-MS m/z: 457.1 [M+HT"

Compound 293 was synthesized from compound B-4 according

Example 166
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(007691 from compound B-4 according fo Method B using
cyclopentylamine.  Compound 297 was prepared from compound 296 according to Method & using Z-amino-4-

chloropyrinudine-5-carbonitrile, ESI-ME m/z: 4091 [MHT

Compound 296 wag svathesized

Example 167
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Compound 299 was synthesized from compound B-4 according 1o Method B using

cyclohexylamine, Compound 300 was prepared fom compound 299 according 1o Method G using Z-aming-4-

ey

chlorepyrimidine-5-carbonitrile. ESI-MS miz 4232 IMCAHT

Hxample 168
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was synthesized fom compound B-4 sccording 1o Method B using

[0G771} Compound 302 ¥
bereylamine,  Compound 30

chlorepyrimidine-5-carboniirile. BEST-MS mfz: 4311 M

Hxample 169
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(007721 Compound 305 was synthesized from compound B-4 according 1o Method B using pyridin-3-
aming.  Compound 306 was prepared from  compound 305 according to Method (¢ using 2-amino-4-

chloropyrimidine-3-carhonitrile. TSI-MS m/iz: 4181 [M+HT.

Example 170

o
¢ oo P @0
b, Bl R Ve : !
( D ¢ o P HO (%E/‘l\ﬂ-/’
L S Lol
e \,}\/ /L = \‘v")\\v/
HHfoc o7 Fin
B4 K,
[Eiztales 208
308
07
] *?.} ;
/i'bi* 4 7
[ ,
NN ‘_/E‘Jle
H:‘:é:riﬁi\f M,
e M
308
[O0775] Compound 308 was synthesized [rom compound B-4 accerding to Method B using ethylamine.

Compownd 309 was prepared rom compound 308 according (o Method G using Z-amino-4-chloropyrimidine-5-
it el ] £ 1

carhoniinle. BSI-MS m/z 369.1 IMAHH]T

Example 171
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[00774]

Compound 311 was synthesized from compound B-4 according to Method 13 using isopropyl

J-amnobenzoate.  Compound 312 was prepared from compound 311 according to Method G using 2-amino-4-
chloropyrimidine-S-carboniirle. B3T-MS miz: 5035 [M+HT"

Example 172
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[00775]

Compound 312 (8 mg, 0.016 mmel) dissolved m MeO (2 m1) was treated with LiOH (4 mg,
f.06 mmoly in 1 md water. This mixture was stirred at room lemperature for 2 h

h. The solution was then directdy
purified by HFLC to give componnd 313, BSLMS miz: 4611 [M+HY

HUxample 173
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(00776 Compound 315 was synthesized from compound B4 according to Method B using methyl 3-
aminchenzoete, Compound 310 was prepared from compound 315 according to Method & using 2-amino-4-
chloropyrimidine-5-carbonitrile. ES!

WS miz: 47510 [MHHT
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amine.  Compowxd 319 was prepased  from

chleropyrimidine-5-carboniirile.
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Compound 218 was synthesized Fom compound B-4 according to Method B

POT/ATHZOT 04T 195
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Example 174
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using quimnolin-7-

10

compound 318 sccording o Method & using 2-amino-4-

ESI-MS miz: 4671 [M+H]",

Exanple 17
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[oa778} Compound 321 was synthesized Tom compound B34 sccording 1o Method B using.

D)

nephthelen-Z-amine. Compound 322

chioropyrimidine-5-carbonitrile. ESI-MES m/z: 468
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Example 176
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FOD7745] Compound 324 was synthesized from compound B-4 according to Method B using
wopropylemine.  Compound 325

25 wag prepared from compound 324 according to Method O using 2-amino-4-
chloropyrimidine-5-carbonitrile. Compound 3

26 was prepared from componnd 325 according to Method I using 1-

A-tetramethyl-1,3, 2 -dioxaborotan-2-vDpyridin- 2 Hy-one. BSI-MS m/iz: 456.2 TWMHT

methyvl-5-(4.4,5

-

Lxample 177
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[00750] Compaound 325 was prepared according to Example 176, Compound 327 was prepared from
compound 325 according to Method $using 2

snethoxypyrimidin-S-yiboronic acid, ES-MS m/fe 457.2 [M-+H]'

Fxmuple 178
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[00781] Compound 325 was prepared according to Example 176, Compound 328 wag prepared from
compound 325 according to Methed J using 2-methyl-5-(4.4,5 5-tetramethyi-1,3,2-dioxaborolan-2-vDpyrimidine.
ESL-MS miv 457.2 [M+HT"
Example 179
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[00782] ‘

Compound 324 was prepared acconding to Bxample 176, Compound 329 wag prepared from
compound 324 according to Method G using d-amino-$-chloropyrimidine-5-carbonitrile.

ESI-MS mdzs 383
[M+HT.

Example 180

e a
Mo o0 N a
e «:@ k Lty ol j"? N!’
- Hyl S TN )
E/Y ) Hyl {/ o ____f_’"jfil"w,,,‘. S ’/i\M/L y/
| . ' !
E\V// }\/ e
NFBot {3%\\:/ g éiﬁg
MHEoC 371
KED]
Ohiie l
leas/‘ﬂs y
o - oo M"O
; )
\\)j\m/\//» N I\N)\f
ufkﬁﬂe ! e
P "’%_'—__— z
BRL ML DM, WAL ML NH
. 2 . 2
g /ﬁ g
o N e e
333 232
[H37 53]

Compound 331 was synthesized from compound B3-4 accarding 1o Method B using isoxazol-3-
aming,  pmpound 332 was prepared  fom compound 321 according to Methoed (O using Z-aminp-4-
chloropyrimidine-5-carbonitrile. Compound 333 wag prepared from compound 332 according to Method 1 using 2-
methoxypyrimidin-5S-yiboronic acid. BSL-MS m/z: 4822 [M+H)

232
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Example 181
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332 324
1607843 Compound 332 was prepared according o Hxamples 180, Compound 334 was prepared Grom

compound 332 according to Method J using 2-methylpyrimidin-S-yTooronic acid. ESI-MS miz 466.2 [M+HT,

Fxample 1872
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[O0785] Compound 331 was prepared sccording o Example 1800 Compound 335 was prepared From
compound 331 according to Method O using 4-amino-G-chiprapyrimidine-3-carbonitrile,

prepared from compound 335 according o Method [ using 2-methylpyrimidm-5-yiboronic acid.  EST-MS wm/z:
4662 [M+HY"

Componnd 336 was

Example 183
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[00785] Compound 33
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I was prepared acconding {0 Example 180, Compound 3335 was prepared from

according to Metbod G using 4-amino-6-chloropyrimidine-S-carbonitrile.  Compound 336 wag
prepared from compound 333 according o Method § using Z-methoxypyvrimidin-5-ylboronic agid. ESEMS m/z
4821 [MAHHT

compound 331
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Example 184
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[OG787] Compound 332 was prepared according to Example 180, Compound

338 was prepared fom
corapound 332 according to Method Jusing -methyl-5-(4,4,5 5-tetramethyl-1,3, 2-dioxaborolan-2-vDpyridin-2(1H)-
one. BSI-MS miz 481.2 [M+H]'

Example 185
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[O078E] To a solution of Z-chloro-6-methylbenzoicacid {33¢

3 {300 g, 1.76 mol, 1.9 eg) and DMFE (0.5
mb) in DOM (500 mbLy at RT, oxalyl chloride (249 g, 1.92 mol, 1.1 eq) was added slowly {over 5 min). The

resulting mixture was stirred at RT for 2 h and then concentrated in vacuo to afford 2-chloro-6-methyibenzovi
chleride {340% which was used directly m the next step.
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(G078 To ageiution of (d-methoxyphenylDmethanamine (264 g, 2.4 mol, 1.eq) in DCM (1800 mL), a
solution of Z-chlore-6-methylbenzoy] chloride (340) in DCM (150 mL} was sdded dropwise while keeping the
reaction femperature between 25 °C 10 40 °C. The resulting mixture was stirred at R'T for 2 b, and then water (600
ml) was added. The organic layer wag separated, washed with water (2 = 300 mL), dried over Na,SO. and filtiered.
The filtrate was concentrated in vacuo and the restdue was slumied in petrolesm ether (300 ml) and stirred at RT for
30 mm. Fhe solid was collected by filtration and further dried in vacue (o afford N-(4-methoxybenzyli-2-chloro-6-
methylbenzamide (341},

FOG7940] To a solution of N-{(d-methoxybenzyl)-2-chloro-6-methylhenzamide (341) (40 g, 138 mmol,
1.0 eq) n THE (200 wl) at -30 °C under an argon aimosphere, a solition of n- butyiithivm in hexaes (2.5M, 139
ml., 346 mupol, 2.5 ¢q) was added dropwise over 30 min while keeping the tnner temperature between -30 °C and -
LG 2C, The resulting wixiure wag stirzed at =30 %0 for 30 min.

(067913 To a solution of (Si-tert-butyl I-(methexy(methyDamino}-L-oxopropan-2-ylcarhamate (45 g,

165 mmol, 1.2 cq) in TH¥ (206 mLj at -30 °C under an argon atmosphere, a solution of isopropylmagnesivm

chlorzde in THF (2 M, 115 mL, 207 mmel, 163 eq) was added dropwise over 30 min while keeping the inner
temperamre between -3¢ *C and -14 °C. The resulting mixture wag stiored at -30 °C for 3¢ min, This solution was

slowly added 10 the above reaction mixture while keeping the fnner temperature between -30°C and -10 °C. The
resulting midiure was stiyred al -15 “C for 1 h, The reaction mixture was quenched with water (50 mL) and then
acidified with 618 HOL (160 mi) at -10 °C - 0 °C to adjust the pH to {3, The mixtwre was allowed to warm o RT

and concentrated i vecwo to afford (8)-tert-butyl 4-02-({(4-methoxybenzylearbamayl)-3-chlorophenyil-3-oxohutan-
2-yvicarbamate (342}, The residuc was disgoived o MeOH (400 mL), and then cone. BT (200 mi) was added
quickly at RT. The resulting mixiure was stirred at veflux for 1 h, The reaction mixwrs was concentated i vacuo 0
redues the volume to abeut 450 mi. The residue was extracted with a mixture of petrolewn ether and BitOAc (201,
iy, 2 % 560 ml), and then separated. The aqueouns layer wag basified with concentrated ammonium hydroxide to
adpist the pH o 2-10 while keeping the joner temperaivure between ~10 °C and 0 °C. The mixhure was exiracted with
POM (3% 100 md}, washed with brine, dried over Ma,80, and filered, The filtrate was concentrated in vacro and
ihe 1"035(.%:.1..0 was dissolved in MeGH (600 mL) at R'T, D-{-3:Tartaric acid (17 g, 110.4 mimol, 0.8 eq) was added in
one portton at RT. The resultmg mudlure was stirred at R for 10 W The solid was collected by fliration and washed
with ethyl acetate (3 x 30 mL), The solid was :~;L55§g‘3em§ec1 in water {300 ml) and neutralived with concentrated
ammonium hydroxide o adjust the pH to 9-10 at BT, The mixiure was extracted with DOM (3 140 mi). The
crgame layer was washed with brine, died over NanSGy, and filtered. The filtrate was concentrated in vecuo o
alford (5)-2-(4-methoxybenzyl}-3-{ Laminoethy-S-chioroisoguinolin-1 (2H)-one (343)
G0792] To a solution of (5)-2-(4-methoxybenzyly-3-(1-nminoethy}-8-chloroisoguinoiin-1 (2 H)-one
(343} (20 g, 58.3 mmol, 1.0 eq) and NaHC0: (12,7 g, 29151 mmol, 5.0 eq) in DOM (120 mL) and water (60 mL) at
RT, Fmoe-Cl {157 g, 61.22 wonol, 3.05 eq) was slowly added and the resulting mixiure was stirred af BT for § b
The reaction mixture was poured nto water (200 ml) apd extracied with DCM (3 x 1006 mL). The combined

organic lavers wers washed with trine, dried over Na.SO: and fhered. The filirate was concentrated i vacuo 1o

)
Laz
Lre
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afford (3)-{9H-Tluoren-S-ylimethyl 1-(2-{2-methoxybenzyly-8-chlore-1-ox0-1, 2 -dilvydrosoquinolin-3-
yhethylecarbamate {3443,

[00793} {S)-(OH-Thioren-9-yDmethy! ] -(8-chioro-2-(d-methoxybenzy}- 1 -oxo-1,2-dihydroisoquinglin-3-
yhethylearbamate (344) (80 g, 142 mmol, 1.0 eq) wag digsolved in 2.2 2-triflucroacetic acid (300 mb) and the
resuliing mixiure was stivred at reflux for 2 5 The mixture was allowed (0 cool 0 RT and then comcentrated in
vacyo, Fhe residus was poured imto water and then neatralized with NH;H.0 o adjust the pH value o 6-7 under §
P, The resutiing wixture was stirred at RT for 30 min. The solid was cotlected by filtration, ringed with water (2 %
50 mi)y and drled fn ovecuo to afford (8)-(9H-tluoren-%-ylimethyl 1-(8-chloro-1-oxe-1,2-dihydroisoguinelin-3-
yhothylearbamate (343).

[307%4] To a soloton of (3)-(9H-fluoren-9-yimethyil-(8-chioro- 1-ox0-1,2-dihydrolsoquinolin-3-

vhethylcarbamute (345} (58 g, 130 mmol, 1.0 e}

and DMF (0.5 mb) in toluene (380 mb), sulfurous dichloride (78
g .65 mol, 5.0 Ct}) was added slowly, and the resulting mixtwre was stirred at reflux for 2.5 b The mixiure was
allowed 1o coot 1o BT and then concentraled in vacno, The residue was poured info waler (200 mL) and exiracied

with ethyl acetate (3 x 100 mi). The organic fayer was washed with water (2 % 106 mL) and hrine (100 mL), dried

over anhydrous Na,5Cy and filtered, The filtrate was concenlrated in vacwo and the residue was purified by flagh

columi chromatography on sthica gel (5-20% ethyl acetaie-petroleum ether) to alford (8)-(YH-fluoren-9-yDimethyl

t-{1,8-dichioreisoquinolin-3-ylethylearbamate (346).

U795 To a solution of {(S)9H-flueren-9-yhmethy-1-{1,8-dichloroisoquinolin-3-vhethyicarbamate
{246) {36 g, 777 mmol, LG cq) in THE (300 ml) onder argon, wibuly{vinyDstannane (27g, 85.5 mmol, 1.1 eq),

PAOAC), (523 g, 233 mmol, 8.3 eq) and PPhy (12.2g, 40.6 mmol, 0.6 o) were added, and the resulting wixmre

was siirred at refiux for 16 . The mixiwre was wllowsd to cool o RT and then concentraled in vacuo. The residue

was purified by flash colimn chromatography on silica gel (2-30% ethyl actate — petroleum ether) to aftord ($)-

(FH-theren-9-vhmethyt 1-(8-chloro-1-vinylisoguimolin-3-vliethylearbamate (347).
[G0796] To a suspension  of  (S)-(9H-Nuoren-9-yimethyl  1-(E-chloro-1-vinylisoguinelin-3-

-

yhethylearbamate (3473 (10,6 g, 23.3 mmol, 1.0 eq) i 1 4-dioxane (200 mL) and water (100 mL), OsOy (50 mg)
was added and the resuiting mixture was sttred at RT for 30 min. To this mbdture, MalC, (15 g, 69.9 mmol, 3.0 eg)
was added, and then the mixtue was stirred 2t RT for 16 h. The mixire reaction was powred mito water (200 mi)
and extracted with ethyt acetate (3 x 100 mb). The organic layer was washed with water (2 x 100 mL} and brine
{100 L, dred over anhydrous NapSOy and Nltered. The [lirate was concentraied in vacuo, The tesidue was
purified by flagh column chromatography on silica gel (5-20% ethy! acelate — petro ather) to alford {(S):(0H-Tueren-
S-ymethyl |-(8-chlore-1-Tormylisoquinoin-3-yDethylearbamate (3483,
[0G7971 To a solution  of  (S»(GH-fluoren-9-vDmethyl  1-(8-chloro-] 4’(_}1‘1‘31}1?isc)qﬂin{}iin-,@—
yhethylearbamate (348 (12.0 g, 26.3 mumel, L0eq) in DMF (150 mL), OXONE (30 g, 48,78 mmol, 1.85 eq) was
added and the resulting mixlure was stirred at RT over mght. The mxture was poured inio water (600 mlL) and then
fittered. The solid waz dissolved in ethy! acetate (100 mL), and then PE (300 mL) was added dropwise 1o this
solution.  The  precipitate was  collecied by filwation  to afford  (S3-3-(1-(((9F-fluoren-9-

viymethaxyjcarbonylaminolethyi}-8-chloroisoquinaline- 1-carboxylic acid (349).
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F00795] To a solution of {51-3-(1-{{{(9H-fruoren-9-vlmethosyicarbonylaming ethyD)- 8-

chloroisoguinoline- -carboxylic acid (349} (25.5 g, 34.0 mmol, L.0eq) and IIMF (1.5 mL, 19.3 mmol, 0.35 eq} in

CHCL (200 mb), oxalyl chionde (30 mL, TP 7 manol, 3.29 eq) was added dropwise slowly, The resulting mixture

was stirred at KT for T h. The reaction mixiure was concentrated i vacuo and the residue was dissolved in CFHLCL

(100mLY. This solntion was added dr(}g.)wisc. to & solution of tetrabydro-2H-pyran-4-umine {15 mL, 133 mmol, 2.44

eq) and EuMN (30 mi, 210.9 mmol, 380 eq) in CHCYL (200 mi) at 6 "CL The vuxture was warmed o RT and stired
as

for 30 min, 5% Hydrochloric achd agqueous solution was added to the reaction mixre vmiib the pH = 1~2. The

mixiire was poured 1nio water (400 ml), extracted with CHLCL (150mi x 2y, The organic laver was dried over

anfiydrows Na, 50, and Blared. The filirate was concentrated in veowo. The residus was purilied by fash column
chromalography  on silica gel (5-10% MeOH-DCM) 10 afford  (8)-{9H-flucren-9-yDmethyl  1-(8-chloro-1-
{tetrahydro-2H-pyran-d-yicarbanoy hisoquinolm-3-yhethylearhamats (351),

[00799] {S}(H-Tuoren-9-yDmeihyl 1-(8-chloro-1-(tetrahydro-2Hepyran-4-yicarbamoylisoguinolin-3

yhethylearbamate (3513 (26,0 2, 36.0 mmol, 1.0 eq) was cuspended in morphoiine (200 mE3, and then stirved at 40-
50 °C for 1 h. The reaction mixiure was concentrated in vacuo and then 1 4-dioxane (200 mL) was added to the
restdue. The migiare wag concentrated in vacuo, The operation was reperded for 34 fimes. The residue was purified
by flash colmnn chromaiography on silica gel (2-10% MeOH-IDOM) Lo alford {5)-3-{1-aminoethy!)-8-chiorg-N-
(letrabydro-2H-pyran-4-yiyisoouinoling-1-carboxamsde {352).

[o0800] The amine 352 was coupled o 4-amino-6-chicropyrmidine-5-casbonitrile in the Snag
according 1o Method (G to give compound 357, FSI-MS miz 452.2 M+

Exampls 186
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(008011 The amine 352 was prepared according o Example 185, Compound 352 was coupled to 4-

amne-6-chloropyrimidine-3-carhoniwile according to Method G to give compound 354, ESLMS mfe: 4522
(M
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[oog0z] Compound 355 was prepared om compound 1 according 1o Methed G using d-antino-6-
chloropyrimidine-S-carbenitrile. Compound 356 wag prepared from compound 355 according to Method T using 2-

methoxy-pyrimidin-5-ylboronic acid. ESI-MS miz: 4912 [M+HT*

Exurnple (88
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(00803 Fo benzoic actd B-1 (10.00g, 58.6 mmol) was added dichloromethane (63 ml) and DME (0.227

ml, 2.93 mmol). Thionyl chloride (424 mi, 588 mmol)y was added over 10 min, and the resulting mixhue was
stirred for 2 h. The reaction was cooled o 0-3 7C and i-PrMHy (1573 mi, 185 wmol) was slowly added. The
resiiing mixiure was stivred af room fermperature for 0.5h, The misture was diluted with dichioromethane (63 ml)
and water. The phases were separated and the organic layer was concentrated. The product was precipitated by
addition of heptane o give the amide 357,

[08804] The amide 357 {50.0 g, 236 mmol) and THF (250 mL} were charged in 2 {lask equipped with
magnetic stirrer and thermocouple.  The mixture was cooled to 0-5 °C and a solution of 2.3M hexyllithium in
hexanes (232 ml, 534 spmol) was added. The muture was stirred for 13 min. in a separate fask, a cooled solution
{&)-benzyl L-(methoxy(methylamine)-1-oxopropan-2-yiearbarnate (85 g, 319 numol} i THE (500 ml} was treated
with -PrMgCl {168 ml, 333 mmoly, After 15 min, the latter solution was casmulated into the {ormer over 30 min.
The reaction was stitved for Lh at voom temperature, The mixture was canmulated into a cooled solution (0-5 °C) of
isobutyric acid (94 ml, 1032 mwmol} in MTBE (625 mL). The mixture was wanned o room lemperature and 3%
bring (630 miy wag added. The phases were separated and the organic layer washed with water (650 mL). The
organic Jayer was dried with NazSO, and coneentrated unti] solid formed. The preduct was filtered to give the ketons
358,

[OG8037 A mixture of the ketone 358 (25,08 g, 60,0 mmol) in -PrOAc (450 mL) was freated with
Hy 304 {1598 mb, 300 mmol) and beated 1o 70 °C. Aller 1 b, the reaction was cooled to 56 °C and H,S8C, (38.4 ml,

720 mmol) was added. The resulting mixture was stired at 70 °C for 5 h. After cooling 1o room temperature,

238
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NHELOH (284 ml, 2039 mmol) was added. The organic phase was separated and the agquecus fayer was exfracted

with BPrOAc (160 mL). The combined organic layers were dried over Na,S5O., filtered and concentrated. The

resulting amine 324 was used directly in the next step.
[00806] A solution of the amine 324 (15.00 g 56.7 mmol) in n-BuOH (225 ml) and funig’s base

(1279 mi, 113 mmol) was treated with d-amine-6-chloropyrimidive-5-carhonitrile (876 g 56.7 mmol). The
mixture wag stirred at reflux for 3 b, then cooled to room temperature. The solid was filtered to glve product 329,
[GOROTY A mixture of compound 329 (1040 g, 27.2 mmol), l-methyl-5-(4 4.5 5-teframethyl-1,3 2-

et i

dioxaborolan-2-vhpyridin-2(1)-one  (9.538 o, 407 mmol), sodium carbonate (578 ¢, 543 mmold and
PACL{Amphos), (0.962 g, 1358 mmol)} in dloxaneswater (4:1, 208 mL)) was heated 1o reflux for 4 b, The mixture
was cooled o room temperature and water (200 ml) was added. The solid was filtered, washed with water, and

dried overnighi. 'The solid was purified by column chromatography elufing with §-10% MeOH/ dichloromethane io

give componnd 359, ESI-ME mdn 456.2 [M+HT
Bxummple 189
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L0GR08] Compound 135 was prepared according 1o Dxample 87, Compound 368 was prepared

according 1o Example 88 using 4-(iributyistannyDihiarole. BST-MS mszr 475,10 TMAHT
& 5 g y Y i
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1008041 Componnd 135 wag prepared a.z;a:a_r{;ﬁ;fag o Bxample 87, Compound 36! was propared

according 1o Example 88 using 5-(ributylstannylythiazole, ESEMS mefe 4751 (M+HT
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BExample 191
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FO0810] Compound 362 was prepared from compound I and  2-methoxypyidin-4-yiboronic acid in

analogous fashion to Example 2. Compound 363 was prepared as follows: 2-armno-4-chioro-6-methyIpyrimidiae

{5.00 g, 34.8 mmol} was suspended in ACN (50 ml) and MeOR (70 mL). The mixture was charged with NIS (11.75

£, 52.2 mmoel) at room temperature and the mixture weas healed o 60°C for 5 h. The mixtre was cooled o room

femperature and 80% of the volatiles were removed. The suspension was dilnted with ELO (100 mL) and the solids

were fitered to obtam 10 g of d-chloro-5-iodo-6-methylpyrimidin-Z-amine. A solation of icdide {500 mg, 1.855

mmol} in DMF (40 mL) was charged with CoCN (332 mg, 3.71 mmol), PA(PFh;. (1072 me, 0.928 mmol) and Cul
j

247 mg, 1259 wunol), The mmxture was degassed for 10 min, then heated to 80 °C for 90 min. The mixhure was

cooled to room lemperature and the material wag partitioned between water and EA, then filtered on ectite, The

organic layer of the Aitrate was washed several thmes with brine, dried and concentrated. The filtrate was nre-
adsorbed on 51 and purified on 1SCG 40g (EAMex) 1o give Z-aming-4-chioro-6-methy pyrimidine-5-carhonitrile
363. Compound 363 was coupled 10 compound 362 according to Method €5 10 afford compound 364, ES-MS m/z:

5043 [MAHT

[

Hxample 19
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(00811 Compound 133 was prepared according to Example 87, Compound 365 was prepared

according to Example 83 using 2-(tributyistanny loxazole. ESEMS m/z: 459.1 [M+H]

240



W JO13/03250 POT/USIGIZA4TI0

Adtomey Docket No. P29TR.035.278

CAM: 7639822803558

Example 193
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[60812] Compound 135 was prepared according o Example 87, Compound 366 was prepared

according Lo Bxample 88 using 4,5-dimethyl-2-(ributylstasnylthiazole, BSEMS m/2: 5032 IMAHT

Example 194
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135 367

[60813] Compound 135 wag prepared according 1o Example 87, Compound 367 was prepared

according o Example 88 using twibutyl{Uiophen-2-yDistannane. BSL-MS /e 4741 [MAHHT

Example 195
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133 369

[oU814] Compound 133 was prepared according (0 Example 87, Compound 368 was prepared

according o Example 88 using 3-mothyl-2-(aibutvlstannyDthiarele, BSI-MS m/: 4891 [M+HT

Example 196
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Example 87, Compound 369 was prepared

SST-ME pz: 5191 [MAHT

ixamiple 197
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(60816]

according o Bxample 88 using 2-(me

[O0R17] Compound 1353

according to Bxample 88 using 2-

atheny-5
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[G0%18]

according to Exmmple 88 uaing 2-

Compound 135 was prepared according 1o Brampl

gibyisutfonyl)

was prepared  according

S-{irtbutyistannytyihiazole.

&7, Compound 370 wus prepared
FESI-MS m

s-d-(lributylstannythinzele, 1z 5551 [MAH].

ample 198
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2 to Bxample 87, Compound 371 was prepared

ESI-MS m/z: 51902 [M+H]

Example 199
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Compeand 135 wag prepared according to Bxample
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Compound 372 was prepared
EST-ME m/

4891 [MHT
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(0681901

o

Compound 135 was prepared according to Bxample 87,

Compound 373 was prepared
i !

according 1o Dxample 99 using thiophen-3-ylboronic acid. BSI-ME m/z: 489 1 [M+H] .

Example 207
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[H08207 Compound 135 was prepared according

according 10 Hxampls 88 using 2-(methylithio)-5-(tributylstannyDthiazole, ESL-MS m/2: 52101 [M+H]

Example 202
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[06821]

according to Example 88 using 2-(wributylstannylpyridine, BS-MS w4 5211 IMFHT

[}
s
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w Bxample 87,

Compound 374 was prepared

Componnd 135 was prepured according to Example 87, Compound 3753 was prepared
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[008223 Compound 135 was prepared according to Example 87, Compound 376 was prepared

according to Example 9% using 1-methyl-4-(4,4,5, 5-tetramethyl-1,3,2-dioxaborolen-2-v1- 1 Hopyrazole msiead of 3-

(piperidin-l-ylsulfonyDphenylboronic acid, ESTMS m/z: 472.2 [M+HT

Example 204
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OUR23] Compound 135 was prepared according to Example 87, Compound 377 was prepared
. i I e & 1 I P

according to Example 99 using 1-benzyl-4-(4.4,5, 5-tetramethyi-1,3.2-dioxaborolan-2-v1)- 1 H-pyrazole Instead of 3-
{piperidin-1-ylsulfonyliphenylboronic acid. Benzylaled intermediaie 377 (51 mg, 0.093 mmol) was dissolved in 8
rol. of (BtOAc/MeOH, 5:3) and 1530 4L of 61N HCT and placed under | atrosphere of hydrogen in presence of PA/C
(10%) for 4h. Alfter removal of the catalyst by filration, the voletiles were removed and compound purified by

HPLO o give the pyrazole 378, BSE-MS ma: 4582 (M+H]"

Example 205
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[00824] Compound 135 was prepared according to Example 87, Compound 379 was prepared

according to Fxample 9 using furan-3-ylboronic acid. ESI-MS m/ 458.1 [M+HT

Example 207
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[(0825] Compound 135 was prepared according o Example 87, Compound 381 was prepared

according 1o Bxample 99 ysing 4-methylthiophen-2-yihoronic acid, BSI-MS m/z 4881 [VHHT

Hxample 208
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[00825] Compound 135 was prepared according to Ixample 87 Compound 382 was prepared

acearding to Example 88 using 2-methoxy-3-{tributylstannylthiazole. TSEMS m/z: 5051 [M+H]"

Example 209
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1008271 Compound 135 was prepared according 1o BExwmnple 87, Compound 383 was prepared

according 1o Example 99 using 6-methoxypyridin-3-yiboronic acid. ESL-MS p/z 499 1 [M+H]™
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Exm‘np]t: 210
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TG0828] Compound 135 was prepared according to Hxample 87, Compound 384 was prepared

according to Example 99 using S-methylpvridin-3-ylboronic acid. E3LMS miz: 48301 IM+HT

Example 211
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[00R291 Compound 135 was prepared according to Example 87, Compound 385 was prepared

accoading to Bxample 88 using 2-methyl-4-(ributylstannylyhiazole, BSI-MS m/&: 4891 [M-+H]".

Txample 212
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(008307 Compound 135 was prepared according to Hxwuple 87, Compound 386 was prepared from

compound 135 according to Example 83 using S-{tnbutylstannythiazole.  Compound 387 was prepared from
compourdd 386 in analogous fashion to Example 89 wsing -methyb-s-ono-1,6-dibydropyridin-3-ylhoronic acd.

HSTMS m/z 5485 [V

246
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Fxarople 213
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(60831 Compound 135 was prepared according to Exampie 87
compound 135 according fo Example 88 using 3-{uibulyistannyDthiazele.  Compound 387 w
compound 386 m analogous fashion To Example 89 gsing Z-wethoxyoyrimidin-5-yvlboronic acid.

549.2 [M+H]".

Lxample 214
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Compound 388 was prepared from

as prepared fom
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[60G837] Cornpound was prepared according to Dxample 87, Compound 390 was prepared from

compound 135 according to Example 88 using Z-methoxy-4-{tnbutyistannyDthiazole. Compound 3

from compound ?9(} i analogous lashion 1o Example 89 uging [-methyl-6-oxo- 1, 6-dihvdropyridin3

G1 was prepared

-yibovonic ackd.

LS1-MS m/: 3783 [M+HT.
Example 213
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[00833] Compound 135 was prepared according 1o Example 87. Compound 392 was prepared from
compound 135 according to Bxample 88 using 4-(ribulyistammylithiazole.  Compound 393 was prepared from
compound 392 in analogous faghion to Hxample 89 using Dmethyl-6-oxo-1,6-dihydropyridin-3-ylbaromic acid.
LSI-MS m/z 548.2 [MAHT

Example 216
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[00834] Compound 135 was prepared according 10 E?‘ixm'ant.: 87, Compound 394 was prepared
according to Exampie 88 using ribvty{L-ethogyvinyDstarmane, TS1-MS mdz 434,01 [MAHT
Example 217
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[00835] Compound 135 was prepared according to Tixample 87, Compeonnd 395 was prepaed from

compound 135 according 1o Example 88 using Z-sthoxy-4-{tributylstanny Jthiazoie, Compound 396 was prepared

from compound 395 in analogous fashion o Example 89 using 2-methoxypyrimidin-5-yvlboronic acid. ESI-MS m/z:
3933 [MHT

Exanple 218
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aceording to Bxample 99 using 4-(methylsutfonamidoiphenyiboronic acid, ESI-MS m/z: 5611 [M-+H

WO 2618032551

(008361

Compound 135 was prepared according o Example 87,

i,lxzmlpk: 216
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Composnd 135 was prepared acconding

nding 1o Bxample 87
according to Example 99 using 4-{methylsulfonyDphenyviboronic acid. BSI-MS miAs

546.1 [M-+HT".
Example 220
S0, e
e a0y \’
ot )i\ Ty ~ , ﬁ
T VJ A E s
LT n b A
R B{H),
x {
HHL 1(N% JMH i
o Al
pﬂ/\(/zl Higtd,h
138
[60838]

288

/\J
according to Txarmpie 99 using 3-fmethylsnlfonan

Compound 133 was prepured according to Example 37

Y
ddoyphenyiboronic acid. ESEMS m/s

Sal.1 [M+HT
Hrample 22)
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Compound 135 was nrepared according to Exampl
i TCE

¢ 87, Corepound

30 was prepared

249

according o Example 99 uging 5-(methyisufonyDphenylborenic acid, ESI-MS mdz: 546.1 [M+FH)

PETTUS

Atferne

Compeound 399 wag prepared

ViRALTINE

v Dockel

No, 12928-355.2

AM: TOSROR-228053

Compound 397 was prepared
P R

Compound 398 was prepared

208
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Example 222
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LO0840] Compound 135 was prepared according 1o Example 87, Compound 401 was prepared

according to Example 89 using 5-{methylsulfoayDnyridin-3-ylboromic acid. EST-MS p/z: 5471 [M+H] .

Bxample 223
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[GO84]1] Compound 135 was prepared acoording 1o Example 87, Compound 402 was prepared

according to Bxample 99 vsing 6-(methylsnlfonylpyridin-3-ylboronic acid. ESI-MS mdiz: 5471 [M+HT,

Brample 224
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[60842] Compound 135 was prepared according to Example 87, Compound 403 was prepared

according o Exanple 88 using 2-(methy lsulfonyl-S-(tributy lstannyDihiazole, ESI-MS m/ar 5531 [M+HT

234
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Example 225
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[00843] Compound 135 was prepared according to Fxample 87, Cowmpound 404 was prepared

according to Brample 99 using 3-acciamidophenyiboronic acid. BSIMS mi: 525.2 [M-HH]

Examnple 226
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(008447 Compound 135 was prepared according to Bxample 87, Compound 405 was prepared

ESI-MS miz: 496.1 [M+H]"

according to Example 69 nsing 3-Tormeyiphenyiboronic acil.

Example 227
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[00845] Compound 135 was prepared according 10 Bxample 87, Compound 406 was prepared
according (o Bxample 99 using 3-methoxyphenylboronic acid, HSEMS m/z: 4982 [MAHT
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Hyample 228
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{00846] Compound 135 was prepared according to Example 87, Compound 407 was prepared
according 10 Example 88 using 2-(ributylstannyDbenze[d|thiazole. TSI-MS ms: 3252 [MAH]™
Hrample 229
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(005477 Compound 135 was prepared according o Example 87 Compound 408 was prepared

according  fo BExample 99 using  MNemethylN-[3-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-y-phenyl]-

methanesutfonamide ingtead of 3-(piperidin- | -yvisulfonylphenylhoronic acid. ESIMS mz: 575.2 {M+HT™

Example 230
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[(0848] Compound 135 was prepaved according 1o Example 87, Compound 409 was prepared

aceording to Bxample 99 using 3-acetylphenylboronic acid. BSEMS m/z 5102 [M+HT"

252
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[00849] Compouned 135 was prepared according to Brample 87, Comporrnd 410 was prepared

according to Example 59 using 3+ MN-dimethylsuifamoylaminoiphenylboronic acid, BSE-MS m/z 5813 [M+HT

Hrample 232
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[00850] Aomixture of bronude 411 {500 mg, 1893 mmol), bis{pinacoltoidiboron (577 mg, 2.272

mmol} and KOAc (557 mg, 5.68 mmol) m DMEOD (6 mL) was bubbled with Ar for 10 min. The mudiure was
charged with PA{dpp{yUl-DOM complex {155 mg, 0.189 munol} and heated o 85 °C ovemight. The reaction was

o

cooled 10 room emperature and dilated with BtGAc. The organic laver was washed with water, dried over Na, SO,

filtered, and pre-adsorbed on 5iCh, The residue was punBed on 810, (20-40% EA hex) to obiain the boronate ester,
Compoound 412 was prepared from the boronate ester and compound 135 according to Example 99, ESL-MS m/:
3752 [MET"

Fxample 233
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[608513 Conpound 135 was prepared according 1o Example 87, Compound 413 was prepared

accarding to Example %9 nging 3-(N N-dimethylsalfamoyDphenviboronic acid, ESTMS wvz: 5752 [MAT

Exarmple 234
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[00852] Compound 135 was prepared according o Example 87 Compound 414 wag prepared

according to Example 99 using 3-sulfamoyiphenyiborome acid, ES1-MS m/z 347 2 {MA+H)

Example 235
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[06853] Compound 135 was prepared according 1o Example 87, Compound 415 was prepared
according to Bxample 99 using N-(3-(4,4,5 5-fetramethyil- 1,3, 2-dioxaborolan-2-yDphenyDethenesulfonamide instead
of 3-{piperidim- 1 -visulfonyliy hcayihwomu . BESTME ms ’
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[00854] Compound 133 was prepared according 1o Example 87,

Compound 416 was prepared
accoriing to Bxample 9% nsing 2-(3-(ethylsulfonylipheny)-4.4,5, 5etramethyl-1,3

{piperidin-1-ylsullonyDphenylboronic acid, BSE-MS m/z: 5602 [M+HT.

2edoxaboroloe mstead of 3-

Hxample 237
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(608551 Compound 135 was prepared according 1o Bxample 87, Compownd 417 was prepared
according 1o Examplc 99 using 2-(3-(cyclopropylsulfonylipheny -4,4.3, 5-1ctramethyl- 1,3 2-dioxaborolans nstead
of 3-{piperidin-1-ylsuifonyliphenyiboronio acid, ESI-MS miz: 5722 [M+HT"

Fxample 238
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O0R56 Compound 135 wag prepared according to Bxampls 87
l § prep I

Compound 418
according to Sxample 99 uzing 3

was prepared
-(N-methylsulfamoylphenyiboronic acid. BSI-MS m/: 561 2 [M+H]"

Exampie 239
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G087 Compound 135 was prepared according to Example 87, Compound 419 was prepared
i Prer g 1 P2 pret
acconding 1o Example 99 using 3-{pyrrotidin-L-ylsulfonyl)phenylboronic acid. BESI-MS md 601,27 [M-HT
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Example 240
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O085% Compound 135 was prepared according to Oxample 87, Compound 420 was prepared
o Prey g 1 P preg

according to Example 99 using 3-(methylsulfonyliphenylboronic acid. BEST-MS m/: 5612 [M+HT

Example 241
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[00859] The amne 1 (400 g, 13.39 mmol) and S-bromo-4-chloropyrimidine were suspended i 1-

bulano! (65 mb) and charged with Hunig’sBase (2338 ml, 13.39 mmol). The mixture was heated to reflux for 2
The reaction was cooled 10 room temperatare, difluted with toleene (50 ml) and concentrated. The residue was
suspended in toluene (50 mL) and heated (o refux until all selids dissolved 1o form 2 solution. The solution was
then cooled to G °C. The resulting solid was filtered and washed with cold toluene to give the bromide 421,
[D0R60] Bromide 421 {104 mg, 8,189 mmol} and boronic acid (65,1 mg, 0.284 mmol) were dissolved in
dioxane {2 mi) and NapyCOy ag. {253 pl, 0.379 mmol). The mixtare wag bubbled with Ar for 5 mum then charged
with PA{Ph P, (10.94 mg, 9.47 pmeol). The mixiure was heated 10 90 °C for 3 h. The reaction was cooled 10 room
temperature, and poured into saturated Mearbonate/EtGAe muxture. The phases were sphi and the organic laver was
dried, filterad and pre-adsorbed on 310, (1.5g), The residvie was purified on 510, (123 (090 Asctone/THIM) 1o give
the sulfonamide 422, BSI-MS m/z: 460.2 [MAH].

Example 242
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[¢0861 Compound 8 (284 meg, 0.681 mmol) was dissolved in THF (15 mL} and treated with DMAP
(20.80 mg, 0.178 mmol) and BotO (1189 mg, 5.45 mmol). The mixture was stired for 2 h at reflux and further
B0 (4 eq) was added. The reaction was cooled and the product was extracicd with EtGAe, The organic layer
was washed with sodium blcarbonaie and brine, The organic layers were dried on Wa.SO., filtered, then pre-
absorhed on silica gel (Zg). The ps'nduc@ was added o e silica gel {23g) column and was eluted with FtOAc (5 to
S Hexanes 1o give compound 427
[03862] Ina flame dry flagk, compound 423 (120 mg, 0.167 mmol) was digsolved n cooled (0 °CY THF
(5 mL), Isopropylmagnesium brotoide in 2-MeTHE {6,115 ml, 0.335 mmol) was added dropwise, and the mixture
was shirred 0 reflux overnight. The reaction was cooled down and treated with 2 M HCI (0,418 ml, $.837 mmol} for
4 1. The product was extracted with BOM, which was washed with sodium bicwrbonaie. The organie layers weore
dried on Ma;5C, Blered and concentrated. The product was dissolvved in DCM (5w} and treated with TEA
{0,064 ml, 0.837 mmol} al room temperature overnight. The solvent was removed and the material was purilied by
HEPLO (o give the isopropyl ketone 424, BSLMES m/iz 461.1 [M+H]"
Example 243
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F00863] Compound 423 was prepared according 1o Example 422, C Omp()ud 423 {125 mg, 0.17hmmol)
was dissotved in cocled (0°CYy THE (& mL). Cyelopropylmagnesium bromide (0.5 My 0115 ml, 0.335 mmol} was

added dropwise and the mixiore was stivred 1o rellux overnight. The reaction was cooled and treated with cone. HC
3.418 ml, 0.837 mmod) for 4 b The produect was extracted with DOM, which was washed with sodivm bicarbonate,
The vrganic layers were dried on Na,50,, filkered and concentrated. The product was dissolved m DCM (5 mL) and
treated with TRA (3 mi) at room temperabe overnighl. The solvent was removed and the compound wasg purified

by FIPLC to give the cvelopropyl ketone 425, TSI-MS nr/z 439, 1 [MAHT,

Fxample 244
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[60R647 (53-3-(l-aminoethyD)-1-8-(riftuoromethyDisoquinelin- 12 H}one - 427, wmade according o
Method C, was coupled to 5-bromo-4-chloropyrimidin-2-amine using Method G. Compound 428 was prepared
from compound 427according 1o Example 99 using (3-{methylsulfonylphenyliboronic acid. ESI-MS m/z: 580.1

[MAHT

o N
M 3 a0 F oo
= ; |
o z L]
G Q j@ l )ﬁ \\T/’E\ M )\\ }[/'k,k & R,
: -
™ A TS Ry & Jf‘\f%‘\ e . l\’\ \///L\éél\/me

BiH, i
2 /_/,—L\\‘ i) e} /)\ M
1 NZ
B,
429 530
[00865] Compouand | was prepared using 4,6-dichioronicotinonivile according to Method 5 1o provide

sompound 429, To a mixture of isoquinolinone 432 {0.23 mmol) and 1,4-dioxane (10 mL) was added ammonium
hydroxide solution (10 mLY and the mixture was placed in a 110 °C bath overnight.  The reaction mixture was
sooled and dilluted with 2 volumes of brine after which a solid is {ormed. Collection via vacuum filtration

provided amide 430, BSI-MS mz: 453,17 [MHHT

Example 246
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[00866] To a mixture of soqunolnone 430 (6,14 mmoly and Ld-dioxane (4 mL) was added

ammonium hydroxide solution (30%, 3 mL). The mixture was placed in a 130 °C bath for 3 days. The mixture was
then rechazsed with 3 mL of ammonium hydroxide (309%, 5 mL} and heated for an additional 24 kat 170 °C. The
reaction mixiure was then added to excess methylene chiloride and the layers were separated. The organic fayer was
washed with brine {1x) and water {Ix), dried over Nap5(h and concentrated to provide compound 4310 B51-MS

iz 434,18 [MHHT
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LO0867 Compound 432 was prepared from compound 1D in analogons tashion o compound 112 in

Example 73 except that diffuoroazending nndrochloride was weed i place of dimethylaming, BESTMS wmir: 584.2

[+ |

Exanmple 248
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OGR6R] Compound 117 was prepared from compound 33 according to Example 78, Compound 433
) | & I3 2 P I

was piepared from compound 117 according to BExample 96. ESI-MS m/z: 475.0 [MAT)+

Txample 249
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[R0gav! Compound 424 was prepared from compound 117 according to Example 249 using 2,2-

difluerossetidine hydrochloride,
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[O0870] Compound 1 was coupled to 4,6-dichloropyrimidin-2-amine according o Method G o alford

compound 435, ESL-MS m/fz: 426,0 {M+H -,

Example 251
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[G087T1] Compound 135 was prepared according o Example 87, Compound 436 was prepared

acconding o Example 99 using 4-hvdroxyphenyviboronic acid instead of 3-(upesidin-1-yisafonvDphenylboronic

acid, TSIME miz 4842 (M

Lxample 252
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(608721 Cornpound 440 was prepared from compound 1 ousing 4-chlore-S-1sepropoxypyrimidin-2-

amine according 1o Method G, BST-MS m/z 4501 [MHHT

Example 233
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[D0873) Compound 438 was prepared from compound 1 in analogous faghion to compound 325 i

Example 176 using 4-amino-6-chloropyrimidine-3-carbonitrile. ESEMS m/z: 450,17 [MAFH]"

Exampie 254
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FG08743 Compound 43% was prepared From compound 438 according to Dxample 176 using 2

L

methogy-pyrimidin-S-ylhoronie acid n the coupling according t© Method 1, ESL-MS mrk: 490.2 [MHH]

Hxample 255
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F008751

Following Example 59, amine 103 was prepared from commercially available 2-chioro-6-
methyibenzoie acid according to Method A, Compound 103 was then coupled to 2-amine-4-chioropyrimidine-5-
carbomitnle (E-2) according to Method G 1o affted compound 104, Compound 448 was prepared from compound
1G4 using 4-(ributylstannyDpyridazine sccording to method I BSLMS m/A: 4252 IMAHT

Example 256
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[008706] Compound 441 was prepared from compound 111 according to Example 73, where

cyclopropylamine was used instead of dimethylamine. EST-MS m/z: 5458 [M+HT"

Example 257

™M !

GORTTY Compound 442 was prepared from compound 111 according o Example 73, where N,O-
i f Prey f g f

dimethyvihydroxylamine was used insiead of dimethyiamine, ESIMS miz 552,10 [MAHT™

Hxample 258
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[OGRTE] Compound 443 was. preparcd from compound 8 using I\!»{_4~-(4,41_'3,S~i<:tmmc[hylwl 3,2
dioxaborolan-2-yDpyridin-Z-vmethancsel fonarmide according o Method §. ESI-MS m/z: 5333 [M+H]
Table 4. Jn Vitro 1Csy duta for selectod compounds.
TCS0 oM Grreater than 10 WM | Greater than | pM ] ol to 100 oM Less than 100 nM
o 16 M
PI3K & 92, 114, 171, 173, 7,82, 85, 104, 114, | 75, 78,122, 128, 5,89, 10,11, 12,
243 119, 148, 154, 1535, 132,133, 157, 168, 13, 15, 16, 18, 20,

175,182, 191, 231, | 179,204,210, 214, | 22,23, 24, 25, 26
220, 228,270,279, | 246,258, 261,273, | 27,28, 30,31,32
291, 338,354, 401, | 276,288,312, 316, | 33,343
407, 425, 429,433, 1+ 333,335, 336,337, | 38, 39, 40, 41, 42,
434, 441 353, 3 , 45, 46, 47,
4%, 49, 50, 51, 52,

Ty

UJ
(=4

.36, 37

b
|
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w
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o
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OS50 (nM

Cireater than 10 pM

Greater than 1 M

to 10

bubd to 100 oM

Less than 100 nM

397, 408, 414, 416,
418, 422, 424, 408,

430, 437, 435, 436,

442

Pl S A ag hally
53,55, 57,

59, 40,
61,62, 63, 65, 66,
68,70, 72, 74, 76,
89,91, 94,96, 98
100, 102, 105, 105,
107, 108, 112, 113,

i3, Hle, 124, 125,

1

o

5,127, 129, 130
138,140, 145

» >

196,199, 203, 205
206,207,217, 222

235,241, 243, 249
252,255, 264, 267,
282,285 297, 300
303, 306, 309, 3725,
326,327, 328, 329
332,334, 356, 359,

403,410,412, 415
415,417, 419, 431,
4440, 443

92, 111, 128, 171,
243,336, 354, 416

> 2

429

Th, 77,718,114, 119,

173,175, 182, 211,
116, 328, 333, 334,

15,16, 18,20, 22,

23, 24, 25,26, 27,

T
n
i)
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iC50 (ni) [ Greater than 10 iM | Greater than 1 gM | 1 pMto 100 oM Less than 100 nM
1o 10w

37, 434,
41 928, 241,242,246, | 36,37, 38, 39, 40,
776,279, 285, 303, | 41,42, 43,44, 45,
326, | 46,47, 48, 49, 5¢
5,438, 356,350, | 51,52, 93, 55, 80
366,380, 396, 401, | 69,61, 62, 63, 63,
402,422,424 428, | 66, 68, 70, 72, 74,
32,435,440 | 76, 89, 91, 94, 96,
6%, 100, 102, 104,
106, 167, 108, 112,

53,425

a2
[ER]

2

? 163,164, 165, 166,
167, 168, 169, 177,
179, 181, 183, 183,
187, 189, 191, 192
193, 196, 199, 2
204, 206, 207, 214,
217,200, 223, 204,

230,231, 232, 233,

5%, 061, 264,
7,270, 273, 282,
288, 791, 297, 300,
306, 309, 325, 332,
360,361, 364, 365,
367, 368, 369, 370
371, 372, 373, 374,
375,376, 378, 379,
382, 383, 367, 389,
191, 393, 394, 397,
399, 493, 408, 410,

2

o

264
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1050 (nM)

Crreater than 10 1M

CGireater than 1 pM
to 10 M

T uM o 100 oM

Less than 100 oM

412,413,414, 415,
417, 418, 419, 43
433, 436, 447, 443

froaet

i1, 12, 16, 22, 30,
31, 60, 63,75, 77

8, 76, 82, 85,92,

204,205,210, 211
214,220, 226, 228,

335, 336, 353, 354,
386, 366, 367, 368
Y72, 373, 375, 376,

61, 62, 65, 66, 68
70,72, 74, 91, 94,
98, 102, 103, 108

3

187,189, 191, 196,
199, 203, 206, 207,
217,202, 224,230,
731,232,234, 241,

264,267

285,300,309, 316,

244, .

w3

3

"

t

H

195, 326, 327, 329,
133,
360, 361, 365, 369,

396,
L399, 401, 408,
414,416,417, 418
422,424, 425,

443

46, 47, 48, 49, 45,
96, 100, 106, 167,

13, 36, 50, 53, 89,

192, 364, 370

5,41, 12,20,72, 51,

75, T, T8, 82, 85,
92,96, 111, 112,

n

114,119,122, 127,

16, 13, 16, 23, 24,
26,27, 28, 30, 32
34,35, 36, 37, 38,
40, 42, 43, 44, 45,
, 49,51, 52

3

70,74, 94, 98, 100,

9,15, 18,725,
47,50, 59, 72, 74,
91,99, 106, 108,

113,136, 157, 193,

a3

3,3

199,217,222, 253,
204,267,276, 2853,

297, 306, 332, 360,

a4
%

B8, 89, 107, 129, 223,

249,309, 325, 369,

265
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T30 (o)

Crreater than 10 pM

Crreater than T M

I uM 1o 100 nM

Less than 100 nivi

164, 165, 169,

, 4249, 430, 432,

5,115,
116, 124, 125,
. 145, 153,
166, 167. 168, 181,

183, 187, 185, 191,

126,

210

L]

[
o

361, 364, 365,371,
372,374,410, 413,
415,416, 418, 419,

4464

cell profiferation
ES0 (nb)

B2, 161, 163, 246,

252, 432

5,8,0, 10,12, 13,
15,16, 18,20, 22,
23,24, 25,26, 27,
28,306, 31,41, 42,
43, 44, 45, 47, 48,
4G, 50, 31, 52, 55,
57,59, 60, 61, 62,
63, 66, 72, 74,79,
89, 91,94, 96, 98,
168, 102, 105, 106,
107, 108, 112, 115,
116,124
1249 130, 136, 140,
151, 152, 153, 136,
159, 164, 165, 166,
167,169, 177, 181,

192,193, 196, 199,

266

12928-055.228
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IC50 (M) Chreater than 10 1M Greater than | pM 1 pMto 100 oM

o 10 uM

Less than 100 oM

203, 206, 207, 217,
292,003, 224, 230,
231,232,233, 234,

249,297, 300, 306,

Table 5. Btrucwres of the Compounds for the 1O results deseribed in Table 4 above and other exemplary
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Bioloeical Activity Assessmenl

[00RT9] A PL3-Kinase HTRF® assay kit (cat Mo, 33-016) purchased rom Millipore Corporaiion was
used to sereen compounds provided heremn. This assay used specific, high allinity binding of the GRP1 plecksirin
hemology (PH)Y domain to PIP3, the product of a Clags 1A or 1B PI3 Kinage acting on its physiological substrate

PIPZ. Dun

e the detection phase of the agsay, a complex was genersted between the GST-lageed PH domain and

biotinylated short chain PIP3. The hiotinylated PIP3 and the GST-fagged PH domain recraited Tuorophores

{Streptavidin-Alophveocvanin and Buropimm-labeled anti-G8T respectivelyy to o the fhore

SRCENCE FESONAncs
energy transfor (FRET) architecture, gencrating a stable time-reselved FRET signal. The PRET complex was

disrupted n a compelitive manner by non-biotinylated PIP3, a product formed in the PI3 Kinase assay.

JO08ENT P13 Kimase o, B, v and § actvity wag assaved using the P13 Kinase b agsay kit

{catalogne No. 33-016} purchased from L\/'Iiﬂ'tij)':n‘@ Carparation. Puribied recombinant P Ka (catalogne No, 14-607-

K, PI3KS (catalogue Mo, 14-603-10, PISKy {catalogue Mo, 14-558-K) and PI3KS (catalogue No. 14-664-K) were
oblained from Millipore Cormporation. Punified reoombinant PI3K envyme wag vsed to calalyze the phosphorylation
of phosphatidyinositol 4,5-bisphosphate (PIF2 at 10 uM) to phosphatidylinesttol 3,4,5-tnsphosphate (PIP3) in the
presence of 10 phM ATP. The assay was carried out in 384-well lornrat and detecied nsing a Perkin Blmer HnVision
Zeite Multilabel Reader. Smission ratios were converted into pereent inhibitions and ported o GraphPad Prism
software. The concentration necessary to achicve wnhibition of eazyme activity by 509 (1) was caleulated nsing

concentrations ranging fom 20 ub o .1 oM (12-poiot corve). 1Csy values were defermined using a nonlinear

regression mode! avatlable In GraphPad Prism 3.
Hrample 259 Chemical Stability
[GOE8]] The chemical stability of one or more subiect compounds is determined acoording o standard
procedores konown fn the art. The ollowing details an exemplary procedure for ascerfaiming chemical stabality of a
subjcet compound.  The default buffer used for the chemical stability assay is phosphate-buffered saline (PBS) a1
pil 7.4, other suilable buflers can be nsed. A subject compound 15 added From a 100 gM stock solution 1o an
aliquot of PBS (Gn duplicate) o give a finsal assay volume of 400 pl, containing 5 oM 1ot componnd and 1%
DMSO {(for hatf-life determination a total sauple velume of 700 gl prepared). Reachions are mcubated, with

shaking, for 24 hours at 37°C; for halfvlife determination samples are incubated for G, 2, 4, 6, and 24 hours.

Reactons are stopped sdiately 100 gl of the incubation mixture 10 100 gL of accloniirile and

vortegme for 5 minutes, The samples are then stored at -20°C until analvsis by HPLO-MS/MS, Where desired, a
control compound or a weference compound such as chlorambuci] (0 pbY is tested simulancously with a subject

compound ol fnterest, as this compound 1 largely hydrolvzed over the course of 24 hours, Sanyprles are analyzed via

{RPYHPLC-MS/MS using selected reaction monitoring (3RM). The HPLOC conditions consist of a binary LC pummp

3

witlh aufosampler, a mixed-mode, C172, 2 % 20 mm cohunn, and a gradient program.  Perk arcas corresponding to the
amalbvies are recorded by HPLO-ME/MES. The ratio of the parend compound remaining after 24 hours relative to the

amount reanaining at time zere, expressed ag pevcent, is reported as chemical stability.  In case of haif-lie

279
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determination, the hall-life is estimated from the slope of the initial linear range of the logarithmic curve of

compound remaining (%) vs. time, assuming fivst order ketics.

Exaraple 260: Expression and Inbibition Assays of p110a/p85e, 01 10B/p3 50, pil08/pR85a, and pl10y
[O0862] Class I PI3-Ks can be either purchased (p110a/p8Se, pl103/p85a, pl106/p85a from Upstate,
and pl Lty from Sigma) or expressed as previously desertbed (Knight et al., 20043, 105, values are measured using
cilher a standard TLC asgay for lpid kinese activity (described below) or & high-throughput membrane capture
aggay. Kinase reactions are performed by preparing 2 reaction mixiure comtainmg kinase, inhibitor (2% DMSO final
concentration, buffer (25 mM HEPES, pi 7.4, 10 mM MeC12), and freshly sonicated phosphatidyiinosito] (100
ug/ml). Reactions are initiated by the addition of ATP containing 16 pCi of v 32P-ATT 1o a final concentration of
10 or 160 uM and allowed to proceed for 5 winutes at room femperature.  For TLO analysis, reactions are then
terminated by the additien of 165 pl UN HCI followed by 160 pl CHCI:MeOH (121}, The biphasic mixmre is
vorlexed, briefly centrifuged, and the organic phase is wansferied o a new twhe using a gel Inzlding pipetle tp
precoated with CHCL. This extract is spotied on TLO plates and developed for 3 - 4 hours in a 65:35 solution of n-
propanol: LM acctic acid. The TLO plates are then dried, exposed 1o a phosphorimager soreon {Storm, Arersham),
and gquantifaied. or each compound, kinase activity is messured at 1¢ - 12 inhibitor concentrations representing
two-fold dilutions from the highest concentration tested (typically, 200 Y. For compounds showing significant
activity, s determipations are repeated two to four fimes, and the reported value is the average of these
independent measurements.
FOGHE31 Other comupercial ks or systems for assaying PI3-K activities are available.  The
conunercially available kits or systems can be used to sercen for inbibitors and/or agonisis of PI13-Ks including, Tt
not limited to, PI 3-Kinase «, 3, 6, and v.  An exemplary svsism 1s PU 3-Kinase (human) HTRF™ Agsay from
Upstate. The assay can be carried oot according 1o the procedures suggested by the manulacturer. Brielly, the assay
is a tme resolved FRET assay that mndircetly measures PIP3 product formed by the aciivity of a PI3-X. The kinase
reaciion is performed in a mucrotlter plate {eg, a 384 well microtiter plaie),  The total reaction volune is
approximately 20 ul per well. In the [irst step, each well receives 2 ul of test compound in 20% dimethylsulphoxide
resulting in a 2% DMSO final concentration.  Next, a.ga]:)r{}x.i'rnmcly 145 ul of a kinase/PIPZ mixture (diluted in 1X
ction huller) 15 added per well for a final concenfration of 0.23-0.3 pg/ml kinase and 10 oM PIP2. The plate is
sealed and incobated for 15 minufes at room femperature. To start the reaction, 3.5 ul of ATP (dlated in 1X
reaction butfer) is added per well for a final concentration of 10 WM ATE. The plate is sealed and incubated for 1
hour al room temperature. The reaction i stopped by adding 5 b of Stop Solution per well and then 5 ul o

£

Detection Mix is added per well. The plate is sealed, ncubated for | hour at rocm temperature, and then vead on an

appropriate plate reader. Data 1s analyyed and ICsgs are generated using GraphPad Prism 5.

Frample 261 B Cell Activation and Proliferation Assay
[00884] The ability of one or more subject compounds to inhibit B cell activitation and proliferation is

determined according to standard procedures known in the art. For example, an in vivro cellular profiferation assay
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stablished that measures the metabolic activity of bve cells. The assay 1s performed in a 96 well microtifer plate
using Alamar Blue reduction. Balb/c splenic B cells are purified over a Ficoll-Paque™ PLUS gradient followed by
magnetic cell separation using a MACSE B cell Isolation Kit (Milatenyi). Cells are plated i 90 1] at 50,000 cells/well
i B Cell Media (RPMI + 10% FBS + Penn/Strep - 50 M bBME + 5 mM HEPES). A compound provided herein is
diluted in B Cell Media and added in a 10 gl volume, Plates are incubsted for 30 min at 37 0 and 5% COy (0.2%
DMSO final concenfrationy. A 30 pi B cell stimulation cocktail is then added containing either 10 ug/ml LPS or 3
aglml F(ab™)2 Donkey anti-mouse TeM phos 2ng/ml recombinant mouse [L4 in B Cell Media. Plates are incubated
for 72 hours at 37 " and 5% CO,. A volume of 15 ul. of Alamar Blue reagent ig added to each well and plates are
incubated for 5 howrs at 37 %0 and 5% C0s. Alamar Blue fluoresce is read al 560Bx/590Fm, and 4o 07 BCsp

values are caleulated using GraphPad Prism 5.

Erample 262 Tumer Celi Line Proliferabon Assay

[H0885] The ability of one or more subject compounds to minbat fnor cell line profiferation can be
determined according to siandard procedures known i the art. For instance, an iz vitro ccllular proliferation assay
can be performed 10 measure the metabolic activity of live cells. The assay is performed in a 96 well microtiter plale

Heog, MOET, U-87 MG, MDA-MB-

)

uging Atamar Blue reducton. Human twmor cell ines are obtained Hom AT
46%, PO-3), grown to condluency m T75 fasks, rypsinized with 0.25% trypsin, washed one time with Tumor Cell

Media (DMEM + L0%EBS)Y, and plated in 90 ul al 5,000 cells/well in Tur

J

Cell Media. A compound provided
herein is diluted in Tumor Cell Media and added in a 10 ! volume. Plates are incubated for 72 howrs at 37 °C and

o (0. A volume of 10 pL of Alamar Blue reagent is added o each well and plates are incubated for 3 heowrs at 37
OC and 5% (0, Alamar Blae fluoresce 15 read gt S60Ex/5908m, and iCs values ave calenlated using GraphPad

Prism. 5.

Gxample 2637 Antitumar Aclivily in vivo
[00886] The compounds deseribed herein can be evaliated n a panel of hman and murine wmer
maodels,

Paclitaxet-refractory Tumer Models

. Clinically-derived Ovarian Carcinoma Model,
Tooss?y This wwmor madel is established from « turnor biopsy of an ovarian cancer patient. Tamor
biopsy 18 taken from the patient, The compounds described hereln are adminisiered 1o rude mice bearing staged
wmors wsing an every 2 days x5 schedule.

2. A2780 ax Human Ovarian Carcinoma Xenograft (Muteed Tubuling.
[o0888] AZTBOTax is a paclitexel-resistint human ovarian carcipoma model. Tt 1s derived from the
sengitive parent AZ780 line by co-inewbation of cells with paclitaxe] and verapamil, an MR roversal agent. Its

esislance mechanism has been shown o be non-MDR related and s attribuied to a mutation in the gene encoding

the beta-tubulin protein, The compounds described herein can be administered o mice hearing staged tmors on an

avery 2 days X 5 schedule,
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3 HCTHIO VA4S Human Colon Carcinoma Xenografl (Mulii-Dirug Resisiant),
[00889] HCT116/VMA6 s an MDD R-resistant colon carcinoma developed rom the sensitive HOT116
parent ine. fn vivo, grown in aude mice, HOT16/VM46 has consistently demonstraiod high resistance to paclitaxel,
The compounds deseribed berein can be administered to mice bearing staged tumors on an every 2 days x 3
schedule.
4. M5076 Murine Sarcoma Model
f0O5C0] M53076 s a mouse fbrosarcoma that is mberently refractory o paclitaxel in vive, The
corapounds described herein can be administered 10 mice bearing staged Wwmors on an every 2 davs x 5 schedule.
[008911 Cme or more compounds ag provided herein can be used in combination other therapeutic
agents in vive In the muitidrirg resistant human colon carcinoma xenogralls HOT/YM4AS or any other model known

in the art ncluding those desertbed herein.

Exmmnple 264: Microsome stabilily assey
[60892] The stability of one or more subject compounds is determined according fo standard
procedures known in the art,  For example, stability of one or more subject compounds 1s established by an i virro
assay. For example, an iz vifro microsome stabilily assay is established that measures stability of one or more
subject compounds when reacting with mouse, rat or human microsomes from Hiver, The macrosome reaction with
compounds is performed in 1.5 mb Eppendorf tube. Zach tube contains 0.1 gL of 10.0 meim] NADPH; 75 ul of
20.0 mg/ml mouse, rat or human liver microsome; 0.4 1L of 0.2 M phosphate buffer, and 425 ul. of ddHLO0.
Negative control (withoul NADPH) tube containg 75 pl of 2000 mgfm] miouse, rat or human lver microscme; 9.4

ul, of 0.2 M phosphate bufh

s oandd 525 pl of ddHOL The reaction 18 started by adding 1O kL of 10.0 mM tested

compound. The reaction tbes are incubated at 37°C. 100 ul, sample 15 collected into new Eppendorf tube
cortaming 300 pL cold methanol at 8, 5, 18, 15, 36 and 60 wminules of reaction. Samples are centnifuged at 15,000
g 10 remove profein. Supernatant of cenftrifuged sample s transterred o new nbe. Concentration of stable
compound after reaction with microsome m the supematant is measured by Liguid ChromatographviMass

M)

spectromelry (L

Example 2650 Plagma stability agsay
[O0893] The stability of one or more subject compounds in plasma s determined according to

standard procedures known m the art, See, eg

Sy

Rapid Commam. Muss Spectrom., 10: 1019-1026. The following

-

procedure 15 an HPFLC-ME/MS assay uging buman pl

sina; other species including monkey, dog, rat, and mouse are

hE4

alse available, Prozen, heparimized humman plasma is thawed in a cold waler bath and spun for 10 manutes a1 2000

mpm at 4 °C oprior to uss. A subjoet compound 18 added from a 400 aM stock solution io an aliquot of pre-warmed
plasina to give a fnal assay volume of 400 ul (or 800 pl for halflile determination), containing 5 i test

compound and 0.5 % DMS0. Reactions are meubaied, with shaking, for 0 minutes and 60 mutes at 37 °C, or for
{0, 15, 30, 45 and 66 minutes at 37 C for half' Iife determination. Reactions are stopped by transferring 50 pl of the

incubation mixture to 200 ul of ice-cold acctonitile and mixed by shaking for 5 minutes, The samples ae

[
0
i
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centrifuged at 6000 x g for 15 minutes at 4°C and 120 nl of supermalant removed into clean tubes. The samples are

then evaporaied w0 dryness and subinitted for analysis by HPLC-MS/MS,

Fa0844] In one embodiment, one or more conlrol or reference compounds {8 ud) are tested
simulianecusly with the fest compounds: onc compound, propoxycaine, with low plasma stability and another

compound, propanthelineg, with intermediate plasma stabibity,

FG0BYS] Samples are reconstitufed in acclonitrile/methanolwater (1/ Avivy and analyred via
(RPYHPLO-MS/ME using selected reaction monitoring (SRM). The BPLO conditions consist of a binary LU pump

with avtosampler, a mixed-mode, €12, 2 x 20 mm column, and a gradient program. Peak areas corresponding (o the

analbytes are yecorded by HPLC-MS/MS. The ratio of the parent compound remaining afier 60 mipntes relative to the

amount remaining at tme zero, expressed as percent, is reporied as plasma stability.  In case ol half-
'!

determination, the half-life 3y estimated from the slope of the ndtinl linear mnge of the legarithmic curve of

commpound remalning (%) vs. tine, assuning first order kinetics,

dwample 266 Kinage Signading, in Biood
ro68961 PIKS Akt fmTor signaling 15 measured m blood cells using the phosflow method (Methods

Enzymel (3007 434:131-534). This method 15 by pature a single cell assay so that cellular heferogeneity can be

defected rather than population averages. This allows concurrent dinstinetion of signaling staies in different

populations detined by other markers. Phosflow s also highly quantitative. To test the effects of one or mere

compounds provided herein, unlractionated splenocytes, or peripheral blood mononuclear cells are stimulated with
-

anti-13 4o indtate T-cell receptor signaling. The cells are then fixed and stained for surface markers and

intracethilar phosphopoteing, Inhibitors provided herein inhibit anti-CD3 mediated phosphoryintion of Akt -5473

and 56, v rapamyein inhibits 56 phosphorylation and enhances Ak phosphorylation under the conditions

tested.
[OG557] Srmilarly, aliguots of whole Dlood are moubated for 15 mimites with velicle (eg, §.1%
DMSE) or kinase inbibitors at vanous comcentrations, before addinion of stimoll o crosslink the T cell recepfor

{(TOR) (anti-CD3 with secondary antibedyy or the B cell receptor (BCR) using anti-kappa [

At chain antibody
{Fab'2 fragmentsy. After approximeately 5 and 15 minutes, samples are fixed (2.g, with cold 4% paraformaldehyde)
and wsed for phosflow. Surface staining 15 used 1o dishoguish T and B cells using antibodies directed 10 cell surface
markers that are known to the art, The level of phasphorylation ol kinase substraies such as Akt and S6 are then

meastired by iscubating the fixed cells with labeled antibodies specific to the phosphoryiated soforms of these

protetns. The population of cells ave then analyzed by How cvtometry,

Exanple 267 Colony Formation Assay

[068981 Muonne bone murow cells freshly tansformed with a pl90 BCR-AbL retrovirus (heren
reforred to as pl90 trapsduced cells) are plated m the presence of various (E:ru.g-g.; combinations in M3630
methyleelulose media for about 7 days with recombinant human IL-7 in about 30% serum, and the number of

colonies formed 18 counted by visnal examination vader a microscope.
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[O0R99] Alternatively, human penpheral blood mononuclear cells are obtained irom Philadelphia
chrommosome positive (P} and negative (Fh-) pationts upon mitial diagnosis or relapse. Live cells are isolated and
enviched for CI319+ CR34+ B cell progenifors, After overntght liquid cultire, celis are plated in methooult GF+
H4435, Stem Cell Technologies) supplemented with cytolines (1L-3, IL-6, IL-7, G-CSE, GM-CSF, CF, FH3 ligand,
and erythropoieting and varicus concentrations of known chemotherapeutic agents in combination with either
compounds of the present disclosure. Colonies are counted by microscopy 12-14 days later. Thos method can be

used o fost for evidence of additive or synergisiic activity,

Exarnple 268: In Vivo Elfect of Kinase Inhibitors on Leukemic Cells

{0900 Female recipient mice are lethally trradiated from a ¢ source in two doses about 4 hr apart,

with approximately 5Gy each. About | hr after the second radiation dose, mice are injected Lv. with about 1x10°
cnkemic cells (mg, Fht human or murine cells, or plS0 fransduced bone marrow cells), These cells are

adminisiered together with a radioprotective dose of about 5x10° normal bone mamow cells fom 3-5 week old

donor mice. Recipients are given antibiotics in the water and monitored daily. Mice who bocome sick after about 14

days are cuthanized and lymphoid organs ave harvested for analysis. Kinase inhibitor reatment beging about 10 davs

after levkemic cell injection and continues daily uniil the wice becorne sick or a maximum of approximately 35 davs

posi-iransplant. Inhibilors are given by oral lavage.
[eG981] Pevipheral blood cells are collecied approximately on day 10 (pre-reatment) and upon

cuthanization (post treatment), contacted with labeled anti-hCD4 antibodies and counted by fTow cviomeiry, This
method can be used 1o demonstrate that the synergistic effect of one o more compounds provided hersin in
combinanon with koown chemotherapeutic agents can reduce leukentic blood celt counts as compared Lo freatment

with known chemotherapeutic agents {a.g., (leevee) alone under the conditions tested.

Example 269 Treatment of Lupus Disease Model Mice

069021 Mice lackimg the inhibitory receptor FoyRib that opposes PI3K signaling in B cells develop
topus with high penetrance. FoyRIDb knockout mice (R2KO, Jackson Labs) are considered @ valid model of the
man disease as some lupus patients show decreased expression or function of FeyRIDb (5. Bolland and LV,
Raviech 2000, Imanmiiy 12:277-285),

(609031 The R2KO mice develop lupus-like disease with anti-nuclear antibodies, gloneralomeplritis
and proteipures within about 4-6 months ol age. For these experiments, the rapamyein analogue RADOG (mfailabh‘,

Grom LO Laboraiories? is used as a benchmark compound, and administered orally. This compound has been ghown

to arnehiorate lupas symptoms in the B6.5lelz Sle3z madel (T, Wu et al. L Clin favess, 117:2186-2106).

[60904] The NZB/W Fl mice spomtaniously develop a systensic autounmune discase with that is a

GF

madel of Tupus. The mice are treated starting at 20 weeks of age [or 2 profilactic model and at 23 weeks of age
therapeutic model. Blood and urine samples are obfained at approsimately throughout the festing period, and tested
For antmuclear antibodies Jo dilutions of serum) or protein concentiation {in uring). Serum is also tested for anti-

ssINA and anfi-dsIINA antibodies by ELISAL. Glomerulonephritis is assessed in kidney sections stained with HéH
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atthe end of the study, or survival can be an endpoint. For example, the proteczome inhibitor Bortesimib s elfective
at blocking diseage in the NZR/W maodel m both the profilactic and therapeuctic model with reductions in auto-
antibody production, kidoey damage, and mprovements in strvival (Nafwire Medicine 14, 748 - 755 (200873},
{909@5} Lupus disease model mice such as R2KO, BXSH or MLIVIpr are treated at about 2 months
old, approximately for about lwe months, Mice are given doses ofr vehicle, RADOOL at asbout 10 mgikg, or
compounds provided herein at approximately | mgdeg to about 560 mg/dke, Blood and unine samples are obtaimed at
approximalely throughout the festing period, and tested for antinuelear anttbodies (in dilutions of serum} or prolein
comeentration (In urine). Serum s also tested for anti-ssDNA and ant-dsDNA antibodies by ELISA. Animals are
euthanized at day 60 and itssues harvested for measuring spleen weight and ¥idney disease. Glomerntonephriiis s
assessad in kidney sections staingd with H&H. Other animals are stadied for about two months aller cessation of
treatment, using the same endpoinis
[00906] Thig established art model can be smploved o demonstrate that the kinase inhibiiors provided

herem can sappress or delay the onset of lupus symptoms n lipus disease model mice.

Example 270; Murine Bone Marrow Transplani Assay

FOG907] Female recipient mice are lethally wradiated from a vy ray sowrce. About Thre afier the radiation
dose, mice are wyected with about 1x106 leukemic cells from early passage pl90 tansduced cultures (eg, as
deseribed in Cancer Gensf Oviogens(. 2005 Aug;loH{1351-6) . These cells are administered together with a
sadioprotective dose of approximately 5x10° normal bone marrow cells from 3-5wk old donor mice. Reciplents are
given antiiotics in the water and monntored daiy. Mice who become sick after about 14 days are cuthanized and
lymphoid organs harvested for low cytomelry and/or magnetic enrichment. Treatment begins on approximately day
10 and continues daily antil mice become sick, or atter a maximoum of abowt 35 dayvs post-transplant, Drugs are
arven by oral gavage (p.o). Ina pilot sxperiment 2 dose of chemotherapeutic that 1s not curative but delays lenkemia
mset by about one week or less i3 identified; controls are vehicle-trealed or treated with chemotherapeutic agent,
previcusly shown 1o delay bt not cure leukemogenesis i this model {e g, 1matinib at shout 70mg/ka twice daily),
For the frst phase p190 colls that express GFP are used, and postmortem analyeis is linated to enumeration of the

percentage of leukemic cells in bone marrow, spleen and lymph node {EM) by fow cytometry. In the second phase,

P18 cells that express a tailless form of human CD4 are used and the postmortem analysis includes magnetic

LICESY

a4 cells

sorting of bz spleen followed by innmuneblot analysis of key signaling endpoints: p Akt -T308 and
S473; pS6 and pdEBRP-1. As controls for immunoblot detection, sorled cells are incubated in the presence or absence
ol kinage nhibitors of the present disclosure inhibiiors before lysis. Optionally, “phosliow™ is used W detect p Al

8473 and p&6-5235/236 in hCD4-gated cells withont prios sorting, These sienaling sindies are particularly usefinl if,
for example, drug-treated mce have not developed clinical leukeria at the 35 day time point. Kaplan-Meier plots of
survival are generated and statistical analysis done aceording to methods known in the art. Results from pl90 cells

are analyzed separated as well ag cunulatively,
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(009081 Samples of peripheral blood (160-200u]) are obtained weekly from all mice, starting on day
10 mmediately prior o commencing treatment. Plasma s used for measuring drug concentrations, and cells are
anatyzed for leukemia markers (eGEFP or hCD4) and signaling bivmarkers as described herein,

1069097 This general assay known in the art can be used W demonsiwraie that effective therapeutic

doses of the compounds provided herem can be used for inhibiting the profiferation of leukemic cells.
1 I 2

Example 271 Matrigel Plug Angiogenesis Assay

[00910] Matrigel contaiming test compounds are mjecied subcntancously or imraccularly, where it
solidifies to form a plog. The plug is recovered after 7-21 days n the animal and examined histologically to
determine the extent to which blood vessels have entered 1. Anglogenesis is measured by goantification of the
vessels o histologic sections. Alematively, fluorescence measuzrement of plasma volume is performed usging
fluorescein isothioeyanate (FITC)-labeled dextran 150, The results are expected 1o mdicate one or more compounds
provided herein that mwlubit anglogenesis and are thus expected o be useful m treating ocular disorders related 1o
aherrant anglogenesis andfor vaseular permeability.

Example 272: Corneal Angiogenesis Assay

[430911] A pocket kg made 1 the comnea, and a plug containing an angiocgenesis mducing fommlation
{e.g, VEGE, FGF, or mmor cells), when introduced into this pocket, elicits the mprowth of new vessels from. the
peripheral limbal vasculature, Slow-release maferials such ag BLVAX (ethylene vinyl copolymer) or Hydron ars
used o wiroduce anglogenesis mducing substances into the corneal pocket. Allernatively, a sponge material is used,
T 12] The effect of putative inlubitors on the locally induced (e, sponge mmplant) angiogenio
reaction in the comea {e.g, by POF, VEGE, or tumor cells). The test compound is administered orally, systemically
or direetly 1o the eye, Svstennic admimstration 1s by bolus mjection o, more effectively, by wse of a sustained-
releage method sueh as implantation of osmotic purnps loaded with the test inhibitor. Administration to the eve 15 by
any of the methods deseribed berein including, but not limited o eve drops, topical administration of a cream,
eryision, ar gel, intravitreal Injection.

(009131 The vascular tesponse is montored by direct observation throughout the course of the
experiment using a slercomicroscope i mice, Definitive visuakization of the comeal vasculature is achieved by
administration of fluorochrome-kbeled high-molecalar weight dextran. Guantification is performed by measuring

the area of vessel penctration, the progress of vessels oward the angiogenic stimulus over titne, or in the case of

[uorescence, hislogram analysis or pixel counts shove a specific (backeround) threshold,
[0091 4] The resulis can indicate one or more compounds provided herein inhibit engogenesis and

thus can be useful n realing ocular disorders relaied (o aberrant angiogenesis and/or vagenlar permeability,

Frample 273; Microtiter-plate Angiogenesis Assay
FOGYL5] The assay plate is prepared by placing a collagen plug m the bottom of sach well with 3-10

cell sphereids per collagen plug each spheroid containing 400-504 colls. Bach collagen plug is covered with 1100 pl

C=l
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of storage medium per well and stored for future uge (-3 days at 37°C, 5% CO,). The plase is sealed with sealing.
Test compounds are dissolved in 200 pl assay medinm with at least one well inchiding a VEGF positive control and
at least one well without VEGE or test compound as & negative control. The assay plate is removed from the
incubator and storage medium is carefielly pipeted away. Assay medinm containing the fest compounds are pipeted
exio the collagen phug. The plug is placed i a homidified incubater for (3720, 5% C0y) 24-48 hours. Angiogenesis
is quantified by counting the number of sprouts, measuring average sproul length, or determining cumulative sprout
length. The assay can be preserved for later analysis by removing the assay medivm, adding 1ml o 10%
parafonaldehyde b Hanks BSE per well, and storing at 4°C. The resulis are expected o wentify compounds that
inhibit angiogenesis in various cell types tested, including cells of oontar origin.

I

Exammplie 274 Combnation use of PIJK-8 inhibilors and a.g,,cms that mhibit T2 production or actuvity

[D6918] The compounds as provided hereln can present synergistic ot additive efficacy when
administered in combipation with agents that mhibit 1z production or activity. Agents that inhibit TolB production
inctude, for example, one or more of TEL-9874, 2-(4-(6-cyclohexyloxy-2-naphtyloxsyiphenylacetamide)benzoic acid,

Fapamycin, z‘ap'(m';ycin analogs {(ie., rapalogs), TORCE ihibitors, TORCZ inhibitors, and any other compounds that

inhibit mTORCT and mTORCZ. Agents that inhebit Izl actvity inciude, for example, ant-TgR antibodies such as
Omalizumab and TNX-90T.
[o0917] One or more of the subject compounds capable of inhibiting PI3K-S can be efficacious in
treatment of avtonmmune and inflammatory disorders (ALY, for example, theumatold artbrits. If any of the
compounds causes an undesired level of IgE produciion, one can choose to adminigter it in combination with an
gent that inhibits 1gE production or IgE activity, Additionally, the adnuimstration of PI3E-5 or pi?)}{.“'ii/"f inhibitors
as provided herein o combiration with nhibitors of MTOR van also exhibit synergy through enhanced inhibition of
the PI3K pathway., Vanous in vive and i vitre models can be used to cgtablish the effect of such combination
treatment on AHD inchuding, but not Bimited to (o) in vitre B-cell aniibody production assay, (b) in vive TNP assay,
and (¢} rodent collagen induced arthritis model,
{er} B-cell Assay
RIS Mice are cuthanized, and the spleens are removed and dispersed through a nylon mesh to
generate a single-cell saspension. The spienocyles are washed {following removal of erythrocyles by osmotic shock)
and ipcubated with anti-CD43 and anti-Mac-1 antibody-conjugated microbeads (Miltenyi Biotec), The bead-hound
sells are separated from unbound cells using a magnetic cell sorfer. The magnetized column retains the unwanied

cells and the resting B cells are collecied in the flow-through, Punified Becells are stimulated with

lipopolysacchanide or an ani-CR40 antibody and interleukin 4, Stimulated B-cells are reated with vehicle alone or
with PI3K-G inhibitors as provided herein with and without mTOR inhibitors such as rapamvein, rapalogs, or

WEORCT/CE inhibitors. The resulis are expected to show that i the presence of mTOR inhibitors {e.g.. rapamycin)
alone, there s Wtle 1 0o substantial elfect on g6 and [gE response. However, in the presence of PI3K-S and

mPOR inhibitors, the G-cells are cupecied to cxhibit a decreased Tgl response as compared 1o the B-cells treated
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with velicle alone, and the B-cells are expected 1o exhibit a decreased Igl response as compared to the response
[romn Becells treated with PI3K-8 inhibilors alone.

(b) TNP Assay
[6a%19) Mice are mmmunized with TNE-Ficoll or TNP-KHL and trested with: vehicle, a PI3K-6
inhitdtor, an mTOR inhibitor, {or example rapamycin, or a PI3K-8 mhibitor in combination with an mTOR inhibitor
such as rapamycin. Anligen-specific serum IgB is measured by ELISA vsing TNP-BSA coated plates and isotype
spocific labeled antibodies. It s expected that mice treated with an mTOR miubitor alone exhibit little or no
substantial effect on aotigen specifle 203 sesponse and no stabistically signilicant elevation in gl response as
compared to the vehicle control. It s also expected that mice treated with both PI3K-8 inhibator and mTOR
inhibitor exhibil a reduction 10 antigen specilic 1gl3 response as compared o the mice treated with vehicle alone.
Addttionally; the mice treated with both PI3X-0 inhibitor and mTOR mnhibitor exhibit a decrease in g response as
cormpared to the mice treated with PI3K-0 mnhibitor alone.

(o} Rat Collagen Induced Arthritis Model
[O0920] Female Lewis rats are anesthetized and given collagen injections prepared and administered
as deseribed previously on day 4. On day 6, animals are anesthetized and givern a sccond collagen injection. Caliper
measurements of normal {pre-disease) right and lefl ankle jomts are performed on day 9. Om days 10-11, arthritis
typically occurs and rats are randomized into teatment groups. Randomwization s performed affer ankle jomnt
swelling is obviously established and there is good evidence of bilateral disease.
[(10921] After an animal i3 selecled for envollment in the study, reatment g inttiated, Ammals are
oiven vehicle, PI3K-8 inhubitor, or PI3K-G inhibitor o combination with rapatsyein. Dosing 15 adminigtered on days
i-6. Rats are weighed on days 1-7 [ollowing estabhishment of arthritls and caliper measurements of ankles taken

very day. Final hody weights are taken on day 7 and animals are euthanized.

{60922} The combination treatment using a compound as provided herein and rapamycin can provide

greater ¢fficacy than treatment with PI3K-6 mhibitor alone.

[60923] Certain compounds provided herein {e.g., Compounds 5, 49, and 35%) were tegted in the rat

Coll Induced Arthritis Model using procedures substantially similar 1 those deseribed above, and all of the

tested compounds demonstrated EC values of less than 50 mgfle.

BExample 275 Delayed Type Hyporsensitivily Model

[00924] IYEH was induced by sensitizing 60 BALB/C male mice on day 0 and day 1 with a solution of
0.05% 2,4 dinitroffuorobenzene (DNFBY in a 4L acetone/ofive off mixture. Mice wers gently resirained while
20 uL of selution was applicd to the hind fool pads of each mouse. The hind foot pads of the mice were used ag
they represent an anatomical site that can be easily wolated and immobilized without anesthesia, On day 5, mice

1

were administered a single dose of vehicle, a compound provided herem at 10, 3, 1, or 0.3 mg/

L3, 1 2, or dexamethasone
at 2 dose of 5 me/fke by oral gavage, Thinty mimites later mice were anacsthetized, and a solution of 0.25% DNFBR
a4l acetone/olive ol solution was applied 1o the left nner and oufer ear surface. This application resulted in the

nduction of swelling 1o the left car and under these conditions, all animals responded to this treatment with ear
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swelling. A vehicle conirol solittion of 411 acetome/olive 0l was applied 1o the xight imer and ouler ear. Twenty
four hours later, mice were anacsthetized, and measurements of the left and vight ear were taken using a digiial
micrometer. The difference between the two ears was recorded as the amount of swelling induced by the challense
of DNFB. Drug meatment groaps were compared to vebicle control to generate the percent reduction in ear

gwellmg, Dexamethasone is routinely used ag a positive control ag 12 has broad anti-tnflammatory activity.

Exampls 276; Peptidoglycan-Polysaccharide rat Arthritic Model

{a) Svstemic arihritis model
[3H0925] ANl mjections are perfonmed under anesthesia. 80 female Lewis rats (150-170% are
apesthetized by nhalation isoflurane using o small aninal anesthesia machine. The animals are placed in the
induction chamiber watl anesthetized by delivery of 4-5% isofiwrane in Cq and then beld in that stale using a nose
cone on the procedure table. Mainicnance lovel of isoflurane 15 at 1-2%. Animals are mjected intraperitoneally (.p.)

with a single injection of purified PG-PS 108 Group A, D5E strain (concentration 25ug/e of bodyweight) suspendead
o steride 0.85% saline, Each animal receives a lotal volume of 360 wicroliters adminisiered in the lower lefl
quadrant of the abdomen using & 1 milliliter syringe with 2 23 gange needle. Placement of the needle is critical to
avoid mjecting the PG-PS 165 into either the stomach or caccum. Animals are under continuous observation il
f'u"}ly reeovered from anesthesia and moving about the cage. An acule response of a sharp increase i ankle
measurement, lypicalty 20% sbove baseline measurement can peald in 3-5 days post injection.  Treatment with fest

T

compounds can be PG, 5C, IV or 1P, Rats are dosed no more than two times In a 24 hour tme span, Treatment can

begin on day 0 or any day after that through day 30, The animals ae weighed on days 0, 1, 2, 3, 4. 5, 6, 7 and
beghning agal fay 12 - 30 or until the study Is termivated.  Paw/enkle diameter 15 measured with o digital
Degimming again on day 12 - 30 or until the study is terminated. Pav/ankle diameter 13 measured with o digita

caliper on the lelt and right side on day & prior to gection and again on day 1, 2, 3

b= 4 L ]

4,5, 6and 7. Onday 12,
meastureents begin again and continne on through day 300 Al this time, animals cen be anesthetized with
isofhurane, as described above, and terminal blood samples can be obtained by tail vein draws for the evaluation of
the compound bload levels, chimeal chemisiry or hematolopy parameters. Animals are them cuthanized with carbon
dioxide overdose. A thoracotomy can be conducied ag 2 means ol death verification.
th) Monoarticular arihritis model

[0G925] Al imjections are performed under anesthesia. 68 female Lowis rats (130-170) age
anesthetized by inhalafion iseflurane using a small animal encsthesia machine, The apimals are placed in the

induction chamber uniil anesthetized by delivery of 4-3% isoflurane in {3 and then held in that state using a nose

cape on the procedure table. Mamntenance level of isoflurane is at 1-2%. Animals are mjccted mtra-articular (i,a.)
with a single mjection of purilied PG-PE 1002 Group A, D58 strain (concentration 500ug/mb} suspended in sierile
0.85% saling, Fach rat receves a total velume of 10 microliters administered into the tibiotalar Joint space using a |
milliliter syringe with a 27 gauge needle. Animals are under continucus obscrvation umtil Mlly recovered from
anesthesia and moving aboul the cage.  Anbmals that respond 2-3 days later with a sharp increase i ankle
mezsurement, typically 20% above baseline measurement on the initial 1., injection, are ncluded in the study. On

day 14, all responders are anesthetized again using the procedure previously described.  Animals receive an
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intravencus (LY.} injection of PG-PS {concentration 250ub/mL), Bach rat receives a total volume of 400 microliters
administered slowly Into the lateral tail vein using a 1 maliiliter syeinge with 2 27 gauge needle. Baseline ankle
measurements are measured prior to TV injection and continue through the course of mflammation or cut to day 10,
Treatment with test compounds will be PO, SC, IV or TP, Rats ave dosed no more than two times ina 24 hour time
span. Treatment can begin on day 0 or any day after that through day 24. The antmals are weighed on days O, 1, 2,
3,4, 5, and beginning again on day 14 - 24 or unil the study is terminated. Paw/ankde diameler is measured with a
digital caliper on the Tefl and right side on day O prior o jection and again on day 1, 2, 3, 4, 5, and beginning again
on day 14 - 24 or wnddl the sindy is ferminated, At this time, anhmals can be anesthetized with isoflurane, as
described above, and terminal blood samples can be obtained by tml vein draws for the evaluation of the compound
blood levels, clinical chemistry or hematology parameters. Anhmals are them euthanized with carbom dioxide

overdose. A thoracotomy can be condasted ag a means of death verification,

Example 277 Mice Modets for Asthma

1009277 Efficacy of a compound provided herein i treating, preventing end/or managing asthma can be

assessed using an conventional apimal models including various nrice models descoribed in, for example, Nials ef ol
Dig Model Mech. 1(4-5% 213-220 (2008).
(aj Acuie Allergen Challenge Models

[00928] sSeveral models are known in the art and any of such models can be used.  Although various
allergens can be used 16 induce asthma-like conditions, the principle is conststent throughout the methods. Briefly,
asthma-itke conditions are induced through waltiple systemic adminisiation of the allergen {e.g., ova, house dust
mite extracis and cockroach extracts) in the presence of an adjuvant such as alwninun: hydroxide. Alternativelv, an
adjuvant-ree system can be used, but iU usually requires a higher number of expogures 1o achiove suitable
sensitization. OUmee mduced, animals exhibit many key features of chuical asthma such as: elevated levels of 1ph;

g

awrway inflammation; goblet cell hyperplasia; epithelial hypertrophy, AHR ro specific stimulty and carly and late

¢ bronchoconstriction. Potential efficacy of a conpound thus can be assessed by detenmining whether one or
more of these clinical features arc roversed or mitigated,

{hi Chironic Allergen Chollenge Models
[30929] Chronie allergen challenge models aim o repreduce more of the featwes of the clinical
aythina, sucl ag alrway remodeling and persistent AHR, than acute challenge models, While allergens similar io

those used in acute alfle

en challenge models can be wsed, i chronie allergen challenge models, animals aie

subjected 10 repented exposure of the arways 10 low levels of allergen for a period of up fo 12 weeks. Onee

indueed, antmals exhibit koy features of huwman asthma such as: allergen-dependent sensitization; a Th2-dependent

allergic inflammation characterized by cosinophiilic il nto the airway mucosa; AHR; and airway remodeling as
evidenced by soblet cell hyperplasia, epithelial hypertrophy, subepithelial or peribronchiolar Ghrosis. Potential
efficacy of a compound thus can be assessed by determining whether ong or more of these clinical features are

reversed or mitigated,
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Example 278 Models tor Psoriasis

[60930] Ffficacy of a compound provided herein in treating, preventing and/or managing psoriasis can

be assessed using an conventional animal models including various animal models deseribed in, for example,

Bochneke af ¢l., Clivues in Dermatclogy, 25: 596-605 (2007).

[06931] Ag an example, the mouse model based on adoptive transfer of CDA'CRASREY T eells

deseribed in Hong ef al.,J. ol 1620 7480-7451 (1999) can be made, Briefly, female BALD/GDY (donor) and

CLB 17 Prkde seidfseid (recipienty mice are housed o a specific pathogen-free envivonment and are used between 6

and & weeks of age. CH47 T cells are enviched from BALB/ By splenocyies nsing a mouse {04 enrichment kit,

The cells ave then habeled with PE-conjugated anti-CD4, FITCconjugated ant-CD43R B, and APC-conjugated anii-

725 antibodies.  Cally are sorted using a cell sorter.  CDA CDASRAYCDIS cells are collected.  Cells are
resuspended in sating and 4x10° cellsfmouse are injected poanto .83 17/Prkde seidfseid mice. Mice may be dosed

with LS, cyiokines, or antibodies as necessary.  Mice are monitored (o extern 1 lesions twice sach

week. Aller the termimation, ear, baek skin, lymph nodes and spleen may be collected for further ax vive studies,

Example 279 Models for Seleroderma
[00932] A compound’s eflicacy i trealing scleroderma can be lested nging animal models,  Ap
remplary animal model 13 a mouse model for scleroderma induced by repeated local njections of bleomyuin
("BLM™Y desenbed, for example, In Yamamolo ¢f af., . invest Dermaiol 1120 456-4672 {1999, the entirely of which
18 incorporated herem by telerence. This mouse model provides dermal sclerosis that closely resembles systemic
sclerosis both hisiologically and bochemically, The sclerotic changes observed In the model include, but are not
Hmited tor thickensd and homogencus collagen bundles and cellular (ltrates; gradual increase in pumber of magt
cells; degrannlation of mast cells; elevaled hustarnine release; increase in hydroxyproling in sking presence of anti-
nuclear antibody 1n serum; and strong expression of transforming growlh lactor B-2 mEMA, Therelore, efficacy of o

compound In freating scleroderina can be assessed by monitoring the lessening of one or more of these changes,

00633 Briefly, the ollowing exemmplary procedures can be used 1o gencrate the mouge model for
seleroderma: Specific pathogen-free, Fomale BALBAC mice and C3H mice of 6 weeks old, weighing about 20 g, are

purchaged and mainiained with food and water ad Tibiturm, BLM s dassolved in PES at differing concentrations and
steriiized with Dltration.  Aliguots of cach concentration of BLM or PBE we injected subeutansously nto the shaved
back of the mice daily for 1-4 wecks with 2 needle. Alternatively, mice are Injected every other day.

(009343 Histelopatholozical and biochemical changes induced can be assessed using any methods
commnonly practiced 1n the field, Fo

cepcapnple, stopathological changes can be assessed wsing @ standard avidine-

biolin peroxidase icchnique with anti-L3T4 monoclonal antibody, anti-Lyt2 monoclonal antibody, anti-mouse pan-
fissue-fixed macropbage antibody, ant-stem cell factor monocioval antbody, anti-transforming growih factor-B
polyelonal antibody, and anb-decorin antibody. Cytokime expression of cellnlar mithirates can be assessed by nging
several anti-cytokine antibodies.  Hydroxyproline level can be assessed by bydiolyzing skin peces with
hydrochloric acid, neutralizing with sodinm hydroxide, and colorimetrically assessing the hydrolates at 560 nm with

p-dimnethylaminobenzaldehvde.  Pepsinresistant collagen con be assessed by treating collagen sample extracted
F i B & tr] i

124w
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from: biopsied tissues and analyzing by polyacrylamide stacking gel electrophoresis. Mast cells can be identified by
toluidine blue, and cells containing matachromatic granules can be counted under high magnification of a light
microscope.  Serum levels of various eytokines can be assessed by ensyme-linked immunosorbent assay, and
mRNA levels of the cytokines can be assessed by reverse-Transcriptase polymerage chain reaction. Autcantibodies

in serum can be detected using 373 fibroblasts ag the substrate for the sereening,

xampie 280 Models for Myositis

[00935] A compound’s efficacy in freating myositis (eg, dermatomyositis) can be tested using anumal
madels known in the art. One such exemple s the familial camime dermatomyositis medel desceribed tn Hargly ef af,,
ALP 12002y 323-325 (1985). Another example 18 the rabbit myosin induced mouse model described 1n Phyanagi ef
al., Arthritis & Rhewmaiism, 60010 3118-3127 (20469).

FO0936] Briclly, Soweek old male 3L/ mice arc used. Purificd myvosin from rabbit skeletal muscle
(6.0 mg/mly is emulsified with an egual amount of Freund’s complete adjuvant and 3.3 me/ml Mycobacterium
butyricum.  The mice are nmnumzed repeatedly with emulsificd rabbit wmyosin,  Opce myositis is nduced,
mflammnatory cell filtration and necrofic muscle fber should be evident in the model. In the muscles of animals,
Coa* T eells are mainly located i the perimysum and CDR™ T colls are mainly locaied in the endomysinm and
surrcund nom-necrotic muscle fibers, TNFo, 1PNy and perforin are up-regulated and intercellnlar adbesion moleculs
L 18 mereased in the muscles,

[(0937] To assess the efficacy of & compound, lollowing administration of the compound through
sdequate route at specificd dose, the mics are killed and muscle tswucs are harvested,  The muscle tissue is
immediately {rozen m chitled isopemane precooled in Hauid nitrogen, and then cryosial sections ave prepurved. The
sections are stained with hematoxylin and cosin for counting of number of milwated cefls. Three sections from
each mouse are prepared and photomicrograpbs are obfamed. For immunohistochermnical tests, cryostat sections of
wascle arg dried and fixed 10 cold acetone at -20°C. The slides are rebydrated n PBES, and ther endogencous
peroxide activity 1s blocked by meubation in 1% hydrogen peroxide. The sections are moubaled overnight with rat
anti-mouse C04 monoclonal antibody, ral anti-meuse CD8 moneclonal antibedy, rat anti-mouge F4/80 monoclonal
antibody or normal rat IgG oo antibody diluent. The samples are washed with PBS and incubated with biotin-
conjugated rabbit anti-rat Te(r prefreated with 5% normal mouse serum. Afler washing with PBS, the sanples are

incubated with streptavidin-horseradish peroxidase, After washing PRS, disnninobenzidine s used for visualization.

Example 2810 Models for Sidgren Syndror
[006938] A compound’s efficacy in treating Sibgren’s syndrome can be tested uging animal models
knowen an the art, for example, those desoribed in Chiorint et al., Jowrnal of Autoimmunife 33: 190-196 (20069).
Examples ncluder mouse model spontancously developed in first {ilial generation of NZBE mice crossed to NZW
mice (see, e.g., fonsson ¢ al., Clin Immunol Immunopathol 420 93-101 (1987}, mouse mode!l induced by ip.
ingechion of meomplete Frevnd's adjuvant (id.; Deshmukh et al,, ./ Gral Pathol Med 38: 42-27 {2009Y); NOD mouse

models wherein 5i6gren’s phenotype 18 developed by specilic genotypes (see, eg., Cha e al., Artheitis Rheum 46:
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1390-1398 (2002);, Kong #f al., Clin Exp Rheumeiol 16 675681 (1898)Y; Podolin ef al., J Exp Med 178: 793-803
(1993), and Rasooly ef ¢l, Clin Immunol Imewmopathol 81 287-292 (1596)); mouse mexdel developed in
spomtanecus yy mutation; mouse model developed in Id3 knock-out mice {see, o, Ld of al., Immunity 210 551-560
(2004)}; mouse model developed in PI3K knock-out mice (see, e, Ouk ef al., Proc Nail Acad Sci US4 103: 16882~
16887 (2006)); mouse model developed m BAFF over-expressing ransgenic wice (see, eg., Groom ef o, J Clin
Davess 109 59-68 (20023, mouse model induced by mjection of Ro antigen nfe BALB/C mice (see, eg, Oh-Hora
el al., Nat. fmmunol 90 432-443 (2008)); mouse model induced by injection of carbonic anhydrase H (see, g,
Nishimnort ef af., S hmmunel 1540 48654873 {19%5); mouse maedel developed i 114 over-expressing transgenic
mics {see, e.g., Shen et al, J fmmumol 1770 5676-53086 (2006)); and mouse moedel developed in 10-12 gxpressing

ranseenic mice (see, e.g., Molmath-Maorrow ef af., dm J Physiol Ling Cell Mol Physiol 291 LE37-846 (2006)).

Bxample 2820 Models for Immune Complex Modiated Discase

[00939] The Avthus reaction is a type 3 imoune response to rmmine complexes, and thus, can be a
mechanistic model supporting therapeutic hypothesis for npwme complex mediated diseases such as rheumaloid
arthriis, lupus and other autoimmune diseases.  For example, PI3Ey and § deficient mice can be used as

experimenial modets of the Arthus reaction and provide assessment of therapeutic potential of a compound as to the

treatment of munune complex mediated diseases. The Avthus reaction can be induced using the following

exemplary procedures as described in Konrad ef ol Jowrnal of Biological Chemisiry (2008 283(48) 3329633303,

1609407 PIEKy- and PI3KS-deficient mice are maintained under dey barmier conditions. Mice awe
ipesthettzed with ketamine and xylazine, and the tachea is canmulaied. Appropriaie amount of profein G-purified

anti-GVA igG Ab is apnlied, and appropriate amount of OV A antigen is given intravenously. For PI3K blrycking

experiments, worlmanin is given mitratracheally fogether with the application of antt-OVA 120G, Mice are kaille

4 hours after mitiation of milammation, and desmed follow up assessments can be perfomned nsing methods known

in the art,

Erample 283 Isoform-Selechve Cellular Assays
{a) PI3KG Selective dssav

00941 ] A commpound’s abnlity in selectively tnhibiting PISKS can be assessed usme RAN ceils, e, B
' . i Hy ) -ty

Iymphocyie cells denved [om lymphoma patients. Belefly, serume-starved RAJ cells are stimuiated with anti-

human fgM, thereby causing signaling wough the Becell receplors, as desceribed in, for example, He e af,
Lewhentia Research (2009 330 TO8-807. B-cell roceptor signaling s important for the activation, ditferentistion,
and survival of B cells and cartain B-cell derived cancers, Reduction of phospho-AKT 15 ndicative of compounds

that may nhibil Brcell proliferation and [unction in certain diseases. By monitoring the reduction of phospha-AKT

in stimdated KAH cells (using for example, phospho-AKT antibodies), a compound’s polential cfficacy
selectvely mhibtiing PI3KS can be assessed.
(009423 Certain r;o'mpuum.l provided herein (e.g, Compounds 5, 49, 104, 138 187 191, 24%, 242, 274,

XT3, 275, 285, 28R, 204, 332, 310, 326, 32V, 3EY, 338, 333, 334, 335, 336, 337, 338, 353, 354, 356, 359, 378, 379,
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382, 383, 387, 389, 391, 383, 394, 396, 397, 399, 401, 402, 403, 448, 410, 412, 413, 414, 415, 415, 417, 418, 419,
4L, 424, 425 and 428) were tesied in RAJL cell model using procedures as described above. 1t was found that ICs
values for phospho-AKT are as follows: Compounds 5, 49, 104, 138, 157 1931, 247, 242 270, 273, 270, 285, 288,
293, 312, 335, 326, 327, 328, 329, 333, 334, 335, 330, 337, 338, 353, 384, 356, 359, 378, 379, 382, 383, 37, 389,
391,393, 354, 396, 397, 390, 401, 487, 4083, 488, 418, 412, 413, 414, 415, 416, 417, 418, 419, 4272 424, 425 and

428 in the range of less than 100 nM.

(b} PI3Ky Selective Assay

[((943] A cempound’s ability in sclectively inhibiting PISKy can be assessed using RAW204.7
macrophages. Briefly, serum-starved PAW264.7 cells are stimulated with a known GPCR agonist Cha, (See, e.g.,
Carps e al., Nowre Medicine {2005) 11(9): 936- 943).  Cells can be teated with fest compounds prior to,
simuitanconsly with, or subsequent o the stimulafion by CSa. RAW 264.7 cells respond o the complemenl
component fragment Cha through activation of the Cha recepior, and the Cha receptor activates macrophages and
induces cell migration.  Test compounds™ ability 10 inhibit Cha-mediated AKT phosphorylation is indicative of

selective inhibition of PI3Ky. Thus, by monitoring the reduction of phospho-AKT in stimalated RAW 264.7 cellg
{using for example, phospho-AKT antibodies), a compound’s potential efficacy in selectively inhibiting PISKy can
be assessed.
[00944] Certain compounds provided herein {eg, Compounds 8§, 49, 164, 127, 138, 157, 191, 241, 242
279, 273, 276, 279, 285, 288, 291, 312, 316, 326, 327, 328, 328, 333, 334, 335, 334, 357, 338, 353, 354, 354, 359
T8, 379, 387, 383, 387, 389, 391, 393, 304, 306, 397, 399, 401, 402, 403, 408, 418, 4310 413, 414, 415, 416, 417,
418, 419, 422, 424, 425, and 428) were tested i RAW 2647 cell model using procedures as described above. 1t
was found that ICsy values for phospho-AKT are as follows: Compounds 8, 49 127, 138, 147, 243, 276, 275, 279,
285, 288, 291, 316, 379, 382, 383, 394, 397, 399, 403, 408, 410, 412, 413, 414, 415, 414, 417, 418, 419, 422, and
428 i the range of less than 100 aM; Compounds 184, 242, 273, 312, 326, 327, 328, 339, 335, 356, 374, 387, 389,
304, 393, 306, 401, 424, and 425 in the range of between 100 uM and 1 uM; Compounds 191, 333, 334, 336, 337,

338, 383, 354, 359, and 447 in the range of between 1 udMand 16 pM.

fe) PI3Ka Seleciive Assay

(609457 A compound’s ability in selectively inhibiting PI3R o can be agsessed using SKOV-3 cells, fa.,
bunan ovarian carcmema ceil hne. Bretly, SKOV-3 cells, i which mutant PI3Ke is constitutively active, can be
treated with test compounds. Test compounds” ability 1o mhithit AT phosphorylation In SKOV-3 cells, therelores,
is indicative of sclective inhubition of PIB3Ka. Thus, by monitoring the reduction of phospho-A KT n SKOV-3 cells
(using for example, phospho-AKT antibodies), a compound’s potential efficacy in selectively inhibiting PI3Ka can
be assessed.

(00946} Certain compoundas provided herein {e.e, Compounds 5, 4%, 138, 326, 328, 354, 359, 389, and
3%1) were tested in SKOV-3 cell wodel using procedures as described above, Tt was found that 1Cs values for

phospho-AKT are as follows: Compounds 138 and 328 mn the range of belween 100 nM and 1 uM; Compounds 5,
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4%, 326, 359, and 389 in the range of between 1 pM and 10 uM; and Compounds 354 and 391 i the range of greaier

than 10 pM.

(A} PI3KS Selective Assay

[006947] A compound’s a‘r,ai'lif,y in selectively inhibiting PI3KE can be assessed using 786-0 cells, Le

Twman kidney carcinoma coll line. Briefly, 786-0 colls, 1n which #13KES 18 L.(msmmivdy active, can be treated with
test compounds, Test compounds” ability 10 inhibit AKT phosphorylation in 786-0 csfls, therefore, 15 indicative of
selective inhibition of PISKB. Thus, by monitoring the reduction of phospho-AKT in 786-0 cells {using lor

exainple, phospho-AKT antibodies), a compound’s potential efficacy in selectively inbibating PI3KS can be
agaessed.

(09481 Certain compounds provided herein (e, Compounds 5, 49, 138, 376 328, 354, 359, 389, and

a

1

391) were tesled m 786-0 coll model using procedures as descrnibed above,  I0 was found that 105 values for

phospho-AKT are ag follows: Compounds 328 and 359 in the range of between 160 oM and 1 pM; Compounds 44,
138, 348, 384, and 382 n the range of between | M and 10 pM: and Compounds 3 and 3%1 in the range of greater
£ I & £

than 1 ML
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CLAIMS
WHAT IS CLAIMED JS:

1. A compound of Formula (Ih:

Formule (1)

ot an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thereof, or a
pharmaceutically acceptable form thereof, wherein

W, and W,” are each independently CR% 8,0, Nor NRM, wherein at least one of W' and W,° is CRﬁ, N
or NRM;

W, is CR® or CHR?;

pisl,2or3;

B is hydrogen, alkyl, alkenyl, alkynyl, amino, heteroalkyl, cycloalkyl, heterocyclyl, aryl or heteroaryl,
each of which is substituted with 0-4 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)-, -8$(=0);-, -N(R")-, -C{(=0}-(CHR"),-, -C(=0)-, -N(R")-C(=0)NH-, or -
NR)CR )

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

R® is aryl, heteroaryl, or heterocyelyl, or R? is a heteroatom selected from N, S, and O, wherein the
heteroatom has a covalent bond, either directly or through a C,-C, alkylene group, to an aryl, heteroaryl, or
heterocyclyl; wherein the aryl, heteroaryl, or heterocyclyl can be substitated with 0, 1, 2, or 3 R™:

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

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

eac 1s independently hydrogen, alicyl, cycloalkyl, heterocyclyl or heferoaiky!;
h R? is independently hyd Jkyl, cycloalkyl, 1 yeiyl or h Tyl



W, is R“

AisNor CRY:

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

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

wherein the compound of Formula (1) is not one of the following compounds:

/
A-N
2,
)
= N N\
N, NH, |
+ HH, E]
2 The compound of claim 1, wherein when R’ is 1-methyl-4-pyrazolyl, B is not phenyl substituted with 0
yi-a-p p

occurrences of R™ or cyclopropyl substituted with 0 occurrences of R",

3. A compound of Formula (I):

Formuia (1)
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ot an enantiomer, a mixture of enantiomers, or a mixture of two or more diastereomers thereof, or a
pharmaceutically acceptable form thereof, wherein

W, and W,? are each independently CR®, S, O, N or NR', wherein at least one of W’ and W, is CR, N
or NR';

W, is CR® or CHRY;

pis1,2o0r3;

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

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

X is absent or is (CH(R™)),-;

Y is absent, -O-, -8, -${(=0)-, -§(=0),-, -N{R")-, -C(=0)~-(CHR’),-, -C(=0)-, -N(R")-C(=O)NH-, or -
NR)CR )

each 7 is independently an integer of 1, 2, 3, or 4;

Ris aryl, heteroaryl, or heterocyclyl, or R’ is a heteroatom selected from N, S, and O, wherein the
heteroatom has a covalent bond, either directly or through a C,-C; alkylene group, to an aryl, heteroaryl, or
heterocyciyl; wherein the aryl, heteroaryl, or heterocyclyl can be substituted with 0, 1,2, or 3 RY:

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

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

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

AR
R K N

Wy is R

AisNor CRY;

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

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

wherein R? is not 1-methyl-4-pyrazolyl.

4, The compound of any one of claims 1-3, wherein W' and W7 are CRS.
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5. The compound of any one of claims 1-4, wherein each R’ is independently hydrogen, alkyl, cycloalkyl,
P D ylhy Y

heterocyclyl, fluoroalkyl, alkoxy, halo, cyano, heteroaryl or arvi,

6. The compound of claim 5, wherein R® is hydrogen, alkyl, fluoroalkyl, alkoxy or aryl.
7. The commmound of any one of claims 1-6, wherein pis 1.
8. The compound of any one of claims 1--3, wherein the compound of Formula (I) has a structure of Formuia

(ID) or (I1L):

R? 8]

Formula (111).
g. The compound of any one of claims 1-8, wherein Y is absent or -N(R)-,
10. The compound of any one of claims 1--3, wherein the compound of Formula (I} has a structure of Formula

(ITb-1Y:
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Formula (11fh-1).

11. The compound of any one of claims 1-10, wherein B is alkyl, heteroalkyl, cycloalkyl, heterocyelyl, aryl, or
heteroaryl, each of which is substituted with 0-4 R®.

12. The compound of claim 11, wherein B is phenyl substituted with 0-4 occurrences or R%.

i3. The compound of ¢laim 12, wherein B is phenyl substituted with 0 occurrences of R”.

14. The compound of claim 11, wherein B is allyl or cycloalky] substituted with 0-4 ocourrences or R,
15. The compound of claims 14, wherein B is isopropyl.

16. The compound of any one of claims 115, wherein A is N.

17. The compound of any ane of claims 1-16, wherein W is:

;g‘\“/NYNHz
N
NH,

AN

W N NH 8 N NH, | ?v o
o L N N’le

LN jNCLN ’ W

FsC NH o

18. The compound of any one of claims 117, wherein R” is aryl; wherein the aryl can be substituted with 0, 1,
2,0t 3 R¥

i9. The compound of any one of claims 1-17, wherein RYis heteroaryl;
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wherein the heteroaryl can be substituted with 0, 1, 2, or 3R".

20,

21,

22.

23.

24,

25,

26,

27,

The compound of claim 19, wherein R? is 6-10 membered heteroaryl substituted with 0, 1, 2 or 3 R,
The compound of claim 20, wherein R® is 6-membered heteroaryl substituted with 0, 1, 2 or 3 R".
The compound of claim 21, wherein R? is pyridyl substituted with 0, 1, 2 or 3 R™.

The compound of claim 19, wherein R? is 9-membered heteroaryl substituted with 0, I, 2 or 3 RE,
The compound of claim 19, wherein R” is 10-membered heteroaryl substituted with 0, 1, 2 or 3 R™.
The compound of any one of claims 1-24, wherein R® is hydrogen,

The compound of any one of claims 1-25, wherein R’ is methyl.

The compound of claim 1, wherein the compound is
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304

AH
NG 2 'N
\N)\NH
Compound 100,
Ohie

NS

L~

z

O

A

N
e

NH
NC A

KN NH,

Compeund 108,

Compoeund 115,

Compeund 127,

o\fu\‘\
A

Compound 102,

- /Jv

ey
OwN

OH

Compound 111,

Compound 138,

N,




poNe i‘
(T
e
Hﬁl\‘rm\\ri\m2 - NoNHz
I\EWN “‘\ N | /‘WN/
- o=¢ |
S

Compound 133,

Compound 138,

o._MN
A - 7 /‘“
0.~ s o
Oy o My N /©
. SPe g P
w\v-m“ “ /\1/ U Al e UH
MRN8 A HN._N,__NH; N7 NN
o I M o
Mc}:\v“ e MCLN LN)\NHZ
Compeund 151, Compound 152, Compound 1353, Compound 154,
OH
e, N
N
MeO. N ! N, .0
A My N Q o S
2 0o A9 Yo
K\\}LN@ i oy Pr{)i\/ ‘\/\)\/ MN =
o LA T SN
o . HN IN\YNH2 P | a uu\ﬁ,n\\‘/wuz
PR NP Fu W |\Z uojrwu
P | li |
\”)\N”z e oH F
Compound 155, Compound 159, Cotgpound 161, Compound 163,
[
HN’é\\O
el

HRE N, M,
NC. - N NC._sy B N \N/
| ! = >
\NJ\NHZ E\\NJ\N:»{Z N
Compound 164, Compeund 165, Compound 166, Compound 169,
MO
o o A g
Y S0 Y S ws g /@
'\/q 5 o i ij/l /W 5 y i) N
7 s Lt HEL N, 1, Wi e
g Me R _N__NH I H :
HRL_N__ Ny T Ve HNﬁNHE BN AH
I q = W8 L:
- (/:l/\/ . g™~ N e
Compound 177, Compound 179, Compound 181, Compound 182, Compound 183,
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g e
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N/\/N

é@@
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NC/i\/

Compound 457,

“NH,
Compound 203, or

or a pharmaceutically acceptable form thereof.

HAL__N o NH

NG AN
Compound 448,

Sy NH,
N 5 > 1
f =
S
Compound 458

DN

O HNH

A ¢
“

NH,
Compound 204

28. A compound of Formula (TV):

_N,_NH
o

=N
Compound 449,

NH,

NC LY

Compound 454,

N = O‘crrs
= o m

i i
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e
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h
“‘“N)‘NHZ
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wherein B is hydrogen, alkyl, alkenyl, alkynyl, amino, heteroalkyl, cycloalkyl, heterocyclyl, aryl or

heteroaryi, each of which is substituted with 0-4 RY
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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-, -5-, -8(=0)-, -§(=0);-, -N(R")-, ~C(=0)-(CHR®),-, -C(=0)-, -N(R"}-C{=0Q)NH-, or -
NRHCR - ;

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

R’ is aryl, heteroaryi, or heterocyelyl, or R’ is a heteroatom selected from N, S, and O, wherein the
heternatom has a covalent bond, either directly or through & C;-C; alkylene group, to an aryl, heteroaryl, or
heterocyclyl; wherein the aryl, heteroaryl, or heterocyelyl can be substituted with 0, 1,2, or 3 RY:

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

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

. 10
éf [ AYR

Rﬁ /N
Wd is R12 N
Ais N or CRY;

R RY, R¥ R”, and R" are independently hydrogen, alkyl, heteroafkyl, alkenyl, alikynyl, cycloalkyl,
heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, heterocyclyloxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, hale, haloalkyl, cyano, hydroxyi, nitro, phosphate, urea, carbonate, oxo, or NR'R"

wherein R" and R" are taken together with nifrogen to form a cyclic moiety.

29, The compound of claim 28, wherein the compound of Formula (FV) has a structure of Formula (V)

Formula (V).
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30. A compound of Formula (VI):

Formula {(V1);

wherein B is hydrogen, alkyl, alkenyl, alkynyl, amino, heteroalkyl, cycloalkyl, heterocyclyl, aryl or
heteroaryl, each of which is substituted with 0-4 R%:

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

X is absent ot is ~(CH(R")),~;

Y is absent, -O-, -8-, ~S(=0)-, -8(=0);-, ~-N(R)-, -C(=0)-(CHR"),-, -C(=0)-, -N(R"}-C(==O)NH-, or -
NR)CR):-;

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

R? is aryl, heteroaryl, or heterocyclyl, or R® is a heteroatom selected from N, S, and O, wherein the
hetercatom has a covalent bond, either divectly or through a C;-C; alkylene group, to an aryi, heteroaryl, or
heterocyclyl; wherein the aryl, heteroaryl, or heterocyclyl can be substituted with 0, 1, 2, or 3 RY:

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

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

N 190
s i A\YR

N

e

R11 |

Wd 1s R'? ,
AisNor CRY;

R RY, R™ RY and R" are independently hydrogen, aikyl, heteroalkyl, alkenyl, alkynyl, cycloatkyl,
heterocyclyl, aryl, arylalkyl, heteroaryl, heteroarylaikyl, alkoxy, heterocyciyloxy, amido, amino, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, haloalkyl, cyano, hydroxyl, nitro, phosphate, urea, carbonate, oxo, or NR'R"

wherein R” and R" are taken together with nitrogen to form a cyclic moiety.

31. The compound of claim 30, wherein the compound of Formula (VI) has a structure of Formula (VII),
(VHL), or (IX):
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Formula (IX).
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32, A compound, wherein the compound is

or a pharmaceutically acceptable form thereof.

33. A compound, wherein the compound is

Compound 49,

or a pharmaceutically acceptable form thereof,
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34. A compound, wherein the compound is

Compound 9,

or a pharmaceutically acceptable form thereof.

35. A compound, wherein the compound is

or a pharmaceutically acceptable form thereof.

36. A compound, wherein the compound is

Compound 359,

or a pharmaceutically acceptable form thereof.

37. A pharmaceutical composition comprising a compound according to any one of claims 1-36 and one or

more pharmaceutically acceptable excipients.
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